
HAL Id: inria-00107875
https://inria.hal.science/inria-00107875v1

Submitted on 19 Oct 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Certifying Term Rewriting Proof in ELAN
Quang-Huy Nguyen

To cite this version:
Quang-Huy Nguyen. Certifying Term Rewriting Proof in ELAN. 2nd International Workshop on
Rule-based Programming - RULE’01, Sep 2001, Firenze, Italy, 18 p. �inria-00107875�

https://inria.hal.science/inria-00107875v1
https://hal.archives-ouvertes.fr


���������
	�����������������������������	��������� ��"!��$#&%�'(�
��	*)+��������,�.-�/0���(1(2436587�7�9�:;=<�>@?0A$B�B8CD?FE�E�G�G�GIHFJ�K$L�JNM�O�J�P@HRQ�K=E�K8S$T8U�B=J=E�J�Q=B�T=L8ENM$S�K�V�W+J=X�Y"HRA$BNW�K 9�Z[%\ 8]����

^`_badc4e�f�ghe�ikj lm_ba�n op_.qra�e�c4e�ikj stavuwuxf�yze�i {}|�~��
�������&� ��� �����.���.�[�&�v�

���������������*�m�����*�� ¡�
¢d£$¤�¥6¦�§©¨�ª«¤�¥¬¦*®°¯(±�¯=²�³N´"µ�±=¶¸·d¥º¹R¹¼»�¤�½�¾�¹N¿»�½�¾ÁÀb¦$ª"ÂNÃ�Ä�»,Å(»ÇÆ+²vÈ@¤É¦$ª¡Â�»

ÊÌË�ÍNÎ�Ï=Ð«Ñ+Î
Ò�ÓNÔ,ÕÖÔÇÓN×ØÔ,ÙÛÚÇÙ¼ÜÞÝàß«á+âbã@ÓNÓ8ÜäâÇßÞå�×ØÜkÚÉåæã@ÓçáàÝ+å\åéèkÓ8Ü(êéÙÛÔÇå�Ü�Õ�Ó8Ü(Úbëºå+Ô0ã@å+ÚÇßkì�ÔÇå+Ý+Ô,á+ÕíÕíÙîÜÞÝá+Ü«è�ì«ÔÇå�ê\ÙîÜÞÝÞï.ðkÓ�ñ�å�Ü«â,Ù¼èÞÓNÔòÚÇßÞÓóì�ÔÇå�å+ë�ÚÉÓNÔ�Õôå+ë�ÚÉÓNÔ,ÕõÔÇÓN×�Ô,Ù¼ÚÇÙ¼ÜÞÝçá+Ü«è�ì«ÔÇå+ì@å�âÉÓöáÌëºå+Ô,Õçá+÷ùøÙ¼â,Õtã�á+âÉÓ8è�å�Ü�ÚÇß«ÓóÔÇÓN×ØÔ,ÙÛÚÇÙ¼ÜÞÝíñNá+÷îñNú«÷¼ú«âØ×ØÙÛÚÇßæÓ�ûéì�÷¼ÙîñNÙÛÚ�âÇúÞã�âÇÚÇÙÛÚÇúÞÚÇÙÛå�Ü«âóüRý�þ"øFñNá+÷¼ñNú«÷îú«â�ÿ�ïØÒ�ß�Ù¼âëRå+Ô,Õíá+÷¼ÙîâÇÕ Ù¼â�ßÞÓ8÷¼ì«ëRú�÷�Ù¼ÜÌá+Ü«á+÷ � âÇÙ¼ÜÞÝöá+Ü«è�Ù¼ÜÌèÞÓNã�úÞÝ+Ý�Ù¼Ü«ÝóÔ,ú�÷ÛÓ�øÁã�á+âÉÓ8èxì«ÔÇå+Ý+Ô,á+ÕçâNï���å+Ô,ÓNå�ê+ÓNÔ��ÚÉÓNÔ,Õ Ô,ÓN×�Ô,ÙÛÚÇÙ¼Ü«ÝØì«ÔÇå\å+ë6â�ñNá+Ü�ã@Ó�Ó�ûéì@å+ÔÇÚÉÓ8è ÚÉå0å+ÚÇßÞÓNÔ�â � âÉÚÉÓ8Õíâ�ã � ÚÉÔ,á+Ü«âÇ÷¼á$ÚÇÙîÜÞÝ.ÚÇß«Ó8Õ Ù¼Ü�ÚÉåòÚÇß«Óñ�å+ÔÇÔ,Ó8âÉì@å�Ü«è«Ù¼ÜÞÝ0â � Ü�ÚÇá=û\Ó8â8ï�Ò�ß«á$Ú*Ù¼â��éú«âÇÙ¼ÜÞÝóábì«Ô,å�å+ëDñ�ßÞÓ8ñ��+ÓNÔ��Þå�Ü«ÓòñNá+Ü�ñ�ÓNÔÇÚÇÙÛë � ÚÇßÞÓ8âÉÓòì«ÔÇå\å+ë6âá+Ü«èíê\Ù¼ñ�ÓØê+ÓNÔ,âÇá	�éÚÇß«Ù¼â�ÕíÓNÚÇßÞå\èçá+÷¼÷Ûå�×.â�ú«â�ÚÉåbÝ+ÓNÚ�ÚÉÓNÔ�Õ ÔÇÓN×�Ô�ÙÛÚÇÙ¼ÜÞÝ0Ù¼Üíì«ÔÇå\å+ë"á+âÇâ,Ù¼âÉÚÇá+Ü�ÚÇâ�ú«â,Ù¼ÜÞÝá+ÜàÓ�ûéÚÉÓNÔ,Ü«á+÷dâ � âÇÚÉÓ8Õàï�
&úÞÔ.Õ�ÓNÚÇßÞåéèæÜÞå+Ú4å�Ü«÷ � ×*å+Ô��\â�×ØÙÛÚÇßàâ � Ü(ÚÇá+ñ�ÚÇÙîñ0ÚÉÓNÔ,Õ Ô,ÓN×�Ô,ÙÛÚÇÙ¼Ü«Ýöã¡úÞÚá+÷¼âÇå0×ØÙÛÚÇß�ÚÉÓNÔ�Õ ÔÇÓN×�Ô�ÙÛÚÇÙ¼ÜÞÝ[Õ�åéè«ú«÷Ûå[áóâÉÓNÚ�å+ëIá=ûÞÙÛå�Õíâ.ü »����� á+âÇâÇå\ñNÙ¼á$ÚÇÙ¼ê\ÙÛÚ � øFñ�å�ÕçÕóúÞÚÇá$ÚÇÙ¼ê\ÙÛÚ � ÿ�ï

� ������������� �!��"��#�

$&%('�)+*-,.,0/1'0232-45276�'0%86:98/;,	*-<('�=+)+*3,>,0/;2?'0*-@BAC,	<D)E,	2-@GFH,0/1F+@CF+I+A6J45,0%H276J@G)�2K)L@G*-/;,0*3<D@GF
M8N 6JO�@PI+23@C*RQ�4S6JOT63O+@P)E,023234 M =5@#O+@G=S)U,0/V6�'0A6J45AC2GWYXPO+@G2-@B276J@C)+2Z23O+,	I�=5F M @K<H@C<H,	*-452-@GF
4S/�,	%�@[Q�'�%�632\6J,]AC@G*-634S/ N 6JO+@^Q�O�,	=5@^)�*3,>,0/_'0%+F`63,]AG,	<D<aI+%+4SA:'�63@[4b6(Q�4S63Oc,06JO�@G*
2 N 2-63@G<D2edgf	f.9bhjilkmWe$&%n2-,	<D@H)+*-,.,�/P'02-2345276�'0%8632eo�pGqsr8qetPu>v�9xw!y>z�9�u.{V|�}�~�9�6JO+@D)+*3,>,0/
6J@C*3<�,0/?'0=S=YF+@CF+I+A6J45,0%^2-63@G)+2�4S2�@�.)+=S45AC4S6J= N 2-63,	*3@CF1W $&%�,063O+@G* 2 N 2-6J@C<H2C91)+*-,.,0/x63@G*-<
<H@C<H,0*3452-45%+�\QK'02�%+,06��	4S�0@G%�63O+@H�+*32-6�)+*-45,	*-4S6 N 4S%�4b6J2_F+@G2-45�	% M I�6�23,	<D@('l636J@C<H).6J2
O�':�	@ M @G@G%�F+,	%+@�63,D�0@C6P6JO�452�/;@:'l6JI+*-@09+/;,	*P@��+'�<H)+=S@09+4S%��g�-���0����� �Hd��jk�,	*P45%��R}_u�dgf0��kmW
XY@C*3<�*-@CQ�*-4S6J4S%+�^O�'�2 M @C@G%�23O�,�Q�%�6J, M @e'^�	,>,>F�@G%8�>45*-,	%+<D@G%86a/;,	*a)�*3,	�	*3'0<T�

<H4S%+�H'0%+F[)�*3,j�>45%+�+WB$&%�'()�*3,>,0/x'02-234S2-6�'�%�6G9E63@G*3<�*-@CQ�*34b6J4S%+�(4S2B�0@G* N I+2-@C/;I+=Y2345%�AG@�4b6
@:'02-@G2x@C�>I+'�6J4S,	%�'0=>*3@G'023,	%�45%+��'0%�FTAG,	%+2-45F+@C*J' M = N 2345<D)+=S4S/ N )+*-,.,�/;2 M8N ' M 2-6J*3'0AC6345%+� 63O+@
AG,	<D)+I�6J'�6J4S,	%�'0=L'0*-�	I+<D@G%86J2�d�h���k WZ¡B,�Q#@C�0@G*C9L4S%e'a2 N 276J@G<¢=545£�@�w!y.z�9>6J@G*-<¤*-@CQ�*-4S6J4S%+�
452�)�'04S%�/;I+=�F+I�@�6J,U6JO�@�2-45¥G@_,0/x4b6J2�)+*-,.,0/Y6J@C*3<¦W�$&%[,	*-F+@G*�6J, §-I+276J4S/ N 'U*3@Q�*34b6J@_2-6J@C)19
6JO+@�AC,	%86J@��.6�'0%�F\6JO+@�I+2-@GF¦23I M 2-6J4b6JI�6345,	%e%�@G@GF�6J, M @�£0@C)�6B45%e4b6J2�)+*-,.,�/�6J@G*-<�WxXPO�452
/¨'0AC6_)L,	23@C2a'¦23@G*-45,	I�2�2-)�'0AG@H)+*3, M =5@C<©/;,	*Uw!y>z[£0@C*3%+@C=K4S%�AC@G*-634S/ N 45%��¦63O+@G2-@()+*-,.,0/;2CW

ªD«V¬P�®°¯5±V²�³l´µj¶�·¸G³j¹!º¼»:¶G³j¹�½�µ�¾j¿ÀCÁ	Â�´VºÄÃGÁ
ñÅ�Æ0ÇjÇ�ÈBÉ#Ê>ËjÌ�Í�Î�Ï�ÐÑTË�ÒTÓYÌ�Î-ÐGÔGÍSÐ-Õ#Ö.×7ÍSÐ3Ø�×3Ð�Ù�Ú�Û�Ú

http://www.elsevier.nl/locate/entcs/volume59.html
mailto:Quang-Huy.Nguyen@loria.fr


���������	�


K@G2-45F+@C2G9163O+@T@��DAG4S@G%+A N ,0/Z63@G*3< *3@Q�*34S6345%+�(45%�w!y.z�4S2�'0=52-,e=54S<H4b6J@GF¦234S%+AG@T4b6�Q#,	*3£�2
45%e4S%�63@G*-)+*3@6J@GF�<H,>F+@�W
 6 63O+452�276�'0�0@09l,	%+@x<D45�	O86�@���)�=5,	4b6�6JO+@Z)L@G*-/;,0*3<H'0%+AG@x,�/.63O+@Z*3I+=S@� M '023@CF_)�*3,	�	*3'0<T�

<H4S%+��@G%8�>45*-,	%+<D@G%86J2U6J,�O+@C=5) )+*3,>,0/�'0232-45276�'0%86J2D45%�F+@G'0=54S%+�^Q�4S63O 63@G*-< *3@Q�*34S6345%+��W
¡�,jQ#@C�	@C*G9�<D,	2-6�,0/Z6JO+@C23@T@G%8�>45*-,	%+<D@G%86J2�AC,	%+2-45F+@C* 6J@G*-< *-@CQ�*-4S6J4S%+�e'02 '\AG,	<D)+I�6J'l�
6J4S,	% M I�6#%+,06#'_)�*3,>,0/�W�XPO�'l6K4S2G9�%+,_)+*3,>,0/!63@G*-< 452Z�	@G%�@G*J'l6J@GFHF+I+*-45%+��6JO+@B@�.@CAGI�6345,	%
,0/T'�*3I�=5@GF>� M '02-@GF )+*3,	�0*J'0<¦W¢$&% /¨'0AC6G9�23,	<D@�2 N 2-63@G<D2[O�':�	@nAG,	%+2-45F+@C*3@CF 6�' M =54S%+�
*3@Q�*34S6345%+� M I�6�,	%+= N /;,	*?45<D)+*-,��>4S%+��@��DAG45@C%+A N ,	*#63@G*-<H4S%�'�6J4S,	% M @CO�':�.4S,	I+* d�f���k 9�'0%+F
6JO+@�276J,	*-@GF¦45%�/;,	*-<('l6J45,0%(A:'�%+%+,06 M @_2-@G@C%^'02P)+*-,.,�/Y63@G*3<¢,0/Y63O+@�AG,	<D)+I�6J'�6J4S,	%1W
¡�@G%�AG@09.)+*3,>,0/1'0232-452-6J'0%86J2#<aI+2-6?6J*-I+2-6#45%D)+*-,	�	*J'�<H<D45%+��@C%8�.4S*3,	%�<H@C%�632K'�%+F(AC,	%.�

234SF+@G*�6JO�@G23@HAG,	<D)+I�6J'�6J4S,	%+2_'02�'l�.45,	<D2�45%�4S632�)+*3,>,0/�W\XPO+4S2_'0)+)+*-,8'0A�O�4S2_%�,06_AG,	<T�
)+=5@6J@C= N *-@G=545' M =S@\234S%+AG@¦6JO+@C23@[AC,	<D)+I�6�'l6J45,0%+2U'0*3@¦%+,06HAG@C*-634S��@CF1W`$&% ,�6JO+@C*DQ#,	*3F�2G9
Q�O+@G%(AG,	*-*3@GA6J%+@C232�4S2#AC*3I+AC4¼'0=m9�*3I+=S@� M '023@CF()+*-,	�	*J'�<H2?23O+,0I+=5FH*3@C63I+*3%H6JO+@B)+*3,>,0/163@G*-<
,0/ 6JO+@C45*PAG,0<H)+I.6�'�6345,	%1W
 *3I+=S@� M '023@CF�)+*3,0�	*J'0<�6�'�£0@G2�'(63@G*-< '02�4b6J2�45%+)+I.6�'0%+F�*-@C6JI�*3%+2�¥C@G*3,�91,	%+@�9�,	*

23@�	@G*3'0=�63@G*3<D2 '�2�4S632�,	I.6J)+I�6GW�� O+@C%�AG,	%+2-45F+@C*34S%+�\@G��I�'l6J45,0%�'0= 45%86J@C*3)+*-@C6�'l6J45,0%19L63O+@
45%+)�I�6e'0%�F`6JO+@^,0I�6J)+I.6¦'0*3@�@G��I�'0= 4S% 6JO�@�AG,	%86J@��>6�,0/�6JO+@�AC,	%+2-45F+@C*3@GFc)�*3,	�	*3'0<¦W
XPO+@^F+@C*34b�0'l6J45,0% M @C6&Q#@G@G%c63O+@G< A:'0% M @[2-@G@C% '�2\'n)+*-,.,�/�,0/�6JO+4S2(@C�>I+'0=54b6 N W�� %
6JO+@�,063O+@G*�O�'�%+F19�4S6�452PQK@C=5=��&£�%+,jQ�%¦63O�'�6�I+2-45%+�D'U*3@C=5@C��'0%86B2-63*J'�63@G� N 9�@��DAG4S@G%+A N '0%+F
23,	<D@ M @CO�':�>45,	I+*-2�oJpGqsr8qY6J@C*3<D45%�'�6345,	%�~E,0/+*-I+=5@�� M '�23@GF_)+*-,	�	*J'�<H2�A:'�% M @?2-45�	%�4S��AG'0%86J= N
45<D)+*3,j�0@GF1W��B@CAG@G%863= N 9x2-,	<D@(2 N 276J@G<D2�oJpGqsr8q]{!u�t�� d�f	�jk 9������Lt���{V|�} dgf0i�k¼~�'0=S=5,jQ
6JO+@_I+2-@G*�63,(�	I�45F+@�6JO�@a'0)+)�=545AG'�6J4S,	%+2P,0/�*3@Q�*34S63@�*-I+=5@C2�4S%+2-63@:'0F�,0/xI+2-45%+�('H276J*J'l6J@G� N
M8N F+@C/¨'�I+=S6�=S45£0@U=S@C/Ä6J<D,	276-�&4S%+%+@C*3<D,	2-6GW�XPO+4S2_%�@CQ /;@G'�6JI+*-@U�	4S�0@G2_*3452-@a6J,�'eF+@G<H'0%+F
6J,¦<H@C<H,0*3452-@UI+23@C*7�&�0I+45F+@CFnAC,	<H)�I�6�'�6345,	%�2G9�/;,	*�@��'0<D)+=5@ M8N 6J*J'�AG45%��¦63O+@G<¦W ��*3,	<
'(=5,0�	45AG'0=�)E,045%86 ,0/x�>4S@CQ�9!63O+452B6J*J'�AG@aAG'0% M @�23@C@G%�'02�'()�*3,>,0/Z,0/Z@G��I�'�=54S6 N¦M @C6&Q#@G@C%
6JO+@H45%+)�I�6a'�%+F�63O+@(,	I.6J)+I�6GW���*-,	< 6JO�@()+*-,	�	*J'�<H<D45%+�¦'02-)E@CAC6G9�6JO+@D6J*3'0AG@H452��	@G* N
O+@G=S)�/;I+=�4S%^'0%�'�= N 234S%+�D'0%+F[4S%[F+@ M I+�	�045%+�D)+*3,0�	*J'0<D2GW  %+F�=¼'0276 M I.6�%+,�6�=S@:'0276:9�6JO+4S2
6J*3'0AG@��	4b�	@C2�'U<D@:'0%+2�63,H@��.)E,	*76P6JO+@�AC,	<H)�I�6�'�6345,	%�2_o¨,	*P)+*-,.,�/;2�~#6J,D,063O+@G*P2 N 276J@C<H2CW
XPO+@�4S%�/;,	*3<H'�6345,	%\£�@G)�6�45%�6JO+@�6J*3'0AG@_F+@C)E@C%+F^,	%�O+,jQ 6JO+4S2B63*J'0AC@�4S2�I+23@CF^=¼'�63@G*CW

