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@ Part 1: The 2026 Java Landscape

1.1 Java's Current Position (2026)

Market Share Analysis:

— Enterprise Backend: 68%
— Android Development: 45%
|— Cloud Applications: 52%
— Financial Systems: 85%
L— Big Data Processing: 60%

1.2 Salary Benchmarks (Global)

Region Entry-Level Mid-Level Senior

USA $95K-$130K $130K-$190K $190K-$320K]
Europe €45K-€65K €65K-€90K €90K-€150K
India I8L-X15L %15L-330L X30L-360L+
Remote | $80K-$110K | $110K-$160K | $160K-$250K




1.3 Must-Know Java 21 Features

java

try (var executor = Executors.newVirtualThreadPerTaskExecutor()) {
for (int 1 = 0; i < 10 000; i++) {

executor.submit(() -> processRequest(i));

if (obj instanceof String s && s.length() > 5) {

return processString(s);

public void processUser(User(var name, var email, var age)) {

System.out.println("Processing: + name);

public sealed interface Payment permits CreditCard, PayPal, Crypto {}

[l Part 2: Complete Learning Roadmap

Weekly Breakdown with Milestones

Month 1: Java Foundation

Week 1-2: Core Java

F—— Day 1-3: Setup & Basic Syntax
F—— Day 4-6: OOP Principles

F—— Day 7-9: Exception Handling

L— Day 10-14: Collections Framework



Week 3-4: Modern Java

F—— Java 17+ Features

F—— Streams API

F—— Functional Programming

L— Mini Project: Console Task Manager

Month 2-3: DSA Core

Week 5-6: Arrays & Strings (40 problems)
— Two Pointer Technique

— sliding Window

F— Prefix Sum

L— Matrix Operations

Week 7-8: Linked Lists & Recursion (35 problems)
— Fast & Slow Pointers

— Recursion Patterns

— Backtracking

L— pivide & Conquer

Week 9-10: Trees & Graphs (50 problems)
— Binary Tree Traversals

— BST Operations

F—— Graph Algorithms

L— union-Find

Week 11-12: Dynamic Programming (45 problems)
— 1D DP Patterns

— 2D DP Patterns

— state Machine DP

L— Bitmask DP

Q, Part 3: DSA Pattern Cheat Sheets



3.1 Top 15 Algorithm Patterns

Pattern 1: Sliding Window

L— Use: Subarray/Substring problems

L— Template: Two pointers + Hash Map

L— Complexity: 0(n)

L— Examples: Longest Substring Without Repeating Characters

Pattern 2: Two Pointers

L— Use: Sorted arrays, pair sums

L— Template: left=0, right=n-1

L— Complexity: 0(n)

L— Examples: 3Sum, Container With Most Water

Pattern 3: Fast & Slow Pointers

L— Use: Cycle detection, middle element

L— Template: slow=fast=head

L— Complexity: 0(n)

L— Examples: Linked List Cycle, Find Duplicate Number

... [13 more patterns with templates]

3.2 Time Complexity Reference Card

Constant: 0(1) » HashMap lookup
Logarithmic: 0(log n) » Binary Search
Linear: 0(n) -» Array traversal
Linearithmic: O(n log n) - Merge Sort
Quadratic: 0(n2?) > Nested loops
Exponential: 0(2") -» Subset generation

Factorial: O(n!) » Permutations

3.3 Java Collections Complexity

ArraylList:



— get(): 0(1)
F—— add(): 0(1) amortized
L— remove(): 0(n)

LinkedList:
— get(): 0O(n)

F— add(): o(1)
L— remove(): 0(1)

HashMap:
— get(): 0(1)

— put(): 0(1)
L— containsKey(): 0(1)

TreeMap:

— get(): 0(log n)

— put(): 0(log n)

L— containskey(): 0(log n)

= Part 4: Interview Preparation

4.1 Coding Round Structure

Round 1: Screening (45 min)
F—— 2 Easy-Medium problems
F—— Focus: Clean code, edge cases

L— Tools: Online editor, no compiler

Round 2: Technical Deep Dive (60 min)
F—— 1 Medium-Hard problem
F—— Focus: Optimization, trade-offs

L— Dpiscussion: Alternative approaches

Round 3: System Design (75 min)



F—— Design a scalable system
F—— Focus: Architecture, databases, APIs
L— Tools: Whiteboard or online diagram

4.2 Top 50 Interview Questions (2026)

Java Core (15 questions):

JUM Memory Model (Java 21 updates)
HashMap vs ConcurrentHashMap
Virtual Threads vs Platform Threads
Garbage Collection Algorithms
CompletableFuture patterns

Records vs Classes

Pattern Matching use cases

Sealed Classes benefits
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. Annotation processing
. Module system (JPMS)

. JIT compiler optimizations
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DSA Patterns (25 questions):

| Top 50 Java + DSA Interview Questions (2026
Edition)

Complete with Answers, Code Templates, and Modern Java 21 Solutions

[l Question Categories Breakdown

« Java Core (15 Questions) - Modern Java 21, Concurrency, JVM
o DSA Patterns (25 Questions) - Algorithmic problem-solving
o System Design (10 Questions) - Architecture and scalability



@ PART A: JAVA CORE (15 Questions)

Question 1: Explain JVM Memory Model with Java 21 Updates

java
// Java 21 Memory Model Components
public class JVMMemoryModel {
/*
* 2026 Updates:
* 1. Stack Chunking for Virtual Threads
* 2. ZGC Generational (Improved pause times)
* 3., Metaspace auto-tuning
4

*

*/

. Heap sizing optimizations

public void explainMemoryAreas() {
System.out.println("""

JUM Memory Areas (Java 21):

