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K-means |=ysD} Qwor= R= xO=iDU= =@ =yxO=O
T}]=vetwQDmr= w

�
�OWQ= T=vWQ� � |Qwt}D OtLt

�OWQ= T=vWQ� � ?r] Q̀=R VQ;
u}wRk OL=w |tqU= O=R; x=oWv=O 'l}v�t w `}=vY |UOvyt |xOmWv=O

VqD u; QO xm CU= |tra |=yxv}tR R= |Q=}U@ QO OQ@ Q=mQB |=yVwQ R= |m} |Ov@xWwN
w |Q=mD@= |=ysD} Qwor= "OvQ}o Q=Qk Cy=@W |xHQO T=U=Q@ =yxwQo pN=O =yxO=O OwW|t

|=yVwQ R= |m} "CU= xOW x�=Q= |Ov@xWwN |xr�Ut pL |=Q@ |O=} R |Q=mD@==Qi
x@ ,qwtat 'x}rw= Cr=L x@ |oDU@=w p}rOx@ 'VwQ u}= "CU= K-means 'OQ@ Q=mQB |Q=mD@=

sD} Qwor= '|rLt |xv}y@ R= Q=Qi Qw_vtx@ xr=kt u}= QO "OwW|t =Qoty |rLt |xv}y@
=@ |O}OH sD} Qwor= w xOW ?}mQD T}]=vetwQDmr= |Q=mD@==Qi sD} Qwor= =@ K-means

|UQQ@ Qw_vtx@ "OwW|t x�=Q= |Ov@xWwN |xr�Ut pL |=Q@ K-EM sD} Qwor= u=wva
|=y?=wH ,=D}=yv w xOW pL w ?=NDv= xO=O xawtHt GvB '|O=yvW}B sD} Qwor= |}=Q=m

"OwW|t xU}=kt |Ov@xWwN C=}@O= QO KQ]t |=ysD} Qwor= R= pY=L |=y?=wH =@ xrY=L
?wr]t |=y?=wH x@ |@=}CUO QO |O=yvW}B sD} Qwor= xm OyO|t u=Wv |D=@U=Lt G}=Dv

"CU= Q=OQwNQ@ |@U=vt |}=Q=m R=

emehdi@qiau.ac.ir
m66.teimouri@gmail.com
arash zaretalab@yahoo.com "T}]=vetwQDmr= sD} Qwor= 'K-means sD} Qwor= '|Ov@xWwN %|O}rm u=oS=w

xtOkt "1
|U=U= pmWt wO|rwCU= xO=U w `} QU K-means 'xJQo = "CU=|}xWwN uwQO
x@ ?re= p}rO u}tyx@ w CU= xDU@=w Q=}U@ V=x}rw= C}akwt x@ xm u}= pw= %OQ=O
|OwQw u=wvax@ xWwN O=OaD VwQ u}= QO xm u}= swO "OwW|t =Qoty |rLt |xv}y@
xD@r= "OwW XNWt p@k R= O}=@ sD} Qwor= |=QH= |=Q@ w CU= R=}v OQwt sD} Qwor=

