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Getting Started

Your First 5 Minutes

A terminal. A single command. A browser tab. In five minutes you will have a running tina4-js
project with reactive state, a rendered page, and a dev server with hot reload. The counter on
screen will respond to your clicks before you understand why. That is the point -- you ship first,
then you learn.

1. What Is tina4-js

tina4-js is a reactive JavaScript framework with a 1.5KB gzipped core. The full framework ships
under 6KB gzipped. Eight modules, each solving one problem:

« Signals for reactive state -- no stores, no reducers, no actions

» Tagged template literals for DOM rendering -- no JSX, no virtual DOM, no compiler

» Web Components for encapsulation -- real custom elements, not a framework abstraction
A router for SPA navigation

* An HTTP client built for tina4-php and tina4-python backends

* WebSocket with auto-reconnect and signal integration

* PWA support with one function call

* A debug overlay that shows you everything

One npm package. Zero dependencies. The entire framework weighs less than most favicons.

What It Is Not

tina4-js is not React. It has no virtual DOM. It does not diff trees. When a signal changes, the
exact text node or attribute that depends on it updates. Nothing else moves.

tina4-js is not Angular. No dependency injection. No decorators. No module system. No zone.js.

tina4-js is not a meta-framework. No server-side rendering. No file-based routing. No data loading
conventions. It is a client-side framework that does one thing well: build reactive Uls with the
smallest possible footprint.

2. Prerequisites
You need three things. Nothing else.

* Node.js 18 or later -- check with:

node --version

You should see v18. 0. 0 or higher.
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e npm -- comes with Node.js. Check with:

npm - -version

* A text editor -- VS Code, Cursor, Zed, Vim, anything.

3. Create a Project

The primary way to scaffold is the Tina4 Rust CLI:
tinad4 init js ny-app
This scaffolds a complete project with TypeScript, Vite, routing, and a sample page.

The ti na4 Rust CLIis the unified installer across all Tina4 frameworks (Python,
PHP, Ruby, Node.js, JS). For npm-only environments where the CLI isn't available, every
command has an npx tina4js ..fallback -- for example npx tina4js create

nmy- app is equivalenttotina4 init js my-app.

Want the optional CSS framework included? The Rust CLI does not yet accept a - - css flag on
i ni t, so scaffold first and then add the dependency:

tina4 init js ny-app

To add Tina4 CSS, edit package. j son to add the t i na4- css dependency, or use the fallback
npx tina4js create ny-app --css which accepts the flag directly. This adds t i na4- css
to your dependencies -- a utility CSS library with reset, grid, buttons, forms, tables, cards, and
dark mode built in. More on this in Chapter 10.

Want PWA support from the start? The Rust CLI also does not yet expose a - - pwa flagon i ni t .
Scaffold withtina4 init js my-app and enable PWA manually (see Chapter 9), or use the
fallback npx tina4js create ny-app --pwa to get the PWA preset directly. You can
combine the flags on the fallback: npx tina4js create ny-app --css --pwa.

Now install and run:

cd ny-app
npminstall
npm run dev

Open http:/ /1 ocal host:3000. A welcome page appears with a counter. Click the minus
button. Click the plus button. The number updates. No page reload. No visible delay. That is
signals at work -- reactive state flowing from data to DOM without you writing a single line of
update logic.

4. Project Structure

Look at what the CLI created:

my-app/
i ndex. ht m # Entry point -- loads src/nmain.ts
package. j son # -Dependenci-es:—tinadjs,—vite, typescript
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tsconfig.json # TypeScript config

vite.config.ts # Vite dev server config
src/
main.ts # App entry -- inports routes, starts router
rout es/
index.ts # Route definitions
pages/
hone. ts # Hone page handl er
conponent s/
app- header.ts # Exanpl e web conponent
public/
css/
defaul t. css # Default styles

The structure is intentional:

esrc/routes/ -- Route definitions. One file per feature or group.
esrc/ pages/ -- Page handler functions. Each returns a template.
esrc/ conmponent s/ -- Web Components (Tina4Element subclasses).
esrc/public/ --Static assets (CSS, images, fonts).

This is a convention, not a requirement. tina4-js does not care where your files live. But this
structure scales. Every tina4-js project looks the same, which matters when you onboard new
team members or let Al generate code. Consistency compounds.

5. The Entry Point

Opensrc/ main.ts:

import { signal, conmputed, html, route, router, navigate, api } from'tina4js';
import './routes/index'

/'l Configure API (uncomment to connect to tina4-php/python backend)
/1 api.configure({ baseUl: '/api', auth: true });

/1 Start router
router.start({ target: '#root', node: 'hash' });

Three things happen here:

* Import everything from one package. All seven modules export fromti na4j s. No
sub-package installs.

e Import your routes. The route file calls r out e() to register paths and handlers.
« Start the router. It finds #r oot in the DOM and renders matched routes into it.

The node: ' hash' means URLs look like hitp:/ /| ocal host: 3000/ #/ about . For clean
URLSs without the hash, use node: ' hi story' -- but you will need server-side URL rewriting in
production.
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6. Your First Signal
Open src/ pages/ hone. ts:
import { signal, conputed, htm } from'tina4js'

export function homePage() {
const count = signal (0);
const doubl ed = conputed(() => count.value * 2);

return htnl”
<di v cl ass="page">
<h1>Wel conme</ h1>

<div class="counter">
<button @lick=${() => count.val ue--}>-</button>
<span>${ count } </ span>
<button @lick=${() => count.val ue++}>+</button>
</ di v>
<p cl ass="nut ed" >Doubl ed: ${doubl ed} </ p>
</ di v>

}

Four things happen in this code. Each one is a core concept you will use in every tina4-js
application.

signal (0) creates a reactive value. Read it with count . val ue. Write it with count . val ue =
5. When you write, everything that depends on it updates. Not eventually. Not on the next tick.
Right now.

conputed(() => count.value * 2) creates a derived signal. It reads count . val ue inside
the function, so tina4-js knows to recompute whenever count changes. You cannot write to a
computed -- it is read-only.

*htm \..\** is a tagged tenplate literal. It returns a real
DocumentFragment -- actual DOM nodes, not a string, not a virtual tree.
Wien you put ${count} in the tenplate, tinad4-js creates a text node that
updates in place when count” changes. No diffing. No reconciliation. Direct DOM mutation.

@l ick=${() => count.value--} adds a click event listener. The @prefix means "event
handler.” Since v1.0.9, event handlers are wrapped in bat ch(), so multiple signal writes inside
one handler trigger one update.

7. Your First Route

Opensrc/routes/index.ts:

import { route, htm } from'tina4js'
import { honePage } from'../pages/ hone';

/'l Home
route('/', honePage);
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/1 About
route('/about', () => htnl"’
<di v cl ass="page">
<h1>About </ h1>
<p>Built with tina4-js.</p>
<a href="/">Back hone</a>
</ di v>

)

/1 404
route('*', () => htm"
<di v cl ass="page">
<h1>404</ h1>
<p>Page not found.</p>
<a href="/">Go home</a>
</ div>
)
route(pattern, handl er) -- pattern is always the first argument. The handler is a function
that returns a template. The router calls it when the URL matches.

route('*', handl er) --the wildcard catches any URL that no other route matched. Put it last.

Links work automatically. The router intercepts clicks on <a> tags that point to same-origin paths
and navigates without a page reload. You do not need a special <Li nk> component.

8. Adding a Component

Open src/ conponent s/ app- header . t s:

import { Tinad4El enent, html } from'tina4js'

cl ass AppHeader extends Ti na4El ement {
static props = { title: String };
static styles =~
:host { display: block; padding: 1rem O; border-bottom 1px solid #e5e7eb; }
hl { margin: 0; font-size: 1.5rem }
nav { display: flex; gap: 1lrem margin-top: O0.5rem }
a { color: #2563eb; text-decoration: none; }

render () {
return htm"
<hl>${this.prop('title )}</hl>
<nav>
<a href="/">Honme</ a>
<a href="/about " >About </ a>
</ nav>

}
}

cust onEl enent s. defi ne(' app- header', AppHeader);

Then use it in any template:

ht m >
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<app- header title="My App"></app-header>
<div class="content">...</div>

static props declares reactive attributes. When the t i t | e attribute changes, the component
re-renders that part.

static styl es scopes CSS to the component via Shadow DOM. Your styles cannot leak out.
External styles cannot leak in.

this.prop('title") returns a signal for the titl e prop. Drop it in the template and it
updates reactively.

cust ontl enent s. defi ne() registers the tag name. Use a hyphenated name -- that is a Web
Components requirement, not a tina4-js thing.

9. The Build

Development is done. Time to ship:
npmrun build

Vite bundles everything into di st/ . The tina4-js runtime adds under 6KB to your bundle. Your
entire app -- framework, routes, components, everything -- will likely be smaller than React's
runtime alone.

To preview the production build:

npmrun preview

10. What Just Happened

Five minutes. One command to scaffold. One command to install. One command to run. And you
covered:

* Reactive state with si gnal ()

« Derived state with conput ed()

« DOM rendering with ht nl tagged templates

» Event handling with @ i ck

* A web component with Ti na4El enent

* Client-side routing with rout e() and router. start ()
* A production build with Vite

The rest of this book goes deep on each of these. But you already have a working app. You
already have a production build. Everything from here is precision and power.
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Summary

Create project

With CSS framework

With PWA

Dev server
Production build
Reactive state
Derived state
DOM rendering
Event handling
Components
Routes

Start router

tinad init js nmy-app (fallback: npx
tinadjs create ny-app)

tinad init js my-app + add
tina4-css dep (fallback: npx tina4js
cCreate my-app --css)

tinad init js ny-app + enable PWA
manually (fallback: npx tina4js create
ny-app --pwa)

npm run dev

npmrun build

signal (initial Val ue)

conput ed(() => expression)

* ht m <p>${signal}</p> °

@l i ck=${ handl er}

cl ass X extends Ti nadEl enent
route(pattern, handl er)

router.start({ target, node })
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Signals

Reactive State Without the Drama

A variable changes. The DOM does not. You write
docunent . get El enent Byl d(' counter').text Content = count in twelve places. You
miss one. The bug report arrives on Friday afternoon.

Signals end this. A signal is a reactive value. Change it, and everything that depends on it -- text
nodes, attributes, computed values, side effects -- updates. You never write update logic again.

This chapter covers the entire reactivity system in tinad-js: creating signals, deriving values,
running side effects, batching updates, and avoiding the mistakes that trip up every new user.

1. What Is a Signal

A signal is a reactive value. When it changes, everything that depends on it updates.
import { signal } from'tina4js';
const count = signal (0);

/'l Read
consol e.l og(count.value); // O

Il Wite

count.value = 5;
consol e.l og(count.value); // 5

That is the entire API for basic signals. . val ue to read. . val ue = to write. Nothing else.

When you write a new value, every subscriber -- effects, computed signals, DOM bindings -- fires.
Not eventually. Not on the next tick. Synchronously, right now.

2. Why Object.is() Matters

Signals use Obj ect . i s() to decide if a value changed. If the new value is the same as the old
value by Cbj ect . i s( ), nothing happens. No subscribers fire. No DOM updates.

This matters for objects and arrays:
const itens = signal (['apple', 'banana']);

/1 WRONG -- mutating in place, sane reference, no update
i tens. val ue. push(' cherry');

/1 Object.is(oldArray, newArray) === true -- nothi ng happens!
/1 RIGHT -- new array reference

itens.value = [...itens.value, 'cherry'];

/1 Object.is(oldArray, newArray) === false -- subscribers fire!
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Same rule for objects:
const user = signal ({ nane: 'Alice', age: 30 });

/1 VW\RONG -- nutating in place
user.val ue. age = 31;

/1 RIGHT -- new object reference
user.value = { ...user.value, age: 31 };

This is the single most common mistake in tina4-js. Ul not updating? Check this first. New
reference, or mutation in place?

The rule fits on an index card: always assign a new value to . val ue. Spread arrays. Spread
objects. Never mutate.

3. computed() -- Derived State

A shopping cart has items. Each item has a price and a quantity. The total is derived from those
values. You do not store the total -- you compute it. When an item changes, the total recalculates.

That is what conput ed() does. It derives a value from other signals and keeps it current.
import { signal, conmputed } from'tina4js'
const price = signal (10);

const quantity = signal (3);
const total = conputed(() => price.value * quantity.val ue);

consol e.l og(total .value); // 30

price.value = 20
consol e.l og(total .value); // 60

The function you pass to conput ed() runs immediately and then re-runs whenever any signal it
reads changes. tina4-js tracks which signals were read inside the function -- you do not need to
declare dependencies manually.

Computed Is Eager, Not Lazy

This is different from some other frameworks. In tina4-js, conput ed() re-evaluates as soon as a
dependency changes, not when you read . val ue. This means:

« Computed values are always up to date
* There is no stale-read problem
 But unnecessary computeds do cost CPU

If you have an expensive computation that is only needed sometimes, do not put it in a computed.
Use an effect with a conditional instead.
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Computed Is Read-Only

const total conputed(() => price.value * quantity.val ue);

total . val ue 100; // throws Error: '[tinad4] conputed signals are read-only

If you need a writable derived value, use a signal and an effect.

4. effect() -- Side Effects

An effect runs a function immediately, then re-runs it whenever any signal it reads changes.
import { signal, effect } from'tina4js'
const nanme = signal (*Wrld');

const dispose = effect(() => {
consol e.l og(" Hel l o, ${nane.value}!");

)
/1 logs: "Hello, World!"

nane. val ue = ' Ti na4'

/1 logs: "Hello, Tina4!"
Effects bridge reactive state to the outside world. Logging. DOM manipulation. Network requests.
Analytics. Anything that needs to happen when data changes -- effects handle it.

Disposing Effects

ef fect () returns a dispose function. Call it to stop the effect from running:

const dispose = effect(() => {
docunent.title = “Count: ${count.val ue} ;

1)

/1 Later, when you are done
di spose();

count.value = 99; // effect does NOT run

This matters for cleanup. Component unmounts. Route changes. Without disposal, effects keep
running -- memory leaks and ghost updates accumulate. The router handles this for you: effects
created during route rendering are disposed when the route changes. More on that in Chapter 5.

Auto-Tracking

You do not tell tina4-js which signals an effect depends on. It figures it out by running the function
and seeing which . val ue getters are called:

const a = signal (1);
const b = signal (2);
const showB = signal (true);

effect(() => {
if (showB.val ue) {
consol e. |l og(a. val ue + b.val ue);
} else {
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consol e. |l og(a. val ue);

}
1)

When showB is t r ue, the effect tracks showB, a, and b. When showB becomes f al se, on the
next run it only reads showB and a -- so changes to b no longer trigger the effect. The

dependency set is dynamic.

Re-subscription on Re-run

Every time an effect re-runs, it unsubscribes from all previous signals and re-subscribes to
whatever it reads this time. This is automatic. You do not need to manage subscriptions.

5. batch() -- Grouping Updates

Picture a form with a first name field and a last name field. A greeting effect reads both. Without
batching, updating both fields fires the effect twice -- once with stale data, once with correct data.
The user sees a flicker. The console logs an intermediate state that never should have existed.

const first = signal ("Aice');
const last = signal ('Snmith');

effect(() => {

consol e.log(  ${first.value} ${last.value});

1)

/1 1ogs: "Alice Smth"

first.value = 'Bob'; /1 logs: "Bob Snmith"
| ast.value = 'Jones'; [/ logs: "Bob Jones"

That is two effect runs. With bat ch( ), you get one:
import { batch } from'tina4js'

batch(() => {

first.value = 'Bob';
| ast.val ue = 'Jones'
1)
/1 1ogs: "Bob Jones" -- once

Inside a batch, signal writes are deferred. Subscribers are queued and only fire once when the

batch completes.

When Do You Need batch()?

Since v1.0.9, event handlers in templates are automatically batched. So this already only

triggers one update:

htm *
<button @lick=${() => {
first.value = 'Bob';
| ast.val ue = ' Jones'

}}>Updat e</ but t on>

You need explicit bat ch() only when writing to multiple signals outside event handlers:
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eset Ti meout orset | nterval callbacks
efetch().then() handlers

* WebSocket message handlers

» Any async code

Inside a template event handler, batching is free. Everywhere else, wrap your writes.

6. peek() -- Read Without Tracking

An effect tracks every signal it reads. But sometimes you need a value without creating a
dependency. You want to read a configuration signal once, not re-run the effect every time the
config changes. That is what peek() does:

const count = signal (0);
const nultiplier = signal (2);

effect(() => {
/1 Tracks count, but NOT nultiplier
consol e.l og(count.value * nultiplier.peek());

1),

count.value = 5; /1l effect runs
mul tiplier.value = 3; // effect does NOT run

peek() returns the current value without registering the read. The effect does not re-run when
mul tiplier changes.

This is useful for:

» Reading config values that rarely change
« Avoiding infinite loops when an effect writes to a signal it also reads

» Performance optimization -- skipping unnecessary re-runs

7. Debug Labels

Signals accept an optional second argument -- a debug label:

const count = signal (0, 'count');

const username = signal ("', 'usernane');

const itens = signal ([], 'cart-itens');

Labels do nothing in production. In the debug overlay (Chapter 9), labels appear in the Signals
panel. Instead of staring at Si gnal <nunber > with value 7 and wondering which signal that is,
you see count : 7. That difference matters at 2 AM when something is not updating.

Add labels to every signal you might need to debug. The overhead is zero when the debug
module is not imported.
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8. isSignal() -- Type Check
import { isSignal } from'tina4js';

const count = signal (0);

i sSi gnal (count); Il true
i sSignal (42); /1 false
isSignal (null); /] false
isSignal ({ value: 11}); // false -- nust be a real tina4 signal

Useful when writing utilities that accept either a signal or a plain value.

9. Common Mistakes

Mistake 1: Reading .value in Templates

/1 WRONG -- eval uates once, never updates
ht m *~ <p>${ count . val ue} </ p>’

/1 RIGHT -- pass the signal directly
ht m * <p>${ count } </ p>’

/1 RIGHT -- use a function for expressions
ht m " <p>${() => count.value * 2}</p>"

When you write ${ count . val ue}, JavaScript evaluates count . val ue before the template
function sees it. The template gets the number O, not the signal. It cannot subscribe to changes.

When you write ${ count }, the template receives the signal object. It creates a text node and
subscribes to changes. The DOM updates automatically.

Mistake 2: Mutating in Place

/1 \WRONG
itens. val ue. push(newl tem;

/'l R GHT
itenms.value = [...itens.value, newten;

Covered above, but it is worth repeating. This is the number one bug in tina4-js applications.

Mistake 3: Creating Effects in Loops

/1 WRONG -- creates a new effect every tinme the list re-renders
htm “${() => itens.val ue. map(item => {

effect(() => console.log(item); // |eaks!

return htm " <div>${itenm</div>";
DY

Effects created inside reactive blocks are fine -- the router and html renderer handle cleanup. But
manually creating effects in a loop that runs inside a reactive function will leak unless you dispose
them. Let the template engine handle reactivity. Use ${ si gnal } and ${ () => expr} instead of
manual effects for DOM updates.
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Mistake 4: Forgetting That false Renders as Text

/1 WRONG -- if condition is false, renders the TEXT "fal se"
htm " ${showDetails & htm " <div>Details here</div>"}"

/1 RIGHT -- use a ternary
html “${() => showDetails.value ? htnl <div>Details here</div>" : null}"

In JavaScript, f al se && anyt hi ng evaluates to f al se. The template receives the boolean
fal se and renders it as the string " f al se" . Use the ternary pattern. Always.

10. Putting It Together -- A Todo List

Signals. Computed. Effects. Batch. Here they are, working together in a complete todo
application:

import { signal, conputed, effect, batch, htm } from'tina4js';

function todoApp() {
const itenms = signal <{ text: string; done: boolean }[]>([], 'todo-itens');
const i nput signal ("', 'todo-input');
const filter = signal<'all' | "active' | 'done'>('all', 'todo-filter');

const filtered = conputed(() => {

const list = itens.val ue;
if (filter.value === "active') return list.filter(i => !i.done);
if (filter.value === "done') return list.filter(i =>i.done);
return |ist;

1)

const remaining = conputed(() =>
itenms.value.filter(i =>1!i.done).length

)

/1 Side effect: update docunent title
effect(() => {
docurment.title = "Todos (${remaining.value} left)";

1),

const addltem= () => {
const text = input.value.trin();
if (!text) return;
batch(() => {
items.value = [...itenms.value, { text, done: false }];
i nput . val ue e

1)
b
const toggleltem= (index: nunmber) => {
items.value = itens.value. map((item i) =>
i === index ? { ...item done: !itemdone } : item
);

}s

const renoveltem = (index: nunber) => {
items.value = itens. val i i

dex) ;
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}s

return htm”
<di v>
<h1>Todos</ h1>

<form @ubnit=${(e: Event) => { e.preventDefault(); addliten(); }}>
<i nput
type="text"
pl acehol der ="What needs to be done?"
.val ue=${i nput}

@nput =${(e: Event) => { input.value = (e.target as HTM.Input El enent). val ue; }}
/>
<button type="submn t">Add</ button>
</fornp
<di v>
<button @lick=${() => filter.value = "all"'}>Al| </ button>
<button @lick=${() => filter.value = "active' }>Active</button>
<button @lick=${() => filter.value = 'done'}>Done</button>
</ di v>
<ul >
${() =>filtered.value.map((item index) => htnl"
<li>
<i nput
type="checkbox"
@l ick=${() => togglelten(index)}
?checked=${i t em done}
/>
<span style="${item done ? 'text-decoration: line-through' : ''}">${itemtext}</span
<button @lick=%{() => renovelten(index)}>x</button>
</[li>
)}
</ ul >

<p>${remaining} itens |eft</p>
</ di v>

}

Every concept from this chapter is present:

eitens,input,andfilter are signals with debug labels -- visible in the overlay

efilteredandrenaini ng are computed -- they recalculate when i tens orfilter
change

eeffect () syncs the document title as a side effect

e bat ch() groups the add-and-clear into one update

*Thelistuses ${ () => filtered.value. map(...)} --areactive block that re-renders

when fi |t ered changes

* New references everywhere: map() returns a new array, fi | t er () returns a new array, the

spread creates new objects

No mutation. No manual DOM updates. No event bus. Signals handle all of it.
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Summary

Signal si gnal (val ue, | abel ?) Reactive value

Read si g. val ue Get current value (tracks
dependency)

Write sig.value = x Set value (notifies

subscribers)

Computed conputed(() => expr) Derived read-only signal

Effect effect(() =={ ... }) Side effect, returns dispose
function

Batch batch(() == { ... }) Group writes, one notification
pass

Peek si g. peek() Read without tracking

Check i sSi gnal (x) Returns true for tina4 signals

Label signal (0, 'name") Debug overlay identification
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HTML Templates

DOM Without the Framework Tax

Open your browser's DevTools. Inspect a React application. You see a <div id="root">
containing a tree of elements that a virtual DOM diffing algorithm built for you. Somewhere
between your JSX and those elements, a reconciler compared two trees, computed a minimal set
of patches, and applied them. For a counter displaying the number 5.

tina4-js skips all of that. The ht ni tagged template creates real DOM nodes. It binds signals to
specific text nodes and attributes. When a signal changes, that one text node updates. No tree
comparison. No patch computation. No framework standing between your data and your DOM.

This chapter covers every binding syntax in the ht i tagged template -- reactive text, reactive
blocks, events, boolean attributes, property bindings, and class bindings. You will know which
ones update and which ones are static, and you will never fall into the f al se/nul | rendering
trap.

1. What htm!|™" Does
import { html } from'tina4js';

const fragnment = htnl <hl>Hello, World!</hl>";
docunent . body. appendChi | d(fragment);

ht m is a tagged template literal function. It parses your markup once, caches the result, then

clones it for each call. The return value is a real Docunent Fr agnent -- actual DOM nodes. Not a
string. Not a virtual tree. Not an intermediate representation.

No render () loop. No reconciliation. No diffing. The template creates DOM, binds signals to
specific nodes, and walks away. Updates happen through direct signal subscriptions on individual
nodes. The framework is not in the middle of the conversation between your data and your page.

2. Static Values -- ${value}

Plain values go in as text nodes. Once. Never again.

const nane = 'Alice';
ht m *~ <p>Hel | o, ${nane}</p>"

The template evaluates nane, gets the string " Al i ce", creates a text node, and inserts it. If
nane changes later, the DOM does not update. It is static.

