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SPU!co\YVPe < OmUoQmeg^NVPegfPL|\`XmegyNUFU(VjXZORU p U(Q�SbU(Jan�coMdS <(p U(Q6_�U6X&QRU(c�v p \Ye{X�k6^j\ p U6coU6VjX�l�U6J�Omk|\ p e~Q[XZUol=1�EaQRe /
�wJPU(c,U(VjX(q��Ke~VbQme�_ p U6Q�L(MNVjXmU(VwJPQ&U(V�U|\`J�QRM p egSPU�SPJ�QRM p QmU!L6MNc,l�MNO[X]\YegU(VjX�SbU!cF\YVbe < ORUFXZM`X]\ p U(c,U(VjX
SPeBAtk6OmU(VjXmUKQmJbegy`\YVjX p U�c,MdS <(p UWL6MNVPQmegSPk(ORkYqa�z\YVPQ p U�L|\YQ�S�s C[��m.��_ p \4y`\YOme~\`XZegMNV&SPUKL6U(Q2L6MNVjXZU(VwJPQ#k/X]\Ye{X
XZO < Q�OZ\Ylbe~SPU#U/XTS�s�\Yc,l p e{XZJPSbU2e~c,l�MYORX]\`VwXmU#U(VjXZORU p s�k/XZkCU6X p so1Pe{yNU6O(_jL(MYcoc,U p UCc,MNVjXZOmU p \?L6MNJPORv�UCv p U(JPU
SPU p \�fh^NJPORU��aqB, /  �\*"/qJ�KJ�L(MNVjXZOm\Ye~ORUY_P-n$I�4�P����\Ye~Qm\YegX#y`\YORe~U(O p U8L6MNVjXZU(VwJ=U6V�U|\`J�QmM p e~SPU?v	U|\YJbL(MNJPl
l p JPQ p U6VjXZU(c,U(VjXCU/X�\`XmXmU(e~^YVh\YegX�SPU6Q2yY\ p U(JbOmQ2XZO < Q#egVb��k(ORe~U(JbOmU(Qn2�L(U pgp U6Q2MNvbXmU(VwJPU(Q�\|yNU6LMC[��m.�  �L6MNJPORv�U
v p U(JPU&SPU p \�fh^NJbOmUF�aqK, /  �vJ" "/q 4iVbfhVt_ C[�Dm.����\`e~QZ\`egX4lPORU(QR�dJbU�U(VjXZe < ORU(c,U(VjX<SPk(^NU p U6O p U�QmM p U(V�k6XmkY_
\ p MNOmQ��dJts�e p QRJPvPQmegQRXZ\YegX#JbVPUz�wJh\YVjXZe{XZkzVbMNV!VPk(^ p e~^YU|\Yv p UCS�s�U(\YJ!QmM p e~SbU�2�L(U/XmXmUzc � coUWl�k6OmegMaSPUWSh\YVPQ p U
L|\`Q�SbUZ-n$I�z�P��q

�*�
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(a) (b)

�������h�aqB, N�� �"!$#&%('*)+!$,-'/.10324!$5/.1#&#+.768%:9;!$,<'/.1,=%�.1,:.?>@%-A/!$#&)+6(.B68%:AC!$#ED�F<GIHKJMLINPO	0Q!?R".1,(,�S7A*%(5�#+.�6(!$0T>@)&,�.6VUKS1'*%�6(.�>?�$>@,<'�.1'�>@2(5/W;A�0Q!�68)YXI9?>@'*)+!$,Z6(.;A�0Q!<6(W1#+.;A�[\D�>"O^]`_ba�c�de.1'�DgfhO`]�i�j\d�a(alk
$is�egVwyYU(Q[XZe~^N\`XZegMNV�SPJ�L6MaSPUTSPU�-n$I�4�P��U/X�C[��m.��lh\YO`mxyYU(Qx�KU p \Y^NU2\z\ p MYOmQ�ORk6yYk p kTSPU(Jan�U(OROmU(JbOmQx\YJ

QmU6e~V�SbUKL#1h\YL6JPV�SPU(Q�coMdS <6p U(Q6qb�K\YVPQ p UKL(\YQTS�s C[��m.�8_be p U6QRXC\`lPlh\YORJ��wJPU p s�egV�FhJPU6VPL(UWSPJ!^NU p SPU p s�U|\YJ
p eg�wJPe~SPUiSP\YVPQ p U�QRM p QmJPO p \#XZU6col	k(Om\`XZJbOmU�SPUTL6U p Jbe / L6ejk6XZ\YegX�QmMYJPQ / U(QRXme~c,k(U�L|\YO p UiXmU(Omc,UBnpo�qrqrs@t�uTvwqrxzy*t
SPU p s�k(�wJh\}XZe~MYV  '�aqo��"Kk6XZ\YegX?co\ p k/yY\ p JPk`qIC p cF\YVb�dJP\YegX4SP\YVPQ<QmMNV�L|\ p L(J p JbVPU&c�J p Xme~l p e~L(\`XZegMNV�lP\YO p \
co\YQmQRU,yYM p JPc,e~�wJPU&SPU p s�U|\YJ|{8}; �~I����v LI� "/_5QRMNegX<JPVPUoU(OROmU(JbO�S�s�JPV���\`L6XZU6JPOU, (*(*(bq $5\�L(MNOROmU(L/XZegMNV�\k(^N\ p U6coU6VwXTL(MNVbQme~Q[XZkM2�SPk6l p \`L(U(OTL(UKXmU(Omc,UzSh\`VPQ p s�k(�wJh\`Xme~MNV� �aq �*" _bU(V!lP\YORXme~L(J p e~U6O�l	MNJPOTSPU(Q#Om\Ye~QRMNVPQ
SPU&QRXZ\YvPe p egXmk�SPJ�coMdS <6p U��wJPex\YJPOm\YegX?k/XZk p MYVP^NJPU�2�coU/XmXmOmU�U(V�l p \`L(U&\YJ�QmU6e~V�SPU p s�k(�wJh\`Xme~MNV  �dq ��" q
�KegVPQme�_ p s�k6�dJP\`XZegMNV=S�s�k6yNM p JbXme~MNV SPU p \FXmU(c,l�k6OZ\`XmJPOmU�c,M8ENU6VPVPU&SPU&QmJPO[��\YL(U�� N  '�aq �*"Wy`\�lbOmU(VbSPOmU&U(VL(MYcolbXmU p s�egcolP\YL6X�S�� 2 p \�y`\YOme~\`XZegMNV�SPU p \,��OZ\`L6XZegMNV�yNM p JPcoeg�wJPU8Sts�U(\YJ�� }�;� QRJPegXmU�\`Jan�l=1Pk(VbMNc < VPU(QSPU?^NU pB/ Sbk(^NU p L � � N� y :����� ���Tu�� NP� �e��� {8}���

�V�� y  ��aqB, "

M8� ��� OmU6lPOmk6QmU6VwXmU p \4L#1h\ p U6JPO p \}XZU(VjXmU�SbUC��JbQme~MYV� *�l��~I� LV� "�U/X � � p \zL(\Ylh\YL6egXZk2X 1PU(ORcoeg�wJPU2yNM p JPc,e~�wJPUSPJ�QmM p  *�l��� LV� ��v LI� "/q
-TU(l	U(VPSP\YVjX|_ p U6Q2c,MaSPe{fhL|\}XZe~MYVPQxUYA�U(L6XmJPk(U6QCVPU4QmU6c�v p U6VjX#lh\YQ2egV�FhJPU6VPL(U6O#SPUzco\YVPe < OmU�XZO < Q#Qmeg^NVPe /

fhL(\`XZe{yNU p s�k6yNM p JbXme~MNV&SPJ,L(MNVjXmU(VwJ�U(VoU|\YJoQmM p e~SPU`_NL(MYcoc,U p s�e p~p JPQRXmOmU p \?L(MNJPORv�U�OmMYJP^NUCSPU p \zfh^NJPORUz�dqK,
/  �\*"/qI$5\�y`\YOme~\`XZegMNV�U(VjXmOmU&k6Xmk,U/X?1PegyYU(O4QmU6c�v p U,QRU(J p U(c,U(VjX?JPV�l�U6J�c,MNegVPQzOZ\`lPe~SPU�U/X?e~c,l�MYORX]\`VwXmU
�wJ�s�\ y`\YVjX p \�c,MaSPe{fhL|\}XZe~MYV�q4��MNJPQ�OmU6ydegU(VPSPORMNVPQ�l p JbQCXZ\YOmS�QmJbO p U(QCl�MYQmQmegv p U6QWL(\YJPQRU(Q�SPU8L6U8L6MNc,l�MNO /
XZU6coU6VjX|q

4iV!L(Uz�wJPe	L(MNVbL(U(ORVPU?-n$I�4�P�	_be p U6QRXC\Ylblh\YOmJF�dJbU p \<lPOmMY��MYVPSPU(JbOTSPUzL#1P\Y�wJPUzL(MYJPL#1PU4V�s�k6XZ\YegX�lh\YQ
lPORe~QmU#U6V&L(MNc,lbXZU p MNORQ SPJ&L|\ p L(J p SPU p \Ky`\YORe \`Xme~MNV8SPU p \K�wJh\`VwXmegXmk#S�s�U(\YJ p e~�wJPegSPU  �MNJ�SPU#^ p \YL(U "@^NU p \YVjX
 �MYJ�SPk6^NU p \YVjX "#QmJPe{XZU32 p \&l	U(ORXmU7 �MNJ p U<^N\Ye~VJ"2S�s�k(VbU(Om^Ye~U�U6V�QRJPOR��\YL6UYqS�KlPO < QzL6U6XRXZU�c,MdSPegfhL(\`XZegMNV�_ p U
L(MYVwXmU(VwJ U(V=U(\YJ=QmM p e~SPU<Sh\YVbQ p U�QRM p \!\YJP^Nc,U(VjXZk`_�L6MNc,coU p s�e p~p JPQRXmOmU p \,L(MNJbOmv	U�OmMNJb^NU�SPU p \,fh^YJPOmU
�aqB, /  �vJ"/qS$5\,SbeKA�k(OmU6VPL(U<U(Q[XzQRJPORXmMNJbXWQme~^YVPegfhL(\`XZe{yNU4U6V�1Pe{yNU(O6_	\ yYU(L8JPVPU�\`JP^Nc,U(VjX]\`Xme~MNV�SPU<lPORU(Qm�wJPU
SPU?�*(�~I����v LIN q
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$&%�� � ��*<I6D!35-/*87 +!BC9 ;�1?>�1<G H23 >�BC9"!�#F+!>@-%$oD!BC9
&('*)(',+ - k�.�c0/�g j21Xj c�3Vf54nbX\ c \06Xh�j71�b86X\ c,.�k89:/�15h=\�4nbXj
;=<?>A@�BC>AD�E

�aJPe{XZU�\`Jan�SPeKA�k(ORU(VPL6U(Q�MNvbQmU(O[yNk6U(Q�U(VjXmOmU C[��mGF U6X�H(I�Fz�P� p MNOmQ<SPU p su\YVP\ p EdQmU,SPU6Q�lh\YOm\YcKJ/XZORU(Q
L EdSPOmeg�dJbU(Q(_�e p VPMYJPQK\,QmU6c�v p k<e~VjXmk(OmU6QmQm\YVjXzS�s�k6XmJPSPe~U6O p s�k6�dJbe p egvPOmU4SbU(QKvbe p \`VPQ#U(V�U(\YJNMRMYJPOmVh\ p e~U6OmQ�\YJ
QmU6e~V�SPU?L L \Y�wJPU<coMdSOJ p UYq
P@MNJbOZC[��m:F8_�L6MNcoc,U&l�MYJPOQH(I5Fz�P��_ p \�ORU p \`XZegMNV�JaXZe p e~QRk(U,\`fhV�Sts�k/yY\ p JPU6O p s�k6�dJbe p egvPOmU�SbJ�vPe p \YV

L EdSPOmeg�dJbU8QRJPOCJPVPU<l�k6Ome~MdSPU4S�s�JPV�MRMNJPO#U(Q[X p \�QmJPe{yY\`VwXmUKR p U4L(\ p L6J p SPUTS _hlPOmMYlPOmU=U�L L \Y�wJPU8coMdSOJ p U
U(Q[X�lPOmk6QmU(VjXmk�U(V�\YVPVbU/naUWV�XXL

Y :[Z�u �A\ �^] �^_ �^` S � R��aqbacX

\|yNU6LY_
d Y _hORk(QRe~SPJ�k6yYU(VjXZJPU p SbJ�vbe p \`V Lfe SPORe~�wJPUgR�~I����v LIN Xih
d Z&_PlPORk(L(eglPegXZ\`XZegMNVPQjR v v MNJ ~I����v LIN Xih
d \ _OkhJan�S�s�k6y`\Yl	MNOm\`XZegMNVlR�~I����v LIN Xihd ] _hORJPe~QRQmU pgp U6coU6VwXjR�~I����v LIN Xihd _ _bSPOZ\YegVh\Y^NUmR ~I����v LIN Xihd ` S _PL(MYVwXmU(VwJ�U6V�U(\YJnR�~I����v LIN XihFKegVPQme�_Pl p JPQ Y U6QRXC��\Yegv p U`_bl p JPQ#MNV�Q(s�\YlPlPORMaL L U<SPU p s�k(�wJPe p egvPOmUWSPJ�vbe p \`V Lfe SPORe~�wJPU`q

oqpsrut�vxwuywzr
{ p \Ylblh\YOZ\}|~X�fhVh\ p U(c,U(VjX#�wJPU p UKOmk6QmegSPJ!SPJ!vPe p \YV Lfe SPORe~�wJPUGMRMNJbOmVh\ p e~U6O�U6QRXCl p JPQTegcol	MNO[X]\YVjX�Sh\YVPQ

H(I5F4�P�	_dlP\YORXme~L(J p e~J6OmU6coU6VwXxU6V L e{yNU6O�R Y U(Q[X2\ p MNORQiSPU p s�MYOmSPORU�SbU ��� LIN ~I����v LIN X/_j�wJPUKSP\YVPQ�{[��m:F�R�M8�Y U6QRX�SPU p s�MNOmSPORUoSbU ��� LI� ~I����v LIN X q�HTU6l�U6VPSh\YVjX|_@Qme p s�MNV L6MNcolP\YOmUoL(U(Q8yY\ p U(JbOmQ�SbUFOmk6QmegSPJ�\|yNU6L p \y`\ p U6JPOTc,M e U6VPVPU?SPU(Q#lbOmk(L6e~lPe{X]\`Xme~MNVbQ(_w�wJPe�U(Q[XCSPU p s�MNORSPOmUWSPU p s�JPVPe{XZkY_dMNV!l	U(JbX2L(MNVPQRe~SPk6OmU6O#�dJbU4Sh\YVPQ
p U4L(\YQCS�s�{[��m:F L(MNc,c,U4Sh\YVPQCL(U p JPe SbUWH(I5Fz�P��_ p U4vbe p \`V Lfe SPORe~�wJPU?U(Q[XKlbOmMdL L U?SPU p s�k(�wJPe p e~vPORUYq
&('*)('�) � bX\ g gDjIc c j�� jIkpd j d�15hO.�\ k�.���j
I5\#fP^NJPOmU��aqba���R�\cXtOmU(lbOmk(QRU(VjXZU p U6Q L(MNJbOmv	U(Q5S�s�k6yNM p JbXme~MNV4XZU6col	MNORU p~p U�SPJ?ORJPe~QRQmU pgp U6coU6VwX�SPUxQmJPO[��\YL(U

c,M e U(VPVbk8QRJPO#XZMNJbX p U4SPMNco\Ye~VbUzS�s�k6XZJbSPU8l	MNJPO�{[�Dm:F U6X�H(I5F4�P��q
�iV�coM e U(VPVPU8QmJPO p s�FKc,k(ORe~�wJPU?SPJ �WMNORS�_hVPMNJPQWl�MYJbyNMNVbQKSPMNVbL8VPM`XZU(O��wJ�s�{[��m:F ^Yk(VOJ6OmU<l p JPQ�SPU

OmJbe~QmQRU pgp U(c,U(VjX4�wJPUmH(I5Fz�P��q�HTU&Omk6QmJ p X]\`XzU(QRX?l	U(J QRJPOmlPORU(Vh\`VwX<lPJbe~Qm�wJPU p U�XZOm\YegXmU(c,U(VjX4SPJ ORJPe~QRQmU p �
p U6coU6VjX8Sts�{[��mGF U/X8SbUqH(I5F4�b��U(Q[X8XmO�J6Q8SPe��tk6OmU6VwX8Sh\YVbQ p U(Q?SPU(Jdn�coMdSOJ p U(QKR�yYMNe~O<\YVbVPU/naU � X q��xV
MNvPQRU(O[yY\`VwX p U(Q�c,M e U(VPVbU(QzSPJ�coMNegQWSbU�co\YOmQ�SPU(QWL(JPc�J p Q�MRMNJPOmVP\ p egU(OmQCSPU8lPOmk6L(eglPegXZ\`XZegMNVPQCU6XKSPU�SPe{���
��k(ORU(VPL6U(Q�SPU?OmJPegQmQRU p~p U(c,U(VjXCU(VjXmOmU={[��m:F U6X�H(I5F4�P�lR�fP^NJPOmU6QW�aqb�cX/_hMNV�l	U(JbX�L(MYVPQRXZ\`XZU6O��wJPUWH(I5F4�P�
\YL6L(MNORSPUKl p JPQTSts�egcol	MNORXZ\YVPL6UW\`JFOmJbe~QmQRU pgp U(c,U(VjX p egk�U p \?��MNVjXZU�SPU p \8VPU6e~^NUW\ p MYOmQx�wJ�s�{[�Dm:F lPORegyde p k(^NegU
p U�ORJPe~QRQmU p~p U6coU6VjX p egk�\YJan=lPOmk6L(e~lbegX]\}XZe~MYVPQ(q�FKegVPQme�_�U p \FfhV�SPU p s L e{yNU6OmR�co\YOmQ�X/_ p U�coMdSOJ p U�L(\YVh\YSPegU(V
^Nk6VOJ(ORU�U(V�c,M e U6VPVPU�l p JPQ�SbUFOmJbe~QmQRU pgp U(c,U(VjX(q�HTUFOmk(QRJ p XZ\`X�U6QRX8yaegQmegv p U,QmJPO p \�L(MNJPORv�UoS�s�k6yNM p JbXme~MNV
XZU6col	MNORU p~p UW�aq�adq�I MNORQm�wJ�s�e p V�s e \<lh\YQ2SPU���MNVjXZUWSPUzVPU6e~^NU`_dVbMNJPQ#\|yNMYVPQ2k(^N\ p U6coU6VwX�lPJ�L6MNVPQ[X]\`XmU(O2�wJPU
H(I5F4�P�!OmJbe~QmQRU pgp U4QmMYJPQ p U(QCk/yNk(VbU(c,U(VjXZQWlPOmk6L(e~lbegX]\`VwXmQ#cF\`e~Q2U6V�c,MNe~VbSPOmUz�wJh\`VwXmegXmk<�wJ�s�{[��m:F8q
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(a) (b)

�������`�aq�a d�� �"!$#&%('*)+!$,�AE'/.10324!$5/.1#&#+.;Ap6(.;Ap0Q!?R".1,(,�.;A�.��V.;91'*%�S;.;ApA/%(5\'/!$%('�#+.`6(!$0T>@)&,�.^6VUKS1'*%�6(.7Dz.1,�F<GIHKJMLINPO	[D�>"O`]^91%(0�%(#��*!$%(5*,I>@#&)+.15�68% 5*%()+A/A/.1#&#+.10Q.1,<'��pDgfhO^]`91%(0�%(#	�*!$%(5*,I>@#&)+.15�68% 685C>@)&,I>�
".rk

