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

1. What are micro frontends and how do they differ from traditional monolithic frontend
architectures?

Micro frontends extend the microservices concept to frontend development by decomposing the
UI into smaller, independently deployable applications owned by different teams.

Key Differences:

Independence: Each micro frontend can be developed, tested, and deployed independently
with its own technology stack
Team Autonomy: Teams have full ownership of features end-to-end, from backend to UI
Deployment: Incremental updates without full application redeployment
Technology Agnostic: Different frameworks (React, Vue, Angular) can coexist
Scalability: Teams and codebases scale independently

Trade-offs:

Micro frontends introduce complexity in integration, shared dependencies, and runtime coordination
that monoliths avoid. They're ideal for large organizations with multiple teams but may be over-
engineering for smaller projects.

2. Explain Webpack Module Federation and its role in micro frontend architecture.

Webpack Module Federation is a revolutionary feature introduced in Webpack 5 that enables
JavaScript applications to dynamically load code from other independently built and deployed
applications at runtime.

Core Capabilities:

Remote Modules: Expose modules from one application to be consumed by others
Shared Dependencies: Automatically deduplicates shared libraries like React across micro
frontends
Runtime Integration: Loads remote modules asynchronously without build-time coupling
Bidirectional Sharing: Applications can be both hosts and remotes simultaneously

Configuration Example:

new ModuleFederationPlugin({
  name: 'app1',
  filename: 'remoteEntry.js',
  exposes: {
    './Button': './src/Button'
  },
  shared: ['react', 'react-dom']
})

This eliminates the need for iframe isolation or complex orchestration layers, making it the preferred
approach for modern micro frontend implementations.

3. What are the main integration strategies for micro frontends and when would you use
each?

Primary Integration Strategies:

Build-Time Integration (NPM Packages): Micro frontends published as libraries and
composed at build time. Simple but creates coupling and requires coordinated deployments.



Best for stable, rarely-changing components.
Server-Side Integration (SSI/ESI): Server assembles HTML fragments from different
services. Good for SEO and initial load performance but limited interactivity. Ideal for content-
heavy sites.
Runtime Integration via JavaScript:  Container app loads micro frontends dynamically using
Module Federation or SystemJS. Provides true independence and deployment flexibility. Best for
complex SPAs with multiple teams.
Web Components: Framework-agnostic custom elements that encapsulate micro frontends.
Good for technology diversity but has performance overhead and styling challenges.
iFrame Integration: Strongest isolation but poorest UX due to routing, sizing, and
communication complexity. Use only when security isolation is paramount.

Selection Criteria:

Choose based on team independence needs, deployment frequency, performance requirements, and
technology diversity.

4. How do you handle shared state management across micro frontends?

Shared state management in micro frontends requires careful architectural decisions to maintain
independence while enabling necessary coordination.

Recommended Approaches:

Custom Events (Browser API):  Loosely coupled pub/sub using CustomEvent for cross-app
communication without shared dependencies
Shared State Library: Singleton instances of Redux, Zustand, or MobX shared via Module
Federation, ensuring single source of truth
URL as State: Query parameters and route state for shareable, bookmarkable state that
survives refreshes
Browser Storage: localStorage/sessionStorage for persistent state with StorageEvent for
cross-tab synchronization
Backend as Source of Truth:  Each micro frontend fetches its own data; shared state lives in
APIs with real-time updates via WebSockets

Example Custom Event Pattern:

// Publisher
window.dispatchEvent(
  new CustomEvent('user:login', {
    detail: { userId: 123 }
  })
);
// Subscriber
window.addEventListener('user:login', (e) => {
  console.log(e.detail.userId);
});

Best Practice: Minimize shared state; prefer data fetching over state sharing to maintain
independence.

5. What strategies do you use to manage shared dependencies and avoid version
conflicts in micro frontends?

Dependency Management Strategies:

Module Federation Shared Config: Define shared dependencies with version ranges and
singleton constraints to deduplicate at runtime
Semantic Versioning Discipline: Establish organization-wide conventions for major/minor
version upgrades with breaking change protocols
Dependency Dashboard: Maintain visibility of all micro frontend dependencies with
automated compatibility checks
Peer Dependencies: Mark common libraries as peer dependencies to enforce host-provided
versions
Graceful Fallbacks: Configure Module Federation to fall back to local versions when remote
versions are incompatible

Module Federation Shared Configuration:



shared: {
  react: {
    singleton: true,
    requiredVersion: '^18.0.0',
    strictVersion: false
  },
  'react-dom': {
    singleton: true,
    requiredVersion: '^18.0.0'
  }
}

Anti-Patterns to Avoid:

Bundling all dependencies individually (bloat), allowing wildcard version ranges without governance,
or forcing exact version matches that prevent independent deployments.

6. How do you implement routing in a micro frontend architecture with multiple
independent applications?

Routing in micro frontends requires coordination between the shell application and individual
micro frontends while maintaining independence.

Common Patterns:

Shell-Based Routing: Container app owns top-level routing and mounts micro frontends based
on route matching. Micro frontends handle sub-routes internally.
Decentralized Routing: Each micro frontend registers its routes with a shared routing
registry. More flexible but requires careful coordination.
Path-Based Segmentation: Assign route prefixes to teams (/checkout/*, /profile/*) with clear
ownership boundaries
Single-SPA Routing: Framework that provides routing orchestration for multiple frameworks
simultaneously

Implementation Example:

// Shell router
const routes = [
  { path: '/shop/*', load: () => import('shop/App') },
  { path: '/cart/*', load: () => import('cart/App') }
];
// Micro frontend internal routing
function ShopApp() {
  return (
    
      } />
    
  );
}

Critical Consideration: Ensure browser history synchronization and handle deep linking correctly
across all micro frontends.

