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u}ov=}t CU=}U R= u; uOQm |R=i p@=k Q}e |=Q@ w CU= |FrFt |R=i OOa etjk ��
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%OwW hQ]Q@ O}=@ |QDWt |=[=kD xm OyO|t u=Wv 5 |x]@=Q
JX
j=1

xjk � Dk; 8k (5)

xOvvmu}t-=D C}iQ_ C}OwOLt "2"4
"OW=@ xOvvmu}t-=D C}iQ_ R= QDW}@ O}=@v VQ=iU u=R}t xm OyO|t u=Wv 6 |x]@=Q

xjk � cjk; 8k; 8j (6)

OQmQ}O |=Q=O CqwYLt O=OaD C}OwOLt "3"4
%OwW C}=aQ O}=@ xm CU= |R=Ht Q}N-=D u=R}t Qou=Wv 7 |x]@=Q

KX
k=1
etjk:xjk � KX

k=1
Tj :Dk; 8j (7)

xOvvmu}t-=D ?=NDv= xv}W}@ C}OwOLt "4"4
&Ovm xO=iDU= Ov=wD|t xOvvmu}t-=D |YNWt O=OaD R= =yvD pwYLt Qy |=Q@ |QDWt
x]@=Q u}= "Ovm xO=iDU= Ov=wD|t xOvvmu}t-=D l} R= pk=OL pwYLt Qy |=Q@ u}vJty

%OwW|t xO=O u=Wv 8 |xrO=at =@

1 �
JX
j=1

Yjk � nk; 8k (8)

x}=tQU C}OwOLt "5"4
|QDWt CUO QO |x}=tQU Q=Okt R= =yxv} Ry pm `tH xm OQ=O|t u=}@ 9 |x]@=Q

"OwW QDW}@ O}=@v
JX
j=1

KX
k=1

Yjk:(pjkr + (wj :vjk) + fjk) � 0 (9)

pw@k OQwt |ivt lU} Q xv}W}@ C}OwOLt "6"4
"OW=@ QOkJ pw@k p@=k R=Ht lU} Q Q=Okt xm OyO|t u=Wv 10 |x]@=Q

JX
j=1

(R�jk:Yjk) � R�max; 8k (10)

h}iND C}OwOLt "7"4
?v=H R= CqwYLt |=Q@ |Dt}k h}iND xm OvyO|t u=Wv 12 w 11 |=yx]@=Q

"CU= xOvvmu}t-=D

&s=k pwYLt |=Q@ s=j |xOvvmu}t-=D R= CQ=UN lU} Q COW %IR�jk
&s=k pwYLt |=Q@ s=j |xOvvmu}t-=D R= C@Ft lU} Q |[=} Q O}t= %R+

jk

"s=k pwYLt |=Q@ s=j |xOvvmu}t-=D R= |ivt lU} Q |[=} Q O}t= %R�jk

hOy `@=wD |R=UrOt "3
xv} Ry `@=D "1"3

u=R}t x@ xDU@=w |=yxv} Ry %OQm s}UkD |rm |xDUO wO x@ u=wD|t =Q O} QN |=yxv} Ry
|xDUO "xQ}e w pkv w ptL |xv} Ry 'q=m O} QN Xr=N |xv} Ry Ovv=t VQ=iU
Q_v QO C@=F |=yxv} Ry u=wvax@ =Q =yv; xm VQ=iU u=R}t R= pkDUt |=yxv} Ry Qo}O

"CU= xv} Ry Qou=Wv 1 |x]@=Q "s} Q}o|t
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JX
j=1

KX
k=1

xjk:pjk +
JX
j=1

KX
k=1

xjk:wj :vjk:Yjk

+
JX
j=1

KX
k=1

fjk:Yjk (1)

CqwYLt OQmQ}O MQv `@=D "2"3
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etjk:xjk (2)

xO=iDU= ?rDt Q=Ri=sQv QO |U} wvOm R= etjk uOQw; CUO x@ |=Q@ Q[=L Q=DWwv QO
"s}=xOQm

u=oOvvmu}t-=D u=Rw= `@=D "3"3
R= xm xOvvmu}t-=D u; uRw ?ULQ@ =Q xOvvmu}t-=D Qy x@ VQ=iU u=R}t hOy `@=D u}=
Q_v w |@=} RQ= |=yQ=}at x@ xHwD =@ "Ovm|t u}}aD xOt; CUO x@ |R=i T}UB=D VwQ
u=oOvvmu}t-=D u=Rw= Qou=}@ 3 |x]@=Q "O};|t CUO x@ xv} Ro Qy uRw u=oOvQ}os}tYD

