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Core Concepts

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

1. Explain the JavaScript event loop in detail, including the call stack, microtask queue,
and macrotask queue.

Event Loop Architecture

The JavaScript event loop is a single-threaded mechanism that handles asynchronous operations
through multiple queues:

e Call Stack: Executes synchronous code in LIFO order

¢ Microtask Queue: Handles Promises, queueMicrotask(), and MutationObserver callbacks—
processed after current script but before rendering

* Macrotask Queue: Contains setTimeout, setinterval, 1/0 operations, and Ul rendering—
processed one per event loop cycle

Execution Order:

Execute all synchronous code on the call stack
Process ALL microtasks until the queue is empty
Execute ONE macrotask

Render if needed

Repeat from step 2

kW

console.log('l');

setTimeout(() => console.log('2"), 0);
Promise.resolve().then(() => console.log('3"));
console.log('4');

// Output: 1, 4, 3,2

This demonstrates that microtasks (Promise) execute before macrotasks (setTimeout), even when
setTimeout has zero delay.

2. What are closures in JavaScript and what are their practical use cases? Discuss
potential memory implications.

Closures Explained

A closure is a function that retains access to its lexical scope even when executed outside that
scope. The function "closes over" variables from its outer environment.

Practical Use Cases:

Data privacy and encapsulation
Factory functions and module patterns
Event handlers and callbacks

Partial application and currying
Memoization and caching

function createCounter() {
let count = 0;
return {
increment: () => ++count,
decrement: () => --count,
getValue: () => count
}
}

const counter = createCounter();



Memory Implications: Closures can cause memory leaks if they retain references to large objects
unnecessarily. Variables in the closure scope remain in memory as long as the closure exists. Best
practices include nullifying references when done and avoiding unnecessary closure creation in
loops.

3. Explain the difference between prototypal inheritance and classical inheritance. How
does the prototype chain work?

Prototypal vs Classical Inheritance

Classical Inheritance: Classes inherit from classes, creating a rigid hierarchy (found in Java, C++).
Objects are instances of classes.

Prototypal Inheritance: Objects inherit directly from other objects. JavaScript uses prototype-
based delegation where objects link to other objects.

Prototype Chain Mechanics:

e Every object has an internal [[Prototypel] link (accessible via __proto__ or
Object.getPrototypeOf())

¢ Property lookup traverses the chain until found or reaching null

e Constructor functions have a .prototype property used for new instances

function Animal(name) {

this.name = name;
}
Animal.prototype.speak = function() {
return ~${this.name} makes a sound’;
b
const dog = new Animal('Rex');
console.log(dog.speak());

When accessing dog.speak(), JavaScript first checks dog, then Animal.prototype, then
Object.prototype, then null. This delegation chain enables flexible inheritance without class
hierarchies.
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4. What is the difference between "==" and "==="? Explain type coercion and when
implicit coercion can cause bugs.

Equality Operators and Type Coercion

Loose Equality (==): Performs type coercion before comparison. Converts operands to the same
type using abstract equality algorithm.

Strict Equality (===): No type coercion. Returns false if types differ.

console.log(5 =="'5"); // true (coercion)
console.log(5 === "'5"); // false (strict)
console.log(null == undefined); // true
console.log(null === undefined); // false
console.log(0 == false); // true
console.log(" == false); // true

Common Coercion Bugs:

e Array comparison: [] == false is true
e Null checks: null == 0 is false but null >= 0 is true
¢ String concatenation: '5' + 3 becomes '53' not 8
e Boolean context: Empty arrays/objects are truthy despite [] == false
Best Practice: Always use === and !== unless you specifically need type coercion. Use explicit

conversion (Number(), String(), Boolean()) when needed.

5. Explain “this’ keyword behavior in different contexts: regular functions, arrow
functions, methods, and event handlers.

The "this' Keyword Context Rules

The value of this depends on how a function is called, not where it's defined (except arrow



functions).
Context-Specific Behavior:

¢ Global context: window (browser) or global (Node.js) in non-strict mode, undefined in strict
mode

Regular function call: undefined (strict) or global object (non-strict)

Method call: The object before the dot

Constructor (new): The newly created object

Arrow functions: Lexically inherited from enclosing scope (cannot be changed)

Explicit binding: call(), apply(), bind() set this explicitly

const obj = {
name: 'Alice’,
regular: function() { return this.name; },
arrow: () => this.name,
nested: function() {
const inner = () => this.name;
return inner();
}
b

Event Handlers: In DOM events, this refers to the element that received the event. Arrow functions
in event handlers maintain the outer context, which can be useful or problematic depending on
intent.

6. What are Promises? Explain Promise chaining, error handling, and the difference
between Promise.all(), Promise.race(), Promise.allSettled(), and Promise.any().

Promises and Combinators

A Promise represents the eventual completion or failure of an asynchronous operation. It has three
states: pending, fulfilled, or rejected.

Promise Chaining: Each .then() returns a new Promise, enabling sequential async operations.
Errors propagate down the chain until caught.

fetch('/api/user')
.then(res => res.json())
.then(data => processData(data))
.catch(err => console.error(err))
finally(() => cleanup());

Promise Combinators:

Promise.all([p1, p2]): Resolves when ALL promises resolve; rejects if ANY rejects (fail-fast)
Promise.race([pl, p2]): Settles with first promise to settle (resolve or reject)
Promise.allSettled([pl, p2]): Waits for ALL to settle, returns array of results (never rejects)
Promise.any([pl, p2]): Resolves with first fulfilled promise; rejects only if ALL reject
(AggregateError)

Use all() when all operations must succeed, allSettled() when you need all results regardless of
success/failure, race() for timeout patterns, and any() for fallback scenarios.

7. Explain async/await. How does error handling work? What are the performance
implications compared to Promise chains?

Async/Await Mechanics

async/await is syntactic sugar over Promises, making asynchronous code look synchronous. An
async function always returns a Promise, and await pauses execution until the Promise settles.

Error Handling:

async function fetchData() {
try {
const response = await fetch('/api');
const data = await response.json();
return data;
} catch (error) {



console.error('Failed:', error);
throw error;
}
}

Key Differences from Promise Chains:

Readability: Sequential code is easier to read and debug
Error handling: try/catch works naturally vs .catch() chains
Conditional logic: Standard if/else instead of nested .then()
Debugging: Better stack traces and breakpoint support

Performance: Functionally identical—both compile to the same Promise-based code. However,
sequential awaits can be slower than parallel Promise.all(). For independent operations, use
Promise.all([op1(), op2()]) instead of awaiting each separately.

