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What is the length of the shortest 𝑎 ⇝ 𝑓 path in the 
graph whose adjacency list representation is below?
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Today's Learning Outcomes

CS 2110 3

90. Describe adjacency list and matrix representations of a graph and 
compare the space/time complexities of operations on each of these 
representations.

91. Perform BFS and DFS traversals of a given graph by hand and in 
code.

92. Visualize the state of a graph traversal at a given point of its 
execution, describing each node as either undiscovered, discovered, 
visited, and/or settled.
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Recall: (Improved) Adjacency List Representation

class AdjListGraph implements Graph<…> { 
    record AdjListEdge(…) implements Edge<…> { } 

    static class AdjListVertex implements Vertex<…> { 
        String label;
        HashMap<String, AdjListEdge> outEdges;
    } 
    
    private HashMap<String, AdjListVertex> vertices;
    
    // methods 
}

Runtime Complexities: 

Check for a vertex:

Check for an edge/neighbor:

Iterate over all vertices:

Iterate over all edges:

Iterate over neighborhood:

Space Complexity: 
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Graph Traversals
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Navigating a Maze
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Depth-First Search (DFS)
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A First Attempt
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/** Returns whether there is a path from `source` 
 *    to `dest` in this graph. */ 
public static <…> boolean dfs(V source, V dest) {
    if (source == dest) {   return true;   }

    for (E edge : source.outgoingEdges()) { 
        if (dfs(edge.head(), dest)) {   return true;  }
    }
    return false;
}
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Vertex Status During Search
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Coding Demo: 

10

Fixing our DFS Code
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(A)

(B)

(C)

(D)

𝑐, 𝑎, 𝑑, 𝑔, 𝑒

In which order will the vertices be discovered during 
a DFS from 𝑐 to 𝑒 of the following graph? Assume 
neighbors are discovered in alphabetical order.

𝑐, 𝑎, 𝑏, 𝑎, 𝑑, 𝑔, 𝑒

𝑐, 𝑎, 𝑏, 𝑓, 𝑑, 𝑔, 𝑒

𝑐, 𝑎, 𝑏, 𝑑, 𝑔, 𝑒

𝑐

𝑎

𝑓

𝑏

𝑔

𝑒𝑑
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DFS Complexity
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boolean dfsRec(V current, V dest, Set<String> discovered) {
  if (current == dest) {  return true; }
  for (E edge : current.outgoingEdges()) { 
      V neighbor = edge.head();
      if (!discovered.contains(neighbor.label())) { 
          discovered.add(neighbor.label()); 
          if (dfsRec(neighbor, dest, discovered)) {  return true; }
      }
  }
  return false;
}
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(A)

(B)

(C)

(D)

𝑂(1)

What is the space complexity of our DFS implementation?

𝑂(|𝑉|)

𝑂(|𝐸|)

𝑂( 𝑉 + |𝐸|)

boolean dfsRec(V current, V dest, Set<String> discovered) {
  if (current == dest) {  return true; }
  for (E edge : current.outgoingEdges()) { 
      V neighbor = edge.head();
      if (!discovered.contains(neighbor.label())) { 
          discovered.add(neighbor.label()); 
          if (dfsRec(neighbor, dest, discovered)) {  return true; }
      }
  }
  return false;
}
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Search vs. Traversal
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Coding Demo: 
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DFS Traversal Actions
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Visitation vs Settlement Orders
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𝑠
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𝑐

𝑑

𝑡

Runtime 
Stack

Visitation: 

Settlement:
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Breadth-First Search
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Coding Demo: 
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BFS
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(A)

(B)

(C)

(D)

𝑐, 𝑎, 𝑓, 𝑑, 𝑔, 𝑏, 𝑒

In which order will the vertices be visited in a BFS 
traversal of the following graph starting from 𝑐? Assume 
neighbors are discovered in alphabetical order.

𝑐, 𝑎, 𝑑, 𝑏, 𝑓, 𝑔, 𝑒

𝑐, 𝑎, 𝑓, 𝑑, 𝑔, 𝑏, 𝑒

𝑐, 𝑎, 𝑓, 𝑑, 𝑔, 𝑒, 𝑏

𝑐

𝑎

𝑓

𝑏

𝑔

𝑒𝑑
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Traversal Levels
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BFS Complexity
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while(!frontier.isEmpty()) {
    V v = frontier.remove();
    if (v == dest) {  return true; }

    for (E edge : v.outgoingEdges()) { 
        V neighbor = edge.head();
        if (!discovered.contains(neighbor.label())) {
            discovered.add(neighbor.label());
            frontier.add(neighbor);
        }
    }
}
return false;
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Setting up Next Lecture
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𝑐

𝑎

𝑓

𝑏

𝑔

𝑒𝑑

Highlight the edges that discovered new vertices during BFS 

What structure do these edges form?
How do these edges help us find paths from the source vertex?


