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Announcements

Lab 8 on Friday
→ Short survey… should be free points for 
you

First portion of Program 3 is posted

Next class (April 2nd) will be an 
asynchronous lecture (I’ll post a lecture 
recording but no in-person lecture)



Graphs

0

1

2

3

4

5

33

G  = (V, E)



Graphs

Adjacency List

0

1

2

3

4

5

{1,2}

{0,2,3}

{0,1,4}

{1,4,5}

{2,3,5}

{3,4}

0

1

2

3

4

5

44



Graphs - Paths

0

1

2

3

4

5

Is there a path from node 0 to node 5?
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Is there a path from node 0 to node 5?
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Graphs - Paths

Is there a path from node 0 to node 5?
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{3,4} We need a better process 
than “eyeballing it” for 
finding paths.  
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Graphs - Paths
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there is a path from node 0 to node 5?
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Graphs - Paths
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What is a generalizable process to see if 
there is a path from node 0 to node 5?

Start at node 0. 
Go to each neighbor.
Check each neighbor’s neighbor.
Check each neighbor’s neighbor’s neighbor…. 10



Binary Search Tree - Traversal
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public void depthFirst(Node n) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

Recursion:

• Calling a method from inside itself.

• Solve the problem by solving 
identical smaller problems.

• What is the “smaller problem”?

• Process the left side, then 
process the right side.

30
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Binary Search Tree - Traversal
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public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}
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Binary Search Tree - Traversal
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    if (n != null) {
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Binary Search Tree - Traversal
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public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(17) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}
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Binary Search Tree - Traversal
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public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(17) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
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Binary Search Tree - Traversal
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public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(17) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
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}
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Binary Search Tree - Traversal
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54 82
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68 80

93

public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(8) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(17) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}
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Binary Search Tree - Traversal
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public void depthFirst(44) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(8) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}

public void depthFirst(17) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
        depthFirst(n.getRight());
    }
}
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Graphs - Traversal

public void depthFirst(Node n) {
    if (n != null) {
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public void depthFirst(Node n) {
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Graphs - Traversal

public void depthFirst(Node n) {
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Graphs - Traversal

public void depthFirst(Node n) {
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Graphs - Traversal

public void depthFirst(Node n) {
    if (n != null) {
        System.out.println(n.getValue());
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Graphs - Traversal

public void depthFirst(Node n) {
    if (n != null) {
        System.out.println(n.getValue());

        depthFirst(n.getLeft());
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for (int neighbor : getNeighbors(n)) {
   depthFirst(neighbor);
}
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Graphs - Traversal
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public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        depthFirst(neighbor);
    }
}
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public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        depthFirst(neighbor);
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}

 

 
 
 
 
 

Run-time Stack

Output
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What neighbors should we 
call depthFirst() on?

Neighbors that have not 
already been visited.
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Graphs - Traversal
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public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        depthFirst(neighbor);
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}
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What neighbors should we 
call depthFirst() on?

Neighbors that have not 
already been visited.

How can we do that?
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Graphs - Traversal
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public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        depthFirst(neighbor);
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}
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Graphs - Traversal
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        depthFirst(neighbor);
    }
}
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Graphs - Traversal
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}

49



Graphs - Traversal
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
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    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
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    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
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}  
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}  
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Graphs - Traversal

0

1

2

3

4

5

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}  
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}

Graphs - Traversal
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Graphs - Traversal
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private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal

0

1
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4
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6
private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(5)
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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5Output
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depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(6)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(6)
depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(1)
depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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depthFirst(0)

Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Traversal
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Run-time Stack

private boolean visited[] = new boolean[getNumVertices()];

public void depthFirst(int n) {
    System.out.println(n);
    visited[n] = true;

    for (int neighbor : getNeighbors(n)) {
        if (!visited[neighbor]) {
            depthFirst(neighbor);
        }
    }
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

public boolean reachable(int endVertex) {
   return visited[endVertex];
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

public boolean reachable(int endVertex) {
   return visited[endVertex];
}

0
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4

5

How do we get actual 
paths between vertices?
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(1)
depthFirst(0)

Run-time Stack

0

1

2

3

4

83



Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

86



Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(0)
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
90



Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 

depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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Was a path identified when determining 
that 0 and 3 are connected?

