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u}W=t |=yQOvr}U u}@ R= ?r=k Qw@a s=ovyx@ =D OW=@ xDW=O =Q xtRq |Q}PBh=]av=
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R= xrY=i 'OW=@ pt=a Qy |=Q@ OL=w �1 Q@=Q@ |rt=a |x]kv l} |=Q@ KQ] |=[i
"CU= j�j > 1 xm|Qw]x@ 'CU= �� |}xQ=DU x]kv l} |=Q@ KQ] |=[i RmQt

syv w pyJ |xQ=tW �h} QW 133



"""p
�=Ut

|R=
Uxv

}y@
|=Q@

|Q=
mD@=

|W
wQ|

x�=Q="�MU=B� |rY= |=yQ}eDt |oDU@ty p}rLD "5 pwOH
|oDU@ty y1 y2 y3

y1 1 00000 0 78819 0 82528
0 0002 � 0001

y2 0 78819 1 00000 0 73892
0 0002 0 0007

y3 0 82528 0 73892 1 00000
� 0001 0 0007

"|Qo}OQ@ h=Oy= R= l} Qy C}LHQ= u=R}t xQ=@ QO Q}Ot Q_v "6 pwOH

?r=k xv} Ry ?r=k Qta uDQ=m O=OaD j

|O}rwD i

2 2 1 |O}rwD uDQ=m O=OaD
1 1 1 2 ?r=k Qta
1 1 1 2 ?r=k xv} Ry

"C}LHQ= u=R}t T=U=Q@ h=Oy= R= l} Qy uRw "7 pwOH
y1 � |O}rwD uDQ=m O=OaD y2 � ?r=k Qta y3 � ?r=k |xv} Ry

W1 = 0 5 W2 = 0 25 W3 = 0 25

|=yVwQ R= C}y=t l}x@ =yv; p}O@D |=Q@ 'pt=wa hrDNt C}y=t x@ xHwD=@ "CU=
%CU= xOW xO=iDU= 'xOW xO=O u=Wv 7 |x]@=Q QO xm |R=UT=}kt|@

rij = XijP
Xij

j = 1; 2; 3 i = 1; 2; 3 (7)

R= |Q]U \UwDt |x@U=Lt w 7 |x]@=Q R= xO=iDU==@ |R=UT=}kt|@ R= TB
%Ov};|tQO 7 pwOH CQwYx@ u=Rw= '8 |x]@=Q

Wi =

njP
j=1

Xij

nj
(8)

%Ow@ s}y=wN 9 hOy `@=D |R=Uxv}W}@ p=@vO x@ xOt; CUOx@ u=Rw= x@ xHwD=@ p=L
Max : Z = 0 5� Y1 + 0 25� Y2 � 0 25� Y3p

Y 21 + Y 22 + Y 23
(9)

|R=Uxv}y@ |=Q@ |O=yvW}B l}DvS sD} Qwor= |x�=Q= "5
|m}DvS |=yQorta s}_vD "1"5

u}= R= xO=iDU==@ =Q |m}DvS |=yQorta =OD@= l}DvS sD} Qwor= R= O}it |xO=iDU= |=Q@
%s}vm|t s}_vD |O=yvW}B VwQ

�|o}=Uty QO wHwCUH�VyH w `]=kD 'OOHt O}rwD |=yQorta R= s=OmQy|=Q@ "1
"OW xDiQo Q_v QO 8 pwOH j@=]t K]U xU |@ QHD CQwYx@

'=yswRwtwQm Q=DiQ |R=Ux}@W |=Q@ |RmQt ?mQt KQ] l} R= xO=iDU= x@ xHwD=@ "2
"�9 pwOH� OvOW xDiQo Q_v QO MU=B u=wvax@ =yv; u}ov=}t w =QH= Q=@ GvB Q=t}D Qy

l} Qy |=Q@ w O}vm VR=Q@ =Q CU= xs =yv; R= |m} xm pkDUt Q}eDt wO pt=W
"O} Qw; CUOx@ =Q 2 |xQ=t;

Fk = MSR(XkjXs)
MSE(XkXs)

k 6= s (2)

