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      𝐬 ∈ 𝐒 S 

      𝐩 ∈ 𝐏 P 

    𝐩′ ∈ 𝐏′ P’ 

𝐰 ∈ 𝐖 W 

     𝐝 ∈ 𝐃 D 

    𝐣 ∈ 𝐉 J 

   𝐫 ∈ 𝐑 R 

   𝐧 ∈ 𝐍 N 

t T 

u U 

  

" u " s  p 𝐶𝑠𝑝
𝑢  

" u "    pp’ 𝐶𝑝𝑝′
𝑢  

" u " p’d 𝐶𝑝′𝑑
𝑢  

" u " dw 𝐶𝑑𝑤
𝑢  

 " u " wj 𝐶𝑤𝑗
𝑢  

" u "jr 𝐶𝑗𝑟
𝑢  

" u "rn 𝐶𝑟𝑛
𝑢  

" u "rp 𝐶𝑟𝑝
𝑢  

s  p 𝑑𝑖𝑠𝑝 

pp’ 𝑑𝑖𝑝𝑝′ 

p’d 𝑑𝑖𝑝′𝑑 

dw 𝑑𝑖𝑑𝑤 

wj 𝑑𝑖𝑤𝑗 

jr 𝑑𝑖𝑗𝑟 

rn 𝑑𝑖𝑟𝑛 

rp 𝑑𝑖𝑟𝑝 

rpt 𝑐𝑟𝑟𝑝𝑡
𝑢  

ur   nt 𝑟𝑒𝑟𝑛𝑡
𝑢  

urst 𝑟𝑒𝑟𝑠𝑡
𝑢  

urd 𝑟𝑒𝑟𝑑𝑡
𝑢  

urp 𝑟𝑒𝑟𝑝𝑡
𝑢  

 𝐴𝑛𝑛 

 s 𝑝𝑐𝑠
𝑢 

 up 𝑝𝑐𝑝
𝑢 

    d fd
𝑢 

      j fj
u 

     r fr
u 

       n fn
u 

" u " p’" t 𝐻𝑝′𝑡
𝑢  

" u " "d" t 𝐷𝐻𝑑𝑡
𝑢  

 dwt 𝐶𝑑𝑑𝑤𝑡
𝑢  

   uw 𝜗𝑤
𝑢  

   uw 𝑟𝑒𝑤
𝑢  
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   u s  p 𝒙𝒔𝒑
𝒖  

   u   pp’ 𝒙𝒑𝒑′
𝒖  

   u p’d 𝒙𝒑′𝒅
𝒖  

   u dw 𝒙𝒅𝒘
𝒖  

   u wj 𝒙𝒘𝒋
𝒖  

   u jr 𝒙𝒋𝒓
𝒖  

   u rn 𝒙𝒓𝒏
𝒖  

   u rp 𝒙𝒓𝒑
𝒖  

   u r s 𝒙𝒓𝒔
𝒖  

d 𝑉𝑑
𝑢 

j 𝑉𝑗
𝑢 

r 𝑉𝑟
𝑢 

n 𝑉𝑛
𝑢 

up’t 𝑾𝒑′𝒕
𝒖  

udt 𝑾𝒅𝒕
𝒖  

udw 𝑫𝒅𝒘
𝒖  

  u rp 𝑸𝒓𝒑
𝒖  

Construction 

        

 Construction = ∑ ∑ fd
uVd

u
𝐝∈𝐃𝐮∈𝐔 +

∑ ∑ fj
ǔVj

u
𝐣∈𝐉𝐮∈𝐔 + ∑ ∑ fr

ǔVr
u

𝐫∈𝐑𝐮∈𝐔 +

∑ ∑ fn
uVn

u
𝐧∈𝐍𝐮∈𝐔  

Transportation

Transportation =
∑ ∑ ∑ ∑ xsp

u dispCspt
u  p∈Ps∈Su∈Ut∈T +

 ∑ ∑ ∑ ∑ xpp′
u  dipp′Cpp′t

u
p′∈P′p∈Pu∈Ut∈T +

 ∑ ∑ ∑ ∑ xp′d
u dip′dCp′dt

u  d∈Dp′∈P′u∈Ut∈T +

 ∑ ∑ ∑ ∑ xdw
u didwCdwt

u  w∈Wd∈Du∈Ut∈T +
∑ ∑ ∑ ∑ xwj

u diwjCwjt
u  j∈Jw∈Wu∈Ut∈T +

∑ ∑ ∑ ∑ xjr
u dijrCjrt

u  r∈Rj∈Ju∈Ut∈T +

 ∑ ∑ ∑ ∑ xrn
u dirnCrnt

u  n∈Nr∈Ru∈Ut∈T +
∑ ∑ ∑ ∑ xrp

u dirpCrpt
u  p∈Pr∈Ru∈Ut∈T +

∑ ∑ ∑ ∑ xrs
u dirsCrst

u  s∈Sr∈Ru∈Ut∈T +
∑ ∑ ∑ ∑ xrd

u dirdCrdt
u  d∈Dr∈Ru∈Ut∈T

Assembly

Assembly= ∑ ∑ ∑ ∑ 𝑄𝑟𝑝
𝑢 𝑐𝑟𝑟𝑝𝑡

𝑢
𝑝∈𝑃𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇

Annihilation

 

