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w 'pwYLt Ci=} R=@ Q=Okt 'xOvvmCi=} R=@ x@ |DWoQ@ CqwYLt ptL 'pwYLt
xi=[= u; R= Oa@ ?U=vDt |xQwO QO xOvvmO}rwD x@ xOvvmCi=} R=@ R= C=a]k p=kDv=
?=wH |@=} RQ= VwQ \UwD xOW O=H}= ?=wH O}=@ C}=yv QO uwJ "OwW|t
C}OwOLt x@ C@Uv |yHwD w x_Lqt I}y VN@ u}= QO 'OwW xHwt w |UQQ@
CQwY pwYLt |R=UOw@=v x@ C@Uv pwYLt Ci=} R=@ C} wrw= =} w =yC}iQ_

"OQ}o|tv
3 pwOH QO xJv; Ovv=t� C@Uv CQwYx@ O}=@ xQ}HvR x@ \w@ Qt |=yQ}eDt Q}O=kt "3

"Ov};QO �xOW xO=O u=Wv
l}DU} Qw}y=Dt sD} Qwor= |}=Q=m V}=Ri= Qw_vtx@ =y?=wH QO ẁvD O=H}= CyH "4
R= |iO=YD CQwYx@ xm |k}kL |OOa QO C@Uv Q}O=kt O}=@ 'xOW xOQ@ Q=m x@

"OvwW ?Q[ OwW|t ?=NDv= (1� 1E� 7; 1 + 1E1� 7) xR=@

Ci=} R=@ w O}rwD OwOL K}LYD "4"4
C}iQ_ xv}W}@ R= QDsm xQwO l} QO xOvvmO}rwD \UwD pwYLt O}rwD Q=Okt xJv=vJ
O}rwD OOHt |R=Ov=x=Q |xv} Ry 'OwW s=Hv= O}rwD sy Oa@ |xQwO QO w OW=@ O}rwD
Q_v QO 1 Q@=Q@ O}rwD C@Uv Q}eDt |q=@ OL uwJ "OQ}o|t jraD |Oa@ |xQwO x@
pL u}L QO �xOW u}}aD MP Q@=Q@ O}rwD u=R}t u} QDW}@ |DQ=@ax@ =}� xOW xDiQo
OwN |q=@ OL x@ |DNUx@ O}rwD Q=Okt Q}eDt CU= umtt pOt |m}DU} Qw}y=Dt
C}iQ_ u} QDW}@ R= QDsm |mOv= xQwOl} QO O}rwD Q=Okt OQ=wt |Q=}U@ QO |va} &OUQ@
V}=Ri= u; `@D x@ w O}rwD |R=Ov=x=Q O=OaD V}=Ri= Ea=@ Qt= u}= &O}; CUO x@ O}rwD
O}rwD xv}W}@ Q=Okt sD} Qwor= pL=Qt |] 'O=ONQ u}= R= |Q}owrH |=Q@ "OwW|t xv} Ry
Q=Qk 1 3 ,qFt |va} 1 R= QDnQR@ |Q=Okt CU= xOW u}}aD 1 Q@=Q@ 3 pwOH QO xm
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O}tL [1]"xvwtv p�=Ut |=yQDt=Q=B O=H}= |=Q@ sRq |=yxO=O "4 pwOH

12 11 10 9 8 7 6 5 4 3 2 1 uwDU
3000 3000 5000 5000 1800 1800 12000 12000 2500 2500 2400 2400 1 Q]U
4500 4500 8000 8000 2500 2500 20000 20000 25000 25000 3600 3600 2 Q]U
100� 50� 200 200� 75 200 50 100 40 100 100 200 3 Q]U
40 80 60 120 150 275 90 150 15 50 150 300 4 Q]U
120 120 75 75 80 80 150 150 100 100 100 100 5 Q]U
0 6 0 6 0 7 0 7 0 8 0 8 1 1 0 5 0 5 1 1 6 Q]U
15 15 30 30 20 20 40 40 8 8 8 8 7 Q]U
4 4 6 6 6 6 7 7 4 4 4 4 8 Q]U

