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le|=Q@ pt=m |R=i |xiOyOvJ pOt l} pL w x�=Q=

xOvvmu}t-=D ?=NDv= |xr�Ut
�Q=}Wv=O� |Q}t= OwYkt

|}=@]=@] xtqa x=oWv=O '|Q=O@=UL w C} Q}Ot |xOmWv=O
�|QDmO |wHWv=O� �|t}ra Q}t=

OyWt |UwOQi x=oWv=O 'O=YDk= w |Q=O= swra xOmWv=O

p}rOx@ w CU= u}t-=D |xQ}HvR C} Q}Ot syt pL=Qt R= |m} xOvvmu}t-=D ?=NDv= |xr�Ut
xOQm pweWt OwN x@ =Q |O=} R u=OvtWv=O uyP 'uOw@ xYN=WOvJ C}y=t R= |Q=OQwNQ@

R= xO=iDU= x@ VywSB u}= Ov=|a]kQ}e ,=@r=e =yQ}eDt |ak=w |=}vO QO xm =Hv; R= "CU=
hOy xU =@ |rOt Qw_vtu}O@ "OR=OQB|t xOvvmu}t-=D ?=NDv= |xr�Ut QO |R=i |x} Q_v

|FrFt |R=i |=yQDt=Q=B =@ `kwtx@ *p} wLD uOQmxv}W}@ w C}i}m uOQmxv}W}@ 'xv} Ry uOQmxv}tm
|xR=Ov= |=yQ}eDt '|R=i |=[=kD u}t-=D C}OwOLt OwHw p}rOx@ "CU= xOW O=yvW}B

xOQm =O}B pt=m |R=i Cr=L xr�Ut xH}DvQO xm Ov=xOW h} QaD |R=i CQwYx@ R}v VQ=iU
xOW xO=iDU= |R=i |R} Qxt=vQ@ VwQ R= pt=m |R=i |xiOyOvJ |xr�Ut u}= pL |=Q@ "CU=
"CU= xOW u}}@D |@ wN x@ xr�Ut pL sD} Qwor= '|OOa p=Ft l} QO pOt u}= pL =@ "CU=

amiri@atu.ac.ir
amir.alimiaghdaei@stu-um.ac.ir

w pt=m |R=i pOt '|FrFt |R=i OOa 'xOvvmu}t-=D ?=NDv= |xr�Ut %|O}rm u=oS=w
"|R=i |R} Qxt=vQ@ VwQ

xtOkt "1
R= xO=iDU= =@ R}v Qo}O |kkLt "OvOv=UQ s=Hv= x@ =Q OwN VywSB OQmrta K]U w
u}ty QO [1]"OQm O=yvW}B |iO=YD |R} Qxt=vQ@ pOt l} |R=i TOPSIS VwQ
Q=Qk C}U=UL p}rLD OQwt |R=i ANP VwQ |Q}oQ=mx@ R= pY=L G}=Dv 'xv}tR

[6]"CiQo
u=oOvvmu}t-=D?=NDv=|=Q@ OOaDt|=yXN=Ww|R=iAHPVwQ R= u=QoVywSB
u=oOvyOs=Hv= uOQm xOvU@CU= OQ=w QwmPtC=ar=]t?re= x@ xm|O=Q}= [7]"Ov=xOQ@ xQy@
l} xm OwW|tv XNWt |Ov@x@DQ s=Hv= =@ "CU= u=oOvvmu}t-=D |Ov@x@DQ x@ =yu;
u}t-=D u=R}t xJ x@ l} Qy R= w u=oOvvmu}t-=D R= l}s=Om R= O}=@ =Q OwN R=}v xOvvmO}rwD
xm OwW|tv XNWt xOvvmu}t-=D |O=} R O=OaD *|Ov@x@DQ *s=Hv= =@ Qo}O CQ=@ax@ "Ovm
u}=Q@=v@ "OQm xHwD R}v u=oOvvmu}t-=D Qo}O x@ O}=@ =} OQm Q=m =yu; u} QDy@ =@ \ki O}=@ =};
=D Ov=xOQm xO=iDU= |[=} Q |R} Qxt=vQ@ |=ypOt R= u=OvtWv=O R= |Qo}O |xDUO

"Ovvm XNWt =Q xOvvmu}t-=D Qy x@ VQ=iU |xR=Ov= j}kO u=R}t
|=yQ=}at xYN=WOvJ |=yVwQ R= xO=iDU= =@ =OD@= u}kkLt '=DU=Q u}ty QO
|}=yQ=}at =yu; pOt QO "OvOQm |L=Q] xiOylD |rOt TBU w [8]'|@=} RQ= =Q OwN
VRQ= |R=Uxv}W}@� hOy `@=D w xDiQo Q=Qk =yC}OwOLt QO C}i}m w xHOw@ uwJ
=@ w [9]OvOQm O=yvW}B |R=Uxv}tm hOy `@=D xU =@ |rOt u=v; "Ow@ �O} QN |rm
x@ =Q OwN pOt 'hOy `@=wD QO |DWoQ@ w |Q}N-=D sqk= 'xv} Ry uwJ |OQ=wt uO=OQ=Qk
|=yQ}eDt =@ xiOyOvJ pOt l} |Qo}O |WywSB QO "OvOQm pL min-max VwQ
QO R}v Qo}O |}xOa [10]"OW pL |R=i |R} Qxt=vQ@ VwQ x@ w [10]|L=Q] |a]k

w =yQ=@v= 'u=oOvvmO}rwD 'u=oOvvmu}t-=D R= pmWDt CU= |}xm@W �u}t-=D |xQ}HvR�
w '|}=yv CqwYLt x@ u; p}O@D 'x}rw= O=wt |x}yD u; |xi}_w xm `} RwD |=yp=v=m
|x}yD x@ xQ}HvR u}= R= |tyt VN@ [1]"CU= u=} QDWt u}@ CqwYLt u}= `} RwD
RwQt= |Q=HD |=yQ=R=@ uOw@|D@=kQ p}rOx@ "OQ=O X=YDN= u=oOvvmu}t-=D R= x}rw= O=wt
"CU= Q=OQwNQ@ |}=RU x@ C}ty= R= xOvvmO}rwD |=Q@ ?U=vt |xOvvmu}t-=D ?=NDv=
u=OvtWv=O uyP Q}N= |=yp=U QO u=oOvvmu}t-=D ?=NDv= |xr�Ut p}rO u}tyx@

