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"CU= xOW xDiQo xQy@ k-means |Ov@xWwN w =yXN=W |yOuRw

|OQwt |xar=]t "4
pt=W |ywQo lt=}B p=UQ= w O} QN C}=U l} u=} QDWt |=yxO=O R= j}kLD u}= QO
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|=yxO=O pt=W xO=O |QU wO R= |UQQ@ OQwt |=yxO=O "CU= 1392 02 21 M} Q=D
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w O} QN |=yxO=O |QU wO Qy |=Q@ "CU= xOW p}mWD OQwmQ 50000 O=OaD x@
u} QN; u}@ |v=tR xrY=i %xrO=@t |oR=D� M w F 'R |=yXN=W 'p=UQ= |=yxO=O
C=aiO O=OaD %xrO=@t C=aiO O=OaD &xOWXNWt |v=tR xR=@ u=}=B =D |QDWt O} QN
|QDWt O} QN u=R}t %xrO=@t |rwB VRQ= &xOWXNWt |v=tR xR=@ QO |QDWt O} QN
"OW x@U=Lt xv=o =OH Qw]x@ �xOWXNWt |v=tR xR=@ QO |r=} Q VRQ= T=U=Q@
|=Q@ u}vJty "OW xO=iDU= u=oQ@N Q_v R= =yXN=W uRw |x@U=Lt |=Q@ TBU
|=Q@ w 'k-means |Ov@xWwN VwQ R= =yu; Q=DiQ p}rLD w u=} QDWt |Ov@xWwN
R= �p=UQ= |=yxO=O w O} QN |=yxO=O� xwQo wO Qy QO xv}y@ |=yxWwN O=OaD u}}aD
R= xO=iDU= =@ w xv=o =OH Qw]x@ |Ov@xWwN "OW xO=iDU= u}Orw@ � T} w}O XN=W
pY=L G}=Dv R}v u=}=B QO "CiQo Q=Qk p}rLD OQwt w OW s=Hv= k-means VwQ
s=Hv= R= TB C}=yv QO "OW p}rLD w xU}=kt Qo}Oo} =@ xwQo wO Qy |Ov@xWwN R=
u}= |=QH= pL=Qt "CU= xOW x�=Q= xt=O= QO j}kLD u}= |=Q@ |}=QH= Ov}=Qi 'C=k}kLD

%R= CU= CQ=@a Ov}=Qi
s=tD pt=W CtUk u}= "RFM pOt |=yXN=W |=v@tQ@ =yxO=O VR=OQBV}B "1
|R=UxO=t; Qw_vtx@ =yxO=O |wQ|rY=|=yVR=OQB s=Hv= R=p@k xmCU=|rL=Qt
RFM |=yXN=W xrLQt u}= QO "OvQ}o|t s=Hv= '|Oa@ |=yVR=OQB |=Q@ =yu;
"OvOW x@U=Lt �p=UQ= |=yxO=O w O} QN |=yxO=O� =yxO=O xwQo wO Qy x@ \w@ Qt
1534 qm xm O} QN |=yxO=O QO QwmPt |v=tR xR=@ QO 'x@U=Lt Ov}=Qi u}= |]
O} QN C=aiO O=OaD 'xOW s=Hv= O} QN u} QN; =Dm} |QDWt Qy |=Q@ 'Ow@ OQwmQ
xm |v=} QDWt pm O=OaD T=U= u}=Q@ "OW x@U=Lt xOW s=Hv= O} QN pm dr@t w
QO w Ow@ Qiv 331 OvOw@ xOQm lt=}B O} QN x@ s=Ok= Q_v OQwt |v=tR xQwO QO
O} QN u} QN; =Dm} |QDWt Qy |=Q@ 'Ow@ OQwmQ 50000 ,qm xm p=UQ= |=yxO=O
O=OaD &OW x@U=Lt xOW s=Hv= O} QN pm dr@t w O} QN C=aiO O=OaD 'xOW s=Hv=
Qiv 248 OvOw@ xOQm p=UQ= lt=}B Q_v OQwt |v=tR xQwO QO xm |v=} QDWt pm
xR=@ u}= QO u=} QDWt R= |O=OaD xm OW pY=L xH}Dv u}= CtUk u}= R= "Ow@
2 pwOH QO "Ov=xOQmv p=UQ= |mt=}B I}y =t= OvOQm lt=}B O} QN x@ s=Ok= |v=tR

"Ov=xOW h} QaD =yxO=O xwQo wO Qy QO =yXN=W
ltm xQ@N O=Qi= R= =yXN=W uRw u}}aD |=Q@ Q=DWwv u}= QO "=yXN=W|yOuRw "2
|xar=]t OQwt |=yOv}=Qi =@ xm u=tR=U u=vmQ=m R= Qiv 35 O=OaD "CU= xOW xDiQo
|HwR |=yxU}=kt |xt=vVUQB w '?=NDv= OvDW=O l}ORv \=@DQ= u=tR=U QO =t
l}i=QowtO C=aq]= "CU= xOW `} RwD =yu; u}@ [16]|@D=QtxrUrU p}rLD Ov}=Qi
R= l} Qy uRw C}=yv QO "CU= xOW QmP 3 pwOH QO xOW ?=NDv= u=vmQ=m

