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A[ hh̀ q�@og[ kp[ p�qo[ ^` p�eqp�l oecekp�ql �qd` �Leqqh̀ �Rl ^g�Besê �A[ hh̀ qÃ�al r k_` _�ek�� � � � �] v�Ll oo[ ek`
[ k_�Cl k[ h_�BÀ�Bo[ kal o_À�Ik^l oml o[ q̀ _�[ p�[ �� � � ¯̂ °̄ � °�kl kmol aeq�ek�� � � � Ã�qd` �l oc[ kex[ qel k�d[ pÃ
l s` o�qd` �^l r op̀ �l a�eqp�� � çv` [ o�depql ovÃ�ql r ^d` _�qd` �hes` p�l a�j l ò �qd[ k�d[ ha�[ �j ehhel k�@og[ kp[ kp
qdol r cd�eqp�m̀ oal oj [ k^` pÃ�` _r ^[ qel k�mol co[ j pÃ�[ k_�^l j j r keqv�` kc[ c` j ` kq�ekeqe[ qes` pÀ
Tl _[ vÃ�A[ hh̀ q�@og[ kp[ p�pq[ k_p�[ p�qd` �l khv�mol à ppel k[ h�] [ hh̀ q�^l j m[ kv�ek�Leqqh̀ �Rl ^g�[ k_�ep
t e_` hv�ò ^l ckex` _�[ p�qd` �pq[ q̀ Ûp�mò j è o�] [ hh̀ q�l oc[ kex[ qel kí p̀ osekc�[ r _è k^` p�[ ^ol pp
` s` ov�ò cel k�l a�qd` �N[ qr o[ h�Sq[ q̀ À

Uk_` o�qd` �sepel k[ ov�h̀ [ _` opdem�l a�Mê d[ ` h�[ k_�B[ qd` oek` �El qd` ocehhÃ�A[ hh̀ q�@og[ kp[ p�d[ p
col t k�ekql �l k` �l a�qd` �� � �h[ oc` pq�] [ hh̀ q�^l j m[ kè p�ek�qd` �Ukeq̀ _�Sq[ q̀ pÃ�[ ^^l o_ekc�ql �qd`
C[ k^` �C[ q[ �Pol f̀ ^qÀ�Td` �^l j m[ kv�l a�� � �t l oh_ç̂ h[ pp�_[ k^` op�mò p̀ kqp�[ k�[ kkr [ h�p̀ [ pl k�l a
se] o[ kq�mol co[ j j ekc�qd[ q�pm[ kp�^h[ ppê [ h�j [ pq̀ omè ^` pÃ�h[ k_j [ og�t l ogp�l a�@j ` oê [ k�_[ k^` Ã
[ k_�t l oh_�mò j è ò p�] v�pl j ` �l a�qd` �aè h_Ûp�j l pq�ekkl s[ qes` �^dl ò l co[ md` opÀ�Weqd�[
m̀ oal oj [ k^` �[ k_�] ol [ _^[ pq�ò [ ^d�` uq̀ k_ekc�ql �[ hh�� � �pq[ q̀ p�[ k_�l s` o�� � �^l r kqoè p
t l oh_t e_` Ã�A[ hh̀ q�@og[ kp[ p�` kc[ c` p�k` [ ohv�� � Ã� � � �[ r _è k^` �j ` j ] ` op�` [ ^d�v` [ o�[ k_
p̀ os` p�[ p�[ �ml t ` oar h�^r hqr o[ h�[ j ] [ pp[ _l o�al o�qd` �pq[ q̀ �l a�@og[ kp[ pÀ

A[ hh̀ q�@og[ kp[ p�ep�mol r _�ql �p̀ os` �[ p�qd` �l aaê e[ h�_[ k^` �mò p̀ kq̀ o�l a�qd` �Rl ] ekpl k�B` kq̀ oÃ
Leqqh̀ �Rl ^gÛp�j l pq�mò pqecel r p�m̀ oal oj ekc�[ oqp�s` kr ` Ã�[ k_�ql �dl h_�qd` �_epqekcr epd` _
_` peck[ qel k�l a�@oqp�P[ oqk` o�Bl j m[ kv�ek�R̀ pe_` k^` �[ q�qd` �@og[ kp[ p�Mr p̀ r j �l a�Eek` �@oqpÀ
Td` p̀ �m[ oqk` opdemp�[ j mheav�qd` �^l j m[ kvÛp�^[ m[ ^eqv�ql �_` hes` o�decdç̂ [ he] ` oÃ�j r hqe_ep̂ emhek[ ov
