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𝜎𝑖𝑡
2

𝜎𝑤𝑡
2

𝑧1−𝛼 1 − 𝛼

𝜀1

𝜀2

γ

𝑝𝑟𝑡
𝐿𝐵

𝑝𝑟𝑡
𝑈𝐵

𝑝𝑤𝑡
𝐿𝐵

𝑝𝑤𝑡
𝑈𝐵

𝑠𝑠𝑖

λ𝑤 0 < 𝜆𝑤 < 1



β𝑤

𝜋𝑤 𝜋𝑤 ≥ 0

𝜌𝑖𝑡 

µco𝑤 

𝑃3𝑤𝑡 

P2𝑤𝑡

𝑋𝑗ℎ

𝑌𝑗ℎ

𝑌′𝑗ℎ

𝑝𝑟𝑖𝑡

𝑝𝑤𝑤𝑡

𝑄𝑗

𝐷𝑗

𝑉𝑗

𝜇𝑗𝑖𝑡

𝜇′𝑗𝑤𝑡

( ) 

Max Z =  ∑ λwμcowt(

w

w=1

p3wt − p2wt ) + ∑ ∑ ∑ PH. prit.  μjit

I

t∈Ti∈Ij∈J

+ ∑ ∑ ∑ PH. pwwt μ′jwt

I

t∈Tw∈Wj∈J

− ∑ ∑ ∑ PH. TC1ji.  μjit

I

t∈Ti∈Ij∈J

− ∑ ∑ ∑ PH. TC2jw μ′
jwt

I

t∈Tw∈Wj∈J

− ∑ ∑ Xjh. Fjh

h∈Hj∈J

 

− ∑ CHj. √Dj

j∈J

− ∑ CSj. √Vj

j∈J

 

   

( ) ∑ Yji

I

i=1

=  1                   ∀i 

( ) (2) ∑ Y′jw

J

j=1

=  1                   ∀w 



( ) (3) Dj. s ≤ ∑ capjh. Xjh

H

hϵH

=  1                   ∀j 

( ) (4) ∑ Xjh

H

h=1

=  1                   ∀j 

( ) 
(5)   μjit = [pop1i − m1prit + m2pwwt

−  γ (prit − pwwt)]. Yji                ∀j, i, t 

( ) (6)   μ′
jwt = [pop2w − m3pwwt +  γ (prit − pwwt)]. Y′

jw                ∀j, w, t 

( ) (7) ∑ ∑  μjit.
t

Yji

I

i

+ ∑ ∑  μ′jwt.
t

Y′jw

I

w

= Dj                  ∀j

( ) (8) ∑ ∑ σit
2 .

t

Yji

I

i

+ ∑ ∑ σwt
2 .

t

Y′jw

I

w

= Vj                  ∀j

( ) (9)    ε1  ≤  
prit −   pwwt

prit
 ≤  ε2                            ∀t

( ) (9)    ε1  ≤  
prit −   pwwt

prit
 ≤  ε2                            ∀t

( ) (10)    prt
LB ≤  prit ≤   prt

UB

( ) (11)    pwt
LB ≤  pwwt ≤   pwt

UB

( ) (1 + ρit) prit =  𝑝𝑐𝑜𝑡

( ) (13) (1 + βw) pwwt =  P2wt

( ) (14) (1 + πw) P2wt =  P3wt

( ) pr. pc. p2c. p3c. pco. Rj. μi. μc. μcoc. Q
ckj

. V. D ≥ 0,



( )  ( )1Z Y M X − −  

( )  ( )1Z Y M X + −  

( )  Z MX  

( )  integerZ   

𝜃1 = prit.  μjit 𝜃2 =

pwwt μ′jwt

( )  

Max Z =  ∑ λwμcowt(

w

w=1

p3wt − p2wt ) + ∑ ∑ ∑ PH. θ1𝑗𝑖𝑡

I

t∈Ti∈Ij∈J

+ ∑ ∑ ∑ PH. θ2𝑗𝑤𝑡

I

t∈Tw∈Wj∈J

− ∑ ∑ ∑ PH. TC1ji.  μjit

I

t∈Ti∈Ij∈J

− ∑ ∑ ∑ PH. TC2jw μ′
jwt

I

t∈Tw∈Wj∈J

− ∑ ∑ Xjh. Fjh

h∈Hj∈J

− ∑ CHj. √Dj

j∈J

− ∑ CSj. √Vj

j∈J

( )  θ1𝑗𝑖𝑡 ≥  μjit − 𝑀(1 − prit)

