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1� SHk

mt

SIkm

�
+

JX
j=1

TX
t=1

KX
k=1

Yj

 
1� SHk

jt

SIkj

!
(2)

%xm|Qw]x@
'=QH= '`} RwD 'pkvwptL 'O}rwD |xv} Ry pt=W u}t-=D |xQ}HvR |=yxv} Ry ẁtHt "1
Rm =Qt w |O}rwD |=yOL=w |OwHwt |=yxv} Ry w Ow@tm 'VNB Rm =Qt E=OL=

"OwW xv}tm VNB
xv}W}@ VNB Rm =Qt w |O}rwD |=yOL=w |=Q@ u=v}t]= |OwHwt Kw]U u}ov=}t "2

"OwW

xr�Ut |R=UpOt "3
x�=Q= xr�Ut |=Q@ xiOywO K}LY OOa |]NQ}e |R} Qxt=vQ@ pOt l} VN@ u}= QO

"OvwW|t h} QaD xt=O= QO xr�Ut pOt |=yO=tv "OwW|t

=yxawtHt "1"3
&(m = 1; 2; :::;M) u=oOvvmu}t-=D O=OaD %M

&(j = 1; 2; :::; J) VNB Rm =Qt O}Ov=m |=ypLt O=OaD %J
&(i = 1; 2; :::; I) u=} QDWt O=OaD %I

&(k = 1; 2; :::;K) xOWO}rwD CqwYLt `=wv= %K
"(t = 1; 2; :::; T ) |v=tR |=yxQwO O=OaD %T

=yQDt=Q=B "2"3
&t |v=tR |xQwO QOm |xv=NQ=m\UwD k ẁv pwYLt OL=w Qy O}rwD |xv} Ry %ckmt
j VNB RmQt x@ m |xv=NQ=m R= k ẁv pwYLt OL=w Qy p=UQ= |xv} Ry %dkjmt

&t |v=tR |xQwO QO
QO i |QDWt x@ j VNB RmQt R= k ẁv pwYLt OL=w Qy p=UQ= |xv} Ry %dkijt

&t |v=tR |xQwO
|xQwO QO m |xv=NQ=m \UwD k ẁv pwYLt O}rwD |R=Ov=x=Q |xv} Ry %CAkmt

&t |v=tR
|xQwO QO j VNB RmQt \UwD k ẁv pwYLt OL=w Qy |Q=Oxov |xv} Ry %HDk

jt

&t |v=tR
|xQwO QO m |xv=NQ=m \UwD k ẁv pwYLt OL=w Qy |Q=Oxov |xv} Ry %HP kmt

&t |v=tR
|xQwO QO i |QDWt |=[=kD OQwt k ẁv pwYLt OL=w Qy Ow@tm |xv} Ry %CSKit

&t |v=tR
&VNB RmQt u=wvax@ u=mt l} ?=NDv= C@=F |xv} Ry %fj

QO m |xv=NQ=m \UwD k ẁv pwYLt OL=w Qy O}rwD |=Q@ R=}v OQwt u=tR %PT km
&(h/unit) |v=tR |xQwO Qy

|xQwO Qy QO m |xv=NQ=m \UwD k ẁv pwYLt O}rwD |=Q@ |R=Ov=x=Q u=tR %Akm
&|v=tR

QO CqwYLt O}rwD Qw_vtx@ m xv=NQ=m TQDUO QO O}rwD u=tR ẁtHt %TTmt
&t |v=tR |xQwO

Qy QO CqwYLt |xQ}NP |=Q@ j VNB RmQt TQDUO QO C}iQ_ ẁtHt %Wj

&(m3) |v=tR |xQwO
Qy QO CqwYLt |xQ}NP |=Q@ m |xv=NQ=m TQDUO QO C}iQ_ ẁtHt %Wm
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"""|
xQ}H