mol co[ j j ekc�ql �_es` op̀ �[ r _è k^` p�t deh̀ �_` ` m̀ kekc�eqp�ekq̀ co[ qel k�t eqdek�qd` �pq[ q̀ Ûp�] ol [ _` o
^r hqr o[ h�` ^l pvpq̀ j À

@�ò ^l ckex` _�pq[ q̀ t e_` �h̀ [ _` o�ek�_[ k^` �` _r ^[ qel kÃ�A[ hh̀ q�@og[ kp[ p�ep�dl j ` �ql �[ �qdoesekc
S^dl l h�al o�C[ k^` �qd[ q�mol se_` p�` u^` mqel k[ h�ekpqor ^qel k�ql �dr k_ò _p�l a�pqr _` kqp�aol j �_es` op̀
] [ ^gcol r k_pÀ�L` _�] v�[ �_epqekcr epd` _�a[ ^r hqvÃ�qd` �S^dl l h�ep�^l j mh̀ j ` kq̀ _�] v�qd`
l oc[ kex[ qel kÛp�ol ] r pq�` _r ^[ qel k[ h�l r qò [ ^d�ekeqe[ qes` pÃ�t dê d�` kc[ c` �j l ò �qd[ k�� � Ã� � � �Kê��
pqr _` kqp�[ kkr [ hhvÀ�Ik�[ __eqel kÃ�l s` o�� � � �vl r kc�_[ k^` op�m[ oqê em[ q̀ �` [ ^d�v` [ o�ek�A[ hh̀ q
@og[ kp[ pÛp�^` h̀ ] o[ q̀ _�Bl j j r keqv�B[ pq�mol _r ^qel kpÃ�^r hqes[ qekc�j ` [ kekcar h�[ ^^` pp�ql �qd`
m̀ oal oj ekc�[ oqp�[ k_�kr oqr oekc�qd` �k` uq�c` k` o[ qel k�l a�[ oqepqp�[ k_�[ oqp�m[ qol kp�[ ^ol pp
@og[ kp[ pÀ
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A[ hh̀ q�@og[ kp[ pÛp�^l j m[ kv�l a�� � �mol à ppel k[ h�_[ k^` op�[ ò �ar hhçqej ` Ã�p[ h[ oè _�` j mhl v` ` p
t dl �ò ^` es` �` j mhl vj ` kq�] ` k` aeqp�[ k_�t l og�[ �pq[ k_[ o_�Ml k_[ vêEoe_[ v�p̂ d` _r h̀ À�M[ kv
[ ò �co[ _r [ q̀ p�l a�qd` �k[ qel kÛp�j l pq�mò pqecel r p�r kes` opeqv�_[ k^` �mol co[ j pÃ�t deh̀ �l qd` op
d[ s` �qo[ ek` _�[ q�pl j ` �l a�@j ` oê [ Ûp�aek` pq�] [ hh̀ q�ekpqeqr qel kpÀ

D[ ^d�_[ v�] ` cekp�t eqd�[ �� � çj ekr q̀ �] [ hh̀ q�^h[ pp�ql �^l k_eqel k�[ k_�mò m[ ò �qd` eo�] l _è p�al o
qd` �mdvpê [ h�_` j [ k_p�[ d` [ _À�Td` �ò j [ ek_` o�l a�qd` �t l og_[ v�ep�_` _ê [ q̀ _�ql �ò d` [ op[ hpÃ
t d` ò í l k�[ s` o[ c` í eq�q[ g` p�� � �dl r op�l a�mo[ ^qê ` �ql �h̀ [ ok�fr pq�l k` �dl r o�l a�m̀ oal oj [ k^`
j [ q̀ oe[ hÀ�Ok^` �^dl ò l co[ mdv�ep�×pq[ c` _ÃØ�_[ k^` op�_` sl q̀ �qd` �ò pq�l a�qd` �ò d` [ op[ h�m̀ oel _
ql �ò aekekc�` s` ov�_` q[ eh�al o�qd` �[ r _è k^` Ûp�` kfl vj ` kqÀ�Wdeh̀ �qd` v�[ ò �[ oqepqpÃ�qd` v�[ ò �[ hpl
mol à ppel k[ h�[ qdh̀ q̀ pÃ�] [ h[ k^ekc�[ oqepqov�t eqd�m̀ [ g�mdvpê [ h�m̀ oal oj [ k^` À

Ik�[ __eqel k�ql �j [ pq̀ oekc�qdl r p[ k_p�l a�ekqoê [ q̀ �_[ k^` �pq̀ mp�[ k_�mò ^ep̀ �j r pê [ h�mdo[ pekcÃ