(a) (b)

���������aq�� d� !?R".1,(,�.;A�A*%(57#+.�0Q!$)+A�6(.�0T>@5/AQDz.1,wF<GIHKJ LIN O�[ D�>"O�]�91%(0�%(#��*!$%(5*,I>@#&)+.15 6(.;A72(5/S;91)&2()&'C>@'*)+!$,�AD��<%I>@,='*)&'/S;A��70�%(#&'*)&2(#&)+.15�2I>@5^%(,�� >$91'/.1%(5����"O .1'BDgfhOp]p68)��VS15/.1,�9;.;A�6(.;A^91%(0�%(#+A��*!$%(5*,I>@#&)+.15/A`6(. 5*%()+ACA/.1#&#+.10Q.1,='.1,='*5/.�_ba�c�de.1'Bi�j\d�a(a Dz!$2lS15C>@'*)+!$,Z.��4.;91'*%�S;.�� _ba�c�d ]�i�j\d7a(a(O k
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{ VjXZk(ORU(QRQmMNVPQKVPMNJPQ�U�lPOmk6QmU(VjXz\YJan�L(MYJPOmv	U(Q�S�s�k6yNM p JbXme~MNV!XZU6col	MNORU p~p UzSPJ�SPOZ\YegVh\Y^NU4c,M e U6VPVPk<QmJPO
p s�FKc,k(ORe~�wJPU�SbJ ��MNOmS lPORk(QRU(VjXZk6U(Q�U6V fh^NJPORU �dq�al� R�v X/q�I U=SPOm\Ye~VP\Y^NU�U6QRX�l p JbQ!e~VjXZU6VPQmU Sh\YVbQ p U
L|\`QWSPJ�coMdSOJ p UTH(I5F4�P��_�co\Ye~Q p U(QCSPU(Jdn�L6MNJPORv�U6QKS�s�k6yYM p JbXme~MNV�XZU6col	MNORU p~p U4QmU6c�v p U6VjXKlPORMaL L U(Q(qiI U(Q
c,M e U(VPVbU(Q2c,U(VPQRJPU pgp U6Q�c,MNVjXZORU(VjXTk6^j\ p U(c,U(VjXT�wJPU p UCSPOm\Ye~Vh\`^NUWlP\YOZ\?|gX�QmUKlbOmMdSPJPe~ORUCSh\YVPQ p U(Q�c��(c,U(Q
� MYVPU(Q�l	MNJPOqH(I5F4�P��U/X {[��m:F8_TL(MYcoc,U�MYV�l�U6JbX p U�yYMNe~OoQmJPO p \�fh^YJPOmU��aq��b_��wJPeWOmU(lbOmk(QRU(VjXZU p U(Qc,M e U(VPVbU(QzQRJPO p U<c,MNe~Q�S�s�MaL/XZMNvPORU�SPJ�L(JPc�J p MRMNJbOmVh\ p e~U6O�SbJ=SPOZ\YegVh\Y^NU?l	MNJPO p U(QWcoMdSOJ p U(Q�{[��m:F�U6X
H(I5F4�P�lR�U6V ~��p��v LIN X q

(a) (b)

�������5�aq�� d �Z!PR".1,(,�.;A�A*%(5B#+.�0Q!$)+A76VUK!�91'/!$f(5/. 68% 91%(0�%(# �b!$%(5*,I>@#&)+.15�68% 685C>@)&,I>�
".�Dz.1, F<GhHKJMLIN �l>?�".;9�%(,
� >$91'/.1%(5�0�%(#&'*)&2(#&)+9?>@'*)��^6(. ���"OB[pD�>"O^]`_ba�c�de.1'�DgfhO`]�i�j\d�a(alk

��e~VP\ p U6coU6VwX(_`�wJPU#L6U2QmMYegXiSh\`VPQ p UTL|\YQ SbU p s�JPV�MNJ p su\YJaXZOmUTSPU(QiSPU6Jan�QRL L k(co\YQiSPUTQmJPO[��\YL(U`_ p MNORQm�wJPU
SPU p s�U|\YJ�ORJPe~QRQmU p~p U`_hU pgp U<L(MNVPQ[XZe{XZJPU8JPVPU�l	U(O[XZU�l	MNJPO p U8vPe p \YV Lfe SPORe~�wJPU�lbJPe~QR�dJbU�L(U/XmXmU��wJh\YVjXZe{XZk�U6QRX
k p e~c,e~VPk6UKSPU p \&QRe~c�J p \`Xme~MNVoSPJ�c,MdSOJ p UYq�WMNJbQ�\|yNMNVPQ�ydJ��wJPU`_ Sh\YVPQ p UFL(\YQ�SPU H(I�Fz�P��_ p UFORJPe~QRQmU pgp U6coU6VwX8SPU�QRJPOR��\`L(U!QmUFlPOmMdSPJPegQZ\Ye{XQU
lh\YO[XZegOTSPJ�c,MNcoU6VjX2M8� p \�L|\Ylh\`L(egXmkzSPUzORk6XmU(VjXZegMNV�S�s�U(\YJ�U(V!QRJPOR��\YL6U<\ y`\Ye{X#\`XRXZU6e~VjX#QZ\�y`\ p U(JPO p e~c,egXmUYq
{ p U nbegQRXmU,SbMNVPL&JPVPU&lh\YO[XZegU�SPU p s�U|\`J�egVPL(egSPU(VjXmU��dJbeiVPU&QmU(Om\!lh\YQ?k p e~c,e~VPk6U�SPJ L(egOmL6JPegX LCe SPORe~�wJPU&U6X
QmU6OZ\�L6MNVPQmU6ORyYk(U?Sh\YVPQ p U(Q�k�\Y�wJPU6Q(qO{[��mGF�_bSbUzQmMNV!L��YXZk`_bV�s�\YL6L(JPc�J p Uzlh\`Q2S�s�U|\YJ!U6V!QmJPO[��\YL(U	�dL(U p~p U�� L6e
Q(s�e~Vaf p XmOmUTSP\YVPQ p UTQmM p U6V&\YL(L6MNOmS&\|yNU6L p U6Q�khJan�S�s�U|\YJ��wJPeb\`XmXmU(eg^NVPU(VjX p \KQRJPOR��\YL6U2U6X p U�OmJPegQmQmU p~p U(c,U(VjXi\
p egU(J�QRU(J p U(c,U(VjX p MYOmQm�wJPU p MNORQm�wJ�s�JPVPUz��OZ\`L6XZegMNV!SPUzco\Ye p~p UCU6QRXCQZ\}XZJPORk(UKR���Om\YL6Xme~MNV�Sbk6XZU6Omc,e~VPk6U U p s�\YegSPU
S�s�JPVPU?c,k6X L MaSPU?Q[X]\`Xme~QRXme~�wJPUuX/q

�KU2L6U6XmXmU���\�
6MNV�_`\YlPO J(Q�JbV�k6yYk(VPU6coU6VwXxlbOmk(L6e~lPe{X]\YVjX(R�MNJ�QmedSPU p s�U(\YJ�\`XRXZU6e~VjX p U�QRM p _ lPORM yNU(VP\YVjXxlh\YO
U/naU6col p U�SPJ Omk6QmU(O[yNMNegO?S�s�egVjXZU(ORL(U6lbXZegMNV SPU p \FyYk(^Nk/X]\`Xme~MNV X _�{[��m:F QRe~c�J p U(Om\Fl p JbQ4SPU&OmJPegQmQmU p~p U(c,U(VjX
U6XTLYs�U(Q[X2vPegU(VFL6UK�wJPU p s�MYVoMNvbQmU(O[yNUzco\zMRMNORegXZ\Ye~ORU(c,U(VjX|_YXZ\YVjX2\`JFVPe{yNU|\`J�SPU(Q�coM e U(VPVPU6Q2QmlP\`XZe~\ p U6Q��wJPU
SPU6QKc,M e U(VPVbU(QWXmU(c,l�MYOmU pgp U6Q(q��z\YVbQ p U8L(\YQWSbJ�c,MaSOJ p UTH(I5F4�P�	_�e p OmU(Q[XZU6OZ\oSbU p s�U|\`J�U6V�QmJbOR��\YL6U��wJPe
VPU�QmU6OZ\8lP\YQT\`coU6VPk(U�U8ORJPe~QRQmU p U(O6qsHTU p~p U�� L(e�\YJPOm\<XmOmMNegQ�l	MNQRQme~vbe p e{XZk6Q��wQmMNe{X�U p~p U#Q(s�e~Vbf p XZORU(OZ\?Sh\YVbQ p U�QRM p
\YJ=��JPOzU/X=U!coU6QmJPORU��dJbU p U���OmMYVwXzS�s LCe SPOm\`X]\`Xme~MNV ^j\`^NVPU�U6V�lbOmMY��MNVbSPU(JPO6_�QmMYegX4U p~p U�QmU(Om\!k6y`\Yl	MNOmk6UY_
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QmMYegXzU p~p U�^cJ p U(Om\ R�L6U6XmXmU��wJh\YVjXZe{XZk�S�s�U|\`J�^YU p k6U�QmU�ORU6XmOmMNJbyYU(Om\�\`J=l�MNegVjX4SPU�ydJPU�SPJ vPe p \YV LCe SbOme~�wJPU
L(MYcoc,U4JPV�^j\YegV�l	MNJPO p \�cF\`QmQmU?SPU?VPU6e~^NUuX/q
FKegVPQme�_bL(U/XmXmU<U(\YJ�OmU/XZU(VwJPU?U6V�QRJPOR��\YL6U4Sh\YVPQ p U(Q(k�\Y�wJPU6QCSPU6yde~U6VjXWl	MNJPO�H(I�Fz�P�!JPVPU4l	U(ORXmU?U(V�L(U

�wJPexL(MNVbL(U(ORVPU p U,ORJPe~QRQmU p~p U6coU6VjX?U6X8JPV ^j\`e~V�\YJ�VbegyNU(\YJ SbJ SPOm\Ye~Vh\`^NUY_ SPU p \��wJh\YVjXZe{XZk,S�s�U|\YJ�Sh\YVPQ
p U4QRM p MNJ�SPU p s�k6y`\Yl	MNOZ\`Xme~MNVlR��wJPe QmU6OmMNVjXK\YVh\ p e QRk(QCl p JPQ#X]\YORS X/_hQRe�L6U pgp U�� L(e�VbU<^ J p U?lh\`Q(q�HTU(l	U(VbSh\YVjX|_
p \8�dJP\YVjXZegXmk4S�s�U|\YJ�OmU/XZU6VdJbU<U6V�QmJPO[��\YL(U4lh\`O H(I5F4�P�!k6XZ\YVjX#coegVPe~c,UWR�SPU p s�MNORSPOmUKSPU ��� L�� ~��p��v LIN U(Vc,M e U(VPVbU�Qmlh\}XZe \ p U�X2yde~Q���U}��yaegQWSbJ=OmJPegQmQmU p~p U(c,U(VjX�R��wJPe�U6QRX4SPU p s�MNOmSbOmU�SbU ��� LV� ~I����v LIN U6V�coM e U(VPVPUQmlP\`XZe~\ p UuX/_jMNVol�U6JbXTU6V�SPk6SPJPe~ORUW�wJPU p UCl p JPQ���\`e~v p U�ORJPe~QRQmU p~p U6coU6VjX�SP\YVPQ:H(I�Fz�P�oQ6s�U nbl p e~�wJPUWlh\YO�JPVPU
l p JPQ#^NOZ\`VPSPU?e~Vbf p XZOm\`XZegMNV�S�s�U|\`J�Sh\`VPQ p U4QmM p �dJbU<SP\YVPQ {[��m:F8q

�Wk(\YVPc,MNe~VPQ6_�\YJ VPe{yNU(\YJ SPJ vPe p \YV Lfe SPORe~�wJPU`_ p \�l	U(O[XZUFSts�U(\YJ Sh\`VPQ p U,QRM p MaL6L|\YQRe~MNVPVbk(U,lh\YO p U
OmJbe~QmQRU pgp U(c,U(VjX�U6X p U�SPOm\Ye~Vh\`^NUCl�MNJbOG{[��mGF QRU(OZ\8v�U(\YJPL(MYJPl�l p JPQ�egcol	MNO[X]\YVjXZU#�wJPUWl�MYJPO(H(I5Fz�P��q��xV
U%��U6X(_hQme�H(I5F4�b��^Nk6VOJ(ORU?l p JPQ#SbU<SbOZ\YegVh\Y^NUz�wJ�s�{[��m:F R�U6V�coM e U6VPVPU<QmJPO#XmMNJbXZU p \�l�k6OmegMaSPU`_ H(I5F4�P�
SPOm\Ye~VPU4U6VjyaegOmMNV��Nq�����MNe~Q#l p JPQ X _ p \��wJh\`VwXmegXmk<Sts�U(\YJ�l	U(ORSPJPU<lh\YO#ORJPe~QRQmU pgp U6coU6VwXCl	MNJPO�{[�Dm:F SPk(lh\`QmQmU
p \`Om^NU6coU6VwX8L(U p~p U,l	U(ORSPJPU�lP\YO8SbOZ\YegVh\Y^NU,l�MYJPOQH(I5Fz�P� RA{[��mGF OmJbe~QmQRU pgp U&U(V�c,M e U6VPVPU�U6VwydegOmMNV�adq��
��MNegQTl p JPQ X q HTU(L6e QmU4ORU6XZORMNJbyYU(OZ\&\YJ!VbegyNU(\YJ!SPJ�L(MYVwXmU(VwJ�U(V!U|\`J�SbJ!QmM p _b�wJPe�_aL(MNc,c,UKVPMNJbQC\ p~p MNVPQ p U
yNMYe~OKl p JPQ�X]\YORS�_�U6QRX4l p JPQWe~c,l�MNO[X]\YVjXWl�MYJPO p U8c,MaSJ p UWH(I5F4�P�	q�HTU�L(MYcol	MNORXmU(c,U(VjXK\YJPOZ\F\YJPQmQRe�JPV
e~c,lh\YL/X#QmJbO p s�k/y`\Yl�M`XZOZ\`VPQmlPegOZ\`Xme~MNVt_a�wJPe QRU(OZ\,\ p MNOmQ#l p JPQ2��MNO[XZU4Sh\YVbQ p U4L|\YQCSPU?L(U?c��(c,U4coMdSOJ p UYq
I Uz��MNORX#ORJPe~QRQmU p~p U6coU6VjX#MNvPQRU(ORyYk?l�MNJbO�{[��m:F�l	U(JbX �/XZOmU`_PL(U p \�SPe{X|_acoMdSPegfPkYqHTMNcoc,UzVPMYJPQC\|yNMNVPQ

lPJ p U�yYMNe~O p MNORQ�SPU p \�SPU(QRL(OmeglbXZegMNV�SPJ�OmJPegQmQmU p~p U(c,U(VjX�U/X SPU p s�e~Vbf p XZOm\`XZegMNV4SPU p s�U(\YJ�Sh\`VPQ p U�QmM p S�s�{[��m:F
R�lP\YOZ\Y^YOZ\Yl L U=aaq �aq��zX _be p U(Q[X�l�MNQRQmegv p UzSbUGMRMNJPU(O#QRJPO p UzlP\YOZ\YcmJ6XmOmU4SPUz��MYOmc,U
	 SPU p s�k(�wJh\`Xme~MNV R aaq��zacX
\`fhV�SPU,L L \YVP^NU6O p \��wJh\YVjXmegXZk,S�s�U|\YJ��wJPe�ORJPe~QRQmU p~p U`q�HTUFSPU6OmVPegU(O8\|yY\`egX|_ U6V U��tU/X|_�k6XZk&fbnakqU � _ p MYOmQSPU&VPMNQ<Qmegc�J p \`XZegMNVPQ(_	l	MNJPO?SPU(Q?Om\Ye~QRMNVPQ?SPU&Qmegcol p e~L6egXZk`q P�MNJPO?SPegcoegVdJbU(O p U�ORJPe~QRQmU p~p U6coU6VjX|_�^NO�YL(UmU
p \�lP\YOZ\Yc,k6XmOmegQZ\`Xme~MNV�QmMNJPQ�� co\Ye pgp U?S�s�{[��m:F8_ e p QRJ��&X<\ p MYOmQzSPU�ORk(SPJbe~OmU�QRe~c,l p U6coU6VjX p \Fy`\ p U(JPOKSPU�L(U
lh\YOm\YcmJ6XZORU4SPU4��MNOmc,UYq
{ p U/nae~Q[XZU�XZMNJbXmU6��MNegQ�JPV�QRU(J p L|\`Q(_�\YJ�coMNegQ�SPU�cF\YORQ(_ M�� p U!c,MdSOJ p U�H(I�Fz�P��^Nk6VOJ(ORU�l p JPQ&SPU

OmJbe~QmQRU pgp U(c,U(VjX5U6V�c,M e U(VPVbUY_ U(V8OZ\YegQmMNV?SPU p \2��MNVjXZUxSPU p \#VPU6e~^NU`_ L(MNc,c,UiVPMNJPQ@\|yNMNVPQ�lPJ p UxL(MYVPQRXZ\`XZU6O(q
HTU p \�yde~U6VjX SPJ���\`egX��wJPU H(I5F4�P�8��\`egX5��MNVPSPORU p \�VPU6e~^NU�v�U(\YJPL6MNJPl�Om\YlPe~SbU(c,U(VjX��wJ�s�{[��m:F8q8��MNJPQ \ p~p MYVPQ
XZU6VjXZU(OCS�s�U/nal p e~�wJPU6O�L6U(L6e�SP\YVPQ p U4lh\`OZ\Y^NOm\Yl L U4QRJPegy`\YVjX(q
&('*)('�� � .Qg g j 1�j kXjI\���j

�aJPO p \,fh^NJPORUF�dq �a_�MNV OmU6lPOmk6QmU(VjXmU p U(Q4L(MYJPOmv	U(Q?S�s�k6yYM p JbXme~MNV�XmU(c,l�MYOmU pgp U8SPU p \�co\YQmQRU�SPU&VPU(eg^NU
R�U6Vw~I����v LIN X�c,M e U(VbVPk(UzQRJPO p UWSPMYcF\YegVPU�\YJ�L6MNcol p U6X�Sh\YVbQ p U�L|\`Q2SPU(QTcoMdSOJ p U(Q�{[��m:F U6X H(I5Fz�P��qI U(QKfh^YJPOmU6Q4�aq � R�\CX�U/XNR�v XCORU(lPORk(QmU6VjXZU(VjX?SPU6QzSPe��tk6OmU(VbL(U(QKU(VjXZORU p U6QKc,MaSJ p U6Q�{[�Dm:F U/XjH(I5F4�P�
c,M e U(VPVbk(U(Q@QmJPO p U�c,MNegQ�SPU�cF\YeCa����Ca2L(MYVPL(U6OmVh\YVjX(_}ORU(QRl�U6L6XZe{yNU6coU6VwX(_ p \#cF\YQRQmUxSPUxVPU6e~^NU�R�U6V�~I����v LIN XU6X p U�khJan<Sts�k/yY\`l�MNOm\`XZegMNV<U(V�QRJPOR��\YL6U R�l�MNQRegXmeg�dSPU p \�QRJPOR��\`L(U�yYU(ORQ p s�\`XmcoMNQRl L J6OmUY_ U6V�~I����v LIN � �����\o LV� X qI U�kPJanoS�s�k/y`\Yl�MYOZ\`Xme~MNV,U(Q[X2l	MNQme{XZeg�t\YJ�� SPU(QRQmJPQTSPJ�SPMNco\YegVPU#k6XmJPSPe~kWSh\YVPQ p U�L|\`QTSPU6QTSPU6JanocoMdSOJ p U(Q6q