vR|
xiOy

wO|
xr�U

tl
}pL

w|
R=Up

OtQ=Okt |xv}W}@ 8 |x]@=Q "OwW QDW}@ xv=NQ=m u; p=UQ= C}iQ_ R= Ov=wD|tv xv=NQ=m
XNWt xv=NQ=m Qy |xQ}NPC}iQ_ x@ xHwD =@ =Q =yxv=NQ=m QO pwYLt O}rwD umtt
Qy u=}=B QO xv=NQ=m Qy |Q=Oxov p@=k |OwHwt |xv}W}@ Qou=Wv 9 |x]@=Q "Ovm|t
|OwHwt u=R}t |xOvvmXNWt ?}DQDx@ 11 w 10 |=yx]@=Q "CU= |v=tR |xQwO
u=R}t 12 |x]@=Q "Ov=|v=tR |xQwO Qy u=}=B QO =yxv=NQ=m w VNB Rm =Qt u=v}t]=
|OwHwt u=R}t 13 |}x]@=[ wO |x]@=Q "OyO|t u=Wv =Q |QDWt |=[=kD Ow@tm
"OyO|t u=Wv |v=tR |xQwO Qy u=}=B QO =yxv=NQ=m QO =Q CqwYLt x=Dwm u=v}t]=
|v=tR |xQwO u=}=B QO pwYLt |OwHwt R= u=v}t]= |OwHwt u=R}t xm |t=ovy
w u=v}t]= |OwHwt u}@ hqDN= =@ Q@=Q@ x=Dwm u=v}t]= |OwHwt Q=Okt OW=@ QDW}@
"OwW|t QiY Q=Okt u}= CQwY u}= Q}e QO w CU= xQwO u=}=B QO pwYLt |OwHwt
VNB Rm =Qt QO =Q CqwYLt x=Dwm u=v}t]= |OwHwt u=R}t 14 |x]@=Q x@=Wt Qw]x@
|=yQ}eDt ẁv R}v 16 w 15 |=yx]@=Q "OyO|t u=Wv |v=tR |xQwO Qy u=}=B QO

"OvyO|t u=Wv =Q =yv; umtt Q}O=kt w xr�Ut

|O=yvW}B pOt pL "4
Q=yJ x@ =yVwQ u}= "OQ=O OwHw xiOyOvJ |=ypOt pL |=Q@ |irDNt |=yVwQ
uwO@ =yv; pL Ov}=Qi xm OvDUy |}=yVwQ xwQo u}rw= "Ov=xOW s}UkD |rm |xk@]
?Um =@ swO xwQo |=yVwQ "OQ}PB|t CQwY xOvQ}os}tYD R= x}rw= C=aq]= ?Um
xm CU= |}=yVwQ pt=W swU xwQo "Ovvm|t pta xOvQ}os}tYD R= x}rw= C=aq]=
sQ=yJ xwQo |=yVwQ w Ovvm|t Ci=} QO C=aq]= xOvQ}os}tYD R= pL u}L QO

"Ovvm|t pta pL u=}=B QO xOvQ}os}tYD x=oO}O T=U=Q@ xm OvDUy |}=yVwQ
OvDUy pw= xwQo |=yVwQ xrtH R= 8xv}tm � xv}W}@ w 7`t=H Q=}at |=yVwQ
QO [19]"Ovvm|tv Ci=} QO xOvQ}os}tYD R= |}x}rw= C=aq]= OwN pL Ov}=Qi QO xm
xOW xDiQo xQy@ xOWx�=Q= pOt pL Qw_vtx@ VwQ wO u}= R= =OD@= QO j}kLD u}=
|=Q@ w =yu}ov=}t |Q@=Q@ ZQi uwtR; R= VwQ wO u}= |xU}=kt Qw_vtx@ TBU "CU=
|xO=U ẁtHt w T}UB=D |=ysD} Qwor= R= 'VwQ wO u}@ R= xv} Ro u} QDy@ ?=NDv=
u=}@ QYDNt Qw]x@ xOW ?=NDv= pL |=yVwQ xt=O= QO "CU= xOW xO=iDU= |vRw

"CU= xOW

`t=H Q=}at VwQ "1"4
hOy `@=D p u}@ hqDN= u=R}t xm CU= |}xvwo x@ ?=wH |x@U=Lt VwQ u}= hOy
|O=Qiv= |R=Uxv}y@ VwQ R= xm =yv; p;xO}= ?=wH Q}O=kt w (fj ; j = 1; 2; :::; p)
CQ=@ax@ "OW=@ xDW=O =Q Q=Okt u} QDtm (f�j ; j = 1; 2; :::; p) 'CU= xOW x@U=Lt
O}=@ |R=Uxv}tm `@=wD� OvDUy |R=Uxv}W}@ ẁv R= hOy `@=wD s=tD xm |t=ovy Qo}O
Q} R CQwYx@ D Q=Okt |R=Uxv}tm |=v@t Q@ VwQ u}= '�OvwW p}O@D |R=Uxv}W}@ x@