7. What are the performance implications of micro frontends and how do you optimize
them?

Performance Challenges:

Bundle Duplication: Multiple copies of shared libraries if not properly configured
Network Overhead: Additional HTTP requests for remote entry files
Runtime Overhead: Dynamic module loading and initialization costs
Memory Consumption: Multiple framework instances running simultaneously

Optimization Strategies:

Aggressive Code Splitting: Lazy load micro frontends only when routes are activated
Shared Dependency Deduplication: Use Module Federation's shared config with singleton
enforcement



Preloading Critical Paths: Prefetch remote entries for likely navigation paths
CDN Distribution: Serve micro frontend bundles from edge locations
Build-Time Optimization: Tree shaking, minification, and compression for all micro frontends
Resource Hints: Use link preload/prefetch for predictable navigation patterns

Monitoring:

Implement bundle size budgets per micro frontend, track Core Web Vitals separately, and use
performance marks to measure integration overhead. Establish baselines and regression testing for
each deployment.

8. How do you handle styling and CSS isolation in micro frontends to prevent conflicts?

CSS isolation is critical in micro frontends to prevent style bleeding between independently
developed applications.

Isolation Techniques:

CSS Modules: Scoped class names generated at build time, preventing global namespace
pollution
CSS-in-JS: Runtime-generated unique class names with libraries like styled-components or
Emotion
Shadow DOM: True encapsulation using Web Components' shadow boundaries, though with
styling limitations
BEM Naming Convention: Strict naming methodology with team prefixes (team-
block__element--modifier)
CSS Namespacing: Prefix all selectors with micro frontend identifier
PostCSS Prefixing: Automated prefix injection during build process

Shared Design System Approach:

// Shared design tokens
const theme = {
  colors: { primary: '#007bff' },
  spacing: { unit: 8 }
};
// Each MFE imports tokens
import { theme } from '@company/design-tokens';

Best Practice:

Combine CSS Modules or CSS-in-JS for component isolation with a shared design token system for
consistency. Avoid global styles except for CSS resets provided by the shell.

9. Explain the deployment and versioning strategies for micro frontends in production
environments.

Deployment Strategies:

Independent Deployment: Each micro frontend deployed separately with its own CI/CD
pipeline and release cadence
Versioned Assets: Use content hashing for cache busting and maintain multiple versions
simultaneously
Blue-Green Deployment: Deploy new versions alongside old ones, switching traffic gradually
Canary Releases: Route percentage of users to new versions for validation before full rollout
Feature Flags: Control feature visibility independently of deployments

Versioning Approaches:

Semantic Versioning: Major.minor.patch for remote entry files with backward compatibility
guarantees
Version Pinning: Shell specifies compatible version ranges for each micro frontend
Latest Version Strategy: Always load latest version with robust monitoring and quick rollback
capability

Module Federation Version Config:



remotes: {
  shop: 'shop@https://cdn.com/shop/v2/remoteEntry.js',
  cart: 'cart@https://cdn.com/cart/latest/remoteEntry.js'
}

Critical: Implement health checks, automated rollback mechanisms, and comprehensive monitoring
to detect integration failures across micro frontend boundaries.

10. What testing strategies and challenges are unique to micro frontend architectures?

Testing Layers in Micro Frontends:

Unit Tests: Test individual micro frontend components in isolation using Jest, Vitest, or similar
frameworks
Integration Tests: Verify contracts between micro frontends using consumer-driven contract
testing (Pact)
Component Integration Tests: Test shared components across different micro frontend
contexts
End-to-End Tests: Validate complete user journeys spanning multiple micro frontends using
Cypress or Playwright
Visual Regression Tests: Catch unintended style changes using tools like Percy or Chromatic

Unique Challenges:

Cross-Boundary Testing: Testing interactions between independently deployed applications
Version Compatibility: Ensuring tests cover multiple version combinations of shared
dependencies
Asynchronous Loading: Handling dynamic module loading in test environments
Shared State Testing: Validating state synchronization across micro frontends

Contract Testing Example:

// Consumer test
await expect(remote.getUser(123))
  .resolves.toMatchObject({
    id: 123,
    name: expect.any(String)
  });

Best Practice: Maintain test independence per micro frontend while implementing comprehensive
contract tests and selective E2E tests for critical user flows.
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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 an LRU (Least Recently Used) cache in JavaScript with O(1)
time complexity for both get and put operations?

LRU Cache Implementation

An LRU cache requires O(1) access and eviction. Use a Map (maintains insertion order) combined
with a doubly linked list concept, or leverage Map's ordering:

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);
    }
  }
}

Time Complexity: O(1) for both operations. Space Complexity: O(capacity).

2. Explain the sliding window technique and provide an example of finding the maximum
sum of a subarray of size k.

Sliding Window Technique

The sliding window pattern optimizes problems involving contiguous subarrays or substrings by
maintaining a window that slides through the data structure, avoiding redundant calculations.

Problem: Find maximum sum of subarray of size k.

function maxSumSubarray(arr, k) {
  let maxSum = 0, windowSum = 0;
  for (let i = 0; i < k; i++) windowSum += arr[i];
  maxSum = windowSum;
  for (let i = k; i < arr.length; i++) {
    windowSum = windowSum - arr[i - k] + arr[i];
    maxSum = Math.max(maxSum, windowSum);
  }
  return maxSum;
}

Time Complexity: O(n), Space Complexity: O(1). This avoids the O(n*k) brute force approach.

3. How do you find all pairs in an array that sum to a target value? What is the optimal
approach?



Two Sum / Pair Sum Problem

Use a hash set to track seen numbers and check if the complement exists in O(1) time.

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

Time Complexity: O(n), Space Complexity: O(n). This is optimal compared to the O(n²) nested
loop approach.

4. What is a Trie data structure and what are its primary use cases in micro frontend
applications?

Trie (Prefix Tree)

A Trie is a tree-like data structure that stores strings character-by-character, enabling efficient
prefix-based operations.

Use cases in micro frontends:

Autocomplete and search suggestions
Route matching and navigation
Dictionary-based validation
IP routing tables

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

Time Complexity: O(m) for insert/search where m is word length.

5. Implement a debounce function from scratch and explain its time complexity
implications.

Debounce Implementation

Debounce delays function execution until after a specified time has elapsed since the last
invocation. Critical for performance optimization in search inputs, resize handlers, etc.

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



    }, delay);
  };
}

Time Complexity: O(1) per call. Space Complexity: O(1). The function executes at most once per
delay period, reducing execution from potentially O(n) rapid calls to O(1) in the delay window.

