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Core Concepts

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

1. Implement a custom Error type that implements the Error trait

Solution:

use std::error::Error;
#[derive(Debug)]
struct CustomError(String);
impl Error for CustomError {}
impl std::fmt::Display for CustomError {
fn fmt(&self, f: &mut std::fmt::Formatter) -> std::fmt::Result {
write!(f, "{}"", self.0)
}
}

2. Create a type-safe builder pattern implementation

Solution:

struct Builder {
field: Option,
}

impl Builder {
fn new() -> Self {
Builder { field: None }
}
fn field(mut self, value: T) -> Self {
self.field = Some(value);
self
}
}

3. Implement a custom Deref trait for a wrapper type

Solution:

use std::ops::Deref;
struct Wrapper(T);
impl Deref for Wrapper {
type Target = T,;
fn deref(&self) -> &Self::Target {
&self.0
}
}

4. Write a function that implements a custom Iterator trait for a binary tree structure

Solution:

struct BinaryTree {
value: T,
left: Option>>,
right: Option>>
}
impl Iterator for BinaryTree {
type ltem =T;



fn next(&mut self) -> Option {
// Inorder traversal implementation
}
}

5. Implement a zero-copy string parsing function that handles errors gracefully

Solution:

fn parse_string(input: &str) -> Result<&str, &'static str> {
input.split_ whitespace()
.next()
.ok_or("Empty input")
.and_then(|s| if s.is_empty() {
Err("Invalid format")
} else { Ok(s) })
}

6. Create a thread-safe counter using atomic operations

Solution:

use std::sync::atomic::{AtomicUsize, Ordering};
struct Counter {

count: AtomicUsize,
}

impl Counter {
pub fn increment(&self) -> usize {
self.count.fetch_add(1, Ordering::SeqCst)
}
}

7. Implement a custom smart pointer with Drop trait

Solution:

struct CustomPtr {
data: Box,
}

impl Drop for CustomPtr {
fn drop(&mut self) {
printin!("Cleaning up CustomPtr");

}
}

Key aspects:

¢ Implements resource cleanup
¢ Uses generic type parameter
e Demonstrates RAIl pattern

8. Write a macro that generates a struct with named fields

Solution:

macro_rules! make_struct {
($name:ident { $($field:ident: $t:ity),* }) => {
struct $name {
$($field: $t),*
}
}
}

Usage:

make_struct!(Point { x: 132, y:i32 });

9. Implement a generic function that safely handles concurrent access to a shared



resource using Rust's ownership system

Solution:

Here's an implementation using Arc and Mutex:

use std::sync::{Arc, Mutex};
fn shared_resource(value: T) -> Arc> {
Arc::new(Mutex::new(value))

}
Key points:

e Uses Arc for thread-safe reference counting
e Mutex ensures exclusive access
¢ Generic over any Send type

10. Write a function that demonstrates lifetime constraints with multiple references

Solution:

fn longest<'a>(x: &'a str, y: &'a str) -> &'a str {
if x.len() > y.len() {
X
} else {
y
}
}

Key concepts:

e Explicit lifetime annotation
e Reference borrowing rules
e Return type lifetime binding
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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 a thread-safe LRU Cache in Rust using a HashMap and LinkedList. What's
the time complexity?

Solution:

use std::collections::{HashMap, LinkedList};
use std::sync::Mutex;

struct LRUCache {

cap: usize,

cache: Mutex<(HashMap, LinkedList)>
}

Time Complexity:

e Get: O(1) average case
e Put: O(1) average case

Key Points:

¢ Uses Mutex for thread safety
¢ HashMap provides O(1) lookups
¢ LinkedList tracks access order

2. Write a function to find all pairs of integers in a vector that sum to a given target. How
would you optimize it?

Efficient Solution:

fn find_pairs(nums: Vec, target: i32) -> Vec<(i32, i32)> {
let mut seen = std::collections::HashSet::new();
let mut pairs = Vec::new();
for &num in nums.iter() {
if seen.contains(&(target - num)) {
pairs.push((num, target - num));

seen.insert(num);

b}

Time Complexity: O(n)
Space Complexity: O(n)
Optimizations:

e Uses HashSet for O(1) lookups
¢ Single pass through array
e Early return possible for sorted input

3. Implement a concurrent lock-free stack using atomic operations in Rust. What are the
safety considerations?

Implementation:
use std::sync::atomic:: {AtomicPtr, Ordering};
struct Node {

data: T,
next: AtomicPtr>



}
struct LockFreeStack {
head: AtomicPtr>

}
Safety Considerations:

e Use proper memory ordering

e Handle ABA problem

e Ensure proper memory deallocation

¢ Manage memory barriers correctly

4. Implement a sliding window maximum algorithm that processes a vector of integers
and returns maximum elements for each window of size k.

