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Core Concepts

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

1. Explain the difference between Blue-Green and Canary deployment strategies. When
would you choose one over the other?

Blue-Green Deployment:

Maintains two identical production environments (Blue and Green)
New version is deployed to inactive environment

Traffic is switched all at once

Enables quick rollback by switching back

Canary Deployment:

¢ Gradually routes traffic to new version
¢ Allows testing with subset of users
e Better risk management for high-traffic applications

Choice Factors:

¢ Choose Blue-Green for simpler applications needing quick rollback
¢ Choose Canary for complex applications requiring gradual validation

2. How would you implement auto-scaling in Kubernetes based on custom metrics?

Implementation Steps:

¢ Deploy custom metrics adapter
¢ Configure Prometheus for metrics collection
¢ Create HorizontalPodAutoscaler (HPA)

apiVersion: autoscaling/v2beta2
kind: HorizontalPodAutoscaler
metadata:
name: custom-metrics-hpa
spec:
metrics:
- type: Pods
pods:
metric:
name: my_custom_metric
target:
type: AverageValue
averageValue: 50

3. Describe your approach to implementing GitOps for infrastructure management.

GitOps Implementation Strategy:

¢ Use Infrastructure as Code (laC) repositories as single source of truth
¢ Implement automated reconciliation controllers (e.g., Flux, ArgoCD)
e Enforce pull-based deployment model

¢ Maintain separate repositories for apps and infrastructure

Key Components:

e Declarative infrastructure definitions
e Automated drift detection
¢ Version control for all changes



¢ Automated compliance checks

4. How do you handle secrets management in a multi-cloud environment?

Multi-Cloud Secrets Strategy:

¢ Use centralized secrets management service (HashiCorp Vault)
¢ Implement role-based access control (RBAC)
¢ Enable audit logging

vault write aws/config/root
access_key=AKIAXXXXXX
secret_key=XXXXX
region=us-east-1

vault write aws/roles/my-role
credential_type=iam_user
policy document=@policy.json

5. Explain your monitoring and alerting strategy for microservices architecture.

Monitoring Strategy:

¢ Implement RED metrics (Rate, Errors, Duration)
¢ Use distributed tracing (Jaeger/Zipkin)
¢ Set up centralized logging (ELK Stack)

Alert Levels:

e P1: Service downtime, data loss
e P2: Performance degradation
e P3: Non-critical issues

Tools:

o Prometheus for metrics
e Grafana for visualization
e PagerDuty for incident management

6. How would you design a CI/CD pipeline for a microservices application with shared
dependencies?

Pipeline Design:

¢ Implement monorepo or poly-repo strategy
¢ Use build artifacts repository
e Automate dependency version management

stages:
- build
- test
- security_scan
- deploy_staging
- integration_test
- deploy_prod

Key Features:

e Automated version bumping
¢ Parallel service builds
e Dependency graph awareness

7. Describe your approach to implementing infrastructure as code using Terraform for
multi-region deployment.

Implementation Strategy:

¢ Use workspaces or separate state files per region
e Implement shared modules for common infrastructure



¢ Maintain consistent tagging strategy

module "vpc" {
source = "./modules/vpc"
for_each = var.regions
providers = {
aws = aws[each.key]
}
region_config = each.value

}

8. How do you ensure high availability and disaster recovery in a Kubernetes cluster?

HA Strategy:

e Multi-AZ control plane deployment
e Etcd cluster backup and restoration
¢ Pod anti-affinity rules

apiVersion: apps/vl
kind: Deployment
spec:
affinity:
podAntiAffinity:
requiredDuringSchedulinglgnoredDuringExecution:
- topologyKey: "kubernetes.io/hostname"

9. Explain your strategy for implementing zero-downtime database migrations.

Migration Strategy:

e Use rolling updates with backward compatibility
¢ Implement database schema versioning
¢ Maintain dual-write periods

Steps:

Add new schema version

Deploy code supporting both schemas
Migrate data incrementally

Remove old schema support

Tools:

e Flyway or Liquibase for versioning
e Shadow tables for testing

10. How do you implement security scanning and compliance checks in your CI/CD
pipeline?

Security Implementation:

e Static Application Security Testing (SAST)
¢ Dynamic Application Security Testing (DAST)
¢ Container image scanning

- stage: security_scan
parallel:
- sonarqube
- container_scan
- dependency_check
- compliance_check

Tools:

¢ SonarQube for code analysis
e Aqua/Trivy for container scanning
¢ Open Policy Agent for compliance
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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. Implement an LRU Cache with O(1) time complexity for both get and put operations.

