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"(j = 1; 2; :::; k) |Q=m |=yx=oDU}= x@ \w@ Qt T}Ov= %j
=yQDt=Q=B "2"1"3

&j x=oDU}= QO i pwYLt hY QO Q=_Dv= u=tR COt %Wqj

&j x=oDU}= R=}v OQwt Cq;u}W=t OL=w O} QN |xv} Ry %cj
&Cq;u}W=t O} QN |=Q@ xOW xDiQo Q_v QO |xHOw@ %B

&C=a]k uwtR; RmQt x@ i pwYLt OwQw MQv %�i
&j x=oDU}= x@ i pwYLt OwQw p=tDL= %Pij

&j x=oDU}= |yOT} wQU MQv %�j
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&OwW|t xO=O `=HQ= j x=oDU}= x@ Pij XNWt p=tDL= =@ pwYLt Qy �
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&OQ=Ov OwHw C}iQ_ C}OwOLt �
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X
j
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m�j

) (13)

�j
m�j

< 1 8j (14)X
j

mjcj � B 8j (15)

�j =
X
i

�iPij 8i; j (16)�
�j
�j

�mj e�(mj�j��j)t
(1� �j)m!

�
�
1 +

mj�1X
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)s 1
s!
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( �j
mj�j

)s�mj
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8j for j = 1; :::; k (17)

mj > 0 w K}LY OOa (18)

xr�Ut pL "4
xiOyOvJ |=ypOt %OwW|t s}UkD xOta |xDUO wO x@ |Q}os}tYD |=ypOt
Qw_vtx@ xiOyOvJ |=ypOt "�MADM� xYN=WOvJ |=ypOt w �MODM�
xYN=WOvJ |=ypOt R= xm|r=L QO 'OvQ=O OQ@ Q=m hOy OvJ x@ xHwD =@ xv}y@|L=Q]
pOt l} =@ =t xar=]t u}= QO [8]"OwW|t xO=iDU= QDQ@ |xv} Ro ?=NDv= Qw_vtx@
"OQ=O OwHw |irDNt |=yVwQ xiOyOvJ p�=Ut pL |=Q@ "s} Q=O Q=mwQU xiOywO
VwQ R= TBU w |HvU LP VwQ R= =OD@= xOWx�=Q= pOt pL |=Q@ xar=]t u}= QO
p}O@D OQ=Ov=DU= sQi x@ =Q OwN pOt s}y=wN|t uwJ "s}vm|t xO=iDU= Maximin

`@=D =Hv}= QO "Ov};QO MaxCr=L x@ =D s}vm|t ?Q[|ivtl} QO =Q hOy `@=wD s}vm
QO f2 u=wvax@ �13 |x]@=Q� swO hOy `@=D R= w f1 u=wvax@ �12 |x]@=Q� pw= hOy
|=yC}OwOLt =@ xv=o =OH CQwYx@ hOy `@=wD R= s=OmQy TBU "OwW|t xDiQo Q_v
"s}t=v|t f�2 =Q f2 |xv}y@ ?=wH w f�1 =Q f1 |xv}y@ ?=wH &OwW|t pL xr�Ut

|HvU LP VwQ "1"4
xiOyOvJ pOt l} R= OwHwt hOy `@=wD h=QLv= |R=Uxv}tm hOy 'VwQ u}= QO
h=Oy= |t=tD 'Qo = Ov} wo p;xO}= pL x=Q =Q x� "CU= p;xO}= pL x=Q l} x@ C@Uv

%OR=U xv}y@ u=tRty Qw]x@ =Q ZwQit |xr�Ut l} R= OwHwt
F (x�) = ff1 (x�) ; f2 (x�) ; :::; fk (x�)g (19)
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VRQ= u}= xJQy xm|}xvwox@CU= OwHwt C=i=QLv= Q@ O}m -=D |xHQO |xOvvmXNWt
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%Cq;u}W=t O} QN |xHOw@ ��X
j
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X
i
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R= QDsm Ovv=t@ hY QO (t) |YNWt |v=tR R= QDW}@ CqwYLt xm u; p=tDL= ��
|x]@=Q j@=]t w CU= hY QO pwYLt Q=_Dv= u=tR COt Tq &CU= � Q=Okt

%OwW|t x@U=Lt 10

PfTq � tg � � (10)
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Max(min(
1
K

P
jWqj

f�1
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1
K
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j (1� �j)
f�2

)) (24)

|OOa |=yp=Ft "5
LP VwQ |=Q@ sy xm CU= xOW x�=Q= |OOa p=Ft wO jwi |xOW x�=Q= pOt |=Q@
QO t = 3 p=Ft wO Qy QO &CU= xOW pL Maximin VwQ |=Q@ sy w '|HvU

