

    

        Hakushi

        v0.1.0



    


  

    Table of contents

    
      



      	Hakushi


      	Changelog


      	Contributing to Hakushi


      	Security





    	Guides
      


      	Quickstart


      	Nodes


      	Edges


      	Groups


      	Layout and export


      	Changes


      	Collaboration


      	Navigation


      	Testing


      	Theming



      

    




    	Reference
      


      	Accessibility


      	Known limits



      

    




        	
          Modules
          


      	Hakushi.Issho





    	Canvas
      


      	Hakushi


      	Hakushi.Canvas


      	Hakushi.Components


      	Hakushi.Live


      	Hakushi.Messages



      

    




    	Graph
      


      	Hakushi.Change


      	Hakushi.Edge


      	Hakushi.Graph


      	Hakushi.Node


      	Hakushi.Rules



      

    




    	Storage
      


      	Hakushi.Graph.Type



      

    




    	Testing
      


      	Hakushi.Test



      

    




        



        	
          Mix Tasks
          


      	mix hakushi.build


      	mix hakushi.install


      	mix hakushi.release_check





        


      

    

  

    Hakushi

[image: Hakushi — Canvas for Phoenix]
Hakushi (白紙, "a blank sheet of paper") is a canvas for Phoenix: an
endless sheet that people pan and zoom, with things of your own on it,
joined by lines. The tables of a database and their keys, the steps of a
workflow, a moodboard, a mind map, an org chart: each is nodes and edges
on a sheet. It gives your app:
	a canvas for LiveView, with nodes that are your own HEEx: a :node
slot for each type, rendered on the server, with handles where the
edges start and end, on the node or on any row of it;
	edges drawn by people from a handle to a handle (bezier, smooth steps,
steps or straight; arrows, labels, flowing lines), and rules for them
that the browser and the server check alike: no loops, no duplicates,
no cycles, the types each handle accepts;
	every change through your server: a move, an edge, a delete, a paste
is applied to the graph, checked by your rules and your on_change
(where you save it), and only then shown; a change the server refuses
goes back in the browser, with the reason;
	shared canvases, with Issho and
no other service: one process for each canvas puts the changes of
everyone in it in order, your policy decides who may do what, and the
others see the changes as they happen, with each person's cursor,
selection and drag;
	groups and frames: nodes that hold others, which move and go with
them; a node dropped on a frame goes in it;
	a tidy up that lays the nodes out in layers along their edges, as one
change that undoes, and a download of the whole canvas as a PNG or an
SVG;
	the keyboard of a design tool: Tab from node to node, the arrows to
move, C to connect, Delete, ⌘C, ⌘V, ⌘D, ⌘Z, ⇧L; and a screen reader
that hears each node and its connections;
	Hakushi.Test, to move, connect and delete in Phoenix.LiveViewTest
with no browser.

The canvas is a prebuilt JavaScript bundle in the Hex package, with no
dependencies. Your app does not run Node.js for it: you add the hook and
one style sheet.
Try it: the development app
[image: The schema of a project tool on Hakushi: tables with a handle on each column, foreign keys as smooth steps between columns of one type, on graph paper]
The development app of this repository is a small project tool
("Atelier") with four canvases built on Hakushi:
	Schema: the tables of its database on graph paper. Each column has
a handle on each side; a foreign key joins a column to a column of the
same type, which is all the browser offers while you draw one, and all
the server takes.
	Workflow: an automation, with a palette of steps to drag on, a
condition with two ways out, and no cycles.
	Moodboard: notes that resize and snap to the grid, a frame that
holds notes, swatches, a type specimen and labelled arrows.
	Two thousand nodes, or ?n=10000.

Run mix setup and mix dev, open http://localhost:4099, and open the
same page in a second window as Kenji (the panel at the bottom left):
the schema and the workflow are shared.
[image: Two people on one canvas: Kenji&#39;s cursor and name, his avatar in the corner, and the table he is moving, outlined in his colour]
[image: The workflow: an automation of steps from a palette, a condition with two ways out, a running step and its flowing edge]
[image: The moodboard: sticky notes on crossed paper, a palette of swatches, a type specimen and labelled arrows, and a frame holding two notes, with a note being dropped into it]
[image: The schema after a tidy up: the tables in layers along their foreign keys, from time entries on the left to clients on the right]
What the canvas does
		
	Paper	dots, lines (graph paper, with a stronger line every five squares), crosses, or none; the size of a square; snap to the grid
	View	pan with the wheel or a trackpad, Space and a drag, the middle button, one finger; zoom with ⌘ or Ctrl and the wheel, a pinch, the controls, + and -; fit (⇧1), 100% (⇧0); an overview (minimap) to click and drag
	Nodes	your own HEEx, a :node slot for each type; drawn from the node's data, on the server; locked nodes; resized by their corners (resizable); a part of a node to drag it by (data-hakushi-drag), and fields and buttons in it that are theirs
	Handles	sources, targets or both, on any side of the node or of any element in it (a row of a table); several with one id, of which an edge takes the nearest; type, accepts and max
	Edges	bezier, smooth, step, straight; an arrow, a dot or no end; a label, set with a double click; animated; selected and deleted
	Drawing	from a handle to a handle, the handles it may end on shown; from a target backwards; dropped on a node, to its nearest valid handle; the end of a selected edge dragged to another handle
	Groups	nodes of a group slot hold others (parent): a drop on one puts a node in it, a drag off takes it out; its nodes move, are copied and go with it; groups in groups; a box drawn inside a group selects in it
	Layout	a tidy up (⇧L, the controls, Hakushi.Live.layout/2): layers from left to right or top to bottom, fewer crossings, each node level with its neighbours, the parts of a graph apart; of the selection or of every node; animated; one change
	Export	the whole canvas as a PNG or an SVG, the nodes as the page draws them (the controls, Hakushi.Live.export/2, exportImage())
	Selection	a click, Shift or ⌘ and a click, a box on the paper, ⌘A, Escape
	Moving	a drag, of every selected node; helper lines that line a node up with the others (Alt to drag freely); the arrow keys, Shift for ten
	Changes	moves, resizes, edges, deletes (with their edges), labels, copy and paste, duplicate, items dragged from outside the canvas (canvas_item/1) or a double click on the paper (new_node); undo and redo of each person's own changes, checked again
	Server	on_change for each change, with the graph before and after it and the person; the rules (loops, duplicates, cycles); a refused change taken back, its reason shown; the app's own changes (Hakushi.Live.change/2, Hakushi.Issho.change/3)
	Shared	live={{issho, topic}}, on Issho: one room for each canvas (in a cluster too), your policy asked for every change, changes in one order for everyone, the people with their avatars, cursors, selections and drags in their colours
	Keyboard	Tab and Shift+Tab from node to node, Alt and an arrow to the nearest node that way, Enter into a node's fields and Escape out, C to connect with the arrows and Enter
	Screen readers	the canvas, its nodes and their connections, named; the moves, selections, connections and refusals said in a live region
	Scale	nodes and edges sent as LiveView streams: a change sends what it touches; the nodes and edges far from the screen are not laid out or painted
	Storage	Hakushi.Graph.Type, a whole canvas in one column (jsonb); or your own tables, with on_change
	Theming	CSS custom properties, the Sumi theme, dark mode, forced colours, reduced motion
	Words	the canvas's own words in English, Portuguese, Spanish, French, German and Japanese

Install
Hakushi needs Elixir 1.18 or later (it uses the built-in JSON
module), Phoenix 1.7.14 or 1.8, and Phoenix LiveView 1.1 or later.
Add hakushi to the deps in mix.exs:
def deps do
  [
    {:hakushi, "~> 0.1"}
  ]
end
Then run:
mix deps.get
mix hakushi.install

The installer adds the hook to assets/js/app.js and the style sheet to
assets/css/app.css, and prints what it changed. Give --dry-run to see
the changes first. It does not add what a file already has, so you can
run it again.
The manual steps
To make the same changes by hand, import the hook in assets/js/app.js
and add it to the hooks of the LiveSocket:
import { Hakushi } from "hakushi"

const liveSocket = new LiveSocket("/live", Socket, {
  params: {_csrf_token: csrfToken},
  hooks: {...colocatedHooks, Hakushi},
})
Import the style sheet in assets/css/app.css (and the Sumi theme, if
you want it: Sumi is the design system of Hattori AI, the makers of
Hakushi, Masu, Kotoba, Koyomi and Jumon), below the other @import lines:
@import "../../deps/hakushi/priv/static/hakushi.css";
/* @import "../../deps/hakushi/priv/static/hakushi-sumi.css"; */
import { Hakushi } from "hakushi" resolves through the NODE_PATH of
your esbuild profile, which must have deps/, as the Phoenix generators
set it.
Use
<.canvas id="flow" graph={@graph} on_change={&Flows.change(&1, &2, @flow)} class="h-[40rem]">
  <:node type="step" :let={node}>
    <div class="step">
      <.handle kind={:target} side={:left} />
      {node.data.title}
      <.handle kind={:source} side={:right} />
    </div>
  </:node>
</.canvas>
Import the components in the html_helpers of your web module:
import Hakushi.Components
A graph is nodes and edges:
graph =
  Hakushi.Graph.new(
    nodes: [
      %{id: "a", type: "step", x: 0, y: 0, data: %{title: "Invoice paid"}},
      %{id: "b", type: "step", x: 300, y: 0, data: %{title: "Send a receipt"}}
    ],
    edges: [%{source: "a", target: "b"}]
  )
And on_change is where you check each change and save it:
def change(%Hakushi.Change{} = change, %{result: graph, user: user}, flow) do
  if Flows.can_edit?(flow, user),
    do: Flows.save_graph(flow, graph),
    else: {:error, "You can look at this flow, not change it."}
end
Give the canvas a height: it fills the box you give it.
Guides
	Quickstart: install, a canvas, saving it.
	Nodes: slots, handles, sizes, a part to drag by.
	Edges: paths, ends, labels, and the rules of what
connects to what.
	Groups: frames that hold nodes.
	Layout and export: the tidy up, and the canvas as
an image.
	Changes: on_change, refusals, the app's own
changes, undo, storage.
	Collaboration: a shared canvas, rooms,
people, a cluster.
	Navigation: the pointer, the trackpad, touch
and the keyboard.
	Testing: Hakushi.Test.
	Theming: the --hakushi-* properties, the Sumi
theme, dark mode.
	Accessibility and
Known limits.

Development
mix setup        # deps, and the npm packages of assets/ and e2e/
mix dev          # the development app at http://localhost:4099
mix test         # the Elixir tests
mix test.js      # the unit tests of the TypeScript modules
mix test.e2e     # the browser tests (Playwright) against the development app

mix dev builds the bundle when it is missing, and again on a change.
See CONTRIBUTING.md for what a pull request needs, and report a security problem
privately, as SECURITY.md says.
License
Hakushi is released under the MIT License. See LICENSE.