0 05 0 05 0 1 0 1 0 1 0 1 0 08 0 08 0 08 0 08 0 08 0 08 9 Q]U
0 5 0 5 2 2 1 1 0 25 0 25 1 1 1 1 10 Q]U

0 078 0 078 15 6 15 6 10 4 10 4 20 20 4 16 4 16 4 16 4 16 11 Q]U
50 250 15 30 40 80 25 50 15 25 50 100 12 Q]U
3 3 4 4 8 8 6 6 5 5 3 3 13 Q]U

- 0 7 = `]=kD C@=F - CN=wvm} = `]=kD - 150 = C}atH O=OaD %GA ��
&�|Q=Wa= C}@ 15 w K}LY C}@ 8� |Qv}=@ %swRwtwQm - 0 4 = VyH C@=F
= |DN=vW QDt=Q=B - 1 5 = |a=tDH= QDt=Q=B - 150 = C}atH O=OaD %PSO ��
&0 10 = xvt=O x@ CaQU u} QDW}@ C@Uv - 1 25 = |UQv}= ?} Q[ - 2 5

&0 25 = `]=kD C@=F - 1 5 = VyH pt=a - 150 = C}atH O=OaD %DE ��

= hW=m Qw@vR O=OaD - 75 = Qo =W=tD Qw@vR O=OaD = QoQ=m Qw@vR O=OaD %ABC ��
Oa@ QO ?Q[ QoQ=m |=yQw@vR O=OaD = ?=wH uOv=t C@=F C=aiO QFm =OL - 1

"xr�Ut

TBU w |U} wvOm Borland Delphi 7 Q=Ri=sQv ltm x@ jwi |=ysD} Qwor=
=QH= �1 8 GHz Intel Dual Core, 2 GB RAM� |YNW |xv=}=Q l} |wQ
hOy `@=D xk}kO t1 R= TB xm xDi=} xt=O= |v=tR =D =ysD} Qwor= |=QH= "CU= xOW
|=Q@ t2 w t1 "OWm@ pw] xk}kO t2 R= V}@ =QH= u=tR =} 'O@=} OWQ OL=w 20 R= QDsm
12 w 2 Q@=Q@ n = 20; 40 =@ p�=Ut |=Q@ w '6 w 1 Q@=Q@ n = 5; 7; 10 =@ p�=Ut
xr�Ut xv}y@ ?=wH 'lJwm O=a@= =@ p�=Ut |=Q@ u}vJty "CU= xOW xDiQo Q_v QO
pOt uwJ "CU= xOt; CUO x@GAMS Q=Ri=sQv \UwD MILP pOt pL j} Q] R=
nQR@ xr�Ut O=a@= |Dkw xv}y@ ?=wH uOQw; CUO x@ w u; pL CU= MILP ẁv R=
|=Q@ q=@ OL l} uOQw; CUO x@ Qw_vtx@ "CU= |rtaQ}e w Q}oCkw Q=}U@ OvW=@
'pOt |=yQ}eDt R= uOw@ K}LY OOa w |Qv}=@ \QW hPL =@ 'xOWO=H}= p�=Ut pm
XN=W TBU "CU= xOW xOQw; CUO x@ p�=Ut u}= |=Q@ |]N |R} Qxt=vQ@ ?=wH
R}v w '47 |x]@=Q\UwD (E1) xv}y@ ?=wH x@C@Uv|m}DU} Qw}y=Dt ?=wH |=]N
48 |x]@=Q \UwD (E2) q=@ OL x@ C@Uv |m}DU} Qw}y=Dt ?=wH |=]N XN=W
'pOt |m}DU} Qw}y=Dt pL R= pY=L |xH}DvX '\@=wQ u}= QO "CU= xOW x@U=Lt

GR = U(0; 1)�GP (31)

GSk = U(0; 1) (32)

MA;MB;ME;MF;MQ;MGk;MHk = Randomf5g (33)

(MPxk;�xk) = Random(2; 1) (34)

MP = �
n
� U(0; 1)�X

k

MPxk (35)

�k = �
n
��xk (36)

TS; TE; TQ; TGk; THk = Int(0 15� n� U(0; 1)) (37)

�A; �B = 0 5�Randomf7g (38)

�A; �B = U(0 8; 1 2)� 52�
100n (39)


k1 = U(0 1; 0 3) (40)


k2 = U(0 7; 0 9) (41)

�k1 = 1
n
� U(0 3; 0 5) (42)

�k2 = 1
n(n� 1)

