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 � 1 3 � � p f ` G p k�v p�` �H�sijf m k hqeJa k�v ` k<k�v p k�i a[ajp�o � e{a c i��uk `ba � p$x p � e f p � p �:i `bo k e
k�v p � eJa c iB�uk `�a � p �:i `�a k�ijf ` k 
X� hPajz{oPp ` k e f � � e{a k ` �uk �  � � O�
�N � � N `�a c k�v ` k h k crp � }�p�` � p �p�gXm eJajp�a k h `boqo �j� h k�v hPa � }�p�` � hPajz cXh �sk `ba � p  }�e f�k�v p �>i }  ` � p 1 > mjmjoPhqp�c k e k�v p k�i ajajp�oqhPajz
� e{a crh k hPe{a � e  L hPz 1 � 1 3 ` �jk�v h � oqp�`Jc � k e(` � `�o i p,e  � \ ��� O�
�N � � N

 C Z a u> 1�Q ` G hPajz ��� O�
uN � � N ` �k�v p�o ` k�k h � p�m[oy`ba[p � p�m `b} ` k hPeJa hqa k�i ajz �>k p�a"e  3 1 � u> &�� 3a�H��� � crhq}�p ��k hPe{a � K k e C 1 C u> &�� 3!3a��� �
crhq}�p �uk hPe{a � K eJa[p�p�a c � i m � h k�v ` k hqm ��� ` f m[oPp � p�m `�}
` k hPe{a e  ajZ � \ a[Z � u> 1SQ v h � }�p �>i o k h �
hPa ` ��� e{}
cj`�a � p k e�e i }Bp �sk h f ` k hPe{a � e f m `�}�hqajz k�v p � `�o �ui o ` k p�c�`badc f p�` �si }�p�c � eJ}�} i z ` k hqeJa
` f mjoPh k�i crp 1Q v p7e{}�xjh k `�o �
v `b} ` �uk p�}(e  ,k�v p k hPm ���sk ` k p crp�m p�a c �3f(i��
v eJa k�v p k hPm f ` k p�}�h `bo i�� p�c 1
� grm p�}�h f p/a kk� crh �H�ui��H� p�c hqa � p �uk hPeJa 
 � 1 C � v ` � p�x p�p�a � `�}�}�hPp�c&e ijkf� h k�v�m k hqm � 1jL e{} m
k hqm ` k e fP�<k�v p k�i ajajp�oqhPajz�h �<f e �sk o � c i p k e�� � p�oPp �uk }�eJa � ` k k�v p L p�} f h�p/ajp�}�z � 1fQ v h �<v ` �
`bo � ewx p�p�a � e{a ¥ } f p�c�x � p�oPp �uk }�eJajh �
�>k } i��uk�i }�p � `�o �ui o ` k hPeJa � e  � v ajh �sv h]p k `�o 18& � C K eJa m
� o i��sk p�} �M�W�_v h � vwf ` G p � k�v p�` �H�sijf m k hqeJawe  � � � }
` k�v p�}_}�p�`boqh �>k h � 1

m p f ` � cr} ` � e{ajp,h f m eJ} k `�a kp� eJa � o i�� hPeJa  }�e f k�v h � hPa � p �sk hPz:` k hqeJa � Q v p � eJ}�} i z ` k hqeJa
}�p � p�} � `bo �sv e � awhPa L hPz 1 � 1 C � `ba c � `�o �ui o ` k p�c  e{}B`ba
	 ���>k ` k p k hPm ���sv e i oyc�x p,`bo � e �H� `boqp�c � i m
x ��k�v p,p�a v `ba � p f p�a k< ` �uk eJ} & 3 3&K `�a c k�vri��U�>v e i oyc x p crp k p �uk `�xjoPp!x � ¢NQ�� � p/grm p�}�h f p�a k�� 1> o k�v e i z v�f e{}�p_}�p�`boqh �sk h � k hPm � eJ}�xjh k `bo � f `�zJajh  � k�v p � eJ}�} i z:` k hqeJa'` f m[oPh k�i crp � p  e i a c �
v e � p � p�} � k�v ` k k�v p ¢NQ�� � h f `bzJp � e{x k `�hPajp�c  }�e f � � � e{}�� � � ���>k ` k p k hqm e{}�xjh k `bo � cre aje k
crh � p/} � i `boPh k ` k h � p/o �0 }�e f1k�v p 	 � k hqm h f `bz{p � 1fQ v p�}�p  eJ}�p ��� p � `ba � `  p�o � }�p �>k }�h �uk!k�v p  ti } �
k�v p�}!cXh ����i���� hPeJa `ba c&`�a `bo ��� h � eJa k�v p � e{}�} i z:` k hPe{a&}�p � p/} � `�o k e k�v p f eXcrp�o�e  Q p�} � e � `�a c
� ` f `baja 1
3���3 ! #:83���z= -�=)�Z} 5)��*+*$7'�Z8$�+-/��# 01�!2(�!*$=S83�
Q e�z{h � p�`ba&p�gXmjo `ba ` k hPe{a7e  +k�v p,h f `bz{p � }�p � p�} � `bo eJa k�v p�x ` � h � e  +k�v p,p�oqp �uk }�eJa[h �`�sk } i��uk�i }�p
� p �sk `b} kT� h k�v&k�v p L p�} f h �>i }  ` � p�e  Vm�
 3!3�� � ` � crh � mjoy` � p�cwhPa L hPz 1 � 1 � 1TL hPz 1 � 1 � ` �sv e �o�
k�v p � p�a k p/}�p�c�}�p �uk `�ajz i o `b} C ¡ ����� e  +k�v p x ����� 
 3!3a� � ���si }  ` � p `badc7hPa L hPz 1 � 1 � x � `bo �ui oy` k p�c
p�oqp �uk }�eJajh �z�>k ` k p � ` kwk�v p L p/} f h_p�a[p�}�z � `b}�p f `b} G p�c 1 ¢ f `�oPo_eJm p�a � hq} � oqp � cXh �sk hPajz i h �>v
x i o GJ� oPh G p �>k ` k p �R }�e f �si }  ` � pBoPe � `�oPh § p�c �sk ` k p � }�p�mj}�p � p�a k p�c x �
 ti oPo cre k�� 1 � a[p ¥ adc �.k�v }�p�p
�si }  ` � p�}�p � eJa `�a � p(x `ba c � `�a c ` �>i }  ` � p ���sk ` k p(x `�a c �_v h �
v&v ` � p(`bo � ewx p/p�a �sk�i crhPpLc p�g �
m p�}�h f p�a k `�oPo � x � m v e k e:p f h �H� hqeJa &Q( a K%1'Q v p!p�gXm p�}�h f p�a k `�oPo � e{x � p�} � p�c �si }  ` � p,}�p � eJad`ba � p �
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687:9<;<=?>�@ BX@<D �#V�M G+N<P/bLMtT	Ka_cV
EaT�pAqOr�r�sZkci}K�km�a�-Y���MONQ\�\QEHb�NXR%/cEHR�V�_cEHM�MOVcP/I�EHR�^LNXR�h [ E [ ~�Vj_cV�R [ V�MOVc^
MOVc_ [ KZR�hHb�\XK�MJbLR�N [ _cVc\Q\-EaT v _c_ [ M�K�R�P N [ N�E�RZY5G+V [ Ka\Wq�r�r�s�k P/bLMtT	Ka_cVcP�q V�i h#i!pAqOr�r�s�k kci v kJd [ K [ VcP£EaT
pAqOr�r�sZk
K [j[ ~�V��#V�M G+N�V�R�V�MOh�n�i �
ILV�R!_cNXMO_c\QVcPuGJKZM>= v b�\ =�P [ K [ VcP_;�~�NQ\QV��#\Q\QVc^%_cN)M�_c\�VcP�MOV�ILMOVcP�V�R [
P/bLMtT	Ka_cV8P [ K [ VcP EHMyM�VcP�EHRLK�R�_cVcP ;8N [ ~JK-\QEH_�KU\�N /�K [ N�E�R q�V
K I�Vc_ [ K [ NQEHR¦o�Ka\Xb�V�k�EUT VcN [ ~�V�MwG+EHMOV [ ~LKZR�r�s��
;8N [ ~�NXR [ ~�VJo�KU_�bLbLG M�Vch�NQEHR EHM�G+EHMOV [ ~LK�R x ��� ;8N [ ~�NXR [ ~�V G+b�� RZY [ N)R�P/IL~�V�MOVcP+EaT [ ~�VJP/bLMtT	Ka_cV
K [ E�G+PyNXR�_c\Xb�^LNXR�h [ ~�V-o�KU_�bLbLG M�Vch�NQEHR�EHMyG¦EHMOV [ ~LKZR Y ���D;8N [ ~�NXR [ ~�V-P/bLMtT	Ka_cV�K [ EHG+P�9ZP/b v P/bLMtT	Ka_cV
K [ E�G+P8K�R�^ [ ~�VjoaKa_�bLbLG MOVch�NQEHR�i

Q v p �>i }  ` � p �sk ` k p �si }�}�e i a c � k�v p��¢ m e{hPa k e  ]k�v p � }�hqoPoPe i hPa �O§ e{ajp �_v hqoPpBeJajp!}�p � e{a `ba � p
h � `�}�e i a c	�
 � `�a c `�}�e i a c��� � `ba cM` k�v hP} c e{ajp7h �0�>k }�p k��
v hPa[z `boPe{ajz k�v p'`bgXp � �
 �� `�a c
�
 �� 1   a7e{}
crp�} k e � p�p k�v p crh � m p/} � hqeJa'e  Uk�v p � p�cXh � p�}�p/a ko�>i }  ` � p�oPe � `�oPh § p�c �sk ` k p � L hqz 1 � 1 �
�sv e �o� k�v p�x `�a c �>k } iB�uk�i }�pwhPa �
 �¢ � crhP}�p �uk hqeJa 1 � ajp�}�p � eJz{ajh § p �$k�v p �si }  ` � p �>k ` k p�oqe � ` k p�c
hPa"`ba p�ajp/}�zJp k h � z `bm e  x i o G xd`ba c � ` �`� p�oqo ` �$k�� e k�� m p � e  }�p � e{a `ba � p � 1AQ v p �si }  ` � p �
�sk ` k p$xd`ba c v ` � h kk� p�ajp�}�zJp k h �<f hqajh f�i[f ` k \

3 Z i p � `ba c  }�e f ` f e{}�p,cXp k `�hPoPpLc�`ba `�o ��� h �
h k,� `ba x p � e{a � o i crp�c k�v ` k h k��,� v `b}
` �uk p/} � v `�ajzJp �
 }�e f mj}�p�cre f hPa `�a k o � � ��� v `b}
` �uk p/}�` k
k�v p f hqajh f�ijf k e�` � � k�� m p �>k ` k p�` k<k�v p § e{ajp x e i a cj`�} � 1TQ v h �o� v `bajz{p e ���ui } � zJ}
`{c i `�oPo �
`badc �sk ` k p � ajp�`�} k�v p L p�} f h p/ajp�}�z �wv ` � p � e f m `�}
`�xjoPp � e{a k }�hPx ijk hqeJa � e  x e k�v&k+� m p �$� h k�v
` �sf `boPoU`{c f hPg k�i }�p(e  	 � p�oqp �uk }�eJa � 1 mDv hqoPp k�v p�}�p � eJad`ba � p'`�}�e i a c �
 p�g v hPxjh k�� `7}
` k�v p/}

 ` k crh � m p�} � hPe{a � k�v p�}�p � e{a `ba � p � }�e ��� hPajz k�v p L p�} f h p�a[p�}�z � `bmjmj}�e�grh f ` k p�o �wv `�o  o� ` �&k e
�¢ � }�h � p �Z� i h k p �>k p�p�m[o � 1-Q vXi��&�Uk�v p�}�pwh � ` � e{a � h crp�} `bxjoqp a ijf x p�} e  m e ��� hPxjoqp7p�oqp �uk }�eJa[h �
�sk ` k p � }�p � m e{a � hqxjoPp  e{} k�v p_eJx � p�} � p�c,m v p�a[e f p�ad`<`�a c3e{ajp v ` � k e i a crp�} �sk `ba c k�v p_}�p�o ` k h � p
h f m e{} k `ba � p+e  k�v p � p �sk ` k p � ` �R� p�oqo:` � k�v p�hP} �:i `�a k h k ` k h � p � eJa k }�hqx ijk hPeJa k e k�v p � eJ}�} i z ` k hqeJa
hPa � p�} � hPe{a 1   a7e{}
crp�} k e ¥ a c k�v e � p �sk ` k p �M� �_v h �
vz� eJa k }�hqx ijk p f e �sk_k e k�v p � eJ}�} i z:` k hqeJa&hPa
¢NQ�� � h f `�zJp ��� p(`b}�p oPe:e G hPa[z&` k,k�v p �%� crp�m p�adcrp�a � p(e  Bk�v p � ` � p  ti a �uk hPe{a � ` k cXh � p�}�p/a k
m eJhqa kk� hqa }�p � hqmj}�e � `�o � m ` � p 1nL eJoPoqe � hPajz ¢ ` �"G�� p k `�o 1y& � (�K � p$x p�z{hPa k�v p�`bad`bo ��� h � hqa k p�} fP�
e  k�v p � h f mjoPh ¥ p�c f eXcrp�oXhPa k }�eXc i�� p�c x � � �N� 1 
 a 1 � i n a 1 ��� � 1   a k�v h � f eXcrp/o � p � `�a � p�p �{k�v ` k
k�v p�� I � `badc���� I � }�p � eJo � p�c � eJa k }�hPx ijk hPe{a k e k�v p �>i }  ` � p k e{m e{zJ} `bm vN� ` kBk�v p �>i }  ` � p,mjoy`�ajp
�  � h � crp k p �uk p�cw` k!k�v p�cXh �sk `ba � p � `  tk p�}�� I � `badc���� I � crp�m p�adcrp�a k�� p�hPz vrk hPajz(p�gXmj}�p �H� p�c
x � � � 1 
 a 1 � i � 1 � eJa � p �:i p�a k o �@�$� ` � p �Z� h k�v k�v p �sf `boPoqp �sk o ` k�k h � p � p �uk e{} � ��� I�`ba c k�v p
v hqz v p �>k p/ajp�}�z ���n� hPoPo�}�p�` �
v e ijkU ti } k�v p �>k hPa k e k�v p � ` ��ijijf `ba c � eJa k }�hPx i[k p f e �>k_k e k�v p
¢NQ�� h f `bz{p 1   a L hPz 1 � 1:( k�v p ¥ } �sk�k�v }�p�p �sk `b}  ti a �uk hqeJa ��� ���� 
 ^ I � `b}�p�p�gXmjoPh � h k o �j�>v e � a
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687:9<;<=?> @<B � Du�8KU\�_�b�\XK [ Vc^%P/bLMtT	Ka_cV v KZR�^LP [ M�b�_ [ bLM�V
EaT+p q�r�r�s�kJKU\�E�R�h [ ~�V�����dZY	^LNXMOVc_ [ NQEHR EaT [ ~�V�� M�N�\|Y
\QEHb�NXR�/cEHR�V�i d [ K [ VcPWGJKZM>=aVc^w;8N [ ~�P��LbLK�MOV�9 ^LE [ EHM
^LNXK�G+EHR�^ K�MOV!\QEH_�KU\�N /cVc^ ;8N [ ~�G¦EHMOV [ ~LKZR���� NXR
[ ~�V-o�Ka_�bLbLG39#G+EHMOV [ ~LK�R Y s�� ;8N [ ~�NXR [ ~�V
o�Ka_�bLbLG
I�\Xb�P [ ~�VuG+b�� RZY [ NXR�P/IL~�V�MOV�EaT [ ~�VJP/bLMtT	Ka_cVuK [ EHG�9
EHM�G+EHMOV [ ~LK�R G�s�� ;mN [ ~�N)R [ ~�V�o�Ka_�bLbLG�I�\Xb�P [ ~�V
G+b�� RZY [ NXR�P/IL~�V�MOVcPmEaT [ ~�V
P/bLM5T�Ka_cVjKZR�^uP/b v P�bLMtT�KU_cV
K [ E�G+P�9}M�VcP/ILVc_ [ NQo�Vc\Qn�i!f8~�Vu��V�M�G+NwV�R�V�MOh�n�� t ^LV�Y
��R�VcP [ ~�V
V�R�V�MOh�n /cV�MOE#i
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687:9<;<=?> @<B���D d [ K�M£T�bLR�_ [ N�E�R�P T2EHM`K v _c_ qOr�r?s�k�P/bLMtT	Ka_cV�9
N2i V�i-KSMOVc_ [ KZR�hHb�\XK�MtY	_cV�R [ V�MOVc^ [ ;�EaY
^LNXG+V�R�P�NQEHRLKa\-bLR�N [ _cVc\�\2i{q2K�kj�U� bLR�N [ _cVc\Q\2ief8~�V ��MOP [ P [ K�M-T	bLR�_ [ NQEHR!NQPuK�_cE�R�P [ K�R [ i%q v k�_cEHMtY
MOVcP/I�EHR�^LNXR�huP Vc_cEHR�^�P [ K�M T	bLR�_ [ NQEHR�^LNQP/I�\XK?n�N)R�h [ ~�VjK [ EHG+P8KaP8ILMOE [ M b�P�NQEHR�P�i
	mE [ V�9 [ ~LK [�[ ~�V
P N�h�R
EaT [ ~�V+V
KLILK�R�P�NQEHR%q�P [ K�M�k�_cE�V �u_cNQV�R [ _�K�R v VJR�VchHK [ N�oZVW\QV�Ka^LNXR�h [ E KZR�NXR�oZV�MOP�NQEHR EaT [ ~�N�P
NXGJKUh�V�i
q�_�k [ ~�NXMO^�P [ KZM T�bLR�_ [ NQEHR£P/~�E�;8NXR�hWILKZM�Ka\Q\QVc\#P [ M�N)I�VcP8Ka\QEHR�h [ ~�VmP/~�EHM [ K�K�NQPyEaT [ ~�V-MOVc_ [ K�R�hHb�\XK�M _cVc\Q\2i

 eJ} ` x ���"� 
 3 3a� � �si }  ` � p,oy` k�k h � p ��� eJ}�}�p � m eJa crhqajz k e k�v p k�v }�p�p �>f `boqoPp �>kU�>k `b} � 
 �  3 � C � i �Ue  
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I  
 3 ¤�� C � � ������
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 C ¤ � � � p�gXmj}�p �H� p�c
hPa i a[h k�� e  � C������ V �W� h k�v � V x p�hqajz k�v p,oy` k�k h � p � e{a �sk `ba k �
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 � � h � `ba `�o �#§ p�c,zJ}
`�m v h � `boqo �

hPa L hqz � � � � ` ���  e{} k�v p � p k�v }�p/p �sf `�oPoPp �sk'�>k `b} � � L hPz � � � � ` ��� crh � mjo ` ��k�v pBp�grm e{ajp�a k hy`�o crp � ` �
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� }�e ���'� p �uk hqeJa � k�v }�e i z v�k�v p m�
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� p  eJoPoqe �Dk�v p  eJ} f ` k hPe{a�e  k�v p m�
 3!3�� � ���>i }  ` � p  }�e f)k�v p!x i o G x � m i oqoPhqajz�`�m `b} k<k�v p m
x i o G hPa crh �H� }�p k p �>k p�m � oPe{ajz k�v p & 3!3��%K � crhq}�p ��k hPe{a � m p v ` � p � v e � p/a&` 
 3!3�� � i ajh kT� p�oqo e  a

 3 3a� � � mjoy`�ajp � hPa §&� crhq}�p �uk hPe{a&`badc hqa � }�pL` � pLc k�v p � p�m `�}
` k hPe{a x p k�� p�p�a k�v p � p i ajh k � p�oPo � x �
� Z � u> � 3 Z � u> `�a c C Z � u> `boqeJajz k�v p §M� crhq}�p ��k hPe{a �sk `�} k hPajz  }�e f k�v pUx i o G`� p�md`b}
` k hqeJa � > k p�` � v
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�si }  ` � p �sk ` k p'`�oPeJa[z � h k�v"k�v p  e{} f ` k hqeJaQe  Bk�v p �>i }  ` � p�h �h�sv e � a hqa L hPz � ��� 3!3  e{} k�v p
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v `b}�zJp � x p k�� p/p�a k�v p(` k e fP� `boPe{ajz k�v p �sv eJ} k � h crp�e  k�v p � p�a k p�}�p�c
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 3!3�� � �   a k�v ` k
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� e f md`b}�hqajz k�v h � x `�a c �sk } i���k�i }�p � h k�v(k�v p 3!3 oy` � p�} � `bo �ui o ` k hqeJa�e  L hqz � � � � e{ajp<a[e k h � p �
k�v ` kBk�v p �si }  ` � p ���sk ` k p x `�a c � h k�v h k��o� v `b}
` �uk p/}�h �>k h � p�ajp�}�z �wf hqajh f�ijf hPa k�v p f h cjcroPp e  
k�v p �
 �¢ � crhP}�p �uk hPeJa'h �_f h �H� hqajz � Q v p�}�p�h � `3x `�a c7hPa k�v p f eJa[eJoy` � p�}Ux `badc �sk } i��uk�i }�p � h k�v `
x p v ` � hPeJ}Uajp�`�} �¢ � m eJhPa k�
 ` k�� � Z � p � �N� p/p L hPz � � � 3 i � � h f hqoy`b} k e k�v p �>i }  ` � p ���sk ` k p,x `�a c�e  
k�v p m�
 3 3a� � ���>i }  ` � p x ijk_k�v p � `bo �ui oy` k hqeJa�e  ]k�v p � p � eJa c �sk `�} � e:p [�� hPp/a k crh � mjo ` ��� a[e � hPz{a
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k e k�v p L p/} f hXp�ajp�}�z �Y� m p�` G(v p�hqz vXk�� e{} p�a[p�}�z � crh � m p/} � hqeJa � cXp�m p�a c�e{a k�v p � } ���sk `bo m e k p/a �
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KZG+EHR�^ K�MOV \QEH_�KU\�N /cVc^ ;8N [ ~ G+E�MOV [ ~LKZR �Zs�� NXR [ ~�V
oaKa_�bLbLG�ijfm~�VW��V�M�G+N V�R�V�MOh�n � t ^LV���R�VcP [ ~�V+V�R�V�MOh�n
/cV�M�E#i

mj}�p�crh ��k p�c  e{} m�
 3 3a� � � h � `7}
` k�v p�}�z{p�ajp�} `bo_m v p�aje f p�ajeJa  eJ}(`boqo x ���"� 
 3 3a� � � k }
`�a � h k hqeJa �
f p k `bo �si }  ` � p � `bo k�v e i z vwk�v p!h f `�zJp �
v `�ajzJp f ` � e � �ui }B` k cXh � p�}�p/a k � eJo k `bz{p � crp/m p/a crhPa[z
eJa k�v p f p k `�o � Q v p�}�p  eJ}�p �'� p v ` � p � `�o �ui o ` k p�c Q ` 
 3 3a� �(` � `�aD`Jc[crh k hPeJad`bo_p�g[` f m[oPp(e  
aje{a ��f `bzJa[p k h � x ���"� 
 3!3�� � ��k }
`ba � h k hPe{a ��f p k `�o �si }  ` � p � � Q v p � e{}�} i z:` k hPe{aD` f mjoPh k�i cXp�` k `
crh �sk `�a � p!e  � V  a[Z � u> h � crh � mjo ` � pLc3hqa L hPz � ��� 3 a � > �V e{} m�
 3 3a� � k�v p�}�pBh � ` � eJ}�} i z ` k hqeJa
}�p � p�} � `bo �_v h �
v hPa k�v h �Z� ` � pwe ����i } � ` k |  � 3 Z i � � Q vXi�� hqa ` � hycrp � e{o k `�zJp�}�p�zJh f p
`b}�e i adc � � eJajo � `�a k h ��� eJ}�} i z ` k hqeJawh f `bzJp �V� hqoPo x p eJx � p�} � p�c � > o � e k�v p � v `bajz{p  }�e f e{ajp
� e{}�} i z:` k hPe{a k�� m p k e k�v p�e k�v p�} k ` G p � mjoy` � p�e{aM` f(i�� v �sf `�oPoqp�} � eJo k `�zJp ��� `�oPp 
 h � p � k�v p
�ui } � p,h �<f(i��
vP�sk p�p�m p�}Bajp�`b} k�v p � }�h k h � `�o � eJo k `�zJp�� � Q v p �>i }  ` � p ���sk ` k p�x `�a c7}�p � m eJa � hPxjoqp
 eJ} k�v p$p � p �uk v ` � h k�� x `�a c f hPajh f�ijf ` k `�a7p�ajp/}�z � e  � Z � p � x p�oqe � rnt �  �k_v ` �o�sv h  tk p�c
i mwx � � Z ( p � � e f m `b}�p�c k e m ���_v h � v h � c i p k e k�v p  ` ��k_k�v ` k Q ` v ` � eJa[p$p/oPp �uk }�e{a�oPp �H� �

� e � ` � `�aje k�v p�}_m e �H� hPx[oPp � `badcrhycj` k p � h � h � e:p�oPp ��k }�e{ajh �Bk e m `ba c v p�a � p � p,p�gXm p �ukl e{}
k�v p � e 
 3!3�� � ���si }  ` � p(`ba7h f `bz{p � }�p � p�} � `�o�`b}�e i adc r$t � � xwh � h � e:p�oPp ��k }�e{ajh �!k e Q `�`�a c � p
p �>k h f ` k p k�v ` k�k�v p7x e k�k e f e  ,k�v p �si }  ` � p ���>k ` k p7xd`ba c �>v e i o c x p&`�o � eQ`�}�e i a c � Z � p �
x p�oPe � r$t `badc7`bawh f `bz{p � }�p � p�} � `bo �>v e i o c e ����i }!`�}�e i a c |  � 3 Z i � �
3�� � � 8 ��#'�<�+-�� x �z=�� �`6 =����7�q~!4Z4��,�
> f e{}�p � e f mjoPh � ` k p�c �H� p�a `�}�hqe f ` � crp � p/oPeJm  eJ} k�v p 
 3!3a� � ���si }  ` � p � e  k�v p f `bz{ajp k h � x ���
i � k }
`�a � h k hqeJa f p k `�o � � } � � a � `�a c L p � Q v pwp�oPp ��k }�e{ajh �A�sk } i��uk�i }�pwh �Z� mjhPa ��� mjoPh k x � `�a
p�g � v `bajz{p � mjoPh k�k hPajz �W�_v e � p � h § p,h � mj}�eJm eJ} k hPe{a `bo k e k�v p!oPe � `�o f `bzJa[p k h � f e f p�a k � Q v p�}�p �
 eJ}�p �rk�v pBh f `�zJp � }�p � p/} � `�o �sv e i o c e � �ui } k�� h � p � e{a � p  e{} k�v p f ` ��e{}�h k�� �sk ` k p � `�a c�e{a � p  e{}
k�v p f hPa[eJ}�h k��z�>k ` k p � �    _k�v p f ` ��e{}�h k��:�sk ` k p � `b}�p�oPe � ` k p�c x p/oPe � rnt `ba c k�v p f hPaje{}�h k��
�sk ` k p � `b}�p oqe � ` k p�c&`bx e � p rnt eJ} ` f `bz{ajp k h �!k hqm7h �_i�� p�c � k�v p�a k�v p e{x � p/} � ` k hPeJa e  x e k�v
`ba k h ��� eJ}�} i z:` k hqeJa �n�sv e i oyc�x p � e f p m e �H� hPx[oPp �   a�z{p�ajp�} `bo � v e � p � p�} � aje{a � f `bz{ajp k h � k hqm � `b}�p
i�� p�c�`badc�p�oPp �uk }�eJa � e  eJajp � mjhqa �
v `b} ` �uk p�}Ucre f hPa ` k p k�v p k�i a[ajp�oPhqajz �ui }�}�p�a k �   a k�v h �'� ` � p
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 9�_�Ka\Q_�b�\XK [ Vc^ v n F ��i�q x iHGZ��k
9 v V [ ;�VcV�R [ ~�V\XK [ V�M�KU\]I�E�NXR [ Pj=JI�EUT GJK�K�N)G+bLG K�R�^ G+NXR�NXGWbLG _cEHM�M�b�h�K [ NQEHR�;mN [ ~�N)R [ ~�VjP/bLM5T�Ka_cV+bLR�N [ _cVc\Q\2ijf8~�V
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9 [ ~�Vj_cEHM M�b�hHK [ NQEHR`G+V�KaP/bLM�Vc^ v V [ ; VcV�R [ ~�V+ILE�P N [ N�E�R
EaT [ ~�VjK [ E�G KZR�^ [ ~�Vj~�E�\Q\QE�; P�N [ V�i�f8~�V
^LNQP [ K�R�_cV T�M�EHG [ ~�V
P/bLM5T�Ka_cV_;8KaP+8 VUC xXWHY �l+i

eJa[p!p�gXm p �uk�� eJajo ��k�v p,`ba k h ��� eJ}�} i z:` k hqeJawe  k�v p oPp�`{crhPajz � ` �uiji[f � mjhPa �
v `�}
` ��k p�} � Q v p f h �
aje{} � ` ��ijijf � mjhqa �
v `b} ` �uk p�} ���_v h �
v h � aje k ajp � p �H� `�}�hPo � h crp�a k h � `bo k e k�v p f hPaje{}�h k+�,�>k ` k p �M�
f ` �A� eJa k }�hPx ijk p k e ` �sf `boPo hPa k p�a � h k���� `b}�hy` k hPe{a7e  k�v p k�i aja[p�oPhqajz �ui }�}�p�a k �Q e'p�gXmjoPe{}�p k�v h �  ti } k�v p�} � p v ` � p�hqa � p �sk hqz:` k p�c  p�}�}�e f `bz{ajp k h � L p 
 3!3�� �,` � ` k�� mjh � `�o
p�g[` f m[oPp7e  ` f `�zJajp k h � x ��� k } `ba � h k hPeJa f p k `bo!hqa f eJ}�p cXp k `�hPo � L p v ` � k�� e � `boqp�a � p
p�oqp �uk }�eJa �Bf eJ}�p k�v `ba m � ¢ hPa � p  p/}�}�e f `bz{ajp k h � L p v ` � ` f e f p�a k e  `�x e ijk C
	�� � x e k�v
`Jc[crh k hPeJad`bo�p�oqp �uk }�eJa � e ���ui m ��f ` ��eJ}�h k��,�sk ` k p � `�a c k�v p,a i[f x p�}+e  L p f hqajeJ}�h k�� p�oPp �uk }�eJa �
`badc7e  'm � `�oPp�a � p$p/oPp �uk }�e{a � m p�} � m[hPa �>k ` k p�`�}�p `bx e ijk,k�v p � ` f p � Q v p�}�p  eJ}�p �!� h f hPoy`�} k e
m � L p f hPa[eJ}�h k��P� mjhqa �>k ` k p ���>v e i o c&cr}�h � p k�v p�`�a k h ��� eJ}�} i z ` k hqeJa p � p �uk ` k p/ajp�}�z{hPp �o� oqe � p
k e k�v p L p�} f h p�ajp/}�z �@� p � z � �>f `boqo�xjhy` � � e{o k `�zJp � `badc k�vXi����>v e i oyc7x p�` ��� p �H� hPx[oPp,x � ¢NQ�� �
p�gXm p�}�h f p�a k�� � Q v p'`ba k h ��� e{}�} i z:` k hPe{a p � p �uk cr}�h � p�a x �Qk�v p f ` ��e{}�h k�� p�oPp ��k }�e{a � f ` � x p
� p/oPo x p�oqe � rnt `�a c m[}�eJxd`bxjo � aje k ` � � p ��� hPxjoqp!x � ¢NQ�� � p�grm p�}�h f p/a kk� �

m p v ` � p � `�o �ui o ` k p�c k�v p�p/oPp �uk }�e{ajh �f�sk } i��uk�i }�p�e  $ p�}�}�e f `bzJa[p k h � L p 
 3!3�� � � Q v p�x i o G
f `�zJajp k h ��f e f p�a k�� ` � crp k p�} f hPajp�c k e C � � � 	
� hqaQzJe:eXc `bz{}�p�p f p�a k
� h k�v k�v p p/grm p�}�h �
f p�a k `�o � `�o i p�e  C � 3 C�	�� � Q v p �>i }  ` � p f `�zJajp k h � f e f p�a kU� ` � p�a v `ba � pLc k e C � i � 	�� �> � p�gXm p �uk pLc � p  e i a c ` � mjhPa ��� m[oPh k p�oqp �uk }�eJa[h �Z�sk } i���k�i }�p � � e:e G hPajz ` k k�v p � ¡ � ¢ e  `
�si }  ` � p L p(` k e f crh � mjo ` � p�c hqa L hPz ��� � 3 � � p ¥ a c `ba p�g � v `�ajzJp � mjoPh k�k hPajz�e  `�x e ijk C p �
 eJ} ` �>i }  ` � pw` k e f � Q v p f hPa[eJ}�h k��z� mjhPa �sk ` k p � `b}�p k�v p cre f hqa ` k hPajz � mjhPa � v `b}
` �uk p/} hPa
k�v p � h � hPajh k+� e  ,k�v p L p�} f h+p�ajp�}�z � � � eJ}�p/e � p/} � ` kDrntDk�v p f ` ��eJ}�h k����sk ` k p � `�}�p f e �>k o �
x i o Gj�>k ` k p � `�a c k�v p f hPa[eJ}�h k��P�sk ` k p � `b}�p f e �sk o �:�si }  ` � p �>k ` k p � oPe � ` k p�c&hPa k�v p k�� mjh � `�o
x ��� x eJa crhqajz � `ba k hqx eJa crhqajz(z:`bm cre f hPa ` k hPa[z k�v p k�i ajajp/oPhPa[z �ui }�}�p�a k k�v }�e i z v'k�v p � ` �uijijf
x `�}�}�hqp�} 
X�� � L hqz � � � 3 � � �L hPz i }�p � � 3 � p�g v hqxjh kk� k�v p �si }  ` � p�x `ba c �sk } i��uk�i }�p � e  Uk�v p L p 
 3!3a� � f hPaje{}�h k�� `ba c f ` �
��eJ}�h k��f�sk ` k p � `�oPe{ajz �
 �¢ crhP}�p �uk hqeJa � � e k�v `b}�p � h f hqoy`�} k e k�v p_x `badc �sk } i��uk�i }�p_e  �k�v p m�
 3 3a� � �
�si }  ` � p 
X�" � L hPz � � � � � �   a&m `�} k h �ui o `b} k�v p �si }  ` � p ���sk ` k p�x `�a c � }�p � m eJa � hPxjoqp  eJ} k�v p(`ba k h �
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-
k 9}\QE�;�V�M+ILK�M [ G¦N)R�E�MON [ n
P [ K [ VcP�q P/I�NXR E

kciAf EHI{ILK�R�Vc\
_cEHR [ KaNXR�P [ ~�V �j�
d�NXR [ ~�V o�Ka_�bLbLG K [ K [ NXIZY	P/K�GJI�\QV ^LNQP [ KZR�_cV
EaT+8
V C � �l NXR K�o�E�\XbLG+V£^LV [ V�M�G+NXR�Vc^ v n���8
V!C r W ���l+i�g NQ^L^L\�V�K�R�^ v E [�[ E�G ILK�R�Vc\�P/~�E�; [ ~�V
K�R�hHb�\XK�M�G¦EHG+V�R [ bLG�^LVc_cEHGJI�E�P�Vc^J^LV�R�P�N [ n+EaT�P [ K [ VcPyILMOE��5Vc_ [ Vc^WNXRJG+b�� RZY [ N)R¦P/IL~�V�MOVcP�T2EHM P/bLMtT	Ka_cV
K [ E�G K�R�^e_cV�R [ V�M�K [ EHG�9 MOVcP/I�Vc_ [ NQo�Vc\Qn�i f8~�V�\XK [�[ V�M _cEHM�MOVcP�ILEHR�^LP [ E [ ~�V v b�\5= ���j�
d�i ��b�\Q\�\QNXR�V
MOV�ILMOVcP V�R [ P [ ~�V [ E [ Ka\�_cEHR [ MON v b [ NQEHR3;�~�NQ\QV [ ~�V v M�E{=aV�R�\QNXR�VuMOV�ILMOVcP�V�R [ P [ ~�VjNXR�P�NQhHR�N �#_�K�R [ K�G+E�bLR [
EaT ' -�) -��!_cEHR [ MON v b [ NQEHR�i�l
M�MOE�;8P
NXR�^LNQ_�K [ V [ ~�V�G+NXR�N)G+bLG EUT [ ~�VJP�bLMtT�KU_cVuP [ K [ V v K�R�^<i�f8~�V
�#V�M G+N<V�R�V�MOh�n�NQP [ ~�V
EHMONQh�NXR�EaT�V�R�V�MOh�n /cV�MOE#i

� e{}�} i z:` k p�c�h f `�zJp � e  k�v p m�
 3 3a� � ���si }  ` � p ��� `ba�x p  e i adc  e{} x e k�v:� mjhqa �
v `�}
` ��k p�} � � L e{}
k�v p L p f hPaje{}�h k�� �sk ` k p �jk�v p,x e k�k e f e  +k�v p �si }  ` � p ���>k ` k p x `�a c�h � oqe � ` k p�cw` k `bx e ijk \ � Z (p � &Q( � K � hqa crp�p�c � oPe � p k e k�v p � `bo i p�e  \ 3 Z i p �  e{} m�
 3 3a� � � L eJ} f ` ��e{}�h k+�:�>k ` k p �&�]k�v p
x e k�k e f e  k�v p �si }  ` � p ���sk ` k p_x `ba c h � oPe � ` k pLc ` k \ C Zba p � &)( � K � Q v p § p�}�e �ui } � ` k�i }�pB` k k�v p
x e k�k e f e  Uk�v p �si }  ` � p ���sk ` k p�x `ba c � oPp�`{c k e�ad`b}�}�e � m p�` G�� hPa k�v p � ¡ � ¢ e  Uk�v p �>i }  ` � pL p�` k e f `badc k�v p � ` �uijijf p/g v hqxjh k p�c�hqa L hPz � ��� 3 � �

� eJ}�}�p � m e{a crhqajz k e k�v p f hPaje{}�h k��Y���>k ` k p �si }  ` � p � x `�a c �sk `�} k hPajz'` k \ � Z ( p � � p(crp k p/} �
f hqajp�c k�v p � e{}�} i z:` k hPe{a � }�p � p�} � `�o  }�e f k�v p�`�a k h ��� eJ}�} i z ` k p�c7h f `�zJp k e k�v p�ajeJ} f `bo ¢NQ�� �
h f `bzJpwhqa k�v p f hPaje{}�h k+�Y���sk ` k p ���
v `baja[p�oB` k ` � eJo k `bz{p7e  `�x e ijk%� � Z ( � �$�>v e � a hqa L hqz �
� � 3Z( � ¢ hqa � p!hqawzJp�ajp/}
`bo k�v p ¢NQ�� � k hPm'h � aje ko� p�a � h k h � p k e k�v p � mjhqa'crhP}�p �uk hqeJa�e  +k�i ajajp�oqhPajz
p�oqp �uk }�eJa �M�jf ` ��e{}�h k��A� mjhqa �sk ` k p �o� hPoPo `bo � e � e{a k }�hqx ijk p k e�`�a7h f `bzJp k ` G p�a'` k k�v h � p�ajp�}�z � �
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surface state at +0.1 eV
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c(2x2) antiferri.

Cr 1 Cr 2

Cr 1 Cr 2

Cr 1 Cr 2

1

1

(c)

(b)

(a)

ferromagnetic

layered antiferro.
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2@4GAB?F%/H7'U+;2B'*),+B§�Mb�,+T<WDWP,ME6mHKRT+fH;090F47c
HGD{)]HGD{�/+1+1%S2Q?OD><
RTP/DUDE+;2}?9%}'*),+tZLM*+1XQ?94KP/D�DE+;RT'U?94K%�l �Y?F%/RT+['*),+Cc}H7Z,Z/+;H;M[H70ODW4�6r4KM='*)L+tAB4G%L4G0OH1cY+1M�:=+|RT4G%/Rz09P/2@+
'*)]H7'o'*),+C?9Mt4QR1RzP,M*MU+1%/RT+f?3D{4G%,0Fcd2@PL+V'U4B'*),+xH7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ORoRT4KP,Z,0F?9%,J.476�4K%,+­§�M8H;'*4GA
'*4x'*),+}�,+}DEPL�/DE'UM_H7'U+Ylf�Y+;RT4K%/2y`y4K%,+BRCH7%^-/%/2dH.DWZ,?9%SDWZ,09?F'{Z/H;M*'U%,+1Mo476�'*)L+fA.H �*4GMU?9'Wc.DW'_H7'U+
H7'Z'|iMP\�x+1¢ RT4G%,%L+;RT'*+e2 'U4^'*)L+V6r+1M*MU4GA.H;JG%,+C'*?ORCH7090FcNRT4GP,ZL09+;2�§�MfH;'*4GA :I?9'U)�4G%L09c�DE09?FJG)Q'*0Fc
),?FJG),+1Mo+1%L+1M*JKcYlBn=),+CM*+T6r4KM*+}?9'82@4Y+;Do%,4G'oZ,MU4Q2@P/RT+.H;%�+1pQ'*MbHsZ/+;H;�d?9%S'*),+}'*4K'_H;0IDEZ/+;Rz'*M*PLAdl
n=),?3D=?ODIH70F'*+1MU+;2V6r4GM['*),+8�^%@<mAB4K%,4G03HecY+CM=HKD�:�+o:I?9090¡09+;H;M*%.�/+1094;:ol

n=),+d?9% �/P,+1%/Rz+^476«�,P/R_�@0F?9%,JS'*PLM*%/DV4KP,'B'U4®�/+d4;6uAx4GM*+N?9ABZ/4KM*'_H;%/RT+.6r4GMB'U),+SRG�&��¯��Y�
�&H;%@'U? �r6r+1M*MU?9A.H;JG%,+1'U?ORtRz4G%@-/JKP,M_H;'*?F4G%S476I'U),+B§�MtAB4K%,4G03H1cY+1MI'*)/H;%�?F'{:ªHGD{6r4GM|'*),+B§�Mb�]+}DWP,ME<
6mHGRz+.H70F094;cYl
��+103H7pQ?9%,J.'U),+.H7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ORCH7090FcdRT4KP,Z,0F+;2�§�M}H;'*4KA ?F%@:ªH7M_2S�@c�H7%,4K'*),+CM
�r� �&DW+1+onaH7�,0F+o�@lFh7��M*+;DWP,09'bD ?9%xHf2,H;ABZ,?9%LJ�4;6�H70F0yZ/+;H7�LD Ax+1%@'U?94K%,+;2fH7�/4;XY+tMU+10OH;'*?9XY+I'U4f'*),+
4QR1RTPLZ,?9+;2$� ��� DEP,MW6mHGRT+8DE'bH7'U+Yl�n=),?ODI?ODI2QP,+o'*4f'*)L+²6mHKRT'I'*)]H7'|H7090�'U),+;DW+o2,H7AxZ~+e2­DW'_H;'*+;DI4GMU?9J7<
?9%]H7'*+o6rM*4KA©'*)L+B�&H;%@'U?\6r+1MUM*4KA.H7JK%,+1'*?3R7��?9%Q:IH;M_2.M*+103H7pQ+;2^§�MoH7'U4GA©?F%/RTMU+;HGDW?9%,J}'*),+C?9M[XGHKRTP,P,A
�/H;M*M*?F+1M=MU+10OH;'*?FXY+I'*4u'U)/H7'I4;6a'*),+ ��� � DE'bH7'*+wl�n=),+o2@4KAB?9%/H;'*?F%,JuMU4G09+[476�'*)L+ ��� � DE'bH7'U+t?OD�),+1%/RT+
DE'UM*+1%LJG'*)L+1%,+;2yl��,P,M*'U),+1M1`K?9'�DE),? 6r'_D�?F%u+1%,+CM*JGc8'*4oH[XGH;09P,+I4;6 %tiMP i��{+C¢ H7%/2u?3D�%,4;:q094QR1H;'*+;2fH;'
'*)L+oD*H;AB+I+1%,+1MUJGcxHGD�'*),+ ��� � DEP,MW6mHGRT+tMU+;DE4K%/H7%]RT+t476a'U),+[Z,P,M*+8§�M1�&iKi@h;� <>DEP,MW6mHGRT+xg��K�7kmlGW{%L+{?3D



�;���_� ���`
 � � 
*	 � � � � �

 � 
��
	 �#��
 �n
 � �#��� �����
	 hC�@h

1

c(2x2) antiferri.

Mn 1 Mn 2

Mn 1 Mn 2

Mn 1 Mn 2

1

1

(c)

(b)

(a)

ferromagnetic

layered antiferro.