1. Heap (Shared across threads)
F—— Young Generation (Eden + Survivor)
F—— 0ld Generation

L— Humongous Region (ZGC)

2. Non-Heap
F—— Metaspace (Class metadata)
F—— Code Cache (JIT compiled code)
L Compressed Class Space

3. Thread Areas
F—— Stack (Platform threads)
F—— Virtual Thread Stack (Carrier threads)

L— Program Counter Register

4. Native Memory
F—— Direct Byte Buffers
L— JINI allocations



s

Question 2: HashMap vs ConcurrentHashMap in Distributed
Systems

java

import java.util.concurrent.*;

public class MapComparison {
public void compareMaps() {
// HashMap (Not thread-safe)
// - Single-threaded use
// - Faster for read/write
// - Allows null keys/values

// ConcurrentHashMap (Thread-safe)

// - Segment locking (pre-Java 8) vs Node locking (Java 8+)
// - Read operations don't block

// - Write operations Llock specific bucket

// - No null keys/values allowed

System.out.println("""

ConcurrentHashMap Internal Structure (Java 21):
F—— Node<K,V>[] table (volatile)

— sizeCtl control variable

— countercCells for size counting

L— Tree bins for large buckets

Key Optimizations:

1. Striped locking (16 locks by default)
2. Read operations lock-free

3. Resize concurrency

4. Bulk operations support

")



public Map<String, Integer> createOptimizedCache() {
return new ConcurrentHashMap<>(16, 0.75f, 32) {

// Custom ConcurrentHashMap with optimal settings

}s

Question 3: Virtual Threads vs Platform Threads (Project Loom)

java
import java.util.concurrent.*;

import java.util.stream.*;

public class VirtualThreadsDemo {
public void demonstrateVirtualThreads() {
// Platform Threads (Traditional)
System.out.println("Platform Threads:");
System.out.println("}—— 1:1 with OS threads");
System.out.println("}—— Expensive context switching");
System.out.println("}—— Limited to ~10K threads");

System.out.println("— Blocking operations expensive");

// Virtual Threads (Java 21+)

System.out.println("\nVirtual Threads:");
System.out.println("}—— M:N mapping with carrier threads");
System.out.println("}—— Cheap context switching");
System.out.println("}—— Can create millions of threads");
System.out.println("L—— Blocking doesn't waste OS threads");

// Example usage
try (var executor = Executors.newVirtualThreadPerTaskExecutor()) {
IntStream.range(9, 100 _000).forEach(i ->
executor.submit(() -> {
Thread.sleep(1000); // Doesn't block 0S thread

return i * 2;

)
)5



public void structuredConcurrency() {
// Java 21 Structured Concurrency
try (var scope = new StructuredTaskScope.ShutdownOnFailure()) {
Future<String> user = scope.fork(() -> fetchUser());

Future<String> orders = scope.fork(() -> fetchOrders());

scope.join(); // Wait for both
scope.throwIfFailed(); // Propagate errors

return process(user.resultNow(), orders.resultNow());

Question 4: Complete Garbage Collection Algorithms Comparison

java
public class GCComparison {

public enum GCAlgorithm {

ZGC, // Low latency, scalable
SHENANDOAH, // Low pause times

G1, // Balanced throughput/Latency
PARALLEL, // High throughput

SERIAL, // Single-threaded

CcMS // Deprecated in Java 14

public void chooseGC(GCAlgorithm algo, long heapSize) {

System.out.println(

Java 21 GC Recommendations:

ZGC (Recommended for most cases):
F—— Max pause time: <1ms

F—— Throughput: 90-95%

— Heap size: 8MB to 16TB

L— Use: -XX:+UseZGC

Shenandoah:



— Max pause time: <1@ms

— Throughput: 85-90%

— Better for smaller heaps
L— Use: -XX:+UseShenandoahGC

Gl GC:

— Max pause time: 20@ms
F—— Throughput: 90%

F—— Default since Java 9
L— Use: -XX:+UseG1GC

Parallel GC:

— Max pause time: Seconds
F—— Throughput: 98%

F—— For batch processing
L— Use: -XX:+UseParallelGC

s

Question 5: CompletableFuture Patterns and Best Practices

java
import java.util.concurrent.*;

import java.util.function.*;
public class CompletableFuturePatterns {

// Pattern 1: Chaining async operations
public CompletableFuture<String> processOrderAsync(String orderId) {
return CompletableFuture

.supplyAsync(() -> fetchOrder(orderld))
.thenApplyAsync(order -> validateOrder(order))
.thenComposeAsync(validOrder -> processPayment(validOrder))
.exceptionally(ex -> handleError(ex))
.orTimeout (10, TimeUnit.SECONDS);

// Pattern 2: Combining multiple futures



public CompletableFuture<Response> fetchUserData(String userlId) {
CompletableFuture<User> userFuture =
CompletableFuture.supplyAsync(() -> fetchUser(userId));
CompletableFuture<List<Order>> ordersFuture =
CompletableFuture.supplyAsync(() -> fetchOrders(userId));

return userFuture.thenCombine(ordersFuture,

(user, orders) -> new Response(user, orders));

// Pattern 3: Error handling with handle()
public CompletableFuture<Integer> safeDivision(int a, int b) {
return CompletableFuture.supplyAsync(() -> a / b)
.handle((result, ex) -> {
if (ex != null) {

System.err.println("Division error:

+ ex.getMessage());
return 0;

}

return result;

})s

// Pattern 4: Timeout with completeOnTimeout
public CompletableFuture<String> fetchWithTimeout(String url) {
return CompletableFuture.supplyAsync(() -> fetchFromNetwork(url))
.completeOnTimeout("fallback", 5, TimeUnit.SECONDS);