"CU= xOQm ?rH OwN x@ =Q |O=} R
w ?wN |xOvvmu}t-=D l} |=yXN=W G=QNDU= x@ u=OvtWv=O R= |}xDUO
=@ |NQ@ "Ov=xDN=OQB xQ=}atOvJ |=yVwQ R= xO=iDU= =@ u=oOvvmu}t-=D |Ov@x@DQ
'|Q}PBh=]av= w |SwrwvmD K]U 'Ct}k '`kwt x@ p} wLD 'C}i}mXN=W GvBh} QaD
VIKOR VwQ R= =yu; [2]&OvOQm G=QNDU=|v=}@ |=yQ}eDt R= =Q|}xkvRwP |R=i O=Oa=
|=yVwQ R= ?mQt |rOt Qo}O |NQ@ "OvOQm xO=iDU= |Ov@x@DQ |=Q@ |R=i Cr=L QO
R= w [3]'O=yvW}B |FrFt |R=i O=Oa= R= |Q}oxQy@ =@ =Q TOPSIS w DEMATEL

QO DEMATEL VwQ R= R}v Qo}O |}xOa "OvOQm xO=iDU= hrDNt XN=W 17
[4]"OvDUH xQy@ u=oOvvmu}t-=D |Ov@x@DQ |=Q@ |R=i \}Lt

'|R=i TOPSIS VwQ R= xO=iDU= =@ u=QoVywSB [5]'Qo}O |}xar=]t QO
'lU} Q pt=a 'xv} Ry 's=ovyQ}O p} wLD |=yXN=W '1Qi}W � QDUBtO |x} Q_v

pw�Ut xOvU} wv �
"1391 10 18 VQ}PB '1391 8 23 x}LqY= '1390 11 1 Ci=} QO %M} Q=D
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t=m
|R=

i|
xiOy

OvJ
pOt

l}
pL

wx�=
Q="� ~A = 1 xm |Qw]x@ OW=@ xDW=O

p=tQv w ?OLt 'xDUw}B xm CU= |R=i |xawtHt l} |R=i OOa l} %5 h} QaD
[16]"OW=@

s}t=v|t |FrFt |R=i OOa l} =Q ~A = (f; g; h) Ovv=t |R=i OOa l} %6 h} QaD
%OW=@ xOW h} QaD u}vJ u; C} w[a `@=D Qo =

� ~A(x) =

8>>>><>>>>:
x�f
g�f ; f � x � g
x�h
g�h ; g � x � h
0; Otherwise:

Ov=|w=Ut ~B = (p; q; r) w ~A = (f; g; h) |FrFt |R=i OOa wO %7 h} QaD
"r = h w q = g 'f = p Qo = \ki w Qo =

`@=D x < 0 Qy |=R=x@ Qo = s}} wo C@Ft =Q L Ovv=t |R=i OOa l} %8 h} QaD
"�L(x) = 0 %|va} OW=@ QiY =@ |w=Ut u; C} w[a

F (R) xm CU= |Ov@x@DQ `@=D l} < : F (R)! R Ovv=t `@=D l} %9 h} QaD
h} QaD |k}kL O=Oa= |xawtHt |wQ xm CU= |R=i O=Oa= R= xawtHt l} pt=W
|=Q@ "Ovm|t p}O@D |k}kL OOa l} x@ =Q |R=i OOa l} |Ov@x@DQ `@=D u}= "Ov=xOW
CQ=@a |Ov@x@DQ `@=D x=ou; OW=@ |FrFt |R=i OOa l} ~A = (f; g; h) Qo = p=Ft

"R( ~A) = f+2g+h
4 %R= CU=

Qo = "OvwW|t h} QaD R}v |[=} Q |=yC=}rta |R=i O=Oa= u}@=t %10 h} QaD
C=}rta u}= x=ou; 'OvW=@ |FrFt |R=i OOa wO ~B = (p; q; r) w ~A = (f; g; h)

%R= Ov=CQ=@a
%`tH C=}rta �hr=

~A� ~B = (f; g; h)� (p; q; r) = (f + p; g + q; h+ r)

%xv} Qk �?
� ~B = �(p; q; r) = (�r;�q;�p)

%j} QiD C=}rta �G
~A� ~B = (f; g; h)� (p; q; r) = (f � r; g � q; h� p)
~B = (x; y; z) |FrFt |R=i OOa l} ~A = (f; g; h) Qo = %?Q[ C=}rta �O

[17]"s} Q=O x=ou; 'OvW=@ |ivtQ}e |FrFt |R=i OOa l}

~A
 ~B �=

8>>>><>>>>:
(fx; gy; hz); f � 0
(fz; gy; hz); f < 0; h � 0
(fz; gy; hx); h < 0:

xOvvmu}t-=D ?=NDv= |xr�Ut "3
x}=B pOt "1"3

VN@ "OW R=e; 1990 |xyO R= �u}t-=D |xQ}HvR C} Q}Ot� XwYNQO C=ar=]t
|xr�Ut "CU= xOvvmO}rwD w xOvvmu}t-=D Cqt=aD x@ \w@ Qt C=ar=]t u}= R= |tyt