"CU=

Max z3 =
JX
j=1

KX
k=1

ewj :xjk (3)

xO=iDU= ?rDt Q=Ri=sQv QO |U} wvOm R= ewj uOQw; CUO x@ |=Q@ Q[=L Q=DWwv QO
"s}=xOQm

u=oOvvmu}t-=D lU} Q `@=D "4"3
lU} Q COW w lU} Q p=tDL= R= xm C@Ft w |ivt lU} Q |[=} Q O}t= x@ xHwD =@
w QDsm |ivt lU} Q R= xm O} RoQ@ =Q |}xOvvmu}t-=D u=wD|t xQ=wty 'Ov};|t CUO x@
"OwW|t XNWt 4 |x]@=Q j@=]t `@=D u}= "OW=@ Q=OQwNQ@ QDW}@ C@Ft lU} Q

Min z4 =
JX
j=1

KX
k=1

(R�jk �R+
jk):Yjk (4)
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%�19 |x]@=Q� OwW ?Q[ x]w@ Qtevij =erij : ewij ; ~v=[evij ]m�n i=1; 2; :::;m; j=1; 2; :::; n
(19)

p;xO}= pL "=yQ=}at |=Q@ |R=i p;xO}= Q}e w p;xO}= pL u}}aD %sWW |xrLQt
%OwW|t h} QaD 21 w 20 \@=wQ CQwYx@ |R=i p;xO}=Q}e w |R=i

A� = feV �1 ; : : : ; eV �n g (20)

A� = feV �1 ; : : : ; eV �n g (21)

R= i Q=}at Q}O=kt u} QDO@ eV �j w =yxv} Ro s=tD u}@ R= i Q=}at Q}O=kt u} QDy@ eV �j
%O};|t CUO x@ 23 w 22 \@=wQ R= Q}O=kt u}= "CU=yxv} Ro s=tD u}@eV �j = maxfevijg; i = 1; 2; :::;m; j = 1; 2; :::; n (22)eV �j = minfevijg; i = 1; 2; :::;m; j = 1; 2; :::; n (23)

w |R=i p;xO}= Q}e w p;xO}= pL R= xv} Ro Qy |xrY=i u}}aD %sDiy |xrLQt
CUO x@ 24 |x]@=Q R= |}xkvRwP |R=i OOa wO u}@ xrY=i "Cy=@W XN=W

%O};|t
dv=

p1 4[(m1�n1)2+(m2�n2)2+(m3�n3)2+(m4�n4)2]
(24)

%OwW|t x@U=Lt 25 |x]@=Q R= Cy=@W XN=W
cci =

s�i
s�i + s�i

; i = 1; 2; :::;m (25)

lU} Q w C=Q}N-=D hOy `@=wD QO |FrFt |R=i O=Oa= uOQm |R=iQ}e |=Q@ u}vJty
%CU= xOW xO=iDU= �=D@ `} RwD u}ov=}t� 26 |x]@=Q R=eB = (Bp; Bm; Bo); B = (B

p + 4Bm +Bo

6 ) (26)

C@Ft lU} Q w |ivt lU} Q |[=} Q O}t= |x@U=Lt "6
pOt QO xOW KQ]t C@Ft w |ivt lU} Q |[=} Q O}t= Qou=Wv 28 w 27 CqO=at

%OvDUy
R�jk = IR�jk � ep (27)

R+
jk = IR+

jk � eq (28)

pOt pL "7
K}LY OOa w |Qv}=@ |=yQ}eDt OwHw R}v w 'pOt uOw@ |]NQ}e 'hOy `@=wD OOaD
O=a@= QO =Q pOt pL w OvwW|t pOt |oO}J}B Ea=@ xm OvDUy |OQ=wt xrtHR=
OwN C=ar=]t QO [13]'Vv=Q=mty w u=}D "OvR=U|t xO}J}B w Q=wWO Q=}U@ nQR@
lQ@ u}vJty "CU= pmWt j}kO |=yVwQ =@ |r�=Ut u}vJ pL xm OvOQm C@=F
|tm CQwYx@ =yv; QO h}iND xm =Q |r�=Ut uOw@ NP-HARD [14]'u=Q=mty w
u=wvax@ C=QP `tHD w l}DvS sD} Qwor= R= j}kLD u}= QO 'wQ u}= R= "OvOQm C=@F= CU=

