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YZ [\ ]^__`abc]b ZdeZ Zd^ f\fe_ Zd^cgh ci jgckek[_[Zh [\ bcZ \fl m[^bZ Zc n^`
\mg[k ^ Zd^ gebnco`Zhj ^ jd^bco ^bcb\ ck\^gp^n [b qfebZfo o^mdeb[m\ r sd^ j c[bZ
[\ ZdeZ e jgckek[_[Zh Zd^cgh [\ b^^n^n ]d[md Zea^\ [bZc emmcfbZ \^p^ge_ jgckek[_[Zh
\jem^\ eZ Zd^ \eo ^ Z[o ^ t ebn ]d[md ic__c] \ Zd^ t bc] fb[p^g\e__h emm^jZ^n t o eZd^`
o eZ[me_ icgo e_[\o ci qfebZfo o^mdeb[m\ r sd[\ icgo e_[\o [ojc\^\ Zc mcb\[n^g eb
^uZ^b\[cb ci Zd^ f\fe_ Zd^cgh ci jgckek[_[Zh ]d[md n^e_\ ] [Zd cj ^geZcg\ cb v [_k ^gZ
\jem^ [b\Z^en ci gebnco peg[ek _^\ r sd[\ [\ Zd^ \c`me__^n qfebZfo jgckek[_Zh Zd^`
cghr sd^ f\fe_ Zd^cgh [\ g^mcp^g^n ]d^b mcb\[n^g[bw cb_h of_Z[j _[meZ[cb cj ^geZcg\ r
xc__c] [bw Zd[\ qfebZfo jgckek[_[Zh Zd^cght e Zd^cgh ci qfebZfo bc[\^\ t qfebZfo
jgcm^\\^\ ebn qfebZfo \Zcmde\Z[m [bZ^wgeZ[cb de\ k ^^b n^p^_cj ^n [b Zd[\ cj ^ge`
Zcg \^ZZ[bw yo e[b_h [b cgn^g Zc n^\mg[k ^ Zd^ k ^dep[cfg ci qfebZfo cj ^b \h\Z^o \
yz{ ep|}} r ~fg egZ[m_^ jegZ[m[jeZ^\ Zc Zd^ eZZ^ojZ ci ^_ek cgeZ[bw e qfebZfo \Zc mde\`
Z[m me_mf_f\ [b ]d[md Zd^ ebe_hZ[me_ n[l mf_Z[^\ dep^ k ^^b cp^gmco ^n t ebn ]d[md
mcf_n k ^mco ^ e\ f\ek _^ ebn f\^if_ e\ Zd^ f\fe_ \Zc mde\Z[m me_mf_f\ r � _g^enht [b
\co ^ wccn mcbZ^uZ\ t cb^ mcf_n n^g[p^ e � ��� qfebZfo \Zcmde\Z[m me_mf_f\ yz� [�|} t
kfZ Zd^ jgck _^o ci [n^bZ[ih [bw Zd^ if__ nco e[b ebn ^uj_[m[Z emZ[cb ci qfebZfo
\Zc mde\Z[m [bZ^wge_\ ]e\ \Z[__ cj ^b r Yb Zd[\ egZ[m_^ t ]^ mcoj_^Z^_h \c_p^ Zd[\ jgck`
_^o r