6. How would you implement a deep clone function that handles circular references?

Deep Clone with Circular Reference Handling

Use a WeakMap to track already cloned objects and prevent infinite recursion on circular
references.

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

Time Complexity: O(n) where n is total number of properties. Space Complexity: O(n) for the
hash map and recursion stack.

7. Explain the difference between a Stack and a Queue, and provide a scenario in micro
frontends where each would be optimal.

Stack vs Queue

Stack (LIFO): Last In, First Out - elements added/removed from the same end.

Queue (FIFO): First In, First Out - elements added at rear, removed from front.

Micro Frontend Scenarios:

Stack: Browser history navigation, undo/redo functionality, component lifecycle tracking,
function call stack for error boundaries
Queue: Event processing pipeline, async task scheduling, breadth-first component rendering,
message bus between micro frontends

// Stack
const stack = [];
stack.push(1); stack.pop();
// Queue
const queue = [];
queue.push(1); queue.shift();

Time Complexity: Stack operations O(1), Queue with array shift() is O(n), use linked list or circular
buffer for O(1).

8. What is memoization and how would you implement a generic memoization function
for expensive computations?

Memoization

Memoization is a caching technique that stores function results based on input arguments to avoid
redundant calculations.

function memoize(fn) {
  const cache = new Map();
  return function(...args) {
    const key = JSON.stringify(args);
    if (cache.has(key)) return cache.get(key);



    const result = fn.apply(this, args);
    cache.set(key, result);
    return result;
  };
}

Usage: Ideal for expensive API transformations, complex calculations, or recursive functions like
Fibonacci.

Time Complexity: O(1) for cached calls, original function complexity for first call. Space
Complexity: O(n) where n is unique argument combinations.

9. How do you detect a cycle in a linked list? Explain Floyd's Cycle Detection Algorithm.

Floyd's Cycle Detection (Tortoise and Hare)

Use two pointers moving at different speeds. If a cycle exists, the fast pointer will eventually meet
the slow pointer.

function hasCycle(head) {
  let slow = head, fast = head;
  while (fast && fast.next) {
    slow = slow.next;
    fast = fast.next.next;
    if (slow === fast) return true;
  }
  return false;
}

Time Complexity: O(n) - fast pointer traverses at most 2n nodes. Space Complexity: O(1) - only
two pointers used.

Micro Frontend Use:  Detecting circular dependencies in module loading or component trees.

10. Implement a function to find the kth largest element in an unsorted array. What are
the different approaches and their trade-offs?

Kth Largest Element

Approach 1: Sorting - Sort array and return element at index (n-k).

Time: O(n log n), Space: O(1) or O(n) depending on sort algorithm.

Approach 2: Min Heap  - Maintain heap of size k.

function findKthLargest(nums, k) {
  const minHeap = nums.slice(0, k).sort((a, b) => a - b);
  for (let i = k; i < nums.length; i++) {
    if (nums[i] > minHeap[0]) {
      minHeap[0] = nums[i];
      minHeap.sort((a, b) => a - b);
    }
  }
  return minHeap[0];
}

Time: O(n log k), Space: O(k). Approach 3: Quickselect - Average O(n), worst O(n²). Optimal for
large arrays.
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System Design
These questions evaluate your ability to think about the bigger picture, including architecture,
scalability, and performance.

1. How would you design a micro frontend architecture for a large-scale e-commerce
platform with multiple teams working independently?

Architecture Design

For a large-scale e-commerce platform, I would implement a module federation-based micro
frontend architecture with the following components:

Container Application (Shell): Hosts the main routing, authentication, and shared navigation
Product Catalog MFE: Manages product listings and search
Shopping Cart MFE: Handles cart operations
Checkout MFE: Manages payment and order placement
User Profile MFE: Handles user account management

Key Design Decisions

Integration Pattern: Use Webpack Module Federation for runtime integration, allowing
independent deployments
Communication: Implement a custom event bus for cross-MFE communication with pub/sub
pattern
State Management: Each MFE maintains its own state; shared state goes through a
centralized state service
Routing: Single-SPA or custom routing orchestrator for seamless navigation
Shared Dependencies: Externalize common libraries (React, lodash) to avoid duplication

Deployment Strategy

Independent CI/CD pipelines per MFE
Versioned deployments with rollback capability
CDN distribution with edge caching
Feature flags for gradual rollouts

// Module Federation Config Example
module.exports = {
  name: 'cart',
  exposes: {
    './CartWidget': './src/CartWidget'
  },
  shared: ['react', 'react-dom']
};

2. Design a micro frontend system that needs to handle authentication and authorization
across multiple independently deployed frontend applications. How would you implement
this?

Authentication & Authorization Strategy

I would implement a centralized authentication service with distributed authorization using
the following approach:

Architecture Components

Authentication Service: Centralized OAuth2/OIDC provider (e.g., Auth0, Keycloak)
Shell Application: Handles initial authentication flow and token management
Token Storage: HttpOnly cookies for refresh tokens, memory/sessionStorage for access tokens
API Gateway: Validates tokens and routes requests to appropriate services



Implementation Flow

User authenticates through the shell application
Receives JWT access token and refresh token
Shell broadcasts authentication state to all MFEs via custom events
Each MFE subscribes to auth events and updates local state
MFEs include access token in API requests via interceptors
Token refresh handled centrally by shell with silent refresh mechanism

Authorization Model

Role-based access control (RBAC) encoded in JWT claims
Each MFE validates permissions locally for UI rendering
Backend services perform authoritative permission checks
Permissions cached with TTL to reduce latency

// Auth Event Bus
class AuthBus {
  static emit(event, data) {
    window.dispatchEvent(
      new CustomEvent('auth:' + event, {detail: data})
    );
  }
  static on(event, handler) {
    window.addEventListener('auth:' + event, handler);
  }
}

3. How would you design the communication layer between micro frontends to ensure
loose coupling while maintaining data consistency?

