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D(xij + yij)�i (3)

s:t:
nX
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mX
j=1

xij +
nX
i=1

mX
j=1

yij = 1 (4)

mX
j=1

zij � 1; i = 1; :::; n (5)

Lijzij � D(xij + yij) � Uijzij ; i = 1; :::; n; j = 1; :::;m
(6)

xij � zij ; i = 1; :::; n; j = 1; :::;m (7)

yij � zij ; i = 1; :::; n; j = 1; :::;m (8)

0 � xij � 1; 0 � yij � 1; i = 1; :::; n; j = 1; :::;m (9)

zij 2 f0; 1g ; i = 1; :::; n; j = 1; :::;m (10)
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w Q = DT � xQwO Qy QO s=i |xOvvmu}t-=D \UwD xOW xOQw;Q@ |=[=kD %Qi
&� nP
i=1

Qi = Q

&pm �|xkwat VQ=iU� Ow@tm Q=Okt %b
&OwW|t u}t-=D s=i |xOvvmu}t-=D \UwD xm |}xkwat VQ=iU Q=Okt %bi

xOQw;Q@ j Ct}k K]U QO s=i |xOvvmu}t-=D \UwD xm =[=kD R= |OYQO: %xij
&OwW|t

K]U QO s=i |xOvvmu}t-=D \UwD xkwat VQ=iU u=wvax@ xm =[=kD R= |OYQO %yij
&OwW|t u}t-=D j Ct}k

j Ct}k K]U QO s=i |xOvvmu}t-=D ?=NDv= CQwY QO xm 1 w QiY Q}eDt %zij
"CU= QiY Q@=Q@ CQwYu}= Q}e QO w 1 Q=Okt

|=yC}OwOLt w `@=wD j@=]t |O=yvW}B pOt 'xOW s=Hv= h} Q=aD T=U=Q@
"OwW|t x�=Q= xt=O= QO xLwQWt

=yC}OwOLt w hOy `@=wD "4"3

MinZ1 =D
Q

nX
i=1

mX
j=1

AiZij + Q
2

nX
i=1

mX
j=1

(hx2
ij + �y2

ij)

+
nX
i=1

mX
j=1

j�1X
k=1

(pij(D(xij + yij)� Lij)

+ pik(Uik � Lik))zij (1)

Min Z2 =
nX
i=1

mX
j=1

D(xij + yij) li (2)

63



"""|
xr�U

t|
=Q@O

}OH
|xi

OyO
vJ

pOt
l}

|x�
=Q='xOvvmu}t-=D Qy R= xm CU= QmP x@ sRq "O@=}|t X}YND x]w@ Qt T} QD=t x@ QiY

|}xDWQ CQwYx@ ?=wH "OQ=O OwHw O} QN u=mt= Ct}k K]U l} QO QFm =OL
|xvwtv "OyO|t pmW Q}}eD T} QD=t l} CQwYx@ pL Ov}=Qi QO xm OwW|t p}mWD
1 |xOvvmu}t-=D 'u; QO xm �� xOvvmu}t-=D 4 =@ |r=Ft Qw_vtx@ xOW K} QWD Q=DN=U
3 |xOvvmu}t-=D 'Ct}k K]U Q=yJ |=Q=O 2 |xOvvmu}t-=D 'Ct}k K]U l} |=Q=O
QO �� CU= Ct}k K]U GvB |=Q=O 4 |xOvvmu}t-=D w 'Ct}k K]U VW |=Q=O