Qo = &CUwor= x@ uOWxi=[= |=O}Ov=m 'OW=@ Fk u} QDnQR@ |=Q=O xm |rkDUt Q}eDt
w xi=[= |Oa@ Q}eDt 'OW=@ QDnQR@ Fin |xOWu}}aD V}B R= Q=Okt R= u; Fk Q=Okt

"OUQ|t u=}=B x@ xt=vQ@ CQwYu}= Q}e QO
x@ wQW}B *VwQ p=L "OW=@ xOW ?=NDv= xt swO |xrLQt QO O}vm ZQi %swU s=o
wor= R= u=wD|t =Q 'xt R= Q}ex@ 'OwHwt |=yQ}eDt R= l} Qy =}; xm CU=u}= p=@vO
O}vm x@U=Lt =Q 3 |xQ=t; Q=Okt 'xt RHx@ =yQ}eDt R= l} Qy |=Q@ #Q}N =} OQm hPL
QDlJwm Q=Okt u}= Qo = "Ow@ Oy=wN wor= R= uOWhPL |=O}Ov=m =yv; u} QDlJwm xm
hPL wor= R= Q}eDt u; 'OW=@ �|HwQN |=yQ}eDt =@ xU}=kt |=Q@ u}}=B OL� Fout R=

"Ov=t Oy=wN |k=@ wor= QO CQwYu}= Q}e QO w &OwW|t

Fk = MSR(XkjXt)
MSE(XkXt)

t 6= s (3)

u=mt= xv pkDUt |=yQ}eDt R= l}I}y xm OQ=O xt=O= |}=H =D Q=m u}= %sQ=yJ s=o
%xm CW=O xHwD O}=@ "uOWhPL u=mt= xv w OvW=@ xDW=O uOWxi=[=

"OQm hPL |Oa@ pL=Qt QO w 'xi=[= wor= x@ xrLQt l} QO u=wD|t =Q Q}eDt "1
"CU}v =yv; C}ty= Qou=Wv xHw I}yx@ =yQ}eDt OwQw ?}DQD "2

wQW}B sD} Qwor= ltmx@ '|RmQt ?mQt VwQ R= xO=iDU==@ pOt p}mWD R= TB
u}vJ xH}Dv 'xOWKqY= QDsm |=]N C=a@ Qt u}ov=}t =@ QDy@ |=ypOt ?Um |=Q@

%O};|t CUOx@
y1 = 116822 + 9031 30776�x1 + 4864 60218�x2+

4012 84119�x3 + 5801 62500�x�1x2+

3138 37500�x�1x3 + 5759 37500�x�2x3+

1750 89969�x�1x1 � 1902 01677�x�3x3 (4)

y2 = 77 24226 + 2 42302�x1 + 2 08352�x2+

1 99032�x3 + 1 87500�x�1x2 � 0 37478�x�1x1 (5)

y3 = 265020 + 62173�x1 + 22732�x2 + 14711�x3+

7500�x�1x2 � 7713 78449�x�3x3 (6)

[13w12]=yMU=B C}LHQ= u}}aD |=Q@ |@D=QtxrUrU p}rLD "7"4
|x}=B Q@ xmCU=|@D=QtxrUrU p}rLD Ov}=Qi |Q}os}tYD |=yVwQ u} QDOt;Q=m R=|m}
u=Q}Ot x@ =Q hrDNt |=yw} Q=vU |UQQ@ u=mt= w 'xOW xO=yv =v@ |HwR |=yxU}=kt
xOvQ}os}tYD l} <=R=x@ |HwR C=U}=kt '|@D=QtxrUrU p}rLD VwQ QO "OyO|t
'uRw u}}aD Qw_vtx@ |@D=QtxrUrU VwQ R= xO=iDU= |=Q@ sRq \QW "OQ}PB|t s=Hv=
|=Q@ =Pr "CU= syx@ C@Uv wO x@ wO CQwYx@ xU}=kt OQwt |=yQ}eDt uOw@pkDUt
|UQQ@ =Q =yQ}eDt |oDU@ty SAS Q=Ri=sQv R= xO=iDU==@ 'xOWO=} \QW |Q=QkQ@
CLD OwW|t xOy=Wt xm u=vJ "CU= xOW x�=Q= 5 pwOH QO xrY=L G}=Dv w xOQm
l} Qy C}LHQ= u=R}t u}}aD |=Q@ "Ov=pkDUt sy R= =yMU=B s=tD � = 0 05
xOW xYqN 6 pwOH uwt[t CQwYx@ CmQW Q}Ot Q_v '|Qo}O Q@ h=Oy= R=
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"""w
|O}

