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Shortest Path
• Key technique: relaxation

– Maintain upper bound d[v] on (s,v):
Relax(u,v,w) { 

if (d[v] > d[u]+w) then d[v]=d[u]+w;
}
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Bellman Ford
BellmanFord()

for each v  V
d[v] = ;

d[s] = 0;
for i=1 to |V|-1

for each edge (u,v)  E
Relax(u,v, w(u,v));

for each edge (u,v)  E
if (d[v] > d[u] + w(u,v))

return “no solution”;

Relax(u,v,w): if (d[v] > d[u]+w) then d[v]=d[u]+w

Initialize d[], which
will converge to 
shortest-path value 

Relaxation: 
Make |V|-1 passes, 
relaxing each edge

Test for solution:
have we converged yet?
Ie,  negative cycle?
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Bellman Ford
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• Relax function: d(v) <= d(u) + w(u, v)
• After finding the shortest path…

vu
W(u, v)

d(u) + w(u, v) >= d(v) ?
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Difference Constraint
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Given : 
X1 - X2 <= 0
X1 - X5 <= -1
X2 - X5 <= 1
X3 - X1 <= 5
X4 - X1 <= 4
X4 - X3 <= -1
X5 - X3 <= -3
X5 - X4 <= -3 

Find :
A feasible solution of X1, X2, …,X5
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Difference Constraint
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Difference Constraint
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PKU-1201    
PKU-2983
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System Difference Constraint

Outline

Dijkstra

A* search and Application
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Dijkstra
• Find shortest path from s to t.
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distance label

S = {  }
PQ = { s, 2, 3, 4, 5, 6, 7, t }
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S = { s }
PQ = { 2, 3, 4, 5, 6, 7, t }

decrease key

X



X

X



made by electron
14

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9 





14



0

distance label

S = { s }
PQ = { 2, 3, 4, 5, 6, 7, t }

X



X

X

delmin



made by electron
15

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9 





14



0

S = { s, 2 }
PQ = { 3, 4, 5, 6, 7, t }

X



X

X



made by electron
16

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9 





14



0

S = { s, 2 }
PQ = { 3, 4, 5, 6, 7, t }

X



X

X

decrease key

X 33



made by electron
17

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9 





14



0

S = { s, 2 }
PQ = { 3, 4, 5, 6, 7, t }

X



X

X

X 33

delmin



made by electron
18

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9 





14



0

S = { s, 2, 6 }
PQ = { 3, 4, 5, 7, t }

X



X

X

X 33

44
X

X

32



made by electron
19

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 6 }
PQ = { 3, 4, 5, 7, t }

X



X

X

44
X

delmin

X 33X

32



made by electron
20

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 6, 7 }
PQ = { 3, 4, 5, t }

X



X

X

44
X

35X

59 X

24

X 33X

32



made by electron
21

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 6, 7 }
PQ = { 3, 4, 5, t }

X



X

X

44
X

35X

59 X

delmin

X 33X

32



made by electron
22

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 6, 7 }
PQ = { 4, 5, t }

X



X

X

44
X

35X

59 XX51

X 34

X 33X

32



made by electron
23

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 6, 7 }
PQ = { 4, 5, t }

X



X

X

44
X

35X

59 XX51

X 34

delmin

X 33X

32

24



made by electron
24

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 5, 6, 7 }
PQ = { 4, t }

X



X

X

44
X

35X

59 XX51

X 34

24

X50

X45

X 33X

32



made by electron
25

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 5, 6, 7 }
PQ = { 4, t }

X



X

X

44
X

35X

59 XX51

X 34

24

X50

X45

delmin

X 33X

32



made by electron
26

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 4, 5, 6, 7 }
PQ = { t }

X



X

X

44
X

35X

59 XX51

X 34

24

X50

X45

X 33X

32



made by electron
27

s

3

t

2

6

7

4

5

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 4, 5, 6, 7 }
PQ = { t }

X



X

X

44
X

35X

59 XX51

X 34

X50

X45

delmin

X 33X

32

24



made by electron
28

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 4, 5, 6, 7, t }
PQ = { }

X



X

X

44
X

35X

59 XX51

X 34

X50

X45

X 33X

32



made by electron
29

s

3

t

2

6

7

4

5

24

18

2

9

14

15
5

30

20

44

16

11

6

19

6

15

9





14



0

S = { s, 2, 3, 4, 5, 6, 7, t }
PQ = { }

X



X

X

44
X

35X

59 XX51

X 34

X50

X45

X 33X

32



made by electron

Dijkstra
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System Difference Constraint

Outline

Dijkstra

A* search and Application
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A* Search
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1. DFS-based searching algorithm
2. Estimation function (the optimal value) for prune 
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Minimum Vertex Cover
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UVA-10160
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K-shortest Path
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Non-Simple : PKU-2449
Simple :  SGU-145


