String Algorithms in Java

Strings are everywhere, and efficient string manipulation is a key skill. Let’s look at the KMP algorithm, trie

data structure, and Rabin-Karp for pattern matching.

1. KMP Algorithm: Efficient String Matching

The Knuth-Morris-Pratt (KMP) algorithm preprocesses the pattern to avoid unnecessary comparisons, achiev-

ing O(n + m) time.

Java Implementation

public class KMP {
static void KMPSearch(String pat, String txt) {
int M = pat.length(), N = txt.length();
int[] 1lps = new int[M];
computeLPSArray(pat, M, lps);
int i = 0, j = 0;
while (i < N) {
if (pat.charAt(j) == txt.charAt(i)) { i++; j++; }
if (7 =M {
System.out.println("Found at " + (i - j));
j = 1lpslj - 11;
} else if (i < N && pat.charAt(j) != txt.charAt(i)) {
if (j '=0) j = 1psl[j - 11;

else it+;

static void computeLPSArray(String pat, int M, int[] 1lps) {
int len = 0, i = 1;
lps[0] = 0;
while (i < M) {
if (pat.charAt(i) == pat.charAt(len)) lps[i++] = ++len;
else if (len !'= 0) len = lps[len - 1];

else lps[i++] = 0;



public static void main(String[] args) {
String txt = "ABABDABACDABABCABAB";
String pat = "ABABCABAB";

KMPSearch(pat, txt);

Output: Found at 10

2. Trie: Prefix-Based Search

Tries store strings in a tree for fast prefix lookups, with space complexity proportional to the total characters.

Java Implementation

public class Trie {
static class TrieNode {
TrieNode[] children = new TrieNode[26];

boolean isEndOfWord;

TrieNode root = new TrieNode();

void insert(String word) {
TrieNode node = root;
for (char ¢ : word.toCharArray()) {
int index = c - 'a';
if (node.children[index] == null) node.children[index] = new TrieNode();
node = node.children[index];

}

node.isEndOfWord = true;

boolean search(String word) {
TrieNode node = root;
for (char ¢ : word.toCharArray()) {
int index = c - 'a';
if (node.children[index] == null) return false;

node = node.children[index] ;



return node.isEndOfWord;

public static void main(Stringl[] args) {
Trie trie = new Trie();
trie.insert("apple");
System.out.println("Apple: " + trie.search("apple"));

System.out.println("App: " + trie.search("app"));

Output:

Apple: true
App: false

3. Rabin-Karp: Hash-Based Matching

Rabin-Karp uses hashing to find patterns, averaging O(n + m) time but with a worst-case of O(nm).

Java Implementation

public class RabinKarp {
public static void search(String pat, String txt, int q) {
int d = 256, M = pat.length(), N = txt.length(), p =0, t =0, h = 1;
for (int 1 = 0; i <M - 1; i++) h = (h * d) % q;
for (int i = 0; i < M; i++) {
p = (d * p + pat.charAt(i)) % q;
t = (d * t + txt.charAt(i)) % q;
+
for (int i = 0; i <= N - M; i++) {
if (p == t) {
boolean match = true;
for (int j = 0; j < M; j++) {
if (pat.charAt(j) != txt.charAt(i + j)) { match = false; break; }
}
if (match) System.out.println("Found at " + i);
}
if A <N-M {
t = (d * (¢t - txt.charAt(i) * h) + txt.charAt(i + M)) % q;
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if (£ < 0) t += q;

public static void main(String[] args) {

String txt = "GEEKSFORGEEKS";
String pat = "GEEKS";
int q = 101; // Prime number

search(pat, txt, q);

Output:

Found at O

Found at 8
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