� U(0 3; 0 5) (43)

BCk = �
n
� U(1; 5) (44)

CA;CB;CE;CF;CI; CR;CQ=0 5�U(0 9; 1 1)�X
k

�k

(45)

CDk; CCk = �k � U(0 9; 1 1) (46)

x@ xOW xOQ@ Q=m x@ |m}DU} Qw}y=Dt |=yVwQ x@ \w@ Qt |=yQDt=Q=B w C=YNWt
%R= Ov=CQ=@a xm xOW ?=NDv= =]N w |aU VwQ
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t=vQ@"xvwtv |=yxr�Ut |m}DU} Qw}y=Dt pL R= pY=L G}=Dv "5 pwOH
ABC DE PSO GA Oa@ m n xr�Ut

ME2 ME1 ME2 ME1 ME2 ME1 ME2 ME1
0 4868 0 0045 0 4870 0 0071 0 5173 0 0875 0 5741 0 1980 115 5 5 1
0 5053 0 0288 0 5045 0 0269 0 6071 0 2586 0 6296 0 3169 195 10 5 2
0 4059 0 0211 0 4027 0 0150 0 5776 0 3853 0 6425 0 4758 355 20 5 3
0 3939 0 0306 0 3881 0 0192 0 6667 0 5540 0 6903 0 5769 675 40 5 4
0 5531 0 0306 0 5491 0 0152 0 5822 0 0927 0 6762 0 3436 159 5 7 5
0 4122 0 0755 0 4037 0 0195 0 5000 0 2457 0 5720 0 3879 269 10 7 6
0 4169 - 0 4077 - 0 6402 - 0 7042 - 489 20 7 7
0 4410 - 0 4176 - 0 5989 - 0 6719 - 929 40 7 8
0 7076 - 0 7064 - 0 7272 - 0 7864 - 225 5 10 9
0 4612 - 0 4527 - 0 5224 - 0 6665 - 380 10 10 10
0 5014 - 0 4917 - 0 6243 - 0 7299 - 690 20 10 11
0 4421 - 0 4068 - 0 6893 - 0 7581 - 1310 40 10 12
0 7027 - 0 6964 - 0 7097 - 0 7988 - 445 5 20 13
5381 - 0 5293 - 0 6139 - 0 7055 - 750 10 20 14

0 4943 - 0 4723 - 0 6091 - 0 6967 - 1360 20 20 15
0 5150 - 0 4551 - 0 6484 - 0 7666 - 2580 40 20 16

"xvwtv p�=Ut pL R= pY=L |=]N |=yXN=W pm u}ov=}t "5 pmW
OwOL u=ty QO �OQ=Ov =Q pw= |=]N XN=W |x@U=Lt u; `@Dx@ w xv}y@ ?=wH
sD} Qwor= |}=Q=m xm CiQo xH}Dv u=wD|t u}=Q@=v@ w CU= xOv=t |k=@ lJwm p�=Ut
Vy=m �CU= Oa@ =} Q}eDt 2580 |=Q=O 16 |xr�Ut ,=[Qi� xr�Ut uOW nQR@ =@

"CU= xDi=}v

|Q}oxH}Dv "6
w |Q=Oxov 'VQ=iU |=yxv} Ry ^=Lr =@ xDU@xkrL u}t-=D |xQ}HvR 'Q=DWwv u}= QO
C=}rta |R} Qxt=vQ@ |=Q@ =yQ=@v= C}iQ_ R}v w O}rwD w ptL C}iQ_ w u=tR 'Ow@tm
u}= u}vJty "CU= xOW |UQQ@ OwOLt |v=tR ji= l} QO p} wLD w O}rwD 'VQ=iU

"CU= xOW x@U=Lt |q=@ OLB w 'MILP pOt |xv}y@ pL R= pY=L |xH}Dv A
E1 = A�X

A
(47)

E2 = B �X
B

(48)