Efficient Solution:

fn sliding_window_max(nums: Vec, k: usize) -> Vec {
let mut result = Vec::new();
let mut deque = std::collections::VecDeque::new();
foriin 0..nums.len() {
while !'deque.is_empty() && deque.front().unwrap() + k <=i {
deque.pop_front();
}}

Time Complexity: O(n)
Space Complexity: O(k)
Key Points:

¢ Uses deque for efficient window operations
¢ Maintains monotonic decreasing sequence

5. Implement a custom Iterator trait for a binary tree that performs an in-order traversal
without recursion. How would you handle ownership?

Implementation:

struct BSTlterator {
stack: Vec>>,
current: Option>>
}
impl Iterator for BSTIterator {
type ltem =T;
fn next(&mut self) -> Option { /* ... */ }
}

Key Considerations:

¢ Use stack to simulate recursion

e Handle ownership with Box

¢ Maintain references properly

e Consider using Rc for shared ownership

6. Design a concurrent bounded queue with backpressure in Rust. How would you handle
blocking operations?

Implementation:

struct BoundedQueue {
buffer: Vec,
head: AtomicUsize,
tail: AtomicUsize,
sem_empty: Semaphore,
sem_full: Semaphore

}
Key Features:

¢ Uses atomic operations for thread safety



e Implements backpressure via semaphores
¢ Handles blocking push/pop operations

Considerations:

e Proper synchronization
¢ Deadlock prevention
¢ Memory ordering

7. Implement a custom allocator for a fixed-size memory pool in Rust. How would you
handle fragmentation?

Implementation:

struct PoolAllocator {
memory: Vec,
free_blocks: Vec<(usize, usize)>,
block_size: usize,
total_blocks: usize

}
Key Features:

o Fixed-size block allocation
e O(1) allocation/deallocation
¢ Memory coalescing

Fragmentation Handling:

e Best-fit allocation
e Block merging
e Defragmentation strategy

8. Implement a zero-copy parser for a custom binary protocol in Rust. How would you
handle lifetime management?

Implementation:

struct Parser<'a> {
data: &'a [u8],
position: usize,
checkpoints: Vec
}
impl<'a> Parser<'a> {
fn parse_next(&mut self) -> Result<&'a [u8], ParseError> {
// Zero-copy parsing logic
}}

Key Considerations:

Proper lifetime annotations
Avoid unnecessary copying
Error handling strategy
Buffer management

9. Implement a lock-free concurrent hash map using atomic operations. How would you
handle resize operations?

Implementation:

struct ConcurrentHashMap {
buckets: Box<[AtomicPtr>]>,
size: AtomicUsize,
capacity: usize

}
Key Challenges:

e Atomic resize operations



e Handle ABA problem
e Memory reclamation

Resize Strategy:

¢ Incremental resizing
e Split ordered tables
e Lock-free migration

10. Design a wait-free MPSC (Multiple Producer Single Consumer) channel in Rust. How
would you ensure progress guarantees?

Implementation:

struct WaitFreeMPSC {
buffer: Vec>>,
head: AtomicUsize,
tail: AtomicUsize

}

Progress Guarantees:

¢ Non-blocking operations
¢ Bounded wait time
e Lock-free progress

Key Features:

e Uses atomic operations
¢ Handles contention
e Memory ordering guarantees
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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 distributed URL shortener service in Rust that can handle millions of requests
per day. What architectural decisions would you make?

