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Core Concepts

This section focuses on fundamental principles and advanced concepts that an experienced
developer should master.

1. Implement a custom debounce mechanism for handling frequent widget rebuilds in
Flutter

Solution:
Here's an implementation of a custom debounce utility:

class Debouncer {
final Duration delay;
Timer? _timer;

Debouncer({this.delay = const Duration(milliseconds: 500)});

void run(VoidCallback action) {
_timer?.cancel();
_timer = Timer(delay, action);

}

void dispose() => _timer?.cancel();

}
Key points:

e Useful for search inputs or real-time filtering
e Prevents excessive API calls or expensive operations
¢ Should be disposed properly in StatefulWidget

2. Create a custom ScrollController that implements infinite scrolling with pagination

class InfiniteScrollController extends ScrollController {
final Function onLoadMore;
final double threshold;

InfiniteScrollController({
required this.onLoadMore,
this.threshold = 200.0

}) : super() {
addListener(_scrollListener);

}

void _scrollListener() {
if (position.maxScrollExtent - position.pixels <= threshold) {
onLoadMore();
}
}
}

Usage: Attach to any ScrollView to implement efficient pagination.

3. Implement a custom StreamBuilder that handles error states elegantly
Solution:

class RobustStreamBuilder extends StatelessWidget {

final Stream stream;
final Widget Function(T data) onData;



final Widget Function(Object error) onError;

Widget build(BuildContext context) {
return StreamBuilder(
stream: stream,
builder: (context, snapshot) {
if (snapshot.hasError) return onError(snapshot.error!);
if (!snapshot.hasData) return CircularProgressindicator();
return onData(snapshot.data as T);
}
);
}

4. Create a custom widget that implements a throttled tap callback

class ThrottledinkWell extends StatefulWidget {
final Duration throttleDuration;
final VoidCallback onTap;

bool _isThrottled = false;

void _handleTap() {
if (!_isThrottled) {
_isThrottled = true;
onTap();
Timer(throttleDuration, () => _isThrottled = false);
}
}
}

Benefits:

¢ Prevents double-taps
¢ Reduces server load
e Improves UX

5. Implement a custom AnimationController that supports pause and resume functionality

Solution:

class PausableAnimationController extends AnimationController {
Duration? remainingDuration;

void pause() {
_remainingDuration = duration! * (1.0 - value);
stop();

}

void resume() {
duration = _remainingDuration;
forward();
}
}

Use cases:

¢ Interactive animations
¢ Game development
¢ Complex Ul transitions

6. Create a custom Layout widget that implements a flowing grid with dynamic item sizes

class FlowingGrid extends MultiChildLayoutDelegate {
final List sizes;

void performLayout(Size size) {
double x = 0, y = 0, maxHeight = 0;
for (inti = 0; i < sizes.length; i++) {
if (x + sizes[i]l.width > size.width) {



X =0;
y += maxHeight;

layoutChild(i, BoxConstraints.loose(sizes[il));
}
}
}

7. Implement a custom Route transition with shared element animation

Solution:

class SharedElementRoute extends PageRouteBuilder {
SharedElementRoute({required Widget page}) : super(
pageBuilder: (context, animation, secondaryAnimation) => page,
transitionsBuilder: (context, animation, secondaryAnimation, child) {
return SharedAxisTransition(
animation: animation,
secondaryAnimation: secondaryAnimation,
child: child,
axisDirection: AxisDirection.right
);
}
);

8. Create a custom state management solution using InheritedWidget

class CustomStateContainer extends InheritedWidget {
final StateWrapper state;

static StateWrapper of(BuildContext context) {
return context.dependOninheritedWidgetOfExactType()!.state;
}

bool updateShouldNotify(CustomStateContainer old) {
return state != old.state;
}
}

Advantages:

¢ Lightweight solution
¢ No external dependencies
¢ Efficient rebuilds

9. Implement a custom gesture detector that supports complex touch patterns

Solution:

class PatternGestureDetector extends StatefulWidget {
final List pattern;
final double tolerance;

bool _matchesPattern(List points) {
if (points.length != pattern.length) return false;
for (inti = 0; i < points.length; i++) {

if ((points[i] - pattern[i]).distance > tolerance) return false;

}
return true;

}

}

10. Create a custom widget that implements a circular reveal animation

class CircularReveal extends StatelessWidget {
final double radius;
final Offset center;
final Widget child;



Widget build(BuildContext context) {
return ClipPath(
clipper: CircularRevealClipper(radius: radius, center: center),
child: child
);
}
}

Use cases:

e Material Design transitions
e Feature reveals
¢ Interactive tutorials
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Data Structures and Algorithms

Questions in this section test your understanding of how to work with and manipulate data
efficiently.

