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-/D>F0(8SD-<<
< F#5"0C*+-/D,.=%53O+.- !C#F>4!O-O&+/7#57->4H4#9)Q$0H#715 !<(Geo- 
graphic Information System<I5?'<GIS)<>6?K'27(9,I=>IV-6?D-4/KWSK9>F0('#.N#<
F55$$#FF"@#%F10< (hot spot)< O(+F#5HSFT#!5*D9-/D$/"*1L;%5379!!,-F#5"0C*+'+Q@<<
X<8='<!?'<
< YZ>6?K'53:;:50>"[4/K>F0(!(/&*F45*6+!,-%50$#[7Q9<(hot spot) ,-F5;9>46\<
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< ]Z<>6?K'HSFT#I#%BCC*+4/K>F/K+"8='9F*:F#5>F0(>I1;!(/&*F45*6+!<,-29@4/K>F/K+"\<
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>C=#I-=#4/K1P5"C<<<
< XZ>6?K'75=#9$#15F#5%U'9F*-F#5F534PM0(,-!"#$M0(&*F45*6+ !4/KJ(=C#F
F#5HSFT#<<WSK9>$?K'-PJ%,.=%53O+.-!2&="C34P,I=!"#$M0(%53>)4-/D&(&9
< ,-F#5HSFT#!5* D9-/ D'#H*+4^T_/,-F&; @$'#.N#"04+#>.09-0>"H"04+#<
(Ecological Criminology)< ,-F#5FPI-(F5':2-"!0(,-F#5HSFT#< J(=2F@<
4^T_/I-=#1@#921F< (Broken Windows Theory)<4^T_/!"#$J5=53>:/+:4#9<
7*9!$< (Social Disorganization Theory)<4^T_/F#5%U'9F*-'#.N#F55$O(+<
7)#62"(&='$< (Theory of Crime Prevention Through Environmental 

Design: CPTED)<2&34^T_/F0CF55$%53CP"*-<(The Routine Activity Theory)<
O(+,.=8='$Q&F#55*:2C=9>I1;C#F%53.#.-,->81F5;9>46$I#-!5,-.@"9
>"&#<Y<%`<a1*D921@<Y<$Z!Z<b<XY<cZ!Z<]ddef<8='$Q&J(=5*:F#5%53$"&M&O(+-P
7L#-4/K>F0(>I1;,-!(/&*F45*6+ !4/K$/F#55*:2C=9>I1;$#FPI-(C;(&9:-2M-4/K<
O(+,.=O%52F5$7#57->4H4#9)Q$0H#715!>6?K',I=>IV-LS9F#5F53C;F1*"8'97L#-4/K<
>F0(>I1;&*F45*6+ !< O(+6?D-4/KWSK9J(=5*:F#553:;"@#>%A-6?D-4/KWSK9>F0(>I1;&*F45*6+ !<
CP-"-$#F<(hot spot)<<$/6?D-4/K>6/+95='+&3<<]Ze]<<8'94*D9F5;9>46g<<21@$/F#5<
2C=9>I1;&*F45*6+!LS95='+&3<YhZYi<8'9>I1;&*F45*6+!4/K2C=94*D9I$(<<<



< ![3MQ="0C*+J(=>FV:8='$Q&1#$6?D-4/KWSK9>F0(>I1;&*F45*6+ !CP-"-$#F(="+
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Yed<!-<<F#57*$)#T[ !2::>C#3&SF<(in-depth interview)<MQ=>./K+".#NCP-"-<
X<4@#-<C#F-*D-8='$Q&J(=5*:F#5"0>!5#3I !<O(+$/F#5>%5/+:>4/+:F*:6?D-4/KWSK9$/>I1;
&*F45*6+ !>F0(8SD--='+< 8='$Q&C#FF#5"0>!5#3I !J(=LQF-PJ%,.=,-F#5%53.;$F&;@$<
+@'+< (focus group)< CP-"-< X<!5*D9C-J(=8='75;%,->5?K'9%BCC*+4/K>F/K+"8='9F*:<
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7*9!$< >.?D'.#10< 2&3'#./6,-:50>"[>(/+"F*-< (heterogeneous society) 

$/!"#$>7?K'$O45$4#970K92"(&='$(=#-F#+)#62&34#97*9!$<(physical envi- 
ronment and social deterioration)< $/F#5&3>$0(F_I$#+8'9!-,-.;$.-<<
(acceptation of law breaking) 2&3F#5J$@>8=$9"(,-F#5:*9!*:,.=F_I$#+<<
(lax law enforcement)<8'9>C=#I-=#4/K<2&3J$@$/!"#$>6/+96',-F#5%U'9F*-<
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 The safety of lives and property of  civilians is the fundamental 

factor in developing a society like Thailand in a continuous and 

steady manner. Theft (i.e. residential burglary, larceny, and auto 

theft) is causing a big problem for the entire society.  Despite this 

theft occurring in a great number of cases every year, the clearance 

rate by police is obviously low compared to other crime offenses. 

Thus, the way to solve this problem cannot depend solely on police 

clearance, but also on research to ! nd ways to prevent this type of 

crime from occurring.

 This study utilized GIS (Geographic Information System) 

technology to identify the areas of theft hot spots and has three 

main research objectives:

 1. To generate a crime map of theft and identify hot spots for 

this type of crime in Bangkok

 2. To ! nd out the factors related to the occurrences of theft 
in the environments that attract motivate offenders, opportunity, 

victims, and the police

 3. To suggest prevention measurements for theft offenses in 

order to reduce this crime   
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 The study is based on Ecological Criminology, i.e. Broken 

Windows Theory, Social Disorganization Theory, Theory of Crime 

Prevention Through Environmental Design, and Routine Activity 

Theory, to create a conceptual framework.  It utilized call for police 

service data from the Metropolitan Police Bureau during a one year 

period, January 1-December 31, 2007.  The crime locations were 

plotted on a digital map using GIS software in order to identify the 

theft hot spots.  The hot spots cover only 2.02% of the Bangkok 

area but account for 16.17% of the theft occurrences.  

 The researchers collected the data in the hot spots in the 

various following ways: ! eld observation; interview with three groups 

of 105 people that were theft victims, police responsible for the hot 

spot areas, and people living in the hot spot areas; and in-depth 

interviews with three experts. The data then were analyzed and 

compared with the data from the areas with few theft occurrences.  

The results were then used in three focus group meetings, concluding 

with the factors involving theft offenses and the measurements to 

prevent this crime.

 The results of this study indicate that the hot spot areas 

possess the following characteristics: mixed land use, heterogeneous 

society, physical  environment (physical and social deterioration), 

acceptation of law breaking and lax law enforcement, and the lack 

of self-protection and protection from the police. The measurements 

to prevent theft occurrences include the use of proactive patrol 

strategies, the providing of self-protection education and changing 

behaviors focusing on persons at risk of being theft victims, the 



encouragement of people in communities to coordinate in order to 

prevent crime, the improvement of physical and social environments, 

and stricter enforcement of law. Future research should pay attention 

to the areas without or with little theft, as well as the areas outside 

Bangkok.          

Keywords:   Crime mapping, Analysis of Burglary Hot Spots, GIS, 

Bangkok      
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 LÇÒT&K%´U-2V¹ª4ÇÔµJK(GÃ-¾2 !ÊÔ¹3%;&Ã(ªÒª¹JK(LÇÒTÊ;DÊØ33%;DCÒ¹
ETW%;¹-DÇQÒE&X¹&Y99-2¾W@¹ZÒ¹V¹7ÒÃ¾-.¹Ò&Ã(EG<V,C7CÒÇA&3CÒ;,¹CÒ%2QÒ;T-[¹L;JK(T4 
EÊ\42ÃUÒ¾ G-@;¹4@9F¹Ç¹L´4JK(LÇÒTÃØ¹JÃ;3%;%Òª8Ò7ÃÃTT4OK7Ã(GDµQ%LÇÒTÃPCÊR7 
&K%´U-23%;&Ã(ªÒª¹]R[;Ã-ZDÒK9FE&X¹µC%;VªC;D&Ã(TÒM9F¹Ç¹TÒ7V¹7ÒÃJ7CA3JK( 
LÇDLØT&Y8,Ò  %47G-@;&Y8,Ò%Òª8Ò7ÃÃT2-;ÊQ;OKµQ%7ÒÃ¾-.¹Ò&Ã(EG<V¹´CÒ¹µQÒ;^
%47 ĆÇ2 9(E,_¹A ĆÇQÒGØ7^ &̀Ã-ZDÒKµC%;ÊP8EÊ42E;Ô¹A&E&X¹9F¹Ç¹TÒ7ÊF,Ã-D7ÒÃ9-́ 7ÒÃ
7-D&Y8,Ò¹4@ ]R[;,Ò7¾Ô9ÒÃMÒE;Ô¹;D&Ã(TÒMG4[E74[2Ç3C%;7-D&Y8,Ò%Òª8Ò7ÃÃTG4[µ-@;AÇC
µÒT,¹QÇ2;Ò¹µQÒ;^ EªQ¹  ÊF¹-7;Ò¹µFÃÇ9J,Q;ªÒµÔ  7Ã(GÃÇ;2ØµÔ¸ÃÃT  7Ã(GÃÇ; 
ÊÒ¸ÒÃMÊØ3 7Ã(GÃÇ;7ÒÃGQ%;EG4[2ÇJK(74aÒ bKb JKCÇ9(E&X¹E;Ô¹G4[ÊP;TÒ7G4E´42Ç  

7ÃØ;EG¾T,Ò¹LÃ ¹-DÇQÒE&X¹ETW%;G4[T47ÒÃ¾-.¹ÒJK(E9ÃÔ8EµÔDâµ%2QÒ;ÃÇ´EÃ_Ç 
JK(µQ%E¹W[%; T47ÒÃ32Ò2LÇÒTE9ÃÔ8%%79Ò7DÃÔEÇM<P¹2!7KÒ;3%;ETW%;%2PQµK%´EÇKÒ 
&Ã(7%D7-DLÇÒTE&K4[2¹J&K;G-@;GÒ;´CÒ¹E<ÃSZ7Ô9JK(Ê-;LTGFV,C7ÃØ;EG¾T,Ò¹LÃ 
µC%;EOªÔ87-D&Y8,Ò´CÒ¹µQÒ;^ %ÒGÔEªQ¹ 7ÒÃ¾-.¹ÒG4[ÊQ;OKµQ%&Ã(ªÒª¹7KØQTµQÒ;^  
%2QÒ;ATQEGQÒEG42T7-¹ 7ÒÃ%¾2¾3%;JÃ;;Ò¹G4[2CÒ2E3CÒTÒGF;Ò¹V¹ETW%; 7ÒÃE¾Ô[T3R@¹3%; 
ªØTª¹J%%-´ LÇÒT2Ò79¹ JK(&Y8,Ò%Òª8Ò7ÃÃT â´2Ec¾Ò(%2QÒ;2Ô[;LÇÒTOÔ´E74[2Ç 
7-D7ÒÃK-7GÃ-¾2 !]R[;E7Ô´3R@¹V¹GØ7^ Ç-¹JK(ÊÃCÒ;LÇÒTÊP8EÊ42J7Q&Ã(ªÒª¹G-[ÇA&E&X¹ 
9F¹Ç¹TÒ7
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L´4LÇÒTOÔ´&Ã(EUGK-7GÃ-¾2 !¹-@¹\W%ÇQÒE&X¹&Y8,ÒG4[7Q%V,CE7Ô´LÇÒTE´W%´ÃC%¹ 
J7Q&Ã(ªÒª¹â´2G-[ÇA&%2QÒ;7ÇCÒ;3ÇÒ;ATQEc¾Ò(JµQ¾W@¹G4[V´¾W@¹G4[,¹R[;  %47G-@;LÇÒTOÔ´ 
&Ã(EUG¹4@T4E7Ố 3R@¹E&X¹9F¹Ç¹TÒ7V¹JµQK(&̀ JµQE9CÒ,¹CÒG4[µFÃÇ9ÊÒTÒÃ\9-D7ØTOPCµC%;,Ò 
TÒ´FE¹Ô¹L 4́A ĆV¹Ê-´ÊQÇ¹G4[¹C%2ETW[%EG42D7-DLÇÒTOÔ´&Ã(EUG%W[¹  G-@;¹4@%Ò9E&X¹E¾ÃÒ( 
LÇÒT2Ò7V¹7ÒÃÊWDÊÇ¹JK(EªW[%Tâ2;,Òµ-ÇL¹ÃCÒ2V¹JµQK(L´4 ETW[%´PÊ\ÔµÔ7ÒÃE7Ô´L 4́G4[
E3CÒTÒÊPQ7ÒÃD-¹GR73%;E9CÒ,¹CÒG4[µFÃÇ9 JK(7ÒÃ9-D7ØTOPCµC%;,ÒV¹ªQÇ;&̀ ¾#<# 0dd> 
V¹E3µ7ÃØ;EG¾T,Ò¹LÃ JKCÇ&ÃÒ7eÇQÒT47ÒÃÃ-DJ9C;ÃÇT >fghfd L 4́ JµQT47ÒÃ9-D7ØT 
OPCµC%;,ÒA ĆE¾42; =gh5f ÃÒ2 HÊ\ÔµÔL 4́%Ò8Òg 0dd>I G-@;¹4@2-;ATQ¹-DÃÇTL 4́K-7GÃ-¾2!G4[ 
E7Ố 3R@¹G4[ATQT47ÒÃD-¹GR7E¹W[%;9Ò7ÊÒE,µØµQÒ;^ HEªQ¹ OPCEÊ42,Ò2ATQA ĆJ9C;LÇÒTµQ%µFÃÇ9  
,ÃW%T47ÒÃJ9C;JµQE9CÒ,¹CÒG4[µFÃÇ9ATQA ĆD-¹GR7AÇCI 9Ò7Ê\ÔµÔV¹&Ã(EG<Ê,ÃÒª%ÒMÒ9-7Ã
¾DÇQÒ7ÒÃ7Ã(GFOÔ´K-7GÃ-¾2!&Ã(EUGµQÒ;^ G4[E3CÒÊPQ7ÒÃD-¹GR73%;E9CÒ,¹CÒG4[µFÃÇ9¹-@¹T4
E¾42;,¹R[;V¹ÊÒT,ÃW%&Ã(TÒMÃC%2K( 55 EGQÒ¹-@¹ ABecorded Cr/7e C/51resD ;EEFG  

ÊF,Ã-Dµ-ÇEK33%;&Ã(EG<AG2¹-@¹2-;ATQT4µ-ÇEK3G4[2W¹2-¹A ĆÇQÒ7ÒÃ7Ã(GFOỐ K-7GÃ-¾2!E3CÒ 
ÊPQ7ÒÃD-¹GR73%;E9CÒ,¹CÒG4[µFÃÇ9V¹Ê-´ÊQÇ¹EGQÒV´ ETW[%´PJ¹Çâ¹CT3%;L 4́G4[T47ÒÃÃ-DJ9C; 
JK(7ÒÃ9-D7ØTJKCÇ9(¾DÇQÒ L´4G4[T47ÒÃÃ-DJ9C;T4J¹Çâ¹CT7ÒÃE¾Ô[T3R@¹,ÃW%K´K;DCÒ;EK_7
¹C%2 V¹ªQÇ;EÇKÒµQÒ;^ 3%;&̀ JµQ9F¹Ç¹7ÒÃ9-D7ØT¹-@¹LQ%¹3CÒ;9(L;G4[ H ṔJO¹UÒ¾ >I

   

JO¹UÒ¾ > Ê\ÔµÔ7ÒÃÃ-DJ9C;JK(9-D7ØTV¹L 4́K-7GÃ-¾2!3%;7%;D-8ªÒ7ÒÃµFÃÇ9¹LÃDÒK 
V¹&̀ ¾#<#0dd>



1'2 ÃÑ°»ÃÐÈÒÊ¹ÈÒÊµÃ !

´-;¹-@¹7ÒÃJ7C&Y8,Ò%Òª8Ò7ÃÃTâ´2Ec¾Ò(LÇÒTOÔ´E74[2Ç7-D7ÒÃ7Ã(GFOÔ´
K-7GÃ-¾2 !¹-@¹ATQÊÒTÒÃ\J7CA´Câ´2%Ò<-27ÒÃ9-D7ØT3%;E9CÒ,¹CÒG4[µFÃÇ9E¾42;%2QÒ;E´42Ç  
JµQLÇÃT47ÒÃ<R7SÒÇÔ9-2E¾W[%,Ò,¹GÒ;&i%;7-¹ATQV,CLÇÒTOÔ´&Ã(EUG¹4@E7Ô´3R@¹  µÒTJ¹Ç 
LÇÒTLỐ G4[ÇQÒ7ÒÃ&i%;7-¹2Q%T 4́7ÇQÒ7ÒÃµÒTJ7C&Y8,Ò,K-;9Ò7G4[E7Ố 3R@¹JKCÇ %2QÒ;AÃ7_µÒT 
7ÒÃ<R7SÒE¾W[%&i%;7-¹7ÒÃ7Ã(GFOỐ ¹-@¹9(µC%;T4LÇÒTEc¾Ò(E9Ò(9;V¹&Ã(EUGLÇÒTOỐ   
E¹W[%;9Ò7LÇÒTJµ7µQÒ;7-¹3%;&Y99-2G4[E74[2Ç3C%;7-D7ÒÃ7Ã(GFJK(7ÒÃ&i%;7-¹ A´CJ7Q  
Ç-µ\Ø&Ã(Ê;L!,ÃW%E&iÒ,TÒ23%;7ÒÃ7Ã(GFOÔ´ OPC7Ã(GFOÔ´ K-7SM(3%;OPCG4[µ7E&X¹E,2W[%
JK(Ê\Ò¹G4[E7Ô´E,µØ â%7ÒÊV¹7ÒÃ7Ã(GFOÔ´ E&X¹µC¹ V¹7ÒÃ<R7SÒLÃ-@;¹4@9R;7F,¹´ 
3%DE3µ7ÒÃ<R7SÒAÇCEc¾Ò(LÇÒTOỐ E74[2Ç7-D7ÒÃK-7GÃ-¾2!E¹W[%;9Ò7T4L 4́&Ã(EUG¹4@E7Ố 3R@¹ 
9F¹Ç¹TÒ7V¹GØ7¾W@¹G4[  

7ÒÃÇÔ9-2¹4@VªC&Ã(â2ª¹!9Ò7EGLâ¹âK24ÊÒÃÊ¹EG<GÒ;UPTÔ<ÒÊµÃ ! AGeo5rap,/c 
InJor7at/on +Kste7 ,ÃW% GI+G E¾W[%JÊ´;V,CE,_¹¾W@¹G4[]R[;E7Ố %Òª8Ò7ÃÃTTÒ77ÇQÒ&7µÔ 
A,ot spotG â´27ÒÃ<R7SÒLÃ-@;¹4@T4Ç-µ\Ø&Ã(Ê;L!V¹7ÒÃÇÔ9-2%2PQ 5 3C% LW% 
 ># E¾W[%Ã(DØDÃÔEÇMG4[E7Ô´L´4K-7GÃ-¾2 !V¹&ÃÔTÒMÊP; A,ot spotG V¹7ÃØ;EG¾j 
T,Ò¹LÃ
 0# E¾W[%<R7SÒ,Ò&Y99-2G4[E74[2Ç3C%;7-D7ÒÃE7Ô´E,µØL´4K-7GÃ-¾2 !V¹J;QG4[E74[2Ç3C%;
7-DÊUÒ¾JÇ´KC%TV¹G4[E7Ố E,µØ â%7ÒÊV¹7ÒÃ7Ã(GFOỐ  OPCEÊ42,Ò2 JK(E9CÒ,¹CÒG4[µFÃÇ9   
 5# E¾W[%ÊÃCÒ;TÒµÃ7ÒÃ&i%;7-¹7ÒÃ7Ã(GFOÔ´V¹LÇÒTOÔ´K-7GÃ-¾2 !G4[A´C9Ò77ÒÃ
<R7SÒ ]R[;ETW[%¹FA&VªC&Ã(â2ª¹!JKCÇ9(GFV,CLÇÒTOÔ´&Ã(EUG¹4@K´K; 

¡ÒÃ·º·Ç¹ÇÃÃ³¡ÃÃÁ

 V¹7ÒÃ<R7SÒLÃ-@;¹4@%Ò<-2GkSl4V¹7KØQT%Òª8ÒÇÔG2ÒEªÔ;¹ÔEÇ<ÇÔG2Ò ALco#o5/ca#
Cr/7/no#o5KG V¹7ÒÃ7F,¹´7Ã%DJ¹ÇLÔ´V¹7ÒÃ<R7SÒ A´CJ7Q GkSl4,¹CÒµQÒ;Jµ7 
AMro?en N/ndo4s O,eorKG GkSl4LÇÒTAÃCÃ(ED42DGÒ;Ê-;LT A+oc/a# P/sor5an/Qat/on 
O,eorKG GkSl47ÒÃ&i%;7-¹%Òª8Ò7ÃÃTâ´2ÊUÒ¾JÇ´KC%T AO,eorK oJ Cr/7e !re6

vent/on O,ro15, Lnv/ron7enta# Pes/5n8 C!OLPG JK(GkSl47Ô97ÃÃT&Ã(9FÇ-¹ 
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AO,e Bo1t/ne Act/v/tK O,eorKG E&X¹µC¹ V¹KF´-D\-´A&9(E&X¹7ÒÃ7KQÒÇ\R;GkSl4G-@; 
= 3CÒ;µC¹¾ÃC%TG-@;;Ò¹ÇÔ9-2G4[Ê¹-DÊ¹Ø¹´-;µQ%A&¹4@  

