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53 - Flutter Web

I Introduction

This module covers running Flutter on the web: the rendering model (HTML vs CanvasKit vs
WASM/skwasm renderers, how Flutter compiles to JS/WASM, and when Flutter Web fits), web-
specific concerns (URL strategy, routing/deep links, SEO, PWA, browser APIs, platform
differences), performance & loading (the big initial-download problem, deferred loading,
caching, first paint), and responsive + web UX (mouse/keyboard/hover, text selection,
accessibility, web conventions) — tied together in a capstone. It applies responsive/adaptive Ul
(Module 24/Module 25), performance (Module 21), and routing (Module 13) to the web target.

I Why this module exists

"Write once, run on web" is real but not free: Flutter Web has a different rendering model, a
large initial download, SEO limitations, and web UX expectations (URLs, back button, hover,
text selection, right-click) that mobile-first code ignores. It shines for logged-in app-like
experiences (dashboards, tools, internal apps) and struggles for content/SEO-driven public
sites. Knowing the renderers, the web-specific gotchas, and when Flutter Web is the right tool
is what separates a good web deployment from a slow, unindexable, un-web-like one.

I Module map

# File Topic Level

1 01_web_fundamentals_and_renderersmd = Renderers (HTML/CanvasKit/WASM), how it works, when Flutter Web o
fits

2 02_web_specific_concerns.md URL strategy, routing/deep links, SEO, PWA, browser APIs, platform Q
differences

3 03_web_performance_and_loading.md Initial load size, deferred loading, caching, first paint, optimization Qo

4 04_responsive_and_web_ux.md Responsive web, mouse/keyboard/hover, text selection, accessibility,
conventions

5 05_web_integration.md Capstone: a production-ready Flutter Web app @

Cross-references: Responsive/adaptive Ul: Module 24/Module 25. Performance/app size:
Module 21/51 - app_size. Routing/deep links: Module 13. Platform channels (web has none —
JS interop): Module 26. Desktop (sibling target): Module 54. Rendering pipeline: Module 09.



I Prerequisites

24 Responsive Ul, 25 Adaptive Ul, 21 Performance, 13 Routing, 09 Rendering Pipeline.

I What you'll be able to do after this module

e Explain the web renderers (HTML/CanvasKit/WASM) and choose deliberately.
Judge when Flutter Web is the right tool (and when a JS framework fits better).

Handle web-specific concerns: URL strategy, deep links, SEO limits, PWA, browser APIs.

Optimize initial load (size, deferred loading, caching) and first paint.

Deliver responsive, web-idiomatic UX (mouse/keyboard/hover, text selection, accessibility).

I Capstone

Production Flutter Web app: A responsive Flutter Web app (dashboard-style) with clean URLs
(path strategy + go_router deep links), an optimized initial load (renderer choice, deferred
loading, caching, loading indicator), PWA support, web-idiomatic UX (hover/keyboard/text
selection/accessibility), and a documented "why Flutter Web fits here" + SEQ/platform-limitation
analysis.

I Summary

Flutter Web compiles your app to JS/WASM rendered via HTML or CanvasKit/skwasm — great for
logged-in, app-like experiences, weak for SEO/content sites. Success means choosing the
renderer, handling web concerns (URLs/deep links/SEO/PWA), taming the initial download, and
delivering web-idiomatic responsive UX — applied where Flutter Web actually fits.



Web Fundamentals & Renderers

Flutter Web compiles your Dart to JavaScript (dart2js) or WASM (dart2wasm) and renders
the same widget tree through one of two paths: HTML renderer (lighter download, uses
HTML/CSS/Canvas — smaller initial size, better text/SEO-ish, but lower-fidelity/slower for
complex graphics) or CanvasKit (Skia compiled to WASM — pixel-identical to mobile, high-
fidelity/consistent, but a larger download as it fetches the CanvasKit WASM). The newer
skwasm/WASM path (dart2wasm + Skia via WASM) improves performance. Crucially, Flutter
Web paints a canvas, not a DOM of your widgets (especially CanvasKit) — which is why
SEO, text selection, and accessibility need special handling, and why Flutter Web fits app-
like experiences far better than content/SEO sites.

I Introduction

This file explains how Flutter runs on the web (compilation + renderers), the trade-offs between
HTML/CanvasKit/WASM, and — most importantly — when Flutter Web is the right choice. It's
the foundation for the web-specific concerns, performance, and UX files.

I Why this concept exists

The web is a fundamentally different platform (DOM, JS, browser, SEO, download-on-demand)
than mobile. Flutter Web bridges it by compiling to JS/WASM and rendering via HTML or a
WASM canvas — but each renderer trades size/fidelity/text differently, and the "canvas, not
DOM" model has real consequences. Understanding this prevents shipping a bloated,
unindexable, un-web-like app to the wrong use case.

I Real-world analogy

Flutter Web is like shipping your own rendering runtime to the browser instead of using the
browser's native building blocks. HTML renderer = using the browser's existing furniture
(HTML/CSS) where possible — lighter, more "native web," but constrained. CanvasKit = bringing
your own high-end easel + paints (Skia/WASM) — pixel-perfect and consistent, but you must
ship the easel first (bigger download). Either way, for CanvasKit you're painting a picture on a
canvas, so a search engine or screen reader sees a painting, not labeled furniture — hence the
SEQ/accessibility caveats.



I Internal Working
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e Compilation: fiutter build web compiles Dart to JavaScript (dart2js) (default, broad support)

or WASM (dart2wasm) (newer, faster, needs modern browsers). The engine + your app ship

as web assets served by a web server.
e Renderers (the key choice):

o HTML renderer: draws with HTML elements + CSS + Canvas 2D. Smaller initial
download, better text rendering/selection and marginally friendlier to the DOM, but

lower fidelity + slower for complex graphics/animations; some inconsistencies vs mobile.

o CanvasKit: Skia compiled to WASM — renders exactly like mobile/desktop (pixel-
consistent, high performance for graphics), but downloads the CanvasKit WASM
(~several MB) — bigger initial load. Best fidelity/consistency.

o skwasm / WASM path: dart2wasm + Skia-via-WASM — the modern direction,
improving performance; Flutter's renderer story is consolidating toward
CanvasKit/skwasm (historically you could pick --web-renderer html|canvaskit|auto ; newer
Flutter defaults have shifted — check your version's options).



o Choose per goal: HTML for text-heavy/size-sensitive/simpler Uls; CanvasKit/skwasm for
fidelity/graphics/consistency (accept the download — mitigate with caching/loading Ul —
03_web_performance_and_loading.md).

e "Canvas, not DOM" (crucial consequence): especially with CanvasKit, Flutter paints pixels
onto a canvas rather than emitting a semantic DOM of your widgets. Therefore:
o SEO: crawlers see little meaningful HTML — poor for content/SEO-driven public sites
(02_web_specific_concerns.md).
o Text selection / find-in-page / accessibility: need special handling (Flutter's semantics
layer for a11y; SelectionArea for selection).

o Deep browser integration (native form autofill, some browser behaviors) is limited.

¢ No platform channels on web: instead use JS interop ( dart:js_interop / package:web ) to call
browser/JS APIs; no Methodchannel /native plugins the mobile way (Module 26).
e When Flutter Web fits (the decision):

o Great fit: logged-in, app-like experiences — dashboards, internal tools, admin panels,
design/creative tools, complex interactive apps, PWAs — where SEO doesn't matter and
consistency/velocity (one codebase) do.

o Poor fit: content/marketing/SEO-driven public sites, blogs, e-commerce landing
pages — where SEO, tiny fast first paint, and DOM semantics are essential — a web-native
framework (React/Next/Svelte/plain HTML) is better.

o Trade-off: Flutter Web buys code reuse + pixel consistency at the cost of download size
+ SEO + web-nativeness. Decide by use case, not by "we already have Flutter."

e Deployment: static web assets ( build/web ) served by any host/CDN; enable proper caching +
compression (03_web_performance_and_loading.md); PWA support via a manifest + service
worker (02_web_specific_concerns.md).

I Memory Representation

Not app state — a build artifact: compiled JS/WASM + engine + assets. CanvasKit adds the Skia
WASM blob. At runtime the browser runs the JS/WASM and Flutter paints to a canvas (CanvasKit)
or HTML/Canvas (HTML renderer).

I Compiler Behavior

dart2js (JS) or dartawasm (WASM); tree-shaking + minification reduce size; renderer choice affects
the shipped engine + whether CanvasKit WASM is fetched. Release builds are optimized
(03_web_performance_and_loading.md).



I Runtime Behavior

The browser downloads + runs the app (initial load can be multi-MB, esp. CanvasKit) then
renders via the chosen path; CanvasKit gives mobile-identical rendering; HTML renderer uses
browser primitives. Frame rendering uses the browser's rAF/vsync.

I Flutter Engine Behavior

On web the "engine" is the web engine (CanvasKit/Skia-WASM or the HTML backend) rendering
the same widget/render-object trees (Module 09); no Skia native binary — it's WASM (CanvasKit)
or DOM/Canvas (HTML).

I Dart VM Behavior

No Dart VM on web — code is compiled to JS/WASM (AOT-like); no JIT. Isolates map to web
workers (limited). Runtime behavior mirrors AOT.