"CU= xOW xO=O u=Wv 2 pmW
CU= xOW s=Ok= CQwY u}tyx@ R}v Yij w Xij x@ \w@ Qt Q}O=kt O=H}= |=Q@
w OvwW|t O=H}= 1 w QiY u}@ xR=@ QO |iO=YD CQwYx@ O=Oa= xm Cw=iD u}= =@
OQ=w |rY= Q}O=kt u=wvax@ xH}Dv w ?Q[ Zij T} QD=t QO pY=L |=yT} QD=t
?=NDv=ZijT} QD=t QO|}xOvvmu}t-=D|Dt}kK]U Qo =?}DQDu}O@ "OwW|t sD} Qwor=
Oy=wN QiY Q@=Q@ Yij w Xij |=yT} QD=t QO R}v u; Q_=vDt Q}O=kt 'OW=@ xOWv
CQwYQO w OwW|t |UQQ@ =yC}OwOLt pN=O QO xOW O=H}= ?=wH TBU "Ow@
w OwW|t ?=NDv= x}rw= ?=wH l} u=wvax@ '=yC}OwOLt |t=tD QO u; uOw@ jO=Y
TB =D OwW|t s=Hv= u; QO |iO=YD CQwYx@ |D=Q}}eD 'uOw@ jO=Y sOa CQwYQO
|=y?=wH |t=tD ?}DQDu}O@ "OQ}o Q=Qk Q_v Ot x}rw= MU=B u=wvax@ uOW xHwt R=

"CU}v |Dr=vB `@=D R= xO=iDU= x@ |R=}v w CU= xHwt =yQ=QmD QO xOW O=H}=
|t=LOR= |xrY=i w =y?wret=v `} QU |R=U?DQt "3"1"4

xO=iDU= =@ =y?wret=v T=U=Q@ C}atH |Ov@x@DQ '=y?wret=v `} QU |R=U?DQt QO
n |xR=Ov= =@ |D}atH uOQm?DQt |=Q@ |rm Qw]x@ "OQ}o|t CQwYx@re swyit R=
C}atH QO OwHwt Qo}O |=y?=wH s=tD =@ ?=wH Qy '=y?wret=v Kw]U T=U=Q@
R=|}xawtHtC}=yv QO "OwWXNWt ?=wH uOw@v =} uOw@ ?wret =D OwW|t xU}=kt
=y?=wH u}= =Pr &OvwW|tv Qo}Oty ?wret w ?r=e s=OmI}y xm OQ=O OwHw =y?=wH
OwHwt |=y?=wH u}}aD |=Q@ "OvyO|t p}mWD =Q ?wret=v |=yRQt R= RQt u}rw=
w xOW xDiQo xO}O=v Ckwt Qw]x@ pw= RQt QO OwHwt |=y?=wH '|Oa@ |=yRQt QO
|=yRQt uwQO =y?=wH s=tD xm |v=tR =D Ov}=Qi u}= "OwW|t Q=QmD xQ=@ wO jwi Ov}=Qi
QO ?wret=v |=y?=wH |R=U?DQt |xwLv [20]"O@=}|t xt=O= OvQ}o Q=Qk ?wret=v

"CU= xOW xO=O u=Wv 3 pmW
|xrY=i\UwDt 'C}atH QO X=N ?=wHl} h=Q]= ?=wH sm =QD u}tND |=Q@
Q=Okt w OwW|t x@U=Lt h=Oy= Q}O=kt T=U=Q@ Qw=Ht ?=wH wO Qy R= ?=wH u}=
?=wH l} s=LOR= xrY=i |x@U=Lt Qw_vtx@ "Ovt=v|t �s=LOR= |xrY=i� =Q u;
p}]DUt uwQO X=N ?=wH u; xm |r}]DUt u} QDnQR@ 'RQt l} QO OwHwt X=N
Q_v QO =Q OvW=@ p}]DUt u; |=yT=Q '?=wH u; CtU wO QO Qw=Ht ?=wH wO w
u; |=Q@ |t=LOR= |xrY=i u=wvax@ =Q u; ZQa l} w pw] l} ẁtHt w s} Q}o|t
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xiOy OvJ |Q}oxR=Ov= |=yXN=W |xQ=tW