># GkSl4,¹CÒµQÒ;Jµ7 AMro?en N/ndo4s O,eorKG GkSl4¹4@7KQÒÇ\R;7ÒÃ 
Ã-7SÒLÇÒTE&X¹Ã(ED42DJK(LÇÒTEÃ42DÃC%23%;ªØTª¹  ]R[;LÇÒTE&X¹Ã(ED42DV¹ªØTª¹ 
¹4@EªW[%ÇQÒÊÒTÒÃ\,2Ø´2-@;7ÒÃE&K4[2¹J&K;G4[E&X¹Ç;9ÃG4[9(¹FA&ÊPQÊUÒ¾3%;ªØTª¹G4[ATQ 
&ÃÒÃ\¹ÒA´C ÊUÒ¾GÒ;Ê-;LTG4[ATQ&ÃÒÃ\¹Ò¹4@JÊ´;V,CE,_¹A´C9Ò77ÒÃ7Ã(GFOÔ´EK_7^ 
¹C%2^ G4[9(¹FA&ÊPQ7ÒÃ7Ã(GFOÔ´G4[ÃØ¹JÃ;3R@¹V¹%¹ÒLµ LÇÒTAÃCÃ(ED42DV¹ªQÇ;JÃ7 
G4[E7Ố 3R@¹9Ò77ÒÃK(ETỐ 7lEK_7¹C%2 ]R[;9(ÊÃCÒ;K-7SM(Ê-;LTG4[E%W@%µQ%7ÒÃ7Ã(GFLÇÒTOỐ  
9Ò7¹-@¹7ÒÃ7Ã(GFOÔ´9(GÇ4LÇÒTÃØ¹JÃ;JK(LÇÒT\4[TÒ72Ô[;3R@¹9¹7KÒ2E&X¹ÊUÒ¾Ê-;LT
G4[T4%-µÃÒ7ÒÃE7Ô´%Òª8Ò7ÃÃTÊP; AN/#son and 0e##/n5D <TF;G â´2ÊÃØ&JKCÇGkSl4¹4@
EªW[%Tâ2;7ÒÃ7Ã(GFOÔ´EK_7^ ¹C%2^ UÒ2V¹Ê-;LTG4[¹FA&ÊPQ7ÒÃ7Ã(GFOÔ´G4[TÒ73R@¹A&9¹
\R;7ÒÃ7Ã(GFG4[E&X¹LÇÒTOÔ´GÒ;%Ò8Ò

N/#son JK( 0e##/n5 A<TF;G 2-;ª4@V,CE,_¹%47ÇQÒ¾kµÔ7ÃÃTG4[GØ7L¹&KQ%2&(K(EK2 
ATQVÊQV9µQ%LÇÒTE&X¹Ã(ED42DV¹G4[ÊÒ¸ÒÃM(UÒ2V¹ªØTª¹ Ap1b#/c orderG 9(GFV,CÊP8j
EÊ42]R[;LÇÒTÊÒTÒÃ\V¹7ÒÃÃ-7SÒÃ(ED42D3%;ªØTª¹ 7ÒÃ9-D7KØQT3%;¾Ç7Ç-2ÃØQ¹µÒT 
TØT\¹¹,ÃW%Ê\Ò¹G4[µQÒ;^ 9(T4TÒ72Ô[;3R@¹ L¹ETÒÊØÃÒ9(T4V,CE,_¹µÒTGC%;\¹¹ ¾Ç7L¹
9Ã9-´9(%Ò<-2LÇÒTAÃCÃ(ED42DG4[E7Ô´3R@¹â´2%Ò<-2,K-D¹%¹µÒTG4[ÊÒ¸ÒÃM(3%;ªØTª¹  
32(T4V,CE,_¹%2PQG-[ÇA& ¾Ç7L¹9Ã9-´JK(3%GÒ¹9(7KCÒG4[9(%%7TÒ3%E;Ô¹7-DL¹G4[OQÒ¹ 
A&TÒV¹G4[ÊÒ¸ÒÃM(  ÊUÒ¾7ÒÃM !E,KQÒ¹4@ª4@V,CE,_¹\R;LÇÒTATQVÊQV9µQ%LÇÒTE&X¹Ã(ED42D 
EÃ42DÃC%23%;ªØTª¹JK(9(¹FA&ÊPQ7ÒÃ7Ã(GFLÇÒTOỐ GÒ;%Ò8Ò  A ĆJ7Q7ÒÃGFÃCÒ2ÃQÒ;7Ò2 
â´2L¹9Ã9-´  7ÒÃªÔ;GÃ-¾2 !,ÃW%3QT3W¹7Ã(GFªFEÃÒ,8Ô;V¹G4[E&K4[2Ç 7ÒÃª7µQ%27-¹3%; 
¾Ç7Ç-2ÃØQ¹V¹G4[ÊÒ¸ÒÃM( 7ÒÃEÊ¾JK(9F,¹QÒ22ÒEÊ¾µÔ´ 7ÒÃK-7GÃ-¾2! 7ÒÃEµÃ_´EµÃQ,Ò 
KP7LCÒ3%;âÊEUM4µÒTGC%;\¹¹ 7ÒÃ3âT23%;V¹Ã\2¹µ!G4[9%´GÔ@;AÇC 7ÒÃ&KC¹GÃ-¾2!]R[; 
L¹ETÒJK(KP7LCÒG4[VªCDÃÔ7ÒÃ9Ò7,8Ô;3Ò2DÃÔ7ÒÃE&X¹OPC\P77Ã(GF E&X¹µC¹
 GkSl4,¹CÒµQÒ;Jµ7¹4@T47ÒÃ¹FA&&Ã(2Ø7µ!V¹;Ò¹ÇÔ9-2,KÒ2ªÔ@¹V¹&Ã(EG<Ê,Ã-Z 
%ETÃÔ7Ò27µ-Ç%2QÒ;EªQ¹ Ne/ss JK( Presser A;EE<G A ĆÃÒ2;Ò¹OK7ÒÃÇÔ9-2G4[T47ÒÃ
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¹FE%ÒJ¹ÇLÇÒTLÔ´µÒTGkSl4,¹CÒµQÒ;Jµ7A&&Ã(2Ø7µ !VªCV¹ETW%;E]¹µ !&`Eµ%Ã !ÊEDÔÃ !7 
V¹TKÃ-ZmK%ÃÔ ĆÒ â´2´FE¹Ô¹7ÒÃ9-´Ã(ED42DªØTª¹V,CT4LÇÒTE&X¹Ã(ED42D ATQ&KQ%2V,CT4 
7ÒÃ7Ã(GFOỐ JTCÇQÒE&X¹EÃW[%;EK_7¹C%2     EªQ¹    7ÒÃ¹FE%ÒL¹ETÒÊØÃÒ%%79Ò7Ê\Ò¹G4[ÊÒ¸ÒÃM(
]R[;&7µÔ9(¾DE,_¹L¹E,KQÒ¹4@µÒTE7CÒ%4@2ÒÇG4[9-́ AÇCÊF,Ã-DL¹G4[E Ố¹GÒ;OQÒ¹A&TÒA Ć¾-7µÒT 
ÃÔT\¹¹ 7ÒÃV,C<P¹2!7ÒÃLCÒ,ÃW%,CÒ;ÊÃÃ¾ÊÔ¹LCÒE7_DÃ\E3_¹ÊF,Ã-D9-D9QÒ2VªCÊ%2V¹,CÒ; 
As,opp/n5 cartG E3CÒAÇCV¹G4[E7_DATQV,CÇÒ;E7(7(V¹G4[ÊÒ¸ÒÃM(]R[;%Ò9E&X¹7ÒÃ2-[Ç2ØV,CL¹  
3âT2Ã\E3_¹A&VªC&Ã(â2ª¹!V¹DCÒ¹3%;µ¹E%;,ÃW%¹FA&3Ò2  7ÒÃATQÊQ;EÊÃÔTV,CT43%GÒ¹ 
µÒTGC%;\¹¹  7ÒÃÊ¹-DÊ¹Ø¹V,CT47ÒÃE¾Ô[TJÊ;AmµÒTGÒ;ÊÒ¸ÒÃM( OK7ÒÃÇÔ9-2¾DÇQÒ
7ÒÃ´FE¹Ô¹7ÒÃE,KQÒ¹4@¹%79Ò7GFV,CE7Ố LÇÒTÊÇ2;ÒTJK(E¾Ô[TLÇÒTT4Ã(ED42D3%;ETW%; 
2Ô[;3R@¹JKCÇ  2-;GFV,C%-µÃÒ7ÒÃE7Ô´%Òª8Ò7ÃÃTGØ7&Ã(EUGK´K;  
   0atQD NebbD JK( +c,aeJer A;EE<G A Ć&Ã(ETÔ¹OK7ÒÃ´FE¹Ô¹7ÒÃµÒT 
âLÃ;7ÒÃE¾Ô[TLØMUÒ¾ª4ÇÔµ AV1a#/tK6oJ6#/Je /n/t/at/veG ]R[;âLÃ;7ÒÃ¹4@9-´GFâ´2,¹QÇ2 
;Ò¹µFÃÇ9V¹ETW%;Jª¹E´%EÃ%Ã ! TKÃ-Z%ÃÔâ]¹Ò AC,and#erD Ar/QonaG E&X¹7ÒÃV,CE9CÒ 
,¹CÒG4[µFÃÇ9%%7&eÔD-µÔ7ÒÃGÒ;2ØG¸ÇÔ¸4E¾W[%LÇDLØTJK(7F9-´LÇÒTATQE&X¹Ã(ED42DG-@; 
GÒ;7Ò2UÒ¾JK(GÒ;Ê-;LT LÇÒTATQE&X¹Ã(ED42DGÒ;7Ò2UÒ¾¹-@¹A ĆJ7Q 32(G4[\P7GÔ@;¹%7 
\-;32(µÒTG4[ÊÒ¸ÒÃM( 7ÒÃ¾Q¹c4´Ê4µÒT7FJ¾;,ÃW%O¹-;µR7E&X¹3C%LÇÒT,ÃW%ÃP&UÒ¾ 
µQÒ;^ A5ra!  t/G 7ÒÃ&KQ%2V,CT4G4[Ã7ÃCÒ;G4[LKØT´CÇ2,8CÒÃ7ª-¹,ÃW%32( E&X¹µC¹ ÊF,Ã-D 
LÇÒTATQE&X¹Ã(ED42DGÒ;Ê-;LTA´CJ7Q 7ÒÃT4,8Ô;3Ò2DÃÔ7ÒÃGÒ;E¾<,ÃW%Ê\Ò¹DÃÔ7ÒÃ 
GÒ;E¾<%2PQµÒTªØTª¹,ÃW%G4[ÊÒ¸ÒÃM( 7ÒÃT47KØQTÇ-2ÃØQ¹9-D7KØQT7-¹J3Q;3-¹LÇÒTEÃ_Ç3%; 
Ã\2¹µ !,ÃW%Ã\9-7Ã2Ò¹2¹µ !,ÃW%9-D7KØQT7-¹EÊ¾2ÒEÊ¾µÔ´ 7ÒÃT43%GÒ¹µÒTGC%;\¹¹  
E&X¹µC¹  ¹%79Ò7âLÃ;7ÒÃE¾Ô[TLØMUÒ¾ª4ÇÔµ¹4@JKCÇ2-;T4âLÃ;7ÒÃ%W[¹G4[´FE¹Ô¹7ÒÃâ´2E9CÒ 
,¹CÒG4[µFÃÇ9V¹K-7SM(E´42Ç7-¹%47µÒTETW%;µQÒ;^  LW%âLÃ;7ÒÃATQG¹%2PQ7-DLÇÒTATQT4
Ã(ED42D AWero6to#eranceG âLÃ;7ÒÃÃ-7SÒÃ(ED42D3%;Ê-;LT AXrder 7a/ntenanceG 

]R[;âLÃ;7ÒÃE,KQÒ¹4@KCÇ¹T4ÃÒ7ZÒ¹TÒ9Ò7J¹ÇLÇÒTLÔ´3%;GkSl4,¹CÒµQÒ;Jµ77ÒÃ<R7SÒ 
OK3%;âLÃ;7ÒÃE¾Ô[TLØMUÒ¾ª4ÇÔµ AV1a#/tK6oJ6#/Je /n/t/at/veG â´2VªC7ÒÃÇÔELÃÒ(,!JDD 
%¹Ø7ÃTEÇKÒ A/nterr1pted t/7e6ser/es ana#Ks/sG V¹¾W@¹G4[E&iÒ,TÒ2G4[T47ÒÃ´FE¹Ô¹ 
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âLÃ;7ÒÃG-@;,T´]R[;T4%2PQ = â]¹ ¾DÇQÒâLÃ;7ÒÃA ĆÊQ;OK%2QÒ;ª-´E9¹µQ%7ÒÃK´%Òª8Ò 
7ÃÃTJK(LÇÒTATQE&X¹Ã(ED42DG-@;´CÒ¹7Ò2UÒ¾JK(7Q%V,CE7Ô´LÇÒTÃPCÊR73%;&Ã(ªÒª¹G4[
4́3R@¹µQ%ªØTª¹

 0# GkSl4LÇÒTAÃCÃ(ED42DGÒ;Ê-;LT A+oc/a# P/sor5an/Qat/on O,eorKG T4 
µC¹7FE¹Ô´TÒ9Ò77ÒÃ<R7SÒ¹ÔEÇ<ÇÔG2Ò3%;T¹ØS2 ! A,17an eco#o5KG â´2¹-7%Òª8Ò 
ÇÔG2ÒªÒÇ%ETÃÔ7-¹ªW[% !ar? A<TY;G G4[% Ô̧DÒ2ÇQÒÊÔ[;T4ª4ÇÔµG-@;,KÒ2ATQÇQÒ9(E&X¹¾Wª,ÃW%Ê-µÇ! 
¹-@¹T4LÇÒTE74[2Ç¾-¹7-¹V¹K-7SM(G4[¾R[;¾Ò]R[;7-¹JK(7-¹ AsK7b/os/sG K-7SM(3%;¾KÇ-µÃ
Ê%;&Ã(7ÒÃG4[T4LÇÒTÊFL-8V¹Ã(DD¹ÔEÇ<ÇÔG2Ò3%;T¹ØS2!¹-@¹A ĆJ7Q &Ã(7ÒÃJÃ7T4LÇÒT 
E&K4[2¹J&K;G4[9(ÊÃCÒ;LÇÒTÊT´ØK AeV1/#/br/17G V,CE7Ô´3R@¹ JK(UÒ2,K-;9Ò7¹-@¹9(T4
7Ã(DÇ¹7ÒÃG4[Ã(DD¾2Ò2ÒTGØ7ÇÔ\4GÒ;G4[9(Ã-7SÒLÇÒTÊT´ØK¹-@¹E%ÒAÇC &Ã(7ÒÃG4[Ê%; 
LW%7Ã(DÇ¹7ÒÃG4[LÇÒTÊT´ØK3%;Ã(DD¹ÔEÇ<¹ !\P7ÃD7Ç¹ â´2E,_¹A Ć9Ò77ÒÃ%2PQÃQÇT7-¹ 
JDD¾R[;¾Ò%Ò<-27-¹3%;¾WªJK(Ê-µÇ!JK(T47ÒÃÊÃCÒ;ªØTª¹GÒ;ª4ÇÇÔG2ÒÃQÇT7-¹E¾W[%V,CE7Ố  
LÇÒT%Ø´TÊTDPÃM !ETW[%%2PQÃQÇT7-¹ ]R[;ÊUÒÇ(EªQ¹¹4@9(ATQE7Ô´3R@¹,Ò7¾Wª,ÃW%Ê-µÇ!¹-@¹J27
7-¹%2PQµQÒ;,Ò79Ò77-¹  

ETW[%,-¹TÒ´PLÇÒTE&X¹%2PQ3%;T¹ØS2 !µÒTETW%;V,8QµQÒ;^ â´2Ec¾Ò(V¹&Ã(EG< 
Ê,Ã-Z%ETÃÔ7Ò9(¾DÇQÒT4LÇÒTLKCÒ2LKR;7-¹G4[ÇQÒT¹ØS2 !V¹ªØTª¹E´42Ç7-¹µQÒ;%2PQÃQÇT7-¹
JDD¾R[;¾Ò%Ò<-2]R[;7-¹JK(7-¹ T¹ØS2 !]R[;T4LÇÒTJµ7µQÒ;7-¹V¹J;QÇ-.¹¸ÃÃT UÒSÒ EOQÒ
¾-¹¸Ø !JK(µC¹7FE¹Ô´3%;Ê\Ò¹G4[E7Ô´µQÒ;¾Ò7-¹TÒ%Ò<-2%2PQÃQÇT7-¹V¹DÃÔEÇMªØTª¹
ETW%;E´42Ç7-¹ DÃÔEÇME,KQÒ¹4@9(T4K-7SM(E&X¹ªØTª¹JK(T4LÇÒTE&X¹E%7UÒ¾ ]R[;V¹ 
ETW%;^ ,¹R[;9(T4ªØTª¹E,KQÒ¹4@9F¹Ç¹TÒ7 ªØTª¹µQÒ;^ 9(OQÒ¹7ÒÃE&K4[2¹J&K;µÒT   
7ÒKEÇKÒJK(9(&Ã-Dµ-ÇE¾W[%V,CE7Ô´LÇÒTÊT´ØKV¹Ã(DD¹ÔEÇ<ÇÔG2Ò ,Ò7&KQ%2V,CE7Ô´7ÒÃ
E&K4[2¹J&K;µÒT¸ÃÃTªÒµÔJDDLQ%2E&X¹LQ%2A& T¹ØS2 !G4[%Ò<-2%2PQV¹DÃÔEÇME´42Ç7-¹9( 
ÃQÇT7-¹ÊÃCÒ;LÇÒTE&X¹ªØTª¹3R@¹E¾W[%V,CE7Ố &Ã(â2ª¹!3%;7ÒÃ%2PQ%Ò<-2ÃQÇT7-¹JDD¾R[;¾Ò 
%Ò<-2]R[;7-¹JK(7-¹ µ-Ç%2QÒ;G4[E,_¹A ĆV¹&Ã(EG<AG2V¹&Y99ØD-¹LW%7ÒÃªQÇ27-¹Ê%´ÊQ%;
´PJKLÇÒTÊ;DEÃ42DÃC%23%;DCÒ¹V¹DÃÔEÇM3CÒ;EL42;ETW[%E¾W[%¹DCÒ¹ATQ%2PQ 7ÒÃªQÇ27-¹  
ṔJKKP7,KÒ¹3%;E¾W[%¹DCÒ¹V¹7ÒÃA&GF7Ô97ÃÃTµQÒ;^ â´2T47ÒÃOK-´E&K4[2¹,TØ¹EÇ42¹ 



7-¹Ã(,ÇQÒ;DCÒ¹G4[%2PQV¹DÃÔEÇMV7KCEL42;7-¹ 7ÒÃ¹F%Ò,ÒÃA&JDQ;&Y¹7-¹Ã(,ÇQÒ;DCÒ¹V¹
DÃÔEÇMV7KCEL42;7-¹ 7ÒÃÃQÇT7-¹ÃMÃ;L !GFLÇÒTÊ(%Ò´¾W@¹G4[ÊQÇ¹ÃÇT3%;L¹V¹ªØTª¹ 
7ÒÃÃQÇT7-¹ÊÃCÒ;ÊÔ[;G4[E&X¹ÊÒ¸ÒÃM&Ã(â2ª¹ !UÒ2V¹ªØTª¹ E&X¹µC¹

