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

1. Explain the difference between 'val' and 'var' in Kotlin, and discuss immutability
implications for thread safety.

val declares a read-only (immutable reference) property, while var declares a mutable property.

Key Differences:

val: Assigned once, cannot be reassigned (similar to Java's final)
var: Can be reassigned multiple times
Both can reference mutable objects; val only prevents reference reassignment

Thread Safety Implications:

val list = mutableListOf(1, 2, 3)
list.add(4) // Valid - object is mutable
// list = mutableListOf(5, 6) // Error

var counter = 0
counter++ // Valid but not thread-safe

Important: val provides reference immutability, not deep immutability. For thread safety, combine
val with immutable data structures or synchronization mechanisms. Using val reduces accidental
state mutations but doesn't guarantee thread safety without proper concurrent access controls.

2. What are inline functions in Kotlin and when should you use them? Discuss the
'noinline' and 'crossinline' modifiers.

Inline functions copy the function body directly to the call site during compilation, eliminating
function call overhead.

Use Cases:

Higher-order functions with lambda parameters
Reducing overhead of function calls in performance-critical code
Enabling non-local returns from lambdas

inline fun  measure(block: () -> T): T {
    val start = System.currentTimeMillis()
    val result = block()
    println("Time: ${System.currentTimeMillis() - start}ms")
    return result
}

Modifiers:

noinline: Prevents specific lambda parameters from being inlined (allows passing as objects)
crossinline: Prevents non-local returns but allows inlining (used when lambda is called in
different execution context)

Caution: Overusing inline increases bytecode size. Reserve for small functions with lambda
parameters.

3. Explain Kotlin's delegation pattern with 'by' keyword. How does it differ from
traditional inheritance?



Delegation allows an object to forward interface implementation to another object using the by
keyword, favoring composition over inheritance.

Class Delegation:

interface Repository {
    fun save(data: String)
}

class DatabaseRepo : Repository {
    override fun save(data: String) = println("Saved: $data")
}

class CachedRepo(repo: Repository) : Repository by repo

Property Delegation:

class User {
    var name: String by Delegates.observable("initial") {
        prop, old, new -> println("$old -> $new")
    }
}

Advantages Over Inheritance:

Avoids rigid class hierarchies
Enables multiple behavior compositions
Reduces boilerplate forwarding code
Better testability through dependency injection

Built-in delegates: lazy, observable, vetoable, and map-based delegation provide powerful
property management patterns.

4. How do Kotlin coroutines differ from threads? Explain structured concurrency and its
benefits.

Coroutines are lightweight concurrency primitives that suspend execution without blocking threads,
enabling efficient asynchronous programming.

Key Differences from Threads:

Coroutines are suspended, not blocked (thousands can run on few threads)
Lower memory overhead (~1KB vs ~1MB per thread)
Cooperative multitasking vs preemptive scheduling
Built-in cancellation and exception handling

launch {
    val data = async { fetchData() }
    val result = async { processData() }
    combine(data.await(), result.await())
}

Structured Concurrency:

Parent coroutine waits for all children to complete
Cancellation propagates automatically through hierarchy
Exceptions in children cancel parent scope
Prevents coroutine leaks and orphaned tasks

Benefits: Predictable lifecycle management, automatic cleanup, easier reasoning about concurrent
code, and built-in error propagation.

5. What is the difference between 'suspend' functions and regular functions? Can you call
suspend functions from non-suspend contexts?

Suspend functions can be paused and resumed without blocking threads, enabling asynchronous



operations with sequential code style.

Key Characteristics:

Marked with suspend modifier
Can only be called from coroutines or other suspend functions
Compiled with continuation-passing style (CPS)
Return control to dispatcher when suspended

suspend fun fetchUser(id: Int): User {
    delay(1000) // Suspends without blocking
    return database.getUser(id)
}

fun regular() {
    // fetchUser(1) // Compilation error
    runBlocking { fetchUser(1) } // Valid
}

Calling from Non-Suspend Context:

runBlocking: Blocks current thread (use in main/tests)
CoroutineScope.launch: Fire-and-forget async execution
CoroutineScope.async: Returns Deferred for result

Important: Suspend functions don't automatically make code asynchronous; they enable
suspension points where coroutines can yield execution.

6. Explain Kotlin's 'reified' type parameters. What problem do they solve and what are
their limitations?

Reified type parameters preserve generic type information at runtime within inline functions,
overcoming JVM type erasure limitations.

Problem Solved:

// Without reified - doesn't work
fun  isInstance(value: Any): Boolean {
    // return value is T // Error: type erased
}

// With reified - works
inline fun  isInstance(value: Any): Boolean {
    return value is T // Valid
}

Common Use Cases:

inline fun  Gson.fromJson(json: String): T {
    return fromJson(json, T::class.java)
}

val user = gson.fromJson(jsonString)

Limitations:

Only works with inline functions
Cannot be used with virtual/override functions
Increases bytecode size (inline expansion)
Not available for class-level type parameters

Best Practice: Use reified for utility functions requiring runtime type checks, JSON parsing, or
reflection operations where type safety is critical.

7. What are Kotlin Flows and how do they differ from Sequences and Channels? Explain
cold vs hot flows.



Flow is an asynchronous stream that emits values sequentially, designed for reactive programming
with coroutines.

Comparison:

Sequence: Synchronous, lazy, blocking operations
Flow: Asynchronous, cold by default, suspending operations
Channel: Hot stream, buffered, multiple consumers possible

fun fetchUsers(): Flow = flow {
    repeat(3) {
        delay(100)
        emit(User(it))
    }
}

fetchUsers().collect { user ->
    println(user)
}

Cold vs Hot Flows:

Cold Flow: Starts emitting only when collected; each collector gets independent stream
Hot Flow (SharedFlow/StateFlow): Emits regardless of collectors; shared state across
collectors

val sharedFlow = MutableSharedFlow()
val stateFlow = MutableStateFlow(0)

Use Cases: Cold flows for data streams (API calls), hot flows for UI state management and event
broadcasting.

8. Explain Kotlin's null safety system. What are the differences between '?', '!!', '?.', '?:',
and 'lateinit'?

Null safety is a core Kotlin feature that eliminates NullPointerExceptions at compile-time through
explicit nullable type declarations.