?=wH 'OW=@ Q_v OQwt xOW O=H}= ?}mQD u}rw= R= xr�Ut u}tWW Qo = 'p=Ft Qw]x@
sD} Qwor=ltmx@ pL ?=wH '33934 Q@=Q@ �MILP pOt pL R= pY=L� u; |xv}y@
�|]N |R} Qxt=vQ@ pL R= pY=L� xOW x@U=Lt |q=@ OL w '26743 Q@=Q@ l}DvS
w 0 21 Q@=Q@ pw= |=]N XN=W Q=Okt u}=Q@=v@ "O};|t CUO x@ 69593 Q@=Q@
|xr�Ut 160 |UQQ@ G}=Dv "OW Oy=wN 0 62 Q@=Q@ swO |=]N XN=W Q=Okt
xOW QmP 5 pwOH QO �V}=tR; ẁv 16 R= l} Qy |=Q@ xr�Ut 10� xOW O=H}=
pY=L (ME2;ME1) =]N |=yXN=W u}ov=}t Q=Okt pwOH u}= QO "CU=
xOW xO=O V}=tv w x@U=Lt 'V}=tR; ẁv Qy R= xr�Ut 10 |m}DU} Qw}y=Dt pL R=

"CU=
(TME2; TME1) =]N |=yXN=W pm u}ov=}t 5 pmW QO u}vJty

"CU= xOW xO=O u=Wv xvwtv p�=Ut pm |m}DU} Qw}y=Dt pL R= pY=L
x@ xHwD =@ w xOQm x�=Q= |QDy@ ?=wH DE VwQ OwW|t xOy=Wt xm u=vJ
"CU= xOQm O=H}= ��2� |@U=vt |=]N pw= XN=W u}ov=}t 'xr�Ut nQR@ O=a@=
XN=W u}= xD@r= 'Ovm|t u=Uwv 0 5 OwOLQO =]N swO XN=W VwQ u}= QO
=Qy=_ |rw OQ@ Q=m x@ |m}DU} Qw}y=Dt pL VwQ |}=Q=m VHvU |=Q@ u=wD|tv =Q
|x@U=Lt C}r@=k xm � nQR@ p�=Ut |=Q@ XN=W u}= Q=Okt xm OwW|t xOy=Wt
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Qw]x@� l} SwrwvmD CqwYLt |=Q@ w �s=a Qw]x@� xDU@xkrL |=yxQ}HvR QO hrDNt
�q=@ CkO =@ |R} Qxt=vQ@� O=} R O=OaD x@ xar=]t OQwt |v=tR ji= s}UkD =@ �X=N
|=Q@ |r=tDL= |=[=kD =@ |}=ypOt R}v w xiOyOvJ |=ypOt |UQQ@ "CUH xQy@

"OwW|t O=yvW}B xOv}; C=k}kLD

CU= |rwRv xDUw}B u=WCt}k xm l} SwrwvmD |=yq=m |=Q@ X=N Qw]x@ xar=]t
DE 'PSO 'GA |m}DU} Qw}y=Dt VwQ Q=yJ R= Qw_vtu}O@ "CU= xDiQo s=Hv=
OyO|t u=Wv xOt; CUO x@ G}=Dv "CU= xOW xO=iDU= xr�Ut pL |=Q@ ABC w
u} QDsm xOW QmP VwQ Q=yJ u}@ QO w OQ=O |@U=vt |=]N Q=Okt DE VwQ xm
u}}aD QO |@} QkD |@=wH x@ |@=}CUO |=Q@ u=wD|t j}kLD u}= G}=Dv R= "OQ=O =Q =]N

=yCWwv=B
1. high-tech
2. mixed integer linear programming
3. genetic algorithm
4. particle swarm optimization
5. di�erential evolution
6. arti�cial bee colony

�References� `@=vt
1. Mungan, D. \An optimal operational policy for an in-

tegrated production-delivery system under continuous
price decrease", Master Thesis, Louisiana State Univer-
sity, USA (2007).

2. Pishvaee, M.S., Rabbani, M. and Torabi, S.A. \A robust
optimization approach to closed-loop supply chain net-
work design under uncertainty", Applied Mathematical
Modelling, 35(2), pp. 637-649 (2011).

3. Khajavi, L.T., Seyed-Hosseini, S.-M. and Makui, A. \An
integrated forward/reverse logistics network optimiza-
tion model for multi-stage capacitated supply chain",
iBusiness, 3(2), pp. 229-235 (2011).

4. Huang, Q. and Hu, B. \Simulation model of multi-
echelon closed supply chain for spare parts", The 3rd
International Workshop on Intelligent Systems and Ap-
plications, China (2011).