%2QÒ;AÃ7_µÒTTÔVªQÇQÒLÇÒTÊT´ØKV¹Ã(DD¹ÔEÇ<ÇÔG2Ò3%;ªØTª¹T¹ØS2 !9(´FÃ; 
%2PQA ĆµK%´A& 7ÒÃÃD7Ç¹9Ò7&Y99-2µQÒ;^ ÊÒTÒÃ\GFV,CÊUÒÇ(ÊT´ØK3%;Ã(DDÊP8j
EÊ42A&A Ć !ar? A<TY;G A Ćª4@V,CE,_¹ÇQÒETW[%E7Ô´LÇÒTE&K4[2¹J&K;]R[;ÊQÇ¹V,8QE7Ô´9Ò7 
7ÒÃ¾-.¹ÒÊ-;LTÊPQLÇÒTE&X¹ETW%;G4[GFV,CE7Ô´LÇÒTE&K4[2¹J&K;%2QÒ;ÃÇ´EÃ_Ç E7Ô´7ÒÃ 
%¾2¾2CÒ2\Ô[¹3%;L¹9F¹Ç¹TÒ7 JK(T4%ØµÊÒ,7ÃÃTE7Ô´3R@¹E&X¹9F¹Ç¹TÒ7 OKG4[µÒT
TÒ%2QÒ;,K47EK4[2;ATQA ĆLW% LÇÒTEÊW[%T3%;7lE7Mn !GÒ;Ê-;LTG4[LÇDLØT¾kµÔ7ÃÃT3%; 
ÊTÒªÔ7V¹7KØQTÊ-;LT GFV,CE7Ô´7ÒÃopÒoq¹7lV¹ÃP&JDDµQÒ;^ ]R[;%Ò9E&X¹7ÒÃopÒoq¹7l 
â´2&Y9E97ª¹V¹Ã(´-DµQÒ;^  G-@;V¹Ã( -́DEK_7¹C%2A&\R;7ÒÃopÒoq¹%2QÒ;ÃØ¹JÃ;%2QÒ;J¾ÃQ
,KÒ2 %-¹9(¹FÊ-;LTâ´2ÃÇTA&ÊPQLÇÒTEÊW[%TâGÃTJK(Ê-;LTG4[AÃCÃ(ED42D AO,o7as Z 

Wnan/ec?/D <TYFG   
GkSl4LÇÒTAÃCÃ(ED42DGÒ;Ê-;LTA´CÃ-DLÇÒTÊ¹V99Ò7¹-7%Òª8ÒÇÔG2ÒE&X¹ 

9F¹Ç¹TÒ7 â´2T47ÒÃ¹FE%ÒGkSl4A&G´Ê%D7-DÊUÒ¾Ê-;LTV¹,KÒ2&Ã(EG<G-@;G4[E&X¹ 
ªØTª¹ETW%;JK(ªØTª¹Ã%D^ ETW%; â´2&Y99-2,K-7G4[¹-7%Òª8ÒÇÔG2ÒE,KQÒ¹4@¹FTÒ% Ô̧DÒ2
7ÒÃE7Ô´%Òª8Ò7ÃÃT¹-@¹T4%2PQ = &Y99-2]R[;E&X¹&Y99-2GÒ;âLÃ;ÊÃCÒ;3%;Ê-;LT LW% LÇÒT 
2Ò79¹ 7ÒÃ%¾2¾2CÒ2\Ô[¹ZÒ¹ 7ÒÃ&(&¹7-¹3%;L¹G4[T4EªW@%ªÒµÔJµ7µQÒ;7-¹ JK(ÊUÒ¾ 
LÃ%DLÃ-ÇG4[Jµ7J27 â´2G4[ªØTª¹V´T4OPC%2PQ%Ò<-2G4[T4ÃÒ2A Ć¹C%2 T4OPCG4[%¾2¾2CÒ2\Ô[¹ZÒ¹
DQ%2E&X¹9F¹Ç¹TÒ7 T4OPC%2PQ%Ò<-2G4[Jµ7µQÒ;7-¹V¹EÃW[%;EªW@%ªÒµÔEOQÒ¾-¹ Ø̧!ÊP; JK(T4LÃ%DLÃ-Ç
G4[ÊÒT4UÃÃ2Ò,2QÒÃCÒ;7-¹E&X¹9F¹Ç¹TÒ7JKCÇ ªØTª¹¹-@¹9(T4%-µÃÒ7ÒÃE7Ô´%Òª8Ò7ÃÃT 
ÊP; ¹%79Ò7¹4@ +a7pson JK( Groves A<TFTG 2-;A Ć32Ò27Ã%DJ¹ÇLÔ´V¹7ÒÃ%¸ÔDÒ2 
7ÒÃE7Ô´%Òª8Ò7ÃÃTâ´2E¾Ô[T&Y99-2G4[L-[¹7KÒ;Ã(,ÇQÒ;&Y99-2GÒ;âLÃ;ÊÃCÒ;3%;Ê-;LT7-D
7ÒÃE7Ô´%Òª8Ò7ÃÃT &Y99-2G4[L-[¹7KÒ;¹4@EÃ427ÇQÒLÇÒTOP7¾-¹GÒ;Ê-;LTUÒ2V¹ªØTª¹ 
Aco771n/tK soc/a# t/esG â´2% Ô̧DÒ2ÇQÒ&Y99-2GÒ;âLÃ;ÊÃCÒ;µQÒ;^ -́;G4[7KQÒÇTÒJKCÇ 
GFV,CE7Ô´OKV¹GÒ;KDµQ%LÇÒTOP7¾-¹GÒ;Ê-;LTUÒ2V¹ªØTª¹µ-Ç%2QÒ;G4[E&X¹ÃP&¸ÃÃT3%;
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LÇÒTOP7¾-¹ -́;7KQÒÇ¹4@A ĆJ7Q LÇÒTÊÒTÒÃ\G4[K´K;3%;ªØTª¹G4[9(LÇDLØTJK(Ê%´ÊQ%;
ṔJKLÇÒT&Ã(¾kµÔ3%;7KØQTÇ-2ÃØQ¹UÒ2V¹ªØTª¹  ELÃW%3QÒ2LÇÒTÊ-T¾-¹¸ !V¹ZÒ¹(E¾W[%¹

3%;L¹V¹ªØTª¹G4[JLDK;,ÃW%T4%2PQ¹C%2TÒ7 JK(7ÒÃÃQÇTJÃ;ÃQÇTV97-¹3%;L¹V¹ªØTª¹
V¹7ÒÃGF;Ò¹ÊQÇ¹ÃÇT3%;ªØTª¹ ÃÇTG-@;7ÒÃ&ÃÒ7e3%;%;L!7Ã,ÃW%,¹QÇ2;Ò¹G4[GF;Ò¹ 
%ÒÊÒÊT-LÃUÒ2V¹ªØTª¹9(T4V,CE,_¹¹C%2 LÇÒTOP7¾-¹GÒ;Ê-;LTUÒ2V¹ªØTª¹G4[T4%2PQV¹ 
Ã( -́DG4[µ[F¹4@E%;9(ÊQ;OKGFV,C%-µÃÒ7ÒÃE7Ố %Òª8Ò7ÃÃTJK(7ÒÃ7Ã(GFOỐ 3%;E _́7JK( 
E2ÒÇª¹ÊP;

5# GkSl47ÒÃ&i%;7-¹%Òª8Ò7ÃÃTâ´2ÊUÒ¾JÇ´KC%T AO,eorK oJ Cr/7e !re6

vent/on O,ro15, Lnv/ron7enta# Pes/5n8 C!OLPG A ĆÃ-D7ÒÃ¾-.¹Òâ´2 [eJJerK 
A<T>>G ]R[;T4,K-7¾W@¹ZÒ¹TÒ9Ò7¸ÃÃTªÒµÔ3%;7ÒÃEÃ42¹ÃPC 7KQÒÇLW% ÊUÒ¾JÇ´KC%TGÒ; 
7Ò2UÒ¾9(GFV,CL¹ÃCÒ2¾-.¹ÒJÃ;7Ã(µØC¹V¹7ÒÃ&Ã(7%D%Òª8Ò7ÃÃT ]R[;T4G-@;LÇÒT 
¾R;¾%V9,ÃW%LÇÒT,ÇÒ´7K-Ç9Ò77ÒÃ&Ã(7%D%Òª8Ò7ÃÃT EªQ¹ L¹ÃCÒ29(\P77Ã(µØC¹ 
V¹7ÒÃK;TW%7Ã(GFOỐ ,Ò7¾DE,_¹DCÒ¹EÃW%¹G4[µ-@;%2PQV¹]%2E&K4[2Ç]R[;ATQT4AmmiÒÊQ%;ÊÇQÒ; 
,ÃW%ATQLQ%2T4OPCL¹Ê-89ÃA&TÒ ,ÃW%L¹ÃCÒ29(GF7ÒÃK-7Ã\9-7Ã2Ò¹2¹µ!G4[9%´AÇCV¹,CÒ;
ÊÃÃ¾ÊÔ¹LCÒG4[ATQT4Ã(DDLÇDLØT7ÒÃE3CÒ%%73%;2Ò¹¾Ò,¹(G4[´4 bKb ´-;¹-@¹ ÊUÒ¾
JÇ´KC%TGÒ;7Ò2UÒ¾3%;Ê\Ò¹G4[9R;E&X¹&Y99-2ÊFL-8V¹7ÒÃLÇDLØT¾kµÔ7ÃÃT3%;L¹ 
ÃCÒ2A Ć µQ%TÒJ¹ÇLÔ´¹4@\P7¹FA&VªCV¹7ÒÃÇÒ;O-;ETW%;E¾W[%&i%;7-¹%Òª8Ò7ÃÃT â´2 
EÃ427,K-77ÒÃ¹4@ÇQÒ deJens/b#e space T4ÊÒÃ(ÊFL-8Ê%;&Ã(7ÒÃ LW% &Ã(7ÒÃJÃ7 
7ÒÃÊÃCÒ;DCÒ¹EÃW%¹µC%;9-´JO¹O-;V,COPC%2PQ%Ò<-2ÊÒTÒÃ\T%;E,_¹DØLLKUÒ2¹%7A´C;QÒ2 
JK(&Ã(7ÒÃG4[Ê%;T47ÒÃÊÃCÒ;ÊUÒ¾JÇ´KC%TV,COPC%2PQ%Ò<-2V¹K(JÇ7E´42Ç7-¹T47ÒÃ  
¾-.¹ÒLÇÒTÃQÇTJÃ;ÃQÇTV9V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTGkSl4&i%;7-¹%Òª8Ò7ÃÃTâ´2 
ÊUÒ¾JÇ´KC%TEªW[%ÇQÒ 7ÒÃG4[L¹ÃCÒ29(µ-´ÊÔ¹V9ATQ7Ã(GFOÔ´¹-@¹3R@¹%2PQ7-D râ%7ÒÊs V¹
3M(7Ã(GFOỐ ÇQÒT4â%7ÒÊ\P79-D7ØTÊP;,ÃW%\P7µÃÇ9Ê%D¾DA Ć;QÒ2 ́ -;¹-@¹9R;A ĆEÊ¹%V,CVªC
7ÒÃ%%7JDDG4[¾-7%Ò<-2 Ê\Ò¹G4[GF;Ò¹ Ê\Ò¹&Ã(7%D7ÒÃ %ÒLÒÃ ÃCÒ¹LCÒ µK%´9¹ 
Ê\Ò¹G4[ÊÒ¸ÒÃM( EªQ¹ ÊÇ¹ÊÒ¸ÒÃM( GÒ;EGCÒ G4[9%´Ã\&Ã(9FGÒ; bKb V,CT4K-7SM( 
G4[T4%ÔG Ô̧¾KµQ%7ÒÃGFV,CL¹ÃCÒ2ATQ7KCÒK;TW%&Ã(7%D%Òª8Ò7ÃÃT â´27ÒÃK´â%7ÒÊG4[ 



9(7Ã(GFOÔ´,ÃW%E¾Ô[Tâ%7ÒÊ7ÒÃ\P7µÃÇ9Ê%D,ÃW%Ê%´ÊQ%;  
ÊF,Ã-DJ¹ÇGÒ;V¹7ÒÃ%%7JDDÊUÒ¾JÇ´KC%TE¾W [%&i%;7-¹%Òª8Ò7ÃÃT 

ÊÒTÒÃ\JDQ;J27%%7A ĆE&X¹ = ÃP&JDD -́;¹4@LW%
 5#>  7ÒÃVªC¸ÃÃTªÒµÔV¹7ÒÃEoiÒÃ(Ç-; Anat1ra#  s1rve/##anceG E&X¹ÇÔ 4̧7ÒÃG4[   
E¾Ô[T7ÒÃ3QT3PQL¹ÃCÒ2â´2GFV,CEªW[%ÇQÒT4â%7ÒÊ\P7T%;E,_¹,ÃW%9-DµÒT%;%2PQ ]R[;ÊÒTÒÃ\GF 
A Ćâ´27ÒÃ%%7JDDÊ\Ò¹G4[GÒ;7Ò2UÒ¾G4[E¾Ô[T7ÒÃT%;E,_¹,ÃW%EoiÒÃ(Ç-; µK%´9¹E¾Ô[T 
,ÃW%7Ã(µØC¹V,CE7Ô´7Ô97ÃÃTµQÒ;^ 3%;OPC%2PQ%Ò<-2 L¹ÃCÒ29(E7Ô´LÇÒTÃPCÊR7ÇQÒ\P7µÃÇ9 
Ê%D,ÃW%9-DµÒT%;TÒ73R@¹ 
 5#0 7ÒÃLÇDLØTGÒ;E3CÒ%%7 Anat1ra# access contro#G E&X¹ÇÔ¸47ÒÃK´â%7ÒÊ
3%;L¹ÃCÒ2G4[9(E3CÒ\R;Ê\Ò¹G4[,ÃW%E,2W[%â´27ÒÃÊÃCÒ;Ã(DDLÇDLØTGÒ;E3CÒ%%7 ,ÃW% 
%%7JDDÊ\Ò¹G4[GFV,CDØLLKGÃÒDÇQÒ Ê\Ò¹G4[G4[7FK-;9(E3CÒA&E&X¹G4[ÊQÇ¹DØLLK
 5#5 EÊÃÔTÊÃCÒ;7ÒÃE&X¹%ÒMÒE3µ Anat1ra# terr/tor/a# re/nJorce7entG E&X¹
ÇÔ¸47ÒÃGFV,CL¹ÃCÒ2E7Ô´LÇÒTÃPCÊR7ÇQÒ7FK-;E3CÒÊPQ¾W@¹G4[,Ç;,CÒT â´27ÒÃ%%7JDDÊ\Ò¹G4[
V¹K-7SM(JDQ;J27%ÒMÒE3µ%2QÒ;ª-´E9¹ Ã(,ÇQÒ;¾W@¹G4[ÊQÇ¹DØLLK7-D¾W@¹G4[ÊÒ¸ÒÃM( 
ÇÔ¸47ÒÃ¹4@9(GFV,COPC%2PQ%Ò<-2T4LÇÒTÃPCÊR77ÒÃE&X¹E9CÒ3%; E7Ô´7ÒÃ,Ç;J,¹,ÃW%µC%;7ÒÃ 
&7&i%;%ÒMÒE3µ ¹%79Ò7¹4@2-;9(GFV,COPCDØ7ÃØ7,ÃW%L¹UÒ2¹%7\P7µÃÇ9Ê%D,ÃW%µÃÇ9
¾DA Ć;QÒ23R@¹ 
 5#= 7ÒÃDFÃØ;Ã-7SÒÊ\Ò¹G4[ A7a/ntenanceG E&X¹ÇÔ 4̧7ÒÃG4[Ê¹-DÊ¹Ø¹J¹ÇGÒ;G4[
,¹R[;\R;ÊÒT3CÒ;µC¹ â´27ÒÃ]Q%TJ]TDFÃØ;Ã-7SÒÊ\Ò¹G4[JK(ÊUÒ¾JÇ´KC%T V,CT4LÇÒT
E&X¹Ã(ED42DEÃ42DÃC%2 ]R[;¹%79Ò79(E&X¹7ÒÃGFV,CTÒµÃ7ÒÃ3CÒ;µC¹T4&Ã(ÊÔG Ô̧UÒ¾JKCÇ 
2-;E&X¹7ÒÃJÊ´;%%7\R;7ÒÃT4E9CÒ3%;¾W@¹G4[,ÃW%T4OPCLÃ%DLÃ%; ]R[;9(E&X¹7ÒÃGFV,CL¹ÃCÒ2 
ATQ7KCÒG4[9(K;TW%7Ã(GF 
 CoQensD +av/##eD JK( \/##/er A;EEYG A ĆGF7ÒÃµÃÇ9Ê%D;Ò¹<R7SÒÇÔ9-2    
E74[2Ç7-DGkSl4¹4@V¹,KÒ2&Ã(EG<¾DÇQÒ 7K2ØG !̧V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTA Ć¹FTÒ9Ò7 
GkSl4¹4@JK(T47ÒÃJ¾ÃQ,KÒ2%2QÒ;7ÇCÒ;3ÇÒ; ATQÇQÒ9(E&X¹Ã(DD7ÒÃLÇDLØT7ÒÃE3CÒ%%7
7ÒÃµÔ´µ-@;âGÃG-<¹ !Ç;9Ã&"´ 7ÒÃEÊÃÔTÊÃCÒ;%ÒMÒE3µ 7ÒÃEÊÃÔTÊÃCÒ;LÇÒTÃPCÊR77ÒÃE&X¹
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E9CÒ3%; bKb OPCÇÔ9-22-;¾DÇQÒ 7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTâ´2ÊUÒ¾JÇ´KC%TªQÇ2K´&Y8,Ò
%Òª8Ò7ÃÃTJK(K´LÇÒT,ÇÒ´Ã(JÇ;U-23%;&Ã(ªÒª¹ â´2Ec¾Ò(7ÃM4G4[&Ã(ªÒª¹ 
VªCÇÔ¸47ÒÃEÊÃÔTÊÃCÒ;%ÒMÒE3µ 7ÒÃDFÃØ;Ã-7SÒ JK(7ÒÃLÇDLØT7ÒÃE3CÒ%%7 9(GFV,C
T4LÇÒTÃPCÊR7&K%´U-2TÒ72Ô[;3R@¹ ¹%79Ò7¹4@7K2ØG¸ !¹4@2-;A´CÃ-D7ÒÃÊ¹-DÊ¹Ø¹9Ò7Ã-ZDÒK 
,KÒ2&Ã(EG< 9¹7Ã(G-[;¹FA&ÊPQ7ÒÃ%%77l,TÒ2G4[E74[2Ç3C%; ¹%79Ò7¹4@ Mro4n JK( 
Ment#eK A<TT=G 2-;¾DÇQÒ L¹ÃCÒ29F¹Ç¹TÒ79(¾Ô9ÒÃMÒLÇÒTEÊ4[2;V¹7ÒÃ9(E3CÒA&  
â9Ã7ÃÃTDCÒ¹EÃW%¹9Ò77ÒÃµÃÇ9Ê%D7ÒÃEÊÃÔTÊÃCÒ;%ÒMÒE3µ,Ò7E9CÒ3%;DCÒ¹T47ÒÃ 
&7&i%;Ã-7SÒ,ÃW%JÊ´;LÇÒTE&X¹E9CÒ3%;%2QÒ;ª-́ E9¹ L¹ÃCÒ27_9(,K47EK4[2;9(E3CÒA&GF
7ÒÃK-7GÃ-¾2 !V¹DCÒ¹´-;7KQÒÇ JK( Carr/n5ton JK( Ne#s, A;EE;G GF7ÒÃ<R7SÒ    
ÃÇDÃÇTOK7ÒÃ<R7SÒE74[2Ç7-D%ÔG¸Ô¾K3%;JÊ;ÊÇQÒ;9Ò7EÊÒAmmiÒ3%;\¹¹G4[T4µQ%%Òªj
8Ò7ÃÃT JK(¾DÇQÒ 7ÒÃ&Ã-D&ÃØ;&ÃÔTÒMJÊ;ÊÇQÒ;3%;EÊÒAmmiÒ9(ªQÇ2K´%Òª8Ò7ÃÃT
G-[ÇA&K;\R;ÃC%2K( f V¹&Ã(EG<Ê,Ã-Z%ETÃÔ7Ò JK(ÃC%2K( 5h V¹&Ã(EG<%-;7kS
 =# GkSl47Ô97ÃÃT&Ã(9FÇ-¹ A ĆÃ-D7ÒÃ¾-.¹Òâ´2 Co,en JK( Ce#son A<T>TG 
]R[;V,CLÇÒTÊFL-87-D&Y99-2 5 &Ã(7ÒÃG4[9(7Q%V,CE7Ô´%Òª8Ò7ÃÃT ,ÃW%GFV,CE7Ô´E,2W[%
%Òª8Ò7ÃÃT &Ã(7ÒÃJÃ7LW%OPC7Ã(GFG4[T4JÃ;9P;V9 A7ot/vated oJJenderG &Ã(7ÒÃ
G4[Ê%;LW%E&iÒ,TÒ2G4[E,TÒ(ÊT As1/tab#e tar5etG JK(&Ã(7ÒÃG4[ÊÒTA´CJ7Q 7ÒÃ3Ò´  
OPC ṔJKG4[T4LÇÒTÊÒTÒÃ\ Aabsence oJ a capab#e 51ard/anG %;L!&Ã(7%DG4[7KQÒÇTÒ 
JKCÇ9(TÒÃÇT7-¹´-;¹4@ LW%7Ô97ÃÃT&Ã(9FÇ-¹9(¹FV,CE,2W[%JK(OPC7Ã(GFOÔ´TÒ¾D7-¹ T4 
7ÒÃµÔ´µQ%7-¹ V¹EÇKÒJK(Ê\Ò¹G4[G4[,KÒ7,KÒ2 OPC7Ã(GFOÔ´9(A´CÃ-DJÃ;9P;V9 3M(  
E 4́2Ç7-¹7_T4E&iÒ,TÒ2G4[E,TÒ(ÊTJK(7ÒÃ3Ò´7ÒÃ ṔJK,ÃW%OPĆ PJKG4[T4&Ã(ÊÔG Ô̧UÒ¾ -́;¹-@¹ 
ETW[%G-@;ÊÒTÊQÇ¹TÒ&Ã(7%D7-¹%Òª8Ò7ÃÃT7_9(E7Ô´E¾Ô[T3R@¹ JµQ\CÒ3Ò´%;L !&Ã(7%DV´ 
%;L!&Ã(7%D,¹R[; %Òª8Ò7ÃÃT7_T4â%7ÒÊE7Ô´3R@¹A Ć¹C%2K; µ-Ç%2QÒ;EªQ¹ \CÒV¹LÃ%DLÃ-Ç 
,¹R[;T4DCÒ¹JK(T4GÃ-¾2!ÊTD-µÔV¹DCÒ¹ ,Ò7ÊTÒªÔ73%;LÃ%DLÃ-ÇATQµC%;E Ố¹GÒ;A&GF;Ò¹ 
M G4[GF;Ò¹G4[%2PQA7KDCÒ¹ JK(DCÒ¹T4OPC%2PQ ṔJK â%7ÒÊV,C3âT2E3CÒDCÒ¹E¾W[%K-7GÃ-¾2 !ÊÔ¹
A Ć9(T4¹C%2K;7ÇQÒ,Ò7ATQT4L¹%2PQ́ PJKDCÒ¹ GkSl4¹4@ÊÒTÒÃ\¹FA&VªC% Ô̧DÒ2%-µÃÒ7ÒÃE7Ố
3%;E,2W[%%Òª8Ò7ÃÃTEc¾Ò(%2QÒ; D¹¾W@¹ZÒ¹3%;7Ô97ÃÃT&Ã(9FÇ-¹G4[Jµ7µQÒ;7-¹ 
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L¹^ ,¹R[;9(T4â%7ÒÊ\P7K-73âT2ÊÔ[;3%;T4LQÒ \P73QT3W¹ ,ÃW%\P7tQÒTÒ77ÇQÒL¹%W[¹ V¹
GF¹%;E´42Ç7-¹Ê\Ò¹G4[,ÃW%¾W@¹G4[DÒ;J,Q;7_%Ò99(E7Ô´%Òª8Ò7ÃÃTTÒ77ÇQÒÊ\Ò¹G4[,ÃW%
¾W@¹G4[%W[¹%-¹E¹W[%;TÒ9Ò7ª¹Ô´3%;7Ô97ÃÃTJK(9F¹Ç¹3%;7Ô97ÃÃTGÒ;Ê-;LTG4[Jµ7µQÒ;
7-¹ ¾W@¹G4[ -́;7KQÒÇ9(\P7EÃ427ÇQÒ ¾W@¹G4[G4[E7Ô´%Òª8Ò7ÃÃT9F¹Ç¹TÒ7 ,ÃW% ],ot spot^ 
GFV,CE&X¹G4[,ÇÒ´7K-Ç3%;OPCL¹G4[%Ò<-2V¹¾W@¹G4[¹-@¹ DÒ;L¹2CÒ2%%79Ò7¾W@¹G4[JK(,KÒ2L¹ 
ATQ7KCÒ2CÒ2A&%2PQV¹¾W@¹G4[¹-@¹ OK7_LW%3Ò´7ÒÃ´PJK,ÃW%OPC ṔJKTÒ73R@¹ JK(OPC7Ã(GFOÔ´7_ 
ÊÒTÒÃ\7F,¹´E,2W[%G4[E,TÒ(ÊTA´CTÒ73R@¹ ,ot spot ÊÒTÒÃ\,ÒA´Câ´27F,¹´<P¹2! 
7KÒ;EªÔ;UPTÔ<ÒÊµÃ !JK(9-´GFJO¹G4[%ÒMÒE3µ