  

    Changelog

All notable changes to Hakushi are documented in this file.
The format follows Keep a Changelog,
and Hakushi follows Semantic Versioning.
0.1.0 - 2026-10-21
The first release.
Added
	Hakushi.Components.canvas/1: a canvas for LiveView, with nodes drawn
by :node slots of your HEEx, sent as LiveView streams; edges drawn
in SVG (bezier, smooth, step, straight; arrows, dots, labels,
animated); paper of dots, lines or crosses; pan and zoom by wheel,
trackpad, touch and keys; a minimap and controls.
	handle/1: where edges start and end, on any element of a node, with
type, accepts and max; several handles with one id, of which an
edge takes the nearest.
	Selection by click and box, dragging with helper lines and snapping,
resizing, copy and paste, duplicate, delete, labels, and undo and redo
of each person's own changes, checked on the server.
	Hakushi.Graph, Hakushi.Node, Hakushi.Edge and Hakushi.Change:
the data of a canvas, and changes with their inverses.
	Hakushi.Rules: loops, duplicates and cycles, the same in the browser
and on the server.
	on_change, the app's check of every change, where it saves it; a
refused change taken back in the browser, with its reason.
	canvas_item/1 and new_node: nodes dragged onto the canvas, or made
with a double click; in a group, when dropped on one.
	Groups (group on a :node slot, a node's parent): nodes that hold
others, which move, copy and go with them; a drop on a group puts a node
in it, a drag off takes it out, in one :move change.
	Edges whose ends people drag to other handles: the :reconnect change,
checked by the rules.
	A tidy up (⇧L, the controls, Hakushi.Live.layout/2): a layered layout
of the selection or of every node, left to right or top to bottom, as one
change.
	The canvas as an image: a PNG or an SVG of every node and edge (the
controls, Hakushi.Live.export/2, exportImage() in JavaScript).
	mix hakushi.install: the hook in app.js and the style sheet in
app.css.
	Shared canvases (live={{MyApp.Issho, topic}}) on
Issho: each canvas of a topic is
a session of one Issho room, whose document is the graph
(Hakushi.Issho), with one process in the cluster that orders, checks
and sends the changes; on_change once for each change; an Issho
policy for who may open, read and change each canvas; people with
their avatars, cursors, selections and drags.
	Hakushi.Live: the on_mount hook of a shared canvas (Issho's), and
the app's own changes (Hakushi.Live.change/2,
Hakushi.Issho.change/3, Hakushi.Issho.graph/2).
	The keyboard: Tab between nodes, Alt and an arrow to the nearest node,
the arrows to move, C to connect, Enter into a node; a live region for
screen readers.
	Culling of the nodes and edges far from the screen.
	Hakushi.Graph.Type, a canvas in one column of the database.
	Hakushi.Test, for Phoenix.LiveViewTest.
	Hakushi.Messages, in English, Portuguese, Spanish, French, German and
Japanese.
	hakushi.css and the Sumi theme, hakushi-sumi.css.



  

    Contributing to Hakushi

Thank you for helping. This page says what to open (an issue, a pull
request, or a security report), what a pull request needs, and what the
maintainers keep for themselves. How to build the bundle, run the
development server and run the tests is in the README, under
Development.
Questions, bugs and ideas
	A bug. Open an issue with the bug report form. The smallest
canvas that shows it (the <.canvas>, its :node slots, a few nodes
and edges of its graph, and its on_change) is the most useful thing
you can give.
	An idea or a change of behaviour. Open an issue with the feature
request form, and say the problem before the solution.
	A security problem. Do not open an issue. See
SECURITY.md.

Search the open and closed issues first, and BACKLOG.md:
the idea may already be planned, or turned down for a reason given there.
When a pull request needs an issue first
Open an issue, and agree on the change there, before a pull request that:
	adds a feature, an attribute, a kind of change or a callback;
	changes what the canvas, a change, the rules or a room does, or its
public API (Hakushi.Graph, Hakushi.Change, the components, the
hook);
	changes the events between the hook and the LiveView;
	adds a dependency, in mix.exs or in assets/;
	touches many files, or needs a design decision.

A pull request does not need an issue when it is small and its reason is
plain from the diff: a typo, a broken link, a wrong sentence in a guide,
or a bug fix with a test that fails without it. When in doubt, open the
issue: a short discussion costs less than a pull request that is not
merged.
A pull request with an issue says so: Fixes #123 or Closes #123.
A pull request
	One change. A fix, the guides for an unrelated case and a README
edit are three pull requests. Each is reviewed, reverted and released
on its own.

	Why, not only what. The description says the problem the change
solves, for whom, and what happened before it: an error, a crash, a
change that was lost. Say why a number was chosen when the change
adds one.

	Tests. A bug fix has a test that fails on main and passes with
the fix. A feature has tests of what it does, and of its errors. A
change to the matcher keeps test/fixtures/match.json true in Elixir
and in TypeScript.

	Docs. A change a user can see updates the guide it belongs to and
the [Unreleased] section of CHANGELOG.md.

	The checks pass. CI runs them; run them first:
mix format --check-formatted
mix compile --warnings-as-errors
mix credo --strict
mix docs
mix test --exclude build
mix dialyzer

mix precommit runs most of them at once. CI also runs the tests with
the oldest Phoenix and LiveView that Hakushi supports
(JUMON_OLDEST=1, after mix deps.update phoenix phoenix_live_view),
on Elixir 1.18. A change to assets/ also runs, in assets/:
npm run typecheck
npm test            # or mix test.js

and a change the browser sees mix test.e2e, in Chromium, Firefox and
WebKit.


The pull request template has these as a checklist.
What the maintainers keep
	Releases. The version in mix.exs and package.json, the release
headings of the changelog and the tags are changed by the maintainers,
at a release.
	The built bundle. The files in priv/static are not in the
repository; a pull request does not add them.

Style
Match the code around your change: its naming, its comments and the way
its guides are written. mix format and mix credo --strict settle the
rest of the Elixir; npm run typecheck the TypeScript.
License
By contributing, you agree that your contribution is released under the
MIT License of the project (see LICENSE).


  

    Security

Reporting a vulnerability
Do not open a public issue for a security problem. Report it privately
through GitHub: Report a vulnerability.
Say what an attacker can do, and how: the canvas, the event or the
change, and the steps or the payload. We answer within a week, agree on a
fix and a date, and credit you in the advisory unless you ask us not to.
Supported versions
Security fixes are made to the latest release. Hakushi is before 1.0, so a
fix is not backported to an earlier minor version.
What is in scope
Hakushi applies changes in your LiveView, and in a room shared by the
people of a canvas, on events from the browser, which any person can
craft. A problem is in scope when such an event can:
	make a change that the canvas's rules, readonly or on_change
refuse, or one that on_change does not see;
	move, resize or delete a locked node;
	put data of its own into a node: the data of a node comes from the
server (the graph, new_node, a copy of the server's own nodes), never
from the browser;
	reach the canvas, the changes or the cursors of another topic, or
undo another person's change;
	put HTML or script into the page through a label, a name or a message;
	crash the LiveView or the room, or make the server do unbounded work.

Who may open a canvas, and its topic, is the app's: a topic that a
person can guess is shared with them when the LiveView mounts it. Check
the person in the LiveView's mount, and give each canvas a topic of its
record (see the Collaboration guide).


  

    Quickstart

A canvas in a LiveView, its graph from your database, and each change
saved back.
Install
Follow the README's Install: the dependency, the
hook in the LiveSocket, and the style sheet. Then import the components
in the html_helpers of your web module:
import Hakushi.Components
A canvas
defmodule MyAppWeb.FlowLive do
  use MyAppWeb, :live_view

  alias Hakushi.Graph

  def mount(%{"id" => id}, _session, socket) do
    flow = Flows.get!(id)
    {:ok, assign(socket, flow: flow, graph: flow.graph)}
  end

  def render(assigns) do
    ~H"""
    <.canvas id="flow" graph={@graph} on_change={&save(&1, &2, @flow)} class="h-[calc(100vh-4rem)]">
      <:node type="step" :let={node}>
        <div class="rounded-lg border bg-white px-4 py-3 shadow-sm">
          <.handle kind={:target} side={:left} />
          {node.data["title"]}
          <.handle kind={:source} side={:right} />
        </div>
      </:node>
    </.canvas>
    """
  end

  defp save(_change, %{result: graph}, flow) do
    Flows.update_graph(flow, graph)
  end
end
The canvas fills its box: give it a height. It opens on all of its
nodes (fit), on dotted paper (background).
The graph in one column
Hakushi.Graph.Type keeps a whole canvas in one column of a table, as a
map (jsonb on PostgreSQL):
schema "flows" do
  field :name, :string
  field :graph, Hakushi.Graph.Type, default: Hakushi.Graph.new()
end
# the migration
add :graph, :map, null: false, default: %{}
def update_graph(flow, graph) do
  flow |> Ecto.Changeset.change(graph: graph) |> Repo.update()
end
on_change returns :ok, {:ok, anything} (as Repo.update/1 does),
{:error, reason} with the words to show, or {:error, changeset},
whose first error is shown. A change that on_change refuses does not
happen: the browser takes it back. See Changes.
A canvas whose nodes are rows of their own (the tables of a schema, the
steps of a workflow with their settings) keeps them in its own tables,
makes its graph of them in mount, and changes the rows in on_change
by the kind of change.
New nodes
People make nodes by dragging an item onto the canvas, by pressing
Enter on it, or by a double click on the paper. The canvas asks
new_node for the node:
<.canvas_item for="flow" item="email">Email</.canvas_item>

<.canvas id="flow" graph={@graph} on_change={...} new_node={&new_step/2}>
defp new_step(kind, {x, y}),
  do: %{type: "step", x: x, y: y, data: %{"kind" => kind || "note", "title" => "New step"}}
A node without an id gets one. new_node returning nil makes none.
Next
	Nodes and Edges: what the canvas draws.
	Collaboration: one canvas for everyone on it.
	Testing: the canvas in Phoenix.LiveViewTest.



  

    Nodes

A node is a Hakushi.Node: an id, a type, a place (x, y), a size or
none, and data of yours. The canvas draws it with the :node slot of
its type.
<.canvas id="schema" graph={@graph}>
  <:node type="table" :let={node}>
    <.table_node table={node.data} />
  </:node>
  <:node type="note" resizable :let={node}>
    <div class="note">{node.data.text}</div>
  </:node>
  <:node :let={node}>
    <div class="box">{node.id}</div>
  </:node>
</.canvas>
A :node slot without a type draws every other type. A canvas without
a :node slot draws each node as a box with its label, a handle on each
side.
Drawn on the server, once
The slot renders on the server, as any HEEx: your components, your
icons, Tailwind classes, a form. The canvas sends the nodes as a
LiveView stream, so a node is sent when it is new and when it changes,
and not otherwise: a canvas of thousands of nodes sends the node that
moved.
A node draws from the node, not from the LiveView's other assigns. A
change of its data (an :update change, or a new graph) draws it
again; a change of an assign that the slot reads does not.
Size
A node is as large as what the slot draws, unless it has a width and a
height, which the canvas gives it. People resize the nodes of a
resizable slot by their corners, when they are selected; the change is
a :move with the new size.
Moving
People drag a node by any part of it but its fields, buttons, links and
the elements with data-hakushi-nodrag. To drag a node by one part only
(its title bar), mark that part:
<header data-hakushi-drag>{node.data.title}</header>
A locked node does not move, resize or go: in the browser, and on the
server, which refuses a change that would.
Handles
A handle is where edges start (kind={:source}), end
(kind={:target}), or both (the default). It sits on a side of its
nearest positioned ancestor: the node, or an element of it with
position: relative, such as a row.
<div :for={column <- node.data.columns} class="relative">
  <.handle id={column.name} side={:left} type={column.type} accepts={[column.type]} />
  {column.name}
  <.handle id={column.name} side={:right} type={column.type} accepts={[column.type]} />
</div>
The edges name the handles by id (source_handle, target_handle).
A node may have several handles with one id, on different sides: an edge
meets the one nearest its other end, so a line takes the short way
whichever side the other node is on.
An edge with no handle id meets the node's first handle of its kind, or
the middle of the side that faces the other node when the node has none.
type, accepts and max are the handle's rules: see Edges.
Groups
A :node slot with group draws nodes that hold others, as frames do:
see Groups.
The label
Screen readers name each node by node_label, a function of the node:
the default is its data's label or name, or its id.
<.canvas id="schema" graph={@graph} node_label={&"Table #{&1.data.name}"}>


  

    Edges

An edge is a Hakushi.Edge: from a handle of one node (source,
source_handle) to a handle of another (target, target_handle).
%{source: "orders", source_handle: "user_id", target: "users", target_handle: "id",
  path: "smooth", label: "belongs to", marker: "arrow"}
How it is drawn
		
	path	"bezier" (the default), "smooth" (steps with round corners), "step" (square corners), "straight"
	marker	the end at the target: "arrow" (the default), "dot", "none"
	label	a text on its middle; people set it with a double click on the edge
	animated	a dashed line that flows from the source to the target (still with reduced motion)

An edge leaves and arrives square to the sides of its handles.
Drawing an edge
A person drags from a handle. While they drag, the handles the edge may
end on show, and the others fade; the edge snaps to the nearest one
within reach, or to the nearest valid handle of the node under the
pointer. Dragged from a target, the edge is drawn backwards: it starts
at the handle it ends on.
From the keyboard: focus a node, press C, choose its other end with the
arrows (the valid ends in turn, the nearest first), and press Enter. See
Navigation.
The new edge goes to the server, which checks it again (below) and asks
on_change; until it answers, the edge shows as a dashed line.
What connects to what
The rules of the canvas (Hakushi.Rules), the same in the browser and on
the server:
<.canvas id="flow" graph={@graph} rules={[cycles: false]}>
	loops: an edge from a node to itself (false unless set).
	duplicates: a second edge between the same handles, in the same
direction (false unless set).
	cycles: an edge that closes a cycle (true unless set). A workflow
sets it to false.

