
���������
	��
������������������	����������� !���"	���#$�����&%'�(�)���)�*�(�
+ ����,.-0/ %

1(243�57698;:�<7=
27>
273�?@8"A4B4:�<7C
27DE?@6GFIH@B;JK8"?@FL8"MN:�<KOP27QSRUTVR;W48X?�:�R;M4AYC
27Z�R;[;\76GMP]
^`_baVced�fhgViGj�k`lmaVnporqtsuivkrgplmfhkUsufhc

wKxzy�xz{ aX|�}V}�~ {�� i�kr�rfhc�k7��_����V�r}h~ yb�u� a��t_ba�ced�j��
� _bf@su�bkrivaVk � j�c � �r����fhkUqrf��rf���i �v� j�nEa�k�s��

}��"�u}��V�U����jVq � j�krkrfV���Ud�i�su�hfhc � jVkr�

�*�N�@���"�z ��U¡�¢ f�orc�f � fhkUs�j�k�j�ororc�a�jV£I¤¥su¤�j"s�i�kUsufhgVcuj"suf � j � jVkrgVq�j�gVf§¦¨aVc�orc�f@�
£hi � f�j�kr�*¤ri�g�¤t� � f@��f �z� o�f@£hi�©�£�j"suivaVkpaV¦7jVoro � iv£�j"suivaVk � fh£hqrc�i�sª�Ec�fh«Uqrivc�fhnEfhkUs � �Vsu¤rf
�;fh£hqrc�i�sª�(¬�fh«Uqrivc�fhnEfhkUs���j�krg�q�j�gVfE­��;¬��N®L�;d�i¯su¤�jVk
fL|ti � suivkrg
npaU�rf � ivkrg�sufh£L¤t�
kriv«;qrfV�mk�j�nEf � ���°su¤rf`�bkri�©�fh�'±`aU�rf � ivkrg��Kj�krgVq�j�g�fY­²��±`�K® x �;¬��³i �(´ j � fh�
a�kY©�c � s���aVc��rfhc � aVgViv£
f@|Usufhkr�rfh�µd�i¯su¤Sj � n*j �v��� f@sEa�¦bnEa;��j � aVozfhcuj"sua�c � j�kr�
j � �tkUsIj�£@sui�£�j ´r� sucuj�£@sui�a�kSnpf@£L¤�j�kri � n x°¶ s(a�·4fhc � fL|;sufhk � i ´ i � i�sª�µivkSsu¤�j�s(krf@d
jVoro � iv£�j"suivaVkz¸"�ra�npj�ivkt� � o�f@£hi�©�£�c�fh«;qrivc�f@npfhk�s � £�j�k ´ fm�rfL©�krfh�
j�kr�§c�fhq � fh� x"¹ ¤rf
¦¨aU£hq � aV¦r�;¬��pi � su¤rf � fh£@qrc�i�sº��a�¦;£haVnEn�qrkriv£�j"suivaVk�ivk��ri � suc�i ´ qtsufh� � � � sufhn �hxh¹ ¤rf
ivkUsufhgVcuj"sufh��¦9cuj�npf@d�aVc�»*fhk�j ´r� f � �rf@��f � aVozfhc � suapj��r��sua � � � sufhn¼nEa;�rf �v��� fh£hqt�
c�i�sº��c�fh«Uqrivc�fhnEfhkUs � � � qr£I¤Ej � £haVkt©��rfhkUsuiGj � i¯sº����kraVkt��c�fhorqr�riGj"suivaVk7��j�kr�Ej�qtsu¤rfhkUsui��
£�j"suivaVk7�"j�s½j�k�f�j�c � � � sIjVgVf°a�¦r�rfL�Uf � aVornpfhk�s��"npj�»;ivkrg � fh£hqrc�i�sª��j�k�ivkUsufhgVcuj � o�j�ces
a�¦�su¤rf � � � sufhn¼�rf@��f � a�ornEfhk�sborc�a;£hf �u��x ¢ f§i ��� q � sucuj"suf�su¤rf§orcuj�£@sui�£�j � q � j ´ i � i�sº�
a�¦½a�qrc�jVororc�a�j�£I¤ ´ ��orc�f � fhk�suivkrg�j�k�f@|tjVnEo � fV�7j�kr���ri � £hq �u� su¤rf�f@|tozfhc�ivf@kr£hf �
su¤�j�s�su¤rf�q � fhc � aV¦KaVqrc�j�ororc�a�jV£I¤7��i x f x � � � � sufhn¾�rf@��f � aVo�f@c � ��¤�j���f�c�fho�aVcesufh� x

¿ ÀrÁbÂ�Ã4Ä�Å�Æ�Ç�Â�ÈuÄ�Á

É�ÊªË�B;?LÌ�FIÍ�FIH@8"Î¥F"<r5K8�6GH�ÏÐB;?�Ñ�B;Î¥Î¥8X?@Ñ�8;<r[tBVÒt8"?@M4Î¥8"MrH�<�ÓG8VRU?@M46GM7[�<�8XH@Ñt2G<tWPR"Òr8§Î`R;A48�H@W48"6G?
Ë�R"ÍY69MrH@B!Bt\�?
8"Òr8X?LÍ�A7R�Í�Ó96vÒr8"F"<½RUM7AYH@W48X?@8�Ï²B;?@8t<PË�8
RU?@8(Î¥B;?@8*Ò�\4Ó9M48X?hRU57Ó98*H@B�H@W48(Î`R;ÓvÊ
Ï²\4M7ÑXH@69B;M76GM4[ÔBtÏ
H@W48"FL8ÕFIÍ�FIH@8�Î�F!H@W7R;M³8"Òt8"?!5K8"ÏÐB;?@8;2�Ö�M48ÕBtÏ
H@W48Õ69Î
×NBU?LHhR;MrH)R;FI×K8�ÑXH@F
Ñ"BtÎ¥Î�BtMµH@BØR;ÓGÓmH@W48"FL8
FIÍ�FIH@8"Î¥F
69F�H@W7RUH
H@W48XÍÕRU?@8
FL8"Ñ�\�?@6GH�Í�ÊºÑ"?@6vH@69Ñ�R;Óª2�O�8�Ñ"\�?@6GH�ÍÕRUHLHhR;Ñ@Ì�F
RU[rR;69M4FIH�<N8t2 [429<N8XÊºÑ�BtÎ�Î¥8"?@Ñ"8�FIÍ�FIH@8"Î¥F"<½W7R�Òr8¥R;ÓG?@8�R;A�ÍµÑ�R;\4FL8"ASWz\4[t8
ÙPM7R;M4Ñ"6¨R;Ó�A7R;Î`R;[;8t<
RUM7A)Î(\4Ñ�W�Ñ�B;M4Ù7A48"M�H@69R;Ó½69M4ÏÐBU?@Î`RUH@69B;M�W7R;F�5K8"8�M)Ñ"BtÎ�×4?@BtÎ¥6GFL8�AN2