¡ÃÍºá¹Ç¤Ô´ã¹¡ÒÃÈÖ¡ÉÒ

7Ã%DJ¹ÇLÔ´V¹7ÒÃ<R7SÒLÃ-@;¹4@E&X¹7ÒÃDPÃMÒ7ÒÃ%;L !LÇÒTÃPC  9Ò7J¹ÇLÔ´ 
GkSl4JK(;Ò¹ÇÔ9-2G4[E74[2Ç3C%;G4[7KQÒÇTÒJKCÇ E&X¹7ÒÃT%;7ÒÃE7Ố %Òª8Ò7ÃÃT&Ã(EUG
K-7GÃ-¾2!V¹UÒ¾ÃÇTâ´2JDQ;%%7E&X¹ 5 Ã( -́D LW% Ã(´-DDØLLK Ã( -́DLÃ%DLÃ-Ç JK( 
Ã( -́DªØTª¹ µÒTJO¹UÒ¾ 0 V¹JµQK(Ã( -́DT4&Y99-2G4[T4LÇÒTÊ-T¾-¹ !̧µQ%7ÒÃÊÃCÒ;â%7ÒÊ
,ÃW%¹FA&ÊPQ7ÒÃK-7GÃ-¾2! -́;µQ%A&¹4@  
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9Ò7JO¹UÒ¾9(E,_¹A´CÇQÒT47ÒÃJDQ;&Y99-2G4[T4LÇÒTÊ-T¾-¹¸ !µQ%7ÒÃÊÃCÒ;â%7ÒÊ
,ÃW%&Y99-2G4[¹FA&ÊPQ7ÒÃ7Ã(GFOÔ´K-7GÃ-¾2 !AÇC 5 Ã( -́D  â´2V¹Ã( -́DDØLLKE&X¹&Y99-2 
G4[E74[2Ç3C%;7-D&Y9E97ª¹ G4[ÃÇT\R;¾kµÔ7ÃÃT3%;DØLLKV¹7ÒÃVªCª4ÇÔµ&Ã(9FÇ-¹ A ĆJ7Q  
7ÒÃ ṔJK´CÒ¹LÇÒT&K%´U-2UÒ2V¹DCÒ¹G4[µ¹%Ò<-2%2PQ  EªQ¹ 7ÒÃK_%L&Ã(µP,¹CÒµQÒ;ETW[% 
%%79Ò7DCÒ¹,ÃW%9(E3CÒ¹%¹V¹EÇKÒ7KÒ;LW¹ 7ÒÃÃ(JÇ´Ã(Ç-;JK(Ê-;E7µÊÔ[;OÔ´&7µÔV¹ 
DÃÔEÇMDCÒ¹,ÃW%V¹Ê\Ò¹G4[]R[;E´Ô¹GÒ;A& 7ÒÃE%ÒV9VÊQÃ(T-´Ã(Ç-;µ-ÇE%;V¹7ÒÃVªCª4ÇÔµ 
ATQV,Cµ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2! ,ÃW%LÇÒT&Ã(TÒG3%;DØLLKG4[%Ò9GFV,Cµ¹µ7E&X¹ 
E,2W[% EªQ¹ 7ÒÃ9%´Ã\9-7Ã2Ò¹2¹µ!AÇCV¹G4[ATQT4L¹ ṔJK,ÃW%GÔ@;7Ø8J9AÇC7-DÃ\9-7Ã2Ò¹2¹µ!
7ÒÃ9%´Ã\AÇCâ´2ATQVªC%Ø&7ÃM !&i%;7-¹7ÒÃâ9Ã7ÃÃT ¾kµÔ7ÃÃTª%DâªÇ!,ÃW%%Ç´GÃ-¾2!
ÊÔ¹ &Y99-2V¹Ã(´-DLÃ%DLÃ-Ç,ÃW%LÃ-ÇEÃW%¹E&X¹&Y99-2G4[¾Ô9ÒÃMÒV¹Ã(´-DG4[7ÇCÒ;7ÇQÒ
Ã( -́D&Y9E97ª¹ â´2¾Ô9ÒÃMÒ\R;K-7SM(µQÒ;^ V¹ 5 7KØQT â´27KØQTJÃ7LW% K-7SM(
3%;DCÒ¹EÃW%¹,ÃW%G4[%2PQ%Ò<-2  ÇQÒE&X¹JDDV´E&X¹DCÒ¹E´4[2Ç  GÒÇ¹!EuCÒÊ !  ,ÃW% K-7SM( 
%¾ÒÃ !µETC¹µ!  ]R[;G4[%2PQ%Ò<-2JµQK(&Ã(EUG2Q%TT4LÇÒTEÊ4[2;G4[Jµ7µQÒ;7-¹V¹7ÒÃG4[9(µ7
E&X¹E,2W[%G4[E,TÒ(ÊT  

&Y99-2V¹7KØQTG4[Ê%;V¹Ã(´-DLÃ%DLÃ-Ç,ÃW%LÃ-ÇEÃW%¹E&X¹EÃW[%;3%;7ÒÃ´PJKJK(
DFÃØ;Ã-7SÒG4[%2PQ%Ò<-2]R[;LÃ-ÇEÃW%¹JµQK(J,Q;T47ÒÃ&eÔD-µÔG4[Jµ7µQÒ;7-¹ ATQÇQÒ9(E&X¹7ÒÃ
µ-´µC¹ATCJK(7Ô[;ATC 7ÒÃµ-´,8CÒ 7ÒÃ´PJKV,CAmÊQ%;ÊÇQÒ;VªC;Ò¹A ĆJK(9-´V,CT4JÊ;ÊÇQÒ;
V¹DÃÔEÇMÃ%D^ DCÒ¹ ]R[;E&X¹EÃW[%;G4[GkSl4,¹CÒµQÒ;Jµ7JK(GkSl47ÒÃ&i%;7-¹%Òª8Òj
7ÃÃTâ´2ÊUÒ¾JÇ´KC%TA Ć% Ô̧DÒ2AÇC &Y99-2V¹7KØQTG4[ÊÒTV¹Ã( -́DLÃ%DLÃ-Ç,ÃW%LÃ-ÇEÃW%¹ 
E&X¹7ÒÃEoiÒÃ(Ç-;Ê\Ò¹G4[]R[;E&X¹G4[%2PQ%Ò<-2 EªQ¹ 7ÒÃµỐ µ-@;7KC%;âGÃG-<¹!Ç;9Ã&"́  ACCO_G 
G4[DCÒ¹ 7ÒÃµÔ´µ-@;Ê-88ÒM7-¹3âT2G4[DCÒ¹ K-7SM(3%;Ã-@ÇJK(E,K_7 -́´  

&Y99-2V¹Ã( -́DªØTª¹E&X¹7ÒÃT%;K-7SM(µQÒ;^ G4[E74[2Ç3C%;7-D7ÒÃK-7GÃ-¾2!V¹
UÒ¾7ÇCÒ;â´2LÃ%DLKØTG-@;K-7SM(µQÒ;^ UÒ2V¹JK(UÒ2¹%7Ã%D^ ªØTª¹ V¹Ã(´-D 
¹4@JDQ;&Y99-2%%7E&X¹ = 7KØQT â´27KØQTJÃ7E&X¹ÊUÒ¾JÇ´KC%TµQÒ;^ G4[E%W@%µQ%7ÒÃE7Ô´
%Òª8Ò7ÃÃT ATQÇQÒ9(E&X¹Ã(DDÊÒ¸ÒÃMP&âULG4[ATQE,TÒ(ÊT EªQ¹ JÊ;ÊÇQÒ;µÒTGÒ; 
E Ố¹ATQE¾42;¾% 7ÒÃGÔ@;32(V¹G4[ÊÒ¸ÒÃM(,ÃW%ATQE&X¹Ã(ED42D LÇÒTE&X¹Ã(ED42DEÃ42DÃC%2



ÃÑ°»ÃÐÈÒÊ¹ÈÒÊµÃ ! 203

V¹ªØTª¹,ÃW%V¹G4[ÊÒ¸ÒÃM( E&X¹µC¹  
&Y99-27KØQTG4[Ê%;V¹Ã(´-DªØTª¹E&X¹UÒ¾ÃÇT3%;K-7SM(&Ã(ªÒ7ÃV¹ªØTª¹

&Ã(EUG G4[%2PQ%Ò<-2 Ê\Ò¹UÒ¾3%;OPC%2PQ%Ò<-2 EªW@%ªÒµÔ %Òª4¾JK(ÃÒ2A´C ÃÇTG-@; 
Ê\Ò¹UÒ¾ÊTÃÊ ]R[;&Y99-2V¹7KØQT¹4@E74[2Ç3C%;7-DÊUÒ¾3%;ªØTª¹G4[E%W@%V,CE7Ô´7ÒÃ7Ã(GF
OÔ´A Ć  &Y99-2V¹7KØQTG4[ÊÒTE&X¹7ÒÃÃÇTµ-Ç&i%;7-¹%Òª8Ò7ÃÃT  ATQÇQÒ9(E&X¹â´2L¹V¹
ªØTª¹  E9CÒ,¹CÒG4[µFÃÇ9  µFÃÇ9DCÒ¹ %ÒÊÒÊT-LÃ Ã&U#&Ã(9F,TPQDCÒ¹ 7ÒÃT47Ô97ÃÃT 
ÃQÇT7-¹3%;L¹V¹ªØTª¹  K-7SM(LÇÒTÊ-T¾-¹¸ !3%;L¹V¹ªØTª¹  ÊÔ[;E,KQÒ¹4@E&X¹&Y99-2 
G4[K ấ%7ÒÊV¹7ÒÃ7Ã(GFOỐ A Ć JK(&Y99-2V¹7KØQTG4[Ê4[E&X¹EÃW[%;3%;Ç-.¹¸ÃÃTJK(LQÒ¹Ô2T 
3%;L¹V¹ªØTª¹G4[%Ò9E%W@%V,CE7Ố 7ÒÃ7Ã(GFOỐ  EªQ¹ 7ÒÃG4[ªØTª¹K(EK2µQ%7ÒÃ7Ã(GFOỐ   
â´2G4[OPCV,8Q%Ò9ATQÇQÒ7KQÒÇµ-7EµW%¹E´_7G4[K-73âT23%;E¾W[%¹ ,ÃW%L¹V¹ªØTª¹E¾Ô7Ec2µQ% 
7ÒÃ¹FÊÔ[;3%;G4[A ĆTÒ%2QÒ;OÔ´7l,TÒ2TÒ3Ò2,ÃW%TÒJ979QÒ2  &Y99-2G-@; 5 Ã( -́DG4[7KQÒÇ 
TÒJKCÇ¹4@A ĆÃÇT7-¹E&X¹7Ã%DJ¹ÇLÇÒTLÔ´G4[VªCV¹7ÒÃ<R7SÒV¹;Ò¹ÇÔ9-2ªÔ@¹¹4@

ÃÐàºÕÂºÇÔ Õ̧ÇÔ¨ÑÂ

7ÒÃ<R7SÒV¹LÃ-@;¹4@E&X¹7ÒÃÇÔ9-2EªÔ;LØMUÒ¾OÊTOÊÒ¹7-D7ÒÃÇÔ9-2EªÔ;&ÃÔTÒM
A7/xed 7et,odG G4[%Ò<-2G-@;3C%TPK&ZTUPTÔJK(GØµÔ2UPTÔ Apr/7arK data and secondarK 

dataG â´2VªC3C%TPKGØµÔ2UPTÔV¹7ÒÃJÊ´;µFJ,¹Q;3%;Ê\Ò¹G4[E7Ố E,µØK-7GÃ-¾2!G4[E7Ố 3R@¹V¹
E3µ7ÃØ;EG¾T,Ò¹LÃJK(¹FA&ÊPQ7ÒÃÃ(DØDÃÔEÇM¾W@¹G4[  ]R[;E&X¹¾W@¹G4[G4[T4L 4́K-7GÃ-¾2!E7Ô´
3R@¹TÒ7 A,ot spotG ¾W@¹G4[E,KQÒ¹4@A Ć\P7¹FA&VªCV¹7ÒÃ<R7SÒV¹3-@¹µQ%A& 3C%TPKG4[VªCJÊ´; 
µFJ,¹Q;3%;Ê\Ò¹G4[E7Ô´E,µØK-7GÃ-¾2 !¹4@A´CTÒ9Ò73C%TPK7ÒÃÃ-DJ9C;E,µØ9Ò7&Ã(ªÒª¹ 
Aca## Jor serv/ceG OPCÇÔ9-2A Ć¹F3C%TPK¹4@TÒJÊ´;D¹JO¹G4[E¾W[%V,CGÃÒDÇQÒDÃÔEÇMV´V¹ 
7ÃØ;EG¾T,Ò¹LÃG4[T4E,µØK-7GÃ-¾2!E7Ô´3R@¹%2QÒ;7Ã(9Ø7µ-Ç 3C%TPK&ZTUPTÔA Ć9Ò77ÒÃE7_D 
3C%TPKV¹¾W@¹G4[<R7SÒµÒT7Ã%DJ¹ÇLÔ´V¹7ÒÃ<R7SÒ Aconcept1a# Jra7e4or?G â´2EKW%7 
<R7SÒ9Ò7¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2!9F¹Ç¹TÒ7 A,ot spotG 9F¹Ç¹ v ¾W@¹G4[ JK(9Ò7 
¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !EDÒDÒ;9F¹Ç¹ > ¾W@¹G4[ JKCÇ¹FTÒE&Ã42DEG42DÃ(,ÇQÒ;¾W@¹G4[ 
Across6case ana#Ks/sG E¾W[%,ÒÃP&JDD ApatternG JK(K-7SM(G4[ª4@V,CE,_¹\R;&Y8,ÒG4[¹F
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A&ÊPQ7ÒÃ7Ã(GFOÔ´&Ã(EUGK-7GÃ-¾2!E&X¹9F¹Ç¹TÒ7V¹¾W@¹G4[  9Ò7¹-@¹OPCÇÔ9-29R;¹F&Y99-2
G4[ÊQ;OKµQ%7ÒÃE7Ố 7ÒÃ7Ã(GFOỐ K-7GÃ-¾2!A&¾-.¹ÒTÒµÃ7ÒÃV¹7ÒÃ&i%;7-¹V¹GÒ;&eÔD-µÔ 
JK(µÃÇ9Ê%DTÒµÃ7ÒÃÇQÒÊÒTÒÃ\VªCA ĆV¹GÒ;&eÔD-µÔ  

3C%TPK7ÒÃE7Ô´E,µØK-7GÃ-¾2 !V¹;Ò¹ÇÔ9-2ªÔ @¹¹4 @VªC3C%TPK7ÒÃÃ-DJ9C;E,µØ9Ò7 
&Ã(ªÒª¹ V¹E3µ7ÃØ;EG¾T,Ò¹LÃ]R[;VªCâGÃ<-¾G !,TÒ2EK3 >w> J9C; V¹ªQÇ;EÇKÒ >  &̀  
Hµ-@;JµQ > T#L#x5> ¸#L# 0ddhI 3C%TPKA´CÃ-D7ÒÃ&Ã(TÇKOKâ´2¹FÊ\Ò¹G4[E7Ô´E,µØV¹ 
L 4́K-7GÃ-¾2!G4[T47ÒÃÃ-DJ9C;E,µØTÒ7F,¹´9Ǿ K;D¹JO¹G4[â´2VªCâ&ÃJ7ÃTÊÒÃÊ¹EG<GÒ; 
UPTÔ<ÒÊµÃ ! AGI+ soJt4areG â´2V¹;Ò¹ÇÔ9-2¹4@VªCâ&ÃJ7ÃTªW[% Arc_/e4 ÃØQ¹ w#0 E¾W[% 
V,CE,_¹\R;7ÒÃ7Ã(9Ò2µ-Ç3%;Ê\Ò¹G4[E7Ô´E,µØK-7GÃ-¾2! 9Ò73C%TPKG4[A Ć¾DÇQÒ7ÒÃÃ-DJ9C;
E,µØV¹ªQÇ;EÇKÒ > &`G4[GF7ÒÃ<R7SÒV¹ZÒ¹3C%TPKG4[VªC¹4@T49F¹Ç¹7ÒÃJ9C;E,µØG-@;ÊÔ@¹ 
=v0gy5> LÃ-@; V¹9F¹Ç¹¹4@T47ÒÃJ9C;E,µØK-7GÃ-¾2 !  0fgwdw LÃ-@; ,K-;9Ò7µ-´3C%TPK 
G4[ATQµÃ;7-D7ÒÃ<R7SÒ%%7JKCÇL;E,KW%3C%TPK7ÒÃK-7GÃ-¾2!ÃÇT9F¹Ç¹G-@;ÊÔ@¹ 0hg5w5 LÃ-@;  
]R[;E&X¹3C%TPKG4[¹FTÒVªCV¹7ÒÃ<R7SÒLÃ-@;¹4@ 3C%TPKA´CÃ-D7ÒÃ&Ã(TÇKOKâ´2¹FÊ\Ò¹G4[ 
E7Ô´E,µØV¹L´4K-7GÃ-¾2 !G4[T47ÒÃÃ-DJ9C;E,µØTÒ7F,¹´9Ø´K;D¹JO¹G4[E¾W[%V,CE,_¹\R;7ÒÃ  
7Ã(9Ø7µ-Ç3%;Ê\Ò¹G4[E7Ố E,µØK-7GÃ-¾2! â´2¾W@¹G4[]R[;A ĆÃ-D7ÒÃÃ(DØÇQÒE&X¹¾W@¹G4[]R[;E7Ố E,µØ
K-7GÃ-¾2 !9F¹Ç¹TÒ7 A,ot spotG T4¾W@¹G4[E¾42;ÃC%2K( 0#h0 3%;G-@;7ÃØ;EG¾b JµQV¹   
DÃÔEÇM¾W@¹G4[E,KQÒ¹4@T47ÒÃJ9C;E,µØK-7GÃ-¾2!\R;ÃC%2K( >v#>f 3%;E,µØK-7GÃ-¾2!G4[J9C;G-@;,T´
9R;E&X¹7ÒÃ2W¹2-¹\R;7ÒÃ7Ã(9Ø7µ-Ç3%;E,µØK-7GÃ-¾2 !  

