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%=@ CU=

ssdPi;Pj = 1
T

TX
t=1

(pi;t � pj;t)2 =S2
Pi�Pj+( 1

T

TX
t=1

(pi;t�pj;t))
2

(2)

pk=OLx@ =Q 2 xrO=at xm OW=@ |HwR Ov=wD|t SSd Q=}at j@=]t ?wr]t GwR l}
'p}mWD xQwO pw] QO QiY OQBU= =@ GwR l} xm CU=vat u=O@ u}= =t= 'Ov=UQ@
|O=yvW}B xwkr=@ GwR l} xO}= =@ u}= '|k]vt Q_v R= OwW|t xDiQo Q_v QO xv}y@
|=y|oS} w w q=@ OQBU= Tv=} Q=w R= O}=@ ?wN O}Ov=m l} =Q} R OQ=Ov Ck@=]t
xm =Hv; R= "OW=@ Q=OQwNQ@ |Dqt=at |=yCYQi x�=Q= |=Q@ u}ov=}t x@ CWoR=@
w sm OQBU= Tv=} Q=w =@ |}=y GwR ,q=tDL= 'OQ}o|tv Q_v QO =Q R=}v u}= Q=}at u}=
"Ovm|tv sy=Qi =Q Qw;OwU |Dqt=at |=yCYQi w xOQm O=H}= OwOLt OwU p}Uv=DB
xOW p}rLD '[8]\UwD ?=NDv= Q=}at l} u=wvax@ uwUQ}B |oDU@ty R= xO=iDU=
OQwt xO=O xvwtv u=ty =@ |DWoR=@ |=y|QU QO =Qu; OQ@ Q=m u=oOvU} wv "CU=
C@Uv =Q |QDy@ OQmrta '|oDU@ty xm OvDi=} QO w xOQm |UQQ@ [7]\UwD xO=iDU=
CU}v =]N|@ Q=}at u}= 'OwHw u}= =@ "OyO|t u=Wv xrY=i pk=OL VwQx@
w OvW=@ xDW=Ov |rO=aD x]@=Q 'xDU@ty |=yxOR=@ =@ |}=Q=O wO CU= umtt =Q} R
OQm} wQ 'C}=yv QO "O=O K}[wD |Q_v CQwYx@ u=wD|tv =Q OvwQ QO |}=Qo =w CWoR=@
Qo}Om} =@ Xt w Yt <RH wO xm CU= |}=yGwR ?=NDv= sRrDUt |oDW=@v=ty
Q} R |]N ?}mQD R= pY=L |QU 'h} QaD j@] CQwYu}= QO 'OvDUy xDW=@v=sy

"CU=
St = Yt � �Xt (3)

OQBU= |QU h} QaD =@ OwQ|t Q=_Dv= w OW=@ =v=t O}=@ |oDW=@v=sy QwDm =i u=wvax@ �
=@ OQBU= QO |}=Qo =w Qy w OW=@ xDW=O u}ov=}t x@ CWoR=@ Q=DiQ 'VwQ u}= x@
|rO=aD \@=wQ |HvUO=YDk= Q_v R= OQm} wQ u}= 'wQ u}= R= "OwW p=@vO |}=Qoty
u}@ |=xU}=kt xar=]t l} [9]'u}= Q@ xwqa "Ovm|t =O}B =yGwR QO |QDu=v}t]= p@=k
|oDW=@v=sy OQm} wQ xm OvDi=} QO w OvO=O s=Hv= xrY=i OQm} wQ w |oDW=@v=sy OQm} wQ
xDmv u}= x@ [10]j}kLD QO u}vJty "CU= QDy@ xrY=i OQm} wQ R= |yHwD p@=k Qw]x@
C@Uv Q=R=@ |oDiW; \}=QW QO |oDW=@v=sy VwQ OQmrta xm CU= xOW xQ=W=

