
���������	��
�������������������������� ���������"!#�$���&% �#'

�(�����)!*�+���$,-� .�!/���	0/�1���"�2!��	� 03�)�����4�1�5�	�$�)%6��7���)%(�������8�����

9;:=<?>@:?ABDCEB�FGB�HJI?KML : L@N#OPCMKEQRKMB�HGS : I@B�HJT�B�HJKMB

9(U F UWVWXGY#Z�[?\ L?KMQ�B�HJ]^KM_?`B NRB(a�H^b�QcB�L@deB [
fhg�ikjcg(Y�: H^]^BDKECMCMB [ml H : L@deB U

O U S U VnZ L?]J_^KM_^op_ l H : Lrqd : KM];NRo�as`B�_^HJb�CMB [
t a g?f�fc[?u�vcj�w�x�9 o?B�KMC Y�: CMy : KM]Jb�L [�l H : L@deB U

z({-|e}e~�����} �����P�����e���e���G���e���������c�����������"�r�e�h���R���������h�#�R�������e����=���?�����e�����k���������h�����c�������J���e���e�	���h�+���e�h���^�"� �e¡��k�D�����)�c�e¢
£$�(�J���������������e¡��k�D�����)� ��� �G�=���?�������h��¤¥�e�h���)�e�e���E�h����¦��R�;���c�s�����^�������c�����J¤¥��¦��R�e���?�D���E���e�)�c�����e���¦������e�§�������m�k�$�e�)�c�������e���e��)� ���
�h�k�e�¨�k�h���c���e�����e�G©ª�D�	« ¬$�®?�������c¯��(�����E�D��¯h���E�D�����e���1�°�h�$�������������e���e����±��������h�²�D�³©´¢´£µ�°�h���G�R�D�����G�R�������(�h�����c�������J���e���
¶¥·m¸G¹ �D������º)���J��¯)�����e�cº �k���������)�D�������(���J���e��� ¶ � ·m¸G¹ �����������e���e�����e���"���)�c¯��������¨������¯h���h���e�������"�"�+�������c���������h�����)�¨�����
���e���?¢r»¼�h������^���e���e�+�D���G���h���k�D���e� ��������$���������D������¯���D�����e�
½ ����� �c�����	�=���?�������h�(�)�R�e�^�D���)�e®h���)�m�	�=���^�;���c��� ·m¸ ���J���e�����¾�"¦G�k�����e�e���D� �¼�k�=�����	�J���e���e���-���J���e���r�³�����;���^�D��������±�������������c�s���c���e�������"� �������e¯)�^�D�����h�?®@�D�����P�����?�������h��¤����h���h�e�e���������h�R�e�^�����h�e¢
½ �;��¦��R�e���R����������¡��R�������h���D�����P��¦������e�¿��� �J�������������J¤¥��¦c�R�����R�h���M�(�e¡��k�D�����)�c�e¢

«��6�"���À���D���e�e®k���c�;�R�e���°�h���(���c�e�G��� �R�h������^���e���e�+�D���;�e�)���R���^�D�����h®@�D�������� ·m¸ ���J���e���$���+�e�h���c���^�D�����)�R�e����¦¨�^�c�"�D�R�e�e¢
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OPo?H : KEy > B�H^BKM]�_^b�debcy <@: H^B :¨ä d"C : ]^]JK°d : C äÉ LpKE_JBQ�bcCEopy�B�]�d > B�y¨B : L@N :�äcå BDKET > _^B)N ä¨É LpKE_JBsQcb�CMo?y¨B�]ed > B�y�B�Ï¥bcH
_ > B6NRKM]edeH^B�_JKMæ : _JKEbcL�b�Ï <@: H^_JK : CrNRKÌË-B�H^BDLk_JK : C�B)çco : _JKMb�L?] : L@N#] Î ]^_^BDy�];b=Ï < U N U B�Ð ] [ op]^KML?T : _^HJK : L?T�opC : HGy�B�] > U$Z L�b�HeNRB�H
_^b�NÊbs]Jb [?å B�] >@: CMC deb�L?]JK�NRB�H;_ å b < H^bcI?CMB�y�] [RåG> K�d >#: HJKE]JB(KML�Q : H^KMb�o?]$B�L?TcKML?B�B�HJKELpT É B�C�NR] U
èG> B É HJ]^_;bcL?B�KM] : L#B�CMCMK < _^K�dGB)çco : _^KMb�L åG> K�d > y¨b?NRB�CM] : NRKÌË-o?]^KMb�LÊÍédebcLRQ�B)de_JKMb�L < H^bcI?CMB�y V

ê NRKMQmëíìmë�î ï^ðñòë¥î ïJï óôNRKMQmëíñòë¥î ï�õ8ë¥î ïJï óªö÷ë¥î ï^ñòë¥î ï êªø ë�î ïúù wpû î�ü*ý û ë f ï
ñòë¥î ïþù ÿpë¥î ï û î3ü��@ý û ë v ï

åG> B�HJBsýôKM] : L#b < B�L#I@bco?L@NRBhN < b�C Î T�bcL : Cp]^B�_Pb�Ï Z 9���[ ì : Ï�o?L@de_JKEbcLÏ¥HJb�y ýµKELR_Jb Z 9�� b�Ï	deC : ]J]��	� [ ]^omd > _ >@: _G_ > B�H^B
B�
?KM]^_J]��� w ]^omd > _ >m: _�ìÀë¥î ï���� [�� îªü/ý [ õ : Ï¥opL@de_^KMbcL#Ï¥H^bcy ý _Jb Z 9�� b�Ï´d"C : ]^]��	� [ ]^o@d > _ >@: _�NRKMQRõ�� wp[@: L@N
ø ü��6ë ýGï [ ÿ�ü��6ë��mýGï U�Z L�_ > B6d : ]^Bb=Ï :> B : _�_^H : L?]éÏ¥B�H < HJb�I?CMB�y [ ñ3H^B < H^B�]JB�LR_^] _ > B _^BDy < B�H : _^o?HJB [ ê ì?ðñ�KE]P_ > B
debcL@NRo@de_JKMQ�B > B : _��@o�
 : L@N¨ñ?õ/KM]G_ > B(deb�LRQ�Bhde_^KMQ�B > B : _��mo�
 U
èG> B�]^Bhdeb�L@N < H^bcI?CMB�y4KM] : ] Î ]^_JB�y b�Ï�B)çco : _JKMb�L?] åG> K�d > y�b?NRB�CM] : _ å b <?>@: ]^B��@b å KML : < b�H^bco?]Gy�BhNRKMo?y V
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���eë�î û�� ï ê NRKMQmëíì � ë���ë�î û�� ïJï^ð��-ë�î û�� ïJïúù ø � ë�î û�� ï û ë�î û�� ï8ü�ý��
	 wpû^è��Mû ë g ï
ê � � ë�î û�� ï ê NRKMQmëíì � ë���ë�î û�� ïJï^ð��-ë�î û�� ïJïúù ø � ë�î û�� ï û ë�î û�� ï8ü�ý��
	 wpû^è��Mû ë i ï

�=ë¥î û� ïúù � � ë¥î û� ï û ë¥î û� ï8ü �mý�����	 w?ûJè��Eû ë j ï
��ë�î û�w ïúù ���=ë¥î ï û î3ü�ý û ë x ï
�-ë�î û�� ïþù � � ë�î û�� ï û ë�î û�� ï8ü��@ý���	 w?ûJè��Mû ë��cï
�òë¥î ûew ïþù � � ë�î ï û î²ü�ý û ë��cï

åG> B�HJB;ý3KM] : L(b < B�L I@bco?L@NRBhN < bcC Î Tcb�L : C�]^BD_rb=Ï Z 9��c[ ì � : L@Nsì � : HJB+_ å b�debcLRQ�B�
(Ï�o?L@de_JKEbcL?]-Ï�H^b�y Z 9 KMLR_^b Z 9�� b�Ï deC : ]J]�	� [ ]Jo@d > _ >@: _rì�� � � wP: L@N�ì��� � w?[ ø � : L@N ø � : H^B	_ å b$Ï¥o?Lmde_^KMb�Lp]-b�Ï �
� ë�ý��
	 wpû^è��MûJZ 9 ï : L@N�� � ü�� � ë��mý � �
	 wpû^è��MûJZ 9 ï [� � ü�� � ëíý ûJZ 9 ï [ ñ � ü��	��ë �@ý���	 w?ûJè��Mû^Z 9 ï [ ñ � ü��	��ë�ý û^Z 9 ï : L@N �@ý � ù���î3ü �mý��(ðñòë¥î û�� ï � Þ ë�î ï�� w! (å KM_ >�Þ ë�î ï