Operators:

? (nullable type): Declares variable can hold null
!! (not-null assertion): Throws NPE if null, use sparingly
?. (safe call): Returns null if receiver is null
?: (Elvis operator): Provides default value if null

val name: String? = null
val length = name?.length ?: 0
val upper = name!!.uppercase() // Throws NPE

lateinit var user: User
if (::user.isInitialized) { /* use user */ }

lateinit:

For non-nullable properties initialized later
Only for var, not val
Cannot be used with primitives
Check initialization with ::property.isInitialized

Best Practice: Prefer nullable types with safe operators over lateinit. Use lateinit primarily for
dependency injection frameworks and Android lifecycle components.

9. What are sealed classes and sealed interfaces in Kotlin? How do they enable
exhaustive when expressions?

Sealed classes/interfaces define restricted class hierarchies where all subclasses are known at
compile-time, enabling exhaustive type checking.



Definition:

sealed class Result {
    data class Success(val data: T) : Result()
    data class Error(val exception: Exception) : Result()
    object Loading : Result()
}

fun  handle(result: Result) = when(result) {
    is Result.Success -> result.data
    is Result.Error -> throw result.exception
    Result.Loading -> null
    // No else needed - exhaustive
}

Key Benefits:

Compiler enforces exhaustive when expressions
All subclasses must be in same package/module
Adding new subclass triggers compilation errors in when expressions
Better than enums when subclasses need different properties

Sealed Interfaces (Kotlin 1.5+):

Allow multiple inheritance
More flexible than sealed classes

Use Cases: State management, API responses, navigation events, and representing finite state
machines.

10. Explain Kotlin's scope functions (let, run, with, apply, also). When would you use each
one?

Scope functions execute code blocks in the context of an object, differing in context reference
(this/it) and return value.

Comparison:

let (it, returns lambda result): Null checks, transformations
run (this, returns lambda result): Object configuration with result
with (this, returns lambda result): Multiple calls on same object
apply (this, returns context): Object initialization
also (it, returns context): Side effects, logging

val user = User().apply {
    name = "John"
    age = 30
}.also {
    log("Created: $it")
}

val length = name?.let {
    println(it)
    it.length
} ?: 0

Selection Guide:

Use let for nullable objects and chaining transformations
Use apply for object initialization and configuration
Use also for additional operations without changing object
Use run when you need result from object operations
Use with for non-extension grouping of calls

Best Practice: Choose based on whether you need the object or result returned, and whether this or



it improves readability.
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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 Stack in Kotlin with generic type support? What is the
time complexity of push and pop operations?

Stack Implementation

A Stack can be implemented using Kotlin's ArrayList or LinkedList as the underlying data structure.
Here's a generic implementation:

class Stack {
    private val elements = mutableListOf()
    fun push(item: T) = elements.add(item)
    fun pop(): T? = if (elements.isEmpty()) null else elements.removeAt(elements.lastIndex)
    fun peek(): T? = elements.lastOrNull()
    fun isEmpty() = elements.isEmpty()
    fun size() = elements.size
}

Time Complexity:

push(): O(1) - amortized constant time
pop(): O(1) - constant time
peek(): O(1) - constant time

2. Implement an LRU (Least Recently Used) Cache in Kotlin with O(1) get and put
operations. What data structures would you use?

LRU Cache Implementation

An efficient LRU cache requires LinkedHashMap with access-order mode or a combination of
HashMap and Doubly Linked List. Here's the LinkedHashMap approach:

class LRUCache(private val capacity: Int) : LinkedHashMap(capacity, 0.75f, true) {
    override fun removeEldestEntry(eldest: MutableMap.MutableEntry?): Boolean {
        return size > capacity
    }
}

Data Structures Used:

LinkedHashMap: Maintains insertion/access order with O(1) operations
Alternative: HashMap + Doubly Linked List for manual control

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

3. Write a Kotlin function to find all pairs in an array that sum to a target value. What is
the optimal time complexity?

Pair Sum Problem

Use a HashSet to achieve O(n) time complexity by storing complements:

fun findPairs(arr: IntArray, target: Int): List> {
    val seen = mutableSetOf()
    val pairs = mutableListOf>()
    for (num in arr) {
        val complement = target - num
        if (complement in seen) pairs.add(Pair(complement, num))



        seen.add(num)
    }
    return pairs
}

Time Complexity: O(n) - single pass through array

Space Complexity: O(n) - for the HashSet

4. How do you implement a Trie (Prefix Tree) in Kotlin for efficient string search
operations? What are the time complexities?

Trie Implementation

A Trie is ideal for prefix-based searches and autocomplete features:

class TrieNode {
    val children = mutableMapOf()
    var isEndOfWord = false
}

class Trie {
    private val root = TrieNode()
    fun insert(word: String) {
        var node = root
        for (char in word) node = node.children.getOrPut(char) { TrieNode() }
        node.isEndOfWord = true
    }
}

Time Complexity:

Insert: O(m) where m is word length
Search: O(m)
StartsWith: O(m)

Space Complexity: O(ALPHABET_SIZE * N * M) where N is number of words

5. Implement a function to find the maximum sum of a subarray using Kadane's algorithm
in Kotlin. Explain the approach.

Kadane's Algorithm

Kadane's algorithm finds the maximum sum contiguous subarray in O(n) time using dynamic
programming:

fun maxSubarraySum(arr: IntArray): Int {
    var maxSoFar = arr[0]
    var maxEndingHere = arr[0]
    for (i in 1 until arr.size) {
        maxEndingHere = maxOf(arr[i], maxEndingHere + arr[i])
        maxSoFar = maxOf(maxSoFar, maxEndingHere)
    }
    return maxSoFar
}

Key Insight: At each position, decide whether to extend the existing subarray or start a new one.

Time Complexity: O(n)

Space Complexity: O(1)

6. How would you implement a Min Heap in Kotlin? What operations does it support and
their complexities?

Min Heap Implementation

A Min Heap maintains the minimum element at the root. Kotlin doesn't have a built-in heap, but you
can use PriorityQueue from Java or implement one:



class MinHeap> {
    private val heap = mutableListOf()
    fun insert(value: T) {
        heap.add(value)
        heapifyUp(heap.lastIndex)
    }
    fun extractMin(): T? = if (heap.isEmpty()) null else {
        val min = heap[0]
        heap[0] = heap.last()
        heap.removeAt(heap.lastIndex)
        heapifyDown(0)
        min
    }
}

Time Complexities:

Insert: O(log n)
ExtractMin: O(log n)
Peek: O(1)
Heapify: O(n)

7. Write a Kotlin function to detect a cycle in a linked list using Floyd's algorithm. What is
the time and space complexity?