The handles add their own, in the browser:
	a handle with accepts takes edges from handles whose type is in
it: a column of uuid from a column of uuid;
	a handle with max takes no more edges than that: a condition's "Yes"
goes one way.

The server does not know the handles (they are in the HEEx of each
node). Check what an edge means for your app in on_change, where you
have your data:
def change(%Hakushi.Change{op: :connect, edges: [edge]}, %{graph: graph}) do
  if column_type(graph, edge.source, edge.source_handle) == column_type(graph, edge.target, edge.target_handle),
    do: :ok,
    else: {:error, "These columns are not of one type."}
end
Moving an end
A selected edge shows its two ends: drag one to another handle (or
node), and the edge goes there, by the same rules as a new edge, which
the handles it may end on show. The edge keeps its id, its label and its
data. On the server it is a :reconnect change, which the rules check
with the edge's new ends and on_change sees; ⌘Z puts it back.
Selecting and deleting
A click on an edge or its label selects it; Shift adds it. Delete
deletes the selected edges and nodes; the edges of a deleted node go with
it.


  

    Groups

A group is a node that holds others: a frame of a moodboard, a lane of a
workflow, the schema of a database. Its nodes move with it, go with it
when it is deleted, and are drawn over it.
<.canvas id="board" graph={@graph} on_change={...}>
  <:node type="frame" group resizable :let={node}>
    <div class="frame"><span data-hakushi-drag>{node.data.title}</span></div>
  </:node>
  <:node type="note" :let={node}>...</:node>
</.canvas>
group on a :node slot makes its nodes groups. A node is in a group by
its parent:
Hakushi.Graph.new(
  nodes: [
    %{id: "signage", type: "frame", x: 0, y: 0, width: 400, height: 300, data: %{title: "Signage"}},
    %{id: "a", type: "note", x: 20, y: 40, parent: "signage", data: %{text: "Numbers you read from the quay"}}
  ]
)
A node's x and y are its place on the canvas, in a group or not: a
group's nodes keep their places when the group's data changes, and
Hakushi.Graph moves them with it.
What people do
	Drop in. A node dragged and dropped on a group goes in it: the
innermost group under its middle, which shows as it passes over.
	Drag out. A node dragged off its group, and dropped on the paper,
comes out of it (or goes into the group it is dropped on).
	Move. A group dragged moves its nodes, and the groups in it with
theirs. Give a group a part to drag it by (data-hakushi-drag, its
title), so that a drag on its inside draws a box to select its nodes.
	Resize. A resizable group resizes by its corners; its nodes stay
where they are.
	Delete. A deleted group takes its nodes, and their edges. One undo
brings them all back.
	Copy. A copied group copies its nodes, in the copy.

Groups go in groups, as deep as you like: a group is drawn over the
groups it is in, and under its nodes.
On the server
A drop is a :move change whose place has a :parent (the group, or
nil for none), so that the move and the new group are one change, and
one undo. Hakushi.Graph.apply/2:
	moves a group's nodes with it, unless the change places them itself,
and lists them in the change it gives back;
	deletes a group's nodes with it, and lists them;
	refuses a group in itself, or in a group inside it (:nested), and a
parent it does not have (:dangling).

Hakushi.Graph.children/2 and descendants/2 give the nodes in a
group. on_change sees the change as any other, and may refuse it: a
step that must stay in its lane.
The layout (Layout and export) lays out a group as one box,
with what is in it.


  

    Layout and export

Tidy up
The tidy up button of the controls, or ⇧L, lays the nodes out in layers
along their edges: each node after the nodes its edges come from, the
nodes of a layer ordered to cross as few edges as it can, and each one
level with its neighbours.
<.canvas id="flow" graph={@graph} layout={:down}>
layout is the way of the layers: :right (the default, as a workflow
reads) or :down (as an org chart does).
	With two or more nodes selected, it lays out those, and the others
stay.
	A group is laid out as one box, with what is in it; locked nodes stay.
	The parts of a canvas that no edge joins are laid out apart, side by
side.
	The nodes glide to their places (at once with reduced motion), and
keep the top left corner they had.

The new places are one :move change, as a drag's: the server checks it,
on_change saves it, everyone on a shared canvas sees it, and ⌘Z undoes
it in one step.
The app can tidy up too, from the canvas's LiveView:
Hakushi.Live.layout("flow", direction: :down)
The layout runs in the person's browser, which knows the size of each
node as it is drawn.
Export
The download button of the controls saves the canvas as a PNG: every node
and edge, not only those on the screen, at twice its size, on the paper's
colour. export={false} takes the button away.
From the LiveView, in the person's browser:
Hakushi.Live.export("flow", format: :svg, filename: "invoice-flow")
And from your own JavaScript, as a Blob:
import { canvasOf } from "hakushi"

const blob = await canvasOf(document.getElementById("flow")).exportImage({ format: "png", scale: 2, padding: 32, transparent: false })
The image is the nodes as the page draws them (your HEEx, with the
page's style sheets) and the edges, without the handles. Fonts of the
page's own origin are put in the image; a font, a style sheet or an
image of another origin may not be, and a browser that will not draw
such an image to a PNG gives the SVG instead (see
Known limits).


  

    Changes

Every change to a canvas goes one way, whoever makes it:
	the canvas applies it to its graph (Hakushi.Graph.apply/2), which
refuses a change to a node or an edge it does not have, a second node
with one id, or a change to a locked node;
	it checks the rules of the edges (Hakushi.Rules);
	it asks the app (on_change), which checks it in its own terms and
saves it;
	only then does it show the change: to the person, and on a shared
canvas to everyone.

A change refused at any step does not happen. The browser takes back
what the person did (the node goes back where it was, the dashed edge
goes, the deleted nodes come back), and the canvas shows the reason for
a few seconds.
The changes
A Hakushi.Change has an op:
	op	What the person did	nodes and edges
	:move	dragged, resized, moved with the arrow keys, tidied up, dropped into or out of a group	maps of :id, :x, :y, :width and :height for a resize, :parent for a drop; the nodes in a moved group are in it too
	:connect	drew an edge	Hakushi.Edges
	:reconnect	dragged an end of an edge to another handle	maps of :id and the new :source, :source_handle, :target, :target_handle
	:add	dropped an item, double-clicked, pasted, duplicated, undid a delete	Hakushi.Nodes, and Hakushi.Edges between them
	:update	set an edge's label (and the app's own changes of data)	maps of :id and the keys that change
	:delete	pressed Delete	ids; the nodes in deleted groups are in nodes too, and the edges of all of them in edges

by is the person (the canvas's user), or nil for the app's own.
on_change
<.canvas id="flow" graph={@graph} on_change={&Flows.change(&1, &2, @flow)}>
def change(change, %{graph: before, result: graph, user: user, canvas: _id}, flow) do
  cond do
    not can_edit?(flow, user) -> {:error, "You can look at this flow, not change it."}
    change.op == :delete and "start" in change.nodes -> {:error, "A flow keeps its start."}
    true -> save_graph(flow, graph)
  end
end
It gets the change, and a map with the graph before the change, the
result after it, the user and the canvas's id. It returns:
	:ok, or {:ok, anything}: the change happens;
	{:error, reason}: it does not, and reason (a string) is shown;
	{:error, changeset}: it does not, and the changeset's first error is
shown.

On a shared canvas, on_change runs once for each change, in the room
(see Collaboration), not once for each person.
What the browser may send
The browser sends moves, edges, ends of edges, deletes and labels, which the server
checks as above. Nothing else comes from it: a paste copies nodes the
server has (the browser names them by id), a dropped item is the node
your new_node makes, an undo is a change the server kept. So the
data of a node always comes from your server.
The app's own changes
From the canvas's LiveView, Hakushi.Live.change/2:
def handle_event("rename", %{"id" => id, "title" => title}, socket) do
  node = Hakushi.Graph.node(socket.assigns.graph, id)
  data = Map.put(node.data, "title", title)
  Hakushi.Live.change("flow", Hakushi.Change.update(nodes: [%{id: id, data: data}]))
  {:noreply, socket}
end
From anywhere (a job, another LiveView), for a shared canvas:
Hakushi.Issho.change(MyApp.Issho, topic, change).
Or give the canvas a new graph: without live, it shows what changed
from the graph it had.
The app's changes go the same way as a person's, on_change included,
and people cannot undo them.
Undo and redo
⌘Z undoes the person's own last change, and ⇧⌘Z (or ⌘Y) does it again,
up to a hundred. The server keeps them, and each undo is a new change,
checked again: on a shared canvas, an undo of a move that someone else's
change has made impossible is refused, with the reason.
The graph
Hakushi.Graph is the canvas's data, and functions of it:
Hakushi.Graph.new/1, nodes/1, edges/1, node/2, edges_of/2,
children/2, descendants/2, bounds/1, apply/2 and diff/2, and
dump/1 and load/1 for JSON.


  

    Collaboration

A canvas that several people open at once, as a shared design file is:
each sees the others' changes as they happen, their cursors, the nodes
they selected and those they drag, in their colours.
A shared canvas is a room of Issho,
collaboration for Phoenix: Hakushi on its own is a canvas for one person,
and Issho makes it a canvas for many, with the people's own permissions
and no service besides your app.
<.canvas
  id="schema"
  graph={@schema.graph}
  on_change={&Schemas.change(&1, &2, @schema)}
  live={{MyApp.Issho, "schema:#{@schema.id}"}}
  user={%{id: @current_user.id, name: @current_user.name}}
>
Setting up
	Issho in your dependencies:
{:issho, "~> 0.1"}

	An Issho instance in your supervision tree, after the PubSub, with
your policy: who may open which canvas, and change it.
{Issho,
 name: MyApp.Issho,
 pubsub: MyApp.PubSub,
 endpoint: MyAppWeb.Endpoint,
 policy: MyApp.Collaboration}
defmodule MyApp.Collaboration do
  @behaviour Issho.Policy

  @impl true
  def authorize(%Issho.Identity{key: user_id}, "schema:" <> id, action) do
    if MyApp.Schemas.allowed?(user_id, id, action), do: :ok, else: {:error, :forbidden}
  end
end
action is :join (open the canvas, see who is here), :read
(receive the changes), :write (change it) or :lock. The policy is
asked as each person opens the canvas, and again for each change, in
both directions: a person whose access you take away stops seeing the
changes, and Issho.revoke(MyApp.Issho, topic, user_id) takes them
out of the room at once.

	The hook, in the LiveView or its live_session:
live_session :default, on_mount: [Hakushi.Live] do
(Hakushi.Live is Issho's hook, Issho.Live: a LiveView with either
needs no other.)


The room's document
The canvases of a topic share one document, the graph, with one process
in your cluster that puts the changes of everyone in order. The first
canvas to open it gives it its graph, rules and on_change; the
others get the graph as it is then.
Each change of each person goes to that process, which checks the rules,
applies it, asks on_change (once, whoever made it, with the graph
before and after it), and only then sends it to every canvas of the
topic. So on_change runs once for each change, and two people never
save over each other: the second change applies to the graph the first
one made. A change that no longer makes sense (an edge to a node someone
deleted a moment before) is refused, with the reason.
The document lasts while a canvas has it open, and a few seconds more,
so that a reload finds it. Your tables, which on_change writes, are
the truth: the next canvas to open the topic starts from the graph you
give it.
People
user is a map with an :id, and a :name, a :color (any CSS
colour) and an :avatar (an image's URL) if you have them. A person with
no colour gets one of eight, by their id, the same everywhere. A person
with the canvas open in two tabs is one person, and does not see
themselves. Without a user, a canvas joins as someone anonymous.
The avatars of the others show in the corner of the canvas. Draw them
yourself with the :person slot, which gets a map with "id",
"name", "color" and "avatar".
Cursors and drags
Each person's cursor, the nodes they selected and the nodes they drag go
to the others as they move, in Issho's awareness frames: one frame of
what changed, about twenty times a second, whatever the number of people.
A node someone drags moves for everyone while they drag it, with their
name; it lands where they drop it when the room has the move.
A cluster
The room's process is found from every node of a cluster (:global,
unless your Issho instance names another registry), and the PubSub must
reach every node, as Phoenix's does.
The app's own changes
In the LiveView of the canvas, Hakushi.Live.change/2. From anywhere (a
job, another LiveView), Hakushi.Issho.change(MyApp.Issho, topic, change), while someone has the canvas open; it answers
{:error, :not_running} when no one has, and then you change your own
tables. Hakushi.Issho.graph/2 reads the graph a room has.