I Examples

Build for web (renderer flags vary by Flutter version — check “flutter build web --help’):

flutter build web --release # default renderer for your version

flutter build web --web-renderer html # (older) smaller download, better text/SEO-ish, lower
fidelity

flutter build web --web-renderer canvaskit # (older) pixel-identical, high fidelity, larger
download

# newer Flutter: WASM/skwasm path (dart2wasm) — verify current options for your SDK

Renderer decision:
text-heavy / size-sensitive / simpler UI -> HTML renderer
fidelity / graphics / mobile-consistency -> CanvasKit / skwasm (mitigate download via caching + loading

uI)

When Flutter Web FITS:

logged-in app-like: dashboards, internal tools, admin panels, creative/interactive apps, PWAs
When it DOESN'T:

SEO/content-driven public sites, blogs, marketing/landing, e-commerce SEO pages -> use
React/Next/Svelte/HTML

Trade-off: code reuse + pixel consistency vs download size + SEO + web-nativeness




I Diagrams

size/text————» HTML

app-like, logged-in, no SEO——»| Flutter Web (great fit) —»<{_ renderer

use case \fidelity—> Canvaskit/skwasm
}ent/SEO/marketing—b web-native framework (better)
I Common Mistakes
Mistake Why it's wrong Fix
Using Flutter Web for an SEO/content Canvas rendering — poor Use a web-native framework for SEO/content
site SEO
Ignoring the initial-download size Slow first load (esp. Optimize load (size/deferred/caching) + loading
CanvasKit) Ul

Assuming platform channels work Web has none JS interop ( dart:js_interop / package:web )
Expecting DOM semantics for free Flutter paints a canvas Use semantics (a11y) + SelectionArea (text)
Picking a renderer without thinking Wrong size/fidelity trade-off ~ Choose HTML vs CanvasKit/skwasm per goal
Assuming a Dart VM/JIT on web Web is JS/WASM (AOT-like) Design for compiled web behavior
"We have Flutter, so use it for the site" Wrong tool for SEO/content Decide by use case, not existing stack

I Best Practices

e Choose Flutter Web by use case: great for logged-in, app-like experiences
(dashboards/tools/PWAs, no SEO need); use a web-native framework for SEO/content-
driven public sites.

e Pick the renderer deliberately: HTML (smaller/text/size-sensitive) vs CanvasKit/skwasm
(fidelity/graphics/consistency, larger download) — verify current options for your SDK version.

e Plan for the "canvas, not DOM" consequences: SEO limits, and special handling for
accessibility (semantics) and text selection (SelectionArea); use JS interop for browser
APIs (no platform channels).

e Optimize the initial load (size/deferred/caching + loading Ul —
03_web_performance_and_loading.md); deploy static assets to a CDN with
caching/compression + PWA support.



I Performance

The dominant concern is initial download (multi-MB, esp. CanvasKit + WASM) — slow first paint
if unmanaged; HTML renderer is smaller, CanvasKit is faster for graphics. WASM/skwasm
improves runtime perf. Mitigations (deferred loading, caching, compression, loading Ul) are
essential (03_web_performance_and_loading.md/Module 21).

I Advantages / Disadvantages

¢ + One codebase across web + mobile + desktop, pixel-consistent Ul (CanvasKit), great for
app-like/PWA experiences, high dev velocity.

e - Large initial download, poor SEO (canvas), text-selection/accessibility need work, not web-
native feel, no platform channels (JS interop), heavier than a web-native framework for
content sites.

I Interview Questions

1. @ How does Flutter run on the web? — Dart compiles to JS (dart2js) or WASM
(dart2wasm), rendering the same widget tree via the HTML renderer or CanvasKit/skwasm
(Skia-WASM) — often painting to a canvas rather than a semantic DOM.

2. @ HTML renderer vs CanvasKit — trade-offs? — HTML: smaller download, better
text/SEO-ish, lower fidelity; CanvasKit: pixel-identical/high-fidelity but larger download
(fetches CanvasKit WASM). skwasm/WASM improves perf.

3. € Why does Flutter Web have SEO/accessibility/text-selection issues? — It paints a
canvas (esp. CanvasKit) instead of a DOM of your widgets, so crawlers/screen-
readers/selection need special handling (semantics layer, SelectionArea).

4. € When is Flutter Web the right choice — and when not? — Right for logged-in, app-like
experiences (dashboards/tools/PWAs, no SEO); wrong for SEOQ/content-driven public sites (use
a web-native framework).

5. £ How do you access browser APIs on web? — Via JS interop ( dart:js_interop / package:web )
— there are no platform channels/native plugins the mobile way.

6. @ What's the main performance concern, and how do you mitigate it? — The large
initial download (esp. CanvasKit/WASM) — slow first paint; mitigate with size optimization,
deferred loading, caching/compression, and a loading indicator.

7. @ Is there a Dart VM on web? — No — code is compiled to JS/WASM (AOT-like, no JIT);
isolates map to web workers (limited).



I Senior Engineer Tips

Decide Flutter Web vs a web-native framework by the use case (app-like vs SEO/content), not
by "we already use Flutter" — the wrong choice ships a slow, unindexable site.

Choose the renderer for the goal (HTML for size/text, CanvasKit/skwasm for fidelity) and
always budget for the initial download with caching + a loading Ul; CanvasKit's multi-MB fetch
is the first thing users feel.

Plan accessibility + text selection from the start (semantics, SelectionArea) since the canvas
model won't give them for free — retrofitting a11y on a Flutter Web app is painful.

I Architect Perspective

Flutter Web extends the single-codebase promise to the browser by compiling to JS/WASM and

rendering via HTML or a WASM canvas — a powerful fit for app-like, logged-in experiences and

PWAs, and a poor one for SEOQ/content sites. The architect's job is the use-case decision (Flutter

Web vs web-native), the renderer trade-off (size vs fidelity), and planning for the canvas-model

consequences (SEO/a11y/text) + the initial-download cost. Get those right and web becomes a

genuine reuse win; ignore them and you ship a heavy, un-web-like app
(02_web_specific_concerns.md, 03_web_performance_and_loading.md, Module 54).

I Summary

Flutter Web compiles Dart — JS/WASM, rendering via HTML (smaller/text) or
CanvasKit/skwasm (fidelity/consistency, larger download); it paints a canvas, not a DOM.
Consequences: SEO limits + special handling for accessibility/text selection; browser APIs via
JS interop (no platform channels); no Dart VM (AOT-like).

Fits logged-in app-like experiences/PWAs; not SEO/content sites (use web-native). Choose
renderer by goal; budget the initial download.

I Revision Notes

Compile: dart2js (JS) / dart2wasm (WASM, newer/faster); render via HTML renderer (smaller,
text/SEO-ish, lower fidelity) or CanvasKit (Skia-WASM: pixel-identical, high fidelity, larger
download) / skwasm (dart2wasm+Skia, improved perf). Renderer options vary by SDK version.
Paints a canvas (esp. CanvasKit), not a DOM — SEO poor; accessibility (semantics) + text
selection (SelectionArea) need handling; browser APIs via JS interop (no platform channels);
no Dart VM (AOT-like), isolates—web workers.

Fits: logged-in app-like (dashboards/tools/PWAs, no SEO); not: SEO/content sites (use
React/Next/Svelte/HTML). Trade-off: reuse + pixel consistency vs download size + SEO + web-



nativeness. Choose renderer by goal; budget initial download
(caching/deferred/compression/loading Ul).

I Practice Questions

1. What are the two renderers, and how do their trade-offs differ?
2. Why does Flutter Web struggle with SEO, and what fits instead?

3. When is Flutter Web the right tool vs a web-native framework?

I Coding Questions

1. Build for web with each renderer and compare download size/fidelity.
2. Use JS interop to call a browser API (no platform channel available).

3. Decide + justify Flutter Web vs a web-native framework for two scenarios.

I Mini Project

Renderer + fit analysis (Flutter Web): Build a small app for web with each renderer (HTML vs
CanvasKit/skwasm per your SDK), compare initial download size + text/fidelity, and write a
decision doc: which renderer for which goal, and a "Flutter Web vs web-native" fit analysis for two
scenarios (a logged-in dashboard vs an SEO marketing site). Acceptance: builds with each
renderer + measured size/fidelity comparison; renderer chosen by goal; fit decision (app-like vs
SEO/content) justified per scenario; canvas-model consequences (SEO/a11y/text) + initial-
download cost noted; JS-interop (not platform channels) for any browser API.



Web-Specific Concerns

The web brings expectations mobile doesn't: URLs must be clean + shareable (use the path
URL strategy to drop the #), the browser back/forward buttons + deep links must work
(route < URL sync via go_router ), SEO is limited (canvas rendering — mitigate or accept),
and users expect PWA installability/offline, plus browser APIs (via JS interop, not platform
channels) and awareness of platform differences (no dart:io, browser sandbox, tab
lifecycle). Handle these deliberately or the app feels "not really a website" — broken URLs,
dead back button, unindexable, no install.

I Introduction

This file covers the web-integration concerns beyond rendering: URL strategy, routing/deep
links/back-button, SEO reality + mitigations, PWA, browser APl access (JS interop), and platform
differences. It makes a Flutter Web app behave like a proper web app.