��,	*R@��'0<D)+=S@09845%T,0*3F+@C*R6J,"!Jp$#&%('�)P' F+@G*-4S��'�6345,	%T4S%T2 N %86�'0A6J45A�*-@CQ�*34b6J4S%+�+9063O+@�6J*3'0AG@�,0/
'�*3@Q�*34b6J@�276J@G)U<H' N 2-45<D)+= N AC,	%86�'04S%a6JO+@�)L,	2-4S6J4S,	%�,�/V*3@GF�@�D'0%�Fa6JO+@P'�)+)+=54S@GFa*-I+=5@K'02
45%[d�f�kE2-45%+AC@�)�'l636J@C*3%\<H'�63A�O+45%+�_452?F+@6J@G*-<H4S%+45276J4SA�'0%+F\%+,�6KAC,	2-63= N o¨=S45%+@G'0*Z45%U6JO+@�234S¥G@
,0/�)�'l636J@C*3%V~�W*
KI�6#Q�O+@G%eAC,	%+234SF+@G*-45%+��*3@Q�*34S6345%+��<H,>F+I+=S,�'_23@6P,0/�'l�.4S,	<H2?=54S£0@�'0232-,��
AG45'�6J4b�.4b6 N '0%+F(AG,	<D<aI�6J'�6J4b�.4b6 N o ,+ *-@CQ�*-4S6J4S%+��~�9.)�'l636J@C*3%\<H'�63A�O+45%+� M @GAG,0<H@C2�<aI+A�O
<H,0*3@UF+4-�DACI+=S6(o¨%�,	%.�&F�@C6J@C*3<D45%+4S2-6345AU'0%+F/.�0��&AC,	<D)+=5@6J@�d21�kÄ~�'0%+F�O+@G%+AC@09�63O+@U6J*J'�AG@
23O+,0I+=5F AG,	%86�'�45% <H,	*-@�4S%�/;,	*-<('�6345,	%]2-I+A�Oc'02D6JO+@¦I+2-@GFc23I M 2-634S6JI.6J45,0%1W43�,	*-@G,j�	@C*G9
6J,�4S<H)+*-,j�	@(63O+@\@��DAC45@G%�A N ,0/B)�'l636J@C*3%]<H'�6JA�O�45%+��<D,.F�I+=5, ,+ 9R<H,02-6T,0/B2 N 276J@C<H2
o�pGqsr8q {1ult��K965at*7*8P{�~D)�I�6\'�6J@C*3< 45% 4S632:9;'�<>=	<@?A9;'�%>BC=	!ED M @C/;,	*-@�*-@GF+I+AC45%+��4S6GW
XPO+@eA:'�%+,	%+4SA:'0=Z/;,	*3< 452 M I+4S=S6 M '023@CF ,0%�'�6J,06J'0=K,0*3F+@C*345%��^,	%]�	*-,	I+%+F�63@G*3<D2GW�$&%
,06JO�@G*�QK,0*3F+2C9Y6JO�@D)L,	2-4S6J4S,	%�,0/P'e*-@GF+@��nF�@G)L@G%+F+2�,	%�6JO+4S2_,0*3F+@C*345%���'�%+F�*-@CQ�*-4S6J4S%+�
AG,	%863@�>6�<H4S�	O86 M @T' M @C6-6J@G*�A�O+,	45AC@�/;,	* <D@G<D,	*-45234S%+�U6JO+4S2�*3@CF+@�EW  6 6JO�452�276�'0�0@09�'
I+%+4b��@GF�*3@C)+*3@C23@G%86J'�6J4S,	%�,�/K6J*3'0AG@�o;,	*�)+*3,>,0/?6J@G*-<©,0/?6J@C*3< *3@Q�*34b6J45%���~�452�F+@C234S*J' M =S@
234S%+AG@K63O+452R'0=5=S,�Q�2 6J,�'0%+'0= N 23@#6JO+@P)+*-,	�	*3'0< @��.@GAGI.6J45,0%H'�%+Fa/¨'0AG4S=54b6�'�63@G2�6JO+@�2 N %�6J'0AC6345A
<('�%+45)+I�=¼'�6345,	%+2?23I�A�O^'02�AG,0<H)�'�AC6J4S%+�T,	*�63*J'0%+2-=¼'�6345%+�a63O+452�63*J'0AC@0W

f



���������	�

XPO+@ !�p � !E?�� ? <>r 9;'�% 9�� %����Tdg�.9 ��kR,	*
	�����K4S2�'e234S<H)+=S@aA:'�=5AGI�=5I+2 Q�O+,023@T��*3276_AG=¼'�232
, M §-@CAC6J2�'0*-@D63O+@HF�4��E@G*3@C%86�4S%+�	*3@CF+45@C%86J2�,0/K63@G*-< *3@CQ�*-4S6345%+� ?¨q¨pGqH6J@C*3<D2G9 *3I+=S@G2G9Y*3I+=S@
'0)+)+=S45AG'�6J4S,	%+2G9.2-63*J'�63@G�	4S@G2B'0%+F¦23@6J2B,0/�*-@G2-I+=S632GW?XPO+@G*-@C/;,	*-@09�	�����RAG'0%�AG'0)�63I+*3@ M ,06JO
%+,	%.� F+@C63@G*-<H4S%+452-< Q�O+@C*3@[*-@CQ�*-4S6J4S%+��*3@6JI+*-%+2('�23@6(,0/�*3@C23I+=b6J2H'0%+F�/¨'045=SI+*3@\Q�O+@C*3@
6JO+4S2T23@6H4S2T@G<D)�6 N W]$&%�	������&9?6JO+@¦'0*-*3,jQ¢*-@CQ�*-4S6J@�2 N < M ,	=_o��c~�452TAC,	%+234SF+@G*-@GF '02
6JO+@H' M 276J*3'0AC63,	*G9 Q�O+45=S@D63O+@H=S@C/Ä6�O�'0%+F�234SF+@G2�'0*3@D23@C@G%�'02 M 45%�F+45%+�¦)�'�6-6J@C*3%+2CW¦XPO�452
�	@G%�@G*J'�=5452-@G2 6JO+@P' M 2-63*J'0A6J45,0%a<H@CA�O�'0%+4S23< ,0/��+� A:'0=SAGI+=SI+2�Q�O+@G*-@�6JO+@ M 45%+F+4S%+� )�'l636J@C*3%
452_234S<H)+= N '���'0*-4¼' M =S@D'0%+F�,	%�= N 6J*-4S�>4¼'�=?)+'�6363@G*3%n<('�63A�O+45%��[452_*3@C��I+45*-@GF1W�$&%�,06JO�@G*
QK,0*3F+2C9�	�����Z45%86J@C�	*J'l6J@G2�6J@G*-< *-@CQ�*-4S6J4S%+�\'�%+F��+� A:'0=SAGI+=SI+2B45%�'(I�%+4S��@CF^/;*J'0<D@CQ#,	*-£
Q�O+@G*-@ M ,063O ,0/�63O+@G< AG'0% M @�%�'l6JI+*3'0=5= N @���)�*3@G2-23@CF1W  2�'�/;I+*76JO+@C*e2-63@G)19
	������
Q�4S63OH@���)�=545AC4S6Z2-I M 2-634S63I�6J4S,	%+2�o�	��E� A:'0=SAGI+=SI+2�~�QK'02KF�@G234S�	%+@CF�d2��kV45%D,	*3F�@G*Z6J,_<('0£�@B63O+@
23I M 2-6J4b6JI�6345,	%�)+*-,.AC@G2-2B@��.)+=54SAG4S6�4S%\6JO+@�AG'0=5ACI+=5I+2CW
��%�@�,0/�6JO�@�<('�45%�<D,0634S��'�6J4S,	%+2�,0/�63O+452 QK,	*-£�4S2Y6J,�AG,	<D<aI+%+4SA:'�63@#63O+@�)+*-,.,0/�63@G*-<

,0/?6J@G*-< *3@Q�*34S6345%+�e63O�'�6_452�4S%���*-2-6�,	*3F�@G*�Q�4S63O�)+*-,.,�/�'02-234S2-6�'�%�632_63O�'�6�'0*-@D<D,	276J= N
M '02-@GFD,	%UO+45�	O�@G*R,	*-F+@G*x=S,	�	4SA0W XPO+@G*-@C/;,	*-@09�	�����!'�%+FH@�	@C%�63I�'0=S= N 	��L�&A:'�=5AGI�=5I+2C982345%�AG@
QK@�%�@G@GF 6J,]@��.)+=54SAG4S63= N <H'0%+4S)+I+=¼'l6J@[2-I M 276J4S63I�6J4S,	%+2C9�4S2\']*3@C=5@C��'0%86\/;*3'0<D@CQ#,	*3£ 6J,
*3@C)+*3@C23@G%86�)+*3,>,0/ 6J@C*3<D2GW
$&%H6JO�452?)�'0)L@G*#Q#@�)�*3@G2-@G%86�'�*3@C)+*3@C23@G%86J'�6J4S,	%\,0/163O+@�)�*3,>,0/!63@G*3< ,0/E6J@C*3< *3@Q�*34S67�

45%+� M '023@CF ,0%�	��L�&A:'�=5AGI�=5I+2CW ��@�O�':�	@��	@G%�@G*J'l6J@GF 6JO�@�)+*3,>,0/�6J@C*3< ,�/�2 N %�6J'0AC6345A
*3@Q�*34S6345%+�H'0%+F ,+ *3@CQ�*-4S6345%+�D45%�{1u�t��KWLXPO+@�6J*3'0%+2-=¼'�6345,	%¦,0/R63O+452B)+*3,>,0/R63@G*-< 4S%86J,
w1y>z0�&2 N %�6J'l�[452�F�@G23AC*34 M @CF�'�%+F�452�)+*3,j�	@CF�23,	I+%�F1W�XPO+452�63*J'0%�23=¼'l6J45,0%[O�'02 '0=52-, M @G@G%
45<D)+=5@C<H@C%86J@GF�4S%�{1u�t��KW  2_'�*3@G2-I+=S6G9�QK@D�	@C6�63O+@DAG,	*-*3@G2-)E,0%+F+45%��¦)�*3,>,0/#63@G*-<©/;,	*
w1y>z�)+*-,.,0/B'�23234S2-6J'0%86�dsh ��kmW^XPO+452�)+*3,>,0/P6J@C*3< 452_6JO+@C%]A�O+@GA�£�@GF M�N w1y>z�£0@C*3%+@C=�6J,
@G%+2-I+*3@DAG,0*3*3@CAC63%+@G2-2GW(XPO�452�QK,0*3£�'0=S=5,jQ�2 ,	%+@U6J,�AC@G*-634S/ N 63@G*-<©*3@Q�*34S6345%+��)+*-,.,�/;2�45%
{1ult�� '0%+F�O+@G%�AG@09�63,H�	@6P6J@C*3< *-@CQ�*34b6J4S%+�U45%[w!y.zHI+234S%+��{!u�t��#W
XPO+@[%+,�6�'�6345,	%+2DI+2-@GFc45% 6JO+4S2H)+'0)E@C*\'0*-@[F+@C23AC*34 M @GF 45% 2-@GA6J45,0% f>W �.@GA6J4S,	%`i

*3@�.4S@CQ�2?6JO+@�2 N %86�'l�\'0%+FD6JO+@�,	)E@C*J'�6345,	%+'0=�23@C<('0%86345AG2#,0/�	��L�&A:'�=5AGI�=5I+2CWR$&%\23@CAC6345,	% 1+9
QK@�F+@G2-AG*34 M @�6JO+@�)+*3,>,0/x6J@C*3<�,0/x63@G*3< *3@Q�*34b6J45%��(45%¦6JO+4S2�2 N %86J'l�EW�XPO+@a)+*-,.,0/x63@G*-<
2 N %86�'l�n,0/�@C�>I+'0=54b6 N 4S% w!y.z�4S2�)+*-@G23@C%86J@GF�4S%�23@CAC6J4S,	%��.W!�.@GA6J4S,	%#"[F+@C23AC*34 M @G2a63O+@
6J*3'0%+23=5'�6J4S,	% M @C6&Q#@G@C%e6&QK,D' M ,j�	@�2 N %86�'���@C2GW*�n@�F+@G2-AG*34 M @ '0%+FeF+4S23AGI�232P,	I+*KAGI+*-*3@G%86
45<D)+=5@C<H@C%86�'�6345,	%H45%�23@CAC6J4S,	%%$ M @C/;,0*3@��	4b�.4S%+�T23,0<H@�AG,0%+AG=SI+234S,	%+2GW

& '��)(+*7"-, "-�/.x�V"0(21

�n@Z<D,	2-63= N I�23@Z6JO+@?%+,06J'�6J4S,	%+2�45%863*3,>F+I+AG@CF�4S%(dshC10k.'0%�F\dsh3$lkmW  ��?br�<&'4����!Jp+5�AG,	%�2345276J2
,0/E'�23@C676�,0/V��'0*345' M =S@G2x'0%�FH'�2-@C698 ,0/L/;I+%+A6J4S,	%T2 N < M ,	=52CWRXPO+@B'0*-4S6 N ,0/1' /;I+%�AC6J4S,	%
2 N < M ,	=�:!;!8 452�F+@C%+,063@GF M8N ��<>=�?0@!oA:1~�WYXPO+@?23@6�,�/���'0*345' M =S@G2�,0/�'�63@G*-<B?�4521Q�*-4S6363@G%
6C��<+o�?-~WBXY@C*3<D?�452BA:'�=5=5@CF�r�! =>� <FE�4S/G6H��<�oI?-~�452B@G<D)�6 N W  #@=J��?�� ?A=	<(Q�4b6JO+4S%['H63@G*-<
452#*3@G)�*3@G2-@G%86J@CF M8N '�23@G��I+@C%+AG@_,0/ %�'�63I+*J'�=!%�I+< M @G*-2PF+@G2-AG*34 M 45%���6JO+@�)+'�6JO\/;*-,	< 63O+@
*3,>,06�,0/?6J@C*3< 63,¦63O+@UO+@:'0F�,0/?6JO+@D23I M 6J@G*-< '�6�6JO�'l6�)E,	2-4S6345,	%1WTXPO�@ ! = =>� #@=J��?�� ?A=	<
452�'0%�@C<H)�6 N 2-@G��I+@G%�AG@¦'0%+F�4S2�F+@C%+,063@GF M8NLK W  2-I M 63@G*3< *3,>,063@GF�'l6a)L,	234b6J45,0%NM
,0/K'�63@G*3<O? 452�F+@C%+,063@GF M8N ?JP Q	W 
 N ?CdSRGkSQHQ#@HF�@G%+,063@D63O+@T6J@C*3<T?�Q�O�,	23@D23I M 6J@G*-<
'�6�)L,	234b6J45,0%UMn4S2_*-@G)+=5'0AG@CF M8N '\6J@C*3<VR	W  ���XW���� ?������ ?A=	<^452�'�<('�)+)+45%��\/;*3,	< 63O+@
��'0*345' M =5@C2�,0/H6 6J,�6J@C*3<D2GW\XPO+@D45F�@G%86J4b6 N 23I M 2-6J4b6JI�6345,	%�452_F+@C%+,06J@CF M8N�Y[Z W 
 N �X\

i



���������	�

QK@�F�@G%+,063@ 6JO+@ 63@G*-<¤Q�O+4SA�Oe45%+276�'0%86J45'�6J@C2K6JO�@ �0'�*34¼' M =5@��[4S%\6JO+@�23I M 276J4b6JI�6345,	% �RWx$ /
��452�'e23I M 2-634S6JI.6J45,0%1916JO+@C%�?0��F+@C%+,063@G2�6JO+@U*-@G23I�=S6�,0/K'0)+)+= N 45%+� ��,	% ?�W ��@aQ�*34b6J@
?������� R��U6JO+@a63@G*-<O?B45%^Q�O+4SA�O�@:'0A�O�,>AGAGI�*3*3@C%+AG@U,0/x��'0*-4¼' M =5@	��452�*3@G)�=¼'0AC@GF M8N '
6J@C*3< R	W
 *3@Q�*34S63@\*3I�=5@\4S2�Q�*34b636J@C% �
� <¦Q�O+@C*3@N��452a%+,�6U'[��'0*345' M =5@H'0%+F 6C��<�o�<0~�


6C��<+o��¨~W �n@HA:'0=S=9��'0%+FL<�*3@C23)L@GA6J4S�0@G= N 63O+@�%5p B ����'�<FE%��?�E>pDo��¡ �+~�'0%�F�6JO�@�!E?br����
��'�<FE ��?�E>pTo �B¡/�+~�,�/K*-I+=5@�W  2-@C6_,0/#*3@Q�*34S63@T*3I+=S@G2�� 452�A:'�=5=5@CF�' ��p�!ED !Jp � !E?�� ? <>r
��)3���&p�D o¨X � �+~W��@6�� M @Z'PX � �EWGXPO+@x6J@G*-< ?E*3@CQ�*-4S63@G2�6J,P6JO�@R6J@G*-< R?4S%�,	%+@ !Jp � !E?���p
����p$#�4S/K63O+@G*-@(@���4S2-6�23,	<D@(*-I+=5@ � � <�45%���9R)L,	234b6J45,0%NMn45% ?_'�%+Fn2-I M 2-634S63I�6J4S,	% �
23I+A�O^63O�'�6�� ?JP Q	� ���]'0%+F�R	� ?Cd <>�!k Q8W�$ / M�452�%+,06�@G<D)�6 N 9L6JO+@C%^6JO+4S2�2-63@G)�4S2�AG'0=5=S@GF
<>=	<��$! = =>�mW �n@KF+@G%+,�6J@P'�*-@CQ�*-4S6J@#2-63@G)U45%�� M�N ?9���LRP'0%+Fa63O+@�*3@���@�.4b�	@� 6J*3'0%+234b6J4b�	@
AG=S,	23I+*-@�,0/V6JO�@ M 45%�'�* N *-@G=5'�6J4S,	% ��� M8N ���� W�XPO+452R*-@G=5'�6J4S,	%a452R'0=52-,�A:'0=S=5@GF ��) <)�A' 9�� ?A9
!Jp � !�?�� ? <>r0WRXPO+@�2-I M 6J@C*3< ?JP Q � �I��4S2�A:'0=S=5@CF�' !�p[E>p"!�4S%U?K2-45%+AC@�4S6P4S2P'0%�45%+276�'0%�AG@�,0/
'#�¡/�^,0/$��W_$ /#Q#@U*3@G)�=¼'0AC@�6JO+4S2 *3@CF+@� M�N '&%-O+,	=S@�'+9L6JO+@C%�Q#@T�	@C6�63O+@ !Jp � !E?�� ? <>r
9 =	<)��p"! �E,0/ 6JO+@�*-@CQ�*34b6J@�276J@G)�'�6�)L,	234b6J4S,	% M�W  63@G*3<¤452P23'045F\63, M @�45% <>=	!ED '�%�BC=	!ED
o .6�x~ � q !Gq � q�� 4b/�4S6_AC,	%86�'04S%+2�%+,[*-@GF+@��!W )( !Jp � !E?�� ? <>r�* E>p�!E?,+	'4� ?A=	<�4S%���452�'0% N
o;��%�4S6J@�,0*P45%���%�4S6J@:~K23@C�>I�@G%+AC@�,0/Y*3@Q�*34S63@�2-6J@C)+2GW
�@6
�.-C� </-�'0%+F!�10/� <20 M @�6&Q#,e*3@Q�*34b6J@�*-I+=5@C2�Q�4b6JO^F+4S2-6345%+A6���'0*-4¼' M =S@G2CW�$ / M

452Z6JO+@�)E,0234S6345,	%D,0/�'_%+,	%.� ��'0*345' M =5@�2-I M 6J@C*3< ,0/2�10G9 �[4S2K'�<H,	276K�0@G%+@C*J'0=LI+%+4b��@G*#,0/2�.-
'0%+F �104P Q89863O+@G%(63O+@B@G��I�'�6345,	% <20 �3� �10 �Zd </- �!kSQ�4S2K' 9�!E?�� ?A9;'�%�#�'�? !�/;,	*-<H@CFH/;*-,	< 6JO+,023@
*3I+=S@G2CW
 9 =	<FE�?�� ?A=	<&'�% !Jp � !E?���p ! ��%5p#452?Q�*34b636J@C% � � <547698�Q�O+@G*-@:8B4S2KAG'0=5=S@GFH63O+@ 9 =	<FE�?,�

� ?A=	<�WPXPO�@G*3@a'0*3@_23@�	@G*3'0=�<D@C63O+,>F+2�63,(F+@��%+@�2-@G<H'0%86J4SAG2�,�/xAG,	%�F+4S6345,	%�'�=1*3@Q�*34S6345%+��W
$&%H63O+452ZQK,0*3£V9+'(o¨AG,0%+F+4S6345,	%+'0=Ä~�*-@CQ�*34b6J@B2-63@G)e452Z)L@G*7/;,	*3<D@GFH4S/�'0%�F(,	%+= N 4S/;8���A:'0% M @
@C��'0=SI�'�6J@CFe6J,5< </=?>�Q�O+@G*-@��452�63O+@�I+23@CF[2-I M 2-634S63I�6J4S,	%1W
�n@eF+@C%+,063@�63O+@�@G��I�'0=S4S6 N <H,>F+I+=S,�'0%�@G��I�'�6345,	%+'0=#63O+@G,	* N < M8N �A@B� ?C�D@�R

4S/B'0%�F],	%+= N 4S/�< P � ?C� R	W  2-23,>AG4¼'l6J4S�>4b6 N '0%�F]AG,	<D<aI�6J'�6J4b�.4b6 N o ,+ ~�452�,	%+@e,0/
6JO+@_<D,	2-6�I+23@/;I+= @G��I�'�6345,	%�'�=16JO+@C,	*34S@G2GW ��@G)�=¼'0AC45%+�D2 N %86�'0A6J4SA�@G��I�'�=54S6 N�M8N @G��I�'�=54S6 N
<H,>F+I+=S, ,+ 45%e63O+@�F�@C��%+4b6J4S,	%�,0/�*-@CQ�*-4S6J@_2-63@G)��	4S�0@G2 ,+ *3@Q�*34b6J45%��D*-@G=5'�6J4S,	%1WxXPO+@
E �&AG,0%��0@G*-2345,0%�*-@G=¼'l6J45,0%�452�F+@C%+,06J@CF M8N �DF.W 
 N �HG�I@ ?�Q#@HF�@G%+,063@T6JO+@U<H'�6JA�O+4S%+�
)+*3, M =5@C< M @6&QK@C@G%^63O+@_63@G*-< ?�'0%+F¦6JO+@_)�'�6-6J@G*-%!�R4S%¦63O+@�@C��I�'�6J4S,	%�'0=163O+@G,0* N <_W 
23,	=SI�6J4S,	%D,0/16JO�452?)+*3, M =5@G< 4S2K'_23I M 2-6J4b6JI�6345,	% �^23I�A�O\6JO�'�6 ���J�A@ ?�WxXPO+@ 2-@C6�,�/�23I+A�O
23,	=SI�6J4S,	%+2�4S2�Q�*34b636J@C%JKML>�7o��;G I@ ?-~W
� O+@G%¦QK,	*-£�45%+�UQ�4S63O�w!y>z0�&2 N %86�'��!9�63O+@ M ,	=SF �+'0%+2B23@C*34S/ /;,	%86�o�pGqsr8qDNPORQSQ�T.~P4S2

I+23@CF(/;,	*�w!y.za£�@ N Q#,	*3F+2C9�Q�O+4S=5@P6JO+@ M ,0=5FU/;,	%86 oJpGqsr8qZtx~Z4S2#I+2-@GF(/;,0*Pw!y>za45F+@C%86J4S�+@G*32CW
XPO+@�%+,06J'�6J4S,	%U?U�8t <D@:'0%+2�63O�'�6P63O+@�6 N )L@�,0/+?K4S2Pt�WxXPO+@�'0*3*-,�Q 2 N < M ,	=Zo��c~K45%�'
6 N )E@�@�.)+*-@G2-2345,0%�F+@C%+,063@G2B'a/;I+%+AC6345,	%+'0=E6 N )L@�'�%+F�4S2�*34S�	O86�'02-23,>AG4¼'l6J4S�0@0WxXPO+@_'0)�)+=54��
A:'�6345,	%�,0/R63O+@�6J@C*3<O:�,	%�6JO+@�63@G*-< ?�4S2�F+@C%+,063@GF M8N o�:�?-~W�XPO+@�63@G*3< ' M 2-6J*3'0AC63,	*
oA�L~�452�Q�*34S6-6J@C% d km9 pGqsr8q`dV�XW[@Y�RtHZ�[\��]!k^� F+@G%�,06J@C2 ����@Y�xt9�_[��H]a`b��W�XPO+@\6 N )E@
' M 276J*J'�AC6J,0*_o�c ~�4S2�Q�*34S6-6J@C%nom~9�pGqsr8q�o7�XW @d�8tHZ�[d�_]�~e�[F�@G%+,063@G2Acf��@g�8tacD[d�_]a`h��W
$&%�6JO+4S2�)�'0)L@G*C9�6JO�@\2 N < M ,	=i�� �� 4S2�I+2-@GF]6J,^�04S�	@D6JO+@(23)L@GAG4b��A:'l6J45,0%�,0/�*3@Q�*34b6J@

*3I+=S@0W

1



���������	�

� ������� .9*����
*7�/1

�n@¦,	%+= N 45%86J*-,.F�I+AG@¦O+@G*-@�63O+@[%+,�6J45,0%+2D'0%+F`%+,�6�'�6345,	%+2TQ�O+4SA�Oc'0*-@�I+2-@C/;I+=B45% 6JO+4S2
QK,0*3£VW���,	*�'T�	@C%+@G*3'0=�)+*-@G23@C%86�'�6345,	%¦,0/R@��.)+=54SAG4S6�23I M 276J4b6JI�6345,	%�A:'�=5AGI�=54 9>6JO+@�*-@:'0F+@C*�4S2
*3@/;@G*3*-@GF�/;,	*P@��'0<D)+=S@09�63,[dsh	9bh	hGkmW
����	�
��� �V,0*�'0=5=?� ;!6 '0%+F :!;!83�

63@G*-<H2�? �^� � � P :�oI? W2` `^` W[?-~P_�J? W2` `^` W[?��NPEd ?&k oI?-~ P�?G� ?P�?�� R��
2-I M 276J4S63I�6J4S,	%+2BR �^� � Y Z P�� P�� P�? ` RNP R�� R

$&%]6JO+@\63@G*3< 2 N %86�'l�E97? � = F+@G%�,06J@C2H'^*-@CQ�*-4S6J@e*-I+=5@(,	*U'!	0��' M 2-6J*3'0AC6345,	%!9Bd ?&k o.=E~
*3@C)+*3@C23@G%8632�63O+@U'0)+)�=545AG'�6J4S,	%[,�/7?�,	% =�9!63O+@U'0)+)+=S45AG'�6J4S,	%[,0/Z63O+@T23I M 2-6J4b6JI�6345,	%�RT,	%
?�4S2BF�@G%+,063@GF M�N�M 45%�'0* N ,	)L@G*3'�6J,	*C?�� R��CW?XPO+@_23I M 2-6J4b6JI�6345,	%¦2 N %86�'��[4S2PAG,	<D)L,	23@CF[,0/
6JO+@�4SF+@G%86J4b6 N 2-I M 2-634S63I�6J4S,	%�o Y[Z ~9+63O+@ ��� ? B �?o��.~9.6JO+@_AG,	<D)L,	234b6J45,0%\,	)L@G*J'l6J,	*_o�R�����~�9
6JO+@�2-I M 2-634S63I�6J4S,	%�AG,	%+AG'�6J@C%�'�63,	*_oAR `���~P'0%�F�63O+@"% ? B �?o���oAR�~3~�W
�! #"%$���
 4�& 	'�)(+*,".-/�)	0
 421 * ��4S�	I+*3@KhxF+@G2-AG*34 M @C2�6JO+@x@�0'�=5I�'�6345,	%�*3I+=S@G2�,0/�	��E� A:'0=SAGI+=SI+2GW
XPO+@�*3I�=5@43H=�<�>�F+@G2-AG*-4 M @G2�6JO�@�'0)+)+=S45A:'l6J45,0%(,0/Y'a*3@Q�*34b6J@�*3I�=5@Uo�� � <0~K'�6�*3,>,06�)L,	234��
6J4S,	%T,0/�' 63@G*3< oI?-~W�XPO+452Z*3@Q�*34b6J@�2-63@G)(*-@G)+=5'0AG@C2G? M8N '�23@C6?,0/!45%+276�'0%8634¼'�63@GF ��¡ � <>�
Q�O+@G*-@ ��4S2�'D23,	=SI�6J4S,	%¦,0/R6JO�@�)�'�6-6J@C*3%^<H'�6JA�O�45%+�D)+*3, M =5@C< M @C6&Q#@G@C%!?B'0%+F �&W�XPO+@
*3I+=S@�5 L�6�7�<�=?>86;8�>a'0=5=S,jQ�2B,0%+@�63,\'0)+)�= N 'H*-I+=5@�,	%^'H%+,	%>�&*3,>,06B)L,	234b6J45,0%1W�XPO+@_�+�	@
*3I+=S@G2:9 = R ?0< =<;�9>= � ? 8�?19 �A@ =�? 8�?�9 � M+B�6;K$> ?_'�%+FC3 ( '�6T'0*-@\'0F�F+@GF�63,^<('�%+45)+I�=¼'�63@
6JO+@�2-@C6J2�,0/Y*3@C23I+=b6J2CW

o�3�~ =�<�> d ��� <�k&o�?-~ �� �� �3<����'���_Q�O+@G*-@� ;�KML>�7o���G ID ?-~
oE5a~"L�6�7�</=?>86 8 >HdS:�oAR/- W2` `^` W R,F	~�k oA:Ro�? - W2` `^` W[?GF	~3~ �� �� � :Ro-dSR/-&k oI? -3~ W2`^` ` W�dSR,Flk&o�?GF8~-~ �
oE5a~"L�6�7 o.6&~-��= � dS:�oAR/- W2` `^` W R,F	~�k o�7!oI? - W2`^` ` W[?GF8~-~ �� �� H
o�9¦~ = R ?0<>=E; d � R/- W�`^` `^W R8FP�jk oI?-~ �� �� �.d R�-�k oI?-~ W2` `^` W�d R8Flk oI?-~ �
o�=U~-� ? 8�? dSRGk o �J? - W�`^` `^W-?GF ��~ �� �� �.d R:k oI? -3~ W2` `^` W�d R:k oI?GF	~ �
o � ~ @ =�? 8,? R/� �J? - W2` `^` W[?GFP� �� �� � R/� ? -�W2`2`2` W R � ?GFP�
o � ~IM)B�6�KM> ? :RoAR/- W�`^` `^W �J? - W2` `^` W[?GIf� W2`^` ` W R,FP�5�� �� � :Ro�R�-�W2`^` ` W[? -�W2` `^` W R,F0~�W2` `^` W

:Ro�R�-�W�`^` `^W-?GIAW�`^` `^W R8F	~ �
o�3 ( ~7'�6 � R/- W2` `^` W��J? - W2` ` `^W[?GIf� W2` `^` W R,F � �� �� � R/-�W2` `^` W[? - W2` ` `^W[?GIAW2` `^` W R,F �

J ÙÛÝÞï+K$ïML�ê=á+÷¼ú�á$ÚÇÙÛå�ÜàÔ,ú«÷¼Ó8â�å+ëvý\þ"øFñNá+÷¼ñNú«÷¼ú«â
�.45%+AC@#63O+@�23I M 2-634S6JI.6J45,0%�)+*-,.AC@G232x4S2Y@��.)+=54SAG4S6Y45%�6JO+4S2YAG'0=5ACI+=5I+2C98'�2-@C6x,�/V@C��'0=5I+'�6J4S,	%

*3I+=S@G2\/;,	* ?�� R��\452�'�=523,�)+*-@G2-@G%86J@CF 45% d2��k W $&% 6JO+4S2\QK,0*3£V9 QK@�,	%+= N I+2-@�6JO+@�*3I+=S@
�



���������	�

o��G~�� ?�� Y Z � �� �� ?#Q�O�45A�O�2-6J'�6J@C2�6JO�'�6P'0)+)+= N 4S%+�T'0%e4SF+@G%8634S6 N 23I M 276J4b6JI�6345,	%eF+,>@G2K%+,06
A�O�'0%+�0@�'�6J@C*3<¦WR$&%\6JO�@ 23@C�>I�@G= 9)�����_F+@C%+,06J@C2K6JO�@ *3@CF+I+AC6345,	%e*-@G=5'�6J4S,	% M8N 6JO+@�*3I+=S@G2
45%\���0I+*3@Uh�'0%+F�����W

	 '�������
� (���, ��
�� (���, � (�� �V"&�+"7��� "7� ����� 1������ .��

9 "�� 	 4 
 4�& 	������ d 0x*-,.,0/P63@G*-<DkU�@C6 � M @e'[X � ��'0%+FL?�9 R M @(6&Q#,�6J@C*3<D2GW�XPO+@
	��E� 63@G*-<���452PA:'�=5=5@CF�'D)�*3,>,0/�6J@G*-< ,0/Y6JO+@�F+@C*34S��'�6345,	% ?9���� R�4S/Kd �1k&o�?-~)� �� � � R���W
XPO+@()+*-,.,�/K6J@C*3< ,0/K6JO+@D45F+@C%86J4S6 N F�@G*34b��'�6J4S,	%�?
� ?�4S2_�04S�	@C% M8N 6JO+@ 	��E� 63@G*-<

4"!J� d � � ��k�2-45%+AC@ 	��E�&F+@C*34b�0'l6J45,0%;�Pdh4"!�k oI?-~$� d �N� ��k&o�?-~7�$# �J?���/;,0*�'0=5=!63@G*-< ?�W
% ".- - �&���('$) * ",+ $ 4 
" *�
"% ��
 $ &A& 
! & * 4 
 4�& 	.-0/ B � � <:? ��7��p '�# #&% ? p[E ! ��%5p
'�<FE � ? � �,��pC���jp[E ���XW���� ?���� � ?A=	<21+�7��p�< � ���'�7� <����'� ? �,' #&! = = B ��p�!ED = B �7��p�=	<!p��A����p$#
E>p�!E?,+	'4� ?A=	< ��� � <>�Zq
3 $ &A&_6 � 
 N 6JO�@�/;,0=5=5,jQ�4S%+�aF+@C*34S��'�6345,	% �

d � ���'�9� <����'�7k o��I��~ �$#��3< ���'�8� Y[Z ��� �$4f�3<����'� �65 �3<>� �

7
% ".- - �&���(8$) 5:& 	 ! 4 
 4�& 	M�)( $�"�+ $ 4 
" *�
"% ��
 $ &A& 
  & * 4 
 4�& 	.-:9 p��+� � <C476 8
Wp �,��p '�# #&% ? p[E ! ��%5p '�<FE�� Wp �,��p����jp[E ��� W���� ?������ ?A=	<Lq / B;�=< ? � ' #&! = = B
�&p�!ED = B
�7��p
E>p�!E?,+	'4� ?A=	< 8 ���'�
� �� < <�= >>1 �,��p�< � ���'� � d < <�=?> � <����'�7k o3d �=< k o�8 ���'�J~-~ ? � ' #&! = = B
��p�!ED = B �,��p =	<!p��;9 =	<FE�?�� ?A=	<&'�% �A����p$# E>p�!�?,+	'4� ?A=	< ��� � <>�Zq
3 $ &A&_6 � 
 N 6JO�@�/;,0=5=5,jQ�4S%+�aF+@C*34S��'�6345,	% �

d � ���'�9� d < </=?> � <����'�7k o3d �=< k o�8 ���'�J~-~�k o�����~ �$# dV< <�=?> � < ���'�7k o3d �=< k&o.8 ���'�J~3~
� �� � d < </=?> � <����'�7k o ��< <�=?>���~ �$? �.dV< <�=?> � < ���'�7k o7< </=?>�~��
�$# � �3<����'��� � �$#�@ �3< ���'���A5 �3< � �

7
% ".- - �&���B�C)�D & 	�E $ &A& 
 $ ",+ $ 4 
8" *�
8". .-0/ BF�HG ? � ' #&! = = B �&p�!ED = B �7��p !Jp � !E?���p
����p$# ?IG�� R�G"1 �7��p�< :Ro.4"!$W2` `^` WJ�HG W�`^` `^W 4"! ~ ? � ' #&! = = B �&p�!ED = B �7��p =	<!p��A����p$# E>p�!E?,+	'4� ?A=	<
:RoI? -�W2`^` ` W[?IG W2` ` `^W[?GF	~G� :�oI? - W2` ` `^W R�G W2`^` ` W[?GF8~
3 $ &A&_6 � 
 N 6JO�@�/;,0=5=5,jQ�4S%+�aF+@C*34S��'�6345,	% �

dS:�o�4�!$W�`^` `^W��HG W2` `^` W�4�! ~�k oA:Ro�? - W2` `^` W[?IG W�`^` `^W-?GF8~-~
�LK � :Ro3dh4�!!k&o�? -3~�W2` `^` W�d �HG5k oI?IG¨~ W2` `^` W�dh4"!1k oI?GF	~ � � �� � � :Ro�? - W2` `^` W�� R�G � W�`^` `^W-?GF8~��
�LM � � :RoI? - W2` `^` W R�G W2` ` `^W[?GF	~ � � �$#�@U� :Ro�? - W2` `^` W R�G W�`^` `^W-?GF8~��

7
"



���������	�

% ".- - �&�����$) * ",+ $ 4 
 4 	�� ! ".$ 4�� ��
 4�& 	 -0/ B�;-�W2`^` ` WJ�)F '�!Jp !Jp �$#�p 9�� ?,+0p�% ) ' #&! = = B
��p�!ED = BU�,��pNE>p�!E?,+	'4� ?A=	< � ? - � ? 0�1 qÄqÄq 1 ?GF � ?GF�� - 1�7��p�<�� � d �)F0k o `�`2`jd �;-�k&o,�E~ `2`2`�~
? � ' #&! = = B
�&p�!�D = B �,��p 6 �A���&p$#)�E>p�!E?,+	'4� ?A=	< ? -7� `2`2`�� ?GF�� -
3 $ &A&_6 � 
 N 6JO�@�/;,0=5=5,jQ�4S%+�aF+@C*34S��'�6345,	% �

dV� � d �)F�k o `�`2`jd �;-�k&o,�E~ `2`2`°~�k oI? --~ �$# �.d �)F�k o `2`�`�d �;- k&o�? -3~ `2`2`�~ �
���� � �.d �)Flk o `2`2`:d �_0Jk o �J? 02��~ `�`2`�~ � �$? �.d �)F�k o `2`�`��.d �_0-k&o�? 0~ �9`2`2`�~ �
��� �#`2`2` ��� �g�.d �)F�k oI?GF8~ �
� �� � � �J?GF�� -�� � �$#�@U�J?GF�� - �

7
�V,0*P23O+,	*76:9�4S%\6JO+@�23@C��I+@G=m9VQ#@_F+@G%+,�6J@�� � d �)F�k&o `2`2`:d �;-�k o7�E~ `2`�`°~ M8N �;-�Z2`�`2`�ZJ�)F.W

5�& -  � 1 
 4 		� 
�
M"  M$ &A&_6 
8".$ - XPO+@U)+*3,>,0/Z6J@C*3<©%�@G@GF�2�63, M @TAC,	%+AG4S23@U23,e63O�'�6
4S6�A:'0%�@��HAC45@C%�63= N�M @�A�O+@GA�£�@GF M8N '()+*3,>,0/?'02-234S2-6�'�%�6GW�XPO+@T*3I+=S@G2 4S%[���	I�*3@Uf\'0=S=5,jQ
6J,�*3@CF+I+AG@¦6JO+@¦234S¥G@¦,0/�63O+@¦)+*3,>,0/�63@G*-< M�N AC,	< M 4S%+45%���)�*3,>,0/�63@G*3<D2U45% F+4��E@G*-@G%86
M *J'�%+A�O+@G2�,0/Z'H/;I+%�AC6J4S,	%[2 N < M ,0=�'0%�F M8N @C=545<D45%+'�6J4S%+�a6JO+@�)+*3,>,0/R63@G*-< ,�/x45F+@C%86J4S6 N W
XPO+452�*-@CQ�*34b6J@�2 N 276J@G<�4S2�63@G*-<H4S%�'�6J4S%+�a2-45%+AC@_63O+@�2-45¥C@_,�/�6J@C*3< 4S2�2-6J*-45A6J= N F+@GAC*3@G'023@CF
'�/Ä6J@C*�6JO�@�'0)+)+=S45A:'l6J45,0%n,0/�@G'0A�O *-I+=5@�9Z'0%+F�AG,0% ��I+@C%�6D2-45%+AC@(6JO+@e,0%+= N AG*-4S6J4SA:'0=?)�'04S*
/;,	*3<D@GF M8N�� � >J��=� �R'0%+F � � >J��=� <a452�63*34b�.45'0= W

� = R�� L3=<6F?B:�oI? - W2` ` `^W[?GF	~�Z :RoAR/- W2` ` `^W R,F	~��� �� :RoI? -�Z R/- W2` `^` W[?GF Z R,F8~
� � >J��=� � 4�!MZ[? �� �� ?
� � >J��=� < ? Z 4"! �� �� ?

