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xtD=N |v=tR sD} Qwor= C}=yv QO "OwW|t pkDvt w}WQ; x@ w ?=NDv= =yswRwtwQm
"OwWv pY=L ?=wH QO |Q}}eD =} OW=@ xO}UQ u=}=B x@ =yQ=QmD O=OaD =} xm O@=}|t

wDQ=B \=kv OQmrta |@=} RQ= "2"4
|=yMU=B C}i}m VHvU 'xiOyOvJ |R=Uxv}y@ p�=Ut QO syt C=mv R= |m}
xOt; CUO x@ |wDQ=B |=yMU=B xmv}= x@ xHwD =@ "CU= xOt; CUO x@ wDQ=B
|=yMU=B xJQy 'Ov=xr�Ut |rY= |wDQ=B \=kv R= |@} QkD 'pL |=ysD} Qwor= R=
|QDW}@ C}i}m R= OvW=@ QDl}ORv xr�Ut |rY= |wDQ=B RQt x@ xOt; CUO x@
|xrY=i u}ov=}t VwQ R= j}kLD u}= QO Qw_vt u}O@ "Ow@ Ovy=wN Q=OQwNQ@
pY=L |wDQ=B |=yMU=B |xrY=i xm CU= xOW xO=iDU= 13 �MID� p;xO}=
'CU= C=YDNt RmQt xm p;xO}= x]kv x@ C@Uv =Q pL |=ysD} Qwor= R= xOW
|=yMU=B |xrY=i xJQy |R=Uxv}tm p�=Ut QO 'VwQ u}= QO "Ovm|t |Q}oxR=Ov=
|QDq=@ C}i}m R= =yMU=B 'OW=@ QDsm C=YDNt =O@t =D xOt; CUO x@ wDQ=B

[14 w 13]"OvQ=OQwNQ@
p;xO}= |x]kv x@ C@Uv =Q �ci� wDQ=B \=kv |UO}rk= |xrY=i xm MID OQmrta

[14]%CU= u}vJ 'OHvU|t �0'0�

ci =
q
f 21i + f 22i (24)

MIDM =
Pn
i=1 ci
n

(25)

|=Q@ xOt; CUO x@ swO hOy `@=D Q=Okt w pw= hOy `@=D Q=Okt ?}DQD x@ f2i w f1i
"OyO|t u=Wv =Q wDQ=B |xy@H |=[a= O=OaD n w OvDUy s=i w[a

G}=Dv x�=Q= "3"4
VwQ ẁv 3 'x}rw= |xO=t ẁv 12 '|v=tR |xQwO 12 'pwYLt ẁv 4 'j}kLD u}= QO
'0/25 p=tDL= =@ xv=v}@VwN |w} Q=vU 4 w xOvvmu}t-=D 3 '|QDWt 4 'pkv w ptL
0/1 p=tDL= =@ xv=v}@O@ Q=}U@ w 0/15 p=tDL= =@ xv=v}@O@ '0/5 p=tDL= =@ Q=_Dv= OQwt
CQwY x@ �!� pOt |Q=wDU= pO=@D |vRw |xt} QH "OW xDiQo Q_v QO pOt pL |=Q@
|O=yvW}B pOt |=yQDt=Q=B Q}O=kt "CU= xOW xDiQo Q_v QO 1 w QiY u}@ Q}O=kt
MATLAB R2019b Q=Ri=sQv =@ |O=yvW}B pOt "Ov=xOW xO=O KQW CUw}B QO
xOW =QH= Intel r CoreTM i5-2450MCPU@2/50GHz sDU}U |wQ w

"CU=
SPEA2 w NSGA-II |=ysD} Qwor= |=Q@ xOW xDiQo Q_v QO |=yQDt=Q=B Kw]U
xOW QmP CUw}B QO p}YiD x@ u; G}=Dv xm 'xOW u}}aD [15]|Jwo =D VwQ T=U=Q@
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|U
Ovyt "pOt pL G}=Dv "4 pwOH