Communication Layer Design

A well-designed communication layer requires multiple patterns based on use case :

Communication Patterns

Custom Event Bus: For loosely coupled, fire-and-forget notifications
Shared State Service: For synchronized state across MFEs
Props/Callbacks: For parent-child MFE relationships
Backend as Source of Truth:  For critical data consistency

Event Bus Implementation

Implement a typed event bus with versioning to prevent breaking changes:

class MFEEventBus {
  constructor() {
    this.events = new Map();
  }
  publish(topic, payload, version = '1.0') {
    const event = {topic, payload, version, timestamp: Date.now()};
    window.dispatchEvent(new CustomEvent('mfe:event', {detail: event}));
  }
}

Shared State Service

Implement a lightweight state management service (e.g., RxJS-based)
Use observables for reactive updates
Implement optimistic updates with rollback capability
Cache with TTL and invalidation strategies

Data Consistency Strategy

Eventually Consistent: For non-critical data (user preferences, UI state)
Strongly Consistent: For critical data (cart, orders) - always fetch from backend
Conflict Resolution: Last-write-wins or vector clocks for distributed updates



Versioning: Include version numbers in all event payloads

Best Practices

Minimize cross-MFE communication
Use BFF (Backend for Frontend) pattern to aggregate data
Implement circuit breakers for failed communications
Log all cross-MFE events for debugging

4. Design a micro frontend system that supports multiple frameworks (React, Vue,
Angular) running simultaneously. What challenges would you face and how would you
solve them?

Multi-Framework Architecture

Supporting multiple frameworks requires a framework-agnostic container and careful
integration strategy:

Key Challenges

Bundle Size: Multiple framework runtimes increase payload
Performance: Different rendering cycles and lifecycle hooks
Styling Conflicts: CSS isolation between frameworks
Communication: Framework-agnostic message passing
Shared Dependencies: Avoiding duplicate libraries

Solution Architecture

Single-SPA Framework: Use Single-SPA as orchestrator for framework-agnostic mounting
Web Components: Wrap each MFE in custom elements for true isolation
Module Federation: Share common dependencies across frameworks
Shadow DOM: Isolate styles per MFE

// Single-SPA Lifecycle
export function bootstrap(props) {
  return Promise.resolve();
}
export function mount(props) {
  ReactDOM.render(, props.domElement);
  return Promise.resolve();
}
export function unmount(props) {
  ReactDOM.unmountComponentAtNode(props.domElement);
}

Performance Optimizations

Lazy Loading: Load framework runtime only when MFE is activated
Shared Chunks: Extract common dependencies to shared bundles
Preloading: Prefetch likely-to-be-used MFEs based on user journey
Code Splitting: Split large MFEs into smaller chunks

Style Isolation Strategy

Use CSS Modules or CSS-in-JS per MFE
Implement BEM or unique prefixing conventions
Shadow DOM for complete isolation (with polyfills for older browsers)
Shared design system distributed as framework-specific components

5. How would you implement a shared component library across micro frontends while
maintaining independent deployments and avoiding version conflicts?

Shared Component Library Strategy

A successful shared library requires versioning strategy, distribution mechanism, and
backward compatibility:



Architecture Approach

Monorepo Structure: Use Nx or Turborepo to manage component library and MFEs
Semantic Versioning: Strict semver for all library releases
Multiple Distribution Methods: NPM packages, Module Federation, CDN

Distribution Strategies

Option 1: NPM Packages (Traditional)

Publish versioned packages to private NPM registry
Each MFE declares dependency version in package.json
Pros: Clear versioning, standard tooling
Cons: Requires rebuild for updates, potential version conflicts

Option 2: Module Federation (Runtime)

Expose component library via Module Federation
MFEs consume shared components at runtime
Pros: Single version loaded, instant updates
Cons: Tight coupling, breaking changes affect all MFEs

Option 3: Hybrid Approach (Recommended)

Core stable components via NPM packages
Frequently updated components via Module Federation
Version negotiation at runtime with fallback

// Module Federation Shared Config
shared: {
  'design-system': {
    singleton: true,
    requiredVersion: '^2.0.0',
    strictVersion: false
  }
}

Version Conflict Resolution

Implement version compatibility matrix
Runtime version checking with graceful degradation
Automated testing across version combinations
Feature flags for gradual rollout of breaking changes

Backward Compatibility

Maintain previous major version for 6 months
Provide codemods for automated migration
Deprecation warnings with migration guides
Adapter pattern for breaking changes

6. Design a micro frontend architecture that handles real-time data synchronization
across multiple MFEs (e.g., live notifications, collaborative editing). How would you
ensure consistency and performance?

Real-Time Synchronization Architecture

Real-time data sync requires WebSocket infrastructure, conflict resolution, and optimistic
updates:

System Components

WebSocket Gateway: Centralized connection manager with load balancing
Message Broker: Redis Pub/Sub or Apache Kafka for event distribution
Presence Service: Track active users and their subscribed channels
State Synchronization Service: CRDT or Operational Transformation for conflict resolution

Architecture Pattern



Each MFE establishes WebSocket connection through shell application
Shell manages single WebSocket connection (connection pooling)
MFEs subscribe to specific channels/topics
Shell routes messages to appropriate MFEs via event bus
Automatic reconnection with exponential backoff

// WebSocket Manager
class WSManager {
  connect() {
    this.ws = new WebSocket(WS_URL);
    this.ws.onmessage = (e) => {
      const msg = JSON.parse(e.data);
      EventBus.publish(msg.channel, msg.data);
    };
  }
  subscribe(channel) {
    this.ws.send(JSON.stringify({type: 'subscribe', channel}));
  }
}

Consistency Strategy

Optimistic Updates: Update local state immediately, rollback on conflict
Version Vectors: Track causality for concurrent updates
CRDT (Conflict-free Replicated Data Types):  For collaborative editing
Event Sourcing: Store all changes as events for replay capability

Performance Optimizations

Message Batching: Aggregate multiple updates into single message
Throttling/Debouncing: Rate limit frequent updates
Delta Updates: Send only changed data, not full state
Compression: Use binary protocols (Protocol Buffers) for large payloads
Connection Pooling: Single WebSocket shared across MFEs

Scalability Considerations

Horizontal scaling with sticky sessions or shared state
Redis Pub/Sub for message distribution across server instances
CDN for static assets and edge computing for WebSocket termination
Circuit breakers and fallback to polling for degraded mode

7. How would you design error handling and monitoring in a micro frontend architecture
where failures in one MFE shouldn't crash the entire application?