Question 6: Records vs Classes - When to Use Which

java
// Records (Java 16+) - Immutable data carriers
public record UserRecord(

Long id,

String email,

String name,

LocalDateTime createdAt

) A



// Compact constructor for validation
public UserRecord {
Objects.requireNonNull(email);

Objects.requireNonNull(name);

// Custom methods al lowed
public String displayName() {

return name.toUpperCase();

// Traditional Class - When you need mutability or inheritance
public class UserClass {

private Long id;

private String email;

private String name;

// Constructor, getters, setters
// Business logic

// Inheritance hierarchy

public class RecordComparison {
public void explainDifferences() {
System.out.println("""
When to use Records:
Immutable data transfer objects (DTOs)
Configuration objects
Value objects (like Money, Email)

Response/Request objects in APIs

When to use Classes:

Need mutability
Complex business logic
Inheritance needed
Stateful operations

")



Question 7: Pattern Matching Use Cases (Java 17+)

java

public class PatternMatchingExamples {

// Type pattern matching
public String processObject(Object obj) {
return switch (obj) {
case String s -> "String with length: " + s.length();

case Integer i -> "Integer value: + 1;

case null -> "Null object";

case List<?> list & !list.isEmpty() -> "Non-empty list";

case int[] array -> "Array with length:

default -> "Unknown type";
¥

// Record pattern matching (Java 21 preview)
public double calculateArea(Shape shape) {
return switch (shape) {
case Point(int x, int y) -> ©;
case Circle(Point center, double radius) ->
Math.PI * radius * radius;
case Rectangle(Point topLeft, Point bottomRight) -> {
int width = bottomRight.x() - topLeft.x();
int height = bottomRight.y() - topLeft.y();
yield width * height;
}
default -> throw new IllegalArgumentException();

}s

// Guarded patterns
public void processNumber(Number n) {
if (n instanceof Integer i & i > 9) {

System.out.println("Positive integer: +1);

} else if (n instanceof Double d && d.isNaN()) {

+ array.length



System.out.println("Not a number");

Question 8: Sealed Classes Benefits and Use Cases

java
// Sealed hierarchy for payment processing
public sealed interface PaymentMethod

permits CreditCard, PayPal, CryptoPayment {

String processPayment(double amount);

final class CreditCard implements PaymentMethod {
private String cardNumber;

private String cvv;

@Override
public String processPayment(double amount) {

return "Processing $" + amount + " via Credit Card";

final class PayPal implements PaymentMethod {

private String email;

@Override
public String processPayment(double amount) {

return "Processing $" + amount + " via PayPal";

final class CryptoPayment implements PaymentMethod {

private String walletAddress;

@Override

public String processPayment(double amount) {



return "Processing $" + amount + " via Crypto";

public class SealedClassBenefits {
public void explainBenefits() {
System.out.println("""
Benefits of Sealed Classes:
Exhaustiveness in switch expressions
Controlled inheritance hierarchy
Better domain modeling

Compile-time safety

ui A W N

Pattern matching integration

s

Question 9: Stream API Performance Considerations

java
import java.util.*;

import java.util.stream.*;
public class StreamPerformance {

public void optimizationTips() {
List<Integer> numbers = IntStream.range(0, 1 000 _000)
.boxed()
.collect(Collectors.toList());

// Good practices
long count = numbers.stream()

.filter(n -> n % 2 == @) // Early filter reduces operations

.map(n -> n * 2) // Map after filter
.1imit(1000) // Early Llimit
.count();

// Bad practice - boxing overhead
IntStream.range(0, 1 000 000)



.boxed() // Avoid if possible
.filter(n -> n > 500_000);

// Better - use primitive streams
IntStream.range(0, 1_000_000)
.filter(n -> n > 500_000) // No boxing

.sum();

// Parallel streams - use carefully

double avg = numbers.parallelStream()
.filter(n -> n % 2 == 0)
.mapToInt(Integer::intValue)
.average()
.orElse(0);

System.out.println("""

Stream Optimization Tips:

. Use primitive streams (IntStream, LongStream)

Filter early, map later

Use 1limit() when possible

Avoid boxing/unboxing

Parallel streams for CPU-bound operations > 10K elements

A v A W N R

Collect to right-sized collections

s

Question 10: Optional Best Practices and Anti-patterns

java
import java.util.*;

import java.util.function.*;
public class OptionalBestPractices {

// Good practices
public String getUserName(Long userld) {
return findUser(userId)

.map(User: :getName)



.orElse("Guest");

public void processUser(Long userld) {
findUser(userId)
.ifPresentOrElse(
user -> sendWelcomeEmail(user),

() -> logMissingUser(userId)
)3

public Optional<String> findUserEmail(Long userId) {
return findUser(userId)

.flatMap(user -> user.getEmail());

// Anti-patterns
public void antiPatterns() {
Optional<String> optional = Optional.of("value");

// X Anti-pattern 1: Using get() without checking
// String value = optional.get(); // Throws if empty

// X Anti-pattern 2: Using isPresent() + get()
// i1f (optional.isPresent()) {

// String value = optional.get();

/7 }

// X Anti-pattern 3: Using Optional for fields

// private Optional<String> name; // Use null instead

// X Anti-pattern 4: Using Optional in collections
// List<Optional<String>> list; // Use filter 1instead
System.out.println("""

Optional Best Practices:

1. Use orElse() for default values

2. Use orkElseGet() for expensive defaults

3. Use orElseThrow() for required values



4, Use ifPresentOrElse() for side effects
5. Use map() and flatMap() for transformations

6. Never return null from Optional-returning method

)

Question 11: Immutability Patterns in Modern Java

java

import java.util.*;