[14]"OQ=O OwHw pmWt u}= pL |=Q@ |irDNt |=yVwQ
=@ =D OvOQm VqD |rLt |xv}y@ pmWt Q@ x@re |=Q@ u}kkLt Q}N= |=yp=U QO
|=yxO}OB R= xDiQoQ@ =yu; R= |Q=}U@ xm '|Q=mD@==Qi w |Q=mD@= |=ysD} Qwor= R= xO=iDU=
'1995 p=U QO ,qFt "Ovvm xv}y@ =Q K-means hOy `@=D 'Ov=|a}@] w |a=tDH=
p=U QO [15]"OW|iQat |Ov@xWwNp�=Ut |=Q@ 1 ẁvtt |wHwCUH Q@|vD@t|WwQ
|Ov@xWwN R}r=v; |=Q@ 2u=oJQwt |vwrm |R=Uxv}y@ Q@ |vD@t |tD} Qwor= R}v 2004
|R=Uxv}y@ OQ@ Q=m '|Ov@xWwNp�=UtpL|=Q@ 2007 p=U QOTBU [16]"OW|iQat
|@}mQD |tD} Qwor= u}kkLt 2008 p=U QO [17]"OW KQ]t 3pUa Qw@vR |Q}oCiH
x�=Q= 5|tD} Q=or uw}UQoQ Q=_Dv= QFm =OL w K-means '4l}DvS sD} Qwor= T=U=Q@
xOwD |R=Uxv}y@ 'K-means T=U=Q@ |@}mQD sD} Qwor= l} u}vJty [18]"OvOQm
|iQat |Ov@xWwN p�=Ut pL |=Q@ O}tQOr}v TmrBt}U |wHwCUH w 6C=QP
|R=Uxv}y@ |=ysD} Qwor= T=U=Q@|@}mQD Ot;Q=m VwQl} R= '2010 p=U QO [19]"OW
xO=iDU= xWwN p}rLD |=Q@ K-means w u=oJQwt |vwrm |R=Uxv}y@ 'C=QP xOwD

u}= QO "CU= CQ=_v uwO@ |Ov@xk@] syt |=yVwQ R= |m} =yxO=O |Ov@xWwN
u=Wu}@ Cy=@W xHQO T=U=Q@ X=N |=yxWwN =} =yxwQo pN=O =yxO=O 'Ov}=Qi
VR=OQB Q}_v �� hrDNt |=yxv}tR QO |Ov@xWwN Q}N= |=yp=U QO "OvwW|t ?DQt
[5]'|@=} Q=R=@ [4]'R=UwCN=U C} Q}Ot [3]'|mWRB [2]'|Q=Hvy=v X}NWD [1]'Q} w=YD
xHwD OQwt �� [8]=yxO=O |WWwB p}rLD w [7]xOvvmu}t-=D ?=NDv= [6]'u=v}t]= C}r@=k

"CU= xDiQo Q=Qk u}kkLt
QO |Ov@xWwN |=yVwQ |=Q@ |irDNt |=y|Ov@xDUO ' ẁ[wt C=}@O= QO
[7]%OQm |Ov@s}UkD u}vJ =Q =yVwQ u}= u=wD|t |rm Qw]x@ '=t= OwW|t xDiQo Q_v
|Ov@xWwN [10]'|Ov@xWwN |@}mQD pOt [9]'|@D=QtxrUrU |Ov@xWwN |=yVwQ

[12]"uW}DQ=B |Ov@xWwN w hOy `@=D T=U=Q@ |=yVwQ [11]'|Q}oO=} xm@W
hOy 'K-means sD} Qwor= Q}_v '|Ov@xWwN |=yVwQ QDW}@ QO ,=twta
|Ov@xWwN VwQ u} QD|OQ@ Q=m sD} Qwor= u}= [13]"CU= x@=WD sOa pm |R=Uxv}tm
w =Q=m '`} QU K-means sD} Qwor= "OQ=O |}=Q=m Q=}U@ nQR@ p�=Ut QO xm CU=yxO=O
|}=yxWwN pN=O =Q xO=O xawtHt sD} Qwor= u}= "CU= |]N u=tR |oO}J}B =@ u=U;
|xrY=i |R=Uxv}tm u; hOy w Ovm|t |Ov@xDUO 'xOWXNWt u=WO=OaD p@k R= xm

pw�Ut xOvU} wv �
"1394 5 25 VQ}PB '1394 4 29 x}LqY= '1393 2 27 Ci=} QO %M} Q=D

�Q=}Wv=O� xO=R|Oyt p}a=tU=
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=Q=QOC = fC1; C2; :::; CKg|xWwNK R=|}xawtHt 'u}vJty "OwW xO=O u=Wv
'|Ov@xWwN |xr�Utl} QO hOy "O} Q}o@ Q_v QO =QRN |Oa@N |UO}rk= |=[i
CQ=@a O}=@ =yxWwN\}=QW 'wQu}= R= "CU=K |xawtHt uwQOO |xawtHt s}UkD