_ > Bsbco?_ å´: H�N#Lpb�H^y : C-o?LpKE_PQ�B)d"_^b�H�_Jb�_ > BsImb�o?LmN : H Î �mý UPZ L�_ > Bd : ]^B b�Ï :1ä�< B�_^HJb�CMB�o?y B�LpT�KML?B�B�HJKML?T ä¨< H^bcI?CMB�y [ �
H^B < H^B�]JB�LR_^](_ > B < H^BD]^]^opH^B [ ì � : LmN�ì � : HJB�_ > B <?>@: ]^B(y¨b�I?KMCMKM_^KMB�] : LmN"�¾KE]G_ > B�] : _^o?H : _^KMbcL�b=ÏrbcL?B(b�Ï�_ > B <?>m: ]^BD] U
# o?y¨y�KML?T%$	çco : _^KMb�Lp]�ë g ï : L@Nôë i ï Î KMB�C�NR] : L/B�CMCMK < _^K�d B)çco : _^KMb�L U�Z Lª_ > B�]JB)çco?B�C [	å B] >@: CMC+KML3Ï : de_6NÊKE]edeH^BD_^KMæ�B#_ > B
Ï¥bcCECMb å KML?T�] Î ]J_^B�y V

�&�eë¥î û� ï ê NRKMQ-ë�ì � ë��=ë¥î û� ï^ïJð��-ë¥î û� ï^ï ù ø � ë�î û�� ï û ë�î û�� ï8ü�ý���	 wpû^è��Mû ë u ï
ê NRKMQmë^ë�ì � ó ì � ï"ë��=ë¥î û� ï^ïJð��-ë¥î û� ï^ï ù ë ø � ó ø � ïeë�î û�� ï û ë�î û�� ï8ü�ý��
	 wpû^è��Mû ë f)w ï

å KM_ > Imb�o?L@N : H Î d"b�L@NRKM_JKEbcL?]�ë j ï�Íeë��cï U
l KML?KM_^B	Qcb�CMo?y�B¼y�B�_ > b?NR] >m: Q�B	ImB�B�LB�
?_JB�L?]^KMQcB�C Î o?]^BhN�Ï¥bcH KML@NRop]^_^HJK : C < H^b�IpCEBDy�] [ KML(_ > B´d : ]^B$b�Ï >RÎR< BDH^Imb�CMK�d	B)çco : _^KMb�Lp]
ë �Mf 	 ['�Mf)g 	 ['�Mfhw 	Ûï [ B�CMCMK < _^K�d8B)çco : _JKEbcL?]$ë ��x 	 [(� �)	¥ï¼b�H	debco < CMB)N ] Î ]J_^B�y¨]	b�ÏmB)çco : _JKEbcL?]Gë � �&	 ['��u 	 ['��x 	 ['�Mf�i 	¥ï U¼èG> B : NRQ : LR_ : T�B$b�Ï
É L?KM_JB�Qcb�CMo?y¨BG]�d > B�y¨B�];o?]JKML?T_^HJK : L?T�opC : H+y¨B�] > B�]GKM];deCMB : H$Ï¥bcH;deb�LRQcB)de_^KMbcL*NÊK�Ë-o?]JKEbcL#B)çco : _JKEbcL?] U OPL�bcL?B >@: LmN [ _ > B
]^_ : I?KMCMKM_ Î�: L@N¨deb�LRQcB�H^TcB�L@deB < H^b < BDH^_^KMB�]Pb�Ï	_ > B É L?KM_^B�Q�bcCEopy�BG]�d > BDy�B ë¥o?]JKML?T : L#o <Rå KML@N�d > bcK�deBPÏ¥b�HG_ > B(deb�LRQ�Bhde_^KMQ�B
�@o�
@ïPB�L?]Jo?H^B : H^bcI?o?]^_�]ed > B�y�B�Ï�b�H : L Î y¨B�] > ] : _JKM]�Ï Î KML?T�_ > B : ]^]Jo?y < _^KMb�L?]�ë f�f ï : LmN/ë f)v ï�]^_ : _^BhN�ImB�CMb å([må KE_ > b�op_
: L Î L?B�BhN3b�Ï+HJB É L?B�y¨B�LR_�KEL3_ > B : H^B : ]�b=Ï : C : H^TcBsdebcLkQcB)de_JKEbcL��mo�
 U OPL²_ > B b�_ > B�H >@: L@N [ _ > Bop]^B b�Ï : _^HJK : L?Tco?C : H
y�BD] >�: CMCEb å ]$_ > B¾d"b�y < o?_ : _^KMb�L¨b�Ï : ]^bcCMo?_^KMb�L1Ï¥b�H : L Î ] >@:=< B(b=Ïr_ > B <?>RÎ ]^K�d : C NRb�y : KML U
S-BD_+* ImB : _^HJK : L?T�opC : H+y¨B�] > b=Ï³ý [ ] : _^KM]�Ï Î KML?T _ > B�Ï¥b�CMCMb å KML?T : ]J]^o?y < _^KMb�Lp] V

l b�H : L Î�: L?T�CMB�, b�Ï : _JH^K : LpT�CMB;b=Ï-* û bcL?B >@: ] V	w/. , .10 v � ë f�f ï
èG> B�HJB(B�
?KM]^_�2 � � w?û 2 � � ws: L@N43 � w ]Jo@d > _ >@: _ �65 ü4* [m: L@N6Ï¥b�H : L Î BhNRT�B871b�Ï�_ > B�y�BD] > [

2 � 3 � �:9	ë 5 ï+��2 � 3 � ûG: L@N42 � 34�<;�ë�7Rï=�:2 � 3 û ë f)v ï
åG> B�HJB898ë 5 ïPNRB�L?bc_^B�]P_ > B : H^B : b=Ïr_JH^K : L?TcCMB 5¿: L@N>;�ë�7RïGNRB�Lpb�_^BD];_ > B(CMB�L?T�_ > b�ÏrBhNRT�B87 U

?Â�@/Ø?ÆBA�CEDGFIHKJ!L>MNLPORQSLTH�U�V4UPL)W�X�YZU)L)[%\]QSLT[)J_^`Y(HKJa\Bb�MBcdLT["L)W�X'\Rc`HeO_f
�hg \]Q8Yji�H�X�UPL4O�FIU)LPkTHe\Bb�MBcdLT["\Bbml]H�U�Yn\Rb�MBcdLT[QI\BV%o)L�Xp[�L)l+F�ORU�HKJ!L�lBY([�k&UPLTH�Y(q�\rH�YnORb�s
J'L�b6kPLI\r[)[TX�Q�t'H�YnOBbvuxwNwTy>Yj[zbmOrHz\�[�UPLT[)H�U�YKk)H�YZ{BLz\r[�Q8Y(M�JNH|[&L)L&Q8}

\ ]JKML?T(_ > KE]$_^HJK : L?Tco?C : H	y¨B�] > [c: Ï¥bco?H < b�KMLR_ É L?KM_JB;Q�bcCMo?y�B	]ed > B�y�B å KMCECpI@B�NRB É L?BhN�KML]JB)de_^KMbcL vpUMf Ï�b�H	_ > B;LRo?y¨B�H^K�d : C
]^bcCMo?_^KMb�L¨b�Ï < H^bcI?CMB�y ë f ïíÍ�ë v ï [ Ï¥b�H åG> K�d >�å B�] >@: CMC-H^B)d : CMC : L#B�H^HJb�HPB�]^_JKEy : _JB;b�Ï�b�HeNRB�H�3 åG> K�d >�åG: ] < H^b�Q�BDL�KML �Efcf 	 U
$	çco : _^KMb�L?]�ë g ï : LmN¨ë i ï8B�
 < HJB�]^]�deb�L?]JB�H^Q : _^KMb�LC :hå ] : L@N_ > B�HJBeÏ¥b�HJB É L?KM_^BPQ�b�CMo?y¨B	y�BD_ > b?NR]$]^B�BDy�_^b I@BP]^o?KM_ : I?CMB$Ï¥bcH: LRo?y�B�HJK�d : C¼]^b�CMo?_JKMb�L/ë�]^B�BB U T U-��j 	 [`��u 	 [~�Efhv 	¥ï U(Z L*Ï : de_ [ $	çco : _^KMb�L?] ë u ï : L@Nãë f)w ï�Ï¥b�HJy : ] Î ]J_^B�y�b�Ï :�>RÎR< B�H^Imb�CMK�d
B)çco : _^KMb�Lôdeb�o < CEBhN å KM_ > : LmNªBDCECMK < _JK°d1B)çco : _JKMb�L U èG> B É L?KM_^B¨Q�bcCEopy�By�BD_ > b?N/KM]��RL?b å Lô_^b3I@B å B�CMC : N :=< _^B)N _Jb
_ > BsNRKM]�deHJB�_^KMæ : _^KMb�L�b�Ï	L?b�L#CMKML?B : H >kÎR< B�H^Imb�CMK�d(debcL?]^BDH^Q : _JKMb�L#C :hå ] UGX b�LRQ�BDH^T�BDL@deB(HJB�]^o?CM_J] : L@N¨B�H^HJb�H�B�]J_^KMy : _^B�] å B�H^B
NRB�HJKMQ�B)N¨I Î ]JB�Q�B�H : C : o?_ > b�HJ] ��g 	 [��Efhx 	 : L@N ��j 	 U
Z L�_ > B²d : ]^B�b=Ï/$8ç�o : _^KMbcL?]#ë u ï : LmN�ë f)w ï [ $ Î y : H�N : L@N�� : CMCEbco��B�_ � i 	�KMLR_^HJb?NRo@deB)N :3ä�å B�KMT > _^B)N É LpKE_JB�Q�bcCMo?y�B ä
]�d > BDy�B [RåG> K�d > o?]^BD]GI@bc_ > _ > BPÏ¥B : _^opH^B�]Gb=Ïr_ > B É L?KM_^B�B�CMB�y�BDLk_$y�BD_ > b?N : LmN_ > B ä deC : ]J]^K�d : C ä�É L?KM_^B�Qcb�CMo?y�B$]�d > BDy�B U

