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Ä Å ÆÇÈ ÉÊ Ë Ì ÍÈ ÎÊ Ç

T ebe\n bcs\cgio fÁ bfnecdf] { Ï �g] \ ~ fe]^\so h\neg msf~ngk Áfs \ nd]g\s m\scd\n ^dÐgsg]|
cd\n fm gs\cfs db m fbg^ { db Ñsbc cf jf]bd^gs \ Ïg\Ò Áfsken\cdf] fÁ c�g msf~ngk y R] c�db Ï\o{
c�g k f^gngs k \o sg^ejg cf bfk g gtcg]c c�g ^dÐgsg]cd\~dndco fÁ c�g bm\jgb fÁ csd\n \]^ cgbc
Áe]jcdf]b { ^gbdi] \mmsftdk \cdf] k gc�f ^b \]^ g] n\sig c�g bjfmg fÁ m�obdj\n \mmndj\cdf]b y

T Áesc�gs bcgm db c\Òg] Ï �g] [sgg] Áfsk en\b \sg \mmndg^ { ~ gj\ebg c�g] m fÏgsÁen
d]^dsgjc h\sd\cdf]\n msd]jdmngb jfk g d]cf \jcdf] y Ó�g ig]gs\n Áfsken\cdf] idhg] ~o Ydf]b
\]^ ` \ig]gb ÔxÕÖ db Ïgnn Ò]fÏ ] ~ec { d] bmdcg dcb nghgn fÁ \~bcs\jcdf] \]^ ig]gs\ndco{
msgbg]cb bfk g ndk dc\cdf]b d] \mmndj\cdf]b cf ]ek gsdj\n k gc�f ^b pbgg c�g Tmm g]^dt ~ gnfÏ q y
R] m\scdjen\s { agssgs\ ÔÕ× w {ØÖ �\b ^ghgnfm g^ \] \mmsf\j� d] Ï �dj� { d]bcg\^ fÁ bmnd]gb {
bdk enc\]gfeb ebg db k \^g fÁ Áenno ^dbjf]cd]efeb csd\n \]^ cgbc Áe]jcdf]b { d]jsg\bd]i d]
c� db k \]]gs c�gfsgcdj\n hgsb\cdndco{ \mmndj\~dndco \]^ \nifsdc�k dj sgbfesjgb y

afÏghgs { d] c�\c bdce\cdf] bfk g jf]^dcdf]b sgÙe dsg^ d] Ydf]b \]^ ` \ig]gb Áfsken\|
cdf] \sg hdfn\cg^ pbgg Tmmg]^dt \]^ ÔxÕÖ { mm y xxv× xxwq y V] c�g fc�gs �\]^ { c�g Òd]^
fÁ [sgg] Áfsk en\ d]csf ^ejg^ ~o a gssgs\ ÔÕ {v {Ú {Ø {Û {xxÖ �gsg sgÁgssg^ \b [sgg]×a gssgs\ {
fhgsjfk g c�db ^dÜ jencoy [sgg]×agssgs\ Áfsken\b gt�d~ dc gtmndjdcno c�g d]Áfsk \cdf] ×
\~ fec c�g bfei�c bfnecdf]× jf]c\d]g^ d] \] \mmsft dk \cg f]g y Ó�db odgn^b c�g Áf nnfÏ d]i
d]cgsmsgc\cdf] fÁ e be\n Ñ]dcg×gngk g]c Áfsk en\cdf]b } c�g cgbc Áe]jcdf]b ebg^ ^gcgsk d]g c�g
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d]Áfsk \cdf] \~fec c�g bfei�c bfnecdf] jf]c\d]g^ d] \] \mmsft dk \cg f]g { Ï �dng c�g ~\bg
Áe]jcdf]b d]cgsmfn\cg pfs gtcs\m fn\cgq c�\c d]Áfsk \cdf] y T] bcs\cgio Ï �dj� db fmcdk \n
Ô�Ö { d] bfk g bg]bg { db cf f~c\d] g]fei� d]Áfsk \cdf] cf ^gÑ]g Ïgnn m fbg^ msf~ngk b nf j\nno
\]^ c�g] ebg \b ~\bg Áe]jcdf]b { nf j\n bfnecdf]b fÁ c�g ^dÐgsg]cd\n gÙe\cdf] y Ó�db ng\^b cf
\ ��� ��� �	
��� ������ bcs\cgio pbgg Ôx�Öq y

T nc�fei� a gssgs\ �b c�gfso db hgso \mm g\nd]i { dcb c�gfsgcdj\n Áfe]^\cdf]b �\^ ]fc ~ gg]
Áenno ^ghgnfm g^ e]cdn sgjg]cnoy R] m\scdjen\s { [sgg]|agssgs\ Áfsken\b �\^ ]fc ~ gg] Áfs|
ken\cg^ d] \ _f~ fngh|bm\jg bgccd]i { \b dc db bc\]^\s^ d] c�gfsgcdj\n ]ek gsdj\n \]\nobdb y
Ó�db Ïg\Ò]gbb { �\b ~ gg] fhgsjfk g d] \ m\m gs ^eg cf \mmg\s bff] ÔxxÖ { ~ec \ m\sc fÁ
c�g c�gfso msgbg]cg^ c�gsg { ebgb sgbencb c�\c cf fes Ò]fÏ ng^ig �\hg ]fc ~ gg] me~ndb�g^
msghdfebno{ d] bmdcg fÁ c�g Á\jc c�\c c�go �\hg d]cgsgbc d] c�gk bgnhgb y Ó�eb { c�g mesm fbg
fÁ c�g msgbg]c m\mgs db cÏf|Áfn^ } cf idhg \ sdifsfeb msffÁ fÁ c�gk { d] fs^gs cf jfk mngcg
c�g c�gfsgcdj\n Áfe]^\cdf]b fÁ a gssgs\ �b \mmsf\j� { \]^ cf k \Òg c�gk \h\dn\~ng cf fc�gs
bjdg]cdbcb ÏfsÒd]i d] c� db \sg\ fÁ sgbg\sj� y

R] c�g msgbg]c ÏfsÒ Ïg ~gid] c�g bgccd]i fÁ \ ig]gs\n Ás\k gÏfsÒ { \~bcs\jc g]fei� cf ~g
beÜ jdg]cno g]jfk m\bbd]i ~ec { \c c�g b\k g cdk g { hgso jf]jsgcg \]^ \nifsdc�k dj y Rc bc\scb
~o idhd]i \] gtmndjdc Áfsken\ { gtmsgbbg^ \b \ ^dhgsig]jg { Áfs c�g ~dnd]g\s jf]jfk dc\]c fÁ
\] \s~dcs\so nd]g\s fm gs\cfs y T b \ ~o msf ^ejc { c�g ]f]|e]dÙeg]gbb fÁ c�g [sgg] Áfsk en\
fÐgsg^ d] ÔxÕÖ db jn\sdÑg^ \]^ c�g jfk k f] msg�e^djg c�\c �d]cgis\cdf] ~o m\scb db ]gg^g^�
db gss\^dj\cg^ y

Ó�g j\cgifso fÁ ����� ���� � �� 
���	�� db igfk gcsdj\nno \ccs\jcdhg { bdk mng cf is\bm \]^
bedc\~ng Áfs k fbc \mmndj\cdf]b y Ó�gsgÁfsg { \ ig]gs\n ^gÑ]dcdf] fÁ \ ^fk \d] ^gjfk m fbdcdf]
bdccd]i f] c�db jf]jgmc db hgso jf]hg]dg]c \]^ �\b jng\s \^h\]c\igb Ï �g] jfk m\sg^ Ï dc�
c�g bk ffc� \]^ Ydmbj� dc� j\cgifsdgb fÁ ÔxÕÖ \]^ ` \scd ÔxwÖ sgbm gjcdhgnoy

