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30 - Google Maps

I Introduction

This module covers embedding and driving Google Maps in Flutter with google_maps_flutter :
setup (API keys per platform, the Googlemap widget, GoogleMapcontroller ), overlays (markers,
polylines, polygons, circles, info windows), camera control (move/animate, bounds, gestures),
and advanced patterns — custom markers, live location on the map, and clustering for large
datasets. It builds on device location (Module 29) and platform views (Module 27/28).

I Why this module exists

Maps power delivery, ride-hailing, real estate, fitness, and "near me" apps. google maps_flutter
embeds a native map via platform views — powerful but with real costs (API keys/billing,
compositing, marker/state management). You must set it up per platform, manage overlays and
camera imperatively via a controller, and scale to thousands of markers without jank.

I Module map

#  File Topic Level
1 01_maps_setup_and_widget.md APl keys, GoogleMap widget, GoogleMapController ,camera position @
2 02_markers_and_overlays.md Markers, polylines, polygons, circles, info windows )
3 03 _camera_control.md Move/animate camera, bounds, zoom, gestures, map styling a
4 04_live_location_and_clustering.md = Custom markers, live location, marker clustering at scale @
5 05_maps_integration.md Capstone: map behind a controller/repository, live tracking Qo

Cross-references: Location source: 29 - geolocation. Platform views (how the map embeds):
27/28. Compositing cost: 09 - compositing. Performance: Module 21. State management:
Module 11.

I Prerequisites

29 Device Features (geolocation), platform-view basics (27/28), 11 State Management (managing
marker/camera state).

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

e Set up Google Maps with per-platform APl keys and embed the Googlemap widget.



Add and update markers, polylines, polygons, circles, and info windows.

Control the camera (move/animate, fit bounds, zoom) and style the map.

Render custom markers, show live user location, and cluster thousands of points.

Wrap the map behind a controller/repository for clean, testable state.

I Capstone

Live map slice: A map that shows the user's live location (from Module 29), plots many place
markers with clustering, draws a route polyline, animates the camera to fit results/follow the user,
and surfaces marker taps — with all map state driven through a controller/repository.

I Summary

Google Maps in Flutter = a native map embedded via platform views, driven imperatively
through a Googlemapcontroller : set up keys, manage overlays (markers/lines/shapes), control the
camera, and scale with custom markers + clustering. Wrap it behind a controller/repository and
mind the compositing/billing costs.



Maps Setup & the oy Widget

Add google_maps_flutter , register a per-platform API key (Android manifest / iOS apppelegate ,
both from a billing-enabled Google Cloud project with the Maps SDKs enabled), then drop a
GoogleMap widget with an initialcameraPosition and grab itS GoogleMapController Via

onMapCreated — the controller is how you drive everything imperatively afterward.

I Introduction

Before any markers or camera work, you need the plugin installed, API keys wired per platform,
and the map rendering. This file covers setup (keys/billing/SDK enablement), the Gcooglemap
widget's core config, and capturing the GoogleMapcontroller — the handle for all later operations.

I Why this concept exists

Google Maps is a paid Google Cloud service rendered by native SDKs; Flutter embeds it via
platform views (27/28). Keys authenticate/bill your usage per platform, and the widget/controller
split (declarative widget + imperative controller) reflects that the map is a stateful native view you
command after creation.

I Real-world analogy

Setting up Maps is like leasing a metered kiosk in a mall: you sign with the landlord (Google
Cloud project + billing), get keys to your specific unit (per-platform API keys), then the kiosk
(the Googlemap widget) opens at a starting location ( initialcameraposition ). The controller is your

staff phone line to rearrange the kiosk after it's open.

I Problem Statement

Get a map on screen: create a Cloud project with billing + Maps SDKs, add Android + iOS API
keys, install the plugin, and render a GoogleMap centered on a city, capturing its controller. You'll
edit native config and add the widget.



I Internal Working

Google Cloud project + billing +

L GoogleMap(initialCameraPosition,...)
Maps SDK (Android/iOS)

onMapCreated ->
API keys per platform

GoogleMapController

l

AppDelegate camera/markers/overlays via
GMSServices.provideAPIKey controller

AndroidManifest meta-data

¢ Cloud/billing: create a project, enable Maps SDK for Android + Maps SDK for iOS, enable
billing, and (best practice) restrict each key (by app id/bundle + API). Usage is metered/billed.

e Android: add the key as <meta-data android:name="com.google.android.geo.API_KEY" .../> in
AndroidManifest.xml ; set a suitable minsdkversion .

o {OS: GMsservices.provideAPIKey("...") IN AppDelegate before super.application(...) ; add location
usage strings if showing user location (28 - infoplist).

o Widget: GoogleMap(initialCameraPosition: CameraPosition(target: LatLng(...), zoom: ...),
onMapCreated: ...) . Config flags: myLocationEnabled , myLocationButtonEnabled , mapType ,

zoomControlsEnabled , markers , polylines , etcC.

e Controller: onMapCreated: (c) => _controller = ¢; — Store it (often ina Completer OF state/bloc)
to call animatecamera, showMarkerInfoWwindow , screenshot, etc. The controller is available only after
creation.

® myLocationEnabled : Shows the blue dot; requires location permission (29 - geolocation).

I Memory Representation

The map is a native view with its own tile cache/textures composited into Flutter — memory-
heavy. Keep few maps alive; dispose screens holding them.

I Compiler Behavior

Not applicable; native SDK + platform view at runtime. Keys are build-time config.



I Runtime Behavior

First render initializes the native map (tiles load over network — brief blank/loading).
Missing/invalid/unrestricted-but-wrong key — blank or gray map + console error.

I Flutter Engine Behavior

The map renders as a platform view composited into the Flutter surface (09 - compositing) —
heavier than Flutter widgets; avoid many maps or maps in fast lists.

I Dart VM Behavior

Not applicable; map rendering is native, commands marshalled over channels.