Cycle Detection - Floyd's Algorithm

Floyd's Cycle Detection  (tortoise and hare) uses two pointers moving at different speeds:

data class ListNode(var value: Int, var next: ListNode? = null)

fun hasCycle(head: ListNode?): Boolean {
    var slow = head
    var fast = head
    while (fast?.next != null) {
        slow = slow?.next
        fast = fast.next?.next
        if (slow == fast) return true
    }
    return false
}

Algorithm: Slow pointer moves one step, fast pointer moves two steps. If they meet, a cycle exists.

Time Complexity: O(n)

Space Complexity: O(1)

8. Implement a sliding window maximum function in Kotlin that finds the maximum in
each window of size k. What is the optimal approach?

Sliding Window Maximum

Use a Deque (Double-ended Queue) to maintain indices of useful elements in decreasing order:

fun maxSlidingWindow(nums: IntArray, k: Int): IntArray {
    val result = mutableListOf()
    val deque = ArrayDeque()
    for (i in nums.indices) {
        if (deque.isNotEmpty() && deque.first() < i - k + 1) deque.removeFirst()
        while (deque.isNotEmpty() && nums[deque.last()] < nums[i]) deque.removeLast()
        deque.addLast(i)
        if (i >= k - 1) result.add(nums[deque.first()])
    }
    return result.toIntArray()
}

Time Complexity: O(n) - each element added/removed once



Space Complexity: O(k)

9. How do you implement a Graph using adjacency list in Kotlin? Write functions for BFS
and DFS traversal.

Graph Implementation with BFS and DFS

Use a Map to represent adjacency list:

class Graph {
    private val adjList = mutableMapOf>()
    fun addEdge(u: Int, v: Int) = adjList.getOrPut(u) { mutableListOf() }.add(v)
    fun bfs(start: Int) {
        val visited = mutableSetOf()
        val queue = ArrayDeque().apply { add(start) }
        while (queue.isNotEmpty()) {
            val node = queue.removeFirst()
            if (node !in visited) { visited.add(node); adjList[node]?.forEach { queue.add(it) } }
        }
    }
}

Time Complexity: O(V + E) for both BFS and DFS

Space Complexity: O(V)

10. Implement a function in Kotlin to find the Longest Common Subsequence (LCS) of two
strings using dynamic programming. What is the complexity?

Longest Common Subsequence

Use a 2D DP table where dp[i][j] represents LCS length of first i characters of string1 and first j
characters of string2:

fun lcs(s1: String, s2: String): Int {
    val dp = Array(s1.length + 1) { IntArray(s2.length + 1) }
    for (i in 1..s1.length) {
        for (j in 1..s2.length) {
            dp[i][j] = if (s1[i-1] == s2[j-1]) dp[i-1][j-1] + 1
                       else maxOf(dp[i-1][j], dp[i][j-1])
        }
    }
    return dp[s1.length][s2.length]
}

Time Complexity: O(m * n)

Space Complexity: O(m * n), can be optimized to O(min(m, n))
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System Design
These questions evaluate your ability to think about the bigger picture, including architecture,
scalability, and performance.

1. Design a scalable URL shortener service like bit.ly. What are the key components and
how would you handle high traffic?

Core Components

URL Generation Service: Creates short codes using base62 encoding or hash functions
Database: Stores mappings between short codes and original URLs
Redirect Service: Handles incoming requests and redirects to original URLs
Cache Layer: Redis/Memcached for frequently accessed URLs
Load Balancer: Distributes traffic across multiple servers

Key Design Decisions

Short Code Generation: Use auto-incrementing counter with base62 encoding for predictable,
collision-free codes. Alternative: MD5 hash first 7 characters with collision detection.

Database Choice: NoSQL (Cassandra/DynamoDB) for horizontal scalability. Partition by short code
hash for even distribution.

Caching Strategy: Cache hot URLs (80/20 rule). TTL of 24 hours. Write-through cache on creation.

Scalability: Stateless application servers for horizontal scaling. Database sharding by short code
range. Read replicas for redirect operations.

Analytics: Async message queue (Kafka) for click tracking without blocking redirects.

data class UrlMapping(
  val shortCode: String,
  val originalUrl: String,
  val createdAt: Long,
  val expiresAt: Long?
)

fun generateShortCode(id: Long): String {
  val base62 = "0-9A-Za-z"
  return id.toBase62(base62)
}

2. Design a real-time chat application supporting millions of concurrent users. How would
you handle message delivery, presence, and scaling?

Architecture Components

WebSocket Gateway: Maintains persistent connections with clients
Message Service: Handles message routing and delivery
Presence Service: Tracks online/offline status
Message Queue: Kafka/RabbitMQ for reliable message delivery
Storage: Cassandra for message history, Redis for online users

Design Approach

Connection Management: Stateful WebSocket servers grouped by region. Each server maintains
50K-100K connections. Connection metadata stored in Redis with server ID.

Message Delivery: Sender publishes to message queue partitioned by recipient ID. Message



service consumes and delivers to appropriate WebSocket server. Store-and-forward for offline users.

Presence System: Heartbeat every 30 seconds. Redis sorted set with timestamp. Background job
marks users offline after timeout. Pub/sub for presence notifications.

Group Chat: Fan-out on write for small groups (<100). Fan-out on read for large groups. Message
stored once, delivered via user subscriptions.

Scaling Strategy: Horizontal scaling of WebSocket servers. Consistent hashing for connection
routing. Database sharding by user ID.

data class Message(
  val id: String,
  val senderId: String,
  val recipientId: String,
  val content: String,
  val timestamp: Long
)

interface ChatService {
  suspend fun sendMessage(msg: Message)
  fun subscribe(userId: String): Flow
}

3. Design a distributed rate limiter that can handle 100K requests per second. Discuss
algorithms and implementation strategies.