=@ |rOt 2006 p=U QO =OD@= =yu; [13�11]"OvDN=OQB ẁ[wt u}= x@ VywSB OvJ
w CtON K]U |R=Uxv}W}@ w C}i}m |R=Uxv}W}@ 'xv} Ry |R=Uxv}tm hOy xU
pL |R=i |R} Qxt=vQ@ VwQ x@ =Q u; w OvOQm O=yvW}B C}iQ_ w =[=kD C}OwOLt
w OvOQm O=yvW}B xiOyxU |rOt sy R=@ Vv=Q=mty w O}ta 2009 p=U QO "OvOQm
swU w swO hOy `@=wD xm Cw=iD u}= =@ &OvOQm pL u=WxDWPo VywSB VwQ x@ =Q u;
xi=[= R}v |}=yC}OwOLt w xDiQo Q_v QO |Q}N-=D w |DWoQ@ sqk= |R=Uxv}tm =Q
,=OOHt =Q 2006 p=U VywSB pOt 2011 p=U QO |Qo}O VywSB QO =yu; "OvOQm
|=yVywSB |t=tD QO "OvOQm pL |vRw max-min VwQ x@ =Q u; w xDiQo Q_v QO
QDt=Q=B l} \ki w [14w12'11]OW h} QaD |a]k \}=QW QO =yQ}eDt w =yQDt=Q=B 'QwmPt
xvwoJ xm CU= u}= OQ=O OwHw xm |r=-wU =t= "OW h} QaD |R=i CQwYx@ �=[=kD�

#s}yO ?=wH |R=i |=[=kD x@ |a]k VQ=iU |xR=Ov= Q}eDt =@
|=yQ}eDt w =yQDt=Q=B |t=tD xm s}yO O=yvW}B |rOt =D s}v;Q@ VywSB u}= QO
|R=i pOt� |R=i |x} Q_v QO =ypOt ẁv u}= "OvwW|t h} QaD |R=i CQwYx@ u;
Q}eDt CU= pt=m |R=i |xiOyOvJ pOt l} xm |O=yvW}B pOt QO "OvQ=O s=v �pt=m
=@ s}v=wD|t xm OwW|t h} QaD |FrFt |R=i OOa l} CQwYx@ R}v VQ=iU |xR=Ov=
VwQ R= xO=iDU= =@ pOt u}= "s}vm xOQw;Q@ =Q |R=i |=[=kD l} u; uOQw; CUO x@
l} QO pOt pL w |R=UpOt *Q=m pL=Qt |x}rm "OW Oy=wN pL |R=i |R} Qxt=vQ@

"OW Oy=wN xO=O u=Wv |OOa p=Ft

|R=i |x} Q_v "2
KQ]t =Q |R=i |=yxawtHt |x} Q_v Q=@ u}rw= |=Q@ xO=R QwUiwQB 1965 p=U QO
R= |Q=}U@ QOCU= xOW KQ]t |a]k p�=Ut |x} Q_v p@=kt QO xm x} Q_v u}= [15]"OQm
x�=Q=x} Q_v u}= R= x}rw= h} QaD OvJ VN@ u}= QO "CU= xOQm R=@ =Q OwN |=H =yxv}tR

%OwW|t
|R=i |xawtHt s}vm h} QaD |v=yH |xawtHt =Q X |xawtHt Qo = %1 h} QaD

%OQm h} QaD OwN C} w[a `@=D =@ u=wD|t =Q X R= ~A

� ~A : X ! [0; 1]

OOa l} '� ~A |va} '|R=i |xawtHt C} w[a `@=D x 2 X Qy |=R=x@ u; QO xm
QO x C} w[a |xHQO |xOvyOu=Wv C} w[a `@=D "CU= [0; 1] |xR=@ QO |k}kL
pmWDt ?DQt GwR l} ?r=k QO u=wD|t =Q ~A Ovv=t |R=i |xawtHt l} "CU= ~A

%O=O V}=tv � ~A(x) w x R=
~A = f(x; � ~A(x)) j x 2 Xg
Ovv=t |O=tv =@ ~A Ovv=t |R=i |xawtHt l} R= � VQ@ |xawtHt %2 h} QaD
C} w[a |xHQO xm CU= ~A QY=va |x}rm pt=W w OwW|t xO=O V}=tv [ ~A]�

%CU= � |w=Ut =} QDnQR@ =yu;h
~A
i
�

= fx j� ~A(x) � � ; � 2 [0; 1]g
\ki w Qo = CU= ?OLt X = Rn QO ~A Ovv=t |R=i |xawtHt l} %3 h} QaD

"OvW=@ ?OLt u; � VQ@ |=yxawtHt |t=tD Qo =
OwHw x 2 X l} Qo = s}t=v|t p=tQv =Q ~A Ovv=t |R=i |xawtHt l} %4 h} QaD

106



|t}
raQ

}t=w
|Q}

t=O
wYk

t CU= �D� =[=kD Q}eDt CU= xOW h} QaD |R=i CQwYx@ =yVywSB R= |NQ@ QO xm
xJ x@ xm CU= xOWv XNWt |a]k CQwYx@ VQ=iU |xR=Ov= h} QaD p}rOx@ xm
Q_v QO |R=i =@ "OwW|t xO=O MU=B |a]k VQ=iU |xR=Ov= =@ |R=i |=[=kD CQwY
Ovv=t |rOt x@ xOvvmu}t-=D ?=NDv= |x}=B pOt QO =yQDt=Q=B w =yQ}eDt |t=tD uDiQo