%Ovm|t pta

Min D =

 pX
j=1

�
f�j � fj
f�j

�r!1=r
(17)

"CU= xOW xDiQo Q_v QO 2 =@ Q@=Q@ r Q=Okt j}kLD u}= QO

xv}tm � xv}W}@ VwQ "2"4
|R=Uxv}W}@ VwQ u}= hOy "Ovm|t RmQtD hOy u} QDh}a[ |wQ Q@ VwQ u}=
p;xO}= ?=wH Q}O=kt |wQ Q@ hOy `@=wD Q}O=kt s}UkD R= xm CU= |Q=Okt u} QDtm

Subject to
KX
k=1

PT km:Q
k
mt +

KX
k=1

Akm:Z
k
mt � TTmt 8m; t (3)

KX
k=1

MX
m=1

Vk:Ukjmt �WjYj 8j; t (4)

JX
j=1

Xk
ijt � DCkit 8i; t; k (5)

KX
k=1

Vk:Ikjt �WjYj 8j; t (6)

JX
j=1

Ukjmt � RkmZkmt 8k; t;m (7)

KX
k=1

Vk:Qkmt �Wm 8m; t (8)

KX
k=1

Vk:Ikmt �Wm 8m; t (9)

Ikjt = Ikjt�1 +
MX
m=1

Ukjmt �
IX
i=1

Xk
ijt 8j; k; t (10)

Ikmt = Ikmt�1 +Qkmt �
JX
j=1

Ukjmt 8m; k; t (11)

Skit = Skit�1 +DCkit �
JX
j=1

Xk
ijt 8i; k; t (12)

SHk
mt =

8<:SIkm � Ikmt SIkm � Ikmt
0 otherwise

8m; k; t (13)

SHk
jt =

8<:SIkj � Ikjt SIkj � Ikjt
0 otherwise

8j; k; t (14)

Yj ; Zkmt 2 f0; 1g 8m; j; k; t (15) 
Qkmt; Ikmt; Skit; Xk

ijt;

Ukjmt; Ikjt; SHk
mt; SHk

jt

!
� 0 8m; j; i; k; t (16)

|=yxv} Ry |R=Uxv}tm u; hOy xm CU= pw= hOy `@=D |xOvyOu=Wv 1 |x]@=Q
RmQt E=OL= C@=F |xv} Ry pt=W ?}DQDx@ =yxv} Ry u}= "OW=@|t u}t-=D |xQ}HvR
|R=Ov= x=Q |xv} Ry 'VNB Rm =Qt x@ =yxv=NQ=m R= CqwYLt p=UQ= |xv} Ry 'VNB
R= CqwYLt p=UQ= |xv} Ry 'VNB Rm =Qt QO CqwYLt |Q=Oxov |xv} Ry 'O}rwD
CqwYLt O}rwD |xv} Ry 'u=} QDWt |=[=kD Ow@tm |xv} Ry 'u=} QDWt x@ VNB Rm =Qt
swO hOy `@=D "OvDUy =yxv=NQ=m QO CqwYLt |Q=Oxov |xv} Ry w =yxv=NQ=m QO
u=v}t]= |OwHwt Kw]U u}ov=}t |R=Uxv}W}@ QO |aU 2 |x]@=Q QO xOWxO=Ou=Wv
|=Q@ TQDUO QO u=tR |xv}W}@ 3 |x]@=Q "OQ=O VNB Rm =Qt w |O}rwD |=yxv=NQ=m
|q=m Q=Okt |xv}W}@ xmCU= u; Qou=Wv 4 |x]@=Q "OyO|t u=Wv =Q CqwYLt O}rwD
xm Ovm|t sqa= 5 |x]@=Q "OW=@ QDW}@ =yv; C}iQ_ R= O}=@v VNB Rm =Qt x@ |r=UQ=
|QDWt |=[=kD R= O}=@v xQwO l} QO |QDWt x@ pwYLt ẁv Qy |r=UQ= |q=m Q=Okt
6 |x]@=Q QO xQwO Qy u=}=B QO VNB Rm =Qt |OwHwt |Q=Oxov C}iQ_ "OwW QDW}@
l} R= xOWp=UQ= |q=m u=R}t xm Ovm|t XNWt 7 |x]@=Q "CU= xOW xO=O u=Wv
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1/
1|

xQ=t
W'