���! #"#$�sZt % t ' yM-/>�<54629OhA3D�<52@0q25-=<�A3D�2@+�-e29d�A8<^];7\Dp0q*=-@C�>h0325AH.C<gA3D�2@+�-m*HTVUEW UKZ <@];7\Dj03*=-8];>�462�*=-=L6L
]�<5-=P_4 > 2@+�-8*/0qLB*/]�LN032�4BA�> 0?>�P[2@+�-nL 0q25-/7503L�*=AH>�<52^0K>K2m:;0K792�A3Ds2@+�-*I�y)zM)Q4N>Q2^+�-8fr0q*/];];. IK46fK-/>_bKO
2@+�-FA(7G<52s<52@0K7�*=A�- wv*=46-/>?2�#"�rT&%?Z�032 % 
 ��N � *t�DVAH7�2@+�-�P;4��#-/79-/>?2 .�03I�>�-=2546*�*=AH>5AaIH];750q2546AH>�<�A3D�0GC�>
.CAH>�A?L 0	OK-/7 AH> >a-HTVx?x;w/Z=k�� L6AK25<�<@+�A3d 2^+�-Y.�0 xzAH7G4B29O Tp);:�4 > �MZe0?>�P .C4N>�AH794629O�TV);:�4N>
,�ZX*=AH>?2@794Nb;]��
2546AH>�</k�TV0?Z�P;46<@:�LN0/O�<82^+�-Y:#T9wnW w/Z DV-/7579AH.�0qIH>�-=2546*KJ Tpb;Z�2@+�-C:#T9wnW w/ZXLN0/O?-/79-=P�0K>K2�4 DV-/7579A�.�03IH>�-=2546*KJ
0K>�P
T�*/Zg2@+�-8*HTVUiW[UKZ�0K>?254RDF-/7�794N.�03IH>�-=2546*n*=AH>5AaIH];75032�4BA�>�k&��+�-n*=AH7579-=<^:;AH>�P;4N>�IQ.�03IH>�-=2546*n*=AH>5AaIH]��
75032�4BA�>�<80K79-C<�;3-=25*=+�-=P 032m2@+�-CDj0K7M7946IH+?2/k*E�A?25-KJ�2@+;032M2@+�-12zd�Ah<@];7\Dj03*=-(B�7M0325A�.C<u0?79-C-1K�]�46fr0qLB-/>?2
DVAH7eTV0?Z�0K>�P TVb;Zgb;]�2�P;4 �#-/79-/>?2�4N>�T�*/Z=k ��+�-m-/>�-/79IKOh750K>�IK-mA3D#2@+�-)I�y)zM)14N>h2@+�-ef303*/];];. +;03<�b�-=-/>
79-=<52^7946*=25-=PQ25A�{}|	� wE-1S <54N>�*=-82@+�46<m4B<X2@+�-8-1L;:;-/794N.C-/>?2@03L6L6O[4N.�:�AH792@0?>K2�-/>�-/7GIKO 7�0K>�IK-M4N>[) ��)�k

%,4K'!H;�,09+�'*4['*+C090G'U),+�2@?\�¡+1MU+1%/RT+��/+1'W:=+C+1%t�/4G'U)uAB4KM*Z,),4K094KJG?9+eD�H7%Qc@AB4KM*+!4K%u'U),+��/HGDW?OD�476��Qn{�]l
n�4^AB+;HKDEP,MU+u'U),+V�LP/R��Q09?F%,JB4;6I'*)L+VAB4K%,4G03H1cY+1M{?3DoH70ODW4d2@? *.RzP,09'oDW?9%/Rz+f?9'oH;AB4GP,%Q'_Dt'U4­4K%,09c
iMP i�� �� 0Fc@?F%,Jo�~+C094;:5'U),+oRT4KABAB4G%L09coHKR�),?F+1XY+;2uMU+;DE4K09P,'U?94G%}?9%.�QnI��l��!09+;Rz'*M*4K%,?ORI+T�¡+;RT'bD!A.H1c
cY+1'aDW'*M*4K%,JG0Fco+1%,)/H;%/RT+�'*),+�AB+;HKDEP,MU+;2{�,P/R_�Q09?9%LJo�&DE+C+ +wl�J,lQg �G�Ck �_`KH7%]2�'*)L+1M*+1�QcoDW4G09XY+�'U),+�Z,M*4K�@<
09+CA 4;6a2@?3DE'U?9%/RT'U?94K%f�~+C'E:�+1+1%f'U),+�§�MC�&iKi@h7�r<WDWP,ME6mHKRT+oH;%/2v'U),+[RG�m� ¯��Y���&H7%Q'*?r� 6r+1MUM*?FA.H7JK%,+1'*?3R=§�M
AB4K%,4G03HecY+CM 4K%d�,+Y�miGi@h;�_l�n=),?OD=?3D=4G%,+8'*4KZ,?ORt476�'*)L+²6r4K090F47:I?F%,J}DE+eRT'*?F4G%�l

&/+1'fP/Do%,4;:�H;%/H70Fc@�1+x'*),+BMU+;DEPL09'_Dt6r4GM8'*),+N�^%�AB4K%,4G03H1cY+1M_D{4K%��]+w�&iGiQh7�oZ,MU+;DE+C%@'U+;2�?9%
��?FJ,l��Ql �V?F%d'*+1MUA.D�4;6�'*),+}R1H;0ORTPL0OH7'U+;2 & DXWo�
H7%/2d'*),+ D(W��.?F%d'*),+fA}P *x%@<m'*?9%
DEZ,)L+1M*+;D[476
'*)L+{'W:=48�^%xH7'U4GA.D!476�'*),+[AB4K%,4G03HecY+CM1la$&%f'*),+(& DXWo�f476a'U),+I6r+1M*MU4GA.H;JG%,+1'U?OR�RT4G%@-]JGP,MbH7'*?F4G%
�&�a?9J,l;�Ql �KH��¡:=+�4G�/DW+1M*XY+�4G%,0FcoH[DE?9%LJG09+!6r+;H;'*P,MU+=0F4QR1H7'U+;2oH7'�H;%u+1%,+CM*JGc|476�'|iMP ��+C¢5H;%/2uRCH7P/DW+;2
�QcfAB?9%,4KM*?F'Ec²DE'_H;'*+;Dzl�n=),?OD�Z/+;H7�f?3D DW'*?F090,?F%V'U),+{Ax?9%,4KM*?9'Wc8DE'bH7'U+{Z/DW+1P/2@48JYH;ZB476�'*),+|�,+Y�&iKi@h7�r<
DEPLME6mHGRz+}H7%/2d476 ��� � 'EcQZ/+}HGDt?9%d'U),+}R1HKDE+f476|§�Mt�,P,'o0F4QR1H7'U+;2dH7'oHB),?FJG),+CMt+1%,+1MUJGcN�~+eR1H7P/DW+
476�'*),+o?9%]RTM*+;HKDE+;2BA.H;JG%,+C'*?ORIAB4KAB+1%Q' 4;6��^%S�&RT4KABZ/H;M*+t'bH7�,0F+u�Ql9h8H7%/2NH703DE4}'*),+oA}P *B%Q<&'U?9%
DXWo�}?9%N��?FJ,l/�@l �8H7%/2N��?9JLl/�@l ���_l�n=)QP/Dz`/HVRT4K%@6rP/DW?94G%N:I?9'U)­'U),+8DEP,MW6mHGRT+oMU+;DE4K%/H7%/Rz+�Z/+;H;�.476



h1�K� ��� � � ����� ��� ��
 � ����� � ���������
	�� � ���
������
 � � ����	 ��� � ���

�,+Y�&iKi@h;�[R1H7%d�/+f+1pLRT0FP/2@+;2yl[$&%d'*)L+u0OH1cY+1MU+;2.H7%Q'*? 6r+1M*MU4GA.H;JG%,+1'U?ORoRT4K%@-/JGPLM_H7'U?94K%5�m��?9JLly�Ql �7�¡�
:=+u-]%/2dHB),?9JK)S��P/H;09?F'_H7'U?9XY+8M*+;DW+1AV�L0OH7%]RT+t476ª'*),+«�^%SH7%/2�§�MV& DXWo�^'U),+u4K%,09c
2@?\�¡+1MU+1%/RT+
�/+1?9%LJBH}DE),? 6r'I476�'U),+ ��� � A.H��*4GM*?F'Wc}DE'_H;'*+8Z~+eH7�.'*4xH7%N+1%,+1MUJGcB4;6H'|iMP6�f+1¢flLn=),?ODIDW?9AB?F0OH;M*?9'Wc
?OD|R1H7P/DW+;2^�Qc­'U),+u6mHGRz't'*)/H;'t'*)L+f+1%,)/H;%/RT+;2^AB4KAB+1%Q'=4;6I�^%d?3DtRT4K%,%,+;RT'U+;2­:I?F'*)SHBDW),?\6r'|476
'*)L+tAB?9%L4GM*?F'WcfDE'bH7'U+��]H7%/2,D='U4f094;:=+CM +C%,+1M*JK?9+;D�:I),?90F+t'*)L+tA.H �*4KM*?9'Wc«DE'_H;'*+;DIH;M*+t4K%,09csDE09?FJG)Q'*0Fc
?9% �/P,+1%/Rz+;25�&DW+1+.��?FJ,l��@l �;�y�_l�$&%�'*),+sRG�&��¯����}�mH7%Q'*?r� 6r+1MUM*?9AsH7JG%L+1'*?3RfRT4G%@-]JGP,MbH7'*?F4G%�`�4G%�'*),+
4G'U),+1MI)/H;%/2y`,'U),+o2@? �y+CM*+1%/Rz+t'*4B§�MI?3DI��P,?F'*+|H7Z,Z]H7M*+C%@'Cl=��?FM_DW'=476�H70F0y'U),+o4QR1RTP,Z,?F+;2VA.H��*4GM*?F'Wc
DE'bH7'U+u6r+;H7'UP,M*+f4;6='U),+�6r+CM*M*4KA.H7JK%,+1'U?ORuH;'*4KA©)/HKDt2@?ODUH7Z,Z/+;H;M*+;2d:I),?F09+u'U),+fZ/+;H7�
H7' '|iSP\�f+1¢
?OD�DE'U?9090/Z,MU+;DE+C%@'Cl��tD�6r4KMI'*),+t03H1cY+1M*+;2fH;%@'U?\6r+1MUM*4KA.H7JK%,+1'*?3R{Rz4G%@-/JKP,M_H;'*?F4G%.'*),+|A.H �*4GMU?9'Wcf�/H;%/2
?OD[?9%��/PL+1%/RT+;2^4K%,09cN09?F'*'*0F+u�Qc^'U),+VJwH7?F%�?F%dA.H7JK%,+1'*?3R�AB4KAB+1%Q'1l|n=),+BDWZ,?9%SDWZ,09?F'tZ/H;M*'*%L+1Mo476
'*)L+�AsH �*4GMU?9'WcBDW'_H;'*+fH;'X'|iSP\�8+1¢�?ODI094QRCH7'*+e2­H;'X'8h P9ho+1¢ H7%/2.M*+;DWP,09'bD�?F%^Hu6rP,MU'*),+1MIZ/+;H;�.476
'*)L+V'U4G'_H;0H& DXWo�/la$>'|?ODoH703DE4^?FABZ/4GMU'_H7%Q't'U4­%L4G'*?3RT+f'*)]H7'o'*),+}AB?F%,4GMU?9'WcNDE'_H;'*+;Dt:I),?3R�)d:�+1M*+
Z,MU+;DE+1%Q' 6r4KM{§�M�%,+;H7MI'U),+|�]+CM*AB?,0F+1XY+10,)]HeXY+|2@?3D*H7ZLZ~+eH7M*+e2yl=$&%B'U),+oR1H;0ORTPL0OH7'U+;2}DEZ/+;RT'UM_H�4;6�H;090
A.H;JG%,+1'U?OR�RT4G%@-]JGP,MbH7'*?F4G%/D!'U),+[H7Z,Z/+;H;M*?F%,J�6r+;H;'*P,MU+;D!H;M*+I+1%,+CM*JG+C'*?ORCH7090Fct6mH7M�6rMU4GA�'*)L+IZ~4wDE?F'*?94K%
476a'U),+o�,+Y�miGi@h;� <>DEP,MW6mHGRT+oMU+;DE4K%/H7%/Rz+f��'|iMP ��+1¢8�_lQ��2@?3DE'*?F%/RT'U?94G%}4G%x'*),+t�]HGDE?3D=476��Qn{�«?OD 'U)@P]D
+;HKDE?90FcVZ/4wD*DE?F�,09+wl

�Y?9%]RT+d'*),+d'W:�4�A.H7JK%,+1'U?OR^Rz4G%@-/JKP,M_H;'*?F4G%/D.RT0F4YDE+eDE'B?F%(+1%,+1MUJGc®6r4KMN�^% H7M*+d'U),+^6r+1MUM*47<
A.H;JG%,+1'U?ORoH7%]2­'*)L+fRG�m�s¯N�Y�[H7%Q'*? 6r+1M*MU?9A.H;JG%,+1'U?OR[RT4G%Q-/JGP,MbH7'U?94G%��&DW+1+8��?9JLly�Ql �Y�=?F'{:�4GP,032­�/+
2@+;DW?9MbH7�,0F+t'*4}2@?3DE'U?9%,JKP,?ODW)B�/+1'W:=+1+1%x'*),+1A�4K%.'*),+o�/HKDE?OD=4;6a'*),+8DWZ~+eRT'*MbH@l�n=),?3D=?OD ?FABZ/4YDUDE?9�L09+
HGD�R1H;%V�/+|RT4G%]RT09P/2Q+;2�6rM*4KA�'*),+[R1H;0ORTPL0OH7'U?94K%V�/+;R1H;P/DE+I�/4K'*).2@?3DEZ,03H1cfHoDE)/H;M*ZBZ/+;H;�}H7'�H7%}+1%@<
+1MUJGcB4;6�H7�/4GPL' '|iMP\�q�V+1¢flLn=)@P]D{H}2@?\�¡+1MU+1%Q'I'*+;R_),%,?3��P,+|AVP/DW'I�/+uH;Z,Z,0F?9+;2ylI�YZ,?F%@<mZ~4K0OH;M*?9�C+;2
�Qn{��AB?9JK)@'8�~+
H7Z,ZL09?ORCH7�,0F+^DW?9%/Rz+­'U),+.Z/+;H7�q?ODu0F4QR1H7'U+;2®?F%5'U),+.AB?9%,4KM*?F'EcSDWZ,?9% DE'bH7'*+eD«6r4KM
'*)L+u6r+1M*MU4GA.H;JG%,+1'U?ORoH7%]2^?9%d'*)L+uA.H �*4KM*?F'EcsDEZ,?F%SDE'_H;'*+;DI6r4GMt'U),+}RG�&�B¯
���[H;%@'U?\6r+1MUM*?9AsH7JG%L+1'*?3R
RT4K%@-/JGPLM_H7'U?94K%�l��tDW?9%,Jd'U),+.�@%,4;:I%�AB?9%,4KM*?F'EcSDWP,ME6mHKRT+.M*+;DW4G%/H;%/RT+N476|'*),+
�]+w�&iGiQh7�r<WDWP,ME6mHKRT+
HGDfH^MU+T6r+1MU+1%/RT+}A.H1cd'*),+C%®ZLM*4;X@?32@+.Hd2@?3DE'U?9%/RT'U?94K%�ld$&%q'*),+B%L+1p@'«DE+;Rz'*?94K%�:=+.:I?F090�2@?ODURTP/DUD
H}2@?\�¡+1MU+1%@'IA}P/R_)BDW?9ABZL09+1M�AB+1'U),4Q2B:I),?OR_).?OD=AB+eHGDEPLM*?9%LJf%,4G%@<>DEZL?9%,Z/4G03H7MU?9�1+;2d�QnI� ?9A.H;JG+;D
:I?9'U)SH7'U4GAB?3R�M*+eDE4G0FP,'*?F4G%�l8�t2,2Q?9'*?F4G%/H;090FcY`,?9't:I?F090a�/+}DE),4;:I%S'*)/H;'�'U),+fA.H;JG%,+1'U?ODWA�476�HB�^%
AB4K%,4G03HecY+CM!4G%N�,+Y�&iKi@h;��?OD +CXY+1%VAx4GM*+|RT4KABZ,09?3R1H7'U+;2�'U)/H7%N2@?3D*RTP]D*DE+e2VP,Z.'*48%,4;:o`,H7%]2s4K'*),+CM
RT4KABZ/+1'*?F%,JfRT4K%@-/JKP,M_H;'*?94K%/D{%,+C+;2B'*4f�/+u'bH7�Y+1%B?F%@'U4}HGR1Rz4GP,%Q'1l

^$)�� � / 3��05B7�� ,bm�3:7	� 
 7 
 -078-0963R� =*m�A -07 c =Jd fVf$*(g
$&%.'*),?3DIDE+;RT'U?94K%­'U),+fRCH70ORzP,0OH;'*+;2­��nI� ?9A.H;JG+;D�:I?90F0y�/+f2@?3D*RTP]D*DE+e2­�YP/H;09?9'bH7'U?9XY+10FcY`Y?&l�+wl@�QcB'*),+
+1pQZ/+;RT'*+e2^Z/H7'U'*+1MU%�4;6I'*)L+V?FA.H7JK+;DT`�H;%/2S��P/H;%@'U?9'bH7'*?FXY+109cw`~?ml�+Yl/?9%S'*+1MUA.D{4;6I'*)L+}RT4GMUM*P,JwH7'*?F4G%
H7AxZ,09?F'*P/2@+eDTl�$&%fM*+C0OH7'U?94K%u'*4|'*),+�6r4G090F4;:I?9%,J|R�)]H7Z,'U+1M�:�+I:I?90F0QH70ODW4tZ/4G?F%@'!4KP,'!'U),+=?F%@6r4GMUA.H7'U?94G%
JYH;?9%.:I),+1%NDWZ,?9%@<mZ/4G03H7M*?F�1+;2­��nI�°?3D=H7ZLZ,09?F+;2V'*4f'U),+;DW+oDEcLDE'U+1A.DTl�§�4G%/Rz+1M*%,?F%,Jf'*)L+t+1pQZ~+eRT'*+;2
Z/H;'*'*+CM*%/DV:�+^MU+;R1H70F0{'U),+^Ax+1'*),4Q2q4768'*)L+dDE'bH7MV6rPL%/RT'*?F4G%(+1pQZ/H;%/DE?F4G%56r4GMsH�D*�YP/H7MU+^03H7'*'U?ORT+
Z,MU+;DE+1%Q'*+e2�?9%qDW+;RT'U?94G% ¬ l �Ql9hKl�$&%���?FJ,l ¬ l �.'*),+NH7ZLZ~+eH7M_H;%/RT+.476|'*)L+B094;:=+eDE'fDW'_H;Mu6rP,%/RT'U?94G%]D
:=+CM*+tJK?9XY+1%f6r4GMI'U),+t+1pLH7ABZL09+I476�HfD*�YP/H;M*+o0OH;'*'*?3RT+[:I?9'*)sHu'E:�4fH;'*4GA �/HGDW?ODTl�n=),?3D ?OD=+Cp,HKRT'*0Fc
:I)/H;'V?3Du%,+1+;2@+e2�6r4KMV'U),+NDEcLDE'U+1A�476�j��7<mAB4G%,4K0OH1cY+1MbD�4G% �,+Y�&iKi@h7�«DE?F%/RT+B6r4GM}'*)L+^RK�&� ¯��Y�
H7%Q'*? 6r+1M*MU?9A.H;JG%,+C'*?OR.RT4K%@-/JKP,M_H;'*?94K% 'U),+d'W:=4�H7'U4GA.D}476f'U),+dAB4K%,4G03HecY+CM}H7M*+S+10F+;RT'*MU4G%,?3R1H70F09c
?9%L+;��PL?9XKH70F+1%@'82@PL+­'U4d'*),+}6r+1M*MU4GA.H;JG%,+1'U?ODWA 4;6t'U),+.�,+Y�&iKi@h;� <>DEP,�/DW'*MbH7'*+wl5n=)QP/DfHdRG�m�
¯��Y�
Z/H;'*'*+CM*%�`Y?&l¨+Yl;��?FJ,l ¬ l �7��`�?3D�Z/4YDUDE?9�L09+Yl�$&%f'*)L+=6r+1M*MU4GA.H;JG%,+1'U?OR�H7%/2f0OH1cY+1MU+;2oH7%Q'*?\6r+CM*M*4KA.H7JK%,+1'U?OR
R1HKDE+Y`[4G%('*)L+d4G'*)L+1M.)/H7%/2¡`{'*)L?ODV?3DVM*P,0F+;254GPL'B�@c DEcQABAB+1'UM*c�DE?F%/RT+^'U),+d'W:=4qH;'*4KA.DBH7MU+



�;��� � �l	7��� � � � 
*	 ��� � � �

 � 
M�
	 �#��
 �n
 � � ��� ��� �
	 hC�Gj

+;�YP,?9XKH;09+1%Q'IH;%/2B'*),+oP/DW+u476�H}RG�&�V¯N�Y��P,%,?9'[Rz+1090¡?ODIDEPLZ~+CME-¡RT?3H70��;l

���! #"#$Rs t %��#'*B�03L6*/]�LN0325-=P
*=AH7�75]�IH032546AH>S0K.1:�LB462@]�P;-=<
DFA�7 0K>�� �j2zO;:;- 254N: 03< 0 Dj];>�*=2546AH> A3D 2@+�- b�4N03<
fKAKL62@03I?- DFA�7
B�7��z.CAH>�A?L 0	OK-/7G<
AH> >a-HTVxKx�w/Z`DFA�7cP;4 DV�
DF-/7G-/>K2 .�03IH>�-=2�4B* *=AH>5AaIH];750q2546AH>�</' DF-/757GAH.�03IH>�-=2�4B*
T >�Z=J3LN0	OK-/79-=Pv0?>K254RDV-/7579AH.103IH>�-=2546*YT�I t@>�Zs0K>�Ph*HTVU�W�U?Z
TV0K>?254NZ\DV-/75794N.�03IH>�-=2�4B*CT�t@>�Z�032�0mP;46<52@0?>�*=-�A3D %�� 
�Q�N!w
*t 0?b;A3fK-M2@+�-M<@];7zDp03*=-Kk >(]�L6L�0K>�P_AH:;-/>h*=4N79*=L6-=<M4N>Q2@+�-
4N>�<5-=2
4N>�P;4B*/0q25- DV-/7579AH.�0qIH>�-=2546* 0K>�P 0K>?254RDV-/7579AH.�0qI+�
>�-=2546*8<@:�4N>_03L64BI�>;.C-/>K2M79-=LN032546fK-M2�A�2@+�-H>a- �j<^];b�<52@75032�-Kk
��+�-�<546IH>n*=AH>?fK-/>?2546AH>CA3Da2^+�-�*=AH7575]�I�032546AH>80?.�:�L64B2^]�P;-
46< P;- A(>�-=PQb?OY2^+�- <�*/0K>CL64N>�-=<�P;46<@:�LN0/O?-=Pv4N>C2@+�-X4 >�<�-=25<
A3D�-/03*=+[:�L6AK2/kF> AH7�2@+�-C:#T9wMWcw/ZgDV-/7579AH.�0qIH>�-=2546*Y0K>�P
:#T9w�WYw	Z#LN0	OK-/79-=P�0K>?254RDF-/7�79AH.�03I�>�-=2546* *=A�>5AaIH];75032546AH>C0
:;AK<�4B2�4Bf?- TV>�-=IH032546fK-/ZE*=AH7575]�I�032546AH>c0K.�:�L6462@]�P;-Q*=AH7579- �
<@:;A�>�P;<e25Ah0Y>�A�75.�03L Tp0K>K2�4 �j*=A�7575]�IH032�-=PaZ�4N.�0qIK-Kk >aAH7
2@+�-S*HTVUQW U?Z[TV0K>?254NZ\DV-/75794N.�03IH>�-=2�4B*_*=AH>5AaIH];750q2546AH> 0
:;AK<�4B2�4Bf?- TV>�-=IH032546fK-/ZE*=AH7575]�I�032546AH>c0K.�:�L6462@]�P;-Q*=AH7579- �
<@:;A�>�P;< 2�A84N.�03IK4N>�IC2@+�-XDF-/7�79AH.�03I�>�-=2546*/03L6LBOSTV0K>?254RDF-/7��
79AH.�0qIH>�-=2546*/03L6L6O�Z *=AH];:�L6-=P~B�7s0q25AH.C<s03<�:;79AK2^75]�<546AH>�</k

$&%(��?FJ,l��@l2+S'*),+
R1H703RTP,0OH;'*+;2qRT4KM*MUP,JYH;'*?94K% H7ABZL09?9'UP/2@+;DfHKDBH 6rP,%]RT'*?F4G%54;68'*),+
H7Z,Z,0F?9+;2
�,?3HGD><mXY4G0F'_H;JG+NH7MU+^Z,MU+;DE+1%Q'*+e2 6r4GMf'U),+d§�MVAB4K%,4G03H1cY+1Mo4G%(�,+Y�miGiQh7�_lq$&%q'*)L+s6r+CM*M*4KA.H7JK%,+1'U?OR
H7%]2�03H1cY+1M*+;2SH7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ORfRCHGDE+x'*),+NRT4KM*M*PLJYH7'U?94K%®Z]H7'*'U+1M*%�M*+;DW+1AV�L09+;D{'U),+.R_),+1AB?3R1H70
Z��Uh ¯ h;�BP,%,?F'NRT+1090²HGD­MU+;�YP,?9MU+;25�@c DWc@AxAB+1'*MUcGl �°%,+CJYH7'U?9XY+SDW?9JG%�476f'U),+�RT4GMUM*P,JwH7'*?F4G%
H7AxZ,09?F'*P/2@+�?3D�HKR1RT4GMb2@?9%LJG09c«2@+T-/%L+;2uHKD H;%@'U?\<>RT4GMUM*P,JwH7'U?94G%�`@H;%f+T�¡+;RT'a:I),?OR_)u)]HGD�H70FM*+;HK2@co�~+C+1%
+1pQ'*+1%]DE?9XY+C09cf?9%QXY+;DW'*?9JwH7'U+;2B?9%NR�)]H7Z,'U+1MC�Ql[$>%.'U),+fR1HKDE+8476�'U),+fRG�m�s¯N�Y�t�mH7%Q'*?r� 6r+1MUM*?9AsH7JG%L+1'*?3R
RT4K%@-/JGPLM_H7'U?94K%�'*),+.�QnI� ?9A.H;JG+fDW),4;:[D�'U),+VAsH7JG%L+1'*?3RuRG�m�­¯d�Y�tP,%L?9'oRT+C090&`¡?&l�+wl~4K%,+V4;6I'U),+
§�ME<>H7'U4GA.D=?3D ?FA.H7JK+;2BHGDIHuZLM*4G'UM*P/DW?94K%­:I)L?909+|'*),+o4G'U),+1MªH7Z,Z/+;H;M_D[HGD[Hf2@+1Z,MU+;D*DW?94G%
�&DE+C+uH;0ODW4
��?FJ,l ¬ l �7�y�bl(n=),+
2@?\�¡+1MU+1%@'}DW?9JK%/Dv?F%5'U),+NRT4GMUM*P,JwH7'*?F4G% H;ABZ,09?F'*P/2Q+B'*),+C%52Q+1%,4G'U+^?FA.H7JK?9%,J
+1?F'*),+1M['*)L+u6r+1M*MU4GA.H;JG%,+1'U?ORt4GMo'U),+fH;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3R�Rz4GP,Z,0F?9%,JN§�MuH;'*4KA©:I?9'U)dM*+;DWZ/+;RT't'U4
'*)L+o�,+Y�&iKi@h7�r<WDWP,ME6mHKRT+f�mDE+1+t'U),+t?F%/DE+1'bD!?9%.��?FJ,lQ�@l�+��bl�n=),+tZ/H;'*'*+CM*%B4;6!'U),+{?FA.H7JK+tRCH7%.2@+CX@?3H7'*+
6rM*4KA�'*),+|RG�m�{¯8���!Z]H7'*'U+1M*%x2@P,+['*4o'U),+tDWZ/+;RT?\-~R=+109+;Rz'*M*4K%,?ORIDW'*MUP/RT'*PLM*+I476a'U),+t§�M=Ax4G%,4K0OH1cY+1M1l
n=),?3D=?ODIHGRz'*P/H;0909cx'*),+oRCHGDE+«H7'[DW4GAB+t�L?OHGDIXY4G0F'_H;JG+;D=:I),?3R�)sH7M*+8R_)/H7MbHGRT'U+1M*?F�1+;2V�QcB+1pQ'*MU+1AB+10 c
DEAsH7090aRz4GM*MUP,JYH;'*?F4G%�H7ABZ,0F?9'UP/2@+;Dzl{$&'t?3DtH7'|'*),+;DW+uXY4K09'_H;JG+;D['*)/H;'�'U),+uZ]H7'*'U+1M*%SR_)/H;%,JG+;DI6rM*4GA
'*)L+.RG�&�^¯S�Y�o'Wc@Z/+Y`�R�)/H;M_HKRT'*+1MU?ODW'*?ORu4;6t'U),+BA.H;JG%,+C'*?ORuPL%,?9'«RT+1090m`�'*4d'*)L+BZ��*hB¯�h7�|Z/H7'U'*+1MU%
RT4KM*M*+eDEZ/4G%/2Q?9%,JS'*4d'U),+.R_),+1AB?3R1H70!PL%,?9'«RT+1090mldn=),?3Du+T�¡+;RT'u4;6oHd�YP/H;09?9'bH7'U?9XY+xR�)/H;%,JG+x?9%�'U),+

	��>.X07*3H4$,*�/30O@,0�"%CE&A*)$P/)24$ /)07/�&'N4$Q.4$,*)S�JM$,��07.4$�"X(+�)/D@<&'NM@,(+N &A/)$�&ANKN+" &'S�.4$,/3JK@ @,07.�� S7(4*�&'/)JM0�.4��I�JM/)24JM.X/324$
�	&A"%$��7] (4.4JM/�@,$QNKN>b



h1� ¬ ��� � � ����� ��� ��
 � ����� � ���������
	�� � ���
������
 � � ����	 ��� � ���

�QnI� ?FA.H7JK+.)/HGDBH;0ODW4��/+1+1%5Z/4K?9%Q'*+;254KP,'V?F%(R_)/H7ZL'*+1M ��:I),+1MU+^?F'V4QR1RzP,M*MU+;252@PLM*?9%LJ�'*),+
RT4KM*M*PLJYH7'U?94K%BM*+1XY+CM_D*H;0��&DW+1+|��?9JLl �Ql �Y�_l��,M*4KA�'*),+|2@?ODURTP/DUDE?94K%V4;6�DE+;Rz'*?94K% ¬ l �@l6�o:=+[M*+;RCH7090L'*)/H;'
'*)L+^Rz4G%Q'*M*?F�,P,'U?94G%�476|'*),+.A.H �*4KM*?F'EcSH;%/2�AB?9%L4GM*?F'WcSDEZ,?F%5DW'_H;'*+;Du'U4�'U),+B'*4K'_H;0[RT4GMUM*P,JwH7'*?F4G%
H7AxZ,09?F'*P/2@+82@+CZ~+C%/2,D{4K%�'U),+1?9MI-/MbDE'oDW'_H7M8RT4Y+ *.RT?F+1%Q' � � � ���@�b`y?&l¨+Yl,'*),+f03H7'U+1M_H;0!RT4K%/DE'bH7%Q'oZ/H7MU'476]'*),+H& DXWo�t?F%o'*),+�XGHKRTP,P,A � � � � �	�@�y)/HKD�H;09MU+;HG2@c|�~+C+1%f2@?3DEZ,03H1cY+;2{?9%8��?FJ,l;�Ql\�ªH7%/28��?9JLl1�@l ���bl$ 6 � � � ���@��� ��� � ���@�['U),+V'U4G'bH70IRz4GM*MUP,JYH;'*?F4G%qH;ABZ,09?F'*P/2Q+u?OD8H70FAB4YDW't?O2@+C%@'U?OR1H;0!'*4.'*)]H7'u4;6['*),+A.H �*4KM*?F'EcxDEZL?9%dH;%/2^XQ?ORT+oXY+1MbD*H@l[$ 6 � � � ���@��� � � � ���@��'*),+1%N'*),+8'*4K'_H70�RT4KM*M*PLJYH7'U?94K%SH7ABZ,0F?9'UP/2@+?OD='U),+8H1XY+1M_H;JG+o476��/4G'*)SDWZ,?9%N2@?FM*+;Rz'*?94K%/DTl

n=),+8H7�/DW4G0FP,'*+tXKH;09P,+;D=4;6!'U),+oR1H;0ORTPL0OH7'U+;2}RT4GMUM*P,JwH7'*?F4G%
H7ABZ,0F?9'UP/2@+;D!H;M*+oM_H;'*),+CMIDEAsH7090,6r4KM
'*)L+tZ��*hu¯Nh;��P,%,?9'[Rz+1090/:I),?F09+[?9'I?OD�476�HuXKH709PL+oRT4GAxZ/H7MbH7�,0F+t'*4f+1pQZ/+1M*?FAB+1%Q'_H;0@MU+;DE4K09P,'U?94G%B6r4KM
'*)L+fRG�m�­¯N���IPL%,?9'oRz+1090ml{n=)L?OD{�/+1)/H1XQ?94KMtM*+;DWP,09'bDª6rMU4GA '*),+8�,?9JKJG+1Mo� D 0OH;'*'*?3RT+fRz4G%/DW'_H7%Q'{6r4KM
'*)L+u0OH;'*'U+1M{PL%,?9'|RT+10F0&lIn=),+8'*?FZ@<W2Q+1Z/+1%/2@+1%Q'[+1%,)/H;%/RT+1AB+C%@'�6mHGRT'U4GM_D|DEP,JKJG+;DW'*+;2^�Qcd§�),+1%qg hGhzk
Z/4YDUDE+;DUDuH7%S?9%QXY+1MbDE+f2Q+1Z/+1%/2@+1%]RT+f4G%S'*),+}� D 03H7'U'*?ORz+}RT4G%/DW'_H;%@'}�&DW+1+}DE+eRT'*?F4G% ¬ l ¬ l ���_l«�]4KM8H
��� � <&'U?9ZNDE'bH7'U+}H7%/2.4GP,MoDWc,DW'*+1A �FE |	�� ���SP\�K� ��u`i��
 �v+C¢u��'*),+o6mHGRT'U4GMbD�:�4GP,032­�/+f�Ql �BH;%/2
j@l iV6r4GMo'*),+}Z��UhV¯�h;�oH;%/2�RK�&�­¯
���[P,%,?F'8RT+1090m`~MU+;DEZ/+;Rz'*?9XY+C09cYl8n=),+fZ,MU+;DE+1%Q'*+e2dRT4GMUM*P,JwH7'*?F4G%
H7AxZ,09?F'*P/2@+eD ?9%sH7090y-]JGP,MU+;D{2Q4V%,4K'I?9%/Rz09P/2@+|'*),+;DW+t6mHGRT'U4GM_Dzl

�,4GM}'*),+.6r+1M*MU4GA.H;JG%,+1'U?ORBRz4G%@-/JKP,M_H;'*?F4G% HSDEA.H;090='U4G'bH70|RT4GMUM*P,JwH7'*?F4G% H;ABZ,09?F'*P/2Q+B?ODf4G�@<
DE+CM*XY+;2yl n=),+qRz4G%Q'*M*?F�,P,'U?94G%�476x'*),+SA.H �*4KM*?9'Wc DWZ,?9%	2Q?ODEZL0OH1c,DNH®Z,MU4G%,4KP,%/RT+e2 AsH7pQ?9A}P,A
H7MU4GP,%]2 '|iMPB�B¢�476�Z/4YDE?F'*?FXY+}RT4GMUM*P,JwH7'*?F4G%�`�?ml�+Yl/?9A.H;JG?F%,JV4;6[H;'*4GA DE?F'*+;Dz`y:I),?OR_)d?OD[+1p@ZL0OH7?F%@<
H7�L09+d�Qc5H;% +Cp@'U+1%/2@+;2�DEP,MW6mHGRT+SDW'_H;'*+S�/H7%/25?F%('*),+ � �� 2@?FM*+;Rz'*?94K%54;6f'*)L+SRG�&�d¯����}� D�<
\7]alFWI6[AB4GMU+V?FABZ/4GM*'bH7%/Rz+V?3D�'*)L+BZ/+;RTP,0F?OH7MoAB?F%,?9AfPLA ?F%�'*)L+BAB?9%L4GM*?F'Wc^DW'_H;'*+;Du%,+eH7Mfi^¢
:I),?3R�)qRz4G%Q'*M*?F�,P,'U+;D�'U4SH7%Q'*?\<>RT4KM*M*PLJYH7'U+;2 ��nI� ?9A.H;JG+;Dzl�n=)L?ODfDE'bH7'U+­?3D�+;�YP,?FXGH;09+1%Q'o'*4S'*),+
4G%L+t),+1032VM*+;DWZ/4G%/DW?9�,0F+{6r4GM�'*),+t+Cp@Z/+1MU?9AB+1%Q'_H;090 co4G�/DW+1M*XY+e2BH7%Q'*? <WRT4KM*MUP,JYH;'*?94K%B4G%.'U),+o�,+Y�&iKi@h;�
H7%]2
§�MC�&iKi@h7�ªDEPLME6mHGRz+}g\hKh3�@`_hKh1�;k&l�$>'bD=R_)/H7MUJG+82@+1%]DE?9'Wc}DW),4;:[D='*),+8D*H;AB+|R�)/H;M_HKRT'*+1MU?ODW'*?ORCDT`Y?&l¨+Yl
�&2Q?9M*+eRT'*+;2/� �
� � J � � <&4KM*�,?F'_H703DT`�H7%/2q?9'}H;0ODE4dZLM*4Q2@P/Rz+;Dv'U),+ND*H;AB+V6r+;H;'*P,MU+;Du?9%q'*)L+^� D�< \7]al�$>%
'*)L+t0OH1cY+1MU+;2VH;%@'U?\6r+1MUM*4KA.H7JK%,+1'*?3RIRT4G%Q-/JGP,MbH7'U?94G%N'*),+|M*4G0F+;D 4;6!AsH �*4GMU?9'WcfH;%/2BAB?9%,4KM*?F'Ec«DE'bH7'*+eD
H7MU+V+Cp,R_)/H7%LJG+;2dHKDuRT4KABZ/H7MU+;2^'*4.'U),+u6r+1M*MU4GA.H;JG%,+C'*?OR8R1HGDW+Yl}n=),?ODt?3D²MU+;HGDW4G%/H;�,09+xDE?F%/RT+}'*),+
A.H �*4KM*?F'Ec.�/H;%/2,D8H7M*+x%,4;: A.H;?9%,0Fc^P,%,4QRCRTP,Z,?F+;2�H;%/2d'*),+}AB?9%L4GM*?F'Wc­�]H7%/2,D8H7MU+.H7�/4GPL'u)/H;0\6
4QR1RTPLZ,?9+;2q�&DW+1+.��?FJ,la�@l �G�bl^�{JwH7?F%qH^R_)/H7%LJG+V6rMU4GA H7%Q'*?\<>RT4KM*M*PLJYH7'U?94K%®'U4dRT4KM*MUP,JYH;'*?94K%�:I?9'U)
H7ZLZ,09?F+;2BXY4G09'bH7JK+uRCH7%.�/+u4G�]DE+1MUXY+;2yl

��?9%]H7090FcY`;'*),+[RG�m��¯²�����&H;%@'U? � 6r+CM*M*?FA.H7JK%,+1'U?OR!RT4K%@-/JKP,M_H;'*?94K%V?3D!476�DEZ/+;RT?3H70,?F%@'U+1M*+eDE'a�~+eR1H7P/DW+
'*)L+{'W:=4f§�M�H7'U4GA.D!4;6a'*),+|RG�&�t¯«����DEP,MW6mHGRT+[P,%,?F'�RT+1090LH7MU+{?F%,+;�YP,?9XKH;09+1%Q'�2@P,+['*4o'U),+t2Q?\�¡+1M*+C%@'
A.H;JG%,+1'U?OR.RT4KP,Z,09?F%,J�'U4�'*),+SDWP,�/DW'*M_H;'*+Yl	n=)L+SDE?9'UP/H7'U?94K%(?ODV'U),+1M*+z6r4GM*+NM*+103H7'U+;2®'U4®'U)/H7'x476
R_),+1AB?3R1H70F0\c
2@?\�¡+1MU+1%Q'fH7'U4GA.Dzlqn=),+NR1H703RTP,03H7'*?F4G%q2Q?ODEZL0OH1c,DfH^AsH7pQ?9A}P,A RT4KM*MUP,JYH;'*?94K%�H7'xH
XY4G0F'_H;JG+o476@'|iMP jf¢�:I),+CM*+o'*),+8H;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3R{H;'*4GA ?OD=?9AsH7JG+e2BHGD[HuZ,M*4K'*MUP/DE?F4G%^:I)L?909+
'*)L+u6r+1M*MU4GA.H;JG%,+1'U?ORoH7'U4GA H;Z,Z/+;H7MbD�HKDoHB2@+1Z,MU+;D*DW?94K%�lun=)L+B�QnI��?9A.H;JG+fDW),4;:[DoHBRG�&�.¯d�Y�
Z/H;'*'*+CM*%�`[?&l�+wl�H�D*�YP/H7MU+�H;M*MbH7%,JK+1AB+1%Q'V4;68Z,M*4K'*M*P]DE?94K%/DB:I?9'U) H�0OH;'*'*?3RT+dRz4G%/DW'_H7%Q'.476�� � E~l
n=),+.6r+;H7'UP,M*+.M*+eDEZ/4G%/DW?9�,0F+­6r4KMV'U),+^A.H;p@?FAVPLA©?9%�'*),+NRT4KM*MUP,JYH;'*?94K% H7ABZL09?9'UP/2@+B4KM*?FJG?9%]H7'*+eD
6rM*4KA�AB?9%,4KM*?F'EcsDEZ,?F%dDE'bH7'U+;DTl�
{4;:�+1XY+1M1`,'U),+u'U4G'bH70�RT4KM*MUP,JYH;'*?94K%SH7ABZL09?9'UP/2@+o?OD[DE?FJG%,? -¡R1H;%@'U09c
:=+eH7�Y+1%,+e2��Qcu'*)L+IA.H �*4GMU?9'Wc8DEZ,?F%}RT4G%Q'*MU?9�,PL'*?94K%�l!n=)L?OD�),?F%@'bD!H7'�Ht0OH;M*JK+=-/M_DW'=DW'_H;M=Rz4Y+
*.Rz?9+1%Q'
476¡'U),+IA.H �*4KM*?9'WcoDWZ,?9%xDE'bH7'U+;D�:I),?3R�)f?3D XY+1MU?\-/+e2��Qcu'_H;�@?F%,JoHt094Y4K�fH;'=�a?9J,lK�@l �Yl�n=),+IAx?9%,4KM*?9'Wc
DEZL?9%SDE'bH7'U+fR1H;P/DE?F%,JB'*)L+uA.H;p@?FAVP,A�?F%d'*),+«RT4GMUM*P,JwH7'U?94G%SH;ABZ,0F?9'*P]2@+o?ODI476 � ��� R�)]H7M_HKRT'*+CMtH;'
'*)L+oH7%Q'*? 6r+1M*MU4GA.H;JG%,+1'U?ORt§�MIH;'*4GA H7%/2B),?FJG),0FcV0F4QR1H70F?9�1+;2f'*)L+1M*+Yl�$&'�?OD 'U),+oDUH7AB+|DE'bH7'*+o:I),?3R�)
?OD�+1pQZ~+CM*?9Ax+1%@'bH70F0\coAB+eHGDEPLM*+;2f�@cB��n{�V4K%B'*)L+u§�M_�,+��e�]+w�&iGiQh7��DEP,MW6mHGRT+oH;090F47c
g + ¬ kml!$&'IDW),4GP,032
+1%/H;�,09+o4K%,+o'*4}2@?3DE'*?F%,JGPL?ODE).�/+1'W:=+C+1%.'*),+oRK�&�V¯N���[�mH7%Q'*?r� 6r+1MUM*?9AsH7JG%L+1'*?3RIRT4G%@-]JGP,MbH7'*?F4G%SH;%/2



�;��� � �l	7��� � � � 
*	 ��� � � �

 � 
M�
	 �#��
 �n
 � � ��� ��� �
	 hC���

'*)L+I'E:�4{4K'*),+CM AsH7JG%L+1'*?3R Rz4G%@-/JKP,M_H;'*?F4G%/Dz`@DW?9%/Rz+I?9'aZ,M*4Q2@P]RT+;D�H{Z/H;'*'*+CM*%f:I?9'U)f'*),+[DWc@AxAB+1'WM*c
476¡'U),+=A.H;JG%,+C'*?OR�RG�m� ¯[�Y��M_H;'*),+1M�'*)/H;%f'*)/H;'!476¡'*)L+IR_),+1AB?3R1H70KZ��*h�¯²h7�aP,%,?F'!RT+C090&l�n=),+1M*+�?OD�%L4
RT0F+;H7MIZ/4YDUDE?F�,?90F?9'Wc.'*4x2@?ODW'*?9%LJGP,?3DE)^'U),+�6r+CM*M*4KA.H7JK%,+1'U?OR{6rM*4KA 'U),+u03H1cY+1M*+;2xH7%Q'*?\6r+CM*M*4KA.H7JK%,+1'U?OR
RT4K%@-/JGPLM_H7'U?94K%­�Qcu'U),+t?FA.H7JK+;DTl�
{4;:=+CXY+1M1`G4K%,+|RT4GP,032BH7MUJGP,+|'*)/H;'='*)L+1c}2@?ODWZ,0OH1c«H7%B4KZ,Z/4YDE?F'*+
Z/H;'*'*+CM*%}H7'�'*),+ª�]+CM*AB?Y+1%L+1M*JKcV�mH7%Q'*? <WRT4KM*MUP,JYH;'*?94K%V?F%u'U),+=6r+1M*MU4GA.H;JG%,+C'*?OR�H;%/2fRT4GMUM*P,JwH7'U?94G%}?9%
'*)L+ 03H1cY+1M*+;2oH;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3R�R1HKDE+G�¡:I),?3R�)oAB?FJG)Q'y�/+I2@+C'*+;RT'bH7�,0F+��@coHK2,DE4KM*�/H;'*+;Da476/�Q%,4;:I%
DE?F'*+Yl[n=),?3D�+z�y+eRT'{?3D{�YP,?F'*+8DE?FJG%,? -¡R1H7%Q'I6r4GM['*),+8AB?9%,4KM*?F'EcxDE'bH7'U+;DtH7%]2^AB?9JK)@'��~+f+Cp@Z,0F4G?F'_H7�L09+
�Qc.H7Z,ZL09cQ?9%,JB�Q��<U�QnI��l

�{09MU+;HG2Qcu6rM*4GA�'*)L?OD�-]M_DE'[2Q?OD*RzP/D*DW?94G%x4G%.'*),+[?9% �/P,+1%/Rz+t476a'U),+oDEZL?9%@<mZ/4G0OH;M*?F�1+;2V+10F+;RT'UM*4G%L?OR
DE'UM*P/Rz'*P,MU+^4G% '*)L+��QnI�­<m?9A.H;JG+;D}H7%]2 'U),+1?9MxRT4KM*M*PLJYH7'U?94K% H7ABZ,0F?9'UP/2@+;Df?9'}?ODV+CX@?32@+1%Q'f'*)/H;'
DE+C09+;RT'U?9%,J�4G%,+�4KM^'U),+�4K'*),+CMdDEZL?9%�2@?9MU+;RT'*?F4G%�R1H7%�JGM*+eH7'*0Fc(+1%,)/H;%/RT+S'*),+SAB+;HKDEP,MU+;2 RT4G%@<
'*MbHGDW'1`,DW?9%/Rz+{'U),+{'W:�4fDEZL?9%xRT4G%Q'*MU?9�,P,'U?94K%/D!'*+1%/2}'*4fRCH7%/RT+C0,+;HGR_)B4K'*),+1MCl!n=),+|+1p@Z/+1MU?9AB+C%@'bH7090 c
HGR_),?F+1XY+;2BM*+;DW4G0FP,'*?F4G%d476�A.H;JG%,+C'*?OR8DEP,Z/+1MbDE'UM*P/RT'UP,M*+eD{4G%dA.H;JG%,+C'*?9'U+u:I?F'*)d�,+T<m'*?FZ/Dfg¨� ¬ k�A.H1c
XY+1MUc�:�+1090L�~+[+1pQZ,0OH;?9%,+e2��Qcu'*)L?OD!+T�¡+;RT'Cl!�{%,4K'*),+CM!+1pLH7ABZ,0F+=:I?F090Q�~+[Z,MU+;DE+1%Q'*+e2u?9%}R_)/H7Z,'U+1Mp+Ql

���! #"#$Rs�t %�&�� ' B�0qLB*/]�LN032�-=P *=A�7575]�IH032�4BA�> 0K.�:�L64��
2@]�P;-=<�DFA�7 0K> <F�j29O�:�- 2�4 : 03< 0oDj];>�*=2546AH> A3D 2@+�-
b�4N03<[fKA?LB2^03IK-QDVAH7 C�> .CAH>�AKLN0	OK-/79<hAH> >a-HTpxKx;w/ZnDVAH7
P;4�� -/7G-/>K2�.�03I�>�-=2546*�*=AH>5AaIH];750q2546AH>�</'EDF-/757GAH.�03IH>�-=2�4B*
T >�Z=J3LN0	OK-/79-=Pv0?>K254RDV-/7579AH.103IH>�-=2546*YT�I t@>�Zs0K>�Ph*HTVU�W�U?Z
TV0K>?254NZ\DV-/75794N.�03IH>�-=2�4B* T�t@>�Zh032Q0cP;46<52@0K>�*=-�AqD % � 

yUN � *t 0Kb;A3fK-�2@+�- <@];7\Dj03*=-Kk >(]�L6LQ0K>�P AH:;-/> *=4N7��
*=L6-=<v4N>
2^+�-Q4 >�<�-=2�4N>�P;4B*/0q25-QDV-/7579AH.103IH>�-=2546*[0K>�P 0K>��
254RDF-/7�79AH.�03I�>�-=2546*�<@:�4N>Q03L646IH>;.C-/>?2 79-=LN032546fK-m25AM2@+�-G>a- �
<@];b�<52@7�0325-Kk �X+�- <�4BI�>C*=AH>?fK-/>K2�4BA�>MA3D�2@+�-�*=AH7�75]�IH032546AH>
0K.�:�L6462@]�P;-�46<sP;- A(>�-=Pvb?OM2@+�-�<�*/0K>nLB4N>�-=<sP;46<@:�LN0	OK-=P�4N>
2@+�-�4N>�<5-=25<gA3D(-/0q*,+�:�L6AK2	k�> AH7�2@+�-e:#TGwsW�w/Z DV-/7579AH.�0qI+�
>�-=2546*80K>�P[:#T9w�W[w	Z�LN0	OK-/79-=PQ0K>?254RDF-/7�79AH.�03I�>�-=2546*e*=AH>��
AaIH];75032�4BA�>
0 :�AK<5462546fK-
TV>�-=IH032546fK-/Zn*=AH7�75]�IH032546AH>c0K. �
:�L64B2^]�P;-�*=AH7579-=<^:;AH>�P;<�25Ae0�>�A�75.�03L(Tp0K>K2�4 �j*=A�7575]�IH032�-=PaZ
4N.�03IK-Kk7>aAH7X2@+�-�*HTpUCW�UKZ�TV0K>?254NZ\DV-/75794N.�03IH>�-=2�4B*C*=AH>��
AaIH];75032�4BA�>
0 :�AK<5462546fK-
TV>�-=IH032546fK-/Zn*=AH7�75]�IH032546AH>c0K. �
:�L64B2^]�P;-�*=AH7579-=<^:;AH>�P;<M25Ah4N.�03IK4N>�Ih2@+�-nDF-/7�79AH.�03I�>�-=2F�
46*/03L6LBO TV0K>?254RDV-/7579AH.�0qIH>�-=2546*/03L6L6O�Zm*=AH];:�L6-=PlC�>�0325AH.i<
03<e:;79A?2@75]�<546AH>�</k

�Y:I?9'bR�)L?9%,J.'*4N'*),+x�^%SAB4G%,4K0OH1cY+1MbD{4G%q�,+Y�miGiQh7�t%L47:��mDE+1+x��?FJ,la�@lFh1i��b`�:�+VMU+;R1H70F0�'*)/H;'
'*)L+VA.H;JG%,+C'*?ORuAx4GAB+1%Q'_DI)/H1XY+}?9%/RTMU+;HGDW+;2SRT4G%/DW?O2@+CM_H7�L09cSRT4KABZ/H7MU+;2d'*4�§�M}�mDE+1+B'bH7�,0F+B�Ql9h;�
:I),?3R�)}?OD!'*)L+tA.H7?F%fM*+;HKDE4K%V6r4GMªH7090�R�)]H7%,JK+;D!?9%B'U),+tRz4GM*MUP,JYH;'*?F4G%NH7ABZL09?9'UP/2@+�Z,094K'_D=2Q?OD*RzP/D*DW+;2
?9%N'*),+u6r4K090F47:I?F%,J,l|�,4GMt'U),+u6r+1M*MU4GA.H;JG%,+C'*?ORoRT4K%@-/JKP,M_H;'*?94K%�'U),+uAsH7pQ?9A}P,A�?9%d'U),+uA.H��*4GM*?F'Wc
RT4KM*M*PLJYH7'U?94K%SH7ABZ,0F?9'UP/2@+o)/HGD|DE),? 6r'*+;2.'*4
%8h�P if¢�H;%/2^)/HKD²�/+;Rz4GAB+o09+eD*DIZ,M*4K%,4GP,%]RT+;2yl|n=),+



h1�K� ��� � � ����� ��� ��
 � ����� � ���������
	�� � ���
������
 � � ����	 ��� � ���

AB?F%,4GMU?9'WcSRT4G%Q'*MU?9�,PL'*?94K%�4G%�'*),+.4K'*),+1Mf)]H7%/2q)/HGD}DEZ,0F?9'8?9%Q'*4d'W:=4SH;%@'U?\<>RT4GMUM*P,JwH7'*?F4G%�Z~+eH7�LD
M*+eDEP,0F'*?9%LJu6rM*4GA DE'_H;'*+;DI476 DE?9Ax?90OH;M�R�)/H;M_HKRT'*+1M[HKDª6r4KM�§�MCl=$&%.'*)L+�03H1cY+1M*+;2xH7%Q'*?\6r+CM*M*4KA.H7JK%,+1'U?OR
RT4K%@-/JGPLM_H7'U?94K%qH.DE?9JK%,?\-~R1H7%Q'8R�)/H;%,JG+}?ODt4K�/DE+1MUXY+;2^M*+eDEP,0F'*?9%LJs6rMU4GA HBM_H;'*),+CM��L?9JN2@?\�¡+1MU+1%/RT+
?9%�A.H7JK%,+1'*?3RvAx4GAB+1%Q'oRT4KABZ/H;M*+;2�'U4d'*),+sR1HGDW+­4;6u§�MClSn=),?ODfRT4KM*MUP,JYH;'*?94K%(2@+CZ~+C%/2@+1%/Rz+V?3D
HV%,?3RT+u+Cp,H;ABZ,09+o4;6='U),+}DEZ/+;Rz?OH70�R1HGDW+;Dt2@?3D*RTP/DUDE+;2^?F%SDE+;Rz'*?94K% ¬ l �@lB�@l8n=),+f4QR1RTPLZ,?9+;2^Z]H7M*'|476
'*)L+BRT4KM*MUP,JYH;'*?94K%�?ODo2@4KAB?9%]H7'*+e2^�@cdAB?F%,4GMU?9'Wc.+109+eRT'*MU4G%/DtH;%/2�HKR1RT4GMb2@?9%LJG09cd:�+v-]%/2�H.),?9JK)
AB?F%,4GMU?9'WcV& DXWo�f?9%}'*),?3D +1%L+1M*JKcuM_H;%,JG+«�&DE+C+t��?FJ,lQ�@l �7�y�bl���'�Z/4YDW?9'U?9XY+I�,?3HGD><mXY4G0F'_H;JG+;Dz`@?&l¨+Yl76r4KM
P,%,4QRCRTP,Z,?F+;2.D*H7AxZ,09+oDW'_H;'*+;Dz`~'U),+o'*4G'bH70�RT4GMUM*P,JwH7'U?94G%SH;ABZ,0F?9'*P]2@+�6r4K090F47:[DI'*)L+�AsH �*4GMU?9'Wc}DEZ,?F%
RT4K%@'UM*?9�LP,'*?F4G%u:I)L?OR_)�?3D MU+10OH;'*+;2t'U4oH�)L?9JG)fAsH �*4GMU?9'WcX& D(W��«�&DW+1+I��?FJ,lK�@l �7�y�bl!�,4GMa'*),+ªRG�&��¯[���
�&H;%@'U? �r6r+1M*MU?9A.H;JG%,+1'U?OR�RT4G%@-]JGP,MbH7'*?F4G%N476�'*),+o�^%xAB4G%,4K0OH1cY+1M�:=+[4G�]DE+1MUXY+oHfDE?FAB?903H7M!�/+1)/H1XQ?94KM
HGD 6r4KMt§�M1l��{JwH7?F%­'U),+tAB?F%,4GMU?9'WcfDW'_H;'*+8RT4GMUM*P,JwH7'U?94G%NH;ABZ,09?F'*P/2Q+t2@?3DEZ,03H1c,D�HuA.H7pQ?9A}P,A	%,+;H;M
iV¢ :I),?OR_)dH;0ODE4sH7Z,Z/+;H;M_Dt?9%N'*),+8'*4G'bH70�H;ABZ,0F?9'*P]2@+YlX
{4;:�+1XY+1M1`,?F'{?3D{Rz4G%/DW?O2@+1MbH7�,0FcN2,H7ABZ/+;2
2@P,+N'*4S'*),+NA.H �*4KM*?9'Wc�DE'bH7'*+eDTl �Y'U?90F0[H XKH70FP,+^4;68H7�/4KP,'NiMP � ���M*+1AsH7?9%]Du:I),?OR_)q?OD}RT09+;H;M*0Fc
H7�/4;XY+}'*),+.Rz4GABAB4K%^MU+;DE4K09P,'U?94G%S09?FAB?9'[476|�QnI� 476|iSP9h ��ulan=)QP/D�?F't?ODoZ~4wD*DW?9�,0F+V'U4dH7%]DE:=+CM
'*)L+{?FABZ/4GM*'bH7%Q'���P,+eDE'*?F4G%}:I),+1'U),+1M�'*),+²�^%VAB4K%,4G03H1cY+1M�RT4KP,Z,09+eD��mH7%Q'*?r� 6r+1MUM*?9AsH7JG%L+1'*?3R1H70F09ct'U4
'*)L+u�,+Y�miGiQh7�[DWP,ME6mHKRT+8HGD{)/HKD��/+1+C%^Z,MU+;2@?ORz'*+;2V4K%d'*),+o�/HKDE?3D�4;6�� £ �O¤ �9¥��O¦ RCH70ORzP,0OH;'*?94K%/Dog\hCi ¬ k2@?FM*+;RT'U09cd�Qc®��nI� +1XY+C%�'*),4KP,JG)q'U),+.�,P/R_�@0F?9%,JN?OD�+Cp@Z/+;RT'U+;2�'U4d�~+.4K%,09cS4G%�'*),+B4KM_2@+CMf476
iMP iG� ���g hGh;�1k&l@\=c}P/DE?F%,J}HfDEZ,?F%@<mZ~4K0OH;M*?9�C+;2­�QnI� 4G%,+oA.H1cfJKM*+;H;'*09c}+1%,)]H7%/RT+|'*),+tAx+;HGDWP,M*+;2
RT4KM*M*PLJYH7'U?94K%SH7ABZ,0F?9'UP/2@+t? 6�'*),+8A.H7JK%,+1'U?OR1H;0909cxRT4wH7'*+e2^'*?9ZB6mH1XY4GMbD{'*)L+uAB?F%,4GMU?9'WcBDWZ,?9%
DE'bH7'*+eD
:I),?3R�)x2@+1Z/+1%/2LD 4G%x'*),+[4GMU?9+1%Q'_H;'*?94K%V4;6a'*),+[M*+C0OH7'U?9XY+IA.H;JG%,+C'*?9�eH7'*?F4G%}H;p@+;D�HGD�:=+10F0/HGD=4K%B'*),+
DE?FJG%N476�'*),+8DEZL?9%@<mZ/4G0OH;M*?F�;H7'U?94G%N476�'*),+o'U?9ZS�&DW+1+8DE+;RT'U?94K% ¬ l6�Y�_l