Ós\jgb fÁ Áe]jcdf]b d] _f~fngh bm\jgb fhgs k \]dÁf n^b Ï dc� jfs]gsb \sg ~sdg�o ^dbjebbg^ y
Ó�g] { \ [ \ebb c�gfsgk fhgs ^fk \d] ^gjfk mfbdcdf] b db bc\cg^ y z d]\nno{ \] d]cgis\n Áfsk en\
Ïgnn f] c�g Ï\o fÁ \ ig]gs\n [sgg] Áfsken\ d] c�g bg]bg fÁ c�g \nig~s\dj c�gfso fÁ agssgs\
ÔÕ×Ú {Ø {Û {xxÖ db bgccng^ y

� Å � Ì �È Î� ÎÇ Ë ÎÍ�� � �È É ÎÇ � !Ç Ë Ê"�É!È Ê É�
R] \]o ^dbjebbdf] fÁ Áe]jcdf]b fÁ # h\sd\~ngb \] fs^gsg^ # |cemng $ % p$& ' $( ' ) ) ) ' $* q fÁ
]f]]gi\cdhg d]cgigsb db Ò]fÏ ] \b \ �+��,���	- fÁ fs^gs .$ . % $& / $( / 0 0 0 / $* \]^ db
ebe\nno \bbf jd\cg^ Ï dc� c�g ^dÐgsg]cd\n fmgs\cfs

1 2 % 1 &2 �1(23 0 0 0 1 * 24 % 5 667 & 8 2 � 5 667( 8 23 0 0 0 5 667* 8 24
_emm fbg 9 db fm g] d] :* { ; \ m fbdcdhg d]cgigs { <2 = > ? p9 q Áfs ghgso k encd|d]^gt $ fÁ

fs^gs ngbb fs gÙe\n ; { \]^ \c ng\bc f]g <2 Ï dc� .$ . % ; ]fc d^g]cdj\nno �gsf y Ó�g]@ % AB2 BCD <2 0 1 2
db \ nd]g\s ^dÐgsg]cd\n fm gs\cfs Ï dc� bk ffc� jfgÜ jdg]cb fÁ fs^gs ; y

Ygc E ~ g \ mfbdcdhg d]cgigs \]^ ngc F % F& G F( G 0 0 0 G FH % pF & ' F( ' ) ) ) ' FH q ~ g \E |cemng fÁ m fbdcdhg d]cgigsb ]fc gtjgg^d]i # y S\nn F \ ����I �� �	�I � J pF q % E pd] c�g
\nm�\~gc Kx ' � ' ) ) ) ' # Lq y

RÁ x M N M # db \] d]cgigs { ^gÑ]g F G N cf ~ g F & G F( G 0 0 0 G FH G N y Ygc c�g gk mco bgcO ~g \ bcsd]i P \jce\nno c�g f]no Ï dc� ng]ic� gÙe\n cf ]fei�c { \]^ ^gÑ]g O G N % N y
T b Ï dc� k encd|d]^djgb { Áfs ghgso bcsd]i F c�gsg db \ ^dÐgsg]cd\n fm gs\cfs \bbf jd\cg^

Ï dc� dc { ]\k gno
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@ � % � � � % ���#$�$� dÁ F % O {1 � �1 �3 0 0 0 1 �� fc�gsÏ dbg
Qgjesbdhgno{ Ïg \sg b\od]i c�\c @ � % � � \]^ @ �	
 % @ �1 
 y
T b \] dnnebcs\cdf] { jf]bd^gs c�g bcsd]i F % � G Õ G v G Õ G � G � \]^ c�g jfssgbmf]^d]i

kencd|d]^gt $ % pu ' Õ ' � ' xq y ZfÏ ]fcg c�\c c�go msf ^ejg c�g b\k g fmgs\cfs p�gsg # % vq y
V~hdfebno{ \]o mgsk ec\cdf] fÁ F ^fgb ]fc j�\]ig c�g jfssgbm f]^d]i fm gs\cfs p]fs c�g
\bbfjd\cg^ k encd|d]^gtq y Ó�\c db { F sgmsgbg]cb ]fc f]no \] fm gs\cfs { ~ec \nbf \ ^gcgsk d]g^
fs^gs d] Ï �dj� m\scd\n ^gsdh\cdhgb fei�c cf ~ g jfk mecg^ y Ó�db sgk \sÒ Ï dnn msfhg cf ~g
fÁ jf]bgÙeg]jg d] Sfsfnn\so xu y R] Ï �\c ÁfnnfÏ b { dc Ï dnn ~ g dk m fsc\]c cf ^dbcd]ie db� Ïgnn
bcsd]ib Ásfk kencd|d]^djgb y

� Å � �Ç ÎÈ ÎÊ Ç�
Ygc � p9 q ~ g c�g bm\jg fÁ \nn jfk m\jcno bemm fscg^ Áe]jcdf]b d] > ? p9 q g]^fÏg^ Ï dc� c�g
psg\nq bj\n\s msf ^ejc � � '� � % �� � 0� �� \]^ ngc @ ~g \ nd]g\s ^dÐgsg]cd\n fm gs\cfs f]9 \b ~gÁfsg y Wo sgbcsdjcd]i dcb \jcdf] { @ k \o ~g c�fei�c \b \] fm gs\cfs fÁ � p9 q d] dcbgnÁ y
_d]jg � p9 q db ]fc \ a dn~gsc bm\jg \]^ @ db ]fc jf]cd]efeb e]^gs c�g bj\n\s msf ^ejc ]fsk
pe]ngbb @ � uq { dc db ]fc f~hdfeb c�\c c�gsg b�fen^ gt dbc \ nd]g\s cs\]bÁfsk \cdf] @ � f]� p9 q bej� c�\c � @� '� � % � � ' @ �� � � � '� = � p9 q y Zghgsc�gngbb { dc db \ bdk mng
\]^ Ïgnn Ò]fÏ ] Á\jc c�\c @ � \nÏ\ob gt dbcb \]^ c�\c dc db \jce\nno \ ^dÐgsg]cd\n fm gs\cfs y
VÁ jsejd\n dk m fsc\]jg Áfs eb �gsg db \nbf c�g jfssgbmf]^g]jg

p� '� q ��� �@� � �@ �� � � '� = � p9 q
Ï �dj� ^gÑ]gb \ ~ dnd]g\s ^dÐgsg]cd\n fm gs\cfs � Ô@ Ö % � } � p9 q �� p9 q �� � p9 q bfk gcdk gb
sgÁgsg^ cf \b c�g �����	�� 
��
�� ��� �� @ y

Ó�g ÁfnnfÏ d]i m\s\is\m�b gt�d~dc c�g bcsejcesg fÁ � \]^ { \b \ ~o|msf ^ejc { c�g gt dbcg]jg
\]^ bcsejcesg fÁ c�g bf|j\nng^ � ��� �� ��� ��� @ � \b Ïgnn y

Rc db dk m fsc\]c cf Òggm d] k d]^ c�\c kej� fÁ c�g mfÏgs \]^ �gt d~dndco fÁ c�g c�gfso{
]fc cf b\o dcb \~dndco cf jdsjekhg]c ^dÜ jencdgb { sgndgb f] c�g k encdm ng ^fk \d]b fhgs Ï �dj�@ j\] gÐgjcdhgno \jc y Wo Ï\o fÁ gt\k mng { Ïg �ebc b\Ï �fÏ � p9 q msfhg^ cf ~ g \] gÐgjcdhg
j�fdjg d] fs^gs cf k \Òg c�g jf]jgmcb fÁ Áfsk \n \^�fd]c \]^ jf]jfk dc\]c k g\]d]iÁen y