%R= OW=@
%|va} 'OW=@ <|W l} pt=W O}=@ pk=OL xWwN Qy �

Ci 6= � 8 i 2 f1; 2; :::;Kg

%|va} 'OvW=@ xDW=O lQDWt <=}W= O}=@v hrDNt |xWwN wO �
i; j 2 f1; 2; :::;K;Ci \ Cj = � 8 i 6= jg

%|va} 'Ovm =O}B X}YND xWwN l} x@ O}=@ <|W Qy �
K[
i=1

Ci = O

=O}B |=Q@ "CU=yxO=O |Ov@xWwN VwQ u} QD|OQ@ Q=m K-means sD} Qwor=
|wQ 'OQmrta `@=D l} �|R=Upk=OL� |R=Uxv}y@ u=wvax@ xr�Ut 'xWwN K uOQm
'hOy u}= |=Q@ xO=iDU= OQwt OQmrta `@=D "OwW|t h} QaD =yxWwN u=mt w =yxO=O

[20]%OwW|t h} QaD 2 |x]@=Q CQwYx@

f(O;C) =
NX
i=1

min
nkOi � Clk2��� l = 1; 2; :::;K

o
(2)

T}]=vetwQDmr= sD} Qwor= "3
u}rw= xm CU= C}atH Q@ |vD@t |Q=mD@==Qi sD} Qwor= l} 'T}]=vetwQDmr= sD} Qwor=
p�=Ut QO xv}y@ ?=wH |wHwCUH |=Q@ 2003 p=U QO nvi w p}@ Q}@ \UwD Q=@
p�=Ut pL |=Q@ VwQ u}= 'Q}N= |=yp=U QO [26]"OW x�=Q= xDUw}B |R=Uxv}y@
|@=} Q}Ut [28]'|}xQwO |y=oQ=m O}rwD |Ov@u=tR %xrtH R= hrDNt |=yxv}tR QO
u=tO}J |L=Q] [30]'OwOLt |]N |rm |R=Uxv}y@ [29]'xOW R}yHD |x}rkv p}=Uw

"CU= xDiQo Q=Qk xO=iDU= OQwt [31]'OOHt s}_vD p@=k |O}rwD |=ysDU}U
T}]=vetwQDmr= |x} Q_v xai=O � x@P=H Q=mwR=U R= T}]=vetwQDmr= sD} Qwor=
|rY= Ov}=Qi Q=yJ |=Q=O ,=DOta VwQ u}= "Ovm|t xO=iDU= xv}y@ ?=wH u}}aD |=Q@
|xv}y@ uDi=} |=Q@ |rLt |wHwCUH s=Hv= 'sD} Qwor= |x}rw= |yOQ=Okt %CU=
|rm KQ] "wQ}v CyH pw] QO CmQL w xQP Qy Q@ xOQ=w pm |wQ}v |x@U=Lt '|rLt

"OQm xOy=Wt 1 pmW QO u=wD|t =Q sD} Qwor= |}=OD@= |xNUv
xHwt |x}L=v R= |iO=YD ,qt=m Qw]x@ 12C=QP xR=Ov= 'Ov}=Qi pw= |xrLQt QO
OwOL u}= xm OwW|t ?=NDv= u}}=B w q=@ OL l} u}@ x}rw= Q}O=kt "OwW|t ?=NDv=
|xQP w xOW x@U=Lt \=kv hOy `@=D Q=Okt TBU "OvwW|t s}_vD [1; 0] xR=@ u}@