� V=l�U6JbX4��\YL(e p U6coU6VwXWL(MYVPQRXZ\`XZU6O(_�QRJPO p U6QzL(MYJPOmv	U(Q4S�s�k6yYM p JaXZe~MYV�XZU6col	MNOmU p~p UqR fh^NJPORU&�aqu�cX/_��dJtsu\YJ
lPORe~VjXZU6colPQ�R�c,MNe~QxSPUWcF\`e a����Ca<U/X2co\YOmQ:a���� �CX/_sH(I5F4�b�o��\YegXx��MNVPSbOmU p \8VPU6e~^NU�v	U|\YJPL6MNJPl!l p JPQ�OZ\YlPe �
SPU6coU6VwX2�dJbU p U�coMdSOJ p U�{[��m:F�qP�aJPO p U(Q�fh^NJPORU(QC�dq � R�\CX�U/XjR�v X/_dMNV�ORU(co\YOm�wJPUzJbVPUK��MNO[XZUKL6MNOmORk p \`XZegMNV
U(VjXmOmU p U6Q � MNVbU(QCM8� p \��wJh\`VwXmegXmk4SPU4VPU(eg^NUzU6QRX p \�l p JPQ2��MNO[XZUzSP\YVPQ�{[��m:F U/X p U6Q � MNVPU6QCM8�!L(U?SPU6OmVPegU(O^Nk6VOJ(ORU p U�l p JPQ&S�s�k6y`\Yl	MNOZ\}XZe~MYV�U6V�QRJPOR��\YL6UYqGHTU(L6eWl	U(ORcoU/X,S�s�k6coU/XmXmOmU p s Lfe l	MYX L J(QmU�QmU p MNV p \`�dJbU p~p U
L(U6Q � MNVPU(Q8SPUFl p JPQ4��MNO[XZU,k6y`\Yl	MNOZ\`Xme~MNV�QmMYVwX8SPJPU6Q�U6V ��\YegX(_5U p \�QRJPv p e~co\`XZegMNV=SPU p \�VPU(eg^NUoSP\YVPQ p UL|\`QWS�s�{[��m:F8q�HTU p~p U�� L6e U(Q[X|_�U(V�U%��U6X|_�l p JPQ�e~c,l�MNO[X]\YVjXmU4l�MNJbO�{[�Dm:F�L(\YO(_�Sh\`VPQWL6U8c,MdSOJ p UY_ p U?L(\ p L6J p
SPU p \FXmU(c,l�k6OZ\`XmJPOmU�SPU&QmJPO[��\YL(U&U(Vb^ p MNv	U p U(QzXZU6col	k(Om\`XZJbOmU(Q?SPJ QRM p VwJ�_�SPU p \FyYk(^Nk/X]\`Xme~MNV U/X?SPU p \



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

���������dq � d � �"!$#&%('*)+!$,M'/.1032l!$5/.1#&#+.�6(. # >30T>$A/A/.�6(.�,�.1) 
". 2I>@5�%(,()&'/S�6(.�A*%(5 ��>$9;.:Dz.1, F<GIHKJ LIN O�0Q!?R".1,(,�S;.A*%(5 # > 
r#+!$fI>@#&)&'/S�68%�6(!$0T>@)&,�. 6VUKS1'*%�6(. 24!$%(5 #+.;A 0Q!�6(W1#+.;A�_*a�c�de.1'�i�j\d�a(alk

(a) (b)

���������aq � d��B)��4S15/.1,�9;.�.1,<'*5/.�_ba�c�d .1'�i�j\d�a(aMDz!$24S15C>@'*)+!$, .��4.;91'*%�S;. �e_*a�c�d ]^i�j�d7a(a(O�6(.B# >�0Q!?R".1,(,�.A*%(5B#+.�0Q!$)+A76(.�0T>@)�� � ���Q24!$%(5 D�>"O�]�# >T0T>$ACA/.�6(.�,�.1) 
".�2I>@5B%(,()&'/S�6(.�A*%(5 ��>$9;.-Dz.1,wF<GIHKJMLINPO��l.1' DgfhO ]�#+.
� %���6VUKS1�$>@24!$5C>@'*)+!$,Z.1, A*%(5 � >$9;.TDz.1,�F<GIHKJ LIN H �
	��� LV� O k
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VPU6e~^NU`q HTU(L6e�l	U(ORcoU/XCS�s�\ yYMNe~O#SbU(QCXZU(c,l	k(OZ\}XZJPORU(Q#QmJbl�k6Ome~U6JPOmU6Q�U ��� � \YJ�� SbU(QmQRJPQCSPU p \�VPU6e~^NU`_PL(U?�wJPe
V�s�U(Q[XWlP\YQ p U4L|\`Q�SP\YVPQ�H(I5F4�P��_hl	MNJPO p U(�wJPU p _ p \�XmU(c,l�k6OZ\`XmJPOmU?\`J�SPU6QmQRJPQWSbU p \�VPU(eg^NU4U(Q[XWXmMNJ}MRMNJbOmQ
e~Va��k(OmegU(JPORUzMNJ!k6^j\ p U�U � k6OmM R�yYMNe~O#\`VPVPU/naU � X/qI�\��wJh\`VwXmegXmk4S�s�k6VPU(OR^Ne~UKJbXZe p e~QRk(UWl�MNJbOT��\Ye~ORUKQRJPv p egcoU6Op \�VbU(e~^YU�U(QRX?ORU p \`XZe{yNU(c,U(VjX?egcol	MNORXZ\YVjXZU8U6X?L(U p \!L(MYVPQRXmegXZJbU�JPVPU&l�U6ORXmU�S�s�k6VPU(OR^Ne~U&Sh\`VPQ {[��m:F l	MNJPO
p \���MYVwXmU?SPU?L(U6XRXZU<SPU(ORVPe~J6OmU`q
I5\,QRJPv p egcF\}XZe~MYVFSPU p \�VbU(e~^YU<Vts�U6QRX�L(U6l�U6VPSh\YVjXWlh\YQ p \�QmU6J p U4Om\Ye~QRMNV�U/nal p e~�wJh\YVjX p \���MNVjXmU<c,MNegVPQ

OZ\`lPe~SPU�SPU p \WVPU6e~^NU�Sh\YVPQ�{[�Dm:F�q �xV�U��tU/X|_`L(U2c,MaSJ p U�lPORU(VPS�U6V�L(MNc,lbXZU�JPVPU2�wJh\`VwXmegXmkTS�s�U|\YJ p e~�wJPegSPU
U p s�egVjXZk(ORe~U6JPO#SPJ�ORk(QRU(ORyYMNe~O�SPU8VPU(eg^NUY_hL6U��wJPe5V�s�U(QRXKlh\YQ p U?L|\`QKSPJ�coMdSOJ p U=H(I5F4�P��q HTU p \,egVjXZOmMdSPJPe{X
JPV�lPORMaL6U(QmQRJPQ�SPU?^NU p SbU p s�U(\YJ�U6XCSPUz��MYVwXmU?SPU p \�^ p \YL(U4SP\YVPQ p \�VPU6e~^NUK�dJbe5\&l	MNJPO#U��tU/XCSPU?OZ\ p U(VjXZegO
p \���MYVwXmU?SPU p \�VPU6e~^NU`_PL|\YO p s�U(\YJ�^NU p k(U4Sh\YVbQ p \�VPU(eg^NUz��\Ye{X#lh\YO[XZe~U4egVjXZk(^YOZ\YVjXZU4SbU p \�cF\`QmQmU?SPU?VPU6e~^NU`q
FKegVPQme	\YJ,lPORe~VjXZU6colPQ6_ p U(QiXmU(c,l�k6OZ\`XmJPOmU6Q�QRMNVjX2QmMYJbyNU6VwX2\YJFSbU(QmQRJPQ2SPU � � � p U�MRMYJPO(_jU/XTU6V�SPU(QRQmMNJbQTSPU
� � � p \�VwJPe{X|q HTU p \�e~c,l p e~�wJPU��dJbU p U�MRMNJbO(_ p \��wJh\YVjXZe{XZk4S�s�U|\YJ�^NU p k6UzSh\YVPQ p \�VPU(eg^NUK��MNVbS�_PU6X p \�VwJPegX(_
p s�U|\`J p eg�wJPe~SPUC�wJPe�V�su\<lh\YQ�k6XZkKk6y`\YL(Jbk(UzSPJFOmk(QRU(O[yNMNegOTSPUWVPU(eg^NUK^cJ p U�U8QRMNVFXZMYJPO(q��WVPUWU/nal	k(OmegU(VPL6UzSPU
QmU6VPQmegvPe p egXmk2coU6VPk(UClh\`O�mTk p \Ye~O U/X�\ p q R�a���� �b_Ylh\`ORX|q {�{,X coMYVwXmOmU#�wJPUCL(U p \?\YJPOm\4l�MNJbOiU%��U6X�SPUCOmU/X]\YORSPU(O
p \�Sbe~c,e~VwJbXZegMNV�SPU p \&co\YQRQmU4SPU?VPU6e~^NU?Sh\YVbQ�{[�Dm:F�q
I5\ ��MNVjXmU�c,MNe~VbQ,Om\YlPegSPU!SPU p \ VPU(eg^NU�Sh\YVPQm{[��m:F QmU6OZ\Ye{XoSbMNVPL p e~k6UY_ U6VjXZOmU�\YJbXmOmU(Q6_�U p \�l p JPQ

e~c,l	MNORXZ\YVjXZU?QmJPv p e~co\`Xme~MNV!SPU p \&VPU(eg^NU<U6X�U p s�e~VjXmOmMdSPJPL6Xme~MNV�S�s�U|\`J p eg�dJbe~SPU<\YJ�QmU(egV�SPJ�Omk(QRU(O[yNMNegOKSPU
VPU6e~^NU`q

&('*)('�� � lQkQd�jIk.bXgijIk j5.Qb81Xb g lQc
HTMNc,coU p U4coMYVwXmOmU p \�fh^NJPORU8�aq �d_b�wJPe OmU6lPOmk6QmU6VwXmU p s�k/yNM p JbXZegMNVFXmU(c,l�MNORU pgp UKSbU p \�coM e U(VPVPU?QRlh\}�

XZe~\ p UTSPJoL6MNVjXZU6VdJoU(V,U|\YJ&XZM`X]\ p SPJ,QmM p l�MNJbO p U(QxSPU6Jan,c,MaSOJ p U6Qik6XZJbSPe~k6Q(_je p \YlPlh\YOm\?|~X �dJbU p U#L(MNVjXZU6VwJ
U(VoU|\YJ,XZMYXZ\ p SPJ,QmM p R�L(MNJPORv�U�VPMNegOmUuX�U(QRXTl p JbQ�egcol	MNO[X]\YVjXiSh\`VPQ(H(I5Fz�P� R�fP^NJPOmUW�aq ����R�v X�Xi�wJPU�Sh\YVPQ
{[��m:F R fh^NJPORU��dq �T��R�\cX�X/q

(a) (b)

���������aq � d�� �"!$#&%('*)+!$, '/.10324!$5/.1#&#+.�6(.;A 9;!$,='/.1,<%�A�.1,�.?>@%-'/!$'C>@# �8#&) �=%()+6(.7.1' A/!$#&)+6(.768% A/!$#l0Q!?R".1,(,�S;A�A*%(5`#+.6(!$0T>@)&,�.�6VUKS1'*%�6(. D�F<GIHKJMLINPO�6�>@,�A #+. 9?>$A�6(.;A�6(.1%��:0Q!�6(W1#+.;A�[\D�>"O�]^_ba�c�d .1'�DgfhO`]�i�j\d�a(alk
r@MYJbX S�s�\Yv	MNOmSt_}MYV�OmU6cF\YOR�wJPUTJPVbUTSPe��tk6OmU(VbL(UTSJ(Q p s�egVPegXme \ p e~Qm\`XZegMNVWSbU p s�MNORSPOmU�SPU � � ~I����v LIN qcHTU p \U(Q[X�S���\YJ���\`egX8�dJts�JPV�c,k(L(\YVPe~QRcoU,SPU�L6MNVjXZO � p U�egVjXZU(ORVPU�\`J�coMdSOJ p UqH(I5Fz�P��e~c,l�MNQRUoJbVPUFy`\ p U6JPO
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c,e~VPegcF\ p Uz\YJ�L(MNVjXmU(VwJ=U(V�U|\YJ p e~�wJPegSPU?U(V�L L \Y�wJPU�l	MNe~VjX�SPU8^NOme p~p U`_bL6U p Jbe�� L6e l�MYJby`\YVjXz\YJ�L(MNVjXmOZ\YegOmU
�6XmOmU?VwJ p \YJ�QmU6e~V�S�s�{[��m:F�q
HTU(l	U(VPSP\YVjX|_ p s�k(L|\`ORXxU(VjXmOmU�H(I�Fz�P��U6X�{[��m:F \YJP^YcoU6VwXmU�\YJoL6MNJPORQ�SbU p su\YVbVPk(U`_Nlh\YO[XZe~L6J p e J(ORU(c,U(VjX

U(V�k/XZk`_�\`XRXZU6e~^NVh\`VwX�\ p MNOmQ<�wJh\YQmegcoU6VjXNa�� ~��p��v LIN q�{ p e \�\ p MNOmQ � ����Sts�U(\YJ�Sh\YVPQ p UoQmM p U(V�l p JPQ
Sh\YVbQ�H(I5F4�P�	q � O p s�\YVh\ p e QmU,SPU(Q<L|\YO[XZU6Q�c,U(VPQRJPU pgp U(Q<Omk/ycJ p UF�wJPU p U&L(MYVwXmU(VwJ�U(V�U|\YJ�XZMYXZ\ p SPJ QRM p
U(Q[XKl p JPQ�e~c,l�MYORX]\`VwX2Sh\YVPQ�H(I5F4�P��_ p U�M8��e p e \&U(J�lPOmk6L(eglPegXZ\`XZegMNV�qO{ p U6QRXzSbMNVPL?l�MYQmQmegv p U?�wJPU8L(U6XRXZU
SPe{yNU(OR^NU(VbL(U<U(VjXZORU p U(Q#SPU6Jan�coMdSOJ p U(Q#QRMNegX2SPJPUTU&JbVPU?e~Vbf p XZOm\`XZegMNV�l p JPQCe~c,l�MNO[X]\YVjXmUzSh\YVPQ p U4L|\YQCSPU
H(I5F4�P�	q HTU p \�OmU�MRMYe~VjX p \8OmU(co\YOR�dJbU4U/nalPOmegcok6UzlPORk(L(k6SPU(c,c,U(VjX�QmU p MNV p \`�dJbU p~p U p UKOmJbe~QmQRU pgp U(c,U(VjX#U6QRX
l p JPQ2e~c,l	MNORXZ\YVjXTSh\`VPQ�{[��m:F��wJPU4Sh\`VPQ�H(I5F4�P��q HTU6XmXmU4U|\YJ��wJPe�VbUzOmJPegQmQRU p~p UKlh\`Q#Sh\YVPQ�H(I5F4�b�!U6QRX
\YegVPQme�egVbf p XZOmk6U4Sh\YVPQ p U4QmM p q

��s�\YJbXZORUzlh\YO[X|_ p \?fh^NJPORU4�aq �8e pgp JPQ[XZORU�k6^j\ p U(c,U(VjX p U(Q�SPe ��k(ORU(VPL6U(Q2XZO J(Q�cF\YOR�wJPk(U6Q2SPUzSPegQRXmOme~vbJbXZegMNV
SPU p s�U|\YJ�SP\YVPQ p UTQRM p U6VjXZOmUTU|\YJ p e~�wJPegSPU�R�L(MYJPOmv	U(Q ORMNQmU6Q X@U/X QRM p egSPU�R�L(MNJbOmv	U(Q Mm\`JPVPU(Q�X@QmU p MNV p U�coMdSOJ p U
\YJP�wJPU p MNV�Q6s�egVjXZk(ORU(QRQmUYq FWe~VPQRe�_wSh\YVbQ p UKL(\YQ2S�s�{[��m:F8_ p U(Q2L6MNVjXZU(VwJPQCU6V!U|\YJ p e~�wJPe~SbUWU/X#QmM p e~SPUCy`\YOmegU(VjX
SPU�cF\`VPe~J6OmUCQmeg^NVPegfPL|\`XmegyNUCU6Vo��MNVPL/XZegMNVoSbU(QTQm\Ye~QRMNVPQ6q�PiORU(Qm�wJPUWXZMNJbXmU p s�U(\YJ,^NU p k(U�Sh\YVPQ p UCQmM p \?��MNVPSPJ
U(V�k6Xmk�U6XWe~VjyYU(OmQRU(c,U(VjX|_ p s�U|\`J p e~�wJPe~SbU<SP\YVPQ p U?QmM p SPegcoegVwJPU?U(V L egyNU6OWU6V�Om\Ye~QRMNV�SbJ�^NU p _hL(MYcoc,U p U
L(MYVbfhOmc,U p s�\YJP^Nc,U(VjXZ\`XZegMNV�OZ\`lPe~SPU&SPJ�L(MYVwXmU(VwJ U6V�U(\YJ�QmM p e~SPU�SPJ�QmM p U�L6U6XmXmUoc��(c,U�l	k(OmegMaSbUYq�HTU
SPU6OmVPegU(O�lh\YQmQRU�\YegVPQme5U6V�c,M e U(VPVbU�S�s�JPVPU<yY\ p U(JbO��wJh\`Qme~c,U(VjXWVwJ p~p UTU,JPVPU<yY\ p U(JbO�SbU p s�MNORSPOmU?SPU � ���~I����v LIN U6VjXZOmU?MdL6XmMNvPOmU?U/XCVPM yNU(c�vPOmU`q�F p s�egVjyNU(ORQmU`_hQme p s�MNV�Q6s�egVwXmk(ORU(QmQRU�\`Jan!ORk(QmJ p X]\}XZQCMNvbXmU(VwJPQ�\|yNU(LH(I5F4�P�	_ie p \`lPlh\YOm\?|~X��wJPU p \�yY\`Ome \}XZe~MYV QZ\`e~QmMYVPVPe~J6OmU!SPU6Q&L(MNVjXZU6VwJPQoU6V�U|\YJ�SPJ�QmM p U(QRX,v	U|\YJbL(MNJPl
c,MNe~VPQCco\YOm�wJPk6U8�wJPU<Sh\YVbQ p U?L(\YQWSts�{[��mGF�q	r@MNJaXKS�s�\Yv	MNOmSt_	e p QmJPvbQme~Q[XZU<SPU p s�U(\YJ�QmM p e~SPU?Sh\YVbQ p U<QRM p
SPJPOm\YVjX�XZMYJbX p s�k6Xmk�\ p MNOmQ8�wJ�s�{[�Dm:F p \���\`egX8�dJP\YQmegcoU6VwX�SPe~QRlh\YOZ\}|~XZORUYq@�KU�l p JPQ(_@U(V L e{yNU(O6_ p UF^NU p SPU
p s�U|\`J p e~�wJPegSPUzL(MYVwXmU(VwJPU<Sh\YVPQ p U4QmM p U6QRX�coMYe~VPQ#Om\YlPe~SbU4U6X�e~VjXZU6VPQmU`q
{ p U(Q[X�l	MNQmQRe~v p U��wJPU&L(U6XRXZU,SPegyYU(OR^NU(VPL6UolbOmM yde~U(VbVPU&SPU(Q<SPe ��k(ORU(VPL6U(Q?SPU&XZOm\YegXmU(c,U(VjX4SPU p s�k(VbU(Om^Ye~U