// 1. Final class with final fields
public final class ImmutablePerson {
private final String name;
private final int age;
private final List<String> hobbies; // Mutable collection

public ImmutablePerson(String name, int age, List<String> hobbies) {
this.name = name;
this.age = age;
this.hobbies = List.copyOf(hobbies); // Defensive copy

// No setters
// Only getters return copies or immutable views
public List<String> getHobbies() {

return Collections.unmodifiablelList(hobbies);

// 2. Using Records (automatically immutable)
public record ImmutableUser(

String name,

int age,

List<String> hobbies
) {

// Compact constructor for validation

public ImmutableUser {



Objects.requireNonNull(name);
Objects.requireNonNull(hobbies);
hobbies = List.copyOf(hobbies);

// 3. Builder pattern for complex objects
public final class ImmutableConfig {
private final String host;
private final int port;
private final boolean ssl;

private ImmutableConfig(Builder builder) {
this.host = builder.host;
this.port = builder.port;

this.ssl = builder.ssl;

public static class Builder {
private String host = "localhost";
private int port = 8080;

private boolean ssl = false;

public Builder host(String host) { this.host = host; return this; }
public Builder port(int port) { this.port = port; return this; }

public Builder ssl(boolean ssl) { this.ssl = ssl; return this; }

public ImmutableConfig build() {

return new ImmutableConfig(this);

Question 12: Serialization Security Concerns and Solutions

java
import java.io.*;

import java.util.Base64;



public class SerializationSecurity {

// X Insecure serialization
public String insecureSerialize(Object obj) throws IOException {
ByteArrayOutputStream baos = new ByteArrayOutputStream();
try (ObjectOutputStream oos = new ObjectOutputStream(baos)) {
oos.writeObject(obj);
return Base64.getEncoder().encodeToString(baos.toByteArray());

// B Secure alternatives

public class SecureSerialization {

// 1. Use JSON/XML 1instead
public String serializeToJson(Object obj) {
// Use Jackson, Gson, etc.

return "{\"field\":\"value\"}";

// 2. Implement Serializable with care
public static class SecureObject implements Serializable {
private static final long serialVersionUID = 1L;

private transient String sensitiveData; // Mark sensitive fields

private void writeObject(ObjectOutputStream oos) throws IOException {
oos.defaultWriteObject();
// Encrypt sensitive data
String encrypted = encrypt(sensitiveData);

oos.writeUTF(encrypted);

private void readObject(ObjectInputStream ois)
throws IOException, ClassNotFoundException {
ois.defaultReadObject();
// Decrypt sensitive data
String encrypted = ois.readUTF();

this.sensitiveData = decrypt(encrypted);



// 3. Use Externalizable for full control
public static class SecureExternalizable implements Externalizable {

private String data;

@Override
public void writeExternal(ObjectOutput out) throws IOException {
out.writeUTF(encrypt(data));

@Override

public void readExternal(ObjectInput in)
throws IOException, ClassNotFoundException {
this.data = decrypt(in.readUTF());

public void securityRecommendations() {
System.out.println("""

Serialization Security Recommendations:

. Avoid Java serialization for network communication

Use JSON/XML/protobuf instead

Mark sensitive fields as transient

Implement custom readObject/writeObject

Validate objects during deserialization

Use ObjectInputFilter (Java 9+)

N o 1 A WN R

. Consider Externalizable for full control

)

Question 13: Annotation Processing and Code Generation

java
import java.lang.annotation.*;
import java.util.Set;

import javax.annotation.processing.*;



import javax.lang.model.element.*;

// Custom annotation
@Retention(RetentionPolicy.SOURCE)
@Target(ElementType.TYPE)
public @interface BuilderPattern {

String builderName() default "Builder";

// Annotation processor
@SupportedAnnotationTypes("“com.example.BuilderPattern™)
@SupportedSourceVersion(SourceVersion.RELEASE 21)

public class BuilderProcessor extends AbstractProcessor {

@Override
public boolean process(Set<? extends TypeElement> annotations,
RoundEnvironment roundEnv) {
for (TypeElement annotation : annotations) {
Set<? extends Element> elements =

roundEnv.getElementsAnnotatedWith(annotation);

for (Element element : elements) {
if (element.getKind() == ElementKind.CLASS) {
generateBuilderClass((TypeElement) element);

}

return true;

private void generateBuilderClass(TypeElement classElement) {
String className = classElement.getSimpleName().toString();
String builderName = classElement.getAnnotation(BuilderPattern.class)
.builderName();

// Generate builder class source code
String source = """
public class %sBuilder {

private %s instance = new %s();



public %sBuilder setField(String value) {
instance.field = value;

return this;

public %s build() {

return instance;

}

""", formatted(className, className, className,

className, className);

// Write generated source file

writeSourceFile(builderName, source);

Question 14: Java Module System (JPMS) Benefits

java
// module-info.java example
module com.example.application {
requires java.base;
requires java.sql;
requires transitive com.example.database;

requires static lombok;

exports com.example.api;

exports com.example.service to com.example.client;
opens com.example.internal to spring.core;
uses com.example.spi.ServiceProvider;

provides com.example.spi.ServiceProvider

with com.example.impl.ServiceProviderImpl;

public class ModuleSystemBenefits {



public void explainBenefits() {
System.out.println("""

JPMS Benefits:

1. Strong Encapsulation
F—— Explicit dependencies
— No more classpath hell

L— Better access control

2. Reliable Configuration
— Module declarations
F—— Version constraints

L— Dependency resolution

3. Improved Security
F—— Reduced attack surface
F—— JLink for minimal JREs
L— Better isolation

4. Performance
F—— Faster startup
F—— Smaller footprint
L— optimized class loading

5. Maintainability
— clear boundaries
F—— Better tooling support

L— Easier refactoring

s

Question 15: JIT Compiler Optimizations and Performance

java

public class JITOptimizations {

public void commonOptimizations() {

System.out.println(
JIT Compiler Optimizations (Java 21):