"s}vm|t xO=iDU= xOWx�=Q= pOt pL |=Q@ |Q=mD@==Qi sD} Qwor= wO

a(j; k; r) = sign[sign(xjk � qjk(r�1)) + sign(qjkr � xjk)];

8k; 8j; 8r (11)

pjk = pjk1�a(j; k; 1)+pjk2� a(j; k; 2)+ :::+pjkr � a(j; k; r);

8k; 8j (12)

s}tYD |=yQ}eDt C}OwOLt "8"4
"OvDUy pOt s}tYD |=yQ}eDt 14 w 13 |x]@=Q

xjk � 0; 8k; 8j (13)

Yjk : 0; 1; 8k; 8j (14)

uRw uOQw; CUO x@ |=Q@ |R=i T}UB=D VwQ "5
[12]u=oOvvmu}t-=D

|R=i CQwYx@ VwQ u}= QO O=Oa= "=yQ=}at C}ty= |@=} RQ= %pw= |xrLQt
"CU= xOW xDiQo Q_v QO |}xkvRwP

Q_v R= |}xkvRwP |R=i OOa |x@U=Lt |=Q@ "=yxv} Ro |Ov@x@DQ %swO |xrLQt
"OwW|t xO=iDU= �15 |x]@=Q� u=oOvQ}os}tYD

ew = (t1; t2; t3; t4)

t1 = minftk1g; 8k
t2 = 1

K

t3 = 1
K

t4 = maxftk4g; 8k (15)

"CU= u=oOvQ}os}tYD O=OaD K
xm u; R= TB "=yQ=}at uRw Q=OQ@ w s}tYD T} QD=t p}mWD %swU |xrLQt
p}O@D |}xkvRwP |R=i O=Oa= x@ 'uRw Q=OQ@ w s}tYD T} QD=t |v=@ R |=yQ}eDt

"O=O pmW =Q |R=i uRw Q=OQ@ w |R=i s}tYD T} QD=t O}=@ OvOW
C@Ft|=yQ=}at|=Q@ "xOWT=}kt|@ s}tYDT} QD=tp}mWD %sQ=yJ |xrLQt

%OwW|t xO=iDU= 17 w 16 |=yx]@=Q R= uOQm T=}kt|@ Qw_vtx@ |ivt w

erij = ( aij
dj� ;

bij
dj� ;

cij
dj� ;

dij
dj� ) C@Ft |=yQ=}at (16)

erij = (aj
�

dij
; aj
�

cij
; aj
�

bij
; aj
�

aij
) |ivt |=yQ=}at (17)

"CU= xOW T=}kt|@ |R=i s}tYD T} QD=t Qou=Wv 18 |x]@=Q
eRjk = [erij ]m�n; i = 1; 2; :::;m; j = 1; 2; :::; n (18)

"CU=yQ=}at O=OaD Qou=}@ n w =yxv} Ro O=OaD Qou=}@ m u; QO xm
"Q=OuRw |xOW T=}kt|@ |R=i s}tYD T} QD=t p}mWD %sHvB |xrLQt
O}=@ Q=OuRw |xOW T=}kt|@ |R=i s}tYD T} QD=t |=yx}=QO |x@U=Lt |=Q@
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2x

Q=tW
'32

�1
|xQ

wO'
�13

95
u=DU

tR�
h}

QW
C}

Q}Ot
w`}

=vY
|U

Ovyt xDW=O =Q |Qq=UxDU}=W \QW xm OwW|t xO} RoQ@ |}xv=N '?=NDv= QO "OvQ}o|t
%s} Q=O wQ u}= R= "OW=@

ni � nj ) pi � pj
utRDrw@ VwQ R= p u}}aD |=Q@ "s=i|xv=N ?=NDv= p=tDL= pi &s=i|xv=NC}atH ni

%�31 |x]@=Q� s}vm|t xO=iDU=
pi / exp(��ni); pi = e��niP

j e��nj
(31)