"OW u}}aD WM = 70w WF = 23 'WR = 7 ?}DQD x@ =yXN=W

R= pY=L |=yVRQ= ẁtHt R= |QDWt Qy Qta |xQwO VRQ= RFM pOt QO
*u=} QDWt xmCU= u}= Q@ ZQi pOt u}= QO =Pr 'O};|tCUO x@ RFM |=yXN=W
=D xD@r= &OvDUy u=} QDWt u} QDy@ R= pOt |=yXN=W R= l} Qy |q=@ VRQ= |=Q=O

"Ovmv Q}}eD u=WQ=DiQ xm |v=tR
Qw=@ x@ "OvQ=O OwHw RFM pOt |=yXN=W C}ty= uwt=Q}B |irDNt C=Q_v
XNWt =yu; xU Qy uRw u}=Q@=v@ 'OvQ=O |v=Um} C}ty= XN=W xU u}= [3]Towy
|=y|oS} w |x]U=wx@ xm CU= xO}ka u}= Q@ [5]uwDU= 'Qo}O |wU R= "CU= u=Um} w
j}kLD QO |w "CW=O Ovy=wN |Dw=iDt C}ty= XN=W xU 'CavY Qy QO Cw=iDt

"OQm u}}aD |vyP Cw=[k CQwYx@ =Q RFM |=yXN=W |=yuRw 'OwN

k-means |Ov@xWwN "2"2
|R=Uxv}W}@ xmCU=uoty xwQoQ} Ru}OvJ x@uoty=v xwQol} s}UkD �|Ov@xWwN�
w QF-wt VwQ [6]"Ovm|t p=@vO =Q =yxwQo uwQO Cw=iD |R=Uxv}tm w =yxwQo u}@ Cw=iD
CU= |@D=QtxrUrUQ}e |Ov@xWwN pw=ODt |=yVwQ xrtH R= R}v k-means pw=ODt
=Q k |OwQw QDt=Q=B 'k-means sD} Qwor= `k=w QO "OW x�=Q= [7]u}�wmlt \UwD xm
'OR=OQB|t |w[a n|}xawtHt |Ov@s}UkD x@ u; j} Q] R= w �=yxWwN O=OaD k� xDiQo
lOv= u; |}xWwN u}@ Cy=@W =t= O=} R Q=}U@ u; |}xWwNuwQO Cy=@W xm |Qw]x@
k-means VwQ '|Ov@xWwN |=ysD} Qwor= u=}t QO [9]u}kkLt |xDiox@ [8]"OW=@

"CU= G}=Q Q=}U@ Q=R=@ |Ov@s}UkD |=Q@

xOW s=Hv= C=ar=]t R= |NQ@ Q@ |QwQt "3"2
xm xOW s=Hv= RFM pOt |=v@t Q@ |w=mxO=O |xv}tR QO |O=} R C=k}kLD uwvm =D

"CU= xOW x�=Q= =yu; u} QDxR=D R= |NQ@ x@ \w@ Qt C=aq]= 1 pwOH QO
|rm x=ov xm OwW|t xOy=Wt '1 pwOH QO xOW s=Hv= |=yQ=m QwQt x@ xHwD =@
|Ov@xWwN 'RFM pOt R= xO=iDU= =@ |QDWt Qta |xQwO VRQ= p}rLD Q@ Cq=kt
C=YNWt w =y|oS} w T=U=Q@ pY=L |=yxWwN p}rLD w =yxO=O R= |}xawtHt
u=} QDWt |}=U=vW %Ovv=t |i=Oy= |=DU=Q QO Ov}=Qi u}= w "CU= xWwN Qy QO OwHwt
\=@DQ= Ow@y@ '`@=vt |xv}y@ X}YND 'QF-wt |@=} Q=R=@ |SD=QDU= |xaUwD w VRQ==@
xm CU= |r=L QO u}= "OQ}o|t CQwY =yu; QO |Q=O=iw TL O=H}= w |QDWt =@
�OQmrta� Q=DiQ p}rLD |=Q@ RFM pOt |x}=B Q@ O}OH |@ wJQ=J |x�=Q= =t hOy
pOt u}= "CU= u=tR=U QO |QDWt x@ CtON |xOvyOx�=Q= |=yOv}=Qi QO u=} QDWt
w VRQ==@ u=} QDWt |}=U=vW Ovv=t RFM pOt |DvU |=yOQ@ Q=m ^iL Q@ xwqa
|xOvyOx�=Q= |rY= |=yOv}=Qi QO =Q |QDWt Q=DiQ Ov=wD|t '`@=vt |xv}y@ X}YND
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u}vJty ?wJQ=J u}= "OyO u=Wv u=} QDWt |Q=Oxov w ?PH QO =Q u=tR=U CmQL
=Q u=tR=U Cwk w ha[ \=kv w xO=O u=Wv u=} QDWt Q@=Q@ QO =Q u=tR=U C}akwt
Cwk \=kv V}=Ri= w ha[ \=kv Vy=m =@ =yu=tR=U u}=Q@=v@ "Ovm|t XNWt
`v=t w OvWN@ Ow@y@ u=Wu=} QDWt =@ =Q OwN \=@DQ= |@U=vt pmWx@ Ovv=wD|t OwN