Key Implementation Points:

¢ Use a HashMap for O(1) lookups
¢ Use a Doubly Linked List for O(1) removals/insertions

class LRUCache {
HashMap cache;
DoublyLinkedList dll;
int capacity;

public LRUCache(int capacity) {
this.cache = new HashMap<>();
this.dll = new DoublyLinkedList();
this.capacity = capacity;

}}

2. How would you implement a thread-safe producer-consumer queue with a size limit?

Implementation Approach:

¢ Use synchronized blocks or ReentrantLock
¢ Implement wait()/notify() pattern

public class BlockingQueue {
private Queue queue = new LinkedList<>();
private int capacity;

public synchronized void put(T item) throws InterruptedException {
while(queue.size() == capacity) wait();
queue.add(item);
notifyAll();

}}

3. Design a data structure for implementing an efficient sliding window maximum.

Solution:

¢ Use a Deque to maintain candidates for maximum
¢ Time Complexity: O(n)

public int[] maxSlidingWindow(int[] nums, int k) {

Deque deque = new ArrayDeque<>();

int[] result = new int[hnums.length - k + 1];

for(inti = 0; i < nums.length; i++) {
while(!deque.isEmpty() && deque.peek() < i - k + 1) deque.poll();
while(!deque.isEmpty() && nums[deque.peeklLast()] < nums[i]) deque.pollLast();
deque.offer(i);
if(i >= k- 1) result[i - k + 1] = nums[deque.peek()];

}}

4. Explain how you would implement a concurrent hash map from scratch.

Key Components:



¢ Segment-level locking for better concurrency
¢ ReentrantLock array for bucket synchronization

public class ConcurrentHashMap {
private static final int SEGMENTS = 16;
private final Segment[] segments;

static class Segment extends ReentrantLock {
private HashMap map;
public V put(K key, V value) {
lock();
try { return map.put(key, value); }
finally { unlock(); }
}
}}

5. How would you implement a rate limiter using the token bucket algorithm?

Implementation Details:

¢ Thread-safe token management
¢ Atomic operations for token consumption

public class TokenBucket {
private final long capacity;
private final double refillRate;
private double tokens;
private long lastRefillTime;

public synchronized boolean tryConsume() {
refill();
if (tokens >=1) {
tokens--;
return true;
}
return false;

}}

6. Design a data structure for implementing an LFU (Least Frequently Used) cache.

Key Components:

e HashMap for O(1) key-value storage
¢ Frequency counter with linked lists

class LFUCache {
HashMap cache;
HashMap freqMap;
int minFreq, capacity;

private void increment(Node node) {

int freq = node.freq++;

freqMap.get(freq).remove(node);

freqMap.computelfAbsent(freq + 1, k -> new DoubleLinkedList()).add(node);
}}

7. Implement a thread-safe circular buffer for a logging system.

Implementation Approach:

¢ Use atomic operations for thread safety
¢ Ring buffer with modulo arithmetic

public class CircularBuffer {
private final Atomiclnteger writeIndex = new Atomiclnteger(0);
private final T[] buffer;
private final int capacity;



public boolean offer(T element) {
int current = writelndex.get();
int next = (current + 1) % capacity;
return writelndex.compareAndSet(current, next);

}}

8. How would you implement a concurrent skip list?

Key Features:

¢ Probabilistic data structure for O(log n) operations
¢ Lock-free implementation for concurrency

public class ConcurrentSkipList {
private static class Node {
final T value;
final AtomicReference>[] next;
Node(T value, int level) {
this.value = value;
next = new AtomicReferencellevel];
for(inti = 0; i < level; i++) next[i] = new AtomicReference<>();
}
3}

9. Design a time-based key-value store with versioning.

Implementation Details:

¢ Use TreeMap for time-based retrieval
¢ Concurrent access handling

public class TimeMap {
private Map> map;

public String get(String key, int timestamp) {
TreeMap treeMap = map.get(key);
if (treeMap == null) return "";
Integer floor = treeMap.floorKey(timestamp);
return floor == null ? "" : treeMap.get(floor);

}}

10. Implement a distributed rate limiter using the sliding window algorithm.

Key Concepts:

¢ Distributed counter management
¢ Redis for shared state

public class SlidingWindowRateLimiter {
private final RedisTemplate redis;
private final int windowSize;
private final int limit;

public boolean isAllowed(String key) {
long currentTime = System.currentTimeMillis();
String windowKey = key + ':' + (currentTime / windowSize);
return redis.opsForValue().increment(windowKey, 1) <= limit;

}}
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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

Key Components & Considerations:

¢ API Gateway: Handle incoming requests for URL shortening and redirection

¢ Hash Function: Convert long URLs to short codes (e.g., MD5 or custom base62 encoding)

e Database Design: NoSQL for scalability, with schema: {short_code, original_url, created_at,
expires_at}

e Caching Layer: Redis/Memcached to store frequently accessed URLs

¢ Load Balancing: Distribute traffic across multiple app servers

Implementation Example:

def generate_short_code(url):
hash = md5(url.encode()).hexdigest()
return base62_encode(hash[:8])

def store_url(short_code, original_url):
cache.set(short_code, original_url)
db.insert({short_code, original_url})

2. Design a real-time chat system that can support millions of concurrent users
Architecture Components:

WebSocket Server: Handle persistent connections

Message Queue: Kafka/RabbitMQ for message distribution

Presence Service: Track online/offline status
Storage: Cassandra for message history, Redis for active sessions

Scaling Considerations:

e Shard users by chat room or geographic location
¢ Implement message delivery acknowledgments
¢ Use heartbeat mechanisms for connection health

// WebSocket connection handler
ws.on('message’, async (msg) => {
await kafka.produce('chat-messages', msq)
redis.publish(*room:${msg.roomld}", msg)

})

3. How would you design a distributed job scheduling system?

Core Components:

Job Queue: Distributed queue system (Redis/RabbitMQ)
Worker Nodes: Process jobs in parallel

Scheduler: Handles job timing and distribution

State Store: Track job status and history

Key Features:

¢ Job prioritization
e Retry mechanisms



¢ Dead letter queues
¢ Job dependencies

class JobScheduler:
def schedule(self, job):
priority = self.calculate_priority(job)
self.queue.push(job, priority)
self.notify_workers()

4. Design a system for processing millions of l1oT device updates per second

Architecture Overview:

¢ Ingestion Layer: Kafka/Kinesis for high-throughput data intake
¢ Processing Layer: Spark/Flink for stream processing

¢ Storage Layer: Time-series database (InfluxDB/TimescaleDB)
¢ Alert System: Monitor thresholds and anomalies

Scaling Strategy:

¢ Partition by device type/region
¢ Use write-heavy optimization
¢ Implement data retention policies

def process_device_update(event):
if is_anomaly(event):
alert_service.notify()
timeseries_db.write(event)

5. Design a distributed rate limiting system

Implementation Approaches:

e Token Bucket Algorithm: Control request flow
o Redis: Store rate limit counters
¢ Distributed Consensus: Coordinate limits across nodes

Considerations:

¢ Clock synchronization
¢ Race conditions
e Failover handling

def check rate_limit(user_id):
current = redis.incr(f'rate:{user_id}")
if current > LIMIT:
return False
redis.expire(f'rate:{user_id}', WINDOW)

6. Design a scalable notification system supporting multiple channels (email, SMS, push)
System Components:

API Gateway: Accept notification requests

Channel Handlers: Specific logic for each channel

Queue System: Buffer and retry mechanism
Template Engine: Manage notification content

Scaling Features:

e Priority queues
¢ Rate limiting per channel
¢ Failure handling

class NotificationDispatcher:
def send(self, notification):
channel = self.get_channel(notification.type)
return channel.dispatch(notification)



7. Design a distributed caching system like Redis

Key Components:

e Storage Engine: In-memory data structure
¢ Eviction Policies: LRU/LFU implementations
¢ Replication: Master-slave architecture

¢ Partitioning: Consistent hashing

Features:

¢ Data persistence
¢ Transaction support
¢ Pub/sub messaging

def set_with_eviction(key, value):
if memory.is_full():
evict_Iru_entry()
memory_store[key] = value

8. Design a configuration management system for microservices

Core Features:

Version Control: Track config changes
Dynamic Updates: Hot reload capability
Access Control: Role-based permissions
Audit Trail: Track all changes

Implementation:

¢ Use etcd/Consul for storage
¢ Implement watch mechanisms
e Support environment isolation

class ConfigManager:
def update_config(self, service, config):
validate_config(config)
notify_services(service, config)

9. Design a distributed logging and monitoring system

System Components:

¢ Log Collectors: Fluentd/Logstash

e Storage: Elasticsearch for searchable logs
¢ Metrics: Prometheus for time-series data
¢ Visualization: Grafana dashboards

Features:

¢ Log aggregation
¢ Real-time alerting
e Anomaly detection

def process_log_entry(log):
parsed = parse_log format(log)
if is_error(parsed):
alert_service.notify(parsed)

10. Design a service discovery system for microservices

Key Components:

Registry: Store service locations
Health Checker: Monitor service status
Load Balancer: Distribute traffic