I Why this concept exists

Mobile apps have no URLs, no browser chrome, no SEO, no install-from-store-manifest, and full
dart:io . The web has all of these expectations — users share URLs, hit back, expect installability,
and search engines crawl. Ignoring them yields an app that technically runs in a browser but
violates web norms. These concerns bridge Flutter to the web platform properly.

I Real-world analogy

Putting a mobile app on the web without these is like opening a shop inside a mall but with no
street address, no signage search engines can read, a door that doesn't respond to "back,"
and no way to bookmark. Fixing them = giving the shop a real address (clean URL), listing it in
the directory (SEO, as far as possible), a working entrance/exit (back/forward + deep links),
and a "save to home screen” option (PWA) — so it behaves like a real storefront on the web.



I Internal Working
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¢ URL strategy (clean URLs): by default Flutter Web uses a hash URL ( example.com/#/profile );
switch to the path URL strategy ( usepathuristrategy() ) for clean, shareable URLs
(example.com/profile ) — requires the server to rewrite all routes to index.ntm1 (SPA fallback)
so deep links load. Do this for any real web app.

¢ Routing + deep links + back/forward: use go_router (or Navigator 2.0) so the app route -
browser URL are synced — the back/forward buttons work, URLs are deep-
linkable/bookmarkable/shareable, and typing a URL loads the right screen (Module 13).
Without URL-synced routing, the back button breaks and URLs don't reflect state — a cardinal
web sin.

e SEO (be realistic): Flutter Web (esp. CanvasKit) renders a canvas, so crawlers see minimal
indexable HTML — poor SEO. Options:
o Accept it for logged-in/app-like apps where SEO is irrelevant (the common case —

01_web_fundamentals_and_renderers.md).

o Mitigate for public pages: HTML renderer (marginally better), meta tags/OpenGraph in
index.html (for link previews), a static/prerendered landing shell or a separate SEO-
friendly marketing site (Next/HTML) fronting the app.

o Don't expect Flutter Web to compete with SSR frameworks on SEO — pick the tool by
need.

e PWA (installable + offline): Flutter Web ships a web app manifest ( nanifest.json :
name/icons/theme/display) + a service worker by default — users can install it (add to home
screen) and get offline caching of the app shell. Customize the manifest (icons, theme color,
display: standalone ); ensure the service worker caches appropriately and updates cleanly
(versioning to avoid stale caches).

e Browser APIs via JS interop: no platform channels on web — use dart:js_interop +
package:web tO call browser APIs (localStorage, clipboard, geolocation, window, DOM) or JS
libraries. Many _plus /community plugins provide web implementations; otherwise interop
yourself.

¢ Platform differences (guard your code):



o No dart:io (File/Socket/Platform) on web — use web-safe APIs / conditional imports
(kIsWeb, dart.library.io imports) so shared code compiles for web.

o Browser sandbox: no arbitrary filesystem, restricted storage (IndexedDB/localStorage),
CORS on network requests.

o Tab/Vvisibility lifecycle: pages can be backgrounded/closed; handle
AppLifecyclestate /Visibility; persist state (URL/storage) since a refresh reloads the app.

o Right-click, context menus, browser zoom, multiple tabs — behaviors mobile doesn't
have (04_responsive_and_web_ux.md).

e index.html : your entry HTML — set meta/title/OpenGraph, favicon, base href, loading
indicator, and manifest link; it's where SEO meta + initial loading UX live.

I Memory Representation

Not app state — web-integration config: URL strategy + router config (route—URL), index.html
(meta/manifest/loading), service worker + manifest (PWA), JS-interop bindings. Browser holds the
URL/history + storage (localStorage/IndexedDB).

I Compiler Behavior

Conditional imports ( dart.1library.html / io ) + kisweb gate platform-specific code so shared code
compiles for web. JS interop is type-checked against package:web / dart:js_interop .

I Runtime Behavior

Path strategy needs server SPA-rewrite (else deep-link 404s); go_router syncs URLeroute
(back/forward work); the service worker caches the shell (offline + install); JS interop calls browser
APIs; a refresh reloads the whole app (persist state).

I Flutter Engine Behavior

The web engine renders as covered (01_web_fundamentals_and_renderers.md); accessibility uses
the semantics layer to expose an al1y tree to the browser/screen readers
(04_responsive_and_web_ux.md).

I Dart VM Behavior

No VM (JS/WASM); dart:io unavailable; isolates—web workers (limited). Storage via browser
APIs, not dart:io files.



Examples

// Clean URLs — path strategy (drop the #); server must rewrite routes to index.html
import 'package:flutter_web_plugins/url_strategy.dart’;
void main() {

usePathUrlStrategy(); // example.com/profile (not /#/profile)

runApp(const App());

// URL-synced routing + deep links + working back/forward (go_router)
final router = GoRouter(routes: [
GoRoute(path: '/', builder: (_, __) => const HomeScreen()),
GoRoute(path: '/product/:id', builder: (_, s) => ProductScreen(id: s.pathParameters['id']!)),

1);

// typing /product/42, sharing it, and browser back/forward all work.

// Browser API via JS interop (no platform channel on web)
import 'package:web/web.dart' as web;

void copyLink(String url) => web.window.navigator.clipboard.writeText(url);

// Guard web-incompatible code
import 'package:flutter/foundation.dart' show kIsWeb;

if (!kIsWeb) { /* dart:io path */ } else { /* web-safe path */ }

// web/manifest.json (PWA) — installable + theming
{ "name": "My App", "short_name": "App", "display": "standalone",
"theme_color": "#OA84FF", "background_color": "#ffffff",

"icons": [{ "src": "icons/Icon-512.png", "sizes": "512x512", "type": "image/png" }] }



I Diagrams

User
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open example.com/product/42 deep link

v
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GET /product/42
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index.html SPA rewrite %% path strategy needs this

boot — go_router routes to /product/42

back button — go_router restores previous route

User

I Common Mistakes

Mistake

Leaving the # (hash) URLs

No SPA route rewrite on server
Route state not synced to URL
Expecting good SEO from CanvasKit
Using dart:io in shared code
Expecting platform channels
Ignoring PWA/manifest

Not handling refresh/tab lifecycle

I Best Practices

>

Browser

Why it's wrong

Ugly, un-shareable, un-web-like
Deep links 404 on refresh

Back button + bookmarking break
Canvas — unindexable

Won't compile for web

Web has none

No install/offline shell

State lost on reload

v

Server App

Fix

usePathUrlStrategy() + server SPA rewrite
Rewrite all routes — index.html

go_router /Navigator 2.0 (route~URL)
Accept (app-like) or use SSR/marketing site
Guard with kIsWeb /conditional imports
JSinterop ( dart:js_interop / package:web )
Customize manifest + service worker

Persist state (URL/storage), handle visibility

e Use the path URL strategy (drop #) with a server SPA rewrite, and go_router for

route—~URL sync so deep links, bookmarking, and back/forward work.

e Be realistic about SEO: accept it for app-like apps; for public pages use meta/OpenGraph,

HTML renderer, or a separate SSR/marketing site — don't expect SSR-level SEO from Flutter

Web.

e Ship a customized PWA (manifest + service worker: installable + offline shell, clean cache

updates); access browser APIs via JS interop (no platform channels).

¢ Guard platform differences ( k1sweb /conditional imports for dart:io ), respect the browser

sandbox/CORS/storage, and handle refresh + tab lifecycle (persist state).



I Performance

URL/routing/SEO/PWA are correctness/UX concerns; the service worker helps repeat-load
performance (cached shell). SEO mitigations (static shell) can speed first meaningful content.
Initial-load size is the big perf issue, handled separately (03_web_performance_and_loading.md).

I Advantages / Disadvantages

e + Proper web behavior (clean URLs, deep links, back button, installable PWA, offline shell),
browser-API access via interop, cross-target reuse.

e — SEO limits (canvas), server SPA-rewrite needed, JS-interop for browser APIs, platform-
difference guards, PWA cache/update management, refresh reloads the app.

I Interview Questions

1. @ How do you get clean, shareable URLs in Flutter Web? — Use the path URL strategy
(usePathurlstrategy() , drops the #) plus a server rewrite of all routes to index.htm1 (SPA
fallback).

2. @ How do you make the browser back button and deep links work? — Use
go_router /Navigator 2.0 so the app route and browser URL stay in sync — enabling deep links,
bookmarking, and back/forward.

3. £ Why is SEO limited, and what are the options? — Flutter (esp. CanvasKit) paints a
canvas, not indexable HTML; accept it for app-like apps, or use meta/OpenGraph, the HTML
renderer, or a separate SSR/marketing site for public pages.

4. ) How do you access browser APIs on web? — JS interop ( dart:js_interop + package:web ),
or plugins with web implementations — there are no platform channels.

5. € What does PWA support give, and how? — Installability + offline app-shell via a web
manifest + service worker (shipped by Flutter Web; customize + manage cache/versioning).

6. @ What platform differences must shared code handle for web? — No dart:io (guard
with krsweb /conditional imports), browser sandbox/CORS/restricted storage, and tab/refresh
lifecycle (persist state — refresh reloads the app).