 YES!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

 
 
 
depthFirst(3)
depthFirst(4)
depthFirst(2)
depthFirst(1)
depthFirst(0)

Run-time Stack
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What else was identified?

 A path from 0 to everything 
connected to 0!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

What else was identified?

 A path from 0 to everything 
connected to 0!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

What else was identified?

 A path from 0 to everything 
connected to 0!
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

How can we store/compute these paths?
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Graphs - Paths

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths

0 -
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths

0 -

1 0

2

3

4

5

6

7

int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths
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int[] previousVertex

How can we store/compute these paths?

 What if, for each vertex, we stored 
the previous vertex?
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Graphs - Paths

How do we determine the path from 0 to 6?
 

0 -

1 0

2 1

3 4

4 2

5 1

6 5

7 6

int[] previousVertex

3

75

6

4

1

2

0

108



Graphs - Paths

How do we determine the path from 0 to 6?

 Start at vertex 6. 
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Graphs - Paths

How do we determine the path from 0 to 6?

 Start at vertex 6. Find its previous 
vertex. 
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Graphs - Paths

How do we determine the path from 0 to 6?

 Start at vertex 6. Find its previous 
vertex. Find its previous vertex
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Graphs - Paths

0 -

1 0

2 1
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int[] previousVertex

How do we determine the path from 0 to 6?

 Start at vertex 6. Find its previous 
vertex. Find its previous vertex… 

 until we get back to the start (0).
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

How do we determine the path from 0 to 3?
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Graphs - Paths

What do we need to do in the code?

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         previousVertex[?????] = ?????;
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         previousVertex[vertex] = neighbor;
         dfs(graph, neighbor);
      }
   }
}

3

75

6

4

1

2

0

123



Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         previousVertex[neighbor] = vertex;
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public        ???          getPathTo(int endVertex) {
   
      
   
                    
      
         
      
      
      
   
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public        ???          getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      
   } else {
                    
      
         
      
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public        ???          getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
                    
      
         
      
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public        ???          getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
                    ??    path = ??
      
         
      
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public        ???          getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      
         
      
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      
         
      
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = ??       ;                 ;                      ) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v ??            ;                      ) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex;                      ) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         previousVertex[neighbor] = vertex;
         dfs(graph, neighbor);
      }
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

private boolean[] visited;
private int[] previousVertex;
private int startVertex;

public DepthFirstSearch(Graph graph, int startVertex) {
   visited = new boolean[graph.getNumVertices()];
   previousVertex = new int[graph.getNumVertices()];
   this.startVertex = startVertex;
   dfs(graph, startVertex);
}

private void dfs(Graph graph, int vertex) {
   visited[vertex] = true;

   for (int neighbor : graph.getNeighbors(vertex)) {
      if (!visited[neighbor]) {
         previousVertex[neighbor] = vertex;
         dfs(graph, neighbor);
      }
}  }
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex;                      ) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex; v ??                 ) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex; v = previousVertex[v]) {
         
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex; v = previousVertex[v]) {
         path.add(v);
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex; v = previousVertex[v]) {
         path.addFirst(v);
      }
      
      
   }
}
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Graphs - Paths

What do we need to do in the code?
     1 – Create/Initialize previousVertex
     2 – Populate previousVertex
     3 – getPathTo(int endVertex)

public LinkedList<Integer> getPathTo(int endVertex) {
   if (!reachable(endVertex)) {
      return null;
   } else {
      LinkedList<Integer> path = new LinkedList<>();
      for (int v = endVertex; v != startVertex; v = previousVertex[v]) {
         path.addFirst(v);
      }
      path.addFirst(startVertex);
      return path;
   }
}
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Control Flow Graph (CFG)
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Identifying malware
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