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    AshUi

Model your UI with Ash. No more parallel vocabularies for the business
domain and your UI.
[image: Model your UI with Ash: a screen is a resource, and each session gets its own row. Each session row is rendered through the :view calculation into its own browser, clicks come back as actions on the row, and the screen reads a domain resource through a relationship and reloads on its notifications.]
With AshUi you build user interfaces out of ordinary
Ash resources.
You already have every part of a UI model in Ash. You give a resource typed
state, identity, relationships to the data you want to show, calculations
that derive values, actions that change state under validations and
policies, and notifications for when something changes. With AshUi, one
idea is added: you model a screen as a resource, and you give each browser
session its own row. You get everything else from that idea.
	You keep the screen's UI state (selection, draft text, open panels, sort
order) in the row's attributes.
	You load the data on screen through the row's relationships, aggregates,
and calculations.
	You write the view as the row's :view calculation.
	Your users trigger the row's actions when they click, type, or submit.
	When someone changes a related record, we reload the row and recalculate
the view for every user looking at it.

You don't learn a component system, a template language, a store, an
event-handler layer, or any subscription wiring. You write Ash resources, and
you keep using the tools you already use on Ash resources: policies, code
interfaces, Ash.calculate/3, tests, and introspection.
A screen
defmodule MyApp.Ui.InboxScreen do
  use Ash.Resource,
    domain: MyApp.Ui,
    data_layer: Ash.DataLayer.Ets,
    extensions: [AshUi],
    authorizers: [Ash.Policy.Authorizer]

  ets do
    private? false
  end

  ash_ui do
    stylesheets ["priv/static/inbox.css"]
  end

  routes do
    route "/inbox"
  end

  policies do
    policy always() do
      authorize_if actor_present()
    end
  end

  # You get one row per browser session; we fill in session_id.
  attributes do
    attribute :session_id, :uuid, allow_nil?: false, primary_key?: true
    attribute :selected_id, :uuid, public?: true
    attribute :draft, :string, public?: true
  end

  identities do
    identity :session_instance, [:session_id]
  end

  # You declare what the screen shows; we subscribe the screen to it.
  relationships do
    has_many :messages, MyApp.Mail.Message do
      no_attributes? true
      sort inserted_at: :desc
    end
  end

  # You write the view as a calculation of the row.
  calculations do
    calculate :view, AshUi.Type.RenderTree, expr(
      section(:inbox, [], [
        list(:messages, [], [
          each(messages, :message, [key: message.id], [
            item(:message_row,
              [state: [selected: message.id == selected_id],
               on_click: :select,
               action_input: %{id: message.id}],
              [text(message.subject)])
          ])
        ]),
        form(:composer, [on_submit: :send_draft], [
          input(:draft_input,
            [value: draft,
             on_input: :edit_draft,
             action_input: %{draft: event(:value)}],
            []),
          button(:send, [type: :submit], [text("Send")])
        ])
      ])
    )
  end

  # Your users trigger these actions from the view.
  actions do
    defaults [:read]

    create :mount

    update :select do
      argument :id, :uuid, allow_nil?: false
      change set_attribute(:selected_id, arg(:id))
    end

    update :edit_draft do
      accept [:draft]
    end

    update :send_draft do
      require_atomic? false
      validate present(:draft)

      change fn changeset, context ->
        Ash.Changeset.before_action(changeset, fn changeset ->
          MyApp.Mail.send_message!(changeset.data.draft, scope: context)
          Ash.Changeset.force_change_attribute(changeset, :draft, nil)
        end)
      end
    end
  end
end
You add one line to the domain resource so that we can refresh the screens
that read it:
defmodule MyApp.Mail.Message do
  use Ash.Resource,
    domain: MyApp.Mail,
    data_layer: AshPostgres.DataLayer,
    notifiers: [AshUi.Notifier]

  # ...
end
This example is compiled and run in test/readme_example_test.exs.
What you get from "a screen is a resource"
You can see and test all UI state. You declare UI state as typed
attributes on a row, so you read it, query it, and test it like any other
Ash data. You choose between a stored row and an embedded value for storage
reasons only; you don't change any behaviour by switching.
You render under your policies. You call
Ash.calculate(screen, :view, actor: actor) and get the same render tree
your users' browsers get. You decide what each actor can see with the same
actor, tenant, and policy rules you already use for queries.
You find event mistakes at compile time. You name an action with
on_click: :select, and we check at compile time that the resource
declaring the binding has that action. We also check every action_input
field and event(:value) marker against the action's arguments. At runtime
you get the action's own casts, validations, changes, and policies, and your
users see each error next to the field bound to it.
You write no reactivity wiring. You declare a relationship to load the
messages, and we use the same declaration to decide which notifications
concern the screen. When someone commits a write, we reload the row through
its relationships as the session's actor and recalculate the view. We treat
a notification only as a hint to reload; we rely on the reload for
correctness.
You ship small patches. We compile your view calculation into a patch
table and record which attributes and relationships each part of it reads.
When something changes, we re-evaluate only the slots that read it, and we
diff lists per keyed entry. With the Phoenix adapter, we send standard
LiveView diffs.
You compose by function application. You place another resource's view
with render(Child, input). You pass markup as a value in an attribute of
type AshUi.Type.RenderTree. You don't need slots, emits, or callbacks.
You get the URL from the row. You bind route path and query parameters
to the mount action's arguments by name. When your actions change those
attributes, we update the browser location to match.
Installation
def deps do
  [
    {:ash_ui, "~> 0.1.0"},
    {:ash_ui_phoenix, "~> 0.1.0"}
  ]
end
The view helpers are implemented as Ash custom expressions, which are read
from your application's config at compile time, so list them there. Keep your list identical to AshUi.Expressions.canonical/0:
config :ash,
  custom_expressions: [
    AshUi.Expressions.ToString,
    AshUi.Expressions.Humanize,
    AshUi.Expressions.RelativeTime,
    AshUi.Expressions.TimeAgoInWords,
    AshUi.Expressions.Truncate,
    AshUi.Expressions.StripPrefix,
    AshUi.Expressions.ClassJoin,
    AshUi.Expressions.Blank,
    AshUi.Expressions.Present,
    AshUi.Expressions.Empty,
    AshUi.Expressions.NilifBlank,
    AshUi.Expressions.Join,
    AshUi.Expressions.Count,
    AshUi.Expressions.SortBy,
    AshUi.Expressions.AppendUnique,
    AshUi.Expressions.FindBy,
    AshUi.Expressions.FieldErrors,
    AshUi.Expressions.Default
  ]
With Phoenix, mount every routed screen in a domain from your router:
defmodule MyAppWeb.Router do
  use AshUi.Phoenix.Router, presets: []

  ash_ui_browser_pipeline()

  scope "/" do
    pipe_through :browser
    ash_ui_routes domains: [MyApp.Ui]
  end
end
Then serve the client runtime from your endpoint with
plug AshUi.Phoenix.Assets. You keep your endpoint, sessions,
authentication, and PubSub. We supply the mount, dispatch, and render path.
Packages
	Package	Purpose
	ash_ui	The Ash extension: view constructors, compile-time verification, patch tables, the differential render kernel, notifications, sessions, static HTML, theming
	ash_ui_phoenix	Phoenix LiveView adapter: router, mount, dispatch, notification reloads, assets
	ash_ui_datastar	Plug and Server-Sent Events adapter for Datastar

We keep every render target out of the core. We build each adapter on the
same compiled artifacts.
Design
Read DESIGN.md for the full contract: sessions, the view
calculation, events, reactivity, the renderer, routing, theming, and current
limitations.
Status
We have released AshUi 0.1. We consider the authoring model stable. Expect
us to change the adapter APIs and some theming details before 1.0. We
dispatch notifications on a single node only.
License
Apache License, Version 2.0. See LICENSE and NOTICE. We
derived the render and diff algebra in lib/ash_ui/diff.ex and
lib/ash_ui/rendered.ex from Phoenix LiveView, under its MIT license, which
is reproduced in NOTICE.


  

    AshUi Design

We treat this document as the contract for AshUi. Its section numbers are
cited in our compile-time errors.
1. The idea
Everything a user interface needs is already modeled by Ash. On a resource
you declare typed state, identity, relationships to other data, calculations
that derive values, actions that change state under validations and
policies, and notifications for when state changes. Those are the parts of
a UI model. In most UI frameworks they are rebuilt as a second system next
to the domain: components with local state, props, stores, event handlers,
subscriptions, and form objects.
We don't build a second system. We add one idea to Ash:
You model a screen as a resource, and each session gets its own row.
From that:
	UI concept	In AshUi
	Screen or component state	Attributes on the screen's row
	Data shown on screen	Relationships, aggregates, and calculations on the row
	View	The row's :view calculation
	Event	An action on the row
	Reactivity	Notification → reload the row → recalculate the view
	Component	Another resource, placed with render/2
	Form	Controls bound to action arguments
	Route	A declaration that binds URL parameters to mount arguments
	Authorization	The resource's policies, applied to reads, actions, and the view

You write the screen as a presentation model. You place it next to the
domain as a peer and relate it to domain resources through ordinary
relationships. You never generate it from the domain.
When you author UI, you use no concepts that are not Ash. On our side, we
supply a Spark extension (routes, the view compiler, binding verifiers), a
compiled render artifact, a notifier, a session lifecycle, a theming
contract, and render-target adapters.
2. Screens, sessions, and storage
You build every piece of UI as a standard Ash resource. You vary only its
storage.
Store-backed rows. For a screen, use Ash.DataLayer.Ets with
ets do private? false end. Declare a session attribute and an identity
that scopes rows to the session:
attributes do
  attribute :session_id, :uuid, allow_nil?: false, primary_key?: true
end

identities do
  identity :session_instance, [:session_id]
end
If you want one row per subject (one per conversation, say), add the
subject attributes to the identity:
identity :session_instance, [:session_id, :conversation_id].
We pass session_id in through the changeset context. Our extension adds
its SetSessionId change to every create action of a resource that
declares session_id. If you add that change yourself, we raise a compile
error, because the session would be provisioned twice.
You mount a screen through its own create :mount action, which upserts
the session's row. We bind route and query parameters to mount arguments by
name. When the session's transport dies, we delete the session's rows from
a supervised registry.
Embedded values. With data_layer: :embedded, you store a resource's
state in an attribute of a parent row: a single value, or
{:array, Embedded} keyed by the embedded primary key. Ash's own embedded
cast semantics apply, so the embedded resource's actions and validations
are run when the parent attribute is updated.
Above the storage layer, you get the same behaviour from store-backed and
embedded resources: the same action surface, the same event semantics, the
same errors, and the same reactivity. Choose between them by scale and
lifetime. When you move state from one to the other, you change storage;
you don't rewrite anything.
Rows are created by actions, never by rendering. You keep state sparse: if
your users expand 12 folders in a tree of 10,000 nodes, you hold 12
expansion rows.
3. The view is a calculation
calculate :view, AshUi.Type.RenderTree, expr(
  section(:conversation, [], [
    list(:messages, [], [
      each(messages, :message, [key: message.id], [
        item(:message_row,
          [state: [selected: message.id == selected_message_id],
           on_click: :select_message,
           action_input: %{id: message.id}],
          [text(message.body)])
      ])
    ])
  ])
)
With this one expression you do three jobs.
	You write the UI. section, list, item, each, text, and the
other constructors are functions we register with the expression
compiler. With messages and selected_message_id you refer directly to
the resource's own relationships and attributes. You don't learn a
template language, and you never fetch data in a view.
	You declare the view's dependencies. We walk the expression and find
every field the view reads. From that set we decide what to load for the
view and what to re-render after a change (§7).
	You publish a contract. You call
Ash.calculate(row, :view, actor: actor) under your policies. Your
tests, agents, and background workers get the same tree your users'
browsers get.