Yb Zd^ cg[w[be_ icgof_eZ[cb ci qfebZfo \Zc mde\Z[m me_mf_f\ yzv� �|} t Zd^ dc`
ocw^b^[Zh ci ^uj cb^bZ[e_ p^mZcg\ ] [Zd g^\j ^mZ Zc Zd^ mcbZ[bfcf\ Z^b\cg jgcnfmZ
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\ZgfmZfg^ ci xcma \jem^ � [\ e mcgb^g\Zcb^ r �febZfo \Zc mde\Z[m [bZ^wge_\ eg^ mcb`
\ZgfmZ^n igco ieo [_[^\ ci cj ^geZcg\ n^�b^n ci Zd^\^ ^uj cb^bZ[e_ p^mZcg\ ebn \eZ[\`
ih [bw \co ^ enejZ^nb^\\ jgcj ^gZhr sd^ qfebZfo \Zcmde\Z[m [bZ^wge_\ eg^ Zd^g^icg^
b^m^\\eg[_h n^�b^n cb mcd^g^bZ nco e[b\ Zcc r ~j^geZcg of_Z[j _[meZ[cb ci qfebZfo
\Zc mde\Z[m [bZ^wge_\ [\ Zdf\ [beno [\\[k _^ t \Zg[mZ_h \j ^ea[bw t ] [Zd[b Zd[\ ��� �����
������ � ���������� t \[bm^ qfebZfo \Zc mde\Z[m [bZ^wge_\ Zhj [me__h nc bcZ _^ep^ mc`
d^g^bZ nco e[b\ [bpeg[ebZ r ~b_h [bb^g jgcnfmZ\ ci qfebZfo \Zc mde\Z[m [bZ^wge_\
emZ[bw cb mcd^g^bZ p^mZcg\ o eh k ^ icgo ^n r �^gdej\ \fgjg[\[bw_ht Zd[\ _[o [ZeZ[cb
de\ bcZ k ^^b i^_Z fbZ[_ g^m^bZ_h � e g[md \Zc ma ci qfebZfo \Zc mde\Z[m jgc m^\\^\ de\
k ^^b mcb\ZgfmZ^n Zdgcfwd eb ^�^mZ[p^ Zd^cgh ci qfebZfo \Zcmde\Z[m n[�^g^bZ[e_
^qfeZ[cb\ r sd[\ _[o [ZeZ[cb nc^\ o ea^ [Z\^_i i^_Z ]d^b cb^ [\ [bZ^g^\Z^n [b e_w^kge[m
qf^\Z[cb\ � icg ^ueoj_^ Zd^ \ZgfmZfg^ ci Zd^ mc__^mZ[cb ci k cfbn^n�cj ^geZcg�pe_f^n
qfebZfo \^o [o egZ[bwe_^\ yz�Z �|} r

~b^ ]eh [b ]d[md qfebZfo \Zc mde\Z[m me_mf_f\ de\ k ^^b ^uZ^bn^n k ^hcbn
Zd^ mcd^g^bZ p^mZcg\ [\ kh o ^eb\ ci Zd^ v [Z\fne��acgcdcn [bZ^wge_ ci ebZ[m[jeZ[p^
jgc m^\\^\ yzv [Z| t z�ac|} t ebn Zd^ g^_eZ^n wgen[^bZ cj ^geZcg ci � e__[ep[b me_mf_f\
yz� `s | t z� `� |} r Yb Zd[\ ��������� � ���������� yz ^_| t z! [b|} t Zd^ emZ[cb ci ^emd ci
Zd^ qfebZfo \Zc mde\Z[m [bZ^wge_\ [\ n^�b^n ^uj_[m[Z_h cb p^mZcg\ [b xcma \jem^ t
ebn Zd^ ^\\^bZ[e_ qfebZfo YZ "c icgof_e y[b [bb^g jgcnfmZ icgo } [\ \^^b [b Z^go \
ci Zd^ �#������ ���� ��� r � ^[Zd^g mcd^g^bZ p^mZcg ncoe[b\ t bcg enejZ^nb^\\ ci
Zd^ cj ^geZcg [bZ^wge_\ [\ g^qf[g^n r �^Z ewe[b\Z Zd^\^ enpebZew^\ t Zd^ nco e[b\ ci
k cZd Zd^ ebb[d[_eZ[cb ebn bfok ^g [bZ^wge_\ [b Zd^ bcbmef\e_ icgof_eZ[cb eg^ \Z[__
g^\Zg[mZ^n Zc jegZ\ ci {co $% y]d^g^ % [\ Zd^ bfok^g cj ^geZcg} � ^p^b ]d^b Zd^
g^\f_Z[bw cj ^geZcg [\ k cfbn^n r sd[\ fbbeZfge_ nco e[b _[o [ZeZ[cb ewe[b jg^m_fn^\
cj ^geZcg mcojc\[Z[cb ci qfebZfo \Zcmde\Z[m [bZ^wge_\ r