Key Components:

API Gateway: Actix-web server handling incoming requests
Hash Generation: Base62 encoding for short URLs
Storage: Redis for caching, PostgreSQL for persistence
Load Balancer: HAProxy for distribution

Sample Code for URL Generation:

fn generate_short_url(long_url: &str) -> String {
let hash = md5::compute(long_url.as_bytes());
let encoded = base62::encode(&hashl..6]);
format!("{}", encoded)

}
Scalability Considerations:

¢ Horizontal scaling with multiple Rust instances
e Write-through cache with Redis
¢ Consistent hashing for DB sharding

2. How would you implement a real-time chat system in Rust supporting millions of
concurrent WebSocket connections?

Architecture Overview:

e WebSocket Server: Tokio-based async runtime
e Message Broker: Redis pub/sub or Kafka
¢ State Management: In-memory with periodic persistence

Example WebSocket Handler:

async fn handle_connection(ws: WebSocket, state: Arc) {
let (tx, rx) = ws.split();
let mut subscription = state.subscribe();
tokio::spawn(async move {
while let Some(msg) = subscription.recv().await {
tx.send(msg).await?;
}
});
}

3. Design a distributed rate limiter in Rust that can handle global rate limiting across
multiple servers

Implementation Strategy:
e Algorithm: Token Bucket with Redis
¢ Consistency: Redis atomic operations
¢ Fallback: Local rate limiting if Redis fails

Sample Implementation:



struct RateLimiter {
redis: Arc,
bucket_size: u32,
refill_rate: f64

}

async fn is_allowed(&self, key: &str) -> bool {
self.redis.eval(RATE_LIMIT_SCRIPT, &[key]).await
}

Scaling Considerations:

e Redis cluster for high availability
e Local caching for frequent requests

4. How would you design a distributed task scheduler in Rust that ensures exactly-once
execution?

Core Components:

¢ Queue Management: RabbitMQ/Kafka
¢ State Tracking: PostgreSQL
e Worker Pool: Tokio-based executors

Task Definition:

struct Task {
id: Uuid,
payload: Vec,
status: TaskStatus,
retry_count: u32,
scheduled_time: DateTime

}

Reliability Features:
e Two-phase commit for task completion
e Dead letter queue for failed tasks

¢ Idempotency tokens for deduplication

5. Design a distributed caching system in Rust with eventual consistency

Architecture Components:
¢ Cache Nodes: In-memory LRU cache

e Consistency Protocol: Gossip protocol
¢ Conflict Resolution: Vector clocks

Cache Implementation:
struct CacheNode {
store: HashMap, VectorClock)>,
peers: Vec,
gossip_interval: Duration
}
Key Features:
e Automatic node discovery
¢ Conflict resolution with vector clocks
e Background synchronization

6. How would you implement a distributed lock service in Rust?

Design Components:

¢ Lock Algorithm: Redlock implementation



e Consensus: Raft protocol
¢ Failure Detection: Heartbeat mechanism

Lock Implementation:

async fn acquire_lock(&self, resource: &str, ttl: Duration) -> Result {
let quorum = self.nodes.len() / 2 + 1;
let lock_uid = Uuid::new_v4();
self.acquire_across_nodes(resource, lock_uid, ttl, quorum).await

}
Reliability Features:

o Automatic lock extension
e Deadlock detection
¢ Fencing tokens

7. Design a real-time analytics pipeline in Rust that can process millions of events per
second

Pipeline Components:

¢ Ingestion: Kafka streams
¢ Processing: Stream processing with Tokio
e Storage: ClickHouse for analytics

Event Processing:

async fn process_event_batch(events: Vec) -> Result<()> {
let aggregated = events.par _iter()
.map(|e| transform_event(e))
.collect::>();
store_aggregated_data(aggregated).await

Scalability Features:
¢ Parallel processing with rayon
e Backpressure handling
e Time-window aggregation

8. How would you implement a distributed configuration service in Rust?

Core Components:

e Storage: etcd/ZooKeeper
e Watch Mechanism: Change notifications
e Caching: Local cache with TTL

Configuration Client:
struct ConfigClient {
etcd: Arc,
cache: Arc>>,
watchers: Vec>
}
Key Features:
¢ Hierarchical configuration
e Version control
¢ Role-based access control

9. Design a fault-tolerant message queue system in Rust

System Components:



¢ Broker: Topic-based message routing
e Storage: Write-ahead logging
¢ Replication: Leader-follower model

Message Handler:

async fn handle_message(&self, topic: &str, msg: Message) -> Result<()> {
let partition = self.get_partition(topic, &msg.key);
self.replicate_message(partition, msg).await?;
self.notify_consumers(partition).await