1 VyH "3"8
p=tDL= "CU= xOW xO=iDU= CN=wvm} `} RwD R= xDi=}VyH C=QP Q=Okt u}}aD QO

%O};|t CUO x@ 32 |x]@=Q CQwYx@ VyH
pm = (1� it� 1

max it� 1 )
5
� (32)

"2Q=QmD it &CU= Q=Owtv ?}W |xOvvmpQDvm xm VyH MQv �

?wret=v |R=U?DQt =@ xiOyOvJ l}DvS sD} Qwor= "9
(NSGA-II)

?=NDv= |=yQ=}at "OW |iQat [18]Vv=Q=mty w ?O \UwD NSGA-II sD} Qwor=
|tm =QD |xrY=i swO |xHQO QO w ?=wH |x@DQ 'pw= |xHQO QO sD} Qwor= u}= QO
QD?wr]t OW=@ QDW}@ u; |tm =QD |xrY=i w OW=@ QDsm ?=wH |x@DQ QOkQy "CU=
O=Qi= R= |}xawtHt 'pUv Qy C}atH |wQ |} wOwO ?=NDv= Qorta Q=QmD =@ "CU=
R= xOW O=H}= C}atH "OwW|t ?=NDv= VyH w `]=kD QO CmQW |=Q@ pUv u;
xR=D C}atH |=[a= w xOW s=eO= |rY= C}atH =@ u=oDi=} VyH w u=OvRQi
R= |}=[a= "OwW|t ?DQt |OwaY CQwYx@ w x@DQ ?ULQ@ =OD@= 'xDi=} p}mWD
?DQt |rwRv CQwYx@ w |tm =QD |xrY=i ?ULQ@ CU= u=Um} u=Wx@DQ xm C}atH
?ULQ@ swO xHQO QO w 'x@DQ ?ULQ@ pw= xHQO QO C}atH |=[a= p=L "OwW|t
R= |}=[a= '|rY= C}atH O=Qi= O=OaD =@ Q@=Q@ "Ov=xOW |R=U?DQt |tm =QD |xrY=i
"OwW|t xDN} Q QwO C}atH |=[a= |x}k@ w '?=NDv= xOW ?DQt CUQyi |q=@
=D QwmPt |xNQJ &OvyO|t p}mWD =Q |Oa@ pUv C}atH xOW ?=NDv= |=[a=

"OwW|t Q=QmD xtD=N \}=QW uOW jkLt

swRwtwQm Q=DN=U "1"9
sD} Qwor= QDy@ xJQy |L=Q] QO VN@ u} QDsyt xr�Ut |=y?=wH V}=tv |ovwoJ
O}=@ swRwtwQm 'CU= xr�Ut |=Q@ |rL Qou=}@ swRwtwQm Qy xm =Hv; R= "CU= l}DvS
=} ?=wH pmW j}kLD u}= QO "OyO u=Wv |@ wNx@ =Q xr�Ut |=y|oS} w OW=@ QO=k
|xOvyOu=Wv swRwtwQm pw= VN@ "CU= xOW p}mWD VN@ wO R= xr�Ut swRwtwQm
?=NDv= |=Q@ |Qv}=@ Q}eDt R}v swRwtwQm swO VN@ w k pwYLt VQ=iU Q=Okt

"CU= xOW xDiQo Q_v QO xOvvmu}t-=D

?=NDv= |SD=QDU= "2"9
R= xO=iDU= =@ =yv; |wQ Q@ VyH w `]=kD |=yQorta |Q}oQ=mx@ |=Q@ Or=w C}atH
w xOQm xU}=kt =Q ?=wH wO Qorta u}= "OQ}o|t CQwY s=LOR= |}xk@=Ut Qorta