I Examples

<!-- android/app/src/main/AndroidManifest.xml (inside <application>) -->
<meta-data
android:name="com.google.android.geo.API_KEY"

android:value="YOUR_ANDROID_ API_KEY"/>

// 1ios/Runner/AppDelegate.swift

import GoogleMaps

@main

@objc class AppDelegate: FlutterAppDelegate {

override func application(_ application: UIApplication,

didFinishLaunchingWithOptions launchOptions: [UIApplication.LaunchOptionsKey: Any]?) -> Bool {
GMSServices.provideAPIKey("YOUR_IOS_API_KEY") // before super
GeneratedPluginRegistrant.register(with: self)

return super.application(application, didFinishLaunchingWithOptions: launchOptions)




import 'package:flutter/material.dart’;
import 'package:google_maps_flutter/google _maps_flutter.dart';

import 'dart:async’;

class MapScreen extends StatefulWidget {
const MapScreen({super.key});
@override

State<MapScreen> createState() => _MapScreenState();

class _MapScreenState extends State<MapScreen> {
final _controller = Completer<GoogleMapController>();

static const _start = CameraPosition(target: LatLng(28.6139, 77.2090), zoom: 12);

@override
Widget build(BuildContext context) {
return GoogleMap(
initialCameraPosition: _start,
myLocationEnabled: true, // blue dot (needs location permission)
myLocationButtonEnabled: true,

onMapCreated: (c) => _controller.complete(c), // capture the controller

)5

I Diagrams

GoogleMap widget Native Maps SDK App

initialize key + initialCameraPosition

v

map ready

onMapCreatedcontroller

v

later animateCamera / add markers via controller

A

GoogleMap widget Native Maps SDK App



I Common Mistakes

Mistake Why Fix

Missing/invalid/unbilled key Blank/gray map Enable SDK + billing; correct per-platform key
Same key both platforms unrestricted Security/billing risk Separate, restricted keys per platform

Using controller before onMapCreated Null/late Store via Completer /state; use after created
myLocationEnabled without permission No blue dot / error Request location permission first

Many maps / map in a list Compositing cost, jank/OOM = One map; avoid in scroll lists

iOS key set after super Map fails to init provideAPIKey before super.application

I Best Practices

e Use a billing-enabled project with the right Maps SDKs; create separate, restricted keys per
platform (app id/bundle + API restrictions).

e Wire keys correctly (Android manifest meta-data; iOS GMsservices.provideArikey before super);
add location usage strings if showing the user.

e Capture the controller in onMapcreated (Via completer /state) and use it only afterward; keep
one map, out of fast lists.

e Set a sensible initialcameraPosition ; request location permission before myLocationenabled (29 -

geolocation).

I Performance

The map is a native platform view — heavy compositing + tile memory/network. Minimize map
count, dispose when off-screen, and never put maps in scrolling lists. Monitor API usage/billing.

I Advantages / Disadvantages

e + Full native Google Maps (tiles, gestures, my-location, overlays) in Flutter; rich, familiar UX.

e - Paid/metered (billing + keys), platform-view compositing cost, per-platform setup,

imperative controller model, memory-heavy.

I Interview Questions

1. @ How is a Google Map rendered in Flutter? — Via google maps_flutter , Which embeds the
native Maps SDK as a platform view composited into the Flutter surface.

2. @ Where do API keys go? — Android: AndroidManifest meta-data ; iOS:
GMSServices.provideAPIKey in AppDelegate (before super ) — from a billing-enabled project with
the Maps SDKs enabled.



3. €0 How do you get the cooglemapcontroller ? — From onMapcreated ; store it (e.g., a

completer /state) and use it only after the map is created.

4. ) Why restrict APl keys? — To prevent unauthorized use/billing abuse (restrict by app
id/bundle + API).

5. € Why avoid maps in scrolling lists / multiple maps? — Each is a heavy native platform
view (compositing/memory); many cause jank/OOM.

6. @ Why might the map show blank/gray? — Invalid/missing key, SDK not enabled, billing
off, or key restrictions mismatched.

7. @ What's the widget/controller split about? — The map is a stateful native view:
declarative cooglemap for initial config, imperative GooglemMapcontroller to command it afterward.

I Senior Engineer Tips

e Restrict keys and store them out of source (build-time injection / native config); an
unrestricted key in a public repo is a billing incident.

e Wrap the controller in a completer so early camera/marker calls await map readiness instead
of NPE-ing.

e Treat the map as an expensive singleton view — one per screen, disposed when gone; never in

a ListView.

I Architect Perspective

Maps setup is a platform-config + cost + platform-view concern. Getting keys/billing/restrictions
right and capturing the controller cleanly (awaitable, in state) sets the foundation for overlays,
camera, and live tracking — while the platform-view cost dictates using maps sparingly and
disposing them, integrating with location and performance budgets (29 - geolocation, Module
21).

I Summary

e Enable Maps SDKs + billing, add restricted per-platform keys (Android manifest / iOS
AppDelegate), install the plugin.

e Render GoogleMap With initialcameraPosition ; capture the GoogleMapController iN onMapCreated
(via completer /state).

e It's a heavy native platform view — one map, out of lists, dispose when gone; request location
permission for the blue dot.



I Revision Notes

e Cloud project + billing + Maps SDK (Android/iOS); restricted keys: Android meta-data, iOS

GMSServices.provideAPIKey before super .

® GoogleMap(initialCameraPosition, myLocationEnabled, onMapCreated) , controller via Completer , used

after creation.

¢ Native platform view — heavy compositing/memory; one map, not in lists; blank map =
key/billing/SDK issue.

I Practice Questions

1. Where and how do you register the API key on each platform?
2. How and when do you obtain the GoogleMapcontroller ?

3. Why is it costly to place maps in a scrolling list?

I Coding Questions

1. Add Android + iOS API keys and render a Googlemap centered on a city.
2. Capture the controller via a completer and expose an animateTo(LatLng) helper.

3. Enable the my-location blue dot after requesting permission.

I Mini Project

Map bootstrap (Flutter): Set up a billing-enabled Maps project, wire restricted Android + iOS
keys, and render a coogleMap centered on a chosen city with the my-location dot (permission
requested via Module 29). Capture the controller in a completer and expose an animateTo(LatLng)
method. Acceptance: map renders on both platforms (no blank/gray); keys restricted per
platform; controller captured + usable; blue dot works with permission; single map instance; runs
on device.



Markers & Overlays (Markers, Polylines, Polygons,
Circles, Info Windows)

Draw on the map with immutable overlay set s the Googlemap widget consumes: set<Marker>
(pins, each a unique Markerzd With a tap/info window), set<polylines> (routes), set<polygon>
(areas), set<circle> (radii/geofences) — you rebuild the set and call setstate (or update state)
to change what's shown; overlays are declarative, not imperative.

I Introduction

Overlays are how you annotate the map: pins for places, a line for a route, a shape for a delivery
zone, a circle for "within 5 km." Each overlay type is an immutable value with a stable id; you pass
sets to the Googlemap widget and update them via state. This file covers all overlay types,
ids/updates, and info windows.

I Why this concept exists

The map needs to show your data (places, routes, zones). Rather than imperative add/remove
calls, google maps_flutter uses declarative sets keyed by id — you describe the desired overlays
and the plugin diffs/reconciles with the native map. Stable ids make updates (move a marker,
recolor a line) efficient.