� \^mcbn ]eh [b ]d[md Zd^ mcd^g^bZ p^mZcg icgof_eZ[cb ci qfebZfo \Zc mde\Z[m
me_mf_f\ de\ k ^^b ^uZ^bn^n [\ kh o ^eb\ ci eb ek\ZgemZ YZc me_mf_f\ cb xcma \jem^
yz�`� |} r �j ^m[�me__ht Zd[\ icgof_eZ[cb e__c] \ e__ p^mZcg\ ci Zd^ xcma \jem^ Zc eno [Z
eb ek\ZgemZ jg^n[mZek _^ g^jg^\^bZeZ[cb & ' ( )* z' | + , -� ./ 01 / 2 ~bm^ Zd[\ [\ ncb^ tcb^ ckZe[b\ e icgof_e t icg Zd^ emZ[cb ci qfebZfo \Zcmde\Z[m [bZ^wge_\ t ]d[md o ea^\
\^b\^ icg e__ p^mZcg\ [b � r xcg ^ueoj_^ t [i 34 ( , 4� 5 / 06 7/ ebn '4 ( , 4� ./ 01 / t
Zd^b 3 4'4 ( , 4� y3 /./ + 5 /'/ } 01 / r sd[\ _^en\ Zc e n^�b[Z[cb ci qfebZfo \Zc mde\`Z[m [bZ^wge_\ ]d[md ewg^^\ ] [Zd Zd^ mcd^g^bZ p^mZcg icgof_eZ[cb ]d^b g^\Zg[mZ^n Zc
mcd^g^bZ p^mZcg nco e[b\ r Yb Zd[\ 8� 9� ����� ��� � ���������� t cj ^geZcg mcojc\[Z[cb ci
qfebZfo \Zc mde\Z[m [bZ^wge_\ [\ eno [ZZ^n r :bn^g \co ^ mcbn[Z[cb\ t Zd^ nco e[b ci
qfebZfo \Zc mde\Z[m [bZ^wge_\ o eh k ^ Zd^ ]dc_^ ci � r sd[\ iemZ j _eh\ eb [ojcgZebZ
gc_^ [b Zd^ Zd^cgh ci qfebZfo \^o [oegZ[bwe_^ e_w^kge\ t qfebZfo \qfeg^ ebn eb`
w_^ kgema^Z\ yz�Z �| t z� [�|} r sd^ o e[b n[\enpebZew^ ci Zd[\ icgof_eZ[cb [\ ZdeZ Zd^
n^�b[bw ^qfeZ[cb\ icg Zd^ qfebZfo \Zc mde\Z[m [bZ^wge_\ cb_h w[p^ Zd^o [oj_[m[Z_hr
Yb iemZ Zd^ n^�b[Z[cb\ eocfbZ Zc e a [bn ci ek\ZgemZ \Zc mde\Z[m n[�^g^bZ[e_ ^qfeZ[cb
ebn t fj Zc bc] t Zd^ w^b^ge_ ^u [\Z^bm^ ebn fb[qf^b^\\ ci \c_fZ[cb\ icg Zd^\^ ^qfe`
Z[cb\ ]e\ bcZ abc]b r � cg^cp^g t Zd^ oeu [o e_ nco e[b\ ci Zd^\^ qfebZfo \Zc mde\Z[m
[bZ^wge_\ dep^ k ^^b ieg igco m_^eg r