You have constructors for semantic HTML elements (article, aside,
box, button, cell, checkbox, dialog, fieldset, footer, form,
header, heading, image, inline, input, item, label, link,
list, main, nav, option, paragraph, popover, radio, row,
section, select, table, textarea, and others), plus text,
fragment, nothing, each, render, island, and el. For branches,
use Ash if. For keyboard filters, use key, and for typed event
payloads, use event.
Expression evaluation
Every expression is evaluated by Ash. We bind the view scope, lower our
syntax to native Ash expressions, and hand them to Ash. We never
reimplement an operator in generated render code.
	You keep Ash's three-valued logic for and, or, and not: not nil
is nil. We apply truthiness (nil and false are off) only at a render
decision: an if condition, visibility, a conditional class, or a
binding guard.
	When you write left || fallback, we read it as default(left, fallback). You fall back on empty values (nil, "", [],
%Ash.NotLoaded{}, an empty fragment). You keep false as false. For a
nil-only fallback, use coalesce.
	if arms are evaluated lazily. A dead arm is never evaluated.
	We lower case to native Ash conditionals, evaluate its subject once,
and give you nil when nothing matches.

We ship the view helpers (blank?, present?, empty?, nilif_blank,
join, count, sort_by, append_unique, find_by, field_errors,
default, to_string, humanize, relative_time, time_ago_in_words,
truncate, strip_prefix) as Ash custom expressions. Custom expressions
are read from your application's compile-time config, so list the modules
from AshUi.Expressions.canonical/0 under
config :ash, :custom_expressions.
4. Composition
You compose with render(Module, input) and nothing else. You write the
module as a standard resource. We evaluate its input in the parent and
cast it into the child.
You pass fragments as values. For a component that takes markup,
declare an attribute of type AshUi.Type.RenderTree, and write the
fragment inline at the call site:
render(FormControl, %{label: "Name", control: input(:name, [value: name], [])})
We evaluate every expression where you wrote it. The fragment is evaluated
over the caller's state, and its bindings name the caller's actions. In the
child's view, you decide where the finished tree goes by placing the
attribute. You reuse data values, tree values, and resources, all by
function application. You don't need slots or callbacks.
Addressable children and projections. When you write a binding in a
child's own view, we run it on a child instance that can be addressed from
state: an embedded value reached through an attribute path, or a
store-backed row. If you feed render/2 a computed value, you get a
projection, not state. When your users trigger one of a projection's own
actions, we report an ordinary unknown-target error.
5. Events are actions
You write a binding as a bare action name. We run that action on the
resource whose view declares the binding:
item(:row, [on_click: :select_message, action_input: %{id: message.id}], [...])
Inside each, a binding you write in the page's view still runs a page
action. You take arguments from the entry, not a target.
We check every binding at compile time. You must name an action that
exists on the declaring resource. You must match each action_input field
and event(:field) marker to an argument of that action, and you may use
only fields that the event type's payload schema allows. You bind a form
control to the action argument with the same field name. For a plain
"store this value" event, use update :x do accept [:x] end. Declare an
argument only when your input differs from the attribute.
You handle work on an entry in a page action. Pass the entry's key as
a typed argument and call the domain through its code interface with
scope: context, so the same actor, tenant, and context are carried to the
domain action and its policies are run:
button(:follow, [on_click: :follow_artist, action_input: %{artist_id: artist.id}],
  [text("Follow")])

update :follow_artist do
  argument :artist_id, :uuid, allow_nil?: false

  change fn changeset, context ->
    Ash.Changeset.before_action(changeset, fn changeset ->
      Music.follow_artist!(changeset.arguments.artist_id, scope: context)
      changeset
    end)
  end
end
To update an embedded entry, take the entry's primary key in the page
action and update the parent attribute. If your users act on a missing or
stale key, you get an action error. We never insert silently.
We address bindings by their declaration. We give each rendered binding
a key built from compiled addresses and entry keys. On dispatch, we walk
the compiled tables to find the declaration. We check that the element is
still reachable (a binding in a branch that is now off is stale), and we
evaluate the payload against the current row. We register no handlers and
keep no per-session binding store.
You key entries by Ash identity. If you give an explicit key:, we use
it. Otherwise we key a resource entry on its full primary key, and a plain
map on :id, then on its position.
Errors. When an action fails, your users see its Ash error on the page.
We route errors with a field path to the controls bound to that field name,
set aria-invalid, and render the message. We keep other errors as page
error state. You read the same errors with errors() and
field_errors(:name) if you want to place them yourself. We clear them on
the next successful dispatch. We never drop a dispatch error silently.
DOM effects. From a successful action you may request one of focus,
scroll_into_view, or select_text on one id or part, optionally
guarded by typed arguments:
change scroll_into_view(part: :document_match, block: :center, when_arguments: [:anchor])
We run each effect once and never replay it on a render, notification, or
reload. If we can't resolve a scroll_into_view target, we wait up to ten
seconds for the content, then report the failure. We never fail silently.
6. Reactivity
On your domain resources, add notifiers: [AshUi.Notifier]. You declare a
screen's subscription by declaring its relationships. We match committed
changes against the relationships, aggregates, and calculations your
screens read.
We treat a notification only as a signal to reload. We reload the row as
the session's actor, and we take the reloaded row as the truth. With
changed_addresses/3 we compare the old and new rows, including loaded
relationships, calculations, and aggregates, and get the set of view slots
to re-render. We treat a field that is loaded on neither side as unchanged,
and a field that is loaded on one side only as changed.
In this release we dispatch notifications on a single node only.
7. Differential rendering
In the core we work out what changed. In each render target we decide how
to send it.
We compile each resource's view into a patch table:
	Slots. Every dynamic position in the view: text, attribute chunks,
branches, keyed lists, and child renders, each with a stable address and
an evaluator.
	Propagation. A map from each field to the slots that read it.
	Skeleton. The static HTML between dynamic positions. We render the
view once with sentinel values and split the output around them, so the
statics match the full renderer byte for byte.
	Event index. Every element with bindings, with its each chain and
branch conditions. We resolve dispatch through this index (§5).

When a change arrives, we run this pipeline: reload → changed fields →
propagation → changed slot addresses → re-evaluate only those slots → emit.
For unchanged slots we send nothing. We diff lists per keyed entry, so when
your users edit one row out of ten thousand, we send a patch for that row
only. We materialize the full view once, at mount.
We kept the Rendered and keyed comprehension structures identical to
Phoenix LiveView's, field for field, and we derived our diff kernel from
LiveView's (see NOTICE). In the Phoenix adapter we pass these structures to
LiveView unchanged, and in our test suite we check wire diffs against
LiveView's own client merge.
We maintain one full renderer. We use it for Ash.calculate(:view),
static HTML, skeleton compilation, and per-element evaluation at runtime.
8. Routes, location, and render targets
Routes. You declare routes on the screen, and we bind URL parameters to
mount arguments by name:
routes do
  route "/conversations/:conversation_id", query: [:tab]
end
You get the location from the row. When one of your actions changes a
route-bound attribute, we update the browser location to match, filled from
the current row. With an optional location: expr(...), you declare where
the row's state should take your users. When you point it at another
screen's address, we navigate there:
route "/artists/new",
  location: expr(if not is_nil(saved_artist_id), do: "/artists/" <> saved_artist_id)
Links. We classify each link(to: path) against the routes your host
serves. For a link to the screen's own route, we patch in place. For a link
to another served route, we mount that screen over the same connection and
keep the session. For any other link, we render a plain anchor.
Render targets. We never name a target in the core. To write a target,
implement the AshUi.RenderTarget behaviour and consume the compiled
artifacts. By default we use AshUi.RenderTarget.Static. In your host,
cache compiled tables by {resource, view, target}.
In the Phoenix adapter we do this:
	Mount. We run the screen's :mount action with the session in the
context, then render everything.
	Params. We re-run the mount upsert with the new params and render
the changed slots.
	Events. We resolve the binding (§5), run the action, and render the
changed slots. Then we update the location.
	Notifications. We reload the row and render the changed slots.
	Lifecycle. We tie the session to its transport. When the transport
dies, we stop the session's processes and delete its rows.

In your host you own the endpoint, router, PubSub, and authentication, and
you choose which screen mounts at which route. You never add UI structure
there. You build shells, navigation, and notices as ordinary screens and
rows. For a transient notice, for example, you write a row with an expiry
time and filter on it in the view's read.
JavaScript islands. For behaviour that only a browser can provide, use
an island:
island("chart", props: %{series: series}, on: [point_selected: :select_point])
You write props as an ordinary expression, so when it changes we patch
only the island's payload attribute. With on: you map island events to
actions on the declaring resource, and we check them as we check DOM
bindings. On the client, you mount the island with
AshUi.registerIsland(name, {onProps, onDestroy}) and dispatch with
AshUi.emitIsland(name, event, payload). We never patch the island's
children. Keep application state out of islands. For heavy runtimes such as
editors and PDF viewers, use an iframe and talk to the page through typed
postMessage envelopes.
9. Theming
You describe structure in views and paint it with stylesheets. On a view
node we emit a part attribute and ARIA-first state attributes
(state: [selected: expr] becomes aria-selected, and custom states become
data-*). If you put a class or style attribute on a view node, we
raise a compile error.
	You declare stylesheets as data on routed resources:
ash_ui do stylesheets ["assets/css/theme.css", "assets/css/app.css"] end.
We read each entry at compile time and serve it as an href, linked in the
order you declared. You declare none on embedded components; the pages
that render them cover them.
	We check coverage at compile time. Every part you emit anywhere in a
routed page's render closure must match a [part="…"] rule in its
stylesheets. We register stylesheets as external resources, so when you
edit one, we recompile the resources that declare it. We reject
@import, because you set the import order with the declared list alone.
	A shell can supply stylesheets for you. You can write a substrate
transformer, for example for an application shell, that supplies
stylesheets. If a resource both receives supplied stylesheets and
declares its own, we raise a compile error.
	You carry runtime theme state (scheme, fonts, zoom) in the session
context. In the adapter we stamp data-theme, font custom properties,
and zoom on the document. You keep palettes in token stylesheets keyed on
:root[data-theme=…]. When your users switch theme, we flip an
attribute; we never relink or recompile.