]
°
]
¢ Configuration Store: Service metadata



Implementation:

e Use Consul/etcd for service registry
e Implement circuit breakers
e Support multiple data centers

def register_service(service):
health_check = create_health_check(service)
registry.register(service, health_check)
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Coding and Debugging

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

1. How would you implement a function to flatten a nested list in Python?

Solution:

Here's an efficient recursive implementation:

def flatten(Ist):
flat =[]
for item in Ist:
if isinstance(item, list):
flat.extend(flatten(item))
else:
flat.append(item)
return flat

Key points:

e Handles arbitrary nesting levels
e Uses recursion for nested lists
e Time complexity: O(n) where n is total elements

2. Explain how you would debug a memory leak in a Python application?

Memory Leak Debugging Process:

¢ Use memory_profiler to track memory usage over time

e Implement periodic memory snapshots using tracemalloc
¢ Check for circular references

e Monitor object lifecycle with ge module

Example memory profiling code:

@profile
def potential_leak():
data =[]
foriin range(1000):
data.append(dict(i=i))
return data

3. Write a function to check if a string is a palindrome, ignoring spaces and punctuation.

Solution:

def is_palindrome(s):
clean = ".join(c.lower() for c in s if c.isalnum())
return clean == clean[::-1]

Features:

¢ Case-insensitive comparison

¢ Ignores spaces and punctuation

e Uses string slicing for reverse

¢ O(n) time complexity

4. How would you implement monkey patching to mock a database connection for
testing?



Implementation:

class MockDB:
def query(self): return ['test data'l

def test_database():
original_db = database.DB
database.DB = MockDB
try:
# Run tests
finally:
database.DB = original_db

Best Practices:

¢ Always restore original implementation
¢ Use context managers when possible
¢ Document monkey-patched code clearly

5. Implement a thread-safe singleton pattern in Python.

Implementation:
from threading import Lock

class Singleton:
_instance = None
_lock = Lock()

def __new__ (cls):
with cls._lock:
if cls._instance is None:
cls._instance = super(). _new__(cls)
return cls._instance

Key Features:

e Thread-safe implementation
e Lazy initialization
e Uses context manager for locking

6. How would you implement a custom context manager for resource handling?

Implementation:

class ResourceManager:
def _enter_ (self):
print(‘'Acquiring resource')
return self
def _exit_ (self, exc_type, exc_val, exc_tb):
print('Releasing resource')
return False

Usage:

e Automatic resource cleanup
¢ Exception handling support
e Can be used with 'with' statement

7. Write a decorator to implement retry logic with exponential backoff.

Implementation:

def retry_with_backoff(retries=3, backoff=2):
def decorator(func):
def wrapper(*args, **kwargs):
for n in range(retries):
try:



return func(*args, **kwargs)
except Exception:
time.sleep(backoff ** n)
return func(*args, **kwargs)
return wrapper
return decorator

8. How would you implement a rate limiter using the token bucket algorithm?

Implementation:

class TokenBucket:
def __init_ (self, capacity, fill_rate):
self.capacity = capacity
self.tokens = capacity
self.fill_rate = fill_rate
self.last_time = time.time()

def consume(self, tokens):
now = time.time()
tokens += (now - self.last_time) * self.fill_rate
self.last_time = now
if tokens > self.capacity:
tokens = self.capacity
return tokens > 0

9. Implement a function to detect and break circular references in a directed graph.

Implementation:

def detect _cycle(graph):
visited = set()
path = set()

def visit(vertex):
if vertex in path:
return True
if vertex in visited:
return False
path.add(vertex)
for neighbor in graph[vertex]:
if visit(neighbor):
return True
path.remove(vertex)
visited.add(vertex)
return False

return any(visit(v) for v in graph)

10. Write a function to implement LRU (Least Recently Used) cache with a specified
capacity.

Implementation:

from collections import OrderedDict

class LRUCache:
def __init_ (self, capacity):
self.cache = OrderedDict()
self.capacity = capacity

def get(self, key):
if key not in self.cache:
return -1
self.cache.move_to_end(key)
return self.cache[key]

def put(self, key, value):



if key in self.cache:
self.cache.move_to_end(key)

self.cache[key] = value

if len(self.cache) > self.capacity:
self.cache.popitem(last=False)
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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 implement a major infrastructure change with
minimal downtime.

Situation: At my previous company, we needed to migrate our entire microservices architecture
from on-premise to AWS while serving 1M+ daily active users.

Task: | was responsible for designing and executing the migration strategy with a maximum allowed
downtime of 30 minutes.