WtH
Kqi

O}aU
'|Q

}t=O
wYk

t "|m}DvS |=yQorta s}_vD "10 pwOH
|o}=Uty QO wHwCUH `]=kD OOHt O}rwD
�0 39 � 0 �0 42 � 0 �1 |rt=a C=t}_vD

|O=yvW}B sD} Qwor= "2"5
|x_i=L "s}vm|t O=H}= |iO=YD CQwYx@ =Q |}x}rw= C}atH =OD@= '1 pmW j@=]t
s}UkD �|v} Ro}=H p@=k� w �|v} Ro}=H p@=kQ}e� CtUk wO x@ OwN xm |rY=
CLD xm x_i=L *|v} Ro}=H p@=kQ}e VN@ "OwW|t x}PeD C}atH u}= R= 'OwW|t
QO sRq |oOvm =QB ^iL w O=H}= |=Q@ 'Ovm|tv Q}}eD =QH= pw] QO |]}=QW I}y
=@ xQwO Qy ẁQW QO x}rw= C}atH 'VwQ u}= QO "OwW|t xDiQo Q_v QO sD} Qwor=
u}= 'xQwO Qy pw] QO "OwW|t ?=NDv= x_i=L VN@ wO Qy R= |YNWt p=tDL=
'Tournament?=NDv= VwQ %CU= |m}DvS |=yQorta OQmrta Q}F-=DCLD VwQ
|o}=Uty QO wHwCUH� |o}=Uty QO wHwCUH w OOHt O}rwD '|}x]kvwO `]=kD
uO}UQ QO `} QUD Ea=@ |o}=Uty QO wHwCUH "�p=Lx@ =D OwHwt ?=wH u} QDy@
|rai |x]kv pwL \=kv R= |}xawtHt 'T=U= u}= Q@ "OW Oy=wN xv}y@ ?=wH x@
Q=Okt R= QDW}@ u; QO hOy `@=D Q=Okt xm O@=}|t =Q |}x]kv w xOQm wHwCUH =Q
�xOWO=H}= |Qy=_ |}=Qosy R= TB |va}� xQwO Qy s=tD= R= TB "CU= |rai |x]kv
|x_i=L C=} wDLt =@ =Q =yv; w ?=NDv= =Q �|QN; w |rw=� ?r=e Q}e swRwtwQm wO
R= s=OmQy Qo = "�CU= |r=N pw= |xrLQt QO x_i=L u}=� s}vm|t xU}=kt |HQ=N

"|O=yvW}B sD} Qwor= CQ=Jwri "1 pmW

"=yv; Kw]U w |O=yvW}B sD} Qwor= OQmrta Q@ QF-wt pt=wa "8 pwOH
q=@ \Uw u}}=B Kw]U

=yQorta
0 25 0 20 0 15 OOHt O}rwD �X1�
0 7 0 6 0 5 `]=kD �X2�
0 1 0 05 0 |o}=Uty QO wHwCUH �X3�

"|RmQt ?mQt KQ] C=W}=tR; |=QH= G}=Dv "9 pwOH
p=tQv Q=Okt |rY= |=yQ}eDt Q}O=kt xOW |Ov@Om Q}O=kt h}OQ

|=yQ}eDt xOW C=W}=tR; |=QH= R= TB QF-wt pt=wa
|rY= |RmQt ?mQt KQ]