With AshUi.Theme.VSCode you generate a token stylesheet from VS Code
colour-theme JSON at build time, and we check WCAG contrast while you do.
You use it only to generate stylesheets, never during rendering.
10. Deliberately absent
We left these concepts out on purpose. Each row names what you use
instead.
	Usual concept	What you use instead
	Components as a separate kind of thing	Resources, embedded or store-backed
	Props versus state	Attributes, relationships, and calculations
	Slots, fills, scoped slots, outlets	RenderTree attributes holding caller-written fragments
	Event handlers, callbacks, bubbling, forwarding	Bindings that name actions on the declaring resource
	Form objects	Controls bound to action arguments by field name
	Lifecycle hooks	create :mount, and session cleanup by the runtime
	Stores and reducers	The row and its update actions
	Topics and subscriptions	Relationship declarations
	Presenters and view models	The screen resource itself
	Imperative navigation	Route declarations and the location projection
	DOM queries and refs	Typed event payloads stored in attributes
	Class names and inline styles in views	part and state attributes painted by stylesheets

11. Known limitations
	Patch-table persistence. In hosts, you compile and cache patch
tables. In the core we fall back to recompiling when you supply no table,
and in our resource transformer we don't yet persist tables at compile
time. In production, always pass a cached table to render and dispatch.
	Calculations on embedded rows. We load calculations on rows reached
through relationships for the view. We don't yet evaluate calculations on
embedded attribute values at render time. In an embedded row's view, you
may read stored attributes but not calculations.
	Single-node notifications. We don't yet dispatch notifications across
nodes.
	Module calculations load what you declare. For a module-backed Ash
calculation, declare nested fields explicitly (load [artist: [:name]]).
With a bare load [:artist], you may get only the relationship key.



  

    Changelog

0.1.0
	Initial release.



  

    LICENSE


                                 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:

      (a) You must give any other recipients of the Work or
          Derivative Works a copy of this License; and

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

      (c) 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

      (d) 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

   APPENDIX: How to apply the Apache License to your work.

      To apply the Apache License to your work, attach the following
      boilerplate notice, with the fields enclosed by brackets "[]"
      replaced with your own identifying information. (Don't include
      the brackets!)  The text should be enclosed in the appropriate
      comment syntax for the file format. We also recommend that a
      file or class name and description of purpose be included on the
      same "printed page" as the copyright notice for easier
      identification within third-party archives.

   Copyright [yyyy] [name of copyright owner]

   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.



  

    NOTICE


AshUi
Copyright The AshUi Authors

This product is licensed under the Apache License, Version 2.0 (see LICENSE).

This product includes software derived from Phoenix LiveView
(https://github.com/phoenixframework/phoenix_live_view), licensed under the
MIT License. The derived code is in:

  lib/ash_ui/diff.ex
  lib/ash_ui/rendered.ex

images/ash_ui.svg embeds the Ash logo (logos/ash_logo_orange.svg from
https://github.com/ash-project/ash), Copyright 2019 ash contributors,
licensed under the MIT License.

Phoenix LiveView license
------------------------

Copyright (c) 2018 Chris McCord

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.



  

    
AshUi 
    



      
Static AshUi extension and runtime surface.
AshUi page resources are defined as normal Ash.Resource modules with
extensions: [AshUi], compiled through Spark/Ash, and consumed through
persisted compile-time contracts at runtime.
Application-authored state, reads, and behavior remain ordinary Ash
attributes, relationships, calculations, and actions.

      


      
        Summary


  
    Types
  


    
      
        definition_input()

      


    





  
    Functions
  


    
      
        blueprint!(module)

      


    


    
      
        build_child_record(resource, input, opts \\ [])

      


        Builds the record a render(Child, input) child renders from — the ONE
public construction path hosts use: an embedded child casts its input
through its create action (instances pass through untouched); a
store-backed child resolves its mounted row.



    


    
      
        cast_rows(module, rows)

      


        Casts raw maps (an engine/boundary result) into a list of embedded
value-resource structs — the ONE sanctioned way raw data enters a
AshUi read model. Raises a located error naming the row index and
the failing field, so shape drift surfaces at the boundary instead of
as a nil deep in a view.



    


    
      
        cast_rows!(module, rows)

      


    


    
      
        compile!(input, opts \\ [])

      


    


    
      
        dispatch_error_message(error)

      


        Formats one original dispatch error for a host-owned page error surface.



    


    
      
        dispatch_errors(reason)

      


        The original Ash error objects of a failed dispatch, as a flat list —
the public error-surface contract for bridge adapters.



    


    
      
        reload(record, opts \\ [])

      


        Reloads a resource through its declared session identity.



    


    
      
        reload_scope(record, path, opts)

      


        Reloads exactly one relationship path on an already-loaded record.



    


    
      
        render(resource, input, opts \\ [])

      


    


    
      
        render!(resource, input, opts \\ [])

      


    


    
      
        route(body)

      


    


    
      
        routes(body)

      


    


    
      
        verify_deferred!(modules)

      


    


    
      
        view_load(resource, view \\ :view)

      


        The :view calculation's derived load statement — the relationships and
nested loads the view reads. Hosts load records through this before any
render; it is the same dependency set Ash.calculate(record, :view)
loads through the calculation's load/3.
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      definition_input()



        
          
        

    

  


  

      

          @type definition_input() :: module()


      



  


        

      

      
        Functions


        


  
    
      
    
    
      blueprint!(module)



        
          
        

    

  


  

      

          @spec blueprint!(module()) :: map()


      



  



    

  
    
      
    
    
      build_child_record(resource, input, opts \\ [])



        
          
        

    

  


  

      

          @spec build_child_record(module(), term(), keyword()) ::
  {:ok, struct()} | {:error, term()}


      


Builds the record a render(Child, input) child renders from — the ONE
public construction path hosts use: an embedded child casts its input
through its create action (instances pass through untouched); a
store-backed child resolves its mounted row.

  



  
    
      
    
    
      cast_rows(module, rows)



        
          
        

    

  


  

Casts raw maps (an engine/boundary result) into a list of embedded
value-resource structs — the ONE sanctioned way raw data enters a
AshUi read model. Raises a located error naming the row index and
the failing field, so shape drift surfaces at the boundary instead of
as a nil deep in a view.
{:ok, entries} = AshUi.cast_rows(TreeEntry, raw_maps)
entries = AshUi.cast_rows!(TreeEntry, raw_maps)

  



  
    
      
    
    
      cast_rows!(module, rows)



        
          
        

    

  


  


  



    

  
    
      
    
    
      compile!(input, opts \\ [])



        
          
        

    

  


  

      

          @spec compile!(definition_input(), keyword()) :: AshUi.ResourceBlueprint.t()


      



  



  
    
      
    
    
      dispatch_error_message(error)



        
          
        

    

  


  

      

          @spec dispatch_error_message(term()) :: String.t()


      


Formats one original dispatch error for a host-owned page error surface.
Field errors include their field name; fieldless errors preserve the
user-facing Ash message.

  



  
    
      
    
    
      dispatch_errors(reason)



        
          
        

    

  


  

The original Ash error objects of a failed dispatch, as a flat list —
the public error-surface contract for bridge adapters.

  



    

  
    
      
    
    
      reload(record, opts \\ [])



        
          
        

    

  


  

      

          @spec reload(struct(), keyword()) :: {:ok, struct()} | {:error, term()}


      


Reloads a resource through its declared session identity.
Entity UI resources do not need a synthetic primary key: the ordinary Ash
identity containing :session_id is their stable lookup contract. Resources
without such an identity fall back to their primary key.

  



  
    
      
    
    
      reload_scope(record, path, opts)



        
          
        

    

  


  

      

          @spec reload_scope(struct(), :root | [atom()], keyword()) ::
  {:ok, struct()} | {:error, term()}


      


Reloads exactly one relationship path on an already-loaded record.
Notification adapters use this when their compile-derived subscription
identifies the affected relationship. :root retains the ordinary durable
row reload contract; a path such as [:artist, :albums] refreshes only that
relationship branch and preserves all unrelated loaded view fields.

  



    

  
    
      
    
    
      render(resource, input, opts \\ [])



        
          
        

    

  


  

      

          @spec render(module(), map(), keyword()) ::
  {:ok, AshUi.RenderTree.t()} | {:error, term()}


      



  



    

  
    
      
    
    
      render!(resource, input, opts \\ [])



        
          
        

    

  


  

      

          @spec render!(module(), map(), keyword()) :: AshUi.RenderTree.t()


      



  



  
    
      
    
    
      route(body)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      routes(body)


        (macro)


        
          
        

    

  


  


  



  
    
      
    
    
      verify_deferred!(modules)



        
          
        

    

  


  

      

          @spec verify_deferred!(module() | [module()]) :: :ok


      



  



    

  
    
      
    
    
      view_load(resource, view \\ :view)



        
          
        

    

  


  

      

          @spec view_load(module(), atom()) :: list()


      


The :view calculation's derived load statement — the relationships and
nested loads the view reads. Hosts load records through this before any
render; it is the same dependency set Ash.calculate(record, :view)
loads through the calculation's load/3.

  


        

      


  

    
AshUi.ActionEffect 
    



      
A one-shot browser affordance emitted by a successful Ash action.
Action effects are deliberately limited to DOM commands that cannot be
represented as durable resource state. They are delivered by the host
adapter after the action succeeds and are never replayed by re-rendering.
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        name()
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        target()

      


    





      


      
        Types


        


  
    
      
    
    
      name()



        
          
        

    

  


  

      

          @type name() :: :focus | :scroll_into_view | :select_text


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.ActionEffect{name: name(), options: map(), target: target()}


      



  



  
    
      
    
    
      target()



        
          
        

    

  


  

      

          @type target() :: {:id, String.t()} | {:part, String.t()}


      



  


        

      


  

    
AshUi.ActionEffects 
    



      
Declarative, one-shot DOM effects for Ash actions.
Effects run only after a successful action and only when an AshUi host
supplied an effect sink in the action context.

