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Dr ol m̀ � d[ p� a[ ^` _� qt l � j [ fl o� ` k` ocv� ^oep̀ p� ek� aes` � v` [ opÀ� D[ ^d� qej ` Ã� qd` � p[ j `
dl r p̀ dl h_p�d[ s` �] l ok` �qd` �^l pq�ek�decd` o�] ehhpÃ�al l _�[ k_�ar ` h�ekah[ qel kÃ�[ k_�^dl ê ` p
ml pqml k` _�l o�[ ] [ k_l k` _À�Td` v�_e_�kl q�^[ r p` �qd` p` �^oep` pÃ�v` q�qd` v�^[ oov�qd` j À�

Tdep� m[ m̀ o� [ ocr ` p� qd[ q� qd` � mol ] h̀ j � ep� kl q� l khv� [ aal o_[ ] eheqvÀ� Iq� ep� [ hpl � [ � ml t ` o
_` aê eqÀ�Bl kpr j ` op� [ ò � qò [ q̀ _� [ p� ò ^emè kqp� l a� ^oepep� j [ k[ c` j ` kqÃ�o[ qd` o�qd[ k� [ p
m[ oqê em[ kqp� ek� qd` � j [ og` qp� qd[ q� _` q̀ oj ek` � qd` eo� ] ehhpÀ� Ỳ q� ^l hh̀ ^qes` hvÃ� dl r p` dl h_p
ò mò p` kq�[ �peckeaê [ kq�j [ og` q�al ô ` À�

Ooc[ kep̀ _� ^l hh̀ ^qes` hvÃ�qd[ q�ml t ` o� ^[ k�d` hm�^l kpr j ` op�pd[ m̀ �qd` � ` k` ocv� j [ og` q
[ k_�d` hm�_` hes` o�Dr ol m̀ Ûp�t e_` o�` h̀ ^qoeaê [ qel kÃ�^l j m̀ qeqes` k` pp�[ k_�p̀ ^r oeqv�cl [ hp�ç
qd` � pr ^^` pp� l a� t dê d� r hqej [ q̀ hv� _` m̀ k_p� l k� dl r p̀ dl h_p� q[ gekc� m[ oqÀ� Tl � ` kpr ò
[ __ò pp�qdep�ml t ` o�ej ] [ h[ k^` Ã�t ` �^[ hh�al o�al r o�^d[ kc` pÂ�

Du` ^r qes` �Sr j j [ ov�

Ar eh_� Dr ol m̀ [ kçp^[ h̀ � ^l kpr j ` o� _` j [ k_Ã� ^ò [ qekc� [ � ao[ j ` t l og� ql � ` k[ ] h̀
^l hh̀ ^qes` � dl r p̀ dl h_� mr ô d[ pekc� ml t ` o� [ q� Dr ol m̀ [ k� p̂ [ h̀ Ã� t deh̀ � [ hhl t ekc
l aà op�ql � ò ah̀ ^q�k[ qel k[ h�[ k_�ò cel k[ h� j [ og` q�^l k_eqel kpÀ�Ia�Dr ol m̀ �ep�] r eh_ekc
Dr ol m̀ [ k� ` k` ocv�^l j m[ kè pÃ�^ol ppç] l o_` o�ekao[ pqor ^qr ò � [ k_� [ k�ek^ò [ pekchv
ekq̀ co[ q̀ _�` k` ocv�coe_Ã�eq�[ hpl �k` ` _p�pqol kc�Dr ol m̀ [ k�^l kpr j ` opÀ�

Pr q� ^l kpr j ` op� ek� ^d[ oc` � l a� ^l hh̀ ^qes` � m[ oqê em[ qel kÃ� ` kpr oekc� dl r p̀ dl h_p
^[ k� ] ` k` aeq� aol j � _` j [ k_� ò pml kp̀ Ã� ah̀ ue] eheqv� [ k_� ` k` ocv� pd[ oekc� qdol r cd
pej mh̀ Ã�[ ^^` ppe] h̀ � [ k_�qor pq̀ _�ol r q̀ pÀ�Wd` ò �^l l o_ek[ q̀ _�^l kpr j ` o�_` j [ k_
d` hmp�ò _r ^` �pvpq̀ j � l o�k` qt l og�^l pqpÃ�dl r p̀ dl h_p�pdl r h_�pd[ ò �ek�qd` �s[ hr `
qd` v�^ò [ q̀ À�

M[ g` � ò q[ eh�moê ` �al oj [ qel k�qo[ kpm[ ò kqÃ�cesekc�^l kpr j ` op�^h̀ [ oÃ�^l j m[ o[ ] h̀
ekal oj [ qel k�qd` v�^[ k�r p̀ �ql �j [ g` �ekal oj ` _�^dl ê ` pÀ

Ooc[ kep` � ^l kpr j ` o� ml t ` o� ql � pqò kcqd` k� qd` � ` k` ocv� j [ og` qÃ� pr mml oqekc
^l kpr j ` o� l oc[ kep[ qel kp� ql � j l ] ehep̀ � dl r p̀ dl h_p� [ q� p̂ [ h̀ � [ k_� ] oekc� ql c` qd` o
qd` eo� mr ô d[ pekc� ml t ` oÃ� ah̀ ue] eheqvÃ� ` k` ocv� pd[ oekc� [ k_� l qd` o� al oj p� l a
m[ oqê em[ qel kÀ� @� t ` hhçar k^qel kekc� Dr ol m̀ [ k� ` k` ocv� j [ og` q� k` ` _p� kl q� l khv
Dr ol m̀ [ k�ekao[ pqor ^qr ò �[ k_�^l j m[ kè pÃ�] r q�[ hpl �[ �pqol kc�^l kpr j ` o�pe_` À�

�



Dr ol m̀ �ep�kl �pqo[ kc` o�ql �` k` ocv�^oep` pÀ�Ik�� � � � Ã�qd` �eks[ pel k�l a�Ugo[ ek` �p̀ kq�c[ p
moê ` p�pl [ oekc�[ k_�dl r p̀ dl h_�] ehhp�t eqd�qd` j À�Dj ` oc` k^v�j ` [ pr ò p�t ` ò �or pd` _
l r qÃ�^l kpr j ` op�t ` ò �ql h_�ql �qr ok�_l t k�qd` eo�qd` oj l pq[ qpÃ�[ k_�` s` kqr [ hhv�qd`
ej j ` _e[ q̀ �pdl ^g�m[ pp̀ _À�

Tdò ` �v` [ op�h[ q̀ oÃ�qd` �^l kahê q�ek�qd` �Me__h̀ �D[ pq�d[ p�^hl p̀ _�qd` �Sqo[ eq�l a�Hl oj r xÃ
_epor mq̀ _�chl ] [ h�` k` ocv�pr mmhvÃ�[ k_�qoecc` ò _�[ kl qd` o�t [ s` �l a�moê ` �pmeg` p�[ ^ol pp
qd` �^l kqek` kqÀ�@̂^l o_ekc�ql �qd` �Dr ol m̀ [ k�Bl j j eppel kÃ�qd` �[ __eqel k[ h�^l pq�l a�al ppeh
ar ` h�ej ml oqp�ql �qd` �DU�ek�qd` �aeopq�j l kqdp�l a�qd` �^l kahê q�o[ k�ql �ol r cdhv�ý � � �] ehhel kÀ
Ceaà ò kq�^l kahê qÃ�p[ j ` �` uml pr ò Ã�p[ j ` �^l kp̀ nr ` k^` pÃ�[ k_�qd` �p[ j ` �dl r p̀ dl h_p
] ` [ oekc�qd` �^l pqÀ�

�

� À�Ikqol _r ^qel kÂ�@�Bl kpr j ` o�Pl t ` o�C` aê eq

Dr ol m̀ � pqehh� ò hè p� d` [ sehv� l k� al ppeh� ar ` hpÃ� j r ^d� l a� eq
ej ml oq̀ _Ã� ql � ml t ` o� dl j ` p� [ k_� ek_r pqovÀ� Ar q� qd`
` uml pr ò �or kp�_` ` m̀ o�qd[ k�qd` �ar ` h�j eu�[ hl k` À�A` ^[ r p̀
l a�dl t �qd` � j [ og` q� p̀ qp�moê ` pÃ�al ppeh�ar ` h�moê ` p�_ê q[ q̀
qd` �^l pq�l a�` h̀ ^qoê eqv�al o�j r ^d�l a�qd` �_[ vÀ�

Tdep� j ` [ kp� qd[ q� qd` � col t ekc� pd[ ò � l a� ò k` t [ ] h̀ � [ k_
kr ^h̀ [ o� ml t ` oÃ� t dê d� _l ` p� kl q� _` m̀ k_� l k� al ppeh� ar ` h
ej ml oqpÃ�ep�moê ` _�[ p�qdl r cd�eq�_e_À�Td` �^l kp̀ nr ` k^` p�l a
qdep� a[ hh� _epmol ml oqel k[ q̀ hv� l k� dl r p` dl h_pÃ� ` s` k
qdl r cd� qd` v� d[ s` � heqqh̀ � ekahr ` k^` � l s` o� qd` � c` l ml heqê [ hÃ
ò cr h[ ql ovÃ�[ k_�] r pek` pp�a[ ^ql op�qd[ q�_` q̀ oj ek` �moê ` pÀ��

Td` � ` k` ocv� ^oepep� ep� kl q� fr pq� [ k� [ aal o_[ ] eheqv� mol ] h̀ j À� Iq� ep� [ � ml t ` o� mol ] h̀ j À
Bl kpr j ` op� d[ s` � ] ` ` k� qò [ q̀ _� [ p� m[ ppes` � ò ^emè kqp� l a� [ � pvpq̀ j � qd` v� _e_� kl q
_` peck�[ k_�^[ kkl q�^l kqol hÀ�

Tdep�ep�kl q�] [ _�hr ^gÀ�Iq�ep�[ �pqor ^qr o[ h�a[ ehr ò À��

� �dqqmpÂ��` r oçh̀ uÀ̀ r ol m[ À̀ r �h̀ c[ hç̂ l kq̀ kq�DN�TXT�Ër oe*BDLDX« � @� � � � � CB� � � � ¦ ne_* �� � � � � � � � � � � � ��
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Sl Ã�t d[ q�^[ k�] ` �_l k` �_eaà ò kqhvË�

Bl kpr j ` op�[ ò �kl q�t eqdl r q�ml t ` oÀ�Ooc[ kep̀ _�^l hh̀ ^qes` hvÃ�t eqd�qd` �oecdq�ò cr h[ ql ov
ekao[ pqor ^qr ò Ã�qd` v�^[ k� ] ` ^l j ` � [ �c` kr ek` � j [ og` q�al ô ` Â�k` cl qe[ qekc�] ` qq̀ o�_` [ hpÃ
^ò [ qekc�[ ^^l r kq[ ] eheqv�al o�` k` ocv�ò q[ eh̀ opÃ�[ k_�[ ^qes` hv�^l kqoe] r qekc�ql �coe_�pq[ ] eheqv
ek�t [ vp�qd[ q�c` k` o[ q̀ �aek[ k^e[ h�ò qr okp�al o�m[ oqê em[ qekc�dl r p̀ dl h_pÀ��

@k_� ek� qd` � hl kc� or kÃ� qd` � a[ pq̀ o� Dr ol m̀ � qo[ kpeqel kp� ql � _l j ` pqê Ã� ò k` t [ ] h̀ � ` k` ocv
^[ ooè _� ] v� j l _` ok� coe_� ekao[ pqor ^qr ò Ã� qd` � h̀ pp� ` uml p̀ _� ^l kpr j ` op� t ehh� ] ` � ql � qd`
k` uq�^oepepÀ�@k_�] ` ^[ r p̀ �qd[ q�qo[ kpeqel k�_` m̀ k_p� l k�^l kpr j ` op�^dl l pekc�ql � [ _l mq
eqÃ� ` j ml t ` oekc� qd` j � ep� kl q� [ � ^l k^` ppel k� ql � ] ` � t ` ecd` _� [ c[ ekpq� Dr ol m̀ Öp
^l j m̀ qeqes` k` pp�[ k_�p̀ ^r oeqv�cl [ hpÀ�Iq�ep�dl t �qdl p` �cl [ hp�[ ò �ò [ ^d` _À�

@qq̀ j mqp� ql � pl aq̀ k� qd` � ] hl t � al o� ^l kpr j ` op� ek� qd` � ^r oò kq� [ k_� mò sel r p� ^oep̀ p
^l kaeoj � qd[ q� ^l kpr j ` op� [ ò � ^l kpe_` ò _� l khv� [ p� ò ^emè kqp� l a� ^oepep� j [ k[ c` j ` kqÃ
k` s` o�[ p�m[ oqê em[ kqp�ek�eqÀ�Td[ q�k` ` _p�ql �^d[ kc` Ã�[ k_�qdep�m[ m̀ o�p̀ qp�l r q�dl t À�

�



El o� ^l kpr j ` opÃ� qd` � pm̀ ^eaê � ^[ r p̀ p� l a� qd` � ^r oò kq� ` k` ocv� ^oepep� [ ò � k` t Ã� ] r q� qd`
pql ov� ep� t ` [ oehv� a[ j ehe[ oÂ� ] ehhp� oepekcÃ� mr ô d[ pekc� ml t ` o� pdoekgekcÃ� ^dl ê ` p
k[ ool t ekcÀ�

Ar q�` k` ocv�^l pqp�_l �kl q�pq[ v�ekpe_` �qd` �` k` ocv�] ehhÀ�Wd` k�l eh�[ k_�c[ p�moê ` p�pmeg` Ã
qd` � ^l pq� l a� mol _r ^ekc� [ k_� qo[ kpml oqekc� [ hj l pq� ` s` ovqdekc� ` hp̀ � oep̀ p� ql l À� Tdep� ep
m[ oqê r h[ ohv�[ ^r q̀ �al o�al l _Â�j l _` ok�[ coê r hqr ò �_` m̀ k_p�l k�al ppeh�ar ` hp�kl q�fr pq�al o
j [ ^dek` ov�[ k_�qo[ kpml oqÃ�] r q�al o�qd` �keqol c` kç] [ p̀ _�à oqehep̀ op�_` oes` _�aol j �k[ qr o[ h
c[ p�qd[ q�r k_` omek�h[ oc` çp̂ [ h̀ �^ol m�[ k_�mol q̀ ek�mol _r ^qel kÀ

�›�ž�f�ï�� �‡�‡�� �T�U�û�B�±�à�±�x�ä�ï�›�� �à�à

Td` � _eò ^q� deq� ql � ` k` ocv� ] ehhp� ep� qd` � j l pq� sepe] h̀ � mò ppr ò À� Dr ol ^l kpr j ` opÖ� � � � �
[ aal o_[ ] eheqv� pr os` vÃ� ^l hh̀ ^q̀ _� ] ` al ò � qd` � ar hh� ej m[ ^q� l a� qd` � Io[ k� ^l kahê q� ò [ ^d` _
^l kpr j ` o� ] ehhpÃ� pdl t p� fr pq� dl t � [ ^r q̀ � qd[ q� mò ppr ò � [ hò [ _v� t [ pÀ� Ik� Sm[ ek� [ k_
Pl oqr c[ hÃ� � � « � l a� dl r p` dl h_p� ò ml oq̀ _� aek_ekc� ` k` ocv� ] ehhp� _eaaê r hq� ql � [ aal o_À� Ik
Iq[ hvÃ�qdep�oep` p�ql �l s` o�� � « À�Td` p̀ �kr j ] ` op�t ehh�] ` �t l op̀ �ql _[ vÀ�

Wd` k�` k` ocv�moê ` p�pmeg` Ã�à oqehep` o�^l pqp�al hhl t Ã�[ k_�al l _�moê ` p�al hhl t
qdl p` À

Or o�pr os` v�[ hò [ _v�pdl t p�qd[ q�[ ol r k_�� �ek�� �dl r p̀ dl h_p�ek�Iq[ hvÃ�Pl oqr c[ h�[ k_
Sm[ ek�[ ò �pqor cchekc�ql �[ aal o_�j ` [ q�[ k_�l qd` o�mol q̀ ekpÃ�[ k_�l s` o�� � « �aek_ekc
` s` ov_[ v�col ^` ov�pq[ mh̀ p�_eaaê r hqÀ�Eor eq�[ k_�s` c` q[ ] h̀ p�t ` ò �[ hpl �_eaaê r hq�al o
l s` o�l k` �qdeo_�l a�Iq[ he[ k�dl r p̀ dl h_pÃ�[ k_�[ hh�l a�qdep�^[ j ` �] ` al ò �à oqehep̀ o�moê ` p
ol p̀ �j l ò �qd[ k�� � « �[ k_�qd` �Wl oh_�A[ kgÖp�` k` ocv�moê ` �ek_` u�pr oc` _�l s` o�� � «
ek�[ �pekch̀ �j l kqdÀ�
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� �dqqmpÂ��t t t À̀ r ol ^l kpr j ` opÀl oc�t mç̂ l kq̀ kq�r mhl [ _p�� � � � �� � �@aal o_[ ] eheqvçA[ ol j ` q̀ oÀm_a�
� �dqqmpÂ��t t t À̀ r ol ^l kpr j ` opÀl oc�t mç̂ l kq̀ kq�r mhl [ _p�� � � � �� � �@aal o_[ ] eheqvçA[ ol j ` q̀ oÀm_a�
� �dqqmpÂ��] hl cpÀt l oh_] [ kgÀl oc�` k�l m̀ k_[ q[ �` k` ocvçmoê ` pçpr oc` _çekçj [ ô dççkl kç̀ k` ocvç̀ _c` _çr mçmekgçpd` ` q

�
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Td` �p[ j ` �_vk[ j ê �[ hpl �[ mmhè p�ql �qo[ kpml oqÀ�

Bl kpr j ` op� _e_� kl q� ^[ r p̀ � qd` p̀ � ^oep̀ pÀ� Td` v� _e_� kl q� j [ g` � qd` � c` l ml heqê [ h
_` ^epel kp�qd[ q�h̀ aq�Dr ol m̀ �` uml p̀ _Ã�[ k_�qd` v�_e_�kl q�_` peck�qd` �j [ og` qp�qd[ q�a[ eh̀ _
qd` j À�Y` q�qd` v� [ ò �qd` � l k` p� t dl � ] ` [ o�qd` � ] r o_` kÃ� [ k_� [ p�qd` �_[ q[ �pdl t pÃ� j [ kv
t ` ò �[ hò [ _v�pqor cchekc�] ` al ò �ò ^` kq�pdl ^gpÀ�Td` �ml hê v�ò pml kp̀ �[ q�qd` �k[ qel k[ h
h̀ s` h�d[ p�d` hm̀ _Ã�] r q�eq�ep�r hqej [ q̀ hv�fr pq�[ �m[ q̂ d�l k�[ �j r ^d�h[ oc` o�eppr ` À�

Or o�[ aal o_[ ] eheqv�pr os` v�al r k_�^[ oçò h[ q̀ _�^l pqp�t ` ò � [ hò [ _v�qd` �pekch̀ � j l pq
_eaaê r hq� ` um̀ kp` � al o� ^l kpr j ` op� ek� Iq[ hv� [ k_� Pl oqr c[ hÃ� t eqd� l s` o� � � « � l a
dl r p̀ dl h_p�pqor cchekcÀ�Ik�Sm[ ekÃ�eq�t [ p�qd` �qdeo_�j l pq�_eaaê r hq�` um̀ kp̀ Ã�[ k_�qd`
al r oqd� ek� A` hcer j À� El o� ^l kpr j ` op� t dl � ^[ kkl q� [ ^^` pp� [ hq̀ ok[ qes` pÃ� pr ^d� [ p
` h̀ ^qoê �s` dê h̀ p� l o�mr ] hê �qo[ kpml oqÃ�qd` p̀ � [ ò � kl q� [ ] pqo[ ^q�pq[ qepqê pÀ�Td` v� [ ò
^[ k^` hh̀ _�mh[ kpÃ�_` à oò _�d` [ hqd^[ ò Ã�[ k_�ej ml ppe] h̀ �^dl ê ` pÀ�

�

Iq[ hv�hl t ` ò _�` u^ep̀ �_r qè p�pq[ oqekc�aol j �M[ ô dÀ

Ik� Pl oqr c[ hÃ� qd` � ò ej ] r op̀ j ` kq� al o� ] l qqh̀ _� c[ p� al o� sr hk` o[ ] h̀
dl r p̀ dl h_p� t [ p� ek^ò [ p̀ _Ã� [ k_� qd` � ar ` h� _r qv� [ _fr pq̀ _Ã� _` hes` oekc� [
j l _` pq�ò _r ^qel k�l a�[ ol r k_�peu�^` kqp�m̀ o�heqò À�

A` hcer j � [ mmol s` _�[ k�ý � � � � j ehhel k�m[ ^g[ c` � l a�q̀ j ml o[ ov�^l j j r q̀ o
[ hhl t [ k^` p� [ k_� q[ oc` q̀ _� pr mml oqÃ� t deh̀ � ml pqml kekc� [ � mh[ kk` _
ek^ò [ p̀ �ek�` u^ep̀ �_r qè p�l k�c[ p�[ k_�d` [ qekc�l ehÀ�

Sm[ ek�t ` kq�ar oqd` oÃ�q̀ j ml o[ oehv�ò _r ^ekc�V@T�l k�` h̀ ^qoê eqvÃ�c[ pÃ�ar ` hp
[ k_� m̀ hh̀ qp� aol j � � �« � ql � � � « Ã� pr pm̀ k_ekc� [ � c` k` o[ qel k� q[ uÃ� [ k_
pqò kcqd` kekc�mol q̀ ^qel kp�al o�dl r p̀ dl h_p�l k�pl ^e[ h�q[ oeaapÀ

Pl h[ k_�ql l g�[ �j l ò �ekq̀ os` kqel kepq�[ mmol [ ^dÃ�^r qqekc�V@T�[ k_�` u^ep̀
_r qè p�l k�ol [ _�ar ` hp�[ k_�ekqol _r ^ekc�[ �j [ uej r j �ò q[ eh�ar ` h�moê ` À��

Wdeh̀ � qd` p̀ � k[ qel k[ h� ekq̀ os` kqel kp� j [ v� p̀ ` j � pr ] pq[ kqe[ hÃ� qd` v� ò j [ ek� q̀ j ml o[ ovÃ
k[ qel k[ hhv� ] l r k_` _Ã� [ k_� ò [ ^qes` À�Nl k` � l a�qd` j � ^d[ kc` �qd` � r k_` ohvekc� ` uml pr ò À
Td` v�[ ò �^oepep�j [ k[ c` j ` kq�q[ ^qê pÃ�kl q�pqor ^qr o[ h�ò al oj À�

� �dqqmpÂ��t t t À̀ r ol ^l kpr j ` opÀl oc�t mç̂ l kq̀ kq�r mhl [ _p�� � � � �� � �@aal o_[ ] eheqvçA[ ol j ` q̀ oÀm_a��
� �dqqmpÂ��t t t Àcl sÀmh�t ` ] �` k` oce[ �l ] kexg[ çs[ qçl ] kexg[ ç[ g^vxvçt mol t [ _x` kè çj [ gpvj [ hk` fç̂ ` kvçm[ het ço[ _[ çj ekepqol t ç
moxvf̀ h[ çm[ gè qçmox` mepl t ç̂ ` kvçm[ het [ çkex` f�

�
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Dr ol m̀ � [ hò [ _v� ò ^l ckep̀ p�qd` �ml t ` o� l a�ml l h̀ _�_` j [ k_À� Ik� � � � � Ã�@ccò c[ q̀ �DU
] ol r cdq� ql c` qd` o� _` j [ k_� aol j � Dr ol m̀ [ k� ^l j m[ kè p� [ k_� j [ q̂ d` _� eq� t eqd� l aà op
aol j �pr mmhè opÃ�^ò [ qekc� p̂ [ h̀ �qd[ q�ek_ese_r [ h� ] r v` op�^l r h_�kl q� [ ^dè s` � [ hl k` À�Td`
moek^emh̀ �t [ p�pej mh̀ Â�^l hh̀ ^qes` �p^[ h̀ �^ò [ q̀ p�k` cl qe[ qekc�ml t ` o�qd[ q�kl �ek_ese_r [ h
[ ^ql o�ml pp` pp` p�[ hl k` À��

Td` � Bl j j eppel k� d[ p� ^l j j eqq̀ _� ql � ` umhl oekc� [ k� DUçh̀ s` h� j ` ^d[ kepj � ql � ml l h
ek_r pqoe[ h�` h̀ ^qoê eqv�_` j [ k_�[ k_�ej mol s` � [ ^^` pp�ql �hl t ç̂ [ o] l k�` k` ocvÀ�Td` �p[ j `
[ j ] eqel k� pdl r h_� [ hpl � ` uq̀ k_� ql � dl r p̀ dl h_pÀ� Ia� ^l hh̀ ^qes` � mr ô d[ pekc� ^[ k� ] ` � [ k
[ pp` q�al o�ek_r pqovÃ�eq�^[ k�[ hpl �] ` �[ k�[ pp` q�al o�^l kpr j ` opÀ��

�

� �dqqmpÂ��` k` ocvÀ̀^À̀ r ol m[ À̀ r �ql mê p�` k` ocvçp̀ ^r oeqv�` r ç̀ k` ocvçmh[ qal oj �[ ccò c[ q̀ ` r � ` k��
� �dqqmpÂ��` r oçh̀ uÀ̀ r ol m[ À̀ r �h̀ c[ hç̂ l kq̀ kq�DN�TXT�Ër oe*BDLDX« � @� � � � � CB� � � � ¦ ne_* �� � � � � � � � � � � � ��

� À�Sqor ^qr o[ h�Sl hr qel kpÂ�Ml ] ehepekc�Bl hh̀ ^qes`
Bl kpr j ` o�Pl t ` o�ql �pd[ m̀ �Dk` ocv�M[ og` qp�

Dr ol m̀ � ep� ] ` cekkekc� ql � ò ^l ckep̀ � qd` � ej ml oq[ k^` � l a� qd` � _` j [ k_� pe_` À� R̀ ^` kq
ekeqe[ qes` p�ek^hr _ekcÃ�qd` �Dh̀ ^qoeaê [ qel k�@̂qel k�Ph[ kÃ�qd` �Beqex` kp�Dk` ocv�P[ ^g[ c` �[ k_
qd` � ò ^` kq� ` h̀ ^qoê eqvçj [ og` q� ò al oj pÃ� ^ò [ q̀ � k` t � l mml oqr keqè p� al o� ^l kpr j ` op� ql
m[ oqê em[ q̀ � qdol r cd� ` k` ocv� pd[ oekc� [ k_� ] ` qq̀ o� j [ og` q� [ ^^` ppÀ� Ar q� qd` p̀
l mml oqr keqè p�pqehh�ò j [ ek�ao[ cj ` kq̀ _Ã�r k` s` k� [ k_�_eaaê r hq�al o� l o_ek[ ov�dl r p̀ dl h_p
ql �r p̀ À

� [ À�Td` �Pl t ` o�l a�Bl hh̀ ^qes` �Pr ô d[ pekc�

Td` �j eppekc�mè ^` �ep�[ k�l oc[ kep` _�^l kpr j ` o�h[ v` o�^[ m[ ] h̀ �l a�qr okekc
ek_ese_r [ h�oecdqp�[ k_�j [ og` q�peck[ hp�ekql �^l hh̀ ^qes` �ml t ` o�[ q�p̂ [ h̀ À�

�
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Bl hh̀ ^qes` �` k` ocv�mr ô d[ pekc�al o�^l kpr j ` op�ep�kl q�k` t �[ k_�DU�h[ t �[ hò [ _v

ces` p� dl r p̀ dl h_� ^r pql j ` op� qd` � oecdq� ql � m[ oqê em[ q̀ � ek� ^l hh̀ ^qes` � pt eq̂ dekc

p̂ d` j ` pÀ� Dr ol ^l kpr j ` opÛ� k[ qel k[ h� j ` j ] ` op� d[ s` � pdl t k� qd[ q� qd` � j l _` h

_l ` p�t l og�ek�mo[ ^qê ` Â

Tdol r cd� BLD@RçHP� mol f` ^qÃ� Dr ol ^l kpr j ` opÛ� l oc[ kep[ qel kp� o[ k� ^l hh̀ ^qes`
mr ô d[ pekc�^[ j m[ eckp�al o�d` [ q�mr j mp�[ ^ol pp�p̀ s` k�^l r kqoè pÃ�ek^hr _ekc�A` hcer j Ã
Iq[ hvÃ�Pl oqr c[ h�[ k_�Sm[ ekÀ�Tdep�mol f̀ ^q�_` j l kpqo[ q̀ _�dl t �^l kpr j ` o�l oc[ kep[ qel kpÃ
ek^hr _ekc� Dr ol ^l kpr j ` opÛ� k[ qel k[ h� j ` j ] ` opÃ� ^[ k� j l ] ehep̀ � ^l kpr j ` op� [ k_
l oc[ kep̀ �^l j mh̀ u�mr ô d[ pekc�_` ^epel kp�[ q�p̂ [ h̀ À� �

Ik�Iq[ hvÃ�@hqol ^l kpr j l Ûp�@] ] [ pp[ �h[ �Al hh̀ qq[ �] oekcp�^l kpr j ` op

ql c` qd` o�[ k_�ekseq̀ p�pr mmhè op�ql �^l j m̀ q̀ �al o�qd` eo�^l j ] ek` _

] r pek` ppÄ�mò sel r p�` _eqel kp�d[ s` �ò pr hq̀ _�ek�[ s` o[ c` �p[ sekcp�l a

ý � � � �m̀ o�v` [ oÀ�

Ik�Sm[ ekÃ�OBU�d[ _�pej eh[ o�pr ^^` pp�t eqd�Qr è ol m[ c[ oj ` kl phr xÀ� �

�



Bl hh̀ ^qes` hvÃ�j ehhel kp�l a�dl r p̀ dl h_p�ò mò p̀ kq�mr ô d[ pekc�ml t ` o�qd[ q�pr mmhè op�d[ s`
ql � ^l j m̀ q̀ � al oÀ� @p� Dr ol m̀ � ] r eh_p� ek^ò [ pekchv� ekq̀ co[ q̀ _� ` k` ocv� j [ og` qpÃ� ^ol ppç
] l o_` o�ekao[ pqor ^qr ò �[ k_�Dr ol m̀ [ kçp̂ [ h̀ �` h̀ ^qoê eqv�pr mmhvÃ�eq�pdl r h_�[ hpl �] r eh_�qd`
^l kpr j ` o� pe_` � l a� qd[ q� j [ og` qÀ� Dr ol m̀ � d[ p� ] ` cr k� ql � ` umhl ò � qd[ q� moek^emh̀ � al o
ek_r pqovÀ�Bl kpr j ` op�pdl r h_�kl q�] ` �h̀ aq�l r qÀ�

Ar q� qd` p̀ � ekeqe[ qes` p� ò j [ ek� h[ oc` hv� k[ qel k[ hÀ� Wd[ q� Dr ol m̀ � h[ ^gp� ep� [ � j ` ^d[ kepj
^[ m[ ] h̀ �l a�qr okekc�^l kpr j ` op�[ ^ol pp�qd` �pekch̀ �j [ og` q�ekql �[ �] r v` o�t eqd�Dr ol m̀ [ k
p^[ h̀ À

Tdep� t l r h_� ar k_[ j ` kq[ hhv� ^d[ kc` � qd` � ml peqel k� l a� ^l kpr j ` op� ek� qd`
` k` ocv�j [ og` qÀ�

Tdep�k` ` _�kl q�j ` [ k�[ �pekch̀ �q[ oeaa�[ ^ol pp�Dr ol m̀ Ä�k[ qel k[ h�j [ og` q�^l k_eqel kp�^[ k�pqehh
] ` � ò ah̀ ^q̀ _� t deh̀ � ^l kpr j ` op� ] ` k` aeq� aol j � mr ô d[ pekc� ml t ` o� l oc[ kep̀ _� [ q
Dr ol m̀ [ k�p̂ [ h̀ À�

Td` �DU�pdl r h_�] r eh_�l k�eqp�` um̀ oè k^` �l a�ml l h̀ _�_` j [ k_�al o�ek_r pqovÃ�ql �` k[ ] h̀ �[
Dr ol m̀ [ k� ^l kpr j ` o� ] r vekc� ml l hÂ� [ hhl t ekc� qor pq̀ _� ^l kpr j ` o� l oc[ kep[ qel kp� ql
] oekc� ql c` qd` o� dl r p` dl h_� _` j [ k_� [ ^ol pp� M` j ] ` o� Sq[ q̀ p� [ k_� r p̀ � qd[ q� p̂ [ h̀ � ql
p̀ ^r ò �j l ò �^l j m̀ qeqes` �` k` ocv�l aà opÀ�

�



� ] À�M[ og` q�To[ kpm[ ò k^vÂ��Sdekekc�[ �Lecdq�l k�Poê ` �El oj [ qel k�

Wd` k�t dl h̀ p[ h̀ �` k` ocv�moê ` p�a[ hhÃ�^l kpr j ` op�pdl r h_�] ` k` aeqÀ�Ar q�qd` �pm̀ ` _�[ k_
` uq̀ kq� ql � t dê d� qdl p̀ � ò _r ^qel kp� ò [ ^d� dl r p̀ dl h_� ] ehhp� s[ oè p� ] v� j [ og` q� [ k_
^l kqo[ ^q�qvm̀ À�Ik�� � � � Ã�@BDR�al r k_�qd[ q�hl t ` o�t dl h̀ p[ h̀ �moê ` p�d[ _�kl q�] ` ` k�ar hhv
m[ pp̀ _�qdol r cd�ql �^l kpr j ` opÃ�j [ ekhv�_r ` �ql �qd` �mò s[ h̀ k^` �l a�aeù _�^l kqo[ ^qpÀ� �

Td` �ò h[ qel kpdem�] ` qt ` ` k�t dl h̀ p[ h̀ �j [ og` q�_` s` hl mj ` kqpÃ�pr mmhè opÛ�mol ^r ò j ` kq
^l pqp�[ k_�qd` �aek[ h�ò q[ eh�moê ` �qd` ò al ò �k` ` _p�ql �] ` �j l ò �sepe] h̀ �[ k_�[ ^^l r kq[ ] h̀ À
Tdep� t l r h_� ` k^l r o[ c` � ^l kpr j ` op� ql � ò t [ o_� pr mmhè op� qd[ q� mh[ v� a[ eoÃ� qd` ò ] v
r pekc�qd` eo�ml t ` o�ql �ej mol s` �qd` �` k` ocv�j [ og` qÀ�Sl j ` �l a�qd` �col r k_t l og�[ hò [ _v
` uepqpÀ

A` hcer j �mol se_` p�[ �r p̀ ar h�` u[ j mh̀ À�Sek^` �� � � � Ã�qd` �Bl j j eppel k�al o
Dh̀ ^qoê eqv� [ k_� F[ p� R̀ cr h[ qel k� ¯BRDF°� d[ p� ò nr eò _� [ hh� [ ^qes`
` h̀ ^qoê eqv� [ k_� c[ p� pr mmhè op� ql � mol se_` � j l kqdhv� _[ q[ � l k� ` k` ocv
moê ` p� [ k_�qd` �_eaà ò kq�^l j ml k` kqp� l a�qd` eo�ek_` u[ qel k�al oj r h[ pÃ
ek^hr _ekc� aeù _� ^l pqpÃ� ^l ` aaê è kqpÃ� j [ ogçr mp� [ k_� ek_` u[ qel k
m[ o[ j ` q̀ opÀ� BRDF� [ hpl � kl q̀ p� qd[ q� s[ oe[ ] h̀ çmoê ` � mol _r ^qp
[ r ql j [ qê [ hhv� ò ah̀ ^q� _` s` hl mj ` kqp� l k� t dl h̀ p[ h̀ � j [ og` qp� qdol r cd
qd` p̀ �ek_` u[ qel k�al oj r h[ pÀ�� �

Ik� Iq[ hvÃ� � qd` � Iq[ he[ k� R̀ cr h[ ql ov� @r qdl oeqv� al o� Dk` ocvÃ� N` qt l ogp� [ k_
Dkseol kj ` kq��¯@RDR@°�` pq[ ] hepd` _�[ k�Dk` ocv�Veceh[ k^` �Ukeq�ek�M[ ô d
� � � � � ql � j l keql o� t dl h̀ p[ h̀ � [ k_� ò q[ eh� moê ` � _` s` hl mj ` kqp� ek� ò [ h
qej ` Ã� [ pp̀ pp� qd` eo� ej m[ ^q� l k� moê ` p� ^d[ oc` _� ql � aek[ h� ^r pql j ` op� [ k_
pqò kcqd` k� p̂ or qekvÃ� ek^hr _ekc� l a� ^l kqo[ ^q� ò k` t [ hpÀ� Oqd` o� j [ og` qp
l m̀ o[ q̀ �_eaà ò kqhv�[ c[ ekÀ�

Ik� Pl h[ k_Ã� qd` � Dk` ocv� R̀ cr h[ ql ov� Oaaê ` � ¯URD°� [ mmol s` p� ` h̀ ^qoê eqv
q[ oeaap� al o� dl r p` dl h_� ^r pql j ` op� l a� _` peck[ q̀ _� pr mmhè opÃ� j ` [ kekc
qd[ q�t dl h̀ p[ h̀ �moê ` �_` s` hl mj ` kqp�^[ k�] ` �ò ah̀ ^q̀ _�qdol r cd�m̀ oel _ê
ò cr h[ ql ov�q[ oeaaçp̀ qqekc�o[ qd` o�qd[ k�[ r ql j [ qê �ek_` u[ qel kÀ� �

�



@hqdl r cd�qd` �mê qr ò �ep�kl q�r keal oj �[ ^ol pp�Dr ol m̀ Ã�t ` �^[ k�p̀ ` �qd[ q�ek�pl j ` �j [ og` qp
_` q[ eh̀ _� j l keql oekc� [ k_� qo[ kpm[ ò kq� ek_` u[ qel k� j ` ^d[ kepj p� [ hò [ _v� ` uepqÀ� Ar q
ò cr h[ ql ov� p̂ or qekv� _l ` p� kl q� k` ^` pp[ oehv� j ` [ k� qd[ q� ^l kpr j ` op� ^[ k� ` [ pehv
r k_` opq[ k_� [ k_� ^l j m[ ò � dl t � t dl h̀ p[ h̀ � moê ` � j l s` j ` kqp� [ ò � ò ah̀ ^q̀ _� ek� qd`
moê ` p�qd` v�m[ vÀ�

R̀ ^` kq�DU�ekeqe[ qes` pÃ�ek^hr _ekc�qd` �� � � � �Beqex` kp�Dk` ocv�P[ ^g[ c` Ã�d[ s` �pl r cdq�ql
ej mol s` � qd` � ^h[ oeqv� [ k_� ^l j m[ o[ ] eheqv� l a� ò q[ eh� ` k` ocv� ^l kqo[ ^qpÀ� Td`
Bl j j eppel kÛp� Jr hv� � � � � � mol ml p[ h� l k� ar qr ò çmol l aekc� ` h̀ ^qoê eqv� ] ehhp� [ hpl
pqò kcqd` kp�qo[ kpm[ ò k^v�[ ol r k_�k` qt l og�^d[ oc` p�[ k_�q[ oeaa�j ` qdl _l hl cè pÀ�Tdep�ep
t ` ĥ l j ` Ã� ] r q� ^l kpr j ` op� pqehh� h[ ^g� ^l j m[ o[ ] h̀ � ekal oj [ qel k� l k� qd` � ò h[ qel kpdem
] ` qt ` ` k�pr mmhè opÛ�r k_` ohvekc�` k` ocv�^l pqp�[ k_�qd` �ò q[ eh�moê ` p�qd` v�^d[ oc` À��

� �

Tdep� t l r h_�^ò [ q̀ � [ ^^l r kq[ ] eheqv�qdol r cd�qo[ kpm[ ò k^vÀ� Ik
[ � ^oepep� ` kseol kj ` kq� t d` ò � ^l kpr j ` op� [ ò � [ hò [ _v
pqor cchekc�[ k_�qor pq�ek�` k` ocv�j [ og` qp�ep�ao[ ceh̀ Ã�^l kpr j ` op
pdl r h_� ] ` � [ ] h̀ � ql � p̀ ` � t d` qd` o� ^d[ kc` p� ek� r k_` ohvekc
` k` ocv� ^l pqp� [ ò � ] ` ekc� a[ eohv� ò ah̀ ^q̀ _� ek� qd` � moê ` p� qd` v
m[ vÀ�

Dr ol ^l kpr j ` op�^[ hhp�al o�] ek_ekcÃ�d[ oj l kep` _�[ k_�^l kpr j ` oçaoè k_hv�qo[ kpm[ ò k^v
l k�qd` �ò h[ qel kpdem�] ` qt ` ` k�pr mmhè opÛ�r k_` ohvekc�` k` ocv�^l pqp�[ k_�ò q[ eh�moê ` pÀ

Sr mmhè op� pdl r h_� mol se_` � k[ qel k[ h� ò cr h[ ql op� t eqd� qd`
ekal oj [ qel k� k` ` _` _� ql � [ pp` pp� moê ` � m[ ppçqdol r cd
^l kpepq̀ kqhv� [ ^ol pp� ^l kqo[ ^q� qvm̀ p� [ k_� l s` o� qej ` À� Td`
ò h̀ s[ kq� ò pr hqp� pdl r h_� qd` k� ] ` � j [ _` � [ s[ eh[ ] h̀ � ql
^l kpr j ` op�ek�[ �pej mh̀ �[ k_�^l j m[ o[ ] h̀ �al oj Ã�` k[ ] hekc�qd` j
ql � p̀ ` � dl t � ` aà ^qes` hv� ^d[ kc` p� ek� r k_` ohvekc� ` k` ocv� ^l pqp
[ ò � ò ah̀ ^q̀ _� ek� ò q[ eh� l aà opÃ� ek^hr _ekc� [ q� ^l kqo[ ^q� ò k` t [ hÀ
Bl kpr j ` o� l oc[ kep[ qel kp� [ ò � t ` hh� mh[ ^` _� ql � qo[ kph[ q̀ � qdep
ekal oj [ qel k�ekql �ql l hp�^l kpr j ` op�^[ k�r k_` opq[ k_�[ k_�r p̀ À�

Wd[ q� ep� j eppekc� ep� r p[ ] eheqvÀ� Tdep� ekal oj [ qel k� ep� q̀ ^dkê [ hÃ� mò p̀ kq̀ _
ek^l kpepq̀ kqhv� ] ` qt ` ` k� pr mmhè opÃ� [ k_� _eaaê r hq� ql � ^l j m[ ò � l o� qo[ ^g� l s` o
qej ` Ã�` s` k�t d` ò �eq�al oj [ hhv�ò [ ^d` p�qd` �^l kpr j ` oÀ��

� �



� ^À�Bl l o_ek[ q̀ _�C` j [ k_�R` pml kp` Â�Eol j �S[ sekc�Temp�ql
M[ og` q�Pl t ` o�

Fl s` okj ` kqp�d[ s` �hl kc�^l j j r kê [ q̀ _�t eqd�^l kpr j ` op�[ ] l r q�` k` ocv�qdol r cd�qd`
h[ kcr [ c` �l a�m̀ opl k[ h�ò pml kpe] eheqvÂ�qr ok�_l t k�qd` �qd` oj l pq[ qÃ�or k�[ mmhe[ k^` p�l aaç
m̀ [ gÃ� ò _r ^` � d` [ qekc� ] v� l k` � _` cò ` À� Td` p̀ � j ` pp[ c` p� [ ò � kl q� t ol kcÃ� ] r q� qd` v
ò mò p̀ kq� [ � j epp` _� l mml oqr keqvÀ� Ik_ese_r [ h� ] ` d[ sel r o� ^d[ kc` Ã� dl t ` s` o
t e_` pmò [ _Ã� d[ p� [ � hej eq̀ _� [ k_� r kmò _ê q[ ] h̀ � ej m[ ^q� l k� j [ og` q� moê ` p� l o� coe_
pq[ ] eheqvÀ�Iq�[ pgp�^l kpr j ` op�ql �[ ^q�[ hl k` Ã�t eqd�kl �^l l o_ek[ qel k�[ k_�kl �à ` _] [ ^gÀ��

Td` � j l ò � ml t ` oar h� l mml oqr keqv� hè p� ek� l oc[ kep` _Ã� ^l hh̀ ^qes` � _` j [ k_
ò pml kp` À�

Hl r p` dl h_p� ^[ k� [ hò [ _v� mol se_` � ah̀ ue] eheqv� ek� _eaà ò kq� t [ vp� ek� pl j ` � j [ og` qpÀ
Eh̀ ue] h̀ �ò q[ eh�^l kqo[ ^qpÃ�pr ^d�[ p�_vk[ j ê �[ k_�qej ` çl açr p̀ �q[ oeaapÃ�ò t [ o_�^l kpr j ` op
al o� pdeaqekc� ^l kpr j mqel k� ek� ò pml kp̀ � ql � ^d[ kcekc� moê ` pÃ� t deh̀ � [ ccò c[ ql op� ^[ k
^l j ] ek` �pj [ hh̀ o�hl [ _p�pl �qd` v�^[ k�m[ oqê em[ q̀ �ek�ah̀ ue] eheqv� [ k_� ` h̀ ^qoê eqv� j [ og` qpÀ
Ar q�[ ^^` pp�[ k_�r mq[ g` �ò j [ ek�r k` s` k�[ ^ol pp�Dr ol m̀ À�

Hl r p` dl h_p� [ ò � [ � j [ fl o�mh[ v` o�ek�qd` � ` k` ocv� j [ og` qÃ� [ ^^l r kqekc�al o� � � « � l a�qd`
aek[ h�` k` ocv�^l kpr j mqel k�ek�qd` �DUÀ�Bl kpr j ` op�t dl �pdeaq�` h̀ ^qoê eqv�r p̀ �[ t [ v�aol j
m̀ [ g�m̀ oel _p�^ò [ q̀ �ò [ h�s[ hr ` �al o�qd` �` k` ocv�pvpq̀ j Ã�ò _r ^ekc�mò ppr ò �l k�qd` �coe_
[ k_� qd` � k` ` _� al o� ` um̀ kpes` � m̀ [ g� c` k` o[ qel kÀ� @p� d` [ qekc� [ k_� qo[ kpml oq� ` h̀ ^qoeavÃ
] l qd�qd` �k` ` _�al o�pvpq̀ j �ah̀ ue] eheqv�[ k_�qd` �ml q̀ kqe[ h�al o�dl r p̀ dl h_p�ql �mol se_` �eq�t ehh
col t À�

� �

� �



Ik� A` hcer j Ã� al o� ` u[ j mh̀ Ã� _vk[ j ê � ^l kqo[ ^qp� ò mò p̀ kq̀ _� l khv
� À� � « �l a�` h̀ ^qoê eqv�^l kk` ^qel kp�[ q�qd` �` k_�l a�� � � � À�BRDF�ml ekqp
ql � qd` � ^l j mh̀ ueqv� l a� qd` p̀ � ^l kqo[ ^qp� [ k_� qd` � qej ` Ã� ò pl r ô ` p� [ k_
q̀ ^dkl hl cv� k` ` _` _� ql � ] ` k` aeq� aol j � qd` j À� Eo[ cj ` kq̀ _� k[ qel k[ h
or h̀ p� [ k_� qd` � [ ] p̀ k^` � l a� d[ oj l kep̀ _� j [ og` q� [ ^^` pp� ^l k_eqel kp
^l j ml r k_�qd` �mol ] h̀ j À