8. What is debouncing and throttling? Provide implementations and explain when to use
each.

Debouncing vs Throttling

Both techniques limit function execution frequency, but with different strategies.

Debouncing: Delays execution until after a specified time has passed since the last invocation.
Resets the timer on each call.

function debounce(func, delay) {
let timeoutld;
return function(...args) {
clearTimeout(timeoutld);
timeoutld = setTimeout(() =>
func.apply(this, args), delay);
}
}

Throttling: Ensures function executes at most once per specified interval, regardless of how many
times it's called.

function throttle(func, limit) {
let inThrottle;
return function(...args) {
if (linThrottle) {
func.apply(this, args);
inThrottle = true;
setTimeout(() => inThrottle = false, limit);
}
}
}

Use Cases:

e Debounce: Search autocomplete, window resize handlers, form validation—when you want the
final value after user stops

¢ Throttle: Scroll events, mouse movement tracking, API rate limiting—when you need regular
updates during continuous action

9. Explain JavaScript modules: Common])S vs ES6 modules. What are the key differences in
loading, syntax, and behavior?

Module Systems Comparison
Common)S (Node.js):

Synchronous loading using require()
Dynamic imports allowed anywhere
Exports are copies (values)

Runtime evaluation

this refers to module.exports

// Common]S



const fs = require('fs');
module.exports = { readFile };
/I or

exports.readFile = readFile;

ES6 Modules (ESM):

e Asynchronous loading using import/export
e Static structure (imports hoisted, must be top-level)
e Exports are live bindings (references)

e Parse-time evaluation enables tree-shaking

¢ this is undefined in module scope

// ES6 Modules

import fs from 'fs';

export { readFile };

export default myFunction;

Key Differences: ESM enables better static analysis for bundlers, supports tree-shaking for smaller
bundles, and provides true encapsulation. Common]S is still prevalent in Node.js but ESM is the
standard for modern JavaScript. Node.js now supports both via .mjs extension or "type": "module" in
package.json.

10. What is event delegation and why is it important? Provide a practical example with
performance considerations.

Event Delegation Pattern

Event delegation leverages event bubbling to handle events at a higher level in the DOM rather
than attaching listeners to individual elements.

Benefits:

Reduced memory footprint (one listener vs many)
Handles dynamically added elements automatically
Simpler code maintenance

Better performance with large lists

// Instead of this:
items.forEach(item => {
item.addEventListener('click', handler);

1)

/! Use delegation:
parent.addEventListener('click’, (e) => {
if (e.target.matches('.item')) {
handleltemClick(e.target);

}
b
Practical Example: In a todo list with 1000 items, delegation uses 1 event listener instead of 1000.

When adding new items, no listener attachment needed—the parent listener handles them
automatically.

Considerations: Not all events bubble (focus, blur, load). Use focusin/focusout or capturing phase
for non-bubbling events. Check e.target carefully to avoid handling events from child elements
unintentionally.
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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 data structure in JavaScript with O(1) time
complexity for all operations?

Stack Implementation

A Stack follows LIFO (Last In First Out) principle. Using an array or linked list, we can achieve O(1)
for push, pop, and peek operations.

class Stack {
constructor() { this.items =[]; }
push(element) { this.items.push(element); }
pop() { return this.items.pop(); }
peek() { return this.items[this.items.length - 1]; }
isEmpty() { return this.items.length === 0; }
size() { return this.items.length; }

}

Time Complexity: All operations are O(1) since array push/pop at the end are constant time
operations in JavaScript.

2. Implement an LRU (Least Recently Used) Cache with O(1) get and put operations.

LRU Cache Implementation

An LRU Cache requires O(1) access and update. We use a Map (maintains insertion order)
combined with capacity management.

class LRUCache {
constructor(capacity) {
this.capacity = capacity;
this.cache = new Map();

}

get(key) {
if (!this.cache.has(key)) return -1;
const val = this.cache.get(key);
this.cache.delete(key);
this.cache.set(key, val);
return val;

}

put(key, value) {
if (this.cache.has(key)) this.cache.delete(key);
this.cache.set(key, value);
if (this.cache.size > this.capacity) {

this.cache.delete(this.cache.keys().next().value);

}

}

}

Key Points: Map maintains insertion order, deleting and re-inserting moves item to end (most
recent).

3. How do you find all pairs in an array that sum to a target value? What's the optimal
time complexity?

Two Sum Problem



Use a Hash Set to achieve O(n) time complexity by storing complements as we iterate.

function findPairs(arr, target) {
const seen = new Set();
const pairs = [];
for (let num of arr) {
const complement = target - num;
if (seen.has(complement)) {
pairs.push([complement, num]);

seen.add(num);

}

return pairs;

}
Time Complexity: O(n) - single pass through array
Space Complexity: O(n) - hash set storage

This approach is optimal compared to the O(n?) nested loop solution.

4. Implement a Queue using two Stacks. Explain the time complexity of enqueue and
dequeue operations.

Queue Using Two Stacks
We use two stacks: one for enqueue operations and one for dequeue operations.

class QueueWithStacks {
constructor() {
this.stackl = [];
this.stack2 = [];
}
enqueue(x) { this.stackl.push(x); }
dequeue() {
if (this.stack2.length === 0) {
while (this.stackl.length > 0) {
this.stack2.push(this.stackl.pop());
}
}
return this.stack2.pop();
}
}

Time Complexity:

e Engueue: O(1)
¢ Dequeue: Amortized O(1) - each element moved once between stacks

5. What is the Sliding Window technique? Implement finding the maximum sum of k
consecutive elements in an array.

Sliding Window Technique

The Sliding Window technique optimizes problems involving consecutive elements by maintaining
a window and updating incrementally.

function maxSumSubarray(arr, k) {

if (arr.length < k) return null;

let maxSum = 0, windowSum = 0;

for (leti=0;i < k; i++) windowSum += arr[il;

maxSum = windowSum;

for (leti =k; i < arr.length; i++) {
windowSum = windowSum - arr[i - k] + arr[il;
maxSum = Math.max(maxSum, windowSum);

}

return maxSum;

}



Time Complexity: O(n) - much better than O(n*k) brute force

Space Complexity: O(1)

