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— Infroduction

 Let G be a weighted graph.

 Let u and v be two vertices in G, and let P be
a pathin G from u to v.

 The length of path P, written L(P), is the sum
of the weights of all the edges on path P.

* A shortest path from a vertex to another
vertex is a path with the shortest length
between the vertices.




©UTM Shortest Path using
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7 Dijkstra’s Algorithm
1.5:=0
2.N:=V
3. For all vertices,u € V,u#a, L(u):=
4. L(a):=0

5. While z € S do,

5.a:Letv e N be such that
L(v)=min{L(u)|u € N}

5b:S:=S e {v}

5.c:N:=N-{v}

5.d : For all w € N such that there Is an edge
fromvtow
5.d.(1): If L(v)+W[v,w] < L(w) then
L(w)=L(v)+W[v,w]

http://en.wikipedia.org/wiki/Dijkstra%27s algorithm
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http://en.wikipedia.org/wiki/Dijkstra's_algorithm
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@UTM Example -Solution (conta)

Dijkstra’s Algorithm: Iterations Table

Tteration S N L(a) | L(vl) | L(v2) | L(v3) | L(vd) | L(v5) | L(v6) | L(2)

0 1} fa, vl, v2, v3, vd, v5, vb, z} 0 0 a0 a0 0 a0 0 0o
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UTM / Example -Solution (contq)

S ={a}
N ={vl, v2, v3, v4, V5, v6, 7} L(a)+W[a,v4] <L(v4)

0+15=15<wo

L(v4)=15

. v6 3
5
3 Z
.
v5




@UTM Example =Solution (contq)
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S :{a} L(a)+W[a,v1l] < L(v1)
N ={v1, v2, v3, v4, v5, v6, z} 0+3=3 < oo
L(v1)=3
‘» Ve S3
5

N

v2 0




©UTM Example -Solution (contaq)

llllllllllllll

S :{a} L(a)+W[a,v2] < L(v2)
N ={vl, v2, v3, v4, V5, v6, 7} 0+4=4 < o0
L(v2)=4

15

a
Vv " .
B o
v3

2

N
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Example =Solution (contq)

Iteration AY N L{a) | L{vl) | L(v2) | L(v3) | L(vd) | L(v5) | L(v6) | L(z)
0 1} fa, vl, v2, v3, vd, v5, vb, z} 0 a0 a0 X X a0 X oo
1 ja} fvl, v2, v3, v4, v5, vb, z} 0 3 4 a0 15 a0 %0 a0
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@UTM Example =Solution (contq)
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S={a}
N ={v1, v2, v3, v4, v5, V6, z} E?\C/)f)s iglzbri?ﬁgie(u)m e N}
c —
v V6 3
mc;’ 5

N

v3

3
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S :{a’ Vl} L(v1) + W[v1,v4] < L(v4)
N ={v2, v3, v4, v5, v6, z} 3+6=9<15
L(v4) =9
15 vl |9

s,

v3 y4
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@UTM Example =Solution (contq)

S ={a, vl}

L(v1l) + W[v1,v3] < L(v3)
3+7=10<o0
L(v4) =10

vb




@UTM Example -Solution (cont'd)

Iteration A N L(a) | L{v1l) | L{v2) | L(v3) | L{v4) | L(v5) | L(v6) | L(z)
0 1} fa, vl, v2,v3, v4, v5, vb, z} 0 0 0 0 o 0 0 a0
1 fa} fvl, v2, v3, vd4, v5, v6, z} 0 3 4 s 15 0o o0 50
2 fa,vl} iv2, v3, v4, v5, v, z} 0 3 4 10 0 50 a0 50
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@UTM Example =Solution (contq)
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S ={a, vl}
_ choose v2 because
N = {VZ! V31 V4’ V5’ V6’ Z} L(v2) =4 = min{L(u)|lu € N}

15 vl .

N vb




llllllllllllllll

@UTM Example =Solution (contq)

S={a, v1, v2} L(v2) + W[v2,v3] < L(v3)
— 4+48=12>10
N= {V3’ V4’ V5’ VG’ Z} L(v3) remains the same.

15 vl .




@UTM Example =Solution (contq)
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S :{a’ Vl’ V2} L(v2) + W[v2,v5] < L(V5)
N ={v3, v4, v5, v6, z} 444 = 8§ <o

L(v5) =8
15 vl .
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@UTM Example =Solution (contq)

S ={a, v1, v2} L(v2) + W[v2, 7] < L(2)
— 4+9 =13 <
N ={v3, v4, v5, v6, 7} L) =13

15 vl .

v2 | 13




@UTM Example -Solution (cont'd)

Iteration s N L(a) | L(vl) | L(v2) | L(v3) | L(v4) | L(v5) | L(v6) | L(z)
0 1} fa, vl, v2, v3, vd, v3, vb, z} 0 a0 a0 a0 a0 a0 a0 o0
1 {a} fvl, v2, v3, vd, v5, vb, z} 0 3 4 a0 15 a0 oo oo
2 fa,vl} iv2, v3, v4, v5, vb, z} 0 3 4 10 9 80 a0 &
3 {a, vl v2} {v3, v4, v5, vb, z} 0 3 4 10 o 8 0 13
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@UTM Example =Solution (contq)

llllllllllllllll

S :{a, vl V2} choose V5 because
N = {v3, v4, V5, v6, 7} L(v5) = 8 = min{L(U)|u € N}

15 vl .
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@UTM Example =Solution (contq)

S :{a1 V11 V21 V5} L(v5) + W[5, v4] < L(v4)
N ={v3, v4, v6, 2} 8+3=11>9

L(v4) remains the same
1 v |88




@UTM Example =Solution (contq)

llllllllllllllll

S ={a, v1, v2, v5} L(v5) + W[V5, 2] < L(2)
—_ 8+7=15>13
N = {VS’ V4, Vb, Z} L(z) remains the same




