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Ar qk` oÃ�NB�� � � � �

�ç� � � çTRD@TçIT� �̄ � � ç� � � � °



T[ ] h̀ �l a�Bl kq̀ kqp

Wdl �W` �@ò � �
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Dh̀ ^qoê �B[ q[ hvqê �l ue_ex` opÃ�Sl eh�V[ ml o�Duqo[ ^qel k�¯SVD°
` nr emj ` kqÃ�Oxl k` �Sm[ ocekc�[ k_�@_s[ k^` _�Oue_[ qel k
Pol ^` pp�¯@OP°�Svpq̀ j pÃ�Ml epqr ò �S` m[ o[ qel k�T[ kgpÃ�@eo
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_` peck` _�al o�decdç̀ aaê è k^v�ò j l s[ h
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pqò [ j p�ek�SVD�[ k_�_r [ hçmd[ p`
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j l r kq̀ _Ã�` k^hl pr ò çekq̀ co[ q̀ _Ã�l o�ml oq[ ] h̀
mehl q�pvpq̀ j pÀ

PRM�Br pql j �Ikq̀ co[ q̀ _�Svpq̀ j p�[ ò �peq̀ ç
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Ikq̀ ok[ h�a[ ] oê [ qel k�ò _r ^` p�h̀ [ _�qej ` p�[ k_�[ hhl t p�o[ me_�_` mhl vj ` kq�l a
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Sr mml oq�p` osê ` p�mol se_` _�ek^hr _` Â
` uml oq�m[ ^g[ cekc�[ k_�pdemj ` kq�mò m[ o[ qel k
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aoê qel k[ h�hl pp` p
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p[ à qv�[ k_�ò he[ ] eheqvÀ�Hl h_ekc�] l qd�UL�� � � @�[ k_�� � � @
^` oqeaê [ qel kpÃ�l r o�a[ ] oê [ qel k�] ` pq�mo[ ^qê ` p�[ _d` ò �ql �[
pqoekc` kq�mol ql ^l h�al o�aeò �[ k_�` h̀ ^qoê [ h�p[ à qv�qd[ q
^l kpepq̀ kqhv�j ` ` qp�l o�` u^` ` _p�NDB�pq[ k_[ o_pÀ�Av�m[ oqk` oekc
t eqd�r pÃ�vl r �] ` k` aeq�aol j �pvpq̀ j p�qd[ q�[ ò �Tdeo_çP[ oqv�^` oqeaè _
ql �UL�[ k_�NEP@�pq[ k_[ o_pÃ�mol se_ekc�vl r �t eqd�ò _r ^` _
he[ ] eheqvÃ�ek^ò [ p` _�r mçqej ` Ã�[ k_�peckeaê [ kqhv�p[ à o�l m̀ o[ qel kpÀ

HeçPl q�T̀ pqekcÂ�W` �m̀ oal oj �decdçml q̀ kqe[ h�q̀ pqekc�ql �_` q̀ ^q
` s` k�qd` �pj [ hh̀ pq�` h̀ ^qoê [ h�h̀ [ gpÀ

Bl j mò d` kpes` �Fol r k_�T̀ pqekcÂ�Ds` ov�m[ k` h�ep�col r k_
q̀ pq̀ _�ql �cr [ o[ kq̀ ` �l m̀ o[ ql o�p[ à qv�[ k_�pvpq̀ j �pq[ ] eheqvÀ

� �
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SB@C@�ç�Yl r o�Wek_l t �ql �Om̀ o[ qel kp
Sr m̀ osepl ov�Bl kqol h�[ k_�C[ q[ �@̂ nr epeqel k�¯SB@C@°�mr qp�^l j mh̀ q̀
pvpq̀ j �j [ k[ c` j ` kq�l kql �[ �pekch̀ Ã�ekqr eqes` �ql r ^dp^ò ` kÀ�Wd` k
m[ eò _�t eqd�l r o�[ _s[ k^` _�q̀ h̀ j ` qov�m[ ^g[ c` pÃ�vl r �c[ ek�qd` �aò ` _l j
ql �j l keql o�[ k_�j [ k[ c` �l m̀ o[ qel kp�ò j l q̀ hv�se[ �pj [ oqmdl k` �l o�PBÀ
Av�r keavekc�^l kqol hp�[ k_�ò [ hçqej ` �_[ q[ Ã�SB@C@�pej mheaè p�] l qd�_[ ehv
l m̀ o[ qel k�[ k_�hl kcçq̀ oj �j [ ekq̀ k[ k^` À�W` �ek^hr _` �SB@C@�ek�` s` ov
k` t �PRM�] r eh_Ã�[ k_�t ` �^[ k�[ hpl �ò qol [ ^qes` hv�ekq̀ co[ q̀ �eq�ekql �vl r o
^r oò kq�_` peck�[ p�[ �ml t ` oar h�m̀ oal oj [ k^` �r mco[ _` À
Sl j ` �l a�l r o�^l kqol h�pvpq̀ j �l aà oekcpÂ