(e)

(c)(b)

(d)

(a)

Mn1[100]

[0
01

]

Biasvoltage of -0.2 V

[100]

+

Mn2

���! #"#$�snt %�& &('FB�03L6*/]�LN0325-=P ) �FC 4 .103IK-=<M0K>�P[*/79A?<5<F�j<5-=*=2546AH>�<MAqD�2@+�-84N>?25-=IH75032�-=P[L6AH*/0qL�P;-/>�<54629O
A3DM<52@032�-=< T � I y)zM);Z1DFAH7i2@+�-ZC�>��z.CAH>�A?L 0	OK-/7iAH>
> -HTVxKx;w/Zi4 > 2@+�-[*HTpU[W
UKZ�0?>K254RDV-/75794N.�03I�>�-=2546*
*=AH>5AaIH];7�032546AH> DFA�7e0hb�4N03<F�jfKAKL62@0qIK-CA3D ,�x�N UXSYksTV0KZ <@+�A3d�<e2^+�-Y*/7GAK<5<F�j<5-=*=2�4BA�>[AqD�2@+�- � I�y)zM) DVAH7
2@+�-M.�0Mx9AH794629O[T�L6-^DF2^Z 0?>�P[.C4N>�AH794629O TV7G4BI�+K2@Z -=L6-=*=2@79AH>�</k ��+�-M*=AH7579-=<^:;AH>�P;4N>�Iv) �FC 4N.�03IK-=<�AqD�2@+�-
TVb;Z�.�0 xzAH7G4B29OKJaT�*/Z�.C4N>�AH7G4B29OKJ;0K>�P�T�-/Zs2^+�-e<@:�4N>��j<@];.1.C-=P � I�y)zM)�k�T�PaZ P;4B<^:�L 0	O�<�2@+�-m<@];7\Dj03*=-M];>�4B2
*=-=L6L�d�462@+�2^+�-�DV-/7579AH.103IH>�-=2546*�T�L64BI�+K2@Zg0K>�PQ0K>K2�4 DV-/7579A�.�03IH>�-=2546*�T�Pa0K7�;�Zs*=A�];:�LB4N>�I(C�>h0325AH.oAqD�2@+�-
.CAH>�A?L 0	OK-/7 k[TVb;ZM0K>�P T�*/ZE<@+�A3d 2@+�-CDV-/7579A+�e0K>�Pc0K>K2�4 DV-/7579A�.�03IH>�-=2546*�*=A�];:�LB4N>�I C�>�0325A�.C<edX4B2^+
79-=<@:�-=*=2825Ah2@+�-*>a-HTpxKx;w/Z��j<^];b�<52@75032�-803<8:;79AK2@7�]�<546AH>�</J#79-=<@:�-=*=2546fK-=L6OKk���A3d�-=fK-/7=J#0qLB<�AQ4 >_2@+�-1<@:�4N>��
<@];.�.i-=P � I y)zM)Q*=AH757G-=<@:;AH>�P;4N>�Ih25Av0�>�A�>��j<@:�4N>;:;AKLN0K7942�=-=P ) � C 4N.�0qIK-82@+�-80?>K254RDV-/7579AH.103IH>�-=2546*
C�>Q0325AH.i< 0?:;:;-/0K7m03<�:;79AK2@7�]�<546AH>�</J;4Vk -Kk;2^+�-Y.�03I�>�-=2546*M*HTVUCW[UKZ�];>�462m*=-=L6L�46<�AHb�<�-/79fK-=P#k



�;��� � �l	7��� � � � 
*	 ��� � � �

 � 
M�
	 �#��
 �n
 � � ��� ��� �
	 hC���

$&%^�a?9J,lL�@lFhGht'*)L+uDW'_H;'*+;DIRT4K%@'UM*?F�,P,'*?F%,Ju'U4f'*),+8R1H;0ORTPL0OH7'U+;2­�QnI� ?9AsH7JG+I6r4GMI'U),+8RG�&�f¯.�Y�
�&H;%@'U? �r6r+1M*MU?9A.H;JG%,+1'U?OR8RT4G%@-]JGP,MbH7'*?F4G%�H7'}H.�,?OHKD><mXY4G0F'_H7JK+.476�%tiSP �.¢�H7MU+.2@?ODWZ,0OH1cY+;2d?9%SM*+eH70\<
DEZ]HGRT+.HKDv:�+1090�HKDu'*),+.Rz4GM*MU+;DEZ/4K%/2@?9%LJ®�QnI�­<m?9AsH7JG+eDTl^±S+B4G�]DE+1MUXY+.H ��� � <m'EcQZ/+B4GMU�,?9'bH70[H;'
'*)L+�H;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3RdRT4GP,ZL09?9%LJ5�^% H7'*4KA 0F+;HG2Q?9%,Jq'*4�'*),+SZ,MU4G'*MUP/DE?F4G%/D^?F% 'U),+�� %,4K%@<
DEZL?9%,Z/4G03H7MU?9�1+;2/�u�QnI� ?FA.H7JK+Yl §�4KABZ/H;M*?9%LJ^'*)L?ODuZ,0F4G'u:I?F'*)�'U),+B4K%,+.476['*)L+^§�M_�,+.DWP,ME6mHKRT+
H70F094;c}4G%d�,+Y�miGiQh7�_`¡��?FJ,l,�Ql �Q`/HVRT0F4YDW+�MU+;DE+CAV�,03H7%/Rz+[R1H7%N�~+8DW+1+1%�l

(d) (e)

(a) (c)(b)

[110] +

[110]

[0
01

]

Biasvoltage of -0.2 V

MnMn

Mn

���! #"#$�snt %�&��#'FB�03L6*/]�LN0325-=P ) �FC 4 .103IK-=<M0K>�P[*/79A?<5<F�j<5-=*=2546AH>�<MAqD 2@+�-C4N>?25-=IH75032�-=P[L6AH*/0qL�P;-/>�<54629O
A3D�<52@0325-=<vT � I�y)zM);ZuDFAH7m2^+�-(C�>��z.CAH>�AKLN0	OK-/7mAH> > -HTVxKx;w	Z�4N>`2@+�-�:#TVUhW�UKZXDF-/7�79AH.�03I�>�-=2546*Y*=A�>��
AaIH];750q2546AH>hDVAH7�0�b�4N03< �jfKAKL62@03IK-nA3D ,�x�N U?SYk�Tp0KZ�<@+�A3d�<�2^+�-8*/79AK<�<F�j<5-=*=2546AH> A3D�2@+�- � I�y)zM)hDVAH7X2@+�-
.�0 xzAH7G4B29O[T�L6-^DV2@Z�0K>�P[.C4N>�AH794629O Tp7946IH+K2^Z�-=L6-=*=2@7GAH>�</k ��+�-M*=A�7579-=<@:�AH>�P;4N>�Iv) �FC 4N.�03IK-=<�A3D�2^+�-vTVb;Z
.�0 xzAH7G4B29OKJaT�*/Zg.C4N>�AH794629OKJ;0K>�P TF-/Zs2@+�-m<@:�4N>��j<@];.�.C-=P � I�y)zM)�k#T�PaZsP;46<@:�LN0	O�<�2@+�-�<@];7zDp03*=-M];>�462�*=-=LBL
*=AH>�<546<52�4 >�I1A3D�29d�AMDV-/7579AH.�0qIH>�-=2546*iTFLB46IH+?2e0K>�PhPa0K7�;iP;AK25<@Z�0K>�PQAH>�-M0K>?254RDF-/7�79AH.�03I�>�-=2546*e*=AH];:�L64N>�I
T�de+�4625-hP;AK2@Z�C�> 032�AH. A3Dm2@+�- .iAH>�AKLN0	OK-/7=k ��+�-h*HTVUhW U?ZY];>�462C*=-=L6L�46<�03L6<5AS4 >�*=LN]�P;-=P b?O�2@+�-
<@+;03P;-=P[b�AMLCDFA�7�*=A�.�:;0K7946<5AH>hdX4B2^+(>s46Iak �;kNw?wKk�TVb;Z�0K>�P T�*/Zs<^+�Ard AH>�-MAqD�2@+�-XDF-/757GA+� 0?>�PQ2@+�-80K>��
254RDV-/7579AH.�0qIH>�-=2546*M*=AH];:�L64N>�I�C�>Q0325A�.C<�d�462@+[79-=<^:;-=*=2�25AC2@+�-H> -HTVxKx;w	Z��j<@];b�<52@7�0325-M03<�:;79AK2@75]�<�4BA�>�</J
79-=<@:�-=*=2546fK-=L6OKk �XA3d -=f?-/7=J�4 > 2@+�-8<^:�4 >��j<^];.�.C-=P � I�y)zM)_*=AH7�79-=<@:;A�>�P;4 >�Ih25Av0h>�AH>��j<@:�4N>;:�AKLN0K7942�=-=P
) �FC�4N.�03IK-�0h:;032525-/75>_A3D 0h*HTpU�WSUKZe];>�462n*=-=LBLg46<MAHb�<5-/79fK-=P#k ��+�-C*=AH>K2^7503<52Mb;-=29d�-=-/>_2@+�-C2zd�A
:;79AK2^75]�<546AH>�<m4B<HK;]�4625-nDp0q4 >?2M03<e*/0?>[03L6<5AQb;-C*=AH>�*=LN]�P;-=P`Dp79A�. 2@+�-8*=A�7575]�IH032�4BA�>[0K.�:�L6462@]�P;-=<QT�<5-=-
>s46Iak �;k!w �KZ=k

�{09'U),4GPLJG)d'*)L+1M*+f?3DtHGRT'UP/H70F09cNH7%S?9%Q-/%,?9'U+u%QP,A}�~+CMI476�Z/4YD*DW?9�,0F+BH;%@'U?\6r+1MUM*4KA.H7JK%,+1'*?3RoRT4G%@<
-/JKP,M_H;'*?94K%/D{:�+�)]HeXY+o4K%,09c.Rz4G%/DW?O2@+1MU+;2B'*),+o'U),M*+1+oA.H;JG%,+C'*?OR|RT4G%@-]JGP,MbH7'*?F4G%/D[476���?FJ,l/�Ql9hoP,Z
'*4x%,4;:oltn=),?3D{?ODIM*+;HKDE4K%/H7�,0F+f?\6�:�+fR1H;%SHGDUDEP,AB+8'*),+8%,+;H;M*+;DW'{%,+C?9JG)Q�/4GMt+Cp,R_)/H7%LJG+u?F%@'U+1M_HKR�<
'*?F4G%d'U4B�/+}DE'*MU4G%,JK+;DE'8H;%/2 %L+1JG0F+;RT'['*),+8?9%Q'*+1MbHGRT'U?94G%N:I?9'U)^6rP,M*'U),+1M[%,+1?9JK)@�/4KM_DTl8$&%d4GMb2@+1Mt'U4
+;DW'_H7�L09?ODW)B'*)L?ODIHGDUDEP,AxZ,'*?F4G%B4K%,+8R1H7%.P/DW+t'*),+o%,+Cp@'�0OH7MUJG+1Mª��D�P,%,?F'[RT+10F0&`G:I),?3R�)x?OD=Z��m�v¯x���b`
H7%]2dR1H703RTP,0OH;'*+o'*)L+f+1%,+1MUJG+1'U?ORo2@?\�¡+1MU+1%/RT+eD��/+1'W:=+C+1%NH7090aZ/4YDUDE?9�L09+}RT4K%@-/JGPLM_H7'U?94K%/Dt4G%SDEP]R�)
H
0OH;'*'U?ORT+Yla��+eRT+1%Q'*09cw`G'*),?3D=)/HGDI�/+1+1%N2@4K%,+o:I?9'*).4KP,Mt�p&¡�t�!±5<WRT4Q2Q+.g\hKh1�;kaH7%/2NRT4G%Q'*MbHG2@?3RT'*4KM*c
'*4d'U),+B+1pQZ/+;RT'bH7'*?F4G%q'*)]H7'u6rP,MU'*),+1M8A.H7JK%,+1'U?OR}RT4G%@-]JGP,MbH7'*?F4G%/D}H7MU+NRT4G%/DW?O2@+CM_H7�L09cS),?9JK),+1Mf?9%
+1%,+CM*JGcN'*)/H;%�'*)L+}RG�&�­¯
���²H7%Q'*? 6r+1M*MU?9A.H;JG%,+1'U?ORtRz4G%@-/JKP,M_H;'*?F4G%�`a:I),?OR_)�:ªHGDoHGDUDEP,Ax+;2^'*4.�/+
'*)L+�JKM*4KP,%/2�<>DE'bH7'*+w`~'U),+1M*+o?3DIH«6r+1MUM*?FA.H7JK%,+1'*?3R�Z��&�V¯N���ªRT4K%@-/JGPLM_H7'U?94K%^'*)]H7'[?OD 6mH1XY4GMbH7�,0F+��Qc
'*)L+f'*?9%Qc^+C%,+1M*JKcd2@? �¡+1M*+1%]RT+��{4;6[�MP ¬ AB+1¢ Z/+1Mo�^%�H7'*4KAdl8$>%d'U),?OD|RT4G%@-]JGP,MbH7'*?F4G%�'W:�4.�^%

�Q �24$X@,0�"%"-07.�$,.+$,*)S � H4J�� $,*3$,.4@,$Q�%V $,/>IB$Q$,. @,07"-CE$,/3JM.4SR" &'S�.4$,/3JK@Z@,0�.��ES7(+*	&'/3JM07.4�1&A*)$-JK. /324$%*�&'.4S�$
0'?���8Z/)0�:<8�8Z"%$
	 C $,*`&'/)0�" 6 �)$,$#?G0�*�$
�4&'"%C+NK$ /	&AV4NM$
�4bM:<;PI�2+JKNM$`$,.4$Q*)S �RH4J�� $,*)$Q.4@,$,�O0A?��)$,Y�$,*	&AN "-$
	 &'*3$



h1�K� ��� � � ����� ��� ��
 � ����� � ���������
	�� � ���
������
 � � ����	 ��� � ���

H7'U4GA.D8RT4GPLZ,09+f6r+1M*MU4GA.H;JG%,+C'*?ORCH7090FcdH;%/2�4G%L+^Rz4GP,Z,0F+;DoH7%Q'*? 6r+1M*MU4GA.H;JG%,+1'U?OR1H;090Fc^:I?9'U)�M*+eDEZ/+;RT'
'*4�'*),+
�]+w�&iGiQh7�r<WDWP,�/DE'UM_H;'*+Yl	�I'f094;:�'U+1ABZ/+1M_H;'*P,MU+;Du'*)L?OD}RT4G%@-]JGP,MbH7'*?F4G% ?ODf+1pQZ~+eRT'*+;2��,PL'
RT4K%/DE?32@+1M*?F%,J^'U),+.XY+1M*cSDWA.H70F0�+1%,+1MUJGc�2@?\�¡+1MU+1%/RT+B:I?F'*)�MU+;DEZ/+;Rz'u'*4d'U),+NRG�&�^¯S�Y�8H7%Q'*? 6r+1M*MU?\<
A.H;JG%,+1'U?OR[RT4G%Q-/JGP,MbH7'U?94G%.+1XY+C%BH8RT4Y+1pQ?ODE'U+1%/RT+[?9%sDE+1Z/H;M_H;'*+;2.2@4KA.H7?F%/D�DE+1+1AsD�Z/4wD*DE?F�,09+wl�$>'�?3D
'*)QP/D=+1pQ'*MU+1AB+10Fcu?F%@'U+1M*+;DW'*?F%,Ju'U4B2@?3DE'U?9%,JKP,?ODW)­PL%/H7A}�,?9JKP,4GP]DE09c}�/+1'W:=+1+C%­'U),+o'W:=4,l

Mndz=z(Mn )-z( )

�X�N " $�s t %�& u#' B�03L6*/]�LN0325-=P *=AH7575]�I�032546AH>
0?.�:�L64B2^]�P;-=<mDFAH7X0K>Q<F�j29O;:;-n254N:[03<e0YDp];>�* �
2�4BA�>oA3Dv2@+�-
b�4N03<�fKAKL62@0qIK-�DVAH7_2@+�-lC�>��
.iAH>�AKLN0	OK-/7nAH>l>a-HTVx?x;w/ZM4N> 2@+�-[:#TVUhW
UKZ
DV-/7579A�.�03IH>�-=2546*M*=AH>5AaI�];75032546AH>�k�y80?7�;v0?>�P
L646IH+?2Q*=4N79*=L6-=<Q4 >�2@+�-Q4N>�<5-=2Q4N>�P;46*/0325-=<Q2^+�-
*=A�75>�-/7�DV-/7579AH.103IH>�-=2546*e0K>�P12@+�-e0K>?254RDF-/7�79A+�
.103IH>�-=2546*�*=AH];:�L64N>�I C�> 0325AH. d�462@+ 7G- �
<^:;-=*=2
25A 2^+�- >a- �j<^];b�<52@75032�-Kk ��+�- 29d�A
*/];7GfK-=<�P;- A(>�-e:�AK<5462546fK-e0?>�Pv>�-=IH032546fK-�*=AH7 �
7�]�IH032546AH> 0?.�:�L64B2^]�P;-=< *=AH7579-/:�AH>�P;4N>�I 25A
4N.�0qIK4N>�I -=462@+�-/7 2^+�- *=AH75>�-/7�DV-/7579AH.103I+�
>�-=2�4B*FC�>M0325A�. A�7�2@+�-�0K>?254RDF-/7�79AH.�03I�>�-=2546*
C�>_0325AH. 03<�0�:;79A?2@75]�<546AH>�k

n=),+1MU+T6r4GMU+Y`��QnI�­<m?9AsH7JG+eDV)/H1XY+dH;0ODE4��/+1+1% R1H;0ORTP,03H7'U+;2®6r4GM.'*)L+^6r+1M*MU?9A.H;JG%,+1'U?ORBZ��m��¯
���8Rz4G%@-/JKP,M_H;'*?F4G%(HKDVH­6rPL%/RT'*?F4G%�4;6o'*)L+B�,?OHKDuXY4G0F'_H7JK+Y`�H7%/2qH7%q+1pLH7AxZ,09+}?ODuZ,MU+;DE+C%@'U+;2�?9%
��?FJ,l/�@lFh1�f?9%NHfDE?FAB?903H7M!6r4GMUA HGD=?9%N��?FJ,l/�Ql9hGhKl ±()L?909+|'*),+8RT4K%@'UM*?9�LP,'*?F4G%.476�AsH �*4GMU?9'Wc}DE'bH7'*+eD
�&�a?9J,lQ�Ql9h1�;�y��'*4f'U),+t?FA.H7JK+[DE),4;:[D=4G%L+�'WcQZ/+{4;6!'U),+�6r+CM*M*4KA.H7JK%,+1'U?OR1H;0909c«RT4GPLZ,09+;2x�^%.H7'U4GA.D
HGDuZLM*4G'UM*P/DW?94K%/DT`='U),+BAB?F%,4GMU?9'WcdDW'_H;'*+;DB�m��?9JLl!�@lFh1�KR7�oM*+;DWP,09'8?9%qZ,MU4G'*MUP/DE?F4G%/Du4K%q'*4GZ�476|'*),+
H7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ORCH7090Fc8RT4GP,ZL09+;2B�^%sH7'*4KA.DTl�n=)QP/D�'*),+t?FA.H7JK+;D!476�'*),+|'E:�4fDWZ,?9%.2Q?9M*+eRT'*?F4G%/D
RT4K%/DE?32@+1M*+e2®DW+1Z/H;M_H7'U+109c�2@?3DEZ,03Hec�'*),+.A.H;JG%,+1'U?ORfZ��&�d¯����oP,%,?F'}RT+10F0&l 
{4;:=+1XY+CM1`�'W:�4d094QR1H;0
A.H;p@?FA.HtH7ZLZ~+eH7MI?9%x'*),+oDWZ,?9%Q<WDWP,ABAB+;2¡`7?ml�+YlY%,4K%@<WDWZ,?9%LZ~4K0OH;M*?9�C+;2y`y�QnI�©?FA.H7JK+u�m��?9JLl@�Ql9hC�7+G�bl
$ 6,'U),+IDW09?FJG)Q'�),+1?9JK)@'a2Q?\�¡+1M*+C%/RT+��/+1'W:=+1+1%o'U),+�094QR1H;0@A.H;p@?FA.H!?ODy+1pQZ/+1M*?FAB+1%Q'_H;0909cIPL%,M*+;DW4G0FXGH;�,09+
HtRG�m� ¯[�Y�/Z/H7'U'*+1MU%uA}P/DE'��/+I2Q+;2@P/RT+e2²6rM*4KA	'*),+�?9A.H;JG+Yl�$&%84GM_2Q+1M�'U4o2@+;Rz?O2@+�P,Z/4G%f'U),+=)L+1?9JK)@'
2@? �y+CM*+1%/Rz+d�~+C'E:�+1+1%('U),+;DE+d'W:�4®AsH7pQ?9A.H^:�+d)/H1XY+dZ,094K'*'*+e2 'U),+�RCH70ORzP,0OH;'*+;2�RT4GMUM*P,JwH7'*?F4G%
H7AxZ,09?F'*P/2@+
HGD.H�6rP,%/RT'U?94K%(476f'U),+SH7ZLZ,09?F+;25�,?OHKD><mXY4G0F'_H7JK+�?F% ��?9JLlI�@lFh1jQl n=)L+SH7ABZ,0F?9'UP/2@+
2@+1%L4G'*+eD�'*)L+B),+1?FJG)Q'u2Q?\�¡+1M*+C%/RT+}�~+C'E:�+1+1%S'*),+xA.H7pQ?9AfP,A H;%/2�'*),+}AB?9%L?9A}P,A�?9%�'*),+BPL%,?9'
RT+10F0&l�±(),?F09+t'U),+tRz4G%Q'*M*?F�,P,'U?94G%]D�6rM*4KA�4G%L09c}'*),+[A.H �*4KM*?9'Wcf4KM=4G%L09c}'*),+tAx?9%,4KM*?9'Wc«DE'_H;'*+;D=0F+;HG2
'*4.XKH70FP,+;Dt476�i@l �s'U4Ni@l � ���:I?9'U)d'*),+}?9A.H;JG+;D[?9%QXY+1M*'U+;2^HKD²+Cp@+1AxZ,09? -/+;2B?9%S��?FJ,l��Ql9hC�7�qH;%/2
��?FJ,l,�Ql9hC�GRG`,'U),+t'*4K'_H;0aRT4GMUM*P,JwH7'*?F4G%
H7ABZ,0F?9'UP/2@+[?OD=�YP,?F'*+oDWA.H70F0yH;%/2B�/+1094;:�i@l9h ��8l,�,M*4KA�'*),+
RT4KM*M*+eDEZ/4G%/2Q?9%,J.?9AsH7JG+eD=?9'[?OD{?FABZ/4YD*DW?9�,0F+o'*4.2@+e2@P/RT+«HB2@?\�¡+1MU+1%/RT+8'*4B'U),+fRK�&�B¯d�Y�IZ/H7'U'*+1MU%
DE?F%/RT+N'*),+d),+C?9JG)Q'.2@? �¡+1M*+1%]RT+^�/+1'W:=+C+1%5'U),+d'W:=4�A.H;p@?FA.H^?OD}+1XY+1%50F4;:=+1M}'*)/H;% 'U),+d'*4K'_H;0
RT4KM*M*PLJYH7'U?94K%fH7AxZ,09?F'*P/2@+wl�n=)@P]Dy:I?9'*)8HI%,4G%Q<WDWZ,?9%,Z/4K0OH7MU?9�1+e2v�QnI��4G%,+�A.H1cI%,4G'�2@?3D*RTMU?9AB?F%/H7'U+
'*)L+ 'W:�4tRT4KABZ/+1'*?F%,J=AsH7JG%L+1'*?3R!RT4G%Q-/JGP,MbH7'U?94G%]DT`Y?&l¨+Yl_'*),+ªRG�&��¯��Y��H;%@'U?\6r+1MUM*?9AsH7JG%L+1'*?3R�6rMU4GA	'*),+
Z��m�
¯ ���t6r+1MUM*?9AsH7JG%L+1'*?3R�4G%L+Yl
\=+;R1H;P/DE+}476|'*)L+V+1pQ'*MU+1AB+10Fc.),?9JK)qRT4GMUM*P,JwH7'U?94G%�H;ABZ,09?F'*P/2Q+;D
4QR1RTPLM*M*?F%,J^6r4GMf'U),+.'W:=4SDEZL?9%�2@?9MU+;RT'U?94G%]D�?9'f?3DuM_H;'*),+1Mf4K�@XQ?94KP/Du'*)]H7'}DEZL?9%@<mZ/4G0OH;M*?F�1+;25�QnI�
6mH1XY4GMU?9%,Jq4G%L+�4;6}'*),+S'W:=4�DEZ,?F%�2Q?9M*+eRT'*?F4G%/DV?3D.H®Z,MU4GAB?3DE?9%LJ�AB+1'U),4Q25'*4�+1p@Z/+1MU?9AB+C%@'bH7090Fc
/��!C4JM@<&'N ?907*�/)2+$a"R&'S�.4$,/)JM@`&'.4JM�)0�/)*307C��X$,.4$,*3S �!b



�;��� � �l	7��� � � � 
*	 ��� � � �

 � 
M�
	 �#��
 �n
 � � ��� ��� �
	 hC�9+

?O2Q+1%@'U?\6rco'*)L+{A.H;JG%,+C'*?OR�JGMU4GP,%/2Y<WDW'_H7'U+oRT4K%@-/JGPLM_H7'U?94K%�l=n=)L+�6r+;HKDE?F�,?90F?9'Wct476 DEP/R_)xH7%xH7Z,Z,MU4YHKR�)
?ODI2Q+1AB4G%]DE'*MbH7'U+;2V?9%.'U),+o%,+1pQ'[R�)/H;Z,'*+CM=6r4GM[H}2@?\�¡+1MU+1%@'ªDEcLDE'U+1Adl



h1jKi ��� � � ����� ��� ��
 � ����� � ���������
	�� � ���
������
 � � ����	 ��� � ���



� � ��� ���	� 


� �  d�©�
� ��� � � ��� ����� � " ����� � ��� ���  ���
��� � � ��� � � � " � � ��� ��� " � �^" �

n=),+tAsH7JG%L+1'*?3DEA 4;6a%/H7%L4YDE'UM*P/Rz'*P,MU+;DIDEP/R_)xHGD=P,0F'*M_H;'*),?F%v-]09A.D�AsHG2@+[4GP,'�476aA.H;JG%,+C'*?ORI'*MbH7%@<
DE?F'*?F4G%qAB+1'bH70ODo4768Hd'*)L?OR_�@%,+eD*Du2Q47:I%�'*4S4G%,+.AB4K%,4G03H1cY+1Mf2@+CZ~4wDE?F'*+;2q4G%(H^%L4G%@<mA.H7JK%,+1'U?ORG`
6r+1MUM*4GAsH7JG%L+1'*?3RG`74KMIH;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3R=DEPL�/DE'UM_H7'U+{)]HGD MU+;RT+1%Q'*0Fc8H7'*'UM_HKRT'*+;2f+1%,4KM*AB4KP/D�H7'U'*+1%@<
'*?F4G%�l8G{4;XY+10!AsH7JG%L+1'*?3RvZ,MU4GZ/+1MU'*?9+eD�)/H1XY+}�~+C+1%�4K�/DE+CM*XY+;2�?F%�'U),+;DW+.DEcLDE'U+1A.Dt:I),?OR_)�H7M*+x476
?9%Q'*+CM*+;DW'²6r4KMu�/4G'U)�`!6rP,%/2,H;AB+1%Q'_H70�MU+;DE+;H;M_R_)qHGDo:=+10F0�HGD�6r4GM}H;Z,Z,0F?OR1H;'*?94K%/D�?F%�'*)L+BA.H7JK%,+1'U?OR
DE'U4GMbH7JG+.'U+;R�)L%,4G0F4GJGc g\hKhM+;k[H7%/2�'*)L+.H7MU?ODE?F%,J^-/+1032 4;6tAsH7JG%L+1'*4;<&+10F+;RT'UM*4G%L?OR1D}g\hC�Gi;k&ld�{%q+1pY<
H7AxZ,09+t6r4GM|HVZ/4G'U+1%Q'*?OH;0�H7ZLZ,09?3R1H7'U?94G%N?ODI'*4B+Cp@Z,0F4G?F'I'*),+8+1p,R_)/H;%,JG+T<m�,?3HGD{+T�¡+;Rz'fg h1�@hzk!'*4}'*PL%,+
'*)L+}R�)/H;M_HKRT'*+1MU?ODW'*?ORCD�4;6IJG?3H7%Q'E<mA.H7JK%,+1'U4BM*+;DW?ODW'_H7%]RT+}2@+1XQ?ORT+eDT`/09?9�Y+8M*+;HK2�<m),+;HG2LD²?F%�)]H7M_2S2@?3DE�
2@MU?9XY+;Dzlu$&%S4GM_2Q+1Mt'*4N2@4NDW4^4G%L+fAVP/DW'tP,%/2Q+1M_DW'_H7%]2 'U),+f4GMU?9JG?F%�4;6I'U),?ODtRz4GABZ,0F?OR1H;'*+;2.+T�¡+;RT'
:I),?3R�)S4QR1RTP,MbD�:I),+C%�6r+1M*MU4GA.H;JG%,+C'*?OR�-]09A.DoH7MU+B?9%�RT4K%@'bHGRT'8:I?9'*)�H7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ORu4K%,+;Dzl
n=),+oA.H;JG%,+1'U?ODWA�?9%NDEP/R_)NDE'UM*P/RT'UP,M*+eD=R1H;%^�/+oXY+1M*c}RT4KABZ,0F+1py`QH;%/2BZ,),+1%,4KAB+1%/H8DEP/R_)NHGDIH;%@<
'*? 6r+1M*MU4GA.H;JG%,+C'*?ODWAd`,6r+1M*MU?9A.H;JG%,+1'U?ODWAd`yRz4GABAB+C%/DEP,MbH7'U+fH7%]2�?9%/Rz4GABAB+C%/DEP,MbH7'U+fDEZL?9%@<>2@+1%/DW?9'Wc
:IH1XY+;Dz`YH7%]2v%,4K%@<>RT4G0F09?9%L+;H7M�DWZ,?9%}DW'*MUP/RT'*PLM*+;D�R1H;%f4QR1RTP,MCl=§�P,M*MU+1%@'U09c8DE'UM*4K%,Jo+T�¡4GM*'bD=H;M*+I�/+1?9%LJ
P,%/2Q+1M*'bH7�Y+1%.'*4}DW'*P/2Qc­'U),+;DW+uDWc,DW'*+1AsDtg\hC�G�1�¡h1� ¬ k&l

$&%d'*),?3DtR�)]H7Z,'U+1Mt:=+f?F%@'UM*4Q2@P]RT+}H7%�H7Z,ZLM*4YHKR�)S'*4x?9A.H;JG+fRz4GABZ,0F?OR1H;'*+;2BA.H;JG%,+C'*?OR8DE'UM*P/R�<
'*PLM*+;DI476ªDEPLME6mHGRz+;D{2Q?9M*+eRT'*0FcB4G%N'*),+}H;'*4GAx?ORtDUR1H70F+u�Qc^DWZ,?9%Q<&Z/4G03H7MU?9�1+;2d�QnI� �E�Q��<U�QnI���_l�\=c
JG+C%,+1M_H;09?F�1?9%,J8'*),+8n�+1M_DW47�/<�
tH7A.H;%,%.AB4Q2@+10¡'*4f'U),+8R1HGDW+�4;6I�Q��<U�QnI� H;%/2^H;Z,Z,0Fc@?F%,Jf'*),+o+1pY<
Z/H;%/DE?F4G%S476I'U),+B�QnI� ?9A.H;JG+u?F%@'U4.DE'bH7Mt6rP,%/Rz'*?94K%/Dt2@+CXY+1094KZ~+e2^?9%SDE+eRT'*?F4G%/D ¬ l �Ql9h}H7%/2 ¬ l �@l �
:=+fZLM*4;XY+V'U)/H7'o?F%�JK+1%,+1MbH70!'U),+­����<U�QnI� ?FA.H7JK+u476 � ¤�� � �"! ¤$#b¥��&%('*)"+$#-,.'z¥/,0)1%T¥/)2,3#54 �9¥76 �O¤
� ¤ � ,8, � ¤ ! #8�(#z¤@¥�¦:9;%36<#8���&% �>=?= �@#BA") �&C �>= #z¤Q¥ � ¥m¦D�E' = # �DF '[¥m¦ � ¤5GIHKJLG�MON �&� �"! # F �P'Q+ = � ���O¤ !
� + � ¥r¥:#8,z¤R%_¦D,8,-#B'Q+,¦Y¤ F �O¤ ! ¥&¦�¥&6<#S� �"! ¤$#b¥��&%T%_¦Y¤-U ! )1, � ¥ �O¦Y¤ l�n=),?ODu?3Du?9%�RT4K%@'UM_HG2Q?ORT'U?94G%q'U4'*)L+t?9%Q'*P,?F'*?FXY+=+1pQZ/+;RT'_H;'*?F4G%B'U)/H7'�'*),+t%L4G%@<>DEZ,?F%,Z/4G03H7M*?F�1+;2^�QnI�©?FA.H7JK+IM*+ �/+eRT'*?F%,Jo'*),+oR_),+1A}<
?ORCH70aDE'UM*P/Rz'*P,MU+u?OD=4K%,09cNDW09?9JK)@'U09cBAx4Q2@P,0OH;'*+;2B?F%^'*)L+v����<U�QnI��+1pQZ/+1M*?FAB+1%Q'1l!n=)L?OD[H7Z,Z,MU4YHKR�)
+1pQ'*+1%]2,D 'U),+tP/DW+�4;6=��nI� 6rM*4GA '*),+t+Cp@Z,0F4GMbH7'*?F4G%.476a'U),+o'*4KZ~4K094KJG?ORCH70&`/R_),+1Ax?OR1H;0&`KH7%/2V6r+1MUM*47<
A.H;JG%,+1'U?ORtDW'*MUP/RT'*PLM*+u4;6�DEPLME6mHGRz+;D{'*4}'*)L+u?9%L),+1M*+C%@'U09c}AVP/R_)BAB4KM*+o2Q? *sRTP,09'I?F%@XY+eDE'*?FJYH;'*?94K%.476
H7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?OR[DEPLME6mHGRz+;D :I?F'*).P,09'U?9A.H;'*+Y`wH7'*4KAB?ORIM*+eDE4G0FP,'*?F4G%�l�$&'IA.H1cf+1XY+C%V�/+oZ/4YD*DW?9�,0F+
'*48M*+1XY+eH70,AB4KM*+[RT4KABZ,0F?OR1H;'*+;2o%,4G%@<>RT4K0909?F%,+;H;M=DWZ,?9%sDE'*MUP/RT'UP,M*+;D!?F%V'U),+�6rPL'*P,MU+u�mDE+1+|��?9JLl/h1i@lFh7�bl

n=),+fAB+1'U),4Q2­4;6�?9A.H;JG?9%LJfA.H7JK%,+1'*?3RuDW'*M*P]RT'*P,MU+;DI4G%d'*)L+}H7'*4KAB?ORoDUR1H70F+f2@?FM*+;RT'U09cB�Qc�����<
�QnI��?OD=H;Z,Z,0F?9+;2f'*48'*),+[Z,M*4K�,09+CA�476a'W:=4;<W2@?FAB+1%/DW?94K%/H70/H;%@'U?\6r+1MUM*4KA.H7JK%,+1'*?3DEA ?9%}AB4G%,4K0OH1cY+1MW<
'*)L?OR_� 'UM_H7%]DE?9'U?94K% AB+1'bH70t-/0FA.D­4K% %,4K%@<&AsH7JG%L+1'*?3R®DWP,�/DW'*M_H;'*+;Dzl n=)L+5+1pQ?ODW'*+1%/Rz+�4;6.'W:=47<

h1j@h



h1jK� �H���n�7�=
M���5� � ���
	�� � ���
� � �i� 
q� � �=� 
	�7�n
 � �
��� �(��
r� � � � � 	M�j��� �
��� �9� ���

2@?FAB+1%/DW?94G%]H70/H;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3DEA	?9%xDEP/R_)}P,09'UM_H7'U),?9%f-/0FA.D )]HGD �/+1+C%BZ,M*+e2@?ORT'U+;2fH70FM*+;HK2@cf?9%
hM+K�G�o�@c}�/l�\=0
	P,JG+C0 ���D	��9� g¨�@hTk/�,PL'!P,%/H;AV�,?FJGP,4KP/D!+1pQZ~+CM*?9Ax+1%@'bH70KZ,M*4Y4;6a?OD!DW'*?90F0@Ax?OD*DW?9%,JLlan=),+
Z,MU4Y476�4;6!'U),+o'E:�47<>2@?9Ax+1%/DE?F4G%/H;0¡H7%Q'*?\6r+CM*M*4KA.H7JK%,+1'U?ODEA�:�4GP,032BZ,M*4;XQ?O2@+oH;%.P,%/2@+1MbDE'bH7%/2@?F%,J}476
'*)L+�AsH7JG%L+1'*?3R{?9%Q'*+1MbHGRT'U?94K%B?9%.'*)L+;DE+t-/0FA.D�H7%/2NRT4G%@-]M*A�H;%/2­+1pQ'*+C%/2V'*)L+�ZLM*+;2@?3RT'*?FXY+{Z/4;:=+CM
476�'*),+[2Q+1%/DE?F'Wc�6rP,%/Rz'*?94K%/H70L'*),+14KM*cf'U47:ªH7Mb2,D!'E:�47<>2@?9Ax+1%/DE?F4G%/H;0,DWc,DW'*+1AsDTl \=cuP/DW?9%,Jf�Q��<U�QnI�
:I?9'U) H7'U4GAB?3RsMU+;DE4K09P,'U?94K%('*),+dZ,MU+;2@?3RT'*+;2�H7%Q'*? 6r+1M*MU4GA.H;JG%,+1'U?ORBJGMU4GP,%]2�<WDW'_H;'*+�RT4G%@-]JGP,MbH7'*?F4G%
R1H;%(�~+d4K�/DE+CM*XY+;2q?9%(M*+eH70\<>DEZ]HGRT+dZ,MU4;X@?32@?9%,J�H�2@?FM*+;Rz'VZ,MU4Y476«4768'*),+dAsH7JG%L+1'*?3R­DW'*MUP/RT'*PLM*+Yl
n=),+1MU+1�Qc^'*)L+VAB?3D*DW?9%,J}Z,M*4Y4;6I6r4GMo'*)L+V+1pQ?ODW'*+1%]RT+u4;6I'W:=4;<W2@?FAB+1%/DW?94K%/H70�H7%Q'*? 6r+1M*MU4GA.H;JG%,+1'U?ODWA
?OD=JK?9XY+1%x?9%.'*),?3DIR�)]H7Z,'U+1M1l

�$)+* � / 3��05B7�� _
; � 7 2�5Mo =3m}m�-0/ 3 �078= 2�5�A&/ -Vo
� 9 2 m�342pa 5B7
c 5B9B/ A

n=:=4;<W2Q?9AB+1%]DE?94K%/H70¡H;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3DEA ?3D Z/4Y4GMU09c}P,%/2@+CM_DE'U4Y4Q2ylIn=),+|?9%QXY+;DE'U?9JYH;'*?F4G%/D�DEPQ�y+CM
6rM*4KA 'U),+}Z,M*4K�,09+1A 'U)/H7'8%,4dHK2@+;�YP/H7'U+B+1pQZ/+1M*?FAB+1%Q'_H70a'*+eR�),%L?O�YP,+}RT4GA}�,?F%,?9%,Jx),?9JK)@<WDWZ/H7'U?OH;0
M*+eDE4G0FP,'*?F4G%�?F%�MU+;H70 <WDWZ/HGRz+B:I?9'U)qH^DWP *.Rz?9+1%Q'82@+1JGMU+1+}476²DEP,MW6mHGRT+xH7%/2�A.H;JG%,+C'*?ORfDW+1%/DW?9'*?FX@?F'Wc
)/HKD{�/+1+1%^MU4GP,'U?9%,+C09c.H1XKH7?F0OH7�L09+YlIn=)L+uP,0F'*?9AsH7'*+|09?9Ax?9'=4;6�HV'W:=4;<W2Q?9AB+1%]DE?94K%/H70�H7%Q'*? 6r+1M*MU4GA.H;J7<
%,+1'�?3D!H�A.H;JG%,+C'*?OR�AB4G%L4G0OH1cY+1Ma476 R�)L+1AB?ORCH7090Fc{+e��P,?FXKH709+C%@'�H;'*4KA.DT`G:I)L+1M*+|HG2 �_HKRT+1%Q'�H7'U4GA.D�H;'
%,+;H;M*+;DW'E<m%,+1?FJG)Q�~4KM�DE?9'U+;D!)/H1XY+IA.H7JK%,+1'U?OR Ax4GAB+1%Q'_Dy:I?F'*)f4KZ,Z/4YDE?F'*+o2Q?9M*+eRT'*?F4G%/Dz`Y2@+1Z/4YDW?9'U+;2v4K%
Hf%,4G%@<mA.H;JG%,+1'U?OR8DEP,�/DW'*MbH7'*+wlI�^4GMU+u'*)]H7%qh1ifcY+;H;M_D[H7JG4L`�\=0
	P,JG+C0 #_¥ �>=��=ZLM*+;2@?3RT'*+e2s'U),+u+Cp@?3D><'*+C%/RT+�476]DEP/R_)fH;%@'U?\6r+1MUM*4KA.H7JK%,+1'_Dz`1?&l¨+YlT¢f`;§�M1`KH7%/2f�^%o4K%B�*hCiGiY��4GMU?9+1%Q'*+;2|� 28DEP,�]DE'*MbH7'U+;D=g¨�@hzk
H7%]2­0OH;'*+1MªH703DE4}4G%^%L4G�,0F+T<&Ax+1'_H;0yDWP,�/DW'*M_H;'*+;D8g\hC���;k�4G%^'U),+o�/HGDW?OD=4;6!-/M_DW'E<mZ,M*?F%/RT?FZ,09+;D�R1H703RTP,03He<
'*?F4G%/Dzlt�,M*4KA©'U),+;DE+«R1H703RTP,03H7'*?F4G%/DI4G%L+}R1H7%SRT4K%/RT0FP/2@+u'U)/H7'|'*),+8)@cQ�,M*?32@?ODUH7'U?94G%N�/+1'W:=+1+1%N'*),+
AB4K%,4G03HecY+CMaH7%/2u'U),+I%,4G�L09+T<mAB+1'bH70QDEPL�/DE'UM_H7'U+{?3D %L+1JG0F?9JG?F�,09+ªH7%/2u'U),+IAB4K%,4G03HecY+CMy-/09A	�/+1)/H1XY+;D
HGDI?\6�?9'[:=+CM*+8HvZ/+1MW6r+;RT'I'W:=4;<W2Q?9AB+1%]DE?94K%/H70�DEcLDE'U+1Adl�n=),+1MU+o)/H1XY+��/+1+C%dDE+CXY+1M_H;0�H7'U'*+1AxZ,'_D='U4
XY+1MU?\6rcd'*)L+B+1pQ?ODE'U+1%/RT+}476|'W:=4;<W2@?FAB+1%/DW?94K%/H70�H7%Q'*? 6r+1M*MU4GA.H;JG%,+C'*?ODWA H7%/2qDW4GAB+B+CX@?32@+1%/RT+})/HKD
�/+1+1%NJG?9XY+C%qg\hC�G�Q`ThC���1km`y�,P,'[P,%/H;AV�L?9JGPL4GP/D{ZLM*4Y476�?3D{DW'*?90F0�AB?ODUDE?F%,J,l[n=),+8+1p@Z/+1MU?9AB+C%@'bH70¡2@?\6O<
-¡RTPL09'*?F+;DoH7MU+B%@PLAB+1M*4KP/DTl.�a?9M_DW'u4;6|H7090m`�4K%,+B%,+1+e2,D�'U4dRT4K%@'UM*4G0�'*),+xJGM*4;:I'U)®4;6['*),+}-/09A 'U4
�/+}DEP,MU+u4;6='U),+uMU+;�YP,?9MU+;2­Z/+1MW6r+;RT'IZ/DW+1P/2@4KAB4GMUZ,),?OR8DE'UM*P/RT'UP,M*+wl��YP,MW6mHGRT+«H70F094;c@?F%,J})/HGD{'U4B�/+
D*H16r+109c}+1pLRT09P]2@+;2yl��]PLM*'*)L+1M1`Q'*),+
G��+1+10/'*+1AxZ~+CM_H7'UP,M*+|H7'I:I)L?OR_)BA.H7JK%,+1'U?ORI4GM_2Q+1M*?F%,Ju4QR1RzP,M_D=?3D
P,%,�Q%,4;:I%SH7%]2^?ODIZ,M*4K�/H7�,0Fc^XY+1MUcB094;:ol|��?9%/H;090FcY`/H7%d+1pQZ/+1M*?FAB+1%Q'=Z,MU4;X@?32@?9%,JxH7%dPL%/H7A}�,?9JKP@<
4GP]D +1XQ?O2@+C%/RT+I476a'U),+oH;%@'U?\6r+1MUM*4GAsH7JG%L+1'*?3RIRT4G%@-]JGP,MbH7'*?F4G%B?3D %,+C+;2@+;2f:I),?OR_)}?OD�6mH7M�6rM*4GA��/+1?9%LJ
'*MU?9XQ?OH;0�DE?F%/RT+t'U),+o'*4K'_H70aA.H;JG%,+1'U?9�;H;'*?F4G%BXKH7%L?ODE)L+;D{H;%/2B'*),+o4KM_2@+1M[?OD=4K%^'U),+8H7'*4KAB?OR[D*RCH709+wl

��DEZ/+;RT?3H7090FcY`¡DEP,MW6mHGRT+}H;09094;cQ?9%,Jx)/HGDt�/+1+1%SHBDW+1M*?F4GP/DtZ,MU4G�,0F+1A�?9%dA.H;%@c.+1pQZ/+1M*?FAB+1%Q'_Dzl{$&'
?OD�R1H;P/DE+e2V�@cf'U),+{6mHKRT'�'*)/H;'='*MbH7%/DW?9'U?94G%Q<&AB+C'_H703D���P,?F'*+IJK+1%,+1MbH7090FcfZ/4YD*DW+;D*D=03H7MUJG+1MªDEP,MW6mHGRT+I6rM*+1+
+1%,+CM*JG?F+;D 'U)/H7%N%,4G�L09+T<mAB+1'bH70ODz`QH7%/2.'*)QP/D=?9'I?3D 6mHeXY4KM_H;�,09+{6r4KMtH;%NHG2,DW4GM*�/+;2^'UM_H;%/DE?F'*?94K%@<mAB+1'_H;0
H7'U4GA '*48R�)]H7%,JK+IZ,0OHKRT+;D�:I?9'*)}HoDWP,�/DE'UM_H;'*+[H7'U4GAdlpW[%,+I476¡'*)L+I�~+eDE'�DW'*P/2@?F+;2u+1pLH7ABZL09+;Dy?3D�'*),+
RG�m��¯ª���¡�^%y§�P«DEP,MW6mHGRT+�H;09094;c}g¨�Gi;k&l!n�4[Z,M*+1XY+C%@'¡'*),+�4QR1RTPLM*M*+C%/RT+�476¡H;090F47cQ?9%LJI4G%,+�A.H1ctR_),4Y4YDW+
HVAB4KM*+8DE'bH7�,0F+fDWP,�/DE'UM_H;'*+f09?F�Y+t±	�*hKh1iY�{:I)L?OR_)­)]HGD{�/+;RT4KAB+8HVXY+1MUcBZ/4GZ,P,03H7MoDWP,�/DW'*M_H;'*+u6r4KM
'*)L+{JKM*4;:I'*)B4;6a'*),?F%VAsH7JG%L+1'*?3R -/09A.Dz`7+wl�J,lQ�,+[4G%}±	�*hGhCi��|g h1�G�;k&l�n=),+|2@MbHe:I�]HGR_�f?OD=HoDW'*M*4K%,J
)Qc@�,MU?O2@?F�;H7'U?94K%®4;68'*),+NAB4G%,4K0OH1cY+1M8:I?9'*) DEP/R_) H ���7<>DEP,�/DW'*MbH7'*+S?9% �/P,+1%/Rz?9%,JS'*),+NA.H7JK%,+1'U?OR
Z,MU4GZ/+1M*'U?9+;Dzl�n=),+oj��7<&�/H;%/2,DI476�'*),+|'*M_H;%/DE?F'*?F4G%@<mAB+1'bH70/�,M*4wHG2@+C%­:I)L?OR_)VMU+;2@P/RT+eD '*)L+tZ/4YD*DW?9�,0F+
+1pLR�)]H7%,JK+T<WDWZ,09?F'*'U?9%,J
H7%/2q'*),+1MU+1�Qc�H;0ODE4S'*)L+BA.H7JK%,+1'U?ORVAB4KAB+1%Q'1l G[+1XY+1M*'U),+10F+;D*Dz` 'U),+.'W:=47<
2@?FAB+1%/DW?94G%]H70�H7%Q'*?\6r+CM*M*4KA.H7JK%,+1'U?ODEA�:I?F'*),?F%d'*),+fAB4K%,4G03H1cY+1M�-]09A DE),4KP,0O2d%,4K'��/+x2@+;DW'*M*4;cY+;2



����� ��
r� � � ��	�� �\
 � 	M���C����	M���>� hCjGj

D����/R������
	��
���
������	���������	���������������	�������� ��!"��#$���%�&�'���
�&�(�'���[����)+*������,��)+��!-���.���/�'���10������
�&#
#2��)')+��*3�&�������+�4��*65�7��8)9�&�'����)����:�<; ��=>	�������� ��!3�&#?���%�&�+�@�A���B�'���<0����C�+��)1�&#��'���'�&DE5��&��	
=����40F�G5���0���*���������*����'� *�������H
���G;I��)+����)J	�7����'�B�+�,�/�C!�5,)+�I	C� K����+� ���L=����+�:�'������7�5����+)%�&�+�NM
OG�P���@H
�8�+����)'��#2��)'�J0F���N�����3�'���I����!����+��*Q�'�<	���*��������')9���+�R�+���R�����'���C�+�I��;S�&#T��������DU�V��;I��)+� KW��	
XCY�Z\[�XC] D XCY�ZL^1_a`�b�cU`&d�e �'�"��� H
�1�"	C� )+�@0��.��)'�
�&#f�&#S��=��&Dg	�� *��W������������;��&�C�+�h#2��)+)'��*3���������'�I��*
=�� �'��� �i���j7,; �+)%�&�'��� ��k�;�*lM