v



ß deb�LRQcB�H^TcB�L@deBHJB�]^o?CM_ åG: ]�bcI?_ : KELpB)N#KML�_ > B�d : ]JB åG> B�H^B�ì � óÖì � NRB < B�L@NÊ](b�L?C Î b�L3î U�� B�] >@: CEC : CE]Jb�o?]JBKML�_ > B
]^Bhç�opB�C	_ > B(]^b�d : CECMB)N äcå B�KMT > _JB)N É LpKE_JBsQcb�CMo?y¨B;]�d > BDy�B ä ë¥]^BDB : CE]Jb ��j 	¥ï åG> BDH^B _ > B : ]^]Jo?y < _JKMb�L3ë fcf ïGbcL�_ > Bsy¨B�] >
y :hÎ ImB å B : ��B�L?BhN#_^b V

l b�H : L Î�: L?T�CMB�, b�Ï : _JH^K : LpT�CMB;b=Ï-* û bcL?B >@: ] V	w/. ,/� 0 v � ë f)g ï

\ ]JKML?T²_ > B�] : y¨B_^H^K : L?T�o?C : H(y�B�] > [	: Ï¥bco?H < bcKELR_ É L?KM_^B�Qcb�CMo?y¨Bs]ed > B�y�B å KECMC$I@B#NRB É LpB)N KEL/]JB)de_JKEbcL v?U�v Ï¥bcH(_ > B
LRo?y�BDH^K�d : C-]Jb�CMo?_JKEbcL#b�Ï < H^bcI?CMB�y2ë u ïíÍ�ë f)w ï [ ë j ïíÍ�ë���ï8Ï¥bcH åG> K�d > _ > Bsd"b�LRQ�B�HJT�B�LmdeB åG: ] < H^b�Q�BDL�KML�_ > Bsd : ]^B åG> B�HJB(_ > B
Ï¥o?Lmde_^KMb�L�ì � óôì � NRbRB�]GLpb�_;NRB < B�L@N*b�L � �Mf)j 	 U� B;] >@: CMC�NRB�]�d"H^KMI@B�I@bc_ > ]�d > B�y¨B�] : L@N�d"b�y <m: H^B�_ > B�y Lkopy�B�HJK°d : CMC ÎkU
� � �#� ���1���&!/�1���s���/�����³� 
6�1������� ���G�������

���
	 ���������������������� �!�"�"#$�%�'&(���"�*)�+(�",.-��0/
èG> B < H^KML@deK < CMB�b�Ï	_ > B É L?KM_^B�Q�b�CMo?y¨BG]�d > B�y¨B(KM]G_^bKMLR_^B�TcH : _^B(_ > BsdebcL?]^B�HJQ : _JKEbcL�B)çco : _^KMb�L3ë f ï$b�L : d"b�LR_^HJb�C Qcb�CMo?y¨B
5([RåG> K�d >#Î KMB�C�NR] V

ê21'354 ìmë¥î ïJðñ-ë�î ï � Þ ë¥î ï
687¼ë�î ï-ó 1(354 ñòë¥î ï�õ8ë¥î ï � Þ ë�î ï�6�7¼ë¥î ï-ó
184 öhë¥î ïJñ-ë�î ï�6cî�ù 1846ø ë�î ï�6cî û �m5 ü"* û ë f�i ï

åG> B�HJB Þ ë¥î ï�KM]_ > B#b�op_ å´: H�N L?b�HJy : C	o?L?KM_Q�Bhde_^bcH_^b/_ > B�Imb�opL@N : H Î � 5([G: L@N97�KM] _ > B�op]^o : CGb�L?BeÍ^NRKMy�BDL?]^KMb�L : C
y�B : ]^opH^B;bcL � 5�: L?B 
Ê_G_ > B��@o�
?B�]GL?BDB)N¨_^b I@B :�<p< H^b 
?KMy : _^B)N bcL�_ > B�Imb�opL@N : H Î � 5 b�Ï _ > B(deb�LR_JH^b�C¼Q�bcCEopy�B U FGBDL@deB
å B�] >@: CMC :=<?< H^b 
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l KMT�o?HJB f�V�èG> B�_^HJK : L?Tco?C : H$y�B�] >

� 5 �W : L@N 5 �W _ > B�_ å b/_JH^K : LpT�CMB�] Ï¥bcH åG> K�d > 7/KM] : LôB)NRTcB :�5 �W ë�H^B�] < U 5 �W ï KM]_ > B�o < ]J_^HJB : yþë�H^B�] < U
NRb å L?]J_^HJB : y#ï å KM_ > H^BD] < B)de_$_^bG_ > B´debcLRQ�B)de_JKMb�L(QcB�CMbÊd"KE_ Î õ [ K U B UMV ]^o@d > _ >@: _ Þ W KE]¼B�
?_^B�HJKMb�H$ë¥HJB�] < U KMLR_^BDH^KMb�Heï
_^b 5 �W ë¥HJB�] < U=5 �W ï U

� 6 W ù�6pë¥î 4��� û 7kïmó=6pë¥î 4 �� û 7Rï
� èG> B�L å B�d : LµNÊB É L?B�_ > B ä B�
@d >m: L?TcB�_^B�HJy ä/: _KMLR_^B�HéÏ : d"B 7 [�� ë 5 �W ûe5 �W ï [G: ]_ > B :�<?< HJb 
?KEy : _JKEbcL/b�ÏF W ìmë¥î ïJðñ-ë�î ï � Þ ë¥î ï
687¼ë�î ï-ó F W ñòë¥î ï�õ8ë¥î ï � Þ ë�î ï�6�7¼ë¥î ï [ I Î-V
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èG> B�LRo?y�BDH^K�d : C-]ed > B�y�BPÏ¥bcH+_ > BsNRKM]edeH^B�_JKMæ : _JKEbcL#b�ÏrBhç�o : _^KMbcL?] ë f ïíÍ�ë v ï$KM]G_ > o?] V�� >�� � �
4 � >j;÷ëB<?>Jë 5 ï^ï¼ó_98ë 5 ïJö 4 ñ 4 ùE98ë 5 ï ø 4 û �m5 ü"* � ë f �cï

OPL?B(d : L#] > b å _ >m: _$H^B�C : _JKMb�L?]�ë f)j ï�ë fhx ï [ ë f ��ï : L@N#ë f �cï	o?LpK°çco?BDC Î NÊB É L?B�_ > B¾NÊKE]edeH^BD_^B(o?L �kLpb å L?]´ñ 4 ûx5 ü * U�èG> B
LRo?y�BDH^K�d : Cm]�d > BDy�B�_ > o?]�NRB É L?BhN�deb�LRQcB�H^TcB�] [m: L@N¨_ > B;Ï�b�CMCMb å KELpT(B�H^HJb�HPB�]^_JKEy : _JB > bcC°NÊ] V����ÂRÅ@Æ�Â�@ C��hLTH ë�ñ 4 ï 4���� oPL4lpL��`b6LPl<o�V]HKJ!L4b'X�QIL�U&Ynk)\Bc|[&kTJ!L&QIL uxw! )y#"Puxw!$Ty g ñ 4 ù ñòë¥î 4 ï F�OBU�5 ü * g ^~J'L�U)Lñ lpL�bmOrHLT[%HKJ!L]L)iN\NkTH8[�ORc XpH�YKOBb<HO>tmU)ONo&cdL&Q uxw)y#"Pu&%)y_\Bbml î 4 HnJ'L4YZb�HeL�UT[&L)kTH�YKOBb OF HnJ'L�t!L&U�t'L�b6lBYnk&X�cd\BU o&Y([�L)k)HeOBU)["OF
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?Â�@/Ø?ÆBA879,�J�Y([ LT[)H�YGQS\rHL [)J!OB^ [zHKJ!\rH`HKJ!L;: � b6OBU�Q O�F�HKJ!L�L�U�U)OBU�Y([�O�F8ORUPlNL&U 3 g [�YZbmk)L HnJ'L8\RUPL)\%OF�LP\pk)J4H�U�Yn\Rb�Mrc(LY([8O�F�ORUPlNL&U 3 � }
l o?H^_ > B�H^y¨b�HJB [ _ > B�Lkopy�B�HJK°d : Cm]�d > B�y¨B�] : _JKE] É B�] : NRKM]�deHJB�_^B(y : 
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åG> B�HJB Þ ë�î ï$KE]P_ > B�b�o?_ åG: HeN�Lpb�H^y : C-o?LpKE_GQcB)de_Jb�H;_Jb�_ > B(Imb�o?L@N : H Î � 5([@: L@N 7�KE]P_ > B�b�L?BeÍ^NRKMy�BDL?]^KMb�L : C-S-B�ImB�]^Tco?B
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9 BhdeB�LR_y�B�_ > b?NR] å B�H^B#NRB�QcB�CMb <?< B)N _^b�_JH Îª: L@N < HJb É _�Ï¥HJb�y�_ > B : NRQ : LR_ : TcB�](b=Ï;I@bc_ >/É L?KM_^B�BDCEBDy�B�LR_ : L@N É LpKE_JB
Q�bcCMo?y�B(y¨B�_ > bÊNÊ] � i 	 [`� ��	 U � B] >m: CMC�o?]^B > B�H^B¨_ > By¨B�_ > bÊN�b�Ï ä�å B�KMT > _JB)N É L?KM_^BQ�bcCMo?y�B�] ä � i 	 [-åG> K�d > _^HJB : _J](_ > B
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1�� ìÀë¥î ï^ðñòë¥î ïJð��8ë¥î ï�6cî ê 1�� ñòë¥î ï�õ8ë¥î ïJð��	ë�î ï�6cî
ó 1�� öhë¥î ïJñ-ë�î ï	�8ë¥î ï
6�î�ù 1��sø ë¥î ï
�	ë�î ï�6cî û � � ü ���� ëíýGï û ë v�u ï