Rate Limiting Algorithms

Token Bucket: Tokens added at fixed rate, consumed per request
Leaky Bucket: Requests processed at constant rate, queue overflow drops
Fixed Window: Counter resets at fixed intervals
Sliding Window Log: Maintains timestamp log of requests
Sliding Window Counter: Hybrid approach with weighted counts

Distributed Implementation

Storage Choice: Redis with atomic operations (INCR, EXPIRE). Supports distributed counters with
low latency.

Token Bucket in Redis:  Store tokens and last refill time. Atomic Lua script for check-and-
decrement. Refill calculation on each request.

Sliding Window Counter: Redis sorted sets with timestamps. ZREMRANGEBYSCORE for old entries.
ZCARD for count. More accurate than fixed window.

Distributed Coordination: Each API gateway instance maintains local cache with Redis as source
of truth. Sync every 100ms to reduce Redis load.

Multi-tier Limiting: Per-user, per-IP, global limits. Hierarchical checks with short-circuit evaluation.

class RateLimiter(val redis: Redis) {
  suspend fun allow(key: String, limit: Int, window: Long): Boolean {
    val now = System.currentTimeMillis()
    val cutoff = now - window
    redis.zremrangebyscore(key, 0, cutoff)
    val count = redis.zcard(key)
    if (count < limit) {
      redis.zadd(key, now, UUID.randomUUID())
      return true
    }
    return false
  }
}

4. Design a news feed system like Twitter or Facebook. How would you generate and rank



feeds for millions of users efficiently?

Feed Generation Approaches

Fan-out on Write (Push):  Pre-compute feeds when post is created
Fan-out on Read (Pull): Compute feed when user requests it
Hybrid: Push for most users, pull for celebrities

System Design

Fan-out on Write: When user posts, push to all followers' feed caches. Use message queue for
async processing. Store in Redis sorted sets (score = timestamp). Fast reads, slow writes for popular
users.

Fan-out on Read: Fetch recent posts from followed users, merge and sort. Slower reads, but scales
for users with millions of followers. Cache computed feeds.

Hybrid Approach: Normal users (<1M followers) use push. Celebrities use pull. Followers fetch
celebrity posts on-demand and merge with pushed feed.

Ranking Algorithm: Edge Rank style scoring: affinity (interaction history), weight (content type),
time decay. ML models for personalization.

Storage: Posts in Cassandra partitioned by user ID. Feed cache in Redis with TTL. Graph database
(Neo4j) for social connections.

Scalability: Partition feeds by user ID hash. Separate clusters for read/write. CDN for media content.

data class Post(
  val id: String,
  val userId: String,
  val content: String,
  val timestamp: Long,
  val score: Double
)

suspend fun generateFeed(userId: String): List {
  val following = getFollowing(userId)
  return following.flatMap { getRecentPosts(it) }
    .sortedByDescending { it.score }
    .take(100)
}

5. Design a distributed cache system. Discuss consistency models, eviction policies, and
how to handle cache invalidation.

Core Design Components

Cache Nodes: Distributed servers storing key-value pairs
Consistent Hashing: Distributes keys across nodes with minimal rehashing
Replication: Multiple copies for availability
Client Library: Handles routing and failover

Consistency Models

Strong Consistency: Read-after-write guaranteed. Requires synchronous replication. Higher
latency, lower availability (CP in CAP).

Eventual Consistency: Async replication. Stale reads possible. Higher availability and performance
(AP in CAP).

Write-through vs Write-behind: Write-through updates cache and DB synchronously. Write-
behind queues DB writes for async processing.

Eviction Policies



LRU (Least Recently Used): Doubly linked list + hash map. O(1) operations. Best for temporal
locality.

LFU (Least Frequently Used): Min-heap by access count. Better for frequency-based patterns.

TTL-based: Automatic expiration after time period. Good for time-sensitive data.

Cache Invalidation

TTL Expiration: Set expiration time on write. Simple but may serve stale data.

Event-driven: Publish invalidation events on data changes. Subscribers clear cache entries.

Version-based: Include version in cache key. Increment on updates.

class DistributedCache {
  val ring = ConsistentHashRing(nodes)
  
  suspend fun get(key: String): String? {
    val node = ring.getNode(key)
    return node.get(key) ?: fetchFromDB(key).also {
      node.set(key, it, ttl = 3600)
    }
  }
}

6. Design a notification system that supports push notifications, emails, and SMS. How
would you ensure delivery and handle failures?

System Architecture

Notification Service: Receives notification requests
Message Queue: Kafka for reliable queuing and retry
Channel Workers: Separate workers for push, email, SMS
Template Service: Manages notification templates
User Preferences: Stores delivery preferences and opt-outs

Design Approach

Request Flow: API receives notification request. Validate and enrich with user preferences. Publish
to Kafka topic partitioned by user ID. Workers consume and send via respective channels.

Multi-channel Delivery: User preferences determine channels. Priority queue for urgent
notifications. Rate limiting per channel to avoid throttling.

Reliability & Retries: Exponential backoff for transient failures. Dead letter queue after max
retries. Idempotency keys to prevent duplicates. Acknowledgment tracking in database.

Delivery Guarantees: At-least-once delivery via Kafka. Deduplication using notification ID. Status
tracking: pending, sent, delivered, failed.

Priority Handling: Separate queues for critical vs non-critical. Critical bypass rate limits. Real-time
delivery for high priority.

Analytics: Track delivery rates, open rates, failures. Alert on anomalies.

data class Notification(
  val id: String,
  val userId: String,
  val channels: Set,
  val priority: Priority,
  val template: String,
  val data: Map
)



suspend fun send(notif: Notification) {
  val prefs = getUserPreferences(notif.userId)
  notif.channels.filter { prefs.isEnabled(it) }
    .forEach { queue.publish(it, notif) }
}

7. Design a ride-sharing service like Uber. Focus on matching drivers with riders and
handling real-time location updates.

Core Components

Location Service: Tracks real-time driver and rider positions
Matching Service: Pairs riders with nearby drivers
Trip Service: Manages trip lifecycle and state
Pricing Service: Calculates dynamic pricing
Notification Service: Real-time updates to users

Location Management

Geospatial Indexing: Use QuadTree or Google S2 for spatial partitioning. Divide map into cells.
Each cell contains list of drivers. O(log n) lookup for nearby drivers.