34
�1

|xQ
wO'

�13
97

u=DU
@=D�

h}
QW

C}
Q}Ot

w`}
=vY

|U
Ovyt "xr�Ut |=yQDt=Q=B Q}O=kt "1 pwOH

Q}O=kt QDt=Q=B Q}O=kt QDt=Q=B
[0 1; 0 9] PTkm [1; 6] ckmt
[10; 35] Akm [10; 24] dkjmt
[45; 210] TTmt [3; 10] dkijt
[50; 400] Wj [100; 350] CAkmt

[500; 1200] Wm [2; 5] Hk
jt

[45; 80] Rkm [4; 9] Hk
mt

[15; 60] DCkit [10; 50] CSkit
[0 8; 1 5] Vk [4000; 10000] fj
[62; 150] SIkm [6; 50] SIkj

"|Q=t; ZQi uwtR; G}=Dv "2 pwOH
=QH= u=tR Z2 Q=Okt Z1 Q=Okt VwQ
60 85 42 15467 106300 4 `t=H Q=}at
28 40 60 344667 125269 xv}tm � xv}W}@

QiY ZQi VQ}PB QiY ZQi OQ QiY ZQi VQ}PB

%(V ) xOWxO=OuRw T=}kt|@ T} QD=t |x@U=Lt "3 s=o
V = [vij ] i = 1; :::;m j = 1; :::; n (23)

vij = wj � rij (24)

" nP
j=1

wj = 1 w CU= s=j Q=}at uRw wj u; QO xm
"CU= xOW xDiQo Q_v QO 1

3 =@ Q@=Q@ Q=}at 3 Qy |=yuRw Q}O=kt xr�Ut u}= QO
%(A�) |ivt p;xO}= |xv} Ro w (A+) C@Ft p;xO}= |xv} Ro u}}aD "4 s=o

A+ =
��

max vij jj 2 J+� ; �min vij jj 2 J�� ji = 1; 2; :::;m	
=
�
v+

1 ; v
+
2 ; :::; v

+
n
	

(25)

A� =
��

min vij jj 2 J+� ; �max vij jj 2 J�� ji = 1; 2; :::;m	
=
�
v�1 ; v�2 ; :::; v�n

	
(26)

|ivt p;xO}= w (d+
i ) C@Ft p;xO}= R= xv} Ro Qy |xrY=i u=R}t |x@U=Lt "5 s=o

%(d�i )

d+
i =

vuut nX
j=1

�
vij � v+

i
�2 i = 1; :::;m (27)

d�i =

vuut nX
j=1

�
vij � v�i �2 i = 1; :::;m (28)

|Ov@x@DQ w (CL�i ) p;xO}= |xv} Ro x@ xv} Ro Qy |m}ORv ?} Q[ u}}aD "6 s=o
%|m}ORv ?} Q[ Q}O=kt |rwRv ?}DQDx@ =yxv} Ro

CL�i =
d�i

d�i + d+
i

i = 1; :::;m (29)

%OwW|t u=}@ Q} R CQwYx@ |[=} Q ?r=k QO xm "CU= xOW x@U=Lt =yv;
Max

�
Min

�
f1
f�1
; f2
f�2
; :::; f3

f�3

��
(18)

|OOa p=Ft "3"4
xOWO=yvW}B pL VwQ wO |xU}=kt w pOt |}=Q=m |@=} RQ= w |HvUQ=@Da= Qw_vtx@
R=}v OQwt |=QH= u=tR w swO hOy `@=D Q=Okt 'pw= hOy `@=D Q=Okt Q=}at xU T=U=Q@
QO `t=H Q=}at w xv}tm � xv}W}@ |=yVwQ =@ w hrDNt |xR=Ov= 30 QO xr�Ut pOt
=@ Intel r
CoreTM i5-5200U CPU @ 2 20GHz C=YNWt =@ |}xv=}=Q
`} RwD T=U=Q@ xr�Ut pOt |=yQDt=Q=B s=tD "OW =QH= GAMS Q=Ri=sQv R= xO=iDU=
1 pwOH QO xm Ov=xOW xDiQo Q_v QO xOWu}}aDV}B R= |=yxrY=i =@ w CN=wvm}