FGBDL@deB å B;] >@: CMC :�<?< HJb 
?KEy : _JBG_ > B�KMLR_^B�TcH : Cmb�Ïì?ðñ@ð�� ê ñpõ � ð��só/öDñ� b�QcB�HGý U	t BeÏ�b�H^B å B�NRB É L?B(_ > B;LRo?y¨B�H^K�d : C
]�d > BDy�B [ ]^b�y¨B;L?bc_ : _^KMb�L?]$L?B�BhN#_^bImB�KELR_JH^b?NRo@deBhN U
ß ]J]^o?y¨B�_ >@: _Gõ²] : _^KM] É B�];_ > B�Ï¥bcCMCEb å KML?T : ]^]^opy < _JKEbcL V

èG> B�H^B�B�
?KE]J_^]=��ü�� � ë ý ûJZ 9 ï$]^o@d > _ >@: _ � î�ü ý û õ	ë¥î ï�ù ð��-ë�î ï ë g�w ï
� B�L?bc_^B�I Î²V

;��ª_ > B(]^BD_;b�Ï�_ > B�L?b?NRBD];b�Ï�_ > B�y�B�] > [ � NBP�� ù�� R �mý [ � >JIN� ù�� T �mý [;��në¥HJB�] < U � N�P�� [ �>JIN��ï$_ > B�LRo?yImB�H$b�Ï	L?b?NRB�]GKML��Öë¥H^BD] < U �%NBP�� [ �!>JIN�¥ï [;ôñ(>�ü Z 9 : L :�<?< HJb 
?KEy : _JKEbcLsb=Ï³ñ : _G_ > B�L?b?NRB @^[ Ï¥bcH @ ù fcû�������û � [; �(>�ü Z 9 : L :=<?< HJb 
ÊKMy : _^KMbcLsb=Ïh� : _G_ > B�L?b?NRB @J[ Ï¥b�H @ ù fcû������^û � [;�� > _ > B�CMKML?B : H É L?KM_^B�B�CMB�y�BDLk_$] >m:�< B�Ï¥o?L@d"_^KMb�L¨H^B�C : _JKMQ�B�_^b_ > B�L?b?NRB @^[; î > _ > B�CMb?d : _JKMb�L�b=Ïr_ > B(L?b?NRB @J[; ø > ù F � ø ë¥î ï
�0>eë¥î ï�6cî [
�



;ôö?> � � ù F � öhë�î ï	�0>eë¥î ï
� � ë¥î ï
6�î [;�� > � � ù F � ð��0>�ë�î ï � ð�� � ë¥î ï
6cî [
; �� > � � ù F � ìÀë¥î ï^ð��0>Jë¥î ï � ð�� � ë¥î ï
6cî [

?Â�@/Ø?ÆBA�� ,�J'L�c YZbmL)\BU��`b Y(HL�L&cdL&QSL&b�H=[PJ'\)t'L=F�X�bmkTH�YnORb�� > U)L�c(\�H�YZ{BL�HOI\>bmO�lNL @�O�F * [�\rH�Y([�� LT[ (
1 4 � > �@ýôù fg 9	ë 5 ï ë g?f ï

^~J'L�U)L=5 ü"* \Rbml 98ë 5 ï Y([�HKJ!L�\BU)L)\%O�F H�U�YK\Bb�MBcdL=5�}� B�o?]^B : � : CMB�He�RKML�NRBhdeb�y < bc]^KM_^KMb�L¨b�Ï	ñ : L@N��#bcL�_ > B(CMKELpB : H É L?KM_^B�B�CMB�y�B�LR_$] >@:=< B¾Ï¥o?L@de_JKMb�L?] : L@N#NRB É L?B ñ�� : L@N
��� I Î-V

ñ��Êë¥î ï	ù 	�� � � ñ � � � ë¥î ï û ë g�v ï

���pë¥î ï	ù 	�� � � � � � � ë¥î ï û ë g�g ï

åG> B�HJBz31H^B < HJB�]^BDLk_J]G_ > B ä ]JKEæDB ä b�Ï _ > BGy�BD] > * [ ] : _JKE]éÏ Î KML?T : ]^]Jo?y < _^KMb�L?]$ë f)v ïíÍ�ë f)g ï U¼ß T�B�LpB�H : C@KMLR_^B�H < bcC : _^KMbcLsHJB�]^o?CM_
Î KMB�C�NR]$Ï¥b�HGñ > ù§ñòë¥î > ï [ � > ù<�-ë¥î > ï [ �!@ ü�� ë¥]^BDB(B U T U���v 	¥ï V


 ñ ê ñ�� 
� 6 D �!E � � � � 3 ë g�i ï


 � ê ��� 
� 6 D �!E � � � � 3 ë g�j ï

\ ]JKML?T(_ > Bz� : CEBDHe�RKML :�<?< HJb 
?KEy : _JKEbcL�b�ÏrñKML_ > B;_JB�H^y¨] F � ìmë�î ï^ðñ � ð��0> 6�A [ F � ö�ñ �%>B6�A : L@N F � ø �0>�6�AKML%$	çco : _^KMb�L
ë vcu ï Î KEBDC°NÊ] / � �� > � � ñ � [+/ � ö?> � � ñ � : L@N ø > U3èG> B�deb�LRQcB)de_^KMQcB�_^BDH^y F � ñ'Z�ð��0>B6�A/KM] :=<?< HJb 
ÊKMy : _^BhN�I Î o?]JKELpT�_ > B
� : CEBDHe�RKML :�<?< HJb 
?KEy : _JKEbcL(b�Ï Z�ù§ð�� Urà b�_^B�_ >@: _$L?bI� : CMB�Hx�kKML�NRBDQ�B�CMb < y�B�LR_	KM]	o?]JB)N1Ï¥b�HGñ Ur9P: _ > B�H [ HJB�y : He� _ >@: _ V

�� ��� � ��� � � ð��0>¥ð�� � ù ������ � ������� � ëd� � ê �(>�ï^ð��0>íð�� �
û � @ ü �!>JIN� ë g�x ï

FGBDL@deB [ _ > B :=<?< H^b 
?KMy : _^B)N�deb�LRQ�Bhde_^B)N _^B�HJy F � / ����� � ������� � ë(� � ê �(>�ï^ð��0>�ð�� � y :hÎ ImB]^BDB�L : ] : ]^opy b=Ï´B 
pd >@: L?T�B
_^BDH^y�]GImB�_ å B�B�L�LpbÊNÊB�] @	: L@N�� [@: L@N : H^B : ]^bcL : I?CMB(d > b�K�deBPÏ¥bcH;ñ¨]^B�B�y¨];_JbsImB(_ > B;Ï�b�CMCMb å KELpT ä o < ]^_^HJB : y ä d > bcK�deB V

��ñ  > � � ù�� ñ > KÌÏ � > ê � � � w
ñ � KÌÏ � > ê � � .µw ë g �cï

FGBDL@deB [ _ > B(Ï¥bcCMCEb å KML?T äcå B�KMT > _JB)N É L?KM_^B�Qcb�CMo?y�B ä ]ed > B�y�B V
�� ��� � ��� ñ � �� > � � ê ������ � ������� � �÷ñ  > � � ë(� � ê � > ï�� > � � ó �� ��� � ��� ñ � ö > � � ù ø > û � @ ü�� >JIN� ë g �cï