Location Updates: Drivers send location every 4 seconds via WebSocket. Update in-memory index
and Redis. No DB write per update (too expensive). Batch persist every minute.

Redis Geospatial: GEOADD for driver locations. GEORADIUS for finding nearby drivers. Sub-second
queries for 10km radius.

Matching Algorithm

Request Flow: Rider requests ride. Find available drivers within radius. Score by distance, rating,
acceptance rate. Send request to top 3 drivers sequentially with 30s timeout.

Optimization: Pre-compute driver clusters. Predictive positioning based on demand hotspots. Surge
pricing in high-demand areas.

State Management: Trip state machine: requested → matched → enroute → in-progress →
completed. Store in PostgreSQL with Redis cache.

data class Location(val lat: Double, val lon: Double)

class MatchingService {
  suspend fun findDriver(
    pickup: Location, 
    radius: Double
  ): Driver? {
    val drivers = redis.georadius(
      "drivers", pickup.lat, pickup.lon, radius
    )
    return drivers.filter { it.available }
      .minByOrNull { distance(pickup, it.location) }
  }
}

8. Design a video streaming platform like YouTube. Discuss video storage, encoding, CDN
strategy, and adaptive bitrate streaming.

System Architecture

Upload Service: Handles video uploads and chunking
Transcoding Service: Converts videos to multiple formats/resolutions
Storage: Object storage (S3) for video files
CDN: CloudFront/Akamai for content delivery
Metadata Service: Video info, views, comments

Upload & Processing



Upload Flow: Client uploads video in chunks to S3. Generate unique video ID. Publish transcode job
to message queue. Update status: processing.

Transcoding: Worker pool processes videos. Generate multiple resolutions (1080p, 720p, 480p,
360p). Create HLS/DASH manifests for adaptive streaming. Extract thumbnails. Store in S3 with CDN
invalidation.

Adaptive Bitrate Streaming: HLS segments video into 6-10 second chunks. Client requests
manifest (.m3u8). Player selects quality based on bandwidth. Seamless quality switching.

Delivery & Scaling

CDN Strategy: Cache video segments at edge locations. 95%+ cache hit ratio. Origin shield to
reduce load on S3. Geo-routing to nearest edge.

Metadata: Video info in PostgreSQL. View counts in Redis. Comments in Cassandra. Search index in
Elasticsearch.

Recommendations: Collaborative filtering + content-based. Precompute suggestions. Real-time
updates via streaming analytics.

data class Video(
  val id: String,
  val userId: String,
  val title: String,
  val formats: Map,
  val status: Status
)

suspend fun streamVideo(videoId: String): String {
  val video = getVideo(videoId)
  val manifest = video.formats["hls"]
  return cdn.getUrl(manifest)
}

9. Design a distributed search engine. Discuss indexing, ranking, and how to handle
billions of documents with low latency.

Core Components

Crawler: Discovers and fetches web pages
Indexer: Builds inverted index from documents
Query Service: Processes search queries
Ranking Service: Scores and ranks results
Storage: Distributed document and index storage

Indexing Strategy

Inverted Index: Map terms to document IDs. Store term frequency, positions. Compress using delta
encoding and bit packing. Shard by term hash for distribution.

Document Processing: Tokenization, stemming, stop word removal. Extract features: title,
headers, links. Calculate TF-IDF scores. Store in columnar format (Parquet).

Index Sharding: Partition by document ID (document sharding) or term (term sharding). Document
sharding better for updates. Term sharding better for query parallelization.

Query Processing

Query Execution: Parse and normalize query. Lookup terms in index across shards. Merge posting
lists using intersection/union. Fetch top-K results per shard. Global merge and re-rank.

Ranking Algorithm: PageRank for authority. BM25 for relevance. Click-through rate from logs. ML
model combining 200+ features. Real-time personalization.



Performance: Cache hot queries. Pre-compute results for common queries. Skip lists for fast
posting list traversal. Early termination for top-K.

data class InvertedIndex(
  val term: String,
  val postings: List
)
data class Posting(val docId: String, val tf: Int)

suspend fun search(query: String): List {
  val terms = tokenize(query)
  val results = terms.flatMap { index.get(it) }
  return results.groupBy { it.docId }
    .map { score(it.key, it.value) }
    .sortedByDescending { it.score }
    .take(20)
}

10. Design a distributed job scheduler that can execute millions of jobs daily with
dependencies and retry logic. Discuss CAP theorem tradeoffs.

System Components

Job Queue: Stores pending jobs with priority
Scheduler: Assigns jobs to workers
Workers: Execute jobs and report status
Coordinator: Manages job dependencies and state
Storage: Persists job definitions and execution history

Architecture Design

Job Representation: DAG (Directed Acyclic Graph) for dependencies. Each node is a job with
inputs/outputs. Topological sort for execution order.

Queue Implementation: Redis sorted set for priority queue. Score = scheduled_time + priority.
Multiple queues per job type. Kafka for job events and audit trail.

Scheduling Strategy: Pull model: workers poll for jobs. Push model: scheduler assigns jobs. Hybrid:
workers register, scheduler pushes to available workers. Lease-based execution with heartbeat.

Dependency Management: Track job state: pending, running, completed, failed. Update
dependent jobs when parent completes. Use Redis transactions for atomic state updates.

CAP Theorem Tradeoffs

CP System: Strong consistency for job state. Consensus via Raft/Paxos. Single scheduler leader.
Partition causes unavailability. Good for critical jobs requiring exactly-once execution.

AP System: Eventual consistency. Multiple schedulers with coordination. Partition-tolerant. May
schedule job twice (at-least-once). Good for idempotent, high-throughput jobs.

Retry Logic: Exponential backoff. Max retry count. Dead letter queue. Idempotency keys.

data class Job(
  val id: String,
  val type: String,
  val dependencies: List,
  val retries: Int,
  val payload: Map
)

suspend fun schedule(job: Job) {
  if (job.dependencies.all { isCompleted(it) }) {
    queue.enqueue(job)
  } else {



    waitForDependencies(job)
  }
}



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

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

1. Write a Kotlin function to flatten a nested list of integers.

Flattening a Nested List

Here's an efficient solution using Kotlin's built-in flatten() function:

fun flattenList(nested: List): List {
    return nested.flatMap { item ->
        when (item) {
            is List<*> -> flattenList(item as List)
            is Int -> listOf(item)
            else -> emptyList()
        }
    }
}
// Usage: flattenList(listOf(1, listOf(2, 3), listOf(4, listOf(5)))) // [1,2,3,4,5]

This recursive approach handles arbitrary nesting depth by pattern matching on each element
and recursively flattening sublists.