Action: I:

¢ Created a detailed migration runbook and tested it in staging
¢ Implemented blue-green deployment strategy

¢ Used Route53 for gradual traffic shifting

e Automated rollback procedures

¢ Scheduled the migration during lowest traffic hours

Result: Successfully completed the migration with only 12 minutes of downtime, 60% below target.
Post-migration monitoring showed a 40% improvement in application performance.

2. Describe a situation where you had to convince your team to adopt a new technology
or practice.

Situation: Our team was using manual deployment processes that were error-prone and time-
consuming.

Task: | needed to convince the team to adopt GitOps practices and ArgoCD for deployment
automation.

Action: I:

Created a proof-of-concept demonstration
Documented potential time savings and risk reduction
Organized lunch-and-learn sessions

Implemented a pilot project

Result: The team unanimously adopted GitOps, reducing deployment times by 75% and
deployment-related incidents by 90%.

3. Tell me about a time when you had to handle a major production incident.
Situation: Our payment processing system experienced a critical failure during Black Friday sales.

Task: As the on-call DevOps engineer, | needed to identify and resolve the issue while maintaining
communication with stakeholders.

Action: I:

Quickly identified a database connection pool exhaustion
Implemented immediate mitigation by scaling connection pools
Coordinated with the development team for hotfix deployment
Maintained regular status updates to leadership

Result: Restored service within 45 minutes, implemented automated connection pool scaling, and
created comprehensive incident response documentation.

4. How do you handle conflicts within your team regarding technical decisions?



Situation: There was a heated debate about choosing between Kubernetes and ECS for our
container orchestration.

Task: | needed to facilitate a resolution while maintaining team cohesion.
Action: |

¢ Organized a structured discussion session

¢ Created a decision matrix with objective criteria

e Conducted proof-of-concept implementations

¢ Facilitated fact-based discussions

Result: Team reached consensus on Kubernetes, created clear evaluation criteria for future
technology choices, and strengthened team collaboration.

5. Describe a time when you had to mentor a junior DevOps engineer.

Situation: A junior engineer joined our team with limited cloud and automation experience.
Task: | was assigned to mentor them while maintaining my regular responsibilities.

Action: I

Created a structured learning path

Assigned increasingly complex tasks

Conducted regular pair programming sessions
Provided detailed code reviews

Result: Within 6 months, the junior engineer was independently handling production deployments
and contributing to infrastructure automation.

6. Tell me about a time when you had to optimize infrastructure costs.
Situation: Our AWS infrastructure costs were increasing by 30% quarter-over-quarter.
Task: | was tasked with reducing cloud costs without impacting performance.

Action: |

Implemented automated resource scaling

Identified and terminated unused resources

Introduced spot instances for non-critical workloads
Created cost allocation tags and budgets

Result: Achieved 45% cost reduction while improving application performance through better
resource utilization.

7. How do you ensure knowledge sharing within your team?
Situation: Critical system knowledge was concentrated among few team members.
Task: | needed to implement effective knowledge sharing practices.
Action: |
e Established weekly tech sharing sessions
¢ Created a team wiki
¢ Implemented pair rotation system
°

Started 'lunch and learn' programs

Result: Reduced bus factor from 2 to 6 people, improved team collaboration, and reduced
onboarding time by 50%.

8. Describe a situation where you had to balance security with developer productivity.

Situation: Developers were requesting direct production access for debugging.

Task: | needed to maintain security while improving developer debugging capabilities.



Action: I:

¢ Implemented temporary access requests via AWS SSM

¢ Created audit logging system

e Automated access approval workflow

e Enhanced logging and monitoring

Result: Maintained security compliance while reducing debug access request resolution time from
24 hours to 15 minutes.

9. Tell me about a time when you had to lead a major version upgrade across multiple
services.

Situation: Needed to upgrade Kubernetes cluster from 1.18 to 1.22 across 50+ microservices.
Task: Plan and execute upgrade with minimal disruption to production services.

Action: I:

Created detailed compatibility matrix
Developed automated testing pipeline
Implemented canary deployments
Coordinated with multiple teams

Result: Successfully upgraded all services over 3 weekends with zero customer-facing incidents.
10. How do you handle technical debt in your infrastructure?

Situation: Inherited legacy infrastructure with significant technical debt.

Task: Create and execute a plan to reduce technical debt while maintaining system stability.
Action: I

Created technical debt inventory

Prioritized issues based on risk/effort matrix

Allocated 20% of sprint capacity to debt reduction
Implemented infrastructure as code

Result: Reduced critical technical debt items by 70% over 6 months, improved system reliability by
35%.
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