
���������
	���
�����������	
������	������� �"!#!$��	��%�'&
( 	
�*)�&$�+
���!#��	-,. /���0)1���#2�)�&.�3���%���0)4���.�%�#�5�+	 ( �768�9)��-������)4�3:�	
�#�;)4���<���9)���	
�

=?>�@ACB @A ><DFEHGJILK;>MENDOK�PCQ?R-KTS�> ANUWVYX�A > AZV P[Q?R\D U?B KJ]-^;_`K;a<D U DOb;Q'Ic@A >HKT> B`d%A >�efK;DhgOghD Aji

P#k�l#m.n Q?o k�n Q?o X"pWq Q�r?sjr p;tvu Kwa V K U�ANV�x ]�^wgh^Wa<K U QW=?>MK U E Ay e{zwKT>HEZDFK�Q | A > AZVN}T~$V ^wS�gh^wS?a A;� D U >HK � e{>
b u l$��� Q\sC�vK[� ANU S A @� B ^wS?KT> B o A ghD U Q?r?sN�w�?s#]-^;S�gO^;S'a A�u0AjB4AN� �'Q�=�>HK U E A

R\D U?B K � ]-^;_`Kwa�D U D ~ E U�A a � e{>
i�� l$�
m$n Q�� u � ��Q p K[� � � B ^;S?K;> B o A gOD U Q'o X �W� p;� Q4r�sj� �;� ]�^wS�gh^wS?a A�u0ACB4AZ� �?Q�=�>HK U E A

� A >�efK;DhgOghD A[~ E A > Vj� e{>

���W�����'���-� n.k e{^;>�a<|?K;E A K;|�|�gODOEjK V Dh^ U aNQ�|?gOK U�U D U z�K U?B
aMEH� ACB S�gOD U z'Q?S U E A > V K;D UWV�� Q?^;| V DO_vDO�jK V DO^ U Q'_J^ B�A gOD U z�K U?B
a<DO_�S�gFK V Dh^ U Q4_`K;EH��D U�A g A KT> U D U z
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]8�?DOa%|'KT| A >%DFa B4A K;ghD U zL¥YD V �J¦ U?B D U z�|§^;gODFEZD A a9e{^;> V � A.B4ANx
|?gh^ � _ ANUWV K U?B¨V � A _`KTD UWV<AjU K U E A ^;e9aMK VMA gOghD V<A EZ^ U a V<A gOgFK x
V Dh^ U a V �?K V ¥0^wS�g B�©§A EN^wa V�x ^;| V Dh_`K;g�K U?B >M^ © S?a V$V ^`efK;Dhg x
S?> A a � ]8� A a�^wghS V Dh^ U ¥ A |�>M^;|§^wa A EN^ U a<DOa V a�D U _J^ B4A g x
D U z V � A B4A |?gh^ � _ ANUWV K U?B _`KTD UWV<ANU K U E A |�>M^ © g A _�Kwa�K
ª«KT>MG;^�� B4A ENDOa<DO^ U |�>M^ © g A _­¬®ªc� X0¯ Q
¥Y� A > A gOK;S U EH��D U z
|?gOK U a�^�� A >�Kcz;DO� ANU*B4A ENDOa<Dh^ U ��^;>MDO�N^ U K;> A D U ENghS B4AjB D U
V � A.B4A a<EN><DO| V DO^ U ^;e V � A EZS�>M> ANUWV a V K VMA;� ]8� A |�> A gODh_JD U KT> �
> A a<S�g V a�¥ A |?> A a AjUwV D U�V ��DOa-|?K;| A >�EZ^ U E A > ULV � A ^;| V DO_vDO�jK x
V Dh^ U ^Te V � A _`K;D UWV<AjU K U E A |?�?K;a A Q.Kwa<a<S�_JD U z V �?K V¨V � A
B�A |�gO^ � _ AjUWV K U?B°AjU?B ^Te#a A >M��DOE A |§^;gODOEND A a`KT> A K;gh> A K B4�
B�A ¦ U�ACB�� ]8¥0^ B DOa V D U E V ^;| V Dh_JDO�jK V Dh^ U KTgOz;^w><D V ��_`a`K;> A
EN^;_J|?K;> ACB�± ¬{D ¯ KT|?|�><^ � DO_`K V<A |§^;gODOE � D V<A >MK V DO^ U Q�¥Y� A > A
V � A |'^wghDFE �"A ��K;ghS?K V DO^ U DFa B ^ U�A«V ��>M^;S�zw�²a<Dh_³S�gOK V DO^ U ajQ
K U?B ¬fDhD ¯ a V ^4EH�?K;a V DFE$^w| V DO_JDh�CK V Dh^ U Q�¥Y� A > A K³|?K;>MK;_ ANV<A > x
DO� ACB�AN� | A > V |'^wghDFE � DFa B Dh> A E V g � a V ^�EH�'K;a V DFENKTgOg � ^w| V DO_JDh� AjB
V ��>M^;S�zw�"a<DO_�S�gFK V Dh^ U a �3� S�>J¦?>Ha V > A a<S�g V a´EN^ U ¦?>M_ V � A
EN^;_J|�g AZ� D V�� ^Te V � A ^;| V Dh_JDO�jK V DO^ U |�><^ © g A _ Q;K U'B a ANA _ V ^
A a V K © gODFa�� V � A a<S�| A ><DO^;>MD V�� ^;e V � A a V ^�EH�'K;a V DFE�^;| V DO_vDO�jK x
V Dh^ U _ AZV �?^ B D U ¦ U?B D U z U�A KT>c^w| V DO_`KTg�_`K;D UWV<AjU K U E A
|§^;gODFEZD A a �
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� K V<A ghgOD V<A EZ^ U a VMA gOgOK V DO^ U a ¬®ILR � o n R � ] n$m Q
] � R � � ����k u Q´I n R k R � �³�O�h�¼¯ K;> A gFKT>Mz A Q�EN^;_J|�g AZ� Q
K U?B½AN� | AjU a�DO� A a�|'K;E A |�>M^;z;>HKT_`a V �?K V g A K B�ANU zwD U?ANA >Ha