      


      
        Summary


  
    Functions
  


    
      
        focus(opts)

      


        Focuses the declared DOM target once after the action succeeds.



    


    
      
        scroll_into_view(opts)

      


        Scrolls the declared DOM target into view once after the action succeeds.



    


    
      
        select_text(opts)

      


        Selects the text in the declared DOM target once after the action succeeds.



    





      


      
        Functions


        


  
    
      
    
    
      focus(opts)



        
          
        

    

  


  

Focuses the declared DOM target once after the action succeeds.

  



  
    
      
    
    
      scroll_into_view(opts)



        
          
        

    

  


  

Scrolls the declared DOM target into view once after the action succeeds.

  



  
    
      
    
    
      select_text(opts)



        
          
        

    

  


  

Selects the text in the declared DOM target once after the action succeeds.

  


        

      


  

    
AshUi.Comprehension 
    



      
A keyed collection in the render algebra — structurally identical to
Phoenix.LiveView.Comprehension. AshUi always emits keyed entries
(has_key?: true) and never emits streams: collections are keyed
comprehensions over resource state by model, permanently — stream and
LiveComponents are excluded from this algebra by design, not omission.
Entries are {key, vars, render_fun} where render_fun.(changed_vars, track_changes?) returns the entry's dynamic list.
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    Types
  


    
      
        key()

      


    


    
      
        keyed_render_fun()
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      key()



        
          
        

    

  


  

      

          @type key() :: term()


      



  



  
    
      
    
    
      keyed_render_fun()



        
          
        

    

  


  

      

          @type keyed_render_fun() :: (map(), boolean() -> [AshUi.Rendered.dyn()])


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.Comprehension{
  entries: [{key(), map(), keyed_render_fun()}],
  fingerprint: integer(),
  has_key?: boolean(),
  static: [binary()],
  stream: nil
}


      



  


        

      


  

    
AshUi.Diff 
    



      
The differential kernel over AshUi.Rendered: produces
LiveView-wire-compatible diff maps and retained fingerprint state.
This is a copied, minimal subset of Phoenix.LiveView.Diff
(phoenix_live_view 1.1.32, MIT © Chris McCord — see NOTICE below),
reduced to what the AshUi render algebra emits:
	static sharing via fingerprints (:s, template table :p)
	nil-based change tracking (nil dynamic = unchanged)
	recursive rendered children with branch fingerprint replacement
	keyed comprehension insertion, movement, removal, and update (:k,
count :kc, moved entries as [previous_index, diff])
	duplicate-key rejection

LiveComponents and streams are NOT implemented: the AshUi model has
no component concept and renders collections as keyed comprehensions
over resource state, so those branches are excluded by design. Do not
extend this module's surface — wire-protocol compatibility is asserted
against LiveView as a pinned, test-only executable oracle.
Diff-map keys are a FROZEN wire protocol shared with the LiveView
client: :s statics/template-ref, :r root, :k keyed entries,
:kc keyed count, :p shared template table.
NOTICE: Portions derived from phoenix_live_view
(https://github.com/phoenixframework/phoenix_live_view), MIT license.

      


      
        Summary


  
    Functions
  


    
      
        new_fingerprints()

      


        Fresh fingerprint state for a new session.



    


    
      
        render(rendered, prints)

      


        Diffs rendered against the retained prints, returning
{diff_map, new_prints}. A root fingerprint mismatch resets state and
re-renders fully, exactly like LiveView.
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      new_fingerprints()



        
          
        

    

  


  

Fresh fingerprint state for a new session.

  



  
    
      
    
    
      render(rendered, prints)



        
          
        

    

  


  

Diffs rendered against the retained prints, returning
{diff_map, new_prints}. A root fingerprint mismatch resets state and
re-renders fully, exactly like LiveView.

  


        

      


  

    
AshUi.Expr 
    



      
Expression entry point for AshUi constructor expressions.
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        arg(name)

      


    


    
      
        capability_marker_ast?(ast)

      


    


    
      
        context(name)

      


    


    
      
        errors()

      


    


    
      
        expand_expr_ast(body, caller)

      


    


    
      
        expand_inline_ast(other, caller)

      


    


    
      
        expr(body)

      


    


    
      
        field_errors(field)

      


    


    
      
        field_errors(errors, field)

      


    


    
      
        part_id(name)

      


    


    
      
        path(value, segments)
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        result(name)

      


    


    
      
        rewrite_ast(body, caller)

      


    


    
      
        runtime_call(module, function, args)

      


    


    
      
        runtime_value_ast(value, caller)
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      arg(name)
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      capability_marker_ast?(ast)



        
          
        

    

  


  


  



  
    
      
    
    
      context(name)
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      errors()
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      expand_expr_ast(body, caller)



        
          
        

    

  


  


  



  
    
      
    
    
      expand_inline_ast(other, caller)



        
          
        

    

  


  


  



  
    
      
    
    
      expr(body)
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      field_errors(field)
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      field_errors(errors, field)
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      part_id(name)
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      path(value, segments)
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      result()
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      result(name)
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      rewrite_ast(body, caller)



        
          
        

    

  


  


  



  
    
      
    
    
      runtime_call(module, function, args)
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      runtime_value_ast(value, caller)



        
          
        

    

  


  


  


        

      


  

    
AshUi.ExprCompiler 
    



      
Shared compiler from source expression syntax to Ash-native expressions.
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        compile!(expression, opts \\ [])

      


    


    
      
        deps(ir)

      


    


    
      
        finalize_calls!(term, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      compile!(expression, opts \\ [])



        
          
        

    

  


  

      

          @spec compile!(term(), keyword()) :: AshUi.Expr.Compiled.t()


      



  



  
    
      
    
    
      deps(ir)



        
          
        

    

  


  


  



    

  
    
      
    
    
      finalize_calls!(term, opts \\ [])



        
          
        

    

  


  

      

          @spec finalize_calls!(term(), keyword()) :: term()


      



  


        

      


  

    
AshUi.Expressions 
    



      
Canonical custom expressions that consuming applications register with Ash.
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        canonical()
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          @spec canonical() :: [module()]


      



  


        

      


  

    
AshUi.Markdown 
    



      
Markdown source -> sanitized AshUi.SafeHTML.
This is the single shared markdown seam for AshUi views. It lives beside
AshUi.SafeHTML because SafeHTML is the only sanctioned way to put
non-escaped markup into a render tree: the constructor vocabulary is closed
(AshUi.ViewConstructor), so a view keeps emitting an ordinary
text(...) node and instead changes what that expression evaluates to.
Callers build the value where the row is built (a calculation), never in the
view:
calculate :body_html, :term, fn records, _context ->
  Enum.map(records, &AshUi.Markdown.to_safe_html(&1.plain_text))
end
Why this is self-contained
Rendering is done here rather than through a markdown library because adding
any dependency to this package forces Mix to re-resolve and bump unrelated
transitive pins. The supported syntax is deliberately a small, chat-shaped
subset, which is tractable to render directly and keeps the package
dependency-free.
Supported: paragraphs, #..###### headings, **bold**/__bold__,
*italic*/_italic_, ~~strikethrough~~, `code spans`, fenced code
blocks, unordered (-/*/+) and ordered (1.) lists, > blockquotes,
thematic breaks, GFM pipe tables, and [text](href) links. Single newlines
inside a paragraph become <br>, which matches how chat bodies are written.
A table is recognised only when a header row is followed immediately by a
delimiter row (|---|:-:|--:|), so ordinary prose containing a | is never
mistaken for one. Rows are padded or truncated to the header's column count,
so a ragged row cannot shift later cells into the wrong column.
Sanitization
SafeHTML means "emit these bytes verbatim" and performs no escaping of its
own, so everything here is whitelisted by construction rather than filtered
after the fact. Message bodies are user input and assistant replies are model
output; neither is trusted.
	Only the tags this module writes are ever emitted -- there is no path from
source text to an arbitrary tag name.
	Every run of text is escaped through
AshUi.RenderTarget.Html.html_escape/1, so raw HTML in the source
is inert: a user who types <script>alert(1)</script> sees that text.
	The only attributes ever emitted are href and rel on <a>, and
data-align on a table cell, whose value is drawn from the closed set
center/right rather than from the source.
	href is scheme-checked against @safe_schemes after control characters
are stripped, so javascript:, data:, vbscript: and obfuscations such
as java&#9;script: are dropped, leaving a plain <a> with no href.
	Every <a> carries rel="noopener noreferrer".
	Images never render: ![alt](src) degrades to its alt text.

No class or style attribute is ever emitted -- markdown output is painted
by descendant-element CSS under the owning [part=...] node, matching the
existing [part="agent_markdown"] code rule.
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    Functions
  


    
      
        parse_table(source)

      


        Parses one GFM pipe-table block into raw cell text and closed alignments.



    


    
      
        split_tables(source)

      


        Splits source into consecutive {:table, text} and {:prose, text} runs.



    


    
      
        to_iodata(source)

      


        Renders markdown source into sanitized HTML iodata.



    


    
      
        to_safe_html(source)

      


        Renders markdown source into a sanitized AshUi.SafeHTML struct,
suitable as the text content of a render-tree node.



    


    
      
        to_safe_inline_html(source)

      


        Renders markdown inline syntax without adding a block wrapper.



    





      


      
        Functions


        


  
    
      
    
    
      parse_table(source)



        
          
        

    

  


  

      

          @spec parse_table(term()) ::
  {:ok, %{headers: [map()], rows: [[map()]]}} | {:error, :not_a_table}


      


Parses one GFM pipe-table block into raw cell text and closed alignments.
Callers can then render the table with ordinary AshUi table/cell nodes,
preserving interactive content inside cells without reimplementing the
markdown table grammar.

  



  
    
      
    
    
      split_tables(source)



        
          
        

    

  


  

      

          @spec split_tables(term()) :: [{:table | :prose, binary()}]


      


Splits source into consecutive {:table, text} and {:prose, text} runs.
Table syntax is known only to this module, so callers that must treat a table
as an indivisible unit ask here rather than re-deriving the grammar. Structural
consumers can then pass each table block to parse_table/1 and keep
interactive children inside their owning cells.
Concatenating the returned texts reproduces source exactly.

  



  
    
      
    
    
      to_iodata(source)



        
          
        

    

  


  

      

          @spec to_iodata(term()) :: iodata()


      


Renders markdown source into sanitized HTML iodata.

  



  
    
      
    
    
      to_safe_html(source)



        
          
        

    

  


  

      

          @spec to_safe_html(term()) :: AshUi.SafeHTML.t()


      


Renders markdown source into a sanitized AshUi.SafeHTML struct,
suitable as the text content of a render-tree node.