2. How would you reverse a string in Kotlin while preserving Unicode characters
correctly?

Unicode-Safe String Reversal

To properly handle Unicode grapheme clusters (emojis, combining characters), use:

fun reverseString(input: String): String {
    return input.reversed()
}

// For grapheme-aware reversal:
fun reverseGraphemes(input: String): String {
    return input.asSequence()
        .windowed(1, 1, true) { it.joinToString("") }
        .toList().reversed().joinToString("")
}

The basic reversed() works for most cases, but for proper grapheme handling with emojis like �
�​�​�​�, consider using ICU4J library or character-by-character analysis to avoid splitting multi-
codepoint characters.

3. Write a function to check if a string is a palindrome, ignoring case and non-
alphanumeric characters.

Palindrome Checker

Here's an efficient implementation:

fun isPalindrome(input: String): Boolean {
    val cleaned = input.filter { it.isLetterOrDigit() }
        .lowercase()
    return cleaned == cleaned.reversed()
}

// Usage:
isPalindrome("A man, a plan, a canal: Panama") // true



isPalindrome("race a car") // false

This solution filters non-alphanumeric characters, converts to lowercase, and compares with its
reverse. Time complexity: O(n), space complexity: O(n).

4. What tools and techniques do you use for debugging Kotlin applications in production?

Production Debugging Strategies

Logging frameworks: Use SLF4J with Logback or Log4j2 with structured logging (JSON format)
for better parsing
APM tools: New Relic, Datadog, or Dynatrace for real-time monitoring and distributed tracing
Thread dumps: Use jstack or VisualVM to analyze deadlocks and thread states
Remote debugging: Enable JDWP with appropriate security for critical issues
Feature flags: Implement toggles to enable verbose logging without redeployment
Coroutine debugging: Use kotlinx-coroutines-debug agent with -Dkotlinx.coroutines.debug
flag
Memory analysis: JProfiler, YourKit, or Eclipse MAT for heap dumps

Always implement correlation IDs across services for distributed tracing and use circuit breakers
to isolate failing components.

5. How do you profile memory usage and detect memory leaks in Kotlin applications?

Memory Profiling Techniques

For effective memory profiling:

Heap dumps: Generate with jmap or trigger via JMX, analyze with Eclipse MAT or VisualVM
JVM flags: Use -XX:+HeapDumpOnOutOfMemoryError and -XX:HeapDumpPath for automatic
dumps
Profilers: YourKit, JProfiler, or async-profiler for low-overhead continuous profiling
Kotlin-specific leaks: Watch for captured contexts in lambdas and coroutines
Weak references: Use WeakReference or LeakCanary (Android) to detect retention issues

// Example: Detecting coroutine leaks
val job = GlobalScope.launch {
    // Avoid: can leak if never cancelled
}
// Better: use structured concurrency
coroutineScope {
    launch { /* automatically cancelled */ }
}

Monitor GC metrics and look for increasing old generation usage indicating leaks.

6. Explain exception handling best practices in Kotlin, including the use of Result and
Either types.

Exception Handling Strategies

Kotlin provides multiple approaches:

Traditional try-catch: Use for recoverable errors and resource management
Result type: Kotlin 1.3+ provides Result for functional error handling
runCatching: Wraps exceptions into Result automatically

// Using Result type
fun divide(a: Int, b: Int): Result {
    return runCatching { a / b }
}

val result = divide(10, 2)
    .map { it * 2 }
    .getOrElse { 0 }

// Custom Either type (functional approach)
sealed class Either



Best practices: Use checked Result types for business logic errors, exceptions for truly exceptional
cases, and avoid using exceptions for control flow. Consider Arrow library for advanced functional
error handling.

7. Write a function to find the first non-repeating character in a string efficiently.

First Non-Repeating Character

Optimal solution using a LinkedHashMap to maintain insertion order:

fun firstNonRepeating(input: String): Char? {
    val charCount = LinkedHashMap()
    input.forEach { char ->
        charCount[char] = charCount.getOrDefault(char, 0) + 1
    }
    return charCount.entries.firstOrNull { it.value == 1 }?.key
}

// Usage: firstNonRepeating("leetcode") // 'l'

Time complexity: O(n), space complexity: O(k) where k is the number of unique characters. This
makes two passes but maintains order efficiently.

8. How do you handle and debug coroutine-related issues like job cancellation and
exception propagation?

Coroutine Debugging Techniques

Key strategies for coroutine debugging:

Enable debug mode: Add -Dkotlinx.coroutines.debug=on to see coroutine names in stack
traces
Structured concurrency: Always use coroutineScope or supervisorScope to manage lifecycles
Exception handling: Use CoroutineExceptionHandler for uncaught exceptions
Job tracking: Monitor job states with isActive, isCancelled, isCompleted

val handler = CoroutineExceptionHandler { _, exception ->
    println("Caught: $exception")
}
val scope = CoroutineScope(Dispatchers.Default + handler)
scope.launch {
    // Cancellation-aware code
    ensureActive() // throws if cancelled
}

Use supervisorScope when child failures shouldn't cancel siblings, and always handle
CancellationException appropriately without suppressing it.

9. Implement a simple LRU (Least Recently Used) cache in Kotlin.

LRU Cache Implementation

Using LinkedHashMap with access-order mode:

class LRUCache(private val capacity: Int) {
    private val cache = object : LinkedHashMap(
        capacity, 0.75f, true
    ) {
        override fun removeEldestEntry(eldest: Map.Entry) =
            size > capacity
    }
    
    fun get(key: K): V? = cache[key]
    fun put(key: K, value: V) { cache[key] = value }
}

The accessOrder=true parameter maintains entries in access order. The removeEldestEntry
override automatically evicts the oldest entry when capacity is exceeded. Time complexity: O(1) for
get and put operations.