Ö�M78EBtÏ�H@W48EÎ`R�ÚIB;?�?@8�R;FLBtM4F�5K8�W46GM7AØH@W78
Ï�R;6GÓ9\�?@8pB;Ï°Î`R;MrÍØÑX?@6GH@69Ñ�R;ÓNFIÍ�FIH@8�Î�F�69F�H@W7RUH
FL8"Ñ"\4?@6vH�Í¥Î¥8"ÑhWPRUM76GFLÎ¥FbRU?@8�R;A4A78"A¥H@BEH@W48�ÎÛRUFbR;Ï²H@8X?LH@W4Bt\4[tWrH@FbR;M4A`M4B;H�69MrH@8"[;?hRUH@8"A`69MrH@B
H@W48"ÎÜ6GM³H@W48�8VR�?@ÓGÍÝ×PW7R;FL8"F!BtÏ�H@W48YA78XÒr8"Ó9B;×7Î¥8"MrH�×7?@B�Ñ�8"FLF"2bQÕB;?@8"BVÒr8X?�<b6vH!6GF!FL8"Ó9A4BtÎ
ÑhW48�Ñ@Ìr8"AN<�6GÏ�RUH�R;Ó9Ó�<zË§W48"H@W48X?bH@W48�FL8"Ñ�\�?@6vH�Í�Î¥8"ÑhWPRUM76GFLÎ¥F�\4FL8"AØ6GM7A48"8�A�F@RUH@69FLÏ¨Í`H@W48�FL8�Ñ"\�Ê
?@6vH�Í(?@8�Þ�\46G?@8"Î¥8�MrH@F�BtÏ7H@W48�FIÍ�FIH@8"Î¥F"2tßeH�69F�M48�Ñ"8"FLF@RU?LÍ(H@BEÑ�RU×4H@\�?@8�FL8�Ñ"\�?@6GH�Í(?@8�Þ�\46G?@8"Î¥8"MrH@F
R�H(R;MS8VR�?@ÓGÍµFIHhR;[t8`RUM7Aà6GM�H@8"[;?hRUH@8
H@W78
?@8VÞ�\46v?@8�Î¥8"MrH@Fp69MrH@B)FIÍ�FIH@8"ÎáFI×K8�Ñ"6GÙ7Ñ�RUH@69BtMàR;M4A
×4?@B;×PR;[tRUH@8pH@W78"ÎâÏ²\�?LH@W78X?�H@B¥H@W48*A48�FL6G[tMµR;M4AY69Î�×7Ó98"Î¥8"MrHhRUH@69BtM�×7WPRUFL8�F"2�ã°R;FIH@ÓGÍt<PFL8�Ñ"\�Ê
?@6vH�ÍàR;M7R;ÓvÍ�FL69F*Î¥8XH@W4BzA4BtÓ9Bt[;698"F*Î(\4FIH*5K8¥\4FL8�AàH@B)8�M4FL\�?@8¥H@W7RUHpH@W48¥×4?@BVÒ�6GA48�AäFL8"Ñ"\4?@6vH�Í
Î�8�ÑhW7R;M469FLÎ¥F�F@R�H@69FLÏ²Í�H@W78EFI×K8�Ñ"6GÙ78"A�FL8"Ñ�\�?@6GH�Í�?@8VÞ�\46v?@8�Î¥8"MrH@F"2

C�W469Fm×PRU×K8"?�×4?@8�FL8"MrH@F�H@W48b?@8�FL\4ÓvH@F�BtÏPB;\4?�Ë�B;?LÌ*69M
H@W48�É�å³ßLOzC'×4?@B;Úu8�ÑXHbæb3pO�É�ç�ÉbC
è é�ê <tË§W4BtFL8§BVÒr8X?hR;Ó9ÓPBU54ÚI8"ÑXH@6GÒr8�Ë�R;F�H@B*A48XÒr8"Ó9B;×!R;M4A`6GÎ�×7Ó98"Î¥8�MrH�R
H@BzBtÓvÊºFL\4×4×KB;?LH@8"A`69MrH@8XÊ
[U?hRUH@8�AYÏ¨?hR;Î¥8XË�B;?LÌYRUM7AYÎ¥8XH@W7B�A7B;Ó9Bt[;Í)ÏÐB;?§H@W78pÏÐB;?@Î¥R;ÓmR;M4AÕFIÍ�FIH@8"Î`RUH@6GÑ*FI×N8"Ñ"6GÙ7ÑVR�H@69BtM



B;ÏKFL8"Ñ"\4?@6vH�Í
?@8VÞr\76v?@8�Î�8�MrH@F"<rÎ¥B�A78"Ó96GM4[*R;M4A�R;M7R;ÓvÍ�FL69F�BtÏ�FL8�Ñ"\�?@6GH�Í
×4?@B;H@BzÑ"BtÓ9F"<rR;M4A`6GÎ�×7Ó98XÊ
Î�8�MrHhRUH@6GBtMàBtÏbFL8"Ñ"\4?@6vH�ÍzÊºÑX?@6GH@69Ñ�R;Ó�8XÊªË�B;?LÌSFIÍ�FIH@8"Î¥F"2�C�W78�ÏÐBzÑ"\4FpBtÏ�H@W48
Ë�B;?LÌµA48�FLÑX?@6G5K8"A
6GFbH@W78��������	� 
�����
�������BtÏ½FL8�Ñ"\�?@6GH�Í¥?@8VÞ�\46v?@8�Î¥8"MrH@F�5PR;FL8"AØBtM!ÏÐBU?@Î`R;ÓKÎ¥8XH@W4BzA4F�R;M4AØ6vH@F�6GM�Ê
H@8"[;?hRUH@6GBtM�Ë§6vH@W!H@W48
å�M46vÙP8"A!QµB�A78"Ó96GM4[
ãmR;M4[t\7R;[;8���å�QÕã�� è��Vé�ê 24å�QÕãS69FbË§6GA78"ÓGÍ�\4FL8"A
5�Í¥H@W48�FLBtÏ¨H�Ë�RU?@8
Ñ"BtÎ¥Î*\7M46vH�Í�ÏÐB;?�Î¥B�A78"Ó96GM4[
FLBtÏ¨H�Ë�RU?@8ER�×7×7ÓG69Ñ�RUH@69BtM4F"2zå�QÕãS69Fb8"JK8"Ñ"H@6vÒr8
6GM�Î¥B�A78"Ó96GM4[(FIÍzFIH@8�Î¥F"<zR;M4A�6vH@Fb[;?hR�×PW46GÑVR;ÓPM4B;HhRUH@69B;M`69Fb69MrH@\46GH@6vÒr8�H@B*\7FL8X?@F"2zß�M`Ñ�B;M�HL?hRUFIH�<
Ï²B;?@Î`R;Ó°Î¥8XH@W7B�A7F
RU?@8(M7BUH
FLB!\4FL8"?LÊºÏ¨?@698"M7A4ÓvÍY57\�H
B;JK8"?ER¥Ë�8�ÓGÓGÊºA48"Ù7M48"AµFL8�Î¥R;MrH@69Ñ"F�H@W7RUH
8"M7RU57Ó98"F
H@W48"Î H@BÕ×4?@8"Ñ�6GFL8�ÓvÍÔÑ�RU×4H@\�?@8ØFL8"Ñ"\4?@6vH�Í'?@8�Þ�\46G?@8"Î¥8"MrH@F"<�H@W�\4F
×PR�Ò�69M4[ÕH@W48!Ë�R�Í
Ï²B;?�ÏÐBU?@Î`R;ÓPÒt8"?@6vÙPÑ�RUH@6GBtMN27OrÍ�FIH@8"Î`RUH@69Ñ�69MrH@8"[;?hRUH@6GBtM�BtÏ½Î`R�H@W78"Î`RUH@6GÑVRUÓ9ÓGÍ�Êª5�RUFL8�A!Î�8"H@W4BzA�Ê
B;Ó9Bt[t6G8�F(Ë§6vH@WÔFL8�Î¥6vÊºÏÐB;?@Î¥R;Ó�R;M7R;ÓGÍ�FL6GF¥R;M4AÔA48�FL6G[tMÔH@8"Ñ�W4M46¨Þr\78"F
69MrH@BSRYFL69M4[tÓ98!A48"Òt8�ÓGB;×4Ê
Î�8�MrH
Ï²?hR;Î¥8XË�B;?LÌà54?@69A4[t8"F(H@W48�[rRU×'5K8"H�Ë�8"8�MäH@W48�×4?hR;ÑXH@69Ñ�R;ÓbRU×4×7Ó969Ñ�RUH@6GBtMÔBtÏ�FL8"Ñ"\4?@6vH�Í
?@8�Þ�\46G?@8"Î¥8"MrH@Fb8�M4[t6GM78"8X?@69M4[
R;M4A`H@W48�ÏÐB;?@Î¥R;Ó�Î¥8XH@W4BzA4Fb\4FL8�A�69M�A48"FL69[tM!R;M4A!R;M7R;ÓGÍzFL69F�B;Ï
FL8"Ñ"\4?@6vH�ÍÕ×7?@BUH@BzÑ�B;Ó9F"2°Oz\4ÑhWäR;Mà6GM�H@8"[;?hRUH@6GBtMà6GFpFLW4BVË§MSH@B!5N8¥R;MS8��¥Ñ�6G8�MrH*RU×4×7?@BtR;Ñ�WµH@B
Ï²B;?@Î`R;ÓmA48XÒr8�ÓGB;×7Î¥8"M�HEBtÏ�ÑX?@6GH@6GÑVR;ÓmFIÍ�FIH@8"Î¥F
R;F
6GH
×7\4Ó9ÓGF�H@Bt[t8XH@W78X?�H@W48
FIHL?@8�M4[;H@W4F�BtÏ�H@W78
Î¥RUH@W48�Î`R�H@69Ñ�R;Ó�ÏÐB;\7M4A7RUH@6GBtMäBtÏ�Ï²B;?@Î`R;Ó�Î¥8XH@W4BzA4F(R;M4AäH@W48`\4FL8"?(Ï¨?@698"M7A4ÓG69M48�FLF*BtÏ�å�Qµã
RUM7A)8��z×7ÓGBt6GH@F�H@W48"6G?§FIÍ�M48X?@[;Í)8XJK8�ÑXH è�����ê 2