à bc_^B_ >m: _�KML�_ > B�d : ]^Bb=Ï :1< o?HJB�NRKÌËÀo?]JKMb�L3b < B�H : _^b�H [ K U B U õôù w?[ _ > B : Imb�Q�B ] Î ]^_JB�y�KE]�_ > B6NÊKE]edeH^BD_^B�] Î ]^_^BDy
b�Ip_ : KML?BhN�I Î _ > BsdeC : ]J]^K�d : C < KMB)deB å KM]^B CMKML?B : H É L?KM_JB�BDCEBDy�B�LR_$y�B�_ > b?N U

�



����� ������%-
-���) &(���'� �BA�)��0+(, �"-��B�9�CA�� &(�0/
S-BD_Go?];L?b å deb�L?]JK�NRB�H :�å B : �1Ï¥b�HJyo?C : _^KMbcLsb=Ï $	çco : _^KMb�L?]�ë u ï : L@N�ë f)w ï V

1 � �&�eë¥î û� ï	�8ë¥î ï
6�îó 1 � ì � ë���ë�î û�� ïJï^ð��-ë�î û�� ï � ð��	ë�î ï�6cî ù 1 �(ø � ë¥î û� ï	�8ë¥î ï
6�î û � � ü ���� ëíýGï ë g�u ï

1�� ëíì � óªì � ïeë���ë�î û�� ïJï^ð��-ë�î û�� ï � ð��	ë�î ï�6cî ù 1�� ë ø � ó ø � ï"ë¥î û� ï	�8ë¥î ï
6�î û � � ü ���� ëíýGïþë ikw ï
� BGo?]JB : LB�
 < CMK�deKM_	]�d > B�y¨B;bcL"� : L@N : L�KMy < CEK�deKM_¼]�d > B�y¨B;b�L��1Ï¥bcH	_ > BP_^KMy�B;NÊKE]edeH^BD_^KMæ : _JKMb�L�b=Ï < H^bcI?CMB�y ë gcu ï�Íeë iRw ï U
t BeÏ¥b�HJB å B¾NÊB É L?B�_ > B(LRo?y�B�HJK�d : Cm]�d > B�y¨B [ ]^bcy�BPL?b�_ : _^KMbcL?]GL?B�B)N¨_JbI@B�KMLR_^H^b?NRomdeB)N U$\ ]^KML?T _ > B(] : y�B;Lpb�_ : _^KMb�Lp] : ]
: Imb�Q�BPÏ¥bcH+_ > B(] <@: deB NRKM]�deHJB�_^KMæ : _^KMb�L [ NÊB É L?B V

;�� � _ > B�_^KMy�BG]J_^B < [; � I ù�D	� �)[ D#ü Z à[; � I> ü Z 9 : L :�<p< H^b 
?KMy : _^KMb�L b�Ï�� : _G_ > B�LpbÊNÊB @	: LmN : _G_JKMy�B;]J_^B < D [ Ï¥b�H @ ù f�û������eû � [;�� I> ü Z 9 : L :�<?< HJb 
?KEy : _JKEbcLsb=Ï � : _G_ > B�L?b?NRB @	: L@N : _+_JKEy¨B;]J_^B < D [ Ï�b�H @ ù f�û������eû � [; ø I> ù F � ø � ë�î û�� I ï	� > ë¥î ï
6�î [; �ø I> ù F � ë ø � ó ø � ïeë�î û�� I ï	�0>Jë¥î ï
6�î [;�� > � � ù F � ð�� > ë�î ï � ð�� � ë¥î ï
6cî [
� B;op]^B : � : CMB�He�RKML�NRBhdeb�y < bc]^KM_^KMb�Lb=Ï
��bcL�_ > B�CMKELpB : H É LpKE_JB�B�CMB�y�B�LR_$] >@:=< B¾Ï¥o?L@de_JKMb�L?] : L@N#NRB É L?B�� I � I Î-V

� I � ë¥î ï	ù 	�� � � �
I� � � ë¥î ï ë i@f ï

åG> B�HJB�3 H^B < H^B�]JB�LR_^]G_ > B ä ]^KMæ�B ä b=Ï@_ > BGy�B�] > * [ ] : _JKM]�Ï Î KML?T : ]^]Jo?y < _JKMb�L?]8ë f)v ï�Íeë fhg ï U # KMy�KMC : HJC Î;: ]	KML(_ > B;d"b�LRQ�B)d"_^KMb�LRÍ
NRKÌË-o?]^KMb�L�d : ]^B [ CEBD_+o?]GNRB É L?B��r�  > � � : L�o < ]^_^HJB : y :�<?< HJb 
?KEy : _JKEbcL(b�Ï
� [ b�L�_ > B;BhNRT�B�NRB É L?BhN�I Î _ > B @�: L@N �¾LpbÊNÊB�] [I Î²V

�B�  I> � � ù�� � I> KÌÏ � I> ê � I� � w
� I� KÌÏ � I> ê � I� .µw ë ikv ï

èG> B�L [ o?]^KML?T�_ > B"� : CMB�He�RKML/NRB)debcy < b�]^KM_JKEbcLªë i@f ï;bcL � [ _ > B_^B�HJy�] F � ì � ë��=ë¥î û� I ï^ïJð��-ë¥î û� I ï � ð��0>�ë¥î ï
6cî�b�Ï�$	çco : Í_^KMbcL#ë g�u ï : LmN F � ëíì � ó3ì � ï"ë��=ë¥î û� I ï^ïJð��-ë¥î û� I ï � ð��0>�ë¥î ï
6cî�b�Ï-$	çco : _^KMb�L#ë ikw ï$ë @ ü � > Ip�¥ï : H^B :�<?< H^b 
?KMy : _JB)N�H^B�] < B)d�Í_^KMQcB�C Î I Î-V

� I � �> ù ������ � ������� � ì � ëe�B�
 I> � � ï"ëd� I � �� ê � I � �> ï � > � � û ë ikg ï

�� I � �> ù ������ � ������� � ë�ì � ó ì � ï"ëe�B�
 I> � � ï"ëd� I � �� ê � I � �> ï � > � � � ë i�i ï

èG> B�HJBeÏ¥bcH^B [ o?]JKML?T : L%$³o?CMB�H	B�
 < CMK�deKM_	]�d > BDy�BGb�L%� : L@N H^B�C : _^KMb�L¨ë gpf ï [ _ > B$Ï¥b�CMCMb å KML?T;LRo?y¨B�H^K�d : Ck]ed > B�y�BPKM]	b�I?_ : KML?B)N V

1 9�ñN�p�-ë �0>�ï 1 ë�� I � �> ê � I> ï¼ó g � ��� � I � �> ù g � ��� ø I> û � @ ü �!>JIN� û ë ikj ï
�� I � �> ù �ø I> û � @ ü��!>JIN� û ë ikx ï

åG> B�HJB 1 9�ñN�p�-ë �0>�ï 1 NRB�L?bc_^B�]P_ > B : HJB : b�Ï	_ > B�]^o <?< b�HJ_;b=Ïr_ > B�_JB�]^_�Ï¥o?L@d"_^KMb�L �0> U
u



y

x

y

x

l KMTco?H^B g?V	Y B�] > NÊB É L?KM_^KMbcL : LmN�CMb?d : C-y�B�] > H^B É L?B�y¨B�LR_

?Â�@/Ø?ÆBA � D&bIHKJ!L�k)\r[&L�^~J'L�U)L ì � ó�ì � OBb'c VSlpL�t'L�b6l�[ ORb î \Bbml � o&XpH b6O�H ORb � g ORbmL�k)\Bb>[)J!OB^ HnJ'\�H~HKJ!L�b'X�QSL&U�Ynk)\Rc
[�k)J'L�QIL HnJ�XN[8lpL��`b6LPl Y([8k)OBb {rL&U�MNL�b!H u[�L)L ��� �KyN}
� � �������$�)�P% �²�	���8�����	�

� B;Lpb å NRBD]�deHJKEImB : ]JB�H^KMB�]Pb�Ï	LRo?y�B�HJK�d : Cm_^B�]J_^] åG> K�d >#å B�H^B < B�HéÏ¥b�HJy�B)N¨KML�bcH�NRBDH;_^bdebcy <@: H^B�_ > B�_ å bs]ed > B�y�BD] U
X b�Lp]^K�NRB�HG_ > B�Ï¥bcCECMb å KML?T < o?HJBsNRKÌË-o?]^KMb�L < H^bcI?CMB�y V

ê �ñòë A � û A � ï�ù ê i 0 � A � � @ D¼ë v 0 A � ï û ë A � û A � ï´ü*ý û ë i �cï
ñòë A � û A � ï�ù A � � @ D¼ë v 0 A � ï û ë A � û A � ï$ü �mý û ë i �cï