�3m1_ npo/q r k3sftPs
uWo/vit�wyx{z1s.t-u&w�|

Y ���J0���;I0�7�;4�&�'� �����(����H
��5������3����)�#2��)+*���	<� ���'���J0 [E`/}~`�^ ��=��&Dg	�� *���������������;�7���� �10���; ;�=�� �'�
��=(�R���+��*3������)f;I��!
��)f�&��	"7���� ���1k�; *3�$0��������4���+��������#.����;I��!
��)9� c �UM��
M�+1;I��!
��)9�S�&#��'����O [ ����� ^ D
��7,5����')9�&�'�l����	��l*����,��;I��!
��)J�&#J� b �&DE�')9���������+� ����*����%�&;(����5����'�����I	�����M Y �,�B� �C�+�W)+;I��!
��)
	��4���9����0���5�����=��������'���"�
) c�Z � c�� � c ��)��
�<*����,��;I��!
��)T�&��	3�+����O [ ���W� ^ Dg��7,)�#U��0��"�����(5V�W���
)+�W;I�&�C��	�5C!��+���9�&;$�����W)+��!�*�� ����*/��K��&�'� ������M � ��)��'7����N���+�W�B=(�R=���)+�
�@	~=����+�i�+���R�+�,����)'���+�40��&;
;I���+�'�I0��R0��������9�&�C���&#T� � �����2+ `�� ��Ma7SM.=����I09���4���5�p��*3�&;�; ��)
�+���&�3�+���R���C����)+��*����C�9��;�;4�&�+�'�I0��
0��������%�&�C��M Y ���/�W��09���&�,����Dg0���)')+��;4�&�'� ���G�����'�����'�I��;������"5��������&���,; � �@	����L�'����; �C0W�&;�	�������� ��!
�&�,��)+���C� *3���+� ���l�&#1H
��� \���)+�+���&��	 
���	���� _�` + e 7��������B�'���<���&)%�&*����')+��K��&�'� ���l5C! Z ��)'7�K�K�� c
�
�&���&� c �&��	�O���; ; �4�&*3� _���`�e M Y ���G5������I��������7�����	�#2��)��'���lH��&; �W��0��l���9���+���30��������4���+�@	��&#
�&5���7�� � �j��7���*������'��	j�,;I�&�,�-=���H
�����V�W)"���+��*�� �l�'���-7������R0���;�;EMR������Dg�������W)+�I0W�&;.�'��)+*3��� �
�+�,�������+�W���'�I�&; c 09���&)'���R	C����������! c �&��	�=���H
��#27,��0��+���������&)'�P�W��������	���	<=�� �+�,� ���'����*<7 *��CDE�'� �
���,����)+�@�(=�� �+�3)%��	���7��A����P  � ` � d ��¡/�CM�7SM��&��	�� 
'¢�R  � ` � �J��M�7£M.7��B�'��¤ ¥f¦ �R§ � M Y �,�-���W;¨#ID
0��������4���+�W���J��; ��0��+)+�����I0-���+)'7�0��+7,)+��=?���-	����'��)+*�� ����	3=�� �'� b �
YF[ DU�V��� �C�9�"���L�'����� )')+��	C7�0�� 5,; �
����)+�-�&#8�+�,����=(�&Dg	���*�������� �����&;@\()+��; ; ��7�� �GK������ [E©�` \7] ^ M Y ���3� �C�+����)9���+��	L;��C0��&;?	�������� ��!G�&#
���%�&�'��� [U© &�ª(W X,^ )+������; H
�@	���H
��)R�+�,� ` ª�D \7]«�����"5V�W���«�&���&; !CK���	G7��������:� � ¡
YF[ DE����� �C�9�"� �
�+�,� ©�` \7]$M(¬1; ;1���%�&)i0��
�
*~0��������%�/����	�5�!«�+�,�I����;I���«�'��� XCY�Z � *3�������<�&��	�0���)')+7��N�&�+�����
�&*���; ���+7�	��@�T=���)+�J0���;I0�7,;I�&�'��	/���B�+�,�I�HYF[ DE����� �C�1�����WM

�3m�� 
 t��/viz�s
u�|.q oVo®­f¯�h 
 o/vio/w�t �/z*m(|°o/v ± d�²-²*fZg
\(��#2��)+�<=(�3	��W*��������+)%�&�+�<�+�,�/#2������� 5���; ����!i�+�i� *3�����<�+����*~�&���,���+�40���)+��7,��	�Dg���9���+�3�&#A� b �&D
Z &S³�O [ ���W� ^ =�� �'� XC] D XCY�Z:c �+�,�"*3���������'�I��*Q� �´��7�09�l����!����+��*µ�����&;�;¶5��-	C�I�+0�7��+����	�M�¬1;¨D
�+�,��7����j=��R�&)'�R	�����; �����"=����+�3�"�')9�&����� �'� ����DE*����9��;���7�5����+)9���+� c O [ ���W� ^9c �������'����	<�&#T�P����5�; ��D
*����%�&;
��7�5����+)9���+� c ;�� �
�<¬�� [ ����� ^ ��)/�
7 [ ���C� ^ �&#2�+�W�:7����@	L� �G�+����������� _ � ` � eEc *��N���R�&#1�'���
)+�@��7�;��9�-�&)'�3H
��)+!�����*�� ;4�&)�M 
���=(��H
�W) c ����*�����·���0��9�-��)+�i)+��	�7�0���	:	�7,�j�'�L�'���i���')+���,�L�C!�D
5�)'�I	���K��&�'� ����5V�W��=������G�+���~��7�5����+)%�&�+�i����	:�+����*�������;I��!
��)�M � ����MF+CM �3������=1�"�+���3	C�¨·���)+�W���
0��������4	���)+�@	�*3�������W�+�I0�0�����k���7�)9���+��������#2��)��P*�������;I��!
��)¶k�;�*¸��;I��0���	-����)�#2��0��+; !J�����W7�	���*���)�D
�����40����3�+���1O [ ����� ^ D���7�5����+)9���+�
M © � � � �,M +CM � [ � ^ �'���1������DU*3���������'�I0�k�; *¸�I��	������40��+�@	-�&; �����
=�� �'���+����09����*��40��&;�� [ � } � ^ 7,��� �30���; ;1=���� ;�� � � �,MH+�M�� [ 5 ^ 	��I����;I��!,�/�+���B#2�W)+)+��*3�&�������'�I0
0�����k���7,)9�&�'� ���¹=�� �'�¹�:����)9�&;�; ��;A�&; ������*������<�&#��&;�; Z �º*���*����C�9��M Y ������� *���; �����/���N�+���hD
5�;��R�&�C�+�h#2��)+)'��*3���������'�I010����Ck���7�)%�&�'� ���i�I�
��� H
�W��� � � ����M�+CM � [ 0 ^ =����40F�~	��I����;I��!,�(�&�C�+�����&)%�&;�; ��;
*3���������'�I0(*���*����C�9�S�&#£�����&)'������DE�,��� ����5���)?�&�'��*3��M Y ���I�
0�����k���7,)9�&�'� ���j�4�
�&����; ������7����+�R�'���
0 [U`/}i`�^ �&�C�+�¨#2�W)+)+��*3�&�������'�I0����+)+7�0��+7�)'�R���l�<�+»
7���)+�-��7�5����+)9���+�J;I�&�'�+�40�� c ;�� �
�R¬1� [ ����� ^9c ����	
=(�J	��W�����'�P���1���1�-0F�,��0F�
�W)+5��
��)9	����+)+7�0��+7�)'�J��0�0���)9	�������;�!
M

����NMN *3$,�)(4NM/3��?G0�*B/324$,�)$Z� �!�3/)$,"-��*)$�?G$Q*�/)0Z/)2+$O*)$,NW& �U$QH JM.!/)$Q*)NW&��7$,*�H+JK�3/	&A.4@,$,��b



� b�d � � � � ���������	�^��

����� ��� ����� � 
���� � � 
 � ����� ����� � � ������� �!�"��� � � �
��� ��� �#


[0
01

]

(b)

[110]

(a) (c)

$&%('*)*+�s �*,.-0/ C�1�24365�798;: :�<435A=24>@?91�7A8B<436C#7D1�;�5E3F8G3�79<H1�:�:�<4>@3�7JIK<6?L7DM65 N@5�7A5E?AO�8G3@1�798;<63P<�I�7DM65QOR1�2�S
365�7A8B:T26?�<4>@36N6SUCA7D1�7A5Q:�<435A=24>@?A1�7A8B<43V<�IW1PX�=�SU7Y?A1�36CA8B7A8B<43VO�5�7Y1�Z�O�<436<�Z[1"\�5E?]<43 T_^�`�`Ea�bdc]^e1�b#CDM6<�f&C
7DM65V36<43�S�OR1�26365�7A8B: A=Z[Ohgi^kj@bQ7YM65PIK5E?A?l<4OR1�24365�798;:F:�<435A=24>@?A1�798;<63mgW1�36Nn^.:Eb�7DM65o:4^epPqrp�bT1�3�7A8sIk5E?�S
?�<4OF1�24365�7A8B:PCA7D?A>6:�7D>@?l5�gW1t:uM65�:1;�5E?Ajv<41�?�N
1�?A?A1�362�5EO�5E3�7H<�Iw>@xr1�36N
N@<�f 3�CDx68G36CEczy&M65V:�M65EO�8B:E1�Z
x*^�`Qq�`"b&>@368B7i:�5�ZBZLM@1�Cij@5�5E3tOR1�?�;�5�NV8[3z^k1�b#j�\o7DM65 IU>6ZBZ�ZB8G365�c

AF

N

AF

AF

F

F

N

F

F

F

AF
AF

${%G'|)!+�s �|, �*/}y&M65_OF1�24365�7A8B:_O�<4O~5E3�7AC�<�I
7YM65�:E1�Z;:E>6ZG1�795�NR24?�<4>@36N6SUC97D1�7A5J:�<435A=24>@?A1�798;<63 Ik<4?
^l`�`Ea�bt<4?�8B5E3�7A5�N�>@36CD>@x@x@<6?�7A5�N�X�=�S�O�<436<�ZG1"\�5E?�C
<63�7YM65 I�y ��ZG1�7A798;:�5�:�<436CA7D1�3�7P<�I)T ^k�}CJI*b
1�36NnIk<4?V7YM65rX�=�S�O�<436<�ZG1"\�5E?V<63n7DM65eT�^l`�`Ea�b�S
CY>@?�Ie1�:�5 ^ C I 	MT_^�`�`Ea�b9b�c y&M65 OF1�24365�7A8B:
26?�<4>@36N6SUCA7D1�7A5�8;CtN@5E36<�7A5�N�j�\m/zIk5E?A?�<4OF1�24365�7A8B:
^ >Wb�gE:4^epWqQp�bL1�3�7A8sIk5E?A?�<4OR1�24365�7A8B:H^.�G>Wb�g"<4?�36<63�S
OF1�24365�7A8B:�^�E b�cmy&M65E?�5R8BCR1PZG1�?�2�5P?�5�N=>6:�7A8B<43�<�I
OF1�24365�7A8B:QO�<4O�5E3�7AC&j@5�7�f#5�5E3R7YM65wxv5E?�IK5�:�7{7�f#<�S
N@8GO�5E36C98;<63@1�ZmCA\4C97A5EO�<�I*7DM65 �pCJI�1�36NR7DM65GCJI
<63JT_^�`�`"a�b N=>65V7A<�7DM65PCA7D?�<4362�M�\@j@?�8BN@82�E1�7A8B<43
f{8;7YMV7DM65QCD>@j6C97D?A1�7A5�cD>=<6?pB&?�g�C�3mg�>�5�g=1�36N B#<
7YM65�?�5�ZG1ML65�N�8[3�7A5E?�ZG1"\�5E?tN@8BCA7D1�36:�5�CzM@1E��5�jv5�5E3
>6C95�N_Ik<4?�7DM65 CJI 	 T�^l`�`Ea�b�g�8kc�5�c�X�N��5��1@cs>mcRg
X.NP�@`T1@cs>mc*g0X.NPO�OR1@cs>mc�gm1�36N�X.NPQ �R1@cs>mc�gm?�5�CDxv5�:YS
798;��5�Z;\�c

� � �,M6�CM ` 	C�I���,;I��!��S�+�,�(*3���������'�I0.*���*����C�9���&��	"�'���(��)+��7���	�Dg���%�&�+�80�����k���7,)9�&�'� ����#2��).�+���
b �&DU*�������;4�@!
�W)9�����3�+���RO [ ����� ^ Dg��7�5����+)%�&�+�<���(=(��;�;S���(=�� �+�,��7��1��7�5����')9���+�-���(7�����7�������)'�+��	
*�������;4�@!
�W)9��M Y ���3;I�&�'�+��) 0��&;40�7�;4�&�+�����:�,)+��H��4	����R� ��#2��)+*3���+� ���:���«�'���3���������hk�0�����0��3�&#8�+���
��7,5����')9�&�'�/�C!C5�)+�4	��I�'�&�+�����l���:�+���-�W; ��0��')+�����I0J�&��	l*3�&�������'�I0"��)'������)+�'� ����M"OG�/����H
�����+���
�&�'��	
#2��)A�&; ;$�+)%�&����� �'� ���l*����9��;I�(5����'� c �+���R#2��)+)'��*3���������'�I0R�&��	��'���-0 [U`~}´`�^ �&�C�+�¨#2�W)+)+��*3�&�������'�I0
���,� �y���')+7�0��'7�)+�NM � ��)-*��
���-��!����+��*3�R=(��#2��7,��	:5V���+�y*3�&�������+�40����%�&�'���"�+�G5��B���9��5�; �
M«¬
�+���9��;P�W����)+��!y�&����; !,���I��)'��H
���&;4���'���&��#2��)��+���l7,����7��,�V��)+�'��	º*�������;4�@!
�W)9�-�+���l����)+;�! b �m��� c
�EMa�
M#� c �
) c �&��	 Z � c �&)+�G�����'�¨#2��)')+��*3�&�������+�403�&��	��'���l;I���+� b �m��� c �EMa�
M � � c �
� c �&��	º��� c
�&)'�/#2��)')+��*~�&���,���+�40�M � ��) �j����5�; ��DE*��W�9�&;T��7�5����+)%�&�+�3�'���/�')+����	L�I�J�&����; ������7�� _ � ` � e �'�l�+���
7�����7�������)'�+��	 *�������;I��!
��)%�/� ��	C�I0����+� �,�«� ���W��; �@0��9��5�; �l�C!�5,)+�I	C�I�+���+�����SM © �º�'����0������L��#��
O [ ����� ^ ��7�5����')9���+� c ���j�'���R���'����)�������	 c =�����)'�R�-���')+�����/�C!C5�)+�4	�� K����+������=����+�3�+��� ` ª�D2k�; *
�C0�0�7,)9� c �>����	3����5���0���*���������DU*3�&�������+�40�=�����; ��#2��)��
)��+����#2��)')+��*~�&���,���+�40�����; 7,�+� ���l	��
�@�



� � �t

�7�@� ��� �>�A� � � b � ��

��������� � � 
 �~��� � �������
	 � b �

���������C�I���~�&�C!�*���)+�
M X �+��; ; c �+���l�')+����	��&#J�+���l*~�&���,���+�40~��)+��7���	�Dg���%�&�+���+��)'��7�������7��3�'���
b �&DU)+��=6)+�W*3�&�����P7���0F���������@	 =��,� ; �3�'���3*3�&�������+�40/*���*����C�9�R�&)'�j)'��	�7�0���	«0��������I	��W)9�&5,; !
M
Y �C7����+������7�5����+)%�&�'�����+)+������;�!:��; �'��)9���'���<*�������;I��!
��)1��)+������)+�'� ��� c ����	L�'������!����+��*µ�I�������
�j����)�#2��0��R��=(��D�	���*�������� �����&;
��!����+��*\� �G�+�,�I�"���������
M Y �,�������'�¨#2��)')+��*~�&���,���+�40"��)9	C��)"��#R�
)
�&��	 Z � c �,�&=���H
��) c �4�(���+� ;�;���=��&Dg	�� *���������������;��&��	~�'����*3�������W�+�I0(*���*����C�9�f�&)+�A��� �����¨kV0��&�C��M
� ��)'�+7������+��;�! c �+�,�j��)+��=��+�«��# Z �«���«O [ ����� ^ �����-5V�W���«���'7�	�����	:��������)'� *��W���%�&; ;h!i� �:�'���
�������-����	l�V�W)�#2��0��R������7�	���*���)'�����40"��)+��=��'�:=�� �'����7��R�����'��)+*����������-�����P5������G��5�����)+H
�@	´#2��)
�l0���H
��)%�&���<�&#���� blZ	� _ � b � e M Y �C7��-�B	C� )+�@0��-0���*�����)+�I�����:=����+�:�'���30���;I0�7,;I�&�'� �����P�4�
���
�'��� 5,; �
M

[110]

[0
01

]

(a) E=+70 meV/Mn(c)E= 0 meV/Mn(b)E=+100 meV/Mn

$&%('*)*+�s �|,vu*/nB]<4ORx@1�?�8BCA<63
<�ITN@8�
*5E?�5E3�7 OR1�24365�7A8B:�:�<435A=24>@?91�7A8B<436CV<�I�7DM65ZC�3�O�<436<�ZG1"\�5E?F<43
T_^�`�`Ea�b�/ ^e1�b�7DM65�x*^�`�qi`"b�IK5E?9?�<4OR1�26365�7A8B:LCA7D?A>6:�7D>@?l5�g�^kj@b!7DM65W:4^kp|q�p�b01�3�7A8sIk5E?A?�<4OF1�24365�7A8B:LCA7D?9>6:�7D>@?�5
1�36Nn^.:EbQ7YM65 x*^kpPq `EbT1�3�7A8sIk5E?A?�<4OR1�24365�7A8B:oC97D?A>6:�7D>@?�5�cty&M65o:E1�Z;:E>6ZG1�795�N�OR1�24365�7A8B:VO�<4O�5E3�7AC�1�?�5
p�N
�6a�����g �Qp.NP��O�����1�36N �Qp�N�������� g=?�5�CDxv5�:�7A8B��5�ZB\�cQy&M65Q7A<�7D1�Z*5E365E?�2�8B5�CQ1�?�5Q2�8B��5E3tf&8B7DMt?�5�CDx@5�:�7 7A<
:�<435A=24>@?91�7A8B<43�^kj@b�c

Z �/���N�+���@�+���@���&��7��C��!��,�I0���; ; !R;4�&)+����5,7�; �-7��,� ��0���;�;��&# ` �"�&�'��*3�
���()+�
��* �'��*�����)%�&�+7,)+�
�������'� ���3����� �%��0���*���; �40��&�'��	�*3�&�������'�I0P�,)+������)'�+������M Y ��7��P	C�¨·���)+�W���80���*��V�W�+� �,�������'�¨#2��)')+�&D
*3���������'�I0J���+)'7�0��'7�)+���1*�� �����1�C0�0�7�)R���l�+���4��0���*���; ���i0������ c �&��	G��	�	C� �+��������;�0�����k���7�)%�&�+�����
�����~5����W���9�&�
�W��� �C�+� ��0�0���7��C��M Y ���l�'��)+���l���N�+����5�; �l*~�&���,���+�40B0�����k���7,)9�&�'� �����30��������I	�D
��)'��	j���W)+�<�&)'�-�'0F���W*3�&�'�I0���; ; !<)+�W��)+�������C�+��	3� � � � ��M���M b��J[ � ^ #2��)+)'��*3���������'�I0 c$[ 5 ^ 0 [U`j}´`�^ D
�&�C�+�h#2��)+)'��*3�������W�+�I0
=�� �'�������'�¨#2��)')+��*~�&���,���+�40(0���7���; �����R�&#��&; ;����@�&)+�@���
���������C5V��)��&�+��*3� c ����	
��	,	�� �'� �����&; ;�! [ 0 ^ � [U`P} � ^ Dg�&�C�+�¨#2�W)+)+��*3�&�������'�I0(=�����)'����=(�R������)+�����(���W� ���C5���)%�(0���7���; ��#2��)')+�&D
*3���������'�I0���; ;�!"=�����; �1�+�������+���W)(��=(� 0���7��,; �R�����'�¨#2��)')+��*~�&���,���+�40��&;�; !
M � ��)��&;�;S0�����k���7�)9���+� �����
�+�,�"��»
7�� ;�� 5�)'� 7�*¸�����'��)+;4��!
��)�	��4���%�&��0��J5�����=(����� Z �´�&��	BO =?����	C���+��)'*�� �,��	�5C!3�+���9�&;$����D
��)'��!�*������ *��¨K@�&�+����� [U� � �,M*��M dC^ M@\(!30���*����&)'� ���J�+���R�'���9��;¶�W����)+��� ���
�&#
�'���R�+��)'���R*3�&�������'�I0
���')+7�0��+7�)'����=(�G0�����0�; 7�	��L�'���&�3�'���:0 [E`L}y`�^ D�¬ �.Z 0�����k���7�)9���+� ��� [ 5 ^ �4���+���G*3�&�������'�I0
��)'��7���	�D����9���+�J���')+7�0��'7�)+� c �EMa�
M
���(; ��=y�+��*�����)%�&�'7�)+���
�J0F���@0F�
��)'5��
�&)%	/��)+)%�&������*����C�.�&#f*3���&D
�����'�I0-*���*������%���C0W0�7�)9��M Y ���������W)+��!G�&#1�'���30 [U`B}G`�^ D�¬ �fZ 0�����k���7�)%�&�+�����«�I�<�����B*����
�&��	 � �l*����p����) Z �y�&�'��* ; ��=(�W)"�+���&���'����#2��)+)'��*3�������W�+�I0 [ � ^ ��)/� [E`B} � ^ Dg¬ �.Z [ 0 ^
���%�&�'� c )+�@������0��'� H
��;�!
M)\(!j����0�;�7�	�� �,�/�'���-����� ��DU��)'5�� �R�����'��)9��0��+�����3� �C�+���'���<0���;I0�7�;4�&�'� �����������
0����B��H
���i0���*���7��'�R�+���J������!B�����4����#
�+�,�"*3���������'� K����+�����SM � )'��*Q�'������� 0��&;40�7�;4�&�+������� _ � ` � e
=(� 0�����0�; 7�	C�P�'���&�8�+���R*3���������'�I0�*���*����C�9�.�&#��+�,�-0 [U`/}l`
^ Dg�&�C�+�¨#2�W)+)+��*3�&�������'�I0R���')+7�0��'7�)+�
����H
�-���l� ��DU��;4�&���J��)+�����C�9�&�'� ���l�&;������3�'��� _ � � ��� e 	���)+��0��'� ��� [ ; �����3���4	��-�&#T�+���<��7�)�#U��0��"7��,� ��D
0���;�; ^ M Y ���R�����W)+��!�	��h·��W)+����0���5�����=(�����3�'����� �CDE��;4�&���J����	j��7���DU�&#IDU��;I�����"��)+�������%�&�'� ���3��#.�'���
*3���������'�I0R*���*��W��� c ������=������R�+���-*3�������W�+�C0�)'!����9�&;�; �����<�&���4�����+)+����!l�W����)+��! c �&*���7��C�9���'�



� b ¡ � � � � ���������	�^��

����� ��� ����� � 
���� � � 
 � ����� ����� � � ������� �!�"��� � � �
��� ��� �#


�&5���7��-��� b *���� ����)����+��* _ � ` � e M

3.71 a.u.

p(2x1) AF

3.88 a.u.

3.91 a.u.

F

c(2x2) AF

$&%('*)*+Rs �*,"!�/&y{M65H8G3�7A5E?�ZG1"\�5E? N@8BCA7D1�36:�5�<�IW7YM65
C�3rO�<636<�ZG1E\�5E?Q<43 T_^�`�`Ea�bQj�\�5E365E?�2�\rO~8[368sS
O�82�E1�7A8B<43�Ik<4?�7DM65VN@8�
*5E?�5E3�7POR1�24365�7A8B:V:�<435A=2�S
>@?A1�7A8B<436CV<�I3>L8B2=cp�@c Xvc_y&M65�ZG1�?�2�5�N@8�
*5E?�5E36:�5
j@5�7�f#5�5E3
7DM65V8G3�7A5E?�ZG1"\�5E?FN@8;C97D1�36:�5 <�Iw7DM65hIK5E?�S
?�<4OR1�24365�7A8B:�1�36N�7DM65�7�f#<r1�3�7A8sIK5E?9?�<4OR1�26365�7A8B:
:�<435A=24>@?A1�7A8B<436C�8BC x@?l<4j@1�j6ZB\ N=>65n7DM65�O�>6:�M
CDOR1�ZBZB5E?�OR1�24365�798;:PO�<4O�5E3�7Q8G3�7DM65�Ik5E?A?�<4OF1�2�S
365�7A8B:�CA7D1�7A5
^kp�N
�6a � � :�<4ORx@1�?�5�N�7A< �Qp�NP�5O � �
1�36N �Qp�N��5� � � b�c

�3m�� � m(u�v
q1u�rLwWz\oVo j�� h�jl` 
 o/v spaiz �°s.o/q u5q jlq�t-w�z

© �3�+���4������0��+�����3=(�J=�� ;�;S�&�,��; !3�+�,�P�,)+� ��0�� ��;����&# XC] D XCY�Z =����40F�3��������; )'����	�!35������3�����')+�&D
	�7�0���	B� �´����0��'� ��� d M����'���+���<������0��I��;
0������-�&#?��*3���������'�I0R��7,�V�W)9���')+7�0��+7�)'�-���G�+���<���+��*��I0
�+0W�&; �NM Y ���1��·���0��
���C��; ��� �'��	"� �<��)%	���)
�+�J� *3�������+�,��*3�������W�+�I0
��)'��7���	
D����9�&�'�J0�����k���7�)%�&�+�����
�&#�� Z ��DU*�������;4�@!
�W)����LO [ ����� ^ �4�A��#���������)%�&;
H��&; �4	�� ��! c �&��	L� ��*~�@!i; ����	B�+�3�+�,�/7���	���)�D
���%�&��	C� ���R�&#�*3����!R*���)+�
*3���������'�I0����+)'7�0��'7�)+���S���<�+�,�I�¶;��&=������$���
�'��� 5,; �1�+0W�&; �����"�'���(#27��+7,)+�
M
Y ���-k�)9���J�&����;��I0����+���������&#1�'��� XC] D XCY�Z ����H
�-5�������	���*��������')9�&�'��	B5C!lO�� ��������	���������) #��
�>=�� _�`�b�c�`&d�e M Y ���R=���)+�C� �,�-��)+����0�� �,; �1�I�����
�W�909����	-� � � ����M0��M��CM Y �,�P�W; ��0��')+�����I01���')+7�0��'7�)+�8�&#
Z �"�4���'����)'��� �R���C��)+�@�+���@	A���"�'��)+*3����#����,� ��Dg	���������	C�����$; �C0W�&;,	�������� ��!��&#V���9���+��� [ ªXW X�^ � ��� ��� MX ����0��-� Z �G���+��* �4��*3���������'�I0 c �'���<ªXW X �&#�*3� �+��)+� ��! c � � c �&��	�*�������)'� ��! c � � c ��; �@0��+)'�����
[ �������W�9�(� � � � �,M*��M � ^ �&)+��7���	3�+��� � �W)+*��������W)+��! c � | c =����I09�3�I��)+��;���H��&�C��#2��)1�+�,�"�+7,������;�� ���
�&#?��; �@0��+)'����� c �I��	C�¨·���)+�W��� c �&��	l�+�,�<��������DE����;I�&)'� K����+�����	� � [ � ��
 � �

^
�N[ � ��� � �
^ �4��������D

K���)'��M1
���=(��H
�W) c �+���J��7�*Q�&#T5V���+� c ��� � � ��� � �
c �I�(�4	����C�+�I0W�&;��&5���H
�-����! Z �i���+��* c �����

������D������ �CDE����;4�&)'� K���	 XCY�Z *��@����7,)+��*��W���S=���; ;�����; !-5��8��������� �'� H
�(�'�"�'����09����*��I0��&;
7�������0���; ;UM
© #.�'��� XCY�Z �'� �i0��&�i5��P*~��	��J���W�������+� H
�1�+�<�+�,�-���,� ���(��#
�+���R�'7�������;�� ���-�W; ��0��')+����� c #2��)����
D
�&*���; ��5�! 0��
���+� �,�P�'��� XCY�Z DE�'� �<=�� �'� � ����)���	 c �+�,���+7����,��; �����R0�7�)')+���C� �A	���������	��.�����+���
�&�,��; ���"��#
�+���8)+��;4�&�+��H
����)'� ���C�9���+������5�����=(�W�����+�,�P*~�&���,���+��K��&�'� ���~�&�C���(�&#f�+���B����	B�'�&*��,; �
���1=(��;�;S���1���B�'���"�W; ��0��')+�����I0����+)'7�0��+7,)+�-����	j���l�+���J����� ��DU����;4�&)+��K��&�'� �������3�&��	��   �&#��+���
�+��*���;�� [EZ � ^ �&��	3�+���R�'� �i���%�&�+�@� c )+�@������0��'� H
��;�! [ ����� �
»VM [2d M dNb�^'^ M Y ���J�+7����,��; �����-0�7,)+)+�W���
0����B5��-	��@0���*����N����	3� �C�+�-��=(��0����C�+)'� 5�7,�+� ����� c � [ � ^ � � � � ���J0��
��� [ ����� �
»�M [ d M d�dC^+^%c �+���
0�����H
���C�+��������;��+7����,��; �����<0�7�)')+���C�(��#.������Dg��������DE����;I�&)'� K��@	j��;���0��+)'����� � � c �&��	3�+���A��	�	����+��������;
0������')+� 5,7��+����� ����	�7��"�'���+�,�P�'7������W; � �,�/��#���������DU�V��;I��)+� KW��	j��;���0��')+����� c �����������   [ � �i�+���
; ��*�� ����#?��*3��; ;f�&����;�� ��	B5,�I����H
��; �9����� � ^ M W15CH�����7���; ! c �+���-�,� ���,�����R��·���0��1�I�����C����0��'��	~#2��)
�+��������	��'�&*���;��3*3�&�������+��K��&�'� ���:5���� ���G�����+����)-���&)9��; ;���;���)��&�C�+�����&)%�&; ;���;�=�����; �3�+���i��·���0��
H��&���4�����@�?#2��)1������)'�V�W��	��I0�7�;I��)�������*����+)'!
M

¬�0�0���)9	������:�'��0����CH
�����'� �����&;�=��4�+	���* ��������DE����;I�&)'� K����+����� �I���:��*3�&;�;���·��@0�� c �&��	������
*������C�����C����0����,��)+*~�&; XCY�Z ��*3�&�������+�35�����; �����C�+;�!j*��C	�7�;I���+��	l	C7��/�'�3*3�&�������+�4��*lM © ��D
���'����	 c �����I��»
7�� �'�"	C�¨·���)+�W���WM Y ��� XCY�Z DU� *~�&���R��#�������)'� �C	��40R��7�)�#U��0�� c �UM��
MC�+��� 0F���&�����! �

�&#��'���-�+7��,����; �����30�7,)+)+�W��� �3���P�-#27���0��'� ���l��#��'���-;I���+��)%�&;.���
��� �'� ����"�[(��#��+���-�'� � c 0W�&�l5��



� � � � 
D�.�L�Y� � � � � �&��� �l� �#
}��� ��� � � � �������Q�*�"��� � � b��

�
ϕ

${%G'|)!+�s �*,��|/ �J?�8G36:�8[x6ZB5 <�I CYx68[3�S
xv<�ZG1�?�82��5�N CA:E1�3@368G362 7D>@3@365�ZB8[362 O�8sS
:E?l<�CA:�<4x�\ >6CA8G362 1 IK5E?A?l<4OR1�24365�798;:E1�Z;ZB\
:�<61�7A5�N x@?�<4jv5_7A8Gx fiM68B:uM 8;C�CA:E1�3@365�N
1�:E?�<�CAC 1 ��3 O�<436<�ZG1"\�5E?��=ZGO <43� ^�`�`Ea�b�c�y&M65�OF1�24365�7A8B: 26?�<4>@36N�C97D1�7A5
:�<63��=24>@?A1�7A8B<43�8BC�CDM6<�fi3�^.:YIAc��L8;2�c)�@c X�b
1�36N 7DM65�:�<4?A?�5�CYx@<436N@8G362$y)z	� <�Iz7DM65
Ik5E?A?�<�S 1�36N 1�3�7A8sIk5E?A?�<4OR1�24365�7A8B: ��3
1�7A<4O�CEc y&M65�1�362�Z;5�
 j@5�7�f#5�5E3 7DM65
OF1�24365�7A82�E1�7A8B<43 1
�65�Cz<�I 7A8Gx 1�36N CD1�O�S
x6ZB5�:E1�3 j@5�?�5�ZG1�7A5�N 7A<�� 1�36N�� j�\
:�<�C�
�� :�<�C���:�<�C�� cz�iN@N@8B7A8B<43@1�Z;ZB\�g{7DM65
N@8G1�O~<436N6SUCDM@1�xv5�N :�M65EO�8B:E1�Z 1�36N 7DM65
?l5�:�7D1�3624>6ZG1�?�OR1�24365�7A8B:�>@368;7�:�5�ZBZBC�1�?�5
N@8BCDx6ZG1"\�5�N*c

=�)+���+�'���3� �3�+��)'*3�.�&#��"��=��&Dg	�� *��W������������; � ��7�)'� ��)��W��������������� �
 � [ "����'������� � ^ ������� �"!$#"% � [�& � � �(' ^ ���C� [�)+* � , "�� ^ � [ �CM � ^

* � , 	��������+���(�'���R)+��0�� ��)'�C0��&;�;I�&�'�+�40���H
��0��'��)%� c ����	 !-# % � [�& � � �(' ^ �I���'���R�+����D��'�&*��,; �R	��4���%�&��0��
[�&�^%c �&�,��; � [ � ^9c ����	 5��4���EDEH
��; �9����� [ ' ^ 	���������	��W���-���C������������� 0��
�(.~0��������WM�¬8�"=(�B���@H
�
	����'0�)+��5���	����«	����%�&��;����«���@0��+����� d M�¡�M��/�'������;4�&���<=���H
���R�&#8��!C*�*��W�+)+!3)'��;I���+��	l)+��0�� ��)'�C0��&;
;I���+�'�I0��<H
��0��'��)9� * � , 0����«5V�~��7�*�*~�&)+��K���	B�'�G�B��=��&Dg	�� *���������������;����9�&)"#27,��0��+�����0/21�34 [ "�� ^ M
Y �C7��(=(�J0����B)+�W=�)+� �'�65
»VM [ ��M�� ^ �+� �

 ! [ "���� & � � �(' ^"7�� 4�8 � ! 4 [�& � � �(' ^ / 1�34 [ "�� ^ � [ �CM `
^

=�� �'�l�-)+���,)+���������%�&�'� H
��H
��0��+��) * 4 , M�ª�7��J�+�<�+���J�+7��,����; �����-�&#T��; ��0��+)+�����(�+�,)+��7,���l�+�,�"H���0FD
7�7�*µ5��&)')+����)��'�������-0��
�(.~0��������%��	C��0�)+�@�����J���C�V�������C�+�4�&; ;�!�=�� �'�l� ��0�)+������� �,�/;��������'�:9 4, [ �����
�+�,�<;"�¨Dg����;���0��'� ���3)'7�; �R�&#�����0��'� ��� d M ¡�M `�^9c �&��	j�+���/���
�C	l�&����)'������*3�&�'� ���3�'���"�'��������)9�&�,���I0
XCY�Z � *~�&���R��) c �'��5��-*���)'�"��)'��0��I��� c �+�,�<0��������9�����R0�7�)+)'����� XCY�Z � *~�&��� c �I��	��W�+��)'*�� ���@	
5C! �'���B;���=(���������9�&)-#27���0��+� ����=����I09�«�I�-;I���+��)%�&; ;�!«������Dg0��������%�&�C� c �EMa�
M=/>1�31 [ "?� ^ 1 [ �����´����0FD
�+����� d M ¡�M�� ^ �

 ! [ "���� & �����(' ^A@ ! 1 [ ���(' ^ / 1�31 [ "?� ^ �W���CB 
 `D&FE `HG �JI 1HKML�N �PO ' K � [ 9 � 1 �, �@`�^ 1+Q � [ �CM b
^

X ����0��(=�����)+�����,; !"�����'��)+�@���+�@	A���-�+���?	���������	C����0����&#��+�����W�������,�����'�I��;�	��@0�)+�����������<�+����)+����D
)+�@�����C�9���+� H
��)'��0�����)+�C0���;�;I�&�'�+�40���H
�@0��+��)R9 4, ���/�'���I��0����C�+���C�
�+���8�������������C�+�I��;��+��)'*¸�����
5V�W���
�&�,��)+���C� *3���+��	�5C!"�+�,�(�������������
0������')+� 5,7��+�����")'����7,; �+������#2)+��*>�+���10���)+)'����������	�� �,����� ���<��!C*/D
*����')+!-������������#.�'��� ` ªTS()+� ;�; ��7�� �<K����,� c �EMa�
M�;"� 7 
 * � 1 �, �@` M © #$=(�R� *3����� Z �����BO [ ���W� ^U+VXWZY-[J\>]J^�_HWJ`bac`bY-W�d
`bW
ac\eY
]J[Jfg^g]h`iWZje^gfgac`bY(WlkHmonJmbp-d
q�Uersutwv
xzy|{ p(m



� b�� � � � ��� �������	����

����� ��� ����� ��� ��� � � �"��� ��� �������R� ������� �!�"��� � ��	
��

�����#


=�� �'�-���,����DU*3�&�������'�I0��'� � c ! 7 ! � c ��; ;,�&�'��*3�$�&)'����»�7,� H��&;������ c �&��	"�'���109����*��40��&;�7������.0���; ;
�4�
	��4�&*�����	-����������	 [E� � ��M���M�¡ [ � ^+^ M Y �,�(#2��7�)���*~�&; ;������$)+�@0�� ��)'�C0��&;,;I�&�'�+�40���H
��0��'��)9�$�&#S�'���I�f0���; ; c
�&;�;S)+��;4�&�'��	j5C!3��!C*�*��W�+)+!J������)%�&�+������� c �&)'�-	��4����;4��!
��	/� � � � �,M*��M ¡ [ 5 ^ M Y ��� 0���)')+����������	������
` ªµ���%�&)-#27���0��'� ���y)+����7�; �'� ���B#2)'��* �+�,�B��7�����)+���N��� �'� �����&#R�'����#2��7�)�0���)')+����������	������G��;I�����
=���H
���
)+���,)+���������%�(�+���R���C����0��'��	 XCY�Z �+���V����)%�&���C! [U� � �,M*��M�¡ [ 0 ^'^ M

¬��G�&�C�+�h#2��)+)'��*3�������W�+�I08��7�����)%���+)'7�0��'7�)+�-;��&=���)9���+�,�-�+)9������;4�&�'� �����&;
��!�*�*����+)'! c �&��	l�+���
��	,	�� �'� �����&;
�+7,������;�� ���10�7,)+)+�W���£	�7��
�+�8��������DU�V��;I��)+� KW��	���; ��0��+)+����� c ! � c �I�S���W�������+� H
�$�+�1�+�,��7,��� �
0���;�;S�&#?�+��� ��7�����)%���+)'7�0��'7�)+� [U� � �,M �CM�¡ [ 	 ^+^ M Y �,��)+��#2��)+� c ��*~�&; ;���)�)+�@0�� ��)'�C0��&;$;I���+�'�I0��JH
��0��+��)9�
5���0���*��J��0�0��@�+����5�; � [E� ����M���M ¡ [ � ^+^ M X � ��0��"�'�������-���N�+���@�+�����C�V�������C�+�4�&; ;�!�;I��)+����)R0��
�(.~0��������%�
�+�,��!i	���*������&�'�"�'��� XCY�Z DU� *3����� c  ! @  ! � c �WH
���B���B�+�,�<0������-�&#?��*3��; ;S��·���0��+� H
�J����� ��D
����;4�&)+��K��&�'� ��� �����   0��
� � c #2��)S������*���;��¶�h#C�+�����&�,��; � �(�4�S0�; �N���
�+�T������M Y �C7��S�+���T0���)')+7��N�&�+�����
�&*���; ���+7�	��  &:[ �'����*3������*-7�*µ	��¨·���)'����0��<� ���+� ������� �����R=�����; �<� � �+0������"�+������7,)�#U��0�� ^ �4�
	���)+��0��'; !<��)+������)+�'� �����&;
�+�<�+�,�-���,� ��DU����;I��)+��K��&�'� ��� c  &�[�& � ^ �������   0��
� � c =�����)+� & � �I���+���
��H
��)9�����i�+� �CD��'�&*���;��l	��4���%�&��0��NM ¬����')+���V�l���&�+�'��)+� [U� � �,MQ��M ¡ [ # ^'^ =�� �'����7,�B����!y09����*��40��&;
5���0F�C��)'��7���	l�I�����C����0��+�@	B�+��5��<���W���l� �l�'���"���C����)+��*����C�1	�7��J�+�3�+���<��*3�&;�; ������)+��0�� ��)'�C0��&;
��7,�V�W)+;I���+�'�I0��iH
��0��+��)�Mº�
��)+)'����������	�� ����; ! c =(�3���C����0����:	��I���������&;R���+)'� ���B�����+�'��)+��#2��)��+���
� [U`~} � ^ Dg¬ �.Z ���%�&�'� [E� � ��M0��M b�[ 0 ^+^ M

Y �������3�&)'��7�*��W���%�"�&)'�3»
7�� �'�/��������)%�&;�����	:� �:�,)+� ��0�� ��;���������;��I0���5�; �<�+�G����!G*3�&�������'�I0
��7,�V�W)9���')+7�0��+7�)'�
M Y �����W; ��0��')+�����I0<���')+7�0��'7�)+� c 0������%�&� �,��	L� � ! 4 8 � [ � �-' ^ ��#65
»�M [ ��M b�^%c �&#A�
������0��¨k�0i��7�)�#U��0��G0����¹���+��; ;80���*������'�3=�� �+���'���I�<��·���0�� c ����	 k�)9����DE�,)+� ��0�� ��;����<0��&;40�7�;I���+�������
�����@	 �'�l5��j����)�#2��)'*���	L��� ��)9	��W)-�+�l� �C�+�W)+��)'���"�'�������C����)+��*����C�9��7�����*/5�����7���7���;�!
M XCY�Z
� *~�&���@�P=(�W)+��0��&;40�7�;I���+��	G���«�+���35������4�"�&#8�+��� Y ��)%���&·�D����&*~�&���«*��C	��W; _ ¡ e ���-	����+0�)+� 5���	
� �y09���&�,�+��) d M Y ���l����� �CDE����;4�&)'� K���	:*��@����7,)+��*��W���%�A7,�+� ;�� K������l�B#2��)')+��*~�&���,���+�40/�+��� =���)+�
����*/7,;I�&�'��	P5C!<���'��7�*�� ���J	��h·��W)+���C�
H���; 7��@�f#2��)(�'��������� �CDE����;4�&)'� K����+� ��� �   �&#$�'�����'� �����%�&�+�@��M

(f)

(a) (d)

(b) (e)

(c)

$&%('*)*+���� ,��|/
�|1�7A7A8B:�5 ^k1�b�g ^.N=b�g@CDM6<6?�7A5�CA7Q?�5YS
:�8Gx@?�<6:E1�Z6Z[1�7A7A8B:�5W��5�:�79<4?�CW^kj@b�g4^K5Eb�g�1�36NQ7DM65Wp��
CA7Y1�?�IU>@36:�7A8B<43mg 8Kc 5�c&7DM65�5 �@x@5�:�7A5�N �@y"� 8[OHS
1�2�5�C ^.:EbQ1�36Nn^(Iubdg*1�CACA<6:�8G1�7A5�Nz7A<V7DM65RCDM6<6?�7�S
5�CA7Q?�5�:�8Gx@?�<6:E1�ZLZG1�7A7A8B:�5���5�:�7A<6?�C&<�IW7DM65�:uM65EOHS
8B:E1�ZT1�36N 7DM65�OF1�24365�7A8B:�>@368B7V:�5�Z;ZQ<�IH1���3
O�<636<�ZG1E\�5E?#<43 � ^�`�`Ea�b�c��{<�7A5 7DM@1�7H^K5Eb#:�<43�S
7D1�8[36CQ7YM65HCYM6<4?�7A5�CA7 ��5�:�7A<6?�Ci<�IW7DM65�:uM65EO�8B:E1�Z
>@368B7P:�5�Z;ZR^.N=1�CYM65�N=bR1�36N�7YM65 7�f#<�8G365��@>68B��1"S
ZB5E3�7wx@1�8G?�C{<�I 1�N@N@8;798;<63@1�Z���5�:�7A<4?�C#N=>65T79<R7DM65
OR1�24365�7A8B:TCD>@xv5E?�CA7D?9>6:�7D>@?�5�c



� ������� �W��� �	� � � � ����� ��� ���.� � � b �

	3m�
 ��
ir:z��(u�q zPv<sft�w�x{z�sft�u�w�|

Y ��� X�] D XCY�Z ���C�V�W)+� *������%���.=���)+�8�V�W)�#2��)'*���	-� �3�-0�)+!
���������40�7�;��+)%�@DU��� ����H���0�7�7,* [�� �T� ^
��!,���'��* ��»
7�� ������	�=����+� � ` M�� Y *3�������W� _ � b � e �&��	º�������&)%�&�'�G0F����*/5���)%�P#2��)i��7,5����')9�&�'�
��)'�����&)%�&�'� ��� c �'�&*���;����+)%�&���E#2��) c *����9��;�H����V��)3	������N��� �'� ��� [UZ �Rª ^ �&��	y��7�)�#U��0��3�����&;�!����I��M
Y ���J�+��*���;�����)+�W���&)%�&�+�����i��)+�C0��@	�7�)+�R�4��	����+0�)+� 5���	����B	C���9��� ;���������#U��M _ � b � c � b � e M
OL�R7�����	
���%0F���@	 O�DU�+�����-=����I09�«=(��)'���V��������	���� �"!$#&%(' )+*-,�)-��*.,�H&�/,�� 021 �3;�3�!&��)�4�M ©�5 *-67� Z �Rª�D
0�683&*<58��)9*:67�;*:0=<84(=>��)-�R*?3A@ 5 �$*:0I0$3�; ;CB�0D,E3F*:�A1j=G0C*-6 � �H,�) �I1B=G670 ;C�H67��;�1?3A* b ���.J c 4�7�5�D
4��@»�77� 5 *';=B?3 575 �A3�;=�A1K3A*;L @ ������JNMO,QP d *.0 5Sc 3 5 1+*:67� 5 *-PR3 5 4�MO�$P-�S1+0 5 *-,.*:67�-0DP:B&,T@Q� 5 0I0
XCY�Z M�ª�7�P-0 5 @U*-67�R*.�A3Q4�77P:��*.� 5 *V*:0=<�3 5 1�4-3�*.<�;=�8=9�$P:�H3F*I3W*:��*.<8�$PR3F*+7�P-�IL 7 �W¡�J-M

	3m-X Y��[Z\Y+]_^ `¶q tba-zP|6oUc�^ vedR± f�²-²�g/h

${%G'|)!+�� � ,=im/ y|<4xv<�24?A1�x@M�\�<�IFavckjAl � � ��3
26?�<�fi3
<43�1zCA795Ex@x@5�N � ^�`�`"a�b�CD>@j6CA7Y?A1�7A5�c��
ZB8G365YSUCA5�:�7A8B<43t^kj@<�797A<4Onx@1�365�ZGb f&1�C*N=?91Ef 3T1�7 7DM65
jv<�7A7A<6O 5�N@2�5�<�IH7DM65�8[OF1�2�5�c y&M65�CA7D?9>6:�7D>@?�5
<�IH7DM65zCD1�ORx6ZB5�8BC�CA:�M65EOR1�7A8B:E1�ZBZB\�?�5Ex@?l5�CA5E3�795�N
j�\
N@8�
*5E?�5E3�7P24?�5�\zZB5���5�ZBCEc�y{M65 8GOR1�2�5tCA8nm�5�8;C
p�a�a�3@O q p�a�aH3@Ohc

Y 67�G@TP:,AoG*-6U,FM Z+5 , 5 O [ ����� ^ 683T4p<�P-�$qr0=,Qs84�tCBvu8�$� 5 4�*-sw1 0=�A1 _ � b � eyx
© *poz3T4{MO,Qs 5 1U*-683A*
3�|., 5 ,Tt23$B&�$P [UZ	�S^1Z+5 @QP-,Ao}4�3F*:,T|.02~$3FtCt=BU��3F*�3 5 1+<84"�$s81 ,Q|.,TP:<76702~$3FtCt=B., 5 O [ ����� ^9c 0 x � x
Z+5 6w3T4�*:67�U4:3F|.�H0 5 D�<7t23 5 �bt�3A*-*-02~D�U~�, 5 4"*�3 5 *I3T4�*:67�;s 5 1 �$P-tCB 0 5 @<O 4�s7uw4�*-PR3F*:� x ��,�670 5 *�4
,FM{3FtCt=,AB 0 5 @b~D,Ts�t�1Uu��},Tuw4��$P:q&�A1 x.� 0=@ x � x¨� 4�67,Ao}4�*-67�}*-,Q<�,Q@TPR3F<76rB�,AMf� xh� � Z	�~Z+5 ³�O [ ���W� ^
@TP:,Ao 5 3A*H3.4�s�u84�*:P�3F*:��*:�$|.<8�$PR3F*-s�P-�UL8�=��� @>d ���?J x ¬�*:,T|.02~$3FtCt=B;��3A* Z+5 024�t23 5 174I3T4�o9�$tCt
3T4G<83AP-*�4G,FM�*-6��vs 5 ~D,Aq&�$P-�S1�*-s 5 @&4�*:� 5 4"s7u84"*-P�3A*-��3FP-�Hqr0�4"0=u7tC� x

� 4�0 5 @?3?~DtC�A3 5 *-s 5 @E4�*:� 5 *:0=<e3A*-,T|�0�~vP:�A4�,Qt=s7*:0=, 5 oG3T4H3Q~�670C�$q&�A1., 5 *-6�� Z+5 D�024�t23 5 174H3Q4
4�6�,Fo 5 0 5:� 0C@ x � x ��[ 3 ^�x´Y 67�?1 023F|., 5 1�D�4�683A<��S1�s 5 0=*b~D�$tCt�,FM}*-6��.<84��(s81 ,T|�,TP-<�670�~ [ � } � ^
Z+5 Dy|., 5 ,Tt�3$B&�$P�024V~DtC�A3FP:t=BHq 024�0Cu7t=� x£Y 67�Gt=0 5 ��D�4��A~D*:0=, 5 1 PR3So 5 3FtC, 5 @H*:67�}1 � 5 4"��Dy<83T~9�&�A1 _ �F� ��� e D
1 0CP-�A~D*:0=, 5 ���r670=u�0=*�4/3�<8�$P-0C,r1 0�~D0C*"B�,AM ��� `
��� ��� ��� 5 | oG6�0�~�6�3Ft=|�,&4�*/<8�$P�MO�S~D*-tCB kw*�4�*:67�
���r<8�A~D*-�S1 5 �A3AP-�A4"*�D 5 �$0=@Q6 u8,QP�1 0�4"*�3 5 ~D��,FM�� x�`
��d}5 | x$Y 67��|.�A3Q4�s7P:�A1}~D,TP:P-s7@E3F*-0C, 5 3F|.<7tC0=*:s81 �
3F|�,Ts 5 *�4�*:,"�W��<7| xS©�5 *:67�90 5 4��(*�3G~$3Ft2~Ds7t�3A*-�A1 XCY�Z Dy0=|�3F@T��MO,TP�3�~D, 5 q&� 5 *:0=, 5 3FtT*:0=<HoG0=*:67,Ts�*
4�<�0 5 Dy<8,Tt�3AP-0C�A3F*:0=, 5£c 0 x � x �   7 � c 0�4;@Q0=q&� 5 MO,QP.~�,T|.<83AP-024�, 5\x�� u qr0=,Qs84�tCB c *-6��B»&s83At=0=*R3F*:0=q&�
3F@QP-�$�(|.� 5 *�u8�$*"o9�$� 5 *-67�$,QP-B�3 5 1e��� <8�$P:0=|.� 5 *�024v����~D�$tCt=� 5 * x ��,Ao9�$q&�(P c *-67��*-67�$,QP-�$*:0�~$3At=tCB

�-���J^ ^"�$�D^g\e`n� ^gW
acj��Q��Y(^��H^g^gW��D^+\�  Y(\O� ^+]G�(¡}¢ m�£>Y
]J^-dA¤�m�¥"[A�H^ga§¦"¨��JdT� WJ]}©�mAª�`b^ga§¦gjcf���dT� WJ] `ia|`ij��G¡�A«b^:�$jc[J\e^=acY�aO�Q�$WA¨ a§�J^"��  Y-\ a§�J^g`b\� 2���J[A«bY-[Jj�¬>Y-\O¨�m



