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xOW hWm C=a=tDH= |@=} RQ= |=yQ=}at u=wva x@ C=a=tDH= R=}Dt= w |ov=tOwB
wO u}= KQW x@ VN@ u}= xm Ov=xOW xDiQo Q_v QO |O=yvW}B |=ysD} Qwor= \UwD

"CU= xOW xO=O X=YDN= XN=W
|ov=tOwB "1"3"4

Tw�Q Ovm|t XNWt xm CU= xm@W R=Qi= |=Q@ |:tm |Q=}atQ |ov=tOwB XN=W
OyO|t u=Wv |ov=tOwB "Ov=xOW R=Qi= uwo =vwo C=a=tDH= x@ |D}i}m xJ =@ h=Qo
'Ovvm|t Q=QkQ@ =Q =yxQo u}@ \=@DQ= |iO=YD CQwY x@ =yp=} xm |}=yxm@W QO xm
�1� |x]@=Q x@ xHwD =@ |ov=tOwB XN=W Q=Okt "OQ=Ov OwHw |a=tDH= Q=DN=U

[41]%OwW|t h} QaD
Q = 1

2l
X
ij

�
Aij � kikj

2l
�
�(Ci; Cj) (1)

QO Qo}Om} =@ j w i xQo Qo = "CU= CQw=Ht T} QD=t |xOvyOu=Wv A '1 |x]@=Q QO
Q@=Q@ l "CU= QiY u; Q=Okt CQwY u}= Q}e QO w 1 Q@=Q@ Aij |x}=QO 'OvW=@ \=@DQ=
Q=Okt 'OvW=@ `=tDH= l} x@ jraDt j w i xQo wO Qo = "CU= xm@W |=yp=} pm O=OaD
|xOvyOu=Wv ?}DQD x@ Cj w Ci "CU= QiY CQwY u}= Q}e QO w l} Q@=Q@ � `@=D

"OvQ=O jraD =yu; x@ j w i |=yxQo xm CU= |D=a=tDH=
[2]"O=O Q=Qk xO=iDU= OQwt R}v |vRw |=yxm@W |=Q@ u=wD|t =Q |ov=tOwB XN=W
u} Ro}=H =yxQo 42|OvtwQ}v u=R}t =@ '�1� |x]@=Q QO ki w kj Q}O=kt 'Cr=L u}= QO
"OwW|t xO=O V}=tv si w sj =@ ?}DQD x@ j w i |=yxQo |OvtwQ}v u=R}t "OwW|t

"h=Qo |rY= Q=DN=U "2 pmW

"�|vOW� Q}PBu=mt= swRwtwQm l} R= |}xvwtv "3 pmW

"3 pmW swRwtwQm =@ Q_=vDt |xm@W w C=a=tDH= Q=DN=U "4 pmW

Qy 'u}=Q@=v@ "OW=@ R}v s=i xQo OwN |xOvQ}oQ@ QO Ov=wD|t ?=NDv= u}= "Ovm Q=}DN=
w i xQo u}@ |]=@DQ= u=wva x@ 'OwW|t xO=O X}YND s=i uS x@ xm j R= Q=Okt
|}=WoOm "OvQ}o|t Q=Qk |v=Um} `=tDH= QO =yxQo u}= 'xH}Dv QO "OwW|t Q}UiD j
=@ |}=WoOm s=o "CU= Qo}Om} =@ \@DQt Tw�Q s=tD |}=U=vW OvtR=}v Q=DN=U u}=
|}=Hv; R= Qo}O |wU R= "CU= s=Hv= p@=k 40TwmatV}=t}B |xt=vQ@l} R= xO=iDU=
p@k R= =yu; O=OaD uDUv=O 'OvwW|t u}}aD C=a=tDH= O=OaD |}=WoOm s=o QO xm
2 pmW CQwY x@ xm@W l} xm s}vm|t ZQi 'xvwtv u=wva x@ [33]"OQ=Ov |t=Rr=
|Ov@s}UkD `=tDH= xU x@ =Q u; u=wD|t w OQ=O xQo 15 h=Qo u}= "CU= ZwQit
"CU= xOW xO}Wm Q} wYD x@ 3 pmW QO 41Q}PBu=mt= swRwtwQm l} R= |}xvwtv "OQm
`=tDH= Qy '4 pmW x@ xHwD =@ "CU= 4 pmW CQwY x@ swRwtwQm u}= h=Qo Q=DN=U

"CU= xm@W Tw�Q R= |}xawtHt Q} R
[12]%OQ=O xOta C} Rt xU |U=mwr V}=tv Q=DN=U

l}DvS sD} Qwor= QO VyH w `]=kD |=yQorta xm |}=Hv; R= ?=wH Q=DN=U u}= "1
"CU= ?U=vt 'Ovm|tv O=H}= |vOWv w Q@DatQ}e swRwtwQm

Vy=m |}x_Lqt p@=k CQwY x@ Q=DN=U u}= \UwD xOW O=H}= ?=wH |=[i "2
"O@=}|t

|a=tDH= Qov=Wv w CU= n =D 1 R= ?=wH V}=tv Q=DN=U QO O=Oa= |xvt=O "3
nn Q@=Q@ Q=DN=U u}= ?=wH |=[i |oO}J}B "OQ=O jraD u; x@ xQo Qy xm CU=

"CU=
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=Q=�9� |x]@=Q R= 'CU= `=tDH= k pt=W xm |}xm@W QO |@=}`=tDH= R=}Dt= |rm Qw]x@

[12]%Ot; Oy=wN CUO x@
CS =

Xk

i=1 score(Ci) (9)

Qo}Om} =@ C}=yv QO w OwW|t x@U=Lt xm@W C=a=tDH= s=tD R=}Dt= '�9� |x]@=Q QO
"O}=}@ CUO x@ |@=}`=tDH= R=}Dt= =D OvwW|t `tH

