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(a) _F_ In a weighted undirected graph G = (V| E,w), breadth-first search from a vertex s finds
single-source shortest paths from s (via parent pointers) in O(V + E) time.

False. Only in unweighted graphs

(b) _T_ In a weighted undirected tree G = (V, E,w), breadth-first search from a vertex s finds
single-source shortest paths from s (via parent pointers) in O(V + E) time.

True. In a tree, there is only one path between two vertices, and breadth-first search finds it.

(¢) _T_ In a weighted undirected tree G = (V, E,w), depth-first search from a vertex s finds
single-source shortest paths from s (via parent pointers) in O(V + E) time.

True. In a tree, there is only one path between two vertices, and depth-first search finds it.

(d) _F_ If a graph represents courses and their prerequisites (i.e., an edge (u,v) indicates that
course v must be taken before course v), then the breadth-first search order of vertices is a
valid order in which to pass the courses.

No, you'd prefer depth-first search, which can easily be used to produce a topological sort
of the graph, which would correspond to a valid course order. BFS can produce in correct
results.

(e) _F_ Dijkstra’s shortest-path algorithm may relax an edge more than once in a graph with a
cycle.

False. Dijkstra’s algorithm always visits each node at most once; this is why it produces an
incorrect result in the presence of negative-weight edges.

(f) _F_ Given a weighted directed graph G = (V, E,w) and a source s € V, if G has a negative-
weight cycle somewhere, then the Bellman-Ford algorithm will necessarily compute an incorrect
result for some d(s,v).

False. The negative-weight cycle has to be reachable from s.

(g) _F_In a weighted directed graph G = (V, E, w) containing a negative-weight cycle, running the
Bellman-Ford algorithm from s will find a shortest acyclic path from s to a given destination
vertex ¢.

False. Bellman-Ford will terminate, and can detect the presence of that negative-weight cycle,
but it can’t “route around it.” (You could always remove an edge to break the cycle and try
again, though.)

(h) _F_ The bidirectional Dijkstra algorithm runs faster than the Dijkstra algorithm even in a
worst-case.

False.The constant factor behind bidirectional Dijkstra is better, but the worst-case running
time is the same.

(i) _T_ Given a weighted directed graph G = (V, E,w) and a shortest path p from s to t, if we
doubled the weight of every edge to produce G’ = (V, E,w’), then p is also a shortest path in
G".

True. Multiplying edge weights by any positive constant factor pre-serves their relative order,
as well as the relative order of any linear combination of the weights. All path weights are
linear combinations of edge weights, so the relative order of path weights is preserved. This
means that a shortest path in G will still be a shortest path in G”.
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Priority Queue Construction: O(V)

V times ExtractMin: O(V x log V)

Traversing Adjacency Matrix: O(V?)

Updating costs vector: O(E)

E times ChangePriority: O(E X logV)

Total Complexity: O(E x logV + V?2).

For dense graph E is O(V?2). Therefore dense graph complexity is O(V?2 x log V).
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Priority Queue Construction: O(V)

V times ExtractMin: O(V?)

Traversing Adjacency Matrix: O(V?)

Updating costs vector: O(E)

ChangePriority: O(E x 1)

Total Complexity: O(E + V?2).

For dense graph E is O(V?2). Therefore dense graph complexity is O(V?2)
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) public int MyAlgorithm(int?[,] adjMatrix)

v {

* int nodeCount = adjMatrix.GetLength(0);

¥ bool[] processed = Enumerable.Repeat(false, nodeCount).ToArray();
® int[] costs = Enumerable.Repeat(int.MaxValue, nodeCount).ToArray();
5 costs[0] = 0;

v var priorityQ = new PriorityQueue(

A keys: costs, values: Enumerable.Range(0,nodeCount));

q while (priorityQ.Count > 0)

B {

" var v = priorityQ.ExtractMinKey();

VY for (int z = 0; z < nodeCount; z++)

w if (adjMatrix([v, z].HasValue)

VE if (!processed[z] && costs[z] > adjMatrix[v, z].Value)
10 {

Ve costs[z] = adjMatrix[v, z].Value;

W priorityQ.ChangePriority(z, costs[zl]);

\A ¥

T} processed[v] = true;

Y }

Y return costs.Sum();

Yy }
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6.006: Introduction to Algorithms
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