1. How would you implement a LRU (Least Recently Used) Cache in Flutter?

Implementation Approach:

An LRU Cache can be implemented using a combination of HashMap and DoublyLinkedList:

class LRUCache {
final int capacity;
final Map cache = {};
final _Node head = Node(null, null);
final _Node tail = _Node(null, null);

LRUCache(this.capacity) {
head.next = tail;
tail.prev = head,;

}}
Time Complexity: O(1) for both get and put operations

2. Implement a solution to find all pairs in a list that sum to a target value

Solution:

List> findPairs(List numbers, int target) {
final seen = {};
final result = >[];
for (var num in numbers) {
if (seen.contains(target - num)) {
result.add([num, target - num]);

seen.add(num);

3}

Time Complexity: O(n) using HashSet for constant time lookups

3. How would you implement a Stack data structure in Flutter with generics?

Implementation:

class Stack {
final List _items = [;
void push(T item) => _items.add(item);
T pop() => _items.isEmpty ? throw Exception('Empty') : _items.removelast();
T peek() => _items.isEmpty ? throw Exception('Empty') : _items.last;
bool get isEmpty => _items.isEmpty;
}

Time Complexity: O(1) for push, pop, and peek operations

4. Implement a sliding window algorithm to find the maximum sum subarray of size k
Solution:

double maxSumSubarray(List arr, int k) {

double maxSum = 0, windowSum = 0;
for (inti = 0; i < arr.length; i++) {



windowSum += arrli];
if (i >= k) windowSum -= arrli - k];
maxSum = math.max(maxSum, windowSum);

}

return maxSum;

}

Time Complexity: O(n) where n is the array length
5. How would you implement a Queue using two Stacks in Flutter?

Implementation:

class QueueUsingStacks {
final Stack stackl = Stack();
final Stack stack2 = Stack();

void enqueue(T item) => _stackl.push(item);
T dequeue() {
if (_stack2.isEmpty) {
while (!_stackl.isEmpty) stack2.push(_stackl.pop());
}
return _stack2.pop();

}

Time Complexity: O(1) amortized for both operations
6. Implement a solution to find the first non-repeating character in a string

Solution:

int firstNonRepeating(String str) {
final Map freq = {};
for (inti = 0; i < str.length; i++) {
freq[str[ill = (freq[str[ill ?? 0) + 1;
}
return str.split('').indexWhere((char) => freq[char] == 1);

}

Time Complexity: O(n) where n is the string length
7. How would you implement a Binary Search Tree (BST) in Flutter?

Implementation:

class Node {
T value;
Node? left, right;
Node(this.value);

void insert(T item) {
if (item.compareTo(value) < 0)
left ??= Node(item);
else right ??= Node(item);

b}

Time Complexity: O(log n) for balanced tree operations
8. Implement a solution for finding the longest substring without repeating characters
Solution:

int lengthOfLongestSubstring(String s) {
final Map seen = {};
int start = 0, maxLength = 0;
for (int end = 0; end < s.length; end++) {
start = math.max(start, seen[s[end]] ?? 0);
maxLength = math.max(maxLength, end - start + 1);



seen[s[end]] = end + 1;

Time Complexity: O(n) where n is the string length
9. How would you implement a Priority Queue in Flutter?

Implementation:

class PriorityQueue {
final List _heap = [];
void add(T item) {
_heap.add(item);
_siftUp(_heap.length - 1);
}
T removeMin() => heap.isEmpty ? throw Exception('Empty') : heap.removeAt(0);

}

Time Complexity: O(log n) for add and removeMin operations

10. Implement a solution to detect a cycle in a linked list

Solution:

bool hasCycle(Node? head) {
if (head?.next == null) return false;
var slow = head, fast = head.next;
while (fast '= null && fast.next !'= null) {
if (slow == fast) return true;
slow = slow?.next;
fast = fast.next?.next;

}

Time Complexity: O(n) where n is the number of nodes



index_ The fastest way to hire remote tech talent | index.dev

System Design

These questions evaluate your ability to think about the bigger picture, including architecture,
scalability, and performance.