43|m}ORv C} RmQt "4"4
\UwD xm OQ=O OwHw =yxQo GwR u=}t |a}@] |xrY=i Q=}at l} 'xDU@ |=yh=Qo QO
x@ Qw_vt x@ VywSB u}= QO [43]"OwW|t h} QaD =yu; u}@ |=yQ}Ut u} QDx=Dwm pw]
44p=WQ=w � O}�wri sD} Qwor= R= h=Qo |=yxQo GwR u}@ =yQ}Ut u} QDx=Dwm uOQw; CUO
u} QDx=Dwm uDi=} |=Q@ xm CU= |WwQ 'p=WQ=w � O}�wri sD} Qwor= "CU= xOW xO=iDU=
u=R}t "OwW|t xDiQo Q=m x@ =yp=} |ivt w C@Ft u=Rw= =@ |vRw |=yxm@W QO =yQ}Ut
u=R}t Tqw=@ "OwW|t x@U=Lt =yxQo s=tD R= u; pY=wi ẁtHt =@ x xQo |QwO
R= u; Q=Okt xm OQm h} QaD x xQo |QwO Q=Okt Twmat CQwY x@ =Q =yxQo |m}ORv

[44]%O};|t CUO x@ �10� |x]@=Q
C(x) = 1P

y d(y; x)
(10)

d(y; x) Q=Okt "OwW|t xO=O u=Wv C(x) =@ x xQo |m}ORv u=R}t 'x]@=Q u}= QO
l} C} RmQt |xHQO xJQy u}=Q@=v@ "CU= y w x xQo wO u}@ xrY=i u} QDx=Dwm Q@=Q@

"CU= QDtm =yxQo s=tD R= xQo u}= pY=wi ẁtHt 'OW=@ QDW}@ xQo

`]=kD "5"4
"OwW|t |iQat =yxQo |m}ORv Q=Okt Q@ |vD@t `]=kD O}OH Qorta l} 'VN@ u}= QO
Oy=wN ?=NDv= 'CU= |m}ORv Q=Okt u} QDq=@ |=Q=O Or=w Qy QO xm |}xQo 'T=U= u}= Q@
xQo w OwW|t xDiQo Q_v QO |rY= |xm@W x@ xHwD =@ xQo u}= |=y|o}=Uty "OW
x@ O}OH |OvRQi w OQ}o|t Q=Qk Qo}O Or=w QO OwN |=y|o}=Uty pLt QO |@=NDv=
=Q |m}ORv Q=Okt u} QDq=@ 7 |xQ=tW xQo s}vm|t ZQi 5 pmW QO,qFt "O};|t OwHw
Tw�Q Q@=Q@ 7 xQo |=y|o}=Uty '|rY= |xm@W QO xmv; ZQi =@ "OQ=O l} Or=w QO
w OQ}o|t Q=Qk OwN |o}=Uty |=yxQo pLt QO 2 Or=w QO xQo u}= 'OvW=@ 5 w 4 '2
=Q |m}ORv u=R}t u} QDq=@ 5 xQo s}vm|t ZQi R}v 2 Or=w QO "OwW|t O=H}= 1 OvRQi
pLt QO 5 xQo Q=@u}= "OvDUy xm@W QO 3 w 1 Tw�Q Q@=Q@ xQo u}= |=y|o}=Uty "OQ=O
pY=L 6 pmW x@ xHwD =@ swO OvRQi w OQ}o|t Q=Qk 1 Or=w QO OwN |=y|o}=Uty
|=Q@ |Q=}at u=wva x@ =Q =yxQo u}@ |m}ORv xm |}=Hv; R= `]=kD VwQ u}= "OW Oy=wN
QHvt w Ovm pta jiwt C=a=tDH= p}mWD QO Ov=wD|t 'OQ}o|t Q_v QO u=OvRQi p}mWD
wO |=Q@ QwmPt `]=kD Qorta 'xr=kt u}= QO "OwW C=a=tDH= R=}Dt= w |ov=tOwB Ow@y@ x@
"CiQo Oy=wN Q=Qk xO=iDU= OQwt P NRGA w P NSGAII |O=yvW}B sD} Qwor=

"=yxQo |m}ORv Q=Okt T=U= Q@ pw= OvRQi O=H}= |xwLv "5 pmW

Q=Qk xQo u}= CQw=Ht QO xm CU= |}=yp=} u=Rw= ẁtHt Q@=Q@ 'xQo Qy |OvtwQ}v Q=Okt
|=yp=} s=tD u=Rw= ẁtHt =@ '�1� |x]@=Q QO l |xm@W |=yp=} pm O=OaD "OvQ=O
R= |vRw |=yxm@W QO |ov=tOwB Q=Okt ?}DQD u}= x@ "OwW|t u} Ro}=H W 'xm@W

[2]%CU= x@U=Lt p@=k �2� |x]@=Q

Qw = 1
2W

X
ij

�
Wij � sisj

2W
�
�(Ci; Cj) (2)

C=a=tDH= R=}Dt= "2"3"4
|xawtHt V xm OQ=O OwHwG = (V;E) h=Qo CQwY x@ xm@Wl} s}vm|t ZQi
C xm@WQ} R QO s=i xQo |xHQO 'CQwY u}= QO "CU=yp=} |xawtHt E w =yxQo

[12]%Ow@ Oy=wN x@U=Lt p@=k �3� |x]@=Q R= 'CU= C � G xm |}xvwo x@
ki(c) = kini (c) + kouti (c) (3)

QO =yxQo Q}=U x@ =Q i xQo xm CU= |}=yp=} O=OaD Qov=}@ kini (c) '�3�|x]@=Q QO
=Q i xQo xm CU= |}=yp=} O=OaD Qov=}@ kouti (c) w Ovm|t pYDt C xm@WQ} R
u}= Q@ "Ovm|t pYDt 'OvQ=O Q=Qk C `=tDH= R= GQ=N xm xm@W |=[a= Q}=U x@
x@U=Lt �5� w �4� \@=wQ j} Q] R= ?}DQD x@ kouti (c) w kini (c) Q}O=kt 'T=U=