ar hh�SB@C@�m[ ^g[ c` p
q̀ h̀ j ` qov�m[ ^g[ c` p�ê�t eò _�[ k_�t eò h̀ pp
PRM�decd�pm̀ ` _�t eò h̀ pp�p` osê ` �al o�^l kk` ^qeseqv
^l kqol h�C` peck�[ k_�ar hh�B@C�^[ m[ ] eheqè p
aè h_�_e[ ckl pep
ò qol aeqqekc�[ k_�r mco[ _` p
^l _` �^l j mhe[ k^` �[ r _eqp

� �
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PRM�Eehqo[ qel k�d[ p�l k` �l a�qd` �h[ oc` pq�ò kq[ h�ah̀ ` qp�l a�ò j ` _e[ qel k�` nr emj ` kqÃ�mol ^` pp
pvpq̀ j p�[ k_�d[ k_�d` h_�p[ j mhekc�` nr emj ` kq�ek�qd` �k[ qel kÀ�W` �^[ k�mol se_` �vl r �t eqd�qd`
` nr emj ` kq�vl r �k` ` _�al o�pdl oq�l o�hl kc�q̀ oj �mol f` ^qpÀ�W` �l aà o�^r pql j ex` _�h̀ [ p` p�[ k_�q̀ oj p
t dê d�^[ k�[ hhl t �vl r �ql �j ` ` q�pm̀ ^eaê �mol f` ^q�] r _c` qp�l o�qej ` hek` pÀ�Ik�[ __eqel kÃ�l r o�pj [ hh̀ o
ò kq[ h�` nr emj ` kq�ep�[ s[ eh[ ] h̀ �al o�_[ ehvÃ�t ` ` ghv�l o�j l kqdhv�mehl q�q̀ pqekcÀ

� �

PRM�R̀ kq[ hp

Tl �mol se_` �vl r �t eqd�qd` �j l pq�r mçql ç_[ q̀ �[ s[ eh[ ] eheqv�[ k_�_` q[ eh̀ _�pvpq̀ j �ekal oj [ qel kÃ�t ` �d[ s`
h[ r k^d` _�[ �k` t Ã�_` _ê [ q̀ _�ò kq[ h�ml oq[ hÂ

ò kq[ hpÀmoj aehqo[ qel kÀ̂ l j
Dumhl ò �l r o�^l j mh̀ q̀ Ã�ò [ hçqej ` �eks` kql ov�[ k_�ò nr ` pq�[ �nr l q̀ �ek�fr pq�[ �à t �^hê gpÀ�Ia�vl r �[ ò
hl l gekc�ql �mr ô d[ p` �[ �r p` _�pvpq̀ j Ã�mr ô d[ p` �l mqel kp�[ ò �[ hpl �[ s[ eh[ ] h̀ À

L` [ pekc�aol j �PRM�j [ v�l aà o�[ _s[ kq[ c` p�pr ^d�[ pÂ�
h̀ pp�ekeqe[ h�` um̀ kp` Ã�j l ò �^l pq�` aà ^qes` �al o�pdl oq�q̀ oj �mol f` ^qp
h̀ [ p` �[ cò ` j ` kqp�^l s` o�^` oq[ ek�ò m[ eopÃ�ea�[ �mè ^` �l a�` nr emj ` kq�a[ ehpÃ�eq�^[ k�] ` �ò mh[ ^` _
r ml k�mol f` ^q�^l j mh̀ qel k�` k_�l a�h̀ [ p` Ã�` nr emj ` kq�ep�ò qr ok` _�pl �kl �t l ooè p�l a�pql o[ c` �l o
ò p[ h̀ �l a�r p` _�` nr emj ` kq
ò kq[ h�r keqp�j [ v�d[ s` �r mco[ _` _�l mqel kp�l s` o�[ �×] [ ò �] l k` pÛ�r keq
ml q̀ kqe[ h�q[ u�[ _s[ kq[ c` p