C°B�FI×N8"Ñ"69Ï²Í�FL8�Ñ"\�?@6GH�Í�?@8�Þ�\46G?@8"Î¥8"M�H@F�69MµR`×4?@8"Ñ�6GFL8(Ë�R�Ít<�Ë�8
W7R�Òt8
A78"FL69[;M78"AÕH@W48¥O�8XÊ
Ñ"\�?@6GH�ÍSZ§8VÞ�\46v?@8�Î¥8"MrH(ãmR;M4[t\7R;[;8 �eOzZ§ã!� è "�ê 5�RUFL8�AäBtMàÙ7?@FIHLÊºBU?@A78X?(Ó9Bt[;69Ñ;2mC�W48X?@8`W7R�Òr8
5K8"8�M)FL8XÒr8X?hR;Ó½[tBrR;ÓGF§[t\469A46GM7[�H@W48pA48"FL69[tM)BtÏ�OzZ§ã$#

%'& W78"M!A78�R;ÓG69M4[(Ë§6GH@W!FL8�Ñ"\�?@6GH�Í¥?@8VÞr\76v?@8�Î�8�MrH@F"<�Bt\�?�Ñ"BtM4Ñ�8X?@MØ6GFbH@B
Ñ�RU×4H@\�?@8bÚI\4FIHbH@W78
(�) ��
�Ê�FI×K8"Ñ�6vÙPÑ�RUH@6GBtMÕBtÏ�H@W48(?@8�Þ�\46G?@8"Î¥8"M�H@F�Ê�RUM7AÕM4B;H�H@W48 ) � ( Ê�Î¥8"ÑhWPRUM76GFLÎ�Ï²B;?
?@8�R;Ó96GTVR�H@69BtM�B;Ï°H@W48E?@8�Þ�\46G?@8"Î¥8"MrH@F"2

% O�8"Ñ�\�?@6GH�Í'?@8�Þ�\46G?@8"Î¥8"MrH@F�FI×K8�Ñ"6GÙ7Ñ�RUH@69B;M7F�Î(\4FIH¥5K8Ø\4FL8"ÏÐ\4Ó�69M'H@W78ØA48XÒr8"Ó9B;×7Î¥8"MrH`B;Ï
FL8"Ñ�\�?@6vH�Í
Ñ"?@6vH@69Ñ�R;ÓzFIÍ�FIH@8�Î�F"<t6ª2 8t2G<t6vH�Î(\4FIH�5K8�×KBtFLFL6v5PÓG8�H@B�HL?hR;M4FLÓ9RUH@8�*�?@8"Ù7M48�H@W48�FI×K8�ÑXÊ
6vÙP8"A�?@8�Þ�\46G?@8"Î¥8"M�H@F�R;\�H@BtÎ`RUH@6GÑVRUÓ9ÓGÍ�H@B(69M�×7\�H�\7FL8"A!69M`H@W48�Ï²B;?@Î`R;Ó�A48�FL6G[tM+*UR;M7R;ÓvÍ�FL69F
BtÏ½FL8�Ñ"\�?@6GH�Í`×4?@B;H@BzÑ"BtÓ9F"2�C�W76GF�Î`RUÌt8�F�6vH�×NB;FLFL6G57Ó98�H@B
FLW4BVË H@W7RUHbH@W78�FIÍ�FIH@8"Î 69M4A48�8"A
×4?@BVÒ�6GA48�F�H@W48pFI×K8"Ñ�6vÙ78�AØ?@8�Þ�\46G?@8"Î¥8�MrH@F"2

% QÕBtFIHm\7FL8X?@Fm69MrÒrBtÓvÒr8"A
6GM(FI×K8�Ñ"69Ï¨Í�69M4[�FIÍ�FIH@8"Î ?@8�Þ�\46G?@8"Î¥8�MrH@FmR;M4A(ÏÐ\4M4Ñ"H@6GBtM7R;Ó96vH@698"F�RU?@8M4B;H¥Ï�RUÎ¥69ÓG6¨RU?¥Ë§6vH@WÝÎ`RUH@W48"Î`RUH@6GÑVR;Ó�M7BUHhRUH@69BtM4F`RUM7AÝÑ"BtM4Ñ�8X×4H@F¥\4M4A48"?@ÓvÍ�69M4[SÏÐB;?@Î`RUÓ
FI×K8"Ñ�6vÙPÑ�RUH@6GBtM!Ó¨RUM7[;\PRU[t8�F"<�R;M4AØW48"M7Ñ"8�RU?@8�?@8�ÓG\4Ñ"HhR;MrHbH@B(\4FL8�H@W48�ÎØ2�3 H@W46v?@A![tBrR;Ó�6GF
H@W48X?@8�Ï²B;?@8
H@BØ5K8¥RU57Ó98�H@BØFI×N8"Ñ"69Ï²ÍÕFL8�Ñ"\�?@6GH�ÍÕ?@8�Þ�\46G?@8"Î¥8�MrH@FE69MàR!Ë�R�ÍÕH@W7RUHp6GFpÑ"Ó98�RU?
R;M4A�8�R;FIÍ!H@B�\7M4A48X?@FIHhR;M4AYÏ²B;?§8�M4A�Êº\4FL8"?@F"2