%s}UQ|t 2 pOt
Min ~z1 =

nP
i=1

~xi 
 ~pi

Max ~z2 =
nP
i=1

~xi 
 ~qi

Max ~z3 =
nP
i=1

~xi 
 ~di

Subject To :
nP
i=1

~xi = ~D

~xi � ~ci i = 1; 2; :::; n
~xi � 0 i = 1; 2; :::; n (2)

u}vJ "CU= pOt |=yQDt=Q=B w =yQ}eDt |t=tD uOW |R=i 1 pOt =@ 2 pOt Cw=iD
Ov=|R=i =RH= |t=tD pt=m |R=i pOt l} QO "Ovt=v|t �pt=m |R=i pOt� =Q |rOt
pt=m |R=i |xiOyOvJ pOt l} 2 pOt "Ow@ Oy=wN |R=i R}v xr�Ut G}=Dv `@]r=@ w

"OQ}PB|tv CQwY |oO=Ux@ u; pL w CU=

pL VwQ "4
pt=m |R=i p�=Ut pL VwQ "1"4

|}xrY=i ?}=Q[ =@ xr�Ut l} pL xm CU= xO=O u=Wv [21]xOW s=Hv= C=ar=]t
|R=i |xr�Ut l} pL xm O}tyi u=wD|t |oO=Ux@ xH}Dv QO "CU= NP-hard

|R=i p�=Ut pL |=Q@ "Ow@ Oy=wN xO}J}B Q=}U@ QDW}@ O=a@= uDW=O p}rOx@ pt=m
2 pOt pL |=Q@ [23w22'16]"Ov=xDiQo xQy@ OwN |Q=mD@= |=yVwQ R= u=OvtWv=O pt=m
u}= "CU= xOW xO=iDU= [24w17]u=Q=mty w Q=twm |O=yvW}B VwQ R= VywSB u}= QO
|=yC}OwOLt |=Q=O p�=Ut pL |=Q@|WwQ OwN 2010 p=UVywSB QO u=OvtWv=O
|R=i p�=Ut pL |=Q@ =Q VwQ u}ty OwN 2011 p=U VywSB QO w |w=Ut=v
pt=m |R=i pOt l} pL |=Q@ "Ov=xDiQo Q=m x@ |w=UD C}OwOLt |=Q=O pt=m
h} QaD |FrFt |R=i O=Oa= CQwYx@ =Q xr�Ut |=yQ}eDt |t=tD =OD@= 2 pOt Ovv=t

%s}vm|t8>>>>>>>>>>>>>><>>>>>>>>>>>>>>:

~xi = (xi; yi; zi)

~pi = (pi; ri; si)

~qi = (qi; ki; hi)

~di = (di; ei; fi)

D = (D;G; J)

~ci = (ci; bi; ai)

"s}UQ|t 3 pOt Ovv=t|rOt x@ 2 pOt QO|FrFt |R=i O=Oa= R=l} Qy |Q=Po|=H =@
Min ~z1 =

nP
i=1

(xi; yi; zi)
 (pi; ri; si)

Max ~z2 =
nP
i=1

(xi; yi; zi)
 (qi; ki; hi)

l} s=Om R= =Q ?U=vt |x}rw= O=wt x@ VR=}v xm CU= u}= xOvvmO}rwD l} |oW}ty
Q=m x@ CUO |O=} R u=OvtWv=O p=-wU u}= x@ MU=B |=Q@ #Ovm u}t-=D u=oOvvmu}t-=D R=
'xv}tR u}= QO OwHwt syt |xDmv "Ov=xO=O CQwY=Q |OOaDt C=ar=]t w Ov=xOW
xm |}=yXN=W OQwt QO "CU= xOvvmu}t-=D ?=NDv= |xr�Ut uOw@v xYN=WlD
hrDNt |=yVywSB QO w OQ=Ov OwHw |Q_v j=iD= OwW Qw_vt O}=@ xr�Ut u}= |=Q@
x@ p} wLD w C}i}m 'xv} Ry |=yQ=}at "CU= xDiQo Q=Qk |UQQ@ OQwt |OOaDt |=yQ=}at
[20�18]"Ov=xDiQo Q=Qk Q_vOQwt u=OvtWv=O?re=VywSB QO xm OvDUy |}=yQ=}at `kwt
xYN=WOvJ |Q}os}tYD |xDUO wO x@ 2�MCDM� xQ=}atOvJ |Q}os}tYD p�=Ut
VywSBu}= QO "OvwW|t s}UkD 4�MODM� xiOyOvJ|Q}os}tYD w 3�MADM�
"s}=xOQ@ xQy@ xiOyOvJ |OQm} wQ R= VQ=iU |xR=Ov= j}kO u=R}t uOQw;CUO x@ |=Q@
Q}_v x}=B |rOt s}v=wD|t `kwtx@ p} wLD w C}i}m 'xv} Ry |=yQ=}at uDiQo Q_v QO =@

[14]"s}W=@ xDW=O 1 pOt
Min z1 =

nP
i=1

xipi

Max z1 =
nP
i=1

xipi

Max z3 =
nP
i=1

xidi

Subject To :
nP
i=1

xi = D

xi � ci i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n (1)

