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Arizona is a real-time web framework for Erlang/OTP. It renders HTML on the server, diffs changes at
the template level, and pushes minimal updates to the browser over WebSocket.
Templates are plain Erlang terms compiled via parse transform. The server owns the state; the client
is thin -- a DOM patcher in the browser, and the same diff stream drives a JSON widget tree on native
app clients (see the native target below).
Arizona runs on the HTTP/WebSocket server you pick, through an adapter package:
arizona_roadrunner for
Roadrunner, a pure-Erlang server (beep beep),
arizona_cowboy for Cowboy, or
arizona_nova inside a Nova application.
🚧 Status
Arizona is in 0.x. The core is functional and covered by tests, but the API may change between
minor versions. Pin an exact version in your deps (e.g. {arizona, "0.1.0"}) if you need stability
across upgrades.
Features
	SSR + live updates -- HTML on first load, WebSocket diffs after
	Erlang-native templates -- {Tag, Attrs, Children} tuples compiled by parse transform
	Compile-time static/dynamic split -- statics sent once, only dynamics cross the wire
	Two handler kinds -- arizona_stateful (live: route pages and components),
arizona_stateless (pure templates)
	Streams -- keyed collections with insert/delete/update/move/sort/limit
	SPA navigation -- az_navigate links, server renders the next page over WebSocket
	PubSub -- cross-view, cross-tab messaging via arizona_pubsub
	Route middlewares -- gate or rewrite requests before mount (auth, sessions, URL projection)
	On-mount hooks -- per-route pipeline that runs before every mount, including navigate
	Element hooks -- client-side mounted/updated/destroyed callbacks via az_hook
	Dev-mode hot reload -- a pluggable file watcher (arizona_watcher_fs, a dev-only dep)
recompiles changed .erl files and pushes reload events
	Server adapters -- Roadrunner (HTTP/1.1, HTTP/2, HTTP/3) or Cowboy (HTTP/1.1, HTTP/2), each
in its own package and held to one conformance suite; Arizona can also share a listener another
framework owns, as arizona_nova does for Nova
	Native (JSON) render target -- the same templates and diff engine also emit a JSON widget tree
via ?native for non-browser clients. In-repo Android (Compose), iOS (SwiftUI), and JS
reference clients consume the same wire, and arizona_user_agent lets one view dual-serve HTML
or native by User-Agent. See docs/native.md
	Terminal (ANSI) render target -- the same templates and diff engine also render to an ANSI
terminal via ?terminal, served over a local TTY or SSH; a transport-agnostic session and a
pluggable driver model the key map and paint. See docs/architecture.md

Requirements
	Erlang/OTP 29+

Installation
Add Arizona and a server adapter to your rebar.config dependencies:
{deps, [
    arizona,
    arizona_roadrunner
]}.
Arizona ships no HTTP server. The listener comes from a server adapter package:
arizona_roadrunner (roadrunner:
HTTP/1.1, HTTP/2, HTTP/3) or arizona_cowboy
(Cowboy). An app that only renders offline (arizona_static) needs neither.
To track unreleased changes, swap the version for a git ref:
{arizona, {git, "https://github.com/arizona-framework/arizona.git", {branch, "main"}}}
The client JavaScript ships baked into the rebar3 build (priv/static/assets/js/*.min.js). If
you need to bundle it yourself or consume it from a non-Erlang backend, install via npm:
npm install @arizona-framework/client

import { connect } from '@arizona-framework/client';

connect('/ws');
connect spawns its WebSocket worker via a static new Worker(new URL('./arizona-worker.min.js', import.meta.url), { type: 'module' }), so a downstream Vite/Rollup/rolldown build detects it and
emits (and content-hashes) the worker automatically, with no runtime path to configure. Apps that
never call connect tree-shake the worker out entirely. Loading arizona.min.js standalone via
<script type="module"> still works: the worker resolves as its sibling next to the client.
Quick start
A page with an embedded counter.
1. The counter component
id and initial count come from the parent via ?stateful (step 2), so mount/1 just passes
them through:
%% src/my_counter.erl
-module(my_counter).
-include_lib("arizona/include/arizona_stateful.hrl").
-export([mount/1, render/1, handle_event/3]).

mount(Bindings) ->
    {Bindings, #{}}.

render(Bindings) ->
    ?html(
        %% id must be on the root element -- if it changes, the component is remounted
        {'div', [{id, ?get(id)}], [
            {button, [{az_click, arizona_js:push_event(~"dec")}], [~"-"]},
            {span, [], [~" Count: ", ?get(count), ~" "]},
            {button, [{az_click, arizona_js:push_event(~"inc")}], [~"+"]}
        ]}
    ).

handle_event(~"inc", _Payload, Bindings) ->
    {Bindings#{count => maps:get(count, Bindings) + 1}, #{}, []};
handle_event(~"dec", _Payload, Bindings) ->
    {Bindings#{count => maps:get(count, Bindings) - 1}, #{}, []}.
?get(count) registers count as a dependency of that template slot. When handle_event returns
new bindings, only slots whose tracked keys changed re-render -- the <span> patches; the buttons
don't.
The tuples carry more than just bindings: mount/1 returns {Bindings, Resets} (an explicit
slot-reset map -- usually #{}), and handle_event/3 returns {Bindings, Resets, Effects} where
Effects is a list of arizona_js commands (set_title, navigate, …) executed on the client.
2. The parent page
A route's root handler is a stateful handler. It receives initial bindings:
%% src/my_page.erl
-module(my_page).
-include_lib("arizona/include/arizona_stateful.hrl").
-export([mount/1, render/1]).

mount(Bindings) ->
    {Bindings, #{}}.

render(Bindings) ->
    ?html(
        {main, [{id, ?get(id)}], [
            {h1, [], [~"Counter demo"]},
            %% id is required -- it's how the diff engine routes patches to this component
            ?stateful(my_counter, #{id => ~"counter", count => 0})
        ]}
    ).
3. The layout
The HTML shell. Loads the client runtime that connects over WebSocket:
%% src/my_layout.erl
-module(my_layout).
-include_lib("arizona/include/arizona_stateless.hrl").
-export([render/1]).

render(Bindings) ->
    ?html([
        ~"<!DOCTYPE html>",
        {html, [], [
            {head, [], [
                {meta, [{charset, ~"utf-8"}]},
                {title, [], [?get(title, ~"Arizona")]}
            ]},
            {body, [], [
                ?inner_content,
                {script, [{type, ~"module"}], [
                    ~"""
                    import { connect } from '/assets/arizona.min.js';
                    connect('/ws');
                    """
                ]}
            ]}
        ]}
    ]).
4. Configure the server
Add arizona and the adapter to your app's applications list in .app.src:
{applications, [kernel, stdlib, arizona, arizona_roadrunner]}
Arizona lists no server itself, so an app that renders pages offline only (arizona_static)
never boots one. Add ssh too if you serve the SSH transport.
Ensure rebar3 shell loads the config and starts your app by adding
to rebar.config:
{shell, [
    {config, "config/sys.config"},
    {apps, [yourapp]}
]}.
Replace yourapp with your project's app name. Then declare routes in config/sys.config:
[{arizona, [
    {server, #{
        adapter => arizona_roadrunner_server,
        routes => [
            {live, ~"/", my_page, #{
                layouts => [{my_layout, render}],
                bindings => #{id => ~"page", title => ~"Counter demo"}
            }},
            {ws, ~"/ws", #{}},
            {asset, ~"/assets", {priv_dir, arizona, "static/assets/js"}}
        ]
    }}
]}].
The server map's required adapter key names the arizona_server module of the adapter
package (arizona_roadrunner_server, arizona_cowboy_server); every other key is that adapter's
own options.
A config file is read by file:consult/1, so every route entry must be a literal term. That
becomes visible once a route needs middlewares: a {Module, Function} pair is a term, but a
call such as arizona_middleware:extract([path_bindings]) is not, and the node refuses to boot
with bad term -- reported at line 1 whatever line the expression is on, since the whole file is
one term. Wrap a parameterised step in a named 2-arity function, or declare the routes in Erlang
instead; see Declaring steps in arizona_middleware.
rebar3 shell reloads dependency modules on recompile. If that logs a SUPERVISOR REPORT for
the listener every time you save, add {app_reload_blacklist, [roadrunner]} to the shell block:
reloading a module purges its old code, which kills any process still lingering in it -- a
listener sits blocked in its own loop, so it is exactly that. Arizona's own reloader reads the
same option.
5. Run it
rebar3 shell

Open http://localhost:4040 and click the buttons -- the server renders the initial HTML, then
pushes minimal diffs over WebSocket as the count changes.
Documentation
See docs/architecture.md for the full architecture reference -- module
breakdown, op codes, dev-mode file watchers, custom schemes/proto_opts, and imperative startup.
See docs/native.md for the native (JSON widget-tree) render target -- authoring
?native views, serving HTML and native from one view, the client wire contract, and the in-repo
Android client.
Sponsors
Arizona is open source and maintained on personal time. If you or your company find it useful,
consider sponsoring.
I also accept coffees ☕
[image: &quot;Buy Me A Coffee&quot;]
  [image: Sponsors]Contributing
Contributions are welcome! Please see CONTRIBUTING.md for development setup,
testing guidelines, and contribution workflow.
Contributors
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Setup
See .tool-versions for required Erlang/OTP and Node versions.
git clone https://github.com/arizona-framework/arizona.git
cd arizona
npm install
make compile

Workflow
Two commands cover day-to-day development:
	make precommit -- run before every commit. Formats Erlang/JS,
recompiles, runs the fast checks (Erlang format check plus the JS
lint/type checks), and runs the Erlang + JS unit test suites. Skips
Elvis lint, hank, xref, Dialyzer, and E2E for speed.
	make ci -- run before pushing. The full pipeline: adds Elvis lint,
hank, xref, Dialyzer, coverage, E2E, and docs on top of what precommit
covers. CI re-runs it on the PR.

For everything else (single-suite runs, coverage reports, individual
check stages, doc generation, etc.) see the targets in the project's
Makefile.
The native (?native) Android client lives in-repo at clients/android/
(Kotlin/Compose, its own Gradle build). It is not part of make ci; build
it with make build-android and run its tests with make test-android (needs
the Android SDK + an emulator/device). Its CI runs separately via the
android-e2e workflow. See docs/native.md.
The native iOS client lives in-repo at clients/ios/ (Swift/SwiftUI). Its
protocol logic is a Swift package you can test on any platform with swift test
(no Mac needed); the SwiftUI render + XCUITest e2e need macOS + Xcode +
xcodegen (brew install xcodegen). Build with make build-ios and test with
make test-ios; like the Android client it is not part of make ci and has
its own ios-e2e workflow.
License
Arizona is licensed under the Apache License Version 2.0, for all code.
Reporting a bug
Arizona is not perfect software and will be buggy.
Bugs can be reported via
GitHub issues: bug report.
Some contributors and maintainers may be unpaid developers working on Arizona, in their own time,
with limited resources. We ask for respect and understanding, and will provide the same back.
If your contribution is an actual bug fix, we ask you to include tests that, not only show the issue
is solved, but help prevent future regressions related to it.
Requesting or implementing a feature
Before requesting or implementing a new feature, do the following:
	search, in existing issues (open or closed),
whether the feature might already be in the works, or has already been rejected,
	make sure you're using the latest software release (or even the latest code, if you're going for
bleeding edge).

If this is done, open up a
GitHub issues: feature request.
We may discuss details with you regarding the implementation, and its inclusion within the project.
We try to have as many of Arizona's features tested as possible. Everything that a user can do,
and is repeatable in any way, should be tested, to guarantee backwards compatible.
Submitting your changes
Code Style
	do not introduce trailing whitespace
	indentation is 4 spaces, not tabs
	try not to introduce lines longer than 100 characters
	write small functions whenever possible, and use descriptive names for functions and variables
	comment tricky or non-obvious decisions made to explain their rationale

Committing your changes
Merging to the main branch will usually be preceded by a squash.
While it's Ok (and expected) your commit messages relate to why a given change was made, be aware
that the final commit (the merge one) will be the issue title, so it's important it is as specific
as possible. This will also help eventual automated changelog generation.
Pull requests and branching
All fixes to Arizona end up requiring a +1 from one or more of the project's maintainers.
During the review process, you may be asked to correct or edit a few things before a final rebase
to merge things. Do send edits as individual commits to allow for gradual and partial reviews to be
done by reviewers.
Credits
Arizona has been improved by
many contributors!
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    Apache License

Version 2.0, January 2004
http://www.apache.org/licenses/
TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions
"License" shall mean the terms and conditions for use, reproduction, and
distribution as defined by Sections 1 through 9 of this document.
"Licensor" shall mean the copyright owner or entity authorized by the copyright
owner that is granting the License.
"Legal Entity" shall mean the union of the acting entity and all other entities
that control, are controlled by, or are under common control with that entity.
For the purposes of this definition, "control" means (i) the power, direct or
indirect, to cause the direction or management of such entity, whether by
contract or otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.
"You" (or "Your") shall mean an individual or Legal Entity exercising
permissions granted by this License.
"Source" form shall mean the preferred form for making modifications, including
but not limited to software source code, documentation source, and configuration
files.
"Object" form shall mean any form resulting from mechanical transformation or
translation of a Source form, including but not limited to compiled object code,
generated documentation, and conversions to other media types.
"Work" shall mean the work of authorship, whether in Source or Object form, made
available under the License, as indicated by a copyright notice that is included
in or attached to the work (an example is provided in the Appendix below).
"Derivative Works" shall mean any work, whether in Source or Object form, that
is based on (or derived from) the Work and for which the editorial revisions,
annotations, elaborations, or other modifications represent, as a whole, an
original work of authorship. For the purposes of this License, Derivative Works
shall not include works that remain separable from, or merely link (or bind by
name) to the interfaces of, the Work and Derivative Works thereof.
"Contribution" shall mean any work of authorship, including the original version
of the Work and any modifications or additions to that Work or Derivative Works
thereof, that is intentionally submitted to Licensor for inclusion in the Work
by the copyright owner or by an individual or Legal Entity authorized to submit
on behalf of the copyright owner. For the purposes of this definition,
"submitted" means any form of electronic, verbal, or written communication sent
to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems, and
issue tracking systems that are managed by, or on behalf of, the Licensor for
the purpose of discussing and improving the Work, but excluding communication
that is conspicuously marked or otherwise designated in writing by the copyright
owner as "Not a Contribution."
"Contributor" shall mean Licensor and any individual or Legal Entity on behalf
of whom a Contribution has been received by Licensor and subsequently
incorporated within the Work.
2. Grant of Copyright License
Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the Work and such
Derivative Works in Source or Object form.
3. Grant of Patent License
Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free,
irrevocable (except as stated in this section) patent license to make, have
made, use, offer to sell, sell, import, and otherwise transfer the Work, where
such license applies only to those patent claims licensable by such Contributor
that are necessarily infringed by their Contribution(s) alone or by combination
of their Contribution(s) with the Work to which such Contribution(s) was
submitted. If You institute patent litigation against any entity (including a
cross-claim or counterclaim in a lawsuit) alleging that the Work or a
Contribution incorporated within the Work constitutes direct or contributory
patent infringement, then any patent licenses granted to You under this License
for that Work shall terminate as of the date such litigation is filed.
4. Redistribution
You may reproduce and distribute copies of the Work or Derivative Works thereof
in any medium, with or without modifications, and in Source or Object form,
provided that You meet the following conditions:
	You must give any other recipients of the Work or Derivative Works a copy of
this License; and

	You must cause any modified files to carry prominent notices stating that
You changed the files; and

	You must retain, in the Source form of any Derivative Works that You
distribute, all copyright, patent, trademark, and attribution notices from
the Source form of the Work, excluding those notices that do not pertain to
any part of the Derivative Works; and

	If the Work includes a "NOTICE" text file as part of its distribution, then
any Derivative Works that You distribute must include a readable copy of the
attribution notices contained within such NOTICE file, excluding those
notices that do not pertain to any part of the Derivative Works, in at least
one of the following places: within a NOTICE text file distributed as part
of the Derivative Works; within the Source form or documentation, if
provided along with the Derivative Works; or, within a display generated by
the Derivative Works, if and wherever such third-party notices normally
appear. The contents of the NOTICE file are for informational purposes only
and do not modify the License. You may add Your own attribution notices
within Derivative Works that You distribute, alongside or as an addendum to
the NOTICE text from the Work, provided that such additional attribution
notices cannot be construed as modifying the License.


You may add Your own copyright statement to Your modifications and may provide
additional or different license terms and conditions for use, reproduction, or
distribution of Your modifications, or for any such Derivative Works as a whole,
provided Your use, reproduction, and distribution of the Work otherwise complies
with the conditions stated in this License.
5. Submission of Contributions
Unless You explicitly state otherwise, any Contribution intentionally submitted
for inclusion in the Work by You to the Licensor shall be under the terms and
conditions of this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify the terms of
any separate license agreement you may have executed with Licensor regarding
such Contributions.
6. Trademarks
This License does not grant permission to use the trade names, trademarks,
service marks, or product names of the Licensor, except as required for
reasonable and customary use in describing the origin of the Work and
reproducing the content of the NOTICE file.
7. Disclaimer of Warranty
Unless required by applicable law or agreed to in writing, Licensor provides the
Work (and each Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied,
including, without limitation, any warranties or conditions of TITLE, NON-
INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A PARTICULAR PURPOSE. You are
solely responsible for determining the appropriateness of using or
redistributing the Work and assume any risks associated with Your exercise of
permissions under this License.
8. Limitation of Liability
In no event and under no legal theory, whether in tort (including negligence),
contract, or otherwise, unless required by applicable law (such as deliberate
and grossly negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special, incidental,
or consequential damages of any character arising as a result of this License or
out of the use or inability to use the Work (including but not limited to
damages for loss of goodwill, work stoppage, computer failure or malfunction, or
any and all other commercial damages or losses), even if such Contributor has
been advised of the possibility of such damages.
9. Accepting Warranty or Additional Liability
While redistributing the Work or Derivative Works thereof, You may choose to
offer, and charge a fee for, acceptance of support, warranty, indemnity, or
other liability obligations and/or rights consistent with this License. However,
in accepting such obligations, You may act only on Your own behalf and on Your
sole responsibility, not on behalf of any other Contributor, and only if You
agree to indemnify, defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason of your
accepting any such warranty or additional liability.
END OF TERMS AND CONDITIONS
Copyright 2023-2026, William Fank Thomé contact@williamthome.dev.
Licensed under the Apache License, Version 2.0 (the "License");
you may not use this file except in compliance with the License.
You may obtain a copy of the License at
http://www.apache.org/licenses/LICENSE-2.0
Unless required by applicable law or agreed to in writing, software
distributed under the License is distributed on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.
See the License for the specific language governing permissions and
limitations under the License.
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    Arizona Architecture

Source modules
	Module	Purpose
	include/arizona_wire.hrl	Public wire header -- diff op codes (OP_TEXT ... OP_LIST_PATCH), mirrored by every client
	src/arizona.hrl	Private header -- ?EACH constant, #stream{} record
	src/arizona_template.erl	Pure helpers -- binding access (get/2,3), dep tracking (track/1), descriptor constructors (stateful/2, stateless/2,3), each/2, to_bin/1, snapshot utilities
	src/arizona_eval.erl	Template evaluation -- dynamics to snapshots, stateful/stateless child eval, stream/each eval
	src/arizona_render.erl	Render orchestration (target-aware) -- render/1,2, SSR (render_to_iolist/1,2, render_view_to_iolist/2), zip/2, fingerprint_payload/1
	src/arizona_utf8.erl	UTF-8 output contract -- refuse/3 (names an encoder failure non_utf8_render), dev-mode render_view/2 / locate_live/3, format_error/2
	src/arizona_renderer.erl	Render-target backend behaviour -- byte emission + attr_command/2; HTML and native JSON backends below
	src/arizona_html.erl	HTML render backend -- emits HTML statics/attrs (the ?html target)
	src/arizona_native.erl	Native render backend -- emits a JSON widget tree (the ?native target); see docs/native.md
	src/arizona_terminal.erl	Terminal render backend -- emits text + ANSI escapes (the ?terminal target); vocabulary in "Terminal render target" below
	src/arizona_terminal_session.erl	Transport-agnostic orchestrator for ?terminal views -- mounts, dispatches key/push events, repaints; parameterized by a driver module + an output fun
	src/arizona_terminal_driver.erl	Terminal UX-policy behaviour -- init/1, keys/2, paint/3, setup/1, teardown/1 (all optional; defaults in arizona_terminal_default_driver)
	src/arizona_terminal_default_driver.erl	Default arizona_terminal_driver -- idiomatic key events, Ctrl-D quits, cursor hide/show, non-flickering repaint, quit/set_title/bell effects; the session falls back to it per callback
	src/arizona_terminal_io.erl	Low-level terminal byte helpers -- keys/1 decodes a raw input read into idiomatic keys (the input complement to OTP's output-only io_ansi)
	src/arizona_terminal_effect.erl	Framework terminal effect builders -- quit/0, set_title/1, bell/0 (the ?terminal analog of arizona_js / arizona_android)
	src/arizona_terminal_tty.erl	Local TTY transport -- raw-mode shell:start_interactive, a blocking input reader, io:put_chars as the output
	src/arizona_terminal_ssh.erl	SSH transport -- serves a ?terminal view over an ssh_server_channel (pty-req, window-change), one live view per connection
	src/arizona_diff.erl	Diff engine -- diff/2,3,4, stream/list diffing, LIS algorithm
	src/arizona_effect.erl	Neutral effect plumbing -- the {arizona_effect, [...]} tuple; encode/1 (HTML attr) + encode_json/1 (raw); op codes in include/arizona_effect.hrl
	src/arizona_js.erl	Web/browser command/effect builders -- push_event, navigate, patch, fetch, toggle/show/hide, focus/blur/scroll_to, on_key, dispatch_event, set_title, reload
	src/arizona_android.erl	Native (?native) command builders -- the portable push_event/1,2 and navigate/1,2
	src/arizona_os.erl	Native-shell (OS) capability command builders -- typed sugars (set_title, focus, notify, ...) plus the command/2 escape hatch, all funnelled through the single ?EFFECT_OS op
	src/arizona_stream.erl	Pure stream data structure -- create, insert, delete, update, move, sort, reset, clear_stream_pending/2, stream_keys/1, drain marks (drain_mark/1, undrained_ops/2)
	src/arizona_stateful.erl	Behaviour for all live handlers (route-page roots + embedded ?stateful) -- mount/render/handle_*/unmount callbacks, the call_* dispatchers, and format_error/2
	src/arizona_req.erl	Opaque request -- eager method/path, lazy bindings/params/cookies/headers/body/user_agent, redirect/halted_redirect
	src/arizona_middleware.erl	Request-to-bindings middleware pipeline -- apply_middlewares/3 runner, built-in steps (extract/1, check_origin/2, ...) + the HTTP response transform constructors (etag/0, ...)
	src/arizona_origin.erl	CSRF Origin check -- check/3 (same-origin authority+scheme, or csrf_origins allowlist; missing Origin ok); default-on check_origin/2 step
	src/arizona_crypto.erl	Signed/encrypted value primitives -- sign/2,3+verify/2 (HMAC-SHA256) and encrypt/2,3+decrypt/2 (AES-256-GCM), domain-separated by Purpose, optional #{ttl}
	src/arizona_flash.erl	Signed, one-time flash cookie codec -- encode/1/decode/1 (signed JSON + baked-in TTL), resp_cookie/2; HTTP full-page-redirect path (a live navigate carries flash in-process)
	src/arizona_session.erl	Encrypted, durable session cookie codec -- encode/1/decode/1 (AES-256-GCM via arizona_crypto, TTL = max-age), durable resp_cookie/2; a read does not consume
	src/arizona_session_store.erl	Server-side session store behaviour -- get/put/delete (+ optional child_spec/0); opt-in via session_store, opaque signed-id cookie; mirrors Plug.Session.Store
	src/arizona_session_store_ets.erl	Default in-memory arizona_session_store -- a supervised public-ETS owner + periodic sweep + lazy expiry; get/put/delete run off the request process
	src/arizona_user_agent.erl	User-Agent classification for dual-serve views -- browser/1, os/1, mobile/1 (best-effort); pairs with arizona_req:user_agent/1
	src/arizona_http.erl	Transport-agnostic HTTP render pipeline -- render/3 runs middlewares and renders; reply/3 folds it into {Status, Headers, Body, Req}
	src/arizona_controller.erl	Controller routes -- dispatch/3 (pipeline + action + flush), reply_effects/1,2 / reply_redirect/1, the action context, reply kinds
	src/arizona_static.erl	Offline static-site generation -- generate/2,3 renders route handlers to HTML files under an out-dir; returns {Written, Failed}
	src/arizona_ws.erl	Transport-agnostic WS upgrade -- prepare/3 resolves + runs middlewares; upgrade/3 answers the request (reply or 101 lines); init/1 starts the socket
	src/arizona_live.erl	Gen_server -- mount (stateful or view), handle_event, handle_info, views map, transport push
	src/arizona_parse_transform.erl	Compile-time transform -- ?html/?native, ?each DSL to #{s, d, f} maps, az-view auto-injection, az-nodiff, attribute compilation, cross-target nesting guard
	src/arizona_socket.erl	Framework-agnostic WebSocket protocol state machine -- JSON encode/decode, event dispatch, navigation, op scoping. Crash closes cleanly; client reconnects via backoff
	src/arizona_reload_controller.erl	Dev hot-reload endpoint as a controller -- a loop reply that streams arizona_reloader broadcasts as Server-Sent Events
	src/arizona_jsonrpc.erl	JSON-RPC 2.0 codec -- decode/1, result/2, error/3, notification/2
	src/arizona_mcp.erl	MCP server behaviour an app implements (init/1, tools/1, handle_tool/4, optional resources/prompts/channels/terminate) plus the server-push API (broadcast/3, notify/3)
	src/arizona_mcp_handler.erl	Controller -- MCP Streamable HTTP transport (POST/GET/DELETE), the peer/Origin/auth gate, and the pure dispatch/3 / handle_method/4 method dispatch
	src/arizona_mcp_session.erl	Per-session gen_server -- holds the handler state, serializes a session's requests, owns the SSE channel and the resumability buffer
	src/arizona_mcp_session_registry.erl	ETS registry mapping Mcp-Session-Id to a session pid; sweeps dead pids on lookup
	src/arizona_mcp_sup.erl	simple_one_for_one supervisor owning the session processes (so a session outlives its connection) and the registry table
	src/arizona_error.erl	Error-reporting helpers -- did_you_mean/2 (missing-key suggestions for format_error/2) and raise_or_propagate/6 (re-tag a failure at the user's callback, propagate anything else)
	src/arizona_error_page.erl	Dev-mode error page renderer -- pretty-prints compile and runtime errors
	src/arizona_config.erl	App-env reader with env-var resolution -- get_env/1,2 (drop-in for application:get_env) + resolve/1; expands {env, "VAR"} / {env, "VAR", Default} refs, coerced by default type
	src/arizona_app.erl	Application callback -- starts arizona_sup and, when the server env is set, boots its listener through the adapter it names
	src/arizona_server.erl	Behaviour for an HTTP/WS server adapter -- start/2, stop/1, drain/2 (delivers {arizona_drain, Deadline}), recompile_routes/0
	src/arizona_server_registry.erl	persistent_term set of adapters that ran a listener -- register/1, adapters/0, recompile_routes/0 (called by the dev reloader)
	src/arizona_route.erl	Route kinds and the rules every adapter compiles from -- kind/1, methods/1, steps/1 (CSRF default), transforms/2, live/2, controller/1
	src/arizona_route_table.erl	The routing-contract matcher for adapters whose router lacks it -- compile/3 (refuses unsupported kinds, shadowing), match/3, allow/2
	src/arizona_http_transforms.erl	Reference HTTP response transforms over {Status, Headers, Body} -- etag, compress, cors (preflight/3), security headers (wrap/3)
	src/arizona_cookie.erl	Set-Cookie serialization independent of any server -- serialize/3, used by arizona_req:flush/1
	src/arizona_watcher.erl	Behaviour for a file-system watcher -- init/2, handle_info/2 (raw event to changed paths), optional terminate/1; no implementation in core
	src/arizona_reloader_rule.erl	One reloader rule per process -- runs the configured arizona_watcher, filters by patterns, debounces, calls the callback, broadcasts via arizona_pubsub
	src/arizona_reloader_sup.erl	Supervisor of the rule processes -- a temporary child of arizona_sup, so a crash-looping watch stops hot reload, not the app
	src/arizona_reloader.erl	Dev-mode hot reloader -- recompiles changed .erl files, broadcasts reload messages on the arizona_reloader pubsub topic
	src/arizona_reloader_consistency.erl	Post-reload call-consistency check -- check/1 reports callers whose beam imports chunk names a function a just-reloaded module no longer exports, plus loaded-vs-disk stale modules
	src/arizona_dev_mcp.erl	Dev-time MCP server exposing the running node to a coding agent -- introspection tools plus eval/reload; localhost-only by default (allow_remote_access => false); see docs/mcp.md
	src/arizona_dev_log.erl	Bounded log ring behind the dev MCP's get_logs tool -- a logger handler keeping the last 1024 formatted events; table owned by arizona_sup, handler installed on first MCP session
	src/arizona_pubsub.erl	PubSub -- thin pg wrapper for cross-view communication
	src/arizona_sup.erl	Supervisor -- always starts arizona_pubsub; additionally starts arizona_reloader_sup when the reloader has rules
	src/az.erl	User-facing facade -- shared type aliases and short-form helpers re-exported from internal modules

API -- arizona_template.erl
Pure helpers for binding access, descriptor construction, and template composition.
	get/2,3, get_lazy/3 -- binding access with dep tracking via process dictionary
($arizona_deps)
	track/1 -- manually track a binding key as a dependency
	with/2 -- tracked projection: track/1s each key then maps:with(Keys, Bindings);
hands a bindings subset to a sub-context while declaring its deps
	stateful/2 -- returns #{stateful => Handler, props => Props} descriptor for child views
	stateless/2 -- returns #{callback => Callback, props => Props} descriptor (Callback is a
fun/1)
	stateless/3 -- returns #{callback => fun Handler:Fun/1, props => Props} descriptor
	each/2 -- template composition: 1-arg fun(Item) for lists, 2-arg fun(Item, Key) for streams,
2-arg fun(Key, Value) for maps. Returns #{t, source, template} descriptor
	to_bin/1 -- convert value to binary (binary/integer/float/atom/iolist). A float prints the
shortest digits that read back as the same float: positional when 1.0e-7 =< |x| < 1.0e21
(the range JS prints positionally; 1500.0, 0.00001), exponent form outside it (1.0e21,
1.0e-8). An integral value keeps the Erlang .0 (1000.0), and -0.0 stays -0.0

API -- arizona_render.erl
HTML output and rendering.
	render/1 -- evaluate dynamics, produce {HTML, Snapshot}
	render/2 -- like render/1 but threads a views map for stateful children, collects deps:
{HTML, Snapshot, Views}
	render_snapshot/2 -- render/2 without the document: {Snapshot, Views}. Every live mount
renders through this: a fingerprinted reconnect or navigate ships the fingerprint payload, and a
first connect ships no page at all. Evaluating the snapshot (arizona_eval) is what observes
the opaque command attributes the connect frame declares
	snapshot_html/1 -- rebuild the document render/2 would have produced from a snapshot, for
a root with no fingerprint
	render_to_iolist/1 -- render a template to iolist (used for layout templates with
diff => false)
	render_to_iolist/2 -- stateful-component SSR (test-only): render_to_iolist(Handler, Opts)
where Opts may contain layouts => [{Mod, Fun}] and bindings => map(). on_mount is not
honored -- it's a route-level concept
	render_view_to_iolist/2 -- SSR for a route-level view, page only (static generation):
render_view_to_iolist(Handler, Opts).
Mounts via arizona_stateful:call_mount/2, applies on_mount hooks, optionally
wraps in a layout
	render_view/2 -- the same, returning {ContentType, Page}: the outermost rendered
template that records a backend names the document's media type (content_type/0);
a backendless layout inherits the page's
	render_view/3 -- render_view/2 with the page's template passed through a fun
between its render/1 and the walk: the one mount sequence, which
arizona_utf8:render_view/2 (dev mode) uses to check every value
	resolve_id/1 -- resolves a binary id (passthrough) or a #{s, d} template (renders to binary)
	zip/2 -- interleave statics and evaluated dynamics into iolist
	fingerprint_payload/1 -- convert a snapshot to fingerprint wire format

Error location -- arizona_loc
Every compiled dynamic carries Loc = {Module, Line}, its template source line. Each
evaluator of a located dynamic catches an exception raised while evaluating it and
re-raises it as {arizona_loc, {Module, Line}, Reason}, keeping the class and
stacktrace (arizona_eval:relocate/4). The evaluators are the SSR walk
(arizona_render), the live mount and snapshot render (arizona_eval's eval_one_v/2
and eval_one/1), and the diff's re-evaluation of a changed slot, including the
?each-source and az-nodiff-az-nodiff element paths (eval_each_def/2,
eval_unless_same_nodiff/3). So a crash names the same template line whether it
happens at the first page render, at connect, or after an event changed a binding, and
whether it sits in a top-level value, an attribute, an ?each item, a conditional
branch or a ?stateless body.
An enclosing dynamic never re-wraps a tag a nested one already attached: the deepest
location, closest to the failure, wins. The tag is the reason itself, so it reaches
every consumer unchanged. The dev error page (arizona_error_page) titles the page with
the location and formats the inner reason; the socket's crash log
(Live process ~p crashed: ~p) prints the live process's exit reason, tag included. A
crash in a ?stateful child's mount/1 or handle_update/3 is tagged with the line of
the slot that holds the child, as at SSR. A 2-tuple dynamic (no Loc, built by hand)
is evaluated without the catch.
The catch is one try per located dynamic on the path every slot evaluation already
takes. It adds no reductions; only a crash pays, for the re-raise.
Output is UTF-8 -- non_utf8_render
Every render target writes UTF-8: an HTML response is served as text/html; charset=utf-8, and a WebSocket frame and a ?native document are JSON. So a rendered
binary must be UTF-8. A list is chardata and needs nothing from the app:
arizona_template:to_bin/1 decodes it as Unicode code points, producing UTF-8, and
refuses one that does not decode (a list wrapping non-UTF-8 bytes raises
{non_utf8_render, Byte, Offset}, any other non-chardata bad_template_value). A
binary is emitted as the bytes it holds, unchecked, because checking every value on the
render path was measured at +22% to +49% on non-ASCII SSR (see docs/performance.md,
"What did not work").
The usual source of a non-UTF-8 binary is a bare <<"café">> literal: with no type
spec, each character is stored as one byte, which is Latin-1. Fix it at the source:
	write ~"café" or <<"café"/utf8>>;
	convert Latin-1 data from outside (a file, a legacy database, a socket) with
unicode:characters_to_binary(Bin, latin1).

The contract is enforced where it costs nothing:
	Compile time. A template static is not the trap: the parse transform folds a
binary literal in a content or attribute position as UTF-8 text
(extract_bin_element/1), so {p, [{title, <<"é">>}], [<<"café">>]} renders
café. Everywhere else in a module using the Arizona headers -- mount/1,
handle_event/3, a helper, a ?get default, a conditional branch value, a hoisted
variable, a ?raw payload, a ?stateless/?stateful prop -- a non-ASCII
<<"...">> with no /utf8 gets the compile warning latin1_binary_literal
(an error under warnings_as_errors). It is not re-encoded: such a literal may be
data compared against other Latin-1 bytes or a protocol constant, and the transform
cannot tell which. ~"...", <<"..."/utf8>> and ASCII-only literals never trigger
it. There is no suppression option: bytes meant as bytes (a PNG signature, a
protocol constant) are spelled so they do not look like text -- integer segments
(<<16#89, "PNG\r\n", 16#1A, "\n">>, <<16#E9>>) or a sized string
(<<"\351":8>>, <<"é":8>>), which compile to the same bytes. The warning text
names both.
	Failure paths. The JSON encoder validates UTF-8 as it escapes, so a frame or a
?native value holding other bytes is already refused -- as the encoder's
{invalid_byte, _} or unexpected_end, which names neither the value nor the cause.
arizona_utf8:refuse/3, run only after the encoder raised, renames it
{non_utf8_render, Byte, Offset}, finding the bytes in a structured value too (a
command array). ?native escapes inside the slot's located evaluation, so its error
carries the template line; a socket frame failure is logged with the formatted
reason and closes 4500 (4501 for the frame delivering a mount), as before.
	Dev mode (the dev reloader is wired, the signal that also gates the rich error
page). arizona_http renders each page through arizona_utf8:render_view/2 instead
of arizona_render:render_view/2: the same mount, the same output bytes, but every
dynamic is wrapped so its value is checked inside the slot's located try -- in the
page, nested templates, ?each items, ?stateless children, and ?stateful
children, whose handler a stand-in (arizona_utf8:mount/1, render/1) wraps so the
SSR walk still mounts each one once and marks it a view boundary. A bad value raises
{arizona_loc, {Module, Line}, {non_utf8_render, Byte, Offset}}, which reaches the dev
error page; the finished document is then checked once (one BIF pass) for what no slot
produced, a layout's values. Nothing is rendered twice, so mount/1 side effects run
once, as in production. A refused WebSocket frame is located from the live process's
current views (arizona_utf8:locate_live/3, via arizona_live:view_state/1): each
view renders again from the bindings it holds, children skipped and checked from
their own, so nothing is mounted, and with the live process's connection state
(?connected, ?capabilities/?capability, ?reconnected) copied in for the render,
so it takes the branches that produced the frame. Production pays one dev-flag read per HTTP response
and nothing per frame.

format_error/2 (arizona_utf8) names the byte, its offset, the value's bytes (as
integers -- ~p would print a Latin-1 binary as the very text it fails to be) and the
fix. What Offset counts depends on where the bytes were refused:
	A binary -- a JSON encoder's refusal (?native, an effect command, a socket
frame; arizona_utf8:refuse/3) and the dev-mode per-value check: the offset into
that binary, which the preview shows.
	A list -- arizona_template:to_bin/1 decoding chardata: the offset into the
decoded output, i.e. how many UTF-8 bytes the elements before the bad one produced.
The raising call's argument is the list, so there is no preview.
	The finished document -- the dev-mode check after a page renders (bytes no slot
produced, such as a layout's): the offset into the document; the preview is the 32
bytes around it.

Handler effects are not template values; the socket encodes them, so a non-UTF-8
string in one is named on the same failure path.
Terminal render target -- ?terminal
?terminal(Elems) renders a view to ANSI text instead of HTML or JSON. The backend
is arizona_terminal (an arizona_renderer), the sibling of arizona_html and
arizona_native. Its transport repaints the whole frame on every update
(arizona_live:render_current/1) rather than applying diff ops, so the backend
writes no az/slot markers -- the diff engine's ops are computed but ignored.
The frame is printed from the live process's diffed snapshot (the root's, with each
child view's current copy refreshed in), not from a fresh render of the template, so a
repaint runs no mount/1 or handle_update/3 and shows exactly the state the process
holds. It follows that a terminal sees what a web client sees: az-nodiff content
renders once, and a slot whose reads are not tracked freezes after its first render.
When the node can reload code (arizona_reloader:enabled/0) a hot reload remounts the view
in place (arizona_terminal_session:handle_reload/1,2): the session joins the reloader
topic at start, and on {arizona_reloader, reload} stops the live process, mounts a fresh one from
the connection's bindings (an SSH channel's current geometry) and repaints, so the view's
state resets as a browser page's does. A terminal client does not reconnect, so this is the
terminal's counterpart of the WebSocket close described under "Exit reason to close code".
Otherwise, edited template text appears once a slot depending on it changes.
Escaping is per-backend via the arizona_renderer:escape/1 callback, selected by the
render target: HTML entity-escapes, terminal control-char sanitizes (strips C0
bytes except \n/\t, DEL, and the C1 controls, and replaces every byte outside
well-formed UTF-8 with U+FFFD, so the output is always valid UTF-8; this assumes a UTF-8
terminal, since an 8-bit one reads UTF-8 continuation bytes 80-9F as C1 controls), native
emits a JSON string. Native alone carries a value
differently on the wire: its client JSON-encodes each d value itself, so the
fingerprint payload takes the raw value from arizona_renderer:wire_escape/1
(wire_attr/2 for a prop) while the zipped document keeps the JSON string.
So a dynamic value in a ?terminal view cannot inject ANSI/OSC escape sequences into
another user's terminal (the terminal analog of XSS). The ?raw opt-out bypasses it --
never wrap untrusted data in ?raw in a ?terminal template.
Elements
	Tag	Emits
	line	its content, a style reset, then a newline -- one terminal row
	col / row	its content, then a style reset -- a transparent container
	text / span	its content, then a style reset -- inline, no newline
	br	a void element emitting a newline

Only line (newline) and br (void newline) affect layout; col, row, text,
and span are behaviorally identical (open emits nothing, close emits a style
reset) -- the names are documentary. So vertical layout is a col of lines,
and horizontal is several text/span inside one line.
Styling
Set styles with bare-atom boolean attributes mapped to io_ansi escapes:
bold, dim, italic, underline, inverse, and the colours
black/red/green/yellow/blue/magenta/cyan/white plus their light_*
variants. For anything the atoms don't cover, use a valued attribute: {sgr, Escape}
(a raw escape, verbatim), {fg, Index} / {bg, Index} (256-colour palette by
index). Styles do not inherit across containers (every element resets on close),
so put the style on the line/text that needs it. An unknown style atom, an
unknown valued attribute, a dynamic attribute value, or an event-command attribute
is rejected at compile time, not silently dropped. So is an unknown element:
the tag table above is the whole vocabulary, so a tag outside it is a typo rather than
an extension point, and accepting it as a transparent container swallowed the author's
intent silently ({'BR', [], []} emitted a style reset instead of a newline). Terminal
tag names are case-sensitive -- the vocabulary is Arizona's own, not HTML's, so
Line is not line. (This is the opposite of the ?html target, whose tag
classification folds case because the browser's parser does.)
render(Bindings) ->
    ?terminal(
        {col, [], [
            {line, [bold, green], [~"== Title =="]},
            {line, [], [~"plain ", {span, [yellow], [~"highlighted"]}, ~" tail"]},
            {line, [{fg, ~"208"}], [~"256-colour orange"]}
        ]}
    ).
Conditional rows: a control-flow expression (case/if/begin/receive/try/
maybe) returning a bare element tuple from a tail in a content slot is compiled into a
nested template (inheriting the enclosing target), just as a literal ?html/?terminal
there would be -- no wrap needed:
{col, [], [
    case ?get(mode) of
        warn -> {line, [yellow], [~"check your input"]};
        _ -> <<>>
    end
]}
For 0-or-N rows, ?each over a list still applies:
?each(fun(Msg) -> {line, [yellow], [Msg]} end, status_rows(?get(mode)))
Running a ?terminal view
arizona_terminal_session is the transport-agnostic core: it mounts the view, turns
input into arizona_live:handle_event/4 calls, and repaints. It is parameterized by
a driver (arizona_terminal_driver -- the key map, paint model, and screen
setup/teardown, with defaults in arizona_terminal_default_driver that the session
falls back to per callback) and an output fun. Two transports drive it:
arizona_terminal_tty (a local raw-mode TTY) and arizona_terminal_ssh (a view served over
SSH). arizona_terminal_io:keys/1 decodes a raw input read into idiomatic keys
(char codes, atoms like up/enter, {ctrl, _} / {alt, _}) for drivers to match
on.
Every paint/3 decides continue or stop, the initial paint included: a driver
that stops on the first frame gets its teardown emitted and the live view reaped, and
arizona_terminal_session:start/5 answers quit instead of handing back a session.
The SSH transport serves one view per channel -- a second shell request is refused
rather than mounting a second view over the first, exec is refused (this shell is
interactive only), and input or a resize arriving before the shell request is
dropped or folded into the mount geometry rather than reaching a session that does not
exist yet.
A view drives the terminal back with effects from arizona_terminal_effect (the
?terminal analog of arizona_js / arizona_android): quit/0 stops the session,
set_title/1 sets the terminal title, bell/0 rings it. The default driver's
paint/3 interprets these and repaints in place (no full-screen clear, so no
flicker). Effects tied to a specific paint model (e.g. a scrolling log above a pinned
block) stay the concern of a custom driver, like the demo's.
API -- arizona_diff.erl
Diff engine.
	diff/2 -- compare new template against old snapshot: {Ops, NewSnapshot}
	diff/3 -- like diff/2 with views map: {Ops, NewSnapshot, Views}
	diff/4 -- like diff/3 but skips dynamics whose deps haven't changed (takes Changed map):
{Ops, NewSnapshot, Views}

Dep tracking and per-dynamic isolation
Each dynamic owns a private dep set: #{key() => true} of the binding keys
read while it was evaluated. The diff engine compares each dep set against
the Changed map and skips re-evaluation when they don't intersect.
The mechanism is a single process-dictionary slot, '$arizona_deps', holding
the open dependency scope:
	eval_one_v (in arizona_eval) opens a scope around each dynamic
(open_deps/0, which puts #{} and answers the enclosing scope) and closes
it at exit (close_deps/1).
	arizona_template:get/2,3, arizona_template:get_lazy/3, and
arizona_template:track/1 write the read key into the open scope.
	The dynamic's deps are read back when its scope closes and stored on the
snapshot (parallel to d).

Scopes nest. Closing a scope opened inside another hands its reads to the
enclosing one, so a dynamic evaluated while another's scope is open counts
toward both. That is deliberate in exactly one place, an ?each's items (below);
everywhere else the enclosing scope is suspended first.
Per-dynamic isolation invariant: every nested-template entry point
runs inside a with_saved_deps wrapper (in arizona_eval), which
suspends the enclosing scope (erases the slot) for its duration and restores
it after. Without this, an inner template's ?get calls would land in the
outer dynamic's deps. Bracketed entry points and what each covers:
	eval_template -- the inner template's per-dynamic eval loop
	eval_stateful -- the whole lifecycle: mount/1 / handle_update/3,
render/1, and the inner per-dynamic eval loop
	the stateless inline path -- the entire eval_val_v recursion for
#{callback := _, props := _} descriptors, including the callback
body and any subsequent unwrapping

Inner dynamics open their own scope, so per-inner-dynamic deps are
independent of outer.
An ?each's items are the exception, and they feed the each slot. The items
of an each render inside the each slot's scope (arizona_eval:eval_items/2, one
scope around them all), so whatever the callback reads -- an outer binding
(?each(fun(I) -> {li, [], [I, ?get(suffix)]} end, ?get(items))), at any depth,
an inner each's items included -- becomes a dep of the each slot beside its
source. A change to such a binding re-evaluates the each, and the per-item diff
then patches only the items it changed. The deps are the reads that actually
happened, so a key computed at runtime (?get(Key)), a read in one branch, and a
read in a helper the callback calls all count, with no compile-time analysis. Each
item dynamic keeps its own deps too, which is what per-item skipping reads. Two
consequences of collecting at runtime:
	Every tracked read in an item counts, including an item-field read with an
explicit arizona_template:get(text, Item) (the only form stream per-item
skipping can vouch for; see "A changed stream item reuses only what its deps can
vouch for" below), so a view binding that happens to share that name
re-evaluates the each too. That over-tracks; the item diff then emits nothing.
	An az-nodiff item template renders once, so its items are evaluated with the
scope suspended (eval_items/2) and their reads never reach the slot.

On the diff path the each slot's own closure is re-run without its items
(eval_each_def/2), and the each diff adds the reads of the items it renders. A
list or map diff renders every item, so the slot's deps come out exact. A stream
diff renders only what its queued ops touch, so the stream snapshot keeps the
items' reads beside it (item_deps), grown by each diff's renders. When a
changed binding is among them, the queued ops alone would leave every other item
stale, so the stream reconciles against its current source in one step instead
of draining (diff_stream/5's Reconcile: a single {reset, #{}}, which
re-renders the visible items and patches only those that differ). A stream nested
inside an item is diffed from a value the walk already evaluated whole, so there
the drain is checked against that render and the container reconciles against it
(stream_relist/7) when the queue does not account for it (nested_drain/4). A
nested stream whose render holds child views always reconciles that way, without
draining: the drain renders the items its ops touch a second time, so each
?stateful among them would run mount/1 twice and the first instance would be
dropped without unmount/1.
Content-slot conditional branches: a case/if/maybe in a content slot
compiles each element branch into a nested template, so by this invariant the
branch's ?get reads land in the nested template's slot, not the enclosing
conditional dynamic's -- which freezes the branch when only a branch-read binding
changes (the conditional's deps would otherwise hold just the scrutinee). The parse
transform (branch_track_touches/1 in arizona_parse_transform) compensates by
injecting arizona_template:track/1 for each literal key read in an element branch
tail, recording them as deps of the conditional dynamic itself. track/1 records the
key without reading the binding, so an absent non-taken-branch key is safe; value
(scalar) branches are left alone (their reads already track when taken). See the
"Bare element tuples in conditional tails" rule in .claude/rules/erlang.md.
On re-render the diff then fine-grains: make_ops/4 diffs a
same-statics nested template's inner dynamics (each globally Az-addressed and
marker-anchored) and patches only the changed inner slot(s) -- the same
per-inner-dynamic diff the view_id child-view path uses (diff_child_dynamics/2),
minus the [VId, ChildOps] wrapper, since a plain nested template is inline in the
parent view. It recurses through nested-nested templates to the deepest slot; an
inner attribute change is a precise ?OP_SET_ATTR. A wholesale ?OP_TEXT re-render
is the fallback only when the statics differ (a different branch / structure change).
?OP_TEXT escaping -- text vs HTML. SSR escapes a dynamic value
(render_dyn/1 -> escape_value/1); the live diff sends it raw (make_op/3 ->
to_bin/1), with escaping completed at the client's output boundary -- the wire
carries text as a bare string and HTML as an object, so the client knows which to do.
A scalar ?get value is a bare binary; the JS client renders it with a text node,
so a < is literal text (never parsed -- can't inject, matches SSR). An HTML fragment
(a nested-template / plain-list-?each zip-map, whose inner values zip_or_fp already
escaped) is a map; the client innerHTMLs it. The escape opt-out ?raw is the one
scalar that must innerHTML, so make_op/3 tags it #{~"raw" => Html} (a map, not a
bare string) -- the only thing distinguishing trusted markup from a ?get value that
merely contains <. The worker sets op[3] = true for the HTML cases. Attribute values
are escaped by the client's setAttribute. A ?raw attribute value is the exception again:
SSR splices it inside name="...", where the parser decodes its entities, so make_op/3
tags it #{~"raw" => Markup} on ?OP_SET_ATTR too and the client decodes it in that same
double-quoted context (a bare string would leave &amp; literal after the first update).
An interpolated value with a literal ?raw part ({href, [~"/a?", ?raw(Q)]}) is markup as
a whole: the transform wraps it in a raw_attr call, which splices the raw parts
verbatim and escapes every other part, static or dynamic, so SSR and the tagged live update
carry the same assembled markup.
(?raw is an HTML-target feature; the
?native/?terminal backends don't HTML-escape, so ?raw there is unsupported -- a
target-aware tag would be the follow-up if it ever needs to behave like a plain value.)
Usage convention: outer-scope ?get reads belong in the props
expression of ?stateful/?stateless -- the parse transform places them
in the outer dynamic's closure, where they track correctly. Eager ?get
calls inside a ?stateless callback body, or inside a stateful's
mount/1 / handle_update/3, are discarded by the wrap; this is
intentional -- those reads belong to the inner scope. Idiomatic callbacks
use a named fun reference (?stateless(fun bar/1, Props)), which cannot
close over outer Bindings and therefore avoids the footgun entirely.
Binding-read inlining
Dep tracking requires a ?get to run inside its slot's '$arizona_deps'
bracket. A read hoisted into the render function body --
render(Bindings) ->
    Name = arizona_template:get(name, Bindings),
    ?html({p, [], [Name]}).
-- would otherwise compile the slot to fun() -> Name end: a captured value
with no ?get, so it records empty deps and the slot freezes after the first
render. The parse transform (arizona_parse_transform) closes the gap by
rewriting each interpolated variable back into its defining expression, so the
?get re-executes inside the per-slot bracket -- exactly as if it had been
written inline. This is purely compile-time; the runtime/diff path is unchanged
and idiomatic templates (reads written inside ?html) are unaffected.
	collect_inline/1 builds a per-clause map of top-level Var = RHS
matches whose RHS transitively reaches a get/get_lazy/track/with call
(with tracks too, so a hoisted Sub = with(Keys, Bindings) must inline back
into the slot bracket or its tracking runs outside any bracket and freezes).
Rebound vars are dropped; a derivation with no read (e.g. Id = make_uuid())
is left captured: it runs once in the body and every slot sees that one value.
A definition that does read runs in the body and again in each slot that
uses it (see "Template code is a pure function of the bindings" below).
	transform_scoped_tail/4 does the same per body along the tail of the
clause's last expression (the case/if/begin/try/maybe/receive
tails the live root accepts), so a read hoisted inside a branch
(a -> N = ?get(n), ?html({p, [], [N]})) inlines into that branch's templates,
on top of the enclosing map. A match on a name already bound -- by the clause
head, an earlier statement or outside the body -- is an equality test: the match
stays as written, so the test still runs and the earlier binding stays used, and
its read is still inlined, so the slot stays tracked. The render function re-runs
on every diff, so the test runs on every render.
	inline_vars/2 substitutes those variables wherever they appear in a
?html/?each argument -- including inside a case scrutinee or an opaque
call -- recursively and scope-aware (fun parameters and comprehension
generators shadow; patterns and guards are never substituted, so a
substitution can never form an illegal pattern or a guard ?get -- a pattern or
guard that reads one is tracked by a touch instead, see below). A
substitution under a fun parameter, named fun or generator that rebinds a
name the definition reads is a compile error (hoisted_var_captured): the
copy would read the inner binding.
	normalize_tail_binds/1 lifts a statement-form case that binds one
variable as the whole body of every branch
(case ?get(m) of a -> X = ?get(p); _ -> X = ?get(q) end) into value form
(X = case ?get(m) of a -> ?get(p); _ -> ?get(q) end) so the same machinery
inlines it.
	A now-template-only match is underscore-prefixed so warnings_as_errors
(unused variable) stays satisfied.

The invariant: a slot tracks only the reads performed inside its own closure.
The transform arranges that automatically when a ?get result reaches the slot
through a bare variable -- it rewrites the body binding to _ = get(...) and inlines
a fresh read into the closure, so the read re-runs inside the dependency bracket. It
cannot when the value arrives any other way: bound through a non-bare-var pattern, or
derived by intermediate computation (Side in #{side := Side} = f(?get(k)), which
compiles to fun() -> Side end). Such a slot renders once at SSR and never updates,
and nothing says so -- the view re-renders normally and its sibling slots move, so it
reads as a diff bug rather than a missing dependency. When the slot's value is
computed rather than read, put the read in the slot itself (f(?get(k))).
Reads that do not inline (left captured, slot stays static): a binding
destructured in the function head (render(#{foo := Foo})) or through any
non-bare-var pattern ({ok, V} = ?get(...)) -- a pattern match is an untracked
read; read the whole value with ?get(foo) and destructure with plain Erlang.
Also: a variable bound inside a case branch whose clause head itself binds a
variable, and a rebound variable. Use ?get for the top-level binding and plain
maps:get/2 for sub-structures (only the ?get records a dep, which is the
correct grain). In these cases the read is left captured and the slot keeps its
SSR value.
Template code is a pure function of the bindings. Everything a slot evaluates
is evaluated lazily: the slot expression itself, the definition of a hoisted
variable the template reads (re-inlined into every slot that uses it, and still run
once in the body), and the arguments of an inlined local element helper
(substituted at each use of the parameter, and not evaluated at all when the
parameter is unused). A slot runs once on first render, then again only when its
own dependencies change, while the render function's body runs on every diff
cycle. So one source expression may run zero, one or several times per render, in
no fixed order, and two slots that read the same variable each compute it
themselves -- capturing the value once would not help, since the body and the
slots run on different schedules. Keep that code deterministic and free of side
effects. A value that must be generated once and shared -- a unique id pairing a
label with its input, a timestamp, a random token -- belongs in state: create
it in mount/1 or handle_event/3 and read it with ?get, or derive it from
bindings (<<"field-", (?get(name))/binary>>).
The transform rejects the cases it can see with template_impure_expr, located at
the offending call: a construct from a fixed always-impure set -- a send (!),
receive, make_ref, erlang:unique_integer, the clock reads
(erlang:now/timestamp/system_time/monotonic_time, os:system_time,
calendar:local_time/universal_time), put/erase, spawn*, and any call into
rand, os, ets, io or logger -- anywhere in a hoisted definition that is
re-inlined (check_hoisted_pure/3, at substitution time in iv/2, so a
definition no template uses runs once and is never checked), or in a helper
argument whose parameter does not occur exactly once in the helper body
(check_helper_args_pure/5, counted on the source body, patterns and guards
included). A fun that is only constructed there is not entered, since its body
runs where it is called. Calls into your own functions are not checked.
A tracked read used in a guard is auto-tracked, not frozen: a binding read in a
guard (case Status of active when Confirming -> ..., an if) can't run inside the
slot's dependency bracket on its own -- a guard cannot hold the get/2 call (Erlang
rejects that as an illegal guard expression), so inline_vars leaves guards as bound
variables. Left alone the read would run once in the function body, outside the bracket,
and the slot would silently freeze on that binding. Instead, the guard-bearing iv node
({'case',...} / {'if',...} / {'receive',...} / {'try',...} / {'maybe',...}, and
a nested fun) wraps itself in a block that first reads each tracked binding its clause
guards reference -- begin _ = arizona_template:get(K, Bindings), ..., <expr> end -- for
the track/1 side effect, recording those bindings as slot dependencies
(wrap_touches/4, collecting via clause_tracked_vars/2 / fun_tracked_vars/2 with
per-clause shadow handling). The guard keeps using the captured value, which each diff
cycle rebuilds from current bindings, so a change to a guard binding re-renders the slot.
Reusing the inline expansion as the touch (iv({var,L,V}, Inline)) handles
get/get_lazy/with and transitively-derived vars uniformly. A non-tracked local or a
pattern-bound variable in a guard needs no touch (no binding dependency).
Patterns get the same touch. A pattern cannot hold the call either, and an inlined
variable a pattern reads would freeze the slot the same way: an equality test against a
hoisted variable (case I of Sel -> ... -- the variable is already bound, so the clause
tests it and its body's Sel is the same value, substituted as usual), a map-pattern key,
a binary segment size, or a maybe ?=. Case-like clauses, match expressions, fun
heads (keys and sizes only -- a fun parameter binds) and comprehension generators (keys and
sizes only, the generator's own bindings shadowing later qualifiers) all collect them. A
?= must stay a direct expression of its maybe body, so its touches are placed ahead of
it in that body rather than in a wrapping block. The one fun NOT wrapped is a top-level
?each callback (handled in inline_vars/2): compile_each needs a single-clause fun,
and its guards are over the item param, not outer tracked vars.
Tracked accessors, the sub-map diagnostic, and with/2
get/2,3, get_lazy/3, and with/2 (and their az: aliases) are the
dependency-tracking accessors: each calls track/1 regardless of which map it
reads. That makes reading a nested map a footgun -- Foo = ?get(foo), ?get(bar, Foo) records bar (a key of Foo) as a top-level slot dep, which both
over-tracks and frantically misfires. The parse transform rejects it at compile
time (tracked_get_on_non_bindings_map): a tracked read whose map argument is a
local provably holding a value read out of a map -- bound by a tracked accessor,
maps:get/2,3 or map_get/2, bound to a value by a map pattern (#{user := U}
in a match, a function or fun head, or a case clause), or aliased from such a
local -- is an error. Any other local may be the bindings (a parameter, an alias,
a with/2 projection, a value threaded through a helper or a case), and the
transform cannot tell, so it is not flagged: a false rejection would block correct
code, a missed one only over-tracks. Read sub-structures with plain maps:get/2.
Non-variable map arguments (a literal map, a maps:get call) are never flagged.
Nested-template / passed-bindings freeze. A child template embedded via a raw
function call (or an explicit nested ?html(...) returning a template) renders at
SSR but never updates: the outer slot is fun() -> child(Bindings) end, and
building child fires no ?get at the outer level (the reads live in child's own
closures, isolated by with_saved_deps), so the outer slot captures empty deps and
the diff engine skips it forever. Idiomatic composition is ?stateful/?stateless,
whose props expressions read on the parent slot; an inline nested element is also
fine (it flattens into the parent template). When you must hand a bindings subset to
a sub-context, ?with([keys]) (arizona_template:with([keys], Bindings), or the
az:with/2 alias when Bindings isn't in scope) is the explicit fix: it
track/1s each key (so the outer slot re-renders when any listed key changes) and
returns maps:with(Keys, Bindings) (so the sub-context cannot silently depend on an
untracked key -- an omitted key raises missing_binding rather than freezing). No
with_all: tracking every key makes the slot depend on everything, defeating
fine-grained diffing.
Eager get/3 defaults over-track. ?get(a, ?get(b)) records b even when a
is present, because Erlang evaluates the default argument eagerly and ?get(b)
tracks unconditionally. ?get_lazy(a, fun() -> ?get(b) end) tracks the fallback key
only when the default is actually taken.
A changed stream item reuses only what its deps can vouch for. The main
per-dynamic diff path skips a slot whose deps are empty (the documented frozen residue
above). A changed stream item (arizona_stream:update/3, or a kept item of a reset)
cannot trust its deps that way: the item value is an input to every dynamic, and deps
record only the reads that went through get. A plain maps:get(n, Item), a
head-destructured field (fun(#{text := T}, _) -> ...), a value derived in the
callback body, or a read inside a nested template's closure (a conditional branch, an
inner ?each callback) never reaches them -- and a dynamic that also reads a view
binding has non-empty deps that name none of the fields it used. So the parse
transform decides which dynamics are provable: a per-item template carries
reuse => [boolean()], one flag per dynamic, true only when the dynamic references
no variable but the item key outside the map argument of a tracked read
(arizona_template:get/2,3, get_lazy/3, with/2, or their az aliases) in its
own closure. That map must be the item itself (the bare item parameter, or the
variable side of a Pat = Var head) or the view bindings (bound outside the
callback): a sub-map bound in the head or the body records its own keys, not the
item field that holds it. A dynamic with no reads and no item reference (a static
value, ?connected, the key attribute) is kept on an item update.
arizona_eval:render_stream_item_skipping/6 keeps a dynamic's old
{Az, Val, Deps} only when it is flagged and its deps miss the changed fields;
everything else re-evaluates, and a template without the list (none qualified, a
1-arg callback, a hand-built template) re-renders the whole changed item. An item
whose value did not change at all is still reused whole. The result: untracked item
reads stay current inside stream items, and only a fully tracked dynamic gets
skipped.
?each item bodies must be elements. Because each item compiles into a per-item
template (#{s, d, f}), the callback body must be an element ({Tag, Attrs, Children}),
a list of elements, or a static/mixed fragment. classify_body/1 in
arizona_parse_transform buckets the body; the only non-template bucket, text_dynamic
(a bare value, a runtime binary, a ?stateful/?stateless descriptor, or a case/if),
compiles to one opaque value slot. A scalar value renders at
SSR and diffs (the per-item key is arizona_template:to_bin/1 of its value), but gets no
per-item template diffing -- pointless where a comprehension is the right tool; a template or
descriptor value goes further and crashes on the first diff, when to_bin/1 hits the stored
template/descriptor and raises bad_template_value. So compile_each rejects a
text_dynamic body (each_body_not_element for a 1-arg/list callback,
each_stream_body_not_element for a 2-arg/stream-or-map callback -- the two differ only in fix
advice, since a list has a comprehension fallback and a stream/map, keyed per item, does not)
at compile time. Over a stream, a keyed callback must also return exactly one element:
the keyed ops (OP_INSERT/OP_REMOVE/OP_MOVE/OP_ITEM_PATCH) address an item by the single
element carrying its az-key, and any other root of the item would be left behind on a remove
and out of order on a move. The same 2-arg callback may iterate a map, which diffs through the
list machinery (positionally for a single-root item, else a wholesale container OP_TEXT) and so
takes a list of elements, a text+element fragment or bare text. The source is only known at
runtime, so compile_each stamps such a body multi_root => true and arizona_template:each/2
raises stream_each_multi_root when it is paired with an arizona_stream -- on every evaluation,
so the render and the diff alike -- unless the per-item template is nodiff (never addressed by a
keyed op). A one-element list body is taken as its element. Over a stream that root must carry
az_key (the client looks items up by az-key, so an unkeyed item is unreachable to every keyed
op and the DOM drifts from the stream). A map diffs positionally and needs no key, so this is the
same runtime pairing check: compile_each stamps a single-element body whose root has no literal
az_key with keyless => true, and arizona_template:each/2 raises stream_each_keyless over a
stream, again unless the item is nodiff, and only on a backend whose client applies keyed item ops
(the keyed_item_ops/0 renderer callback; ?terminal redraws whole frames). A keyed callback whose
body is a conditional raises each_stream_body_control_flow instead, because the fix is
different: "wrap the value in an element" reads as advice to pick a tag, when the real constraint is
that every item shares ONE compiled per-item template, so an item's outer tag is fixed at compile
time. That shared template is exactly what makes per-item diffing cheap (statics once, dynamics
per item). The branches themselves may be entirely different elements -- they go inside one stable
item element carrying az_key, where a conditional child may return bare element tuples. Containers
whose child tag is fixed anyway (ul/ol) lose nothing, and a div with display: contents keeps
the wrapper out of layout elsewhere.
That wrapper is not legal in every container, and the two where it is not are the two where a
varying sibling tag is most legitimate. Inside table/tr the parser foster-parents a wrapper
out of the table entirely -- the th/td land in the row, the az-key ends up on a stray
div before the <table>. Inside select, Firefox drops it while Chromium keeps it, so the
idiom silently works in one browser and freezes the list in the other. Both verified in real
browsers. ul/ol is the only container whose child tag genuinely was never free.
Supporting a varying item tag would mean a distinct template per item, giving up the shared
statics and reducing a branch swap to a full item re-render.
A tag written as an expression rather than a literal atom reaches this from the other side, and
earlier: extract_element/1 raises computed_element_tag (a literal of the wrong type, a binary
say, still gets the form error invalid_element). It carries the same idiom, because it is the
same constraint seen from the tag rather than from the callback body.
compile_each also rejects a bare list whose item is a template or descriptor
([?html(...)], [?stateless(...)]) -- the item lands in the same fragile value slot --
while keeping a list of elements or a static/dynamic-text fragment.
Map plain values with a list comprehension / lists:map (no per-item diffing); put a
conditional inside an element child ({li, [], [case ... end]}). The reverse is a compile
error too: a comprehension in a content slot builds its list at render, as one value, so an
element-shaped body ([row(X) || X <- Xs], [{li, [], [X]} || ...], [?html(...) || ...])
is element_in_comprehension (is_lc_element_body/2, checked where the helper-inlining walk
reaches the comprehension). A comprehension handed to a function stays data and is untouched.
The callback may be an inline fun or a local single-clause function reference (fun row/1,
or fun row/2 for a stream/map). compile_each looks the function up in the module's forms
(collect_fun_defs/1) and inlines its clause through the same path, so the identical body rules
apply (a non-element body still raises each_body_not_element/each_stream_body_not_element).
Inlining orphans the named function, so parse_transform/2 injects
-compile({nowarn_unused_function, ...}) and -ignore_xref(...) for the consumed pairs --
the function needn't be exported or otherwise used. A same-module explicit ref
(fun ?MODULE:row/1, module literal = the current module) is rewritten to the bare local form
and resolved identically. Rejected: a genuinely remote reference (each_remote_fun_ref --
another module's, or a variable module, body isn't visible to inline; an -imported function
referenced as a bare fun row/1 falls through to each_named_fun_undefined since it isn't in
FunDefs) and a multi-clause function (each_named_fun_multi_clause -- clauses would select
different per-item structures, but there is only one shared per-item template); collapse
multiple clauses into a case inside the returned element.
A whole-body backend wrapper -- ?html(...) (or ?native/?terminal matching the each's
target) -- is accepted: compile_each unwraps it to the element it wraps and builds the
same per-item template as the bare element (both go through compile_body_parts/4 +
scope_az/4 with the same fingerprint, so the result is byte-identical). The two callback
forms reach compile_each as different AST: a named ref resolves to its untransformed
clause, so its body is a raw arizona_template:html(...) call, unwrapped to its argument; an
inline fun's ?html was already compiled bottom-up into a template-map literal, taken
directly (re-wrapping its d-list into the per-item fun). A wrapper as a list item
([?html(...)]) is not unwrapped -- only a whole-body wrapper -- so it stays rejected like
a wrapped descriptor.
A per-item component -- a descriptor inside the item element, {li, [], [?stateless(...)]}
-- compiles, renders, and diffs. A ?stateless child keeps the positional per-item path: an inner
value change ships one OP_LIST_PATCH carrying an OP_ITEM_PATCH for the affected index, and an
append ships an OP_INSERT. A ?stateful child also renders and diffs, but it costs that path:
diff_each_items/6 patches positionally only when the render added no child view
(map_size(NewLocal1) =:= map_size(NewLocal0)), because a child view must be re-mounted by a full
re-render. A plain list bearing per-item ?stateful children therefore falls back to the wholesale
marker OP_TEXT, re-rendering every item on any change. When you want self-diffing children, use a
stream ?each: items are keyed by az_key, each ?stateful item is its own self-diffing
live view (an entry in the root live process's views map, not a process of its own),
and merge_stream_child_views/4 carries the child ids incrementally across diffs. A child
lives exactly as long as its item is in the DOM: whichever way the item leaves -- delete/2,
reset/2, a new stream bound over the slot, a drop eviction, or a sort or insert pushing it
out of a limit window -- its child unmounts, and an item that comes back into the window
mounts a fresh one. A key deleted and re-inserted within one update keeps its child (the new
render reaches it through handle_update/3, not mount/1), while the client gets an
OP_REMOVE and a fresh OP_INSERT, so state the browser holds inside it (?local values,
hooks) starts over.
A keyed container reached through a ?stateful child stays per-item, but by a different
route. diff_stream/4 derives its ops by draining the stream's pending op log, and
arizona_eval clears that log before rendering a child (clear_stream_pending/2, which is what
stops a prop-fed child accumulating one queue entry per root update for the life of the process).
So a container under such a child has an empty log while its order HAS changed: draining alone
emits nothing, and the container silently never updates. diff_dynamics/4 therefore takes the
incremental path only when the log can account for the difference -- an unchanged order needs no
ops, a changed order needs a non-empty log -- and otherwise reconciles the two key orders through
stream_reset/8, which needs no log at all: dropped keys are removed, kept keys patched only
where their dynamics differ, new keys inserted, and the minimal moves emitted from the LIS.
The reconciliation diffs against the state the enclosing walk already evaluated, so it renders
nothing extra: dropped keys are removed, kept keys patched only where their dynamics differ, new
keys inserted, and moves emitted from the LIS. An earlier version handed the source to
stream_reset/8 instead, which rendered the whole list a SECOND time -- twice the work, and it
re-ran every item child's mount/1 / handle_update/3, so a child that subscribes or arms a
timer in mount did it twice per diff. Measured on a container under a ?stateful ancestor: 258
bytes flat at 100 items and at 400, and 1,2 ms per diff at 400 heavy items.
A map-source ?each patches positionally like a list. maybe_single_root_opt/4 stamps
single_root by the item BODY (one top-level element) rather than the source kind, so the 2-arg
each carries it too -- that one compiled template serves both a stream and a map, and a stream
never reads the flag (it keys items by az-key and diffs through diff_stream/4, which has no
positional walk to gate).
Positional patching is always correct -- position N is item N in both the DOM and the new
render -- but not always the smaller patch, and that is what outgrows_re_render/3 decides.
Insert or remove anywhere but the tail and every later item patches with its neighbour's content,
so the ops grow with the list while the wholesale re-render stays one op. Erlang iterates a small
map in term order, so a mid-container insert is the common case there, not the exotic one.
Counting how much of the container changed cannot decide it. The three per-op costs are
structurally different: an ?OP_INSERT carries a whole rendered item, statics included; an
?OP_ITEM_PATCH carries values plus framing; an ?OP_REMOVE is a couple of integers. Wholesale
ships the statics ONCE plus every item's values. A count therefore assumes a statics-to-value
ratio, and the real crossover moves from a few percent to nearly all of the container across
ordinary shapes. Two concrete failures of the count form: a constant tuned on inserts overcharges
positional-on-remove by exactly one statics block, so an early remove was re-rendered wholesale
when staying positional was 4.5x smaller; and a shrink whose surviving prefix is unchanged
produces no item patches at all, so no threshold could ever trip it, leaving a 200-item container
shipping 198 removes where one re-render was 2.2x cheaper.
Before any of that, the walk strips what did not change. diff_list_positional/5
removes the common prefix and, when the lengths differ, the common suffix, and diffs only
the middle. Without it a head insert reads as "every position differs" and emits one item
patch per item plus a tail append -- each patch carrying the value of an item that merely
shifted along. With it the same change is a single ?OP_INSERT at the position the item
actually goes, at any container size, and a single delete is one ?OP_REMOVE. Sub-op
indices address the OLD positions, which is what the client resolves them against:
applyListPatch snapshots the item roots before applying anything, so an insert at N
lands before whatever was at N, and repeated inserts at one index keep their emitted
order. The suffix strip is skipped at equal lengths, where it costs two reverses and
cannot produce a pure insert or remove.
The same question is asked of a keyed stream, which had no size decision at all:
every ?OP_INSERT carries a whole rendered item, so a bulk grow re-sends the item
statics once per item where one container re-render sends them once in total. Measured
on a 554-item stream, a grow from 31 items shipped 85.046 bytes against a 14.325-byte
re-render. Two differences from the list case. The drain does not visit every item, so
there is nothing free to accumulate and the wholesale side is estimated from the old
items' average size against the new visible count. And a stream carrying child views
is never collapsed: the incremental path keeps their bookkeeping
(merge_stream_child_views/4) while the container re-render has none, so collapsing
would re-mount every child and reset its state. That holds for the children the drain
itself rendered too, even when the old items held none: the re-render would evaluate
those items a second time and mount each child again, leaving the drain's instance
never unmounted.
That mostly retires the fallback for insertions -- one op is never worth re-rendering a
container for. What still reaches it is a long run of removes, which no amount of
stripping collapses.
Both sides are then estimated in bytes. The wholesale side costs nothing extra to obtain:
diff_list_positional/5 already visits every new item, so it accumulates their value bytes as it
walks and returns them beside the ops. wire_bytes/1 approximates the JSON size of the ops
without encoding them -- only the ratio matters.
The comparison is biased toward staying positional, because those ops also preserve the DOM: the
container is never torn down, so focus, scroll position and ?local values inside it survive.
Wholesale has to be clearly smaller (a 3:2 ratio) and to save something worth having in
absolute terms (?RE_RENDER_MIN_SAVING). The absolute floor matters because a short container can
be twice as cheap to re-render while the saving is a hundred-odd bytes, which is not a trade worth
losing an in-progress selection over -- so a 10-item list keeps its per-item ops and a 200-item one
does not.
API -- effect commands (arizona_js / arizona_android / arizona_os / arizona_effect)
Client effect commands, built per platform -- arizona_js (web), arizona_android (native),
arizona_os (native-shell OS capabilities) -- all returning the neutral tuple
{arizona_effect, [OpCode, ...Args]} (type arizona_effect:cmd(), encoded by arizona_effect).
Used in two contexts:
Template attributes -- commands embedded in az-click, az-submit, etc.:
{'button', [{az_click, arizona_js:push_event(~"inc")}], [<<"+">>]}
{'button', [{az_click, [arizona_js:push_event(~"inc"), arizona_js:toggle(~"#modal")]}], [<<"Both">>]}
Auto-encoded to HTML-safe JSON by arizona_template:to_bin/1. No explicit encode call needed.
Handler effects -- returned from handle_event/3 and handle_info/2:
handle_event(~"inc", _P, B) ->
    {B#{count => Count + 1}, #{}, [arizona_js:set_title(~"Updated")]}.
Commands:
	push_event/1,2 -- send event to server (template-only). Without explicit payload, auto-collects
from element context (see below). Explicit payload is merged on top of auto-collected (explicit
wins).
	toggle/1, show/1, hide/1 -- element visibility via hidden attribute
	add_class/2, remove_class/2, toggle_class/2 -- CSS class manipulation
	set_attr/3, remove_attr/2, toggle_attr/2,4 -- attribute manipulation (toggle_attr/2
presence toggle: add if absent, remove if present; toggle_attr/4 flips between two values)
	dispatch_event/2 -- dispatch CustomEvent on document
	navigate/1,2 -- SPA navigation, replaces the root view (opts: #{replace => true})
	patch/1,2 -- in-place SPA navigation, keeps the root view and re-renders it via
handle_update/3
	fetch/2 -- HTTP request via the browser fetch(), no page reload (opts: method, body,
headers, credentials, on_error, keep_alive). The only mode that can set a real
Set-Cookie (HttpOnly honored) without navigating, so it suits flows that rotate a session cookie
while keeping form fields and showing inline validation. Hits a controller route (e.g. {post, ...}) that returns the {"e": [...]} effects payload via arizona_controller:reply_effects/1;
those effects are applied (against the trigger element) whenever the body parses, even on a
4xx (so the controller can use a real status and still drive inline validation). To re-render
the submitting view, return an arizona_js:push_event in the response -- the client relays it
over the existing WebSocket and the view re-renders via handle_event (no pubsub); broadcast over
arizona_pubsub only to reach other views. on_error (plus an arizona:fetch-error DOM
event) runs only when there is no usable effects body -- a non-JSON page, an empty non-2xx, or a
network failure. A redirect is an arizona_js:navigate effect
(arizona_controller:reply_redirect/1), not an HTTP 3xx. keep_alive (default false) maps to
the browser's fetch(url, { keepalive: true }) so a request fired just before a navigation
completes instead of being cancelled (browser inflight-body cap ~64KB).
	transition/1,2 -- wrap a command (or list) so its DOM change animates in a view
transition (opts: #{types => [binary()]}); see "View transitions" below
	focus/1, blur/1 -- focus management
	reset_form/1 -- reset (clear typed fields on) every form matching the selector, imperatively
(unlike az-form-reset, which fires only on a successful submit/fetch); a non-form match is a
safe no-op
	select/1 -- select (highlight) the first matching <input>/<textarea>'s text
(HTMLInputElement.select); a non-input match is a safe no-op
	copy_to_clipboard/1 -- copy the first match's value (form control) or textContent to the
clipboard (navigator.clipboard.writeText); needs a secure context + user gesture, so it is an
event command only (not a handler effect); a missing/blocked clipboard is a safe no-op
	show_modal/1, close_modal/1 -- open the first matching <dialog> as a true modal
(showModal, top layer + ::backdrop + ESC-to-close, unlike the open attribute) / close it
(close); a non-dialog match is a safe no-op
	scroll_to/1,2 -- scroll element into view, smoothly by default; scrollIntoView opts merge onto
that default (#{block => <<"center">>} stays smooth, #{behavior => <<"auto">>} jumps)
	set_title/1 -- set document title
	reload/0 -- reload page
	encode/1 -- encode single cmd or list of cmds to HTML-safe JSON binary (called automatically by
to_bin)

Native-shell (OS) commands (arizona_os). When the app runs inside a native shell
(Tauri/Electron/...), arizona_os builds OS-capability commands -- all through one generic op
?EFFECT_OS carrying a capability name plus args (the shell owns the vocabulary; new
capabilities are new names, not new op codes): set_title/1, focus/0, minimize/0,
maximize/0,1, fullscreen/1, notify/1,2, capture_protection/1, command/1,2. Negotiated via
the _az_caps connect param and read server-side with ?capability(Name); a safe no-op in a
plain browser. See os.md.
Selector targeting: the broadcast commands (toggle/show/hide, the *_class and
*_attr ops, reset_form) act on all elements matching the selector;
focus/blur/scroll_to/select/copy_to_clipboard/show_modal/close_modal
act on the first match.
Payload auto-collection (push_event): When push_event fires on an element, the client
auto-collects a base payload from the element and event context, then merges explicit payload on
top:
	Drop events → {data_transfer: "dragged-key", drop_index: N} -- drag data from dataTransfer
and the position, among the az-drop container's [az-key] children, of the child the drop
landed in; -1 when it landed on the container itself (an empty column, the gap after the last
item). The whole container is the drop zone, so an empty one accepts a drop. Only an item drag
is claimed -- one whose dragstart began on an [az-key] element in the page: any other drag (text
or a file dropped onto an input in the container's header, onto its blank space, or anywhere outside
a container) is the browser's own, and dragover/drop are left uncancelled
	Forms → new FormData(form, submitter) as a map -- all form field values keyed by
name; when the form was submitted by a named submit button, that button's name/value is
included too (the native FormData submitter arg), so a form with two submit buttons reports
which one fired. A non-submit trigger (a plain az-click button) has no submitter, so it never
drags the enclosing form's fields along -- gathering is a property of submitting the form (the
Other case below stays {}). A repeated name is a list. Three kinds of field are lists by
their markup, whatever is selected -- ["a"] for one value and [] for none, never a bare string
or a missing key, so a handler matches one shape: a <select multiple>, a checkbox group (more
than one checkbox sharing a name), and any field whose name ends in []. The [] suffix is the one
to use for a group whose rendered size comes from data: a group that can render a single box
has no second box to mark it as a group, so name="tags" would send a string with one tag and a
list with two, while name="tags[]" always sends a list. The key keeps its brackets ("tags[]"),
exactly as a native form POST or a fetch body sends it (the server's query-string parser keeps
keys verbatim). A lone checkbox without the suffix stays a single field (its value when checked,
absent when not), and a disabled field is left out as the browser leaves it out of a native
submit. Behaviour change: a checkbox group or multiple select with one value used to arrive as
a bare string, and with none as a missing key; a handler matching those shapes must now match a list
	Inputs/selects/textareas → {value: el.value} -- current input value; a checkbox/radio adds
checked, and a <select multiple> sends value as the list of selected values
	Other → {} -- empty

This means az-keydown or az-focusout on an input automatically includes {value: "typed text"},
and az-drop automatically includes {data_transfer, drop_index}. No special attributes needed.
Op codes defined in include/arizona_effect.hrl -- integer constants shared with the client JS
runtime. Same codes for both template commands and server effects.
Key filtering via on_key/2 -- wraps a command so it only executes when the pressed key
matches:
%% Atom -- literal match
{az_keydown, arizona_js:on_key(enter, arizona_js:push_event(~"submit"))}
%% List -- match any
{az_keydown, arizona_js:on_key([enter, escape], arizona_js:push_event(~"close"))}
%% Binary -- regex pattern
{az_keydown, arizona_js:on_key(~"^[a-z0-9]$", arizona_js:push_event(~"type"))}
View transitions
A view transition wraps any DOM change in document.startViewTransition; it is not tied to
navigation. The API is mostly CSS -- the framework only starts the transition. Requested
per-trigger (no global switch) by arizona_js:transition(Cmd[, Opts]) (wraps the command whose
DOM change should animate, like on_key/2; Cmd is one command or a list) or the az_transition
attribute on any triggering element (link or az_click/...; bare = cross-fade,
{az_transition, ~"slide back"} = space-separated types).
The client picks sync vs async from the wrapped command:
	Sync effect (toggle/add_class/...): wrapped in place immediately.
	navigate: the page swap is a future OP_REPLACE (op 8); the intent is held in
_pendingTransition (kind: 'replace') and the worker message handler wraps that batch (a stray
text/attr tick is ignored).
	push_event: the resulting diff is a future message; _pendingTransition (kind: 'any')
wraps the first response batch and is then consumed either way (a no-diff event can't dangle onto
a later one). A concurrent server push (e.g. a timer) could race; navigation and sync effects are
race-free. (Same-message server diffs still can't be wrapped -- the client applies ops before
effects -- so a handler-returned transition pairs with navigate/push_event.)

Wrapping a mix of sync and async commands animates the async result; sync siblings apply
immediately. The wrap is applied at the worker message handler, so a message's ops and effects
animate together, in order. By default the whole root cross-fades; a view-transition-name on an
element scopes/morphs just it (and must be unique among rendered elements or the browser skips it).
Guards: no-op (instant swap) when startViewTransition is absent or prefers-reduced-motion;
types use the object-form call only when :active-view-transition-type() is supported.
Back/forward is per edge: a transitioned nav stamps both ends of the edge it creates (the outgoing
entry's _azTransitionNext, the new entry's _azTransitionPrev), every SPA entry records its
position (_azIdx), and popstate replays the transition of the edge it crossed -- so traversing that
edge animates in either direction, and Back over a plain edge into an entry that was reached by a
transition does not. Cross-document (real <a href>) navigations animate via the user's
@view-transition { navigation: auto; } CSS with no framework code. All styling
(view-transition-name, ::view-transition-*, :active-view-transition-type) is user CSS. See
.claude/rules/js.md for the client surface.
Client-owned slots -- ?local
A ?local(Key, Init) slot is static to the server, dynamic to the client: the server
renders Init once at SSR and marks the slot diff => false so it is never patched; the
browser owns the value (keyed by Key) and mutates it locally with no WebSocket
round-trip. For UI-only state (dialog open/close, tabs, toggles) the server doesn't need.
Authoring (?local = arizona_template:local/2, also az:local/2):
{'span', [], [?local(~"title", ~"Hello")]}                 %% content
{'dialog', [{open, ?local(~"modal_open", false)}], [...]}  %% boolean attribute
{'div', [{'data-active', ?local(~"tab", ~"home")}], [...]} %% valued attribute (CSS-driven tabs)
{'p', [], [~"Name: ", ?local(~"first", ~"Ada"), ~" ", ?local(~"last", ~"Lovelace")]} %% many content slots + static text
{'a', [{href, [~"/u/", ?local(~"id", ~"1"), ~"/edit"]}], [...]} %% interpolated attribute (static + one local)
Compile-time constraints: Key must be a literal binary or atom (an atom normalizes to a
binary); a key can't bind both content and an attribute on one element; not allowed in
?native templates. Under az-nodiff only the element holding a content ?local gets an az
and that slot's marker; a layout's local sits outside every view, so set_all reaches it.
A content ?local does not have to be the sole child -- an element can hold several
content slots, freely mixed with static text and other dynamic children. An attribute value
may also interpolate one ?local with static text around it (the statics become a
prefix/suffix); two ?local in one attribute, or a ?local mixed with a server-owned
dynamic there, are compile errors (local_attr_multiple / local_attr_mixed). Interpolation
is for string-valued attributes (class, style, href, data-*, value); a boolean
attribute must use a whole-value ?local ({disabled, ?local(~"d", false)}, which
renders false → absent / true → bare) -- an interpolated value always renders
name="value", so an interpolated boolean would be disabled="false", i.e. still present.
Mechanism: arizona_template:local/2 returns #{diff => false, az_local => Key, v => Init}
(attributes add target => {attr, Name}). eval preserves it; arizona_diff skips it via
its per-dynamic az_local clauses (never re-evaluated, never patched); arizona_render
unwraps it. Each content slot is an individually comment-marked text node
(<!--az:X-->Init<!--/az-->), exactly like any dynamic text child. The parse transform
bakes a self-describing az-local descriptor attribute (escaped JSON
{c: {slotIdx: key}, a: {attrName: key}, ap: {attrName: [prefix, suffix]}}) onto the element
-- c maps each content slot's dynamic-slot index to its key, a maps each attribute name to
its key, and ap (present only for interpolated attributes) carries the
static prefix/suffix. The client scans [az-local] live (no persistent index): for a content
slot it reconstructs the marker az from the element's runtime az + the slot index
(mirroring arizona_html:text_az/2); for an interpolated attribute it recomposes
prefix ++ value ++ suffix on set and strips them on read. An interpolated attribute's
composed initial value is baked into the bind-map's v ([Prefix, to_bin(Init), Suffix]), so
SSR render and diff-skip reuse the whole-value attribute path unchanged.
Updating (event attributes / handler effects via arizona_js; never sent to the server --
op ?EFFECT_SET_LOCAL):
	Builder	Scope
	arizona_js:set(Key, Value)	closest view of the trigger (markup-only)
	arizona_js:set(ViewId, Key, Value)	a named view
	arizona_js:set_all(Key, Value)	every view (document-wide)

As a handler effect (returned from handle_event/handle_info), use set/3 or
set_all/2: the closest-view set/2 resolves against the trigger element, which a handler
effect runs without (applyEffects dispatches against <html>), so it is a no-op there.
Client JS API: arizona.set(viewId, key, value), arizona.setAll(key, value),
arizona.get(key) / arizona.get(viewId, key). Content writes are text-only (a < in
a value renders as text, never HTML -- no injection); attribute writes reuse
setAttribute/removeAttribute (with value/checked property sync): boolean true =>
present, false => absent.
Caveats (by design):
	Wholesale re-render resets it. A ?local value survives normal per-slot diffs, but an
enclosing subtree re-rendered as a unit (an OP_TEXT replacing a whole slot, OP_REPLACE, an
?each item swap, a conditional template switch) recreates the slot at its SSR initial -- unless
it sits inside an az-nodiff element that is kept.
	Inside ?each, items share the slot key. ?local keys are compile-time literals (you
can't build ?local(<<"open_", Id/binary>>, ...) -- that errors local_key_not_literal), so
every item rendered from the same template carries the same key and set/set_all
updates all of them at once. ?local therefore can't hold per-item independent client state
in a list/stream -- use server state for that. (An item reorder/remove is also a wholesale
re-render that resets that item's slot.)
	Forced reconnect resets it. A non-1000 socket close fresh-mounts the view.
	Server never reads the value. To use it server-side, read it client-side
(arizona.get) and include it in a push_event payload -- auto-collection ignores [az-local].
	No JS = frozen at initial; get returns strings (no type preservation).
	az-hook updated() fires on a client set. A bound element carrying an az-hook
sees updated() for changes the server never observed -- treat that hook's state as
client-local too.
	Accessibility is the author's job. Driving a presentational attribute (open,
data-active) does not touch ARIA. A native <dialog open> is announced for free, but the
CSS-tabs pattern above sets no aria-selected -- and since ?local writes a literal value
(no expressions), per-element ARIA that depends on the slot needs one boolean slot per
element or server-tracked state.
	Dangerous attributes are the author's responsibility. Content writes are always text
(never HTML), but binding href/style/an on* handler to author-supplied data is on you
-- only the attribute name is fixed at compile time, the value is not escaped.

API -- arizona_roadrunner_router.erl
Roadrunner route compilation. A {reload, ...} entry adds the dev-mode SSE endpoint, and a
build-opts variant supports hot-reload-safe rebuilds.
	compile_routes/3 -- build the map-shape roadrunner dispatch from route specs and store it
under the listener-scoped {arizona_roadrunner_dispatch, Name} persistent term (the key
resolve_route/3 reads); threads build-time opts (e.g. compress => false) for replay
across hot reloads
	routes/1,2 -- expand specs into roadrunner's map-shape route entries without compiling
(used by the listener boot path)

Route types:
	{live, Path, Handler, Opts} -- live route, GET/HEAD-only (Opts may contain
layouts => [{Mod, Fun}] and bindings => map())
	{ws, Path, Opts} -- WebSocket endpoint
	{asset, Path, {priv_dir, App, SubDir}} -- static asset from priv (served via zero-copy
sendfile by roadrunner's built-in roadrunner_static)
	{asset, Path, {dir, Dir}} -- static asset from absolute directory
	Either asset form is GET/HEAD-only (roadrunner_static serves the file whatever the method,
so any other verb gets 405 + Allow from the router); a cors/1 transform on it also lets
OPTIONS through so the preflight reaches the transform.
	Either asset form compiles to Path/*path, so the catch-all is generated and never appears
in the route list. Matching is first-match-wins in list order, so a shorter asset path listed
ahead of a longer one it prefixes swallows it -- order the longer prefix first.
	{Verb, Path, Handler, Opts} (Verb = get/post/put/patch/delete/head/options) --
single-verb controller; {match, Spec, Path, Handler, Opts} covers multi/custom/any-method
(Spec = a verb, a list of verbs, a custom uppercase binary like ~"PROPFIND", or '*'). Behind
the Arizona middleware pipeline (CSRF check_origin on by default); Opts is controller_opts()
carrying state/action/middlewares/check_origin. Dispatches through
arizona_controller:dispatch/3, which calls Handler:Action/2 (the action option, default
handle). A wrong-verb request gets 405 + Allow from the adapter's router before any
middleware, and two routes may share a path with disjoint verbs for REST-style dispatch. (Declare
mutations non-GET: a state-changing GET is CSRF-able regardless -- a cross-site GET nav carries a
SameSite=Lax cookie but no Origin.)
	{reload, Path, Opts} -- dev SSE reload endpoint (arizona_reload_controller, served as a
controller loop reply by any adapter that supports the reload capability)

API -- arizona_stream.erl
Pure stream data structure -- create, mutate, and query streams. The #stream{} record is defined
in src/arizona.hrl. All rendering/diffing of streams stays in
arizona_eval.erl/arizona_diff.erl.
	new/1,2,3 -- create a stream with key function, optional initial items, and optional opts
(#{limit => pos_integer() | infinity, on_limit => halt | drop}; see "Limit modes" below)
	insert/2,3 -- insert item (append or at position)
	delete/2 -- delete item by key
	update/3 -- update item by key
	move/3 -- move item to new position (emits {move, Key, AfterKey} pending op)
	sort/2 -- sort by comparator function (emits reorder pending op)
	reset/1,2 -- clear stream or replace with new items (emits reset pending op)
	to_list/1 -- return items in order
	get/2 -- look up item by key (crashes if key not found)
	get/3 -- look up item by key with default value
	get_lazy/3 -- look up item by key, calls Fun() only if key is missing
	clear_stream_pending/2 -- clear pending ops for stream keys in bindings
	stream_keys/1 -- scan bindings for stream keys
	pending_ops/1 -- the queued ops, oldest first (stamps stripped)
	drain_mark/1 -- the mark a drain records in its snapshot: the stamp of the last queued op, or
none when the queue is empty
	undrained_ops/2 -- the ops a drain holding that mark has not consumed yet

Keys must be unique once rendered
An item is addressed on the wire and in the DOM by its key's text
(arizona_template:to_bin/1): the key field of OP_INSERT/OP_REMOVE/OP_MOVE/OP_ITEM_PATCH
and the item's az-key. So keys that are distinct terms but render alike -- 1 and ~"1", a
and ~"a" -- are two items to the stream and one address to the client, and an op meant for one
patches the other. Give a stream keys of one type.
Drain marks
Each queued op carries a globally unique, monotonic stamp ({Seq, Op} inside pending). A drain
records drain_mark/1 on its snapshot (drained key) and the next drain of the same slot calls
undrained_ops/2 to resume just past it, so a queue that is re-drained emits only the new ops
instead of replaying its history.
This matters because the queue is drained by the differ but cleared by the live process, which only
reaches streams held as top-level bindings. A stream nested inside another value -- a field of a
parent stream's item, or a stream inside a map binding -- is never cleared, so every re-eval of the
enclosing slot re-drains it.
The resume locates the stamp rather than counting positions off the head. A stream is an
immutable value and can have several divergent successors (a view that keeps a pristine stream and
re-derives the rendered one per event), and position counting cannot tell such siblings apart --
it would drop a sibling's genuine ops. A stamp the queue does not contain (a fork, reset/1,2,
clear_stream_pending/2, a rebuilt or rolled-back stream) falls back to a full drain, which never
skips. The search runs backwards from the newest op and stops at the mark, or the moment it drops
below it, so it costs O(ops added this cycle) rather than O(queue length).
That guard sits at one call site, so the other two ways into diff_stream/4 -- the dep-aware walk
(diff_each/9, which diff/4 uses, i.e. production) and the stream-inside-a-stream-item walk
(diff_item_dynamics_v/3) -- reached the drain straight and dropped the change: on identical
input diff/3 emitted the removals and diff/4 emitted nothing. diff_stream/4 now reconciles
an empty drain itself (drainable_ops/3 substitutes a {reset, #{}}), so every entry point
agrees. The two mechanisms are complementary rather than redundant: stream_relist/7 diffs
against the state the enclosing walk already evaluated, which diff_each/9 does not have.
What a full drain assumes -- and the genesis reset that keeps it true. A drain replays a log
against what the client actually holds, so a full drain is correct only when the queue's own
starting point IS that state. It is for the flow the fallback was written for: the live process
clears a top-level binding's queue right after each drain, so the queue restarts exactly where the
client is. A constructed stream is the case where it is not -- new/1,2,3 starts from an empty
collection, so queueing its items as pending INSERTS described the delta from empty. Bind such a
stream over a slot that already holds one (rather than mutating the stream that is there) and
those inserts were all the differ had: keys the new stream dropped were never mentioned, and keys
present in both were skipped as replays, so a shrink, a reorder and an in-place content change
each diffed to NOTHING and the stale list stayed on screen with no self-heal. The constructors
therefore open the queue with a genesis reset (reset) -- the op that already means
"reconcile the client to my current state" -- which makes the log truthful for any consumer.
It costs the incremental path nothing: a resume that finds its mark skips past it, and replaying
it in a re-drain is idempotent.
A log that reorders drains as one reconcile. The drain replays ops one at a time against
what the client holds, and the one thing it cannot always follow op by op is order: a reorder
(sort/2) carries no order of its own, so the only order the drain can see is the final one,
not the one the client has reached by that point. A positional op after it was placed against an
order the client did not hold yet, and a second sort then found the client "already" in the
final order and moved nothing. So a drained log holding a reorder or a
reset is replaced by one reset (drainable_ops/3): remove what left, patch what stayed, move
the stayers into order, then insert each arrival at its final index. A log of sorts alone needs
no item walk and drains as one reorder from the client's order to the final window instead.
A move and a positional insert are different: each is placed by where it sits in the source
when it is queued (move/3 records the key it lands after, insert/3 an index), so on an
unlimited stream, whose client holds the whole source in order at every step, they replay op
by op exactly. On a limited stream hidden keys count toward that placement but are not on the
page, so there they take the reset too. An unlimited stream takes it for the same reason
when a positional insert or a move was queued while a key the event inserts and deletes again
was in the source: the drain never sends that key, so an index that counted it lands one slot
off and a move anchored on it lands at the tail. An append, or a positional op queued after
the delete, counts no such key and stays op by op. A log of appends, deletes and updates keeps the
op-by-op drain, and a move/3 to the position a key already holds queues nothing. The
invariant, checked by a randomized model test in arizona_stream_SUITE: after a frame's ops the
client shows exactly an SSR of the stream's final state.
A reset measures kept items against the snapshot, not against the pre-reset source. The
reset op carries no items. The drain re-renders a kept item only where its fields differ from
the item the client's DOM was rendered from, which is the source the stream's snapshot keeps
(every stream snapshot does, the post-drain one included). The source as it stood just before
reset/1,2 is not that item whenever the same event touched it first: reset/2 rebuilds the
queue, so an earlier update/3 is gone by the drain, and measuring from the updated item found
nothing to ship.
Each key renders once per drain, from its final item. One event can queue several ops for a
key -- an insert then an update, two updates, an insert, a delete and an insert again -- and
rendering the item once per op ran every ?stateful child in it once per op as well, each time
against the views from before the diff: a second render mounted a second instance (the first was
never unmounted) or ran handle_update/3 again from the pre-event state. So the op-by-op drain
renders an item from the stream's final source (which is already the post-op state) the first
time an op needs it, and a later op for that key reuses that render: an update of a key the drain
already rendered has nothing left to patch, and a re-insert ships the same render again. The client
still receives every op the log implies, in log order, so positional ops placed against the
intermediate order keep their meaning. An update re-renders against the item the client's DOM was
rendered from (the snapshot's source, as for a reset), so the skipped dynamics are those that
every update of the key in the event left alone; the queued {update, Key, Item} op therefore
carries no changed-field set of its own.
The queue of an unclearable nested stream still grows, one retained op term per mutation. Keep a
stream that mutates over a long-lived session as a top-level binding.
Limit modes -- limit + on_limit
limit is a visible window, not a hard cap: items past it stay in the source, invisible.
on_limit decides only what happens to the source when a full stream is appended to:
	infinity (the default) -- no cap, every item visible.
	{Limit, halt} (on_limit => halt, the default when limit is set) -- once Limit items are
present, further items are kept in items but stay outside the window.
	{Limit, drop} -- a bounded tail -f buffer. An append (insert/2, or the update/3 upsert
of a missing key) to a full stream evicts the oldest (front-of-order) item from the source, so
the window slides onto the new tail. Only appends evict: "oldest" is well-defined only for
the append flow, so a positional insert/3 (a window position, not an age) and pre-population
(new/3, reset/2, which set the whole order at once) keep halt semantics. An append to an
overfull drop stream evicts down to the limit, so it converges to size =< Limit. Each
eviction queues a {delete, Key}, so a key evicted and re-appended in one event reaches the
client as a removal and a fresh insert rather than as a replay of a key it already shows.