"OvwW OwN u=} QDWt uDiQ CUO R= w |v=OQo} wQ

j}kLD |rm ?wJQ=J "3
Q@ xwqa ?wJQ=J u}= "CU= xOW xO=O V}=tv 1 pmW QO j}kLD |rm ?wJQ=J
'VRQ==@ u=} QDWt |}=U=vW w =yu; Qta |xQwO VRQ= T=U=Q@ u=} QDWt |Ov@VN@
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"CU= `@=vt |xv}y@ [10]|QDWt Qta |xQwO VRQ=QO w u=} QDWt |@D=QtxrUrU |Ov@xWwN '|QDWt 210 QO
xWwN 6 ?r=k QO |QDWt Qta |xQwO VRQ= u}}aD 'C}=yv

"CU= xOW xDN=OQB
RFM pOt |xaUwD Q@ |v@t |O}OH pOt j}kLD u}=

|Q=O=iw |@=} RQ= xar=]t u}= hOy =@ RFM Q@ |vD@t |SwrwODt l} |x�=Q=|HwR C=U}=kt =@ =yQDt=Q=B u=Rw= =OD@= "CU= xO=O x�=Q=
uOQm QDOt;Q=m Qw_vtx@ u=} QDWt |@=} RQ= |=Q@ |w=mxO=O OQm} wQ R= xO=iDU=\UwD xv}y@ |=yxWwN O=OaD =@ CqwYLt TBU w 'u}}aD

xOW xDiQoQ=mx@ |@=} Q=R=@ |=y|SD=QDU=
[11]|QDWt |Q=O=iwQO w &CU= xOW |Ov@xWwN u}Orw@ - T} w}O XN=W

"CU= CmQW \UwDxOvQ@ � xOvQ@ swyit l} QO |QDWt |Q=O=iw xHQO C}=yv
"CU= xOW u}}aD

u=} QDWt p}rLD w x} RHD |=Q@ VwQ wO R= j}kLD u}= QO |QDWt Qta pw] VRQ= R= xar=]t u}= QO T=U=Q@ |QDWt Qta pw] VRQ= OQw;Q@|@=} Q=R=@ p}rLD w x} RHD R= pw= VwQ QO "CU= xOW xO=iDU= u=} QDWt |Ov@ s}UkD |=Q@ (CLV) O} QN Q=DiQ R= RFM p}rLD w x} RHDR= swO VwQ QO w 'u=} QDWt |Ov@s}UkD Qw_vtx@ RFM xO=iDU= |}=@} R w CtqU CmQW l}
[12]|QDWt=@ p}rLD w x} RHD 'xDi=} xaUwD RFM |O=yvW}B VwQ "CU= xOW"CU= xOW xO=iDU= OQwt O=OaD s=vx@ |i=[= QDt=Q=B l}

xOv=tR=UOwN |=yxWkv l}vmD wO R= xar=]t u}= QO w u=} QDWt hrDNt |=yxwQo |}=U=vW V}=Q; CavY QO |QDWt =@ \=@DQ= C} Q}OtRFM pOt QO |Ov@xWwN |=Q@ k-means w �SOM� |@=} Q=R=@ |=y|SD=QDU= |xaUwD
[13]|w=mxO=O |=yl}vmD R= xO=iDU= =@ %wt|}=U=vW u=} QDWt R= xwQo Q=yJ C}=yv QO w xOW xO=iDU= "u=} QDWt R= xwQo Qy |=Q@ OQix@ QYLvt"OvOW

xOW |yOuRw RFM pOt |=yXN=W R= xar=]t u}= QO
QQmt |=ywor= |}=U=vW xr=kt u}= hOy

RFM QQmt |=ywor= R= Vv=O hWmxO=iDU= u=} QDWt |=yxO=O QO QQmt |=ywor= hWm |=Q@
|}=U=vW |=Q@ u=} QDWt |=yxO=O QO

