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|Y |
|A|

A X, Y

POS

dSij , d
L
ij , i, j = 1, · · · , 55

1

[17]

2.1 1 1

1

55 P1[4, 5, 6]

max

( ∑
i,j∈U1,i �=j

dLijxij

) ( ∑
i,j∈U1,i �=j

dSijxij

)

subject to∑
i∈U1,i �=j

xij = 1, j ∈ U1 (1)

∑
j∈U1,j �=i

xij = 1, i ∈ U1 (2)

fi − fj + 54xij ≤ 53, i, j ∈ V1, i �= j (3)

xij ∈ {0, 1}, i, j ∈ U1 (4)

fi ∈ R1, 1 ≤ fi ≤ 54, i ∈ V1 (5)

U1
def
= {1, · · · , 55}, V1

def
= {2, · · · , 55}

i, j = 1 xij i, j
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NUOPT[16]

dLmax
def
= max

∑
i,j∈U1,i �=j

dLijx
∗
ij = 541.364,

dLmin
def
= min

∑
i,j∈U1,i �=j

dLijx
∗
ij = 3.295,

dSmax
def
= max

∑
i,j∈U1,i �=j

dSijx
∗
ij = 20.698,

dSmin
def
= min

∑
i,j∈U1,i �=j

dSijx
∗
ij = 0.234

2 1 *1

2.2 1 2

2 P2

max
∑

i,j∈U1,i �=j

dSijxij (6)

max
∑

i,j∈U1,i �=j

dLijxij (7)

subject to

(1), (2), (3), (4), (5)

P2 (6) (7)

[17]

μS(z
S(x))

def
=

zS(x)− dSmin

dSmax − dSmin

(8)

μL(z
L(x))

def
=

zL(x)− dLmin

dLmax − dLmin

(9)

*1 POS
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L
max, d

L
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zL(x)
def
=

∑
i,j∈U1,i �=j

dLijxij

zS(x)
def
=

∑
i,j∈U1,i �=j

dSijxij

x P2 xij , i, j ∈ U1, fi, i ∈ V1

P2 2 P3

max μL(z
S(x)) (10)

max μS(z
L(x)) (11)

subject to

(1), (2), (3), (4), (5)
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2 P3 M

2 P3

μS(z
S(x)) ≥ μS(z

S(x∗)),

μL(z
L(x)) ≥ μL(z

L(x∗))

x ∈ X

x∗ ∈ X P3 M- X

P3 xij , i, j ∈ U1, fi, i ∈ V1

P3 μS(·), μL(·)
(μ̂L, μ̂S)[17] M
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P4 [17]

min
λ∈Λ

λ

subject to

μ̂S − μS

⎛
⎝ ∑

i,j∈U0,i �=j

dSijxij

⎞
⎠ ≤ λ (12)

μ̂L − μL

⎛
⎝ ∑

i,j∈U0,i �=j

dLijxij

⎞
⎠ ≤ λ (13)

(1), (2), (3), (4), (5)

Λ [19]

Λ
def
= [max(μ̂S , μ̂L)− 1,max(μ̂S , μ̂L)] ∈ R1.

(8),(9) P4

(12),(13)

μ−1
S (μ̂S − λ) ≤

∑
i,j∈U0,i �=j

dSijxij

μ−1
L (μ̂L − λ) ≤

∑
i,j∈U0,i �=j

dLijxij

P4 M

[17]

(1) x∗ ∈ X P4

x∗ ∈ X P3 M

(2) x∗ ∈ X P3 M x∗ ∈ X

P4

(μ̂L, μ̂S) = (1, 1)

2.3 3 2

55 3

3

55 3
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P5 m = 3 [11, 12, 13, 18]

max

⎛
⎝min

k∈K

∑
i,j∈U0,i �=j

dSijxijk

⎞
⎠

max

⎛
⎝min

k∈K

∑
i,j∈U0,i �=j

dLijxijk

⎞
⎠
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subject to∑
k∈K

∑
j∈V0

x0jk =
∑
k∈K

∑
i∈V0

xi0k = 3 (14)

