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If s>a—b—c—d—v and s—a—x—y—d—u are shortest paths,
then s—a—b—c—d—u is also a shortest path.
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Figure 8.3. There is no shortest walk froms to t.
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Figure 8.4. An undirected graph where shortest paths from s are unique but do not define a tree.
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dist(wW)+ wlu-v) = dist(v)
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T dense 6%@5 s relox
Tlam:

K@y doce ofF ol elortms.

RELAX(u—vV):
dist(v) « dist(u) + w(u—v)
pred(v) < u
GENERICSSSP(s):
INITSSSP(s): I1\1IJIthS iSnSf}EZ)ba
dist(s) « O P &

while the bag is not empty
take u from the bag
for all edges u—v
if u—v is tense
RELAX(u—V)
put v in the bag

pred(s) « NULL

for all vertices v # s
dist(v) « oo
pred(v) « NULL
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Algorithm 2: Dijkstra’s Algorithm
Input: Digraph G = (V, E) with edge-weights w, > 0 and
source vertex s € G

Output: The shortest-path distances from s to each vertex

21 add s to heapwith key 0 ‘
\ Y- P s

22 forv e V\ {s} do
23 ’ add v to heap with key oo
24 while heap not empty do

25 | u ¢ deletemin V@R
26 | for v aneighbor of u do é/

27 ‘ key(v) < min{ key(v), key(u) + wyy } // relax uv

vv\v/\

Four phases of Dijkstra’s algorithm run on a graph with no negative edges.
At each phase, the shaded vertices are in the heap, and the bold vertex has just been scanned.
The bold edges describe the evolving shortest path tree.
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Algorithm 2: Dijkstra’s Algorithm
Input: Digraph G = (V, E) with edge-weights w, > 0 and
source vertex s € G

Output: The shortest-path distances from s to each vertex
21 add s to heap with key 0

22 forv e V\ {s} do B \f\ \/ /}"D Ql’e
2.3 ‘ add v to heap with key oo \%*/g_) %ﬁ A

24 while heap not empty do 0%7%
25 u < deletemin —
26 \| for v a neighbor of u do A \PQC/
27 ey min{ key(v), key(u) + wyo } // relax uv
L~ —
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Figure 8.3. There is no shorte

Qwalk omstot.
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INITSSSP(s):
dist(s) « 0
pred(s) « NULL
for all vertices v # s
dist(v) « oo
pred(v) « NULL

GENERICSSSP(s):
INITSSSP(s)
put s in the bag
N while the bag is not empty
take u from the bag
for all edges u—v
if u—v is tense
RELAX(u—V)

put v in the bag




BELLMANFORD(s)
INITSSSP(s)

_~repeat V —1 times
—~for every edge u—v
(if u—v is tense
RELAX(u—V)

for every edge u—v
if u—v is tense
return “Negative cyclé!”
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Algorithm 3: The Bellman-Ford Algorithm U V\ '{\ V\/\Q/ !

Input: A digraph G = (V, E) with edge weights w, € R, and
source vertex s € V
Output: The shortest-path distances from s to each vertex, or

report that a negative-weight cycle exists
3a dist(s) =0 // the source has distance 0 ©
32 forv € V do
3.3 ’ dist(v) — 00

34 for |V| iterations do

35 | foredgee= (u,v) € Edo

3.6 ‘ dist(v) < min{dist(v), dist(u) + weight(e)}

37 If any distances changed in the last (n'") iteration, output “G
has a negative weight cycle”.
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Figure 9.1. Increasing all the edge weights by 2 changes the shortest path froms to t.
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add a new vertex s —
R\M/\«d\(/'\e ‘ for every vertex v > .
v s

for every ve
[/L,@ fu, ](—DIJKSTRA(V E,w',u)
> Compu /stances

_ &/ for every vertex u
for every vertex v >

[omg

JOHNSONAPSP(V,E, w) :

—+—(Add an artificial source))

add a new edge s—
w(s—=v) <0

((Compute vertex prices)) %
dist[s, -] < BELLMANFORD(V, E,w, s

if BELLMANFORD found a negative cycle

OC\/ l%/

fail gracefully
6 ((Reweight the edges))
03 for e edge u—v € E
—v) « dist[s,u] + w(u—v) —dist[s, v]

(\< ((Compute reweighted shortest path distances))

-/
\/ — dist[u, v] « dist'[u, v] —dist[s, u] + dist[s, v]
/

Figure 9.2. Johnson's all-pairs shortest paths algorithm
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ifr=0
Hr=uv .

dist(u,v,r —1) ,
. otherwise
ist(u,r,r—1)+dist(r,v,r — 1)
—— — _/‘

dist(u,v,r) = {
—> ST




KLEENEAPSP(V, E, w):

for all vertices

u

for all vertices v

dist[u,v,0] « w(u—v)

forr—1toV

for all vertices u

for all vertices v
if dist[u,v,r —1] < dist[u,r,r — 1]+ dist[r,v,r — 1]
dist[u, v, r] « dist[u,v,r — 1]

else

dist[u, v, r] « dist[u,r,r — 1] +dist[r,v,r — 1]

Ruwnhre:

(")
0 e

9\[

=

o

005

OV

FLOYDWARSHALL(V, E, w):
for all vertices u
for all vertices v
dist[u,v] « w(u—-v)

for all vertices r — 1
for all vertices u)
for all vertices v\

if dist{u,v] > dist{u, r] + dist[r, v]
dist[u, v] « dist[u, r] + dist[r, v]
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