SOQ�ç�� � � �Pol _r ^q�R̀ ^l s` ov�M[ k[ c` j ` kqÃ�Ik^À

PRM�l m̀ o[ q̀ p�j [ kr a[ ^qr oekc�[ k_�t [ ò dl r p` �hl ^[ qel kp�ek�Ar qk` oÃ�NB�[ k_�M[ oe[ kk[ Ã�ELÃ
[ k_�c` l mdvpê [ h�[ k_�` kseol kj ` kq[ h�p` osê ` p�] [ p` _�ek�Ll kc�Iph[ k_Ã�NYÀ
Or o�Nl oqd�B[ ol hek[ �E[ ^eheqv�d[ p�j [ kr a[ ^qr oekc�[ ò [ p�al oÂ�

E[ hj l r qd�Pol _r ^qp�¯E@LBO�Oue_ex` op°
Sm[ oq[ k�Dkseol kj ` kq[ h�T̀ ^dkl hl cè p�¯Sm[ oqOX�Oxl k` �@OP°
PRMC` q̀ ^q�¯S[ j mhekc�[ k_�T̀ pqekc�Dnr emj ` kq°
PRMEehqo[ qel k¯D̂ l j j ` ô ` �Okhek` �S[ h̀ p°
PRM�B[ o] l k�S` osê ` p�¯M` _e[ �Eehqo[ qel k°
PE@ST̀ ^d�¯PE@S�R̀ j ` _e[ qel k°
Toe[ kch̀ �Sq[ ekh̀ pp�¯M` q[ h�E[ ] oê [ qel k°

LMS�R̀ j ` _e[ qel k�ep�dl j ` �l a�l r o�j [ kr a[ ^qr oekc�[ ò [ �al o�pvpq̀ j �ò kq[ hp�[ k_
l m̀ o[ qel k�j [ ekq̀ k[ k^` �p` osê ` p�] [ p` _�l r q�l a�M[ oe[ kk[ Ã�ELÀ�

Bh̀ [ k�Fhl ] ` �Dkseol kj ` kq[ h�l r q�l a�Ll kc�Iph[ k_Ã�NY�l aà op�pl eh�[ k_�col r k_t [ q̀ o
p[ j mhekcÃ�F` l mol ] ` �` kseol kj ` kq[ h�[ k_�c` l q̀ ^dkê [ h�_oehhekcÃ�[ k_�pl eh�s[ ml o
ekqor pel k�[ pp` ppj ` kq�[ k_�j eqec[ qel kÀ�
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E[ hj l r qd�Pol _r ^qp�mel k` ` ò _�qd` �r p` �l a�^[ q[ hvqê �l ue_ex` op�al o�qd` �` j ` ocekc�pl eh�s[ ml o
` uqo[ ^qel k�j [ og` qÀ�El o�l s` o�� � �v` [ opÃ�l r o�E@LBO�` h̀ ^qoê �^[ q[ hvqê �l ue_ex` op�d[ s` �p` q
qd` �ek_r pqov�] ` k^dj [ ogÃ�l aà oekc�[ �ml oq[ ] h̀ Ã�decdç̀ aaê è k^v�[ hq̀ ok[ qes` �ql �qo[ _eqel k[ h
qd` oj [ h�[ k_�^[ o] l k�pvpq̀ j pÀ�Av�moel oeqexekc�pr m̀ oel o�d` [ q�ò ^l s` ovÃ�t ` �d[ s`
^l kpepq̀ kqhv�_` hes` ò _�peckeaê [ kq�` k` ocv�p[ sekcp�[ k_�l m̀ o[ qel k[ h�ah̀ ue] eheqv�ql �l r o
^hè kqpÀ