C�W48EÙ4?@FIH�H�Ë�B¥[tBrRUÓ9F�W7R�Òr8
5K8�8"M�R;A4A4?@8"FLFL8"A)5�Í!H@W48EÏ²B;?@Î`R;ÓNM7RUH@\�?@8pBtÏ�O�Z§ã�2�,�6v?@FIHLÊ
BU?@A78X?pÓ9Bt[t6GÑ�5KB;H@WäRUÓ9Ó9B�Ë§FEH@W78
×7?@8"Ñ"69FL8¥FI×N8"Ñ"6GÙ7ÑVR�H@69BtMSBtÏ�H@W48 (�) ��
�RUM7ASÓ98"M4A7Fp6vH@FL8�ÓGÏ�H@B
RUM R;\�H@BtÎ`RUH@8"A HL?hR;M4FLÓ¨RUH@6GBtM+*V?@8XÙPM48"Î¥8"M�H!Ï²B;?�\4FL8Y69M H@W48�ÏÐB;?@Î`RUÓ�A48"FL69[tM+*URUMPRUÓGÍ�FL6GF!B;Ï
FL8"Ñ"\4?@6vH�Í'×4?@B;H@BzÑ"BtÓ9F"<�6ª2 8t2G<�H@W48 ) � ( 2�C�WPR�H`6GF"<�?@8�Þ�\46G?@8"Î¥8"MrH@F¥ÑVRUMÝ5K8ØHL?hRUM7FLÓ9RUH@8"A 69MrH@B
[;BrR;Ó9F-*VÑ�BtM4FIHL?hR;6GMrH@F�H@B�5K8EF@RUH@6GFIÙ78�A�6GMØH@W78
ÏÐB;?@Î`RUÓ½A48�FL6G[tM+*UR;M7R;ÓvÍ�FL69F§BtÏ°FL8"Ñ�\�?@6vH�Í!×4?@B;H@B;Ê
Ñ"BtÓGF"2 & 8bW7R�Òr8�R;A4A�?@8�FLFL8"A(H@W48�H@W46G?@A
[tBrRUÓ�5�Íp×7?@B�Ò�69A469M4[
RU57FIHL?hR;Ñ"H@6GBtM(Î¥8�ÑhW7R;M469FLÎ¥FmH@W7RUHW46GA78pH@W78*Î`R�H@W78"Î`RUH@6GÑVRUÓ°Ñ�BtÎ
×PÓG8��z6GH�Í�B;Ï�H@W48*FI×K8�Ñ"6GÙ7Ñ�RUH@69BtM�5K8�W469M4AYÑ�BtM4Ñ"8"×4H@F�ÏÐR;Î¥6GÓ96¨R�?
H@B�H@W78�8"M7A�Êº\4FL8X?@F"<�R;M4A�5�Í
×4?@BVÒz69A469M4[pR
Î¥8XH@W7B�A7B;Ó9Bt[;Í*H@BE69MrH@8"[;?hRUH@8�H@W78�Ó¨RUM7[;\PRU[t8�Ë§6GH@W
å�QÕã�2

C�W48�?@8�FIH�BtÏ½H@W48�×�R�×N8X?�6GF�B;?@[rR;M46GT�8"A)R;F�Ï²BtÓ9ÓGBVË§F"24ß�MYO�8"Ñ"H�2 " <�Ë�8�54?@698	.7Í�69MrHL?@BzA4\4Ñ�8
O�Z§ã�2�O�8�ÑXH@69B;M0/�A76GFLÑ�\4FLFL8"F¥Bt\�?�Î¥8XH@W4BzA4BtÓ9Bt[UÍ'ÏÐB;?�6GMrH@8�[;?hR�H@69M4[äO�Z§ã Ë§6vH@WÝå�QÕã�2�ß�M
O�8"Ñ"H�2�14<�Ë�8�×4?@8�FL8"MrH�RUM
8��4RUÎ�×7Ó98�Ï¨?@BtÎ R�?@8�R;ÓzË�BU?@Ó9A
×4?@B;57ÓG8�Î¼Ê½R32����	4657�-�8
:9��;�+<=��>���?



� ��<���� � (�� ��<�� 4
	�? ��� 9���5 � ��� ��
�<���
������7<KH@B)69ÓGÓ9\4FIHL?hRUH@8
H@W48
×7?hRUÑ"H@6GÑVR;Ó�\4F@RU5769ÓG6GH�ÍµBtÏbBt\�?
R�×7×4?@BrRUÑ�WN2�ß�MÔO�8"Ñ"H�2�
z<½BUH@W78X?E?@8�Ó9RUH@8�AàRU×4×4?@BrR;ÑhW78"F*RU?@8¥A469FLÑ"\7FLFL8"AN2�Oz8"ÑXH@69BtM é [;6GÒr8"F*R
FL\4Î¥Î¥RU?LÍ)BtÏ°H@W48
Ë�B;?LÌØA48"FLÑ"?@6v5N8"AYR;M4A�A46GFLÑ�\4FLFL8"F�Ï²\�H@\4?@8
Ë�B;?LÌK2

� ����������ÇNÆ�Ã7È�Â���������Æ�È�Ã
������ÁbÂ! �"�Á�#�Æ�"$#%�'&(�)�� +*

O�Z§ã)69F°5PR;FL8"A
BtM(Ù4?@FIHLÊºB;?@A48"?�ÓGBt[t6GÑ�8	�zH@8�M4A48"A(Ë§6vH@W�R�FLÎ`RUÓ9ÓzFL8"H�BtÏ4?@8"Ó¨R�H@69BtM4F�R;M4A(Î¥BzA7R;Ó
BU×N8X?hRUH@B;?@F"24ßeH@F�ÏÐB�Ñ�\4F�W7R;F�FLB�Ï�R�?�5K8�8"M)BtMØFL8�Ñ"\�?@6GH�Í!BtÏ�Ñ�B;Î¥Î(\4M469Ñ�RUH@69BtM)6GM)A469FIHL?@6v5P\�H@8"A
FIÍzFIH@8�Î¥F"2�,7B;?�R�A48"HhRU69Ó98"A)A48�FLÑX?@6G×4H@69B;M�BtÏ°H@W48EÓ¨R;M4[t\7R;[;8EH@W78
?@8�R;A48"?§6GF�?@8"ÏÐ8X?L?@8�AØH@B è "�ê 2
,4?@BtÎ H@W48)×KBt69MrH�BtÏ�Ò�698XËâBtÏ�H@W48�FI×K8"Ñ�6vÙ7ÑVRUH@6GBtMN<bRUH!R;MrÍ [t6vÒr8�M H@6GÎ¥8t<�H@W48�Ë�B;?@ÓGA