I Real-world analogy

Overlays are stickers, string, and highlighter on a paper map: markers are numbered pins
(each pin has a label card = info window), polylines are string tracing a route, polygons are
highlighted regions, circles are compass-drawn radii. You hand the map a fresh sticker sheet (the
set) and it updates what's stuck on.

I Problem Statement

Plot store markers (tappable, with info windows), draw the route from the user to a store as a
polyline, shade a delivery zone as a polygon, and show a 2 km radius circle — updating them as
data changes. You'll build overlay sets and update them via state.



I Internal Working

your data (places/route/zone)

l

build Set

l

GoogleMap(markers:, polylines:,
polygons:;, circles:)

data changes

l

new immutable set + setState

l

plugin diffs by id -> native map
updates

Marker.onTap / infoWindow

l

handle selection

e Marker: Marker(markerId: MarkerId('store-1'), position: LatLng(...), infoWindow:
InfoWindow(title:..., snippet:...), icon: BitmapDescriptor..., onTap: ...) . markerId must be
unique + stable (used for diffing/selection). Tapping shows the info window (or handle
onTap )

® Polyline: Polyline(polylineId:, points: [LatLng...], width:, color:, patterns:) —a route/path.

® Polygon: Polygon(polygonId:, points: [...], fillColor:, strokeColor:, holes:) — a filled area
(delivery/service zone).

e Circle: Circle(circleld:, center:, radius: meters, fillColor:, strokeColor:) — a radius/geofence

visual.

e Immutability + copywith : overlays are immutable; to move/recolor, create a new instance

( marker. copyWith(positionParam: ...) ) and put it in a new set.

e Updates: hold the sets in state (setState/bloc), rebuild on change; the plugin reconciles by id
— no manual add/remove.

¢ Info windows: default bubble from 1nfowindow , or fully custom Ul by drawing your own
widget positioned over the marker (advanced) / showMarkerInfowindow(id) Via controller.

e Custom icons: Bitmappescriptor from asset/bytes (04_live_location_and_clustering.md).

I Memory Representation

Overlay sets are lightweight Dart value objects; the native map holds the rendered geometry.
Thousands of markers get expensive — cluster (04_live_location_and_clustering.md).

I Compiler Behavior

Not applicable.



I Runtime Behavior

Passing a new set triggers a native diff by id: added/removed/changed overlays are reconciled.
Large sets increase reconcile + render cost.

I Flutter Engine Behavior

Overlays render on the native map (platform view) — not Flutter layers; the info window is native
(custom info windows require extra work to align a Flutter widget).

I Dart VM Behavior

Not applicable; overlay definitions marshalled to native.



Examples

import 'package:google maps_flutter/google_maps_flutter.dart';

import 'package:flutter/material.dart’;

class MapOverlays {
Set<Marker> storeMarkers(List<Store> stores, void Function(Store) onTap) {
return stores.map((s) => Marker(
markerId: MarkerId('store-${s.id}'), // unique + stable
position: LatLng(s.lat, s.lng),
infoWindow: InfoWindow(title: s.name, snippet: s.address),
onTap: () => onTap(s),

)).toSet();

Polyline route(List<LatLng> points) => Polyline(
polylineId: const PolylineId('route'),

points: points, width: 5, color: Colors.blue,

)5

Polygon deliveryZone(List<LatLng> boundary) => Polygon(
polygonId: const PolygonId('zone'),
points: boundary,
fillColor: Colors.green.withOpacity(0.2),

strokeColor: Colors.green, strokeWidth: 2,

)5

Circle radius(LatLng center, double meters) => Circle(
circleId: const CircleId('radius'),
center: center, radius: meters,

fillColor: Colors.orange.withOpacity(@.15), strokeColor: Colors.orange,

DB



// Consume in the widget (sets held in state, rebuilt on change)
GoogleMap(

initialCameraPosition: _start,

markers: _markers, // Set<Marker>
polylines: _polylines, // Set<Polyline>
polygons: _polygons, // Set<Polygon>
circles: _circles, // Set<Circle>

onMapCreated: (c) => _controller.complete(c),
)s

// To move a marker: _markers = {..._markers}..remove(old)..add(old.copyWith(positionParam: newPos));

I Diagrams

places —» Set

route pts —» Set —\

GoogleMap widget

area pts —> Set —/

center+m —P Set




I Common Mistakes

Mistake Why Fix

Duplicate/unstable markerId Overlaps, broken updates  Unique, stable ids

Mutating overlays in place Immutable; no update New instance via copyWith + new set
Rebuilding sets every frame Wasted diffing Rebuild only on data change

Thousands of raw markers Jank/memory Cluster (04_live_location_and_clustering.md)

Expecting Flutter-widget info windows = Info windows are native Custom overlay/positioned widget if needed

Not toSet()/using List Widget expects Set Use Set<...>

I Best Practices

e Give every overlay a unique, stable id; treat overlays as immutable — update via copywith +
a new set.

e Hold overlay sets in state (setState/bloc) and rebuild only when data changes; the plugin
diffs by id.

e Cluster large marker counts; use Bitmapbescriptor for custom pins
(04_live_location_and_clustering.md).

e Use 1nfowindow for simple bubbles; for rich content, position a Flutter widget yourself; handle
ontap for selection logic.

I Performance

Overlay cost scales with count; hundreds of markers/complex polygons can jank —
cluster/simplify. Avoid rebuilding sets per frame; diff only on change.

I Advantages / Disadvantages

e + Declarative, id-diffed overlays (markers/lines/shapes/circles); efficient reconciliation; clean
state model.

e - Immutable-update boilerplate ( copywith ), native info windows (limited styling), scaling
needs clustering, sets rendered natively (not Flutter widgets).

I Interview Questions

1. @ How do you add markers to a Google Map in Flutter? — Pass a set<Marker> (each with
a unique MarkerId) to the GoogleMap widget's markers property; update via state.

2. © What overlay types are available? — Markers, polylines, polygons, and circles (plus info
windows on markers).



3. € Why must marker ids be unique and stable? — The plugin diffs overlays by id to
reconcile with the native map; unstable ids break updates/selection.

4. 0 How do you move or restyle an existing overlay? — Create a new immutable instance
( copywith ) and put it in a new set — overlays can't be mutated in place.

5. € How do info windows work and their limitation? — 1nfowindow(title/snippet) renders a
native bubble; rich Flutter-widget content requires positioning your own overlay.

6. @ What happens with thousands of markers? — Rendering/diffing gets expensive —
jank/memory; use clustering.

7. @ When are overlays reconciled with the native map? — When you pass a new set to the
widget; the plugin diffs by id (added/removed/changed).