  

    Navigation

How people move about a canvas, and change it, with a mouse, a trackpad,
a touch screen and the keyboard. (⌘ is Ctrl outside Apple's systems.)
The view
		
	Pan	the wheel or two fingers on a trackpad; Space and a drag; the middle button and a drag; one finger on a touch screen; the arrow keys with nothing selected
	Zoom	⌘ (or Ctrl) and the wheel, at the pointer; a pinch on a trackpad or a touch screen; + and -; the controls
	Fit	⇧1, or the fit button: every node on the screen, at 100% at most
	100%	⇧0, ⌘0, or a click on the zoom in the controls
	Overview	a click or a drag on the minimap moves the view there

wheel={:zoom} makes the wheel zoom, as a map does.
Selecting
A click on a node or an edge selects it. Shift, ⌘ or Ctrl and a click
adds it or takes it away. A drag on the paper draws a box that selects
what it touches (Shift keeps the selection). ⌘A selects every node, and
Escape nothing.
Changing
		
	Move	drag a node (and every selected node with it); the helper lines line it up with the nodes near it, and Alt drags without them; the arrow keys move the selection by one (ten with Shift, a square of the grid on a canvas that snaps)
	Connect	drag from a handle to a handle; or C, then the arrows, then Enter
	Move an end	select an edge, and drag one of its ends to another handle
	Group	drop a node on a group to put it in; drag it off to take it out
	Tidy up	⇧L, or the button of the controls: the selection when two or more nodes are selected, else every node
	Download	the button of the controls: the canvas as a PNG
	Resize	the corners of a selected node of a resizable slot
	Delete	Delete or Backspace
	Copy, cut, paste	⌘C, ⌘X, ⌘V (at the pointer, or next to what it copies)
	Duplicate	⌘D
	Undo, redo	⌘Z, ⇧⌘Z or ⌘Y
	Label an edge	a double click on it, then Enter (or Escape)
	A new node	drag an item onto the canvas, or Enter on it; a double click on the paper

The keyboard alone
The canvas is one stop of Tab. From there:
	Tab and Shift+Tab go from node to node, in their order, and on past
the last one out of the canvas; the focused node is selected and comes
into view;
	Alt and an arrow go to the nearest node that way;
	Enter goes into the node, to its first field or button, and Escape
back out to the node;
	C starts an edge from the focused node: the arrows (or Tab) go through
the nodes it may end on, nearest first, Enter makes it, Escape does
not.



  

    Testing

Hakushi.Test reads and changes the canvases of a LiveView in
Phoenix.LiveViewTest, with no browser.
import Hakushi.Test

test "a foreign key joins columns of one type", %{conn: conn} do
  {:ok, view, _html} = live(conn, ~p"/schema")

  assert :ok = connect(view, "schema", {"orders", "user_id"}, {"users", "id"})
  assert %{target: "users"} = Enum.find(edges(view, "schema"), &(&1.source == "orders"))

  assert {:error, "These columns are not of one type."} =
           connect(view, "schema", {"orders", "total"}, {"users", "id"})
end
The functions send the events the browser sends, so each change goes
the way of a person's: the rules, on_change, the room of a shared
canvas. A change the canvas refuses gives {:error, reason}, with the
words the person sees.
		
	nodes/2, edges/2	what the canvas shows, as maps (a node's :parent is its group)
	move/4	move(view, id, "node", {x, y}), or several with sizes, or maps with a :parent for a drop into a group
	connect/4	ends as a node's id or {node, handle}
	reconnect/4	source: or target:, the new end of an edge
	remove/3	nodes: and edges: (not delete, which Phoenix.ConnTest has)
	label/4	an edge's label
	copy_paste/4, duplicate/3	{:ok, ids} of the copies
	drop/4	an item, through new_node
	undo/2, redo/2	the LiveView's person's own changes
	notice/2	the reason the canvas shows for its last refusal
	people/2	the others on a shared canvas

A shared canvas in a test is shared with the other LiveViews of its
topic in the test: open two, as two people, to test what one sees of the
other. Start an Issho instance for the tests (Issho.Test.start!/1
starts one per test), and give its rooms a short life with its :ttl
(50 milliseconds, say).
A change one person makes reaches the other's LiveView as a message:
before you look at the other's canvas, let its LiveView handle its
mailbox (:sys.get_state(view.pid), twice: once for the change, once
for the update of the canvas it sends itself).


  

    Theming

Every colour, size, radius and font of a canvas comes from a
--hakushi-* custom property. Set them on .hakushi (or higher):
.hakushi {
  --hakushi-accent: #0f766e;
  --hakushi-background: #fafaf9;
}
The defaults have no specificity, so a value set on :root, on an
ancestor or on .hakushi itself wins. They are Masu's, Kotoba's and
Koyomi's own, so that a page with them all looks like one thing.
Your nodes are your HEEx, styled as the rest of your app: these
properties are the canvas's own parts (the paper, the edges, the
handles, the controls), and the default node.
The properties
	Property	Is
	--hakushi-font, --hakushi-font-size	the type of the canvas's own words
	--hakushi-text, --hakushi-muted	text, and quieter text
	--hakushi-background	the paper
	--hakushi-pattern, --hakushi-pattern-strong	the pattern of the paper: the dots and crosses, and the lines (the strong one every five squares)
	--hakushi-surface, --hakushi-border	the controls, the minimap and the default node
	--hakushi-accent, --hakushi-accent-text	the focus, the selection, the edge being drawn
	--hakushi-node-background, --hakushi-node-border, --hakushi-node-radius, --hakushi-node-shadow	the default node; the radius is also the selection ring's
	--hakushi-selection	the ring of a selected node, and the resize handles
	--hakushi-handle-size, --hakushi-handle, --hakushi-handle-border	the handles
	--hakushi-edge, --hakushi-edge-width, --hakushi-edge-selected, --hakushi-edge-label	the edges, a selected one, and the background of the labels
	--hakushi-guide, --hakushi-box	the helper lines, and the box that selects
	--hakushi-control, --hakushi-control-shadow	the controls and the minimap
	--hakushi-minimap-node, --hakushi-minimap-mask	the nodes in the minimap, and the veil outside the view
	--hakushi-radius, --hakushi-transition	the controls' radius, and the speed of the small transitions

--hakushi-person is a person's colour, on their avatar, their cursor
and the ring of the nodes they selected or drag.
The paper
background is :dots (the default), :lines (graph paper, a stronger
line every five squares), :cross or :none, and grid the size of a
square at 100% (20 pixels unless set). The pattern scales and moves with
the view.
Parts of the canvas
The canvas marks its states with attributes, for your own CSS:
	.hakushi-node[data-ui-selected], a selected node;
	.hakushi-node[data-ui-peer], a node another person selected or drags;
	.hakushi[data-ui-connecting], an edge being drawn, and
.hakushi-handle[data-ui-valid], a handle it may end on;
	.hakushi[data-ui-dragging], nodes being dragged;
	.hakushi[data-ui-zoom="far"], a zoom under 50%, where the handles
hide;
	.hakushi[data-ui-readonly].

The handles of a node can show only on hover:
.my-node .hakushi-handle { opacity: 0; }
.my-node:hover .hakushi-handle,
.hakushi[data-ui-connecting] .hakushi-handle { opacity: 1; }
Dark mode
The canvas follows the app's own switch: a dark class or
data-theme="dark" on an ancestor, as the <html> of Phoenix's and
Tailwind's apps has. A page that follows the system's setting maps its
media query to one of them. Set the properties for dark yourself under
the same selectors.
The Sumi theme
hakushi-sumi.css sets the properties from the Sumi tokens of the page
(Sumi is the design system of Hattori AI), and from a Sumi palette of its
own on a page without them; it follows the Sumi themes' light and dark,
or data-theme, or the system's setting. Load it after hakushi.css:
@import "../../deps/hakushi/priv/static/hakushi.css";
@import "../../deps/hakushi/priv/static/hakushi-sumi.css";
Forced colours and motion
With forced colours (Windows' high contrast), the edges, handles and
selection use the system's colours. With reduced motion, nothing
transitions and the animated edges stand still.


  

    Accessibility

A canvas is a picture, and the hardest thing on the web to make usable
without one. Hakushi makes each part of it reachable and named, and says
what happens.
The name of a canvas
Give each canvas a name: label="The tables of the shop". The canvas
has the application role, so that a screen reader passes the keys to
it, with "Canvas" as its role description, in the canvas's language.
Nodes
Each node is a group with "node" as its role description, named by
node_label (its data's label or name, or its id, unless you give
your own). When a node gets the focus, its description says its
connections: "2 connections: → users, ← invoices (paid by)".
The focus goes from node to node with Tab, and to the nearest node in a
direction with Alt and an arrow; a node that gets the focus comes into
view, culled or not. Enter goes into a node's fields and buttons, which
are the page's own, and Escape back to the node. See
Navigation.
Connecting without a pointer
C, on a focused node, starts an edge from it. The arrows go through the
nodes it may end on (by the same rules as a pointer's, nearest first),
each said as it comes ("Connect to users · id"), and Enter makes the
edge. Every edge a pointer can draw, the keyboard can.
What is said
A live region says, politely:
	a selection ("users selected.", "3 selected.");
	a move ("Moved users.", "Moved 3 nodes.");
	a delete, a connection, a cancelled connection;
	a change the server refused, in its words;
	no connection to the server.

The words are the canvas's own (Hakushi.Messages), in the canvas's
locale.
Handles
A handle has the label you give it, for the keyboard's connection
choices: give the handles of a row the row's name.
The focus ring
The canvas and its nodes show a focus ring when the focus came from the
keyboard, and not after a click.
Colour and motion
Selection is a ring, not a colour alone. With forced colours, the canvas
uses the system's; with reduced motion, nothing moves on its own. See
Theming.
What is not done yet
The edges themselves do not take the focus: they are read through their
nodes, and deleted with the nodes or by a pointer. See
Known limits.


  

    Known limits

What Hakushi does not do yet, or does with a cost to know.
Browsers
The canvas needs a browser with ResizeObserver, pointer events and
CSS translate: every browser of the last few years. It is tested in
Chromium, Firefox and WebKit.
How many nodes
The nodes are your HEEx in the page, which is what lets them be anything
(a form, a table, your components). The canvas lays out only the nodes
near the screen (from 150 nodes on), paints only the edges near it, and
moves the edges as one layer, so a pan does not repaint them.
Measured with the development app's /scale page, in headless Chromium with software rendering on a cloud machine (a laptop with a GPU does better):
		300 nodes	2,000 nodes	10,000 nodes
	The canvas's own work in a frame of a pan, the median	0.8 ms	0.3 ms	0.3 ms
	Frames of a pan, the median	16.7 ms	16.7 ms	16.7 ms
	The slowest frames of a pan (the 95th percentile)	17 ms	85 ms	300 to 450 ms

The slow frames are the frames where the canvas lays out the nodes that
come into view, every half a screen of a pan: at 10,000 nodes it looks
at each node to find them. A spatial index will make them cheaper (see
the backlog).
The server sends every node when the canvas opens, in the page and again
when the LiveView connects, as LiveView does: the 10,000 nodes of
/scale (a label and two handles each, and an edge) are about 6 MB of
HTML. Each change after that sends the nodes it touches.
Nodes on the server
A node draws from itself (its data), and draws again when it changes.
A node whose look depends on the LiveView's other assigns does not
follow them: put what it shows in its data.
The handles are the browser's
The server does not know the handles (they are in each node's HEEx). The
rules of type, accepts and max are the browser's; check what an
edge means in on_change. The rules of the graph (loops,
duplicates, cycles) are checked on both.
A shared canvas
	The room keeps the graph in memory while anyone has the canvas open.
A change made to your database by other means (a migration, a script)
does not reach an open room: make it through Hakushi.Issho.change/3.
	on_change runs in the room's process: a slow on_change makes the
others' changes wait for it.
	The room is registered with :global (unless your Issho instance
names another registry); in a split cluster, each side may start its
own.