[12]%OwW|t
kini (c) =

X
j2C

Aij (4)

kouti (c) =
X
j =2C

Aij (5)

\QW Qo = CU= `=tDH= l} 'C |xm@W Q} RX
i2c

kini (c) >
X
i2c

kouti (c)

xQo xm OW=@ |}=yp=} C@Uv |xOvyOu=Wv �i s}vm|t ZQi p=L [42]"OW=@ Q=QkQ@
x@U=Lt p@=k �6� |x]@=Q R= �i ?@U u}O@ "Ovm|t pYw =yxQo Q}=U x@ =Q i

[12]%CU=
�i = 1

jCjk
in
i (c) (6)

C |v=wD u}ov=}t "CU= C xm@WQ} R |=[a= O=OaD =@ Q@=Q@ jCj '�6�|x]@=Q QO
h} QaD �7� |x]@=Q CQwY x@ xm OvyO|t u=Wv M(C) =@ =Q r |x@DQt R=

[12]%OwW|t

M(C) =

P
i2c

(�i)r

jcj (7)

xm@W Q} R |=yxQo xm CU= |}=yp=} O=OaD Q@=Q@ xm@WQ} R l} sHL Qo}O hQ] R=
XN=W "OwW|t xO=O u=Wv vc =@ C |xm@WQ} R sHL "Ovvm|t pYw sy x@ =Q C

[12]%O};|t CUO x@ �8� |x]@=Q R= C=a=tDH= R=}Dt=
score(C) = M(C)� vC (8)

|v=wD u}ov=}t C=a=tDH= R=}Dt=XN=W 'CU=XNWt �8� |x]@=Q R= xm Qw]u=ty
"OQ}o|t Q_v QO u=tRsy CQwY x@ =Q vc `=tDH=l} |rN=O\@=wQ sHL wM(C)
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QW
C}

Q}Ot
w`}

=vY
|U

Ovyt "=ysD} Qwor= |OwQw |=yQDt=Q=B Kw]U "1 pwOH
xv}y@ K]U Kw]U =yO=tv =yQDt=Q=B sD} Qwor=

0 6 0 8�0 6�0 4 Pc `]=kD MQv
NSGAII

0 5 0 5�0 3�0 1 Pm VyH MQv
100 100�50�20 POP C}atH |xR=Ov=
300 300�200�100 It Q=QmD O=OaD

0 6 0 8�0 6�0 4 Pc `]=kD MQv
NRGA

0 3 0 5�0 3�0 1 Pm VyH MQv
50 100�50�20 POP C}atH |xR=Ov=
200 300�200�100 It Q=QmD O=OaD

"lLt |=yxm@W C=YNWt "2 pwOH
p=} xQo |UQ=i pO=at xm@W xQ=tW
91 17 =ywQwov=m \=@DQ= xm@W Gery 1

Kangoroos

111 28 =yTQwR \=@DQ= |xm@W Zors 2
336 43 u=Q=wUGwt |xm@W Windsurfers 3

243 70 u=Q=Po ?t@ VRwt; xm@W Train 4
Bombers

254 77 u=}=wv}@ u=tQ |=yC}YNW Les 5
Miserables

88234 4039 lw@U}i |a=tDH= |xm@W Facebook 6

VHvU Q=}at xm O};|t CUO x@ wDQ=B ?=wH xawtHt |yOuRw VwQ R= xO=iDU=
"CU= |OwQw |=yQDt=Q=B

x@ p=vo}U C@Uv Q=Owtv R= xO=iDU= =@ '=yV}=tR; s=Hv= R= TB =yQDt=Q=B Q=Okt
x@ NRGA w NSGAII sD} Qwor= wO |=Q@ Q=Owtv u}= "CU= TQDUO QO 47 R} wv
sD} Qwor= wO |=yQDt=Q=B xv}y@ Q=Okt "CU= xOy=Wt p@=k 11 w 10 p=mW= QO ?}DQD

"CU= xOW VQ=Ro 1 pwOH QN; uwDU QO

=ysD} Qwor= OQmrta |xU}=kt "2"5
P NRGA w P NSGAII |O=yvW}B sD} Qwor= wO OQmrta 'VN@ u}= QO
|xOW xDN=vW sD} Qwor= R}v w l}Uqm NRGA w NSGAII |=ysD} Qwor= =@
C=a=tDH= R=}Dt= w|ov=tOwBXN=W wO |R=Uxv}y@ Qw_vtx@ xm [12] MOGA-Net

|@=}`=tDH=|xr�UtpL =@C=U}=kt "OQ}o|t Q=QkVHvUOQwt 'CU= xOW xDiQoQ=m x@
\}Lt QO xr�Ut |U} wvxt=vQ@ "CU= xDiQ}PB CQwY |ak=w |=}vO |xm@W 6 QO
C=YNWt =@ |YNW QDw}Bt=m l} \UwD xt=vQ@ |=QH= w xOW s=Hv= Matlab

"CU= xDiQoCQwY (Quad Core 8200; CPU 2 00 GHz; RAM 4 GB)

?=wH 'CUNv VN@ QO "OwW|t s=Hv= VN@ wO QO =ysD} Qwor= OQmrta |xU}=kt
QO "OvQ}o|t Q=Qk xU}=kt OQwt C=a=tDH= R=}Dt= w |ov=tOwB u=R}t Q_v R= =ysD} Qwor=
|rt=mD |=yVwQ XDNt |=yXN=W Q_v R= =ysD} Qwor= |HwQN R}v swO VN@
"CU= xOW xOQw; 2 pwOH QOlLt |=yxm@WC=YNWt "OwW|t|UQQ@ xiOyOvJ