"OwW|t xQ}NP Q=Okt u} QDy@ |=Q=O
|=Q@ |rLt |xv}y@ uDi=} |=Q@ |rLt |wHwCUH 'Ov}=Qi swO |xrLQt QO
|=Q@ |rLt |wHwCUH VwQ Qy R= u=wD|t xrLQt u}= QO "OwW|t =QH= 'xQP Qy
pm |wQ}v |x@U=Lt x@ 'Ov}=Qi swU |xrLQt "OQm xO=iDU= sD} Qwor= |}=Q=m V}=Ri=
Qw]x@ =yQ=@ |x]kv wO u}@ l}D=DUwQDmr= |wQ}v "OQ=O X=YDN= xQP Qy Q@ xOQ=w
u}@ |xrY=i `@ Qt =@ ?U=vDt Twmat Qw]x@ w Q=@ Qy Q=Okt =@ ?U=vDt s}kDUt

|=QH= |=Q@ 7|awvYt pUaQw@vR |vrm sD} Qwor= l} R}v 2010 p=U QO [20]"OW
GQt w GQy |@}mQD sD} Qwor= l} R}v 2011 p=U QO [21]"OW x�=Q= |Ov@xWwN
'2011 p=U QO u}kkLt [22]"OW |iQat =yxO=O |Ov@xWwN |=Q@ 8C=QP xOwD
9xOW V}=Q} w |Q=taDU= C@=kQ |=ysD} Qwor= T=U=Q@ |@}mQD Ot;Q=m sD} Qwor= l}
l} 2012 p=U QO u=v; [23]"OvOQm x�=Q= =yxO=O |Ov@xWwN |=Q@ K-means w
|ak=w |=yxO=O xawtHt |wQ =Q VOQ@ Q=m w '|iQat 10|Qv}=@ |wHwCUH sD} Qwor=
|Ov@xWwN |=Q@ =Q 11xr=Jy=}U sD} Qwor= l} '2013 p=U QO wrtD=y [24]"OvOwtR;

[25]"OQm |iQat =yxO=O
=@ xJ 'K-means sD} Qwor= |=y|DU=m Ow@y@ |=Q@ xOW QmP |=ysD} Qwor=
=yu; R= |NQ@ xm CiQ}PB O}=@ =Q xDmv u}= |rw OvWwm|t '|}=yvD x@ xJ w u; =@ ?}mQD
|}=Qoty CaQU 'G}=Dv C}i}m Q}_v |}=y|DU=m &OvQ@|t GvQ |}=y|DU=m R= R}v
|NQ@ w �s}Oy=W l}DvS w ẁvtt |wHwCUH |=ysD} Qwor= QO xJv; Ovv=t� u}}=B

"Ov=C=QP xOwD |R=Uxv}y@ Ovv=t u}}=B |}=Qoty MQv w 'xO}J}B Q=DN=U |=Q=O
'xDiQo Q=Qk xHwD OQwt Q}N= |=yp=U QO xm |Q=mD@==Qi |=yVwQ R= |m}
|Q=mD@==Qi VwQ l} T}]=vetwQDmr= sD} Qwor= "CU= T}]=vetwQDmr= sD} Qwor=
|x} Q_v |xai=O � x@P=H Q=mwR=U R= 'sD} Qwor= u}= [27w26]"CU= C}atH Q@ |vD@t
u}= |=}=Rt u} QDsyt R= |m} "Ovm|t xO=iDU= xv}y@ ?=wH u}}aD |=Q@ T}]=vetwQDmr=
|=y?=wH 'u}= Q@ xwqa "OQ=O uOW s}_vD |=Q@ xm CU= |QDt=Q=B sm O=OaD sD} Qwor=
=Hv; R= "OvwW|tv Q=DiQo |rLt |xv}y@ x@ |DL=Qx@ sD} Qwor= u}= \UwD xOt; CUO x@
?=wH C}i}m 'CU= C}atH Q@ |vD@t sD} Qwor= l} 'T}]=vetwQDmr= sD} Qwor= xm
R= xar=]t u}= QO u}=Q@=v@ "CU= xDU@=w x}rw= C}atH x@ u; \UwD xOt; CUO x@
sD} Qwor= |=Q@ O}Ov=m ?=wH u=wvax@ K-means \UwD xOW O}rwD |x}rw= |=y?=wH
K-EM |@}mQD sD} Qwor= xm O=O s}y=wN u=Wv =t "s}vm|t xO=iDU= T}]=vetwQDmr=
CUO x@ |=y?=wH C}i}m u}vJty w CU=yxO=O |Ov@xWwN |=Q@ ?U=vt w |wk
xawtHt u}OvJ R= Q=m u}= |=Q@ &CU= |}q=@ C}i}m |=Q=O sD} Qwor= u}= \UwD xOt;