45



u=Q=
mty

w|
}=[

QR=
vy@/

"""x
O=iD

U=
=@|

HwR
Cq

t=at
|Qw

;OwU
|U

QQ@=@ Q_v OQwt xQwO xOR=@ |R=Uxv}y@ Qw_vtx@ |WRwt; |=yxO=O |wQ Q@ swRwtwQm QO
"CU= xOW xDiQo Q=mx@ p=vo}U |=yQDt=Q=B w xrt=at C=Y}YND s}tYD |=yQ}eDt
Ovv=t� xiOy OvJ |R=U xv}y@ p�=Ut pL |=Q@ l}DvS sD} Qwor= xaUwD w pt=mD =@
x}=tQU X}YND u=mt= 2'(NSGA2) ?wret Q}e |R=U ?DQt l}DvS sD} Qwor=
Vy=m =@ x=Qty xOR=@ =} OwU QFm =OL x@ |@=}DUO CyH O@U QO =y GwR u}@ xv}y@
p}mWD Qw;OwU |=yGwR R= |Dqt=at O@U xm |DQwY QO "OwW|t sy=Qi lU} Q
O@U |Qw;OwU u=R}t ha=[t OWQ x@ QHvt Ov=wD|t u; |R=Uxv}y@ 'OW=@ xOW

"OwW

|R=UpOt w xr=Ut h} QaD "3
O@U QO Qw;OwU |=y|}=Q=O GwR x@ |@=}DUO |ovwoJ 'j}kLD |UQQ@ OQwt hOy
pw=ODt |=yl}vmD C=t}qt=v ZQat QO |Q}oQ=Qk uwO@ Q=Pox}=tQU \UwD |Dqt=at
xQ=W= OQwt wO x@ u=wD|t C=t}qt=v xrtH R= "CU= |Dqt=at |=yGwR |wHDUH
C=@}mQD xty |=Q@ u}ov=}t x@ CWoR=@ p=tDL= uwtR; |D=@U=Lt xv} Ry 'CUNv "OQm
=y|}=Q=O w O@=}|t V}=Ri= COW x@ QDW}@ |=y|}=Q=O uDiQo Q_v QO =@ xm umtt
OwW|t O=H}= |v=tR swO OQwt "OvwW|t CQ=_v O}OH |=yGwR p}mWD |=Q@ ,=t�=O
xr�Ut u=wvax@ u; R= xm OwW|t s=Hv= x_Lr l} QO OOaDt |=yx}[Qi uwtR; xm
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RH |@vH C=tON w R=o Civ G=QNDU= 'C=]=@DQ= w |Q=OQ=@v= 'pkvwptL 'CqeDUt
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xDW=O =yxWwN O=OaD xrtH R= Q=Pox}=tQU \UwD =yQDt=Q=B u}}aD x@ |R=}v O}=@v OwN
\=kv x@ C@Uv xv}y@ Q=DiQ w OR=OQBv =y|}=Q=O xty |Ov@xWwN x@ |iQ] R= w OW=@
OQwt sD} Qwor= OQmrta |=Q@ xOW u}}aD h=Oy= x@ xHwD =@ wQ u}= R= "OW=@ xDW=O CQB
� x@ ?wr]t CQ=_v uwO@ |=ysD} Qwor= u=}t QO |r=oJ Q@ |vD@t |=ysD} Qwor= 'Q_v
sD} Qwor= |Q}oQ=my@ '|r=oJ Q@ |vD@t |=ysD} Qwor= |UQQ@ pY=L "OvUQ|t Q_v
QO |}=v=wD w Q}eDt |r=oJ =@ |}=yxWwN |=Q@ C}@ wr]t x@ xHwD =@ OPTICS

QO OyO|t u=Wv G}=Dv "CU= Q=mOwN Qw]x@ xWwNQy |=Q@ ?U=vt QDt=Q=B X}NWD
xHwDtOa =} xHwD Cr=L wO Qy QO xOR=@ u} QDW}@ ?Um Q@ Q=Pox}=tQU RmQtD CQwY

=yCWwv=B
1. Ordering Points to Identify the Clustering Structure
2. Non-Dominated Sorting Genetic Algorithm
3. Density-Based Spatial Clustering of Applications With Noise
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