sd^ jfgj c\^ ci Zd[\ ]cga [\ Zc fb[ih ebn ^uZ^bn e__ Zd^\^ ejjgcemd^\ r ;^
<
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][\d Zc fbn^g\Zebn Zd^ g^_eZ[cb\d[j k ^Z]^^b Zd^ bcbmef\e_ ebn Zd^ YZ "c me_mf_f\
icgof_eZ[cb\ r ;^ \^^a n^�b[Z[cb\ ]d[md jg^\^gp^ Zd^ enpebZew^\ ci ^emd ]d[_\Z
g^o cp[bw [Z\ n[\enpebZew^\ r Yb cZd^g ]cgn\ t n^�b[Z[cb\ ]d[md ye} w[p^ Zd^ emZ[cb
ci qfebZfo \Zc mde\Z[m [bZ^wge_\ ^uj _[m[Z_h [b Z^go \ ci Zd^ jgc m^\\ k ^[bw [bZ^wgeZ^n t
yk } mcbZe[b bc fbbeZfge_ nco e[b _[o [ZeZ[cb\ t ym} \^ZZ_^ Zd^ ^u [\Z^bm^ ebn fb[qf^`
b^\\ qf^\Z[cb icg Zd^ \Zcmde\Z[m n[�^g^bZ[e_ ^qfeZ[cb\ eg[\[bw [b Zd^ YZ "c me_mf_f\
ejjgcemd t ebn yn} j ^go [Z cj ^geZcg mcojc\[Z[cb ci qfebZfo \Zc mde\Z[m [bZ^wge_\ r
Yb Zd[\ egZ[m_^ ]^ n^p^_cj e Zd^cgh ci qfebZfo \Zc mde\Z[m me_mf_f\ ]d[md \eZ[\�^\
^emd ci Zd^\^ mg[Z^g[e r

sd^ o e[b [n^e [b Zd[\ ]cga [\ Zc ke\^ Zd^ me_mf_f\ cb e �b^_h� Zfb^n icgof_e`
Z[cb ci cj ^geZcg enejZ^nb^\\ t ]d[md ^uj_c[Z\ eb ���� ��� �������� cj ^geZcg [b\j [g^n
kh m_e\\[me_ \Zc mde\Z[m me_mf_f\ r Yoo^n[eZ^ enpebZew^\ [bm_fn^ e ofmd m_^eg^g
j [mZfg^ ci Zd^ g^_eZ[cb\d[j k ^Z]^^b qfebZfo ebn m_e\\[me_ YZ "c me_mf_f\ t ebn eb
^uj_[m[Zb^\\ ci Zd^ mg[Z^g[cb icg enejZ^nb^\\ ]d[md [ojc\^\ bc fbb^m^\\egh nco e[b
mcb\Zge[bZ\ r xcg ^ueoj_^ t Zd^ nco e[b ci e ��enejZ^n cj ^geZcg 5 \dcf_n k ^ e__ ci �]d^b 5 [\ k cfbn^n t ebn \dcf_n bcZ k ^ _[o [Z^n Zc eb e_w^kge[m Z^b\cg jgcnfmZ r ~bmcd^g^bZ p^mZcg ncoe[b\ Zd[\ n^�b[Z[cb ewg^^\ ] [Zd Zd^ f\fe_ n^�b[Z[cb r sd^ b^]
n^�b[Z[cb ig^^\ f\ igco ebh jg^\mg[k ^n nco e[b\ � ocg^cp^g [Z _^en\ Zc e n^�b[Z[cb ci
Z[o ^ ��mcbn[Z[cbe_ ^uj ^mZeZ[cb icg cj ^geZcg\ cb � ]d[md \eZ[\�^\ e__ Zd^ e_w^kge[m
jgcj ^gZ[^\ cb^ mcf_n dcj ^ icg t w[p^b Zd^ peweg[^\ ci fbkcfbn^n cj ^geZcg\ r