Window reconciliation is shared by both modes (apply_limit/6 in arizona_diff). By the time
the diff runs, order already reflects the halt/drop retention decision, so reconciliation is
purely: remove the DOM items that fell out of the window, and insert the newly-visible ones at
their ordered position. Positional back-fill is what lets a delete slide the next hidden item into
the freed slot and a sort bring a hidden item into view at the right spot (appending at -1 only
happened to be right when the new item was last in the window). window_unchanged/4 is the
allocation-light fast path: when the new window equals the pre-frame one element-wise and the
snapshot holds exactly those keys, the whole remove/back-fill pass is skipped -- the common case of
a content update to an already-visible item.
API -- arizona_watcher.erl
Behaviour for the file-system watcher behind the dev reloader. Core ships no implementation, so the
file-system dependency stays out of every build that does not reload code; arizona_watcher_fs (a
separate package on the fs library) is the reference one, added to a dev-only rebar3 profile and
named in the reloader env:
%% rebar.config
{profiles, [{dev, [{deps, [arizona_watcher_fs]}]}]}.

%% config/dev.config
{arizona, [
    {reloader, #{
        enabled => true,
        watcher => arizona_watcher_fs,
        rules => [
            #{directory => "src", patterns => [".*\\.erl$"],
              callback => fun arizona_reloader:reload_erl/1},
            #{directory => "priv/static", patterns => [".*\\.css$"],
              callback => fun arizona_reloader:reload_css/1}
        ]
    }}
]}.
watcher is a module or {Module, Opts} (an Opts map handed to init/2). An implementation is a
callback module run inside the rule process, not a process of its own:
	init(Dir, Opts) -> {ok, State} | {error, Reason} -- start watching the absolute Dir,
delivering events to the calling process

	handle_info(Info, State) -> {ok, Paths, State} | {stop, Reason, State} -- translate one
message into the paths whose content changed (created, modified, deleted, renamed into the
directory); [] for anything else, including a directory rename or a file moved out. stop
reports a dead watch: the rule stops with Reason and is restarted

	terminate(State) -> ok (optional) -- release what the watch holds; runs on every stop,
supervisor shutdown included (the rule traps exits), within the 5 s shutdown timeout

The rule traps exits, so a process the implementation links to it that exits abnormally stops the
rule with that reason. Rules with no watcher, a watcher not on the code path (its package is not
a dependency of the running profile), or a rule without directory fail the boot with a formatted
error naming the fix. An enabled env with no rules needs no watcher (code still reloads through
the dev MCP reload tool).
API -- arizona_reloader_rule.erl
One process per reloader rule, from child_specs/1, under arizona_reloader_sup. That supervisor
is a temporary child of arizona_sup, so a watch that keeps crashing exhausts the reloader's
restart intensity (5 in 10 s) and stops hot reload, not the application.
	start_link(Dir, Opts) -- starts a linked gen_server that runs Opts' watcher on Dir.
Options: watcher (required), patterns (list of regex strings, default [".*"]), callback
(fun receiving the list of changed file paths), debounce (ms, default 100). On debounce fire:
calls the callback, then broadcasts {arizona_watcher, Dir, Files} (Dir the rule's absolute
directory) via arizona_pubsub on channel arizona_watcher
	child_specs(Reloader) -- the rule processes for a reloader env map, validating its watcher

API -- arizona_pubsub.erl
PubSub for cross-view communication. Thin wrapper around pg with scope arizona_pubsub. Channels
are arbitrary terms. Messages are raw data (no wrapper tuple).
	subscribe(Channel, Pid) -- subscribe Pid to Channel; ok, or {error, already_joined}
when Pid is already subscribed. The membership check and the join are not atomic, so concurrent
subscribes of the same pid from different processes can both return ok and join it twice (see
the moduledoc); ?subscribe(Topic) subscribes the calling live process itself, which cannot race
itself, so through the macro a topic is joined once. Every view in a live process shares its pid
and therefore its membership: a second view subscribing the same topic gets
{error, already_joined} (so do not match the result against ok), and one view's
?unsubscribe removes the subscription for all of them
	unsubscribe(Channel, Pid) -- remove Pid from Channel; ok, or {error, not_joined} when
Pid was not subscribed
	broadcast(Channel, Data) -- send Data to all subscribers via Pid ! Data
	broadcast_from(From, Channel, Data) -- same but excludes From pid
	subscribers(Channel) -- return list of subscriber pids

API -- arizona_live.erl
Simplified gen_server wrapper:
	start_link/4 -- start with handler module, initial bindings, transport PID, and on_mount
hook list. The transport PID receives {arizona_push, ...} updates; pass undefined for a
standalone (non-pushing) process. The live process is transport-agnostic and takes no request
	start_link/5 -- as /4 plus the connection context the transport knows,
#{capabilities => map(), reconnect => boolean(), push_barrier => boolean()} -- the first two
are what capability/1, capabilities/0, and reconnected/0 read. /5 is the browser
WebSocket path (arizona_socket:init/4 is its only caller in src/, always with
push_barrier => true); /4 is the terminal transport (arizona_terminal_session). SSR
starts no live process at all, so it calls neither
	mount/1 -- calls Handler:mount(Bindings). Extracts ViewId = maps:get(id, Bindings), calls
Handler:render(B1) via arizona_stateful:call_render/2, builds a snapshot via
arizona_render:render_snapshot/2 (no document: the connect frame ships none, and evaluating
the snapshot observes its command attributes). Returns {ok, ViewId} (no HTML -- SSR is handled
separately by arizona_roadrunner_http). It does not check a value's renderability: SSR rendered
the same template moments before, and a value only a connected render produces is refused by
the first render that ships it
	handle_event/4 -- unified event dispatch: handle_event(Pid, ViewId, Event, Payload). Checks
views map -- if ViewId is a known child, dispatches to the child handler; if it is the root's
id, to the root handler. Returns {ok, Ops, Effects}. An id that is neither is dropped
({ok, [], []}) rather than falling through to the root, so a crafted frame cannot address the
root via a bogus id -- and logged as a warning, because the drop is otherwise invisible from
both ends (no frame back, no view run). Legitimate causes: an in-flight frame for a view a diff
just removed, an az-target naming a view that does not exist, or an az-view marker for a view
that was never registered. The client never has to guess: it sends null for "the root view" and
arizona_socket's event_target/2 resolves it against the root id the socket tracks, so a
push_event handler effect, a hook outside any view, or arizona.pushEvent/2 is always
recoverable -- a DOM-derived guess would not be
	handle_info/2 -- gen_server callback for Erlang messages (Pid ! Msg, erlang:send_after,
etc.). If handler exports handle_info/2, calls it, diffs, and pushes {arizona_push, RootViewId, Ops, Effects} to transport_pid. Pre-mount messages and handlers without handle_info/2 are
silently dropped. Empty ops+effects are not pushed
	navigate/3,4 -- navigate(Pid, NewHandler, InitBindings [, OnMount]). Tears the old page down
in this order: cancel timers first (cancel_pending_timers/0 erases the whole
$arizona_timers registry, cancels every ref, then drains already-delivered
{arizona_view, _, _} messages from the mailbox), then unmount -- embedded child views, then
the root, the same children-first order a diff removal and terminate/2 use, so every child's
unmount/1 runs while the ROOT is still mounted. That guarantee is against the root only:
views is a flat map walked with maps:foreach, so among nested views the order is the map's
key order -- a nested parent may unmount before its own child. Then mounts the new handler
(applying any OnMount hooks),
resets gen_server state (handler, snapshot, views), preserves transport_pid and sent_fps, and
returns {ok, NewViewId, PageContent}. The previous root handler's final bindings are carried
forward as the floor for the new handler's mount input, minus arizona_eval:restricted_keys/0
-- those are route-bound, and do_mount requires the new handler's mount to keep them
verbatim, so carrying them would force the new route to pretend it is the old one.
InitBindings (route static config + middleware enrichments) overrides on key overlap. Keys the
new handler omits from its mount return
value are dropped on the next navigate. Stateful children's state (in views) is wiped: a child
that was alive on the old page is gone unless the new page re-embeds it
	patch/2 -- patch(Pid, Params). In-place navigation: keeps the current root mounted, runs its
handle_update/3 with Params, and re-renders through the diff (no unmount, no remount, no timer
cancel, no OP_REPLACE). handler, view id, and child views all survive. Returns {ok, Ops, Effects} -- the diff ops plus the reaction's effects (handle_update's, folded with any
child's). Mirrors handle_root_event, but the reaction is handle_update instead of
handle_event
	dev_info/1(Pid) -- a live process's current view state for dev-time introspection (root
handler/bindings plus each child view's), read via sys:get_state/1 so a wedged view still
answers and nothing is added to the process's own protocol. Backs the dev MCP's view_state.
	apply_on_mount/2 -- folds the on_mount hook chain: apply_on_mount(OnMount, Bindings).
Each hook is fun((Bindings) -> Bindings) or {Module, Function}

Internal state: #state{handler, bindings, snapshot, views, on_mount, transport_pid, sent_fps} where views :: #{ViewId => #{handler, bindings, snapshot}} and sent_fps tracks
fingerprints already shipped to the client for deduplication.
compute_changed/2 builds the Changed map by comparing old and new bindings key-by-key.
push/4 sends {arizona_push, RootViewId, Ops, Effects} to the transport PID -- RootViewId
names the emitting page's root view.
No-ops when PID is undefined or ops and effects are both empty.
Per-view messages and the timer registry
send/2 is self() ! {arizona_view, ViewId, Msg} -- messages are view-id tagged, so
handle_info/2 routes a tagged message to the matching root or child view (an unknown id raises
{unknown_view, ...}). An untagged message still reaches the root through the catch-all clause, but
it can never address an embedded child, so ?send/?send_after are the API.
send_after/3 additionally registers its ref in the $arizona_timers process-dictionary map,
#{ViewId => {Count, Limit, [reference()]}}. A fired ref is pruned when its message is delivered.
A timer the app cancels itself with erlang:cancel_timer/1 (a debounce, an idle watchdog) delivers
nothing, so send_after/3 also drops the view's dead refs when an arm would take the list past
Limit -- twice the live count the previous prune found, with a small floor. Without that the
registry would grow by one ref per re-arm for the page's lifetime; pruning on every arm instead
would cost O(live timers) per arm, quadratic for a view arming many concurrent timers. The
doubling keeps the list within 2x the live timers at O(1) amortized per arm. A removed child
view's timers are cancelled synchronously (and its queued view messages flushed) on unmount; and
navigate/3,4 cancels them all. A render that keeps a child's id but switches its handler
(case ?get(k) of a -> ?stateful(a, #{id => ~"c"}); b -> ?stateful(b, #{id => ~"c"}) end) is a
removal of the old instance too: its timers and queued messages are dropped before its unmount/1,
and before the new handler mounts, so they never reach the new handler's handle_info/2 while a
timer the new handler arms at mount survives.
What the navigate sweep does and does not guarantee. The sweep runs before the unmount
callbacks, so it covers every timer armed during the old page's normal lifetime -- mount/1,
handle_event/3, handle_info/2 -- and none of those can fire into the new page. It does not
cover a timer armed inside unmount/1: cancel_pending_timers/0 has already erased the
registry by then, send_after/3 re-creates it, and nothing sweeps it again before the new mount.
Such a ref survives, and when it fires the new page's root id and views map do not know the old view
id, so handle_info/2 raises {unknown_view, OldViewId, Msg} and the live process dies (or, if the
new page happens to reuse the same view id, the stale message is delivered to a different handler).
So do not arm timers in unmount/1 -- it is a teardown callback, and the ordering is chosen so
the cancel cannot race a timer the old page armed while it was still running.
The same goes for a plain ?send from unmount/1, on a diff removal as well as on navigate: the
removed view's queued view messages are flushed before its unmount/1 runs, so a message the
callback sends to its own id lands after the view is gone and raises {unknown_view, ViewId, Msg}
once the live process reads it. On navigate there is one exception, and it is worse: when the new
page reuses the id (the same root id, or a child id it renders again), the message is delivered to
the new handler's handle_info/2 instead. On terminate/2 the process is exiting, so the
message simply dies with it. Release resources in unmount/1; never message the view being torn
down.
Process-dictionary keys
The live process's dictionary holds the keys below, all read through accessor functions rather
than directly. Some are arizona_live's own connection and scheduling state, the rest are set by
the render/diff, which runs in the same process -- the "Set by" column is authoritative:
	Key	Set by	Read by
	$arizona_connected	set true while a transport is attached	connected/0 (the ?connected macro) -- SSR vs live
	$arizona_reconnected	set true when this connection is a reconnection; erased by navigate/3,4 (the new page's mount is its first), kept by patch/2 (same handler only; a cross-handler patch is a navigate)	reconnected/0 (the ?reconnected macro) -- gate one-shot commands with ?connected andalso not ?reconnected
	$arizona_capabilities	the _az_caps map the client advertised at connect	capabilities/0 / capability/1 (?capabilities / ?capability). A UI/effect hint, never authorization
	$arizona_timers	send_after/3	unmount and navigate/3,4, to cancel
	$arizona_unmounted	unmount_view/3, for every child view a pass unmounts while the state still lists it (a swapped-out handler, a diff removal, the outgoing page's children on navigate), and navigate for the outgoing root (under the key root); erased once the pass has unmounted the last of them (root and child diffs, do_mount/4, navigate/3,4)	terminate/2, so a pass that raised after unmounting a view or the root (its own unmount/1 included) does not unmount it a second time
	$arizona_mounted	note_mounted_view/3, from arizona_eval after each child mount/1 of a pass the live process began (root and child diffs, do_mount/4); erased with $arizona_unmounted	terminate/2, which unmounts the children a pass that raised had mounted, since no state it can see lists them
	$arizona_deps	the per-dynamic eval bracket	arizona_eval, arizona_template:track/1 -- the dependency capture set
	$arizona_update_effects	arizona_eval:set_update_effects/1, seeded with the originating callback's effects before a diff	current_update_effects/0 while child handle_update/3s fold onto it; drain_update_effects/0 erases and returns the final list. Threading it here is what lets a child's effects join the root's with no concatenation at the call site
	{'$arizona_scoped_statics', Prefix, Fp}	scoped_statics/4 in arizona_template	itself -- a memo for the per-slot static prefixing (scope_static/3 on the render backend, per element), keyed by scope prefix + template fingerprint

Only $arizona_deps, $arizona_update_effects, $arizona_timers, $arizona_unmounted and
$arizona_mounted are ever erased; the rest are set once and left. What makes the scoped-statics
memo different is that it is the one entry that grows unboundedly rather than holding a
fixed-size value. That is deliberate and safe -- prefixing a static list is pure and deterministic
in (Prefix, statics), so a stale entry cannot be wrong, and the payoff is that a re-render or diff
of the same slot (and every level of a deep stateless nest, whose inner statics would otherwise be
re-walked once per ancestor) reuses the cached result. It is bounded by the number of distinct
(slot prefix, fingerprint) pairs the process ever renders, and dies with the process; note it when
reasoning about a long-lived live process's memory, and do not expect a navigate to clear it.
API -- arizona_socket.erl
Framework-agnostic WebSocket protocol state machine. The transport handler
(arizona_roadrunner_ws) feeds frames in and ships return tuples out, so the wire protocol
lives here independent of the server.
	init/4 -- init(Handler, Bindings, Req, Opts). Traps exits, starts
arizona_live:start_link/4 (passing self() as transport PID and any on_mount
hooks), mounts. On reconnect (#{reconnect => true}), also renders and returns OP_REPLACE
frame -- unless the client flagged fps_follow (the _az_fps_follow upgrade param): then
the mount+render is DEFERRED until the client's cached_fps frame arrives, so the resync
payload dedups statics against the announced fingerprints (a deploy-drain reconnect storm
re-ships roughly the dynamics instead of every page's full statics). Any other first frame
(or a ?RESYNC_TIMEOUT_MS backstop) flushes the resync undeduped first, the frame's own
reply following it on the wire (reply_many); a client without the flag keeps the
immediate resync. Opts: reconnect (boolean), fps_follow (boolean), on_mount (list of
arizona_live:on_mount_hook/0).
The route adapter for SPA navigate is recovered from Req via arizona_req:adapter/1
	handle_in/2 -- decode incoming text frame: ping/pong, ["cached_fps", FpList],
["navigate", #{~"path" := Path, ~"qs" := Qs}] (replace), ["patch", #{~"path", ~"qs"}]
(in-place, same-handler -> patch/2, else falls back to navigate), [target, event, payload]
	handle_info/2 -- handle {arizona_push, ViewId, Ops, Effects} from arizona_live (ops
tagged with the view id the push names), the arizona_resync_timeout backstop, and EXIT
signals from the live process. On a synchronous event/patch/navigate reply, every push already
queued in the socket mailbox up to the live process's barrier is taken, whatever view id it
names, and shipped first (causal wire order), in the reply frame ahead of its own ops. For a
navigate their ops ride ahead of the OP_REPLACE: one may carry the first statics of a
fingerprint the replace then references bare, and the replace supersedes them anyway. Their
effects are dropped and logged by op code (a client applies a frame's effects after its ops, so
they would run against the new page), with a warning for a dropped navigate/patch that
carried a flash, at any wrapper depth (transition, on_key, a fetch's on_error). Only
this socket navigates its live process: arizona_live:navigate/3,4 are transport-facing (apps
navigate through the arizona_js:navigate/patch effects)

Exit reason to close code -- four cases, plus the mount-failure close, and the difference
matters because the JS worker treats any non-1000 code as reconnectable:
	Exit reason	Close code	Client behaviour
	{shutdown, drain}	?CLOSE_GOING_AWAY (1001)	Reconnects -- the deliberate drain path (RFC 6455 §7.4 "going away"); the main thread preserves form state
	normal	1000	No reconnect
	shutdown / {shutdown, _} (any other reason)	1000	No reconnect -- opt into the reconnect path by exiting {shutdown, drain} explicitly
	anything else, after the view mounted (a crash)	?CLOSE_CRASH (4500)	Reconnects with no page reload: the worker's backoff reconnect remounts the view in place and the main thread restores typed form fields. A crash within 10 s of the view's last mount (the main thread tells the worker: a first connect's frame, a reconnect's resync, a navigate's OP_REPLACE) does not reset the backoff, so a view that crashes right after every remount keeps backing off; the native clients apply the same rule from their OP_REPLACE. Crash remount is deliberately not attempted server-side
	any failure to mount the view	?CLOSE_MOUNT_FAILED (4501)	Reconnects, and reloads the page after a random 5-10 s delay (the page may be stale, e.g. after a deploy); a reconnect that mounts first cancels the reload. Consecutive reloads of one path are counted per tab, in one sessionStorage key holding {path, count} (a reload of another path starts over), so a failing path, which may carry a secret, never outlives the tab; only a successful mount removes it (pagehide and disconnect() just cancel the pending reload); from the 10th on the delay is 30 s, logged once per page load, and retrying never stops. Form fields saved on the close are lost by the reload, unless a reconnect mounts first and restores them. Never resets the backoff

An application stop takes the drain path: arizona_app:prep_stop/1 drains the arizona_http
listener (its adapter's drain/2) instead of
stopping it, so a restart or deploy closes every live socket 1001 and its clients reconnect --
to the new node once it is up. The
listen socket closes first, each view gets handle_drain/2, and the stop waits up to the
server config's drain_timeout (milliseconds, default 5000) for the sessions before killing
what is left.
A dev reload closes the same way. While the node can broadcast a code reload
(arizona_reloader:enabled/0: the reloader app env holds enabled => true and a rules
list, or an arizona_dev_mcp route is mounted, whose reload tool swaps code without the
watchers -- the router marks that at route compile, not at the first MCP session, so a view
connected before the agent is covered too), each WebSocket session process joins the
arizona_reloader topic at connect and closes 1001 on {arizona_reloader, reload}, so its
client reconnects and remounts on fresh code.
Without it a live view outlives every reload, and a fun held in its state (a stream's key
fun, a fun prop, a closure the app stored) points into code the module's second reload
purges: the next callback that calls it raises {badfun, _} and the socket closes 4500.
The transport process joins rather than the live process, so the membership never meets an
app's own ?subscribe, and the session exits on the first close, so a burst of broadcasts
closes it once. A reload_css broadcast changes no code and closes nothing.
Browser pages close too. A page whose layout runs the SSE reload script
(arizona-reloader.js, connected to a {reload, ...} route) reloads 50 ms after the
event, well before the worker's first reconnect (backoff(0), about 1 s), so the close only
costs that page a brief az-disconnected (a reload slower than that lets the worker reconnect
first, one extra mount on fresh code that the reload then discards); a page without the
script, which the socket cannot tell apart from a native client, reconnects and remounts
instead of keeping the stale view.
A production node (neither a reloader env nor a dev MCP route) reads one persistent term
and the app env once per connection and joins nothing.
The mount sites that close 4501 on any raise: the connect's mount in init/4 (a first connect,
and an unflagged reconnect's mount + render), the deferred reconnect resync (flush_resync/1,
whichever leg settles it), and a navigate (including a patch that degrades to one) -- a crash
exit under its call, whether in the new page's mount or the old page's unmount. Each covers
encoding the frame that delivers the view, since until it arrives the client has no mounted view.
A resync or navigate mount that crashes takes the live process down under the call, so it follows
the dropped-frame rule below: the socket notes the failed call was a mount, and the queued crash
exit then closes 4501 instead of 4500 (a live process already gone before the call closes per its
own exit). A navigate/patch whose middleware halts without a redirect is not a mount failure but
a deliberate refusal: the socket replies with a full navigation to the requested URL
(arizona_js:navigate(Url, #{full => true})), so the browser loads it over HTTP and shows the
middleware's own response at once -- a reconnect's upgrade, refused by the same middleware, never
would. A native client takes a full navigate as a fresh connection to that path and query.
A raise inside the socket itself after the mount closes the same way as a crash: handle_in/2
and handle_info/2 each catch anything their handling raises -- a handler crash, or a frame that
cannot be JSON-encoded, such as a value holding invalid UTF-8 -- and turn it into a logged 4500.
The transport has no catch of its own, so without that the session would end with no close frame
at all (a bare 1006). One raise is not a socket crash: a call into the live process that fails with
the process no longer alive -- gone before the call, or exited under it (a drain landing while an
event, navigate, patch or resync frame is in flight). The frame is dropped and the close is left to
the queued 'EXIT', which arrives behind every push the process sent before exiting -- so a
drain's handle_drain/2 effects still ship -- and then closes per the mapping above: 1001 for
{shutdown, drain}, 1000 for a deliberate end, a logged 4500 for a crash (4501 when the failed
call was a mount). A failed call to a live process that is still alive has no exit to wait for and
is a crash, as is a noproc from any other process a middleware or route adapter calls.
Return type (result()): {ok, Socket} | {reply, iodata(), Socket} |
{reply_many, [iodata()], Socket} | {close, Code, Reason, Socket}. reply_many exists for the
deferred-resync flush: a non-cached_fps first frame produces the resync frame and its own
reply, in that order, on one return.
The #socket{} record carries pid, view_id, handler, req, pending_flash, pending_resync -- the
post-mount state needed to dispatch events and navigate. handler is the current root handler (so
a patch frame can tell same-handler in-place patch from a full navigate); pending_flash holds a
one-shot flash carried in-process across an SPA navigate/patch; pending_resync holds the backstop
timer ref while a flagged reconnect waits for its cached_fps frame (undefined once flushed, or
when the connection never deferred); layouts holds the connect route's layouts, so either frame
kind can tell an in-place swap from one needing the whole page rebuilt; flash_replay holds the
path whose middlewares produced pending_flash, when they did. Flash over a WS navigate requires
a destination that stays on the socket: a target degrading to a full-page navigation destroys it
(and a WS frame has no Set-Cookie leg), so a middleware-set flash is replayed by navigating to
the stashed requested path instead of the target -- the halt re-runs over HTTP and redirects with a
real flash cookie. flash_replay holds the redirect target beside that path so the reroute fires
only for the redirect it belongs to, never hijacking an unrelated navigation. A handler-set flash,
which nothing reproduces, is dropped with a logged warning. A gate on the navigation a flash was
carried into treats it the way HTTP treats the signed cookie on a 3xx. A gate that only redirects
puts it back on the socket for the redirect; a replayable one keeps its original path so a chain
of gates replays from the first, but only when the gated navigation is the redirect it was armed
for (a navigation that beat the follow-up frame is never rerouted through that gate). A gate that
flashes replaces it, so the live path and the replay agree. A fetch_flash step that read it
before the gate halted spends it (arizona_req records that read), as that read clears the
cookie on the 3xx. A halt without a redirect is a full load like any other, replayed or dropped
loudly. A handler effect's flash is captured
from a bare navigate/patch and from one a transition wraps (both run when the frame lands);
one an on_key or a fetch's on_error wraps runs later, if ever, so its flash is stripped with a
warning rather than stashed for whatever navigation comes next. A flash opt that never passes
through the socket -- an event attribute, a controller response -- has no carrier at all, so
arizona_effect's encoders refuse it (flash_outside_live_effect) instead of shipping it to a
client that would drop it. The route adapter is recovered from
req on demand. mount_failed marks a dropped frame whose failed live call was a mount, so the
queued crash exit closes 4501.
Op scoping happens at JSON-encode time, in two steps. flatten_ops/2 walks the nested
[[ChildViewId, ChildOps] | ...] shape arizona_live produces and returns a flat list of
{ViewId, RawOp} tuples, each tagged with its owning view -- it does no string surgery.
op_encoder/2, the custom encoder passed to json:encode/2, then emits each op's target inline as
"<ViewId>:<Az>". Doing the scoping in the encoder means the target string is built once, straight
into the output iodata, instead of allocating a rewritten op list first. Inner ops of an
OP_ITEM_PATCH stay item-relative and are not scoped.
Other internal functions: encode_reply/3 (build the #{<<"o">> => Ops, <<"e">> => Effects} JSON),
flush_resync/1 + resync_then/2 (the deferred-resync flush), close_crash/1 and
close_mount_failed/1 (close tuples), dispatch_event/4, handle_navigate/3 (drives SPA
navigate by invoking the adapter's resolve_route/3).
SPA navigate / patch route resolution
There are two SPA navigation modes, picked per-link by the client:
	navigate (az-navigate / arizona_js:navigate) -- replaces the root view: the live
process unmounts the old root, mounts the new handler, and ships one OP_REPLACE of the whole
view element.
	patch (az-patch / arizona_js:patch) -- keeps the root view: the live process delivers
the new route's params to the current root's handle_update/3 and re-renders through the diff,
shipping only the changed slots. The process, view id, child views, and DOM (chrome, scroll, open
menus) all survive. arizona_socket decides per frame: it tracks the current root handler on
the #socket{}, and a patch whose path resolves to the same handler is applied in place
(arizona_live:patch/2); a patch to a different handler can't keep the view, so it degrades
to a full navigate/replace, and so does one whose bindings -- the route's, after its middlewares
-- name an id other than the live view's (two routes on one handler with different ids are two
views; the replace reuses those bindings, so no middleware runs twice). Persistent live chrome
is therefore an ordinary app pattern (a view with a swappable ?stateful(?get(page), ...)
child), not a framework feature -- demo fixture arizona_patch_demo (/patch-demo/:section).

A patch runs no mount step. mount/1 and on_mount run whenever the view (re)mounts --
initial GET, reconnect, navigate -- and not on a patch, which by design keeps the view alive.
This is deliberate: on_mount is a mount input (its output feeds mount/1), so re-running it on a
patch -- where there is no mount/1 -- would dump a mount-time transform straight onto the live
bindings and clobber the state the patch preserves. Per-arrival request-shaped derivation (session,
path params) belongs in a middleware, which does run on a patch (do_patch) and whose output
arrives as Params; handler-specific per-navigation logic goes in handle_update/3. So: mount-time
setup -> mount/1/on_mount; every-arrival setup -> middleware; per-navigation reaction ->
handle_update/3.
Both modes resolve the target route the same way. arizona_socket invokes the optional
resolve_route/3 callback declared on the arizona_req behaviour:
-callback resolve_route(Path :: binary(), Qs :: binary(), Raw :: term()) ->
    {ok, module(), arizona_live:route_opts(), arizona_req:request()} | error.

-optional_callbacks([resolve_route/3]).
On a live route the callback returns {ok, Handler, RouteOpts, NavReq} -- a handler module, the
route's static options (arizona_live:route_opts/0 -- bindings, on_mount, layouts,
middlewares), and a navigate-scoped arizona_req carrying the new URL. Cookies/headers on the
returned Request are inherited from the original upgrade Req (rebuilt from its raw value), except
the framework cookies the upgrade itself changed (a route middleware, flushed onto the 101):
arizona_socket replays them onto the rebuilt request (internally, in arizona_req). A written or
cleared session is replayed as the browser now holds it, so a navigate's middlewares see it -- in
store mode the signed id, resolved through the store on read, so an in-place store write or a
revocation is seen as well. A flash the upgrade consumed or newly set is dropped from the rebuilt
request: the consumed one is gone from the browser, and the new one belongs to its next HTTP
request, which would show it a second time (nothing over the socket can clear the cookie the
browser holds). The replay is read-only (nothing re-emits or re-commits it), and it is the cookie
as of connect: one the browser receives later (a controller fetch that rewrites it) is invisible to
the socket until the next reconnect. path, bindings (path bindings from the router), and
params reflect the new path/qs. In particular path is the resolved
route path (the _az_path value), not the /ws transport path the WebSocket rode in on, so a
middleware reading arizona_req:path/1 on a navigate/upgrade sees the same logical route as a
plain HTTP GET.
The Path is client-supplied (the _az_path upgrade param, or a navigate/patch frame), so the
callback returns error -- never crashes -- when it does not resolve to a live route: no matching
route, a non-live route (controller/asset/ws), or a method mismatch. A WS upgrade to such a path
is rejected with 404; an in-session navigate/patch degrades to a full-page navigation
(arizona_js:navigate(Path, #{full => true})) rather than tearing down the live session.
A target that does resolve degrades the same way when its layouts differ from the ones
already on screen. Layouts render once, at SSR: ?OP_REPLACE swaps only the view inside them
and a patch keeps the shell outright, so no frame can re-render one, and serving such a target
in place would drop the new page into the old page's shell. arizona_socket tracks the connect
route's layouts (threaded arizona_ws:prepare/3 -> arizona_socket:init/4) and compares by
whole-list term equality -- apply_layouts/4 nests the list, so an inner layer wraps the
replaced view exactly as the outer one does and a difference at any depth disqualifies an
in-place swap. The check sits on both frame handlers, which also covers the middleware
halt-redirect path: that halt emits a navigate effect the client replays as an ordinary
navigate frame.
Shipped implementation: arizona_roadrunner_req exports the optional resolve_route/3 and
runs roadrunner_router:match/3 against the compiled dispatch stored by
arizona_roadrunner_router.
API -- arizona_req.erl
Opaque request abstraction backed by the transport adapter. Constructed via
new/3(Adapter, Raw, #{method := ..., path := ...}); other fields are lazy-loaded via the
adapter's behaviour callbacks on first access and cached in the returned request.
Accessors (eager):
	method/1 -- HTTP method (~"GET", ~"POST", ...)
	path/1 -- the logical route path, no query string. On a WebSocket SPA-navigate or upgrade
this is the resolved route path (from _az_path), not the /ws transport path -- so it
matches a plain HTTP GET to the same route on both transports
	scheme/1 -- the connection's own scheme (https only on TLS); what check_origin/2 compares
the Origin against, after folding in X-Forwarded-Proto
	request_id/1 -- the transport's request id, for log correlation
	adapter/1 -- the arizona_req adapter module backing this request
	raw/1 -- the native transport value the adapter wraps

Accessors (lazy, return {Value, Req1}):
	bindings/1 -- route-pattern path bindings (map of atoms)
	params/1 -- parsed query string as a proplist
	cookies/1 -- parsed cookies as a proplist
	headers/1 -- request headers as a map
	user_agent/1 -- the User-Agent header (pairs with arizona_user_agent:browser/1 etc.)
	body/1 -- the request body

Response stash (a live view and a middleware cannot reply directly, so they stash):
	put_resp_header/3, put_resp_cookie/4, put_resp_status/2 -- accumulate onto the request
	resp_headers/1, resp_cookies/1, resp_status/1 -- pure getters the transport reads at flush;
resp_cookies/1 only builds the cookie list, it performs no side effect
	commit_session/1 -- called at response flush (by flush/1). In server-side store mode this
is the write that persists the session, so the persist is commit-on-success: a handler that
crashes after put_session/3 leaves the store untouched
	flush/1 -- what a server adapter calls once per response: commits the session and returns the
header lines to add (stashed headers, then one set-cookie per cookie, serialized by
arizona_cookie:serialize/3), whatever the response's shape
	halt_reply/1 -- the {Status, Headers} of a middleware halt (redirect, else stashed status,
else 403), flush/1's lines included

Every response a transport builds flushes the stash, the WebSocket upgrade included: a cookie, a
header or a session write a route middleware stashes during arizona_ws:prepare/3 rides the
101 Switching Protocols (and, in store mode, commits to the store) exactly as it would ride a
page response. A navigate/patch frame has no HTTP response, so no cookie or header stashed there
is flushed (a flash has its own in-process carry instead).
Other:
	set_raw/2 -- swap the native raw value, clear all lazy caches
	call_resolve_route/4 -- invoke the adapter's optional resolve_route/3 (SPA navigate)
	redirect/2(Req, Location) / redirect/3(Req, Status, Location) -- stash a 3xx redirect
intent in the request. Transports pick it up on halt and translate uniformly (HTTP 3xx
reply, or arizona_js:navigate effect on WS navigate)
	halted_redirect/1 -- returns {Status, Location} if redirect/2,3 was called, else
undefined
	location_kind/1 -- reads a Location as a browser will (leading C0/space trimmed, tab/LF/CR
removed): local for a path on this origin (one leading /), the only form a SPA navigation
follows; external for an http/https URL, a scheme-relative //host or /\host, or a
relative path (resolved against the current URL, as an HTTP Location is), which the
transports send as a full load; unsafe for any other scheme, which never reaches the client
	flash (one-request): put_flash/3 (set), flash/1 (read) -- signed messages cleared on read;
survive a full-page HTTP redirect (signed az_flash cookie) and a WebSocket SPA navigate
(arizona_socket in-process carry, exactly-once, no cookie). The WS carry needs a destination
that stays on the socket, so a navigate degrading to a full-page navigation splits by origin:
a flash a halting middleware set is reproducible, and the socket sends the full navigation
to the gated path instead of the target so the halt replays over HTTP and redirects with a
real flash cookie; a flash an in-view handler set has no request-side generator and is
dropped with a logged warning. flash_out/1, consume_flash/1, seed_flash/2 are the
transport-side plumbing
	session (durable): put_session/3, delete_session/2, clear_session/1, session/1,
get_session/2,3, read_session/1 -- encrypted state; a read does not consume, the response
re-emits the cookie only on a write. session_id/1 returns the opaque id in server-side store
mode (undefined in cookie mode or before there is a session), so an app can record it to
revoke later; session_error/1 reports a store read failure, kept distinct from a genuinely
absent session

Session and flash cookie security
Both cookies are keyed off the secret_key app env (arizona_crypto warns below 32 random
bytes). Flash is signed (arizona_flash, HMAC-SHA256 + a baked-in TTL, so a cookie replayed
past its Max-Age is rejected rather than merely soft-expired); the session is encrypted
(arizona_session, AES-256-GCM) with an absolute expiry stamped inside, so a client can neither
read, forge, nor outlive it.
	App env	Default	Effect
	secret_key_previous	[]	Rotated-out keys verify/decrypt still accept (signing uses secret_key only). Each must be a non-empty binary like the primary, else every sign, encrypt, verify and decrypt raises secret_key_previous_invalid: an empty key is a public constant. From an env var, write {env, "OLD_SECRET_KEY", []} (unset or empty resolves to []), not a ~"" default, which resolves to [<<>>]
	session_max_age	604800 (7 days)	Session cookie Max-Age and the expiry baked into the ciphertext (or, in store mode, into the signed id)
	session_max_bytes	4096	Cap on the serialized Set-Cookie line -- name + value + attributes, what browsers actually count. arizona_session:encode/1 errors {session_too_large, ...} past it instead of letting the browser silently drop the cookie
	session_secure	false	The session cookie's Secure flag
	flash_secure	false	The flash cookie's Secure flag
	session_store	unset (cookie mode)	An arizona_session_store module; must be set before the app boots (arizona_sup reads it at init)
	session_store_sweep_ms	60000	arizona_session_store_ets periodic sweep interval (plus lazy expiry)

session_secure/flash_secure default false because a Secure cookie is silently dropped
over plain-HTTP dev and a TLS-terminating proxy cannot be auto-detected -- set them true in
production. Enabling one also switches that cookie to its __Host- prefixed name
(__Host-az_session / __Host-az_flash), whose browser-enforced Secure + Path=/ + Domain-less
rules close sibling-subdomain cookie tossing.
API -- arizona_controller.erl
Reply helpers for controller routes -- plain HTTP handlers (a verb tag like {post, ...}, or
{match, ...}) that the browser reaches through arizona_js:fetch/2. Because a controller answers
a real HTTP request, its response can carry a Set-Cookie (HttpOnly honored) that the WebSocket
transport cannot, which is what makes it the right place to rotate a session cookie while the page
stays put. The adapter dispatches the route through dispatch/2, which runs the middleware
pipeline (Origin check default-on) and then calls Handler:Action/2 -- the action option,
default handle -- with the post-middleware arizona_req:request() and a context,
#{state := State, bindings := Bindings} (the route's state option and the bindings the
pipeline produced, such as session after fetch_session). The action returns
{Reply, Request}, and what the returned request carries (session, flash, cookies) is flushed
ahead of the reply's headers.
A reply is one of four kinds. A buffered {Status, Headers, Body} works on every adapter; a
{stream, Status, Headers, Fun}, a {sendfile, Status, Headers, {Path, Offset, Length}} and a
{loop, Status, Headers, State} (messages reach the controller's handle_info(Msg, Push, State), a client gone away as {arizona_disconnect, Reason}) are capabilities the adapter
declares (arizona_server capabilities/0): dispatch/3 refuses one it lacks with
{unsupported_reply, Kind, Adapter} before the session commits, rather than degrade the reply.
Roadrunner and Cowboy have all four.
	reply_effects/1(Effects) -- a 200 whose body is the {"e": [...]} effects wire payload, the
same shape the WebSocket sends. A fetch form auto-resets on this leg (az-form-reset fires only
on a 2xx)
	reply_effects/2(Status, Effects) -- the same with an explicit status. The fetch command
applies response effects on any status, so an error leg returns a real 422: the effects
still run (inline validation) while the form's typed fields survive
	reply_redirect/1(Location) -- sugar for reply_effects([arizona_js:navigate(Location)]). A
fetch-followed HTTP 3xx cannot drive a SPA navigation (redirect: 'manual' yields an
opaque-redirect whose Location is unreadable), so a redirect is delivered as an effect. A
Location that is not a path on this origin (arizona_req:location_kind/1) goes out with
full => true, since pushState refuses another origin; a relative one loads resolved
against the current URL, as over HTTP. An unsafe scheme (javascript:, data:) raises
{unsafe_redirect, Location} rather than reach the client

The response is deliberately effects-only, no ops: a stateless controller holds no diff
snapshot to make ops from (hence the accept: application/json request header). To re-render the
submitting view, return an arizona_js:push_event -- the client relays it over the existing
WebSocket and the view re-renders through its own handle_event/3. To reach other views or
users, broadcast over arizona_pubsub with a topic scoped by user/session. Either way the view
renders from its own state; the response effects are for request-local imperative UI only.
The behaviour expects adapters to implement parse_bindings/1, parse_params/1,
parse_cookies/1, parse_headers/1, read_body/1, scheme/1 against their native request
type. scheme/1 reports the connection's own scheme (https only on TLS), which
check_origin/2 compares the Origin against after folding in X-Forwarded-Proto.
API -- arizona_middleware.erl
The request-to-bindings middleware pipeline. A middleware reduces a request into the plain
bindings a mount/1 handler consumes, keeping the live process and handlers free of any
request/transport coupling.
	apply_middlewares/3(Middlewares, Req, Bindings) -- threads a request and bindings map through
a list of middleware() left-to-right, returning {cont, Req1, Bindings1} or {halt, HaltReq};
stops on the first halt. Run by the HTTP and WS transports before mounting a view.
	extract/1(Keys) -- builds a middleware copying selected request data into bindings so a
handler reads it with ?get(Key). Keys: path_bindings, params, headers, cookies,
body, method, user_agent. Being a call rather than a term, it is writable only where
routes are declared in Erlang; a route declared in config/sys.config is parsed by
file:consult/1 and must name a 2-arity wrapper ({my_app_mw, path_bindings}) instead.
	put_request/2 -- escape-hatch middleware exposing the whole request under the request
binding for lazy access; prefer extract/1 for specific data.
	fetch_flash/2 / fetch_session/2 -- read the flash (consuming) / session (non-consuming)
cookie into the flash / session binding. Opt-in; both run on the GET render and the WS
upgrade, so a live view is seeded at mount.
	check_origin/2 -- CSRF Origin check (see arizona_origin); the router prepends it to
live/controller routes by default.

API -- arizona_http.erl
Shared HTTP render pipeline that serves an Arizona view as the initial page response. Wraps the
native request in an arizona_req:request(), runs any route middlewares, and calls
arizona_render:render_view/2 (render_view_to_iolist/2 paired with the document's media
type). The transport handler translates the returned result into its native reply shape.
	render/3(Handler, Req, Opts) -- returns one of (each threads the request back so the
transport can flush any middleware-stashed response headers/cookies):	{halt, Request} -- middleware halted; the transport decodes the stashed redirect
(arizona_req:halted_redirect/1) or status off the request via
arizona_req:halt_reply/1, which answers a halt carrying neither with 403
(one default for pages, controllers, and the WS upgrade alike)
	{ok, resp_status(), ContentType, iolist(), Request} -- rendered page body; the status
defaults to 200, but a view or middleware may stash a non-200 (e.g. 401). ContentType is
the document's media type, answered by its render backend's content_type/0 (HTML for an
?html view, application/json for a ?native one)
	{error, 500, ContentType, iolist(), Request} -- rendered error page body (crash or stashed
hot-reload error), under the error page's own media type



arizona_roadrunner_http consumes this helper and maps the three result shapes into roadrunner's
reply tuple.
API -- arizona_ws.erl
Transport-agnostic upgrade bootstrap for WebSocket handlers.
	prepare/3(QS, Adapter, AdapterState) -- accepts the pre-parsed upgrade query string
([{binary(), binary() | true}]), reads the _az_path, _az_reconnect, _az_fps_follow, and
_az_caps framework keys (_az_caps is a JSON object of native-shell capabilities; an
undecodable or non-object value is treated as "no capabilities" rather than crashing the
upgrade), strips them to compute the user-visible query string, resolves the target route via
the adapter's resolve_route/3 callback, runs middlewares, and returns:	{halt, az:request()} -- middleware blocked the upgrade; caller extracts the native raw
via arizona_req:raw/1 to emit its transport response
	not_found -- the client-supplied _az_path did not resolve to a live route; the caller
rejects the upgrade with 404 (never crashes on the attacker-controllable path)
	{cont, State} -- State is a map carrying handler, bindings, on_mount, req,
reconnect, fps_follow, capabilities that the caller threads into arizona_socket:init/4



arizona_roadrunner_ws collapses to a few lines that call parse_qs, invoke
arizona_ws:prepare/3, and wire the result into roadrunner's callback contract.
API -- arizona_static.erl
Offline static-site generation -- renders route handlers to HTML files with no server, live
process, or WebSocket (built on arizona_render:render_view_to_iolist/2).
	generate/2,3(OutDir, Specs[, DefaultOpts]) -- renders each spec under OutDir, writes the
HTML files, and returns {Written, Failed} (the paths plus {Spec, Reason} for any spec that
failed -- a mount/render crash, a non-map Opts, or a write error; one failure does not
stop the batch). A spec is {Handler, Outfile} or {Handler, Outfile, Opts}; Outfile is
joined onto OutDir (an absolute Outfile bypasses it and .. segments are honoured: it is the
caller's own path, not untrusted input).
Opts (and the optional DefaultOpts, which each spec's Opts override) is the offline subset
of arizona_live:route_opts/0 (bindings/on_mount/layouts; no middlewares). The client
<script> lives in the layout: a pure-static page loads arizona-static.min.js and calls
start() instead of connect('/ws'), and browser-side commands (?local, toggles, dialogs,
PiP) run with no server. Each page with event attributes embeds their proven names as
<script type="application/json" id="arizona-attrs"> before its last </body> -- what the
socket's connect frame carries on a live page -- and start() delegates exactly those.

Roadrunner handlers
	arizona_roadrunner_http.erl -- thin HTTP handler. Delegates the pipeline to
arizona_http:render/3 and translates its result into roadrunner's {Response, Req} reply shape
	arizona_roadrunner_ws.erl -- thin WebSocket handler. Delegates the upgrade to
arizona_ws:prepare/3, flushes the middlewares' stash onto the 101, and forwards
frames to arizona_socket. Translates arizona_socket:result() to roadrunner
return tuples

Data flow
SSR (HTTP): arizona_roadrunner_http:handle/1 delegates to arizona_http:render/3, which wraps
the native req in an arizona_req:request(), runs any route middlewares
(arizona_middleware:apply_middlewares/3), then calls arizona_render:render_view(Handler, Opts)
where Opts may contain layouts => [{Mod, Fun}], bindings => map(), and on_mount => [...].
render_view/2 mounts the page via arizona_stateful:call_mount/2, applies on_mount hooks,
renders to page HTML, then optionally injects the rendered page into mount bindings as
inner_content -- as an opaque nested template, not iodata (see Slots below) -- and passes the
bindings to the layout's render/1. A layout is a stateless HTML shell (DOCTYPE, head, body,
scripts) with no markers or az attributes: ?inner_content is itself what marks the whole layout
az-nodiff, so an explicit az_nodiff attribute is redundant and no layout fixture in the repo
writes one. A ?stateful inside a layout is a render-time error (stateful_in_layout): layouts
render on the request-free SSR path, which has no views accumulator, so the child is mounted and
discarded while its az-view marker -- baked into the module's compiled statics, so it cannot be
stripped here -- still reaches the DOM naming a view the server never registered. The check is at
render rather than compile time because the disqualifying property is the path, not the template:
a ?stateful under a user az-nodiff renders on the live path, is registered, and works. Use
?stateless for layout chrome; chrome that must stay live across navigation belongs in a view the
routes share, linked with az_patch. A layout must share the page's render target
(cross_target_layout otherwise): the page reaches it as a backendless template, which the
nested-template target check waves through. A ?native document, like a ?native view, must
have a single root node (multi_root_layout otherwise): a native document is one JSON value, and
several top-level nodes would be served comma-joined. Only the final document root counts, so a
multi-root layout wrapped by a single-root one renders; a layer that adds no node of its own
(?inner_content returned bare, ?native([?inner_content])) passes the wrapped root through. The
parse transform stamps the shape (multi_root, a literal list of several nodes at any depth of
nested lists) when the backend's single_root_document/0 asks for it, and the render threads the
document root through the layers, since only the route config says which functions are layouts.
Roots known only at runtime are not judged, nor is a layout with no node (?native([]), an empty
document). ?html and ?terminal layouts may have several roots. layouts is always a list,
applied outermost-first
([Root, Section] produces Root(Section(Page))); an empty list renders the page directly, with no
wrapper. Route config provides bindings, on_mount, layouts, middlewares, and check_origin
-- the single canonical arizona_live:route_opts/0. URL data (path bindings, query params) does
NOT flat-merge into Bindings -- a route opts into arizona_middleware:extract/1 middlewares (or
arizona_middleware:put_request/2) to project what its handler needs. Middleware halts that call
arizona_req:redirect/2,3 surface as a {redirect, Status, Location} result that the transport
emits as a 3xx reply.
WebSocket mount: arizona_roadrunner_ws:handle/1 delegates to arizona_ws:prepare/3, which
reads the framework query keys -- _az_path, _az_reconnect, _az_fps_follow, _az_caps --
resolves the route, runs middlewares (so the Origin check gates the upgrade too), and returns the
state for the transport to hand to arizona_socket:init/4. The socket calls
arizona_live:start_link/5 (passing self() as transport PID, the route on_mount hooks, and the
connection context #{capabilities, reconnect}) then arizona_live:mount/1. Mount establishes the
server-side snapshot (matching SSR). Returns {ok, ViewId} where ViewId comes from
maps:get(id, MountBindings).
A flagged reconnect (_az_fps_follow=1, which the worker sets on every reconnect open) defers
that whole mount+render until the client's promised cached_fps frame arrives, so the resync
OP_REPLACE dedups its statics against the announced fingerprints -- see arizona_socket:init/4
above for the full handshake and its 1 s backstop.
Handlers detect the connected context via the ?connected macro (delegates to
arizona_live:connected()), which reads a process-dictionary flag set in arizona_live:init/1;
?reconnected (arizona_live:reconnected()) additionally distinguishes a re-opened socket from a
first connect, so a one-shot command (notify, focus) can be gated with ?connected andalso not ?reconnected while a declarative one (set_title, fullscreen) is re-asserted on every
connect. The flag is per live process and describes the current page's mount: a navigate after a
reconnect clears it, since the page it mounts is new to this connection, and a same-handler patch
keeps it with the view (a patch to a different handler degrades to a navigate and clears it). For
post-connection effects, handlers use ?send(arizona_connected) in mount and handle it in
handle_info/2.
Server push (handle_info) -- per-view routing: Messages sent via ?send(Msg) /
arizona_live:send(ViewId, Msg) are tagged as {arizona_view, ViewId, Msg} and routed to the
correct handler's handle_info/2 -- root or child. The root view ID is matched from
#state.bindings, children from the views map. Unknown view IDs crash with
{unknown_view, ViewId, Msg}. Plain untagged messages (Pid ! Msg) route to the root handler for
backward compatibility. Delayed sends use ?send_after(Time, Msg) /
arizona_live:send_after(ViewId, Time, Msg). PubSub subscriptions use ?subscribe(Topic) /
?unsubscribe(Topic). After handle_info/2 returns, the template is re-rendered and diffed, and
ops+effects are sent as {arizona_push, RootViewId, Ops, Effects} to the transport PID.
Events: Client sends [target, eventName, payload] over WebSocket. arizona_roadrunner_ws
dispatches to arizona_live:handle_event/4. The gen_server checks the views map -- if target is a
known child view, dispatches to child; otherwise dispatches to root handler. Returns
{ok, Ops, Effects}. Ops are scoped with "viewId:target" format. The response is sent as a JSON
envelope {"o": scopedOps, "e": effects}.
SPA navigation + unmount: Client clicks [az-navigate] link -> JS intercepts, calls
history.pushState, sends ["navigate", {path, qs}] over WebSocket. arizona_socket's navigate
handler resolves the new route via the adapter, then runs the new route's middlewares (lifecycle
parity with HTTP init and WS upgrade). If middleware halts with arizona_req:redirect/2,3, the
socket emits [arizona_js:navigate(Location, #{replace => true})] as a client effect -- no
arizona_live:navigate call happens; the browser replaces the gated URL it already pushed
(an HTTP 3xx never leaves it in history either, so Back does not bounce off the gate) and the
follow-up navigate frame runs middleware again on the redirect target. That needs a Location
that is a path on this origin (arizona_req:location_kind/1); any other -- an identity
provider -- cannot be SPA-navigated, so the socket instead has the browser load the gated path
over HTTP, where the same halt is a real 3xx that also carries any cookie the middleware set
before redirecting (the gate's middlewares run twice, the cost the flash replay already pays).
An unsafe-scheme Location takes the same road, so it never reaches the client. Every full load
the socket degrades a navigate/patch frame to (no live route, a layout change, these halts, the
flash replay) carries replace => true and runs as location.replace: it finishes a navigation
the client already recorded. On cont, arizona_live:navigate/4 is called. Before mounting the
new handler it cancels every pending send_after timer (cancel_pending_timers/0, over the
whole $arizona_timers registry) and then unmounts the outgoing page children first, then the
root (unmount_removed_views/1 over the old views map, then arizona_stateful:call_unmount/2
on the old root).
Discarding the page is a removal, so it unmounts exactly like a diff removal does, and
terminate/2 uses the same order for any exit reason -- every child's unmount/1 runs while the
root is still mounted, and no handler has to propagate unmount by hand. Note the guarantee is
against the root: views is flat and walked with maps:foreach, so nested views unmount in key
order, not parent-before-child. Then the new handler is mounted and gen_server state is reset. The
mount runs in a handle_continue/2 from a state whose snapshot and views are cleared, which is
what terminate/2 reads as "nothing mounted", so a new mount that raises exits the process without
unmounting the old page a second time.
Returns {ok, NewViewId, PageHTML, Observed}. The WS handler sends one frame: the old page's pushes
queued ahead of the live process's barrier, their ops first, then [OP_REPLACE, OldViewId, PageHTML] (their effects are dropped with a log line, see handle_info/2 above). Browser
back/forward also triggers navigate via popstate.
The page-swap window is closed by the client. The server replaces the root while handling the
navigate frame, but the old DOM stays on screen until the OP_REPLACE arrives, and an event sent
from it in between is dispatched by view id alone -- to the new root, which often shares the id
(page), where it either crashes on an event it does not handle or runs the old page's intent.
The server cannot protect itself without a wire change: frames are handled in order, so by the
time the stale event is read the replace has already happened, and the event carries nothing that
tells it from one sent after the client applied the swap (dropping the root id for "a while" would
eat legitimate events from the new page). So the web client drops every view event raised between
posting a navigate and its reply -- the OP_REPLACE, a reconnect's resync OP_REPLACE, or a
full-page navigate effect (the server kept the old view) -- exactly as a full page load would; a
redirect reply is itself a navigate and re-arms. The window counts navigates in flight, so
back-to-back navigates keep it open until the last reply (the server answers each navigate frame
once, in order); an old-page push carrying a navigate effect ahead of the reply is
indistinguishable from a reply and settles one early, as is the OP_REPLACE of a patch the server
degrades to a replace while a navigate is in flight. A dropped event is logged by name. A patch
does not arm the window: it usually keeps the view, and the client cannot know ahead that the
server will degrade a cross-handler patch to a replace, so that case keeps the window. The native
clients (Android/iOS) do not gate yet.
SPA patch (in-place): Client clicks an [az-patch] link (or runs arizona_js:patch) -> JS
sends ["patch", {path, qs}]. arizona_socket resolves the route + runs middlewares as for
navigate, then compares the resolved handler against the tracked root handler: same handler ->
arizona_live:patch/2 (the root's handle_update/3 runs, then a diff-in-place, returning {ok, Ops, Effects} -- no unmount/remount/OP_REPLACE); different handler -> falls back to the
navigate/replace path above, and so does a post-middleware id binding other than the live view's
(mounted with the bindings already produced). The client tags the
history entry (_azNav) and stamps the outgoing entry so back/forward replays the patch, keeping
live chrome across the edge. See "SPA navigate / patch route resolution".
Stateful children: arizona_template:stateful(Handler, Props) returns a descriptor map. During
eval_val_v/2, the engine checks if the child is already in the views map -- if so, calls
handle_update/3 (or maps:merge if not exported); if not, calls Handler:mount(Props). Child
templates are recursively rendered/diffed with their own snapshots. The views map uses a
{OldViews, NewViews} tuple during eval -- OldViews is read-only for child lookup, NewViews
accumulates only children rendered this cycle. Children removed from the template (conditional
rendering) are pruned from the views map and their unmount/1 callback is called if exported.
Every instance's unmount/1 runs exactly once, on removal or on the way out: one that raises
stops neither its siblings' nor the root's (each still runs, and the first error is re-raised after
the last), terminate/2 skips a view (or a navigate's outgoing root) the failed pass already
unmounted, and it unmounts a child the failed pass had mounted before raising.
The views map is keyed by id, and events, timers and messages are routed by it, so a child's id
must be unique among the views on the page -- the root view's own id included. A live render or
diff (armed by arizona_live around each; see arizona_eval:claim_view_ids/1) refuses a second claim
of an id in one pass with {duplicate_view_id, Id, FirstHandler, SecondHandler}: every ?stateful
it evaluates claims its id, and every view it keeps without evaluating -- a dep-skipped slot's
subtree, the children of the stream items a drain does not touch -- claims its id as it is kept. A
child's own event renders only that child's subtree, so there the views mounted elsewhere on the
page count as claimed too. Without the check the two instances collapsed into one entry: one was
never unmounted, the other's slot was updated from its state, and every event reached only one.
Re-rendering the same view in a later pass, keeping it, or swapping its handler under the same id
are one claim each. SSR keeps no views map and does not check.
Slots: Slots are implemented via stateless children and bindings. A layout places the page it
wraps with the ?inner_content macro; the binding key is fixed (apply_layouts/4 injects
inner_content into the layout's bindings), not configurable. Stateless components receive props
with arbitrary content:
%% Layout slot -- ?inner_content places the wrapped page AND marks the layout az-nodiff
render(Bindings) ->
    ?html({body, [], [?inner_content]}).

%% Component slot -- via stateless child props
?stateless(render_card, #{label => ~"Hello", content => SomeTemplate})
Use the macro, not maps:get(inner_content, Bindings): the parse transform recognizes
?inner_content as a block, which is what marks the whole layout az-nodiff (a layout renders once
at SSR and is never diffed, so it needs no az targets). A raw maps:get is invisible to it, so
the layout keeps diff markers and the page lands in an ordinary escaping value slot.
az-nodiff -- explicit or a layout's implicit one -- inherits downward through the compile unit:
conditional-branch templates, nested ?html, ?each item templates (at any depth), hoisted
constructors and inlined local helpers all compile nodiff and emit no az attributes or slot
markers, so the HTML is plain. az_nodiff on an ?each item's root element, or on a bare
element in a conditional branch, reaches the templates nested in it the same way. Inheritance stops
where what is built can land in a live view's diffed slot (a nodiff value there never updates in
place): a ?stateful child's props, and any fun
(anonymous or named) other than an ?each callback, since a fun prop is called later by whichever
view receives it. A ?stateless callback is a separate compile unit and keeps its own markers. A
?local under a nodiff template keeps the az and slot marker the client resolves it by, and
nothing else does.
A slot whose current value is a nodiff template still diffs as a slot: the server decides whether
the az-nodiff element exists and which one it is, the client owns what is inside. See
Embedding client-side components.
The page arrives as an opaque nested template (#{s := [Page], d := []}), not iodata and not a
binary. That is what lets a content slot splice it verbatim rather than copying and
UTF-8-re-decoding the whole page once per layout layer. Consequences: it belongs in a content slot
whole -- fine in a case tail or handed to a child as a prop, but iolist_size/1 on it raises
badarg, and in an attribute value it raises bad_template_value carrying the whole page in
the error term. az:inner_content/1 documents the full set of accepted and rejected placements;
arizona_render_SUITE's ssr_inner_content_* cases pin them.
Embedding client-side components
An az-nodiff element is rendered by the server once, then owned by the client. That is the
seam for a component another library draws -- a chart, a map, a React or Svelte island: mount it
from an az_hook on the az-nodiff element's root, and the server never touches its DOM again.
render(Bindings) ->
    ?html({main, [], [
        case ?get(view) of
            chart ->
                {'div', ['az-nodiff', {az_hook, ~"Chart"}, {data_series, ?get(series_json)},
                         {az_key, ?get(dataset)}], [~"Loading chart..."]};
            table ->
                {'div', ['az-nodiff', {az_hook, ~"Grid"}], []};
            none ->
                <<>>
        end
    ]}).
hooks.Chart = {
    mounted() {
        this.chart = new ChartLib(this.el, JSON.parse(this.el.dataset.series));
        this.onSeries = (e) => this.chart.update(e.detail);
        document.addEventListener('chart:series', this.onSeries);
    },
    destroyed() {
        document.removeEventListener('chart:series', this.onSeries);
        this.chart.destroy();
    },
};
The rules.
	Nothing inside an az-nodiff element is ever patched: no op targets it, and its dynamics are not
evaluated once it is on screen.
	The server still decides whether the az-nodiff element exists. The slot holding it diffs like any
other: it can hide the az-nodiff element, show it, or switch it to another one. A switch replaces
the slot through its markers, so the old widget's destroyed() runs while its element is still
attached and the new one's mounted() runs after.
	The same az-nodiff element chosen again keeps the existing DOM untouched, even when the values it
was rendered from changed. It is never re-rendered.

What "the same az-nodiff element" means. An az-nodiff element is identified by its template's
fingerprint, the conditional branch (clause) that produced it, and an optional az_key on its root.
Two clauses that produce identical markup -- or call the same helper, chart(~"line") and
chart(~"bar") -- are two az-nodiff elements, so moving from one to the other remounts. The values
an az-nodiff element was rendered from are deliberately not part of its identity: that would remount
the widget, and destroy its state, on every change. When a change should remount (a different
dataset), put that value in az_key: a new key value replaces the az-nodiff element, and the key's
reads are dependencies of the slot. A child view whose own root is az-nodiff is identified by its
id; a new id replaces it.
The branch is taken from the conditional in the az-nodiff element's own slot, not from any
conditional above it. When a switch higher up lands on a wrapper with the same statics, the diff
descends into the wrapper and the az-nodiff element's slot still chooses the same branch, so the
az-nodiff element is kept:
case ?get(tab) of
    sales -> {section, [{class, ~"tab"}], [chart(?get(series))]};
    costs -> {section, [{class, ~"tab"}], [chart(?get(series))]}
end
%% chart/1 returns {'div', ['az-nodiff', {az_hook, ~"Chart"}, ...], [...]}
Moving from sales to costs keeps the chart. To remount it, give its root an az_key that
names what changed ({az_key, ?get(tab)}).
Props. A widget reads its initial props from attributes at mount (data-*, parsed in
mounted()); the server-rendered children are a placeholder for the first paint. Later updates go
to the widget, not through the diff: return arizona_js:dispatch_event(~"chart:series", Payload)
from a handler and let the hook listen for it on document, or remount with a new az_key. The
widget talks back with this.pushEvent(name, payload). Reads inside an az-nodiff element are not
tracked on its slot -- they can never patch -- so only the reads that choose the az-nodiff element
(and its az_key) re-run the slot. When that slot re-runs and lands on the same az-nodiff element,
the check runs before the az-nodiff element is evaluated, so it costs O(1) whatever the az-nodiff
element's size. Paths that re-evaluate a whole enclosing template -- a plain-list ?each item, a
wrapper the diff descends into, diff/3 -- evaluate the az-nodiff element and then compare it, so
they cost the az-nodiff element's size; the result is the same (no op, child views kept).
Child views inside an az-nodiff element take their props at mount only. An az-nodiff element is
never re-rendered, so a parent-driven handle_update/3 would move the child's state past a DOM no
op will ever touch; the same handler at the same id keeps its view on every path the az-nodiff
element is reached through (a branch, a ?stateless body, a list item). That holds when a switch
replaces the az-nodiff element too: a child with the same handler at the same id keeps its state,
and the new props are ignored. A child still handles its own events.
Wholesale re-renders keep the az-nodiff element. Some changes re-render the markup around an
az-nodiff element whole instead of patching it: a plain-list ?each that falls back to its
container ?OP_TEXT (always, when its items are themselves az-nodiff elements), a stream's
container render, and the ?OP_REPLACE that resyncs a view after a reconnect. The new markup holds
a fresh copy of every az-nodiff element in it, so the client carries the old ones over: each
az-nodiff element's root keeps its directive in the HTML with its identity as the value,
az-nodiff="TOKEN" (the fingerprint, branch and az_key above, spelled by
arizona_template:nodiff_token/3), and an az-nodiff element whose old and new copies sit at the
same place under the same name keeps its existing DOM -- the old element is moved into the new
markup in place of the new copy, and its hook sees neither destroyed() nor mounted(). "The same
place" is the slot that holds it plus, on the way up, its own and each enclosing element's az-key
and view id, so an az-nodiff element in a keyed item follows its key and a child view whose root is
an az-nodiff element is kept only under the same id. An az-nodiff element the new render does not
name there is replaced as before.
List items are kept only when keyed. Unkeyed items share one template, so nothing tells which
old item a new one is -- that is exactly why such a list re-renders wholesale. An unkeyed ?each
item whose root is an az-nodiff element therefore keeps a bare az-nodiff -- client-owned, never
carried over, and nothing inside it is either -- and when two az-nodiff elements inside unkeyed
items share a name and place, neither is kept: both remount for their own item. Give the item an
az_key ({li, ['az-nodiff', {az_key, Id}], [...]}) and its widget follows it through adds, drops,
reorders and a reconnect.
A reconnect mounts the view afresh, so what survives it is decided by what the fresh mount renders:
an az-nodiff element its initial state chooses again keeps its widget and client state; one chosen
by state the old process had built up (another branch, a later az_key) is replaced by the
az-nodiff element the fresh state names. A navigate is a new page and keeps nothing.
Caveats.
	A kept az-nodiff element is moved, not re-created, so its element leaves the document for an
instant: focus inside it is lost, and so is the state of anything the platform resets on removal
(an <iframe> reloads, media restarts). Its JavaScript state, form values and ?local values
stay.
	An az-nodiff element holding a child view is replaced by a reconnect anyway: the reconnect mounted
that view afresh, and the DOM it left behind no longer matches its state.
	A switch above the az-nodiff element's slot to a wrapper with different statics moves the
az-nodiff element into a different slot, so it is remounted; a wrapper with the same statics keeps
it (see "What the same az-nodiff element means"), and az_key remounts it.
	Only a template whose single root element carries az-nodiff is named. A root of a multi-element
nodiff fragment keeps a bare az-nodiff, and the ?native and ?terminal targets (whose clients
keep no az-nodiff elements) emit none; all are re-created by a wholesale re-render.
	The directive is written bare. Its value in the HTML is the compiler's, so an authored one
({'az-nodiff', V}, {az_nodiff, true}) is a compile error.
	The first paint is the server's placeholder. Mount the component from the hook's mounted()
rather than hydrating the server markup; the server never rendered the component itself.
	az-* attributes inside the widget's own DOM are markup Arizona did not render: the client
delegates only the event names the compiled templates declared, and mounts hooks only in markup
it inserted. Call the exported mountHooks(root) on the widget's root after rendering such
markup; it scans for both.

Connection events
The client announces connection changes as two CustomEvents on document, in the same style
as arizona:fetch-error. They are for client code the server cannot reach while the socket is
down -- a hooked widget, an embedded component, a status badge:
	arizona:disconnected, detail {code, reloadInMs} -- the connection was lost. Fired once
per outage, and again when a page reload gets scheduled during it: the first close of a live (or
not yet live) page announces the outage, and the worker's reconnect attempts that fail while the
server is still down report closes of their own, which announce nothing until a mount has ended
the outage -- unless one is a 4501 that schedules the reload, the moment a widget has to save
its state. Write listeners to be idempotent. code is the close code the browser reports: the
server's (1001 drain, 4500 crash, 4501 mount failure) or, for a connection that ended
without a close frame -- a network drop, a failed handshake, a first connect that never opened --
1006. reloadInMs is the delay of the page reload this 4501 scheduled, null otherwise
(including a 4501 while a reload is already pending). A 1000 close (a deliberate end, which
the client does not reconnect after), disconnect(), and pagehide fire nothing: the last two
terminate the worker, so no close reaches the page.
	arizona:connected, detail {reconnect} -- a view mounted on a new socket, fired once the
ops of the frame that proves it (the first frame of a first connect, the resync of a reconnect)
have been applied -- after a view transition's deferred update when one wraps that frame, and
not at all if the socket closes before then. reconnect means this page had a mounted view
before: false for the page load's first mount (even one reached through a reconnect after a
first connect that never opened), true for every later one, including a bfcache restore,
which has no arizona:disconnected before it. A navigate's OP_REPLACE reply on a live socket
is not a connection event and fires nothing.

So a widget can pause while the server is unreachable and refresh what it may have missed once
the view is back:
hooks.Ticker = {
    mounted() {
        this.off = new AbortController();
        const { signal } = this.off;
        document.addEventListener('arizona:disconnected', () => this.pause(), { signal });
        document.addEventListener(
            'arizona:connected',
            (e) => e.detail.reconnect && this.refresh(),
            { signal },
        );
    },
    destroyed() {
        this.off.abort();
    },
    pause() { /* stop polling, grey out */ },
    refresh() { /* refetch, resume */ },
};
The az-connected/az-disconnected classes on <html> remain the CSS-side view of the same
state; they flip on the socket's open and close, before the mount the event waits for.
Handler callbacks
Two handler kinds, each with its own header:
	Live handlers (arizona_stateful) include arizona_stateful.hrl (sets
-behaviour(arizona_stateful), parse transform, template macros). Mount is mount/1. The same
behaviour serves route-level pages -- spawned as a live-process root, with request data
arriving as bindings via arizona_middleware:extract/1 middlewares on the route -- and
embedded components, instantiated from a parent template via ?stateful(Handler, Props).
	Pure stateless templates include arizona_stateless.hrl (parse transform only, no
behaviour). Invoked via ?stateless(Callback, Props) or ?stateless(Mod, Fun, Props).

%% Route-level page
-module(my_page).
-include("arizona_stateful.hrl").
-export([mount/1, render/1, handle_event/3]).

%% Construct a fresh map -- never `maps:merge(Defaults, Bindings)` or `Bindings#{...}`.
%% A navigate carries arbitrary keys forward from previously visited pages, so
%% merging lets a foreign key collide with a handler-owned default. Pull each
%% accepted override out explicitly.
mount(Bindings) ->
    {#{
        id => ~"page",
        count => maps:get(count, Bindings, 0)
    }, #{}}.

render(Bindings) ->
    ?html({'div', [], [?get(count, 0)]}).

handle_event(~"inc", _Payload, Bindings) ->
    {Bindings#{count => maps:get(count, Bindings, 0) + 1}, #{}, []}.
Callback signatures (see src/arizona_stateful.erl for authoritative types):
mount(Bindings) -> {NewBindings, Resets}.                                      %% Required
render(Bindings) -> #{s => [...], d => [...]}.                                 %% Required
handle_event(Event, Payload, Bindings) -> {NewBindings, Resets, Effects}.      %% Optional
handle_info(Info, Bindings) -> {NewBindings, Resets, Effects}.                 %% Optional
handle_update(Props, Bindings, Effects) -> {NewBindings, Resets, Effects}.     %% Optional (embedded child OR patched root)
handle_drain(Deadline, Bindings) -> ok | {stop, Bindings, Effects}.           %% Optional
unmount(Bindings) -> term().                                                   %% Optional
Resets is a map of binding values reapplied on top of NewBindings after the callback returns --
typically #{}, or a subset of keys you want cleared (form fields, transient flags). Effects is a
list of arizona_js:cmd() values to run client-side after the diff is applied.
Mount must produce Bindings containing an id key -- this becomes the ViewId used for event
routing and navigate targeting. The parse transform auto-injects az-view as a boolean attribute
on the root element of render/1 when the module declares the arizona_stateful behaviour. Using
az_view manually outside this context raises a compile error.
The injection (and the {id, ?get(id)} enforcement below) happens only when the parse transform
sees a literal template call (?html/?native) as render/1's tail expression. A route-root
render/1 that delegates instead -- render(B) -> page(B). -- falls through both: the root
carries no az-view marker and skips the id check, so events resolve to the enclosing view with
no diagnostic. This is not caught at compile time (a non-template tail is legal for embeddable
components), so it is a documented constraint: a route-root view's render/1 must inline its
?html(...), composing sub-views as ?stateful/?stateless children within it rather than
delegating the whole body.
id attribute restriction: The root element's id MUST use {id, ?get(id)} (or the equivalent
arizona_template:get(id, Bindings) / az:get(id, Bindings)). Static binaries and composed values
are not allowed. This is a compile-time check.
The id serves three roles simultaneously: DOM id (document.getElementById), views map key
(server-side state tracking), and wire protocol target (op scoping). All three must be the same
value. Using ?get(id) ensures the template renders the same value the parent passed in Props and
the server uses for tracking. id is a restricted key -- the handler's mount callback cannot
override the value passed by the parent in Props, and no later callback that keeps the view
running (handle_update/3 or the default patch merge, handle_event/3, handle_info/2, a
handle_drain/2 that does not stop) may change or drop it: each raises
restricted_key_modified.
Dispatcher error tagging. Each arizona_stateful:call_* wrapper catches error:undef and
error:function_clause only when the failing stack frame is the user's exact callback, and
re-raises with a structured reason carrying an error_info annotation: {missing_callback, Mod, Name, Arity}, {unhandled_event, Mod, Event, Bindings}, {unhandled_info, Mod, Info, Bindings},
{unhandled_update, Mod, Props, Bindings}, {unhandled_unmount, Mod, Bindings}, or
{render_no_clause, Mod, Bindings}. arizona_stateful:format_error/2 turns each into a sentence
that names the offending module/event and (when known) the view id. Errors raised from inside a
callback's body propagate untagged.
handle_event/3 effects: a list of arizona_js:cmd() tuples, built using functions in
arizona_js.erl. Same commands used in template attributes. Common effects:
	arizona_js:dispatch_event(Name, Payload) -- dispatches a CustomEvent on the client's document
	arizona_js:set_title(Title) -- sets the browser document title
	arizona_js:reload() -- reloads the page
	Any other arizona_js command (toggle, show, hide, etc.) also works as an effect

handle_info/2 is invoked for any Erlang term landing in the gen_server mailbox (?send,
?send_after, pubsub, raw Pid ! Msg). If not exported, messages are silently dropped (checked via
erlang:function_exported/3).
handle_update/3 reacts to new props arriving from an enclosing context: a parent re-rendering an
embedded child with new Props, or a patch navigation delivering the new route's params to a
route root (navigation as the root's prop source). If not exported, the framework merges Props
into Bindings directly (call_handle_update/4). Effects is the accumulator of effects already
queued for this update cycle; return it extended with this callback's own effects (the default
returns it verbatim) -- so a patch reaction can set the document title or redirect, threaded without
any caller-side concatenation. See "SPA navigate / patch route resolution".
For an embedded child, "new props" means "the diff re-evaluated this child's ?stateful
descriptor while the view already existed under the same id and handler". That happens when the
slot holding the descriptor re-evaluates, and the props may then be term-equal to the previous ones:
a read outside them (case ?get(tab) of _ -> ?stateful(c, #{x => ?get(x)}) end, an event changing
only tab) or a prop derived from a changed binding whose value did not (x => ?get(n) div 10).
The framework does not filter equal props out: a view entry keeps the child's bindings, which the
callback may have transformed, and not the props it was last given, so there is nothing to compare
against without storing a second copy per view. Keep handle_update/3 idempotent for equal props,
and compare against the child's own bindings when a side effect (subscribe, timer) must run only on
an actual change.
The descriptor is not re-evaluated, so handle_update/3 is not called, when:
	the slot is dep-skipped (none of its reads changed);
	the child sits in a stream ?each item the diff did not touch -- an insert evaluates only the
inserted and changed items, not the existing ones;
	the child's own root is az-nodiff, or it sits inside an az-nodiff element: it takes its props at
mount only, so changed props never reach it either.

And it is mount/1, not handle_update/3, that runs on the child's first appearance and when a
render keeps the id but switches the handler (the old instance is unmounted first).
unmount/1 runs when an instance is removed -- either the parent stopped rendering it (conditional,
a list or stream item leaving the DOM, or navigate) or the live process is shutting down. Use it to
release resources (timers, external subscriptions). Return value is discarded. Do not ?send or
?send_after to the view from it: on a removal or a navigate the view is gone by the time the
message arrives, so the live process raises {unknown_view, ...}, or delivers it to a new handler
that reuses the id (see "Per-view messages and the timer registry").
Dynamic eval return values
	iodata() -- rendered value
	#{s => ..., d => ...} -- nested template (recursively rendered/diffed)
	#{stateful => Handler, props => Props} -- stateful child descriptor
	#{callback => Fun, props => Props} -- stateless child descriptor
	remove -- sentinel that triggers OP_REMOVE_NODE

Change tracking
arizona_template:get/2,3 tracks which binding keys each dynamic reads via the process dictionary
key '$arizona_deps'. The structure is a map of keys, e.g. #{count => true, title => true}, or
undefined when inactive.
Lifecycle per dynamic (in eval_one_v):
	erlang:put('$arizona_deps', #{}) -- start tracking
	The dynamic's fun is called -- each arizona_template:get(Key, Bindings) adds Key => true
	erlang:erase('$arizona_deps') -- harvest the dep map
	Deps are stored in the snapshot as deps => [#{key() => true}], parallel to the d list

Nesting: Stateful children and nested templates save/restore '$arizona_deps'
(SavedDeps = erlang:get(...) before, erlang:put(..., SavedDeps) after) to prevent child get
calls from polluting the parent's dep list.
Inactive paths: render/1, diff/2, and SSR never set '$arizona_deps', so
arizona_template:track/1 sees undefined and is a no-op.
Consumption: Only diff/4 uses deps. deps_changed/2 checks whether any key in a dynamic's dep
map appears in the Changed map (via maps:intersect). If none do, the dynamic is skipped entirely
-- its fun is never called.
Op codes
Defined in the public header include/arizona_wire.hrl. Every client mirrors them by hand
(assets/js/arizona.js, its worker, e2e/utils/native_client.js, the Android Wire.kt, the iOS
Wire.swift), and arizona_wire_SUITE checks each copy against the header. The web client must
declare the whole set; a native client must declare every op its backend can emit (all but
OP_LIST_PATCH, which arizona_native:supports_list_patch/0 opts out of).
	Code	Name	Args	Description
	0	OP_TEXT	[target, value]	Replace marker content (text, nested tmpl, plain each)
	1	OP_SET_ATTR	[target, attr, value]	Set attr (command: its array; native bool: JSON bool)
	2	OP_REM_ATTR	[target, attr]	Remove attribute
	4	OP_REMOVE_NODE	[target]	Remove element
	5	OP_INSERT	[target, key, pos, html]	Stream insert (pos=-1 -> append, otherwise index)
	6	OP_REMOVE	[target, key]	Stream remove
	7	OP_ITEM_PATCH	[target, key, innerOps]	Stream item patch
	8	OP_REPLACE	[target, html]	Element swap (navigate); target is the OLD view id
	9	OP_MOVE	[target, key, afterKey]	Stream move (afterKey=null -> prepend)
	10	OP_LIST_PATCH	[target, subOps]	Single-root plain-list ?each positional item patch

Code 3 is unassigned. It was OP_UPDATE ([target, html], an innerHTML write on the
resolved element), removed once every container full render moved to the marker-aware OP_TEXT
-- a content slot's az is not reliably carried by an element, so innerHTML on whatever the
client resolves destroys the slot's static siblings (the whole view when that element is the
view root). Nothing emits it and no client claims it. It is free to reuse for a genuinely new
op: codes 0..9 emit as a single byte (arizona_socket's op-code encoder) and 10+ cost an extra
one per op, so the cheap range is worth reclaiming -- but a reuse must land on the server and
all four clients together, since a code means whatever both ends agree it means.
A content-slot dynamic -- a value, a nested template, or a plain-list ?each -- is anchored
by <!--az:X-->...<!--/az--> comment markers in SSR (no wrapper element carries the slot az),
so its diff patch replaces only the span between the markers, leaving the slot's static siblings
and the enclosing element intact. A single-root plain-list ?each patches in place with
OP_LIST_PATCH: its subOps address items by DOM-order position between the markers
([OP_ITEM_PATCH, idx, innerOps] patches item idx, [OP_REMOVE, idx] removes it, and
[OP_INSERT, idx, html] inserts), so an item change never touches the container's childList.
The wholesale marker-aware OP_TEXT re-render is the fallback -- used when positional patching is
unsound (the old slot was not a list, the item is not a single root element, or the list rendered a
per-item child view), and also when it would be sound but larger (the container shifted far enough
that per-item patches outgrow one re-render -- see outgrows_re_render/3 above). A scalar value
or a nested template still patches via that OP_TEXT.
That fallback re-renders the whole container, so list_changed/3 decides whether it is warranted
by whether a slot RENDERS differently (item_changed/2), not by term inequality. A value can
differ as a term yet render the same bytes: an integer against its binary (1 and ~"1", both
"1") is invisible. Answering on
term inequality tore the container down to rebuild byte-identical markup, losing focus, scroll
position and every ?local inside it for nothing.
The same question is asked of EVERY slot, not only a container's, by
maybe_make_ops/5 -- one decision point shared by the plain and the dep-aware walk.
A value that changed as a term has not necessarily changed on screen, and the write is
not free: an ?OP_SET_ATTR is a style-recalc trigger, and the client's
applySetAttrOp additionally assigns the live property for value, which can move a
caret or drop a selection in an input the user is working in. An attribute is compared
like any other value with one exception -- a boolean is not a value there. true
renders as a bare attribute and false removes it outright, so neither may be called
equal to a string that happens to print the same: true against ~"true" really is a
change, from a bare attribute to name="true".
Nothing is rendered to answer it in the common case. collapses_to_same_bytes/2 runs only once
the terms already differ, and two same-type scalars are settled by their types alone: to_bin/1
is the identity on binaries, and integer_to_binary/atom_to_binary and the shortest
round-trip float format are injective, so two distinct ones cannot print the same. Only the pairs
that genuinely can collapse are rendered -- a value against a different type. An escape marker is
deliberately not comparable: to_bin/1 unwraps it, so {arizona_esc, ~"<b>"} and a bare
~"<b>" look identical to it, while the wholesale re-render escapes the wrapped one and not the
bare one -- treating them as equal would drop a visible change and in one direction leave
unescaped markup on screen. A pair SHARING the marker is unwrapped and compared, which is what
makes the comparison reach real templates at all, since the parse transform marker-wraps every
content slot value. A map (nested template, each snapshot, child view) or a descriptor tuple is
never rendered either: it counts as changed, the conservative answer. The snapshot is still
advanced to the new values when the re-render is suppressed, so nothing drifts.
Context -- inside <svg> a <title> is not raw text. The classification takes the content
context (raw_text_kind/2, second argument html | foreign), threaded through the transform by
content_context/2: <svg> opens foreign content and <foreignObject> switches back. In foreign
content an element is ordinary parsed markup -- comments really are comments -- so title is
classified none there and its slot keeps markers and stays diffable. It is the only tag that
differs: script/style stay raw in both, and textarea cannot appear in foreign content.
This matters because an SVG <title> is a graphic's accessible name, so a bound one would
otherwise freeze after SSR with no symptom. MathML is deliberately not tracked -- it would need
its own integration points to be correct, and leaving it in html keeps existing behaviour rather
than half-handling it.
The context reaches a construct compiled elsewhere through the top-down marking pass. A local
element helper is spliced into the caller's element AST before that element compiles, so it
carries the context directly. A ?each is compiled bottom-up, before the enclosing element,
so the pass appends the backend and the content context it sits in to the call as two bare atom
arguments (each(Fun, Source, Backend, Context)), and the per-item template compiles in that
context. Because the marking happens at the call site, a fun row/1 callback
defined elsewhere in the module inherits it too.
An ?each is marked once, at the place it appears in the template that renders it. A hoisted
Items = ?each(...) is bound outside every template, where the pass can only give it the default
target and context, so that marking is provisional: the hoisted value has it stripped
(prepare_inline/2) and is marked again where Items is spliced in (splice_vars/4, at the root
of the ?html/?native/?terminal that uses it, or the target and context of the ?each whose
callback or source uses it). It therefore compiles exactly as the same ?each written at the use
site -- native nodes under ?native, foreign content inside <svg> -- and the splice is checked
like written code, so a hoisted ?html used inside ?native is a cross_target_nesting compile
error rather than a render-time cross_target_child. A local element helper does not re-mark
what it is handed: its body is marked, but an argument -- a written ?each already compiled
bottom-up, or a spliced hoisted one already marked -- keeps the context of the call site. So
wrap(?each(...)) with wrap(X) -> {svg, [], [X]} called from HTML content compiles its items as
HTML; write the ?each inside the <svg> element for SVG treatment.
A ?stateless/?stateful child is the one construct that cannot: it is a separate template
with no call site at compile time, so a <title> there is classified html and its slot comes
out markerless. That much is not fixable -- the same child may be used in both contexts, and
nothing in its own source says which.
The update still lands, though, because the child's own slot in the caller does have markers.
make_ops/5 checks whether a markerless slot inside a nested template changed value, and
escalates to a whole re-render of that template (markerless_changed/2) rather than dropping the
change the way diff_dynamics/4 does at a template's top level. The distinction is capability,
not policy: a top-level markerless slot has no enclosing target to patch against, a nested one
does.
Backends name their own markers, so the transform holds no target vocabulary: a backend with one
content context returns the same marker for every context, which makes the renaming inert for it
by its own answer rather than by a target check in the pass.
A local element helper is still the better factoring for SVG chrome. That is already the
documented split -- a helper factors markup, ?stateless is for a component with its own
props -- and the helper keeps the fine-grained patch (one slot, one value) where the child pays a
re-render of its whole template for the same change. The child is correct either way now, just
coarser. None of this is fixable by classifying title as none everywhere and
special-casing <head>: that inverts which side fails silently, and the other side fails worse.
Comment markers inside a real HTML <title> are literal text, so a layout's page title would
render <!--az:0-->Home<!--/az--> in the browser tab -- visible corruption traded for an
invisible frozen accessible name. A compile warning is no better: the only available signal is
"a <title> holding a dynamic", which is exactly what a legitimate <head> title looks like.
Raw text is an HTML-only classification. All four tags are raw text in HTML, but inside
<svg> the parser is in foreign content where script and style content is ordinary parsed
markup: a comment there is a real comment node and a bare < starts an element. They are
therefore none in foreign, which makes the slot both escaped and diffable -- the parser
decodes the references straight back, so a &gt; b reaches CSS as a > b unchanged. Classifying
them raw there had forced the author to mark the value ?raw, splicing it verbatim into a
context that parses markup, where the </script>/</style> neutralization behind that opt-out
is not the breakout available.
Exception -- raw-text elements (script/style/textarea/title). The browser does not
parse HTML comments inside these, so a comment marker becomes literal content and corrupts it (an
inline module script's <!-- is even a SyntaxError). A dynamic content slot inside a raw-text
element is therefore markerless: it renders at SSR with Az = undefined, and the diff engine
skips any undefined-Az dynamic (diff_dynamics/3 and diff_dynamics_v/5).
The full set follows the HTML tree builder, not just the four common tags: <xmp>, <iframe>,
<noembed> and <noframes> are RAWTEXT exactly like <style> (the list lives in
arizona_html), so they classify raw too and their slots need the same ?raw opt-out. A value
there cannot close the element: the neutralizer checks only each element's own end tag there
(</xmp becomes <\/xmp; </script and </style are plain text in an <xmp> and are left
alone). Nothing decodes in RAWTEXT, so no rewrite is invisible: the backslash shows in an <xmp>,
which displays its content, but only in text that would otherwise have closed it, and
<iframe>/<noembed>/<noframes> content is never displayed. Two relatives are deliberately left
out. <noscript> is RAWTEXT only where scripting is enabled, and there it is never displayed; it is
displayed only where scripting is off, where it parses as ordinary HTML and no live view ever
connects, so it stays an ordinary element whose values are escaped for that audience. Do not put
sanitized ?raw HTML inside a <noscript>: a scripting-enabled browser reads its content as
RAWTEXT, so markup a sanitizer passes as harmless (<p title="</noscript><img src=x onerror=...>">)
closes the element there and runs. <plaintext> has no end tag at all -- everything after it, the
rest of the page and the client script included, would read as text -- so the HTML backend refuses
it at compile time.
The address goes on the element instead. Markers cannot live inside a raw-text element, but
an attribute on it is fine, so compile_element/5 gives such an element its own az and
compile_element_children/7 folds its whole content -- statics and dynamics both -- into one
nested template held there. Any inner change re-renders that element's content, shipped as a
single ?OP_TEXT against its az by make_ops/5's markerless escalation. Without this the value
silently never updated, in the same template where a sibling <p> patched normally, and a
<textarea> or an SVG <title> inside a ?stateless/?stateful child froze at its SSR value
with no diagnostic. The escalation's granularity is what makes it safe: one raw-text element, not
the enclosing template, so a <textarea> is untouched when a sibling <title> changes.
Escaping is preserved structurally rather than reimplemented -- the children compile through the
ordinary compile_children/3 walk, so each dynamic keeps its own policy (raw verbatim through
raw_text/4 neutralization, escapable HTML-escaped via esc_spec).
An executable <script> is the one case where updating is questionable, and az-nodiff is the
answer. A script element carries an "already started" flag, so mutating its text after it has run
does not re-execute it: the element's source would read one thing while the code in effect says
another. That is a browser rule, not a framework choice. The update is still right for the
sanctioned use -- a ?raw(json:encode(Data)) data island, whose consumer reads textContent later
-- so the fold applies by default and the fold guard honours az-nodiff, which keeps an executable
script markerless and render-once exactly as before. The backend classifies the tag via the
arizona_renderer raw_text_kind/2 callback: raw (script, style and the other RAWTEXT
elements) renders the value
verbatim (the browser decodes no character references there, so HTML-escaping would corrupt it
-- this is what makes a ?raw JSON-LD blob or a computed inline boot-script URL correct);
escapable (textarea/title) HTML-escapes a scalar (references are decoded there) but is still
markerless. Because a raw slot is spliced byte for byte and escaping is impossible there, the
parse transform requires the value to carry a literal ?raw(...) at the slot
(dynamic_in_raw_text): an unmarked ?get in a <script> would otherwise be the one content
position where user data reaches the output unescaped, free to close the JavaScript string it sits
in. Literal script/CSS text is static, not a slot, so it is unaffected; escapable elements escape
and so are not gated. The opt-out marks the value trusted for HTML escaping, not for the raw-text
tokenizer -- a trusted JSON blob's own string data can still spell an element breakout -- so
arizona_html:raw_text/4 unwraps the ?raw and neutralizes the payload anyway. It takes the
tag, because which sequences break out is a property of that element's tokenizer state rather
than of raw text at large. </script/</style becomes <\/script in both elements -- strictly
only the appropriate end tag (the one whose name matches the element being parsed) closes a
raw-text element, so </style> inside a <script> is ordinary text, but both names are neutralized
in both as a harmless superset that keeps this half of the rule tag-independent. <!-- and
<script (which together reach script-data-double-escaped, where the element's own </script>
stops closing it and the rest of the document is swallowed) have their < rewritten as \u003c,
but only inside <script>: <style> content is RAWTEXT, which has no escaped state, so
rewriting them there would defend nothing while corrupting the stylesheet (\u003c is a JS/JSON
escape a CSS parser reads as u003c, and <!--/--> are legitimate CSS CDO/CDC tokens). A
tag name counts only where the tokenizer reads one -- followed by whitespace, / or >, or by
the end of the value, which a neighbour may complete -- so i<scripts.length is left alone. It
also takes the slot's static neighbours (the template text right before and after it in the
element), because the tokenizer reads static and value as one stream: ~"var s = '<" followed by
a value /script>... closes the element though the value holds no <. When the < is the
static's, the value's first byte is escaped instead (\u002f in a script, a space-terminated
CSS hex escape \2f in a style), and a value ending in </scr is judged against a static
ipt> after it. Every rewrite therefore decodes back to the original in the context it is applied
to. It covers every
shape to_bin/1 can turn into attacker-chosen bytes: a binary, an atom (rendered with
atom_to_binary, so it carries bytes exactly like a binary), chardata -- the documented remedy
?raw(json:encode(Data)) hands it an iolist, not a binary, so a binary-only guard would wave a
breakout through on the very form the compile error recommends -- and a ?raw wrapping any of
those. An integer, a float and an effect command (whose JSON arizona_effect:encode/1 already
HTML-escapes) cannot spell a sequence, so they pass through.
Where the known text ends, a partial sequence counts. A slot sees at most 8 bytes of each
static neighbour; past them -- another slot, whose bytes exist only at render time, or the
element's end -- the next bytes are unknown, so a value ending in a strict prefix of a sequence
(<, </scr, <!, <!-, <scr) is neutralized as if the rest followed. Every slot therefore
defuses the partial it holds, whatever its neighbours are: a constant ?raw(~"x='<") before an
attacker's /script>..., two values split by a static (~"</scr", ~"i", ~"pt>"), and three
slots reaching the double escape (~"<!", ~"--<scr", ~"ipt>") all stay inside the element.
The one thing not checked is the template's own static text, which is the author's markup: statics
spelling a close tag around an empty value (~"</scr", empty, ~"ipt>") are the author's own,
and an empty value has no byte to escape.
A dynamic attribute on a raw-text element
stays fully diffable -- only
the content slot is markerless. Limitation: the slot will not update after the initial render, and
?local is unsupported inside a raw-text element (no marker to address); a live ?get there
silently freezes at its first value. Addressing a marker-anchored slot with an op that writes the
resolved element whole is a bug: no element carries the slot az, so the client resolves the
slot through its comment marker to the enclosing element, where such a write clobbers its
siblings -- and when the enclosing element is the view root, the whole view. That is why every
content-slot ?each container render is the marker-aware OP_TEXT: both the plain-list clause
and the order-keyed stream clause of arizona_diff's make_op/3 emit it, as do
full_update/5 and diff_stream/4's no-order (type-switch) clause. It is also why the
innerHTML op (code 3) was removed outright rather than kept for the cases that happened to
resolve correctly. A stream's incremental ops keep their own op codes: they carry
the same container az as the target (the item is named by key in a later field) but mutate one
keyed child instead of the container's whole content, so the full-render op code does not govern
them -- their own limitation is placement, below. The client refuses
OP_REPLACE/OP_REMOVE_NODE on a marker-resolved target outright, so a stray one
warns and skips instead of destroying a view.
The stream -> list type switch is consistent with this: a binding that was an
arizona_stream and becomes a plain list routes through diff_list/4 -> full_update/5 -> OP_TEXT,
which replaces only the surviving marker span -- so the list renders as real HTML and the slot's
siblings survive. The stream's keyed az-key items are element children, and stream ops
(insert/remove/move/patch look items up among the slot span's keyed children) never delete the
comment markers, so the marker is still present at switch time.
The list -> stream switch and every other stream container full render now use the same
OP_TEXT, so a stream ?each sharing a content slot with static siblings re-renders in place
instead of clobbering them.
Stream incremental ops are anchored to the slot span.
insertItemEl and moveItemEl resolve slotBounds(el, az) and place relative to the slot's
markers when the container has them -- a tail insert goes before the closing <!--/az-->, a
move-to-head after the opening one, and keyedChildren restricts positional indexing to the span.
So an each sharing its container with static siblings no longer strands items after a footer or
before a header.
The marker-only container (no element carries the slot az at all -- a stream among a live
root's static siblings, or in a content-slot list fragment) works the same way: resolveOpTarget
resolves it through its opening marker to the enclosing element, and the markers are that
element's direct children, so slotBounds finds the span and OP_INSERT/OP_MOVE place within
it.
The same holds inside a stream item. An item's innerOps resolve through the same three arms
scoped to the item (element, compound base, marker), so a nested stream whose marker sits in a
deeper element of the item -- behind a conditional fragment, say -- is placed within its own span.
An inner az that resolves to nothing is skipped with a warning; it is never retargeted at the item
itself, which would let an OP_TEXT rewrite the whole item.
Key lookup is scoped to the span too. Two streams can share one parent element -- a second
?each among siblings takes the compound az <El>:1, whose base is the same element -- and their
keys can overlap. Lookups by key therefore read only the keyed children between the stream's own
markers, so an OP_REMOVE or OP_ITEM_PATCH for one stream never lands on the other's item.
Target scoping
Patch targets on the wire are "viewId:relativeTarget". Root view <<"page">>: "page:0",
"page:1". Child view <<"counter">>: "counter:0", "counter:1". Bare targets (no :) resolve
to the view root via document.getElementById(target) -- used by OP_REPLACE during navigate.
arizona_live emits ops with relative targets, nesting a child view's ops as
[ChildViewId, ChildOps]. arizona_socket applies the view id in two steps, both at
JSON-encode time: flatten_ops/2 walks that nesting and returns a flat list of {ViewId, RawOp}
tuples, each tagged with its owning view (no string surgery); the custom encoder op_encoder/2,
passed to json:encode/2, then writes each target inline as "<ViewId>:<Az>". Building the scoped
target straight into the output iodata avoids allocating a rewritten op list first. Inner ops of an
OP_ITEM_PATCH are item-relative and are deliberately not scoped.
The socket's op flattening unwraps the [ChildViewId, ChildOps] nesting only at the top
level of an ops list, so a ?stateful child inside a stream ?each item ships the wrapper still
nested inside its OP_ITEM_PATCH innerOps. The client tells the two apart by the head: an op
code is a number, a wrapper's head is the child view id, whose ops it resolves against
getElementById(ChildViewId) and applies with the same item-op dispatcher (so a grandchild
wrapper recurses).
Repeated stateless components -- per-instance az namespacing
A stateless component's inner az ids derive only from its own template fingerprint (<Fp>-<n>,
baked at compile time by scope_az/4), and it has no view_id boundary of its own. So the same
render function rendered more than once in a view (?stateless(card, #{...}) twice) would emit
byte-identical az targets; on the client every diff op resolves with querySelector (first
match) and lands on the first DOM instance. To keep each instance an independent diff target,
arizona_template:scope_slot/2 namespaces a slot value's snapshot -- its fingerprint, its statics'
baked az/marker ids, and every inner dynamic az (recursing through inline nested templates) --
by the enclosing slot az at runtime, where the slot is in scope. A stateless child evaluates to
a plain snapshot map (the #{callback, props} clause of arizona_eval:eval_val/eval_val_v and
arizona_render:render_ssr_val returns it directly, with no wrapper tag), and the per-dynamic
caller (eval_one/eval_one_v/render_ssr_one, which knows the slot az) applies
scope_slot/2. So instance A at slot
<<"p-0">> becomes p-0-<Fp>-<n> and instance B at slot <<"p-0:1">> becomes p-0-1-<Fp>-<n>;
nested stateless children compose the full slot path. The prefix is made colon-free (: -> -)
because the client treats : as the content-slot-index separator (a base element az never
contains one) and recovers a base element by stripping at the first colon -- an internal colon
in the prefix would misroute multi-slot and ?each-among-siblings ops, so no client change is
needed.
scope_slot/2 discriminates purely by structure (it delegates to the same scope_val/2 used when
recursing inside a scoped snapshot): a stateless child and an inline nested template (a
conditional-tail branch, or an explicit nested ?html) are byte-identical #{s, d} snapshot maps,
so both are namespaced by the slot az -- there is no tag telling them apart, and none is needed.
Uniform scoping is also strictly more correct than scoping only stateless children: two
structurally identical conditional branches in different slots share a fingerprint, so without the
slot prefix their inner ids would collide on the client exactly as repeated stateless children do.
A stateful child (its own view_id boundary), an ?each container (items addressed relative
to the container, not by global az), and a client-owned ?local slot are left untouched -- only
the container/element az in the enclosing statics is prefixed. A stateful child is skipped by its
snapshot's view_id: the live path sets it via make_child_snap, and the SSR path
(render_ssr_val) sets it too, so the SSR HTML (which the client reuses on connect) and the live
snapshot produce identical ids -- without it, a stateful child nested in a stateless parent would
be scoped only at SSR and its diff ops would miss the DOM.
Prefixing a statics list is a binary:replace per element -- pure and deterministic in
(prefix, statics) -- so scope_snapshot memoizes it per (prefix, fingerprint) in the process
dictionary: a re-render or diff of the same slot (and each level of a deep nest, whose inner
statics would otherwise be re-walked once per ancestor) reuses the cached scoped statics instead of
re-scoping. Only the first render of a given slot pays the walk; the fingerprint keys the statics
the same way the client's statics cache does.
Scoping must not touch user content
A static carries framework markers (az="…", <!--az:…-->) and user bytes, and a static text
child is spliced verbatim (the raw-HTML seam), so a page that shows markup carries those same
sequences as ordinary content. Both scoping passes therefore discriminate rather than
search-and-replace blindly:
	Compile time (scope_az/4) is structural. The parse transform accumulates each static as a
list of segments, with the markers it emits held as tagged {az_attr, Id} / {az_slot, Id}
entries rather than bytes; scoping rebuilds exactly those through the backend's az_attr/1 /
text_slot_open/1 with the fingerprint prepended, and copies literal segments through untouched.
The fingerprint is taken over the unscoped segments, so scoping does not change it. Each dynamic
attribute also leaves a {dyn_attr, Name, Bytes} segment carrying its name: HTML renders the name
inside the dynamic, so without it two templates differing only in a dynamic attribute's name
would share a fingerprint and the diff would patch one into the other, leaving the old attribute.
	Runtime (the scope_static/3 renderer callback) has only bytes, so it anchors on the
template's own fingerprint: every framework az in a compiled static is <Fp>-<id>, so the
backend matches az="<Fp> / <!--az:<Fp> (HTML) or "az":"<Fp> (native), never the bare marker
opener. After a pass the statics read <Prefix>-<Fp>-<id> and f becomes <Prefix>-<Fp>, so
re-scoping an already-scoped snapshot anchors correctly too. The terminal backend writes no
markers, so its scope_static/3 is the identity.