Ñ"BtM4FL69FIH@F�BtÏKR�FL8"H�BtÏ!�,	.- ���	
��h<t8VRUÑ�W�B;5�ÚI8"Ñ"H�5K8�6GM7[ER;M¥8"M�H@6vH�Í(BtÏKR 
0/����X<;FL\4Ñ�W¥R;F�×4?@69M4Ñ"6G×PR;Ó
�Ð×K8"B;×7Ó98;<�Ñ"BtÎ�×7\�H@8"?@F"<�FIÍzFIH@8�Î¥F-��B;?�Î¥8�FLF@RU[t8t2PO�BtÎ¥8�B;54Úu8�ÑXH@F�RU?@8 ����� �-
 ���8
bR;M4A!W7R�Òr8ER
Ù ��8"AØÒtRUÓ9\48t<�Ë§W469Ó98pBU54ÚI8"ÑXH@F�BtÏ°H�Íz×K8 >���<-���,	�? �*Î`R�ÍØÑ�W7R;M4[t8�>���? 48��BVÒr8X?§H@6GÎ¥8;2

O�Z§ã21 F�×4?@69Î¥6vH@6GÒr8"F�RU?@8EÑ�BtÎ
×7?@6GFL8�A)BtÏ #
R�FL8"H
B;Ï43.57698.:<;=3>:<59?@?BAC:�D(8FE=AHG;<°FL\4ÑhWÝR;FpH@W48�\4FL\7R;Ó�×4?@B;×KBtFL6vH@69BtM7R;Ó�Ñ�B;M7M48"Ñ"H@6vÒr8"F(6GM
Ù4?@FIHLÊºB;?@A48X?YÓGBt[t6GÑ�I�<�Jb<�K�<�R;M4AML³<�Ó9B;[t69ÑàÞ�\7R;MrH@6vÙP8X?@FON¾R;M4AMPP<�R;M4A 8�Þ�\7R;Ó96vH�Í
B;×K8X?hRUH@B;?@FRQ R;M4A�SQ*2

H@W78OTUAV3F;VD(8F59?�G & ?@6GH@8"F��XW)Y[Z �
R;M4AÔZ§8�R;A4F �XW�Y\Z �h<½H@BYÑ�BtMrÒr8XÍàH@W48�FL8"M7A46GM7[µR;M4AäH@W78?@8"Ñ�8"6GÒz69M4[¥BtÏ°Î¥8�FLF@RU[t8�F4Z&5zÍ!×4?@69M4Ñ"6G×PR;Ó�W�<4?@8"FI×K8�ÑXH@6GÒr8"ÓGÍt2
H@W78^]`_@?�:�Da8F59?�G^b�cedBf<c`d=g:�XW�Y[h �EH@W7RUH
?@8"H@\�?@M4F
H@W78!Ò;R;ÓG\78ØB;Ï�h$6GMÝH@W48ØÑ"BtMrH@8��zH�B;Ï
×4?@69M4Ñ"6G×PR;Ó2W ��69ÏiW A4Bz8"FpM7BUHpÌ�M4BVË H@W48¥Ò;R;Ó9\48¥B;ÏihÜ6GHp?@8XH@\�?@M4FEH@W78�Mz\4ÓGÓ�BU54ÚI8"ÑXH�<
j �h<mR;M4A!kmlon.p9qar;�0h ��H@W7RUHp?@8"H@\�?@M4FpH@W78`FL8XH(B;Ï�ÒtRUÓ9\48�FEH@W7RUH(6vH(69Fp×NB;FLFL6G57Ó98`ÏÐB;?
R;M
B;5�ÚI8"Ñ"H4háH@B�5K8E5KBt\4M4A)H@B42

H@W78ts�5Bu�;=3m5=vwACTU;VDU5=TaGyx<z�{ | z~}az~�
R;M4A��a�,� �(����}az;2�ß�MrH@\46GH@6vÒr8�ÓvÍr<wW�x<z�{ | z�}(z~��r�Î¥8�R;M4F
H@W7RUH4W 5N8"Ó96G8"Òt8�F�H@W7RUH�r
69F�HL?@\48t<4R;M4A^W��U�,� ������}az%r�Î¥8�R;M4F�H@W7RUH)W¼5K8"Ó9698XÒr8"F�H@W7RUH
r
69F�HL?@\48ER;M4AØ69F�RU57Ó98
H@B(×7?@B�Òr8�r;<�6ª2 8t2G<46GH�W7R;F�R(×4?@BzBtÏ�BtÏ½H@W48
HL?@\�H@WØBtÏ$rU<4A48"M7BUH@8�A
�
�<�(��� �`r��h<4H@W7RUH§6GH§Ñ�R;MØ×4?@8�FL8"MrH§Ë§W48"M78XÒr8X?§M48�Ñ"8�FLF@R�?LÍr2

Rys�;7:,TU5�]e;7:o80308FD��'H@WPR�H*R;Ó9ÓGBVË§FEÏÐB;?EH@W48¥A48XÙ7M76vH@69BtMàBtÏbRØFLW4B;?LH@W7R;M4AäÏ²B;?*RØÏÐBU?@Î(\4Ó¨R�<
M7R;Î¥8"ÓGÍt<rR 57�;�-<��U2;3 Î`R;ÑX?@BEW7R;F�R�M7R;Î¥8�R;M4A¥R�5KBzA�Ír<tR;M4A
6GH�Î`R"Í(HhRUÌr8bH�Íz×K8"A(×�R�Ê
?hR;Î�8"H@8X?@F"2;ß�M
H@W469FmË�R�Ít<;Î`RUH@W48"Î`RUH@69Ñ�R;Ó�Ï²B;?@Î(\4Ó¨R;8�ÑVR;M(5K8�W46GA7A48"M
5N8"W469M4A�Ñ"BtM4Ñ"8"×4H@F
ÏÐR;Î¥69ÓG6¨RU?�H@B¥\4FL8"?@F"2

H@W78�ACvw5B:��³Ñ"BtM4FIHL?@\4Ñ"HEH@W7RUHpR;Ó9ÓGBVË§FpÏÐB;?
H@W78�A78XÙ7M46GH@69B;MàBtÏ�R�×N8X?@69B�AàBtÏ�H@69Î¥8�A7\�?@6GM7[
Ë§W469ÑhWÕ[;6GÒr8"MÕFL8"Ñ�\�?@6vH�Í)?@8�Þ�\46G?@8"Î¥8�MrH@F�RU×4×7ÓGÍ)H@B`H@W48*69MrH@8X?hR;Ñ"H@6GBtM4F§H@W7RUH�HhRUÌt8*×7Ó9R;Ñ�8
A4\�?@69M4[ØH@W48�A48"Ù7M48"Aµ×N8X?@69B�A½2½C�W48
?@8"Ó¨RUH@8"A���8FDa�@80?ÝÑ�B;M7FIHL?@\4ÑXHp69F
\7FL8"AµH@BØFI×K8�Ñ"69Ï¨Í
H@W48E69MrH@8"?hRUÑ"H@6GBtM4F�H@W7RUH§Î`R�ÍØBzÑ"Ñ�\�?�A4\4?@6GM4[¥H@W78E8X×NB�Ñ�WN2

H@W78iG~AH��_�AC?�:<AEÑ"BtM4FIHL?@\4Ñ"H°H@WPR�H�R;Ó9ÓGBVË§F�ÏÐBU?mH@W48bÎ¥BzA48"Ó969M4[�BtÏ�H@W48�RU×4×PÓG69Ñ�RUH@69B;M
6GM(H@8X?@Î¥F
BtÏ°6GH@F�69MrH@8"?hRUÑ"H@6GBtM4F"2