 Å !�"" !
Ygc @ ~g \ ^dÐgsg]cd\n fmgs\cfs Ï dc� Áfsk \n \^�fd]c @ � \]^ jf]jfk dc\]c � Ô@ Ö bf

�@� % �@ �� / � Ô@ Ö p� '� q � � '� = � p9 q p# q
Ó�g] { Áfs \]o ]f]]gi\cdhg d]cgigs N {

Ô@1 
 Ö� % �1
@ �
\]^ � Ô@1
 Ö p� '� q % � Ô@ Ö p1 
 � '� q / 1 
 p�@ �� q p$q
%&''( ) Wo Ygd~]d� �b seng Ïg j\] Ï sdcg

�@1 
 � % p1
 � q@ �� / � Ô@ Ö p1 
 � '� q% ��1 
@ �� / 1 
 p�@ �� q / � Ô@ Ö p1 
 � '� q
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� Å � �" !É�
Ó�g se ngb p@ � q� % @ { p@< q� % < @ � pÏ �gsg Ô@< Ö p� q k g\]b @ p< � qq { p< @ q� % @ �< {
p@ & / @( q� % @ & � / @( � { \]^ p@ & � @( q� % @( � � @ & � pfm gs\cfs jfk m fbdcdf] q \sg g\bdno
^gsdhg^ phd\ Áfsken\ pv y\qq \]^ \sg c�g ~\bdb fÁ \ bdk mng j\njene b fÁ Áfsk \n \^�fd]cb y
T jce\nno{ c�g Ñsbc m\sc fÁ c�g msghdfeb ngk k \ db \] gngk g]c\so d]bc\]jg fÁ c�g fmgs\cfs
jfk mfbdcdf] se ng y

Ó�gsg db \nbf \ Áfsk \n j\njeneb fÁ jf]jfk dc\]cb } ]\k gno{ � Ô@ � Ö p� '� q % �� Ô@ Ö p� ' � q '� Ô< @ Ö p� '� q % � Ô@ Ö p� ' <� q ' � Ô@ &/@( Ö % � Ô@ & Ö/� Ô@( Ö ' � Ô@ & �@( Ö p� '� q % � Ô@ & Ö p@(� '� q/� Ô@( Ö p� ' @ �&� q pjÁ y pv y~ qq y

� Å ��!""���
\q RÁ @ % @ � % � � { c�g] @ � % @ \]^ � % u y
~ q RÁ @ % @
 % 1 
 { c�g] @ � % �@ \]^ � p� '� q % 1 
 p�� q y Ó�db ÁfnnfÏ b Ásfk Ygk k \

v \mmndg^ cf c�g gt\k mng \~ fhg y
jq Wo Ygk k \ v { dÁ F % F& G F( \]^ @ % @ � % @ � �1 � 3 { c�g] @ � % p� xq(@ % @ \]^� p� '� q % 1 � � Ôp@ � 3 � q� Ö � 1 �3 Ô�@ � �� Ö y
^ q T ] d]^ejcdf] { fhgs c�g fs^gs fÁ \ k encd|d]^gt $ \]^ ebd]i gt\k mng p~ q \b d]^ejcdf]

~\bdb { b�fÏ b c�\c { dÁ @ % 1 2 c�g] @ � % p� xq B2 B1 2 y
gq z d]\nno{ ngc @ % � B2 BCD <2 0 1 2 y Ó�g j\njeneb bÒgcj�g^ d] Qgk \sÒ w d] \^^dcdf] cf

gt\k mng p^ q dk mno@ � % AB2 BCD p<2 0 1 2 q� % AB2 BCD p1 2 q� 0 <2 % AB2 BCD p� xq B2 B1 2 0 <2
ZfÏ { d] fs^gs cf m�s\bg \ ig]gs\n sgbenc f] c�g bcsejcesg fÁ � Ô@ Ö { Ïg ]gg^ cf ^gÑ]g

Ï �\c db k g\]c Áfs ������ \]^ � ��� �	I� 	�� fÁ \ idhg] bcsd]i y

	 Å � �Ç ÎÈ ÎÊ Ç�
Ygc F % F& G F( G 0 0 0 G FH ~ g \ bcsd]i fÁ ng]ic� E { \]^ ngc 
 = Kx ' � ' ) ) ) ' E L y U gÑ]g

� p
 q % � pF ' 
 q % � O dÁ 
 % x{F& G F( G 0 0 0 G F �& dÁ 
 � x
� p
 q % � pF ' 
 q % � F �� & G F �� ( G 0 0 0 G FH dÁ 
 � E {O dÁ 
 % E

� Å � É Ê"Ê� ÎÈ ÎÊ Ç

Ygc F ~ g \ bcsd]i fÁ ng]ic� E y Ó�g]@ � � % p� xqH @ � pjÁ y Xt\k mng pÚ y^qq

�� p� '� q % HA�� & p� xq�� &1 �� �p@ � ��� � q p@� ��� � q�
%&''( ) Ó�g msffÁ db ~o d]^ejcdf] \]^ dcb ~\bdb db jf]c\d]g^ d] Xt\k mng pÚ y~ q y _f ngc
eb bemmfbg c�g sgbenc db cseg Áfs ghgso bcsd]i fÁ ng]ic� E \]^ ngc F G FH � & ~g \ comdj\n
bcsd]i fÁ ng]ic� E / xy
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_d]jg @ �	�� � � % @ �1 �� � � \]^ ^eg cf Ygk k \ v { c�g d]^ejcdf] �omfc�gbdb \]^ c�g
jfk kec\cdhdco fÁ m\scd\n ^gsdh\cdf] { Ïg �\hg c�\c@ ��	�� � � % p@ �1 �� � � q� % �1 �� � �@ ��% �1 �� � � p� xqH @ � % p� xqH � &@ �1 �� � �% p� xqH � &@ ��	�� � �\]^ ��	�� � � p� '� q % �� p1 �� � �� '� q / 1 �� � � p�@ ��� q

% HA�� & p� xq�� &1 �� � p@� �� ���1 �� � � � q p@� �� ��� � q� /
/ p� xqH 1 �� � � p�@ � � q

% HA�� & p� xq�� &1 �� � p@� ��	�� � � ��� � q p@� ��	�� � � ��� � q� /
/ p� xqH � (1 �H � & �p@ � ��	�� � � �H � &� � q p@� ��	�� � � �H � &� � q�
% H � &A�� & p� xq�� &1 �� �p@ � ��	�� � � ��� � q p@� ��	�� � � ��� � q�

� Å ��!""��
Ygc F % � G � G 
 G � y Ó�g]

�� p� '� q % 1 � �p1 �1 �1 �� q� 	 � 1 � �p1 �1 �� q1 �� 	 // 1 � �p1 �� q1 �1 �� 	 � 1 � ��1 �1 �1 �� 	
Ó�db jng\sno b�fÏ b c�\c c�g \jce\n gtmsgbbdf] Áfs �� ^gmg]^b { d] k fbc j\bgb { f] c�g

fs^gs d] Ï �dj� m\scd\n ^gsdh\cdhgb \sg cf ~g jfk mecg^ y
Ó�g ]gtc jfsfnn\so gt�d~dcb \ ]f]|csdh d\n jf]bgÙeg]jg fÁ c�db bggk d]ino Áfsk \n csd�g y

Ä
 Å �Ê ÉÊ ��!É�

[dhg] \ bcsd]i F d] c�g \nm�\~ gc Kx ' � ' ) ) ) ' # L { c�gsg gt dbcb \ e]dÙegno ^gcgsk d]g^ hgjcfs
Ñgn^ { b\o