9Ò7¹-@¹LM(OPCÇÔ9-2A´CE7_D3C%TPKµÒT¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !9F¹Ç¹TÒ7´CÇ2
ÇÔ¸47ÒÃµQÒ;^ A´CJ7Q 7ÒÃÊ-;E7µ9Ò7¾W@¹G4[ A e#d observat/onG OÊTOÊÒ¹7-D7ÒÃ 
Ê-TUÒSM !DØLLK 5 7KØQT LW%OPCG4[µ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2! E9CÒ,¹CÒG4[µFÃÇ9V¹     
Ê\Ò¹4µFÃÇ9G4[Ã-DOÔ´ª%D¾W@¹G4[ JK(OPCG4[%2PQ%Ò<-2UÒ2V¹¾W@¹G4[9F¹Ç¹ÃÇT >hd L¹ 7ÒÃ 
Ê-TUÒSM !JDDE9Ò(KR7 A/n6dept, /nterv/e4G OPCEª4[2ÇªÒ89F¹Ç¹ 5 GQÒ¹ 9Ò7¹-@¹ 
3C%TPKA´CÃ-D7ÒÃÇÔELÃÒ(, ! â´2T47ÒÃE&Ã42DEG42D3C%TPKG4[A Ć7-D3C%TPKV¹¾W@¹G4[]R[;T4E,µØK-7j
GÃ-¾2!E7Ô´3R@¹¹C%2 3C%TPK9Ò77ÒÃÇÔELÃÒ(, !A Ć\P7¹FA&VªCV¹7ÒÃ&Ã(ªØT7KØQT2Q%2 AJoc1s 
5ro1pG 9F¹Ç¹ 5 LÃ-@;â´2OPCE3CÒÃQÇT&Ã(ªØT&Ã(7%D´CÇ2¹-7ÇÔªÒ7ÒÃ ĆÒ¹%Òª8ÒÇÔG2Ò
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JK(7Ã(DÇ¹7ÒÃ2ØµÔ¸ÃÃT  µ-ÇJG¹OPC%2PQ%Ò<-2V¹ªØTª¹G4[%2PQV¹¾W@¹G4[<R7SÒ JK(E9CÒ,¹CÒG4[ 
µFÃÇ9G4[Ã-DOÔ´ª%DV¹DÃÔEÇM¾W@¹G4[<R7SÒ 9¹A´C3C%ÊÃØ&V¹EÃW[%;&Y99-2G4[E74[2Ç3C%;7-D7ÒÃ 
K-7GÃ-¾2!JK(TÒµÃ7ÒÃV¹7ÒÃ&i%;7-¹7ÒÃK-7GÃ-¾2!  

¼Å¡ÒÃÈÖ¡ÉÒ

3C%TPKG4[A Ć9Ò77ÒÃ<R7SÒ¹FA&ÊPQ7ÒÃÊÃØ&K-7SM(3%;¾W@¹G4[]R[;GF7ÒÃ<R7SÒ  ¾W@¹G4[
E,KQÒ¹4@T4&Y99-2G4[¾DE,_¹DQ%2^ ÃQÇT7-¹G4[ÊÒTÒÃ\9-´7KØQTÃÇTE&X¹ 5 7KØQT LW% &Y99-2 
ĆÒ¹7Ò2UÒ¾  &Y99-2 ĆÒ¹Ê-;LT  JK(&Y99-2 ĆÒ¹7ÒÃ&i%;7-¹  -́;µQ%A&¹4@

  
»˜¨¨ÑÂ Œ́Ò¹¡ÒÂÀÒ¾  
># K-7SM(G4[%2PQ%Ò<-2E&X¹DCÒ¹EªQÒz%¾ÒÃ !µETC¹µ!zL%¹â´TÔE¹42TzJmKµTÒ7 
0# T4ªØTª¹J%%-´,ÃW%%2PQV¹DÃÔEÇMV7KCEL42; 
5# E&X¹G4[µ-@;3%;ÊF¹-7;Ò¹,ÃW%V7KCÊF¹-7;Ò¹  
=# T4EÊC¹GÒ;E3CÒ%%7TÒ7 
d# T4GÒ;TW´zE&K4[2Ç 
v# GÒ;JLDzGÒ;ªFÃØ´ 
f# T4G4[Ã7ÃCÒ;ÇQÒ;E&KQÒzDCÒ¹ÃCÒ; 
y# T4ÃCÒ¹%Ô¹EG%Ã !E¹_µzÃCÒ¹E7TÊ ! 
w# T4ÊÇ¹ÊÒ¸ÒÃM(ÊF,Ã-DL¹G-[ÇA& 
>h# T4ÃCÒ¹Ê(´Ç7]W@% 
>># T4ÇÔ¹Ã\9-7Ã2Ò¹2¹µ!zT4&iÒ2Ã\&Ã(9FGÒ; 
>0# T4µKÒ´¹-´ 
>5# T4ÃCÒ¹LCÒ3%;E7QÒz]ÒEKC;zÃCÒ¹3Ò23%;TW%Ê%; 
>=# T4ÃCÒ¹]Q%TÃ\9-7Ã2Ò¹2¹µ!z%PQ]Q%TÃ\ 
>d# T4µPC7ÒÃ¾¹-¹z7ÒÃ¾¹-¹ 
>v# T4LÒÃÒâ%E7(zO-DzDÒÃ !zÊ\Ò¹D-¹EGÔ; 
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>f# T4âµ#(Ê¹Ø7E7%Ã ! 
>y# T432(V¹G4[ÊÒ¸ÒÃM( 
>w# T47ÒÃ¾Q¹Ê47FJ¾; 
0h# T47ÒÃÇÒ;3%;z9%´Ã\E7(7( 
0># E&X¹¾W@¹G4[Ã%2µQ%Ã(,ÇQÒ;,KÒ2Ê\Ò¹4µFÃÇ9  

»˜¨¨ÑÂ Œ́Ò¹ÊÑ§¤Á
># T4&Y8,Ò2ÒEÊ¾µÔ´ 
0# T47ÒÃT-[ÇÊØT3%;Ç-2ÃØQ¹ 
5# 7ÒÃE&X¹E9CÒ3%;DCÒ¹ ,ÃW%%2PQ%Ò<-2â´2EªQÒ%2PQ ,ÃW%DØ7ÃØ7G4[ÊÒ¸ÒÃM(  
=# T4LÇÒT,KÒ7,KÒ2GÒ; ĆÒ¹Ê\Ò¹(GÒ;E<ÃSZ7Ô9 Ê-;LTJK(%Òª4¾ 
d# ATQT47ÒÃGF7Ô97ÃÃTÃQÇT7-¹3%;L¹V¹ªØTª¹ 
v# L¹2CÒ2E3CÒ2CÒ2%%7DQ%2 
f# T4L¹¾KØ7¾KQÒ¹,ÃW%Ê-89ÃOQÒ¹TÒ7 
y# µQÒ;L¹µQÒ;%2PQ 
w# T4¹-7GQ%;EG4[2ÇµQÒ;ªÒµÔ 
>h# T4L¹µQÒ; ĆÒÇzL¹µQÒ;ªÒµÔ%Ò<-2%2PQ 
>># T4L¹9Ã9-´z3%GÒ¹zÊµÔATQ 4́ 

»˜¨¨ÑÂ Œ́Ò¹¡ÒÃ»‡Í§¡Ñ¹
># ÊÒ2µÃÇ9ATQLQ%2TÒ 
0# µFÃÇ9DCÒ¹ATQGF;Ò¹zATQT4 
5# %ÒÊÒÊT-LÃATQGF;Ò¹zATQT4 
=# ATQT47ÒÃ&i%;7-¹3%;E9CÒ3%;GÃ-¾2! 
d# ATQT47ÒÃEoiÒÃ(Ç-;GÃ-¾2!ÊÔ¹JK(7ÒÃLÇDLØTGÒ;E3CÒ%%73%;ªØTª¹z  

    7Ô97ÃÃT&i%;7-¹ªØTª¹  
v# ATQT4µPCJ´;  



&Y99-2 ĆÒ¹µQÒ;^ V¹¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!V¹&ÃÔTÒMÊP;3CÒ;µC¹ÊÒTÒÃ\Ê(GC%¹
V,CE,_¹\R;UÒ¾ÃÇT3%;K-7SM(¾ÔE<S3%;¾W@¹G4[E,KQÒ¹4@A´Câ´2JDQ;E&X¹K-7SM(3C%^ A´C 
-́;µQ%A&¹4@

># 7ÒÃVªC&Ã(â2ª¹!¾W@¹G4[&¹7-¹V¹DÃÔEÇME´42Ç7-¹ A7/xed #and 1seG 9Ò77ÒÃ
<R7SÒJK(ÇÔELÃÒ(, !3C%TPKG4[ÃÇDÃÇTTÒA´C9(E,_¹A´CÇQÒ¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2 !V¹&ÃÔTÒM 
ÊP;T47ÒÃVªC&Ã(â2ª¹!G4[ Ố¹G4[OÊT&¹E&7-¹ â´2V¹DÃÔEÇME´42Ç7-¹T47ÒÃ&KP7%ÒLÒÃ DCÒ¹ 
EÃW%¹ÊF,Ã-DE&X¹G4[%2PQ%Ò<-29F¹Ç¹TÒ7 T47ÒÃVªCDCÒ¹EÃW%¹G4[%2PQ%Ò<-2E&X¹Ê\Ò¹G4[&Ã(7%D 
%ØµÊÒ,7ÃÃT3¹Ò´EK_7 EªQ¹ %ØµÊÒ,7ÃÃTE2_DOCÒ âÃ;;Ò¹GFEm%Ã !¹ÔE9%Ã ! âÃ;;Ò¹G4[E74[2Ç 
E¹W[%;7-D7Ã(´ÒS E&X¹µC¹ %ØµÊÒ,7ÃÃTE,KQÒ¹4@T4%2PQE&X¹9F¹Ç¹TÒ7V¹¾W@¹G4[<R7SÒG4[ > 
\R; v T47ÒÃ -́´J&K;DCÒ¹E&X¹DCÒ¹EªQÒJK(T47ÒÃDØ7ÃØ7G4[ÊÒ¸ÒÃM(]R[;GFV,CE7Ô´J,KQ;G4[
%2PQ%Ò<-2G4[7Ã(9Ø7µ-Ç%2QÒ;G4[ATQ&ÃÒ7eV¹ÊÒÃDD3%;GÒ;ÃÒª7ÒÃJK(2Ò7G4[9(ÇÒ;JO¹ 
LÇDLØTJK(V,CDÃÔ7ÒÃJ7QOPC%2PQ%Ò<-2V¹K-7SM(JDD¹4@  

V¹3M(E´42Ç7-¹V¹¾W@¹G4[E,KQÒ¹4@ T47ÒÃVªC&Ã(â2ª¹ !G4[´Ô¹V¹7ÒÃGF¸ØÃ7Ô9Ê\Ò¹ 
D-¹EGÔ; T4G-@;Ê\Ò¹%ÒD%D¹Ç´ O-D DÒÃ!3¹Ò´V,8Q LÒEmp3¹Ò´V,8Q Ê\Ò¹D-¹EGÔ;   
E,KQÒ¹4@T49F¹Ç¹TÒ7JK(T4G-@;G4[7Ã(9Ø7µ-Ç%2PQV¹DÒ;DÃÔEÇMJK(7Ã(9Ò2A&µÒTDÃÔEÇM 
µQÒ;^ %47TÒ7TÒ2 ¹%79Ò7¹4@2-;T47ÒÃVªC&Ã(â2ª¹ !G4[´Ô¹E&X¹ÊF¹-7;Ò¹,ÃW%G4[GF7ÒÃ]R[; 
E7W%DGØ7¾W@¹G4[<R7SÒG4[ > \R; v T4%ÒLÒÃÊF¹-7;Ò¹JGÃ7µ-Ç%2PQOÊT7-DDCÒ¹EÃW%¹G4[%2PQ 
%Ò<-2â´2G-[ÇA&7ÒÃVªC&Ã(â2ª¹!G4[́ Ô¹%47&Ã(7ÒÃ,¹R[;G4[¾DE,_¹â´2G-[ÇA&LW%7ÒÃGF7ÒÃLCÒ 
V¹ÃP&JDDµQÒ;^ ATQÇQÒ9(E&X¹¸ØÃ7Ô93Ò2ÊÔ¹LCÒÊF,Ã-D¹-7GQ%;EG4[2ÇµQÒ;ªÒµÔG4[T-79(2R´ 
¾W@¹G4[GÒ;EGCÒTÒµ-@;ÇÒ;ÊÔ¹LCÒ3Ò27-¹%2QÒ;\ÒÇÃ 7ÒÃ3Ò2%Ò,ÒÃ&Ã(EUGµQÒ;^ JK( 
ELÃW[%;´W[TD¹GÒ;EGCÒ  

7ÒÃVªC&Ã(â2ª¹ !G4[´Ô¹G4[OÊT&¹E&7-¹V¹DÃÔEÇME´42Ç7-¹¹4@T4LÇÒTTÒ7¹C%23%;
&Ã(EUG7ÒÃVªCG4[Jµ7µQÒ;7-¹ 7KQÒÇLW% V¹¾W@¹G4[<R7SÒG4[ >g 0 JK( v T4J,KQ;G4[%2PQ 
%Ò<-2E&X¹9F¹Ç¹TÒ7 ¾W@¹G4[<R7SÒG4[ 5g = JK( v T4J,KQ;7ÒÃLCÒ%2PQE&X¹9F¹Ç¹TÒ7 
¾W@¹G4[<R7SÒG4[ 5g = JK( d T4¾W@¹G4[%ÒLÒÃÊF¹-7;Ò¹%2PQTÒ7 ¾W@¹G4[<R7SÒG4[ >g 0 JK( 
v T47ÒÃGF%ØµÊÒ,7ÃÃTV¹DÃÔEÇMDCÒ¹JK(µÔ´7-DDÃÔEÇMDCÒ¹TÒ7 JK(¾W@¹G4[<R7SÒG4[ > 
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JK( 0 %2PQµÔ´7-DJ,KQ;Ê\Ò¹D-¹EGÔ;3¹Ò´V,8Q9F¹Ç¹TÒ7 JµQG4[T4K-7SM(E,TW%¹7-¹ 
3%;¾W@¹G4[<R7SÒG4[ > \R;  v LW%7ÒÃOÊT&¹E&3%;7ÒÃVªC&Ã(â2ª¹!G4[ Ố¹G4[JGÃ7%2PQµÒT
DÃÔEÇMG4[%2PQ%Ò<-2â´2G-[ÇA&

0# 7ÒÃ%2PQÃÇT7-¹3%;L¹G4[T4LÇÒTJµ7µQÒ;V¹ ĆÒ¹ZÒ¹( Ê\Ò¹UÒ¾GÒ;Ê-;LT 
EªW@%ªÒµÔ  JK(%Òª4¾V¹DÃÔEÇME´42Ç7-¹ A,etero5eneo1s soc/etKG -́;9(E,_¹A Ć9Ò7 
&Y99-2GÒ;Ê-;LTG4[¾D9Ò77ÒÃ<R7SÒLW% T4LÇÒT,KÒ7,KÒ2GÒ; ĆÒ¹Ê\Ò¹(GÒ;E<ÃSZ7Ô9 
Ê-;LTJK(%Òª4¾   G4[¾D&Y99-2¹4@V¹GØ7¾W@¹G4[<R7SÒµ-@;JµQ¾W@¹G4[<R7SÒG4[ > \R; v â´2V¹ 
,KÒ2DÃÔEÇMG4[LM(OPCÇÔ9-2K;A&E´Ô¹ÊFÃÇ9JK(A´C¾DE,_¹J,KQ;ªØTª¹J%%-´G4[JGÃ7µ-Ç 
%2PQµÒTVµCGÒ;´QÇ¹%2PQµÃ;V97KÒ;3%;7ÃØ;EG¾T,Ò¹LÃ]R[;L¹G-[ÇA&ATQT4â%7ÒÊA´CE,_¹ 
,Ò7ATQK;E´Ô¹ÊFÃÇ9 J,KQ;ªØTª¹J%%-´G4[%2PQÃÔTGÒ;Ã\Am,ÃW%%2PQD¹G4[ Ố¹ÊÒ¸ÒÃM(GQÒT 
7KÒ;µR7ÊP;G4[E&X¹%¾ÒÃ !µETC¹µ!,ÃP,ÃÒÃÒLÒJ¾; JÇ´KC%T´CÇ2%ÒLÒÃÊP;G4[E&X¹ÊF¹-7;Ò¹
V¹DÒ;DÃÔEÇMT4%ÒLÒÃJmKµG4[GÒ;ÃÒª7ÒÃ9-́ AÇCV,C7-DOPCT4ÃÒ2A Ć¹C%2]R[;OPC%2PQ%Ò<-2E,KQÒ¹4@ 
9F¹Ç¹TÒ7E&X¹L¹G4[&Ã(7%D%Òª4¾JDD r,ÒEªCÒ7Ô¹L[Fs JK(%2PQATQA7K9Ò7J,KQ;Ê\Ò¹ 
D-¹EGÔ;G4[T47ÒÃ9-D9QÒ2VªCÊ%2E;Ô¹7-¹%2QÒ;Ê(¾-´E&X¹9F¹Ç¹TÒ7  

7ÒÃJGÃ7µ-Ç3%;ªÒÇµQÒ;ªÒµÔG4[E3CÒTÒGQ%;EG4[2ÇJK(¾-7%Ò<-2V¹Ã(2(Ê-@¹V¹ 
,KÒ2¾W@¹G4[<R7SÒL¹µQÒ;´CÒÇ G4[E3CÒTÒGF;Ò¹V¹%ØµÊÒ,7ÃÃTUÒ2V¹DCÒ¹9F¹Ç¹TÒ7G4[
7Ã(9Ò2µ-Ç%2PQµÒTJ,KQ;G4[%2PQ%Ò<-2 E,KQÒ¹4@GFV,CE7Ô´LÇÒT,KÒ7,KÒ23%;L¹,KÒ2EªW@%
ªÒµÔ G4[T4\Ô[¹7FE¹Ô´ UÒSÒ JK(Ç-.¹¸ÃÃTG4[Jµ7µQÒ;7-¹%2PQUÒ2V¹DÃÔEÇME´42Ç7-¹  Ê-;LT
V¹DÃÔEÇMµQÒ;^ G4[LM(OPCÇÔ9-2<R7SÒ9R;&Ã(7%DA& ĆÇ2L¹9F¹Ç¹TÒ7G4[T4,KÒ2EªW@%ªÒµÔ  
L¹,KÒ7,KÒ2%Òª4¾  L¹G4[T4LÇÒTJµ7µQÒ;7-¹GÒ;´CÒ¹ZÒ¹(GÒ;E<ÃSZ7Ô9%2QÒ;TÒ7G4[
%2PQ%Ò<-2V¹¾W@¹G4[DÃÔEÇMG4[V7KC7-¹