1. Design a scalable real-time chat system in Flutter. What architecture and components
would you use?

Key Components:

¢ Frontend: Flutter Ul with StreamBuilder for real-time updates

¢ Backend: WebSocket server (Node.js/Socket.io) for bi-directional communication
e Database: MongoDB for messages, Redis for user sessions

¢ State Management: Provider/Bloc pattern for local state

Implementation Highlights:

/l WebSocket connection setup
final socket = WebSocketChannel.connect(
Uri.parse('wss://chat.example.com'),
);
// Listen for messages
StreamBuilder(

stream: socket.stream,

builder: (context, snapshot) => ChatUI(data: shapshot.data)
)

2. How would you implement an efficient infinite scrolling social feed in Flutter with
proper caching?

Architecture Components:

¢ Ul Layer: ListView.builder with ScrollController
¢ Caching: SQLite/Hive for local storage
¢ Network: Pagination API with cursor-based navigation
¢ Memory Management: Image caching with cached_network _image
ScrollController _controller = ScrollController();
_controller.addListener(() {
if (_controller.position.pixels == _controller.position.maxScrollExtent) {
_loadMorePosts();
}
b

3. Design a Flutter app architecture for handling offline-first functionality with data
synchronization

Key Components:

Local Storage: SQLite/Hive for offline data

Sync Layer: Background workers for data reconciliation
Network Layer: REST/GraphQL with retry mechanisms
Conflict Resolution: Last-write-wins or custom merge strategy

class SyncManager {
Future syncData() async {
final localChanges = await getUnsynced();
await api.batchSync(localChanges);
await markSynced();
}
}



4. How would you design a scalable state management solution for a large Flutter
application?

Architecture Approach:

¢ Global State: Riverpod/Bloc for app-wide state
¢ Local State: setState/ValueNotifier for component state
¢ Navigation State: GoRouter with typed routes
¢ Persistence: Hydrated Bloc for state persistence
@riverpod
class AuthState extends _$AuthState {
@override

Future build() => _authRepository.currentUser;
Future login(Credentials creds) async {
state = const AsynclLoading();
state = await AsyncValue.guard(() => _auth.login(creds));
}
}

5. Design a performant image loading and caching system for a Flutter gallery app

System Components:

Memory Cache: LRU cache for recent images

Disk Cache: Persistent storage for offline access

Lazy Loading: Virtual scrolling with pagination

Image Optimization: Thumbnail generation and progressive loading

class ImageCache {
final cache = LRUMap(maxSize: 100);
Future getimage(String url) async {
return cache.get(url) ?? await downloadAndCache(url);
}
}

6. How would you implement a secure authentication system in Flutter with biometric
support?

Security Components:

Token Management: JWT with secure storage
Biometric Auth: local auth integration
Encryption: AES for sensitive data

Session Management: Refresh token rotation

class BiometricAuth {

Future authenticate() async {

return await localAuth.authenticate(

localizedReason: 'Verify your identity’,
biometricOnly: true
);

}
}

7. Design a modular Flutter architecture for white-label apps with theme customization

Architecture Components:

¢ Theme Engine: Dynamic theme management
¢ Feature Flags: Client-specific features
¢ Asset Management: Brand-specific resources
¢ Configuration: Remote config for customization
class BrandConfig {

final ThemeData theme;

final String apiUrl;

static BrandConfig fromJson(Map json) =>



BrandConfig(theme: parseTheme(json['theme']));

}

8. How would you implement a real-time location tracking system in Flutter?

System Components:

Location Service: Background location updates
State Management: Location stream processing
Battery Optimization: Adaptive polling intervals
Map Integration: Google Maps/Mapbox SDK

class LocationTracker {

Stream trackLocation() {

return Geolocator.getPositionStream(

desiredAccuracy: LocationAccuracy.high,
distancefFilter: 10
);

}
}

9. Design a Flutter architecture for handling complex form validation and submission

Architecture Components:

¢ Form Management: FormBloc pattern
¢ Validation: Rule-based validator system
¢ State Management: Field-level state tracking
e Submission: Progressive form completion
class FormValidator {