 � p� '� q % � � �& p� '� q ' � �( p� '� q ' ) ) ) ' � �* p� '� q	 '
bej� c�\c

�� p� '� q % � �  � p� '� q
%&''( ) U gÑ]g { Áfs g\j� x M � M # { F & p� q % Kx M 
 M E . F � % � L y Ó�g] { c�g be~bgcbF& p� q \sg \ ^db�fd]c jfnngjcdf] Ï �fbg e]df] db Kx ' � ' ) ) ) ' E L y Ó�gsgÁfsg {

�� p� '� q % *A
�� & A����� �� � p� xq�� &1 � � p@ � �� ��� � q p@� �� ��� � q�

% *A
�� & 1 � A����� �� � p� xq�� & � p@� �� ��� � q p@� �� ��� � q�
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ag]jg c�g sgbenc Áf nnfÏ b ~o meccd]i
 � �� p� '� q % A����� �� � p� xq�� & � p@� �� ��� � q p@� �� ��� � q�

Áfs \nn � % x ' � ' ) ) ) ' # { Ï �gsg  � �� � u dÁ F& p� q % O y

Ä Ä Å ��!""��
RÁ N db \ m gskec\cdf] fÁ \ bcsd]i F c�g] dc db cseg c�\c �� % �
 \b fm gs\cfsb ~ec { d] k fbc
j\bgb {  � \]^  
 ces] fec cf ~ g ^dÐgsg]c Ñgn^b y zfs gt\k mng { ngc F % Õ G x G Õ G v \]^# % v y Ó�g]

 � p� '� q % � � p1 �1 �� q1 �� ' u ' p1&1 �1 �� q� / p1 �� q1 �1&� ' ��1 �1 &1 �� 	
RÁ N % v G Õ G Õ G x{ c�g]

 
 p� '� q % � � �1 �1 �1 �� ' u ' p1 &� q1 �1 �� � p1 �1 &� q1 �� ' p1 �1 �1&� q� 	

Ä� Å ���Ê É�"
Ygc @ % � � �� �CH <� 0 @ � ~g \ ^dÐgsg]cd\n fmgs\cfs y agsg { c�g bek k \cdf] se]b fhgs \
be~bgc fÁ bcsd]ib p]fc k encd|d]^djgb \b db jebcfk \soq Ï �fbg ng]ic� ^fgb ]fc gtjgg^ E y
Ó�g] Ïg �\hg c�g gtmndjdc Áfsk en\

�@� � �@ �� % � �  p� '� q � � '� = > ? p9 q
Ï �gsg @ � % A� p� xq� �� �@ � <� pjÁ y Xt\k mng pÚ ygqq

\]^
 p� '� q % A�  � p� ' <� � q

V~bgshg c�\c { dÁ @ % � db c�g Y\mn\jd\] { c�g c�gfsgk idhgb [sgg] �b bgjf]^ d^g]cdco
~ gÁfsg d]cgis\cdf] y

Ä� Å �!Ç Î�Ê �Ë� � ÎÈ� Í Ê É Ç�É�
R] fs^gs cf bc\cg \ ^dhgsig]jg c�gfsgk \]^ fc�gs d]cgis\n Áfsk en\b d] c�g Ï d^gs bg]bg {
dc db ]gjgbb\so cf if c�sfei� c�g jf]bcsejcdf] fÁ cs\jgb \]^ �ek mb d] _f~ fngh bm\jgb
fhgs k \]dÁf n^b Ï dc� jfs]gsb y _f ngc eb bc\sc fes ^dbjebbdf] Ï dc� c�db m\scdjen\s jn\bb fÁ
k \]dÁfn^b y

Ygc 9 ~ g \] fm g] bgc d] :* y �g b\o c�\c 9 db \ ����� ��� � �� 
���	�� fs \ ��� ������ ��� �� �	I+��� ��+����	 pbgg Y y Yffk db \]^ _ y _cgs]~ gsi ÔxvÖq dÁ { Áfs ghgso � = :* {
c�gsg db \] fm g] bgc 
 jf]c\d]d]i � \]^ \ ^dÐgfk fsm�dbk pj\nng^ \ 
� �� fs 
�������	�	�	�q � } 
 � � p
 q � :* bej� c�\c f]g fÁ c�g ÁfnnfÏ d]i m fbbd~dndcdgb �fn^b }

\q 
  9 % O {
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~q 
 � 9 {
jq � p
  9 q % � p
 q  �� = :* . �� � u ' ��� & � u ' ) ) ) ' �* � u � Áfs bfk g x M 
 M #

^gmg]^d]i f] � y

��� ) �
Ó�g ^gÑ]dcdf] ^fgb ]fc jfhgs \nn j\bgb c�\c j\] \sdbg y Z gdc�gs c�g mn\]g jebm fÁ zdiesg

p� y\ q ]fs c�g Ùe\^sdn\cgs\n fÁ z diesg p� y~ q Ùe\ndÁo \b k \]dÁfn^b Ï dc� jfs]gsb y afÏghgs {
c�g Ùe\^sdn\cgs\n j\] ~g gtmsgbbg^ \b c�g e]df] fÁ cÏf csd\]ingb Áfs Ï �dj� c�g ^gÑ]dcdf]
db h\nd^ pjf]bd^gs nd]g\s jffs^d]\cg bobcgk b � c�\c jf]hgsc \ comdj\n \]ing � � d]cf \
sdi�c f]gq y

p\q Zf � j\] fm g] em p~q Zf � j\] jf]hgsc c�db \]ing
c�db c\]ig]cd\n je bm � � d]cf \ sdi�c \]ing

��� ) �
Ug]fcg c�g ~fe]^\so fÁ 9 ~o 6 9 \]^ ngc �69 ~g c�g bgc fÁ ~fe]^\so m fd]cb Áfs Ï �dj�

jf]^dcdf] pjq �fn^b Ï dc� 
 % # y Ó�gbg \sg j\nng^ c�g �	I+��� ��+����	 mfd]cb fÁ 9 y Rc db
g\bo cf bgg c�\c �69 db \ bk ffc� k \]dÁfn^ fÁ ^dk g]bdf] # � x Ï �dj� db ^g]bg d] 6 9 \]^
fÁ jfk mngk g]c fÁ ]enn p# � xq|^dk g]bdf]\n k g\besg y Ygc 9 % 9 	 6 9 ~ g c�g cfmfnfidj\n
jnfbesg fÁ 9 d] :* y

Ó�g k \]dÁfn^b


*� % �� = :* . �� � u ' ��� & � u ' ) ) ) ' �* � u � px M 
 M # q
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\sg c�g bc\]^\s^ k f ^gnb Áfs jfs]gsb \]^ { Ásfk c�gk { \nn fc�gs k \]dÁfn^b Ï dc� jfs]gsb \sg
nf j\nno k f ^gng^ y

RÁ � db bej� c�\c 
 M � M # c�g]

6� 
 *� % �� = 

*� . �� % u�

db j\nng^ c�g � ,� � �
	 �� � 	 
 ,� ������� 
���	� y

��� ) � 6 
 �� db b�\^g^ y

Ä Å �Ê� Ê ��� �"!Í�� �Ê É Ç Ê Ç Ç� !È Î�� ÎÇÈ� �É�
Ygc k ~g \ ]f]]gi\cdhg d]cgigs \]^ � \] \s~dcs\so fm g] be~bgc d] :* y Ygc c�g � ����	����� ~ g idhg] ~o

�< �	 % 
�AB2 BC	 �� . 1 2 < .( ���
&�(

� < = > ? p� q

pc�g bek se]]d]i fhgs kencd|d]^djgb yq
Ó�g �����	� �� �
	 � 	 p� q db c�g] c�g jfk mngcdf] fÁ c�g msg|a dn~gsc bm\jg