5#  LÇÒTEÊW[%TâGÃTGÒ;ÊÔ[;JÇ´KC%T ĆÒ¹7Ò2UÒ¾JK(GÒ;Ê-;LT  Ap,Ks/ca# env/ 6
ron7ent and soc/a# deter/orat/onG K-7SM(GÒ;7Ò2UÒ¾E,KQÒ¹4@LM(OPCÇÔ9-2JK(OPC
G4[OQÒ¹DÃÔEÇMÊ\Ò¹G4[]R[;E&X¹¾W@¹G4[<R7SÒÊÒTÒÃ\T%;E,_¹A Ć%2QÒ;ª-´E9¹ K-7SM(LÇÒT 
EÊW[%TâGÃTE,KQÒ¹4@A ĆJ7Q ÊUÒ¾DCÒ¹EÃW%¹G4[%2PQ%Ò<-2UÒ2V¹ªØTª¹J%%-́ G4[E7QÒJK(GÃǾ âGÃT 
LPLK%;G4[T432(JK(¹@FG4[E¹QÒEÊ42ÊQ;7KÔ[¹E,T_¹ 32(G4[\P7GÔ@;%2PQµÒTG4[ÊÒ¸ÒÃM(JK(G4[KC¹
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%2PQµÒT\-;32(V¹G4[ÊÒ¸ÒÃM(  ÊUÒ¾JÇ´KC%TGÒ;7Ò2UÒ¾µÒTDÃÔEÇMVµCGÒ; Q́Ç¹G4[¾W@¹ 
T4¹@F3-; 3ÃØ3Ã( ÊQ;7KÔ[¹ªW@¹ T432(%2PQEµ_TA&,T´ ATQT4JÊ;ÊÇQÒ;E¾42;¾%V¹EÇKÒ7KÒ;LW¹ 
7ÒÃ¾Q¹Ê4µÒT7FJ¾;V¹G4[ÊÒ¸ÒÃM( 7ÒÃ¹FE%Ò3%;E7QÒJK(32( EªQ¹ 3Ç´¾KÒÊµÔ7  
7Ã(&{%;ELÃW[%; Ẃ[T 3Ç´E&KQÒ JK(7Ã(´ÒS G4[T47ÒÃE7_D,ÃW%Ã-D]W@%TÒ7%;ÃÇT7-¹E¾W[%L-´
J27,ÃW%Ã%¹FA&3Ò2V,C7-DÃCÒ¹Ã-D]W@%3%;E7QÒ ÊÔ[;E,KQÒ¹4@E7Ô´3R@¹UÒ2V¹DÃÔEÇMªØTª¹µÔ´
7-DDCÒ¹EÃW%¹G4[T4L¹%2PQ%Ò<-2E&X¹9F¹Ç¹TÒ7  

LÇÒTEÊW[%TâGÃTGÒ;Ê-;LTG4[¾DV¹¾W@¹G4[<R7SÒ¹-@¹A´CJ7Q &Y8,Ò2ÒEÊ¾µÔ´G4[T4 
LÇÒTJ¾ÃQ,KÒ2%2QÒ;ª-´E9¹V¹GØ7¾W@¹G4[<R7SÒµ-@;JµQ¾W@¹G4[<R7SÒG4[ > \R; v â´2Ec¾Ò( 
DÃÔEÇMG4[T4LÇÒTEÊW[%TâGÃTGÒ;´CÒ¹ÊÔ[;JÇ´KC%TGÒ;7Ò2UÒ¾ 7ÒÃEKQ¹7ÒÃ¾¹-¹G4[K-7K%D 
EKQ¹7-¹,ÃW%µPC7ÒÃ¾¹-¹G4[E&X¹µPCTCÒG4[ÇÒ;%2PQµÒTJmKµG4[%2PQ%Ò<-23%;OPCT4ÃÒ2A´C¹C%2
J,KQ;%DÒ2TØ3µQÒ;^ G4[JGÃ7]RT%2PQV¹,ÃW%V7KCDÃÔEÇMªØTª¹ A´CJ7Q O-DDÒÃ ! Ê\Ò¹ 
%ÒD%D¹Ç´  âµ#(Ê¹Ø7E7%Ã ! Ê\Ò¹DÃÔ7ÒÃGÒ;E¾<JDDJ%DJo;,KÒ7,KÒ2ÃP&JDDG4[V,C
DÃÔ7ÒÃG-@;L¹AG2JK(ªÒÇµQÒ;ªÒµÔ ÃÇTG-@;7ÒÃT4L¹EÃQÃQ%¹ L¹3%GÒ¹ JK(L¹ÊµÔATQ 4́ 
,K-D¹%¹%2PQµÒTG4[ÊÒ¸ÒÃM(G4[L¹¾KØ7¾KQÒ¹

=# 7ÒÃK(ETỐ 7l,TÒ23%;L¹V¹ªØTª¹ Aacceptat/on oJ #a4 brea?/n5G JK( 
7ÒÃATQE3CT;Ç´V¹7ÒÃD-;L-DVªC7l,TÒ2 A#ax #a4 enJorce7entG 3%;E9CÒ,¹CÒG4[ 7ÒÃ 
7Ã(GFG4[K(ETÔ´7l,TÒ2V¹3C%¹4@T-7E&X¹EÃW[%;G4[L¹ÊQÇ¹V,8QT%;ÇQÒE&X¹EÃW[%;EK_7¹C%2   
JK(E&X¹EÃW[%;&7µÔG4[L¹G-[ÇA&GF7-¹  JK(GF7-¹%2PQE&X¹&Ã(9FV¹ª4ÇÔµ&Ã(9FÇ-¹  A ĆJ7Q  
7ÒÃÇÒ;ÊÔ[;3%;E7(7(D¹GÒ;EGCÒ ATQÇQÒ9(E&X¹ÊÔ¹LCÒG4[ÇÒ;3Ò2,¹CÒÃCÒ¹ Ã\E3_¹,ÃW%Ã\ 
ÊÒTKC%3Ò2%Ò,ÒÃ %Ø&7ÃM !7ÒÃGF%Ò,ÒÃJK(KCÒ;\CÇ2ªÒT âµ#(E7CÒ%4@ÊF,Ã-DV,CKP7LCÒ 
¹-[;Ã-D&Ã(GÒ¹%Ò,ÒÃ 7ÒÃµÒ7EÊW@%OCÒ E&X¹µC¹ ¹%79Ò7¹4@2-;ÃÇT\R;7ÒÃ9%´Ã\V¹G4[,CÒT 
9%´ 7ÒÃ9%´Ã\V¹]%2,ÃW%GÒ;G4[JLDJK(7ÒÃ9%´Ã\D¹GÒ;EGCÒ 7ÒÃGÔ@;32(EÃ4[2ÃÒ´ 
V¹G4[ÊÒ¸ÒÃM( 7ÒÃDØ7ÃØ7G4[ÊÒ¸ÒÃM(  

7ÒÃD-;L-DVªC7l,TÒ2V¹EÃW [%;¹4 @ATQA´CEc¾Ò(E9Ò(9;JµQE9CÒ,¹CÒG4 [µFÃÇ9 
EGQÒ¹-@¹ JµQ2-;ÃÇTA&\R;E9CÒ,¹CÒG4[,¹QÇ2;Ò¹%W[¹´CÇ2 EªQ¹ E9CÒ,¹CÒG4[ÊF¹-7;Ò¹EG<7Ô9 
E9CÒ,¹CÒG4[7ÒÃGÒ;¾ÔE<S E9CÒ,¹CÒG4[7ÒÃÃ\Am JK(E9CÒ,¹CÒG4[ÊÒ¸ÒÃMÊØ3 E&X¹µC¹ ]R[;7ÒÃ
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ATQD-;L-DVªC7l,TÒ2µQ%7ÒÃ7Ã(GFG4[E&X¹7ÒÃK(ETÔ´7l,TÒ2E,KQÒ¹4@´CÇ2ÊÒE,µØV´7_µÒT
2Q%TGFV,CT4L¹GFTÒ73R@¹JK(ETW[%&KQ%2V,CE7Ô´LÇÒTJ¾ÃQ,KÒ2V¹7ÒÃK(ETÔ´7l,TÒ2
E,KQÒ¹4@9¹E&X¹EÃW[%;&7µÔJK(E&X¹EÇKÒ2ÒÇ¹Ò¹JKCÇ 7ÒÃD-;L-DV,CL¹,2Ø´K(ETÔ´,ÃW% 
%%79Ò7¾W@¹G4[ÊÒ¸ÒÃM(9(GFA´C2Ò7JK(7Q%V,CE7Ô´7ÒÃµQ%µCÒ¹ ´CÇ2E,µØ¹4@9R;GFV,CT47ÒÃ 
K(ETỐ 7l,TÒ2V¹K-7SM(E,KQÒ¹4@%2PQTÒE&X¹EÇKÒ¹Ò¹JTCÇQÒ9(T4DÒ;ªQÇ;EÇKÒG4[E9CÒ,¹CÒG4[ 
3%;Ã-Z¾2Ò2ÒT9(&ÃÒD&ÃÒT7_µÒT       
 d# LÇÒTATQE¾42;¾%V¹7ÒÃ&i%;7-¹µ¹E%;9Ò77ÒÃµ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2! 
JK(7ÒÃ&i%;7-¹%Òª8Ò7ÃÃT3%;E9CÒ,¹CÒG4[µFÃÇ9 A#ac? oJ se#J6protect/on and t,e 
protect/on Jro7 po#/ceG 7ÒÃ&i%;7-¹µ¹E%;9Ò77ÒÃµ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2!V¹
¾W@¹G4[<R7SÒG4[ >jv  ¹-@¹2-;T4%2PQ¹C%2,ÃW%ATQT4EK2 G-@;¹4@T4ÊQÇ¹&Ã(7%D%2PQ 0  ÊQÇ¹V¹EÃW[%;
LÇÒTATQE¾42;¾%V¹7ÒÃ&i%;7-¹µ¹E%;3%;&Ã(ªÒª¹ &Ã(7ÒÃJÃ7LW%¾kµÔ7ÃÃT3%;JµQ
K(L¹G4[%Ò9ATQV,CLÇÒTÃ(T-´Ã(Ç-;V¹7ÒÃ ṔJK,ÃW%&i%;7-¹ EªQ¹ 7ÒÃE& "´&Ã(µPDCÒ¹AÇCâ´2 
ATQA ĆK_%L  7ÒÃ9%´Ã\AÇCâ´2ATQT4TÒµÃ7ÒÃ&i%;7-¹  7ÒÃATQE7_D3%;T4LQÒAÇCV¹G4[&K%´U-2  
7ÒÃ&KQ%2V,Cµ-ÇE%;µ7%2PQV¹ÊUÒ¾G4[ATQÊÒTÒÃ\&i%;7-¹µ-ÇE%;A Ć EªQ¹ ETÒÊØÃÒ 7ÒÃE3CÒ
,ÃW%OQÒ¹A&V¹Ê\Ò¹G4[EÊ4[2;%-¹µÃÒ2 EªQ¹ G4[E&K4[2Ç,ÃW%TW´ &Ã(7ÒÃG4[Ê%;LW%7ÒÃT4,ÃW% 
ATQT4TÒµÃ7ÒÃ&i%;7-¹ EªQ¹ 7ÒÃµÔ´µ-@;Ê-88ÒM7-¹3âT2 7ÒÃµÔ´µ-@;7KC%;G4Ç4Ç;9Ã&"´ 
7ÒÃµÔ´µ-@;E,K_7 -́´ 7ÒÃEK4@2;ÊØ¹-3AÇCV¹DÃÔEÇMDCÒ¹ 7ÒÃGFÃ-@Ç,ÃW%7FJ¾;V,CÊP; 7ÒÃ ṔJK 
DCÒ¹ATQV,CµC¹ATCÃ79¹T%;ATQE,_¹DÃÔEÇMÃ%D^ DCÒ¹ 7ÒÃ´PJKEÃW[%;JÊ;ÊÇQÒ;Ã%D^ 
DÃÔEÇMDCÒ¹ E&X¹µC¹ ÊF,Ã-DÊQÇ¹&Ã(7%D%-¹,K-;¹-@¹ OPCG4[T4ZÒ¹(ATQ 4́%Ò9ATQ%2PQV¹ZÒ¹( 
G4[9(9QÒ2E;Ô¹E¾W[%]W@%TÒµÃ7ÒÃ&i%;7-¹µ¹E%;DÒ;%2QÒ;E,KQÒ¹4@A Ć JµQGØ7L¹ÊÒTÒÃ\E&K4[2¹ 
¾kµÔ7ÃÃT,ÃW%,ÒLÇÒTÃPCE74[2Ç7-D7ÒÃ&i%;7-¹µ¹E%;A´C  V¹ÊQÇ¹3%;E9CÒ,¹CÒG4[µFÃÇ9¹-@¹ 
µÒTLÇÒTE,_¹3%;OPCV,C3C%TPKª4@ÇQÒE9CÒ,¹CÒG4[µFÃÇ9G4[Ã-DOÔ´ª%DV¹¾W@¹G4[E,KQÒ¹4@2-;GF;Ò¹ 
A ĆATQ 4́¹-7V¹7ÒÃ&i%;7-¹E,µØ%Òª8Ò7ÃÃT G-@;¹4@E9CÒ,¹CÒG4[µFÃÇ9V¹¾W@¹G4[<R7SÒG4[ > \R; v 
%Ò9GF,¹CÒG4[A ĆATQ 4́V¹DÃÔEÇMG4[E&X¹¾W@¹G4[<R7SÒG4[LM(OPCÇÔ9-2K;A&E7_D3C%TPKTÒ ,ÃW%%Ò9
E¹W[%;TÒ9Ò7V¹ªQÇ;,KÒ2E´W%¹G4[OQÒ¹TÒE9CÒ,¹CÒG4[µFÃÇ9A´C\P7ÊQ;A&GF,¹CÒG4[Ã-7SÒLÇÒT
&K%´U-2JK(LÇÒTÊ;DEÃ42DÃC%2V¹E,µØ7ÒÃM!GÒ;7ÒÃETW%;E&X¹9F¹Ç¹TÒ7JK(µQ%E¹W[%;  
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LM(OPCÇÔ9-2A´CE´Ô¹GÒ;A&E7_D3C%TPKV¹ªQÇ;EÇKÒG4[V7KCEL42;7-DÊ\Ò¹7ÒÃM !GÒ;7ÒÃETW%;  
&Ã(ªÒª¹9R;T4LÇÒTÃPCÊR7ÇQÒE9CÒ,¹CÒG4[µFÃÇ9ATQLQ%2GF;Ò¹´CÒ¹7ÒÃ&i%;7-¹&ÃÒD&ÃÒT 
%Òª8Ò7ÃÃT7_E&X¹A Ć    

ÁÒµÃ¡ÒÃã¹¡ÒÃ»‡Í§¡Ñ¹¡ÒÃÅÑ¡·ÃÑ¾Â!
 3C%TPK9Ò77ÒÃÇÔELÃÒ(, !G4[A´C¹FEÊ¹%TÒJKCÇGFV,CGÃÒD\R;K-7SM(3%;¾W@¹G4[]R[;
E7Ô´E,µØK-7GÃ-¾2 !9F¹Ç¹TÒ7 µK%´9¹&Y99-2µQÒ;^ G4[¾DV¹¾W@¹G4[E,KQÒ¹4@ V¹ÊQÇ¹¹4@
9(E&X¹7ÒÃÊ-;ELÃÒ(, !TÒµÃ7ÒÃE¾W[%J7CA3,ÃW%&i%;7-¹7ÒÃK-7GÃ-¾2 !]R[;DÒ;TÒµÃ7ÒÃ%Ò9
E74[2Ç3C%;7-D7ÒÃ&i%;7-¹%Òª8Ò7ÃÃT&Ã(EUG%W[¹ÃÇT%2PQ ĆÇ2 -́;G4[A Ć7KQÒÇTÒJKCÇÇQÒ 
¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !9F¹Ç¹TÒ7¹-@¹T4ÊUÒ¾JÇ´KC%TGÒ;7Ò2UÒ¾JK(DÃÔDGGÒ; 
Ê-;LTG4[E&X¹E%7K-7SM !,ÃW%K-7SM(Ec¾Ò(µ-Ç,KÒ2&Ã(7ÒÃ -́;¹-@¹TÒµÃ7ÒÃV¹7ÒÃ&i%; 
7-¹E,µØK-7GÃ-¾2 !V¹DÃÔEÇM´-;7KQÒÇ 9FE&X¹µC%;T47K2ØG !̧,ÃW%J¹ÇGÒ;G4[E¹C¹7ÒÃ&i%;7-¹
TÔV,C&Y99-2%-¹E&X¹E,µØ3%;7ÒÃK-7GÃ-¾2! L;%2PQV¹DÃÔEÇM´-;7KQÒÇATQÇQÒ9(E&X¹&Y99-2GÒ;
7Ò2UÒ¾JK(GÒ;Ê-;LT µK%´9¹TØQ;EÊÃÔT7ÒÃ&i%;7-¹7ÒÃK-7GÃ-¾2!3%;G-@;Ã( -́D&Y9E97
ª¹ LÃ-ÇEÃW%¹ JK(ªØTª¹ LM(OPCÇÔ9-29R;¹FEÊ¹%TÒµÃ7ÒÃV¹7ÒÃ&i%;7-¹E,µØK-7GÃ-¾2! 
V¹DÃÔEÇMG4[E&X¹9Ø´EÊ4[2; -́;µQ%A&¹4@
 ># 7ÒÃ9-´Ã(DDÊÒ2µÃÇ9V,CGF;Ò¹EªÔ;ÃØ7 T4JO¹7ÒÃ9-´V,CE,TÒ(ÊT7-D¾W@¹G4[ 
JK(EÇKÒ
 7ÒÃ9-´Ã(DDÊÒ2µÃÇ9V,CGF;Ò¹EªÔ;ÃØ7 ,TÒ2LÇÒT\R; J¹ÇGÒ;V¹7ÒÃ¾-.¹Ò 
ÊTÃÃ\¹( Aco7petencKG 3%;E9CÒ,¹CÒG4[µFÃÇ9â´2µÃ; V,CT4<-72UÒ¾V¹7ÒÃµÃÇ9µÃÒ 
E3µ¾W@¹G4[V,CLÃ%DLKØTTÒ7G4[ÊØ´JK(E,TÒ(ÊTµÒTÊUÒ¾¾W@¹G4[JK(EÇKÒ E¾W[%K´â%7ÒÊ
V¹7ÒÃ&Ã(7%D%Òª8Ò7ÃÃT3%;L¹ÃCÒ2 JK(E¾Ô[TLÇÒTEÊ4[2;3%;L¹ÃCÒ2G4[9(\P79-D7ØT 
]R[;TÒµÃ7ÒÃ¹4@\W%ÇQÒE&X¹ÊÔ[;ÊFL-8G4[9(GFV,C&Y99-27ÒÃ&i%;7-¹V¹Ã(´-DªØTª¹T4LÇÒTE3CT
J3_;TÒ72Ô[;3R@¹ TÒµÃ7ÒÃV¹3C%¹4@&Ã(7%D´CÇ2
 >#> 7ÒÃ9-´Ã(DDÊÒ2µÃÇ9â´2¹FÊ\ÔµÔL 4́%Ò8ÒTÒGF7ÒÃÇÔELÃÒ(, !  â´2V¹ 
¾W@¹G4[EÊ4[2;,ÃW%¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2 !E7Ô´3R@¹E&X¹9F¹Ç¹TÒ79(9-´V,CE9CÒ,¹CÒG4[µFÃÇ9 
ÊÒ2µÃÇ9E3CÒTÒµÃÇ9µÃÒE&X¹&Ã(9FÊT[FEÊT%TÒ77ÇQÒ¾W@¹G4[G4[T4%Òª8Ò7ÃÃTE7Ố 3R@¹¹C%2 



G-@;¹4@E¹W[%;´CÇ23C%9F7-´ ĆÒ¹7FK-;¾KJK(LÇÒT7ÇCÒ;3%;E3µ¾W@¹G4[  9R;µC%;T47ÒÃ9-´ÊÒ2
µÃÇ9V,CµÃÇ9µÃÒ%2QÒ;E3CT3C¹DÃÔEÇMG4[T4L´4K-7GÃ-¾2 !E7Ô´3R@¹TÒ7 ÊQÇ¹DÃÔEÇMG4[T4E,µØ 
E7Ô´3R@¹¹C%2 7_ÊÒTÒÃ\K´9F¹Ç¹ÊÒ2µÃÇ9K; E¾W[%¹FTÒEÊÃÔT7FK-;DÃÔEÇMG4[E,µØK-7 
GÃ-¾2!TÒ7
 >#0 7ÒÃ¾-.¹Ò<-72UÒ¾E9CÒ,¹CÒG4[µFÃÇ9ÊÒ2µÃÇ9V,CT4LÇÒT¾ÃC%TG4[9(A&
\R;9Ǿ E7Ố E,µØA Ć%2QÒ;ÃÇ´EÃ_Ç ÊÒTÒÃ\Ã(;-DE,µØJK(V,CDÃÔ7ÒÃ&Ã(ªÒª¹A ĆG-¹Ê\Ò¹7ÒÃM!
â´2E¹C¹´CÒ¹LÇÒTÃ%DÃPCV¹E3µ¾W@¹G4[,ÃW%EÊC¹GÒ;LT¹ÒLTG4[E,TÒ(ÊTV¹7ÒÃE3CÒÊPQ¾W@¹G4[
µQÒ;^ â´2Ec¾Ò(¾W@¹G4[EÊ4[2;]R[;E7Ô´E,µØK-7GÃ-¾2 !TÒ7  ]R[;3C%TPK9Ò77ÒÃ<R7SÒ¹4@ª4@V,CE,_¹ 
ÇQÒ¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2 !E7Ô´3R@¹TÒ7T-79(T4EÊC¹GÒ;E3CÒ%%7ÊPQªØTª¹,ÃW%DÃÔEÇM¾W@¹G4[
¹-@¹TÒ7 DÒ;J,Q;T4LÇÒTÊK-D]-D]C%¹3%;EÊC¹GÒ; DÒ;J,Q;T4K-7SM(E&K4[2ÇJK(TW´V¹
EÇKÒ7KÒ;LW¹ LÇÒTÃPCE,KQÒ¹4@E&X¹ÊÔ[;G4[µC%;&i%¹V,C7-DE9CÒ,¹CÒG4[µFÃÇ9ÊÒ2µÃÇ9A´CÃ-D 
GÃÒD JK(9´9F ÃÇTG-@;Ê\Ò¹G4[]R[;E&X¹ÊÔ[; Ŕ; Ṕ´%Òª8Ò7ÃÃT Acr/7e attractorsG 