6. How would you implement a Hash Table from scratch? Explain collision handling
strategies.

Hash Table Implementation

A Hash Table uses a hash function to map keys to indices. Chaining handles collisions using linked
lists at each bucket.

class HashTable {
constructor(size = 53) {
this.keyMap = new Array(size);

}

_hash(key) {
let total = 0;
for (let char of key) total = (total + char.charCodeAt(0) * 31) % this.keyMap.length;
return total;

set(key, value) {
const index = this._hash(key);
if ('this.keyMapl[index]) this.keyMapl[index] = [1;
this.keyMapl[index].push([key, value]);
}
get(key) {
const index = this._hash(key);
if (this.keyMap[index]) {
for (let [k, v] of this.keyMap[index]) {
if (k === key) return v;
}
}
}
}

Collision Strategies:

¢ Chaining: Store multiple values at same index using arrays/linked lists
¢ Open Addressing: Find next available slot (linear probing, quadratic probing)

7. Implement a function to detect if a linked list has a cycle. What's the optimal
approach?

Cycle Detection - Floyd's Algorithm

Floyd's Cycle Detection (Tortoise and Hare) uses two pointers moving at different speeds to
detect cycles in O(n) time with O(1) space.

function hasCycle(head) {

if (head) return false;

let slow = head,;

let fast = head;

while (fast && fast.next) {
slow = slow.next;
fast = fast.next.next;
if (slow === fast) return true;

}

return false;

}

How it works: If there's a cycle, the fast pointer will eventually catch up to the slow pointer. If no
cycle, fast reaches null.

Time Complexity: O(n)

Space Complexity: O(1)

8. What is a Trie data structure? Implement insertion and search operations.



Trie (Prefix Tree)

A Trie is a tree-like data structure for efficient string storage and prefix-based searches, commonly
used in autocomplete systems.

class TrieNode {
constructor() {
this.children = {};
this.isEndOfWord = false;
}
}
class Trie {
constructor() { this.root = new TrieNode(); }
insert(word) {
let node = this.root;
for (let char of word) {
if ('node.children[char]) node.children[char] = new TrieNode();
node = node.children[char];
}
node.isEndOfWord = true;

search(word) {
let node = this.root;
for (let char of word) {
if (node.children[char]) return false;
node = node.children[char];
}
return node.isendOfWord;
}
}

Time Complexity: O(m) where m is word length

Use Cases: Autocomplete, spell checkers, IP routing

9. Implement a Binary Search algorithm and explain when it's applicable. What's the time
complexity?

Binary Search

Binary Search efficiently finds elements in a sorted array by repeatedly dividing the search space
in half.

function binarySearch(arr, target) {

let left = 0, right = arr.length - 1;

while (left <= right) {
const mid = Math.floor((left + right) / 2);
if (arrfmid] === target) return mid;
if (arrlmid] < target) left = mid + 1;
else right = mid - 1;

}

return -1;

}

Time Complexity: O(log n) - divides search space by 2 each iteration
Space Complexity: O(1) for iterative, O(log n) for recursive
Requirements: Array must be sorted

Applications: Searching in sorted data, finding insertion points, range queries

10. How do you implement a Min Heap and what are its primary operations? Explain
heapify process.

Min Heap Implementation

A Min Heap is a complete binary tree where parent nodes are smaller than children. Useful for
priority queues.



class MinHeap {
constructor() { this.heap =[1]; }
insert(val) {
this.heap.push(val);
this.bubbleUp(this.heap.length - 1);
}
bubbleUp(idx) {
while (idx > 0) {
let parent = Math.floor((idx - 1) / 2);
if (this.heap[parent] <= this.heap[idx]) break;
[this.heap[parent], this.heapl[idx]] = [this.heap[idx], this.heap[parent]];
idx = parent;

}

}

extractMin() {
if (this.heap.length === 0) return null;
const min = this.heap[0];
this.heap[0] = this.heap.pop();
this.bubbleDown(0);
return min;

}
bubbleDown(idx) {
while (true) {
let smallest = idx;
let left = 2 *idx + 1, right = 2 * idx + 2;
if (left < this.heap.length && this.heaplleft] < this.heap[smallest]) smallest = left;
if (right < this.heap.length && this.heap[right] < this.heap[smallest]) smallest = right;
if (smallest === idx) break;
[this.heapl[idx], this.heap[smallest]] = [this.heap[smallest], this.heap[idx]];
idx = smallest;
}
}
}

Time Complexity:

¢ Insert: O(log n)
e Extract Min: O(log n)
e Peek Min: O(1)
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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 billions of URLs?

Key Components

¢ URL Generation Service: Creates unique short codes using base62 encoding or hash
functions

¢ Database: NoSQL (Cassandra/DynamoDB) for horizontal scalability

¢ Cache Layer: Redis for frequently accessed URLs

¢ Load Balancer: Distributes traffic across multiple servers

¢ Analytics Service: Tracks clicks and metrics

Architecture Approach

Write Path:

¢ Generate unique 7-character short code (6277 = 3.5 trillion combinations)
e Store mapping in database with partition key as hash of short code
¢ Use counter-based or MD5 hash approach for uniqueness

Read Path:

¢ Check Redis cache first (80-90% hit rate)
¢ If miss, query database and populate cache
e Redirect with HTTP 301/302

Scalability Considerations

e Database Sharding: Partition by hash of short URL

e CAP Theorem: Favor availability and partition tolerance (AP system)
¢ Rate Limiting: Prevent abuse using token bucket algorithm

¢ CDN: Serve static content and reduce latency

// Short URL generation example
function generateShortCode(counter) {
const chars = '0123456789abcdefghijkimnopqgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ';
let code ="";
while (counter > 0) {
code = chars[counter % 62] + code;
counter = Math.floor(counter / 62);

}
return code.padStart(7, '0');

}

2. How would you design a real-time chat application supporting millions of concurrent
users? Discuss websockets, message queuing, and data consistency.