Everything is XSS-safe by default. Values are inserted as text nodes, not HTML:

const userlnput = '<script>alert("xss")</script>';

ht m ~ <p>${user | nput } </ p>°

/'l Renders as the literal text: <script>alert("xss")</script>

/1 NOT executed as HTM
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You cannot accidentally inject HTML through interpolation. This is by design.

3. Reactive Text -- ${signal}

Pass a signal directly (not . val ue) to create a reactive text node:
import { signal, html } from'tina4js';
const count = signal (0);
ht M~ <p>Count : ${count} </ p>"

When count . val ue changes, the text node updates. Nothing else in the DOM moves. The <p>
element stays. The " Count : " text stays. Only the number changes.

This is the most common pattern in tina4-js. One signal. One text node. Live updates forever.
Critical rule: Pass the signal, not its value.

/1 WRONG -- static, evaluates once
ht m ~ <p>${ count . val ue} </ p>

/1 RIGHT -- reactive, updates on change
ht M~ <p>${ count } </ p>"
When you write ${ count . val ue}, JavaScript evaluates count . val ue (gets 0) and passes the

number O to the template. The template sees a plain number, not a signal. It creates a static text
node.

When you write ${ count }, JavaScript passes the signal object. The template detects it (via
i sSi gnal (1)), creates a text node, and subscribes to changes. When the signal updates, the text
node updates.

4. Reactive Blocks -- ${() => expr}

Functions are reactive blocks. The function runs immediately, and re-runs whenever any signal
read inside it changes:

const show = signal (true);
const name = signal (‘Alice');

html °
<di v>
${() => show. val ue
? htm “<p>Hell o, ${nane}!</p>
nul |
}
</ di v>

When show or nanme changes, the function re-runs. The previous nodes are removed and new
nodes are inserted. This is how you do conditional rendering and lists.
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Conditional Rendering

const isLoggedln = signal (false);

htm °
${() => isLoggedln.val ue
? htnm ~<p>Wel cone back! </ p>°
htm ~<a href="/1o0gin">Log in</a>

Lists
const itens = signal ([' Apple', 'Banana', 'Cherry']);

htm °
<ul >
${() =>itens.value.map(item=> htrm "<li>${itenj</1i>")}
</ ul >

When i t ens changes, the entire <ul > content is replaced. Old nodes out. New nodes in. This is
not keyed reconciliation like React -- it is a full swap. For lists under a few hundred items, the
browser handles this in under a millisecond. For massive lists, consider a virtualization library.

Nested Reactivity

Reactive blocks can contain signals:

const itens = signal ([
{ nane: signal (' Apple'), price: signal (1.50) },
1)

html °
<ul >
${() => itens.value.map(item=> html"
<li>${itemnane} - $${itemprice}</li>
)}

</ ul >

Each ${i t em nane} is a reactive text node. If you change i t ens. val ue[ 0] . nane. val ue =
' Pear ', only that text node updates. The list does not re-render.

5. DocumentFragments and Arrays

You can nest templates and pass arrays:

const header = htm “<hl1>Title</hl>";

const itens = ['one', '"two', 'three'];
htm °
${ header}
<ul >
${items. map(i => htm "<li>${i}</1i>")}
</ ul >
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Documnent Fragnent values are inserted directly. Arrays are flattened -- each item is converted
to nodes.

6. Event Handlers -- @event

The @prefix binds event listeners:

htm®
<button @lick=${() => console.log('clicked!")}>Oick nme</button>
<input @nput=%{(e: Event) => console.log((e.target as HTM.I nput El enent).value)} />
<form @ubm t=${(e: Event) => {
e. prevent Defaul t();
handl eSubmi t ();

11>
</formpe

Any DOM event works. @l i ck. @nput. @hange. @ubm t. @eydown. @mouseent er.
@ ocus. @l ur. If the browser fires it, tina4-js can bind it.

Auto-Batching

Since v1.0.9, all event handlers are automatically wrapped in bat ch() . This means you can write
to multiple signals in one handler and only get one DOM update:

htm °
<button @lick=${() => {
firstName.value = 'Bob';
| ast Nane. val ue = ' Jones';
age. val ue = 30;
}}>Update Al Il </button>

/1l Three signal wites, one DOM update

You do not need explicit bat ch() inside event handlers. It happens automatically.

7. Boolean Attributes -- ?attr

A button should be disabled while a form submits. A div should be hidden until data loads. A
checkbox should be checked when a task is done. HTML boolean attributes -- di sabl ed,
hi dden, checked, readonl y, requi r ed -- need the ? prefix:

const isDisabled = signal (fal se);
const isHi dden = signal (true);

htm ©
<button ?di sabl ed=%{i sDi sabl ed} >Submi t </ button>
<di v ?hi dden=${i sH dden} >Secret content</div>

When the value is truthy, the attribute is added (e.g., <but t on di sabl ed>). When falsy, the

attribute is removed entirely.
The Intelligent Native Application 4ramework




Without the ? prefix, you get a string attribute:

/1 VW\RONG -- sets disabled="fal se" (which is still disabled!)
ht m " <button di sabl ed=${i sDi sabl ed} >Subm t </ butt on>"

/1 RIGHT -- adds/renpves the disabled attribute

ht M~ <button ?di sabl ed=%${i sDi sabl ed}>Subni t </ butt on>"
This distinction catches everyone at least once. In HTML, <but t on di sabl ed="f al se" > is still
disabled. The attribute exists. The browser does not read its value. The ? prefix solves this by
adding or removing the attribute entirely -- present means true, absent means false.

Boolean attributes accept signals, functions, and computed values:

/1 Signal
ht M~ <but t on ?di sabl ed=${i sDi sabl ed}>Submi t </ but t on>"

/'l Function
ht m *~ <button ?di sabl ed=${() => itens.val ue.length === 0} >Submi t </ button>"

/1 Comput ed
const canSubnmit = conputed(() => nane.value.length > 0);
ht m * <but ton ?di sabl ed=${() => !canSubmit. val ue}>Submi t </ button>’

8. Property Bindings -- .prop
The . prefix sets DOM properties (not HTML attributes):

const inputValue = signal ('hello");

htm ®
<i nput .val ue=${i nput Val ue} />
<div .innerHTM.=${htm ~<strong>Bol d text</strong>} />

. val ue is the most common property binding. It sets the input's val ue property directly, which is
different from the val ue attribute (the attribute is the initial value; the property is the current
value).

. I nner HTML is how you inject raw HTML. This is the only way to render HTML strings or inline
SVG in tina4-js:

const svglcon = '<svg viewBox="0 0 24 24"><path d="ML2 2L2 22h20L12 2z"/></svg>';

/1 WRONG -- renders as escaped text
ht m * <di v>${svgl con} </ di v>’
/1 Shows: <svg viewBox="0 0 24 24">. ..

/'l RIGHT -- renders as HTM.
ht m °<di v .inner HTM.=${svgl con} ></ di v>'
/1 Shows the actual SVG triangle

Warning: . i nner HTVL bypasses XSS protection. Only use it with trusted content. Never pass
userinputto . i nner HTML.

When a signal is passed to a property-binding;-it-updates-reactively:
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const content = signal (' <empLoading...</em');
htm *<di v .inner HTM.=${cont ent } ></ di v>'

/] Later:
content.val ue = ' <enpDone! </ eny';
/1 The div's innerHTM. updates

CRITICAL: Never Put Inputs Inside Reactive Blocks

Inputs inside ${ () => ...} losefocus on every keystroke. The most common
mistake in tina4-js is wrapping <i nput > elements inside reactive arrow functions. When a
signal changes, the reactive block re-renders its entire DOM subtree — destroying the
input and creating a new one. The cursor disappears, the input loses focus, and typing is
interrupted.

BAD — input inside a reactive block (broken):

const name = signal ('');
const showkxtra = signal (fal se);

/1 WRONG the input is INSIDE ${() => ...} —it gets destroyed on every keystroke
htm °
<di v>
${() => htm"
<input .value=${nane} @nput=%${(e: Event) => {
nane. val ue = (e.target as HTM.I nput El emrent) . val ue;
1y 1>
${showExtra.value ? htnl <p>Extra info</p> : null}
'}
</ di v>

GOOD — input outside, only dynamic content in reactive blocks:

const name = signal ('');
const showkExtra = signal (fal se);

/1 RIGHT: the input stays in the static tenplate —only the conditional goes in ${()
htm °
<di v>
<i nput .val ue=${name} @ nput=${(e: Event) => {
nane. val ue = (e.target as HTM.I nput El enent) . val ue;
1y 1>
${() => showkxtra.value ? htm “<p>Extra info</p> : null}
</ di v>

The rule: Inputs, textareas, and selects belong in the static part of your template. Use . val ue,
@ nput, and ?di sabl ed bindings to make them reactive. Only wrap computed output
(conditional messages, dynamic lists, calculated text) in ${ () => ...} blocks.
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9. Dynamic Attributes -- attr=${value}
Regular attributes accept signals and functions for reactive updates:

const color = signal ('red");
const classNane = signal ('active');

htm °
<div class=${cl assNanme} style=${() => “color: ${color.value} }>
Styled text
</ di v>

When cl assNane changes, the cl ass attribute updates. When col or changes, the styl e
attribute updates.

Reactive Classes

const isActive = signal (true);
/1 Sinmple string signal
const cls = signal ('btn btn-prinmary');

ht M~ <button cl ass=${cl s}>C i ck</button>"

/'l Function-based
htm “<div class=${() => isActive.value ? 'tab active' : 'tab'}>Tab</div>"

10. The false/null/undefined Trap

You will hit this. Everyone does. Here are the rules:

${fal se} /'l Renders nothing (enpty) —treated the sane as null
${nul 1} /1 Renders nothing (enpty)

${undefined} // Renders nothing (enpty)

${true} /1 Renders the TEXT "true"

${ 0} /!l Renders the TEXT "0Q"

fal se, null, and undefi ned all render as nothing — they are explicitly swallowed by the
template engine. Every other value is converted to text via St ri ng(val ue) .

This means the && shortcut actually works for hiding content — f al se disappears cleanly:

/1 This works -- false renders nothing
htm " ${() => show. val ue && htm ~<p>Content</p>"}"

/1 This also works -- explicit ternary is clearer and preferred
htm " ${() => show. value ? htm “~<p>Content</p>" : null}"

The ternary is still the recommended style because intent is explicit and it handles both branches.
But unlike React, you will not see the stray text " f al se” appear in the DOM if you forget.
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11. Template Caching

The ht ml tag caches parsed templates by the identity of the template strings array. The first call
parses the HTML and creates a <t enpl at e> element. Subsequent calls with the same template
literal clone the cached template and bind fresh values.

This means:

* Templates in loops are only parsed once
* Cloning a <t enpl at e> is fast (browser-native)
» The overhead per render is binding, not parsing

You do not need to do anything to benefit from this. It is automatic.

12. Putting It All Together

Static text. Reactive text. Reactive blocks. Event handlers. Boolean attributes. Property bindings.
Conditional rendering. Here they all are, working together in a login form:

import { signal, conputed, htm } from'tina4js';

function | oginForn() {
const email = signal ('');
const password = signal ('');
const | oading = signal (fal se);
const error = signal<string | null>(null);

const isValid = conputed(() =>
emai | . val ue.includes(' @) && password.value.length >= 8

)

const handl eSubmt = async (e: Event) => {
e.preventDefaul t();
| oadi ng. val ue = true;
error.value = null;

try {
const response = await fetch('/api/login', {
met hod: ' POST',
headers: { 'Content-Type': 'application/json' },
body: JSON.stringify({
emai |l : emmil . val ue,
password: password. val ue,
1.
1)

if (!response.ok) throw new Error('Invalid credentials');
/'l handl e success. ..
} catch (err) {
error.value = (err as Error).nessage;
} finally {
| oadi ng. val ue = fal se;
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return htm®
<form @ubm t =${ handl eSubmi t} >
<h2>Logi n</ h2>

${() => error.value

? html "<p style="color: red">${error}</p>

@nput=${(e: Event) => { enmmil.value = (e.target as HTM.I nput El enent) . val ue;

nul
}
<l abel >
Emai |
<i nput
type="enmail"
.val ue=${enuil}
?di sabl ed=${I oadi ng}
/>
</ | abel >
<l abel >
Passwor d
<i nput
type="password"
. val ue=${ passwor d}
@nput =${(e: Event) => { password. val ue
?di sabl ed=${I oadi ng}
/>
</ | abel >
<button

type="submt"

?di sabl ed=${() => lisValid.value |

>

${() => loading.value ? 'Logging in...

</ button>
</formpe

}

Every binding type from this chapter appears in this form:

o . val ue=${enni | } -- property binding keeps the input's DOM property in sync with the

signal

e @ nput -- event handler updates the signal when the user types
« 2di sabl ed=${| oadi ng} -- boolean attribute toggles from a signal

e ?2di sabl ed=${() => !isValid.value ||

a function

*${() => loading.value ? 'Logging in...'

swaps the button label

«${() => error.value ? htm\.\:

pattern

One template. Six binding types. Zero manual DOM updates. The template engine handles every
transition between states, and the form responds the moment data changes.

| oadi ng. val ue}

| oadi ng. val ue} -- boolean attribute from

"Logi n'} --reactive text block

nul | } -- conditional rendering with the ternary
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Summary

Static text node, XSS-safe

Reactive text node Yes
1 Reactive block (conditionals, Yes
lists)
Insert DocumentFragment No
Render each item No
null\ undefined} Renders nothing (empty) -

Event listener (auto-batched) -

X} Boolean attribute  If signal/function
(add/remove)
DOM property binding If signal

5{ x} Raw HTML injection If signal
Regular attribute If signal/function
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Components

Web Components That Don't Suck

You build a button component in React. It works in React. You build one in Vue. It works in Vue.
You build one in Angular. It works in Angular. Three frameworks. Three components. Same
button.

Web Components solve this. One component. Every framework. Every page. Every context. The
browser itself is the runtime.

The problem is that raw Web Components are verbose. Boilerplate for observed attributes.
Manual attribute-to-property reflection. No reactive rendering. Ti na4El enent strips all of that
away. You get reactive props, scoped styles, and template rendering -- with the full portability of
native Web Components underneath.

1. What Are Tina4 Components

A Tina4 component is a Web Component. A real one. It extends HTVLEI enent , registers with
cust okl enent s. defi ne(), and works anywhere the browser runs. Drop it in a React app.
Drop it in a static HTML page. Drop it in a WordPress theme. No framework runtime required to
consume it.

Ti na4El enent adds three things on top of native Web Components:

» Reactive props -- attributes become signals
» Scoped styles -- CSS that cannot leak in or out (via Shadow DOM)
» Template rendering -- your r ender () method returns ht nl tagged templates

Everything else is standard Web Components. No magic. No hidden state. No framework lock-in.

The Intelligent Native Application 4ramework



2. Your First Component
import { TinadEl ement, htm } from'tina4js'

cl ass GreetingCard extends Tina4El enent {
static props = { name: String };

render () {
return htm "’
<div class="card">
<h2>Hel 1 0, ${this.prop('nane')}!</h2>
<p>Wél come to tina4-js.</p>
</ di v>

}
}

cust onEl enent s. define(' greeting-card', G eetingCard);
Use itin HTML:

<greeting-card nane="Alice"></greeting-card>
Or in a template:

ht ml * <greeting-card nanme="Al i ce"></greeting-card>"
Change the attribute and the component updates:

docurnent . querySel ector (' greeting-card')!.setAttribute(' name', 'Bob');
/1 The headi ng updates to "Hell o, Bob!"

3. static props -- Declaring Reactive Props

The static props object declares which attributes the component observes. Each key is an
attribute name, and the value is a type constructor:

class UserCard extends TinadEl ement {
static props = {
name: String,

age: Nunber,
active: Bool ean,
}
render () {
return htm”
<di v>
<h3>${t hi s. prop(' nane')}</h3>
<p>Age: ${this.prop('age')}</p>
<p>${() => this.prop<bool ean>('active').value ? 'Active' : 'lnactive'}</p>
</ di v>
}
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Type Coercion

HTML attributes are always strings. tina4-js coerces them based on the type you declare:

String Attribute value as-is, or ' ' if nanme="Alice" ->"' Al ce'
absent

Nunber Nunber (value), or 0 if age="30" ->30
absent

Bool ean true if attribute exists, active ->true, no attribute
fal se if absent ->fal se

Boolean props follow the HTML convention: the attribute's presence means tr ue, its absence

means f al se. The attribute value does not matter.
<user-card nane="Alice" age="30" active></user-card>
enane ->"' Al i ce' (String)
e age -> 30 (Number)
eactive ->true (Boolean, attribute is present)
<user-card nane="Bob" age="25"></user-card>

eactive ->fal se (Boolean, attribute is absent)

4. this.prop(name) -- Reading Props
this.prop(' nane') returns a signal for the named prop. This means you can:
e Drop it in a template for reactive rendering:
ht M~ <span>${thi s. prop(' nane')}</span>’
* Read its value in methods:
const currentNanme = this.prop<string>('nane').val ue;

e Use it in computed/effects:

const greeting = conputed(() => "Hello, ${this.prop<string>('nanme').value}!");

When the HTML attribute changes (via set Attri bute or from a parent template), the prop

signal updates and everything that depends on it re-renders.
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5. static styles -- Scoped CSS

cl ass StatusBadge extends Ti nadEl enent {
static props = { status: String };

static styles = °
s host {
di spl ay: inline-block;
}
. badge {
paddi ng: 0.25rem 0. 75rem
bor der-radi us: 999px;
font-size: 0.75rem
font -wei ght: 600
text-transform uppercase
}
. badge. active { background: #dcfce7; color: #166534; }
. badge. inactive { background: #fee2e2; color: #991blb; }
. badge. pendi ng { background: #fef3c7; color: #92400e; }

render () {
return htm
<span cl ass=${() => “badge ${this.prop<string>('status').value} }>
${this.prop('status')}
</ span>

}
}

cust onEl enent s. defi ne(' st at us-badge', StatusBadge);

Styles are injected into the Shadow DOM <st y| e> tag. They are completely scoped:

. badge inside this component does not affect any . badge outside it
» External CSS does not affect elements inside this component

* The : host selector targets the component element itself

The :host Selector

- host is a Shadow DOM feature. It selects the component's outer element (the custom element
tag). Use it to set di spl ay, mar gi n, paddi ng, and other box-model properties:

thost {
di spl ay: bl ock;
mar gi n-bottom 1rem

}

Without : host { display: block }, custom elements default to di spl ay: i nline, which
often causes unexpected layout behavior.
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6. static shadow -- Light DOM vs Shadow DOM

By default, components use Shadow DOM (st ati ¢ shadow = true). Shadow DOM provides
style encapsulation but has tradeoffs:

» Shadow DOM (default): Styles are scoped. External CSS cannot reach inside. Good for
reusable components.

 Light DOM: No style encapsulation. Component renders directly into the page DOM.
External CSS applies normally.

To use light DOM:

cl ass PageSection extends Ti nadEl enent {
static shadow = fal se
static props = { title: String };

render () {
return htm
<section>
<h2>${this.prop('title )}</h2>
<p>This content is rendered directly into the page DOM </ p>
</ section>

}
}

When shadowis f al se:

estatic styl esisignored (no Shadow DOM to scope them)
» The component renders its content directly as children of the custom element
* Global CSS applies to the component's internal elements

» <s| ot > elements do not work -- slots are a Shadow DOM feature. If you need content
projection, use Shadow DOM (st ati ¢ shadow = true)

* This is useful for layout components that need to inherit page styles

7. this.emit() -- Custom Events

Props flow down. Events flow up. A parent tells a child what to display through attributes. The
child tells the parent what happened through custom events. This is the same pattern React uses
with callbacks and Vue uses with $eni t -- but here it is native DOM events, and they work across
framework boundaries.

cl ass Todoltem ext ends Ti nad4El enent {
static props = { text: String, done: Boolean };

render () {
return htnm"
<li>
<i nput
t ype="checkbox"
?checked=${t hi s. prop(' done')}
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@hange=${() => this.emt('toggle')}
/>
<span>${this.prop('text')}</span>
<button @lick=${() => this.emt('renove')}>x</button>
</[li>

}
}

cust onEl enents. define('todo-iteni, Todolten);
Listen for the event in the parent:

htm *
<t odo-item
text="Buy ml k"
done
@oggl e=${() => togglelten(0)}
@enove=${() => renovelten(0)}
></todo-itenp

Passing Data with Events

this.emt('select', { detail: { id: 42, name: 'Alice } });

Listen for it:
htm®
<user-list @el ect=${(e: CustonEvent) => {
consol e.l og(e.detail.id); /1 42

consol e.l og(e.detail.nane); // '"Aice'
}}></user-list>

Events are dispatched with bubbl es: true and conposed: true by default, so they cross
Shadow DOM boundaries and bubble up the tree. You can listen for them anywhere above the
component.

8. Lifecycle Hooks

Tinad4Element provides two lifecycle hooks:

onMount()

Called after the component's first render. Use it for setup that needs DOM access:

cl ass Chart W dget extends Ti nadEl enent {
static props = { data: String };

onMount () {
/1 DOMis ready, shadow root has content
consol e.l og(' Chart mounted');
/1 Initialize third-party library, set up intervals, etc.

}

render () {
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return htm ~<canvas id="chart"></canvas>";

}
}

onUnmount()

Called when the component is removed from the DOM. Use it for cleanup:

cl ass LiveC ock extends Ti nadEl ement {
private intervalld = O;
private tinme = signal (new Date().toLocal eTimeString());

onMount () {
this.intervalld = wi ndow. setlnterval (() => {
this.tinme.value = new Date().toLocal eTi meString();
}, 1000);
}

onUnmount () {
clearlnterval (this.intervalld);

}

render () {
return htm " <span>${this.tine}</span>";
}
}

Timers. Event listeners. WebSocket connections. Anything that outlives the DOM needs cleanup
here. If you create it in onVbunt (), destroy it in onUnnount () . No exceptions.

9. Composing Components
Components compose naturally. Build small, focused components and combine them:

/] status-badge.ts
cl ass StatusBadge extends Ti nadEl enent {
static props = { status: String };
static styles = °
chost { display: inline-block; }
span { padding: 0.2rem O0.5rem border-radius: 4px; font-size: 0.75rem }
.online { background: #dcfce7; color: #166534; }
.offline { background: #fee2e2; color: #991blb; }

render () {
return htn " <span class=${this.prop('status')}>${this.prop('status')}</span>;
}
}

cust ontl enent s. defi ne(' st atus-badge', StatusBadge);

/] user-row.ts
cl ass User Row extends Ti nadEl enent {
static props = { nanme: String, enmil: String, status: String };
static styles = °
chost { display: flex; align-items: center; gap: 1lrem padding: 0.5remO; }
.nane { font-weight: 600; }
.emai|l { color: #6b7280; }
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render () {
return htm’
<span cl ass="nanme">${thi s. prop(' nane')}</span>
<span class="emai |l ">${this.prop('enunil"')}</span>
<status-badge status=${this.prop('status')}></status-badge>

}
}

cust onEl enents. define(' user-row , UserRow);

Use in a page:

htm °
<di v>
<user-row nanme="Alice" emil ="alice@est.conl' status="online"></user-row>
<user-row nanme="Bob" enmil ="bob@est.conl status="offline"></user-row>
</ di v>

10. The Store Pattern -- Shared Signals

A nav bar needs to know who is logged in. A dashboard needs the same data. A settings page
can change it. Three components, one piece of state.

In React, you reach for Context or Redux. In Vue, you reach for Pinia. In tina4-js, you export
signals from a module. That is it. No store library. No provider components. No boilerplate.

Il store.ts
import { signal, conputed } from'tina4js';

export const user = signal <{ nanme: string; role: string } | null>(null, 'current-user');
export const isLoggedln = conputed(() => user.value !== null)
export const isAdmn = conputed(() => user.value?.role === "adnmin")

export function |ogin(nanme: string, role: string) {
user.value = { nane, role };

}

export function |ogout() {
user.val ue = null

}

Any component can import and use these signals:

/'l nav-bar.ts
import { Tinad4Elenent, htm } from'tina4js’
import { user, isLoggedin, logout } from'../store'

cl ass NavBar extends Ti na4El emrent {
static styles = °
chost { display: flex; justify-content: space-between; padding: 1lrem }
button { cursor: pointer; }

render () {
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return htm’
<span>My App</span>
<di v>
${() => islLoggedln.val ue
? htm®
<span>We| cone, ${user}!</span>
<button @lick=${() => | ogout ()}>Logout </button>

htm “<a href="/10gi n">Logi n</ a>"

}

</ di v>

}
}

cust onEl enent s. defi ne(' nav-bar', NavBar);

No boilerplate. No providers. No context wrappers. No mapSt at eToPr ops. Signals are values.
Import them. Use them. Every component that imports the same signal shares the same state,
and every one of them updates when that state changes.