^l j m[ kv�j ` j ] ` op�j r pq�j ` j l oex` �dr k_ò _p�l a�hecdq�^r ` pÃ�k[ sec[ q̀ �pdeaqekc�al oj [ qel kpÃ
[ k_�] oekc�` [ ^d�^d[ o[ ^q̀ o�ql �heà �t eqd�qd` [ qoê [ h�kr [ k^` À�Pol _r ^ekc�[ kv�A[ hh̀ q�@og[ kp[ p
mol _r ^qel k�ò nr eò p�dr k_ò _p�l a�dl r op�l a�j ` qê r hl r p�ò d` [ op[ hÀ

Ik�a[ ^qÃ�[ �� � � � �o[ kgekc�] v�Ikpr o[ k^` Pol se_` opÀ̂l j �[ k_�qd` �UÀSÀ�C` m[ oqj ` kq�l a�L[ ] l o
e_` kqeaè _�_[ k^` �[ p�qd` �j l pq�mdvpê [ hhv�_` j [ k_ekc�fl ] �ek�qd` �Ukeq̀ _�Sq[ q̀ pÀ�Td` �ekq̀ kpeqv
l a�qd` �mol à ppel k�l aq̀ k�h̀ [ _p�_[ k^` op�ql �ò qeò �aol j �m̀ oal oj ekc�ek�qd` eo�j e_çqdeoqè pÃ
qo[ kpeqel kekc�ql �l qd` o�ol h̀ p�t eqdek�qd` �[ oqpÀ



Dokpq�Td` l _l o�@j [ _` r p�Hl aaj [ kk� ]̄ l ok�Dokpq�Td` l _l o�Wehd` hj �Hl aaj [ kkÄ�� � �J[ kr [ ov
�� � � �ê�� � �Jr k` �� � � � °�t [ p�[ �F` oj [ k�Rl j [ kqê �[ r qdl o�l a�a[ kq[ pv�[ k_�Fl qdê �dl ool oÃ�[
fr oepqÃ�^l j ml p̀ oÃ�j r pê �^oeqê �[ k_�[ oqepqÀ�Hep�pql oè p�al oj �qd` �] [ pep�l a�J[ ^nr ` p�Oaà k] [ ^dÖp
l m̀ o[ �Td` �T[ h̀ p�l a�Hl aaj [ kkÃ�ek�t dê d�Hl aaj [ kk�[ mm̀ [ op� d̄` [ sehv�aê qel k[ hex` _°�[ p�qd`
d` ol À�H` �ep�[ hpl �qd` �[ r qdl o�l a�qd` �kl s` hh[ �Td` �Nr q̂ o[ ^g` o�[ k_�qd` �Ml r p̀ �KekcÃ�l k�t dê d
Pvl qo�Ihvê d�T^d[ egl spgvÖp�] [ hh̀ q�Td` �Nr q̂ o[ ^g` o�ep�] [ p̀ _À�Td` �] [ hh̀ q�Bl mmuhe[ �ep�] [ p̀ _�l k
qt l �l qd` o�pql oè p�qd[ q�Hl aaj [ kk�t ol q̀ Ã�t deh̀ �S^dr j [ kkÖp�Kò eph̀ oe[ k[ �ep�] [ p̀ _�l k
Hl aaj [ kkÖp�^d[ o[ ^q̀ o�Jl d[ kk` p�Kò eph̀ oÀ�A[ hh̀ q�@og[ kp[ pÖp�mol _r ^qel k�l a�Td` �Nr q̂ o[ ^g` o
Sm̀ ^q[ ^r h[ o�ep�[ _[ mq̀ _�aol j �Hl aaj [ kkÖp�Td` �Nr q̂ o[ ^g` o�[ k_�qd` �Ml r p̀ �KekcÀ��
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P` q̀ o�Ihvê d�T^d[ egl spgv� �̄ � � � ç� � � � °�pqr _è _�[ q�qd` �Bl kp̀ os[ ql ov�ek�SqÀ�P` q̀ op] r ocÃ�Rr ppe[ À
T^d[ egl spgv�ep�l k` �l a�qd` �j l pq�ml mr h[ o�[ k_�ekahr ` kqe[ h�l a�[ hh�ol j [ kqê �^l j ml p̀ opÀ�Hep
t l og�ep�` umò ppes` Ã�j ` hl _ê Ã�[ k_�co[ k_�ek�p̂ [ h̀ Ã�t eqd�oê d�l ô d` pqo[ qel kpÀ�Hep�l r qmr q�t [ p