}

Reliability Features:
¢ At-least-once delivery
¢ Message persistence

e Partition tolerance

10. How would you implement a distributed graph processing system in Rust?

Architecture Components:

¢ Graph Partitioning: Vertex-cut partitioning
¢ Processing Model: Pregel-like BSP
e Storage: Adjacency lists in RocksDB

Vertex Processing:

async fn process_vertex(vertex: Vertex, messages: Vec) -> Vec {
let new_value = compute_vertex_value(&vertex, messages);
broadcast_to_neighbors(vertex.neighbors(), new_value).await

}
Performance Features:
¢ Parallel vertex processing

e Message batching
¢ Incremental computation
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Coding and Debugging

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

1. Write a function to reverse a string in Rust without using the built-in reverse() method.

Solution:

fn reverse_string(s: &str) -> String {
s.chars().rev().collect::()
}

Key points:

e Uses iterator-based approach with chars()
e Collects reversed chars back into String
¢ O(n) time complexity

2. Implement a function to check if a string is a palindrome in Rust.

Solution:

fn is_palindrome(s: &str) -> bool {
let s = s.chars().filter(|c| c.is_alphanumeric()).collect::();
s.chars().eq(s.chars().rev())

}
Explanation:
¢ Filters non-alphanumeric characters

e Uses iterator comparison
e Case-sensitive comparison

3. Write a function to find the first non-repeating character in a string using Rust.

Solution:

use std::collections::HashMap;

fn first_unique(s: &str) -> Option {
let mut count: HashMap = HashMap::new();
s.chars().for_each(|c| *count.entry(c).or_insert(0) += 1);
s.chars().find(|&c| count[&c] == 1)

}

4. Implement a function to flatten a nested vector in Rust.

Solution:

fn flatten(nested: &Vec>) -> Vec {
nested.iter().flat_map(|x]| x.iter()).cloned().collect()
}

Alternative with recursion for deeply nested vectors:

fn deep_flatten(nested: &Vec>) -> Vec {
nested.concat()
}

5. Write a function to find the longest common prefix among an array of strings in Rust.

Solution:



fn longest_ common_prefix(strs: Vec<&str>) -> String {
if strs.is_empty() { return String::new(); }
strs.iter().skip(1).fold(strs[0].to_string(), |acc, x| {
acc.chars().zip(x.chars()).take_while(|(a,b)] a == b)
.map(|(c, )| c).collect()
})

6. Implement a thread-safe counter using atomic operations in Rust.

Solution:

use std::sync::atomic::{AtomicUsize, Ordering};
struct Counter {

count: AtomicUsize,
}

impl Counter {
fn increment(&self) -> usize {
self.count.fetch_add(1, Ordering::SeqCst)
}
}

7. Write a function to implement binary search on a sorted vector in Rust.

Solution:

fn binary_search(arr: &[T], target: &T) -> Option {
let mut left = 0;
let mut right = arr.len();
while left < right {
let mid = left + (right - left) / 2;
match arr[mid].cmp(target) {
std::cmp::Ordering::Equal => return Some(mid),
std::cmp::Ordering::Less => left = mid + 1,
std::cmp::Ordering::Greater => right = mid,
}
}

None

}

8. Implement a custom error type in Rust with multiple variants.

Solution:

#[derive(Debug)]
enum CustomError {
Invalidinput(String),
loError(std::io::Error),
DatabaseError { code: i32, message: String }

}

impl std::error::Error for CustomError {}
9. Write a function to implement merge sort for a vector in Rust.

Solution:

fn merge_sort(arr: &mut [T]) {
if arr.len() <=1 { return; }
let mid = arr.len() / 2;
merge_sort(&mut arr[..mid]);
merge_sort(&mut arr[mid..1);
let merged: Vec = arr.to_vec();
arr.copy_from_slice(&merged);

}

10. Implement a simple producer-consumer pattern using channels in Rust.

Solution:



use std::sync::mpsc;
use std::thread;
fn producer_consumer() {
let (tx, rx) = mpsc::channel();
thread::spawn(move || {
tx.send(42).unwrap();
b
printin!("{}", rx.recv().unwrap());

}
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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 challenging Rust project you worked on and how you overcame
technical obstacles.

Situation: At my previous role, we needed to migrate a critical microservice from Python to Rust for
better performance and memory safety.