sd^ ek cp^ g^�b^o ^bZ ci cj ^geZcg enejZ^nb^\\ [\ e_\c Zd^ j c[bZ ci n^jegZfg^
icg b^] n^�b[Z[cb\ ci qfebZfo \Zc mde\Z[m [bZ^wge_\ r Yb jegZ[mf_eg t Zd^ wgen[^bZ
cj ^geZcg yf\^n [b Zd^ bcbmef\e_ icgof_eZ[cb} [\ g^j _em^n kh Zd^ enejZ^n wgen[^bZ r
sd[\ cp^gmco ^\ Zd^ fbbeZfge_ nco e[b mcb\Zge[bZ ]d[_^ o e[bZe[b[bw ^uj_[m[Zb^\\ ci
emZ[cb ci Zd^ qfebZfo \Zcmde\Z[m [bZ^wge_\ r sd^ mcbb^mZ[cb ] [Zd Zd^ YZ "c me_mf`
_f\ icgof_eZ[cb [\ Zd^b \^^b Zdgcfwd mcoofZeZ[cb g^_eZ[cb\ k ^Z]^^b Zd^ �acgcdcn
[bZ^wge_ ebn Zd^ enejZ^n wgen[^bZ r ;^ eg^ ek _^ Zc \dc] ZdeZ cfg qfebZfo \Zc mde\`
Z[m [bZ^wge_\ \c_p^ Zd^ \Zc mde\Z[m n[�^g^bZ[e_ ^qfeZ[cb\ eg[\[bw [b Zd^ YZ "c me_mf_f\
icgof_eZ[cb t ebn ZdeZ e\ \c_fZ[cb\ Zd^h eg^ fb[qf^ ] [Zd o eu [o e_ ncoe[b\ r  h
fb[qf^b^\\ ebn o eu[o e_[Zh ]^ o ^eb ZdeZ ebh jgcm^\\ 3 ]d[md [\ t \eht e mg^eZ[cb
[bZ^wge_ ci e o ^e\fgek _^ enejZ^n xcma cj ^geZcg jgc m^\\ 5 �� �� � 8� 9� �������� � ���
�������� of\Z \eZ[\ih 3 4 	 6 74 y5 } t ]d^g^ 6 74 y5 } [\ Zd^ mg^eZ[cb [bZ^wge_ ci 5�� ��� � ���������� r �nejZ^n cj ^geZcg\ ebn qfebZfo \Zcmde\Z[m [bZ^wge_\ o eh k ^
ig^^_h mcojc\^n t ebn e qfebZfo YZ "c icgof_e g^\f_Z\ r

� kg[^i jg^_[o [begh emmcfbZ ci Zd[\ ]cga de\ ejj ^eg^n [b z�`! | r sdeZ jej ^g
mcbZe[b\ e \^mZ[cb n^ocb\ZgeZ[bw dc] x^go [cb �^_n cj ^geZcg\ t n^�b^n e\ qfebZfo
\Zc mde\Z[m [bZ^wge_\ yzv�<|} t emd[^p^ Zd^[g beZfge_ nco e[b\ � beo^_h e__ ci xcma
\jem^ � ]d^b mcb\[n^g^n igco Zd^ p[^]j c[bZ enpcmeZ^n d^g^ r
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!^Z � n^bcZ^ Zd^ � ���� � �� �� ��� ci )�� ZdeZ [\ Zd^ \^Z ci �b[Z^ \fk\^Z\ ci)�� r !^Z � � k ^ e �u^n \^jegek _^ mcoj_^u v [_k ^gZ \jem^ r �[bm^ t icg � ( � � < � 2 2 2t�� � )��� & � ¨ � � � � � �� � [\ [b k [� ^mZ[p^ mcgg^\j cbn^bm^ ] [Zd � ��� t Zd^ \^Z ci
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� `^_^o ^bZ\ \fk\^Z\ ci )�� t Zdgcfwd Zd^ oej � �� �� ¨ � 2 2 2 � �� � Zea [bw e j c[bZ [b Zd^�egZ^\[eb jgcnfmZ Zc Zd^ mc__^mZ[cb ci [Z\ mccgn[beZ^\ t !^k ^\wf^ o ^e\fg^ [bnfm^\
e o ^e\fg^ cb � �� � r  h _^ZZ[bw � � � k ^ eb eZco ci o^e\fg^ fb[Zht ]^ egg[p^
eZ e � `�b[Z^ o ^e\fg^ cb � ( � ��� � �� � � Zd^ ��� ����� � ������ ycg ����������
� ������} e\\cm[eZ^n ] [Zd !^k ^\wf^ o ^e\fg^ cb )�� yz�f[|} r �����������	��# �� ���ycg \[oj_h 	��# �� ���} [\ Zd^b Zd^ v [_k ^gZ \jem^ Z^b\cg jgcnfmZ � ( � � 
 � � y� } t
]d[md ]^ oeh [n^bZ[ih ] [Zd Zd^ \jem^ ci ym_e\\^\ ci } \qfeg^� [bZ^wgek _^ � ��pe_f^n
oej\ cb � & � � y� �� � } t kh mcbZ[bfcf\ _[b^eg ^uZ^b\[cb ci Zd^ oej � 
  ��  y�}� r�fmd p^mZcg\ ] [__ k ^ ] g[ZZ^b \[oj_h �  r � _^o ^bZ\ ci � ] [__ e_]eh\ k ^ n^bcZ^n
kh _c]^g me\^ wg^^a _^ZZ^g\ � t � t � t � t � t 2 2 2t ebn [bZ^wgeZ[cb ] [Zd g^\j ^mZ Zc Zd^\hoo^Zg[m o ^e\fg^ cb � ] [__ k ^ ] g[ZZ^b \[oj_h ,� ' y� } 0� r sd^ megn[be_ ci eb^_^o ^bZ � ci � [\ n^bcZ^n kh �� r