R¥Ñ�BtM4Ñ"8"×4H§BtÏ�D(80s�A`H@WPR�H�R;ÓGÓ9BVË§F§H@B¥8	�z×4?@8�FLF�R
×�R�?LH@69Ñ"\7Ó9RU?§×KBt69MrH�69M)H@6GÎ¥8*6GM�Ë§W46GÑ�WYR
×PRU?LH@6GÑ�\4Ó¨R�?�?@8�Ó9RUH@69B;MYW4BtÓGA7F"2+,7B;?�8	�4R;Î
×PÓG8t<769Ï$W ?@8�R;A4F�R¥Î¥8"FLF@R;[t8;<=ZS<PRUH§H@69Î¥8�� : <Ë�8�Ë�?@6vH@8�Z§8VR;A4F[�e� �XW�Y\Z �h2tC�W469F�Î`RUÌr8"F�6vH�×KBtFLFL6G57Ó98�H@B�×PÓ9R;Ñ"8�H@8"Î�×KB;?hR;Ó�Ñ�BtM4FIHL?hR;6GMrH@F
BtMØ?@8�Ó9RUH@69BtM4F"2

� ��A��M;7:,TU5��B;7:o803X8�D��
��C�W78EÏÐB;Ó9Ó9B�Ë§69M4[`8	�4R;Î
×PÓG8pÑ�Ó9RU?@6GÙ78"F�H@W48EÑ"BtM4Ñ�8X×4H§BtÏ�5 �;�	<=��#



QÕ8�FLF@RU[t8�3�\�H@W48"M�H@6GÑVR�H@69BtM ��� # �
� ced���c � lHn�Y\b # �
� ced���c � lHn�Y[Z #<Zyqarar l<gVq ���
Z§8�R;A4F\�����Xb+Y[Z �$L b x<z�{ | z~}az~�$� & ?@6GH@8"F[�e� ���mY\Z � � � I�� :	� � ]

6GMrHL?@BzA4\7Ñ"8"F�RpÎ`R;ÑX?@Bp5�Í¥H@W48§M7R;Î¥8�BtÏKQµ8"FLF@R;[t8"3�\�H@W48�MrH@69Ñ�RUH@6GBtMN<rHhRUÌ�69M4[pH@W�?@8�8�×PRU?hR;Î
Ê
8XH@8X?@F�#�H@W48�Ù7?@FIH�H�Ë�Bä5K8"69M4[ä×4?@69M4Ñ�6v×PR;Ó9FØRUM7A³H@W48YÓ9R;FIH!BtM48µRäÎ¥8"FLF@R;[t8;2�ßeH�8���×7?@8"FLFL8"F
H@W48
?@8VÞr\76v?@8�Î�8�MrH�H@W7RUH)Z�5K8*RU\4H@W48"MrH@69Ñ�RUH@8�AØÏÐB;?�×4?@6GM7Ñ"6G×PR;Ó�b`27ß�M�BUH@W78X?�Ë�B;?@A4F"<7Ë§W48�M
?@8"Ñ"8�6vÒ�69M4[ Zµ<7bÛÌ�M4BVË§F�6GH§Ñ"BtÎ¥8"F§Ï²?@B;Î
�*2

QµR;ÑX?@BtF¥RU?@8Ø8	�z×PR;M4A48�A'5zÍä?@8X×PÓ9R;Ñ"69M4[µH@W48�6v?�ÏÐB;?@Î`RUÓ�×PRU?hRUÎ¥8"H@8X?@F
Ë§6GH@W'H@W48Ø[t6GÒt8�M
R�?@[t\4Î¥8�MrH@F"28,7B;?§8��4RUÎ�×7Ó98;<4H@W48pÎ¥R;Ñ"?@B�<

QÕ8�FLF@RU[t8�3�\�H@W48"M�H@6GÑVR�H@69BtM ��� lodBl<gVq � Y�
�Z � n ��� qaq�Y���lHn.n�� �U� � qUq~��ced=g��
8	�z×PR;M4A4F�H@B

Z§8VRUA7F[������
mZ � n ��� qUq�Y�� lHn0n�� �U� �MqUq~��c`d=g��$L

�Z � n ��� qaq�x<z�{ | z�}az �$� & ?@6GH@8"F[�e� ��� lodBl<gVq � Y���lHn0n�� �U� � qUq~��ced=g�� � � IO� :	� � ]

Ë§W48X?@8�� lHn0n�� �U� �MqUq~��c`d=g!6GF�H@W48EÎ¥8�FLF@RU[t8pFL8�MrH��ªR;M)B;54Úu8�ÑXH§69MµO�Z§ã!�h2
3&Ó96G54?hRU?LÍÝBtÏ�Î¥R;Ñ"?@B;F"<�Ñ�R;Ó9ÓG8�AÝH@W78 �-
 ���9�;��<\�ØÓ96v54?hRU?LÍr<�69F¥69M4Ñ"Ó9\4A48�A 69M O�Z§ã�2�C�W46GF

ÓG6G54?hRU?LÍ'Ñ"BtMrHhR;6GM7F"<�R;Î¥BtM4[µB;H@W48X?@F"<�Î`R;ÑX?@BtF�Ñ"B;?L?@8"FI×NB;M7A46GM7[ÕH@BÕÑ�B;Î¥Î¥BtMÝFL8"Ñ"\4?@6vH�Í'?@8XÊ
Þr\76v?@8�Î�8�MrH@F�FL\4Ñ�W¥R;F�Ñ"BtM�ÙPA48"MrH@6¨R;ÓG6GH�Ít<;Î¥8�FLF@RU[t8§RU\4H@W48"MrH@69Ñ�RUH@69BtMN<;M4BtM�Êª?@8X×P\4A46¨R�H@69BtMN<t8"H@Ñ;2
ç�BUH@8§H@W7RUHb\4FL8"?@FbÑ�R;M`A78XÙ7M48§H@W48�6v?�BVË§M�Î`RUÑ"?@BtF"<�Ñ"\4FIH@BtÎ¥6GT�8"A`H@B*H@W48"6G?bM48"8�A4F"<zR;M4A�×7\�H
H@W48"Î¾69M*R�Ó96v57?hR�?LÍr<�Ë§W469ÑhW*Ñ�R;MEH@W78"ME5K8�\7FL8"A*69M*R;A4A76vH@69BtMEH@B§B;?°69M4FIH@8�R;A*B;ÏzH@W48�FIHhR;M4A7RU?@A
ÓG6G54?hRU?LÍt27ã°6v57?hR�?@698"F�R;ÓGFLB`ÏÐR;Ñ�6GÓ96vHhRUH@8
?@8"\7FL8pB;Ï°?@8�Þ�\46G?@8"Î¥8�MrH@F"2