V ^½efKwE A*U�A ¥ B4A a�DOz U K U?B |?gOK U�U D U z²|�>M^ © g A _Ja � �#S A
V ^ V � A S?a A ^Te.a�^w_ A ^;e V � A _J^wa V > A E ANUWVLV<A EH� U ^;gO^;zwD A aNQ
efKTDOghS�> A a¾^4EjEZS�>M><D U z B S�>MD U z A D V � A > V � A¿B4A |�gh^ � _ ANUWV
^;> V � A ^;| A >HK V DO^ U KTg�a A ><��DFE A |��?Kwa A a7KT> AÀU ^ V >MK;> A
A � AjUWV a � �#S A�V ^ V � A a V ><^ U z«EZ^w_J_ A >MENDOK;g0EN^;_J| ANV D V DO^ U
EZ^ U'B D V Dh^ U ajQ B4A gOK � a$D U ^w| A >MK V DO^ U K;g-a A >M��DOE A K U?B |?KT> V DFKTg
S U K[��KTDOgOK © DOghD V�� | A >MDh^ B aYK;> A � A > � EN^wa V g �;�
]8��DOa#|?K;| A >#DFa B4A KTgOD U z¨¥YD V ��¦ U'B D U z�a V >HK V<A z;D A a.e{^;> V � A
B4A |�gO^ � _ ANUWV K U?BvV � A _`KTD UWV<AjU K U E A ^Te\aMK V<A ghgOD V<A EN^ U a V<A g x
gOK V DO^ U a V �'K V ¥0^wS�g B�©'A EZ^Wa V<x ^w| V DO_`KTg�K U?B ><^ © S?a V-V ^$efK;Dhg x
S�> A a � ]8� A > A e A > AjU E A ENK;a A ¥ A KT> A a V S B�� D U z�DOavK«EN^ U4x
a VMA gOgOK V DO^ U D U �w^;gO��D U z�r p ^;| A >HK V DO^ U KTg
aMK VMA gOghD V<A aNQ A � ANU g �
B DOa V >MD © S V<ACB ^�� A >��°^;> © D V KTg�|�gFK U�A a � k U ^w> B�A > V ^ B�AZx
|�gh^ � ^w> V ^Á> A |�gOKwE A³V � A a A aMK V<A ghgOD V<A ajQ B DhÂ A > ANUWV#V�� | A aL^;e
gOK;S U EH� A >0ENK U´©§A S?a AjB QW¥YD V � B DhÂ A > AjUwV e A K V S�> A a ± EjKT|?KwE x
D V�� Q-EZ^Wa V Q\> A gODOK © DhgOD V�� Q�_JD U DO_�S�_ V DO_ A`©§AZV ¥ ANAjU a�S?EjE A a x
a�DO� A gOK;S U EH� A a �h�O� �$DhÂ A > AjUWV�V�� | A aL^;e
efKTDOgOS�> A a�_JK � K;| x
| A KT> B S?><D U z V � A¨B4A |?gh^ � _ ANUWV ^;> V � A ^w| A >MK V DO^ U K;g�a A > x
�WDFE A |��?Kwa A a ± gOK;S U EH� A >$efK;DhgOS�> A Q\aMK VMA gOghD V<A efKTDOgOS�> A Q\a<K V<A g x
ghD V<AÃAjU?B ^TeJghDhe A½�O�h� � D U E AÄV � A |?> A |?KT>HK V Dh^ U K U?B½V � A
gOK;S U EH�`^Te�aMK VMA gOghD V<A a
DFa�K�gh^ U z�|�>M^4E A a<a V �?K V0U�AjAjB a V ^ ©§A
|�gOK U�U�ACB Q V � A _JK;D UWVMANU K U E A ^Te V � A EZ^ U a V<A gOgFK V DO^ U S?a A a
> ACB S U?B K UWV a<|?KT> A aMK V<A ghgOD V<A a � ]8� A a A aMK V<A ghgOD V<A a�KT> A G A | V
^ U |?K;><G�D U z.^w> © D V a V �'K V9B ><Dhe V > A zwS�gFKT>Mg � > A gOK V DO� A g �#V ^ V � A
^;> © D V KTg§|�gFK U�A a � n a0e{^;>�^;| A >HK V Dh^ U KTg§a<K V<A ghgOD VMA ajQ V � AN� K;> A
a�S ©�Å�A E VYV ^vefKTDOghS�> A a �
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]8� A¨B4A |�gh^ � _ ANUWV K U?B�V � A _`K;D UWV<AjU K U E A ^Te.K�aMK VMA gOghD V<A
EZ^ U a VMA gOgOK V DO^ U ENK UÒ©'A a AjANU Kwa«KÒÓNÔHÕNÖ?ÔZ×'Ø®ÙfÚTÛ³Ü;ÔHÝNÙFÓHÙfÞT×
ß§à ÞwáZÛhÔNâ¾S U?B4A >�Ö4×5ÝMÔ à ØãÚ�Ùä×?Øæå�Q © S V ÝHÞ�â ß ÛOÔZØãÔ´Þ;áZÓNÔ àèç Ú;áNÙäÛêé