EªQ¹ ÃCÒ¹%Ô¹EG%Ã !E¹_µ ÃCÒ¹Ê(´Ç7]W@% ÇÔ¹Ã\9-7Ã2Ò¹2¹µ!,ÃW%&iÒ2Ã\ETK ! µPC7ÒÃ¾¹-¹ 
,ÃW%J,KQ;7ÒÃ¾¹-¹ Ê\Ò¹%ÒD%D¹Ç´ O-DDÒÃ!  ÃCÒ¹LÒÃÒâ%E7( LÒEmp G4[9(´R;V,COPCG4[9( 
7Ã(GFOÔ´ A7ot/vated oJJenderG E3CÒTÒV7KC,ÃW%V¹DÃÔEÇMªØTª¹ GFV,CE¾Ô[Tâ%7ÒÊG4[9( 
E7Ố 7ÒÃ7Ã(GFOỐ K-7GÃ-¾2!UÒ2V¹ªØTª¹¹-@¹TÒ73R@¹ 7ÒÃ¾-.¹Ò<-72UÒ¾E9CÒ,¹CÒG4[µFÃÇ9 
ÊÒ2µÃÇ92-;ÃÇT\R;7ÒÃ¾-.¹ÒLÇÒTÊÒTÒÃ\V¹7ÒÃ3-D34[2Ò¹¾Ò,¹(E¾W[%ÊÒTÒÃ\E3CÒ\R; 
DÃÔEÇMªØTª¹µQÒ;^ G4[%Ò9JLDA´C%2QÒ;G-[Ç\R; JK(ÊÔ[;G4[3Ò´ATQA ĆLW%7ÒÃ%Ò<-2&Ã(â2ª¹! 
3%;7ÒÃE´Ô¹µÃÇ9µÃÒ¾W@¹G4[]R[;E9CÒ,¹CÒG4[ÊÒ2µÃÇ99(K(EK2EÊ42ATQA Ć

  >#5 7ÒÃ9-´Ã(DDÊÒ2µÃÇ9V,CÊ%´LKC%;7-DEÇKÒG4[E7Ô´E,µØ ]R[;9Ò77ÒÃ<R7SÒ 
GFV,CGÃÒDÇQÒªQÇ;EÇKÒ7KÒ;Ç-¹T4E,µØK-7GÃ-¾2!V¹EL,(Ê\Ò¹TÒ7 V¹3M(G4[EÇKÒ7KÒ;LW¹ 
9(T4E,µØK-7GÃ-¾2! DÃÔEÇM¹%7DCÒ¹JK(µÒTÊ\Ò¹G4[µQÒ;^ EªQ¹ JO;3Ò2%Ò,ÒÃ Ê\Ò¹ 
DÃÔ7ÒÃ,ÃW%Ê\Ò¹G4[GQ%;EG4[2Ç JK(Ê\Ò¹D-¹EGÔ; 7ÒÃ9-´ÊÒ2µÃÇ99R;µC%;9-´%2QÒ;E,TÒ(
ÊT 7KQÒÇLW% 9-´ÊÒ2µÃÇ9V,CµÃÇ9µÃÒDÃÔEÇMÊ\Ò¹DÃÔ7ÒÃV¹ªQÇ;EÇKÒ7KÒ;LW¹ ,ÃW% 
DÃÔEÇMG4[T4¹-7GQ%;EG4[2Ç9F¹Ç¹TÒ7 ÊQÇ¹V¹EÇKÒ7KÒ;Ç-¹µC%;V,CLÇÒTÊFL-87-DDÃÔEÇM
G4[E&X¹G4[¾-7%Ò<-2 
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  >#= 7ÒÃE&"́ ªQ%;GÒ;Ã-DJ9C;E,µØ,ÃW%Ã-D3C%TPK3QÒÇÊÒÃE74[2Ç7-D7ÒÃ7Ã(GFOỐ  
V,CTÒ7G4[ÊØ´ E¹W[%;9Ò7T4&Ã(ªÒª¹9F¹Ç¹TÒ7ATQTÒJ9C;E,µØ%Òª8Ò7ÃÃT  7ÒÃ´FE¹Ô¹ 
7ÒÃ¹4@9(ªQÇ2EÊÃÔT GFV,CT43C%TPKE¾42;¾%µQ%7ÒÃÇÒ;JO¹7ÒÃµÃÇ9 ,ÃW%7ÒÃEµÃ42T¾ÃC%T 
V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTE¾Ô[TEµÔT9Ò73C%TPKG4[A ĆÃ-D9Ò77ÒÃJ9C;E,µØ  GFV,C7ÒÃ9-´GF 
JO¹G4[,ÃW%7ÒÃÃ(DØ¾W@¹G4[G4[T47ÒÃ7Ã(GFOỐ ÊP; H]R[;ÃÇT\R;7ÒÃK-7GÃ-¾2!́ CÇ2I T4LÇÒT\P7µC%;
TÒ72Ô[;3R@¹ ªQ%;GÒ;Ã-DJ9C;E,µØ¹%79Ò79(%Ò<-2GÒ;âGÃ<-¾G !G4[VªC7-¹E&X¹&Ã(9F%2PQJKCÇ
%Ò9VªC7ÒÃÃ-DJ9C;E,µØ,ÃW%3C%TPK3QÒÇÊÒÃ7ÒÃ7Ã(GFOÔ´GÒ;%Ô¹EG%Ã !E¹_µ JK(GÒ;     
A&ÃSM42D-µÃG4[E9CÒ,¹CÒG4[µFÃÇ9A&J97µÒTªØTª¹     

   >#d 7ÒÃ&Ã(ETÔ¹OKJO¹7ÒÃ9-´Ã(DDÊÒ2µÃÇ9E&X¹&Ã(9F E¾W[%&Ã(ETÔ¹ 
&Ã(ÊÔG Ô̧UÒ¾3%;Ã(DDÊÒ2µÃÇ9G4[́ FE¹Ô¹%2PQ â´2¹F&ÃÔTÒML 4́G4[E7Ố 3R@¹JK(LÇÒT¾R;j 
¾%V93%;&Ã(ªÒª¹TÒE&X¹µ-Çª4@Ç-´&Ã(ÊÔG¸ÔUÒ¾JK(&Ã(ÊÔG¸ÔOK3%;E9CÒ,¹CÒG4[µFÃÇ9 
ÊÒ2µÃÇ9 ¹%79Ò7¹4@2-;µC%;T47ÒÃµÃÇ9Ê%D7ÒÃE&K4[2¹J&K;3%;¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!  
V¹&ÃÔTÒMÊP;ÇQÒT47ÒÃE&K4[2¹J&K;%2QÒ;AÃV¹ªQÇ;EÇKÒµQÒ;^ 3%;&`7Q%¹G4[9(¹F7ÒÃ9-´ 
Ã(DDÊÒ2µÃÇ9EªÔ;ÃØ7TÒVªCE¾W[%V,CE,_¹3C%TPK7Q%¹G4[9(´FE¹Ô¹7ÒÃ JK(T47ÒÃE&K4[2¹J&K; 
%2QÒ;AÃ,K-;9Ò77ÒÃ9-´Ã(DDÊÒ2µÃÇ9JDD¹4@     

0# 7ÒÃV,CLÇÒTÃPCJK(ÊÃCÒ;¾kµÔ7ÃÃTV¹7ÒÃ&i%;7-¹µ¹E%;3%;&Ã(ªÒª¹ â´2
E¹C¹7KØQTG4[EÊ4[2;V¹7ÒÃµ7E&X¹E,2W[%

   TÒµÃ7ÒÃ¹4@E&X¹J¹ÇGÒ;V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTâ´2&Ã(ªÒª¹E¾W[%K´ 
â%7ÒÊ,ÃW%LÇÒTEÊ4[2;G4[9(µ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2 !  â´27ÒÃEÊÃÔTÊÃCÒ;LÇÒTE3CT 
J3_;V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTV,CJ7Q&Ã(ªÒª¹G-[ÇA&]R[;T4â%7ÒÊµ7E&X¹E,2W[%%Òª8Ò 
7ÃÃT  ]R[;E9CÒ,¹CÒG4[µFÃÇ9E&X¹OPCÊ¹-DÊ¹Ø¹´CÒ¹3C%TPKJK(LÇÒTÃPC,ÃW%EGL¹ÔLV¹7ÒÃ&i%; 
7-¹%Òª8Ò7ÃÃT TÒµÃ7ÒÃV¹3C%¹4@E74[2Ç3C%;7-DK-7SM(G4[E&X¹&Y99-2G4[¾D9Ò77ÒÃ<R7SÒ 
V¹¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!E&X¹9F¹Ç¹TÒ7  G-@;&Y99-2GÒ;Ê-;LTG4[OPC%2PQ%Ò<-2T-7%2PQV¹ªØTª¹
JDDµQÒ;L¹µQÒ;%2PQ JK(&Y99-2´CÒ¹7ÒÃ&i%;7-¹G4[A´CÃ-D3C%TPK9Ò7E9CÒGÃ-¾2 !G4[µ7E&X¹ 
E,2W[%]R[;ª4@V,CE,_¹\R;LÇÒTÃ(T-´Ã(Ç-;G4[%Ò92-;ATQE¾42;¾%V¹7ÒÃ&7&i%;GÃ-¾2 !3%;µ¹E%; 
J¹ÇLÇÒTLÔ´G4[ÇQÒLÇÃV,C3C%TPKG4[E&X¹&Ã(â2ª¹ !JK(9FE&X¹J7QOPCG4[µC%;7ÒÃ¹-@¹Ê%´LKC%; 
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7-DJ¹ÇLÔ´3%; !/c,/t !/ta?tepso7bat A;YYEG G4[V,CLÇÒTÊFL-87-D7ÒÃV,C3C%TPK7-D 
%;L!7ÒÃ,ÃW%DØLLKG4[µC%;7ÒÃV¹2ØL3C%TPK3QÒÇÊÒÃ TÒµÃ7ÒÃ¹4@&Ã(7%D´CÇ2
 0#> 7ÒÃV,CLÇÒTÃPCJ7Q&Ã(ªÒª¹V¹7ÒÃ&i%;7-¹µ¹E%; ,ÃW%Ã(Ç-;U-2ATQV,Cµ7 
E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2 ! EªQ¹ 7ÒÃ&Ã(ªÒÊ-T¾-¹¸ !ÃP&JDD3%;7ÒÃK-7GÃ-¾2!GÒ;ÊW[% 
µQÒ;^  7ÒÃ9-´GFLPQTW%7ÒÃ&i%;7-¹%Òª8Ò7ÃÃT]R[;ÃÇT\R;7ÒÃK-7GÃ-¾2 !´CÇ2  7ÒÃ9-´GF 
EÇ_DA]µ!3%;Ê\Ò¹4µFÃÇ9V¹7ÒÃEO2J¾ÃQLÇÒTÃPĆ CÒ¹%Òª8Ò7ÃÃT        µK%´9¹7ÒÃGF9´,TÒ2
EÇ42¹G-@;V¹ÃP&E%7ÊÒÃG4[E&X¹7Ã(´ÒSJK(9´,TÒ2%ÔEK_7GÃ%¹Ô7Ê !E¾W[%J9C;3QÒÇ,ÃW%   
V,C3C%TPK]R[;%Ò9ÃÇT\R;Ê\Ò¹UÒ¾%Òª8Ò7ÃÃTV¹¾W@¹G4[µQÒ;^ JK(7ÒÃ9-´7Ô97ÃÃT3%;     
E9CÒ,¹CÒG4[µFÃÇ9G4[%Ò9,TØ¹EÇ42¹A&µÒT¾W@¹G4[ªØTª¹µQÒ;^ ]R[;T4Ç-µ\Ø&Ã(Ê;L !V¹7ÒÃV,C 
LÇÒTÃPCJ7Q&Ã(ªÒª¹V¹7ÒÃ&i%;7-¹µ¹E%;â´2V,CLÇÒTÊFL-8,ÃW%E¹C¹7-D&Ã(ªÒª¹7KØQT
EÊ4[2; A ĆJ7Q OPCG4[EL2µ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2 ! OPCG4[%Ò<-2%2PQV¹DÃÔEÇMG4[E&X¹¾W@¹G4[]R[;
T4E,µØK-7GÃ-¾2 !E&X¹9F¹Ç¹TÒ7 JK(OPCG4[µ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2!]@F

0#0 7ÒÃV,CLÇÒTÃPCJK(ªQÇ2E,KW%¹-7GQ%;EG4[2ÇATQV,Cµ7E&X¹E,2W[%3%;7ÒÃ 
K-7GÃ-¾2 !  â´2Ec¾Ò(7ÒÃµ7E&X¹E,2W[%V,CJ7QJ7#;%Òª8Ò7ÃÃT EªQ¹ J7#;KCÇ;7Ã(E&{Ò 
J7#;T%T2Ò¹-7GQ%;EG4[2Ç J7#;cC%â7;V¹ÃP&JDDµQÒ;^ E&X¹µC¹ ]R[;9Ò73C%TPK7ÒÃ&Ã(ªØT 
7KØQT2Q%2GFV,CGÃÒDÇQÒT4¹-7GQ%;EG4[2Çµ7E&X¹E,2W[%3%;E,KQÒTÔ9cÒª4¾E&X¹9F¹Ç¹TÒ7  
JµQATQT47ÒÃJ9C;LÇÒT7-DE9CÒ,¹CÒG4[µFÃÇ9 JK(2-;T4¹-7GQ%;EG4[2ÇG4[µ7E&X¹E,2W[%JKCÇµC%; 
E´Ô¹GÒ;7K-D&Ã(EG<V¹EÇKÒATQ¹Ò¹,K-;9Ò7E7Ô´E,µØ 7ÒÃ´FE¹Ô¹7ÒÃ9R;LÇÃE¹C¹G4[7ÒÃ 
&i%;7-¹ â´2EÃÔ[Tµ-@;JµQ7ÒÃ&Ã(ªÒÊ-T¾-¹¸ !,ÃW%J9C;V,C¹-7GQ%;EG4[2ÇGÃÒD\R; ¾kµÔ7ÃÃT 
3%;¾Ç7TÔ9cÒª4¾V¹ÃP&JDDµQÒ;^ 7ÒÃ&Ã(ªÒÊ-T¾-¹¸ !G4[´FE¹Ô¹7ÒÃV¹DÃÔEÇMG4[T4E,µØK-7
GÃ-¾2 !E7Ô´3R@¹DQ%2LÃ-@;JK(7ÒÃ%F¹Ç2LÇÒTÊ(´Ç7J7Q¹-7GQ%;EG4[2ÇV¹7ÒÃJ9C;LÇÒTETW[%
E7Ô´E,µØ3R@¹    

0#5 7ÒÃÊQ;EÊÃÔTV,C&Ã(ªÒª¹ªQÇ2E,KW%´PJKLÇÒT&K%´U-2]R[;7-¹JK(7-¹ 
E¾W[%J9C;E,µØ%Òª8Ò7ÃÃT ,ÃW%3C%TPK3QÒÇÊÒÃ ÃÇTG-@;3C%TPKG4[9(E&X¹&Ã(â2ª¹!V¹7ÒÃ 
ÊWDÊÇ¹µỐ µÒT9-D7ØTL¹ÃCÒ2 7ÒÃ&i%;7-¹7ÒÃK-7GÃ-¾2!ÊÒTÒÃ\GFA Ćâ´2%Ò<-2E¾W[%¹DCÒ¹
G4[%2PQV¹DÃÔEÇMV7KC7-¹â´2Ec¾Ò(V¹ªQÇ;EÇKÒG4[E¾W[%¹DCÒ¹ATQ%2PQDCÒ¹ 7ÒÃÊQ;EÊÃÔTV¹K-7SM(
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¹4@%Ò9GFâ´27ÒÃ9-´7Ô97ÃÃTV¹ÃP&âLÃ;7ÒÃ µ-Ç%2QÒ;EªQ¹ 7ÒÃ9-´µ-@;âLÃ;7ÒÃE¾W[%¹DCÒ¹ 
Ã(Ç-;U-2 G4[T47Ã(µØC¹V,COPC%2PQ%Ò<-2V,CLÇÒTÊFL-87-D7ÒÃÃ(Ç-;U-2JK(J9C;EµW%¹V,C7-DE¾W[%¹ 
DCÒ¹ETW[%T4E,µØµC%;Ê;Ê-2E7Ô´3R@¹V¹DÃÔEÇMV7KCDCÒ¹  

0#= 7ÒÃÊ¹-DÊ¹Ø¹7Ô97ÃÃTG4[&Ã(ªÒª¹ÃÇTµ-Ç7-¹&i%;7-¹%Òª8Ò7ÃÃT3%; 
ªØTª¹ 9Ò77ÒÃ<R7SÒV¹J,KQ;ªØTª¹µQÒ;^ ¾DÇQÒV¹&Y99ØD-¹T47ÒÃ9-´µ-@;7KØQTDØLLK3R@¹ 
TÒGF,¹CÒG4[ rµFÃÇ9DCÒ¹s JK(%ÒÊÒÊT-LÃG4[GF,¹CÒG4[V¹7ÒÃ&i%;7-¹%Òª8Ò7ÃÃTV¹ 
ªØTª¹%2PQJKCÇ7KA7E,KQÒ¹4@A´CÃ-D7ÒÃ9-´µ-@;â´2E9CÒ,¹CÒG4[µFÃÇ9JK(,¹QÇ2;Ò¹3%;
7ÃØ;EG¾T,Ò¹LÃ JµQLM(OPCÇÔ9-2¾DÇQÒ2-;T4&Y8,Ò%Ø&ÊÃÃLV¹J;QGÃ-¾2Ò7ÃV¹7ÒÃGF;Ò¹%2PQ 
7KQÒÇLW%L¹G4[E&X¹µFÃÇ9DCÒ¹,ÃW%%ÒÊÒÊT-LÃLW%OPCG4[%2PQV¹Ç-2GF;Ò¹G4[T4UÒÃ(µC%;,ÒEK4@2;  
ª4¾â´27ÒÃGF;Ò¹V¹EÇKÒ7KÒ;Ç-¹ 9R;ATQÊÒTÒÃ\GF,¹CÒG4[]R[;E&X¹;Ò¹G4[%ØGÔ<V,CJ7QÊQÇ¹ 
ÃÇTA Ć%2QÒ;Eµ_TG4[V¹7ÒÃ%%7µÃÇ9V¹EÇKÒ7KÒ;LW¹µÒTG4[A ĆÃ-DT%D,TÒ2A´C %47G-@;7KØQT 
%ÒÊÒÊT-LÃE,KQÒ¹4@ATQA´CÃ-D7ÒÃÊ¹-DÊ¹Ø¹9Ò7UÒLÃ-ZV¹EÃW[%;ÃÒ2A´C,ÃW%%Ø&7ÃM !V¹7ÒÃ 
GF;Ò¹ Ã-Z9R;LÇÃV,C7ÒÃÊ¹-DÊ¹Ø¹E;Ô¹GØ¹J7Q7KA7E,KQÒ¹4@]R[;%Ò9OQÒ¹A&GÒ;E9CÒ,¹CÒG4[ 
µFÃÇ9,ÃW%,¹QÇ2;Ò¹3%;7ÃØ;EG¾T,Ò¹LÃ]R[; ṔJK7KØQTE,KQÒ¹4@%2PQJKCÇ

0#d 7ÒÃÊQ;EÊÃÔTV,C&Ã(ªÒª¹µÃÇ9Ê%DTÒµÃ7ÒÃÃ-7SÒLÇÒT&K%´U-2V¹G4[ 
%2PQ%Ò<-23%;µ¹E%; ,Ò7ATQE¾42;¾%LÇÃ&Ã-D&ÃØ; â´2E¹C¹&Ã(ªÒª¹V¹7KØQTEÊ4[2;G4[%2PQV¹
¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!TÒ7 OPCG4[µ7E&X¹E,2W[%3%;7ÒÃK-7GÃ-¾2! JK(OPCG4[EL2E&X¹E,2W[%]@F  
TÒµÃ7ÒÃV¹7KØQT¹4@ EªQ¹ µÃÇ9Ê%DJÊ;ÊÇQÒ;Ã%D^ DÃÔEÇMDCÒ¹ 7ÒÃT%;E,_¹GÃ-¾2!j
ÊÔ¹UÒ2V¹DCÒ¹3%;L¹G4[OQÒ¹A&TÒ  LÇÒTJ¹Q¹,¹Ò3%;Ã(DDK_%LUÒ2V¹DCÒ¹JK(DÃÔEÇM
Ã%DDCÒ¹ ÊUÒ¾LÇÒTÃ7ÃCÒ;Ã%D^ DCÒ¹ ,Ò7E,_¹ÇQÒT4LÇÒTATQ&K%´U-29(µC%;´FE¹Ô¹   
7ÒÃ&Ã-D&ÃØ;,ÃW%E&K4[2¹J&K;  EªQ¹7ÒÃµÔ´µ-@;Ê-88ÒMEµW%¹U-2 7ÒÃµÔ´µ-@;7KC%;âGÃG-<¹ ! 
Ç;9Ã&"´ 7ÒÃE¾Ô[TLÇÒTÊP;,ÃW%LÇÒT2Ò7V¹7ÒÃ&`¹3%;Ã-@Ç 7ÒÃµÔ´µ-@;AmmiÒV,CT4LÇÒT 
ÊÇQÒ; E&X¹µC¹