"=yxQo |m}ORv Q=Okt T=U= Q@ swO OvRQi O=H}= |xwLv "6 pmW

"VyH s=Hv= |=Q@ xOW ?=NDv= ?=wH "7 pmW

"xDi=}VyH ?=wH "8 pmW

VyH "6"4
Ow@y@ |=Q@ xQ=}atOvJ |Q}os}tYD Q@|vD@t O}OH VyH VwQ l} 'VN@ u}= QO
QO '|O=yvW}B VyH VwQ QO "OwW|t O=yvW}B |@=}`=tDH= |xr�Ut |=y?=wH
'CU= xOW xDiQo Q_v QOVyH s=Hv= |=Q@ xm|@=wH R=|iO=YD CQwY x@|yQo =OD@=
'|m}ORv Q=Okt Q=}at xU T=U= Q@ xOW ?=NDv= xQo |=y|o}=Uty "OwW|t ?=NDv=
|xQ=}atOvJ |Q}os}tYD VwQ x@ xHwD =@ Tw�Q |vwQ}@ |xHQO w |vwQO |xHQO
u=R}tXN=W wO xmCU=|QwQ[ xDmvu}= x@ xHwD "OvwW|t|Ov@x@DQ [45]45T}UB=D
|HQ=N |xHQOXN=W wC@Ft |=yQ=}at xrtH R= =yxQo |rN=O |xHQO w |m}ORv
xDiQo Q_v QO u=Um}VywSBu}= QO =yQ=}at u=Rw= "CU=|ivt|=yQ=}at xrtH R= '=yxQo
'OW=@ xDW=O |QDy@ |x@DQ xm |o}=Uty xQo 'T}UB=D VwQ s=Hv= R= TB "CU= xOW
?=NDv= hO=YD x@ 5 |xQ=tW xQo 7 pmW QO,qFt "OW Oy=wN |@=NDv= xQo u} Ro}=H
"OvDUy 3 w 1 Tw�Q Q@=Q@ |rY= |xm@W j@] xQo u}= |=y|o}=Uty "CU= xOW
w |rN=O |xHQO '=yxQo |m}ORv u=R}t ?UL Q@ ?}DQD x@ |Q}os}tYD T} QD=t
?}DQD x@ |Q}os}tYDT} QD=t |=yuwDU w =yQ]U "OwW|t p}mWD |HQ=N |xHQO
T}UB=D VwQ x@ xHwD =@ xt=O= QO "OvyO|t u=Wv =Q =yQ=}at w |o}=Uty Tw�Q
xQo 'T}UB=D VwQ s=Hv= R= TB O}vm ZQi "OQ}PB|t CQwY =yxv} Ro |Ov@x@DQ
5 xQo u} Ro}=H xQo u}= u}=Q@=v@ "Ovm ?Um =Q pw= x@DQ CU= xDUv=wD 1 |xQ=tW
"OQm Oy=wN Q}}eD 8 pmW CQwY x@ xDi=}VyH ?=wH ?}DQD u}= x@ "OW Oy=wN
pmW u}= QO "CU= xOW xOQw; 9 pmW QO |O=yvW}B |=ysD} Qwor= |rm Q=DN=U
"OQm xOy=Wt =Q sD} Qwor= wO u}= QO xOW x�=Q= OQm} wQ |r=tH= CQwY x@ u=wD|t

xvwtv p�=Ut p}rLD wx} RHD "5
=ysD} Qwor= QDt=Q=B s}_vD "1"5

VwQ R= |O=yvW}B |=ysD} Qwor= |=yQDt=Q=B s}_vD Qw_vt x@ 'xar=]t u}= QO
=yQDt=Q=B |=Q@ |irDNt Kw]U VwQ u}= QO "CU= xOW xO=iDU= [46]46|Jwo =D
CQwY QDt=Q=B Qy |=Q@ |Dw=iDt Kw]U h} QaD =@ =yV}=tR; |L=Q] w OwW|t u}}aD
Q}O=kt R}v w NRGA w NSGAII |=ysD} Qwor= =@ \@DQt |=yQDt=Q=B "OQ}PB|t
=@ ?=wH l} 'V}=tR; Qy |=yDv= QO "Ov=xOW xOQw; 1 pwOH QO hrDNt Kw]U
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"|O=yvW}B |=ysD} Qwor= CQ=Jwri "9 pmW

=@ l}DvS sD} Qwor= |=yQDt=Q=B |=Q@ R}wv x@ p=vo}U C@Uv Q=Owtv "11 pmW
"?wret=v |Ov@x@DQ

xU x@ C@Uv |ov=tOwB Q=Okt Q_v R= Ov=xDUv=wD P NRGA w P NSGAII

C=a=tDH= R=}Dt= XN=W Q_v R= xOt; CUO x@ G}=Dv "Ovvm pta QDy@ Qo}O sD} Qwor=
CS� `=tDH= R=}Dt= Q}O=kt u} QDy@ 'pwOH u}= QO "CU= xOW xOQw; 4 pwOH QO R}v
G}=Dv "CU= xOW VQ=Ro xt=vQ@ |=QH= x@DQt CU}@ R= TB R}v XN=W u}= u}ov=}t w
Ov=xDUv=wD |O=yvW}B |=ysD} Qwor= xm CU= u; R= |m =L R}v 4 pwOH QO xOW VQ=Ro
"OvW=@ xDW=O =yVwQ Q}=U x@ C@Uv |QDy@ OQmrta C=a=tDH= R=}Dt= Q=Okt Q_v R=

l}DvS sD} Qwor= swO xNUv |=yQDt=Q=B |=Q@ R}wv x@ p=vo}UC@Uv Q=Owtv "10 pmW
"?wret=v |R=U?DQt =@

hOy `@=wD Q_v R= =ysD} Qwor= OQmrta |xU}=kt "1"2"5
QO C=a=tDH= R=}Dt= w |ov=tOwB Q}O=kt Q_v R= =ysD} Qwor= OQmrta CtUk u}= QO
=Q xOW pY=L G}=Dv "CU= xDiQo Q=Qk T=}k OQwt 'xOW |iQat lLt |=yxm@W
u} QDy@ 'pwOH u}= QO "OQm xOy=Wt 3 pwOH QO u=wD|t |ov=tOwB XN=W Q_v R=
xt=vQ@ |=QH= x@DQt CU}@ R= TB XN=W u}= u}ov=}t w Q� |ov=tOwB Q}O=kt
|O=yvW}B |=ysD} Qwor= 'CU=XNWt 3 pwOH QO xm Qw]u=ty "CU= xOW VQ=Ro
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Ovyt "C=a=tDH= R=}Dt= XN=W Q_v R= =ysD} Qwor= OQmrta "4 pwOH
CS u}ov=}t CS� sD} Qwor= xm@W