åG> B�HJBsýÖKE] :�<@: H : CMCMB�CMb�TcH : y NÊB É L?B)N*b�L l KETco?H^B gpU
èG> B(NRbcy : KML�ýÖKM]´NRKM]edeH^B�_JKMæ�B)N å KE_ >�: _JH^K : L?Tco?C : H$y�B�] > ë�]^B�B É T g ï U� B�] >@: CMC deb�y <@: HJB;_ > B < B�HéÏ¥b�HJy : LmdeB�b�Ï	_ > B É LpKE_JB�Q�b�CMo?y¨BG]�d > B�y¨BsNRB�]edeH^KMImB)N#KML#]^B)d"_^KMb�L3ë vpUMf ï å KM_ > _ > B å B�KMT > _JB)N
É L?KM_JBGQ�b�CMo?y¨B+]ed > B�y�B åG> K°d > KM] [ KML_ > B�d : ]JB;b=Ï-$	çco : _JKEbcL?]Gë i ��ïíÍ�ë i �cï [ _ > B < KMB)d"B å KM]^B;CMKML?B : H É L?KM_JB;B�CMB�y¨B�LR_ry¨B�_ > bÊN U
l KMH^]^_$LRo?y�BDH^K�d : CM]	_JB�]^_J] : HJB < B�H�Ï¥bcH^y¨B)NKMLb�HeNRB�HG_Jbs]J_^o@N Î _ > B;ImB >@: QRKMb�opH+b=Ï _ > B É L?KM_JB;Q�bcCMo?y�B	]ed > B�y�B åG> B�L#]^bcy�B
b�Ï�_ > B : L?TcCEBD]+b=Ïr_ > B(y�B�] > _JB�L@N#_Jb f � ë¥HJB)d : CMC¼_ >@: _G_ > Bsd"b�L@NRKM_JKEbcL w/. , . f

� KE]GLpB)deB�]J] : H Î Ï¥b�HG_ > B�B�H^HJb�H;BD]^_^KMy : _^B [I?o?_G_ >@: _G_ > KM]GB�H^HJb�HPB�]^_JKEy : _JB�NRbRB�]PL?b�_;NRB < B�LmN#b�L @ D ø�� �cë f � ê ,�ï  ï U
Z _Gd : L#ImB�Lpb�_^K�deBhN Ï¥HJb�y�_ > B�H^B�]Jo?CM_^]Gb�Ï l KETco?H^B i _ >@: _$_ > B :=<?< HJb 
ÊKMy : _^KMbcL(B�H^HJb�HGKML@deHJB : ]JB�] : ]G_ > BPy : 
ÊKMyo?y : LpT�CMB
b�Ï _ > B�y�B�] > _^B�LmNR]G_^b f � U FGb å B�Q�BDH [ _ > B;B�HJH^b�HGHJB�y : KML?]	Imb�o?L@NÊB)N U�èG> B�deb�L@NÊKE_JKMb�LLRo?yImB�H	b�Ï�_ > BPCMKELpB : H	] Î ]^_^BDy4_JbImB(]^bcCEQcB)NKML@d"H^B : ]^B�] [@åG> K°d > CMB : NÊ]G_^bLRo?y�BDH^K�d : C-NRK���deo?CM_JKEBD]GKEL¨_ > B�CEKML?B : H$] Î ]^_JB�y ]^bcCEQcB�H U
S-BD_Go?];L?b å NRB É L?B�_ > BsNÊKE]edeH^BD_^B(L?bcH^y¨] åG> K�d >#å KMCECmImB(o?]^BhN�KML#_ > B¾d"b�y <m: H : _^KMQ�BP_^B�]J_^] V

; Z Ls_ > B´d : ]^BGb=ÏÀ_ > B É L?KM_^B$B�CMB�y�BDLk_�]ed > B�y�B : CEBD_³ñ � NRB�L?bc_^BG_ > B < KMB)deB å KM]^BGCMKML?B : H É LpKE_JBGB�CMB�y�BDLk_ :�<?< H^b 
?KMy : _JKMb�L
_^b�_ > B#]^b�CMo?_JKMb�L : _ > B�Lª_ > B :�<?< H^b 
?KMy : _JKMb�L#B�H^HJb�H *
	 � ù ñ ê ñ � KE] : Ï¥opL@de_^KMbcL/b�Ï�� �hëíýGï [	: L@N b�L?B¨y :hÎ_ > B�HJBeÏ¥bcH^B(B : ]^KMC Î NRB É L?B�KM_^] : � : L@N� �� L?b�HJy : ] V


 * 	 � 
 � 6 ù ë 1 � ëíñòë¥î ï ê ñ � ë¥î ïJï � 6cî ï 46 û ë iku ï

 * 	 � 

� 4� ù ë 1 � 1 ðñòë¥î ï ê ðñ � ë�î ï 1 � 6�î ï 46 û ë j�w ï

; Z L _ > B/d : ]JB�b�Ï(_ > B É L?KM_^B�Q�b�CMo?y¨B�]ed > B�y�B [ _ > B :=<?< HJb 
ÊKMy : _^KMbcL²B�HJH^bcH*d : L�ImB�B�
 < HJB�]^]JB)N : ] : < KMB)deB å KM]^B
deb�L?]J_ : Lk_¾Ï¥o?L@de_JKMb�L *�	�� Ï¥H^bcy&ý _Jb Z 9�åG> B�H^B¨_ > BQ : CEopB(b�Ï *�	�� b�L : T�KMQ�B�L3_^HJK : L?TcCEB 5 ü<* b�ÏG_ > By¨B�] >

f)w
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l KETco?H^B imVrl KML?KM_^B � bcCEopy�BG]�d > BDy�B�I@B >@: QRKEbcH+bcL : CEKMy¨KE_	d : ]^B [p< o?HJBsNRKÌËÀop]^KMb�L#d : ]JB [ a�H^bcI?CMB�y&ë i �cï�Íeë i �cï U
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l KMTco?H^B j?V	l KML?KM_^B � b�CMo?y¨B [Rl KML?KM_JB $³CEBDy�B�LR_Gdeb�y <@: HJKE]Jb�L [c< o?HJB(NRKÌËÀo?]JKMb�L�d : ]JB [ a³H^b�IpCEBDy&ë i ��ïíÍ�ë i �cï U

KE](debcL?]^_ : LR_ : L@N�T�KMQcB�L�I Î-V *
	��4 ù ñòë¥î 4 ï ê ñ 4 U(èG> B : � L?bcH^y&b=Ï+_ > B :=<?< H^b 
?KMy : _^KMb�L¨B�H^HJb�H *
	�� KM]P_ > B�L
NRB É L?BhN#I ÎÀV 
 * 	�� 
 � 6 ù 3-ë �4?�#� ë * 	��4 ï � ï 46 û ë j?f ï

� B�NRB É L?B : ä NÊKE]edeH^BD_^B � �� ä L?b�HJy : ] V
 * 	�� 
�� 4� ù¿ë �W ��� 1 * 	��4 �
� ï ê

* 	��4 �� 1 � ï 46 û ë j�v ï

èG> B : � : LmN � �� Lpb�H^y b�Ïr_ > B :�<?< H^b 
?KMy : _JKMb�L(B�HJH^bcH : H^B < CMbc_^_^BhN�QR]G_ > B�y�B�] > ]^KMæ�B�KML l KMT�opH^B j?U¼ß ]GB�
 < B)de_JB)N [ _ > BÉ L?KM_JB+B�CMB�y¨B�LR_ : � L?b�HJy b=Ï@_ > BGBDH^H^bcH	] > b å ] : çco : NRH : _^K�d < B�HéÏ¥b�HJy : LmdeB [cåG> KMCEB8_ > B É LpKE_JB+Qcb�CMo?y¨B : � L?bcH^y¿KML@deHJB : ]JB�]
CMKML?B : HJC Î(å KM_ > _ > BGy�B�] > ]^KMæ�B�ë¥_ > KM]	KM]	KML : TcH^B�B�y¨B�LR_ å KE_ >èG> B�bcH^B�y f ï U�èG> B � �� Lpb�H^yÔb�Ï _ > B :�<?< H^b 
?KMy : _JKMb�L�B�H^HJb�H
b�Ï�I@bc_ > ]�d > BDy�B�]PI@B >m: Q�B�]GCMKML?B : H^C ÎkU
èG> B : � L?b�HJy b�Ï-_ > B :�<?< HJb 
?KEy : _JKEbcL�B�H^HJb�H$b�Ï Imb�_ > ]ed > B�y�BD] : HJB < CMb�_J_^B)N QR]	_ > B X a \ _^KMy�B$KML l KETco?H^B xpU èG> B;N : _ :

f�f
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l KMT�o?HJB xpV	l KELpKE_JB � b�CMo?y¨B [�l KML?KM_^B�$�CMB�y�BDLk_ X a \ _JKEy¨B�debcy <@: H^KM]^bcL [c< o?H^B(NRKÌË-o?]^KMbcL*d : ]^B [ a�HJb�I?CMB�y2ë i ��ï�Íeë i ��ï U