[14]u=} QDWt |xO=O x=o}=B R= xOW |yOuRw"CU= xOW
Qw_vtx@ CmQW VRQ==@ u=} QDWt

\UwD QDQF-wt |@=} Q=R=@ |SD=QDU= |xaUwD
"CU= CmQW

R= CmQW VRQ==@ u=} QDWt |}=U=vW |=Q@ xar=]t u}= QO
p@k |xr=kt Ovv=t R}v xr=kt u}= hOy
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\UwDt ẁtHt R= xWwN Qy |QDWt Qta |xQwO VRQ=TBU w s}vm|t Q=Hvyx@
"�11 w 10 pw=OH� OwW|t x@U=Lt xWwN u; QO RFM |=yXN=W VRQ=
?r=k QO u=} QDWt "=yu; Qta |xQwO VRQ= T=U=Q@ u=} QDWt |Ov@VN@ "10
u}= "OvwW|t |Ov@VN@ |QDWt Qta |xQwO VRQ= sQy T=U=Q@ w =yxWwN
|xQwO VRQ= T=U=Q@ =yxWwN ?r=k QO u=} QDWt |Ov@x@DQ |xOvyOu=Wv sQy
sQy w |QDWt |@=} Q=R=@ swyit "CU= xWwN Qy QO xDiQo Q=Qk *u=} QDWt Qta
p=U QO |QDWt Q=DiQ p}rLD w x} RHD w CN=vW |=Q@ |Q=R@= u=wvax@ |QDWt

[16]"OW |iQat 1989
x@U=Lt xWwN Qy QO |QDWt Qta |xQwO VRQ= '|}xWwN p}rLD s=Hv= R= TB
O=H}= |=yxWwN QO =yu; Qta |xQwO VRQ= T=U=Q@ u=} QDWt 'R}vC}=yv QO "OW
QO "Ov=xOW |Ov@VN@ �3 w 2 |=ypmW� |QDWt VRQ= sQy ?r=k QO xOW
|QDWt Qta |xQwO VRQ= |=Q@ xOW u}}aD |OOa Q=Okt 'sQy u}= CU=Q CtU
xWwN u; QO xDiQo Q=Qk u=} QDWt O=OaD R}v u; AJ CtU QO w 'xWwN Qy QO

QO u}Orw@ � T}w}O XN=W T=U=Q@ |@=NDv= |=yxWwN O=OaD "2 Q=Owtv
"p=UQ= |=yxO=O

"lt=}B O} QN |=yxO=O QO xWwN Qy QO =yXN=W VRQ= \UwDt "4 pwOH
|v=w=Qi OYQO �R �F �M xWwN
41 69184 60 103 355222365 1
0 302115 21 5566 25777851680 2
9 667674 1885 28 135958113 3
0 60423 17 2599 7526942780 4
14 80363 1160 42 129253994 5
32 93051 550 68 204761786 6

"lt=}B p=UQ= |=yxO=O QO xWwN Qy QO =yXN=W VRQ= \UwDt "5 pwOH
|v=w=Qi OYQO �R �F �M xWwN
53 62903 497 3684 1628 158 859889 5 1
0 806452 1620 5 13708 41002115 2
0 403226 1365 267030 6838160 3
45 16129 1438 25 1971 839 1143924 4

|iO=YD Qw]x@ =Q �CU=yxWwN O=OaD k xm � k =OD@= k-means sD} Qwor= "OW
"OQ}o|t Q_v QO =yxWwN Rm =Qt u=wvax@ =Q =yv; w Ovm|t ?=NDv= w[a N u=}t R=
R= Oa@ "O@=}|t X}YND xWwN u} QDl}ORv x@ xOv=t|k=@ w[a N-k TBU
xHwD =@ =[a= w OwW|t x@U=Lt =yxWwN Rm =Qt ,=OOHt =[a= |xty X}YND
O@=}|t xt=O= QOkv; Q=m u}= "OvwW|t xO=O X}YND =yxWwN x@ O}OH Rm =Qt x@

[18]"Ov=t@ C@=F =yxWwN Rm =Qt =D
Qy QO =yXN=W VRQ= \UwDt %xWwN Qy QO =yXN=W VRQ= \UwDt u}}aD "6
5 w 4 pw=OH QO �lt=}B p=UQ= w O} QN |=yxO=O� xO=O xwQo wO QO xWwN

"CU= xOW xO=O V}=tv
|wQ xm |Oa@ C=@U=Lt |=Q@ "xWwN Qy RFM |=yXN=W uOQm Q=Hvy "7
R= xOt; CUO x@ |=yXN=W u}ov=}t CU= sRq s}yO|t s=Hv= =yxWwN
VwQ R= =yXN=W uOQmQ=Hvy |=Q@ xr=kt u}= QO "s}vm Q=Hvyx@ =Q p@k |xrLQt
|R=Up=tQv Qou=Wv 2 |x]@=Q "CU= xOW xO=iDU= min-max |R=Up=tQv

"CU= min-max

z0t : xi � xmin

xmax � xmin
(2)

|=yxO=O� xO=O xwQo Qy QO xWwN Qy |xOWQ=Hvyx@ |=yXN=W 7 w 6 pw=OH QO
"CU= xOW C@F �lt=}B p=UQ= w O} QN