  



  
    
      
    
    
      to_safe_inline_html(source)



        
          
        

    

  


  

      

          @spec to_safe_inline_html(term()) :: AshUi.SafeHTML.t()


      


Renders markdown inline syntax without adding a block wrapper.
This is intended for structural consumers such as table cells that still
need AshUi-owned interactive children between formatted text runs.

  


        

      


  

    
AshUi.Notification.DerivedReads 
    



      
Subscription edges for what a rendered record DERIVES: "whatever a page
reads, it subscribes to".
The relationship walk in each transport adapter subscribes a page to the
relationships actually loaded on its record. A calculation or aggregate
the view renders reads more than that: Ash loads its dependencies as hidden
internal loads, so those rows never appear on the record and the walk
never sees them. This module turns the declaration-derived read set
(AshUi.Reload.derived_reads/2, the same derivation the reload
contract narrows with) into subscription edges for one loaded record:
	the first hop of a relationship read, taken from the loaded record, is
key-matched on destination_attribute = record[source_attribute] and
carries the relationship filter with the record as parent — the same
precision the relationship walk registers;
	later hops, and aggregates over unrelated resources, have no derivable
key and subscribe at resource level (attrs: []);
	a first hop the record already has loaded, with nothing beyond it, is
left to the walk at the root, whose reload of that relationship already
recomputes every dependent root (Reload.dependent_roots_for_paths/2).

Each edge reloads prefix ++ [field]: the derived value itself, recomputed
by Ash with its hidden dependencies, instead of materializing the
relationship on the record.

      


      
        Summary


  
    Types
  


    
      
        edge()

      


    





  
    Functions
  


    
      
        edges(record, load_spec, prefix)

      


        The derived-read subscription edges of record, whose view load at this
level is load_spec, reached through relationship path prefix.



    





      


      
        Types


        


  
    
      
    
    
      edge()



        
          
        

    

  


  

      

          @type edge() :: %{
  key: term(),
  resource: module(),
  attrs: keyword(),
  filter: term(),
  parent: struct() | nil,
  reload_scope: [atom()]
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      edges(record, load_spec, prefix)



        
          
        

    

  


  

      

          @spec edges(struct(), term(), [atom()]) :: [edge()]


      


The derived-read subscription edges of record, whose view load at this
level is load_spec, reached through relationship path prefix.

  


        

      


  

    
AshUi.Notifier 
    



      
Ash notifier that forwards resource notifications into AshUi's
notification-native read match index.

      


      
        Summary


  
    Functions
  


    
      
        load(_, _)

      


        Callback implementation for Ash.Notifier.load/2.



    





      


      
        Functions


        


  
    
      
    
    
      load(_, _)



        
          
        

    

  


  

Callback implementation for Ash.Notifier.load/2.

  


        

      


  

    
AshUi.Patch.Bindings 
    



      
Registration-free event binding resolution over the compiled patch table.
A live binding key names WHERE the binding lives, not a session-registered
value: child-addr… item-key… element-addr . dom-event (dot-joined
components; addresses encode /→-, *→x). Resolution walks the key
against the compiled tables — descending into child tables at child
addresses, binding items by primary key at each boundaries — then
re-evaluates the element's event bindings against the CURRENT record.
The result is the same fully-evaluated EventBinding the render-time
registration used to produce, with payload expressions evaluated at
dispatch time from live state instead of captured at render.

      


      
        Summary


  
    Functions
  


    
      
        resolve(record, binding_key, params \\ %{}, opts \\ [])

      


        Resolve a live binding key against record's resource.



    





      


      
        Functions


        


    

    

  
    
      
    
    
      resolve(record, binding_key, params \\ %{}, opts \\ [])



        
          
        

    

  


  

Resolve a live binding key against record's resource.
Returns {:ok, evaluated_binding, target} or :error. The target names
the INSTANCE the action runs on — dispatch is backing-blind above it:
	{:root} — the page row (bindings declared in the page's own view,
including inside its eaches).
	{:row, child_record} — a store-backed child instance: the action
runs on the child's own row.
	Embedded children reached through render(Child, input) are
addressable only when the input is an instance path (DESIGN.md §4).
A projected embedded value is traversal-only: its own events resolve
to :error, while an addressable store-backed child nested inside it
becomes that child's ordinary row target. (Embedded instances
addressed by parent paths dispatch through
AshUi.Patch.Dispatch.embedded_update/5.)


  


        

      


  

    
AshUi.Patch.Compiler 
    



      
Compiles an AshUi resource's :view calculation into a
AshUi.Patch.Table: slots with stable addresses + a
field→slots propagation index + keyed list anchors + child tables for
nested render(Resource, input).
Input is the SAME lowered view the segment compiler consumes
(ViewConstructor.lower/1 over the persisted view expression) — one
authored calculation, two staged evaluations (full render, patch
emission).

      


      
        Summary


  
    Functions
  


    
      
        cached_table(resource, view_or_opts \\ :view, opts \\ [])

      


        The memoized compiled patch table — the ONE table-cache API. Every
transport calls this instead of owning a private cache (socket maps,
per-target process-global terms, ad hoc test caches), so a table is
compiled at most once per (blueprint, view, target, navigation routes)
and a fat table can never ride a per-request closure. The memo itself
lives with the other compile-time contracts in AshUi.Compiled.



    


    
      
        compile(resource, view_or_opts \\ :view, opts \\ [])

      


        Uncached compile straight from the persisted view expression.



    


    
      
        patch_addressable?(node)

      


        PATCH-ADDRESSABLE — the compile-time property that decides which elements
a runtime patch can target, and therefore which elements carry a runtime
id (morph selectors, reorder anchors, focus handles). An element is
patch-addressable when



    


    
      
        table(resource, view_or_opts \\ :view, opts \\ [])

      


        The compiled patch table: read from the transformer-persisted artifact
when present (compile-time cost paid once, like compiled views), else
compiled on demand (pure).



    





      


      
        Functions


        


    

    

  
    
      
    
    
      cached_table(resource, view_or_opts \\ :view, opts \\ [])



        
          
        

    

  


  

      

          @spec cached_table(module(), atom() | keyword(), keyword()) :: AshUi.Patch.Table.t()


      


The memoized compiled patch table — the ONE table-cache API. Every
transport calls this instead of owning a private cache (socket maps,
per-target process-global terms, ad hoc test caches), so a table is
compiled at most once per (blueprint, view, target, navigation routes)
and a fat table can never ride a per-request closure. The memo itself
lives with the other compile-time contracts in AshUi.Compiled.

  



    

    

  
    
      
    
    
      compile(resource, view_or_opts \\ :view, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(module(), atom() | keyword(), keyword()) :: AshUi.Patch.Table.t()


      


Uncached compile straight from the persisted view expression.

  



  
    
      
    
    
      patch_addressable?(node)



        
          
        

    

  


  

      

          @spec patch_addressable?(map()) :: boolean()


      


PATCH-ADDRESSABLE — the compile-time property that decides which elements
a runtime patch can target, and therefore which elements carry a runtime
id (morph selectors, reorder anchors, focus handles). An element is
patch-addressable when
	its attr surface is dynamic (element_attr_deps/1 != :static) — an
attribute patch selects the element itself, or
	it DIRECTLY owns a non-element dynamic child (a text/branch/each/child
slot) — those patches select the nearest enclosing element.

Template and arm ROOTS are addressable by position (entry morphs and
branch-flip morphs target them) and are marked by the skeleton pass, not
by this predicate. Every other element — static wrappers and leaves — is
NOT addressable and must not spend id bytes: at collection scale the
per-element id was the single largest DOM/wire mass after binding keys,
and every marked element forces its whole attr region dynamic.

  



    

    

  
    
      
    
    
      table(resource, view_or_opts \\ :view, opts \\ [])



        
          
        

    

  


  

      

          @spec table(module(), atom() | keyword(), keyword()) :: AshUi.Patch.Table.t()


      


The compiled patch table: read from the transformer-persisted artifact
when present (compile-time cost paid once, like compiled views), else
compiled on demand (pure).

  


        

      


  

    
AshUi.Patch.Dispatch 
    



      
ONE dispatch semantics, backing-blind (DESIGN.md §5): run the target
instance's OWN action — arguments, validations, changes, never bypassed
— and persist through the instance's data layer. The storage seam is the
only place backing appears:
	store-backed: update/4 — an ordinary update on the instance's row.
	embedded: embedded_update/5 — the instance's data layer IS the
parent attribute (Ash's own semantics). The embedded action runs
against the instance located by primary key inside the parent
attribute (scalar, or {:array, Embedded}; an absent key inserts a
defaults instance with the action applied), and the result persists as
exactly ONE parent update — one parent notification.

Errors surface: an embedded action's validation error returns the same
{:error, _} shape a store-backed action's would.

      


      
        Summary


  
    Types
  


    
      
        path_segment()

      


    





  
    Functions
  


    
      
        run(record, target, action, params, opts \\ [])

      


        THE dispatch entry point — backing-blind. target is what
AshUi.Patch.Bindings.resolve/3 returns; callers never branch on
backing



    





      


      
        Types


        


  
    
      
    
    
      path_segment()



        
          
        

    

  


  

      

          @type path_segment() :: atom() | {:item, term()}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      run(record, target, action, params, opts \\ [])



        
          
        

    

  


  

      

          @spec run(struct(), tuple(), atom(), map(), keyword()) ::
  {:ok, struct()} | {:error, term()}


      


THE dispatch entry point — backing-blind. target is what
AshUi.Patch.Bindings.resolve/3 returns; callers never branch on
backing:
run(record, {:root}, action, params, opts)
run(record, {:row, child_row}, action, params, opts)
run(record, {:embedded, parent, path}, action, params, opts)
Returns {:ok, updated_instance_owner} — the root record, the child
row, or the parent — or {:error, reason} in one shape for all three.

  


        

      


  

    
AshUi.Patch.Keys 
    



      
THE entry-key function for keyed collections — one identity rule shared
by the live renderer and the binding resolver, implementing Ash resource
identity correctly:
	an authored key: expression wins when declared;
	an Ash resource keys on its FULL primary key — a composite key is the
tuple of its values (first-field-only keying collides);
	plain maps fall back to :id/"id", then ordinal position.


      


      
        Summary


  
    Functions
  


    
      
        entry_key(item, index, key_eval \\ nil, scope \\ nil)

      


        Entry key for item at ordinal index, honoring key_eval when present.



    





      


      
        Functions


        


    

    

  
    
      
    
    
      entry_key(item, index, key_eval \\ nil, scope \\ nil)



        
          
        

    

  


  

      

          @spec entry_key(term(), non_neg_integer(), AshUi.Patch.Evaluator.t() | nil, term()) ::
  term()


      


Entry key for item at ordinal index, honoring key_eval when present.