Server integration
The core engine (arizona_template, arizona_render, arizona_diff, arizona_live,
arizona_stream, arizona_pubsub, arizona_js, parse transform) is transport-agnostic. The
server is an arizona_server adapter package (the server env's required adapter), not part of
Arizona; each adapter routes natively and must pass the black-box
arizona_server_conformance_SUITE through its own arizona_conformance_driver -- the full
contract is in adapters.md. The arizona_roadrunner package wires roadrunner in
through a thin layer of modules that translate between roadrunner's callbacks and Arizona's shared
pipeline (arizona_cowboy does the same for Cowboy with three):
	arizona_roadrunner_server -- the arizona_server adapter: boots the listener and compiles
routes
	arizona_roadrunner_router -- compiles route specs into roadrunner's dispatch
	arizona_roadrunner_http -- HTTP handler; sends what arizona_http:reply/3 returns
	arizona_roadrunner_ws -- WebSocket handler; answers the upgrade with arizona_ws:upgrade/3
(the middlewares' stash rides the 101), starts the socket with arizona_ws:init/1, forwards
frames to arizona_socket, and relays drain through arizona_socket:drain/2
	arizona_roadrunner_controller -- controller-route handler; maps what
arizona_controller:dispatch/3 returns onto roadrunner, routing a loop's messages to the
controller's handle_info/3
	arizona_roadrunner_req -- implements the arizona_req behaviour (the request abstraction
consumed by handlers), including the optional resolve_route/3 for SPA navigate

The arizona_req behaviour is the boundary between the server and the engine: handlers and the
shared pipeline only ever see an arizona_req:request(), never roadrunner's native request type.
Configuration -- arizona_config
Every arizona app-env value may be a literal or an environment-variable reference resolved at
startup. arizona_config centralizes both the read and the resolution:
	get_env/1 / get_env/2 -- drop-in replacements for application:get_env(arizona, Key[, Default]) that pass the stored value through resolve/1. The scattered scalar reads
(arizona_origin, arizona_session, arizona_flash, arizona_crypto, arizona_sup,
arizona_req, arizona_session_store_ets) call these.
	resolve/1 -- expands references in an arbitrary term. Called once at the top of each
adapter's start/2 (arizona_roadrunner_server, arizona_cowboy_server) to resolve the whole
server opts map, so nested port / scheme / tls / proto_opts references work and every
direct caller (the test server, CT suites) benefits without change.

Reference forms:
	{env, "VAR"} -- required. Returns $VAR as a binary; raises env_not_set (with a
format_error/2 message) when unset. For a secret with no sensible default.
	{env, "VAR", Default} -- optional. Coerces $VAR to the type of Default, or returns
Default when unset.

Coercion is by the default's Erlang type (env vars are always strings): integer, float (an
integer value like "2" reads as 2.0), boolean ("true"/"false", case-insensitive), binary,
atom (list_to_existing_atom/1), or list (a comma-split into trimmed binaries -- the
csrf_origins / secret_key_previous shape). The required form yields a binary. A default of
any other type (a map, a tuple, a list of atoms) has no coercion and raises unsupported_default
(with a format_error/2 message) whether or not the variable is set.
resolve/1 recurses into maps, lists, and 2-tuples only:
resolve({env, Var}) -> ...;                 %% required
resolve({env, Var, Default}) -> ...;        %% optional, coerced
resolve(Map) when is_map(Map) -> #{K => resolve(V) || K := V <- Map};
resolve(List) when is_list(List) -> [resolve(E) || E <- List];
resolve({A, B}) -> {resolve(A), resolve(B)};
resolve(Other) -> Other.
Limiting tuple recursion to 2-tuples (proplist pairs like {port, ...}, {certfile, ...}) is
the safety property: route tuples ({live, Path, Handler, Opts} and friends -- all >=3-tuples)
fall to the Other clause and pass through untouched, so an operator-supplied literal {env, _, _} sitting inside a route's bindings/state is never rewritten. Resolution is idempotent, so
resolving in start/2 is safe even if a caller already resolved.
The flip side is that env is a reserved tag: a reference is recognised by shape alone, so a
proplist pair that merely happens to be keyed env ({env, "production"} among a listener's
options) is read as a reference to the variable production -- substituted when it is set, and
raising env_not_set when it is not. That message says {env, _} is the reference form, so a
hijacked pair is diagnosable; the fix is to key the option something else.
MCP server
An Arizona app exposes a Model Context Protocol (MCP) server to AI agents (Claude Code, Cursor,
Claude Desktop) by implementing the arizona_mcp behaviour and mounting it on a route:
{mcp, ~"/mcp", my_mcp, #{sessions => true, origins => [~"http://localhost:3000"]}}
MCP rides the same transport as everything else -- it is pure application-layer code, a controller
(arizona_route:controller/1 turns an {mcp, ...} route into arizona_mcp_handler behind no
pipeline), with no MCP-aware feature in any server. The boundary: the server adapter supplies the
mechanism (routing, the request, the controller {loop, ...} reply, the
{arizona_disconnect, _} signal); Arizona supplies the JSON-RPC 2.0 envelope, arizona_sse
framing, the MCP lifecycle, the tool/resource/prompt registry, the session lifecycle, and the
peer/Origin/auth policy.
Transport
MCP's Streamable HTTP maps onto controller reply kinds with no new transport feature:
	POST -- the client sends one JSON-RPC message. The handler decodes and dispatches; it returns
a buffered application/json reply, or -- for a tools/call carrying a _meta.progressToken
from a client that accepts text/event-stream -- answers as an SSE stream (the tool's
notifications/progress, then the result, then close).
	GET (session mode) -- opens the long-lived server-to-client SSE channel as
{loop, 200, [event-stream headers], State}; handle_info/3 forwards server-initiated
notifications and stops the loop on {arizona_disconnect, _}.
	DELETE (session mode) -- tears the session down.

The channel works on every protocol the adapter sends loops over; roadrunner wires them on h1, h2,
and h3 (h2/h3 multiplex many sessions over one connection with no head-of-line blocking). Every
Push flushes one frame to the wire with no coalescing, so a notifications/* message reaches the
agent at emit time.
Progress streaming
When a token-bearing tools/call streams (the client accepted SSE), the tool runs in a worker
process so the connection loop is free to push its progress as it arrives. In stateless mode the
loop spawns the worker; in session mode the session spawns it (so the session stays responsive
to a cancel) and the worker reports its threaded-back state on completion. Either way the tool emits
via the Ctx handed to handle_tool/4 -- arizona_mcp:progress/2,3 relays each
notifications/progress to the POST's loop, which pushes it; the final result is the last frame,
then the loop stops. The context is inert (a no-op) for a non-streaming call, so a tool can always
call progress/2,3.
A JSON-RPC object is encoded by whoever produces it, never by the process that writes it to the
wire. json:encode/1 rejects a binary that is not valid UTF-8, and a callback module can return
one; encoding at the producer keeps that failure inside the producer's crash guard, which answers
-32603 like any other callback crash. So the tool worker frames its own progress notifications and
its final result (arizona_mcp_handler:message_frame/1), and the connection loop only pushes bytes;
the buffered reply paths encode inside the same guard. The one object that cannot be answered is a
server-initiated notification -- it carries no id -- so an unencodable one is logged and dropped
rather than taken out on the session process, which would kill every request in flight on it.
Dispatch, cancellation, and timeouts
Requests run in a worker process (the only exceptions are resources/subscribe/unsubscribe, which
own a session-keyed pubsub subscription and run no app code), so the session process never blocks on
app code -- it stays responsive to cancels, idle-reap, and server pushes even while a tool runs.
Buffered (non-streaming) requests are served through a one-at-a-time queue (so their state
threading stays serialized) and replied to asynchronously; a request that outlives
request_timeout_ms (default 60s) frees the client with a -32603 while the session keeps running
it. A streaming tools/call runs concurrently in its own worker, reading a state snapshot and
threading nothing back -- so the serialized buffered queue is the only path that mutates session
state, and nothing races on it.
Any in-flight request is cancellable: a notifications/cancelled {requestId} (routed to the
session) or a client disconnect kills the worker and frees the caller -- a buffered caller with a
-32603, a streaming POST loop told to stop. The session monitors each worker, so an unexpected
worker death frees the caller with a -32603 rather than hanging it.
An in-flight streaming request holds its session alive the way an attached channel does -- the idle
TTL is suspended while a stream runs, so a long stream is never reaped mid-run, and re-arms once it
finishes or is cancelled. A buffered worker deliberately does not hold the session: the idle TTL
stays the safety net that reaps, and so kills, a stuck buffered tool. Tearing the session down
(DELETE, idle TTL, or shutdown) kills any still-running worker, so a blocking tool cannot orphan and
run forever.
Stateless vs session mode
Without sessions => true every request is self-contained: the handler runs init/1 per request,
dispatches, and discards the state. With sessions => true, initialize mints an Mcp-Session-Id
and starts an arizona_mcp_session process (owned by arizona_mcp_sup, not linked to the
connection, so it outlives any single request); later requests carrying that id route to the process
via arizona_mcp_session_registry, which runs them one at a time (each in a worker, so a slow tool
never blocks the session) against its held state. A stateful callback's returned state threads back
into the session, so the session is genuinely stateful across requests; a crash answers -32603 and
leaves the prior state intact. An idle session is reaped after session_ttl_ms (default 5 minutes).
Resumability and server push
The session assigns a monotonic id to each emitted SSE event and buffers the last
session_buffer_max of them; a client that reconnects with Last-Event-ID gets the newer events
replayed. Two ways to push a notifications/* message:
	broadcast/3 -- publishes to an arizona_pubsub channel; every session subscribed to it (via its
optional channels/1 callback) forwards the notification. Decoupled -- the caller holds no
session reference.
	notify/3 -- pushes to one session by its Mcp-Session-Id.

Both are no-ops for a session with no attached SSE channel.
Resource subscriptions and templates
resources/subscribe joins the session to a per-uri arizona_pubsub channel
({mcp_resource, Uri}); arizona_mcp:resource_updated/1 broadcasts to it, so every subscribed
session forwards notifications/resources/updated. resources/unsubscribe leaves the channel, and
pg auto-removes a session on exit, so there is no per-session subscription bookkeeping. It is the
same fan-out path as broadcast/3 + channels/1, just keyed per uri and joined at runtime. The
optional resource_templates/1 callback backs resources/templates/list (URI templates like
mem://user/{id}), paginated through the same list_reply.
Logging and completion
logging/setLevel stores a minimum severity in the session map (log_min_severity, default
info), threaded back like any other state; arizona_mcp:log/3 resolves the level severity
caller-side and casts to the session, which emits a notifications/message only when the message is
at or above the stored minimum. completion/complete decodes the ref ({prompt, Name} |
{resource, Uri}) and the partial argument, calls the optional complete/3 callback, and caps the
returned values at 100, setting hasMore. Both are capability-gated (logging / completions).
Pagination
The */list methods paginate with opaque cursors, framework-side: the tools/1 / resources/1 /
prompts/1 callbacks keep returning their full list, and the transport slices it by an offset
cursor (base64 of the offset), emitting nextCursor when more remain. The page size is the route's
page_size opt (default 50), so a list that fits returns in one page with no cursor. A malformed
cursor is a -32602; an offset past the end returns an empty final page. The callbacks never see a
cursor. Because the cursor is an offset, it assumes a stable list across pages -- a list mutated
mid-pagination can skip or repeat an item (acceptable for the near-static MCP lists, and a
list_changed notification has the client re-list anyway).
Resource limits and keep-alive
Three opt-in knobs bound a session-mode route. max_sessions caps the live sessions per route
(the registry tags each session with the request path it opened on and counts by it, so two routes
sharing a handler module still cap independently); an initialize past the cap is answered with a
503 plus a JSON-RPC error body. The count is read just before starting, so a burst of concurrent
initializes can admit a few over the cap -- fine for a soft limit. session_max_pending (default
	bounds the per-session buffered-dispatch queue; a dispatch arriving with the queue full is
rejected with a -32603 rather than enqueued. session_keepalive_ms (default 30s, infinity
disables) makes the session emit a periodic roadrunner_sse:comment/1 over an attached channel so
idle proxies don't close the stream; the comment carries no event id, so it is never buffered for
resumption, and the timer runs only while a channel is attached.

Capability gating and security
init/1 returns an atom-keyed capability map; the transport serves resources/* and prompts/*
only when the matching capability was advertised, answering method not found otherwise. Tools are
always available. Before any dispatch a request passes the security gate: the Origin allowlist (a
DNS-rebinding defense), the loopback-peer check unless allow_remote_access => true
(arizona_req:peer/1), and the route's optional auth hook, which is handed the
arizona_req:request().
Known caveat -- loop backpressure
The SSE channel pushes notifications into the loop process's mailbox. If an app pushed faster than
the client drains, an h1 loop mailbox is unbounded (h2/h3 have implicit stream-window backpressure).
A dev-tool MCP server pushes trivial volume, so this is not on the critical path; it matters only
for a deployment streaming high-volume notifications.
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    Native (JSON) render target

Arizona renders HTML to browsers via ?html. The native target renders the
same server-side-diffing model to a JSON widget tree that a thin native
client (iOS/SwiftUI, Android/Jetpack Compose, or any other) turns into real
widgets. The server stays the source of truth: it ships JSON + diff ops over the
WebSocket and receives events back, reusing the entire engine — the diff,
the fingerprint cache, the op codes, and the transport — unchanged.
The web (?html) path is untouched: same HTML statics, SSR, SEO, and browser
client.
Authoring
Use ?native(...) instead of ?html(...). The element-tuple form, macros, and
handlers are identical:
-include_lib("arizona/include/arizona_stateful.hrl").

mount(Bindings) ->
    {#{id => ~"counter", count => maps:get(count, Bindings, 0)}, #{}}.

render(Bindings) ->
    ?native({'Column', [{id, ?get(id)}, {padding, ~"16"}], [
        {'Text', [], [?get(count)]},
        {'Button', [{on_tap, arizona_android:push_event(~"inc")}], [~"+"]},
        {'List', [], [
            ?each(fun item/1, ?get(items))
        ]}
    ]}).

item(Item) ->
    {'Text', [], [maps:get(label, Item)]}.

handle_event(~"inc", _Payload, Bindings) ->
    {Bindings#{count => maps:get(count, Bindings) + 1}, #{}, []}.
	The tag is the widget type, verbatim. 'Column', 'VStack', 'Text',
'Button', … The framework is vocabulary-agnostic — it never interprets
the tag; the client engine maps the type string to a real widget. There is
no fixed widget list and no server-side validation: an unknown widget is the
client's / your tests' concern, not a compile error.
	Attributes are widget props. Static and dynamic both supported. Values are
string-encoded on the wire; the client coerces (typed props are a future
addition). A whole-value boolean prop is the exception: it is a JSON
true/false, static ({visible, true}) or dynamic ({enabled, ?get(on)}),
and a dynamic one stays present in both states -- OP_SET_ATTR sets it to
false rather than removing the prop. A static false stays too
("enabled":false), unlike the web, where false means the attribute is
absent. Only a whole-value prop is typed: a boolean in content renders as the
text true/false, an interpolated prop value ([~"a-", ?get(on)]) is text,
so a boolean in it raises bad_template_value.
	Event handlers are props whose value is an effect command built with the
platform module: {on_tap, arizona_android:push_event(~"inc")}. The command
reaches the client as its JSON array ([0, "inc"]) whether it is folded into
the statics or computed at runtime ({on_tap, ?get(cmd)}, carried in d and
patched by OP_SET_ATTR). A list of commands arrives as a list of arrays and
runs in order, as on the web. A disabled command reads false
({on_tap, case ?get(on) of true -> Cmd; false -> false end}); a client treats
a tap prop that is not an array as no command and fires nothing. Events
flow back exactly as on the web ([ViewId, Event, Payload] → handle_event/3).
	?each works uniformly. A ?each inside ?native is compiled for the
native target automatically — no separate macro. ?stateful/?stateless
children also work; the embedded module must use the same target (see
Constraints).

Serving HTML and native from one view
The framework injects nothing and decides nothing. To serve browsers HTML and
native apps a JSON tree from a single view, read the connecting client (its
User-Agent, supplied as a binding by arizona_middleware:extract([user_agent])) and
branch in render/1.
arizona_req:user_agent/1 returns the raw User-Agent header (no custom header
needed — most clients send one), or <<>> if absent. arizona_user_agent
turns it into a coarse, best-effort classification through pure, composable
helpers — call only the one(s) you need, no precomputed map:
	browser/1 — true when the UA carries Mozilla (browsers/webviews do; a
native app's HTTP stack typically does not).
	os/1 — watchos | tvos | webos | tizen | ios | android | windows | macos | linux | other. The smart-TV ones (tvos/webos/tizen) come from real
TV-browser UAs; watchos and native apps need a descriptive UA (a generic one
→ other), so for native clients you control an explicit platform signal is
more reliable than UA sniffing.

	mobile/1 — best-effort mobile-device guess.

%% Route opts: middlewares => [arizona_middleware:extract([user_agent])]
mount(Bindings) ->
    {#{id => ~"page", user_agent => ?get(user_agent)}, #{}}.

%% A browser/webview carries "Mozilla" -> HTML; a native app's HTTP stack
%% typically does not -> native. Reach for arizona_user_agent:os/1 or mobile/1,
%% or match the raw UA (e.g. your app's custom UA), only when you need to.
render(#{user_agent := UA} = Bindings) ->
    case arizona_user_agent:browser(UA) of
        true -> ?html({'div', [{id, ?get(id)}], [...]});
        false -> ?native({'Column', [{id, ?get(id)}], [...]})
    end.
These helpers are heuristic and request-level; the extract([user_agent])
middleware runs on both the HTTP and WS paths. You own the binding name and the
branch -- if you prefer an explicit signal, your client can send a query param
and you extract it with arizona_middleware:extract([params]) instead.
The JSON widget tree
Each element compiles to a flat JSON object — type, az, and children are
reserved keys; every other key is a prop:
{
  "type": "Column",
  "az": "f1-0",
  "az_view": true,
  "id": "counter",
  "padding": "16",
  "children": [
    { "type": "Text", "az": "f1-1",
      "children": [ { "type": "#slot", "az": "f1-1t0", "children": ["42"] } ] },
    { "type": "Button", "on_tap": [0, "inc"], "children": ["+"] }
  ]
}
	az is the diff-target token. Ops address "ViewId:az"; the client keeps
an az → node registry.
	az_view (true) marks a view root; its id prop is the ViewId (the
id returned by mount). Events from a node route to the nearest enclosing
az_view.
	#slot is the addressable, transparent wrapper for any dynamic child
(dynamic text, an ?each, or a child component). The client renders a #slot
by splicing its children into the parent — a fragment. One #slot per
dynamic child (the JSON analogue of the HTML comment markers).
	No void elements — a childless widget is just "children": [].

Wire protocol — reuses the fingerprint cache
Native uses the same op codes and the same statics-deduplication as the
browser, so statics are sent once and never re-sent:
	The first time a fingerprint f is seen, the payload is
{"f": F, "s": [...statics...], "d": [...values...]}.
	Once the client has cached f (it reports them via ["cached_fps", [...]] on
connect), the server omits s: {"f": F, "d": [...]}.
	d carries raw values: strings, numbers, and an effect command's JSON
array. The browser concatenates them; the native client JSON.stringifys each
one as it interleaves.
	Op codes (OP_TEXT, OP_SET_ATTR, OP_INSERT/OP_MOVE/OP_REMOVE/
OP_ITEM_PATCH, OP_REPLACE, …) are identical; only the payload
content is a JSON widget skeleton instead of HTML.
	A native client never loads an SSR page: its first frame is the live process's
mount_and_render output wrapped as OP_REPLACE over the WebSocket. An HTTP
GET of a native route is still served: the JSON document below, as
application/json (each render backend names its document's media type via
content_type/0; a render crash's error page stays HTML). The request-free
render (arizona_render:render_to_iolist/1, render_view_to_iolist/2, so
arizona_static and the dev tools) zips the same JSON a client builds from that
frame: each scalar a JSON string (a whole-value boolean prop a JSON boolean, an
effect command its array), each ?each a nested array.

Native client contract
Reference implementations live in-repo: e2e/utils/native_client.js (a JS client used
by the native e2e project), clients/android/ (the Kotlin/Compose Android client), and
clients/ios/ (the Swift/SwiftUI iOS client).
All three are near-copies of the browser worker (assets/js/arizona-worker.js + arizona-core.js):
	Cache statics by fingerprint in platform storage (browser uses
IndexedDB); send ["cached_fps", [...]] on connect. Bound it: a fingerprint
hashes a template's statics, so every edit mints a key and orphans the old
one. The browser client keeps the 1000 most recently used and announces no
more (FP_CACHE_MAX in assets/js/arizona-core.js); evicting only ever
costs a re-send, since the server ships statics for anything unannounced.

	Interleave s + d to reconstruct content — identical to the browser's
zipTemplate, except each d value is JSON-encoded (string → quoted,
number → as-is) rather than text-concatenated. Recurse into nested
{f,s,d} payloads and each {t:0,...} item-lists.

	Flatten fragments: render a #slot by splicing its children into the
parent, and splice a nested array (an ?each expansion) one level up. So
["#slot children"] and [[item, item]] both flatten into the parent's
children.

	Apply the op codes against a per-view az → node registry (the browser
uses the DOM): an op's "ViewId:az" target resolves within that view, so
sibling instances of the same stateful child — which share a fingerprint's az
values — don't collide. OP_TEXT sets a #slot's content,
OP_SET_ATTR/OP_REM_ATTR set/drop a prop, OP_REMOVE_NODE drops a node from
its parent (a dynamic that returned the remove sentinel; one-way — re-adding
needs a parent re-render), and the stream ops manage a container's keyed
children — items keyed by az_key, with OP_INSERT/OP_REMOVE/OP_MOVE
reordering the list, OP_ITEM_PATCH applying inner ops scoped to one item, and
a container-level OP_TEXT re-rendering the whole list.
The registry is a derived index of the tree, not a snapshot of the first
frame. Every op that (re)builds a subtree — OP_TEXT replacing a node's
children, OP_INSERT grafting a stream item — must index the new nodes
and drop the destroyed ones, exactly as OP_REPLACE indexes what it renders.
Otherwise every az the diff introduced is unaddressable: the browser
re-queries the DOM each time and never sees this, but a registry built only at
OP_REPLACE fails the very next op. That includes a nested az_view the
payload brings in — the documented
case ?get(flag) of true -> ?stateful(child, …) pattern installs a whole child
view id through an OP_TEXT, and its first update is addressed to it. This
holds for an OP_ITEM_PATCH's inner ops too: they address item-locally,
but a subtree they rebuild still has to reach the per-view registry, because the
child view it may introduce is addressed top-level (/native/stream-child is
exactly this shape).
Removal is the same obligation in reverse: OP_REMOVE/OP_REMOVE_NODE must
drop the entries of what they detach. Skipping it is not merely untidy — because
OP_INSERT indexes what it grafts in, a churning stream would add one registry
(and pin one detached subtree) per insert/remove cycle, for the life of the
connection, reclaimed only by a reconnect. Unindexing is identity-checked
(registry[az] === node): stream items share az values from one fingerprint,
so deleting by key alone would unregister a surviving sibling. OP_REMOVE_NODE
unindexes only when the splice actually found the node, so the registry never
loses something still in the tree.
Isolate each op — and each frame, and each effect. A batch's ops are
independent, so an unexpected wire shape or an unresolvable target must log and
skip that one op (as applyOps/applyItemOps do in assets/js/arizona.js),
degrading one slot instead of taking the app down. That includes an op code the
client does not implement — OP_LIST_PATCH is browser-only today. The same
applies to the two paths outside the op loop, which are equally server-driven:
a frame whose JSON does not parse, and a malformed command in the "e" array.
Both run on the client's main thread, where an escaping error is process death,
not a lost frame. A tap keeps the strict, throwing path — it is a synchronous
call on the caller's stack and the throw is the signal that a template built a
bad command.
On iOS this shapes the code, not just the error handling: preconditionFailure
and ! trap, and a Swift trap is not catchable. Every wire-facing failure on
the apply path therefore throws WireError (FingerprintCache.statics,
Interleaver, buildTree/addChild) or is guarded before the access
(JSONValue.parseChecked, the effect argument, the OP_INSERT position, which
traps Array.insert on a negative index).

	Run effects and navigate. A tap fires its node's command prop, routed to
the node's nearest enclosing az_view (the root, or a nested ?stateful
child) — so events reach stateful children, not just the root. The prop holds
one command or a list of them, told apart by whether its first element is an
array, and a list runs in order; a prop that is not an array (false for a
disabled command) fires nothing. The server's "e" (effects) array, one
command per entry, is dispatched after the ops. The portable commands are
handled — push_event, and navigate (which sends
["navigate", {path, qs}] on the same socket; the server's handle_navigate
re-mounts the target view and replies with OP_REPLACE). Web-only effects
(set_title, dispatch_event, …) are skipped on native.

	Reconnect with backoff. On a dropped socket — any close other than a
normal 1000, or an abrupt failure — reopen with exponential backoff
([1, 2, 5, 10]s steps, capped at 10s, ±20% jitter), resetting the attempt
counter once a frame arrives. Because the native URL carries _az_reconnect=1,
each reopen re-mounts and replies with a fresh OP_REPLACE (native has no
form state to preserve — that path is browser-only), so a server restart
self-heals. An intentional close() (code 1000) does not reconnect. To catch
a silently half-open socket (no TCP error), the clients also send a 30s
heartbeat ping ('0'; the server pongs '1'); a pong still pending at the next
tick means the socket is dead, so they drop it and reconnect via the same path.


The native e2e exercises each example over the real socket: a counter
(/native/counter), a keyed list (/native/list), conditional tab switching
(/native/tabs), server-pushed ticks (/native/ticker), independent counters
(/native/multi), nested stateful children with per-child event routing
(/native/nested), a conditionally rendered stateful child whose view id only the
diff ever ships (/native/conditional) and the same shape nested inside a stream
item, where it arrives through an item-patch inner op (/native/stream-child),
navigation (/native/menu), and reconnect-after-drop. The in-repo Android
(clients/android) and iOS (clients/ios) samples are launchers that open /native/menu and
navigate to each on a device or Simulator.
Effect commands
Event-attribute values and handle_event/3 effects are built per platform,
all producing the same neutral wire format ({arizona_effect, [OpCode | Args]},
op codes in include/arizona_effect.hrl, encoded by arizona_effect):
	arizona_js — web/browser builders. push_event, navigate, plus
DOM-specific ones: toggle/show/hide, the class ops, set_attr/
remove_attr, dispatch_event, focus/blur/scroll_to (CSS selectors),
on_key (keyboard), set_title, reload.
	arizona_android — native builders for ?native views. push_event and
navigate (duplicated; same wire as the web ones), and the home for
Android-specific commands as they're added.

Only push_event/navigate are portable enough to exist on both — they're pure
client→server actions. The DOM/selector/keyboard commands (toggle, focus,
scroll_to, on_key, …) are web-only by nature and live only in arizona_js.
The reference native clients implement both portable commands: push_event
(from a tap or the "e" array) and navigate (a same-socket view transition).
Web-only effects appearing in the "e" array are skipped, so a handler that
returns them won't crash a native client.
Constraints
	One target per view tree. A ?native view's ?stateful/?stateless/
?each children must also be ?native (and vice-versa for ?html). Mixing
targets in one tree mismatches the statics format. This is a documented rule,
not a checked one.
	No server-side widget validation (let-it-crash / the client's concern).
	Props are string-encoded (a boolean, which is JSON true/false, and an
event prop's command, which is an array, excepted); the client coerces. Typed props, opt-in
per-platform compile-time validators, and a portable cross-platform
vocabulary helper are possible future additions.
	A stateful child inside a stream item resolves through its own view. The
item's ordinary inner ops are applied via OP_ITEM_PATCH against a flat
item-local az map, but a child view reaches the clients three ways, all of which
land in the per-view registry: a [ChildViewId, ChildOps] wrapper nested inside
the item patch (flatten_ops/2 in arizona_socket unwraps that wrapper only at
top level, so its first element is a view-id string, not an op code); an
OP_INSERT that grafts in an item already containing the child; and an item-patch
inner OP_TEXT that installs the child a conditional in the item template just
switched on. That last one is why an inner-op rebuild indexes into the per-view
registry as well as the item-local map — the child's own ops arrive top-level.
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    Native-shell (OS) capabilities

When an Arizona app runs inside a native shell (Tauri, Electron, a webview
wrapper, ...) instead of a plain browser, the server can drive OS-level
capabilities the browser sandbox forbids: window control, native notifications,
screen-capture protection, and so on. The renderer is still the same web
(?html) client over the same WebSocket -- the shell only adds a native
side-channel. So an existing app runs in a shell unchanged, and the seam is
purely additive: in a plain browser everything below is a safe no-op.
This is not a new render target (that is docs/native.md, the
?native JSON-widget target for iOS/Android). A desktop shell's renderer is a
browser, so it uses the web path; this page is only about the native capability
side-channel.
The contract -- globalThis.__arizona_os__
The seam is defined entirely at one boundary: a JS object the shell installs on
the page before the page's scripts run. Arizona has zero shell-specific code;
supporting a new shell means writing an adapter that provides this object.
globalThis.__arizona_os__ = {
  // Advertised at connect -> _az_caps -> the server's ?capability(Name).
  capabilities: { window_title: true, window_focus: true /* ... */ },

  // Server/client OS command -> the shell's native layer (allowlisted there).
  // Returns a Promise. The arguments are the capability name and the spliced
  // arg list the server sent after it.
  invoke(name, args) { /* ... */ },

  // Register ONE callback for inbound OS events (window focus/blur, ...). The
  // shell calls cb(name, payload); Arizona relays it as an ordinary event.
  onEvent(cb) { /* ... */ },
};
Two requirements on any adapter:
	Ordering. The shell MUST set globalThis.__arizona_os__ before Arizona's
connect() runs, so the capabilities are advertised at the WebSocket handshake.
(If no shell is present by then, the app runs as a plain browser -- a safe
no-op, never an error.)
	Allowlist in native code. Because the renderer loads remote app content,
invoke must dispatch only known capability names to typed native actions --
never a generic native call.

Capability negotiation -- _az_caps and ?capability
At connect, the client serializes __arizona_os__.capabilities into the
_az_caps WebSocket query param. The live process exposes it through
arizona_live:capability/1, with the ?capability(Name) macro:
?capability(~"window_title")   %% boolean(): did the shell advertise it?
?capabilities                   %% the whole map
?capability mirrors ?connected: it is false during SSR and reflects the
negotiated capabilities in the connected live process. So gate rendering the
same way you gate on ?connected -- via a binding flipped on connect, not
raw ?capability in render/1 (which would freeze at SSR's false):
mount(Bindings0) ->
    Bindings = #{id => ~"win", can_window => false /* ... */},
    ?connected andalso ?send(arizona_connected),
    {Bindings, #{}}.

handle_info(arizona_connected, Bindings) ->
    {Bindings#{can_window => ?capability(~"window_title")}, #{}, []}.

render(Bindings) ->
    ?html({'div', [], [
        case ?get(can_window) of
            true -> {button, [{az_click, arizona_os:set_title(~"Hi")}], [~"Rename"]};
            false -> <<>>
        end
    ]}).
Security invariant. ?capability reflects an unauthenticated, client-
advertised claim (any client can put anything in _az_caps). It is a UI/effect
hint only -- never branch a server-side authorization decision on it. It
exists so a view can skip rendering a control whose effect would no-op anyway.
Advertising a capability you do not have is self-defeating: a non-cooperating
client will not execute the command.

Issuing OS commands -- arizona_os
arizona_os is the per-target command builder (beside arizona_js for the
browser and arizona_android for ?native). Unlike those, every command
funnels through one generic op (?EFFECT_OS) carrying a capability name plus
args -- the engine is a pass-through; the shell owns the vocabulary. New
capabilities are new names, never new op codes.
%% Client-triggered (an event attribute): runs in the browser on click, no
%% round-trip, straight to the shell.
{button, [{az_click, arizona_os:set_title(~"New title")}], [~"Rename"]}

%% Server-emitted (a handler effect): pushed over the WebSocket, then to the shell.
handle_event(~"rename", _P, B) ->
    {B, #{}, [arizona_os:set_title(~"New title")]}.
Typed sugars are the documented path; command/2 is the unchecked escape hatch
(a misspelled name is a silent no-op):
	Builder	Capability name
	set_title/1	~"window_title"
	focus/0	~"window_focus"
	minimize/0	~"window_minimize"
	maximize/0,1	~"window_maximize"
	fullscreen/1	~"window_fullscreen"
	notify/1,2	~"notify"
	capture_protection/1	~"screen_capture_protection"
	open_window/2	~"open_window"
	command/1,2	(any name)

open_window/2 takes a Url binary and an Opts map of window hints --
width / height (integers) and always_on_top (boolean) -- for a shell that
can open a secondary window the browser sandbox forbids (e.g. an always-on-top
picture-in-picture). Like the others it is fire-and-forget: the window is opened
for its side effect, so it belongs with the sugars above, not with the deferred
result-bearing capabilities below.
Declarative vs one-shot on reconnect. On reconnect the live process re-mounts
fresh (so ?connected is true again) while the OS window keeps its real state.
The view distinguishes the two with ?reconnected, which mirrors ?connected: it
is false during SSR and on the first connect, and true only on a
reconnection's mount. It belongs to the page, not the socket: a page reached by
navigate after a reconnect mounts for the first time on that connection, so it
reads false and its one-shots fire, while a same-handler patch keeps the
mounted view and its value (a patch to another handler degrades to a navigate,
so it reads false too). The flag is per live process, one per connection.
	Declarative/idempotent capabilities (set_title, fullscreen,
screen_capture_protection) re-assert from server state on every connect --
gate them on ?connected.
	One-shot capabilities (notify, focus) fire on the first connect only
-- gate them on ?connected andalso not ?reconnected, or they double-fire on
every reconnect.

Both gates fit the connect self-cast (where ?connected is already true, so
not ?reconnected is the operative check):
handle_info(arizona_connected, Bindings) ->
    Declarative = [arizona_os:set_title(?get(title))],   %% every connect
    Effects =
        case ?reconnected of
            true -> Declarative;
            false -> [arizona_os:focus() | Declarative]   %% first connect only
        end,
    {Bindings, #{}, Effects}.
Inbound OS events
The shell injects OS events (window focus/blur/resize, capture-state change, ...)
through onEvent; Arizona relays each as an ordinary pushEvent to the root
view, so it lands in handle_event/3 like any other event -- with its payload:
handle_event(~"window_state", #{~"state" := State}, Bindings) ->
    {Bindings#{last_event => State}, #{}, []}.
Name OS events with a recognizable prefix. A relayed OS event shares the app's
handle_event/3 namespace on the root view -- a shell event named "submit"
is indistinguishable from the app's own "submit". Give OS event names a prefix
the app won't reuse (the reference shell uses window_...: window_state, ...) so
they never collide with app event names.
The seam is one-directional: a command's return value is ignored (commands are
fire-and-forget, like every other Arizona effect), so onEvent is the only return
channel. And capabilities are a connect-time snapshot -- _az_caps is read
once at the WS handshake, so a capability the shell adds after connect is seen
only on the next (re)connect.
Deferred: result-bearing / permission-gated capabilities. The fire-and-forget
model fits declarative caps, but a capability that needs a result (a native
notification that reports a permission grant, then shown/clicked) has no return
path today. Such a capability is a deferred extension: it would need a
result-relay (correlating invoke()'s resolved value back as an event) or a
documented "shell emits a follow-up OS event via onEvent" pattern. Not blocking
-- notify is not yet implemented in the reference shell.

Shell-neutrality (Tauri, Electron, ...)
The contract is transport-agnostic; the same __arizona_os__ shape is satisfied
by each shell's native primitives:
	Contract piece	Tauri v2	Electron
	install __arizona_os__ before page JS	WebviewWindowBuilder::initialization_script	preload.js + contextBridge.exposeInMainWorld
	invoke(name, args) -> native	getCurrentWindow() core window commands (setTitle / minimize / maximize / ...)	ipcRenderer.invoke -> ipcMain.handle
	onEvent(cb) <- OS events	window.__TAURI__.event.listen + Rust app.emit	ipcRenderer.on + main webContents.send
	window control / capture protection	WebviewWindow::set_title / set_content_protected	BrowserWindow.setTitle / setContentProtection

set_content_protected / setContentProtection is Windows 10 2004+/macOS only
(a no-op on Linux). Arizona's ?capability is unrelated to Tauri's own
capability/ACL permission system.
Tauri thin-shape specifics (learned the hard way). Because the page loads
from a remote origin, the Tauri capability must allowlist it under
remote.urls and grant the specific core:window:allow-* permissions; a
custom #[tauri::command] is not reachable from remote content, so the shell
drives the permission-gated core window plugin instead. Outbound commands and
inbound events both work this way on Linux. One cosmetic caveat: set_title
applies (verify via getCurrentWindow().title()) but some Linux window managers
don't repaint the visible title bar, so the demo also exposes a Maximize button
for an unmistakable effect. (Electron's ipcRenderer has none of these
restrictions and reaches any command -- the simpler shell for the thin shape.)
The reference shell is clients/tauri/ (Tauri v2): one
worked implementor of this contract, run opt-in via make build-tauri /
make test-tauri (not part of make ci, like the iOS/Android clients). It loads
the in-repo /os demo by default (ARIZONA_URL overrides). An Electron adapter
implements the same contract with preload.js + ipcMain.
Deployment shapes
	Thin (primary). The shell's renderer loads a remote Arizona URL; the
BEAM stays on the server. The page is same-origin with its own WebSocket, so the
Origin check passes untouched. This is what clients/tauri does.
	Fat (deferred). The OTP release is bundled and run locally; the renderer
connects to localhost. Adds process-lifecycle/readiness/port concerns; not built
yet, but the seam does not foreclose it.

Testing
The seam is proven in CI without any shell by a real-browser e2e
(e2e/parallel/arizona_os.spec.js) that installs a fake window.__arizona_os__
via page.addInitScript (the preload equivalent) and drives the /os demo
(test/support/arizona_os_demo.erl) through the real client: caps negotiated,
server + client OS commands reaching invoke, and an inbound OS event reaching
handle_event/3. The control case (no shell) asserts the OS UI is absent and the
commands no-op.
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    MCP servers

Arizona can serve the Model Context Protocol (MCP), so an AI
agent (Claude Code, Cursor, the MCP Inspector, ...) can call into your app. You write a handler
module that exposes tools, resources, and prompts, and mount it on a route. The
transport is MCP's Streamable HTTP (JSON-RPC over HTTP POST, with an optional SSE channel for
server-initiated messages); it rides the same listener as the rest of your app, on any server
adapter with the mcp capability (roadrunner and Cowboy both have it).
Two shapes fall out of the same engine:
	A dev tool: a coding agent introspects your running dev app (its routes, its docs) and
runs code against it. Localhost, single developer, trusted.
	A user-facing server: your app exposes its features as tools to end-users' agents at
runtime. Untrusted and concurrent, so the session, auth, and resource-limit features earn their
keep.

Arizona ships a batteries-included dev tool, arizona_dev_mcp. Add it to your dev
server's routes and point a coding agent at it:
arizona_dev_mcp:route(~"/mcp")
route/1 defaults to sessions => true (so eval is a persistent REPL); route/2 merges extra
opts. You can mount it as-is (jump to Introspection tools) or write your own
-- this guide covers both.
The behaviour
An MCP server is a module with -behaviour(arizona_mcp). Only three callbacks are required --
init/1, tools/1, and handle_tool/4 -- the rest (resources, prompts, completion, logging) are
optional and gated by the capabilities init/1 advertises.
-module(my_mcp).
-behaviour(arizona_mcp).
-export([init/1, tools/1, handle_tool/4]).

init(_InitParams) ->
    %% {ok, ServerInfo, Capabilities, State}
    {ok, #{name => ~"my_app_dev", version => ~"0.1.0"}, #{tools => #{}}, #{}}.

tools(_State) ->
    [
        #{
            name => ~"list_routes",
            description => ~"List the routes this app serves",
            input_schema => #{type => ~"object", properties => #{}}
        }
    ].

handle_tool(~"list_routes", _Args, _Ctx, State) ->
    Lines = [format_route(R) || R <- my_app:routes()],
    {reply, iolist_to_binary(lists:join($\n, Lines)), State}.

%% Route tuples are not all one shape: `{live|post|..., Path, Handler, Opts}` is a
%% 4-tuple, `{ws|asset|reload, Path, Opts}` a 3-tuple, `{match, Spec, Path, Handler,
%% Opts}` a 5-tuple. Destructuring a single shape in the generator head would
%% silently drop every other route, so match per clause and keep a catch-all.
format_route({Type, Path, Handler, _Opts}) when is_atom(Handler) ->
    io_lib:format("~p ~ts -> ~p", [Type, Path, Handler]);
format_route({Type, Path, _}) ->
    io_lib:format("~p ~ts", [Type, Path]);
format_route(Other) ->
    io_lib:format("~p", [Other]).
handle_tool/4 returns {reply, Result, State} (a binary, or a map with content /
structured_content) or {error, Message, State} for an in-band tool error. The returned State
threads back into the session, so state mutated by one call is visible to the next.
Mounting it
Add an mcp route. For a dev tool, run it in session mode so per-session state (like a REPL's
bindings) persists across calls:
{mcp, ~"/mcp", my_mcp, #{sessions => true}}
The Origin check is a DNS-rebinding defense: a request with no Origin (a CLI agent, or the
Inspector's proxy) is allowed; a browser Origin must be in the origins allowlist, which defaults
to empty. So a CLI agent needs no origins at all -- omitting it blocks every browser origin, the
safest posture. Add origins => [~"http://localhost:PORT"] only to allow a direct browser-based
client.
Connecting an agent
claude mcp add --transport http my-app-dev http://localhost:4040/mcp
# or, to explore by hand:
npx @modelcontextprotocol/inspector

Introspection tools
The built-in arizona_dev_mcp ships these, each a thin wrapper over data the running node already
has. Mount it with arizona_dev_mcp:route(~"/mcp") and point your agent at /mcp:
	list_routes -- the app's routes, read from the arizona server app env.
	describe_component -- a component's kind (stateful/stateless), its exports, and its moduledoc.
	get_docs -- a module's or function's documentation via code:get_doc/1 (EEP-48).
	get_source_location -- where a module (or function) is defined.
	reloader_status -- the dev reloader's current compile error (arizona_reloader:get_error/0)
plus loaded-vs-disk drift: the modules whose loaded code differs from their beam on disk. A
node serving stale code otherwise reads "ok", so the drift list is the useful half.
	get_logs -- recent log output from the running node, filtered by tail, level, grep and
since. Each reply ends with a cursor; passing it back as since returns only what was logged
after that read, so a loop that checks the logs after every action stops re-reading its own
previous window.
An agent driving the node has no terminal, so without this a crash report -- the one artifact
naming the module and line -- is unreadable, and a live process dying on every interaction reads
back as a healthy app. Output produced by the MCP's own tool calls is excluded, so an eval that
logs does not come back as the app's behaviour. Backed by a bounded ring
(arizona_dev_log) installed on the first MCP session, so a node that never mounts this route
captures nothing. It shows whatever the app's own logger level already allows: logger applies
the primary level before any handler, so capturing below it would mean raising the app's level --
changing the system in order to observe it. Crash reports are error, so the case this exists
for is unaffected.
	view_state -- a live view's current bindings, by view_id; omit it to list the live views
and their child views. Where get_logs answers "what happened", this answers "what does
this view believe now", which is what separates a slot rendering a stale value from a slot that
has no dependency at all (see "The invariant" in architecture.md). Live views
are found by scanning processes, not through a registry: a live process is spawned per WebSocket
and linked to it, never registered by id, and a dev-only scan avoids adding bookkeeping to every
connection for a tool used a handful of times. A view exists only while a page holds its socket.
	app_info -- application:get_key/2, erlang:system_info/1.
	render_component -- render a view/component module to HTML with given bindings.
	reload -- force a compile+reload sync now: recompile the project (via rebar_agent under
rebar3 shell) and reload every module whose beam on disk differs from the loaded code, except
modules of an app listed in rebar3's app_reload_blacklist -- reloading purges the old code,
which kills any process still lingering in it. This is the action to take when reloader_status
reports drift. It swaps running code in the live node, so it sits behind the same
localhost-only gate as eval (see below), not the read-only introspection tools.
	eval -- run Erlang in the live node (see below).

eval: powerful, and a footgun
arizona_dev_mcp's eval tool runs Erlang in the live node and keeps its bindings across calls (a
REPL the agent drives), by scanning/parsing/evaluating against the session's erl_eval bindings:
handle_tool(~"eval", #{~"code" := Code}, _Ctx, #{bindings := Bindings} = State) ->
    case eval_code(Code, Bindings) of
        {ok, Value, NewBindings} -> {reply, format_value(Value), State#{bindings := NewBindings}};
        {error, Message} -> {error, Message, State}
    end.
This is what makes a dev tool genuinely useful -- the agent can inspect any state and call any
function. It is also arbitrary remote code execution, so eval is always available but the dev
route is localhost-only by default: arizona_dev_mcp:route/1,2 set allow_remote_access => false,
and the MCP handler refuses any request whose peer is not a loopback address -- regardless of which
interface the listener bound. That peer check -- the route protecting itself rather than
being gated per tool -- is the primary guard, alongside the Origin check and
keeping this a dev-only dependency; set allow_remote_access => true only on a network you trust.
The peer check is void behind a proxy or tunnel. It trusts the immediate TCP peer, so a same-host
reverse proxy or a dev tunnel (ngrok/cloudflared/port-forward) makes every remote client look like
loopback -- and binding the listener to loopback does not help (the tunnel connects to loopback
anyway). Whenever the port is reachable through anything but a direct local socket, gate eval with
an auth hook (a shared secret) instead; proto_opts => #{ip => {127,0,0,1}} only hardens a direct
remote connection, and proxy_protocol => true lets a client spoof the peer. Running it in session
mode means a slow eval runs in the session's worker, so it is cancellable and bounded by
request_timeout_ms rather than wedging the session.
Route options
All optional, with safe defaults; a route that sets none behaves as a plain stateless MCP server.
	Option	Default	Meaning
	sessions	false	Opt into stateful sessions (initialize mints an Mcp-Session-Id).
	origins	[]	Origin allowlist (no-Origin requests are always allowed).
	auth	none	A per-route auth hook run after the Origin check: fun((arizona_req:request()) -> ok | {reject, Status}) or {Module, Function}.
	allow_remote_access	false	Localhost-only unless true: refuse a non-loopback peer (void behind a same-host proxy/tunnel -- use auth).
	max_sessions	unbounded	Cap on live sessions for this route; initialize past it gets a 503.
	session_ttl_ms	300000	Idle timeout before an abandoned session is reaped.
	request_timeout_ms	60000	How long a buffered request waits before the client gets a timeout.
	session_max_pending	100	Cap on queued buffered requests per session.
	session_keepalive_ms	30000	SSE keep-alive comment interval (infinity disables).
	page_size	50	Page size for */list pagination.

See architecture.md for how the transport, sessions, and dispatch work under the
hood.
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    Server adapters

Arizona runs on any HTTP/WebSocket server through an adapter, a package of its own. Two exist:
arizona_roadrunner (adapter => arizona_roadrunner_server) and arizona_cowboy
(adapter => arizona_cowboy_server), and both pass the conformance suite. Cowboy's is also the
worked example of an adapter for a server whose router cannot express the routing contract: it
mounts one catch-all route and matches in arizona_route_table. This page is the contract an
adapter meets and the core functions it builds on.
Everything security-relevant or user-visible is decided in core, once: what a route means, the
CSRF check, sessions and cookies, what a page, an upgrade, or a controller answers. An adapter
routes natively and maps core's answers onto its server. What core cannot enforce, the
black-box arizona_server_conformance_SUITE checks (see Conformance).
Configuration
The application starts the server env's listener through the adapter its required adapter key
names; Arizona ships none, so there is no default. Every other key but drain_timeout is the
adapter's own:
{arizona, [
    {server, #{
        adapter => my_cowboy_adapter,
        drain_timeout => 5000,
        routes => [...]
        %% ...my_cowboy_adapter's own options
    }}
]}
The pieces
	An adapter provides	Built on	Contract
	Listener lifecycle	arizona_server behaviour, arizona_server_registry	start, stop, drain, recompile routes
	Request access	arizona_req behaviour	parse callbacks, read_body/1, scheme/1, resolve_route/3
	Its router	arizona_route, arizona_route_table	the routing contract
	Live pages	arizona_http:reply/3	reply as returned, plus framing
	WebSocket	arizona_ws:upgrade/3, arizona_ws:init/1, arizona_socket	the WebSocket mapping
	Controllers	arizona_controller:dispatch/3	the reply kinds
	Assets	arizona_route:asset_dir/1	the server's own static-file handler
	Response transforms	arizona_http_transforms	etag, compress, cors, security headers

Listener lifecycle -- arizona_server
start/2, stop/1, drain/2, notify_drain/2, recompile_routes/0, and the optional
capabilities/0: the capability route kinds (mcp, reload) and controller reply kinds (stream,
sendfile, loop) the adapter supports, every kind when omitted. Core refuses the rest for you, so
an unsupported kind fails loudly instead of degrading. Report each listener once it is up,
arizona_server_registry:listener_up(Adapter, Name, Routes), and when it stops,
listener_down(Name): the dev reloader then recompiles its routes after a code reload (route terms
can hold funs from reloaded modules), and the node's dev-mode signals follow the reload and dev
MCP routes actually running. A listener another framework owns reports the same way.
Drain closes the listen socket and sends each live WebSocket session's live process
{arizona_drain, Deadline} through arizona_socket:drain/2, with Deadline an
erlang:monotonic_time(millisecond) value Timeout ahead; the view runs handle_drain/2 and by
default closes 1001, which clients reconnect from. Sessions still open at the deadline are
killed. A server with no drain of its own (Cowboy) stops accepting, notifies the WebSocket
sessions it tracks, waits for every request in flight (pages, controller replies, loops), then
stops, which closes the idle keep-alive connections. notify_drain/2 is the rolling-deploy
half: it tells the live sessions exactly as a drain does, but closes nothing and stops nothing, so
the listener keeps accepting and the reconnects land on it.
Request access -- arizona_req
parse_bindings/1 (binary keys, percent-decoded values), parse_params/1, parse_cookies/1,
parse_headers/1 (lowercase names; a repeated field combined in order, Cookie lines joined by a semicolon),
read_body/1 ({ok, Body, Raw1}, or {error, too_large | trailers_too_large | timeout | invalid}), and scheme/1 (the connection's own, https only on TLS). resolve_route/3 resolves a
navigate target: its full contract is on the callback in arizona_req. In short, never crash or
reply on an unknown path (it is client-supplied), match as a GET (an HTTP/2 WebSocket upgrade
arrives as CONNECT), and match exactly as an HTTP request to that path would. The optional
peer/1 is the connection's {IP, Port}: without it, arizona_req:peer/1 is undefined and an
mcp route's localhost gate refuses every request.
Routing
arizona_route:kind/1 names a route (live, ws, asset, controller, mcp, reload) and
refuses a term that is no route. mcp and reload are capabilities: a route kind the adapter
lacks raises arizona_route:unsupported/2 while compiling, so the listener refuses to start. A
reload route is a controller (arizona_route:controller/1 names arizona_reload_controller, a
loop reply), and so is an mcp route (arizona_mcp_handler, buffered JSON and loop
replies, gating its own requests), so an adapter that sends loops serves both like any other
controller route.
Compile from arizona_route rather than restating its rules:
	path/1, methods/1 -- the pattern and the allowlist (GET implies HEAD; any).
	steps/1 -- the pipeline, the CSRF check_origin step first unless opted out.
	transforms/2 -- the response transforms, validated, compression outermost and on by default
for pages and assets.
	live/2, controller/1, asset_dir/1 -- what each kind is served with.

The router must behave as follows. Most servers' routers do not (no method dimension, no Allow
union), and for those core has the whole matcher: arizona_route_table:compile(Routes, BuildOpts, Adapter) builds the table (refusing unsupported kinds and shadowed routes) and match/3 and
allow/2 answer requests, so the adapter mounts one catch-all route and calls it, as Cowboy's
does. A server whose router already expresses the rules (roadrunner) may compile to it natively:
	Routes are tried in declaration order; the first match wins. A route the earlier ones fully
shadow is a configuration error, refused at start.
	:name captures one segment, *name the rest (zero or more segments, as a list). Captured
values are percent-decoded; literals match the raw bytes, case-sensitively. Empty segments and
a trailing slash are ignored.
	Several routes may share a path with different methods. A path that matches but whose method
no matching route allows gets 405 with an Allow header listing the methods of every
route matching that URL, across different patterns.
	A route with a cors transform answers OPTIONS even when it declares no such method: the
preflight reaches the transform (204 plus the Access-Control-* headers), and a plain
OPTIONS gets 204 with the Allow set a 405 there would carry.

Live pages
arizona_http:reply(Handler, ArzReq, RouteOpts) runs the pipeline and the render (or the halt)
and returns {Status, Headers, Body, ArzReq1}. Send the headers as listed, add your framing (a
content-length), and hand your server back arizona_req:raw(ArzReq1): reading the body
advances the raw request.
WebSocket
On the upgrade request, arizona_ws:upgrade(QS, Adapter, Raw) (with QS the parsed query
string) answers {reply, Status, Headers, Raw1} -- send it as a plain HTTP response -- or
{upgrade, Headers, State}: upgrade, with Headers on the 101. In the process that owns the
upgraded connection, arizona_ws:init(State) starts the socket. Feed text frames to
arizona_socket:handle_in/2 and every other message to arizona_socket:handle_info/2. Each
returns {ok, Socket}, {reply, Data, Socket}, {reply_many, Frames, Socket} (send the text
frames in order), or {close, Code, Reason, Socket}.
Controllers
arizona_controller:dispatch(arizona_route:controller(Route), ArzReq, Adapter) runs the pipeline
and the action (Handler:Action(Request, #{state, bindings})) and returns {Reply, ArzReq1},
the reply's headers already carrying the flushed cookies. A reply is one of four kinds:
	Kind	Shape
	buffered	{Status, Headers, Body} -- every adapter
	stream	{stream, Status, Headers, Fun} -- call Fun(Send), Send(Data, nofin | fin)
	sendfile	{sendfile, Status, Headers, {Path, Offset, Length}}
	loop	{loop, Status, Headers, State}

The last three are capabilities: dispatch/3 refuses one Adapter lacks with
{unsupported_reply, Kind, Adapter} before the session commits. For a loop, route every message
the connection receives to Handler:handle_info(Msg, Push, State) (the route's handler), where
Push(Data) writes one chunk; {ok, State} continues and {stop, State} ends the response.
Translate your server's client-disconnect signal into one final {arizona_disconnect, Reason}.
If hearing it means trapping exits, keep every other link's meaning: a linked process exiting
normal is no event, and one exiting with any other reason ends the loop with that reason (the MCP
handler relies on a link to stop a streaming tool when its connection dies).
Assets
Serve arizona_route:asset_dir/1 with your server's static handler, from the *path capture:
GET and HEAD only (405 otherwise), 404 for a missing file, nothing outside the directory
under any spelling of .. or through a symlink whose target lies outside it, and the route's
cache_control option, when set, on a cacheable 200 only.
Response transforms
arizona_route:transforms/2 lists them in wrapping order, first outermost. Core implements them
all in arizona_http_transforms -- preflight/3 answers a CORS preflight, wrap/3 applies the
rest to a response -- so an adapter applies those rather than re-deriving CORS or HSTS. A server
with native equivalents (roadrunner) may use them instead, as long as the conformance suite
passes. What each does:
	etag -- a weak validator of the body; on a GET or HEAD, a matching If-None-Match
gets 304. It hashes the uncompressed body, which is why compression wraps it.
	compress -- gzip or deflate by Accept-Encoding, for a body above a size threshold
(roadrunner's is 860 bytes).
	{cors, Config} -- preflight and response headers for the configured origins.
	security_headers / {security_headers, Config} -- by default x-content-type-options: nosniff, x-frame-options: SAMEORIGIN, and referrer-policy: strict-origin-when-cross-origin; Config overrides or drops each one (false) and opts into
content-security-policy and, over HTTPS only, strict-transport-security (hsts).

The flush rule
Every response built from an Arizona request goes through arizona_req:flush/1 exactly once (or
arizona_req:halt_reply/1, which includes it) -- pages, controller replies of every kind, and
the WebSocket 101 -- and that is also the session store's commit point. The reply, upgrade,
and dispatch functions above do it for you. Header lines come back in send order: emit them
as listed, since a browser keeps the last Set-Cookie for a name.
Conformance
arizona_server_conformance_SUITE boots listeners through a driver
(arizona_conformance_driver: start/3, stop/1, drain/2, notify_drain/2, and the optional
supports_reply/1 and supports_route/1) and asserts only what crosses the wire. Write a driver
for your adapter and run the suite with it:
ARIZONA_CONFORMANCE_DRIVER=my_cowboy_conformance \
    rebar3 ct --suite=arizona_server_conformance_SUITE

A capability your driver reports unsupported is skipped for replies and must be refused for
routes. Run it in your adapter's CI against Arizona's main, so a change in core that breaks
your adapter shows up there. arizona_roadrunner and arizona_cowboy do it with make test-conformance: clone Arizona, link the adapter checkout into its _checkouts, and run the suite
with the adapter's driver. Arizona's own test profile depends on both, so its CI runs every driver
too.
Not covered by the suite, so not proven for any adapter: HTTP/2 WebSockets (its client speaks
HTTP/1.1) and request-size limits, which each server configures its own way.
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Builders for Android client effects, used inside ?native views.
Each function returns an arizona_effect:cmd/0 tuple
{arizona_effect, [OpCode | Args]} -- the shared wire format every client
command module produces (op codes in include/arizona_effect.hrl), encoded by
arizona_effect:encode_json/1. Use them as event props (on_tap, ...) or as
effects from handle_event/3.
Commands are per platform on purpose: a native view reaches for arizona_android
(not the browser's arizona_js), and this module is the home for Android-specific
commands as they're added. push_event/navigate mirror their web counterparts.
{'Button', [{on_tap, arizona_android:push_event(~"inc")}], [~"+"]}
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    Functions
  


    
      
        navigate(Path)

      


        Navigates the client to the server route Path.



    


    
      
        navigate(Path, Opts)

      


        Navigates to Path with options.



    


    
      
        push_event(Event)

      


        Pushes a named event to the server.



    


    
      
        push_event(Event, Payload)

      


        Pushes a named event with an explicit payload.



    





      


      
        Functions


        


  
    
      
    
    
      navigate(Path)



        
          
        

    

  


  

      

          -spec navigate(Path) -> arizona_effect:cmd() when Path :: binary().


      


Navigates the client to the server route Path.

  



  
    
      
    
    
      navigate(Path, Opts)



        
          
        

    

  


  

      

          -spec navigate(Path, Opts) -> arizona_effect:cmd() when Path :: binary(), Opts :: map().


      


Navigates to Path with options.
Only server-consumed options reach a native client's behaviour:
	flash -- a flash map (#{binary() => term()}) for the view navigated to.
arizona_socket strips it from the effect and carries it in-process to the
target's flash binding, exactly as it does for arizona_js:navigate/2; the
client never sees the key. Only for an effect a live handler returns: the
socket is the carrier. As an event prop ({on_tap, arizona_android:navigate(P, #{flash => F})}) the command reaches the client as data, with nothing to carry
the flash, so rendering it raises flash_outside_live_effect -- tap a
push_event whose handler returns the navigate instead.

The browser-only options of arizona_js:navigate/2 (replace, full) have no
native counterpart -- there is no history stack to replace and no page to load --
and the Android and iOS clients read only the path from the command, so passing
them is silently ignored rather than an error.

  



  
    
      
    
    
      push_event(Event)



        
          
        

    

  


  

      

          -spec push_event(Event) -> arizona_effect:cmd() when Event :: binary().


      


Pushes a named event to the server.

  



  
    
      
    
    
      push_event(Event, Payload)



        
          
        

    

  


  

      

          -spec push_event(Event, Payload) -> arizona_effect:cmd() when Event :: binary(), Payload :: map().


      


Pushes a named event with an explicit payload.
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OTP application entry point.
Boots arizona_sup, then -- if the server application env is set --
starts a listener named arizona_http through the arizona_server adapter
its required adapter key names, a module of an adapter package the
application depends on (arizona_roadrunner's arizona_roadrunner_server,
arizona_cowboy's arizona_cowboy_server, ...). On shutdown,
drains that listener in prep_stop/1 -- before the supervision tree goes
down -- so it never
serves a request against already-dead infrastructure (pubsub, the MCP
registry, the session store); stop/1 re-runs the same idempotent
cleanup as a backstop. Draining, not just stopping, is what lets clients
come back: each live view gets handle_drain/2 and closes 1001, which
web and native clients reconnect from, where a plain stop closes 1000,
which they take as a deliberate end of session.
Server config
{arizona, [
    {server, #{
        adapter => arizona_roadrunner_server,           %% arizona_server module (required)
        scheme => http,                                 %% http | https
        transport_opts => [{port, 4040}],               %% port shorthand
        drain_timeout => 5000,                          %% ms a stop waits for sessions
        proto_opts => #{                                %% adapter-specific: roadrunner's
            max_clients => 200,
            max_content_length => 10485760
        },
        routes => [
            {live, ~"/", my_page, #{layouts => [{my_layout, render}]}},
            {ws, ~"/ws", #{}},
            {asset, ~"/priv", {priv_dir, my_app, "static"}}
        ]
    }}
]}
The server key is optional: if absent, only the supervisor starts
(useful for tests that launch listeners manually).
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        format_error(Reason, Stacktrace)

      


        Renders the server env errors this module raises.



    


    
      
        prep_stop(State)

      


    


    
      
        start(StartType, StartArgs)

      


    


    
      
        stop(State)
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      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Renders the server env errors this module raises.

  



  
    
      
    
    
      prep_stop(State)



        
          
        

    

  


  

      

          -spec prep_stop(State) -> State when State :: term().


      



  



  
    
      
    
    
      start(StartType, StartArgs)



        
          
        

    

  


  

      

          -spec start(StartType, StartArgs) -> StartRet
               when
                   StartType :: application:start_type(),
                   StartArgs :: term(),
                   StartRet :: {ok, Pid} | {error, ErrReason},
                   Pid :: pid(),
                   ErrReason :: term().


      



  



  
    
      
    
    
      stop(State)



        
          
        

    

  


  

      

          -spec stop(State) -> ok when State :: term().
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Reads the arizona application environment, resolving environment-variable
references declared in config.
Any config value may be written as an env-var reference instead of a literal:
	{env, "VAR"} -- required: reads $VAR and returns it as a binary;
raises env_not_set if the variable is unset. Suits a secret with no
sensible default (e.g. {secret_key, {env, "SECRET_KEY"}}).
	{env, "VAR", Default} -- optional: reads $VAR, coercing it to the
type of Default; falls back to Default when the variable is unset.

References resolve anywhere in the config surface, including nested inside
the server map:
{arizona, [
    {secret_key, {env, "SECRET_KEY"}},
    {session_secure, {env, "SESSION_SECURE", false}},
    {server, #{
        adapter => arizona_roadrunner_server,
        scheme => {env, "SCHEME", http},
        transport_opts => [{port, {env, "PORT", 8080}}],
        routes => [ ... ]
    }}
]}.
Type coercion
Environment variables are always strings; the resolver coerces the raw string
to match the Default's type (the required form has no default, so it yields a
binary):
	Default type	Coercion
	integer	list_to_integer/1
	float	list_to_float/1; an integer value ("2") is accepted as 2.0
	boolean	"true"/"false" (case-insensitive)
	binary	list_to_binary/1
	atom (non-boolean)	list_to_existing_atom/1
	list ([] or of binaries)	comma-split, each element trimmed list_to_binary/1
	string (char list, e.g. a cert path)	the raw string, unchanged
	(required, no default)	list_to_binary/1

A set-but-empty variable (PORT=) is treated as unset: the optional form
falls back to Default, the required form raises env_not_set. A non-empty value
that fails to coerce (PORT=abc for an integer default) raises env_invalid_value,
rendered by format_error/2 into an actionable boot message.
A Default of any other type (a map, a tuple, a list of atoms, ...) has no
coercion and raises unsupported_default, whether or not the variable is set:
the reference is wrong either way.
Resolution scope
resolve/1 recurses into maps, lists, and 2-tuples (proplist pairs like
{port, ...} / {certfile, ...}), so nested references resolve. It does not
descend into tuples of three or more elements: route tuples ({live, Path, Handler, Opts} and friends) pass through untouched, so an operator-supplied
{env, _, _} term sitting inside a route's bindings/state is never rewritten.
env is a reserved tag
Because 2-tuples are descended into, the reference forms are recognised by
shape alone: anywhere in the resolved config, {env, String} and
{env, String, Default} are env-var references. A proplist pair that merely
happens to be keyed env ({env, "production"} among a listener's options) is
read as a reference to the variable production -- substituted when that
variable is set, and raising env_not_set when it is not (the message names
this collision). Do not use env as a key for a string value in the arizona
config; spell such an option under another key.
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    Functions
  


    
      
        format_error(Reason, Stacktrace)

      


        Formats arizona_config runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation at the raise site.



    


    
      
        get_env(Key)

      


        Like application:get_env(arizona, Key), but resolves any {env, ...}
references in the stored value. Returns undefined when Key is unset.



    


    
      
        get_env(Key, Default)

      


        Like application:get_env(arizona, Key, Default), but resolves any {env, ...}
references in the value -- including in Default when Key is unset, so a
default may itself be an env-var reference.



    


    
      
        resolve(Term)

      


        Resolves {env, "VAR"} / {env, "VAR", Default} references in Term, recursing
through maps, lists, and 2-tuples. Non-reference values are returned unchanged.
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      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats arizona_config runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation at the raise site.

  



  
    
      
    
    
      get_env(Key)



        
          
        

    

  


  

      

          -spec get_env(Key) -> {ok, Value} | undefined when Key :: atom(), Value :: term().


      


Like application:get_env(arizona, Key), but resolves any {env, ...}
references in the stored value. Returns undefined when Key is unset.

  



  
    
      
    
    
      get_env(Key, Default)



        
          
        

    

  


  

      

          -spec get_env(Key, Default) -> Value when Key :: atom(), Default :: term(), Value :: term().


      


Like application:get_env(arizona, Key, Default), but resolves any {env, ...}
references in the value -- including in Default when Key is unset, so a
default may itself be an env-var reference.

  



  
    
      
    
    
      resolve(Term)



        
          
        

    

  


  

      

          -spec resolve(Term) -> term() when Term :: term().


      


Resolves {env, "VAR"} / {env, "VAR", Default} references in Term, recursing
through maps, lists, and 2-tuples. Non-reference values are returned unchanged.
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Controller routes: plain HTTP actions that drive the page without a full reload,
written against Arizona's request and reply types only, so the same controller
runs on any arizona_server adapter.
A controller route (a verb tag like {post, ...}, or {match, ...}) dispatches to an
action function, Handler:Action/2 (the action option, default handle), that the
browser reaches via arizona_js:fetch/2. Because it is a real HTTP request, the
response may carry a Set-Cookie (HttpOnly honored) the WebSocket transport can't --
so it suits flows that rotate a session cookie while the page stays put.
The action
The action receives the arizona_req:request() the route's middleware pipeline
produced and a context, #{state := State, bindings := Bindings} -- the route's
state option (#{} when unset) and the bindings the pipeline produced
(session from fetch_session, ...) -- and returns {Reply, Request}:
handle(Req0, _Ctx) ->
    {ok, Body, Req1} = arizona_req:body(Req0),
    %% ...parse Body, validate, derive UserId...
    Req2 = arizona_req:clear_session(Req1),
    Req3 = arizona_req:put_session(Req2, ~"user_id", UserId),
    %% Show server-computed content by broadcasting to a topic the view
    %% subscribed to; the response effects are for request-local UI only.
    arizona_pubsub:broadcast({account, UserId}, {account_updated, Body}),
    {arizona_controller:reply_effects([arizona_js:set_attr(~"#error", ~"hidden", ~"")]), Req3}.
Return the request you wrote to: what it carries -- session and flash writes,
arizona_req:put_resp_cookie/4 and put_resp_header/3 -- is what reaches the
response (and, in store mode, the session store). Thread it through
arizona_req:body/1 too, since reading the body advances the request.
Replies
	Kind	Shape
	buffered	{Status, Headers, Body}
	stream	{stream, Status, Headers, Fun} -- Fun(Send); Send(Data, nofin | fin)
	sendfile	{sendfile, Status, Headers, {Path, Offset, Length}}
	loop	{loop, Status, Headers, State} -- the controller exports handle_info/3

Every adapter answers a buffered reply. The others are a capability the
adapter declares (arizona_server:capabilities/0): dispatch/3 refuses one it
lacks with {unsupported_reply, Kind, Adapter} before the session commits,
rather than the reply degrading silently.
A loop keeps the response open and hands every message the connection receives
to Handler:handle_info(Msg, Push, State), where Push(Data) writes one chunk;
return {ok, State} to keep going or {stop, State} to end the response (the
Server-Sent Events shape). When the client goes away it gets one final
{arizona_disconnect, Reason}, after which the loop ends whatever it returns.
reply_effects/1,2 and reply_redirect/1 build the buffered reply the fetch
command expects: the same {"e": [...]} effects wire payload the WebSocket
sends. To re-render the live view after the request, broadcast over
arizona_pubsub; the effects returned here are for request-local UI (inline
error/success) or a navigate.
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        context()

      


    


    
      
        headers()

      


    


    
      
        push_fun()

      


    


    
      
        reply()

      


    


    
      
        reply_kind()

      


    


    
      
        route()

      


    


    
      
        send_fun()

      


    


    
      
        sendfile_spec()

      


    





  
    Functions
  


    
      
        dispatch(Route, Request, Adapter)

      


        Runs a controller route against a request for the server adapter Adapter: the
route's middleware pipeline
(the CSRF check_origin step included by default), then the action, handed the
route state and the pipeline's bindings as its context/0.



    


    
      
        format_error(Reason, Stacktrace)

      


        Renders this module's errors. Picked up by erl_error via the error_info
annotation.



    


    
      
        reply_effects(Effects)

      


        Builds a 200 application/json reply whose body is the {"e": [...]} effects wire
payload the arizona_js:fetch/2 command applies on the page (the same effects
handle_event/3 returns). 200 is the success leg -- a fetch form with az-form-reset
clears only on a 2xx. For an error leg that keeps the typed fields, use reply_effects/2
with a non-2xx status (the effects still apply).



    


    
      
        reply_effects(Status, Effects)

      


        Like reply_effects/1 but with an explicit HTTP status. The fetch command applies the
effects on any status, so a controller can return a real 422 for a validation error
-- keeping the form's typed fields (a fetch form only resets on a 2xx) while still
rendering the error, e.g.
reply_effects(422, [arizona_js:push_event(~"invalid", #{~"field" => ~"password"})]).



    


    
      
        reply_redirect(Location)

      


        Builds a reply that sends the client to Location via a SPA navigation. Sugar for
reply_effects([arizona_js:navigate(Location)]): a fetch-followed HTTP 3xx can't drive
a SPA navigation (its Location is unreadable), so a redirect is delivered as a
navigate effect instead.



    





      


      
        Types


        


  
    
      
    
    
      context()



        
          
        

    

  


  

      

          -nominal context() :: #{state := term(), bindings := az:bindings()}.


      



  



  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          -nominal headers() :: [{binary(), iodata()}].


      



  



  
    
      
    
    
      push_fun()



        
          
        

    

  


  

      

          -nominal push_fun() :: fun((iodata()) -> ok | {error, term()}).


      



  



  
    
      
    
    
      reply()



        
          
        

    

  


  

      

          -nominal reply() ::
             {arizona_req:resp_status(), headers(), iodata()} |
             {stream, arizona_req:resp_status(), headers(), fun((send_fun()) -> term())} |
             {sendfile, arizona_req:resp_status(), headers(), sendfile_spec()} |
             {loop, arizona_req:resp_status(), headers(), State :: term()}.


      



  



  
    
      
    
    
      reply_kind()



        
          
        

    

  


  

      

          -nominal reply_kind() :: buffered | stream | sendfile | loop.


      



  



  
    
      
    
    
      route()



        
          
        

    

  


  

      

          -nominal route() ::
             #{handler := module(),
               action := atom(),
               state := term(),
               middlewares := [arizona_middleware:middleware()]}.


      



  



  
    
      
    
    
      send_fun()



        
          
        

    

  


  

      

          -nominal send_fun() :: fun((iodata(), nofin | fin) -> ok | {error, term()}).


      



  



  
    
      
    
    
      sendfile_spec()



        
          
        

    

  


  

      

          -nominal sendfile_spec() :: {file:filename_all(), non_neg_integer(), non_neg_integer()}.
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      dispatch(Route, Request, Adapter)



        
          
        

    

  


  

      

          -spec dispatch(Route, Request, Adapter) -> {reply(), Request}
                  when Route :: route(), Request :: arizona_req:request(), Adapter :: module().


      


Runs a controller route against a request for the server adapter Adapter: the
route's middleware pipeline
(the CSRF check_origin step included by default), then the action, handed the
route state and the pipeline's bindings as its context/0.
Returns the reply with arizona_req:flush/1's lines ahead of the action's own
headers (so a written session is committed and its cookie sent), and the request
the action returned, whose raw value is what the adapter hands back to its
server. A middleware halt returns its arizona_req:halt_reply/1 as a buffered
reply, without running the action.
A reply kind Adapter lacks raises {unsupported_reply, Kind, Adapter}, like a
malformed reply, before the flush. The adapter maps the rest onto its server;
for a loop it routes the connection's messages to
Handler:handle_info/3, translating its server's disconnect signal into
{arizona_disconnect, Reason}.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Renders this module's errors. Picked up by erl_error via the error_info
annotation.

  



  
    
      
    
    
      reply_effects(Effects)



        
          
        

    

  


  

      

          -spec reply_effects(Effects) -> reply() when Effects :: arizona_effect:cmds().


      


Builds a 200 application/json reply whose body is the {"e": [...]} effects wire
payload the arizona_js:fetch/2 command applies on the page (the same effects
handle_event/3 returns). 200 is the success leg -- a fetch form with az-form-reset
clears only on a 2xx. For an error leg that keeps the typed fields, use reply_effects/2
with a non-2xx status (the effects still apply).

  



  
    
      
    
    
      reply_effects(Status, Effects)



        
          
        

    

  


  

      

          -spec reply_effects(Status, Effects) -> reply()
                       when Status :: arizona_req:resp_status(), Effects :: arizona_effect:cmds().


      


Like reply_effects/1 but with an explicit HTTP status. The fetch command applies the
effects on any status, so a controller can return a real 422 for a validation error
-- keeping the form's typed fields (a fetch form only resets on a 2xx) while still
rendering the error, e.g.
reply_effects(422, [arizona_js:push_event(~"invalid", #{~"field" => ~"password"})]).
A navigate/patch with a flash opt is refused (flash_outside_live_effect):
that opt is carried by the WebSocket, for an effect a live handler returns, and a
SPA navigate cannot see a cookie set after its socket opened. To show a flash on
the page a controller sends the user to, set it on the request and navigate in
full, so the browser's next GET carries the cookie:
handle(Req, _Ctx) ->
    Reply = arizona_controller:reply_effects([arizona_js:navigate(~"/done", #{full => true})]),
    {Reply, arizona_req:put_flash(Req, info, ~"Saved.")}.

  



  
    
      
    
    
      reply_redirect(Location)



        
          
        

    

  


  

      

          -spec reply_redirect(Location) -> reply() when Location :: binary().


      


Builds a reply that sends the client to Location via a SPA navigation. Sugar for
reply_effects([arizona_js:navigate(Location)]): a fetch-followed HTTP 3xx can't drive
a SPA navigation (its Location is unreadable), so a redirect is delivered as a
navigate effect instead.
A Location that is not a path on this origin (arizona_req:location_kind/1) -- an
identity provider, an absolute URL -- cannot be SPA-navigated, so it is sent with the
full option and the browser loads it for real. A relative one (~"login") loads too,
resolved against the current URL exactly as an HTTP Location would be. A scheme other
than http/https (javascript:, data:) raises {unsafe_redirect, Location}: the
client would run it in the page, so a Location taken from the request (a next
parameter) would be script injection.
This is a SPA navigation over the existing WebSocket, so it suits same-identity
redirects. After an identity change (login/logout) use arizona_js:reload/0
instead, so the socket re-handshakes with the new session.
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Set-Cookie serialization (RFC 6265 §4.1), independent of any HTTP server.
A response cookie is stashed on the arizona_req:request() by
arizona_req:put_resp_cookie/4 and by the session and flash writers, and
arizona_req:flush/1 serializes it here, so every server adapter emits the
same bytes. arizona_session budgets the session_max_bytes cap against this
exact format.
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        serialize(Name, Value, Opts)

      


        Builds a Set-Cookie header value.
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      serialize(Name, Value, Opts)



        
          
        

    

  


  

      

          -spec serialize(Name, Value, Opts) -> binary()
                   when Name :: binary(), Value :: binary(), Opts :: arizona_req:resp_cookie_opts().


      


Builds a Set-Cookie header value.
Attributes are appended in this fixed order: Domain, Path, Max-Age,
Expires, Secure, HttpOnly, SameSite. The boolean flags appear only when
true.
Every caller-supplied binary is checked against the RFC 6265 §4.1.1 grammar
first, and a violation raises rather than reaching the wire, where a ; or a
line break in a value echoed from user input would smuggle attributes or split
the header:
	{invalid_cookie_name, Bin} -- Name is empty or has a byte outside an
RFC 9110 token
	{invalid_cookie_value, Bin} -- Value has a byte outside cookie-octet
(CTL, SP, DQUOTE, ,, ;, \\)
	{invalid_cookie_attr, Attr, Bin} -- Domain, Path, or Expires holds a
byte that would end the attribute or the line
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Signed- and encrypted-value primitives over arbitrary binaries.
Every function takes a Purpose -- a caller-owned context label that binds the
value to one consumer (see "Domain separation" below).
Signing (HMAC-SHA256) -- sign/2 wraps a binary into a tamper-evident,
URL-safe wire value b64(tagged) "." b64(hmac); sign/3 additionally bakes a
signed expiry (#{ttl => Seconds}) so the value rejects after a deadline.
verify/2 constant-time-checks the HMAC, enforces any expiry, and returns the
original payload as {ok, Payload} (or error on a tampered, malformed,
expired, or wrong-purpose value). Use when the value may be read by the client
but must not be forged (e.g. arizona_flash).
Encryption (AES-256-GCM) -- encrypt/2,3 wrap a binary into an authenticated,
URL-safe ciphertext (confidential and tamper-evident, with the same optional
#{ttl => Seconds} expiry); decrypt/2 authenticates and returns {ok, Payload}
or error. Use when the value must also be unreadable by the client (e.g.
arizona_session).
The key is the arizona secret_key application env (a non-empty binary);
secret/0 reads it and errors loudly if unset. The AES key is derived from it,
domain-separated from the raw secret used for HMAC, so the two uses never share key
material. This module owns no domain shape: callers layer their own encoding (e.g.
both arizona_flash and arizona_session carry JSON).
Domain separation. All consumers share one secret_key, so without a context
label two logically distinct token types would be cryptographically interchangeable:
a value minted by one consumer would verify for another, and the only thing standing
between that and a privilege confusion is whatever the second consumer's payload
parser happens to reject. Purpose closes that by construction -- it is mixed into
the HMAC message (signing) and passed as the GCM additional authenticated data
(encryption), so a value minted for ~"arizona.flash" fails verify/2 under
~"arizona.session_id". The label is never transmitted: it is context both sides
already know, so it costs no wire bytes and cannot be attacker-selected. Pick a
stable, namespaced literal per token type and never reuse one across shapes.
Key strength. The secret is used as key material directly -- HMAC-SHA256 for
signing, a sha256 derivation for the AES key -- and neither is a slow KDF, so an
offline attacker with one captured cookie can test candidate secrets at hardware
speed. Give secret_key a full 256 bits of randomness (crypto:strong_rand_bytes(32),
base64-encoded for a config file); a passphrase or a short string is not enough.
secret/0 logs a warning (once per distinct key) when the configured secret is
under 32 bytes.
Key rotation. sign/encrypt always use the primary secret_key, but
verify/decrypt also accept any key listed in the optional secret_key_previous
application env ([binary()], default []). Rotate with zero downtime and no forced
re-issue: move the old secret_key into secret_key_previous, set a fresh
secret_key, then drop the old key once the grace window (your longest cookie TTL)
has passed. There is no key-version byte in the wire format -- verify/decrypt simply
try each candidate key in turn.
Every previous key is held to the primary's rules: it must be a non-empty binary, or
every call -- sign/encrypt included, so a bad key fails the first response
rather than every later one carrying a cookie -- raises
secret_key_previous_invalid (a short one warns, once per key). An empty key
would make the HMAC and AES keys public constants, so a value anyone can forge
would verify. To express "no previous key" from an environment
variable, use the list default, {env, "OLD_SECRET_KEY", []}: an unset or empty
variable resolves to []. A binary default such as [{env, "OLD_SECRET_KEY", ~""}]
resolves to [<<>>] when the variable is unset, and is refused.
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        purpose()

      


    


    
      
        sign_opts()

      


    





  
    Functions
  


    
      
        decrypt(Purpose, Encrypted)

      


        Decrypts and authenticates a value produced by encrypt/2,3 under the same
Purpose, returning {ok, Payload} when it is intact and unexpired, and error
when it is malformed, tampered, expired, or was encrypted under a different
purpose. Errors if secret_key is unset.



    


    
      
        encrypt(Purpose, Payload)

      


        Encrypts Payload under Purpose into a URL-safe, authenticated (AES-256-GCM)
wire value that never expires. The result is confidential (the client cannot read
it) and tamper-evident. Errors if secret_key is unset (see secret/0).



    


    
      
        encrypt(Purpose, Payload, Opts)

      


        Like encrypt/2 but bakes an expiry (#{ttl => Seconds}) into the authenticated
plaintext; decrypt/2 rejects the value after the deadline. Errors if secret_key
is unset.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats arizona_crypto runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation attached at the
raise site.



    


    
      
        secret()

      


        Returns the configured signing secret from the arizona secret_key application
env, erroring if it is unset or empty and warning once if it is shorter than 32
bytes (see "Key strength").



    


    
      
        sign(Purpose, Payload)

      


        Signs Payload under Purpose into the URL-safe b64(tagged) "." b64(hmac) wire
value, never expiring. Only verify/2 under the same Purpose accepts it. Errors
if secret_key is unset (see secret/0).



    


    
      
        sign(Purpose, Payload, Opts)

      


        Like sign/2 but bakes a signed expiry: #{ttl => Seconds} makes the value
verify only until Seconds from now (inclusive). Errors if secret_key is unset.



    


    
      
        verify(Purpose, Signed)

      


        Verifies a value signed under Purpose, returning {ok, Payload} when the HMAC
matches and the value is unexpired, and error when it is malformed, tampered,
expired, or was signed under a different purpose. The HMAC compare is
constant-time. Errors if secret_key is unset.



    





      


      
        Types


        


  
    
      
    
    
      purpose()



        
          
        

    

  


  

      

          -nominal purpose() :: binary().


      



  



  
    
      
    
    
      sign_opts()



        
          
        

    

  


  

      

          -nominal sign_opts() :: #{ttl := non_neg_integer()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decrypt(Purpose, Encrypted)



        
          
        

    

  


  

      

          -spec decrypt(Purpose, Encrypted) -> {ok, binary()} | error
                 when Purpose :: purpose(), Encrypted :: binary().


      


Decrypts and authenticates a value produced by encrypt/2,3 under the same
Purpose, returning {ok, Payload} when it is intact and unexpired, and error
when it is malformed, tampered, expired, or was encrypted under a different
purpose. Errors if secret_key is unset.

  



  
    
      
    
    
      encrypt(Purpose, Payload)



        
          
        

    

  


  

      

          -spec encrypt(Purpose, Payload) -> binary() when Purpose :: purpose(), Payload :: binary().


      


Encrypts Payload under Purpose into a URL-safe, authenticated (AES-256-GCM)
wire value that never expires. The result is confidential (the client cannot read
it) and tamper-evident. Errors if secret_key is unset (see secret/0).

  



  
    
      
    
    
      encrypt(Purpose, Payload, Opts)



        
          
        

    

  


  

      

          -spec encrypt(Purpose, Payload, Opts) -> binary()
                 when Purpose :: purpose(), Payload :: binary(), Opts :: sign_opts().


      


Like encrypt/2 but bakes an expiry (#{ttl => Seconds}) into the authenticated
plaintext; decrypt/2 rejects the value after the deadline. Errors if secret_key
is unset.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats arizona_crypto runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation attached at the
raise site.

  



  
    
      
    
    
      secret()



        
          
        

    

  


  

      

          -spec secret() -> binary().


      


Returns the configured signing secret from the arizona secret_key application
env, erroring if it is unset or empty and warning once if it is shorter than 32
bytes (see "Key strength").

  



  
    
      
    
    
      sign(Purpose, Payload)



        
          
        

    

  


  

      

          -spec sign(Purpose, Payload) -> binary() when Purpose :: purpose(), Payload :: binary().


      


Signs Payload under Purpose into the URL-safe b64(tagged) "." b64(hmac) wire
value, never expiring. Only verify/2 under the same Purpose accepts it. Errors
if secret_key is unset (see secret/0).

  



  
    
      
    
    
      sign(Purpose, Payload, Opts)



        
          
        

    

  


  

      

          -spec sign(Purpose, Payload, Opts) -> binary()
              when Purpose :: purpose(), Payload :: binary(), Opts :: sign_opts().


      


Like sign/2 but bakes a signed expiry: #{ttl => Seconds} makes the value
verify only until Seconds from now (inclusive). Errors if secret_key is unset.

  



  
    
      
    
    
      verify(Purpose, Signed)



        
          
        

    

  


  

      

          -spec verify(Purpose, Signed) -> {ok, binary()} | error when Purpose :: purpose(), Signed :: binary().


      


Verifies a value signed under Purpose, returning {ok, Payload} when the HMAC
matches and the value is unexpired, and error when it is malformed, tampered,
expired, or was signed under a different purpose. The HMAC compare is
constant-time. Errors if secret_key is unset.
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A bounded in-memory log buffer for the dev MCP's get_logs tool.
An agent driving a dev node over MCP has no terminal. Every other diagnostic
is reachable -- routes, docs, source locations, reloader state, arbitrary
eval -- but runtime log output goes to logger_std_h, which in a default dev
config writes to stdout and nowhere else. So the one artifact that names the
module and line of a crash is the one an agent cannot read, and a live process
dying on every interaction reads back as a healthy app.
This module closes that: a logger handler that keeps the last
1024 formatted events in a fixed-size ETS ring, queried by
arizona_dev_mcp's get_logs tool.
Ownership and lifetime
Split in two, because the two halves want different lifetimes and different
gates:
	The table is created by arizona_sup:init/1 (create_table/0) so it is
owned by a process that spans the node's lifetime, the same reason the
reloader's beam-facts cache lives there. An empty table costs nothing.
	The handler is installed by arizona_dev_mcp:init/1 (install/0), so
only an app that actually mounts the dev MCP route pays the per-event write.
A production node that never mounts /mcp captures nothing. It is removed
again by arizona_app:prep_stop/1 (uninstall/0), before the table's owner
goes down.

The consequence worth knowing: capture starts at the first MCP session, not at
boot. Events logged before an agent first connects are not in the buffer. Call
install/0 from your own dev boot code if you need coverage from startup.
Level
The handler sets no level of its own, and deliberately does not touch the
primary logger level. It cannot: logger applies the primary level before
consulting any handler, so a handler asking for debug under a notice
primary still receives nothing below notice. Raising the primary level to
widen capture would change the running system's behaviour in order to observe
it. So the buffer holds whatever the app's own configuration already allows,
and tail/1 filters at read time. Crash reports are error, which passes any
sane primary level, so the case this exists for is unaffected.
Self-exclusion
Output produced by the MCP's own tool calls is skipped, so an agent reading
get_logs after an eval sees the app's behaviour rather than its own.
arizona_dev_mcp marks the calling process via mark_self/0 and log/2 drops
events carrying that metadata. Marking is per-process and logger metadata is
not inherited, so a process the tool call spawns is still captured -- which is
usually what you want, since that is where a crash surfaces.
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        opts()

      


    





  
    Functions
  


    
      
        create_table()

      


        Creates the ring table. Called from arizona_sup:init/1 so the supervisor owns
it and it outlives the short-lived processes that read and write it.