0#v 7ÒÃÊÃCÒ;7ÒÃT4ÊQÇ¹ÃQÇTJK(LÇÒTÃPCÊR7E&X¹E9CÒ3%;ªØTª¹V,CE7Ô´J7QOPC%2PQ 
%Ò<-2V¹ªØTª¹ G-@;¹4@E¹W[%;9Ò7OK7ÒÃ<R7SÒ¾DÇQÒV¹¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2 !E&X¹9F¹Ç¹ 
TÒ7T-79(T4&Y99-2µQÒ;^ G4[E%W@%V,COPC%2PQ%Ò<-2E7Ô´LÇÒTÃPCÊR7G4[ATQT4LÇÒTE&X¹E9CÒ3%;,ÃW% 
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OP7¾-¹7-DªØTª¹G4[µ¹%Ò<-2%2PQ &Y99-2G4[ÇQÒ¹4@A ĆJ7Q 7ÒÃT4OPC%2PQ%Ò<-2G4[E&X¹OPCEªQÒE&X¹9F¹Ç¹ 
TÒ7V¹ªØTª¹ 7ÒÃT4OPC2CÒ2\Ô[¹G4[%2PQDQ%29F¹Ç¹TÒ7 7ÒÃT4LÇÒT,KÒ7,KÒ23%;OPC%2PQ%Ò<-2 
V¹J;QE<ÃSZ7Ô9 Ê-;LT %Òª4¾JK(EªW@%ªÒµÔ GFV,COPC%2PQ%Ò<-2T4LÇÒTÊ-T¾-¹¸ !G4[cÒDcÇ2 
JK(E&X¹A&V¹K-7SM(µQÒ;L¹µQÒ;%2PQ TÒµÃ7ÒÃV¹3C%¹4@9R;µC%;ÊÃCÒ;7ÒÃT4ÊQÇ¹ÃQÇT3%;L¹
V¹ªØTª¹JK(GFV,CE7Ô´LÇÒTÃPCÊR7ÇQÒE&X¹E9CÒ3%;ªØTª¹  E¾W[%L¹V¹ªØTª¹9(ÃQÇT7-¹´PJK
OK&Ã(â2ª¹!3%;ÊQÇ¹ÃÇT ÃQÇT7-¹Ê%´ÊQ%;¾kµÔ7ÃÃTG4[ATQE,TÒ(ÊT3%;E2ÒÇª¹V¹ªØTª¹
JK(¾kµÔ7ÃÃTG4[¹QÒÊ;Ê-23%;Ê\Ò¹G4[]R[;LÇÃEoiÒÃ(Ç-; EªQ¹ ÃCÒ¹Ã-D]W@%3%;E7QÒ ÃCÒ¹]Q%T 
Ã\9-7Ã2Ò¹2¹µ! ÃCÒ¹E7TÊ !,ÃW%%Ô¹EG%Ã !E¹_µ J,KQ;3Ò2ÊÔ¹LCÒTW%Ê%; E&X¹µC¹ ]R[;Ê\Ò¹G4[
E,KQÒ¹4@9Ò77ÒÃ<R7SÒ¹4@KCÇ¹JKCÇJµQ¾DV¹¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!E7Ô´3R@¹E&X¹9F¹Ç¹TÒ7

5#    7ÒÃ¾-.¹ÒÊUÒ¾JÇ´KC%TGÒ;7Ò2UÒ¾JK(Ê-;LT      ÃÇTG-@;7ÒÃD-;L-DVªC7l,TÒ2
V,CE3CT;Ç´3R@¹

TÒµÃ7ÒÃ¹4@E&X¹7ÒÃ&Ã-DE&K4[2¹ÊUÒ¾JÇ´KC%TGÒ;7Ò2UÒ¾ ,ÃW%7ÒÃ¾-.¹Ò 
EGL¹ÔL,ÃW%J¹ÇGÒ;V¹EªÔ;7Ò2UÒ¾â´2UÒLÃ-Z,ÃW%E%7ª¹ E¾W[%K´â%7ÒÊV¹7ÒÃ7Ã(GF
OÔ´3%;L¹ÃCÒ2 ÃÇTG-@;7ÒÃ&Ã-DE&K4[2¹ÊUÒ¾GÒ;Ê-;LTG4[E&X¹&Y99-2GÒ;Ê-;LTG4[¾DV¹¾W@¹
G4[]R[;T47ÒÃK-7GÃ-¾2 !E&X¹9F¹Ç¹TÒ79Ò77ÒÃ<R7SÒ¹4@ E¾W[%TØQ;K´7ÒÃ7Ã(GFOÔ´7l,TÒ2  
TÒµÃ7ÒÃV¹3C%¹4@&Ã(7%D´CÇ2 

5#> 7ÒÃLÇDLØT¾kµÔ7ÃÃT3%;E´_7JK(E2ÒÇª¹V¹ªØTª¹G4[&Ã(¾kµÔµ¹ATQ 
ÊTLÇÃ EªQ¹ T-[ÇÊØT µÒTÊ\Ò¹DÃÔ7ÒÃ ÃCÒ¹%Ô¹EG%Ã !E¹_µ ÃCÒ¹]Q%TÃ\9-7Ã2Ò¹2¹µ! ,ÃW% 
µÒTG4[E&K4[2Ç  7ÒÃªQÇ27-¹Ê%´ÊQ%;,ÃW%L%2µ-7EµW%¹V,CE´_7EKÔ7¾kµÔ7ÃÃTG4[ATQE,TÒ(ÊT 
EªQ¹ 7ÒÃ,¹4âÃ;EÃ42¹ 7ÒÃJ3Q;Ã\9-7Ã2Ò¹2¹µ! G-@;¹4@E¾W[%&i%;7-¹TÔV,CE´_7Ç-2ÃØQ¹ÃÇTµ-Ç 
,ÃW%ª-7ªÇ¹7-¹A&7Ã(GFOÔ´7l,TÒ2 ]R[;3C%TPK9Ò77ÒÃ<R7SÒª4@V,CE,_¹ÇQÒ7ÒÃÃÇT7KØQT 
T-[ÇÊØT7-¹3%;E´_7Ç-2ÃØQ¹T-79(¾DV¹¾W@¹G4[]R[;T47ÒÃ K-7GÃ-¾2!E&X¹9F¹Ç¹TÒ7 TÒµÃ7ÒÃ 
V¹ÊQÇ¹¹4@2-;ÃÇTA&\R;7ÒÃV,CLÇÒTÃPCE74[2Ç7-DU-22ÒEÊ¾µÔ´JK(%Òª8Ò7ÃÃTG4[E74[2ÇE¹W[%;
7-D2ÒEÊ¾µÔ´J7Q7KØQTÇ-2ÃØQ¹%47 ĆÇ2 

5#0 7ÒÃ9-´Ã(ED42DÊ-;LTâ´29-´Ã(DDâ]¹¹Ô[;Ê\Ò¹DÃÔ7ÒÃ 7ÒÃLÇDLØT7ÒÃ 
Ẃ[TJK(9F,¹QÒ2ÊØÃÒV,C\P7µC%;µÒT7l,TÒ2 â´2E¹C¹G4[Ê\Ò¹DÃÔ7ÒÃâ´2Ec¾Ò(G4[µ-@;%2PQ 
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UÒ2V¹,ÃW%V7KC7-D¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2!V¹&ÃÔTÒMÊP; 7ÒÃµÃÇ9Ê%DJK(ATQ&KQ%2V,C 
E2ÒÇª¹E3CÒTÒVªCÊ\Ò¹G4[E,KQÒ¹4@ EªQ¹ Ê\Ò¹D-¹EGÔ; DQ%¹7ÒÃ¾¹-¹ E&X¹Ê\Ò¹G4[T-[ÇÊØT 
,Ò7¾DE,_¹ E9CÒ3%;Ê\Ò¹G4[µC%;V,CLÇÒTÊFL-8G4[9(LÇDLØT¾kµÔ7ÃÃT3%;Ç-2ÃØQ¹JK(Ã4D 
J9C;E9CÒ,¹CÒG4[E¾W[%´FE¹Ô¹7ÒÃ G-@;¹4@E¾W[%E&X¹7ÒÃÊÃCÒ;Ã(ED42DJK(ÊUÒ¾JÇ´KC%TUÒ2V¹ 
ªØTª¹V,CT4ÊUÒ¾E%W@%µQ%7ÒÃ&Ã(7%D%Òª8Ò7ÃÃT¹C%2G4[ÊØ´  

5#5 7ÒÃ¾-.¹ÒÊUÒ¾JÇ´KC%TTÔV,CT4ÊUÒ¾EÊW[%TâGÃT EªQ¹ 7ÒÃ¾-.¹ÒDÃÔEÇM
ªØTª¹J%%-´ 7ÒÃ9-´Ã(DDAmmiÒJK(JÊ;ÊÇQÒ;V,CE¾42;¾% 7ÒÃKDUÒ¾JK(µ-Ç%-7SÃG4[T4
7ÒÃE342¹,ÃW%¾Q¹Ê4µÒTO¹-;,ÃW%7FJ¾; 7ÒÃGFLÇÒTÊ(%Ò´ªØTª¹ 7ÒÃ&Ã-D&ÃØ;LPLK%; 
V,CT4ÊUÒ¾G4[ 4́3R@¹  7ÒÃGFLÇÒTÊ(%Ò´,ÃW%µ-´,8CÒDÃÔEÇMDCÒ¹ÃCÒ; 7ÒÃ9-´7ÒÃEÃW[%;7ÒÃ 
GÔ@;32(ATQE&X¹G4[ ,ÃW%&i%;7-¹TÔV,CT47ÒÃGÔ@;32(V¹¾W@¹G4[Ã7ÃCÒ;V¹ªØTª¹ ]R[;ÊUÒ¾LÇÒT 
ATQE&X¹Ã(ED42DG4[7KQÒÇ\R;E,KQÒ¹4@T-79(¾DV¹DÃÔEÇM¾W@¹G4[]R[;T47ÒÃK-7GÃ-¾2 !E&X¹9F¹Ç¹ 
TÒ79Ò77ÒÃ<R7SÒ JK(%;L !LÇÒTÃPCGÒ; ĆÒ¹%Òª8ÒÇÔG2Ò2W¹2-¹ÇQÒLÇÒTATQE&X¹Ã(ED42D
EÃ42DÃC%2E,KQÒ¹4@T4LÇÒTÊ-T¾-¹¸ !7-D7ÒÃK(ETÔ´7l,TÒ2V¹ªØTª¹

5#= 7ÒÃV,CLÇÒTÊ¹V9JK(Ã(T-´Ã(Ç-;ATQV,CT47ÒÃK(ETÔ´7l,TÒ2UÒ2V¹ 
ªØTª¹ EªQ¹ 7ÒÃ9%´Ã\2¹µ !,ÃW%Ã\9-7Ã2Ò¹2¹µ!74´3ÇÒ;GÒ;ÊÒ¸ÒÃM(  7ÒÃGÔ@;32(,ÃW% 
&KQ%2V,CT432(E7KW[%¹7KÒ´V¹G4[ÊÒ¸ÒÃM( 7ÒÃÊÃCÒ;Ã-@ÇDCÒ¹ÃØ7K@FG4[ÊÒ¸ÒÃM( 7ÒÃµQ% 
EµÔT%ÒLÒÃÃØ7K@F,ÃW%OÔ´7l,TÒ2 E&X¹µC¹ E¾W[%&i%;7-¹TÔV,CÊUÒ¾JÇ´KC%TGÒ;7Ò2UÒ¾
3%;ªØTª¹ 7KÒ2E&X¹J,KQ;EÊW[%TâGÃT,ÃW% AÃCÃ(ED42D ]R[;9(9P;V9,ÃW%â¹CT¹CÒÇV,CL¹ÃCÒ2 
E3CÒTÒ&Ã(7%D%Òª8Ò7ÃÃTV¹E3µªØTª¹  %47G-@;7ÒÃK(ETÔ´7l,TÒ2JTCE¾42;EK_7¹C%2 
E,KQÒ¹4@9(ÊÃCÒ;DÃÃ2Ò7Ò<G4[E%W@%µQ%7ÒÃ7Ã(GFOỐ 3%;L¹V¹ªØTª¹ â´27ÒÃK(ETỐ 7l,TÒ2
EK_7¹C%29(¾-.¹ÒA&ÊPQ7ÒÃ7Ã(GFOÔ´G4[T4LÇÒTÃØ¹JÃ;3R@¹A Ć  

5#d 7ÒÃÊÃCÒ;LQÒ¹Ô2TV¹7ÒÃD-;L-DVªC7l,TÒ2â´2ATQK(EK27ÒÃ7Ã(GFOÔ´ 
EK_7^ ¹C%2^ E¹W[%;9Ò77ÒÃ&KQ%2V,CT4ÊÔ[;OÔ´7l,TÒ23R@¹V¹Ê-;LT 9(E&X¹ÊÔ[;D%7E,µØ\R; 
7ÒÃK(EK2ATQE%ÒV9VÊQ3%;OPC%2PQ%Ò<-2JK(E9CÒ,¹CÒG4[µFÃÇ9  GFV,CL¹ÃCÒ27KCÒG4[9(E3CÒTÒ
&Ã(7%D%Òª8Ò7ÃÃTV¹ªØTª¹  V¹ÊQÇ¹¹4@E&X¹LÇÒTÃ-DOÔ´ª%D3%;E9CÒ,¹CÒG4[3%;Ã-Z]R[;
ÃÇTG-@;E9CÒ,¹CÒG4[µFÃÇ9JK(E9CÒ,¹CÒG4[EG<7Ô9G4[9(µC%;V,CLÇÒTÊFL-87-D7ÒÃD-;L-DVªC  
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7l,TÒ2â´2Ec¾Ò(V¹ÊQÇ¹G4[E74[2Ç3C%;7-DLÇÒTE&X¹Ã(ED42DEÃ42DÃC%23%;Ê-;LT
5#v 7ÒÃ9-´Ã(ED42DL¹µQÒ;´CÒÇV,C%2PQV¹¾W@¹G4[G4[LÇÃ%2PQJK(T47ÒÃE7_D3C%TPKG4[

9(µỐ µÒTµÃÇ9Ê%DL¹E,KQÒ¹4@A Ć 7ÒÃ,CÒTTÔV,CL¹µQÒ; ĆÒÇâ´2Ec¾Ò(¾Ç7JÃ;;Ò¹µQÒ; ĆÒÇ
E3CÒTÒ¾-7%Ò<-2%2PQV¹E3µªØTª¹â´2&ÃÒ<9Ò77ÒÃLÇDLØT G-@;¹4@9Ò73C%TPKG4[A ĆÃ-D9Ò77ÒÃ
<R7SÒ¾DL¹µQÒ;´CÒÇ%2PQV¹¾W@¹G4[<R7SÒG4[T47ÒÃK-7GÃ-¾2 !V¹&ÃÔTÒMÊP;E7W%DGØ7¾W@¹G4[<R7SÒ 
]R[;7ÒÃ9-´Ã(ED42D¹4@ÊÒTÒÃ\´FE¹Ô¹7ÒÃA´Câ´2E9CÒ,¹CÒG4[µFÃÇ9E3CT;Ç´V¹7ÒÃ&eÔD-µÔ 
µÒT7l,TÒ2E74[2Ç7-DL¹µQÒ; ĆÒÇ JK(&Ã(ªÒª¹G-[ÇA&µC%;J9C;E9CÒ,¹CÒG4[OPCÃ-DOÔ´ª%DV,C
GÃÒD\R;DÃÔEÇMG4[¾-7%Ò<-23%;L¹µQÒ;´CÒÇE¾W[%G4[9(E3CÒTÒµÃÇ9Ê%DJK(´FE¹Ô¹7ÒÃ 
LÇDLØTµÒT7l,TÒ2  

¢ŒÍàÊ¹Íá¹ÐÊÓËÃÑº¡ÒÃÇÔ¨ÑÂ¤ÃÑé§µ‹Íä»
 LM(OPCÇÔ9-2¾DÇQÒ2-;T4&Ã(E´_¹G4[¹QÒÊ¹V9ÊF,Ã-D¹-7ÇÔ9-2G4[T4LÇÒTÊ¹V99(<R7SÒ
%47G4[7ÒÃ<R7SÒV¹LÃ-@;¹4@ATQA ĆLÃ%DLKØT\R; E¹W[%;9Ò7%2PQ¹%7Ç-µ\Ø&Ã(Ê;L!G4[9(´FE¹Ô¹7ÒÃ
V¹LÃ-@;¹4@ 9R;3%¹FTÒ7KQÒÇAÇCV¹ÊQÇ¹¹4@ -́;µQ%A&¹4@

># 9Ò77ÒÃ<R7SÒV¹LÃ-@;¹4@G4[T47ÒÃEKW%7¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !EDÒDÒ;TÒGF
7ÒÃ<R7SÒ9F¹Ç¹ 0 DÃÔEÇM  JK(T43C%TPKG4[¹QÒÊ¹V9,KÒ2&Ã(7ÒÃ´-;G4[7KQÒÇTÒJKCÇ  
µ-Ç%2QÒ;EªQ¹  7ÒÃÃÇTµ-Ç7-¹JK(LÇÒTV7KCªÔ´7-¹3%;OPC%2PQ%Ò<-2V¹DÃÔEÇM´-;7KQÒÇ]R[;
Jµ7µQÒ;7-¹%2QÒ;ª-́ E9¹7-DOPC%2PQ%Ò<-2V¹¾W@¹G4[]R[;T4E,µØK-7GÃ-¾2!E7Ố 3R@¹9F¹Ç¹TÒ7 ÊUÒ¾ 
GÒ;7Ò2UÒ¾G4[T4EÊC¹GÒ;E3CÒ%%7ÊPQªØTª¹ATQ74[GÒ; JK(ÊQÇ¹V,8QE&X¹GÒ;µ-¹ E&X¹µC¹  
¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !EDÒDÒ;E,KQÒ¹4@ÃÇTG-@;¾W@¹G4[]R[;ATQT4E,µØK-7GÃ-¾2 !E7Ô´3R@¹EK2E&X¹
DÃÔEÇMG4[T43C%TPKV,C¹-7ÇÔ9-2A Ć<R7SÒ%47E&X¹9F¹Ç¹TÒ7 %47G-@;µ-Ç%2QÒ;¾W@¹G4[]R[;T4E,µØK-7 
GÃ-¾2!EDÒDÒ;G4[¹FTÒ<R7SÒV¹LÃÒÇ¹4@2-;T43¹Ò´EK_7JK(9F¹Ç¹¹C%2 7ÒÃ<R7SÒ¾W@¹G4[]R[;
E7Ô´E,µØK-7GÃ-¾2 !EDÒDÒ;,ÃW%ATQE7Ô´E,µØEK29R;E&X¹&Ã(E´_¹G4[¹QÒ9(<R7SÒµQ%A&

0# 7ÒÃ<R7SÒ¾W@¹G4[]R[;E7Ô´E,µØK-7GÃ-¾2 !V¹&ÃÔTÒMÊP;G4[LM(OPCÇÔ9-2A´C´FE¹Ô¹7ÒÃ
V¹LÃ-@;¹4@E&X¹7ÒÃEKW%7E%Ò¾W@¹G4[µ-Ç%2QÒ;ÊQÇ¹,¹R[;TÒ<R7SÒ 7ÒÃ<R7SÒV¹LÃ-@;µQ%A&9R;LÇÃ
32Ò2¾W@¹G4[<R7SÒV,C7ÇCÒ;3R@¹JK(LÃ%DLKØT¾W@¹G4[V¹9-;,Ç-´%W[¹¹%77ÃØ;EG¾T,Ò¹LÃ´CÇ2  
E¾W[%OK3%;7ÒÃ%¸ÔDÒ2JK(&Ã(2Ø7µ !VªCG4[ATQEc¾Ò(E9Ò(9;7-D¾W@¹G4[3%;ETW%;,KÇ;EGQÒ¹-@¹ 
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%47G-@;LÇÃ<R7SÒâ´2VªC3C%TPK7ÒÃE7Ô´E,µØ,KÒ2^ &̀TÒE&Ã42DEG42D7-¹ E¾W[%V,CE,_¹\R;
7ÒÃE&K4[2¹J&K;JK(7ÒÃELKW[%¹µ-Ç3%;¾W@¹G4[]R [;T4E,µØK-7GÃ-¾2 !,¹ÒJ¹Q¹ETW[%EÇKÒ 
E&K4[2¹A&    
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