Error Handling & Resilience Strategy

A resilient micro frontend system requires isolation, graceful degradation, and comprehensive
monitoring:

Error Isolation Techniques

Error Boundaries: React error boundaries around each MFE mount point
Try-Catch Wrappers: Wrap MFE lifecycle methods (mount, unmount)
Promise Rejection Handling: Global unhandledrejection listener
IFrame Sandboxing: For untrusted or high-risk MFEs

// Error Boundary Wrapper
class MFEErrorBoundary extends React.Component {
  state = { hasError: false };
  static getDerivedStateFromError(error) {
    logger.error('MFE crashed', error);
    return { hasError: true };
  }
  render() {
    return this.state.hasError ?  : this.props.children;
  }
}



Graceful Degradation Strategy

Fallback UI: Display user-friendly error message instead of blank space
Feature Flags: Disable failing MFE and route to alternative
Circuit Breaker: Temporarily disable repeatedly failing MFE
Retry Logic: Automatic retry with exponential backoff for transient failures
Partial Functionality: Core features work even if auxiliary MFEs fail

Monitoring & Observability

Distributed Tracing: OpenTelemetry for end-to-end request tracking across MFEs
Error Tracking: Sentry or Rollbar with MFE context tags
Performance Monitoring: Web Vitals (LCP, FID, CLS) per MFE
Custom Metrics: MFE load time, mount/unmount duration, error rates
Real User Monitoring (RUM): Track actual user experience

Logging Strategy

Structured logging with correlation IDs across MFEs
Include MFE name, version, and user context in all logs
Centralized log aggregation (ELK, Datadog)
Different log levels per environment

Alerting & Recovery

Automated alerts for error rate spikes
Automatic rollback for deployments with high error rates
Health checks per MFE with dashboard visibility
Incident response playbooks specific to MFE failures

8. Design a deployment strategy for micro frontends that supports zero-downtime
deployments, A/B testing, and canary releases. How would you handle rollbacks?

Deployment Strategy Architecture

A robust deployment system requires versioning, traffic management, and automated
rollback mechanisms:

Deployment Infrastructure

CDN with Edge Computing: CloudFront, Cloudflare for global distribution
Version Management: Semantic versioning for all MFE artifacts
Import Maps: Runtime configuration for MFE versions
Feature Flag Service: LaunchDarkly or custom solution
Blue-Green Deployment: Maintain two production environments

Zero-Downtime Deployment Flow

Deploy new MFE version to CDN with unique hash/version
Update import map configuration without affecting running instances
New page loads get new version, existing sessions continue with old version
Graceful migration: prompt users to refresh after idle period
No server restart required - purely client-side transition

// Import Map Configuration
{
  "imports": {
    "cart-mfe": "https://cdn.example.com/cart@2.1.0.js",
    "checkout-mfe": "https://cdn.example.com/checkout@1.5.2.js"
  }
}

A/B Testing Strategy

User Segmentation: Route users to different MFE versions based on cohort
Feature Flags: Enable/disable features within MFE without redeployment
Analytics Integration: Track metrics per variant



Consistent Experience: Sticky sessions ensure users see same variant
Statistical Significance: Automated analysis to determine winner

Canary Release Process

Deploy new version alongside current production version
Route 5% traffic to canary using CDN rules or feature flags
Monitor error rates, performance metrics, and business KPIs
Gradually increase traffic: 5% → 25% → 50% → 100%
Automated rollback if error threshold exceeded

Rollback Mechanisms

Instant Rollback: Update import map to previous version (< 1 minute)
Version Pinning: Keep last 3 versions on CDN for quick rollback
Automated Triggers: Rollback on error rate spike or failed health checks
Database Migrations: Backward-compatible schemas for safe rollback
Rollback Testing: Regularly test rollback procedures

9. How would you design a micro frontend system to optimize performance, especially
regarding bundle size, loading time, and runtime efficiency?

Performance Optimization Strategy

Optimizing micro frontends requires aggressive code splitting, intelligent caching, and
runtime optimization:

Bundle Size Optimization

Module Federation: Share common dependencies (React, lodash) across MFEs
Tree Shaking: Remove unused code with ES modules and proper side-effects configuration
Code Splitting: Split each MFE into smaller chunks loaded on demand
Dynamic Imports: Lazy load MFEs only when needed
Dependency Analysis: Regular audits to remove duplicate or unnecessary dependencies

// Lazy Loading MFE
const CartMFE = lazy(() => 
  import('cart-mfe/CartWidget')
    .catch(() => import('./FallbackCart'))
);

function App() {
  return }>
    
  ;
}

Loading Time Optimization

Preloading Strategy: Prefetch likely-needed MFEs based on user journey analytics
Resource Hints: Use dns-prefetch, preconnect, prefetch, preload appropriately
Critical CSS: Inline above-the-fold styles, defer non-critical CSS
Progressive Loading: Load shell first, then MFEs incrementally
CDN Edge Caching: Cache static assets at edge locations globally
HTTP/2 Server Push: Push critical resources proactively

Runtime Efficiency

Memoization: Cache expensive computations and component renders
Virtual Scrolling: Render only visible items in large lists
Web Workers: Offload heavy computations to background threads
Debouncing/Throttling: Limit frequency of expensive operations
Lazy Hydration: Defer hydration of non-critical MFEs

Caching Strategy

Content-Based Hashing: Immutable URLs for long-term caching
Service Worker: Implement offline-first with cache-first strategy



Import Map Caching: Short TTL for import maps, long TTL for versioned bundles
API Response Caching: Cache API responses with appropriate invalidation

Performance Monitoring

Track Core Web Vitals per MFE
Monitor bundle size growth over time
Set performance budgets and fail builds if exceeded
Real User Monitoring (RUM) for actual user experience
Synthetic monitoring for consistent baseline measurements

10. Design a micro frontend architecture for a multi-tenant SaaS platform where each
tenant can have custom branding, features, and even custom micro frontends. How
would you handle the complexity?