31



"""|
ywQo

lt
=}Bp

=UQ=
wO}

QN
QOu

=}QDW
tQ=

DiQ
p}rL

D"lt=}B O} QN |=yxO=O |}xWwN p}rLD "8 pwOH
O} QN |=yxO=O |=yxWwN

6 5 4 3 2 1
"## ### """ ### """ "## �RFM� =yXN=W VRQ= \UwDt C}a[w

4; 4; 4 5; 5; 6 1; 2; 2 6; 6; 5 2; 1; 1 3; 3; 3 =yXN=W VRQ= \UwDt x@DQ

"lt=}B p=UQ= |=yxO=O |}xWwN p}rLD "9 pwOH
p=UQ= |=yxO=O |=yxWwN

4 3 2 1
### #"" #"" "## �RFM� =yXN=W VRQ= \UwDt C}a[w

3; 3; 3 2; 1; 2 4; 2; 1 1; 4; 4 =yXN=W VRQ= \UwDt |x@DQ

|=yxO=O QO xWwN Qy �CLV� u=} QDWt Qta |xQwO VRQ= |x@U=Lt "11 pwOH
"lt=}B p=UQ=

CLV x@DQ CLV xWwN
3 0 782143 1
2 1 137242 2
1 1 476076 3
4 0 324459 4

|=yxO=O QO xWwN Qy �CLV� u=} QDWt Qta |xQwO VRQ= |x@U=Lt "10 pwOH
"lt=}B O} QN

CLV x@DQ CLV xWwN
3 1 002634 1
1 2 993243 2
6 0 099806 3
2 1 751897 4
5 0 451975 5
4 0 753996 6

"O} QN Ov}=Qi QO |QDWt Qta |xQwO VRQ= sQy "2 pmW

"p=UQ= Ov}=Qi QO |QDWt Qta |xQwO VRQ= sQy "3 pmW

32



xO=R}
rax

}tU
wp

qH
|O

=@a
=vwt 3 |xWwN x@C@Uv =t=CU= |@ wr]t=vC}a[w QO sy xWwN u}= %5 |xWwN "6

O} QN x@ s}tYD R}v xWwN u}= u=} QDWt OUQ|t Q_v x@ "OQ=O |QDy@ C}a[w
CmQW &OQ=O OwHw =yu; uOv=OQoQ@ |=Q@ |O}t= |=H Rwvy =t= Ov=xDiQo uOQmv
u=} QDWt =Q =yu; u=wD|t u}=Q@=v@ "Ov=OQoQ@ =Q =yv; |}=yCU=}U P=ND= =@ O}=@

"O}t=v OOQt

QO xOvvmu}}aD XN=W %lt=}B p=UQ= |=yxO=O p}rLD "2"5
(F) |Ov@xWwN

|xWwN I}y 'u=} QDWt |r=UQ= |=yxO=O Q@ xDiQo s=Hv= |}xWwN p}rLD x@ xHwD =@
lt=}B p=UQ= Q_v R= C}=U pm QO Cio u=wD|t u}=Q@=v@ 'OQ=Ov OwHw |@ wr]t ,qt=m
Qta |xQwO VRQ= sQy T=U=Q@ =Q =yxWwN xt=O= QO "OQ=Ov Q=Qk |@ wN C}a[w QO

%s}vm|t |UQQ@ u}}=B x@ q=@ R= '=yv; u=} QDWt
CU= |v=Um x@ jraDt xWwN u}= %�xDWPo QO p=ai Q=}U@ u=} QDWt� 3 |xWwN "1
|r=UQ= |=ylt=}B pm O=OaD w p=UQ= C=aiO O=OaD =t= Ov=xDW=Ov |r=UQ= ,=Q}N= xm
u=W}=yC}r=ai ,=Q}N= xm Ov=xOw@ =t p=ai Q=}U@ u=} QDWt =yu}= "CUq=@ Q=}U@ =yu;
|v=} QDWt pt=W xWwN u}= OUQ|tv Q_v x@ "Ov=xDW=Ov |r=UQ= w CU= xOW sm
uOQw; sy=Qi =@ O}=@ 'OQm s=}B p=UQ= x@ Q=O=w C=i}iND =@ =Q =yu; u=wD@ xm OW=@
p=UQ= x@ =Q =yu; u=wD@ lt=}B p=UQ= sDU}U |=Q@ |QDCL=Q w QDy@ C=v=mt=

"CW=O=w =ylt=}B
'OvQ=O =Q 3 |xWwN u=} QDWt C=}YwYN u=ty %�OwUQB u=} QDWt� 2 |xWwN "2
w 'Ov=xOQm p=UQ= |QDW}@ |=ylt=}B O=OaD p=UQ= Q=@ Qy QO xm Cw=iD u}= =@

"Ov=xDW=Ov |r=UQ= ,=Q}N= xm Ov=xOw@ =t OwUQB u=} QDWt u}=Q@=v@
|t=tD xm CU= |v=} QDWt pt=W xWwN u}= %�OQ=wxR=D u=} QDWt� 1 |xWwN "3
p=UQ= pm O=OaD w p=UQ= C=aiO O=OaD |rw CU=yu; x@ jraDt Q}N= |=yp=UQ=
CU=t OQ=wxR=D u=} QDWt x@ jraDt xWwN u}= OUQ|t Q_v x@ "CU= u}}=B =yu;