84 355 90 243 P NSGAII

\=@DQ=80 898 87 243 P NRGA

=ywQwov=o74 311 87 243 NSGAII

67 504 87 243 NRGA

75 121 87 243 MOGA-Net

112 191 115 080 P NSGAII

=yTQwR \=@DQ=
112 533 116 080 P NRGA

110 607 110 660 NSGAII

110 235 110 660 NRGA

110 809 111 326 MOGA-Net

181 958 194 692 P NSGAII

u=Q=wUGwt
179 829 192 021 P NRGA

170 722 175 051 NSGAII

172 804 174 215 NRGA

175 554 177 239 MOGA-Net

100 445 106 772 P NSGAII

VRwt;99 909 109 103 P NRGA

u=Q=Po ?t@79 479 85 278 NSGAII

84 037 87 630 NRGA

100 336 106 772 MOGA-Net

227 751 231 124 P NSGAII

|=yC}YNW223 614 225 869 P NRGA

u=}=wv}@ u=tQ190 345 195 278 NSGAII

188 465 189 006 NRGA

224 115 231 124 MOGA-Net

421 857 435 126 P NSGAII

lw@U}i
434 974 441 238 P NRGA

350 621 351 769 NSGAII

339 459 346 238 NRGA

386 438 391 258 MOGA-Net

"|ov=tOwB XN=W Q_v R= =ysD} Qwor= OQmrta "3 pwOH
Q u}ov=}t Q� sD} Qwor= xm@W
0 1299 0 1589 P NSGAII

\=@DQ=0 1413 0 1589 P NRGA

=ywQwov=o0 0413 0 0589 NSGAII

0 342 0 0555 NRGA

0 0568 0 0589 MOGA-Net

0 3572 0 3722 P NSGAII

=yTQwR \=@DQ=
0 4086 0 4222 P NRGA

0 2550 0 2645 NSGAII

0 2557 0 2722 NRGA

0 2752 0 2832 MOGA-Net

0 4107 0 4153 P NSGAII

u=Q=wUGwt
0 4141 0 4153 P NRGA

0 2537 0 2549 NSGAII

0 2456 0 2653 NRGA

0 2552 0 2653 MOGA-Net

0 5544 0 5870 P NSGAII

VRwt;0 5535 0 5877 P NRGA

u=Q=Po ?t@0 4243 0 4296 NSGAII

0 4284 0 4361 NRGA

0 4951 0 5024 MOGA-Net

0 4682 0 4768 P NSGAII

|=yC}YNW0 4520 0 4753 P NRGA

u=}=wv}@ u=tQ0 3302 0 3458 NSGAII

0 3569 0 3706 NRGA

0 3928 0 4106 MOGA-Net

0 2958 0 3017 P NSGAII

lw@U}i
0 3026 0 3124 P NRGA

0 2413 0 2529 NSGAII

0 2418 0 2618 NRGA

0 2548 0 2635 MOGA-Net
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|x�
=Q=Q}=U 'xvwtv |xm@W 6 s=tD QO Ov=xDUv=wD P NRGA w P NSGAII sD} Qwor=

"OvR=U ?wret =Q =yVwQ
C=a=tDH= |}=U=vW QO =Q =ysD} Qwor= CkO u=R}t xm |}=yXN=W R= |m}
48p=tQv p@=kDt C=aq]= Q=}at 'Ovm|t u}}aD xm@W l} R= CUQO w C}i}m =@
CU= C=aq]= |x} Q_v |xRwL QO xOW xDN=vW XN=W l} NMI [12]"CU=
|k}kL |=yxWwN =@ xU}=kt QO =Q xOW |}=U=vW |=yxWwN Cy=@W u=R}t xm
T} QD=t 'OvW=@ xm@W R= |}=yR=Qi= 'B w A R=Qi= wO xmv; ZQi =@ "OvR|t u}tND
R= |}=yxQo O=OaD Q@=Q@ u; QO Cij xm s}t=v|t |oDN} Q syQO T} QD=t =Q C
"OvQ=O Qw[L R}v B R=Qi= R= j `=tDH= QO xm CU= A R=Qi= QO i `=tDH=
h} QaD Q} R CQwY x@ I(A;B) p=tQv p@=kDt C=aq]= XN=W '?}DQD u}=x@

%OwW|t

I(A;B) =
�2 CAP

i=1

CBP
j=1

Cij log(CijN=Ci:Cj)

CAP
i=1

Ci:log(Ci:=N) +
CBP
j=1

C:j log(C:j=N)
(11)

Q@=Q@ Ci:(C:j) "CU= A(B) R=Qi= |=yxwQo O=OaD Q@=Q@ CA(cB) '11 |x]@=Q QO
"CU=yxQo O=OaD Q@=Q@ N "CU= �j uwDU� i Q]U QO C T} QD=t |=yx}=QO ẁtHt
'OvW=@ Cw=iDt ,qt=m B w A R=Qi= wO Qo = "l(A;B) = 1 x=ov; 'OW=@ A = B Qo =
|=Q@ NMI XN=W |x@U=Lt R= pY=L G}=Dv u}ov=}t "l(A;B) = 0 x=ov;
"CU= xOW VQ=Ro 7 pwOH QO =yxt=vQ@ |=QH= x@DQt CU}@ R= TB sD} Qwor= 5
w P NSGAII |O=yvW}B sD} Qwor= wO 'CU= XNWt 7 pwOH QO xm Qw]u=ty
sD} Qwor= xU x@ C@Uv |QDy@ ?D=Qt x@ OQmrta xm@W 6 QO Ov=xDUv=wD P NRGA

