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F =

{
f1, f2, ..., fk, ..., fK

}
fk kth

fk

i

fk
ij

jth i kth

(a) (b)
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m m ∈ V k
ij

m Cm
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ΔT Tijm
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siJ
s̃ =

I∑
i=1

siJ

siJ =

M∑
m=1

Tmax∑
t=1

piJmt · (t− 1) ·ΔT, ∀i.

p1J34
1

4th 3

∑
m∈V k

ij

xijm = 1, ∀i, j.

xijm =

Tmax∑
t=1

zijmt, ∀i, j,m.

fk
ij

V k
ij

xijm zijmt fk
ij

m fk
ij

I∑
i=1

J∑
j=1

yijmt ≤ 1, ∀m, t.

y1234 = 1
3

1 4th 3

yijmt ≤ xijm, ∀i, j,m, t.

xijm

yijmt t m fk
i,j

yijmt = 1 xijm = 1
Tmax∑
t=1

yijmt = Tijm · xijm, ∀i, j; m ∈ V k
ij .

Tijm

fk
ij

V k
ij

m fk
ij Tijm

zijmt + pijmt ≤ 1, ∀i, j,m, t.

yijm(t−1) − yijmt + zijmt − pijmt = 0, ∀i, j,m, t.

zijmt pijmt

1
zijmt pijmt

yijmt zijmt pijmt

y1111 = 0 y1112 = 1 z1112
1 p1112 0
y1111 = 1 y1112 = 0

z1112 0 p1112 1

Tijm∑
α=1

zijm(t−α+1) ≤ yijmt, ∀i, j, t; m ∈ V k
ij .

∑
m∈V k

ij

Tmax∑
β=1

pijm(t−β+1) ≥ zi(j+1)m′t,

∀i, j, t; m′ ∈ V k′
i(j+1).

fk
ij
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i, i′ i, i′ ∈ {1, 2, · · · , I}
j, j′ j, j′ ∈ {1, 2, · · · , J}
fk kth k ∈ {1, 2, · · · ,K}
F fk

fk
ij jth i kth

fk′
i(j+1)
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n n ∈ {1, 2, · · · ,M}
V k
ij fk

ij
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fk′
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xijm m fk
ij

yijmt m fk
ij t
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ij t
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∀i, j, t; m /∈ V k
ij .

∑
m∈V k

ij

Tmax∑
t=1

zijmt =
∑

m∈V k
ij

Tmax∑
t=1

pijmt = 1, ∀i, j.

xijm yijmt zijmt pijmt

0
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ij fk

ij

zijmt pijmt 1
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ij

x
f(x) = xTQx,

x Q

x1 + x2 = 1 P (x1 + x2 − 1)2

x1 + x2 + x3 ≤ 1 P (x1x2 + x1x3 + x2x3)

x1 + x2 ≤ x3 P (x1 + x2 − x3 +
∑

l alrl)
2

x1 + x2 = b P (x1 + x2 − b)2

x1, x2 x3

rl al b
P
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(s) (s) (s) (s)
Q

1 I = 2, J = 2,M = 2 7 8 5 4.0 (280, 280)

2 I = 2, J = 2,M = 2 9 11 6 5.5 (338, 338)

3 I = 2, J = 2,M = 2 5 6 4 3.0 (200, 200)

4 I = 2, J = 3,M = 2 12 16 9 8.0 (662, 662)

5 I = 2, J = 3,M = 2 12 20 11 10.0 (662, 662)

6 I = 2, J = 3,M = 2 19 36 19 18.0 (1012, 1012)

7 I = 3, J = 2,M = 2 14 17 11 8.5 (732, 732)

8 I = 3, J = 2,M = 2 10 16 9 8.0 (540, 540)

9 I = 3, J = 2,M = 2 13 22 12 11.0 (684, 684)

10 I = 3, J = 3,M = 2 15 49 18 24.5 (1462, 1462)

11 I = 3, J = 3,M = 2 13 29 13 14.5 (1173, 1173)

12 I = 3, J = 3,M = 2 14 39 15 19.5 (1266, 1266)

(s) (s)

a 0.065 2.993 100

b 0.065 2.997 64

c 0.063 2.998 36

d 0.061 2.994 100

e 0.064 2.997 58

f 0.063 3.630 4

(a) a
(b) b (c) c (d) d (e) e (f) f
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(a) a (b) b
(c) c (d) d (e) e (f) f

P

115

Authorized licensed use limited to: University of Houston. Downloaded on March 23,2022 at 21:40:05 UTC from IEEE Xplore.  Restrictions apply. 



piJmt

s̃ =
I∑

i=1

M∑
m=1

Tmax∑
t=1

piJmt · (t− 1) ·ΔT.

P1ij

⎛
⎝ ∑

m∈V k
ij

xijm − 1

⎞
⎠

2

, ∀i, j.

P1ijm

(
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zijmt − xijm

)2

, ∀i, j,m.

xijm m ∈ V k
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xijm 1

xijm = 1∑Tmax

t=1 zijmt = 1 xijm = 0∑Tmax

t=1 zijmt = 0

Pmt
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(yijmt · yi′j′mt)

⎞
⎠ , ∀m, t.
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1 yijmt 1

P1ijmt

(
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)2

, ∀i, j,m, t.

1 yijmt = 1 xijm = 0
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t=1

yijmt − Tijm · xijm

)2

, ∀i, j;m ∈ V k
ij .

yijmt 1
Tijm xijm = 1 yijmt 1

Tijm xijm = 1

P2ijmt

(
zijmt · pijmt

)
, ∀i, j,m, t.

zijmt

pijmt 1

P3ijmt

(
yijm(t−1) − yijmt + zijmt − pijmt

)2

,

∀i, j,m, t.

P4ijmt

⎛
⎝Tijm∑

α=1

zijm(t−α+1) − yijmt + r2ijmt

⎞
⎠

2

,

∀i, j, t; m ∈ V k
ij .

Pijm′t

(
zi(j+1)m′t −

∑
m∈V k

ij

Tmax∑
β=1

pijm(t−β+1)

+rijm′t

)2

, ∀i, j, t; m′ ∈ V k′
i(j+1).

r2ijmt

1 rijm′t

P3ijm · x2
ijm + P5ijmt · y2ijmt + P6ijmt · z2ijmt

+P7ijmt · p2ijmt, ∀i, j, t; m /∈ V k
ij .
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( ∑
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+P3ij
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m∈V k
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pijmt − 1

)2

, ∀i, j.
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