I Senior Engineer Tips

e Key ids to your domain ( 'store-${id}' ) so selection/updates map cleanly to data; never use
array index (reorders break it).

e Build overlay sets in a pure function from state — easy to test and cheap to rebuild only on
data change.

e Reach for clustering early if the dataset can grow; retrofitting it after raw markers jank is
painful.

I Architect Perspective

Overlays are the map's data-binding layer: pure functions from domain data — immutable
overlay sets, held in state and diffed by id. Keeping this declarative and id-stable (and clustering
at scale) makes map features testable and performant, integrating with state management and
the location/route data feeding them (Module 11, 04_live_location_and_clustering.md).

I Summary

e Overlays = immutable set<Marker|Polyline|Polygon|Circle> passed to GoogleMap , diffed by
unique/stable id.

e Update via copywith + new set held in state; rebuild only on data change; cluster at scale.

¢ Info windows are native ( Infowindow ); Custom pins via Bitmapbescriptor ; handle ontap for
selection.

I Revision Notes

® Set<Marker> (unique MarkerId , infoWindow , onTap ), Set<Polyline> (route), Set<Polygon> (area),

Set<Circle> (radius).

e Immutable — copywith + new set; held in state; plugin diffs by id; rebuild only on change.



¢ Native info windows (limited styling); custom icons via Bitmappescriptor ; cluster large counts.

I Practice Questions

1. Why must marker ids be unique and stable?
2. How do you update a marker's position?

3. What are the limits of 1nfowindow Styling?

I Coding Questions

1. Build a pure function mapping a list of places to a set<marker> with info windows + tap
handling.
2. Draw a route polyline and a delivery-zone polygon.

3. Move a marker by producing a new immutable set via copywith .

I Mini Project

Store map overlays (Flutter): From a list of stores, render tappable markers with info windows,
draw a polyline route to a selected store, shade a delivery-zone polygon, and show a radius circle
— all as immutable sets held in state, updated via copywith . Selecting a marker updates a details
panel. Acceptance: overlays render + update by stable id; marker tap drives selection;
move/restyle via copywith ; sets rebuilt only on change; runs on device.



Camera Control (Move/Animate, Bounds, Zoom,
Gestures, Styling)

Drive the viewport through the GoogleMapcontroller with cameraupdate S: movecamera (instant) vs
animatecamera (Smooth), by target/zoom, by Latingsounds (fit multiple points with padding), or
by bearing/tilt for 3D — plus gesture toggles, zoom limits, and JSON map styling; listen to

onCameraMove / onCameraIdle tO react to user panning.

I Introduction

The camera is what the user sees: center, zoom, bearing, tilt. You control it imperatively via the
controller using cameraupdate factories, and observe user-driven changes via callbacks. This file

covers moving/animating, fitting bounds, zoom/gesture config, styling, and reacting to camera
events.

I Why this concept exists

Maps must focus on what matters — the user, a route, a set of results — and respond to
interaction. cameraupdate is the declarative description of a viewport change; the controller applies
it (instantly or animated). Callbacks let the app react (e.g., reload markers for the visible region).

I Real-world analogy

The camera is a drone over the map: you tell it a destination ( cameraupdate ) and whether to
teleport ( movecamera ) or fly smoothly ( animatecamera ); "fit these points" is "rise until everyone's
in frame" (bounds). Gesture/zoom settings are the remote's enabled buttons; oncameraidie fires

when the drone stops so you can survey what's now visible.

I Problem Statement

Animate to the user's location on load, fit all search results in view with padding, cap zoom,
disable rotation, apply a dark map style, and reload markers when the user stops panning. You'll
use cameraupdate , config flags, styling, and camera callbacks.



I Internal Working

CameraUpdate.newLatLngZoom /
user pans/zooms

newlatLngBounds / zoomlin ...

move or animate? onCameraMove

moveCamera animateCamera
. . . onCameraldle -> react (reload
instant jump smooth flight o )

visible region)

CameraUpdate factories: newLatLng(latLng) , newLatLngZoom(latLng, zoom) ,
newCameraPosition(CameraPosition(target, zoom, bearing, tilt)) , newLatLngBounds(bounds, padding) ,
zoomIn/zoomOut/zoomTo(level) , scrollBy .

® Applyi controller.animateCamera(update) (smooth, preferred for UX) or
controller.moveCamera(update) (instant, e.g., initial jump). Both are async.

e Fit bounds: build LatLngBounds(southwest, northeast) covering all points, then
newLatLngBounds(bounds, padding) . Gotcha: calling it before the map is laid out throws — await
map creation, and compute bounds correctly (min/max lat/Ing).

° Config flags (widget): minMaxZoomPreference , rotateGesturestEnabled , tiltGesturesEnabled,
scrollGesturesEnabled , zoomGesturesEnabled , zoomControlsEnabled , compassEnabled , mapType
(normal/satellite/terrain/hybrid).

° Styling: controller.setMapStyle(jsonString) (or style param) — JSON from the Google Maps
styling wizard (dark mode, hide POIs). Invalid JSON silently fails — validate.

e Callbacks: oncameraMove(cameraposition) (fires continuously — keep cheap), oncamerardie() (fires

when movement stops — do work here, e.g., query visible region via

controller.getVisibleRegion() ).



I Memory Representation

Camera state is a small cameraposition . Reacting to oncamerardie by loading region data is where
cost lives — debounce/limit.

I Compiler Behavior

Not applicable.

I Runtime Behavior

animatecamera runs a timed native animation; rapid successive animations can queue/cancel.
oncameraMove fires many times per gesture — throttle any work.

I Flutter Engine Behavior

Camera animation happens natively on the map view; Flutter isn't driving the frames — no Flutter
jank from the animation itself, but heavy oncameraMove Dart work can still jank the Ul thread.

I Dart VM Behavior

Not applicable; camera commands marshalled to native.



I Examples
import 'package:google maps_flutter/google_maps_flutter.dart';

class MapCamera {
final GoogleMapController controller;

MapCamera(this.controller);

Future<void> goTo(LatLng target, {double zoom = 15}) =>

controller.animateCamera(CameraUpdate.newlLatLngZoom(target, zoom));

// Fit all points in view with padding
Future<void> fitAll(List<LatLng> points, {double padding = 48}) async {
if (points.isEmpty) return;
double minLat = points.first.latitude, maxLat = minLat;
double minLng = points.first.longitude, maxLng = minLng;
for (final p in points) {
minLat = p.latitude < minLat ? p.latitude : minLat;
maxLat = p.latitude > maxLat ? p.latitude : maxLat;
minLng = p.longitude < minLng ? p.longitude : minLng;
maxLng = p.longitude > maxLng ? p.longitude : maxLng;
}
final bounds = LatLngBounds(
southwest: LatLng(minLat, minLng),
northeast: LatLng(maxLat, maxLng),
)s

await controller.animateCamera(CameraUpdate.newlLatLngBounds(bounds, padding));




// Widget config + reacting to idle (reload markers for the visible region)
GoogleMap(
initialCameraPosition: _start,
minMaxZoomPreference: const MinMaxZoomPreference(3, 18),
rotateGesturesEnabled: false,
mapType: MapType.normal,
onCameraldle: () async {
final region = await (await _controller.future).getVisibleRegion();
_reloadMarkersFor(region); // debounced query for what's visible
¥
onMapCreated: (c) => _controller.complete(c),

)5

I Diagrams

App GoogleMapController

animateCameranewLatLngBoundsresults, pad

>
smooth flight, then onCameraldle
4 ...............................................................
getVisibleRegion
>
bounds — reload markers for region
4 ...............................................................