    


    
      
        install()

      


        Installs the logger handler. Idempotent, so every MCP session can call it
without checking whether an earlier one already did.



    


    
      
        log(LogEvent, Config)

      


    


    
      
        mark_self()

      


        Marks the calling process so its log output is kept out of the buffer. Called
by arizona_dev_mcp before dispatching a tool, so an agent does not read back
its own eval output as if it were the app's behaviour.



    


    
      
        tail(Opts)

      


        The buffered events, oldest first, after filtering, plus a cursor.



    


    
      
        uninstall()

      


        Removes the handler. Called from arizona_app:prep_stop/1, before the
supervision tree that owns the table goes down -- otherwise the next log event
during shutdown writes to a dead table, and logger removes the handler for
crashing rather than because it was asked to. Tolerates not being installed,
which is the ordinary case for an app that never mounts the dev MCP route.



    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          -nominal opts() ::
             #{count => pos_integer(),
               level => logger:level(),
               grep => binary(),
               since => non_neg_integer()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      create_table()



        
          
        

    

  


  

      

          -spec create_table() -> ok.


      


Creates the ring table. Called from arizona_sup:init/1 so the supervisor owns
it and it outlives the short-lived processes that read and write it.

  



  
    
      
    
    
      install()



        
          
        

    

  


  

      

          -spec install() -> ok.


      


Installs the logger handler. Idempotent, so every MCP session can call it
without checking whether an earlier one already did.
Expects create_table/0 to have run, which arizona_sup:init/1 does: the
handler writes on every log event, so installing it without the table would
leave logger removing it again at the first one.

  



  
    
      
    
    
      log(LogEvent, Config)



        
          
        

    

  


  

      

          -spec log(LogEvent, Config) -> ok when LogEvent :: logger:log_event(), Config :: logger:handler_config().


      



  



  
    
      
    
    
      mark_self()



        
          
        

    

  


  

      

          -spec mark_self() -> ok.


      


Marks the calling process so its log output is kept out of the buffer. Called
by arizona_dev_mcp before dispatching a tool, so an agent does not read back
its own eval output as if it were the app's behaviour.

  



  
    
      
    
    
      tail(Opts)



        
          
        

    

  


  

      

          -spec tail(Opts) -> {ok, [binary()], Cursor} | {error, binary()}
              when Opts :: opts(), Cursor :: non_neg_integer().


      


The buffered events, oldest first, after filtering, plus a cursor.
count (default 50) takes from the newest end. level keeps events at least as
severe as the one given. grep keeps events matching a case-insensitive regular
expression. A malformed grep answers {error, _} rather than raising, so the
tool can report it in-band.
since keeps only events newer than a cursor from an earlier call, which is what
makes a repeated read cheap: an agent polling after each action would otherwise
re-read the same entries every time and have to spot the new ones by eye.
The returned cursor is the newest sequence observed by this call, before
level/grep filtering, so passing it back skips everything this call could have
seen rather than only what it returned. Deriving it from the rows actually read
(rather than the live counter) is what keeps a concurrent write from being either
skipped or repeated.

  



  
    
      
    
    
      uninstall()



        
          
        

    

  


  

      

          -spec uninstall() -> ok.


      


Removes the handler. Called from arizona_app:prep_stop/1, before the
supervision tree that owns the table goes down -- otherwise the next log event
during shutdown writes to a dead table, and logger removes the handler for
crashing rather than because it was asked to. Tolerates not being installed,
which is the ordinary case for an app that never mounts the dev MCP route.
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A dev-time MCP server for an Arizona app: it exposes the running node to a coding agent.
Mount it in your dev config and point a coding agent (Claude Code, Cursor,
the MCP Inspector, ...) at it; the agent can then introspect and drive the
running app:
%% in your dev server's routes:
arizona_dev_mcp:route(~"/mcp")
Tools:
	list_routes -- the app's routes (from the arizona server app env).
	describe_component -- a component's kind (stateful/stateless), its exports, and moduledoc.
	get_docs -- a module's or function's documentation (EEP-48).
	get_source_location -- where a module (or function) is defined.
	reloader_status -- the dev reloader's current compile error, if any, plus
loaded-vs-disk drift: modules whose loaded code differs from their beam on
disk (a node serving stale code otherwise reads "ok").
	get_logs -- recent log output from the running node (tail, level,
grep). The one diagnostic an agent cannot otherwise reach: it has no
terminal, so a crash report -- the artifact naming the module and line -- is
invisible without it. See arizona_dev_log.
	view_state -- what a live view currently believes: its bindings, by view id
(omit the id to list the live views and their child views). The
counterpart to get_logs: that answers what happened, this answers what the
view thinks now, which is how a slot rendering a stale value gets separated
from a slot with no dependency.
	app_info -- Arizona version, OTP release, node, process count.
	render_component -- render a component to HTML with given bindings.
	reload -- force a compile+reload sync now (recompile via rebar_agent
under rebar3 shell, then reload any module whose beam on disk differs from
the loaded code) -- the action to take when reloader_status reports drift.
	eval -- run Erlang in the live node, with bindings that persist across
calls. Always available (see the safety note below).

eval is arbitrary remote code execution, so the dev route is localhost-only
by default: route/1,2 set allow_remote_access => false, and the MCP handler
refuses any request whose peer is not a loopback address -- no matter which
interface the server bound. That peer check is the primary guard -- the route
protects itself rather than being gated per tool -- together with the Origin
check and keeping this a dev-only dependency. Only relax it on a network
you trust, ideally behind an auth hook:
%% localhost-only (default) -- safe for eval
arizona_dev_mcp:route(~"/mcp")
%% opt in to remote clients (trusted network only)
arizona_dev_mcp:route(~"/mcp", #{allow_remote_access => true, auth => Hook})
Limitation -- the peer check is void behind a proxy or tunnel. It trusts the
immediate TCP peer, so a same-host reverse proxy or a dev tunnel
(ngrok/cloudflared/port-forward) makes every remote client look like loopback,
and binding the listener to loopback does not help (the tunnel connects to
loopback anyway). Whenever the port is reachable through anything but a direct
local socket, treat the peer check as void and gate eval with an auth hook (a
shared secret). Binding loopback (proto_opts => #{ip => {127,0,0,1}}) only
hardens against a direct remote connection, and proxy_protocol => true lets a
client spoof the peer outright. Never expose the dev MCP to an untrusted network.
Session mode (sessions => true, the default) makes eval's bindings persist
across calls (a REPL the agent drives) and runs a slow eval/render_component
in the session's worker rather than blocking the session; the default route also
caps concurrent sessions (max_sessions => 32) so a client cannot pin unbounded
memory by looping initialize.
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    Functions
  


    
      
        handle_tool(Tool, Args, Ctx, State)

      


    


    
      
        init(InitParams)

      


    


    
      
        route(Path)

      


        A ready-to-mount dev route. Add arizona_dev_mcp:route(~"/mcp") to your dev
server's routes. It defaults to sessions => true (so a session's eval
bindings persist) and max_sessions => 32 (so a client cannot pin unbounded
memory). A CLI agent (Claude Code, the Inspector's proxy) connects with no extra
config; origins stays opt-in (omitted blocks all browser origins, the safe
DNS-rebinding posture). eval is always available, and the route is
localhost-only (allow_remote_access => false) so it stays off the network
-- see the module doc.



    


    
      
        route(Path, Opts)

      


        Like route/1, with extra MCP route opts merged over the defaults:
#{allow_remote_access => true} lets non-loopback clients reach the route
(localhost-only by default; trusted networks only -- see the module doc),
#{origins => [~"http://localhost:5173"]} also allows a browser client,
#{auth => Hook} gates the route, #{sessions => false} opts out of session
mode.



    


    
      
        tools(State)
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      handle_tool(Tool, Args, Ctx, State)



        
          
        

    

  


  


  



  
    
      
    
    
      init(InitParams)



        
          
        

    

  


  


  



  
    
      
    
    
      route(Path)



        
          
        

    

  


  

      

          -spec route(Path) -> Route
               when
                   Path :: binary(),
                   Route :: {mcp, binary(), module(), arizona_mcp_handler:route_opts()}.


      


A ready-to-mount dev route. Add arizona_dev_mcp:route(~"/mcp") to your dev
server's routes. It defaults to sessions => true (so a session's eval
bindings persist) and max_sessions => 32 (so a client cannot pin unbounded
memory). A CLI agent (Claude Code, the Inspector's proxy) connects with no extra
config; origins stays opt-in (omitted blocks all browser origins, the safe
DNS-rebinding posture). eval is always available, and the route is
localhost-only (allow_remote_access => false) so it stays off the network
-- see the module doc.

  



  
    
      
    
    
      route(Path, Opts)



        
          
        

    

  


  

      

          -spec route(Path, Opts) -> Route
               when
                   Path :: binary(),
                   Opts :: arizona_mcp_handler:route_opts(),
                   Route :: {mcp, binary(), module(), arizona_mcp_handler:route_opts()}.


      


Like route/1, with extra MCP route opts merged over the defaults:
#{allow_remote_access => true} lets non-loopback clients reach the route
(localhost-only by default; trusted networks only -- see the module doc),
#{origins => [~"http://localhost:5173"]} also allows a browser client,
#{auth => Hook} gates the route, #{sessions => false} opts out of session
mode.
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Computes the minimal set of patch operations between an old snapshot and a
freshly evaluated template.
Three entry points, each more powerful than the last:
	diff/2 -- bare diff: walks new dynamics against old, emits patch ops.
	diff/3 -- adds a Views accumulator so nested stateful children can be
tracked across the recursion.
	diff/4 -- adds a Changed set of dirty bindings, so dynamics whose
dependencies didn't change are skipped entirely (the fast path).

Each op is a list whose first element is one of the ?OP_* codes defined
in arizona.hrl; the rest are operands consumed by the JS client. The
op codes:
?OP_TEXT, ?OP_SET_ATTR, ?OP_REM_ATTR, ?OP_REMOVE_NODE, ?OP_INSERT,
?OP_REMOVE, ?OP_ITEM_PATCH, ?OP_REPLACE, ?OP_MOVE, ?OP_LIST_PATCH
?each list vs. stream diffing
A ?each over a plain list is unkeyed: its items render as bare HTML
with no az-key, so there is no per-item DOM address to patch. Any change
(item content or list length) therefore re-renders the whole list with a
single ?OP_TEXT patching the slot's <!--az:X-->...<!--/az--> marker
content; an unchanged list emits nothing. (The marker-aware ?OP_TEXT is
what every container full render uses: a plain-list each is anchored in a
content slot, so an innerHTML write on the fallback enclosing element would
clobber the slot's static siblings.)
Use an arizona_stream when you need keyed, incremental updates --
per-item ?OP_ITEM_PATCH/?OP_INSERT/?OP_REMOVE/?OP_MOVE and stable
item identity (e.g. to preserve a stateful child's state across updates). A
plain list's full re-render re-mounts any such children.
Stream diffing
Streams ship with a queue of pending mutations (insert, delete,
update, move, reorder, reset). The diff drains that queue into
the corresponding ops, enforces visibility limits, and uses Longest
Increasing Subsequence (LIS) to emit the minimum number of ?OP_MOVEs
for a reorder.
Az-nodiff safety
Templates compiled with az-nodiff carry diff => false and dynamics
with Az = undefined. A ROOT snapshot with diff => false short-circuits
diff/2,3,4 before any dynamic is inspected. A SLOT holding such a template
is still diffed as a slot: when it re-runs and lands on the same az-nodiff element
(arizona_template:same_nodiff/3) the old render stands and the template's
own dynamics are never evaluated; when it switches to anything else it is
replaced through its markers. Either way no op targets an undefined Az.
A diffable template can also carry an individual Az = undefined dynamic:
a content slot inside a raw-text element (script/style/textarea/title),
where HTML comment markers would become literal content. Such a slot is
render-once -- diff_dynamics/3 and diff_dynamics_v/5 skip any undefined
Az dynamic, so it is never re-evaluated and never produces an op. The
per-item and child-view walkers (diff_item_dynamics_v/3,
diff_child_dynamics/3) skip it the same way; the one place such a change
IS delivered is a plain-list ?each, whose wholesale ?OP_TEXT re-render
ships raw-text content as plain HTML (so a markerless item slot routes the
list to that fallback instead of a per-item patch).
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        op()

      


    





  
    Functions
  


    
      
        carry_skipped_view(Value, Views)

      


        Carries a skipped value's child views (and their live subtrees) from the old
views map into the new one, so a value that is kept rather than re-evaluated
does not have its views pruned. Also used by arizona_eval for a child view it
keeps without calling handle_update/3.



    


    
      
        deps_changed(Deps, ChangedKeys)

      


        Returns true when any key in ChangedKeys appears in Deps. Used by
diff/4 and the per-item skipping renderer to decide whether a dynamic
needs re-evaluation. The changed set is fixed for a whole dynamics walk
while every slot brings its own deps map, so the caller materializes the
changed KEYS once (maps:keys/1, one pass in C) and each slot then costs
only is_map_key/2 probes -- no per-slot iterator stepping or key-list
allocation, both of which measured 20-30% slower at every small-map shape
tried.



    


    
      
        diff(Template, OldSnapshot)

      


        Bare diff: returns {Ops, NewSnapshot} for a new template against an old
snapshot.



    


    
      
        diff(Template, OldSnapshot, Views)

      


        Diff with view tracking: threads a Views map through the recursion so
nested stateful children are accumulated alongside the patch ops.



    


    
      
        diff(Template, OldSnapshot, Views, Changed)

      


        Dependency-aware diff: takes a Changed map of dirty binding keys and
skips dynamics whose stored deps don't intersect with it.
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      op()



        
          
        

    

  


  

      

          -nominal op() :: [integer() | binary() | term()].


      



  


        

      

      
        Functions


        


  
    
      
    
    
      carry_skipped_view(Value, Views)



        
          
        

    

  


  

      

          -spec carry_skipped_view(Value, Views) -> Views1
                            when Value :: term(), Views :: {map(), map()}, Views1 :: {map(), map()}.


      


Carries a skipped value's child views (and their live subtrees) from the old
views map into the new one, so a value that is kept rather than re-evaluated
does not have its views pruned. Also used by arizona_eval for a child view it
keeps without calling handle_update/3.

  



  
    
      
    
    
      deps_changed(Deps, ChangedKeys)



        
          
        

    

  


  

      

          -spec deps_changed(Deps, ChangedKeys) -> boolean() when Deps :: map(), ChangedKeys :: [term()].


      


Returns true when any key in ChangedKeys appears in Deps. Used by
diff/4 and the per-item skipping renderer to decide whether a dynamic
needs re-evaluation. The changed set is fixed for a whole dynamics walk
while every slot brings its own deps map, so the caller materializes the
changed KEYS once (maps:keys/1, one pass in C) and each slot then costs
only is_map_key/2 probes -- no per-slot iterator stepping or key-list
allocation, both of which measured 20-30% slower at every small-map shape
tried.

  



  
    
      
    
    
      diff(Template, OldSnapshot)



        
          
        

    

  


  

      

          -spec diff(Template, OldSnapshot) -> {Ops, NewSnapshot}
              when
                  Template :: arizona_template:template(),
                  OldSnapshot :: arizona_template:snapshot(),
                  Ops :: [op()],
                  NewSnapshot :: arizona_template:snapshot().


      


Bare diff: returns {Ops, NewSnapshot} for a new template against an old
snapshot.
Short-circuits to {[], OldSnap} when the old snapshot carries
diff => false (set by az-nodiff).

  



  
    
      
    
    
      diff(Template, OldSnapshot, Views)



        
          
        

    

  


  

      

          -spec diff(Template, OldSnapshot, Views) -> {Ops, NewSnapshot, Views1}
              when
                  Template :: arizona_template:template(),
                  OldSnapshot :: arizona_template:snapshot(),
                  Views :: map(),
                  Ops :: [op()],
                  NewSnapshot :: arizona_template:snapshot(),
                  Views1 :: map().


      


Diff with view tracking: threads a Views map through the recursion so
nested stateful children are accumulated alongside the patch ops.

  



  
    
      
    
    
      diff(Template, OldSnapshot, Views, Changed)



        
          
        

    

  


  

      

          -spec diff(Template, OldSnapshot, Views, Changed) -> {Ops, NewSnapshot, Views1}
              when
                  Template :: arizona_template:template(),
                  OldSnapshot :: arizona_template:snapshot(),
                  Views :: map(),
                  Changed :: map(),
                  Ops :: [op()],
                  NewSnapshot :: arizona_template:snapshot(),
                  Views1 :: map().


      


Dependency-aware diff: takes a Changed map of dirty binding keys and
skips dynamics whose stored deps don't intersect with it.
This is the production fast path -- only the dynamics actually affected
by the bindings that changed are re-evaluated.

  


        

      


  

  
    
    arizona_effect - arizona v0.4.0
    
    

    


  
  

    
arizona_effect 
    



      
Neutral wire format and encoders for client effect commands.
An effect is a cmd/0 tuple {arizona_effect, [OpCode | Args]} that a client
runtime executes. The tuple shape and op codes (include/arizona_effect.hrl)
are the same on every client; only the builders are per platform
(arizona_js for the web, arizona_android for native, ...), so neither
platform owns the representation. This module is the shared plumbing: the tag,
the cmd/0 type, and the two encoders.
encode/1 serializes to JSON and HTML-escapes &, ", < for embedding in an
HTML attribute (the web path). encode_json/1 serializes to raw JSON for clients
that embed the command as a JSON value (the native path).
These encoders serve commands that reach a client as data -- an event attribute or
prop, a controller response -- never the effects a live handler returns, which the
socket frames itself. So a navigate/patch carrying a flash opt is refused here
with {flash_outside_live_effect, navigate | patch}: the socket carries that flash
in-process to the navigation that follows its effect, and nothing would carry it
from a client that received it as data -- the message would be lost silently, its
content shipped to the page.

      


      
        Summary


  
    Types
  


    
      
        cmd()

      


    


    
      
        cmds()

      


    





  
    Functions
  


    
      
        bare(Cmds)

      


        json_value/1 without the flash refusal: the bare command (or the flattened
list of them) for a builder that wraps commands -- transition, on_key, a
fetch's on_error -- whose result may still be a live handler's effect, where
the socket carries a navigate's flash. The refusal runs when the wrapper itself
is encoded as data, and sees inside it (wrapped/1).



    


    
      
        encode(Cmds)

      


        Encodes a command (or list of commands) as an HTML-attribute-safe binary: JSON
with &, ", and < escaped to their HTML entity equivalents.



    


    
      
        encode_json(Cmds)

      


        Serializes a command (or list of commands) to raw JSON, without the HTML
attribute escaping encode/1 applies. Used by non-HTML backends (native) that
embed the command as a JSON value.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats the errors this module raises with an error_info annotation. Picked up
by erl_error:format_exception/3.



    


    
      
        json_value(Cmds)

      


        The command (or list of commands) as the JSON term it serializes to: [OpCode | Args], or a list of those. A wire that JSON-encodes its values itself (a diff
op, the native hydration payload) carries this, so the client receives the
command as an array rather than a string of one.



    


    
      
        wrapped(Cmd)

      


        The commands a bare command ([OpCode | Args], as json_value/1 yields) wraps --
a transition, an on_key, or a fetch's on_error -- as a list, with when they
run (now when the command does, deferred later, if ever) and a fun that
rebuilds the wrapper around a replacement list. none for any other command.
The one list of wrapper shapes, shared by every walk that must see inside them
(arizona_socket's flash capture, this module's flash refusal).



    





      


      
        Types


        


  
    
      
    
    
      cmd()



        
          
        

    

  


  

      

          -nominal cmd() :: {arizona_effect, list()}.


      



  



  
    
      
    
    
      cmds()



        
          
        

    

  


  

      

          -type cmds() :: [cmd() | cmds()].


      



  


        

      

      
        Functions


        


  
    
      
    
    
      bare(Cmds)



        
          
        

    

  


  

      

          -spec bare(Cmds) -> list() when Cmds :: cmd() | cmds().


      


json_value/1 without the flash refusal: the bare command (or the flattened
list of them) for a builder that wraps commands -- transition, on_key, a
fetch's on_error -- whose result may still be a live handler's effect, where
the socket carries a navigate's flash. The refusal runs when the wrapper itself
is encoded as data, and sees inside it (wrapped/1).

  



  
    
      
    
    
      encode(Cmds)



        
          
        

    

  


  

      

          -spec encode(Cmds) -> binary() when Cmds :: cmd() | cmds().


      


Encodes a command (or list of commands) as an HTML-attribute-safe binary: JSON
with &, ", and < escaped to their HTML entity equivalents.

  



  
    
      
    
    
      encode_json(Cmds)



        
          
        

    

  


  

      

          -spec encode_json(Cmds) -> binary() when Cmds :: cmd() | cmds().


      


Serializes a command (or list of commands) to raw JSON, without the HTML
attribute escaping encode/1 applies. Used by non-HTML backends (native) that
embed the command as a JSON value.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats the errors this module raises with an error_info annotation. Picked up
by erl_error:format_exception/3.

  



  
    
      
    
    
      json_value(Cmds)



        
          
        

    

  


  

      

          -spec json_value(Cmds) -> list() when Cmds :: cmd() | cmds().


      


The command (or list of commands) as the JSON term it serializes to: [OpCode | Args], or a list of those. A wire that JSON-encodes its values itself (a diff
op, the native hydration payload) carries this, so the client receives the
command as an array rather than a string of one.
A list may nest, and [] stands for no command: the list is flattened in order
and empty items dropped, so a conditional item (case ... of true -> arizona_js:hide(Sel); false -> [] end) needs no filtering at the call site. Any
other item fails with function_clause.

  



  
    
      
    
    
      wrapped(Cmd)



        
          
        

    

  


  

      

          -spec wrapped(Cmd) -> {now | deferred, [list()], fun(([list()]) -> list())} | none when Cmd :: list().


      


The commands a bare command ([OpCode | Args], as json_value/1 yields) wraps --
a transition, an on_key, or a fetch's on_error -- as a list, with when they
run (now when the command does, deferred later, if ever) and a fun that
rebuilds the wrapper around a replacement list. none for any other command.
The one list of wrapper shapes, shared by every walk that must see inside them
(arizona_socket's flash capture, this module's flash refusal).

  


        

      


  

  
    
    arizona_error - arizona v0.4.0
    
    

    


  
  

    
arizona_error 
    



      
Helpers for error reporting.
Two utilities consumed across the framework:
	did_you_mean/2 -- "did you mean?" suggestion for format_error/2
clauses that report a missing key. Used by
arizona_template:format_error/2 and arizona_stream:format_error/2.
	raise_or_propagate/6 -- the catch-clause helper that lets a
dispatcher re-tag a failure originating at the user's exact callback
while propagating any other failure untouched. Used by every
arizona_stateful:call_* wrapper.


      


      
        Summary


  
    Functions
  


    
      
        did_you_mean(Target, Candidates)

      


        Returns the candidate closest to Target by Levenshtein edit distance, or
undefined when nothing is close enough.



    


    
      
        raise_or_propagate(OrigReason, Stacktrace, MFA, Reason, ErrorArgs, FormatErrorMod)

      


        Catch-clause helper for dispatchers that wrap a user callback.



    





      


      
        Functions


        


  
    
      
    
    
      did_you_mean(Target, Candidates)



        
          
        

    

  


  

      

          -spec did_you_mean(Target, Candidates) -> Match | undefined
                      when Target :: term(), Candidates :: [term()], Match :: term().


      


Returns the candidate closest to Target by Levenshtein edit distance, or
undefined when nothing is close enough.
The threshold is at most half the target's length, and never more than
?MAX_DISTANCE edits, so a very short key must match almost exactly: a
one-character key has no near miss at all (every other one is 100% different),
and a two-character key tolerates one edit but not two. A key of four bytes or
more gets the flat typo budget, which still suggests counter for count.

  



  
    
      
    
    
      raise_or_propagate(OrigReason, Stacktrace, MFA, Reason, ErrorArgs, FormatErrorMod)



        
          
        

    

  


  

      

          -spec raise_or_propagate(OrigReason, Stacktrace, MFA, Reason, ErrorArgs, FormatErrorMod) -> no_return()
                            when
                                OrigReason :: term(),
                                Stacktrace :: [tuple()],
                                MFA :: {module(), atom(), arity()},
                                Reason :: term(),
                                ErrorArgs :: [term()],
                                FormatErrorMod :: module().


      


Catch-clause helper for dispatchers that wrap a user callback.
When the top stack frame is the user's exact callback (Mod:Fn/Arity),
raises Reason with an error_info annotation pointing at
FormatErrorMod -- the module that exports the matching format_error/2
clause. Otherwise propagates error:OrigReason with the original
stacktrace untouched.
The arity is part of the match, not decoration: a callback whose body calls
a same-named function of a different arity (?MODULE:handle(Req, Opts)
from inside handle/1) leaves a top frame naming that other function, and
re-tagging it would report the running callback as the missing one.
The FormatErrorMod parameter exists because this helper lives in
arizona_error but is called from various dispatcher modules; the
error_info annotation must point at whichever module owns the format
clauses for Reason.
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arizona_error_page 
    



      
Stateless template that renders the dev-mode error page.
When a request crashes, arizona_http builds an error_info map
and calls this template's render/1 to produce a self-contained
HTML page with the exception class, reason, and stack frames styled
for monospace display.
If a reload_url is present in the bindings, the page also embeds a
small EventSource script so the browser auto-reloads as soon as
the dev watcher reports a successful recompile.
Bindings
	error_info -- map with class, reason, stacktrace, and
optional reload_url

Reason formatting
For known reason shapes, the renderer produces a richer summary:
	{compile_error, Errors} -- formatted as a per-file error list; an empty
list means the diagnostics went to the console, and says so
	{arizona_loc, {Mod, Line}, Reason} -- prefixes the title with the
source location captured by arizona_render during dynamic eval

For everything else it falls back to erl_error:format_exception/3,
extracts the shell-style summary, and pretty-prints the raw reason.

      


      
        Summary


  
    Functions
  


    
      
        render(Bindings)

      


        Renders the error page from error_info bindings.



    





      


      
        Functions


        


  
    
      
    
    
      render(Bindings)



        
          
        

    

  


  

      

          -spec render(Bindings) -> arizona_template:template()
                when Bindings :: #{error_info := az:error_info(), _ => _}.


      


Renders the error page from error_info bindings.
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arizona_eval 
    



      
Evaluates compile-time-emitted dynamics into runtime values.
Two flavors of evaluation:
	Plain (eval_dynamics/1) -- evaluates dynamic closures into values,
no view tracking and no dependency capture. Used for SSR-style first
renders where there's no diff state to maintain.
	Tracked (eval_dynamics_v/2) -- evaluates dynamics through a Views
accumulator, capturing per-dynamic dependencies via the process
dictionary key $arizona_deps. Used during diff so the next render
can fast-skip dynamics whose deps didn't change.

Each eval_one_v clause opens a dependency scope around its closure call
(open_deps/0 .. close_deps/1), so any arizona_template:get/2,3 calls
inside the closure populate that scope's map. The captured map becomes the
dynamic's Deps and is later compared against the Changed set in
arizona_diff:diff/4. A closure that raises closes its scope on the way out
the same way, so a render or diff run inside a try leaves no scope open.
Scopes nest: a scope opened while another is open hands its reads to the
enclosing one when it closes. That is how an ?each item's reads reach the
each slot -- items are evaluated inside the slot's scope, each item dynamic in
its own. A nested template, a ?stateless body and a ?stateful child's
lifecycle are evaluated under with_saved_deps/1 instead, which suspends the
enclosing scope: their reads stay out of it (the parse transform records the
ones that matter on the enclosing slot at compile time).
Container handling
Evaluation recurses into the following dynamic value shapes:
	each containers -- lists (source := [_]), streams
(source := #stream{}), and maps (source := #{...})
	Nested templates -- maps with s and d
	Stateful descriptors -- #{stateful := H, props := P} (mounts a
child or reuses an existing one from Old views)
	Stateless descriptors -- #{callback := F, props := P}

Restricted keys
check_restricted_keys/3,4 enforces that a handler's callbacks (mount and
every later one that returns bindings) cannot modify or drop framework-owned
bindings like id. Violations raise
restricted_key_modified with a human-readable message via format_error/2.

      


      
        Summary


  
    Functions
  


    
      
        check_restricted_keys(Bindings, Props, Handler)

      


        Asserts that Bindings did not modify any framework-restricted keys
(currently just id) compared to the original Props.



    


    
      
        check_restricted_keys(Bindings, Props, Handler, Callback)

      


        check_restricted_keys/3 for bindings returned by Callback rather than by
mount/1: Props is then what the callback was handed (a child's props, or
the bindings the view held before the callback ran), and the error names it.



    


    
      
        child_view_set(Views)

      


        Projects a views accumulator down to the child_views annotation stored on a
snapshot: the set of the view ids it rendered, with the view entries themselves
dropped (keeping them would pin every descendant's bindings and snapshot alive
inside its ancestors').



    


    
      
        claim_view_ids(Views)

      


        Claims the ids of the child views a pass keeps without evaluating them (a
dep-skipped slot's subtree), for the duplicate view-id check.



    


    
      
        drain_update_effects()

      


        Drains the update-effects accumulator after the render/diff just performed
(the seed plus every child handle_update/3's additions). The live process
calls this to ship them to the client. Returns [] if none accumulated.



    


    
      
        eval_dynamics(Dynamics)

      


        Evaluates a list of dynamics into [{Az, Value}] snapshot entries.



    


    
      
        eval_dynamics_v(Dynamics, Views)

      


        Evaluates a list of dynamics with view tracking and dependency capture.



    


    
      
        eval_each_def(Dynamic, Views)

      


        Re-evaluates a slot that last held an each container, under dep tracking,
without rendering its items.



    


    
      
        eval_items(Template, Fun)

      


        Runs Fun, which renders items of an ?each whose per-item template is
Template, in a dependency scope of its own, and returns {Result, ItemDeps}:
the binding keys the items read, at any depth (an inner each's items included).



    


    
      
        eval_one_v_flat(Dynamic, Views)

      


        Convenience wrapper around eval_one_v/2 that flattens the return shape
from {{Az, Val, Deps}, Views} to {Az, Val, Deps, Views}.



    


    
      
        eval_stream_items(Keys, ItemsMap, Template, Views)

      


        Evaluates a list of stream item keys against the items map and template,
threading view state. Returns a #{Key => ItemD} map and updated views.



    


    
      
        eval_unless_same_nodiff(Dynamic, Old, Views)

      


        Evaluates a dynamic whose snapshot Old holds an az-nodiff element, unless the
dynamic still produces that az-nodiff element.



    


    
      
        format_error(Reason, StackTrace)

      


        Formats restricted_key_modified errors into a human-readable message naming
the offending handler, callback and key, and duplicate_view_id errors naming
the id and the two handlers that claimed it.



    


    
      
        relocate(Class, Reason, Stacktrace, Loc)

      


        Re-raises an exception from a template dynamic tagged with the dynamic's source
location, as {arizona_loc, Loc, Reason}, keeping its class and stacktrace.



    


    
      
        render_list_items(Items, Template, Views)

      


        Renders list items with view tracking. Returns {[ItemD], Views1}.



    


    
      
        render_map_items/3

      


    


    
      
        render_stream_item(Key, Item, Template, Views)

      


        Renders a single stream item by evaluating its dynamics with view tracking.
Returns {ItemD, Views1} where ItemD is [{Az, Value, Deps}].



    


    
      
        render_stream_item_skipping(Key, NewItem, OldItemD, Changed, Template, Views)

      


        Re-renders a stream item using Changed (set of fields differing between
old and new item) and the previous OldItemD, keeping the old
{Az, Val, Deps} triple of each per-item dynamic that cannot have changed, so
the downstream value comparison emits no op for it.



    


    
      
        restricted_keys()

      


        Returns the framework-owned binding keys. Mounted handlers cannot
change them (see check_restricted_keys/3); navigate-carry strips
them from the previous-route bindings before the new mount sees them,
since they're route-bound rather than session-level state.



    


    
      
        set_update_effects(Effects)

      


        Seeds the update-effects accumulator before a diff with the originating
callback's effects (e.g. the root event's). Child handle_update/3
callbacks fold onto this during the diff; drain_update_effects/0 reads
the final list. Threading the accumulator this way avoids concatenating
child effects onto the originating ones at the call site.



    





      


      
        Functions


        


  
    
      
    
    
      check_restricted_keys(Bindings, Props, Handler)



        
          
        

    

  


  

      

          -spec check_restricted_keys(Bindings, Props, Handler) -> ok
                               when Bindings :: map(), Props :: map(), Handler :: module().


      


Asserts that Bindings did not modify any framework-restricted keys
(currently just id) compared to the original Props.
Raises restricted_key_modified with handler info if a restricted key
was changed or dropped by the handler's mount callback.

  



  
    
      
    
    
      check_restricted_keys(Bindings, Props, Handler, Callback)



        
          
        

    

  


  

      

          -spec check_restricted_keys(Bindings, Props, Handler, Callback) -> ok
                               when
                                   Bindings :: map(),
                                   Props :: map(),
                                   Handler :: module(),
                                   Callback ::
                                       mount | handle_update | handle_event | handle_info |
                                       handle_drain | default_patch_merge.


      


check_restricted_keys/3 for bindings returned by Callback rather than by
mount/1: Props is then what the callback was handed (a child's props, or
the bindings the view held before the callback ran), and the error names it.

  



  
    
      
    
    
      child_view_set(Views)



        
          
        

    

  


  

      

          -spec child_view_set(Views) -> ChildViews
                        when Views :: #{binary() => term()}, ChildViews :: #{binary() => true}.


      


Projects a views accumulator down to the child_views annotation stored on a
snapshot: the set of the view ids it rendered, with the view entries themselves
dropped (keeping them would pin every descendant's bindings and snapshot alive
inside its ancestors').
A SET rather than a list, because every consumer asks only "is this id in
there?" -- so the annotation is on the small side of the membership test and the
prune in arizona_live's root-snapshot settle iterates the handful of ids on a
path to a change instead of scanning a page-sized child_views per container.
Nothing reads it in order.

  



  
    
      
    
    
      claim_view_ids(Views)



        
          
        

    

  


  

      

          -spec claim_view_ids(Views) -> ok when Views :: #{binary() => #{handler := module(), _ => _}}.


      


Claims the ids of the child views a pass keeps without evaluating them (a
dep-skipped slot's subtree), for the duplicate view-id check.
A live process keys its views by id and routes events, timers and messages by
it, so two views under one id collapse into one entry: one instance is never
unmounted, the other's slot is updated from its state, and everything addressed
to either reaches only one. arizona_live therefore arms the check around every
render or diff it runs, by storing
{RootBindings, RootHandler, Outside, #{}} under '$arizona_view_ids' and
erasing it after: every child view the pass evaluates (eval_stateful) or keeps
(this function) claims its id, and a second claim of one id, or a claim of the
root's own id, raises {duplicate_view_id, Id, FirstHandler, SecondHandler}.
Outside is none for a pass that renders the whole tree, or
{Views, ChildSnapshot} for one that renders a single child's subtree: every
view of Views outside that snapshot's child_views is mounted elsewhere on the
page and keeps its id. Arming is one process-dictionary write and everything else
is paid per claim, so a pass that evaluates and keeps no child view costs nothing
more. Unarmed (SSR, static generation) nothing is checked: there is no views map
to corrupt.

  



  
    
      
    
    
      drain_update_effects()



        
          
        

    

  


  

      

          -spec drain_update_effects() -> [arizona_stateful:effect()].


      


Drains the update-effects accumulator after the render/diff just performed
(the seed plus every child handle_update/3's additions). The live process
calls this to ship them to the client. Returns [] if none accumulated.

  



  
    
      
    
    
      eval_dynamics(Dynamics)



        
          
        

    

  


  

      

          -spec eval_dynamics(Dynamics) -> EvaledDynamics
                       when
                           Dynamics :: [arizona_template:dynamic()],
                           EvaledDynamics :: [{arizona_template:az(), term()}].


      


Evaluates a list of dynamics into [{Az, Value}] snapshot entries.
No view tracking, no dependency capture. Used for SSR-style renders
where there is no diff state to maintain.

  



  
    
      
    
    
      eval_dynamics_v(Dynamics, Views)



        
          
        

    

  


  

      

          -spec eval_dynamics_v(Dynamics, Views) -> {Triples, Views1}
                         when
                             Dynamics :: [arizona_template:dynamic()],
                             Views :: {map(), map()},
                             Triples :: [{arizona_template:az(), term(), map()}],
                             Views1 :: {map(), map()}.


      


Evaluates a list of dynamics with view tracking and dependency capture.
Returns {Triples, Views1} where each triple is {Az, Value, Deps}.
Deps is the set of binding keys read during evaluation, captured via
the $arizona_deps process dictionary entry.

  



  
    
      
    
    
      eval_each_def(Dynamic, Views)



        
          
        

    

  


  

      

          -spec eval_each_def(Dynamic, Views) -> Result
                       when
                           Dynamic :: arizona_template:dynamic(),
                           Views :: {map(), map()},
                           Result ::
                               {each, arizona_template:az(), map(), map()} |
                               {changed, arizona_template:az(), term(), map(), {map(), map()}}.


      


Re-evaluates a slot that last held an each container, under dep tracking,
without rendering its items.
Answers {each, Az, EachValue, Deps} while the slot still produces an each
container (#{t := ?EACH, source, template}), for the each-specific diff to
render the items against the old snapshot; Deps are then only the reads of the
slot's own closure (the source, a branch condition), and the diff adds the
items' through eval_items/2. The slot need not still hold an each -- a
conditional whose branch was one can land on any value -- and anything else is
evaluated from the value already produced, answered
{changed, Az, Value, Deps, Views1} as eval_unless_same_nodiff/3 does.

  



  
    
      
    
    
      eval_items(Template, Fun)



        
          
        

    

  


  

      

          -spec eval_items(Template, Fun) -> {Result, ItemDeps}
                    when
                        Template :: map(), Fun :: fun(() -> Result), Result :: term(), ItemDeps :: map().


      


Runs Fun, which renders items of an ?each whose per-item template is
Template, in a dependency scope of its own, and returns {Result, ItemDeps}:
the binding keys the items read, at any depth (an inner each's items included).
They also reach the enclosing scope, if one is open, so an each slot evaluated
with its items depends on whatever its items read -- a change to an outer
binding read inside the callback re-evaluates the each, and the per-item diff
then patches only the items it changed. An az-nodiff item template renders once,
so its reads are suspended rather than collected (#{}).

  



  
    
      
    
    
      eval_one_v_flat(Dynamic, Views)



        
          
        

    

  


  

      

          -spec eval_one_v_flat(Dynamic, Views) -> {Az, Value, Deps, Views1}
                         when
                             Dynamic :: arizona_template:dynamic(),
                             Views :: {map(), map()},
                             Az :: arizona_template:az(),
                             Value :: term(),
                             Deps :: map(),
                             Views1 :: {map(), map()}.


      


Convenience wrapper around eval_one_v/2 that flattens the return shape
from {{Az, Val, Deps}, Views} to {Az, Val, Deps, Views}.

  



  
    
      
    
    
      eval_stream_items(Keys, ItemsMap, Template, Views)



        
          
        

    

  


  

      

          -spec eval_stream_items(Keys, ItemsMap, Template, Views) -> {ItemSnaps, Views1}
                           when
                               Keys :: [term()],
                               ItemsMap :: #{term() => term()},
                               Template :: map(),
                               Views :: {map(), map()},
                               ItemSnaps :: #{term() => [{arizona_template:az(), term(), map()}]},
                               Views1 :: {map(), map()}.


      


Evaluates a list of stream item keys against the items map and template,
threading view state. Returns a #{Key => ItemD} map and updated views.

  



  
    
      
    
    
      eval_unless_same_nodiff(Dynamic, Old, Views)



        
          
        

    

  


  

      

          -spec eval_unless_same_nodiff(Dynamic, Old, Views) -> Result
                                 when
                                     Dynamic :: arizona_template:dynamic(),
                                     Old :: arizona_template:snapshot(),
                                     Views :: {map(), map()},
                                     Result ::
                                         {same, map()} |
                                         {changed, arizona_template:az(), term(), map(), {map(), map()}}.


      


Evaluates a dynamic whose snapshot Old holds an az-nodiff element, unless the
dynamic still produces that az-nodiff element.
The slot's closure runs under dep tracking as in eval_one_v_flat/2, but its
result is inspected before anything inside it is evaluated (a ?stateless
descriptor is rendered to its template first): a template that is the same az-nodiff element
(arizona_template:same_nodiff/3) answers {same, Deps} and its dynamics never
run -- the az-nodiff element renders once, so evaluating them would only cost the whole
az-nodiff element per change. Anything else is evaluated from the value already produced
(the closure is not called twice) and answered {changed, Az, Value, Deps, Views1}.

  



  
    
      
    
    
      format_error(Reason, StackTrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, StackTrace) -> ErrorInfo
                      when
                          Reason :: term(), StackTrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats restricted_key_modified errors into a human-readable message naming
the offending handler, callback and key, and duplicate_view_id errors naming
the id and the two handlers that claimed it.

  



  
    
      
    
    
      relocate(Class, Reason, Stacktrace, Loc)



        
          
        

    

  


  

      

          -spec relocate(Class, Reason, Stacktrace, Loc) -> no_return()
                  when
                      Class :: error | exit | throw,
                      Reason :: term(),
                      Stacktrace :: erlang:stacktrace(),
                      Loc :: {module(), pos_integer()}.


      


Re-raises an exception from a template dynamic tagged with the dynamic's source
location, as {arizona_loc, Loc, Reason}, keeping its class and stacktrace.
Every evaluator of a located dynamic catches here -- the SSR walk, the live
mount and the diff alike -- so a crash names the template line whichever path
ran it. A reason already tagged by a nested dynamic is re-raised unchanged:
the deepest location is the one closest to the failure.

  



  
    
      
    
    
      render_list_items(Items, Template, Views)



        
          
        

    

  


  

      

          -spec render_list_items(Items, Template, Views) -> {ItemDs, Views1}
                           when
                               Items :: [term()],
                               Template :: map(),
                               Views :: {map(), map()},
                               ItemDs :: [[{arizona_template:az(), term(), map()}]],
                               Views1 :: {map(), map()}.


      


Renders list items with view tracking. Returns {[ItemD], Views1}.

  



  
    
      
    
    
      render_map_items/3



        
          
        

    

  


  


  



  
    
      
    
    
      render_stream_item(Key, Item, Template, Views)



        
          
        

    

  


  

      

          -spec render_stream_item(Key, Item, Template, Views) -> {ItemD, Views1}
                            when
                                Key :: term(),
                                Item :: term(),
                                Template :: map(),
                                Views :: {map(), map()},
                                ItemD :: [{arizona_template:az(), term(), map()}],
                                Views1 :: {map(), map()}.


      


Renders a single stream item by evaluating its dynamics with view tracking.
Returns {ItemD, Views1} where ItemD is [{Az, Value, Deps}].

  



  
    
      
    
    
      render_stream_item_skipping(Key, NewItem, OldItemD, Changed, Template, Views)



        
          
        

    

  


  

      

          -spec render_stream_item_skipping(Key, NewItem, OldItemD, Changed, Template, Views) -> {ItemD, Views1}
                                     when
                                         Key :: term(),
                                         NewItem :: term(),
                                         OldItemD :: [{arizona_template:az(), term(), map()}],
                                         Changed :: map(),
                                         Template :: map(),
                                         Views :: {map(), map()},
                                         ItemD :: [{arizona_template:az(), term(), map()}],
                                         Views1 :: {map(), map()}.


      


Re-renders a stream item using Changed (set of fields differing between
old and new item) and the previous OldItemD, keeping the old
{Az, Val, Deps} triple of each per-item dynamic that cannot have changed, so
the downstream value comparison emits no op for it.
A dynamic qualifies only when the parse transform flagged it in the template's
reuse list (every item read it makes is tracked in its own closure, so its
deps name every field it read) and its deps miss Changed. Any other dynamic
re-evaluates, as does every dynamic of a template without the list: a read the
deps never recorded is an input the item change may have touched.

  



  
    
      
    
    
      restricted_keys()



        
          
        

    

  


  

      

          -spec restricted_keys() -> [atom()].


      


Returns the framework-owned binding keys. Mounted handlers cannot
change them (see check_restricted_keys/3); navigate-carry strips
them from the previous-route bindings before the new mount sees them,
since they're route-bound rather than session-level state.

  



  
    
      
    
    
      set_update_effects(Effects)



        
          
        

    

  


  

      

          -spec set_update_effects(Effects) -> ok when Effects :: [arizona_stateful:effect()].


      


Seeds the update-effects accumulator before a diff with the originating
callback's effects (e.g. the root event's). Child handle_update/3
callbacks fold onto this during the diff; drain_update_effects/0 reads
the final list. Threading the accumulator this way avoids concatenating
child effects onto the originating ones at the call site.

  


        

      


  

  
    
    arizona_event_attrs - arizona v0.4.0
    
    

    


  
  

    
arizona_event_attrs 
    



      
The az-* attributes a page can prove it renders, and how the proof reaches
the client.
The client delegates a DOM event type only for a name it has been told about,
so every name must be proved to carry commands -- guessing would either leave
a declared event dead or hand app data to the command interpreter. There are
two proofs, one per moment the question is answerable:
	Compile time. The parse transform records per module the az-* names
whose values it can prove are commands (the arizona_az_attrs module
attribute) and the modules it can take markup from (arizona_az_deps):
the component modules its templates name literally, and every module it
calls, imports, or takes a fun Mod:F/A of by a literal name -- a remote
helper's template (other_mod:button()) carries that module's folded
names in its statics, which no render re-proves. all/1 walks that graph
from a set of roots (a
route's handler plus its layout modules), so the connect frame delivers a
page's whole vocabulary up front -- including names sitting in branches
nothing has rendered yet. A handler may extend the graph by declaring
-arizona_az_deps([mod, ...]). itself; every instance of the attribute is
unioned.
	Render time. What compile time cannot prove, evaluation can: a dynamic
attribute value (or ?local attribute init) that classifies as an
{arizona_effect, _} command names its attribute (observe_attr/1) where
arizona_eval evaluates it -- every live mount, render and diff, so a mount
observes without building the document and a diff observes every value its
ops ship -- and a ?stateful/?stateless
instantiation names its module (observe_mod/1) -- covering a module bound
at runtime (?stateful(?get(page), ...)), which the walk cannot follow.
A live process arms the collector (arm/0) and drains it into every reply
it emits (drain/0); the socket walks newly observed modules, dedups
against what it already sent, and ships the delta on that same frame, so a
name arrives with the first frame that can render the markup declaring it.

The collector is process-dictionary state, armed only inside a live process:
the request-free SSR paths (HTTP render, static generation) never arm it, so
observation there is a no-op.
The walk follows every literal callee a module records, so it loads any of
them not loaded yet -- running that module's -on_load, as its first call
would. Each module's names and edges are cached in persistent_term, keyed by
module and stamped with the loaded code's MD5: a hit costs a module_loaded
check, the MD5 read, and a lookup, where re-reading the attributes of a large
framework callee costs microseconds per module on every connect. The stamp is
what keeps the cache honest across a hot reload (a cache keyed by module alone
once went stale there and served a page's events short): new code has a new
MD5, so its first walk re-reads it and replaces the entry -- one
persistent_term write per module version. The compiler's MD5 covers code,
not attributes; the transform-recorded ones follow the code (a folded name is
a template static, an edge is a call or a component atom), and the dev
reloader drops the entry of every module it loads itself, so a dev edit to
only a hand-written -arizona_az_deps/-arizona_az_attrs is seen too. Any
other load path (a release upgrade) keeps the previous version's entry for
such an edit until the code itself changes or the VM restarts. (Under rebar3 shell the agent never reloads an attribute-only edit at all: it decides what
changed by the same MD5.)
A module that fails to load is cached as absent, so a dangling edge does not
cost a code-server round trip on every connect; that entry is ignored once
the module is loaded by any other means (a deploy, the dev reloader).
The per-socket dedup the socket keeps on
top of it (az_walked/az_sent) is a narrower memo with a narrower window:
a hot reload that adds a FOLDED command attribute (a literal builder call
bakes into the statics, so no dynamic slot ever re-proves it) leaves already
open sockets without the new name until they reconnect -- which the dev
watcher's reload forces anyway.
Known limits, all loud or documented rather than silent:
	A command that reaches a LAYOUT attribute opaquely can never be delivered
(layouts render once, at SSR; no frame re-renders one) -- the render warns
(observe_attr/1's unarmed branch). A ?stateless with a runtime-bound
module inside a layout is the same hole one level up; ?stateful in a
layout is already a render-time error.
	A non-transport caller of arizona_live:handle_event/4 (or patch/2)
receives that reply's drained observations and they die with it: unlike
ops, which the stale-snapshot mechanism re-emits on the next root diff, an
unchanged value is never re-proven. In-repo the only such callers are the
terminal transports, which have no DOM to delegate on.
	A helper template reached through no literal edge -- a module bound at
runtime (Mod:button()), a fun value, apply/3, or an intermediate module
compiled without the Arizona headers (it carries no arizona_az_deps, so
the walk stops there) -- delivers only the names a render re-proves, never
its FOLDED ones. Declare the edge by hand with -arizona_az_deps([mod]).
on the page (or the intermediate module). The recorded edges also
over-approximate: every literal callee counts whether or not its markup
renders, at the same per-module grain as a ?stateful in an untaken
branch.


      


      
        Summary


  
    Types
  


    
      
        observed()

      


    





  
    Functions
  


    
      
        all(Roots)

      


        Every compile-time-proven az-* attribute reachable from Roots, themselves
included.



    


    
      
        arm()

      


        Arms the render-time collector in the calling process. Until armed,
observe_attr/1 and observe_mod/1 are no-ops.



    


    
      
        disarm()

      


        Disarms the render-time collector in the calling process, dropping what it held:
a render that armed it only for itself leaves the process as it found it.



    


    
      
        drain()

      


        The observations collected since the last drain, clearing the collector.
{[], []} in an unarmed process.



    


    
      
        observe_attr(Name)

      


        Records that a dynamic az-* attribute rendered a command value -- the typed
proof compile time cannot see for an opaque expression. Any other name is
ignored, so callers can hand over every dynamic attribute name unfiltered.



    


    
      
        observe_callback(Callback)

      


        observe_mod/1 for a stateless render callback: the armed check runs BEFORE
the fun_info module lookup, so an unarmed render (SSR, static generation)
pays one dictionary read and nothing else.



    


    
      
        observe_mod(Mod)

      


        Records that a component module was instantiated, so the socket can walk it --
the only way a module bound at runtime ever reaches the graph.



    





      


      
        Types


        


  
    
      
    
    
      observed()



        
          
        

    

  


  

      

          -nominal observed() :: {[binary()], [module()]}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      all(Roots)



        
          
        

    

  


  

      

          -spec all(Roots) -> [binary()] when Roots :: [module()].


      


Every compile-time-proven az-* attribute reachable from Roots, themselves
included.

  



  
    
      
    
    
      arm()



        
          
        

    

  


  

      

          -spec arm() -> ok.


      


Arms the render-time collector in the calling process. Until armed,
observe_attr/1 and observe_mod/1 are no-ops.

  



  
    
      
    
    
      disarm()



        
          
        

    

  


  

      

          -spec disarm() -> ok.


      


Disarms the render-time collector in the calling process, dropping what it held:
a render that armed it only for itself leaves the process as it found it.

  



  
    
      
    
    
      drain()



        
          
        

    

  


  

      

          -spec drain() -> observed().


      


The observations collected since the last drain, clearing the collector.
{[], []} in an unarmed process.

  



  
    
      
    
    
      observe_attr(Name)



        
          
        

    

  


  

      

          -spec observe_attr(Name) -> ok when Name :: binary().


      


Records that a dynamic az-* attribute rendered a command value -- the typed
proof compile time cannot see for an opaque expression. Any other name is
ignored, so callers can hand over every dynamic attribute name unfiltered.

  



  
    
      
    
    
      observe_callback(Callback)



        
          
        

    

  


  

      

          -spec observe_callback(Callback) -> ok when Callback :: fun((map()) -> term()).


      


observe_mod/1 for a stateless render callback: the armed check runs BEFORE
the fun_info module lookup, so an unarmed render (SSR, static generation)
pays one dictionary read and nothing else.

  



  
    
      
    
    
      observe_mod(Mod)



        
          
        

    

  


  

      

          -spec observe_mod(Mod) -> ok when Mod :: module().


      


Records that a component module was instantiated, so the socket can walk it --
the only way a module bound at runtime ever reaches the graph.
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arizona_flash 
    



      
Signed, one-time flash cookie codec.
A flash is a small map of short-lived display messages carried across a single
redirect (the Post/Redirect/Get pattern). arizona_req owns the request/response
stash (put_flash/3 sets, flash/1 reads); the arizona_middleware:fetch_flash/2
step reads it into the flash binding.
This cookie is the mechanism for a full-page HTTP redirect: the flash rides a
dedicated az_flash cookie whose JSON payload is signed by arizona_crypto
(HMAC-SHA256 with the arizona secret_key), so a client cannot forge one, and is
consumed (cleared) on the next request that reads it. This module owns that domain:
JSON-encode/decode the payload and build the Set-Cookie tuples.
A flash across a WebSocket SPA navigate does not use this cookie. A live
navigate (a {halt, redirect}, or an arizona_js:navigate/patch flash opt) has
no Set-Cookie leg, so arizona_socket carries the flash in-process on the socket
to the follow-up navigate frame -- delivered exactly once, no cookie. Each navigation
kind thus arms exactly one mechanism: cookie for the full-page redirect, in-process
carry for the live navigate.
The cookie value is the flash JSON signed by arizona_crypto:sign/3 under the
arizona.flash purpose with a MAX_AGE-second expiry baked into the signature
(b64(payload) "." b64(signature), URL-safe base64 without padding). decode/1
returns #{} when the signature does not verify or has expired -- so a replayed
cookie kept past its Max-Age is rejected, not just the browser's soft expiry.
The purpose label domain-separates the flash from every other consumer of the
same secret_key: a session cookie replayed as a flash fails the HMAC outright
rather than relying on the JSON parse to reject it.
The flash_secure app env sets the Secure cookie flag (default false). Set it to
true in production (HTTPS); it defaults false because a Secure cookie is silently
dropped over plain HTTP, breaking local dev. Enabling it also switches the cookie to the
__Host-az_flash name (see cookie_name/0), whose browser-enforced __Host- prefix
closes sibling-subdomain cookie tossing. (Mirrors session_secure.)

      


      
        Summary


  
    Functions
  


    
      
        clear_cookie()

      


        The Set-Cookie tuple that clears a consumed flash.



    


    
      
        cookie_name()

      


        The flash cookie name: az_flash, or __Host-az_flash when flash_secure is
enabled.



    


    
      
        decode(Value)

      


        Decodes and verifies a cookie value into a flash map, returning #{} when the
signature does not match, has expired, or the value is malformed.



    


    
      
        encode(Flash)

      


        Encodes a flash map into a signed cookie value with a baked-in MAX_AGE-second
expiry (via arizona_crypto:sign/3), matching the cookie's own Max-Age. The
signed expiry is defense-in-depth: even a client that ignores Max-Age and replays
a kept cookie past its lifetime gets #{} from decode/1. Errors if secret_key
is unset.



    


    
      
        key/1

      


        Normalizes a flash key (an atom is converted to a binary).



    


    
      
        resp_cookie(FlashOut, Consumed)

      


        The flash Set-Cookie a response should carry, given the outgoing flash and
whether an incoming one was consumed: a freshly set flash (signed), a clearing
cookie when one was consumed and none was set, or none.



    


    
      
        secret()

      


        Returns the configured flash signing secret. Delegates to arizona_crypto:secret/0
(the flash cookie is signed by arizona_crypto); erroring if it is unset or empty.



    


    
      
        set_cookie(Flash)

      


        The Set-Cookie tuple that carries Flash to the next request.



    





      


      
        Functions


        


  
    
      
    
    
      clear_cookie()



        
          
        

    

  


  

      

          -spec clear_cookie() -> {binary(), binary(), arizona_req:resp_cookie_opts()}.


      


The Set-Cookie tuple that clears a consumed flash.

  



  
    
      
    
    
      cookie_name()



        
          
        

    

  


  

      

          -spec cookie_name() -> binary().


      


The flash cookie name: az_flash, or __Host-az_flash when flash_secure is
enabled.
The __Host- prefix makes the browser refuse to store the cookie unless it is
Secure, Path=/, and Domain-less -- all of which the flash cookie already is
when flash_secure is on -- so no sibling subdomain can plant a shadowing
cookie under the same name. Read and write sides both resolve the name here, so
they always agree. (Mirrors arizona_session:cookie_name/0.)

  



  
    
      
    
    
      decode(Value)



        
          
        

    

  


  

      

          -spec decode(Value) -> arizona_req:flash() when Value :: binary().


      


Decodes and verifies a cookie value into a flash map, returning #{} when the
signature does not match, has expired, or the value is malformed.

  



  
    
      
    
    
      encode(Flash)



        
          
        

    

  


  

      

          -spec encode(Flash) -> binary() when Flash :: arizona_req:flash().


      


Encodes a flash map into a signed cookie value with a baked-in MAX_AGE-second
expiry (via arizona_crypto:sign/3), matching the cookie's own Max-Age. The
signed expiry is defense-in-depth: even a client that ignores Max-Age and replays
a kept cookie past its lifetime gets #{} from decode/1. Errors if secret_key
is unset.

  



  
    
      
    
    
      key/1



        
          
        

    

  


  

      

          -spec key(atom() | binary()) -> binary().


      


Normalizes a flash key (an atom is converted to a binary).

  



  
    
      
    
    
      resp_cookie(FlashOut, Consumed)



        
          
        

    

  


  

      

          -spec resp_cookie(FlashOut, Consumed) -> {binary(), binary(), arizona_req:resp_cookie_opts()} | none
                     when FlashOut :: arizona_req:flash(), Consumed :: boolean().


      


The flash Set-Cookie a response should carry, given the outgoing flash and
whether an incoming one was consumed: a freshly set flash (signed), a clearing
cookie when one was consumed and none was set, or none.

  



  
    
      
    
    
      secret()



        
          
        

    

  


  

      

          -spec secret() -> binary().


      


Returns the configured flash signing secret. Delegates to arizona_crypto:secret/0
(the flash cookie is signed by arizona_crypto); erroring if it is unset or empty.

  



  
    
      
    
    
      set_cookie(Flash)



        
          
        

    

  


  

      

          -spec set_cookie(Flash) -> {binary(), binary(), arizona_req:resp_cookie_opts()}
                    when Flash :: arizona_req:flash().


      


The Set-Cookie tuple that carries Flash to the next request.
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arizona_html 
    



      
HTML render-target backend.
Emits the byte sequences that make up the s statics for HTML output:
element tags, attributes, and the comment markers that delimit dynamic text
slots. Extracted verbatim from the parse transform -- output is byte-for-byte
identical to the previous inlined emission.

      


      
        Summary


  
    Functions
  


    
      
        attr(Name, Value)

      


    


    
      
        attr_bool/2

      


    


    
      
        attr_command(Name, Cmd)

      


    


    
      
        attr_dyn_name(Name)

      


    


    
      
        attr_names()

      


    


    
      
        az_attr(Az)

      


    


    
      
        boolean_attrs()

      


    


    
      
        children_sep()

      


    


    
      
        content_context(Tag, Parent)

      


    


    
      
        content_type()

      


    


    
      
        each_items(Items)

      


    


    
      
        element_close(TagName)

      


    


    
      
        element_open(TagName)

      


    


    
      
        element_open_end()

      


    


    
      
        element_void_close()

      


    


    
      
        escape(Bin)

      


    


    
      
        implied_attrs(Tag, Names)

      


    


    
      
        is_void(Tag)

      


    


    
      
        keyed_item_ops()

      


    


    
      
        name/1

      


    


    
      
        raw_text(Tag, Before, After, Value)

      


    


    
      
        raw_text_kind(Tag, Context)

      


    


    
      
        render_attr/2

      


    


    
      
        scope_static(Fp, Prefix, S0)

      


    


    
      
        single_root_document()

      


    


    
      
        supports_list_patch()

      


    


    
      
        supports_local()

      


    


    
      
        supports_nodiff_keep()

      


    


    
      
        target()

      


    


    
      
        text_az/2

      


    


    
      
        text_child(Text)

      


    


    
      
        text_slot_close()

      


    


    
      
        text_slot_open(Az)

      


    


    
      
        wire_attr(Name, Value)

      


    


    
      
        wire_escape(Bin)

      


    





      


      
        Functions


        


  
    
      
    
    
      attr(Name, Value)



        
          
        

    

  


  

      

          -spec attr(binary(), binary()) -> binary().


      



  



  
    
      
    
    
      attr_bool/2



        
          
        

    

  


  

      

          -spec attr_bool(binary(), boolean()) -> binary().


      



  



  
    
      
    
    
      attr_command(Name, Cmd)



        
          
        

    

  


  

      

          -spec attr_command(binary(), term()) -> binary().


      



  



  
    
      
    
    
      attr_dyn_name(Name)



        
          
        

    

  


  

      

          -spec attr_dyn_name(binary()) -> binary().


      



  



  
    
      
    
    
      attr_names()



        
          
        

    

  


  

      

          -spec attr_names() -> case_insensitive.


      



  



  
    
      
    
    
      az_attr(Az)



        
          
        

    

  


  

      

          -spec az_attr(binary()) -> binary().


      



  



  
    
      
    
    
      boolean_attrs()



        
          
        

    

  


  


  



  
    
      
    
    
      children_sep()



        
          
        

    

  


  

      

          -spec children_sep() -> binary().


      



  



  
    
      
    
    
      content_context(Tag, Parent)



        
          
        

    

  


  

      

          -spec content_context(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                         arizona_renderer:content_context().


      



  



  
    
      
    
    
      content_type()



        
          
        

    

  


  


  



  
    
      
    
    
      each_items(Items)



        
          
        

    

  


  

      

          -spec each_items([iodata()]) -> iodata().


      



  



  
    
      
    
    
      element_close(TagName)



        
          
        

    

  


  

      

          -spec element_close(binary()) -> binary().


      



  



  
    
      
    
    
      element_open(TagName)



        
          
        

    

  


  

      

          -spec element_open(binary()) -> binary().


      



  



  
    
      
    
    
      element_open_end()



        
          
        

    

  


  

      

          -spec element_open_end() -> binary().


      



  



  
    
      
    
    
      element_void_close()



        
          
        

    

  


  

      

          -spec element_void_close() -> binary().


      



  



  
    
      
    
    
      escape(Bin)



        
          
        

    

  


  

      

          -spec escape(binary()) -> binary().


      



  



  
    
      
    
    
      implied_attrs(Tag, Names)



        
          
        

    

  


  

      

          -spec implied_attrs(arizona_renderer:tag(), [binary()]) -> [{binary(), binary()}].


      



  



  
    
      
    
    
      is_void(Tag)



        
          
        

    

  


  

      

          -spec is_void(arizona_renderer:tag()) -> boolean().


      



  



  
    
      
    
    
      keyed_item_ops()



        
          
        

    

  


  


  



  
    
      
    
    
      name/1



        
          
        

    

  


  

      

          -spec name(arizona_renderer:tag()) -> binary().


      



  



  
    
      
    
    
      raw_text(Tag, Before, After, Value)



        
          
        

    

  


  

      

          -spec raw_text(atom(), binary(), binary(), term()) -> term().


      



  



  
    
      
    
    
      raw_text_kind(Tag, Context)



        
          
        

    

  


  

      

          -spec raw_text_kind(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                       arizona_renderer:raw_text_kind().


      



  



  
    
      
    
    
      render_attr/2



        
          
        

    

  


  

      

          -spec render_attr(binary(), term()) -> binary().


      



  



  
    
      
    
    
      scope_static(Fp, Prefix, S0)



        
          
        

    

  


  

      

          -spec scope_static(binary(), binary(), binary()) -> binary().


      



  



  
    
      
    
    
      single_root_document()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_list_patch()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_local()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_nodiff_keep()



        
          
        

    

  


  


  



  
    
      
    
    
      target()



        
          
        

    

  


  


  



  
    
      
    
    
      text_az/2



        
          
        

    

  


  

      

          -spec text_az(binary(), non_neg_integer()) -> binary().


      



  



  
    
      
    
    
      text_child(Text)



        
          
        

    

  


  

      

          -spec text_child(binary()) -> binary().


      



  



  
    
      
    
    
      text_slot_close()



        
          
        

    

  


  

      

          -spec text_slot_close() -> binary().


      



  



  
    
      
    
    
      text_slot_open(Az)



        
          
        

    

  


  

      

          -spec text_slot_open(binary()) -> binary().


      



  



  
    
      
    
    
      wire_attr(Name, Value)



        
          
        

    

  


  

      

          -spec wire_attr(binary(), term()) -> binary().


      



  



  
    
      
    
    
      wire_escape(Bin)



        
          
        

    

  


  

      

          -spec wire_escape(binary()) -> binary().


      



  


        

      


  

  
    
    arizona_http - arizona v0.4.0
    
    

    


  
  

    
arizona_http 
    



      
Shared HTTP render pipeline for transport adapters that serve an
Arizona view as the page response.
Runs route middlewares against an already-wrapped
arizona_req:request(), then dispatches to
arizona_render:render_view/2 and returns either a halt
signal (middleware refused to continue), the rendered page body,
or a crash/error page body. The caller is responsible for wrapping
the native request beforehand and translating the result into its
transport's native reply shape.
Flow
	Run arizona_middleware:apply_middlewares/3 with the route's bindings.
	On {halt, HaltReq} -- return {halt, HaltReq} unchanged; the
caller decodes the stashed redirect (arizona_req:halted_redirect/1)
or status and ships the reply (a 403 when the middleware stashed
neither).
	On {cont, Req1, Bindings1} -- call
arizona_render:render_view/2 with the route's layout/on_mount.
Return {ok, 200, ContentType, Page, Req1} or, on crash or a stashed
hot-reload error, {error, 500, ContentType, ErrorPage, Req1} (the
threaded req carries any response headers/cookies for the transport to
flush). ContentType is the rendered document's media type, answered by
its render backend, so a ?native route serves JSON and an HTML one HTML.


      


      
        Summary


  
    Types
  


    
      
        error_info()

      


    


    
      
        reply()

      


    


    
      
        result()

      


    





  
    Functions
  


    
      
        render(Handler, ArzReq, Opts)

      


        Runs the full render pipeline for Handler against an already-wrapped
arizona_req:request().



    


    
      
        reply(Handler, ArzReq, Opts)

      


        render/3 folded into the response a server adapter sends: a halt becomes its
arizona_req:halt_reply/1 (empty body), a rendered page (or its error page)
gets arizona_req:flush/1's lines then its content-type. Either way the
session is committed and the header lines are in send order, so the adapter
only adds its own framing (a content-length) and replies.



    





      


      
        Types


        


  
    
      
    
    
      error_info()



        
          
        

    

  


  

      

          -nominal error_info() ::
             #{class := error | exit | throw,
               reason := term(),
               stacktrace := erlang:stacktrace(),
               reload_url => binary() | undefined}.


      



  



  
    
      
    
    
      reply()



        
          
        

    

  


  

      

          -nominal reply() :: {arizona_req:resp_status(), [{binary(), binary()}], iodata(), arizona_req:request()}.


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          -nominal result() ::
             {halt, arizona_req:request()} |
             {ok, arizona_req:resp_status(), ContentType :: binary(), iolist(), arizona_req:request()} |
             {error, 500, ContentType :: binary(), iolist(), arizona_req:request()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      render(Handler, ArzReq, Opts)



        
          
        

    

  


  

      

          -spec render(Handler, ArzReq, Opts) -> result()
                when
                    Handler :: module(),
                    ArzReq :: arizona_req:request(),
                    Opts :: arizona_live:route_opts().


      


Runs the full render pipeline for Handler against an already-wrapped
arizona_req:request().

  



  
    
      
    
    
      reply(Handler, ArzReq, Opts)



        
          
        

    

  


  

      

          -spec reply(Handler, ArzReq, Opts) -> reply()
               when
                   Handler :: module(),
                   ArzReq :: arizona_req:request(),
                   Opts :: arizona_live:route_opts().


      


render/3 folded into the response a server adapter sends: a halt becomes its
arizona_req:halt_reply/1 (empty body), a rendered page (or its error page)
gets arizona_req:flush/1's lines then its content-type. Either way the
session is committed and the header lines are in send order, so the adapter
only adds its own framing (a content-length) and replies.

  


        

      


  

  
    
    arizona_http_transforms - arizona v0.4.0
    
    

    


  
  

    
arizona_http_transforms 
    



      
The reference implementation of the HTTP response transforms
(arizona_route:transforms/2): etag, compress, cors, and security headers,
independent of any server. An adapter whose server lacks them (Cowboy) applies
these; one with native equivalents (roadrunner) may use those instead, as long as
the conformance suite still passes.
A response here is {Status, Headers, Body}, the header lines in send order;
Body is stream for a response whose body is not known up front (stream,
sendfile, loop, a static file), which only gets the header-level transforms
(cors, security headers). The request is described by its method, headers, and
the scheme the browser used (arizona_req:client_scheme/1, so HSTS is sent
behind a TLS-terminating proxy too).

      


      
        Summary


  
    Types
  


    
      
        response()

      


    





  
    Functions
  


    
      
        preflight(Transforms, Method, RequestHeaders)

      


        The CORS preflight answer, when the request is one (OPTIONS with Origin and
Access-Control-Request-Method) and the route carries a cors transform: a
204 with the Access-Control-* set for an allowed origin, and only
vary: origin for any other. none otherwise.



    


    
      
        wrap(Transforms, Request, Response)

      


        Applies Transforms (first outermost) to a response for a request with
RequestHeaders and Scheme.



    





      


      
        Types


        


  
    
      
    
    
      response()



        
          
        

    

  


  

      

          -nominal response() :: {pos_integer(), [{binary(), iodata()}], iodata() | stream}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      preflight(Transforms, Method, RequestHeaders)



        
          
        

    

  


  

      

          -spec preflight(Transforms, Method, RequestHeaders) -> response() | none
                   when
                       Transforms :: [arizona_middleware:http_transform()],
                       Method :: binary(),
                       RequestHeaders :: #{binary() => binary()}.


      


The CORS preflight answer, when the request is one (OPTIONS with Origin and
Access-Control-Request-Method) and the route carries a cors transform: a
204 with the Access-Control-* set for an allowed origin, and only
vary: origin for any other. none otherwise.

  



  
    
      
    
    
      wrap(Transforms, Request, Response)



        
          
        

    

  


  

      

          -spec wrap(Transforms, Request, Response) -> Response
              when
                  Transforms :: [arizona_middleware:http_transform()],
                  Request ::
                      #{method := binary(), headers := #{binary() => binary()}, scheme := http | https},
                  Response :: response().


      


Applies Transforms (first outermost) to a response for a request with
RequestHeaders and Scheme.

  


        

      


  

  
    
    arizona_js - arizona v0.4.0
    
    

    


  
  

    
arizona_js 
    



      
Builders for web (browser/JavaScript) client effects.
Each function returns an arizona_effect:cmd/0 tuple
{arizona_effect, [OpCode | Args]} -- the shared wire format every client
command module produces (op codes in include/arizona_effect.hrl), encoded by
arizona_effect:encode/1. Use them inside web event attributes like az-click
or as effects from handle_event/3.
Most of these are browser/DOM-only (toggle, the class ops, set_attr,
dispatch_event, ...): they address the DOM by CSS selector or touch
document/window state. push_event and navigate have portable counterparts
in the per-platform modules (e.g. arizona_android) for ?native views.
Example
{'button', [{az_click, [
    arizona_js:push_event(~"inc"),
    arizona_js:toggle(~"#modal")
]}], [~"Both"]}
Two lifetimes -- attribute vs handler effect
The same builder means different things depending on where it is placed:
	In an event attribute (az_click, az_submit, ...) it is markup. It
renders at SSR and sits in the DOM, so a purely client-side command
(toggle, the class ops, set/2,3) runs on its trigger with no round trip
at all. push_event and fetch are the ones that do reach the server.
	Returned from a handler callback it is a command sent over the
WebSocket, so it cannot exist at SSR -- an SSR render is an HTTP response
with no client attached yet. Which callbacks can return effects, and why
mount/1 cannot, is covered by "Resets and effects" in arizona_stateful.

Appearance is rendered, not commanded
A class or attribute derived from state belongs in the template, where the
diff engine owns it:
{'div', [{id, ?get(id)}, {class, [~"app ", ?get(tint)]}], [...]}
Driving that same class from a handler with add_class/2 paints the wrong
value on a cold load and only corrects itself once connected -- never, if no
event ever fires. Effects are for imperative one-shots the DOM cannot derive
from state: focus a field, set the title, start a transition, copy to the
clipboard. It is the same reasoning behind there being deliberately no
set_text/set_html -- writing content from an effect would fight the diff
engine, which is authoritative for what a view shows.

      


      
        Summary


  
    Functions
  


    
      
        add_class(Selector, Class)

      


        Adds a CSS class to all elements matching the selector.



    


    
      
        blur(Selector)

      


        Blurs (removes focus from) the first element matching the selector.



    


    
      
        close_modal(Selector)

      


        Closes the first <dialog> matching the selector via HTMLDialogElement.close.
A non-dialog match is a safe no-op.



    


    
      
        copy_to_clipboard(Selector)

      


        Copies to the clipboard the text of the first element matching the selector: the
matched element's value (a form control) or, failing that, its textContent,
written via navigator.clipboard.writeText.



    


    
      
        dispatch_event(Name, Payload)

      


        Dispatches a custom DOM event with a payload.



    


    
      
        exit_pip(ViewId)

      


        Closes the floating Picture-in-Picture window for ViewId, moving the view back
inline. No-op if the view isn't popped out.



    


    
      
        fetch(Url, Opts)

      


        Issues an HTTP request to Url via the browser fetch() API, without a page
reload, and applies the response. Unlike push_event (WebSocket, can't set
cookies) and a plain form POST (full reload), a fetch response can carry a real
Set-Cookie -- HttpOnly honored, applied natively by the browser -- while the
page stays put. Use it for flows that must rotate a session cookie yet keep the
typed form fields and show inline validation (password change, login, logout).



    


    
      
        focus(Selector)

      


        Focuses the first element matching the selector.



    


    
      
        hide(Selector)

      


        Hides all elements matching the CSS selector.



    


    
      
        navigate(Path)

      


        Triggers a SPA navigation to Path.



    


    
      
        navigate(Path, Opts)

      


        Triggers a SPA navigation to Path with options.



    


    
      
        on_key(Key, Cmd)

      


        Wraps a command (or list of commands) so it only fires when a key
matching Key is pressed. Key can be an atom (e.g. enter), a
list of atoms (matches any), or a regex pattern as a binary.



    


    
      
        patch(Path)

      


        Triggers an in-place SPA navigation (patch) to Path: keeps the current
live view mounted and re-renders it via handle_update/3 instead of
replacing it. The counterpart of navigate/1; use it between routes that
share a root view so live chrome survives the navigation.



    


    
      
        patch(Path, Opts)

      


        Triggers an in-place SPA navigation (patch) to Path with options. Accepts the
same flash opt as navigate/2 (carried in-process to the patched route's flash
binding, stripped from the client effect) and its replace opt.



    


    
      
        push_event(Event)

      


        Pushes a named event to the server. The payload is auto-collected from the
triggering element itself, not its siblings: a form trigger contributes its
fields (a form submit passes the form), an input/select/textarea trigger its
value; any other trigger (e.g. a plain button inside a form) sends an empty
payload. Use push_event/2 to attach data explicitly.



    


    
      
        push_event(Event, Payload)

      


        Pushes a named event with an explicit payload, merged on top of any
auto-collected form data.



    


    
      
        reload()

      


        Reloads the current page.



    


    
      
        remove_attr(Selector, Attr)

      


        Removes an attribute from all elements matching the selector.



    


    
      
        remove_class(Selector, Class)

      


        Removes a CSS class from all elements matching the selector.



    


    
      
        request_pip(ViewId)

      


        Moves the view identified by ViewId into a floating Document Picture-in-Picture
window, kept live by the server diff stream. Use inside a web event attribute
(e.g. az-click) -- Document PiP requires a user gesture, so it won't open from
a server-pushed handler effect. The window opens at the browser's default size;
use request_pip/2 to choose a size.



    


    
      
        request_pip(ViewId, Opts)

      


        Like request_pip/1 but with window options. width/height set the floating
window's initial size in pixels; when omitted the browser picks a default size.



    


    
      
        reset_form(Selector)

      


        Resets all forms matching the selector, clearing the fields the user typed
back to their initial values (HTMLFormElement.reset).



    


    
      
        scroll_to(Selector)

      


        Scrolls smoothly to the first element matching the selector.



    


    
      
        scroll_to(Selector, Opts)

      


        Scrolls to the first element matching the selector with scrollIntoView
options (behavior, block, inline).



    


    
      
        select(Selector)

      


        Selects (highlights) the text of the first element matching the selector, an
<input> or <textarea>, via HTMLInputElement.select -- so a subsequent copy
or overtype acts on the whole field.



    


    
      
        set(Key, Value)

      


        Sets a client-owned slot (?local) to Value in the closest view of the
triggering element, updating every slot with Key locally with no server
round-trip. Use inside web event attributes like az-click.



    


    
      
        set(ViewId, Key, Value)

      


        Like set/2 but targets the slot in the view identified by ViewId.



    


    
      
        set_all(Key, Value)

      


        Like set/2 but updates the slot in every view on the page (document-wide).



    


    
      
        set_attr(Selector, Attr, Value)

      


        Sets an attribute on all elements matching the selector.



    


    
      
        set_title(Title)

      


        Sets the document title.



    


    
      
        show(Selector)

      


        Shows all elements matching the CSS selector.



    


    
      
        show_modal(Selector)

      


        Opens the first <dialog> matching the selector as a true modal via
HTMLDialogElement.showModal -- placed in the top layer, with a ::backdrop
and ESC-to-close -- unlike merely setting the open attribute (a non-modal
dialog). A non-dialog match is a safe no-op.



    


    
      
        toggle(Selector)

      


        Toggles the visibility of all elements matching the CSS selector.



    


    
      
        toggle_attr(Selector, Attr)

      


        Toggles the presence of a bare boolean attribute on all elements matching the
selector: removes it if present, otherwise sets it (e.g. disabled, readonly,
hidden, open). For toggling between two values, use toggle_attr/4.



    


    
      
        toggle_attr(Selector, Attr, ValueA, ValueB)

      


        Toggles an attribute between two values on all elements matching the selector: sets
ValueB when the current value is ValueA, otherwise sets ValueA (so any
other current value resolves to ValueA). Useful for one-button toggles like a
password field's type between password and text.



    


    
      
        toggle_class(Selector, Class)

      


        Toggles a CSS class on all elements matching the selector.



    


    
      
        transition(Cmd)

      


        Wraps a command (or list of commands) so the DOM change it causes plays inside a
view transition (document.startViewTransition). Works for a client-side effect
(e.g. toggle/1, animated immediately), a navigate/1,2 (the page swap
animates), or a push_event (the resulting server diff animates). A view
transition is not tied to navigation -- it wraps any DOM change. Equivalent to
transition/2 with no options.



    


    
      
        transition(Cmd, Opts)

      


        Like transition/1 but with options. types is a list of view-transition type
names activated for the transition (matched by :active-view-transition-type(...)
CSS), letting one stylesheet pick a different animation per call.



    





      


      
        Functions


        


  
    
      
    
    
      add_class(Selector, Class)



        
          
        

    

  


  

      

          -spec add_class(Selector, Class) -> arizona_effect:cmd() when Selector :: binary(), Class :: binary().


      


Adds a CSS class to all elements matching the selector.

  



  
    
      
    
    
      blur(Selector)



        
          
        

    

  


  

      

          -spec blur(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Blurs (removes focus from) the first element matching the selector.

  



  
    
      
    
    
      close_modal(Selector)



        
          
        

    

  


  

      

          -spec close_modal(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Closes the first <dialog> matching the selector via HTMLDialogElement.close.
A non-dialog match is a safe no-op.
Like focus/1/blur/1/scroll_to/1 (first match only). Usable both as a web
event command (e.g. {az_click, arizona_js:close_modal(~"#confirm")}) and as a
handler effect from handle_event/3.

  



  
    
      
    
    
      copy_to_clipboard(Selector)



        
          
        

    

  


  

      

          -spec copy_to_clipboard(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Copies to the clipboard the text of the first element matching the selector: the
matched element's value (a form control) or, failing that, its textContent,
written via navigator.clipboard.writeText.
Like focus/1/blur/1/scroll_to/1 (first match only). The Clipboard API
requires a secure context and a user gesture, so this is meaningful as an
event command only (e.g. {az_click, arizona_js:copy_to_clipboard(~"#token")});
a server-pushed handler effect can't satisfy the gesture requirement. A
missing/blocked clipboard is a safe no-op.

  



  
    
      
    
    
      dispatch_event(Name, Payload)



        
          
        

    

  


  

      

          -spec dispatch_event(Name, Payload) -> arizona_effect:cmd() when Name :: binary(), Payload :: map().


      


Dispatches a custom DOM event with a payload.

  



  
    
      
    
    
      exit_pip(ViewId)



        
          
        

    

  


  

      

          -spec exit_pip(ViewId) -> arizona_effect:cmd() when ViewId :: binary().


      


Closes the floating Picture-in-Picture window for ViewId, moving the view back
inline. No-op if the view isn't popped out.

  



  
    
      
    
    
      fetch(Url, Opts)



        
          
        

    

  


  

      

          -spec fetch(Url, Opts) -> arizona_effect:cmd()
               when
                   Url :: binary(),
                   Opts ::
                       #{method => get | post | put | patch | delete,
                         body => term(),
                         headers => #{binary() => binary()},
                         credentials => same_origin | include | omit,
                         on_error => arizona_effect:cmd() | arizona_effect:cmds(),
                         keep_alive => boolean()}.


      


Issues an HTTP request to Url via the browser fetch() API, without a page
reload, and applies the response. Unlike push_event (WebSocket, can't set
cookies) and a plain form POST (full reload), a fetch response can carry a real
Set-Cookie -- HttpOnly honored, applied natively by the browser -- while the
page stays put. Use it for flows that must rotate a session cookie yet keep the
typed form fields and show inline validation (password change, login, logout).
Composes as a command: as an az_submit command the trigger form's fields are the
request body; as an az_click command on a non-form element, body is sent
instead.
The endpoint is a controller route (e.g. {post, ...}) returning the {"e": [...]}
effects wire payload -- arizona_controller:reply_effects/1 for the success leg
(200; a form with az-form-reset clears) or reply_effects/2 with a non-2xx
(e.g. 422) for a validation error (the typed fields survive). The effects are
applied on any status, against the submitting view's element. on_error (and
an arizona:fetch-error DOM event) runs only when there is no usable effects body
-- a non-JSON page, an empty non-2xx, or a network failure.
To re-render the live view, return an arizona_js:push_event in the response: the
client relays it over the existing WebSocket and the view re-renders through its
normal handle_event/3 (no subscription; it targets the submitting view and does
not echo the form fields). Use arizona_pubsub from the controller instead to reach
other views (broadcast). To send the user elsewhere, return arizona_js:navigate/1
(e.g. via reply_redirect/1), not an HTTP 3xx -- a fetch-followed redirect can't
drive a SPA navigation.
Identity changes need a reload. The WebSocket is not re-handshaked when the
cookie changes, so a fetch that changes who the user is (login/logout) must
arizona_js:reload/0 (or do a real navigation) for the socket to pick up the new
session -- push_event/navigate would re-render over the stale one. Rotating the
cookie for the same identity (e.g. password change) needs no reload.
Opts:
	method -- HTTP method. Default: the trigger form's method, else post.
	body -- request body for a non-form trigger (JSON-encoded); it wins over a
trigger form's fields. Default: the trigger form's fields as
application/x-www-form-urlencoded. A GET/HEAD has no request body, so either
payload goes in the query string instead, ahead of any #fragment: the form's
fields as they are, a body map one parameter per key (a list repeats its key,
null is left out, a nested map is JSON-encoded). Only the atom null is left
out: any other atom is sent as its name, so undefined arrives as the text
"undefined". A GET body that is not a map is not sent, with a console
warning.
	headers -- extra request headers, merged on top.
	credentials -- cookie/credential mode. Default same_origin.
	on_error -- a command (or list) run on a non-2xx with no effects body, or a
network error.
	keep_alive -- when true, the request completes even if a navigation starts
right after it (use case: a POST fired just before navigating away); maps to the
browser's fetch(url, { keepalive: true }). Absent or false is the current
behaviour (the navigation cancels an in-flight fetch). The browser caps a
keepalive request's inflight body at ~64KB.

To send the user elsewhere, return an arizona_js:navigate/1 effect from the
controller (e.g. via arizona_controller:reply_redirect/1) rather than an HTTP
3xx -- a fetch-followed redirect can't drive a SPA navigation.

  



  
    
      
    
    
      focus(Selector)



        
          
        

    

  


  

      

          -spec focus(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Focuses the first element matching the selector.

  



  
    
      
    
    
      hide(Selector)



        
          
        

    

  


  

      

          -spec hide(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Hides all elements matching the CSS selector.

  



  
    
      
    
    
      navigate(Path)



        
          
        

    

  


  

      

          -spec navigate(Path) -> arizona_effect:cmd() when Path :: binary().


      


Triggers a SPA navigation to Path.

  



  
    
      
    
    
      navigate(Path, Opts)



        
          
        

    

  


  

      

          -spec navigate(Path, Opts) -> arizona_effect:cmd() when Path :: binary(), Opts :: map().


      


Triggers a SPA navigation to Path with options.
	replace -- use replaceState instead of pushState.
	flash -- a flash map (#{binary() => term()}) to show on the page navigated
to, the live counterpart of arizona_req:put_flash/3 before a redirect. The
server strips it from the effect (the browser never sees it) and carries it
in-process to the target's flash binding, so an in-view Post/Redirect/Get
(submit -> flash -> navigate) shows its message just like an HTTP redirect flash.
Only for an effect a live handler returns: the socket is the carrier. In an
event attribute or a controller response (arizona_controller:reply_effects/1,2)
it raises flash_outside_live_effect -- push an event whose handler returns the
navigate, or set the flash from the controller with arizona_req:put_flash/3 and
navigate with full => true.
	full -- do a real full-page navigation (location.assign, or location.replace
with replace) instead of a SPA navigation. For a target that is not a live route
(a controller/asset path, a 404); the framework itself emits this to degrade a
navigate/patch whose path does not resolve to a live view. An http/https
Path on another origin is always loaded this way, since pushState refuses it.
Any other scheme (javascript:, data:) is never loaded: the client drops the
effect with a warning, since loading it would run it in the page.


  



  
    
      
    
    
      on_key(Key, Cmd)



        
          
        

    

  


  

      

          -spec on_key(Key, Cmd) -> arizona_effect:cmd()
                when
                    Key :: atom() | [atom()] | binary(),
                    Cmd :: arizona_effect:cmd() | arizona_effect:cmds().


      


Wraps a command (or list of commands) so it only fires when a key
matching Key is pressed. Key can be an atom (e.g. enter), a
list of atoms (matches any), or a regex pattern as a binary.
Matching is case-insensitive: the client lowercases the browser's
event.key before comparing, so give keys and patterns in lowercase
(enter, escape, arrowdown). An uppercase name or pattern ('Enter',
~"^[A-Z]$") never matches.

  



  
    
      
    
    
      patch(Path)



        
          
        

    

  


  

      

          -spec patch(Path) -> arizona_effect:cmd() when Path :: binary().


      


Triggers an in-place SPA navigation (patch) to Path: keeps the current
live view mounted and re-renders it via handle_update/3 instead of
replacing it. The counterpart of navigate/1; use it between routes that
share a root view so live chrome survives the navigation.

  



  
    
      
    
    
      patch(Path, Opts)



        
          
        

    

  


  

      

          -spec patch(Path, Opts) -> arizona_effect:cmd() when Path :: binary(), Opts :: map().


      


Triggers an in-place SPA navigation (patch) to Path with options. Accepts the
same flash opt as navigate/2 (carried in-process to the patched route's flash
binding, stripped from the client effect) and its replace opt.
An http/https Path on another origin cannot be patched in place: the client
loads it as a page (location.assign, or location.replace with replace). Any
other scheme is dropped with a warning, as for navigate/2.

  



  
    
      
    
    
      push_event(Event)



        
          
        

    

  


  

      

          -spec push_event(Event) -> arizona_effect:cmd() when Event :: binary().


      


Pushes a named event to the server. The payload is auto-collected from the
triggering element itself, not its siblings: a form trigger contributes its
fields (a form submit passes the form), an input/select/textarea trigger its
value; any other trigger (e.g. a plain button inside a form) sends an empty
payload. Use push_event/2 to attach data explicitly.

  



  
    
      
    
    
      push_event(Event, Payload)



        
          
        

    

  


  

      

          -spec push_event(Event, Payload) -> arizona_effect:cmd() when Event :: binary(), Payload :: map().


      


Pushes a named event with an explicit payload, merged on top of any
auto-collected form data.

  



  
    
      
    
    
      reload()



        
          
        

    

  


  

      

          -spec reload() -> arizona_effect:cmd().


      


Reloads the current page.

  



  
    
      
    
    
      remove_attr(Selector, Attr)



        
          
        

    

  


  

      

          -spec remove_attr(Selector, Attr) -> arizona_effect:cmd() when Selector :: binary(), Attr :: binary().


      


Removes an attribute from all elements matching the selector.

  



  
    
      
    
    
      remove_class(Selector, Class)



        
          
        

    

  


  

      

          -spec remove_class(Selector, Class) -> arizona_effect:cmd() when Selector :: binary(), Class :: binary().


      


Removes a CSS class from all elements matching the selector.

  



  
    
      
    
    
      request_pip(ViewId)



        
          
        

    

  


  

      

          -spec request_pip(ViewId) -> arizona_effect:cmd() when ViewId :: binary().


      


Moves the view identified by ViewId into a floating Document Picture-in-Picture
window, kept live by the server diff stream. Use inside a web event attribute
(e.g. az-click) -- Document PiP requires a user gesture, so it won't open from
a server-pushed handler effect. The window opens at the browser's default size;
use request_pip/2 to choose a size.

  



  
    
      
    
    
      request_pip(ViewId, Opts)



        
          
        

    

  


  

      

          -spec request_pip(ViewId, Opts) -> arizona_effect:cmd()
                     when ViewId :: binary(), Opts :: #{width => pos_integer(), height => pos_integer()}.


      


Like request_pip/1 but with window options. width/height set the floating
window's initial size in pixels; when omitted the browser picks a default size.

  



  
    
      
    
    
      reset_form(Selector)



        
          
        

    

  


  

      

          -spec reset_form(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Resets all forms matching the selector, clearing the fields the user typed
back to their initial values (HTMLFormElement.reset).
Unlike focus/1/blur/1 (first match only), this broadcasts to every match,
like the DOM-mutating selector effects (toggle, the class ops, set_attr). A
match without a reset() method (a non-form element) is a safe no-op.
Where set_attr(value, ~"") only rewrites the value attribute (leaving the
user-typed value property untouched, and doing nothing at all for a
<textarea> that has no value attribute), this drives the native form reset, so
it clears text inputs and textareas alike. Unlike az-form-reset (which fires
only on a successful submit/fetch), it's imperative: usable both as a web event
command (e.g. {az_click, arizona_js:reset_form(~"#signup")}) and as a handler
effect from handle_event/3.

  



  
    
      
    
    
      scroll_to(Selector)



        
          
        

    

  


  

      

          -spec scroll_to(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Scrolls smoothly to the first element matching the selector.

  



  
    
      
    
    
      scroll_to(Selector, Opts)



        
          
        

    

  


  

      

          -spec scroll_to(Selector, Opts) -> arizona_effect:cmd() when Selector :: binary(), Opts :: map().


      


Scrolls to the first element matching the selector with scrollIntoView
options (behavior, block, inline).
Opts merges onto the #{behavior => smooth} default of scroll_to/1, so
tuning only the alignment keeps the smooth scroll; pass #{behavior => auto}
for an instant jump.

  



  
    
      
    
    
      select(Selector)



        
          
        

    

  


  

      

          -spec select(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Selects (highlights) the text of the first element matching the selector, an
<input> or <textarea>, via HTMLInputElement.select -- so a subsequent copy
or overtype acts on the whole field.
Like focus/1/blur/1/scroll_to/1 (first match only). A match without a
select() method is a safe no-op. Usable both as a web event command
(e.g. {az_click, arizona_js:select(~"#token")}) and as a handler effect from
handle_event/3.

  



  
    
      
    
    
      set(Key, Value)



        
          
        

    

  


  

      

          -spec set(Key, Value) -> arizona_effect:cmd()
             when Key :: binary() | atom(), Value :: binary() | boolean() | number().


      


Sets a client-owned slot (?local) to Value in the closest view of the
triggering element, updating every slot with Key locally with no server
round-trip. Use inside web event attributes like az-click.

  



  
    
      
    
    
      set(ViewId, Key, Value)



        
          
        

    

  


  

      

          -spec set(ViewId, Key, Value) -> arizona_effect:cmd()
             when ViewId :: binary(), Key :: binary() | atom(), Value :: binary() | boolean() | number().


      


Like set/2 but targets the slot in the view identified by ViewId.

  



  
    
      
    
    
      set_all(Key, Value)



        
          
        

    

  


  

      

          -spec set_all(Key, Value) -> arizona_effect:cmd()
                 when Key :: binary() | atom(), Value :: binary() | boolean() | number().


      


Like set/2 but updates the slot in every view on the page (document-wide).

  



  
    
      
    
    
      set_attr(Selector, Attr, Value)



        
          
        

    

  


  

      

          -spec set_attr(Selector, Attr, Value) -> arizona_effect:cmd()
                  when Selector :: binary(), Attr :: binary(), Value :: binary().


      


Sets an attribute on all elements matching the selector.

  



  
    
      
    
    
      set_title(Title)



        
          
        

    

  


  

      

          -spec set_title(Title) -> arizona_effect:cmd() when Title :: binary().


      


Sets the document title.

  



  
    
      
    
    
      show(Selector)



        
          
        

    

  


  

      

          -spec show(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Shows all elements matching the CSS selector.

  



  
    
      
    
    
      show_modal(Selector)



        
          
        

    

  


  

      

          -spec show_modal(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Opens the first <dialog> matching the selector as a true modal via
HTMLDialogElement.showModal -- placed in the top layer, with a ::backdrop
and ESC-to-close -- unlike merely setting the open attribute (a non-modal
dialog). A non-dialog match is a safe no-op.
Like focus/1/blur/1/scroll_to/1 (first match only). Usable both as a web
event command (e.g. {az_click, arizona_js:show_modal(~"#confirm")}) and as a
handler effect from handle_event/3.

  



  
    
      
    
    
      toggle(Selector)



        
          
        

    

  


  

      

          -spec toggle(Selector) -> arizona_effect:cmd() when Selector :: binary().


      


Toggles the visibility of all elements matching the CSS selector.

  



  
    
      
    
    
      toggle_attr(Selector, Attr)



        
          
        

    

  


  

      

          -spec toggle_attr(Selector, Attr) -> arizona_effect:cmd() when Selector :: binary(), Attr :: binary().


      


Toggles the presence of a bare boolean attribute on all elements matching the
selector: removes it if present, otherwise sets it (e.g. disabled, readonly,
hidden, open). For toggling between two values, use toggle_attr/4.

  



  
    
      
    
    
      toggle_attr(Selector, Attr, ValueA, ValueB)



        
          
        

    

  


  

      

          -spec toggle_attr(Selector, Attr, ValueA, ValueB) -> arizona_effect:cmd()
                     when Selector :: binary(), Attr :: binary(), ValueA :: binary(), ValueB :: binary().


      


Toggles an attribute between two values on all elements matching the selector: sets
ValueB when the current value is ValueA, otherwise sets ValueA (so any
other current value resolves to ValueA). Useful for one-button toggles like a
password field's type between password and text.

  



  
    
      
    
    
      toggle_class(Selector, Class)



        
          
        

    

  


  

      

          -spec toggle_class(Selector, Class) -> arizona_effect:cmd() when Selector :: binary(), Class :: binary().


      


Toggles a CSS class on all elements matching the selector.

  



  
    
      
    
    
      transition(Cmd)



        
          
        

    

  


  

      

          -spec transition(Cmd) -> arizona_effect:cmd() when Cmd :: arizona_effect:cmd() | arizona_effect:cmds().