]^_JH^o@d"_^o?HJBb�Ï	_ > B É L?KM_^B(BDCEBDy�B�LR_;deb?NRB(KM]Py�b�HJB�debcy < CMB�
#_ >@: L#_ >@: _;b�Ï	_ > B É L?KM_JB(Q�bcCEopy�B�d"bÊNÊB�Ï¥b�HP_ > B�]^b�CMo?_JKMb�L#b�Ï
_ > B�] : y¨B < HJb�I?CMB�y U èG> KM]GB�
 < C : KELp]+_ > B(]^bcy�B åG>m: _$CEb å B�H$B ��deKMB�L@d Î b=Ïr_ > B É L?KM_JB�BDCEBDy�B�LR_Gdeb?NRB U
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Finite Element Finite Volume 

l KMT�o?HJB � V�l KML?KM_^B � b�CMo?y¨B [	l KML?KM_^B"$³CEBDy�B�LR_deb�y <@: HJKE]Jb�L/bcLªCMb?d : CMC Î HJB É L?BhNôy�B�] > [	< o?H^B�NRKÌË-o?]^KMb�L�d : ]^B [ a�HJb�IRÍ
CMB�y ë i ��ïíÍ�ë i �cï U

l KMT�o?HJB �P] > b å ]	_ > BGImB >@: QRKMb�H�b=Ï@_ > B :=<?< HJb 
ÊKMy : _^KMbcL�BDH^H^bcH	b�L _ > B É L?KM_^B$B�CMB�y�BDLk_ : L@N É L?KM_^B$Q�b�CMo?y¨B	]�d > BDy�B�] åG> B�L
_ > B É H^]^_PCMKELpB : LmN_ > B�C : ]^_;debcCEopy�Lb�Ï�_ > B�y¨B�] >#: H^B�HJB É L?B)Nãë¥]^BDB l KETco?H^B g ï U ��> B�L#_ > B�HJB É L?BDy�B�LR_G]^_JB < _^B�LmNR];_Jb
æ�B�HJb [ _ > B(_ å b ]�d > B�y¨B�];ImB >@: QcB�]JKMy�KMC : H^C Îs: ]G]^B�BDL�b�L l KMT�o?HJB � U
l KMT�o?HJB ��] > b å ]_ > B < HJB)deKM]^KMb�Lôb=Ï�_ > B :=<?< HJb 
ÊKMy : _^KMbcL�b�Ï�_ > B �@o�
?B�]1Ï¥b�H _ > B É L?KM_^B#B�CMB�y�BDLk_ : LmN É L?KM_JB�Qcb�CMo?y¨B
]�d > BDy�B å KM_ > H^BD] < B)de_;_Jbs_ > B;y¨B�] > ]^KMæ�B U�Z _$KM]´d"CEB : H8Ï¥H^bcy _ > B�H^B�]Jo?CM_^]G_ >@: _$_ > B É L?KM_^BPQ�bcCEopy�B$]�d > B�y¨B�TcKMQ�B�] : y�bcH^B
< HJB)deKM]^B :=<?< HJb 
ÊKMy : _^KMbcLsb=Ï³_ > B��@o�
 U�èG> KM]Gy :hÎ ImB�b=Ï	KEy < bcH^_ : L@deBPKML�deB�HJ_ : KEL3deb�o < CEBhN < H^b�IpCEBDy�]Pë¥]^BDB(B U T U�� �&	¥ï U

f)v
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l KETco?H^B�� V	l KML?KM_JB � bcCEopy�B [Rl KELpKE_JBz$�CMB�y¨B�LR_;deb�y <@: HJKM]^b�LbcL �@o�
?B�] [p< o?HJBsNRKÌËÀop]^KMb�L#d : ]JB [ a�HJb�I?CMB�y2ë i ��ïíÍ�ë i ��ï U

���
	 ���"�.+S)Q�"����&�� ����&(� #��"-
��/ �����(���0/ ��#��0+(������� �0���"��&(�%��� ����&(� #��"-
��/ � ���(�.�%/ � ���
� ���B� �������"� �X�!���"#��0�'&(���"� ).+(�",.-��%/

X b�Lp]^K�NRB�HG_ > B�Ï¥bcCECMb å KML?T(NRKÌË-o?]^KMb�LÊÍédebcLRQ�B)de_JKMb�L < H^bcI?CMB�y V

6 @ ZRë�ñ-ëBA � û A � ïJð
	 ë A � û A � ï^ï ê �ñòë A � û A � ï ù ë x A � � ê v ï * P 6 û ë A � û A � ï	ü�ý û ë j�g ï
ñòë A � û A � ï ù A � � * P 6 û ë A � û A � ï$ü �mý û ë j�i ï
	 ë A � û A � ï ù A � � ó A � û ë A � û A � ï8ü�ý û ë j�j ï

åG> B�HJBsýÖKE] :�<@: H : CMCMB�CMb�TcH : y NÊB É L?B)N*b�L l KETco?H^B gp[RåG> K�d > KM]GNRKM]�deHJB�_^KMæ�B)N å KM_ >#: L#KMH^H^BDT�o?C : HG_JH^K : LpT�o?C : H$y�BD] > U
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l KMT�o?HJB u?V�l KML?KM_^B � b�CMo?y�B [ � BDKET > _^B)N l KML?KM_^B � b�CMo?y¨B´debcy <@: H^KM]^bcL [ debcLRQ�B)de_JKMb�LRÍ^NRKÌËÀop]^KMb�L�d : ]^B [ a³H^b�IpCEBDy ë jcg ï�Íeë jcj ï U
l KMT�o?HJB u ] > b å ]P_ > B :�<?< H^b 
?KMy : _JKMb�L�BDH^H^bcHPÏ¥b�HP_ > B É L?KM_^B�Q�b�CMo?y¨B : L@N å B�KMT > _JB)N É L?KM_JBsQcb�CMo?y�B�NRKM]�deHJB�_^KMæ : _^KMb�Lp](b�Ï< HJb�I?CMB�y ë jcg ïíÍ�ë j�j ï U�èG> B :=<?< HJb 
ÊKMy : _^KMbcL(B�H^HJb�H$b�Ï�_ > B�deb�LRQ�Bhde_^KMb�L¨_^B�HJy�KM];ë�_ > BDb�H^BD_^K�d : CMC Î ï	b=Ï b�HeNRB�H fGå KM_ > H^B�] < Bhde_
_^b _ > B;y�BD] > ]^KMæ�B�Ï¥b�H$Imb�_ > y¨B�_ > bÊNÊ] U�èG> B�NRKÌËÀo?]JKMb�L_^BDH^y�KM]	ImB�_^_JB�H :=<?< HJb 
ÊKMy : _^BhN(I Î _ > B å B�KMT > _JB)N É L?KM_^B;Qcb�CMo?y¨B

f)g



]�d > BDy�B U$èG> B(çco : NÊH : _JK�d�I@B >@: QRKEbco?HGKM]GKML@NRB�B)N*b�I?]JB�H^QcB)N¨Ï¥bcH;deb : H^]^B y�BD] > B�] [?åG> BDH^B : ] : çco : ]^KÌÍ�CEKML?B : H$I@B >m: QkKMbco?HGKM]
Ï¥bco?L@N Ï�b�H É L?B�y¨B�] > BD] U

����� � � ��� ��� � �.�"��-
���.� � + � A�)��%+Y,��"-��
�=����� � &(�����
X b�Lp]^K�NRB�HG_ > B�Ï¥bcCECMb å KML?T�L?bcL?CMKELpB : H >RÎk< B�HJI@bcCEK�dPB)çco : _^KMb�L#KML�_ å b] <@: deBsNRKMy¨B�L?]^KMbcL?] V

ñ � ëBA � û A � û� ï-ó 6 @ ZRë ø ë�ñ@ïJð��-ë A � û A � ï^ï ù vr� ó v ë A � ó9A � ï"ë A � A � ó � � ï û ëJë A � û A � ï û�� ï8ü�ý��
	 wpûe5��Mû ë j�x ï
ñòë A � û A � û� ïþù A � A � ó � � û ëJë A � û A � ï û�� ï8ü��@ý���	 w?ûx5��Mû ë j �cï
ñ-ëBA � û A � û�w ïþù A � A � û ëBA � û A � ï$ü�ý û ë j �cï

åG> B�HJB6ý � Z 9�� KM] :<@: H : CMCMB�CMb�TcH : y NÊB É L?B)N�b�L l KMT�o?HJB g?[ NRKM]�deHJB�_^KMæ�BhN å KM_ >�: L�KMHJH^B�Tco?C : H;_JH^K : LpT�o?C : H$y�BD] > [m: L@N ø: LmN8� : HJBsNRB É L?B)N#I Î-V