U(VjXmOmU p U6QTSPU6Jan!c,MdSOJ p U(Q(qs�iV!U%��U6X(_ p \8fh^NJPORU?�aq��N_d�dJbetOmU6lPOmk6QmU6VwXmU p U(Q�L(MNVjXmU(VwJPQCU(V!U(\YJ�QmM p e~SbUKl	MNJPO
{[��m:F \ y`\YVjX�U6X&\YlbO�J(Q�coMdSPegfPL|\`Xme~MNV�_ p \Ye~QRQZ\Ye{X8\YlPlh\YOm\?|~XmOmU,�wJPU�L(U p~p U�� L6exV�su\|y`\Ye{X�lh\YQ�U(VjXZOm\?| VPkoJPVPU
c,MaSPe{fhL|\}XZe~MYV!Qme~^YVPegfhL(\`XZe{yNU4SPJ�^NU p SP\YVPQ p U?QmM p _h\ p MNOmQC�wJPU p U4XZU6Omc,U<SbU8lPORe~QRU<U6V�L6MNcolaXZU?SPU p s�U%��U6X
SPJ�^NU p QRJPO p \�XZU6col	k(Om\`XZJbOmU?coM e U(VPVPU<SPU?QmJbOR��\YL6UQ� N k/X]\Ye{XCc�J p XZe~l p e~k�lh\YO � �����b_bco\YQRQmU4yNM p JPc,e~�wJPU
SPU p s�U|\`J��wJPe5\|y`\Ye{XCe~VPe{XZe \ p U(c,U(VjX�k6Xmk<MYcoegQmUYq

� V�l	U(JbXCl	U(VbQmU(OC�wJPU<L(U p \�U(Q[X�S�� U p \�VPMNV�lPOmegQmU4U6V�L6MNcolaXZU4SPU p \�lbOmMY��MNVbSPU(JPO#SP\YVPQ p UzXmU(Omc,U
���������� � }�;� SPU p s�k6�wJh\`XZegMNV R��aq��zX/_	OmU6lPOmk6QmU(VjXZ\YVjX p s�U%��U6XKSPU(QzL L \YVP^NU6coU6VwXmQzSPU8l L \YQRU(Q4QmJbO p \&XZU6col	k(Om\}�XZJbOmU&coM e U(VPVPU&SPU&QRJPOR��\YL6UYq��iV�U%��U6X|_ l	MNJPO4JbVPU���OZ\YL/XZe~MYV�yNM p JPcoeg�wJPU�S�s�U|\YJ�SPMNVPVbk(UY_ p \Fy`\YOme~\`XZegMNV
SPU-� N Sh\YVPQ {[��mGF QmU(Om\ p \�c��(c,U��wJPU pgp U��wJPU�QRMNegX p \FlPORMY��MNVPSPU6JPO4L(MYVPL(U6OmVPk6UYq � V=VPU�lPOmU6VPS�\ p MNORQ
lh\YQCU6V�L6MNc,lbXZU p s�egVPU(O[XZe~Uz\YQmQRMaL6e~k(UjU p s�U(\YJ�^NU p k(U4U(V�lPORMY��MNVPSbU(JPO6_hS�s�M���SbU(QCyY\`Ome \}XZe~MYVPQ�XmO�J(QCOm\YlPe~SbU(Q
SPU p \�XmU(c,l�k6OZ\`XmJPOmU?SPU?QRJPOR��\YL6U?U6X�SPU(QCL6MNVjXZU(VwJPQWU(V�U|\YJ�QmM p e~SbUzSPJ�QmM p q
{ p QmU6c�v p U<\YegVPQme �wJPU p U4QRL L k(co\
	}��MNOmL6U�� OmU(Q[XZMNORU���QmMNe{XCl�U6J�\YlblPOmMNlbOme~k4l	MNJPOCORU(lPORk(QmU6VjXZU(O p U4lPORM?�

L(U6QmQRJPQ8SbJ�^YU p Sh\`VPQ p U�QRM p q �WVPU�Q[XZOmJbL6XZJbOmU&c�J p XZe�� VPegyYU|\YJdn�l	MNJPOROZ\Ye{Xzl	U(JbX,� �/XZOmU�c,e~U6Jan=QRe~c�J p U(OWL(U
lPORMaL6U(QmQRJPQ(q
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Iis�k6�dJbe p egvPOmU�SPJ8vbe p \`V4k(VPU6Om^Nk/XZe~�wJPU�U p \2QRJPOR��\`L(UxU(Q[X \zMRJbQRXZkxU6V<��MNVbL6XZegMNV4SPU6Q�kPJan<SPUiOZ\ e MNVPVPU6coU6VwX

e~VbL(e~SbU(VjXZQWU6XzQRMNORXZ\YVjXZQ6q��KU6Q�khJan�SPU�L L \ p U(JbOKU(V=QRJPOR��\`L(UY_�XZU p QW�dJbU p U=khJan�SPU�L L \ p U(JbOKSh\YVbQ p U<QmM p _
p U khJdn�SPU�L L \ p U6JPO p \`XZU6VjXZU�U6X p U khJan�SbU�L L \ p U(JbO,QRU(VPQRe~v p UY_xQmMYVwXF\ p MNOmQ&^Nk6VPk(ORk(Q,U(V�ORk(l	MNVPQRU�\YJ
��MNO 
|\Y^NU�L6MNVPQRXmegXmJPk�lh\YO p U�OZ\ e MNVPVPU6coU6VwXoQmM p \YegOmU!U6X p U�Om\ e MNVPVbU(c,U(VjXFegVb��OZ\`OmMNJP^YU�\`XZc,MNQml L k(ORe~�wJPU
OmU�
(JPQ6qiHTU<QRMNVjXCQmJPO[XZMNJaX p U(Q(khJdn�SPU?L L \ p U(JPO p \`XZU6VwXmU4U6X�QmU6VPQmegv p U4�wJPe�yYMNVjX�e~VkhJbU(VPL6U(OCSPe~ORU(L/XZU(c,U(VjX
p s�\`XmcoMNQRl L J6OmUYq
&(' � '�) ������1��21����������� �!�s.!	"���� 1�� 6#����.
	��	�����
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$&%(' D�yO<zy >Ar % @*)�E�r,+�t.-/)�E B10�y vxEst�<
I UWvPe p \YV�k6VPU(OR^Nk6Xme~�wJPU�U(Q[XTL6MNVjXZO � p kClh\YO p s�k6y`\Yl	MNOm\`XZegMNV�qCHTU p~p U�� L6ePQmU6OZ\<SPk6yYU p MYlPl�k6UWSP\YVPQ p U#lh\YOm\}�

^NOm\Yl L UzQRJPegy`\YVjX(_Pk6XZ\YVjXCSPMNVPVPk4Qm\�L(MNc,l p U/naegXmkYq��xV�U��tU/X|_PL`s�U6QRX�S�s�\Yv�MYOmS!Sh\YVbQ p s�k6y`\Yl	MNOZ\`Xme~MNVo�wJPU4QmU
Omk6lh\YO[XZe~Om\ p s�k(VbU(Om^Ye~U�SPe~QRl�MNVbe~v p UWU6V!lPOmegMNOme{XZkY_wL(\YO2L(U4l L k(VPMYcKJ6VPUzU(Q[X p UWl p JbQ2U �,L|\`L(U4l	MNJPO2ORU6��OmMYe~SPegO
p \�QmJbOR��\YL6UYq�FKegVPQme�_ JPVPU�\`JP^Nc,U(VjX]\`Xme~MNV SPJlkhJan�SPUoL L \ p U(JPO p \`XmU(VjXZU,\YJbOZ\�l	MNJPO?L6MNVPQmk6�wJPU(VPQRU!JPVPU
SPegcoegVdJaXZe~MYV<SbJWkhJan�SPUTL L \ p U6JPO�QRU(VPQRe~v p UY_}lPJPe~QR�wJPU p U�khJan�SPU�L L \ p U6JPO�SP\YVPQ p U�QRM p U6QRX@��\Ye~v p UY_ L(MYcoc,U
VPMNJbQ�\ p~p MYVPQ p UTyNMNegOilh\YO p \KQmJPe{XZU`qsHKs�U6QRX�vPe~U6V&L(U#�wJPU p s�MNV�MNvPQRU(O[yNU�QmJPO p U6Q fh^NJPORU(Q��aq��mR�\CX�U/X�R�v X _N�wJPe
OmU6lPOmk6QmU6VwXmU(VjX|_�OmU(QRl�U6L6XmegyNU6coU6VjX|_ p s�k/yNM p JbXZegMNV XZU(c,l	MNOmU p~p U�SbU(Q�c,M e U(VbVPU(Q�QRlh\`Xme \ p U(Q?U6X MRMNJPOmVP\ p e J(OmU6Q
QmJbO p U4SPMNco\Ye~VbUzS�s�k6XZJbSPU8SbU(Q�khJan�SPU?L L \ p U(JbO p \`XmU(VjXZU?U6X�QRU(VPQRe~v p UmR�U(V S ��v LIN X/q�WMNJbQ<l	MNJbyYMNVPQ<L(MNVbQRX]\}XZU(O?�wJPU p \�SPe��tk6OmU6VPL(U p \!l p JPQ4e~c,l	MNORXZ\YVjXZU�l	MNJPO p U(Q?coMdSOJ p U(Q�{[�32:F U6X
H(I5F4�P��\ p egU(J�\YJ�L6MNJPOmQFSPU p \�l	k(ORe~MdSPU�U6QRXmegy`\ p U`qGHKs�U6QRX�U��tU6L6XmegyNU6coU6VjX	U�L6U6XmXmU�l	k(OmegMaSbU��wJPU p U
c,k(L|\`VPe~QRcoU�S�s�k6y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYVoU6QRX p UKl p JPQTegcol	MNORXZ\YVjX�lPJPe~QR�wJ�su\ p MNORQ p s�U(VbQmM p U(e pgp U6coU6VwXxU6QRX(U�QmMNV
co\}nae~c�JPc U6X p \�yNk(^Yk6X]\}XZe~MYV�U(Q[X p \,l p JPQ�SPk6yYU p MYlPl�k6UYq I�\,SPe ��k(ORU(VPL6U8co\}nae~co\ p UmRA{[�32:F ��H(I�Fz�P�OX
U(Q[XKStsu\YlblPOmM|nae~co\`XZe{yNU6coU6VwXQu ��� S ��v LIN l	MNJPO p U�khJdn�SPU8L L \ p U6JPO p \`XmU(VjXZU?U6XTu ��� S ��v LIN l�MYJPO p UkhJan!SPU?L L \ p U6JPOCSh\YVPQ p U4QmM p _h\ p MYOmQ2�wJ�s�U pgp U4U(Q[X�S�s�U6VjyaegOmMNV �54 � S ��v LIN U(V�L(U?�wJPe L6MNVPL(U6OmVPU p U�kPJanSPU!L L \ p U(JbO�QmU6VPQmegv p U`q�HTU!Omk6QmJ p X]\`X�U(QRX&Qm\`XZegQR��\YegQZ\YVjX�lPJPe~QR�wJPU p U6Q�SPe ��k(ORU(VPL6U(Q&SPU6QQkhJan�SbU!L L \ p U6JPO
Q(s�k(�wJPe p egvPOmU6VwXCL6MNOmORU(L/XZU(c,U(VjX(q
6�v t-/)�E B10�y vxE�t�<qr%E�@�ru>87�vxE
I U�khJan�SPU4L L \ p U6JPO2QmU6VPQmegv p U`_Pl	U(VPSh\`VwX p s�k/XZk`_PU(Q[X�\Ye~VPQRetl p JPQ2��MNO[X#l�MYJPO p UKcoMdSOJ p U�{[�32GF�q�HTU6XRXZU

SPe��tk6OmU(VbL(UCU(Q[X�U6VF\`L(L(MYOmSo\ yYU(LCL(U p~p U#�dJts�MNV,MNvPQRU(O[yNU�Sh\YVPQ p U6Q XZU6col	k(Om\`XZJPORU(QxOZ\`SPe \`XmegyYU(Qx\YJ&L(MYJPOmQxSPU
L(U/XmXmU8l	k(ORe~MdSPUYq��dJPO p \�fh^NJPORU��dq � R�S X _hMNV�l�U6JbXKORU(co\YOm�wJPU6OC�dJbU p U(Q#XZU6col	k(Om\`XZJPORU(Q�OZ\YSbe \`XmegyNU6Q#VPMdL��
XZJbOmVPU6QKQmMYVwXKk(�wJPe{yY\ p U(VjXmU(Q(_	co\Ye~QC�wJPU p U(QCXZU6col	k(Om\`XZJPORU(Q�OZ\YSbe \`XmegyNU6QWSbe~JPORVPU(Q�SPe �iJ(ORU(VjX p k(^cJ6OmU6coU6VwX(q
HTU pgp U6Q4S�s�{[��2:F QmMNVjX<U(V�U%��U6XTU!l�U6e~VPU�l p JPQ4k p U6yYk(U6Q(q�HTU6XRXZU,l�U/XZegXmU�SPe ��k(ORU(VPL6U&U(QRX<QRJ��,QZ\YVjXZU,l	MNJPO
�wJPUzL6UzQmL L k6cF\�SPUWQmJPO[��\YL(U4^Yk(VOJ6OmUzJPVqkPJan�SbUzL L \ p U(JPO�QmU(VbQme~v p Uzl p JPQTL6MNVPQRk(�wJPU(VjX(_hlPJPe~QR�wJPU4L(U�kPJan
U(Q[X p \YOR^NU(c,U(VjXCSPk6l�U6VPSh\YVjX�SPU p \�XZU6col	k(Om\`XZJbOmU4SPU?QmJbOR��\YL6UYq
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(a) (b)

(c) (d)

�������W�aq � d � �"!$#&%('*)+!$, '/.10324!$5/.1#&#+.w6(.;A�2I>@5C>@0QW1'*5/.;AZ5/.1# >@'*)��zA�>@% f()&# >@,eS1,�.15 
"S1'*) �=%�. 0Q!PR".1,(,�S;A�A*%(5�#+.6(!$0T>@)&,�. 6VUKS1'*%�6(.QD��wHKJMLINPO�[\D�>"O^] � %��-6(.�9��I>@#+.1%(5�# >@'/.1,<'/. ��DgfhO^] � %��:6(.�9��I>@#+.1%(5�A/.1,�A*)&f(#+. �\Dz9PO	] � %��:6(.9��I>@#+.1%(5B6�>@,�A #+. A/!$#\.1'�Dz6IO�'/.1032lS15C>@'*%(5/.;A�5C>$68) >@'*)&�".;A?k
6�v t-/)�E B10�y vxE�t�< )�y @�rgvxE r % v
I U(khJan�SbU#L L \ p U6JPOiSh\YVbQ p U2QRM p U6QRXxOmU p \`XmegyYU(c,U(VjX ��\Yegv p U`_`L6MNcolP\YOmk#\`JanQkhJdn�SPU#L L \ p U(JbO QmU6VPQmegv p U

U6X p \`XZU6VjXZU�lPJPegQm�wJ�s�e p OmU(lbOmk(QRU(VjXZU,QmU6J p U6coU6VjX ����� U 4 ��� SPU�L6U(Q?SPU6OmVPegU(OmQ6_ L(MNc,c,U�VPMNJbQ<l	MNJbyYMNVPQ
p UoyNMNegO�QmJPO p \�fh^NJbOmU��aq���R�LuX/q�{ p QmJPe{X&\YlPlPORM|nbegcF\}XZegyYU(c,U(VjX p U�O e X L coU!SbU(Q�QZ\`e~QmMYVPQ�lPJPegQm�wJ�s�e p U6QRX
SPegOme~^YkzcF\�MRMNOme{X]\YegOmU(c,U(VjX�yNU6OmQ p U4QRM p U(V�k6Xmk?U6X#yNU6OmQ p s�\`XZc,MNQRl L J(ORUzU(V L e{yNU(O6q HTU p \�SPegX(_ p s�\Yc,l p e{XZJPSbU
QZ\`e~QmMYVPVPe~J6OmU2U6QRX�l p JPQ ��\Ye~v p UTl	MNJPO�{[��2:F �wJPUCl�MNJbO�H(I5F4�P��qf�iV&MNvPQRU(O[yY\`VwX p U(Q XZU6col	k(Om\`XZJbOmU(QiSbJ,QRM p
l	MNJPO�{[�32:F U/X(H(I5Fz�P�&�wJPehQRMNVjX�OmU(lbOmk(QRU(VjXZk6U(Q2U6V,fP^NJPOmU��dq �mR�\cX�U6X�R�v X _jVPMNJPQ�\ pgp MNVbQ@yNMYe~OiL(MYcoc,U(VjX
H(I5F4�P�!^Nk6VOJ(ORU8l p JPQ#SPU?L(MYVPSPJPL/XZe~MYV�Sh\`VPQ p U4QmM p q

	W\`lPl�U p MNVbQ2XZMNJbX�S�s�\Yv	MNOmS��wJPU p U6Q#VPegyYU|\YJan!S�s�{[��2:F�U/X�H(I�Fz�P�!VPU?QmMNVjX�lh\YQCk(�wJPe{y`\ p U6VwXmQTR�yNMYe~O
\YVPVbU/naU � X/q � V�VPU&l�U6JbX�SbMNVPL,lh\YQ?L(MNc,lh\YORU(O?SPegOmU(L/XZU6coU6VwX p U(Q?XZU(c,l	k(OZ\}XZJPORU(Q?U(VjXZORUoU p~p U(Q(q	��MNJPQ
\ pgp MNVPQxQRU(J p U(c,U(VjX#OmU6^j\YORSPU(O p UKL6MNc,l�MNO[XZU6coU6VwX�SPUzL6U pgp U(Q�� L6e�ydegQ(U8yde~Q�SPU(Q#L6MNJPL L U6Q#SPU(QTcoMdSOJ p U(Q6q�I5\
QRXmOmJPL/XZJPORUWU6VoXmOmMNegQiL(MNJPL L U(QTSbU�H(I5Fz�P�,l	U(ORcoU/XT\`JoQRM p lPOmM`��MNVPS R�XZORMNe~QRe~J6coU2L6MNJPL L UWSPU�H(I5F4�P�OXiSPU
^j\YORSPU(OWU(V=c,k(c,MNe~ORU p \oL L \ p U6JPOKU6coco\Y^j\YQRe~VPk6U8l	U(VbSh\YVjX p s�k6Xmk�U/X4SPU p \oORU(QRXmegXmJPU(OzU6V L e{yNU(O6q {[�32GF�_
�wJh\YVjX�U p Jbe�_ VPU,Qmegc�J p U&lh\`Q8L6UFl L k6VPMNcmJ(VPUok6XZ\YVjX�SPMYVPVPkF�wJ�s�e p VPU,L|\ p L(J p U&�wJ�s�JbVPUFXZU6col	k(Om\`XZJbOmU
SPU�QRJPOR��\`L(U	R�OmU(lbOmk(QRU(VjXZk6U&QmJPO p \ofh^YJPOmU��aq �N�=R�\cX�lh\YO p U<VPegyYU|\YJ ��X�U6XKJPVPU�XmU(c,l�k6OZ\`XmJPOmU8coM e U(VPVPU
SPU&QmJbOR��\YL6U R�VPegyYU|\YJ a!SPJ�c,MdSOJ p U�X/q I5\�L6MNVPSPJbL6XZegMNV�Sh\YVPQ p U�QRM p U(Q[X�\ p MNORQzlh\YOm\Ycok/XZORk(UYq � V l	U(JbX
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(a) (b)