"Ov=xOt;

|Q=t; |xU}=kt "4"4
pOt |=QH= Q=@ 30 G}=Dv u}ov=}t '|O=yvW}B |=yVwQ |Q=t; |xU}=kt Qw_vtx@
xU}=kt Qo}Om} =@ Q_v OQwt Q=}at 3 Qy |=Q@ w =yu}ov=}t |Q@=Q@ ZQi uwtR; T=U=Q@
xvwtv wO G}=Dv |xU}=kt |=Q@ ?U=vt |WwQ =yu}ov=}t |Q@=Q@ ZQi uwtR; "OW
w xv}tm � xv}W}@ VwQ wO |=yu}ov=}t |Q@=Q@ |xOvyOu=Wv QiY ZQi [20]"CU=

"CU=yv; |=yu}ov=}t uOw@hr=Nt l} ZQi w `t=H Q=}at8<:H0 : �globalcriteria = �MaxiMin

H1 : �globalcriteria 6= �MaxiMin

8Z1; Z2; CPU Time

(19)

Minitab16 Q=Ri=sQv R= xO=iDU= =@ w OYQO 95 u=v}t]= K]U =@ ZQi uwtR; u}=
XwYNQO QiY ZQi 'T=U= u}= Q@ "CU= xOt; 2 pwOH QO u; G}=Dv xm OW =QH=
=@ xm |vat u}O@ "OwW|t xDiQ}PB pOt |=QH= u=tR w pw= hOy `@=D Q=Okt |=yQ=}at
w pw= hOy `@=D Q}O=kt u}ov=}t u}@ |Q=O|vat hqDN= 'OYQO 95 u=v}t]= K]U
XwYN QO ZQi u}= "OwW|tv xOy=Wt |O=yvW}B VwQ wO QO pOt |=QH= u=tR
'OYQO 95 u=v}t]= K]U =@ xm |vat u}O@ "OwW|t OQ swO hOy `@=D Q=Okt Q=}at

"OQ=O hqDN= Qo}Om} =@ |O=yvW}B VwQ wO QO swO hOy `@=D Q=Okt u}ov=}t

T}UB=D sD} Qwor= j} Q] R= |O=yvW}B |=yVwQ |Ov@x@DQ "5"4
wO u}@ R= VwQ u} QDy@ ?=NDv= w |Ov@x@DQ Qw_vtx@ T}UB=D sD} Qwor= R= xt=O= QO
|Q}os}tYD O}it |=yVwQ R= |m}T}UB=D sD} Qwor= "OwW|t xO=iDU= OwHwt VwQ
KQWx@ T}UB=D sD} Qwor= pL=Qt [21]"CU= xv} Ro OvJ |Ov@C} wrw= |=Q@ xQ=}atOvJ

%CU= Q} R
Q=}at n w Q_v OQwt |xv} Ro m |xr}Uwx@ X s}tYD T} QD=t p}mWD "1 s=o

%|@=} RQ=
X = [xij ] i = 1; :::;m j = 1; :::; n (20)

%(R) xOWT=}kt|@ T} QD=t p}mWD "2 s=o
R = [rij ] i = 1; :::;m j = 1; :::; n (21)

rij = xijqPm
i=1 x2

ij

(22)
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"""|
xQ}H

vR|
xiOy

wO|
xr�U

tl
}pL

w|
R=Up

Ot"|vRw |xO=U ẁtHt sD} Qwor= G}=Dv "4 pwOH
x@DQ Ai VwQ
2 72"0 `t=H Q=}at
1 0 94 xv}tm � xv}W}@