O=OaD %R= CU= CQ=@a u; h} QaD w CU= xr�Ut s}tYD Q}eDt xi '1 pOt QO
O} QN |xv} Ry pi &OwW|t |Q=O} QN xOvvmu}t-=D u}t=i R= xm pwYLt |=yOL=w
|R=Uxv}tm p=@vO x@ pw= hOy `@=D w CU= s=i |xOvvmu}t-=D R= pwYLt OL=w Qy
|xOvvmu}t-=D C}i}m K]U OYQO qi pOt u}= QO "CU= O} QN |xv} Ry ẁtHt
|Q=O} QN sqk= C}i}m pm |R=Uxv}W}@ p=@vOx@ hOy `@=D u}twO w CU= s=i
p} wLD `kwtx@ xOvvmu}t-=D u}t=i \UwD xm CU= |tqk= OYQO di "CU= xOW
CU= |tqk= OYQO ẁtHt |R=Uxv}W}@ p=@vO x@ hOy `@=D u}twU w OvwW|t
w CU= xOvvmO}rwD |=Q@ OwHwt |=[=kD ẁtHt D "OvwW|t p} wLD `kwt x@ xm
'xOvvmu}t-=D u}t=i u}t-=D C}iQ_ ci "OW=@ u; uOQm xOQw;Q@ p=@vO x@ O}=@ xr�Ut
C}iQ_ ẁtHt xm CU= u; pOt u}= ZQiV}B "CU= u=oOvvmu}t-=D O=OaD n w
?=wH |=Q=O ZQi u}= CLD pOt 'CU= QDW}@ pwYLt |=[=kD R= u=oOvvmu}t-=D

"CU=

pt=m |R=i pOt "2"3
|Q}os}tYD OvwW|t u=}@|a]kQ}eCQwYx@p�=Ut?re=|ak=w |=}vO QO xm =Hv; R=
R= |m} |R=i |x} Q_v "OQ=O RwQt= swra QO |}xS} w x=o}=H |a]kQ}e \}=QW QO
"OQm KQ]t |a]kQ}e Cr=L QO =Q p�=Ut u; ltm x@ u=wD|t xm CU= |}=yx=Q
w OQ=O |}xS} w x=o}=H |R=i |x} Q_v R= xO=iDU= R}v xOvvmu}t-=D ?=NDv= |xr�Ut QO
|=yQ}eDt OQwtQO "Ov=xO}UQ s=Hv= x@ swyit u}= R= |Q}oxQy@ =@ =yVywSB R= |Q=}U@
'`kwt x@ p} wLD w C}i}m 'xv} Ry |=yQ}eDt [2]u=Q=mty w |a}=vY VywSB QO 1 pOt
C}iQ_ Q}eDt [6]Owv} w VywSB QO w =[=kD Q}eDt [12]u=Q=mty w O}ta VywSB QO
OQ@ Q=m |D=ar=]t QO ?re= =yQ}eDt uOQm |R=i =t= "Ov=xOW h} QaD |R=i CQwYx@
|R} Qxt=vQ@ pOt xm |D=ar=]t QO w &Ov=xOQm xO=iDU= xYN=WOvJ VwQ R= xm OQ=O
|Q}eDt =yvD "Ov=xOW h} QaD |a]k CQwYx@ =yQ}eDt ?re= Ov=xO=O O=yvW}B |[=} Q

107



"""|
=Q@p

t=m
|R=

i|
xiOy

OvJ
pOt

l}
pL

wx�=
Q=OQm xO=iDU= u=wD|t |irDNt |=yVwQ R= 5 pOt |xiOyOvJ |xr�Ut pL |=Q@

"CU= xOW xO=iDU= |R=i |R} Qxt=vQ@ VwQ R= VywSB u}= QO xm

|R=i |R} Qxt=vQ@ VwQ "2"4
u}= u} QDpt=m R= |m} xm OQ=O OwHw |OOaDt |=yVwQ xiOyOvJ p�=Ut pL |=Q@
'xOW O=yvW}B [25]utQt} R \UwD xm VwQ u}= "CU= |R=i |R} Qxt=vQ@ VwQ =yVwQ
?=NDv= |xr�Ut QO "CU= xO=O u=Wv xiOyOvJhrDNt p�=Ut pL QO =Q OwN |}=Q=m
[14w12'11]"CU= xOW xO=iDU= |OOaDt |=yVywSB QO VwQ u}= R= R}v xOvvmu}t-=D
`@=wD OwOL uOQw; CUO x@ |R=i |R} Qxt=vQ@ VwQ x@ xr�Ut l} pL |=Q@ s=o u}rw=
l} QO w xv=o =OH Qw]x@ =Q hOy `@=wD R= l} Qy u=wD|t Q=m u}= |=Q@ "CU= hOy
QO |O=yvW}B |xr�Ut |=Q@ "OQm xv}W}@ Q=@l} w xv}tm Q=@ l} xiOylD |xr�Ut
=ypOt u}= R= |m} "OQm pL =RHt pOt 6 O}=@ CU= hOy `@=D 3 |=Q=O xm 5 pOt

%CU= xOW x�=Q= 6 pOt QO

Min ~z3 = <(
nP
i=1

(xidi; yiei; zifi))

S:T :
nP
i=1

xi = D;
nP
i=1

yi = G;
nP
i=1

zi = J

xi + ti = ci; yi + vi = bi; zi +mi = ai;; i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n
yi � xi � 0; zi � yi � 0 i = 1; 2; :::; n
vi � ti � 0; mi � vi � 0; i = 1; 2; :::; n (6)

`@=wD |=Q@ =Q =yu; xm OvyO|t =t x@ =Q hOy `@=wD u}}=B OwOL |R=Uxv}tm p�=Ut
hOy `@=wD |q=@ OwOL |R=Uxv}W}@ p�=Ut "s}t=v|t l1; l2; l3 swU =D pw= hOy
Oa@ "s}t=v|t u1; u2; u3 swU =D pw= hOy `@=wD |=Q@ =Q =yu; xm OvyO|t =t x@ =Q
`@=wD "CU=yu; C} w[a `@=D h} QaD s=o u}twO 'hOy `@=wD OwOL x@ |@=}CUO R=