System Architecture

¢ WebSocket Servers: Stateful servers maintaining persistent connections
Message Queue: Kafka/RabbitMQ for reliable message delivery
Presence Service: Redis for online/offline status

Message Storage: Cassandra for chat history (time-series data)

API Gateway: REST/GraphQL for non-realtime operations

Connection Management



WebSocket Layer:

Use Socket.io or native WebSockets

Implement connection pooling and heartbeat mechanism
Store user-to-server mapping in Redis

Handle reconnection with exponential backoff

Message Flow

¢ User A sends message to WebSocket server

e Server publishes to message queue with recipient ID
¢ Queue routes to server holding User B's connection
¢ Asynchronously persist to database

¢ Implement delivery receipts (sent/delivered/read)

Scalability Patterns

¢ Horizontal Scaling: Add more WebSocket servers behind load balancer
¢ Sticky Sessions: Route user to same server (or use pub/sub)
¢ Message Ordering: Use timestamps and vector clocks
¢ Eventual Consistency: Accept temporary inconsistencies for availability
// WebSocket connection handler
io.on('connection’, (socket) => {

const userld = socket.handshake.auth.userld;

redis.hset('user:connections', userld, socket.id);

socket.on('message’, async (data) => {
await kafka.publish('chat.messages', data);
const recipientSocket = await getRecipientSocket(data.to);
recipientSocket?.emit('message', data);
ok
b

3. Design a social media news feed system like Twitter/Facebook. How do you handle
feed generation, ranking, and real-time updates at scale?

Core Components

Post Service: Handles content creation and storage
Graph Service: Manages follower/following relationships
Feed Generation Service: Creates personalized feeds
Ranking Service: Applies ML models for content relevance
Notification Service: Real-time updates via WebSockets

Feed Generation Approaches

1. Fanout on Write (Push Model):

¢ Pre-compute feeds when post is created
¢ Write to all followers' feed caches

¢ Fast reads, expensive writes

¢ Good for users with few followers

2. Fanout on Read (Pull Model):

¢ Generate feed on-demand by querying followed users
e Cheap writes, expensive reads
e Good for celebrities with millions of followers

3. Hybrid Approach:

e Use push for normal users, pull for celebrities
¢ Cache hot feeds in Redis with TTL

Data Storage

e Posts: Cassandra (time-series, partition by user_id)
¢ Feed Cache: Redis sorted sets (score = timestamp)



¢ Graph DB: Neo4j or adjacency list in PostgreSQL
Ranking Algorithm

Engagement score: likes, comments, shares, recency
User affinity: interaction history with poster

Content type preference

ML model for personalization

// Feed generation (hybrid approach)

async function generateFeed(userld, limit) {
const cached = await redis.zrevrange( feed:${userld}", 0, limit);
if (cached.length >= limit) return cached;

const following = await getFollowing(userld);

const posts = await db.query(

'SELECT * FROM posts WHERE user_id IN (?) ORDER BY created_at DESC LIMIT 7',
[following, limit]

);
return rankPosts(posts, userld);

}

4. How would you design a distributed rate limiter that works across multiple servers?
Discuss algorithms like token bucket and sliding window.

Rate Limiting Algorithms

1. Token Bucket:

Tokens added at fixed rate to bucket
Each request consumes one token
Allows burst traffic up to bucket capacity
Simple and memory efficient

2. Sliding Window Log:

e Store timestamp of each request
¢ Count requests in last N seconds
e Accurate but memory intensive

3. Sliding Window Counter:

e Hybrid of fixed window and sliding window
¢ Weighted count from current and previous window
¢ Good balance of accuracy and efficiency

Distributed Implementation

Centralized Store: Redis with atomic operations
Consistency: Use Redis Lua scripts for atomicity
Partitioning: Hash user_id to specific Redis shard
Fallback: Local rate limiting if Redis unavailable

Architecture

APl Gateway performs rate limit check before routing
Redis stores counters with TTL

Return 429 status code when limit exceeded

Include rate limit headers in response

// Redis Lua script for token bucket

const luaScript = °

local key = KEYS[1]

local capacity = tonumber(ARGV[1])

local rate = tonumber(ARGV[2])

local now = tonumber(ARGV[3])

local tokens = redis.call(*hget’, key, 'tokens') or capacity
local last = redis.call('hget’, key, 'last') or now

tokens = math.min(capacity, tokens + (now - last) * rate)



if tokens >= 1 then tokens = tokens - 1; redis.call('hset’, key, 'tokens', tokens, 'last’, now); return 1
else return 0 end’;

5. Design a distributed cache system. How would you handle cache invalidation,
consistency, and the thundering herd problem?

Cache Architecture

Cache Layer: Redis/Memcached cluster
Replication: Master-slave for read scalability
Sharding: Consistent hashing for data distribution

L]
[ ]
L]
¢ Client Library: Smart client with connection pooling

Cache Invalidation Strategies

1. Time-based (TTL):

e Set expiration time on cache entries
¢ Simple but may serve stale data

2. Write-through:

¢ Update cache synchronously with database
e Ensures consistency but adds latency

3. Write-behind:

¢ Update cache immediately, database asynchronously
e Fast but risk of data loss

4. Event-driven:

¢ Publish invalidation events via message queue
e All cache nodes subscribe and invalidate

Thundering Herd Solution

Problem: Cache expires, multiple requests hit database simultaneously
Solution 1: Cache locking - first request rebuilds cache, others wait
Solution 2: Probabilistic early expiration

Solution 3: Request coalescing - deduplicate concurrent requests

Consistency Models

¢ Strong Consistency: Always read latest value (write-through)
¢ Eventual Consistency: Accept stale reads temporarily (write-behind)
e CAP Theorem: Choose AP (availability + partition tolerance) for cache

/! Cache-aside with thundering herd prevention
async function getData(key) {

let data = await cache.get(key);

if (data) return data;

const lockKey = “lock:${key}";
const acquired = await cache.set(lockKey, '1', 'NX', 'EX', 10);
if (acquired) {
await sleep(100);
return getData(key);
}
data = await db.query(key);
await cache.set(key, data, 'EX', 3600);
return data;

}

6. Design a video streaming platform like YouTube. How would you handle video upload,
transcoding, storage, and adaptive bitrate streaming?