"SPEA2 w NSGA-II 'j}kO VwQ QO pL u=tR |xU}=kt "3 pmW

'|R=Uxv}tm p�=Ut QO xm s}vm|t xO=iDU= MID VwQ R= SPEA2 w NSGA-II

|QDW}@ CkO R= xOt; CUO x@ |wDQ=B \=kv 'OW=@ QDsm MID XN=W Q=Okt xJQy
NSGA-II sD} Qwor= QO xm OwW|t xOy=Wt 4 pmW uDiQo Q_v QO =@ "OvQ=OQwNQ@
OQmrta Q=Okt u} QDy@ SPEA2 sD} Qwor= QO w ! = 0=2 QO OQmrta Q=Okt u} QDy@
sD} Qwor= wDQ=B \=kv ?}DQD x@ 6 w 5 pmW QO "CU= xO=O MQ ! = 0=1 QO
V}=tv ! = 0=1 |=R= x@ SPEA2 sD} Qwor= w ! = 0=2 |=R= x@ NSGA-II

"CU= xOW xO=O
s} Q=O =Q wDQ=B \=kv R= |}xawtHt 'OwW|t xOy=Wt 6 w 5 pmW QO xm u=vJ
R= s=OmQy =t= 'OvQ=OQwNQ@ |v=Um} C}ty= R= Qo}Om} x@ C@Uv \=kv s=tD u; QO xm
|xv} Ry xOvvmO}rwD xJQy "OvQ=OQwNQ@ |Dw=iDt C=a}=[ O=OaD w xv} Ry K]U R= \=kv
|Q=Oyov |=yVwQ 'QDQy=t|v=Uv= |wQ}v 'QDC}i}m =@ |x}rw= O=wt O} QN |=Q@ |QDW}@
QDsm x}rw= O=wt C=a}=[ O=OaD ,=Da}@] 'Ovm@ QDu�t]t O}rwD |=y|SwrwvmD w x}rw= O=wt

"SPEA2 w NSGA-II 'j}kO VwQ QO swO hOy `@=D |xU}=kt "2 pmW

u=Wv xm CU= 167369 w 112101 '120994 Q@=Q@ ?}DQD x@ SPEA2 w II

'j}kO VwQ x@ C@Uv |QDy@ OQmrta NSGA-II sD} Qwor= |oOvm =QB Q_v R= OyO|t
"CU= xDW=O SPEA2 x@ C@Uv |QDy@ OQmrta j}kO VwQ w

w NSGA-II 'j}kO VwQ =@ C=a}=[ O=OaD OQ=Ov=DU= h=QLv= 2 pmW QO
Q_v R= OyO|t u=Wv xm CU= 6/49 w 2/7 '7/61 Q@=Q@ ?}DQD x@ SPEA2
SPEA2 w SPEA2 x@ C@Uv |QDy@ OQmrta NSGA-II sD} Qwor= |oOvm =QB

"CU= xDW=O j}kO VwQ x@ C@Uv |QDy@ OQmrta
w NSGA-II 'j}kO VwQ =@ pOt pL u=tR OQ=Ov=DU= h=QLv= 3 pmW QO
Q_v R= OyO|t u=Wv xm CU= 3/3 w 5/15 '64/5 Q@=Q@ ?}DQD x@ SPEA2
NSGA-II w NSGA-II x@ C@Uv |QDy@ OQmrta SPEA2 sD} Qwor= |oOvm =QB

"CU= xDW=O j}kO VwQ x@ C@Uv |QDy@ OQmrta
sD} Qwor= wO |wDQ=B \=kv OQmrta |@=} RQ= |=Q@ 's}OQm u=}@ ,q@k xm Qw]u=ty
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xDiQo Q_v QO 0/5 hOy `@=wD R= l} Qy uRw Ov}=Qi u}= QO "CU= xOW xO=iDU= xOt;
"Ov=xOW

NSGA- II sD} Qwor= QO xm OQ=O|t u=}@|@D=QtxrUrUp}rLD Ov}=Qi |=QH=G}=Dv
SPEA2 sD} Qwor= QO w 247/5C=a}=[O=OaD w 4866000|xv} Ry Q=Okt =@MU=B
K}HQD u} QDq=@ |=Q=O 307/8 C=a}=[ O=OaD w 3957000 |xv} Ry Q=Okt =@ MU=B
XNWt u; QwO |a@ Qt QO=m =@ 6 w 5 pmW QO ?}DQD x@ xm CU= xOvvmO}rwD |=Q@