Export
An image of the canvas is the page's HTML in an SVG. The browser draws it
without what it may not read: a style sheet or a font of another origin
(a font from a CDN falls back to the next font of the stack), and an
image of another origin, which Chromium draws but Safari and Firefox may
not put in a PNG; the download is then the SVG. A PNG has at most 16,384
pixels a side: a larger canvas is drawn at a smaller scale.
Layout
The tidy up is a layered layout, for graphs that flow (workflows,
schemas, trees). It does not route edges around nodes, and it lays out a
group as one box without arranging what is in it.
Not yet
	An edge's points of your own, which people drag.
	Edges that take the focus.
	Pages without LiveView.

See the backlog.
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A shared canvas on Issho: the canvas's
graph is a document of an Issho room, the canvas's LiveView is one of
the room's sessions, and Issho is the room's people and their cursors.
<.canvas id="schema" graph={@graph} live={{MyApp.Issho, "schema:42"}} user={@current_user} />
The first canvas to open the room's document gives it its graph, its
rules and its on_change; the others get the document as it is. Each
change goes to the document's authority, which checks the rules,
applies it, asks on_change (once, whoever made it), and only then
sends it to every canvas of the room. The document lasts as long as a
canvas has it open: your app's tables, which on_change writes, are
the truth, and the next canvas starts from the graph you give it.
change/3 makes your app's own change, from anywhere (a job, another
LiveView), on a canvas someone has open.

      


      
        Summary


  
    Functions
  


    
      
        change(instance, topic, change)

      


        Makes your app's own change on a shared canvas: the way of a person's
(the rules, on_change), to everyone in the room, and not a person's to
undo (by is nil). Gives :ok, {:error, reason}, or
{:error, :not_running} when no canvas has the room open (then change
your own copy, in your database).



    


    
      
        graph(instance, topic)

      


        The graph of a shared canvas as its room has it, or nil when no canvas has it open.



    





      


      
        Functions


        


  
    
      
    
    
      change(instance, topic, change)



        
          
        

    

  


  

      

          @spec change(atom(), String.t(), Hakushi.Change.t()) :: :ok | {:error, term()}


      


Makes your app's own change on a shared canvas: the way of a person's
(the rules, on_change), to everyone in the room, and not a person's to
undo (by is nil). Gives :ok, {:error, reason}, or
{:error, :not_running} when no canvas has the room open (then change
your own copy, in your database).

  



  
    
      
    
    
      graph(instance, topic)



        
          
        

    

  


  

      

          @spec graph(atom(), String.t()) :: Hakushi.Graph.t() | nil


      


The graph of a shared canvas as its room has it, or nil when no canvas has it open.

  


        

      


  

    
Hakushi 
    



      
Hakushi (白紙, "a blank sheet of paper") is a canvas for Phoenix: an
endless sheet that people pan and zoom, with nodes of your own HEEx on
it, joined by edges.
<.canvas id="flow" graph={@graph} on_change={&Flows.change(&1, &2, @flow)}>
  <:node type="step" :let={node}>
    <div class="step">
      <.handle kind={:target} side={:left} />
      {node.data.title}
      <.handle kind={:source} side={:right} />
    </div>
  </:node>
</.canvas>
	Hakushi.Components - the canvas, its handles, and the items people
drag onto it.
	Hakushi.Graph, Hakushi.Node, Hakushi.Edge - the data of a
canvas.
	Hakushi.Change - what people (and the app) do to it, each checked by
Hakushi.Rules and the app's on_change before anyone sees it.
	Hakushi.Issho and Hakushi.Live - a canvas shared by everyone in
a room, on Issho.
	Hakushi.Graph.Type - a canvas in one column of the database.
	Hakushi.Test - the canvas in Phoenix.LiveViewTest.

Start with the Quickstart.

      




  

    
Hakushi.Canvas 
    



      
The LiveComponent behind Hakushi.Components.canvas/1.
Render the canvas with canvas/1, not with this module: it is public
for its events, which the browser sends and Hakushi.Test sends in
tests.
The component keeps the canvas's graph (Hakushi.Graph), and sends the
browser its nodes and edges as streams: a change sends the nodes and
edges it touches, and no others, so a canvas of thousands of nodes
sends a moved node, not the canvas.
The browser sends:
	"hakushi:change", a change of a person: a move, a resize, an edge,
a delete, an edge's label (see Hakushi.Change). The reply is
%{"ok" => true}, or %{"error" => reason} for a change the server
refused, which the browser takes back.
	"hakushi:copy" with nodes: the nodes to paste later, and the
edges between them, kept on the server.
	"hakushi:paste" with x and y (or none): a copy of them, at
that place of the canvas (or next to the nodes).
	"hakushi:duplicate" with nodes: a copy of the nodes, next to
them.
	"hakushi:drop" with item, x and y: a new node, made by the
canvas's new_node function.
	"hakushi:undo" and "hakushi:redo": the person's own changes,
undone and done again as new changes, which the server checks again.
	"hakushi:peer", on a shared canvas: the person's cursor, the nodes
they selected and the nodes they drag, for the others.

On a shared canvas (live), the component is a session of an Issho
room (Hakushi.Issho): its changes go to the room's document, and the
room's events come back to it through update/2.

      




  

    
Hakushi.Components 
    



      
Function components for the canvas.
import Hakushi.Components

<.canvas id="schema" graph={@graph} on_change={&Schema.change/2}>
  <:node type="table" :let={node}>
    <div class="table">
      <h3>{node.data.name}</h3>
      <div :for={column <- node.data.columns} class="relative">
        <.handle id={column.name} kind={:target} side={:left} />
        {column.name}
        <.handle id={column.name} kind={:source} side={:right} />
      </div>
    </div>
  </:node>
</.canvas>
canvas/1 needs the Hakushi hook in the LiveSocket and the Hakushi
CSS (see the README).

      


      
        Summary


  
    Functions
  


    
      
        canvas(assigns)

      


        Renders a canvas: an endless sheet that people pan and zoom, with the
nodes of graph on it, drawn by the :node slots, and its edges.



    


    
      
        canvas_item(assigns)

      


        Renders an item that people drag onto a canvas, outside it: a palette
of the things the canvas makes. Dropped on the canvas, it becomes the
node that the canvas's new_node gives for item. Enter or a click
puts it in the middle of the canvas, for the keyboard and for a touch
screen.



    


    
      
        handle(assigns)

      


        Renders a handle: a point of a node where edges start (:source), end
(:target), or both.



    





      


      
        Functions


        


  
    
      
    
    
      canvas(assigns)



        
          
        

    

  


  

Renders a canvas: an endless sheet that people pan and zoom, with the
nodes of graph on it, drawn by the :node slots, and its edges.
People move nodes by dragging them (or with the arrow keys), select
them with a click, Shift and a box, connect them by dragging from a
handle to a handle (or with C, see the Navigation
guide), delete them with Delete, and copy, paste, duplicate, undo and
redo with the usual keys. Each change goes to the server, which checks
it (rules, then on_change) before anyone sees it, and takes it back
in the browser when it refuses it.
Nodes
A :node slot draws the nodes of its type; a :node slot without
a type draws the others. The slot gets the Hakushi.Node, and draws
it from its data, with the handles where edges start and end
(handle/1). A canvas with no :node slot draws each node as a box
with its label.
A node is drawn once, and again when it changes: a change of its
data (a change :update, or a new graph) draws it again; a change
of the LiveView's own assigns does not.
The graph
Without live, the canvas keeps its own copy of graph, which its
changes change. Give it a new graph (after the app's own change, say)
and it shows what changed. With live, the graph is the room's (see
Hakushi.Issho): make the app's changes with Hakushi.Live.change/2
or Hakushi.Issho.change/3.
Attributes
	id (:string) (required) - the id of the canvas.
	graph (Hakushi.Graph) (required) - the nodes and edges, a Hakushi.Graph.
	on_change (:any) - fn change, context -> :ok | {:error, reason} end: the app's own check of each change, and where it saves it. context has the graph before the change and the result after it, the user and the canvas. See the Changes guide. Defaults to nil.

	new_node (:any) - fn item, {x, y} -> node | nil end: the node for an item dropped on the canvas (canvas_item/1), or for a double click on the sheet (item is nil). A node with no id gets one. Defaults to nil.

	rules (:list) - the rules of the edges, see Hakushi.Rules. Defaults to [].
	live (:any) - {issho, topic}: a canvas that everyone in the Issho room topic shares, see Hakushi.Issho. Defaults to nil.
	user (:map) - the person, on a shared canvas: a map with an :id, and a :name, :color and :avatar. Defaults to nil.
	background (:atom) - the paper: dots, lines (graph paper), crosses, or none. Defaults to :dots. Must be one of :dots, :lines, :cross, or :none.
	grid (:integer) - the size of a square of the paper, in pixels at 100%. Defaults to 20.
	snap (:boolean) - when true, nodes snap to the paper's grid. Defaults to false.
	wheel (:atom) - what the mouse wheel does: pan (and zoom with ⌘ or Ctrl), or zoom. Defaults to :pan. Must be one of :pan, or :zoom.
	fit (:boolean) - when true, the canvas opens on all of its nodes. Defaults to true.
	min_zoom (:float) - the smallest zoom. Defaults to 0.1.
	max_zoom (:float) - the largest zoom. Defaults to 4.0.
	minimap (:boolean) - when true, an overview of the canvas in a corner. Defaults to true.
	controls (:boolean) - when true, buttons to zoom, fit, tidy up, undo and redo, and to download the canvas. Defaults to true.
	layout (:atom) - the way the tidy up (⇧L, the controls) lays the nodes out: in layers from left to right, or from top to bottom; see Layout and export. Defaults to :right. Must be one of :right, or :down.
	export (:boolean) - when true, a button of the controls downloads the canvas as an image. Defaults to true.
	readonly (:boolean) - when true, people pan, zoom and select, and change nothing. Defaults to false.
	label (:string) - the name of the canvas, for screen readers. Defaults to nil.
	node_label (:any) - fn node -> text end: the name of a node for screen readers; the default is its data's label or name, or its id. Defaults to &Hakushi.Canvas.label/1.
	locale (:string) - the locale of the canvas's own words; the default is config :hakushi, locale:, else "en". Defaults to nil.
	messages (:map) - words that replace the built-in ones, see Hakushi.Messages. Defaults to nil.
	class (:any) - classes for the canvas element. Defaults to nil.
	Global attributes are accepted. attributes for the canvas element.

Slots
	node - draws the nodes of a type (:let gets the Hakushi.Node). Accepts attributes:	type (:string) - the type of the nodes it draws; none for every other type.
	resizable (:boolean) - when true, people resize these nodes by their corners.
	group (:boolean) - when true, these nodes hold others: a node dropped on one goes in it, see Groups.


	person - draws a person on a shared canvas (:let gets a map with "id", "name", "color", "avatar").
	empty - shows on a canvas without nodes.


  



  
    
      
    
    
      canvas_item(assigns)



        
          
        

    

  


  

Renders an item that people drag onto a canvas, outside it: a palette
of the things the canvas makes. Dropped on the canvas, it becomes the
node that the canvas's new_node gives for item. Enter or a click
puts it in the middle of the canvas, for the keyboard and for a touch
screen.
<.canvas_item for="schema" item="table">New table</.canvas_item>
Attributes
	for (:string) (required) - the id of the canvas.
	item (:string) (required) - what it makes, for new_node.
	class (:any) - Defaults to nil.
	Global attributes are accepted.