�������	�aq�� d���.10324S15C>@'*%(5/.;A�6(.;A ,()&�".?>@%���68% A/!$#42l!$%(5�_*a�c�d D�>"O�.1'�i�j\d�a(aMDgfhO���� ����� 0Q!PR".1,(,�S;.;A�A/%(5#+.�6(!$0T>@)&,�.�6VUKS1'*%�6(.rk��p!$%(5�_*a�c�d��8#+.;A�,()&�".?>@%�� ��.1' ��5/.12(5/S;AC.1,='/.1,='��I5/.;A*24.;91'*)&�".10Q.1,='��h# >�'/.1032lS15C>@'*%(5/. 6(.A*%(5 � >$9;.�.1'�# >�'/.1032lS15C>@'*%(5/.B0Q!PR".1,(,�.�6(.BA/%(5 ��>$9;.rk	�p!$%(5�i�j�d7a(a ��#+.�,()&�".?>@% �B.;A*'�# >�9;!$%�9���.�68%�A/!$#I2(5/!�9���.6(.�# >TA*%(5 ��>$9;. ��#+. ,()&�".?>@% ����#+. ,()&�".?>@%�)&,<'/.15*0QS;68) >@5/. .1'�#+.�,()&�".?>@%�
3A*)&0�%(#+.�# > '/.10324S15C>@'*%(5/.�6(.�# >39;!$%�9���.2(5/!���!$,�6(.rk
OmU6cF\`Om�wJPU(O4L6U(l	U(VPSP\YVjX|_5�wJPUY_5c��(c,U�U(V�Omk6QmM p yY\`VwX p s�k6�wJh\`XZegMNV SPU p \!L6MNVPSPJPL/XZegMNV�_�L6MNcoc,U�Sh\`VPQ p U
L|\`Q8SPJ�coMdSOJ p UmH(I5F4�P�	_ p \�XZOmMYe~Qme J(c,U�L(MNJbL L U R�VPegyYU|\YJ ��SPU p \�fh^YJPOmUo�aq��CX4\�XmMNJbX<SPU,c �6coU�JPV
L(U6ORXZ\Ye~V�e~c,lh\YL/X|_@L|\YO&MNV�l	U(JbX,L(MYVPQRXZ\`XZU6O,�wJPU p \ SbU(Janae~J6coU!L6MNJPL L U�SPJ�coMdSOJ p U�QRJPegX&U6V�^Nk6VPk(Om\ p
p s�k6yYM p JaXZe~MYV�c,M e U(VbVPU�SPJ�lPOmU6coegU(OCVPegyYU|\YJt_��wJPe@\oJPVbU8��MNO[XZU?yY\`Ome \}XZe~MYVQMRMYJPOmVh\ p e~J6OmUKR�MYV�VPU8coMNVjXmOmU
QmJbO p \�fh^NJPORU��dq ���wJPU p \�XZU6col	k(Om\`XZJbOmU4VPMdL6XmJPOmVPU`_hLYs�U(Q[XKl	MNJPOR�dJbMNe p U4VPe{yNU(\YJ a�\&JPVPU4XZU6col	k(Om\`XZJbOmU
l p JPQ#k p U6yNk6U8�wJPU p U4VPegyYU|\YJ �zX qOFKegVPQme�_PU(V�k6XmkY_ p \�XmU(c,l�k6OZ\`XmJPOmU4SbU p \�XZORMNe~QRe~J(c,UKL6MNJPL L U<SPUTH(I5F4�P�
k6XZ\YVjXKl p JPQ#��\Yegv p Uz�wJPU8L(U p~p U4SbU(Q�VPegyYU|\YJan�QRJPl	k(OmegU(JPORQ(_�L(U p \&L(MNVjXmOme~vbJPUWU&SPegOme~^YU(O p UjkPJan�SPU<L L \ p U6JPO
yNU6OmQ p U4vh\`Q(q �iV L egyNU6O(_hL`s�U6QRX p s�e~VjyNU6OmQmU`_hU6X p U�kPJan�SPU?L L \ p U(JPOCQRU(OZ\,\YegVPQme�Sbe~Omeg^NkKyYU(OmQ p U L \YJbX|q
&(' � '�� ���. � � � �O.!	�� �����. �3���!	 �3� ��.!���
I MNOmQ,SPU�VPMYXZORU�k6XZJbSPUY_xQmMYVwXF\YlPlP\YOmJPU6QFSPU6QoSbe ��k(OmU6VPL(U6QoU6VjXZOmU p U6Q,c,MdSOJ p U(Q�{[�32:F U6XqH(I5F4�P�

L(MYVPL(U6OmVh\YVjX p s�k6y`\Yl	MYXmOZ\YVPQRlPe~Om\`XZegMNVoXmMYX]\ p UYq�iV�U��tU/X|_hL(MYcoc,U p s�e pgp JPQ[XZORU p \�fh^NJPORU<�aq �W��R�\CX/_ p s�k6y`\Yl	M?�
XZOm\YVPQRlPe~Om\`XZegMNV�XmMYX]\ p U?coM e U(VPVPk6U�QmJbO p s�U(VbQmU(c�v p U<SPJ�SPMYcF\YegVPU?U(Q[Xzl p JPQKegcol	MNORXZ\YVjXZU?Sh\YVbQ H(I5F4�P�
�wJPU�Sh\`VPQW{[�32GF \YJ�L6MNJPORQ�SPU p s�k6XZkoU6X�SPU p su\YJaXZMNc,VPUY_ lP\YORXme~L(J p e~J6OmU6coU6VwX8\YJdn c,MNegQ8S�s�\YM �aX�U/X�SPU
QmU6lbXZU6c�vPORUYq5HTU6l�U6VPSh\YVjX(_tL(U/XmXmU8XZU6VPSh\YVbL(U�Q6s�egVjyNU(ORQmU�QRJPOKL6U(O[X]\YegVPU(Q � MNVPU6Q(_	L(MNc,c,U8VPMYJPQ p U?yYU(OROmMNVPQl p JPQ p MNegV�q
FWfhV�SPU�SPk/XZU6Omc,e~VPU6O p U6QWL(\YJPQRU(QzSPU6QzSPe��tk6OmU(VbL(U(QWMNvPQRU(ORyYk(U6Q(_ VPMNJbQz\|yNMNVbQKlPJ=\|yYMNe~OK\YL(L%J(Q�UoSPU(Q

SPMNVbVPk(U6Q4MNvbXZU6VwJPU(Q=U p su\YegSPU�Sts�JPV=c,MdSOJ p U�L(M p MNVPVbU�SPk/yNU p MNlPl	k�lh\YO�mxyYU(Q?�KU p \Y^YUYq�I U�lbOme~VbL(e~l	U�U6QRX
S�s�U/nak(L6JbXZU6O p U(Q�coMdSOJ p U(QQH(I�Fz�P� U6XN{[��2:F U(V�JbV�QRU(J p k p k6coU6VjX�X L k(MNORe~�wJPU�SPU p \�^NORe pgp U&SPMNVjX&MNV
y`\,l	MNJbyYMNe~O#��\YL6e p U(c,U(VjX#c,MaSPe{fhU(O p U(QCL|\`OZ\YL/XZk(ORe~Q[XZe~�wJPU6Q(q	�z\YVbQ p U<L(\YQ��dJbe�VbMNJPQ�e~VjXZk6OmU(QRQmU`_ p s�k/XZJPSbU�\
l	MNORXmk4QmJPO p s�e~V�khJPU(VbL(U4SPU6Q�L6MNVjXZU6VdJbQWU6V�U(\YJ p e~�wJPegSPUKSbJ�QRM p \YegVPQme��wJPU?QRJPO#L(U p~p U4SbU p \�L(MYcol	MNQme{XZegMNV
SPJ�QmM p Sh\YVPQCSPU6Q�L6MNVPSPe{XZegMNVPQ#U(Q[XZe{yY\ p U(Q=R�e~VPQRM p \}XZe~MYVFU6X khJdn�e~Vb��Om\YOmMYJP^NUzORU(Qml	U(L/XZe{yNU(c,U(VjX�fbnak(Q�U,�����
S ��v LIN U/X��c���mS ��v LIN X/_�\|yNU6L8JPVbU?��Om\YL6Xme~MNV!SbU?yYk(^Nk/X]\`Xme~MNV�fbnak(UTU ��� ��qP@MNJbO�JbVPU<��Om\YL6Xme~MNV�yYM p Jbcoeg�dJbU4S�s�U(\YJ�SPMNVPVPk6UY_�MNV!��\Ye{XC\Ye~VbQme�y`\YOmegU(O p U(QCl	MNJPOmL6U(VjX]\`^NU(Q�SPU?QZ\Yv p U
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U6XWS�s�\YOm^Ye p U4L6MNc,l�MNQm\YVjX p U?QmM p q { p \YlPlh\YOm\?|~X�\ p MNORQ��wJPU`_�l	MNJPOCJPVbU<��Om\YL6Xme~MNV�yNM p JPc,e~�wJPU4U6XWJPV�l�MNJbO,�
L(U6VjX]\Y^NUFS�su\`Om^Ne p U�fbnak(Q6_ p s�k6y`\Yl	MYXmOZ\YVPQRlPe~Om\`XZegMNV=XZMYXZ\ p U�y`\YORe~U,l�U6J�U(V ��MNVbL6XZegMNV SbJ�l�MYJPOmL6U(VjX]\Y^YUFSPU
QZ\`v p U`q4�WMYJPQ�\ yYMNVPQ#SPMYVPLzfbnak?L(U p JPe�� L(eiUN�j� ��qh�KU4l p JPQ(_ p U(Q2ORk(^NegMNVPQ#\`Jana�dJbU p~p U(Q#VPMYJPQC\ p~p MNVPQ�VPMNJPQ
e~VjXmk(OmU6QmQRU(O(_ L`s�U6QRX,��U}� SPe~ORUY_tL6MNc,coU8VPMNJPQ?\ pgp MNVbQ p U<yNMNegOzl p JPQKX]\`OmS�_ p \ � p MNOmegSPU8�wJPe�QmU�SPegQRXZegVP^NJPU�lh\YO
JPVPU!k/y`\Yl�M`XZOZ\`VPQmlPegOZ\`Xme~MNV l p JPQ8��MNORXmU�Sh\YVPQ�{[��2:F:�wJPU�Sh\YVPQmH(I5F4�b��_ U6X p \�lh\YO[XZegU�U(Q[X&SPU(QN� X]\}X �
�WVbe~Q(_�vh\ p e~QRk(U<lh\YO�JPVPU8l p JPQ���MNORXmU8k/y`\Yl�M`XZOZ\`VPQmlPegOZ\`Xme~MNV�Sh\`VPQ H(I5F4�b��_tQRMNVjXzL|\`OZ\YL/XZk(ORe~QRk(U(QWlh\YOWSPU(Q
l	MNJPOmL6U(VjX]\`^NU(QWS�su\`Om^Ne p U4SPU p s�MNOmSPORU?SPU�aN� ��q�HKs�U(Q[Xzl	MNJPOR�dJbMNe5L(U6XRXZU<yY\ p U(JbOWU6QRXWL L MNe~QRe~U<Sh\YVPQ�VPMYXmOmU
k6XmJPSPU`q � V�MYvbXZegU(VjX?\ p MNOmQ p \Ffh^NJbOmU&�aq�� �b_��wJPe OmU6lPOmk6QmU6VwXmU p s�k/yNM p JbXZegMNV�SPU p s�k/y`\Yl�M`XZOZ\`VPQmlPegOZ\`Xme~MNV�U(V
��MNVPL/XZegMNV�SPJ�L(MNVjXZU6VwJ�U(V�U|\`J�SPJ�QmM p _PQRMNJPQ p U6Q�L6MNVPSPe{XZegMNVPQ2k/yNMd�dJbk(U(QWlPOmk6L(k6SPU(c,coU6VjX|q

�������P�dq�� � d�� �"!$#&%('*)+!$,�6(.�# UKS1�r>@2l!$'*5C>@,�A/2()&5C>@'*)+!$, '/!$'C>@#+.B.1, ��!$,�91'*)+!$,-68% 9;!$,='/.1,<%�.1,:.?>@%:68% A/!$#l6�>@,�A�6(.;A9;!$,�68)&'*)+!$,�A .;A*'*)&�r>@#+.;A 24!$%(5�%(, S1#+S10Q.1,<'�6(.T0T>@)&#&#+. 6(!$,<'�#+. A/!$#`A/.15C>@)&'�9;!$,�A*'*)&'*%�ST6(. ����� 6VU >@5 
r)&#+.T.1'�6(.

���� 6(.�AC>@f(#+. D�� HKJMLINPO k
P p JPQRe~U(JbOmQ LCe l�M`X L J6QmU(QCl	U(JbyYU(VjXW\ p MYOmQ �/XZORU4\|yY\`VPL(k6U(QC�wJh\YVjXC\YJanFL|\`JPQmU6Q�SbU(Q#SPe��tk6OmU(VbL(U(QTMNvPQmU6O,�

yNk6U(Q�U(VjXZORUQH(I5Fz�P��U/X�{[�32:F L(MNVbL(U(ORVh\YVjX p s�k6y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYV�q
$&% @iw�Es@�t�rmEs@ Efy t )�t r % v
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6MNVFSbe ��k(OmU6VjXZUKl	MNJPO:H(I5F4�P�FU/X({[�32GF R�MYV�\<ydJ!�wJPU
Sh\YVbQqH(I5F4�b��_ p \�VPU6e~^NU!��MNVPS�l p JPQ&OZ\YlPegSPU(c,U(VjX X/_x\YegVPQme�_�lPJPegQm�wJPU p \=�wJh\YVjXZe{XZk�SPU�VPU(eg^NU!U(Q[XFl	U(J
e~c,l	MNORXZ\YVjXZU&\YJ�coMYe~Q?SPU,cF\Ye�R�yNMYe~O4fh^NJPORU��dq �cX _ p \!Omk6lh\YORXmegXme~MNV SPU p \!L(MYJbyNU6ORXZJbOmUFSbUFVPU6e~^NU&l	MNJPO
p U6Q8SbU(Jan�c,MaSOJ p U6Q<y`\�Q6s�U6V�OmU/XZORMNJbyNU6O�SPe��tk6OmU6VwXmUFk6^j\ p U6coU6VjXqR�L(U p \�U6QRX<yde~Qmegv p U&QRJPO p \�fh^YJPOmUF�aq �	�
R�\cX�X/q�HTU(L6ex\YJPOZ\�JbVPU���MNORXmU�e~VkPJPU(VPL6U&QmJPO p su\ p v�k6SPM�SPU�QRJPOR��\`L(U�R�lbJPe~QR�dJbU p su\ p v	k(SPM�SbU p \�VPU6e~^NU�U6QRX
\YQRQmU � k p U/yNkuX,U6Xolh\YOoL(MNVbQmk(�wJPU6VjX|_ p U�kPJan�QmM p \Ye~ORU�ORk%khk6L L eKlP\YO p \�QRJPOR��\`L(U�QRU(OZ\�l p JbQFk p U6yYk�l	MNJPO{[�32:F7U�L(U/XmXmU8l	k(ORe~MdSPUzSPU p s�\YVPVbk(UYq	�dJPO p \�fh^NJbOmU8�aqu�a_PMNV�OmU6cF\`Om�wJPU<\YJPQRQme �wJPU p \�VPU6e~^NUz��MNVbS�l p JPQ
OZ\`lPe~SPU6coU6VjX2Sh\YVbQ p UzL(\YQ2SPU=H(I5F4�b��\YJan!c,MNegQ�SPUz��k/ydOme~U6O2U6X2cF\YORQ(_aL(U p \�SPe{X|_ p \��wJh\YVjXmegXZkKSPU4VPU(eg^NU
k6XZ\YVjX�ORU p \`XZe{yNU(c,U(VjX?l p JPQ?k p U6yNk6UY_ p \���MNVjXZUo\YJPOm\b_ L(U6ORXmU(Q(_5JPV�e~c,lh\YL/X?QmJPO p s�k(lh\`e~QmQRU(JPO?SPU p \!VPU6e~^NU`_
co\Ye~Q p \FOmk6lh\YO[XZegXme~MNV=SbU�L(U pgp U � L(e@U(V�QmU6OZ\!coMYe~VPQ4\}�tU6L6XZk6UYq�HKs�U(Q[X8l	MNJPOR�wJPMNe�_tMNV V�s�MYvPQmU6ORyNU,lPORU(Qm�wJPU
lh\YQCSPU?SPe��tk6OmU6VPL(U?U(VjXmOmU={[�32:F U6X�H(I5F4�b� U�L(U/XmXZU<k(l	Md�dJbU<l	MNJPO#L6U khJan�q
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I5\�fh^NJbOmU#�dq ����R�S X�ORU(lPORk(QmU6VjXZU p s�k/yNM p JbXZegMNV<XmU(c,l�MYOmU pgp UxSPU6Q@XZU6col	k(Om\`XZJbOmU(Q@OZ\YSbe \`XmegyNU6Q@VbMaL/XZJPORVPU(Q

U6X<SPegJPOmVbU(Q?coM e U(VPVPk6U(Q<QmJPO p s�U6VPQmU6c�v p U&SPJ SPMYcF\YegVPU�l	MNJPO {[�32:F U/XQH(I5Fz�P��q�I U(Q?L(MYJPOmv	U(Q<MNvbXmU��
VwJPU(Q�QmMYVwXWS�s�\ p~p JPOmUWXZO�J6QCQme~c,e p \Ye~ORUYq�HTU(l	U(VbSh\YVjX|_	MNV�VPMYXmU<SbU(Q�SPe ��k(ORU(VPL6U(Q�U(VjXZORU p U(Q#SPU6Jan�coMdSOJ p U(Q6_
lh\YO[XZegL(J p e~J(ORU(c,U(VjXxSh\YVbQ p U�L(\YQ�SPU(QxXZU6col	k(Om\`XZJPORU(Q�VPMdL6XZJbOmVPU6Q(q��xVoU%��U6X(_dMYVoORU(co\YOm�wJPU�JPVFSbk(L|\ p~p \`^NU
U(V�coM e U(VPVPUoSPU p s�MNOmSPORU&S�s�JbV�SPU(^YOmkY_�H(I5F4�b��k6XZ\YVjX�^ p MNvh\ p U(c,U(VjX?l p JPQ<L L \YJPS��dJts�{[�32GF p \�VwJPegX(_
lPORe~VPL6e~lh\ p U(c,U(VjX#U6V�\YJaXZMNc,VPU4U6X�\`J�SPk6vPJbX�SPU p s L e{yNU(O6q

� V�l�U6JbX�\|y`\YVPL6U(O�JPVbU LCe l	MYX L J(QRU!U/nal p eg�wJh\YVjX�L6U(Q�L6MNcol	MNO[XZU(c,U(VjXmQ�SPe��tk6OmU(VjXmQ(q�{ p \�k/XZk�k/yNM?�
�wJPkFlbOmk(L6k(SPU6coc,U(VjX��dJbU p U���\Ye{X8�wJPUqH(I5F4�P��U/XQ{[�32GF V�s�\Ye~U6VjX�lh\`Q p \�c��(c,UoQ[XZORJPL6XmJPOmUoSh\YVPQ p U
QmM p _�e~VkPJPU(VPL6U p U=khJdn�SbU�L L \ p U(JPOWSh\YVPQ p U<QmM p qiHTUTkhJan�U6QRX4^Nk6VPk(Om\ p U6coU6VjXKl p JPQC��\Ye~v p U?Sh\YVPQ p U<L|\YQ
S�s�{[�32:F L|\`OzL(U p JPe � L(e@VPU�lPORU(VPS�lh\YQ4U6V�L6MNc,lbXZU p U�Omk6QmU(O[yNMNegO4S�s�k(VPU6Om^NegU��dJbU,ORU(lPORk(QRU(VjXZU p \FL6MNJPL L U
lPORMY��MNVPSPU`qiHTU6XmXmU�SPe��tk6OmU6VPL(U8U(QRXKlh\YO[XZe~L6J p e J(ORU(c,U(VjXCcF\`Om�wJPk(U p \�VwJPegXWSPJPOm\YVjX p su\YJaXZMNc,VPUY_hL(\YOW\ p MNORQ
p \zSbe ��k(OmU6VPL(U#SbUCXmU(c,l�k6OZ\`XmJPOmUTU(VjXZORU p \zQmJPO[��\YL(UTR�l p JPQ@��OmMNegSPU�X@U/X p U2QRM p lPORMY��MNVPS R�l p JPQ L L \YJPS X U(Q[X p \
l p JPQi^NOZ\`VPSPUY_YL(MNc,coUTMNV&l�U6JbX p s�MNvPQmU6ORyYU(OxQmJPO p \Kfh^NJPORU��aq����:R�v X/qcI5U(kPJan&SPUCL L \ p U(JPOiVbMaL/XZJPORVPU=R�SPJ
QmM p yNU(ORQ p \�QmJPO[��\YL(UuXCk/X]\YVjXW\Ye~VbQme l p JPQCk p U/yNk<Sh\YVPQ p U4L|\YQ�SPUTH(I5F4�P��_ p U(Q#XZU6col	k(Om\`XZJPORU(QCOZ\`SPe \`XmegyYU(Q
\YQRQmMdL(e~k6U(Q�U&L(U?coMdSOJ p UzQRMNVjXWl p JPQCk p U6yYk(U(Q p \�VwJPe{XC�wJPU8SP\YVPQ {[�32:F8q
HTU(l	U(VPSP\YVjX|_CL(U/XmXZU�XmU(VPSP\YVPL(U SPU/ydOZ\Ye{X�Q(s�e~VjyNU6OmQmU6O�\YJ lPOmegVwXmU(c,lPQ!U6X�U6V k6XZk`_2lPJPegQm�wJ�s�\ p MYOmQ(_ p \