The Intelligent Native Application 4ramework



11. Complete Example -- A Card Component
import { TinadEl ement, htm, signal } from'tina4js'

cl ass Product Card extends Ti nadEl enent {
static props = {
name: String,
price: Nunber,
i mge: String,
i nstock: Bool ean

}s

static styles = °

chost { display: block; border: 1px solid #eb5e7eb; border-radius: 8px; overflow hidden; }

img { width: 100% height: 200px; object-fit: cover; }

.content { padding: lrem }

h3 { margin: 0 0 0.5rem }

.price { font-size: 1.25rem font-weight: 700; color: #059669; }

.out-of-stock { color: #dc2626; font-size: 0.875rem }

button {
wi dt h: 100% padding: 0.75rem border: none; border-radius: 4px;
background: #2563eb; color: white; font-size: 1rem cursor: pointer
mar gi n-top: 0. 5rem

}

button: di sabl ed { background: #9ca3af; cursor: not-allowed; }

render () {
const quantity = signal (1);

return htm"
<ing src=${this.prop('image')} alt=${this.prop('nane')} />
<div class="content">
<h3>${t hi s. prop(' nane')}</h3>
<p class="price">$${this.prop('price )}</p>

${() => this.prop<bool ean>("'instock').val ue
? htm®
<di v>
<button @lick=${() =>{ if (quantity.value > 1) quantity.value--; }}>-</button>
<span>${quantity}</span>
<button @lick=${() => quantity.val ue++}>+</button>
</ di v>
<button @lick=${() => {
this.emt('add-to-cart', {
detail: {
name: this.prop<string>('nane').value
quantity: quantity.val ue
}

1)
}}>Add to Cart</button>

ht M “ <p cl ass="out - of - st ock" >Qut of Stock</p>"
}

</ di v>
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cust onEl enent s. defi ne(' product-card',

Use it:

htm®
<product -card

nane="Wrel ess Muse"

price="29"

i mge="/1i mages/ nouse. j pg"

i nst ock

@dd-to-cart=%${(e:

CustonEvent) => {

Pr oduct Card) ;

consol e. | og(" Added ${e.detail.quantity}x ${e.detail.nane}");

1}

></ pr oduct - car d>

Summary

Define a component
Declare props

Read a prop
Scoped styles

Light DOM mode
Fire events

After first render
Before removal

Register tag

Shared state

cl ass X extends Ti nadEl enent
static props = { nane: String }
this.prop(' nane') returns a signal
static styles =" '

static shadow = fal se
this.emt('name', { detail })
onMount ()

onUnnount ()

cust onEl enent s. defi ne('tag-nane',
C ass)

Export signals from a module
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Routing

Navigation Without the Router Library

A user clicks "Dashboard.” The page goes white. A full HTML document loads from the server.
The CSS re-parses. The JavaScript re-executes. The user waits.

Single-page applications fix this. The browser stays on one HTML page. JavaScript swaps
content in and out. The URL changes, but the page never reloads. Navigation feels instant
because it is -- only the content that changed gets replaced.

tina4-js gives you this in about 20 lines of routing code. Parameterized routes. Guards that protect
pages. A 404 catch-all. Programmatic navigation. No separate router library to install.

1. How Routing Works
The tina4-js router follows three steps:

eYoucallroute(pattern, handl er) to register paths
eYoucallrouter.start({ target, node }) to startlistening

» When the URL changes, the router finds the matching route, calls the handler, and renders
the result into the target element

No file-based routing. No dynamic imports by convention. No data loaders. You register routes
with explicit calls, and the router invokes your handler function when the URL matches.

2. Registering Routes
import { route, htm } from'tina4js';

route('/', () => htnl <hl>Hone</hl>");
route('/about', () => htm  <hl>About</hl>");
route('/contact', () => html  <hl>Contact</hl>");

Pattern is always the first argument. This is a convention across all tina4 frameworks. Do not
swap the arguments.

The handler is a function that returns content. It can return:
* A Docunent Fragnment (from ht nl tagged templates)
* A Node (any DOM node)

e Astring (setasinnerHTML)

« A Prom se that resolves to any of the above (async routes)
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3. Route Parameters

Use { par ant syntax in patterns to capture URL segments:

route('/users/{id}', ({ id}) =>{
return htm " <hil>User ${id}</hl>"
1)

route('/posts/{year}/{slug}', ({ year, slug }) => {
return htm " <hl>${slug} (${year})</hl>";
1
Parameters are extracted from the URL and passed to the handler as a Record<string,
string>. All values are strings -- cast them yourself if you need numbers:
route('/products/{id}", ({ id}) =>{

const productld = parselnt(id, 10);
return htm " <product-detail id="${productld}"></product-detail>";

1)
How Matching Works

The router converts { par ant to ([ /] +) regex groups:

e/ users/{id} matches/users/ 42,/ users/alice,/users/abc-123
e/ posts/{year}/{sl ug} matches/ posts/ 2024/ nmy- post
* It does not match / user s/ (trailing slash, noid) or / user s/ 42/ edi t (extra segment)

Routes are checked in registration order. The first match wins. Put specific routes before general
ones.

4. The Wildcard -- 404 Routes

route("*', () => htn"
<di v>
<h1>404</ h1>
<p>Page not found.</p>
<a href="/">CGo hone</a>
</ di v>
)
The * pattern matches any path. Register it last so it only catches URLs that no other route
matched.

5. Route Guards

A user types / admi n into the address bar. They are not logged in. They should never see that
page. Without guards, the handler runs, the admin panel renders, and your application has a
security hole.

Guards protect routes. A guard runs before the handler. It can:
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* Return t r ue to allow navigation
* Return f al se to block navigation (nothing happens)

* Return a string to redirect to that path

import { route, htm, signal, conmputed } from'tina4js';

const token = signal<string | null>(null)
const isLoggedln = conmputed(() => token.value !== null)

/1 Protected route

rout e('/dashboard', {
guard: () => isLoggedln.value || '/login',
handl er: () => htm "~ <hl>Dashboard</h1>"

1)

/1 Logi n page
route('/login, () =>{
return htnm"
<di v>
<h1>Logi n</ h1>
<button @lick=${() => { token.value = 'abc123'; }}>

Log In
</ but ton>
</ di v>

1)
When a user navigates to / dashboar d:
e The guard runs: i sLoggedln.value || "/l ogin'
«Ifi sLoggedl nistrue, the guard returns t r ue and the handler renders
elfisLoggedinisfal se,false || "/login' returns' /| ogin' --the router redirects
The redirect uses navi gat e(path, { replace: true }), so the protected URL does not

appear in browser history. The user cannot press Back to get to the guarded page.

Admin Guard Pattern

const user = signal<{ role: string } | null>(null);

route('/admn', {
guard: () => {
if (luser.value) return '/login';

if (user.value.role !=="admn') return '/unauthorized";
return true;
b
handl er: () => htm " <adm n- panel ></ adm n- panel >,
1)
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6. Starting the Router
import { router } from'tina4js';

router.start({
target: '#root',
node: 'history',

1)

target

A CSS selector for the element where route content renders. The router finds this element with
docunent . quer ySel ect or (). If the element does not exist, the router throws.
<body>
<nav>. .. </ nav>
<main id="root"></main> <!-- routes render here -->

<footer>...</footer>
</ body>

mode

Two options:

"history' [ about, /users/ 42 Server-side URL rewriting

" hash' [ #/ about , / #/ users/ 42 Nothing -- works everywhere

Hash mode is the default in scaffolded projects. URLs carry a # prefix. No server configuration
needed. Works on static hosts, GitHub Pages, S3, anywhere you can drop files.

History mode gives clean URLs without the hash. But the server must return i ndex. ht il for all
routes. When a user bookmarks https://myapp. con users/ 42 and loads it, the server
needs to serve the SPA -- not search for a/ user s/ 42 file that does not exist.

Vite dev server handles this automatically. For production, configure your web server:

# Ngi nx
location / {
try files $uri /index.htnl;

}

# Apache (. htaccess)

Rewr i t eEngi ne On

RewriteRule "index\.htm$ - [L]
Rewr it eCond % REQUEST_FI LENAME} ! -f
Rewri t eCond % REQUEST_FI LENAME} !-d
RewiteRule . /index.htnl [L]
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7. Programmatic Navigation
import { navigate } from'tina4js'

/1 Push to history (user can press Back)
navi gat e(' / dashboard');

/'l Replace current history entry (no Back)
navigate('/login', { replace: true });

Use navi gat e() in event handlers, after API calls, in guards -- anywhere you need to move the
user to a different page.

const handl eLogin = async () => {
const success = await api.post('/auth/login', credentials);
if (success) {
navi gat e(' / dashboard');

}
b

Link Interception

The router automatically intercepts clicks on <a> tags with same-origin hr ef attributes. You do
not need a special <Li nk> component:

htm *<a href="/about " >About </ a>"
/1 Cicking this navigates w thout a page rel oad

The router ignores:

e Links with t ar get =" bl ank" oranyt ar get attribute

e Links with the downl oad attribute

e Links with r el =" ext er nal "

» Modified clicks (Ctrl+click, Cmd+click, Shift+click, Alt+click)

« Links to different origins (external URLS)

8. Route Change Events

Listen for navigation events:
import { router } from'tina4js'

const unsubscribe = router.on('change', ({ path, parans, pattern, durationMs }) => {
consol e.l og( " Navigated to ${path} (matched ${pattern}) in ${durati onMs}ns’);
consol e. |l og("' Parans:', parans);

1)

/1 Later, to stop |listening:
unsubscri be();

The change event includes:
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pat h string The current URL path

par anms Record<string, string> Extracted route parameters
pattern string The matched route pattern
dur ati onMVs nunber Time to render the route (ms)

Use this for analytics, breadcrumbs, active nav highlighting, or debugging:

/1 Analytics

router.on('change', ({ path }) => {
anal ytics. pageVi ew( pat h);

1)

/'l Active nav highlighting

const currentPath = signal ('/");

router.on('change', ({ path }) => {
current Pat h. val ue = path;

1)
htm ®
<nav>
<a href="/" class=${() => currentPath.value === "'/"'" ? 'active' : ''}>Hone</a>
<a href="/about" class=${() => currentPath.value === '/about' ? "active' : ''}>About</a>
</ nav>

9. Async Routes

A user profile page needs data from the server. You cannot render the page until the data arrives.
Route handlers can be async -- the router awaits the result before rendering:

route('/users/{id}', async ({ id}) => {
const user = await api.get( /users/${id}");
return htm"
<di v>
<h1>${user. nanme} </ hl>
<p>${user.emnil } </ p>
</ div>

1)

If the user navigates away before the async handler resolves, the stale result is discarded. The
router tracks a version counter and renders only if the version matches. No race conditions. No
stale data flashing on screen.

Loading States

For a better user experience, show a loading indicator:

route('/users/{id}', async ({ id }) => {
const | oading = signal (true);
const user = signal <any>(null);

/'l Show | oadi ng i medi ately ) o
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const view = htm"
<di v>
${() => | oadi ng. val ue
? html " <p>Loadi ng...</p>
htm ®
<h1>${() => user.val ue?. nane}</ hl>
<p>${() => user.val ue?. enuil}</p>

</ di v>

/1 Fetch in background

api . get( /users/${id} ).then(data => {
user.val ue = data
| oadi ng. val ue = fal se

1)

return view,

1)

10. Effect Cleanup on Route Change

You create a signal and an effect on one route. The user navigates away. Without cleanup, that
effect keeps running -- updating state for a page that no longer exists, consuming memory for
nodes that have been removed from the DOM.

The router handles this. When a route changes, effects created during the previous route's
rendering are disposed. No memory leaks. No ghost updates.

route('/live', () => {
const count = signal (0);

/1 This effect is automatically cleaned up when the user navi gates away
effect(() => {

const interval = setlnterval (() => {
count . val ue++
}, 1000);
/1 But setlnterval is NOT cleaned up automatically -- you need to handl e that
1)

return htm ~<p>Count: ${count}</p>"
1
The router disposes the effect (unsubscribes from signals), but it cannot clean up timers, event
listeners, or other resources you created outside the signal system. For those, use onUnnount ()
in a component, or track cleanup manually. The rule: if the router did not create it, the router
cannot destroy it.
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11. Complete Example -- Multi-Page App

/'l src/store.ts
import { signal, conputed } from'tina4js';

export const token = signal<string | null>(null, "auth-token');
export const isLoggedln = conputed(() => token.value !== null);

/'l src/routes/index.ts
import { route, navigate, htm, signal } from'tina4js'
import { token, isLoggedlin } from'../store';

/1 Public routes
route('/', () => htnl"®
<di v>
<h1>Hone</ h1l>
<nav>
<a href="/about " >About </ a>
${() => isLoggedln.val ue
? htnl " <a href="/dashboar d">Dashboar d</ a>"
html ~<a href="/1o0gi n">Logi n</ a>"
}
</ nav>
</ di v>

)

route('/about', () => htnml"
<di v>
<h1>About </ h1>
<a href="/">Back</ a>

</ di v>

)

/1 Login

route('/login, () =>{
const email = signal ('');

const password = signal ('");

return htm’
<di v>
<hl>Logi n</ hl>
<form @ubmi t=${(e: Event) => {
e. prevent Defaul t();
/'l Fake | ogin

t oken.val ue = 'fake-jw-token';
navi gat e(' / dashboard');
1>
<i nput
type="email"

pl acehol der ="Emai | "
@nput =${(e: Event) => { emmil.value = (e.target as HTM.I nput El enent). val ue; }}
/>
<i nput
t ype="passwor d"
pl acehol der =" Passwor d"
@nput =${(e: Event) => { password.value = (e.target as HTM.I nput El enent). val ue; }}
/>
<button type="subm t">Logi n</ button>
</forne
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</ di v>
1)

/1 Protected routes
route('/dashboard', {

guard: () => isLoggedin.value || '/login',
handler: () => htm"
<di v>

<h1>Dashboar d</ h1>

<p>You are | ogged in.</p>

<button @lick=${() => {
token. val ue = null
navigate('/");

}}>Logout </ but t on>

</ di v>
1)
/1 404
route('*', () => htm"
<di v>
<h1>404</ h1>
<a href="/">G hone</ a>
</ di v>
)

/'l src/main.ts
import { router } from'tina4js';
import './routes/index'

router.start({ target: '#root', node: 'hash' });
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Summary

r route route(pattern, handl er)
arams route('/users/{id}', ({ id }) =>
-)
“route('/x', { guard: () => bool\ string, handler })°
d/404 route('*', handler)
uter router.start({ target: " #root',

node: 'history' })

e navi gate('/path')

> (no back) navi gate('/path', { replace: true
})

or changes router.on(' change', ({ pat h,
parans, pattern, durationMs }) =>

-)
outes Handler returns a Pr oni se
erception Automatic for same-origin <a hr ef >
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API

Talking to Your Backend

Your frontend renders a list of users. The data lives in a database. Between your signal and that
database sits an HTTP request -- and a surprising amount of ceremony. Auth headers. CSRF
tokens. Token rotation. Error handling. JSON parsing. In most projects, you install Axios or ky,
configure interceptors, and write wrapper functions before you make your first call.

tina4-js includes all of this. One import. No extra packages. If you use a tina4-php or tina4-python
backend, auth and CSRF protection wire up with a single configuration flag.

1. The API Client

The built-in HTTP client wraps f et ch() with the features you need in every application:

» Automatic Aut hori zati on: Bearer headers
» Token rotation via Fr eshToken response headers
* CSRF f or mroken injection in POST/PUT/PATCH/DELETE bodies
* Per-request headers and query params
» Request and response interceptors
* JSON parsing by default
import { api } from'tina4js';

One import. No Axios. No ky. No dependencies. The API client ships with the framework.

2. Configuration
Call api . confi gure() once at app startup:

api . configure({
baseUrl: '"https://api.exanple.com,
auth: true,

1)
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Options

baseUr | string Prepended to
request paths

aut h bool ean fal se Enable Bearer token
and formToken

t okenKey string "tina4d_token' localStorage key for
the auth token

header s Recor d<stri ng, {} Default headers on
string> every request

A typical setup for a tina4-php backend:

api . configure({
baseUrl: '/api'
aut h: true,
headers: {
"Accept': '"application/json'
}.
B

During development with Vite, proxy API calls to your backend:

/1 vite.config.ts
export default defineConfig({
server: {

proxy: {
"/api': '"http://local host:7145",
H
H
1)

3. Making Requests

GET

const users = await api.get('/users');
With query parameters:

const users = await api.get('/users', {
parans: { page: 2, limt: 20, search: "alice' },

1)
/'l Request: GET /users?page=2& i mt=20&search=alice

Parameters are automatically URL-encoded.
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POST

await api.post('/users', {
nanme: 'Alice',
emai |l : "alice@xanple.com,
role: 'editor',

1)

The body is serialized as JSON. The Cont ent - Type: application/]json header is added
automatically.

PUT (Full Replace)

await api.put('/users/42', {
nane: 'Alice',
email: 'alice@ewennil.con,
role: "admn',

1
PATCH (Partial Update)

await api.patch('/users/42', {
role: '"admn',

1)
DELETE

awai t api.delete('/users/42");

4. RequestOptions
Every method accepts an optional Request Opt | ons object:

interface Request Options {
headers?: Record<string, string>;
parans?: Record<string, string | nunber | bool ean>;

}

Per-Request Headers

const data = await api.get('/reports/export', {
headers: {
"Accept': "text/csv',
' X-Custom : 'val ue',
}
1)

Per-request headers merge with (and override) the default headers from conf i gure().

Query Params on Any Method

awai t api.post('/search', { query: "tina4' }, {
parans: { format: 'detailed , lang: 'en' },

1)

/| POST /search?format=detail ed& ang=en

/1 Body: { "query": "tina4" }
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5. Auth Flow

One flag -- aut h: true -- activates three mechanisms that handle authentication for every
request your application makes:
1. Bearer Token
Every request includes an Aut hori zat i on header:
Aut hori zati on: Bearer <token>

The token is read from | ocal St or age using the t okenKey (default: ' t i na4_t oken").

2. formToken

For POST, PUT, PATCH, and DELETE requests, a f or mfoken property is injected into the
JSON body:

/'l You send:
await api.post('/users', { nane: 'Alice' });

/'l Actual request body:
{ "nane": "Alice", "fornToken": "the-current-token" }

This is CSRF protection for tina4-php and tina4-python backends. They validate the f or mToken
on every write operation.

3. FreshToken Rotation

When the server responds with a Fr eshToken header, the client automatically stores it:

HTTP/ 1.1 200 K
FreshToken: newjwt -token-here

The new token replaces the old one in | ocal St or age and is used for subsequent requests. This
allows the backend to rotate tokens on every request or on a schedule.

Login Example

inmport { api, navigate, signal } from'tina4js'

const loginError = signal<string | null>(null);

async function login(email: string, password: string) {
try {
const result = await api.post<{ token: string }>('/auth/login', {
emi |,
password
1)

/1 Store the token (the APl client reads it from /| ocal Storage)
| ocal Storage.setlten('tinad4_token', result.token);

navi gat e(' / dashboard');
} catch (err: any) {
I ogi nError.value = err.data?. nessage ?? 'Login failed'
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6. Error Handling

A 404. A 500. A network timeout. Every API call can fail, and your application needs to handle the
failure without crashing. When the server returns a non-2xx status, api throws the response
object:

try {
awai t api.get('/users/999");
} catch (err: any) {
consol e.log(err.status); // 404
consol e.l og(err.data); /1 { message: "User not found" }
consol e. |l og(err. ok); /1 false

}

The thrown object has the Api Response shape:

interface Api Response<T = unknown> {
status: nunber;
data: T;
ok: bool ean;
headers: Headers;

}

Pattern: Centralized Error Handling with Interceptors

api .intercept('response', (response) => {
if (response.status === 401) {
| ocal St orage. renovelten('tina4_token');
navigate('/login');

}

if (response.status === 403) {
navi gat e(' / unaut hori zed');

}
1)

7. Interceptors

Every request passes through a pipeline. Interceptors let you insert logic at two points: before the
request leaves and after the response arrives. Add a client version header to every request.
Unwrap a response envelope. Log slow calls. Redirect on 401. Interceptors handle all of it in one
place.

Request Interceptor

api .intercept('request', (config) =>{
/1 Add a custom header to every request
config. headers['X-Client-Version'] ="'1.0.0'

/1 Add a tinestanp
config. headers[' X-Request-Time'] = new Date().tol SCString();
1)
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The confi g parameter is a Request | ni t with a header s record. Modify it in place or return a
new obiject.

Response Interceptor

api .intercept('response', (response) => {
/1 Log slow requests
if (response.status === 200) {
consol e.l og( APl : ${response.status} );

}

/1 Transform data
if (response.data && typeof response.data === 'object') {
/1 unwrap a comon envel ope
const envel ope = response.data as any;
if (envel ope.data) {
return { ...response, data: envel ope.data };

}
}
1)

Return a modified response to transform the data before it reaches your application code. Return
nothing (or undef i ned) to pass the response through unchanged.

8. Real Example: CRUD Data Table

A list of users. Add one. Edit one. Delete one. This is the bread and butter of business
applications, and it exercises every feature of the API client -- GET for loading, POST for creating,
PUT for updating, DELETE for removing, batch for coordinating signal updates:

import { signal, conputed, html, api, batch } from'tina4js';

interface User {

id: nunber;
nane: string;
emai |l : string;

}

function usersPage() {
const users = signal <User[]>([], 'users');
const | oading = signal (true, 'users-loading');
const editingld = signal <nunber | null>(null)
const editName = signal ('");
const editEmail = signal ('');

/'l Load users
async function | oadUsers() {
| oadi ng. val ue = true;
try {
const data = await api.get<User[]>('/users');
users. val ue = data;
} finally {
| oadi ng. val ue = fal se;
}
}
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/'l Create

async function createUser(name: string, email: string) {
const newUser = await api.post<User>('/users', { nane, email });
users.value = [...users.val ue, newlser];

}

/1 Update
async function updateUser(id: nunber) {
const updated = await api.put<User>( /users/${id} , {
nanme: editNane. val ue

emai | : editEnmil.val ue
)
batch(() => {
users.value = users.value.map(u => u.id === id ? updated : u);
editingld.value = null
)
}
/'l Delete

async function del eteUser(id: nunber) {
await api.delete( /users/${id}");
users.value = users.value.filter(u => u.id !'==id);

}

/1 Start editing
function startEdit(user: User) {
batch(() => {
editingld.value = user.id;
edi t Nane. val ue = user. naneg;
edi t Emmi | . val ue = user. enui |
)
}

/1 Initial |oad
| oadUsers();

return htm”
<di v>
<h1l>User s</ hl>

${() => | oading. val ue
? html " <p>Loadi ng...</p>

htm °
<t abl e>

<t head>

<t r><t h>Nane</t h><t h>Enmi | </t h><t h>Acti ons</th></tr>
</t head>
<t body>

${() => users.value. map(user => htnl"

<tr>
${() => editingld. value === user.id
? htm "~
<t d>

<i nput .val ue=${edit Nane}

@nput =${(e: Event) => { editNane.value = (e.target as HTM.I nputE

</td>
<t d>
<input .value=${editEmail}

—@nput=${{e—FEvent)—=>-{ edi t Enail . val ue
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</td>
<t d>

<button @lick=${() => updateUser(user.id)}>Save</button>

<button @lick=${() => { editingld.value = null; }}>Cancel </ button>
</td>

htm®
<t d>${user. nane}</td>
<td>${user.emil }</td>
<t d>
<button @l ick=${() => startEdit(user)}>Edit</button>
<button @lick=${() => del eteUser(user.id)}>Del ete</button>
</td>

}
</tr>
1
</t body>
</t abl e>

}

<h2>Add User </ h2>
<form @ubm t=${(e: Event) => {
e. prevent Defaul t();
const form= e.target as HTM.For nEl enent ;
const fornData = new FornData(form;
createUser (fornData.get(' nane') as string, fornData.get('enmil') as string);
formreset();

13>
<i nput nane="nane" pl acehol der="Nane" required />
<i nput nane="email" type="email" placehol der="Enmil" required />
<button type="submn t">Add</ button>

</fornp

</ di v>
}
9. File Upload

The API client sends JSON by default. Files are not JSON. For file uploads, use f et ch() with
the same base URL and auth token. The browser sets the correct Cont ent - Type with multipart
boundaries -- do not set it yourself:

async function uploadFile(file: File) {
const fornData = new FornData();
fornDat a. append('file', file);

const token = | ocal Storage. getlten('tina4_token');

const response = await fetch('/api/upload , {
met hod: ' POST',
headers: {
...(token ? { Authorization: “Bearer ${token}  } : {}),
b,
body: fornData, // Do NOF-set—Content-Type——browser sets it with boundary
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1)

return response.json();

}

Use in a template:

htnm *

<input type="file" @hange=%{(e:

Event) => {

const file = (e.target as HTM.InputEl enent).files?.[0];

if (file) uploadFile(file);

1Y 1>

Summary

Configure

GET

POST

PUT

PATCH

DELETE

Query params
Per-request headers
Auth token

Token rotation

CSREF protection

Error handling
Request interceptor

Response interceptor

api . configure({ baseUr |, aut h,
t okenKey, headers })

api . get (path, options?)

api . post (pat h, body?, options?)
api . put (path, body?, options?)

api . patch(path, body?, options?)
api . del et e(path, options?)