"OvW=@ xDW=O Qo}O
|O=yvW}B |=ysD} Qwor= |=y?=wH |i}m K]U xm xr�Ut u}= VHvU Qw_vt x@
C@Uv |Q=O=vat hqDN= NMI w T 'NOS' S 'IGD 'GD |=yQ=}at Q_v R=
u}O@ "OwW|t xO=iDU= t |Q=t; uwtR; R= 'OvQ=O =ysD} Qwor= Q}=U |=y?=wH x@
u=v}t]= |xrY=i QO P NRGA w P NSGAII |=ysD} Qwor= OQmrta Qw_vt
NRGA w NSGAII l}Uqm |=ysD} Qwor= =@ wO x@ wO CQwY x@ OYQO 95
uwtR; u}= QO QiY ZQi "OQ}o|t Q=Qk uwtR; OQwt MOGA-Net sD} Qwor= w
xU}=kt OQwt sD} Qwor= wO |=y?=wH u=}t Q=O=vat Cw=iD OwHw sOa |xOvyO u=Wv
|O=yvW}B |=ysD} Qwor= OQmrta xm OyO|t u=Wv |Q=t; |=yuwtR; G}=Dv "CU=
=@ xU}=kt QO |Q=O=vat Cw=iD NMI w T 'NOS 'S 'GD |=yQ=}at Q_v R=
|=Q@ p-value Q=Okt =Q} R "OvQ=O NRGA w NSGAII l}Uqm |=ysD} Qwor=
pY=L u=v}t]= u=wD|t u}=Q@=v@ "CU= xOt; CUO x@ 0 05 R= QDtm =yuwtR; QFm =
C}i}m =@ |=y?=wH uDi=} QO |QDy@ OQmrta pm QO |O=yvW}B |=ysD} Qwor= xm OQm

"Ov=xDW=O

=yO=yvW}B w |Q}oxH}Dv "6
"OW K} QWD p}YiD x@ |ak=w |=}vO |=yxm@W QO |@=}`=tDH= |xr�Ut xr=kt u}= QO
xQ=W= R}v OwW `k=w O}it =yu; QO Ov=wD|t |@=}`=tDH= pOt xm |OQ@ Q=m |=yx@vH x@
C=a=tDH=|yOpmW '|@=}`=tDH= |xr�Ut pL|DvU |=yVwQ xmv; x@ xHwD =@ "OW
u=tRsy |R=Uxv}y@ =@ xm |OQm} wQ |x�=Q= OvyO|t CQwY Q=}at l} |=v@tQ@ =yvD =Q
"Ow@ Oy=wN =Woy=Q 'O@=}@ =Q xm@W QO C=a=tDH= R= |}xawtHt Ov=wD@ XN=WOvJ
|=yVwQ Q@ |}xaUwD xm O}OH |Q=mD@==Qi VwQ wO 'VywSB u}= QO Qw_vt u}O@

xiOyOvJ |=yQ=}at Q_v R= =ysD} Qwor= OQmrta |xU}=kt "2"2"5
|=ysD} Qwor= |}=Q=m VHvU |=yQ=}at T=U= Q@ =yVwQ OQmrta 'VN@ u}= QO
'[47] (S)|Q=Po xrY=iXN=WR=CU=CQ=@a =yQ=}atu}= "OwW|t xU}=kt 'xiOyOvJ
O=OaD '[49] (IGD) Twmat |twta |xrY=i '[48] (GD) |twta |xrY=i
'[50] T C=@U=Lt u=tR '[40] (NOS) sD} Qwor= Qy \UwD xOt; CUO x@ |=y?=wH
'OW=@ QDtm T w IGD 'GD 'S |=yXN=W Q=Okt xJQy [50]xawtHt VWwB w
CUO x@ ?wretQ}e |=y?=wH O=OaD xJQy w Ow@ Oy=wN QDy@ pL sD} Qwor= OQmrta
|=ysD} Qwor= |}=Q=m |xU}=kt "CU= QDy@ pL sD} Qwor= OQmrta 'OW=@ QDW}@ xOt;
Oa@ G}=Dv "CU= xOt; 5 pwOH QO IGD w GD 'S |=yQ=}at Q_v R= |O=yvW}B
u}= QO xm Qw]u=ty "Ov=xOW pY=L |Q}ou}ov=}t w xt=vQ@ |=QH= x@DQt CU}@ R=
|=yQ=}at Q_v R= P NRGA w P NSGAII sD} Qwor= wO 'CU= OwyWt pwOH
sD} Qwor= xU x@ C@Uv Twmat |twta |xrY=i w |twta |xrY=i '|Q=PoxrY=i

"Ov=xDW=O |QDy@ OQmrta ?D=Qt x@ Qo}O
|=yVwQ OQmrta |@=} RQ= QO xOvvmu}}aD |=yQ=}at Qo}O R= C=@U=Lt u=tR
=ysD} Qwor= |}=Qoty R= Oa@ xm CU= xOW ZQi 'Q=DWwv u}= QO "CU= xr�Ut pL
TB QF-wt RQt |=y?=wH ?}mQD Q}}eD sOa w ?wretQ}e |=y?=wH R= |}xawtHt x@
u}ov=}t "OW Oy=wN hkwDt =ysD} Qwor= |=QH= '|r=wDt Q=QmD 50 uOW |QBU R=
|}=U=vW |=Q@ xt=vQ@ |=QH= x@DQt CU}@ R= Oa@ x}v=F ?ULQ@ =ysD} Qwor= |=QH= u=tR
XNWt pwOH u}= QO xm Qw]u=ty "CU= xOt; 5 pwOH QO xm@W 6 u}= C=a=tDH=
xU R= QDOwR Ov=xDUv=wD P NRGA w P NSGAII |O=yvW}B sD} Qwor= wO 'CU=