( )  θ1𝑗𝑖𝑡 ≤  μjit + 𝑀(1 − prit)

( )  θ1𝑗𝑖𝑡 ≤ 𝑀prit

( )  θ2𝑗𝑤𝑡 ≥  μ′jwt − 𝑀(1 − pwwt)

( )  θ2𝑗𝑤𝑡 ≤  μ′jwt + 𝑀(1 − pwwt)

( )  θ2𝑗𝑤𝑡 ≤ 𝑀pwwt

ϑ1 = prit. Yji ϑ2 = pwwt. Yji ϑ3 = pwwt. Y′jw ϑ4 =

prit. Y′jw



( )  
μjit = [pop1i. Yji − m1ϑ1𝑗𝑖𝑡 + m2ϑ2𝑗𝑖𝑤𝑡

−  γ (ϑ1𝑗𝑖𝑡 − ϑ2𝑗𝑖𝑤𝑡)]                ∀j, i, t 

( )  ϑ1𝑗𝑖𝑡 ≥ Yji − 𝑀(1 − prit) 

( )  ϑ1𝑗𝑖𝑡 ≤ Yji + 𝑀(1 − prit) 

( )  ϑ1𝑗𝑖𝑡 ≤ 𝑀prit 

( )  ϑ2𝑗𝑖𝑤𝑡 ≥ Yji − 𝑀(1 − pwwt) 

( )  ϑ2𝑗𝑖𝑤𝑡 ≤ Yji + 𝑀(1 − pwwt) 

( )  ϑ2𝑗𝑖𝑤𝑡 ≤ 𝑀pwwt 

( )  μ′jwt = [pop2w. Y′jw − m3ϑ3𝑗𝑤𝑡 +  γ (ϑ4𝑗𝑤𝑖𝑡 − ϑ3𝑗𝑤𝑡)]                ∀j, w, t

( )  ϑ3𝑗𝑤𝑡 ≥ Y′jw − 𝑀(1 − pwwt)

( )  ϑ3𝑗𝑤𝑡 ≤ Y′jw + 𝑀(1 − pwwt)

( )  ϑ3𝑗𝑤𝑡 ≤ 𝑀pwwt

( )  ϑ4𝑗𝑤𝑖𝑡 ≥ Y′jw − 𝑀(1 − prit)

( )  ϑ4𝑗𝑤𝑖𝑡 ≤ Y′
jw + 𝑀(1 − prit)

( )  ϑ4𝑗𝑤𝑖𝑡 ≤ 𝑀prit

ϑ5 =  μjit. Yji ϑ6 =  μ′jwt. Y′jw

( )  ∑ ∑ ϑ5𝑗𝑖𝑡

t

I

i

+ ∑ ∑ ϑ6𝑗𝑤𝑡

t

I

w

= Dj                  ∀j

( )  ϑ5𝑗𝑖𝑡 ≥ Yji − 𝑀(1 −  μjit)

( )  ϑ5𝑗𝑖𝑡 ≤ Yji + 𝑀(1 −  μjit)

( )  ϑ5𝑗𝑖𝑡 ≤ 𝑀 μjit

( )  ϑ6𝑗𝑤𝑡 ≥ Y′jw − 𝑀(1 −  μ′jwt)

( )  ϑ6𝑗𝑤𝑡 ≤ Y′
jw + 𝑀(1 −  μ′jwt)

( )  ϑ6𝑗𝑤𝑡 ≤ 𝑀 μ′jwt



 

 

 

 



𝑐𝑎𝑝𝑗,ℎ

𝒄𝒂𝒑𝒋,𝒉

𝐜𝐚𝐩𝐣,𝐡  

𝒄𝒂𝒑𝒋,𝒉



m1 = 0.75 m2 = 0.002 m3 = 0.85

 

𝒐𝒃𝒋 (𝐦𝟏) 𝒐𝒃𝒋(𝐦𝟐) 𝒐𝒃𝒋(𝐦𝟑) 

𝛾

γ



𝛄

𝛄(%)  

 

𝛄



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 