"OwW|t xO=iDU= |@=} RQ= |=Q@ QwyWt w |ak=w xO=O
sD} Qwor=|iQatTBU w '�2VN@� xO=O|}xWwN p}rLD x@ 'Q=DWwv u}= xt=O= QO
K-EM |@}mQD sD} Qwor= 4 VN@ QO "CN=OQB s}y=wN �3 VN@� T}]=vetwQDmr=
"OwW|t EL@ 5 VN@ QO C=W}=tR; G}=Dv XwYNQO TBU w OwW|t |iQat

"OwW|t x�=Q= xr=kt |rm |Q}oxH}Dv 6 VN@ QO =D}=yv

xO=O |Ov@xWwN p}rLD "2
CU= |Q=mOwN Ov}=Qi w CU= CQ=_v uwO@ |Q}oO=} |=yxN=W R= |m} |Ov@xWwN
|=yXN=W Q_v R= u; |=[a= xm OvwW|t s}UkD |}=yxDUO x@ =}W= 'u; |] QO xm
|Q}oxR=Ov= R= =}W= u}@ Cy=@W VHvU |=Q@ 'u}=Q@=v@ "OvQo}Om} x@=Wt Q_v OQwt
OwHw |W wO u}@ xrY=i |Q}oxR=Ov= |=Q@ |irDNt |=yVwQ "OwW|t xO=iDU= xrY=i
xrY=i u}= "CU= xrY=i |xvwo u} QDOQ@ Q=mQB w u} QDhwQat |UO}rk= xrY=i xm OQ=O

%OwW|t h} QaD 1 x]@=Q CQwYx@ w CU= xOW jDWt |mUiwmv}t |xrY=i R=

d(x; y) =

 
mX
i=1
jxi � yijr

!1=r
) d(x; y) =

vuut mX
i=1

(xi � yi)2

(1)

|xawtHt |xr}Uwx@O = fO1; O2; :::; ONg|WN R=|}xawtHt O}vm ZQi
foi1; oi2; :::; oidg |=y|oS} w |xr}Uwx@ Oi |W u; QO xm OwW xO=O u=Wv O
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|U
Ovyt ZQi � |iO=YD s=o pw] "Ovm|t CmQL 5 |xrO=at R= xO=iDU= =@ |iO=YD s=o

^iL Qw_vtx@ "CU= xOW O}rwD 1 w QiY xR=@ u}@ CN=wvm} `} RwD R= xm OwW|t
"OwW|t R}q=tQv 'xQP Qy |wQ xOW p=ta= |wQ}v 'uOw@ xHwt

xi = xi + � F i

kF ik (RNG) i = 1; 2; :::; popsize (5)

"OUQ@ hkwD Q=}at l} x@ sD} Qwor= =D OwW|t Q=QmD QOkv; sQ=yJ =D swO |xrLQt
hkwDt Q=QmD QFm =OL l} R= xO=iDU= =@ T}]=vetwQDmr= sD} Qwor= '=t |xar=]t QO