ÙäØæå � k U?B4AjAjB�±

ë B4A ENDOa<Dh^ U a9�?K[� A0V ^ ©§A _`K B4A D U a Ajì S AjU E A K © ^;S V�V � A
|�> A |?KT>HK V Dh^ U K U?B�V � A gFKTS U EH�L^;e U?A ¥1aMK V<A ghgOD V<A ajQ[K U?B
K © ^;S VYV � A ^;| A >HK V Dh^ U KTg5S?a A ^Te%a�|?K;> A aNí

ë V � A EZ^ U a ACì S ANU E A a«^Te�K²z;DO� ANUîB4A ENDOa<Dh^ U KT> A°U ^ V
G U ^�¥ U ¥YD V �ïE A > V K;D UWV�� Q ©§A EjKTS?a A ^;e V � A efKTDOgOS�> A a
V �?K V _JK � ^�EjEZS�>Cí

ë D V ENK U�©§A ��^�¥ A � A >\K;aMa�S�_ ACB�V �?K V�V � A EZS?><> ANUWV a V K V<A
^Te V � A a � a VMA _ðK V%V � A.B4A EZDFa�DO^ U³V DO_ A DOa�G U ^�¥ U ¥YD V �
E A > V K;D UWV��w�

]8��S?ajQ V � A e{^w><_`K;g\ñ¨ò�óôe{>MK;_ A ¥0^w><G�¬ãñ«Ú à<õ Þ ç ò³ÔHÝNÙFÓHÙfÞT×
ó à ÞjÝHÔZÓHÓYö �[÷{¯ ENK U`©§A S?a ACBJV ^³_J^ B�A g§D VC� k U K�e A ¥�¥0^w> B ajQ
KÃñ´òLóøDFa B4A ¦ U�AjBÄ©�� K ì S�D UWV S�|�g A«ù7ú�û<ü�û�ý.ûMþ8û<ÿ��
¥Y� A > A;±

ë ú DOa V � A a AZV ^;e�KTgOg V � A |'^Wa<a<D © g A ÓèØãÚ�ØãÔèÓ8^Te V � A a � a x
V<A _ í

ë ü DFa V � A a AZV ^Te§KTgOg V � A Ú;ÝNØ®ÙfÞT×�Ó V �?K V EjK U�©§A KT|�|?ghD AjB
V ^`D V í

ë ý DOa V � A ^;> B4A > AjB a AZV ^;e�Ùä×�ÓèØãÚ�×?Ø®Ó�K V ¥Y�?DOEH� B4A EZD x
a�DO^ U avENK U1©§A _`K B�A Q V �?K V DOa V � A�� ÛhÞ;áHÚTÛYØ ÔNâ ß Þ à Ú�Û� Þ à Ù��CÞT×?í

ë þ B4A ¦ U�A a V � A Ø à Ú�×?ÓHÙäØæÙfÞ�× ß5à Þ;áHÚ;áNÙäÛêÙäØæÙfÔèÓ ©'ANV ¥ AjANU
K U�� |?KTDO>
^;e-a V K VMA a0D U ú K�e VMA > AZ�4A ENS V D U z³K U K;E V DO^ U
D U�ü í

ë ÿ B4A ¦ U?A a V � A ÛhÞCÝHÚ�Û$ÝHÞ[ÓèØ®Ó�^;> à Ô��
Ú à Ü�Ó³K;aMa�^4ENDOK V<AjB
¥YD V � V � A a ALV >HK U a�D V DO^ U a �

k UÄV ��DFa�e{>HKT_ A ¥�^;>MG5Q V � A S?a�S'KTg�> Ajì S A a V DFa V ^�EZ^;_J|�S V<A
¥Y�'K V DFa³EjKTgOg ACB K U Þ ß ØæÙäâJÚTÛ ß Þ�ÛêÙfÝNå�Q V �?K V DOa³K e{S U E V DO^ U	�
 V �'K V Kwa<a<^4EZDFK V<A a�¥YD V �¨K U�� ÓHØãÚ�ØãÔ
��� ú K U?B K U�� Ø®Ùäâ`Ô� � ý K U Þ ß ØæÙäâJÚTÛ$Ú;ÝNØ®ÙfÞT× 	�
 ¬�� û � ¯ Q V �?K V DFavK U K;E V DO^ U
V �?K V _JD U Dh_JDO� A a V � A Ô�� ß ÔHÝNØ ÔHÜ � ÛhÞwáMÚTÛ'ÝHÞ[ÓèØ5¬{^;>9_`K � DO_vDO� A a
V � A´AN� | A E V<ACB z;gO^ © K;g à Ô��
Ú à Ü ¯ ^ U�V � A > A _`K;D U D U z VMA _ x
|§^;>HKTgY�?^;>MDh�j^ U\� ]8��DFaJz;gO^ © K;g.EZ^Wa V ^;>`> A ¥8KT> B _`K �Ã©§A
B�A ¦ U�ACB Kwa V � A ÓèÖ4âvQ V � A Ü�ÙFÓNÝHÞ�Ö4×?ØãÔHÜvÓèÖ4â³QW^;> V � A â`ÔHÚ�×
ç Ú�Û Ö?Ô�^;e V � A gh^4EjKTgwEN^wa V a�^;>�> A ¥8KT> B a\Kwa<a<^4EZDFK VMAjB ¥YD V � V � A
KwE V S?KTg V >HK U a<D V DO^ U a ��� � AjU�V � A ^w| V DO_`KTgW|'^wghDFE ��B ^ A a U ^ V
B�A | ANU?B ^ U�V � ALV DO_ A � K U?B ^ U g �¨B�A | ANU?B a.^ U�V � A a V K V<A�wQ�D V DFaYa<K;D B¨V ^ ©§A ÓèØ ÚTØ®ÙfÞT×§Ú à å �
=?^;>Y^wS�>Y|�>M^ © g A _ ±