"OvUQ@ |}=Qoty x@ Qo}O sD} Qwor=
xHwD =@ "CU= QF-wt RQt |=y?=wH O=OaD 'xOW |iQat |=yQ=}at R= Qo}O |m}
VwQ 'OW=@ QDW}@ sD} Qwor= \UwD xOW =O}B |=y?=wH O=OaD xJQy 'XN=W u}= x@
xOW hWm |=y?=wH O=OaD u}ov=}t 12 pmW QO "CU= xOQm pta QDjiwt pL
12 pmW QO xJv; x@ xHwD =@ "CU= xOy=Wt p@=k xt=vQ@ |=QH= x@DQt CU}@ R= TB
O=OaD hWm x@ jiwt P NRGA w P NSGAII sD} Qwor= wO 'CU= OwyWt
MOGA- w NRGA 'NSGAII pL VwQ xU x@ C@Uv |QDW}@ |=y?=wH
XNWt xm CU= xawtHt VWwB Q=}at 'OW |iQat xm |Qo}O Q=}at "Ov=xOW Net

Qo}O sD} Qwor= |=y?=wH |R=U?wret QO QOkJ sD} Qwor= Qy |=y?=wH Ovm|t
sD} Qwor= xU w |O=yvW}B |=yVwQ u=}t wO x@ wO C=U}=kt 6 pwOH "OvDUy jiwt
wO 'CU= OwyWt 6 pwOH QO xJv; x@ xHwD =@ "OyO|t u=Wv xm@W 6 QO =Q Qo}O

"=ysD} Qwor= \UwD xOW hWm |=y?=wH O=OaD u}ov=}t "12 pmW
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Ovyt "Twmat |twta |xrY=i '|twta |xrY=i '|Q=PoxrY=i |=yQ=}at Q_v R= =ysD} Qwor= |xU}=kt "5 pwOH
�s� C=@U=Lt u=tR S IGD GD sD} Qwor= xm@W

1 52 1 160 43 226 0 373 P NSGAII

\=@DQ=1 22 1 066 34 207 0 296 P NRGA

=ywQwov=o1 95 18 19 106 07 1 614 NSGAII

1 98 15 23 95 619 1 393 NRGA

1 91 6 998 68 925 1 220 MOGA-Net

2 5 0 001 3 9521 0 246 P NSGAII

=yTQwR \=@DQ=
2 82 0 003 3 421 0 308 P NRGA

5 22 4 870 16 065 0 8818 NSGAII

5 34 3 890 19 345 0 9919 NRGA

4 71 0 0129 14 479 0 6785 MOGA-Net

4 14 0 049 3 7166 0 5398 P NSGAII

u=Q=wUGwt
3 99 0 017 3 2613 0 5398 P NRGA

7 1 7 357 10 772 1 4538 NSGAII

8 01 10 32 11 691 1 4994 NRGA

6 78 0 017 3 5542 0 5398 MOGA-Net

8 02 0 019 6 9180 0 2648 P NSGAII

VRwt;8 11 0 028 7 0851 0 1377 P NRGA

u=Q=Po ?t@10 35 6 239 24 871 0 6670 NSGAII

10 61 6 412 21 490 0 7693 NRGA

11 35 6 026 24 169 0 6657 MOGA-Net

9 01 0 003 6 021 0 412 P NSGAII

|=yC}YNW10 41 0 002 7 295 0 372 P NRGA

u=}=wv}@ u=tQ17 94 8 369 15 024 2 8743 NSGAII

17 02 5 687 16 329 2 0625 NRGA

17 33 3 007 12 386 1 6981 MOGA-Net

236 14 0 0244 96 642 6 0157 P NSGAII

lw@U}i
234 77 0 0132 83 354 5 8841 P NRGA

0 0418 105 631 10 199 NSGAII

226 69 0 0473 101 471 11 474 NRGA

0 0326 101 205 7 702 MOGA-Net
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0 0 7 0 0 9 0 0 8 0 0 9 0 0 8 0 0 9 =ywQwov=m \=@DQ=
0 0 6 0 0 9 0 0 8 0 0 7 0 0 8 0 0 8 =yTQwR
0 0 6 0 1 0 1 0 1 0 1 0 1 u=Q=wUGwt
0 0 9 0 0 7 0 0 8 0 0 9 0 0 9 0 0 9 u=Q=Po ?t@ VRwt;
0 0 8 0 0 8 0 0 8 0 0 9 0 1 0 1 u=}=wv}@ u=tQ
0 0 7 0 0 8 0 0 7 0 0 9 0 0 8 0 0 8 lw@U}i

"xm@W 6 QO =ysD} Qwor= NMI XN=W "7 pwOH
=ysD} Qwor=

MOGA-
NRGA NSGAII P NRGA P NSGAII xm@W

Net

0 462 0 204 0 195 0 858 0 884 =ywQwov=m
0 477 0 362 0 552 0 801 0 836 =yTQwR
0 577 0 435 0 429 0 908 0 911 u=Q=wUGwt
0 603 0 402 0 416 0 978 0 971 u=Q=Po ?t@
0 301 0 288 0 331 0 688 0 755 u=}=wv}@
0 205 0 182 0 197 0 850 0 871 lw@U}i

NRGA w NSGAII VwQ xU =@ |O=yvW}B |=ysD} Qwor= OQmrta 'Oa@ s=o QO
QO xOW O=yvW}B |=ysD} Qwor= u} QDOvtDQOk R= xm 'MOGA-Net R}v w l}Uqm
xHwD =@ C=U}=kt "OW xU}=kt |ak=w |=}vO |xm@W 6 QO 'CU= u}W}B |=yVywSB
|=ysD} Qwor= |}=Q=m VHvU QO xOW xDN=vW |=yXN=W w hOy `@=wD Q=Okt x@
xU Q@ xOW x�=Q= |=ysD} Qwor= |QDQ@ R= u=Wv 'pY=L G}=Dv "OW s=Hv= xiOyOvJ