C=QP xwQo |@=}xv}y@ sD} Qwor= "8
pt=mD wC}atH |=v@tQ@ |iO=YD |@=}xv}y@ VwQl} �PSO� C=QP xwQo |@=}xv}y@
u}@C=aq]=pO=@DVwQu}=|oS} w "OWxO=O xaUwD [15]|Ovm wCQ=yQ@=\UwD xmCU=
wHwCUH |=[i QO xOvQBl} Ovv=t ?=wHQy PSO QO "CU= xr�Ut pL |=Q@ C=QP
`@=wD =@ xm OvDUy|oOvR=Q@ |Q}O=kt |=Q=OC=QP|t=tD "OwW|t xO}t=v �xQP� xm 'CU=
=Q xQP R=wQB CyH xm CU= |DaQU Q=OQ@ |=Q=O xQP Qy "CU= |@=} RQ= p@=k |oOvR=Q@
R=wQB x]kvu} QDy@ p=@vO x@ wHwCUH|=[i QOC=QP xYqN Qw]x@ "Ovm|tXNWt
"OwW|t O}rwD |iO=YD CQwYx@ =OD@= QO xm xOW p}mWD |D}atH R= PSO "Ovvm|t
x@ xHwD =@ w =} wB Qw]x@ xm |DaQU =@ xr�Ut |Oa@ D |=[i QO C}atH u}= <RHQy
%Ov};|tQOCmQL x@ OwW|ts}_vD 30 w29\@=wQT=U=Q@Vv=y=Qty w OwNC=}@ QHD
vi;t =w � vi;t � 1 + c1 � Rand � (pi � xi;t � 1)

+ c2 � Rand � (pg � xi;t � 1) (29)

xi;t = (xi;t � 1) + vi;t (30)

xm CU= |DyH w xrY=i |xOvyOu=Wv t 'Q=QmD QO s=i |xQP CaQU vi;t u; QO xm
u} QDy@ pi "CU= s=t Q=QmD QO s=i |xQP C}akwt xi;t w OwW|t |] xQP |xr}Uwx@
?=wH u} QDy@ pg w (pbest) CU= xO}UQ u; x@ OwN Q}Ut QO xQP xm CU= |@=wH
|r@kCaQU |Q=oOv=t wCU= |Q=oOv=t uRww "CU= (gbest) C=QPu}@ QO|v=yH
|xwLv u} QDOQ@ Q=mQB &Ovm|tXNWt =Q|rLt w|v=yH |wHwCUH u}@ |xvR=wt w
[16]"CU= wmax w wmin QDt=Q=B wO T=U=Q@ |]N Vy=m |Q=oOv=t uRw R= xO=iDU=
&Ovvm|t XNWt pg w pi CtU x@ =Q xQP ?=DW xm OvDUy |}=yC@=F c2 w c1
w Rand "OwW|t xO=O Q=Qk 2 Q@=Q@ ,qwtat gbest w pbest 'xk]vt pm VWwB |=Q@
Qou=Wv 29 |xrO=at pw= VN@ "OvDUy [0; 1] xR=@ QO |iO=YD OOa wO R}v rand

|YwYN C=QmiD w OwN R= xQP |y=o ; Qou=}@ swO VN@ 'u}W}B CaQU |Q=oOv=t
[17]"CU= C=QP u}@ |Q=mty w |a=tDH= |y=o ; Qou=}=tv swU VN@ w 'xQP

(MOPSO) xQ=}atOvJ C=QP xwQo |@=}xv}y@ "1"8
|xQP u} QDy@ u}}aD �MOPSO� xQ=}atOvJ C=QP xwQo|@=}xv}y@ QOVN@ u} QDsyt
|=y?=wH R= |}xawtHt MOPSO QO "CU= C}atH u}@ R= i |xQP |=Q@ |v=yH
?=NDv= OwN gbest u=wvax@ =Q =yv; R= |m} O}=@ xQP Qy xm OQ=O OwHw wDQ=B |xv}y@
u}@ R= =tvy=Q u}}aD =t= "CU= swUwt �|rLt |=tvy=Q u} QDy@� u}}aD x@ Ov}=Qi u}= &Ovm
"CU=y?=wH |}=Qoty QO p�=Ut u} QDsyt R= |m} w CU= pmWt wDQ=B |=y?=wH
u} QDy@ ?=NDv= QO 'xQ=}atOvJ C=QP xwQo |@=}xv}y@ hrDNt |=yVwQ Cw=iD `k=w QO
VqD u}rw= "CU= wDQ=B |=y?=wH xawtHt u}@ R= xQP Qy |=Q@ |rLt |=tvy=Q
utB=J w Qwt \UwD xiOyOvJ |@=}xv}y@ p�=Ut QO OQ@ Q=m |=Q@ PSO KqY= |=Q@
'CQ=yQ@= w wy VwQ uwJty |}=Q=m w Cw=iDt |=yVwQ xt=O= QO "CiQo CQwY
[18]"CU= xOW O=yvW}B MOPSO QO =to}U w nv}U w OvUOr}i '=oJr w wr�mwr�m