10. What is monkey patching in Kotlin and when might you use extension functions as an
alternative?

Monkey Patching and Extension Functions

Kotlin doesn't support true monkey patching (runtime class modification) like Python or Ruby.
Instead, it provides safer alternatives:

Extension functions: Add methods to existing classes without inheritance
Compile-time safety: Extensions are resolved statically, preventing runtime surprises
Scope control: Extensions can be limited to specific files or modules

// Extension function example
fun String.isPalindrome(): Boolean {
    return this == this.reversed()
}

"racecar".isPalindrome() // true

// For testing: use mockk or interfaces
interface TimeProvider { fun now(): Long }
class RealTime : TimeProvider { override fun now() = System.currentTimeMillis() }

For testing, prefer dependency injection with interfaces over trying to modify system classes.
Extensions provide the benefits of monkey patching with compile-time safety.
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Behavioral Questions
These questions assess your soft skills, problem-solving approach, and how you work in a team.

1. Tell me about a time when you had to migrate a large Java codebase to Kotlin. What
challenges did you face?

Situation: At my previous company, we had a legacy Android application with over 200,000 lines of
Java code that was becoming difficult to maintain due to verbose boilerplate and null pointer
exceptions.

Task: I was tasked with leading the migration to Kotlin to improve code quality, reduce bugs, and
increase developer productivity.

Action: I created a phased migration plan starting with new features in Kotlin, then gradually
converting existing modules. I established coding standards, conducted team training sessions, and
implemented automated tests to ensure behavioral consistency. I prioritized converting data classes
and utility functions first, then moved to more complex business logic. We used Kotlin's
interoperability features to maintain seamless integration during the transition.

Result: Over six months, we successfully migrated 70% of the codebase. We saw a 40% reduction in
NullPointerExceptions, 25% less code overall, and developer satisfaction scores increased
significantly. The remaining Java code continued to work seamlessly alongside Kotlin.

2. Describe a situation where you had to optimize Kotlin code for performance. What was
your approach?

Situation: Our Kotlin-based backend service was experiencing high latency during peak traffic, with
response times exceeding 2 seconds for critical API endpoints.

Task: I needed to identify and resolve performance bottlenecks while maintaining code readability
and correctness.

Action: I used profiling tools to identify hotspots and discovered excessive object allocations in our
data processing pipeline. I replaced high-order functions with inline functions where appropriate,
used sequences instead of collections for large datasets, and leveraged Kotlin's lazy delegation for
expensive initializations. I also optimized our coroutine usage by using appropriate dispatchers and
structured concurrency.

// Before
val results = list.map { process(it) }.filter { it.isValid }

// After
val results = list.asSequence()
    .map { process(it) }
    .filter { it.isValid }
    .toList()

Result: Response times dropped to under 500ms, throughput increased by 60%, and memory usage
decreased by 35%. The optimizations maintained code clarity and passed all existing tests.

3. Tell me about a time when you had to resolve a complex concurrency issue in Kotlin
coroutines.

Situation: Our mobile app was experiencing intermittent crashes and data corruption in a feature
that synchronized local database changes with a remote server using Kotlin coroutines.

Task: I was responsible for identifying the root cause and implementing a robust solution that would
prevent data loss and ensure thread safety.



Action: Through detailed logging and debugging, I discovered race conditions caused by concurrent
access to shared mutable state. I refactored the code to use structured concurrency with proper
scope management, replaced shared mutable state with thread-safe alternatives like Mutex and
StateFlow, and implemented proper exception handling with supervisorScope. I also added
comprehensive unit tests using runTest and TestCoroutineScheduler.

private val mutex = Mutex()
private val _state = MutableStateFlow(Idle)

suspend fun syncData() {
    mutex.withLock {
        _state.value = Syncing
        // Safe synchronized operations
    }
}

Result: The crashes were completely eliminated, data integrity was maintained, and we had zero
sync-related issues in production over the following six months. The solution became a template for
other concurrent features.

4. Describe a situation where you had to convince your team to adopt a Kotlin-specific
feature or pattern that they were unfamiliar with.

Situation: My team was heavily reliant on callback-based asynchronous code, which led to callback
hell and made error handling complex and error-prone.

Task: I wanted to introduce Kotlin coroutines and Flow to simplify our asynchronous code, but the
team was skeptical due to the learning curve and concerns about stability.

Action: I prepared a presentation demonstrating concrete examples from our codebase, showing
side-by-side comparisons of callback-based code versus coroutine-based implementations. I created
a proof-of-concept for one problematic feature, highlighting improved readability and error handling.
I organized lunch-and-learn sessions and paired with team members on initial implementations. I
also shared official documentation and community resources, and proposed a gradual adoption
strategy starting with new features.

Result: The team was convinced after seeing the POC results. We adopted coroutines incrementally,
and within three months, 80% of new async code used coroutines. Code reviews became faster, bug
reports related to async operations dropped by 50%, and team members reported higher confidence
in handling asynchronous logic.

5. Tell me about a time when you had to debug a difficult memory leak in a Kotlin
application.

Situation: Our Android application was experiencing gradual memory growth that eventually led to
OutOfMemoryErrors after extended usage, particularly affecting users who kept the app open for
long periods.

Task: I was assigned to identify and fix the memory leak before it impacted our app store ratings,
which were already declining due to crash reports.

Action: I used Android Profiler and LeakCanary to analyze heap dumps and identify retained objects.
I discovered that our coroutines were leaking due to improper scope management—we were using
GlobalScope for UI-related operations, preventing Activities from being garbage collected. I
refactored the code to use lifecycle-aware coroutine scopes, implemented proper cancellation, and
ensured all coroutines were tied to appropriate lifecycle components. I also added automated
memory leak detection to our CI pipeline.

// Before: Memory leak
GlobalScope.launch {
    repository.getData()
}

// After: Lifecycle-aware
viewModelScope.launch {
    repository.getData()



}

Result: Memory leaks were eliminated, crash rates dropped by 75%, and our app store rating
improved from 3.8 to 4.5 stars within two months. The patterns I established became part of our
development guidelines.

6. Describe a situation where you had to make architectural decisions about using
Kotlin's functional programming features versus object-oriented approaches.

Situation: We were designing a new payment processing module for our e-commerce platform, and
there was debate within the team about whether to use a traditional OOP approach with classes and
inheritance or leverage Kotlin's functional programming capabilities.