C}U=UL p}rLD "5
'hOy `@=wD |xH}Dv |wQ Q@ pOt |=yQDt=Q=B C=Q}}eD QF=|@=} RQ= Qw_vtx@VN@ u}= QO
|Q=Oxov |xv} Ry |=yQDt=Q=B Qw_vtu}O@ "CU= xOW xO=iDU= C}U=UL p}rLD R=
hOy `@=D u=R}t |wQ Q@ C=Q}}eD |UQQ@ |=Q@ VNB RmQt w xv=NQ=m QO |OwHwt
Q@ C=Q}}eD |UQQ@ |=Q@ VNB RmQt w xv=NQ=m QO u=v}t]= |OwHwt |=yQDt=Q=B w pw=
|=Q@ =Q p}rLD u}= u=wD|t x@=Wt Qw]x@ "Ov=xOW ?=NDv= swO hOy `@=D u=R}t |wQ
CQwY u}O@ C}U=UL p}rLD s=Hv= |xwLv "O=O s=Hv= R}v xr�Ut Qo}O |=yQDt=Q=B
=@ w Ovv=t|t |k=@ C@=F |UQQ@ OQwt QDt=Q=B RHx@ xr�Ut |=yQDt=Q=B s=tD xm CU=
CU= xOW ?=NDv= C}U=UL p}rLD s=Hv= |=Q@ xm |QDt=Q=B Q}O=kt QO C=Q}}eD O=H}=
2 w 1 |=ypmW QO C}U=UL p}rLD u}= G}=Dv "OwW|t |UQQ@ p}rLD u}= G}=Dv

"CU= xOW xO=O u=Wv
%VNB RmQt QO w xv=NQ=m QO |OwHwt |Q=Oxov |=yxv} Ry �

hrDNt |=yOYQO |=R=x@ pw= hOy `@=D C=Q}}eD u=R}t |xOvyOu=Wv 1 pmW
QDt=Q=B u}vJty w VNB RmQt QO |OwHwt |Q=Oxov |xv} Ry QDt=Q=B QO Q}}eD
OwW|t x_Lqt hr=1 pmW QO "CU= xv=NQ=m QO |OwHwt |Q=Oxov |xv} Ry
'x}rw= u=R}t OYQO 20 =D VNB RmQt QO |Q=Oxov |xv} Ry QDt=Q=B V}=Ri= =@ xm
`@=D QO V}=Ri= Oa@ x@ x]kv u}= R= TBU w O@=}|t Vy=m hOy `@=D Q=Okt
xO=O MQ V}=Ri= OYQO 60 QO R}v xv} Ry Q=Okt u} QDtm "OwW|t xOy=Wt xv} Ry

"CU=
|xv} Ry QDt=Q=B QOV}=Ri=hrDNt |=yOYQO |=R=x@ pw= hOy `@=D C=Q}}eD u=R}t
Qw]u=ty "CU= xOW xO=O u=Wv ?1 pmW QO xv=NQ=m QO |OwHwt |Q=Oxov
Q}}eD QO |t_vt OvwQ O=H}= Ea=@ QDt=Q=B C=Q}}eD 'CU= XNWt pmW R= xm
QDt=Q=B V}=Ri= OYQO 40 s=ovy xv} Ry u=R}t u} QDtm w OwW|tv hOy `@=D
xOy=Wt QDt=Q=B |OYQO 60V}=Ri= s=ovy u; Q=Okt u} QDW}@ w |Q=Oxov |xv} Ry

"OwW|t
%VNB RmQt QO w xv=NQ=m QO CqwYLt u=v}t]= |OwHwt �

`@=D QO u; Q}F-=D w u=v}t]= |OwHwt C=Q}}eD x@ \w@ Qt |Oa@ C}U=UL p}rLD
x@ xHwD =@ "CU= xOW xO=O u=Wv 2 pmW QO u; G}=Dv xm CU= swO hOy
=yxv=NQ=m u=v}t]= |OwHwt u=R}t V}=Ri= xm OwW|t xOy=Wt hr=2 pmW
|OYQO 60 V}=Ri= s=ovy \ki w CU= xOW swO hOy `@=D u=R}t Vy=m Ea=@
"CU= QDW}@ u; |OYQO 50 V}=Ri= R= |tm Q=Okt u}= u=v}t]= |OwHwt QDt=Q=B
|OwHwt QDt=Q=B x@ x=Dwm u=v}t]= |OwHwt Q}eDt |oDU@=w ẁ[wt u}= p}rO
hOy `@=D u=R}t u=v}t]= |OwHwt V}=Ri= OwHw =@ xOW Ea=@ xm CU= u=v}t]=