{ params: { key: value } }

{ headers: { key: value } }
Automatic Bearer header when aut h: true
Automatic via FreshToken response header

Automatic formToken in
POST/PUT/PATCH/DELETE

Non-2xx throws Api Response
api .intercept('request', fn)

api .intercept('response', fn)
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WebSocket

Real-Time Without the Headache

A chat message arrives. A stock price changes. A deployment finishes. A sensor reading spikes.
The data exists on the server right now, but your user stares at stale numbers until they refresh
the page.

HTTP requests are pull. You ask, the server answers. WebSocket is push. The server sends data
the moment it exists. The user sees it the moment it arrives.

The raw WebSocket API gives you this, but it hands you a connection object and wishes you luck.
Reconnection? Write it yourself. State tracking? Manual. Feeding messages into your reactive UI?
Also manual.

tina4-js wraps all of it. One function call opens the connection. Five reactive signals track the
state. A pipe function streams messages into your signals with a reducer. Auto-reconnect handles
dropped connections with exponential backoff.

1. The WebSocket Client
The tina4-js WebSocket client adds three things on top of the browser API:
* Reactive signals -- st at us, connect ed, | ast Message, error,reconnect Count
« Auto-reconnect -- exponential backoff, configurable attempts
* Signal piping -- stream messages into signals with a reducer
import { ws } from'tina4js'

2. Connecting

const socket = ws.connect (' wss://api.exanple.comws');

One line. The connection starts. The socket object gives you reactive state and methods to
send, listen, pipe, and close.

With Options
const socket = ws.connect('wss://api.exanple.comws', {
reconnect: true, /'l auto-reconnect on disconnect (default: true)
reconnect Del ay: 1000, /1 initial delay in ns (default: 1000)
reconnect MaxDel ay: 30000, // max delay w th backoff (default: 30000)
reconnect Attenpts: 10, /] max attenpts (default: Infinity)
protocol s: 'chat-vl', /'l WebSocket sub-protocols

1)
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Options Reference

reconnect bool ean true Enable
auto-reconnect

reconnect Del ay numnber 1000 Initial reconnect
delay (ms)
reconnect MaxDel a nunber 30000 Max delay after
y backoff (ms)
reconnect Attenpt nunber Infinity Max reconnect
s attempts
protocol s “string \ string[]’ [ WebSocket

sub-protocols

3. Reactive Signals
The socket exposes five signals:

const socket = ws.connect('wss://api.exanple.comws');

socket . st at us; /'l Signal < connecting' | 'open' | 'closed | 'reconnecting' >
socket . connect ed,; /1 Si gnal <bool ean>

socket . | ast Message; /1 Si gnal <unknown>

socket.error; /'l Signal <Event | null>

socket.reconnect Count; // Signal <nunmber >
Use them directly in templates:

import { html } from'tina4js'

htm *
<di v>
<p>Status: ${socket.status}</p>
<p>Connected: ${() => socket.connected.value ? 'Yes' : 'No'}</p>

<p>Reconnect attenpts: ${socket.reconnect Count}</p>
<p>Last message: ${() => JSON.stringify(socket.|ast Message. val ue)}</p>
</ div>

These update the moment the connection state changes. No polling. No callbacks. No manual
state management. Drop them in a template and the Ul stays current.

Status Flow

connecting -> open -> closed -> reconnecting -> open -> ...
e connect i ng -- initial connection attempt

e open -- connected and ready
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e cl osed -- disconnected

ereconnecti ng -- waiting to reconnect (auto-reconnect active)

4. Sending Messages

/1 Send a string
socket.send(' hello");

/1 Send an object (auto-JSON. stringify)
socket.send({ type: 'chat', message: 'Hello!' });

/1 Send with a specific structure
socket . send({

action: 'subscribe'

channel: 'notifications'

1),

Objects are automatically serialized with JSON. st ri ngi fy() . Strings are sent as-is.
If the socket is not connected, send() throws:

try {
socket.send(' hello');

} catch (e) {
consol e. error (' Not connected');

}

Check the connect ed signal before sending:

if (socket.connected.value) {
socket . send(dat a) ;

}

5. Listening for Events

The on() method returns an unsubscribe function:

/1l Messages

const unsub = socket.on(' nmessage', (data) => {
consol e. |l og(' Received:', data);

1

/1 Connection opened
socket.on('open', () =>{

consol e. |l og(' Connected!");

socket.send({ type: 'auth', token: 'ny-token' });
1

/1 Connection closed
socket.on('close', (code, reason) => {
consol e. 1 og(" Cl osed: ${code} ${reason} );

1)

/1l Errors
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socket.on('error', (event) => {
consol e. error (' WebSocket error:', event);

1)

/1 Later, unsubscribe
unsub();

Message Parsing

Messages are automatically JSON-parsed. If the message is valid JSON, you get an object. If not,
you get the raw string:

socket.on(' nessage', (data) => {
/1 data is already parsed if it was JSON
if (typeof data === 'object') {
consol e. |l og(data.type, data.payl oad);
} else {
consol e.log(' Raw string:', data);

}
1)

6. pipe() -- Stream Messages Into Signals

This is where WebSocket meets reactivity. A message arrives. It flows into a signal through a
reducer function. The signal updates. Every subscriber -- text nodes, computed values, effects --
responds. The data moves from server to DOM without a single manual step.

pi pe() connects a WebSocket message stream to a signal with a reducer:
import { signal } from'tina4js'
const nessages = signal<string[]>([]);

socket . pi pe(nessages, (nsg, current) => {
const chatMsg = nmsg as { text: string };
return [...current, chatMsg.text];

1)
Every time a message arrives:
» The reducer runs with ( nessage, current Si gnal Val ue)
* The return value is assigned to nessages. val ue
« Everything subscribed to nessages updates

No event listener that grabs a signal reference and mutates it. No manual state management. The
pipe is declarative, testable, and composable. Data flows in one direction: server to socket to
reducer to signal to DOM.

Multiple Pipes

You can pipe the same socket to multiple signals:

const notifications = signal <any[]>([]);
const user Count = signal (0);
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/1 Route nessages to different signals based on type

socket . pi pe(notifications, (nsg, current) => {
const m= nsg as { type: string;, data: any };
if (mtype === "notification') return [...current, mdata];
return current; // ignore non-notification nessages

1)

socket . pi pe(user Count, (nsg, current) => {
const m= nsg as { type: string; count: nunber };
if (mtype === "user_count') return m count;
return current;

)
Unsubscribing
pi pe() returns an unsubscribe function:

const unsub = socket. pi pe(nmessages, reducer);

/'l Later
unsub();

7. Auto-Reconnect

By default, the socket reconnects automatically when the connection drops. The delay doubles
after each attempt (exponential backoff):

 Attempt 1: 1000ms delay
* Attempt 2: 2000ms delay
 Attempt 3: 4000ms delay
« Attempt 4: 8000ms delay
e..uptoreconnect VaxDel ay (default: 30000ms)

When reconnection succeeds:

estat us goesto' open'
econnect ed becomestrue
ereconnect Count resetsto O

* The delay resets to the initial value

Track reconnection in the Ul:

htm °
${() => socket.status.value === 'reconnecting’
? html " <div class="banner">
Reconnecting... (attenpt ${socket.reconnect Count})
</ di v>"
nul
}
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Disabling Reconnect

const socket = ws.connect (' wss://api.exanple.comws', {
reconnect: fal se,

1)
Limiting Attempts

const socket = ws.connect (' wss://api.exanple.comws', {
reconnect Attenpts: 5, // give up after 5 tries

1)

8. Closing the Connection

socket . cl ose();

An intentional close stops reconnecting. The status goes to ' cl osed"' and stays there. The user
logs out. The component unmounts. The page no longer needs live data. Call cl ose() and the
connection ends.

With code and reason:

socket . cl ose( 1000, 'User |ogged out');

9. Real Example: Chat Room

Two users. One room. Messages appear the moment they are sent. The connection status shows
at the top. The input disables when the socket disconnects. Everything is reactive -- signals drive
every piece of state.

import { signal, htm, ws, batch } from'tina4js’;

function chat Room() {
const nessages = signal <{ user: string; text: string; tine: string }[]>([]);
const input = signal ('');
const usernanme = signal (' Anonynous');
const socket = ws.connect (' wss://api.exanple.com chat');

/1 Pipe incom ng nessages into the nessages signal
socket . pi pe(nessages, (nsg, current) => {
const m= nseg as { type: string; user: string; text: string; tine: string };
if (mtype === "chat') {
return [...current, { user: muser, text: mtext, tine: mtinme }];

}

return current;

1)

/'l Send on enter
const sendMessage = () => {
const text = input.value.trin();
if (!text || !socket.connected.value) return;

socket . send( {
type: 'chat’,
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user: usernane. val ue

t ext,
)
input.value ="'
s
return htm "
<di v>
<h1>Chat </ h1>
${() => !socket.connected. val ue
? html " <p>Connecting...</p>
nul
}
<di v style="height: 400px; overflowy: auto; border: 1px solid #e5e7eb; padding: lrem"
${() => nessages.val ue. map(nsg => htnl"’
<di v>
<strong>${msg. user }</ strong>
<span styl e="col or: #6b7280; font-size: 0.75rent >${nsg.tine}</span>
<p>${nsg.text}</ p>
</ di v>
)}
</ di v>
<form @ubmit=${(e: Event) => { e.preventDefault(); sendMessage(); }}>
<i nput
type="text"
pl acehol der="Type a nessage..."
.val ue=${i nput}
@nput=${(e: Event) => { input.value = (e.target as HTM.Input El enent).val ue; }}
?di sabl ed=${() => !socket.connected. val ue}
/>
<button type="subnmit" ?di sabl ed=${() => !socket.connected. val ue}>
Send
</ button>
</fornp
</ di v>

10. Real Example: Live Dashboard

A server streams metrics every second. Active users. Requests per second. Error rate. CPU
usage. Alerts arrive when thresholds are exceeded. The dashboard updates without a single API
poll -- the data pushes itself to the screen.

import { signal, conputed, htm, ws } from'tina4js';

function |liveDashboard() {
const netrics = signal ({
activeUsers: O,
request sPer Second: O,
errorRate: O,
cpuUsage: O,
)
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const alerts = signal<string[]>([]);
const socket = ws.connect (' wss://api.exanple.conmnetrics');

/1 Pipe netrics updates
socket . pi pe(netrics, (msg, current) => {
const m= nsg as { type: string;, data: any };
if (mtype === "netrics') {
return { ...current, ...mdata };
}

return current;

1)

/1 Pipe alerts
socket. pipe(alerts, (msg, current) => {
const m= nsg as { type: string, nessage: string };
if (mtype === "alert') {
return [...current.slice(-9), mnessage]; // keep last 10
}

return current;

1)

const cpuCol or = conputed(() => {
const cpu = netrics. val ue. cpuUsage;
if (cpu > 80) return '#dc2626'
if (cpu > 50) return '#f59e0b’'
return ' #059669'

)

return htm"
<di v>
<h1>Li ve Dashboar d</hl>
<p>Status: ${socket.status}</p>

<div style="display: grid; grid-tenplate-colums: repeat(4, 1fr); gap: lrem">
<div class="card">
<h3>Acti ve Users</h3>
<p style="font-size: 2rem>${() => netrics.val ue.activeUsers}</p>
</ di v>
<div class="card">
<h3>Request s/ s</ h3>
<p style="font-size: 2ren>${() => netrics.val ue.requestsPer Second} </ p>
</ di v>
<div class="card">
<h3>Error Rate</h3>
<p style="font-size: 2rent>${() => netrics.val ue. errorRate} %/ p>
</ di v>
<div class="card">
<h3>CPU</ h3>
<p style="font-size: 2rem color: ${cpuColor}">
${() => nmetrics.val ue. cpuUsage} %
</ p>
</ di v>
</ di v>

<h2>Al ert s</ h2>
<ul >
${() => alerts.value.map(alert => htmi"
<li style="col or: #de2626">%{alert}<ti>——
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)}

</ ul >
</ div>
}
Summary

inect (url, options?)

. stat us -- "connecting' \ ‘open' \ ‘closed' \
. connect ed -- boolean

.l ast Message

. error

. reconnect Count

. send(dat a) -- auto-stringify

on('message'\ ‘open' \ ‘close" \

. pi pe(signal, (nsg, current)
Wal ue)

.cl ose(code?, reason?) -
connect

lefault, exponential backoff
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SSE / NDJSON Streaming

Streaming Without WebSocket

An Al chatbot types back one token at a time. A dashboard counter ticks up as orders arrive. A
notification feed shows events the moment they happen. The data flows from server to client, but
you don't need the complexity of WebSocket for it.

Server-Sent Events (SSE) is the browser's built-in streaming protocol. One-directional: server
pushes, client listens. It reconnects automatically. It works over HTTP/2. It's simpler than
WebSocket for every case where you don't need to send data back.

NDJSON (Newline-Delimited JSON) is the same idea over a regular fetch response. One JSON
object per line, streamed as the server generates them. This is how most Al APIs stream tokens
— and it supports POST requests and custom headers, which SSE's EventSource does not.

tina4-js wraps both in a single module. One function call opens the stream. Six reactive signals
track the state. A pipe function accumulates messages into your signals with a reducer.
Auto-reconnect handles dropped connections.

1. The SSE Client

The tina4-js SSE client provides:

* Dual mode — native EventSource for SSE, fetch+ReadableStream for NDJSON

* Reactive sighals — st at us, connect ed, | ast Message, | ast Event, error,
reconnect Count

* Auto-reconnect — exponential backoff, configurable attempts
* Signal piping — stream messages into signals with a reducer
import { sse } from'tina4js'

2. EventSource Mode (Default)

const stream = sse.connect('/api/events');

One line. The browser opens an EventSource connection. Messages arrive as the server sends
them.

import { sse, effect } from'tina4js'
const stream = sse.connect('/api/events');

effect (() => {
console.log(' Status:', stream status.val ue);

1)

effect (() => {
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if (stream | ast Message. val ue) {
consol e. | og(' Recei ved: ', stream| ast Message. val ue);

}
1)

3. Fetch Mode (NDJSON)

EventSource only supports GET requests with no custom headers. For POST requests, Bearer
tokens, or NDJSON streaming, use fetch mode:

const stream = sse.connect('/api/chat', {
node: 'fetch',
met hod: ' POST',
headers: { 'Authorization': 'Bearer eyJ...' },
body: { pronpt: 'Explain signals in tina4-js' },
1)

The client reads the response body as a stream, splits on newlines, and parses each line as
JSON. Every parsed object becomes a message.

4. Options
const stream = sse.connect('/api/events', {

node: 'eventsource', /1 '"eventsource' (default) or 'fetch
met hod: ' GET', /1 HTTP nethod (fetch nbde only)
headers: {}, /1 Custom headers (fetch node only)
body: undefi ned, /1 Request body (fetch nobde only, auto-stringified)
reconnect: true, /'] Auto-reconnect on di sconnect
reconnect Del ay: 1000, /1 Initial delay (ns)

reconnect MaxDel ay: 30000,// Max del ay after backoff (ns)
reconnect Attenpts: Infinity, // Max attenpts

events: [], /1 Named SSE events (eventsource node only)
json: true, /1 Auto-parse JSON (default: true)
B
node 'event sour ce' Transport: native
EventSource or

fetch+ReadableStream

nmet hod " CGET HTTP method (fetch mode
only)

header s {} Custom headers (fetch mode
only)

body undefi ned Request body (fetch mode,

auto JSON.stringify)
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reconnect true Auto-reconnect on

disconnect
reconnect Del ay 1000 Initial reconnect delay in ms
reconnect MaxDel ay 30000 Max delay for exponential
backoff
reconnect Attenpts Infinity Max reconnect attempts
events [ Named SSE events to listen
for
j son true Auto-parse messages as
JSON
5. Reactive Signals
Every stream exposes six reactive signals:
const stream = sse.connect('/api/events');
stream st at us /1 Signal <" connecting' | '"open' | 'closed | 'reconnecting' >
stream connect ed /'l Si gnal <bool ean>
stream | ast Message /1 Signal <unknown> —I ast parsed nessage
stream | ast Event /1 Signal <string | null> —SSE event name or nul
stream error /1 Signal <Event | Error | null>

stream reconnect Count // Signal <number >
Use them in effects, computed values, or html templates:

effect (() => {
if (stream connected. val ue) {
console.log('Streamis live');

}
1)

6. Event Handlers

Register listeners for stream events. Every handler returns an unsubscribe function:

const unsub = streamon(' nessage', (data, event?) => {
console.log('Data:', data);
consol e.l og(' Event name:', event); // SSE event nanme or undefined

1)

stream on(' open', () => consol e.log(' Connected'));
streamon('close', () => console.log('D sconnected'));
streamon('error', (err) => console.error('Error:"', err));

/1 Stop listening
unsub();
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7. Named Events (EventSource Mode)

SSE supports named events. By default, EventSource only listens for unnamed nessage events.
Pass event names in the options to listen for specific types:

const stream = sse.connect('/api/feed , {
events: ['user_joined , 'nessage', 'user_left'],

1)

stream on(' nessage', (data, event) => {
switch (event) {
case 'user_j oi ned'
consol e. |l og(" ${data. nane} joined);
br eak;
case 'nessage’
consol e.l og( ${data.author}: ${data.text}’);
br eak;
case 'user_left':
consol e. |l og(" ${data. name} left’);
br eak;
}
1)

/1 The | ast Event signal tracks the nobst recent event nane
effect(() => console.log('Last event type:', stream | astEvent.value));

8. Pipe to Signal

The pipe pattern streams messages into a signal through a reducer. This is the same pattern as
the WebSocket module:

import { sse, signal } from'tina4js'
const nessages = signal ([]);

const stream = sse.connect('/api/notifications');
stream pi pe(nmessages, (msg, current) => [...current, msg]);

/1 messages.val ue grows as notifications arrive
effect(() => {
consol e. | og(" ${ nessages. val ue. |l ength} notifications’);

1)

Pipe returns an unsubscribe function:

const unsub = stream pi pe(nmessages, (msg, current) => [...current, nsg]);

/1 Stop piping
unsub();
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9. Auto-Reconnect

In EventSource mode, the browser handles reconnection natively. If the connection is fully closed,
tina4-js schedules manual reconnection with exponential backoff.

In fetch mode, tina4-js handles all reconnection:

const stream = sse.connect ('/api/stream, {
mode: 'fetch',
reconnect: true,

reconnect Del ay: 1000, // Start at 1s

reconnect MaxDel ay: 30000, /1 Cap at 30s

reconnect Attenpts: 10, /!l Gve up after 10 tries
1)

effect (() => {
if (streamstatus.value === 'reconnecting') {
consol e. | og(" Reconnect attenpt ${stream reconnect Count. val ue}");

}
1)

10. Closing

stream cl ose();

This stops the connection and prevents reconnection. In EventSource mode it calls
sour ce. cl ose() . In fetch mode it aborts the fetch request.

11. SSE vs WebSocket

Direction Server - Client Bidirectional

Protocol HTTP WS/WSS

Reconnect Built-in (EventSource) Manual (tina4-js handles it)
Headers No (EventSource) / Yes Subprotocols only

(fetch mode)

POST body No (EventSource) / Yes N/A
(fetch mode)

Binary data No Yes

HTTP/2 multiplexing Yes No

Use case Notifications, feeds, Al Chat, gaming, live
streaming collaboration
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Rule of thumb: If the client only needs to receive, use SSE. If the client needs to send too, use
WebSocket.
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12. Real-World Example: Al Chat Streaming
import { sse, signal, html } from'tina4js'

const nessages = signal ([]);
const input = signal ('');
const streaming = signal (fal se);

async function sendMessage() ({
const pronpt = input.value.trinm);
if (!prompt) return;

/1 Add user nessage
nessages.value = [...nessages.value, { role: "user', text: pronpt }];

i nput.val ue = ;

/1 Add enpty assistant nessage
nessages.value = [...nessages.value, { role: '"assistant', text: '"' }];
stream ng.val ue = true

/1 Stream tokens
const stream = sse.connect('/api/chat', {
node: 'fetch',
nmet hod: ' POST',
headers: { 'Authorization': “Bearer ${local Storage.getlten{'token')}" 1},
body: { pronpt },
1)

stream on(' nessage', (data) => {
const token = data.token || data
const nsgs = [...nessages. val ue];
const | ast = nsgs[nsgs.length - 1];
nmsgs[nmsgs.length - 1] = { ...last, text: last.text + token };
nmessages. val ue = nsgs;

1)

streamon('close', () => {
stream ng.value = fal se
1)
}

const view = htm"
<div class="chat">
${() => messages. val ue. map(m => htni"
<di v class="nessage ${mrole}">
<strong>${mrole}: </strong> ${mtext}

</ di v>
)}
<di v class="input-bar">
<i nput
type="text"

. val ue=${i nput}
@nput=${(e) => { input.value = e.target.value; }}

@xeydown=${(e) => { if (e.key === '"Enter') sendMessage(); }}
?di sabl ed=${ st r ean ng}
/>
<button @l ick=%{sendMessage} ?di sabl ed=${streamn ng}>Send</ button>
</ di v>
</ di v>
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13. Real-World Example: Live Notification Feed
import { sse, signal, htm } from'tina4js';
const notifications = signal ([]);

const stream = sse.connect('/api/notifications', {
events: ['"info', "warning', 'error']

1)

stream pi pe(notifications, (nmsg, current) => {
return [{ ...nBg, event: stream| astEvent.value, tinme: new Date() }, ...current].slice(0, 50);

1)

const view = htm "’
<div class="feed">
<h2>Notifications ${() => stream connected.value ? '(live)' : '(disconnected)'}</h2>
${() => notifications.value. map(n => htm"
<div class="notification ${n.event}">
<span cl ass="badge" >${n. event} </ span>
${n. nessage}
<smal | >${n. ti ne.toLocal eTi meString()}</small>

</ di v>
)}
</ di v>
Bundle Size
SSE 3.42 KB 1.30 KB

Import only what you need:

import { sse } from'tina4js/sse'; [/ 1.30 KB gzip
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Summary

Connect (EventSource) sse. connect (' /events')

Connect (NDJSON/POST) sse.connect (' /api ', { node:
‘"fetch', nmethod: 'POST', body:
{...1 b

Read status stream st at us. val ue

Listen for messages stream on(' nessage', (dat a,
event?) == { ... })

Named events sse. connect (url, { events:

["update', 'delete'] })

Pipe to signal stream pi pe(signal, (msg, current)
=>[...current, nsg])

Close stream cl ose()
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GraphQL

One Method, Two Worlds

REST gives you URLs. GraphQL gives you a query language. Different philosophies, different
trade-offs -- but your frontend shouldn't care. The api module you met in Chapter 6 already
speaks GraphQL. Same auth. Same token rotation. Same error handling. One extra method and
you're talking to a GraphQL endpoint.