L(MYJPL L U�lPORMY��MNVPSbU8SPU/yde~U(VjXKl p JPQC��OmMYe~SPU?�wJPU p U(Q�L(MNJbL L U(QzQRJPl	k(OmegU(JPORU(Q6_�L6U��wJPe�SPU6ydOZ\`egXWQmJPO[XZMNJbX �6XmOmU
XZOm\YSPJPe{X8\YJ VPe{yNU(\YJ SPU6Q8XmU(c,l�k6OZ\`XmJPOmU6Q8Om\YSPe \}XZegyYU(Q?SPegJPOmVPU6Q(q � O(_ L(UoV�s�U(QRX�lh\YQ p U&L|\`Q(_ p U(Q<L(MYJPOmv	U(Q
S�s�{[�32:F�U6X�H(I5Fz�P�?k/X]\YVjX5XZO J(Q5lPORMaL L U6Q5U(V<k6XZk`qz�iV<U��tU/X|_ SPJbOZ\YVjX p U�MRMYJPO(_ p su\`L6XZegMNVzSPJjkhJan4SPUxL L \ p U6JPO
Sh\YVbQ p U�QRM p QmJbO p U(QWXZU(c,l	k(OZ\}XZJPORU(Q4OZ\`SPe \`XmegyYU(QzU6QRX?c,MNe~VPQWe~c,l�MYORX]\`VwXmU��wJPU&L(U p~p U�SPJ=OZ\ e MNVPVPU6coU6VwX
QmM p \YegOmUzU/XWSbU p s�k/y`\Yl�M`XZOZ\`VPQmlPegOZ\`Xme~MNVtq

�WVPUW\YJbXmOmU�U/nal p e~L|\}XZe~MYV�l�U6JbX �/XZORUK\|y`\YVPL6k(UY_wU6VFQmUC��MNVPSP\YVjX�QRJPO p \zXZU6col	k(Om\`XZJPORUCSPU p \zXZOmMYe~Qme J(c,U
L(MYJPL L U&SPUNH(I5F4�b��q5�iV U%��U6X|_ p s�e~VPe{XZe \ p e~Qm\`XZegMYV!SPU p \oXmU(c,l�k6OZ\`XmJPOmU�SbJ�QRM p \`J=QmU(egV SPU(Q4SPe��tk6OmU6VwXmU(Q
L(MYJPL L U(QKSPU�H(I5F4�b��\ok/XZk�ORk|\ p e~QRk(UTUolh\YO[XZegO�SbU�L(U p~p U8SPU p \&L(MNJbL L U�QmJbl�U6ORfhL6e~U pgp U?S�s�{[�32:F8_tL(MYcoc,U
MNVol�U6JbX p U#yNMNegO(_NXZMYJ}MRMNJPORQ�QRJPO p \4fP^NJPOmUK�aq��j�(R�v X/q � O�QRe p s�MYVoU naXmOZ\Yl	M p U p \?XmU(c,l�k6OZ\`XmJPOmUCSPJoVPegyYU|\YJ
�b_PMYV!l�U6JbXCl�U6VPQmU6OC�dJbU<L6U pgp U�� L(e	QmU6OZ\&e~Vb��k6Ome~U6JPOmUK\YJ�coMYe~QTSbU4cF\Ye�a����c��U p \�y`\ p U6JPO2S�s�e~VPe{XZe~\ p egQZ\`Xme~MNV
U(V�co\Ye5a����Caaq{ p U6QRX�SPMNVbL<l	MNQRQme~v p Uz�wJPU p \�XmU(c,l�k6OZ\`XmJPOmU4egVPegXme \ p U�SbJ�XmOmMNegQme~J6coUWVPegyYU|\YJ�SPUTH(I5F4�P�
QmMYegXCXZORMNl�k p U6yYk(U8U6XW�dJtsu\YegVPQme�MNV�VPU8lbOmU(VbVPU�lh\`QKU(V�L(MNc,lbXmU p U��/lh\YQmQRk��8SbU p \�L6MNJPL L U p e~kjU p s L egyYU(O
lPORk(L(k6SPU(VjX(q
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I U(Q2c,MaSJ p U6QTSPUKQmJPO[��\YL(UzQRMNVjX#VPMYXZ\Yc,coU6VwX�SPU6QRXZegVPk(Q(U �6XmOmUzL6MNJPl p k(Q(U�SbU(Q2c,MaSJ p U6QT\}XZc,MNQml L k��
Omeg�wJPU(QiSPU#co\YVPe J(ORU�UzlPOmU6VPSPORU�U6V&L(MNc,lbXZU p s�egVjXZU(Om\YL6Xme~MNV8U/nae~Q[X]\YVjX�U(VjXmOmU p \zQRJPOR��\`L(U#U6X p su\}XZc,MNQml L J(OmU`q�WM`XZOmU<k6XmJPSPU�\F\YegVPQme L6MNVPQmegQRXmkQUoL6MNc,lh\YOmU6OCSPU(Jan�SPU8L(U6QKc,MaSOJ p U6Q(q { p Q(s�\Y^Ne~QRQZ\Ye{XCSPU p \&yYU(ORQme~MYV�SPegQ,�
l	MNVPe~v p UCS�s�{[�32:F�_aQmL L k6cF\�egVPegXme \ p U(c,U(VjXiSPk/yNU p MNlPl	k U�"�k6Xmk(M?� ��Om\YVPL6UY_dlPJPe~QT\YSh\YlaXZkz\`Janov�U6QmMNegVPQTSPJ
H#" HK_�U6X�SPJ�c,MaSJ p U4L(\YVh\YSbe~U(V H(I5F4�b��q
�iV�SPk6lPegX�SPU6Q���MNVbSPU(c,U(VjXZQCX L k(MNORe~�wJPU(Q�e~SbU(VjXZeg�dJbU(Q�QmJPO p U6Qm�wJPU p Q�e p Q#QRU8vP\YQmU6VwX(_ p U(QCL6MNVPL(U6lbXZegMNVPQ

U(c,l p M e k(U6Qzl�MYJPOzSPk/XZU(ORcoegVPU(O p U6QKSPe��tk6OmU(VjXmQzlh\YOm\YcKJ/XZORU(QzL(\YOZ\YL/XZk6Ome~Q[XZeg�dJbU(QzSPU p \oQRJPOR��\`L(U�XmU(OmORU(Q[XZOmU
SPe�� J6OmU(VjX�S�s�JPV�coMdSOJ p U U p s�\YJbXmOmUYq

��s�JPVPU?lh\YO[X|_{[��2:F�coMdSPk p e~QRU p UzQmM p U p s�\Ye~SbUKSPUzSbU(Jan�L6MNJPL L U6Q(_hM8� p U(Q2y`\YORe \Yv p U(Q�QmMNVjXCU6QRXZegcok6U(Q
lh\YO p U4vPe \YegQ2SPU p \�c,k6X L MaSbU 	������	�	
���
	�������
 �Nq�HTU6XRXZU<cok/X L MdSPU4U6QRX���MNVPSPk6U<QRJPO p \�lh\YOm\Yc,k6XZORe~Qm\`XZegMNV
SPU2L6U(O[X]\YegVPQ l L k6VPMNcmJ(VPU6Q XZMNJaXiU(V p e~c,egX]\`VwX p UTVPMNc�vPOmU2SbU2lh\YOm\YcKJ/XZORU(Q JbXme p e~Qmk6Q(q`��s�\YJbXZORU2lh\YO[X|_`Sh\YVPQ
H(I5F4�P�	_ p \oQRXZORJPL6XmJPOmU�SbJ�QmM p lPOmk6QmU6VwXmU�XZOmMYe~QKL6MNJPL L U6Q4U6X p \oORk(QmM p JbXme~MNV�SPU(Q4SPe��tk6OmU6VwXmU(Qzk6�wJh\`XZegMNVPQ
��\Ye{XC\YlPl	U p U�c,MNe~VPQTSPU?lh\YOZ\`cok/XZOmegQZ\`Xme~MNVbQ2�wJPU?Sh\YVPQ p U4L(\YQCS�s�{[�32:F�q
HTU(Q�Sbe ��k(OmU6VPL(U6Q�MNVjX8l�U6Omc,e~Q?SPU,coU6VPU(O p \�lPORk(QmU6VjXZU�k/XZJPSPUo�wJPeT\�U(J l�MNJbO8vPJaX�S�s�MNvPQRU(O[yNU(O p \

QmU6VPQmegvPe p egXmk4SPU(QCy`\YOme~\Yv p U6Q#cok/XZk6MNOmM p MN^Neg�dJbU(QC\YJan�Q[XZORJPL6XmJPOmU6QKSPU6QWc,MaSJ p U6Q#SPU<QmJPO[��\YL(U`qE��MNJPQ�\|yNMNVPQ
U/nb\Yc,e~Vbk p U(QFQRMNORXme~U6QFSPU�coMdSOJ p U(Q,QmJPOoJPVPU�l	k(ORe~MdSPU��dJbeWQ6s�k/XZU(VbS SPJ ����� co\Ye�a����Ca�\YJ ����cF\`OmQa���� �o\YJ�SPU(QRQmJPQKSPJ�L6MNVjXZe~VbU(VjX3��MNOmS FKc,k(OmegL|\YegV�U(V�U naL p JP\YVjX p U6QW^ p \YL6e~U(ORQ(_ p U(Q p \YL6QWU/X p U(Q�MaL6k|\YVbQ(q
I U(Q?Qmegc�J p \`XZegMNVPQzSPU6Q?coMdSOJ p U(Q4MNVjX<k6Xmk&U/nak(L6JbXZk6U(Q�QRU p MYV p U�coMdSPU � � � I5{/���#q�HTU p \�QRe~^NVbegfhU��wJPU
p U8��MNO 
(\Y^NU&\`XmcoMNl L k(ORe~�wJPU�U(Q[X p U�c��(c,U�l	MNJPO p U6Q4SPU(Jdn coMdSOJ p U(QKU6X?�wJPU&L(U6Janf� L(exVPU�l	U(JayNU(VjX8lh\YQ
e~V�khJPU(VbL(U(O p U(Q#y`\YOme~\Yv p U6Q2SPU p s�\`XmcoMNQRl L J6OmUYq
Iis�k/XZJPSPU<SPU6QKSPMNVbVPk(U6QWU6V�QmMYORXZegU4SPU(Q�lPORU(c,e~J(ORU(QCU/nal	k(ORe~U(VbL(U(QK\,l	U(ORcoegQ#SPU<coU/XmXZORU?U(V�k6yde~SPU6VPL(U

SPU6QTU(OROmU6JPOmQ�SPUKL6MaSP\Y^NUYqfI U6Q2\YVh\ p e QmU6Q�U��tU6L6XZJbk(U(QTlh\YO p \?QmJPe{XZU�MNVjXTORk6yYk p k�l p JPQmegU(JPORQ�SPe{yNU6Om^NU6VPL(U6QTSPU
Omk6QmJ p X]\`XmQCSPJPU(Q�\YJdn�L|\YOm\YL6Xmk(ORe~QRXme~�wJPU6Q�lbOmMNlPORU(QCSPU6QWc,MaSJ p U6Q(q

�WMNJbQ&\ yYMNVPQ&\YegVPQme�lPJ�L6MNVPQRXZ\`XZU6O(_ U6V�lPOmU6coegU(O p e~U6J�_�SPU(Q�L6MNcol	MNO[XZU(c,U(VjXmQ�\YQRQmU � SPe��tk6OmU6VwXmQ�U(VL(U?�wJPe L6MNVPL(U6OmVPU p U4ORJPe~QRQmU p~p U6coU6VjX|q{[��2:F���\YegX#U6V�U��tU/X�cF\zMRMYOmegXZ\Ye~ORU(c,U(VjX�OmJPegQmQmU p U6O#l p JPQCS�s�U|\`J��wJPU
H(I5F4�P�	_bQZ\`Jb�5U(V L e{yNU6O(_dM8� p \?��MNVjXZUWSPU p \<VPU(eg^NUW\YJP^Nc,U(VjXZU p U�OmJPegQmQmU p~p U(c,U(VjXTl	MNJPO(H(I5F4�P��ql�Wk(\YV��
c,MNe~VPQ6_ p \��wJh\`VwXmegXmk�SPU&OmJPegQmQmU p~p U(c,U(VjX4S�s�{[�32:F�l�U6JbX �6XmOmU&SPegcoegVdJbk(U�U(V�c,MaSPe{f�\YVjXzJbV�lh\`OZ\YcmJ6XmOmU
SPU���MYOmc,U�Sh\YVbQ p U8QmL L k6cF\�SPU�L|\Ylh\`L(egXmk�S�s�e~Vaf p XmOZ\`Xme~MNV��wJ�s�e p JbXme p e~QmU`qiH(I�Fz�P��_��dJP\YVjXjU p JPe�_�^Nk(VOJ6OmU
JPV�SbOZ\YegVh\Y^NUCl p JPQTegcol	MNORXZ\YVjX|qfHTU p \<QmU(c�v p U �6XZORUKS��gU�JPVPUWl p JbQ�^NOm\YVPSPUWe~Vbf p XZOm\`XZegMNV�SPU p s�U|\YJoSh\YVPQ
p U?QRM p l�MNJbO�L6U8c,MdSOJ p UYqOFWJ�fhVh\ p _ p \,l	U(O[XZU<S�s�U(\YJ p \&l p JPQCL6MNVPQmegSPk(Om\Yv p U<U6QRXWMNvPQRU(ORyYk(U�l	MNJPO {[�32GF�_
L(U��dJbez\?��U(L/XZU(Om\ p U�L(MNVjXmU(VwJ U(V U|\`J�SPJ QmM p l	MNJPOFL6U�c,MaSOJ p U`qG�iV U��tU/X|_TVbMNJPQ�\|yYMNVPQ!L(MYVPQRXZ\`XZk
JPVPU8SPe ��k(ORU(VPL6U�QRe~^NVPe{fhL|\}XZegyYU?U(V�L6U��wJPe�L(MNVPL6U(ORVPU p U6QWL6MNVjXZU6VdJbQzU(V�U(\YJ�SP\YVPQ p U8QRM p _�L6U(Janf� L6e@k/X]\YVjX
l p JPQCe~c,l�MNO[X]\YVjXmQ2Sh\YVPQ�H(I5F4�b��q��Wk|\`coMNegVPQ(_bL(U6XRXZU<SPe ��k(ORU(VPL6U?U(QRXWk(^N\ p U6coU6VwXCU6V�lP\YORXme~U4SPJPU=U&JPVPU
e~VbegXZe~\ p egQZ\`Xme~MNV&SPe��tk6OmU6VwXmU?SPU(Q�SPU(Jdn�coMdSOJ p U(Q6q

�KU=l p JPQ(_ p s�k6yNM p JbXme~MNV�SPU(Q!L6MNVjXZU(VwJPQ�U6V U|\YJ QRM p egSPU�Sh\`VPQ p U�QmM p XZOZ\`SPJPegX p \���\`e~v p U�egVkhJPU6VPL(U
���
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SPU p s�\YL/XZe~MYV�SPJ�^NU p U/X&SPJ�Sbk(^NU p QmJPO p U6Q�lh\YOm\YcKJ/XZORU(Q�SPJ�QmM p U6X,SPU p \�QRJPOR��\YL6U�\YJ�QmU(egV�Sts�{[�32GF�_
p \�lPORMY��MNVPSPU6JPO�SbU p \�L(MYJPL L U�S�s�U|\`J�^NU p k(U,V�s�k6X]\`VwX�lh\YQ8lPOmegQmU,U(V�L6MNcolaXZU,Sh\YVPQ p U,QmL L k6cF\ 	������	�	

��
	�� ����
��Nq
I5\=��MYVwXmU!SPU p \�VbU(e~^YU�\YJ�lPOmegVjXZU(c,lPQ�U6QRX,coMYe~VPQ8OZ\YlPegSPU!Sh\YVbQ p U�L(\YQ&SPJ�coMdSOJ p Ug{[�32GF�q�I U(Q

L|\`JPQmU6QWSPU?L6U6XmXmU<��MYVwXmU?l p JPQ p U(VjXZU?QRU(OZ\`e~U(VjX p egk(U6Q#S�s�JbVPU8lP\YORX(_ U p s�e~VjXZORMaSPJbL6XZegMNV!S�s�U|\YJ p eg�wJPe~SPUKSh\YVPQ
p \�VPU(eg^NU!l�MYJPO p UFcoMdSOJ p Uo��Om\YV 
|\`e~Q(_@�wJPe�_@U(V�^NU p \YVjX�VPU!Q6s�k6L(MNJ p U!lh\YQ�U6V�SbU L MNORQ&SPU p \�co\YQRQmU!SPU
VPU6e~^NU`_	U/XzS�s�\YJbXmOmU8lh\YORX(_�UoJPVPU8QmJPv p e~co\`Xme~MNV�SPU p \&VPU(eg^NU8l p JPQ�e~c,l�MYORX]\`VwXmU?l�MNJbO�{[�32GF�_	�dJbe p \Ye~QRQmU
c,MNe~VPQTS�s�k6VPU(OR^Ne~U?SPegQml	MNVPegv p Uzl	MNJPO p \���MNVjXZU`q
I U(Q5SPe ��k(ORU(VPL6U(Q�MNvPQRU(ORyYk(U6Q(_ U(V<L(Ux�wJPejL(MYVPL(U6OmVPU p U�kPJan?SPUxL L \ p U(JPO SP\YVPQ p UiQRM p _6QmMNVjX�U pgp U(Q5\`JPQmQRe p \