  


        

      


  

    
AshUi.Patch.Runtime 
    



      
Change derivation over a compiled AshUi.Patch.Table.
The patching protocol is the live host's own: the compiled skeleton supplies
statics, evaluator closures supply dynamics, and the ONLY thing this
module contributes is the changed-address set — which dynamics may
return a value instead of nil under change tracking. The live host's diff
engine and client own every DOM decision; there is no parallel op
vocabulary, no slot-value store, no tree.
diff/2 compares attributes AND loaded relationships, calculations,
and aggregates — relationship-as-read reactivity means a reloaded
relationship with unchanged attributes must still invalidate the slots
that read it. A field that is %Ash.NotLoaded{} on both sides is
unchanged; loaded on one side only is changed (the truth moved or is
unknown — invalidate).

      


      
        Summary


  
    Functions
  


    
      
        changed_addresses(resource_or_table, old_record, new_record)

      


        The changed slot addresses between two records, straight from the
propagation index — the gate the live host needs to build a
differential render. :all when the before-image is missing or the
resources differ.



    


    
      
        diff(old, new)

      


        Changed field names between two records of the same resource.



    





      


      
        Functions


        


  
    
      
    
    
      changed_addresses(resource_or_table, old_record, new_record)



        
          
        

    

  


  

      

          @spec changed_addresses(module() | AshUi.Patch.Table.t(), struct() | nil, struct()) ::
  :all | MapSet.t()


      


The changed slot addresses between two records, straight from the
propagation index — the gate the live host needs to build a
differential render. :all when the before-image is missing or the
resources differ.

  



  
    
      
    
    
      diff(old, new)



        
          
        

    

  


  

      

          @spec diff(struct(), struct()) :: %{fields: [atom()]}


      


Changed field names between two records of the same resource.

  


        

      


  

    
AshUi.Patch.Skeleton 
    



      
Target-specific static skeleton compiled from a resource's lowered view:
interleaved static markup + ordered dynamic refs, the exact
statics/dynamics contract the host bridge's Rendered structs consume.
Compilation renders the view ONCE through the ordinary render pipeline
(ViewRender → RenderTree.render → RenderTarget.Html) with unique
alphanumeric sentinels substituted at every dynamic position, then splits
the produced HTML on those sentinels. Statics are therefore byte-aligned
with the full renderer by construction — themes, parts, aria, event
bindings and attribute ordering all come from the same code path. The
compiled skeleton is pure data + evaluator closures; the runtime render
path never materializes a tree.
Dynamic refs (document order):
{:text, addr, eval}                 — escaped text position
{:attr_pair, addr, name, eval}      — whole ` name="value"` pair
{:attr_value, addr, name, eval}     — value embedded in a merged attr
{:branch, addr, cond_eval, arms}    — arms: %{true: skel|nil, false: skel|nil}
{:keyed, addr, items_eval, item}    — item: %{skeleton, as, index}
{:child, addr, resource}            — nested render(Resource, input)
addr is the SAME lowered address the patch table assigns its slots, so
the changed-address set from
AshUi.Patch.Runtime.changed_addresses/3 gates re-emission
directly.

      


      
        Summary


  
    Types
  


    
      
        dyn()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        compile(resource, lowered, opts \\ [])

      


        Compile the skeleton for a lowered view node of resource. base
addresses the subtree: arm and item skeletons compile under their REAL
address prefix (addr/t, addr/f, addr/*) so element addresses are
unique across the whole table — binding keys depend on it.



    





      


      
        Types


        


  
    
      
    
    
      dyn()



        
          
        

    

  


  

      

          @type dyn() ::
  {:text, String.t(), (term() -> term())}
  | {:attr_pair, String.t(), String.t(), (term() -> term())}
  | {:attr_value, String.t(), String.t(), (term() -> term())}
  | {:branch, String.t(), (term() -> term()),
     %{true: t() | nil, false: t() | nil}}
  | {:keyed, String.t(), (term() -> term()), map()}
  | {:child, String.t(), module()}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.Patch.Skeleton{
  dynamics: [dyn()],
  fingerprint: term(),
  root?: term(),
  statics: [binary()]
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      compile(resource, lowered, opts \\ [])



        
          
        

    

  


  

      

          @spec compile(module(), map() | nil, keyword()) :: t()


      


Compile the skeleton for a lowered view node of resource. base
addresses the subtree: arm and item skeletons compile under their REAL
address prefix (addr/t, addr/f, addr/*) so element addresses are
unique across the whole table — binding keys depend on it.

  


        

      


  

    
AshUi.Patch.Table 
    



      
Compiled patch table for one resource view: every dynamic position in the
lowered view becomes a slot with a stable address, an evaluator, and the
dependency field paths that invalidate it; the propagation index inverts
dependencies to slot ids. Nested render(Resource, input) compiles the
child resource's own table under an address prefix.
This is compile-derived data (internals of the compiled artifact), not
model vocabulary: the view stays an Ash calculation; this table is its
partial evaluation staged for change-driven patch emission.

      


      
        Summary


  
    Types
  


    
      
        slot()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      slot()



        
          
        

    

  


  

      

          @type slot() :: %{
  id: term(),
  addr: String.t(),
  kind: :text | :attrs | :branch | :keyed_list | :child,
  deps: [atom()],
  eval: (AshUi.Expr.Scope.t() -> term()),
  meta: map()
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.Patch.Table{
  children: %{required(String.t()) => t()},
  collection_slots: %{required(atom()) => [term()]},
  error_slots: term(),
  event_elements: %{required(String.t()) => map()},
  propagation: %{required(atom()) => [term()]},
  propagation_addresses: %{required(atom()) => MapSet.t(String.t())},
  resource: module() | nil,
  root: term(),
  root_slot_ids: [term()] | nil,
  skeleton: AshUi.Patch.Skeleton.t() | nil,
  slots: %{required(term()) => slot()},
  target: module(),
  view: atom()
}


      



  


        

      


  

    
AshUi.Reload 
    



      
The O(1) dispatch reload contract — the ONE canonical policy for what a
bridge reloads after a dispatch. Every transport bridge calls
after_dispatch/4; none owns a private copy of the policy, so a new
target cannot drift from it.
The contract:
	Data reloads are exactly (a) the notification ECHO — the action's own
synchronous write notifications, scoped to the view dependency they
touched — and (b) the view roots whose declared read depends on a root
attribute the action changed (dependent_roots_for_attributes/2).
	Compiler event paths (a binding's each source and render deps) are
RENDER scope only — they address the differential re-render and never
justify a data read: entry rows did not change unless a notification
says so.
	A :root-scoped echo is the page row's own write notification. The
dispatch result is already the authoritative fresh root row, so it
adds no data reload (the historical drift: one bridge dropped it, the
other answered with a full view reload).
	Unaffected dependencies keep their already-loaded values
(AshUi.preserve_loaded_values/2).

Dependency narrowing derives from declarations, never from code:
	A declarative relationship depends on its source_attribute and any
root attribute referenced through parent(...) in its filter.
	A manual relationship's read is opaque; it conservatively depends on
every attribute unless the declaration names its dependency set:
manual {MyRel, depends_on: [:sort_by, :q]} (an empty list is a valid
declaration: the read depends on no root attribute).
	An expression calculation depends on the root attributes its expression
references (through other calculations transitively) and is invalidated
by data changes on any relationship path it references.
	A module calculation declares its dependencies through load/3; when
that cannot be read it conservatively depends on everything.
	An aggregate depends on its relationship path's first edge exactly like
a declarative relationship, and is invalidated by data changes on that
path.


      


      
        Summary


  
    Types
  


    
      
        dep()

      


    





  
    Functions
  


    
      
        after_dispatch(current, updated, echo, opts \\ [])

      


        The canonical post-dispatch refresh. current is the rendered page record,
updated the same-row action result, echo the dispatch's notification
echo (:root or a list of :root/relationship-path entries). Returns the
record to render from, with unaffected loaded values preserved and only the
affected dependencies re-read.



    


    
      
        changed_attributes(current, updated)

      


        Root attributes whose value differs between the rendered record and the
action result — the attribute-diff half of the reload contract.



    


    
      
        dependent_roots_for_attributes(resource, changed_attributes)

      


        The top-level view dependencies whose value can change when the given root
attributes change, per the declaration-derived dependency index.



    


    
      
        dependent_roots_for_paths(resource, paths)

      


        The top-level view roots invalidated by a DATA change on the given
relationship paths: calculations and aggregates whose declared dependencies
traverse a changed path. This is what keeps a derived root (a flattened
rows calculation over :messages, an aggregate over :albums) fresh when
the change arrives as a notification rather than a root-attribute write.



    


    
      
        derived_reads(resource, field)

      


        What a derived view field READS, from the same declaration-derived
dependency derivation the reload index uses: every relationship path a
calculation or aggregate traverses (through load/3, DSL load:,
expression references, aggregate paths and nested calculations or
aggregates), and {:resource, module} for an aggregate over an unrelated
resource. This is the subscription side of "whatever a page reads, it
subscribes to": Ash loads these dependencies as hidden internal loads, so
they never appear on the rendered record for a relationship walk to see.



    


    
      
        same_row?(current, updated)

      


        True when the dispatch result is the same session row the page renders —
the case where the action result IS the fresh page state and the narrowed
refresh applies. Any other row needs the page re-read.



    





      


      
        Types


        


  
    
      
    
    
      dep()



        
          
        

    

  


  

      

          @type dep() :: :all | %{attributes: MapSet.t(atom()), relationships: MapSet.t(atom())}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      after_dispatch(current, updated, echo, opts \\ [])



        
          
        

    

  


  

      

          @spec after_dispatch(struct(), struct(), :root | [term()], keyword()) ::
  {:ok, struct()} | {:error, term()}


      


The canonical post-dispatch refresh. current is the rendered page record,
updated the same-row action result, echo the dispatch's notification
echo (:root or a list of :root/relationship-path entries). Returns the
record to render from, with unaffected loaded values preserved and only the
affected dependencies re-read.

  



  
    
      
    
    
      changed_attributes(current, updated)



        
          
        

    

  


  

      

          @spec changed_attributes(struct(), struct()) :: [atom()]


      


Root attributes whose value differs between the rendered record and the
action result — the attribute-diff half of the reload contract.

  



  
    
      
    
    
      dependent_roots_for_attributes(resource, changed_attributes)



        
          
        

    

  


  

      

          @spec dependent_roots_for_attributes(module(), [atom()]) :: [atom()]


      


The top-level view dependencies whose value can change when the given root
attributes change, per the declaration-derived dependency index.