"CU= xOW xDiQo Q_v

1 p=Ft "1"5
xOQ=w CqwYLt O=OaD &s}=xDiQo Q_v QO =Q pwYLt GvB w x=oDU}= wO p=Ft u}= QO
%R= CU= CQ=@a CN=wvm} `} RwD `@=D R= xO=iDU= =@ '|Q=mxQ=@ wO RmQt x@ � ẁv Qy R=�

�i � u(25; 50)

|yOT} wQUMQv w 'TQDUOQO|xHOw@ 'Cq;u}W=t R=l} QyO} QN|xv} Ryu}vJty
Q}O=kt Q}=U u}vJty "CU= xOW x�=Q= 1 pwOH QO =yx=oDU}= R= l} Qy x@ \w@ Qt

"CU= xOt; 2 pwOH QO 1 p=Ft x@ \w@ Qt
x=oDU}= |=Q@ P = 2 w P = 1 =@ |HvU LP VwQ |=Q@ xOt; CUO x@ G}=Dv
hOy `@=D Q=Okt xm CU= u}W=t GvB O=OaD swO x=oDU}= |=Q@ w u}W=t wO O=OaD pw=
Q=Okt u}vJty "CU= xOt; CUO x@ P = 1 QO hOy `@=D Q=Okt R= QDsm P = 2 =@
w 'wO O=OaD pw= x=oDU}= |=Q@ Maximin VwQ R= xO=iDU= =@ Cq;u}W=t |xv}y@
LP VwQ x@ C@Uv |QDsm hOy `@=D Q=Okt =@ 'u}W=t xU O=OaD swO x=oDU}= |=Q@
"CU= xOW x�=Q= R}v 3 pwOH QO xOt; CUO x@ G}=Dv "CU= xOt; CUO x@ |HvU

"2 p=Ft |=yxO=O x@ \w@ Qt Q}O=kt "4 pwOH
B �j C x=oDU}=

1000 60 114 1
57 142 2

"�i w Pij Q}O=kt "5 pwOH
4 pwYLt 3 pwYLt 2 pwYLt 1 pwYLt

0 5 0 2 0 2 0 1 1 x=oDU}=
0 4 0 3 0 1 0 2 2 x=oDU}=
40 32 47 42 �j

%Ow@ Oy=wN Q=oR=U `@=D

L� P =

(
kX
j=1


j
h
fj
�
x�j
�� fj (x)

ip) 1
p

(20)

h=Oy= |Q}oxR=Ov= T=}kt Q}F-=D CLD CU= umtt |HvU L� P VRQ= xm =Hv; R=
pmWt u}= `iQ |=Q@ '�=yT=}kt u}= uOw@ Cw=iDt CQwY QO� OwW `k=w OwHwt

%OQm xO=iDU= 21 |x]@=Q R= u=wD|t

L� P =

(
kX
j=1


j

"
fj
�
x�j
�� fj (x)

fj (x�j)

#p) 1
p

(21)

%R= Ow@ Oy=wN CQ=@a xr�Ut hOy `@=D VwQ u}= T=U=Q@

Min

0B@0@f�1 � ��� 1
K

P
jWqj

��
f�1

1AP

+

 
f�2 � (�( 1

K

P
j(1� �j)))

f�2

!P1A 1
P

(22)

Maximin VwQ "2"4
hOy `@=wD R= s=OmQy =OD@= '|HvU LP VwQ Ovv=ty R}v VwQ u}= QO
w OwW|t pL xr�Ut |=yC}OwOLt =@ xv=o =OH CQwYx@ |R=Uxv}W}@
w O};|t CUO x@ xiOyl} |xr�Ut k pL R= ff1(x�); f2(x�); :::; fk(x�)g

%CW=O s}y=wN C}=yv QO

Max(min( f1 (x)
f1 (x�1) ;

f2 (x)
f2 (x�2) ; :::;

fk (x)
fk (x�k)

) (23)

"1 p=Ft |=yxO=O x@ \w@ Qt Q}O=kt "1 pwOH
B �j C x=oDU}=

1000 60 140 1
57 150 2

"�i w Pij Q}O=kt "2 pwOH
pwYLt

5 4 3 2 1
0 1 0 5 0 1 0 2 0 1 1 x=oDU}=
0 0 1 0 3 0 2 0 4 2 x=oDU}=
27 34 25 46 42 �i