Slots
	inner_block (required)


  



  
    
      
    
    
      handle(assigns)



        
          
        

    

  


  

Renders a handle: a point of a node where edges start (:source), end
(:target), or both.
A handle sits on a side of its nearest positioned ancestor: the node,
or an element of it with position: relative, as a row of a table
whose edges start at the row.
<div :for={column <- node.data.columns} class="relative">
  {column.name}
  <.handle id={column.name} side={:right} type={column.type} />
</div>
A node may have several handles with one id, on different sides (a
row with a handle at each end): an edge meets the one nearest its
other end, so the line takes the short way whichever side the other
node is on.
type and accepts say what connects to what: a handle connects to a
handle that accepts its type (any, when accepts is nil). While
a person draws an edge, the handles it may end on show, and no others.
Attributes
	id (:string) - the id of the handle in its node, the edges' source_handle or target_handle. Defaults to nil.
	kind (:atom) - where edges start (:source), end (:target), or both. Defaults to :both. Must be one of :source, :target, or :both.
	side (:atom) - the side it sits on. Defaults to :right. Must be one of :left, :right, :top, or :bottom.
	type (:string) - what its edges carry, for accepts. Defaults to nil.
	accepts (:list) - the types it takes; nil for any. Defaults to nil.
	max (:integer) - the most edges it has; nil for any number. Defaults to nil.
	label (:string) - its name, for screen readers. Defaults to nil.
	class (:any) - Defaults to nil.
	Global attributes are accepted.


  


        

      


  

    
Hakushi.Live 
    



      
The on_mount hook of a LiveView with a shared canvas (live), and the
app's own changes to a canvas.
live_session :default, on_mount: [Hakushi.Live] do
or, in one LiveView:
on_mount Hakushi.Live
A shared canvas is a session of an Issho room (see Hakushi.Issho): this
hook is Issho's (Issho.Live), which takes the room's events in the
LiveView's process and gives them to its canvases, so the LiveView needs
no handle_info of its own for them. A LiveView that has on_mount Issho.Live already needs no other. A canvas with live in a LiveView
without the hook raises, saying so.

      


      
        Summary


  
    Functions
  


    
      
        change(canvas, change)

      


        Makes the app's own change on the canvas canvas of this LiveView: a
node of a form, a label set from a menu, a step a job finished. The
change goes the way of a person's (the graph, the rules, on_change),
to everyone on a shared canvas, and cannot be undone by the people
(by is nil).



    


    
      
        export(canvas, opts \\ [])

      


        Downloads the canvas canvas of this LiveView as an image, in the
person's browser: format: :png (the default) or :svg, and
filename (the canvas's id unless given), without its extension.



    


    
      
        layout(canvas, opts \\ [])

      


        Tidies up the canvas canvas of this LiveView, as its tidy up button
does: its nodes in layers along their edges (direction: :right or
:down, the canvas's layout unless given). The person's browser lays
them out, and the new places are a change as any: checked, shared, and
undone with ⌘Z.



    





      


      
        Functions


        


  
    
      
    
    
      change(canvas, change)



        
          
        

    

  


  

      

          @spec change(String.t(), Hakushi.Change.t()) :: :ok


      


Makes the app's own change on the canvas canvas of this LiveView: a
node of a form, a label set from a menu, a step a job finished. The
change goes the way of a person's (the graph, the rules, on_change),
to everyone on a shared canvas, and cannot be undone by the people
(by is nil).
def handle_event("add_table", %{"name" => name}, socket) do
  node = %Hakushi.Node{id: name, type: "table", x: 0, y: 0, data: %{name: name, columns: []}}
  Hakushi.Live.change("schema", Hakushi.Change.add([node]))
  {:noreply, socket}
end
A change the canvas refuses shows its reason on the canvas. From outside
the LiveView (a job), change a shared canvas with
Hakushi.Issho.change/3.

  



    

  
    
      
    
    
      export(canvas, opts \\ [])



        
          
        

    

  


  

      

          @spec export(String.t(), keyword()) :: :ok


      


Downloads the canvas canvas of this LiveView as an image, in the
person's browser: format: :png (the default) or :svg, and
filename (the canvas's id unless given), without its extension.

  



    

  
    
      
    
    
      layout(canvas, opts \\ [])



        
          
        

    

  


  

      

          @spec layout(String.t(), keyword()) :: :ok


      


Tidies up the canvas canvas of this LiveView, as its tidy up button
does: its nodes in layers along their edges (direction: :right or
:down, the canvas's layout unless given). The person's browser lays
them out, and the new places are a change as any: checked, shared, and
undone with ⌘Z.

  


        

      


  

    
Hakushi.Messages 
    



      
The words of the canvas: the labels of its controls, the reasons it
gives when it refuses a change, and the announcements for screen
readers.
The words in your nodes are yours (translate them as the rest of your
app, with Gettext). The canvas's own words are here, in English,
Portuguese, Spanish, French, German and Japanese; a locale with a region (pt-BR, en-GB) takes the words of
its language, and another language gets English.
Give the palette other words with messages, a map from the keys of
keys/0 to the new words, for example your own Gettext translations:
<Hakushi.Components.canvas id="board" graph={@graph} messages={%{"fit" => gettext("Show all")}} />
Or set them for every canvas in the config:
config :hakushi, messages: %{"fr" => %{"fit" => "Tout voir"}}
A word may have placeholders in braces ({n}, {name}), which the
canvas fills. The keys that end in One and Other are the plural
forms of a count, picked with the plural rules of the locale.

      


      
        Summary


  
    Functions
  


    
      
        for_locale(locale, overrides \\ %{})

      


        The words for a locale: the built-in words of its language, then the
words of the config for the locale and for its language, then
overrides. Every key has a value (English when a language lacks one).



    


    
      
        keys()

      


        Returns the keys of the messages.



    


    
      
        language(locale)

      


        The language of a locale: "pt" for "pt-BR", "zh" for "zh_Hant".



    


    
      
        languages()

      


        Returns the languages with built-in words.



    


    
      
        reason(messages, reason)

      


        The words for a reason the canvas refused a change: a reason of
Hakushi.Graph.apply/2 or Hakushi.Rules.check/3 (an atom), or the
app's own words (a string) as they are.



    





      


      
        Functions


        


    

  
    
      
    
    
      for_locale(locale, overrides \\ %{})



        
          
        

    

  


  

      

          @spec for_locale(String.t(), map()) :: %{required(String.t()) => String.t()}


      


The words for a locale: the built-in words of its language, then the
words of the config for the locale and for its language, then
overrides. Every key has a value (English when a language lacks one).
Raises ArgumentError for an override with an unknown key, so that a
typo shows.
Examples
iex> Hakushi.Messages.for_locale("pt-PT")["fit"]
"Ver tudo"
iex> Hakushi.Messages.for_locale("sv")["fit"]
"Fit to screen"
iex> Hakushi.Messages.for_locale("en", %{"fit" => "Show all"})["fit"]
"Show all"

  



  
    
      
    
    
      keys()



        
          
        

    

  


  

      

          @spec keys() :: [String.t()]


      


Returns the keys of the messages.
Examples
iex> "fit" in Hakushi.Messages.keys()
true

  



  
    
      
    
    
      language(locale)



        
          
        

    

  


  

      

          @spec language(String.t()) :: String.t()


      


The language of a locale: "pt" for "pt-BR", "zh" for "zh_Hant".
Examples
iex> Hakushi.Messages.language("pt-BR")
"pt"

  



  
    
      
    
    
      languages()



        
          
        

    

  


  

      

          @spec languages() :: [String.t()]


      


Returns the languages with built-in words.
Examples
iex> Hakushi.Messages.languages()
["de", "en", "es", "fr", "ja", "pt"]

  



  
    
      
    
    
      reason(messages, reason)



        
          
        

    

  


  

      

          @spec reason(map(), atom() | String.t()) :: String.t()


      


The words for a reason the canvas refused a change: a reason of
Hakushi.Graph.apply/2 or Hakushi.Rules.check/3 (an atom), or the
app's own words (a string) as they are.
Examples
iex> Hakushi.Messages.reason(Hakushi.Messages.for_locale("en"), :loop)
"A node cannot connect to itself."
iex> Hakushi.Messages.reason(%{}, "Only one owner.")
"Only one owner."

  


        

      


  

    
Hakushi.Change 
    



      
A change to a canvas: what a person did, or what the app does.
Every change goes the same way, whoever makes it: the canvas applies it
to its graph (Hakushi.Graph.apply/2), checks its rules
(Hakushi.Rules), asks the app (on_change), and only then shows it,
to the person and to everyone else on the canvas. A change the server
refuses goes back in the browser, with the reason.
op is one of:
	:add - nodes is a list of Hakushi.Nodes, edges a list of
Hakushi.Edges between them or others: a node dropped on the canvas,
a paste, a duplicate, an undone delete.
	:connect - edges is a list of Hakushi.Edges, drawn by a person
from a handle to a handle.
	:move - nodes is a list of maps with :id, :x and :y,
:width and :height for a node that was resized, and :parent
for a node dropped into a group (an id) or out of one (nil). The
nodes in a moved node move with it: Hakushi.Graph.apply/2 lists
them.
	:reconnect - edges is a list of maps with :id and the new
ends (:source, :source_handle, :target, :target_handle): an
edge's end dragged to another handle.
	:update - nodes is a list of maps with :id and the keys that
change (:data, :type, :locked), edges a list of maps with
:id and the keys that change (:label, :path, :marker,
:animated, :data).
	:delete - nodes and edges are lists of ids. Deleting a node
deletes the nodes in it and the edges of all of them: the change
that Hakushi.Graph.apply/2 gives back lists them.

by is the user of the canvas that made it (a map with an :id), or
nil for the app's own.

      


      
        Summary


  
    Types
  


    
      
        op()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        add(nodes, edges \\ [])

      


        Adds nodes, and edges.



    


    
      
        connect(edges)

      


        Connects two nodes: an edge, or a list of them.



    


    
      
        delete(opts)

      


        Deletes nodes (with their edges) and edges, by id.



    


    
      
        ids(change)

      


        The ids of the nodes a change touches, and of its edges, as two lists.



    


    
      
        move(places)

      


        Moves nodes: [{id, x, y}] or maps with :id, :x and :y.



    


    
      
        reconnect(ends)

      


        Moves the ends of edges: maps with the edge's :id and its new
:source, :source_handle, :target or :target_handle.



    


    
      
        update(opts)

      


        Changes nodes and edges: maps with an :id and the keys that change.



    





      


      
        Types


        


  
    
      
    
    
      op()



        
          
        

    

  


  

      

          @type op() :: :add | :connect | :move | :reconnect | :update | :delete


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hakushi.Change{
  by: map() | nil,
  edges: [Hakushi.Edge.t() | map() | Hakushi.Edge.id()],
  nodes: [Hakushi.Node.t() | map() | Hakushi.Node.id()],
  op: op()
}


      



  


        

      

      
        Functions


        


    

  
    
      
    
    
      add(nodes, edges \\ [])



        
          
        

    

  


  

      

          @spec add([Hakushi.Node.t() | map()], [Hakushi.Edge.t() | map()]) :: t()


      


Adds nodes, and edges.

  



  
    
      
    
    
      connect(edges)



        
          
        

    

  


  

      

          @spec connect(Hakushi.Edge.t() | map() | [Hakushi.Edge.t() | map()]) :: t()


      


Connects two nodes: an edge, or a list of them.

  



  
    
      
    
    
      delete(opts)



        
          
        

    

  


  

      

          @spec delete(keyword()) :: t()


      


Deletes nodes (with their edges) and edges, by id.

  



  
    
      
    
    
      ids(change)



        
          
        

    

  


  

      

          @spec ids(t()) :: {[Hakushi.Node.id()], [Hakushi.Edge.id()]}


      


The ids of the nodes a change touches, and of its edges, as two lists.

  



  
    
      
    
    
      move(places)



        
          
        

    

  


  

      

          @spec move([{Hakushi.Node.id(), number(), number()} | map()]) :: t()


      


Moves nodes: [{id, x, y}] or maps with :id, :x and :y.

  



  
    
      
    
    
      reconnect(ends)



        
          
        

    

  


  

      

          @spec reconnect([map()]) :: t()


      


Moves the ends of edges: maps with the edge's :id and its new
:source, :source_handle, :target or :target_handle.