"CU= xOW

|Q}oxH}Dv "5
=@ sDU}U C=a}=[ Vy=m xOvvmO}rwD |=yVr=J R= |m} '|O}rwD |=y\}Lt QO
O=wt O} QN |=Q@ |QDW}@ |xv} Ry xOvvmO}rwD xJQy "CU= umtt |xv} Ry u} QDsm
|=y|SwrwvmD w x}rw= O=wt|Q=Oyov |=yVwQ 'QDQy=t|v=Uv= |wQ}v 'QDC}i}m =@ |x}rw=

"Ow@ Oy=wN QDsm C=a}=[ O=OaD ,=Da}@] 'Ovm@ QDu�t]t O}rwD
|xQ}HvR |=Q@ \rDNt K}LY OOa |]N |R} Qxt=vQ@ pOt l} 'j}kLD u}= QO
'xOvvmu}t-=D x}rw= O=wt C=a}=[ uDiQo Q_v QO =@ 'QwLtw} Q=vU Q=wDU= xiOywO u}t-=D
pOt hOy `@=wD "OW x�=Q= |v=Uv= |wQ}v |}=Q=m w O}rwD u}L x}rw= O=wt C=a}=[
"CU= x}rw= O=wt C=a}=[ O=OaD |R=Uxv}tm w =yxv} Ry |R=Uxv}tm pt=W |O=yvW}B
'x}rw= O=wt O} QN 'O}rwD |=yxv} Ry pt=W j}kLD u}= QO xOW xDiQo Q_v QO |=yxv} Ry
VQ=iU w pkv w ptL 'x}rw= O=wt |OwHwt |Q=Oyov 'pwYLt |OwHwt |Q=Oyov
x}rw= O=wt QO OwHwt C=a}=[ pt=W R}v x}rw= O=wt C=a}=[ "OvW=@|t xO=Di= Q}N-=D x@
u}= QO u}vJty "CU= O}rwD u}L x}rw= O=wt C=a}=[ w xOvvmu}t-=D R= O} QN R= TB
xDiQo Q_v QO OOaDt pkvw ptL |=yVwQ w VQ=@v= w pkv w ptL |=yC}iQ_ pOt

"CU= xOW
NSGA-II sD} Qwor= wO w uwr}UB= C}OwOLt VwQ R= |O=yvW}B pOt pL QO
C}i}m Q_v R= =yVwQ u}= R= l} Qy R= pY=L G}=Dv w OW xO=iDU= SPEA2 w
CUO x@ |=yMU=B C}i}m xm O=O u=Wv G}=Dv "OvOW xU}=kt sy =@ pL u=tR w ?=wH
|=ysD} Qwor= pL u=tR xm |r=L QO xOw@ sy x@ l}ORv Q=}U@ VwQ xU Qy =@ xOt;
"CU= j}kO pL VwQ R= QDsm |}x_Lqt p@=k CQwY x@ SPEA2 w NSGA-II

|=ysD} Qwor= =@ xOt; CUO x@ |wDQ=B |=yMU=B u=}t R= s}tYD PN= |=Q@ C}=yv QO
xO=iDU= AHP VwQ w MID OQmrta |@=} RQ=XN=W R= SPEA2 w NSGA-II

"OW
Ovv=t QwLtxR=@ Q=wDU= |R=Uxv}y@ |=yOQm} wQ R= u=wD|t |D; |=yVywSB |=Q@
xO=iDU= QwLtw} Q=vU OQm} wQ |=H x@|mUiwQ}tv w p=Du@ =} s}U w T=t}UDQ@ OQm} wQ
=@ "OQm KQ] O}rwD xrLQt u}OvJ uDiQo Q_v QO =@ =Q pOt u=wD|t u}vJty "OQm
Q_v QO =@ |L]UxU u}t-=D |xQ}HvR |xm@W l} 'j}kLD u}= QO xmv}= x@ xHwD
u=wD|t |D; C=k}kLD QO 'CU= xOW x�=Q= |QDWt w xOvvmO}rwD 'xOvvmu}t-=D uDiQo
Rm =Qt uDiQo Q_v QO =@ w |L]UQ=yJ CQwY x@ w O=O VQDUo =Q u}t-=D |xQ}HvR u}=