Annihilation = ∑ ∑ ∑ Wp′t
u Hp′t

u
t∈Tu∈Uw∈W +

∑ ∑ ∑ Wdt
u DHdt

u
t∈Tu∈Ud∈D

Penalty

Penalty = ∑ ∑ ∑ ∑ Cddwt
u

w∈W Ddw
u

d∈Du∈Ut∈T   

 

𝑚𝑖𝑛 𝑍 =
∑ ∑ 𝑓𝑑

𝑢𝑉𝑑
𝑢

𝑑∈𝐷𝑢∈𝑈 + ∑ ∑ 𝑓𝑗
�̌�𝑉𝑗

𝑢
𝑗∈𝐽𝑢∈𝑈 +

 ∑ ∑ 𝑓𝑟
�̌� 𝑉𝑟

𝑢
𝑟∈𝑅𝑢∈𝑈 + ∑ ∑ 𝑓𝑛

𝑢𝑉𝑛
𝑢

𝑛∈𝑁𝑢∈𝑈 +
∑ ∑ ∑ ∑ 𝑥𝑠𝑝

𝑢 𝑑𝑖𝑠𝑝𝐶𝑠𝑝𝑡
𝑢  𝑝∈𝑃𝑠∈𝑆𝑢∈𝑈𝑡∈𝑇 +

∑ ∑ ∑ ∑ 𝑥𝑝𝑝′
𝑢  𝑑𝑖𝑝𝑝′𝐶𝑝𝑝′𝑡

𝑢
𝑝′∈𝑃′𝑝∈𝑃𝑢∈𝑈𝑡∈𝑇 +

 ∑ ∑ ∑ ∑ 𝑥𝑝′𝑑
𝑢 𝑑𝑖𝑝′𝑑𝐶𝑝′𝑑𝑡

𝑢  𝑑∈𝐷𝑝′∈𝑃′𝑢∈𝑈𝑡∈𝑇 +

 ∑ ∑ ∑ ∑ 𝑥𝑑𝑤
𝑢 𝑑𝑖𝑑𝑤𝐶𝑑𝑤𝑡

𝑢  𝑤∈𝑊𝑑∈𝐷𝑢∈𝑈𝑡∈𝑇 +
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∑ ∑ ∑ ∑ 𝑥𝑤𝑗
𝑢 𝑑𝑖𝑤𝑗𝐶𝑤𝑗𝑡

𝑢  𝑗∈𝐽𝑤∈𝑊𝑢∈𝑈𝑡∈𝑇  +

∑ ∑ ∑ ∑ 𝑥𝑗𝑟
𝑢 𝑑𝑖𝑗𝑟𝐶𝑗𝑟𝑡

𝑢  𝑟∈𝑅𝑗∈𝐽𝑢∈𝑈𝑡∈𝑇  +

 ∑ ∑ ∑ ∑ 𝑥𝑟𝑛
𝑢 𝑑𝑖𝑟𝑛𝐶𝑟𝑛𝑡

𝑢  𝑛∈𝑁𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇 +
∑ ∑ ∑ ∑ 𝑥𝑟𝑝

𝑢 𝑑𝑖𝑟𝑝𝐶𝑟𝑝𝑡
𝑢  𝑝∈𝑃𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇  +

∑ ∑ ∑ ∑ 𝑥𝑟𝑠
𝑢 𝑑𝑖𝑟𝑠𝐶𝑟𝑠𝑡

𝑢  𝑠∈𝑆𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇 +
∑ ∑ ∑ ∑ 𝑥𝑟𝑑

𝑢 𝑑𝑖𝑟𝑑𝐶𝑟𝑑𝑡
𝑢  𝑑∈𝐷𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇  +

 ∑ ∑ ∑ ∑ 𝑄𝑟𝑝
𝑢 𝑐𝑟𝑟𝑝𝑡

𝑢
𝑝∈𝑃𝑟∈𝑅𝑢∈𝑈𝑡∈𝑇   +

∑ ∑ ∑ 𝑊𝑝′𝑡
𝑢 𝐻𝑝′𝑡

𝑢
𝑡∈𝑇𝑢∈𝑈𝑤∈𝑊 +

∑ ∑ ∑ 𝑊𝑑𝑡
𝑢 𝐷𝐻𝑑𝑡

𝑢
𝑡∈𝑇𝑢∈𝑈𝑑∈𝐷 +

 ∑ ∑ ∑ ∑ 𝐶𝑑𝑑𝑤𝑡
𝑢

𝑤∈𝑊 𝐷𝑑𝑤
𝑢

𝑑∈𝐷𝑢∈𝑈𝑡∈𝑇

ℵ

 

𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 =  𝑇𝑚𝑎𝑛𝑓 +  𝑇𝑟𝑒𝑚𝑎𝑛𝑓

𝑇𝑜𝑡𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 = (𝐸𝑠𝑢𝑝 + 𝐸𝑚𝑎𝑛𝑓) 𝑥𝑝′𝑑
𝑢

+ (𝐸𝑟𝑒𝑚𝑎𝑛𝑓)𝑥𝑟𝑝
𝑢 + (1

− ℵ)(𝐸𝑟𝑒𝑠𝑢𝑝)𝑥𝑟𝑠
𝑢  

min Z = ∑ ∑ ∑ (Esup +d∈Dp′∈P′u∈U

Emanf) xp′d
u  +  ∑ ∑ ∑ (Eremanf)xrp

u  p∈Pr∈Ru∈U +

 ∑ ∑ ∑ (1 − ℵ)(Eresup)xrs
u  s∈Sr∈Ru∈U   

𝐸𝑠𝑢𝑝

𝐸𝑚𝑎𝑛𝑓𝐸𝑟𝑒𝑚𝑎𝑛𝑓𝐸𝑟𝑒𝑠𝑢𝑝

𝐸𝑚𝑎𝑛𝑓𝐸𝑠𝑢𝑝

𝐸𝑟𝑒𝑚𝑎𝑛𝑓

𝐸𝑟𝑒𝑠𝑢𝑝

‘

𝑒𝐶𝑜2𝑝′𝑝𝑢

up𝑝′ 

𝑒𝐻𝐹𝐶𝑝′𝑝𝑢  HFC

up𝑝′

HFCGWPHFC

 GWPHFCHFC

𝑒𝑝′𝑝𝑢

 

𝑒𝐶𝑜2𝑝′𝑝𝑢 = GWPHFC. 𝑒𝐻𝐹𝐶𝑝′𝑝𝑢  +𝑒𝐶𝑜2𝑝′𝑝𝑢

 CO2 

(gr/km) 

eCO2jkl

CO2

  𝐻𝐹𝐶

∑ ∑ xdw
u

d∈D =  𝜗𝑤
�̌�      ∀w ∈ W u∈U    
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∑ ∑ xwj
u

d∈D =  rew
u      ∀w ∈ Wu∈U    

 

     

         

       

   

 

∑ ∑ xwj
u

w∈W =  ∑ xjr
u

r∈R      ∀j ∈ Ju∈U         

 

     

        

 

∑ ∑ xrd
u

d∈Du∈U = rerd
u ∑ ∑ xjr

u
r∈Ru∈U      ∀r ∈ R    

∑ ∑ xrp
u

p∈Pu∈U = rerp
u ∑ ∑ xjr

u
r∈Ru∈U      ∀r ∈ R    

 

∑ ∑ xrs
u

s∈Su∈U = rers
u ∑ ∑ xjr

u
r∈Ru∈U      ∀r ∈ R    

 

∑ ∑ 𝑥𝑟𝑛
𝑢

𝑛∈𝑁𝑢∈𝑈

= 𝑟𝑒𝑟𝑛
𝑢 ∑ ∑ 𝑥𝑗𝑟

𝑢

𝑟∈𝑅𝑢∈𝑈

     ∀𝑟 ∈ 𝑅  . ∀𝑢

∈ 𝑈                         

∑ ∑ (xp′d
u + Qp′d

u )p′∈P′u∈U =

∑ ∑ xdw
u

w∈Wu∈U − ∑ ∑ xrd
u

r∈Ru∈U  ∀d ∈ D  

∑ ∑  xsp
u +

s∈Su∈U

 ∑ ∑  xrp
u

r∈Ru∈U

= ∑ ∑ xpd
u

d∈Du∈U

+ ∑ ∑ xpp′
u

p′∈P′u∈U

  ∀p ∈ P      

∑ W

u∈U p′t

u

= ∑ ∑ xpp′
u

p′∈P′u∈U

− ∑ ∑ xp′d
u

d∈Du∈U

    ∀p ∈ P   

 

∑ Wdt
u

u∈U

= ∑ ∑ xp′d
u

d∈PDu∈U

− ∑ ∑ xdw
u

w∈Wu∈U

   ∀p′ ∈ P′   

 

     

  

 