sd^ ic__c] [bw ^_^o ^bZegh [n^bZ[Zh [\ ifbneo ^bZe_ y\^^ z! `� | icg e jgcci } r
�, ����� � � 
�� � �� � � ��������� � ��� ������� ����� � �� ���� ��� ����������� ���� ��� � � � �� )� ����� � � �� � 
�� � �� �� � � �� ����� �� � ��� ��� �� & � �� � !" � y� � � #� } 2$� �� � �� � ��������� � ����� ����� ����� � �� ��� ������ ���%� � y� } 0� ( %� %� � y� � � } 0� 0� 2 &'

xcg ebh o ^e\fgek _^ ( & )� � � t _^Z ( y% } k ^ Zd^ cj ^geZcg cb � w[p^b kh
( y% }' y� } ( ( y�� }' y� } � {co ( y% } ( )' � � & %� *( y�� } *� +' y� } +� 0� � , -2
Yb cZd^g ]cgn\ t ( y% } [\ Zd^ cj ^geZcg ckZe[b^n kh ejj_h[bw Zd^ ifbmZ[cbe_ me_mf_f\
Zc Zd^ ��� ��� �� ������ % cb � r ;^ n^�b^ Zd^ \fk\jem^\ &

� �. � ( {co /0 � icg / 1 � � 2 ( 3.� ¨ {co /0 y< 2�/ }
� 4 ( )' � � & \fjj y' } 	 5

�67 � ��� � icg \co ^ 8 - 2 y< 2�9}
v^g^ [\ e _[\Z ci \^Z� Zd^cg^Z[m bcZeZ[cb ebn o^e\fg^� Zd^cg^Z[m mcbp^bZ[cb ZdeZ

]^ \de__ encjZ ZdgcfwdcfZ r !^Z � � � � )�� ebn � � � � � � � t Zd^b � 4� ( � : z; � � zt� <4 ( � : z� �, zt ^Zm rrr� =� ( oeu �� & � � � � t �> ( � #�=� � t ?� ( o [b�� & � � � � ticg � @( � � � A � ( � A ��� t ebn icg � � � t � #� ( � #���� B� � � C o^eb\ � � � icg e__
� � � t � � � � � / ( �� � � & � 	 z; � � z� t � / ( �� � � & � 	 z� �, z�� Bicg e re r � D �C
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