� d � � � � ��� �������	����

����� ��� ����� ��� ��� � � �"��� ��� �������R� ������� �!�"��� ��� 	
��

�����#


1 �$*:�$P-|�0 5 �A1U~�,TP-P:s7@&3A*-0C, 5 3F|.<�t=0=*:s81 �}0�4�u B�My3AP9*:,&,.4"|?3FtCt x$Y 670�4G1r��k�~D0C� 5 ~DBU,AMV*:67� Y �$P�4",&·�D
��3A|?3 575 |.,r1r�$t90 5 <7P:�A1 0�~�*-0 5 @K*-67��~D,QP-P-�S~D*/~D,TP:P-s7@E3F*:0=, 5 0 5 3A*-,T|�0�~$3At=t=BKP:�A4�,Qt=q&�A1 XCY�Z D
0=|�3F@T�S4 ,FM ~Dt=,E4���Dy<83T~9�&�A1�|��$*�3At�4"s7P�My3Q~D�A4G0�49o>�$t=t�s 5 1 �$PR4�*:,&,r1�� x

${%G'|)!+�� � ,��*/
	#<4ORx@1�?�8BCA<43 <�I 5 �@x@5E?l8 S
O~5E3�7D1�Z01�36NR7YM65�<4?�5�7A8B:E1�Z��@y"�tSU8[OF1�2�5�CW<�I
1 ��3RO�<636<�ZG1E\�5E?L<43 � ^�`�`Ea�b f{8;7YM�^k1�bW1
36<63�S�OR1�24365�7A8B: � Sw1�36Nn^kj@bQ1 OR1�24365�7A8B:��5YSU7A8Gxmcw^K:Eb�� �@x@5E?l8[O~5E3�7D1�Z!1�36No7DM65�<6?�5�7A8sS
:E1�Z=ZB8G365QCA5�:�7A8B<436CJIK<6? 7DM65i8GOR1�2�5�Cw^k1�bL1�36N
^ej@b�c y&M65
>@368B7 :�5�ZBZ�<�IR7DM65�:E1�ZB:E>6ZG1�7A5�N
OF1�24365�7A8B:&24?l<4>@36NRCA7D1�7A5#:�<43��=24>@?A1�798;<63�8BC
CYM6<�f 3�8G3�^k1�bT1�36N ^kj@b IK<6?Q:�<4ORx@1�?�8BCA<43mc
y >@3@365�ZB8G362 x@1�?A1�O�5�795E?�CLIk<4?#j@<�7YMR8GOR1�2�5�C
1�?�5�
�� ��� � �4a�36��1�36N�� ���&XrO���c
y{M65T8GOR1�2�5QC98 m�5�8BCwp@c jH3@O q�p@c p�3@OVc

©�5 3?4��S~D, 5 1e4��(*v,AMG���r<8�$P-0C|.� 5 *�4}1 0¨·��$P:� 5 *�MO�$P-P:,T|?3A@ 5 �(*-0�~H*-0C<84�o9�$P:�Us84��A1 xjX 0 5 ~D�Uo9�
� 5 ,Ao MOP-,Q| *:67�PkwP�4�*�D�<�P-0 5 ~D0=<7tC�A4G~D,Q|.<7s7*R3F*-0C, 5 49*:683F*I*-67�H�A3Q4�B+|�3F@ 5 �$*-0C�A3F*:0=, 5 3&�r0�4G,FM>*-67�
Z+5 |., 5 ,Tt23$B&�$P�, 5�� [ ����� ^ 024 0 5 D�<�t�3 5 � c *:67�����r<8�$P-0C|.� 5 *VP-��»&s70CP-�A1/3;|?3F@ 5 �$*:0�~G*-0=<�oG0=*-6�3
|?3A@ 5 �$*:0=�A3A*-0C, 5 3�� 02490 5 *:67�H<7t�3 5 �H,FM�*-67�b4�s�P�My3T~��v0 5 ,TPR1 �$PG*:,�|?3�� 0C|.0��$�G*-6�����·��A~D*R4 x
Y 67024
~D, 5 1 0=*:0=, 5 024zMOs�t¨k8tCt=�A1�urB � ��D�~D,&3A*-�A1.<7P:,Tu8�;*:0=<84 _ � b�`&e�x�� 0C@ x � x ��[ u ^ 4"67,Ao}4�3 5��CY�Z Dy0=|�3F@T�
*�3��&� 5 oG0=*:6/4�s8~�6/3�*-0C< x.] �(P-0=,r1r0�~ <w3FP�3At=tC�$t84�*:P-0C<��S4V3FtC, 5 @b*-67� _ ����� e D�1 0=P:�A~D*:0=, 5 ,AM�*-67�}4"s7P�My3Q~D�
~$3 5 u8�;P:�A~D,T@ 5 0=�(�A1 x�Y 67�H<8�$P:0=,r1 02~D0=*"B?3At=, 5 @.*-67� _ �F� ��� e D"1r0=P-�S~D*-0C, 5 3F|.,Qs 5 *�49*-, d � � � �C� ���¬
oG6702~�6�~D,TP:P-�A4"<8, 5 174;o>�$t=t�*-,+*:67��4�0=�(�U,FM}*-6��.|?3F@ 5 �$*:0�~;~ [E`B}G`�^ s 5 0C*�D�~D�$t=t x<Y 67�.0 5 4��$*H0 5
� 0C@ x � x��C[ u ^ 4"67,Ao}4�*:67�U~(3Ft�~�s7t�3A*-�A1 �CY�Z D�0C|?3F@Q�vMO,QPv*:67�;|�3F@ 5 �$*-02~v@TP:,Ts 5 1 4"*�3F*:� c 0 x � x *-67�
�-���J^"]J`bjy�! -\e^g^"� ^+W a `bj \e^"«�� ac^+]6acY	a§�J^"[JWA¨
WJY�¬ WH� aeY�� `bf jeac\c[�fgac[J\e^	Y� �aO�J^=ae`n��m7¤K�D^+acac^+\#"
[Q�$W
ac`bay�$ac`MY-^�� (\c^g^�� ^gW
a f-� W;�D^�Y��Ja�� `bWJ^g]v�(¡Z`bWJf"«b[J]�`iW$ G� Y-\e^�«bY
f:��«b`n¦g^g]6ae`n�6Y-\§�J`bay��«bj jc[Jf��U� j#%'&)( ¬��JY-je^=fgY-\e\c[* $� ae`iY(W�����A«b`bac[J]J^+j�� \e^��	[Jf��	f"«bY-je^g\ aeY	^"�$�D^g\e`n� ^gW
a t je^g^=f��Q���Jac^g\,+ y m



� � �h� 
 �����#
��U�z��� ��� ���#
���� ��� ���
	�� � d �

~ [U`¶}�`�^ Dg¬ ��
 ~�, 5�� @Qs7P�3A*-0C, 5 3Q4p1r0�4-~�s84-4"�A1�0 5J� 0=@ x � x���� u�� x � � �85 1�*-6��$,TP:BH3 5 1H���r<��(P-0=|�� 5 *
*-,}@T0Cq&�>3�~D, 5 4�024�*:� 5 *�<702~D*-s7P:� x 5Vq&� 5 *-67�><7P-�A1r0�~D*:�A1�o9�S3&�b~D, 5 4�*-P:0�~D*:0=, 5 4{,AM8*-6��94"*-P:0=<8�A4�3Ft=, 5 @
*-6������������¨D�1 0=P:�A~D*-0C, 5 P-�(t�3F*:�A1�*-,�*:67�?<83F0CP�,AM�4��A~D, 5 1 4"|?3FtCt=�A4"*;P:�A~D0=<�P-,r~$3AtGt�3F*:*-02~D�?q&�A~D*-,QP�4
,FM � 0=@ x � x ¡ � ���H3AP-�.qr0�4"0=u7tC�U0 5 *-67��|.�A3T4"s7P-�(|.� 5 * x ¬�@E3F0 5�� ���r<8�$P-0C|.� 5 *�3AtV3 5 1 *-6��$,TP:�$*-02~$3Ft
173A*�3/~$3 5 u8�b~D,T|.<w3FP-�S1�|.,TP:��»&s83 5 *:0=*�3A*-0Cq&�$t=BUurB.1rP�3$oG0 5 @/t=0 5 ��D�4��A~�*-0=, 5 493At=, 5 @U*-67�b1 � 5 4���D
<83Q~F�&�A1��h� � �
���¨D�1 0=P:�A~D*-0C, 5 3Q490 5 1 02~$3F*:�A1;0 5~� 0=@ x � x ��� u�� x�� 67��P:�A4�s�t=*�0�4V<7tC,T*-*:�A1�0 5�� 0C@ x � x ��� ~ � x
© *;P:�$q&�A3Ft24�*-683A*U*-67�.<8�$P:0=,r1 02~D0=*"BKoG67� 5 |.�A3Q4�s7P:�A1 oG0C*-6 3 � ��D�~D,E3F*-�S1 <7P-,Qu8� 024v*"oG0�~���*:67�
5 �A3AP-�A4"* 5 �$0=@Q6 u8,QPG1 024�*�3 5 ~D� � 0 x � x � x ��! �v5 | x�� 67�}���r<8�$P-0C|.� 5 *�3Ft�~D,QP-P-s�@&3F*:0=, 5 3F|.,Qs 5 *�4V*-, �
*-,"!�<7|�oG6702~�6b0�4�4�tC0=@T6r*-tCB�u8�$t=,Ao�*:67�}~D,QP-P-s�@&3F*:0=, 5 ��� <8�A~�*-�A1�MOP-,Q|�*-67�$,QP-B �  &�� � �¬#� 7 � <7|
3F*=' @ ��� x�©�5-� 0C@ x � x �G*-67�z~$3Ft2~Ds7t�3A*-�A1H~D,QP-P:s7@&3A*-0=, 5 3F|.<�t=0=*:s81 ��0�4�1r0�4�<�t�3$B&�A1H3T4V39MOs 5 ~�*-0=, 5
,FM>*:67�/3F<7<�t=0=�S1 u7023T4gDyq&,TtC*�3A@T� x$� 67�/~D, 5 *:P-0=u�s7*-0C, 5 4�MOP:,T| *-67�b|?3&%-,TP:0=*"B?3 5 1 |�0 5 ,QP-0=*"B�4�<70 5
4�*R3F*:�A4�3AP-�b���73Q~D*-tCB.*-6��U4-3A|.�H����~D�$<7*�MO,TP�*:67�b4�0=@ 5 ,FM�*:67�U~�,TP-P:s7@&3A*-0C, 5 3A|.<7tC0=*-sw1 � x�©�5 *:67�
<7P:�A4�� 5 *}~$3Q4��;*:67�U4"0=@ 5 1 � 5 ,T*-�S4�*-683A*��(0=*-6��$PG*-67�HMO�$P-P:,T|?3A@ 5 �(*-0�~},TP}*-67��3 5 *-0 MO�(P-P-,Q|?3F@ 5 �$*:0�~

+5 3F*:,T|_P:,Fo}4VoG0C*-6UP-�S4�<8�A~D*V*:,H*-67�G*:0=<U|?3A@ 5 �$*:0=�A3A*-0C, 5 3AP-�G0C|?3F@Q�A1U3T4V<7P:,T*-P:s84�0C, 5 4 x�� 6 sw4
oG0=*:6U3 5 , 5 D�4�<70 5 <8,Tt23FP-0C�$�A1 �'�(
 Dy*-0=<b*-67� 5 �$*V~�,TP-P:s7@&3A*-0C, 5 3F|�<7t=0C*-s81 ��,AM�*:67�}4�*:P-0C<��><83F*:*-�$P 5
qQ3 5 024�67�S4 � 3 5 1 *-67��1 023F|., 5 1 4�683A<8�A1 <83A*-*-�(P 5 ,AMU*-6���~�67�$|.02~$3FtGs 5 0=*�~D�$tCt�0�4.,Qu84��$P:q&�A1 x
��,Ao9�(q&�$P � 0 M}*:67�?*-0C<�<8,&4-4"�A4-4"�A4/3 5 , 5 DyqQ3 5 024�670 5 @�4�<70 5 D�<8,Qt�3FP:0=�A3A*-0C, 5 �   *-67��~D,TP:P-s7@E3F*-0C, 5
3F|�<7t=0C*-s81 ��~$3 5 u8�;P:�A3T1r0=t=B�~D,Q|.<7s7*:�A1�MOP-,Q| *:67�;*"o>,.4"<70 5 ~D, 5 *:P-0Cu7s7*-0C, 5 4 x)� 670�4G683T4}u��(� 5
1 , 5 �+MO,TP.*:67�e~$3Q4��K,FM �   7 
 �C�*!�0 5 � 0=@ x � x � x+� 67024�qQ3FtCs7�+683Q4.u��(� 5 1 �$*:�$P-|.0 5 �A1�0 5
�A3AP-t=0C�$P;�W� <8�$P:0=|.� 5 *�4,�¨� �
- � x.� 67�$P:�?0�4;3K|?3�� 0C|Us7| 0 5 *-67��~D,QP-P:s7@&3A*-0=, 5 3A|.<7t=0C*-s81r�.3A*/3
q&,TtC*�3A@T�U,FMz3Au�,Qs7* 
 �C�����[oG6702~�6K024�P-�(t�3F*:�A1 *:,.*-6��U�A1 @T�U,AMz3 4"s7P�My3Q~D�/4�*R3F*:�Uu83 5 1K,FM>*:67�

+5 |., 5 ,Tt23SB&�(P x¹©�5 *:67� 5 ���r*?4��S~D*-0C, 5 0=*�oG0=t=t}u8�e4�67,Ao 5 *-683A*?0=*.024.3Ft24�, *-67�e~(3Fs84"�K,FM
*-6���<8,&4-4"0=u70Ct=0C*�BU*:,;0C|?3F@Q�G*-67��|�3F@ 5 �$*-02~G4�*-P:s8~D*:s7P-�H3A*9tC,Fo u�0�3T4ED�q&,Qt=*R3F@T�S4 � 0 x � x 3A*9*-6�� � �$P-|.0
� 5 �(P-@TB x¶©�5 3A@TP-�(�$|.� 5 *�oG0C*-6U*-6��9���r<8�A~D*�3A*-0C, 5 MOP:,T| *-67�><7t=,Q*V,FM8*:67�}~D,QP-P-s�@&3F*:0=, 5 3F|.<7tC0=*:s81 �
5 ,i»&s83FtC0=*�3A*-0Cq&�Uu70�3Q4gDyq&,Tt=*R3F@Q�.1 �(<�� 5 1 � 5 ~���,AMG*-6�� �'/ D �'�(
 0C|?3F@Q�U683T4Hu8�$� 5 ,Tu84"�$P-q&�A1K0 5
*-6��v�W� <8�$P:0=|.� 5 *�4VoG6702~�6�o9�$P:�v<8�$P"MO,TP:|.�A1.3A*Gq&,Tt=*R3F@Q�A49u8�$*"o9�$� 5 
 �����U|.��� 3 5 1B�U|.��� x

©�5 *-6��}~$3Ft2~Ds7t�3A*-0C, 5 o>�G3Q4-4�s�|.�A1v*:67�9|�3F@ 5 �$*-0C�A3F*:0=, 5 3&�r�A4�,FM�*-67�}4:3F|.<�t=�>3 5 1;*:67�G<7P:,Tu8�
*-0C<?*-,/u���~D,TtCt=0 5 �A3FP � 0 x � x ~D,&4 � 7�� � x ��,Ao9�$q&�$P � 0 5 *-67�b<7P-�S4�� 5 *G���r<��(P-0=|�� 5 *R3Ft�4��(*-s7<?�$q&� 5
MO,TPI*-67��~$3T4"�U,FM � 7 � � 0 x � x *-67�b*-0C<+|?3A@ 5 �$*:0=�A3A*-0C, 5 tCB 0 5 @U<8�$P�MO�S~D*-tCB 0 5 *:67�U4"s7P�My3Q~D�U<7t�3 5 � �/K~$3 575 ,T*}u8�U~D, 5 *:P-,Qt=t=�S1.3 5 1?*-67�b3At=0=@ 5 |.� 5 *>~$3 5 u8� 5 , 5 D�~D,TtCt=0 5 �A3FP � oG670�~�6.|.0C@T6r*9���r<7t23F0 5
*-6���1 024-~DP:�$<83 5 ~DB;u8�$*"o>�$� 5 *-6��$,TP:BU3 5 1����r<��(P-0=|�� 5 * x0� 6���4"*-P-, 5 @U1r�$<8� 5 1 � 5 ~D�G,FM\*-67�}��·��A~D*
, 5 *-6��G|?3F@ 5 �$*-0C�A3F*:0=, 5 1 0=P:�A~D*-0C, 5 ,FM�*:67�G*-0C</~$3 5 u8���W� <7tC,T0C*-�A1H*-,H@&3A0 5 MOs7P-*:67�$PV0 5 MO,TP:|?3F*:0=, 5
, 5 *-6��U|?3F@ 5 �$*-0C�A3F*:0=, 5 1 0CP-�A~D*:0=, 5 ,FM>*:67�/4-3A|.<7t=�bu B�s84�0 5 @?3.*-0C<KoG670�~�6+�W� 670Cu70=*R4�3 5 �S3T4�B
|?3A@ 5 �$*:0=�A3A*-0C, 5 3&�r0�4�oG6�0�~�6+0�4�#�132U) 4 ��576�89576 �;:&��%$'<1 # 8>= *:,.*-6��U, 5 �U,AM9*:67�U4:3F|.<�t=�U4"s7P�My3Q~D� x
� 67024�~D, 5 1 0C*-0=, 5 0�4;MOs7t � t=t=�S1�MO,QP?3 � D�*:0=<�~D,E3F*-�S1�urB �U� � 
	� �I1 3T4/o9�K~�,Ts7t21 4�67,Ao
P-�S~D� 5 *-t=B?� -�� � xf©�5 � 0=@ x � x��'� ~ ��o>�9683$q&�>0 5 ~DtCs81 �A1b3�*"B <�0�~$3At tC0 5 ��D�4��S~D*-0C, 5 3T4V|.�A3Q4�s7P:�A1�oG0=*:6/3
�I1�D�~D,&3A*-�A1�<�P-,Tu8��*:0=< � @QP-�$BUtC0 5 ��� x$©�5 1 �$�A1 � *:67��~�,TP-P:s7@&3A*-0C, 5 3A|.<7t=0C*-s81r�9oG3Q493At=oG3$B�4V|�s8~�6
4�|�3Ft=tC�$P9*:683 5 MO,QP � ��D�~D,&3A*-�A1+*:0=<84}3 5 1 5 �$q&�$PG����~D�$�A1r�A1l�;<7| 4�s7<�<�,QP-*:0 5 @?*-6��;*-6��$,TP:�$*-02~$3Ft
P-�S4�s7tC*�4v*:683F*/*-6��.�A3T4"B 3&�r0�4H,FMI*-67� 
+5 3A*-,Q|?4;0�4H0 5 Dy<7t�3 5 � x ��,Q*-� � *:683F*/*-67��0=|?3A@T��4�*-0Ct=t
1 024�<7t23SB�4 *:67�H4"*-P-0C<8�v<w3F*-*:�$P 5 ~�683AP�3Q~D*-�$P:0�4"*-0�~G,FM�*-6���|?3F@ 5 �$*:0�~}4�s7<8�$PR4�*-P:s8~D*:s7P-�b3T49<�P-,T<8,E4��A1

@����J^ `iWBA2�A«��$WJ^ Y-\>Y-[JaCA Y� 3A��A«�� WJ^����� -W�^gac`n¦:�$ac`bY-W�]J`b\c^gf+ac`bY-W Y� �ac`n�Jj>fgY$� ac^+]I�$¡�aO�J`bWR_Q«n� j�`bj  (Y'Y-^g\eWJ^g]}�$¡aO��^	`iW
ae^g\� 2�$fg^I�$WJ] jc[J\  2� fg^�� WJ`bjeY-ac\eY��$¡6Y�  a§�J^	_Q«n� �I� ae^g\c`���« dH`Xm ^-m'D�^ Y(\FE"]�d `bW f+Y-W
ay�$fga�¬ `baO�<a§�J^G� Y(jca]J^gW�jc^"«n¡��Q� f�¨(^g]#GHA je[J\� �� fg^-d�`Xm ^(m&G t p(pJI y d$¬��J`bf��l`bj�  Y(\O� ^g]I�$a aO�J^"ac`n�H���H^"���-  ae^g\ a§�J^"aO�J^g\§�I��«�KE� j§��m8��YY-[�\ ^"�$�H^g\c`b^gWJf+^-d�jO«b`  ��
a ]J^QY `��$ac`bY-WJj�  \cY�� aO��^=`b]J^:��« �I�! -WJ^gae`n¦:� ae`iY(W ]J`b\e^gfgac`bY(WJj�¬>^g\c^   \e^)"
[J^gW
aO«n¡ZY��Jje^g\)Y(^g]�d�J\eY��Q���A«n¡	f:� [Jje^g]H�$¡ a§�J^"fg[J\3Y-^g]6j§�Q���H^=Y� �aO��^=ac`n��m



��! - � � � ��� �������	����

����� ��� ����� ��� ��� � � �"��� ��� �������R� ������� �!�"��� ��� 	
��

�����#


=-0.4
T

P

$&%('*)*+�� � , � / 	&1�ZB:E>6ZG1�7A5�NV:�<4?9?A>6241�7A8B<43F1�ORx6ZB8B7D>6N@5T1�C�1wIe>@36:�798;<63R<�I*7DM65Q1�x@x6ZB8B5�N j68G1�C�SU��<�ZB7D1�2�5&Ik<4?
7DM65�:4^kp�q�p�b&1�3�7A8sIK5E?A?l<4OR1�24365�798;:Q:�<63��=24>@?A1�7A8B<43h<�IL7DM65 ��3�S�O�<436<�Z[1"\�5E?]<43 � ^�`�`"a�b�cWy&M65QN@<�7A7A5�N
1�36N�N=1�CDM65�N6SUN@<�7A7A5�N�:E>@?���5�CQN@5E36<�7A5F7DM65�7�f#<PCDx68G3�:�<63�7D?l8[j@>6798;<636CTfiM68BZB5o7YM65TIU>6ZBZWZB8G365 ?l5Ex@?�5�CA5E3�7AC
7DM65R79<�7D1�ZL:�<4?9?A>6241�7A8B<43�1�ORx6ZB8B7D>6N@5 O~5E1�CD>@?�5�Nzf&8B7DM�1tOR1�24365�7A8B:R798[x�<�I&CDx68G3�S�x@<�Z[1�?�8nmE1�7A8B<43 �  ��
�&a��
��c���x@<�CA8B7A8B��5o^e365�241�7A8B��5Eb :�<4?A?A>6241�7A8B<43o1�ORx6ZB8;7Y>6N@5�C&8BC]?l5�Z[1�7A5�NV7A<T8GOR1�2�8G362R7DM65{IK5E?A?l<4OR1�24365�798;:
^k1�3�7A8sIk5E?A?�<4OR1�24365�7A8B:Eb	��3z1�7A<4O ?�<�f&CTf&8B7DMz?�5�CDxv5�:�7R7A<t7DM65o798[x
OF1�24365�7A8nmE1�7A8B<43z1�CRx@?�<�7Y?A>6CA8B<436CEc
y&M65R8G36CA5�79CHCYM6<�f�7YM65o>@368B7H:�5�ZBZJ<�I&7DM65R:4^kpFqrp�bQ1�3�7A8sIk5E?A?�<4OR1�24365�7A8B:R:�<43��=24>@?91�7A8B<43�^k>@x@xv5E?QZB5YIk7Db
1�36NV7DM65�:E1�ZB:E>6ZG1�7A5�N �@y � SU8GOR1�2�5�C#Ik<4? �  �� a ^k>@x@xv5E?i?�8B24M�7Db&1�36N �  �� at^.ZB<�f#5E?&?l8;26M�7Dbdc

urBK*-67�?1r0�4-~�s84-4"0=, 5 ,FMl5
» x�� � x�- ��3 5 1 � � x � ���(q&� 5 MO,QPU3�4�|?3At=tV��·��A~�*-0=q&�/4"<70 5 D�<8,Tt23FP:0=�A3A*-0=, 5
1 s7�H*:, 5 �S3FP-tCB�,QP-*:67,T@Q, 5 3AtV|?3F@ 5 �$*:0=�A3A*-0=, 5 1 0CP-�A~D*:0=, 5 4 x

	��
	 �
�U����������������� ������� ����� ����������� ���!�"� Y#���%$!�%��$����
& 5 4��S~D*-0C, 5�' x !Uo9��683$q&�H1r0�4-~�s84-4"�A1.*-67��P:�A3T4", 5 MO,TPG*-6���<8,&4-4"0=u70Ct=0C*�B/*-,U0C|?3F@Q��*:67�H|?3F@ 5 �$*:0�~
4�s�<��(P�4�*:P-s8~�*-s7P:��, 5 *-67�Uuw3T4�024v,AMG*-6����)(r<8, 5 � 5 *:0�3Ft 1 �A~$3$B+,AMG*:67�.~�,&�(.?~�0=� 5 *�4 !$# % � ��& �+* �('$�
0 5 *-6���qQ3T~Ds7s�| x-, 4 *:67��1r�A~$3$BU,FM�*:67��~�,&�(.?~�0=� 5 *�4p*:,U3b~D�$P-*R3F0 5 <83A*-*:�$P 5�� 0 x � x 4"*�3AP MOs 5 ~�*-0=, 5/>1�34 �/. � � � ,FM�*:67� �'�(
 0=|?3A@T�}1 �(<�� 5 174 ��( <8, 5 � 5 *:0�3At=t=BH, 5 *-67�}t=� 5 @T*:6.,FM\*-67�I~D,TP:P-�A4"<8, 5 1 0 5 @
P-�S~D0=<7P:,r~$3Ft�t�3F*:*-02~D�Uq&�A~D*:,TP * 4 , *-6��/4�|?3At=t=�S4�*}q&�A~D*-,QP�oG0=tCt�1 ,Q|.0 5 3A*-�U*:67��0C|?3F@Q� x ��,Ao>�$q&�$P �
0=*�|�s84"*Uu8�10&�$<�*�0 5 |.0 5 1�*:683F*?*-6��K�$t=�A~�*-P-, 5 0�~?4"*-P-sw~D*-s7P:�K,FM�3 4�<8�A~D0 � ~+4:3F|.<�t=�+� 5 *:�$P�4
0 5 *-,U*:67�H~D,&�-.?~D0C� 5 *�4 x � 67�$P:�DMO,TP:� � 0C* 5 �$�S1749*-,Uu8�Hq&�$P-0 � �A1Uu B � P�4"*�Dy<7P-0 5 ~D0=<�t=�A4>~$3Ft2~Ds7t�3A*-0C, 5 4
*-6w3F*H*-67�(P-��3FP-��3T~�*-s83At=t=B ~D, 5 *-P:0=u7s�*-0=, 5 4�MOP:,T| �$tC�A~D*-P:, 5 02~;4"*�3F*:�A4v*:,?*-67�/<83F*:*-�$P 5 oG0C*-6e*-67�
4�|�3Ft=tC�A4�*}P-�S~D0=<7P:,r~$3Ft�t�3F*:*-02~D�Uq&�A~D*:,TP x/� *:67�$P:oG0�4��U*:67�/<83F*:*-�$P 5 ~D,QP-P:�A4�<8, 5 1 0 5 @�*-,?*-6�� 5 ��( *



� � ����� � ���	��

��� ����� ����������� � ������� � ��� ������� �������	� ��� � ! �

S

Γ
M / S

XΓ

 "!$#&%('�� �&)+*
,�- 	�.0/2143�57698:.0;<.>=@?BADC
E 3F;DG48H?B5HIDJ	?BI457C�K<8HC	J	.0;DGL3F;DGM?BAD6$5�G
8:?B3�5NJ	.DCPOQJ	6RC�;F?S3�;DGT?BADC �VUXWY.�=
?PADCZ=[C�5H5�.�\]3�;DG^3�;F?H6_=[C�5H5�.0/23>`0;DC	?H6RJ
a ;b3�?H.D/c.�=d?PADC a ;F\e/f.D;D.�g$3�hFC�5i.0;
jlk�mFm�n�o	prq IDgRg k Gs3>8BADC	G o gR6$;DC	8X6$;t?BADC
�VUXW�1DgR.�?H8�G4C�;D.�?HCu/v3�w�.05�6R?�h k /f6$;D.05�\
6R?�h o J	.0;F?B5�6 E ID?H6R.0;D8 pyx ;z?BADC E 3�;DGD\
8:?B5HIDJ	?BI45�C{8H?P3�?HC	8}|~AD6RJ�Ac3F5�C{g9.DJ�3�g_\
6nm	C	G{|i6R?BA�/f.05�C�?BA43�;Kl n<� 6$;N?BADC
a ;F\e/f.D;D.�g$3�hFC�5u3F;DGt?BADC~��3�J�I4I4/c5�CP\
`F69.D;S3�57C�/23�5H�>C	G E h{.014C�;�J	6$5�J	gRC	8 p
� ADC E 3�;DG48H?P5HIDJ	?BI45�CZ6R8z8BAD.�|~;Y=�.D5
.D;DC]8B1D6$;cJ	.D;�?B576 E ID?:69.D;c.0;DgRh�8H6$;DJ	C
?PADCN.�?BADC�5t6R8<6RG4C�;F?H6RJ�3�g p�� ADCN?�|�.�\
G46$/fC�;D8:69.D;43�g���5�6RgRgR.0ID6$;Tm	.0;DC�.�=�?BADC
J k����V��o I4;D6R?�J	C	gRgs6R8�G46R8B1Dg$3�hFC	GQ6$;f?BADC
I4141�C�52143�;DC	g E h<?BADCv=�IDg9g�gR6$;DC�|~AD6RgRC
?PADC�.D;DCV.�=d?BADC21 k�m���m�o I4;D6R?XJ	C	g9gr6R8
`F69�FC�; E hQ?BADC�Gs3�8BADC	GtgR6$;DC p

t�3AP-@Q�$P�P-�A~D0C<7P-,r~(3Ft7t23F*-*:0�~D�Gq&�S~D*-,QPVoG0=tCt71 ,Q|.0 5 3F*-�G*:67� �'�(
 0C|?3F@Q� x � 6 s84V0 5 *-67024 4"�A~D*:0=, 5 o9�
oG0=tCt�3 5 3At=Br�$�;0 5 1 �$*R3F0=t�*-6��;u83 5 174�P:�A4�<8, 5 4�0=u�t=�;MO,TPI*-67� �'/ D �'�(
 0C|?3F@Q�v<�P-�A4"� 5 *:�A1 0 5 *:67�
<7P:�$q 0C,Ts84�4"�A~D*-0C, 5�xu� P-,T| ,Ts7P>3 5 3FtCB74"0�4 0C*�~$3 5 u8�I~D, 5 ~�t=s81 �S1;*-683A* *:67�}�����A~D*�4"67,Ts7t21.3Ft24�,Hu8�
,Tuw4��$P:qT3Au7t=�GMO,TP>3���P�Dy|., 5 ,Tt23SB&�(PV, 5 � � �0��� � 3 5 1U�$q&� 5 oG0C*-6�3H4�t=0C@T6r*-tCB;670C@T67�$P ~D,TP:P-s7@E3F*-0C, 5
3F|�<7t=0C*-s81 � x

& 5�� 0=@ x"'rx ��� *:67���$t=�A~�*-P-, 5 0�~�4�*:P-s8~�*-s7P:� ,AM8*-6�� *"o>,G|?3F@ 5 �$*-02~$3FtCt=BG0 5 ���&s70=qQ3FtC� 5 * 
+5 3F*:,T|?4
,FM>*:67�;|., 5 ,Tt23$B&�$P9024�~D,T|�<83FP:�A1.0 5 *:�$P-|�49,FM>*-67�(0=P}1 � 5 4�0=*"B?,FM 4�*�3A*-�A4I3 5 1+*:67�;u83 5 174"*-P-sw~FD
*-s�P-�HoG0=*:6 *:67�b~D,TP:P-�A4"<8, 5 1 0 5 @ �'�(
 Dy0=|�3F@T�S4 0 5 *:�$P-|?4�,FM�*:67�H*"o9,Ut=,Ao>�A4�*}4"*�3FPI~D,&�(.�~D0C� 5 *R4
oG0=*:6 5 , 5 D"~D, 5 4�*R3 5 *;<83A*-*:�$P 5 4 � 0 x � x *-67�/4"�A~D, 5 1 � *-670CP�1 ��4�*�3APb~D,&�(.�~D0=� 5 *I~D,TP:P-�A4"<�, 5 1 0 5 @+*:,
4�*:P-0C<��S493FtC, 5 @U*:67�H4"67,TP:* � t=, 5 @��>4"0�1 �I,FM�*-67��P:�A~D*R3 5 @Qs7t�3AP9s 5 0C*G~D�(t=t x � 67�HqQ3FtCs7�A4�,FM�*-67�H4"*�3AP
~D,&�(.�~D0C� 5 *R4V1 0$���(PpMO,TP>*-67�G*"o9,b4"<70 5 1 0=P:�A~D*:0=, 5 4 , 5 t=Bbu BU*:67�$0CP�4�0C@ 5 4"0 5 ~D�G*:67�I4�<70 5 D"4"s7|.|.�S1
�$tC�A~D*-P:, 5 02~H4�*-P:s8~D*:s7P-�b,FM�u8,T*:6 
+5 3F*:,T|?4G0�4G0�1 � 5 *:0�~$3At x & 5 *:67�vMO,Qt=tC,FoG0 5 @/o9�;*:67�$P:�DMO,TP:�vMO,&D
~Ds84H, 5 *:67�/|?3&%-,TP:0=*"B�~D, 5 *-P:0=u7s�*-0=, 5 3T4:4�s7|�0 5 @?*-6w3F*;*:67�/|?3F@ 5 �$*-02~ �'�(
 Dy*-0=<�s84��A1+My3$q&,TPR4
*-6�0�4;4"<70 5 ~�683 5�5 �$t+� x � 67� � |�3&%-,TP:0=*"B ��4��A~D, 5 1 4�*R3FP/~D,&�(.�~D0C� 5 *Q� 1 �:� �H1r0�4�<�t�3$B74b3K1 0�4"*-0 5 ~FD
�����J^>]J`bjcfg[�jcjc`bY(W f:�$W f+^g\ca�� `bWA«n¡>��«bjeY��H^����A�A«b`b^g]=aeY"aO�J^�� `iW�Y-\c`ba�¡ jeay� ae^gj8¬ `baO��Y-[Ja8� f��Q�$W* -^ Y� DaO��^2\e^gjc[A«bajc`bWJf+^��DY(aO�H� \e^"`i]�^gW
ac`bf:��«�]�[J^=acY�aO��^>� W
ac`   ^+\c\cYD�I�! -WJ^gae`bf  -\cY([JWJ]&AXjca�� ae^-m



� !
! � � � ��� � � � � � � � 
 � � �����e�f�����>�����	� ����� ��� ��� ���2� ��� ��� �(��
������ 	 � 

� � � �

0.0eV

-0.5eV

+0.1eV

-0.6eV-0.7eV

+0.2eV

M

-0.2eV

+0.3eV

-0.3eV

+0.4eV

-0.1eV

+0.5eV

-0.4eV

+0.6eV

XΓ

 i! #�%�'�����)+*�* -i� ADCf/23�w�.05�6R?�hQ8:C	J	.0;DG�8H?P3�5iJ	.DCPOQJ	6RC�;F?V3�8@3 =�I4;DJ	?H6R.0;�.�=d?BADCV|i3���CX��C	J	?:.05����r.0;
3.l m�� 14.F6 ;F?Q/fC	8PA}6 ; ?BADC�6 5:5�C	GsIDJ	6 E g9C}143�5�?f.�=~?BADCt?�|�.�\�G46$/fC�;D8H6R.0;43>g ��5�6RgRgR.0ID6$;�m	.0;DC p �d;DC�5�`�h
6$;�?:C�5���3�gR8�.�= n4p$m C��SA43���C E C	C�;vJ	AD.�8HC�;23�;DGv?BADCiC�;DC�5�`�6RC	8i3�5�C"`�6R��C�;25�C	g$3�?H6R��C ?H.X?BADC q C�5H/f64C�;DC�57`�h p
� C	G k h�C	gRgR.�| o /v3�5H�F8Q14.�8:69?:69�FC k ;DC	`03>?H6R��C o J	.0CPOQJ	6RC�;F?Q��3�g$IDC	8 p�� ADC E 3F;DG�C	G4`�Ct.�= ?BADCt8BI45�=�3�J	C
8H?B3>?HCi6$;	�
 �� \�G46$5�C	J	?H6R.0;�698"J	g9C�3F5�gRhQ�D6R8H6 E g9C23�?
� � � N � n ���VC�� E h26R?H8�g 3F5�`�CXJ	.0;F?B5�6 E ID?H6R.0; prq 5�.0/
?BADC	8HC21DgR.�?H8X.D;DC2J�3�;�J	.0;DJ	g$IDG4C I4;43F/ E 6R`�6R.0ID8:g9hb?BA43>?~?BADCv8BI45�=�3�J	Cf8H?B3�?HC E 3�;DGb6R8�5�C	8B1�.0;D8H6 E gRC2=[.05
?BADCVW�� \eW ��a 6$/23�`�C	8 p

*-0Cq&��|?3"( 0C|Us7|_3A*�3 5 � 5 �$P-@QB.,FM 3Fu8,Qs7* L N�� ��� !U��� x ��,QP-P-�S4�<8, 5 1r0 5 @Qt=B � *-67��~D,TP:P-s7@E3F*-0C, 5
3F|�<7t=0C*-s81 � ��� 0=@ x ' x ' �>4�6�,Fo}4}3;|?3"( 0C|�s7| ~DtC,&4"�v*:,U*-67024 u7023T4ED�q&,Qt=*�3A@T� xF� 67�H<8�A3 0�<�,E4�0C*-0=, 5
~$3 5 u�� ~D,TP:P-�$t23F*:�A1�oG0C*-6 *:67�+�S1 @T��,FM�3�4�s�P�My3T~��K4�*R3F*:�Ku83 5 1 � |�3FP 0&�S1�urB�,Q<�� 5 ~D0=PR~Dt=�A4 �
3FtC, 5 @�*-67� �� �
 D�1 0=P:�A~D*-0C, 5 ,AMG*-6�� -�� DgS�� x�� ,Q*-� � *:683F*H*-6�0�4H1 0=P:�A~D*:0=, 5 P:�$|?3A0 5 4�s 5 ~�6w3 5 @Q�A1
oG67� 5 o9�bu83T~
0 MO,Qt�1.*-6��;u83 5 174�*:P-s8~�*-s7P:�;MOP-,T| *:67�;< � ����� �G*-,/*-6��U~ � - � - �9s 5 0=*I~D�$t=t � 4��$�
� 0C@ x 'rx ��� � x � 6rs84�o9�/4��(�/3 ~�t=,&4"��P:�A4��(|�u7t23 5 ~��v,AMG*:670�4�uw3 5 1KoG0=*:6 *:67�U, 5 ��1 024-~Ds84:4��A1K0 5
~�683F<7*:�$P! ;P-�S4�<8, 5 4"0=u7tC��MO,TPG*-6��vu�0�3T4ED�q&,Qt=*R3F@T�b1 �(<�� 5 1 � 5 *}~D,TP:P-s7@E3F*:0=, 5 P-�$q&�(P�4-3At�, 5 � � �D��� �
� ~�,T|.<83AP-� � 0C@ x  x#" � x & 5 *:67�;uw3 5 174"*-P:s8~D*-s�P-�U,FM>*:67� 
+5 Dy|., 5 ,Tt23SB&�(PG, 5 � � �0��� ��o>�U3Q171 0¨D
*-0C, 5 3At=tCB �w5 1+0=*R4��)(�~�683 5 @T��D"4"<7t=0C*�<83AP-* 5 �$P�oG0C*-6e3�u83 5 1K�A1 @T�b,FM�3Fu8,Ts7* L N � �$� - �%�_3 5 1
3.q&�$P-B�4"0=|.0Ct�3FPI1 024�<8�$P�4"0=, 5 3Ft=, 5 @+*:67�/1 024�<7t23SB&�S1 670C@T6�4�Br|.|.�$*:P-B/t=0 5 � x � 6��UqT3At=s7�/,FMz*-67�
� |�3&%-,TP:0=*"B �\4��S~D, 5 1�4�*�3APG~D,&�-.?~D0C� 5 * � �'& 1 �:� � ��<8�A3"0�024 <8,E4�0=*:0=q&�I3 5 1/*-67�$P:�DMO,TP:�G*-67�}MO�$P-P:,T|?3A@&D
5 �$*:0�~ 
+5 3F*:,T| P-,Ao}4H3F<�<��S3FPU3Q4v<7P:,T*:P-s84"0=, 5 4v0 5 *:67� �'/ D �'�(
 Dy0=|�3F@T�/,FMz*-67� � |?3&%-,QP-0=*"B7�
4�s�P�My3T~��U4�*R3F*:�;u83 5 1 x(� 67�bu83 5 1 <8,&4:4��A4:4��A4f�&s70C*-�b3Wt23FP:@T�U1r0�4�<8�$PR4�0C, 5�� 3 5 1K4�*:0=t=t\1 ,T|�0 5 3A*-�A4
*-6�� �'/ D �'�(
 D�0C|?3F@Q�G3A*V*-67� � �$P-|.0Q� 5 �$P:@TB x � 6rs84p0C*p024p3At�4�,IP-�A4"<�, 5 4�0Cu7t=�9MO,QPp*:67�G�)(r<8�$P-0C|.� 5 D
*�3At=tCB+3Q~�6�0=�$q&�A1.|?3A@ 5 �(*-0�~HP-�A4",TtCs7*-0C, 5 4�6�,Fo 5 0 5 *-67�U<�P-�$qr0=,Qs84�4��S~D*-0C, 5�x2� P-,Q| � 0C@ x ' x ��� 0=*
~$3 575 ,T*z3T~D*:s83FtCt=BUu8�H~D, 5 ~DtCs81 �A1U*-683A*G*-67�I4�s�P�My3T~��H4�*R3F*-�Iu83 5 1/@T0=q&�S4 *:67��<7P:�A1 ,Q|.0 5 3 5 * ~D, 5 D
*-P:0=u7s�*-0=, 5 3Ft=*:67,Ts�@T6K*-6��;~�,TP-P:�$t�3A*-0C, 5 0�4}3FtCP-�A3Q1 B<�&s70=*:�;4"s7@T@Q�A4�*:0=q&� xF� 67�$P:�DMO,TP:� � o9�H<7P:�A4�� 5 *
0 5�� 0C@ x ' x �0� *:67�b~D, 5 *-P:0=u7s�*-0=, 5 49*-,/*-6�� � |?3&%-,QP-0=*"B7��4��A~D, 5 1+4"*�3AP}~D,&�(.�~D0=� 5 * MOP:,T| 1r0 ���$P-� 5 *
<83AP-*�4H,FMz*�o>,&D�1 0=|�� 5 4�0C, 5 3At=S9P-0Ct=tC,Ts70 5 �$, 5 ��3F*HqQ3FP:0=,Qs84v� 5 �$P-@Q0=�A4 xb� P-,Q| *-67024�<�t=,T*Ho>�.~$3 5
~DtC�A3FP:t=BK4"�$�/*-67�.|�3 (r0=|Us7| qQ3At=s7�?3A*U3 5 � 5 �$P:@TBK,AM L 7 L N � �(� !+��� oG6702~�6e0�4�tC,r~$3F*:�A1



� � ����� � ���	��

��� ����� ����������� � ������� � ��� ������� �������	� ��� � !� 

P-0C@T6r*G3A*G*-67�Hu83 5 1.�A1 @T�H,AMV*:67�H4�s�P�My3T~��;4"*�3A*-�b3Fu8,Ts�*�|.021 oG3$BUu8�$*"o9�(� 5 *-6�� �� �
 D"1r0=P-�S~D*-0C, 5�x
, t24�,;*:67�I1 0�4"<��(P�4�0C, 5 ,FM�*:670�4�u83 5 1.~$3 5 u��H*:P�3T~��A1�4"<7t=0C*-*:0 5 @b0 5 *-,H*"o9,;u�P�3 5 ~�67�S4 � , 5 ��oG6702~�6
~DtC,&4��S4�0 5 3FP-,Qs 5 1 ���3 5 1K*-67�U,Q*-67�(PH3FP:,Ts 5 1 �
 � s 5 *:0=t�0=*}qQ3 5 024�67�A4H3A*H3 5 � 5 �$P-@QB+,FMz3Au�,Qs7*L 7 L N � ��� - ��� x

� 67�G*-6�0=P�1b4�*R3FP�~D,&�-.?~D0C� 5 *d� � �H� ��oG0=*:6;qQ3FtCs7�A4�,FM\3�|?3A@ 5 0C*-s81r�94"|?3FtCt=�$P�*:683 5 *:67�G4"�A~D, 5 1
4�*R3FPb~D,&�(.�~D0C� 5 *}1r0�4�<�t�3$B74I3�|�3 (r0=|/s7| 0 5 *-67�Us 5 ,r~$~Ds7<�0=�A1K4"*�3F*:�A4H3F*H3 5 � 5 �$P-@QB+,AM L N �
���  �%� x�� 6��$P-�DMO,QP-�K*:67�K~D, 5 4�*:P-02~D*-0C, 5 4�,AMH*-6��e4�*-P:0=<8�A4.3At=, 5 @�*-6���� �D�s� �hD"1 0CP-�A~�*-0=, 5 4"67,Ts7t21
u8�A~D,Q|.��|�,TP-�U<�P-, 5 ,Ts 5 ~��A1 3F*U<8,&4"0=*-0Cq&��u�0�3T4ED�q&,Qt=*R3F@T�S4 5 �A3FPb*-,�*-67�.<8�A3"0�<8,&4"0=*-0C, 5�x � 67�
~D,QP-P-�(t�3F*:0=, 5 oG0C*-6�4�*-P:, 5 @Qt=B 
+5 t=,r~(3F*-�S1 4"*�3F*:�A4v024;3A@&3F0 5 |?3AP 0&�A1+urBe3 tC0 5 �U0 5{� 0C@ x-' x ��� x
� 67024�q&�$P:B.4"|?3FtCt������A~�*G683T4 5 ,T*Iu��(� 5 q&�$P-0 � �A1��)(r<8�$P-0C|.� 5 *�3At=t=B�3FtC*-67,Qs7@T6K*:67�H0 5 *-� 5 4"0=*"B/,FM
*-6���~D, 5 4�*:P-02~D*-0C, 5 4VqQ3FP:0=�A1/~D, 5 4�0�1r�$P�3Au7t=B;MO,QP �'/ D �'�(
 0C|?3F@Q�A4V*�3 0&� 5 3A*91r0 ���$P-� 5 *�*-s 575 �$tC0 5 @
~D, 5 1 0=*:0=, 5 4 x , *��)(r<8�$P-0C|.� 5 *�3At=t�B.s 5 P:�A3T4", 5 3Au7t=�/t�3AP-@Q�U� 5 �$P:@T0=�S4��H3Fu8,Aq&�U*-67� � �$P-|�0�� 5 �$P:@TB
*-6���4"�A~D, 5 1 4"*�3FP ~D,&�(.�~D0=� 5 *�~�6w3 5 @Q�A4.0=*�4?4"0=@ 5 4�0 5 ~D�K*-67�e�)(�~�6w3 5 @Q��D"4"<7t=0C*.u83 5 174 ,AMU*:67�
3 5 *-0�MO�$P-P:,T|?3A@ 5 �(*-0�~ 
+5 3F*:,T| *-67� 5 u8�A~�,T|.�H1r,T|.0 5 3 5 * x

, 4"0 5 @Qt=�/4"*�3F*:�.,FMz*-67��4�s�P�My3T~��.4"*�3F*:��uw3 5 1 024H4�67,Ao 5 0 5{� 0C@ x 'rx � - x+� u qr0=,Qs84�tCB � *:67�$P-�
0�4I3�6�0=@T6KtC,r~$3FtC0=�A3A*-0C, 5 0 5 *:67� 
+5 Dy|., 5 ,Tt�3$B&�$P}3 5 1e3T171 0C*-0C, 5 3At=t=B�0 5 *-67� � PR4�*Ht�3$B&�$P},FM>*:67�
� � �0��� � D�4�s7u84"*-PR3F*-� x(� 670�49tC,r~$3FtC0=�A3A*-0C, 5 3A*G*-67�H*"o9,b*-,T<?t23SB&�(P�4 ,AMV*:67��oG67,Qt=� � tC| 0249~DtC,&4��(t=B
P-�(t�3F*:�A1U*-,U*-6���4"s7P�My3Q~D�H4�*R3F*:�A49<7P-�S4�� 5 *>3F*G*-6���<7s�P-� � � �D��� � D�4�s7P"My3T~D� � ~D,Q|.<83AP-�}*-67�I~�6w3FP-@Q�
1 � 5 4�0=*"B/<7t=,Q*�4�0 5�� 0=@ x  x ��� � x�� 67�H,QP-u70C*�3Ft�~�683AP�3T~�*-�$Pz3F*G*-6�� 
+5 3F*-,Q|?4 oG6�0�~�6?3FP:��0=|?3A@T�A1
3T4�<7P-,Q*-P-sw4�0=, 5 4V0�4������ oG6�0=t=�>0=*V024	��
 � MO,TPV*:67�G,T*:67�$P 0r0 5 1H,FM 
+5 3F*:,T|?4 x � 67�}~D,TP:P-�A4"<8, 5 1 0 5 @
�'/ D �'�(
 D�0C|?3F@Q��024H3Ft�4",+<7P:�A4�� 5 *:�A1+0 5 � 0=@ x-' x � - oG6702~�6e|?3"0&�A4�*:67��~D,TP:P-�$t23F*-0C, 5 oG0=*:6 *:67�
~DP:,&4-4ED"4"�A~D*:0=, 5 4��&s70=*:���A3Q4�B x