System Components



Upload Service: Chunked upload with resumability
Transcoding Pipeline: FFmpeg workers for multiple resolutions
Storage: Object storage (S3/GCS) for video files

CDN: CloudFront/Akamai for global distribution

Metadata DB: PostgreSQL for video information

Search Service: Elasticsearch for video discovery

Upload Flow

Client uploads video in chunks to upload service
Store raw video in S3

Publish message to transcoding queue (SQS/Kafka)
Return upload ID immediately (async processing)

Transcoding Pipeline

Worker pulls job from queue

Download original video from S3

Transcode to multiple resolutions (1080p, 720p, 480p, 360p)
Generate HLS/DASH manifest files

Upload segments to S3

Update video status in database

Adaptive Bitrate Streaming

HLS (HTTP Live Streaming): Break video into 10s segments
Manifest File: Lists available quality levels

Client Logic: Switch quality based on bandwidth

CDN Caching: Cache segments at edge locations

Scalability Considerations

¢ Horizontal scaling of transcoding workers
e Use spot instances for cost optimization
¢ Implement priority queue for premium users
e Store thumbnails separately for fast loading
// HLS manifest generation
function generateManifest(videold, qualities) {
let manifest = '#EXTM3U\n#EXT-X-VERSION:3\n';
qualities.forEach(q => {
manifest += " #EXT-X-STREAM-INF:BANDWIDTH=${q.bandwidth} ,RESOLUTION=${q.resolution}\n";
manifest += "${videold}/${g.name}/playlist.m3u8\n’;
)
return manifest;

}

7. How would you design a distributed task scheduler that executes millions of tasks
reliably? Discuss at-least-once vs exactly-once semantics.

Architecture Components

Task Queue: RabbitMQ/Kafka for reliable message delivery
Scheduler Service: Cron-like service for recurring tasks
Worker Pool: Horizontally scalable task executors

State Store: PostgreSQL/MongoDB for task metadata
Dead Letter Queue: Failed tasks for retry/analysis

Task Execution Semantics
At-Least-Once:

¢ Task may execute multiple times

e Simpler implementation

¢ Requires idempotent operations

¢ Use message acknowledgment after processing

Exactly-Once:



e Task executes once and only once

e Complex: requires distributed transactions
e Use unique task ID + deduplication table
e Two-phase commit or saga pattern

At-Most-Once:

¢ Fire and forget, no guarantees
¢ Acknowledge before processing

Reliability Patterns

Retry with Exponential Backoff: Retry failed tasks with increasing delays
Circuit Breaker: Stop retrying if downstream service is down

Timeout Handling: Kill long-running tasks

Task Checkpointing: Save progress for resumability

Distributed Scheduling

Use distributed locks (Redis/Zookeeper) to ensure single execution
Partition tasks by hash for parallel processing

Implement task priority queues

Monitor task lag and worker health

// ldempotent task execution

async function executeTask(taskld) {
const lock = await redis.set(" lock:${taskld}", '1', 'NX', 'EX", 300);
if ('lock) return; // Already processing

const processed = await db.query('SELECT 1 FROM processed_tasks WHERE id = ?', [tasklId]);
if (processed) return; // Already done

await performTask(taskld);
await db.query('INSERT INTO processed_tasks (id) VALUES (?)', [taskld]);
await redis.del(" lock:${taskld}");

}

8. Design a search autocomplete/typeahead system like Google search. How would you
handle prefix matching, ranking, and real-time updates?

System Architecture

Trie Data Structure: Efficient prefix matching

Cache Layer: Redis for hot queries

Analytics Service: Track query frequency and trends

Ranking Service: Score suggestions by popularity and relevance
CDN: Serve static suggestion data

Data Structures

Trie (Prefix Tree):

Each node represents a character

Store frequency/score at leaf nodes
Space-efficient for common prefixes
O(k) lookup time where k is prefix length

Alternative: Inverted Index:

e Map prefixes to list of completions
e Faster but more storage

Ranking Algorithm

* Query Frequency: Historical search volume

¢ Recency: Boost trending queries

¢ User Context: Location, history, personalization
¢ Edit Distance: Handle typos with fuzzy matching
¢ Final Score: Weighted combination of factors



Scalability Strategies

Partitioning: Shard trie by first character/prefix
Caching: Redis cache for top 1000 prefixes
Precomputation: Pre-generate suggestions offline
CDN Distribution: Serve from edge locations
Incremental Updates: Update trie asynchronously

Real-time Updates

¢ Batch process search logs every N minutes
e Update trie with new popular queries
¢ Use bloom filter to detect new trending terms
¢ Invalidate cache entries selectively
// Trie-based autocomplete
class TrieNode {
constructor() { this.children = {}; this.suggestions =[]; }

}

function getSuggestions(root, prefix, limit = 10) {
let node = root;
for (let char of prefix) {
if ('node.children[char]) return [];
node = node.children[char];
}
return node.suggestions.slice(0, limit);

}

9. Design a notification system that supports multiple channels (email, SMS, push, in-
app). How would you handle delivery guarantees, rate limiting, and user preferences?

System Components

Notification Service: API for creating notifications

Message Queue: Kafka/SQS for decoupling and buffering

Channel Workers: Dedicated workers per channel (email, SMS, push)
Template Service: Manage notification templates

User Preference Store: PostgreSQL for opt-in/out settings

Delivery Tracker: Track status (sent, delivered, failed)

Notification Flow

e Service publishes notification event to queue

¢ Router service determines channels based on user preferences
¢ Channel-specific workers consume from dedicated queues

e Workers call third-party APIs (SendGrid, Twilio, FCM)

e Track delivery status and retry on failure

Delivery Guarantees

At-Least-Once Delivery:

Use message acknowledgment in queue
Retry failed notifications with exponential backoff
Store notification ID to detect duplicates
Idempotent operations on receiving end

Ordering:

e Use partition keys in Kafka for same-user notifications
¢ Maintain sequence numbers

Rate Limiting
¢ Per User: Max N notifications per hour (prevent spam)

e Per Channel: Respect provider limits (Twilio, SendGrid)
¢ Global: System-wide throttling for cost control



¢ Priority Queue: Critical notifications bypass limits
User Preferences

Store per-user, per-notification-type preferences
Support quiet hours (no notifications 10pm-8am)
Channel priority (try push, fallback to email)
Batch digest mode for low-priority notifications

// Notification routing

async function sendNotification(userld, type, data) {
const prefs = await getUserPreferences(userld);
const channels = prefs[typel?.channels || ['email'];

for (const channel of channels) {
if (await checkRateLimit(userld, channel)) {
await queue.publish(" notifications.${channel}", {
userld, type, data, id: generateld()
1)
}
}
}

10. How would you design a distributed logging and monitoring system like ELK stack or
Splunk? Discuss log aggregation, indexing, and querying at scale.