5. Wang, L. and Murata, T. \Study of optimal capacity
planning for remanufacturing activities in closed-loop
supply chain using system dynamics modeling", IEEE
International Conference on Automation and Logistics,
China (2011).

6. Pishvaee, M.S. and Razmi, J. \Environmental supply
chain network design using multi-objective fuzzy mathe-
matical programming", Applied Mathematical Modelling,
36(8), pp. 3433-3446 (2012).

7. Zeballos, L.J., Gomes, M.I., Barbosa-Povoa, A.P. and
Novais, A.Q. \Addressing the uncertain quality and

quantity of returns in closed-loop supply chains", Com-
puters and Chemical Engineering, 47, pp. 237-247
(2012).

8. Mitra, S. \Inventory management in a two-echelon
closed-loop supply chain with correlated demands and
returns", Computers & Industrial Engineering, 62(4),
pp. 870-879 (2012).

9. Kenn�e, J.-P, Dejax, P. and Gharbi, A. \Production plan-
ning of a hybrid manufacturing{remanufacturing system
under uncertainty with in a closed-loop supply chain",
International Journal of Production Economics, 135(1),
pp. 81-93 (2012).

10. Hassanzadeh Amin, S. and Zhang, G. \An integrated
model for closed-loop supply chain con�guration and
supplier selection: Multi-objective approach", Expert
Systems with Applications, 39(8) , pp. 6782-6791 (2012).

11. Esteves, V.M., Sousa, J.M., Silva, C.A., Povoa, A. and
Gomes, M. \SCant-design: Closed loop supply chain de-
sign using ant colony optimization", IEEE Congress on
Evolutionary Computation, Australia (2012).

12. Yang, P., Chung, S., Wee, H., Zahara, E. and Peng, C.
\Collaboration for a closed-loop deteriorating inventory
supply chain with multi-retailer and price-sensitive de-
mand", International Journal of Production Economics,
143(2), pp. 557-566 (2013).

13. Zeballos, L.J., M�endez, C.A., Barbosa-Povoa, A.P. and
Novais, A.Q. \Multi-stage stochastic optimization of the
design and planning of a closed-loop supply chain", 23rd
European Symposium on Computer Aided Process Engi-
neering, Finland (2013).

14. Georgiadis, P., Vlachos, D. and Tagaras, G. \The im-
pact of product lifecycle on capacity planning of closed-
loop supply chains with remanufacturing", Production
and Operations Management, 15(4), pp. 514-527 (2006).

15. Zeballos, L.J., M�endez, C.A., Barbosa-Povoa, A.P. and
Novais, A.Q. \Multi-period design and planning of
closed-loop supply chains with uncertain supply and de-
mand", Computers & Chemical Engineering, 66, pp.
151-164 (2014).

59



"""|
=[=

kD=@
xDU

@xkrL
u}t

- =D|
xQ}H

vR|
R}Qx

t=vQ@16. Yu, J., Sarker, B.R., Mungan, D. and Rahman, M. \A
production-delivery inventory system under continuous
price decrease and �nite planning horizon", Industrial
Engineering Research Conference, Canada (2008).

17. Bing-Chang, O. and Yi-Ming, F. \JIT delivery policy
for a supply chain under continuous price decrease",
Eighth International Conference of Chinese Logistics
and Transportation Professionals, China (2008).

18. Yu, J.C., Tsai, M., Liour, Y. and Cheng, N. \An e�cient
supplier-buyer partnership for hi-tech industry", Inter-
national Conference on New Trends in Information and
Service Science, China (2009).

19. Yu, J., Mungan, D. and Sarker, B.R. \An integrated

multi-stage supply chain inventory model under an in-
�nite planning horizon and continuous price decrease",
Computers & Industrial Engineering, 61(1), pp. 118-130
(2011).

20. Murayama, T., Yoda, M., Eguchi, T. and Oba, F. \Adap-
tive production planning by information sharing for re-
verse supply chain", Fourth International Symposium on
Environmentally Conscious Design and Inverse Manu-
facturing, Japan (2005).

21. Georgiadis, P., Vlachos, D. and Tagaras, G. \The im-
pact of product lifecycle on capacity planning of closed-
loop supply chains with remanufacturing", Production
and Operations Management, 15(4), pp. 514-527 (2006).

60