"pw= p=Ft |=Q@ Maximin w |HvU LP |=yVwQ R= xO=iDU= =@ xOt; CUO x@ |=y?=wH "3 pwOH
m�2 m�1 hOy `@=D Q=Okt f�2 f�1 � k n

5 2 6 449
0 5529825 0 0003494 0 4 2 5

P = 1 =@ |HvU LP VwQ
5 2 3 866 P = 2 =@ |HvU LP VwQ
3 2 0 2001 Maximin VwQ
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xO}O
vUB

=[Q
O}tL

O}U
w|

Q}=u
}t=O

tLt "swO p=Ft |=Q@ Maximin w |HvU LP |=yVwQ R= xO=iDU= =@ xOt; CUO x@ |=y?=wH "6 pwOH
m�2 m�1 hOy `@=D Q=Okt f�2 f�1 � k n

4 3 7 803
0 2850877 0 0001008 0 4 2 4

P = 1 =@ |HvU LP VwQ
4 3 4 532 P = 2 =@ |HvU LP VwQ
4 3 0 1069 Maximin VwQ

Qw]x@ w 5xiOyOvJ |Q}os}tYD |=ypOt R= xO=iDU= =@ pOt u}= pL OQm} wQ "CU=
Crax@ jwi pOt |=Q@ "CU= Maximin VwQ w |HvU LP |=yVwQ X=N
x�=Q= lJwm |xR=Ov= =@ |OOa p=Ft wO u; uOw@ |]NQ}e w pOt |q=@ |oO}J}B
"CU= xOW s=Hv= 11 V}=Q} w LINGO Q=Ri=sQv \UwD jwi pOt pL "CU= xOW

%OwW|t O=yvW}B |D; C=ar=]t |=Q@
x@ u; VwQi =} |Q=mxQ=@ wO RmQt x@ |DWoR=@ pwYLt uDiQ OQwtQO |Q}os}tYD �

&|]=kU= Ct}k
pL w G/G/m hY pOt x@ xOW xDiQo Q_v QO M/M/m hY pOt p}O@D �

&O}OH pOt
&|r=tDL= |DWoQ@ CqwYLt OwQw =} Cq;u}W=t O} QN Ct}k uDW=O ^wLrt �
CqwYLt |=Q@ p=Ft u=wvax@ 'Q_v OQwt pOt |=Q@ pwB |v=tR VRQ= uDiQo Q_v QO �

&u=tR x@ T=UL
QO ,qFt &|v=tR C}akwt x@ xDU@ xOW xDiQo Q_v QO |xHOw@ |=Q@ |U} wvw} Q=vU �
R}v |DWoQ@ CqwYLt u; `@D x@ w xOW QDW}@ pwYLt l} VwQi 'pYi l}

"�s} Q}o@ Q_v QO |}xHOw@ s}v=wD|t pYi Qy |=Q@� OW Oy=wN QDW}@

2 p=Ft "2"5
Q_v QO =D 4 CqwYLt O=OaD |rw =DwO =yx=oDU}= O=OaD '1 p=Ft Ovv=ty 'p=Ft u}= QO
5 pwOH u}vJty w 4 pwOH QO p=Ft |xO=O x@ \w@ Qt Q}O=kt "CU= xOW xDiQo

"CU= xOW x�=Q=
=@ QwmPt |=yVwQ R= xO=iDU= =@ Cq;u}W=t |xv}y@ O=OaD 'xrY=L G}=Dv j@=]t
u}W=t Q=yJ O=OaD swO x=oDU}= |=Q@ w u}W=t xU O=OaD pw= x=oDU}= |=Q@ w 'Q@=Q@ sy
LP VwQ R= Maximin VwQ QO xOt; CUO x@ hOy `@=D Q=Okt u}vJty "CU=

"�6 pwOH� CU= QDsm |HvU

|Q}oxH}Dv "6
|xv}y@ O=OaD uOQw; CUO x@ |=Q@ PINLP |xiOywO pOt l} VywSB u}= QO
O}rwD |Q=mxQ=@ wO RmQt l} QO |Q=m |=yx=oDU}= R= l} Qy R=}v OQwt Cq;u}W=t
CqwYLt Q=_Dv= u=tR \UwDt |R=Uxv}tm Q_v Ot h=Oy= R= |m} "CU= xOW x�=Q=
|Q=m |=yx=oDU}= |=y|Q=m}@ \UwDt |R=Uxv}tm Qo}O hOy w CU= hY QO

=yCWwv=B
1. pure integer nonlinear program (PINLP)
2. remanufacturing
3. optimization
4. queuing theory
5. multiple objective decision making
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