7. @ Why does the path strategy require server config? — Deep-link URLs like /product/42
must serve index.html (SPA rewrite); otherwise a direct load/refresh 404s.

I Senior Engineer Tips

e Turn on the path URL strategy + server SPA rewrite + go_router from the start; hash URLs and
a broken back button are the instant tells of a "mobile app dumped on the web."

e Decide the SEO story up front by use case — accept it for app-like apps, or front the app with
a real SSR/marketing site; don't try to force Flutter Web to be SEO-competitive.



e Guard dart:io and design for refresh (persist state in URL/storage) + tab lifecycle; web users
reload and share URLs, which mobile-first code never anticipates.

I Architect Perspective

Web-specific concerns are what make a Flutter Web app a web app: URL-synced routing (deep
links/back button), a realistic SEO stance, PWA installability/offline, browser-API access via
interop, and platform-difference handling. They're the integration layer between Flutter's canvas-
rendered app and the browser's expectations — and getting them right (path URLs, SPA rewrite,
go_router , PWA, interop, guards) is the difference between "runs in a browser" and "is a proper
web app." Combined with the fit/renderer decisions, they define a production-quality web
deployment (01_web_fundamentals_and_renderers.md, 03_web_performance_and_loading.md,
Module 13).

I Summary

e Clean URLs (path strategy + server SPA rewrite) + go_router route~URL sync — working deep
links, bookmarking, back/forward.

e SEO is limited (canvas) — accept for app-like or use meta/HTML renderer/SSR marketing site;
ship a customized PWA (manifest + service worker: installable + offline).

e Browser APIs via JS interop (no platform channels); guard platform differences (no dart:io,
sandbox/CORS, tab/refresh lifecycle — persist state).

I Revision Notes

e URL: default hash ( /#/x ) = usePathuristrategy() (clean /x) + server rewrite-all-to- index.html
(SPA); go_router /Nav2.0 syncs route—URL — deep links/bookmark/back-forward.

e SEO: canvas (esp. CanvasKit) — poor; accept (app-like) or meta/OpenGraph + HTML renderer
+ separate SSR/marketing site. PWA: manifest.json + service worker (installable + offline shell;
manage cache/versioning).

e Browser APIs: JS interop ( dart:js_interop / package:web ) — no platform channels. Platform diffs:
No dart:io (guard krsweb /conditional imports), sandbox/CORS/restricted storage
(localStorage/IndexedDB), tab/refresh lifecycle (persist state — refresh reloads app).
index.html = meta/title/OG/favicon/manifest/loading.

I Practice Questions

1. What two things are needed for clean, deep-linkable URLs?
2. What are the realistic SEO options for a Flutter Web app?

3. How do you access browser APIs and handle dart:io on web?



I Coding Questions

1. Enable path URL strategy + go_router deep links (with server-rewrite note).
2. Customize the PWA manifest + confirm offline-shell caching.

3. Call a browser APl via JS interop and guard a dart:io path with krsweb .

I Mini Project

Web-app behaviors (Flutter Web): Make an app behave like a proper web app: path URL
strategy + go_router deep links (with the server SPA-rewrite documented), a customized PWA
manifest + verified offline shell, a browser-API call via JS interop, kisweb /conditional-import
guards for a dart:io path, and a documented SEO stance (accept for app-like / mitigation plan).
Acceptance: clean deep-linkable URLs + working back/forward (route—URL); SPA rewrite noted;
installable PWA + offline shell; browser API via interop (not platform channel); platform
differences guarded + refresh/state persistence handled; realistic SEO decision.



Web Performance & Loading

Flutter Web's defining performance problem is the initial load: the app must download the
engine (esp. CanvasKit/WASM, several MB) + your compiled app + assets before
anything interactive appears — so first paint can be slow, and a blank screen loses users. The
levers: shrink what's shipped (renderer choice, tree-shaking, --dart-define config,
compressed/right-sized assets, subset fonts), defer what isn't needed yet (deferred
imports for heavy features/libraries — lazy-loaded chunks), cache aggressively (service
worker + CDN + immutable hashed assets + gzip/brotli), and show a loading indicator in
index.html so first paint feels instant. Runtime perf then follows the usual rules (scoped
rebuilds, virtualization) plus web specifics.

I Introduction

This file covers the web-specific performance story — dominated by initial download/first-paint
— and its levers (size, deferral, caching, loading UX), plus runtime notes. It applies performance
discipline (Module 21) and app-size techniques (51 - app_size) to the web target.

I Why this concept exists

On mobile the app is pre-installed; on web it's downloaded on first visit, and Flutter's engine
(CanvasKit/WASM) is large relative to a typical web page. Without optimization, first paint is a
multi-second blank screen — fatal for conversion. Web performance is therefore mostly about
getting to interactive fast: minimize + defer + cache the download, and mask latency with a
loading UL

I Real-world analogy

A native web page is a light pamphlet that renders as it streams in. Flutter Web is more like
downloading a small application installer before you can use it — so you make the installer
as small as possible (shrink/defer), cache it so repeat visits are instant (service worker/CDN),
and show a progress screen so the wait doesn't feel like a broken page. First impression = how
fast something meaningful appears.



I Internal Working

shrink: renderer, tree-shake, . cache: service worker + CDN +
defer: deferred imports -> lazy

immutable hashed assets +
chunks for heavy features/libs

first visit compress/right-size assets, subset
fonts gzip/brotli

~ |

download: engine
(CanvasKit/WASM) + compiled repeat visits ~instant loading indicator in index.html

app + assets /

first paint / interactive

¢ The initial-download cost (the core issue):

o Shipped = engine (CanvasKit WASM ~several MB, or HTML renderer smaller;
skwasm/WASM varies) + compiled app (dart2js/dart2wasm, minified/tree-shaken) +
assets/fonts.

o First visit must download + boot this before interactive — slow first paint if unmanaged.
Repeat visits are fast if cached.

e Shrink what's shipped:
o Renderer: HTML renderer is smaller (text/size-sensitive apps); CanvasKit/skwasm is
bigger but higher-fidelity — choose per goal (01_web_fundamentals_and_renderers.md).
o Build --release (tree-shaking + minification; --tree-shake-icons ); pass config via --dart-
define (no dead config).
o Assets: compress/right-size images (WebP), subset fonts, remove unused assets, prefer
network/CDN images over bundling large media (51 - app_size).

e Defer what isn't needed yet (deferred imports):

o Flutter Web supports deferred as imports — the deferred library compiles to a separate
chunk loaded on demand ( await 1ib.loadLibrary() ), not in the initial bundle. Use for
heavy/rarely-used features or libraries so the initial download stays small and the rest
loads when navigated to (Module 47).

o Route-level deferral: lazy-load a feature's code on first navigation.

e Cache aggressively:

o Service worker (shipped by Flutter Web) caches the app shell/assets — repeat visits load
from cache (near-instant) + offline shell; manage versioning to avoid stale caches (hashed
filenames + clean update).

o CDN + HTTP caching: serve assets from a CDN with long cache TTLs on immutable
(hashed) files and gzip/brotli compression (WASM/JS compress well) — a big first-load
win over the wire.



e Mask latency (loading UX): put a loading indicator/splash in index.ntm1 (shown while the
engine/app download + boot) so first paint feels immediate instead of a blank white screen;
optionally show progress. This is table stakes for perceived performance.

¢ Runtime performance (after load): the usual Flutter rules apply — scoped rebuilds (Module
43/Module 11), list virtualization, const , avoid heavy work on the main thread (web
isolates = limited web workers) — plus web specifics (CanvasKit is GPU-accelerated; HTML
renderer can be slower for complex graphics/animations). Profile with browser devtools +
Flutter DevTools.

e Measure + budget: measure first-load size + time (Lighthouse, network panel, --analyze-
size ), set a web-load budget, and enforce it in CI (Module 50); watch for regressions as
features/deps land.

I Memory Representation

Not app state — a shipped-bundle composition (engine + app + assets + deferred chunks) and
a cache (service worker + CDN/HTTP). Deferred chunks load into memory on demand; cached
assets avoid re-download on repeat visits.

I Compiler Behavior

--release tree-shakes + minifies; deferred imports produce separate lazy chunks; hashed
filenames enable immutable caching; dart2wasm/dart2js + renderer determine engine size. --
tree-shake-icons drops unused glyphs.

I Runtime Behavior

First visit: download + boot (slow if unoptimized) — interactive; deferred chunks fetch on
demand; repeat visits hit the service-worker/CDN cache (fast). Loading Ul masks the boot wait.

I Flutter Engine Behavior

CanvasKit/skwasm is GPU-accelerated (good runtime perf, larger download); the HTML renderer
uses browser primitives (smaller, can be slower for complex graphics). Frame scheduling uses the
browser's rAF.

I Dart VM Behavior

No VM — JS/WASM (AOT-like); deferred imports = lazy code loading; heavy compute can't easily
go to isolates (web workers are limited) — keep the main thread light or offload via web workers

where feasible.



I Examples

// Deferred import — heavy feature loads on demand (kept out of the initial bundle)

import 'package:myapp/features/reports/reports.dart' deferred as reports;

Future<void> openReports(BuildContext context) async {
await reports.loadLibrary(); // fetch the lazy chunk now
if (context.mounted) Navigator.push(context, MaterialPageRoute(builder: (_) => reports.ReportsScreen()));

}

// Keeps the FIRST download small; reports code arrives only when navigated to.