ë ú DFa B�A ¦ U�ACB¾©�� KÒa AZV ^TeÄÓèØãÚ�ØãÔ ç Ú à ÙfÚ;áNÛhÔZÓ°K U?B
V � A Dh>$Kwa<a<^4EZDFK VMAjB ÜwÞ�â`Ú�Ùä×?ÓHí V � A EH��^wa ANU a V K VMA �[K;><D x
K © g A acK;> AôV � A ×?Ö4â`áHÔ à ^TeJ^;| A >HK V Dh^ U KTg�aMK VMA gOghD V<A a
K U?B a�|'KT> A a³^ U°A K;EH�*^;> © D V KTg8|�gFK U�A Q
K U'B1V � A Ú � Ô
^Te A K;EH��^Te V � A a A aMK VMA gOghD V<A aNí

ë V � A aMKT_ A ¥�K � Q ü DFa B4A ¦ U�AjB+©�� K"a AZV ^Te�Ü;ÔHÝZÙäé
ÓèÙfÞ�× ç Ú à ÙfÚ;áNÛhÔZÓ
K U?BvV � A DO>0Kwa<a<^4EZDFK V<ACB Ü;Þ�â`Ú�Ùä×?Óèí V � A
EH��^wa ANUÄB4A EZDFa�DO^ U ��KT>MDOK © g A aLKT> AvV � A ÛOÚ�Ö4×§Ý � Ùä× � ÜwÔZé
ÝZÙFÓèÙfÞT×1¬ V ^ gFKTS U EH��^w> U ^ VLV ^ÁgOK;S U EH�ÄK U?B Q\D U ENKwa A
^TeYgFKTS U EH��Q V � A gOK;S U EH� V�� | AC¯ Q V � A K;aMa�^4ENDOK V<AjB Þ à é
áZÙäØãÚ�Û ß ÛhÚT×§ÔNQ?K U?B¨V � A ×'Ö4âJáHÔ à ^Te�a�|'KT> A a V ^ ©§A a ANUWV
^ UôV � A ^;| A >HK V Dh^ U KTg�^;> © D V ^ UÄA KwEH�Ä^;> © D V KTg%|�gFK U?A í
_J^;> A ^�� A >jQ8EZ^ U a V >HKTD UwV a ©§AZV ¥ ANANU a V K V<A K U?B�B�A EZD x
a�DO^ U �[K;><DFK © g A a
KTgOgO^�¥ S'a V ^va<| A EZDhe � ¥Y�?K VYB4A ENDOa<DO^ U a
ENK U�U ^ VY©§A KT|�|?ghD AjB�V ^`Kvz;DO� AjU a V K V<A í

ë ý DFaLÜTÙFÓNÝ à ÔNØæÙ��jÔHÜ�¥YD V ��^ U�A _J^ UWV �ô¬ V � A#V Dh_ A#V K;G ANU
©�� K³a�|'KT> A.V ^ B >MD e V e{><^w_¾^ U�A ^;> © D V KTg§|�gFK U�A$V ^ V � A
U�AZ��Vè¯$©§AZV ¥ ANAjU«V ¥�^ a�S?EjE A a<a<Dh� AvB�A EZDFa<Dh^ U D U a V K UWV ajQ
K U?B DFa.EZ^ U a�D B4A > ACB Kwa#Ùä×���×'ÙäØ ÔNí

ë þ DFa B�A ¦ U�ACB«©�� K�a ANV ^;e à ÚT×§Ü;ÞTâ ç Ú à ÙfÚ;áNÛhÔZÓLKwa<a<^ xEZDFK VMAjB ¥YD V � V � A |§^waMa�D © g A efK;DhgOS�> A a�K U?BÃ©�� ÝHÞT×§Ü�Ùäé
Ø®ÙfÞT×§ÚTÛ ß5à Þ;áHÚwáZÙäÛêÙäØæÙfÔZÓ ©§AZV ¥ ANANU a V K V<A ��KT>MDOK © g A a
Kwa<a<^ x
EZDFK VMAjB ¥YD V �½KÃzwDh� ANU D U a V K UWV Q B4A EZDFa�DO^ U ��KT>MDFK © g A a
K;aMa�^4ENDOK V<AjB ¥YD V � V � A aMKT_ A D U a V K UWV Q5>HK U?B ^;_���KT>MD x
K © g A a�K;aMa�^4ENDOK V<AjB ¥YD V � V � A*V >HK U a<D V DO^ U e{^;gOgO^�¥YD U z
V � A#B4A ENDOa<Dh^ U QwK U?B a V K VMA ��KT>MDOK © g A a�K;aMa<^�ENDOK V<ACB ¥YD V �
V � A�U?AZ��V D U a V K UWV í