MOPSO |rY= |xNQJ "2"8
XNWt ut[ =Hv}= QO "CU= MOPSO|rY= |xNQJ QO s=o u}rw= Q@yQ ?=NDv=
|Q=OQ@xvwtv p=tDL= `} RwD u; R=CrwQ |xNQJ R= xO=iDU= =@ 'p=tDL= `} RwDl} uOQm
xv=N u; |=[a= u}@ TBU "OwW|t ?=NDv= |}xv=N xJ OwW XNWt =D s}vm|t
Q=Qk uRNt s=vx@ |w}WQ; QO ?wret=v C=QP |=[a= "s}vm|t ?=NDv= =Q |OQwt
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D|

R=i
|xi

OyO
vJ

pOt
l}

|x�
=Q=VyH w `]=kD R= |W=v C}atH =@ x=Qty =Q |rY= C}atH Oa@ |xrLQt QO

=Q |R=U?DQt w |t=LOR= |xrY=i w |Ov@x@DQ |=yC=}rta TBU w xOQm j}irD
[18]"O}; CUO x@ wDQ=B \=kv xm |}=H =D s}yO|t s=Hv=

G}=Dv p}rLD w x} RHD w =yp=Ft "10
|OwQw |=yQDt=Q=B 1 pwOH QO "OwW|t O}rwD |iO=YD Qw]x@ |W}=tR; |xr�Ut 10
ẁv u}= |wQ Q@ |Q=mD@==Qi |=ysD} Qwor= |R=UxO=}B |=Q@ |W}=tR; |xr�Ut 10

3 w 2 pw=OH QO|Q=mD@==Qi sD} Qwor= wO x@ \w@ Qt |=yQDt=Q=B "CU= xOW x�=Q= p�=Ut
(version7.14.0.739 (R2012a)) Q=Ri=sQv =@ =ysD} Qwor= "CU= xOW xOQw;
GB pt=a sDU}U CLD PC l} |wQ Q@ w xOW |U} wvxt=vQ@ MATLAB

"CU= xOW =QH= Windows 7 'CPU 2 40 GHz 'RAM 4

sD} Qwor= |}=Q=m |Q}oxR=Ov= |=yQ=}at "11
u}= "CU= xOW xO=iDU= |}=Q=m |Q}oxR=Ov= Q=}at xU R= xU}=kt |=Q@ j}kLD u}= QO

%R= Ov=CQ=@a =yQ=}at
C}atH Q=Okt u} QDy@ R= =Q \=kv s=tD |xrY=i Q=}at u}= %p;xO}= |x]kv R= xrY=i "1

"Ovm|t x@U=Lt
x@U=Lt =Q |r=wDt |=y?=wH |@Uv |xrY=i u=R}t Q=}at u}= %=y?=wH |oOvm =QB "2

"Ovm|t
u=Wv =Q =yXN=W u}= |D=@U=Lt |x} wQ 41 w 40 \@=wQ %sD} Qwor= pL u=tR "3

"OyO|t

"xOW O}rwD |W}=tR; p�=Ut |OwQw |=yQDt=Q=B "1 pwOH
O=OaD O=OaD xQ=tW

CqwYLt u=oOvvmu}t-=D xr�Ut
5 3 1
8 5 2
9 7 3
12 12 4
15 14 5
18 16 6
19 21 7
20 25 8
21 28 9
25 30 10

"NSGA-II sD} Qwor= |=yQDt=Q=B "2 pwOH
MQv OYQO OYQO xR=Ov= Q=QmD u} QDW}@ =yQDt=Q=BVyH VyH `]=kD C}atH pUv

0 02 0 4 0 7 50 10 NSGA-II

%\QW wO R= |m} xm CU= |@=wH xk@=Ut RwQ}B "Ovm|t XNWt =Q xk@=Ut RwQ}B
u}@ QO QDW}@ |t=LOR= |xrY=i R= |Q=OQwNQ@ "2 'QDy@ |x@DQ R= |Q=OQwNQ@ "1