App GoogleMapController



I Common Mistakes

Mistake Why Fix

newLatLngBounds before layout = Throws / no-op Await map creation; ensure size
Wrong bounds (sw/ne swapped) Crash/odd view Compute min—sw, max—ne correctly

Heavy work in onCameraMove Jank (fires constantly) Do work in onCameraIdle , debounce
moveCamera everywhere Jarring UX Prefer animateCamera for user-initiated moves
Invalid style JSON Silently ignored Validate JSON from the styling wizard

No zoom limits Over/under-zoom, cost =~ minMaxZoomPreference

I Best Practices

e Prefer animatecamera for user-facing moves; movecamera for the initial jump; both are async —
await if sequencing.

e Use newLatLngBounds + padding to frame multiple points (after map is laid out; compute
bounds correctly).

e Do reactive work in oncameraIdle (with getvisibleRegion ), NOt oncameraMove ; debounce region
reloads.

e Set zoom limits + gesture flags to match the UX; apply validated style JSON; keep
oncameraMove handlers trivial.

I Performance

Camera animation is native (cheap for Flutter). The cost is your reaction: oncameramove fires rapidly
(keep empty/cheap) and oncameraldle region reloads must be debounced/bounded to avoid
request/marker storms.

I Advantages / Disadvantages

e + Precise viewport control (target/zoom/bearing/tilt/bounds), smooth animation, styling, rich
gesture config, react-to-view callbacks.

e - Bounds-before-layout gotcha, oncameramove firing storms, imperative/async model, silent
style failures.

I Interview Questions

1. @ moveCamera VS animateCamera ? — moveCamera jumps instantly; animatecamera flies smoothly —
prefer animate for user-initiated moves.



2. @ How do you fit multiple points in view? — Build a LatLngBounds covering them and

animateCamera(CameraUpdate.newlLatLngBounds(bounds, padding)) .

3. €0 Why can neuLatLngBounds throw? — If called before the map has a size/layout; await map
creation first.

4. ) Why do work in oncameraidle Nnot oncameraMove ? — oncameraMove fires continuously during
gestures (jank); oncamerazdie fires once when movement stops.

5. € How do you style the map (e.g., dark mode)? — setmapstyle with JSON from the Maps
styling wizard (validate — invalid JSON silently fails).

6. @ How do you reload only what's visible? — In oncamerazdie, call getvisibleregion() and
query markers for that bounds (debounced).

7. @ How do you constrain zoom/gestures? — ninMaxzoomPreference + gesture flags

( rotate/tilt/scroll/zoomGesturesEnabled ) ON the widget.

I Senior Engineer Tips

e Frame results with newLatLngBounds + padding rather than guessing a zoom — it always fits and
looks intentional.

e Treat oncameraMove as hot path: no allocations/setState; push all reactive work to a debounced
onCameraldle .

e Validate style JSON at build/test time; a silent style failure is a confusing "why is it still light
mode" bug.

I Architect Perspective

Camera control is the viewport-orchestration layer: declarative cameraupdate s applied via the
controller, with reactive region loading gated behind idle + debounce. Encapsulating it (a
mapcamera helper) and keeping move-handlers cheap yields smooth, responsive maps that fetch
only visible data — integrating with overlays, live tracking, and networking budgets
(02_markers_and_overlays.md, 04_live_location_and_clustering.md).

I Summary

e Control the viewport with cameraupdate (target/zoom/bounds/bearing/tilt) via animatecamera

(smooth) or movecamera (instant).

e Fit points with newLatLngBounds + padding (after layout); set zoom limits/gestures; apply
validated style JSON.

e React in oncameraIdie (+ getVisibleRegion , debounced), keep onCameraMove trivial.



I Revision Notes

® (CameraUpdate : newlLatlLngZoom , newCameraPosition(target,zoom,bearing,tilt) ,
newLatLngBounds (bounds,padding) , zoomTo . Apply Via animateCamera / moveCamera (async).

e Bounds after layout; compute sw(min)/ne(max) correctly; minMmaxzoomPreference + gesture flags;
setMapStyle(json) (validate).

® oncameraMove (Cheap/throttle) vs oncamerardle (do work, getvisibleregion, debounce).

I Practice Questions

1. When would YOU US€E moveCamera VS animateCamera ?
2. How do you fit a set of markers in view, and what's the gotcha?

3. Why put region reloads in oncameratdle with debouncing?

I Coding Questions

1. Implement fita11(List<LatLng>) computing bounds + animating with padding.
2. Reload markers for the visible region on oncamerardie (debounced).

3. Apply a dark map style from JSON and cap zoom.

I Mini Project

Camera + viewport (Flutter): Extend the store map with a mapcamera helper: animate to the user
on load, "fit all results” (bounds + padding), cap zoom (3-18), disable rotation, apply a dark style,
and reload markers for the visible region on oncamerazdie (debounced). Acceptance: smooth
animate-to + fit-bounds (no throw); zoom/gestures constrained; dark style applies; visible-region
reload debounced; oncameramove stays trivial; runs on device.



Custom Markers, Live Location & Clustering

Three scaling patterns: render custom marker icons ( sitmappescriptor from
asset/bytes/widget) instead of default pins; show live location by driving a single "me"
marker + camera from the geolocator position stream (Module 29); and cluster
hundreds/thousands of markers (via google_maps_cluster_manager Or server-side grid clustering)
so the map stays smooth.

I Introduction

Real map apps go beyond static default pins: branded icons, a moving "you are here" marker, and
datasets too large to render one-pin-per-point. This file covers custom Bitmapbescriptor icONS,
wiring a live-location stream to a marker + follow-camera, and clustering strategies for scale.

I Why this concept exists

Default pins don't convey type/brand; a static map can't track movement; and thousands of raw
markers jank the native map and overwhelm the user. Custom icons, live streams, and clustering
solve identity, motion, and scale respectively — the difference between a demo and a production
map.