J ÙÛÝÞï��\ï���Ó8è�ú«ñ�ÚÇÙÛå�ÜàÔ,ú�÷ÛÓ8â�å+ë�ÚÇß«Ó0ì«ÔÇå\å+ë�ÚÉÓNÔ�ÕtÙ¼Ü�ý�þ"øFâ � Ü�ÚÇá=û

* ".(�� 
" ! + & $�� XPO+@C*3@ '0*3@]2-@C�	@C*J'0=TQ#,	*3£�2�45% 63O+@�=54S63@G*3'�6JI+*-@�,	% *3@C)+*3@C23@C%�6345%+�
)+*3,>,0/;2T4S%]*3@CQ�*-4S6345%+��=S,	�	45A�W ��4S*3276T,0/B6JO+@C<�Q�'�2 3�@C23@C�	I+@G*���2UQ#,	*3£�,0% <D,.F�@G=5=S45%+�
AG,	%�AGI+*-*3@G%�A N�M�N o;AG,	%+F�4S6J4S,	%�'0=¼~�*3@Q�*34b6J45%���=S,	�	45A�dgf.h09°f���kmW � I+*�/;,	*3<H'0=54S23< 452_<H,	*-@
*3@C=¼'�63@GFn63,^6JO+@\*-@G)+*-@G2-@G%86�'�6345,	%�)+*-,	)L,	23@CF]45%���'0F+F+I�AGAG4���2�QK,	*-£n,	%���'4� !Jp � !E?�� ? <>r
% =3r�?A9HdshJ"�k#2345%�AG@(Q#@\,	*-45@G%86�6J,jQ�'�*3F+2T'�)+*J'0A6J4SA:'0=?45<D)+=5@C<H@C%86�'�6345,	%�'0%+F]O�@G%+AC@09xF+,
%+,06�'�=5=5,jQ 63O+@�%+@G276J4S%+�],0/_*3@Q�*34S63@�2-63@G)+2CW � I+*eA�O+,	4SAG@�,0/�	��E� A:'0=SAGI+=SI+2\4S2\<H,�6J4b�
��'�6J@CF M�N 6JO+@�%+@G@CF¦,�/�'�*3@:'�F�' M =S@ 2 N %86�'l�e'0%+Fe,0/Y'a276J*3,0%+�T*3@C=¼'�6345,	%+2-O+45)DQ�4S63O(6 N )E@
6JO+@C,	* N d�h��lk W 
K@C2345F�@G2G9KAG,	%+F�4S6J4S,	%�'0=#*3@Q�*34S6345%+��4S2T23<D,.,063O+= N 45%+AC,	*3)L,	*3'�6J@CF 4S%�,	I+*
/;,	*3<H'0=S4523< 63O�'0%+£�2P6J,T6JO�@_@��'0=5I�'l6J45,0%e<H@CA�O�'0%+4S23< ,0/ 	��E� A:'0=SAGI+=SI+2GW

 '�������
� (���, ��
�!#"B�/.9*-" � � "7�%$'&)(

w1y>z_452?'_)�*3,>,0/1'�23234S2-6J'0%86 M '�23@GFH,	%U6JO+@ + '0=SAGI+=SI+2Z,0/1$&%+F�I+AC634S�	@ + ,	%+276J*-I+AC6345,	%+2�o;63O+@
$



���������	�

+ '0=5ACI+=5I�2P,0/ + ,	%+2-63*3I+A6J4S,	%+2�Q�4S6JO�4S%+F+I+A6J4S�0@�F�'�6J'T6 N )L@G2J~W 0Z*-,.,�/;2P45%^w1y>zH'0*3@�AC,	%.�
2-63*3I+A6J4S�0@�'�%+F^'02-23I+<D45%��H@���AC=5I+F�@GF[<D45F�F+=5@�4S2BI�)�6J,U6JO�@�I+2-@G*CW 
 N + I+*3* N ��¡�,jQK'0*3F
452-,	<H,0*3)+O+4S23<¦9�)+*-,	)L,	234b6J45,0%¦4S2�45%86J@C*3)+*-@C6J@CF^'02P6 N )L@a'0%+F¦452�)+*-,j�0' M =5@�4S/R'0%+F¦,	%+= N 4S/
4S6�452�45%+O�' M 4S63@GF M8N 23,	<D@H63@G*3<D2 M I�45=S6�I+2-45%+�nw!y.z�)+*-@� F+@C��%�@GF 9 =	< ��� '�<)���W[XPO�@G23@
6J@C*3<D2U'0*3@e6JO�@¦)�*3,>,0/�63@G*-<H2U,0/B6JO�'l6H)�*3,	)L,	234b6J4S,	%1W�XPO+@¦)+*-,.,0/B<D,.F�@e452 ? <)��p�! ' 9��
� ?,+0p��D6JO+@eI�23@G* M I�45=5F�2a)+*3,>,0/;2a4S%�'�W ' 9�� � '�![E(276 N =5@eI+2-45%+�]w1y>z�6�'0A6J45AC2GW  6U@:'0A�O
2-63@G)19Z6JO+@�'�)+)+=54S@GF�6J'0AC6345A\�	@C%+@G*3'�6J@C2D'^=545276T,0/B23I M �	,8'0=S2T%+@G@CF+@GF�6J, M @e)+*3,j�0@GF 45%
,	*3F�@G* 6J,�AC,	%+AG=SI+F+@a63O+@UAGI+*-*3@G%86_�	,8'�= W�XPO�@D)�*3,>,0/Z6J@G*-<H2��	@C%+@G*3'�6J@CF�4S%�F+@GF�I+AC6345,	%
2-63@G)+2�'0*3@_2-63,	*3@CF^'0%+F[AG@G*76J4b��@GF M�N w!y.z\£�@G*-%+@G=mWPXPO+452�'0)+)+*-,8'0A�O^O+'02�2-,	<D@�'0F.�0'�%.�
6�'0�0@G2��TAC,	*3*-@GA6J%+@C232T452_@G%�23I+*-@GF M8N 63O+@(AC,	%+234S2-63@G%+A N ,0/�'¦6J45% N £0@C*3%+@C= 9x'�AG@G*76J4b��@GF
o;/;I+%�AC6J4S,	%�'0=¼~Z)�*3,	�	*3'0< A:'0% M @ @�>6J*3'0AC63@GF�/;*3,	< 6JO�@�)+*3,>,0/�,0/ 4S632�23)L@GAC4S��AG'�6J4S,	%�dgf 10km9
@C63A0WR¡B,jQK@�	@G*C986JO+4S2�<D@GA�O�'0%�4523< *3@C��I+45*-@G2�63, £0@C@G)D'0=5=>45%./;,	*3<H'�6J4S,	%�AG,	%�AG@G*-%+45%�� @:'0A�O
F+@GF�I+AC6345,	%�2-63@G)�45%^63O+@T)+*3,>,0/Z6J@C*3< '�%+F�23,	<D@C6345<D@G2G9!)E,	2-@G2_'e23@C*345,0I+2�)+*3, M =5@C< ,0/
23)�'�AG@0W

� q�� ��� � '�% ?�� )
w1y>z�I+23@C23�@C4 M %+4S¥^@G��I�'�=54S6 N W �@6�t M @�'n6 N )E@�'0%+F	��
��� M @^6JO+@^6 N )L@�Q�O+45A�O
*3@C)+*3@C23@G%8632¦63O+@�)+*3,	)L,	2-4S6J4S,	%+2C9B63O+@�@G��I�'0=S4S6 N`M @C6&Q#@G@C% 63@G*3<D2e,0/_6 N )E@�t o ����~e4S2
F+@C�+%+@GF M�N 6JO+@�/;,	=S=5,jQ�45%+��=5,	�	4SA:'0=L*3I�=5@G2 �

�XW @9� t
� ��� @g����
��� ��,	*-<('l6J45,0%

�f� t
�#��� � $&%86J*-,.F�I+AC6345,	%

�g� tL� ��
��� �XW @9� t � ��� @ o� �E~
o���@�~ � =54S<H4S%�'�6345,	%

XPO+@a@C=545<D45%+'�6J4S,	%e*3I+=S@�4S2�I+2-@GF�6J,(2345<D)+=S4S/ N 'H�	,8'0= M8N 63@G*3< *3@Q�*34b6J45%��+W�XPO�@a)+*3,>,0/
6J@C*3<�,0/R63O+@�*-@CQ�*-4S6J@�2-63@G)�o�� ?-~H� o� R�~�AC,	%86�'04S%+2�6JO+@�*3@CQ�*-4S6345%+�HAG,	%86J@��>6���9E63O+@
45%+276�'0%8634¼'�63@GFJ�¡ �%?�9E6JO�@a45%+276�'0%8634¼'�63@GF �B¡/�!RU'0%+F^'()+*3,>,0/Z,0/G?i��� R	W �.4S%+AG@�63O+@
23@C�>I�@G=B,0/�63O+452D)�'0)L@G*D452U45%�F+@G)L@G%+F�@G%86\,0/�t�9KQ#@�Q�4S=5=�I+2-@ � 63,�F+@C%+,063@[@G��I�'�=54S6 N
45%+276J@G'0F�,0/M���LW
�@C4 M %�45¥�@C��I�'0=54b6 N 4S2�'0=S23,a*-@ ��@��.4S�	@_'0%�F\6J*J'�%+234b6J4S�0@0WxX�Q#,a/;,	=5=S,jQ�45%+��)+*3@��&F+@��%+@GF

AG,	%�2-6�'�%�632�'�*3@�I+2-@GF�63, M I+45=SFe)+*3,>,0/;2 M8N *3@���@�.4b�.4b6 N '0%+F�6J*3'0%+2-4S6J4b�>4S6 N �

 O�� O���� T��?�Lo;t����;O�� Z �3�8tZ~ �#� ��W
$ / ?K452�'a6J@C*3< ,�/Y6 N )L@�t�9+63O+@G%no 
 O�� O���� T!�Vt�?-~�452�'T)+*-,.,�/�,0/+?$� ?�W

�"
 T�#%$ O��&� T�� �Vo;t����;O�� Z �XW @?W�[5�8tZ~ � ��@ � @C� [� �#� [�W
�@C6
? W RD'0%+F � M @T6JO+*-@G@T6J@C*3<D2�,0/#6 N )L@Ut�WT$ / �;- '0%+F0�_0�'0*3@T*-@G2-)E@CAC6J4b�	@C= N '

)�*3,>,0/P,0/C?	� Re'0%+F R � �V9Y6JO�@G% o'�"
 T(#�$ O���� T���t ? R �0�;- �_0~�4S2a'[)�*3,>,0/P,0/
?M� �VW

.�,06345AC@¦63O�'�6D6JO+@C23@^AC,	%+2-6J'0%86J2\AC,	*3*-@G2-)E,	%�F 6J,�6JO+@�A:'02-@[Q�O+@G*-@�63O+@�6 N )L@^,0/�t 4S2
�;O)��W�XPO+@a,063O+@G* AG'023@eo¨t �*��
+���+~B*-@G��I+4S*3@G2�6&QK,�,063O+@G*�AG,	%+276�'0%8632 M I�6 63O+@G4S*�I+23'0�	@
452P2-45<D45=¼'�*GW

�



���������	�

� q�� ��p � !E?���p ! � %5p
XPO+@�*3@Q�*34S63@�*3I+=S@ � � <�452P23)L@GAC4S��@CF[4S%�w!y>z M8N 63O+@�/;,	=5=S,�Q�4S%+�T'l�.4S,	<S�

� �Lo7�;-�W2` ` `^W �)F �8tZ~C��� <

Q�O+@G*-@ � 452D6JO+@�=¼' M @G=�,0/�6JO+4S2\'l�.45,0< '0%+F �;-�W2` ` `^W �)Fn'0*-@�6JO�@���'0*345' M =S@G2D,0/ ��'0%+F
<]oe���;-�W2`^` ` W �)F �:5 6C��<�o��¨~�� 6C��<+oI<	~-~W�$ / ? -�W2` `^` W[?GF�'0*-@ 6`6J@C*3<D2D,�/B6 N )L@�t�9#63O+@G%
o � ? -�`2`2`�?GF8~�452_,0/P6 N )E@^o¨,	*�'�)+*-,.,�/�~�,0/ � ���;- �� ? - �9`2`2` ���)F��� ?GF � � <P���;- ��
? -��9`2`2` ���)F	�� ?GFP��W

� q�� � ! = = B
��p�!ED B�' 9��$=	!E? � '4� ?A=	<
XPO+@DAG,0%�63@�>6J2�2-63,	*3@CFn45%�6JO�@H)+*-,.,�/#63@G*3< ,�/P'�*3@CQ�*-4S6345%+��F+@C*34S��'�6345,	%�'0*-@UI+23I�'�=5= N
*3@CF+I+%+F�'�%�6GW �B@CF+I+%+F+'0%+A N <H' N '0)+)L@:'0*�Q�O+@G%[23,	<D@�*-@CQ�*-4S6J@_2-63@G)+2�'0*3@_)L@G*-/;,0*3<D@GF
'�6�6JO+@H2J'0<D@U%+,	%.� *3,>,06_)E,0234S6345,	%�,	*�Q�O+@C%�23,	<D@D*3@CQ�*-4S63@H276J@G)�2a'0*-@H)L@G*7/;,	*3<D@GFn'�6
F+452Ä§-,	45%86 M *J'0%+A�O�@G2B,0/R'T/;I+%+A6J4S,	%�2 N < M ,	= W
D & 	 E $ &A& 
 $�",+ $ 4 
" *�
"% XPO+@TAG,	%863@�>6_%+@G@CF+2�6J, M @T23@G)+'0*J'�63@GF�/;*3,0< 63O+@T)+*3,>,0/
6J@C*3< ,0/a' *-@CQ�*-4S6J@�276J@G) 45% ,	*-F+@G*�6J, ':�	,	4SF *-@G)L@:'�6345%+��45F�@G%86J4SA:'0=�AC,	%86J@�>6¦Q�O+@G%
)E@C*-/;,	*-<H4S%+�\2-@C�	@C*J'0=Z*-@CQ�*34b6J@U2-63@G)+2�'�6�63O+@U2J'0<D@T)E,0234S6345,	%!WaXY,�6JO�452�@G%�F19�/;,	*�@:'0A�O
*3@Q�*34S63@#276J@C)�o¨,	*YF+@G*-4S��'�6345,	%V~1'l6Y63O+@K)L,	234b6J4S,	% M�,0/+63O+@#63@G*3< ?�9063O+@#/;,0=5=5,jQ�4S%+�P=5@C<H<H'
452�'0F�F+@GF�'0%+F¦)+*3,j�0@GF;�

NPORQSQ�T
	��� �U� o� W�� �8tZ~U� � @ ���Cd lk��9���Cd �lk��

XPO+@�)�*3,>,0/x,0/R63O+452B=5@C<H<H'TAG,	%�2345276J2 2-45<D)+= N 45%�'0)+)+= N 4S%+�H6J'0AC6345A��aO�� 
�� � O
:���U,	%
?�W  /Ä63@G* M @G45%��T)+*3,j�	@CF19�6JO+4S2�=5@C<H<H'�AG'0% M @�I+2-@GF�'02�'T%+@CQ AG,0%+2-6J'0%86B/;,0* M I+4S=5F+4S%+�
w1y>zT)+*-,.,0/!6J@G*-<H2CW$�@C6 R�'0%�F � M @�6&Q#,�63@G*3<D2�,0/!6 N )L@ t�Wx$ /���4S2K'�)+*3,>,0/�,0/+RD� �V9
6JO+@C%�o�	��� �CR � ��~P4S2�'T)+*3,>,0/Y,0/ ?Cd RGk Q � ?Cd �8k Q8W
* ",+ $ 4 
" *�
"% *���
 !B4 *�� &?4 	�
��M$ � 	 1 
M".* XPO�@�*3,>,06?/;I+%+A6J45,0%\2 N < M ,	=L452Z6JO+@�AG,	<T�
<H,0%n)�'0*76a,0/P63O+@\AC,	%86J@�>632U'0%+F�%+@C@GF+2a63, M @(/¨'0AC63,	*34S23@CF1W[X ,[6JO�452�@C%+F19R/;,	*�@:'0A�O
'0*34b6 N ��'0=SI+@46�9�63O+@�/;,	=5=S,jQ�45%+�a=S@G<D<('a4S2�'0F+F+@CF['�%+F�)�*3,j�	@CF;�

N ORQ QgTH�Gz 	Gy! "	G�"�  	�Yo7�;- W2` ` `^W �)FC�8tUZ � �Lo
F 6J45<D@G2

# $&% 'tL� `2`2`�� tL� ��
����~-~
o�(*)�`�`2`+*,�~9� o��-)i�8tZ~.*) �/�-)7� `2`�`�� o��-,f�8tZ~�*,U�0�-,

� o��/�-) `2`2`1�-,�~

XPO+452e=S@G<D<(']'�=523,�':�0,	45F+2�AC,	) N 4S%+� '0=5=�,06JO+@C* M *J'0%�A�O+@G2¦45%c6JO�@�AC,	%86J@��.6�,0/�@:'0A�O
*3@Q�*34S63@�276J@C)e)E@C*-/;,	*-<H@CF(45%(' M *3'0%+A�O1WZXPO+@�)+*3,>,0/�,�/16JO+4S2K=S@G<D<('�AG,0%+234S2-6J2K,0/�6^'�).�
)+=54SA:'�6345,	%�2Y,0/2�aO�� 
.� � O�6�'�AC6J4SA��3�aO�� 
�� � O4*) �/�-)�`�`2`5�aO�� 
.� � O4*,9���-,GW�XPO+4S2x=5@C<H<H'
)+*3,j�>45F�@G2Y'�%+@Q�AG,	%+276�'0%86Y/;,	* M I+45=SF+45%+��w!y.z )�*3,>,0/+6J@C*3<D2GW �@C6 ? -�W2`^` ` W[?GF W R�-�W2`^` ` W R,F M @

f 6�6J@C*3<D2B,�/Y6 N )L@�t '0%+F � �
F 6J45<D@G2

# $&% 't#� `2`2`�� t#� ��
+��� M @�'T)+*3@CF+45AG'�6J@�W#$ / �;-�W2`^` ` WJ�)F
�



���������	�

'0*3@B*3@C23)L@GA6J4S�0@G= N '�)+*-,.,0/!,0/�? -M�BR/- W2` `^` W[?GF	� R8F�'0%�F �^4S2?'�)+*-,.,0/!,0/?o���? - `2`2`9?GF8~�9
6JO+@C%�o;�Gz 	Cy! "	:� �  ? -�`�`2`-?GF �C�LR/- �;-�`2`2` R,F �)F8~K452�'T)+*3,>,0/Y,0/�o� R/-�`�`2` R,F8~�W