"OwW|t ?=NDv= OW=@ xDW=O =Q x@DQsy |=y?=wH

3`]=kD Qorta "3"9
CQwYx@ TBU w xOW O}rwD `]=kD Qorta n O=OaD =@ x}rw= C}atH `]=kD Qorta QO
=Q Or=w wO C}akwt xm CU= |a@=D `k=w QO `]=kD "OQ}PB|t CQwY ?=NDv= |iO=YD
O}rwD OvRQi wO u}Or=w R= l} Qy |=R=x@ Qo}O CQ=@a x@ &Ovm|t O}rwD OvRQi wO w xDiQo
"CU= xDUw}B |=[i |=Q@ xm CU= 4|@=UL ẁv R= `]=kD C=}rta |=Q@ "OwW|t
xm OvDUy u}Or=w R= xOW O}rwD u=OvRQi 36 w 35 \@=wQ w u}Or=w 34 w 33 \@=wQ

"OvwW|t h} QaD 38 w 37 \@=wQ CQwYx@ |rm Cr=L QO
x1 = (X11; X12; : : : ; X1n) (33)

x2 = (X21; X22; : : : ; X2n) (34)

%OvwW|t O}rwD u=OvRQi u}Or=w ?}mQD R=
y1 = (y11; y12; : : : ; y1n) (35)

y2 = (y21; y22; : : : ; y2n) (36)

%|rm Cr=L QO
y1i = �i:x1i + (1� �i):x2i (37)

y2i = �i:x2i + (1� �i):x1i 0 � � � 1 (38)

xDUUo |=[i QO CN=wvm} `]=kD R= |@} QkD xm CU= u}Or=w |=yu=tr= |xR=Ov=x@ �
"CU=

VyH Qorta "4"9
CQwYx@ TBU xOW O}rwD VyH Qorta n O=OaD =@ x}rw= C}atH `]=kD Qorta QO
|=[i QO |Uw=o VwQ R= VyH Qorta |=Q@ "OQ}PB|t CQwY ?=NDv= |iO=YD
xmin u}@ x |xOW ?=NDv= Q}eDt Q=Okt xm CQwY u}O@ "CU= xOW xO=iDU= xDUw}B
OwW u}}aD O}=@ �x Q=Okt "OwW pkDvt x0 x@ Oy=wN|t x Q}eDt w CU= xmax w
|x]@=Q� CU= �2 Tv=} Q=w w QiY u}ov=}t =@ p=tQv `} RwD |=Q=O �x =Hv}= QO xm

%s} Q=O �39
�x � N(0; �2)

x0 = x+ �x � N(x; �2)) x+ �N(0; 1) (39)

[18]"OwW|t h} QaD p=tQv |iO=YD `@=D \UwD �x

R= |OYQO s}v=wD|t xm OwW|t h} QaD sD} Qwor= OwN QO |QDt=Q=B u=wvax@ �
hqDN= R= 0 1 p=Ft u=wvax@ "�VyH Qorta P� s} Q}o@ Q_v QO =Q =yQ}eDt hqDN=

%=Q =yQ}eDt u}}=B w q=@ OL
� = 0 1 � (varmax � varmin)

u=R}t =} VyH MQv u=wvax@ =Q |NQv |@=NDv= |=yQ}eDt =} '=yu=tr= O=OaD ?=NDv= |=Q@
=Q C}atH OYQO � "s}yO|t V}=tv � =@ =Q u; w s}vm|t h} QaD VyH |Q=PoQF=

"s}yO|t s=Hv= C}atH |wQ =Q 39 \@=wQ QO xOW QmP C=}rta w xOQm ?=NDv=
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"p;xO}= x]kv R= xrY=i Q=Owtv "1 pmW

"pL u=tR Q=Owtv "2 pmW

"=y?=wH |oOvm =QB Q=Owtv "3 pmW

"MOPSO sD} Qwor= |=yQDt=Q=B "3 pwOH
MQv p=tDL= xR=Ov= xR=Ov= Q=QmD u} QDW}@ =yQDt=Q=BVyH VyH w}WQ; C}atH pUv
0 1 0 4 50 50 10 MOPSO

MID =

nP
i=1

Cin

n
(40)

S =

vuut1=n
nX
i=1

(di� d)2 (41)

%s} Q=O xm
d =

nX
i=1

di
jnj

di = minfk 2 N&k 6= 1g
2X

m=1

���f im � fkm���
4 pwOH QO u; G}=Dv w 'x@U=Lt xOW O}rwD |W}=tR; p�=Ut lD lD |=Q@ =yQ=}at