1. Inlining
F—— Method inlining
F—— Polymorphic inlining
L— Megamorphic call handling

2. Escape Analysis
— stack allocation
— Scalar replacement
L— Lock elision

3. Loop Optimizations
— Loop unrolling
— Loop vectorization
L— Range check elimination

4. Code Cache Management
— Tiered compilation
F—— Code profiling

L— peoptimization

5. Specialized Intrinsics
F—— Arrays.equals()
F—— String operations
L— Math functions

s

public void writelITFriendlyCode() {
// ﬂ Good practices
final int ITERATIONS = 10 _000;

int sum = 9;
// Hot loops should be simple

for (int i = @; 1 < ITERATIONS; i++) {

sum += i; // Simple operations

// Use Llocal variables



String local = "value";

// Avoid megamorphic call sites

List<Integer> list = new ArraylList<>();

// Better than: List<Integer> List = randomBoolean() ?
// new Arraylist<>() : new LinkedList<>();

// Use final for constants

final double PI = 3.14159;

System.out.println("""

JIT-Friendly Code Tips:

1. Keep hot methods small (< 35 bytes)
. Use local variables over fields

. Avoid megamorphic call sites

2
3
4. Use final for constants
5. Prefer simple loops

6. Use primitives over objects
7

Avoid unnecessary synchronization

s

@& PART B: DSA PATTERNS (25 Questions)

Question 16: Reverse Linked List (Iterative/Recursive)

java

public class LinkedListReversal {

// Iterative approach
public ListNode reverseIterative(ListNode head) {
ListNode prev = null;

ListNode current = head;



while (current != null) {
ListNode next = current.next;
current.next = prev;
prev = current;
current = next;

}

return prev;

// Recursive approach
public ListNode reverseRecursive(ListNode head) {
if (head == null || head.next == null) {

return head;

ListNode newHead = reverseRecursive(head.next);
head.next.next = head;
head.next = null;

return newHead;

// Reverse between positions m and n
public ListNode reverseBetween(ListNode head, int m, int n) {

if (head == null || m == n) return head;

ListNode dummy = new ListNode(9);
dummy.next = head;

ListNode prev = dummy;

// Move prev to node before m
for (int 1 = 1; 1 < m; i++) {

prev = prev.next;

// Reverse from m to n
ListNode current = prev.next;
ListNode next = null;

ListNode reverseTail = current;



for (int i = m; 1 <= n; i++) {
ListNode temp = current.next;
current.next = next;
next = current;

current = temp;

prev.next = next;

reverseTail.next = current;

return dummy.next;

Question 17: Detect Cycle in Linked List

java

public class CycleDetection {

public boolean hasCycle(ListNode head) {
if (head == null || head.next == null) {

return false;

}
ListNode slow = head;
ListNode fast = head;

while (fast != null && fast.next != null) {
slow = slow.next;

fast = fast.next.next;

if (slow == fast) {

return true;

}

return false;



// Find cycle starting node
public ListNode detectCycleStart(ListNode head) {
if (head == null || head.next == null) {

return null;

// Step 1: Detect 1if cycle exists
head;

head;

boolean hasCycle = false;

ListNode slow
ListNode fast

while (fast != null && fast.next != null) {
slow = slow.next;

fast = fast.next.next;

if (slow == fast) {
hasCycle = true;

break;

if (!'hasCycle) return null;

// Step 2: Find start of cycle
slow = head;
while (slow != fast) {

slow = slow.next;

fast = fast.next;

return slow;

// Find cycle Llength
public int cyclelLength(ListNode head) {
if ('hasCycle(head)) return 0;

ListNode meetingPoint = detectCycleStart(head);



ListNode current = meetingPoint;
int length = ©;

do {
current = current.next;
length++;

} while (current != meetingPoint);

return length;

Question 18: Merge K Sorted Lists

java

import java.util.*;
public class MergeKSortedLists {

// Using Priority Queue (Min-Heap)
public ListNode mergeKLists(ListNode[] lists) {
if (lists == null || lists.length == 0) return null;

PriorityQueue<ListNode> minHeap = new PriorityQueue<>(

(a, b) -> a.val - b.val

)5

// Add first node of each list
for (ListNode list : lists) {
if (list != null) {
minHeap.offer(list);

ListNode dummy = new ListNode(9);

ListNode current = dummy;

while (!minHeap.isEmpty()) {
ListNode smallest = minHeap.poll();



current.next = smallest;

current = current.next;

if (smallest.next != null) {
minHeap.offer(smallest.next);

return dummy.next;

// Divide and Conquer approach (More efficient)

public ListNode mergeKListsDivideConquer(ListNode[] lists) {
if (lists == null || lists.length == 0) return null;
return mergelLists(lists, @, lists.length - 1);

private ListNode mergelLists(ListNode[] lists, int left, int right) {
if (left == right) return lists[left];

int mid = left + (right - left) / 2;
ListNode leftList = mergelists(lists, left, mid);
ListNode rightList = mergelists(lists, mid + 1, right);

return mergeTwolLists(leftList, rightList);

private ListNode mergeTwolLists(ListNode 11, ListNode 12) {
ListNode dummy = new ListNode(9);

ListNode current = dummy;

while (11 != null && 12 != null) {
if (11.val <= 12.val) {
current.next = 11;
11 = 11.next;
} else {
current.next = 12;
12 = 12.next;



current = current.next;

current.next = (11 != null) ? 11 : 12;

return dummy.next;

// Complexity Analysis:

// Priority Queue: O(N Log K) time, O(K) space

// Divide & Conquer: O(N log K) time, 0(1) space (excluding recursion)
// Where N = total nodes, K = number of lists

Question 19: Binary Tree Level Order Traversal

java

import java.util.*;
public class BinaryTreeTraversal {

// Standard BFS approach
public List<List<Integer>> levelOrder(TreeNode root) {
List<List<Integer>> result = new ArrayList<>();

if (root == null) return result;

Queue<TreeNode> queue = new LinkedList<>();

queue.offer(root);

while (!queue.isEmpty()) {
int levelSize = queue.size();

List<Integer> currentlLevel = new ArraylList<>();

for (int 1 = 9; i < levelSize; i++) {
TreeNode node = queue.poll();

currentLevel.add(node.val);

if (node.left != null) {
queue.offer(node.left);



if (node.right != null) {

queue.offer(node.right);

result.add(currentLevel);

return result;

// Zigzag Level Order (Spiral)

public List<List<Integer>> zigzaglevelOrder(TreeNode root) {
List<List<Integer>> result = new ArraylList<>();
if (root == null) return result;

Queue<TreeNode> queue = new LinkedList<>();
queue.offer(root);
boolean leftToRight = true;

while (!queue.isEmpty()) {
int levelSize = queue.size();

LinkedList<Integer> currentLevel = new LinkedList<>();

for (int i = 0; i < levelSize; i++) {

TreeNode node = queue.poll();

if (leftToRight) {
currentLevel.addLast(node.val);
} else {

currentLevel.addFirst(node.val);

if (node.left != null) queue.offer(node.left);
if (node.right != null) queue.offer(node.right);

result.add(currentLevel);
leftToRight = !leftToRight;



return result;

// Bottom-up Level Order
public List<List<Integer>> levelOrderBottom(TreeNode root) {

List<List<Integer>> result = new LinkedList<>();

if (root == null) return result;

Queue<TreeNode> queue = new LinkedList<>();

queue.offer(root);
while (!queue.isEmpty()) {
int levelSize = queue.size();
List<Integer> currentLevel = new ArraylList<>();
for (int i = 0; i < levelSize; i++) {
TreeNode node = queue.poll();

currentLevel.add(node.val);
if (node.left != null) queue.offer(node.left);
if (node.right != null) queue.offer(node.right);

result.add(@, currentlLevel); // Add to front

return result;

Question 20: Validate Binary Search Tree

java
public class ValidateBST {

// Approach 1: Inorder Traversal (Recursive)

private TreeNode prev = null;



public boolean isValidBST(TreeNode root) {

return inorder(root);

private boolean inorder(TreeNode node) {
if (node == null) return true;

if (!inorder(node.left)) return false;

if (prev != null && node.val <= prev.val) {
return false;

}

prev = node;

return inorder(node.right);

// Approach 2: Iterative with Stack

public boolean isValidBSTIterative(TreeNode root) {
Stack<TreeNode> stack = new Stack<>();
TreeNode current = root;

TreeNode prev = null;

while (current != null || !stack.isEmpty()) {
while (current != null) {
stack.push(current);

current = current.left;

current = stack.pop();

if (prev != null && current.val <= prev.val) {
return false;

}

prev = current;

current = current.right;



return true;

// Approach 3: Min/Max boundaries
public boolean isValidBSTBoundaries(TreeNode root) {

return validate(root, null, null);

private boolean validate(TreeNode node, Integer min, Integer max) {

if (node == null) return true;
if ((min != null && node.val <= min) ||
(max != null && node.val >= max)) {

return false;

return validate(node.left, min, node.val) &&

validate(node.right, node.val, max);

// Check if BST 1is complete
public boolean isCompleteBST(TreeNode root) {

if (root == null) return true;

Queue<TreeNode> queue = new LinkedList<>();
queue.offer(root);
boolean foundNull = false;

while (!queue.isEmpty()) {

TreeNode node = queue.poll();

if (node == null) {
foundNull = true;

} else {
if (foundNull) return false; // Non-null after null
queue.offer(node.left);

queue.offer(node.right);



return true;

Question 21: Lowest Common Ancestor

public class LowestCommonAncestor {

// For Binary Tree (Not necessarily BST)

public
if

TreeNode lowestCommonAncestor(TreeNode root, TreeNode p, TreeNode q) {
(root == null || root == p || root == q) {

return root;

TreeNode left = lowestCommonAncestor(root.left, p, q);

TreeNode right = lowestCommonAncestor(root.right, p, q);

if

(left != null & right != null) {

return root; // Current node is LCA

return left != null ? left : right;

// For
public
if

//
if

//
if

Binary Search Tree (Optimized)
TreeNode lowestCommonAncestorBST(TreeNode root, TreeNode p, TreeNode q) {

(root == null) return null;

If both nodes are smaller, LCA is in left subtree
(p.val < root.val && qg.val < root.val) {

return lowestCommonAncestorBST(root.left, p, q);

If both nodes are Llarger, LCA 1s in right subtree
(p.val > root.val && q.val > root.val) {

return lowestCommonAncestorBST(root.right, p, q);



// If nodes are on different sides, current node is LCA

return root;

// With parent pointers (Like in graphs)
public TreeNode lowestCommonAncestorWithParent(TreeNode root, TreeNode p, TreeNod
e q) {
// Get depth of each node
int depthP = getDepth(p);
int depthQ = getDepth(q);

// Move deeper node up to same Level
while (depthP > depthQ) {
p = p.parent;
depthP--;
}
while (depthQ > depthP) {
q = q.parent;
depthQ--;