No Apollo. No urgl. No code generation. You write a query string, pass it to api . gr aphgl (), and
getback { data, errors }.The framework handles the plumbing.

1. Your First Query

api . graphgl () sends a POST with{ query, vari abl es } and returns a typed response.
import { api } from"tina4-js";

api .configure({ baseUl: "/api", auth: true });

const { data, errors } = await api.graphgl ("/graphgl",
"{ products { id nane price } }"

)

if (errors) {

consol e.error("GaphQ. errors:", errors);
} else {

consol e. | og(dat a. products);

}

The response shape never changes:

{

data: T | null; /1 Your result, or null on failure
errors?: Array<{ nessage: string }>, [// Present only when sonething went w ong

}

Query succeeds -- dat a holds your result, err or s is undefined. Query fails -- dat a is null,
error s tells you why. No status codes to decode. No response body formats to guess at.

2. Variables

Hardcoded values in query strings invite injection and Kill reusability. Variables fix both problems.
Pass them as the third argument.

const { data } = await api.graphqgl ("/graphgl”,
‘query ($limt: Int!, $offset: Int!) {
products(limt: $limt, offset: $offset) {
id
nane
price
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st ock

}

|
{ limt: 10, offset: 0}
)

A search query with user input:

const { data } = await api.graphgl ("/graphgl”,
‘query ($term String!) {
search_products(term $tern) {
id
nane
price
}
.
{ term "wi dget" }

)

The variable goes into the JSON body, not the query string. The server handles escaping. Your
frontend stays clean.

3. Mutations

Queries read. Mutations write. Same method, different keyword.

Create

const { data } = await api.graphgl ("/graphqgl",
“mutation ($input: Productlnput!) {
create_product (i nput: $input) {

id
nane
price
}
|
{
input: {
name: "New W dget",
price: 29.99,
category_id: 1,
stock: 100
}
}
);
console.log("Created: ", data.create_product.id);
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Update

const { data } = await api.graphgl ("/graphqgl",
“mutation ($id: Int!, $input: Productlnput!) {
updat e_product (id: $id, input: $input) {
id
nane
price
}
1
{ id: 42, input: { price: 24.99 } }
)

Delete

const { data } = await api.graphqgl ("/graphgl”,
“mutation ($id: Int!) {
del ete_product (id: $id) {
success

}
.
{id 42}
)
Three operations. One method. The server reads the query or mut at i on keyword and knows
what to do.

4. Authentication

api . graphgl () runs through the same auth pipeline as every other api method. Configure
auth once and forget about it.

api . confi gure({
baseUrl: "/api",
auth: true,

1)

/'l The Bearer token rides al ong
const { data } = await api.graphgl ("/graphqgl",
"{ m { id nane ennil role } }"
)
Token rotation works too. The server sends a Fr eshToken header. The client stores it. The next
request uses the fresh token. You never touch any of this.

5. Error Handling

GraphQL responses carry two kinds of failure. The HTTP request itself can fail -- network down,
server crashed, 500 response. Or the request succeeds but the query contains errors -- bad field
name, permission denied, validation failure.
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GraphQL Errors (query-level)

The server returns 200 but er r or s is populated. dat a might still hold partial results.

const { data, errors } = await api.graphqgl ("/graphgl",
{
products { id name }
categories { id nane }

)

if (errors) {
for (const err of errors) {
consol e.warn(" G aphQ. error:", err.nessage);
}
}

/'l Products might have | oaded even if categories failed
if (data?.products) {
render Product s(dat a. products);

}

Network Errors (transport-level)

The HTTP request never completed. This throws.

try {

const { data } = await api.graphgl ("/graphqgl", "{ products { id} }");
} catch (err) {

console.error("Network error:", err);
}

Check er r or s for query problems. Catch exceptions for network problems. Handle both and your
Ul stays resilient.

6. Custom Headers

Per-request headers and query params go in the fourth argument. Same options object as
api . get () and api . post ().

const { data } = await api.graphgl ("/graphqgl",
"{ products { id nane } }"

{}.

{
headers: { "X-Request-1d": "abc123" },
parans: { debug: "true" }

}

)

The empty object in position three means "no variables." The options follow.
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7. Tina4 Backend Integration

Every Tina4 backend -- Python, PHP, Ruby, Node.js -- generates a GraphQL endpoint from your
ORM models. Register a model. The backend builds the schema. The frontend queries it. No SDL
files. No resolvers to wire by hand.

The default endpoint is / api / gr aphqgl .

api .configure({ baseUl: "" });

/'l The backend generated this query fromthe User nodel
const { data } = await api.graphqgl ("/api/graphgl",
"{ users(limt: 10) { id nane enmnil } }"

)

/1 Miutations are generated too
const { data: created } = await api.graphqgl ("/api/graphgl",
“nmutation {
create_user(nanme: "Alice", email: "alice@xanple.conm') {
id nane emil

}
)

Your ORM models define the schema. The GraphQL layer reads it. The frontend consumes it.
Three layers, zero duplication.

8. TypeScript

api . graphgl () accepts a type parameter. Pass an interface that describes the response shape
and TypeScript narrows the return type.

interface ProductsResponse {
products: Array<{
id: nunber;
name: string;
price: nunber;
}>
}

const { data } = await api.graphgl <Product sResponse>("/graphqgl",
"{ products { id nane price } }"

)

/1 data is ProductsResponse | null
dat a?. products. forEach(p => consol e. | og(p. nane));

The type flows through destructuring. Your editor autocompletes dat a. pr oduct s[ 0] . nane. No
type assertions needed.
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9. Reactive Queries with Signals

GraphQL and signals fit together. A signal changes. An effect fires the query. The result lands in
another signal. The Ul updates.

import { signal, effect, htnml } from"tina4-js";
import { api } from"tina4-js/api";

const searchTerm = signal ("");
const products = signal ([]);
const | oading = signal (fal se);

effect (async () => {
const term = searchTerm val ue;
if (termlength < 2) return;

| oadi ng. val ue = true

const { data } = await api.graphql ("/api/graphqgl",
‘query ($term String!) {

search_products(term $term) { id name price }

P
{ term}

);

products. val ue = data?.search_products || [];

| oadi ng. val ue = fal se;

1)

const view = html "~
<input @nput=${(e) => { searchTermvalue = e.target.value; }}
pl acehol der =" Sear ch products...">
${() => | oadi ng. val ue
? htm " <p>Loadi ng. .. </p>"
htm * <ul >${() => products. val ue. map(p =>
htm “<l'i >${p. nane} - $${p.price}</li>
)}</ul >’

The user types. The signal updates. The effect queries. The list renders. No state management
library. No cache normalisation layer. Signals and GraphQL, working together.

Summary
api . graphgl (path, query) Run a query
api . graphqgl ( pat h, qguery, Run a query with variables
vari abl es)
api . graphgl ( pat h, query, Run a query with custom headers or params

vari abl es, options)
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One method. It sends { query, variables } asJSON. Itreturns{ data, errors }.Auth,
interceptors, and token rotation carry over from your api . confi gure() call. Everything you
learned in Chapter 6 applies here -- GraphQL rides on the same transport.
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PWA

Make It Installable

A user opens your app on their phone. They tap "Add to Home Screen." The app icon appears
next to Instagram and WhatsApp. They open it on the subway with no signal, and it loads. Every
page they visited before -- cached and waiting.

You built that with one function call.

1.

What pwa.register() Does

import { pwa } from'tina4js';

pwa. regi st er ({

name: "M App’,

short Nanme: ' MyApp',

t henmeCol or: '#lalaZ2e',

cacheStrategy: 'network-first',

precache: ['/', 'Isrc/public/css/default.css'],

1)

That one call does three things:

» Generates a web manifest and injectsitasa <l i nk rel =" mani f est " > in the document
head

* Sets the theme-color meta tag

» Generates and registers a service worker with your chosen caching strategy

No build step. No config files. No meni f est . ] son to maintain. Everything is generated at
runtime from the config you pass.

2.

Configuration

interface PWAConfig {

name: string; /1 App nane (shown in install pronpt)

short Name?: string; /] Short name (shown on home screen)

t heneCol or?: string; /| Browser chrome color (default: '#000000')
backgroundCol or?: string; /'l Splash screen background (default: "#ffffff")
di spl ay?: 'standalone' | 'fullscreen' | 'miniml-ui' | 'browser';

icon?: string; /] Path to app icon

cacheStrategy?: 'cache-first' | 'network-first' | 'stale-while-revalidate';
precache?: string[]; /'l URLs to cache on install

of fl i neRout e?: string; /1 Fallback URL when offline and cache m sses
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Required

The full app name. Shown in the browser's
install prompt and app switcher.

nane

Optional

short Nane
t hermreCol or
backgr oundCol or

di spl ay

i con

cacheStr at egy
precache

of fl i neRout e

3. Cache Strategies

Same as nane

' #000000'

"HETEFFT!

' st andal one'

none

"network-first'

[]

none

Shown on the home screen
icon. Keep it short.

Colors the browser chrome
(address bar, status bar).

Splash screen background
while the app loads.

How the app looks when
installed. st andal one hides
the browser chrome.

Path to your app icon. Used
for both 192x192 and
512x512 sizes.

How the service worker
handles fetch requests.

URLSs to download and cache
on service worker install.

URL to serve when the user
is offline and the request is
not in the cache.

The cache strategy determines what happens when the browser makes a network request. Three
options. Each fits a different kind of application.

network-first (default)

The service worker tries the network. If the network fails, it falls back to the cache.

pwa. r egi ster({

nane: 'My App',

cacheStrategy: 'network-first',

1)
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Best for apps where fresh data matters: news sites, dashboards, anything with content that
changes by the hour.

How it works:

* Fetch from network
« If successful, cache the response and return it
« If network fails, return cached version

« If nothing cached, show offline fallback

cache-first
The service worker checks the cache first. It goes to the network only on a cache miss.

pwa. regi st er ({

name: 'My App',

cacheStrategy: 'cache-first',

1)

Best for apps with stable content: documentation sites, reference apps, tools that should work in
airplane mode.

How it works:

* Check cache
« If cached, return immediately (fast!)
« |f not cached, fetch from network, cache it, return it

« |[f network fails and not cached, show offline fallback

stale-while-revalidate

The service worker returns the cached version now and updates the cache in the background.
The user sees content in milliseconds. The next visit gets the fresh version.

pwa. regi st er ({

name: ' My App’,

cacheStrategy: 'stale-while-revalidate',

1)
Best for apps where speed matters but data should stay current: social feeds, product catalogs,
wikis.
How it works:
* If cached, return cached version now
« In the background, fetch from network and update the cache
» Next visit gets the updated version

« If nothing cached, fetch from network
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4. Precaching

Precache critical assets so they are available on the first offline visit -- before the user has
navigated to them:

pwa. regi ster ({

name: "My App',
cacheStrategy: 'network-first',

precache: [
|/| ,
"/src/public/css/default.css',
"/ src/public/imges/| ogo. png',
I,
1)

The service worker fetches and caches these URLS at install time. The user does not need to visit
them first.

Precache your:

* HTML entry point (/)

» CSSfiles

« Critical images (logo, icons)
* Fonts

Do not precache:

* API responses (they change)
« Large files (waste bandwidth)
 User-specific content

The line between "precache" and "do not precache" is simple: if the asset is the same for every
user and changes with deployments, precache it. If it varies per user or changes between
requests, let the cache strategy handle it at runtime.

5. Offline Route

When the user is offline and requests a URL that is not in the cache, the service worker needs
somewhere to redirect. That is the offline route:

pwa. regi st er ({

name: 'My App',
offlineRoute: '/offline.htnml',

precache: ['/offline.htm '],
1)

Precache the offline route. If you skip this step, the fallback page itself will not be available when
the user needs it most.

A simple offline page:

<I-- public/offline.htm -->
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<! DOCTYPE htnml >
<htm >
<head><titl e>Ofline</title></head>
<body>
<h1l>You are offline</hl>
<p>Check your connection and try again. </ p>
</ body>
</htnm >

6. The Generated Manifest

pwa. regi st er () generates a manifest like this:

{
"name": "My App",
"short _nane": "M/App",
“start_url": "/",
"display": "standal one",
"background_col or": "#ffffff",
"thenme_color": "#lala2e",
"icons": [
{ "src": "/icon.png", "sizes": "192x192", "type": "inmage/ png" },
{ "src": "licon.png", "sizes": "512x512", "type": "image/ png" }
]
}

It is injected as a Blob URL ina <l ink rel ="manifest"> tag. You do not need to create or
maintain a mani f est . | son file.

Build-Time Generation

If you prefer a static manifest file (for CDN caching or server inspection), use the generation
methods:

import { pwa } from'tina4js'

const config = {
name: 'M/ App’,
short Nanme: ' MyApp',
t hemeCol or: '#lala2e',
icon: '/icon.png
cacheStrategy: 'network-first'
precache: ['/', '/styles.css']

}s

/1 Get manifest as an object
const nmani fest = pwa. generateMani fest (config);
/1 Wite to file in your build script

/1l Get service worker as a string
const swCode = pwa. gener at eServi ceWor ker (confi g);
/1 Wite to file: fs.witeFileSync('dist/sw.js', swCode);

Runtime generation works for most projects. Build-time generation is there when your deployment
pipeline demands static files.
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7. Complete Example

/1 src/main.ts

import { router, api } from'tina4js';
import { pwa } from'tina4js';

import './routes/index';

/1 Configure API
api . configure({ baseUrl: '/api', auth: true });

/'l Register PWA
pwa. regi st er ({
name: 'Task Manager',
short Nane: ' Tasks',
t hemeCol or: ' #2563eb',
backgroundCol or: " #f8fafc',
di spl ay: 'standal one',
icon: '/icon-512. png',
cacheStrategy: 'network-first',
precache: [
.
"/src/public/css/default.css',
"/icon-512. png',
1.

of flineRoute: '/offline',

1),

/1 Start router
router.start({ target: '#root', node: 'history' });

When a user visits this app on a mobile browser, they see an "Add to Home Screen" prompt (if the
browser supports it). After installing, the app launches without browser chrome, uses the blue
theme color, and works offline for any cached page. The gap between "web app" and "native app”
disappears -- and you closed it with twelve lines of configuration.

8. Tips

Icons: Provide at least one 512x512 PNG icon. Some browsers refuse to show the install prompt
without it.

HTTPS required: Service workers only work over HTTPS (or localhost for development). Vite's
dev server handles this for you.

Testing: In Chrome DevTools, use Application > Service Workers to see the registered service
worker, and Application > Cache Storage to inspect cached assets. Use the Network panel's
"Offline" checkbox to test offline behavior.

Updating: When you change your app and redeploy, the service worker detects the change and
updates. The ski pVai ting() call in the generated service worker ensures the new version
activates without waiting for the user to close all tabs.
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Scope: The service worker registers at the root scope. It intercepts all GET requests from your
domain. Every fetch passes through your chosen cache strategy.

Summary

pwa. r egi st er (confi g)

nanme: 'My App'

t hemeCol or: ' #hex'

“cacheStrategy: 'network-first' \ ‘cache-first'\ 'stale-while-re
precache: ['/pathl', '/path2']

of flineRoute: '/offline'

pwa. gener at eMani f est (confi g)

pwa. gener at eSer vi ceWor ker (confi g)

The Intelligent Native Application 4ramework



Debug Overlay

See Everything

A signal changes. A component mounts. A route resolves. An API call returns a 401. You did not
see any of it. You open the console, add a consol e. | og, refresh, reproduce the bug, read the
output, add another consol e. | og, refresh again. Twenty minutes pass. The bug was a
misspelled signal label.

The debug overlay shows you everything in real time. One import. One keyboard shortcut. Full
visibility into your running application.

1. Enabling the Debug Overlay

i mport 'tinadjs/debug';
That is the entire setup. One import. The overlay is active.
For production builds, conditionally import it:

if (inport.neta.env.DEV) {

i mport ('tina4js/debug');
}

Vite tree-shakes the debug module away in production. Zero bytes in your final bundle.

When the debug module loads, you see a console message:

[tinad4] Debug overlay enabled (Ctrl+Shift+D to toggle)

2. Opening the Overlay

Press Ctrl+Shift+D (or Cmd+Shift+D on Mac) to toggle the overlay. A panel appears at the
bottom of the screen with four tabs: Signals, Components, Routes, and API.

Each tab is a window into a different layer of your application. Together, they replace dozens of
consol e. | og statements with a live, interactive dashboard.

3. The Signals Panel
This panel shows every signal in your application:
« Label -- the debug label you passed as the second argument to si gnal ()

* Current value -- the live value, updating in real time

» Subscriber count -- how many effects, computed signals, and DOM bindings depend on this
signal
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» Update count -- how many times the value has changed since creation
This is why debug labels matter:

/1l Wthout |abel -- shows as "Signal <nunber>" in the panel
const count = signal (0);

/1 Wth | abel -- shows as "count" in the panel
const count = signal (0, 'count');

Add labels to every signal you might need to debug. The cost is zero when the debug module is
not imported.
What to Look For

» Subscriber count of 0: This signal is not connected to anything. Either it is unused, or you
read . val ue instead of passing the signal directly to a template binding.

« High update count: This signal is updating with unusual frequency. Check if you have an
effect that writes to it in a loop.

» Unexpected value: The signal contains something you did not expect. Trace back to every
place that writes to it. The update count tells you how many writes have occurred -- if the count
is higher than you expect, something is writing that should not be.

4. The Components Panel
This panel shows every mounted Ti na4El enent :

e Tag name -- the custom element tag (e.g., app- header, user - car d)

* Mount status -- whether the component is in the DOM
When a component mounts, it appears in the list. When it unmounts (removed from DOM), it
disappears.
What to Look For

* Too many instances: You might be creating components inside a reactive block that
re-renders, spawning new elements on every signal change. If you see user - car d appear 50
times and you only have 10 users, the component is being recreated instead of updated.

» Missing components: A component you expected to see is absent. Check two things: does
it extend Ti na4El enent, and did you call cust onEl enent s. defi ne() for it? Both must be
true for the component to appear in the panel.

5. The Routes Panel
This panel shows navigation history:

« Path -- the URL that was navigated to

* Pattern -- the route pattern that matched
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« Params -- extracted route parameters

e Duration -- how long the route handler took to render (ms)

Every navigation (initial load, link click, navi gat e() call, browser back/forward) creates an entry.
The history builds up as you use the app, giving you a timeline of every page transition.

What to Look For

6.

 Slow routes: A high dur at i onlVs value means the route handler is doing expensive work --
a heavy DOM build, a slow API call, or both. Compare durations across routes to find the
outliers.

* Wrong pattern matched: If a path matched an unexpected pattern, your route registration
order might be wrong. The router uses first-match-wins. A broad pattern registered before a
specific one swallows the specific route.

e Guard redirects: If you see a navigation to a guarded route followed by a redirect to
/I ogi n, the guard is working. If the guarded route renders without a redirect, the guard
function has a bug.

The API Panel

This panel shows every HTTP request made through the api client:

» Method and URL -- GET /users, POST /auth/login, etc.
« Status code -- 200, 404, 500, etc.
* Request headers -- what was sent

* Response data -- what came back

What to Look For

7.

* 401 responses: The token might be expired or missing. Check if aut h: t r ue is configured
and the token exists in localStorage.

* Request body: Verify that f or nifoken is present in POST/PUT/PATCH/DELETE requests
when auth is enabled. A missing f or nifoken means the API client is not configured for
authentication, or the token was cleared.

» Missing requests: If an API call is not appearing, the code might be using f et ch() directly
instead of the api client. The debug panel tracks only requests that go through
api . get/ post/ put/ patch/ del et e.

How It Works Internally

The debug module hooks into the framework at four points:

« Signal hooks: debugSi gnal Create and __debugSi gnal Updat e fire when signals are
created and updated. These are null in production (tree-shaken away).
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e Component hooks:  debugConponent Mount and _ debugConponent Unnount fire on
connectedCallback/disconnectedCallback.

* Route tracking: The debug module subscribes to r out er. on(' change', ...).
» API tracking: Request and response interceptors register via api . i nt ercept ().

All hooks are set to nul | by default. They activate only when i nport ' tina4js/debug’ runs.
If you never import the debug module, the hooks compile away through tree-shaking. Zero
runtime cost in production.

The overlay itself is a Web Component (<t i na4- debug>) appended to docunent . body. It uses
its own Shadow DOM, so its styles never interfere with your application. Your CSS cannot break
the overlay. The overlay cannot break your CSS. Complete isolation.

8. Best Practices

Always Use Debug Labels

/1 Do this for every signal you care about:

const users = signal <User[]>([], 'users');

const currentPage = signal (1, 'current-page');

const searchQuery = signal ('', 'search-query');

const isLoading = signal (false, 'is-loading');
When you open the debug panel and see 15 signals, labels are the difference between
understanding your app state in seconds and spending minutes cross-referencing source files to
figure out which Si gnal <st ri ng> is which.

Import Conditionally

[/l src/main.ts

if (inport.neta.env.DEV) {
i mport ('tina4djs/debug');

}

Never ship the debug overlay to production. It adds weight and exposes internal state to anyone
who opens DevTools.

Use During Development, Not Just Debugging

Do not wait for a bug to open the debug overlay. Keep it open while you develop. Watch signals
update as you click buttons. Watch API requests flow as pages load. Watch routes resolve as you
navigate. The overlay builds your intuition for how data moves through your application -- and that
intuition is what makes you fast when a bug does appear.
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Summary

Enable

Conditional

Toggle

Signals panel
Components panel
Routes panel

API panel

Debug labels

Production cost

i mport 'tina4js/debug

if (i nport.nmeta.env. DEV)
i mport (' tinadjs/debug')

Ctrl+Shift+D

Shows label, value, subscribers, update count
Shows mounted Tina4Element instances
Shows navigation history with timing

Shows requests and responses

signal (val ue, 'l abel")

Zero (tree-shaken away)
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tina4-css

Optional Styling

You build a prototype. The HTML is clean. The logic works. But the buttons look like 1998, the
form inputs differ between Chrome and Safari, and the layout breaks on mobile. You reach for a
CSS framework. It pulls in 300KB of utility classes you will never use.

tina4-css is the alternative. One stylesheet. Good defaults. Drop it in and your app looks
professional. Override what you want, ignore the rest. And if you already have your own CSS --
skip this chapter entirely.

1. What Is tina4-css

tina4-css is a standalone CSS library. It is not part of tina4-js. It is a separate npm package that
gives you:

* A CSS reset

* A responsive grid system

« Styled buttons, forms, tables, cards, badges, alerts
» Navigation components

* Modal dialogs

* Pagination

* A dark theme

The library is designed to look good with zero configuration. No theme files. No customization
wizard. No build-time compilation. One file, and your app has a consistent, polished appearance
across every browser.

2. Installation

With the CLI
tinad init js ny-app

The Rust CLI does not yet accepta - - css flagoninit, soaddtina4-css to package. | son
after scaffolding, or use the fallback npx tina4js create my-app --css which adds the
dependency and includes the stylesheet link in i ndex. ht il in one step.

Manual Installation

npminstall tina4-css

Then include it in your i ndex. ht ni :

<link rel ="styl esheet" href="/node_nodul es/tina4-css/dist/tina4.mn.css">
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Or import it in your main TypeScript file (if your bundler supports CSS imports):

import 'tina4-css/dist/tina4.mn.css'

3. The Reset

tina4-css includes a modern CSS reset. It:

* Removes default margins and padding

e Sets box-si zi ng: bor der - box on everything

* Uses system fonts

« Sets sensible defaults for headings, links, lists, and form elements

Every browser ships with different default styles. A <but t on> in Chrome looks different from a
<but t on> in Firefox looks different from a <button> in Safari. The reset eliminates these
differences. Your app starts from a clean, predictable baseline.

4. Grid System

A responsive grid based on CSS Grid:

<div class="grid grid-cols-3 gap-4">
<di v>Col um 1</ di v>
<di v>Col um 2</di v>
<di v>Col um 3</di v>

</ div>

Responsive variants:

<div class="grid grid-cols-1 md: grid-cols-2 |1g:grid-cols-4 gap-4">
<di v>ltem 1</ di v>
<di v>ltem 2</di v>
<di v>ltem 3</di v>
<di v>ltem 4</di v>
</ di v>

This renders 1 column on mobile, 2 on medium screens, and 4 on large screens. The layout
adapts to the viewport. No JavaScript. No resize listeners. Pure CSS breakpoints.