Task: | was tasked with leading the rewrite while ensuring zero downtime and maintaining all
existing functionality.

Action: I:

¢ Created a detailed migration plan with measurable milestones

e Implemented comprehensive test coverage before starting

e Used Rust's FFI capabilities to gradually replace Python components

e Conducted thorough performance benchmarking

Result: The migration was successful with a 70% performance improvement and zero production
incidents.

2. Describe a time when you had to optimize a Rust application for better performance.

Situation: Our team's Rust-based data processing pipeline was experiencing latency issues with
large datasets.

Task: | needed to identify bottlenecks and improve processing speed without compromising
accuracy.

Action: I:

¢ Profiled the application using flame graphs

¢ Implemented parallel processing using rayon
e Optimized memory allocation patterns

¢ Added custom thread pools for I/O operations

Result: Achieved a 5x performance improvement and reduced memory usage by 40%.

3. Tell me about a time when you had to make a difficult technical decision regarding
memory safety in Rust.

Situation: We were developing a real-time trading system where performance was crucial.

Task: Had to decide between using unsafe Rust for performance or maintaining strict safety
guarantees.

Action: I:

Conducted thorough benchmarking of both approaches
Created isolated unsafe blocks with extensive documentation
Implemented comprehensive testing for unsafe sections
Established code review guidelines for unsafe code

Result: Successfully maintained safety while achieving necessary performance targets.

4. Describe a situation where you had to mentor another developer in Rust programming.

Situation: A senior Python developer joined our team with no prior Rust experience.

Task: Help them become productive in Rust within one month while maintaining project velocity.



Action: I:

Created a customized learning path

Conducted weekly code reviews focused on Rust idioms
Paired on complex ownership and borrowing concepts
Developed practical exercises matching our codebase

Result: The developer became productive within 3 weeks and later contributed significant features.

5. Tell me about a time when you had to debug a complex concurrency issue in Rust.

Situation: Our distributed system was experiencing rare deadlocks in production.
Task: Identify and fix the root cause while ensuring it wouldn't recur.
Action: |

¢ Implemented detailed logging for thread interactions
e Used LLDB to analyze thread states

¢ Created a test environment to reproduce the issue

e Refactored the mutex usage pattern

Result: Successfully eliminated the deadlock and implemented new concurrent design patterns.

6. Describe a time when you had to balance technical debt against new feature
development in a Rust project.

Situation: Our codebase had accumulated technical debt from rapid development.
Task: Create a plan to address technical debt while maintaining feature delivery.
Action: I

Created a technical debt inventory

Prioritized issues based on impact

Integrated refactoring into feature work
Established new code quality metrics

Result: Reduced technical debt by 40% while meeting all feature deadlines.

7. Tell me about a time when you had to integrate Rust with existing systems.

Situation: Needed to integrate a new Rust service with legacy Java and C++ systems.
Task: Design and implement integration points while ensuring reliability.
Action: |

¢ Created FFl interfaces for C++ components

¢ Implemented gRPC services for Java communication
¢ Developed comprehensive integration tests

¢ Created fallback mechanisms

Result: Successful integration with 99.9% uptime and minimal performance overhead.

8. Describe a situation where you had to make architectural decisions for a new Rust
project.

Situation: Starting a new microservices project from scratch using Rust.
Task: Design the architecture ensuring scalability and maintainability.
Action: I

Conducted architecture design sessions

Created proof-of-concept implementations

Documented design decisions and tradeoffs
Established coding standards



Result: Successfully launched the project with positive team feedback and minimal technical issues.
9. Tell me about a time when you had to improve the testing strategy for a Rust project.
Situation: Test coverage was low and tests were brittle.

Task: Implement a comprehensive testing strategy.

Action: I

Introduced property-based testing with proptest

Implemented integration test frameworks

L]
]
¢ Created automated CI/CD pipelines
e Established code coverage targets

Result: Achieved 90% test coverage and reduced regression issues by 80%.

10. Describe a time when you had to handle a production incident involving Rust code.
Situation: A memory leak was causing service degradation in production.

Task: Identify and fix the issue while minimizing downtime.

Action: I

Used heap profiling to identify the leak

Implemented temporary mitigations

Created a detailed incident response plan

°
[ ]
°
e Added memory monitoring alerts

Result: Fixed the leak within 2 hours and implemented safeguards against future occurrences.
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