Multi-Tenant MFE Architecture

A flexible multi-tenant system requires dynamic configuration, plugin architecture, and tenant
isolation:

Architecture Components

Tenant Configuration Service: Stores tenant-specific settings, features, and MFE
configurations
Dynamic Import Map:  Per-tenant MFE registry with version specifications
Theme Engine: Runtime theme switching based on tenant configuration
Feature Flag Service: Tenant-specific feature enablement
Plugin Registry: Allows tenants to register custom MFEs

Tenant Isolation Strategy

Data Isolation: Tenant ID in all API requests, row-level security in database
Style Isolation: CSS Modules or Shadow DOM to prevent style conflicts
State Isolation: Namespace state by tenant ID
Resource Isolation: Separate CDN paths per tenant for custom assets

// Dynamic MFE Loading
async function loadTenantMFEs(tenantId) {
  const config = await fetchTenantConfig(tenantId);
  const importMap = buildImportMap(config.mfes);
  applyTheme(config.theme);
  return loadMFEs(importMap);
}

Custom Branding Implementation

CSS Variables: Define theme tokens (colors, fonts, spacing) as CSS custom properties
Theme Provider: Context-based theme injection to all MFEs
Asset CDN: Tenant-specific logos, images stored in dedicated CDN paths
White-labeling: Custom domains with tenant-specific configurations

Custom MFE Plugin System

Plugin Interface: Standardized API for custom MFEs to integrate
Sandbox Execution: Run custom code in isolated context (iframe or Web Workers)
Validation & Security: Code review, CSP headers, and runtime sandboxing
Version Management: Allow tenants to manage their custom MFE versions

Scalability Considerations

Lazy load tenant configuration only when needed
Cache tenant configurations with appropriate TTL
Use CDN edge workers for tenant routing
Implement multi-level caching (browser, CDN, server)
Database sharding by tenant ID for large-scale deployments

Deployment Strategy



Core MFEs deployed centrally, available to all tenants
Custom tenant MFEs deployed to tenant-specific CDN paths
Automated testing pipeline for custom MFEs
Rollback capability per tenant without affecting others



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. How would you implement a micro frontend router that dynamically loads and mounts
different applications based on URL paths?

Micro Frontend Router Implementation

A custom router for micro frontends needs to handle dynamic loading, mounting/unmounting, and
lifecycle management. Here's a basic implementation:

class MicroFrontendRouter {
  constructor() {
    this.apps = new Map();
    window.addEventListener('popstate', () => this.route());
  }
  register(path, loadApp) {
    this.apps.set(path, loadApp);
  }
  async route() {
    const path = window.location.pathname;
    const loadApp = this.apps.get(path);
    if (loadApp) await loadApp();
  }
}

Key considerations:

Use dynamic imports for lazy loading: () => import('./app.js')
Implement proper cleanup when unmounting previous apps
Handle 404 fallbacks for unregistered routes
Support route parameters and query strings
Integrate with browser history API for navigation

2. Write a function to share state between micro frontends without creating tight
coupling. How would you debug state synchronization issues?

Shared State Management

Use a custom event-based state manager  with pub/sub pattern:

class SharedState {
  constructor() {
    this.state = {};
    this.listeners = {};
  }
  set(key, value) {
    this.state[key] = value;
    this.notify(key, value);
  }
  subscribe(key, callback) {
    (this.listeners[key] = this.listeners[key] || []).push(callback);
  }
  notify(key, value) {
    (this.listeners[key] || []).forEach(cb => cb(value));
  }
}

Debugging state synchronization:

Use Redux DevTools or custom event logging middleware



Add timestamps to state changes for race condition detection
Implement state snapshots before/after each update
Use window.__SHARED_STATE_DEBUG__ = true flag for verbose logging
Monitor with Performance API to detect slow subscribers

3. How do you handle CSS isolation in micro frontends? Write code to prevent style
leakage between applications.

CSS Isolation Strategies

The most effective approach combines Shadow DOM with scoped styles:

class IsolatedMicroFrontend extends HTMLElement {
  connectedCallback() {
    const shadow = this.attachShadow({ mode: 'open' });
    shadow.innerHTML = `
      
      
${this.innerHTML}

    `;
  }
}
customElements.define('mf-app', IsolatedMicroFrontend);

Alternative approaches:

CSS Modules with build-time scoping and unique hashes
CSS-in-JS libraries like styled-components with dynamic class generation
BEM naming conventions with app prefixes: .app1__component--modifier
iframe isolation for complete style encapsulation (with communication overhead)
Use all: initial CSS reset within containers

4. Debug a scenario where multiple micro frontends are causing memory leaks. What
tools and techniques would you use?

Memory Leak Detection and Resolution

Common causes in micro frontends:

Event listeners not removed during unmount
Global state references preventing garbage collection
Timers (setTimeout/setInterval) not cleared
Detached DOM nodes still referenced in JavaScript
Closure scope retaining large objects

Debugging tools and techniques:

Chrome DevTools Memory Profiler:  Take heap snapshots before/after mounting/unmounting
Performance Monitor: Watch JS heap size over time during navigation
Detached DOM nodes:  Filter snapshots by "Detached" to find orphaned elements
Use performance.memory API to programmatically track usage
Allocation Timeline: Record allocation profiles during lifecycle events

// Proper cleanup pattern
class MicroFrontend {
  mount() {
    this.handler = () => console.log('event');
    window.addEventListener('resize', this.handler);
  }
  unmount() {
    window.removeEventListener('resize', this.handler);
    this.handler = null;
  }
}

5. Implement a module federation error boundary that catches failures in remotely
loaded micro frontends and provides fallback UI.