System Architecture

Log Collectors: Fluentd/Logstash agents on each server
Message Queue: Kafka for buffering and decoupling
Processing Pipeline: Parse, enrich, and transform logs
Storage: Elasticsearch for indexing and search
Visualization: Kibana/Grafana for dashboards
Alerting: Alert manager for threshold violations

Log Collection

Agents tail log files and ship to Kafka

Use structured logging (JSON format)

Add metadata: timestamp, hostname, service name
Compress logs before transmission

Handle backpressure with local buffering

Log Processing Pipeline

¢ Parsing: Extract fields from unstructured logs
¢ Enrichment: Add context (user info, geo location)

¢ Filtering: Drop debug logs in production

e Aggregation: Compute metrics (error rate, latency)
¢ Sampling: Sample high-volume logs to reduce cost

Storage and Indexing

¢ Time-series Partitioning: Index per day/hour
¢ Hot-Warm-Cold Architecture: Move old data to cheaper storage
¢ Inverted Index: Fast full-text search

¢ Retention Policy: Delete logs after N days

¢ Replication: 2-3 replicas for availability

Scalability Patterns

¢ Horizontal scaling of Elasticsearch cluster

o Kafka partitioning for parallel processing

¢ Use index templates for consistent mapping

¢ Implement log sampling for high-traffic services
/! Structured logging example

const logger = {



info: (msg, meta) => {
console.log(JSON.stringify({
level: 'info', timestamp: Date.now(),
service: process.env.SERVICE_NAME,
message: msg, ...meta
)
}
b
logger.info('User login', { userld: 123, ip: '1.2.3.4' });
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Coding and Debugging

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

1. Write a function to flatten a nested array of arbitrary depth without using Array.flat()

Solution
Here's an efficient recursive approach to flatten nested arrays:

function flattenArray(arr) {
const result = [1;
for (let item of arr) {
if (Array.isArray(item)) {
result.push(...flattenArray(item));

} else {
result.push(item);
}
}
return result;
}
// Usage: flattenArray([1, [2, [3, [4]], 5]1]) // [1,2,3,4,5]
Key Points:
e Uses recursion to handle arbitrary nesting depth
e Spread operator efficiently concatenates results
e Time complexity: O(n) where n is total elements
¢ Alternative: iterative approach using a stack for better performance with very deep nesting

2. How do you reverse a string in JavaScript while preserving Unicode characters (emojis,
special characters)?

Unicode-Safe String Reversal
Standard string reversal can break Unicode surrogate pairs. Here's the correct approach:

function reverseString(str) {
return [...str].reverse().join(");
}
// Or using Array.from:
function reverseStringAlt(str) {
return Array.from(str).reverse().join(");

}
// Test: reverseString(‘Hello 000') // '00 olleH'

Why this matters:

Spread operator and Array.from properly handle Unicode code points
str.split(*').reverse().join("") breaks emojis and surrogate pairs

Emojis like [] are represented as surrogate pairs (2 UTF-16 code units)
Modern approach respects grapheme clusters

3. Write an efficient function to check if a string is a palindrome, ighoring spaces and
punctuation

Optimized Palindrome Check

function isPalindrome(str) {
const cleaned = str.toLowerCase().replace(/[~a-z0-9]/g, ");
let left = 0, right = cleaned.length - 1;
while (left < right) {



if (cleaned[left] '== cleaned[right]) return false;
left++;
right--;

}

return true;

}
Optimization Details:

e Two-pointer approach: O(n) time, O(n) space for cleaned string
¢ Regex removes non-alphanumeric characters efficiently

e Early return on mismatch improves average case

¢ Alternative: compare without creating new string for O(1) space
e Test: isPalindrome('A man, a plan, a canal: Panama') // true

4. Explain JavaScript debugging tools and techniques for production environments

Production Debugging Strategy

Essential Tools:

Source Maps: Map minified code back to original source for readable stack traces
Error Tracking: Sentry, Rollbar, or LogRocket for centralized error monitoring
Performance Profiling: Chrome DevTools Performance tab, Lighthouse CI
Network Analysis: HAR files, Chrome Network tab for APl debugging

Advanced Techniques:

Remote debugging with chrome://inspect for mobile devices
Conditional breakpoints and logpoints in DevTools

Memory snapshots to detect leaks using Heap Profiler
Performance.mark() and Performance.measure() for custom metrics
console.trace() for call stack analysis

Proxy objects for tracking property access patterns

5. How do you profile and fix memory leaks in JavaScript applications?

Memory Leak Detection and Resolution

Common Causes:

e Detached DOM nodes still referenced in JavaScript
e Forgotten event listeners and timers

¢ Closures capturing large objects unnecessarily

¢ Global variables accumulating data

e Cache without size limits or expiration

Profiling Tools:

e Chrome Memory Profiler: Take heap snapshots, compare over time
¢ Performance Monitor: Watch JS heap size in real-time
¢ Allocation Timeline: Identify objects not being garbage collected

Prevention:

/! Always cleanup
class Component {
mount() {
this.handler = () => {};
element.addEventListener('click', this.handler);
}
unmount() {
element.removeEventListener('click’, this.handler);
this.handler = null;
}
}

6. Explain advanced exception handling patterns and error boundaries in JavaScript



Exception Handling Best Practices

Custom Error Classes:

class ValidationError extends Error {
constructor(message, field) {
super(message);
this.name = 'ValidationError';
this.field = field;
Error.captureStackTrace(this, this.constructor);
}
}

// Usage: throw new ValidationError('Invalid email', ‘email');
Advanced Patterns:

¢ Result Type Pattern: Return {success, data, error} instead of throwing

¢ Global Error Handler: window.addEventListener(‘'unhandledrejection') for promises
¢ Async Error Boundaries: Wrap async operations with try-catch or .catch()

¢ Error Normalization: Convert all errors to consistent format

¢ Retry Logic: Exponential backoff for transient failures

7. What is monkey patching in JavaScript and when should you use it?

Monkey Patching Explained
Definition: Modifying or extending built-in objects or third-party code at runtime.

// Example: Adding a method to Array prototype
Array.prototype.last = function() {

return this[this.length - 1];
}.