Task: As the technical lead, I needed to evaluate both approaches and make a decision that would
result in maintainable, testable, and performant code.

Action: I analyzed the requirements and identified that the payment processing involved complex
business rules, multiple payment providers, and various validation steps. I proposed a hybrid
approach: using sealed classes for type-safe state representation, higher-order functions for
composable validation logic, and data classes with extension functions for transformations. I created
prototypes demonstrating both approaches, measured complexity metrics, and facilitated a team
discussion weighing the pros and cons.

sealed class PaymentResult {
    data class Success(val id: String) : PaymentResult()
    data class Failure(val error: Error) : PaymentResult()
}

typealias Validator = (Payment) -> ValidationResult

fun validate(vararg validators: Validator): Validator

Result: The hybrid approach was adopted and proved highly successful. The code was 30% more
concise than a pure OOP approach, unit test coverage reached 95%, and adding new payment
providers required minimal changes to existing code. The pattern was subsequently adopted for
other modules.

7. Tell me about a time when you had to handle a production incident related to Kotlin
code. How did you respond?

Situation: During a major sales event, our Kotlin-based recommendation service started returning
empty results for 30% of users, directly impacting revenue. The issue occurred suddenly during peak
traffic hours.

Task: As the on-call engineer, I needed to quickly identify the root cause, implement a fix, and
restore full functionality while minimizing business impact.

Action: I immediately checked monitoring dashboards and logs, discovering a pattern of
ConcurrentModificationException in our caching layer. I identified that a recent deployment had
introduced a code path where a mutable collection was being modified during iteration without
proper synchronization. I implemented a hotfix by replacing the mutable collection with a thread-
safe alternative and using toList() to create snapshots before iteration. I coordinated with the team
to expedite testing and deployment, and implemented additional monitoring to detect similar issues.

// Problem code
for (item in cache.values) {
    if (condition) cache.remove(item.key)
}

// Fixed
val snapshot = cache.values.toList()
for (item in snapshot) {
    if (condition) cache.remove(item.key)
}



Result: The fix was deployed within 45 minutes, and service was fully restored. I conducted a post-
mortem, added specific tests for concurrent scenarios, and implemented linting rules to catch similar
patterns. No similar incidents occurred subsequently.

8. Describe a time when you had to mentor junior developers on Kotlin best practices.
What was your approach?

Situation: Our team hired three junior developers with Java backgrounds but limited Kotlin
experience. They were writing Kotlin code that looked like Java, missing out on Kotlin's features and
idioms.

Task: I was asked to mentor them and help them become proficient in idiomatic Kotlin within three
months.

Action: I created a structured learning plan with weekly topics covering Kotlin fundamentals, idioms,
and advanced features. I conducted code review sessions focusing on teaching moments rather than
just corrections, explaining the 'why' behind Kotlin best practices. I paired with each developer on
real tasks, demonstrating practical applications of features like extension functions, scope functions,
and delegation. I created a internal wiki with common patterns and anti-patterns, and encouraged
them to ask questions in our dedicated Slack channel. I also assigned progressively challenging tasks
to build confidence.

Result: Within two months, all three developers were writing idiomatic Kotlin and contributing
confidently to production code. Their code review comments decreased by 60%, and they began
helping newer team members. One developer even presented a tech talk on Kotlin coroutines to the
broader engineering team. The mentoring framework I created was adopted for onboarding future
developers.

9. Tell me about a time when you had to balance technical debt with feature delivery in a
Kotlin project.

Situation: Our Kotlin-based mobile app had accumulated significant technical debt, including
outdated dependencies, deprecated API usage, and inconsistent architecture patterns. Meanwhile,
the product team was pushing for aggressive feature delivery to meet market demands.

Task: As the engineering lead, I needed to address the technical debt without compromising feature
delivery timelines or team morale.

Action: I conducted a technical debt audit, categorizing issues by risk and effort. I proposed a 70-
20-10 rule: 70% time on features, 20% on debt reduction, and 10% on innovation/learning. I
integrated debt reduction into sprint planning by bundling small improvements with related features.
For critical issues, I built a business case showing how debt impacted velocity and stability, securing
dedicated time for major refactoring. I made technical debt visible through dashboards and
celebrated improvements alongside feature launches.

// Deprecated API migration bundled with feature work
// Old: GlobalScope (technical debt)
// New: CoroutineScope (fixed while adding feature)
class ViewModel : ViewModel() {
    fun loadData() = viewModelScope.launch {
        // New feature + debt fix
    }
}

Result: Over six months, we delivered all planned features while reducing technical debt by 45%.
Build times improved by 20%, crash rates decreased by 30%, and team velocity actually increased
by 15%. The balanced approach became our standard practice.

10. Describe a situation where you had to integrate Kotlin with existing Java code or
third-party libraries. What challenges did you encounter?

Situation: We needed to integrate a critical third-party payment SDK written in Java into our Kotlin-
based Android application. The SDK had extensive use of callbacks, nullable annotations were
missing, and it relied heavily on inheritance.

Task: I was responsible for creating a clean, type-safe Kotlin wrapper that would make the SDK easy



and safe to use throughout our Kotlin codebase.

Action: I created a Kotlin wrapper layer that converted callback-based APIs to suspend functions
using suspendCoroutine, added explicit nullability through Kotlin's type system, and used extension
functions to provide idiomatic Kotlin APIs. I implemented sealed classes to represent SDK states
type-safely and used delegation instead of inheritance where possible. I thoroughly documented the
wrapper with KDoc and created comprehensive unit tests using mockito-kotlin. I also configured
compiler flags to treat Java interop warnings as errors.

suspend fun PaymentSDK.processPayment(
    amount: Double
): PaymentResult = suspendCoroutine { cont ->
    this.process(amount, object : Callback {
        override fun onSuccess(id: String) {
            cont.resume(PaymentResult.Success(id))
        }
        override fun onError(e: Exception) {
            cont.resumeWithException(e)
        }
    })
}

Result: The wrapper layer was adopted across the team, eliminating null pointer exceptions related
to the SDK and making the code significantly more readable. Integration time for new payment
features decreased by 50%, and we had zero production issues related to the SDK integration over
the following year.
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