  



  
    
      
    
    
      dependent_roots_for_paths(resource, paths)



        
          
        

    

  


  

      

          @spec dependent_roots_for_paths(module(), [[atom()] | atom()]) :: [atom()]


      


The top-level view roots invalidated by a DATA change on the given
relationship paths: calculations and aggregates whose declared dependencies
traverse a changed path. This is what keeps a derived root (a flattened
rows calculation over :messages, an aggregate over :albums) fresh when
the change arrives as a notification rather than a root-attribute write.

  



  
    
      
    
    
      derived_reads(resource, field)



        
          
        

    

  


  

      

          @spec derived_reads(module(), atom()) :: [[atom()] | {:resource, module()}]


      


What a derived view field READS, from the same declaration-derived
dependency derivation the reload index uses: every relationship path a
calculation or aggregate traverses (through load/3, DSL load:,
expression references, aggregate paths and nested calculations or
aggregates), and {:resource, module} for an aggregate over an unrelated
resource. This is the subscription side of "whatever a page reads, it
subscribes to": Ash loads these dependencies as hidden internal loads, so
they never appear on the rendered record for a relationship walk to see.
An undeclarable dependency (a raising load/3, an expression Ash cannot
walk) contributes nothing beyond what was already derived.

  



  
    
      
    
    
      same_row?(current, updated)



        
          
        

    

  


  

      

          @spec same_row?(struct(), struct()) :: boolean()


      


True when the dispatch result is the same session row the page renders —
the case where the action result IS the fresh page state and the narrowed
refresh applies. Any other row needs the page re-read.

  


        

      


  

    
AshUi.Render 
    



      
Builds %AshUi.Rendered{} structures straight from a compiled
patch table — statics from the table's skeleton, dynamics from evaluator
closures over the CURRENT record. The neutral differential contract uses
nil-based change tracking: a dynamic whose address is not in the
changed set (AshUi.Patch.Runtime.changed_addresses/3) returns
nil, and the AshUi.Diff kernel decides the minimal keyed patch.
This is the ONE runtime emission path —
transports convert or diff its output, never re-emit.
Keyed lists use the core render algebra's keyed comprehensions. Entry keys implement
Ash resource identity (AshUi.Patch.Keys — authored key:
expression, else the FULL primary key). Entry vars carry the item, the
ordinal position when the template declares an index, and the parent
record fields the item template reads (:__parent__) — the kernel's
retained-variable comparison invalidates exactly the rows a move, item change,
or parent-field change touches.
Event binding keys thread through scopes as :__bp_binding_chain__ in
scope context: item boundaries append the entry key component, child
boundaries append the child address component — producing exactly the
keys AshUi.Patch.Bindings.resolve/3 accepts.

      


      
        Summary


  
    Functions
  


    
      
        build(record, changed, opts \\ [])

      


        Build the root Rendered for record from its resource's patch table.



    





      


      
        Functions


        


    

  
    
      
    
    
      build(record, changed, opts \\ [])



        
          
        

    

  


  

      

          @spec build(struct(), :all | MapSet.t(), keyword()) :: AshUi.Rendered.t() | struct()


      


Build the root Rendered for record from its resource's patch table.
changed is :all (mount / unknown before-image) or the address set
from AshUi.Patch.Runtime.changed_addresses/3.
Options: :actor, :tenant, :params (scope inputs — the staged
evaluation of the view calculation runs under the same scope the
calculation would), :view.

  


        

      


  

    
AshUi.RenderTarget behaviour
    



      
Adapter seam for lowering AshUi's neutral render protocol to a host target.

      


      
        Summary


  
    Callbacks
  


    
      
        attr_name(t)

      


    


    
      
        compiled_table(module, atom)

      


    


    
      
        dispatch_event_value(t)

      


    


    
      
        finalize_attrs(map, arg2, map, list)

      


    


    
      
        finalize_materialized_attrs(map)

      


    


    
      
        finalize_skeleton_attrs(map)

      


    


    
      
        finalize_tree(term)

      


    


    
      
        preserve_component_boundaries?()

      


    


    
      
        runtime_chain_attrs?()

      


    





      


      
        Callbacks


        


  
    
      
    
    
      attr_name(t)



        
          
        

    

  


  

      

          @callback attr_name(String.t()) :: String.t()


      



  



  
    
      
    
    
      compiled_table(module, atom)


        (optional)


        
          
        

    

  


  

      

          @callback compiled_table(module(), atom()) :: AshUi.Patch.Table.t() | nil


      



  



  
    
      
    
    
      dispatch_event_value(t)


        (optional)


        
          
        

    

  


  

      

          @callback dispatch_event_value(String.t()) :: String.t()


      



  



  
    
      
    
    
      finalize_attrs(map, arg2, map, list)



        
          
        

    

  


  

      

          @callback finalize_attrs(map(), atom() | String.t() | nil, map(), list()) :: map()


      



  



  
    
      
    
    
      finalize_materialized_attrs(map)


        (optional)


        
          
        

    

  


  

      

          @callback finalize_materialized_attrs(map()) :: map()


      



  



  
    
      
    
    
      finalize_skeleton_attrs(map)


        (optional)


        
          
        

    

  


  

      

          @callback finalize_skeleton_attrs(map()) :: map()


      



  



  
    
      
    
    
      finalize_tree(term)



        
          
        

    

  


  

      

          @callback finalize_tree(term()) :: term()


      



  



  
    
      
    
    
      preserve_component_boundaries?()


        (optional)


        
          
        

    

  


  

      

          @callback preserve_component_boundaries?() :: boolean()


      



  



  
    
      
    
    
      runtime_chain_attrs?()


        (optional)


        
          
        

    

  


  

      

          @callback runtime_chain_attrs?() :: boolean()


      



  


        

      


  

    
AshUi.RenderTarget.Html 
    



      
Host-neutral HTML target lowering for AshUi.RenderTree.
Live HTML adapters, static HTML, and future HTML-like hosts should consume this target
contract instead of reinterpreting semantic render-tree metadata themselves.

      


      
        Summary


  
    Functions
  


    
      
        attributes_iodata(attrs)

      


    


    
      
        attrs(element, opts \\ [])

      


    


    
      
        attrs_for(tag, attrs, events, meta, opts \\ [])

      


    


    
      
        html_escape(content)

      


    


    
      
        html_text_escape(content)

      


    


    
      
        render_static(tree, opts \\ [])

      


    


    
      
        render_tree_value?(arg1)

      


    


    
      
        safe_text(content)

      


    


    
      
        safe_to_iodata(tree)

      


    


    
      
        text_content(safe)

      


    





      


      
        Functions


        


  
    
      
    
    
      attributes_iodata(attrs)



        
          
        

    

  


  

      

          @spec attributes_iodata(map() | keyword()) :: iodata()


      



  



    

  
    
      
    
    
      attrs(element, opts \\ [])



        
          
        

    

  


  

      

          @spec attrs(AshUi.RenderTree.Element.t(), keyword()) :: map()


      



  



    

  
    
      
    
    
      attrs_for(tag, attrs, events, meta, opts \\ [])



        
          
        

    

  


  

      

          @spec attrs_for(
  atom() | String.t() | nil,
  map(),
  [AshUi.EventBinding.t()],
  map(),
  keyword()
) :: map()


      



  



  
    
      
    
    
      html_escape(content)



        
          
        

    

  


  

      

          @spec html_escape(term()) :: iodata()


      



  



  
    
      
    
    
      html_text_escape(content)



        
          
        

    

  


  

      

          @spec html_text_escape(term()) :: iodata()


      



  



    

  
    
      
    
    
      render_static(tree, opts \\ [])



        
          
        

    

  


  

      

          @spec render_static(term(), keyword()) :: {:safe, iodata()}


      



  



  
    
      
    
    
      render_tree_value?(arg1)



        
          
        

    

  


  

      

          @spec render_tree_value?(term()) :: boolean()


      



  



  
    
      
    
    
      safe_text(content)



        
          
        

    

  


  

      

          @spec safe_text(term()) :: {:safe, iodata()}


      



  



  
    
      
    
    
      safe_to_iodata(tree)



        
          
        

    

  


  

      

          @spec safe_to_iodata(term()) :: iodata()


      



  



  
    
      
    
    
      text_content(safe)



        
          
        

    

  


  


  


        

      


  

    
AshUi.RenderTarget.Static 
    



      
The default render target, preserving AshUi's neutral DOM vocabulary.

      




  

    
AshUi.RenderTree 
    



      
Adapter-neutral rendered output produced from a semantic view tree.
Structure and paint are strictly split (DESIGN.md §9): this lowering emits only
bare part attributes and ARIA-first state attributes. It applies no theme —
there are no part→class rules, no theme assets, no is-<state> classes.
Served DOM carries no class attributes.

      


      
        Summary


  
    Types
  


    
      
        t()

      


    





  
    Functions
  


    
      
        element(tag, attrs \\ %{}, children \\ [], opts \\ [])

      


    


    
      
        fragment(children \\ [], opts \\ [])

      


    


    
      
        portal(target, children \\ [], opts \\ [])

      


    


    
      
        render(tree, opts \\ [])

      


    


    
      
        text(content, opts \\ [])

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() ::
  AshUi.RenderTree.Element.t()
  | AshUi.RenderTree.Text.t()
  | AshUi.RenderTree.Fragment.t()
  | AshUi.RenderTree.Portal.t()


      



  


        

      

      
        Functions


        


    

    

    

  
    
      
    
    
      element(tag, attrs \\ %{}, children \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec element(atom() | nil, map(), [t()], keyword()) :: AshUi.RenderTree.Element.t()


      



  



    

    

  
    
      
    
    
      fragment(children \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec fragment([t()], keyword()) :: AshUi.RenderTree.Fragment.t()


      



  



    

    

  
    
      
    
    
      portal(target, children \\ [], opts \\ [])



        
          
        

    

  


  

      

          @spec portal(term(), [t()], keyword()) :: AshUi.RenderTree.Portal.t()


      



  



    

  
    
      
    
    
      render(tree, opts \\ [])



        
          
        

    

  


  

      

          @spec render(map() | nil, keyword()) :: {:ok, t()} | {:error, term()}


      



  



    

  
    
      
    
    
      text(content, opts \\ [])



        
          
        

    

  


  

      

          @spec text(term(), keyword()) :: AshUi.RenderTree.Text.t()


      



  


        

      


  

    
AshUi.RenderTree.Element 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      


  

    
AshUi.RenderTree.Fragment 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      


  

    
AshUi.RenderTree.Path 
    



      
Render-tree node addressing: keyed nodes use {:key, key} segments,
unkeyed nodes match positionally with {:index, index} segments. These
paths are the stable addresses the patch ops target and the id scheme the
HTML renderer and binding collector already emit.