L(MYVPQmk6�dJbU(VPL6U�SbUTXZOm\YegXmU(c,U(VjXZQ@lPOmMNlbOmU(Q�UKL L \Y�wJPU#c,MaSJ p U`q?FWe~VPQRe�_ U(V�Om\Ye~QRMNV�SbU2QZ\zQ[XZOmJbL6XZJbOmU#U(V8XZOmMYe~Q
L(MYJPL L U(Q6_�H(I5Fz�P� c,MdSPk p e~QmU`_5U p s�\Ye~SbU�SPU p s�k(�wJh\`Xme~MNV SPU&L(MYVPSPJPL/XZe~MYV�_ JPVPU,\Yc,l p e{XZJPSbU�QZ\YegQmMNVbVPe~J6OmU
l p JPQ!cF\`Om�wJPk(U �wJPU L(U p~p U=S�s�{[��2:F�_#SPMYVwX p U khJan U6QRX�lh\YOm\Yc,k6XZORkYq�P@\YO�\Ye pgp U6JPOmQ6_�L6U6XmXmU QRXZORJPL6XmJPOmU
lPORMNlPOmUNU	H(I5Fz�P� U nal p eg�dJbU&\YJPQmQRe p U6Q4SPe ��k(ORU(VPL6U(Q?MNvPQRU(O[yNk(U6Q p MNOmQKSPU p s�\YVh\ p e QmU�SPU6QzXZU6col	k(Om\`XZJPORU(Q
OZ\`SPe \`XmegyYU(Q(_ H(I�Fz�P�!k6X]\`VwX�l p JPQCL L \YJPS��wJ�s�{[�32:F p \�VwJPegX(_hSPJPOm\YVjX p s L egyNU6O2U6X p su\YJaXZMNc,VPUYq
P�\YO2\Ye pgp U(JbOmQ(_ p s�k/yY\`l�MYXmOZ\YVbQmlPegOZ\`Xme~MNV,l p JbQ2e~c,l�MYORX]\`VwXmUWSP\YVPQ�H(I5F4�P�FU6QRXClPORMNvh\Yv p U(c,U(VjXTSPJPU?\YJ

l p JPQ�^YOZ\YVPS,L(MYVwXmU(VwJ�S�s�U|\`J�Sh\YVPQ p UCQRM p Qme~c�J p kClh\YOxL6UKc,MaSOJ p U`qj��s�\YJbXZORU(Q Lfe l	MYX L J(QmU6Q2OmU6l�MYQmU(VjXTQmJPO
p U6Q#SPe ��k(ORU(VPL6U(Q�SPU?Omk6Qme~Q[X]\YVbL(U(Q�SPU?QmJbOR��\YL6U<U/XW\Yk(ORMaS e Vh\`coeg�dJbU4U(VjXZORU p U(Q#SPU6Jan�QmL L k6cF\`Q(q
�iVbfhV�_ p U khJanoQmM p \YegOmU#Omk�khk(L L etlh\YO p \?QmJbOR��\YL6UKU(Q[X2QRU(VPQRe~v p U(c,U(VjX p UCc �6coU�Sh\YVPQ p U�L|\`Q�SPU6QTSPU6Jan

c,MaSOJ p U6Q(_Yc,e~Q�Uzlh\YO[X�\YJ�SPk(vbJbXxSPU p \zl	k(ORe~MdSPUTSts�k/XZJPSPU`_jM8�&L(U#SPU6OmVPegU(O U6QRXxl p JPQ ��MNO[Xil�MYJPO p UTcoMdSOJ p U
{[�32:F8q5{ p XZOm\YSPJPe{X4U(V�U%��U6X(_ JPVPU&SPe��tk6OmU(VbL(U�SPU&Omk6lh\YO[XZegXme~MNV�SPU p \�VPU6e~^NU�U6V�l	k(ORe~MdSPU�SPU���MNVjXmUY_ �wJPe
p \`e~QmQRU�\YlPlP\YOZ\?|gXZORU p \�QRJPOR��\YL6U&SPJ QmM p U/X?SPU p \oyYk(^Nk/X]\`Xme~MNV SPU���\�
6MNV l p JPQ4co\YOR�dJbk(U�Sh\YVbQWH(I5Fz�P��_
l	MNJPO p U6�wJPU p p \���MYVwXmU4U(Q[XKl p JPQ#OZ\`lPe~SPU`_PL(U?�wJPe5SPegcoegVdJbUzQmMNV�\ p v�k6SPMPq
{ p OmU6QmQRMNORX�SPMNVbL=U(V lh\YO[XZe~L6J p egU(OoSPU=VPMYXmOmU \YVh\ p e QmU=�wJPU p U(Q!SPe��tk6OmU(VbL(U(Q�MNvbQmU(O[yNk6U(Q U�lbOmMNl	MNQ

SPJ�OmJPegQmQRU p~p U(c,U(VjX4MNVjX?JPVbU,egVkhJPU6VPL(U&QRJPO?SPU&VPMNc�vPORU(Jan�lh\YOm\YcKJ/XZORU(Q4SPU&QmJbOR��\YL6UYq	�WM`X]\Yc,coU6VjX|_te p
U(VjXmOZ\?|~VPU&SPU(Q8SPegyYU(Om^YU(VPL6U(Q�\`J�VPe{yNU(\YJ SPU6Q8L6MNVjXZU6VdJbQ�U(V�U|\YJ�Sh\YVPQ p U&QRM p _ L6Uo�wJPe�\?��U(L/XZU p s�k6y`\Yl	M?�
XZOm\YVPQRlPe~Om\`XZegMNV�_P�wJPe�U pgp U�� c �6coU?\`^NegX�QmJbOWS�s�\YJbXmOmU6Qzlh\YOm\YcKJ/XZORU(Q(q	�KU8l p JbQ(_�e p QRU(c�v p U8�wJPU p U<QmL L k6cF\
	��������	
 ��
	������	
��!QmMNe{XCl�U6J�\YSP\YlbXZk=U p \�c,MdSPk p e~QZ\}XZe~MYV�SPJ�^NU p SP\YVPQ p U4QRM p q�Wk(\YVPc,MNe~VPQ6_|��\YJbXmU�SbU�XmU(c,lPQ(_ VPMNJbQ@V�s�\|yNMNVbQ�lPJ8L(MNVbfPOmc,U(O XZMNJaXZU(Q�VPMNQ LCe l�MYX L J(QRU(Q6qCHTU(l	U(VbSh\YVjX|_
e p QRU(Om\YegXxegVwXmk(ORU(QmQm\YVjX2SPUCy`\ p egSPU(OiL6U(O[X]\YegVPU(QxS�s�U(VjXZORUKU p~p U6QxU(VFc,MdSPegf�\`VwX p U(QxL6MaSPU6QTSPU6Q�c,MdSOJ p U(QiU6X�U(V
U/nak6L(JbXZ\YVjXWU�VbMNJbyNU(\YJ L(U6Janf� L(eiQRJPO p U�SPMNco\Ye~VbU�U6X p \Fl	k(ORe~MdSPU�S�s�k6XmJPSPUYq5HTU�l�MNJbOmOZ\`egXzVbMYX]\Yc,c,U(VjX
�6XmOmU p UWL(\YQ2U6V!L(Uz�wJPe�L(MNVPL6U(ORVPU p U6QTL(\YJPQmU6Q#SPUzSPe��tk6OmU6VPL(U6Q2U(VjXZORU�{[�32:F U6X H(I5Fz�P�F�wJPU4VPMNJPQT\|yNMNVPQ
OmU p egk(U(QC\`Jan�e~VbegXZe~\ p egQZ\`Xme~MNVbQ�SbU(QCSPU(Jdn�coMdSOJ p U(Q6q
�iVbfhV�_ p s�k/XZJPSbU#�dJbU#VPMNJPQi\|yYMNVPQiOmk(\ p egQmk6U#\zJPVPeg�dJbU(c,U(VjXiL(MYVPQmegQRXZk UWL(MNc,lh\YORU(O p UTL(MYcol	MNORXmU(c,U(VjX

SPU6Q�SPU6Jan�coMdSOJ p U(Qj{[�32GF U/X�H(I5F4�b��q�{ p l	MNJPOROZ\Ye{X=U�lPORk(QRU(VjX �6XmOmU,e~VjXZk6OmU6QmQZ\`VwX�SPU,L(MNVb��ORMNVjXZU6O p U(Q
Omk6QmJ p X]\`XmQ#MNvbXmU(VwJPQW\ yYU(L<SPU(QCSPMYVPVPk(U6QWSts�MNvbQmU(O[y`\`XZegMNV�SPe~QRl�MNVbe~v p U(Q2QRJPO p UzSPMYcF\YegVPUzS�s�k6XmJPSPU8\`fhV�SPU
l	MNJbyNMYe~O&L(MNc,lh\YORU(O&MNvsMRU6L6XmegyNU6coU6VjX p U(Q&SPU(Jdn�c,MdSOJ p U(Q(q �WVPU�QmJPe{XZU p MN^Ye~�wJPU!QmU6OZ\Ye{X&k(^j\ p U(c,U(VjX,SPU
c,U(QmJbOmU(O p s�e~c,lh\YL/XxSPUKL6U(QTSbe ��k(OmU6VPL(U6Q2QmJbO p UCc,MaSJ p U�\`XmcoMYQml L k6Omeg�dJbU�R�U6V�c,MaSPU {/� I�{/����X/_wXZOZ\|y`\Ye p
l p JPQ#L(MNc,l p U/naU=U&ORk|\ p e~QRU(O(q
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'=yO<}>Ay 7�vxE�r ( p�)�@�> wz> % @�r *	@�>xw�psr� H2\YlP\YL(e{XZk4L|\ p MNORegfh�wJPUzyYM p JPc,e~�wJPUKSPJ�QRM p �l��� LV� ��v LI�
\ � p Jan!SbU<L L \ p U6JPO p \`XmU(VjXZU S ��v LIN
� � p Jan!SbU<L L \ p U6JPO2yNU6ORXZegL|\ p SP\YVPQ p U4QRM p S ��v LIN
� � � p Jan SPU L L \ p U(JPO Sh\`VPQ p U QmM p U p s�e~VjXZU6OR��\YL6U QRJPOR��\`L(U��

\`XmcoMYQml L J6OmU
S ��v LIN

+ � p Jan!SbU<L L \ p U6JPO#QmU6VPQmegv p U S ��v LIN� � HTMNVbSPJPL6XmegydegXmkzX L U6Omc,e~�wJPU4SPJ�QmM p S ��v LV� ��� LV���} HTMNVbSPJPL6XmegydegXmk LCe SbOZ\YJ p e~�wJPU?SPJ�QmM p v �-, LV�
� \ � p Jan!SbU<L L \ p U6JPO p \`XmU(VjXZU S ��v LIN. r�U(ORcoU4SPU?QRJPL(L6e~MNV v
/ � p Jan�yYU(O[XZe~L(\ p S�s�U|\`J�Sh\`VPQ p U4QmM p ~��p�0, LV� ��v LIN{8} "�\`QmQmU?yNM p JPc,e~�wJPUzSbU p s�U(\YJ ~I����v LI�
]21 	�\ e MNVPVbU(c,U(VjX�VPU6X�U p \�QmJbOR��\YL6U S ��v LIN354 r�U(ORcoU4lPJbegXZQ � �-, LV�376 r�U(ORcoU4lPJbegXZQ v � ��v LI� �0, LV�� r�U(c,l�k6OZ\`XmJPOmU4SbJ�QRM p �
S HTMNVjXmU(VwJ�U6V�U(\YJ�yYM p Jbcoeg�dJbUzSPJ�QmM p v � ��v LI�s lPORMY��MNVPSbU(JPO#L6MNVPQmegSPk(ORk(U v
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� ��� � �hOZ\`L6XZegMNV�SbU2cF\`e p~p Uil�MYJPO p \Y�wJPU pgp U p \WL(\Ylh\YL6egXmkTS�s�e~Vbf p XZOm\`XZegMNV
� U(Q[X,e~Vb��k6Ome~U6JPOmU	U p \�L|\Ylh\`L(egXmk!S�s�e~Vbf p XZOm\`XZegMNV�e~VjXmk(^NORk(U�QmJPOXmMNJbXZU p \�cF\Ye p~p U

� � �hOZ\`L6XZegMNV!SPU?co\Ye pgp U�QZ\`XmJPOmk6U
� L6MaU �oL6e~U6VwX�egVwXmU(O[yNU(VP\YVjXKSh\`VPQ p \���MNORc�J p \}XZe~MYV �
� F p v	k(SPM�XZU6OmORU(QRXmOmU
� � F p v	k(SPM&SPU p \�VbU(e~^YU
	 P@\YOZ\YcmJ6XmOmU,SPU&��MNOmc,U R�k(^N\ p U � Sh\YVPQ p \�lPOmk6QmU6VwXmU�Qmegc�J p \}�Xme~MNV X� � HTMdU �,L(egU(VjX 	 ��MNOmL6UWORU(QRXmMNOmU �oSPk6l�U6VPSh\YVjX#SPU6QTlPORMNlPORe~k6Xmk(Q LCe �

SPORe~�wJPU6Q�SbJ�QRM p q� N HTMdU �,L(egU(VjX 	}��MNORL(U�ORU(QRXmMNOmU ��L|\YOm\YL6Xmk(OmegQZ\YVjX p \oydegXZU6QmQRUKU p \}�
�wJPU p~p U p UilPOmM`f p S�s�U|\YJ<OmU/yde~U(VjX�UCQmMNV?k(�wJPe p egvPOmU`q � N \YJP^Nc,U(VjXZU\|yNU6L p \�L(MNVbSPJPL6XmegydegXmk Lfe SPOm\YJ p e~�wJPUYq� � HTMdU �,L(egU(VjX2l	MNJPO p U�SbOZ\YegVh\Y^NUClh\YO�^NOm\ yde{XZkCSPk(l	U(VbSh\YVjX2SPU p \
XmU/ndXZJPORUWSbJ,QRM p q { p L|\YOm\YL6Xmk(OmegQmU p \Kyde{XZU(QRQmU�U p \Y�wJPU p~p U p U#lPORMYf p
S�s�U|\`J � N U(Q[XWOm\YlPl	U p kzyNU(ORQ p \�L|\Ylh\`L(egXmk?\YJ�L L \Yc,l

�
�
	 q��� HTMdU �,L(egU(VjX�SPk(L L \YVP^NU<U(VjXZORU p \�QmJPO[��\YL(U?U/X p su\}XZc,MNQml L J(OmU

�� ��MNVbL6XZegMNV�SPU?QRXZ\YvPe p egXmkKQRXZ\`XZeg�wJPU<\YQmQRMaL6e~k(U<\YJ!yYU(VjX
 � ��MNVbL6XZegMNV=SPU�Q[X]\YvPe p e{XZk�Q[X]\`Xme~�wJPU&\YQRQmMdL(egk(UNU p \oXmU(c,l�k6OZ\`XmJPOmU

U/X�U p s L JPc,e~SPe{XZk� � ��� P�MNJPOmL6U(VjX]\`^NU8Stsu\YOR^Ne p UzL(MYVwXmU(VwJ�SP\YVPQ p U4QRM p� 4 HTMdU �,L(egU(VjXzX L U(ORcoeg�dJbU�SPU8QmJPO[��\YL(U�lbOmU(VP\YVjX4U(V�L6MNc,lbXZU p U(Q
U��tU/XZQ�SPJ�QmM p VwJ�_�SPU p \�yYk(^Nk/X]\`Xme~MNV�U/XWSbU p \�VPU(eg^NU

� ��v N �+� LV�
� � PiOmM`��MNVPSPU6JPOCSPJ�ORk(QRU(ORyYMNe~OCQRJPl�U6ORfhL6e~U p v
� N PiOmM`��MNVPSPU6JPOCSPJ�ORk(QRU(ORyYMNe~OClPORMY��MNVPS v
� ��Om\YL6Xme~MNV�SPJ���U6JPe pgp \Y^NU�OmU6L(MNJbyYU(O[XZU�lh\YO p s�U|\`J��dJts�e p e~VjXZU6OmL6U(lbXmU
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\ � y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYV�XZMYXZ\ p U ~I����v LIN �0, LV�
\ t � y`\Yl	MNOZ\`Xme~MNV	U p \&QRJPOR��\`L(U?S�s�JPV�QRM p VwJ ~I����v LIN �0, LV�Y �ic,e~QmQRegydegXmk
\ �

� y`\Yl	MNOZ\`Xme~MNV SPegOmU6L6XZU,SPU p s�U|\YJ�e~VjXZU6OmL6U(lbXmk(UFlP\YO p \�yYk(^Nk/X]\}�
Xme~MNV

~I����v LIN �0, LV�
\ � �aJbv p egcF\`Xme~MNVoSPU p \�VPU6e~^NU ~I����v LIN �0, LV�
\ � � r�OZ\YVbQmlPegOZ\`Xme~MNV!SPU p \�yYk(^Nk/X]\`Xme~MNV ~I����v LIN �0, LV�
\�� � y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYV!SPU p \�yNk(^Yk6X]\}XZe~MYV�q��ae \� U6QRXWl�MYQmegXmegyYUY_U p~p UiegVPL p JbX p s�k/yY\`l�MNOm\`XZegMNV4SPegOmU(L/XZU \ �

U6X p \2XZOm\YVPQRlPe~Om\`XZegMNV \ � �SPU p \<yYk(^Nk/X]\`Xme~MNVtqP�z\YVbQ2L(U4L(\YQ(_aQme p s�MYV�L(MNVbQme~SJ(OmUKJPVPUK��Om\YL��
Xme~MNV,SPUC��U(JPe p~p \`^NU � L(MNc,c,U�k/X]\YVjX p \?l�MYORXZegMNV&SPUCyNk(^Yk6X]\}XZe~MYV
ORU(L(MYJbyNU6ORXZUFlh\YO<JPVPUofPVPUok6lh\YegQmQmU6JPO�Sts�U(\YJ�_@\ p MNORQ?JPVPUFlP\YO,�
Xme~U � SbU p s�U(\YJ�OmU6L(MNJbydOm\YVjX p UK��U(Jbe p~p \Y^NU�yY\�k/yY\`l�MNORU(O6_bX]\YVbSPe~Q
�wJPU p \�lh\`ORXZegUzOmU6QRXZ\YVjXZU<SPJ!��U(JPe p~p \`^NU � � u � � y`\�XZOm\YVPQmlbe~OmU6O(q�ae \�� U6QRX<VPk6^j\`XZe{yNU`_ U p~p U�L(MYOmOmU6Qml	MNVPS�\YJ khJan SbU,ORMNQmk6U R�U6X
\ � ��� � X/q

~I����v LIN �0, LV�

npo<qrqrs@t � p Jan!SbU<L6MNVP^Nk p \`Xme~MNV!SbU p s�U(\YJ�SPJ�QmM p ~I����v LIN �0, LV�npo�qrqrs � � p Jan!SbU<L6MNVP^Nk p \`Xme~MNV!SbU p s�U(\YJ�L(MNVjXmU(VwJPU<Sh\YVPQ p \�VPU6e~^NU ~I����v LIN �0, LV�
�^} � p JanFSPUK��JPQRe~MNV!SPU p \�^ p \YL(UKMNJ!SPUzL6MNVP^Nk p \`Xme~MNV�SbU p s�U|\YJ!SbJ

QRM p
~I����v LIN �0, LV�

+ � p Jan!SbU<L L \ p U6JPOCQmU(VbQme~v p U4SPU p s�\`XmcoMNQRl L J6OmU S ��v LIN
�
�

HTMdU �,L(egU(VjX�SPU=VK\ p QRXmU|\YS
� H2\YlP\YL(e{XZk4S�s�e~Vbf p XZOm\`XZegMNV ~I����v LIN �0, LV�
� � H2\YlP\YL(e{XZk4S�s�e~Vbf p XZOm\`XZegMNV�l	MNJPOCJPVPU?�wJh\YVjXmegXZk?S�s�U|\`J S � ~I����v LIN �0, LV�
� � H2\YlP\YL(e{XZk4S�s�e~Vbf p XZOm\`XZegMNV�co\}nae~co\ p U ~I����v LIN �0, LV�
� HTMNVbQRX]\`VwXmU8SbU��?\YORcF\`V
� I MNVP^YJPU(JPOCSPU8"�MYVPe~V�� � vPJ�� L M y v

