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Shortest Path Problem
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MIN. 2X, + 9% + 95X, + 6X,, +8Xy, + 4Xop + X5 + 2X,c +8X,q + 3%, +4 X,

S.t. X, + X, =1 — I

L
Xip T Xgp = Xpz T Xy 1 T
Xi3 T Koz T X3 = Xgp + Xg5 i 1
X,0 + Xy = Xyg + Xue + X,
X35 T X5 = Kggq T Xsg /}/ :I
X + X6 =1
(i) % {03 . / N
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P
min. 2X,, + 9%, +9X,;5 + 6X,, +8Xy, + 4 Xy + X5 + 2%, +8X,s + 3%, +4X;,
St —X, —Xg3 =-1
T X — Ky TRy T Xy =
T X3+ Xy — Ky T Ky T Xy =
T Xo4 Xz Xy T X T X5y =0
+ X35 T X5 — X5y — %56 =0
+ Xy + X =1

(1)) == x; 0

~— LP (P)
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(incidence matrix)



max. —p,+ Pg max. p,
(D) st. p,—p, <2 st. p,<p,+2
0, — P, <9 0, < p,+9
P1:P2:P3,P4,Ps,P¢ 0, — P, <O 0, < P, +5
0, — P, <6 0, <P, +6
0, — Py, <8 j‘> 0, < P, +8
0, — P; <4 0, < p; +4
? j 0, — P, <1 p,=0 0, < p, +1
0 — Py <2 0 < p, +2
0 — P, <8 0s < P, +8
0, — P <3 0, < p: +3
0 — Ps <4 0 < P +4

0, =0




max. p,
st. p,=p +2 (D)
0, < p,+9 (Bellman’s equation)
1, <P, +5 f‘> p,=0
0, < P, +6 p, =min{p, +2, p, +8}
0, < p, +8 0, =min{p,+9,p, +5,p, +1}
0. < p,+4 0, =min{p, +6, p; +3}
0, < p, +1 0, =min{p,+4, p, +2}
0. < P, +2 D, = Min{p, +8, p; +4}
s < P, +8
0, < p: +3 ke
0 < P +4 I@é
0, =0




p,=0

P, = min{p1+21 Ps "‘8}

0, =min{p,+9,p, +5,p, +1}
0, =min{p, +6, p; +3}

0 =min{p, +4, p, +2}

D, = Min{p, +8, p: +4}

O(mn)
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(D)

(2—-p,+p)X, =0
(9—p,+p)*,=0
(5—Pp;+ P,)Xyy =0
(6—p,+PpP,)X%, =0
(8—p,+P;y)X;, =0
(4—ps+ P3)Xs =0
(1- P; + p4)x43 =0
(2—ps+ Py)Xs =0
(8—ps+ P.)X =0
(3—p,+Ps)%, =0
(4—pg+ Ps)X =0

(P)

)
0, | O
D, | 2
05| 7
0,| B
0: | 10
De | 14

(0)x, =0
(2)x3 =0
(0)X,; =0
(0)x,, =0
(13)%;, =0
(D)% =0
(2)X43 =0
(0)X,5 =0
(2)%,5 =0
(5)%s, =0
(0)%5 =0
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(Totally Unimodularity)
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