I Real-world analogy

Custom markers are branded pins (a coffee cup for cafés). Live location is a moving "you are
here" dot that the map gently follows. Clustering is grouping a crowd into labeled circles ("42
here") that split apart as you zoom in — like a map that summarizes a mob instead of drawing
every face.

I Problem Statement

Use branded icons for store types, show the user's live position as a moving marker with an
optional follow-camera, and render 2,000 place markers via clustering that expands on zoom.
You'll build Bitmappescriptor s, consume the location stream, and integrate a cluster manager.



I Internal Working

BitmapDescriptor from
asset/bytes/widget

Marker(icon:)

geolocator getPositionStream

update single 'me' marker

follow mode?

yes
!

animateCamera to position

2000 points

ClusterManager: group by zoom -
> cluster markers

zoom in

|

clusters split into individual
markers

e Custom markers ( BitmapDescriptor )Z BitmapDescriptor.asset(...) / fromBytes (pngBytes) (render a

Flutter widget — image — bytes for fully custom pins) / defaultMarkerwithHue(...) . Cache

descriptors (creating them is not free); size for density.

¢ Live location: subscribe to geolocator.getPositionstream() (29 - geolocation); on each position,

replace the single "me" marker ( copywith new position, or a custom bearing icon) and, if

following, animatecamera to it. Cancel the subscription on dispose. Throttle updates (distance

filter) to avoid churn.

e Clustering: raw markers don't scale — group nearby points into cluster markers that show a

count and split as you zoom.

o Client-side: google maps_cluster_manager — feed it items with LatLng ; it recomputes clusters

on camera move and yields a set<marker> (cluster or single). Simple, good to ~thousands.

o Server-side: for very large/dynamic sets, cluster on the backend by the current

bounds+zoom (grid/geohash) and return cluster summaries — less client work, scales

further.

e Selection: tapping a cluster = zoom to expand; tapping a single marker — details.



I Memory Representation

Each Bitmappescriptor holds a bitmap — cache and reuse. Clustering keeps the rendered marker
count small regardless of dataset size (the win). The live "me" marker is a single overlay updated
in place.

I Compiler Behavior

Not applicable.

I Runtime Behavior

The location stream emits as the user moves (throttled by distance filter); the cluster manager
recomputes on camera idle/move. Uncapped raw markers degrade frame time as count grows.

I Flutter Engine Behavior

Markers (custom or clustered) render on the native map (platform view). Rendering a Flutter
widget to a Bitmapbescriptor uses the engine's image pipeline once, then the bytes are reused.

I Dart VM Behavior

Not applicable; clustering math runs in Dart (client-side) — keep it off the critical path (it runs on

camera idle).



Examples

import 'package:google maps_flutter/google_maps_flutter.dart';
import 'package:geolocator/geolocator.dart’;
import 'dart:async’;

// Live "me" marker + optional follow-camera
class LivelocationMap {
final GoogleMapController controller;
final void Function(Marker me) onMe;
StreamSubscription<Position>? _sub;

bool follow;

LivelLocationMap(this.controller, this.onMe, {this.follow = true});

void start(Stream<Position> positions) {
_sub = positions.listen((p) {
final me = Marker(
markerId: const MarkerId('me'),

position: LatLng(p.latitude, p.longitude),

rotation: p.heading, // point the icon along travel
flat: true,

)

onMe(me); // caller puts it in the marker set

if (follow) {

controller.animateCamera(CameraUpdate.newlLatLng(me.position));

s

void dispose() => _sub?.cancel(); // stop GPS + follow



import 'package:google_maps_cluster_manager/google_maps_cluster_manager.dart';

// Client-side clustering: items implement ClusterItem (expose a LatLng)
class Place with ClusterItem {

final String id; final LatLng latlLng;

Place(this.id, this.latLng);

@override LatLng get location => latlng;

late ClusterManager<Place> manager;

Set<Marker> _clusterMarkers = {};

void initClustering(List<Place> places, GoogleMapController c) {
manager = ClusterManager<Place>(
places,
(markers) => _clusterMarkers = markers, // updateMarkers callback -> setState
markerBuilder: (cluster) async => Marker(
markerId: MarkerId(cluster.getId()),
position: cluster.location,
infoWindow: InfoWindow(title: cluster.isMultiple ? '${cluster.count} places’
cluster.items.first.id),
onTap: () { /* multiple -> zoom to expand; single -> details */ },
)
)s
manager.setMapId(c.mapId);
}

// Wire GoogleMap.onCameraMove: manager.onCameraMove; onCameraldle: manager.updateMap();



I Diagrams

zoom level

low——P

T~

few cluster circles with counts

high™—» individual custom markers

position stream —»

I Common Mistakes

Mistake

Recreating BitmapDescriptor per build
Raw markers for large datasets

New marker id per location update

Not cancelling the location stream
Follow-camera fighting user pan

Clustering math on onCameraMove

I Best Practices

Why
Wasteful/jank
Jank/OOM
Marker piles up
Battery drain
Annoying UX

Jank

single 'me' marker + follow
camera

Fix

Create once, cache/reuse

Cluster (client or server)

Reuse a single 'me' id

Cancel on dispose

Toggle follow off when user interacts

Recompute on idle/updateMap

e Cache sitmappescriptor S; Size icons for screen density; render-widget-to-bytes only once.

e Live location: update a single 'me* marker from a throttled position stream, cancel on

dispose, and let the user disable follow by interacting.

e Cluster anything beyond a few hundred markers — client-side ( cluster_manager ) for

thousands, server-side (bounds+zoom grid/geohash) for very large/dynamic sets.

e Recompute clusters on idle/ updatemap , Not per move frame; tap-cluster - zoom to expand.



I Performance

Clustering is the key scale lever — it caps rendered markers regardless of dataset size. Cache
icons, throttle the location stream (distance filter), and keep clustering off the per-frame path.

Uncapped markers are the #1 map jank source.

I Advantages / Disadvantages

e + Branded/identity markers, smooth live tracking, and datasets of thousands rendered
smoothly via clustering.

e - Icon caching/rendering complexity, stream lifecycle (battery), clustering setup + recompute
cost, follow-vs-user-gesture UX tension.

I Interview Questions

1. @ How do you use a custom marker icon? — Set marker.icon t0 @ Bitmapbescriptor (from
asset/bytes/rendered widget); cache it.

2. © How do you show the user's live location? — Subscribe to the geolocator position
stream and update a single 'me* marker (and optionally follow with animatecamera ), cancelling
on dispose.

3. € Why must live-location updates reuse one marker id? — A new id per update
accumulates stale markers; reusing 'me' moves the same one.

4. 0 Why and when do you cluster? — Beyond a few hundred markers rendering jank/OOMs;
clustering caps rendered count and summarizes density, expanding on zoom.