Module Federation Error Boundary

Create a robust error boundary with retry logic and fallback:

class RemoteErrorBoundary extends React.Component {
  state = { hasError: false, retries: 0 };
  static getDerivedStateFromError(error) {
    return { hasError: true };
  }
  componentDidCatch(error, info) {
    console.error('Remote load failed:', error, info);
    if (this.state.retries < 3) {
      setTimeout(() => this.setState(s => ({ 
        hasError: false, retries: s.retries + 1 
      })), 2000);
    }
  }
  render() {
    if (this.state.hasError) return ;
    return this.props.children;
  }
}

Additional error handling strategies:

Implement lazy retry with exponential backoff
Use webpack's error handling  for chunk load failures
Add telemetry to track remote loading failures
Provide graceful degradation instead of blank screens

6. How would you implement cross-micro-frontend communication using a custom event
bus? Include debugging capabilities.

Event Bus with Debugging

Build a typed event bus with comprehensive debugging support:

class EventBus {
  constructor() {
    this.events = {};
    this.debug = false;
    this.history = [];
  }
  on(event, callback, context) {
    (this.events[event] = this.events[event] || []).push({ callback, context });
    if (this.debug) console.log(`[EventBus] Subscribed to: ${event}`);
  }
  emit(event, data) {
    if (this.debug) this.history.push({ event, data, time: Date.now() });
    (this.events[event] || []).forEach(({ callback, context }) => 
      callback.call(context, data)
    );
  }
  getHistory() { return this.history; }
}

Debugging features:

Enable debug mode: eventBus.debug = true
Track event history with timestamps
Add event replay capability for testing
Implement event filtering to monitor specific events
Use Chrome DevTools Event Listener Breakpoints

7. Write a utility function to detect and resolve version conflicts when multiple micro
frontends load different versions of shared dependencies.

Dependency Version Conflict Resolution



Implement a version checker with conflict resolution strategy:

class DependencyManager {
  constructor() {
    this.loaded = new Map();
  }
  register(name, version, module) {
    const existing = this.loaded.get(name);
    if (existing && existing.version !== version) {
      console.warn(`Conflict: ${name} v${existing.version} vs v${version}`);
      return this.resolveConflict(name, existing, { version, module });
    }
    this.loaded.set(name, { version, module });
    return module;
  }
  resolveConflict(name, existing, newDep) {
    return this.compareVersions(existing.version, newDep.version) >= 0 
      ? existing.module : newDep.module;
  }
  compareVersions(v1, v2) {
    return v1.localeCompare(v2, undefined, { numeric: true });
  }
}

Best practices:

Use Webpack Module Federation with shared dependencies configuration
Implement singleton pattern for critical libraries
Define requiredVersion ranges to allow compatible versions
Add runtime checks for breaking API changes

8. How do you profile and optimize the initial load time of a micro frontend shell
application? Provide specific techniques and code examples.

Performance Optimization Techniques

Measurement approach:

// Performance monitoring
const perfObserver = new PerformanceObserver((list) => {
  list.getEntries().forEach((entry) => {
    if (entry.entryType === 'navigation') {
      console.log('Load time:', entry.loadEventEnd - entry.fetchStart);
    }
  });
});
perfObserver.observe({ entryTypes: ['navigation', 'resource'] });

Optimization strategies:

Code splitting: Load shell first, defer micro frontends with dynamic imports
Preload critical resources: <link rel="preload" as="script" href="app.js">
HTTP/2 Server Push for shell application assets
Tree shaking to eliminate unused code from shared dependencies
Lazy load non-critical micro frontends below the fold
Use Lighthouse CI for continuous performance monitoring
Implement resource hints: dns-prefetch, preconnect for remote apps

9. Implement a monkey patching solution to intercept and modify fetch calls across all
micro frontends for centralized authentication token injection.

Monkey Patching Fetch for Auth

Override native fetch with enhanced version that adds authentication:

const originalFetch = window.fetch;
window.fetch = function(...args) {
  let [url, config = {}] = args;
  const token = localStorage.getItem('authToken');



  config.headers = {
    ...config.headers,
    'Authorization': `Bearer ${token}`
  };
  console.log('[Intercepted]', url);
  return originalFetch(url, config)
    .catch(err => {
      if (err.status === 401) window.location = '/login';
      throw err;
    });
};

Important considerations:

Store reference to original function before patching
Maintain function signature and return types
Handle edge cases: Request objects, relative URLs
Provide opt-out mechanism for specific requests
Add debugging logs that can be toggled
Consider using Proxy instead for more control

10. Debug a scenario where micro frontends are experiencing race conditions during
parallel initialization. What patterns would you implement to ensure proper sequencing?

Race Condition Prevention

Implement a dependency-aware initialization manager:

class InitManager {
  constructor() {
    this.initialized = new Set();
    this.pending = new Map();
  }
  async init(name, deps, initFn) {
    await Promise.all(deps.map(d => this.waitFor(d)));
    const result = await initFn();
    this.initialized.add(name);
    this.resolvePending(name);
    return result;
  }
  waitFor(name) {
    if (this.initialized.has(name)) return Promise.resolve();
    return this.pending.get(name) || 
      this.pending.set(name, new Promise(r => this.resolve = r)).get(name);
  }
  resolvePending(name) { this.resolve?.(); }
}

Debugging race conditions:

Use Chrome DevTools Timeline to visualize async operations
Add sequence numbers to log statements
Implement deterministic initialization order
Use performance.mark() and performance.measure()
Add timeout detection for hung initializations
Consider async/await over callbacks for clearer flow
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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 convince your team to adopt a micro frontend
architecture.

Situation: Our monolithic frontend had grown to over 500k lines of code, causing deployment
bottlenecks and team coordination issues across 5 product teams.

Task: I needed to propose and gain buy-in for migrating to a micro frontend architecture that would
enable independent deployments and reduce coupling.

Action: I created a proof-of-concept using Module Federation, demonstrated 70% faster build times
for isolated changes, presented a phased migration strategy, and addressed concerns about shared
dependencies and runtime overhead through benchmarks.

Result: Leadership approved a 6-month migration plan. We successfully decoupled 3 major modules
in the first quarter, reducing deployment time from 45 minutes to 12 minutes and enabling parallel
team development.

2. Describe a situation where you had to resolve a critical performance issue in a micro
frontend application.

Situation: After deploying our micro frontend architecture, users reported 3-4 second initial load
times due to multiple runtime chunks being downloaded independently.

Task: I was tasked with reducing the initial load time to under 1.5 seconds without compromising the
independent deployment capability.

Action: I implemented shared dependency optimization using Module Federation's shared scope,
introduced lazy loading for non-critical micro frontends, set up CDN caching with proper cache
headers, and created a shell application that preloaded common dependencies. I also profiled bundle
sizes and eliminated duplicate vendor code.

Result: Initial load time decreased to 1.2 seconds (60% improvement), and we reduced total
JavaScript payload by 40%. User engagement metrics improved by 23%.