  



  
    
      
    
    
      update(opts)



        
          
        

    

  


  

      

          @spec update(keyword()) :: t()


      


Changes nodes and edges: maps with an :id and the keys that change.
Hakushi.Change.update(nodes: [%{id: "users", data: %{name: "people"}}])

  


        

      


  

    
Hakushi.Edge 
    



      
An edge of a canvas: a line from a handle of one node to a handle of
another.
%Hakushi.Edge{id: "e1", source: "orders", source_handle: "user_id", target: "users", target_handle: "id"}
	id - a string, unique in the canvas.
	source, target - the ids of its nodes.
	source_handle, target_handle - the ids of the handles in those
nodes (Hakushi.Components.handle/1); nil for the node's first
handle of that kind, or its side when it has none.
	path - how it is drawn: "bezier" (the default), "smooth" (steps
with round corners), "step" or "straight".
	label - a text on its middle, or nil.
	marker - the end of the line at the target: "arrow" (the
default), "dot" or "none".
	animated - a line that flows from the source to the target.
	data - anything of the app's; it stays on the server.


      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        default_id(source, source_handle, target, target_handle)

      


        The id of an edge made of its ends, as new/1 gives an edge with none:
the same ends make the same id.



    


    
      
        new(edge)

      


        Makes an edge of a map or a keyword list: the struct's keys as atoms or
strings. An edge with no id gets one made of its ends.



    


    
      
        paths()

      


        The kinds of path.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hakushi.Edge{
  animated: boolean(),
  data: term(),
  id: id(),
  label: String.t() | nil,
  marker: String.t(),
  path: String.t(),
  source: Hakushi.Node.id(),
  source_handle: String.t() | nil,
  target: Hakushi.Node.id(),
  target_handle: String.t() | nil
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      default_id(source, source_handle, target, target_handle)



        
          
        

    

  


  

      

          @spec default_id(String.t(), String.t() | nil, String.t(), String.t() | nil) ::
  String.t()


      


The id of an edge made of its ends, as new/1 gives an edge with none:
the same ends make the same id.

  



  
    
      
    
    
      new(edge)



        
          
        

    

  


  

      

          @spec new(t() | map() | keyword()) :: t()


      


Makes an edge of a map or a keyword list: the struct's keys as atoms or
strings. An edge with no id gets one made of its ends.

  



  
    
      
    
    
      paths()



        
          
        

    

  


  

      

          @spec paths() :: [String.t()]


      


The kinds of path.

  


        

      


  

    
Hakushi.Graph 
    



      
The nodes and edges of a canvas.
graph =
  Hakushi.Graph.new(
    nodes: [
      %{id: "users", type: "table", x: 0, y: 0, data: %{name: "users"}},
      %{id: "orders", type: "table", x: 320, y: 40, data: %{name: "orders"}}
    ],
    edges: [%{source: "orders", source_handle: "user_id", target: "users", target_handle: "id"}]
  )
A graph keeps the order of its nodes, which is the order in which they
are drawn: a node drawn later is over the ones before it. New nodes go
last.
apply/2 applies a Hakushi.Change and gives back the change that
undoes it; the canvas uses it for every change, and so can the app, to
keep its own copy of the graph or to save it.

      


      
        Summary


  
    Types
  


    
      
        reason()

      


        Why a change does not apply.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        apply(graph, change)

      


        Applies a change. Gives back the graph, the change as it applied, and
the change that undoes it



    


    
      
        bounds(graph)

      


        The box around the nodes, {x, y, width, height}, or nil for a graph
without nodes. A node without a size counts as a point.



    


    
      
        children(graph, id)

      


        The ids of the nodes in a node (its children), in the order they are drawn.



    


    
      
        descendants(graph, id)

      


        The ids of the nodes in a node, and in those, all the way down, in the
order they are drawn.



    


    
      
        diff(old, new)

      


        What changed from one graph to another: the nodes and edges that are
new or not the same, and the ids of those that went away.



    


    
      
        dump(graph)

      


        The graph as JSON-able maps, with string keys: for a column of the
app's database (see Hakushi.Graph.Type) or a file. data goes as it
is, so it must be JSON-able itself.



    


    
      
        edge(graph, id)

      


        The edge of an id, or nil.



    


    
      
        edges(graph)

      


        The edges, in the order they were made.



    


    
      
        edges_of(graph, id)

      


        The edges of a node: those that start or end at it.



    


    
      
        load(map)

      


        The graph of dump/1's maps.



    


    
      
        new(opts \\ [])

      


        Makes a graph of nodes and edges: Hakushi.Nodes and
Hakushi.Edges, or maps and keyword lists for Hakushi.Node.new/1 and
Hakushi.Edge.new/1. Raises on two nodes or two edges with one id, and
on an edge to a node the graph does not have.



    


    
      
        node(graph, id)

      


        The node of an id, or nil.



    


    
      
        nodes(graph)

      


        The nodes, in the order they are drawn.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: :missing | :exists | :locked | :dangling | :nested


      


Why a change does not apply.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hakushi.Graph{
  edge_order: [Hakushi.Edge.id()],
  edges: %{required(Hakushi.Edge.id()) => Hakushi.Edge.t()},
  node_order: [Hakushi.Node.id()],
  nodes: %{required(Hakushi.Node.id()) => Hakushi.Node.t()}
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      apply(graph, change)



        
          
        

    

  


  

      

          @spec apply(t(), Hakushi.Change.t()) ::
  {:ok, t(), Hakushi.Change.t(), Hakushi.Change.t()}
  | {:error, reason(), String.t()}


      


Applies a change. Gives back the graph, the change as it applied, and
the change that undoes it:
	a move of a node moves the nodes in it (parent) too, unless the
change places them itself, and a move may put a node in a group or
take it out (:parent); the change lists every node it moved;
	a delete lists the nodes in its nodes, and the edges of all of
them, which go with them;
	the change that undoes a delete adds the nodes back, with their
edges (over the other nodes, as new nodes are).

A change does not apply, and nothing changes, when it names a node or an
edge that the graph does not have (:missing), adds one it has
(:exists), moves, resizes or deletes a locked node (:locked), or
adds an edge to a node it does not have, or a node to a parent it does
not have (:dangling), or puts a node in itself or in a node inside it
(:nested). The error has the id.

  



  
    
      
    
    
      bounds(graph)



        
          
        

    

  


  

      

          @spec bounds(t()) :: {number(), number(), number(), number()} | nil


      


The box around the nodes, {x, y, width, height}, or nil for a graph
without nodes. A node without a size counts as a point.

  



  
    
      
    
    
      children(graph, id)



        
          
        

    

  


  

      

          @spec children(t(), Hakushi.Node.id()) :: [Hakushi.Node.id()]


      


The ids of the nodes in a node (its children), in the order they are drawn.

  



  
    
      
    
    
      descendants(graph, id)



        
          
        

    

  


  

      

          @spec descendants(t(), Hakushi.Node.id()) :: [Hakushi.Node.id()]


      


The ids of the nodes in a node, and in those, all the way down, in the
order they are drawn.

  



  
    
      
    
    
      diff(old, new)



        
          
        

    

  


  

      

          @spec diff(t(), t()) :: %{
  nodes: [Hakushi.Node.t()],
  edges: [Hakushi.Edge.t()],
  deleted_nodes: [Hakushi.Node.id()],
  deleted_edges: [Hakushi.Edge.id()]
}


      


What changed from one graph to another: the nodes and edges that are
new or not the same, and the ids of those that went away.

  



  
    
      
    
    
      dump(graph)



        
          
        

    

  


  

      

          @spec dump(t()) :: map()


      


The graph as JSON-able maps, with string keys: for a column of the
app's database (see Hakushi.Graph.Type) or a file. data goes as it
is, so it must be JSON-able itself.

  



  
    
      
    
    
      edge(graph, id)



        
          
        

    

  


  

      

          @spec edge(t(), Hakushi.Edge.id()) :: Hakushi.Edge.t() | nil


      


The edge of an id, or nil.

  



  
    
      
    
    
      edges(graph)



        
          
        

    

  


  

      

          @spec edges(t()) :: [Hakushi.Edge.t()]


      


The edges, in the order they were made.

  



  
    
      
    
    
      edges_of(graph, id)



        
          
        

    

  


  

      

          @spec edges_of(t(), Hakushi.Node.id()) :: [Hakushi.Edge.t()]


      


The edges of a node: those that start or end at it.

  



  
    
      
    
    
      load(map)



        
          
        

    

  


  

      

          @spec load(map()) :: t()


      


The graph of dump/1's maps.

  



    

  
    
      
    
    
      new(opts \\ [])



        
          
        

    

  


  

      

          @spec new(keyword()) :: t()


      


Makes a graph of nodes and edges: Hakushi.Nodes and
Hakushi.Edges, or maps and keyword lists for Hakushi.Node.new/1 and
Hakushi.Edge.new/1. Raises on two nodes or two edges with one id, and
on an edge to a node the graph does not have.

  



  
    
      
    
    
      node(graph, id)



        
          
        

    

  


  

      

          @spec node(t(), Hakushi.Node.id()) :: Hakushi.Node.t() | nil


      


The node of an id, or nil.

  



  
    
      
    
    
      nodes(graph)



        
          
        

    

  


  

      

          @spec nodes(t()) :: [Hakushi.Node.t()]


      


The nodes, in the order they are drawn.

  


        

      


  

    
Hakushi.Node 
    



      
A node of a canvas: a box at a place, drawn by the :node slot of its
type.
%Hakushi.Node{id: "users", type: "table", x: 120, y: 80, data: %{name: "users"}}
	id - a string, unique in the canvas.
	type - the name of the :node slot that draws it ("default"
unless set).
	x, y - the place of its top left corner, in the canvas's units
(pixels at 100%).
	width, height - its size; nil (the default) for the size of its
content. A node that people resize gets both.
	data - anything of the app's: the slot gets the node, and draws it
from its data. It stays on the server; the browser has only what the
slot renders.
	locked - a locked node does not move, resize or go away, in the
browser or on the server.
	parent - the id of the node it is in (a frame, a group), or nil.
A node moves with its parent and goes with it; people put a node in
a group by dropping it there, and take it out by dragging it out.
See Groups.


      


      
        Summary


  
    Types
  


    
      
        id()

      


    


    
      
        t()

      


    





  
    Functions
  


    
      
        new(node)

      


        Makes a node of a map or a keyword list: the struct's keys as atoms or
strings. Raises on a node without an id, or with a place that is not a
number.



    





      


      
        Types


        


  
    
      
    
    
      id()



        
          
        

    

  


  

      

          @type id() :: String.t()


      



  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hakushi.Node{
  data: term(),
  height: number() | nil,
  id: id(),
  locked: boolean(),
  parent: id() | nil,
  type: String.t(),
  width: number() | nil,
  x: number(),
  y: number()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      new(node)



        
          
        

    

  


  

      

          @spec new(t() | map() | keyword()) :: t()


      


Makes a node of a map or a keyword list: the struct's keys as atoms or
strings. Raises on a node without an id, or with a place that is not a
number.

  


        

      


  

    
Hakushi.Rules 
    



      
The rules of the edges of a canvas, the same in the browser and on the
server.
<.canvas id="flow" graph={@graph} rules={[cycles: false]}>
While a person draws an edge, the browser shows the handles it may end
on, and no others; when the edge comes to the server, the canvas checks
the same rules again, so that a browser that does not follow them still
makes no edge they forbid.
	loops - an edge from a node to itself (false unless set).
	duplicates - a second edge between the same two handles, in the
same direction (false unless set).
	cycles - an edge that closes a cycle, as a workflow must not have
(true unless set).

A handle of one type connects to a handle that accepts it (see
Hakushi.Components.handle/1). That rule is the browser's: the server
does not know the handles, which are in the HEEx of each node. Check
what an edge means for your app in on_change (see Hakushi.Change).

      


      
        Summary


  
    Types
  


    
      
        reason()

      


        Why the rules refuse an edge.



    


    
      
        t()

      


    





  
    Functions
  


    
      
        check(rules, graph, edge)

      


        Checks an edge against the rules, in a graph that does not have it yet.