<!-- web/index.html — loading indicator so first paint isn't a blank screen -->
<body>
<div id="loading" style="display:flex;height:100vh;align-items:center;justify-content:center">
<div class="spinner">Loading.</div>
</div>
<script>
window.addEventListener('flutter-first-frame', () =>
document.getElementById('loading').remove()); // remove splash when app is ready
</script>
<!-- flutter_bootstrap.js / build output Loads here -->

</body>

Load-optimization checklist:

renderer choice (HTML vs CanvasKit/skwasm) | --release tree-shake + --tree-shake-icons | --dart-define
config

compress/right-size images (WebP) + subset fonts + CDN images

deferred imports for heavy/rare features (lazy chunks)

service worker + CDN + immutable hashed assets + gzip/brotli

loading indicator in index.html (mask boot)

measure (Lighthouse/network/--analyze-size) + enforce a web-load budget in CI

I Diagrams

default build (large, blank first shrink: renderer + tree-shake + cache: service worker + CDN + . . fast first/repeat paint -> higher
é (g L defer heavy features (lazy chunks) " loading indicator masks boot aabesiE 9
paint) assets compression + immutable hashes conversion




I Common Mistakes

Mistake

Ignoring initial download size
Blank white screen while booting
Everything in the initial bundle

No CDN/compression/immutable
caching

Bundling large images/full fonts
Wrong renderer for the goal

Heavy compute on main thread

No load budget/measurement

I Best Practices

e Minimize the initial download: choose the renderer by goal, build --release (tree-shake +
icons), inject config via --dart-define , and compress/right-size assets + subset fonts (CDN

images).

e Defer heavy/rarely-used features with deferred imports (lazy chunks) so the initial bundle
stays small; lazy-load per route.

Why it hurts

Slow first paint, lost users
Looks broken

Huge first load

Slow first + repeat loads

Bloat
Size/perf mismatch

Jank (limited web
isolates)

Silent regression

Fix

Shrink + defer + cache + loading Ul
Loading indicator in index.html
Deferred imports for heavy/rare features

CDN + gzip/brotli + hashed long-TTL assets

WebP/right-size + subset fonts + CDN images
HTML (size) vs CanvasKit/skwasm (fidelity)

Keep main thread light / web workers

Measure (Lighthouse/ --analyze-size ) + Cl
budget

e Cache aggressively: service worker (shell/offline + clean versioned updates) + CDN +

gzip/brotli + immutable hashed assets (fast first + repeat visits).

e Mask boot with a loading indicator in index.html ; apply normal runtime perf (scoped

rebuilds/virtualization); measure + budget first-load size/time in Cl.

I Performance

This file is the web performance story: first-load download/first-paint dominates (esp.

CanvasKit/WASM); shrink + defer + cache + loading-Ul address it; runtime follows standard

Flutter perf (Module 21) with web caveats (limited isolates, renderer differences). A measured
web-load budget prevents regressions (Module 50).

I Advantages / Disadvantages

e + Fast first + repeat loads (caching), small initial bundle (defer/shrink), masked boot (loading

Ul), good runtime perf (CanvasKit GPU), measurable/budgeted.



e - Large baseline engine download (esp. CanvasKit) to fight, deferred-loading + service-
worker-versioning complexity, limited web isolates, renderer trade-offs.

I Interview Questions

1. @ What's the main performance problem with Flutter Web? — The large initial download
(engine — esp. CanvasKit/WASM — + app + assets) must load before interactive, causing
slow first paint if unmanaged.

2. @ How do you keep the initial bundle small? — Choose the renderer, build --release
(tree-shaking + --tree-shake-icons ), compress/right-size assets + subset fonts, use CDN
images, and defer heavy features (deferred imports).

3. € What are deferred imports, and when do you use them? — deferred as imports
compile a library to a lazy chunk loaded on demand ( 1oadLibrary() ) — use for heavy/rarely-
used features to shrink the initial download.

4. 0 How does caching help web performance? — Service worker + CDN + immutable
hashed assets + gzip/brotli make repeat visits near-instant and speed first load (compressed
engine/app) + offline shell.

5. € Why show a loading indicator in index.ntm1 ? — To mask the engine/app boot with a
splash instead of a blank white screen — improving perceived first-paint.

6. @ What runtime perf constraints are web-specific? — Limited web isolates (heavy
compute janks the main thread), renderer differences (CanvasKit GPU-accelerated vs HTML
slower for complex graphics) — plus standard scoped-rebuild/virtualization rules.

7. @ How do you prevent web-load regressions? — Measure first-load size/time
(Lighthouse/network/ --analyze-size ), set a web-load budget, and enforce it in Cl as
features/deps land.

I Senior Engineer Tips

e Budget the first-load number and defend it in ClI; Flutter Web bloats first-load silently as
features/deps land, and first paint is where you lose or keep users.

e Always ship a loading indicator + aggressive caching (service
worker/CDN/compression/immutable hashes) and defer heavy features — those three give
the biggest perceived + real load wins.

e Pick the renderer for the goal and keep heavy compute off the main thread; CanvasKit's
download and web's limited isolates are the two web-specific traps.



I Architect Perspective

Web performance is fundamentally about time-to-interactive on first visit: Flutter's large
engine download makes shrink-defer-cache-mask the core discipline, backed by a measured load
budget. It's app-size/performance thinking (Module 21/51 - app_size) applied to a download-on-
demand platform, with web-specific tools (deferred imports, service worker, CDN/compression,
loading Ul). Get it right and Flutter Web loads acceptably fast; ignore it and the large baseline
makes it feel heavy — reinforcing the app-like (not content-site) fit
(01_web_fundamentals_and_renderers.md).

I Summary

e The dominant web perf issue is the initial download (engine + app + assets, esp.
CanvasKit/WASM) — slow first paint if unmanaged.

e Levers: shrink (renderer/ --release /tree-shake/assets/fonts/CDN images), defer (deferred
imports — lazy chunks), cache (service worker + CDN + compression + immutable hashes),
and mask (loading indicator in index.html ).

e Runtime follows standard Flutter perf (scoped rebuilds/virtualization) + web caveats (limited
isolates, renderer differences); measure + budget first-load in Cl.

I Revision Notes

e Initial download = engine (CanvasKit/WASM several MB / HTML smaller) + compiled app
(dart2js/wasm, minified/tree-shaken) + assets — slow first paint unless optimized; repeat visits
fast if cached.

e Shrink: renderer choice, --release (tree-shake + --tree-shake-icons ), --dart-define config,
compress/right-size images (WebP) + subset fonts + CDN images. Defer: deferred as imports
— lazy chunks ( 1oadLibrary() ) for heavy/rare features/routes.

e Cache: service worker (shell/offline + versioning) + CDN + gzip/brotli + immutable hashed
assets. Mask boot: loading indicator in index.html . Runtime: scoped
rebuilds/virtualization/const + limited web isolates + renderer perf differences. Measure
(Lighthouse/ --analyze-size ) + Cl web-load budget.

I Practice Questions

1. Why is first-visit performance the core Flutter Web challenge?
2. How do deferred imports + caching improve load?

3. What runtime perf constraints are web-specific?



I Coding Questions

1. Add a deferred import for a heavy feature loaded on navigation.
2. Add a loading indicator in index.htm1 removed on first frame.

3. Configure service-worker/CDN caching + measure first-load size.

I Mini Project

Web load optimization (Flutter Web): Optimize an app's first load: choose the renderer for the
goal, build --release (tree-shake + icons), optimize assets (WebP/subset fonts/CDN images),
defer a heavy feature via deferred imports, configure aggressive caching (service worker + CDN +
compression + immutable hashed assets), and add a loading indicator in index.htm1 — then
measure first-load size/time (Lighthouse/ --analyze-size ) before/after and add a Cl web-load
budget. Acceptance: shrink + defer + cache + loading-Ul applied; measurable first-load
improvement (before/after); deferred feature loads on demand; caching
(SW/CDN/compression/immutable) configured; Cl web-load budget; runtime perf (scoped
rebuilds) noted.



Responsive & Web UX

Web users bring desktop expectations mobile doesn't: large/resizable windows (responsive
layouts + a max content width, not a stretched phone Ul), mouse + keyboard (hover states,
cursors, focus traversal, keyboard shortcuts, right-click/context menus), text selection + copy
( selectionArea ), browser scrolling/zoom, and accessibility (Flutter's semantics — screen
readers, keyboard-navigable). Building a mobile-only Ul on the web feels wrong — a phone
screen centered in a huge browser window, no hover, unselectable text, mouse-only. Web UX
means responsive layout + pointer/keyboard affordances + selectable text + a11y,
following web conventions.

I Introduction

This file covers making a Flutter Web app feel like a web app: responsive layout for
large/resizable windows, mouse+keyboard interactions (hover/cursor/focus/shortcuts/right-click),
text selection, scrolling/zoom, and accessibility. It applies responsive/adaptive Ul (Module
24/Module 25) to the web's desktop context.