& 5 ~D, 5 ~DtCs84�0C, 5�� *-67��4�<8�A~D0 � ~;�$tC�A~D*-P:, 5 02~U4�*:P-s8~D*:s7P-�/,FMz*-67� 
+5 D�|�, 5 ,Qt�3$B&�$P � t=| , 5 *:67�
� � �0��� � D�4�s7u84"*-PR3F*-��t=�A3Q174�*:,.*-6��U<�,E4-4"0=u70Ct=0=*"B?,FM>0C|?3F@Q0 5 @U�$0C*-67�(P�*:67�;P:,Fo}4�,AM MO�(P-P-,�D>,TPH3 5 D
*-0�MO�$P-P:,T|?3A@ 5 �(*-0�~?3A*-,T|�4.3T4.<7P:,T*-P:s84�0C, 5 4?1 �(<�� 5 1 0 5 @�, 5 *-67�e|?3A@ 5 �$*:0=�A3A*-0C, 5 3"( 024�,FMb*:67�
4�<�0 5 Dy<8,Tt�3AP-0C�$�A1 �'�(
 Dy*-0=< x � ,T*:0�~D�.*:67��4�0C|.0=t23FP-0C*"B+,FMI*-6��+4"s7P�My3Q~D��4�*R3F*-��u83 5 1�oG0=*:6 *-683A*
,FM>*:67� � � �0��� �2D"4"s7u84"*-P�3A*-�?, 5 t=B � 4��$�/~�683A<7*-�$P  <�G670 5 *:0 5 @�3F*�*:67�$0=P�~Dt=,E4��UP-�(t�3F*:0=, 5 3 5 1+*:67�
0=|�<�,QP-*R3 5 ~D�b,FM>*-6��U6 Bru7P-021 0=�S3F*-0C, 5 3F*�*:67�U0 5 *-�$P"My3T~D� x , 4�*:67�U@TP:,Ts 5 1�D"4"*�3A*-��~D, 5�� @Ts7PR3F*-0C, 5
,FM�3{��P�Dy|., 5 ,Qt�3$B&�$Pb, 5 � � �D��� �b0�4U3Ft24�,�~ � - � - ��3 5 *-0 MO�(P-P-,Q|?3F@ 5 �$*:0�~U*-67�?<7P:�A4�� 5 ~D�.,FMv3
4�0C|.0=t23FP�4�s7P"My3T~D�I4�*R3F*:��u83 5 1�024 ��( <8�A~D*:�A1 x � 67��~(3Ft�~�s7t�3A*-0=, 5 0�4�3T~�*-s83At=t=Bb0 5 3T~$~�,TP�1�3 5 ~D�}oG0=*:6
*-6�0�4��)(r<8�A~D*R3F*-0C, 5 3 5 1 4"0 5 ~��b��P�<8,&4-4"�A4-4"�A4v, 5 �U�$tC�A~D*-P:, 5 tC�A4-4�*:683 5 
+5 *-6��/4�s7P"My3T~D�/4"*�3F*:�
u83 5 1 �S1 @T�/4"670 MO*R4�~Dt=,E4��$PI*-,?*-67� � �$P:|.0�� 5 �$P-@QB x ��,TP-P:�A4�<8, 5 1 0 5 @Tt=Be3At�4", *:67�U|?3"( 0C|�s7| 0 5
*-6��.~D,QP-P:s7@&3A*-0=, 5 3F|�<7t=0C*-s81 �b<7t=,Q*b4�670�MO*�4v*:,AoG3FPR174��$�$P:, u�0�3T4ED�q&,Qt=*R3F@T� � ~D,Q|.<83FP:� � 0=@ x ' x ' � x
� 6rs84�3 5 �$q&� 5 t�3AP-@Q�$P>~D,TP:P-s7@E3F*-0C, 5 3A|.<7tC0=*-sw1 �G4"67,Ts7t21�u8��|��A3T4"s7P�3Au7t=�>u7s7* 5 ,;��( <8�$P:0=|.� 5 *�4
683$q&�.u8�$� 5 s 5 1 �$P-*R3 0&� 5 *-,eq&�$P-0�MOBK*-67024;<7P-�A1r0�~D*:0=, 5\x � *-0=tCt � *-67�$P:�?0�4;3K@TP:�A3F*U<8,Q*-� 5 *-023FtG0 5
5 3 5 ,T|?3A@ 5 �(*-0�4"|[MO,TP>*-67�H3A<7<7tC0�~$3A*-0=, 5 ,AM�*-67�I<7P-�A4"� 5 *-�A1U|.�$*:67,r1W,AM�0=|?3A@T0 5 @�*-6���|?3F@ 5 �$*:0�~
@TP:,Ts 5 1�D"4"*�3A*-�.,AMGs7tC*-P�3�D�*:670 5 |?3A@ 5 �$*:0�~ � t=|?4I1 0=P:�A~D*-tCB?u B �'/ D �'�(
�x �>3At�~Ds7t23F*:0=, 5 4v~(3FP-P:0=�A1
,Ts�*�MO,QP;P:�$t�3A*-�A1K4"B74"*-�$|?4I4�s7<7<8,QP-*;*:670�4H~D, 5 qr0�~�*-0=, 5�� 4"�$�;MO,TPb�)(73A|.<7tC�;*-6��/4��A~D*:0=, 5 , 5 *:67�
�'�(
 0=|?3A@T�A4�,FM\*-67�2��P>3 5 1 
+5 |�, 5 ,Qt�3$B&�$P�4�, 5 � � � �0��� �V0 5 *:67�G<7P:�$q 0C,Ts84�~�683F<�*-�$P�� x 5Vq&� 5
|.,QP-�G~�,T|.<7tC0�~$3A*-�A1H|?3F@ 5 �$*:0�~�~D, 5'� @Ts7PR3F*:0=, 5 4 t=0 0&� 5 , 5 D�~D,TtCt=0 5 �A3FP�4"<70 5 D"4"*-P-sw~D*-s7P:�A4V|.0=@Q6 *�u8�
0�1r� 5 *:0 � �S1�oG0=*:6 *:67�H<7P-,Q<8,&4��S1+3F<�<7P-,E3T~�6+0 5 *:67��MOs7*-s7P:� � 4��(� � 0=@ x ��� x � � x

��� �$�H^g\c`n� ^+W a���«n«n¡>��` �$j A>Y-YD«ia��� (^gj2Y� �
 I�� +��e� \c^"fgYD�}� Y-WA«n¡��H^g`bW* 	[Jje^g]�  Y(\�� acYD� `bf \e^gjcYD«b[Jac`bY-WZ`n�I�! -^gj`bW	Y-\e]J^g\ acYG� f��J`b^,Y(^�� ^:� je[J\y���A«b^ fgY-\e\c[* $� ac`bY(W}���}�F«i`bae[J]J^gj��$a2ae[JWJWJ^�«i`bW* fg[J\c\e^gW
acjp¬��J`bfy��� \e^��Q�$WJ]Q���F«i^��$¡aO��^A^�«i^+fgac\eY-WJ`bfgj�� W�] ]JY	WJY(a ]J^gjeac\cY�¡Za§�J^"ac`n��m



� ! " � � � ��� � � � � � � � 
 � � �����e�f�����>�����	� ����� ��� ��� ���2� ��� ��� �(��
������ 	 � 

� � � �

[0
01

]

[110]

[001][110]

[1
10

]

[001][110][111]

 i! #�%�'�� ��)+* � -�� 8H6$;D`�gRC /f6$;D.05769?�h<8P1D6 ;}8:?B3�?HC�.�=i?BADCt8BI45�=�3�J	C E 3�;DGN.�=i?BADC a ;F\e/f.0;D.Fg 3�h�C�5�.0;
jlk�m�m�nFo 5�C	8B14.D;D8H6 E g9C�=�.D5r?BADCXW���\eW ��a 6$/23�`�C pr� ADC |i3��FCi��C	J	?H.05 6R8�� � � n ��� �
 �� 3F;DGQ?BADC C�;DC�5�`�h
C	6R`�C�;F��3�g$IDC��	��
 � � � N � n � � lbC�� pux ;N?BADC<I41414C�5 k gR.�|�C�5 o 143�;DC	g J�5�.�8H87\�8HC	J	?H6R.0;D8t?BA45�.DID`0A}?BADC
14.F8H6R?H6R.0;D8Q.>=~?BADC�3�;F?H6_=�C�5:5�.0/23�`D;DC	?H6RJ k =[C�5H5�.D/23�`0;DC	?H6RJ o�a ;N3�?H.0/ 3�5�CtG46R8B1Dg$3�h�C	G pNx ; ?BADCtgR.�|�C�5
gRCP=�? J	.05H;DC�5 ?BADCVJ	.05:5�C	8B14.D;DG46 ;D`tW���\eW � a 6$/23�`�C =[.05 �
� � n ���f698 8BAD.�|~;�3�gR.0;D`2|i6R?BA�?BADCX8BI45�=�3�J	C
8H?B5:IDJ	?BI45�C p



� � ��� ���	� 
��


 � � � �����

& 5 *-67024{o>,TP 0b3}4�B�4�*:�$|?3F*:0�~V4"*-s81rB�,FM8*:67�90 5 *:�$P-<�P-�$*R3F*-0C, 5 ,FM�4-~$3 575 0 5 @�*:s 575 �$tC0 5 @G|�0�~DP:,&4-~�,T<rB
� �<�(
 �8�)( <8�$P:0=|.� 5 *R4 , 5 *-P�3 5 4�0C*-0C, 5 Dy|.�$*R3Ft&4"s7P�My3Q~D�A4�3 5 1v*:670 5#� tC|?4�, 5 *:67�>3F*:,T|.02~V4-~$3At=�V6w3T4
u8�$� 5 @T0Cq&� 5 MO,QP9*:67� � P�4�*>*-0C|.� x � 67�I~D,T|/u70 5 3F*-0C, 5 ,AM�|.,r1 �$P 5?� PR4�*�D�<7P:0 5 ~�0=<7tC�A4�~$3Ft2~Ds7t�3A*-0C, 5 4
3F<�<7t=Br0 5 @U*:67��MOs7tCt¨Dy<8,T*-� 5 *:0�3Ft�t=0 5 �A3FP:0=�$�S1�3As7@T|.� 5 *:�A1W<�t�3 5 �voz3$q&� ����� ,"/ � ��|.�$*:67,r1�oG0=*:6
*-6���|.,r1 �$t8,AM �'�(
 0 5 *-P:,r1 s8~D�A1/u B � �$P�4",F� 3 5 1 ��3A|?3 575 � " ��3 5 1��)(r*-� 5 1 �A1�urBb��67� 5 � �D� �683Q4vt=�S1+*-,�3 5 s7|/u��(P�,AM}4�s�P-<7P:0�4�0 5 @?P-�A4"s7t=*R4 x & 5 ~�, 5 *-P�3Q1 0�~�*-0=, 5 *-, ~D, 5 q&� 5 *-0=, 5 3Ft�oG0�4:1 ,T|
*-6��v0 5 *:�$P-<�P-�$*R3F*-0C, 5 ,FM �'�(
 0C|?3F@Q�A4 ,AM�*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ft\4�s7P"My3T~D�S4�024 My3FPGMOP-,T| *-P-0Cq 023Ft�3 5 1
~$3 575 ,T*Uu8�.<8�$P"MO,TP:|.�A1 , 5 *:67�.u83Q4�024;,FMI4�0C|.<7tC�U683FPR1�4"<767�$P:�?|.,r1 �$t24 x � 67��~$3Ft2~Ds7t�3A*-0C, 5 4
683$q&�;<�P-,Aq 021 �A1+�)(r<7t23 5 3A*-0=, 5 4�MO,TP�*:67�Us 5 ��( <8�A~D*:�A1+,Ts�*�~D,Q|.�;,AM}4��(q&�$P�3Atp�)(r<8�$P-0C|.� 5 *�4G3 5 1
~D, 5 *R3F0 5 <7P:�A1 02~D*-0C, 5 4 MO,QP9MOs7*-s7P:�H�)( <8�$P:0=|.� 5 *R4 x

� ,TP;*:67�?3 5 3FtCB74"0�4;,FM}*:67�?~$3At�~Ds�t�3F*:�A1 �'�(
 0C|?3F@Q�A4H3 5 �-.?~D0C� 5 *v|��$*-67,r1K*-,e~�,T|.<7s�*-�
~D,QP-P-s�@&3F*:0=, 5 3F|.<7tC0=*:s81 �A4U3 5 1�*:, ~D,TP:P-�$t23F*:��MO�S3F*-s�P-�A4�,AMH*-6��+u83 5 1 4�*:P-s8~D*:s7P-��oG0=*:6 *-6��$0=P
~D, 5 *:P-0=u�s7*-0C, 5 *-,U*-6���0C|?3F@Q�A4V683T49u8�$� 5 1 �$q&�$tC,T<8�A1 x � 67024 |.�$*:67,r1�P:�$t=0C�A4p, 5 *:67��<8,E4-4�0Cu70=tC0=*"B
*-,�1 �A~�,T|.<8,&4"�.*-6�� 0C|?3F@Q�A4;0 5 *-,e4"B |�|.�$*-P:0��$�A1+<7t23 5 �?oG3$q&�A4 � *:67�?*"o9,&D�1 0C|.� 5 4"0=, 5 3FtG4"*�3AP
MOs 5 ~�*-0=, 5 4	/>1�34 �/. � � x�� 67��~D, 5 *-P:0=u7s�*-0=, 5 ,FM��$q&�$P:B��(0=@T� 5 4�*R3F*-�H,AM�3U4"s7P�My3Q~D�H*-,�3U~D�$P-*R3F0 5 4"*�3AP
MOs 5 ~�*-0=, 5�� 0�49@T0Cq&� 5 u B�3 5 � 5 �$P-@QB � 3 5 1 oz3Sq&�Iq&�A~D*-,QP ; � 1 �(<�� 5 1 � 5 *}4�,�D"~$3At=tC�A1+4"*�3FPI~D,&�DMID
� ~D0C� 5 *X� 4 �:��� ; � � x�, 4G3WP:�A4�s�t=*G,FM *-67�b� 5 �$P:@TB � oG3$q&�Hq&�A~D*-,QP � 3 5 1�4�*�3AP�MOs 5 ~D*-0C, 5 1 �$<8� 5 1 � 5 *
�)(r<8, 5 � 5 *-023Ft>1 �A~(3SBK,AM�*:67�A4"�.4"*�3FP/~�,&�(.?~�0=� 5 *�4�3K4"�$t=�S~D*-0C, 5 P-s7tC�WMO,QP;*-6��.|.,&4"*H0=|.<8,TP:*�3 5 *
~D, 5 *:P-0=u�s7*-0C, 5 49*:,/3W@Q0=q&� 5 4"*�3AP�MOs 5 ~D*-0C, 5 ~$3 5 u8�b1 �$P:0=q&�A1 x � 6 sw4�, 5 t=B�4�<8�A~D023Ft�<83AP-*R4�,AMV*:67�
*"o9,�D"1 0C|.� 5 4"0=, 5 3Ft�S9P:0=t=tC,Ts70 5 �$, 5 �><7t�3$Bb3�4"0=@ 5 0 � ~$3 5 *�P-,Qt=��MO,TPV*:67�G1 0$���$P-� 5 *�*�Br<8�A4�,FM�0=|?3A@T�A4 x
� 67�b1 0CP-�A~D*z~D,T|�<83FP:0�4�, 5 ,FM�*:67�b4�0=|�<7t=�}|.,r1 �$t8oG0C*-6+P:�A3Ft � P�4"*�Dy<7P-0 5 ~D0C<7t=�A4G~(3Ft�~�s7t�3A*-0=, 5 4 6w3T4
1 �$|�, 5 4"*-P�3A*-�A1/*-67�HqQ3FtC0�1 0C*�B/,FM *-67024G3FP-@Qs7|.� 5 *�3A*-0C, 5�x

, � PR4�*}3F<�<7t=02~$3F*:0=, 5 ,FM�*-670249*-�A~�6 5 0�� s7�G6w3T4Gu��(� 5 <7P:�A4�� 5 *-�S1�0 5 ~�683A<7*-�$P  U1 �A3At=0 5 @;oG0=*:6
*-6��������A~D*>,FM 3;u70�3Q4gDyq&,Tt=*R3F@Q�;1r�$<8� 5 1 � 5 *G~�,TP-P:s7@&3A*-0C, 5 P:�$q&�$PR4-3Ft80 5 3A*-,Q|.0�~FDyP-�S4�,TtCs7*-0C, 5��'�(

0=|�3F@T�S4v,FMIu�~$~FD � �0��� �b*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ftz4�s7P"My3T~D�S4 x��}5 �?,r~$~�s7P-P:� 5 ~D�.,AMH3 5 *:0¨D�~D,TP:P-s7@E3F*:0=, 5 �
0 x � x *:67�.0=|�3F@T0 5 @?,FMI67,TtCt=,Ao 4�0C*-�A4b3T4H<7P-,Q*-P-sw4�0=, 5 4U0 5 3 5
�'�(
 0=|�3F@T� � 6w3T4U3FtCP-�A3Q1 Beu��(� 5
,Tuw4��$P:q&�A1[3 5 1[�)(r<7t�3A0 5 �A1�MO,TP���( <8�$P:0=|.� 5 *�4?, 5L� � � �D��� �e3 5 1 ��P � �D�s� ��3F*�4�|?3At=tUu7023T4gD
q&,TtC*�3A@T�A4)� �0�  � �0� " � x ���$P-� � *-67�I~�683 5 @Q��MOP:,T| 3 5 ,QP-|?3At70=|?3A@T� � 0 x � x oG67�(P-�}<7P-,Q*-P-sw4�0=, 5 49~�,TP�D
P-�(t�3F*:�9oG0C*-6/3F*:,T| 4"0=*-�S4 � *:,;3 5 *:0¨D�~D,TP:P-s7@E3F*:0=, 5 oG0=*:6/3�qQ3FP:0�3F*:0=, 5 ,AM�*:67�}3F<�<7t=0C�A1;u70�3Q4gDyq&,TtC*�3F@Q�
683Q4�u8�$� 5 <7P:�A1 02~D*-�A1 x�� 67�H�����A~D*G6w3T4Gu��(� 5 �)( <�t�3F0 5 �A1.3Q4�3;P:�A4�s�t=*G,FM�*-6��;~�,T|.<8�$*:0=*-0C, 5 u8��D
*"o9�$� 5 3U4"s7P�My3Q~D�b4�*�3A*-�b3 5 1 3U4"s7P�My3Q~D��P:�A4�, 5 3 5 ~��vuw3 5 1?,FM�*-6��vu�~$~9D � �D��� �9*:P�3 5 4�0C*-0=, 5 Dy|.�$*�3At
4�s�P�My3T~��A4 x &�*�024p,FM\@TP-�S3F*�0=|.<8,QP-*�3 5 ~D�>*-,Hu8�}3Soz3FP:��,AM�3 5 *-0hD"~�,TP-P:s7@&3A*-0C, 5 3 5 1/3Ft24�,H,FM{~�683 5 @T�S4

� !��



� ! � ��	 � � � � � 
 � 	

oG0=*:6K*-67�/3A<7<7tC0=�A1?u70�3Q4gDyq&,Tt=*R3F@Q�U0 M>, 5 �U*:P-0C�A4�*-,�1 �A1 s8~��;*-6��/3T174",TP-<�*-0=, 5 4"0=*:�U,FMz1 �$<8,&4"0=*:�A1
3F*:,T|?4 MOP:,T| *:67� �'�(
 0=|?3A@T�A4 x

,�5 ,Q*-67�$P�0 5 *-�$P:�A4�*:0 5 @I3T4"<��S~D*V,FM\*-67�z~�6w3FP�3Q~D*-�(P-0=�S3F*-0C, 5 ,FM�3I4�s7P"My3T~D�GurB �'�(
 024p~�67�$|.02~$3Ft
4�� 5 4�0C*-0=qr0=*"B � 0 x � x *-6��;3Au70=tC0=*"B/*-,�1 0�4:~DP-0C|.0 5 3A*-�}1 0$���$P-� 5 *}~�67�$|.02~$3Ft84"<8�A~D0=�S4 MOP-,T| �A3T~�6?,T*-6��$P x
��67�$|�0�~$3At84�� 5 4�0=*:0=qr0=*"BU683Q49u��(� 5 3 5 0=|.<8,QP-*�3 5 *>*-,Q<70�~�MO,QP}3;t=, 5 @U*-0C|.�Gu7s7*}4"*-0=tCt 5 ,�@Q� 5 �$PR3Ft
|.�$*:67,r1K0�4H3$qT3A0=t23Fu7tC��*:,K1 024�*-0 5 @Ts�0�4�6�~�67�(|.0�~$3At�4�<8�A~D0C�A4v, 5 *-6���u83Q4�024v,FMI3 5 �'�(
 0C|?3F@Q� x
,�5 �)(�3F|�<7t=�b,FMG*:67��4�s8~$~��A4-4�MOs7t�~D,Q|�u70 5 3F*:0=, 5 ,FM � P�4"*�Dy<7P-0 5 ~D0C<7t=�A4I~$3Ft2~Ds7t�3A*-0C, 5 4�oG0=*:6 �'�(

�)(r<8�$P-0C|.� 5 *�4 , 5 3�|/s7t=*:0¨D�~D,T|/<8, 5 � 5 *G4"B74"*-�$| � ��, � 0 1 � ���0� � � 6w3T4�u8�$� 5 1 0�4:~Ds84:4��A1+0 5 ~�683F<�D
*-�(P "rx ��,Qs 5 *-�$P:0 5 *-s70C*-0=q&�(t=B � *:67� �<�(
 0=|?3A@T�I1 0�4"<7t�3$B�4 *:67� � 0�4"s7P�My3Q~D�H3F*:,T|?4�3Q49<7P-,Q*-P-sw4�0=, 5
MO,TPIu70�3Q4gDyq&,Tt=*R3F@Q�A4�u8�$tC,Ao � �(�  �_3 5 1+*-67����,?3F*:,T|?4}3T4G<7P-,Q*-P:s84�0C, 5 4H3Fu8,Aq&�;*:670�4Gq&,TtC*�3A@T� x
�}5 *-67�Hu83Q4�0�4G,FM *-67�H�)(�~D�$tCt=� 5 *>3F@TP:�$�$|.� 5 *�u8�$*"o9�$� 5 *-67��~$3Ft2~Ds7t23F*-0C, 5 3 5 1 *:67�H�)(r<��(P-0=|�� 5 *
3 5 �$o[|.,r1r�$tVMO,TPH*-67��*-�$P:|.0 5 3A*-0C, 5 ,AM}*-67�<��, � 0 1 � ���D� � D�4�s7P"My3T~D�?683Q4vu8�$� 5 @Q0=q&� 5 oG0C*-6 3 5
0 5 67,T|.,Q@T� 5 �$,Ts849,r~(~Ds7<83A*-0=, 5 ,AMVt23F*-*:0�~D�b4"0=*-�S4 x

� 670=tC�;*:67�vMO�A3Q4�0Cu70=tC0=*"B�,AM>0=|?3A@T0 5 @��$q&� 5 s 5 ~�6w3FP-@Q�A1K1 �DMO�S~D*�4Gu7s7P:0=�A1?0 5 4"�$|.02~D, 5 1rs8~D*-,QP
4�s�P�My3T~��A4;683T4Uu8�$� 5 P-�(<�,QP-*:�A1 � '$" �G~D, 5 q&� 5 *:0=, 5 3Ft9oG024-1 ,Q| �)(�~Dt=sw1 �A4v*:670�4H�����A~D*;MO,QPU|.�$*�3At
4�s�P�My3T~��A4.1 s7�K*:,�*-6��e4�|?3At=t}4-~�P-�$� 5 0 5 @et=� 5 @T*-6 ,AMb�$t=�A~�*-P-, 5 4U0 5 |.�$*R3Ft24 x � 6rs84�, 5 t=B *-67�
4�Br|.|.�(*-P-BH,AMV*:67�H4�s�P�My3T~���t�3$B&�$P>4�6�,Ts7t21�u8�H,Tuw4��$P:qT3Au7t=�IoG0=*-6 �'�(
�x�� 6702490�4�0 5 3Q~$~D,TPR173 5 ~D�
oG0=*:6.�A3AP-t=0C�$P �'�(
 ��( <8�$P:0=|.� 5 *�4F� '
� ��1 �A1rs8~D0 5 @;*-6���,r~$~�s7P-P:� 5 ~D�},FM�4"s7u84�s�P�My3T~��H3FtCt=,AB 0 5 @H0 5 D
1 0CP-�A~D*:t=BUoG670Ct=�H0=|�3F@T0 5 @;, 5 t=B�*-67�b4�*:P-s8~�*-s7P:�v,AMV*:67�b4�s7P"My3T~D�Ht23SB&�(P x �},Fo>�$q&�$P � 0 5 ~�683A<7*-�(P �
3 5 ,T*-6��$Pb4�s7u84"s7P�My3Q~D��3Ft=tC,AB 6w3T4�u8�$� 5 4�*:s81 0C�A1 � &�P�0 5 ��s � �0��� � � 3 5 1 MO,QPH*-67� � PR4�*�*:0=|.�b*-67�
:&� 8 6 %���� 2U#��&�����G,FM�3}u7s7P-0C�A1;*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ft�4�*:P-s8~�*-s7P:�Gu B �'�(
 683T4pu8�$� 5 1 �(|., 5 4"*-PR3F*-�S1 x
� 67�}�����A~D*�0�4VP-�(t�3F*:�A1;*-,I*-67�GMy3T~D*�*-683A* �<�(
 <7P:,Tu8�A4�3 5 0 5 *-�$@QP�3A*-0=, 5 ,Aq&�$PV*-6��Gt=,r~$3At81 � 5 4"0=*"B
,FMI4"*�3A*-�A4;PR3F*-6��$P;*:683 5 *-6��?~�6w3FP-@Q�?1 � 5 4�0=*"B x�� 6��?1 �$<8� 5 1r� 5 ~D�.,AMI4�s8~�6 3 5 �����A~D*b, 5 *-67�
4�<8�A~�0 � ~G�$t=�S~D*-P:, 5 02~G4�*-P:s8~D*:s7P-�},FM�*:67�H~�67�$|.02~$3Ftr~D,Q|.<8, 5 � 5 *R4 oz3T4>1 �A1 s8~��A1WMOP-,Q|_*-67��~$3Ft2~Ds�D
t�3A*-0C, 5 4 x(� 67�HP-�A4"s7t=*R4�3AP-�b0 5 3T~$~�,TP�1�3 5 ~D�boG0=*:6 *:67�;�S3FP-tC0=�$P>�)(r<��(P-0=|�� 5 *R4Vu7s7*I3Ft�4",.P-�(q&�A3Ft\3
oG0�1r�/~Dt�3Q4-4�,AMG*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ft24�oG6�0�~�6e4�67,Qs7t�1+u8�$683$q&�/4"0=|.0Ct�3FPG*:,�&�P x , 171 0=*:0=, 5 3FtCt=B � *-67�
<8,&4:4�0=u�0=t=0C*"Bv,AM�0C|?3F@Q0 5 @��(q&� 5 1 �(�$<8�$PVu7s7P:0=�A1U3At=tC,FB�4p683Q4Vu��(� 5 �)(r<7t=,QP-�A1 x &�*V*-s7P 5 �A1;,Qs7*�*-683A*
*-6��;MO,TP-|�3F*-0C, 5 ,FM@� sw3 5 *-s7| o9�$tCtV4"*�3F*:�A4�0 5 *-67�A4"�U4"*-P-sw~D*-s7P:�A4�tC�A3T174}*-,.,E4-~D0Ct=t�3A*-0C, 5 4�0 5 *-67�
~D,QP-P-s�@&3F*:0=, 5 3F|.<�t=0=*:s81 � x , *�4"|?3FtCt u�0�3T4ED�q&,Qt=*R3F@T�S4 *:67�}qT3At=s7�G,AM�*:67��~�,TP-P:s7@&3A*-0C, 5 3F|.<7tC0=*:s81 �
0�4H670=@Q67�$Pb*-683 5 *:67�?P-�A4",TtCs7*-0C, 5 tC0=|.0C*�,FM �'�(
�x�� 6rs84H*-67�.,Qu84��(P-qQ3F*:0=, 5 ,FMI1 �(�$<7t=Beu7s7P:0=�A1
*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ft�4�*:P-s8~�*-s7P:�A4�4��(�$|?4G<�,E4-4"0=u7tC� x 5 ( <8�$P:0=|.� 5 *R3Ft=tCB?4�sw~�6e3 5 �����A~�*�683T4H3Q~D*-s�D
3FtCt=BHu8�$� 5 1 �(|., 5 4"*-PR3F*-�S1vurBv0C|?3F@Q0 5 @}*-6��9My3F|.,Qs84 � � � ���2D � 0 � �0�D� �pP:�A~D, 5 4�*:P-s8~D*:0=, 5 u�� 5 �A3F*:6
���0� �, ,AM / u � ��� - � x ��,Ao>�$q&�$P � *-6���*"o9,�D"1r0=|.� 5 4�0=, 5 3Ft�<8�$P-0C,r1 0�~�0=*"B?,FMG*:670�4�P:�A~D, 5 4�*-P:s8~D*:0=, 5
0�4}u B?My3FPHt�3AP-@T�(Pv*:683 5 *-6w3F*H,FM>*-6���u7s�P-0=�S1K3Ft=tC,AB74�*R3 0&� 5 s 5 1 �$PH4:~DP-s�*-0 5 B+6��$P-��3 5 1 0C*�0�4I3
4��(|.0�~D, 5 1 s8~�*-,TP�D�|��$*�3At76 Bru7P:0�1/4�B�4�*-�(| P�3A*-67�$P>*-683 5 3;<7s�P-��|.�(*�3Ft�4"B74"*-�$| x � ,U0 5 q&�S4�*-0C@&3A*-�
0 M�*:67�H1 0CP-�A~�* 0C|?3F@Q0 5 @b,FM�1 �(�$<7t=B/u7s7P:0=�A1U*-PR3 5 4"0=*:0=, 5 D�|.�(*�3Ft�4"*-P-sw~D*-s7P:�A490 5 |.�$*�3At84�s�u84�*:P�3F*:�A4
0�4H4"*-0=tCtpMO�A3Q4�0=u�t=��3F*H*-67�/<8�$P-0C,r1 0�~�0=*-0C�A4�<7P:,T<8,&4"�A1�67�$P:��oG0Ct=tVu8��3 5 �)(r<8�$P-0C|.� 5 *�3AtV~�683FtCt=� 5 @T�
0 5 *-67��MOs7*:s7P-� x�� 6���*-67�(,TP-�(*-0�~(3Ft=tCBU0 5 q&�A4�*:0=@E3F*-�S1.4�B�4�*:�$| � &�PG0 5 ��s � �0��� � � 3A<7<8�A3FPR4�*:,Uu8�;3 5
3F<�<7P-,Q<7P-023F*-��~$3 5 1 0�173A*-�b3Ft24�,UMOP-,Q| *-67�H�)(r<8�$P-0C|.� 5 *�3At7<8,T0 5 *},FM�q 0C�$o x

� ,r1�3SB � *:67�$P-�e0�4?3�@TP:,AoG0 5 @ 5 s7|/u8�$P.,AM/,T<8� 5 �&s7�A4"*-0=, 5 4.0 5 MOs 5 173A|.� 5 *�3At�P-�A4"�A3FPR~�6
3T4�o>�$t=t�3T4�0 5 *-�A~�6 5 ,Qt=,Q@T0�~(3Ft�3F<7<7tC0�~$3A*-0C, 5 4�,FM>*:67�U|?3F@ 5 �$*:0�~FD�4�*:,TP�3A@T�U0 5 1 s84"*-P-B ~D, 5 ~D�$P 5 0 5 @
*-6�� t23F*:�$P�3At9|?3A@ 5 �$*:0�~U,TPR1 �$PU,FMv4�s7P"My3T~D�A4U3 5 1�*-670 5.� t=|?4�, 5 *-6�� 5 3 5 ,Q|.�$*-�(P;4:~$3FtC� x{� ,QP
�)(�3F|.<�t=� � ~D,Q|.<7tC0�~$3A*-�A1?4�<�0 5 4�*:P-s8~�*-s7P:�A4�t=0 0&�b4�<70 5 D"1r� 5 4�0C*"B+oG3$q&�A4 � *"o>,&D�1 0=|.� 5 4�0C, 5 3At�3 5 *-0¨D
MO�$P:P-,T|�3F@ 5 �$*-024�| 3 5 1 5 , 5 D�~D,TtCt=0 5 �A3FPz4�<70 5 4�*:P-s8~�*-s7P:�A49,r~$~Ds7P>0 5 *:670 5H� tC| 4�*:P-s8~D*:s7P-�S49oG67�$P-�
MO�$P:P-,T|�3F@ 5 �$*-02~ � tC|?4�3AP-�K<7t23T~D�S1 , 5 *-,T<�,FMW3 5 *-0�MO�$P-P:,T|?3A@ 5 �$*:0�~?, 5 �A4.*:6 s84�3F<7<7tCB 0 5 @ *-67�



� ! '

�)(�~�6w3 5 @Q��D�u�0�3T4G�����A~D* x � s8~�6?t�3$B&�$P:�A1?4�*-P:s8~D*:s7P-�A4}3FP:�;P:�$t=�$qQ3 5 *9MO,QP��)(�3F|�<7t=��0 5 P:�A3T1?67�A3T1�4
,FM�683AP�1?1 0�4 074 x &�*90�4�*-6rs84G1 �A4"0=PR3Fu7tC��*:,U<�,E4-4"�A4-4}3;*-,&,Qtp*:683F*z~D,T|/u70 5 �A4�3;P-�A4",Tt=s�*-0=, 5 , 5 *:67�
5 3 5 ,T|.�(*-�$Pb1 ,Ao 5 *:,+*-6��.3A*-,T|�0�~U4-~(3Ft=��oG0=*-6e|?3A@ 5 �$*:0�~U4"� 5 4�0C*-0Cq 0C*�B xH� 67��4�<70 5 Dy<�,Qt�3AP-0=�(�A1
�'�(
 � �'/ D �'�(
 �>0�49*-6��;3A<7<7P:,T<7P:0�3F*:�;|.�(*-67,r1�*:,.3Q~�6�0=�$q&�}*-670249@T,E3Ft � -��

�
- � � x

, 49*-6�� �'/ D �<�(
 024G4�*-0Ct=t7My3FP9MOP:,T| u8�$0 5 @;P:,Ts7*:0 5 �(t=B�3F<7<7tC0=�A1 � o9�I683$q&�H4�*R3FP-*:�A1.*-67�I*-67��D
,TP:�$*-02~$3Ft�0 5 q&�S4�*-0C@&3A*-0=, 5 ,FM *-67�H<8,T*:� 5 *:0�3At�,FM �'�(
 0 5 *:67� � �$t�1.,AM>3F*:,T|.02~FD"4:~$3FtC��|?3A@ 5 �$*:0�4"|
0 5 ~�683F<�*-�$P � urB.4"*-s81rB 0 5 @�*:67�H0 5 �ws7� 5 ~D�I,FM�*-67�H|?3A@ 5 �$*:0�~�~�, 5�� @Qs7P�3A*-0C, 5 ,AMV*:670 5H� tC|?4 , 5
�§5 , 5 D�4�<70 5 <8,Tt23FP-0C�$�A1 � �'�(
 0=|�3F@T�S4 3 5 1?4�<8�A~D*:P�3 x ��PG3 5 1 
+5 , 5�� � � �D��� �V683$q&�}u8�$� 5 ~�67,&D
4�� 5 3T4�4"B74"*-�$|?49P:�$<7P:�A4�� 5 *�3A*-0Cq&�v,AM�*-6��/~D,T|.<�t=�)(�~D,TP:P-�$t23F*:0=, 5 ,FM>|?3A@ 5 �$*:0�~H3 5 1K4�*-P:s8~D*:s7P�3At
<7P:,T<8�$P-*:0=�A4 x)� 67�/~$3Ft2~Ds7t23F*-�S1 �<� D"4"<��S~D*-PR3�,AM�*-6��U~DtC�A3 5�� � � �D�s� �2D"4"s7P�My3Q~D�/3 5 1+*:67�U~ � - � - �
��P � �H4"s7P�My3Q~D�I3Ft=tC,AB.3AP-��0 5 @Q,&,r1+3F@QP-�$�(|.� 5 *VoG0=*:6.�)(r<��(P-0=|�� 5 *R4 � "$"'� ' !
� x & 5 *:67�H~$3Q4���,AMi��P
|., 5 ,Tt23SB&�(P�4�, 5]� � � �0��� �}0C*;4"67,Ts�t�1 u8�.<8,&4:4�0Cu7t=�/*-, 1 0�4:~DP-0C|.0 5 3A*-�bu��(*�o>�$� 5 *:67��*"o>,+|?3A@&D
5 �$*:0�~b~D, 5�� @Ts7PR3F*-0C, 5 4 � oG670�~�6e3FP:� 5 �A3FP:t=B�1 �$@Q� 5 �$PR3F*:� � , 5 *-6��Uu83T4"0�4�,AM 5 , 5 D"4"<70 5 <�,Qt�3AP-0=�(�A1
4-~(3 575 0 5 @;*:s 575 �(t=0 5 @U4�<8�A~�*-P-,E4-~D,Q< B � �<� � � x � ,QP9*:67� 
+5 |., 5 ,Qt�3$B&�$PR4 , 5<� � � �0��� �V*-6��H~�6w3FP�D3T~�*-�$P:0�4�*:0�~VMO�A3F*:s7P-�A4�3FP-�}q&�$P:B;~�t=,&4"�G0 5 � 5 �$P-@QB;3 5 1/3v1r0�4�*:0 5 ~�*-0=, 5 4��$�(|?4�0=|.<8,E4-4�0Cu7t=� x �}5 *:67�
,T*:67�$P�683 5 1 � 3Q4V*-67�I~ � - � - ��3 5 *:0 MO�$P:P-0=|�3F@ 5 �$*-02~9~D, 5�� @Ts�P�3F*:0=, 5 1 0�4"<7t�3$B�4V3;~ � - � - ��<83F*:*-�$P 5
3Ft24�,H0 5 3 � ~$3At�~Ds�t�3F*:�A1 � 5 , 5 D�4�<70 5 <8,Tt23FP-0C�$�A1 �<�(
 0C|?3F@Q�G, 5 �I4�6�,Ts7t21Wu8�I3Fu7tC��*:,;1r0�4�*:0 5 @Qs70�4"6
0=*�MOP-,Q|[�$0C*-67�(P�*-67�>< � �
�Q� ��MO�(P-P-,Q|?3F@ 5 �$*:0�~V,TPV*:67�9< � �
�Q� ��t�3$B&�$P-�S1v3 5 *:0 MO�$P:P-,Q|?3F@ 5 �$*-02~�~D, 5 D
� @Qs7P�3A*-0=, 5�x & 5 *:67�G~$3Q4��>,FM 
+5 3 5 �$q&� 5 |.,TP:�>~D,T|.<�t=0�~(3F*-�S1�|?3F@ 5 �$*:0�~V~D, 5�� @Qs7P�3A*-0=, 5 oG0C*-6�3
< � - � - ��s 5 0C*>~D�$t=tr683Q4 u8�$� 5 <7P-,Q<8,&4��S1 3Q4V*-67�}@TP:,Ts 5 1
D"4"*�3F*:� x ��,Ao9�$q&�$P �T5 , 5 D"4"<70 5 <�,Qt�3AP-0=�(�A1
�'�(
 0=|?3A@T�A4p,AM�*:670�4V|?3A@ 5 �$*:0�~>4�*�3A*-�}oG0=tCt7683FPR1 t=BU6��$t=<U*:,U1 024�*-0 5 @Ts�0�4�6U0C*VMOP-,T|_*:67�}~ � - � - �
3 5 *-0�MO�$P-P:0=|?3A@ 5 �(*-0�~b~D, 5'� @Ts7PR3F*:0=, 5 oG6702~�6�0�4v, 5 t=BeurB ��|.�%�_<8�$P 
+5 3F*-,Q| s 5 My3$q&,QP�3Fu�t=� x
� 67�.0 5 1 024�*-0 5 @Ts�0�4�6w3Fu70Ct=0=*"B�0�4;1rs7�?*-,+*:67�.<83AP-*:0�3Ftz~$3 5 ~D�$t�3A*-0C, 5 ,AM�|?3 %-,TP-0C*"BK3 5 1�|�0 5 ,QP-0=*"B
4�<�0 5 ~D, 5 *-P:0=u7s7*:0=, 5 4 tC�A3T1 0 5 @H*-,�3;~ � - � - ��<83A*-*:�$P 5 MO,TP>*-67�I~$3Ft2~Ds7t23F*-�S1 �'�(
 0=|?3A@T�A4VoG6702~�6
0�49021 � 5 *-02~$3Ft8*-,/*-6��v0C|?3F@Q��,FM�*-6��;~�,T|.<8�$*:0 5 @/~ � - � - �>3 5 *:0 MO�$P:P-0=|�3F@ 5 �$*-02~G~D, 5�� @Ts7PR3F*-0C, 5�x

� 0 5 3Ft=tCB � 0 5 ~�683F<�*-�$P ' *-67�?<8,T*:� 5 *-0�3AtG,FM �</ D �'�(
 *:, s 5 P�3$q&�$t>*-67�?|?3A@ 5 �$*:0�~.~�, 5�� @�D
s7PR3F*-0C, 5 ,FMbs7tC*-P�3�D�*:670 5 � t=|?4U, 5 *-67�e3A*-,Q|.0�~FD�4-~(3Ft=��683T4.u8�$� 5 ��( <7tC,TP:�A1�0 5 @T� 5 �(P�3Ft � 3 5 1
*-6��/3F<7<7tC0�~$3Au70=tC0=*"B?,FMz*-67��3F<7<�P-,&3Q~�6e683Q4vu8�$� 5 1 �(|., 5 4"*-PR3F*-�S1+u BK�)(r<8�$P-0C|.� 5 *�4 MO,QP;3 
+5 D
|., 5 ,Tt23SB&�(P�, 5�� � �D��� � x S9B�@Q� 5 �$PR3Ft=0C�$0 5 @�*:67� � �$P�4",F��D���3F|?3 575 |.,r1 �(t�� " �r*-, �'/ D �'�(
 3 5 1
s84"0 5 @?*-6����A3AP-tC0=�$P�0 5 *:P-,r1 sw~D�A1KoG3$q&�;q&�A~�*-,TPb3 5 1 4"*�3APvMOs 5 ~�*-0=, 5 1r�$<8� 5 1 � 5 *H1 �S~$3$B+,FMI4"*�3AP
~D,&�(.�~D0C� 5 *R4 o>�v6w3Sq&�I<7P-,Aq&�A1�*:683F* �'/ D �'�(
 0=|�3F@T�S4 oG0=*:6�3F*-,Q|.0�~}P-�A4",Tt=s�*-0=, 5 ,FM>3U4"s7P�My3Q~D�
oG0=*:6e~�6��$|.0�~(3Ft=t�B/���&s70=qQ3FtC� 5 *}3F*-,Q|?4�1 024�<7t23$B *:67�U*"o9,�D"1 0C|.� 5 4"0=, 5 3Ft�|?3A@ 5 �(*-0�~b4�s7<8�$PR4�*:P-s8~FD
*-s�P-�UP�3A*-67�(P�*-683 5 *:67��~�67�(|.0�~$3At�s 5 0=*H~D�(t=t x � 6��UP-�A4"s7t=*�024 5 ,T*�%-sw4�*b3?4�|?3At=t�<��(P-*-s�P-u83A*-0=, 5
,FM�*-6�� 5 , 5 D"4"<70 5 <8,Qt�3FP:0=�$�S1 �<�(
 0C|?3F@Q��u7s�*G3U~D,Q|.<7t=�(*-�I1 ,T|.0 5 3F*:0=, 5 ,AMV*:67��0=|�3F@T�}urB�*:67�
4�<�0 5 Dy<8,Tt�3AP-0C�$�A1K~D, 5 *:P-0=u�s7*-0C, 5�x � 6�0�4H3T4"<��S~D*H683T4�u8�$� 5 ,Aq&�$P-tC,&, 0&�A1?u B�*-67�$,QP-BKs7<K*:, 5 ,Ao x
� 67��3F<7<�P-,&3Q~�6�oG3T4b3F<7<�t=0=�S1 *:,K3 
+5 Dy|., 5 ,Qt�3$B&�$P�, 5 � � �0��� � x�� 67024;4�B�4�*:�$| 0�4H3?P-�$<7P:��D
4�� 5 *R3F*-0Cq&�U�)(�3F|.<7tC�U,FMI3?*�o>,&D�1 0=|�� 5 4�0C, 5 3At�3 5 *-0�MO�$P-P:,T|?3A@ 5 �(*H4�0 5 ~D� 5 �A3FP:�A4�*�D 5 �$0=@Q6 u8,TP 
+5
3F*:,T|?4�~D,Qs7<7tC�H3 5 *-0�MO�$P-P:,T|?3A@ 5 �$*:0�~$3At=tCBv0 5 *:67��@QP-,Ts 5 1�D�4�*�3A*-�b3T4�0�4>1 �A1 s8~��A1�MOP:,T| *-67��~$3Ft2~Ds�D
t�3A*-0C, 5 4 x � 67�U,r~$~Ds7P:P-� 5 ~D�;,AMG4"s8~�6K3 -$� 3 5 *:0 MO�$P:P-,T|�3F@ 5 �$*-02~v~�, 5�� @Qs7P�3A*-0C, 5 683T4 � P�4�*Iu��(� 5
<7P:�A1 0�~�*-�A1�urB<S9t��s7@T�(t ���r
�� � 0 5 � ' � � � - � � u�s7*Vs 5 3A|�u�0=@Ts�,Ts84�<7P-,&,AM�oz3T4p|.024-4"0 5 @I4�,�My3AP x � 67�

+5 3F*:,T|?4�,FM�*-67�G|�, 5 ,Qt�3$B&�$P�3FP:�}~�6��$|.0�~(3Ft=tCB��>� s70CqQ3Ft=� 5 *�3 5 1W*:6 sw4p0 5 3 5 , 5 D"4"<70 5 <�,Qt�3AP-0=�(�A1
�'�(
 �)(r<��(P-0=|�� 5 * 3 5 0=|?3A@T�}oG3Q49,Tu84"�$P-q&�A1?4"67,AoG0 5 @U*:67�b1 0�3A|., 5 1
D"4"683F<8�A1?~�67�$|.02~$3Ftrs 5 0C*
~D�$tCt x & 5 *-67� �</ D �'�(
 0C|?3F@Q�A4voG6�0�~�6�o9�$P:�?3T~�� s70CP-�A1�s84"0 5 @ � ��3 5 1��I1�D�~D,E3F*-�S1 � Dy*-0=<w4
, 5 *:67�H,T*-6��$PG683 5 1+3/4�*-P:0=<8�H<83F*:*-�$P 5 oG3T4 MO,Qs 5 1?P-�D�8�S~D*-0 5 @;P:,Fo}4G,FM�MO�$P:P-,T|�3F@ 5 �$*-02~�3F*:,T|?4
*-6w3F*/~D,Qs7<7t=��3 5 *-0�MO�$P-P:,T|?3A@ 5 �(*-0�~;*:, 5 �$0C@T6ru�,QP-0 5 @+P:,Fo}4 x � 67�.�)(r<8�$P-0C|.� 5 *�024v0 5 �)(7~��$t=tC� 5 *



�  � ��	 � � � � � 
 � 	

z z

z

SP-STM, P=40%

3Q-Structure

z

Tip
magnetization

z

STM(a)

(b) (c) (d)

(e) (f)

 i! #�%�'��2*
,&)+* - � � 3�/21DgRCd.�=4?BADC k =�ID?PI45�C o 14.F?HC�;�?:6 3>g�.�=sW���\eW ��a ?:.~5�C	8H.�gR��C J	.0/21DgRC � ;D.0;F\�J	.�gRgR6$;DC�3�5
/23�`D;DC	?H6RJ28H?B5HIDJ	?PI45�C	8 p � ?BA45�C	CP\�G46$/fC�;D8H6R.0;43�gi;D.0;F\�J	.Fg9gR6$;DC�3�5�/23�`0;DC	?:69Jv`05�.0I4;DGD\�8H?P3�?HCf.0J	J�I4578V=[.05
3 a ;F\e/ .0;D.�g$3�h�C�5�.0;�3NADC � 3�`�.D;43�g~g$3�?:?H6RJ	C�� m������ K�8PAD.�| ;N6$; k E o	pck 3 o G46R8B1Dg$3�hD8�?PADC C � 14C	J	?:C	G
W ��a 6$/23>`�CV|i6R?BA�3Q;D.D;F\e/23�`0;DC	?H6RJ2W ��a ?H6$1�|~ADC�5�C�?BADC�ADC � 3�`�.0;43>g J	ADC�/f6RJ�3�grI4;D69?XJ	C	gRgr6R8 8HC	C�; p
	i3�gRJ�IDg$3�?HC	G�W���\eW ��a 6$/23>`�C	8r|i6R?BAf3i��3�5�6$3�?H6R.0;�.�=s?PADC 57C	g 3>?H6R��Ci3�;D`�gRC E C	?�|�C	C�;X?BADCi/23�`D;DC	?H6nm�3�?H6R.0;
3 � 6R8�.>= ?:6 1}3�;DG}8B3�/21DgRC�3�57C28BAD.�|~;b6$; k J o ?H. k C o p � 823�5�C	8BIDgR?f.�=i?BADCQ��3�5�hD6$;D` 57C	g 3>?H6R��C�3�;D`�gRC
G46	��C�5�C�;�?t143�?H?:C�5H;D8 3F5�C�. E 8:C�5���C	G p WD6$;DJ	Cb.�?BADC�5�/23�`D;DC	?H6RJ�J	.0;�
s`0I45:3�?H6R.0;D8t|~AD6RJ	A 3F5�C�J	gR.�8HC�6$;
C�;DC�5�`�h<1�.�8H8HC	8H8�G46	�(C�57C�;�?f/23�`0;DC	?H6RJQI4;D6R?fJ	C	gRgR8 3�G46R8HJ�5�6$/f6$;43�?H6R.0;}.0; ?BADC E 3�8H6R8�.�=u?BADC�W���\eW ��a
6$/23�`�C	8"8HC	C�/f8X14.�8H8:6 E gRC pXk 	i3�gRJ�IDg$3�?HC	GbW���\eW ��a 6$/23�`FC	8 E hQJ	.DI45�?HC	8Hh�.�=�� p4j .05�?B/23F;4; p o

3F@QP-�$�(|.� 5 *9oG0=*:6+*:67�H<7P-�A1r0�~D*:0=, 5 ,AM�*-67��~$3Ft2~Ds7t23F*-0C, 5 4 x &�*}0�4G*-67� � PR4�*}<7P-,&,AM>,FM -�� 3 5 *-0 MO�(P�D
P-,Q|?3F@ 5 �$*:0�4�| 0 5 |., 5 ,Tt23$B&�$P9|?3A@ 5 �(*-0�~ � tC|?4 , 5+5 , 5 D�|�3F@ 5 �$*-02~�4�s7uw4�*-PR3F*:�A4 x

� 0=*:6�*:670�4V3Q~�6�0=�$q&�$|�� 5 *�*:67�G<7P:�A1 0�~�*-0=q&�><8,Fo>�$P�,FM\u�,Q*-6�1 � 5 4"0=*"BvMOs 5 ~D*-0C, 5 3At8*-67�$,QP-B/3 5 1
,Ts�PU3F<�<7P-,E3T~�6�*-,�|.,r1 �$t �'�(
 683T4;u8�$� 5 ~D, 5�� P-|��A1 x � �$|., 5 4�*-PR3F*:0 5 @?*-6��WMO�A3Q4�0Cu70=tC0=*"B+*:,
0=|�3F@T�H*:67�;|?3A@ 5 �(*-0�~H4"s7<8�$P�4"*-P-sw~D*-s7P:�/1 0=P:�A~D*:t=B.oG0C*-6 �</ D �'�(
 683Q4�,T<8� 5 �S1+*-67��1 ,&,TPH*-,�3
~D,Q|.<83FP:0�4", 5 ,FM 4�*�3A*-��Dy,FMIDy*-6���D"3AP-*G*:67�$,TP:�$*-02~$3Ft�3 5 1��)(r<8�$P-0C|.� 5 *�3Ftr*-,&,Qt�490 5 *-67�}0 5 q&�A4"*-0=@E3F*:0=, 5
,FM 4�s�P�My3T~���|?3F@ 5 �$*:0�4�|_, 5 *-67��s�t=*-0C|?3F*:� � *:67�H3F*:,T|.02~FD�4-~$3At=� x-, 4G3 5 ��(73A|.<7t=�G,AM�*-67��MOs7*:s7P-�
<8,T*:� 5 *:0�3Atp,AM9*:67�;0 5 *:P-,r1 sw~D�A1+3A<7<7P:,&3T~�6 � 0C@ x ��� x � 4�67,Ao}4�*:67�U~(3Ft�~�s7t�3A*-�A1 �'/ D �'�(
 0=|?3A@T�A4
MO,TPb3?~D,Q|.<7t=��(.*-67P:�$��D�1 0=|�� 5 4�0C, 5 3At 5 , 5 D�~D,TtCt=0 5 �A3FP�4�<70 5 4"*-P-sw~D*-s7P:�U,FM�3 
+5 D�|., 5 ,Tt23$B&�$P�, 5
3 6��)(73A@T, 5 3FtGt23F*-*:0�~D� � � �
� � x & 5 *-6�0�4;~(3T4����$q&� 5 1 0$���(P-� 5 * �'/ D �'�(
 0=|�3F@T�S4�3FP:�.�)(r<��S~D*-�A1
1 �$<8� 5 1 0 5 @U, 5 *:67�HP-�$t23F*-0Cq&�H3 5 @Tt=�Hu8�$*"o9�(� 5 *-6��v|�3F@ 5 �$*-0C�A3F*:0=, 5 3 (r�A4�,AMV*:0=<�3 5 1+4-3A|.<7tC� x