5. € Client-side vs server-side clustering? — Client ( cluster_manager ) is simple, good to
thousands; server-side (bounds+zoom grid/geohash) offloads work and scales to very
large/dynamic sets.

6. @ How do you keep clustering smooth? — Recompute on camera idle/ updateMap (not per
move frame); cache icons; throttle data.

7. @ How do you handle follow-camera vs user panning? — Disable follow when the user
interacts, re-enable via a button — don't fight the user's gesture.

I Senior Engineer Tips

e Precompute and cache every custom icon at startup; building descriptors in build /per-marker
is a classic jank source.

e Decide clustering strategy by dataset trajectory: if it can grow unbounded or is server-driven,
cluster server-side by bounds+zoom from day one.

e Bind the live-location subscription to bloc/state disposal and add a follow toggle — the two
most common live-map bugs are a leaked GPS stream and a camera that won't let the user



look around.

I Architect Perspective

These three patterns turn a basic map into a production one: identity (custom icons), motion (live
stream behind a repository), and scale (clustering, ideally server-side for large sets). Keeping icons
cached, streams lifecycle-managed, and clustering off the per-frame path — all behind a
controller/repository — makes map-heavy features performant and testable, integrating location,
networking, and performance budgets (Module 29, Module 16, Module 21).

I Summary

e Custom markers via cached Bitmapbescriptor ; live location via a single throttled 'me' marker +
optional follow-camera (cancel on dispose).

e Cluster large datasets (client-side to thousands, server-side beyond); recompute on idle, not
per frame.

e These solve identity, motion, and scale — the jump from demo to production.

I Revision Notes

® BitmapDescriptor.asset/fromBytes/defaultMarkerWithHue — cache; widget—»bytes once.

e Live: subscribe position stream — update single 'me' marker ( rotation: heading), follow via
animatecamera , Cancel on dispose, throttle.

e Cluster: client google_maps_cluster_manager (Clusterltem, markerBuiIder,
onCameraMove/updateMap) to thousands; server-side (bounds+zoom grid/geohash) for very
large; recompute on idle.

I Practice Questions

1. Why cache BitmapDescriptor s?
2. How do you render and follow a live user position without leaking the stream?

3. When do you choose server-side over client-side clustering?

I Coding Questions

1. Create + cache a custom marker icon and use it for a marker type.

2. Wire a live 'me* marker from the geolocator stream with a follow toggle, cancelled on
dispose.

3. Integrate google_maps_cluster_manager for 2,000 points, expanding on zoom.



I Mini Project

Live + clustered map (Flutter): Extend the store map: use cached custom icons per store type,
show a live 'me’ marker driven by the geolocator stream with a follow toggle (subscription
cancelled on dispose), and cluster 2,000 place markers with google maps_cluster_manager (tap cluster
— zoom to expand, tap single — details). Acceptance: custom icons cached; live marker tracks +

follow toggles; stream cancelled; 2,000 points render smoothly via clustering that recomputes on
idle; runs on device.



Maps Integration (Capstone: Map Behind a
Controller/Repository)

Pull the pieces together into one architecture: keep the imperative GoogleMapcontroller and all
map state (markers/polylines/camera/selection) inside a dedicated controller/bloc, feed it
data through repositories (places, route, live location), and expose the map widget as a thin
view — so the map is testable, its heavy native cost is contained to one instance, and features
(live tracking, search-in-area, routing) compose cleanly.

I Introduction

This module capstone unifies setup, overlays, camera, and scaling into a maintainable structure.
The problem with maps is that the plugin is imperative and stateful; scattering

setstate +controller calls across a widget becomes unmanageable. The fix is the same as
elsewhere: a controller/bloc owns map state, repositories provide data, and the widget just
renders. This file shows that architecture and a combined live-tracking + search-in-area example.

I Why this concept exists

Map screens accumulate concerns fast: permissions, controller readiness, marker/camera state,
live streams, clustering, region queries, selection. Without a boundary, this bleeds into one giant
statefulWidget . A map controller/bloc + repositories isolate data, state, and native access —
testable and composable, consistent with clean architecture (Module 40).

I Real-world analogy

The map widget is a cockpit display; the map controller/bloc is the flight computer holding
current state and issuing commands; the repositories are the instruments feeding data (GPS,
traffic, waypoints). The pilot (Ul) reads the display and presses buttons — it doesn't wire the
sensors directly.

I Problem Statement

Build a "places near me" screen: live user marker (following until the user pans), clustered place
markers loaded for the visible region, a route polyline to a selected place, camera that fits results,
and a details panel on selection — with map state in a bloc, data from repositories, and the
widget kept thin + testable. You'll compose everything from this module.



I Internal Working

MapView (thin widget)

N

state:
markers/polylines/camera/selection

MapBloc/Controller (owns state +
GoogleMapController)

e

X X LocationRepository (position . 5
PlacesRepository (region query) o ) RouteRepository (polyline) ClusterManager
stream

¢ MapBloc/Controller owns: the coogleMapcontroller (via completer ), the overlay sets
(markers/polylines), camera intents, selection, follow-mode, and the live-location subscription.
It exposes a single immutable Mmapstate the view renders.

¢ Repositories feed data (no plugin in the bloc's collaborators): LocationRepository.track() (29 -
geolocation), placesRepository.inRegion(bounds) (Module 16), RouteRepository.route(from,to) .
Injected via DI (Module 14).

e Flow: oncamerardie — get visible region — placesRepository.inregion (debounced) — feed cluster
manager — emit markers. Location stream — update 'me’ marker + follow camera. Select
place — fetch route — polyline + fit bounds.

e Lifecycle: cancel the location subscription and dispose the controller in the bloc's ciose() ;
one map instance only.

e Testing: the bloc is testable with fake repositories (canned positions/places/routes) — no
map/device needed; the widget is a thin BlocBuilder .

I Memory Representation

State is small immutable data (sets + camera + selection). The heavy native map (one instance) is
disposed with the screen; clustering caps rendered markers; the "me" marker is a single overlay.

I Compiler Behavior

The bloc/repositories compile against interfaces (mockable); the concrete plugin lives behind the
controller wrapper only.

I Runtime Behavior

The bloc orchestrates async region loads (debounced), a live stream, and route fetches, emitting
states the view renders; native map applies overlays/camera.



I Flutter Engine Behavior

One platform-view map composited into the surface; overlays/camera are native. The architecture
doesn't add engine cost — it contains it to one instance.

I Dart VM Behavior

Clustering math + state reducers run in Dart on idle/events (off the per-frame path). Streams
should be throttled.