ø ëíñmï5ù ñ � û ë j�u ï
�-ëBA � û A � ïúù A � ó=A � û ëBA � û A � ï8ü²ý û ë x�w ï
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l KMT�o?HJB f)w?V	l KML?KM_^BPQ�bcCEopy�B [cå BDKET > _^B)N É L?KM_JB�Qcb�CMo?y¨B;deb�y <@: HJKE]Jb�L [c>RÎR< B�HJI@bcCMK°d�d : ]^B [ a�H^bcI?CMB�y2ë j�x ï�Íeë j ��ï U

l KMT�o?HJB fhw ] > b å ];_ > B :�<?< H^b 
?KMy : _JKMb�L B�H^HJb�H å KM_ > H^BD] < B)de_�_^b_ > B(y�BD] > ]JKMæ�B�Ï¥bcH+Imb�_ >�É L?KM_^B�Q�bcCEopy�B : LmN å B�KMT > _JB)N
É L?KM_JB�Q�bcCMo?y�B(]ed > B�y�B U _ > B¨I@B >m: QkKMbco?Hsb=Ï´_ > B�BDH^H^bcH(Ï�b�H(Imb�_ > ]�d > BDy�B�] KM] : T : KML²b=Ï;b�HeNRB�HI3 ��� � U�à bc_^B¨_ >@: _(_ > B
_ > B�b�HJB�_^K�d : C B�HJH^b�HPB�]^_JKMy : _JB�]GT�KMQcB : L#bcH�NRB�HGb=Ï 3 �����
èG> BP]�d > B�y¨B�] l �¿: L@N � ��l3: HJB;]JKEy¨KMC : H åG> BDL�KMy < CMB�y¨B�LR_^B)N�b�L_ > B;bcL?BeÍ^NRKMy�B�Lp]^KMb�L : C t o?H^TcB�H^]GB)çco : _^KMb�L : KML Ï : de_ [
_ > B Î²: HJB]^KMy�KMC : H$KÌÏ : o?L?KÌÏ¥bcy4y¨B�] > KM]�o?]JB)N U èG> B Î�å B�HJBI@bc_ > KEy < CMB�y�BDLk_eN Ï¥bcH :�9 KMB�y : L?L < HJb�I?CMB�y Î KEBDC°NÊKELpT :
] > bÊdx� < H^b <@: T : _^KMbcL Urt b�_ > ]�d > B�y¨B�];] > b å : L :=<?< H^b 
?KMy : _^KMb�L B�HJH^b�HPb�Ï�b�H�NÊB�Hz3 46 U
OPL?By :hÎ�: N?N : b�L?B NRKMy�B�L?]JKMb�L : C �+: L²SòB�B�H < H^b?deB)NRopH^B Ï¥bcH;_ > B�deb�y < o?_ : _^KMb�L¨b�Ï+_ > B��@o�
?B�](KML�_ > B6NÊKEHJB)de_JKEbcL

b�HJ_ > bcT�bcL : C?_Jbs_ > B;BhNRT�B�]Gb=Ï _ > BPy�B�] > U¼èG> KM]+y¨B�_ > b?N åG: ]$]^o@dDdeB�]�Ï�o?CMC Î op]^B)N¨KML �Mf 	@Ï¥bcH+_ > Bz$³o?CMB�H+Bhç�o : _^KMbcL?] U ��> B�L
KMy < CMB�y¨B�LR_^B)N�Ï�b�H$_ > B t o?HJT�B�HJ];B)çco : _^KMb�L [?: NÊB)deH^B : ]^B b�Ï�_ > B�B�H^HJb�HGb�Ï	o < _Jb jcw < B�HedeB�LR_;KM]GbcI?_ : KELpB)N U

f�i



��� � � � ��� ��� � ���0-�-��
)�&(���'� � A�)��!+(,��"-
�B� �!�"�.)�-
�%� �!A�� &(�%/
X b�Lp]^K�NRB�HG_ > BPÏ¥b�CMCMb å KML?T�B�CMCEK < _JK�dJÍ >RÎR< B�H^Imb�CMK�d;debco < CMB)N¨] Î ]J_^B�y [RåG> K�d > y�b?NRB�CM]$_ > B��@b å b�ÏrbcKMC : L@N å´: _^B�HG_ > H^bco?T >#:< b�H^bco?]Gy�BhNRKMo?y [ KML@d"CEomNRKML?Ts_ > B�T�H : QkKM_ Î BeË-B)de_ V

���eë�î û�� ï ê NRKMQmë �=ë¥î
û� ï

��� ëíð��òë¥î û� ï ê�� ���ÿRï^ïúù w?û ë¥î û� ï8ü*ý���	 w?û * �Eû ë x?f ï

ê ���eë�î û�� ï ê NRKMQmë
f ê �=ë¥î û� ï

��� ëíð��òë¥î û� ï ê	� �
�ÿRï^ïúù w?û ë¥î û� ï8ü*ý���	 w?û * �Eû ë x�v ï
�=ë¥î û� ïúù � � ë¥î û� ï û ë¥î û� ï8ü �mý���	 w?û * �Mû ë x�g ï
�=ë¥î ûew ïþù � � ë¥î ï û î3ü�ý û ë x�i ï
�-ë�î û�� ïþù � � ë¥î û� ï û ë¥î û� ï�ü �mý���	 wpû * �Mû ë x�j ï
ñòë¥î ûew ïþù ñ � ë¥î ï û î3ü*ý û ë x�x ï

Homogeneous porous media

1 and 2 are reference cells

Oil

Water

x

y

2

1

l KMTco?H^B f�fcVrY B�] > NÊB É L?KM_^KMbcL�Ï�b�HGdeb�y <@: HJKE]Jb�L?]
åG> B�HJBsýÖKE] : <@: H : CMCMB�CMb�TcH : y NRB É L?B)N#bcL l KMT�opH^B f�fc[ �ÿKM]G_ > B�TcH : QRKM_ Î�: d�d"B�CMB�H : _^KMb�L#Q�Bhde_^bcH : LmN�� � [ � � ë¥HJB�] < B)de_JKMQ�B
QRKM]�debc]^KM_^KMB�]�b�Ï åG: _^BDH : L@N�b�KMC�ï [ � � : L@N � � ë¥HJB�] < B)de_JKMQ�B�NÊB�L?]^KM_JKEBD](b�Ï åG: _JB�H : L@N�b�KMC�ï : H^B T�KMQ�BDLãdebcL?]^_ : LR_^] U Z L²_ > KM]
d : ]^B [ ëíì � ó/ì � ï"ë��hï	ù ��� ó � � ��� [ ]Jb�ë�ì � ó/ì � ï$NRB < B�L@NR]Pb�L"� U	à bc_^B�_ >m: _+�;HJB < HJB�]^B�LR_J]�_ > B å´: _^B�H <?>@: ]^B�] : _^o?H : _JKEbcL: LmN8�#_ > B�_ å b <p>@: ]JB�] < HJB�]^]Jo?H^B UGèG> B(NRb�y : KML�ýÖKE];NÊKE]edeH^BD_^KMæ�B)N å KM_ >�: L¨KEHJH^B�Tco?C : HG_JH^K : L?Tco?C : H$y�B�] > ë¥]^BDB l KET fcf ï U
èG> B ä B�
 : de_ ä ]^bcCMo?_^KMb�L åG: ]rd"b�y < o?_^B)N�o?]JKELpT : Q�B�H Î�É L?BGy¨B�] > : L@N :�l o��"KE_J]^o(]Jo < B�H�debcy < op_^B�H [ o?]JKML?T�I@bc_ > ]�d > B�y¨B�] [
: LmN�_ > B�H^B�]Jo?CM_^] : H^B�B)çco : C-o < _Jb_ > B�y : d > KML?B < HJB)deKM]^KMbcL U
Z L l KMT�opH^B�] f)vp[ HJB�]^o?CM_J]	Ï¥bcH+_ > B;o <kå KML@Nd > bcK�deBGÏ¥bcH+Imb�_ > ]�d > B�y¨B�] : H^B < HJB�]^BDLk_JB)N U8èG> B;bcH�NRB�HGb=Ï _ > B :�<?< H^b 
?KMy : _JKMb�L
KM]z3 ��� � KML�Imb�_ > d : ]JB�] [ I?o?_P_ > B É L?KM_^B Q�bcCMo?y�BP]�d > B�y¨BsKM];]Jb�y¨B åG>@: _Gy¨b�HJB < H^BhdeKM]^B U l KMTco?H^B fhg ] > b å ]�_ > B H^B�]Jo?CM_^]
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l KMT�o?HJB f�i@V # : _^o?H : _^KMbcL*d"b�y <m: H^KM]Jb�L å KM_ >�: L¨o < ]J_^H^B : y ]�d > BDy�B [ debco < CMB)N#] Î ]^_^BDy d : ]^B [ a�HJb�I?CMB�y ë x?f ï�Íeë xcx ï U
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l KMT�o?HJB f � V	l KML?KM_^BPQ�b�CMo?y¨B [cå B�KMT > _JB)N É L?KM_^B�Qcb�CMo?y�B;d"b�y <m: H^KM]Jb�Lb�L �@o 
ÊBD] [ d"b�o < CMB)N¨] Î ]J_^B�y&d : ]^B [ a³H^b�IpCEBDy ë xpf ï�Í
ë xcx ï U
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