J/ Usage: [1, 2, 31.Jast() // 3

/! Safer approach with Symbol
const last = Symbol('last’);
Array.prototype[last] = function() { return this[this.length - 1]; };

Use Cases:

¢ Polyfills for missing browser features
e Testing: mocking/stubbing third-party libraries
¢ Hot-patching critical bugs in production

Risks & Alternatives:

Can break code expecting standard behavior

Conflicts with future language features

Better: Use utility functions, wrapper classes, or ES6 modules
If necessary, use Symbols to avoid naming collisions

8. Write a debounce function from scratch and explain its use cases

Debounce Implementation

function debounce(func, delay) {
let timeoutld;
return function(...args) {
clearTimeout(timeoutld);
timeoutld = setTimeout(() => {
func.apply(this, args);
}, delay);
I¥
}

// Usage: const debouncedSearch = debounce(searchAPIl, 300);
How It Works:

¢ Delays function execution until after delay milliseconds of inactivity



¢ Clears previous timer on each call
¢ Preserves this context and arguments

Use Cases:

Search input: wait for user to stop typing
Window resize handlers

Scroll event optimization

Form validation on input

Auto-save functionality

Difference from Throttle: Debounce waits for silence; throttle executes at regular intervals

9. How do you implement deep cloning of objects with circular references?

Deep Clone with Circular Reference Handling

function deepClone(obj, hash = new WeakMap()) {
if (obj === null || typeof obj == 'object') return obj;
if (hash.has(obj)) return hash.get(obj);

const clone = Array.isArray(obj) ? [1: {};
hash.set(obj, clone);

for (let key in obj) {
if (obj.hasOwnProperty(key)) {
clone[key] = deepClone(obj[key], hash);
}
}
return clone;

}
Key Features:

WeakMap tracks visited objects to handle circular references

Preserves array vs object distinction

Recursive approach for nested structures

Limitations: Doesn't clone functions, Symbols, or special objects (Date, RegExp)

Alternative: structuredClone() APl (modern browsers) handles more types including circular refs

10. Explain the difference between shallow and deep comparison, and implement a deep
equality function

Deep Equality Implementation

function deepEqual(a, b) {

if (@ === b) return true;
if (@ == null [| b == null) return false;
if (typeof a !== 'object' || typeof b !== 'object’) return false;

const keysA = Object.keys(a), keysB = Object.keys(b);
if (keysA.length |== keysB.length) return false;

return keysA.every(key => deepEqual(alkey], b[key]));
}

Shallow vs Deep:

¢ Shallow (===): Compares references for objects, values for primitives
e Deep: Recursively compares all nested properties

Considerations:

Handle arrays, objects, primitives, null, undefined

Circular references require visited tracking (WeakSet)

Type checking: Array.isArray() for arrays vs objects

Property order shouldn't matter

Libraries like Lodash _.isEqual() handle edge cases (Date, RegExp, etc.)
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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 optimize a poorly performing JavaScript
application. What was your approach?

Situation: Our e-commerce platform was experiencing slow page load times (5+ seconds), causing
a 30% cart abandonment rate increase.

Task: | was assigned to identify and resolve performance bottlenecks within two weeks before the
holiday season.

Action: | used Chrome DevTools Performance profiler to identify issues. Found three major
problems: unnecessary re-renders in React components, unoptimized bundle size (3MB), and
synchronous API calls blocking the main thread. | implemented React.memo and useMemo for
component optimization, code-splitting with dynamic imports, and converted blocking calls to async
operations with Promise.all for parallel execution.

Result: Reduced page load time to 1.8 seconds (64% improvement), decreased bundle size to
800KB, and cart abandonment dropped by 22%. The optimizations handled 3x traffic during Black
Friday without issues.

2. Describe a situation where you had to debug a complex production issue. How did you
approach it?

Situation: Users reported intermittent data corruption in our financial dashboard, but the issue
wasn't reproducible in staging environments.

Task: | needed to identify the root cause without access to production data due to compliance
restrictions, while the issue affected 5% of users randomly.

Action: | implemented comprehensive logging with correlation IDs using Winston, added error
boundaries with Sentry for better error tracking, and created a sanitized data replay system. After
analyzing logs, | discovered a race condition in our WebSocket reconnection logic where stale data
was merged with fresh data during network interruptions. | implemented a timestamp-based
validation system and proper state reconciliation.

Result: Completely eliminated the data corruption issue. The enhanced logging system also helped
us identify and fix three other minor bugs proactively, reducing production incidents by 40% over the
next quarter.

3. Tell me about a time when you had to advocate for a significant technical change or
refactoring. How did you convince stakeholders?

Situation: Our legacy jQuery codebase was becoming unmaintainable with 50,000+ lines of code,
causing development velocity to drop by 60% and making it difficult to onboard new developers.

Task: | needed to convince management to approve a six-month migration to React, which would
temporarily slow feature development.

Action: | prepared a detailed proposal with metrics: calculated technical debt cost ($200K annually
in extra development time), created a proof-of-concept showing 40% faster feature development in
React, and proposed an incremental migration strategy using micro-frontends to minimize risk. |
presented ROI projections showing break-even in 8 months and demonstrated how we could
maintain feature delivery during migration.

Result: Got approval for the migration. We completed it in 5 months using the strangler pattern,
reduced bug reports by 55%, decreased time-to-market for new features by 45%, and improved
developer satisfaction scores from 6.2 to 8.7 out of 10.

4. Describe a time when you had to work with a difficult team member or resolve a



technical disagreement.

Situation: A senior developer and | had a fundamental disagreement about state management
architecture—he insisted on Redux while | advocated for Context APl with hooks for our small-to-
medium application.

Task: We needed to decide on an approach before starting a major feature that would set the
pattern for the entire application, and the disagreement was creating tension and delaying the
project.

Action: | proposed a structured comparison approach. We each built the same feature prototype (a
real-time notification system) using our preferred method, then evaluated both based on objective
criteria: bundle size, lines of code, learning curve for junior devs, and performance benchmarks. |
also researched and shared case studies from similar-sized companies.

Result: The data showed Context API reduced boilerplate by 60% and bundle size by 120KB for our
use case. My colleague agreed to use Context API for this project, with Redux reserved for future
complex state needs. This evidence-based approach strengthened our working relationship and
became our standard for technical decisions.

5. Tell me about a time when you had to learn a new JavaScript technology or framework
quickly to meet a project deadline.

Situation: Our client requested a real-time collaborative editing feature similar to Google Docs, but
none of our team had experience with Operational Transformation or CRDTs, and we had only three
weeks until the demo.