Z Y3 Y2 Y1 X3 X2 X1 RUN

0 2186 165190 72 2456 113460 �1 �1 �1 1
0 1321 194610 76 2263 103690 1 �1 �1 2
0 1190 195650 72 6627 100070 �1 1 �1 3
0 1141 225080 76 6433 113340 1 1 �1 4
0 0559 274540 73 3417 113640 �1 �1 1 5
0 0349 303960 77 3223 116430 1 �1 1 6
0 0248 335000 81 2587 123460 �1 1 1 7
0 0530 364420 85 2393 149280 1 1 1 8
0 2068 160460 72 1072 106590 0 0 �1 68 9
0 0263 369580 80 2572 136960 0 0 1 68 10
0 0986 226790 73 7382 108640 0 �1 68 0 11
0 0548 303250 80 7463 125000 0 1 68 0 12
0 0988 218460 73 8950 104690 �1 68 0 0 13
0 0740 267940 80 5896 118190 1 68 0 0 14
0 1969 172721 72 6854 111526 0 0 0 15
0 2005 172721 72 6854 112676 0 0 0 16
0 1861 177206 73 0834 110930 0 0 0 17

u}@ |x]@=Q '9 pwOH |R=Ux}@W R= xOt; CUOx@ |=yxO=O w SAS Q=Ri=sQv ltmx@
%CU= 10 |x]@=Q CQwYx@ MU=B w pkDUt |=yQ}eDt

3852� 0 082134�X1 � 0 02215�X2�
0 011663�X3 � 0 041984�X�1X1 + 0 014678�X�1X2+

0 016359�X�1X3 � 0 055595�X�2X2 + 0 025529�X�2X3�
0 049429�X�3X3 � 1 <= Xi <= 1 i = 1; 2; 3 (10)

QwmPt pOt ?=wH 'OwHwt |=yC}OwOLt x@ xHwD=@ w 's-=wD ?}W VwQ R= xO=iDU==@
"CU= xOW x�=Q= 10 pwOH QO xm CU= |DQwYx@
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"""p
�=Ut

|R=
Uxv

}y@
|=Q@

|Q=
mD@=

|W
wQ|

x�=Q="hrDNt |=ysD} Qwor= |=QH= R= xOt; CUOx@ G}=Dv "11 pwOH
Y3 Y2 Y1 X3 X2 X1

165190 22 72 25 113461 51 �1 �1 �1 l}DvS sD} Qwor=
194610 76 2263 103690 1 �1 �1 |wHDUH sD} Qwor=

s}kDUt
180420 72 4541 106770 �1 0 �1 O} Q@D|R=Ux}@W

simulated annealing�

"TOPSIS VwQ |=Q@ |Q}os}tYD "12 pwOH
W3 = 0 25 W2 = 0 25 W1 = 0 5 u=Rw=

cli+ Y3 Y2 Y1
=yMU=B

=yVwQ
0 18 165190 22 72 25 113461 51 GA

0 66 180420 72 4541 106770 SA

0 81 194610 76 2263 103690 |wHDUH sD} Qwor=
s}kDUt

|oOvR=Q@ `@=D "5"2"5
CQwYx@ 'xOt; CUOx@ u=Rw= w =ypOt x@ xHwD =@ 'xOWO=} |xr�Ut |=Q@ |oOvR=Q@ `@=D

%Ow@ Oy=wN 13 pwtQi
Max : Z = 0 5� Y1 + 0 25� Y2 � 0 25� Y3p

Y 21 + Y 22 + Y 23
s:t: :

�1 < xi < 1 i = 1; 2; 3 (13)

=Hv}=QO xm CU= QmPx@ sRq "Ow@ Ovy=wN 6 w 5 '4 CqO=at j@] =yYi xm |Qw]x@
|=Q@ "CU= xOW xDiQo Q_v QO xk}kO 1 COtx@ |v=tR CWPo 'sD} Qwor= hkwD \QW
pL R= pY=L G}=Dv '|O=yvW}B sD} Qwor= \UwD xOWx�=Q= G}=Dv |xU}=kt w |@=} RQ=

"CU= xOW x�=Q= 11 pwOH KQWx@ Qo}O |Q=mD@= VwQ wO =@ xr�Ut u}=
CiQo CQwY TopsisVwQ j} Q] R= ?=wH u} QDy@ ?=NDv= |=Q@ |Q}os}tYD