"OwW|t

K-EM |@}mQD sD} Qwor= "4
hrDNt |=yOQ@ Q=m u}vJty w u}kkLt\UwD Q}N= |=yp=U QO xOW s=Hv= C=ar=]t
u=wD|t xm Ovm|t O}m -=D xDmv u}= Q@ 'hrDNt |=yxv}tR QO T}]=vetwQDmr= sD} Qwor=
'Qo}O hQ] R= "CiQo Q_v QO OvtCQOk sD} Qwor= l} u=wvax@ =Q sD} Qwor= u}=
T}]=vetwQDmr= sD} Qwor= x@ C@Uv `@=D QDsm OQw;Q@ p}rOx@ K-means sD} Qwor=
"CU= u}}=BCkO =@ |Ov@xWwN G}=Dv |=Q=O `k=wt QDW}@ w OwW|t =Qoty QDOwR Q=}U@

"OW OvtxQy@ =yu; wO Qy |=}=Rt R= sD} Qwor= wO u}= ?}mQD =@ u=wD|t u}=Q@=v@
sD} Qwor= l} T}]=vetwQDmr= sD} Qwor= 'OW QmP p@k CtUk QO xm u=vJ
x}rw= C}atH x@ u; \UwD xOt; CUO x@ ?=wH C}i}m w CU= C}atH Q@ |vD@t
=Q sD} Qwor= u}= \UwD xOt; CUO x@ ?=wH C}i}m u=wD|t 'u}=Q@=v@ "CU= xDU@=w
x}rw= |=y?=wH R= =t xar=]t u}= QO 'wQ u}= R= "OQ@ q=@ ?wN x}rw= |=y?=wH =@
T}]=vetwQDmr= sD} Qwor= |=Q@ O}Ov=m ?=wH u=wvax@ K-means \UwD xOW O}rwD
wO Qy |=}=Rt R= xm CU= u}= |O=yvW}B sD} Qwor= |rY= hOy "s}vm|t xO=iDU=

"Ovm xO=iDU= |}=yv ?=wH Ow@y@ |=Q@ VwQ
u=wD|t =Q K-EM |@}mQD sD} Qwor= 'xOWO=} OQ=wt |xty u=t-=wD uOQm^=Lr =@
C=QP xR=Ov= O=OaD x@ K-means sD} Qwor= pw= R=i QO %OQm s}UkD |rY= R=i wO x@
|rLt |xv}y@ ?=wH x@ nQR@ |=yxO=O xawtHt QO CU= umtt =Q} R 'xOW =QH=
xO=O xawtHt l} |=Q@ K-means sD} Qwor= |=QH= Q=@ Qy =@ u}vJty w &OwW =Qoty
|xv}y@ |=y?=wH R= ?=vDH= |=Q@ u}=Q@=v@ "s}UQ@ Cw=iDt |=y?=wH x@ CU= umtt
=D s}vm|t =QH= C=QP xR=Ov= O=OaD x@ pw= R=i QO =Q u; 'K-means xOW O}rwD |rLt
pw= R=i QO xOW O}rwD ?=wH u} QDy@ swO R=i QO "Ovm O}rwD =Q |}=OD@= C}atH u} QDy@
T}]=vetwQDmr= sD} Qwor=\UwD |Ov@xWwN p�=Ut |=Q@ xv}y@ ?=wHl} u}}aD |=Q@

%R= CU= CQ=@a |O=yvW}B sD} Qwor= |rY= |=ys=o "OwW|t xDiQoQ=m x@
x}rw= C}atH O}rwD w sD} Qwor= |=QH= "1 R=i ��

&x}rw= pkF Rm =Qt u=wvax@ x]kv K |iO=YD ?=NDv= "1
&pkF RmQt u} QDl}ORv x@ x]kv Qy X}YND "2

\=kv Q=Okt u}ov=}t |x@U=Lt |xr}Uwx@ pkF RmQt Qy u=mt |v=UQRwQx@ "3
&RmQt x@ xOW xO=O X}YND