I Examples

// MapState: everything the view needs to render (immutable)
class MapState {
final Set<Marker> markers;
final Set<Polyline> polylines;
final Place? selected;
final bool following;
const MapState({this.markers = const {}, this.polylines = const {},
this.selected, this.following = true});
MapState copyWith({Set<Marker>? markers, Set<Polyline>? polylines,
Place? selected, bool? following}) => MapState(
markers: markers ?? this.markers, polylines: polylines ?? this.polylines,

selected: selected ?? this.selected, following: following ?? this.following);

// Controller owns GoogleMapController + subscriptions; fed by repositories
class MapController {

final LocationRepository location;

final PlacesRepository places;

final RouteRepository routes;

final _map = Completer<GoogleMapController>();

StreamSubscription? _locSub;

MapController(this.location, this.places, this.routes);
void attach(GoogleMapController c) => _map.complete(c);
Future<void> startTracking(void Function(Marker me) emitMe) async {

_locSub = location.track().listen((p) async {

emitMe(Marker(markerId: const MarkerId('me'),




position: LatLng(p.latitude, p.longitude)));

// if following: (await _map.future).animateCamera(...)

s

Future<void> onIdle(LatLngBounds region, void Function(List<Place>) emit) async {

emit(await places.inRegion(region)); // debounced upstream -> cluster

Future<void> dispose() async {
await _locSub?.cancel(); // stop GPS

if (_map.isCompleted) (await _map.future).dispose(); // release native map

// The view is thin: render state, forward events to the controller/bloc
GoogleMap(

initialCameraPosition: _start,

markers: state.markers,

polylines: state.polylines,

onMapCreated: controller.attach,

onCameraldle: () => controller.onIdleFromVisibleRegion(),

)5



I Diagrams

User View MapController
pans map idle
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User View MapController
I Common Mistakes
Mistake Why Fix

Map logic in a giant StatefulWidget
Plugin types in bloc collaborators
No debounce on region loads
Leaking location subscription / map
Multiple map instances

Untestable map screen

I Best Practices

e Put all map state + the cooglemapcontroiler in a bloc/controller; keep the widget a thin

renderer of mapstate .

e Feed data via repositories returning domain types (location/places/routes), injected by DI;

debounce region queries.

Untestable, unmaintainable
Couples domain to plugin
Request/marker storms
Battery/memory
Compositing/memory cost

Needs device

Bloc/controller owns state + native access
Repositories return domain types
Debounce onCameraldle queries
Cancel + dispose in close()

One map per screen

Fake repositories, thin view

Repos

Repos



e Cluster at scale, cancel the live subscription + dispose the map in ciose() , keep one map
instance.

e Make the bloc testable with fakes (no device/map); model camera/selection/follow as explicit
state.

I Performance

The architecture contains the map's native cost to one disposable instance, caps markers via
clustering, and gates network via debounced region loads — the three levers that keep a data-
heavy map at 60fps. Throttle the live stream; keep reducers cheap.

I Advantages / Disadvantages

e + Testable (fakes), maintainable (state in one place), composable features
(tracking/search/routing), contained native cost, clean data boundary.

e - More structure/boilerplate (state class, controller, repos), DI discipline, still bounded by the
map's inherent native cost.

I Interview Questions

1. @ Why not keep all map logic in the widget? — It becomes an untestable, unmaintainable
god-widget; a bloc/controller owning state + native access is testable and composable.

2. © What should repositories return to the map bloc? — Domain types
(positions/places/routes), not plugin types — keeping the domain decoupled from

google _maps_flutter .

3. How do you load only visible data efficiently? — On debounced oncameraidie , query

PlacesRepository.inRegion(visibleBounds) and feed clustering.

4. ' Where do you cancel the location stream and dispose the map? — In the
bloc/controller's ciose() / dispose() — tie native resources to the state object's lifecycle.

5. € How do you test a map screen without a device? — Unit-test the bloc with fake
repositories (canned data); the view is a thin BlocBuilder .

6. @ How do live tracking, search-in-area, and routing compose? — Each is an event/state
transition in the bloc fed by its repository — location stream — me marker; idle — region

places; select — route polyline + fit.

7. @ What are the three performance levers for a data-heavy map? — One disposable map
instance, clustering to cap markers, and debounced region loads to gate network.



I Senior Engineer Tips

e Model the map as a state machine ( mapstate + events); it turns "spaghetti of setState +
controller calls" into testable transitions.

e Keep the Googlemapcontroller behind the bloc via a completer so events that arrive before map-
ready simply await.

e Tie GPS subscription + map disposal to close() and enforce a single map instance — the
recurring production bugs are leaked streams, undisposed maps, and un-debounced region
fetches.

I Architect Perspective

Maps integration applies clean-architecture discipline to an imperative, expensive native view:
state and the controller live in a bloc, data flows through domain repositories, and the widget is a
thin projection. This makes map features testable in Cl, composable (tracking/search/routing as
state transitions), and performant (one instance, clustered, debounced) — the same boundary
pattern as the rest of the app, now over a platform-view-backed map (Module 40, Module 11,
Module 21).

I Summary

e Own map state + the controller in a bloc; feed it via repositories returning domain types; keep
the widget thin.

e Debounce region loads, cluster at scale, cancel the live stream + dispose the map in close(),
one instance.

e Test the bloc with fakes; compose tracking/search/routing as state transitions.

I Revision Notes

e Bloc/controller owns mapstate (markers/polylines/camera/selection/follow) +

GoogleMapController (via Completer )

e Repositories (location/places/routes) return domain types, DI-injected; oncamerardie —

debounced inregion — cluster.

e Cancel location sub + dispose map in close() ; one map instance; test bloc with fakes; view =

thin BlocBuilder .

I Practice Questions

1. What belongs in the map bloc vs the widget?

2. How do you load only the visible region efficiently?



3. Where are the map's native resources released?

I Coding Questions

1. Design mapstate + @ Mapcontroller OWNing the controller and a live subscription.
2. Implement debounced oncamerardle — PlacesRepository.inRegion — clustered markers.

3. Unit-test the controller with fake repositories (no device).

I Mini Project

"Places near me" map (capstone — Flutter): Build a mapcontroiier /bloc owning mapstate and
the GoogleMapcontroller , fed by Locationrepository (live 'me' marker + follow toggle),
PlacesRepository.inRegion (debounced on idle — clustered markers), and Rrouterepository (polyline
+ fit bounds on selection), with a details panel. Cancel the subscription + dispose the map in
close() ; keep the widget thin. Provide fakes + a unit test for the idle—places flow. Acceptance:
live tracking + follow toggle; clustered region loads (debounced); route on selection with fit-
bounds; one disposed map instance; bloc unit-tested with fakes (no device); runs end-to-end on
device.