5. Buttons

<button cl ass="btn">Def aul t </ button>

<button class="btn btn-primry">Primary</button>
<button cl ass="btn btn-secondary">Secondary</ button>
<button cl ass="btn btn-danger" >Danger </ button>
<button class="btn btn-outline">CQutline</button>
<button class="btn btn-sn>Smal | </ button>

<button class="btn btn-1g">Large</button>
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Using with tina4-js:

htm °
<button class="btn btn-primary" @lick=${handl ed i ck}>
Save
</ button>
<button
cl ass="btn btn-danger"
@l i ck=${handl eDel et e}
?di sabl ed=${i sDel eti ng}
>
${() => isDeleting.value ? 'Deleting..." : 'Delete'}
</ button>

The ?di sabl ed binding and the reactive text work with tina4-css classes without conflict. The
framework handles the DOM. The stylesheet handles the appearance. Each stays in its lane.

6. Forms

tina4-css styles form elements to look consistent across browsers:

<for e
<div class="form group">
<l abel >Nane</ | abel >
<i nput type="text" class="formcontrol" placehol der="Enter name">
</ div>
<div class="form group">
<l abel >Emai | </ | abel >
<i nput type="email" class="formcontrol" placehol der="Enter emil">
</ div>
<div class="form group">
<l abel >Rol e</ | abel >
<sel ect class="formcontrol">
<opt i on>Adni n</ opti on>
<opti on>Edi t or </ opti on>
<opti on>Vi ewer </ opti on>
</ sel ect >
</ div>
<div class="form group">
<l abel >Not es</ | abel >
<textarea class="formcontrol" rows="3"></textarea>
</ div>
<button type="submt" class="btn btn-primary">Subm t</button>
</fornp

With tina4-js signals:

const name = signal ('"');
const email = signal ('');

htm °
<form @ubni t=${(e: Event) => { e.preventDefault(); handl eSubnit(); }}>
<div class="form group">
<l abel >Nane</ | abel >
<i nput
type="text"
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class="formcontrol "
. val ue=${ nane}
@nput =${(e: Event) => { nane.value = (e.target as HTM.I nput El ement). val ue; }}
/>
</ div>
<div class="formgroup">
<l abel >Emai | </ | abel >
<i nput
type="emmil"
class="formcontrol "
.val ue=${enuil}
@nput=${(e: Event) => { enmil.value = (e.target as HTM.Input El enent).val ue; }}
/>
</ di v>
<button type="subnit" class="btn btn-prinmary">Save</button>
</fornp

The . val ue binding keeps the input synchronized with the signal. The f or m control class

keeps the input looking good. Signal-driven forms with polished styling -- no extra libraries
required.

7. Tables

<table class="tabl e">
<t head>
<tr>
<t h>Nane</t h>
<t h>Enmai | </t h>
<t h>Rol e</t h>
</tr>
</t head>
<t body>
<tr>
<td>Alice</td>
<t d>al i ce@xanpl e. conx/ td>
<t d>Adm n</td>
</tr>
</t body>
</tabl e>

Variants:

<table class="table table-striped'>...</table>
<tabl e class="tabl e tabl e-hover">...</tabl e>

With reactive data:

const users = signal <User[]>([]);

htm °
<table class="table tabl e-striped">
<t head>
<t r><t h>Nane</t h><t h>Enai | </t h><t h>Actions</th></tr>
</t head>
<t body>

${() => users.val ue. map(user => htm
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<tr>
<t d>${user. nane}</td>
<td>${user.emil }</td>
<t d>
<button class="btn btn-snm @l ick=${() => editUser(user)}>Edit</button>
</td>
</tr>
)}
</t body>
</tabl e>

The table re-renders when the user s signal changes. Striped rows. Hover highlights. Edit buttons
on every row. A data table with ten lines of template code.

8. Cards

<div class="card">
<div class="card-header">Card Title</div>
<di v cl ass="card- body" >
<p>Card content goes here.</p>
</ div>
<div class="card-footer">
<button class="btn btn-prinmary">Action</button>
</ div>
</ div>

Card grid:

html °
<div class="grid grid-cols-1 nd:grid-cols-3 gap-4">
${() => products. val ue. map(product => htnm "
<div class="card">
<di v cl ass="card- body" >
<h3>${ pr oduct . nane} </ h3>
<p>$${ product . pri ce} </ p>
</ di v>
<div class="card-footer">
<button class="btn btn-primary btn-smi @lick=${() => addToCart (product)}>
Add to Cart
</ but t on>
</ di v>
</ di v>
)}

</ di v>

Three columns on desktop. One column on mobile. Each card has a body and a footer. The grid,
the cards, and the reactive list all compose without friction.
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9. Badges and Alerts

Badges

<span cl ass="badge" >Def aul t </ span>

<span cl ass="badge badge-pri mary">Pri nary</ span>
<span cl ass="badge badge-success">Success</span>
<span cl ass="badge badge-danger " >Danger </ span>
<span cl ass="badge badge-war ni ng" >War ni ng</ span>

Alerts

<div class="alert alert-info">This is an informational nessage.</div>
<div class="alert alert-success">Qperation conpl eted. </div>

<div class="alert alert-warning">Pl ease check your input.</div>

<div class="alert alert-danger">Sonethi ng went w ong. </div>

Reactive alerts:

const error = signal<string | null>(null)

htm ©
${() => error.value
? html "<div class="alert alert-danger">%{error}</div>
nul |

The alert appears when the error signal has a value. It vanishes when the error clears. No
showr/hide logic. No CSS transitions to manage. Set the signal. The DOM follows.

10. Navigation

<nav cl ass="navbar">
<a cl ass="navbar-brand" href="/">My App</a>
<di v cl ass="navbar-nav">
<a class="nav-link active" href="/">Hone</a>
<a class="nav-1ink" href="/about">About </ a>
<a class="nav-link" href="/contact">Contact</a>
</ di v>
</ nav>

With active route tracking:

const currentPath = signal ('/");
router.on('change', ({ path }) =>{ currentPath.value = path; });

htm °
<nav cl ass="navbar">
<a cl ass="navbar-brand" href="/">My App</a>
<di v cl ass="navbar-nav">

<a class=${() => “nav-link ${currentPath.value === "'/' ? "active' : ''} '} href="/">Honme</a
<a class=${() => “nav-link ${currentPath.value === '/about' ? 'active' : "'} } href="/abou
</ di v>
</ nav>
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The act i ve class moves to the current link as the user navigates. The navbar highlights where

you are without a single line of imperative DOM manipulation.

11. Modals

<div class="nodal " id="nyMdal ">
<di v cl ass="nodal -di al og">
<di v cl ass="nodal - header" >
<h3>Confirm Acti on</ h3>
</ di v>
<di v cl ass="nodal - body" >
<p>Are you sure?</p>
</ di v>
<div class="nodal -footer">
<button cl ass="btn">Cancel </ button>
<button cl ass="btn btn-danger">Del et e</ button>
</ di v>
</ di v>
</ di v>

Control with a signal:

const showivbdal = signal (fal se);
htm °
${() => showwbdal . val ue
? htm®

<div class="nodal active">
<di v cl ass="nodal - di al og">

<di v cl ass="nodal - header">
<h3>Confirm Del et e</ h3>

</ di v>

<di v cl ass="nodal - body" >
<p>Thi s acti on cannot be undone. </p>

</ di v>

<div class="nodal -footer">

<button class="btn" @lick=${() => { showhbdal .val ue = fal se
<button class="btn btn-danger"” @lick=${() => { doDel ete();

Del et e
</ but ton>
</ di v>
</ di v>
</ di v>

nul |

showibdal . val ue

One signal. One boolean. The modal exists in the DOM when the signal is true and vanishes
when it is false. No jQuery. No imperative show/hide methods. The template is the single source

of truth for what appears on screen.
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12. Dark Theme

tina4-css includes a dark theme. Activate it by toggling a class on the <ht nl > element:

const darkMode = signal (fal se);

effect(() => {
docunent . docunent El enent . cl assLi st.toggl e(' dark', darkMde. val ue);

1)
htm °
<button @lick=${() => { darkMode. val ue = !darkMde. val ue; }}>
${() => darkMode.value ? 'Light Mde' : 'Dark Mde'}
</ button>

All tina4-css components adapt to dark mode -- backgrounds, text colors, borders, form elements,
cards, tables, alerts. One class toggles the entire palette. You write the toggle. tina4-css handles
every surface.

13. Using with Shadow DOM Components

Shadow DOM components do not inherit external CSS. If you use Ti na4El enment with Shadow
DOM (the default), tina4-css classes will not work inside the component. The Shadow DOM
boundary blocks them.

Two options:

Option 1: Light DOM

cl ass MyPage extends Ti na4El ement {
static shadow = false; // External CSS applies

render () {
return htnm®
<div class="card">
<div cl ass="card-body">
<h3>Thi s uses tina4-css</h3>
</ di v>
</ di v>

}
}

Option 2: Import CSS into Shadow DOM

cl ass MyConponent extends Ti nadEl enent {
static styles =~
@nmport url ('/node_nodul es/tina4-css/dist/tina4.mn.css');
/* Additional conponent styles */

render () {
return htm " <button class="btn btn-prinmary">Wrks!</button>";
}
}
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For most applications, the best balance is light DOM for pages (where tina4-css classes apply)
and Shadow DOM for reusable widgets (where encapsulation matters). Pages get the full
stylesheet. Widgets get isolation.

Summary

Buttons btn, btn-primary, btn-secondary,
bt n-danger, btn-outline, btn-sm
btn-1g

Forms f orm group, form control

Tables tabl e, tabl e-stri ped, tabl e- hover

Cards card, car d- header, car d- body,
card-footer

Badges badge, badge- pri mary, badge- success,
badge- danger, badge- war ni ng

Alerts alert, alert-info, alert-success,
al ert-warni ng, al ert -danger

Navigation navbar, navbar-brand, navbar-nav,
nav-1ink, active

Modals nodal , nodal - di al og, nodal - header,
nodal - body, nodal - f oot er, acti ve

Grid grid, grid-col s-{n},
nmd: gri d-col s-{n}, I g:grid-cols-{n},
gap-{n}

Dark mode Add dar k class to <ht i >

Pagination pagi nati on
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Backend Integration

The Full Stack

Your frontend fetches data. Your backend serves it. Between them sits authentication, CSRF
protection, token rotation, and the question every team asks: how do we wire these two together
without it becoming a mess?

This chapter answers that question. You will connect tina4-js to tina4-php and tina4-python
backends, follow the auth flow from login to token expiry, build for backend embedding, and add
interactive islands to server-rendered pages.

1. The Tina4 Stack

tina4-js was built to pair with tina4-php and tina4-python. The API client speaks their protocol:

e Aut hori zation: Bearer <token> on everyrequestwhen auth is enabled

e f or mroken injected into POST/PUT/PATCH/DELETE bodies for CSRF protection
» FreshToken response header read for token rotation

* JSON in, JSON out

But tina4-js works with any backend that sends JSON and accepts Bearer tokens. The API client
isafetch() wrapper with opinions. If your backend follows REST conventions, tina4-js connects
to it without modification.

2. tina4-js + tina4-php

Setup
Backend (tina4-php):

tina4 create ny-backend --php

cd ny-backend

tina4 serve

# Running on http://1ocal host: 7145

Frontend (tina4-js):

tina4 init js ny-frontend
cd nmy-frontend
npm i nstal |

In npm-only environments where the t i na4 Rust CLI isn't available, the fallback is npx
tina4js create ny-frontend.

Configure the Vite proxy to forward API calls:
/1 vite.config.ts

import { defineConfig } from'vite';
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export default defineConfig({
server: {
port: 3000,
proxy: {
"/api': '"http://local host: 7145,
},
},
)

Configure the API client:

[/l src/main.ts
import { api, router } from'tina4js';
import './routes/index'

api . configure({
baseUrl: '/api',
aut h: true,

1)
router.start({ target: '#root', node: 'hash'" });

Now api . get (' /users') hits http://l ocal host: 7145/ api/users during development.
The Vite proxy handles the forwarding. The browser sees a same-origin request. No CORS
headers needed.

tina4-php Routes

/'l src/routes/users. php

\ Ti nad\ Get : : add("/api/users", function(\Ti na4\ Response $response) {
$users = (new User())->select("*")->asArray();
return $response($users);

1)

\ Ti na4\ Post:: add("/api/users", function(\Ti na4\ Response $response, \Ti nad4\ Request $request) {
$user = new User();
$user - >name = $request - >dat a- >nane;
$user->emai | = $request - >dat a- >emai | ;
$user - >save();
return $response($user->asArray());

1)

tina4-js Frontend

/1 src/routes/users.ts
import { route, htm, signal, api } from'tina4js’

route('/users', async () => {
const users = signal <any[]>([]);
users.value = await api.get('/users');

return htm"
<h1l>User s</ hl>
<ul >
${() => users.value.map(u => htm “<li>${u. name} (${u.email})</1i>")}
</ ul >

});'
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The backend defines the endpoints. The frontend consumes them. The proxy bridges the ports
during development. In production, they share the same origin.

3. tina4-js + tina4-python

Setup
Backend (tina4-python):

tina4 create ny-backend --python
cd ny-backend

tinad serve

# Running on http://1ocal host: 7145

The Vite proxy and API configuration are identical to the PHP setup. Same config. Same proxy.
Same port.

tina4-python Routes

# src/routes/users. py
fromtina4_python inport get, post

@et ("/api/users")

async def get_users(request, response):
users = User().select("*").as_list()
return response(users)

@ost ("/ api/users")

async def create_user(request, response):
user = User ()
user. name = request. body. get (" name")
user.enai |l = request.body.get("email")
user. save()
return response(user.as_dict())

The frontend code is the same whether the backend runs PHP or Python. The API client does not
care what language processes the request. It sends JSON. It receives JSON. The language
behind the endpoint is invisible to the browser.

4. Authentication End-to-End

Here is the complete auth flow, from login to token expiry, in five steps.

Step 1: Login
The frontend sends credentials:

const result = await api.post<{ token: string }>('/api/auth/login', {
emai | : "alice@xanple.con,
password: 'secret’

1)

| ocal Storage.setlten('tinad4_token', result.token);
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The backend validates and returns a JWT:

/1 tinad-php
\ Ti na4\ Post : : add("/api /auth/l ogi n*, function($response, $request) {
$user = (new User())->find("email = '{$request->data->email}"'");

if ($user && password_verify($request->data->password, $user->password)) ({
$t oken = \ Ti nad\ Aut h: : gener at eToken([ "userl d" => Suser->id]);
return $response(["token" => $token]);

}

return $response(["error"” => "Invalid credentials"], 401);

1)
Step 2: Authenticated Requests

With aut h:  true, every request now includes:
Aut hori zation: Bearer <the-jw-token>
For POST/PUT/PATCH/DELETE, the body also includes:
{ "name": "Alice", "fornifToken": "<the-jw-token>" }

The backend validates both the header and the body token. Two layers of verification. The header
proves identity. The body token prevents CSRF.

Step 3: Token Rotation

Tokens expire. The backend can issue a fresh token on any response by sending a Fr eshToken
header:

$freshToken = \Ti na4\ Aut h: : gener at eToken([ "user|d" => $user->id]);
$r esponse- >addHeader (" FreshToken", $freshToken);
return $response($data);

The API client stores the fresh token in localStorage. The next request uses the new token. The
user never sees a login prompt as long as they stay active. Token rotation happens in the
background, invisible and automatic.

Step 4: Route Guards

Protect frontend routes:
import { signal, conputed } from'tina4js';

const token = signal<string | null>(
| ocal Storage. getlten('tina4_token'),
"aut h-t oken'

)
const isLoggedln = conputed(() => token.value !'== null)

route('/dashboard', {
guard: () => isLoggedin.value || '/login',
handl er: dashboar dPage

1)

The guard runs before the route handler. If i sLogged| n is false, the router redirects to / | ogi n.
The dashboard page never renders. The handler never executes. Guards are the frontend's first
line of defense.
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Step 5: 401 Handling

If the token expires and rotation did not happen, the backend returns 401. Handle it with a global
interceptor:

api .intercept('response', (response) => {
if (response.status === 401) {
| ocal Storage. renovelten('tina4_token');
t oken. val ue = null
navigate('/login', { replace: true });
}
1)

Token gone. Signal cleared. User redirected. One interceptor handles every 401 across every API
call in the application. No per-request error handling needed.

5. Building for Backend Embedding

When your tina4-js app is served by a tina4-php or tina4-python backend (not a separate frontend
server), you build the JavaScript bundle and place it where the backend serves static files.

Build

npm run build

This creates a di st/ folder with your bundled JavaScript and CSS.

Deploy to Backend
Copy the build output to the backend's public directory:

# For tina4-php
cp -r dist/* ../ny-backend/src/public/js/

# For tina4-python
cp -r dist/* ../ny-backend/src/public/js/

Or configure Vite to output to the backend directory:

/1 vite.config.ts
import { defineConfig } from'vite'

export default defineConfig({

buil d: {
outDir: '../ny-backend/src/public/js'
enptyQutDir: true,
I8
1)

The CLI Build Command

The tina4 CLI has a build command with target support:

npx tina4js build --target php
npx tina4js build --target python
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This builds and places the output in the conventional location for each backend framework. One
command. The files land where the backend expects them.

Backend Template

The backend serves an HTML page that loads the tina4-js bundle:

<l-- tina4-php: src/tenplates/index.twig -->
<! DOCTYPE html >
<htm | ang="en">
<head>
<meta charset="UTF-8">
<met a name="vi ewport" content="w dt h=devi ce-wi dth, initial-scale=1.0">
<title>My App</title>
<link rel ="styl esheet" href="/js/style.css">
</ head>
<body>
<div id="root"></div>
<script type="nodul e" src="/js/main.js"></script>
</ body>
</htm >

The backend renders this template. The browser loads the JavaScript. The tina4-js router takes
over. From the user's perspective, it is a single application. From the developer's perspective, it is
two codebases that meet at the HTML page.

6. Islands Architecture

Most of this book assumes you are building a single-page application where tina4-js controls the
entire page. Islands architecture flips that model. The server renders the page. tina4-js controls
small, specific sections -- islands of interactivity in a sea of static HTML.

This approach works when:
* You have existing server-rendered pages and want to add interactivity without rewriting them

* You want fast initial loads with progressive enhancement

» SEO matters and you need server-rendered content that search engines can index

How It Works
» The backend renders the full HTML page
« tina4-js components hydrate specific sections

« Each component is independent -- it manages its own state and DOM

Example: Adding a Live Search to a Server-Rendered Page
The server renders the page:

<!-- Server-rendered page -->
<div class="product-listing">
<h1>Pr oduct s</ h1>

<l-- This island becones interactive -->
The Intelligent Native Application 4ramework



<product-search api-url="/api/products"></product-search>

<!-- This stays static -->
<f oot er >Copyri ght 2024</footer>
</ di v>

<script type="nodul e">
import { Tina4El enent, htm, signal, api } from'tina4js'

cl ass Product Search extends Ti na4El enent {
static props = { "api-url': String };
static shadow = fal se

render () {
const query = signal ('');
const results = signal <any[]>([]);

const search = async () => {
if (query.value.length < 2) return
results.value = await api.get(
this.prop<string>('api-url"').val ue,
{ parans: { q: query.value } }

)

}
return htm’
<di v>
<i nput
t ype="search"
pl acehol der =" Search products..."
@nput =${(e: Event) => {
query.value = (e.target as HTM.I nput El enent). val ue
search();
1}
/>
<ul >
${() => results.value.map(p => htn"
<l'i>${p.nane} - $${p.price}</li>
)}
</ ul >
</ di v>

}
}

cust onEl enent s. defi ne(' product -search', Product Search);
</script>
The server sends HTML. The browser parses it. When it reaches the <pr oduct - sear ch> tag,
the custom element activates. The search input becomes live. The rest of the page stays static.
The server did the heavy lifting. tina4-js added the interactivity.

Multiple Islands

Each island is a separate component. They do not need to know about each other:

<body>
<!-- Island 1. Live search -->
<product - sear ch></ product -search>——
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<l-- Static server-rendered content -->
<section class="featured">

<h2>Feat ured Products</h2>

<!-- server-rendered list -->
</ section>

<l-- Island 2: Shopping cart -->
<cart-w dget ></cart-w dget >

<l-- Island 3: Notification bell -->
<notification-bell user-id="42"></notification-bell>
</ body>

Each component self-initializes when the browser parses its tag. No router needed. No app shell.
No bootstrapping ceremony. Place the tags where you want interactivity. The components wake
up on their own.

Shared State Between Islands
If islands need to share state, use the store pattern from Chapter 4:

/'l store.ts
export const cart = signal <Cartlten{]>([], 'cart');
export const cartCount = conputed(() => cart.value.length);

Both product -search (add to cart) and cart-wi dget (display cart) import from the same

store. When a user adds an item through the search island, the cart count updates in the cart
widget. Two components. One signal. Synchronized without either knowing the other exists.

7. Development Workflow

Separate Frontend and Backend

Best for larger projects with dedicated frontend and backend teams.

my- pr oj ect/
front end/ # tina4-js project
src/
package. j son
vite.config.ts
backend/ # tina4-php or tina4-python
src/

The frontend runs on | ocal host : 3000 with Vite. The backend runs on | ocal host : 7145. Vite
proxies API calls. Each team works in its own directory, its own repository, its own deployment
pipeline.

Embedded Frontend

Best for smaller projects or when one team owns both layers.

ny- proj ect/
src/
rout es/ # Backend routes
t enpl at es/ # Backend tenpl ates
orm # Backend ORM nodel's
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public/

j s/ # Built tina4-js output goes here
front end/ # tinad4-js source
src/

package. j son
vite.config.ts # builds to ../src/public/js/

One repository. One deployment. The frontend builds into the backend's public directory. The
backend serves everything. For a team of one or two developers, this is the fastest path from
code to production.

Summary

Proxy API in dev Vite pr oxy: { "lapi':
"http://1ocal host: 7145" }

Configure API api .configure({ baseUl: '/api',
auth: true })

Auth token Stored in localStorage, auto-sent as Bearer

CSRF token Auto-injected as formloken in request
bodies

Token rotation Automatic via Fr eshToken response header

401 handling Response interceptor redirects to login

Build for backend npx tina4js build --target php or
--target python

Islands Use Ti na4El enent components  in
server-rendered HTML

Shared state Export signals from a store module
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Building a Complete App

The Admin Dashboard

Picture the screen. A dark navbar across the top. Four stat cards showing live numbers -- total
users, active sessions, revenue, orders -- updating without a page refresh. A notification bell with
a red badge. A data table with search, pagination, and inline editing. A login page that guards
everything behind it.

This chapter builds that dashboard from scratch. It uses every tina4-js module: signals, html,
components, routing, API, WebSocket, and PWA. By the end, you will have a complete,
deployable application -- and you will have seen how all the pieces from previous chapters fit
together in production.

1. Project Setup

tina4 init js adm n-dashboard
cd adm n- dashboar d
npm i nstal |

The Rust CLItina4 init js does notyetaccept--css. Topullin Tinad CSS, either
add ti na4- css to package. j son after scaffolding, or use the npm-only fallback npx
tinadjs create adm n-dashboard --css which wires it in automatically.

We will build this structure:

src/

main.ts # Entry point

store.ts # G obal state

rout es/
index.ts # Route definitions

pages/
login.ts # Logi n page
dashboard.ts # Dashboard with live stats
users.ts # CRUD user managenent

conponent s/
app-layout.ts
data-table.ts
stat-card.ts
notification-bell.t

Layout wrapper wth nav
Reusabl e data table
Statistics card

# WebSocket notification bel

n H H

2. Global Store

Start with the shared state. Authentication drives the entire application -- which pages render,
which API calls include tokens, what the navbar displays. The store is the foundation.

