
1,a) 1 1

1.

[1–7]

1

1

[8]

1

Nara Institute of Science and Technology
a) kawakami@is.naist.jp

(a)

(b)

1 (a) (b)

2.

2.1

[9]

「第27回マルチメディア通信と分散処理ワークショップ論文集」 令和元年11月

©2019 Information Processing Society of Japan 285



1

1975 2003 2007

v1 v2 v3 v4e1,2 e2,3 e3,4

c1,2 = 100
c2,3 = 100
c3,4 = 100

T = {1, 2, 3, 4}

2

[10, 11]

2.2

2.2.1

3

•
G = (V,E)

vi ∈ V vi, vj

ei,j ∈ E

ei,j ci,j

t ∈ T ei,j ni,j,t

T

V = {v1, v2, v3, v4},
T = {1, 2, 3, 4} 2

2

•
vs ∈ V

vg ∈ V ts ∈ T

•
vi vj

R(i, j) t

R(i, j) Ni,j,t, x

fi,j,t(x)

fi,j,t(x) Fi,j,t(x)

t R(i, j) pi,j,t

(1−Fi,j,t(pi,j,t))Ni,j,t

3

R(i, j) t

|V |C2|T |
2|V |C2|T | |V |

|T |
2.2.2

R(i, j)

t pi,j,t

2.2.3

t ei,j

ni,j,t ≤ ci,j ∀ei,j ∀t ∈ T (1)

2.2.4

t R(i, j)

(1−Fi,j,t(pi,j,t))Ni,j,tpi,j,t

2

max
∑
i

∑
j

∑
t∈T

(1− Fi,j,t,(pi,j,t))Ni,j,tpi,j,t (2)

3.

2

|V |C2|T | 2|V |C2|T |
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pi,j,t 150 ≤ pi,j,t < 450

1

(450− 150)2|V |C2|T |

2

3

( 1 )

( 2 )

( 3 )

( 4 )

Garey Directed Two-Commodity Integral Flow

NP [12] Directed

Two-Commodity Integral Flow

2

Genetic Algorithm, GA Simulated

Annealing, SA Differential Evolution, DE

4.

3

4.1

3

2 3

4 T = 1, 2, 3, 4

100

e3,4

c3,4 = 75

1

100 μ = 500 ∗ dist,

σ2 = μ/5

2

t R(1, 2) R(1, 3) R(1, 4) R(2, 3) R(2, 4) R(3, 4)

1 598.5 1133.2 1438.4 492.4 1022.7 396.4

2 859.1 1006.1 1492.1 518.8 1097.7 494.1

3 499.7 1000.8 - 476.4 1055.5 626.3

4 403.9 - - 511.9 - 629.4

3

t e1,2 e2,3 e3,4

1 99.6 (150) 98.5 (100) 85.0 (50)

2 99.9 (150) 99.1 (150) 97.8 (100)

3 100.0 (100) 98.4 (150) 99.7 (150)

4 83.7 (50) 95.1 (100) 99.9 (150)

4

649639.8 750000.0 600000.0

dist

fi,j,t(x) =
1√

2πσ2
i,j,t

exp

(
− (x− μi,j,t)

2

2σ2
i,j,t

)
(3)

3

A.1

SciPy 0.13.0b1*1

Npop 15

xlb = μ− 3σ xub = μ+ 3σ

F, F ′ CR 0.7

10,000

μ

4.2

2 2

2

3 3

3

μ

4

2, 3

μ

μ,

*1 SciPy: https://www.scipy.org/ (accessed Aug. 1, 2019)
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5

t R(1, 2) R(1, 3) R(1, 4) R(2, 3) R(2, 4) R(3, 4)

1 579.3 1100.7 1517.0 481.4 1038.0 433.4

(-3.2%) (-2.9%) (+5.5%) (-2.2%) (+1.5%) (+9.3%)

2 800.6 954.1 1574.4 512.6 1142.0 546.0

(-6.8%) (-5.2%) (+5.5%) (-1.2%) (+4.0%) (+10.5%)

3 504.6 990.8 - 457.3 1086.4 683.0

(+1.0%) (-1.0%) (-4.0%) (+2.9%) (+9.1%)

4 381.9 - - 505.1 - 719.8

(-5.4%) (-1.3%) (+14.4%)

4

3

μ,

e3,4

c3,4 = 75

5 5

e3,4

c3,4 2

5 e3,4

2

5.
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A.1

Differential Evolution, DE Storn

[13, 14] DE

DE

DE/best/1 DE/rand/1

DE/rand-to-best/1

DE

1 G = 0 Npop
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2

3 x
(G)
i

(3.1) 3 x
(G)
r1 x

(G)
r2

x
(G)
r3

(3.2)

v
(G)
i = x(G)

r1 + F · (x(G)
best − x(G)

r1 )

+ F ′ · (x(G)
r2 − x(G)

r3 )
(A.1)

(3.3) x
(G)
i v

(G)
i u

(G)
i

(3.4) x
(G)
i u

(G)
i

x
(G+1)
i

4 2

F, F ′

0 < F, F ′ ≤ 1

D

Npop G = 0

x
(0)
i =

{
x
(0)
i,1 , x

(0)
i,2 , · · · , x(0)

i,D

}
,

i = 1, 2, · · · , Npop

(A.2)

[xlb, xub]

xlb, xub

x
(G)
i (A.1)

v
(G)
i r1, r2, r3

r1, r2, r3 ∈ {1, 2, · · · , Npop}, r1 �= r2 �= r3

v
(G)
i x

(G)
i

u
(G)
i =

{
u
(G)
i,1 ,u

(G)
i,2 , · · · ,u(G)

i,D

}
,

i = 1, 2, · · · , Npop

(A.3)

u
(G)
i,j =

⎧⎨
⎩
v
(G)
i,j if rand(0, 1) ≤ CR or j = jrand

x
(G)
i,j otherwise

(A.4)

j = 1, 2, · · · , D rand(0, 1) [0, 1]

jrand [1, D]

CR ∈ [0, 1]

x
(G)
i v

(G)
i

f(xi)

x
(G+1)
i =

⎧⎨
⎩
u
(G)
i if f(x

(G)
i ) < f(u

(G)
i )

x
(G)
i otherwise

(A.5)
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