O=OaD u} QDW}@ |va} 'OwW =[Q= hkwD \}=QW xm |v=tR =D 3 w 2 pL=Qt Q=QmD "4
&OwWv pY=L pkF Rm =Qt pLt QO |Q}}eD =} OwW pY=L =yQ=QmD
"swO R=i |=Q@ O}Ov=m ?=wH u=wvax@ pw= R=i |HwQN R= xO=iDU= "5

T}]=vetwQDmr= sD} Qwor= |=QH= "2 R=i ��

"T}]=vetwQDmr= sD} Qwor= |rm KQ] "1 pmW

"x3 xQP |wQ Q@ xai=O � x@P=H QF= R= p=Ft l} "2 pmW
"OQ=O (qi) =Q s=i |xQP `iO =} ?PH CQOk u}}aD C}r@=k 'i |xQP Qy Q=@ "CU=yQ=@

%OwW|t x@U=Lt 3 |x]@=Q CQwYx@ Q=@ u}=

qi=exp

0BBB@�n f(xi)�f(xbest)
popsizeP
j=1

(f(xj)�f(xbest))

1CCCA ; i =1; 2; :::; popsize

(3)

hOy Q=Okt 's=i |xQP hOy Q=Okt ?}DQDx@ f(xbest) w f(xj) 'f(xi) u; QO xm
hOy `@=D =@ \=kv '3 |x]@=Q R= xO=iDU= =@ "CU= C}atH ?=wH u} QDy@ w j |xQP
C}atH QO C=QP O=OaD q=@ O=a@= QO xm u}= x@ xHwD =@ "OvQ=O |QDW}@ Q=@ Q=Okt QDsm
|xU}=kt R= Oa@ "OwW|t ?Q[ n Q}eDt QO x]@=Q u}= 'OvQ=O uOW nQR@ x@ p}=tD
pm |wQ}v 's=Hv=QU "OwW|t u}}aD xQP wO u}@ X=N |wQ}v CyH 'C=QP hOy `@=D

"OwW|t x@U=Lt 4 |x]@=Q j@] i |xQP Q@ xOQ=w F i

F i =
popsizeX
j 6=i

8><>:
�
xj � xi� qiqjkxj�xik2 if f

�
xj
�
< f

�
xi
��

xi � xj� qiqjkxj�xik2 if f
�
xj
� � f �xi� ; 8i

(4)

xO}Wm Q} wYD x@ 2 pmW QO Ov}=Qi swU |xrLQt R= xQP xU |=Q@ |Oa@ wO p=Ft l}
?wr]t x3 hOy `@=D Q=Okt Qo = "CU= F13 'x1 \UwD x3 Q@ OQ=w |wQ}v "CU= xOW
Qo = "CU= F23 'x2 \UwD x3 Q@ OQ=w |wQ}v "Ovm|t `iO =Q x1 'x3 'OW=@ x1 R= QD
|wQ}v pm xH}Dv QO "Ovm|t ?PH =Q x3 'x2 'OW=@ x2 R= QDO@ x3 hOy `@=D Q=Okt

"CU= F Q@=Q@ x3 Q@ xOQ=w
x@ �sQ=yJ |xrLQt� |}=yv |xrLQt 'xQP l} F |wQ}v pm |x@U=Lt R= Oa@
pw] l} =@ wQ}v CyH QO i |xQP "OQ=O X=YDN= wQ}v CyH pw] QO CmQL
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1. tabu search (TS)
2. ant colony optimization (ACO)
3. honey bee mating optimization (HBMO)
4. genetic algorithm (GA)
5. regression expectation maximization (REM)
6. particle swarm optimization (PSO)
7. arti�cial bee colony (ABC)
8. chaotic particle swarm optimization (CPSO)
9. modi�ed imperialist competitive algorithm (MIKA)
10. binary search
11. black hole
12. popsize
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