I Why this concept exists

A Ul designed only for a fixed narrow phone screen looks broken on a wide desktop browser
(stretched or lost in whitespace), and web users expect hover feedback, keyboard use,
selectable text, right-click, and accessibility — none of which a mobile-only build provides.
Web UX bridges the app to desktop-browser norms so it feels native to the platform, not a
phone app in a window.

I Real-world analogy

It's like adapting a phone-booth kiosk for a full desktop workstation: you can't just enlarge
the phone screen — you reflow content for the wide desk (responsive + max width), add a
mouse + keyboard (hover highlights, cursors, tab order, shortcuts, right-click menu), let users

highlight and copy text (selection), and make it usable by assistive tech (accessibility). A kiosk
Ul plopped on a workstation feels obviously wrong.



I Internal Working

large/resizable browser window mouse keyboard text accessibility browser scroll/zoom

l l l J l l

responsive layout + max content hover states + cursors + right- focus traversal + shortcuts + . Flutter semantics -> screen visible scrollbars + zoom-friendly
y SelectionArea (select + copy)
width + breakpoints click/context menus Shortcuts/Actions readers + keyboard nav layout

¢ Responsive layout for desktop windows (Module 24):
o Use LayoutBuilder / MediaQuery /breakpoints to adapt phone—tablet—desktop layouts (e.g.,
a bottom nav on mobile — a side rail/drawer + multi-pane on desktop).

o Cap content with a max width ( constrainedsox /centered container) so text/forms don't
stretch absurdly across a wide monitor; handle window resize live (layouts rebuild on size
change).

o Adapt, don't just scale — desktop patterns (master-detail, denser layouts) differ from a
phone (Module 25).

¢ Mouse (pointer) affordances:

o Hover states via Mouseregion / Inkwell hover / widgets that respond to onHover — desktop
users expect hover feedback.

o Cursors ( MouseRegion(cursor: SystemMouseCursors.click) ) — pointer over clickables, text cursor
over text.

o Right-click / context menus ( GestureDetector.onSecondaryTap / context-menu builders)

where appropriate; browser's default context menu vs custom.

o Handle scroll wheel + trackpad; show scrollbars ( scrol1bar ) — desktop expects visible
scrollbars, unlike mobile.

e Keyboard support:
o Focus traversal (Tab/Shift+Tab) through interactive widgets ( FocusTraversalGroup , proper
focus order) — essential for forms + accessibility.
o Keyboard shortcuts via shortcuts + Actions (Or callbackshortcuts ) — Ctrl/Cmd+S, Esc,

arrows, etc. — desktop/web users expect them.

o Ensure buttons/fields are keyboard-activatable (Enter/Space).

o Text selection + copy: wrap content in selectionArea SO users can select + copy text (a basic
web expectation Flutter doesn't give by default on canvas); use selectabletext for individual
fields. Without it, text feels "dead.”

e Scrolling/zoom: support browser zoom (relative sizing, no fixed pixel assumptions that
break on zoom), smooth wheel scrolling, and visible scrollbars; avoid hijacking native scroll.

e Accessibility (a11y) (Module 24): Flutter's semantics layer exposes an accessibility tree to
the browser — screen readers + keyboard nav. Add semantics /labels for icons/images/custom



widgets, ensure sufficient contrast + text scaling, and keyboard operability. Because Flutter
paints a canvas, ally needs deliberate attention (it's not free from the DOM).

e Web conventions: respect browser back/forward + URLs (02_web_specific_concerns.md),
tooltips on hover, standard cursors, selectable text, and don't reinvent native controls users
expect.

¢ Adaptive input, one codebase: the same app should feel right on mobile (touch) and
web/desktop (mouse+keyboard) — detect/adapt affordances rather than shipping a touch-
only Ul to the web.

I Memory Representation

Not app state — Ul affordances + layout config: breakpoints/max-width constraints,
hover/focus state, shortcut mappings, selection regions, and the semantics tree. The framework
maintains focus + hover + selection state; semantics feed the browser a11y tree.

I Compiler Behavior

Not applicable (normal widgets). Shortcuts / Actions / Semantics / SelectionArea / MouseRegion are
standard widgets that work across platforms; behavior differs by input available.

I Runtime Behavior

Layouts rebuild on window resize; hover/cursor/focus respond to mouse/keyboard; selectionarea
enables text selection; shortcuts fire on key events; semantics expose an ally tree the screen
reader reads. Browser zoom/scroll interact with the layout.

I Flutter Engine Behavior

The web engine reports pointer (mouse/hover/wheel/right-click) + keyboard events; the
semantics layer produces an accessibility tree for the browser (screen readers) — critical since
the canvas has no inherent DOM semantics (01_web_fundamentals_and_renderers.md).

I Dart VM Behavior

Not applicable (JS/WASM); input/focus/semantics handled by the framework/engine.



I Examples

// Responsive: max content width + breakpoint (side rail on desktop, bottom nav on mobile)
LayoutBuilder(builder: (context, c) {
final wide = c.maxWidth >= 9009;
return Row(children: [
if (wide) const NavigationRail(/* ... */), // desktop pattern
Expanded(child: Center(child: ConstrainedBox(
constraints: const BoxConstraints(maxWidth: 1100), // cap width on big screens
child: content,
1)),
s

// (bottomNavigationBar when !wide)

1)

// Mouse + text + keyboard affordances
MouseRegion(
cursor: SystemMouseCursors.click, // pointer cursor
child: InkWell(onTap: open, onHover: (h) {/* hover feedback */}, child: card),
)
SelectionArea(child: articleBody); // selectable + copyable text
Shortcuts(shortcuts: {
const SingleActivator(LogicalKeyboardKey.keyS, control: true): const SaveIntent(), // Ctrl+S

}, child: Actions(actions: {SaveIntent: CallbackAction(onInvoke: (_) => save())}, child: form));

// Accessibility: label a non-text control
Semantics(label: 'Delete item', button: true, child: IconButton(icon: const Icon(Icons.delete), onPressed:

del));




I Diagrams

responsive + max width

mouse: hover/cursor/right-
click/scrollbars

phone-only Ul on web

—feels wrong—®| web UX

keyboard: focus + shortcuts

I Common Mistakes

Mistake

Phone Ul stretched across
desktop

No hover states/cursors

Unselectable text

No keyboard support
No visible scrollbars
Ignoring accessibility (canvas)

Fixed pixel sizes breaking on
zoom

Touch-only affordances on web

Why it's wrong

Looks broken/awkward

Feels un-web/dead

Basic web expectation
broken

Inaccessible, un-desktop
Desktop expects them
Screen readers see nothing

Layout breaks

Wrong input model

Fix

SelectionArea: selectable text

accessibility: semantics +
keyboard nav

Responsive layout + max content width + desktop

patterns

MouseRegion /hover + proper cursors

SelectionArea / SelectableText

Focus traversal + Shortcuts / Actions

Scrollbar

Semantics labels + keyboard nav + contrast

Relative sizing, zoom-friendly

Adapt for mouse + keyboard




I Best Practices

e Build responsive layouts (breakpoints, max content width, desktop patterns like side
rail/master-detail) that adapt to large/resizable windows — not a stretched phone Ul (Module
24/Module 25).

e Add mouse affordances (hover states, cursors, right-click/context menus, visible scrollbars)
and keyboard support (focus traversal + shortcuts / Actions , Enter/Space activation).

e Make text selectable ( selectionarea / selectableText ), Support browser zoom (relative sizing),
and provide accessibility (semantics labels, keyboard nav, contrast) — deliberately, since the
canvas gives none for free.

¢ Follow web conventions (URLs/back button, tooltips, standard controls) and adapt input so
one codebase feels right on touch (mobile) and mouse+keyboard (web/desktop).

I Performance

Not primarily a perf topic; responsive rebuilds on resize should be efficient (scoped) and lists
virtualized (03_web_performance_and_loading.md/Module 21). The concern is UX quality +
accessibility, not speed. Semantics add negligible cost.

I Advantages / Disadvantages

e + Web-native feel (responsive, hover/keyboard, selectable text, a11y), one codebase adapting
to input/screen, accessible + conventional.

e — Extra work vs mobile-only (hover/cursor/focus/shortcuts/selection/semantics), al1y needs
deliberate effort (canvas), testing across input modes + zoom.

I Interview Questions

1. @ Why doesn't a mobile-only Ul work on the web? — Desktop browsers are
large/resizable with mouse+keyboard; a phone Ul stretches/looks broken and lacks hover,
keyboard, selectable text, and scrollbars users expect.

2. @ How do you make text selectable in Flutter Web? — Wrap content in selectionarea (OF
use selectableText ) — the canvas doesn't provide selection by default.

3. £ What mouse/keyboard affordances do web users expect? — Hover states + proper
cursors + right-click/context menus + visible scrollbars (mouse); focus traversal + keyboard
shortcuts ( shortcuts / Actions ) + Enter/Space activation (keyboard).

4. 0 How do you handle large/resizable windows? — Responsive breakpoints
( LayoutBuilder / MediaQuery ), @ max content width, and desktop patterns (side rail/master-detail)

that rebuild on resize.



5. €0 Why does accessibility need deliberate work on Flutter Web? — Flutter paints a canvas
(no inherent DOM semantics), so you must add semantics labels + ensure keyboard
nav/contrast for the semantics layer to expose an a1y tree to screen readers.