"O@=} Vy=m swO
`@=D w VNB RmQt u=v}t]= |OwHwt C=Q}}eD |UQQ@ x@ \w@ Qt R}v ?2 pmW
|OwHwt V}=Ri= R}v =H u}= QO 'CU= XNWt xm Qw]u=ty xm CU= swO hOy

"CU= xOW swO hOy `@=D Vy=m ?Hwt VNB RmQt u=v}t]=

"T}UB=D sD} Qwor= G}=Dv "3 pwOH
x@DQ CL�i VwQ
2 0 175408 `t=H Q=}at
1 0 824592 xv}tm � xv}W}@

=@ xm CU= xOy=Wtp@=k 3 pwOH QO T}UB=D VwQ |Q}oQ=mx@ R= pY=L G}=Dv
VwQ u}= 'CU= QDW}@ xv}tm � xv}W}@ VwQ |m}ORv ?} Q[ Q=Okt xmu}= x@ xHwD

"OwW|t ?=NDv= QDQ@ VwQ u=wvax@

|xO=U ẁtHt VwQ j} Q] R= |O=yvW}B |=yVwQ |Ov@x@DQ "6"4
|vRw

|vRw |xO=U ẁtHt s=v x@ R}v |Qo}O sD} Qwor= R= 'pL |=yVwQ |Ov@x@DQ Qw_vtx@
%CU= Q} R KQW x@ sD} Qwor= u}= |=ys=o [21]"OW xO=iDU=

Q=}at n w Q_v OQwt |xv} Ro m |xr}Uwx@ X s}tYD T} QD=t p}mWD "1 s=o
%|@=} RQ=

X = [xij ] i = 1; :::;m j = 1; :::; n (30)

%(R) xOW T=}kt|@ T} QD=t p}mWD "2 s=o
R = [rij ] i = 1; :::;m j = 1; :::; n (31)

%CU= ?wr]t =yv; uOw@sm xm Z1 Q=Okt w =QH= u=tR |=yQ=}at |=Q@
rij = xij

xjmax (32)

%CU= ?wr]t u; uOw@ O=} R xm Z2 Q=Okt Q=}at |=Q@

rij = xjmin

xij
(33)

%(V ) xOW xO=O uRw T=}kt|@ T} QD=t |x@U=Lt "3 s=o
V = [vij ] i = 1; :::;m j = 1; :::; n (34)

vij = wj � rij (35)

" nP
j=1

wj = 1 w CU= s=j Q=}at uRw wj u; QO xm
"CU= xOW xDiQo Q_v QO 1

3 =@ Q@=Q@ Q=}at 3 Qy |=yuRw Q}O=kt xr�Ut u}= QO
%Ai Q}O=kt |rwRv ?}DQDx@ =yxv} Ro |Ov@x@DQ w Ai |x@U=Lt "4 s=o

Ai =
nX
j=1

vij (36)

CU= xOt; 4 pwOH QO |vRw |xO=U ẁtHt VwQ |Q}oQ=mx@ R= pY=L G}=Dv
"OwW|t ?=NDv= QDQ@ VwQ u=wvax@ xv}tm � xv}W}@ VwQ xm

� xv}W}@ VwQ wCU= u=Um} xOWx�=Q= sD} Qwor= wO Qy G}=Dv xm OwW|t xOy=Wt
"OwW|t ?=NDv= QDQ@ VwQ u=wvax@ sD} Qwor= wO Qy QO xv}tm
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1. right quantity
2. right location
3. right time
4. environmental impact
5. Topsis
6. simple additive weighting (SAW)
7. global Criteria
8. max-min

�References� `@=vt
1. Simchi-Levi, D., Kaminsky, P. and Simchi-Levi, E. De-

signing and Managing the Supply Chain, New York: Ir-
win McGraw-Hill (2000).

2. Roy, B. \Problems and methods with multiple objective
functions", Mathematical Programming, 1(1) , pp. 239-
266 (1971).

3. Voudouris, V.T. \Mathematical programming tech-
niques to debottleneck the supply chain of �ne chemical
industries", Computers and Chemical Engineering, 20,
pp. 1269-1274 (1996).

4. Amiri, A. \Designing a distribution network in a supply
chain system: Formulation and e�cient solution proce-
dure", European Journal of Operational Research, 171,
pp. 567-576 (2006).