� '�������
� (���, �D�).Z�/1X*0.���"��K�

��,	* M I+45=SF+45%���)+*-,.,�/ 6J@C*3<D2H4S% w!y.z0� 2 N %86�'l�E9P6JO+@�)+*3,>,0/�6J@G*-< ,�/�45F+@C%86J4S6 N o.4"! ~U45%
	��E�&2 N %�6J'l�¦452P*-@G)+=5'0AG@CF M�N 63O+@�6J@C*3<D2P,	%¦Q�O�45A�O¦4S6B'0)+)�=545@C2GW
 %e'0I>��4S=545'0* N 2 N %�6J'l��o�c�� 2 N %86�'l�+~K4S2?��*-2-6K45%86J*-,.F+I�AG@GF�'�2�' M *345F��	@ M @C6&Q#@G@C%�63O+@

	��E�&2 N %�6J'l� '0%+F�6JO�@�w!y.z0� 2 N %86�'l� 4S%�,	*3F+@C*T6J,�2345<D)+=S4S/ N 6JO+@�6J*3'0%+2-=¼'�6345,	% M @C6&Q#@G@C%
6JO+@C<�Wdc�� 2 N %86�'l��<H'0£�@G2�6JO+@U6J*3'0%+23=5'�6J4S,	%�<D,	*3@U,	)L@G%�45%�6JO+@U2-@G%+2-@H6JO+'�6_,	%+@DA:'0%
)�'0*3'0<H@6J@C*3452-@K4b6 M8N 63O+@�)+*-,.,�/�6J@G*-< 2 N %�6J'l�UI+2-@GFU45%�)+*3,>,0/VA�O+@CA�£0@G*CWZX�QK,�,	)L@G*3'�6J,0*32
	���f�c '0%�FSc�f4��L��_Q�O+45A�O¦*3@C23)L@GAC634S�0@G= N 6J*J'�%+23=5'�6J@ )�*3,>,0/�6J@G*-<H2�/;*-,	< 	��L�&2 N %86�'���6J,
c�� 2 N %86�'l� '0%+F /;*3,	< cP�&2 N %86�'�� 63, w!y.z0� 2 N %86�'l� '0*-@¦63O+@G%`)�*3@G2-@G%86J@CF1W���4S%�'0=S= N 9?'
23,	I�%+F+%+@C232B)+*3,>,0/Y,0/Y63O+@�Q�O+,	=S@�63*J'0%�23=¼'l6J45,0%\)+*3,>AG@C232B452PF+@C23AC*34 M @GF!W

� q�� c	�A��)	<)�A'2!

63@G*-<H2 ?D�^� � R ��<�� 8�L 6 8 � ? :Ro�? W2` `^` W[?-~ ?0<4� 6�R>o�? W[?-~ <�>3:��7o�?-~ 8 ?e�YoI? W-?-~
Q�O+@G*-@ R�452�'	��E� 63@G*3< Z �:<�� 4S2�'�/;*3@C23OeAC,	%+2-6J'0%86P*3@C)+*3@C23@C%�6345%+�T63O+@ O+,	=S@�4S%e'�AC,	%.�
6J@��.6�Z�8�L 6 8 � ? :[45%+O�@G*34b6J2?6JO+@�'0*-4S6 N /;*3,	< :!; 8 '�%+F�AG,	< M 45%+@C2K6JO+@�)�*3,>,0/�6J@C*3<D2�'�6
F+452Ä§-,	45%86 M *J'0%�A�O+@G2�,0/ : Z ?0< � 6 R�AG,	%+AG'�6J@C%�'�63@G2P6JO+@�)�*3,>,0/�6J@G*-<H2K,0/�6&QK,UAG,0%+23@CAGI�634S�	@
F+@G*-4S��'�6345,	%+2 ZC<�>3: ��*3@C)+*3@C23@G%8632e'�)+*-,.,�/ M8N *3@���@�.4S�>4b6 N ZA8 ?e� *3@G)�*3@G2-@G%86J2H6JO+@¦)+*3,>,0/
6J@C*3< ,0/�'T%+,	%.� *3,>,06P*-@CQ�*34b6J@�2-63@G)1W

� q�� 	���f�c
��45�0I+*3@#i F+@G2-AG*-4 M @G2�63O+@�@C��'0=SI�'�6345,	%�*3I+=S@G2�/;,	* 	���f�c_W�XPO+@P*-I+=5@HK ? >[MU276�'�63@G2�63O�'�6R63O+@
)+*3,>,0/�63@G*3<¤,0/Y'a*3@Q�*34S63@ 2-63@G)¦'�6P*-,.,�6�)L,	234b6J45,0%\452�%�,06PA�O�'0%��	@GF M8N 	>f�c_WxXPO+@�*3I+=S@
�	L�6;8�� ? AC,	%+A:'l6J@G%+'�6J@C2_63O+@U)+*3,>,0/?6J@G*-<H2�,�/�6�AG,0%+23@CAGI�634S�	@HF+@G*-4S��'�6345,	%+2CWaXPO+@D*3I+=S@
��>3:���6J*-@:'�632Y63O+@#AG'023@?Q�O+@G*-@�%+,�*3@CQ�*-4S63@#276J@G)�452 )E@C*-/;,	*-<H@CF1WYXPO�452�AG'023@#AG,	*-*3@C23)L,	%+F+2
6J,�'�)+*3,>,0/ M8N *3@���@�.4S�>4b6 N WxXPO+@ *-I+=5@ � = R���h�23@G)+'0*J'�63@G2�63O+@�AC,	%86J@�>6�/;*-,	< 6JO+@�)+*3,>,0/
6J@C*3< ,0/R'HF+@C*34S��'�6345,	%�)L@G*7/;,	*3<D@GF¦45% =	<!p W !;'�<>9���,0/Z'T/;I+%+A6J4S,	%[2 N < M ,	=mWKXPO+@�*3I+=S@
� = R �>f\F+@:'�=52�Q�4S6JO�63O+@HAG'023@UQ�O+@C*3@H63O+@D*3@CQ�*-4S63@D276J@C)+2�'�*3@D)E@C*-/;,	*-<H@CF�'l6�F�452;§-,045%86
M *J'�%+A�O+@G2B,0/�'a/;I+%+AC6345,	%�2 N < M ,	=mW

� q�� c f �	L��
X�QK,e,0)E@C*J'�63,	*32 � 6n'0%+F B	=)?PQ�O+4SA�O�*3@6JI+*-%^6JO+@a4S%+)+I�6To;63O+@�6J@C*3< 6J, M @a*3@CF+I+AC@GFV~
'0%+FD6JO+@�,	I�6J)�I�6�oÄ6JO+@�*3@G2-I+=S6�~Z,�/ '�*3@Q�*34b6J45%���F+@C*34b�0'l6J45,0%('0*-@���*-2-6KF+@G2-AG*34 M @CF M8N 63O+@
*3I+=S@G2P4S%��+�	I+*3@C2 1+W
XPO+@�@��'0=5I�'l6J45,0%e*3I+=S@G2P/;,	*�c f �	L��U'0*3@�63O+@G%¦)+*3@C23@C%�63@GF[/;,0*�'�=5=1)L,	232-4 M =S@�,	I�63)+I�6

,0/ 	���f�c o¨2-@G@����	I+*-@_i8~W
$�"�+ $ 4 
"C*�
"% ��
 $ &A& 
  & * 4 
 4�& 	 XPO+@H)+*3,>,0/�63@G*-< 4S%�w!y>z0�&2 N %86�'���4S2��	4b�	@C% M8N

h��



���������	�

K ? >[M 	���f�cao�?9� Rl~ �� �� ?9� R
��L 6 8 � ? 	���f�cao-oI? -�Z2`�`2`�Z[?GF	~3~5�� �� ?0<4� 6 R�oI	���f�cao�? -3~�W 	���f�cao�? 0�Z2`2`2` Z[?GF0~3~
��>3:�� 	���f�cao�:RoI? -�W�`^` `^W-?GF8~-~f�� �� <�>3:��7o�:RoI? - W�`^` `^W-?GF8~-~

4b/�� � =H�Gq � q9?IG ñ�å�Ü�ÚÇá+Ù¼Ü«â.âÉå�Õ�Ó0Ô,ÓN×�Ô,ÙÛÚÉÓ[âÉÚÉÓNì
� = R �Vh 	���f�cao�:RoI? -�W�`^` `^W-?GF8~-~f�� �� 8 ?e�Yo�:RoI? -�W2` ` `^W[?IG&d ��<��^kSQ W2`^` ` W[?GF0~�W 	���f/caoI?IG[P Q ~-~

4b/����)=C�Gq � q9?IG ñ�å�Ü(ÚÇá+ÙîÜ«âØâÉå�ÕíÓ0ÔÇÓN×�Ô,Ù¼ÚÉÓ&âÇÚÉÓNì�á$Ú�ì@å�âÇÙÛÚÇÙ¼å�Ü M
� = R �.f 	���f�cao�:RoI? -�W�`^` `^W-?GF8~-~f�� �� 8 L�6;8�� ? :�o�	���f�c�oI? --~ W2` `^` W 	���f�c�oI?GF	~3~

4b/��N= W �N�Gq � qG?IG W[?�� ñ�å�Ü�ÚÇá+Ù¼Ü�âÉå�Õ�Ó0ÔÇÓN×ØÔ,ÙÛÚÉÓ[âÉÚÉÓNì

J ÙÛÝÞï	�\ï��.ú«÷ÛÓ8â�ëRå+Ô�ý�þ ��


� 6xo�?9� R�~f�� �� ? � 6RoI?0< � 6 R�o �;-�WJ�_0�~3~ �� �� � 6xo �;-3~
� 6Ro�</>3:��7oI?-~-~f�� �� ? � 6Ro�8 ?e�YoI?Cd �:<��^kSQ WJ� ~-~ �� �� ?Cd � 6Ro � ~&k Q

� 6xo.8 L�6;8�� ? :Ro �;- W�`^` `^W��)F8~-~f�� �� :Ro � 6xo �;-3~�W2` ` `^W � 6Ro �)F	~3~

B	=)?Co�?G� R�~f�� �� R B	=)?CoI?0< � 6 R�o �;- W��_0�~3~ �� �� B	=)?Co �_0�~
B�=)?Co�</>3:��7oI?-~3~i�� �� ? B	=)?Co�8 ?e�YoI?Cd �:<��^kSQ WJ��~3~i�� �� ?Cd B	=)?Co � ~&k Q

B	=)?Co.8 L�6;8�� ? :Ro �;- W�`^` `^W��)F8~-~f�� �� :Ro2B�=�?Co �;--~�W�`^` `^W B	=)?Co �)F0~3~

J ÙÛÝÞï�Þï��.ú«÷ÛÓ8â4ëRå+Ô����äá+Ü«è����	�
45%+276�'0%8634¼'�6345%+��63O+@�AG,	*-*3@C23)L,	%+F+4S%+�D'l�.45,	< Q�4S6JOe63O+@�I+23@CF[23I M 2-634S6JI.6J45,0%1W

c f4��L���o�� �����7� <����'�J~��� �� o � �X\�� `�`2` �X\��	~

Q�O+@G*-@����;- W2` ` `^W �)FP� 5 6C��<+o��¨~�� 6C��<�o�<0~B'�%+F � 452�6JO+@�=¼' M @G=�,0/R63O+@a'���4S,	< �a� <U45%
w1y>z�W

$��)	M* XPO+@�)+*-,.,�/�6J@G*-<¤4S%[w1y>z0�&2 N %�6J'l�e4S2 M I�45=S6 M8N AG,0%+A:'�63@G%�'l6J45%��a)+*3,>,0/�6J@C*3<D2�,0/
6&QK,DAG,0%+23@CAGI�634S�	@_F+@C*34S��'�6345,	%�2PI+234S%+� �"
 T(#%$ O���� T!�5W

c f4��L���oI?0< � 6 R�o �;-�W��_0�~3~��� �� o'�"
 T(#�$ O���� T��Lt � 6xo �;--~�B	=)?Co �;--~�B�=)?Co �_0�~Hc�f4�	L���o �;--~
o��"
 T(#%$ O���� T!�Vt B�=)?Co �;-7~ � 6xo �_0~�B	=)?Co �_0�~���� �Gzgc�f4��L���o �_0~-~3~

h	h



���������	�

Q�O+@G*-@\� ��� ��� �Cz¦4S2�6JO�@a/;,	=5=S,�Q�4S%+�(=S@G<D<(' �	NPORQSQ�T�� � �Cz �/B�=)?Co �;--~f� � 6xo �_0~ `
XPO+452�=S@G<D<('K276�'�63@G2�6JO�'l6 63O+@Z,	I�63)+I�6 ,0/>6JO+@Z��*3276 F+@G*-4S��'�6J4S,	%�452�@C�>I+'0=	6J,�6JO+@Z4S%+)+I�6 ,0/
6JO+@K23@GAC,	%+FUF+@C*34S��'�6345,	% D = E4��% =/�7��p � =	! �	? <>r�p � � '4� ?A=	<&'�%X�,��p =	!E)�<_WYXPO+452R276�'�63@G<D@G%86
452B, M �>45,	I+2�45%^AG'023@�,0/Z2 N %86�'�AC6J4SAa*3@Q�*34b6J45%���o7< 5 H�~B'0%+F^%+,(=5@G<D<H'D4S2��	@C%+@G*3'�6J@CF1W
¡�,jQ#@C�	@C*G9�4S%[A:'�23@a,0/R*3@CQ�*-4S6345%+�H<H,>F+I+=S,('D23@C6 ,0/Z'l�.45,0<H2C9E4b6�4S2�=S@G232�, M �.4S,	I+2�2345%�AG@
6JO+@#,	I�63)+I�6R,�/+6JO+@#��*3276RF+@C*34S��'�6345,	%_A:'�% M @#2 N %86�'0A6J4SA:'0=S= N 6J*3'0%+2-/;,0*3<D@GF M @C/;,0*3@ M @G4S%+�
*3@CF+I+AG@CF 4S%]6JO+@e2-@GAG,0%+F F+@C*34b�0'l6J45,0%1W/��,	*T4S%+2-6J'0%+AC@09?45% ,+ *-@CQ�*-4S6J4S%+�+9Z'^6J@C*3< 4S2
I+23I+'0=5= N )�I�6Z45% ,+ � A:'0%�,	%+45AG'0=./;,0*3< M @/;,	*3@P'�% N /;I+*-63O+@G*x*-@GF+I�AC6J4S,	%T452R'0)+)+=S45@GF�,	%T4S6GW
$&%\6JO+4S2�A:'�23@091� � �CzH%�@G@GF�2�63, M @�'�F+F+@GF¦'0%�F¦)�*3,j�	@CF¦2-45%+AC@�w1y>zDO�'02�%+,�6�*3@:'�23,	%+4S%+�
<H,>F+I+=S, ,+ 4S%e4S6J2P£�@G*-%+@G=mW
$�" � XPO+@�)+*-,.,�/Y63@G*3<¢45%^w1y>z0�&2 N %�6J'l��4S2 M I+45=b6PI+2-45%+� 
 O�� O��&� T��¼W

c�f4�	L���o�</>3:��7oI?-~3~��� �� o+
 O�� O%��� T��Lt ?-~

1 
8� XPO+@�)+*3,>,0/ 6J@G*-< 45%^w!y.z0� 2 N %86�'l�¦4S2 M I+4S=S6PI+2-45%+�T63O+@_'0F+F+@CF�=S@G<D<(' 	��� ��W

c�f4�	L���o�8 ?e�YoI?Cd �:<��^kSQ WJ� ~-~i�� �� o 	��� � � 6xo ��~ B�=�?Co � ~Hc f �	L��.o � ~-~

1 & 	 1 ��
 6nXPO+4S2(A:'�23@^AC,	*3*-@G23)L,	%+F�2(6J,�6JO+@�F+@G*-4S��'�6J4S,	%+2U45% F+4��E@G*-@G%86 M *J'0%+A�O�@G2e,0/
6JO+@�/;I+%+A6J4S,	%(2 N < M ,	=�:\Q�O+,	23@ '0*34b6 N 452>6�WxXPO+@�)+*3,>,0/163@G*-< 45%¦w!y>z0�&2 N %86�'��(4S2 M I+45=b6
I+234S%+�T6JO+@_'0F�F+@GF¦=5@C<H<H'��Gz 	Cy! "	:� �  >W

c�f4�	L���o�8�L 6 8 � ? :Ro �;-�W2`^` ` WJ�)F8~-~��� �� o¨�Cz 	Gy! "	G�"�  � 6xo �;-3~)`2`2` � 6Ro �)F	~
dV�;-�W�`^` `^W"�)FC�	t�k :Ro � 6xo �;-3~�W2` ` `^W � 6Ro �)F	~3~$� :Ro,�;-�W2` `^` W �)F	~

o+
 O�� O%��� T��Lt :Ro � 6xo �;--~�W�`^` `^W � 6Ro �)F	~3~-~
B�=)?Co �;--~ c f4��L��.o �;-3~)`2`2` B�=)?Co �)F0~Hc f4��L��+o �)F8~-~

� q�� � =>� <FE�<!p � � = B �,��p�� ! '�< ��%('4� ?A=	<
% ".- - ��� ��� / BF� ? � ' #&! = = B ��p�!ED ? <�c	�A��)	<)�A'2!>1
�,��p�<�c f4��L���o ��~ ? � ' #&! = = B = B
�7��p�p � � '�% ?�� ) � 6xo � ~M� B�=�?Co � ~ ? <��
	��.q
3 $ &A&_6 � 
 N 45%�F+I+AC6345,	%�,	% c�f4�	L��>W
$�"�+ $ 4 
" *�
"% ��
 $ &A& 
  & * 4 
 4�& 	 XPO+452�452�63O+@ M '02-45A�A:'�23@0W
c f4��L���o ��~M� o � �X\�� `2`2`9�X\��0~x4S2Z'_)�*3,>,0/!,�/�� ���'� ��<����'� 5 � 6xo � ~$� B�=)?Co � ~�W


$��)	M* �@G<D<('^� � �Gz[452�'¦)+*-,.,�/P,0/�B�=)?Co �;--~�� � 6xo �_0~W 
 N 45%�F+I+AC6345,	%�O N )E,063O.�
@G2-452G9Bc�f4�	L���o �_0�~ 452�'�)+*-,.,0/?,0/ � 6xo �_0~D� B�=�?Co �_0�~WD¡B@G%+AC@09 M�N 63O+@UF+@C�+%+4S6345,	%�,0/
�"
 T(#%$ O���� T!�59#o��"
 T(#%$ O���� T!�Yt B	=)?Co �;--~ � 6xo �_0~4B�=�?Co �_0�~���� �Gz3c f4��L���o �_0�~3~ 452�'
)+*3,>,0/ ,0/ B	=)?Co �;-7~ � B	=)?Co �_0�~W
�VI�*-6JO�@G*3<D,	*-@09 M8N 4S%+F+I+A6J45,0%�O N )L,06JO�@G234S2G9Bc f �	L��+o �;--~�452�'\)�*3,>,0/?,0/ � 6Ro �;--~A�

B	=)?Co �;-�~\'0%+Fc2-,+9 c�f4�	L���oI?0< �%6�R�o �;- WJ�_0~-~H452\'�)+*3,>,0/_,0/ � 6xo �;-3~3� B�=�?Co �_0�~ 5
� 6xoI?0< � 6 R�o �;-�W��_0�~3~$� B�=)?CoI?0< �%6�R�o �;- WJ�_0~-~W

h�f



���������	�

$�" � c�f4�	L���o�</>3:��7oI?-~3~�4S2�'D)+*3,>,0/�,0/ ?9� ? 5 � 6Ro�</>3:��7oI?-~-~9� B	=)?CoI<�>3:��7o�?-~3~ M8N 63O+@
F+@C�+%+4S6345,	%e,0/ 
 O)� O��&� T��¼W
1 
8� 
 N 4S%+F+I+A6J45,0%�O N )L,06JO�@G234S2G9Bc f �	L��.o � ~�4S2�'e)+*3,>,0/ � 6xo ��~A� B	=)?Co � ~W 
 N 63O+@
F+@C�+%+4S6345,	%U,0/ 	��� ��9 c�f4��L���o�8 ?e�YoI?Cd �:<��^kSQ WJ��~3~x452?'�)+*-,.,�/1,0/ ?Cd � 6xo � ~�kSQD��?Cd�B�=)?Co � ~&k

5 � 6xo.8 ?e�Yo�?Cd ��<��^k Q W�� ~3~M� B	=)?Co�8 ?e�YoI?Cd �:<��^kSQ WJ� ~-~W
1 & 	 1 ��
 6 + ,	%+2-45F+@C*�63O+@�)�*3@GF�45A:'l6J@ � 5 �R�;- `�`2` �)Fd��tH` :Ro � 6Ro �;-3~�W�`^` `^W � 6Ro �)F	~3~9�
:Ro7�;-�W2`^` ` W �)F8~�9+QK@�O�':�0@���o 
 O)� O��&� T��Lt :Ro � 6Ro �;--~ W2`2`2` W � 6xo �)F	~3~-~�452�'T)+*3,>,0/Y,0/
:Ro � 6xo �;--~�W�`^` `^W � 6Ro �)F	~3~$� :�o � 6xo �;-3~�W2` `^` W � 6xo �)F8~-~ 5 o� � 6Ro �;-3~C`2`2` � 6Ro �)F8~3~�'0%+F

M8N 45%+F+I�AC6J4S,	%UO N )L,063O+@G2-452G9 c f4��L���o �;-3~�W2` ` `^W�c�f4��L��.o �)F	~x'0*3@B*3@C23)L@GA6J4S�0@G= N '_)+*-,.,�/1,0/
� 6xo �;-7~5� B�=�?Co �;-7~ W2`2`2` W � 6xo �)F	~ � B	=)?Co �)F0~W:
 N 63O+@\F+@��%+4b6J45,0%�,0/��Gz 	Cy! "	:� �  �9
c f4��L��+o.8 L�6;8�� ? :Ro �;- W�`^` `^W��)F8~-~P4S2�'T)+*3,>,0/Y,0/Po�� B�=�?Co �;-7~ `2`2` B	=)?Co �)F	~-~
5 :Ro � 6xo �;-3~�W2` ` `^W � 6Ro �)F	~3~M�B:Ro�B	=)?Co �;-�~�W2` ` `^W B�=)?Co �)F0~3~�5 � 6xo�8�L�6;8���? :�o �;-�W2` `^` WJ�)F	~3~M�
B	=)?Co�8�L�6;8���? :Ro �;-�W2` ` `^WJ�)F	~3~�W

7
% ".- - ��� �(' / B � ? � ' #&! = = B/��p�!ED ? < 	��a�A��)	<)� '2! = B �,��p E>p�!�?,+	'4� ?A=	< ?7� � R>17�7��p�<
� 6xo�	���f�cao � ~3~M��? '�<FE�B	=)?Co�	���f/cao ��~3~M� R�q
3 $ &A&_6 � 
 N 45%�F+I+AC6345,	%�,	% 	���f/cao ��~_o;23@C@_���0I+*3@_i	~�W
��
8". XPO+4S2�4S2e6JO+@ M '0234SA�AG'023@/� � 6xoI	���f�cao�? � R�~-~ � � 6RoI? � R�~ � ?\Q�O+45=S@
B	=)?Co�	���f�cao�?G� R�~3~M� B�=�?Co�?G� R�~$� R	W
5�& 	 1 ��
 � 6xo�	���f�cao�? -�Z2`2`2` Z[?GF8~-~$� � 6xo�?0<4� 6 R�oI	���f�cao�? -3~�W[?0< � 6 R�oI? 0�Z�`2`2`�Z-?GF	~-~3~
� � 6xoI	���f�c�oI? -3~3~$� ?!F+I�@R6J,�45%+F�I+AC6345,	%�O N )E,�6JO+@C23452CWG�.4S<H4S=¼'0*-= N 9�B�=)?Co�	���f�c�oI? - Z�`2`2`�Z-?GF8~-~
� B	=)?CoI?0< � 6 R�o�	���f�cao�? --~�W[?0< � 6 R�oI? 0�Z2`2`2` Z[?GF8~-~3~ � B	=)?CoI?0< � 6 R�oI? 0�Z2`2`2` Z[?GF8~-~d� `2`�` �
B	=)?Co�	���f�cao�?GF	~-~M�BR_F�I+@_63,U45%+F+I�AC6J4S,	%eO N )E,063O+@G2-452CW
* " � $&%¦63O+452PAG'023@�9V%+,H*-@CQ�*-4S6J@�276J@C)[O�'02 M @G@C%�)L@G*7/;,	*3<D@GF�45% ��'0%+F ?$� R	W
XPO+@G*-@C/;,	*-@09 � 6xo�	���f�caoI<�>3:��7o�:RoI? - W�`^` `^W-?GF8~-~3~3~M� :RoI? - W�`^` `^W-?GF8~$� ?#Q�O+45=S@
B	=)?Co�	���f/cao�</>3:��7oA:�oI? -�W�`^` `^W-?GF8~-~3~3~M� :RoI? - W�`^` `^W-?GF8~$� R	W

9 4 *.� � 
 N 45%+F+I�AC6J4S,	%\O N )E,�6JO+@C23452C9 � 6xo�8 ?e�YoA:�oI? -�W2` `^` W[?IG&d ��<��^k Q�W2`^` ` W[?GF8~ W 	���f�c�oI?IG-P Q ~-~3~
� :Ro�? -�W2`^` ` W[?IG�d � 6xoI?IG-P Q ~&k W2` ` `^W[?GF	~M��?�W
�.45<D45=5'0*3= N 9%B	=)?Co.8 ?e�Yo�:RoI? - W�`^` `^W-?IG�d �:<��^kSQ W2` `^` W[?GF	~�W 	���f/caoI?IG-P Q ~-~3~
� :Ro�? -�W2`^` ` W[?IG�d B	=)?CoI?IG P Q ~&k W�`^` `^W-?GF8~M�BR	W

9 4 *.� ' 
 N 4S%+F+I+A6J45,0%¦O N )L,06JO+@C234S2G9 � 6xo.8 L�6;8�� ? :�o�	���f�c�oI? --~ W2` `^` W 	���f�c�oI?GF	~3~-~
� :Ro � 6Ro�	���f/caoI? -3~-~�W2` ` `^W � 6Ro�	���f�c�oI?GF	~3~-~M��?
�.45<D45=5'0*3= N 9%B	=)?Co.8 L�6;8�� ? :Ro�	���f/caoI? -3~ W2` `^` W 	���f�c�oI?GF	~3~-~
� :Ro�B	=)?Co�	���f/caoI? -7~3~�W�`^` `^W B	=)?Co�	���f/caoI?GF0~-~3~M�BR

7
� 
'" & $�".- � � 8�) � &�� 	 ! 	'".*8* - / B � ? � ' #&! = = B/�&p�!ED ? <U	�� �A��) <)�A'2! = B
�,��p�E>p�!E?,+	'��
� ?A=	< ?9��� R 17�,��p�<#c�f4�	L���o�	���f�c�o � ~-~ ? � ' #&! = = B = B �,��pTp � ��'�% ?�� ) ?$� R ? <�� 	��.q

hji



���������	�

3 $ &A&_6 � 
 N =5@C<H<H' ".WSh	9�c�f4�	L���o�	���f�c�o � ~-~E4521'�)+*3,>,0/>,0/ � 6Ro�	���f/cao ��~3~M� B�=�?CoI	���f�c�o � ~-~
Q�O+45A�O¦452P@C�>I�4S��'0=5@C%86P6J, ?$� R_F+I+@�6J,U=5@C<H<H' "�W°f.W 7

� ��,��
*0(+, ( �K�X.��+"��K�

$&%�,	I+*U45<D)+=5@C<H@C%86�'�6345,	%19#{1ult�� '0%+Fcw1y>z�Q#,	*-£�,	%�6JO+@e23'0<H@e63O+@G,	* N�� ?1W]XPO+@
'l�.45,	<D2B,0/ � ?�'0*3@�23)L@GAG4b��@GF�4S%�w!y.z��P6JO�@ ,+ 2 N < M ,	=52�'0*3@a@��.)+*3@C2323@CF M8N '0F+F+4S%+�
6JO+@D'02-23,>AG45'�6J4b�	@D'0%+F�AG,	<D<aI�6J'�6J4b�	@U'l�.45,0<H2CW � %�6JO+@D,06JO�@G*�O�'0%+F!9Y6JO�452�6JO+@C,	* N 4S2
AG,	<D)+=S@C6J@CF�63,\�	@C6�' 9 =	<�� ��p�<)�Y'0%+F#�&p�!�D ? <&'4� ? <>r�X � �S� 6JO�'l6 452�23)L@GAC4S��@CF M�N '0%
{1ult���23)L@GAG4b��A:'l6J45,0%1W
XPO+@�'�45< ,0/Y6JO+4S2�45<D)+=5@C<H@C%�6J'�6J4S,	%\4S2�63,H�0@G%+@C*J'�63@_/;*-,	< @:'0A�O�F+@G*-4S��'�6345,	% ?7����

R[45% {1ult�� ' �	L���� 6J@C*3< 6JO+'�6(4S2('�)+*3,>,0/ 63@G*-< ,0/ 6JO�@[)+*-,	)E,0234S6345,	%#?#�����LR[45%
w1y>z�W ��@[��*-2-6e4S<H)+=S@G<D@G%86H'�6J*3'0AG4S%+��<D@GA�O�'�%+452-< /;,	*H2 N %86�'0A6J4SA^*3@Q�*34S6345%+�n'0%+F
,+ *-@CQ�*-4S6J4S%+�^4S%c{1u�t��KWRXPO+@��	@C%+@G*3'�6J@CF]6J*J'�AG@e45%�AG=5I�F+@G2a63O+@e*3@Q�*34S6345%+�[AG,	%86J@��>6:9
6JO+@�I�23@GF 2-I M 2-634S63I�6J4S,	% '0%+Fc6JO�@�'0)+)+=S45@GFc*-I+=5@[45%c@:'�A�O *-@CQ�*-4S6J@�276J@C)1W ��@�%+@�>6
6J*3'0%+2-/;,0*3< 6JO+@ 63*J'0AC@�45%86J,U'a)+*-,.,�/ 63@G*-<¢45% 	��L�&2 N %86�'�� M8N 'a<H,>F+I+=S@�Q�*-4S6363@G%e4b6J23@C=S/
45%�{!u�t��#W!XPO+4S2 <D,.F+I�=5@a'�=523,�<>=	!�D '�% ? �jp ��6JO+4S2 )+*3,>,0/x63@G*3< 45%[,	*3F+@C*�6J,e*-@GF+I�AG@T4S632
234S¥G@ M�N 63O+@�*-I+=5@C2�4S%¦�+�	I+*3@�f.W  23@6�,0/R=5@G<D<H'02�'0%+F¦6JO+@C45*B)+*3,>,0/;2�45%�w1y>z\4S2B63O+@G%
�	@G%�@G*J'l6J@GF /;*3,	< 6JO+4S2D%�,	*3<H'0=54S23@CF])+*3,>,0/B6J@G*-< �>4¼'�6JO+@e6J*3'0%+2-=¼'�6345,	%�F+@C23AG*-4 M @GF 45%
23@CAC6J4S,	% "�WHXPO�@G23@H=5@C<H<H'02 4S%+AG=SI+F+@T6JO+@U<H'045%�AC=¼'04S< Q�O+4SA�On276�'�63@G2�6JO�'�6 ? �	�
� R	W
��45%+'0=5= N 9>'0=5=!�	@G%+@C*J'�63@GF¦=5@C<H<H'02P'0*-@_'0I�6J,0<('�6345AG'0=5= N A�O+@GA�£�@GF�45%[w!y>z�W

��� � �)( 4 
 � - &�! � ( &� 5 � O+@G%^Q#,	*3£�4S%+�HQ�4b6JO ,+ *-@CQ�*34b6J4S%+�+9L'HF+@CAG4S2345,0%[)+*-,.AC@�
F+I+*-@(/;,	*a@C�>I+'0=54b6 N <D,.F�I+=5, ,+ 4S2a%+@G@CF+@GF 45% w1y>z�2345%�AG@�{1ult�� *-@GF+I+AC@G2T6J@C*3< 45%
A:'0%�,	%+45AG'0=x/;,	*3<¦W  2-45<D)+=5@D'0)�)+*3,8'�A�On6J,^4S<H)�=5@G<D@G%86�6JO�452_F+@GAC45234S,	%n)�*3,>AG@GF�I+*3@\4S2
�	4S�0@G% M8N =	!-E>p�!Jp[E/!Jp � !E?�� ? <>r�)+*3,	)L,	2-@GF 4S% dshj��kmW � ��I�'0=S4S6 N <D,.F�I+=5, ,+ M @C6&Q#@G@C%6&QK,��	*-,	I+%+F]63@G*3<D2aAG'0% M @eF+@CAG4SF+@GF M8N '�X � �nQ�O+4SA�O�45%+AC=5I+F+@C2�6JO�*3@G@e/;,	=S=5,jQ�45%��
2 N %86�'0A6J4SA(o;AG,	%�F+4S6345,	%�'�=Ä~?*-@CQ�*-4S6J@�*-I+=5@C2P/;,	*P@:'0A�O ,+ /;I+%�AC6J4S,	%�2 N < M ,	=+:���� �

:����xo7�XW :����Ro�@?W�[8~3~ � :����Zo�@?W :�����o,�XW�[8~3~P4S/�o7����� Q��G@�~
:����xo7�XW[@+~ � :����Zo�@?W �E~ 4S/�o7����� Q��G@�~
:����xoA:����xo,�XW @�~�W�[8~ � :����Zo7�XW :����xoI@ W�[	~3~

Q�O+@G*-@���� Q��aF+@C%+,063@G2T6JO+@(=5@�.4SAG,	�	*3'0)+O+4SA()�'l6JO],	*-F+@G*-45%+�+W�$&%86JI�4S6J4b�	@C= N 9x63O+@G2-@e*3I+=S@G2
45<D)+=5@C<H@C%86\'�2-,	*-6345%+��'0=S�	,	*-4S6JO�< o M I M�M =5@�2-,	*-6�~H,	%c6JO+@�2-I M 63@G*3<D2e,0/�'��	*-,	I+%+F
6J@C*3<¦WcX�QK,��0*3,	I+%�F 6J@C*3<D2('�*3@[@C��I�'0=B<H,>F+I+=S, ,+ 4b/�'0%�F`,	%+= N 4S/�63O+@G4S*H2-,	*-63@GF
/;,	*3<D2�'0*3@a2 N %�6J'0AC6345AG'0=5= N @G��I�'0=mW XPO+@a2-@:'0*-A�O�/;,0* '(F+@C*34b�0'l6J45,0%�/;*3,0< 'D6J@G*-< 63,\4S632
23,	*76J@CF\/;,	*3< 452�F�,	%+@ 4S%�{1u�t��KWLw!y>zD*-@G)+=5' N 2�63O+452KF+@G*-4S��'�6J4S,	%(=5'�6J@C* M8N A�O�@GA�£�45%+�D4S632
)+*3,>,0/�6J@C*3<¢'02PF+@G2-AG*-4 M @GF¦45%\6JO�452P)�'0)L@G*P,0* M�N I+234S%+�T6JO+@aw!y.z��>{1u�t��]45%86J@C*-/¨'0AC@ /;,	*
2 N %86�'0A6J4SA_*-@CQ�*-4S6J4S%+�TF+@C23AG*-4 M @GF�45%�dgflk W

= ".	 1 
 - � $ � 4 		� ��@_�04S�	@�O�@G*3@_23,0<H@�)L@G*7/;,	*3<H'0%+AC@�F�'�6�' N 45@C=5F+@CF M�N 6J@G276J4S%+�U,	I+*
45<D)+=5@C<H@C%86�'�6345,	%�,	%�'�%  M @G=545'0%[�0*3,	I+)�Q�O+45A�O�4S2�AG,0<H)L,	23@CF�,0/x6JO�@�/;,	=5=S,jQ�45%+�D'l���

hC1



���������	�

45,	<D2�o�� M @G45%��H' ,+ /;I�%+AC6345,	%�2 N < M ,	=¼~��

����@ � @��&� ��� �d� �
o,����@�~��\[g� ��� oI@���[8~ ��� o��f�E~f� �

XPO+@�AG'0%+,	%�45A:'�=EX � �H*3@6JI+*-%+@GF M�N AG,0<H)+=S@C6345%+��6JO+4S2?63O+@G,0* N 452?�	4S�0@G% M8N 6JO+@B/;,	=5=S,jQ��
45%+�T*-@CQ�*-4S6J@�*-I+=5@C2_o	� M @G4S%+�U' ,+ /;I+%+A6J45,0%¦2 N < M ,0=Ä~��

��� � � � � � � � ��o7�
��@�~C� o��f�E~�� o�� @�~
��� o����E~ � � ��o����E~ � �

XPO+@T@�.)L@G*-45<D@G%86�AG,	%�2345276J2�45%�%�,	*3<H'0=54S234S%+�H*3'0%+F+,0<H= N �	@C%+@G*3'�6J@CF�63@G*-<H2 I�2345%���63O+@
=5@/Ä6J<D,	2-67�&45%�%+@G*-<H,	276a276J*J'l6J@G� N ,0/e{1ult�� '0%+F A�O+@GA�£�45%��n6JO+@�AC,	*3*-@G23)L,	%+F�45%+��)+*3,>,0/
6J@C*3<©4S%]w!y>z�6J,¦)+*-,��0@D63O�'�6_@C�0@G* N 63@G*-<©452�@G��I�'�=Z63,�4S6J2�%+,0*3<H'0=�/;,	*-<�W ��@DI�23@GF

����������	� ��������� @ ��� �!������" #$�	�%"&� @ �!������" '(�	�)�+*-,�.)�/,	0&�1")2 �435�768�/���+* '(�	�)�+*9�	�:���;����<��

�=�	�:> �1"�?)@�ACB �D"E?�@�A-B �1"GF8H!I @ �!�J���+� �+*K���%�1"���.)�������!�

� ��W � " 1 f�� $	f�i
h � ��W°f 1 h�� i�h hJ" ���
i	i �.W �8f ��W�i�$ h � "�� i8f0i��
��� �.W �	i ��W�� " f0� � " $	f4"4"
�8f �.W ��1 h	W �	� 1�� f �	i hji	i�hj�

Ò�á$ã�÷ÛÓ K
L Ó8Ü«ñ�ß«Õíá$Ô���å�Ü�M.ã@Ó8÷¼Ù¼á+ÜÌÝ+ÔÇå�úÞì�â

' 0 + 0Y@G%86345I+< $3$-$6�4" � 3�O�¥T*3I+%+%�45%+�#�4S%>I>��/;,0*�6JO�@G23@a63@G276J2GW�XP4S<H@�452�<H@G'023I+*-@GF
45% 23@CAG,	%�F1W X�' M =5@�hn2-O+,jQ�2�63O�'�6�6JO+@�%�I+< M @G*¦,0/a�0@G%+@C*J'�63@GF =S@G<D<('�2�'0%+F 63O+@
)+*3,>,0/Y6J@G*-<�2345¥C@�,0/�6JO+@_<('�45%�6JO+@C,	*3@C< 4S2�=S45%+@G'0*�45%¦6JO+@�%>I�< M @C*�,�/x*3@Q�*34S63@�276J@G)�2GW
$ 6U452T%+,�6H@G'02 N 63,�@G2-6345<H'�6J@\63O+@�)+*3,>,0/�6J@C*3< 2-45¥C@¦2-45%+AC@e6JO+@�@ �E@GA6J4b�	@G%�@G232(,0/�63O+@
,	)�6345<D452J'l6J45,0%+2R45%H234S¥G@�*-@GF+I�AG45%���F+@C)E@C%+F+2P,	%D6JO+@�)E,	2-4S6345,	%+2Z,0/1AG,	%86J*3'0AC63@GFe*-@GF+@���@C2GW
XPO+@G2-@e,	)�6345<D452J'l6J45,0%+2��	@G%�@G*J'l6J@\2-,	<H@\'0I.�.45=S4¼'0* N =5@C<H<H'02(o¨23@C@\23@CAC6345,	% �.W�i	~�W^XPO+@
)+*3,>,0/;2R,�/L63O+@G2-@�=5@G<D<H'02�4S%(w1y>z�'�*3@�%+,�6Z@�.)E@C%+234b�	@�W ��%T63O+@PAG,	%863*J'0* N 986JO+@P=S@G<D<('�2
/;,	*�@C�>I+'0=54b6 N <D,.F+I�=5, ,+ '0*3@ �0@G* N AC,	2-63= N 2345%�AG@�QK@�)+*-@G2-@G%86J= N I+23@�63O+@aw1y>z��.{1ult��
45%86J@C*-/¨'0AC@]dgf�kB6J,�)�*3,j�	@[63O+@G< '0%+F 6JO+@�*3@G)�=¼' N 45%+��)+*3,>AG@C232\4S% w!y.z]4S2(��I+4S63@�6345<D@
AG,	%�23I+<D45%+��W $&%_,063O+@G*1Q#,	*3F�2G9�63@G*-< *3@Q�*34S6345%+�P)�*3,>,0/;2�45%T{!u�t��¦'0*-@x%+,06 ,	%+= N 9���p 9��8p[E
M I�6�#�'�! � ? '�% % ) !Jp$#&%('�)8p[E�4S%�w!y>z�W

h��



���������	�

� ���#� �2*-�/1�"7�#�/1

�n@¦O�':�	@�F+@G2-AG*-4 M @GFc'�*3@C)+*3@C23@G%86J'�6J4S,	%`,0/�6JO+@¦)+*3,>,0/�6J@G*-< ,0/�63@G*3< *-@CQ�*-4S6J4S%+��45%
	��E�&AG'0=5ACI+=5I�2GWDXPO+@H/;,	*-<('�=R%+,06345,	%�,0/K)+*3,>,0/K63@G*-<H2�/¨'0AC45=54b6�'�63@G2�4b6J2�AG,	<D<aI+%�45A:'l6J45,0%
M @6&QK@C@G%\F�4��E@G*3@C%86#2 N 2-6J@C<H2 M8N 6J*J'�%+23=5'�6J4S%+� M @6&QK@C@G%\63O+@G4S*x2 N %86�'l�.@G2CW�� %+@�,0/E6JO+@C23@
6J*3'0%+23=5'�6J4S,	%+2�oÄ/;*3,	< 	��E�&2 N %�6J'l��4S%�63,\w1y>z0�&2 N %86J'l�+~PO+'02 M @C@G%¦F+@G2-AG*34 M @CF['�%+F�4S<H)�=5@�
<H@C%86J@GF!W  2?'�*3@G2-I+=S6G986J@G*-< *3@Q�*34b6J45%��_)�*3,>,0/;2x45%�{1ult���A:'0% M @�A�O+@CA�£0@CFe45%\w1y>z�WR$&%
6JO+4S2R6J*3'0%+23=5'�6J4S,	%aQ#@�,	%�= N %�@G@GFD6&QK,Uw1y>z_AG,	%+276�'0%8632#Q�O+4SA�OH)+*-,j�.4SF+@�@G��I�'0=S4S6 N )�*3,>,0/;2
M8N *-@ ��@��.4S�>4S6 N o 
 O�� O���� T��s~Y'�%+F�6J*3'0%+2-4S6J4b�>4S6 N o��"
 T(#%$ O���� T!��~W�3�,	276R,0/�)�*3,>,0/�A�O+@CA�£8�
@G*-2�o�pGqsr8q[tPu>v�9�u>{L|�}B~�'0=S23,[, �!@C*�6JO+@C23@\AC,	%+276�'0%86J2U'�%+F�O+@C%+AG@�9Z63O+@(63*J'0%+2-=¼'�6345,	%�2
45%86J,a63O+@G4S*P)+*3,>,0/ 6J@C*3< 2 N %86J'l�.@G2�AG'0% M @��	4b�	@G% M8N '0F�'�)�6J4S%+�Cc f4��L��.W
XY*3'0%+23=5'�6J4S%+�^=S,	�	45AG'0=?)+*3,>,0/;2 M @C6&Q#@G@C% 6JO�@G,	*-@G<�)�*3,j�	@C*32DO�'02 M @G@G%�276JI+F+4S@GF M8N

23@�	@G*3'0=K*-@G2-@:'0*-A�O+@G*-2[dgf	f�9 "�9°f $.9°f0��k W�XPO+452�452�%�,06T'0=bQ�' N 2a'�2345<D)+=S@U6J'023£�234S%+AG@D6JO+@ N
%+@G@CF�63, M *-45F+�0@U63O+@D�8'0) M @6&QK@C@G%]F+4 �!@C*3@G%86_=5,0�	45AG'0=�/;,	I+%�F�'�6J4S,	%+2�,	%�Q�O+45A�O�6JO+@C23@
2 N 2-63@G<D2�'�*3@ M '023@CF1W � I+*PQ#,	*3£�4S2P<H,	*-@�*3@G276J*-45AC634S�0@_2-45%+AC@_Q#@�,0%+= N AG,	%+2-45F+@C*�@C��I�'l�
6J4S,	%�'0=R)�*3,>,0/;2GWUXPO+@C*3@C/;,0*3@09 QK@DA:'�%�':�	,	4SF�63O+@U23@C<('0%86345AG2�4S2323I�@G2a'�%+F�AC,	%+AC@G%86J*3'�6J@
,	%e6JO+@�2 N %86J'l�¦,0/Y)+*3,>,0/ 6J@G*-<H2CW
�.,	<D@�'�6363@G<D)�6J2�d $>9°flkVO�':�	@ M @C@G%DF+,	%+@�4S%D,0*3F+@C*Z63,��	@C6?@��DAC45@G%86Z6J@C*3< *-@CQ�*-4S6J4S%+�

45%�w!y>z¦I�2345%�� !�p ��p 9�� ?A=	<¦<D@C63O+,>F1W�XPO+452�'�)+)+*3,	'0A�O�23@C@G<D2�'�F+@G��I�'�63@a/;,	*�2 N %�6J'0AC6345A
*3@Q�*34S6345%+� M I.6HQ�O+@C%`AG,0%+234SF+@G*-45%+� ,+ *3@Q�*34b6J45%���4b6 M @GAC,	<D@G2D=5@G2-2H, M �>4S,	I+2D2345%�AG@
)�'�6-6J@G*-%\<H'�6JA�O+4S%+�_<H,>F+I+=S, ,+ 452?%+,06#6J*-4S�>4¼'0=�@C%+,	I+�0O\6J, M @�@��DAG45@C%86J= N )L@G*-/;,0*3<D@GF
45%[w!y.z�WxXPO�@�%+@�>6B2-63@G)¦,0/�6JO+4S2KQK,0*3£\4S2K6J,U45<D)+=S@G<D@G%86P'0%e4S%86J@G*7/¨'0AG@�4S%[w1y>zUQ�O+45A�O
'0=5=S,jQ�2Z63O+@ I+2-@G*K63,�2-@G%+F\63O+@ @G��I�'�=54S6345@C2Z63O+@ N QK'0%86�6J,a)�*3,j�	@�63,({!u�t��#W�XPO+4S2K=¼'l636J@C*
23@G'0*3A�O+@C2�/;,	*�63O+@U)+*3,>,0/K'0%+Fn2-@G%+F�2 M '0A�£^63O+@UAG,	*-*3@C23)L,	%+F+4S%+�[)+*-,.,�/#63@G*3< 45%]w1y>z0�
2 N %86�'l�^6J,[w!y.ze/;,	* A�O�@GA�£�45%+��W  6�6JO�452 276�'0�	@�91QK@D'0=S23,\%�@G@GF�AG,0<H)+=S@C63@G%+@C232 M @G234SF+@
23,	I�%+F+%+@C232GWZXPO�'l6#4S2G984b/E6&Q#,�63@G*3<D2?'0*3@�@C�>I+'0=�<H,>F+I+=S, 6JO+@�6JO�@G,	* N � ?H45%\w!y.z�9863O+@G%
6JO+4S2#@C��I�'0=54b6 N 452#'0=SQK' N 2K)+*-,���' M =5@B45%[{!u�t�� M8N *-@CQ�*34b6J4S%+�_Q�4b6JOH*3@G2-)E@CAC6�63,	��WxXPO�452
2-6J'�6J@C<H@C%�6B4S2P, M �.4S,	I+2�4S/X� 452P, M 6�'04S%+@GF M8N AG,	<D)+=S@C6J4S%+� � ?1W
��%�@�<('04S%�'0F���'0%86�'��	@�,0/ {!u�t���4S2�4S632P23@C6B,0/ 276J*J'l6J@G�045@G2�Q�O�45A�O�'0=5=S,�Q�2#6JO+@�I+2-@G*

6J,¦AG,	%863*3,	=Z*3@Q�*34b6J45%��['0%�FnO+@C%+AG@�9�6J,¦45<D)+=5@C<H@C%86�6JO+@D23,	)�O+45276J45AG'�6J@CFn)+*-,.,�/�23@G'0*3A�O
)+*3,>AG@CF+I+*-@G2�d�f ".9�i�k W ��@G%+@C*J'�6345%+��)+*3,>,0/�6J@C*3<D2P,0/�6JO+@C23@�2-63*J'�63@G�	4S@G2PO+@C=5)+2�63,TA�O+@GA�£�'
)+*3,>,0/YF+,	%+@ M8N {!u�t�� '0%+F�6J,D@�.)L,	*-6�4S6P63,H,�6JO+@C*�2 N 276J@C<H2CW 0x*3@G2-@G%86J= N 9L,	%+= N )+*3,>,0/
6J@C*3<D2P,0/Y63O+@�%+,	*-<('0=S4523'�6J4S,	%H276J*3'�6J@C�	45@C2B4S%�{1ult�� '0*3@��	@C%+@G*3'�6J@CF M I.6�4b6P23@C@G<D2�%+,06
F+4-�DACI+=S6_6J,^@��>6J@G%�F�6JO+@(/;,0*3<H'0=54S23< o¨'0%+Fn63O+@(4S<H)+=S@G<D@G%86�'l6J45,0%V~�6J,[63O+@\AC,	<H)�=5@C63@
23@6�,�/�{1ult���2-6J*3'�6J@C�	45@C2GW
 %+,063O+@G*ZI+2-@�,�/!)+*-,.,�/E63@G*3<D2Z452R63,�'�%�'0= N 2-@�'�%+FD63,�F+@ M I��\{1ult���)+*3,	�0*J'0<D2GWYXY,

6JO+4S2�@G%+F19Y%+,06_,	%+= N 6JO+@D)+*-,.,0/#6J@C*3< ,0/K23I+ACAG@G2-2-/;I+=#*3@Q�*34S63@H276J@C) M I�6�'0=S23,�6JO�'�6�,0/
/¨'045=SI+*3@�2-O+,	I+=SF M @�2-63,	*3@CF\45%\,0*3F+@C*#6J,�I+%+F+@C*3276�'0%+FeQ�O N '�*3I+=S@�,0*�'�276J*3'�6J@C� N /¨'�45=5@CF
6J,_'0)+)�= N ,0%(' 6J@C*3<¦W  6Z6JO+4S2x2-6J'0�	@098Q#@�%�@G@GFU6J,_F+@G'0=+Q�4S63OU63O+@�23)�'�AG@B)+*3, M =5@G< F+I+@
6J,(63O+@T234S¥G@T,0/Z)�*3,>,0/Z6J@G*-<H2CW�.O�'0*-45%+�e�	4b�	@C2�'\<H@G'0%+2�63,e,j�	@G*-AG,	<D@a6JO�452 )+*-, M =S@G<¦W
�.,	<D@�)+I M =545AK=54 M *J'0*-45@G2Y=54S£0@�t��1��� � dsh�flk�, �!@C*x' 6J@G*-< *-@G)+*-@G23@C%86�'�6345,	%UQ�4S63OT<('l�.4S<('0=
23O�'�*345%��+WR$&%86J@C�	*J'�6345%+�Ht��1��� � 45%�{1ult���452 M @G45%��D4S%8�	@G276J4S�8'�6J@CF1W
 1 �A	 & + (�" ! �+".-/".	�
�* $�'0< 45%�F+@ M 63@GF�6J, + =¼'�I+F+@���45*3A�O�%+@G*T/;,	*T%�I+<D@G*-,	I+2UF+452��
AGI+2-234S,	%+2B'0%+F�6J,U23,0<H@�'0%�,	% N <D,	I+2�*-@C/;@G*-@G@C2�/;,	*�63O+@G4S*PO+@G=S)�/;I+=1*-@G<H'0*3£�2GW

hJ"



���������	�

� (�
�(��)( � � (21

� K��.�hï-M.ã�á+è«Ù;����ï���á$Ô,èÞÓ8÷î÷¼ÙÄ����ï ø	��ï
��úÞÔ,ÙÛÓ8ÜV�«á+Ü«è��«ï ø�Þï����ÓNê � ï�L�ûéì�÷¼Ù¼ñNÙ¼Ú�âÇúÞã�âÉÚÇÙ¼ÚÇúÞÚÇÙÛå�Ü«âNï���ÜÄ�£+ª��J����»ÇÂC��¯���������Ã�� �+�d®�®�¢ �Þì�á$Ý+Ó8â � K"!��$#0�AK�%&%�'éï
� �(�)�&ï M.÷¼ê=á$Ô,á+è«åmá+Ü«è+*.ø	,bï.-ØÝ�ú � Ó8ÜIï /�0�132 ëºå+Ô¸Ó�4�ú«á$ÚÇÙ¼å�Ü«á+÷�Ô,Ó8á+âÉå�Ü«Ù¼ÜÞÝmÙ¼Ü+5�687�ï
��Ü9�«ï;:.Ó8âÇì"Ó � ÔÇå�úéû+�íÓ8è«Ù¼ÚÉå+Ô�� ®�¤É£8Â� £<� ¶�ª"Å>=�£+¤@?�½@�\£"� £$ª ¢D£���¥6Â�¦$¹xÈ@¤É¦��ç»BA�£+¤@?�½¦+ª¡ÅDC�»��Á¦$¹ù¦+ª��&E«¦��\»�½ ïF��Ü«âÉÚÇÙÛÚÇúÞÚG-.á$ÚÇÙÛå�Ü�á+÷xèÞÓ ��Ó8ñ�ßÞÓNÔ,ñ,ß«Ó¸Ó8ÜH��Ü«ëºå+Ô,Õçá$ÚÇÙI4�ú«Ó ÓNÚhÓ8Ü
MòúÞÚÉå�Õíá$ÚÇÙJ4�úÞÓj�K�ML L - ��øON��&# K�ø KK�#&#�ø K:����ú�ÜÞÓ ��'&'&'éï

� �(� LØï L ÓBPIá$Ô,á	�K
 ï L å�úÞÔ,Ü«ÓRQj�3,bïTS0á+ñ�Ó8ÕT��á+Ü�èU�òï�SbÙÛÔ,ñ,ß�ÜÞÓNÔ8ïWV�ÓNÔ,ÙYX"ñNá$ÚÇÙÛå�Ü å+ëbÚÇÙ¼ÕíÓ8èá+ú«ÚÉå�Õíá$ÚÇá�ú«â,Ù¼ÜÞÝ�ÔÇÓN×�Ô,Ù¼ÚÉÓöÔ�ú«÷ÛÓ8â[á+Ü«èäâÇÚÉÔ,á$ÚÉÓNÝ�ÙÛÓ8âNï;��ÜZ-óï[:òÓNÔ,âÇßÞå�×ØÙÛÚMQíá+Ü«è Mbï J Ô,á+Ü8���Ó8è�ÙÛÚÉå+Ô,â�� ®4¤�£8ÂC�d�¨@�éÈ�\ò¨[¶\±(±+¯ ���(ú«ÜÞÓ ��'&' K$ï
� ����:öï L Ó8Ü�á+Ü«á8ê���:óï�S0á$ì�úÞÔ��á+Ü«è���ï�-.á$Ô,Ó8Ü«èÞÔ,á+ÜIï ��å�Õ�ì�÷ÛÓ�ûÞÙÛÚ � å+ë�Õíá$ÚÇñ�ß«Ù¼ÜÞÝxì«ÔÇå+ã�÷¼Ó8ÕíâNï
]Þ£�Eé¤�ª¡¦$¹�£M�^��Ã��;_,£$¹�¥6ÂæÄ�£&�`��Ea�Á¦b�6¥6£$ª � �ÞüEK"!���ÿ"c ��' �d!�� K�#0� K�%&ebN�ï

�gf �)L@ï L ÓNÔÇÝ�ßÞå+ëRÓNÔ[á+Ü«è�Ò0ï�-òÙÛì��+å�×bï`��ÔÇå\å+ë�ÚÉÓNÔ,Õíâ.ëRå+ÔòâÇÙîÕ�ì�÷ � Ú � ì@Ó8è�ß«Ù¼Ý�ßÞÓNÔØå+Ô,è«ÓNÔò÷Ûå+Ý�Ùîñ$ï
��Üh�Þïa,.á$ÔÇÔ�Ù¼âÉå�ÜÌá+Ü«èa��ï M.á$Ý�á+á$Ô�è��ÞÓ8è«ÙÛÚÉå+Ô,â�� ®�¤É£8ÂC��¯&ib���ç¨�ªK�;��Ä�£+ª��J�TjI®lk;m�¢ �(ê+å�÷¼ú«ÕíÓ
K�e&#&%íå+ë ¢dÀxÄ�� �Þì�á$Ý+Ó �&e\ï�Léì«Ô,Ù¼ÜÞÝ+ÓNÔÇønV�ÓNÔ,÷¼á$Ý8����'&'&'éï