� �

Ia� ^l l o_ek[ q̀ _� ^l kpr j ` o� _` j [ k_� ^[ k� d` hm� ò _r ^` � ` k` ocvçpvpq̀ j � ^l pqpÃ
^l kpr j ` op�pdl r h_�[ hpl �` kfl v�qd` �p[ sekcp�qdep�^ò [ q̀ pÀ

Wd[ q� ep� j eppekc� ep� [ � pej mh̀ Ã� qor pq̀ _� [ k_� ò t [ o_ekc� ol r q̀ � al o� dl r p` dl h_p� ql
m[ oqê em[ q̀ � [ q� p̂ [ h̀ À� Bl kpr j ` o� l oc[ kep[ qel kp� [ ò � t ` hh� mh[ ^` _� ql � d` hm� mol se_` � qd[ q
ol r q̀ Â� j l ] ehepekc� dl r p̀ dl h_pÃ� ` umh[ ekekc� qd` � ] ` k` aeqp� [ k_� oepgpÃ� mol q̀ ^qekc� qd` eo
ekq̀ ò pqp� [ k_� l oc[ kepekc� m[ oqê em[ qel kÃ� t d` qd` o� _eò ^qhv� t d` ò � [ mmol moe[ q̀ � l o� ek
m[ oqk` opdem�t eqd�nr [ heaè _�[ ccò c[ ql op�[ k_�q̀ ^dkl hl cv�mol se_` opÀ�

@r ql j [ qel k�t ehh�] ` �^oeqê [ hÀ�H` [ qekcÃ�DV�^d[ ocekc�[ k_�l qd` o�ah̀ ue] h̀ �[ mmhe[ k^` p�^[ k
ò pml k_� ql � moê ` � l o� coe_� peck[ hp� t eqdl r q� ò nr eoekc� ^l kpr j ` op� ql � j [ k[ c` � qd` eo
^l kpr j mqel k�dl r o�] v�dl r oÃ�[ hhl t ekc�dl r p̀ dl h_p�ql �^[ mqr ò �qd` �] ` k` aeq�t eqd�j ekej [ h
` aal oqÀ

Wd` ò � ^l l o_ek[ q̀ _� ^l kpr j ` o� _` j [ k_� d` hmp� ò _r ^` � pvpq̀ j � l o� k` qt l og� ^l pqpÃ
dl r p̀ dl h_p� pdl r h_� pd[ ò � ek� qd` � s[ hr ` � qd` v� ^ò [ q̀ À� Td` � [ ej � pdl r h_� ] ` � ql � qr ok
j ehhel kp� l a� ek_ese_r [ h� dl r p` dl h_p� ekql � [ k� l oc[ kep` _� pl r ô ` � l a� ah̀ ue] eheqv� [ k_
` kpr ò �qd[ q�[ �a[ eo�pd[ ò �l a�qd` �s[ hr ` �qd` v�^ò [ q̀ �ep�ò qr ok` _�ql �qd` j À�

� �



El o�qdep�ql �t l ogÃ�qd` �_eaà ò kq�moê ` �peck[ hp�^l kpr j ` op�ò ^` es` �[ hpl �k` ` _�ql �mr hh�ek
qd` �p[ j ` �_eò ^qel kÀ�N` qt l og�q[ oeaap�^[ k� ` k^l r o[ c` �^l kpr j mqel k� [ q�_eaà ò kq�qej ` p
aol j � t dl h̀ p[ h̀ çhekg` _� ò q[ eh�moê ` pÃ� t ` [ g` kekc�qd` � ek^` kqes` � [ k_� j [ gekc�ah̀ ue] eheqv
d[ o_` o� al o� ^l kpr j ` op� ql � k[ sec[ q̀ À� Td` � Bl j j eppel k� d[ p� ò ^l ckep̀ _� qdep� mol ] h̀ j Ã
^[ hhekc� al o� k` qt l ogçq[ oeaa� ah̀ ue] eheqv� peck[ hp� ql � ] ` � ^l kpepq̀ kq� t eqd� ah̀ ue] h̀ � ò q[ eh
^l kqo[ ^qpÀ� �

Sj [ oq� j ` q̀ op� [ ò � [ kl qd` o� ^oeqê [ h� ` k[ ] h̀ oÃ� cesekc� ^l kpr j ` op� [ ^^` pp� ql � co[ kr h[ o
^l kpr j mqel k� _[ q[ � [ k_� j [ gekc� ah̀ ue] h̀ � q[ oeaap� [ k_� [ r ql j [ q̀ _� _` j [ k_� ò pml kp̀
j r ^d� ` [ pè o� ql � r p̀ � [ q� p̂ [ h̀ À� C` mhl vj ` kqÃ� dl t ` s` oÃ� ò j [ ekp� decdhv� r k` s` kÂ� qd`
h[ q̀ pq� Bl j j eppel k� _[ q[ � mr q� dl r p̀ dl h_� pj [ oqçj ` q̀ o� ^l s` o[ c` � [ q� [ ol r k_� � « � ek
F` oj [ kvÃ�^l j m[ ò _�t eqd�� � « �ek�Eo[ k^` �[ k_�� � « �ek�Sm[ ekÀ�� �

Td` �Dh̀ ^qoeaê [ qel k�@̂ qel k�Ph[ k�ò ^l ckep̀ p�qdep�c[ mÃ�[ ^^l j m[ kvekc�qd` �Ph[ k�t eqd�[
h̀ ceph[ qes` � mol ml p[ h� ql � [ ^^` h̀ o[ q̀ � pj [ oqçj ` q̀ o� _` mhl vj ` kq� [ p� m[ oq� l a� t e_` o
j ` [ pr ò p� ql � ` k[ ] h̀ � ah̀ ue] h̀ � [ k_� pvpq̀ j çaoè k_hv� r p̀ � l a� qd` � coe_À � Rl hhl r q� [ hl k` Ã
dl t ` s` oÃ�ep�kl q�` kl r cdÂ�^l kpr j ` op�k` ` _�[ ^^` pp�ql �qd` eo�_[ q[ �[ k_�ql l hp�qd[ q�[ hhl t
qd` j �ql �r k_` opq[ k_�[ k_�[ ^q�l k�eqÀ�

� �

� �



� _À�Dk` ocv�Bl j j r keqè pÂ�Ot kekc�qd` �Sl hr qel k�Tl c` qd` o�

Bl hh̀ ^qes` � mr ô d[ pekc� [ k_� ^l l o_ek[ q̀ _� _` j [ k_� ò pml kp̀ � ò ml peqel k� ^l kpr j ` op
t eqdek� qd` � ` uepqekc� j [ og` qÀ� Dk` ocv� ^l j j r keqè p� cl � [ � pq̀ m� ar oqd` oÃ� h̀ qqekc
^l kpr j ` op�^l hh̀ ^qes` hv�l t k�[ �mè ^` �l a�qd` �c` k` o[ qel k�eqp̀ haÀ

Ik� Iq[ hvÃ� @hqol ^l kpr j l � cr e_` p� dl r p̀ dl h_p� l k� dl t � ò k` t [ ] h̀
` k` ocv�^l j j r keqè p�t l og�[ k_�dl t �ql �fl ek�l k` À �� �

Tdep� j [ qq̀ op� j l pq� t d` ò �qd` � l qd` o�ql l hp� ò [ ^d�qd` eo�hej eqpÀ�Bl l o_ek[ q̀ _�_` j [ k_
ò pml kp̀ �l aà op�heqqh̀ �ql �[ �dl r p̀ dl h_�t eqd�hl t �` h̀ ^qoê eqv�^l kpr j mqel kÃ�[ k_�j r ^d�l a
Dr ol m̀ �pqehh�pm̀ k_p� j l ò � l k� c[ p�qd[ k� l k�ml t ` oÀ�El o�qd` p̀ � ^l kpr j ` opÃ� fl ekekc� [ k
` k` ocv�^l j j r keqv�ep�l aq̀ k�qd` �j l pq�q[ kce] h̀ �ol r q̀ �ekql �qd` �qo[ kpeqel kÃ�[ k_�[ �t [ v�ql
pq[ oq�pdeaqekc�_` j [ k_�aol j �al ppeh�ar ` hp�ql �^h̀ [ k�` h̀ ^qoê eqvÀ�Td` �[ mm̀ qeq̀ �ep�ò [ hÃ�[ k_
Dr ol ^l kpr j ` opÖ�j ` j ] ` op�[ ò �[ hò [ _v�j ` ` qekc�eqÀ�

Av�mol _r ^ekcÃ�pql oekc�[ k_�pd[ oekc�ò k` t [ ] h̀ �` k` ocv�hl ^[ hhvÃ�dl r p̀ dl h_p
c[ ek� [ � _eò ^q� pq[ g` � ek� qd` � ^h̀ [ k� ` k` ocv� qd[ q� ekpr h[ q̀ p� qd` j � aol j � moê `
pdl ^gpÃ�o[ qd` o�qd[ k�pej mhv�] r vekc�eq�l k�] ` qq̀ o�q̀ oj pÀ

Ik�Sm[ ekÃ�OBU�mol se_` p�mo[ ^qê [ h�cr e_[ k^` �l k�` pq[ ] hepdekc�^l hh̀ ^qes`
p̀ haç̂ l kpr j mqel k�ek�[ m[ oqj ` kq�] r eh_ekcpÀ �� �

Ik� Pl oqr c[ hÃ� CDBOçPol q̀ pq̀ � d[ p� mò pp̀ _� al o� ^l hh̀ ^qes` � p̀ haç
^l kpr j mqel k� mol ^` _r ò p� ql � ] ` � pej mheaè _� [ k_� qd` � h̀ ceph[ qel k
^h[ oeaè _À ��� �

� �



Ar q� l s` o[ hhÃ�qdep� [ j ] eqel k�ep�kl q� j [ q̂ d` _� ] v�_` hes` ovÀ�Av� ` [ ohv� � � � � Ã�qd` �DU�d[ _
ò [ ^d` _� fr pq� � � « � l a� eqp� cl [ h� l a� d[ sekc� [ q� h̀ [ pq� l k` � ò k` t [ ] h̀ pç] [ p̀ _� ` k` ocv
^l j j r keqv�ek�` s` ov�j r kê em[ heqv�t eqd�j l ò �qd[ k�� � Ã� � � �ekd[ ] eq[ kqpÀ �� �

Tdep�ep�mò ^ep̀ hv� t d` ò �^l kpr j ` o� l oc[ kep[ qel kp�^[ k� [ __�s[ hr ` Â�qo[ kph[ qekc� [ k�DU
oecdq�ekql � [ �mo[ ^qê [ h� l mqel kÃ�d` hmekc�^l kpr j ` op�k[ sec[ q̀ �^l j mh̀ u�or h̀ p�[ k_� l aà opÃ
e_` kqeavekc� ] [ ooè op� ò cr h[ ql op� j epp� [ k_� ` kpr oekc� ` k` ocv� ^l j j r keqè p� _l � kl q
] ` ^l j ` �qd` �mò p̀ os` �l a�^l kae_` kq�[ k_�t ` hhçò pl r ô ` _�dl r p̀ dl h_pÀ�R̀ ^l ckepekc�[ k_
pr mml oqekc�qd[ q�ol h̀ � t l r h_�d` hm�qr ok�qd` �DUÖp�ò k` t ` _� [ j ] eqel k�al o�^eqex` k�` k` ocv
ekql �m[ oqê em[ qel k�[ q�p̂ [ h̀ À�

Td` � Bl j j eppel k� d[ p� ò ^l ckep̀ _� j [ kv� l a� qd` � ] [ ooè op� qdol r cd� qd` � � � � �
Beqex` kp� Dk` ocv� P[ ^g[ c` Ã� ] r q� qd` � ^d[ hh̀ kc` � ep� kl t � ej mh̀ j ` kq[ qel kÂ
pej mheavekc�[ _j ekepqo[ qes` �mol ^` _r ò pÃ�ej mol sekc�[ ^^` pp�ql �aek[ k^` �[ k_
coe_pÃ� [ k_� ` kpr oekc� qd[ q� q̀ k[ kqpÃ� [ m[ oqj ` kq� ò pe_` kqpÃ� hl t ` oçek^l j `
dl r p` dl h_p� [ k_� l qd` o� ^l kpr j ` op� t dl � ^[ kkl q� eks` pq� ek_ese_r [ hhv� [ ò
[ ] h̀ �ql �m[ oqê em[ q̀ À�

� �



� À�Td` �Ll kcçT̀ oj �Sdè h_Â�R̀ k` t [ ] h̀ pÃ�Foe_p�[ k_�[
E[ eo�To[ kpeqel k�

Td` �pqor ^qr o[ h�pl hr qel kp� l r qhek` _�ek�qd` �mò sel r p� p̀ ^qel k�ces` � ^l kpr j ` op�ml t ` o�ek
qd` �j [ og` q�qd[ q�` uepqp�ql _[ vÀ�Ar q�qd` v�_l �kl q�ò pl hs` �qd` �ar k_[ j ` kq[ h�sr hk` o[ ] eheqv
qd[ q�j [ g` p�` k` ocv�^oep̀ p�pl �_[ j [ cekcÀ�

R` k` t [ ] h̀ p�[ ò �qd` �pqor ^qr o[ h�d` _c` �

Td` � ` se_` k^` � ep� r k[ j ] ecr l r pÀ� Fò [ q̀ o� ò he[ k^` � l k� _l j ` pqê � ^h̀ [ k� ` h̀ ^qoê eqv
ò _r ^` p� Dr ol m̀ Ûp� ` uml pr ò � ql � sl h[ qeh̀ � ej ml oq̀ _� al ppeh� ar ` hpÀ� Td` � Dh̀ ^qoeaê [ qel k
@̂qel k�Ph[ k�kl q̀ p�qd[ q�qd` �hl t ` pq�` h̀ ^qoê eqv�moê ` p�ek�qd` �DU�[ ò �c` k` o[ hhv�al r k_�ek
j [ og` qp� t eqd� s` ov� decd� pd[ ò p� l a� ^h̀ [ k� ` h̀ ^qoê eqvÃ� t d` ò � al ppeh� ar ` hp� p̀ q� qd`
t dl h̀ p[ h̀ �moê ` �h̀ pp�l aq̀ kÀ� �

Td[ q� ò nr eò p� pl j ` qdekc� j l ò � m̀ oj [ k` kqÂ� [ k� ` k` ocv� pvpq̀ j � ] r ehq� l k
Dr ol m̀ [ k� ò k` t [ ] h̀ � pl r ô ` p� qd[ q� ^[ kkl q� ] ` � d` h_� dl pq[ c` � ] v
c` l ml heqê pÃ� ^[ ooè _� ] v� coe_p� ^[ m[ ] h̀ � l a� _` hes` oekc� qd` eo� l r qmr qÃ� [ k_
[ ^^` ppe] h̀ �ql �` s` ov�dl r p` dl h_�ò c[ o_h̀ pp�l a�ek^l j ` À�

Sm[ ek�mol se_` p�[ �^h̀ [ o�ehhr pqo[ qel kÀ�Wek_�[ k_�pl h[ o�ek^ò [ p̀ _�aol j �� � «
l a�` h̀ ^qoê eqv�c` k` o[ qel k�ek�� � � � �ql � l s` o�� � « �ek�qd` �aeopq�d[ ha�l a�� � � � À
Td` �A[ kg� l a�Sm[ ek� ` pqej [ q̀ p�qd[ q� t dl h̀ p[ h̀ � ` h̀ ^qoê eqv�moê ` p�ek�qd[ q
m̀ oel _� t ` ò � j l ò � qd[ k� � � « � hl t ` o� qd[ k� qd` v� t l r h_� d[ s` � ] ` ` k� d[ _
t ek_�[ k_�pl h[ o�c` k` o[ qel k�ò j [ ek` _�[ q�� � � � �h̀ s` hpÀ �� �

Ik�� � � � Ã�Sm[ kepd�t dl h̀ p[ h̀ �` h̀ ^qoê eqv�t [ p�[ hj l pq�l k` �qdeo_�^d` [ m̀ o
qd[ k� qd` � DU� [ s` o[ c` Ã� pr mml oq̀ _� ] v� qd` � ` um[ kpel k� l a� ò k` t [ ] h̀ pÀ
Td` � h̀ ppl k� ep� kl q� qd[ q� ò k` t [ ] h̀ p� ` hej ek[ q̀ � ` uml pr ò � ql � ` k` ocv
pdl ^gpÃ� ] r q� qd[ q� ek^ò [ pekc� dl j ` çcol t k� ^h̀ [ k� c` k` o[ qel k� ò _r ^` p
qd` �` uq̀ kq�ql �t dê d�` h̀ ^qoê eqv�moê ` p�_` m̀ k_�l k�ej ml oq̀ _�al ppeh�ar ` hpÀ�

� �

� �



Foe_p�[ k_�pql o[ c` �^l j mh̀ q̀ �qd` �mê qr ò �

Ml ò � ^h̀ [ k� ` h̀ ^qoê eqv� [ k_� cò [ q̀ o� ` h̀ ^qoeaê [ qel k� [ hpl � mh[ ^`
k` t �_` j [ k_p� l k�qd` � ` h̀ ^qoê eqv�pvpq̀ j À�Sm[ ekÖp�` um̀ oè k^`
[ hpl � ^[ ooè p� [ � t [ okekcÀ� Td` � @moeh� � � � � � I] ` oe[ k� ] h[ ^gl r q
_` j l kpqo[ q̀ _� qd` � ej ml oq[ k^` � l a� _` s` hl mekc� pvpq̀ j
ò pehè k^` �[ hl kcpe_` �qd` �qo[ kpeqel kÀ�@p�Dr ol ^l kpr j ` op�kl q̀ _
ek�eqp�ml hê v�m[ m̀ o�al hhl t ekc�qd` � I] ` oe[ k�Ah[ ^gl r qÃ�coe_p� [ ò
kl � hl kc` o� fr pq� q̀ ^dkê [ h� ekao[ pqor ^qr ò Ä� qd` v� [ ò � ^oeqê [ h
` k[ ] h̀ op�l a�[ aal o_[ ] eheqv�[ k_�_` ^[ o] l kep[ qel kÀ ��� �

� � ��dqqmpÂ��t t t À̀ r ol ^l kpr j ` opÀl oc�t mç̂ l kq̀ kq�r mhl [ _p�� � � � �� � �K̀ ` mekcçqd` çLecdqpçOkçWdvçqd` ç
I] ` oe[ kçAh[ ^gl r qçC` j [ k_pçUoc` kqçFoe_çMl _` okep[ qel kÀm_a�
� � �dqqmpÂ��t t t À̀ � cÀl oc�k` t p�l r q_[ q̀ _çcoe_çmh[ kkekcç[ k_çt ` [ gçcl s` ok[ k^` çpq[ hhekcç̀ r ol m̀ çpçqo[ kpeqel kç
[ t [ vçaol j çal ppehçar ` hp��

Foe_� ^l kk` ^qel kp� [ hò [ _v� q[ g` � v` [ op� ek� m[ oqp� l a� Dr ol m̀ Ã� t deh̀ � col t ekc� ` h̀ ^qoê eqv
_` j [ k_� [ k_� ò k` t [ ] h̀ � c` k` o[ qel k� t ehh� ò nr eò � pr ] pq[ kqe[ hhv� j l ò � ^[ m[ ^eqv� [ k_
ah̀ ue] eheqvÀ� Ml ò � qd[ k� � Ã� � � � FW� l a� ò k` t [ ] h̀ � mol f` ^qp� [ ^ol pp� � � � Dr ol m̀ [ k
^l r kqoè p�t ` ò �pqr ^g�ek�coe_�^l kk` ^qel k�nr ` r ` p�ek�� � � � À �� �

Sql o[ c` �ep�m[ oq� l a�qd` �p[ j ` � ` nr [ qel kÂ�eq� [ hhl t p� ^d` [ m� ` h̀ ^qoê eqv�mol _r ^` _� t d` k
ò k` t [ ] h̀ � c` k` o[ qel k� ep� [ ] r k_[ kq� ql � ] ` � r p̀ _� t d` k� _` j [ k_� ep� decd` oÃ� ò _r ^ekc
ò he[ k^` � l k� ` um̀ kpes` � al ppehçar ` h� c` k` o[ qel k� [ q� m̀ [ g� m̀ oel _pÀ� Iks` pqj ` kq� ek
ò k` t [ ] h̀ p�t eqdl r q�qd` �coe_pÃ�pql o[ c` �[ k_�ah̀ ue] eheqv�k` ` _` _�ql �r p̀ �qd` j �t ehh�h̀ [ s`
m[ oq�l a�qd` eo�[ aal o_[ ] eheqv�] ` k` aeq�r kò [ hep̀ _À�

� �



@aal o_[ ] h̀ �` h̀ ^qoeaê [ qel k�ep�dl t �ò k` t [ ] h̀ p�ò [ ^d�^l kpr j ` op�

R̀ k` t [ ] h̀ p� [ ò � c` k` o[ qekc� [ � col t ekc� pd[ ò � l a� Dr ol m̀ Öp� ` h̀ ^qoê eqvÀ� Ar q� ` h̀ ^qoê eqv
ò mò p̀ kqp� h̀ pp� qd[ k� [ � nr [ oq̀ o� l a� Dr ol m̀ Öp� aek[ h� ` k` ocv� ^l kpr j mqel kÀ � Ml pq
dl r p̀ dl h_p�pqehh�d` [ q�t eqd�c[ p�[ k_�_oes` �l k�m̀ qol hÀ�Tl �] ` qq̀ o�mol q̀ ^q�^l kpr j ` op�aol j
ar qr ò � al ppeh� ar ` h� moê ` � pdl ^gp� [ k_� j ` ` q� qd` � DUÛp� ^hej [ q̀ � q[ oc` qpÃ� Dr ol m̀ � j r pq
pm̀ ` _�r m�eqp�` h̀ ^qoeaê [ qel k�mh[ kpÀ�

� �

@�dl r p̀ dl h_�pt eq̂ dekc�aol j �[ �c[ p�] l eh̀ o�ql �[ �d` [ q�mr j m�j l s` p�eqp�d` [ qekc�^l pqp�l r q
l a� [ � sl h[ qeh̀ Ã� ej ml oqç_` m̀ k_` kq� j [ og` q� [ k_� ql t [ o_p� [ k� ` h̀ ^qoê eqv� pvpq̀ j
ek^ò [ pekchv�pr mmhè _�] v�_l j ` pqê �^h̀ [ k�c` k` o[ qel kÀ�Td` �Bl j j eppel k�` pqej [ q̀ p�qd[ q
ò [ ^dekc�qd` �` h̀ ^qoeaê [ qel k�q[ oc` q�l a�� � « �] v�� � � � �^l r h_�ò _r ^` �qd` �DUÛp�al ppeh�ar ` h
ej ml oq� ] ehh� ] v� ý � � � � ] ehhel k� m̀ o� v` [ oÀ�Td[ qÛp� j l k` v� qd[ q� ^r oò kqhv� h̀ [ s` p�Dr ol m̀
` kqeò hvÀ�

� �

@̂dè sekc� qd[ q� l ] f̀ ^qes` � r hqej [ q̀ hv� _` m̀ k_p� l k� j ehhel kp� l a� ek_ese_r [ h� eks` pqj ` kq
_` ^epel kpÀ�Ll t ` o�or kkekc�^l pqp�t ehh�kl q�_oes` �r mq[ g` �ea�dl r p̀ dl h_p�^[ kkl q�[ aal o_�qd`
r maol kq�eks` pqj ` kqÀ�Ar q�[ aal o_[ ] eheqv�ep�kl q�l khv�[ ] l r q�qd` �^l pq�l a�qd` �q̀ ^dkl hl cvÀ
Iq�ep� [ hpl � [ ] l r q� t dl �d[ p� [ ^^` pp�ql �qd` � [ hq̀ ok[ qes` pÀ� Ia� ` h̀ ^qoeaê [ qel k� ò [ ^d` p� l khv
qdl p̀ � t dl �^[ k� [ aal o_�ql �eks` pqÃ�eq�oepgp�_` ` m̀ kekc� ` uepqekc�ek` nr [ heqè p�o[ qd` o�qd[ k
ò _r ^ekc�qd` j À�

Tdep�j [ g` p�q[ oc` q̀ _�pr mml oq�[ k_
mo[ ^qê [ h�[ hq̀ ok[ qes` p�[ �^l k_eqel k
l a� [ � pr ^^` ppar h� qo[ kpeqel kÀ� Td`
Dh̀ ^qoeaê [ qel k� @̂qel k� Ph[ k
mol ml p̀ p� j ` [ pr ò p� ek^hr _ekc
pl ^e[ h� h̀ [ pekcÃ� pr ] pe_è pÃ� hl t ç� l o
x` ol çekq̀ ò pq� hl [ kp� [ k_� l qd` o
aek[ k^ekc� j l _` hp� ql � j [ g` � ^h̀ [ k
q̀ ^dkl hl cè p� j l ò � [ ^^` ppe] h̀ Ã
m[ oqê r h[ ohv� ql � hl t ç� [ k_� j e__h̀ ç
ek^l j ` �dl r p̀ dl h_pÀ

� �



F` oj [ kv� mol se_` p� [ � ò j ek_` o� l a� qd` � k` ` _� al o� j ` [ pr ò p� qd[ q
^l kpr j ` op�^[ k�r k_` opq[ k_�[ k_�ò [ hepqê [ hhv�ej mh̀ j ` kqÀ�Ik�Jr hv�� � � � Ã
qd` � r keal oj � ò nr eò j ` kq� al o� d` [ qekc� pvpq̀ j p� ql � r p` � [ q� h̀ [ pq� � � «
ò k` t [ ] h̀ � ` k` ocv� t [ p� ò j l s` _� aol j � F` oj [ kvÛp� ] r eh_ekcçd` [ qekc
ao[ j ` t l ogÃ� t deh̀ � aek[ k^e[ h� pr mml oq�al o� ^h̀ [ k` o� d` [ qekc� t [ p� ò q[ ek` _
[ k_� ò q[ oc` q̀ _À � Sq[ ] h̀ � mol cò pp� _` m̀ k_p� l k� ^l j ] ekekc� ^h̀ [ o
_eò ^qel k� t eqd� [ aal o_[ ] h̀ � [ hq̀ ok[ qes` pÃ� mo[ ^qê [ h� ej mh̀ j ` kq[ qel k� [ k_
pr pq[ ek` _�^l kpr j ` o�^l kae_` k^` À��

� �

� � �dqqmpÂ��t t t À] r k_` pò cè or kcÀ_` �] ò cç_` �p̀ osê ` �ao[ c` kçr k_ç[ kt l oq̀ k�k` r ` pç
c` ] [ ` r _` j l _` okepè or kcpc` p̀ qxç� � � � � � � �

Tdep� ep� t d` ò � Dr ol m̀ Öp� ^l j m̀ qeqes` k` pp� [ c` k_[ � [ k_� eqp� ^l kpr j ` op� j ` ` qÀ� Ar q
` aal oqp� ql � pqò kcqd` k� Dr ol m̀ [ k� ^h̀ [ kçq̀ ^d� j [ kr a[ ^qr oekc� [ k_� pqo[ q̀ cê � [ r ql kl j v
j r pq�cl �d[ k_�ek�d[ k_�t eqd�[ aal o_[ ] eheqvÂ�ea�d` [ q�mr j mpÃ�` h̀ ^qoê �s` dê h̀ p�[ k_� l qd` o
^h̀ [ k� q̀ ^dkl hl cè p� ò j [ ek� ] ` vl k_� ^l kpr j ` opÛ� ò [ ^dÃ�qd` � r mq[ g` � l k� t dê d�qdl p̀
t e_` o� l ] f̀ ^qes` p� _` m̀ k_� t ehh� pq[ hhÀ� Bl kpr j ` o� [ ^^` mq[ k^` � ep� qd` ò al ò � kl q� [ � pl aq
al l qkl q̀ �ql �qd` �` h̀ ^qoeaê [ qel k�_oes` �] r q�qd` �o[ q̀ �[ q�t dê d�qd` �_oes` �^[ k�j l s` À

@� qo[ kpeqel k� qd[ q� l r qm[ ^` p� t d[ q� dl r p̀ dl h_p� ^[ k� [ aal o_� l o� r k_` opq[ k_� t ehh� kl q
[ ^^` h̀ o[ q̀ �Dr ol m̀ Öp�^l j m̀ qeqes` k` ppÄ�eq�t ehh�pq[ hh�eqÀ�Dj ml t ` oekc�^l kpr j ` op�ep�kl q
ek� q̀ kpel k� t eqd� Dr ol m̀ Öp� ` ^l kl j ê � [ k_� p` ^r oeqv� cl [ hpÀ� Iq� ep� qd` � mò ^l k_eqel k� al o
ò [ ^dekc�qd` j À�

Pl hê v�_` peck�j [ qq̀ op�ql l À�

� �



Td[ q�ò nr eò p�al r o�^l k^ò q̀ �^d[ kc` pÀ

� À�Ar eh_�Dr ol m̀ [ kçp^[ h̀ �^l kpr j ` o�_` j [ k_

Dr ol m̀ Ûp�` k` ocv�ml hê v�d[ p�oecdqhv�al ^r p̀ _�l k�mol q̀ ^qekc�^l kpr j ` op�t d` k�j [ og` qp
a[ hhÀ� Ar q� qd` � k` uq� pq̀ m� ep� ql � ces` � ^l kpr j ` op� cò [ q̀ o� ml t ` o� ql � pd[ m̀ � dl t � qdl p`
j [ og` qp� t l og� ek� qd` � aeopq� mh[ ^` À� Mehhel kp� l a� dl r p̀ dl h_p� [ ò � kl q� l khv� ò ^emè kqp� l a
` k` ocv�ml hê vÂ�^l hh̀ ^qes` hvÃ�qd` v�[ ò �[ �j [ fl o�` ^l kl j ê �al ô ` À

Td` � DU� ep� ] r eh_ekc� [ k� ek^ò [ pekchv� ekq̀ co[ q̀ _� ` k` ocv� j [ og` qÃ� t eqd� Dr ol m̀ [ k
` k` ocv� ^l j m[ kè pÃ� ^ol ppç] l o_` o� ekao[ pqor ^qr ò � [ k_� [ � Dr ol m̀ [ k� ` h̀ ^qoê eqv� coe_À� Iq
pdl r h_�[ hpl �l oc[ kep̀ �qd` �ml t ` o�l a�Dr ol m̀ [ k�^l kpr j ` opÀ

DU� h[ t � [ hò [ _v� ces` p� dl r p̀ dl h_p� qd` � oecdq� ql � m[ oqê em[ q̀ � ek� ^l hh̀ ^qes` � pt eq̂ dekc
p̂ d` j ` p� [ k_� ò nr eò p� M` j ] ` o� Sq[ q̀ p� ql � ò j l s` � ò cr h[ ql ov� [ k_� [ _j ekepqo[ qes`
] [ ooè op�ql �qd` j À�Ỳ q�^l hh̀ ^qes` �mr ô d[ pekc�ò j [ ekp�h[ oc` hv�l oc[ kep̀ _�[ q�k[ qel k[ h�l o
ò cel k[ h�h̀ s` hÀ�Td` �k` uq�pq̀ m�pdl r h_�] ` �ql �` k[ ] h̀ �^l kpr j ` o�mr ô d[ pekc�ml t ` o�ql
l m̀ o[ q̀ �[ ^ol pp�] l o_` opÀ

Td` � DU� pdl r h_� ^ò [ q̀ � [ � ao[ j ` t l og� qdol r cd� t dê d� qor pq̀ _� ^l kpr j ` o
l oc[ kep[ qel kp� ^[ k� l oc[ kep` � dl r p` dl h_� mr ô d[ pekc� ml t ` o� [ q� Dr ol m̀ [ k
p^[ h̀ Ã�t deh̀ �[ hhl t ekc�l aà op�ql �ò ah̀ ^q�_eaà ò kq�k[ qel k[ h�[ k_�ò cel k[ h�j [ og` q
^l k_eqel kpÀ�Tdep�k` ` _�kl q�j ` [ k�l k` �q[ oeaa�al o�` s` ov�Dr ol m̀ [ k�dl r p̀ dl h_À

Ar q� ea� Dr ol m̀ � ep� ] r eh_ekc� [ k� ekq̀ co[ q̀ _
` k` ocv� j [ og` qÃ� t eqd� Dr ol m̀ [ k� ` k` ocv
^l j m[ kè p� [ k_� [ � qo[ kpçDr ol m̀ [ k� coe_Ã� eq
[ hpl �k` ` _p�pqol kc�Dr ol m̀ [ k�^l kpr j ` opÀ
Td` eo� ^l hh̀ ^qes` � _` j [ k_� ep� [ k� ` ^l kl j ê
[ pp̀ q�qd[ q�^[ k�d` hm�pd[ m̀ �[ k_�pqò kcqd` k
qd` �j [ og` qÀ

� �



� À�Bl kpr j ` op�ek�^d[ oc` Â�j [ gekc�^l hh̀ ^qes`
^l kpr j ` o�m[ oqê em[ qel k�t l og�

Bl kpr j ` op�pdl r h_�[ hpl �] ` �[ ] h̀ �ql �] ` k` aeq�^l hh̀ ^qes` hv�aol j �dl t �` h̀ ^qoê eqv�ep�r p` _Ã
mol _r ^` _� [ k_�pd[ ò _À�Td` �al oqd^l j ekc�C` j [ k_� R̀ pml kp̀ �N` qt l og�Bl _` �pdl r h_
` kpr ò � qd[ q� dl r p̀ dl h_� ah̀ ue] eheqv� ^[ k� m[ oqê em[ q̀ � ` aà ^qes` hv� [ ^ol pp� qd` � DUÃ� t eqd
mol ml oqel k[ q̀ �j [ og` qç[ ^^` pp�ò nr eò j ` kqpÃ�ekq̀ ol m̀ o[ ] h̀ �q̀ ^dkl hl cè p�[ k_�[ �ol r q̀
al o� qor pq̀ _� ^l kpr j ` o� ekq̀ oj ` _e[ oè p� ql � l oc[ kep̀ � m[ oqê em[ qel k� [ k_� mol q̀ ^q
^l kpr j ` opÛ�ekq̀ ò pqpÀ�

Bl kpr j ` op�pdl r h_�kl q�k` ` _�ql �] ` ^l j ` �` k` ocvçj [ og` q�` um̀ oqp�ql �] ` k` aeq
aol j �qd` �ah̀ ue] eheqv�qd` eo�dl j ` pÃ�s` dê h̀ p�[ k_�[ mmhe[ k^` p�^[ k�mol se_` À�

Td` � p[ j ` � moek^emh̀ � [ mmhè p� ql � ` k` ocv� ^l j j r keqè p� [ k_� ` k` ocv� pd[ oekcÀ� DU� h[ t
kl t �` pq[ ] hepd` p�[ �oecdq�ql �` k` ocv�pd[ oekcÃ�t deh̀ �qd` �� � � � �Beqex` kp�Dk` ocv�P[ ^g[ c`
p̀ qp�l r q�ar oqd` o�j ` [ pr ò p�ql �pr mml oq�` k` ocv�^l j j r keqè p�[ k_�p̀ haç̂ l kpr j mqel kÀ�

Td` � moel oeqv� ep� ql � j [ g` � qdl p` � l mml oqr keqè p� t l og� ek� mo[ ^qê ` Â� ò j l sekc
r kk` ^` pp[ ov� [ _j ekepqo[ qes` Ã�aek[ k^ekc� [ k_� coe_� ] [ ooè op� [ k_� ` kpr oekc�qd[ q� q̀ k[ kqpÃ
[ m[ oqj ` kq� ò pe_` kqpÃ� sr hk` o[ ] h̀ � dl r p̀ dl h_p� [ k_� l qd` o� ^l kpr j ` op� t dl � ^[ kkl q
eks` pq� ek_ese_r [ hhv� [ ò � [ ] h̀ � ql � m[ oqê em[ q̀ À� Wd` ò � ^l l o_ek[ q̀ _� ^l kpr j ` o� _` j [ k_
d` hmp�ò _r ^` �pvpq̀ j � l o�k` qt l og�^l pqpÃ�dl r p̀ dl h_p�pdl r h_�pd[ ò �ek�qd` �s[ hr ` �qd` v
^ò [ q̀ À�

� �



� À�M[ g` �ò q[ eh�moê ` �al oj [ qel k�qo[ kpm[ ò kq�

Bl kpr j ` op� ^[ k� l khv� r p̀ � qd` eo� j [ og` q� ml t ` o� ` aà ^qes` hv� ea� qd` v� ^[ k� p̀ ` � t d` qd` o
^d[ kc` p�ek�qd` � r k_` ohvekc�^l pq� l a� ` k` ocv� [ ò � ] ` ekc� ò ah̀ ^q̀ _�a[ eohv�ek�qd` � ò q[ eh
moê ` p� qd` v� m[ vÀ� Duepqekc� DU� j ` [ pr ò p� d[ s` � pqò kcqd` k` _� qd` � qo[ kpm[ ò k^v� [ k_
^l j m[ o[ ] eheqv�l a�` k` ocv�^l kqo[ ^qpÃ�] r q�qd` v�_l �kl q�mol se_` �^l kpr j ` op�t eqd�sepe] eheqv
l s` o� qd` � ò h[ qel kpdem� ] ` qt ` ` k� pr mmhè opÛ� r k_` ohvekc� ` k` ocv� ^l pqp� [ k_� qd` � ò q[ eh
` k` ocv�moê ` p�qd` v�^d[ oc` À�

Sr mmhè op� pdl r h_� mol se_` � k[ qel k[ h� ò cr h[ ql op� t eqd� qd` � ekal oj [ qel k� k` ` _` _� ql
[ pp` pp� moê ` � m[ ppçqdol r cd� ^l kpepq̀ kqhv� [ ^ol pp� ^l kqo[ ^q� qvm̀ p� [ k_� l s` o� qej ` Ã
[ ^^l o_ekc� ql � [ � d[ oj l kep̀ _� Dr ol m̀ [ k� [ mmol [ ^dÀ� Td` � ò h̀ s[ kq� ò pr hqp� pdl r h_�qd` k
] ` � j [ _` � [ s[ eh[ ] h̀ � ql � ^l kpr j ` op� ek� [ � pej mh̀ � [ k_� ^l j m[ o[ ] h̀ � al oj Ã� ek^hr _ekc� [ q
^l kqo[ ^q� ò k` t [ hÃ� pl � dl r p̀ dl h_p� ^[ k� r k_` opq[ k_� dl t � ` aà ^qes` hv� ^d[ kc` p� ek
r k_` ohvekc�` k` ocv�^l pqp�[ ò �ò ah̀ ^q̀ _�ek�ò q[ eh�l aà opÀ�

Tdep� ekal oj [ qel k� t l r h_� [ hhl t � ò cr h[ ql op� ql � ] ` qq̀ o� j l keql o� j [ og` q� ] ` d[ sel r o� [ k_
^l kpr j ` op�ql �ò t [ o_�pr mmhè op�l aà oekc�a[ eò o�moê ` pÀ�

Td[ q�pdl r h_�^d[ kc` À�

� �



Mehhel kp�l a�Dr ol m̀ [ k�dl r p̀ dl h_p�[ hò [ _v�ò mò p̀ kq�peckeaê [ kq�` ^l kl j ê �ml t ` oÃ�] r q
qd[ q� ml t ` o� ò j [ ekp� h[ oc` hv� ao[ cj ` kq̀ _À� Td` � DU� pdl r h_� pr mml oq� ^l kpr j ` o
l oc[ kep[ qel kp�ek�l oc[ kepekc�[ k_�j l ] ehepekc�qdep�^l hh̀ ^qes` �ml t ` o�[ q�p^[ h̀ Ã�pl �qd[ q
^l kpr j ` op�^[ k�m[ oqê em[ q̀ �j l ò �` aà ^qes` hv�ek�[ k_�d` hm�pd[ m̀ �qd` �` k` ocv�j [ og` qÀ�

� À�Ooc[ kep` �Bl kpr j ` o�Pl t ` o�ql �Sqò kcqd` k�qd`
Dk` ocv�M[ og` q�

Tdep� ep� kl q� [ ] l r q� ^ò [ qekc� [ � k` t � j [ og` q� ekpqeqr qel k� l o� ò mh[ ^ekc� ` uepqekc
[ ^ql opÀ� Iq� ep� [ ] l r q� ] r eh_ekc� qd` � ^l kpr j ` o� pe_` � l a� qd` � Dr ol m̀ [ k� ` k` ocv
j [ og` qÀ�

@p�Dr ol m̀ �_` s` hl mp�Dr ol m̀ [ k� ` k` ocv�^l j m[ kè pÃ�^ol ppç] l o_` o�ekao[ pqor ^qr ò � [ k_
[ k� ek^ò [ pekchv� ekq̀ co[ q̀ _� ` h̀ ^qoê eqv� coe_Ã� eq� [ hpl � k` ` _p� ^l kpr j ` op� t eqd� qd`
^l hh̀ ^qes` �ml t ` o�ql �m[ oqê em[ q̀ �ek�[ k_�pqò kcqd` k�qd[ q�j [ og` qÀ�Ooc[ kep̀ _�^l kpr j ` o
_` j [ k_� ep� kl q� l khv� pl j ` qdekc� ql � mol q̀ ^qÄ� eq� ep� [ k� ` ^l kl j ê � [ pp` q� qd[ q� ^[ k� d` hm
j [ g` �qd` �Dr ol m̀ [ k�` k` ocv�j [ og` q�t l ogÃ�^l j m̀ q̀ �[ k_�qdoes` À�

Td` p̀ � ò al oj p� pdl r h_� al oj � m[ oq� l a� [ � t e_` o� pdeaq� ek� dl t � Dr ol m̀ � [ mmol [ ^d` p� qd`
` k` ocv� qo[ kpeqel kÀ� Td` � Dh̀ ^qoeaê [ qel k� @̂qel k� Ph[ k� [ k_� qd` � al oqd^l j ekc� Pl pqç� � � �
Dk` ocv� Ukel k� P[ ^g[ c` � t ehh� pd[ m̀ � qd` � k` uq� md[ p̀ � l a� Dr ol m̀ Ûp� ` k` ocv� pvpq̀ j À
Bl kpr j ` o� l oc[ kep[ qel kp� pdl r h_� ] ` � eksl hs` _� ek� qd` eo� ej mh̀ j ` kq[ qel k� [ k_
_` s` hl mj ` kq� [ hl kcpe_` � ek_r pqovÃ� pvpq̀ j � l m̀ o[ ql op� [ k_� l qd` o� j [ og` q� [ ^ql opÀ� @
qo[ kpeqel k� qd[ q� r hqej [ q̀ hv� _` m̀ k_p� l k� j ehhel kp� l a� ^l kpr j ` o� _` ^epel kp� ^[ kkl q� ] `
_` peck` _�[ ol r k_�^l kpr j ` op�o[ qd` o�qd[ k�t eqd�qd` j À�

� �



Td` �nr ` pqel k�a[ ^ekc�Dr ol m̀ [ k�ml hê vj [ g` op� [ k_�ek_r pqov�ep�kl q� t d` qd` o�qd` ò � t ehh
] ` � [ kl qd` o� ` k` ocv� ^oepepÀ� Ia� t ` � _l � kl q� ^d[ kc` � l r o� [ mmol [ ^dÃ� qd` ò � t ehh� ] ` À� Td`
nr ` pqel k� ep� t d` qd` o� ^l kpr j ` op� t ehh� a[ ^` � eq� ek� qd` � p[ j ` � ml peqel k� qd` v� a[ ^` � qdep
l k` Ã� ` uml p̀ _Ã� ò [ ^qes` Ã� [ k_� [ ] pl o] ekc� ^l pqp� qd` v� d[ _� kl � ml t ` o� ql � mò s` kqÃ� l o
t d` qd` o� qd` � ekq̀ os[ h� ] ` qt ` ` k� ^oep̀ p� t ehh� ] ` � r p̀ _� ql � ar k_[ j ` kq[ hhv� ^d[ kc` � qd` eo
ml peqel k�ek�qd` �j [ og` qÀ�

�I �� �� �J�à�‘ �g�±�� �� �ß�ï�‰�T�� �þ�ï�w�û�g�g�±�Ò�f�ï�x�� �ï�w�� �Ö�f�T�‡�‘ �à�ï�ï

Td` � ^[ p̀ � al o� ^d[ kc` � ep� kl q� e_` l hl cê [ hÀ� Iq� ep� mo[ ^qê [ hÀ� Bl kpr j ` op
ò mò p` kq�l k` �l a�qd` �h[ oc` pq�pl r ô ` p�l a�r kq[ mm̀ _�^l hh̀ ^qes` �ml t ` o�ek�qd`
Dr ol m̀ [ k�` k` ocv�pvpq̀ j À�

Ooc[ kep̀ _�^l hh̀ ^qes` hvÃ�qd` v�^[ k�k` cl qe[ q̀ �o[ q̀ p�qd[ q�ek_ese_r [ h�dl r p̀ dl h_p�^[ kkl qÃ
^ò [ q̀ �[ ^^l r kq[ ] eheqv�qd[ q�ek_ese_r [ h�^l j mh[ ekqp�^[ kkl qÃ�[ k_�pdeaq�_` j [ k_�[ q�[ �p̂ [ h̀
qd[ q� ek_ese_r [ h� ] ` d[ sel r o� ^d[ kc` � ^[ kkl qÀ� Td` � ql l hp� ql � _l � qdep� ` uepqÀ� Wd[ q� ep� pqehh
j eppekc�ep�qd` �ao[ j ` t l og�[ k_�l oc[ kep` _�^l kpr j ` o�h[ v` o�qd[ q�[ hhl t �dl r p̀ dl h_p�ql
r p̀ �qd` j �` aà ^qes` hv�[ k_�[ q�p̂ [ h̀ À�

Dr ol m̀ �d[ p�pm̀ kq�_` ^[ _` p� ] r eh_ekc�qd` �pr mmhv�pe_` � l a�qd` � ` k` ocv� j [ og` qÀ� Iqp�k` uq
p̀ q� l a� [ j ] eqel kpÃ� a[ pq̀ o� ` h̀ ^qoeaê [ qel kÃ� cò [ q̀ o� ^l j m̀ qeqes` k` ppÃ� h[ pqekc� ` k` ocv
p̀ ^r oeqvÃ� ^[ kkl q� ] ` � _` hes` ò _� aol j � qd` � pr mmhv� pe_` � [ hl k` À� Td` v� _` m̀ k_� l k
^l kpr j ` op� ^dl l pekc� ql � q[ g` � m[ oqÀ� Ar eh_ekc� qd` � _` j [ k_� pe_` Ã� [ k_� mr qqekc
^l kpr j ` op� [ q� qd` � ^` kqò � l a� eqÃ� ep� kl q� [ � ^l k^` ppel k� ql � j [ g` � l k^` � qdl p̀ � cl [ hp� [ ò
j ` qÀ�Iq�ep�dl t �qd` v�[ ò �ò [ ^d` _À
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