      


      
        Summary


  
    Types
  


    
      
        path()

      


    





  
    Functions
  


    
      
        child_path(parent_path, node, index)

      


    


    
      
        node_path_segment(node, index)

      


    


    
      
        root_path(nodes)

      


    





      


      
        Types


        


  
    
      
    
    
      path()



        
          
        

    

  


  

      

          @type path() :: [term()]


      



  


        

      

      
        Functions


        


  
    
      
    
    
      child_path(parent_path, node, index)



        
          
        

    

  


  

      

          @spec child_path(path(), term(), non_neg_integer()) :: path()


      



  



  
    
      
    
    
      node_path_segment(node, index)



        
          
        

    

  


  

      

          @spec node_path_segment(term(), non_neg_integer()) :: term()


      



  



  
    
      
    
    
      root_path(nodes)



        
          
        

    

  


  

      

          @spec root_path(term()) :: path()


      



  


        

      


  

    
AshUi.RenderTree.Portal 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      


  

    
AshUi.RenderTree.Text 
    




      
        Summary


  
    Types
  


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @opaque t()


      



  


        

      


  

    
AshUi.Rendered 
    



      
The render algebra's node: statics interleaved with a dynamic function,
identified by a fingerprint. Structurally identical to
Phoenix.LiveView.Rendered (phoenix_live_view 1.1.x) so transport
adapters can convert by struct rename alone; the shape is a frozen
contract verified against LiveView as an executable oracle.
dynamic.(track_changes?) returns one entry per dynamic slot:
nil (unchanged), iodata, a nested AshUi.Rendered, or an
AshUi.Comprehension.

      


      
        Summary


  
    Types
  


    
      
        dyn()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      dyn()



        
          
        

    

  


  

      

          @type dyn() :: nil | iodata() | t() | AshUi.Comprehension.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.Rendered{
  caller:
    :not_available
    | {module(), {atom(), non_neg_integer()}, String.t(), pos_integer()},
  dynamic: (boolean() -> [dyn()]),
  fingerprint: integer(),
  root: boolean() | nil,
  static: [binary()]
}


      



  


        

      


  

    
AshUi.Rendered.Materialize 
    



      
Materializes a rendered structure to iodata — the SAME statics and
dynamics the differential engine diffs, zipped without change tracking.
Transports use this for full-document bodies so materialization and
diffing can never disagree.

      


      
        Summary


  
    Functions
  


    
      
        to_iodata(iodata)

      


    





      


      
        Functions


        


  
    
      
    
    
      to_iodata(iodata)



        
          
        

    

  


  

      

          @spec to_iodata(AshUi.Rendered.t() | AshUi.Comprehension.t() | iodata() | nil) ::
  iodata()


      



  


        

      


  

    
AshUi.ResourceBlueprint 
    



      
Normalized resource contract consumed by the runtime and adapters.
name is retained as a stable alias of id .

      


      
        Summary


  
    Types
  


    
      
        action()

      


    


    
      
        attribute()

      


    


    
      
        calculation()

      


    


    
      
        relationship()

      


    


    
      
        route()

      


    


    
      
        t()

      


    





      


      
        Types


        


  
    
      
    
    
      action()



        
          
        

    

  


  

      

          @type action() :: %{
  name: atom(),
  type: atom(),
  when_variant: atom() | nil,
  arguments: [map()],
  set: [%{field: atom(), expr: Ash.Expr.t()}],
  changes: [map()]
}


      



  



  
    
      
    
    
      attribute()



        
          
        

    

  


  

      

          @type attribute() :: %{
  :name => atom(),
  :type => atom(),
  :default => term(),
  optional(:route) => map() | nil,
  primary_key?: boolean(),
  required?: boolean(),
  public?: boolean()
}


      



  



  
    
      
    
    
      calculation()



        
          
        

    

  


  

      

          @type calculation() :: %{
  name: atom(),
  type: atom(),
  constraints: keyword(),
  calculation: module() | {module(), keyword()} | nil,
  expr: Ash.Expr.t() | nil,
  allow_nil?: boolean()
}


      



  



  
    
      
    
    
      relationship()



        
          
        

    

  


  

      

          @type relationship() :: %{
  :name => atom(),
  :type => :belongs_to | :has_many | :has_one,
  :destination => module(),
  :destination_kind => :static,
  :destination_resource => t() | nil,
  :source_attribute => atom() | nil,
  :destination_attribute => atom() | nil,
  :define_attribute? => boolean() | nil,
  :attribute_type => atom() | module() | nil,
  :allow_nil? => boolean() | nil,
  optional(:read_action) => atom() | nil,
  optional(:filter) => term(),
  optional(:sort) => term(),
  optional(:limit) => integer() | nil,
  optional(:offset) => non_neg_integer() | nil,
  optional(:no_attributes?) => boolean(),
  optional(:required_parent_attrs) => [atom()]
}


      



  



  
    
      
    
    
      route()



        
          
        

    

  


  

      

          @type route() :: %{
  params: [%{name: atom(), type: atom(), default: term()}],
  queries: [%{name: atom(), default: term()}],
  states: [
    %{
      name: atom(),
      type: atom(),
      param: atom(),
      constraints: keyword(),
      default: term()
    }
  ]
}


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %AshUi.ResourceBlueprint{
  actions: [action()],
  aggregates: [map()],
  attributes: [attribute()],
  calculations: [calculation()],
  client_drivers: [atom() | String.t()],
  data_layer: module() | atom() | nil,
  deferred_checks: [map()],
  domain: module() | nil,
  dynamic_map_props: [map()],
  extensions: [module()],
  id: atom(),
  module: module() | nil,
  name: atom() | nil,
  relationships: [relationship()],
  route: route(),
  source: term(),
  strict_expressions?: :off | :warn | :strict,
  stylesheets: [String.t()],
  view: map() | nil
}


      



  


        

      


  

    
AshUi.Theme.VSCode 
    



      
Build-side stylesheet GENERATOR for VS Code color-theme JSON (DESIGN.md §9).
Theme JSON goes in, CSS text comes out: VS Code webview-compatible custom
properties (--vscode-*), a small [part=...] mapping for VS Code-style lists, side bars, panels and inputs, and
TextMate scope CSS. WCAG contrast gates apply at generation time.
This module does not participate in rendering. Write the generated CSS to a
file BEFORE the resources declaring it compile, then declare it like any
stylesheet:
css = AshUi.Theme.VSCode.stylesheet_from_file!("priv/themes/dark.json")
File.write!("assets/css/theme.css", css)

ash_ui do
  stylesheets ["assets/css/theme.css", "assets/css/app.css"]
end

      


      
        Summary


  
    Functions
  


    
      
        contrast_errors(json, opts \\ [])

      


    


    
      
        load_file!(path)

      


    


    
      
        stylesheet!(json, opts \\ [])

      


    


    
      
        stylesheet_from_file!(path, opts \\ [])

      


        Loads VS Code theme JSON from path, verifies WCAG contrast, and returns the
generated stylesheet TEXT. The caller writes it to a file and declares that
file in stylesheets.



    


    
      
        verify_contrast!(json, opts \\ [])

      


    





      


      
        Functions


        


    

  
    
      
    
    
      contrast_errors(json, opts \\ [])



        
          
        

    

  


  

      

          @spec contrast_errors(map(), keyword()) :: [String.t()]


      



  



  
    
      
    
    
      load_file!(path)



        
          
        

    

  


  

      

          @spec load_file!(Path.t()) :: map()


      



  



    

  
    
      
    
    
      stylesheet!(json, opts \\ [])



        
          
        

    

  


  

      

          @spec stylesheet!(map(), keyword()) :: String.t()


      



  



    

  
    
      
    
    
      stylesheet_from_file!(path, opts \\ [])



        
          
        

    

  


  

      

          @spec stylesheet_from_file!(Path.t(), keyword()) :: String.t()


      


Loads VS Code theme JSON from path, verifies WCAG contrast, and returns the
generated stylesheet TEXT. The caller writes it to a file and declares that
file in stylesheets.

  



    

  
    
      
    
    
      verify_contrast!(json, opts \\ [])



        
          
        

    

  


  

      

          @spec verify_contrast!(map(), keyword()) :: :ok


      



  


        

      


  

    
AshUi.Type.RenderTree 
    



      
Ash type for authored AshUi render-tree values.
This type owns value-shape validation only. It accepts already-built
AshUi.RenderTree structs and the canonical map nodes produced by
the current constructor pipeline, but deliberately leaves existence checks
such as component resolution and action/resource validation to verifiers.

      


      
        Summary


  
    Functions
  


    
      
        handle_change?()

      


    


    
      
        prepare_change?()

      


    





      


      
        Functions


        


  
    
      
    
    
      handle_change?()



        
          
        

    

  


  


  



  
    
      
    
    
      prepare_change?()



        
          
        

    

  


  


  


        

      


  

    
AshUi.Verifiers.StylesheetCoverage 
    



      
Compile-time [part=] coverage over a document root's render closure
(DESIGN.md §9).
Every part emitted by a routed resource's view — including everything it
transitively render()s — must match a [part=...] rule in the resource's
effective stylesheets. The extractor is a comment- and string-aware SCANNER,
not a CSS engine: [part="x"], [part='x'], and [part=x] are matched
literally.
Also enforced here:
	@import anywhere in a declared sheet is a compile error — the
stylesheets list is the sole import order.
	Every declared sheet must exist as a readable file at compile time
(paths resolve relative to the compiling project's root).


      




  

    
AshUi.Verifiers.StylesheetResolution 
    



      
Compile-time stylesheet resolution discipline (DESIGN.md §9).
	A document-producing (routed) resource must have effective stylesheets:
either locally declared via ash_ui do stylesheets [...] end, or
SUPPLIED by a substrate extension through the supplier seam.
	Supplied + locally declared is a conflict — one assembly channel only.
	A non-routed (embedded/component) resource must not declare stylesheets;
it is covered by the pages that mount it.

The supplier seam
A substrate extension's transformer supplies the effective stylesheets by
persisting {:ash_ui, :supplied_stylesheets} with a list of paths:
dsl_state
|> Spark.Dsl.Transformer.persist(
  {:ash_ui, :supplied_stylesheets},
  ["platform/tokens.css", "skins/mail.css"]
)
When that marker is a list, it becomes the resource's effective stylesheet
set (persisted as :ash_ui_stylesheets and returned by
AshUi.Info.stylesheets/1); the resource must then declare none
locally. There are no default stylesheets and no runtime fallbacks.
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