� ��A��Rv$5B:�����59?�G�DUT�_�:�D,�!3�Mä8"×KBzÑhW'6GF
R�×K8X?@69BzAäBtÏ�H@6GÎ¥8�A4\�?@69M4[�Ë§W76GÑ�WÔR�[t6GÒt8�M
FL8"Ñ"\4?@6vH�Í(?@8�Þ�\46G?@8"Î¥8�MrH�69F�6GM�8"JK8"Ñ"H�2;ßeH�W7R;F�R;FLFLBzÑ"6¨RUH@8"A�Ë§6GH@W�6vH�R;M�8�FIHhRU57ÓG69FLW4Î¥8"M�H�×7W7R;FL8
RUM7A�R
H@8X?@Î¥6GMPR�H@69BtMØ×7W7R;FL8EH@W7RUH§A48XÙ7M78
H@W48EFL8�Þ�\48�M4Ñ"8�F�BtÏmRUÑ"H@6GBtM4F�H@WPR�H§8�FIHhRU57ÓG69FLW�R;M4A
H@8X?@Î¥6GMPR�H@8�H@W48�8"×KBzÑhWN<�?@8"FI×K8�ÑXH@6GÒt8�ÓvÍr2�C�W48"FL8�×PW7R;FL8"FmA48�ÓG69Î¥6vHmH@W48bA4\�?hRUH@6GBtM(BtÏzH@W78�8X×NB�Ñ�W
57\�H�R�?@8bM7BUH°×�R�?LH�BtÏzH@W78b8X×KBzÑhW*H@W48"Î¥FL8"ÓGÒr8"F"2;C�W48bFL8�Ñ"\�?@6GH�ÍE?@8VÞr\76v?@8�Î�8�MrH°H@W7RUH�6GF�R;FLFLB�Ñ�6vÊ
R�H@8�A(Ë§6vH@W�R;M
8"×KBzÑhW
RU×4×PÓG698"F�H@B
R;Ó9Óz69MrH@8X?hR;ÑXH@69BtM4F�BzÑ�Ñ"\�?L?@69M4[�A4\�?@69M4[�H@W78�Ñ"B;?L?@8"FI×NB;M7A46GM7[
×K8X?@69BzA)BtÏ�H@69Î¥8;2

C�W48�69MrH@8X?hR;ÑXH@69BtM4F¥H@W7RUH`Î`R"Í BzÑ"Ñ�\�?`A4\�?@69M4['RS[t6vÒr8�M 8X×KBzÑ�W R�?@8�FI×K8�Ñ"6GÙ78"A³\4FL6GM7[
O�Z§ã%1 F ( � 
 ) � �`Ñ�B;M7FIHL?@\4ÑXH�Ë§W469ÑhW)?@8�Ï²8"?@F�H@B�H@W48E?@8"Ó98XÒ;R;MrH§8X×KBzÑ�WØ5�ÍØ6GH@F§M7R;Î�8t2

� ��A�� AC�B_�AV?�:<A��m59?�G�DaT(_�:�D<�!3�Ó9Ó�H@W48ØO�Z§ã ×4?@69Î�6GH@6GÒt8�F*×4?@8"FL8�MrH@8"A'FLBYÏ�RU?(W7R�Òr8¥H@B
A4B)Ë§6GH@WSH@W48¥FI×K8�Ñ"6GÙ7Ñ�RUH@69B;MäBtÏ�FL8"Ñ"\4?@6vH�Íµ?@8�Þ�\46G?@8"Î¥8�MrH@F"2°C�W48`Ñ"BtMrH@8	�zH*B;ÏbH@W48`FL8"Ñ"\4?@6vH�Í
?@8�Þ�\46G?@8"Î¥8"MrH@F!6GF`H@W78ÕR�×7×7ÓG69Ñ�RUH@69BtM R;M4A³8�FI×K8"Ñ�69R;Ó9ÓvÍ H@W48Y69MrH@8X?hR;ÑXH@69BtM4F`H@BäË§W46GÑ�W H@W48"Í
R�×7×7ÓvÍr2UC°B§Î¥BzA48�ÓtH@W48�RU×4×7Ó96GÑVR�H@69BtMN<tO�Z§ã!×4?@BVÒ�6GA78"F°H@W48 �	���	4��	� �=�°Ñ�B;M7FIHL?@\4ÑXH°H@W7RUH�RUÓ9Ó9B�Ë§F
H@B�[;?@Bt\�×YH@B;[t8"H@W48X?�?@8"Ó¨R�H@8�A)69MrH@8X?hR;ÑXH@69BtM4F§BtÏ°H@W48pRU×4×7Ó969Ñ�RUH@6GBtM�69M�R�H@8"Î�×KB;?hR;ÓNB;?@A48"?�273
FL8�Þ�\48"M7Ñ"8§Ñ�R;M¥W7R�Òr8�R � ��57��R;M4A`ÑVR;M�5K8§Î`R�?LÌr8�AN<r\4FL6GM7[ ( � 
 ) � �7<tH@BEHhR�Ìr8�×7Ó¨RUÑ�8�Ë§6GH@W469M
R
[t6GÒr8"M�8X×KBzÑ�WN2

� �����¾ÀrÁbÂH��#�ÃV"mÂ4È�ÄbÁ � �NÂV��Ä�Å�Ä"!�Ä2#$�

# ��$ %OACGU8F69?&%tAC:o8.GU8.59?�G
C�B)6GM�H@8"[;?hRUH@8`O�Z�ã Ë§6vH@WSå�Qµã�<KË�8�69A48"MrH@6GÙ78�ASÑ�B;M7FIHL?@\4ÑXH@FpR;M4ASÑ"BtM4Ñ�8X×4H@FE69MµH@W48
H�Ë�B
Ë�BU?@Ó9A4F�H@WPR�H�5K8"FIH�Ù7H�H@Bt[t8XH@W48"?§R;M4A)5PR;FL8"A)H@W48p6GM�H@8"[;?hRUH@6GBtM�Î¥8XH@W4BzA4BtÓ9B;[;ÍØBtMØH@W4BtFL8;2



O�8�Ñ"\�?@6GH�Í�?@8�Þ�\46G?@8"Î¥8�MrH@F�8���×7?@8"FLFL8"A�69MØO�Z�ãµRU?@8�?@8VÞ�\46v?@8�Î¥8"MrH@FbB;M`H@W48§69MrH@8"?hRUÑ"H@6GBtM4F
5K8XH�Ë�8�8"M'H@W48!A46GJK8"?@8"MrH�8�MrH@6vH@698"F
69MÝRÕFIÍ�FIH@8"Î)<�R;M4A'H@W78 �����-48�-� ���(Ñ"BtM4FIHL?@\7ÑXH�69F
\4FL8"A
H@B!Î¥BzA48"Ó°H@W7B;FL8
69MrH@8"?hRUÑ"H@6GBtM4F"2N3�Î¥BtM4[�H@W78
A46vJN8X?@8"M�H�H�Íz×K8�F�BtÏ�å�QÕã A46¨RU[;?hR;Î¥F"<N6vHE6GF
H@W48¥FL8�Þ�\48"M7Ñ"8¥A46¨RU[;?hR;Î H@W7RUHpA48"×769ÑXH@F
H@W78"FL8¥6GM�H@8X?hR;ÑXH@69BtM4F*R;M4ASH@W48�6v?pH@8"Î�×KB;?hR;Ó�BU?@A78X?
8	�z×7Ó96GÑ�6vH@ÓGÍ��76GH�6GF§H@W48"?@8"ÏÐB;?@8EH@W48*Î¥BtFIH
RU×4×4?@B;×4?@6¨RUH@8pH�Íz×K8pBtÏ�A469R;[;?hR;Î)<7Ë§6GH@W�?@8"FI×K8�ÑXH§H@B
O�Z§ã�<PÏ²B;?§FI×K8�Ñ"69Ï¨Í�69M4[¥FL8"Ñ"\4?@6vH�ÍØ?@8�Þ�\46G?@8"Î¥8"MrH@F"2