ë ÿ B�A ¦ U�A a V � A ÛhÞCÝMÚTÛ8ÝHÞ�ÓHØ®Ó�Kwa<a<^4EZDFK VMAjB ¥YD V �"ÓèØ ÚTØ ÔZÓ
¬ A D V � A >#|?KT> V DFKTg-^;>$EN^;_J|�g AZV<A S U K[��KTDOgOK © DOghD V�� ^;e V � A
EZ^ U a VMA gOgOK V DO^ U'¯ K U?B Ü;ÔHÝZÙFÓèÙfÞT×�Ó½¬{|�> A |'KT>HK V DO^ U K U?B
gOK;S U EH� EZ^Wa V a ¯ í

ë V � A�� ÛhÞ;áHÚ�Û
ÝHÞ�ÓHØ9DFa B4A ¦ U�ACB K;a V � A ÜTÙFÓZÝHÞTÖ4×?ØãÔMÜ¨ÓèÖ4â
^Te V � A gO^�EjKTg
EN^wa V ajQ9K U?B KÄÓèØãÚ�ØæÙfÞ�×§Ú à å ß Þ�ÛêÙfÝNå V �?K V
_JD U DO_JDh� A a V � AYAZ� | A E V<AjB zwgh^ © KTg4EZ^Wa V DFa%gO^W^wG ACB e{^;> �

o0S V Q�¥Y� A > A K;a�a�^w_ A ^Te V � AJB4A ENDOa<Dh^ U a�KT> A ÙäâvâJÔHÜ�ÙfÚTØ ÔNÛêå
Ô���ÔHÝZÖ4ØãÚ;áNÛhÔ�¬{gFKTS U EH�½^;> © D V KTg#|�gFK U�A D U EjK;a A ^Te�gFKTS U EH�\Q
a�|?K;> A a V ^ ©§A a ANUWV ^ U�V � A ^w| A >MK V DO^ U K;g;^w> © D VH¯ Q�^ V � A >Ha-K;> A
U ^ V ¬faMK V<A ghgOD V<A |�> A |'KT>HK V DO^ UÃB K V<A K U?BÄU S�_ ©'A >jQ�gFKTS U EH�
B K VMA K U'BôV�� | AC¯ Q ©§A ENK;S?a A`V � Aj�ÄU�ANACBÄV DO_ A¨V ^ ©'A |�> AZx
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A >HK V DO^ U a ¯Z�
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]8� A |�> A ghDO_JD U KT> � > A a�S�g V a9¥ A |�> A a AjUWV D U�V ��DFa�|?KT| A >�EN^ U4x
E A > UÁV � A ^;| V Dh_JDO�jK V Dh^ U ^Te V � A _JK;D UWVMANU K U E A |��'K;a A Q?Kwa x
a�S�_JD U z V �?K V0V � A�B4A |�gO^ � _ ANUWV K U?B´AjU?B ^;e-a A >M�WDFE A |'^wghD x
EZD A a8^Te V � A EZ^ U a VMA gOgOK V DO^ U KT> A K;gh> A K B4�´B4A ¦ U�AjB��
��A EZ^ U a<D B4A >YK³EN^ U a V<A ghgFK V Dh^ U D U �w^;gO��D U zvr p ^;| A >HK V Dh^ U KTg
a<K V<A gOgOD VMA ajQ A � ANU g ��B DOa V >MD © S V<ACB ^�� A >��°^;> © D V KTg#|�gOK U�A a �
]8��> AjA¨V�� | A aJ^;e#gFKTS U EH� A >Ha³K;> A K[��KTDOgOK © g A ¥YD V ��K«|?K �Wx
gh^WK B ^;e p Q%�'Q�K U?B*t aMK V<A ghgOD V<A a �J��A K;aMa<S�_ A´V �'K V�V � A
|�><^ © K © DhgOD V D A aL^Te�gOK;S U EH� A >LefKTDOghS�> A K U?B aMK V<A ghgOD V<A efKTDOghS?> A
KT> A G U ^�¥ U ¥YD V �´E A > V K;D UWV��´±-V � A a<K V<A gOgOD VMA _J^ UWV ��g � efK;Dhg x
S�> A |?><^ © K © DOgOD V�� DFaYK;aMa<S�_ AjB�V ^ ©§A EZ^ U a V K UWV K U?BÁACì S'KTg
V ^$�?Q �w�;rLí V � A gFKTS U EH�LefK;DhgOS�> A |�>M^ © K © DOghD V D A a\K;> A Kwa<a<S�_ AjB