� ��� { VPSbe~L(U���M p e \YegOmUFMYJ�SPU6VPQme{XZk!yNU6ORXme~L|\ p U�SPU�yNk(^Yk6X]\}XZe~MYV�_iLYs�U(Q[X
p \&QRJPOR��\`L(U�SbU<��U6JPe pgp Uzlh\`O�JbVPegXmk<SbU8QRJPOR��\YL6U8SbU8QRM p q � p~p U?U(QRX
SPk6SPJPe{XZU�SPU p \FL p \YQmQRegfhL(\`XZegMNV�SPUNV�U(VPSbU(OmQRMNV�� �aU pgp U(ORQNR � �����cX
QRJPegy`\YVjX p UKX e l	U8SbU?yYk(^Nk/X]\`Xme~MNV�SPMYcoegVh\YVjX|q

v v

��� H L \ p U(JbO p \`XZU6VjXZU4SPU4��JPQRe~MNV �h�Y~�� LV�
� � H L \ p U(JbO p \`XZU6VjXZU4SPU?L(MYVPSPU(VbQZ\`Xme~MNV �h�Y~�� LV�vwqrx�y*t � p Jan!SbU?��JbQme~MYV�SbU p s�U(\YJ�^NU p k(U4SPJ�QmM p ~I����v LIN �0, LV�vwqrxzy � � p Jan!SbU?��MYVwXmU?SPU p \�VPU6e~^NU ~I����v LIN �0, LV�
� � � p Jan!SbU?��MYVwXmU?SPU p \�VPU6e~^NU ~I����v LIN �0, LV�Z PiOmk6L(eglPegXZ\`XZegMNVPQ ~I����v LIN �0, LV�Z � PiOmk6L(eglPegXZ\`XZegMNVPQ2VPU6e~^NU6JPQmU6Q ~I����v LIN �0, LV�
� � 1 t PiOmMYl�MNO[XZegMNV!SPU?QmM p VwJ�L(MNJayNU(O[XZU<lh\YO p \�VbU(e~^YU
� � 1 � PiOmMYl�MNO[XZegMNV!SPU4yNU6^NU6XZ\`XZegMNV�L6MNJbyYU(ORXmU8lP\YO p \�VPU6e~^NU
��� L JPc,e~SPe{XZkzQRl�k6L(e{fh�wJPU8SbU p su\`e~O(U p \ L \YJbXZU6JPOCSPU?Omk/��k(OmU6VPL(U ~��p��~I� LV�
� � � � L JPc,e~SPe{XZkzQRl�k6L(e{fh�wJPUWU�Qm\`XZJPOm\`XZegMNV ~��p��~I� LV�

����% � � 
��������
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]��

	�\ e MNVPVbU(c,U(VjXKegVb��OZ\`OmMNJP^YU4\`XZc,MNQRl L k(ORe~�wJPU ~��p��v LIN
] � 	Ck(QRe~QRXZ\YVPL6U8\`k(OmMdS e Vh\Yc,e~�wJPU?\`J�� SPU6QmQRJPQWSbU p \�QmJPO[��\YL(U ,(��v LV�
] t 	�\ e MNVPVbU(c,U(VjXKQRM p \`e~OmUKSPe~ORU(L6X ~��p��v LIN{ � "�\`QmQmU?yNM p JPc,e~�wJPU4SPU p su\YegO ~��p��v LI�{ � �KU6VPQme{XZk?OmU p \`XmegyYU4SPU p \�VPU(eg^NU{8} "�\`QmQmU?yNM p JPc,e~�wJPU4SPU p s�U(\YJ p e~�wJPegSPU ~��p��v LI�
]�N 	CJPe~QRQmU p~p U6coU6VjX#SPJ�Omk(QRU(O[yNMNegO�lbOmMY��MNVbS ~I����v LIN �0, LV�
]21 	�\ e MNVPVbU(c,U(VjX VbU6X U p \�QmJbOR��\YL6U � ] 1 � ]

t � � u � ���Y � ]��
u��p� � � � q�{ p L(MYOmOmU6Qml	MNVPS�U p \�QmMNc,c,UKSPU p \�lh\YO[XZe~UK\Yv��QRMNOmv	k(UoSPJ�OZ\ e MNVPVPU6coU6VwX�QmM p \Ye~ORU,Sbe~OmU6L6X ] t R � OmU6lPOmk6QmU6VwXmU

p su\ p v�k6SPM XZU(OROmU6QRXZORU�XoU/X!SPU p \�lP\YORXme~U�SPJ�OZ\ e MNVPVPU6coU6VwX�e~V��
��Om\YOmMNJb^NU�\}XZc,MNQml L k(Omeg�wJPU�ORU 
(JbU Y ]��

R Y U(QRX p s�k(c,e~QmQRegydegXmk�X _c,MNe~VbQ p U=OZ\ e MNVPVPU6coU6VwX�e~Va��OZ\YORMNJP^NU�XmU p~p JPOmeg�wJPU Y �E� � � R�M��
�
� ��� ��� � �u� L
	 S ��v LIN ��� L�� U(Q[X p \ L(MYVPQRXZ\YVjXZU�SPU��dXZU/��U(V��2TM p X � cF\`V X/q

S ��v LIN

] ���� �
�
� � ���� �

	CJPe~QRQmU p~p U6coU6VjX#SPJ�Omk(QRU(O[yNMNegO�L6MNVPQRe~SPk6Omk ~I����v LIN �0, LV�
] � 	Ck(QRe~QRXZ\YVPL6U<SbU<QRJPOR��\`L(U ,(��v LV�
] � � � 1 	Ck(QRe~QRXZ\YVPL6U<SbU<QRJPOR��\`L(U<coegVPe~co\ p U ,(��v LV�
] � 1 � } 	CJPe~QRQmU p~p U6coU6VjX#S�s�U|\YJ�S���U p \���MNVjXZU?SPU p \�VPU6e~^NU ~I����v LIN �0, LV�
] ��� � � 	CJPe~QRQmU p~p U6coU6VjX#SPU?QmJPO[��\YL(U ~I����v LIN �0, LV�
] � �

t 	CJPe~QRQmU p~p U6coU6VjX SPU p s�U(\YJ�egVwXmU(ORL(U(laXZk(UTlh\YO p \WL|\`VPMNl	k(UYqCHTU p Jbe��
L6eFQmU lbOmMdSPJPegX p MYOmQm�wJPU S

�
\}XmXZU6e~VjX�JbVPU�y`\ p U6JPO L6OmegXme~�wJPU

S
�
� ��� XZU p~p Ui�wJPUGS

�
� ���

� �
� 4�� q@� � � � _|M8� � � � R I U(\`�FWOmU(\{ VPSbU/nOXCU6QRX p s�e~VbSPe~L6UK��M p e~\Ye~ORUQR v v�X/q

~I����v LIN �0, LV�

� HTMNVbQRX]\`VwXmU?SPUzXZU6colPQ#k6^j\ p U U �GMRMNJPO6_PQmMNe{X ����������QmU6L(MNVbSPU(Q6q ,� N r�U(c,l�k6OZ\`XmJPOmU?c,M e U(VbVPU?SPU8QRJPOR��\`L(U ���� r�U(c,l�k6OZ\`XmJPOmU?SPU?QRJPOR��\YL6U �
� � ydegXmU(QRQmU<SPJ�yYU(VjX�U p \ L \YJbXmU(JPO�s � v �-, LV�
�
q@� �hOZ\`L6XZegMNV!SPJ�L(MNJayNU(O[XWyYk(^Nk/X]\ p� V�JPcoegSPegXmkKyNM p JPc,e~�wJPUz�wJPU p L6MNVP�wJPU<SPJ�QRM p v � ��v LI�S � �zJh\YVjXmegXZk4Sts�U(\YJ�\`OmvPe{XZOZ\`e~OmU ~��p��v LIN�
N V�JPcoegSPegXmkKyNM p JPc,e~�wJPUzSbJ�ORk(QmU6ORyYMNe~OClPORMY��MNVPS v � ��v LI�S 	 �zJh\YVjXmegXZk8S�s�U|\YJ co\}nae~co\ p U?SPJ=ORk(QmU6ORyYMNe~OzlbOmMY��MNVbS�R UFQm\`XZJ��

Om\`XZegMNV X
~��p��v LIN

S � �zJh\YVjXmegXZkzXmMYX]\ p UzS�s�U|\`J�^NU p k(U4SP\YVPQ p U4QRM p ~��p��v LINS � � 1 ���������� � � ���� �!�� �zJh\YVjXmegXZk4Sts�U(\YJ�XmMYX]\ p U?\`XRXZU(eg^NVh\YVjX#JbV�ORk(QmU6ORyYMNe~O ~��p��v LIN�
�
	 V�JPcoegSPegXmkKyNM p JPc,e~�wJPU U p \�L(\Ylh\YL6egXmk?\YJ�L L \Ycol v � ��v LI�� t V�JPcoegSPegXmkKyNM p JPc,e~�wJPUzSbJ�ORk(QmU6ORyYMNe~OCQmJbl�U6ORfhL6e~U p v � ��v LI�� t
��"

V�JPcoegSPegXmk�yYM p JPc,e~�wJPUTSPJ&Omk(QRU(O[yNMNegO�QRJPl	U(ORfPL(e~U p U p s�k(�wJPe p e~vbOmU v � ��v LI�S$# �zJh\YVjXmegXZk4Sts�U(\YJ p e~�wJPegSPUzL(MYVwXmU(VwJPU8Sh\YVPQ p \�VbU(e~^YU ~��p��v LINS � ��� ����%� � � ���� �!&� �zJh\YVjXmegXZkKS�s�U(\YJ�cF\ nbegcF\ p UCl�MYJby`\YVjX �6XmOmU?\YQRQme~c,e p k(U�lh\YO2JbV
ORk(QmU6ORyYMNe~O

~��p��v LIN
����% � � 
��������



��
�
���� ��� ���5�C
�����
T����
��������0���(����
 �(�������C
h���
Q������� �  � � ����� ����� ���	����� �C

�:�4���
'=yO<}>Ay 7�vxE�r ( p�)�@�> wz> % @�r *	@�>xw�psr
S
�

�zJh\YVjXmegXZk4Sts�U(\YJ p e~�wJPegSPUzOmU/XZU6VdJbU8lh\`O p Uz��U(JPe p~p \Y^NU ~��p��v LINS
�
� � � �zJh\YVjXmegXZkFS�s�U(\YJ p eg�wJPe~SPUocF\ nbegcF\ p U&l�MYJby`\YVjX �6XmOmU!OmU/XZU6VdJbU

lh\`O p Uz��U(Jbe p~p \Y^NU
~��p��v LIN

S � "�\`QmQmU<SPU?VPU6e~^NU4lh\`O�JbVPegXmk4SPU?QmJPO[��\YL(U ~��p��v LIN� � � � V�JPcoegSPegXmkKyNM p JPc,e~�wJPU U&QZ\}XZJPOm\`XZegMNV v � ��v LI�s � VW\YJbXZU6JPOCSPU?Omk/��k(OmU6VPL(U vs�� p MNVP^NJPU6JPO#SPU?OmJb^NMNQme{XZk4l	MNJPO p UzyNU(VjX vs�� � p MNVP^NJPU6JPO#SPU?OmJb^NMNQme{XZk4l	MNJPO p \�XmU(c,l�k6OZ\`XmJPOmU v
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� HTMdU �,L(egU(VjX�e~VjXZU6ORyYU(Vh\YVjXWSh\YVPQ p \���MNOmc�J p \`Xme~MNV ��
�

H2\YlP\YL(e{XZkzX L U(Omc,e~�wJPUzyYM p Jbcoeg�dJbU4SPU p \�L(MYJPL L U � �l��� LV� ��v LI�� � HTMdU �,L(egU(VjX�SPU4XZOm\YVPQmc,e~QRQmegMNV!SPJ�OZ\ e MNVbVPU(c,U(VjXWQmM p \Ye~ORU
�� ��MNVbL6XZegMNV!SPU?QRXZ\YvPe p egXmkzQRXZ\`XZeg�wJPU?\YQmQRMaL6e~k6U8\`J�yYU(VjX
 � ��MNVbL6XZegMNV=SPU�Q[X]\YvPe p e{XZk�Q[X]\`Xme~�wJPU&\YQRQmMdL(egk(UNU p \FXmU(c,l�k6OZ\`XmJPOmU

U/X�U p s L JPc,e~SPe{XZk
� �hOZ\`L6XZegMNV!SPU4��U(Jbe p~p \Y^NUWOmU(L6MNJbyYU(ORXmU8Sts�U(\YJ�MYJ�SPU?VPU6e~^NU
` s � �ilh\YegQmQRU(JPOCSPU p \�L6MNJPL L U � v
` y P@\YQCSPU4XZU(c,lPQ ,
\ � y`\Yl	MNOZ\`Xme~MNV�\`J�� SPU6QmQRJPQWSbJ�QRM p VwJ S ��v LIN
\ t � y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYVFXZMYXZ\ p S ��v LIN
\ �

� y`\Yl	MNOZ\`Xme~MNV SPegOmU6L6XZU,SPU p s�U|\YJ�e~VjXZU6OmL6U(lbXmk(UFlP\YO p \�yYk(^Nk/X]\}�
Xme~MNV

~��p��v LIN �0, LV�
\ � �aJbv p egcF\`Xme~MNVoSPU p \�VPU6e~^NU ~��p��v LIN �0, LV�
\ � � r�OZ\YVbQmlPegOZ\`Xme~MNV!SPU p \�yNk(^Yk6X]\}XZe~MYV ~��p��v LIN �0, LV�
\�� � y`\Yl	MYXZOm\YVPQmlbe~OZ\}XZe~MYV�SPU p \�yNk6^Nk6XZ\`XZegMNV ~��p��v LIN �0, LV�
� � p Jan!Sts�U(\YJ p e~�wJPegSPUzSPegOme~^YkKyNU6OmQ p U4vh\YQ v �-, LV�
� � p Jan!SbU<L L \ p U6JPO#SPe~ORe~^NkWyNU(ORQ p U4vh\YQ S ��v LIN
� � � � � p Jan!SbU<L L \ p U6JPO#Sh\YVPQ p U4QmM p U p \�QRJPOR��\YL6U S ��v LIN+ VW\YJbXZU6JPOCSPU p \�L6MNJPL L U<S�s�U|\YJ�L(MYVPQmegSPk(ORk(U p MNORQ2SPJ�L|\ p L(J p SbU

p s�egVbf p XmOZ\`Xme~MNV
v

� XZ\YJan�S�s�e~Vaf p XmOZ\`Xme~MNV v �-, LV�
� HTMNVbQRX]\`VwXmU8SbU��?\YORcF\`V~ HTMNVbSPJPL6XmegydegXmk LCe SbOZ\YJ p e~�wJPU v �-, LV���� 	�\ e MNVPVbU(c,U(VjX?VPU6X?S ��\`Jan=L6MNJPORXmU(Q p MNVP^NJPU6JPOmQKS�s�MYVPSPU&\Yv��

QRMNOmv	k=U p \�QmJPO[��\YL(U
S ��v LIN

����% ��� 
��������
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� HTMNVbSPJPL6XmegydegXmkzX L U6Omc,e~�wJPU S ��v LV� ��� LV�
� � 	�\ e MNVPVbU(c,U(VjXKVbU6XWS���\YJdn�^NOZ\`VPSPU(Q p MYVP^NJPU6JPOmQCS�s�MNVPSPU8\Yv��

QRMNOmv	k=U p \�QmJPO[��\YL(U
S ��v LIN

� ��� { VPSbe~L(U4��M p e \YegOmU�MNJ�SPU(VbQmegXmk4yNU(O[XZegL|\ p U<SbU?yYk(^Nk/X]\`Xme~MNV
. �aJbL(L(egMNV�SPU p s�U|\YJ�L6MNVjXZU(VwJPU8Sh\YVPQ p U4QmM p v
. � �aJbL(L(egMNV�\YJ�VPegyYU|\YJ�SPJ!��OmMNVjX�S�s LCe SbOZ\`XZ\`XZegMNV v
/�� � p Jan!SbU<L L \ p U6JPO p \`XmU(VjXZU S ��v LIN/ � � p Jan!SbU<L L \ p U6JPO#QmU6VPQmegv p U S ��v LIN
��� V�JPcoegSPegXmkKQRl�k6L(egfP�dJbU8SPU p su\YegO�U p \ L \`JbXZU6JPO�s � ~��p��~I� LV�

� � � � � � � V�JPcoegSPegXmkKQRl�k6L(egfP�dJbUWU&QZ\`XmJPOZ\}XZe~MYV	U p \�XZU(c,l	k(OZ\}XZJPORU � ~��p��~I� LV�{ � "�\`QmQmU?yNM p JPc,e~�wJPUzSbU p su\`e~O ~I����v LIN
] ��� t 	Ck(QRe~QRXZ\YVPL6U8\`k(OmMdS e Vh\Yc,e~�wJPU?\`J�� SPU6QmQRJPQWSbJ�QRM p VwJ ,8��v LV�
] ��� � 	Ck(QRe~QRXZ\YVPL6U8\`k(OmMdS e Vh\Yc,e~�wJPU?\`J�� SPU6QmQRJPQWSbU p \�VPU(eg^NU ,8��v LV�
] ��� � 	Ck(QRe~QRXZ\YVPL6U8\`k(OmMdS e Vh\Yc,e~�wJPU?\`J�� SPU6QmQRJPQWSbU p \�yNk6^Nk6XZ\`XZegMNV ,8��v LV�
] ��� � 	Ck(QRe~QRXZ\YVPL6Uz\Yk6OmMdS e Vh\Yc,e~�wJPUW\YJ�� SbU(QmQRJPQ2SPJoX e l	UKSbUKQmJbOR��\YL6U

�
,8��v LV�

] � 	Ck(QRe~QRXZ\YVPL6U<SbU<QRJPOR��\`L(U ,8��v LV�
] � � � � 1 	Ck(QRe~QRXZ\YVPL6U<SbU<QRJPOR��\`L(U?coegVPe~co\ p U ,8��v LV�
� � �hOZ\`L6XZegMNV!SPU p \�QRJPOR��\`L(U<OmU(L6MNJbyYU(ORXmU8SbU<VbU(e~^YU
�
�

�hOZ\`L6XZegMNV!SPU p \�QRJPOR��\`L(U<OmU(L6MNJbyYU(ORXmU8SbU?yYk(^Nk/X]\`Xme~MNV
3
�

r�U(ORcoU4SPU?L6MNOmORU(L6Xme~MNV�l	MNJPO p \�L6MNJPL L U � �
3 ��� � r�U(ORcoU4SPU?L6MNOmORU(L6Xme~MNV�l	MNJPO p \�L6MNJPL L U � v � ��v LI���
�

r�U(c,l�k6OZ\`XmJPOmU4c,M e U6VPVPU<SPU p \�L(MNJbL L U � ��pt r�U(c,l�k6OZ\`XmJPOmUjU p \�QRJPOR��\`L(U?SPJ�QmM p VwJ �
�y
	 { VPQ[X]\YVjX�M8� p UxX]\`Jan8S�s�egVbf p XZOZ\}XZe~MYV<SbU6yde~U6VwX�e~Vb��k6OmegU(JPO@\YJ�XZ\YJan

SPU?lPORk(L6e~lPe{X]\`Xme~MNVPQ
,

� � r�U(c,l�k6OZ\`XmJPOmUjU p \�QRJPOR��\`L(U?SPU p \�VPU6e~^NU ��
�

r�U(c,l�k6OZ\`XmJPOmU4SbJ���U6JPe pgp \Y^NU �
�� � � � HTMNVjXmU(VwJ�c,M e U(V�U(V�U|\`J�QRM p egSPUzSPU p \�L6MNJPL L U � v � ��v LI��� ��� �
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