"OQm ^iL =Q =yu; |}=yCU=}U P=ND= =@ O}=@ xm
Q=Qk |@ wr]t=v ,qt=m C}a[w QO xWwN u}= %�xDiQ CUOR= u=} QDWt� 4 |xWwN "4
|]UwDt C}r=ai xDWPo QO =yu; =Q} R CU= xDiQ CUOR= u=} QDWt pt=W w OQ=O
w xDWPo =yu; C}r=ai u} QN; R= |O=} R Q=}U@ u=tR Q[=L p=L QO w 'Ov=xDW=O

"Ov=xOQmv xaH=Qt C}=U x@ p=UQ= |=Q@ Rwvy =yu;

=ylt=}B p=UQ= w O} QN QO u=} QDWt Q=DiQ |xU}=kt "3"5
Or}i u=wvax@ u=} QDWt |}=U=vW xQ=tW Or}i '=yxO=O xwQo wO Qy QO xm u}= x@ xHwD =@
w O} QN Ov}=Qi QO =Q u=} QDWt Q=DiQ s}v=wD|t 'xOW xDiQo Q_v QO |Ov@xWwN QO QF=|@
=ylt=}B p=UQ= w O} QN Q=DiQ |xU}=kt R= pY=L G}=Dv "s}vm xU}=kt lt=}B p=UQ=

%R= CU= CQ=@a
OQ=wxR=D u=} QDWt |xWwN QOlt=}B O} QN |=yxO=O |Ov@xWwN QO xm|v=} QDWt "1
|xWwN QO R}v lt=}B p=UQ= |=yxO=O |Ov@xWwN QO 'Ov=xDiQo Q=Qk �|RvQ@�
wO Qy QO |Ov@xWwN CLY R= |m =L Qt= u}= &Ov=xDiQo Q=Qk OQ=wxR=D u=} QDWt

"CU= xwQo
|QPo u=} QDWt |xWwN QO lt=}B O} QN |=yxO=O |Ov@xWwN QO xm |v=} QDWt "2
R= u=} QDWt |xDUO QO R}v lt=}B p=UQ= |=yxO=O |Ov@xWwN QO 'Ov=xDiQo Q=Qk
u}rw= |=Q@ xm u=} QDWt R= |[a@ xm CU=vat u=O@ u}= "Ov=xDiQo Q=Qk xDiQ CUO

|q=@ Kw]U x@ sQy u}= u}}=B K]U R= xJQy '|rm Qw]x@ "CU= xOW XNWt
"CU= xDiQo Q=Qk QDW}@ Qta |xQwO VRQ= =@ |}=yxWwN 's}vm|t CmQL u;
xm s} wW|t xH=wt |v=} QDWt =@ 'sQy u}= T-=Q CtU x@ CmQL =@ '|DQ=@ax@

"OvQ=O CavY u}= |=Q@ |QDW}@ Qta |xQwO VRQ=

|UQQ@ w EL@ "5
QO xOvvmu}}aD XN=W %lt=}B O} QN |=yxO=O p}rLD "1"5

(R) |Ov@xWwN
xHwD =@ "s}vm|t p}rLD =Q xDiQo CQwY |w=mOQwt QO u=} QDWt O} QN |=yxO=O =OD@=
Q=Qk |@ wr]t ,qt=m C}a[w QO 4 w 2 |=yxWwN xOW s=Hv= |}xWwN p}rLD x@
"CiQo Q_v QO =yxWwN u}= |=Q@ =Q |}q] u=} QDWt s=v u=wD|t u}=Q@=v@ "Ov=xDiQo
=@ QDW}@ C=]=@DQ= |Q=QkQ@ =@ CmQW OwW|t O=yvW}B u=} QDWt u}= ^iL Qw_vtx@
Qw_vt u}O@ "Ovm p}O@D OwN Q=O=iw u=} QDWt x@ =Q u=} QDWt u}= =D OWwm@ '=yu;
xO=iDU= u=} QDWt u}= |=Q@ xS} w C=i}iND |x�=Q= Ovv=t =yCU=}U |QUl} R= Ov=wD|t

"Ovm
u; QO xm |v=} QDWt xm CU= p}rO u}= x@ xWwN u}= uOw@ ?wr]t %2 |xWwN "1
xWwN u}= Cio u=wD|t "Ov=xOQm O} QN O=} R Q=}U@ C=aiO O=OaD x@ OvQ=O Q=Qk

"CU=t Q=O=iw w |t}Ok u=} QDWt x@ jraDt
pt=W =Q |v=} QDWt xm CU= ?@U u=O@ xWwN u}= C}@ wr]t %4 |xWwN "2
QDW}@ sHL =@ =t= QDsm O} QN C=aiO O=OaD pw= |xWwN x@ C@Uv xm OwW|t
u=} QDWt |xWwN =Q xWwN u}= u=wD|t u}=Q@=v@ "Ov=xDW=O �O} QN Q=@ Qy QO�

"O}t=v OwUQB
u}=Q@=v@ "Ov=xDiQo Q=Qk |]UwDt C}a[w QO O} QN Q_v R= R}v 6 w 1 |xWwN wO