      


Wraps a command (or list of commands) so the DOM change it causes plays inside a
view transition (document.startViewTransition). Works for a client-side effect
(e.g. toggle/1, animated immediately), a navigate/1,2 (the page swap
animates), or a push_event (the resulting server diff animates). A view
transition is not tied to navigation -- it wraps any DOM change. Equivalent to
transition/2 with no options.

  



  
    
      
    
    
      transition(Cmd, Opts)



        
          
        

    

  


  

      

          -spec transition(Cmd, Opts) -> arizona_effect:cmd()
                    when
                        Cmd :: arizona_effect:cmd() | arizona_effect:cmds(),
                        Opts :: #{types => [binary()]}.


      


Like transition/1 but with options. types is a list of view-transition type
names activated for the transition (matched by :active-view-transition-type(...)
CSS), letting one stylesheet pick a different animation per call.

  


        

      


  

  
    
    arizona_jsonrpc - arizona v0.4.0
    
    

    


  
  

    
arizona_jsonrpc 
    



      
JSON-RPC 2.0 envelope codec.
Pure, transport-free helpers shared by the MCP transport
(arizona_mcp_handler): decode a request body into a normalized
message, and build the success / error response objects.
A decoded message is #{method := binary(), params := map(), id := id()}.
An absent (or null) id decodes to undefined, marking a
notification -- a message the server must never reply to. A present id
that is neither a string nor an integer (MCP's two request-id types) is an
invalid request, not a notification, so its sender still gets an answer.
Only single messages are decoded; a top-level JSON array (a JSON-RPC
batch) decodes to {error, invalid_request}. Batch support was
dropped from the MCP protocol, so a single-message codec is current.
Error codes follow the JSON-RPC 2.0 spec:
	Code	Meaning
	-32700	Parse error -- invalid JSON
	-32600	Invalid Request -- not a well-formed request object
	-32601	Method not found
	-32602	Invalid params
	-32603	Internal error


      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        request()

      


    





  
    Functions
  


    
      
        decode(Body)

      


        Decode a request body into a normalized JSON-RPC message.



    


    
      
        error(Id, Code, Message)

      


        Build a JSON-RPC error response object (no data member).



    


    
      
        notification(Method, Params)

      


        Build a JSON-RPC notification object -- a request with no id, which the
peer never answers. Used for server-initiated notifications/* messages.



    


    
      
        result(Id, Result)

      


        Build a JSON-RPC success response object.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          -nominal id() :: binary() | integer() | null.


      



  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          -nominal request() :: #{method := binary(), params := map(), id := id() | undefined}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      decode(Body)



        
          
        

    

  


  

      

          -spec decode(Body) -> {ok, request()} | {error, parse_error | invalid_request} when Body :: iodata().


      


Decode a request body into a normalized JSON-RPC message.
Returns {error, parse_error} for invalid JSON, or
{error, invalid_request} for valid JSON that is not a well-formed
JSON-RPC 2.0 request object (wrong/absent jsonrpc version, a
non-binary or absent method, a non-object params, a present id
that is neither a string nor an integer, or a top-level array).

  



  
    
      
    
    
      error(Id, Code, Message)



        
          
        

    

  


  

      

          -spec error(id(), Code, Message) -> map() when Code :: integer(), Message :: binary().


      


Build a JSON-RPC error response object (no data member).

  



  
    
      
    
    
      notification(Method, Params)



        
          
        

    

  


  

      

          -spec notification(Method, Params) -> map() when Method :: binary(), Params :: map().


      


Build a JSON-RPC notification object -- a request with no id, which the
peer never answers. Used for server-initiated notifications/* messages.

  



  
    
      
    
    
      result(Id, Result)



        
          
        

    

  


  

      

          -spec result(id(), Result) -> map() when Result :: term().


      


Build a JSON-RPC success response object.

  


        

      


  

  
    
    arizona_live - arizona v0.4.0
    
    

    


  
  

    
arizona_live 
    



      
The live process: one gen_server per connected client.
Holds the root handler's bindings and snapshot, plus a views map of
nested stateful children. Bridges the transport with the render and
diff pipeline.
Lifecycle
	Mount -- mount/1 or mount_and_render/1 calls the root handler's
mount/1, runs on_mount hooks, renders the first template, and
stores the resulting snapshot.
	Events -- handle_event/4 dispatches a client event to either
the root handler or a nested child view (located via ViewId),
then diffs the resulting template against the prior snapshot and
pushes ops back over the transport.
	Info messages -- handle_info/2 invokes the handler's optional
handle_info/2 callback, diffs, and pushes the resulting ops.
	Navigate -- navigate/3,4 unmounts the old page (embedded child
views first, then the root -- the same removal semantics as a diff
removal; terminate/2 unmounts in the same order), cancels pending
timers, and mounts the new handler. The previous root's final
bindings are carried forward as the floor for the new mount's input
-- InitBindings (route static config + middleware enrichments)
overrides on key overlap. Keys the new handler omits from its mount
return are dropped on the next navigate, so handlers control what
persists by what they return. Stateful children's state (in views)
is wiped.

Process dictionary keys
	$arizona_connected -- set to true while a transport is attached;
consulted by connected/0 so render code can branch on SSR vs live.
	$arizona_capabilities -- the native-shell capabilities the client
advertised at connect (_az_caps); set while a transport is attached and
read by capabilities/0 / capability/1. A UI/effect hint only.
	$arizona_reconnected -- true when this connection is a reconnection (vs the
first connect); set while a transport is attached and read by reconnected/0.
Erased by navigate/3,4 (the new page's mount is its first), kept across
patch/2 (the same view stays mounted; the socket turns a patch to a
different handler into a navigate).
	$arizona_timers -- #{ViewId => {Count, Limit, [Ref]}} from
send_after/3. A fired ref is pruned when its message is delivered, and a
view's dead refs (fired or cancelled by the app) when an arm takes its list
past Limit (twice the live count at the last prune); a removed child view's
timers are cancelled synchronously (and its queued view messages
flushed) on unmount -- including a child whose id a render keeps but
whose handler it swaps; navigate/3,4 cancels them all so stale timers
don't fire after a page change.
	$arizona_deps -- per-dynamic dependency capture set, used by
arizona_eval and arizona_template:track/1.

Fingerprint deduplication
Templates carry a base-36 f fingerprint of their statics. Once a
fingerprint has been sent to the client, the live process strips the
statics from subsequent payloads sharing the same f, sending only
the dynamics. seed_fps/2 is used by SSR to pre-populate the set with
fingerprints already shipped in the initial HTML.

      


      
        Summary


  
    Types
  


    
      
        on_mount()

      


    


    
      
        on_mount_hook()

      


    


    
      
        route_opts()

      


    


    
      
        state()

      


    





  
    Functions
  


    
      
        apply_on_mount(OnMount, Bindings)

      


        Folds an on_mount hook chain over Bindings. Each hook is either a
1-arity fun or a {Module, Function} tuple whose target has arity 1.
Used both internally and exposed for SSR-style rendering paths in
arizona_render.



    


    
      
        capabilities()

      


        Returns the native-shell capabilities the embedding shell advertised at connect
(#{} in a plain browser or during SSR). See arizona_os and capability/1.



    


    
      
        capability(Key)

      


        Returns true if the embedding native shell advertised capability Key at
connect, false otherwise (including a plain browser and during SSR).



    


    
      
        connected()

      


        Returns true if the calling process is a live process attached to a
transport, false otherwise (e.g. during SSR).



    


    
      
        dedup_fps(Ops, Fps0)

      


    


    
      
        format_error(Reason, Stacktrace)

      


        Formats arizona_live runtime errors raised with an error_info
annotation pointing at this module. Picked up by
erl_error:format_exception/3.



    


    
      
        handle_call/3

      


    


    
      
        handle_cast/2

      


    


    
      
        handle_continue/2

      


    


    
      
        handle_event(Pid, ViewId, Event, Payload)

      


        Dispatches a client event to a view. If ViewId matches a nested
child, the event goes to that view; otherwise it goes to the root
handler. Returns {ok, Ops, Effects, Observed}.



    


    
      
        handle_info/2

      


    


    
      
        init/1

      


    


    
      
        mount(Pid)

      


        Mounts the handler without rendering. Returns {ok, ViewId}.



    


    
      
        mount_and_render(Pid)

      


        Mounts and renders the handler. Returns {ok, ViewId, PageContent, Observed}
where PageContent is either a fingerprint payload (if the template
has f) or an HTML binary, and Observed the render-time az-* observations
(see arizona_event_attrs).



    


    
      
        navigate(Pid, NewHandler, InitBindings)

      


        SPA navigation: unmounts the current root handler, mounts a new one,
and returns fresh page content. Equivalent to
navigate(Pid, NewHandler, InitBindings, []).



    


    
      
        navigate(Pid, NewHandler, InitBindings, OnMount)

      


        SPA navigation with on_mount hooks for the new handler.



    


    
      
        patch(Pid, Params)

      


        In-place SPA navigation (patch): keeps the current root view mounted and
delivers Params to its handle_update/3, re-rendering through the diff
instead of remounting. The root handler, view id, process, and child views
all survive; only the changed slots produce ops. Returns the diff ops plus
any effects the reaction emitted (handle_update's, folded with children's).



    


    
      
        reconnected()

      


        Returns true while the page mounted by a reconnection (the client dropped
and re-opened the WebSocket) is the current page, false on the first connect
and during SSR.



    


    
      
        render_current(Pid)

      


        Renders the current view tree to a complete output binary from the live
process's last rendered snapshot and its child views' current snapshots.



    


    
      
        seed_fps(Pid, FpList)

      


        Seeds the live process's sent_fps set with fingerprints already
shipped to the client (typically by SSR). Subsequent diffs will strip
statics for matching fingerprints.



    


    
      
        send(ViewId, Msg)

      


        Sends a message to a specific view by id. The message is delivered to
the live process's mailbox and routed to the matching child view.



    


    
      
        send_after(ViewId, Time, Msg)

      


        Like send/2 but delivers after Time milliseconds. Returns the timer
ref, which is also tracked in the process dictionary (keyed by ViewId)
so a removed child view's pending timers can be cancelled on unmount and
navigate/3,4 can cancel them all on page change. A fired ref is pruned
from the tracked set when its message is delivered. A ref the caller
cancelled itself with erlang:cancel_timer/1 delivers nothing, so arming
also prunes ViewId's dead refs, once its set has grown to twice the live
count found by the previous prune: the set stays within a constant factor of
the view's live timers, and each arm costs O(1) amortized.



    


    
      
        start_link(Handler, InitBindings, TransportPid, OnMount)

      


        Starts a live process for a route-level view Handler.



    


    
      
        start_link(Handler, InitBindings, TransportPid, OnMount, ConnInfo)

      


        Like start_link/4 but also threads the connection context the transport knows --
#{capabilities => map(), reconnect => boolean(), push_barrier => boolean()} --
into the live process, where capability/1 and reconnected/0 read the first
two. Browser/SSR callers use start_link/4 (empty context).



    


    
      
        stop(Pid)

      


        Stops a live process, running its terminate/2 (and thus unmount/1) cleanup.



    


    
      
        terminate/2

      


    


    
      
        view_state(Pid)

      


        The state of the views this process holds: the root's handler and bindings, and
the same for each child view under views, keyed the way the process keys them.



    





      


      
        Types


        


  
    
      
    
    
      on_mount()



        
          
        

    

  


  

      

          -nominal on_mount() :: [on_mount_hook()].


      



  



  
    
      
    
    
      on_mount_hook()



        
          
        

    

  


  

      

          -nominal on_mount_hook() :: fun((map()) -> map()) | {module(), atom()}.


      



  



  
    
      
    
    
      route_opts()



        
          
        

    

  


  

      

          -nominal route_opts() ::
             #{bindings => arizona_template:bindings(),
               on_mount => on_mount(),
               layouts => [arizona_render:layout()],
               middlewares => [arizona_middleware:middleware()],
               check_origin => boolean(),
               _ => term()}.


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() ::
          #state{handler :: module(),
                 bindings :: map(),
                 snapshot :: map() | undefined,
                 views :: map(),
                 on_mount :: on_mount(),
                 transport_pid :: pid() | undefined,
                 sent_fps :: map(),
                 push_barrier :: boolean(),
                 pending_refresh :: #{binary() => true}}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply_on_mount(OnMount, Bindings)



        
          
        

    

  


  

      

          -spec apply_on_mount(OnMount, Bindings) -> Bindings1
                        when OnMount :: on_mount(), Bindings :: map(), Bindings1 :: map().


      


Folds an on_mount hook chain over Bindings. Each hook is either a
1-arity fun or a {Module, Function} tuple whose target has arity 1.
Used both internally and exposed for SSR-style rendering paths in
arizona_render.

  



  
    
      
    
    
      capabilities()



        
          
        

    

  


  

      

          -spec capabilities() -> map().


      


Returns the native-shell capabilities the embedding shell advertised at connect
(#{} in a plain browser or during SSR). See arizona_os and capability/1.

  



  
    
      
    
    
      capability(Key)



        
          
        

    

  


  

      

          -spec capability(Key) -> boolean() when Key :: binary().


      


Returns true if the embedding native shell advertised capability Key at
connect, false otherwise (including a plain browser and during SSR).
This reflects an unauthenticated, client-advertised claim, so it is a UI/effect
hint only -- NEVER branch a server-side authorization decision on it.

  



  
    
      
    
    
      connected()



        
          
        

    

  


  

      

          -spec connected() -> boolean().


      


Returns true if the calling process is a live process attached to a
transport, false otherwise (e.g. during SSR).

  



  
    
      
    
    
      dedup_fps(Ops, Fps0)



        
          
        

    

  


  


  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats arizona_live runtime errors raised with an error_info
annotation pointing at this module. Picked up by
erl_error:format_exception/3.

  



  
    
      
    
    
      handle_call/3



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast/2



        
          
        

    

  


  


  



  
    
      
    
    
      handle_continue/2



        
          
        

    

  


  


  



  
    
      
    
    
      handle_event(Pid, ViewId, Event, Payload)



        
          
        

    

  


  

      

          -spec handle_event(Pid, ViewId, Event, Payload) -> {ok, Ops, Effects, Observed}
                      when
                          Pid :: pid(),
                          ViewId :: binary(),
                          Event :: binary(),
                          Payload :: map(),
                          Ops :: [list()],
                          Effects :: [term()],
                          Observed :: arizona_event_attrs:observed().


      


Dispatches a client event to a view. If ViewId matches a nested
child, the event goes to that view; otherwise it goes to the root
handler. Returns {ok, Ops, Effects, Observed}.

  



  
    
      
    
    
      handle_info/2



        
          
        

    

  


  


  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init({Handler, InitBindings, TransportPid, OnMount, ParentMetadata, ConnInfo}) -> {ok, state()}
              when
                  Handler :: module(),
                  InitBindings :: map(),
                  TransportPid :: pid() | undefined,
                  OnMount :: on_mount(),
                  ParentMetadata :: logger:metadata() | undefined,
                  ConnInfo ::
                      #{capabilities => map(), reconnect => boolean(), push_barrier => boolean()}.


      



  



  
    
      
    
    
      mount(Pid)



        
          
        

    

  


  

      

          -spec mount(Pid) -> {ok, binary(), arizona_event_attrs:observed()} when Pid :: pid().


      


Mounts the handler without rendering. Returns {ok, ViewId}.

  



  
    
      
    
    
      mount_and_render(Pid)



        
          
        

    

  


  

      

          -spec mount_and_render(Pid) -> {ok, binary(), binary() | map(), arizona_event_attrs:observed()}
                          when Pid :: pid().


      


Mounts and renders the handler. Returns {ok, ViewId, PageContent, Observed}
where PageContent is either a fingerprint payload (if the template
has f) or an HTML binary, and Observed the render-time az-* observations
(see arizona_event_attrs).

  



  
    
      
    
    
      navigate(Pid, NewHandler, InitBindings)



        
          
        

    

  


  

      

          -spec navigate(Pid, NewHandler, InitBindings) ->
                  {ok, binary(), binary() | map(), arizona_event_attrs:observed()}
                  when Pid :: pid(), NewHandler :: module(), InitBindings :: map().


      


SPA navigation: unmounts the current root handler, mounts a new one,
and returns fresh page content. Equivalent to
navigate(Pid, NewHandler, InitBindings, []).
Transport-facing: the transport driving the live process (arizona_socket)
calls it to serve a navigate frame. Apps navigate through the
arizona_js:navigate/1,2 and arizona_js:patch/1,2 effects instead.

  



  
    
      
    
    
      navigate(Pid, NewHandler, InitBindings, OnMount)



        
          
        

    

  


  

      

          -spec navigate(Pid, NewHandler, InitBindings, OnMount) ->
                  {ok, binary(), binary() | map(), arizona_event_attrs:observed()}
                  when
                      Pid :: pid(), NewHandler :: module(), InitBindings :: map(), OnMount :: on_mount().


      


SPA navigation with on_mount hooks for the new handler.
Transport-facing, like navigate/3: apps navigate through the
arizona_js:navigate/1,2 and arizona_js:patch/1,2 effects.

  



  
    
      
    
    
      patch(Pid, Params)



        
          
        

    

  


  

      

          -spec patch(Pid, Params) ->
               {ok, [arizona_diff:op()], [arizona_stateful:effect()], arizona_event_attrs:observed()}
               when Pid :: pid(), Params :: map().


      


In-place SPA navigation (patch): keeps the current root view mounted and
delivers Params to its handle_update/3, re-rendering through the diff
instead of remounting. The root handler, view id, process, and child views
all survive; only the changed slots produce ops. Returns the diff ops plus
any effects the reaction emitted (handle_update's, folded with children's).
The caller (the socket) only invokes this when the patched route resolves to
the same root handler; a different handler must go through navigate/4.
mount/1 and on_mount do not re-run on a patch -- they belong to the
mount phase, and a patch by definition does not remount (it would otherwise
clobber the live state the patch exists to preserve: on_mount's output is a
mount input fed into mount/1, with no mount/1 here it would land
unmediated on the live bindings). The route's middlewares do run (in the
socket's do_patch), so per-arrival, request-shaped derivation (session,
path params, ...) flows in as Params; handler-specific per-navigation logic
goes in handle_update/3, which sees both the new Params and the live state.

  



  
    
      
    
    
      reconnected()



        
          
        

    

  


  

      

          -spec reconnected() -> boolean().


      


Returns true while the page mounted by a reconnection (the client dropped
and re-opened the WebSocket) is the current page, false on the first connect
and during SSR.
Mirrors connected/0. The live process re-mounts on every reconnect, so
connected/0 alone cannot tell first-connect from reconnection. Use this to
suppress one-shot OS commands: connected() andalso not reconnected() fires a
one-shot (notify, focus) on the first connect only, while a declarative
re-assert (set_title, fullscreen) can fire on every connect.
It describes the current page's mount, not the socket: a navigate/3,4 after a
reconnect mounts a page this connection has not shown before, so it reads
false from that mount on, and its first-connect one-shots fire. A patch/2
keeps the view mounted, so it keeps the value; the socket only patches within
the same handler, and a patch to another handler arrives here as a navigate.

  



  
    
      
    
    
      render_current(Pid)



        
          
        

    

  


  

      

          -spec render_current(Pid) -> {ok, binary(), arizona_event_attrs:observed()} when Pid :: pid().


      


Renders the current view tree to a complete output binary from the live
process's last rendered snapshot and its child views' current snapshots.
Unlike mount_and_render/1 (which returns a fingerprint payload meant for
client-side diff application), this always materializes the full output --
intended for transports that repaint the whole view each frame (e.g. a
terminal renderer) instead of applying diff ops. It reflects current root
and nested child state without evaluating the template: no mount/1 or
handle_update/3 runs, and the process state is left untouched.

  



  
    
      
    
    
      seed_fps(Pid, FpList)



        
          
        

    

  


  

      

          -spec seed_fps(Pid, FpList) -> ok when Pid :: pid(), FpList :: [binary()].


      


Seeds the live process's sent_fps set with fingerprints already
shipped to the client (typically by SSR). Subsequent diffs will strip
statics for matching fingerprints.

  



  
    
      
    
    
      send(ViewId, Msg)



        
          
        

    

  


  

      

          -spec send(ViewId, Msg) -> term() when ViewId :: binary(), Msg :: term().


      


Sends a message to a specific view by id. The message is delivered to
the live process's mailbox and routed to the matching child view.

  



  
    
      
    
    
      send_after(ViewId, Time, Msg)



        
          
        

    

  


  

      

          -spec send_after(ViewId, Time, Msg) -> reference()
                    when ViewId :: binary(), Time :: non_neg_integer(), Msg :: term().


      


Like send/2 but delivers after Time milliseconds. Returns the timer
ref, which is also tracked in the process dictionary (keyed by ViewId)
so a removed child view's pending timers can be cancelled on unmount and
navigate/3,4 can cancel them all on page change. A fired ref is pruned
from the tracked set when its message is delivered. A ref the caller
cancelled itself with erlang:cancel_timer/1 delivers nothing, so arming
also prunes ViewId's dead refs, once its set has grown to twice the live
count found by the previous prune: the set stays within a constant factor of
the view's live timers, and each arm costs O(1) amortized.

  



  
    
      
    
    
      start_link(Handler, InitBindings, TransportPid, OnMount)



        
          
        

    

  


  

      

          -spec start_link(Handler, InitBindings, TransportPid, OnMount) -> gen_server:start_ret()
                    when
                        Handler :: module(),
                        InitBindings :: map(),
                        TransportPid :: pid() | undefined,
                        OnMount :: on_mount().


      


Starts a live process for a route-level view Handler.
The transport pid receives {arizona_push, RootViewId, Ops, Effects, Observed}
messages when the live process diffs and emits updates; RootViewId is
the emitting page's root view id, which the transport scopes the ops with
(a push the old page queued before a navigate is shipped ahead of the
replace, see arizona_socket). OnMount is the route's hook
chain. Any request data the view needs is supplied as bindings by the
transport layer (e.g. via arizona_middleware:extract/1 middlewares); the live
process is transport-agnostic and never sees a request.

  



  
    
      
    
    
      start_link(Handler, InitBindings, TransportPid, OnMount, ConnInfo)



        
          
        

    

  


  

      

          -spec start_link(Handler, InitBindings, TransportPid, OnMount, ConnInfo) -> gen_server:start_ret()
                    when
                        Handler :: module(),
                        InitBindings :: map(),
                        TransportPid :: pid() | undefined,
                        OnMount :: on_mount(),
                        ConnInfo ::
                            #{capabilities => map(), reconnect => boolean(), push_barrier => boolean()}.


      


Like start_link/4 but also threads the connection context the transport knows --
#{capabilities => map(), reconnect => boolean(), push_barrier => boolean()} --
into the live process, where capability/1 and reconnected/0 read the first
two. Browser/SSR callers use start_link/4 (empty context).
push_barrier is the transport's own contract, not client data: set it when the
transport folds queued {arizona_push, ...} messages into a synchronous
event/patch/navigate reply, and the live process marks the boundary between the pushes
that preceded that reply and anything emitted after it (see push_barrier/2).
Transports that ship every push in its own frame leave it unset.

  



  
    
      
    
    
      stop(Pid)



        
          
        

    

  


  

      

          -spec stop(Pid) -> ok when Pid :: pid().


      


Stops a live process, running its terminate/2 (and thus unmount/1) cleanup.
For transports that manage view lifecycles directly -- e.g. an SSH channel
closing one terminal session among many in a long-running daemon. The live
process is linked to its transport, but a transport that stops with reason
normal would not bring the view down via the link, so the transport stops it
explicitly.

  



  
    
      
    
    
      terminate/2



        
          
        

    

  


  


  



  
    
      
    
    
      view_state(Pid)



        
          
        

    

  


  

      

          -spec view_state(Pid) ->
                    #{handler := module(),
                      bindings := arizona_template:bindings(),
                      views :=
                          #{binary() => #{handler := module(), bindings := arizona_template:bindings()}}}
                    when Pid :: pid().


      


The state of the views this process holds: the root's handler and bindings, and
the same for each child view under views, keyed the way the process keys them.
snapshot is deliberately not included. It is the diff engine's bookkeeping --
the last rendered structure, kept to diff the next render against -- not part of
what a view holds, and it is large.
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arizona_mcp behaviour
    



      
Behaviour for MCP (Model Context Protocol) servers.
An Arizona app implements this behaviour to expose tools to AI
agents over MCP's Streamable HTTP transport, then mounts it on a route:
{mcp, ~"/mcp", my_mcp, #{origins => [~"http://localhost:3000"]}}
arizona_mcp_handler drives the transport (JSON-RPC over HTTP POST) and
calls back into this module to negotiate the connection and run tools.
Callbacks
	init/1 -- runs per request to build the server identity, the
advertised capability map, and a handler state value threaded into the
tool callbacks. Called once on initialize, and again to source the
state for tools/list / tools/call.
	tools/1 -- returns the tool metadata advertised by tools/list.
	handle_tool/4 -- runs one tools/call, dispatched by name (the MCP
analogue of how arizona_stateful dispatches an event by name).
	resources/1 + read_resource/2 -- optional; list and read resources.
	prompts/1 + get_prompt/3 -- optional; list and render prompts.
	channels/1 -- optional; pubsub channels a session subscribes to for
server-initiated notifications (see below).
	terminate/2 -- optional cleanup hook.

Resources and prompts are gated on the advertised capability map: the
transport routes resources/* / prompts/* only when init/1 advertised
the matching resources / prompts capability, returning method not found otherwise. A server advertising a capability must implement its
callbacks. Tools are always available (their callbacks are required).
Pagination
tools/1 / resources/1 / prompts/1 always return their full list;
the transport paginates the */list results with opaque cursors. A list at or
under the route's page_size opt (default 50) returns in one page with no
cursor; a larger one returns a page plus a nextCursor the client echoes to
fetch the next. The callbacks never see a cursor -- pagination is entirely the
transport's concern.
The cursor is an offset into the list the callback returns, so it assumes the
list is stable across pages: if the callback returns a different list
mid-pagination (an item added or removed between page requests), the client may
skip or repeat an item. This is fine for the near-static lists tools/resources/
prompts usually are -- and a client that receives a list_changed notification
re-lists from the start anyway.
Tool results vs protocol errors
handle_tool/4 distinguishes two failure kinds, matching the MCP spec:
	{reply, Result, State} -- the tool succeeded; Result becomes a
tools/call result with isError: false.
	{error, ToolError, State} -- the tool ran but failed (bad domain
input, upstream timeout); it becomes a tools/call result with
isError: true, not a JSON-RPC error. The agent sees the failure
in-band and can react.

A protocol-level fault (unknown method, unknown tool name, malformed
params) is the transport's concern and surfaces as a JSON-RPC error,
never reaching handle_tool/4.
Progress
A tools/call may carry a _meta.progressToken; when it does, the tool can
stream notifications/progress to the client while it runs, before the final
result. handle_tool/4's third argument is a progress context: call
progress/2,3 with it to emit a progress update. When the client sent no
token (or in any non-streaming call) the context is inert and progress/2,3
is a no-op, so a tool can always call it unconditionally.
Streaming is automatic and transport-owned: a token-bearing tools/call from a
client that accepts text/event-stream answers its POST as an SSE stream (the
progress notifications, then the result, then close) instead of a buffered JSON
body. A client that does not accept SSE gets the buffered reply and the progress
is dropped. The tool just emits; it does not choose the transport.
State
init/1 is the state constructor; handle_tool/4, read_resource/2, and
get_prompt/3 each return a new state alongside their result.
In session mode (a route with sessions => true) init/1 runs once on
initialize and the state lives in the session process. Each callback's
returned state threads back into the session, so a tools/call that
increments a counter is visible to the session's next request -- the session
is genuinely stateful. The new state carries back whether the callback
succeeded ({reply, ...}) or failed in-band ({error, ...}), since a
ran-but-failed callback may have mutated state legitimately; only a crash
(a -32603) discards it, leaving the prior state intact.
One exception: a streaming tools/call (one carrying a progress
token) runs on a state snapshot and does not thread state back, so
concurrent streams never race on the session's state. Persist anything it
computes via a follow-up buffered call.
In stateless mode the transport calls init/1 per request and discards
the returned state, so the threaded-back state does not persist across
requests -- every request starts from a fresh init/1.
Server-initiated notifications
A session (a route with sessions => true) can stream notifications/*
messages to a client that has opened the server-to-client SSE channel
(GET on the route). Two ways to push, both no-ops when the addressed
session has no channel attached:
	Broadcast -- broadcast/3 publishes to a pubsub channel; every
session subscribed to it (via the optional channels/1 callback)
forwards the notification. Natural for notifications/*/list_changed
and resource-updated fan-out, and decoupled (the caller holds no session
reference).
	Targeted -- notify/3 pushes to one session by its Mcp-Session-Id.
The id is handed to the handler at initialize under the mcp_session_id
key of the init params, so a handler can keep it and address its own
session later.

Resource subscriptions and templates
A client subscribes to a resource with resources/subscribe (advertise
resources => #{subscribe => true} from init/1); the server announces a
change with resource_updated/1, which fans notifications/resources/updated
out to every subscribed session. It is built on the same pubsub path as
broadcast/3: subscribe joins a per-uri channel, resource_updated/1
broadcasts to it, and resources/unsubscribe (or session exit) leaves. Like
the other pushes it needs a session with an attached SSE channel; a stateless
route accepts the subscription but has nowhere to deliver, so it joins nothing.
The optional resource_templates/1 callback advertises URI templates
(mem://user/{id}) through resources/templates/list. Omit it for a server
with no parameterized resources.
Logging and completion
With logging => #{} advertised, the client sets a minimum severity via
logging/setLevel and the server pushes logs with log/3 (a
notifications/message); a message below the session's level is dropped (the
default is info). With completions => #{} advertised, the optional
complete/3 callback autocompletes a prompt or resource argument from
completion/complete -- it returns the matching strings and the transport caps
them at 100.
Operational notes
Session mode starts one process per initialize. The per-route session count
is bounded by max_sessions (an initialize past the cap gets a 503);
unset, it is unbounded, so a public deployment should also gate the endpoint
with the auth hook and a reverse-proxy rate limit. An abandoned session is
reaped after its idle TTL (session_ttl_ms, default 5 minutes). Every request
runs in a worker, so app code never blocks the session process: it stays
responsive to cancels, idle-reap, and server pushes even while a tool runs.
Buffered requests are served one at a time (so their state threading stays
serialized) and bounded by request_timeout_ms (default 60s): a slower tool
frees the client with a -32603 while the session keeps running it; queued
buffered requests are capped at session_max_pending (default 100), past which
a dispatch is rejected. Any request is cancellable by a
notifications/cancelled {requestId} or a client disconnect, which frees the
caller and kills the worker. An in-flight streaming worker holds its session
alive (it is not idle-reaped mid-run); every worker is killed if the session is
torn down. An attached SSE channel gets a periodic keep-alive comment
(session_keepalive_ms, default 30s; infinity disables) so idle proxies
don't drop it. The optional terminate/2 callback runs when a session ends
(DELETE, idle TTL, or shutdown); it does not run in stateless mode, which
has no session to end.
Clients that use fetch (browsers and the official MCP SDK) refuse to
connect to ports on the WHATWG Fetch "bad ports" blocklist, so mount the
listener on a normal HTTP port (not, e.g., 4045 / 6000 / 6666). The SSE
channel is a controller {loop, ...} reply, so it works on every protocol the
server adapter sends loops over (roadrunner: HTTP/1.1, h2, and h3, the last two
over TLS). The endpoint is verified against the official MCP SDK client.
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    Callbacks
  


    
      
        channels(State)

      


        Return the pubsub channels this session subscribes to for server-initiated
notifications. Anything published to one of these channels via broadcast/3
is forwarded to the session's SSE channel. Optional; defaults to none.



    


    
      
        complete(Ref, Arg, State)

      


        Autocomplete a prompt or resource argument, dispatched from
completion/complete. Ref is {prompt, Name} or {resource, Uri}; Arg is
{ArgName, PartialValue}. Return {reply, Values, State} with the matching
completion strings (the transport caps them at 100 and sets hasMore).
Optional; implement it when advertising the completions capability.



    


    
      
        get_prompt(Name, Args, State)

      


        Render one prompt by name, dispatched from prompts/get. Args is the
decoded arguments object. Return {reply, Result, State} on success or
{error, Message, State} for a prompt-level failure.



    


    
      
        handle_tool(Name, Args, Ctx, State)

      


        Run one tools/call, dispatched by tool name. Args is the decoded
arguments object. Ctx is the progress context: pass it to progress/2,3
to stream notifications/progress while the tool runs (a no-op when the
client sent no _meta.progressToken). Return {reply, Result, State} on
success or {error, ToolError, State} for an in-band tool failure.



    


    
      
        init(InitParams)

      


        Build the server identity, advertised capabilities, and handler state.



    


    
      
        prompts(State)

      


        Return the prompt metadata advertised by prompts/list. Optional;
implement it (with get_prompt/3) when advertising the prompts
capability.



    


    
      
        read_resource(Uri, State)

      


        Read one resource by uri, dispatched from resources/read. The uri is
guaranteed to be one returned by resources/1. Return
{reply, Contents, State} on success or {error, Message, State} for a
resource-level failure (surfaced as a -32002 error).



    


    
      
        resource_templates(State)

      


        Return the URI-template metadata advertised by resources/templates/list.
Optional; a server with no parameterized resources omits it (the transport
then returns an empty template list).



    


    
      
        resources(State)

      


        Return the resource metadata advertised by resources/list. Optional;
implement it (with read_resource/2) when advertising the resources
capability.



    


    
      
        terminate(Reason, State)

      


        Optional cleanup hook.



    


    
      
        tools(State)

      


        Return the tool metadata advertised by tools/list.
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        broadcast(Channel, Method, Params)

      


        Broadcast a server-initiated notification to every session subscribed to
Channel (via its channels/1 callback). Each subscribed session with an
attached SSE channel forwards notifications/<Method> with Params to its
client; sessions without an attached channel ignore it.



    


    
      
        log(SessionId, Level, Data)

      


        Send a log message (a notifications/message) to one session by its
Mcp-Session-Id. Dropped if Level is below the level the client set via
logging/setLevel (default info), or if the session is unknown/expired or has
no SSE channel. Data is any JSON-encodable term. Like notify/3, the id comes
from the handler's initialize params.



    


    
      
        notify(SessionId, Method, Params)

      


        Push a server-initiated notification to one session by its Mcp-Session-Id.
A no-op if the session is unknown/expired or has no SSE channel attached.
The id is supplied to the handler at initialize (the mcp_session_id key
of the init params).



    


    
      
        progress(Ctx, Progress)

      


        Emit a notifications/progress update from a running tools/call, using the
Ctx handed to handle_tool/4. Progress is the amount done so far. A no-op
when the client sent no _meta.progressToken (the context is inert), so a tool
can call it unconditionally.



    


    
      
        progress(Ctx, Progress, Opts)

      


        Emit a notifications/progress update with extras. Opts may carry total
(the expected final amount) and message (a human-readable status). A no-op
when the context is inert.



    


    
      
        resource_updated(Uri)

      


        Announce that a resource changed to every session subscribed to its Uri (via
resources/subscribe). Each subscribed session forwards
notifications/resources/updated to its client; sessions that did not subscribe
(or have no SSE channel) ignore it. Decoupled -- the caller holds no session
reference.
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          -nominal capabilities() :: map().
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          -nominal channel() :: arizona_pubsub:channel().
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          -nominal complete_argument() :: {binary(), binary()}.
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          -nominal complete_ref() :: {prompt, binary()} | {resource, binary()}.
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          -nominal content_block() :: #{type := binary(), _ => term()}.
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          -nominal init_params() :: map().
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          -nominal log_level() :: debug | info | notice | warning | error | critical | alert | emergency.
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          -nominal progress_ctx() :: #{token := binary() | integer() | undefined, to := pid() | undefined}.
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          -nominal progress_opts() :: #{total => number(), message => binary()}.
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          -nominal prompt() :: #{name := binary(), description => binary(), arguments => [prompt_argument()]}.
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          -nominal prompt_argument() :: #{name := binary(), description => binary(), required => boolean()}.
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          -nominal prompt_error() :: binary().
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          -nominal prompt_message() :: #{role := binary(), content := map()}.
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          -nominal prompt_result() :: #{messages := [prompt_message()], description => binary()}.
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          -nominal resource() :: #{uri := binary(), name := binary(), description => binary(), mime_type => binary()}.
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          -nominal resource_contents() :: binary() | #{contents := [map()]}.
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          -nominal resource_error() :: binary().
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          -nominal resource_template() ::
             #{uri_template := binary(), name := binary(), description => binary(), mime_type => binary()}.
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          -nominal server_info() :: #{name := binary(), version := binary(), title => binary()}.
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          -nominal state() :: term().
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          -nominal tool() :: #{name := binary(), description := binary(), input_schema := map(), title => binary()}.
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          -nominal tool_error() :: binary() | #{content := [content_block()]}.
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          -nominal tool_result() :: binary() | #{content := [content_block()], structured_content => map()}.


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      channels(State)


        (optional)


        
          
        

    

  


  

      

          -callback channels(State :: state()) -> [channel()].


      


Return the pubsub channels this session subscribes to for server-initiated
notifications. Anything published to one of these channels via broadcast/3
is forwarded to the session's SSE channel. Optional; defaults to none.

  



  
    
      
    
    
      complete(Ref, Arg, State)


        (optional)


        
          
        

    

  


  

      

          -callback complete(Ref :: complete_ref(), Arg :: complete_argument(), State :: state()) ->
                      {reply, [binary()], state()}.


      


Autocomplete a prompt or resource argument, dispatched from
completion/complete. Ref is {prompt, Name} or {resource, Uri}; Arg is
{ArgName, PartialValue}. Return {reply, Values, State} with the matching
completion strings (the transport caps them at 100 and sets hasMore).
Optional; implement it when advertising the completions capability.

  



  
    
      
    
    
      get_prompt(Name, Args, State)


        (optional)


        
          
        

    

  


  

      

          -callback get_prompt(Name :: binary(), Args :: map(), State :: state()) ->
                        {reply, prompt_result(), state()} | {error, prompt_error(), state()}.


      


Render one prompt by name, dispatched from prompts/get. Args is the
decoded arguments object. Return {reply, Result, State} on success or
{error, Message, State} for a prompt-level failure.

  



  
    
      
    
    
      handle_tool(Name, Args, Ctx, State)



        
          
        

    

  


  

      

          -callback handle_tool(Name :: binary(), Args :: map(), Ctx :: progress_ctx(), State :: state()) ->
                         {reply, tool_result(), state()} | {error, tool_error(), state()}.


      


Run one tools/call, dispatched by tool name. Args is the decoded
arguments object. Ctx is the progress context: pass it to progress/2,3
to stream notifications/progress while the tool runs (a no-op when the
client sent no _meta.progressToken). Return {reply, Result, State} on
success or {error, ToolError, State} for an in-band tool failure.

  



  
    
      
    
    
      init(InitParams)



        
          
        

    

  


  

      

          -callback init(InitParams :: init_params()) ->
                  {ok, ServerInfo :: server_info(), Capabilities :: capabilities(), State :: state()}.


      


Build the server identity, advertised capabilities, and handler state.
InitParams carries the client's initialize params (its protocol
version, capabilities, and clientInfo) when invoked from initialize,
or the empty map when the transport reconstructs state for a later
request. In session mode it also carries the atom key mcp_session_id.
Capabilities must be an atom-keyed map (e.g. #{tools => #{}}): the
transport gates resources/* and prompts/* by matching the atom
capability name, so a binary-keyed capability would never be served.

  



  
    
      
    
    
      prompts(State)


        (optional)


        
          
        

    

  


  

      

          -callback prompts(State :: state()) -> [prompt()].


      


Return the prompt metadata advertised by prompts/list. Optional;
implement it (with get_prompt/3) when advertising the prompts
capability.

  



  
    
      
    
    
      read_resource(Uri, State)


        (optional)


        
          
        

    

  


  

      

          -callback read_resource(Uri :: binary(), State :: state()) ->
                           {reply, resource_contents(), state()} | {error, resource_error(), state()}.


      


Read one resource by uri, dispatched from resources/read. The uri is
guaranteed to be one returned by resources/1. Return
{reply, Contents, State} on success or {error, Message, State} for a
resource-level failure (surfaced as a -32002 error).

  



  
    
      
    
    
      resource_templates(State)


        (optional)


        
          
        

    

  


  

      

          -callback resource_templates(State :: state()) -> [resource_template()].


      


Return the URI-template metadata advertised by resources/templates/list.
Optional; a server with no parameterized resources omits it (the transport
then returns an empty template list).

  



  
    
      
    
    
      resources(State)


        (optional)


        
          
        

    

  


  

      

          -callback resources(State :: state()) -> [resource()].


      


Return the resource metadata advertised by resources/list. Optional;
implement it (with read_resource/2) when advertising the resources
capability.

  



  
    
      
    
    
      terminate(Reason, State)


        (optional)


        
          
        

    

  


  

      

          -callback terminate(Reason :: term(), State :: state()) -> term().


      


Optional cleanup hook.

  



  
    
      
    
    
      tools(State)



        
          
        

    

  


  

      

          -callback tools(State :: state()) -> [tool()].


      


Return the tool metadata advertised by tools/list.

  


        

      

      
        Functions


        


  
    
      
    
    
      broadcast(Channel, Method, Params)



        
          
        

    

  


  

      

          -spec broadcast(Channel, Method, Params) -> ok
                   when Channel :: channel(), Method :: binary(), Params :: map().


      


Broadcast a server-initiated notification to every session subscribed to
Channel (via its channels/1 callback). Each subscribed session with an
attached SSE channel forwards notifications/<Method> with Params to its
client; sessions without an attached channel ignore it.

  



  
    
      
    
    
      log(SessionId, Level, Data)



        
          
        

    

  


  

      

          -spec log(SessionId, Level, Data) -> ok when SessionId :: binary(), Level :: log_level(), Data :: term().


      


Send a log message (a notifications/message) to one session by its
Mcp-Session-Id. Dropped if Level is below the level the client set via
logging/setLevel (default info), or if the session is unknown/expired or has
no SSE channel. Data is any JSON-encodable term. Like notify/3, the id comes
from the handler's initialize params.

  



  
    
      
    
    
      notify(SessionId, Method, Params)



        
          
        

    

  


  

      

          -spec notify(SessionId, Method, Params) -> ok
                when SessionId :: binary(), Method :: binary(), Params :: map().


      


Push a server-initiated notification to one session by its Mcp-Session-Id.
A no-op if the session is unknown/expired or has no SSE channel attached.
The id is supplied to the handler at initialize (the mcp_session_id key
of the init params).

  



  
    
      
    
    
      progress(Ctx, Progress)



        
          
        

    

  


  

      

          -spec progress(Ctx, Progress) -> ok when Ctx :: progress_ctx(), Progress :: number().


      


Emit a notifications/progress update from a running tools/call, using the
Ctx handed to handle_tool/4. Progress is the amount done so far. A no-op
when the client sent no _meta.progressToken (the context is inert), so a tool
can call it unconditionally.

  



  
    
      
    
    
      progress(Ctx, Progress, Opts)



        
          
        

    

  


  

      

          -spec progress(Ctx, Progress, Opts) -> ok
                  when Ctx :: progress_ctx(), Progress :: number(), Opts :: progress_opts().


      


Emit a notifications/progress update with extras. Opts may carry total
(the expected final amount) and message (a human-readable status). A no-op
when the context is inert.

  



  
    
      
    
    
      resource_updated(Uri)



        
          
        

    

  


  

      

          -spec resource_updated(Uri) -> ok when Uri :: binary().


      


Announce that a resource changed to every session subscribed to its Uri (via
resources/subscribe). Each subscribed session forwards
notifications/resources/updated to its client; sessions that did not subscribe
(or have no SSE channel) ignore it. Decoupled -- the caller holds no session
reference.

  


        

      


  

  
    
    arizona_mcp_handler - arizona v0.4.0
    
    

    


  
  

    
arizona_mcp_handler 
    



      
The MCP (Model Context Protocol) endpoint, a controller (arizona_controller)
every arizona_server adapter with the mcp capability serves.
Implements MCP's Streamable HTTP transport for a tools server: a client
POSTs a single JSON-RPC 2.0 message and receives a buffered
application/json reply; with sessions enabled, GET opens the SSE
channel and DELETE tears a session down. Before any dispatch the request
passes the security gate: the Origin allowlist (DNS-rebinding defense)
and the route's optional auth hook.
The MCP method dispatch (dispatch/3) is a pure function over a decoded
request and the app's arizona_mcp module -- it is exported so it can be
unit-tested without a transport, mirroring arizona_stateful's call_*
helpers. handle/2 owns the transport: reading the body, the Origin
gate, and mapping a dispatch crash to a JSON-RPC -32603 error so the
protocol contract holds even when a tool raises. The SSE channel and a
streaming POST are controller loop replies, fed by handle_info/3.

      


      
        Summary


  
    Types
  


    
      
        auth_hook()

      


    


    
      
        auth_result()

      


    


    
      
        route_opts()

      


    


    
      
        session()

      


    





  
    Functions
  


    
      
        dispatch(Mod, Request, Ctx)

      


        Pure MCP method dispatch. Maps a decoded JSON-RPC request and the app's
arizona_mcp module to one of



    


    
      
        handle(Req, Ctx)

      


        The controller action. Serves the MCP endpoint: a JSON-RPC POST returns a
buffered application/json reply (or, for a progress-tracked tools/call, an
SSE stream). When sessions are enabled, GET opens the SSE channel and
DELETE tears a session down; otherwise non-POST methods return 405. The
route options, the handler module among them, are the context's state.



    


    
      
        handle_info(Info, Push, State)

      


        The controller loop callback for the two SSE loops



    


    
      
        handle_method(Method, Params, Id, Session)

      


        Run one non-initialize MCP method against a session, returning the JSON-RPC
outcome paired with the (possibly updated) session. arizona_mcp_session
calls this with its held session and stores the returned session back, so a
stateful callback's new state (handle_tool / read_resource /
get_prompt) carries into the session's later requests; dispatch/3
(stateless) discards the returned session. Methods that run no stateful
callback (ping, the */list reads, an unknown or capability-gated-off
method) return the session unchanged.



    


    
      
        message_frame(Object)

      


        Frame a JSON-RPC message (a progress notification or the final result) as a
single SSE message event. The streaming POST is request-scoped, so -- unlike
the resumable GET channel -- the events carry no id.



    


    
      
        run_streaming_tool(Session, Name, Args, Id, Ctx, ConnPid)

      


        Run a streaming tools/call against a snapshot of Session, relaying the
result (and, via Ctx, any notifications/progress) to ConnPid. Threads no
state back -- streaming runs on a snapshot, and only the serialized buffered
queue mutates session state. Shared by the stateless worker and the session
process; exported for the latter's cross-module call.



    





      


      
        Types


        


  
    
      
    
    
      auth_hook()



        
          
        

    

  


  

      

          -type auth_hook() :: fun((arizona_req:request()) -> auth_result()) | {module(), atom()}.


      



  



  
    
      
    
    
      auth_result()



        
          
        

    

  


  

      

          -type auth_result() :: ok | {reject, arizona_req:resp_status()}.


      



  



  
    
      
    
    
      route_opts()



        
          
        

    

  


  

      

          -type route_opts() ::
          #{origins => [binary()],
            auth => auth_hook(),
            sessions => boolean(),
            max_sessions => pos_integer() | infinity,
            session_ttl_ms => pos_integer(),
            session_buffer_max => pos_integer(),
            allow_remote_access => boolean(),
            _ => term()}.


      



  



  
    
      
    
    
      session()



        
          
        

    

  


  

      

          -type session() ::
          #{mod := module(),
            state := arizona_mcp:state(),
            caps := arizona_mcp:capabilities(),
            page_size := pos_integer(),
            log_min_severity := 0..7,
            stateless => true}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      dispatch(Mod, Request, Ctx)



        
          
        

    

  


  

      

          -spec dispatch(Mod, Request, Ctx) -> {reply, map()} | notification | {error, map()}
                  when Mod :: module(), Request :: arizona_jsonrpc:request(), Ctx :: map().


      


Pure MCP method dispatch. Maps a decoded JSON-RPC request and the app's
arizona_mcp module to one of:
	{reply, Object} -- a JSON-RPC response object to encode and return,
	notification -- an accepted notification with no reply (HTTP 202),
	{error, Object} -- a JSON-RPC error object to encode and return.

Exported for unit testing; handle/2 calls it inside a crash guard.

  



  
    
      
    
    
      handle(Req, Ctx)



        
          
        

    

  


  

      

          -spec handle(Req, Ctx) -> {Reply, Req}
                when
                    Req :: arizona_req:request(),
                    Ctx :: arizona_controller:context(),
                    Reply :: arizona_controller:reply().


      


The controller action. Serves the MCP endpoint: a JSON-RPC POST returns a
buffered application/json reply (or, for a progress-tracked tools/call, an
SSE stream). When sessions are enabled, GET opens the SSE channel and
DELETE tears a session down; otherwise non-POST methods return 405. The
route options, the handler module among them, are the context's state.

  



  
    
      
    
    
      handle_info(Info, Push, State)



        
          
        

    

  


  

      

          -spec handle_info(Info, Push, State) -> {ok, State} | {stop, State}
                     when
                         Info :: term(),
                         Push :: arizona_controller:push_fun(),
                         State ::
                             #{session := pid(), _ => term()} | #{mcp_post_stream := true, _ => term()}.


      


The controller loop callback for the two SSE loops:
	the GET channel (#{session := Pid}) -- forwards server-initiated events
from the session; on client disconnect it detaches from the session (which
keeps the session alive) and stops.
	the streaming POST (#{mcp_post_stream := true}) -- pushes the running
tool's notifications/progress as they arrive, then the final result, then
stops; a client disconnect just stops the loop.

Both loops monitor their session (session_mon), so a session death of any
cause -- idle reap, DELETE, a crash, even one racing the loop's setup --
releases the connection instead of leaving it open forever.

  



  
    
      
    
    
      handle_method(Method, Params, Id, Session)



        
          
        

    

  


  

      

          -spec handle_method(Method, Params, Id, Session) -> {Outcome, Session}
                       when
                           Method :: binary(),
                           Params :: map(),
                           Id :: arizona_jsonrpc:id(),
                           Session :: session(),
                           Outcome :: {reply, map()} | {error, map()}.


      


Run one non-initialize MCP method against a session, returning the JSON-RPC
outcome paired with the (possibly updated) session. arizona_mcp_session
calls this with its held session and stores the returned session back, so a
stateful callback's new state (handle_tool / read_resource /
get_prompt) carries into the session's later requests; dispatch/3
(stateless) discards the returned session. Methods that run no stateful
callback (ping, the */list reads, an unknown or capability-gated-off
method) return the session unchanged.

  



  
    
      
    
    
      message_frame(Object)



        
          
        

    

  


  

      

          -spec message_frame(Object) -> iodata() when Object :: map().


      


Frame a JSON-RPC message (a progress notification or the final result) as a
single SSE message event. The streaming POST is request-scoped, so -- unlike
the resumable GET channel -- the events carry no id.
Called by whoever produces the object, never by the connection process that
pushes the frame. json:encode/1 rejects a binary that is not valid UTF-8, and
a callback module can return one; encoding at the producer keeps that failure
inside the producer's crash guard, which answers -32603. Encoded in the
connection process it would instead kill the connection, and the client would
see the socket drop with no reply.

  



  
    
      
    
    
      run_streaming_tool(Session, Name, Args, Id, Ctx, ConnPid)



        
          
        

    

  


  

      

          -spec run_streaming_tool(Session, Name, Args, Id, Ctx, ConnPid) -> ok
                            when
                                Session :: session(),
                                Name :: binary(),
                                Args :: map(),
                                Id :: arizona_jsonrpc:id(),
                                Ctx :: arizona_mcp:progress_ctx(),
                                ConnPid :: pid().


      


Run a streaming tools/call against a snapshot of Session, relaying the
result (and, via Ctx, any notifications/progress) to ConnPid. Threads no
state back -- streaming runs on a snapshot, and only the serialized buffered
queue mutates session state. Shared by the stateless worker and the session
process; exported for the latter's cross-module call.

  


        

      


  

  
    
    arizona_mcp_session - arizona v0.4.0
    
    

    


  
  

    
arizona_mcp_session 
    



      
A per-session process for a stateful (Mcp-Session-Id) MCP connection.
Started by arizona_mcp_sup when an initialize request opens a session,
and not linked to the connection process that created it -- it is owned
by the supervisor so it outlives any single HTTP request, which is the
point of an MCP session. It holds the session record arizona_mcp_handler builds at initialize (the
handler module, its state, and the negotiated capabilities) and serves its
requests one at a time in a worker, so app code never blocks the session
process and a session's requests never race on its state.
The session registers itself in arizona_mcp_session_registry on start and
removes itself on terminate. An idle timer tears the session down after a
configurable quiet period, so an abandoned session (a client that never
sends DELETE) does not leak; every served request resets it.

      


      
        Summary


  
    Types
  


    
      
        active_dispatch()

      


    


    
      
        pending_dispatch()

      


    


    
      
        session_opts()

      


    


    
      
        state()

      


    





  
    Functions
  


    
      
        attach_channel(Pid, ChannelPid, LastEventId)

      


        Attach a server-to-client SSE channel (a controller loop process) to the
session. Buffered events newer than LastEventId (a Last-Event-ID header
value, or undefined for a fresh stream) are replayed to the channel.
Returns {error, already_attached} if one is already attached -- the spec
allows only one such stream per session.



    


    
      
        cancel(Pid, Id)

      


        Cancel an in-flight request by its Id (a notifications/cancelled, or a
client disconnect). A streaming tools/call has its worker killed and its POST
loop told to stop; a buffered request has its worker killed (or is dropped from
the queue) and its caller freed with a -32603. A no-op for an unknown or
already-finished id.



    


    
      
        detach_channel(Pid, ChannelPid)

      


        Detach the SSE channel (on client disconnect). Fire-and-forget.



    


    
      
        dispatch(Pid, Method, Params, Id)

      


        Run one non-initialize MCP method against the session, returning the
JSON-RPC outcome ({reply, Object} | {error, Object}). The method runs
in a worker (replied to asynchronously), so a slow tool never blocks the
session process; requests are still served one at a time, so they never
race on the session's state. Resets the idle timer.



    


    
      
        dispatch(Pid, Method, Params, Id, Timeout)

      


    


    
      
        handle_call/3

      


    


    
      
        handle_cast/2

      


    


    
      
        handle_info/2

      


    


    
      
        init/1

      


    


    
      
        log(Pid, Severity, Level, Data)

      


        Send a notifications/message log to the session, dropped if Severity is
below the session's set minimum (logging/setLevel). Level is the wire level
atom and Data the message body. Fire-and-forget.



    


    
      
        notify(Pid, Method, Params)

      


        Push a server-initiated notifications/<Method> with Params to the
session's SSE channel. A no-op if no channel is attached. Fire-and-forget.



    


    
      
        start_link(SessionId, Session, SessionOpts)

      


        Start a session process holding Session, registered under SessionId.
SessionOpts carries the idle ttl_ms and the resumability buffer_max.
Called by arizona_mcp_sup:start_session/3.



    


    
      
        start_streaming_tool(Pid, Name, Args, Id, Token, ConnPid)

      


        Start a streaming tools/call in a worker process tracked by Id, relaying the
result and any notifications/progress to ConnPid (the POST's loop process).
The worker reads a snapshot of the session state and does not thread state
back -- only the serialized buffered queue mutates session state, so nothing
races on it. It frees the session to handle a cancel/2 for the same Id.



    


    
      
        stop(Pid)

      


        Terminate the session (the DELETE teardown).



    


    
      
        terminate/2

      


    





      


      
        Types


        


  
    
      
    
    
      active_dispatch()



        
          
        

    

  


  

      

          -type active_dispatch() :: {pid(), reference(), gen_server:from(), arizona_jsonrpc:id()}.


      



  



  
    
      
    
    
      pending_dispatch()



        
          
        

    

  


  

      

          -type pending_dispatch() :: {gen_server:from(), arizona_jsonrpc:id(), binary(), map()}.


      



  



  
    
      
    
    
      session_opts()



        
          
        

    

  


  

      

          -type session_opts() ::
          #{ttl_ms := pos_integer(),
            buffer_max := pos_integer(),
            max_pending := pos_integer(),
            keepalive_ms := pos_integer() | infinity,
            route_key := binary()}.


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() ::
          #state{id :: binary(),
                 session :: arizona_mcp_handler:session(),
                 ttl_ms :: pos_integer(),
                 ttl_timer :: reference() | undefined,
                 channel :: pid() | undefined,
                 channel_mon :: reference() | undefined,
                 channels :: [arizona_mcp:channel()],
                 next_event_id :: pos_integer(),
                 buffer :: queue:queue({pos_integer(), iodata()}),
                 buffer_len :: non_neg_integer(),
                 buffer_max :: pos_integer(),
                 streams :: #{arizona_jsonrpc:id() => {pid(), reference(), pid()}},
                 dispatch_active :: active_dispatch() | undefined,
                 dispatch_q :: queue:queue(pending_dispatch()),
                 max_pending :: pos_integer(),
                 keepalive_ms :: pos_integer() | infinity,
                 keepalive_timer :: reference() | undefined}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      attach_channel(Pid, ChannelPid, LastEventId)



        
          
        

    

  


  

      

          -spec attach_channel(Pid, ChannelPid, LastEventId) -> ok | {error, already_attached}
                        when Pid :: pid(), ChannelPid :: pid(), LastEventId :: binary() | undefined.


      


Attach a server-to-client SSE channel (a controller loop process) to the
session. Buffered events newer than LastEventId (a Last-Event-ID header
value, or undefined for a fresh stream) are replayed to the channel.
Returns {error, already_attached} if one is already attached -- the spec
allows only one such stream per session.

  



  
    
      
    
    
      cancel(Pid, Id)



        
          
        

    

  


  

      

          -spec cancel(Pid, Id) -> ok when Pid :: pid(), Id :: arizona_jsonrpc:id().


      


Cancel an in-flight request by its Id (a notifications/cancelled, or a
client disconnect). A streaming tools/call has its worker killed and its POST
loop told to stop; a buffered request has its worker killed (or is dropped from
the queue) and its caller freed with a -32603. A no-op for an unknown or
already-finished id.

  



  
    
      
    
    
      detach_channel(Pid, ChannelPid)



        
          
        

    

  


  

      

          -spec detach_channel(Pid, ChannelPid) -> ok when Pid :: pid(), ChannelPid :: pid().


      


Detach the SSE channel (on client disconnect). Fire-and-forget.

  



  
    
      
    
    
      dispatch(Pid, Method, Params, Id)



        
          
        

    

  


  

      

          -spec dispatch(Pid, Method, Params, Id) -> {reply, map()} | {error, map()}
                  when Pid :: pid(), Method :: binary(), Params :: map(), Id :: arizona_jsonrpc:id().


      


Run one non-initialize MCP method against the session, returning the
JSON-RPC outcome ({reply, Object} | {error, Object}). The method runs
in a worker (replied to asynchronously), so a slow tool never blocks the
session process; requests are still served one at a time, so they never
race on the session's state. Resets the idle timer.

  



  
    
      
    
    
      dispatch(Pid, Method, Params, Id, Timeout)



        
          
        

    

  


  

      

          -spec dispatch(Pid, Method, Params, Id, Timeout) -> {reply, map()} | {error, map()}
                  when
                      Pid :: pid(),
                      Method :: binary(),
                      Params :: map(),
                      Id :: arizona_jsonrpc:id(),
                      Timeout :: timeout().


      



  



  
    
      
    
    
      handle_call/3



        
          
        

    

  


  

      

          -spec handle_call(Request, gen_server:from(), state()) -> Return
                     when
                         Request ::
                             {dispatch, binary(), map(), arizona_jsonrpc:id()} |
                             {attach_channel, pid(), binary() | undefined},
                         Return :: {noreply, state()} | {reply, Reply, state()},
                         Reply :: {reply, map()} | {error, map()} | ok | {error, already_attached}.


      



  



  
    
      
    
    
      handle_cast/2



        
          
        

    

  


  

      

          -spec handle_cast(term(), state()) -> {noreply, state()}.


      



  



  
    
      
    
    
      handle_info/2



        
          
        

    

  


  

      

          -spec handle_info(term(), state()) -> {noreply, state()} | {stop, normal, state()}.


      



  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init({SessionId, Session, SessionOpts}) -> {ok, state()}
              when
                  SessionId :: binary(),
                  Session :: arizona_mcp_handler:session(),
                  SessionOpts :: session_opts().


      



  



  
    
      
    
    
      log(Pid, Severity, Level, Data)



        
          
        

    

  


  

      

          -spec log(Pid, Severity, Level, Data) -> ok
             when Pid :: pid(), Severity :: 0..7, Level :: arizona_mcp:log_level(), Data :: term().


      


Send a notifications/message log to the session, dropped if Severity is
below the session's set minimum (logging/setLevel). Level is the wire level
atom and Data the message body. Fire-and-forget.

  



  
    
      
    
    
      notify(Pid, Method, Params)



        
          
        

    

  


  

      

          -spec notify(Pid, Method, Params) -> ok when Pid :: pid(), Method :: binary(), Params :: map().


      


Push a server-initiated notifications/<Method> with Params to the
session's SSE channel. A no-op if no channel is attached. Fire-and-forget.

  



  
    
      
    
    
      start_link(SessionId, Session, SessionOpts)



        
          
        

    

  


  

      

          -spec start_link(SessionId, Session, SessionOpts) -> gen_server:start_ret()
                    when
                        SessionId :: binary(),
                        Session :: arizona_mcp_handler:session(),
                        SessionOpts :: session_opts().


      


Start a session process holding Session, registered under SessionId.
SessionOpts carries the idle ttl_ms and the resumability buffer_max.
Called by arizona_mcp_sup:start_session/3.

  



  
    
      
    
    
      start_streaming_tool(Pid, Name, Args, Id, Token, ConnPid)



        
          
        

    

  


  

      

          -spec start_streaming_tool(Pid, Name, Args, Id, Token, ConnPid) -> ok
                              when
                                  Pid :: pid(),
                                  Name :: binary(),
                                  Args :: map(),
                                  Id :: arizona_jsonrpc:id(),
                                  Token :: binary() | integer(),
                                  ConnPid :: pid().


      


Start a streaming tools/call in a worker process tracked by Id, relaying the
result and any notifications/progress to ConnPid (the POST's loop process).
The worker reads a snapshot of the session state and does not thread state
back -- only the serialized buffered queue mutates session state, so nothing
races on it. It frees the session to handle a cancel/2 for the same Id.

  



  
    
      
    
    
      stop(Pid)



        
          
        

    

  


  

      

          -spec stop(Pid) -> ok when Pid :: pid().


      


Terminate the session (the DELETE teardown).

  



  
    
      
    
    
      terminate/2



        
          
        

    

  


  

      

          -spec terminate(term(), state()) -> ok.


      



  


        

      


  

  
    
    arizona_mcp_session_registry - arizona v0.4.0
    
    

    


  
  

    
arizona_mcp_session_registry 
    



      
Lookup layer mapping an Mcp-Session-Id to its session process.
A thin, process-free API over a public named ETS table owned by
arizona_mcp_sup (created once in the supervisor's init/1, before any
session starts, so it outlives every session). Lookups are lock-free
concurrent reads straight from the roadrunner connection process -- no
message passing on the request hot path.
Sessions add themselves on start and remove themselves on terminate; a
lookup/1 that finds a dead pid (a session that crashed without running
terminate/2) sweeps the stale row and reports error.

      


      
        Summary


  
    Functions
  


    
      
        add(SessionId, Pid, RouteKey)

      


        Record a session id -> pid mapping, tagged with its route key (the request
path it was opened on) so count/1 can enforce a per-route max_sessions
cap. Called from the session's init/1.



    


    
      
        count(RouteKey)

      


        Count the live sessions opened on route RouteKey, for the per-route
max_sessions cap. Dead pids found on the way (sessions killed without running
terminate/2) are swept, mirroring lookup/1's lazy sweep -- a crashed
session's client never presents its id again, so without this sweep its stale
row would consume max_sessions capacity forever. The count is still
approximate under a burst of concurrent initializes -- acceptable for a soft
capacity limit.



    


    
      
        create_table()

      


        Create the registry table. Called once by arizona_mcp_sup:init/1; the
supervisor process owns the table so it survives session churn.



    


    
      
        lookup(SessionId)

      


        Resolve a session id to its live process. Returns error for an unknown
id, or for a stale row whose process has died (sweeping the row).



    


    
      
        remove(SessionId)

      


        Drop a session id mapping. Called from the session's terminate/2.



    





      


      
        Functions


        


  
    
      
    
    
      add(SessionId, Pid, RouteKey)



        
          
        

    

  


  

      

          -spec add(SessionId, Pid, RouteKey) -> ok when SessionId :: binary(), Pid :: pid(), RouteKey :: binary().


      


Record a session id -> pid mapping, tagged with its route key (the request
path it was opened on) so count/1 can enforce a per-route max_sessions
cap. Called from the session's init/1.

  



  
    
      
    
    
      count(RouteKey)



        
          
        

    

  


  

      

          -spec count(RouteKey) -> non_neg_integer() when RouteKey :: binary().


      


Count the live sessions opened on route RouteKey, for the per-route
max_sessions cap. Dead pids found on the way (sessions killed without running
terminate/2) are swept, mirroring lookup/1's lazy sweep -- a crashed
session's client never presents its id again, so without this sweep its stale
row would consume max_sessions capacity forever. The count is still
approximate under a burst of concurrent initializes -- acceptable for a soft
capacity limit.
The scan is linear in the table, so an initialize on a capped route pays
roughly one microsecond per 15 live sessions -- bounded by the cap the operator
chose, and only on routes that set one. A cached per-route counter would make
it constant-time but could not self-heal: a session killed without running
terminate/2 would leak an increment and lock its route out for good, where a
stale row is swept here or the next time its id is looked up.

  



  
    
      
    
    
      create_table()



        
          
        

    

  


  

      

          -spec create_table() -> ok.


      


Create the registry table. Called once by arizona_mcp_sup:init/1; the
supervisor process owns the table so it survives session churn.

  



  
    
      
    
    
      lookup(SessionId)



        
          
        

    

  


  

      

          -spec lookup(SessionId) -> {ok, pid()} | error when SessionId :: binary().


      


Resolve a session id to its live process. Returns error for an unknown
id, or for a stale row whose process has died (sweeping the row).

  



  
    
      
    
    
      remove(SessionId)



        
          
        

    

  


  

      

          -spec remove(SessionId) -> ok when SessionId :: binary().


      


Drop a session id mapping. Called from the session's terminate/2.
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arizona_mcp_sup 
    



      
Dynamic supervisor for MCP session processes.
Owns the arizona_mcp_session_registry ETS table (created in init/1, so
it outlives every session) and starts one arizona_mcp_session child per
opened session. Children are temporary: a crashed session is gone and
must not be auto-restarted (its in-memory state is lost and its id is
meaningless), so the client re-initializes for a fresh one.
Always supervised under arizona_sup -- an idle supervisor plus an empty
ETS table is a negligible footprint, and it avoids gating on route config
that is not known when arizona_sup starts.

      


      
        Summary


  
    Functions
  


    
      
        init(Args)

      


    


    
      
        start_link()

      


        Start the session supervisor under the well-known name arizona_mcp_sup.



    


    
      
        start_session(SessionId, Session, SessionOpts)

      


        Start a session process holding Session, registered under SessionId.
SessionOpts carries the idle ttl_ms and the resumability buffer_max.



    





      


      
        Functions


        


  
    
      
    
    
      init(Args)



        
          
        

    

  


  

      

          -spec init(Args) -> {ok, {SupFlags, [ChildSpec]}}
              when
                  Args :: map(),
                  SupFlags :: supervisor:sup_flags(),
                  ChildSpec :: supervisor:child_spec().


      



  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> supervisor:startlink_ret().


      


Start the session supervisor under the well-known name arizona_mcp_sup.

  



  
    
      
    
    
      start_session(SessionId, Session, SessionOpts)



        
          
        

    

  


  

      

          -spec start_session(SessionId, Session, SessionOpts) -> supervisor:startchild_ret()
                       when
                           SessionId :: binary(),
                           Session :: arizona_mcp_handler:session(),
                           SessionOpts :: arizona_mcp_session:session_opts().


      


Start a session process holding Session, registered under SessionId.
SessionOpts carries the idle ttl_ms and the resumability buffer_max.
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arizona_middleware 
    



      
The request-to-bindings middleware pipeline.
A middleware reduces an incoming request into the plain bindings a
mount/1 handler consumes, so handlers (and the live process) stay free
of any request or transport coupling. Each step receives the request and
the bindings gathered so far and returns either {cont, Request, Bindings}
to continue or {halt, Request} to stop.
Running
apply_middlewares/3 threads a request and bindings map through a list of
steps left-to-right, stopping on the first halt. Transports
(arizona_http, arizona_ws, arizona_socket) run it before mounting a
view; a route lists its steps under the middlewares key of
arizona_live:route_opts/0.
A halting step says what the client sees by stashing a redirect
(arizona_req:redirect/2,3) or a status (arizona_req:put_resp_status/2,
as check_origin/2 does with its 403). A bare {halt, Request} carrying
neither is answered 403 Forbidden -- the same on a page render, a
controller, and a WebSocket upgrade.
Built-in steps
	extract/1 -- copy selected request data (path bindings, params,
headers, ...) into bindings so a handler reads it with ?get(Key).
	put_request/2 -- the escape hatch: expose the whole request under the
request binding for lazy access.
	fetch_flash/2 -- read the incoming flash (set on the prior request via
arizona_req:put_flash/3) into the flash binding, consuming it.
	fetch_session/2 -- read the durable session into the session binding, without
consuming it.
	check_origin/2 -- CSRF defense: halt with 403 when the request Origin is not
trusted (see arizona_origin). The router applies it to live/controller routes by
default, so you rarely list it by hand.

HTTP response transforms
The list accepts a second kind of entry: an HTTP response transform,
built by etag/0, compress/0, cors/1, or security_headers/0,1.
A transform is not a request-to-bindings
step: it wraps the whole HTTP exchange (the server applies it in its own
response pipeline), so it can see and rewrite the response -- the thing a
step, which runs before any render and also on paths with no HTTP response
at all, cannot. Order has phase semantics: steps run in list order during
the request phase; transforms wrap the exchange in list order, first
outermost -- except compression, which the router keeps OUTERMOST wherever
it is written (or attaches itself), so a transform always sees the response
before it is re-encoded. On a
pipeline run with no HTTP response to wrap (the WebSocket upgrade, a
navigate/patch), a transform is inert and skipped.
Each constructor returns a plain, stable term, and that term -- not the
call -- is what a config/sys.config route table must spell (a term file
cannot hold a function call; see "Declaring steps" below for why):
	constructor	literal term
	etag()	{http_transform, etag}
	compress()	{http_transform, compress}
	cors(Config)	{http_transform, {cors, Config}}
	security_headers()	{http_transform, security_headers}
	security_headers(Config)	{http_transform, {security_headers, Config}}

The named set is deliberately the whole vocabulary: a transform names an
HTTP semantic, and the server adapter maps it to that server's own
implementation, so a route never says which server runs beneath it. A
custom server-level middleware has no per-route spelling here -- it goes
in the server's own listener config (proto_opts), the one place that is
server-specific by definition.
Declaring steps
A step is either a fun of two arguments or a {Module, Function} pair naming a
2-arity function. Which of the two you can write depends on where the route is
declared.
A route declared in Erlang takes both forms, so it can call a builder like
extract/1 inline:
#{middlewares => [arizona_middleware:extract([path_bindings, params])]}
A route declared in config/sys.config takes only the pair. An application
config file is read by file:consult/1, which parses terms, and
arizona_middleware:extract([path_bindings]) is a function call rather than a
term -- so the file fails to parse and the node refuses to boot:
===> Error reading file .../config/sys.config: 1: bad term
The reported line is always 1, because the whole file is a single term, so it
points nowhere near the offending expression. Note that fun Module:Function/Arity
with literal parts is a term (which is why the reloader's
callback => fun arizona_reloader:reload_erl/1 consults fine); it is specifically
the call that is not.
So a parameterised step -- extract/1, or a builder of your own -- needs a named
2-arity function for a config file to spell:
%% config/sys.config -- an entry in the server's `routes` list
{live, ~"/users/:id", user_page, #{middlewares => [{my_app_mw, path_bindings}]}}
%% src/my_app_mw.erl
path_bindings(Req, Bindings) ->
    Extract = arizona_middleware:extract([path_bindings]),
    Extract(Req, Bindings).
{arizona_middleware, extract} is not that wrapper. It type-checks, then fails at
request time with undef: the pair names extract/2, and extract/1 is the
builder.

      


      
        Summary


  
    Types
  


    
      
        extract_key()

      


    


    
      
        http_transform()

      


    


    
      
        middleware()

      


    


    
      
        middleware_result()

      


    





  
    Functions
  


    
      
        apply_middlewares(Middlewares, Request, Bindings)

      


        Runs Middlewares left-to-right, threading Request and Bindings
through each step. Stops on the first {halt, Request} and returns it.



    


    
      
        check_origin(Req0, Bindings)

      


        CSRF defense: halt with 403 when the request Origin is not trusted (same-origin or
allowlisted -- see arizona_origin), continue otherwise. A missing Origin (native
clients, CLI tools, top-level GET navigations) continues.



    


    
      
        compress()

      


        HTTP response transform: gzip/deflate response compression. Only needed on
routes the framework does not already compress -- controller routes; live
and asset routes get compression from the server's compress option
(default on), where listing it again changes nothing. Position-independent
by construction: the router keeps compression OUTERMOST wherever it is
written, so [etag(), compress()] and [compress(), etag()] compile to
the same pipeline and an etag always hashes the pre-compression body. An
explicit compress() also survives the server's compress => false (a
route-level request beats the listener-level default-off). Returns the
plain term {http_transform, compress} -- the spelling a sys.config route
uses.



    


    
      
        cors(Config)

      


        HTTP response transform: CORS -- answers the browser's preflight OPTIONS
and decorates cross-origin responses with Access-Control-* headers per
Config. The config keys are Arizona's contract for this transform --
origins at minimum, plus the usual CORS knobs (methods, allowed
headers, credentials) -- which the server adapter maps to its own CORS
implementation.
Distinct from check_origin/2, which REJECTS cross-origin requests --
list this on a route that deliberately serves them (usually beside
check_origin => false). Returns the plain term
{http_transform, {cors, Config}} -- the spelling a sys.config route uses.



    


    
      
        etag()

      


        HTTP response transform: derive a weak ETag from the response body and
answer a matching If-None-Match with 304 (RFC 7232). The validator is
weak on purpose, so the framework's compression re-encoding the body
outside it cannot invalidate the tag. Returns the plain term
{http_transform, etag} -- the spelling a sys.config route uses.



    


    
      
        extract(Keys)

      


        Builds a middleware that copies selected request data into bindings, so a
mount/1 handler can read it with ?get(Key) without touching the request.



    


    
      
        fetch_flash(Req, Bindings)

      


        Middleware that reads the incoming flash into the flash binding (read with
?get(flash), a map; #{} when there is none).



    


    
      
        fetch_session(Req, Bindings)

      


        Middleware that reads the durable session into the session binding (read with
?get(session), a map; #{} when there is none).



    


    
      
        put_request(Req, Bindings)

      


        Middleware that exposes the whole request to a handler under the request
binding (read with ?get(request)).



    


    
      
        security_headers()

      


        HTTP response transform: a default-safe security-header set
(x-content-type-options, x-frame-options, referrer-policy, ...)
added to every response, leaving headers the handler already set
untouched. security_headers/1 overrides individual headers. Returns the
plain term {http_transform, security_headers} (with config:
{http_transform, {security_headers, Config}}) -- the spelling a
sys.config route uses.



    


    
      
        security_headers(Config)

      


    





      


      
        Types


        


  
    
      
    
    
      extract_key()



        
          
        

    

  


  

      

          -nominal extract_key() :: path_bindings | params | headers | cookies | body | method | user_agent.


      



  



  
    
      
    
    
      http_transform()



        
          
        

    

  


  

      

          -type http_transform() ::
          {http_transform,
           etag | compress | security_headers | {cors, map()} | {security_headers, map()}}.


      



  



  
    
      
    
    
      middleware()



        
          
        

    

  


  

      

          -nominal middleware() ::
             fun((arizona_req:request(), az:bindings()) -> middleware_result()) |
             {module(), atom()} |
             http_transform().


      



  



  
    
      
    
    
      middleware_result()



        
          
        

    

  


  

      

          -nominal middleware_result() ::
             {cont, arizona_req:request(), az:bindings()} | {halt, arizona_req:request()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply_middlewares(Middlewares, Request, Bindings)



        
          
        

    

  


  

      

          -spec apply_middlewares(Middlewares, Request, Bindings) -> middleware_result()
                           when
                               Middlewares :: [middleware()],
                               Request :: arizona_req:request(),
                               Bindings :: az:bindings().


      


Runs Middlewares left-to-right, threading Request and Bindings
through each step. Stops on the first {halt, Request} and returns it.

  



  
    
      
    
    
      check_origin(Req0, Bindings)



        
          
        

    

  


  

      

          -spec check_origin(arizona_req:request(), az:bindings()) -> middleware_result().


      


CSRF defense: halt with 403 when the request Origin is not trusted (same-origin or
allowlisted -- see arizona_origin), continue otherwise. A missing Origin (native
clients, CLI tools, top-level GET navigations) continues.
The router prepends this to live and controller routes by default; opt a route out
with check_origin => false, or disable globally with the check_origin app env.
The Origin is compared against the request's scheme as well as its Host, so an
HTTPS request refuses a plain-http Origin. The scheme is the connection's own
(arizona_req:scheme/1), upgraded to https when a proxy in front sets
X-Forwarded-Proto: https -- an upgrade-only read, so the header cannot be forged
into weakening the check.
#{middlewares => [{arizona_middleware, check_origin}]}

  



  
    
      
    
    
      compress()



        
          
        

    

  


  

      

          -spec compress() -> http_transform().


      


HTTP response transform: gzip/deflate response compression. Only needed on
routes the framework does not already compress -- controller routes; live
and asset routes get compression from the server's compress option
(default on), where listing it again changes nothing. Position-independent
by construction: the router keeps compression OUTERMOST wherever it is
written, so [etag(), compress()] and [compress(), etag()] compile to
the same pipeline and an etag always hashes the pre-compression body. An
explicit compress() also survives the server's compress => false (a
route-level request beats the listener-level default-off). Returns the
plain term {http_transform, compress} -- the spelling a sys.config route
uses.

  



  
    
      
    
    
      cors(Config)



        
          
        

    

  


  

      

          -spec cors(Config) -> http_transform() when Config :: map().


      


HTTP response transform: CORS -- answers the browser's preflight OPTIONS
and decorates cross-origin responses with Access-Control-* headers per
Config. The config keys are Arizona's contract for this transform --
origins at minimum, plus the usual CORS knobs (methods, allowed
headers, credentials) -- which the server adapter maps to its own CORS
implementation.
Distinct from check_origin/2, which REJECTS cross-origin requests --
list this on a route that deliberately serves them (usually beside
check_origin => false). Returns the plain term
{http_transform, {cors, Config}} -- the spelling a sys.config route uses.
The route's method allowlist is enforced before any transform runs, so the
router adds OPTIONS to a cors route that does not declare it: a preflight
then reaches this transform and gets its 204, and a plain OPTIONS (no
Access-Control-Request-Method) is answered 204 with the Allow set a
405 on that URL would carry, never reaching the controller action or live
page. A route that declares OPTIONS itself, or allows any method, keeps the
plain OPTIONS for its own handler. A route declaring OPTIONS on a URL this
one also matches must be listed before it; listed after, it would never be
reached, and route compilation fails naming both.
The default Origin check still runs on the request that follows a preflight,
so an origin listed here must also be in csrf_origins (or the route sets
check_origin => false); otherwise the browser gets a preflight 204 and
then a 403.

  



  
    
      
    
    
      etag()



        
          
        

    

  


  

      

          -spec etag() -> http_transform().


      


HTTP response transform: derive a weak ETag from the response body and
answer a matching If-None-Match with 304 (RFC 7232). The validator is
weak on purpose, so the framework's compression re-encoding the body
outside it cannot invalidate the tag. Returns the plain term
{http_transform, etag} -- the spelling a sys.config route uses.

  



  
    
      
    
    
      extract(Keys)



        
          
        

    

  


  

      

          -spec extract(Keys) -> middleware() when Keys :: [extract_key()].


      


Builds a middleware that copies selected request data into bindings, so a
mount/1 handler can read it with ?get(Key) without touching the request.
Each key targets a binding:
	path_bindings -- route path bindings merged into the bindings map (so
/users/:id is read as ?get(<<"id">>))
	params / headers / cookies / body / method / user_agent --
stored under the same-named key

body is the one key that can fail: when the transport cannot deliver the body
(only possible when the server reads it on demand, e.g. roadrunner's
body_buffering => manual), the step halts with 413 (over the body cap),
431 (a chunked body's trailers over the request-header limits), 408 (the
client stalled or sent too slowly) or 400 (malformed, or the connection
dropped). These match what the server answers when it buffers the body itself,
except that a server may drop a too-slow client without any response where
this step still answers it 408.
#{middlewares => [arizona_middleware:extract([path_bindings, params])]}
That call builds the middleware where the route is declared, so it can only be
written in Erlang. A route declared in config/sys.config must name a 2-arity
wrapper around it instead -- see "Declaring steps" in the module doc.

  



  
    
      
    
    
      fetch_flash(Req, Bindings)



        
          
        

    

  


  

      

          -spec fetch_flash(arizona_req:request(), az:bindings()) -> middleware_result().


      


Middleware that reads the incoming flash into the flash binding (read with
?get(flash), a map; #{} when there is none).
Opt in on routes that display flash messages. Reading consumes the flash: the
response clears its cookie, so a refresh shows nothing. Pair it with
arizona_req:put_flash/3 before a redirect (the Post/Redirect/Get pattern).
#{middlewares => [{arizona_middleware, fetch_flash}]}

  



  
    
      
    
    
      fetch_session(Req, Bindings)



        
          
        

    

  


  

      

          -spec fetch_session(arizona_req:request(), az:bindings()) -> middleware_result().


      


Middleware that reads the durable session into the session binding (read with
?get(session), a map; #{} when there is none).
Opt in on routes that need the session. Unlike fetch_flash/2, reading does not
consume it: the session survives untouched, and the response re-emits the cookie
only when the app writes it (arizona_req:put_session/3) or clears it
(clear_session/1). It runs on both the GET render and the WS upgrade, so a live
view is seeded with the session at mount.
A server-side store outage is left on the request (arizona_req:session_error/1), not
the session binding (which stays #{}, an ordinary signed-out read). A route that wants
the outage visible in a view can add its own middleware after this one that lifts
arizona_req:session_error(Req) into a binding.
#{middlewares => [{arizona_middleware, fetch_session}]}

  



  
    
      
    
    
      put_request(Req, Bindings)



        
          
        

    

  


  

      

          -spec put_request(arizona_req:request(), az:bindings()) -> middleware_result().


      


Middleware that exposes the whole request to a handler under the request
binding (read with ?get(request)).
The escape hatch for a handler that needs lazy access to many request fields;
it couples that handler to HTTP. Prefer extract/1 for specific data.
The request binding is mount-scoped: it is read during mount/1, and because
mount returns a fresh bindings map (construct, don't merge) it does not persist
into the live process or carry across an SPA navigate.
#{middlewares => [{arizona_middleware, put_request}]}

  



  
    
      
    
    
      security_headers()



        
          
        

    

  


  

      

          -spec security_headers() -> http_transform().


      


HTTP response transform: a default-safe security-header set
(x-content-type-options, x-frame-options, referrer-policy, ...)
added to every response, leaving headers the handler already set
untouched. security_headers/1 overrides individual headers. Returns the
plain term {http_transform, security_headers} (with config:
{http_transform, {security_headers, Config}}) -- the spelling a
sys.config route uses.

  



  
    
      
    
    
      security_headers(Config)



        
          
        

    

  


  

      

          -spec security_headers(Config) -> http_transform() when Config :: map().


      



  


        

      


  

  
    
    arizona_native - arizona v0.4.0
    
    

    


  
  

    
arizona_native 
    



      
Native (JSON) render-target backend.
Emits the byte sequences that make up the s statics as a JSON widget tree
for native clients (iOS/SwiftUI, Android/Compose, ...). Each element becomes a
flat JSON object:
{"type": "Column", "az": "0", "padding": "16", "children": [ ... ]}
type, az and children are reserved keys; every other key is a widget
prop. The framework is vocabulary-agnostic -- the tag atom is emitted verbatim
as type and the client engine maps it to a real widget. Dynamic text children
become addressable #text nodes so the diff engine can target them by az.
String keys and values are escaped via json:encode/1, so the zipped statics
form valid JSON. So do the dynamics in the zipped document (escape/1,
render_attr/2): a scalar is a JSON string, an effect command its array and a
typed boolean prop a JSON boolean, exactly what a client builds by JSON-encoding
the wire value. On the wire itself a value stays raw
(wire_escape/1, wire_attr/2), because the client does that encoding.

      


      
        Summary


  
    Functions
  


    
      
        attr(Name, Value)

      


    


    
      
        attr_bool(Name, Bool)

      


    


    
      
        attr_command(Name, Cmd)

      


    


    
      
        attr_dyn_name(Name)

      


    


    
      
        attr_names()

      


    


    
      
        az_attr(Az)

      


    


    
      
        boolean_attrs()

      


    


    
      
        children_sep()

      


    


    
      
        content_context(Tag, Parent)

      


    


    
      
        content_type()

      


    


    
      
        each_items(Items)

      


    


    
      
        element_close(TagName)

      


    


    
      
        element_open(TagName)

      


    


    
      
        element_open_end()

      


    


    
      
        element_void_close()

      


    


    
      
        escape(Bin)

      


    


    
      
        implied_attrs(Tag, Names)

      


    


    
      
        is_void(Tag)

      


    


    
      
        keyed_item_ops()

      


    


    
      
        name/1

      


    


    
      
        raw_text(Tag, Before, After, Value)

      


    


    
      
        raw_text_kind(Tag, Context)

      


    


    
      
        render_attr(Name, Value)

      


    


    
      
        scope_static(Fp, Prefix, S0)

      


    


    
      
        single_root_document()

      


    


    
      
        supports_list_patch()

      


    


    
      
        supports_local()

      


    


    
      
        supports_nodiff_keep()

      


    


    
      
        target()

      


    


    
      
        text_az(ElemAz, Slot)

      


    


    
      
        text_child(Text)

      


    


    
      
        text_slot_close()

      


    


    
      
        text_slot_open(Az)

      


    


    
      
        wire_attr/2

      


    


    
      
        wire_escape(Bin)

      


    





      


      
        Functions


        


  
    
      
    
    
      attr(Name, Value)



        
          
        

    

  


  

      

          -spec attr(binary(), binary()) -> binary().


      



  



  
    
      
    
    
      attr_bool(Name, Bool)



        
          
        

    

  


  

      

          -spec attr_bool(binary(), boolean()) -> binary().


      



  



  
    
      
    
    
      attr_command(Name, Cmd)



        
          
        

    

  


  

      

          -spec attr_command(binary(), term()) -> binary().


      



  



  
    
      
    
    
      attr_dyn_name(Name)



        
          
        

    

  


  

      

          -spec attr_dyn_name(binary()) -> binary().


      



  



  
    
      
    
    
      attr_names()



        
          
        

    

  


  

      

          -spec attr_names() -> case_sensitive.


      



  



  
    
      
    
    
      az_attr(Az)



        
          
        

    

  


  

      

          -spec az_attr(binary()) -> binary().


      



  



  
    
      
    
    
      boolean_attrs()



        
          
        

    

  


  


  



  
    
      
    
    
      children_sep()



        
          
        

    

  


  

      

          -spec children_sep() -> binary().


      



  



  
    
      
    
    
      content_context(Tag, Parent)



        
          
        

    

  


  

      

          -spec content_context(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                         arizona_renderer:content_context().


      



  



  
    
      
    
    
      content_type()



        
          
        

    

  


  


  



  
    
      
    
    
      each_items(Items)



        
          
        

    

  


  

      

          -spec each_items([iodata()]) -> iodata().


      



  



  
    
      
    
    
      element_close(TagName)



        
          
        

    

  


  

      

          -spec element_close(binary()) -> binary().


      



  



  
    
      
    
    
      element_open(TagName)



        
          
        

    

  


  

      

          -spec element_open(binary()) -> binary().


      



  



  
    
      
    
    
      element_open_end()



        
          
        

    

  


  

      

          -spec element_open_end() -> binary().


      



  



  
    
      
    
    
      element_void_close()



        
          
        

    

  


  

      

          -spec element_void_close() -> binary().


      



  



  
    
      
    
    
      escape(Bin)



        
          
        

    

  


  

      

          -spec escape(binary()) -> binary().


      



  



  
    
      
    
    
      implied_attrs(Tag, Names)



        
          
        

    

  


  

      

          -spec implied_attrs(arizona_renderer:tag(), [binary()]) -> [].


      



  



  
    
      
    
    
      is_void(Tag)



        
          
        

    

  


  

      

          -spec is_void(arizona_renderer:tag()) -> boolean().


      



  



  
    
      
    
    
      keyed_item_ops()



        
          
        

    

  


  


  



  
    
      
    
    
      name/1



        
          
        

    

  


  

      

          -spec name(arizona_renderer:tag()) -> binary().


      



  



  
    
      
    
    
      raw_text(Tag, Before, After, Value)



        
          
        

    

  


  

      

          -spec raw_text(atom(), binary(), binary(), term()) -> term().


      



  



  
    
      
    
    
      raw_text_kind(Tag, Context)



        
          
        

    

  


  

      

          -spec raw_text_kind(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                       arizona_renderer:raw_text_kind().


      



  



  
    
      
    
    
      render_attr(Name, Value)



        
          
        

    

  


  

      

          -spec render_attr(binary(), term()) -> binary().


      



  



  
    
      
    
    
      scope_static(Fp, Prefix, S0)



        
          
        

    

  


  

      

          -spec scope_static(binary(), binary(), binary()) -> binary().


      



  



  
    
      
    
    
      single_root_document()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_list_patch()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_local()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_nodiff_keep()



        
          
        

    

  


  


  



  
    
      
    
    
      target()



        
          
        

    

  


  


  



  
    
      
    
    
      text_az(ElemAz, Slot)



        
          
        

    

  


  

      

          -spec text_az(binary(), non_neg_integer()) -> binary().


      



  



  
    
      
    
    
      text_child(Text)



        
          
        

    

  


  

      

          -spec text_child(binary()) -> binary().


      



  



  
    
      
    
    
      text_slot_close()



        
          
        

    

  


  

      

          -spec text_slot_close() -> binary().


      



  



  
    
      
    
    
      text_slot_open(Az)



        
          
        

    

  


  

      

          -spec text_slot_open(binary()) -> binary().


      



  



  
    
      
    
    
      wire_attr/2



        
          
        

    

  


  

      

          -spec wire_attr(binary(), term()) -> json:encode_value().


      



  



  
    
      
    
    
      wire_escape(Bin)



        
          
        

    

  


  

      

          -spec wire_escape(binary()) -> binary().
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arizona_origin 
    



      
Origin checking for CSRF defense.
Rejects a state-changing request or a WebSocket upgrade whose Origin header neither
matches the request Host + scheme (same-origin) nor appears in the configured
allowlist. A missing Origin -- native (?native) clients, CLI tools, top-level GET
navigations -- is allowed: those carry no ambient cross-site authority to abuse.
Used by the arizona_middleware:check_origin/2 step, which the router applies to
live and controller routes by default (off by exception, not by omission).
Scheme
An origin is a scheme + authority, and the Host header carries no scheme, so the
caller passes the request's own (client-facing) scheme. It is enforced in the
direction that matters: an HTTPS request refuses a plain-http Origin on the
same authority. Without that, an active network attacker who serves a page at
http://your-app (they need no certificate, and any host not pinned by HSTS is
reachable that way) could post it cross-scheme to the real HTTPS site -- the
browser attaches the same cookies, including Secure ones, and the authority
alone matches.
A plain-HTTP request accepts either scheme, because a TLS-terminating proxy
that forwards without X-Forwarded-Proto leaves the backend looking like plain
HTTP while the browser correctly reports https. Rejecting there would break that
deployment for no gain -- the hop the check can see is already unencrypted.
Config (arizona app env)
	check_origin (boolean(), default true) -- global switch; false allows every origin.
	csrf_origins ([binary()], default []) -- extra trusted origins beyond same-origin
(e.g. a reverse proxy that rewrites Host, or a known partner origin). A string entry
("https://app.example") is accepted as well; anything that is not an origin in some
iodata spelling raises {invalid_csrf_origin, Entry} naming it.


      


      
        Summary


  
    Functions
  


    
      
        check(Origin, Host, Scheme)

      


        Checks an Origin header value against the request Host and client-facing
Scheme. Returns ok when the origin is trusted (same-origin, allowlisted,
missing, or checking disabled) and forbidden otherwise.



    


    
      
        format_error(Reason, Stacktrace)

      


        Renders the error raised when a csrf_origins entry is not an origin. Picked up
by erl_error via the error_info annotation.



    





      


      
        Functions


        


  
    
      
    
    
      check(Origin, Host, Scheme)



        
          
        

    

  


  

      

          -spec check(Origin, Host, Scheme) -> ok | forbidden
               when
                   Origin :: binary() | undefined,
                   Host :: binary() | undefined,
                   Scheme :: arizona_req:scheme().


      


Checks an Origin header value against the request Host and client-facing
Scheme. Returns ok when the origin is trusted (same-origin, allowlisted,
missing, or checking disabled) and forbidden otherwise.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Renders the error raised when a csrf_origins entry is not an origin. Picked up
by erl_error via the error_info annotation.
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Builders for native-shell (OS) capability commands.
When an Arizona app runs inside a native shell (Electron, Tauri, a webview
wrapper, ...) rather than a plain browser, the server can drive OS-level
capabilities the browser sandbox forbids -- window control, native
notifications, screen-capture protection, and so on. Each builder returns an
arizona_effect:cmd/0 tuple {arizona_effect, [OpCode | Args]} -- the shared
wire format every client-command module produces (op codes in
include/arizona_effect.hrl), encoded by arizona_effect:encode/1 (the same web
path as arizona_js: HTML-attribute-safe in event props, raw JSON on the WS
frame). Use them as effects from handle_event/3/handle_info/2 or as event
props.
Unlike arizona_js (one typed op per browser action), shell capabilities are
shell-implemented and open-ended: the engine is a pure pass-through and does
not know what any capability does. So every command funnels through a single
generic op (?EFFECT_OS) carrying a capability name plus args; the shell
owns the vocabulary. New capabilities are new names, not new op codes. A command
whose capability the shell does not implement (or any command in a plain browser,
where there is no shell) is a safe no-op.
The typed sugars below are the documented path; command/2 is the unchecked
escape hatch for a capability without a sugar (a misspelled name is a silent
no-op, so prefer a sugar).
handle_event(~"rename", _Payload, Bindings) ->
    {Bindings, #{}, [arizona_os:set_title(~"New title")]}.
Whether the running shell offers a capability is read with ?capability(Name)
(arizona_live:capability/1); it reflects an unauthenticated client claim, so it
is a UI/effect hint only and must never gate a server-side authorization
decision.

      


      
        Summary


  
    Functions
  


    
      
        capture_protection(Enabled)

      


        Excludes (true) or restores (false) the shell window from OS screen capture
and live shares. Idempotent: safe to re-assert from server state on reconnect.



    


    
      
        command(Name)

      


        Issues a bare shell command by capability name (no args).



    


    
      
        command(Name, Args)

      


        Issues a shell command by capability name with Args spliced after the name.
The escape hatch for a capability without a typed sugar; a misspelled Name is
a silent no-op, so prefer a sugar.



    


    
      
        focus()

      


        Focuses (raises) the shell window.



    


    
      
        fullscreen(Enabled)

      


        Enters (true) or leaves (false) fullscreen.



    


    
      
        maximize()

      


        Maximizes the shell window; the shorthand for maximize(true).



    


    
      
        maximize(Enabled)

      


        Maximizes (true) or restores (false) the shell window. Idempotent in each
direction, never a toggle: a shell maps each to its maximize/unmaximize
primitive, so re-asserting the current state from server bindings on reconnect
leaves the window as it is.



    


    
      
        minimize()

      


        Minimizes the shell window.



    


    
      
        notify(Title)

      


        Shows a native notification with Title.



    


    
      
        notify(Title, Opts)

      


        Shows a native notification with Title and options (e.g. body).



    


    
      
        open_window(Url, Opts)

      


        Opens a secondary shell window at Url. Opts is a map of window hints:
width / height (integers) and always_on_top (boolean). Fire-and-forget,
like every OS command; a plain browser (or a shell without the capability) is a
safe no-op.