∑ ∑ xp′d
u

d∈Du∈U ≤  ∑ ∑ xpp′
u

p∈Pu∈U   ∀p′ ∈ P′  

      

       

  

∑ ∑ xsp
u

p∈Pu∈U + ∑ ∑ xrs
u

r∈Ru∈U  ≤  ∑ (caps
u +u∈U

pcs
u)    ∀s ∈ S      

∑ ∑ xpp′
u

p∈Pu∈U + ∑ ∑ xp′d
u

p∈Pu∈U  ≤

 capp′      ∀p′ ∈ P′        

∑ ∑ xdw
u

w∈Wu∈U + ∑ ∑ xrd
u

r∈Ru∈U ≤
capdVd    ∀d ∈ D     

∑ ∑ xwj
u

w∈Wu∈U ≤ capjVj    ∀j ∈ J    

∑ ∑ ∑ xrp
u

p∈Pu∈U rerpt
u

t∈T +

∑ ∑ ∑ xrs
u

s∈S rerst
u

u∈Ut∈T +
∑ ∑ ∑ xrn

u rernt
u

n∈Nu∈Ut∈T +
∑ ∑ ∑ xrd

u rerdt
u

d∈Du∈Ut∈T  ≤ caprVr   ∀𝒓 ∈ 𝑹      

∑ ∑ xrp
u

r∈Ru∈U

≤ ∑(capr + pcp
u Vr)

u∈U

   ∀p ∈ P     

∑ ∑ xrn
u

r∈Ru∈U ≤ capn + 𝐴𝑛�̌�Vn     ∀n ∈ N   

 

∑ ∑ Wp′t
u

u∈Ut∈T ≤  capp′      ∀p′ ∈ P′     

 

∑ ∑ Wdt
u

u∈Ut∈T ≤  capd   ∀d ∈ D     

 

     

          

           

   

∑ Vd
u

u∈U ≤ 1   ∀𝑑 ∈ 𝐷     

∑ Vj
u

u∈U ≤ 1   ∀𝑗 ∈ 𝐽     

∑ Vr
u

u∈U ≤ 1   ∀𝑟 ∈ 𝑅     

∑ V𝑛
U

u∈U ≤ 1   ∀𝑛 ∈ 𝑁     

     

  .
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𝑟𝑒𝑟𝑑𝑡
𝑢 + 𝑟𝑒𝑟𝑝𝑡

𝑢 +  𝑟𝑒𝑟𝑠𝑡
𝑢 +  𝑟𝑒𝑟𝑛𝑡

𝑢 = 1      ∀𝑢 ∈ 𝑈

     

  1.

 

𝑉𝑑. 𝑉𝑗 . 𝑉𝑟 . 𝑉𝑛  ∈  {0. 1}   ∀𝑑 ∈ 𝐷. ∀𝑗 ∈ 𝐽. ∀𝑟 ∈ 𝑅. ∀𝑛 ∈ 𝑁

xsp
u . xpp′

u . xp′d
u . xdw

u . xwj
u . xjr

u . xrn
u . xrp

u . xrs
u . Wp′t

u . Wdt
u  ≥ 0          

  

      

   . 

      

        

       

           

       

   uw

𝜗𝑤
𝑢t

     rf𝑟
u)  

     jfj
u

 

NP-CompleteNP-Hard

NP-Hard
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Z2, Z1

 Z2
*
, Z1

*

Lp-metricsZ3

10 

Z2, Z1

Z3

p

R2016

CPUIntel®Core™ i5

RAM 4 GB 
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U 

 

 

 

U 

 

U 
 

U 

 

U 
 

U 

 

U 
 

U 

 

U 
 

U 

 

U 
 

U 

 

U   

         

          

         

        

       

         

        

       

        

         

      .

      

      

  

 

   

 
   

 

  0.982452e6   

  1.021382e6 80308463  

  1.071815e6 80602724  

  1.092392e6 80681145  

  1.103849e6 80756941  

 .  1.109258e6 81082381  

 0.  1.061682e6 82183369  

 

     

Dev   
   

 
   

 

0.08085  0.  0.983841e6 80012075.1  0.016172 0.993394e6 80213561.6  

  0.151098 1.030593e6 80428613.8  0.118273 1.020138e6 80684332.1  

  0.165343 1.079542e6 80670872.4  0.15742 1.074841e6 80695703.2  

  0.15064 1.10473e6 80688404.2  0. 1 1.091239e6 80695638.9  

  0.839751 1.119485e6 80826518.9  0.33424 1.110258e6 80757659.3  

  0.067699 1.119468e6 82008390.7  0.020759 1.113359e6 81082510.5  

  0.028505 1.072373e6 83022644.4  0.022115 1.065134e6 82193529.8  
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pso
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 مقايسه زمان

Gams PSO Gen

78000000
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