"OQm |R=UpOt R}v `} RwD
|UQQ@ ut[ Ov=wD|t R}v QwWm |ak=w p�=Ut QO |O=yvW}B pOt |R=UxO=}B
|=yR=}v R= xm OwW =yVywSB G}=Dv |R=U|v}a x@ QHvt '|Q_v |=ypOt |=yVr=J
Q=DWwv u=oOvU} wv =DU=Q u}= QO "CU= |Qw=:vi w VywSB |xRwL QO QwWm |U=U=
|w[Q u=U=QN u=DU= QO |O}rwD OL=w l} QO =Q |O=yvW}B pOt OvQ=O OYk Q[=L

"CU= xOW |Qw;`tH R}v x}rw= C=aq]= w Ovvm |R=UxO=}B

"SPEA2 w NSGA-II |=ysD} Qwor= |=Q@ MID XN=W "4 pmW

"NSGA-II sD} Qwor= wDQ=B \=kv "5 pmW

"SPEA2 sD} Qwor= wDQ=B \=kv "6 pmW

OwW|t TL wDQ=B MU=B l} ?=NDv= |=Q@ |WwQ OwHw swRr 'wU u}= R= "Ow@ Oy=wN
QO C=a}=[ w xv} Ry Q=Okt u} QD?wr]t u}}aD |=Q@ C} Q}Ot |Q}os}tYD x@ Ov=wD@ xm
VwQ R= 'sD} Qwor= wO u}= R= l} Qy QO Qw_vt u}O@ =Pr "Ovm ltm u}t-=D |xQ}HvR
CUO x@ |wDQ=B |=yMU=B u=}t R= x]kv l} ?=NDv= |=Q@ |@D=QtxrUrU p}rLD Ov}=Qi
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1. Non-Dominated Sorting Genetic Algorithm-II
2. Strength Pareto Evolutionary Algorithm2
3. Analytic Hierarchy Process
4. Chromosome
5. Population Size
6. Fitness Function
7. Roulette Wheel
8. Arithmetic Crossover
9. Real Mutation
10. Generation
11. K-Naearest Neighbor
12. Binary Tournament
13. Mean Idea Distance
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[15]%R= CU= CQ=@a |Jwo =D VwQ |R=UxO=}B pL=Qt
"V}=tR; Qy |=Q@ R} wv x@ p=vo}U C@Uv |x@U=Lt "1

K]U 'OvQ=O R} wv x@ p=vo}U C@Uv Q@ |yHwD p@=k Q}F-=D xm |}=yQwDm =i |=Q@ "2
"Ovm|t xv}W}@ =Q R} wv x@ p=vo}U C@Uv xv}y@

|yHwD p@=k Q}F-=D w R} wv x@ p=vo}U C@Uv Q@ |R}J=v Q}F-=D xm |}=yQwDm =i |=Q@ "3
"Ovm|t xv}y@ =Q hOy `@=D Q=Okt xv}y@ K]U 'OvQ=O MU=B Q}eDt u}ov=}t Q@

CUw}B
sD} Qwor= |=yQDt=Q=B s}_vD %1 CUw}B

xO=iDU=|Q=mD@==Qi |=ysD} Qwor= |=yQDt=Q=B s}_vD |=Q@|Jwo =DVwQ R=j}kLDu}= QO
|=Q@ �Orthogonal Arrays� Ot=aDt |=yx}=Q; R= |Jwo =D VwQ QO "CU= xOW
|xv}y@ K]U u}}aD Qw_vt x@ "OwW|t xO=iDU= sm C=W}=tR; O=OaD =@ =yQwDm =i p}rLD
"OwW|t xv}W}@ �Signal-To-Noise Ratio� R} wv x@ p=vo}U C@Uv R}v =yQwDm =i
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"SPEA2 sD} Qwor= |=yQDt=Q=B |=Q@ |Jwo =D C=W}=tR; "5 pwOH
p=vo}U C@Uv |xR=Ov= p=tDL= O=OaD |xR=Ov= |xQ=tW

