CHAPTER 02

DFS of Graph

e EASY

m Introduction

DFS (Depth-First Search) is like exploring a maze: go as deep as possible down one path before backtracking to
try another. Unlike BFS (queue, level-by-level), DFS uses a stack (or recursion) to dive deep first.

m Core Intuition

DFS Properties

Uses STACK (implicit via recursion, or explicit Stack).
e Goes deep into one branch completely before exploring siblings.
e Good for: cycle detection, topological sort, connected components, path finding.

¢ NOT guaranteed to find shortest path (unlike BFS).

m Visual — DFS Traversal
DFS Trace
Graph: DFS fromO (exploring in order):
0--1Visit 0 - goto 1l
0-- 2 Visit 1 - goto 3
1 -- 3 Visit 3 - no unvisited neighbors, BACKTRACK
1-- 4Back at 1 -~ go to 4
2 -- 5 Visit 4 - BACKTRACK - Back at 1 - BACKTRACK

Back at 0 -~ goto 2 - goto 5

DFS Oder: 0 -1 - 3 -4 52 -5 5

(CGoes deep into branch 1 first, then backtracks to explore branch 2)

m Java Implementation
NEE!
// mm Recursive DFS EEEEEEEESESEEESSSEESSEESSSEESSESESSEEEEEEEEEEER
class Sol ution {
public ArraylList<lnteger> df sOf G aph(int V, ArrayList<ArrayList<lnteger>> adj) {
Arraylist<integer> result = new ArraylList<>();
bool ean[] visited = new bool ean[ V] ;

df s(0, adj, visited, result);
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return result;

}

private void dfs(int node, Arraylist<ArraylList<Integer>> adj,
bool ean[] visited, ArraylList<Integer> result) {
vi sited[ node] = true;

resul t.add(node); // Process current node

for (int neighbor : adj.get(node)) {
if (!visited[neighbor]) {
df s(nei ghbor, adj, visited, result); // Recurse deep

}

// mm |terative DFS using Stack EEESESEESESEEESSEEESEENESEEEEENEEEEE
public ArraylList<lnteger> dfslterative(int V, ArraylList<ArrayList<Integer>> adj) {
Arraylist<integer> result = new ArraylList<>();

bool ean[] visited = new bool ean[ V] ;

Deque<l| nt eger> stack = new ArrayDeque<>();

st ack. push(0);

while (!stack.isEmpty()) {

int node = stack. pop();

if (visited[node]) continue;

vi si ted[ node] = true;

resul t.add(node);

/| Push nei ghbors (reverse order to maintain left-to-right)

Li st <l nt eger > nei ghbors = adj . get (node) ;

for (int i = neighbors.size()-1; i >= 0; i--)

st ack. push(nei ghbors. get(i));

}

return result;

}

mm Time & Space Complexity

Case Time Space Why
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Time O(V +E) o) Each vertex and edge processed once

Rec. Space Oo(V) Oo(V) Call stack depth = longest DFS path (up to V)

mm Common Mistakes

Avoid These
* Not marking visited — causes infinite recursion/loop on cyclic graphs.
e Confusing DFS order with inorder/preorder tree traversal — graph DFS is different.

e Stack overflow on very deep graphs — iterative version is safer.

m Practice Problems

Case Time Space Why

Easy GFG DFS of Graph Direct implementation

Medium LC 200 Number of DFS on grid
Islands

Medium LC 130 Surrounded DFS from boundary
Regions

Hard LC 329 Longest Path in  DFS + memoization
Matrix

m Mental Model

Remember Forever

» "DFS is an explorer who always takes the first available unexplored path, keeps going until a dead end,
then backtracks. BFS = ripple in water. DFS = explorer in a maze."
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