mol _ecel r p�[ k_�ek^hr _` _�^d[ j ] ` o�t l ogpÃ�pvj mdl kè pÃ�^l k^` oqe�al o�s[ oel r p�ekpqor j ` kqpÃ
l m̀ o[ pÃ�[ k_�t l ogp�al o�me[ kl À�Hep�^ò [ qel kp�al o�] [ hh̀ q�ek^hr _` �St [ k�L[ g` Ã�Td` �Nr q̂ o[ ^g` oÃ
[ k_�Td` �Sh̀ ` mekc�A` [ r qv
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@kqê em[ qel k�aehhp�qd` �[ eo�[ p�cr ` pqp�c[ qd` o�al o�qd` �Sq[ dh] [ r j �a[ j ehvÛp�[ kkr [ h�dl he_[ v
^` h̀ ] o[ qel kÀ�MoÀ�[ k_�MopÀ�Sq[ dh] [ r j Ã�[ hl kc�t eqd�qd` eo�^deh_ò kÃ�Bh[ o[ �[ k_�EoeqxÃ�t [ oj hv
t ` ĥ l j ` �aoè k_p�[ k_�ò h[ qes` p�aol j �_epq[ kq�mh[ ^` pÀ�L[ r cdq̀ oÃ�j r pê Ã�[ k_�_[ k^ekc�aehh�qd`
ol l j Ã�[ k_�qd` �j ` ooej ` kq�col t p�t d` k�Bh[ o[ Ûp�j vpq̀ oel r p�cl _a[ qd` oÃ�H` oo�Col pp̀ hj ` v` oÃ
j [ g` p�dep�co[ k_�` kqo[ k^` À�Weqd�dej Ã�d` �] oekcp�qdò ` �` k^d[ kqekc�heà çpex` _�_l hhp�qd[ q
^[ mqes[ q̀ �qd` �^ol t _�t eqd�qd` eo�j [ cê [ h�j l s` j ` kqpÀ�@aq̀ o�qd` eo�_[ k^` Ã�H` oo�Col pp̀ hj ` v` o
mò p̀ kqp�Bh[ o[ �t eqd�[ �] ` [ r qear hhv�d[ k_ç̂ [ os` _�Nr q̂ o[ ^g` oÃ�ekpq[ kqhv�[ _j eò _�] v�[ hh�qd`
^deh_ò kÀ�Os` ô l j ` �t eqd�` ksvÃ�Eoeqx�pk[ q̂ d` p�qd` �_l hh�aol j �Bh[ o[ �[ k_�] ò [ gp�eq�] ` al ò �qd`
[ pql kepd` _�cr ` pqpÀ�H` [ oq] ol g` kÃ�Bh[ o[ �ep�^l j al oq̀ _�[ p�H` oo�Col pp̀ hj ` v` o�c` kqhv�ò m[ eop�qd`
Nr q̂ o[ ^g` oÃ�] ek_ekc�eq�t eqd�[ �d[ k_g` ô dè aÀ�@p�qd` �` s` kekc�t ek_p�_l t kÃ�qd` �cr ` pqp�pd[ ò �[
aek[ h�_[ k^` �] ` al ò �] e__ekc�a[ ò t ` hhÃ�[ k_�qd` �Sq[ dh] [ r j �dl j ` �a[ hhp�ekql �[ �nr è q�phr j ] ` o�l k
Bdoepqj [ p�Ds` À
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Jr pq�] ` al ò �j e_kecdqÃ�H` oo�Col pp̀ hj ` v` o�ò qr okp�ql �j ` k_�Bh[ o[ Ûp�] ol g` k�Nr q̂ o[ ^g` oÀ�@p�qd`
^hl ^g�pqoeg` p�qt ` hs` Ã�d` �^[ pqp�[ �pm̀ hh�l s` o�qd` �dl r p̀ Ã�[ k_�pqo[ kc` Ã�t l k_ol r p�qdekcp�] ` cek�ql
r kal h_À�Td` �Bdoepqj [ p�qò ` �pl [ op�ql �ql t ` oekc�d` ecdqpÃ�[ k_�qd` �ol l j �aehhp�t eqd�` kl oj l r pÃ
j ` k[ ^ekc�j ê ` �qd[ q�q̀ ooeav�Bh[ o[ À�Tl �d` o�[ pql kepdj ` kqÃ�qd` �Nr q̂ o[ ^g` o�[ mm̀ [ op�qo[ kpal oj ` _
ekql �[ �heà çpex` _�aecr ò Ã�h̀ [ _ekc�[ k�[ oj v�l a�t l l _` k�pl h_è op�ekql �] [ qqh̀ À�Td` �^h[ pd�ekq̀ kpeaè p