6. @ How do you support browser zoom? — Use relative sizing (no fixed-pixel assumptions
that break on zoom), test at various zoom levels, and don't hijack native scroll.

7. @ How do you keep one codebase feeling right on touch and mouse+keyboard? —
Adapt affordances (hover/cursor/keyboard on web; touch on mobile) via responsive/adaptive
Ul rather than shipping a single touch-only design.

I Senior Engineer Tips

e Design for a resizable desktop window from the start (breakpoints + max content width +
desktop patterns); a centered phone Ul in a huge window is the instant "this is just a mobile
app" tell.

e Add hover/cursor/keyboard/selectable-text/scrollbars as first-class — web users notice their
absence immediately, and they're cheap to add with
MouseRegion / Shortcuts / SelectionArea / Scrollbar .

e Treat accessibility as required, not optional: add semantics labels + keyboard navigation,
because the canvas model gives you nothing for free and it's painful to retrofit.

I Architect Perspective

Responsive + web UX is what makes a Flutter Web app belong on the web: adaptive layouts for
desktop windows, mouse+keyboard affordances, selectable text, and deliberate accessibility —
bridging Flutter's canvas app to desktop-browser conventions. It's the responsive/adaptive
discipline extended to a new input+screen context, and combined with the
fit/renderer/perf/web-concern decisions it completes a production-quality web experience rather
than a phone app trapped in a browser (Module 24, Module 25, 05_web_integration.md).

I Summary

e Web UX = responsive layouts for large/resizable windows (breakpoints + max width +
desktop patterns), not a stretched phone UL

e Add mouse affordances (hover/cursor/right-click/scrollbars) + keyboard support (focus +
shortcuts / Actions ), make text selectable ( selectionArea ), support zoom, and provide
accessibility (semantics + keyboard nav) deliberately.

e Follow web conventions and adapt input so one codebase feels right on touch and

mouse+keyboard.



I Revision Notes

e Responsive: LayoutBuilder / MediaQuery breakpoints + max content width + desktop patterns
(side rail/master-detail); adapt (not stretch); rebuild on resize (Module 24/25).

e Mouse: hover ( MouseRegion / onHover ) + cursors + right-click/context menus + visible scrollbar
+ wheel. Keyboard: focus traversal ( FocusTraversalGroup ) + Shortcuts / Actions shortcuts +
Enter/Space activation.

e Text: selectionArea / SelectableText (canvas has none by default). Zoom: relative sizing (no fixed
px). A11y: semantics labels + keyboard nav + contrast (canvas — deliberate). Web conventions
(URLs/back/tooltips); adapt input for one codebase (touch + mouse/keyboard).

I Practice Questions

1. Why does a phone-only Ul feel wrong on the web, and how do you fix it?
2. What mouse + keyboard affordances must you add for web?

3. Why does Flutter Web accessibility require deliberate effort?

I Coding Questions

1. Build a responsive layout with a desktop side rail + max content width.
2. Add hover/cursor, a keyboard shortcut, and selectable text.

3. Add semantics labels + keyboard traversal for accessibility.

I Mini Project

Web-idiomatic UX (Flutter Web): Take a mobile screen and make it web-idiomatic: responsive
layout (breakpoints + max content width + a desktop side-rail/master-detail pattern), mouse
affordances (hover states + cursors + a right-click menu + visible scrollbars), keyboard support
(focus traversal + a shortcut via shortcuts / Actions ), selectable text ( selectionArea ), zoom-friendly
sizing, and accessibility (semantics labels + keyboard nav). Acceptance: adapts to large/resizable
windows (not stretched); hover/cursor/right-click/scrollbars; keyboard focus + shortcut +
activation; selectable text; zoom-safe; accessible (semantics + keyboard nav); one codebase
adapting touch—mouse/keyboard.



Flutter Web Integration (Capstone: A Production Web
App)

Assemble a production-quality Flutter Web app: pick the right use case + renderer (app-like
— CanvasKit/skwasm or HTML by goal), wire web behaviors (path URLs + go_router deep
links + server SPA rewrite, PWA), optimize the initial load (shrink + defer + cache + loading
indicator), deliver responsive, web-idiomatic UX (mouse/keyboard/hover, selectable text,
accessibility), and deploy to a CDN with caching/compression — plus a documented fit +
SEO/platform-limitation analysis. This turns "our Flutter app also builds for web" into a real,
fast, web-native-feeling deployment — applied where Flutter Web genuinely fits.

I Introduction

This module capstone composes fundamentals/renderers, web-specific concerns,
performance/loading, and responsive/web UX into one coherent production web app + a
deployment/fit analysis. It's the "put it all together for the web" deliverable.

I Why this concept exists

The web pieces only yield a good product when assembled coherently: renderer + web
behaviors + load optimization + web UX + deployment, with a clear-eyed fit decision. This
capstone provides that integrated exemplar and cements when/how Flutter Web works well.

I Real-world analogy

It's opening a proper storefront on a busy web street (not just unlocking a back door): the
right premises for your business (fit + renderer), a real address + working doors (URLs/deep
links/back button), fast-loading, cached shelves (load optimization + CDN), a layout + controls
suited to walk-in desktop customers (responsive + mouse/keyboard + accessibility), and an
honest sign about what you don't offer (SEO limits). Assembled, it's a legitimate web presence;
half-done, it's a phone app awkwardly wedged into a browser.



I Internal Working






1. Fit + renderer: is Flutter Web
right? which renderer?

\ 4

2. Web behaviors: path URLs +

go_router deep links + SPA
rewrite + PWA

\ 4

3. Load optimization: shrink +
defer + cache + loading indicator

\ 4
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UX: mouse/keyboard/hover +
selectable text + ally

\ 4

5. Deploy: CDN +
caching/compression + service
worker

\ 4

6. Document: fit + SEO/platform-
limitation analysis

¢ 1. Fit + renderer (01_web_fundamentals_and_renderers.md): confirm Flutter Web fits the use
case (logged-in/app-like — yes; SEO/content site — use web-native). Choose the renderer
(HTML for size/text; CanvasKit/skwasm for fidelity/consistency) per your SDK.

e 2. Web behaviors (02_web_specific_concerns.md): path URL strategy + go_router

(route=URL sync — deep links/bookmarking/back-forward) + server SPA rewrite; PWA
(customized manifest + service worker: installable + offline shell); browser APIs via JS



interop; guard platform differences ( kisweb , N0 dart:io ); handle refresh/tab lifecycle
(persist state).

¢ 3. Load optimization (03_web_performance_and_loading.md): shrink ( --release tree-shake +
--tree-shake-icons , compressed/right-sized assets + subset fonts + CDN images), defer heavy
features (deferred imports — lazy chunks), cache (service worker + CDN + gzip/brotli +
immutable hashed assets), and a loading indicator in index.ntm1 to mask boot; measure +
budget first load.

e 4. Responsive + web UX (04_responsive_and_web_ux.md): responsive layout (breakpoints +
max content width + desktop patterns), mouse (hover/cursor/right-click/scrollbars) +
keyboard (focus/shortcuts), selectable text ( seiectionarea ), zoom-safe sizing, and
accessibility (semantics + keyboard nav).

e 5. Deploy: serve build/web static assets from a CDN with caching + compression +
immutable hashing + the service worker; configure the SPA route rewrite; set
meta/OpenGraph/favicon in index.html .

e 6. Document fit + limitations: a short analysis — why Flutter Web fits here, the SEO stance
(accept/mitigate), platform limits (canvas al11y/text handled, no platform channels), and the
trade-offs accepted (download size vs reuse/consistency).

e The payoff: a fast-loading, deep-linkable, installable, responsive, accessible, web-idiomatic
app from your shared Flutter codebase — genuinely production-quality where Flutter Web
fits.

¢ Right-sizing: an internal tool needs fit+renderer+URLs+basic UX; a public-facing PWA adds
full load optimization, PWA polish, accessibility, and (if any SEO need) a marketing shell. Scale
effort to the product.

I Memory Representation

Not app state — a web deployment: build artifact (engine + app + assets + deferred chunks),
index.html (meta/manifest/loading), router config (path URLs), service worker + CDN cache, plus
a fit/SEQ/limitation doc. Browser holds URL/history + storage.

I Compiler Behavior

--release (dart2js/dart2wasm) tree-shakes/minifies per renderer; deferred imports — lazy chunks;
hashed assets enable immutable caching; conditional imports/ kisweb gate dart:io .

I Runtime Behavior

First visit: download+boot (masked by loading Ul) — interactive; deep links load via SPA rewrite +
go_router ; repeat visits hit cache; PWA installs/offline-shells; UX adapts to mouse/keyboard;
refresh reloads (state persisted).



I Flutter Engine Behavior

The web engine (CanvasKit/skwasm/HTML) renders; the semantics layer provides accessibility;
pointer/keyboard events drive web UX.

I Dart VM Behavior

No VM (JS/WASM, AOT-like); deferred imports lazy-load code; isolates—limited web workers;
storage via browser APIs.