& 5 *-67�HMOs7*-s7P:�U3 5 s7|/u8�$PG,FM@�&s7�A4�*:0=, 5 4�~D, 5 ~D�$P 5 0 5 @ �'�(
 �)(r<8�$P-0C|.� 5 *�4 , 5 *-PR3 5 4"0=*-0C, 5 D
|.�$*R3Ftr4"s7P�My3Q~D�A4pP:�$|?3F0 5 *-,�u8�}3 5 4�o9�(P-�A1 x , t=*:67,Ts�@T6U*-6��$P-�G683$q&�>u��(� 5 4",T|.� � P�4"*�Dy<7P-0 5 ~D0=<�t=�A4
~$3At�~Ds7t23F*:0=, 5 4K~D, 5 ~��$P 5 0 5 @ *-6�� �$tC�A~D*-P:, 5 02~�4�*:P-s8~�*-s7P:��,AM 5 , 5 D�|�3F@ 5 �$*-02~�*:P�3 5 4�0C*-0=, 5 Dy|.�$*�3At
�'�(
 *-0C<84H4�s7<�<�,QP-*:�A1 , 5 3?4"s7P�My3Q~D� �  � ��*-,?|/B#0 5 ,FoGtC�A1 @Q�U*-67�$P:�/3FP:� 5 , � P�4"*�Dy<7P-0 5 ~D0=<�t=�A4
~$3At�~Ds7t23F*:0=, 5 4vMO,TPU|?3A@ 5 �$*:0�~$3At=tCBe~D,&3A*-�A1 *-0=<w4 x�� , s 5 1 �$P�4"*�3 5 1�*:67�?0 5 �8s�� 5 ~D�.,AMH*-6�� |�3@D
*-�(P-0�3At>3 5 1�*-6��.@T�$,Q|.�$*:P-B+, 5 *-67�.�(t=�A~D*:P-, 5 0�~U3 5 1�|?3F@ 5 �$*-02~;<7P-,Q<8�$P-*:0=�A4HoG0=t=t�u8�.,AM�@QP-�A3A*



�  �

0=|�<�,QP-*R3 5 ~D� x#� 67� 0&�$B�� s83 5 *:0=*"B.*:, u8�/1 �(*-�$P:|.0 5 �S1�0�4G*-67�/4"<70 5 D�<8,Tt23FP:0=�A3A*-0=, 5 ,FM>*-6��U*-s 5 D
5 �$tC0 5 @?�$tC�A~D*:P-, 5 4IMOP:,T| 4"s8~�6�3 *:0=< x�, t�4�,?*:67�.,TP:u70=*R3Ft>~�683FPR3T~D*:�$PH,FM}*-6��A4���4�<70 5 Dy<�,Qt�3AP-0=�(�A1
�$tC�A~D*-P:, 5 4U4"67,Ts�t�1 u8�K3 5 3FtCB �$�S1 4�0 5 ~D��*-67�$P:�?0�4.4"*-0=tCt}3 1r0�4�<�s7*-� 3Fu8,Ts7*?*:67�+,QP-0=@Q0 5 ,FMH*:67�
4�<�0 5 Dy<8,Tt�3AP-0C�A3F*:0=, 5 ,AM�*-67�I�$t=�A~�*-P-, 5 4 xi� ,QPG�)(73A|.<7tC��0 5 *-67� � �$P�4",F��D���3F|?3 575 |.,r1 �$t � D�oz3Sq&�
MOs 5 ~�*-0=, 5 4G3FP:�b3T4-4"s7|.�A1�MO,QP�*:67��*-0C<�4�*�3A*-�A4}3 5 1 � D��(t=�A~D*:P-, 5 4G3FP:�v|�,&4�*z~D,T|�|., 5 tCBU67�$t21�P-��D
4�<8, 5 4�0Cu7t=��MO,TP}*-6��v|�3&%-,TPz~D, 5 *-P:0=u7s7*:0=, 5 *:,U*-67�H*:s 575 �$tC0 5 @/~�s7P-P:� 5 * x ��,Ao>�$q&�$P � *:67� � Dyu83 5 174
3FP:��, 5 t=B�4�t=0C@T6r*-tCB/4�<70 5 D�<8,Qt�3FP:0=�$�S1�0 5 *:P�3 5 4�0C*-0=, 5 |.�$*R3Ft24 oG6�0�~�6�tC�A3T174�*-,/3b~D, 5 *-PR3T1 02~D*-0C, 5 *:,
*-6��UP�3F*:67�$PHt�3AP-@Q�U|?3F@ 5 �$*-02~v�����A~�*�4�,Qu84��$P:q&�A1+0 5 *:67� �'/ D �'�(
 �)(r<��(P-0=|�� 5 *R4 xI� <K*-, 5 ,Ao
, 5 t=B MO�(P-P-,Q|?3F@ 5 �$*:0�~;|?3A*-�$P:0�3Ft24�tC0 0&� � �/3 5 1 ��1K683$q&�Uu8�$� 5 s84��S1 *:,+~�,&3F* �'�(
 *-0C<84 x � ,
�)(r<7t=,QP-�GoG67�(*-67�$P>3 5 *:0 MO�$P:P-,T|�3F@ 5 �$*�4�t=0 0&� 
+5 ,TP���P�|?3$BH683$q&�G*-6���4:3F|.�G,QP �(q&� 5 My3$q&,TP�3Au7t=�
<7P:,T<8�$P-*:0=�A4G~�, 5 ~D�(P 5 0 5 @U*-67�Hs84"�U3Q4 �'/ D �'�(
 <7P-,Qu��S4�0�4G3 5 ,T*:67�$P}*-,T<�0�~�MO,TP9MOs7*:s7P-�H*:67�$,TP:�$*�D
0�~(3Ft�4�*-sw1 0=�A4 x � 6��U0=|.<7tC�$|/� 5 *R3F*:0 , 5 ,FM>*-67�;MOs�t=tASG3FP�1r�$� 5 3F<�<7P-,E3T~�6 *:P-�A3A*-0 5 @.*-67�U*:0=<e3 5 1
*-6��;4:3F|.<�t=��, 5 3 5 ���&s83Ft�MO,&,Q*-0 5 @.0�4G~DtC,&4"�$t=B.P:�$t�3A*-�A1/*-,/*-67��4�*-sw1 0=�A49,AM�*-0C<?<7P-,Q<��(P-*-0C�A4 x S9B
~$3At�~Ds7t23F*:0 5 @b*-67��*:s 575 �(t=0 5 @;~�s7P-P:� 5 *�MOP-,Q| *:67��|?3A*-P-0 (;�$tC�$|.� 5 *�4�,FM 3Ft=t8<8,&4:4�0Cu7t=�H*-PR3 5 4"0=*:0=, 5 4
MOP-,Q|[*:0=<;*:,b4-3F|�<7t=�>4�*R3F*:�A4V*-67�G0 5 �8s7� 5 ~D�9,AM�<w3FP-*:0�~Ds�t�3FP�*-0=<�4�*R3F*-�S4 ~(3 5 u8�G�$qQ3FtCs83F*:�A1 x �},Fo(D
�$q&�$P � 3;u��(*-*-�(PV� s83 5 *:0=*R3F*-0Cq&��1r�A4-~DP:0=<7*:0=, 5 ,FM�*-67�H*:s 575 �$tC0 5 @�~Ds7P:P-� 5 *9, 5 *:670�49uw3T4�0249P-���&s70CP-�A4
3T1�1 0=*:0=, 5 3Ft 0 5 ,AoGt=�A1r@T�G,FM�*:67�G@T�$,Q|.�$*:P-0�~�4"*-P-sw~D*-s7P:�G,FM\*-67�G*:0=<UoG6702~�6 5 �$�A174�*-,Hu8�G<7P-,Aqr0�1 �A1
urB.*-67�b�)(r<��(P-0=|�� 5 *R4 x9� *-6��$P-oG024�� � *:67�H0 5 4"0=@T6r*}�$q&� 5 oG0C*-6K4"s8~�6K3 5 �$t�3Au8,TP�3A*-�/3A<7<7P-,E3T~�6+024
�&s70=*:��tC0=|.0C*-�A1K1 s��.*-,K*:67�.� 5 ,QP-|.,Qs84 5 s7|/u8�$P�,FMI<8,&4:4�0=u�t=�.*:0=< ~D, 5�� @Qs7P�3A*-0=, 5 4/3 5 1�*-6��$0=P
0=|�<83T~D*>, 5 *-6��vP:�A4�s�t=*-0 5 @U*-s 575 �$tC0 5 @/~Ds�P-P-� 5 * x

& 5 ~D, 5 ~Dt=sw4�0=, 5�� 0=*U683Q4�u8�$� 5 4"67,Ao 5 *:683F*/*-67��0 5 �ws7� 5 ~D�?,AMH*-67�?�$tC�A~D*:P-, 5 0�~?4�*:P-s8~D*:s7P-�
,FMb*:P�3 5 4�0=*:0=, 5 D�|��$*�3At}4-3F|�<7t=�A4;, 5��'�(
 �)(r<8�$P-0C|.� 5 *�4H0�4U|�s8~�6 4"*-P-, 5 @T�(P.*-683 5 683T4/u��(� 5
4�sw4�<8�A~D*:�A1 u B ~D, 5 q&� 5 *:0=, 5 3FtGoG0�4:1 ,T| x , 5 s�|�u8�$PU,AMU4"s7P-<�P-0�4"0 5 @e,Tuw4��$P:qT3A*-0C, 5 4.0 5 �'�(

�)(r<8�$P-0C|.� 5 *�4p683$q&��u8�$� 5 ��( <7t23F0 5 �A1U, 5 *-67�Hu83Q4�0249,FM�*-67� � PR4�*�Dy<7P:0 5 ~D0C<7t=�S49~$3At�~Ds7t23F*:0=, 5 4 <8�$P�D
MO,TP:|.�A1�oG0C*-670 5 *:670�49o>,TP 0 xX� s7P:*-67�$P � 4�,Q|.��<7P:�A1 0�~�*-0=, 5 49,FM *-67��~$3Ft2~Ds7t�3A*-0C, 5 49P:�$|?3F0 5 *-,/u8�
q&�$P:0 � �A1?�)(r<��(P-0=|�� 5 *R3FtCt B/0 5 *:67�UMOs7*-s7P:� x , t=t�,FMz,Ts7PH4"*-s81r0=�A4�t=�S3T1+*-,?*:67�/~D, 5 ~Dt=s84"0=, 5 *-683A*
3+683AP�1 4�<76��$P-�?|.,r1 �(t 024vurB 5 ,K|.�S3 5 4H3F<�<7P-,Q<7P-023F*-��*-,Ks 5 1 �$P�4"*�3 5 1 �'�(
 ��( <8�$P:0=|.� 5 *�4
oG0=*:6.3A*-,Q|.0�~9P:�A4�,Qt=s7*:0=, 5 , 5 *-P�3 5 4�0C*-0C, 5 Dy|.�$*R3Ft�4�s7P"My3T~D�S4 x�� 6��H1 �$q&�$tC,T<8�A1U3A<7<7P-,E3T~�6.*-,�3 5 3�D
t=Br�$�z3 5 1U<7P-�S1 0�~D* �'�(
 �)(r<8�$P-0C|.� 5 *�4�~D,Q|�u�0 5 �A4�*:67� � �$PR4�,��VD���3A|?3 575 |.,r1 �(t ,AM �'�(
 oG0=*:6
*-6�� � PR4�*�Dy<7P:0 5 ~D0C<7t=�S4 ��������� ~D,r1 �/3 5 1+<7P-,Aqr0�1 �S4zMy3Q4�*�0 5 4�0C@T6r*�0 5 *:,.*-67��~D,TP:P-�$t23F*:0=, 5 ,FM>�$tC�A~FD
*-P:, 5 02~?4�*-P:s8~D*:s7P-�?MO�A3F*:s7P-�A4U3 5 1 ~�683AP�3T~�*-�$P:0�4�*:0�~ �'�(
 0=|?3A@T�A4 x , t=*-6�,Ts7@Q6 0=|�<7P-,Aq&�$|/� 5 *�4
t=0 0&�.0 5 ~Dt=s81r0 5 @K*:67� �'�(
 *-0=< *-,�*:67�K~(3Ft�~�s7t�3A*-0=, 5 4U3FP:�K1 �S4�0=PR3Fu7tC�+0 5 *-6���MOs�*-s7P:�K3 @QP-�A3A*
5 s7|�u8�$Pb,FMH<�P-,Tu�t=�$|?4H|?3$B 4�*:0=tCt9u8�+*R3T~
0 tC�A1�oG0=*-6 *:67�+<7P:�A4�� 5 *U|.�(*-67,r1 x S9B�@Q� 5 �$PR3Ft=0C��D
0 5 @ *:67� � �$PR4�,��VD���3A|?3 575 |.,r1 �$tV*:, �'/ D �'�(
 o9�U6w3Sq&�/<7P:,Fq&�S1 *:67�WMO�S3T4�0Cu70=tC0=*"B?*-,�0=|?3A@T�
|?3A@ 5 �$*:0�~/4�s7<8�$PR4�*:P-s8~D*:s7P-�S4;, 5 *-67��3F*-,Q|.0�~/4-~(3Ft=� x � 6�0�4;�)(r*-� 5 174v*:67�.s84"� ,AM �<�(
 MOP-,T|
*-6��;�)(r<7t=,QP�3A*-0=, 5 ,FM>*-67�H*:,T<8,TtC,T@T02~$3Ft � ~�67�$|.02~$3Ft � 3 5 1 MO�(P-P-,Q|?3F@ 5 �$*:0�~�4"*-P-sw~D*-s7P:�;,AM>4�s7P"My3T~D�S4
*-,U*:67�H0 5 6��$P-� 5 *-tCBU|�sw~�6/|.,TP:��1r0w.�~Ds7t=*>0 5 q&�A4�*:0=@E3F*-0C, 5 ,FM>3 5 *:0 MO�$P:P-,Q|?3F@ 5 �$*-02~�4"s7P�My3Q~D�A4G3 5 1
4�s�P�My3T~��A49oG0=*:6 5 , 5 D�~D,TtCt=0 5 �A3FP}4"<70 5 4�*:P-s8~D*:s7P-�S49oG0=*-6?s7tC*-0C|?3F*:� � 3F*-,Q|.0�~GP-�S4�,TtCs7*-0C, 5�x



�  - ��	 � � � � � 
 � 	



� ��� ������� � ��� � �

� � � /px �}P �s 5 u8�$P-@ � � x � ~�67P-�$0Cu8�$P �
	Ux7/ 3 5 @ �7
�x S x S9P-,r174 0 B � 3 5 1 � x � ,Ao9�$PR4 �7/ 6 B�4 x ���(q x
� �$*:* x���
��7- !�! - � � ' � " � x

� - � � x S90 575 0=@Us 5 1 � x �G,T6�P-�$P � ���$tCq x;/ 6 B�4 x , ~�*�3 ����� � -�" � � ' � - � x
� � � �9x��7x �}0=�S4-4�0Cu7t � � ~D0C� 5 ~D����� 
��'" � � � ' '  <� x
� !�� 	Ux � s�@&3$oG3AP�3 ��
�x�� 6r*�3 � � x7� �(Br3F|?3 � 3 5 1 �wx7
 ,TP-0C*�3 � � ~D0=� 5 ~D��� 
���� � " ! " � � ' '  <� x
�   � ,;x7
 �A4:4�023F6 ��� ' # � � 6 �;2 6 %���# �7������� : �"! � 1r� �}P:s7B *:�$P ��# �$P-tC0 5�� � ' ' � � x
� " � �7x7� �$P�4",F��3 5 1 �;x � x ��3F|�3 575��;/ 6 B�4 x ���$q x � �$*:* x������ � ' ' � � � ' � � � x
� �&� �;x'�;x � 3 5 @ ��/ 6 B�4 x ���(q x � �$*:* x��$���7-
� � � � ' �  <� x
� � � �;x'�;x � 3 5 @ ��/ 6 B�4 x ���(q x�#&%�'��  ' !�� � � ' � " � x
� ' � 
�x�� 4"s 0Q3T173 � J x J�,Qu83$Br3T4"670 � �;x &"4-4"670 0r09s 5 1 � x Jv3A@T�A4"670=|�3 � � s7P�M x � ~D0 x �G�$< x)( %��

-$"  � � ' ' � � x
� ��� �t� x��7x ��67� 5 �7/ 6rB�4 x �G�$q x � �$*-* x � �0� !
! � � � ' ' � � x
� �0� �t� x*�7x ��67� 5���+ � � 8 )�:&' % �y��) � �y)-,�%�# � �7�����/.�' � � 6 1���� �10e��% 8 ) 4(%�) 5*2 �"� (&MO,TPR1 ��5 0=q&�$PR4�0=*"B

/ P-�A4:4 ��� (&MO,TP�1 � � ' '
� � x
� � - �t� x'� ,Q@Ts7�$PR3 � 0 543 � ~$3 575 0 5 @ � s 575 �(t=0 5 @ 
 0�~DP:,&4-~�,T<rB�& & & ��5 174 x � x � 0=�A4"� 5 173 5 @T�(P�3 5 1

6 x D �7x � �s 5 *-67�$P:,r1 * ��� <7P-0 5 @T�(P � �$P x � s7P�M x � ~D0 x � ��,Tt x$7�8��  � � � ' '�� � x
� � � � � x'� ,AB&� 5��'�;x'� P�3 0&,AqQ3;s 5 1 
�x � ~�67�:9��$P ��/ 6 B�4 x ���(q x�#;'�
�� ' � � � � � ' '
� � x
� � !�� �7x ���$P�1=<3 ��
�x ,;x �>3 5 6�,Aq&� �'/px � 3As7*-�(* � 3 5 1 
�x � 3At=|.�$P:, 5�� / 6rB�4 x ���(q x>#?� � � �  ���  

� � ' ' ��� x
� �   � �8x ��,QP-u8�$t ���7x ���(P�1�<3 � 3 5 1 /px � 3As7*-�$* �7/ 6 B�4 x �G�$q x@# � ��� � ' � ' � � ' ' ' � x
� � " � �7x�# 3FPR1 �$� 5 ��/ 6 B�4 x �G�$q x � �$*:* x � �  � � � '$" � � x
� � �&� /px 6},T67� 5 u8�$P-@Us 5 1 ��x J�,T6 5��7/ 6 B�4 x �G�$q x@#A( % � � � " ! � � '�" !�� x
� � � � ��x J�,T6 5 s 5 1 ��x*�7x � 683F| ��/ 6 B�4 x ���(q x�#B(>'���� �D� �
� � � '$"  <� x
� � ' � 
�x � �$qrB ��/ 6rB74 x ���(q x ,C7 � � � - �D� � � ' � - � x

�  �



�  �! � � ��� ����� ���
	���


� - � � 
�x � s�������� �@	�x ���Fs���������� � ����� �8x�# t��s�� �$t �;/ �"!$# x&% �$q x � �'��� x�
�� �7��" � ' � � ' '�� � x
� - � � �8x�# t��s�� �$t �7
�x � �'�(���'��� � �)�&� /�x 6 x � �)�*������~+�&# ��/ �*!$# x$% �(q x � �'��� x � ��� ��� � � � � ' ��� � x
� -
- � 
�x � x(� �)# %�,-���&s��'���)# � �)�&� �bx �/. ����%+� ���0� � �(������� ����1d�32�� � � ��4 � 

��� 	 �65�2:�e�+2 � �7. ���(���-���

���'�-t8��� � 6��'�9�"�$t=u&�'��� � � ' '$" � x
� -
� � %Hx � �(�)#:�'��������� �'� � 6 x<; �7x � �s��"��������,"�*� � � x � �s��*�����'��,"�*� ��%vx)�7x ���A|�u��(��, � ����� %vx

% s*= �7/ �*!$# x&% �$q x � �'��� x � ���7- !�� � � ' ' � � x
� - !�� %Hx � ���)#>�'�&���)���-�'� � & x � x � � q7�'�0# � �;x # �s����Qt��'� � � x�� �)���0�T~+� � 6 x �7x � �s$�*�����'��,"�"� �

�7x 
�x �;x ��,7��! � ���&� �8x �?� �� #:�'� � � ~@�����8~@� 7������  � ��� � ' '
- � x
� -   � �8x��9x , t=q ���0�-�*, �7/ �"!$# x&% �$q x � �'��� x�
��0�  � ��� � ' '  � x
� -�" � 
�x�# ,"�*� �7
�x �?�'�-�$t8�>� � ����� %Hx�� ���A#:�'�&�$����� �'� �7/ �"!�# x&% �$q x � ����� x&B4(7� ! -  " � � ' ' � � x
� - �&� �bx�/ �����-�)#:~C� � ,;x$D s7u&�'�-�)0 � �7
�x # ,"�"� � ���&� %Hx�� �(�)#:�'��������� �'� �;/ �*!$# x$% �$q x � ����� x � ! �

 - � - � - �0�D� � x
� - � � ��x � s7tE=F����07�$tG���&� �7x&D �(�+#:~C���$�'� � ,�.�. t x�/ �*!$# x � ����� x�
��0� � ' !
! � � ' ' ' � x
� - ' �IH x q7, � # �)����� s$�&� ��x 6��A�*��� ���7x�/ �"!�# x � x��0� � "�- ' � � ' � - � x
� � � � � x ��x'
 ,-�:s7�$�'� �
�7xs�9x>� ���&�"0�s���� ,;x7%Hx � �=t=t(�9�A|J# �GK�L 1NM'O 1 L � 6 :QPF1 6 M � 8�R ��S9M�T 8�R�576�8 �US 6 4

R:V 0 6 � L 1*4 � / �����7�)WX,-� �'� �'Y 	 ,-� 0 � � ' � � �+Z
� � � � � Z 
 Z���� . �'��[��'!]\��&� # Z � Z , �"[��'� ��/ �"!�#�Z % ��^_Z � �'����Z 'a`��  "$"�� � ' � � �+Z
� �
- ��b&Z�6cZ ��,/# 07, � � Zedf�([ 0 � ���&� � Z � \�#����(� ��� Z / �"!�#�Z�� `�� � "
- ' � � ' � � �0Z
� �
� ��b&Z # [��\�� �'[ � � L ��: 2 L � � 6 �3S 4 2�O 4 + + �"- !�Z � �'�����'� 0*\��0#g�*�A# &U�&#:������\��+#h= �\�� � �)#:� 0 �, � . �'� ;

=F,-�0#�i+�*\$��� 3 0 L � � 6 �3S 4 2�O 4
j R �hk 6 4�� �mlR 89576�8 �JO ��:on 8 6 �6p9qolL M�� 6 � � � , �+#�iC�"\����/#:r'�'�"����\�W� �\$[��9i+� � � ' '�� �+Z
� � !�� % Z �&�'[�[(�'� � � L ��: 2 L � � 6 �3S 4 2�O�4 + � - !�Z � �'���(�'� 0"\��+#s�*�)# &U�&#:������\��+#t= �\�� � �)#:� 0 �, � . �'� ;

=F,-�0#�i+�*\$��� 3 0 L � � 6 �3S 4 2�O 4
j R �hk 6 4�� �mlR 89576�8 �JO ��:on 8 6 �6p9qolL M�� 6 � � � , �+#�iC�"\����/#:r'�'�"����\�W� �\$[��9i+� � � ' '�� �+Z
� �   � � Z � Z_b7�(���-� � TF1 L � 6�u L j 6 4 ��T�4 6 O': R�5�R � 6 ��S L 1 4 L �;: � � 6wvyx T�z 0 6 � � R : �UD [(\*Y{�'� , i'� ;

�*�'W|�9i / \$}�[��8#:���'�0# ��# ,/#:��, � � � ' ' !'�+Z
� ��" � % Z / �'�"�+i+���'^ � � x�~@� S��$S �US Rw�#6 M�� ��O ��� 6 �Qp�O�2��mO-� L7����� � � L ���wp u SE��M�� � � 0 L � � � �3SE� � O/�

O ��� , �U��O � �UO"�cO7� �3� L ��lO � � � �wk{S�� ���+�'� � . [(,-WJ�������A#:�9# � H��$��^7�'�0#:��� ���� D �, [��s� � ' '�"6� Z
��� �'�I��Z D \���r �7� R �*� K R ���NS�� ��L � 0 L � � � �3SE� � R:VI� � �3� L � �$S�� 0 L � � � �US9M�k�S�� � � � � � . [�,-W��������)#:�8# �

% d���6 , �-i+���'��� � ' '�"6� Z
��� � � � Z�d�Z , #>�&i@��,�=F�?����� � Z � Z&�g����WX�(� � , R �NS9� , � L � � T � 2 ��S9M+���:b"�)\��&�*���+#f��,-[�[(�'�-�I��\�} ;

[��8#:���(��� � ��, ������[�[ � � ' � � � Z
��� ' � � Z��?Z_b7[8������� � ���*!$#@Z % ��^_Z `�(&� �)  " � � ' � � � Z



���3����� �
��� �
	���
 �  $ 

�   � ���IZ D Z , �&�*�'�0#:�'� � ���*!$#@Z % �'^GZ #A(@7_� � � " � � � ' �  � Z
�   � � 6cZ D �+�"0 ��\��'� � � Z���,/#:���'���&�"0J\��&� , Z � Z � ���'��WJ��� � ���"!�#�Z % �'^_Z # (>8 � � � � " � � ' � '6� Z
�  �� � 5 Z7df��WXWX��� � 6cZ D �+�"0-�)\��'� � � Z7d �������'����\��&� , Z � Z � ���'�'WJ�)� � ���*!$#@Z % �'^GZ #;7�' � � "  

� � ' � � � Z
�   � �I� Z�ds�'��������� �>5 Z�df��W|WX�'��\���� , Z � Z � ���'�'WJ�)� � ���*!$#@Z % �'^GZ # 7 � �    � � � � ' �	� � Z
�     � � Z � Z � � i 0$#:, � ��K � L �+��S9M L �_P{� � M �3� R � 2 � L7� S9MC�w� � ,-���odf��[(�'!�
 b7,-��# ��# �'� 07�'[��'! � ' �  � Z
�    ����IZ � � . #>�'�o���&���cZ D Z , �&�*�'�0#:�'� � b7,-[(�9�hb7�0��������,-W|W�\��aZ 8 � � � " � � � ' � � � Z
�   " �I��Z 5 Z # [ �,7i+��[ � �IZ � � . #>�'� � �����
�IZ D Z , �&�"�'�+#>�'� � ���"!�#�Z % ��^_Z #;'�8 � � " ��� � � � ' '   � Z
�   �'��b&Z � Z���\��$������� �&��W � � �"!$#@Z % �'^_Z # (>� �   ' � � � � ' �   � Z
�   � � � Z % Z�� .$. �������'�(WX�'� � � �"!$#@Z % �'^_Z (>% �'"�" � � ' ��� � Z
�   ' ��b&Z # [��\$�-�'[ � .�� � R �@S � � � � � L ��� � � �UO � � � � � S�� � R � � R�� S �+� � ' Z � �'���(�'� 0"\��+#o�*�)# &U�&#>���(��\��0#

= �\$� � �)#:� 0 �, � . �'�:=F, �+#�iC�"\���� 3 T � 2 ��S��Q� � � � L � R ���3�@O � �3O*� � � � � ,-�+#�iC�"\����/#:r'���*����\�W � �\�[��8iC�
� � ' ' � � Z

�  � � �IZ�6 �,-��WJ�����*����� �'� � ���*!$#@Z % �'^GZ # '$8 � � � � ' ��� � ' '   � Z
�  � � , Z � Z � <�)r��6\$�'rX�"�g�m�����/� � �IZ�b&Z�6��'��� <��� �m% Zm�g���+�)�&��� �%, Z � Z 	 �'!"�)��� ��� Zm�g����� , �

, Z&���)��� <�(� ; % ,"�*����, � �)�&� � Z � [�, ���)# � ���*!$#@Z % �'^GZ � �'���'Z B�� � �  �X� � ' ' � � Z
�  � ��b&Z��?�����8#:��� \$�&�J� Z&��#:\ 0"\&��� � b7, [UZ&b7�+�)������, WXW�Z 
*(&� � ' � � � ' � '6� Z
�  � ��d�Z , Z�6�,�=F�'� ��� Z % �A�*����� �'� � ���&�o��Z �{�����7� � b7,-[(�9�gb7�+�)���t��,-W|W�Z ($(>% � ��   h� � ' ' '6� Z
�    � � Z ��Z # ������� � 6cZ # \������ � �cZ 5 ����[ \��&� % Z � Z # �'��W � ���"!�#�Z % �'^_Z #;'�7G� ' � � �J� � ' ' � � Z
�  � ���b&Z # [��\�� �'[ �'� Z&�y�)#�i@�8� � ���&�o��Z�6cZ � �)�*�'���9i+�&# � ���*!$#@Z % �'^GZ #&%�8 � � � ' � � � ' � '6� Z
�  " � 6cZ � Z 5 [(WX�'�0# �>� Z�6w��\�#�i+����[8� � �)�&�gHcZ �?�+�-�"WJ����� � � �"!$#@Z % �'^_Z # `�8 � � " ��� � � ' ' '7� Z
�  �'��d�Z�b"�-i
0$# � �IZ �w�)\����$���'� � b&Z % ,-\&#�#:�'� ��� Z D [(�'��� � ���&� � Z , Z 5 #:���9i
0 � ���"!�#�Z % �'^GZ #

% � � '$" � � � ' � � � Z
�  � � � Z � Z�������W]}�[��8#�#��)�&�tb�Z������9�)��� � b7\��>=�Zeb"i@�3Z � �'����Z 7 � ' � � � � ��� � ' ' � � Z
�  ' � � Z&� �'�+#>,F� ����� � Z % Z�6w��W������ � ���*!$#@Z % �'^GZ #&%4(&� � �  o� � ' �  � Z
� " � � % Z_� Z � �'�'�&#>���+� ��� Z , Z b7����,7#�i@��, �4� Z_� �'�0#:,F� � �)�&� , ZG��Z � �'��� � ���*!$#@Z % �'^_Z � �����'Z `�B �

�D� ' � � � ' � � � Z
� " � � % Z&� Z � �'�'�&#>���0� ��� Z , Z&b7����,7#�i���, � �)�&� , Z���Z � �'�(� � b/\��:=�Z_b"i��UZ ("B4(&� � '  g� � ' � � � Z
� " � � � Z � �)}���,)Y?# 0"� � 6IZ

�
� Z&� �\&#�#>��� � �)�&� �IZ�ds,-[ � � ���"!�#�Z % �'^GZ � �����'Z 
�% � � "$" � � � ' '   � Z

� " � � % Z # Z��{� . ��r �$D Zs����, � ����� � Z � Z � ,7�)����, . , \�[�,/# � ���"!�#�Z % ��^_Z � �����'Z 
e`G� � � �D� � � ' '  � Z



�  " ���3����� ����� �
	���


� "   �I��� Z 5 }&�'��� ��# Z 5 ��� �'[9# � ��Z % �9i+�&���0� �&D Z_b"iC�$��,7�)�*��� � b�Z # [��\�� �'[ � �?Z � , W#07� � � Z�6��'�(� ;
���8iC� � ����� D Z&H���}���� � � �"!$#@Z % �'^_Z � �'����Z 
�
_� � ' ' �J� � ' '$"7� Z

� "  �� # Z ��,-�(�-��[ ������*�'� � ��Z�b6iC����\&iC� � 6cZG��Z # ,-��r'��[ � b&Z46��'�(��r'�I����� b&Z # [��\$�-�'[ � ���*!$#@Z % ��^_Z
# `e`G�&% � �  - -  � � ' ' � � Z

� "�" � � Z , Z�b7����,7#�i@��, � � Z��wZ����(�'�+i@� � , Z � �'^*�(�)# ��% Z � Zi���'[�, ���+�g\$�&� � Z�ds�'��������� � ���*!$#@Z
% �'^_Z � �'����Z 
&`_� � '$" � � � ' '  � Z

� " �'� , Z # ���)�"�'��WJ�)��� � �cZ �?�'�&#>�'� � d�Z�6?�'}&�'�&#:�����'�(� � � Z_b"i+��WX�8� �@� Z % �)�*���$�-�'� �_% Z_�y,-\&� ;
[�, \&i
0*! � ���&�o��Z �{�����7� � � �"!$#@Z % �'^_Z � �'����Z 
 � �   � � ' � � ' '�"6� Z

� " � � ��Z$� Z 6���[�[(WJ��� 0 � b&Z&�����8����� ��� Z � Z % ��}&,-[(� ��� Z � Zeb7Y ��[(�'� � ���&� % Z � Z"df��[9#>,-� � ���*!$#@Z
% �'^_Z � �'����Z `�8 � � � � ' � � ' � � � Z

� " ' � � Z*df�(�*�����'��[��(� �
� Z*df�(�)i+���'�+# � 6cZ # ��\���� � �����h�wZ �?�����0#�i+� � 6cZ>6 �,�=F��������� % Z � Z # �'��W �
���*!$#@Z % �'^GZ � �'���'Z�� 7G�  ' � � ' � '7� Z

� � � �t��� Z�d �, [�[ � b&Z"���$�9���$� �{% Z � Z�df��[8#:, � � ���&� ��Z�6cZ � � .�. �'[ � � �"!$#@Z % �'^GZ # %�8 � � ' ���
� � ' � '6� Z

� � � � % Z � Z�b7WX�(��� � �?Z46��������)#�#:! � � Z_d�Z D ��W � �?Z � Zedf�&�)��� � � Z_ds,-�������(���-��,-� ���&����Z
�g���$�7�*� � ���"!�#�Z % �'^GZ � �'���'Z `$B � � � � � � ' � � � Z

� � � � ��Z � Z&�g,-��\$r'r'� �>� Z � Z � ���&�"0 � , Z % Z�df��[([��8��WJ# � �{�)[9i@\�[8�����)� 5 [(�)i@����,-�$�9i?� ��, . �'�������A#�,�=
�g�'�0��[9# � ���'���7��W|,-� � ��Y 	 ,-� 0�� � ' � � � Z

� � � �I� Z # ,"�*� �&% Z��m�-#�i���[ � �)�&� % Z�df���A#:�'�&�$����� �'� � b7\$�:=�Zeb6i@�UZ %�'�' � � �  g� � ' '  � Z
� �   � % Z 6IZ ���'!"[�,-�0� ��D Z>6cZ � �', ��� � ���&�hb�Z � Z D �'^ ��� � ���"!�#�Z % �'^_Z � �'����Z � 7G� � � � " � � ' � '7� Z5 Z % , ���'�"}&�'���|�����tb&Z � Z D �'^ ��� � ���"!�#�Z % �'^GZ � �����'Z B�� � � ' �  g� � ' ' � � Z
� �  �� � ,-�{�wi@, W . �)���9#>,-��,)= }&�)�&��#:����\&i���\����)#����&� � � ��b�,)=a�*� �G�'���'�*�y=3i'i��)�&�Q}Gi'i����+�)�&#:�(����, �

WX�'�0��[8#�#:��� =F, ���)($��W . [(� % �@=�Z � � � �3Z
� � " ��ds���*�'���'��W|�����)�����$�hW|�����(W�\�W ,�=�������#>\��:=3� i@� ; #:�0�����o}&����� =F,-��=F�'����,-W����-�$�'���8i�}Gi'i

� �7� �0��� � i���[9i�\�[9�)���)�f�)�h�����s�)( . �'����WX���*�0��[�[8�������9i��si@,-�&#>�+�)�*�J,�=������  �   � �*Z \ Z��)�
� �(�    Q�%� ���&� � � � �  ��%� =F,-��������WX����, ���(�:!]�)�&�hW��	��,-�����>!]#:�0�����A# � ���A# . �)i@����^7�'[(!7Z

� � �'� � Z]d , ����W������ � + � � � � � � � � L �3S R � R:V ,eM L � ��S���� .$O � � � �NS���� 0tS9M'� R ��M R��*2 L �$�B, � � M@�
�3� R ��M R��*2XR:V 0 L � � � �3S9M 0 � � L ��,GO"� V L M � � ~�2 P{� � M �3� R �&.�� � R � 2 �'� � . [�, WJ�����$�)#:�8# � H��$� ;
^7�'�0#:���>!],�= � ,-����W]\��&��� � �D�0� � Z

� � � � % Z&� Z�� ��,-W . �&% Z � Z�6w��W|�'�+# � �)�&� � Z � �'W�\$���J���"!�#�Z % �'^_Z � �����'Z `&` � � � � � � ' �  � Z
� � ' � , Z_b7����,/#�i@�(, �&% Z�� Z � �'�'�&#>���0� � ����� , Z&��Z � �'��� � ���*!$#@Z % ��^_Z � �'����Z `$
 �  � ' � � ' � '6� Z
� � � � % Z � Z�6w��WX���+# � ���"!�#�Z % �'^GZ # '�� � "  ��� � ' � '7� Z
� � � � � Z % Z � ��WX�(���'r ��� ZG� Z@6�#:��\$��� �&D Z % �	�+��� � �)�&� � Z � Z_b"i+��,)Y��)[������ � ,?.�. [UZ$���*!$#@Z � �'���'Z

`�
 � � "7� � � ' ' � � ��� �0� Z



���3����� �
��� �
	���
 �  �

� �	� ��b&Z{� Z 	 �)[��9#>,)^7� ��% Z��wZ�� \���� � �)�&� � Z � ,-���'����, � � Z �{� i-Z�b6i@�UZ�� �)i+����,-[3Z , 
 �   � �
� � ' � '6� Z

� � � � % Z�b7�0��[9�"�'� � �?Z�b"i+�*Y ����r � 6cZ�b7���������$�-�&�)\&# � �)�&� 6cZ ^7,-� D ��)���'[ � b7\��:=�Z�b"i��UZ 7�
�( �  $ 
� � ' ' � � Z

� �)  �I�����8#t�8#g��W . ,-���+�)�*�g=F, � ����� =F, ��WJ�)����, ��,�=|}�\����(�)� #>��[(�9i@�8�*� [8�'!7�'�+#�Z
b&ZI�����"��[]�)�&�
6cZ � Z # �'! � ,�.�. [3Z����*!$#@Z � �����'Z�� ( � � ' ' � � � " �7Z

� �  ���b&Z$� Z 	 �)[��9#>,)^7� �7% Z��wZ�� \���� � ���&� � Z � Z # �)�+#>��,-�$��������Z % �)#@Z&b7,"i-Zeb/!*W . Z7����,"i-Z ($( �
  � ' � � ' � � � Z

� � " ��d�Z&d �'� ��� HcZ_b/�+��� 07� �&D Z�6��'�(��r � �IZ % �)�-�'[(,)^ � �wZ � ��\&#>���'� � ���&� �IZ % Z��{� #:����, � b/\��:=�Z
b"i@�3Z %�'�
 �D� �X� � ' '�"6� Z

� � �'� � Zy� Z ����[([��'� , ��% Zy�g���0���&��� � b&Zy�g,-[�,"�"�+#:,)^ � �?Z � ��\$}&#�i+�&��� � ���&� �IZ D ���(�&�*[ � b/\��:=�Z
b"i@�3Z 7�%�8 � � � � � ' ' � � Z

� � � � ��Z_b"i+���'\�iC� �># Z(��, ��� ��[ ��)�&�*�'� � ���&� 6cZ��yZ # ,-��r��'[ � b7\��:=�Z_b6i@�UZ % 
�7 � � � � ' ' � � Z
� � ' �I� Z_b"i+��WX�8� � 6cZ_b7�0�-�*[(�'� � ���&�o��Z �{�����7� � � �"!$#@Z % �'^_Z � �'����Z 
�� � �  -  � � � ' ' � � Z
� ' � � � Z���[(�'��� � ���'[8#:�'� �d� Z # �)#:���*}&� iC�$�'� � &+Z�b7���'���&#:�/���+� � 5 Z ��� �7#��-���0� � �?Z 5 �$�7���)��[ � ��Z

b7��,-[���r'� �$D Z�d�Z � � i@,-}�#:�'� � �)�&� � Z D Z ��� �+# 07,�^ � ���"!�#�Z % ��^_Z � �'����Z 
�(&� �    � � ' ' � � Z
� ' � � 6cZ % �,/�*�'� �7% Z"b"iC�"\&#>���'� � 6cZ # ��\$��� � �)�&� D Z D �'��� � � �"!$#@Z % �'^GZ � �'����Z 
*(&� � � � " � � ' ' � � Z
� ' � �I��Z d�Z �g\$���+�'! � &+Z�b7���'�&#>�7�-�)�+� ��5 Z ��� �/#�� ���+� � ���&� � Z # �)#:���*}&� iC�$�'� � ���"!�#�Z % �'^_Z #

`�7G�&% �     �   � � ' '  � Z
� ' � �I��Zyd�Z��g\����+�'! � b&Zm����,-�0#:�&�)\�� � &+Z�b7���'�&#:�/�-�)�+� �i� Z # �)#:���*}&� iC�$�'� � 5 Z ��� �7#�� ���0� � , Z

��Z % \�}���� �&D Z�d�Z � � i@,-}�#:�'� � �IZ D , . ,"���"0*�8# � ���&� 6cZ � Z_b 0*����^7�'� � ���"!�#�Z % �'^GZ # `e`G�
� � � � � � ' ' � � Z

� '   � , Z � �'^*�(�)# � � Z , Z b7��,7#�i���, � � Z �wZ �������+i@� � �)�&� % Z � Z ���'[(,-���0� � ���"!�#�Z % �'^GZ � �����'Z 
 � �
  � �  g� � ' '$"6� Z

� '  ��I��ZG�wZ&d , \&��� � # Z 5 Z � ���'\"Y������*\$!�# � � Z b"iC�$WX�9� � �)�&����Z'�{�����/� � b/\��:=�Z b"i@�3Z %a`�8 � � �
� � ' '�"6� Z

� '�" � � ,-���c���'^"����Y�#:�'� 3 ��� Z 5 }&�'��� � b7\��>=�Z_b"i@�3Z % � . Z %�% � � � � � � ' ' '6� Z
� ' �'� �IZ �?��[9�)��,)Y?# 0"�y����� 6cZ � ���'�"\&# � b7\��>=�Z_b"i@�3Z '�% � � ��� �|� � ' ' '7� Z
� ' � � 6cZ � �(�'�"\&# � d�Z�6��'�([9�)�&� � �)�&� 5 Z&�y��� [9��\$�'� � b7\$�:=�Z_b"i@�3Z % � . Z (@
G�  � � � � ' ' � � Z
� ' ' �I� � � 
'4:5 
�� � � 5�1���
)2	���0��
��/4�
 � 2 �
5 �_Z/�wZ # Z-��� #�#���[9# 0*�a� , � b &U�"���'���&������,-����[ � �����������9�)[9#

���)� 0 � ���$��, � � ' ' � � Z
� ���D� ��b&Z�6cZ ��,7# 07, � � Z�df��[ 0 � ���&� � Z � \�#����(� � �{��� Z � Z&���*!$#@Z `$B � � � �D� � � ' � � � Z



�  � ���3����� ����� �
	���


� ����� ���?Z��{����}&,-��� � 5 Z ���)#�i�,�^7, � �IZ % �-�*��� � d�Z ��\������ � ���&�gd�Z 5 }&�'���&���0�*� � ���"!�#�Z % ��^_Z
� �'���'Z 
*(&� ��� �  g� � ' ' � � Z

� ��� � � &+Z # Z , [(�:=F�)�"�'� ��� Z�� Z �����'� � ���&� D Z , Zm������^7�'�'^ � ���"!�#�Z % �'^GZ � �'���'Z B�� �   � '  
� � ' ' � � Z

� ��� � � � Z � Z
6?��W . #>�'[ � � Z 5 Z �?�������7� � �cZ � Z ����)� 07�'! � ����� % Z � Z)df��[([��8# � , �*^ ���&i��)# �(�����"!�#>�9i'#
'�
G�  �D� � � ' ' � � Z

� ���   ��b&Z�6w�)�&��#�iC�"\��J�)�&�tb&Z # [��\�� �'[ � b/,-[��8�gb7�+�)���t��,-WXW Z (>�_`G�'" � � � � ' ' � � Z
� ���  )� , Z ���'�/� � b&Z # ,-\&�)�+��} � 6cZ � ���'!�#�#><� � �)�&���?Z � �'WJ�)���-�A��� � �����(� b7, [��9� � �([�WJ# 7�
e`G�

��� � � � ' '�"6� Z % Z��cZ"d \ ���&� , Z � Z � ���'�'WJ�)� � � �"!$#@Z % �'^_Z # `*(&� � � � � � � � ' '  � Z
� ��� " � �IZ 5 [�W|,-\��&#�#:�(��� ��� 
�� � � ���"!�#�Z % �'^GZ # `e`G�&% �   ��� � � ' ' � � Z
� ��� �����wZ �IZ�d �)[ 07�'� ���&� 6cZ@6?, . #>���'� � � �"!$#@Z % �'^_Z #&'&B � �  " � � � ' ' � �+� S ~ S9� # `�7_� �  " ' �

� � ' '  � Z
� ��� � ��b&Z , ���*���(�'\ ��� 
�� � ��� Z&����� � Z&����� � Z_���)���'��Z ( � `G� � ' � � � ' ' � � Z
� ��� ' ��b&Z , ���*���(�'\ ��� 
�� � � ���*!$#@Z % �'^GZ # `$
G� � ' �  J� � ' ' � � Z
� �0��� � % Z���=3���&�"r'�'[����'� � �wZ &U�-�'[ � ����� 6cZ�df�(�*���'� � b7\��>=�Z_b"i@�3Z %&B�8 � � � �J� � ' ' � � Z
� �0�D� ����� Z % , ��� � ��� Z D [����'WJ��� � � Z�HIZ�6��([�[���}����)i+�7� � ���&� 5 Z D �8# 07�'� � ���"!�#�Z % �'^GZ # `$7G�

�  " ' � � � ' '  � Z
� �0� � ��b&Z�6w�)�&��#�iC�"\��J�)�&�tb&Z # [��\�� �'[ � #>\�}�WX�(�����)�Q��,X���"!�#�Z % ��^_Z # Z
� �0� � � � Z&����r'rA���7�)[�[(� ��� 
�� � ��� Z ,�.�. [3Z����"!�#�Z 
@8 �  � �   � � ' '$"7� Z
� �0�   � # Z � ,-�&� # �GD Z"df��[8�*}&�'��� �'� �&% Z �&�'[�[(�'� � �)�&�g�yZ�6cZ � �A�*�'���8iC��# � ���"!�#�Z % ��^_Z � �'����Z B$� �

   �   � � ' ' � � Z
� �0�  )� �IZ �?�'��#:�'� � � � S�� � O ��� ,GS �"~ � � � M�� � � k ������� !	� ��
�~ � ��qglL M�� � � S � � L ��� � � �3O �*�

� � � � S�� � R � � R��
� � � �-� � S � � �$� � � L �$�����U��O � �UO"�@� � M�� ��O ��� � � �
� � . [�, WJ�����$�)#:�8# � ��H df���'�
� � ' '  � Z

� �0� " ��� Z�b . ,-��� � 5 Z{��[9����r'�-\$WXWX�'� � � Z�������i@r',-[(���0# � d�Z)6��'}&�'�&#>�����'��� � � Z�b"i+��WX�9� � d�Z
6�,)=F�'�?���&�o��Z �{�����7� � b7\��:=�Z_b6i@�UZ %$8 � � � � � � ' ' � � Z

� �0� ��� % Z*ds\������ , Z � Z � ���'�'WJ�)� � ���*!$#@Z % �'^GZ #�`*(&� � � � � � � � ' '  � Z
� �0� � ���wZ , #��-���]���&�gb&Z # [��\�� �'[ � ��,�}&� . \�}$[��9#>���)�_Z
� �0� ' � � Z # Z D ,-�������(�-�"� � � L � � ��� Z&���)�-� Z&���)�-� Z&���)���'��Z 7�� 
G� �]� � ' ' '6� Z
� � � � � �IZ , Z$�������$r � b"i����'�&i�� 7$B 7G� � "$" � � � ' ' � � Z
� � � � � � ,-� �
���Ai@�'�"�����'^"���'Y #:�'� 3�� Z � , �-\��A# � &+Z D Zeb"i+�"\�[�[(�'� � � Z����)�-� Z$�����-�aZ��������'�'Z (>8 7G�

� � � � � ' ' '6� Z



���3����� �
��� �
	���
 �  '

� � ��� � 6cZ , Z � �\���� � 5 Z � \&�*r�� 0 � b&Z�b&Z � ���)#>� � � Z # Z ��,7�A� 07,7, . � �IZ�^ ��� �*�'� � �-�)� � � Z
# �'[8� 0"��,)^�# 0*! � �?Z&�g,"i@\$�+� � , Z$�������>! �>	 Z_b"�)WJ#:, � � b"i����'�&i�� 7$B$' � � � "$" � � ' ' '7� Z

� � � � � � ZGHcZ46��([�[(�'}����AiC�7� � 6cZ �?��[8����� � HcZ_�g�8i 0 � � Zeds�'�9#�# � �)�&� � Z # ������� � #>\�}�WX�(�����)�h��,
b"i@�(�'�&i@�/Z

� � ��  � , Z-b"i+��, [�[ � � Z7b7� �, ��� �>� Z � �\����(��� ��� Z�d�Z7b7�', �
� Z � , W . �'!"�����$� � 6cZ7b7���'� Y��)��� � � Z ; ��Z � ,"i ;
�7\��'� � � Z � ,-[(���(��� � b&Z , �&�"�'�+# ��5 Z 5 Z � \$[�[�������, � � � Z % Z_b"i+���'�(�*=F�'�(� � 6cZ , ZG���-�"WX,-��� �
b"i@�(�'�&i@� 7�B�
G� ���s�   � � �0�D� � Z

� � �  )��b&Z # [��\$�-�'[m���&�J�yZ�6cZ � �)�*�����9i+�&# � 5 \���, . �"!$#@Z � �'����Z 8 �  ' �J� � ' � '7� Z
� � � " ���?Z D ���'W]}&�'[ � � Z$�?Z 6w���"= ��� Z �?Z�������\&i+���'����� ��� Z # , [�WX, �*� � �)�&� �IZ ����Y���������� ��� Z

����� � ZG�����-�aZ&�����'Z 8�% �  � ' � � ' ' � � Z
� � � ��� � Z 5 Z �������'�/���)�&� � Z � Z@6?��W . #>�'[ � � �"!$#@Z % �'^_Z #;'�
G� � "     � � � ' ' � � Z
� � ��� � �IZ % ����� �'[�,)^ � 6cZ � Z D �)��� ��� Z % �'�(��W]\���� � �����g� Z � ,-������� � ���"!�#�Z % �'^_Z # � (&�    '

� � �D�0� � �)�&�h���@=F�'�����&i@�)#������'���'���aZ
� � � ' � ��Z � ��� �". ���(^ ����� i@,-WXW]\����8i'������, � Z
� � � � � �IZ7�����'��r)#�i+� ��, Z D \�}&�'��r)0 � ��� Z 6���\&�*� � � Z # ,"�*� � ���&� % Z6df�(�)#:���&�����$�-�'� �*% �'^GZ6b6i@�UZ

&U�&#:���'Z 
*(&�   �)  � � �D�0� � Z
� � � � ��� Z # ,"�*� � � Z*6��'���$�@=3������� � � Z46w�)\&�*� � � Z �?�'��r'[9��� � ���&� % Z_df���A#:�'�&�$����� �'� � b/\��:=�Z

b"i@�3Z '�%�7G� � � � ' ' '6� Z
� � � � ��� Z # ,"�*� � � Z �?�'��r�[9�>� � ���&� % Z�df���A#:�'�&�$����� �'� �*� Z �{� i-Z_b"i@�3Z&� �)i+����, [UZ , ( 
G� ���	���

� � ' ' '6� Z
� � �-� ����� Z D \���r � �IZ # ����[(WJ�'!7�'� � �����tb&Z # [��\�� �'[ � #>\�}�WX�(�����A�Q��,X���"!�#�Z % �'^GZ � �����'Z



� " � ���3����� ����� �
	���




� � � ��� � ��� �
� � ����� � ��� � �
	 � � � � �	��� ��
 ��� � � ��� �

� � � � � � 
 � � 
 �
&U�������8# #:�)i@����, �wY�� . ���)#:�'�"�_�������)("���'�&#>��, �
,)=������{� ���+#:,�� ; 6w�)WJ���$�
W|,"�*�'[-��,?# . �(� ;3. , [9�)����r��)�
b"��� �>b"� ; b6��� � =F,-��������i��-#:�{,�=a��=F�'����,-WJ�)�-���'���9i���� . Y��(�����?WJ��� ���'���(r)������, �c�"(*�8# . , ���"�����$�
��[(,-������� ����}������+����!��*�(���)i@����, �����&�I��#��)W . [��mY������I�)�c�)��}��(���0����! � �3Z��7Z . ,/#�#>��}�[(!w��,-� ; i@, [�[(�����)�)� �
# . ��� ; #:����\&i@��\����/ZJ�����J�*�'����^ ������, � � ��^7�'�s���s�����]=F,-[�[(,)Y������J[��A�-��#���,g�����]�-�'�����+��[����7\&�)����, �
� 5 �&Zw�   Z   � ��� =F,-�J���$� # . ��� ;3. ,-[8�����(r'�)�f��\��$���'[��(��� i@\$�������*�X���&���J�&� #h}&�'�'��WX�'�"���(,-���A� ���
#:�Ai@���(,-�   Z  cY������$,-\�� . ��,7,)=�Z