"Ow@ Oy=wN 12 pwOH CQwYx@ xH}Dv xm

|Q}oxH}Dv "6
Kw]U u}}aD R}v w 'xDU@=w w pkDUt |=yQ}eDt |x]@=Q u}}aD R= TB Q=DWwv u}= QO
|=yQ}eDt u=wvax@ xv} Ry w?r=k Qta 'sr=U |O}rwD uDQ=m O=OaD Q@ QF-wt pt=wa ?wr]t
|wHwCUH w O} Q@D |R=Ux}@W VwQ wO =@ |O=yvW}B GA sD} Qwor= u}@ 'pkDUt
CQwY �10 |x]@=Q� hOy `@=D T=U=Q@ wHwCUH "OW s=Hv= |}xU}=kt s}kDUt
\UwD xOWx�=Q= MU=B 12 pwOH QO xOW GQO G}=Dv x@ xHwD=@ '?}DQDu}O@ "CiQo
Cr=L xOW|] pL=Qt j@] C}=yv QO "CU= pw@k OQwt |O=yvW}B l}DvS sD} Qwor=
VQ@ |xe}D R= u; QO xm CU= |Dr=L � pt=wa ?}mQD u} QDy@ =} � Ov}=Qi |xv}y@
u=wD|t u}vJty "s}vm xO=iDU= |QDt|r}t16 |v}U w\vB2 |=D\N |xe}D w\vB3
|=yOv}=Qi |R=Uxv}y@ QO ?U=vt |=yQ=R@= R= |m} l}DvS sD} Qwor= xm Ci=} QO
p=L Qyx@ "OQ}o|tv Q_v QO |rOt Ov}=Qi |=Q@ QoV}=tR; xm |t=ovy 'CU= |W}=tR;
xR=Ov=� uwJty |}=yQDt=Q=B ?U=vt ?=NDv= OvtR=}v l}DvS sD} Qwor= |R=Uxv}y@

=yv; 'OvOw@ ?r=eQ}e |HQ=N |x_i=L |=yswRwtwQm =@ xU}=kt QO �wO Qy =}� =yv;
|HQ=N |x_i=L R= =Q ?r=e |=yQ=OQ@ |xty w xO=O Q=Qk |HQ=N |x_i=L QO =Q
|x_i=L R= |v} Ro}=H p@=k VN@ C=} wDLt =@ u}vJty Q=OQ@ wO u}= "s}vm|t hPL
|=yswRwtwQm R= l} Qy Q@ =yswRwtwQm u}= R= l} Qy xJv=vJ "OvwW|t xU}=kt |rY=
'xOWx�=Q= sD} Qwor= QO "OW Oy=wN u; u} Ro}=H 'Ovm x@re |rY= |x_i=L QO OwHwt
QOy Ea=@ Qt= u}= &OwW|t xQ}NP xOW O}rwD xQwO Qy QO xm |@r=e Q}e |=yQ=OQ@
'xmu}= xHwD p@=k |xDmv "OwW|t |rt=mD Ov}=Qi R= pY=L *OvtVRQ= C=aq]= uDiQv
CUOx@ |=y?=wH u} QDy@ |va}� C}ty=sm |=y?=wH =@ =Q |rY= |x_i=L Qo =
'CW=O s}y=wN |}=Qosy ?=wH QO G} QODx@ 's}vm u} Ro}=H �|Qy=_ |}=Qosy R= xOt;
=@ |r�=Ut QO 'CUQO |wDQ=B x@ uO}UQ |=Q@ |O=} R p=tDL= VyH w `]=kD =Q} R

[14]"OvQ=O q=@ u=tR
|Q=PoOm "1"2"5

4 pwOH j@] =yswRwtwQm |Q=PoOm 's}DUy xv}y@ Kw]U uDi=} OOYQO xm =Hv; R=
"Ow@ Oy=wN �1 =} 1 'QiY O=Oa= pt=W swRwtwQm Qy CQwY u}= QO "Ow@ Oy=wN

pt=mD "2"2"5
%CU= xrLQt xU pt=W swRwtwQm |oOvR=Q@ *|H} QOD pt=mD Ov}=Qi

&�|k}kL Q}O=kt x@ =yxDWQ p}O@D� A}=Dwvi x@ swRwtwQm A}=DwvS p}O@D "1

xk = (xk1 ; xk2 ; xk3 ) k = 1; 2; :::; pop� size (11)