/'l src/store.ts
import { signal, conputed } from'tina4js'

/1 Auth
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export const token = signal<string | null>(
| ocal Storage. getlten('tina4_token'),

"aut h-t oken'

)

export const user = signal <{ id: nunber; name: string; role: string } | null>(
nul |,
‘current-user’

)

export const islLoggedln = conputed(() => token.value !'== null);

export const isAdmn = conputed(() => user.value?.role === "adnin');

export function setAut h(newToken: string, userData: { id: nunber; name: string; role: string })
| ocal Storage. setlten('tinad4_token', newToken);
t oken. val ue = newToken;
user.val ue = user Dat a;

export function clearAuth() {
| ocal Storage. renovelten('tina4_token');
t oken.val ue = nul | ;
user.value = null;

/1 Notifications
export const notifications = signal<{ id: nunber; text: string; time: string }[]>(

(1,

"notifications'
)
export const unreadCount = conputed(() => notifications.value.length);
Every signal has a debug label. Every piece of derived state is a computed signal. The store
exports functions for mutations, not raw signal writes. This discipline pays for itself the moment
you open the debug overlay and see named, traceable state.
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3. App Entry

/1 src/main.ts
import { api, router } from'tina4js';

import { pwa } from'tina4js';

import { token, clearAuth } from'./store';
import { navigate } from'tina4js';

import './routes/index';

import './conponents/app-|ayout';

import './conponents/data-table';
import './conponents/stat-card';
import './conponents/notification-bell"';

/'l Debug overlay in dev only
if (inport.neta.env.DEV) {

i mport ('tinadjs/debug');
}

/1 APl configuration

api . confi gure({
baseUrl: '/api',
aut h: true,

1)

/1 dobal 401 handl er
api .intercept('response', (response) => {
if (response.status === 401) {
clearAuth();
navigate('/login', { replace: true });
}
1)

/'l PWA

pwa. regi st er ({
name: ' Admin Dashboard',
short Nane: ' Admin',
t hemeCol or: ' #1e293b',
cacheStrategy: 'network-first',
precache: ['/'],

1)

/1 Start router

router.start({ target: '#root', node: 'hash' });
The entry point is the wiring diagram. API configured. Interceptor registered. PWA enabled.
Debug overlay loaded in development. Router started. Every cross-cutting concern lives here,
declared once, applied everywhere.
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4. Routes

/'l src/routes/index.ts
import { route } from'tina4js'

import { isLoggedin } from'../store'

import { loginPage } from'../pages/login';

import { dashboardPage } from'../pages/dashboard’
import { usersPage } from'../pages/users'

import { html } from'tina4js'

/1 Public

route('/login', |oginPage);

/'l Protected

route(' /', {
guard: () => isLoggedin.value || '/login
handl er: dashboar dPage

1)

route('/users', {
guard: () => isLoggedin.value || '/login',
handl er: usersPage,

1)

/1 404
route("*', () => htnl"
<app- | ayout >
<h1>404 - Page Not Found</h1l>
<a href="/">CGo to Dashboard</a>
</ app- | ayout >
)
Four routes. One is public. Two are guarded. One catches everything else. The guard is the same

computed signal for both protected routes -- i sLogged| n returns true or redirects to / | ogi n.
The entire routing table fits on one screen.
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5. Layout Component

/'l src/conmponents/app-layout.ts

import { TinadEl ement, htm } from'tina4js'

import { user, islLoggedln, clearAuth, unreadCount } from'../store';
import { navigate } from'tina4js'

cl ass AppLayout extends Ti nadEl ement {
static shadow = fal se

render () {
return htm "’
<div style="nin-height: 100vh; display: flex; flex-direction: colum;">
${() => isLoggedln.val ue
? htm®
<nav cl ass="navbar" styl e="background: #1e293b; color: white; padding: 0.75rem 1.5
<a cl ass="navbar-brand" href="/" style="color: white; text-decoration: none; fon
Adm n Dashboard
</ a>
<div style="display: flex; align-items: center; gap: 1lrem">
<a href="/" style="col or: #94a3b8; text-decoration: none;">Dashboard</a>
<a href="/users" style="color: #94a3b8; text-decoration: none;">Users</a>
<notification-bell></notification-bell>
<span styl e="col or: #94a3b8;">${() => user.val ue?. nane ?? ''}</span>
<button
class="btn btn-sni
styl e="background: #475569; color: white; border: none;"
@lick=${() =>{ clearAuth(); navigate('/login'); }}
>Logout </ but t on>
</ di v>
</ nav>

nul |

}
<main style="flex: 1; padding: 1.5rem max-w dth: 1200px; wi dth: 100% nargin: O auto;">
<sl ot ></ sl ot >
</ mai n>
</ di v>

}
}

cust ontl enent s. defi ne(' app-| ayout', ApplLayout);

The layout wraps every page. It renders the navbar when the user is logged in and hides it when
they are not. The notification bell sits in the navbar. The user's name appears next to the logout
button. The <sl ot > element passes through whatever the route handler renders.

One component. Every page gets a consistent shell.
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6. Login Page

/'l src/pages/login.ts

import { signal, html, api, navigate, batch } from'tina4js'
import { setAuth } from'../store'

export function | ogi nPage() {

const email = signal('', '"login-enmail");

const password = signal ("', 'login-password');

const error = signal<string | null>(null, 'login-error');
const loading = signal (false, 'login-loading);

const handl eLogin = async (e: Event) => {
e. prevent Defaul t();
| oadi ng. val ue = true
error.value = null;

try {
const result = await api.post<{
t oken: string;
user: { id: nunber; nane: string; role: string };
}>('/auth/login', {
ermai | : emmil.val ue,
password: password. val ue

1)

set Aut h(resul t.token, result.user);
navigate('/');
} catch (err: any) {
error.value = err.data?. nessage ?? 'Login failed. Please try again.'
} finally {
| oadi ng. val ue = fal se
}
i

return htn"
<div style="nax-w dth: 400px; margin: 4rem auto; padding: 2rem">
<hl style="text-align: center; margin-bottom 2rem ">Adnmi n Logi n</hl>

${() => error.value
? html "<div class="alert alert-danger">%{error}</div>
nul |

}

<f orm @ubni t =${ handl eLogi n} >
<div class="formgroup">
<l abel >Enai | </ | abel >
<i nput
type="email"
class="formcontrol "
pl acehol der =" adnmi n@xanpl e. cont'
.val ue=${enuil }
@nput =${(e: Event) => { emmil.value = (e.target as HTM.Input El enent). val ue; }}
?di sabl ed=${I oadi ng}
required
/>
</ di v>

<div class="form group™>
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<l abel >Passwor d</ | abel >

<i nput
t ype="passwor d"
class="formcontrol "
pl acehol der ="Ent er password"
. val ue=${ passwor d}
@nput =${(e: Event) => { password.value = (e.target as HTM.I nput El enent). val ue; }}
?di sabl ed=${I oadi ng}
required

/>

</ di v>

<button
type="subnmt"
class="btn btn-primry"
style="wi dth: 100%
?di sabl ed=${I oadi ng}

${() => loading.value ? 'Logging in..." : 'Login'}
</ button>
</forne
</ di v>

}

Four signals drive this page. enai | and password hold the form state. error displays
feedback. | oadi ng disables the form during the API call. The login handler calls the store's
set Aut h on success and navigates to the dashboard. On failure, the error signal updates and the
alert appears.

No form library. No validation library. Signals and HTML.
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7. Stat Card Component

/'l src/conmponents/stat-card.ts
import { TinadEl ement, htm } from'tina4js'

class StatCard extends TinadEl ement {
static props = { label: String, value: String, color: String };

static styles = °
chost { display: block; }
.stat {
paddi ng: 1.5rem
bor der-radius: 8px;
background: white
border: 1px solid #e2e8fO0;
}
.label { font-size: 0.875rem color: #64748b; nargin-bottom O0.25rem }
.value { font-size: 2rem font-weight: 700; }

render () {
return htm"
<div class="stat">
<di v cl ass="1abel ">${this.prop('label")}</div>

<div class="val ue" style=${() => “color: ${this.prop<string>('color').value || '#1e293b’
${this.prop('value')}
</ di v>
</ di v>

}
}

cust onEl enents. define(' stat-card', StatCard);

A small, focused component. Three props. Shadow DOM for style isolation. The value updates
reactively when the parent passes a new attribute. Drop four of these in a grid and you have a
statistics dashboard.
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8. Notification Bell Component

/'l src/conmponents/notification-bell.ts
import { TinadEl ement, htm, signal } from'tina4js'
import { notifications, unreadCount } from'../store';

class NotificationBell extends Tina4El ement {
static styles = °

chost { display: inline-block; position: relative; cursor: pointer; }

.bell { font-size: 1.25rem }

. badge {
position: absolute; top: -6px; right: -8px;
background: #ef4444; color: white
font-size: 0.625rem font-weight: 700;
wi dt h: 18px; height: 18px;
bor der-radius: 50%
display: flex; align-itenms: center; justify-content: center

}

.dropdown {
position: absolute; top: 100% right: O; margin-top: 0.5rem
background: white; border: 1px solid #e2e8f0; border-radius: 8px;
wi dt h: 300px; nax-hei ght: 400px; overflowy: auto;
box-shadow. 0 4px 12px rgba(0,0,0,0.1); z-index: 100;

.item{ padding: 0.75rem 1rem border-bottom 1px solid #f1f5f9; }
.itemlast-child { border-bottom none; }

.time { font-size: 0.75rem color: #94a3b8; }

.empty { padding: 1rem text-align: center; color: #94a3b8; }

render () {
const open = signal (fal se);

return htm’
<div @lick=${() => { open.value = !open.value; }}>
<span cl ass="bel | ">&#128276; </ span>
${() => unreadCount.value > 0
? htm " <span cl ass="badge" >${ unr eadCount } </ span>"
nul |

}

</ di v>

${() => open.val ue
? htm
<di v cl ass="dropdown" >
${() => notifications.value.length ===
? html “<div class="enpty">No notifications</div>"
nul |
}
${() => notifications.value. map(n => htm "
<div class="itent>
<di v>${n. text}</div>
<div class="tinme">${n.tine}</div>

</ di v>
)}
${() => notifications.value.length > 0
? htm®
<div style="padding: 0.5rem text-align: center;">
<button
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styl e="border: none; background: none; color: #3b82f6; cursor: pointer;"
@lick=${() => { notifications.value = []; }}
>Cl ear all </button>
</ di v>

nul

}

</ di v>

nul

}
}

cust onEl enents. define(' notification-bell', NotificationBell);

The bell reads from the global notification store. The badge appears when unreadCount is
greater than zero. The dropdown opens on click. Each notification shows its text and timestamp.
The "Clear all" button empties the array. All of this -- the badge count, the dropdown toggle, the

notification list, the clear action -- runs on signals. No imperative state management. No event
bus.
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9. Dashboard Page with Live Stats

/'l srcl/ pages/ dashboard.ts
import { signal, conmputed, htm, api, ws, batch } from'tina4js';
import { user, notifications } from'../store';

export function dashboardPage() {
/1 Stats from API
const stats = signal ({
total Users: O,
activeUsers: 0,
revenue: O,
orders: O,
}, 'dashboard-stats');

const | oading = signal (true, 'dashboard-I|oading');
/1 Load initial stats

async function loadStats() {
| oadi ng. val ue = true;

try {
stats.value = await api.get('/dashboard/stats');
} finally {
| oadi ng. val ue = fal se;
}
}
| oadStats();

/1 Live updates via WbSocket
const socket = ws.connect( ${location.protocol === "https:' ? '"wss:' : 'ws:'}//${location. host

/1 Pipe live stat updates
socket . pi pe(stats, (nmsg, current) => {
const m= nsg as { type: string;, data: any };
if (mtype === 'stats_update') {
return { ...current, ...mdata };

}

return current;

1)

/1 Pipe notifications
socket . pi pe(notifications, (msg, current) => {
const m= nmsg as { type: string; text: string; tine: string };
if (mtype === "notification') {
return [{ id: Date.now(), text: mtext, tine: mtine }, ...current].slice(0, 50);
}

return current;

1)

/1 Recent activity
const activity = signal<{ action: string; user: string; time: string }[]1>([], 'recent-activity

socket. pi pe(activity, (msg, current) => {
const m= nsg as { type: string; action: string; user: string; time: string };
if (mtype === "activity') {
return [{ action: maction, user: muser, time: mtime }, ...current].slice(0, 20);

}

return current;
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1)

return htm°
<app- | ayout >
<h1>Dashboar d</ h1>
<p style="color: #64748b; margi n-bottom 1.5rem">
Wl cone back, ${() => user.value?. name ?? 'User'}
</ p>

${() => | oading. val ue
? html " <p>Loadi ng stats...</p>
htm ®
<div style="display: grid; grid-tenplate-colums: repeat(4, 1fr); gap: lrem nargin-

<stat-card
| abel =" Total Users"
val ue=${() => String(stats.value.total Users)}
col or ="#3b82f 6"

></ st at - car d>

<stat-card
| abel =" Active Now"
val ue=${() => String(stats.val ue.activeUsers)}
col or ="#10b981"

></ st at - car d>

<stat-card
| abel =" Revenue"
val ue=${() => " $${stats.val ue.revenue.tolLocal eString()} }
col or ="#8b5cf 6"

></ st at - car d>

<stat-card
| abel =" Orders Today"
val ue=${() => String(stats.value.orders)}
col or ="#f 59e0b"

></ st at - car d>

</ di v>

}

<div style="display: grid; grid-tenplate-colums: 1fr 1fr; gap: 1.5rem">
<di v>
<h2>Li ve Connecti on</ h2>
<p style="margi n-bottom 1rem">

St at us:
<span style=${() =>
socket . status. val ue === "' open'

? 'color: #10b981'
'col or: #efd4444
} >${socket . st at us} </ span>
</ p>
</ di v>

<di v>
<h2>Recent Activity</h2>
<di v styl e="max-hei ght: 300px; overflowy: auto;">
${() => activity.value.length ===
? html "<p style="col or: #94a3b8;">No recent activity</p>
nul
}
${() => activity.value.map(a => htm"
<di v styl e="paddi-ng:—0-5rem-0;—border-bottom 1px solid #f1f5f9;">
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<strong>%${a. user}</strong> ${a. acti on}
<span style="col or: #94a3b8; font-size: 0.75rem nargin-left: 0.5rem">%${a.tine}
</ di v>
)}
</ di v>
</ di v>
</ di v>
</ app- | ayout >

}

The page loads stats from the API, then opens a WebSocket for live updates. Three pi pe() calls
route incoming messages to three different signals: stats, notifications, and activity. The stat cards
update in real time. Notifications push into the bell component. Activity entries stream into the
feed.

The API provides the initial snapshot. The WebSocket provides the deltas. The signals merge
both into a single reactive view.
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10. CRUD Users Page

/'l srcl/pages/users.ts
import { signal, conmputed, htm, api, batch } from'tina4js';

interface User {

id: nunber;
name: string
emai |l : string;

role: string
active: bool ean;

}

export function usersPage() {
const users = signal <User[]>([], 'users-list');
const | oading = signal (true, 'users-loading');
const search = signal ('', 'users-search');
const page = signal (1, 'users-page');
const perPage = 10;

/1 Editing state

const editingUser = signal <User | null>(null, 'editing-user');
const showCreat eForm = signal (fal se, 'showcreate-form);
const formNane = signal ('');

const fornEmail = signal ('');

const fornRole = signal (‘editor');

const fornError = signal<string | null>(null)

/1 Filtered users
const filtered = conmputed(() => {
const g = search. val ue. toLower Case();
if (!q) return users.value
return users.value.filter(u =>
u. name. t oLower Case() . i ncludes(q) |
u.emai | .t oLower Case().incl udes(q)
)
1)

/' Pagi nat ed
const pagi nated = conputed(() => {
const start = (page.value - 1) * perPage;
return filtered.value.slice(start, start + perPage);

1)
const total Pages = conputed(() => Math.ceil (filtered.value.length / perPage));

/'l Load
async function | oadUsers() {
| oadi ng. val ue = true

try {
users.value = await api.get<User[]>('/users');
} finally {
| oadi ng. val ue = fal se
}
}
/'l Create

async function createUser() {
fornError.value = null
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try {
const newUser = await api.post<User>('/users', {
nane: fornmNane. val ue,
emai | : fornEmail . val ue,
role: fornRol e.val ue,
)
batch(() => {
users.value = [...users.val ue, newlser];
showCr eat eForm val ue = fal se;
formNane. value = '';
fornEmail.value = '";
fornRole.value = "editor"';
)
} catch (err: any) {
fornError.value = err.data?. nessage ?? 'Failed to create user';
}
}

/1 Update

async function updateUser() {
if (!editingUser.value) return;
fornError.value = null;
try {

const updated = await api.put<User>( /users/${editingUser.value.id}"

nane: fornmNane. val ue,
emai | : fornEmail . val ue,
role: fornRol e.val ue,
1)
batch(() => {

users.value = users.value. map(u => u.id === updated.id ? updated :

editingUser.value = null;
)
} catch (err: any) {
fornError.value = err.data?. nessage ?? 'Failed to update user';

}

}
/'l Delete
async function del eteUser(id: nunber) {
try {
await api.delete( /users/${id}");
users.value = users.value.filter(u => u.id !'==id);

} catch (err: any) {
fornError.value = err.data?. nessage ?? 'Failed to del ete user';
}
}

/1 Start editing
function startEdit(user: User) {
batch(() => {

editingUser. val ue = user;
showCr eat eForm val ue = fal se;
f or mNane. val ue = user. nang;
fornEmail . val ue = user. email;
fornRol e. val ue = user.role;
fornError.value = null;

1)
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function cancel Edit() {
batch(() => {
editingUser.val ue = null
showCr eat eFor m val ue = fal se
fornError.value = null
)
}

| oadUsers();

return htm"
<app- | ayout >

<div style="display: flex; justify-content: space-between; align-itens: center;

<hl>User s</ hl>
<button class="btn btn-primary" @lick=${() => {
batch(() => {
showCr eat eFor m val ue = true
editingUser.val ue = null
formNane. value = '';
fornEmail.value = '";
fornRole.value = "editor"';
fornError.value = null
1)
}}>Add User </ button>
</ di v>

${() => fornError.val ue
? html "<div class="alert alert-danger">$%{fornError}</div>
nul

}

${() => (showCreateFormvalue || editingUser.val ue)
? htm®
<div class="card" style="margin-bottom 1.5rem">
<di v cl ass="card- header" >
${() => editingUser.value ? "Edit User' : 'Create User'}
</ di v>
<di v cl ass="card-body" >

<div style="display: grid; grid-tenplate-colums: 1fr 1fr 1fr auto;

<div class="formgroup">
<l abel >Nane</ | abel >
<input class="formcontrol" .val ue=${f or mNane}

gap: 1lrem

mar gi n- bot

@nput =${(e: Event) => { fornNane.value = (e.target as HTM.I nputEl enent).v

</ di v>
<div class="formgroup">
<l abel >Emai | </ | abel >
<input class="formcontrol" type="email" .val ue=${fornEmail}

@nput =${(e: Event) => { fornEmail.value = (e.target as HTM.I nput El ement).

</ di v>
<div class="formgroup">
<l abel >Rol e</ | abel >
<sel ect class="formcontrol" .val ue=${f ornRol e}

@hange=%${(e: Event) => { fornRole.value = (e.target as HTM.Sel ect El enent)

<option val ue="adm n">Adm n</ opti on>
<option val ue="editor">Edi tor</option>
<option val ue="vi ewer " >Vi ewer </ opti on>
</ sel ect >
</ di v>
<div styl e="di-splay—Fitex;—gap—0-5rem ">
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<button class="btn btn-primry"
@l ick=${() => editingUser.value ? updateUser() : createUser()}>

${() => editingUser.value ? 'Update' : 'Create'}
</ button>
<putton class="btn" @l ick=${cancel Edit}>Cancel </ button>
</ di v>
</ di v>
</ div>
</ div>

nul

}

<div style="margi n-bottom 1lrem">
<i nput
t ype="search"
class="formcontrol "
pl acehol der =" Search users..."
.val ue=${search}
@nput =${(e: Event) => {
search.value = (e.target as HTM.I nput El enent). val ue
page. val ue = 1;
1}
/>
</ di v>

${() => | oading. val ue
? html " <p>Loadi ng users...</p>
htm ®
<table class="tabl e tabl e-striped tabl e-hover">
<t head>
<tr>
<t h>Nane</t h>
<t h>Enmai | </t h>
<t h>Rol e</ t h>
<t h>St at us</t h>
<t h>Acti ons</t h>
</[tr>
</t head>
<t body>
${() => paginated.value.map(u => htm"
<tr>
<t d>${u. nane} </t d>
<td>${u. emil } </t d>
<t d><span cl ass="badge" >${ u. rol e} </ span></td>
<t d>
<span cl ass=${ badge ${u.active ? 'badge-success' : 'badge-danger'} }>
${u.active ? 'Active' : 'lnactive'}
</ span>
</td>
<t d>
<button class="btn btn-sn @lick=${() => startEdit(u)}>Edit</button>
<button class="btn btn-sm btn-danger"” @l ick=${() => del eteUser(u.id)}>De
</td>
</[tr>
)}
</ t body>
</ tabl e>
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<div style="display: flex; justify-content: space-between; align-itens: center;

<span styl e="col or:

<button class="btn btn-sni ?di sabl ed=${()

#64748b; ">${filtered} total users</span>
<div style="display: flex; gap: 0.5rem">

=> page.val ue <= 1}

@l ick=${() => { page.value = page.value - 1; }}>Previous</button>

<span styl e="paddi ng: 0.25rem 0. 5rem ">
Page ${page} of ${total Pages}

</ span>

<button class="btn btn-snl ?disabl ed=${()

=> page. val ue >= total Pages. val ue}

@lick=${() => { page.value = page.value + 1; }}>Next</button>

</ di v>

</ di v>

}

</ app- | ayout >

}

This is the most complex page in the application, and it demonstrates the full CRUD lifecycle.
Load data from the API. Display it in a searchable, paginated table. Create new records. Edit
existing ones. Delete them. Handle errors. Reset form state.

The bat ch() calls group multiple signal writes into single DOM updates. The conput ed signals
derive the filtered and paginated lists from the raw data. The search input resets pagination to
page 1. Every interaction flows through signals.

11. What We Built

This dashboard uses every module in the framework:

Signals

Computed

Effects

Batch

html

Tina4Element

Routing

API

t oken, user,

user s, form state

i sLoggedl n,

notifications, stats,

i SAdm n, filtered,

pagi nat ed, t ot al Pages, unr eadCount

Debug overlay

auto-tracking, signal

subscriptions in templates

Grouping form state resets, edit mode

transitions

Every page and component template

stat-card,
app- | ayout

notification-bell,

Login, dashboard, users, 404 with guards

Login, CRUD operations, stats loading, 401

interceptor
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WebSocket Live stats, notifications, activity feed
PWA Installable with network-first caching

Debug Labels on every signal, conditional import

Every module. One application. Deployable as-is.

The entire frontend -- framework, components, routes, state management, everything -- ships
under 10KB gzipped. Try building this dashboard with React, Vue, or Angular. Count the
packages. Measure the bundle.

Summary

A complete, production-grade admin dashboard does not need 50 npm packages, a state
management library, a routing library, a form library, and a CSS-in-JS solution. It needs tina4-js
and clear thinking.

The patterns repeat:

» Signals for state. One signal per piece of data.

« Computed for derived data. Filtering, pagination, auth checks.
* Batch for grouped writes. Form resets, mode transitions.

« html for templates. Reactive text, reactive blocks, events.

» Components for reuse. Props in, events out.

* Routes with guards. Public and protected.

* APl with interceptors. Auth, error handling.

* WebSocket for live data. Pipe into signals.

Eight patterns. One framework. Now build your own.
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Patterns and Pitfalls

What We Learned the Hard Way

You push a feature to production. The list does not update when items are added. You stare at
the code for ten minutes. The logic is correct. The API returns the right data. The signal receives
the value. But the DOM does not move.

Then you see it: i t ens. val ue. push(newl t en). A mutation. No new reference. The signal
never fired.

Every pitfall in this chapter was hit by a real developer on a real project. Every pattern was
discovered through trial and error. This is the chapter you read before you ship -- and the chapter
you return to when something breaks and you cannot figure out why.

1. When to Use tina4-js
Use tina4-js when:

e Bundle size matters. 1.5KB core gzipped, under 6KB for the full framework. Your app loads
in under a second on a 3G connection.

* You want simplicity. Seven modules. One package. No decisions about state management
libraries, routing libraries, or CSS-in-JS solutions.

* You are building for a tina4 backend. The API client speaks tina4-php and tina4-python
natively -- auth tokens, CSRF protection, and token rotation work without configuration.