%Ov=xOW h} QaD Q} R |=yx]@=Q CQwYx@ hOy `@=wD C} w[a

�(~z1) =

8>>>><>>>>:
0; ~z1 � u1
u1�~z1
u1�l1 l1 < ~z1 < u1

1; ~z1 � l1:

�(~z2) =

8>>>><>>>>:
0; ~z2 � l2
~z2�l2
u2�l2 ; l2 < ~z2 < u2

1; ~z2 � u2:

�(~z3) =

8>>>><>>>>:
0; ~z3 � l3
~z3�l3
u3�l3 ; l3 < ~z3 < u3

1; ~z3 � u3:

|@=}CUO OYQO u=wvax@ Q}eDt u}= "CU= �i Q}eDt h} QaD x@ \w@ Qt s=o u}twU
5 pOt |xr�Ut hOy `@=wD |=Q@ "OwW|t h} QaD V=xv}y@ Q=Okt x@ s=i hOy `@=D
u}vJ hOy `@=D Qy =@ =yQ}eDt u}= |x]@=Q "OvwW|t h} QaD �1; �2; �3 |=yQ}eDt

%CU= xOWu=}@

Max ~z3 =
nP
i=1

(xi; yi; zi)
 (di; ei; fi)

Subject To :
nP
i=1

(xi; yi; zi) = (D;G; J)

(xi; yi; zi) � (ci; bi; ai) i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n
yi � xi � 0; zi � yi � 0 i = 1; 2; :::; n (3)

=yQDt=Q=B R= l} Qy |FrFt \U@ 3 pOt QO w OvQ=Ov Qo}Om} =@ |Dw=iD 3 pOt w 2 pOt
p}rOx@ zi � yi � 0 w yi � xi � 0 uDiQo Q_v QO "CU= xOW xDWwv =yQ}eDt w
x_Lqt 3 pOt QO xm u=vJ "CU= xr�Ut G}=Dv QO |FrFt C} w[a `@=D ^iL
C}OwOLt u}= p}O@D |=Q@ "CU= |w=Ut=v CQwYx@ xr�Ut swO C}OwOLt OwW|t

%s}vm|t h} QaD w xi=[= u; AJ CtU x@ =Q ~si Ovv=t |Ow@tm Q}eDt |w=UD x@
~si = (ti; vi;mi)

(xi; yi; zi) = %s}W=@ xDW=O =Q CQ=@a u}= =yC}OwOLt R= |m} QO xm|t=ovy
[24w17]%s}U} wv@ =Q Q} R |=RHt C}OwOLt xU 'u; |=H x@ s}v=wD|t (ci; bi; ai)

xi = ci; yi = bi; zi = ai:

|=Q@ �OW xQ=W= u; x@ p@k VN@ QO 9 h} QaD QO xm � |Ov@x@DQ `@=D uDiQo Q_v QO =@
w OW xQ=W= u; x@ jwi |x]@=Q QO xm |DQwYx@ pw= C}OwOLt uDWwv 'hOy `@=wD
%O};|tCUO x@ 4 pOt w xOW|U} wvR=@ 3 pOt 'Ow@tm Q}eDt|FrFt pmW|v} Ro}=H
Min ~z1 = <(

nP
i=1

(xi; yi; zi)� (pi; ri; si))

Max ~z2 = <(
nP
i=1

(xi; yi; zi)� (qi; ki; hi)

Max ~z3 = <(
nP
i=1

(xi; yi; zi)� (di; ei; fi))

S:T :
nP
i=1

xi = D;
nP
i=1

yi = G;
nP
i=1

zi = J

(xi; yi; zi) + (ti; vi;mi) = (ci; bi; ai) i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n
yi � xi � 0; zi � yi � 0 i = 1; 2; :::; n
vi � ti � 0; mi � vi � 0 i = 1; 2; :::; n (4)

x@ p@k VN@ 10 h} QaD QO xm � |FrFt |R=i O=Oa= QO ?Q[ C=}rta R= xO=iDU= =@
'pO=at |=yC}OwOLt =@ swO C}OwOLt |v} Ro}=H w hOy `@=wD |=Q@ �OW xQ=W= u;

%OwW|t |U} wvR=@ 5 pOt CQwYx@ xr�Ut pOt
Min ~z1 = <(

nP
i=1

(xipi; yiri; zisi))

Max ~z2 = <(
nP
i=1

(xiqi; yiki; zihi)

Max ~z3 = <(
nP
i=1

(xidi; yiei; zifi))

S:T :
nP
i=1

xi = D;
nP
i=1

yi = G;
nP
i=1

zi = J

xi + ti = ci; yi + vi = bi; zi +mi = ai; i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n
yi � xi � 0; zi � yi � 0; i = 1; 2; :::; n
vi � ti � 0; mi � vi � 0; i = 1; 2; :::; n (5)
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z1 + z2 + z3 = 900
(x1; y1; z1) + (t1; v1;m1) = (300; 350; 400)

(x2; y2; z2) + (t2; v2;m2) = (500; 525; 550)