    


    
      
        set_title(Title)

      


        Sets the shell window title.



    





      


      
        Functions


        


  
    
      
    
    
      capture_protection(Enabled)



        
          
        

    

  


  

      

          -spec capture_protection(Enabled) -> arizona_effect:cmd() when Enabled :: boolean().


      


Excludes (true) or restores (false) the shell window from OS screen capture
and live shares. Idempotent: safe to re-assert from server state on reconnect.

  



  
    
      
    
    
      command(Name)



        
          
        

    

  


  

      

          -spec command(Name) -> arizona_effect:cmd() when Name :: binary().


      


Issues a bare shell command by capability name (no args).

  



  
    
      
    
    
      command(Name, Args)



        
          
        

    

  


  

      

          -spec command(Name, Args) -> arizona_effect:cmd() when Name :: binary(), Args :: list().


      


Issues a shell command by capability name with Args spliced after the name.
The escape hatch for a capability without a typed sugar; a misspelled Name is
a silent no-op, so prefer a sugar.

  



  
    
      
    
    
      focus()



        
          
        

    

  


  

      

          -spec focus() -> arizona_effect:cmd().


      


Focuses (raises) the shell window.

  



  
    
      
    
    
      fullscreen(Enabled)



        
          
        

    

  


  

      

          -spec fullscreen(Enabled) -> arizona_effect:cmd() when Enabled :: boolean().


      


Enters (true) or leaves (false) fullscreen.

  



  
    
      
    
    
      maximize()



        
          
        

    

  


  

      

          -spec maximize() -> arizona_effect:cmd().


      


Maximizes the shell window; the shorthand for maximize(true).

  



  
    
      
    
    
      maximize(Enabled)



        
          
        

    

  


  

      

          -spec maximize(Enabled) -> arizona_effect:cmd() when Enabled :: boolean().


      


Maximizes (true) or restores (false) the shell window. Idempotent in each
direction, never a toggle: a shell maps each to its maximize/unmaximize
primitive, so re-asserting the current state from server bindings on reconnect
leaves the window as it is.

  



  
    
      
    
    
      minimize()



        
          
        

    

  


  

      

          -spec minimize() -> arizona_effect:cmd().


      


Minimizes the shell window.

  



  
    
      
    
    
      notify(Title)



        
          
        

    

  


  

      

          -spec notify(Title) -> arizona_effect:cmd() when Title :: binary().


      


Shows a native notification with Title.

  



  
    
      
    
    
      notify(Title, Opts)



        
          
        

    

  


  

      

          -spec notify(Title, Opts) -> arizona_effect:cmd() when Title :: binary(), Opts :: map().


      


Shows a native notification with Title and options (e.g. body).

  



  
    
      
    
    
      open_window(Url, Opts)



        
          
        

    

  


  

      

          -spec open_window(Url, Opts) -> arizona_effect:cmd() when Url :: binary(), Opts :: map().


      


Opens a secondary shell window at Url. Opts is a map of window hints:
width / height (integers) and always_on_top (boolean). Fire-and-forget,
like every OS command; a plain browser (or a shell without the capability) is a
safe no-op.

  



  
    
      
    
    
      set_title(Title)



        
          
        

    

  


  

      

          -spec set_title(Title) -> arizona_effect:cmd() when Title :: binary().


      


Sets the shell window title.
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arizona_parse_transform 
    



      
Compile-time parse transform that converts Erlang element tuples into
optimized template maps with static/dynamic separation.
Intercepts calls to arizona_template:html/1 (or az:html/1) and
arizona_template:each/2 (or az:each/2), compiling element tuples
into #{s => Statics, d => Dynamics, f => Fingerprint} maps at compile
time. For arizona_stateful modules, it additionally validates and
transforms the render/1 callback (single root element, ?get(id) on
root, auto-injection of az-view).
Compilation Pipeline
	Detect arizona_stateful behaviour to enable live-render mode
	Walk all function bodies, transforming ?html(...) and ?each(...) calls
	For stateful render/1, validate root element constraints and inject az-view
	Compile element tuples into statics (binaries) and dynamics (closures)
	Assign az indices to elements with dynamic content for diff targeting
	Generate a base-36 phash2 fingerprint from statics for change detection
	Scope az values with the fingerprint prefix to avoid collisions

Element Forms
	Form	Example	Description
	{Tag, Attrs, Children}	{'div', [], [?get(x)]}	Standard element
	{Tag, Attrs, Expr}	{'span', [], ?get(x)}	Single expression as children
	{Tag, Attrs}	{'br', []}	Void element shorthand

Attribute Forms
	Form	Example	Output
	{name, ~"value"}	{class, ~"box"}	class="box"
	{name, Expr}	{class, Theme}	Dynamic attribute
	name (atom)	disabled	Boolean attribute
	~"name" (binary)	~"hidden"	Boolean attribute
	{name, true}	{hidden, true}	Emitted
	{name, false}	{hidden, false}	Stripped
	'az-nodiff'	Directive	Emits diff => false; kept as a compiler-owned attribute

Dynamic Tuple Forms
{Az, fun(() -> term()), {Module, Line}}               %% text dynamic
{Az, {attr, Name, fun(() -> term())}, {Module, Line}} %% attribute dynamic
{undefined, fun(() -> term()), {Module, Line}}        %% nodiff dynamic
Example
%% Input (in a module including arizona_stateless.hrl):
render(Bindings) ->
    ?html({'div', [{class, ~"box"}], [?get(name)]}).

%% Output (after parse transform):
render(Bindings) ->
    #{s => [~"<div class=\"box\" az=\"a1-0\"><!--az:a1-0-->", ~"<!--/az--></div>"],
      d => [{~"a1-0", fun() -> arizona_template:get(name, Bindings) end, {?MODULE, 3}}],
      f => ~"a1"}.

      


      
        Summary


  
    Types
  


    
      
        az()

      


    


    
      
        dynamic()

      


    


    
      
        static()

      


    





  
    Functions
  


    
      
        format_error(Reason)

      


        Formats parse transform error reasons into human-readable messages.



    


    
      
        parse_transform(Forms, Options)

      


        Entry point for the Erlang compiler parse transform.



    





      


      
        Types


        


  
    
      
    
    
      az()



        
          
        

    

  


  

      

          -nominal az() :: non_neg_integer().


      



  



  
    
      
    
    
      dynamic()



        
          
        

    

  


  

      

          -nominal dynamic() :: erl_parse:abstract_form().


      



  



  
    
      
    
    
      static()



        
          
        

    

  


  

      

          -nominal static() :: binary().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      format_error(Reason)



        
          
        

    

  


  

      

          -spec format_error(Reason) -> string() when Reason :: term().


      


Formats parse transform error reasons into human-readable messages.
Called by the compiler when parse_transform/2 returns an error tuple.

  



  
    
      
    
    
      parse_transform(Forms, Options)



        
          
        

    

  


  

      

          -spec parse_transform(Forms, Options) -> Forms | {error, Errors, []}
                         when
                             Forms :: [erl_parse:abstract_form()],
                             Options :: [compile:option()],
                             Errors :: [{file:filename(), [{erl_anno:location(), module(), term()}]}].


      


Entry point for the Erlang compiler parse transform.
Walks all forms in the module, transforming arizona_template:html/1
and arizona_template:each/2 calls into compiled template maps. For
modules with -behaviour(arizona_stateful), the render/1 callback
receives additional validation and az-view injection.
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arizona_pubsub 
    



      
Thin wrapper over pg for channel-based pub/sub.
Subscribers join a channel (any term) by pid and receive whatever is
broadcast to that channel as a plain mailbox message. There's no
serialization or queueing -- it's just pg:join/3 plus a fan-out send.
The broadcast paths iterate pg's raw membership list without sorting or
deduplicating -- a per-message usort over the whole member list would tax
every broadcast (and every subscribe) to paper over a state only two
concurrent subscribes of the SAME pid can create (subscribe/2's
check-then-join is not atomic). In that essentially-unreachable state a
subscriber receives one copy per membership until unsubscribe/2 clears
them all; subscribers/1 still reports each pid once.
Used by arizona_reloader_rule (file change events), arizona_reloader
(dev hot reload), and any handler that wants cross-process messaging
(e.g. multi-tab chat in arizona_chat).
Example
1> arizona_pubsub:start_link().
2> arizona_pubsub:subscribe(my_topic, self()).
ok
3> arizona_pubsub:broadcast(my_topic, {hello, world}).
ok
4> receive Msg -> Msg end.
{hello, world}

      


      
        Summary


  
    Types
  


    
      
        channel()

      


    





  
    Functions
  


    
      
        broadcast(Channel, Data)

      


        Sends Data as a mailbox message to every subscriber of Channel
(one copy per pg membership -- see the moduledoc).



    


    
      
        broadcast_from(From, Channel, Data)

      


        Like broadcast/2 but skips From -- useful when the publisher is
also a subscriber and shouldn't echo to itself.



    


    
      
        monitor(Channel)

      


        Subscribes the caller to membership changes on Channel. It begins receiving
{Ref, join, Channel, Pids} and {Ref, leave, Channel, Pids} messages as pids
join or leave -- a leave fires on a subscriber's process death too -- and returns
the monitor reference plus the current members. The monitor is removed
automatically when the caller exits.



    


    
      
        start_link()

      


        Starts the pubsub pg scope. Called from the application supervisor.



    


    
      
        subscribe(Channel, Pid)

      


        Subscribes Pid to Channel. Returns {error, already_joined} if
the pid is already subscribed.



    


    
      
        subscribers(Channel)

      


        Returns the pids currently subscribed to Channel, each once.



    


    
      
        unsubscribe(Channel, Pid)

      


        Unsubscribes Pid from Channel. Returns {error, not_joined} if
the pid was not a subscriber.



    





      


      
        Types


        


  
    
      
    
    
      channel()



        
          
        

    

  


  

      

          -nominal channel() :: term().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      broadcast(Channel, Data)



        
          
        

    

  


  

      

          -spec broadcast(Channel, Data) -> ok when Channel :: channel(), Data :: term().


      


Sends Data as a mailbox message to every subscriber of Channel
(one copy per pg membership -- see the moduledoc).

  



  
    
      
    
    
      broadcast_from(From, Channel, Data)



        
          
        

    

  


  

      

          -spec broadcast_from(From, Channel, Data) -> ok when From :: pid(), Channel :: channel(), Data :: term().


      


Like broadcast/2 but skips From -- useful when the publisher is
also a subscriber and shouldn't echo to itself.

  



  
    
      
    
    
      monitor(Channel)



        
          
        

    

  


  

      

          -spec monitor(Channel) -> {reference(), [pid()]} when Channel :: channel().


      


Subscribes the caller to membership changes on Channel. It begins receiving
{Ref, join, Channel, Pids} and {Ref, leave, Channel, Pids} messages as pids
join or leave -- a leave fires on a subscriber's process death too -- and returns
the monitor reference plus the current members. The monitor is removed
automatically when the caller exits.
Useful for presence, e.g. a view that shows a live count of connected peers.

  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> gen_server:start_ret().


      


Starts the pubsub pg scope. Called from the application supervisor.

  



  
    
      
    
    
      subscribe(Channel, Pid)



        
          
        

    

  


  

      

          -spec subscribe(Channel, Pid) -> ok | {error, already_joined} when Channel :: channel(), Pid :: pid().


      


Subscribes Pid to Channel. Returns {error, already_joined} if
the pid is already subscribed.
The membership check is a read followed by a join, so two concurrent
subscribes of the same pid can both return ok and both reach pg
(which has no atomic join-if-absent). subscribers/1 reports each pid
once regardless, and unsubscribe/2 drops every pg membership the pid
holds rather than leaving a stray one behind; until then a broadcast
delivers one copy per membership (see the moduledoc).

  



  
    
      
    
    
      subscribers(Channel)



        
          
        

    

  


  

      

          -spec subscribers(Channel) -> [pid()] when Channel :: channel().


      


Returns the pids currently subscribed to Channel, each once.
pg memberships are a multiset and subscribe/2's check-then-join is
not atomic, so a pid can hold more than one membership; this diagnostic
view deduplicates. The broadcast paths deliberately do not (see the
moduledoc), so they never pay this sort.

  



  
    
      
    
    
      unsubscribe(Channel, Pid)



        
          
        

    

  


  

      

          -spec unsubscribe(Channel, Pid) -> ok | {error, not_joined} when Channel :: channel(), Pid :: pid().


      


Unsubscribes Pid from Channel. Returns {error, not_joined} if
the pid was not a subscriber.
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arizona_reload_controller 
    



      
The dev hot-reload endpoint (the {reload, Path, Opts} route) as a controller,
so every arizona_server adapter that can send a loop reply serves it.
The browser connects with EventSource and gets a reload or reload_css
Server-Sent Event whenever arizona_reloader broadcasts one; the dev error page
injects the script that reloads on the first event after a successful
recompile. The action joins the reloader's pubsub topic and holds the response
open as a loop; handle_info/3 writes each broadcast as an event.

      


      
        Summary


  
    Functions
  


    
      
        handle(Req, Ctx)

      


        Opens the event stream and joins the reloader topic.



    


    
      
        handle_info(Info, Push, State)

      


        Writes each reloader broadcast as a Server-Sent Event.



    





      


      
        Functions


        


  
    
      
    
    
      handle(Req, Ctx)



        
          
        

    

  


  

      

          -spec handle(Req, Ctx) -> {Reply, Req}
                when
                    Req :: arizona_req:request(),
                    Ctx :: arizona_controller:context(),
                    Reply :: arizona_controller:reply().


      


Opens the event stream and joins the reloader topic.

  



  
    
      
    
    
      handle_info(Info, Push, State)



        
          
        

    

  


  

      

          -spec handle_info(Info, Push, State) -> {ok, State}
                     when Info :: term(), Push :: arizona_controller:push_fun(), State :: undefined.


      


Writes each reloader broadcast as a Server-Sent Event.
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arizona_reloader 
    



      
Dev-mode hot reloader for .erl and CSS files.
Subscribers join/1 the reloader's pubsub topic and receive
{arizona_reloader, reload} (or reload_css) messages whenever files
change: the browser's SSE reload endpoint, and -- while the reloader is
enabled/0 -- every live view's transport, which remounts the view on
fresh code (a WebSocket closes 1001 so its client reconnects; a
?terminal session remounts in place). A reloader rule process
(arizona_reloader_rule, fed by the configured arizona_watcher
implementation) calls reload_erl/1 or reload_css/1 after a debounced
burst of file changes.
Compilation flow
reload_erl/1 recompiles changed .erl files, then triggers a route
recompile and broadcasts a reload message:
	If rebar_agent is registered (running under rebar3 shell), uses
rebar_agent:do(compile) so deps and compile options stay aligned
with the project.
	Otherwise falls back to compile:file/2 with options recovered from
the existing module's module_info(compile).
	On compile error, structured errors from the changed files are
stashed in a persistent term, per file, so the dev error page can
render them on the next request. A file's errors stay until a wave
that carries it compiles it (or drops it as deleted); a clean
rebar_agent compile builds the whole project, so it clears them all.

After the compile, a sweep reloads any module whose loaded code no longer
matches its beam on disk. Apps listed in rebar3's app_reload_blacklist shell
option (or the rebar refresh_paths_blacklist env that overrides it) are
skipped: reloading a module purges the old code, which kills any process still
lingering in it -- a listener blocked in its own loop, typically -- so every
recompile would otherwise log a supervisor report.
Public reload API
	join/1 -- subscribe a pid to the reloader topic (idempotent)
	leave/1 -- unsubscribe a pid from it (idempotent)
	enabled/0 -- can this node broadcast a code reload (reloader env or dev MCP)?
	broadcast/0 -- emit a reload message manually
	reload_erl/1 -- compile + reload + broadcast (called by the watcher)
	sync/0 -- force a compile+reload sync now (called by the dev MCP reload tool)
	reload_css/0,1 -- broadcast a CSS reload (no compile needed)
	get_error/0 / clear_error/0 -- inspect/reset the last compile error


      


      
        Summary


  
    Functions
  


    
      
        broadcast()

      


        Broadcasts an {arizona_reloader, reload} message on the reloader
topic. The SSE endpoint relays it to the browser, which reloads the page;
a subscribed live view transport remounts its view.



    


    
      
        clear_error()

      


        Clears every stashed compile error. Called after a clean whole-project compile.



    


    
      
        compile(Files)

      


        Compiles a list of source files. Filters to .erl files, then either
delegates to rebar_agent (when running under rebar3 shell) or
falls back to a direct compile:file/2 per file.



    


    
      
        enabled()

      


        Whether this node can broadcast a code reload: the reloader app env holds
enabled => true and a rules list -- an empty one too, which starts no
arizona_reloader_rule but leaves the node able to reload (something else
calls reload_erl/1 or broadcast/0) -- or an arizona_dev_mcp route is
mounted, whose reload tool runs sync/0 with or without rule processes.



    


    
      
        format_error(Reason)

      


        Formats a diagnostic this module adds to the stashed compile errors, the way
erl_lint:format_error/1 formats its own: the dev error page calls it through
the {Location, Module, Reason} triple.



    


    
      
        get_error()

      


        Returns the stashed compile errors of every file still failing, or
undefined when none is.



    


    
      
        join(Pid)

      


        Subscribes Pid to the reloader pubsub topic. Idempotent: re-joining
returns ok.



    


    
      
        leave(Pid)

      


        Unsubscribes Pid from the reloader pubsub topic. Idempotent: leaving
when not subscribed returns ok. No-ops, like join/1, if
arizona_pubsub is not running.



    


    
      
        reload_css()

      


        Broadcasts a CSS reload message. No-op when arizona_pubsub is not
running (production).



    


    
      
        reload_css(Files)

      


        Triggers a CSS reload broadcast. Ignores the file list -- the client
re-fetches its stylesheet on receipt.



    


    
      
        reload_erl(Files)

      


        Recompiles the changed .erl files, refreshes routes, and
broadcasts a reload message. Called by the file watcher.



    


    
      
        sync()

      


        Forces a compile+reload sync now, without waiting for a watcher event: under
rebar3 shell the project is recompiled through rebar_agent (which also
hot-reloads the modules it rebuilds); then any module whose loaded code still
differs from its beam on disk (a rebuild outside the watcher's eye) is
reloaded from that beam. Refreshes routes and broadcasts a reload on success,
mirroring reload_erl/1. Called by the dev MCP's reload tool.



    





      


      
        Functions


        


  
    
      
    
    
      broadcast()



        
          
        

    

  


  

      

          -spec broadcast() -> ok.


      


Broadcasts an {arizona_reloader, reload} message on the reloader
topic. The SSE endpoint relays it to the browser, which reloads the page;
a subscribed live view transport remounts its view.

  



  
    
      
    
    
      clear_error()



        
          
        

    

  


  

      

          -spec clear_error() -> ok.


      


Clears every stashed compile error. Called after a clean whole-project compile.

  



  
    
      
    
    
      compile(Files)



        
          
        

    

  


  

      

          -spec compile(Files) -> ok | {error, map()} when Files :: [file:filename()].


      


Compiles a list of source files. Filters to .erl files, then either
delegates to rebar_agent (when running under rebar3 shell) or
falls back to a direct compile:file/2 per file.
Returns ok when this wave compiled, or {error, #{errors := [...]}} with
this wave's errors. The stash get_error/0 reads is kept per file, so it can
still hold another file's errors after an ok: a broken file stays reported
until a wave compiles it, not until any unrelated file compiles.

  



  
    
      
    
    
      enabled()



        
          
        

    

  


  

      

          -spec enabled() -> boolean().


      


Whether this node can broadcast a code reload: the reloader app env holds
enabled => true and a rules list -- an empty one too, which starts no
arizona_reloader_rule but leaves the node able to reload (something else
calls reload_erl/1 or broadcast/0) -- or an arizona_dev_mcp route is
mounted, whose reload tool runs sync/0 with or without rule processes.
A live view's transport joins the reload topic only when this holds, so a
production node pays one persistent-term read and one app-env read per
connection, and nothing else.

  



  
    
      
    
    
      format_error(Reason)



        
          
        

    

  


  

      

          -spec format_error(Reason) -> string() when Reason :: {load_failed, module(), term()}.


      


Formats a diagnostic this module adds to the stashed compile errors, the way
erl_lint:format_error/1 formats its own: the dev error page calls it through
the {Location, Module, Reason} triple.

  



  
    
      
    
    
      get_error()



        
          
        

    

  


  

      

          -spec get_error() -> undefined | map().


      


Returns the stashed compile errors of every file still failing, or
undefined when none is.

  



  
    
      
    
    
      join(Pid)



        
          
        

    

  


  

      

          -spec join(Pid) -> ok when Pid :: pid().


      


Subscribes Pid to the reloader pubsub topic. Idempotent: re-joining
returns ok.
Silently no-ops if arizona_pubsub is not running (production mode).

  



  
    
      
    
    
      leave(Pid)



        
          
        

    

  


  

      

          -spec leave(Pid) -> ok when Pid :: pid().


      


Unsubscribes Pid from the reloader pubsub topic. Idempotent: leaving
when not subscribed returns ok. No-ops, like join/1, if
arizona_pubsub is not running.

  



  
    
      
    
    
      reload_css()



        
          
        

    

  


  

      

          -spec reload_css() -> ok.


      


Broadcasts a CSS reload message. No-op when arizona_pubsub is not
running (production).

  



  
    
      
    
    
      reload_css(Files)



        
          
        

    

  


  

      

          -spec reload_css(Files) -> ok when Files :: [file:filename()].


      


Triggers a CSS reload broadcast. Ignores the file list -- the client
re-fetches its stylesheet on receipt.

  



  
    
      
    
    
      reload_erl(Files)



        
          
        

    

  


  

      

          -spec reload_erl(Files) -> ok when Files :: [file:filename()].


      


Recompiles the changed .erl files, refreshes routes, and
broadcasts a reload message. Called by the file watcher.
After the reload is broadcast, runs a best-effort call-consistency check
(arizona_reloader_consistency:check/1) that warns about a loaded module left
calling a function the just-reloaded module no longer exports (the classic
stale-beam-after-mtime-skip mismatch that otherwise stays silent until a runtime
undef). It is advisory, so it runs after the broadcast -- never in the
reload's critical path, and its beam sweep can never delay the client seeing the
change. It never crashes or interferes with the reload.

  



  
    
      
    
    
      sync()



        
          
        

    

  


  

      

          -spec sync() -> {ok, Info} | {error, term()} when Info :: #{agent := boolean(), reloaded := [module()]}.


      


Forces a compile+reload sync now, without waiting for a watcher event: under
rebar3 shell the project is recompiled through rebar_agent (which also
hot-reloads the modules it rebuilds); then any module whose loaded code still
differs from its beam on disk (a rebuild outside the watcher's eye) is
reloaded from that beam. Refreshes routes and broadcasts a reload on success,
mirroring reload_erl/1. Called by the dev MCP's reload tool.
Returns {ok, #{agent := AgentUsed, reloaded := Mods}} on success, or
{error, Reason} when the rebar_agent compile fails. The failure is
reported to the caller only -- the watcher wave owns the dev error page's
stash, and a forced sync has no changed-file list to collect structured
errors from.
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arizona_reloader_consistency 
    



      
Post-reload call-consistency check for the dev hot reloader.
arizona_reloader hot-loads recompiled modules one at a time. Nothing
otherwise verifies that the set of loaded modules stays call-consistent
after a wave, so two common dev situations leave the node running a mix of
module versions that each compile fine but cannot call each other:
	an exported function changes arity (or is renamed) in module A while a
caller B is not recompiled/reloaded in the same wave -- because the build
tool skipped it on stale _build beam mtimes (a branch switch, or another
checkout stamping beams newer than the sources), or because the reload batch
raced;
	a module is running from a beam that is older than its source on disk.

The mismatch stays silent until the first runtime call, which raises
undef. When that call sits on a hot path (a per-tick gen_server), the
process crash-loops, exhausts its supervisor's restart intensity within
seconds, and takes the whole tree down -- while route serving keeps working, so
the app looks up but is dead behind it. The mismatch is machine-detectable the
moment it exists.
What this does
After each reload wave the reloader calls check/1, which:
	Collects the just-reloaded module set from the changed .erl files
(reloaded_modules/1), keeping only modules that are currently loaded.
	For every loaded application module (candidate_modules/0 -- the loaded set
minus OTP, filtered to modules with a readable beam file), reads its static
external-call table and reports every edge into a reloaded module whose
target function the reloaded module no longer exports (broken_edges/2).
	Optionally flags any loaded module whose in-memory version differs from its
beam on disk (stale_modules/1), which catches the mtime-skip case even
before a call breaks.
	Logs one loud warning per finding, naming the caller and the missing MFA.

The two edge signals are complementary. A caller's call table is read from its
beam on disk, so broken_edges/2 catches the classic stale-caller-on-disk case
(the caller was never recompiled). stale_modules/1 catches the opposite case
-- a caller whose disk beam is fresh but whose in-memory code is stale -- via
the version mismatch.
Detection mechanism
The static call table comes from the beam imports chunk via
beam_lib:chunks/2 (stdlib), not xref -- so there is no runtime dependency on
the tools application and no xref server to start. Dynamic calls (apply/3,
behaviour callbacks resolved at runtime) are invisible to the import table; that
is fine, the check is best-effort and the static case is the one that bites.
The pass runs synchronously in the watcher on every save, over every loaded
non-OTP module, so its disk work is kept minimal: each candidate's imports
and attributes (vsn) chunks are fetched in one beam_lib pass, and the
result is cached across waves keyed by the beam file's path + mtime -- an
unchanged module costs one stat per wave, not repeated full reads. The wave's
just-reloaded modules are evicted up front (their beams were rewritten, and an
mtime has whole-second resolution), so their fresh facts are always re-read.
The cache table is created and owned by arizona_sup (create_table/0), not by
whichever process runs a check, so that "one stat" holds for every caller --
including the dev MCP tools, whose checks run in a per-dispatch process that
exits as soon as it has answered.
The whole pass is best-effort: it runs only on a successful reload (dev
mode), finds nothing and logs nothing on a clean wave, and never crashes or
interferes with the reload -- check/1 wraps everything in a catch-all.

      


      
        Summary


  
    Types
  


    
      
        broken_edge()

      


    


    
      
        mfargs()

      


    


    
      
        stale()

      


    





  
    Functions
  


    
      
        broken_edges(Reloaded, Candidates)

      


        Every broken call edge from a candidate caller into a reloaded module: a
{Caller, {Mod, Fun, Arity}} for each static call in Caller's beam whose
target Mod is in Reloaded and whose Mod:Fun/Arity the currently-loaded
Mod no longer exports.



    


    
      
        candidate_modules()

      


        The application modules to scan as candidate callers: every loaded module with
a readable beam file that is not part of OTP. Excluding OTP keeps the sweep to
project and dependency code (an OTP module never calls a just-changed app
module) and cheap.



    


    
      
        check(Files)

      


        Runs the consistency pass over the wave described by Files (the changed
source files) and logs one warning per finding. Always returns ok.



    


    
      
        create_table()

      


        Creates the beam-facts cache table. Called once by arizona_sup:init/1, so the
supervisor owns it and the cache spans the node's lifetime.



    


    
      
        reloaded_modules(Files)

      


        The modules just reloaded in this wave: the module name of each changed .erl
file that is currently loaded. A not-yet-loaded module is dropped -- lazy
loading is normal, not a mismatch.



    


    
      
        stale_modules(Candidates)

      


        Every candidate module whose in-memory version differs from its beam on disk --
a {Mod, LoadedVsn, DiskVsn} per stale module. A module whose loaded or disk
version cannot be read is skipped.



    





      


      
        Types


        


  
    
      
    
    
      broken_edge()



        
          
        

    

  


  

      

          -type broken_edge() :: {Caller :: module(), Missing :: mfargs()}.


      



  



  
    
      
    
    
      mfargs()



        
          
        

    

  


  

      

          -type mfargs() :: {module(), atom(), arity()}.


      



  



  
    
      
    
    
      stale()



        
          
        

    

  


  

      

          -type stale() :: {module(), LoadedVsn :: term(), DiskVsn :: term()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      broken_edges(Reloaded, Candidates)



        
          
        

    

  


  

      

          -spec broken_edges(Reloaded, Candidates) -> [broken_edge()]
                      when Reloaded :: [module()], Candidates :: [module()].


      


Every broken call edge from a candidate caller into a reloaded module: a
{Caller, {Mod, Fun, Arity}} for each static call in Caller's beam whose
target Mod is in Reloaded and whose Mod:Fun/Arity the currently-loaded
Mod no longer exports.
Scoped to Reloaded targets so only edges this wave could have broken are
reported, not any pre-existing unrelated undef.

  



  
    
      
    
    
      candidate_modules()



        
          
        

    

  


  

      

          -spec candidate_modules() -> [module()].


      


The application modules to scan as candidate callers: every loaded module with
a readable beam file that is not part of OTP. Excluding OTP keeps the sweep to
project and dependency code (an OTP module never calls a just-changed app
module) and cheap.

  



  
    
      
    
    
      check(Files)



        
          
        

    

  


  

      

          -spec check(Files) -> ok when Files :: [file:filename()].


      


Runs the consistency pass over the wave described by Files (the changed
source files) and logs one warning per finding. Always returns ok.
Best-effort by design: a post-reload probe must never crash or interfere with
the reload it follows, so the whole pass is wrapped in a catch-all. On a clean
reload it finds nothing and logs nothing.

  



  
    
      
    
    
      create_table()



        
          
        

    

  


  

      

          -spec create_table() -> ok.


      


Creates the beam-facts cache table. Called once by arizona_sup:init/1, so the
supervisor owns it and the cache spans the node's lifetime.
The owner has to be stable because the checks run from wherever the caller
happens to be: the watcher process on a reload wave, but also a per-dispatch
spawn_linked MCP worker that exits as soon as it has answered. Creating the
table on demand made the first such caller its owner, so the cache died with a
worker that lived microseconds -- every MCP call then re-read every beam, and a
concurrent caller could see the table disappear between its own existence check
and its lookup.
Not gated on the reloader being enabled: the dev MCP drift check calls in
regardless, and an empty named table is a negligible footprint (the same
reasoning arizona_mcp_sup applies to its registry).

  



  
    
      
    
    
      reloaded_modules(Files)



        
          
        

    

  


  

      

          -spec reloaded_modules(Files) -> [module()] when Files :: [file:filename()].


      


The modules just reloaded in this wave: the module name of each changed .erl
file that is currently loaded. A not-yet-loaded module is dropped -- lazy
loading is normal, not a mismatch.

  



  
    
      
    
    
      stale_modules(Candidates)



        
          
        

    

  


  

      

          -spec stale_modules(Candidates) -> [stale()] when Candidates :: [module()].


      


Every candidate module whose in-memory version differs from its beam on disk --
a {Mod, LoadedVsn, DiskVsn} per stale module. A module whose loaded or disk
version cannot be read is skipped.
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arizona_reloader_rule 
    



      
Runs one dev-reloader rule: watches a directory through the configured
arizona_watcher implementation, filters the changed paths by the rule's
patterns, debounces bursts, and hands the resulting file list to the rule's
callback and the arizona_watcher pubsub topic.
arizona_reloader_sup runs one per rule of the reloader application env
(child_specs/1); see arizona_watcher for the config and the watcher
contract.
Usage
1> arizona_reloader_rule:start_link("/home/me/myapp/src", #{
       watcher => arizona_watcher_fs,
       patterns => [".*\\.erl$"],
       debounce => 200,
       callback => fun arizona_reloader:reload_erl/1
   }).
{ok, <0.123.0>}
Subscribers of the arizona_watcher pubsub topic receive
{arizona_watcher, Dir, Files} after each debounced burst, Dir being the
rule's absolute directory, so one subscriber can tell the rules apart.
Options
	watcher -- the arizona_watcher implementation: a module, or
{Module, Opts} to pass it options (required)
	patterns -- list of regex strings to filter file paths (default [".*"])
	callback -- optional fun([string()]) -> term() invoked synchronously
with the changed file list before the broadcast
	debounce -- milliseconds to wait after the last change before flushing
(default 100); coalesces editor-save bursts into a single event


      


      
        Summary


  
    Types
  


    
      
        callback()

      


    


    
      
        state()

      


    


    
      
        watcher()

      


    





  
    Functions
  


    
      
        child_specs(Reloader)

      


        The child specs for the reloader application env: one rule process per rule
when it holds enabled => true and a non-empty rules list, none otherwise.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats the reloader config errors child_specs/1 raises into an actionable
boot message. Picked up by erl_error:format_exception/3 via the error_info
annotation at the raise site.



    


    
      
        handle_call(Request, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info/2

      


    


    
      
        init/1

      


    


    
      
        start_link(Dir, Opts)

      


        Starts a rule process for Dir with the given options.



    


    
      
        terminate/2

      


    





      


      
        Types


        


  
    
      
    
    
      callback()



        
          
        

    

  


  

      

          -nominal callback() :: fun(([string()]) -> term()).


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() ::
          #state{abs_dir :: string(),
                 watcher :: module(),
                 watcher_state :: term(),
                 compiled :: [re:mp()],
                 callback :: callback() | undefined,
                 debounce_ms :: pos_integer(),
                 debounce_timer :: reference() | undefined,
                 pending_files :: sets:set(string())}.


      



  



  
    
      
    
    
      watcher()



        
          
        

    

  


  

      

          -nominal watcher() :: module() | {module(), map()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_specs(Reloader)



        
          
        

    

  


  

      

          -spec child_specs(Reloader) -> [supervisor:child_spec()] when Reloader :: map().


      


The child specs for the reloader application env: one rule process per rule
when it holds enabled => true and a non-empty rules list, none otherwise.
Raises a formatted error when there are rules to run but the watcher key is
missing, names a module that is not on the code path (the package providing it
is not a dependency of this build), or names one that does not implement
arizona_watcher, and when a rule has no directory.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats the reloader config errors child_specs/1 raises into an actionable
boot message. Picked up by erl_error:format_exception/3 via the error_info
annotation at the raise site.

  



  
    
      
    
    
      handle_call(Request, From, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  


  



  
    
      
    
    
      handle_info/2



        
          
        

    

  


  


  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init({Dir, Opts}) -> {ok, state()} | {stop, term()} when Dir :: string(), Opts :: map().


      



  



  
    
      
    
    
      start_link(Dir, Opts)



        
          
        

    

  


  

      

          -spec start_link(Dir, Opts) -> gen_server:start_ret()
                    when Dir :: string(), Opts :: #{watcher := watcher(), _ => term()}.


      


Starts a rule process for Dir with the given options.
Errors with {not_a_directory, Dir} if the path is not an existing
directory.

  



  
    
      
    
    
      terminate/2
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arizona_reloader_sup 
    



      
Supervises the dev reloader's rule processes (arizona_reloader_rule), one per
rule of the reloader application env.
It keeps dev tooling from taking the application down. A rule restarts like
any worker, but a watch that keeps failing (its OS backend missing, the inotify
watch limit hit) would otherwise exhaust arizona_sup's restart intensity and
stop the whole application, HTTP listener included. Here it exhausts this
supervisor's instead, which arizona_sup runs as a temporary child: hot
reload stops, with a supervisor report saying why, and everything else keeps
serving.
A config error still fails the boot: arizona_sup builds the rule specs
(arizona_reloader_rule:child_specs/1) before starting this supervisor, and a
rule that cannot start at boot fails it too.

      


      
        Summary


  
    Functions
  


    
      
        child_spec(RuleSpecs)

      


        This supervisor's spec under arizona_sup: temporary, so giving up stops hot
reload without counting against arizona_sup's own restart intensity.



    


    
      
        init(RuleSpecs)

      


    


    
      
        start_link(RuleSpecs)

      


        Starts the supervisor under the well-known name arizona_reloader_sup.



    





      


      
        Functions


        


  
    
      
    
    
      child_spec(RuleSpecs)



        
          
        

    

  


  

      

          -spec child_spec(RuleSpecs) -> supervisor:child_spec() when RuleSpecs :: [supervisor:child_spec()].


      


This supervisor's spec under arizona_sup: temporary, so giving up stops hot
reload without counting against arizona_sup's own restart intensity.

  



  
    
      
    
    
      init(RuleSpecs)



        
          
        

    

  


  

      

          -spec init(RuleSpecs) -> {ok, {SupFlags, RuleSpecs}}
              when RuleSpecs :: [supervisor:child_spec()], SupFlags :: supervisor:sup_flags().


      



  



  
    
      
    
    
      start_link(RuleSpecs)



        
          
        

    

  


  

      

          -spec start_link(RuleSpecs) -> supervisor:startlink_ret() when RuleSpecs :: [supervisor:child_spec()].


      


Starts the supervisor under the well-known name arizona_reloader_sup.

  


        

      


  

  
    
    arizona_render - arizona v0.4.0
    
    

    


  
  

    
arizona_render 
    



      
Walks compiled templates and produces final rendered output.
Scalar values are escaped, and dynamic attributes rendered, through the
template's render backend (an arizona_renderer module carried in the backend
field) -- so the output format (HTML, the native JSON wire, terminal ANSI) is the
backend's concern, not this module's. undefined backend on a hand-constructed
map means a plain-value-only template that never invokes a backend callback;
templates from the parse transform always carry one.
Two flavors of rendering:
	Initial render (render/1, render/2) -- evaluates dynamics through
arizona_eval, builds an output iolist by zipping statics with values, and
returns a snapshot the differ can later use to compute updates.
	SSR render (render_to_iolist/1, render_to_iolist/2) -- direct output
for the very first server response, no snapshot needed because no client is
connected yet.

The zip_* and fingerprint_payload/1 functions are called by the differ
(arizona_diff) and live process (arizona_live) to materialize wire
payloads when sending updates over WebSocket.
Snapshot shape
render/1,2 and the SSR helpers all build maps of the form:
#{s := [binary()],
  d := [{az(), term()}],
  deps => [#{key() => true}],
  diff => false,    %% propagated from az-nodiff templates
  view_id => binary(),
  backend => module()}  %% render backend, propagated from the template
Az-nodiff safety
Templates compiled with az-nodiff carry diff => false and dynamics with
Az = undefined. The diff engine never evaluates such a template's own
dynamics once rendered (a root short-circuits; a slot keeps its first render
while it holds the same az-nodiff element), so undefined Az values never reach
op-code targets.

      


      
        Summary


  
    Types
  


    
      
        dynamic()

      


    


    
      
        each_list()

      


    


    
      
        each_stream()

      


    


    
      
        layout()

      


    


    
      
        static()

      


    





  
    Functions
  


    
      
        current_layout()

      


        The layout layer currently rendering in this process, or undefined outside
one. The flag spans exactly one layer's own dynamics (see render_layout/3).



    


    
      
        drain_fp_note()

      


        True when a fingerprint wire payload was built in this process since the last
drain, clearing the note. arizona_live asks this after a diff to skip the
dedup_fps/2 walk outright for the dominant all-scalar frame -- a frame with
no ~"f" payload has nothing to strip and no fingerprint to record. Every
producer of such a payload (zip_item/2, zip_list_fp/2, zip_stream_fp/3,
fingerprint_payload/1; the render_fp_val/2 constructors run only inside
them) sets the note, so a missed strip is impossible; the failure direction is
a STALE note (a payload built outside a drain bracket, e.g. at mount), which
merely walks one frame unnecessarily.



    


    
      
        fingerprint_payload(Snapshot)

      


        Builds the wire-format fingerprint payload for a snapshot.



    


    
      
        format_error(Reason, Stacktrace)

      


    


    
      
        render(Template)

      


        Initial render of a template into HTML and a fresh snapshot.



    


    
      
        render(Template, Views)

      


        Initial render that also threads view state through nested stateful children.



    


    
      
        render_snapshot(Template, Views)

      


        Initial render without the document: the snapshot and child views of
render/2, minus the HTML.



    


    
      
        render_to_iolist(Template)

      


        SSR render: produces HTML iolist with no snapshot, used for the first
server response before any client is attached.



    


    
      
        render_to_iolist(Handler, Opts)

      


        SSR render for a stateful handler (embedded-component style).



    


    
      
        render_view(Handler, Opts)

      


        Like render_view_to_iolist/2, paired with the document's media type: the
outermost rendered template's backend answers it (content_type/0), so a route
serving a ?native view answers with JSON and an HTML one with HTML.



    


    
      
        render_view(Handler, Opts, TmplFun)

      


        render_view/2 with the page's template passed through TmplFun between its
render/1 and the walk: the one mount sequence for both. render_view/2 passes
none (the template as it is); arizona_utf8:render_view/2 (dev mode) passes a wrap that checks
every value the walk evaluates, so the page still mounts once.



    


    
      
        render_view_to_iolist(Handler, Opts)

      


        SSR render for a route-level page, returning the page alone (static
generation; the HTTP path uses render_view/2, which also names its media type).



    


    
      
        resolve_id(Input)

      


        Resolves an id-or-template to a binary id.



    


    
      
        snapshot_html(Snapshot)

      


        The document render/2 would have returned for Snapshot: the same walk over
the same values, so the bytes are identical.



    


    
      
        zip(Statics, Dynamics)

      


        Interleaves the static binary segments with their corresponding rendered
dynamic values to produce the final HTML iolist.



    


    
      
        zip_item(Template, Dynamics)

      


        Renders a single each-item snapshot.



    


    
      
        zip_list_fp(Template, Items)

      


        Renders a list of item snapshots against a template as a fingerprinted wire
payload -- a ~"t"/~"f"/~"s"/~"d" map, ~"d" being one dynamics list
per item.



    


    
      
        zip_or_fp(Snapshot)

      


        Renders a snapshot to a wire-format fingerprint payload (if f present)
or to a plain HTML binary.



    


    
      
        zip_stream_fp(Template, Items, Order)

      


        Renders a stream's visible items (looked up from Items by Order keys)
against a template, producing the same fingerprinted wire payload as
zip_list_fp/2 -- and, for the same reason, only that shape.



    





      


      
        Types


        


  
    
      
    
    
      dynamic()



        
          
        

    

  


  

      

          -nominal dynamic() :: each_list() | each_stream() | arizona_template:snapshot() | term().


      



  



  
    
      
    
    
      each_list()



        
          
        

    

  


  

      

          -nominal each_list() ::
             #{t := 0,
               items := [[{arizona_template:az(), term(), map()}]],
               template := arizona_template:template()}.


      



  



  
    
      
    
    
      each_stream()



        
          
        

    

  


  

      

          -nominal each_stream() ::
             #{t := 0,
               items := #{term() => [{arizona_template:az(), term(), map()}]},
               order := [term()],
               template := arizona_template:template()}.


      



  



  
    
      
    
    
      layout()



        
          
        

    

  


  

      

          -nominal layout() :: {module(), atom()}.


      



  



  
    
      
    
    
      static()



        
          
        

    

  


  

      

          -nominal static() :: binary().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      current_layout()



        
          
        

    

  


  

      

          -spec current_layout() -> {module(), atom()} | undefined.


      


The layout layer currently rendering in this process, or undefined outside
one. The flag spans exactly one layer's own dynamics (see render_layout/3).

  



  
    
      
    
    
      drain_fp_note()



        
          
        

    

  


  

      

          -spec drain_fp_note() -> boolean().


      


True when a fingerprint wire payload was built in this process since the last
drain, clearing the note. arizona_live asks this after a diff to skip the
dedup_fps/2 walk outright for the dominant all-scalar frame -- a frame with
no ~"f" payload has nothing to strip and no fingerprint to record. Every
producer of such a payload (zip_item/2, zip_list_fp/2, zip_stream_fp/3,
fingerprint_payload/1; the render_fp_val/2 constructors run only inside
them) sets the note, so a missed strip is impossible; the failure direction is
a STALE note (a payload built outside a drain bracket, e.g. at mount), which
merely walks one frame unnecessarily.

  



  
    
      
    
    
      fingerprint_payload(Snapshot)



        
          
        

    

  


  

      

          -spec fingerprint_payload(Snapshot) -> map() | binary() when Snapshot :: map().


      


Builds the wire-format fingerprint payload for a snapshot.
Snapshots with an f field become a #{~"f", ~"s", ~"d"} map;
plain snapshots fall back to a HTML binary.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      



  



  
    
      
    
    
      render(Template)



        
          
        

    

  


  

      

          -spec render(Template) -> {HTML, Snapshot}
                when
                    Template :: arizona_template:template(),
                    HTML :: iolist(),
                    Snapshot :: arizona_template:snapshot().


      


Initial render of a template into HTML and a fresh snapshot.
Evaluates every dynamic, zips the result into the static skeleton, and
returns {HTML, Snapshot} so the live process can later diff against the
snapshot.

  



  
    
      
    
    
      render(Template, Views)



        
          
        

    

  


  

      

          -spec render(Template, Views) -> {HTML, Snapshot, Views1}
                when
                    Template :: arizona_template:template(),
                    Views :: map(),
                    HTML :: iolist(),
                    Snapshot :: arizona_template:snapshot(),
                    Views1 :: map().


      


Initial render that also threads view state through nested stateful children.
Returns {HTML, Snapshot, NewViews} -- NewViews accumulates the snapshots
of any child views encountered during evaluation.

  



  
    
      
    
    
      render_snapshot(Template, Views)



        
          
        

    

  


  

      

          -spec render_snapshot(Template, Views) -> {Snapshot, Views1}
                         when
                             Template :: arizona_template:template(),
                             Views :: map(),
                             Snapshot :: arizona_template:snapshot(),
                             Views1 :: map().


      


Initial render without the document: the snapshot and child views of
render/2, minus the HTML.
A live mount ships the fingerprint payload (fingerprint_payload/1) whenever the
root carries a fingerprint, which is always for a compiled template, so the HTML
render/2 builds alongside would be thrown away. snapshot_html/1 builds it
from the snapshot for the rare root that has none.

  



  
    
      
    
    
      render_to_iolist(Template)



        
          
        

    

  


  

      

          -spec render_to_iolist(Template) -> iolist() when Template :: arizona_template:template().


      


SSR render: produces HTML iolist with no snapshot, used for the first
server response before any client is attached.

  



  
    
      
    
    
      render_to_iolist(Handler, Opts)



        
          
        

    

  


  

      

          -spec render_to_iolist(Handler, Opts) -> iolist()
                          when Handler :: module(), Opts :: arizona_live:route_opts().


      


SSR render for a stateful handler (embedded-component style).
Mounts via mount/1, renders, optionally wraps in a layout. Used
by tests that SSR stateful components in isolation; production
HTTP SSR goes through render_view/2. on_mount is a
route-level concept and is intentionally not honored here.

  



  
    
      
    
    
      render_view(Handler, Opts)



        
          
        

    

  


  

      

          -spec render_view(Handler, Opts) -> {ContentType, iolist()}
                     when
                         Handler :: module(), Opts :: arizona_live:route_opts(), ContentType :: binary().


      


Like render_view_to_iolist/2, paired with the document's media type: the
outermost rendered template's backend answers it (content_type/0), so a route
serving a ?native view answers with JSON and an HTML one with HTML.

  



  
    
      
    
    
      render_view(Handler, Opts, TmplFun)



        
          
        

    

  


  

      

          -spec render_view(Handler, Opts, TmplFun) -> {ContentType, iolist()}
                     when
                         Handler :: module(),
                         Opts :: arizona_live:route_opts(),
                         TmplFun ::
                             none | fun((arizona_template:template()) -> arizona_template:template()),
                         ContentType :: binary().


      


render_view/2 with the page's template passed through TmplFun between its
render/1 and the walk: the one mount sequence for both. render_view/2 passes
none (the template as it is); arizona_utf8:render_view/2 (dev mode) passes a wrap that checks
every value the walk evaluates, so the page still mounts once.

  



  
    
      
    
    
      render_view_to_iolist(Handler, Opts)



        
          
        

    

  


  

      

          -spec render_view_to_iolist(Handler, Opts) -> iolist()
                               when Handler :: module(), Opts :: arizona_live:route_opts().


      


SSR render for a route-level page, returning the page alone (static
generation; the HTTP path uses render_view/2, which also names its media type).
Applies the on_mount chain, mounts the handler, renders, and optionally
wraps the page output in a layout module. Request data is supplied as
bindings by the caller (via arizona_middleware:extract/1 middlewares).
Use render_to_iolist/2 for embedded-component SSR (no on_mount).

  



  
    
      
    
    
      resolve_id(Input)



        
          
        

    

  


  

      

          -spec resolve_id(Input) -> binary() when Input :: binary() | arizona_template:template().


      


Resolves an id-or-template to a binary id.
If the input is already a binary, returns it unchanged. If it is a template,
SSR-renders it and converts the iolist to a binary.

  



  
    
      
    
    
      snapshot_html(Snapshot)



        
          
        

    

  


  

      

          -spec snapshot_html(Snapshot) -> iolist() when Snapshot :: arizona_template:snapshot().


      


The document render/2 would have returned for Snapshot: the same walk over
the same values, so the bytes are identical.

  



  
    
      
    
    
      zip(Statics, Dynamics)



        
          
        

    

  


  

      

          -spec zip(Statics, Dynamics) -> iolist() when Statics :: [static()], Dynamics :: [dynamic()].


      


Interleaves the static binary segments with their corresponding rendered
dynamic values to produce the final HTML iolist.
Handles plain values, nested templates, and each containers (lists and
streams) recursively.

  



  
    
      
    
    
      zip_item(Template, Dynamics)



        
          
        

    

  


  

      

          -spec zip_item(Template, Dynamics) -> map() | binary()
                  when Template :: map(), Dynamics :: [{arizona_template:az(), term(), map()}].


      


Renders a single each-item snapshot.
If the template has a fingerprint, returns a wire-format map keyed by
~"f"/~"s"/~"d". Otherwise returns a plain HTML binary.

  



  
    
      
    
    
      zip_list_fp(Template, Items)



        
          
        

    

  


  

      

          -spec zip_list_fp(Template, Items) -> map()
                     when
                         Template :: arizona_template:each_template(),
                         Items :: [[{arizona_template:az(), term(), map()}]].


      


Renders a list of item snapshots against a template as a fingerprinted wire
payload -- a ~"t"/~"f"/~"s"/~"d" map, ~"d" being one dynamics list
per item.
A arizona_template:each_template/0 declares f and t required and the
parse transform is its only producer, so both are always present. There is
deliberately no binary fallback for a template missing them: the four
callers in arizona_diff put the result straight into [?OP_TEXT, Az, Payload]
and the client decides text-vs-markup purely by payload type (isHtml = typeof op[2] !== 'string'). A map is an object and gets parsed as HTML; a
binary is a string on the wire and would be written into a TEXT NODE, so the
whole list would show up as visibly escaped markup with nothing raising
anywhere. A malformed template fails loudly at the match instead.

  



  
    
      
    
    
      zip_or_fp(Snapshot)



        
          
        

    

  


  

      

          -spec zip_or_fp(Snapshot) -> map() | binary() when Snapshot :: map().


      


Renders a snapshot to a wire-format fingerprint payload (if f present)
or to a plain HTML binary.

  



  
    
      
    
    
      zip_stream_fp(Template, Items, Order)



        
          
        

    

  


  

      

          -spec zip_stream_fp(Template, Items, Order) -> map()
                       when
                           Template :: arizona_template:each_template(),
                           Items :: #{term() => [{arizona_template:az(), term(), map()}]},
                           Order :: [term()].


      


Renders a stream's visible items (looked up from Items by Order keys)
against a template, producing the same fingerprinted wire payload as
zip_list_fp/2 -- and, for the same reason, only that shape.

  


        

      


  

  
    
    arizona_renderer - arizona v0.4.0
    
    

    


  
  

    
arizona_renderer behaviour
    



      
Behaviour for render-target backends.
The parse transform walks the element-tuple form generically -- assigning az
indices, building fingerprints, and constructing dynamic closures. The
target-specific byte emission (how an element, attribute, or dynamic text
slot is serialized into the s statics) is delegated to a backend module
implementing this behaviour. arizona_html emits HTML; other backends emit
other formats while reusing the same walker, diff engine, and transport.

      


      
        Summary


  
    Types
  


    
      
        content_context()

      


    


    
      
        raw_text_kind()

      


        How a dynamic content slot inside an element must be rendered.



    


    
      
        tag()

      


        An element tag or attribute name as written in a template.



    





  
    Callbacks
  


    
      
        attr(Name, Value)

      


        A name/value attribute.



    


    
      
        attr_bool(Name, Bool)

      


        A static boolean attribute: {Name, true}, {Name, false} or a bare name. A
presence backend (boolean_attrs/0) renders the bare name for true and nothing
for false; a value backend renders the boolean as the prop's value.



    


    
      
        attr_command(Name, Cmd)

      


        An attribute whose value is a compile-time-folded effect command (e.g.
{az_click, arizona_js:push_event(...)} on the web, {on_tap, arizona_android:push_event(...)} on native). HTML escapes it into the attribute
(name="[0,&quot;inc&quot;]"); native embeds it as a raw JSON value
(,"name":[0,"inc"]). Cmd is an arizona_effect:cmd/0 term --
{arizona_effect, list()} or a list of them.



    


    
      
        attr_dyn_name(Name)

      


        Static prefix emitted before a dynamic attribute's value. HTML keeps the name
in the dynamic (so this is empty); native bakes the prop name into the static
(,"name":) so the dynamic carries only the value to stringify.



    


    
      
        attr_names()

      


        How attribute names compare on this backend's wire, asked by the parse transform at
compile time to reject an attribute written twice on one element (duplicate_attr).
Names are compared after name/1. case_insensitive (HTML): ASCII case is folded, as
the HTML parser folds it (only A-Z). case_sensitive: names compare byte for byte (JSON
object keys). repeatable: a repeated attribute is meaningful, so none is rejected (the
terminal's styles are SGR escapes that compose in order).



    


    
      
        az_attr(Az)

      


        The framework-injected az diff-target marker for an element.



    


    
      
        boolean_attrs()

      


        What a dynamic boolean attribute means on this backend's wire. presence (HTML): true
renders the bare attribute and false removes it. value: a boolean is a typed prop
value, sent as JSON true/false and present in both states, the same shape a static
boolean (attr_bool/2) renders. Asked by the parse transform at compile time, which
wraps the attribute expression in an internal boolean tag for a value backend.



    


    
      
        children_sep()

      


        Separator emitted before each child after the first (HTML needs none; JSON
needs a comma between array elements).



    


    
      
        content_context(Tag, Parent)

      


        The content context an element's children are parsed in.



    


    
      
        content_type()

      


        The media type of a whole document rendered by this backend, used when a route
serving one of its views answers an HTTP request.



    


    
      
        each_items(Items)

      


        Joins an ?each's rendered items in the zipped document. HTML and the terminal
concatenate them; native emits a JSON array, the nested array its client builds
from the wire and splices into the parent -- which also keeps an empty ?each
between siblings valid.



    


    
      
        element_close(TagName)

      


        Close tag for the given wire tag name.



    


    
      
        element_open(TagName)

      


        Start of an element's open tag for the given wire tag name.



    


    
      
        element_open_end()

      


        End of an element's open tag (after attributes), before children.



    


    
      
        element_void_close()

      


        Self-close for a void (childless) element.



    


    
      
        escape(Value)

      


        Escape a dynamic value's rendered bytes for this backend's zipped document.
Called at the render boundary on interpolated scalar values
(arizona_template:escape_value/2). HTML entity-escapes (<, &, ...); the
terminal strips control bytes that would inject escape sequences; native emits a
JSON string. A ?raw opt-out is classified out before this callback runs, so it
never sees trusted fragments.



    


    
      
        implied_attrs(Tag, AttrNames)

      


        Static attributes this backend adds to an element because of what its own
attributes imply, given the tag and the wire names of the attributes it carries
(a false one excluded: it renders nothing). Emitted after the author's
attributes. HTML gives a method-less az-submit form method="post"; a backend
with nothing to imply returns [].



    


    
      
        is_void(Tag)

      


        Whether the tag is a void element (no children / self-closing).



    


    
      
        keyed_item_ops()

      


        Whether this backend's client applies a stream's keyed item ops (remove, move, item
patch), finding each item by the az-key on its root. When true, the parse
transform stamps keyless => true on a 2-arg ?each item whose root element has no
az_key, and arizona_template:each/2 refuses that template over a stream
(stream_each_keyless). false for a backend that redraws whole frames and so never
addresses an item.



    


    
      
        name/1

      


        Tag or attribute atom -> wire name.



    


    
      
        raw_text(Tag, Before, After, Value)

      


        Neutralize a dynamic value spliced into a raw-text element (raw_text_kind/2 =:= raw -- HTML script and the RAWTEXT elements). Such content is emitted verbatim (the browser
decodes nothing there), so HTML entity-escaping does not apply, yet a value
carrying a close-tag sequence (</script>) would still break out of the element
into HTML parsing. The parse transform wraps every raw-text dynamic in this
callback, so the backend that owns raw-text elements neutralizes the breakout;
backends without raw-text elements return the value unchanged.



    


    
      
        raw_text_kind(Tag, Context)

      


        Raw-text classification of a tag, governing how a dynamic content slot inside it
is emitted.



    


    
      
        render_attr(Name, Value)

      


        Render a dynamic attribute's evaluated value to this backend's output bytes.



    


    
      
        scope_static(Fingerprint, Prefix, Static)

      


        Prefix a static's embedded az references with Prefix, so a child template
inlined into a parent does not collide on az targets.



    


    
      
        single_root_document()

      


        Whether a whole document of this backend must be a single root node. true for
native, whose document is one JSON value; false where a fragment is a valid
document (an HTML doctype beside <html>, terminal lines). When true, the parse
transform stamps multi_root => true on a template whose body is a literal list of
more than one node (at any depth of nested literal lists), and the render refuses
a layout chain whose final document root is so stamped (multi_root_layout). A
live view root is already refused at compile time.



    


    
      
        supports_list_patch()

      


        Whether this backend's client supports ?OP_LIST_PATCH -- positional, per-item
diffing of a single-root plain-list ?each (vs. a wholesale re-render). When
true, the parse transform stamps single_root => true on such item templates
so the diff emits per-item patches; when false, the each keeps the wholesale
path the client already handles. A backend capability, declared by each backend.



    


    
      
        supports_local()

      


        Whether this backend supports the client-owned ?local slot (a browser/HTML-only
feature). A backend capability, declared by each backend; the parse transform
rejects ?local at compile time when false.



    


    
      
        supports_nodiff_keep()

      


        Whether this backend's client carries an az-nodiff element over a wholesale
re-render of its surroundings -- a reconnect resync or a container ?OP_TEXT --
when the new render holds the same az-nodiff element. When true, the parse transform keeps
the az-nodiff directive in the output as a compiler-owned attribute: on a
keepable az-nodiff element its value names the element's identity
(arizona_template:nodiff_token/3), which is what the client matches az-nodiff elements by;
on other client-owned roots it is bare, and never kept. When false the directive
is stripped. A backend capability, declared by each backend.



    


    
      
        target()

      


        This backend's render-target name (html | native | terminal) -- the atom the
?html/?native/?terminal macros expand to. Lets the parse transform recover a
target name from a backend module without hardcoding the module -> name mapping.



    


    
      
        text_az(ElemAz, Slot)

      


        The az for a dynamic text slot, given the element's az and the child slot
index. HTML reuses the element az for slot 0 (the comment marker and the
element attribute coexist); native needs a distinct az because every node
shares one flat registry.



    


    
      
        text_child(Text)

      


        A static text child (raw text for HTML; a JSON string for native).



    


    
      
        text_slot_close()

      


        Close marker for a dynamic text slot.



    


    
      
        text_slot_open(Az)

      


        Open marker for a dynamic text slot with the given az.



    


    
      
        wire_attr(Name, Value)

      


        How a dynamic attribute value travels in the fingerprint (hydration) payload --
render_attr/2's counterpart, as wire_escape/1 is escape/1's. Any JSON value:
the payload is JSON-encoded as a whole, so a native effect command travels as its
array.



    


    
      
        wire_escape(Value)

      


        How an escaped scalar travels in the fingerprint (hydration) payload. A client
that splices the payload as text (the browser) needs exactly escape/1's
output; the native client JSON-encodes each value itself, so it gets the raw
value. The zipped document always uses escape/1.



    





      


      
        Types


        


  
    
      
    
    
      content_context()



        
          
        

    

  


  

      

          -type content_context() :: html | foreign.


      



  



  
    
      
    
    
      raw_text_kind()



        
          
        

    

  


  

      

          -type raw_text_kind() :: none | raw | escapable.


      


How a dynamic content slot inside an element must be rendered.
none is an ordinary parsed-markup element: the slot is comment-anchored and
diffable. raw (script and the RAWTEXT elements in HTML) is emitted verbatim, since the browser
decodes no character references there, so escaping would corrupt it. escapable
(textarea/title) escapes a scalar because references ARE decoded, but comments
are still literal, so the slot carries no markers either way. Non-HTML backends
answer none for every tag -- their wire format has no comment markers to corrupt.

  



  
    
      
    
    
      tag()



        
          
        

    

  


  

      

          -type tag() :: atom() | binary().


      


An element tag or attribute name as written in a template.
The atom form goes through name/1, which a backend may translate -- ?html
replaces _ with -, so az_click needs no quoting. The binary form is taken
verbatim, which is the only way to write a name that genuinely contains an
underscore: 'my-widget_v2' reaches the output as my-widget-v2, a different
element, silently. Every tag-keyed callback accepts both and normalises before
classifying, so which form is written never changes how a tag is classified.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      attr(Name, Value)



        
          
        

    

  


  

      

          -callback attr(Name :: binary(), Value :: binary()) -> binary().


      


A name/value attribute.

  



  
    
      
    
    
      attr_bool(Name, Bool)



        
          
        

    

  


  

      

          -callback attr_bool(Name :: binary(), Bool :: boolean()) -> binary().


      


A static boolean attribute: {Name, true}, {Name, false} or a bare name. A
presence backend (boolean_attrs/0) renders the bare name for true and nothing
for false; a value backend renders the boolean as the prop's value.

  



  
    
      
    
    
      attr_command(Name, Cmd)



        
          
        

    

  


  

      

          -callback attr_command(Name :: binary(), Cmd :: term()) -> binary().


      


An attribute whose value is a compile-time-folded effect command (e.g.
{az_click, arizona_js:push_event(...)} on the web, {on_tap, arizona_android:push_event(...)} on native). HTML escapes it into the attribute
(name="[0,&quot;inc&quot;]"); native embeds it as a raw JSON value
(,"name":[0,"inc"]). Cmd is an arizona_effect:cmd/0 term --
{arizona_effect, list()} or a list of them.

  



  
    
      
    
    
      attr_dyn_name(Name)



        
          
        

    

  


  

      

          -callback attr_dyn_name(Name :: binary()) -> binary().


      


Static prefix emitted before a dynamic attribute's value. HTML keeps the name
in the dynamic (so this is empty); native bakes the prop name into the static
(,"name":) so the dynamic carries only the value to stringify.

  



  
    
      
    
    
      attr_names()



        
          
        

    

  


  

      

          -callback attr_names() -> case_insensitive | case_sensitive | repeatable.


      


How attribute names compare on this backend's wire, asked by the parse transform at
compile time to reject an attribute written twice on one element (duplicate_attr).
Names are compared after name/1. case_insensitive (HTML): ASCII case is folded, as
the HTML parser folds it (only A-Z). case_sensitive: names compare byte for byte (JSON
object keys). repeatable: a repeated attribute is meaningful, so none is rejected (the
terminal's styles are SGR escapes that compose in order).

  



  
    
      
    
    
      az_attr(Az)



        
          
        

    

  


  

      

          -callback az_attr(Az :: binary()) -> binary().


      


The framework-injected az diff-target marker for an element.

  



  
    
      
    
    
      boolean_attrs()



        
          
        

    

  


  

      

          -callback boolean_attrs() -> presence | value.


      


What a dynamic boolean attribute means on this backend's wire. presence (HTML): true
renders the bare attribute and false removes it. value: a boolean is a typed prop
value, sent as JSON true/false and present in both states, the same shape a static
boolean (attr_bool/2) renders. Asked by the parse transform at compile time, which
wraps the attribute expression in an internal boolean tag for a value backend.

  



  
    
      
    
    
      children_sep()



        
          
        

    

  


  

      

          -callback children_sep() -> binary().


      


Separator emitted before each child after the first (HTML needs none; JSON
needs a comma between array elements).

  



  
    
      
    
    
      content_context(Tag, Parent)



        
          
        

    

  


  

      

          -callback content_context(Tag :: tag(), Parent :: content_context()) -> content_context().


      


The content context an element's children are parsed in.
foreign is the HTML parser's foreign-content mode (inside <svg>), where an
element is ordinary parsed content -- comments are comments, so a slot keeps its
markers and stays diffable. The distinction only matters for a tag classified
differently in each: an HTML <title> makes comment markers literal text, an SVG
<title> does not. Backends with no such mode return Parent unchanged.

  



  
    
      
    
    
      content_type()



        
          
        

    

  


  

      

          -callback content_type() -> binary().


      


The media type of a whole document rendered by this backend, used when a route
serving one of its views answers an HTTP request.

  



  
    
      
    
    
      each_items(Items)



        
          
        

    

  


  

      

          -callback each_items(Items :: [iodata()]) -> iodata().


      


Joins an ?each's rendered items in the zipped document. HTML and the terminal
concatenate them; native emits a JSON array, the nested array its client builds
from the wire and splices into the parent -- which also keeps an empty ?each
between siblings valid.

  



  
    
      
    
    
      element_close(TagName)



        
          
        

    

  


  

      

          -callback element_close(TagName :: binary()) -> binary().


      


Close tag for the given wire tag name.

  



  
    
      
    
    
      element_open(TagName)



        
          
        

    

  


  

      

          -callback element_open(TagName :: binary()) -> binary().


      


Start of an element's open tag for the given wire tag name.

  



  
    
      
    
    
      element_open_end()



        
          
        

    

  


  

      

          -callback element_open_end() -> binary().


      


End of an element's open tag (after attributes), before children.

  



  
    
      
    
    
      element_void_close()



        
          
        

    

  


  

      

          -callback element_void_close() -> binary().


      


Self-close for a void (childless) element.

  



  
    
      
    
    
      escape(Value)



        
          
        

    

  


  

      

          -callback escape(Value :: binary()) -> binary().


      


Escape a dynamic value's rendered bytes for this backend's zipped document.
Called at the render boundary on interpolated scalar values
(arizona_template:escape_value/2). HTML entity-escapes (<, &, ...); the
terminal strips control bytes that would inject escape sequences; native emits a
JSON string. A ?raw opt-out is classified out before this callback runs, so it
never sees trusted fragments.

  



  
    
      
    
    
      implied_attrs(Tag, AttrNames)



        
          
        

    

  


  

      

          -callback implied_attrs(Tag :: tag(), AttrNames :: [binary()]) -> [{binary(), binary()}].


      


Static attributes this backend adds to an element because of what its own
attributes imply, given the tag and the wire names of the attributes it carries
(a false one excluded: it renders nothing). Emitted after the author's
attributes. HTML gives a method-less az-submit form method="post"; a backend
with nothing to imply returns [].

  



  
    
      
    
    
      is_void(Tag)



        
          
        

    

  


  

      

          -callback is_void(Tag :: tag()) -> boolean().


      


Whether the tag is a void element (no children / self-closing).

  



  
    
      
    
    
      keyed_item_ops()



        
          
        

    

  


  

      

          -callback keyed_item_ops() -> boolean().


      


Whether this backend's client applies a stream's keyed item ops (remove, move, item
patch), finding each item by the az-key on its root. When true, the parse
transform stamps keyless => true on a 2-arg ?each item whose root element has no
az_key, and arizona_template:each/2 refuses that template over a stream
(stream_each_keyless). false for a backend that redraws whole frames and so never
addresses an item.

  



  
    
      
    
    
      name/1



        
          
        

    

  


  

      

          -callback name(tag()) -> binary().


      


Tag or attribute atom -> wire name.

  



  
    
      
    
    
      raw_text(Tag, Before, After, Value)



        
          
        

    

  


  

      

          -callback raw_text(Tag :: atom(), Before :: binary(), After :: binary(), Value :: term()) -> term().


      


Neutralize a dynamic value spliced into a raw-text element (raw_text_kind/2 =:= raw -- HTML script and the RAWTEXT elements). Such content is emitted verbatim (the browser
decodes nothing there), so HTML entity-escaping does not apply, yet a value
carrying a close-tag sequence (</script>) would still break out of the element
into HTML parsing. The parse transform wraps every raw-text dynamic in this
callback, so the backend that owns raw-text elements neutralizes the breakout;
backends without raw-text elements return the value unchanged.
Tag is the enclosing element, because the neutralization a value needs is a
property of that element's tokenizer state, not of raw text in general: HTML
reads <script> content in the script-data states (which <!-- and <script
move) but <style> content as plain RAWTEXT (which only its own close tag ends).
Rewriting the script-data sequences inside a <style> would defend nothing and
corrupt valid CSS, so the backend needs the tag to pick the right policy.
Before and After are the template's static text immediately before and after
the slot inside the same element -- its last and first 8 bytes at most, which is
all a breakout sequence can reach -- or <<>> where another dynamic or the
element boundary sits instead. The tokenizer reads static text and value as one
stream, so a breakout can straddle them -- a static ending in < followed by a
value /script> -- and only a backend that sees the neighbours can break it.

  



  
    
      
    
    
      raw_text_kind(Tag, Context)



        
          
        

    

  


  

      

          -callback raw_text_kind(Tag :: tag(), Context :: content_context()) -> raw_text_kind().


      


Raw-text classification of a tag, governing how a dynamic content slot inside it
is emitted.
none for ordinary elements: a content slot gets the usual comment-marker diff
target (<!--az:X-->...<!--/az-->) and is fully diffable. raw for raw-text
elements (script, and the RAWTEXT style/xmp/iframe/noembed/noframes):
the browser never decodes character references or HTML comments there, so the
slot is emitted verbatim, markerless and render-once
(comment markers would become literal bytes and corrupt the script/CSS).
escapable for escapable-raw-text elements (textarea/title): character
references ARE decoded, so a scalar slot is HTML-escaped, but it is still
markerless and render-once. Non-HTML backends return none -- their wire format
does not use HTML comment markers.

  



  
    
      
    
    
      render_attr(Name, Value)



        
          
        

    

  


  

      

          -callback render_attr(Name :: binary(), Value :: term()) -> binary().


      


Render a dynamic attribute's evaluated value to this backend's output bytes.
Called at the render boundary for a dynamic attribute ({attr, Name, Value}).
HTML emits Name="Escaped" (or a bare/absent name for a boolean value); the
native backend bakes the prop name into the static, so it emits just the value
as JSON: a string, an effect command's array, or a typed boolean. Escaping is
governed by the backend (via escape/1, through arizona_template:escape_value/2,
so a ?raw opt-out or effect command is classified out first). A backend that
rejects dynamic attributes at compile time (attr_dyn_name/1) never has this
callback reached.

  



  
    
      
    
    
      scope_static(Fingerprint, Prefix, Static)



        
          
        

    

  


  

      

          -callback scope_static(Fingerprint :: binary(), Prefix :: binary(), Static :: binary()) -> binary().


      


Prefix a static's embedded az references with Prefix, so a child template
inlined into a parent does not collide on az targets.
Fingerprint is the fingerprint of the template the static belongs to, and it
is the anchor: the parse transform builds every marker from the id it
allocated, so a framework az in a compiled static is always <Fingerprint>-….
Match on <marker-open><Fingerprint>, never on the marker opener alone -- a
static text child is spliced verbatim (the raw-HTML seam), so az=" and
<!--az: also occur as ordinary user content in a page that shows markup.

  



  
    
      
    
    
      single_root_document()



        
          
        

    

  


  

      

          -callback single_root_document() -> boolean().


      


Whether a whole document of this backend must be a single root node. true for
native, whose document is one JSON value; false where a fragment is a valid
document (an HTML doctype beside <html>, terminal lines). When true, the parse
transform stamps multi_root => true on a template whose body is a literal list of
more than one node (at any depth of nested literal lists), and the render refuses
a layout chain whose final document root is so stamped (multi_root_layout). A
live view root is already refused at compile time.

  



  
    
      
    
    
      supports_list_patch()



        
          
        

    

  


  

      

          -callback supports_list_patch() -> boolean().


      


Whether this backend's client supports ?OP_LIST_PATCH -- positional, per-item
diffing of a single-root plain-list ?each (vs. a wholesale re-render). When
true, the parse transform stamps single_root => true on such item templates
so the diff emits per-item patches; when false, the each keeps the wholesale
path the client already handles. A backend capability, declared by each backend.

  



  
    
      
    
    
      supports_local()



        
          
        

    

  


  

      

          -callback supports_local() -> boolean().


      


Whether this backend supports the client-owned ?local slot (a browser/HTML-only
feature). A backend capability, declared by each backend; the parse transform
rejects ?local at compile time when false.

  



  
    
      
    
    
      supports_nodiff_keep()



        
          
        

    

  


  

      

          -callback supports_nodiff_keep() -> boolean().


      


Whether this backend's client carries an az-nodiff element over a wholesale
re-render of its surroundings -- a reconnect resync or a container ?OP_TEXT --
when the new render holds the same az-nodiff element. When true, the parse transform keeps
the az-nodiff directive in the output as a compiler-owned attribute: on a
keepable az-nodiff element its value names the element's identity
(arizona_template:nodiff_token/3), which is what the client matches az-nodiff elements by;
on other client-owned roots it is bare, and never kept. When false the directive
is stripped. A backend capability, declared by each backend.

  



  
    
      
    
    
      target()



        
          
        

    

  


  

      

          -callback target() -> atom().


      


This backend's render-target name (html | native | terminal) -- the atom the
?html/?native/?terminal macros expand to. Lets the parse transform recover a
target name from a backend module without hardcoding the module -> name mapping.

  



  
    
      
    
    
      text_az(ElemAz, Slot)



        
          
        

    

  


  

      

          -callback text_az(ElemAz :: binary(), Slot :: non_neg_integer()) -> binary().


      


The az for a dynamic text slot, given the element's az and the child slot
index. HTML reuses the element az for slot 0 (the comment marker and the
element attribute coexist); native needs a distinct az because every node
shares one flat registry.

  



  
    
      
    
    
      text_child(Text)



        
          
        

    

  


  

      

          -callback text_child(Text :: binary()) -> binary().


      


A static text child (raw text for HTML; a JSON string for native).

  



  
    
      
    
    
      text_slot_close()



        
          
        

    

  


  

      

          -callback text_slot_close() -> binary().


      


Close marker for a dynamic text slot.

  



  
    
      
    
    
      text_slot_open(Az)



        
          
        

    

  


  

      

          -callback text_slot_open(Az :: binary()) -> binary().


      


Open marker for a dynamic text slot with the given az.

  



  
    
      
    
    
      wire_attr(Name, Value)



        
          
        

    

  


  

      

          -callback wire_attr(Name :: binary(), Value :: term()) -> json:encode_value().


      


How a dynamic attribute value travels in the fingerprint (hydration) payload --
render_attr/2's counterpart, as wire_escape/1 is escape/1's. Any JSON value:
the payload is JSON-encoded as a whole, so a native effect command travels as its
array.

  



  
    
      
    
    
      wire_escape(Value)



        
          
        

    

  


  

      

          -callback wire_escape(Value :: binary()) -> binary().


      


How an escaped scalar travels in the fingerprint (hydration) payload. A client
that splices the payload as text (the browser) needs exactly escape/1's
output; the native client JSON-encodes each value itself, so it gets the raw
value. The zipped document always uses escape/1.

  


        

      


  

  
    
    arizona_req - arizona v0.4.0
    
    

    


  
  

    
arizona_req behaviour
    



      
HTTP request abstraction with adapter pattern for different web servers.
Provides a unified interface for HTTP requests behind a transport
behaviour each server adapter implements. Features lazy
loading of request data with caching to avoid re-parsing across accesses.
Adapter pattern
A web-server adapter implements the mandatory parsing callbacks:
	parse_bindings/1 -- extract route-pattern path bindings
	parse_params/1 -- parse the query string as a proplist
	parse_cookies/1 -- parse the Cookie header as a proplist
	parse_headers/1 -- headers as a map
	read_body/1 -- consume the request body: {ok, Body, Raw1}, or
{error, body_error()} when the read fails
	scheme/1 -- the connection scheme (http | https)


Plus one optional callback for live-capable transports:
	resolve_route/3 -- resolve a SPA-navigate target. Required for
WebSocket sessions, omitted for HTTP-only adapters.

The adapter module is stored inside the request record itself, so every
accessor dispatches to the correct backend, and arizona_socket
recovers the adapter via arizona_req:adapter/1 for navigate.
Lazy loading
Fields other than method and path are populated on first access and
cached. Accessors return {Value, Request1} -- the updated request
carries the cached value. Callers thread the returned request forward.
The one exception is body/1, whose read can fail: it returns
{ok, Body, Request1} or {error, body_error()}.
Method = arizona_req:method(Req).          %% eager, no thread
{Bs,     Req1} = arizona_req:bindings(Req).
{Params, Req2} = arizona_req:params(Req1).
{ok, Body, Req3} = arizona_req:body(Req2).
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    Functions
  


    
      
        adapter/1

      


        Returns the adapter module that backs the request.



    


    
      
        bindings/1

      


        Returns route-pattern path bindings. Lazy-loaded via the adapter on
first access, cached in the returned request for subsequent calls.



    


    
      
        body/1

      


        Consumes the request body. Lazy-loaded; the underlying raw request is
updated because reading a body is mutating in most transports.



    


    
      
        clear_session(Request)

      


        Clears the entire session (logout). On the response a clearing Set-Cookie is
sent regardless of the incoming session, and in store mode the server-side entry
is dropped at flush -- logout revokes, so a captured signed-id cookie stops
resolving immediately, whether or not anything read the session earlier this
request (the incoming cookie's id is resolved here). In cookie mode it does not
require secret_key -- clearing encrypts nothing, so logout always works; store
mode reads the signed id with the secret_key store mode requires anyway.



    


    
      
        client_scheme(Request)

      


        The scheme the browser used: scheme/1, upgraded to https when a proxy in
front reports the original request was (X-Forwarded-Proto, its first,
client-facing entry). Upgrade-only, so a forged header can tighten what depends
on it (the Origin check rejecting the forger's own request) but never loosen it,
which is why it needs no trusted-proxy configuration. Threads the request, whose
headers it may have parsed.



    


    
      
        commit_session(Request)

      


        Commits a written session to the server-side store (store mode): a dirty
non-empty session is put under its id -- and, on a rotation (clear_session/1
then put_session/3, the login pattern), the pre-rotation entry is dropped so a
fixated id cannot be reused -- while a cleared one (logout) is deleted. A no-op
in cookie mode or when the session is untouched.



    


    
      
        cookies/1

      


        Returns parsed cookies as a proplist. Lazy-loaded and cached.



    


    
      
        delete_session(Request, Key)

      


        Removes Key from the session and marks it written. On the response the session
serializes to the re-encrypted (still non-empty) cookie, or a clearing cookie if
this removed the last key.



    


    
      
        flash(Request)

      


        Returns the incoming flash for this request (the message a put_flash/3 set on the
prior request before a redirect), or #{} when there is none.



    


    
      
        flash_out(Request)

      


        Returns the outgoing flash this request has staged via put_flash/3 (destined for
the next request), or #{} when none was set.



    


    
      
        flush(Request)

      


        Ends the request: commits a written session (commit_session/1) and returns
the header lines to add to the response, in the order they must be sent:
one set-cookie line per resp_cookies/1 entry (serialized by
arizona_cookie:serialize/3), then the stashed headers (put_resp_header/3),
each oldest first. Values are binaries.



    


    
      
        get_session(Request, Key)

      


        Looks up Key in the effective session, returning {ok, Value} or error. Key
may be an atom or binary (normalized). Reads the post-write state when the session
was written earlier this request.



    


    
      
        get_session(Request, Key, Default)

      


        Like get_session/2 but returns Default instead of error when absent.



    


    
      
        halt_reply(Request)

      


        The response to a middleware {halt, Request}: its status, and its header
lines in send order -- flush/1's (so it also commits the session), then a
redirect's location. The body is empty.



    


    
      
        halted_redirect(Request)

      


        Returns the stashed redirect intent, or undefined when no
redirect/2,3 was called on this request. Transports use this to
translate a middleware {halt, Req} return into the appropriate
client-visible response.



    


    
      
        headers/1

      


        Returns request headers as a map. Lazy-loaded and cached.



    


    
      
        location_kind(Location)

      


        Classifies a redirect Location the way a browser will read it, for a transport
that must deliver it as a client navigation rather than an HTTP 3xx.



    


    
      
        method/1

      


        Returns the HTTP method (e.g. ~"GET", ~"POST").



    


    
      
        new(Adapter, Raw, Opts)

      


        Creates a request backed by Adapter wrapping Raw.



    


    
      
        params/1

      


        Returns parsed query-string params as a proplist. Lazy-loaded and cached.



    


    
      
        path/1

      


        Returns the request path (no query string).



    


    
      
        peer/1

      


        The connection's peer address and port, or undefined when the adapter does not
report it. The immediate TCP peer: behind a same-host proxy it is the proxy.



    


    
      
        put_flash(Request, Key, Value)

      


        Stashes a flash message to carry across one redirect (the Post/Redirect/Get
pattern). On the response it serializes to a signed, short-lived Set-Cookie;
the next request reads it once via flash/1 (or the auto-injected flash
binding) and it is then cleared. Key may be an atom or binary (normalized to a
binary); repeated calls accumulate, last write wins per key.



    


    
      
        put_resp_cookie(Request, Name, Value, Opts)

      


        Stashes a response cookie on Request, serialized by the transport when the
response is built. Lets a middleware set a cookie alongside a redirect/2,3
or a rendered page. Opts follows resp_cookie_opts().



    


    
      
        put_resp_header(Request, Name, Value)

      


        Stashes a response header on Request. Transports flush stashed headers
onto the outgoing response (redirect, rendered page, or halt). Repeated
calls accumulate (newest first).



    


    
      
        put_resp_status(Request, Status)

      


        Stashes the HTTP status for a rendered page. Lets a view or middleware return
a non-200 status (e.g. 401 from an auth gate, 404 from a not-found page)
while still rendering a body. Ignored for redirects and halts, which carry
their own status.



    


    
      
        put_session(Request, Key, Value)

      


        Writes Key => Value into the session. On the response the session serializes to a
freshly encrypted Set-Cookie (durable -- it persists until overwritten or
cleared). Key may be an atom or binary (normalized to a binary); repeated calls
accumulate, last write wins per key.



    


    
      
        raw/1

      


        Returns the raw, transport-native request value the adapter wraps.



    


    
      
        read_session(Request)

      


        Reads, authenticates, and decodes the incoming session cookie into the request.
Returns the session map (#{} when absent, tampered, malformed, or expired) and the
updated request. Idempotent and non-consuming: unlike consume_flash/1 it does not
mark the session for clearing -- a durable session survives a read untouched.



    


    
      
        redirect(Request, Location)

      


        Stashes a 302 redirect intent in Request so downstream transports
translate it uniformly.



    


    
      
        redirect(Request, Status, Location)

      


        Like redirect/2 but lets callers pick the 3xx status code.



    


    
      
        request_id/1

      


        Returns the adapter-supplied request ID (e.g. roadrunner's 16-char
hex correlation token), or undefined if the adapter doesn't
populate one.



    


    
      
        resp_cookies(Request)

      


        Returns the stashed response cookies (newest first), or [], plus the flash and
session cookies when warranted: a freshly put_flash/3-set flash serializes to a
signed Set-Cookie (a consumed incoming flash with no new one serializes to a
clearing cookie); a written session (put_session/3/delete_session/2) serializes
to an encrypted Set-Cookie (in store mode, the signed session id), a cleared one
(clear_session/1) to a clearing cookie, and an untouched session to nothing.
Transports flush this list verbatim.



    


    
      
        resp_headers(Request)

      


        Returns the stashed response headers (newest first), or [].



    


    
      
        resp_status(Request)

      


        Returns the stashed response status, or undefined.



    


    
      
        scheme/1

      


        Returns the scheme of the connection the request arrived on (http | https),
straight from the adapter -- eager, nothing to thread.



    


    
      
        session(Request)

      


        Returns the effective session for this request: the pending written state
(session_out) when it has been written this request, otherwise the incoming
session (session_in, #{} if not yet read). A view or controller sees the session
including its own writes.



    


    
      
        session_error(Request)

      


        Returns {error, Reason} when reading the server-side session failed this request, or
undefined when it did not.



    


    
      
        session_id(Request)

      


        Returns the opaque session id for this request in store mode (session_store
configured), or undefined in cookie mode or when there is no session yet. Apps can
record it to revoke the session later via the store's delete/1.



    


    
      
        set_raw(Req, Raw)

      


        Replaces the raw value inside Request and clears all lazy caches.



    


    
      
        user_agent(Req0)

      


        Returns the User-Agent request header (or <<>> if absent).



    





      


      
        Types


        


  
    
      
    
    
      adapter()



        
          
        

    

  


  

      

          -nominal adapter() :: module().


      



  



  
    
      
    
    
      bindings()



        
          
        

    

  


  

      

          -nominal bindings() :: #{binary() => dynamic()}.


      



  



  
    
      
    
    
      body()



        
          
        

    

  


  

      

          -nominal body() :: binary().


      



  



  
    
      
    
    
      body_error()



        
          
        

    

  


  

      

          -nominal body_error() :: too_large | trailers_too_large | timeout | invalid.


      



  



  
    
      
    
    
      carried_cookies()



        
          
        

    

  


  

      

          -nominal carried_cookies() :: [{binary(), binary() | clear}].


      



  



  
    
      
    
    
      cookies()



        
          
        

    

  


  

      

          -nominal cookies() :: [{binary(), binary()}].


      



  



  
    
      
    
    
      flash()



        
          
        

    

  


  

      

          -nominal flash() :: #{binary() => term()}.


      



  



  
    
      
    
    
      headers()



        
          
        

    

  


  

      

          -nominal headers() :: #{binary() => iodata()}.


      



  



  
    
      
    
    
      method()



        
          
        

    

  


  

      

          -nominal method() :: binary().


      



  



  
    
      
    
    
      params()



        
          
        

    

  


  

      

          -nominal params() :: [{binary(), binary() | true}].


      



  



  
    
      
    
    
      path()



        
          
        

    

  


  

      

          -nominal path() :: binary().


      



  



  
    
      
    
    
      qs()



        
          
        

    

  


  

      

          -nominal qs() :: binary().


      



  



  
    
      
    
    
      raw()



        
          
        

    

  


  

      

          -nominal raw() :: dynamic().


      



  



  
    
      
    
    
      redirect_status()



        
          
        

    

  


  

      

          -nominal redirect_status() :: 300..399.


      



  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          -opaque request()


      



  



  
    
      
    
    
      resp_cookie_opts()



        
          
        

    

  


  

      

          -nominal resp_cookie_opts() ::
             #{domain => binary(),
               path => binary(),
               max_age => non_neg_integer(),
               expires => binary(),
               secure => boolean(),
               http_only => boolean(),
               same_site => strict | lax | none}.


      



  



  
    
      
    
    
      resp_status()



        
          
        

    

  


  

      

          -nominal resp_status() :: 100..599.


      



  



  
    
      
    
    
      scheme()



        
          
        

    

  


  

      

          -nominal scheme() :: http | https.


      



  



  
    
      
    
    
      session()



        
          
        

    

  


  

      

          -nominal session() :: #{binary() => term()}.


      



  


        

      

      
        Callbacks


        


  
    
      
    
    
      parse_bindings/1



        
          
        

    

  


  

      

          -callback parse_bindings(raw()) -> bindings().


      



  



  
    
      
    
    
      parse_cookies/1



        
          
        

    

  


  

      

          -callback parse_cookies(raw()) -> cookies().


      



  



  
    
      
    
    
      parse_headers/1



        
          
        

    

  


  

      

          -callback parse_headers(raw()) -> headers().


      



  



  
    
      
    
    
      parse_params/1



        
          
        

    

  


  

      

          -callback parse_params(raw()) -> params().


      



  



  
    
      
    
    
      peer/1


        (optional)


        
          
        

    

  


  

      

          -callback peer(raw()) -> {inet:ip_address(), inet:port_number()} | undefined.


      



  



  
    
      
    
    
      read_body/1



        
          
        

    

  


  

      

          -callback read_body(raw()) -> {ok, body(), raw()} | {error, body_error()}.


      



  



  
    
      
    
    
      resolve_route/3


        (optional)


        
          
        

    

  


  

      

          -callback resolve_route(path(), qs(), raw()) -> {ok, module(), arizona_live:route_opts(), request()} | error.


      



  



  
    
      
    
    
      scheme/1



        
          
        

    

  


  

      

          -callback scheme(raw()) -> scheme().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      adapter/1



        
          
        

    

  


  

      

          -spec adapter(request()) -> adapter().


      


Returns the adapter module that backs the request.

  



  
    
      
    
    
      bindings/1



        
          
        

    

  


  

      

          -spec bindings(request()) -> {bindings(), request()}.


      


Returns route-pattern path bindings. Lazy-loaded via the adapter on
first access, cached in the returned request for subsequent calls.

  



  
    
      
    
    
      body/1



        
          
        

    

  


  

      

          -spec body(request()) -> {ok, body(), request()} | {error, body_error()}.


      


Consumes the request body. Lazy-loaded; the underlying raw request is
updated because reading a body is mutating in most transports.
Returns {error, Reason} when the transport could not deliver the body (see
body_error/0) -- a body over the server's cap read on demand, a stalled or
vanished client. Nothing is cached then, so the caller answers from the
request it already holds (arizona_middleware:extract/1's body key halts
with 413, 431, 408 or 400).

  



  
    
      
    
    
      clear_session(Request)



        
          
        

    

  


  

      

          -spec clear_session(Request) -> Request when Request :: request().


      


Clears the entire session (logout). On the response a clearing Set-Cookie is
sent regardless of the incoming session, and in store mode the server-side entry
is dropped at flush -- logout revokes, so a captured signed-id cookie stops
resolving immediately, whether or not anything read the session earlier this
request (the incoming cookie's id is resolved here). In cookie mode it does not
require secret_key -- clearing encrypts nothing, so logout always works; store
mode reads the signed id with the secret_key store mode requires anyway.

  



  
    
      
    
    
      client_scheme(Request)



        
          
        

    

  


  

      

          -spec client_scheme(Request) -> {scheme(), Request} when Request :: request().


      


The scheme the browser used: scheme/1, upgraded to https when a proxy in
front reports the original request was (X-Forwarded-Proto, its first,
client-facing entry). Upgrade-only, so a forged header can tighten what depends
on it (the Origin check rejecting the forger's own request) but never loosen it,
which is why it needs no trusted-proxy configuration. Threads the request, whose
headers it may have parsed.

  



  
    
      
    
    
      commit_session(Request)



        
          
        

    

  


  

      

          -spec commit_session(Request) -> ok when Request :: request().


      


Commits a written session to the server-side store (store mode): a dirty
non-empty session is put under its id -- and, on a rotation (clear_session/1
then put_session/3, the login pattern), the pre-rotation entry is dropped so a
fixated id cannot be reused -- while a cleared one (logout) is deleted. A no-op
in cookie mode or when the session is untouched.
Called by the transports at response flush, beside serializing resp_cookies/1
(a pure getter that performs no store writes). Flushing is the commit point, so
the cookie and the store entry always agree: a response that is never built
commits nothing. A {live, ...} render crash is not such a case -- it is caught and
flushed as a 500 error page, so a session written before the crash does commit.
Idempotent -- committing the same request again repeats the same put/delete.

  



  
    
      
    
    
      cookies/1



        
          
        

    

  


  

      

          -spec cookies(request()) -> {cookies(), request()}.


      


Returns parsed cookies as a proplist. Lazy-loaded and cached.

  



  
    
      
    
    
      delete_session(Request, Key)



        
          
        

    

  


  

      

          -spec delete_session(Request, Key) -> Request when Request :: request(), Key :: atom() | binary().


      


Removes Key from the session and marks it written. On the response the session
serializes to the re-encrypted (still non-empty) cookie, or a clearing cookie if
this removed the last key.

  



  
    
      
    
    
      flash(Request)



        
          
        

    

  


  

      

          -spec flash(Request) -> flash() when Request :: request().


      


Returns the incoming flash for this request (the message a put_flash/3 set on the
prior request before a redirect), or #{} when there is none.
The app-facing flash reader. The framework materializes the flash before your view
runs -- decoded from the signed cookie on a fresh request, or carried in-process
across a WebSocket SPA navigate -- so a view reads it here or through the
auto-injected flash binding. Pair it with put_flash/3 (the writer).

  



  
    
      
    
    
      flash_out(Request)



        
          
        

    

  


  

      

          -spec flash_out(Request) -> flash() when Request :: request().


      


Returns the outgoing flash this request has staged via put_flash/3 (destined for
the next request), or #{} when none was set.
The companion to flash/1: where flash/1 reads the incoming flash (what this
request received), flash_out/1 reads the outgoing one (what it has queued to
send). The framework carries this map onward -- a signed cookie for a full-page
redirect, or in-process across a WebSocket SPA navigate -- so it is primarily an
introspection/testing helper: a test can assert what a middleware or handler
flashed before a redirect without decoding the cookie.

  



  
    
      
    
    
      flush(Request)



        
          
        

    

  


  

      

          -spec flush(Request) -> [{binary(), binary()}] when Request :: request().


      


Ends the request: commits a written session (commit_session/1) and returns
the header lines to add to the response, in the order they must be sent:
one set-cookie line per resp_cookies/1 entry (serialized by
arizona_cookie:serialize/3), then the stashed headers (put_resp_header/3),
each oldest first. Values are binaries.
The order is part of the contract: the stash is newest first, and a browser
keeps the last Set-Cookie for a name, so a cookie written twice must
reach the wire in the order it was written. Emit the lines as listed.
A server adapter calls this, or halt_reply/1 on a middleware halt, exactly
once for every response it builds from an Arizona request, whatever the
response's shape: a page, a controller reply, a stream, a WebSocket upgrade
(whose 101 then carries the cookies). Skipping it drops the stashed cookies
and, in store mode, the session write, with nothing reporting it.

  



  
    
      
    
    
      get_session(Request, Key)



        
          
        

    

  


  

      

          -spec get_session(Request, Key) -> {ok, term()} | error
                     when Request :: request(), Key :: atom() | binary().


      


Looks up Key in the effective session, returning {ok, Value} or error. Key
may be an atom or binary (normalized). Reads the post-write state when the session
was written earlier this request.

  



  
    
      
    
    
      get_session(Request, Key, Default)



        
          
        

    

  


  

      

          -spec get_session(Request, Key, Default) -> term()
                     when Request :: request(), Key :: atom() | binary(), Default :: term().


      


Like get_session/2 but returns Default instead of error when absent.

  



  
    
      
    
    
      halt_reply(Request)



        
          
        

    

  


  

      

          -spec halt_reply(Request) -> {resp_status(), [{binary(), binary()}]} when Request :: request().


      


The response to a middleware {halt, Request}: its status, and its header
lines in send order -- flush/1's (so it also commits the session), then a
redirect's location. The body is empty.
A halting middleware says what the client should see by stashing a redirect
(redirect/2,3: the status and a location header) or a status
(put_resp_status/2). A halt carrying neither is a refusal with no reason
disclosed, which is exactly 403 Forbidden (RFC 9110 §15.5.4): 204 would
report a denial as success (a fetch sees ok and resets the form), and 400
would blame request syntax the framework knows nothing about.

  



  
    
      
    
    
      halted_redirect(Request)



        
          
        

    

  


  

      

          -spec halted_redirect(Request) -> {redirect_status(), binary()} | undefined when Request :: request().


      


Returns the stashed redirect intent, or undefined when no
redirect/2,3 was called on this request. Transports use this to
translate a middleware {halt, Req} return into the appropriate
client-visible response.

  



  
    
      
    
    
      headers/1



        
          
        

    

  


  

      

          -spec headers(request()) -> {headers(), request()}.


      


Returns request headers as a map. Lazy-loaded and cached.
A field sent on several lines arrives as one entry holding every value in the
order received, comma-separated (RFC 9110 §5.3) -- cookie uses its own ;
separator. Names are lowercase.

  



  
    
      
    
    
      location_kind(Location)



        
          
        

    

  


  

      

          -spec location_kind(Location) -> local | external | unsafe when Location :: binary().


      


Classifies a redirect Location the way a browser will read it, for a transport
that must deliver it as a client navigation rather than an HTTP 3xx.
	local -- a path on this origin (a single leading /), the only form a SPA
navigation can follow.
	external -- a page load is needed: an http/https URL, a scheme-relative one
(//host, and /\host, which browsers read the same way), or a relative path,
which a browser resolves against the current URL, exactly as it would an HTTP
Location. It may still be same-origin, but the server cannot tell -- behind a
proxy it does not know its public origin -- and a page load is correct for any URL.
	unsafe -- any other scheme (javascript:, data:, ...). Loading it would run
it in the page, so no transport may hand it to the client.