r kqeh�qd` �à [ opl j ` �Ml r p̀ �Kekc�` j ` oc` pÃ�pt eaqhv�l s` oml t ` oekc�qd` �Nr q̂ o[ ^g` oÀ�Ik�[ �j l j ` kq
l a�^l r o[ c` Ã�Bh[ o[ �dr ohp�d` o�phemm̀ o�[ q�qd` �sehh[ ekÃ�_epqo[ ^qekc�dej �hl kc�` kl r cd�al o�qd`
Nr q̂ o[ ^g` o�ql �pqoeg` �qd` �aek[ h�] hl t À�Vê ql oel r pÃ�H` oo�Col pp̀ hj ` v` o�ò [ mm̀ [ op�[ k_�t depgp
Bh[ o[ �[ k_�qd` �Nr q̂ o[ ^g` o�[ t [ v�l k�[ �j [ cê [ h�fl r ok` v�qdol r cd�qd` �pdej j ` oekc�L[ k_�l a�Skl t À
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@aq̀ o�qd` eo�fl r ok` v�qdol r cd�[ �cheqq̀ oekc�t ekq̀ o�t l k_` oh[ k_Ã�Bh[ o[ �[ k_�qd` �Nr q̂ o[ ^g` o
[ ooes` �ek�qd` �o[ _e[ kq�Kekc_l j �l a�qd` �St ` ` qpÃ�t d` ò �qd` v�[ ò �t [ oj hv�t ` ĥ l j ` _�] v�qd`
Sr c[ o�Phr j �E[ eov�[ k_�d` o�c[ hh[ kq�B[ s[ hè oÀ�H` [ oekc�l a�Bh[ o[ Ûp�^l r o[ c` Ã�qd` �Nr q̂ o[ ^g` o
ò ^l r kqp�d` o�d` ol ê �_` ` _pÃ�[ k_�qd` �Sr c[ o�Phr j �E[ eov�ò t [ o_p�d` o�] o[ s` ov�t eqd�[
_[ xxhekc�^` h̀ ] o[ qel k�l a�_[ k^` p�aol j �[ ol r k_�qd` �t l oh_À�@p�qd` �j [ cê �l a�qd` �kecdq�a[ _` pÃ
Bh[ o[ �[ t [ g` kp�l k�Bdoepqj [ p�j l okekc�ql �aek_�d` op̀ ha�] [ ^g�ek�qd` �Sq[ dh] [ r j �dl j ` Ã�d` o
] ` hl s` _�Nr q̂ o[ ^g` o�_l hh�] v�d` o�pe_` À�W[ p�eq�[ hh�[ �_ò [ j Ë�Okhv�qd` �j vpq̀ oel r p�H` oo
Col pp̀ hj ` v` o�gkl t p�qd` �qor qdÀ
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Ik�[ __eqel k�ql �A[ hh̀ q�@og[ kp[ pÛp�[ ^^h[ ej ` _�^l j m[ kv�l a�� � �mol à ppel k[ h�_[ k^` opÃ�Td`
Nr q̂ o[ ^g` o�Sm̀ ^q[ ^r h[ o�pdl t ^[ p̀ p�l s` o�� � � �^l j j r keqv�m̀ oal oj ` op�aol j �[ ^ol pp�qd`
pq[ q̀ À�El hhl t ekc�[ �decdhv�[ kqê em[ q̀ _�[ r _eqel k�mol ^` ppÃ�hl ^[ h�_[ k^` op�[ ò �^[ pq�ek�ol h̀ p
pr ^d�[ p�P[ oqv�P[ ò kqpÃ�Bh[ o[ Ã�EoeqxÃ�Mê ` Ã�Sl h_è opÃ�Skl t ah[ g` pÃ�[ k_�[ �s[ oè qv�l a
pr mml oqekc�^d[ o[ ^q̀ op�ek�@̂q�IIÀ�@p�qd` �h[ oc` pq�mol _r ^qel k�l a�eqp�gek_�ek�@og[ kp[ pÃ�eq�ep�qd`
l khv�m̀ oal oj [ k^` �t d` ò �^l j j r keqv�j ` j ] ` op�[ k_�mol à ppel k[ h�[ oqepqp�pd[ ò �qd` �pq[ c` �ek
[ �_[ xxhekc�dl he_[ v�qo[ _eqel kÀ
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