V ^ ©§A > A a<| A E V DO� A g ��Ajì S?K;g V ^«� � sC�ÄQ9� � �w��K U?B � � � � e{^;>
V � A¨p Q\�?Q9K U?Bôt a<K V<A gOgOD VMA gOK;S U EH� A >Ma � ]8� A ghDhe A ^Te A KwEH�
a<K V<A gOgOD VMA DOa´Kwa<a<S�_ AjB*V ^ ©'ActÄ�wA KT>`gO^ U z � n aMK VMA gOghD V<A
EZ^wa V a�s�S U D V í V � A³p Q��?Q§K U?B t aMK V<A ghgOD V<A gFKTS U EH� A >HaYEZ^Wa V
> A a�| A E V DO� A g � s;Q8s �¼� Q�K U?B*p S U D V a � � A z;>HK B K V DO^ U EN^wa V a
svS U D V | A >�aMK VMA gOghD V<A ^wS V ^Te0^w> B�A >�K U?B | A >�_J^ UWV � � k U
V � A D U D V DOK;g�a V K V<A ^Te V � A _`KTD UWV<ANU K U E A |��'K;a A Q4KTgOg V � A r p
a<K V<A gOgOD VMA a�K;> A K;aMa�S?_ ACB�V ^ ©'A ^;| A >HK V DO^ U KTg%K U?B � �;A KT>
^;g B�� k U |�>HK;E V DFE A ¥ A a�DO_�S�gFK VMA´V >MK Å�A E V ^;>MD A a�^�� A >³K*sj�
�;A K;>8��^;>MDh�j^ U\�
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o A ENK;S?a A ^Te V � A gFKT>Mz A�U S?_ ©§A >�^Te0EN^;_ © D U K V DO^ U a#^Te B�AZx
EZDFa�DO^ U a V ^ÁEN^ U a<D B�A >LK VLA K;EH��D U a V K UWV Q�¥ A D UWV >M^ B S?E A K U
KT> © D V >MK;> � Þ à Ü;Ô à áHÔZØd�
ÔHÔZ×ôÜ;ÔHÝZÙFÓèÙfÞT×�Ó ± ¦?>Ma VYAZ��V<AjU a<Dh^ U ^;e
V � A a<K V<A ghgOD VMA |?> A |?KT>HK V Dh^ U K U?B gOK;S U EH��D U z°|?gOK U Q V � ANU
gOK;S U EH��^;> © D V K;g.|�gFK U�A D U ENKwa A ^;e�gOK;S U EH�\Q.K U?B ¦ U K;ghg �
a�|?K;> A a V ^ ©§A a ANUWV#V ^ V � A ^;| A >HK V DO^ U KTg�^w> © D VC� � K;EH��D U4x
a V K UWV DOa V �WS'a�KT> V Dh¦'EZDFKTgOg ��B4A EN^;_J|'^Wa ACB D UWV ^�rÁD U a V K UWV a
K U?B ¥ A D UwV ><^ B S'E A r`��K;ghS A e{S U E V Dh^ U ajQ§r´a<DO_v|?ghDh¦ AjB ^w| x
V DO_JK;ghD V��ôAjì S?K V Dh^ U a�K U'B r�a�S ©�x |§^;gODOEND A a � ]8��DFa B4A EN^;_ x
|'^Wa�D V DO^ U ^Te V � A |?><^ © g A _ DFaYDhgOgOS?a V >MK V<ACB ^ U ¦?zwS�> A s �
� A a�|�D V<A ^Te V ��DFa³a<Dh_J|�gODh¦'ENK V DO^ U ^;e V � A B4A ENDOa<DO^ U a<|?K;E A Q
V � A |?><^ © g A _ðDFa�a V DOghg V ^�^�gOK;><z AY©'A ENK;S?a A ^;e V � A ��S�z A a�DO� A
^Te V � A a V K VMA a<|?KwE A;����A K;> A S U K © g A�V ^La V ^w> A0V � A r���KTgOS A
e{S U E V Dh^ U a.D U KJgO^W^wG�S�| xæV K © g Aw� ]8��S?a.¥ A�B4A ¦ U�A K`gOD U�A KT>
KT|�|�>M^ � Dh_`K V DO^ U ^Te A KwEH�ô��K;ghS A e{S U E V Dh^ UÃ© K;a AjB ^ U ^ U�A



