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Single-Source Shortest Path Problem
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Dijkstra's algorithm
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® Approach: Greedy

®* Input: Weighted graph G={E,V} and source vertex vE&V, such that all
edge weights are nonnegative

® Output: Lengths of shortest paths (or the shortest paths themselves)
from a given source vertex vEV to all other vertices



dist[s] <o (distance to source vertex is zero)
for all v e V-{s}

do dist[v] <0 (set all other distances to infinity)

S—0@ (S, the set of visited vertices is initially empty)
Q—V (Q, the queue initially contains all vertices)
while Q =0 (while the queue is not empty)
do u < mindistance(Q,dist) (select the element of Q with the min. distance)

S—Su{u} (add u to list of visited vertices)

for all v € neighbors[u]

do if dist[v] > dist[u] + w(u, v) (if new shortest path found)
then d[v] «d[u] + w(u, v) (set new value of shortest path)

(if desired, add traceback code)

return dist
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Implementations and Running Times
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Dijkstra's Algorithm - Why It Works
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® Lemma 1: Triangle inequality
If 6(u,v) is the shortest path length between u and v,

6(u,v) < 6(u,x) + 6(x,v)

® Lemma 2:
The subpath of any shortest path is itself a shortest path.
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Applications of Dijkstra's Algorithm

- Traffic Information Systems are most prominent use

- Mapping (Map Quest, Google Maps)

- Routing Systems
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Fouter A
Routing Table

Togoto Foutevia
network: port #:

10.0.0.0 1
20000 2
30.0.0.0 3
40.0.0.0 1
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