* You want real Web Components. Components that work outside the framework, in plain
HTML, in other frameworks, in any context where custom elements are supported.

* You are building islands. Adding interactivity to server-rendered pages without taking over
the entire DOM.

* You are learning. The entire source code is under 1,000 lines. You can read every module in
an afternoon and understand how the framework works at the implementation level.

Use React, Vue, or Svelte when:

* You need server-side rendering (SSR). tina4-js is client-side only. If you need the server to
render HTML for SEO or initial load performance, use a framework with SSR support.

* You need a massive ecosystem. Thousands of third-party components, hooks, plugins, and
integrations.

* Your team already knows React/Vue. Developer familiarity has real value. Retraining a
team has real cost.

* You need fine-grained list reconciliation. tina4-js re-renders entire lists when the signal
changes. For lists of thousands of items with frequent individual updates, keyed reconciliation
(React's virtual DOM, Svelte's each blocks) is the better tool.
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Pick the right tool for the job. tina4-js is not trying to replace React. It is trying to replace the 90%
of projects that never needed React in the first place.

2. The New-Reference Rule

This is the most important rule in tina4-js. It trips up everyone -- beginners and experienced
developers alike.

Signals use bj ect.is() for change detection. Cbj ect.is() compares by reference for
objects and arrays. If you mutate in place, the reference does not change. The signal does not
fire. The DOM does not update. Your code is correct in every way except the one that matters.

/1 These do NOT trigger updates:
itens. val ue. push(newl tem;
items. val ue.splice(0, 1);
itens.val ue.sort();

itens.value[0] = 'new ;
user.value.nane = 'Alice';
config.value.thene = 'dark';

/1 These DO trigger updates:

items.value = [...itens.value, newWten;

items.value = itens.value.filter((_, i) =>1i !==0);
items.value = [...itens.value].sort();

items.value = itens.value.map((item i) =>i === 0 ? "new : iten);
user.value = { ...user.value, nane: 'Alice };

config.value = { ...config.value, theme: 'dark' };

The pattern: create a new array or object. The spread operator is your primary tool. Every write to
an array or object signal should produce a new reference. No exceptions.

If this feels wasteful, it is not. JavaScript engines optimize short-lived object allocations. The
performance cost of spreading an array of 100 items is negligible compared to the debugging cost
of a mutation that silently fails.

Helper Functions
If you find yourself writing the same spread patterns over and over, make helpers:

function pushSignal <T>(sig: Signal <T[]>, item T) {
sig.value = [...sig.value, iten];

}

function renoveSi gnal <T>(sig: Signal <T[]>, index: nunber) ({
sig.value = sig.value.filter((_, i) =>1i !==index);

}

functi on updat eSi gnal <T extends object>(sig: Signal <T>, partial: Partial <T>) {
sig.value = { ...sig.value, ...partial };

}

Three functions. They encode the new-reference rule so you do not have to think about it on every
write.
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3. Computed Is Eager, Not Lazy

In some frameworks, computed values are lazy -- they recalculate only when you read them. In
tina4-js, computed values are eager. They recalculate the moment a dependency changes.

This means:

const expensive = conputed(() => {
/1 This runs EVERY Tl ME any dependency changes,
/1 even if nobody is reading expensive. val ue
return heavyCal cul ati on(dat a. val ue);

1)

If you have an expensive computation that is only needed in certain states:

/'l Instead of conputed, use a signal + effect with a guard
const result = signal<Result | null>(null);
const needsResult = signal (false);

effect(() => {
if (needsResult.value) {
resul t.val ue = heavyCal cul ati on(dat a. val ue);

}
1)

Or compute on demand without caching:

function get ExpensiveResult() {
return heavyCal cul ati on(data. val ue);

}

For most computed values -- filtering lists, calculating totals, deriving display strings -- eagerness
is fine. The recalculation takes microseconds. You only need to worry about this when the
computation involves heavy iteration, network-dependent data, or large dataset transformations. If
the computed function takes more than a millisecond, consider guarding it.

4. Inputs Must Stay Outside Reactive Blocks

This is the most common tina4-js bug. Wrapping <i nput > elements inside ${ () =>

. . . } reactive blocks causes them to lose focus on every keystroke. The reactive block
destroys and recreates its entire DOM subtree when any signal it reads changes — so the
input element is replaced mid-typing.

The rule: Form elements (<i nput >, <t extarea>, <sel ect >) go in the static part of the
template. Use . val ue, @ nput, and ?di sabl ed bindings to make them reactive. Only wrap
computed output (conditional messages, dropdown options, dynamic lists) in ${ () => ...}.

/1 WWRONG —i nput inside reactive block, |oses focus on every keystroke
htm “${() => htnl <input .value=${nane} @nput=${(e: Event) => {
nane. val ue = (e.target as HTM.I nput El emrent) . val ue;

by 1>

/1 RIGHT —input in static tenplate, only output is reactive
htm *
<i nput .value=${nane} @nput=${(e: Event) => {
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nane. val ue = (e.target as HTM.I nput El enent) . val ue;
1y 1>

<p>${() => nane.value ? “Hello, ${nane.value}!" : 'Type your nane'}</p>

5. Event Handler Auto-Batching

Since v1.0.9, all @vent handlers in templates are wrapped in bat ch() for you. This means:

htm °
<button @lick=${() => {
a.value = 1;
b.val ue = 2;
c.value = 3;

}} >Updat e</ but t on>

/1 One DOM update, not three

You do NOT need to wrap event handlers in bat ch() . It happens behind the scenes.

But this applies only to handlers registered with the @vent syntax in ht nl templates. If you add
event listeners through other means, you need explicit batching:

/1 Manual addEventListener -- NOT auto-batched
el enent . addEvent Li stener (' click', () => {
batch(() => {
a.value = 1;
b.val ue = 2;
1)
1)

The same applies to:
eset Ti meout /set|nterval callbacks
efetch().then() handlers
*« WebSocket on( ' nessage' ) handlers
» Prom se handlers
erequest Ani mat i onFr anme callbacks

Any code that runs outside the @vent handler context needs explicit bat ch() when writing to
multiple signals. When in doubt, wrap in bat ch(). Batching an already-batched operation is
harmless -- batches nest without side effects.

6. Effect Cleanup on Route Navigation

When the router navigates to a new route, it disposes all effects that were created during the
previous route's handler execution. This is automatic and prevents memory leaks.

But it only disposes effects. It does not clean up:

eset | nterval /setTi neout timers
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* Manual addEvent Li st ener calls
» WebSocket connections
e Third-party library instances
For those, use a component with onUnnount () :

cl ass LiveWdget extends Ti nadEl ement {

private interval = O;

private socket: ManagedSocket | null = null

onMount () {
this.interval = wi ndow.setlnterval (() =>{ /* ... */ }, 1000);
this.socket = ws.connect('wss://...");

}

onUnmount () {
clearlnterval (this.interval);
t hi s. socket ?. cl ose();

}

render() { /* ... */ }
}

When the route changes and this component leaves the DOM, onUnnount () fires. The timer
stops. The socket closes. No lingering connections. No phantom intervals ticking in the
background.

The rule: if you create it in a component, destroy it in onUnnount () . If you create it in a route
handler, put it in a component so onUnnount () can reach it.

7. Do Not Mix addEventListener Inside Reactive Blocks

/1 WRONG -- adds a new |istener every tine count changes
htm ®
${() =>{
docunent . addEvent Li st ener (' keydown', handl eKey); // LEAK
return htm ~<p>Count: ${count.val ue}</p>";

H}

Every time the reactive block re-runs, a new event listener is added. The old ones are never
removed. After ten signal updates, ten listeners fire on every keypress. After a hundred updates, a
hundred listeners fire.

Instead:

/1 RIGHT -- add the |istener once, outside the tenplate
docurnent . addEvent Li st ener (' keydown' , handl eKey) ;

ht m * <p>${ count } </ p>’
Or use a component:

cl ass KeyHandl er extends Ti na4El ement {
private handler = (e: KeyboardBEvent) == { I* ... *I };
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onMount () {
docunent . addEvent Li st ener (' keydown', this. handl er);

}

onUnnount () {
docunent . renoveEvent Li st ener (' keydown', this. handler);

}

render() { return htm "<slot></slot>"; }

}

The component adds the listener once on mount and removes it on unmount. Clean lifecycle. No
leaks. No accumulation.

8. The false/null Rendering Trap

This is covered in Chapter 3 but deserves repetition because it causes subtle bugs that pass code
review:

/1 WRONG -- renders "false" as text when show is false
ht M~ ${show. val ue && htnl " <di v>Cont ent </ di v>"}"

/'l RIGHT -- returns null for nothing
htm “${() => show. value ? htnl <div>Content</div> : null}"

The && pattern comes from React JSX, where f al se is a rendering no-op. In tina4-js, f al se
converts to the text " f al se” and displays on screen. The word "false” appears in your Ul. Always
use ternary. Always return nul | for "render nothing."

The same trap applies to zero:

/1 V\RONG -- shows "0" when count is zero
htm * ${count.val ue & htm "~ <p>${count.val ue} itens</p>"}"

/'l Rl GHT
htm “${() => count.value > 0 ? htnl <p>${count.value} items</p> : null}"

0 && anyt hi ng evaluates to 0, which renders as the text " 0" . A zero appears in your Ul with no
context. The ternary with an explicit comparison avoids both traps.

9. Signal Scope and Lifetime

Signals live until they are garbage collected. If nothing references a signal, the runtime cleans it
up. But if an effect or DOM binding holds a reference, the signal stays alive.
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Avoid Global Signals for Temporary State

/1l BAD -- these signals live forever
const formNane = signal ('');
const fornEmail = signal ('');

route(' /users/new , () => {
return htnm " <input .value=${formNane} ... />7;

1)

When the user navigates away and comes back, f or mNane still holds the old value. The form is
pre-filled with stale data. The user did not expect that.

/1 GOOD -- signals scoped to the route handl er
route('/users/new, () =>{

const formNane = signal ('");

const fornEmail = signal ('');

return htm " <input .value=${formNane} ... />7;
1)

Each visit creates fresh signals. The old ones are garbage collected when the route changes and

effects are disposed. The form starts empty every time.

Use Global Signals for Shared State

/'l store.ts -- these SHOULD be gl obal

export const user = signal <User | null>(null, 'user');
export const token = signal<string | null>(null, '"token');
export const thene = signal<'light' | 'dark'>("light', '"thene');

Global signals are appropriate for state that persists across route changes: authentication, user
preferences, cart contents, notification counts. The distinction is simple: if the data should survive
navigation, make it global. If the data belongs to a single page visit, scope it to the route handler.

10. Debugging Techniques

Add Labels to Every Signal

const count signal (0, 'count'); /1 DO TH' S
const count = signal (0); /1 NOT TH'S

When you open the debug overlay and see 20 unnamed signals, you will spend more time figuring
out which signal is which than fixing the bug you came to investigate.
Check Subscriber Counts

In the debug overlay, a signal with 0 subscribers is either:

» Unused (remove it)
* Bound incorrectly (${ count . val ue} instead of ${ count })

A signal with an unexpectedly high subscriber count might be referenced in a reactive block that
re-runs often, creating new subscriptions each time. The subscriber count is the fastest way to
spot a binding error or a subscription leak.
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Use effect() for Debugging

effect (() => {
consol e.l og(' User changed:', user.val ue);
consol e. |l og(' Token changed: ', token.value);

1)
This logs whenever user or t oken changes. It captures every write, from every source, in
chronological order. Remove it before shipping -- but while debugging, it is more reliable than
breakpoints because it shows you the data flow without pausing execution.

11. Performance Patterns

Keep Lists Reasonable

tina4-js re-renders entire lists when the signal changes. For lists under 200 items, the re-render
takes under a millisecond. For larger lists:

 Paginate on the server (return 20 items per page, not 10,000)
 Use virtual scrolling (a separate library that renders only visible rows)

« Keep the visible list small with filtering and pagination

Avoid Unnecessary Computed

/1 UNNECESSARY -- conputed with one dependency that transfornms a val ue
const upperNane = conputed(() => nane.val ue.toUpper Case());

/1 SIMPLER -- just use a function in the tenplate
htm " <p>${() => nane. val ue. t oUpper Case() } </ p>’

Use computed when multiple parts of your app need the derived value. Use inline functions when
only one template needs it. A computed signal adds a subscription, a cached value, and a node in
the dependency graph. An inline function adds a function call. For single-use derivations, the
function is the lighter tool.

Batch Async Results

/1 Multiple signal wites froman APl response
const data = await api.get('/dashboard');
batch(() => {

users. val ue = data. users;

stats.value = data.stats;

| ast Updat ed. val ue = new Date().tol SOString();

1)

Without batch, each assignment triggers a separate DOM update. Three writes, three re-renders.
With batch, three writes, one re-render. The difference is invisible for two signals. It is visible for
ten.
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12. Common Error Messages

"[tinad4] computed signals are read-only”

You tried to write to a computed signal. Computed values are derived -- they calculate from
source signals. Write to the source signals instead, and the computed value updates on its own.
"[tina4] WebSocket is not connected”

You called socket . send() when the socket was not open. Check socket . connect ed. val ue
before sending, or queue messages and flush them when the st at us signal changes to ' open' .
"[tinad4] Router target ... not found in DOM"

The CSS selector you passed to router.start({ target }) does not match any element.
The element must exist in your HTML before router.start() runs. If you are using a
component that renders the target element, make sure the component mounts before the router
starts.

"[tinad4] Prop "..." not declared in static props"

You called t hi s. prop(' nane' ) but did not declare nane in the component's st ati ¢ props
object. The framework requires prop declarations so it can set up attribute observation. Add the
prop to the static object and the error disappears.

Summary
FEI @
Mutating arrays/objects in place Always create new references (spread)
${count . val ue} intemplates Use ${ count } (pass the signal)
${condition && htm\..\} Use ternary: ${ () => cond ? html\..\ :
nul |}
addEventListener in reactive blocks Add listeners once, outside templates
No cleanup for timers/sockets Use onUnnount () in components
Expensive computed Guard with a condition or compute on
demand
Unnamed signals Always add debug labels
Multiple writes without batch Wrap async signal writes in bat ch()
Global signals for form state Scope signals to route handlers or
components
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Vibe Coding with Al

Let Al Write Your tina4-js

You type a prompt: "Build a todo app.” The Al generates 200 lines of code. You paste it in. The
build fails. The state management is wrong. The router syntax is backwards. You spend 30
minutes fixing what the Al wrote. You could have written it from scratch in 20.

That is what happens with ambiguous frameworks. tina4-js is different. One state primitive. One
template system. One router. One way to do everything. The Al has no wrong choices to make --
and the code it generates works on the first try.

1. Why tina4-js Works Well with Al

Most JavaScript frameworks are ambiguous. React offers three ways to manage state (useState,
useReducer, external stores). Vue offers four ways to style components (scoped, modules,
Tailwind, CSS-in-JS). An Al agent faces these choices and guesses. It often guesses wrong.

tina4-js has one way to do everything:

 One state primitive: si gnal ()

* One template system: ht ni tagged templates
» One component base: Ti na4El enent
eOnerouter:route() +router.start()

* One API client: api

* One WebSocket client: ws

One choice. One answer. One correct output.

When an Al reads the tina4-js documentation, there is no ambiguity. No "it depends on your
preference.” No "you could also use X." The Al generates correct code on the first try because
there is only one way to write it.

2. CLAUDE.md -- The Al's Instruction Manual

Every tina4-js project includes a CLAUDE. nd file at the root. Al assistants (Claude Code, Cursor,
GitHub Copilot) read this file when they open the project.

CLAUDE. nd contains:

 Build and test commands -- npm run bui | d, npm run test,npmrun dev
* Project structure -- where signals, components, routes, and pages live

» Key conventions --rout e(pattern, handl er) pattern-first, api . get ( pat h,

options) with{ parans, headersF————
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» Template binding syntax -- the complete table of ${ si gnal }, @! i ck, ?di sabl ed,
.val ue, etc.

» Package exports -- all seven entry points
* Publishing instructions -- version, build, publish

When an Al opens a tina4-js project and reads CLAUDE. nd, it knows:

* How to build and test

* Where to put new code

* What syntax to use in templates
» What the API signatures look like
» What pitfalls to avoid

No guessing. No hallucinating method names. No inventing conventions. The instruction manual
is in the repository, and the Al reads it before writing a single line.

3. llms.txt -- Al Context for the Framework

The tina4-js npm package ships an | | ns. t xt file. This is a standardized format that Al tools
consume to understand a library's API. It includes:

 Every exported function with its signature
« Every interface and type

» Usage examples for each module

* Common patterns

Al agents that support | | ns. t xt load this as context when generating tina4-js code, even if they
have never encountered the framework before. The file bridges the gap between "I have never
seen this library" and "I know every function signature and every convention."

4. The tina4-js Skill

Beyond CLAUDE.nd and |lms.txt, tnad-js ships with an Al skill file at
.claude/skills/tina4-]s/SKILL.nd. This is a deep reference that teaches Al agents the
three rules that fix 90% of mistakes:

Rule 1: Static vs Reactive

/1 VWWRONG -- Al often generates this
ht m ~ <p>${ count . val ue} </ p>

/! RIGHT -- the skill teaches this
ht m * <p>${count } </ p>’
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Al agents love to be explicit. They write count . val ue because it shows they are reading the
signal's current value. But in tina4-js templates, . val ue makes the binding static -- evaluated
once, never updated. Passing the signal itself creates a reactive binding that updates when the
signal changes. The skill file drills this distinction until the Al internalizes it.

Rule 2: New References

/1 VW\RONG -- Al |oves Array. push()
itens. val ue. push(newl tem;

/'l R GHT
items.value = [...itens.value, newWten;

Al agents trained on React often generate mutation patterns because React's useSt at e works
with set State(prev => [...prev, iten]). Intina4-js, the signal itself must receive a new
reference. No setter function wraps the mutation. The signal compares references. The skill
teaches the spread pattern for every array and object operation.

Rule 3: Boolean Attributes

/1 VWW\RONG -- Al wites this because it |ooks |ogical
ht ml " <but t on di sabl ed=${i sDi sabl ed}>d i ck</ butt on>"

/'l R GHT
ht m ~ <but t on ?di sabl ed=${i sDi sabl ed}>d i ck</ butt on>"

Without the ? prefix, di sabl ed is set as a string attribute. di sabl ed="f al se" still disables the
button in HTML -- the attribute's presence is what matters, not its value. The ? prefix tells tina4-js
to add or remove the attribute based on the signal's truthiness. The skill file explains this with
examples that prevent the mistake before it happens.

5. What Al Gets Wrong

Even with the skill file, Al agents make these mistakes. Watch for them in generated code:

Using .value in Templates

/1 Al generates:
ht M~ <p>Count : ${count . val ue} </ p>’
ht M~ <but t on ?di sabl ed=${I oadi ng. val ue} >Submi t </ but t on>"

/1 Shoul d be:
ht M~ <p>Count : ${count} </ p>"
ht M~ <but t on ?di sabl ed=${I oadi ng} >Submi t </ but t on>"

When you see . val ue inside a template interpolation, it is almost always wrong. The signal itself
should be passed for reactive binding. The . val ue version renders once and freezes.

The && Pattern

/1 Al generates (React habit):
ht M~ ${i sLoadi ng. val ue && htnl " <p>Loadi ng...</p>"}"

/1 Shoul d be:

htm "${() => islLoading.value ? htm <p>Loading...</p> : null}"
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Al agents trained on JSX use && for conditional rendering. In tina4-js, f al se renders as the text
"false."” The ternary with nul | is the correct pattern. Every conditional in a template should use ()
=> with a ternary.

Missing @event Syntax

/1 Al generates:
ht m "~ <but ton oncl i ck=${handl er}>C i ck</ button>"

/1 Shoul d be:
ht M “<button @l ick=${handl er}>C i ck</button>"

The @prefix is tina4-js syntax for event binding. Native oncl i ck as an attribute does not work
with template interpolation. The Al sometimes falls back to vanilla HTML event attributes out of
habit.

Forgetting Reactive Blocks for Conditionals

/1 Al generates:
html °
<di v>
${showDetails ? htnl <p>Detail s</p> : htnl  <p>Sunmary</p>}
</ div>

/'l Shoul d be:
html °
<di v>
${() => showDetails.value ? htnl  <p>Details</p> : htnl  <p>Sunmary</p>"}
</ div>

The function wrapper () => is required for the template to re-evaluate when showDet ai | s
changes. Without it, the condition evaluates once at render time and never updates. The page
stays frozen on whichever branch was true at creation.

Using route() with Handler First

/1 Al sonetinmes generates:
route(() => htm ~<hl>Hone</hl1l>", '/");

/1 Shoul d be:
route('/', () => htm  <hl>Hone</hl>");

Pattern first. Handler second. Always.

6. Working with Claude Code on tina4-js Projects

Claude Code reads CLAUDE. nd on project open. When you work on a tina4-js project in Claude
Code, the Al knows the framework. Here is how to get the best results:

Be Specific About Modules

"Add a route at /users/{id} that fetches the user from/api/users/:id and displays their nane an
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This tells Claude which modules to use (route, api, html) and what the result should look like.
Specific prompts produce specific code.

Reference Existing Patterns
"Add a new page simlar to src/pages/users.ts but for products”
Claude reads the existing file and replicates the pattern -- same signal structure, same API calls,

same template style. Your codebase stays consistent.

Let It Run the Dev Server

"Create a counter conponent and show ne it works”
Claude creates the component, adds it to a route, and runs npm r un dev to verify. The feedback
loop is immediate.
Review Generated Templates

After Claude generates tina4-js code, scan for five things:

. val ueinside ${} in templates -- should it be the signal itself?
* && patterns -- should it be a ternary with nul | ?

e di sabl ed= without ? prefix -- should it be ?di sabl ed=?

* Missing () => wrappers around conditional expressions
 Array mutations without new references

Five checks. Ten seconds. They catch the mistakes that would cost you ten minutes of
debugging.

7. The Al Advantage

tina4-js was designed with Al-assisted development in mind. The framework's constraints are the
Al's strengths:

* One way to do things means the Al never picks the wrong approach

* Small API surface means the Al does not hallucinate non-existent methods
» Consistent conventions mean generated code matches existing code

* CLAUDE. nd and skills mean the Al has perfect context from the first prompt

Tell an Al: "Build a todo app with tina4-js." The Al needs to decide on state management,
components, routing, styling, and APl communication. With React, each decision has three to five
options. The Al picks a combination. It might work. It might not. With tina4-js, there is one answer
for each decision. The Al generates working code faster with fewer errors because fewer
decisions means fewer wrong decisions.

This is not accidental. When every tina4 project follows the same structure, uses the same
conventions, and ships the same instruction files, Al assistance becomes reliable. Not
probabilistic. Not "usually right." Reliable

The Intelligent Native Application 4ramework



8. Setting Up Your Project for Al
To get the best Al experience with tina4-js:

* Keep CLAUDE. nd up to date. If you add custom conventions -- naming patterns, file
organization rules, APl endpoint structures -- document them. The Al reads what you write.

» Use debug labels on signals. Al agents read your code to understand patterns. si gnal (0,
‘cart-count') communicates intent. si gnal (0) communicates nothing.

* Follow the project structure. src/ rout es/, src/ pages/, src/ conponent s/,
src/ store.ts.When the Al sees consistent structure, it generates code that fits. When the
structure is chaotic, the Al generates code that adds to the chaos.

* Write TypeScript. Type annotations give Al agents precise context about what functions
expect and return. A typed interface is worth a paragraph of explanation.

» Use the store pattern. Export signals from st or e. t s. Al agents recognize this pattern and
replicate it. Scattered signals in random files confuse Al agents the same way they confuse
human developers.

One framework. One structure. One set of conventions. The Al becomes an extension of your
thinking instead of a source of surprises.

Summary

N R
Project instructions CLAUDE. nd at project root
Framework API reference || ms. t xt inthe npm package
Deep Al skill .claude/skills/tina4-js/SKILL.nd
Common Al mistake 1 ${count . val ue} instead of ${ count }
Common Al mistake 2 && pattern instead of ternary with nul |
Common Al mistake 3 di sabl ed=instead of ?di sabl ed=
Common Al mistake 4 Missing () => for reactive conditionals
Common Al mistake 5 Array mutation instead of new reference
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