e_sol

e_sp

e_op

e_sol’

e_sp

e_op

e_sol’’

e_sp’

e_op

e_sol’’

e_sp’’

e_op’

r_lanc

a_sol

a_sp

a_lanc

e_t e_t’ e_t’’ e_t+1

Vlanc(e_t’) Vsp(e_t’’) Vsol(e_t+1)Vsol(e_t)

r_deg

®r¯±°�²�³�´�µM¶­·5¸t¹¡ºB¸t»`¼�½¿¾MÀÂÁB¸�ÃtÄ�Å�Æ­ÄMÇ?½±¼�½±ÄM»ÈÄMÉ)¼�Ê�¸LÁ5¸tÃt½±Ç?½±Ä�»ËÆBÌ�Ä�Í5ÎÀ¿¸�ÅÏ½¿»�ÐÑÇF¼�¸tÆ�Ç
��S U'B > ACB e A K V S�> A a � } ^Te V � A a V K V<AJ±�© K;a<DOE#e A K V S�> A a8gODOG A
V � A�U S?_ ©§A >�K U?BLV � A KTz A a\^;e V � A ^;| A >HK V Dh^ U KTgWK U?B a<|?K;> A
aMK VMA gOghD V<A a\^ U�A K;EH�L^;> © D V K;gT|�gFK U�A Q[a ��UWV � ANV DFE�e A K V S�> A a�gODOG A
V � A K[� A >HKTz A K;z A ^Te V � A ^;| A >HK V Dh^ U KTg\aMK VMA gOghD V<A a.^ U�A K;EH�
^w> © D V KTg�|�gFK U�Aw�
]8� A ¦?>Ha V |��?Kwa A ^Te V � A ¦?>Ma V D V<A >MK V DO^ U ^;e V � A K;ghzw^;>MD V ��_
EN^ U a<DFa V aLD UÄA a V DO_`K V D U z V � A ��KTgOS A e{S U E V DO^ U K;aMa�^4ENDOK V<AjB
¥YD V � V � A a V K;> V D U z AZ� | A > V |§^;gODOE � 	 k ¬fa ANA a A E V Dh^ U � � r ¯ Q
©�� S?a�D U zcKca AZV ^;e V >HK Å�A E V ^w><D A a�^ ©�V KTD U�ACBÄ©W� e{^;gOgh^�¥YD U z	 k K U?B°©W� _JD U DO_vDO�ND U z V � AÁì S?K B >MK V DFE A ><>M^;> ©'ANV ¥ AjANU
V � A ^ © a A >M� ACB`V >MK Å�A E V ^;> � EZ^wa V a8K U?B´V � A |?KT>HKT_ ANV<A >MDO� AjB
��K;ghS A e{S U E V DO^ U ¬®a AjALAjì S?K V Dh^ U a tw¯Z�
]8� A ^ U4x gOD U�AYý���~ �`K;ghzw^;>MD V ��_ï¥ A S?a ACBvV ^�S�| B K V<AYV � A
¥ A DOz;� V a m } D U EN> A _ AjUWV KTgOg � KTe V<A > A KwEH� V >HK U a<D V DO^ U ^;e A K;EH�
V >MK Å�A E V ^;> � a AjA _`a V ^`EN^ U � A ><z A.V ^�¥8KT> B a�K ¬{gO^�EjKTg ¯ _vD U D x
_³S�_ð^;e V � AYì S'K B >HK V DOE A >M><^w>%K�e V<A >�K.e A ¥*D V<A >MK V DO^ U a � ]-^
��K;ghD B K VMAvV � A a A > A a<S�g V ajQ\¥ A DO_J|�g A _ ANUWV<ACB K�a A EN^ U?B KTg x
zw^;>MD V ��_Ò^Te V � A ñ«Þ�×'Ø ÔNéc��Ú à ÛhÞ8efKT_JDhg � Q V �?K V DOa�K U ^TÂ x ghD U�A
K;ghzw^;>MD V ��_ � ]8��DFa�KTgOz;^w><D V �?_ DOa�EN^;_J|�S V K V DO^ U KTgOg � _J^w> A
AN� | AjU a�DO� A$V �?K U`V � A |�> A ��DO^;S?ajQ © S V
V � A�ì S?K B >HK V DFE A ><>M^;>
¥ A ^ ©4V KTD U DOaYK © ^wS V#p ��Ò7a<_`KTgOg A >�¬fa ANA ¦?z;S?> A¾p;¯è�
]8� A e{^;gOgh^�¥YD U zJD V<A >HK V Dh^ U aY^;e V � A K;ghzw^;>MD V ��_ EN^ U a<DOa V a.D U
V > � D U z V ^�Dh_J|�>M^�� A ^ UJV ��DFa
a V K;> V D U z AN� | A > V |§^;gODFE �;� H U4x
V Dhg U ^�¥�Q V � A a A D V<A >MK V DO^ U a B D B U ^ V |�><^���D B4A aMK V DFa�e � D U z
> A a<S�g V a ±9V � A _`KTD UwVMANU K U E A |'^wghDFEZD A a0¥ A z;^ V K;> A ^Te\|§^W^w>
ì S?K;ghD V��;�ÔÓ ^�¥ A � A >jQL¥Y� AjU ¥ A S?a A K UÒAZ� | A > V |§^;gODOE �
e{^w> V � A ¦?>Ma V p a�S ©4x |§^;gODFEZD A a«¬ AZ��V<AjU a<Dh^ U ^Te V � A a<K V<A g x
gOD V<A |�> A |?KT>HK V Dh^ U K U?B gOK;S U EH��D U zc|�gFK U Q�gOK;S U EH�1^w> © D V KTg
|?gOK U�A D U EjK;a A ^Te�gFKTS U EH� ¯ Q V � A g A K;> U?AjB�V ��DO> B a<S ©4x |§^;gODOE �
¬®a�|'KT> A a V ^ ©§A a AjUwV0V ^ V � A ^;| A >HK V Dh^ U KTg'^;> © D VH¯ | A >�e{^w><_`a
Kwa V � A aMKT_ A g A � A g V �?K U K U ^;| V Dh_JDO� AjB AN� | A > V |§^;gODOE �
¬®a AjA a A E V Dh^ U � � r ¯è�
n |'^Wa<a<D © g ALAZ� |�gFK U K V DO^ UÁV ^ V � A > A gFK V Dh� A D U�A �´EZD ANU E � ^Te
V � A KT|�|?><^ � DO_JK V<A |§^;gODFE � D V<A >HK V Dh^ U _JDOz;� V�©§AvV � A |§^W^w>
ì S?K;ghD V�� ^Te V � A gOD U?A KT>�K;|�|�>M^ � Dh_`K V Dh^ U ^Te V � A ��KTgOS A e{S U E x
V Dh^ U�±�V � A´U S�_ A >MDFENKTg
Dh_J|�> A ENDOa<Dh^ U ^Te8^;S�>³��KTgOS A e{S U E x