I Examples

// Bootstrap: clean URLs + router + loading-UI handoff
void main() {
usePathUrlStrategy(); // clean URLs (server SPA rewrite needed)

runApp(MaterialApp.router(routerConfig: appRouter)); // go_router: deep links + back/forward

// Deferred heavy feature (keep initial download small)
import 'package:app/features/analytics/analytics.dart' deferred as analytics;
Future<void> openAnalytics(BuildContext c) async {

await analytics.loadLibrary();

if (c.mounted) c.push('/analytics');

// Responsive + web-idiomatic shell (desktop rail + max width + selectable + hover)
Widget shell(Widget content) => LayoutBuilder(builder: (ctx, cns) {
final wide = cns.maxWidth >= 900;
return Scaffold(body: Row(children: [
if (wide) const NavigationRail(/* ... */),
Expanded(child: Center(child: ConstrainedBox(
constraints: const BoxConstraints(maxWidth: 1100),
child: SelectionArea(child: content), // selectable text
1)),
M
3




Deploy checklist:
build --release (renderer per goal) + deferred chunks + optimized assets
serve build/web via CDN: gzip/brotli + immutable hashed assets + long TTL + service worker
server SPA rewrite (all routes -> index.html) for path URLs/deep links
index.html: meta/OpenGraph/favicon + loading indicator + manifest link (PWA)

measure first-load (Lighthouse/--analyze-size) vs a web-load budget (CI)

Fit/limitation doc:
WHY Flutter Web fits (app-like/logged-in/reuse) | SEO stance (accept/mitigate) |
platform limits handled (ally/text/J]S interop, no platform channels) | trade-offs accepted (download

size)

I Diagrams

web behaviors (URLs/deep

it renderer o Me0e | load optimization + CON caching | ——»{  responsive + webUX +a1ly [ ——»|  productionwebapp  [——» fit + SE/lmitation analysis
I Common Mistakes
Mistake Why Fix
Shipping a mobile build to web Bloated, un-web, broken Do fit/renderer/URLs/load/UX work
unchanged UX
Wrong use case (SEO/content) Flutter Web can't compete Use web-native for SEO/content
Hash URLs / broken back button Un-web-like Path strategy + go_router + SPA rewrite
Ignoring initial-load size Slow first paint Shrink + defer + cache + loading Ul
Phone-only UX on web Feels wrong Responsive + mouse/keyboard + selectable +
ally
No CDN caching/compression Slow loads CDN + gzip/brotli + immutable hashing + SW
Skipping accessibility Unusable for AT Semantics + keyboard nav (canvas — deliberate)
No fit/limitation analysis Wrong-tool surprises Document fit + SEO + trade-offs

I Best Practices

¢ Confirm fit + choose the renderer first; then wire web behaviors (path URLs + go_router
deep links + SPA rewrite + PWA + JS interop + platform guards).

e Optimize the initial load (shrink + defer + cache + loading indicator; measure + budget) and
deliver responsive, web-idiomatic UX (mouse/keyboard/hover, selectable text, zoom,



accessibility).

e Deploy to a CDN with caching/compression/immutable hashing + service worker + SPA
rewrite + proper index.html meta.

e Document the fit + SEO/platform-limitation analysis + accepted trade-offs; right-size
effort to the product (internal tool vs public PWA).

I Performance

The integrated app is fast because load is optimized (shrink/defer/cache/loading-Ul) + CDN-
served, and runtime uses standard Flutter perf (scoped rebuilds/virtualization) with the chosen
renderer. First-paint budget + measurement keep it fast as it grows
(03_web_performance_and_loading.md/Module 21).

I Advantages / Disadvantages

e + Production-quality web from a shared codebase: fast, deep-linkable, installable, responsive,

accessible, web-idiomatic — where Flutter Web fits; high reuse + pixel consistency.

e — Real effort across all dimensions (renderer/URLs/load/UX/a11y/deploy), inherent download

size + SEO limits, wrong for content sites; must right-size + document trade-offs.

I Interview Questions

1. @ What are the steps to a production Flutter Web app? — Confirm fit + choose renderer
— wire web behaviors (URLs/deep links/PWA) — optimize load (shrink/defer/cache/loading Ul)
— responsive + web-idiomatic UX + a11y — deploy (CDN/caching/SPA rewrite) — document
fit/SEQO/limitations.

. © How do you make URLs + back button work with fast deep links? — Path URL strategy
+ go_router (route—URL) + a server SPA rewrite of all routes to index.html .

_) How do you tame the initial load? — Shrink (renderer/ --release /assets/fonts), defer
heavy features (deferred imports), cache (service worker + CDN + compression + immutable
hashing), and mask boot with a loading indicator — measured against a budget.

. ) What makes the UX web-idiomatic? — Responsive layout (breakpoints + max width +
desktop patterns), mouse (hover/cursor/right-click/scrollbars) + keyboard (focus/shortcuts),
selectable text ( selectionarea ), zoom-safe sizing, and accessibility (semantics + keyboard nav).

_) How do you deploy Flutter Web? — Serve build/web from a CDN with
caching/compression/immutable hashing + the service worker, configure the SPA route
rewrite, and set index.htm1 meta/manifest/loading.

. @ What must the fit/limitation analysis cover? — Why Flutter Web fits (app-like/reuse),
the SEO stance (accept/mitigate), platform limits handled (a11y/text/JS interop, no platform
channels), and accepted trade-offs (download size).



7. @ How do you right-size the effort? — Internal tool: fit+renderer+URLs+basic UX; public
PWA: full load optimization + PWA polish + accessibility + (if needed) an SEO marketing shell.

I Senior Engineer Tips

e Do the fit decision honestly first; the biggest Flutter Web failures are shipping it for an
SEO/content site or dumping an unmodified mobile build into a browser.

e Front-load URLs/deep-links/back-button + initial-load optimization + a loading indicator;
those three are what users judge in the first five seconds, and they're what "just builds for
web" always misses.

e Treat responsive layout + mouse/keyboard + selectable text + accessibility as required for a
real web app, and document the SEO/trade-off analysis so stakeholders aren't surprised later.

I Architect Perspective

Flutter Web integration is the synthesis that turns cross-platform reuse into a genuine web
product: the right fit + renderer, proper web behaviors, an optimized cached load, web-idiomatic
responsive+accessible UX, and a CDN deployment — with an honest limitation analysis. Done
fully and where it fits, Flutter Web delivers a fast, installable, deep-linkable, consistent app from
one codebase; done partially or for the wrong use case, it disappoints. The architect's
contribution is the fit decision + coherent assembly + documented trade-offs
(01_web_fundamentals_and_renderers.md, 03_web_performance_and_loading.md, Module 54).

I Summary

e Production Flutter Web = fit + renderer — web behaviors (path URLs + go_router deep links +
SPA rewrite + PWA + JS interop) — optimized load (shrink/defer/cache/loading Ul) —
responsive + web-idiomatic UX + a11y — CDN deploy — documented fit/SEOQ/limitation
analysis.

e Delivers a fast, deep-linkable, installable, responsive, accessible app from a shared codebase
— where Flutter Web fits (app-like, not SEO/content).

e Right-size effort to the product and document the accepted trade-offs (download size vs
reuse/consistency).

I Revision Notes

e Steps: (1) fit + renderer (app-like — yes; HTML vs CanvasKit/skwasm by goal) (2) web
behaviors: path URL strategy + go_router deep links + server SPA rewrite + PWA
(manifest/SW) + JS interop + kisweb guards + refresh/state (3) load: --release shrink + --
tree-shake-icons + assets/fonts/CDN images + deferred imports + service worker/CDN/gzip-



brotli/immutable hashing + loading indicator + budget (4) UX: responsive (breakpoints + max
width + desktop patterns) + mouse/keyboard + selectionarea + zoom + ally (semantics) (5)
deploy CDN + SPA rewrite + index.html meta (6) document fit/SEO/limitation/trade-offs.

e Payoff: fast/deep-linkable/installable/responsive/accessible web app from shared codebase
where it fits; right-size; not for SEO/content sites.

I Practice Questions

1. Walk the steps from fit decision to deployed production web app.
2. How do you make URLs/deep links/back button + fast initial load work together?

3. What does the fit/limitation analysis need to state?

I Coding Questions

1. Bootstrap path URLs + go_router + a loading indicator + a deferred feature.
2. Build a responsive web-idiomatic shell (desktop rail + max width + selectable text + a11y).

3. Write the deploy + index.htm1 config (CDN caching/compression/SPA rewrite/meta/manifest).

I Mini Project

Production Flutter Web app (capstone — Flutter Web): Ship a responsive dashboard-style
web app: confirm fit + choose a renderer; wire path URLs + go_router deep links + server SPA
rewrite + a customized PWA; optimize the initial load (shrink + a deferred heavy feature +
service-worker/CDN caching/compression + loading indicator, measured vs a budget); deliver
web-idiomatic UX (responsive layout + mouse/keyboard/hover + selectable text + zoom +
accessibility); deploy to a CDN; and write a fit + SEO/platform-limitation + trade-off analysis.
Acceptance: justified fit + renderer; clean deep-linkable URLs + back/forward + PWA; optimized
measured initial load (shrink/defer/cache/loading Ul); responsive + mouse/keyboard + selectable
+ accessible UX; CDN deploy + SPA rewrite + meta; documented fit/SEO/limitation/trade-offs;
right-sized.