�< = > ? p� q ��� �< �	 � � �
zfs � % u { � � p� q db pdbfk fsm�dj cfq � ( p� q { c�g bm\jg fÁ bÙe\sg d]cgis\~ng Áe]jcdf]b y
R] Ï �\c Áf nnfÏ b { ghgso sgbe nc ]fc msfhg] �gsg db bc\]^\s^ { \]^ j\] ~g Áfe]^ d] \c ng\bc

f]g fÁ Q y T ^\k b ÔxÖ { � yY y Ydf]b \]^ X y ` \ig]gb ÔxÕÖ { � yÓ y ` \scd ÔxwÖ { ` y Qgg^ \]^ W y
_dk f] Ôx�Ö { fs � yQe^d] ÔxØÖ y Ó�g j�fbg] jf]bcsejjdf]b bm gjdÑg^ ~gnfÏ k \Òg c�g bgÙegn
fÁ \bbgscdf]b bcs\di�cÁfsÏ\s^ cf msfhg y

Ygc @ } � & � �( ~ g \ ~fe]^g^ nd]g\s cs\]bÁfsk \cdf] ~gcÏgg] ]fsk g^ bm\jgb y Ó�g]@ j\] ~ g e]dÙegno gtcg]^g^ cf \ ~fe]^g^ nd]g\s cs\]bÁfsk \cdf] Ï dc� c�g b\k g ~fe]^ {
Ásfk c�g jfk mngcdf] fÁ � & cf c�g jfk mngcdf] fÁ �( y Ó�g b\k g bok~ fn @ db e bg^ Áfs c�g
gtcg]bdf] y
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Ä� Å �Ê Ì É Î�É �É!Ç��Ê É" �
Ygc � ~ g \] \s~dcs\so sg\n ]ek ~gs \]^ ngc > ?� p:* q ~ g c�g bm\jg fÁ bk ffc� Áe]jcdf]b Ï dc�
jfk m\jc bemm fsc y U gÑ]g c�g ]fsk

�< �� �� % ��� 4 px / .� .( q� .� < p� q .( ��� &�( � < = > ?� p:* q
Ï �gsg

� < p� q % p�� q*�( �� 4 �7� p��� � � q< p� q�� � � = :*
db c�g zfesdgs cs\]bÁfsk fÁ c�g jfk m\jcno bemm fscg^ Áe]jcdf] < y Ó�g jfk mngcdf] fÁ> ?� p:* q e]^gs �< �� �� db � � p:* q y � �g] � db gÙe\n cf \ ]f]]gi\cdhg d]cgigs � c�g
]fsk �ebc ^gÑ]g^ db gÙedh\ng]c cf c�g _f~ fngh ]fsk ^gÑ]g^ d] pxvq \]^ c�g sgbencd]i
bm\jgb \sg dbfk fsm�dj y a g]jg c�gsg db ]f \k ~diedco d] ebd]i c�g b\k g ]fc\cdf] Áfs ~ fc�
jf]bcsejcdf]b y

Rc db ^gbds\~ng { Ï �g] m fbbd~ng { cf gt�d~dc �jf]jsgcg� sg\nd�\cdf]b fÁ c�db \~bcs\jc msf jgbb
fÁ jfk mngcdf] y R] c�g msgbg]c bdce\cdf] { Ñsbc f~bgshg c�\c { Áfs �� � �& { Ïg �\hg c�g
pjf]cd]efebq d]jnebdf] � � � p:* q 	� � �
 p:* q y ag]jg { Áfs � � u { � � p:* q db sg\nd�g^ \b
\ �jf]jsgcg� be~bm\jg fÁ pbÙe\sg d]cgis\~ngq Áe]jcdf]b y V] c�g fc�gs �\]^ { Áfs � � u {
dc db ]gjgbb\so cf if d]cf c�g sg\nk fÁ c�g c�gfso fÁ ^dbcsd~ecdf]b cf gt�d~dc \ ^gÑ]dcg
^gbjsdmcdf] fÁ � � p:* q \b \ be~bm\jg fÁ cgk mgsg^ ^dbcsd~ecdf]b y

zsfk ]fÏ f] { Ïg b�\nn sgbcsdjc fesbgnhgb cf c�g j\bg fÁ \ ]f]]gi\cdhg { ~ec fc�gsÏ dbg
\s~dcs\so{ m\s\k gcgs � y Ó�g sgbencd]i c�gfso db bfk gÏ �\c bdk mngs \]^ beÜ jdg]c cf fes
mesm fbgb y

Ä� Å �Ê� Ê ��� �"!Í�� �Ê É ! Ç Ê Ç Ç� !È Î�� É�!�
Ygc � � u \]^ ngc � ~ g \] \s~dcs\so fm g] bgc d] :* y U gÑ]g � � p� q \b c�g bm\jg fÁ
sgbcsdjcdf]b fÁ c�g Áe]jcdf]b d] � � p:* q cf � { \]^ ngc�< �� % �#< �� �< �� �� ��� �< .� % < ' �< = � � p:* q�

Ó�db ]fsk \k fe]cb cf msfhd^d]i � � p� q Ï dc� c�g ]fsk fÁ c�g Ùefcdg]c fÁ � � p:* q ~o
c�g jnfbg^ be~bm\jg fÁ Áe]jcdf]b h\]db� d]i \nk fbc ghgsoÏ �gsg f] � y Ó�gsgÁfsg � � p� q db
\nsg\^o jfk mngcg y

Ä	 Å �Ê� Ê ��� �"!Í�� �Ê É � Ê Ì Ç Ë!É Î��
Ygc 9 ~g \ sgn\cdhgno jfk m\jc k \]dÁf n^ Ï dc� jfs]gsb y WgÁfsg msf jgg^d]i d]cf c�g d]cg]^g^
^gÑ]dcdf] { Ïg Ï\]c cf k \Òg cÏf f~bgsh\cdf]b }

p\q T b Ï dc� \]o \s~dcs\so fm g] bgc { c�g bm\jg
 � p9 q % �< } 9 � : ��� < db c�g sgbcsdjcdf] �< .� fÁ \ Áe]jcdf] �< = > ?� p:* q�

db ^g]bg d] � � p9 q y
p~ q Ygc

� p� � ' 
 � q ��� � � } 
 � � :* �


*� ��� ���� &
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~ g \ Ñ]dcg ]ek~ gs fÁ j�\scb pfÁ com g pxÕ yjqq jfhgsd]i 6 9 \]^ \^^
p� � % � � ' 
� % 9 q \b \ h\nd^ j�\sc cf jfk mngcg \ jfhgsd]i fÁ 9 y

��� ) �
Ygc

� J � } 
 � � Ôu ' xÖ ���� �
~ g \ m\scdcdf] fÁ e] dco be~fs^d]\cg^ cf K
 � L��� � y Ó�g] < = � � p9 q dÁ \]^ f]no dÁ pJ � < q �
�&� = � � p
 *� ��� q � � % x ' � ' ) ) ) � y

Ó�gbg f~bgsh\cdf]b beiigbc c�g Áf nnfÏ d]i jf]bcsejcdf] } Ygc  � p6 9 q ~ g c�g bgc fÁ
gngk g]cb fÁ > ?� p:* q sgbcsdjcg^ cf 69 y U gÑ]g { Áfs � � u {