The input is normalized as a browser's URL parser does first: leading C0
controls and spaces are trimmed and every tab, LF and CR is removed, so
/<TAB>/host is //host and java<TAB>script: is javascript:.

  



  
    
      
    
    
      method/1



        
          
        

    

  


  

      

          -spec method(request()) -> method().


      


Returns the HTTP method (e.g. ~"GET", ~"POST").

  



  
    
      
    
    
      new(Adapter, Raw, Opts)



        
          
        

    

  


  

      

          -spec new(Adapter, Raw, Opts) -> request()
             when
                 Adapter :: adapter(),
                 Raw :: raw(),
                 Opts ::
                     #{method := method(),
                       path := path(),
                       request_id => binary(),
                       bindings => bindings(),
                       params => params(),
                       cookies => cookies(),
                       headers => headers(),
                       body => body()}.


      


Creates a request backed by Adapter wrapping Raw.
Opts must contain method and path; any of
bindings | params | cookies | headers | body may be pre-populated to
skip their adapter callbacks on first access.

  



  
    
      
    
    
      params/1



        
          
        

    

  


  

      

          -spec params(request()) -> {params(), request()}.


      


Returns parsed query-string params as a proplist. Lazy-loaded and cached.
Preserves repeat keys (?tag=a&tag=b returns two entries).

  



  
    
      
    
    
      path/1



        
          
        

    

  


  

      

          -spec path(request()) -> path().


      


Returns the request path (no query string).

  



  
    
      
    
    
      peer/1



        
          
        

    

  


  

      

          -spec peer(request()) -> {inet:ip_address(), inet:port_number()} | undefined.


      


The connection's peer address and port, or undefined when the adapter does not
report it. The immediate TCP peer: behind a same-host proxy it is the proxy.

  



  
    
      
    
    
      put_flash(Request, Key, Value)



        
          
        

    

  


  

      

          -spec put_flash(Request, Key, Value) -> Request
                   when Request :: request(), Key :: atom() | binary(), Value :: term().


      


Stashes a flash message to carry across one redirect (the Post/Redirect/Get
pattern). On the response it serializes to a signed, short-lived Set-Cookie;
the next request reads it once via flash/1 (or the auto-injected flash
binding) and it is then cleared. Key may be an atom or binary (normalized to a
binary); repeated calls accumulate, last write wins per key.
Requires secret_key in the arizona application env (used to sign the cookie);
errors if it is unset.

  



  
    
      
    
    
      put_resp_cookie(Request, Name, Value, Opts)



        
          
        

    

  


  

      

          -spec put_resp_cookie(Request, Name, Value, Opts) -> Request
                         when
                             Request :: request(),
                             Name :: binary(),
                             Value :: binary(),
                             Opts :: resp_cookie_opts().


      


Stashes a response cookie on Request, serialized by the transport when the
response is built. Lets a middleware set a cookie alongside a redirect/2,3
or a rendered page. Opts follows resp_cookie_opts().

  



  
    
      
    
    
      put_resp_header(Request, Name, Value)



        
          
        

    

  


  

      

          -spec put_resp_header(Request, Name, Value) -> Request
                         when Request :: request(), Name :: binary(), Value :: iodata().


      


Stashes a response header on Request. Transports flush stashed headers
onto the outgoing response (redirect, rendered page, or halt). Repeated
calls accumulate (newest first).

  



  
    
      
    
    
      put_resp_status(Request, Status)



        
          
        

    

  


  

      

          -spec put_resp_status(Request, Status) -> Request when Request :: request(), Status :: resp_status().


      


Stashes the HTTP status for a rendered page. Lets a view or middleware return
a non-200 status (e.g. 401 from an auth gate, 404 from a not-found page)
while still rendering a body. Ignored for redirects and halts, which carry
their own status.

  



  
    
      
    
    
      put_session(Request, Key, Value)



        
          
        

    

  


  

      

          -spec put_session(Request, Key, Value) -> Request
                     when Request :: request(), Key :: atom() | binary(), Value :: term().


      


Writes Key => Value into the session. On the response the session serializes to a
freshly encrypted Set-Cookie (durable -- it persists until overwritten or
cleared). Key may be an atom or binary (normalized to a binary); repeated calls
accumulate, last write wins per key.
The first write seeds the pending session from the incoming session (reading the
cookie if not already read), so a write merges onto existing state even without the
fetch_session middleware. Requires secret_key in the arizona application env
(used to encrypt the cookie); errors if it is unset.

  



  
    
      
    
    
      raw/1



        
          
        

    

  


  

      

          -spec raw(request()) -> raw().


      


Returns the raw, transport-native request value the adapter wraps.

  



  
    
      
    
    
      read_session(Request)



        
          
        

    

  


  

      

          -spec read_session(Request) -> {session(), Request} when Request :: request().


      


Reads, authenticates, and decodes the incoming session cookie into the request.
Returns the session map (#{} when absent, tampered, malformed, or expired) and the
updated request. Idempotent and non-consuming: unlike consume_flash/1 it does not
mark the session for clearing -- a durable session survives a read untouched.
Run by the fetch_session middleware (opt-in); apps normally use session/1,
get_session/2,3, or the session binding rather than calling this directly.

  



  
    
      
    
    
      redirect(Request, Location)



        
          
        

    

  


  

      

          -spec redirect(Request, Location) -> Request when Request :: request(), Location :: binary().


      


Stashes a 302 redirect intent in Request so downstream transports
translate it uniformly.
Middleware authors should return {halt, arizona_req:redirect(Req, Location)} instead of writing a transport-specific response
directly. HTTP transports read the intent and emit a proper redirect
reply; WS navigate transports emit an arizona_js:navigate/1
client effect so the browser pushes the new URL. Only a path on this origin
(see location_kind/1) can be followed that way: for any other Location --
an identity provider, another subdomain -- the WS transport has the browser load
the gated path over HTTP instead, where this redirect is a real 3xx.

  



  
    
      
    
    
      redirect(Request, Status, Location)



        
          
        

    

  


  

      

          -spec redirect(Request, Status, Location) -> Request
                  when Request :: request(), Status :: redirect_status(), Location :: binary().


      


Like redirect/2 but lets callers pick the 3xx status code.

  



  
    
      
    
    
      request_id/1



        
          
        

    

  


  

      

          -spec request_id(request()) -> binary() | undefined.


      


Returns the adapter-supplied request ID (e.g. roadrunner's 16-char
hex correlation token), or undefined if the adapter doesn't
populate one.
Useful for live-view handlers and crash-report glue that need to
correlate Arizona-side events with the adapter's access logs.

  



  
    
      
    
    
      resp_cookies(Request)



        
          
        

    

  


  

      

          -spec resp_cookies(Request) -> [{binary(), binary(), resp_cookie_opts()}] when Request :: request().


      


Returns the stashed response cookies (newest first), or [], plus the flash and
session cookies when warranted: a freshly put_flash/3-set flash serializes to a
signed Set-Cookie (a consumed incoming flash with no new one serializes to a
clearing cookie); a written session (put_session/3/delete_session/2) serializes
to an encrypted Set-Cookie (in store mode, the signed session id), a cleared one
(clear_session/1) to a clearing cookie, and an untouched session to nothing.
Transports flush this list verbatim.
A pure getter: it builds the cookie list and nothing else. In store mode the
matching store write/delete is commit_session/1, which the transports call at
response flush.

  



  
    
      
    
    
      resp_headers(Request)



        
          
        

    

  


  

      

          -spec resp_headers(Request) -> [{binary(), iodata()}] when Request :: request().


      


Returns the stashed response headers (newest first), or [].

  



  
    
      
    
    
      resp_status(Request)



        
          
        

    

  


  

      

          -spec resp_status(Request) -> resp_status() | undefined when Request :: request().


      


Returns the stashed response status, or undefined.

  



  
    
      
    
    
      scheme/1



        
          
        

    

  


  

      

          -spec scheme(request()) -> scheme().


      


Returns the scheme of the connection the request arrived on (http | https),
straight from the adapter -- eager, nothing to thread.
This is the transport's own view, so a deployment behind a TLS-terminating proxy
reports http even though the browser spoke HTTPS. Callers that need the
client-facing scheme (arizona_middleware:check_origin/2) fold in the proxy's
X-Forwarded-Proto header on top of this.

  



  
    
      
    
    
      session(Request)



        
          
        

    

  


  

      

          -spec session(Request) -> session() when Request :: request().


      


Returns the effective session for this request: the pending written state
(session_out) when it has been written this request, otherwise the incoming
session (session_in, #{} if not yet read). A view or controller sees the session
including its own writes.

  



  
    
      
    
    
      session_error(Request)



        
          
        

    

  


  

      

          -spec session_error(Request) -> {error, term()} | undefined when Request :: request().


      


Returns {error, Reason} when reading the server-side session failed this request, or
undefined when it did not.
Set in store mode when the store's get/1 answers {error, Reason} (the backing store
was unreachable) -- not for a genuinely absent, expired, or revoked session, nor a
tampered/forged cookie, all of which read as a signed-out request with no error. Lets an
app at the request boundary (a controller, or a middleware after fetch_session) log the
outage or serve a degraded response; the auth decision is unaffected, since a failed read
still yields an empty session. The {error, _} wrapper keeps any Reason (including
undefined) distinct from the no-error sentinel.

  



  
    
      
    
    
      session_id(Request)



        
          
        

    

  


  

      

          -spec session_id(Request) -> binary() | undefined when Request :: request().


      


Returns the opaque session id for this request in store mode (session_store
configured), or undefined in cookie mode or when there is no session yet. Apps can
record it to revoke the session later via the store's delete/1.

  



  
    
      
    
    
      set_raw(Req, Raw)



        
          
        

    

  


  

      

          -spec set_raw(request(), raw()) -> request().


      


Replaces the raw value inside Request and clears all lazy caches.
Useful after a transport-specific mutation (e.g. writing a reply on
halt) that returns an updated raw. Cached fields are dropped because
they may no longer reflect the new raw.

  



  
    
      
    
    
      user_agent(Req0)



        
          
        

    

  


  

      

          -spec user_agent(request()) -> {binary(), request()}.


      


Returns the User-Agent request header (or <<>> if absent).
A view that serves both browsers (HTML) and native apps (a native JSON tree)
reads this via an arizona_middleware:extract([user_agent]) middleware and
branches in render/1. Match it directly (you know your own native client's
UA), or classify it with the pure helpers in arizona_user_agent (browser/1,
os/1, mobile/1). The framework decides and injects nothing -- you own the
binding and the branch. For an explicit signal instead, send a query param and
extract it with arizona_middleware:extract([params]).

  


        

      


  

  
    
    arizona_route - arizona v0.4.0
    
    

    


  
  

    
arizona_route 
    



      
The kinds of route an Arizona route list holds, independent of any server.
An arizona_server adapter compiles each route into its server's own routing.
kind/1 names what a route is, so an adapter dispatches on one atom instead of
re-matching every tuple shape, and refuses a route it cannot serve with
unsupported/2 -- at route compilation, before a request could reach it, the
way arizona_controller:dispatch/3 refuses a reply kind the adapter cannot send.
	Kind	Route
	live	{live, Path, Handler, Opts}
	ws	{ws, Path, Opts}
	asset	{asset, Path, Source}, {asset, Path, Source, Opts}
	controller	{Verb, Path, Handler, Opts}, {match, Spec, Path, Handler, Opts}
	mcp	{mcp, Path, Handler, Opts}
	reload	{reload, Path, Opts}

live, ws, asset, and controller are what an application is built from,
and every adapter serves them. mcp (the Model Context Protocol endpoint) and
reload (the dev hot-reload event stream) are capabilities.
Route rules
What a route means does not depend on the server, so the rules live here and
every adapter's router compiles from them rather than restating them:
	methods/1 -- the method allowlist (GET implies HEAD; '*' is any).
	steps/1 -- the request pipeline, with the CSRF check_origin step first
unless the route opts out (check_origin => false).
	transforms/2 -- the HTTP response transforms, validated, with compression
outermost and on by default for pages and assets.
	live/2, controller/1, asset_dir/1 -- what each kind is served with.


      


      
        Summary


  
    Types
  


    
      
        build_opts()

      


    


    
      
        kind()

      


    


    
      
        methods()

      


    





  
    Functions
  


    
      
        asset_dir(Route)

      


        The directory an asset route serves, a priv_dir source resolved.



    


    
      
        controller(Route)

      


        What a controller route runs: the arizona_controller:route() that
arizona_controller:dispatch/3 takes. The mcp and reload kinds are
controllers too, behind no pipeline: arizona_mcp_handler gates its own
requests (origin, peer, auth hook) and answers its own 405, with the route's
handler module folded into its state; arizona_reload_controller is a dev
endpoint the page it serves opens itself.



    


    
      
        format_error(Reason, Stacktrace)

      


        Renders this module's errors. Picked up by erl_error via the error_info
annotation.



    


    
      
        kind(Route)

      


        The kind of Route. Raises {unknown_route, Route} for a term that is no
route: a route list is plain data a sys.config can spell by hand, so a typo
lands here rather than at a constructor.



    


    
      
        live(Route, BuildOpts)

      


        What a live route renders with: its handler, bindings, on_mount,
layouts, the pipeline steps/1, and the listener's error_page (default
{arizona_error_page, render}). An adapter's arizona_req:resolve_route/3
returns these, minus handler, as the route options.



    


    
      
        methods(Route)

      


        The method allowlist of Route. A page or asset answers GET and HEAD; a
controller its declared verbs, uppercased, HEAD added beside GET; a
{match, '*', ...} controller and the ws and mcp kinds any; a reload
route is an event stream, GET and HEAD.
'*' inside a method list raises wildcard_in_method_list: there it would
match no real method.



    


    
      
        path(Route)

      


        The path pattern of Route.



    


    
      
        steps(Route)

      


        The request pipeline of a live or controller route: its middlewares
steps, in order, behind the CSRF check_origin step unless the route sets
check_origin => false. HTTP response transforms are not steps
(transforms/2).



    


    
      
        transforms(Route, BuildOpts)

      


        The HTTP response transforms of Route, in the order they wrap the exchange
(first outermost). Each is validated, raising {unknown_http_transform, T} for
a hand-spelled typo. Compression is outermost wherever it is written, so an
etag always hashes the uncompressed body; a live or asset route also gets
it by default unless BuildOpts sets compress => false (an explicit
arizona_middleware:compress() on the route still applies).



    


    
      
        unsupported(Kind, Adapter)

      


        Raises {unsupported_route, Kind, Adapter}: what an adapter does, while
compiling its routes, with a route kind its server cannot serve -- so the
listener refuses to start instead of answering that path with something else.



    





      


      
        Types


        


  
    
      
    
    
      build_opts()



        
          
        

    

  


  

      

          -nominal build_opts() :: #{compress => boolean(), error_page => {module(), atom()}, _ => term()}.


      



  



  
    
      
    
    
      kind()



        
          
        

    

  


  

      

          -nominal kind() :: live | ws | asset | controller | mcp | reload.


      



  



  
    
      
    
    
      methods()



        
          
        

    

  


  

      

          -nominal methods() :: [binary()] | any.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      asset_dir(Route)



        
          
        

    

  


  

      

          -spec asset_dir(Route) -> file:filename_all() when Route :: term().


      


The directory an asset route serves, a priv_dir source resolved.

  



  
    
      
    
    
      controller(Route)



        
          
        

    

  


  

      

          -spec controller(Route) -> arizona_controller:route() when Route :: term().


      


What a controller route runs: the arizona_controller:route() that
arizona_controller:dispatch/3 takes. The mcp and reload kinds are
controllers too, behind no pipeline: arizona_mcp_handler gates its own
requests (origin, peer, auth hook) and answers its own 405, with the route's
handler module folded into its state; arizona_reload_controller is a dev
endpoint the page it serves opens itself.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Renders this module's errors. Picked up by erl_error via the error_info
annotation.

  



  
    
      
    
    
      kind(Route)



        
          
        

    

  


  

      

          -spec kind(Route) -> kind() when Route :: term().


      


The kind of Route. Raises {unknown_route, Route} for a term that is no
route: a route list is plain data a sys.config can spell by hand, so a typo
lands here rather than at a constructor.

  



  
    
      
    
    
      live(Route, BuildOpts)



        
          
        

    

  


  

      

          -spec live(Route, BuildOpts) -> Live
              when
                  Route :: term(),
                  BuildOpts :: build_opts(),
                  Live ::
                      #{handler := module(),
                        bindings := map(),
                        on_mount := arizona_live:on_mount(),
                        layouts := [arizona_render:layout()],
                        middlewares := [arizona_middleware:middleware()],
                        error_page := {module(), atom()}}.


      


What a live route renders with: its handler, bindings, on_mount,
layouts, the pipeline steps/1, and the listener's error_page (default
{arizona_error_page, render}). An adapter's arizona_req:resolve_route/3
returns these, minus handler, as the route options.

  



  
    
      
    
    
      methods(Route)



        
          
        

    

  


  

      

          -spec methods(Route) -> methods() when Route :: term().


      


The method allowlist of Route. A page or asset answers GET and HEAD; a
controller its declared verbs, uppercased, HEAD added beside GET; a
{match, '*', ...} controller and the ws and mcp kinds any; a reload
route is an event stream, GET and HEAD.
'*' inside a method list raises wildcard_in_method_list: there it would
match no real method.

  



  
    
      
    
    
      path(Route)



        
          
        

    

  


  

      

          -spec path(Route) -> binary() when Route :: term().


      


The path pattern of Route.

  



  
    
      
    
    
      steps(Route)



        
          
        

    

  


  

      

          -spec steps(Route) -> [arizona_middleware:middleware()] when Route :: term().


      


The request pipeline of a live or controller route: its middlewares
steps, in order, behind the CSRF check_origin step unless the route sets
check_origin => false. HTTP response transforms are not steps
(transforms/2).

  



  
    
      
    
    
      transforms(Route, BuildOpts)



        
          
        

    

  


  

      

          -spec transforms(Route, BuildOpts) -> [arizona_middleware:http_transform()]
                    when Route :: term(), BuildOpts :: build_opts().


      


The HTTP response transforms of Route, in the order they wrap the exchange
(first outermost). Each is validated, raising {unknown_http_transform, T} for
a hand-spelled typo. Compression is outermost wherever it is written, so an
etag always hashes the uncompressed body; a live or asset route also gets
it by default unless BuildOpts sets compress => false (an explicit
arizona_middleware:compress() on the route still applies).
An asset route runs no pipeline, so a step among its middlewares would
never run: it raises {asset_middleware_not_transform, Steps}.

  



  
    
      
    
    
      unsupported(Kind, Adapter)



        
          
        

    

  


  

      

          -spec unsupported(Kind, Adapter) -> no_return() when Kind :: kind(), Adapter :: module().


      


Raises {unsupported_route, Kind, Adapter}: what an adapter does, while
compiling its routes, with a route kind its server cannot serve -- so the
listener refuses to start instead of answering that path with something else.

  


        

      


  

  
    
    arizona_route_table - arizona v0.4.0
    
    

    


  
  

    
arizona_route_table 
    



      
A compiled Arizona route list and its matcher: the routing contract in
docs/adapters.md, for an adapter whose server's router cannot express it.
Cowboy's router, for one, has no method dimension, so it can neither dispatch a
path to several routes by verb nor build a 405's Allow set, and it answers a
miss itself. Such an adapter mounts one catch-all route and matches here, so
every adapter routes by the same rules. A server whose router does express them
(roadrunner) keeps its own.
compile/3 turns a route list into an ordered table, refusing what the contract
refuses: a route kind the adapter lacks (arizona_server:capabilities/0), a
*name followed by more segments, and a route the earlier ones fully shadow.
match/3: declaration order, first match wins; :name captures one segment and
*name the rest, percent-decoded; empty segments ignored; a path whose matching
routes all refuse the method answers method_not_allowed with the union of
their methods.

      


      
        Summary


  
    Types
  


    
      
        entry()

      


    


    
      
        segment()

      


    


    
      
        table()

      


    





  
    Functions
  


    
      
        allow(Path, Table)

      


        The Allow set a 405 on Path would carry, or [] when a route matching
it answers every method (no set can enumerate that).



    


    
      
        compile(Routes, BuildOpts, Adapter)

      


        Compiles Routes for the adapter Adapter. Raises arizona_route:unsupported/2
for a route kind Adapter lacks, {invalid_route_path, Path, wildcard_not_last}
for a *name followed by more segments, and {unreachable_route, Pos, Path, By}
for a route the earlier ones fully shadow.



    


    
      
        format_error(Reason, Stacktrace)

      


        Renders this module's route-compilation errors.



    


    
      
        match(Method, Path, Table)

      


        Matches a request. {ok, Entry, Bindings} for the first route matching both
path and method (bindings percent-decoded), {method_not_allowed, Allow} when
routes match the path but none allows the method, not_found otherwise.



    





      


      
        Types


        


  
    
      
    
    
      entry()



        
          
        

    

  


  

      

          -nominal entry() ::
             #{route := term(),
               kind := arizona_route:kind(),
               pattern := [segment()],
               methods := arizona_route:methods(),
               cors_options := boolean(),
               transforms := [arizona_middleware:http_transform()],
               target := term()}.


      



  



  
    
      
    
    
      segment()



        
          
        

    

  


  

      

          -nominal segment() :: {literal, binary()} | {param, binary()} | {wildcard, binary()}.


      



  



  
    
      
    
    
      table()



        
          
        

    

  


  

      

          -nominal table() :: [entry()].


      



  


        

      

      
        Functions


        


  
    
      
    
    
      allow(Path, Table)



        
          
        

    

  


  

      

          -spec allow(Path, Table) -> [binary()] when Path :: binary(), Table :: table().


      


The Allow set a 405 on Path would carry, or [] when a route matching
it answers every method (no set can enumerate that).

  



  
    
      
    
    
      compile(Routes, BuildOpts, Adapter)



        
          
        

    

  


  

      

          -spec compile(Routes, BuildOpts, Adapter) -> table()
                 when Routes :: [term()], BuildOpts :: arizona_route:build_opts(), Adapter :: module().


      


Compiles Routes for the adapter Adapter. Raises arizona_route:unsupported/2
for a route kind Adapter lacks, {invalid_route_path, Path, wildcard_not_last}
for a *name followed by more segments, and {unreachable_route, Pos, Path, By}
for a route the earlier ones fully shadow.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Renders this module's route-compilation errors.

  



  
    
      
    
    
      match(Method, Path, Table)



        
          
        

    

  


  

      

          -spec match(Method, Path, Table) ->
               {ok, entry(), #{binary() => binary() | [binary()]}} |
               {method_not_allowed, [binary()]} |
               not_found
               when Method :: binary(), Path :: binary(), Table :: table().


      


Matches a request. {ok, Entry, Bindings} for the first route matching both
path and method (bindings percent-decoded), {method_not_allowed, Allow} when
routes match the path but none allows the method, not_found otherwise.

  


        

      


  

  
    
    arizona_server - arizona v0.4.0
    
    

    


  
  

    
arizona_server behaviour
    



      
Behaviour for an HTTP/WebSocket server adapter: what boots, drains, stops, and
refreshes the routes of the listeners that serve Arizona.
Arizona ships no implementation: each lives in its own package
(arizona_roadrunner, arizona_cowboy). The application starts the server
env's listener through the adapter named by its required adapter key; every
other key of that map is the adapter's own options:
{arizona, [
    {server, #{
        adapter => arizona_roadrunner_server,
        drain_timeout => 5000,
        transport_opts => [{port, 4040}],
        routes => [...]
    }}
]}
drain_timeout is read by the application, not handed to the adapter.
Contract
An adapter is a callback module. It routes natively and must reproduce the
wire behaviour arizona_server_conformance_SUITE pins down; the request side
goes through an arizona_req adapter, the WebSocket through arizona_ws and
arizona_socket.
Each listener is reported to arizona_server_registry once it is up
(listener_up/3) and when it stops (listener_down/1), so a hot reload reaches
it (see recompile_routes/0) and the node's dev-mode signals follow its reload
and dev MCP routes. An adapter whose listeners are owned by another framework
reports them the same way.

      


      
        Summary


  
    Callbacks
  


    
      
        capabilities()

      


        What the adapter can do beyond the baseline every adapter serves: the
capability route kinds (arizona_route: mcp, reload) and controller reply
kinds (arizona_controller: stream, sendfile, loop) it supports. Core
refuses the rest before anything happens -- a route at route compilation, a
reply before the session commits. Omitted, every kind is supported.



    


    
      
        drain(Name, Timeout)

      


        Drains the listener named Name, then stops it like stop/1, waiting up to
Timeout milliseconds.



    


    
      
        notify_drain(Name, Timeout)

      


        Tells every live WebSocket session of the listener named Name to wind down,
as drain/2 does, without stopping the listener: it keeps accepting, so a
client that reconnects is served by it. This is the rolling-deploy drain: the
sessions move over while the node keeps answering, and the operator stops the
listener (or the node) later.



    


    
      
        recompile_routes()

      


        Recompiles the routes of every listener this adapter runs, from the route lists
they were started with. The dev reloader calls it after loading new code and
before broadcasting the reload, so a route term holding a fun from a reloaded
module is rebuilt before the purge can strand it. A listener that is gone is
skipped.



    


    
      
        start(Name, Opts)

      


        Starts a listener named Name from the adapter's options (the server env map
minus adapter and drain_timeout). Starts whatever applications the server
needs: Arizona lists none of them, so a server-less consumer never boots one.



    


    
      
        stop(Name)

      


        Stops the listener named Name at once, forgetting its routes. Returns
{error, not_found} when no such listener runs.



    





      


      
        Callbacks


        


  
    
      
    
    
      capabilities()


        (optional)


        
          
        

    

  


  

      

          -callback capabilities() -> #{routes := [mcp | reload], replies := [stream | sendfile | loop]}.


      


What the adapter can do beyond the baseline every adapter serves: the
capability route kinds (arizona_route: mcp, reload) and controller reply
kinds (arizona_controller: stream, sendfile, loop) it supports. Core
refuses the rest before anything happens -- a route at route compilation, a
reply before the session commits. Omitted, every kind is supported.

  



  
    
      
    
    
      drain(Name, Timeout)



        
          
        

    

  


  

      

          -callback drain(Name :: atom(), Timeout :: non_neg_integer()) -> ok | {error, not_found}.


      


Drains the listener named Name, then stops it like stop/1, waiting up to
Timeout milliseconds.
The listen socket closes and every live WebSocket session is told to wind down
by sending its live process {arizona_drain, Deadline}, where Deadline is an
erlang:monotonic_time(millisecond) value Timeout ahead. The live process
runs the view's handle_drain/2 and, by default, closes the socket 1001,
which clients reconnect from. Sessions still open at the deadline are killed.
Returns {error, not_found} when no such listener runs.

  



  
    
      
    
    
      notify_drain(Name, Timeout)



        
          
        

    

  


  

      

          -callback notify_drain(Name :: atom(), Timeout :: non_neg_integer()) -> ok | {error, not_found}.


      


Tells every live WebSocket session of the listener named Name to wind down,
as drain/2 does, without stopping the listener: it keeps accepting, so a
client that reconnects is served by it. This is the rolling-deploy drain: the
sessions move over while the node keeps answering, and the operator stops the
listener (or the node) later.
Deadline in {arizona_drain, Deadline} is Timeout milliseconds ahead, as
in drain/2; nothing enforces it, so a view that stays alive past it stays.
Returns {error, not_found} when no such listener runs.

  



  
    
      
    
    
      recompile_routes()



        
          
        

    

  


  

      

          -callback recompile_routes() -> ok.


      


Recompiles the routes of every listener this adapter runs, from the route lists
they were started with. The dev reloader calls it after loading new code and
before broadcasting the reload, so a route term holding a fun from a reloaded
module is rebuilt before the purge can strand it. A listener that is gone is
skipped.

  



  
    
      
    
    
      start(Name, Opts)



        
          
        

    

  


  

      

          -callback start(Name :: atom(), Opts :: map()) -> {ok, pid()} | {error, Reason :: term()}.


      


Starts a listener named Name from the adapter's options (the server env map
minus adapter and drain_timeout). Starts whatever applications the server
needs: Arizona lists none of them, so a server-less consumer never boots one.

  



  
    
      
    
    
      stop(Name)



        
          
        

    

  


  

      

          -callback stop(Name :: atom()) -> ok | {error, not_found}.


      


Stops the listener named Name at once, forgetting its routes. Returns
{error, not_found} when no such listener runs.
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arizona_server_registry 
    



      
The arizona_server adapters that have run a listener in this node, and the
listeners running now with their routes.
An adapter reports each listener it starts (listener_up/3) and stops
(listener_down/1). From that the registry:
	asks every adapter that ran a listener to recompile its routes after a dev
reload (recompile_routes/0), which is how a listener started outside the
server env -- by hand, by a test, or by another framework that owns it --
still gets its routes refreshed;
	keeps the node's dev-mode signals in step with the routes running: the
{reload, ...} route's path (arizona_reload_url, which turns on the rich
error page and the checked render) and whether a dev MCP route is mounted
(arizona_dev_mcp_route, read by arizona_reloader:enabled/0). A dev
listener that stops takes them along, so a production listener started
later in the same node never serves the dev error page.

Everything lives in persistent_terms, so it needs no process: a node that
never starts a server pays nothing, and readers never call. An adapter is never
unregistered; one with no listener left recompiles nothing.

      


      
        Summary


  
    Functions
  


    
      
        adapters()

      


        The registered adapters, most recently registered first.



    


    
      
        capabilities(Adapter)

      


        Adapter's capabilities (arizona_server:capabilities/0); every kind when it
does not declare them.



    


    
      
        listener_down(Name)

      


        Reports that the listener Name stopped: its routes stop counting toward the
dev-mode signals, handed back to a listener still running that carries them,
or cleared. Harmless for a name that was not up.



    


    
      
        listener_up(Adapter, Name, Routes)

      


        Reports that Adapter started the listener Name serving Routes: registers
the adapter and turns on the dev-mode signals the routes carry. Called once the
listener is up, so a failed start leaves nothing behind.



    


    
      
        recompile_routes()

      


        Asks every registered adapter to recompile its listeners' routes.



    





      


      
        Functions


        


  
    
      
    
    
      adapters()



        
          
        

    

  


  

      

          -spec adapters() -> [module()].


      


The registered adapters, most recently registered first.

  



  
    
      
    
    
      capabilities(Adapter)



        
          
        

    

  


  

      

          -spec capabilities(Adapter) -> #{routes := [mcp | reload], replies := [stream | sendfile | loop]}
                      when Adapter :: module().


      


Adapter's capabilities (arizona_server:capabilities/0); every kind when it
does not declare them.

  



  
    
      
    
    
      listener_down(Name)



        
          
        

    

  


  

      

          -spec listener_down(Name) -> ok when Name :: atom().


      


Reports that the listener Name stopped: its routes stop counting toward the
dev-mode signals, handed back to a listener still running that carries them,
or cleared. Harmless for a name that was not up.

  



  
    
      
    
    
      listener_up(Adapter, Name, Routes)



        
          
        

    

  


  

      

          -spec listener_up(Adapter, Name, Routes) -> ok
                     when Adapter :: module(), Name :: atom(), Routes :: [term()].


      


Reports that Adapter started the listener Name serving Routes: registers
the adapter and turns on the dev-mode signals the routes carry. Called once the
listener is up, so a failed start leaves nothing behind.

  



  
    
      
    
    
      recompile_routes()



        
          
        

    

  


  

      

          -spec recompile_routes() -> ok.


      


Asks every registered adapter to recompile its listeners' routes.
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arizona_session 
    



      
Encrypted, durable session cookie codec.
A session is a small map of state carried across requests in a dedicated cookie.
The cookie is encrypted (AES-256-GCM, via arizona_crypto) with the arizona
secret_key application env and stamped with an absolute expiry, so a client can
neither read, forge, nor outlive it. Unlike arizona_flash, a session is
durable: a plain read does not consume or re-emit it. The cookie is rewritten
only when the app writes the session (arizona_req:put_session/3,
delete_session/2) and cleared only on arizona_req:clear_session/1 (logout).
This module owns the wire format: encode/decode the payload and build the
Set-Cookie tuples. arizona_req integrates it into the request/response stash
(put_session/3, session/1, read_session/1, ...), and the
arizona_middleware:fetch_session/2 step reads it into the session binding.
The cookie is encrypted, so its contents are hidden from the client -- but it still
lives on the client and a cookie store cannot be revoked before its expiry. Keep
sessions small (an id plus light state, well under the ~4KB cookie limit); a
server-side store is the place for large, long-lived, or instantly-revocable state.
Configuration (arizona app env)
	secret_key -- required (see arizona_crypto); the encryption key.
	session_max_age -- cookie lifetime in seconds (default 7 days).
	session_secure -- Secure cookie flag (default false). Set this to true in
production so the session cookie is only sent over HTTPS. It defaults to false
because a Secure cookie is silently dropped over plain HTTP -- breaking local dev
with no error -- and a deployment behind a TLS-terminating proxy can't be auto-detected.
Treat enabling it as a deploy-checklist item (mirroring flash_secure). Enabling it
also switches the cookie to the __Host-az_session name (see cookie_name/0), whose
browser-enforced __Host- prefix closes sibling-subdomain cookie tossing.
	session_max_bytes -- max serialized Set-Cookie line size, name and attributes
included (default 4096, what browsers count against their ~4KB cap); encode/1
errors with {session_too_large, Size, Limit} past it rather than letting the
browser drop it.
	session_store -- opt into a server-side store (an arizona_session_store module, e.g.
arizona_session_store_ets); the cookie then carries only a signed opaque id (encode_id/1,
decode_id/1, set_cookie_id/1) and the map lives in the store, enabling revocation and
large state. Unset (the default) keeps the encrypted cookie store. The mode switch is in
arizona_req. The id is signed with the same session_max_age expiry the cookie and the
store entry carry, so expiry never rests on the store alone.


      


      
        Summary


  
    Functions
  


    
      
        clear_cookie()

      


        The Set-Cookie tuple that clears the session (logout).



    


    
      
        cookie_name()

      


        The session cookie name: az_session, or __Host-az_session when
session_secure is enabled.



    


    
      
        decode(Value)

      


        Decodes and authenticates a cookie value into a session map, returning #{} when
the value is tampered, malformed, or its baked-in expiry has passed.



    


    
      
        decode_id(Value)

      


        Recovers a session id from a cookie value, returning error if tampered,
malformed, expired, or signed under another purpose.



    


    
      
        encode(Session)

      


        Encodes a session map into an encrypted cookie value with a baked-in absolute
expiry (max_age/0 seconds from now). Errors if secret_key is unset, or with
{session_too_large, Size, Limit} if the serialized Set-Cookie line -- the
cookie name, the encoded value, and the attributes, which is what browsers count
against their ~4KB cap -- exceeds session_max_bytes (default 4096): a loud
failure at write time instead of a cookie the browser silently drops.



    


    
      
        encode_id(Id)

      


        Signs a session id into the cookie value (the id is not secret, just unforgeable),
with a max_age/0 expiry baked into the signature. The store entry carries the
same TTL, so the crypto expiry costs a live session nothing -- it is the backstop
for the case where the store's own expiry does not fire (a custom backend that
ignores its TtlSecs, a restored backup, a clock jump), which would otherwise let
a captured cookie resolve to a live session forever.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats arizona_session runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation at the raise site.



    


    
      
        key/1

      


        Normalizes a session key (an atom is converted to a binary).



    


    
      
        max_age()

      


        The configured session lifetime in seconds (session_max_age, default 7 days). The
cookie max-age, the encrypted-payload TTL, and a server-side store entry's TTL are all
this value, so browser and server expiry agree.



    


    
      
        new_id()

      


        A fresh opaque session id (128 random bits, lowercase hex).



    


    
      
        resp_cookie(SessionOut, Dirty)

      


        The session Set-Cookie a response should carry, given the desired next-state
session and whether it was written this request (Dirty). Durable semantics: a
clean request (untouched) emits none so the client keeps its cookie; a dirty
non-empty session is freshly encrypted and set; a dirty empty session (logout)
clears the cookie.



    


    
      
        set_cookie(Session)

      


        The Set-Cookie tuple that carries Session to the next request.



    


    
      
        set_cookie_id(Id)

      


        The Set-Cookie tuple carrying the signed session Id (store mode).



    





      


      
        Functions


        


  
    
      
    
    
      clear_cookie()



        
          
        

    

  


  

      

          -spec clear_cookie() -> {binary(), binary(), arizona_req:resp_cookie_opts()}.


      


The Set-Cookie tuple that clears the session (logout).

  



  
    
      
    
    
      cookie_name()



        
          
        

    

  


  

      

          -spec cookie_name() -> binary().


      


The session cookie name: az_session, or __Host-az_session when
session_secure is enabled.
The __Host- prefix makes the browser refuse to store the cookie unless it is
Secure, Path=/, and Domain-less -- all of which the session cookie already
is when session_secure is on. That closes sibling-subdomain cookie tossing: a
compromised evil.example.com can plant an az_session cookie for
.example.com scoped to a more specific Path, which browsers order ahead of
the real cookie -- and a planted (validly encrypted, attacker-minted) session
would survive login rotation. A __Host- cookie cannot be set with a Domain
at all, so no sibling host can shadow it. Read and write sides both resolve the
name here, so they always agree.

  



  
    
      
    
    
      decode(Value)



        
          
        

    

  


  

      

          -spec decode(Value) -> arizona_req:session() when Value :: binary().


      


Decodes and authenticates a cookie value into a session map, returning #{} when
the value is tampered, malformed, or its baked-in expiry has passed.

  



  
    
      
    
    
      decode_id(Value)



        
          
        

    

  


  

      

          -spec decode_id(Value) -> {ok, binary()} | error when Value :: binary().


      


Recovers a session id from a cookie value, returning error if tampered,
malformed, expired, or signed under another purpose.

  



  
    
      
    
    
      encode(Session)



        
          
        

    

  


  

      

          -spec encode(Session) -> binary() when Session :: arizona_req:session().


      


Encodes a session map into an encrypted cookie value with a baked-in absolute
expiry (max_age/0 seconds from now). Errors if secret_key is unset, or with
{session_too_large, Size, Limit} if the serialized Set-Cookie line -- the
cookie name, the encoded value, and the attributes, which is what browsers count
against their ~4KB cap -- exceeds session_max_bytes (default 4096): a loud
failure at write time instead of a cookie the browser silently drops.

  



  
    
      
    
    
      encode_id(Id)



        
          
        

    

  


  

      

          -spec encode_id(Id) -> binary() when Id :: binary().


      


Signs a session id into the cookie value (the id is not secret, just unforgeable),
with a max_age/0 expiry baked into the signature. The store entry carries the
same TTL, so the crypto expiry costs a live session nothing -- it is the backstop
for the case where the store's own expiry does not fire (a custom backend that
ignores its TtlSecs, a restored backup, a clock jump), which would otherwise let
a captured cookie resolve to a live session forever.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats arizona_session runtime errors into a human-readable message. Picked up
by erl_error:format_exception/3 via the error_info annotation at the raise site.

  



  
    
      
    
    
      key/1



        
          
        

    

  


  

      

          -spec key(atom() | binary()) -> binary().


      


Normalizes a session key (an atom is converted to a binary).

  



  
    
      
    
    
      max_age()



        
          
        

    

  


  

      

          -spec max_age() -> non_neg_integer().


      


The configured session lifetime in seconds (session_max_age, default 7 days). The
cookie max-age, the encrypted-payload TTL, and a server-side store entry's TTL are all
this value, so browser and server expiry agree.

  



  
    
      
    
    
      new_id()



        
          
        

    

  


  

      

          -spec new_id() -> binary().


      


A fresh opaque session id (128 random bits, lowercase hex).

  



  
    
      
    
    
      resp_cookie(SessionOut, Dirty)



        
          
        

    

  


  

      

          -spec resp_cookie(SessionOut, Dirty) -> {binary(), binary(), arizona_req:resp_cookie_opts()} | none
                     when SessionOut :: arizona_req:session(), Dirty :: boolean().


      


The session Set-Cookie a response should carry, given the desired next-state
session and whether it was written this request (Dirty). Durable semantics: a
clean request (untouched) emits none so the client keeps its cookie; a dirty
non-empty session is freshly encrypted and set; a dirty empty session (logout)
clears the cookie.

  



  
    
      
    
    
      set_cookie(Session)



        
          
        

    

  


  

      

          -spec set_cookie(Session) -> {binary(), binary(), arizona_req:resp_cookie_opts()}
                    when Session :: arizona_req:session().


      


The Set-Cookie tuple that carries Session to the next request.

  



  
    
      
    
    
      set_cookie_id(Id)



        
          
        

    

  


  

      

          -spec set_cookie_id(Id) -> {binary(), binary(), arizona_req:resp_cookie_opts()} when Id :: binary().


      


The Set-Cookie tuple carrying the signed session Id (store mode).

  


        

      


  

  
    
    arizona_session_store - arizona v0.4.0
    
    

    


  
  

    
arizona_session_store behaviour
    



      
Behaviour for a server-side session store.
In store mode (the session_store application env names an implementing module),
the az_session cookie carries only a signed opaque id and the session map lives
here -- enabling revocation (delete/1), large/secret state, and data the client
never sees. The framework generates the id (arizona_session:new_id/0) and passes
it in; an implementation only persists by id.
arizona_session_store_ets is the default in-memory implementation; apps can
provide their own (Redis, Mnesia, a database) for multi-node deployments. Modelled
on Plug.Session.Store.
An implementation may export child_spec/0 to be supervised under arizona_sup
(the ETS store returns its gen_server spec); a backend that manages its own
process (e.g. an external connection pool) can omit it.

      


      
        Summary


  
    Callbacks
  


    
      
        child_spec()

      


        Optional child spec so arizona_sup supervises the backend (e.g. an ETS owner).



    


    
      
        delete(Id)

      


        Removes the session for Id (revocation/logout). A no-op when absent.



    


    
      
        get(Id)

      


        Fetches the session for Id.



    


    
      
        put(Id, Session, TtlSecs)

      


        Stores Session under Id with a TtlSecs lifetime, overwriting any prior value.



    





      


      
        Callbacks


        


  
    
      
    
    
      child_spec()


        (optional)


        
          
        

    

  


  

      

          -callback child_spec() -> supervisor:child_spec().


      


Optional child spec so arizona_sup supervises the backend (e.g. an ETS owner).

  



  
    
      
    
    
      delete(Id)



        
          
        

    

  


  

      

          -callback delete(Id :: binary()) -> ok.


      


Removes the session for Id (revocation/logout). A no-op when absent.

  



  
    
      
    
    
      get(Id)



        
          
        

    

  


  

      

          -callback get(Id :: binary()) -> {ok, arizona_req:session()} | no_session | {error, Reason :: term()}.


      


Fetches the session for Id.
	{ok, Session} -- found.
	no_session -- there is no valid session: no such id, expired, or revoked (return
no_session for any of these, not {error, ...} -- a tagged error is read as a store
failure). Reads as a signed-out request; a later write mints a fresh id rather than
resurrecting a revoked one.
	{error, Reason} -- the backing store could not be reached (a database outage, a
connection-pool timeout). Still reads as an empty session (a failed read must never
grant access), but the framework records Reason on the request so an app can observe
it (arizona_req:session_error/1) -- distinct from absence.

no_session names the outcome (no session), not the cause, so the same answer covers a
never-stored id, an expired one, and a revoked one. A backend with an infallible read (like
the in-memory arizona_session_store_ets) only ever returns {ok, _} | no_session; the
{error, Reason} answer is for backends with a fallible transport.

  



  
    
      
    
    
      put(Id, Session, TtlSecs)



        
          
        

    

  


  

      

          -callback put(Id :: binary(), Session :: arizona_req:session(), TtlSecs :: pos_integer()) -> ok.


      


Stores Session under Id with a TtlSecs lifetime, overwriting any prior value.
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arizona_session_store_ets 
    



      
In-memory arizona_session_store backed by a public ETS table.
A supervised gen_server owns the table (created in init/1, so it outlives
request churn) and runs a periodic sweep that reaps expired rows; get/1/put/3/
delete/1 are direct ETS operations from the calling request process, so the owner
is never on the hot path. Rows are {Id, Session, ExpiresAt} with ExpiresAt in
absolute seconds; get/1 also lazily drops a row it finds past its deadline.
Single-node and in-memory: the table is local and owned by this process, so a restart
of the owner drops every session. For multi-node or restart-survival, provide an
arizona_session_store backed by a shared/persistent store (Redis, Mnesia). Config:
session_store_sweep_ms (default 60000).

      


      
        Summary


  
    Types
  


    
      
        state()

      


    





  
    Functions
  


    
      
        child_spec()

      


        The supervised child spec (the table-owning sweeper). Used by arizona_sup.



    


    
      
        delete(Id)

      


        Removes the session for Id.



    


    
      
        get(Id)

      


        Fetches the session for Id, dropping and reporting no_session for an expired row.



    


    
      
        handle_call(Request, From, State)

      


    


    
      
        handle_cast(Msg, State)

      


    


    
      
        handle_info/2

      


    


    
      
        init/1

      


    


    
      
        put(Id, Session, TtlSecs)

      


        Stores Session under Id for TtlSecs seconds, overwriting any prior value.



    


    
      
        start_link()

      


        Starts the table owner / sweeper under the well-known name arizona_session_store_ets.



    





      


      
        Types


        


  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -type state() :: #state{}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_spec()



        
          
        

    

  


  

      

          -spec child_spec() -> supervisor:child_spec().


      


The supervised child spec (the table-owning sweeper). Used by arizona_sup.

  



  
    
      
    
    
      delete(Id)



        
          
        

    

  


  

      

          -spec delete(Id) -> ok when Id :: binary().


      


Removes the session for Id.

  



  
    
      
    
    
      get(Id)



        
          
        

    

  


  

      

          -spec get(Id) -> {ok, arizona_req:session()} | no_session when Id :: binary().


      


Fetches the session for Id, dropping and reporting no_session for an expired row.

  



  
    
      
    
    
      handle_call(Request, From, State)



        
          
        

    

  


  

      

          -spec handle_call(term(), gen_server:from(), state()) -> {reply, ok, state()}.


      



  



  
    
      
    
    
      handle_cast(Msg, State)



        
          
        

    

  


  

      

          -spec handle_cast(term(), state()) -> {noreply, state()}.


      



  



  
    
      
    
    
      handle_info/2



        
          
        

    

  


  

      

          -spec handle_info(term(), state()) -> {noreply, state()}.


      



  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init(map()) -> {ok, state()}.


      



  



  
    
      
    
    
      put(Id, Session, TtlSecs)



        
          
        

    

  


  

      

          -spec put(Id, Session, TtlSecs) -> ok
             when Id :: binary(), Session :: arizona_req:session(), TtlSecs :: pos_integer().


      


Stores Session under Id for TtlSecs seconds, overwriting any prior value.

  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> gen_server:start_ret().


      


Starts the table owner / sweeper under the well-known name arizona_session_store_ets.
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arizona_socket 
    



      
Bridges a WebSocket frame stream with the live process.
The server adapter's WebSocket handler creates a socket
via init/4, then forwards inbound text frames to handle_in/2 and
inbox messages to handle_info/2. Each call returns a result tuple
that the transport translates into WebSocket frames or close codes.
Wire protocol
Inbound text frames are JSON arrays:
[~"cached_fps", FpList]                           %% client tells us which fingerprints it has
[~"navigate", #{~"path" := Path, ~"qs" := Qs}]    %% SPA navigation request
[ViewId, Event, Payload]                          %% UI event
~"0"                                              %% ping (replied with ~"1")
Outbound text frames are JSON maps with keys ~"o" (ops), ~"e"
(effects), and/or ~"a" (newly proven az-* attribute names -- the connect
frame carries the compile-time walk of the route's handler and layouts, any
later frame only the per-socket delta; see arizona_event_attrs). ~"o" and
~"e" are arrays produced by arizona_diff and arizona_js respectively.
Exit handling
The live process is linked. Exits map to WebSocket close codes:
	normal, shutdown, {shutdown, _other_} -- graceful close
1000. Client does NOT auto-reconnect (treats it as a deliberate
end of session).
	{shutdown, drain} -- graceful close 1001 ("going away"). Client
auto-reconnects via the form-state-preserving path; new live
process mounts against the new server version. A frame whose call
into the live process finds it gone (a drain landing while the frame
is in flight) is dropped, and the close comes from the queued exit,
after any push the process sent before exiting -- a drain's effects
among them.
	Anything else (including raises in handle_in/2 and handle_info/2,
among them a frame that cannot be encoded) -- crash close 4500: the
view crashed after it mounted. Client remounts it in place by reconnecting.

In dev mode (arizona_reloader:enabled/0) the socket also joins the reloader
topic and closes 1001 on {arizona_reloader, reload}, whatever the client:
funs held in the view's state (a stream's key fun, a fun prop) point into code
a second reload purges, so the client reconnects and remounts on fresh code.
A failure to mount the view closes 4501 instead, whatever the exit: the
connect's mount (init/4), a reconnect's deferred resync mount, and a
navigate -- each up to the frame that delivers the view.
The page itself may be stale (a deploy changed the route or the assets), so
the client reloads it after a jittered delay.

      


      
        Summary


  
    Types
  


    
      
        result()

      


    


    
      
        socket()

      


    





  
    Functions
  


    
      
        drain(Socket, Deadline)

      


        Tells the socket's live process its listener is draining, as
{arizona_drain, Deadline} (Deadline an erlang:monotonic_time(millisecond)
value): the view's handle_drain/2 runs and, by default, the socket closes
1001, which clients reconnect from. A socket built without a live process
(a test fixture) has nothing to tell.



    


    
      
        handle_in(Frame, Socket)

      


        Handles an inbound text frame.



    


    
      
        handle_info(Info, Socket)

      


        Handles inbox messages forwarded by the transport.



    


    
      
        init(Handler, Bindings, Req, Opts)

      


        Creates a socket for Handler with the given Bindings and Req,
and starts its live process.



    


    
      
        live_pid/1

      


        Returns the live process pid backing this socket, or undefined if
the socket was constructed without one (test fixtures).



    





      


      
        Types


        


  
    
      
    
    
      result()



        
          
        

    

  


  

      

          -nominal result() ::
             {ok, socket()} |
             {reply, iodata(), socket()} |
             {reply_many, [iodata()], socket()} |
             {close, pos_integer(), binary(), socket()}.


      



  



  
    
      
    
    
      socket()



        
          
        

    

  


  

      

          -opaque socket()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      drain(Socket, Deadline)



        
          
        

    

  


  

      

          -spec drain(Socket, Deadline) -> ok when Socket :: socket(), Deadline :: integer().


      


Tells the socket's live process its listener is draining, as
{arizona_drain, Deadline} (Deadline an erlang:monotonic_time(millisecond)
value): the view's handle_drain/2 runs and, by default, the socket closes
1001, which clients reconnect from. A socket built without a live process
(a test fixture) has nothing to tell.

  



  
    
      
    
    
      handle_in(Frame, Socket)



        
          
        

    

  


  

      

          -spec handle_in(Frame, Socket) -> result() when Frame :: binary(), Socket :: socket().


      


Handles an inbound text frame.
While a deferred reconnect resync is pending (fps_follow, see init/4),
the FIRST frame settles it: the promised [~"cached_fps", FpList] seeds
the fingerprints and the resync replies deduped; any other frame flushes
the resync undeduped first, its own reply following in the same result
(reply_many), so no frame ever reaches the still-unmounted live process.
Recognized payloads:
	~"0" -- ping, replied with ~"1"
	[~"cached_fps", FpList] -- seeds fingerprints into the live process
	[~"navigate", #{~"path" := Path, ~"qs" := Qs}] -- SPA navigation (replace)
	[~"patch", #{~"path" := Path, ~"qs" := Qs}] -- in-place SPA navigation
	[ViewId, Event, Payload] -- UI event dispatch (Event a binary,
Payload a map)

Unrecognized payloads, and frames whose body is not valid JSON, are
silently dropped (a single bad frame must not crash the socket). An event
frame whose Payload is not a map is dropped the same way, so a crafted
non-map payload can't reach a #{...}-matching handler and crash it.

  



  
    
      
    
    
      handle_info(Info, Socket)



        
          
        

    

  


  

      

          -spec handle_info(Info, Socket) -> result() when Info :: term(), Socket :: socket().


      


Handles inbox messages forwarded by the transport.
Routes {arizona_push, ViewId, Ops, Effects} from the live process into
a reply frame, its ops tagged with the view id the push names. A push the old
page emitted before a navigate this socket drives never gets here: its ops are
folded into the navigate's frame ahead of the replace and its effects dropped
(drain_pending_pushes/1). Handles
'EXIT' from the linked live process per the mapping in this module's
"Exit handling" section.

  



  
    
      
    
    
      init(Handler, Bindings, Req, Opts)



        
          
        

    

  


  

      

          -spec init(Handler, Bindings, Req, Opts) -> result()
              when Handler :: module(), Bindings :: map(), Req :: az:request(), Opts :: map().


      


Creates a socket for Handler with the given Bindings and Req,
and starts its live process.
Opts may include:
	reconnect -- if true, renders the page and replies with an
?OP_REPLACE op (used when the client is reconnecting after a
network drop)
	fps_follow -- if true (with reconnect), the client promised its
cached_fps frame as the first frame after open, so the resync render
is DEFERRED until that frame arrives and its payload dedups statics
against the announced fingerprints -- the difference between re-shipping
a full page's statics to every client of a deploy-drain reconnect storm
and shipping roughly the dynamics. A backstop timer
(?RESYNC_TIMEOUT_MS) flushes the resync undeduped for a flagged
client that never sends the frame; a client without the flag (a native
client, any non-announcing one) keeps the immediate resync -- zero
penalty.
	on_mount -- list of arizona_live:on_mount/0 hooks
	layouts -- the route's arizona_render:layout/0 list, i.e. what
wrapped this page at SSR. A later navigate/patch to a route whose
layouts differ cannot be served over the wire and degrades to a
full-page navigation

The route adapter (used by SPA navigate to resolve new routes) is
recovered from Req itself via arizona_req:adapter/1.

  



  
    
      
    
    
      live_pid/1



        
          
        

    

  


  

      

          -spec live_pid(socket()) -> pid() | undefined.


      


Returns the live process pid backing this socket, or undefined if
the socket was constructed without one (test fixtures).
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arizona_sse 
    



      
Server-Sent Events framing, independent of any server: what a controller loop
reply pushes (arizona_controller).
Field values that must stay on one line (an event name, an id, a comment) raise
{sse_line_break, Field, Value} on a CR or LF rather than splitting the event: a
value echoed from user input could otherwise inject an event:, id: or
retry: field. data may span lines; it is split on every line break a client
recognises (CR, LF, CRLF) into one data: line each.

      


      
        Summary


  
    Functions
  


    
      
        comment(Text)

      


        A comment line, unseen by the client's handlers: a keep-alive through proxies.



    


    
      
        event(Name, Data)

      


        A named event with a data payload.



    


    
      
        event(Name, Data, Id)

      


        A named event with an id (what a reconnecting client resumes from).



    





      


      
        Functions


        


  
    
      
    
    
      comment(Text)



        
          
        

    

  


  

      

          -spec comment(Text) -> iodata() when Text :: binary().


      


A comment line, unseen by the client's handlers: a keep-alive through proxies.

  



  
    
      
    
    
      event(Name, Data)



        
          
        

    

  


  

      

          -spec event(Name, Data) -> iodata() when Name :: binary(), Data :: binary().


      


A named event with a data payload.

  



  
    
      
    
    
      event(Name, Data, Id)



        
          
        

    

  


  

      

          -spec event(Name, Data, Id) -> iodata() when Name :: binary(), Data :: binary(), Id :: binary().


      


A named event with an id (what a reconnecting client resumes from).
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arizona_stateful behaviour
    



      
Behaviour for stateful Arizona handlers.
A stateful handler owns a piece of UI with its own bindings, lifecycle,
and event handling. The framework instantiates one set of bindings per
mounted instance and re-renders / diffs against that instance whenever
its bindings change. The same behaviour serves both route-level pages
(spawned as a live-process root, with request data supplied as bindings
by the transport via arizona_middleware:extract/1 middlewares) and
embedded components (instantiated from a parent template via
?stateful(Handler, Props)).
Handlers include arizona_stateful.hrl, which sets the behaviour and
enables the parse transform that compiles ?html(...) calls in
render/1 into optimized template maps.
Required callbacks
	mount/1 -- runs once on instance creation; returns initial bindings
plus any reset values
	render/1 -- returns the template for the current bindings; called
on first render and after any change

Optional callbacks
	handle_event/3 -- responds to client events
	handle_info/2 -- responds to mailbox messages
	handle_update/3 -- reacts to new props (from a parent re-render or a
patch navigation), threading the effect accumulator
	handle_drain/2 -- coordinates a graceful shutdown before the live
process exits (see "Graceful drain" below)
	unmount/1 -- cleanup hook on instance removal

Resets and effects
Resets is a map of binding values that should be re-applied on top
of any modifications made by the handler -- typically used to clear
form fields or transient flags after they've been processed.
Effects is a list of arizona_effect:cmd/0 to run client-side after
the diff is applied (e.g. focus a field, dispatch a custom event).
Only the live-only callbacks carry effects. An effect is a command sent
over the WebSocket, so it needs a connected client to receive it -- and
mount/1 and render/1 also run on the request-free SSR path, where there is
none. The split follows from that: handle_event/3, handle_info/2,
handle_update/3 and handle_drain/2 never run at SSR and all return effects;
mount/1 runs on both paths and returns none (mount_ret/0 is
{Bindings, Resets}).
For a mount-time effect, self-cast from mount/1 and answer in
handle_info/2, which is live-only and does carry effects:
mount(_Bindings0) ->
    Bindings = #{id => ~"page"},
    ?connected andalso ?send(arizona_connected),
    {Bindings, #{}}.

handle_info(arizona_connected, Bindings) ->
    {Bindings, #{}, [arizona_js:set_title(~"Ready")]}.
The ?connected guard is load-bearing. ?send is self() ! Msg: inside a live
process that self-delivers and reaches handle_info/2, but at SSR self() is
the request process, whose mailbox nothing ever reads -- so an unguarded send is
silently dropped, with no crash to point at it.
This is also how a navigate gets a mount-time effect. A navigate remounts, and
mount/1 has no effects slot, so the effect arrives as its own pushed frame
rather than folded into the navigate reply.
Graceful drain
When the server adapter drains its listener (arizona_server:
notify_drain/2 during a rolling deploy, which leaves the listener
serving, or drain/2 for a full listener shutdown), each
live handler's optional handle_drain/2 runs. If a handler doesn't
export it, the framework defaults to exiting the live process with reason
{shutdown, drain} so the WebSocket closes with code 1001 (going
away). The JS client auto-reconnects (preserving any form state)
and the new live process mounts against the new server version.
To push a client-side indicator before closing:
handle_drain(Deadline, Bindings) ->
    Remaining = Deadline - erlang:monotonic_time(millisecond),
    {stop, Bindings, [
        arizona_js:dispatch_event(~"draining",
                                  #{~"ms_remaining" => Remaining})
    ]}.
To stay alive past drain (e.g. a long-running export the user
explicitly chose to finish), return {Bindings, Resets, Effects}
like a normal handle_info/2. Return ok to acknowledge without
state change.
One exception -- a drain that lands before the view mounted. A
reconnecting client that promised its cached fingerprints
(_az_fps_follow) leaves the live process deliberately unmounted until
that frame arrives, and a deploy-drain broadcast is exactly what tends
to land in that window. handle_drain/2 does not run there: it
takes the handler's own bindings, and pre-mount those are still the raw
route bindings (route config plus middleware enrichments) that mount/1
never turned into the handler's own state -- a callback head
destructuring its mount keys would raise unhandled_drain and close
4500 instead of 1001. The live process takes the same default an
unexported callback gets (exit {shutdown, drain}), so the client's
form-state-preserving reconnect still runs. Nothing is lost: nothing has
been rendered for that connection to coordinate about, and the client is
mid-reconnect already.
handle_drain/2 vs unmount/1
Both run during a graceful shutdown, but they answer different
questions and run at different points in the lifecycle:
		handle_drain/2	unmount/1
	When	Before any exit decision	After the process decides to exit
	Triggered by	Listener drain broadcast only	Any exit -- crash, normal, shutdown, drain
	Can prevent exit?	Yes ({B, R, E} keeps the handler alive)	No, process is dying
	Can push client effects?	Yes, reliably before close	Racy / unreliable
	Has a deadline?	Yes (integer ms timestamp)	No
	Purpose	Coordinate with the client	Local cleanup

They compose: a deploy-time drain runs handle_drain/2 first, then
(if it returned {stop, ...} or wasn't exported) the live process
exits normal and unmount/1 runs during terminate. Both are
optional; implement either, both, or neither.
Sequence on a deploy drain when both are implemented:
	The server adapter sends the live process {arizona_drain, Deadline}.
	Live process's handle_drain/2 runs -- e.g. pushes a
"reconnecting" indicator and returns {stop, B, Effects}.
	Push frame leaves the WS session toward the client.
	Live process exits with reason {shutdown, drain}; terminate/2
calls unmount/1 for cleanup (unsub pubsub, release ETS, etc.).
	WS session observes the exit and sends close code 1001.
	Client auto-reconnects to the new server version.

Why unmount/1 can't replace handle_drain/2: by the time
unmount/1 fires the process is exiting; messages sent from it
race the close frame. handle_drain/2 runs while the process is
fully alive, so push-before-close ordering is reliable in practice
on a single node (the framework sends the push from the live
process before returning {stop, normal, _}, so the WS session
sees the push frame before the EXIT signal).
Snapshot-template skew on post-drain reconnect
The JS client's auto-reconnect path treats the close as a transient
disconnect and preserves the current snapshot for the next session
(it adds _az_reconnect=1 to the upgrade URL; the server skips the
fresh-mount HTML and resumes diffing). If the deploy changed the
handler's render template, the new server's diff baseline won't match
the client's preserved snapshot, and the first diff may misalign
(visual glitches until the next full re-render).
This isn't drain-specific -- the same risk exists for any reconnect
across a deploy -- but drain makes it more likely because clients
reconnect deterministically on every deploy. Mitigations if the
glitch is unacceptable for a given handler:
	In handle_drain/2, push arizona_js:reload() instead of
dispatch_event/2 to force a full page reload on the client
(loses any client-only state but guarantees template alignment).
	Or use arizona_js:navigate/1 to redirect the client to a known
good route on drain.

Default behavior (no effect or a custom dispatch_event effect)
takes the reconnect-with-snapshot path; choose explicitly when the
handler's template churns often.
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        handle_drain/2

      


        Reacts to a transport-level drain signal. Optional.



    


    
      
        handle_event/3

      


        Handles a client UI event. Optional.



    


    
      
        handle_info/2

      


        Handles a mailbox message. Optional.



    


    
      
        handle_update/3

      


        Reacts to new props arriving from an enclosing context. Optional.



    


    
      
        mount(Bindings)

      


        Initializes a stateful instance. Called once when the framework
mounts the handler.



    


    
      
        render(Bindings)

      


        Returns the template for the current bindings. Called on the first
render and after every state change.



    


    
      
        unmount/1

      


        Cleanup hook called when the instance is removed. Optional.
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        call_handle_drain(Handler, Deadline, Bindings)

      


        Invokes the optional handle_drain/2 callback.
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        Invokes the optional handle_event/3 callback.



    


    
      
        call_handle_info(Handler, Info, Bindings)

      


        Invokes the optional handle_info/2 callback.



    


    
      
        call_handle_update(Handler, Props, Bindings, Effects)

      


        Invokes the optional handle_update/3 callback.
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        Invokes the required mount/1 callback on a stateful handler module.
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        Invokes the required render/1 callback on a handler module.



    


    
      
        call_unmount(Handler, Bindings)

      


        Invokes the optional unmount/1 callback on a handler module.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats dispatcher-tagged errors raised by the call_* wrappers above.
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          -type handle_drain_ret() :: ok | {stop, bindings(), effects()} | {bindings(), resets(), effects()}.
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          -type handle_event_ret() :: {bindings(), resets(), effects()}.
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      mount_ret()



        
          
        

    

  


  

      

          -type mount_ret() :: {bindings(), resets()}.
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          -type render_ret() :: arizona_template:template().
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          -callback handle_drain(Deadline :: integer(), bindings()) -> handle_drain_ret().


      


Reacts to a transport-level drain signal. Optional.
Fires when the listener broadcasts a graceful-shutdown notice
(typically during a deploy). The handler can push a "reconnecting"
indicator to the client, then return {stop, ...} to exit the live
process cleanly so the WebSocket closes with code 1001 ("going away")
and the client reconnects to the new server version.
Deadline is the millisecond timestamp by which the listener will
stop waiting. Subtract erlang:monotonic_time(millisecond) to get
the remaining grace window.
Returns:
	ok -- acknowledge but do nothing
	{stop, Bindings, Effects} -- push Effects, then exit normal
(default when this callback is not exported, with empty effects)
	{Bindings, Resets, Effects} -- push diff + effects, stay alive
(the handler opts to keep serving past drain)

Distinct from unmount/1: this runs before the exit decision and
can push client effects reliably before the close frame. unmount/1 runs
after, during terminate, and is the right place for local
cleanup. See the "Graceful drain" section above for the full lifecycle
ordering.
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          -callback handle_event(event_name(), event_payload(), bindings()) -> handle_event_ret().


      


Handles a client UI event. Optional.
Event is the event name dispatched from az-click, az-submit,
etc. Payload carries any auto-collected form data plus explicit
extra fields. Returns updated bindings, resets, and a list of
client-side effects to run after the diff applies.
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          -callback handle_info(Info :: term(), bindings()) -> handle_info_ret().


      


Handles a mailbox message. Optional.
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          -callback handle_update(Props :: bindings(), bindings(), effects()) -> handle_update_ret().


      


Reacts to new props arriving from an enclosing context. Optional.
Two sources deliver props here, with identical semantics:
	A parent re-rendering an embedded child with new props (the child gets
the chance to merge / transform them).
	A patch navigation delivering the new route's params to a route root
(navigation is the root's prop source -- the analogue of a parent).

If not exported, the framework merges Props into Bindings directly.
For an embedded child it runs whenever the diff re-evaluates the child's
?stateful descriptor while the view already exists under that id and
handler -- that is, when the slot holding it re-evaluates, not only when the
props changed. A read outside the props (an enclosing case ?get(tab) of ...) or a prop derived from a changed binding whose value did not change
(x => ?get(n) div 10) delivers props term-equal to the previous ones. The
framework does not filter those out: a view keeps its bindings, which this
callback may have transformed, not the props it was last given, so there is
nothing to compare against. Keep the callback idempotent for equal props, and
compare against your own bindings when a side effect (a subscribe, a timer)
must happen only on an actual change.
It is not called when the descriptor is not re-evaluated: a dep-skipped slot,
a stream ?each item the diff did not touch (an insert evaluates only the
inserted and changed items), or a child whose own root is az-nodiff or that
sits inside an az-nodiff element (props are taken at mount only). The first
appearance, and a render that keeps the id but switches the handler, call
mount/1 instead. A patch calls it on every patch.
Effects is the accumulator of effects already queued for this update cycle
(the originating event's effects, then each child's, folded through the
render). Return it extended with this callback's own effects -- they are all
pushed to the client, exactly as for handle_event/3. Returning the
accumulator verbatim (the default) preserves upstream effects; dropping it
drops them. This threads effects without any caller-side concatenation.
handle_update(#{section := S}, Bindings, Effects) ->
    {Bindings#{section => S}, #{}, [arizona_js:set_title(S) | Effects]}.
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          -callback mount(Bindings :: bindings()) -> mount_ret().


      


Initializes a stateful instance. Called once when the framework
mounts the handler.
Returns {Bindings, Resets} where Resets is reapplied after every
subsequent handle_event/3 / handle_info/2 to clear transient
fields. Use the empty map #{} if you have nothing to reset.
There is no effects channel here, because mount/1 also runs on the
request-free SSR path where no client exists to receive one. Self-cast to
handle_info/2 for a mount-time effect -- see "Resets and effects" in the
module doc.
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          -callback render(Bindings :: bindings()) -> render_ret().


      


Returns the template for the current bindings. Called on the first
render and after every state change.
Must use ?html(...) so the parse transform can compile it into a
template map.
For a route-root view the ?html(...) must be the direct body of
render/1, not delegated to another function (render(B) -> page(B).). The
parse transform injects the az-view marker and enforces the {id, ?get(id)}
root only when it sees a literal template call as render/1's tail; a delegating
tail falls through both, producing a root with no view marker whose events
silently resolve to the enclosing view. Compose with ?stateful/?stateless
children inside a direct ?html(...) root instead.
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          -callback unmount(bindings()) -> unmount_ret().


      


Cleanup hook called when the instance is removed. Optional.
Fires from terminate/2 for any exit reason -- crash, normal,
supervisor shutdown, or drain. Use for local cleanup that doesn't
need to talk to the client (release ETS tables, unsubscribe pubsub
topics, close ports, etc.). Messages sent from here race the WS
close frame; for drain-time client coordination use handle_drain/2
instead.
Runs once per instance. An unmount/1 that raises does not stop the
other views' unmounts (a sibling removed in the same diff, or the root
on the way out); the first error is raised once they have all run.
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          -spec call_handle_drain(Handler, Deadline, Bindings) -> handle_drain_ret()
                           when Handler :: module(), Deadline :: integer(), Bindings :: bindings().


      


Invokes the optional handle_drain/2 callback.
Defaults to {stop, Bindings, []} when the callback is not exported
-- the framework's safe-default response to a transport drain is to
exit the live process cleanly so the WebSocket closes with code 1001
("going away") and the client reconnects to the new server version. Re-tags a
no-matching-clause crash at the callback's head as {unhandled_drain, H, Deadline, Bindings}; errors raised from inside the callback body
propagate untagged.

  



  
    
      
    
    
      call_handle_event(Handler, Event, Payload, Bindings)



        
          
        

    

  


  

      

          -spec call_handle_event(Handler, Event, Payload, Bindings) -> {bindings(), resets(), effects()}
                           when
                               Handler :: module(),
                               Event :: binary(),
                               Payload :: map(),
                               Bindings :: bindings().


      


Invokes the optional handle_event/3 callback.
Re-tags the failure when the immediate stack frame is the user's
handle_event/3 itself: a missing export becomes
{missing_callback, H, handle_event, 3} and a no-matching-clause
crash becomes {unhandled_event, H, Event, Bindings}. Errors
raised from inside the callback body propagate untagged.
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          -spec call_handle_info(Handler, Info, Bindings) -> {bindings(), resets(), effects()} | ok
                          when Handler :: module(), Info :: term(), Bindings :: bindings().


      


Invokes the optional handle_info/2 callback.
Returns ok if the handler does not export handle_info/2, letting
the caller skip the subsequent diff + push cycle. Re-tags a
no-matching-clause crash at the callback's head as
{unhandled_info, H, Info, Bindings}; errors raised from inside
the callback body propagate untagged.
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          -spec call_handle_update(Handler, Props, Bindings, Effects) -> handle_update_ret()
                            when
                                Handler :: module(),
                                Props :: map(),
                                Bindings :: bindings(),
                                Effects :: effects().


      


Invokes the optional handle_update/3 callback.
Effects is the effect accumulator threaded through the update cycle; the
callback returns it extended. Falls back to merging Props into Bindings
and passing Effects through unchanged if the callback is not exported.
Re-tags a no-matching-clause crash at the callback's head as
{unhandled_update, H, Props, Bindings}; errors raised from inside the
callback body propagate untagged.
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          -spec call_mount(Handler, Bindings) -> {bindings(), resets()}
                    when Handler :: module(), Bindings :: bindings().


      


Invokes the required mount/1 callback on a stateful handler module.
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          -spec call_render(Handler, Bindings) -> arizona_template:template()
                     when Handler :: module(), Bindings :: bindings().


      


Invokes the required render/1 callback on a handler module.
Re-tags the failure when the immediate stack frame is the user's
render/1 itself: a missing export becomes {missing_callback, H, render, 1} and a head-pattern mismatch becomes
{render_no_clause, H, Bindings}. Errors raised from inside the
callback body propagate untagged.
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          -spec call_unmount(Handler, Bindings) -> ok when Handler :: module(), Bindings :: bindings().


      


Invokes the optional unmount/1 callback on a handler module.
No-op if the callback is not exported. Re-tags a no-matching-clause
crash at the callback's head as {unhandled_unmount, H, Bindings};
errors raised from inside the callback body propagate untagged.
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          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats dispatcher-tagged errors raised by the call_* wrappers above.
Picked up by erl_error:format_exception/3 via the error_info
annotation, so the dev error page (and crash log) reads a sentence
that names the failing module/callback and (when known) the view id.
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Offline static-site generation: render route-level handlers to HTML files.
After the request/transport decoupling, arizona_render:render_view_to_iolist/2
renders a handler to HTML with no server, live process, or WebSocket. This
module is the thin batch/file layer over it: mount a handler, render it, and
write the result to disk.
generate/2,3 renders a list of specs under a base output directory and returns
{Written, Failed}: the paths written and {Spec, Failure} for any spec that
failed (one failing page does not stop the rest). generate/3 also takes a
DefaultOpts map that each spec's own options override (key-wise), so a shared
layout need not be repeated per page:
{Written, Failed} = arizona_static:generate(~"_site", [
    {home_page, ~"index.html"},
    {about_page, ~"about/index.html", #{bindings => #{title => ~"About"}}}
], #{layouts => [{site_layout, render}]}).
Options
opts() (per spec, and the DefaultOpts) is the offline-relevant subset of
arizona_live:route_opts/0: bindings, on_mount, and layouts.
middlewares does not apply offline (there is no request); any extra keys are
ignored, so a route's opts map can be pasted in. A spec's own options override
DefaultOpts key-wise (a map value like bindings is replaced, not deep-merged).
Failures
A spec that fails -- a mount/render crash, a non-map Opts in a 3-tuple
spec, or a write error (a filelib:ensure_dir/file:write_file {error, _}) --
is collected in Failed rather than stopping the batch; the caller decides what
is fatal. A structurally-malformed spec (not a 2- or 3-tuple) still crashes --
that's a caller bug, not a per-page failure.
A crash is collected as the whole exception, {Class, Reason, Stacktrace} (see
failure/0), so one bad page in a 200-page build still says where it broke
-- the {arizona_loc, {Module, Line}, _} wrapper arizona_render attaches
included. A write error keeps the file module's own {error, Reason}, which
the tuple size tells apart from a crash.
Every entry is a {Spec, Failure} pair whatever the spec's arity, so report them
by matching that pair and dispatching on the failure -- match the spec shape or
one failure kind and the report silently drops every 3-tuple spec or write error
it does not match:
{_Written, Failed} = arizona_static:generate(~"_site", Specs),
[report(Spec, Failure) || {Spec, Failure} <:- Failed].

%% `element(2, Spec)` is the Outfile in both `{Handler, Outfile}` and
%% `{Handler, Outfile, Opts}`.
report(Spec, {Class, Reason, Stacktrace}) ->
    io:format("~ts: ~ts~n", [
        element(2, Spec), erl_error:format_exception(Class, Reason, Stacktrace)
    ]);
report(Spec, {error, Reason}) ->
    io:format("~ts: write failed: ~p~n", [element(2, Spec), Reason]).
Client commands on a static page
A page served as plain files has no server to send events to, but every command
that runs in the browser still works -- ?local updates, toggles, dialogs, view
transitions, Picture-in-Picture, copy_to_clipboard. The layout loads the static
client and calls its start() instead of connect('/ws'):
<script type="module">
  import { start } from '/arizona-static.min.js';
  start();
</script>
A data value under an az-* name is never run as a command, so the client only
delegates the event names proven to hold one, exactly as the live socket's
connect frame does. generate/2,3 therefore embeds those names in each page
that has any, as <script type="application/json" id="arizona-attrs"> before the
last </body>: the compile-time names of the handler, its layouts and every
module rendered into the page, plus the names whose command was built at render
time. A page with no </body> (a ?native document, a fragment) is written as
rendered. A push_event has no server to reach and is dropped with a warning;
a navigate/patch loads its URL as a page.
Caveats
Generated pages are SSR HTML. The client <script> lives in your layout, not
here. The output carries the usual az-view / id markers, which the static
client uses to find a ?local's view. A page whose root
element carries az-nodiff drops the per-slot az attributes and comment
markers from every template nested in it. Three things keep theirs: an element
holding a content ?local (the client's address for it), templates built inside
a fun other than an ?each callback, and ?stateful/?stateless children,
which are compiled separately. generate/2,3 writes
files but does not clean OutDir, so a page removed from Specs leaves its
previously generated file behind.
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        generate(OutDir, Specs)

      


        Equivalent to generate(OutDir, Specs, #{}).



    


    
      
        generate(OutDir, Specs, DefaultOpts)

      


        Renders each spec under OutDir, writes the HTML files, and returns
{Written, Failed} -- the paths written (in Specs order) and
{Spec, t:failure/0} for any spec that failed. A failing spec is collected
rather than stopping the batch; the caller decides what is fatal.
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          -nominal failure() ::
             {Class :: error | exit | throw, Reason :: term(), Stacktrace :: [tuple()]} |
             {error, Reason :: term()}.
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          -nominal opts() ::
             #{bindings => arizona_template:bindings(),
               on_mount => arizona_live:on_mount(),
               layouts => [arizona_render:layout()]}.
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          -nominal spec() :: {module(), file:filename_all()} | {module(), file:filename_all(), opts()}.
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          -spec generate(OutDir, Specs) -> {Written, Failed}
                  when
                      OutDir :: file:filename_all(),
                      Specs :: [spec()],
                      Written :: [file:filename_all()],
                      Failed :: [{spec(), failure()}].


      


Equivalent to generate(OutDir, Specs, #{}).

  



  
    
      
    
    
      generate(OutDir, Specs, DefaultOpts)



        
          
        

    

  


  

      

          -spec generate(OutDir, Specs, DefaultOpts) -> {Written, Failed}
                  when
                      OutDir :: file:filename_all(),
                      Specs :: [spec()],
                      DefaultOpts :: opts(),
                      Written :: [file:filename_all()],
                      Failed :: [{spec(), failure()}].


      


Renders each spec under OutDir, writes the HTML files, and returns
{Written, Failed} -- the paths written (in Specs order) and
{Spec, t:failure/0} for any spec that failed. A failing spec is collected
rather than stopping the batch; the caller decides what is fatal.
A spec is {Handler, Outfile} or {Handler, Outfile, Opts}, where Outfile
is joined onto OutDir (an absolute Outfile bypasses OutDir, per standard
filename:join behavior, and .. segments are honoured too, so ~"../x.html"
lands beside OutDir; Outfile is the caller's own path, not untrusted input)
and parent directories are created as needed. A spec's own Opts override
DefaultOpts key-wise.
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Ordered keyed collection with queued mutations for efficient list diffing.
A stream stores items in a key-indexed map plus an ordered list of keys,
along with a queue of pending operations. Mutations (insert/2,3,
delete/2, update/3, move/3, sort/2, reset/1,2) update the
collection eagerly and append a corresponding op to the queue. The
queue is later drained by arizona_diff:diff/4 to emit minimal patch
operations to the client.
This avoids re-rendering whole lists when only a few items change --
the differ knows exactly which keys to insert, remove, update, or move.
Keys must be unique once rendered, not just as terms: an item is
addressed on the wire and in the DOM by its key's text
(arizona_template:to_bin/1), so keys such as 1 and ~"1" are two
items here but one address to the client, and an op meant for one
patches the other. Use keys of one type.
Complexity -- prefer reset/2 and sort/2 for bulk mutation
items is a map (effectively O(1) per-key access); order is a list with
an O(1) append buffer. Per mutation, over N = stream size:
	insert/2 (append) and update/3 -- O(1) amortized, including under
on_limit => drop at capacity, where each append also evicts: the eviction pops the
front of the order and leaves the append buffer alone, so each key crosses from
buffer to front at most once
	delete/2 -- O(position of Key in order), keeping the append buffer
	positional insert/3 and move/3 -- O(N) list surgery on the order
	sort/2 -- O(N log N); reset/1,2 -- O(N)

So K per-item delete/move/insert/3 calls in one event are O(K*N).
For bulk mutation build the new item list once and call reset/2 (a
single op -- the differ still patches only the actual per-item delta), or
reorder everything with one sort/2, instead of K positional calls.
Limit modes
	infinity (default) -- no cap, all items remain visible
	{Limit, halt} -- once Limit items are present, further inserts
are rejected (kept in items but not visible)
	{Limit, drop} -- a bounded tail -f buffer: an append (insert/2,
or the update/3 upsert of a missing key) to a full stream evicts the
oldest (front-of-order) item from the source to make room, queueing a
{delete, Key} for it, so the
visible window slides onto the new tail item. Only appends evict --
"oldest" is well-defined only for the append flow; a positional
insert/3 declares a window position rather than an age, and
pre-population (new/3, reset/2) sets the whole order at once, so
those keep halt's window semantics (items past the limit stay in the
source as a hidden tail). An append to such an overfull stream evicts
down to the limit, so the stream converges to size =< Limit.

Pending operation shapes
{insert, Key, Item, Pos}
{delete, Key}
{update, Key, NewItem}
{move, Key, AfterKey}    %% AfterKey is `null` for first position
reorder                  %% from sort/2 when order changes
reset                    %% reset/1,2 and the genesis of new/1,2,3: reconcile to now
Drain marks -- and the nested-stream memory limit
The queue is drained by the differ but cleared by the live process, which
only reaches streams stored as TOP-LEVEL bindings (clear_stream_pending/2 /
stream_keys/1). A stream nested inside another value -- a field of a parent
stream's item, or a stream inside a map binding -- is out of that reach, so its
queue survives every drain and is re-drained on each re-eval of the enclosing
slot.
Every queued op therefore carries a globally unique stamp. A drain records the
last one it consumed (drain_mark/1) in its snapshot, and the next drain asks
undrained_ops/2 to resume just past it. That makes a re-drain emit exactly the
new ops instead of replaying the whole history -- without it, a replayed
{update, ...} re-rendered its STALE item and emitted a real patch, so op count
and payload grew linearly with the stream's lifetime mutation count (quadratic
per session) and the client applied every historical intermediate value before
the current one.
Resuming is by locating the stamp, never by counting positions: a stream is
an immutable value, so it can have several divergent successors (a view that
keeps a pristine stream and re-derives the rendered one per event -- tab switch,
undo/restore, filter reset). Position counting cannot tell such siblings apart
and would drop a sibling's genuine ops; a stamp a queue does not contain simply
falls back to a full drain. See undrained_ops/2.
What it does not fix: memory. The queue itself keeps growing -- it lives in
app-owned bindings and the differ is pure, so nothing can truncate it. A nested
stream therefore retains every op term (including items a {Limit, drop}
window already evicted) for the lifetime of the view.
Per-cycle CPU does not grow with it: the resume searches backwards from the
newest op and stops at the mark (or below it), so it costs O(ops added this
cycle), not O(history). Returning a single new op measures ~0.1-0.3 us at 100,
1k, 5k and 20k queued ops alike -- flat. (Searching forwards from the head, as
this first did, cost 3.9 / 31 / 136 / 666 us at those sizes.) Draining a rebuilt
queue -- a divergent fork, a reset/1,2 -- is O(that queue), which is the work
of the drain itself rather than of the search.
So the residual cost is retained memory, one op term per mutation. Keep a stream
that mutates over a long-lived session as a TOP-LEVEL binding, where the live
process clears it after every drain and neither the memory nor the queue grows.
Example
1> S = arizona_stream:new(fun(#{id := Id}) -> Id end).
2> S1 = arizona_stream:insert(S, #{id => 1, name => ~"Alice"}).
3> S2 = arizona_stream:insert(S1, #{id => 2, name => ~"Bob"}).
4> arizona_stream:to_list(S2).
[#{id => 1, name => ~"Alice"}, #{id => 2, name => ~"Bob"}]
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    Functions
  


    
      
        clear_stream_pending(Bindings, Keys)

      


        Clears the pending queue on every stream stored under any of the
listed Keys in Bindings. Called by the live process after a render
flushes the queued ops.



    


    
      
        compute_item_changed(OldItem, NewItem)

      


        Set of keys that differ between two item maps -- added, removed, or value
changed. Used by the differ to drive per-item dynamic skipping. Items in
Arizona are maps; non-map inputs crash here.



    


    
      
        delete(Stream, Key)

      


        Removes the item with Key and queues a delete op. No-op if Key
is not present.



    


    
      
        drain_mark(Stream)

      


        The mark a drain records in its snapshot: the stamp of the last op in pending,
or none when the queue is empty. Feed it back to undrained_ops/2 on the next
drain of the same slot.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats arizona_stream runtime errors into a human-readable message.
Picked up by erl_error:format_exception/3 via the error_info
annotation attached at the raise site.



    


    
      
        get(Stream, Key)

      


        Returns the item at Key. Errors with missing_stream_key (carrying an
error_info annotation that routes through format_error/2) if not present.
Use get/3 for a default.



    


    
      
        get(Stream, Key, Default)

      


        Returns the item at Key, or Default if not present.



    


    
      
        get_lazy(Stream, Key, Fun)

      


        Like get/3 but the default is computed lazily by a 0-arity fun.



    


    
      
        insert(Stream, Item)

      


        Appends Item to the end of the stream and queues an insert op.



    


    
      
        insert(Stream, Item, Pos)

      


        Inserts Item at the given zero-based Pos and queues an insert op.



    


    
      
        move(Stream, Key, NewPos)

      


        Moves the item with Key to a new zero-based position and queues a
move op. No-op if Key is not present, or already at that position (no op
is queued). The position is clamped to the last index.



    


    
      
        new(KeyFun)

      


        Creates an empty stream with the given key function.



    


    
      
        new(KeyFun, Items)

      


        Creates a stream pre-populated with Items. Equivalent to
new(KeyFun, Items, #{}).



    


    
      
        new(KeyFun, Items, Opts)

      


        Creates a stream pre-populated with Items and the given options.



    


    
      
        pending_ops(Stream)

      


        Every op currently in pending, oldest first.



    


    
      
        reset(Stream)

      


        Empties the stream and queues a reset op.



    


    
      
        reset(Stream, NewItems)

      


        Replaces all items with NewItems and queues a reset op. The differ
will reuse client-side keys that are still present, only emitting ops
for the actual delta.



    


    
      
        sort(Stream, CompareFun)

      


        Reorders the stream by CompareFun. Queues a reorder op only when
the resulting order actually differs.



    


    
      
        stream_keys(Bindings)

      


        Returns the binding keys whose values are streams.



    


    
      
        to_list(Stream)

      


        Returns all items in display order as a list.



    


    
      
        undrained_ops(Stream, Mark)

      


        The ops a drain holding Mark has not consumed yet, oldest first.



    


    
      
        update(Stream, Key, NewItem)

      


        Replaces the item at Key with NewItem and queues an update op.
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          -nominal key_fun() :: fun((item()) -> key()).
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          -nominal mark() :: none | integer().
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          -nominal opts() :: #{limit => pos_integer() | infinity, on_limit => halt | drop}.
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          -nominal stream() ::
             #stream{key :: fun((term()) -> term()),
                     items :: #{term() => term()},
                     order :: {[term()], [term()]},
                     pending :: queue:queue(),
                     limit :: pos_integer() | infinity,
                     on_limit :: halt | drop,
                     size :: non_neg_integer()}.
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      clear_stream_pending(Bindings, Keys)



        
          
        

    

  


  

      

          -spec clear_stream_pending(Bindings, Keys) -> Bindings1
                              when Bindings :: map(), Keys :: [term()], Bindings1 :: map().


      


Clears the pending queue on every stream stored under any of the
listed Keys in Bindings. Called by the live process after a render
flushes the queued ops.

  



  
    
      
    
    
      compute_item_changed(OldItem, NewItem)



        
          
        

    

  


  

      

          -spec compute_item_changed(OldItem, NewItem) -> Changed
                              when OldItem :: map(), NewItem :: map(), Changed :: #{term() => true}.


      


Set of keys that differ between two item maps -- added, removed, or value
changed. Used by the differ to drive per-item dynamic skipping. Items in
Arizona are maps; non-map inputs crash here.

  



  
    
      
    
    
      delete(Stream, Key)



        
          
        

    

  


  

      

          -spec delete(Stream, Key) -> Stream1 when Stream :: stream(), Key :: key(), Stream1 :: stream().


      


Removes the item with Key and queues a delete op. No-op if Key
is not present.

  



  
    
      
    
    
      drain_mark(Stream)



        
          
        

    

  


  

      

          -spec drain_mark(Stream) -> Mark when Stream :: stream(), Mark :: mark().


      


The mark a drain records in its snapshot: the stamp of the last op in pending,
or none when the queue is empty. Feed it back to undrained_ops/2 on the next
drain of the same slot.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats arizona_stream runtime errors into a human-readable message.
Picked up by erl_error:format_exception/3 via the error_info
annotation attached at the raise site.

  



  
    
      
    
    
      get(Stream, Key)



        
          
        

    

  


  

      

          -spec get(Stream, Key) -> item() when Stream :: stream(), Key :: key().


      


Returns the item at Key. Errors with missing_stream_key (carrying an
error_info annotation that routes through format_error/2) if not present.
Use get/3 for a default.

  



  
    
      
    
    
      get(Stream, Key, Default)



        
          
        

    

  


  

      

          -spec get(Stream, Key, Default) -> item() | Default
             when Stream :: stream(), Key :: key(), Default :: term().


      


Returns the item at Key, or Default if not present.

  



  
    
      
    
    
      get_lazy(Stream, Key, Fun)



        
          
        

    

  


  

      

          -spec get_lazy(Stream, Key, Fun) -> item() | term()
                  when Stream :: stream(), Key :: key(), Fun :: fun(() -> term()).


      


Like get/3 but the default is computed lazily by a 0-arity fun.

  



  
    
      
    
    
      insert(Stream, Item)



        
          
        

    

  


  

      

          -spec insert(Stream, Item) -> Stream1 when Stream :: stream(), Item :: item(), Stream1 :: stream().


      


Appends Item to the end of the stream and queues an insert op.
In drop limit mode an append to a full stream first evicts the oldest
(front-of-order) item(s) from the source, so the visible window slides
onto the new tail item (see the moduledoc's limit-modes section).
Crashes with {stream_duplicate_key, Key} (carrying an error_info
annotation that routes through format_error/2) if Key is already
present -- inserting a duplicate key would duplicate it in order and
corrupt the items/order/size invariant. Use update/3 to replace an
existing item.

  



  
    
      
    
    
      insert(Stream, Item, Pos)



        
          
        

    

  


  

      

          -spec insert(Stream, Item, Pos) -> Stream1
                when Stream :: stream(), Item :: item(), Pos :: non_neg_integer(), Stream1 :: stream().


      


Inserts Item at the given zero-based Pos and queues an insert op.
Crashes with {stream_duplicate_key, Key} (see insert/2) if Key is
already present. Use update/3 to replace an existing item.

  



  
    
      
    
    
      move(Stream, Key, NewPos)



        
          
        

    

  


  

      

          -spec move(Stream, Key, NewPos) -> Stream1
              when Stream :: stream(), Key :: key(), NewPos :: non_neg_integer(), Stream1 :: stream().


      


Moves the item with Key to a new zero-based position and queues a
move op. No-op if Key is not present, or already at that position (no op
is queued). The position is clamped to the last index.
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          -spec new(KeyFun) -> stream() when KeyFun :: key_fun().


      


Creates an empty stream with the given key function.
The queue opens with a genesis reset (see new/3).

  



  
    
      
    
    
      new(KeyFun, Items)



        
          
        

    

  


  

      

          -spec new(KeyFun, Items) -> stream() when KeyFun :: key_fun(), Items :: [item()].


      


Creates a stream pre-populated with Items. Equivalent to
new(KeyFun, Items, #{}).

  



  
    
      
    
    
      new(KeyFun, Items, Opts)



        
          
        

    

  


  

      

          -spec new(KeyFun, Items, Opts) -> stream() when KeyFun :: key_fun(), Items :: [item()], Opts :: opts().


      


Creates a stream pre-populated with Items and the given options.
The queue opens with a genesis reset -- a reset op -- so the
first render emits the ops for Items. A constructor states a whole
collection, not a delta from one; queueing the items as pending INSERTS
instead described the delta from empty, which is only a truthful log when
the slot the stream lands in is itself empty. Bind a freshly constructed
stream over a slot that already holds one (rather than mutating the stream
already there) and those inserts are all the differ has to go on: the keys
the client still holds but the new stream dropped are never mentioned, and
a key present in both is skipped as a replay -- so a shrink, a reorder and
an in-place content change all diffed to NOTHING and the stale list stayed
on screen. The reset op is the one that already means "reconcile the client
to my current state", so opening with it makes the log truthful for that
caller without costing the incremental path anything: undrained_ops/2
resumes past it, and a re-drain that replays it is idempotent.

  



  
    
      
    
    
      pending_ops(Stream)



        
          
        

    

  


  

      

          -spec pending_ops(Stream) -> Ops when Stream :: stream(), Ops :: [term()].


      


Every op currently in pending, oldest first.

  



  
    
      
    
    
      reset(Stream)



        
          
        

    

  


  

      

          -spec reset(Stream) -> Stream1 when Stream :: stream(), Stream1 :: stream().


      


Empties the stream and queues a reset op.

  



  
    
      
    
    
      reset(Stream, NewItems)



        
          
        

    

  


  

      

          -spec reset(Stream, NewItems) -> Stream1
               when Stream :: stream(), NewItems :: [item()], Stream1 :: stream().


      


Replaces all items with NewItems and queues a reset op. The differ
will reuse client-side keys that are still present, only emitting ops
for the actual delta.
The op carries no items: what a kept item changed is measured against the
item the client last rendered, which the differ keeps on its snapshot. The
source as it stood just before the reset is not that item whenever the same
event touched it first -- an earlier update/3 is in the queue this call
discards.
Crashes with {stream_duplicate_key_in_list, Key} when NewItems names a key
more than once -- the bulk counterpart of insert/2's duplicate refusal.
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          -spec sort(Stream, CompareFun) -> Stream1
              when
                  Stream :: stream(),
                  CompareFun :: fun((item(), item()) -> boolean()),
                  Stream1 :: stream().


      


Reorders the stream by CompareFun. Queues a reorder op only when
the resulting order actually differs.
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          -spec stream_keys(Bindings) -> [term()] when Bindings :: map().


      


Returns the binding keys whose values are streams.

  



  
    
      
    
    
      to_list(Stream)



        
          
        

    

  


  

      

          -spec to_list(Stream) -> [item()] when Stream :: stream().


      


Returns all items in display order as a list.
Crashes with {stream_order_stale_key, K, Order, ItemKeys} carrying
error_info when the items <-> order invariant is broken (a key in
order is not in items). The named reason routes through
format_error/2, so the dev error page renders a sentence instead
of the raw {badkey, _}.

  



  
    
      
    
    
      undrained_ops(Stream, Mark)



        
          
        

    

  


  

      

          -spec undrained_ops(Stream, Mark) -> Ops when Stream :: stream(), Mark :: mark(), Ops :: [term()].


      


The ops a drain holding Mark has not consumed yet, oldest first.
Mark is none (no previous drain) or a drain_mark/1 from one. The op it
names is located in pending and everything up to and including it is dropped;
if it is absent the WHOLE queue is returned, i.e. a full drain.
Locating the mark (rather than counting positions off the head) is what keeps
this exact for a stream with more than one successor. Stamps are minted once,
at one append, onto one queue value, and a queue is only ever extended at the
tail or replaced wholesale -- so any two queues containing the same stamp
descend from the same value and share the identical prefix ending at it.
Dropping that prefix is therefore exactly what the previous drain consumed.
Anything else -- a divergent fork of the same stream, a reset/1,2, a
clear_stream_pending/2, a rebuilt or rolled-back stream -- simply does not
contain the stamp and falls back to a full drain. A queue whose every stamp is
NEWER than the mark needs no fallback: the backwards search has already read
every op by the time it runs out, so its accumulator is that full drain.
The search runs BACKWARDS from the newest op and costs O(ops newer than Mark),
not O(queue length): the mark is normally the previous drain's last op, so a
re-drain walks only what this cycle actually added, however long the history
behind it. Because stamps ascend along a queue, dropping below Mark proves it
is absent and abandons the search there. Both exits are safe by construction --
failing to find the mark yields a full drain, which never skips an op.

  



  
    
      
    
    
      update(Stream, Key, NewItem)



        
          
        

    

  


  

      

          -spec update(Stream, Key, NewItem) -> Stream1
                when Stream :: stream(), Key :: key(), NewItem :: item(), Stream1 :: stream().