®r¯Õ°�²�³�´QÖ5¶�×�Ø�Ä�À±ºB¼�½±Ä�»ÑÄMÉ­¼�Ê�¸e¹`º�¾�Á5ÌS¾�¼�½±Ã¢¸�Ì?Ì�ÄMÌ8Ùe½Õ¼�ÊÚ¼�Ê�¸¢ÛGÜ/ÎFÝ¾�À±Þ�ÄMÌ�½Õ¼�ÊBÅ'Îrßàº�¾�Á¡ÌS¾�¼�½±ÃG¸�Ì?Ì�Ä�Ì�ÄMÍB¼S¾�½¿»B¸cÁ�Í`áL¼�ÊB¸¢âÈÄ�»`¼�¸�ÎdãG¾�Ì�À¿Ä¾�À±Þ�ÄMÌ�½Õ¼�ÊBÅ
V DO^ U Q V �?K V#B ^ A a U ^ V K;ghgO^�¥ V � A K;ghzw^;>MD V ��_ V ^`_`KTG ALV � A
KT|�|�>M^;|?><DFK VMA�B�A EZDFa<Dh^ U a5e{^;> V � A0AZ��V<AjU a�DO^ U ^;e V � A aMK VMA gOghD V<A
|�> A |?KT>HK V Dh^ U K U'B gFKTS U EH�?D U z�|�gFK U QTK U?B e{^;> V � A EH��^wDOE A ^;e
V � A gOK;S U EH�³^;> © D V KTgW|�gFK U�A D U ENK;a A ^;e?gFKTS U EH� � o A EjKTS?a A ^;e
V � AL9¨B DOaMEZ^wS UWV D U zLefK;E V ^;>CQ V � A |�> A ENDOa<Dh^ U ^;e V � A K;|�|�>M^ �Wx
Dh_`K V Dh^ U DFaLD U'B4ANACB EZ>MD V DFENKTg�¥Y� AjUôB�A EZDFa<Dh^ U a��?K[� A gh^ U z x
V<A >M_ ©'AjU�A ¦ V aJ¬ ©�� a<K[��D U z B4A z;>HK B K V DO^ U EZ^Wa V a ¯Y© S V Dh_ x
_ ACB DFK V<A EN^wa V a`¬fghDOG A aMK VMA gOghD V<A |�> A |?K;>MK V DO^ U K U?B gFKTS U EH�
EZ^wa V a ¯è�Q�ôA K;> A ENS�><> ANUWV g � EZ^ U a�D B4A ><D U z ×§ÔNÖ à Ú�Û9×§ÔNØd�
Þ à<õ
KT>HEH��D VMA E V S�> A a0e{^;>Yz AZV<V D U z ©'ANV�VMA >$K;|�|�>M^ � DO_`K V Dh^ U a �
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�
]8� A |§^;gODOE � ¥ A¨V > ��V ^«^w| V DO_JDh� A DFa © Kwa ACB ^ U K�a ANV ^;e
AZ� | A > V |'KT>HKT_ AZVMA >MDh� AjB ^w> U ^ U�x |?K;>MK;_ AZV<A ><DO� ACB¨B4A EZDFa�DO^ U
><S�g A a �L�#U?A |?K;>MK;_ ANV<A ><DO� ACB ><S�g A DFa B4A ¦ U?AjB e{^w> A K;EH�c^;e
V � A�V �?> AjA a V<A |?a8^Te V � A�B4A ENDOa<DO^ U |?><^4E A a<aL¬®a AjA ¦?zwS�> A s ¯è�
]8� A a A >MS�g A a�K;> A |?KT>HKT_ AZVMA >MDh� AjB �WDFK q > A K;g x ��KTgOS AjB |'K x
>MK;_ ANV<A >Ma � =�^w>YD U a V K U E A Q V � A ><S?g A e{^w> V � A > A |?gOKwE A _ AjUwV
^Te�^;| A >HK V DO^ U KTg\aMK V<A ghgOD V<A a8D U �;^wgh� A a8KJ|?KT>HKT_ ANV<A > V �?K V DFa
Kc_`K � DO_�S�_ K;z A Q ©§AN� ^ U?B ¥Y��DOEH� K«aMK VMA gOghD V<A _�S?a V³©§A
> A |�gOKwE ACB D e V � A > A DFavK U K[��KTDOgFK © g A a<|?KT> A ^ U1V � A aMKT_ A
^;> © D V KTg�|�gFK U?A;�
]8� Aåä ÙfÔw�ZÔ à é`æ�Þ�Û �ZÞ¡�%ÙäØ��ÁK;ghzw^;>MD V ��_ DFa¨a V ^w|�| ACB K�e VMA >¨K
a�| A END ¦ ACB"U S�_ ©§A >�^Te�D VMA >HK V Dh^ U a �3X >M^���D B D U zÄK U ^w| V D x
_vDO� ACB |?KT>HKT_ AZVMA >Y� A E V ^;> V KTG A aYKve A ¥3��^wS�>Ma �¢�ôA �?K[� A
U ^�zwS?KT>HK UWV<AjA > A gOK V<ACBvV ^ V � A#ì S?K;ghD V�� ^Te V � A > A a<S�g V Q © S V
V � A EZ^ U � A >Mz ANU E A ^Te V � A K;ghzw^;>MD V ��_ B ^ A a U ^ V a AjA _ V ^
B4A | ANU?B ^ UÄV � A a V KT> V D U zc|§^;D UWV ^Te V � A KTgOz;^w><D V �?_ ¬ V � A
_JK � Dh_³S�_ B D Â A > ANU E A a ©§AZV ¥ ANAjULV � A �[K;ghS A a�^ ©4V K;D U�ACB e{^;>
V � A ¦ U K;g0� A E V ^;> Ajì S?KTg p Ò ¯è�[�ôA�U ^ V DFE ACBÄV �?K V Q%e{^w>³K
a�| A END ¦ ACBcU S�_ ©'A >�^;e�a<Dh_³S�gFK V DO^ U aNQ V � A > A DFaLK V >MK B4AZx ^TÂ
V ^´_`KTG A�©'ANV ¥ AjANU V � A�U S�_ ©§A >#^Te�a<Dh_³S�gOK V DO^ U a.S?a ACB K V
A K;EH��D V<A >MK V DO^ U D U ^;> B4A > V ^ A a V Dh_`K V<AcV � A e{S U E V Dh^ UÏ�
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