ekq̀ co[ q̀ _�_` peckp�ç�or cc` _Ã�hecdqt ` ecdqÃ�ml oq[ ] h̀ Ã�` [ pehv�ekpq[ hh̀ _�[ k_�l m̀ o[ q̀ _
kl �l qd` o�` h̀ ^qoê �^[ q[ hvqê �l ue_ex` o�m̀ oal oj p�heg` �[ �E@LBO
qr ok�eq�l k�[ k_�j l keql o�qd` �_` pqor ^qel k�[ k_�hl t ` o�l m̀ o[ qekc�^l pqp
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Oxl k` �ep�[ �ml t ` oar h�l ue_[ kq�qd[ q�^[ k�] ` �r p` _�al o�_epekà ^qel k�[ k_�ò j l s[ h�l a�r kt [ kq̀ _
^l kq[ j ek[ kqp�aol j �[ eo�l o�t [ q̀ oÀ�Sek^` �eqp�al r k_ekc�ek�� � � � Ã�Sm[ oq[ k�Dkseol kj ` kq[ h
T` ^dkl hl cè p�d[ p�` pq[ ] hepd` _�eqp` ha�[ p�[ �h̀ [ _` o�ek�ek_r pqoe[ h�t [ q̀ o�qò [ qj ` kqÃ
pm̀ ^e[ hexekc�ek�decdçm̀ oal oj [ k^` �l xl k` �c` k` o[ ql op�[ k_�@_s[ k^` _�Oue_[ qel k�Pol ^` pp` p
¯@OP°À�Sm[ oq[ k�] oekcp�_` ^[ _` p�l a�q̀ ^dkê [ h�` um̀ oqep` �t eqd�qd` �ol ] r pq�j [ kr a[ ^qr oekc
p^[ h̀ �l a�PRMÀ�W` �_l kÛq�fr pq�p` hh�` nr emj ` kqÄ�t ` �` kcek` ` o�^l j mò d` kpes` Ã�USç
j [ kr a[ ^qr ò _�pl hr qel kp�heg` �l r o�ah[ cpdem�Sm[ oqOX� �ekq̀ co[ q̀ _�pvpq̀ j pÀ�Av�h̀ s` o[ cekc
l r o�_` ` m�mol ^` pp�` kcek` ` oekc�^[ m[ ] eheqè pí ek^hr _ekc�l kpeq̀ �mehl q�[ k_�h[ ] l o[ ql ov�q̀ pqekc
í t ` �m[ oqk` o�t eqd�ek_r pqoe[ h�[ k_�cl s` okj ` kq[ h�^hè kqp�ql �pl hs` �^l j mh̀ u�_epekà ^qel k�[ k_
^d` j ê [ h�l ue_[ qel k�^d[ hh̀ kc` p�aol j �pq[ oq�ql �aekepdÀ�PRM�j [ kr a[ ^qr ò p�pvpq̀ j p�[ k_
p` osê ` p�al o�[ �s[ oè qv�l a�l xl k` �t [ q̀ o�[ k_�[ eo�mr oeaê [ qel k�[ mmhê [ qel kp�ek^hr _ekcÂ�_oekgekc
t [ q̀ o�qò [ qj ` kqÃ�ek_r pqoe[ h�t [ pq̀ t [ q̀ o�qò [ qj ` kqÃ�mol ^` pp�t [ q̀ o�qò [ qj ` kq�[ k_�l _l o
ò j l s[ h�aol j �p` t [ c` �[ k_�ek_r pqoe[ h�mh[ kqpÀ
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PRM�C` q̀ ^q�mol se_` p�` kseol kj ` kq[ h�j l keql oekc�ekpqor j ` kq[ qel k�[ k_�pr mml oqÀ�Bhè kqp�j [ v
mr ô d[ p` �` nr emj ` kq�l khv�l o�r qehex` �PRM�al o�l kcl ekc�j l keql oekc�[ k_�l m̀ o[ qel k[ h�[ ppepq[ k^` À

PRM�C` q̀ ^q�pr mmhè pÂ
col r k_t [ q̀ o�h̀ s` h�j ` q̀ op�[ k_�ekq̀ oa[ ^` �mol ] ` p
t [ q̀ o�nr [ heqv�j ` q̀ op�[ k_�p[ j mhekc�` nr emj ` kq
c[ p�_` q̀ ^qel k�[ k_�h[ k_aehh�c[ p�j l keql oekc�ekpqor j ` kqp
_[ q[ hl cc` opÃ�q̀ h̀ j ` qovÃ�[ k_�ò j l q̀ �j l keql oekc�d[ o_t [ ò
t ` hh�s[ r hqpÃ�aè h_�` k^hl pr ò pÃ�[ k_�ekpq[ hh[ qel k�[ ^^` ppl oè p
ò mh[ ^` j ` kq�p` kpl opÃ�^[ he] o[ qel k�pr mmhè pÃ�[ k_�aè h_�^l kpr j [ ] h̀ p

Omqel k[ h�p` osê ` p�ek^hr _` �ò j l q̀ �m̀ oal oj [ k^` �j l keql oekcÃ�[ h[ oj �kl qeaê [ qel kÃ�[ k_
qol r ] h̀ pdl l qekc�pr mml oqÀ�Ml keql oekc�ekq̀ co[ q̀ p�t eqd�PRM�SB@C@�[ k_�q̀ h̀ j ` qov�pvpq̀ j p
t dê d�[ hhl t p�^r pql j ` op�ql �mr ô d[ p` �` nr emj ` kq�ek_` m̀ k_` kqhv�t eqdl r q�l kcl ekc�p` osê `
^l kqo[ ^qpÀ
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