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What about Negative 
edge weights?
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where does old argument 
break down

Recall this line in our proof of Dijkstra:

w(p) = dy + w(y, u)i
V Teretied on thisda

value being

non negative
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2nd problem: cycles
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first ideas: Add to each edge

S u
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Idea: add a constant to each edge so that all weights are non-negative

Problem: this can change the shortest paths of the graph.
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shorti,v =

sssp(G,s)
Length of the shortest path from s to v that uses at 
most  edges.i

Two possibilities:
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1 i = 0
0 v = s

minx2V

⇢
shorti�1,v

shorti�1,x + w(x, v)
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max len of a simple path:
I
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max len of a simple path:

The max length of a path from s to v is . 
Otherwise, the path contains a cycle.

|V | − 1



bellman-ford(G,s)
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bellman-ford(G, s)
1 short0,s ⇥ 0
2 ⇧v ⌅ V � {s}, short0,v ⇥⇤
3 for i = 1, . . . , V � 1
4 do for each v ⌅ V � {s}

5 do shorti,v = minx⇥Adj (v)

�
shorti�1,v

w(x, v) + shorti�1,x

⇥
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iterating over all the

edges in the graph
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applications of BF
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First approach: run BF from each node. 
What is the running time?
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First approach: run BF from each node. 
What is the running time? O(EV2)
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ashorti,j,k =

new approach to all-pairs

Length of the shortest path from  to  that only 
traverses nodes .

i j
1,…, k



i j

k

ashorti,j,k = Q: how does node k help in 
getting from i to j?

min
ashiti.sn
ashouting it ashortkj.vei
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k i



ashorti,j,k =
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floyd-warshall(G,W)
INITIALIZE ASHORT j O V3

for K 1 to V versus

OCEVYfor it to U

for 5 1 to V
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