�� �� % 
� �A
�� &

*A
��� ��� �������� pJ �� q � �& ����� �4� ��� ��������

(
��
&�(

� � =  � p6 9 q

UgÑ]g � � p6 9 q \b c�g jfk mngcdf] fÁ  � p6 9 q e]^gs c�db ]fsk y
Rc db ]fc ^dÜ jenc cf jf]hd]jg f]gbgnÁ c�\c c� db k gcsdj db d]^gm g]^g]c { em cf gÙedh\ng]jg

fÁ W \]\j� bm\jgb { fÁ c�g j�fbg] jfhgsd]i K
 � L��� & \]^ fÁ c�g m\scdcdf] fÁ e]dcoy
zd]\nno{ Áfs \]o ]fc ]gjgbb\sdno sgn\cdhgno jfk m\jc k \]dÁf n^ 9 { ^gÑ]g c�g ÁfnnfÏ d]i

dk m fsc\]c sgbcsdjcdf] k \mmd]i fs ��
	 �� 	����
	 }  � p9 q �  � p6 9 q

bej� c�\c { Áfs ghgso < =  � p9 q \]^ \]o bk ffc� gtcg]bdf] �< fÁ < {
	 < p� q % �< p� q � � = 69

Ä� Å !�"" !
Ygc 
 ** ~g c�g # |c� ^dk g]bdf]\n bc\]^\s^ # |c� jfs]gs { bf 6 
 ** db �ebc : �*&� { \]^ ngc� � x
� y Ó�g] { c�gsg db \ jf]bc\]c E � u bej� c�\c�	 < ��&�( M E �< �� � < =  � p
 ** q
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Ä� Å ���Ê É�"
Ygc 9 ~ g \ sgn\cdhgno jfk m\jc k \]dÁfn^ Ï dc� jfs]gsb y Ó�g] { c�g cs\jg fm gs\cfs 	 j\] ~g
gtcg]^g^ jf]cd]efebno cf

	 } � � p9 q �� � �&�( p6 9 q
%&''( ) Wo Ygk k \ xØ { 	 }  � p9 q �  � p69 q db jf]cd]efeb nf j\nno Áfs g\j� Á\jg y Ó�g]
c�g ^dbjebbdf] d] px�q k \Ògb dc jng\s c�\c 	 db jf]cd]efeb inf~\nnoy Wo ^g]bdco{ dc c�g]
ÁfnnfÏ b c�\c 	 j\] ~g gtcg]^g^ k g\]d]iÁenno cf c�g ^gbdsg^ _f~fngh bm\jgb y

�
 Å �  �Ç�É!�Î��Ë �!Ì�� È��Ê É�" Ê��É Ë Ê" ! ÎÇ
Ë�ÍÊ""Ê�ÎÈ ÎÊ Ç�
Ygc � ~ g \ bk ffc� hgjcfs Ñgn^ ^gÑ]g^ f] 9 y Ó�g] c�g ^dhgsig]jg c�gfsgk { h\nd^ Áfs
jfk m\jc k \]dÁf n^b Ï dc� jfs]gsb { \bbgscb c�\c

�� � � � �� % ��� 	� � � ��
Ï �gsg { fÁ jfesbg { � db f] no ^gÑ]g^ fhgs �69 y ZfÏ { ~o c�g msfjgbb fÁ jfk mngcdf] \]^
gtcg]bdf] bÒgcj�g^ d] pxvq \]^ Ó�gfsgk xÛ { c�g \~ fhg sgn\cdf] sgk \d]b h\nd^ Áfs \nn
hgjcfs Ñgn^b � = � & p9 q* y

Ygc K9 & ' 9( ' ) ) ) ' 9� L ~g \ ��� ��� �	
��������� fÁ 9 P c�\c db { \ m\dsÏ dbg ^db�fd]c
Á\k dno fÁ k \]dÁfn^b Ï dc� jfs]gsb bej� c�\c c�g e]df] fÁ dcb jnfbesgb db 9 	 69 y

��� ) �
UgÑ]g c�g ���	� ��+����	 � cf ~ g c�g jnfbg^ jfk mngk g]c fÁ 6 9 d] � � 6 9 � yUgÑ]g c�g ���	� �	I+��� ��+����	 cf ~g 	� % 
� � ��� �6 9 �  �6 9�  \]^ f~bgshg c�\c g\j�

fÁ dcb m fd]cb ~gnf]i cf gt\jcno cÏf fÁ c�g �6 9 � �b y Wo jfk m\jc]gbb { 	� jf]bdbcb fÁ \ Ñ]dcg
]ek~ gs fÁ jf]]gjcg^ jfk m f]g]cb { \nn k \]dÁf n^b fÁ ^dk g]bdf] # � x{ Ï �dj� \sg cf ~g j\nng^
c�g ���	� � �
	� ��� � 	 ��� ��� �	
��� ������� y Ó�g bgc fÁ d]]gs Á\jgb db ^g]fcg^ ~o �	�� y

_dk dn\sno{ c�g bgc fÁ sgien\s m fd]cb d] 69 ]fc d] � db \] p#� xq|^dk g]bdf]\n be~k \]dÁfn^
fÁ �6 9 Ï dc� Ñ]dcgno k \]o jf]]gjcg^ jfk mf]g]cb y Ó�g bgc fÁ c�gbg jfk mf]g]cb db ^g]fcg^
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~o ��6 9� \]^ k \o ~ g j\nng^ c�g jfnngjcdf] fÁ �	I+��� �+	� � �
	� y Z fcg c�\c { d] ig]gs\n {
\] fecgs Á\jg k \o ~ g m\scdcdf]g^ ~o bghgs\n sgien\s fecgs Á\jgb pbgg zdiesg wq y

T bk ffc� j�fdjg fÁ \ e]dc ]fsk \n hgjcfs Ñgn^ f] 	� { ^g]fcg^ \i\d] ~o � { k \Ògb msgjdbg
c�g d^g\ fÁ c�g � �����	 \]^ c�g �	I ���	 ���	� Áfs d]]gs Á\jgb d] k ej� c�g b\k g Ï\o c�\c
c�g e]dc ]fsk \n hgjcfs fhgs 6 9 j\mcesgb c�g d^g\ fÁ �����	 ��� �+���	y

� dc� c�gbg msgndk d]\sdgb \]^ c�g \d^ fÁ c�g cs\jg fm gs\cfs { ]fÏ dc db m fbbd~ng cf ^gÑ]g
\b Ïgnn c�g �� 	�� �� � +�� � Ô0Ö �� � ��	� � � d] fs^gs cf igc c�g sgn\cdf]

�� � � � �� % ��� 	� � � �� � �� ��� � � ��
h\nd^ Áfs \nn � % � �� � = � * % � � � & p9 � q* { Ï �gsg � % � & p9& q � � & p9( q � 0 0 0 � � & p9� q
pjÁ y agssgs\ Ô�Öq y

Ó�g ÁfnnfÏ d]i ^dbjebbdf] k \Ògb msgjdbg c�g \]\nocdj \]^ \nig~s\dj ^gc\dnb ~g�d]^ c�g
\~ fhg Áfsken\ y

�Ä Å �Ê" � Í!�Í Ì �!È ÎÊ Ç�
Ygc � = � * y Ó�g] � k \o ~ g c�fei�c \b \ Á\k dno � �� � fÁ hgjcfs Ñgn^b y Ó�db k g\]b
c�\c c�gsg db f]g hgjcfs Ñgn^ { b\o � � % p� � �& '� � �( ' 0 0 0 '� � �* q ^gÑ]g^ f] 9 � Áfs g\j� � %
x ' � ' ) ) ) '� y _f ngc � � � % � � � � � � y _d]jg c�gsg db \ ]\ces\n d]jnebdf] � � � ( p9 � q 	�� ( p9 q bej� c�\c � �� � �� � � �� � � � ' Ï �gsg �� � ^g]fcgb c�g j�\s\jcgsdbcdj Áe]jcdf] fÁ9 � d] 9 { c�g] � � � � � � ~gnf]ib cf � ( p9 q y ZfÏ ngc 	� � % p	� � �& '	� � �( ' 0 0 0 '	� � �* q =� &�( p6 9 � q* y