(x3; y3; z3) + (t3; v3;m3) = (600; 630; 650)

xi � 0; i = 1; 2; 3
yi � xi � 0; zi � yi � 0 i = 1; 2; 3
vi � ti � 0; mi � vi � 0; i = 1; 2; 3 (9)

|OOa p=Ft "5
Qy R= VQ=iU |xR=Ov= w xOQm |@=} RQ= =Q OwHwt |xOvvmu}t-=D xU OQ=O OYk |DmQW
`kwtx@ p} wLD w C}i}m 'xv} Ry XN=W xU Q=m u}= |=Q@ "Ovm u}}aD =Q =yu; R= s=Om
l} Qy |R=i |xR=Ov= Qou=}@ 1 pwOH QO GQOvt C=aq]= "CU= xOW xDiQo Q_v QO
=yxOvQ}os}tYD xm |v=}@ |=yQ}eDt R= =Q =yu; u=wD|t xm CU= pOt |=yQDt=Q=B R=

"OQw; CUO x@ Ovvm|t Qw_vt
O}=@ hOy `@=wD OwOL |R=i |R} Qxt=vQ@ VwQ x@ 9 |xiOyOvJ pOt pL |=Q@
Q=@l} w xv}tm Q=@l} xv=o =OH Qw]x@ O}=@ hOy `@=D Qy Q=m u}= |=Q@ xm OwW x@U=Lt
`@=D OwOL "[12670; 13839] %R= Ov=CQ=@a pw= hOy `@=D OwOL "OwW xv}W}@
Ov=CQ=@a R}v swU hOy `@=D OwOL "[640=75; 704=75] %R= Ov=CQ=@a swO hOy
10 pOt '9 pOt R= xO=iDU= w 7 pOt QO OwOL |Q=Po|=H =@ "[655=6; 689] %R=

"Ot; Oy=wN CUO x@
Max P = w1�1 + w2�2 + w3�3

S:T :

1=4(14 5x1 + 15 1x2 + 13 2x3 + :::) � 13839� 1169�1

1=4(0 62x1 + 0 72x2 + 0 68x3 + :::) � 640 75 + 64�2

1=4(0 79x1 + 0 7x2 + 0 68x3 + :::) � 655 6 + 33 4�3

x1 + x2 + x3 = 850
y1 + y2 + y3 = 875
z1 + z2 + z3 = 900

x1 + t1 = 300; y1 + v1 = 350; z1 +m1 = 400
x2 + t2 = 500; y2 + v2 = 525; z2 +m2 = 550
x3 + t3 = 600; y3 + v3 = 630; z3 +m3 = 650
xi � 0; i = 1; 2; 3
yi � xi � 0; zi � yi � 0; i = 1; 2; 3
vi � ti � 0; mi � vi � 0 i = 1; 2; 3
0 � �1; �2; �3 � 1 (10)

xOvQ}os}tYD Q_v x@ |oDU@ Qt= u}= xm OQm Qw_vt Cw=iDt u=wD|t =Q hOy `@=wDuRw
C}i}m 'xv} Ry hOy `@=wD |=Q@ (0 46; 0 35; 0 19) |=yuRw xr�Ut u}= QO "OQ=O

�1 = min (�(~z1))! �1 � �(~z1)! �1 � u1 � ~z1
u1 � l1

�2 = min (�(~z2))! �2 � �(~z2)! �2 � ~z2 � l2
u2 � l2

�3 = min (�(~z3))! �3 � �(~z3)! �3 � ~z3 � l3
u3 � l3

|vRw ẁtHt uDN=U xv}W}@ w =yC}OwOLt QO QwmPt |=y|w=Ut=v uO=O Q=Qk =@
%s}UQ|t 7 pOt Ovv=t |rOt x@ �i |=yQ}eDt

Max P = w1�1 + w2�2 + w3�3
S:T : <(

nP
i=1

(xipi; yiri; zisi)) � u1 � �1(u1 � l1)
<(

nP
i=1

(xiqi; yiki; zihi) � l2 + �2(u2 � l2)
<(

nP
i=1

(xidi; yiei; zifi)) � l3 + �3(u3 � l3)
nP
i=1

xi = D;
nP
i=1

yi = G;
nP
i=1

zi = J

xi + ti = ci; yi + vi = bi; zi +mi = ai; i = 1; 2; :::; n
xi � 0 i = 1; 2; :::; n
yi � xi � 0; zi � yi � 0 i = 1; 2; :::; n
vi � ti � 0; mi � vi � 0 i = 1; 2; :::; n

0 � �1; �2; �3 � 1 (7)

hOy `@=wD xm CU= |OYQO P w CU= s=i hOy `@=D uRw wi Q}eDt 7 pOt QO
|D=}rtaVywSB |=yQ=Ri=sQv\UwD pOt u}= "Ov=xO}UQ OwN |xv}y@ Q=Okt x@ ,=awtHt
'875 '900� |R=i |=[=kD Q=Okt xr�Ut u}= |=Q@ "CU= pL p@=k Lingo xrtH R=
x@ 8 pOt Ovv=t |rOt 3 pOt QO =yQDt=Q=B uOQm OQ=w =@ "CU= xOW Qw_vt �850

%Ot; Oy=wN OwHw

Min ~z1 = (14=5x1 + 15=1x2 + 13=2x3; :::; :::)
Max ~z2 = (0=62x1 + 0=72x2 + 0=68x3; :::; :::)
Max ~z3 = (0=79x1 + 0=7x2 + 0=68x3; :::; :::)
S:T : (x1; y1; z1 � :::� ::: = (850; 875; 900)

(x1; y1; z1) � (300; 350; 400)

(x2; y2; z2) � (500; 525; 550)

(x3; y3; z3) � (600; 630; 650) xi � 0 i = 1; 2; 3
yi � xi � 0; zi � yi � 0 i = 1; 2; 3 (8)

pOt 'xOW xO=O KQW |Q=mD@= VwQ w hOy `@=wD |=Q@ |Ov@x@DQ `@=D uOQm ^=Lr =@
%Ot; Oy=wN CUO x@ 9