R}wv x@ w}WQ; VyH ?}mQD pUv C}atH V}=tR;
�37/0347 100 0/1 0/7 100 50 1

�42/0247 150 0/3 0/7 100 50 2

�33/7223 100 0/1 0/9 200 50 3

�38/7124 150 0/3 0/9 200 50 4

�40/8144 150 0/1 0/9 100 100 5

�42/5124 100 0/3 0/9 100 100 6

�42/2650 150 0/1 0/7 200 100 7

�43/9631 100 0/3 0/7 200 100 8

"SPEA2 sD} Qwor= |=yQDt=Q=B Kw]U |=Q@ RPD u}ov=}t "7 pmW

"SPEA2 sD} Qwor= |=yQDt=Q=B Kw]U|=Q@ R}wv x@ p=vo}UC@Uvu}ov=}t "8pmW

MU=B Q}eDt u}ov=}t w R} wv x@ p=vo}U C@Uv Q@ |R}J=v Q}F-=D xm |}=yQwDm =i |=Q@ "4
"Ow@ Oy=wN xv}y@ 'CU= |D=@U=Lt u=tR u} QDsm |=Q=O xm |L]U 'OvQ=O

Relative Percentage� �RPD� |@Uv h=QLv= OYQO R= j}kLD u}= QO
j@=]t |R=Uxv}tm hOy |=Q@ MU=B Q}eDt Q}O=kt |R=Up=tQv |=Q@ �Deviation

%CU= xOW xO=iDU= 26 |x]@=Q
RPD = (soli � solmin

solmin
)� 100 (26)

hOy `@=D Q=Okt soli w xOt; CUO x@ hOy `@=D Q=Okt u} QDy@ solmin u; QO xm
xH}Dv QO CU= ?wr]t =t |=Q@ MU=B Q}eDt Q=Okt u} QDsm "CU= V}=tR; u}t=i

%OwW|t x@U=Lt u}vJ R} wv x@ p=vo}U C@Uv

S=N = �10log( 1
n

nX
i=1

y2
i ) (27)

"CU=yQ=QmD O=OaD n w V}=tR; u}t=i QO MU=B Q}eDt Q=Okt |xOvyOu=Wv yi xm
p=tDL= '?}mQD p=tDL= 'pUv O=OaD 'C}atH xR=Ov= pt=a GvB j}kLD u}= QO
xOW V}=tR; L8(25) |Jwo =D KQ] =@ K]U wO QO w}WQ; xR=Ov= w VyH
x@ p=vo}U C@Uv w SPEA2 sD} Qwor= |=Q@ x]w@ Qt C=W}=tR; KQ] "CU=
xOW Q=QmD Q=@ 5 C=W}=tR; u}= R= s=OmQy xm CU= xOt; 5 pwOH QO =yv; R} wv

"CU=
SPEA2sD} Qwor=|=yQDt=Q=B R=K]U Qy|=Q@RPDu}ov=}t Q=Owtv 7pmWQO
|=yQDt=Q=B R= K]U Qy |=Q@ R} wv x@ p=vo}U C@Uv u}ov=}t Q=Owtv 8 pmW QO w

"CU= xOW xO=O u=Wv SPEA2 sD} Qwor=
'?}mQD p=tDL= 'pUv O=OaD 'C}atH xR=Ov= QwDm =i GvB Qy 8 w 7 pmW x@ xHwD =@
xOWXNWt hOy `@=D Q@ Q=PoQ}F-=D |=yQwDm =i u=wva x@ w}WQ; xR=Ov= wVyH p=tDL=
SPEA2 w NSGA-II |=ysD} Qwor= |=Q@ =yv; |=yQDt=Q=B |xv}y@ Kw]U xm CU=

"CU= xOt; 3 w 2 pwOH QO ?}DQD x@
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"|O=yvW}B pOt |=yQDt=Q=B Q}O=kt "6 pwOH
"CU=

pOt |=yQDt=Q=B Q}O=kt %2 CUw}B
xOt; 6 pwOH QO |O=yvW}B pOt pL |=Q@ xOW xDiQo Q_v QO |=yQDt=Q=B Q}O=kt
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