UgÑ]g c�g ÁfnnfÏ d]i jfk~d]\cfsd\n k \mmd]ib }
	 } ��6 9� �� Kx ' � ' ) ) ) '� L Ï dc�
	 p
 q % d]^gt � bej� c�\c 
 db \ sgien\s fecgs Á\jg fÁ 9 �
	� } �	�� �� Kx ' � ' ) ) ) '� L Ï dc�
	� p
 q % d]^gt � bej� c�\c 9 � ndgb f] c�g mfbdcdhg bd^g fÁ 


	 } �	�� �� Kx ' � ' ) ) ) '� L Ï dc�
	 p
 q % d]^gt � bej� c�\c 9 � ndgb f] c�g ]gi\cdhg bd^g fÁ 


U gÑ]g c�g ~ fe]^\so cs\jgb {
	� = � ( p69 q* bej� c�\c
	� ���� % 	� � �� � ���� � 
 = ��6 9�

\]^ \]\nfifeb cs\jgb Áfs c�g d]]gs ~fe]^\so{

	�� ' 	 � = � ( p� q* bej� c�\c
	�� ���� % 	� �� �� � ����
	 � ���� % 	� �� �� � ���� � 
 = �	��

zd]\nno{ ^gÑ]g c�g Ñgn^ fÁ �ek mb \b
��� % 	�� � 	 �
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� dc� c�gbg ]fcdf]b { ]fÏ c�g sgn\cdf] \c c�g g]^ fÁ p�uq db g\bo cf msfhg y

�� Å � Ç ÎÇÈ� É!� �Ê É"Ì �! �Ê É �

Ygc K <� L� �  � p9 q ~g c�g jfgÜ jdg]cb fÁ \ nd]g\s ^dÐgsg]cd\n fmgs\cfs @ psgj\nn c�\c
c�g F �� \sg d] \ be~bgc fÁ bcsd]ib fÁ ng]ic� ngbb fs gÙe\n E q y Tmmnod]i c�g \~ fhg sgbenc
cf c�g Áfsken\ fÁ Ó�gfsgk x� Ïg \ssdhg cf c�g gtmsgbbdf]

�� ��@� � �@ �� � �� % ��� 	 p� '� q � � �� � �� � p� '� q� � � ��
h\nd^ Áfs \nn p� ' � q = � � � { Ï �gsg � % � � p9& q � � � p9( q � 0 0 0 � � � p9� q \]^ � db \]o
sg\n ]fc ngbb c�\] c�g fs^gs fÁ c�g fm gs\cfs y

Ó�g ÁfnnfÏ d]i cs\]bdcdf]\n ^gÑ]dcdf]b \sg ]gjgb\so } Ygc N ~g \ bcsd]i { � � J pN q \]^@
 c�g gngk g]c\so fmgs\cfs ^gÑ]g^ d] m\s\is\m� p�q y UgÑ]g
	 
 % 	 � @
 } � � p9 � q �� � ( p69 � q

Ï �gsg c�g ^gm g]^g]jg f] c�g d]^gt � fs { k fsg jf]jgmce\nno c�g gngk g]c 9 � { db fk dccg^ y
Ygc K <� L� �  � p9 q ~g c�g jfgÜ jdg]cb fÁ c�g fm gs\cfs @ psgj\nn c�\c c�g F �� \sg d]

\ be~bgc fÁ bcsd]ib fÁ ng]ic� ngbb fs gÙe\n E q y UgÑ]g
	� p� � '� � q % A� A����� �� � p� xq�� & �p	 � �� ��� � � q p	� �� ��� <� � � q�

Ï �gsg � � '� � = � � p9 � q pjÁ y Sfsfnn\so xu \]^ Ó�gfsgk x�q y
Ó�g hgjcfsd\n hgsbdf] fÁ c�g \~ fhg cs\jgb fhgs \ idhg] ^fk \d] ^gjfk m fbdcdf] gngk g]c

db idhg] ~o
	 p� � '� � q % �	 & p� � '� � q '	 ( p� � '� � q ' ) ) ) '	 * p� � '� � q	

Ygc c�g ~ fe]^\so cs\jgb { d]]gs ~ fe]^\so cs\jgb \]^ Ñgn^ fÁ �ek mb ~ g idhg] ~o{
	 } � � � �� � & p69 q*
	 p� '� q ���� % 	 p� � �� � '� � �� � q ���� � 
 = ��69�
	� ' 	  } � � � �� � & p� q*
	� p� '� q ���� % 	 p� �� �� � '� �� �� � q ����
	  p� '� q ���� % 	 p� �� �� � '� �� �� � q ���� � 
 = �	��
� � % 	� � 	 

�� Å �""�Ç Ë Î�
Ygc @ ^g]fcg \ nd]g\s ^dÐgsg]cd\n fm gs\cfs { fÁ fs^gs �� � u { Ï dc� d]Ñ]dcgno ^dÐgsg]cd\~ng
jfgÜ jdg]cb \]^ 	� ��� �
 f] 9 { Ï �gsg 9 db \ ~ fe]^g^ sgidf] Ï dc� \ bk ffc� ~ fe]^\so � %69 y Ygc \ �	�	� �� ��+����	 �� 	����� ��� ���	� � � �� ��,�� ~ g \ jfnngjcdf] �� � �	 &���fÁ d]Ñ]dcgno ^dÐgsg]cd\~ng fmgs\cfsb ^gÑ]g^ f]no f] � { g\j� fÁ fs^gs ]fc gtjgg^d]i �� � xy
RÁ � db \ Áe]jcdf] ^gÑ]g^ f] 9 \]^ � db \ ~ fe]^\so fmgs\cfs { c�g] �� db cf ~ g e]^gsbcff ^
\b �	� { Ï �gsg 	 db c�g cs\jg fm gs\cfs y
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Ó�g c�gfsgk f] [sgg] �b Áfsken\ { \b bc\cg^ ~o � y Y y Ydf]b \]^ X y ` \ig]gb d] ÔxÕ {
mm y xxv| xxwÖ { bc\scb ~o \bbek d]i c�\c \] gnndmcdj fm gs\cfs @ \]^ \ ���� �� bobcgk fÁ
~ fe]^\so fmgs\cfsb �� � �	 &��� \sg idhg] pc�g jf]^dcdf] fÁ ]fsk \ndco db fÁ ]f sgngh\]jg
Áfs c�g msgbg]c ^dbjebbdf] q y Ó�g Ñsbc jf]jne bdf] db c�\c dc db \nÏ\ob mfbbd~ ng cf j�ffbg {
]f]|e]dÙegno{ \]fc�gs bobcgk fÁ ]fsk \n ~fe]^\so fmgs\cfsb ��� �	 &��� bej� c�\c c�g �fd]c
bobcgk fÁ � �b \]^ � �b db � ���
� �	 d] \ cgj�] dj\n bg]bg y a \hd]i k \^g c� db j�fdjg { c�g]
\ bgjf]^ jf]jnebdf] db c�g e]dÙeg gt dbcg]jg fÁ \]fc�gs cÏf ~ fe]^\so bobcgk b �� � �	 &���\]^ �	 � �	 &��� { bej� c�\c c�g ÁfnnfÏ d]i [sgg] Áfsken\ �fn^b }

�� �@� �� � �� �@ �� �� % 	&A
�� � �� �� � � �� �� � 	&A

�� � �� � � � 	 �� ��
T ]\ces\n sgbcsdjcdf] Áfs c�db Áfsken\ cf k \Òg bg]bg db c�\c � = � � p9 q \]^ � = � 2 p9 q