      


Replaces the item at Key with NewItem and queues an update op.
If Key is not present it is appended as a new item (an upsert): the
differ already renders a queued update of an unseen key as an insert,
so appending here keeps that op consistent with the items/order/size
invariant. Being an append, the upsert evicts in drop limit mode
exactly like insert/2.
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arizona_sup 
    



      
Top-level supervisor for the Arizona application.
Always supervises arizona_pubsub (the pg-based pubsub scope) and
arizona_mcp_sup (the MCP session supervisor, which owns the session
registry and starts per-session processes on demand), and owns the hot
reloader's beam-facts cache table (arizona_reloader_consistency:create_table/0,
created in init/1 so the cache outlives the short-lived processes that read
it) and the dev MCP's log ring table (arizona_dev_log:create_table/0, for the
same reason). Also supervises arizona_reloader_sup (one
arizona_reloader_rule per rule) when the dev-mode reloader has rules in the
reloader application env, and the configured server-side session store when
the session_store env names a backend that exports child_spec/0 (e.g.
arizona_session_store_ets). Live processes are not managed here -- they're
started ad hoc by the transport layer (arizona_socket:init/4) and linked
to the calling WebSocket process so they share its lifetime.
Reloader config
{arizona, [
    {reloader, #{
        enabled => true,
        watcher => arizona_watcher_fs,
        rules => [
            #{directory => "src",
              patterns => [".*\\.erl$"],
              callback => fun arizona_reloader:reload_erl/1}
        ]
    }}
]}
arizona_reloader_rule:child_specs/1 turns the rules into one rule process
each, under arizona_reloader_sup, run by the watcher (an arizona_watcher
implementation, from a dev-only dependency). Malformed config (missing
directory or watcher, a watcher that is not on the code path) crashes the
supervisor init so boot errors are obvious.
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        init(Args)

      


    


    
      
        start_link()

      


        Starts the supervisor under the well-known name arizona_sup.
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          -spec init(Args) -> {ok, {SupFlags, [ChildSpec]}}
              when
                  Args :: map(),
                  SupFlags :: supervisor:sup_flags(),
                  ChildSpec :: supervisor:child_spec().


      



  



  
    
      
    
    
      start_link()



        
          
        

    

  


  

      

          -spec start_link() -> supervisor:startlink_ret().


      


Starts the supervisor under the well-known name arizona_sup.
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arizona_template 
    



      
Runtime template API: bindings, descriptors, value rendering, and snapshots.
Most of this module's surface is exposed through the macros in
include/arizona_common.hrl (?get, ?html, ?each, ?stateful,
?stateless). Templates themselves are produced by arizona_parse_transform
at compile time -- html/1 is only a runtime stub that errors if the parse
transform was not applied.
Concepts
	Bindings -- the map passed to render/1. get/2 and get/3 access
bindings while tracking which keys were read, so the differ knows which
dynamics depend on which bindings.
	Templates -- compile-time maps #{s := Statics, d := Dynamics, f := Fp}
emitted by the parse transform.
	Descriptors -- lightweight tuples returned by stateful/2 and
stateless/2,3 that tell the renderer how to mount a child component.
	Snapshots -- cached #{s, d, deps, ...} maps used by the differ to
detect what changed between renders.

Example
render(Bindings) ->
    ?html({'div', [{class, ?get(theme)}], [?get(name)]}).
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        az()

      


    


    
      
        bindings()

      


    


    
      
        deps()

      


    


    
      
        dynamic()

      


    


    
      
        each_container()

      


    


    
      
        each_template()

      


    


    
      
        loc()

      


    


    
      
        nodiff_identity()

      


    


    
      
        render_fun()

      


    


    
      
        snapshot()

      


    


    
      
        stateful_descriptor()

      


    


    
      
        stateless_descriptor()

      


    


    
      
        template()

      


    





  
    Functions
  


    
      
        branch(Branch, Value)

      


        Stamps the value a conditional branch produced with that branch's index within
its slot, when the value is an az-nodiff template or a ?stateless descriptor
(whose template takes the stamp when it is rendered). Two branches can produce
the same template -- the same markup, the same helper -- and the stamp is what
tells them apart once their az-nodiff elements are no longer evaluated. Any other value is
returned as is.



    


    
      
        classify_trusted(Value)

      


        Classifies the escape-exempt content shapes: a raw/1 opt-out
({arizona_raw, V}, returned unwrapped) and an already-encoded effect command
or command list ({arizona_effect, _}). Every other value is value.



    


    
      
        dyn_az(Dynamic)

      


        Extracts the az/0 index from a 2- or 3-tuple dynamic/0.



    


    
      
        each(Source, Template)

      


        Wraps a template/0 produced by the parse transform with an each source.



    


    
      
        escape_marked(Backend, Value)

      


        Escape the inner value of an {arizona_esc, _} marker.



    


    
      
        escape_value(Backend, Value)

      


        Renders a value to its output binary, escaping via Backend (an
arizona_renderer): HTML entity-escaping, terminal control-char sanitizing, or
JSON string encoding. raw/1-wrapped values and already-encoded
arizona_effect commands are classified out and pass through unescaped (the
?raw opt-out and effects are trusted, backend-independent).



    


    
      
        format_error(Reason)

      


        Formats compile/runtime error reasons emitted by this module.



    


    
      
        format_error(Reason, Stacktrace)

      


        Formats runtime errors raised with an error_info annotation pointing at
this module. Picked up by erl_error:format_exception/3.



    


    
      
        get(Key, Bindings)

      


        Reads Key from Bindings and tracks the access for diff dependency analysis.



    


    
      
        get(Key, Bindings, Default)

      


        Reads Key from Bindings, returning Default if absent. Tracks the access.



    


    
      
        get_lazy(Key, Bindings, DefaultFun)

      


        Like get/3 but the default is computed lazily by a 0-arity fun.



    


    
      
        html(Elems)

      


        Compile-time stub. The parse transform replaces every ?html(...) (and
arizona_template:html/1) call with a precomputed template/0 map. If
this function runs, the parse transform was not applied -- include
arizona_stateful.hrl or arizona_stateless.hrl.



    


    
      
        local(Key, Init)

      


        Builds a client-owned slot value. The server renders Init once and never
diffs the slot (diff => false); the browser owns the value via Key,
updating it client-side with no round-trip. Used via the ?local macro in
content or attribute-value position. Key may be a binary or an atom (an atom
is normalized to a binary, so it reaches the client as the same string).



    


    
      
        make_child_snap(Template, ChildD, ChildDeps, Id)

      


        Builds a stateful child snapshot, propagating diff => false from the template.



    


    
      
        mark_esc(Value)

      


        Marks an evaluated value for HTML escaping at output. Only scalars are marked --
nested templates/descriptors and stateless-child snapshots (all maps) and
effects pass through untouched so they render structurally (their own inner
dynamics carry their own marks). A stateless descriptor returned from a
conditional content slot reduces to a bare snapshot map here, so the is_map
clause passes it through and scope_slot/2 later namespaces it -- the same
treatment a directly-slotted stateless child gets.



    


    
      
        maybe_propagate(Template, Snapshot)

      


        Propagates the template-level fields that must survive onto a snapshot: f
(fingerprint), the optional diff => false flag, the render backend, and the
a attributes the template declares.



    


    
      
        native(Elems)

      


        Compile-time stub for the native (JSON) render target. The parse transform
replaces every ?native(...) (and arizona_template:native/1) call with a
precomputed template/0 map whose statics are JSON fragments. If this
function runs, the parse transform was not applied.



    


    
      
        nodiff_token(F, Branch, Key)

      


        The value of the az-nodiff attribute on the root of an az-nodiff element: its
identity as same_nodiff/3 decides it -- the template's fingerprint F, the
conditional branch that produced it and its az_key -- spelled as one opaque
token. The client matches az-nodiff elements by it, so a wholesale re-render around a
az-nodiff element (a reconnect, a container ?OP_TEXT) carries the existing DOM over to a
new render naming the same az-nodiff element, and replaces it otherwise.



    


    
      
        raw(Value)

      


        Wraps a value to opt out of HTML auto-escaping. Use only for trusted,
already-safe HTML fragments -- never for user-controlled data.



    


    
      
        same_nodiff(New, Old)

      


        Whether two az-nodiff snapshots of the same fingerprint are the same az-nodiff element: the
same producing branch and az_key, and the same child view when they are one.



    


    
      
        same_nodiff(Az, Tmpl, Old)

      


        Whether the template Tmpl, about to fill the slot Az, is the az-nodiff element
the slot's snapshot Old already holds: the same scoped fingerprint, the same
producing branch and the same az_key.



    


    
      
        scope_slot(Az, Value)

      


        Namespaces a slot's rendered value by the enclosing slot Az, so a repeated
stateless child (or any inline nested template) is an independent diff target.
Prefixes the value's fingerprint, its statics' baked az/marker ids, and every
inner dynamic az (recursing through inline nested templates) with the slot az.



    


    
      
        split_triples(Triples)

      


        Splits a list of {Az, Val, Deps} triples into the snapshot d-list and
deps list. (arizona_render:render/2 needs the document too and fuses this
split into its zip walk, zip_triples/3.)



    


    
      
        stateful(Handler, Props)

      


        Builds a stateful child descriptor. The renderer mounts Handler with Props.



    


    
      
        stateless(Callback, Props)

      


        Builds a stateless child descriptor from a 1-arity render fun.



    


    
      
        stateless(Handler, Fun, Props)

      


        Builds a stateless child descriptor from a Handler:Fun/1 reference.



    


    
      
        stateless_template(Descriptor)

      


        Renders a ?stateless descriptor to its template, passing on the branch stamp
the descriptor carries (see branch/2).



    


    
      
        terminal(Elems)

      


        Compile-time stub for the terminal (ANSI) render target. The parse transform
replaces every ?terminal(...) (and arizona_template:terminal/1) call with a
precomputed template/0 map whose statics are ANSI-decorated text. If this
function runs, the parse transform was not applied.



    


    
      
        to_bin(Value)

      


        Converts a template value to its binary HTML representation.



    


    
      
        track(Key)

      


        Records Key as a dependency of the dynamic element currently being rendered.



    


    
      
        unwrap_val(Backend, Value)

      


        Materializes an attribute dynamic into its rendered binary through Backend
(an arizona_renderer), leaving plain values untouched.



    


    
      
        visible_keys(Order, Limit)

      


        Returns the visible portion of a stream order buffer given a Limit.



    


    
      
        with(Keys, Bindings)

      


        Projects Bindings to a sub-map of only Keys, tracking each key as a
dependency.



    





      


      
        Types


        


  
    
      
    
    
      az()



        
          
        

    

  


  

      

          -nominal az() :: binary() | undefined.


      



  



  
    
      
    
    
      bindings()



        
          
        

    

  


  

      

          -type bindings() :: map().


      



  



  
    
      
    
    
      deps()



        
          
        

    

  


  

      

          -nominal deps() :: #{term() => true}.


      



  



  
    
      
    
    
      dynamic()



        
          
        

    

  


  

      

          -nominal dynamic() ::
             {az(), fun(() -> term()), loc()} |
             {az(), {attr, binary(), fun(() -> term())}, loc()} |
             {az(), template(), loc()} |
             {az(), term(), loc()} |
             {az(), fun(() -> term())} |
             {az(), {attr, binary(), fun(() -> term())}} |
             {az(), template()} |
             {az(), term()}.


      



  



  
    
      
    
    
      each_container()



        
          
        

    

  


  

      

          -nominal each_container() :: #{t := 0, source := term(), template := each_template()}.


      



  



  
    
      
    
    
      each_template()



        
          
        

    

  


  

      

          -nominal each_template() ::
             #{t := 0,
               s := [binary()],
               d := fun((term()) -> [dynamic()]) | fun((term(), term()) -> [dynamic()]),
               f := binary(),
               diff => false,
               single_root => true,
               reuse => [boolean()],
               multi_root => true,
               keyless => true,
               backend => module()}.


      



  



  
    
      
    
    
      loc()



        
          
        

    

  


  

      

          -nominal loc() :: {module(), pos_integer()}.


      



  



  
    
      
    
    
      nodiff_identity()



        
          
        

    

  


  

      

          -nominal nodiff_identity() :: {pos_integer() | undefined, term()}.


      



  



  
    
      
    
    
      render_fun()



        
          
        

    

  


  

      

          -nominal render_fun() :: fun((bindings()) -> template()).


      



  



  
    
      
    
    
      snapshot()



        
          
        

    

  


  

      

          -nominal snapshot() ::
             #{s := [binary()],
               d := [{az(), term()}],
               f => binary(),
               deps => [deps()],
               diff => false,
               nodiff => nodiff_identity(),
               view_id => binary(),
               backend => module()}.


      



  



  
    
      
    
    
      stateful_descriptor()



        
          
        

    

  


  

      

          -nominal stateful_descriptor() :: #{stateful := module(), props := map()}.


      



  



  
    
      
    
    
      stateless_descriptor()



        
          
        

    

  


  

      

          -nominal stateless_descriptor() ::
             #{callback := fun((map()) -> template()), props := map(), branch => pos_integer()}.


      



  



  
    
      
    
    
      template()



        
          
        

    

  


  

      

          -nominal template() ::
             #{s := [binary()],
               d := [dynamic()],
               f := binary(),
               diff => false,
               branch => pos_integer(),
               az_key => term(),
               multi_root => true,
               backend => module()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      branch(Branch, Value)



        
          
        

    

  


  

      

          -spec branch(Branch, Value) -> Value1 when Branch :: pos_integer(), Value :: term(), Value1 :: term().


      


Stamps the value a conditional branch produced with that branch's index within
its slot, when the value is an az-nodiff template or a ?stateless descriptor
(whose template takes the stamp when it is rendered). Two branches can produce
the same template -- the same markup, the same helper -- and the stamp is what
tells them apart once their az-nodiff elements are no longer evaluated. Any other value is
returned as is.
The parse transform stamps a literal template itself and calls this only for a
branch value it cannot see at compile time.

  



  
    
      
    
    
      classify_trusted(Value)



        
          
        

    

  


  

      

          -spec classify_trusted(Value) -> {raw, term()} | {effect, Effect} | value
                          when Value :: term(), Effect :: term().


      


Classifies the escape-exempt content shapes: a raw/1 opt-out
({arizona_raw, V}, returned unwrapped) and an already-encoded effect command
or command list ({arizona_effect, _}). Every other value is value.
The definition of the shape vocabulary -- escape_value/2, mark_esc/1, and
arizona_html:render_attr/2 dispatch on it. to_bin/1 matches the same shapes
in its clause heads instead, because it runs right after one of those callers
has already classified the value; growing the vocabulary means updating both.
Each call site decides the policy for a shape (mark_esc/1 deliberately unwraps
and re-escapes a helper-produced raw).

  



  
    
      
    
    
      dyn_az(Dynamic)



        
          
        

    

  


  

      

          -spec dyn_az(Dynamic) -> az() when Dynamic :: dynamic().


      


Extracts the az/0 index from a 2- or 3-tuple dynamic/0.

  



  
    
      
    
    
      each(Source, Template)



        
          
        

    

  


  

      

          -spec each(Source, Template) -> each_container() when Source :: term(), Template :: each_template().


      


Wraps a template/0 produced by the parse transform with an each source.
Called by the parse transform to compile ?each(Fun, Source) -- pairs
the per-item template with its source list, stream, or map.
?each(Fun, Source) expands to a call on this same name, which the parse
transform replaces with the compiled pairing above. Reached with the macro's
own (Fun, Source) argument order, the transform did not run: say so with
parse_transform_not_applied rather than a bare function_clause.

  



  
    
      
    
    
      escape_marked(Backend, Value)



        
          
        

    

  


  

      

          -spec escape_marked(Backend, Value) -> binary() when Backend :: module(), Value :: term().


      


Escape the inner value of an {arizona_esc, _} marker.
The marker itself is the classification: mark_esc/1 is its only producer and it
wraps only what already came back as a plain value, so re-asking
classify_trusted/1 here can only ever get the same answer. Escapable content is
most of what a template renders, so that second ask is paid per value per render.

  



  
    
      
    
    
      escape_value(Backend, Value)



        
          
        

    

  


  

      

          -spec escape_value(Backend, Value) -> binary() when Backend :: module(), Value :: term().


      


Renders a value to its output binary, escaping via Backend (an
arizona_renderer): HTML entity-escaping, terminal control-char sanitizing, or
JSON string encoding. raw/1-wrapped values and already-encoded
arizona_effect commands are classified out and pass through unescaped (the
?raw opt-out and effects are trusted, backend-independent).

  



  
    
      
    
    
      format_error(Reason)



        
          
        

    

  


  

      

          -spec format_error(Reason) -> string() when Reason :: term().


      


Formats compile/runtime error reasons emitted by this module.

  



  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats runtime errors raised with an error_info annotation pointing at
this module. Picked up by erl_error:format_exception/3.

  



  
    
      
    
    
      get(Key, Bindings)



        
          
        

    

  


  

      

          -spec get(Key, Bindings) -> Value when Key :: term(), Bindings :: map(), Value :: term().


      


Reads Key from Bindings and tracks the access for diff dependency analysis.
Errors with missing_binding (carrying an error_info annotation that
routes through format_error/2) if not present. Use get/3 for a default.

  



  
    
      
    
    
      get(Key, Bindings, Default)



        
          
        

    

  


  

      

          -spec get(Key, Bindings, Default) -> Value
             when Key :: term(), Bindings :: map(), Default :: term(), Value :: term().


      


Reads Key from Bindings, returning Default if absent. Tracks the access.

  



  
    
      
    
    
      get_lazy(Key, Bindings, DefaultFun)



        
          
        

    

  


  

      

          -spec get_lazy(Key, Bindings, DefaultFun) -> Value
                  when
                      Key :: term(), Bindings :: map(), DefaultFun :: fun(() -> term()), Value :: term().


      


Like get/3 but the default is computed lazily by a 0-arity fun.

  



  
    
      
    
    
      html(Elems)



        
          
        

    

  


  

      

          -spec html(term()) -> no_return().


      


Compile-time stub. The parse transform replaces every ?html(...) (and
arizona_template:html/1) call with a precomputed template/0 map. If
this function runs, the parse transform was not applied -- include
arizona_stateful.hrl or arizona_stateless.hrl.

  



  
    
      
    
    
      local(Key, Init)



        
          
        

    

  


  

      

          -spec local(Key, Init) -> map() when Key :: binary() | atom(), Init :: term().


      


Builds a client-owned slot value. The server renders Init once and never
diffs the slot (diff => false); the browser owns the value via Key,
updating it client-side with no round-trip. Used via the ?local macro in
content or attribute-value position. Key may be a binary or an atom (an atom
is normalized to a binary, so it reaches the client as the same string).

  



  
    
      
    
    
      make_child_snap(Template, ChildD, ChildDeps, Id)



        
          
        

    

  


  

      

          -spec make_child_snap(Template, ChildD, ChildDeps, Id) -> snapshot()
                         when
                             Template :: template(),
                             ChildD :: [{az(), term()}],
                             ChildDeps :: [deps()],
                             Id :: binary().


      


Builds a stateful child snapshot, propagating diff => false from the template.

  



  
    
      
    
    
      mark_esc(Value)



        
          
        

    

  


  

      

          -spec mark_esc(Value) -> term() when Value :: term().


      


Marks an evaluated value for HTML escaping at output. Only scalars are marked --
nested templates/descriptors and stateless-child snapshots (all maps) and
effects pass through untouched so they render structurally (their own inner
dynamics carry their own marks). A stateless descriptor returned from a
conditional content slot reduces to a bare snapshot map here, so the is_map
clause passes it through and scope_slot/2 later namespaces it -- the same
treatment a directly-slotted stateless child gets.
mark_esc/1 is reached only for an escape-tagged content slot ({esc, Fun}),
which the parse transform emits for every content interpolation that is not a
literal block -- a literal raw/1 at the template site compiles to a bare
(un-esc-tagged) slot and never reaches here. So a {arizona_raw, V} arriving
here was produced by a helper returning raw/1 into an escaping slot, which
the documented rule forbids ("the parse transform only recognizes the opt-out
when the raw call is literal at the template site"). Honor that rule: unwrap
the raw and escape its inner value like any plain scalar, so a helper wrapping
user data in raw/1 cannot smuggle trusted markup past the escaper (on SSR or
across the live diff).

  



  
    
      
    
    
      maybe_propagate(Template, Snapshot)



        
          
        

    

  


  

      

          -spec maybe_propagate(Template, Snapshot) -> Snapshot1
                         when Template :: template(), Snapshot :: snapshot(), Snapshot1 :: snapshot().


      


Propagates the template-level fields that must survive onto a snapshot: f
(fingerprint), the optional diff => false flag, the render backend, and the
a attributes the template declares.
Used by both the render path (arizona_render) and the diff path
(arizona_diff), so a diffed snapshot carries the same backend as a freshly
rendered one -- the field is a uniform invariant on every snapshot.

  



  
    
      
    
    
      native(Elems)



        
          
        

    

  


  

      

          -spec native(term()) -> no_return().


      


Compile-time stub for the native (JSON) render target. The parse transform
replaces every ?native(...) (and arizona_template:native/1) call with a
precomputed template/0 map whose statics are JSON fragments. If this
function runs, the parse transform was not applied.

  



  
    
      
    
    
      nodiff_token(F, Branch, Key)



        
          
        

    

  


  

      

          -spec nodiff_token(F, Branch, Key) -> binary()
                      when F :: binary(), Branch :: pos_integer() | undefined, Key :: term().


      


The value of the az-nodiff attribute on the root of an az-nodiff element: its
identity as same_nodiff/3 decides it -- the template's fingerprint F, the
conditional branch that produced it and its az_key -- spelled as one opaque
token. The client matches az-nodiff elements by it, so a wholesale re-render around a
az-nodiff element (a reconnect, a container ?OP_TEXT) carries the existing DOM over to a
new render naming the same az-nodiff element, and replaces it otherwise.
The token is not scoped: where the az-nodiff element sits (its slot, the item it is in) is
read off the DOM by the client, which is where those addresses already are.

  



  
    
      
    
    
      raw(Value)



        
          
        

    

  


  

      

          -spec raw(Value) -> {arizona_raw, term()} when Value :: term().


      


Wraps a value to opt out of HTML auto-escaping. Use only for trusted,
already-safe HTML fragments -- never for user-controlled data.
This is an HTML-target feature: on the live diff a ?raw value is tagged so the
client innerHTMLs it (vs text-noding a plain ?get value -- the escaping boundary).
The ?native and ?terminal targets do not HTML-escape, so ?raw there is a no-op
with no defined meaning; using it in a ?native/?terminal template is unsupported.

  



  
    
      
    
    
      same_nodiff(New, Old)



        
          
        

    

  


  

      

          -spec same_nodiff(New, Old) -> boolean() when New :: snapshot(), Old :: snapshot().


      


Whether two az-nodiff snapshots of the same fingerprint are the same az-nodiff element: the
same producing branch and az_key, and the same child view when they are one.

  



  
    
      
    
    
      same_nodiff(Az, Tmpl, Old)



        
          
        

    

  


  

      

          -spec same_nodiff(Az, Tmpl, Old) -> boolean() when Az :: binary(), Tmpl :: term(), Old :: snapshot().


      


Whether the template Tmpl, about to fill the slot Az, is the az-nodiff element
the slot's snapshot Old already holds: the same scoped fingerprint, the same
producing branch and the same az_key.

  



  
    
      
    
    
      scope_slot(Az, Value)



        
          
        

    

  


  

      

          -spec scope_slot(Az, Value) -> term() when Az :: az(), Value :: term().


      


Namespaces a slot's rendered value by the enclosing slot Az, so a repeated
stateless child (or any inline nested template) is an independent diff target.
Prefixes the value's fingerprint, its statics' baked az/marker ids, and every
inner dynamic az (recursing through inline nested templates) with the slot az.
A stateless component has no view_id boundary of its own, and its inner az
ids derive only from its own template fingerprint (<Fp>-<n>). So the same
render function rendered more than once in a view produces byte-identical az
targets; on the client every diff op resolves with querySelector (first match)
and lands on the first instance. Namespacing by the slot az -- applied here,
where the slot is in scope -- keeps each instance distinct. The same prefixing
makes two structurally identical inline nested templates (e.g. same-shaped
conditional branches) in different slots distinct too.
The prefix is made colon-free (: -> -): the client treats : as the
content-slot-index separator (a base element az never contains one) and
recovers a base element by stripping at the first colon, so an internal colon
in the prefix would misroute multi-slot and ?each-among-siblings ops. A
stateful child (view_id boundary), an ?each container (items are addressed
relative to the container, not by global az), and a client-owned ?local
slot are left untouched; a scalar (escaped or bare) has no az to prefix and
passes through. This is exactly the structural discrimination scope_val/2
applies inside an already-scoped snapshot, reused here for the top-level slot
value -- so a stateless child evaluates to a plain snapshot map (no wrapper tag)
and is scoped by the same #{s, d} path as an inline nested template.

  



  
    
      
    
    
      split_triples(Triples)



        
          
        

    

  


  

      

          -spec split_triples(Triples) -> {DList, DepsList}
                       when
                           Triples :: [{az(), term(), deps()}],
                           DList :: [{az(), term()}],
                           DepsList :: [deps()].


      


Splits a list of {Az, Val, Deps} triples into the snapshot d-list and
deps list. (arizona_render:render/2 needs the document too and fuses this
split into its zip walk, zip_triples/3.)

  



  
    
      
    
    
      stateful(Handler, Props)



        
          
        

    

  


  

      

          -spec stateful(Handler, Props) -> stateful_descriptor() when Handler :: module(), Props :: map().


      


Builds a stateful child descriptor. The renderer mounts Handler with Props.

  



  
    
      
    
    
      stateless(Callback, Props)



        
          
        

    

  


  

      

          -spec stateless(Callback, Props) -> stateless_descriptor()
                   when Callback :: fun((map()) -> template()), Props :: map().


      


Builds a stateless child descriptor from a 1-arity render fun.

  



  
    
      
    
    
      stateless(Handler, Fun, Props)



        
          
        

    

  


  

      

          -spec stateless(Handler, Fun, Props) -> stateless_descriptor()
                   when Handler :: module(), Fun :: atom(), Props :: map().


      


Builds a stateless child descriptor from a Handler:Fun/1 reference.

  



  
    
      
    
    
      stateless_template(Descriptor)



        
          
        

    

  


  

      

          -spec stateless_template(Descriptor) -> term() when Descriptor :: stateless_descriptor().


      


Renders a ?stateless descriptor to its template, passing on the branch stamp
the descriptor carries (see branch/2).

  



  
    
      
    
    
      terminal(Elems)



        
          
        

    

  


  

      

          -spec terminal(term()) -> no_return().


      


Compile-time stub for the terminal (ANSI) render target. The parse transform
replaces every ?terminal(...) (and arizona_template:terminal/1) call with a
precomputed template/0 map whose statics are ANSI-decorated text. If this
function runs, the parse transform was not applied.

  



  
    
      
    
    
      to_bin(Value)



        
          
        

    

  


  

      

          -spec to_bin(Value) -> binary() when Value :: term().


      


Converts a template value to its binary HTML representation.
Errors with {bad_template_value, V} for unsupported types.

  



  
    
      
    
    
      track(Key)



        
          
        

    

  


  

      

          -spec track(Key) -> ok when Key :: term().


      


Records Key as a dependency of the dynamic element currently being rendered.
Called automatically by get/2,3 and get_lazy/3. Public so render code
can attribute dependencies that bypass binding access.
It is a no-op outside a dynamic's evaluation, since that is where the
dependency scope is opened. Do not read that as "a ?get in the body of
render/1 records nothing" -- what a slot depends on is decided at compile
time, not here. The parse transform inlines a fresh read into the slot's own
closure, so the body-level call is the one that no-ops while the inlined one
records. erlc -P shows which reads ended up inside which closure, and is the
only reliable way to answer "why does this slot not update". See "The
invariant" in docs/architecture.md.

  



  
    
      
    
    
      unwrap_val(Backend, Value)



        
          
        

    

  


  

      

          -spec unwrap_val(Backend, Value) -> term() when Backend :: module(), Value :: term().


      


Materializes an attribute dynamic into its rendered binary through Backend
(an arizona_renderer), leaving plain values untouched.

  



  
    
      
    
    
      visible_keys(Order, Limit)



        
          
        

    

  


  

      

          -spec visible_keys(Order, Limit) -> Order1
                      when
                          Order :: {[term()], [term()]},
                          Limit :: pos_integer() | infinity,
                          Order1 :: [term()].


      


Returns the visible portion of a stream order buffer given a Limit.
The order is the arizona_stream record's {Front, BackRev} 2-list
buffer (Back holds recently-appended keys NEWEST-first). This function
flushes the buffer to a flat oldest-first list and applies the limit.
infinity returns the full order; an integer truncates via
lists:sublist/2.

  



  
    
      
    
    
      with(Keys, Bindings)



        
          
        

    

  


  

      

          -spec with(Keys, Bindings) -> Bindings1 when Keys :: [term()], Bindings :: map(), Bindings1 :: map().


      


Projects Bindings to a sub-map of only Keys, tracking each key as a
dependency.
Use it to hand a bindings subset to a sub-context (a helper, a child, a
passed-through map) while declaring exactly which keys it depends on: the
projection means the sub-context cannot silently read an untracked key (an
omitted key fails loudly with missing_binding rather than freezing), and the
tracking makes the enclosing slot re-render when any listed key changes.
Equivalent to track/1 on each key followed by maps:with(Keys, Bindings).

  


        

      


  

  
    
    arizona_terminal - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal 
    



      
Terminal (ANSI) render-target backend.
Emits the byte sequences that make up the s statics as plain text decorated
with ANSI escape codes, for views rendered into a terminal via ?terminal(...).
Built for a transport that repaints the whole frame each update (see
arizona_live:render_current/1) rather than applying diff ops, so unlike the
HTML and native backends it writes no az/slot markers into the output --
az_attr/1, text_slot_open/1, text_slot_close/0 and scope_static/3 are
no-ops. (text_az/2 still hands out distinct slot ids so the snapshot's
d-list stays well-formed for the diff engine, whose ops the terminal
transport ignores.)
The frame is printed from the live process's diffed snapshot, not from a
fresh render of the template, so a repaint runs no child mount/1 or
handle_update/3. A terminal therefore sees what a web client sees:
az-nodiff content renders once, a slot whose reads are not tracked freezes
after its first render, and after a hot reload edited template text appears
once a slot depending on it changes (the terminal does not repaint on reload).
Vocabulary
	col / row -- transparent containers (a trailing style reset on close).
	line -- a block element: its content followed by a style reset and a
newline. Vertical layout is a col of lines.
	text / span -- inline elements: content followed by a style reset.
	br -- a void element emitting a newline.

Styling is set with bare-atom boolean attributes mapped to io_ansi
escape codes (compile-time constants): bold, dim, italic, underline,
inverse, and the colours black/red/green/yellow/blue/magenta/
cyan/white (plus their light_* variants). For anything the named atoms
do not cover, use a valued attribute: {sgr, Escape} emits a raw escape
verbatim, {fg, Index} / {bg, Index} select 256-colour palette entries.
Styles do not inherit across container boundaries (every element resets on
close), so set the style on the text/line that needs it. An unrecognised
style atom, an unknown valued attribute, a dynamic attribute value, or an event
command attribute is rejected at compile time with a clear message rather
than silently dropped.
Escaping
Dynamic content values are control-char sanitized at render (escape/1, the
arizona_renderer escape callback): C0 bytes (except \\n/\\t), DEL and the
C1 controls are stripped, and every byte outside well-formed UTF-8 becomes U+FFFD,
so an interpolated value cannot inject ANSI/OSC escape sequences into the terminal
(the terminal analog of XSS -- e.g. an OSC 52 clipboard write or a scrollback wipe
in a shared-channel app) and the output is always valid UTF-8. That guarantee
assumes a UTF-8 terminal (see escape/1). The ?raw
opt-out bypasses this, so never wrap untrusted data in ?raw in a ?terminal
template. Static styling escapes (the s bytes above) are framework-emitted and
never sanitized.

      


      
        Summary


  
    Functions
  


    
      
        attr/2

      


    


    
      
        attr_bool(Name, Bool)

      


    


    
      
        attr_command(Name, Cmd)

      


    


    
      
        attr_dyn_name(Name)

      


    


    
      
        attr_names()

      


    


    
      
        az_attr(Az)

      


    


    
      
        boolean_attrs()

      


    


    
      
        children_sep()

      


    


    
      
        content_context(Tag, Parent)

      


    


    
      
        content_type()

      


    


    
      
        each_items(Items)

      


    


    
      
        element_close/1

      


    


    
      
        element_open(TagName)

      


    


    
      
        element_open_end()

      


    


    
      
        element_void_close()

      


    


    
      
        escape(Bin)

      


        Sanitize a dynamic value's bytes for terminal output. Strips the C0 control bytes
0x00-0x1F (keeping \\n and \\t), 0x7F (DEL) and the C1 controls, so an
interpolated value cannot inject ANSI/OSC/DCS escape sequences (e.g. \\e]52;c;...
clipboard writes, \\e[3J scrollback wipes) into other users' terminals. Dropping
\\e (0x1B) neutralizes the 7-bit escape forms; the C1 controls are their one-code
introducers (U+009B is CSI, U+009D is OSC), which a terminal honours both UTF-8
encoded (C2 80-C2 9F) and, to a lenient decoder, as a bare byte 0x80-0x9F.



    


    
      
        implied_attrs(Tag, Names)

      


    


    
      
        is_void/1

      


    


    
      
        keyed_item_ops()

      


    


    
      
        name/1

      


    


    
      
        raw_text(Tag, Before, After, Value)

      


    


    
      
        raw_text_kind(Tag, Context)

      


    


    
      
        render_attr(Name, Value)

      


    


    
      
        scope_static(Fp, Prefix, S0)

      


    


    
      
        single_root_document()

      


    


    
      
        supports_list_patch()

      


    


    
      
        supports_local()

      


    


    
      
        supports_nodiff_keep()

      


    


    
      
        target()

      


    


    
      
        text_az(ElemAz, Slot)

      


    


    
      
        text_child(Text)

      


    


    
      
        text_slot_close()

      


    


    
      
        text_slot_open(Az)

      


    


    
      
        wire_attr(Name, Value)

      


    


    
      
        wire_escape(Bin)

      


    





      


      
        Functions


        


  
    
      
    
    
      attr/2



        
          
        

    

  


  

      

          -spec attr(binary(), binary()) -> binary().


      



  



  
    
      
    
    
      attr_bool(Name, Bool)



        
          
        

    

  


  

      

          -spec attr_bool(binary(), boolean()) -> binary().


      



  



  
    
      
    
    
      attr_command(Name, Cmd)



        
          
        

    

  


  

      

          -spec attr_command(binary(), term()) -> no_return().


      



  



  
    
      
    
    
      attr_dyn_name(Name)



        
          
        

    

  


  

      

          -spec attr_dyn_name(binary()) -> no_return().


      



  



  
    
      
    
    
      attr_names()



        
          
        

    

  


  

      

          -spec attr_names() -> repeatable.


      



  



  
    
      
    
    
      az_attr(Az)



        
          
        

    

  


  

      

          -spec az_attr(binary()) -> binary().


      



  



  
    
      
    
    
      boolean_attrs()



        
          
        

    

  


  


  



  
    
      
    
    
      children_sep()



        
          
        

    

  


  

      

          -spec children_sep() -> binary().


      



  



  
    
      
    
    
      content_context(Tag, Parent)



        
          
        

    

  


  

      

          -spec content_context(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                         arizona_renderer:content_context().


      



  



  
    
      
    
    
      content_type()



        
          
        

    

  


  


  



  
    
      
    
    
      each_items(Items)



        
          
        

    

  


  

      

          -spec each_items([iodata()]) -> iodata().


      



  



  
    
      
    
    
      element_close/1



        
          
        

    

  


  

      

          -spec element_close(binary()) -> binary().


      



  



  
    
      
    
    
      element_open(TagName)



        
          
        

    

  


  

      

          -spec element_open(binary()) -> binary().


      



  



  
    
      
    
    
      element_open_end()



        
          
        

    

  


  

      

          -spec element_open_end() -> binary().


      



  



  
    
      
    
    
      element_void_close()



        
          
        

    

  


  

      

          -spec element_void_close() -> binary().


      



  



  
    
      
    
    
      escape(Bin)



        
          
        

    

  


  

      

          -spec escape(binary()) -> binary().


      


Sanitize a dynamic value's bytes for terminal output. Strips the C0 control bytes
0x00-0x1F (keeping \\n and \\t), 0x7F (DEL) and the C1 controls, so an
interpolated value cannot inject ANSI/OSC/DCS escape sequences (e.g. \\e]52;c;...
clipboard writes, \\e[3J scrollback wipes) into other users' terminals. Dropping
\\e (0x1B) neutralizes the 7-bit escape forms; the C1 controls are their one-code
introducers (U+009B is CSI, U+009D is OSC), which a terminal honours both UTF-8
encoded (C2 80-C2 9F) and, to a lenient decoder, as a bare byte 0x80-0x9F.
The output is always valid UTF-8: the UTF-8 encoded C1 controls are stripped, and
every byte outside a well-formed sequence (a bare 0x80-0x9F, a stray lead byte,
Latin-1 text, an overlong form, a surrogate, anything past U+10FFFF) becomes
U+FFFD. A stray lead byte cannot then pair with what follows it (C2 then [
would read as U+009B), and a unicode io device, which refuses invalid UTF-8, can
always write the frame. A byte in 0x80-0x9F that belongs to a well-formed
sequence (the 81 of ā, the 82 of €) is part of a character and is kept.
This assumes a UTF-8 terminal. An 8-bit (ISO-8859-1) terminal reads those same
continuation bytes as C1 controls, and no sanitizer can protect it without
dropping UTF-8 text.

  



  
    
      
    
    
      implied_attrs(Tag, Names)



        
          
        

    

  


  

      

          -spec implied_attrs(arizona_renderer:tag(), [binary()]) -> [].


      



  



  
    
      
    
    
      is_void/1



        
          
        

    

  


  

      

          -spec is_void(arizona_renderer:tag()) -> boolean().


      



  



  
    
      
    
    
      keyed_item_ops()



        
          
        

    

  


  


  



  
    
      
    
    
      name/1



        
          
        

    

  


  

      

          -spec name(arizona_renderer:tag()) -> binary().


      



  



  
    
      
    
    
      raw_text(Tag, Before, After, Value)



        
          
        

    

  


  

      

          -spec raw_text(atom(), binary(), binary(), term()) -> term().


      



  



  
    
      
    
    
      raw_text_kind(Tag, Context)



        
          
        

    

  


  

      

          -spec raw_text_kind(arizona_renderer:tag(), arizona_renderer:content_context()) ->
                       arizona_renderer:raw_text_kind().


      



  



  
    
      
    
    
      render_attr(Name, Value)



        
          
        

    

  


  

      

          -spec render_attr(binary(), term()) -> no_return().


      



  



  
    
      
    
    
      scope_static(Fp, Prefix, S0)



        
          
        

    

  


  

      

          -spec scope_static(binary(), binary(), binary()) -> binary().


      



  



  
    
      
    
    
      single_root_document()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_list_patch()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_local()



        
          
        

    

  


  


  



  
    
      
    
    
      supports_nodiff_keep()



        
          
        

    

  


  


  



  
    
      
    
    
      target()



        
          
        

    

  


  


  



  
    
      
    
    
      text_az(ElemAz, Slot)



        
          
        

    

  


  

      

          -spec text_az(binary(), non_neg_integer()) -> binary().


      



  



  
    
      
    
    
      text_child(Text)



        
          
        

    

  


  

      

          -spec text_child(binary()) -> binary().


      



  



  
    
      
    
    
      text_slot_close()



        
          
        

    

  


  

      

          -spec text_slot_close() -> binary().


      



  



  
    
      
    
    
      text_slot_open(Az)



        
          
        

    

  


  

      

          -spec text_slot_open(binary()) -> binary().


      



  



  
    
      
    
    
      wire_attr(Name, Value)



        
          
        

    

  


  

      

          -spec wire_attr(binary(), term()) -> no_return().


      



  



  
    
      
    
    
      wire_escape(Bin)



        
          
        

    

  


  

      

          -spec wire_escape(binary()) -> binary().


      



  


        

      


  

  
    
    arizona_terminal_default_driver - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_default_driver 
    



      
The framework's default arizona_terminal_driver implementation -- a sensible
terminal experience any ?terminal app gets for free.
arizona_terminal_session falls back to these for any callback a driver doesn't
implement, so a custom driver overrides only what it changes; passing this module
itself as the driver uses all the defaults.
The defaults:
	keys/2 translates the read with arizona_terminal_io:keys/1 (printable -> $a,
named keys -> atoms, {ctrl, _} / {alt, _}). Ctrl-D (EOF) quits -- the one
always-available escape, so any app is quittable. Every other key, Ctrl-C included,
becomes a ~"key" event carrying the idiomatic key value, so a view matches
handle_event(~"key", #{key := $j}, B), #{key := up}, #{key := {ctrl, $c}},
etc. An app decides what Ctrl-C does (cancel, confirm-quit, ...) by handling that
event; nothing happens by default.
	setup/1 hides the cursor for the session; teardown/1 restores it on quit.
	paint/3 repaints the frame in place (cursor home, clear-to-end-of-line per line,
then clear below) so it does not flicker, and interprets the framework terminal
effects (arizona_terminal_effect): quit stops the session, set_title sets
the terminal title, bell rings it. Unknown effects are ignored.

Frame must fit the terminal
The in-place repaint homes with \e[H (absolute top-left) and writes every line,
so it assumes the frame fits within the terminal's visible rows. A frame taller
than the window scrolls on each paint: \e[H no longer addresses the true top and
each repaint appends another screenful to the scrollback (a continuous flood under
the periodic tick). Clamping to the visible rows would need the terminal geometry,
which this default driver is not given (the SSH transport knows it, but a local TTY
cannot read its own size). Keep a ?terminal view's rendered height within the
smallest terminal you target, or supply a custom driver that clamps against a size
it tracks.

      


      
        Summary


  
    Functions
  


    
      
        init(Arg)

      


        The default driver is stateless; its state is an empty map.



    


    
      
        keys(Bytes, State)

      


        Translate the read and turn keys into events; Ctrl-D (EOF) quits. An escape
sequence split across reads (a transport delivers bytes in chunks) would otherwise
mis-decode -- a trailing \\e[ dropped, the next read's A surfacing as a spurious
$a. So the incomplete trailing escape prefix is buffered in the driver state
(pending) and prepended to the next read.



    


    
      
        paint(Frame, Effects, State)

      


        Repaint the frame in place and interpret framework terminal effects: a quit
effect stops the session; set_title / bell emit their escape sequences; unknown
effects are ignored. Repaints with home + per-line clear-to-EOL + clear-below rather
than a \\e[2J full clear, so the screen does not flicker.



    


    
      
        setup(State)

      


        Hide the cursor for the session.



    


    
      
        teardown(State)

      


        Restore the cursor on quit.



    





      


      
        Functions


        


  
    
      
    
    
      init(Arg)



        
          
        

    

  


  

      

          -spec init(term()) -> map().


      


The default driver is stateless; its state is an empty map.

  



  
    
      
    
    
      keys(Bytes, State)



        
          
        

    

  


  

      

          -spec keys(binary(), State) -> {[arizona_terminal_driver:command()], State}.


      


Translate the read and turn keys into events; Ctrl-D (EOF) quits. An escape
sequence split across reads (a transport delivers bytes in chunks) would otherwise
mis-decode -- a trailing \\e[ dropped, the next read's A surfacing as a spurious
$a. So the incomplete trailing escape prefix is buffered in the driver state
(pending) and prepended to the next read.

  



  
    
      
    
    
      paint(Frame, Effects, State)



        
          
        

    

  


  

      

          -spec paint(binary(), [arizona_effect:cmd()], State) -> {iodata(), continue | stop, State}.


      


Repaint the frame in place and interpret framework terminal effects: a quit
effect stops the session; set_title / bell emit their escape sequences; unknown
effects are ignored. Repaints with home + per-line clear-to-EOL + clear-below rather
than a \\e[2J full clear, so the screen does not flicker.

  



  
    
      
    
    
      setup(State)



        
          
        

    

  


  

      

          -spec setup(State) -> {iodata(), State}.


      


Hide the cursor for the session.

  



  
    
      
    
    
      teardown(State)



        
          
        

    

  


  

      

          -spec teardown(term()) -> iodata().


      


Restore the cursor on quit.

  


        

      


  

  
    
    arizona_terminal_driver - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_driver behaviour
    



      
Behaviour for a terminal UI driver -- the policy that turns a ?terminal live view
into a concrete terminal experience.
arizona_terminal_session is generic: it mounts the view, dispatches events, and
re-renders, but holds no opinion about how the terminal looks or which keys mean
what. A driver supplies that policy:
	keys/2 maps raw input bytes to view events (or a stop request) -- the key map.
	paint/3 turns a freshly rendered ANSI frame plus the view's effects into the
bytes to write, and decides whether to keep going or stop -- the paint model.
	setup/1 / teardown/1 emit one-shot bytes at start and on quit (e.g. hide /
show the cursor, enter / leave the alternate screen).
	init/1 creates the driver state threaded through the calls above.

Every callback is optional: arizona_terminal_default_driver ships a sensible
default for each, and the session uses a driver's callback when it exports one, else
that default. So a driver implements only the callbacks it changes, and passing
arizona_terminal_default_driver itself uses all the defaults.

      


      
        Summary


  
    Types
  


    
      
        command()

      


        An action a key read produces: dispatch a view event, or stop the session.



    





  
    Callbacks
  


    
      
        init(Arg)

      


        Create the driver's initial state. Arg is transport-supplied context.



    


    
      
        keys(Bytes, State)

      


        Map a raw input read (a byte binary) to commands and the next state. [] ignores
the input. May keep state to buffer escape sequences across reads.



    


    
      
        paint(Frame, Effects, State)

      


        Turn the freshly rendered ANSI Frame and the view's Effects into the bytes to
write, whether to continue or stop, and the next state.



    


    
      
        setup(State)

      


        One-shot output emitted before the first paint (e.g. hide the cursor).



    


    
      
        teardown(State)

      


        One-shot output emitted on quit, before stopping (e.g. show the cursor).



    





      


      
        Types


        


  
    
      
    
    
      command()



        
          
        

    

  


  

      

          -nominal command() :: {event, Name :: binary(), Payload :: map()} | stop.


      


An action a key read produces: dispatch a view event, or stop the session.

  


        

      

      
        Callbacks


        


  
    
      
    
    
      init(Arg)


        (optional)


        
          
        

    

  


  

      

          -callback init(Arg :: term()) -> State :: term().


      


Create the driver's initial state. Arg is transport-supplied context.

  



  
    
      
    
    
      keys(Bytes, State)


        (optional)


        
          
        

    

  


  

      

          -callback keys(Bytes :: binary(), State :: term()) -> {[command()], NewState :: term()}.


      


Map a raw input read (a byte binary) to commands and the next state. [] ignores
the input. May keep state to buffer escape sequences across reads.

  



  
    
      
    
    
      paint(Frame, Effects, State)


        (optional)


        
          
        

    

  


  

      

          -callback paint(Frame :: binary(), Effects :: [arizona_effect:cmd()], State :: term()) ->
                   {iodata(), continue | stop, NewState :: term()}.


      


Turn the freshly rendered ANSI Frame and the view's Effects into the bytes to
write, whether to continue or stop, and the next state.

  



  
    
      
    
    
      setup(State)


        (optional)


        
          
        

    

  


  

      

          -callback setup(State :: term()) -> {iodata(), NewState :: term()}.


      


One-shot output emitted before the first paint (e.g. hide the cursor).

  



  
    
      
    
    
      teardown(State)


        (optional)


        
          
        

    

  


  

      

          -callback teardown(State :: term()) -> iodata().


      


One-shot output emitted on quit, before stopping (e.g. show the cursor).

  


        

      


  

  
    
    arizona_terminal_effect - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_effect 
    



      
Framework terminal effect builders for ?terminal views -- the terminal analog of
arizona_js (web) and arizona_android (native).
A view returns these from handle_event/3 / handle_info/2, and the terminal
driver interprets them. arizona_terminal_default_driver handles all three; a
custom driver may handle more (or fewer). Each builds the neutral
arizona_effect:cmd/0 tuple the other targets use.
These are frame-orthogonal -- they don't depend on the paint model, so they work
with the default full-frame repaint. Append-only output like a scrolling log is a
paint-model concern and stays the responsibility of a custom driver.
handle_event(~"key", #{key := $q}, Bindings) ->
    {Bindings, #{}, [arizona_terminal_effect:quit()]}.

      


      
        Summary


  
    Functions
  


    
      
        bell()

      


        Ring the terminal bell.



    


    
      
        quit()

      


        Stop the terminal session: the driver tears down (restores the terminal) and exits.



    


    
      
        set_title(Title)

      


        Set the terminal window/icon title.



    





      


      
        Functions


        


  
    
      
    
    
      bell()



        
          
        

    

  


  

      

          -spec bell() -> arizona_effect:cmd().


      


Ring the terminal bell.

  



  
    
      
    
    
      quit()



        
          
        

    

  


  

      

          -spec quit() -> arizona_effect:cmd().


      


Stop the terminal session: the driver tears down (restores the terminal) and exits.

  



  
    
      
    
    
      set_title(Title)



        
          
        

    

  


  

      

          -spec set_title(Title) -> arizona_effect:cmd() when Title :: iodata().


      


Set the terminal window/icon title.

  


        

      


  

  
    
    arizona_terminal_io - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_io 
    



      
Low-level terminal byte helpers -- the arizona complement to OTP's io_ansi,
which only emits output sequences. This module starts on the input side and
has room to grow (CRLF, mouse, ...).
keys/1 translates a raw terminal read into a list of idiomatic keys, so a driver
(see arizona_terminal_driver) can pattern-match on them rather than on raw
bytes:
	a printable character is its code -- a -> $a, + -> $+, space -> $\\s;
	named and escape keys are atoms -- up, down, left, right, enter, tab,
backspace, escape, home, 'end', page_up, page_down, insert,
delete;
	modified keys are tuples -- {ctrl, $c} (Ctrl-C), {alt, $a} (Alt-a).

A read can carry several keypresses (fast typing or a paste), so it returns a list.
Covers ASCII + the keys above. Not yet handled (skipped or split per byte): UTF-8
multibyte input and the function-key set (f1..f12); unrecognised escape
sequences are dropped.

      


      
        Summary


  
    Types
  


    
      
        key()

      


    





  
    Functions
  


    
      
        keys/1

      


        Decode a raw terminal read into idiomatic keys.



    


    
      
        take_incomplete(Bytes)

      


        Split a read into its leading decodable bytes and a trailing incomplete escape
sequence. A read may end mid-sequence -- a transport delivers bytes in chunks (the
local TTY reads fixed-size chunks; a network transport fragments on TCP boundaries),
so an escape sequence like \\e[A (an arrow key) can be cut after \\e[. Decoded in
isolation that tail is lost and the next read's A mis-decodes into a spurious $A.



    





      


      
        Types


        


  
    
      
    
    
      key()



        
          
        

    

  


  

      

          -nominal key() :: char() | atom() | {ctrl, char()} | {alt, char()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      keys/1



        
          
        

    

  


  

      

          -spec keys(binary()) -> [key()].


      


Decode a raw terminal read into idiomatic keys.

  



  
    
      
    
    
      take_incomplete(Bytes)



        
          
        

    

  


  

      

          -spec take_incomplete(binary()) -> {binary(), binary()}.


      


Split a read into its leading decodable bytes and a trailing incomplete escape
sequence. A read may end mid-sequence -- a transport delivers bytes in chunks (the
local TTY reads fixed-size chunks; a network transport fragments on TCP boundaries),
so an escape sequence like \\e[A (an arrow key) can be cut after \\e[. Decoded in
isolation that tail is lost and the next read's A mis-decodes into a spurious $A.
Returns {Complete, Incomplete}: Complete decodes cleanly via keys/1, and a
driver carries Incomplete in its state to prepend to the next read. The incomplete
tail is the trailing bytes of an unfinished CSI (\\e[ + parameter/intermediate
bytes, awaiting a final byte), an unfinished SS3 introducer (\\eO), or a lone
trailing \\e (which could begin any of those). A trailing lone \\e therefore
holds until the next read -- the classic terminal ESC-vs-sequence ambiguity, resolved
here by buffering rather than a timer.
The held tail is capped (real key sequences are tiny): a "CSI" still unfinished
past ~64 bytes is a hostile or garbage stream, not a split key, and holding it
would grow the pending buffer -- rescanned per read -- without bound. Past the
cap the tail is returned in Complete instead, where keys/1 consumes and
drops the unterminated sequence.

  


        

      


  

  
    
    arizona_terminal_session - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_session 
    



      
Transport-agnostic orchestrator for ?terminal live views.
Mounts a ?terminal view (the calling process is its transport), then delegates
the terminal policy -- key mapping, paint model, screen setup/teardown -- to an
arizona_terminal_driver module. It holds no UX opinion of its own, so it serves
the local TTY driver (arizona_terminal_tty) and the SSH transport (arizona_terminal_ssh)
unchanged, with whatever terminal style the driver implements. Each callback
dispatches to the given driver if it exports it, otherwise to
arizona_terminal_default_driver's default -- so a driver overrides only what it
changes.
It is parameterized by a driver module and an output function out/0
(fun((iodata()) -> ok)). The owning process becomes the live view's transport: it
must forward each {arizona_push, _, _, Effects, _} it receives to handle_push/2, key
reads to handle_key/2, terminal resizes to resize/3, and {arizona_reloader, reload}
to handle_reload/1,2.
In dev mode (arizona_reloader:enabled/0) the owning process joins the reloader topic,
and handle_reload/1,2 remounts the view on fresh code in place: a fun held in the view's
state points into code a second reload purges, and a terminal client has no reconnect to
fall back on.

      


      
        Summary


  
    Types
  


    
      
        out()

      


    


    
      
        session()

      


    





  
    Functions
  


    
      
        handle_key/2

      


        Handles a raw key read (a character list from a local TTY, or a byte binary from a
network transport). The driver maps it to commands: a stop command tears down and
returns quit; event commands are dispatched to the view and the result is
repainted. A read that maps to nothing returns {cont, Session} without repainting.



    


    
      
        handle_push(Session, Effects)

      


        Handles a live-process push (the Effects from an {arizona_push, _, _, Effects, _} the
owning process received): repaints via the driver, returning quit if the driver
stops.



    


    
      
        handle_reload/1

      


        Handles a dev reload ({arizona_reloader, reload}): remounts the view with the bindings
it was mounted with. See handle_reload/2.



    


    
      
        handle_reload/2

      


        Handles a dev reload ({arizona_reloader, reload}): stops the live view and mounts a
fresh one from Bindings (a transport passes its current connection context, e.g. the
latest term_rows/term_cols), then repaints it. The view's state resets, as a browser
page's does on reload. Further reloads already queued are folded into this one, and so
are pushes the old view queued, which describe a view that no longer exists. Returns
quit if the driver stops on the repaint. A session that did not join the reloader
topic (the reloader was not enabled when it started) ignores it.



    


    
      
        pid/1

      


        The live view process backing the session.



    


    
      
        resize/3

      


        Notifies the view of a terminal resize. Sends {term_resize, Rows, Cols} to the
view's handle_info/2 (which updates bindings and re-renders); the resulting push
repaints. Sent straight to the live pid (not arizona_live:send/2, which targets
the live process's own mailbox).



    


    
      
        start(Handler, Bindings, Driver, DriverArg, Out)

      


        Mounts Handler (request-free mount/1) as a live view whose transport is the
calling process, creates the Driver state from DriverArg, and paints the
initial frame via Out (after the driver's setup). Bindings carries any
connection context (e.g. term_rows/term_cols).



    


    
      
        stop/1

      


        Stops the live process backing the session. A transport calls this when its
connection ends, so the view doesn't outlive the transport (and unsubscribes from
any pubsub channels). Teardown output is emitted on the quit path, not here -- on a
disconnect the client is gone, so there's nothing to write to.



    


    
      
        teardown(Session)

      


        Emits the driver's teardown output (e.g. restoring the cursor) via the session's
output function, without touching the live process. A transport calls this to
restore the client's terminal when the live view has died asynchronously -- the
quit path already tears down before returning quit, but an out-of-band live-view
crash never reaches that path.



    





      


      
        Types


        


  
    
      
    
    
      out()



        
          
        

    

  


  

      

          -type out() :: fun((iodata()) -> ok).


      



  



  
    
      
    
    
      session()



        
          
        

    

  


  

      

          -opaque session()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      handle_key/2



        
          
        

    

  


  

      

          -spec handle_key(session(), string() | binary()) -> {cont, session()} | quit.


      


Handles a raw key read (a character list from a local TTY, or a byte binary from a
network transport). The driver maps it to commands: a stop command tears down and
returns quit; event commands are dispatched to the view and the result is
repainted. A read that maps to nothing returns {cont, Session} without repainting.

  



  
    
      
    
    
      handle_push(Session, Effects)



        
          
        

    

  


  

      

          -spec handle_push(session(), [arizona_effect:cmd()]) -> {cont, session()} | quit.


      


Handles a live-process push (the Effects from an {arizona_push, _, _, Effects, _} the
owning process received): repaints via the driver, returning quit if the driver
stops.

  



  
    
      
    
    
      handle_reload/1



        
          
        

    

  


  

      

          -spec handle_reload(session()) -> {cont, session()} | quit.


      


Handles a dev reload ({arizona_reloader, reload}): remounts the view with the bindings
it was mounted with. See handle_reload/2.

  



  
    
      
    
    
      handle_reload/2



        
          
        

    

  


  

      

          -spec handle_reload(session(), arizona_template:bindings()) -> {cont, session()} | quit.


      


Handles a dev reload ({arizona_reloader, reload}): stops the live view and mounts a
fresh one from Bindings (a transport passes its current connection context, e.g. the
latest term_rows/term_cols), then repaints it. The view's state resets, as a browser
page's does on reload. Further reloads already queued are folded into this one, and so
are pushes the old view queued, which describe a view that no longer exists. Returns
quit if the driver stops on the repaint. A session that did not join the reloader
topic (the reloader was not enabled when it started) ignores it.

  



  
    
      
    
    
      pid/1



        
          
        

    

  


  

      

          -spec pid(session()) -> pid().


      


The live view process backing the session.

  



  
    
      
    
    
      resize/3



        
          
        

    

  


  

      

          -spec resize(session(), pos_integer(), pos_integer()) -> ok.


      


Notifies the view of a terminal resize. Sends {term_resize, Rows, Cols} to the
view's handle_info/2 (which updates bindings and re-renders); the resulting push
repaints. Sent straight to the live pid (not arizona_live:send/2, which targets
the live process's own mailbox).

  



  
    
      
    
    
      start(Handler, Bindings, Driver, DriverArg, Out)



        
          
        

    

  


  

      

          -spec start(Handler, Bindings, Driver, DriverArg, Out) -> {ok, session()} | quit
               when
                   Handler :: module(),
                   Bindings :: arizona_template:bindings(),
                   Driver :: module(),
                   DriverArg :: term(),
                   Out :: out().


      


Mounts Handler (request-free mount/1) as a live view whose transport is the
calling process, creates the Driver state from DriverArg, and paints the
initial frame via Out (after the driver's setup). Bindings carries any
connection context (e.g. term_rows/term_cols).
The initial paint decides continue/stop like every other paint: a driver that
stops on the very first frame gets quit instead of a session, having already
emitted its teardown. Since the caller never receives a session it could stop,
start/5 also stops the live process itself on that path.

  



  
    
      
    
    
      stop/1



        
          
        

    

  


  

      

          -spec stop(session()) -> ok.


      


Stops the live process backing the session. A transport calls this when its
connection ends, so the view doesn't outlive the transport (and unsubscribes from
any pubsub channels). Teardown output is emitted on the quit path, not here -- on a
disconnect the client is gone, so there's nothing to write to.

  



  
    
      
    
    
      teardown(Session)



        
          
        

    

  


  

      

          -spec teardown(session()) -> ok.


      


Emits the driver's teardown output (e.g. restoring the cursor) via the session's
output function, without touching the live process. A transport calls this to
restore the client's terminal when the live view has died asynchronously -- the
quit path already tears down before returning quit, but an out-of-band live-view
crash never reaches that path.

  


        

      


  

  
    
    arizona_terminal_ssh - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_ssh 
    



      
Serves ?terminal live views over SSH -- a network transport for the terminal
render target.
This is the Erlang analog of an SSH-served TUI: ssh -p <port> <user>@host drops
the client into a live, server-rendered ?terminal view. The server runs the live
process and pushes full ANSI frames; the SSH client is a real terminal that paints
them and sends keystrokes back. The SSH protocol also carries the terminal size
(pty-req + window-change), which a local serverless TTY can't read
(io:rows/0 returns enotsup).
The module is both the daemon launcher (start/1) and the
ssh_server_channel callback installed via the daemon's ssh_cli option. Each
accepted session channel mounts a live view through arizona_terminal_session,
supplying an output function that writes to the SSH channel; key bytes, terminal
resizes, and the live process's {arizona_push, _, _, _, _} updates are fed to the
session.
{ok, _Daemon} = arizona_terminal_ssh:start(#{
    port => 2222,
    handler => my_terminal_view,
    driver => my_terminal_driver,
    system_dir => "/path/to/host/keys",
    daemon_opts => [{auth_methods, "password"}, {pwdfun, fun(_, _) -> true end}]
}).
Host keys (system_dir) and authentication (daemon_opts) are the caller's
responsibility: a demo passes a throwaway generated host key and accept-all auth;
production passes real keys and real auth.

      


      
        Summary


  
    Types
  


    
      
        opts()

      


    


    
      
        state()

      


    





  
    Functions
  


    
      
        daemon_opts/1

      


        Builds the ssh daemon options for start/1: the framework's ssh_cli (this
module as the shell) and system_dir, a bounded max_sessions default (so a client
cannot mount unlimited live views), and the caller's daemon_opts (typically
authentication). A caller's own max_sessions overrides the default.



    


    
      
        handle_msg/2

      


        Handles non-SSH messages: the one-shot ssh_channel_up (records the connection
and channel), the live process's {arizona_push, _, _, Effects, _} updates (timer ticks,
pubsub) which the session turns into a repaint or a stop, and the linked live
view's {'EXIT', _, _} (ssh channels trap exits, so a crash surfaces as a message
rather than killing the channel) which restores the client's terminal and stops
the channel, and a dev reload ({arizona_reloader, reload}), which remounts the view
on fresh code. Any other message is ignored, mirroring the local driver's selective
receive.



    


    
      
        handle_ssh_msg/2

      


        Handles SSH connection-protocol events: pty-req stashes the terminal size,
shell mounts the live view, data feeds key bytes to the session,
window-change resizes it, and closed stops the channel. exec and env are
refused (this shell serves an interactive ?terminal view only); other events
(eof, signal) are ignored.



    


    
      
        init/1

      


    


    
      
        start/1

      


        Starts an SSH daemon that serves the given ?terminal handler as its
interactive shell. Returns the daemon reference (stop it with
ssh:stop_daemon/1). system_dir must hold a host key; daemon_opts are extra
ssh daemon options (typically authentication).



    


    
      
        terminate/2

      


    





      


      
        Types


        


  
    
      
    
    
      opts()



        
          
        

    

  


  

      

          -type opts() ::
          #{port := inet:port_number(),
            handler := module(),
            driver := module(),
            system_dir := file:filename(),
            daemon_opts => [term()]}.


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -opaque state()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      daemon_opts/1



        
          
        

    

  


  

      

          -spec daemon_opts(opts()) -> [term()].


      


Builds the ssh daemon options for start/1: the framework's ssh_cli (this
module as the shell) and system_dir, a bounded max_sessions default (so a client
cannot mount unlimited live views), and the caller's daemon_opts (typically
authentication). A caller's own max_sessions overrides the default.

  



  
    
      
    
    
      handle_msg/2



        
          
        

    

  


  

      

          -spec handle_msg(term(), state()) -> {ok, state()} | {stop, ssh:channel_id(), state()}.


      


Handles non-SSH messages: the one-shot ssh_channel_up (records the connection
and channel), the live process's {arizona_push, _, _, Effects, _} updates (timer ticks,
pubsub) which the session turns into a repaint or a stop, and the linked live
view's {'EXIT', _, _} (ssh channels trap exits, so a crash surfaces as a message
rather than killing the channel) which restores the client's terminal and stops
the channel, and a dev reload ({arizona_reloader, reload}), which remounts the view
on fresh code. Any other message is ignored, mirroring the local driver's selective
receive.

  



  
    
      
    
    
      handle_ssh_msg/2



        
          
        

    

  


  

      

          -spec handle_ssh_msg(ssh_connection:event(), state()) ->
                        {ok, state()} | {stop, ssh:channel_id(), state()}.


      


Handles SSH connection-protocol events: pty-req stashes the terminal size,
shell mounts the live view, data feeds key bytes to the session,
window-change resizes it, and closed stops the channel. exec and env are
refused (this shell serves an interactive ?terminal view only); other events
(eof, signal) are ignored.
Nothing in the protocol orders these: a pty-req (or an env) is what makes the
connection handler spawn this channel process, so a client may send data or a
window-change before -- or a second shell after -- the one that mounts the
view. Each is handled on its own terms rather than assuming pty -> shell -> data.

  



  
    
      
    
    
      init/1



        
          
        

    

  


  

      

          -spec init([#{handler := module(), driver := module()}]) -> {ok, state()}.


      



  



  
    
      
    
    
      start/1



        
          
        

    

  


  

      

          -spec start(opts()) -> {ok, ssh:daemon_ref()} | {error, term()}.


      


Starts an SSH daemon that serves the given ?terminal handler as its
interactive shell. Returns the daemon reference (stop it with
ssh:stop_daemon/1). system_dir must hold a host key; daemon_opts are extra
ssh daemon options (typically authentication).

  



  
    
      
    
    
      terminate/2



        
          
        

    

  


  

      

          -spec terminate(term(), state()) -> ok.


      



  


        

      


  

  
    
    arizona_terminal_tty - arizona v0.4.0
    
    

    


  
  

    
arizona_terminal_tty 
    



      
Local TTY transport for ?terminal live views -- no HTTP server.
A thin transport over arizona_terminal_session: it owns the parts specific to a
real local terminal (raw mode, an io:get_chars/2 reader, fun io:put_chars/1 as
the output) and leaves the terminal UX -- the key map, paint model, and cursor
handling -- to the arizona_terminal_driver it is given.
A linked input reader process blocks on io:get_chars/2 and forwards each
read as {term_input, Chars}, so a blocking read never starves the live process's
asynchronous {arizona_push, _, _, _, _} updates (timer ticks, pubsub broadcasts).
arizona_terminal_tty:start(my_terminal_view, #{}, my_terminal_driver).

      


      
        Summary


  
    Functions
  


    
      
        serve(Session, Reader)

      


    


    
      
        start(Handler, Bindings, Driver)

      


        Mounts Handler as a ?terminal live view driven by Driver
(an arizona_terminal_driver) and runs the local terminal event loop until the
user quits.



    





      


      
        Functions


        


  
    
      
    
    
      serve(Session, Reader)



        
          
        

    

  


  

      

          -spec serve(arizona_terminal_session:session(), pid()) -> ok.


      



  



  
    
      
    
    
      start(Handler, Bindings, Driver)



        
          
        

    

  


  

      

          -spec start(module(), arizona_template:bindings(), module()) -> ok.


      


Mounts Handler as a ?terminal live view driven by Driver
(an arizona_terminal_driver) and runs the local terminal event loop until the
user quits.

  


        

      


  

  
    
    arizona_user_agent - arizona v0.4.0
    
    

    


  
  

    
arizona_user_agent 
    



      
Pure, best-effort User-Agent classification helpers.
Each function takes the raw User-Agent string (from arizona_req:user_agent/1)
and answers one question, so a caller composes only the checks it needs instead
of building a map of fields it will not use.
The checks are heuristic substring matches -- good enough to pick a render target
(browser vs native app) but not authoritative. When the coarse answer is not
enough, match the raw string yourself: you know your own native client's UA.
{UA, _Req1} = arizona_req:user_agent(Req),
case arizona_user_agent:browser(UA) of
    true -> ?html(...);
    false -> ?native(...)
end.

      


      
        Summary


  
    Functions
  


    
      
        browser(UserAgent)

      


        Whether the User-Agent looks like a web browser or webview.



    


    
      
        mobile(UserAgent)

      


        Whether the User-Agent looks like a mobile device.



    


    
      
        os(UserAgent)

      


        Coarse operating-system guess from a User-Agent, or other when nothing
matches.



    





      


      
        Functions


        


  
    
      
    
    
      browser(UserAgent)



        
          
        

    

  


  

      

          -spec browser(UserAgent) -> boolean() when UserAgent :: binary().


      


Whether the User-Agent looks like a web browser or webview.
True when the UA carries Mozilla -- every mainstream browser and webview does.
A native app's HTTP stack typically does not, which is the signal to render a
native tree instead of HTML.

  



  
    
      
    
    
      mobile(UserAgent)



        
          
        

    

  


  

      

          -spec mobile(UserAgent) -> boolean() when UserAgent :: binary().


      


Whether the User-Agent looks like a mobile device.
Best effort: true when the UA carries Mobi (most mobile browsers) or Android.
Some tablets -- recent iPad Safari, for instance -- report a desktop UA and read
as false.

  



  
    
      
    
    
      os(UserAgent)



        
          
        

    

  


  

      

          -spec os(UserAgent) -> watchos | tvos | webos | tizen | ios | android | windows | macos | linux | other
            when UserAgent :: binary().


      


Coarse operating-system guess from a User-Agent, or other when nothing
matches.
Order matters where UAs overlap, so the more specific substrings are checked
first: Apple TV / Apple Watch UAs also carry Mac OS X; webOS / Tizen / Android
UAs carry Linux; iOS UAs carry Mac OS X. The smart-TV ones (tvos/webos/
tizen) come from real TV-browser UAs and are reliable. watchos and native
apps rely on a descriptive UA -- most native HTTP stacks send a generic UA that
names no platform (→ other), so when you control the client prefer an explicit
signal (a query param/header) over this heuristic.

  


        

      


  

  
    
    arizona_utf8 - arizona v0.4.0
    
    

    


  
  

    
arizona_utf8 
    



      
The UTF-8 output contract: naming a rendered value that is not UTF-8.
Every render target writes UTF-8 -- an HTML response is served as
text/html; charset=utf-8, and a WebSocket frame and a ?native document are
JSON. A rendered binary must therefore hold UTF-8. Lists need nothing from this
module: arizona_template:to_bin/1 decodes them as chardata and refuses one that
does not decode. A binary is emitted as the bytes it holds, and checking every
one of them on the render path was measured too expensive (see
docs/performance.md), so the contract is enforced where it costs nothing:
	Compile time -- arizona_parse_transform warns about a non-ASCII
<<"...">> literal that is not folded into a template static, the usual
source of Latin-1 bytes.
	Failure paths -- a JSON encoder that refuses a frame or a ?native value
already proved the bytes bad; refuse/3 renames its {invalid_byte, _} /
unexpected_end to {non_utf8_render, Byte, Offset}, naming the value.
	Dev mode -- when the dev reloader is wired, arizona_http renders each
page with every value checked (render_view/2), so a bad one raises at its
template line, and checks the finished document once; arizona_socket locates
a refused frame (locate_live/3) by rendering the live views again from the
bindings they hold. Both check through an internal wrap/2.


      


      
        Summary


  
    Functions
  


    
      
        format_error(Reason, Stacktrace)

      


        Formats non_utf8_render, bare or wrapped in arizona_loc. Picked up by
erl_error:format_exception/3 through the error_info annotation, so the dev
error page and the crash log name the byte and the fix.



    


    
      
        locate_live(Reason, Stacktrace, Pid)

      


        Locates a non_utf8_render raised for a WebSocket frame. The frame left the
live process's values behind, so it names the bytes but not the template line.
In dev mode the views Pid holds are rendered again from their current bindings
with every value checked; the first one that holds the bytes returns
{{arizona_loc, {Module, Line}, Reason}, Stacktrace}. Outside dev mode, or when
nothing is found, the input pair comes back unchanged.



    


    
      
        mount(Props)

      


        Stands in for a ?stateful child's handler in a dev-mode page (see
render_view/2): runs the child's own mount/1 -- once -- and keeps its handler
in the bindings for render/1.



    


    
      
        refuse(Term, Reason, Stacktrace)

      


        Re-raises a JSON encoder failure on Term as {non_utf8_render, Byte, Offset}
when Reason is the encoder's invalid-UTF-8 error and Term holds a binary that
is not UTF-8 (the offset is within that binary). Any other failure is re-raised
unchanged. Called only after the encoder raised, so it costs nothing otherwise.



    


    
      
        render(Bindings)

      


        Renders the child mount/1 stood in for through its own render/1, every value
checked.



    


    
      
        render_view(Handler, Opts)

      


        The dev-mode render of an HTTP page: arizona_render:render_view/2 with every
value checked as it renders, inside its slot's located evaluation, so a value that
is not UTF-8 raises {arizona_loc, {Module, Line}, {non_utf8_render, Byte, Offset}}
at the template line that produced it -- in the page, a nested template, an ?each
item or a ?stateless or ?stateful child alike. The page and its children mount
once, as they do in production. The finished document is then checked once for
what no slot produced (a layout's values), raising {non_utf8_render, Byte, Offset} with the offset in the document. The output is the same bytes
render_view/2 returns.



    





      


      
        Functions


        


  
    
      
    
    
      format_error(Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec format_error(Reason, Stacktrace) -> ErrorInfo
                      when
                          Reason :: term(), Stacktrace :: [tuple()], ErrorInfo :: #{general := iolist()}.


      


Formats non_utf8_render, bare or wrapped in arizona_loc. Picked up by
erl_error:format_exception/3 through the error_info annotation, so the dev
error page and the crash log name the byte and the fix.
Offset counts from the start of what was refused: the offending binary (an
encoder refusal, the dev-mode per-value check -- the preview shows that binary),
the decoded output of a chardata list (arizona_template:to_bin/1 -- the raising
call's argument is the list, so there is no preview), or the finished document
(the dev-mode document check -- the preview is the 32 bytes around it).

  



  
    
      
    
    
      locate_live(Reason, Stacktrace, Pid)



        
          
        

    

  


  

      

          -spec locate_live(Reason, Stacktrace, Pid) -> {Reason1, Stacktrace1}
                     when
                         Reason :: term(),
                         Stacktrace :: erlang:stacktrace(),
                         Pid :: pid() | undefined,
                         Reason1 :: term(),
                         Stacktrace1 :: erlang:stacktrace().


      


Locates a non_utf8_render raised for a WebSocket frame. The frame left the
live process's values behind, so it names the bytes but not the template line.
In dev mode the views Pid holds are rendered again from their current bindings
with every value checked; the first one that holds the bytes returns
{{arizona_loc, {Module, Line}, Reason}, Stacktrace}. Outside dev mode, or when
nothing is found, the input pair comes back unchanged.

  



  
    
      
    
    
      mount(Props)



        
          
        

    

  


  

      

          -spec mount(Props) -> {Bindings, Resets}
               when
                   Props :: arizona_template:bindings(),
                   Bindings :: arizona_template:bindings(),
                   Resets :: map().


      


Stands in for a ?stateful child's handler in a dev-mode page (see
render_view/2): runs the child's own mount/1 -- once -- and keeps its handler
in the bindings for render/1.

  



  
    
      
    
    
      refuse(Term, Reason, Stacktrace)



        
          
        

    

  


  

      

          -spec refuse(Term, Reason, Stacktrace) -> no_return()
                when Term :: term(), Reason :: term(), Stacktrace :: erlang:stacktrace().


      


Re-raises a JSON encoder failure on Term as {non_utf8_render, Byte, Offset}
when Reason is the encoder's invalid-UTF-8 error and Term holds a binary that
is not UTF-8 (the offset is within that binary). Any other failure is re-raised
unchanged. Called only after the encoder raised, so it costs nothing otherwise.

  



  
    
      
    
    
      render(Bindings)



        
          
        

    

  


  

      

          -spec render(Bindings) -> arizona_template:template() when Bindings :: arizona_template:bindings().


      


Renders the child mount/1 stood in for through its own render/1, every value
checked.

  



  
    
      
    
    
      render_view(Handler, Opts)



        
          
        

    

  


  

      

          -spec render_view(Handler, Opts) -> {ContentType, iolist()}
                     when
                         Handler :: module(), Opts :: arizona_live:route_opts(), ContentType :: binary().


      


The dev-mode render of an HTTP page: arizona_render:render_view/2 with every
value checked as it renders, inside its slot's located evaluation, so a value that
is not UTF-8 raises {arizona_loc, {Module, Line}, {non_utf8_render, Byte, Offset}}
at the template line that produced it -- in the page, a nested template, an ?each
item or a ?stateless or ?stateful child alike. The page and its children mount
once, as they do in production. The finished document is then checked once for
what no slot produced (a layout's values), raising {non_utf8_render, Byte, Offset} with the offset in the document. The output is the same bytes
render_view/2 returns.

  


        

      


  

  
    
    arizona_watcher - arizona v0.4.0
    
    

    


  
  

    
arizona_watcher behaviour
    



      
Behaviour for a file-system watcher: the source of the file changes the dev
reloader acts on.
Arizona ships no implementation, so the file-system dependency stays out of
every consumer that does not reload code. arizona_watcher_fs (a separate
package, built on the fs library) is the reference one; add it to a dev-only
rebar3 profile and name it in the reloader application env:
{arizona, [
    {reloader, #{
        enabled => true,
        watcher => arizona_watcher_fs,
        rules => [#{directory => "src", patterns => [".*\\.erl$"],
                    callback => fun arizona_reloader:reload_erl/1}]
    }}
]}
watcher is a module, or {Module, Opts} to hand the implementation its own
options (Opts is a map; a bare module gets #{}).
Contract
An implementation is a callback module, not a process. Each reloader rule runs
in its own arizona_reloader_rule process, which calls init/2 once and then
hands every message it does not own to handle_info/2, so whatever the
implementation subscribes to must deliver its events to the calling
process. The rule process owns everything above the raw events -- the rule's
patterns, debouncing, the callback, and the arizona_watcher pubsub
broadcast -- so every implementation behaves the same from the configuration's
side.
handle_info/2 reports content changes only: a file created, modified in
place, deleted, or renamed into the directory (the atomic-rename save most
editors use). A directory rename and a file moved out of the directory are not
content changes. Paths are absolute strings, as the implementation's watch
reports them (one that resolves symlinks reports resolved paths, so patterns
should not depend on the directory prefix).
A watch may need a moment after init/2 returns before it reports anything
(the fs implementation starts an OS process that sets its watches up
asynchronously), so a change made in that window can be missed.

      


      
        Summary


  
    Callbacks
  


    
      
        handle_info(Info, State)

      


        Translates one message the rule process received into the paths it changed.



    


    
      
        init(Dir, Opts)

      


        Starts watching Dir (an absolute path to an existing directory) recursively,
delivering the events to the calling process. Opts is the map given as
{Module, Opts} in the reloader env (#{} for a bare module).



    


    
      
        terminate(State)

      


        Stops watching. Called whenever the rule process stops -- a supervisor
shutdown, an orderly gen_server:stop/1, or a crash -- so an implementation
can release what it holds and wait for it to go. It must return within the
rule's shutdown timeout (5 seconds), or the supervisor kills the process.



    





      


      
        Callbacks


        


  
    
      
    
    
      handle_info(Info, State)



        
          
        

    

  


  

      

          -callback handle_info(Info :: term(), State :: term()) ->
                         {ok, Paths :: [string()], NewState :: term()} |
                         {stop, Reason :: term(), NewState :: term()}.


      


Translates one message the rule process received into the paths it changed.
Called with every message the rule process does not own, so a message that is
not one of this watcher's events -- or is one but not a content change --
returns {ok, [], State}. {stop, Reason, State} reports a watch that can no
longer deliver events (its backend gave up): the rule process stops with
Reason, running terminate/1, and its supervisor restarts it.

  



  
    
      
    
    
      init(Dir, Opts)



        
          
        

    

  


  

      

          -callback init(Dir :: string(), Opts :: map()) -> {ok, State :: term()} | {error, Reason :: term()}.


      


Starts watching Dir (an absolute path to an existing directory) recursively,
delivering the events to the calling process. Opts is the map given as
{Module, Opts} in the reloader env (#{} for a bare module).
Returning {error, Reason} stops the rule process with Reason.

  



  
    
      
    
    
      terminate(State)


        (optional)


        
          
        

    

  


  

      

          -callback terminate(State :: term()) -> ok.


      


Stops watching. Called whenever the rule process stops -- a supervisor
shutdown, an orderly gen_server:stop/1, or a crash -- so an implementation
can release what it holds and wait for it to go. It must return within the
rule's shutdown timeout (5 seconds), or the supervisor kills the process.
The rule process traps exits, so a process the implementation links to it
that exits abnormally stops the rule with that reason (and its supervisor
restarts it); such 'EXIT' messages never reach handle_info/2. Optional: an
implementation with nothing to release can omit it.

  


        

      


  

  
    
    arizona_ws - arizona v0.4.0
    
    

    


  
  

    
arizona_ws 
    



      
Transport-agnostic bootstrap for WebSocket handlers.
Factors out the upgrade-time logic common to every WebSocket
transport adapter:
	Read the framework keys _az_path, _az_reconnect, and
_az_fps_follow from the parsed upgrade query string.
	Strip framework keys to recover the user-page query string.
	Resolve the target route via the arizona_req adapter's
resolve_route/3 callback.
	Apply any route middlewares against the synthesized az:request().
	Return either a halt signal (middleware blocked) or the state the
transport should feed into arizona_socket:init/4.

The helper is transport-agnostic: callers pre-parse the query string
into the standard [{binary(), binary() | true}] shape from their own
transport APIs. On halt, callers unwrap the native transport request
via arizona_req:raw/1.

      


      
        Summary


  
    Types
  


    
      
        qs()

      


    


    
      
        result()

      


    


    
      
        state()

      


    


    
      
        upgrade()

      


    





  
    Functions
  


    
      
        init(State)

      


        Starts the Arizona socket for an upgraded connection, in the process that owns
it, from the state upgrade/3 returned. The result is arizona_socket's,
which the adapter maps onto its server's WebSocket replies.



    


    
      
        prepare(QS, Adapter, AdapterState)

      


        Prepares a WebSocket upgrade.



    


    
      
        upgrade(QS, Adapter, AdapterState)

      


        prepare/3 folded into the answer to the upgrade request. A halt becomes its
arizona_req:halt_reply/1 and an unresolvable _az_path a 404, both with
the adapter state the reply belongs to; otherwise the upgrade proceeds and
arizona_req:flush/1's lines (cookies and headers the route's middlewares
stashed, and a committed session write) ride the 101.



    





      


      
        Types


        


  
    
      
    
    
      qs()



        
          
        

    

  


  

      

          -nominal qs() :: [{binary(), binary() | true}].


      



  



  
    
      
    
    
      result()



        
          
        

    

  


  

      

          -nominal result() :: {halt, az:request()} | {cont, state()} | not_found.


      



  



  
    
      
    
    
      state()



        
          
        

    

  


  

      

          -nominal state() ::
             #{handler := module(),
               bindings := map(),
               on_mount := arizona_live:on_mount(),
               layouts := [arizona_render:layout()],
               req := az:request(),
               reconnect := boolean(),
               fps_follow := boolean(),
               capabilities := map()}.


      



  



  
    
      
    
    
      upgrade()



        
          
        

    

  


  

      

          -nominal upgrade() ::
             {reply, arizona_req:resp_status(), [{binary(), binary()}], AdapterState :: term()} |
             {upgrade, [{binary(), binary()}], state()}.


      



  


        

      

      
        Functions


        


  
    
      
    
    
      init(State)



        
          
        

    

  


  

      

          -spec init(State) -> arizona_socket:result() when State :: state().


      


Starts the Arizona socket for an upgraded connection, in the process that owns
it, from the state upgrade/3 returned. The result is arizona_socket's,
which the adapter maps onto its server's WebSocket replies.

  



  
    
      
    
    
      prepare(QS, Adapter, AdapterState)



        
          
        

    

  


  

      

          -spec prepare(QS, Adapter, AdapterState) -> result()
                 when QS :: qs(), Adapter :: module(), AdapterState :: term().


      


Prepares a WebSocket upgrade.
Reads _az_path / _az_reconnect / _az_fps_follow from QS,
resolves the route against Adapter/AdapterState, and applies route
middlewares.
Returns {halt, HaltReq} when middleware short-circuits; the
transport extracts the native raw request via arizona_req:raw/1
and emits its own response. Returns not_found when the client-supplied
_az_path does not resolve to a live route (no match, or a
controller/asset/ws route); the transport rejects the upgrade with a 404
rather than crashing on an attacker-controllable path. Returns {cont, State} otherwise; the transport passes State (which carries handler,
bindings, on_mount, layouts, req, reconnect, fps_follow) on
through to arizona_socket:init/4.

  



  
    
      
    
    
      upgrade(QS, Adapter, AdapterState)



        
          
        

    

  


  

      

          -spec upgrade(QS, Adapter, AdapterState) -> upgrade()
                 when QS :: qs(), Adapter :: module(), AdapterState :: term().


      


prepare/3 folded into the answer to the upgrade request. A halt becomes its
arizona_req:halt_reply/1 and an unresolvable _az_path a 404, both with
the adapter state the reply belongs to; otherwise the upgrade proceeds and
arizona_req:flush/1's lines (cookies and headers the route's middlewares
stashed, and a committed session write) ride the 101.

  


        

      


  

  
    
    az - arizona v0.4.0
    
    

    


  
  

    
az 
    



      
Short alias module for arizona_template and arizona_stateful.
Provides the same runtime API surface as arizona_template under a
shorter prefix so handcrafted templates that don't use the macros can
be written as az:get(...), az:html(...), etc. It also re-exports
the common types so users writing handler specs can reference them
through a single module: az:bindings(), az:mount_ret(), etc.
The parse transform recognizes both arizona_template:html/1 and
az:html/1 (same for each/2), so either alias compiles to the same
optimized template map.
Parse transform stubs
html/1, native/1, terminal/1 and each/2 are stubs -- they exist
so callers can write az:html({...}) and the parse transform can detect
and replace the call. They never actually execute at runtime; calling
them directly errors with parse_transform_not_applied.
Layout helper
inner_content/1 is the only function that does real runtime work
not delegated to arizona_template. It extracts the inner_content
binding, used by stateless layouts to render the wrapped page. The
value is an opaque nested template for a content slot -- see the
function's own docs.

      


      
        Summary


  
    Types
  


    
      
        bindings()

      


    


    
      
        effect()

      


    


    
      
        effects()

      


    


    
      
        error_info()

      


    


    
      
        event_name()

      


    


    
      
        event_payload()

      


    


    
      
        handle_drain_ret()

      


    


    
      
        handle_event_ret()

      


    


    
      
        handle_info_ret()

      


    


    
      
        handle_update_ret()

      


    


    
      
        mount_ret()

      


    


    
      
        render_fun()

      


    


    
      
        render_ret()

      


    


    
      
        request()

      


    


    
      
        resets()

      


    


    
      
        template()

      


    


    
      
        unmount_ret()

      


    





  
    Functions
  


    
      
        each(Fun, Source)

      


        Parse transform stub. The parse transform replaces az:each(Fun, Source)
with compiled iteration code; this runtime body is only reached if the
parse transform did not run, in which case it errors with
parse_transform_not_applied like the other stubs.



    


    
      
        get(Key, Bindings)

      


        Alias for arizona_template:get/2.



    


    
      
        get(Key, Bindings, Default)

      


        Alias for arizona_template:get/3.



    


    
      
        get_lazy(Key, Bindings, DefaultFun)

      


        Alias for arizona_template:get_lazy/3.



    


    
      
        html(Elems)

      


        Parse transform stub. Calling this at runtime errors -- the parse
transform replaces az:html(...) (or arizona_template:html(...))
calls with compiled template maps before code generation.



    


    
      
        inner_content(Bindings)

      


        Returns the inner_content binding from a layout's bindings map -- the rendered
page this layout wraps. Used by stateless layout modules, normally through the
?inner_content macro, to place the wrapped page content.



    


    
      
        local(Key, Init)

      


        Alias for arizona_template:local/2.



    


    
      
        native(Elems)

      


        Parse transform stub. The parse transform replaces az:native(...) (or
arizona_template:native(...)) calls with compiled JSON template maps before
code generation.



    


    
      
        raw(Value)

      


        Alias for arizona_template:raw/1.



    


    
      
        stateful(Handler, Props)

      


        Alias for arizona_template:stateful/2.



    


    
      
        stateless(Callback, Props)

      


        Alias for arizona_template:stateless/2.



    


    
      
        stateless(Handler, Fun, Props)

      


        Alias for arizona_template:stateless/3.



    


    
      
        terminal(Elems)

      


        Parse transform stub. The parse transform replaces az:terminal(...) (or
arizona_template:terminal(...)) calls with compiled ANSI template maps before
code generation.



    


    
      
        track(Key)

      


        Alias for arizona_template:track/1.



    


    
      
        with(Keys, Bindings)

      


        Alias for arizona_template:with/2.



    





      


      
        Types


        


  
    
      
    
    
      bindings()



        
          
        

    

  


  

      

          -type bindings() :: arizona_template:bindings().


      



  



  
    
      
    
    
      effect()



        
          
        

    

  


  

      

          -type effect() :: arizona_stateful:effect().


      



  



  
    
      
    
    
      effects()



        
          
        

    

  


  

      

          -type effects() :: arizona_stateful:effects().


      



  



  
    
      
    
    
      error_info()



        
          
        

    

  


  

      

          -type error_info() :: arizona_http:error_info().


      



  



  
    
      
    
    
      event_name()



        
          
        

    

  


  

      

          -type event_name() :: arizona_stateful:event_name().


      



  



  
    
      
    
    
      event_payload()



        
          
        

    

  


  

      

          -type event_payload() :: arizona_stateful:event_payload().


      



  



  
    
      
    
    
      handle_drain_ret()



        
          
        

    

  


  

      

          -type handle_drain_ret() :: arizona_stateful:handle_drain_ret().


      



  



  
    
      
    
    
      handle_event_ret()



        
          
        

    

  


  

      

          -type handle_event_ret() :: arizona_stateful:handle_event_ret().


      



  



  
    
      
    
    
      handle_info_ret()



        
          
        

    

  


  

      

          -type handle_info_ret() :: arizona_stateful:handle_info_ret().


      



  



  
    
      
    
    
      handle_update_ret()



        
          
        

    

  


  

      

          -type handle_update_ret() :: arizona_stateful:handle_update_ret().


      



  



  
    
      
    
    
      mount_ret()



        
          
        

    

  


  

      

          -type mount_ret() :: arizona_stateful:mount_ret().


      



  



  
    
      
    
    
      render_fun()



        
          
        

    

  


  

      

          -type render_fun() :: arizona_template:render_fun().


      



  



  
    
      
    
    
      render_ret()



        
          
        

    

  


  

      

          -type render_ret() :: arizona_stateful:render_ret().


      



  



  
    
      
    
    
      request()



        
          
        

    

  


  

      

          -type request() :: arizona_req:request().


      



  



  
    
      
    
    
      resets()



        
          
        

    

  


  

      

          -type resets() :: arizona_stateful:resets().


      



  



  
    
      
    
    
      template()



        
          
        

    

  


  

      

          -type template() :: arizona_template:template().


      



  



  
    
      
    
    
      unmount_ret()



        
          
        

    

  


  

      

          -type unmount_ret() :: arizona_stateful:unmount_ret().


      



  


        

      

      
        Functions


        


  
    
      
    
    
      each(Fun, Source)



        
          
        

    

  


  

      

          -spec each(Fun, Source) -> no_return() when Fun :: fun(), Source :: term().


      


Parse transform stub. The parse transform replaces az:each(Fun, Source)
with compiled iteration code; this runtime body is only reached if the
parse transform did not run, in which case it errors with
parse_transform_not_applied like the other stubs.

  



  
    
      
    
    
      get(Key, Bindings)



        
          
        

    

  


  

      

          -spec get(Key, Bindings) -> term() when Key :: term(), Bindings :: map().


      


Alias for arizona_template:get/2.

  



  
    
      
    
    
      get(Key, Bindings, Default)



        
          
        

    

  


  

      

          -spec get(Key, Bindings, Default) -> term() when Key :: term(), Bindings :: map(), Default :: term().


      


Alias for arizona_template:get/3.

  



  
    
      
    
    
      get_lazy(Key, Bindings, DefaultFun)



        
          
        

    

  


  

      

          -spec get_lazy(Key, Bindings, DefaultFun) -> term()
                  when Key :: term(), Bindings :: map(), DefaultFun :: fun(() -> term()).


      


Alias for arizona_template:get_lazy/3.

  



  
    
      
    
    
      html(Elems)



        
          
        

    

  


  

      

          -spec html(term()) -> no_return().


      


Parse transform stub. Calling this at runtime errors -- the parse
transform replaces az:html(...) (or arizona_template:html(...))
calls with compiled template maps before code generation.

  



  
    
      
    
    
      inner_content(Bindings)



        
          
        

    

  


  

      

          -spec inner_content(Bindings) -> term() when Bindings :: map().


      


Returns the inner_content binding from a layout's bindings map -- the rendered
page this layout wraps. Used by stateless layout modules, normally through the
?inner_content macro, to place the wrapped page content.
Opaque, and it goes in a content slot whole. The value is a nested template
(#{s := [Page], d := []}) -- not iodata, not a binary. That is what lets a
content slot splice the page verbatim instead of copying and UTF-8-re-decoding
it once per layout layer.
Placements that work, whether the slot is the layout's own or one it hands the
page on to (the page renders as itself, unescaped, in all of them):
?html([~"<main>", ?inner_content, ~"</main>"])                      %% the slot
?html([case Hide of true -> ~""; false -> ?inner_content end])      %% a case tail
?html([?stateless(fun body/1, #{content => ?inner_content})])       %% a child's prop
Placements that raise, because the value is opaque:
	an attribute value -- bad_template_value, carrying the whole page in the
error term (a rendered page inside an attribute has no meaning);
	measured or inspected -- iolist_size(az:inner_content(Bindings)) raises
badarg, as does anything else expecting iodata;
	wrapped in ?raw/1 -- bad_template_value. There is nothing to opt out of:
a content slot already splices the page unescaped, so ?raw(?inner_content)
is redundant. Drop the wrapper;
	inside a list the template cannot see -- a comprehension, or a list
built at runtime, is one opaque value and raises. A literal content-slot list
such as [~"<hr>", ?inner_content] is fine: it compiles as a fragment, so
the page gets a slot of its own.

The value stays opaque rather than paying the per-layer copy that would make
those degrade quietly.
Errors with {badkey, inner_content} when the bindings carry no page, i.e. when
the module was rendered as something other than a layout.

  



  
    
      
    
    
      local(Key, Init)



        
          
        

    

  


  

      

          -spec local(Key, Init) -> map() when Key :: binary() | atom(), Init :: term().


      


Alias for arizona_template:local/2.

  



  
    
      
    
    
      native(Elems)



        
          
        

    

  


  

      

          -spec native(term()) -> no_return().


      


Parse transform stub. The parse transform replaces az:native(...) (or
arizona_template:native(...)) calls with compiled JSON template maps before
code generation.

  



  
    
      
    
    
      raw(Value)



        
          
        

    

  


  

      

          -spec raw(Value) -> {arizona_raw, term()} when Value :: term().


      


Alias for arizona_template:raw/1.

  



  
    
      
    
    
      stateful(Handler, Props)



        
          
        

    

  


  

      

          -spec stateful(Handler, Props) -> arizona_template:stateful_descriptor()
                  when Handler :: module(), Props :: map().


      


Alias for arizona_template:stateful/2.

  



  
    
      
    
    
      stateless(Callback, Props)



        
          
        

    

  


  

      

          -spec stateless(Callback, Props) -> arizona_template:stateless_descriptor()
                   when Callback :: fun((map()) -> arizona_template:template()), Props :: map().


      


Alias for arizona_template:stateless/2.

  



  
    
      
    
    
      stateless(Handler, Fun, Props)



        
          
        

    

  


  

      

          -spec stateless(Handler, Fun, Props) -> arizona_template:stateless_descriptor()
                   when Handler :: module(), Fun :: atom(), Props :: map().


      


Alias for arizona_template:stateless/3.

  



  
    
      
    
    
      terminal(Elems)



        
          
        

    

  


  

      

          -spec terminal(term()) -> no_return().


      


Parse transform stub. The parse transform replaces az:terminal(...) (or
arizona_template:terminal(...)) calls with compiled ANSI template maps before
code generation.

  



  
    
      
    
    
      track(Key)



        
          
        

    

  


  

      

          -spec track(Key) -> ok when Key :: term().


      


Alias for arizona_template:track/1.

  



  
    
      
    
    
      with(Keys, Bindings)



        
          
        

    

  


  

      

          -spec with(Keys, Bindings) -> map() when Keys :: [term()], Bindings :: map().


      


Alias for arizona_template:with/2.
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