ValidationResult validate(T value, List rules) {

return rules.fold(

ValidationResult.valid(),

(result, rule) => result.isValid ? rule.validate(value) : result
);
}

}

10. How would you implement a reliable push notification system in Flutter with deep
linking?

System Components:

Push Service: Firebase Cloud Messaging
Deep Linking: Dynamic link handling
Background Handling: Notification service
Analytics: Engagement tracking

class PushManager {
Future handleNotification(RemoteMessage message) async {
if (message.data['deep_link'] = null) {
await handleDeeplLink(message.data['deep_link']);
}
}
}
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Coding and Debugging

This section presents practical coding challenges and questions about debugging techniques.

1. Implement a function to check if a string is a palindrome in Flutter, ignoring spaces
and case

Solution:

bool isPalindrome(String str) {
String cleaned = str.toLowerCase().replaceAll(' ', ");
return cleaned == cleaned.split("').reversed.join('');

}
Key points:

¢ Handles case-insensitive comparison
¢ Removes spaces for practical checks
e Uses built-in String methods efficiently

2. Write a Flutter function to flatten a nested list of integers

Solution:

List flattenList(List list) {
return list.expand((item) =>
item is List ? flattenList(item) : [item]).toList();
}

Usage example:

e Input: [1, [2, 3], [4, [5, 6]]]
e Output: [1, 2, 3, 4, 5, 6]

3. Implement a custom debounce function for Flutter event handling

Solution:

Timer? _debounce;

void debounce(VoidCallback fn, {Duration? duration}) {
_debounce?.cancel();
_debounce = Timer(duration ?? Duration(milliseconds: 300), fn);

}
Key features:

¢ Cancels previous timer if exists
¢ Configurable duration
e Useful for search input optimization

4. Create a memory-efficient infinite scroll implementation in Flutter

Solution:

ListView.builder(
itemCount: items.length + 1,
itemBuilder: (context, index) {
if (index >= items.length - 5) loadMore();
return index < items.length ? ItemWidget(items[index]) : LoadingIndicator();
}
)



Important considerations:

¢ Implements pagination
¢ Loads data before reaching end
¢ Shows loading indicator

5. Implement a custom error boundary widget in Flutter

Solution:

class ErrorBoundary extends StatelessWidget {
final Widget child;
final Widget Function(FlutterErrorDetails) onError;
ErrorBoundary({required this.child, required this.onError}) {
FlutterError.onError = (details) => onError(details);
}
}

Benefits:

e Graceful error handling
e Custom error Ul
¢ Prevents app crashes

6. Write a function to deep clone a Flutter widget tree

Solution:

Widget deepCloneWidget(Widget widget) {
return Widget.fromJson(jsonDecode(jsonEncode(
widget.tojJson(),
toEncodable: (obj) => obj.toString()
N);

Note:
¢ Handles complex nested structures

¢ Maintains widget state
e Uses JSON serialization

7. Implement a custom throttle mechanism for Flutter animations
Solution:
DateTime? lastRun;

void throttle(VoidCallback fn, Duration interval) {
final now = DateTime.now();

if (_lastRun == null || now.difference(_lastRun!) > interval) {
fn();
_lastRun = now;
}
}
Applications:

¢ Animation frame limiting
¢ Performance optimization
¢ Event rate control

8. Create a custom widget disposal pattern for memory management

Solution:

@override

void dispose() {
_subscription?.cancel();
_controller.dispose();
_focusNode.dispose();



super.dispose();

Best practices:

e Cancel stream subscriptions
¢ Dispose controllers
¢ Clear cached data

9. Implement a custom cache invalidation strategy

Solution:

class Cache {
final _cache = {};
final Duration maxAge;
final _timestamps = {};
void set(String key, T value) {
_clean();
_cache[key] = value;
_timestamps[key] = DateTime.now();
}
}

Features:

e Time-based expiration
e Automatic cleanup
e Memory optimization

10. Write a custom BuildContext extension for theme access

Solution:

extension ThemeContext on BuildContext {
ThemeData get theme => Theme.of(this);
TextTheme get textTheme => theme.textTheme;
ColorScheme get colors => theme.colorScheme;

}
Benefits:

¢ Cleaner theme access
¢ Reduced boilerplate
e Better code organization
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