&hOy `@=D |@=} RQ= "2

eval(�k) = f(xk) = (xk1 ; xk2 ; xk3 ) k = 1; 2; :::; pop� size
(12)

|oOvR=Q@ Q=Okt 'xr�Ut uOQmxv}W}@ |=Q@ "|oOvR=Q@ Q=Okt x@ hOy `@=D Q=Okt p}O@D "3
"Ow@ Oy=wN hOy `@=D Q=Okt u=ty

?ULQ@ =Q =yswRwtwQm w Ovm|t |R=@ =Q uwt=Q}B \}Lt Vkv |@=} RQ= `@=D
"Ovm|t |@=} RQ= w OHvU|t u=W|oOvR=Q@

[15]?=NDv= "3"2"5
|}=Q=m '|D=@U=Lt ^=Lrx@ =t= CU= |Ov@x@DQ VwQ x}@W Tournament VwQ
C}atH R= swRwtwQm wO =OD@= VwQ u}= QO "CU= QDxO=U w QDW}@ |R=UxO=}B |=Q@ u;
�r� l} w QiY u}@ |iO=YD OOa l} TBU 'xOW ?=NDv= |iO=YD CQwYx@
�O} Q}o@ Q_v QO 0 75 Q@=Q@ ,qFt |QDt=Q=B =Q k� OW=@ r < k Qo = "OwW|t O}rwD
CQwYu}= Q}e QO 'OwW|t ?=NDv= CU= |QDW}@ |oOvR=Q@ |=Q=O xm |twRwtwQm
QO OwN u=mt x@ =Q swRwtwQm wO Qy xt=O= QO "OW Oy=wN ?=NDv= |Qo}O swRwtwQm
u; OOHt ?=NDv= w OwW|tvhPL C}atH R= Qo}O CQ=@ax@ &Ovv=OQo|tQ@ C}atH

[16]"OW x�=Q= 1991 p=U QO w nQ@Oro \UwD VwQ u}= "CU= ptDLt
|o}=Uty QO wHwCUH w `]=kD "4"2"5

|=QH= w ẁv "OvDUy l}DvS sD} Qwor= |}=Q=m u=R}t QO syt Qorta wO VyH w `]=kD
xOWx�=Q= sD} Qwor= QO "OQ=O |oDU@ xr�Ut ẁv u}vJty w |Q=PoOm x@ =yQorta
VwQ R= `]=kD |=Q@ w '|o}=Uty QO wHwCUH Qorta R= VyH Qorta |=Hx@
CQwYx@ =Q |vS '|o}=Uty QO wHwCUH |=Q@ "CU= xOW xO=iDU= |}x]kvwO

"Ovvm|t Z} waD ��1 '0 '1� Qo}O Cr=L wO R= |m} =@ w ?=NDv= |iO=YD

syv w pyJ |xQ=tW �h} QW 136
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t pOt Ov=t|t pt=m =v MU=B Q}O=kt xm =Hv; R= OW=@ xDW=O OwHw |Yk=v V}=tR;
MU=B K]U VwQ Q@ l}DvS sD} Qwor= nQR@ C} Rt "OwW OQw;Q@ Ov=wD|tv pt=m Qw]x@
VwQ R= pY=L G}=Dv wQ u}= R= "CU= |W}=tR; |=ypOt OQw;Q@ R= u; |R=}v|@

"CU= QDy@ �xOa=k|@ |L=wv QO� MU=B K]U VwQ x@ C@Uv l}DvS sD} Qwor=

wHwCUH |=[i CQwYu}= Q}e QO &CU= """w �|O}rwD |=ypUv O=OaD� '�C}atH
xOa=k|@ |L=wv QO MU=B K]U |=yVwQ pmWt "OW Oy=wNv |UQQ@ pt=m Qw]x@
|=ypOt OQw;Q@ x@ COWx@ xv}y@ \=kv uOQw; CUOx@ QO =yv; |}=v=wD xm CU= u}=
\=kv OQmrta Q_v R= Qo = "CU= xDU@=w MU=B |=yQ}eDt |=Q@ ?U=vt |vw}UQoQ

CWwv=B
1. technique for order preference by similarity to ideal solution
2. particle swarm optimization
3. nelder mead genetic algorithm
4. nelder mead particle swarm optimization

`@=vt
1. Ozcelik, B., and Erzurumlu, T. \Comparison of the

warpage optimization in the plastic injection molding
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