"O=O ?kr |}xQkv u=} QDWt u=wD|t =Q =yu;
R= =Q =yO} QN u} QN; ,=k}kO xm CU= |v=} QDWt pt=W xWwN u}= %1 |xWwN "3
O=OaD 'pm QO =t= Ov=xOQm O} QN ,=Q}N= xJQo = u=} QDWt u}= "Ov=xO=O s=Hv= C}=U
"CU= u}}=B Qo}O |=yxWwN =@ xU}=kt QO u=WO} QN dr@t pm w O} QN C=aiO
w OvOQ=w xR=D xWwN u}= QO OwHwt u=} QDWt xm CiQo xH}Dv u=wD|t u}=Q@=v@
u}=Q@=v@ "OQm |Q=Pox}=tQU =yu; |wQ O}=@ |t�=O u=} QDWt x@ u=Wp}O@D |=Q@

"O}t=v OQ=wxR=D u=} QDWt =Q u=v; u=wD|t
|r}N u=W}=yO} QN u=tR xm CU= |v=Um x@ jraDt R}v xWwN u}= %6 |xWwN "4
sm Qo}O |=yxWwN x@ C@Uv u=W}=yO} QN dr@t w O=OaD =t= 'CU}v O}OH

"O=yv s=v |QPo u=} QDWt =Q u=v; u=wD|t u}=Q@=v@ "CU=
=yu; u}=Q@=v@ 'OvQ=O Q=Qk |@ wr]t=v ,qt=m C}a[w QO R}v 5 w 3 |xWwN wO
OvQ=O Q=Qk 3 |xWwN QO xm =Q |v=} QDWt "s}t=v|t C}=U |RvQ@ u=} QDWt =Q
xU}=kt QO 5 |xWwN u=} QDWt =t= 'O}t=v R}v p=ai Q}e =} xDiQ CUO R= u=wD|t
u=} QDWt x@ C@Uv =yu; "OvQ=O |QDy@ ,=D@Uv C}a[w 3 |xWwN u=} QDWt =@
=Q =yv; OQm |aU O}=@ |}=yCU=}U P=ND= =@ u}=Q@=v@ 'Ov=xOw@ QDp=ai 3 |xWwN

"CW=O=w C}=U QO C}r=ai x@ xQ=@ wO
C}=U R= QwO |xDWPo QO OvQ=O jraD xWwN u}= x@ xm |v=} QDWt %3 |xWwN "5
=Q u=v; u=wD|t =Pr &Ov=xOQm O} QN sy |tm dr@t w O=OaD x@ w Ov=xDW=O O} QN

"O}t=v xDiQ CUO R= u=} QDWt

33



"""|
ywQo

lt
=}Bp

=UQ=
wO}

QN
QOu

=}QDW
tQ=

DiQ
p}rL

Dx@ RFM pOt R= xO=iDU= =@ |QDWt Q=DiQ p}rLD |xv}tR QO OwHwt Cq=kt |xar=]t
|=yOv}=Qi R= |m} QO u=} QDWt Q=DiQ p}rLD 'Cq=kt |rm x=oO}O xm s}O}UQ xH}Dv u}=
u=} QDWt |=y|oS} w p}rLD =@ w CU= �O} QN Ov}=Qi OQ=wt QFm = QO� u=tR=U QO OwHwt
|O=yvW}B ?wJQ=J "OvQ=O u=tR=U VRQ==@ u=} QDWt |=y|oS} w |}=U=vW QO |aU
,qFt� u=tR=U QO OwHwt |=yOv}=Qi R= |m} QO u=} QDWt Q=DiQ p}rLD |=Hx@ '=t
=@ \=@DQ= QO �syx@ \@DQt� OwHwt |=yOv}=Qi R= |O=OaD QO =yu; Q=DiQ p}rLD '�O} QN
RFM pOt |=yOQ@ Q=m ^iL Q@xwqa ?wJQ=J u}= |x�=Q= R= hOy "CU= |QDWt
CmQL OvwQ u}}aD w =yOv}=Qi u}= QO u=tR=U ha[ w Cwk \=kv X}NWD '|DvU
ha[ w Cwk \=kv hWm =@ =yu=tR=U "CU= u=} QDWt |Q=Oxov w ?PH QO u=tR=U
RQ]x@ Ovv=wD|t 'OwN Cwk \=kv V}=Ri= w ha[ \=kv Vy=m |=Q@ VqD R}v w 'OwN
xm |}=yu=tR=U QO ?wJQ=J u}= "OvWN@ Ow@y@ u=} QDWt =@ =Q OwN \@=wQ |@ wr]t
|=yCmQW Ovv=t 'OvDUy u=tR=U QO OwHwt |=yOv}=Qi Q}oQO s}kDUt Qw]x@ u=} QDWt