∑
j∈U0

xijk =
∑
h∈U0

xhik = yik, k ∈ K, i ∈ V0

(15)∑
k∈K

yik = 1, i ∈ V0 (16)

fijk ≤ 55xijk, fijk ≥ 0, k ∈ K, i, j ∈ U0, i �= j

(17)∑
k∈K

∑
i∈V0

fi0k = 55, f0jk = 0, k ∈ K, j ∈ V0

(18)∑
j∈U0

fijk −
∑
h∈U0

fhik = yik, k ∈ K, i ∈ V0 (19)

xij ∈ {0, 1}, yik ∈ {0, 1}, k ∈ K, i, j ∈ V0 (20)

K
def
= {1, 2, 3}, U0

def
= {0, 1, · · · , 55}, V0

def
= {1, · · · , 55}, 55
i, j = 0

xijk i, j k 1 0

01 yik i k 1 0

01 fijk k i j

k

zSk (x)
def
=

∑
i,j∈U0,i �=j

dSijxijk, k ∈ K

zLk (x)
def
=

∑
i,j∈U0,i �=j

dLijxijk, k ∈ K

[17]

μS(z
S
k (x))

def
=

zSk (x)− dS0
dS1 − dS0

, k ∈ K (21)

μL(z
L
k (x))

def
=

zLk (x)− dL0
dL1 − dL0

, k ∈ K (22)

55 3

d
L(S)
1

def
= d

L(S)
max /2, d

L(S)
0

def
= d

L(S)
min /3

d
L(S)
max , d

L(S)
min 2.1 x P5

xijk, i, j ∈ U0, k ∈ K, fijk, i, j ∈ U0, k ∈ K, yik, i ∈ V0, k ∈ K

(k = 1, 2, 3) zSk (x), k = 1, 2, 3

zLk (x), k = 1, 2, 3 P5
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  2 P6

max

(
min
k∈K

μS(z
S
k (x))

)

max

(
min
k∈K

μL(z
L
k (x))

)
subject to

(14), (15), (16), (17), (18), (19), (20)

2 P6 MF

2 P6

μS(z
S
k (x)) ≥ μS(z

S
k (x

∗)), k ∈ K,

μL(z
L
k (x)) ≥ μL(z

L
k (x

∗)), k ∈ K

x ∈ X

x∗ ∈ X P6 MF

X P6 xijk, i, j ∈ U0, k ∈ K, fijk, i, j ∈ U0, k ∈ K,

yik, i ∈ V0, k ∈ K

P6 (μ̂L, μ̂S)[17]

MF P7 [17]

min
λ∈Λ

λ

subject to

μ̂S −min
k∈K

μS(z
S
k (x)) ≤ λ (23)

μ̂L −min
k∈K

μL(z
L
k (x)) ≤ λ (24)

(14), (15), (16), (17), (18), (19), (20)

P7 (23),(24) (21),(22)

μ−1
S (μ̂S − λ) ≤

∑
i,j∈U0,i �=j

dSijxijk, k ∈ K (25)

μ−1
L (μ̂L − λ) ≤

∑
i,j∈U0,i �=j

dLijxijk, k ∈ K (26)

P7 MF

[17]

x∗ ∈ X, λ∗ ∈ Λ P7

x∗ ∈ X P6 MF
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( ) x∗ ∈ X P6 MF

μS(z
S
k (x)) ≥ μS(z

S
k (x

∗)), k ∈ K, (27)

μL(z
L
k (x)) ≥ μL(z

L
k (x

∗)), k ∈ K (28)

x ∈ X

(21),(22) (27),(28)

zSk (x) ≥ zSk (x
∗), k ∈ K,

zLk (x) ≥ zLk (x
∗), k ∈ K

(25),(26)

μ−1
L (μ̂L − λ∗) ≤ zSk (x

∗) ≤ zSk (x), k ∈ K

μ−1
S (μ̂S − λ∗) ≤ zLk (x

∗) ≤ zLk (x), k ∈ K

x∗ ∈ X, λ∗ ∈ Λ P7

(μ̂S , μ̂L)

P7 MF MF

MF

P7

P7 P7

(μ̂S , μ̂L)(
mink∈K μS(z

S
k (x))

) (
mink∈K μL(z

L
k (x))

)
P7 (23),(24) mink∈K

μ̂S μ̂L

(μ̂S , μ̂L)

(μ̂S , μ̂L)

P7 (01 9570 9406

9799 ) (μ̂L, μ̂S) = (1, 1)

2.4 3

1
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