"CU= xOW VQ=Ro =yQ=}at u}ov=}t CQwYx@
%CU= CQwY u}= x@ ?rDt Q=Ri=sQv \UwD =yQ=}at |@=} RQ= R= pY=L G}=Dv
pL u=tR Q=}at Qou=Wv 2 pmW 'p;xO}= |x]kv R= xrY=i Q=}at Qou=Wv 1 pmW
wO QO =y?=wH |oOvm =QB Q=}at 3 pmW C}=yv QO w '|Q=mD@==Qi sD} Qwor= wO |=Q@

"CU= |Q=mD@==Qi sD} Qwor=

|Q}oxH}Dv "12
=@ u=oOvvmu}t-=D x@ VQ=iU X}YND w ?=NDv= xiOyOvJ pOt l} j}kLD u}= QO
Q[=L pOt |D=}rta w |Qw;wv |x@vH R= "OW x�=Q=lU} Q\}=QW QO |R=i |=yQDt=Q=B
"CU= ẁ[wt C=}@O= QO xDiQo CQwY C=k}kLD x@C@Uv |OOaDt |=yC} Rt |=Q=O
|xr�Ut Q}UiD w u=}@ u}W}B C=ar=]t w |Q=H j}kLD u}@ xOta |=yCw=iD R= |m}
Ctqa `@=D h}iND 'lU} Q \}=QW QO u=oOvvmu}t-=D x@ VQ=iU X}YND w ?=NDv=
%R= Ov=CQ=@a |O=yvW}B pOt |xDUHQ@ h=Oy= w C=mv "CU= |R=i |=yQDt=Q=B w
"s}tYD Q}eDt uOW xi=[= R= |Q}owrH |=Q@ Ctqa `@=D h}iND uDiQo Q_vQO "1
uRw uOQw; CUO x@ w =RHt hOy `@=D CQwYx@ u=oOvvmu}t-=D uRw uDiQo Q_vQO "2

"|R=i T}UB=D VwQ R=
"|iO=YD |FrFt |R=i OOa CQwYx@ pOt QO |a]kQ}e |=yQDt=Q=B uDiQo Q_vQO "3

"pOt hOy `@=D QO |tm Qw]x@ lU} Q uDiQo Q_vQO "4
|Q=mD@==Qi |=ysD} Qwor= OQm} wQ R= 'nQR@ O=a@= QO |O=yvW}B pOt pL |=Q@
u}= wO Qy "CU= xOW xO=iDU= C=QP `tHD w ?wret=v |R=U?DQt |xiOyOvJ

"=ysD} Qwor= xU}=kt |=yQ=}at |D=@U=Lt G}=Dv "4 pwOH
MOPSO NSGA-II sD} Qwor=

u=tR |oOvm =QB R= xrY=i u=tR |oOvm =QB R= xrY=i Q=}atpL =y?=wH p;xO}= x]kv pL =y?=wH p;xO}= x]kv
78 423 0 62067 1 2483 46 244 0 47347 0 3343 xr�Ut 10 u}ov=}t
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iO=Y
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R=i
|xi

OyO
vJ

pOt
l}

|x�
=Q=R= TB "CU= |oOvm =QB |=Q=O C=QP `tHD |Q=mD@==Qi sD} Qwor= w OQ=O |QDQ@

w u=tR |=yQ=}at QO NSGA-II sD} Qwor= |OOa Cr=L QO w xvwtv p=Ft Q_v
|QDQ@ |oOvm =QB Q=}at QO MOPSO sD} Qwor= w CU= QDQ@ p;xO}= |x]kv R= xrY=i

"OQ=O

"OyO|t x�=Q= wDQ=B RQt QO =Q |rw@k p@=k ?wret=v |=y?=wH xawtHt =ysD} Qwor=
xrY=i Q=}at xU \UwD sD} Qwor= wO |=y?=wH |@=} RQ= w =yV}=tR; s=Hv= R= TB
sD} Qwor= xm Ot; CUO x@ xH}Dv u}= pL u=tR w |oOvm =QB 'p;xO}= |x]kv R=
p;xO}= |x]kv R= xrY=i w pL u=tR |=yQ=}at QO ?wret=v |R=U?DQt |Q=mD@==Qi

=yCWwv=B
1. mutation
2. iteration
3. crossover
4. arithmetic crossover
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