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Let G = (V, E) denote a directed graph with a vertex set V and an edge set E, and let

N =[G, w] denote a network obtained from G by assigning a real value w(e) to each edge
e € I as its weight. For two vertices u,v € V, a directed path P C E from u to v is
called simple if it does not visit the same vertex more than once, and its weight w(P) is
defined to be .. pw(e). The distance d{u,v) from u to v is defined to be the minimum
among the weights w(P) of simple paths P from u to v, where d(u,v) = 0 for v = v, and
d(u,v) is defined to be co if G has no path P from u to v. Given a designated vertex
s € V, the single source shortest path problem requires to compute the distance d(s, v) for

all vertices v € V. Answer the following questions.

(i) Assume that N has no directed cycle. Describe a linear-time algorithm for the single

source shortest path problem together with a proof for its correctness.

(i) Assume that all edge weights in N are nonnegative, where N possibly contains a
directed cycle. Describe Dijkstra’s algorithm for the single source shortest path

problem together with a proof for its correctness. Also evaluate its time complexity.

(ili} If N contains an edge with a negative weight, then Dijkstra’s algorithm may fail to
output the correct distance. Construct such an example, and explain how Dijkstra’s

algorithm fails to compute the correct distance.