@UTM Example -Solution (cont'd)

Iteration A N L(a) | L¢vl) | L(v2) | L(v3) | L{v4) | L(v5) | L(v6) | L(z)
0 1} fa, vl, v2, v3, vd, v5, vb, z} 0 20 20 20 20 20 20 oo
1 ja} fvl, v2, v3, vd, v5, vb, z} 0 3 4 oo 15 a0 5 5
2 fa,vl} w2, v3, vd, v5, v, z} 0 3 4 10 o 80 & &
3 {a,vI,v2} Iv3, v4, v5, v6, z} 0 3 4 10 9 8 o 13
4 {a, vl v2,v5} fv3, v4, vo, z} 0 3 4 10 9 8 o 13
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@UTM Example =Solution (contq)
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S :{a, vl, v2, V5} choose v4 because
N = {V3, V4, V6, Z} L(v4) =9 = min{L(u)|lu € N}




@UTM Example =Solution (contq)

llllllllllllllll

S={a, vl, v2, V5, v4} S = WA Vol <L0vO)

N = {v3, v6, z} L(v6) = 16




@UTM Example =Solution (contq)
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S :{a, vl, v2, V5,V4} choose v3 because
N = {v3, vb, z}

L(v3) = 10 = min{L(u)|u € N}




@UTM Example -Solution (cont'd)

Iteration A N L(a) | L(vl) | L(v2) | L(v3) | L(v4) | L(v5) | L(v6) | L(z)
0 11 fa, vl, v2,v3, vd4, v5, vb, z} 0 a0 a0 a0 a0 a0 a0 a0
1 ja} fvl, v2, v3, vd4, v5, v6, z} 0 3 4 50 15 oo 6 %
2 fa,vl} {v2, v3, v, v5, v6, z} 0 3 4 10 9 o % 0
3 {a,vIl,v2} Iv3, v4, v5, v6, z} 0 3 4 10 g 8 o0 13
4 ja,vl,v2,v5} {v3, vd4, vb, z} 0 3 4 10 G 8 a0 13
5 fa, vl,v2,v5, v4} {v3, vh, z} 0 3 4 10 0 8 16 13
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@UTM Example =Solution (contq)

llllllllllllllll

S ={a, v1, v2, v5, v4, v3} k(()fg ! ﬁ[f’igm <L(v6)

N = {v6, z} L(v6) = 14




@UTM Example =Solution (contq)

llllllllllllllll

S ={a, v1, v2, V5, v4, v3} ) T e <L)
N = {VG, z} L(z) remains the same




@UTWM Example -Solution (cont'd)

Iteration A N L(a) | L(v1) | L(v2) | L(v3) | L(v4) | L(v5) | L(v6) | L(z)
0 1} fa, vl, v2,v3, vd, v3, vb, z} 0 = a = a0 = = 50
1 {a} fvl, v2, v3, v4, v3, vb, z} 0 3 4 e 15 oo o s
2 fa,vl} {v2,v3, v4, v5, vb, z} 0 3 4 10 9 oo ) )
3 {a,vIv2} Iv3, v4, v5, vb, z} 0 3 4 10 o B s 13
! {a,vl,v2,v5} {v3, v4, v6, z} 0 3 4 10 9 8 e 13
5 fa,vlwv2,v5, vd} {v3, vb, z} 0 3 4 10 0 8 16 13
(i1 {a, vl v2,v5, vd, {v6, z} 0 3 4 10 0 8 14 13
v3}
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@UTM Example =Solution (contq)

llllllllllllllll

q :{a, Vl, V2, V5, V4, V3} choose z because
N = {v6, z}

L(z) =13 = min{L(u)|u € N}




@UTM Example =Solution (contq)

llllllllllllllll

S ={a, vl, v2, v5,v4,v3,z2}
N = {v6}

The loop terminates because z € S

15 vl .




@UTWM Example -Solution (cont'd)

Iteration 5 N L(a) | L{vl) | L(v2) | L(v3) | L(v4) | L(vS) | L(v6) | L(z)
0 11 fa, vl, v2,v3, vd4, v5, vb, z} 0 oo a0 a0 a0 a0 a0 oo
1 ja} Ivl, v2, v3, v4, v5, v6, z} 0 3 4 %0 15 50 oo o0
2 fa,vl} iv2, v3, vd, v5, vb, 2} 0 3 4 10 9 00 oo 0o
3 {a,vlwv2} {v3, vd, v5, vb, z} 0 3 4 10 9 8 = 13
4 {a,v1,v2,v5} fv3, v4, vo, z} 0 3 4 10 9 8 a0 13
5 fa,vl,v2,v5, v4} {v3, v6, z} 0 3 4 10 9 8 16 13
6 {a, vl,v2,v5, v4, {vb, z} 0 3 4 10 0 8 14 13

v3}
7 {a, vl,v2,v5, v4, {v6} 0 3 4 10 0 8 14 13
V3, Z}
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@UTM Example =Solution (contq)
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Shortest path from a to z is a --> v2 --> z, with the
shortest length is 13.




---------- . Exercise #1

Given a weighted digraph, find the shortest path from Sto T, using
Djikstra’s Algorithm.,

15

Note: Weights are arbitrary numbers (i.e., not necessarily distances).
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UTM / Exercise #2
2

Ahmad cycles to lecture every day. He wakes up late today and have only 15 minutes left before the
lecture start. Help him to find the shortest route to the lecture hall if Ahmad college is located at A
and the lecture hall is located at F. All possible routes to reach the lecture hall from the college and

the time in minute for each path are illustrated in Figure 1

Figure 1
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