3. Tell me about a time when you had to handle version conflicts between micro
frontends.

Situation: Two teams deployed micro frontends using incompatible versions of React (v16 and v17),
causing runtime errors and application crashes in production.

Task: I needed to establish a governance model that prevented version conflicts while maintaining
team autonomy.

Action: I implemented a shared dependency strategy with singleton constraints in webpack Module
Federation, created automated CI checks that validated dependency compatibility, established a
shared library registry with approved versions, and set up a bi-weekly architecture sync meeting for
teams to coordinate major upgrades.

Result: Version conflicts dropped to zero over the next 3 months. We successfully coordinated a
company-wide React 18 upgrade across 8 micro frontends with zero downtime using feature flags.

4. Describe a challenging cross-team communication issue you faced while implementing
micro frontends.

Situation: Three teams were building micro frontends with inconsistent UI patterns, authentication
flows, and API conventions, leading to a fragmented user experience.

Task: I was appointed as the technical lead to establish consistency while respecting team



autonomy and existing codebases.

Action: I facilitated workshops to define a shared design system and component library, created API
contracts using OpenAPI specifications, established a micro frontend registry documenting
integration points, and implemented integration tests that validated cross-boundary contracts. I also
created comprehensive documentation and example implementations.

Result: UI consistency improved with 85% component reuse, integration bugs decreased by 60%,
and onboarding time for new developers reduced from 2 weeks to 3 days.

5. Tell me about a time when you had to debug a complex issue that spanned multiple
micro frontends.

Situation: Users reported intermittent data inconsistencies where actions in one micro frontend
weren't reflecting in another, but the issue was non-reproducible in our test environments.

Task: I needed to identify the root cause across 4 different micro frontends built by different teams
with separate deployment pipelines.

Action: I implemented distributed tracing using OpenTelemetry across all micro frontends, added
correlation IDs to track user sessions, analyzed event bus timing issues, and discovered a race
condition in our shared state synchronization mechanism. I created a centralized event ordering
system with sequence numbers and implemented a replay mechanism for missed events.

Result: The data inconsistency issue was resolved completely. The tracing infrastructure also
helped reduce mean time to resolution (MTTR) for cross-boundary issues by 70%.

6. Describe a situation where you had to make a difficult technical trade-off in your micro
frontend architecture.

Situation: Our micro frontend setup required choosing between runtime integration (Module
Federation) for flexibility and build-time integration (monorepo) for better optimization and type
safety.

Task: I needed to evaluate both approaches and make a recommendation that balanced team
autonomy, performance, and developer experience.

Action: I created comparison matrices evaluating deployment independence, build performance,
runtime overhead, TypeScript support, and team scalability. I built prototypes for both approaches,
conducted load testing, and gathered feedback from 4 development teams. I proposed a hybrid
approach using Module Federation for runtime composition with a shared TypeScript types package
and strict API contracts.

Result: We achieved independent deployments with 95% type safety coverage. Teams maintained
autonomy while bundle size increased only 15% compared to a monolith, which was acceptable
given the development velocity gains.

7. Tell me about a time when you had to refactor a monolithic frontend into micro
frontends.

Situation: Our e-commerce platform's monolithic React application had become unmaintainable
with 8 teams working in the same codebase, causing frequent merge conflicts and deployment
delays.

Task: I was assigned to lead the migration to micro frontends while maintaining business continuity
and avoiding a rewrite.

Action: I performed domain-driven design analysis to identify bounded contexts, created a strangler
fig pattern migration strategy starting with the least coupled modules, implemented a shell
application with routing orchestration, and migrated one vertical slice at a time. I established clear
API contracts, automated testing at boundaries, and conducted weekly migration reviews.

Result: We successfully migrated 6 major domains over 8 months with zero production incidents.
Team velocity increased 40%, and deployment frequency went from weekly to multiple times daily
per team.

8. Describe a time when you had to optimize the developer experience in a micro frontend
environment.



Situation: Developers were frustrated with slow local development setup requiring them to run 5+
micro frontends simultaneously, consuming excessive memory and causing frequent crashes.

Task: I needed to improve the local development experience without compromising the production
architecture.

Action: I implemented a development mode that allowed running a single micro frontend with
mocked versions of others, created a local orchestration tool using Docker Compose with selective
service startup, set up hot module replacement across boundaries, and built a CLI tool that
automated environment setup. I also created detailed documentation and video tutorials.

Result: Local setup time reduced from 30 minutes to 2 minutes, memory usage decreased by 60%,
and developer satisfaction scores increased from 4.2 to 8.7 out of 10.

9. Tell me about a time when you had to ensure security and authentication consistency
across micro frontends.

Situation: Each micro frontend team implemented authentication differently, creating security
vulnerabilities and inconsistent session management across the application.

Task: I was responsible for establishing a unified authentication and authorization strategy that all
teams would adopt.

Action: I designed a centralized authentication service using OAuth 2.0 and JWT tokens, created a
shared authentication library that all micro frontends consumed, implemented token refresh
mechanisms with automatic retry logic, established role-based access control (RBAC) at the shell
level, and conducted security audits with penetration testing. I also created security guidelines and
provided training sessions.

Result: We achieved consistent authentication across all 9 micro frontends, passed security
compliance audits, reduced authentication-related bugs by 90%, and implemented SSO integration
within 2 weeks.

10. Describe a situation where you had to handle a failed micro frontend deployment and
implement better deployment strategies.

Situation: A micro frontend deployment introduced a breaking change that caused the entire
application to fail, affecting all users for 45 minutes before rollback.

Task: I needed to implement deployment safeguards and strategies to prevent similar incidents
while maintaining independent deployment capability.

Action: I implemented canary deployments with progressive rollout (5%, 25%, 50%, 100%), created
automated smoke tests that ran post-deployment, set up real-user monitoring with automatic
rollback triggers, implemented feature flags for risky changes, and established contract testing
between micro frontends. I also created a deployment runbook and incident response procedures.

Result: Zero critical deployment incidents in the following 12 months. Deployment confidence
increased, allowing teams to deploy 3x more frequently. Mean time to recovery (MTTR) improved
from 45 minutes to under 5 minutes.
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