� #(�.�hï L ÓRQNÓ8ÕT�[:öï[,.Ó8Ü«èÞÔ�Ùs�\â��@á+Ü�èo,bïdè«Óp-òÙÛê+Ó8÷¼÷¼Ó+ï�MòúÞÚÉå�Õíá$ÚÉÓ8è�ì«ÔÇå\å+ë*ñ�å�Ü�âÉÚÉÔ,ú«ñ�ÚÇÙÛå�ÜkÙîÜÚ � ì@ÓxÚÇßÞÓNå+Ô � ú«â,Ù¼ÜÞÝæÔÇÓ8âÇå�÷¼úÞÚÇÙÛå�ÜIï���Üq:óï1�wñ M.÷¼÷¼Ó8âÉÚÉÓNÔ��dÓ8è�ÙÛÚÉå+Ô�� ®4¤�£�Â�ò¯������k¨�ª��;�bÄ�£$ª����Ä
\�r^s �éê+å�÷¼ú«ÕíÓ K�e � K0å+ë ¢dÀ�\.¨ ï�Léì«Ô,Ù¼ÜÞÝ+ÓNÔÇønV�ÓNÔ,÷¼á$Ý8� ��'&'&'éï
� Nd�)L@ï L å�úÞÚÇÙ¼ÜIï�t.â,Ù¼ÜÞÝçÔ,ÓBu�Ó8ñ�ÚÇÙÛå�Ü�ÚÉåxã�ú�Ù¼÷¼èàÓBvxñNÙ¼Ó8Ü(Ú&á+Ü«èwñ�ÓNÔÇÚÇÙYX�Ó8èwèÞÓ8ñNÙ¼âÇÙ¼å�Üæì«ÔÇåéñ�Ó8è«úÞÔ,Ó8âNï
��ÜU�hïCM.ã�á+è«ÙIá+Ü«èæÒ0ïw�
ÚÉå8��Ó8è«ÙÛÚÉå+Ô,â�� ®4¤�£�Â��£M�x���é» ¯�¯&���à¨�ªK�;��Ä�£$ª����`jI®lk;m�¢ �éÜ\ú«Õóã@ÓNÔ
K��&e KóÙ¼Ü��[-y�3L"ï�Léì«Ô,Ù¼ÜÞÝ+ÓNÔÇønV�ÓNÔ,÷¼á$Ý8�)K�%&%bN�ï

� e(��,óï ��ÙÛÔ�âÉÚÉÓ8áéï Ä�¦$¹ÛÂREé¹0Å(»ä¤{z»|z»8Â8¤�¥}�}Eé¤É»G~��N£$ª¡Å�»B�ç»�ªK�R½h»��ç¦"�b�¡¹�¥¬Â,¦&�6¥¬£$ªÞ½ ï9��ßw: ÚÇßÞÓ8âÇÙîâ��
tòÜ«ÙÛê+ÓNÔ�âÇÙÛÚ8�Ó�,ØÓ8Ü«Ô,Ù
��å�Ù¼Ü«ñNá$Ôa�Ó[ø�-.á+Ü«ñ � �3����'&'&'éïx
[ñ�ÚÉå+ã"ÓNÔ � f ï

� %(��,óï[��ÙÛÔ,âÇÚÉÓ8áxá+Ü«èZ�òï)S0ÙÛÔ�ñ,ß«ÜÞÓNÔ�ïòÒ�ß«ÓóÔÇÓN×ØÔ,ÙÛÚÇÙ¼ÜÞÝÌñNá+÷¼ñNú«÷¼ú�âT� �vá$ÔÇÚ^� ¦$ª"Å ����ï ]Þ£�Eé¤�ª"¦$¹£M�x���é»[¨�ªK�F»N¤É»�½�����¤�£�E(�h¥Rªæ®�Eé¤É» ¦+ª¡Å�\��b�"¹�¥Á»ÇÅí¢d£��+¥¬Â�½ ��%Þü ��ÿ"c ���bN�!��$%&e0�L�wá � ��'&' K$ï
� KR'���,óï���Ù¼Ô,âÉÚÉÓ8á	���òïKSbÙÛÔ,ñ,ß�ÜÞÓNÔ��Þá+Ü«è���ïK�dÙI4\úÞå+Ô,ÙÁï�Ò�ßÞÓ �Øß«å���úÞã@Ó+ï|��Ü J ï�,Øå�Ü�âÉÓ8÷¼÷Ä�éÓ8è«ÙÛÚÉå+Ô�®4¤�£�Â��£<�&ÈTm��w�a\íÄ�� �Þê+å�÷¼ú«Õ�Ó ��' ��'çå+ë ¢dÀxÄ�� �Þì�á$Ý+Ó8â K�#&#d! K�e�'	�(M.ì«Ô,Ù¼÷ ��'&' K$ï
� KK�����ø	�Z��úÞÔ,ÙÛÓ8ÜV��Ò�,òá$Ô,è«Ù¼Ü���á+Ü«è��+ø���^�ÓNê � ï���å�Üau¡úÞÓ8Ü«ñ�ÓØì«ÔÇå+ì@ÓNÔÇÚÇÙÛÓ8â�å+ëI×�Ó8á:�çá+Ü�èçâÉÚÉÔÇå�Ü«ÝñNá+÷îñNú«÷¼Ù4å+ë&Ó�ûéì�÷¼Ù¼ñNÙÛÚíâ,úÞã�âÉÚÇÙÛÚÇú«ÚÇÙÛå�Ü«âNï ]Þ£�Eé¤�ª¡¦$¹ò£M�����é»�\�Ä
C � ���Þü���ÿ"c �&#��d! �&%bN��#�wá$Ô,ñ,ß

K�%&%&#\ï
� K��(�)��ð���ï�Ò�ßÞÓ�1��)���n� ßÞå�Õ�ÓNì�á$Ý+Ó+ï�ß�ÚÉÚÉì
c��&��×�×Ø×0ï ñ�×ØÙ¬ï Ü«÷���ì«ÔÇå��ÉÓ8ñ�ÚÇâ"�G��ÓNÚÇáL�Ü(êw�=á$ÚÉÓNÔ,Õ���ï
� K��(� LØï{:òÓ8Ü«Ü«Ó � ï M ì«ÔÇå+ÚÉå+Ú � ì@Ó�ì«ÔÇå\å+ë�ÚÉÔ,á+Ü�âÇ÷¼á$ÚÉå+Ô ëºÔ,å�Õ�����0�ÚÉå�5�687�ï���Ü^�hï�Mòá$Ý�á+á$Ô,è

á+Ü�èh�«ï�,.á$ÔÇÔ�Ù¼âÉå�Ü���Ó8è«ÙÛÚÉå+Ô,â�� ®4¤�£8ÂC�v¯&ib���x¨�ªK�;��Ä�£$ª����3jI®�k�m�¢ �\ê+å�÷¼ú«Õ�Ó K�e&#&%öå+ë ¢�ÀçÄ�� ï
Léì«Ô,Ù¼ÜÞÝ+ÓNÔÇønV�ÓNÔ,÷¼á$Ý8� ��'&'&'éï

� K ����-óï(:òÓNÔ,â,ßÞå�×ØÙ¼ÚMQ*á+Ü«èF�$ø	��ï&�+å�ú«á+Ü«Ü�á+ú«èIï kó¦$ª¡Å$_,£8£�?0£<�xj[�é»Ç£+¤É»��6¥6Â�¦$¹dÄ�£�� ��E��F»�¤��"Â8¥¬»Nª¡Â�» �
ê+å�÷îú«Õ�Ó L �çñ�ß«á$ì«ÚÉÓNÔ�#�c ��ÓN×ØÔ,ÙÛÚÉÓ�L � âÉÚÉÓ8Õíâ��çì�á$Ý+Ó8â � � ��! ����'éï L�÷¼âÉÓNêéÙÛÓNÔ�LéñNÙÛÓ8Ü�ñ�Ó
��úÞã�÷¼ÙîâÇßÞÓNÔ,â L ïwVóï�ü}-Øå+ÔÇÚÇßÞø	,Øå�÷¼÷îá+Ü«è¡ÿ-�+K�%&%�'éï

h3$



���������	�

� K f ��� ï{:òå�×*Ó�����Ò[ï�,òá$Ô,è«ÙîÜ���á+Ü«è �òï{S0ÙÛÔ,ñ�ß«ÜÞÓNÔ8ïwÒ�ßÞÓNå+ÔÇÓ8Õpì«Ô,å�êéÙ¼ÜÞÝ�Õíå\è«ú�÷ÛåÞï �.á$ì«ì@å+ÔÇÚè«Ó ��Ó8ñ�ßÞÓNÔ,ñ,ß«Ó � �b'&'	�
��Ü«âÉÚÇÙ¼ÚÇúÞÚ�-.á$ÚÇÙ¼å�Ü«á+÷�èÞÓ ��Ó8ñ,ß«ÓNÔ,ñ,ßÞÓ.Ó8Ü;��ÜÞëRå+Ô,Õíá$ÚÇÙI4\úÞÓ4ÓNÚ�Ó8Ü M.ú«ÚÉå�Õíá$ÚÇÙI4\úÞÓj� M.ì«Ô,Ù¼÷)K�%&%&e\ï
�������
	�	������������������������	�����������	�� ��!�"�� #$���%�'&$��	'����	$� ��(�)�* +�+��,��-.�0/ 1 ï

� K�#(� J ï2�[á+è«è«ú«ñNñNÙ¬ï m�ª����é»y\ò¹ ��»(_�¤É¦$¥¬Â^\��b�¡¤É£8¦�ÂR� �Á£ Ä�£$ª¡Â�E\¤�¤Ç»�ªK��j"»�¤�� ��»RA�¤�¥}�6¥ºª0� ï���ßw:ÚÇß«Ó8âÇÙ¼â��wtòÜ«ÙÛê+ÓNÔ,â,ÙÛÚ�3á è«Ù���Ù¼â,á	�K��á+Ü\ú«á$Ô � K�%&%&#\ï
� KdNd���«ï ð�ïTS0÷¼å+ìDï ÒdÓNÔ,ÕrÔ,ÓN×�Ô,ÙÛÚÇÙ¼Ü«Ý�â � âÉÚÉÓ8ÕíâNïW��ÜDL"ï MØã«Ô�á+Õíâ&� � ��:öïZ�hï�[á$ã«ã�á � ��á+Ü�èÒ0ï�L"ï%L�ï��wá+ÙÛã�á+ú«ÕU�\Ó8è�ÙÛÚÉå+Ô,â�� kó¦$ª¡Å$_,£8£�?Ì£M�ò¢D£���¥6Âö¥Rª Ä�£�� ��E��F»�¤��@ÂN¥Á»�ª¡Â�» �Þê+å�÷¼ú«ÕíÓ �0�ñ�ß«á$ì«ÚÉÓNÔ K:�«ì�á$Ý+Ó8â K"! KKdN�ïV
.ûéëºå+Ô�è�t.Ü«Ù¼ê+ÓNÔ,âÇÙÛÚ � ��ÔÇÓ8âÇâ��.
.ûéëRå+Ô,è��)K�%&%��\ï
� K�e(���då+Ý�Ù ��á+÷ �(�<- �3��Mbï�Ò�ß«Óp5)6�7çßÞå�ÕíÓNì�á$Ý+Ó+ï��<- �`�	M��«ß�ÚÉÚÉì
c��&�=ñ�å�4¡ï Ù¼ÜÞÔ�Ù¼áéï ëºÔ�ï
� K�%(��tóï>�wá$ÔÇÚÇÙ¼Ü�á+Ü«èæÒ[ïK-òÙÛì��+å�×0ïZ
òÔ,èÞÓNÔÇÓ8èæÔÇÓN×�Ô,ÙÛÚÇÙîÜÞÝ�á+Ü«èæñ�å�Üau¡ú«Ó8Ü«ñ�Ó+ïl��ÜU�hï L�ï�L\ÚÇÙ¼ñ��+Ó8÷;�Ó8è�ÙÛÚÉå+Ô�� ®4¤�£8ÂC�d¯(±&��� ¨�ªK�;��Ä�£+ª��J��\�E��Á£��í¦&�F»ÇÅ�rö»,Å�E«Â��6¥¬£$ª ��ê+å�÷¼ú«Õ�Ó � �$%0å+ë ¢dÀxÄ�� ��ì�á$Ý+Ó8â

�&#&#d! �&e�'éï[L\ì�Ô,Ù¼ÜÞÝ+ÓNÔÉønV�ÓNÔ�÷¼á$Ý8�)K�%&%�'éï
� ��'����«ï ��Ó8âÉÓNÝ�úÞÓNÔ8ïU�*å�Ü«è�ÙÛÚÇÙÛå�Ü«á+÷�ÔÇÓN×ØÔ,ÙÛÚÇÙ¼ÜÞÝk÷Ûå+Ý�Ùîñæá+âxá�ú«Ü«ÙYX�Ó8è Õíå\èÞÓ8÷�å+ë0ñ�å�Ü«ñNúÞÔÇÔÇÓ8Ü�ñ � ï

j[�Þ»Ç£$¤Ç»R�6¥¬Â,¦$¹4Ä�£�� ��E��F»�¤x�"ÂN¥Á»�ª"Â�» �K%&#ÞüEK�ÿ"c�N��d! K f&f � K�%&%��\ï
� � K����«ïK��Ó8âÉÓNÝ�úÞÓNÔ�ï ��ÓN×�Ô�ÙÛÚÇÙ¼ÜÞÝ ÷Ûå+Ý�Ù¼ñ á+âká âÉÓ8Õíá+Ü�ÚÇÙ¼ñ�ëºÔ,á+ÕíÓN×�å+Ô���ëºå+Ôkñ�å�Ü«ñNú«ÔÇÔÇÓ8Ü«ñ � c[áì�ÔÇå+Ý+ÔÇÓ8âÇâ4Ô,ÓNì"å+Ô,ÚNï|��Ü ®4¤�£�Â�»,»,Å$¥Rª��$½ö£M�xÄ�m�ÀçÄ54
�76 8(µ �CMòúÞÝ�ú«âÇÚ K�%&%&#\ï
� ���(����ï&-òá+ú«Õ�å�ê��j�æø 
 ïbLéÚÉÓ8ßÞÔ��+á+Ü«èp�Þïj��Ó8âÇÓNÝ�úÞÓNÔ8ï�Ò�ßÞÓ^���y0b��2:9�;.<{0òì«Ô,å�å+ëÞÚÉÔ,á+Ü�âÇ÷¼á$ÚÉå+Ô�c5Mì�Ô,á+ñ�ÚÇÙ¼ñNá+÷�á$ì�ì«ÔÇå�á+ñ,ßçÚÉåbëRå+Ô,Õíá+÷«ÙîÜ(ÚÉÓNÔÇå+ì@ÓNÔ,á$ã¡Ù¼÷¼ÙÛÚ � ï[��Ü ®�¤É£8Â��¯N´w��� ¨�ª��;��Ä�£$ª����ljI®lk;m�¢ �

��'&' K$ï*Òdåxá$ì«ì@Ó8á$Ô8ï
� � �(��tòÜ«ÙÛê+ÓNÔ�âÇÙÛÚ � å+ë�t.ÚÉÔÇÓ8ñ,ß�ÚNï Ò�ß«Ó>=��?<)1��`/%@ � ßÞå�Õ�ÓNì�á$Ý+Ó+ï ß�ÚÉÚÉì
c��&��×�×�×bï âÉÚÉÔ,á$ÚÉÓNÝ+å$ø÷îá+ÜÞÝ�ú«á$Ý+Ó+ï å+ÔÇÝÞï
� � ���)�&ïl�vá+ú«÷¼Ù¼ÜÞø¨��å�ßÞÔ�Ù¼ÜÞÝÞï L�ûéÚÉÔ,á+ñ�ÚÇÙ¼ÜÞÝBAC âçì«Ô,å+Ý+Ô,á+ÕíâíëRÔÇå�Õzì«ÔÇå\å+ëRâxÙ¼Ü ÚÇßÞÓwñNá+÷¼ñNú«÷¼ú�âíå+ëñ�å�Ü�âÉÚÉÔ,ú«ñ�ÚÇÙÛå�Ü�âNï ��Ü�M`�x�¦�\Ó8è«ÙÛÚÉå+Ô�� ®�¤É£8Â��¯(µ�������Ã��`���"®�m�®�¢�²�]é¦$ªKEÞ¦+¤�Ãí¯�¯'D�¯&i$²�¯�8'E�8=²

\^E�½B�6¥ºª«²�j�F ��G�H$I'JLK�e&%d! KR'���MKM`��N ��O�JLK�KQP+K�%&e&% M
� � f ��� �RTS3,�L:R����UR �3��MVMWS?X�J;/)0�1`2YX�Z�[\JQG�H$I'J'Ml�UR �3��M]P�X�^
^
G
c��&��JL_`H'abMc_dZ'OfegH�MihjOLM
� �&#(����M�L ^�k�l�JQOLM Lnm�G2JQOoeg[\JLa�^�KTp?ed^�XqH'areg[\G%_dJL[\JLa�^�H$^�edZ�aqZ'h LWm ^
JLa�s�JLsZ-5H$O�O�Ztpuega�I
Mua�s

�?JLK
Z�_gk�^�egZ�a7egav^�X�JwO�JQp?Ofed^�ega�I\_gH'a�I�k�H$I'J L�� M -yxzK
{�K
^
JL[|s�JLK�}~OfedG�^�egZ�a%�oM�M?�$H'eg_gH$l�_gJTH$^
X�^
^
G
c��&��pp?pwMc_dZ'OfegH�MihjO����LK
^�k�l2JQOB��K
Z'h�^0p:H$OfJ'PK:5JL}~JL[Vl�JQO)��'&'&'�M

� �bNd�%SwM�S�H'[�[�JQ^?H'a�s���McNBM�L�[�ed^�XbM�R5G�^�e`[�e QQJLs�JLa�}~Z�s�ega�I�K�Z'hUhjOfH$I�[\JLa�^�KZ'h.^�{ G2JV^�X�JQZ'O�{
e`a.X�OfK
^��,Z'Ofs�JQO_dZ'I�eg}$M ]���|~{]���E��o�2�$�.�<�T�������z�\�$�2���n�&�`��Ea�,�b�z�z�$� P)e P0K�%&%&e M

� �&e(� �VM�VnJQOf[�H5H'a�spL2M�L JLa�H'a�HL{�H$�'J'Mn������c�M�_gH$l�Z'OfH$^
Z'Of{5hjZ'O.OfH$G�egsT^
JQOf[�I'OfH$G�XVO�JQpOfeg^�ega�I�M
��a�� �
�L�t �¡�¢����¤£o�K�, ��n�$���Q 
�^j8\ P��'Z�_gk�[\J4K�# � K�Z'h �¦¥¤��� P�G�H$I'JLK � f �d!�� f&f M
L G�Ofe`a�I'JQO
�
VnJQOo_gH$I�P¦§�%&%&% M

� �&%(��¨©Mn¨ªZ�a�I�MGVWH'_gegs�H$^�edZ�a�Z'h����y0«G�O�Z Z'hzK¬l�{G�O�Z Z'h?}fX�JL}f� e`a�I�M�® �$�o¯��$��°B±Q²j³��L��´7���
µ%¶ ´~²�±~¯ r·±~´o�d�'��~�¸T�7£o��²�±Q�o�2�'²z�z�'�%�$�.¹��$º��»�%�$� P�§~¼�x¾½��o¿g§LÀ'ÁtÂ ½�§L½ P�§LÀ'À'À M

Ã'Ä


	Introduction
	Preliminaries
	-calculus
	Proof Term of Term Rewriting in -syntax
	Proof Term of Equality in Coq
	Equality
	Rewrite rule
	Proof term factorisation

	Proof Term Translation
	-syntax
	2
	2 Coq
	Soundness of the translation

	Implementation
	Conclusions
	References