NRGA NSGA-II xr�Ut
NOS Spacing Diversity MID NOS Spacing Diversity MID

12 243 416 9692 149 4290 589 14 179 004 7127 422 4155 218 1
24 304 884 10706 36 5520 29 18 201 19 7724 911 4642 784 2
18 184 946 10611 95 5820 822 49 263 572 8104 422 4961 752 3
38 178 668 11393 6139 133 24 141 104 8386 926 5083 937 4
55 356 287 8085 717 6928 599 20 388 9 8825 846 5288 205 5
28 521 295 10515 48 7403 269 36 252 857 12038 8582 861 6
9 242 163 12824 7 6136 788 55 517 931 12457 71 9992 142 7
28 732 227 12108 09 8020 632 26 551 041 12122 23 9293 633 8
35 228 134 13734 54 9286 514 43 412 701 12715 57 10826 6 9
47 871 988 12362 14 10444 44 38 589 049 12404 06 11082 04 10
28 866 572 13430 5 9571 596 41 933 927 14474 4 12393 28 11
39 990 673 18842 74 11979 73 28 848 472 16138 06 12973 08 12
61 731 072 11677 3 11494 94 34 898 109 14345 36 11664 37 13
422 6452 33 155984 7 103037 3 426 6177 86 146864 9 110939 9 ẁtHt
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|=y=[=kD u}t-=D '|OwHwt R= sDU}U uOw@ |r=N w =[=kD uO}UQ CQwY QO xm
u}= x@ xHwD =@ u}vJty "ODi= Q}N-=D x@ xOW |Q=O} QN |q=m uO}UQ u=tR =D |Di=} QO
u=oOvvmu}t-=D hQ] R= =yCN=OQB QOh}iND |Q=Okt,qwtat '|ak=w |=}vO QO xm xDmv
NP-Hard x@ xHwD =@ R}v w OwW|t xDiQo Q_v QO u=Q=O} QN xHwD ?rH Qw_vtx@ w
|xiOyOvJ |Q=mD@==Qi |=ysD} Qwor= R= |O=yvW}B pOt pL Qw_vtx@ 'xr�Ut uOw@
XN=W wO QO |Q=mD@==Qi sD} Qwor= wO R= l} Qy "s}=xDUH xQy@ wDQ=B Q@ |vD@t
|=yp}rLD R= xO=iDU= =@ p}rO u}tyx@ &OvDW=O |Qo}O x@ C@Uv |QDy@ C}a[w
"s}DN=OQB xrY=L G}=Dv QDj}kO |UQQ@ x@ Tv=} Q=w p}rLD w t |=yuwtR; w |Q=t;
=Hv; R= =t= &OvDW=Po xLY u}W}B G}=Dv Q@ |Q=t; =yp}rLD R= xOt; CUO x@ G}=Dv
'CU= u=oOvQ}os}tYD Q_v Ot QDW}@ p;xO}= ?=wH R= xrY=i p�=Ut ẁv u}= QO xm

"OwW|t O=yvW}B NSGA-II sD} Qwor= R= xO=iDU=

"=yQ=}at |xU}=kt Tv=} Q=w p}rLD G}=Dv "3 pwOH
XN=W P-Value uwtR; G}=Dv
MID 0 855 QiY ZQi OQ sOa

Diversity 0 902 QiY ZQi OQ sOa
Sapcing 0 929 QiY ZQi OQ sOa

NOS 0 986 QiY ZQi OQ sOa

|Q}oxH}Dv "6
|xOvvmu}t-=D ?=NDv= QO xOvQ}os}tYD x@ Ov=wD|t j}kLD u}= QO xOW x�=Q= pOt
uDiQo Q_v QO =@ w xiOyOvJ pOt |x�=Q= =@ j}kLD u}= xm =QJ 'Ovm ltm ?U=vt

=yCWwv=B
1. multiple criteria decision making
2. Narasimhan and Stoynof
3. Sarkis and Semple
4. Degraeve
5. Topsis
6. analytic hierarchy process
7. rough sets
8. weighted additive
9. Pareto

10. buyer annual cost
11. buyer annual ordering cost
12. buyer annual inventory holding cost
13. buyer annual inventory shortage cost
14. buyer annual purchasing cost
15. non-dominated sorting genetic algorithm (NSGA-II)
16. non-dominated ranking genetic algorithm (NRGA)
17. fast non-dominated sort (FNDS)
18. crowding distance (CD)
19. crowded tournament selection operator
20. uniform crossover
21. ranked based roulette wheel selection (RRWS)
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22. orthogonal array (OA)
23. signal to noise (S/N)
24. mean ideal distance (MID)
25. diversity
26. maximum spread or diversity
27. spacing
28. number of pareto solution (NOS)
29. mean ideal distance (MID)
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