// Move both up until they meet
while (p !'= q) {

p = p.parent;

q = g.parent;

return p;

private int getDepth(TreeNode node) {
int depth = ©;
while (node != null) {
node = node.parent;
depth++;
}
return depth;



public int distanceBetweenNodes(TreeNode root, TreeNode p, TreeNode q) {
TreeNode lca = lowestCommonAncestor(root, p, q);

return distanceFromNode(lca, p) + distanceFromNode(lca, q);

private int distanceFromNode(TreeNode source, TreeNode target) {
if (source == null) return -1;

if (source == target) return 9;

int left = distanceFromNode(source.left, target);
if (left != -1) return left + 1;

int right = distanceFromNode(source.right, target);

if (right != -1) return right + 1;

return -1;

System Design (10 questions):

Question 26: Design Twitter Feed System
Key Components:

Fan-out-on-write for celebrity users
Fan-out-on-read for regular users
Hybrid approach for mid-tier influencers
Redis caching for hot feeds

Kafka for async processing

Cassandra for scalable storage

Graph database for social graph
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Java Implementation Points:

java

public class FeedService {



private FeedStrategy strategy;

public void postTweet(Long userId, String content) {
Tweet tweet = createTweet(userIld, content);

strategy.distributeTweet(userId, tweet);

public List<Tweet> getFeed(Long userId, int page) {
return strategy.getFeed(userId, page);

interface FeedStrategy {
void distributeTweet(Long userId, Tweet tweet);

List<Tweet> getFeed(Long userld, int page);

Question 27: Design URL Shortener (TinyURL)

Components:

62-base encoding (a-zA-Z0-9)

Distributed ID generation (Snowflake, UUID)
Redis cache for hot URLs

MySQL sharding by hash

Bloom filter for spam detection

Rate limiting per IP

Analytics pipeline
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Java Code Snippet:

java
public class URLShortener {

private static final String BASE62 = "0123456789ABCDEFGHIJKLMNOPQRSTUVWXYZabcdefg
hijklmnopgrstuvwxyz";

public String encode(Long id) {
StringBuilder shortURL = new StringBuilder();
while (id > @) {
shortURL.append (BASE62.charAt((int)(id % 62)));



id /= 62;
}

return shortURL.reverse().toString();

Question 28-35: Remaining System Design Questions

28.

29.

30.

31

32.

Design Rate Limiter

Token Bucket vs Leaky Bucket vs Fixed Window
Distributed Redis implementation
Sliding window log algorithm
Design Parking Lot
Object-oriented design patterns
Different vehicle types

Payment and reservation systems
Design Elevator System

State machine design

Scheduling algorithms
Multi-elevator coordination

. Design Cache System

LRU/LFU implementations
Distributed cache (Redis cluster)
Cache invalidation strategies
Design Payment Gateway
ldempotency keys

Circuit breaker pattern

Fraud detection pipeline
Reconciliation system

. Design Netflix/YouTube

CDN integration

Adaptive bitrate streaming
Recommendation engine
Watch history sync

. Design Uber/Lyft

Real-time location tracking
Ride matching algorithm
Surge pricing model
Driver allocation



35. Design Amazon Shopping Cart

e Distributed session management

e Inventory reservation

e Price calculation service

o Recommendation engine integration

[l Quick Reference: Complexity Chart

Problem Time Space Pattern
Reverse Linked List O(n) o(1) Two Pointers
Detect Cycle O(n) o(1) Fast & Slow
Merge K Lists O(N log K) O(K) Heap

Level Order O(n) O(n) BFS

Validate BST O(n) O(h) DFS

LCA O(n) O(h) Recursion

@ Interview Tips for 2026

Focus on Java 21 features - Virtual threads, pattern matching
Understand trade-offs - Not just solutions, but why one is better
Discuss scalability - How solution changes with data size
Mention testing - How would you test your solution

Ask clarifying questions - Show problem-solving approach
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4.3 Behavioral Questions Framework



STAR Method Template:

Situation: Describe the con

Task: Explain your responsibility
Action: Detail your specific actions
Result: Share measurable outcomes

Common Questions:

1. "Tell me about a challenging bug you fixed"

2. "Describe a time you improved system performance"
3. "How do you handle conflicting deadlines?"
4

. "Explain a technical decision you made"

Part 5: Projects & Portfolio

5.1 Project Ideas for 2026 Resume

Tier 1: Beginner (1-2 months)
— Distributed Task Scheduler
— REST API with Spring Boot
F—— Concurrent Web Scraper

L— Real-time Chat Application

Tier 2: Intermediate (2-3 months)
— E-commerce Microservices

— stock Trading Simulation

— Social Media Analytics

L— IoT Data Pipeline

Tier 3: Advanced (3-4 months)
F—— Blockchain Explorer

F—— Machine Learning Pipeline
F—— Video Streaming Service
L— Payment Gateway System



5.2 GitHub Profile Optimization

Pinned Repositories (6):
Main project with README
DSA solutions organized
Open-source contributions
Technical blog/writings

Utility libraries/tools
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Hackathon projects

Ll GitHub Stats:

- 1000+ commits in last year
- 50+ solved problems visible
- Green contribution graph

- Clean, documented code

5.3 Resume Template (ATS-Friendly)

markdown
# [Your Name]

## Java Backend Developer

## Technical Skills

### Languages: Java, SQL, Python

### Frameworks: Spring Boot, Hibernate, JUnit
### Databases: MySQL, PostgreSQL, MongoDB, Redis
### Tools: Git, Docker, Kubernetes, AWS

### Concepts: DSA, System Design, Microservices

## Experience

### [Current Role]

- Built scalable microservices handling 10K+ RPM
- Optimized API response time by 60%