, #��&�-#�}&�'�����'W . �&�-#>��r'�A�c���|#:�)i@����, �   Z# 
�������6\&�)�*����r)�)���(,-�|� ("�)#�,)= ��� . �����X#��)W . [��?�",
��, ���(���-�'�$�'�+�)[&i@,-�(�&i@�8�*� � �UZ��/Z-�)������, � ; i�,-[�[(�����A���'Zm���*\�# Y{��W]\&#:�y���0���&#U=F,-��W �����?# . ���|#:�0�����A#
��,��Q� [�,-}���[�=F�0��WX��Y����'���c������� #�#:\$W . ���(,-�J,�= # . ��� i@,-�&#>�'��^ �)����, �si'���o�������g}&�]� .�. [����A�h���
�������(^*�8��[ WJ�)�����'� � �UZ �7Z�# . ��� ; \ . �3�*,)Y�� � #>�+�)���)#�,)=����$�c�-[(,-}&�)[ =F�0��WX�Ii'�)�g, ��[�!J��\$�����'[y���"��,
# . ��� ; \ . �U�",�Y�� � #>�+�����)#�,)=������I�-[(,-}&�)[�=F�+�)WX�7Z�df�����$,-\��?[�,/#�#�,)=��-�'�$�'�+�)[����>!XY{��i+��,7,7#>�c�����
[�,"i���[�=F�+�)WX�c,)=����$�X#���W . [(�]�-#w���$��� [�,-}���[�=F�+�)WX�c,)=?���@=F�'���'�&i@�/Zc���"\&#wY��]Y���[([����0���&#U=F,-��W
���$�w#>�+�����)#�� ����,)= ��������� . Y����9i+�|�������*�8���-, �&��[ �(��������# . �(� ; # . �-i���Y��(���]���)# . �Ai@����,c�����?[�,"i'�)[
�7\&���"���(r)������,-�o�"(*�8#����&�o�������)( . ���)#�#>�)�J�-#����o#:�)i�����, �   Z  Q}"! 3� � � & � .-� ��� �� & � .-��� �

��� ����� � � � � � ./� �!� �� � � .-�"� �
�#� � � , Z � �

�����I���+�)�&# =F, ��WJ�)���(,-�X=F��, W ������[�,"i'�)[ =F�0��WX��,�=������c��� . ��,]�����I�-[(,-}&�)[ =F�0��WX�w�8# . �'�:=F, ��WX�)�
}"!X� .�. [�!"���$�]�Q��,-�+�)���(,-�g�(�J# . ��� ; # . � i@�7Z , #�#>\�WX�(���c���&���������Q�6\&�)�*����r)�)���(,-�J�"(*�8#�,�=���������� .
�9#I�*�%$&�$�)� }"!������ . , [9���]�)���-[(�)#��/* �'& � Y��(��� ���)# . �)i@�I��,o�����X� [�, }&��[�=F�+��W|� � ��������,-�0�����(,-�
WJ�)����� (��9#�� ��^7�'�J}"! 3(I� * �'& � � �*),+.-0/21 3 i@,/#_� *.4 � � � ),+.-0/2153 #:�(��� *.4 � �)2-0/2153 #:�����/*64 � � )2-0/%153 i�,7# � *.4 � � � � � , Z � �

b7�0�����A#7� � � & � .-� ���&�8� � �5� � .-� ,�=m���$�
��� . �����c�����'�J�-�(^7�'�X}"! 3
� �:9<;>=
� &

� .-� �?(I�/* �'& � � � � & � ./� �@� �� & � .-�A� )B+C-0/%153 i�,7# � *.4 � �)2-0/2153 #:�(��� *64 � � � � , Z � �

����� � ��9D;>=
� � � .-� �E(I� * �'& � � � � � � .-� �@� ��5� � .-�A� � ) +.-0/21 3 #:�����/*64 � �)2-0/2153 i@,7#_�/*64 � � � � , Z   �

� " �



� " � � � ��� �H� � 2H� ���N��� ���������+4+2 ���
	U� 
 � 
 � � �N� ���	�i� � � 	�	 ��� �
�������$���-[�, }&��[�=F�+�)WX�7Z &U�f���$� i'� #:�s,�=Q��� ����}$�����0����!�# . �(� ; #>����\&i@��\$���s����� #:�0�����A# � 
 �|,�=
���$�J#��)W . [�� ������ ./��. ,7#�#>�)#�#c�$,-� ; ^ �����8#:���(��� # . ��� ; \ . ���&� # . ��� ; �*,)Y�� i@, W . ,-���'�"�+#w�(� �����
^ �-i@\$\�W 3

� �� � .-� � � ����
&
� .-����� � � .-� � � � , Z  �

�����]i+�&�����-� �*�'�&#>���>!�� � � .-� �)�&�g������^7�Ai@��, ��WJ�)�-��������rA�����(,-�o�*�'��#:���>!�� � � .-� ,)={�)�-i+��#>�+������ 
 ��i����J}&��i'�)[9i@\�[8�����)��}"! 3
� � � .-� � � ����J� .-� � ���� .-� ��� � ��

&
� 3 � � � �� � � 3 � , Z "6�

�����
� � � .-� � � ���� � .-��� � �� � .-� � , Z � �

� �5� ��
&
� ���� � � � ����

&
� �� � ��� � � ��

&
� ���� � � � ����

&
� �� � � � � � ��

&
� 3 � � � �� � � 3�� � � , Z � �

Y����'�������������$���'�Ii@, W . ,-���'�"�+#�,�= � �����I�*�2$&���)�X���$��,-\$�-�g�������������'�I����\$[��y# . ���JWJ�������8i@�)# 3
� ��� �"! � � 3 � �$# � � � , Z '6�

&U��, �+�*���h��,fi'�)[9i@\$[9�����������s��\$�����'[(����� i@\������'�"�JY���������������� # ���0�*�'�'��� .�. ��,7�-i+� Y{� \&#>�
5 �eZm�   Z �D� � =F,-�����$�c���0���&#>������,-�s}&�'�>Y��'�����X#>�+����� ���� ,�= ����� #��)W . [�� ���&�s�X#>�+����� � �:9<;>=% � .-�
,�= �����I��� . Z % �)i'�)[�[ �������?����� . , ���'�"���8��[ ( � ,�= �����I��� . �'�"�����+#����"��, 5 �eZ �   Z �D� � Y����9i+�JW�\&#>�
��, ��}&��i�,-�*=F\&#>�)� Y��(��� �����J��, �+�)����, �fWJ������� ( �(� # . ��� ; # . �-i@� (I� * �>& � Z � �'��\�#�� #�#:\$WX�o�
# . ��� ; \ . #:�0����� ,)=c�����g��� . $&�0#:��Z������si@,-�����)# . ,-�&�*�(�����U# . ��� ;3. ,-[8�����(r'�)� � WJ������� ( �'[��'W|�'�*�& ��' � & �)(+* ��,��>& � i����g}&�Ii'�)[9i@\�[8�����)��=F��,-W 3
& ��' � & � ( * ��, �'& � � -5� �:9<;>=

� &
�D( � �D� �� � � .cZ0/ � �

� 1�2 * �43 9D;>= �576 ( 3 � ���8:9 � .cZ0/;/ �
� 1 2 * � ) -0/21 3 i@,/#_� , 4 � ��� ) +.-0/21 3 #>����� , 4 � �+� � 3 �5<6 ( 3 � ���� 6� �� � � 8:9 � .cZ0/ � �
� 1 2 * 8:9 � 3 �576 ( 3>= ) -0/2153 i@,/#_� , 4 � � � �� 6@? ) +.-0/2153 #:����� , 4 � � � �� �BA � .cZ0/ � �
� ) -0/2153 i@,7# � , 4 � � 1 2 * 8:97� 3 �576 ( 3 � �� 6C?

) +.-0/2153 #:����� , 4 � � 1 2 * 8:9 � 3 �5<6 ( 3 � �� � � .cZ0/   �
� ) -0/2153 i@,7# � , 4 � � & � 6 ' 576 � ( * � ? ) +.-0/2153 #:�(�c� , 4 � � & � � ' 576 �)( * ��D � .cZ0/�E �

�����|�U# . ��� ;3. ,-[9�)���(r'�)� � WJ�)�����GF]�'[��'W|�'�*�H& ��' 5 � �)( * �I,��'& � =F, �w�]# . �(� ; �*,)Y���#:�0�����c,�= �����I��� .
i'�)� }&�|i'��[8i@\�[9�)���)�o���&�)[�, �-,-\�#:[�!/Z+JU� ������[9� #:��[��(���cY{�����A^7�����)�*\&i��)�g�����/�U# . ��� ;3. ,-[9�)���(r'�)� �
WJ�)�����0F �'[(�'WX�'�"����, � Y{�'��� �*���)� #>\�W ,)=I�:Y{, W��������GF ��[��'WX���*�0#ci'�)[9i@\�[8�����)� =F��,-W #�i'�)[9�)�
Y��'^7�X=F\��&i�����, �&#�Y����9i+� Y{,-\�[8� ��, �+�)[�[�! �*�'������WX�(���X���$�g��\$�����'[(����� . ��,-}�[(�'W =F,-�]����� i'�-#>�
,�=��oi@,-[([��(���)��� ��[��(�-��W|�'�*�?,�=?�����]WJ��� ���'���(r)������, � ��F*�)#w,)=?��� . ����� #��)W . [��/Z����$�XY��'�(�-�"�+#



/ � �
��F . ���A#�#���������, �+������, � �(�s# . �(� ; # . �-i���Y�����[(��������WJ�)�����GFX�'[(�'WX�'�"�+# & � 6 ' 576 �)�&� & � � ' 576 i'�)�
}&�Xi�,-W . \$���)�o���&�)[�,-� ,-\&#>[�!���,h�����]��,-� ; # . ��� . ,-[8������r'�)�si'� #:�7Zcds�]i'�)� ���*\&#�� .�. [(!��)[�[������
� .$. ��,�F"��WJ�)����, �&#��(�*����,"�*\&i��)� ��� i+�&� . ���'�   ���s,-�+�"�'�c��,�i@, W . \����������'W Z JU�s�����|� �'�+#>,�� ;
6w�)WJ�����|WX,"�*�'[GY����9i+�JY���\&#:����������������WJ�)�����GF]�'[��'W|�'�*�0#��������-��^7���h}"!X������^-�)[�\���,)=������
#��)W . [(��#:�0�����I�)������� . ,/#:�(����, � ( * ,)=����$�
��� . Z�ds�Ii'���o#>\�WXWJ�)����r������������A#:\�[(����, 3

& ��' 576 � D0DGDN� � � ����� 6	� 3
 6�� = ) -0/2153 i@,/# � , 4 � � � �� 6 �)( * � ? ) +C-0/%153 #:�(��� , 4 � � � �� � �)( * � A � .cZ0/ � �
& ��' 5 � � D0DGDN� � � ����� � � 3
 � � = ) +.- /%153 i@,/# � , 4 � � � �� � � ( * � � ) -0/2153 #:����� , 4 � � � �� 6 �)( * � A D � .cZ0/ � �
ds�?�-#�#>\�WX�����&���{�����?# . ��� ; \ . ���&�|# . �(� ; �",�Y�� �@; Y �'^7�?#:�+�)���)#�i'�)��}&��iC�����+� i@��������r��)�
}"!c�����
#��)WX�?�*�)i��A! i@,-��#:�+�)�*� 
 � 
 6 � 
 � �)�&�����$�w#���WX�?i@,7��
Ji@�(�'�"� � � � 6 � � � Z���\$�����$�'� � Y��
�-#�#:\�W|���������������?�"�'�&#:�(�>!
,)=y#>�+�����)#���� ��b � ,�=G�����?# . ��� ; \ .�� 63 ��� � �)�&��# . ��� ; �*,)Y�� � �3 ��� � ��� .#:�0�����)#��9#?i@, �&#:�0���"�'Z���, �w��W����-�$�'���8i ��� . ���$��� ��bX,�= # . ��� ; \ . ���&��# . ��� ; �*,)Y��s#:�0�����)#w�����
��, � ; ���6\&�)[UZ@JU�&#>�'�������������$��WJ�)�����GFc��[��'WX���*�0# �(�*��,
�����?���6\������(,-��=F,-�{�����w��\�������[����$�ci�\������'�*� �
5 �eZ �   Z0/   �0� [��)� ��#���, 3

�$� ( * ��, �'& � �
��� )� 1 8�� �"! ' 3 ��� �$# �&% ��� � �'� �)(
* � 63 � & ��' 5<6 � D0DGDE� � 3 ? � �3 � & ��' 5 � � D0DGDE� � 3,+ D � .cZ0/.- �

�����I[9�-#>�w������W ���o}��+� i0/7�'�0#�i����g}&���'^ �)[�\&�)���)�J}*!o���&#>�'���������]�����IWJ�������0FX�'[���WX�'�"�+#�� .cZ0/ � �
����� � .IZG/�1 � 3
� D0DGD � � � 63 = i�,7# 3 � D0DE� � � �� 6 � 3 ? #:�(� 3 � DGDN� � � �� � � 3 ? i@,7#_� DGDN� #:�(��� DGDN� � ) +.-0/ � ���� 6 � �� � ? ) -0/ � �� 6 � ���� � � A ?� �3 = #>��� 3 � DGDE� � � �� 6 � 3 ? i@,/# 3 � DGDN� � � �� � � 3 � i@,/#_� D0DE� #>����� DGDE� � ) +C-0/ � ���� 6 � �� � ? ) -0/ � �� 6 � ���� � � A�2
Y����'���cY{�c�&�'^7��#>\ .�. ���)#�#>�)�g���$����F . [��9i������"� . �'�&�*�'��i@�c,)=������cY �'^7�
=F\��&i�����, �&#�, ������� . , ;
#:�(���(,-�J,�=���������� . (+*c=F,-��}����'^*�(�>!7Z�Hw#>���������������'[8������,-� 3

� 3 � �� ? � 3 i@,7# , � ���' 3 � � = i@,/# 3 � , 4 � � � � 63 � � �� 6 � 3 ? � �3 � � �� � � 3 � ?
#:�(� 3 � ,54 � � � � 63 � � �� � � 3 ? � �3 � � �� 6 � 3 � A � .cZ0/.6 �

� D0DGD �_i����J}&��#:�(W . [(� $&�)�c��, 3
� DGDGD � �

/
�

* � 3 � �� ? � 3 i@,7# , � ���' 3 ? � 3 #:��� , � ) - / � �� 6 � ���� � ? ) +.-0/ � ���� 6 � �� � � + � .cZ ��7 �
�

/
�

* � 3 � �� ? � 3 i@,7# , � ���' 3 ? � 3 #:��� , �"i@,7# & � � �� 6 � ���� � ? � ���� 6 � �� � � ?� #>��� & � � �� 6 � ���� � � � ���� 6 � �� � � � + � .cZ � / �
�

/
�

* � 3 � �� ? � 3 �"i@,7# , � ���' 3 ? #:��� , �Ui@,/# & � ���' 8 ? #>��� & � ���' 9 � � + � .cZ ��� �

�
/
�

* � 3 � �� � ( * � ? � 3 � �� � ( * � + 2 � .cZ � � �



/ �)  � � ��������� 2��	� � � �
�	��� � � 4+2�� �
	U�
����������� � � ����� ��� 	�	 ��� �
Y����'���wY��?�&�'^7�?WJ�-�*�?\&#>�w,�=y�����w�"�%$&���(����, �X,�=y������i+�&�����-�����&�X�����w^7�)i@��,-��W����-�$�'���(r)������,-�
�*�'��#:���>! ,�=Q� #:���$�-[��s#���W . [���#>�+�)���7Z��?,-��� � �������J������W����-�$�'���(r)������,-� ^7�)i@��,-�X,)=c�����s��� .
�9#I�*�%$&�$�)� ��� �����J�-[(,-}&�)[�=F�0��WX�]}*!s���$� . ,-[9�)�]����� [��)#X� , 2 & � Z JU�&#:�������(���J�����8#c���)#>\�[��I���"��,
5 �eZ �).cZG/ - � [��)� ��#���,]���$�c�-�����'�+�)[ ���)#>\�[���,)=����$�
��\�������[����$�Xi@\$�������*��=F,-�������)��}��(���0����!o# . ��� ;
#:����\&i���\����
,)=������I#��)W . [���\&#:�(���X�c=F�'����,-W����-�$�'���8i���� .43

�$� ( * 2 , 2 & � �
  � # � 3 � # )
 3 � 3 1 8�� �"! ' 3 ��� � * � 3 � � �)( * 2 � � ? � 3 � � �)( * 2 � � + 2 � .cZ ��  �

Y����'����Y����&�'^7�w���"����,"�*\&i@�A��������[�,"i'�)[y�*�'�&#>���>!],�={#>�+�����)# � � � ( * 2 � � 3
� � � ( * 2 � � � # �&% ��� � � � � � ����h�)( * � � ���� ( * � 2 � .cZ � E �

�����h���$�
[(,"i'��[y# . ���o�*���&#:�(�:!|,�= #:�+�)���)#4� � �)( * 2 � � 3
� � � (+* 2 � � � # � % ��� � �'� � � ���� � (+* ��� � �� � (+* ��D � .cZ ��� �



� � � � � � ��� �

� � � ���������
	�� � � � � � � � � 	 ��

� � � �
� � � � 
 	�� � �
	 � � �
����������������� �"!$#

%�&('*),+.-0/"1�-02435)76
8:9 Z5;�,-�(�-��[=<���&�"�'� � ;�Z�b"i+���'\�iC� � 6cZ��yZ 9 , ��r'�'[ � b&Z�6��'���$r'� � ���&� b&Z 9 [><\��-�'[3Z@? ����� � 	

A ����� � ��� � �CB5A � � �	� � � ��� � � � 2 � � �ED � � �FA � � 1 � ����� � � D 4 �	� A � 2 � � ��� � � � � �FA �7A ���	��G? � � � 3 � / 7�7 �+� ���*!$#:�8i'��[ % �'^"����Y 9 `&`G�&% / �    -  � /.6�6 1 � Z
8 b&ZIH��'�(��r'� � b&Z 9 [><\��-�'[ ��% Z��m�-#�i���[ � � Z 9 ,"�"� � �)�&� % Z�df�(�)#:���&�����$�-�'��Z 	 4 � � �JA � �	� �
� ��� � � 2 	LK � � ��� � � 	=M
� 1 � � � ��� �N? ��4�4 D � � � �	� � � �PO � 4+2 ����� �'4 ��� � � ��� � � 2 � ��Q ARATSVUWUYX[Z
� D 4 �	� A � 2 G]\ SVUWUWX^Z[_ � � S`UYUWX[Z ��� �ba � S`UWUYX[Z � � �"!$#:�9i���[ % �'^*�(�'Y 9 `$B � / ��  � � � /.6�6�- � Z

8 �wZ�.w#�� ��� ��c Z 9 ���$[�WJ�'!7�'� � b&Z�H����&��#�iC�"\�� � b&Z�H?�'����r�� � ��� Z D \$��r � �)�&� b&Z 9 [><\�� �'[UZ
a �(4+2 � 	U	 4 � � A �E1 � � 2 � ��� ��4:5 � �ed � � 4 � �	� � � ��� � � � � �FA(a � � � 2 �gf ,-\$���&�)[_,�=m���"!�#>�9i'#ih �kjlj&�6 �   1��B/.6�6�6 � Z

8 b&ZkH��'�(��r'� � ��Z ����� � b&Z 9 [><\$�-�'[ � �)�&��� Zeds�'�(���'����Z � �	� A � 4 �FA 	 a � ��� � � � � D A � � ? ����� � � 2
� � � � � � ��� � � 2 � � ��� ����� � D 4 �	� A � 2 � h����'WX�8i'��[G���*!$#:�8i'#em&�'�����'�0#�n j�`G� / � 1X� /.6�6�6 � Z

8 b&Z.H�������r'� ��% Z4.�}$� � b�Z 9 [><\�� �'[ ��c Z c �([9����,)Y?#�/"� � �)�&��HcZ �����'�"\&#�Z � � ��	 � ��� � � 2
� � �"4 ��� 2 � � �	� ��	 ��� � ��� � � 4 D A �LD 4 � 2 QoD 4 � � � Q � � �Yprq
� Q �	� 	 ��� ����� � D 4 �	� A � 2 � ���*!$#:�8i'��[
% �'^"���'Y�m&�'�����'�0# B n �   - 7 -g�B/ 6�6�6 � Z

8 �cZ�ds,-����WJ�)��� � b&Z.H��'���$r'� �Nc Z 9 ���$[�WJ�'!7�'� � ���&� b&Z 9 [><\�� �'[ � � � � � 4>1&4 � � � � � ��� ��	
� ��� � � 2 � � �	����� ��?sDutk?sD S`UYXWX^Z
� D 4 �	� A �Iv � � �+5 � ���*!$#:�8i'��[ % �'^"����Y 9xwzy � � - ��� � ��7�7�7 � Z

8 b&ZYH��'�(��r'� � � Z 9 ,"�*� � .cZ D \�}&�'��r./ � � �IZ-��������r)#�iC� � � Z ���(� � b&Z 9 [><\$�-�'[ � ���&� % Z)df���)#>�'� ;
���)���-��� � � ����� 	 �-1 � A ���	� � � � � � � �sv ��� � �	� 4�4 � ��� � ��� � �82 � � � �	� �{v � � � �FA �7A ���	� � b"i�� ;
�'��i@� y B&B � / - 7 Eg� ��7�7�7 � Z

/ � E



/ ��� � ��� DoQ � �FA � � �	� ��� ��� � ? � ���	��� ��� A �"? � ����� � QoD � � � ���
� �"!	��

��
N!$��
 � �"! ���*� ���b�0� �"!$#

� -�/��.6
8 j�`���� n � j������ b&ZkH����! �r�� � � Z 9#"%$ � �'& Z&d(���*)+�� $-,  /.0��1 � ,  $ b�Z 9 [><\/.0�'[UZ � � � D �	� � � � �O � � � � ��	 ����2 ��� � � ��������� �03D4� a �Ltk\ S`UYUWX[Z � b�5/16�! /.sW7����89�� /. "4: 86;/� �w� cc� � , 10i<;/ 6�651 � � <\/ �)=86��1�Z
8 ���'��� n � j�����> b�ZiH��?�� �r�� ,  $ b&Z 9 [><\-.@�'[3Z � � � � � � � � �A� � �*� ���A��� D ������� � ��B � � � B�� 2 � � �
� 6*Z)�/��19���� $/"\/1�) $ �*)+J� �)+89��8�\-8A) : <\/1 �/�C)+8 /5<" 165���1 :�" 1A)�i<;"\/ /. �U�D;�E-)+� / $ ��1 � ,  " )=861�\$/ ;
8�\/16�� �+� � , 10i<;>/.6�6�- � � " 1A)�iA;"\/ /.�)>r��� %861�\�W f <\�[��8i<;aZ

8 y w ��� n � j�����> b&ZzH����� $r�� � b&Z 9 [><\/.0�'[ ��& Z � , )�i , [ � � Z 9#"%$ � � ,  $ & Z d(���*)+�� $-,  /.0��1'Z
FID@����� � ��������� �HGgp � � A �����JI Q �A�9KL3� A ����� G D@� �M3��� � � �:D � � v � � �!B�� �9��D � � � � � � � � ��� ��	
� � � � �A� �:O � � 3dsQ �A� � ��� � � ��� � ��� � � Q ���6KL3� A ��� � � b�5/16�! /.gWN����86�! /. "C: 86;/���w� cI� � , 10i<;/ 6�6�- ��& ��.0�� �):}$\/16.$Z

8 ��O'���5j�� j������ b&ZoHL���� �r?� ,  $ b&Z 9 [><\/.@�'[3Z � ��� � � � � �JA ���5v �����QP�� � � � � � � � ��� � ��� � � �� � � � ��� � ��� � �JATa � � �R� � � /;/ Z�dTS ; H���1 , �'\U)Qb��'WN�� , 1��U� , .@ /��89�9i � ,  " )+891�\&iV8�\/19�C) �0�f ,  *\ , 16E /.6�6�6 � �D;%E/)=� /"r��� %861�\$W 9W,@$ H "  - /� : Z
8 y `���� n � j������ b&ZIH����! �r�� � ��Z ����� � b&Z 9 [><\/.@�'[ � ,  $ � Z dX���� /�?168'Z � � �/K D4Y � �V� ���	� B 	
��� � � A � ��� a ��� � �<� � D;� ��� ��	�� � � � �A�TO � � ��� ����� � � Q �A�9KL3� A ����� � bM5/16�! /.JW7����89�� /. "C: 86;/��w� cI� � , 10i<; / 6�6�6 � � <\- �)+89��1'Z

8 y �'�����'� j������ b&Z�H����! �r�� �Z& Zwd(���*)+�� $-,  /.0��1 � ,  $ b&Z 9 [><\/.@��[UZ v Q � � � � �	� � ��� � 	
� �[��D B � D4�6� � A � �5D � � ��� G D �\�]2 � ��	�2 � �	�?� � � � �A��� ��� � D � ����� � � d " 1 /-)+; " 5 "  _^ � , .0 /��89�`) ;
iA;/� � ,  " )=861�\$/�8�\/16�? 'a]�b;%E-)+� / , [��`)�i<;-� c 1�\- $ [ , .@�� \/ $ .L *Yc�� $ \/ -.@�� '^ � J� �)=86��8�\/86�
"C: .�5-5�[��!� $ �D;�E-)+�8i�) � bM��5/86��W�}���14/.6�6�6 ��d  -��^���1�)+��8=E "C: H , W�}$\/16.$Z

8 y >'��� n � y ����� b&ZgH����! �r�� � �cZ7d " 168�W ,  - � �D; Z%e
f/1�r � �Hg ���!� � bUg 9#h <f/.0� h � �Jg 9#"%$ � � .ig
e
f�}���8�r./ , � �jg$�b�!��8�r*)�iA; � ,  $ & g7d(���C)=�� $/,  /.@�?1 � v Q � � � � � � � � A ���zD � � � � G D �k��2 � ��	
2 � � ��� � � � �A������� � D ������� � � b�5-16�� -.ml7�?��86�! /. "4: 89;/� �w� cc� � , 1+iA; ��7�7�7 ��& �?.@�� �)>}/f/19./g

8 y >'��� n � y ����� bUg4H��?�� �r�� �H& g .�}/8 � b�g 9#h <f/.0� h � c g c � h`, 1 "Cn )�/%� � ,  $ Hig �����?;�f�) �
��� ��	�� � � � �A��O � ��O �A� � � � Q � ����� 3dsQ �A� � ��� � � ��� ����� �`� ����D B �LDC� ��� � b�5-16�� -.olN����86�! /. "4:
89;/� �w� cc� � , 1+iA; ��7�7�7 �'& ��.0�� �):}-f/16.-g

8 j7j�������� y ����� b�g,HL���� �r?� � �Jg 9#"%$ � � .igpeqf$}r�?8�r./ , � �iga�b�!��8�r*)�iA; � �sg����!� � �igGd " 168 ;
l ,  / � �D;'g/e
f/1�r � b�g 9#h <f/.0� h � ,  $ & g"d(���C)=�� $/,  /.@��1 � � ����� � 2 � A � � ��� � � � � � � �0p � 	M � ������� �	� �����7v ��� � �	�A�9� � � � � � � � � � � � ��� ���*v � � � �FA �7A ���	� � / 7 86; J] %86�?16 , 86� "  ,4h h "  ;
: ��19�� &it� "  b "@h � $ �u� h lR) ,  $ b�f/1 :v, it�*) �7f f h E ��7�7�7 � �D16�! &it��8 "  � �ig f g ��d b .ig

1 &s6�w 3 )76
8 y7y ������� j������ �Jg 9#"%$ � �D& g � , )�i ,Ch � bUg HL���� �r?� � b�g 9#h <f/.@� h � ,  $ & g d(���*)+�� $-,  /.0��1�g

q ��� � � �[�PD A �LDC� ������� �yx � A ����� � � A �[� � � �FA � � � 2 ����� � �V� � � a �Lt,\ SVUWUWX^Z G � A ����� � � � � D ��	
��� � � � ��� 2 � A ��� � � A � 2%P ��� � vTQ �	� � � � � ? ��� A D � � � � � ��� � 6486; J] %86�?16 , 86� "  ,4h h "  : ��19�� &it�



/ � 1
"  hb"i ,  / /�! /.��'f/ / /� h �� -.��y�9it1 " )�i " 5%E � b�5��)it891 " )�i " 5%E ,  $ & � h`, 86� $ �'�)iA;/ /� ��f/�C) �Wf f h E/ 6�651 � H , l]}/f/16.-g

8 j w ��� y � j�����> b�g H����� $r�� ,  $ b�g 9#h <f/.@� h g � ��� � � � � � � A ���Td �����A�A� D A �zD � �qG D4� ��� � D � �
��� � � � � � � � � � A ���A� a � � � � � /.- 1�g�dTS ; H���1 , ��f�)Xb���l7�! , 1J�>b�5/�! , }/; <,  /.0��.@�?1J� 1 ,  �) ;
5 " 198 �0�7f ,  %f , 19E / 6�6�- � �b;%E-)+� /"r��� %8619f/l 9W,@$ H "  - /� : g

8 y j������'� j�����> b�goHL���� �r?� ,  $ b�g 9#h <f/.0� h g � ��� � � � � �JA ���5v �����QP�� � � � � � � � ��� � ��� � � �d � �[� � �	� � � ��� � ��� � �JA"a � � � � � SDf/1 " 5r� ,  & �C)=� , 10i<;:h "  : �?16�� &iV� "  @h " lN5/f/8 , 86� "  ,Ch
�D;%E/)=�9i�) :�" 1 � ,  " 86�)iA;/ "0h�" .@E � b��?5/86��l]}���14/.6�6�- � h , )=86� h�� �)i'iA;/� " � , )�i "@h � � J]8 ,4h E�g

8 �������5j�� j������ �Hg ����� ��� gkH����! �r�� � �Jg&d ���! /��198 � ,  $ � g 9#h <f-.@� h g ��� � � � � �FA � D4�I�	� A �<�D � � �A� � � � � �JA �������A� ����� � � � A �[� �JA a � ��� � ��� � � / /@g�dTS ; H���1 , ��f�) � ��l7�� , 1J�U� , .@ /�?86�9i
� ,  " )=8619f&it86f-16�C) �+�7f ,  %f , 16E /.6�6�6 � �D;�E-)+� /*r?�� �8916f/l 9W,0$ H "  / -� : g

8 j%�'������� j������	� g H��?�� �r�� �
� g 9#h <f/.@� h � ,  $ & g d(���C)=�� $/,  /.@�?1�g
\���� � A ���@Q � � ����� ���
QtP � � � 	[��2 � ��2 � �	��� ��G � � �7A ����� � � � � D ��� ��� � � � � �JA � � � A � 2%P � Q � D �D� D4���	� A � ��� � ��� � � ���
� �i?'�
��� � � � � � a � S`XYXWU[Z�� � / 7 89;�J] %86�?16 , 86� "  ,4h h "  : ��16�? &it� "  � i ,  / -�� /. � f/ - /� h ;
�! /.��y�8it1 " )�i " 5�E � � 5��)iV861 " )�i " 5�E ,  $ & � h`, 89� $ � �)iA;/ /� � f-�C) � f f h E /.6�6�6 �
� � " f h ��� " f/89;
e " 19� , g

8 j%>'� j7j�� j�������� g,H��?�� �r�� � �
g�.
) ,@$/, � ,  $ � g 9#h <f-.@� h g � ��� � � � � �JA ��� v �����QP�� � � � � ��� �
��� � ��� � � � ��� � ��� � �JA � � � � a � � �R� �  -  86; .L / �f ,4h h "  : ��19�� &it� "  o� , .@ -��86� )+l ,  $
� , .@ /��89�9i�� , 89��16� ,4h ) � � "�� �?l�}���1H/ 6�6�6 �
� ,  f " )+� � h ,4h � :�" 19 /� , ��d�� .ig

8 �������5j�� y ������� gkH����! �r�� � �iged " 1986l ,  / �5c g 9 ��; h l , E@��1 � ,  $ � g 9#h <f/.@� h g]v Q � � � � �	�? ��� A D � � � �	� �U� � � � D ������� � � � �	�/� � D � ��� � I � ���9� � �A�A� � � a � S`XWXYU[Z � ��� -�g"dTS ; H���1 , ��fU)
� �?l7�� , 1X�3�y��8 ,Ch ; � "  /lN��8 ,Ch � 8916f&it89f/16�*) :�" 1|� , .@ -��8 " � h �)it891 "  -�9i�) �+�sf ,  %f , 19E ��7�7�7 �
�D;%E/)=� /"r��� %8616f-l 9W,@$ H "  - /� : g

8 j%O'��� y � y ����� �Jg 9#"%$ � �
� gkH����! �r�� � .ig�e
f�}���8�r./ , � �jg_�D���?8�rC)�i<; � �sg ����� ��� g 9#h <f/.0� h �
,  $ & gcd(�!�C)+�� $/,  /.0��1 � � 2 � ��	 � � �	��� ��G � � �7A ��� � � � � � D ����� � � � � � �JA � � � A � 2%P ��� �
� 2 � A �[� � � A � 2�PzG � ����� 	 � 2 � A �NI Q@� �A� O�� � � � � � �
��� � ��� � �FA]q ��� �Yp � � �V�
��� � ��� M�v ��� � 	�	�A�9� � ��� � ��� � �FA � � � � �	�AP �A� � � 1 $ c " 1 $�"  & �*)+� , 1+iA; h "  : ��19�� &it� "  �� , .@ /�?86�9i�� ,  " ) ;
8916f&it89f/16�*) � �/�'}-f/1 , 16E ��7�7�7 � ;��� %86f/1 , � h ,Ch � :�" 16 -� , ��d�� .ig

8 y j�������� y ������� g{H����! �r�� � �Jg 9#"%$ � � .jgie
f�}���8�r./ , � �jgcd " 1689l ,  / � �D;'gseqf-1�r �
�jgy�D����8�rC)�iA; � �Hg ����� ��� g 9#h <f/.0� h � ,  $ & g d(���C)=�� $/,  /.@��1 � � ����� � 2 � A � � ��� � � � � � �
� DC���	� A �sv ��� � �	�A�9� � ��� � ��� � � � � � ��� ���sv � � � �JA �7A ���	� � �  $ J] %86�?16 , 86� "  ,4h h "  : ��19�� &it�
"  � i ,  / /�! /.]�D1 " }�� � 5��)it861 " )�i " 5%E �7f f h E ��7�7�7 � H , l�}/f-16./g

��3���� +.-�) � -0/��.6
8 � n ��� w � j������ � g�H����� ���� ,  $ � g 9#h <f/.0� h � aDx v � \ 	 � � A ���zD � � ��� G D ��� ��	����2 ��� � � ��������� ��� a � t,\ S`UYUWX^Z � J� �)+89��89f/8 : <f/1?� � �<;/ -�`)!�A;/� S h �./%861 " �<;/�?l7��� � �'�"�<;- /�#� ,Ch
d  -� � ��1�)+��8=E "C: ;
�!�� / , � .�fU)+8619� , g



/ � - � ��� DoQ � �FA � � �	� ��� ��� � ? � ���	��� ��� A �"? � ����� � QoD � � � ���

8 � n ������� j������ � goHL���� �?� ��& g$. � 8 � ,  $ � g 9#h <f/.0� h � �	� � ���+2�� � � � � �	� � O � � ��� ��	[� � � � ��� �O � � 3d�Q ��� � ��� � ����� ����� � � ����D B �LD4� ��� � D;� � �A� � �*� � � � �A�+� �	� B �[� � ��� ��� ��� � � � � � J� �)=86�!86f/8
: <f/1�� � ��1�� <, �A;/�� /5/;%E-)+� /Hf- $ .W8 " lR)+8 " � 5/1 " ���C)6)=� � H�f/l � "@h`$ 8 d  -� � ��1�)+��8P<, 8��?f 9 ��1 h �! 'g

8 j%�'���5j�� y ����� � gsH����� ���� � � � � �A�=2�� � � � � �	� � � � ��� � � ��2 �A� � ����� ��� � � � � ����� � � �	� ��	 ��� � ���
� ����D A �LD4� �V��Q?P vTQ � � � � �	� ? ��� A D �	� � �	� ��� ��& �C)=� , 1 �<; J� �)=86�!86f/89� :�" 1�� , 89��16� ,4h ) �/d  -� � ��1 ;
)=��8=E "C: ��� �6l7��.@�? � ����89;/��1 h`,  $ )tg

8 ����������� y ����� � gYH����! ��� � � � � �A�=2�� � ��� � �	� � � � � � � ��� 2 �A� � ����� ��� � � � � ����� � � �	� ��	 ��� � ���
� ����D A �LD4� �V�$QtP � Q � � � � �	� ? ��� A D �	� � �	� ��� � J 9 � & �C)=� , 1 �<; ��� � � )+� "  � �
g f g�� , 8A) "  
& �C)+� , 1 �A; h��� %86�?1 ��� " 1 /�8 "4n  �H��?��.@;%8A) � �ig � g ��d�� .ig



� �T!�� # ���"�$!��

.�l Sb $ � $ �!�C)+��1 .�1 � ���!8 � )+8��C)Dl7�!1D���� -� � �*) "  $ ��16� �U19��f $ � � l7�#�A; � ��� ,Ch�h �? ��f � � $/,  $/��� �
$ �!� $ f-1 �A; J�;/19� H�� h : � �pd  �89��1A)=8Y<f/8!��f- /. � ��<" 1 $ �?16f/ /. � �.<f/1A)=5/1 , �<;-� � SD /. , .@��l7�? �8Zf/ $ �U19� ;
f/ $ )!�A; ,*: 8H���! /�� J.01 " )6)+�? 9 �?��861 , . ��f-l c � h �� /.0�� $ �!�C)+��1 .�1 � ���!8i.0� h ��� )+89��8Z; , � �� 'g'�L16���
f , ;-16� )=�� $ ���� -� h`,  /.@��������8Hf/ $ $ ��lN�� �8�)+5/19�"�A;/�� $ / ,  / ���� /� � ,  $/��C) h �`)=86�7 -�#�A;�8 /%f/1!�
, fU) :v,4h!h �� pg

.� 	��1A)=86��1 � 89� h�h �j)+��� � 89� :v,  9#h <f/.@� h .@�? ,  / %8�g � �?�� /�Zf/ /. h`, f � h � �<;-�c� " 86� �@, 86� "  yf- $ )=���� /�
: 16�?f/ $ ) �<; ,�: 8 h �#�A;/� 9 ��8619��f/f/ /.Z; , � �� mlN�#�A; �!l7l7��1 n ��� $ ��1 ,  -.@�C)=5 " 16 %8 � n �� / HL�� $ �?16 /� )6)+�
, f : .@��8 , f��A;�8 )+�! $ g �L;/ /�s)+���! /� �*<" 1 $ ��16f/ -. n <, 19�� l7��1 � ��� h �
�! �89��16�C)9) ,  �89���:<" . h � �<;$/��?��86�? 
��" 19�� %86; ,Ch 86�? 7.@� � h ��� � �? � f/ $ " ;- /� $ �!� ���`)�/�f�)9)+� "  /�� Rl7�!8#�!;/l ; <, 8686�Z� �<; � ��� h �
SD�� � h �#� /��
� ��195 , � 8�g�SD�� & ���C)=�� $/,  $/��C)!�A; <"  : <f/1 ,4h�h �C)tg
9 ���kH���1916 J�D1 "4: g ��1?g & g �(���*)+�� $-,  /.0��1Wlx<" �A;%86�W�#�A;7l7� �<; : <f/1 $ ���
.01 " � � �/16���!;/����8��!l H��! ;
� h �#� / , f :b$ ��� n �`)9)+�� U)!�A; ,*: 8 h �#�A;/��.�1 � ���!8 ,Ch ) , f �<; $ ��� �L16. ,  /� ) , 86� "  ,4h�h ��1H.Lf : �� %86; ,Ch 86� , l� " 1�)!�A;�f/ -.�) �?�� �8916f/l f <f h �#�A; � � $/,  $/��� 'g � ���!86��19;/�� $/,  $/��c�#�A;Z��;/l : <f-1 $ ����;/�?1 ��" 191 , .@�� $ �� � " 1�)!�A;�f/ -.�) � � $ �� /.0f/ /.@�? y�� 	)=���� /�?1 c 16f/5-5r�Mg
H���1916 J�D1 "4: g ��1?g�� g�S � ��19; , 1 $ 8 $/,  $/�� �#�A; : <f/1 $ �!� f- $/ " l75 h � �?���V1686�4.Lf :  , ;-l7�
f/ $ �/16�?� ;
;/���!8 ��f-1�� " 1A) �<;%f/ /. , l J� �)=86��89f/8 : <f/1 � h �./%861 "  /� )!�A;/�NSb�!.@�� U)!�A; ,*: 89�� $ �C) � " 1A)!�A;%f/ /.�) ���� ;
8619f/lR) f <f h �#�A;'g
�.<f/17)=���� -� : 16��f- $ )!�A; ,�: 8 h � �<;-� d  %86��1�)+8Y<f/8!�?f/ /. � $ �!� h f�)+89��.0� .�1 � ���!8A) , 86l " )+5-; <, 19� n <, ;/16�? $
,4h!h ��1Ll7���! /��1 f <f h �#�A; , f : �? �89; ,4h 86�Zf/ $ $ �!�i.0� h f/ -.@�� /�se "  : ��19�� ��1 , ;/lN�� /.@�*)+8 ,Ch 89f/ /. $/,  $/��
�#�A; �b;-� h �!5/5 eqf-1!�X. ,  �� � �C) "  $ ��1�)tg � �?�� T��1 :v, ;/16�� -��1 9#h �#� / : <f/1s� , 5���86�? nW, 1y��lNl7�t1
n �?168 ��"0h�h g

��f/ � , ���!� $ ��19�#�A;�)#.@� h 8W���! � �*) "  $ ��1A)L;/��1!� h �#�A;/�C)�� ,  $/��C) �<; <"  'gHJ�;/19� f- $ �D;/� h ��5-5�) c , )+8 ;
: 16�?f/ $ ) �<; ,�: 8W; , � �� $ ���Z; <, f $�.0�� f <f h �#�A; � �C)=f��A;/�
��19lx<" . h �#�A;%8 f- $y$/, ��fy.0� : <f-;/168 � $/, � � �<;
l7� �<; 861 " 8!� $ ��1L86��� h�n ���`)=� ,  �)+8916�� /.0�� $ �? � , ;/1689�� R��l7lN��1 $/, 1 , f : .0� : 16�?f/8�; , � ��g)���? � � )
, f :c$ ��� h ��8 ��86�ZS � /��
.@�?5 , � /�89�� �L5�� h'n �?1 $ �Z�#�A;7 , 8Y<f/1 h �#�A; , f��A;  -�#�A;�8 � ��16.0�C)6)=�� 'g
SD�� , f � ��1 " 1 $ �� %8 h � �<;-�C) � ,  /��C)!�A; <"  (.0� h 8 ��� h )HSD�`)6) : � h`$ 8 � $ ��1 n <, ;/16�? $ )+���! /��1�������8 , l� " 1�)!�A;�f/ -.�) �?�� �8916f/l f <f h �#�A; n �C)=�� %8 h � �<; ��f $ ��1W.0f/86�? .W86l " )+5/; <, 16� � ���!.@��891 , .@�� R; , 8�g
.�f : c f�)=8 , �T9 �!; h l , E���1�),H�� h : � ��f � ��1 ���#�A;%86�� � � )+8 f/ /lx<" . h �#�A; � n �� / Hl ,  il7�!8 $ ��l	��

����� ;h "%$ � , 1 � ���!86��8?g 9 ���&�D1 " � h ��l7�� j; , 8���1�l7�!1D)=86��8�)b�! 7)=���� -��1D.@� h`, )9)+�� -�� +.L168�f/ $/ " l75 h �������V168
f/ $ ) �<;/ -� h�h .@�?; "@hQ: �� Rf/ $R$/,*: <f/1Lf/ $R$ �� � 5 , �$� $ �? 7l ,  ��f�)R<, 8!� h �#�A;m " �<;R; , 8686� � $/,  $/��
�#�A;7�!;/l ;/��1 � h � �<;pg

SD�� /�? ) " � �?.@��� )+86�?1686�? '����5 h�" l ,  $ �? n �!� � ,  /��� h � " 1689l ,  - Jl7��8 ��f � ��8916��f/�? � nW, 1il7�!1
���! /���/19��f $ � � f/ $m: <f-1L)+���! /� � ��� hQ: <,4h 89��.0�� +J $ �?�� mf- $R$ ��� n ��168 ��"@h!h �� ����`)�/�fU)6)+� "  /�? 7lx<" �A;%86�
�#�A;7l7� �<; � ���'��;-l � � $/,  /��� 'g



& " � ��168 . � 8 $/,  $/��c�#�A; : <f/1�)=���� -�#.@f-86�HJ $ �?� � )=�#�A;Z���� /l ,4h l7�!8 � ��19.@1 , � �� /�� m���.@�!��16f/ -.@�� ��f
� �C)!�A; <,�: 86��.0�� f/ $ : <f/1# /�?8686� ��� )�/%f�)6)=� "  -�� � n �� / N)+� �<; f/ �)=��16��.�1 � ���!8A) ������89�� $�" �A;m�?�� /l ,Ch<f � �?1A)!�A;/ /�!8689�� R; , � �� 'g
�D1 "C: g ��1?g�� " )+;/� " .
) ,@$/,X$/,  /�� � �<; : <f/1 $ ���R.@f/89� ��f�) , l7lN�� , 1 � ����8 � � � <f/. h �#�A; $ ��1 � 8 ;<d � ��19. ,  -.�)+lN��8 ,Ch�h � , f : �/�7� 7�7 / � g���C) n ���!86��19�� $/,  /��o� �<; $ �?1 . ,  ���? �#;/� " 16�!��.@19f/5/5�� , l � " 1A)!�A;%f/ /.�) ���� %8619f/l f <f h �#�A; �
,4h ) $/, )=�� $ � � n g nW, 16�� 
; ,Ch ��19� "�9 � h�h �� /� � 9 ��19�C)+; ,0$ � "  , ) � . h ��F ,  $ ��1 � ��8986� h ) � �D;/� ��" )
� , � 1 " 5 " f h�" ) � ��� / " )�� , 5 ,  -�#� "0h`,4" f � �
� h � ,  /. �L��� ��� � ,  :h h`, 1 /�� � �(�� : 19��� $ eq1 " l7�? � ��� ;
��8916�#�A;��/16�!� h �! /.@; , f�)+�? � e , 1A)=86�� �(� h`$ � ��19.@��1�f/ $ �#�!l " e " 16; "  /�� � $ ��� ��f/1���1 :�"@h .@16�?�#�A;/�� c �C)+8 ,4h 86f/ /.Rl7�?�� /��14.Lf : �� %86; ,Ch 86� � ����.0��861 , .@�? ; , � �� f- $ , f��A;X) "  U)+8i�!l7l ��1W���� -�TH�� h : �
nW, 16�� pg
9 �C) "  $ �?1A)R)!�A; <"  n�, 1R , �<; h`,  /.@��1 ��f-1A)+8�)+8916�"� /�� $ �?1 $%" �<;T " �A; .0��l7���! �) , l �?1!���!� h 89�
SD1 :�"0h .ilN��8m� , 8689;/� , ) 9#"%$ �Mg��e<f/1�)+���! m.01 " � �C)WSD /. , .@�?l7�� %8Df/ $7$ ��� � �!� h �� j.@f/89�� ��� )�/%f�) ;
)+� "  /�? $-,  $/��Z�#�A;7�!;/l � �C) "  $ ��1�)tg
� ) n�,4h`$ �b�!��8!�*)!�A; $/,  $/�� �#�A; : <f/1 $/, )j) " 16.�) , l7� e " 1619�./�89f/1 h �C)+�? $ �?1 .�1 � �?��8 � )=���� /� .�f : ;
l f/ �89��16f- /. � ���!l � �<;/19��� � �� � $ �!� � �!� h �� : 16��f/ $ )!�A; ,*: 8 h � �<;/�? c �C)+5/1P<, �A;/�yf- $($ ���R /�?8686�
��f�) , l7l7�? , 1 � �?��8�g ���*) n �?��86�?16�� $/,  $/��H� �<;	��;/l � .� $ 1 ��seqf � �?8!�./ , f/ $ � , 8686;-� , ) 9#"%$ �
: <f-1 $ �!�Z5/; ,  %8 , )+89�`)!�A;/�� o�y�C)9)+f/ -.@�� 'g
�y���! /��l h ,  /. ��<, ;/16�!.@�� 9 <f/1 " / "@h�h ��.@�? � H��� $ 16� / HT<"@h )!�A;/��1 � $-,  $/��j�#�A; . ,  � � �C) "  $ ��1A) : <f/1
� ��� h � n ��168 ��"@h�h ���#��5U) � $ �!�
.@f/89� 9 <f/1 "M, 86l " )+5-; <, 19�if/ $R$ �!�Z��16;/� h�h �? $ �� c �C)+5/1P<, �A;/��g. h!h �� �y��86. h �!� $ ��19 $ ��1 .�1 � ���!8A)+.016f/5-5r� & , )+89��1A)=�� �) " 16lN��86; "%$ �� $ �C) J� �)+89��89f/8A) : <f-1 .L /.@� ;
nW,  $ 89���b;%E-)+� / )+��� : <f-1 $ �!� .@f-86� .�1 � ���!8A) , 86l " )+5/; <, 16�_) "Cn ��� : <f/1 $ ��� d  �89��1A)=8Y<f-8!��f/ -.
.@� $/,  $/%8�g
H���1916 �L898 " 9 <f �<;/ -��1W.@� h 8#lN���� �� ,  / : <f/1L)+�?�� /�{H�� h : � � �?� $ ��14J� �)=8 ,Ch�h`, 86� "  $ ��1 � " 1 /-)+8 , ;
86� "  R�� f <f h � �<;Rf/ $	$ ��1Le "  $�.@f/1 , 89� "  : <f/1 $ �!� �(�!� $ ��19l7��89 , ;-l7�# , �<; H , l � f/19./g
H���1916 J�D1 "4: g ��1�g7Hig �����?;�f�) $/,  /�� � �<; : <f/1 $ ���qSb�! h`,0$ f/ /. ,  )+���! J� �)+89��89f/8 ,  $ ��1.H�f/l ;
� "@h $ 8 d  /� � ��1�)+�!8�<, 8 ��f 9 ��1 h �! 7f/ $	$ ���
.0f/86� ��f�) , l7l7�� , 1 � ���!8�g
c ��16; , 1 $ c � h`, 1 "Cn )�/%� $/,  $/���� �<; : <f/1 $ ��� � ��� ; �y�*)6)+f- /.@�� ,  $ �� � ��16.01 , � �� -�� m��?.@���?16f/ ;
.@�? y) "Cn ��� $ ���Z.0f/86�je "�" 5���1 , 86� "  'g
�y���! /�� S h 89��16 $/,  $/��R�#�A; : <f-1 J�;/16� �*<" 1 $ ��16f/ -. �Wd  %86�?1A)+8Y<f/8 ��f/ /.Xf/ $ .�f : l f/ %86��19f/ /.@�? 
n <, ;-16�� $R$ �?1#.@�*) , l 86�? ������8�l7���! /��1��D1 " l " 86� "  'g �L;/ /� J�;/19� c 1 " � � <f/.0��.�/��?��8 n <, 19�� 7l7�?�� � " 1�)!�A;�f/ -.�) , f : �� %86; ,Ch 8
�! f <f h �#�A; f/ $X$ ��� n ����89��16�? 9 �*)+f��A;/�i -�#�A;�8 ) " ���! :v, �A; ��f " 19. ,  ;
�`)=����19�� 7.0� n �C)=�� 'g