Ï dc� �/ $ � v� � xy Ó�db db ~ gj\ebg c�g sdi�c �\]^ bd^g fÁ c�g \~ fhg sgn\cdf] db k g\]d]iÁen
Ï �g] p� � x
�q � p�� � xq / p$ � x
�q � p�� � xq � u y Ó�g ngÁc �\]^ bd^g db Ïgnn ^gÑ]g^
\nbf e]^gs c�db jf]^dcdf] y T bedc\~ng bdk mng j�fdjg db �ebc � % $ % �� y

Óf fhgssd^g c� db ndk dc\cdf] \]^ gbc\~ndb� Áfsk en\b h\nd^ Áfs ig]gs\n ^dbjf]cd]efeb
Áe]jcdf]b ~gnf]id]i cf bm\jgb ]\ces\nno gk~ g^^g^ d] � � p9 q { b\o � = � � � � p9 � q \]^� = � � � 2 p9 � q Ï dc� � ' $ ]f]]gi\cdhg \]^ � / $ � �� { bej� \b c�g [sgg]|a gssgs\ Áfske|
n\b { \ msf jgbb fÁ gtcg]bdf] fÁ c�g ^dbcsd~ecdf]\n fm gs\cfsb kebc ~ g Ñsbc ^ghgnfm g^ y Ó�db
db ^f]g d] \ m\m gs cf \mm g\s bff] pÔxxÖ { bgg \nbf ÔÕ {v {Ú {Ø {ÛÖq y

� Å � � ��É�Ç Í��
ÔxÖ T ^\k b { Q y T y pxÛ�wq �����	� �� �
	� y T j\^gk dj Âsgbb { ZgÏ �fsÒ y
Ô�Ö T nng] RRR { ` y W y{ agssgs\ { R y \]^ Âd]^gs [ y z y pxÛØØq � +� 	��
�� � ��	���I �� � 
�	�
	��� ��I ��		���I y �f�] � dngo 	 _f]b { ZgÏ �fsÒ y
ÔÕÖ agssgs\ { R y 
��� 	� ��� ���
� � � +� 	��
�� � 	� ��� �  �� � � ��		� �� ����+��� � ��

�� 	����� �� � ��
����+�+� � �	��� y Zek gsdj\n ` gc�f ^b Áfs Â\scd\n U dÐgsg]cd\n XÙe\|
cdf]b { � pxq { �w×vv { xÛØw y

ÔvÖ agssgs\ { R y{ S�\sifo{ Y y \]^ T n^e]jd] { [ y 
��� 	� ��� ���
� � � +� 	��
�� � 	� ��� �
 �� �� � �� �	 � �� 	�	�
	� ��� �������	 � �� 	�	���� � �+����� y Zek gsdj\n ` gc�f ^b
Áfs Â\scd\n U dÐgsg]cd\n XÙe\cdf]b { � pvq { �v x×�wØ { xÛØw y

ÔwÖ agssgs\ { R y ��� 	 
��� 	 ��I ���
	� � �� ��� ��	� � �� 	� ��
� y Ó�g ` gsid]i fÁ U dbjd|
mnd]gb } ZgÏ Udsgjcdf]b d] Âesg { Tmmndg^ \]^ Sfk mec\cdf]\n ` \c�gk \cdjb y X ^dcg^ ~o
Q y X y XÏ d]i { � y R y [sfbb \]^ S y z y ` \scd] y _msd]igs|�gsn\i { ZgÏ �fsÒ { �Û× ØØ { xÛØÚ y

ÔÚÖ agssgs\ { R y �� �� 	���� �- 	������ � �� 	 � �I 	����
 �� 	��	 ��� ���
� y T ^h\]jgb d]
Vmcdk d�\cdf] \]^ Zek gsdj\n T]\nobdb { Âsf jgg^d]ib fÁ c�g � R �fsÒb�fm f] Vmcdk d�\|
cdf] \]^ Z ek gsdj\n T ]\nobdb { V\t\j\ { V\t y{ ` lgt djf { �\]e\so xÛÛ� { ` \c�gk \cdjb \]^
dcb Tmmndj\cdf]b { � neÏgs T j\^gk dj Âe~ndb�gsb { xww× xÚÕ { xÛÛ� y

Ô�Ö agssgs\ { R y ��������	 � ��
�	������ � 	� �����I �	� � ��	� �� ��� y z d]dcg Xngk g]cb
d] zne d^b } Z gÏ Ósg]^b \]^ Tmmndj\cdf]b y � y ` fsi\] gc y \n y{ X ^b y Âd]gsd^ig Âsgbb { �
xvÕ�× xvv� { xÛÛÕ y

ÔØÖ agssgs\ { R y{ XÏ d]i { Q yX y{ Sgnd\ { ` yT y \]^ Qebbgnn { Ó y � +�	����,��I ���,I ��� ��
��,��	� � �� ��� � 	� �� � �� 	 �� 	��	�
�� ���� 	���� y Zek gsdj\n ` gc�f ^b Áfs Â\scd\n
U dÐgsg]cd\n X Ùe\cdf]b { � pvq vÕ x×vw� { xÛÛÕ y
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ÔÛÖ agssgs\ { R y ��	� � ,� 	��	�� � �� ��� � 	
��� ������ y _m gjd\n �fnek g f] ÓsgÐc� ` gc�f ^ }�u �g\sb T ]]dhgsb\so P T ^h\]jgb d] X]id]ggsd]i _fÁcÏ\sg { �� vÕ× wÚ { xÛÛw y
ÔxuÖ agssgs\ { R y \]^ U l�\� { ` y �����	
 � 	� ��� �� ��� ��
���� � ��	� �,� 	��	,�� ��� ��
���� y

Zek gsdj\n ` gc�f^b Áfs Â\scd\n U dÐgsg]cd\n XÙe\cdf]b { �� pÚq �uÛ× �ÕØ { xÛÛÛ y
ÔxxÖ agssgs\ { R y \]^ Wgsn\]i\ { Q y ��		�,� 	��	�� ����+��� ��� �� 	���� �- 	������ y pcf

\mm g\sq y
Ôx�Ö agssgs\ { R y \]^ Wgsn\]i\ { Q y ��	� � ,� 	� �� � � �	�	��� �� 	��	 y pcf \mm g\sq y
ÔxÕÖ Ydf]b { � y Y y \]^ ` \ig]gb { X y pxÛ��q � ��,� �� �I 	�	�+� � �+����	 ���+	  ����	� � ���

��� ��
����� { �fn y xy _msd]igs|�gsn\i { ZgÏ �fsÒ|agd^gn|~ gsi|Wgsnd] y
ÔxvÖ Yffk db { Y y \]^ _cgs]~ gsi { _ y pxÛÚØq � ����
	� ���
+�+� y T ^^dbf]|�gbngo{ Qg\^d]i {

` \bb y
ÔxwÖ ` \scd { � y Ó y pxÛØÚq �����+
��� � �����	� �� �
	� ��� � ���	 � �	� 	� � ��+��� ��

� � ��� �
 � �+����	 ���+	  ����	�� y T j\^gk dj Âsgbb { Yf]^f] y
ÔxÚÖ �e\scgsf]d { T y \]^ �\nnd { T y pxÛÛvq � +� 	��
�� ��� ��- �� ���� ��  ����� � �� 	�	����

� �+����� y _msd]igs|�gsn\i { ZgÏ �fsÒ|agd^gn~ gsi|Wgsnd] y
Ôx�Ö Qgg^ { ` y \]^ _dk f] { W y pxÛ��q y �+�
����� ����	��� y T j\^gk dj Âsgbb { ZgÏ �fsÒ y
ÔxØÖ Qe^d] { � y pxÛ�Õq y �+�
����� ����	��� y ` j [s\Ï|a dnn { Z gÏ �fsÒ y