- Implemented caching reducing DB load by 40%

## Projects
### [Project 1: Distributed System]

- Technologies: Java, Spring Cloud, Kafka, Redis



- Features: Event-driven architecture, Circuit breakers

- Impact: Reduced latency by 70%, 99.9% uptime

## Education

### [Degree], [University], [Year]

- Relevant Courses: Data Structures, Algorithms, DBMS
- GPA: [If > 3.5]

## Certifications
- Oracle Certified Professional: Java SE 17 Developer
- AWS Certified Developer - Associate

% Part 6: Resources & Tools

6.1 Learning Platforms

Free Platforms:

F—— LeetCode (300+ problems minimum)
F—— HackerRank (Java certification)
F—— Educative (Grokking patterns)
F—— YouTube (System Design channels)

L— Official Java Documentation

Paid Platforms:

F—— AlgoExpert ($100/year)

F—— DesignGurus ($200/year)

F—— Udemy (Angela Yu, Tim Buchalka)

L— Coursera (Princeton Algorithms)

6.2 Daily Practice Schedule

Morning (1 hour):

— 30 min: Review one DSA pattern



F—— 30 min: Solve 2 related problems

Afternoon (1 hour):
— 30 min: Java feature deep dive
— 30 min: Code reading/analysis

Evening (1 hour):
F—— 30 min: System design topic

— 30 min: Mock interview question

Weekly (Saturday):

F— 4 hours: Full mock interview
F—— 2 hours: Project development
L— 1 hour: Review & planning

6.3 Interview Preparation Timeline

2 Months Before:

F—— Complete 200+ DSA problems
F—— Master 15 patterns

F—— Build 2 projects

L— Update resume/LinkedIn

1 Month Before:

— 50+ mock interviews
F—— System design practice
F—— Behavioral prep

L— Company research

2 Weeks Before:

F—— Company-specific prep
— Review past solutions
F—— Relaxation techniques

L— Mock with real interviewers

1 Week Before:
F—— Light revision only



F—— Rest and sleep well
F— Interview logistics

L— positive visualization

6.4 Useful Commands & Snippets

java
sudo apt install openjdk-21-jdk

java --version

javac --version
export JAVA HOME=$(dirname $(dirname $(readlink -f $(which java))))

javac -d bin src

Progress Tracking Worksheets

DSA Problem Tracker



Problem L Date Time
# Pattern Difficulty Notes
Name Solved Taken
Used
Hash 2026- ]
1 Two Sum Easy 10 min HashMap for
Map 01-15
O(n)
Add Two Linked . 2026- . Edge case:
2 ) Medium 25 min
Numbers List 01-15 carry at end
300
System Design Practice Log
Date Problem Components Scalability Notes
2026- Design Feed, Timeline, ) Focus on fan-
] Sharding, Cache
02-01 Twitter Follow out
2026- Design Matching, Pricing, Geolocation, Real-time
02-08 Uber Tracking Queues updates

Mock Interview Feedback

Date Company Role Feedback Action Items

2026-03- Need faster problem Practice pattern
FAANG SDE2 . ‘

01 recognition matching




Date Company Role

Feedback

Action Items

2026-03-

Startup Backend
08

Strong coding, weak on
trade-offs

Study system design
patterns

Q5 Emergency Prep (Last-Minute)

24 Hours Before Interview

Morning:

— Review top 20 problems

— Practice coding without IDE
F—— Review company's tech stack

Afternoon:

F—— Light system design review
F—— Behavioral story rehearsal
— Technical concept flashcards

Evening:

F—— No more studying

F—— Prepare clothes & setup
F—— Early dinner & sleep

Interview Day:

— Light breakfast

F—— Review notes (30 min max)
F—— Technical setup test

F—— Deep breathing exercises

Common Interview Mistakes & Fixes




Mistake 1: Starting to code immediately

Fix: Spend 5-10 minutes discussing approach

Mistake 2: Ignoring edge cases

Fix: Mention edge cases before coding

Mistake 3: Poor variable naming

Fix: Use descriptive names from start

Mistake 4: Silent thinking
Fix: Think out loud constantly

Mistake 5: No time complexity analysis

Fix: Always mention Big O upfront

3% Final Motivation

Remember These Numbers

e 300: Target DSA problems to solve
e 15: Algorithm patterns to master

e 3: Production-quality projects

e 50: Mock interviews minimum

1: Job offer (quaranteed with effort)

Success Mantras for 2026

"Consistency beats intensity"
"Understand, don't memorize"
"Build, don't just solve"
"Network, don't just apply"
"Learn in public"
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& Quick Reference QR Codes
[QR Code Placeholders for:

GitHub Repository with Code Samples
LeetCode Profile Builder

System Design Diagrams

Interview Preparation Calendar

Java 21 Official Documentation]
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[ Final Checklist

Pre-Application Checklist

e 200+ DSA problems solved
e 2+ projects on GitHub

e Resume ATS-optimized

e LinkedIn profile updated

e LeetCode profile public

e Mock interviews completed
e Behavioral stories prepared
e Salary research done

e Company list ready

o References prepared

Daily Practice Checklist

e 2 DSA problems solved

e 1 Java concept reviewed

e 30 min system design study
e Code committed to GitHub

e Interview question practiced
e Technical article read

e Progress tracked in log



B Congratulations!

You now have the complete blueprint for Java + DSA mastery in 2026. This PDF contains
everything you need—from day one basics to advanced system design.

Your journey starts NOW. Print this guide, follow the roadmap, track your progress,
and in 6 months, you'll be interviewing for roles you once thought were out of reach.

Remember: Every expert was once a beginner. Every senior engineer once struggled
with their first binary tree problem. The difference between those who make it and those
who don't is persistence, not innate talent.

"The only way to learn a new programming language is by writing programs in it." —
Dennis Ritchie

Start coding today. Your future self will thank you.
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