    


    
      
        new(rules)

      


        Makes rules of a keyword list, or gives rules back.



    





      


      
        Types


        


  
    
      
    
    
      reason()



        
          
        

    

  


  

      

          @type reason() :: :loop | :duplicate | :cycle


      


Why the rules refuse an edge.

  



  
    
      
    
    
      t()



        
          
        

    

  


  

      

          @type t() :: %Hakushi.Rules{
  cycles: boolean(),
  duplicates: boolean(),
  loops: boolean()
}


      



  


        

      

      
        Functions


        


  
    
      
    
    
      check(rules, graph, edge)



        
          
        

    

  


  

      

          @spec check(t(), Hakushi.Graph.t(), Hakushi.Edge.t()) :: :ok | {:error, reason()}


      


Checks an edge against the rules, in a graph that does not have it yet.

  



  
    
      
    
    
      new(rules)



        
          
        

    

  


  

      

          @spec new(t() | keyword() | nil) :: t()


      


Makes rules of a keyword list, or gives rules back.

  


        

      


  

    
Hakushi.Graph.Type 
    



      
An Ecto type for a whole canvas in one column: a :map (jsonb on
PostgreSQL, JSON text on SQLite and MySQL).
schema "diagrams" do
  field :graph, Hakushi.Graph.Type, default: Hakushi.Graph.new()
end

# the migration
add :graph, :map, null: false, default: %{}
The column holds Hakushi.Graph.dump/1's maps, so the data of the
nodes and edges must be JSON-able, and comes back with string keys.
A canvas whose nodes are rows of their own (the tables of a schema, the
steps of a workflow) keeps them in its own tables instead, and makes
its graph of them.

      




  

    
Hakushi.Test 
    



      
Helpers for Phoenix.LiveViewTest, to read and change the canvases of
a LiveView with no browser.
import Hakushi.Test

test "joins two tables", %{conn: conn} do
  {:ok, view, _html} = live(conn, ~p"/schema")

  assert :ok = connect(view, "schema", {"orders", "user_id"}, {"users", "id"})
  assert [%{source: "orders", target: "users"}] = edges(view, "schema")

  assert {:error, "A node cannot connect to itself."} =
           connect(view, "schema", "users", "users")
end
The functions send the events that the browser sends (see
Hakushi.Canvas), so each change goes the way of a person's: the rules,
on_change, the room of a shared canvas. A change the canvas refuses
gives {:error, reason}, with the words the person sees.
nodes/2 and edges/2 read what the canvas shows: the nodes and edges
as the browser has them, in their order.

      


      
        Summary


  
    Functions
  


    
      
        connect(view, id, source, target)

      


        Connects two nodes, as a person draws an edge from a handle to a
handle: each end a node's id, or {node, handle}.



    


    
      
        copy_paste(view, id, nodes, at \\ nil)

      


        Copies nodes, and pastes them at {x, y} (or next to them): gives
{:ok, ids} of the new nodes.



    


    
      
        drop(view, id, item, arg, opts \\ [])

      


        Drops an item (Hakushi.Components.canvas_item/1) on the canvas at
{x, y}, or double-clicks there (item is nil): gives {:ok, [id]}
of the node that new_node made. parent: group drops it in a group,
as a drop on the group does.



    


    
      
        duplicate(view, id, nodes)

      


        Duplicates nodes, as ⌘D does: gives {:ok, ids} of the copies.



    


    
      
        edges(view, id)

      


        The edges of the canvas id: maps with :id, :source,
:source_handle, :target, :target_handle, :path, :label,
:marker and :animated.



    


    
      
        label(view, id, edge, label)

      


        Sets the label of an edge, or takes it away (nil).



    


    
      
        move(view, id, node, place \\ nil)

      


        Moves nodes, as a person drags them: {id, x, y} for each, or one
node's id and {x, y}. A tuple {id, x, y, width, height} resizes it
too. A map %{id: id, x: x, y: y, parent: group} drops it into a group
(or out of one, with parent: nil), as a drop on a group does.



    


    
      
        nodes(view, id)

      


        The nodes of the canvas id, in the order they are drawn: maps with
:id, :type, :x, :y, :width, :height (nil for the size of
the content), :locked, :parent (the group it is in, or nil) and
:label (the name screen readers say).



    


    
      
        notice(view, id)

      


        The words the canvas shows for the last change it refused, or nil.



    


    
      
        people(view, id)

      


        The people the canvas id shows on a shared canvas (not the person
of this LiveView): their ids.



    


    
      
        reconnect(view, id, edge, ends)

      


        Moves an end of an edge to another handle, as a person drags the end of
a selected edge: source: or target:, a node's id or
{node, handle}.



    


    
      
        redo(view, id)

      


        Does again the last change undone, as ⇧⌘Z does.



    


    
      
        remove(view, id, opts)

      


        Deletes nodes (with their edges) and edges, as the Delete key does:
nodes: ids, edges: ids. (Not delete, which Phoenix.ConnTest has.)



    


    
      
        undo(view, id)

      


        Undoes the last change of this LiveView's person, as ⌘Z does.



    





      


      
        Functions


        


  
    
      
    
    
      connect(view, id, source, target)



        
          
        

    

  


  

      

          @spec connect(
  struct(),
  String.t(),
  String.t() | {String.t(), String.t()},
  String.t() | {String.t(), String.t()}
) :: :ok | {:error, String.t()}


      


Connects two nodes, as a person draws an edge from a handle to a
handle: each end a node's id, or {node, handle}.

  



    

  
    
      
    
    
      copy_paste(view, id, nodes, at \\ nil)



        
          
        

    

  


  

      

          @spec copy_paste(struct(), String.t(), [String.t()], {number(), number()} | nil) ::
  {:ok, [String.t()]} | {:error, String.t()}


      


Copies nodes, and pastes them at {x, y} (or next to them): gives
{:ok, ids} of the new nodes.

  



    

  
    
      
    
    
      drop(view, id, item, arg, opts \\ [])



        
          
        

    

  


  

      

          @spec drop(struct(), String.t(), String.t() | nil, {number(), number()}, keyword()) ::
  {:ok, [String.t()]} | {:error, String.t()}


      


Drops an item (Hakushi.Components.canvas_item/1) on the canvas at
{x, y}, or double-clicks there (item is nil): gives {:ok, [id]}
of the node that new_node made. parent: group drops it in a group,
as a drop on the group does.

  



  
    
      
    
    
      duplicate(view, id, nodes)



        
          
        

    

  


  

      

          @spec duplicate(struct(), String.t(), [String.t()]) ::
  {:ok, [String.t()]} | {:error, String.t()}


      


Duplicates nodes, as ⌘D does: gives {:ok, ids} of the copies.

  



  
    
      
    
    
      edges(view, id)



        
          
        

    

  


  

      

          @spec edges(struct(), String.t()) :: [map()]


      


The edges of the canvas id: maps with :id, :source,
:source_handle, :target, :target_handle, :path, :label,
:marker and :animated.

  



  
    
      
    
    
      label(view, id, edge, label)



        
          
        

    

  


  

      

          @spec label(struct(), String.t(), String.t(), String.t() | nil) ::
  :ok | {:error, String.t()}


      


Sets the label of an edge, or takes it away (nil).

  



    

  
    
      
    
    
      move(view, id, node, place \\ nil)



        
          
        

    

  


  

      

          @spec move(struct(), String.t(), String.t() | [tuple()], {number(), number()} | nil) ::
  :ok | {:error, String.t()}


      


Moves nodes, as a person drags them: {id, x, y} for each, or one
node's id and {x, y}. A tuple {id, x, y, width, height} resizes it
too. A map %{id: id, x: x, y: y, parent: group} drops it into a group
(or out of one, with parent: nil), as a drop on a group does.

  



  
    
      
    
    
      nodes(view, id)



        
          
        

    

  


  

      

          @spec nodes(struct(), String.t()) :: [map()]


      


The nodes of the canvas id, in the order they are drawn: maps with
:id, :type, :x, :y, :width, :height (nil for the size of
the content), :locked, :parent (the group it is in, or nil) and
:label (the name screen readers say).

  



  
    
      
    
    
      notice(view, id)



        
          
        

    

  


  

      

          @spec notice(struct(), String.t()) :: String.t() | nil


      


The words the canvas shows for the last change it refused, or nil.

  



  
    
      
    
    
      people(view, id)



        
          
        

    

  


  

      

          @spec people(struct(), String.t()) :: [String.t()]


      


The people the canvas id shows on a shared canvas (not the person
of this LiveView): their ids.

  



  
    
      
    
    
      reconnect(view, id, edge, ends)



        
          
        

    

  


  

      

          @spec reconnect(struct(), String.t(), String.t(), keyword()) ::
  :ok | {:error, String.t()}


      


Moves an end of an edge to another handle, as a person drags the end of
a selected edge: source: or target:, a node's id or
{node, handle}.

  



  
    
      
    
    
      redo(view, id)



        
          
        

    

  


  

      

          @spec redo(struct(), String.t()) :: :ok | {:error, String.t()}


      


Does again the last change undone, as ⇧⌘Z does.

  



  
    
      
    
    
      remove(view, id, opts)



        
          
        

    

  


  

      

          @spec remove(struct(), String.t(), keyword()) :: :ok | {:error, String.t()}


      


Deletes nodes (with their edges) and edges, as the Delete key does:
nodes: ids, edges: ids. (Not delete, which Phoenix.ConnTest has.)

  



  
    
      
    
    
      undo(view, id)



        
          
        

    

  


  

      

          @spec undo(struct(), String.t()) :: :ok | {:error, String.t()}


      


Undoes the last change of this LiveView's person, as ⌘Z does.

  


        

      


  

    
mix hakushi.build 
    



      
Builds the Hakushi canvas into priv/static.
$ mix hakushi.build

This task is for work on Hakushi itself. An application that uses Hakushi
gets the built files in the Hex package and does not run this task: in
any project but Hakushi, the task stops with an error before it changes
a file.
The task:
	Runs npm ci in assets/ when assets/node_modules is missing or
assets/package-lock.json changed since the last install.
	Empties priv/static, so that it holds only the files of this
build.
	Runs esbuild (the esbuild Mix package) with the :hakushi_esm and
:hakushi_cjs profiles.
	Copies assets/css/hakushi.css and assets/css/hakushi-sumi.css to
priv/static/.

After the task, priv/static holds exactly these four files, which are
the files of the Hex package.
It needs npm on the path and the :esbuild dependency, which is
available in the :dev environment.

      




  

    
mix hakushi.install 
    



      
Sets up Hakushi in a Phoenix application.
$ mix hakushi.install
$ mix hakushi.install --dry-run

The task edits two files:
	assets/js/app.js - adds import { Hakushi } from "hakushi" and puts
Hakushi in the hooks of the LiveSocket. When it cannot find the
new LiveSocket(...) call, or its hooks are not an object or a
variable, it changes nothing and prints the lines to add.
	assets/css/app.css - adds
@import "../../deps/hakushi/priv/static/hakushi.css";, and the Sumi
theme import as a comment. The imports follow the deps directory of
the project (Mix.Project.deps_path/0) when it is not deps/, as in
an umbrella child or with MIX_DEPS_PATH. For a path dependency
({:hakushi, path: "../hakushi"}), which Mix does not copy into
deps/, the imports point at the dependency's directory instead.

Then it prints the esbuild note (the app's esbuild must resolve hakushi
through NODE_PATH: from deps/, or, for a path dependency, from the
directory that holds it).
The task is idempotent: it does not add what a file already has, and when
there is nothing to add it says so.
Options
	--dry-run - prints the changes as a diff and writes nothing.


      




  

    
mix hakushi.release_check 
    



      
Checks the built files before a release of Hakushi.
$ mix hakushi.release_check

This task is for work on Hakushi itself; the release alias runs it
after mix hakushi.build and before mix hex.publish. In any project
but Hakushi, it stops with an error. It fails when:
	one of the four bundle files (hakushi.esm.js, hakushi.cjs.js,
hakushi.css and hakushi-sumi.css) is missing from priv/static,
or is empty (the empty files that CI makes are not a build);
	priv/static holds any other file or directory;
	the version of package.json is not the version of mix.exs.
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