5. Nobil, AH., and Niaki STA. \Location-allocation deci-
sions in a multi-echelon supply chain network with net
present value," Sharif Journal of Industrial Engineering
and Management, 31, pp. 107-112, (In Persian) (2015).

6. Gebennini, E., Gamberini, R. and Manzini, R. \An inte-
grated production|distribution model for the dynamic
location and allocation problem with safety stock op-
timization", International Journal of Production Eco-
nomics, 122, pp. 286-304 (2009).

7. Yadav, S.R., Muddada, R.R., Tiwari, M.K. and Shankar,
R. \An algorithm portfolio based solution methodology
to solve a supply chain optimization problem", Expert
Systems with Applications, 36, pp. 8407-8420 (2009).

8. Franca, R., Jones, E., Richards, C. and Carlson, J.
\Multi-objective stochastic supply chain modeling to
evaluate tradeo�s between pro�t and quality", Interna-
tional Journal of Production Economics, 127, pp. 292-
299 (2010).

9. Mirzapour Al-e-Hashem, S.M.J., Malekly, H. and
Aryanezhad, M.B. \A multiobjective robust optimiza-
tion model for multi-product multi-site aggregate pro-
duction planning in a supply chain under uncertainty",
International Journal of Production Economics, 134, pp.
28-42 (2011).

10. Chibeles-Martins, N., Pinto-Varela, T., Barb�osa-P�ovoa,
A. and Novais, A.Q. \A simulated annealing algorithm
for the design and planning of supply chains with eco-
nomic and environmental objectives", Computer Aided
Chemical Engineering, 30, pp. 21-25 (2012).

11. Cardona-Vald�es, Y., �Alvarez, A. and Pacheco, J. \Meta-
heuristic procedure for a bi-objective supply chain de-
sign problem with uncertainty", Transportation Research
PartB: Methodological, 60, pp. 66-84 (2014).

12. Razmi, J., Zahedi-Anarak, A.H. and Zakerinia, M.S. \A
bi-objective stochastic optimization model for reliable
warehouse network redesign", Mathematical and Com-
puter Modelling, 58, pp. 1804-1813 (2013).

13. Bandyopadhya, S. and Bhattacharya, R. \Applying
modi�ed NSGA-II for bi-objective supply chain prob-
lem", Journal of Intelligent Manufacturing, 24, pp. 707-
716 (2013).

14. Pasandideh. S,H,R,, Akhavan Niaki, S.T. and Asadi, K
, \Optimizing a bi-objective multi-product multi-period
three echelon supply chain network with warehouse reli-
ability", Expert Systems with Applications, 42, pp. 2615-
2623 (2015).

15. Vahdani, B. and Mohammadi, M. \A bi-objective
interval-stochastic robust optimization model for design-
ing closed loop supply chain network with multi-priority
queuing system", International Journal of Production
Economics, 170, pp. 67-87 (2015).

16. Soltani Tehrani, M., Hassan Pour, H.A. and Ramezani,
S. \Optimization of a bi- objective closed loop supply
chain consisting cost and carbon dioxide ", Management
Research in Iran ,19, pp.169-189, (In Persian) (2015).

17. Chan, F.T.S, Jha, A. and Tiwari, M.K. \Bi-objective
optimization of three echelon supply chain involving
truck selection and loading using NSGA-II with heuris-
tics algorithm", Applied Soft Computing, 38, pp. 978-987
(2016).

18. Alegoz, M. and Ozturk, Z.K. \A multi objective multi
echelon supply chain network model for a household
goods company", Modelling, Computation and Opti-
mization in Information Systems and Management Sci-
ences, 359, pp. 307-318 (2016).

19. Hwang, C.-L. and Masud, A.S.M., Multiple Objective De-
cision Making, Methods and Applications: A State-of-
the-Art Survey, Berlin: Springer-Verlag (1979).

20. Wellek, S., Testing Statistical Hypotheses of Equivalence
and Noninferiority, Second Edition, Boca Raton: Chap-
man & Hall/CRC (2010).

21. Hwang, C.L and Yoon, K., Multiple Attribute Decision
Making, Methods and Applications: A State-of-the-Art
Survey, Berlin: Springer-Verlag (1981).

94