Task: | volunteered to lead the technical spike and implement a working prototype using
WebSockets and a CRDT library (Yjs).

Action: | created a structured learning plan: spent first 3 days studying CRDT fundamentals through
papers and documentation, next 4 days building a simple proof-of-concept with Yjs and Socket.io,
then iterated on a production-ready version. | documented my learnings in our wiki and conducted
daily standups to share progress and blockers. | also reached out to Yjs community maintainers on
GitHub for optimization advice.

Result: Delivered a fully functional collaborative editing feature in 2.5 weeks that handled 50+
concurrent users without conflicts. The client was impressed and extended the contract. My
documentation enabled two other developers to contribute to the feature within days, and the
pattern was reused for three other real-time features.

6. Describe a situation where you identified a security vulnerability in your JavaScript
code. What did you do?

Situation: During a code review, | noticed our authentication token was being stored in localStorage
and sent in custom headers, making it vulnerable to XSS attacks. This affected our entire user base
of 50,000+ active users.

Task: | needed to fix the vulnerability immediately without disrupting active user sessions or
requiring all users to re-login.

Action: | researched secure token storage patterns and proposed moving to httpOnly cookies with
SamesSite attribute. | created a migration strategy: implemented dual-token support (reading from
both localStorage and cookies temporarily), deployed backend changes to set httpOnly cookies,
updated frontend to prioritize cookie-based auth, then deprecated localStorage tokens after 30 days.
| also implemented Content Security Policy headers and added automated security scanning with
npm audit and Snyk to our CI/CD pipeline.

Result: Successfully migrated all users within 3 weeks with zero session disruptions. Passed security
audit that previously would have failed. The automated scanning caught 12 vulnerable dependencies
before they reached production over the next 6 months, and we achieved SOC 2 compliance which
opened enterprise sales opportunities.

7. Tell me about a time when you had to mentor junior developers or conduct knowledge
sharing sessions.

Situation: We hired three junior developers who were struggling with asynchronous JavaScript
concepts (Promises, async/await), causing code reviews to take 3x longer and introducing bugs
related to race conditions and unhandled promise rejections.



Task: | was asked to create a mentorship program to bring them up to speed within two months
while maintaining my own development responsibilities.

Action: | designed a structured learning program: created weekly 1-hour workshops covering async
patterns, callbacks, Promises, async/await, and error handling with practical exercises. |
implemented a buddy system pairing each junior with a senior for code reviews, created a internal
documentation site with common patterns and anti-patterns, and set up office hours twice weekly for
Q&A. | also introduced a practice of live-coding sessions where | solved real tickets while explaining
my thought process.

Result: Within 6 weeks, all three juniors were contributing independently with minimal supervision.
Code review time decreased by 70%, async-related bugs dropped to near zero, and two of them
presented their own knowledge-sharing sessions on advanced topics. One junior developer
specifically mentioned this program in their performance review as the most valuable learning
experience.

8. Describe a time when you had to make a difficult trade-off between code quality and
meeting a deadline.

Situation: We were building a critical payment integration feature for a major client demo in 5 days,
but implementing it with full test coverage, proper error handling, and optimal architecture would
take 8-10 days.

Task: | needed to deliver a working feature for the demo while ensuring we wouldn't accumulate
dangerous technical debt that could cause payment failures.

Action: | categorized requirements into must-have (payment processing, basic error handling,
security) and nice-to-have (retry logic, detailed analytics, optimized caching). | implemented the core
payment flow with comprehensive error handling and security measures first, added basic
integration tests for critical paths, and documented technical debt items with estimated effort in our
backlog. | negotiated with the product manager to exclude advanced features from the demo and
created a 2-week post-demo refactoring plan that | got pre-approved.

Result: Demo was successful, payment processing worked flawlessly, and we secured the contract. |
completed the planned refactoring within the allocated 2 weeks, adding full test coverage (85%),
implementing retry mechanisms, and optimizing performance. The transparent communication
about trade-offs built trust with stakeholders, and this became our standard approach for handling
tight deadlines.

9. Tell me about a time when you received critical feedback on your code. How did you
handle it?

Situation: During a code review, a colleague pointed out that my implementation of a data fetching
hook was causing unnecessary re-renders and had poor error handling, calling it 'inefficient and
incomplete.' The comments felt harsh and | initially felt defensive.

Task: | needed to address the legitimate technical concerns while maintaining a positive working
relationship and learning from the feedback.

Action: | took a step back, re-read the feedback objectively, and realized the technical points were
valid. | scheduled a call with my colleague to understand the issues better rather than responding
defensively in comments. He explained how my dependency array in useEffect was causing
cascading renders and showed me performance profiler results. | thanked him for the detailed
review, refactored the code using his suggestions, added proper error boundaries and loading states,
and included performance tests. | also asked him to review my refactored version to ensure |
understood the concepts correctly.

Result: The refactored code reduced re-renders by 80% and improved error handling significantly.
My colleague appreciated my receptiveness and became one of my best mentors. | learned valuable
patterns about React performance optimization that I've since shared with the team. This experience
taught me that critical feedback, when acted upon constructively, accelerates professional growth.

10. Describe a time when you had to balance multiple high-priority projects or features
simultaneously.

Situation: | was simultaneously leading a major APl migration affecting 20+ endpoints, fixing critical
production bugs in our checkout flow (affecting revenue), and committed to delivering a new
analytics dashboard for the executive team—all with competing deadlines within the same two-week



sprint.

Task: | needed to deliver on all three commitments without burning out or compromising quality, as
each had different stakeholders with high expectations.

Action: | immediately communicated with all stakeholders about the situation and got alignment on
priorities: production bugs (immediate), APl migration (must complete for deprecation deadline),
analytics dashboard (could be phased). | broke down the API migration into smaller, independently
deployable chunks and delegated two endpoints to another senior developer with clear
documentation. | time-boxed production bugs to mornings when | was freshest, worked on API
migration in focused 2-hour blocks, and delivered the analytics dashboard in two phases—core
metrics first, advanced features in the next sprint. | also proactively communicated progress daily via
Slack updates.

Result: Fixed all critical bugs within 3 days, completed API migration 2 days ahead of deadline with
zero downtime, and delivered phase 1 of the analytics dashboard on time with 80% of requested
features. Stakeholders appreciated the transparent communication and phased approach. This
experience led me to advocate for better sprint planning and WIP limits, which reduced similar
situations by 60%.
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