"CW=O Qo}O sD} Qwor=
|D=a=tDH= hWm x@ u=wD|t |O=yvW}B |=ysD} Qwor= OQ@ Q=m OQ=wt xrtH R=
xQ=W= 'OvQ=O Qo}Om} x@ x}@W j}qa xm VwQi \NQ@ |=yxm@W u=} QDWt R= j}kO
|=yCYQi 'u=} QDWt j}qa =@ ?U=vDt |DqwYLt O=yvW}B =@ CQwY u}= QO "OQm
|yOpmW 'xOW x�=Q= |=yVwQ OQ@ Q=m OQ=wt Qo}O R= "Ot; Oy=wN O}OB|@U=vt |Q=HD
|x}=B Q@ |yOpmW u}= "CU= C=k}kLD |O=vDU= |=yxm@W QO |tra C=a=tDH=

=Q ?=wH |=[i VwQ wO u}= "OW x�=Q= 'OvW=@|t NRGA w NSGAII l}Uqm
C=a=tDH= R=}Dt= w |ov=tOwB |R=Uxv}W}@ w xm@W R= xv}y@ R=Qi= l} uDi=} hOy =@
|xr�Ut QO Q@Dat hOy `@=wD xrtH R= C=a=tDH= R=}Dt= w |ov=tOwB "Ovvm|t wHDUH
QO =y?=wH |oOvR=Q@ lqt u=wva x@ XN=W wO u}= Q=Okt xm OvDUy |@=}`=tDH=
wO u}= |x}rw= |=y?=wH 'xr�Ut |=yMU=B C}i}m Ow@y@ Qw_vt x@ "OW xDiQo Q_v
l} R= |O=yvW}B sD} Qwor= wO "Ot; CUO x@ xv=Y} QL VwQ l} \UwD sD} Qwor=
Q@|vD@t '`]=kD Qorta QO O}OH OQm} wQ "Ovvm|t xO=iDU= VyH w `]=kD O}OH VwQ
'|m}ORv u=R}t Q=}at xU R}v |O=yvW}B VyH VwQ QO "CU=yxQo |m}ORv Q=Okt
=@ O}OH ?=wH O=H}= w OvQ}o|t Q=Qk lqt =yxQo |HQ=N |xHQO w |rN=O |xHQO
xO=iDU= x}HwD "OQ}PB|t CQwY T}UB=D |xQ=}atOvJ |Q}os}tYD VwQ R= xO=iDU=
"CU= xr�Ut hOy `@=wD |R=Uxv}y@ w R}=tDt C=a=tDH= p}mWD '=yQ=}at u}= R=
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Ovyt |=yVwQ QO R}v =Q xm@W |}=v=UQ w CaUw '|ov=tOwB |r=oJ Q}_v |a=tDH=
|wU R= "OQ@ q=@ =Q |O=yvW}B |=yVwQ CkO ?}DQD u}= x@ w Ov=Hvo xOW|iQat
R= =} wB |=yxm@W C=a=tDH= |}=U=vW QO |O=yvW}B |=yVwQ |Q}oQ=m x@ 'Qo}O
x@=Wt O=yvW}B "OQ}o Q=Qk |D; C=ar=]t |=v@t Ov=wD|t xm CU= |D=aw[wt Qo}O
CU= C=a=tDH= p}mWD QO xm@W |=yxQo C=}YwYN Q}=U \=@DQ= |UQQ@ 'Qo}O

"CU= xOv}; |=yVywSB |=Q@ pt-=D p@=k |aw[wt xm

Ov=wD|t sD} Qwor= wO u}=|HwQN u}vJty "OQ}PB|t CQwY xar=]t OQwt C=aw[wt
"OQ}o Q=Qk xO=iDU= OQwt |DU} QwQD w?rkD '|Q=OQ@xqm |=yC}r=ai j}kO |}=U=vW QO
|=yQ=DN=U hWm QO |Q=R@= u=wva x@ OvDUy QO=k xOW |iQat |=y VwQ 'u}=Q@=v@

"OvwQ@ Q=m x@ |ak=w |=}vO |=yxm@W R= |Q=}U@ QO |a=tDH=
|xQ=}atOvJ |Q}os}tYD VwQ R= |O=yvW}B |=ysD} Qwor= QO xm |}=Hv; R=
|=yQ=DN=U |}=U=vW QO pwtat |=yQ=}at Q}=U u=wD|t 'CU= xOW xO=iDU= T}UB=D

=yCWwv=B
1. community structure
2. community detection problem
3. cluster
4. evolutionary algorithms (EO)
5. modularity
6. community score (CS)
7. proposed non-dominated sorting genetic algorithm
8. proposed non-dominated ranked genetic algorithm
9. crossover
10. mutation
11. closeness centrality
12. multi-criteria decision making(MCDM)
13. Girvan-Newman (GN)
14. greedy algorithms
15. simulated annealing
16. extremal optimization
17. local
18. global
19. information theory
20. biological �tness
21. matrix representation
22. multi-agent genetic algorithm
23. split
24. merging based neighborhood competition operator
25. hybrid neighborhood crossover
26. adaptive mutation
27. self-learning operator
28. locus-based solution representation
29. modularity density
30. community �tness
31. graph theory
32. expansion
33. conductance
34. description length
35. non-dominated solutions
36. pareto frontier
37. clustering
38. parallel computing
39. genotype
40. backtracking
41. feasible
42. strength
43. closeness centrality
44. oyd-warshall algorithm
45. Topsis
46. Taguchi Method
47. signal to noise ratio (S/N)
48. normalized mutual information (NMI)
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