"CU= |R=UxO=}B p@=k 'x=Qty uirD |=yQwD=QB= w |]=@DQ= C=tON
u}qv; |ywQo lt=}B CavY QO p=ai CmQW l} |=yxO=O xar=]t u}= QO
lt=}B p=UQ= w O} QN CmQW u}= QO xar=]t OQwt Ov}=Qi wO "CU= xOW |w=mOQwt
l} QO OQwmQ 51534 pt=W OwHwt |=yxO=O "CU= u=} QDWt \UwD u}qv; |ywQo
=yxO=O xwQo wO Qy |wQ =RHt CQwYx@ |w=mxO=O pL=Qt "CU= xy=t xO |v=tR xR=@
'O=Qi= |}=U=vW |xQ=tW^iL x@ xHwD =@ "CU= xDiQo s=Hv= �p=UQ= w O} QN |=yxO=O�
x@ |=yp}rLD w G}=Dv CLY TBU "Ot; sy=Qi =yu; p}rLD w G}=Dv |xU}=kt u=mt=
G}=Dv "CiQo Q=Qk O}}-=D w|UQQ@ OQwtCavY u}= u=oQ@N R= uD OvJ\UwD xOt;CUO
C}=U C=tON R= Q=@u}rw= |=Q@ xm |v=} QDWt OyO|t u=Wv |w=mOQwt u}= R= pY=L
u=Wv OwN R= C}=U x@ CWoQ@ x@ |}xkqa Qo}O �|QPo u=} QDWt� Ovvm|t xO=iDU=
CqmWt OwHw =} C}=U uOw@v OvUB Q@ Q=m R= |W=v u=wD|t =Q pmWt u}= "OvyO|tv
\UwD QDW}@ |=y|UQQ@ w xr�Ut u}= KQ] R= TB xm 'CUv=O lt=}B p=UQ= QO |vi
wQx@ wQ |vi CqmWt |QUl} =@ lt=}B p=UQ= QO C}=U OW XNWt xQ@N O=Qi=
QO xm |v=} QDWt "CU= Q=PoQ}F-=D |QDWt C}=[Q w u; OQmrta Q@ COWx@ xm CU=
p=L QO =yu; C}r=ai w OvDUy uDiQ CUO R= p=L QO QwQt x@ Ov=xOw@ p=ai xDWPo
u=wD|t QwmPt |v=tR xR=@ QO xOW s=Hv= |=y|Ov@xWwN R= |rm Qw]x@ "CU= Vy=m
lt=}B p=UQ= Ov}=Qi QO |v=tR xR=@ u}= QO xar=]t OQwt CmQW xm O}UQ xH}Dv u}= x@
w |t}Ok u=} QDWt uO=O CUO R= p=LQO w CU= xOw@ wQx@ wQ |OH CqmWt =@
?PH x@ jiwt w xOQm pta ?wN lt=}B O} QN Ov}=Qi QO xJQo = 'CU= OwN OwUQB
|}=yQ=my=Q u=} QDWt u}= ^iL |=Q@ O}=@ w CU= xOW O}OH |QDWt |O=} R O=OaD

"OQ}o Q=mx@ =Q

OwN R= C}=U x@ CWoQ@ x@ |}xkqa Qo}O 'Ov=xOQm xO=iDU= C}=U C=tON R= Q=@
CqmWt =} C}=U uOw@v OvUB Q@ Q=m R= |W=v Ov=wD|t pmWt u}= "Ov=xO=Ov u=Wv
QDW}@ |=y|UQQ@ w xr�Ut u}= KQ] R= TB "OW=@ lt=}B p=UQ= QO OwHwt |vi
CqmWt |QUl} =@ lt=}B p=UQ= QO C}=U OW XNWt xQ@N O=Qi= \UwD

"CU= Q=PoQ}F-=D |QDWt C}=[Q w u; OQmrta Q@ ,=O}OW xm CU= wQx@ wQ |vi
|}q] u=} QDWt |xWwN QO lt=}B O} QN |=yxO=O |Ov@xWwN QO xm |v=} QDWt "3
QO w Ov=xDW=Ov |r=UQ= I}y |UQQ@ OQwt xR=@ QO 'Ov=xDiQo Q=Qk �Q=O=iw w |t}Ok�
|UQQ@ OQwt u; Cra O}=@ u}=Q@=v@ "Ov=xDiQo Q=Qk xDiQCUO R= u=} QDWt |xWwN
CUO R= =Q u=} QDWt u}= CmQW Ovm =O}B xt=O= p=wQ u}= Qo = =Q} R 'OQ}o@ Q=Qk

"O=O Oy=wN
u=} QDWt |xWwN QO 'O} QN |=yxO=O |Ov@xWwN QO xm sy |Qo}O u=} QDWt "4
u=} QDWt |xWwN QO sy|r=UQ= |=yxO=O |Ov@xWwN QO 'Ov=xOw@ �OwUQB�|}q]
OwUQB u=} QDWt u}= ^iL |=Q@ u}=Q@=v@ "Ov=xDW=Ov |r=UQ= ,=Q}N= =t= Ov=xOw@ OwUQB

"OQm |UQQ@ sy =Q ẁ[wt u}= Cra O}=@
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