Min ~z1 = 1=4(14=5x1 + 15=1x2 + 13=2x3 + :::)

Max ~z2 = 1=4(0=62x1 + 0=72x2 + 0=68x3 + :::)

Max ~z3 = 1=4(0=79x1 + 0=7x2 + 0=68x3 + :::)

S:T : x1 + x2 + x3 = 850
y1 + y2 + y3 = 875
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t=m
|R=
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xiOy

OvJ
pOt

l}
pL

wx�=
Q="pOt |R=i |=yQDt=Q=B "1 pwOH

C}iQ_ `kwt x@ p}wLD C}i}m xv} Ry
�300'350'400� �0 79'0 83'0 91� �0 62'0 7'0 75� �14 5'15'16� 1 xOvvmu}t-=D
�500'525'550� �0 7'0 79'0 85� �0 72'0 86'0 9� �15 1'16 2'17 8� 2 xOvvmu}t-=D
�600'630'650� �0 68'0 76'0 77� �0 69'0 75'0 8� �13 2'14 3'15� 3 xOvvmu}t-=D

|Q}oxH}Dv "6
O} QN Ov}=Qi C}ty= OW=@ QDW}@ u=tR=U l} |=Q@ C@=kQ xJ Qy RwQt= |=}vO QO
u}= w CU= O} QN Ov}=Qi p�=Ut u} QDsyt R= |m} xOvvmu}t-=D ?=NDv= "OwW|t QDW}@
p=@vOx@ xOvvmu}t-=D ?=NDv= xr�Ut "CU= xOw@ xr�Ut u}= |UQQ@ OOYQO VywSB
|xR=Ov= u}}aD |DQ=@a x@ =} OwHwt u=oOvvmu}t-=D R= l} Qy R= O} QN Q=Okt u}}aD

"CU= VQ=iU
|R=Uxv}tm hOy xU xm CU= xiOyOvJ pOt l} VywSB u}= |O=yvW}B pOt
|R=Uxv}W}@ w xOW|Q=O} QN sqk= C}i}m pm |R=Uxv}W}@ 'O} QN |xv} Ry ẁtHt
|ak=w |=}vO QO "Ovm|t p=@vO =Q OvwW|t p} wLD `kwt x@ xm |tqk= OYQO ẁtHt
C}a]k sOa =@ xyH=wt |=yx=Q R= |m} "OvQ=O |a]kQ}e C}y=t =yQDt=Q=B ?re=
|t=tD x} Q_v u}= R= xO=iDU= =@ VywSB u}= QO "CU= |R=i |x} Q_v R= xO=iDU=
pOt l} w Ov=xOW h} QaD |FrFt |R=i O=Oa= CQwYx@ pOt |=yQDt=Q=B w =yQ}eDt
|R=i CQwYx@ pOt |=RH= |t=tD uDiQo Q_v QO "CU= xDiQo pmW pt=m |R=i
VQ=iU |xR=Ov= Q}eDt uOQw; CUO x@ "OQw;|tQO |R=i CQwYx@ R}v =Q xr�Ut G}=Dv
R}v w OyO|t Q=Qk u=tR=U |wQ V}B =Q |QD`}Uw |Q}os}tYD |xRwL |R=i CQwYx@
C} Rt u} QDsyt "CU= |R=i u; C}y=t xm OW=@ |}=[=kD Q}eDt |woMU=B Ov=wD|t
"CU= |Q}os}tYD Qt= QO p}yUD w OwHwt |=ypOt uOQm QD|ak=w |O=yvW}B *pOt
|=Q@ Qo}O pL |=ysD} Qwor= R= xO=iDU= '|O=yvW}B pOt p}tmD x@ xOv}; C=ar=]t

"CN=OQB Ovy=wN G}=Dv |xU}=kt w u;

11 0 Q=Ri= sQv QO 10 pOt pL =@ "CU= xOW xDiQo Q_v QO `kwt x@ p} wLD w
%R= Ow@ Oy=wN CQ=@a xr�Ut |=y?=wH Lingo

8>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>:

~x1 = (0; 0; 25)

~x2 = (250; 275; 275)

~x3 = ~600
~z1 = (11695; 13035; 14295)

~z2 = (594; 686 5; 746 25)

~z3 = (583; 673 25; 718 5)

P = �60

Q}O=kt uOQw; CUO x@ |=Q@ "OvDUy |R=i CQwYx@ G}=Dv OwW|t x_Lqt xm u=vJ
"s}vm u} Ro}=H pOt hOy `@=wD \@=wQ QO =Q VQ=iU |xR=Ov= s}v=wD|t hOy `@=wD
CQwYx@ =yQ}eDt h} QaD =@ xm CU= u}= |R=i |x} Q_v R= xO=iDU= |=}=Rt R= |m}
u=wD|t C} Rt u}= x@ uOQ@ |B |=Q@ "CU= xOW pL R}v |a]k Qw]x@ xr�Ut '|R=i
QO xm OyO|t u=Wv P OOa "OQm Qw_vt =Q |FrFt |R=i OOa Qy |RmQt \=kv \ki
uOQmXNWt "Ov=xOWl}ORv OwN |xv}y@ Q=Okt x@ OYQO 60 xr�Ut h=Oy= ẁtHt

"CU= |R=i |R} Qxt=vQ@ VwQ |=}=Rt R= OYQO u}=

=yCWwv=B
1. Dempster-Shafe
2. multi criteria decision making
3. multi attribute decision making
4. multi objective decision making
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