Ö�M
H@W48�O�Z§ã�FL69A48;<;6GH�69FmH@W78�Î`RUÑ"?@B
Ï�RUÑ�6GÓ96GH�ÍpH@W7RUH�×4?@BVÒz69A48�F�8"M7A�Êº\4FL8X?@F�Ë§6GH@W
ÏÐR;Î¥6GÓ96¨R�?
H@8X?@Î¥6GM7B;Ó9Bt[;Ít<7Ë§W469ÑhW�W76GA48�F�H@W48pÎ`RUH@W48"Î`RUH@69Ñ�R;Ó½ÏÐBU?@Î(\4Ó¨R;8;2�C°B`FI×K8"Ñ�6GÏ²Í)R�?@8�Þ�\46G?@8"Î¥8"MrH�<
H@W48�\4FL8"?*B;M7ÓvÍµM48"8�A4FEH@BØÌzM7B�Ë H@W48�M7R;Î¥8¥BtÏ�H@W48�Ñ"B;?L?@8�FI×KBtM4A469M4[�Î¥R;Ñ"?@B�R;M4AS6GH@F
×�R�Ê
?hRUÎ¥8"H@8X?@F��zH@W48�5KBzA�Í�BtÏNH@W48
Î¥R;Ñ"?@B
69F�BtÏ�M4B
Ñ"BtM4Ñ�8X?@M!H@B(W76GÎ)24C�W78
RU?@[t\4Î¥8"MrH@F�×PR;FLFL8"A
H@B�H@W48�Î`R;ÑX?@BµR�?@8�HhR�Ìr8�MäÏ²?@B;Î H@W48�Ñ�BtMrH@8	�zH(BtÏ�H@W48`?@8VÞr\76v?@8�Î�8�MrH�<�Ë§W76GÑ�W'6GF(H@W48�RU×4Ê
×7ÓG69Ñ�RUH@69BtM'Ë§W7B;FL8ØFL8"Ñ�\�?@6vH�Í'?@8�Þ�\46G?@8"Î¥8"M�H@F�RU?@8�5N8"69M4[µFI×K8"Ñ�6vÙ78�AN2�C�W48)RU?@[;\7Î�8�MrH@F
Ë§69ÓGÓ
H@W48X?@8�Ï²B;?@8�5K8�8�MrH@6vH@698"F�HhRUÌt8�M`Ï¨?@BtÎÛH@W48§å�QµãÕÎ¥BzA48�ÓPB;ÏKH@W78�RU×4×7Ó96GÑVR�H@69BtMN27Ö�\�?�6GMrH@8�[;?hR�Ê
H@6GBtMàÎ¥8XH@W7B�A7B;Ó9Bt[;Íµ6GFpH@W48"?@8"ÏÐBU?@8�×4?@69Î`RU?@6GÓGÍµ5PR;FL8"AäBtMàÑ"BtÎ*5769M46GM7[µO�Z§ã Î`RUÑ"?@BtFEË§6GH@W
å�QÕãäFL8VÞr\78"M4Ñ�8EA46¨R;[U?hR;Î¥F"2

å�QÕã A4Bz8"FEM4B;HpA46G?@8"ÑXH@ÓGÍÕB;JK8X?*RUM�ÍÕÑ�B;M7FIHL?@\4ÑXH@FpÏ²B;?
H@W48�FI×K8�Ñ"6GÙ7Ñ�RUH@69B;MSBtÏbFL8"Ñ"\4?@6vH�Í
?@8�Þ�\46G?@8"Î¥8"MrH@F"<�57\4H�6GH�B;JK8"?@F
8��zH@8"M4FL69BtMÝÎ¥8"Ñ�W7R;M46GFLÎ¥F�H@W7RUH¥8"M7RU57Ó98)R;A4A46GH@6GBtMÝBtÏ§M78XË
Ìz69M4A4F¥B;Ï�Î�BzA48�ÓG69M4[S8�ÓG8�Î�8�MrH@F"2 & 8�Ë�R;MrH@8�A R .78	��6G57ÓG8)R;M4A \4M469Ï²B;?@Î Ë�R�ÍäH@BàRUHLHhRUÑ�W
FL8"Ñ"\4?@6vH�ÍzÊª?@8"Ó¨RUH@8"AÔ×4?@B;×K8"?LH@6G8�F"<mÏ²?@BtÎ0?@8�Þ�\46G?@8"Î¥8�MrH@F �Ð5zÍ'Î¥8�R;M4F�BtÏ§Î`RUÑ"?@BtF-�EH@Bµ8X×NB�Ñ�W
A48XÙ7M76vH@69BtM4F"<zH@B(FLBtÎ¥8�B;Ï½H@W48�8�ÓG8�Î�8�MrH@F�BtÏ½å�QÕã�2�C�W78��8�����;� �	��
���? 4���8	�zH@8"M4FL69BtM!Î�8�ÑhW�Ê
RUM76GFLÎ Ë�R;F(FL8"Ó98"Ñ"H@8"Aä5K8"ÑVRU\7FL8`BtÏ�H@W48 .78	��6G576GÓ96GH�Íà6vH(B;JK8"?@F"<°8�FI×K8"Ñ�69R;Ó9ÓvÍàÏÐB;?*H@W48`Ò;R;ÓG\78"F
B;Ï�H@W48`HhRU[tF"2mß�Mä54?@6G8�Ïe<�O�Z§ã Î`R;ÑX?@BtF*?@8X×7?@8"FL8"M�H@6GM4[µA46vJN8X?@8"M�H(FL8"Ñ�\�?@6vH�Íà?@8�Þ�\46G?@8"Î¥8�MrH@F"<
RUM7A
BUH@W78X?�FL8�Ñ"\�?@6GH�ÍzÊª?@8"Ó¨R�H@8�A
6GM7Ï²B;?@Î`RUH@6GBtM�RU?@8�RUHLHhR;ÑhW78"A*H@B�A76vJK8"?@8"MrH�8�ÓG8�Î�8�MrH@F�BtÏ4å�Qµã
\4FL6GM7[¥H@W48Eå�QÕã��+����� � �	�

���? 48��Î¥8"Ñ�W7R;M469FLÎØ2

=
8"Ù7M46GH@6GBtMàBtÏb8X×NB�Ñ�W4F
Ë§6GH@WSH@W48"6G?E?@8�Ó9RUH@8"A ( ��
 ) � �YÑ"BtM4FIHL?@\7ÑXH@F"<½M7R;Î¥8"FpÏÐB;?EH@W48¥FL8XÊ
Þr\78"M4Ñ�8ØA469R;[;?hR;Î¥F"<�A48XÙ7M76vH@69BtMÝBtÏ�M48XË Î`RUÑ"?@BtF"<�R;M4AÝFL8�Ñ"\�?@6GH�Í'?@8"Ó¨RUH@8"A R;FLFL\4Î�×4H@69B;M7F"<
FL\4ÑhW R;FÕHL?@\4FIH�<
Ñ"BtÎ�×4?@6GFL8ÔH@W48ÔB;H@W48X?S69M4ÏÐBU?@Î`RUH@69B;M¼H@W7RUHµÎ`R�Í¾5K8ÔM48"Ñ�8"FLF@RU?LÍ¾Ë§W48�M
FI×K8"Ñ�6GÏ²Í�6GM4[äH@W78YFL8�Ñ"\�?@6GH�Í ?@8VÞ�\46v?@8�Î¥8"MrH@F�BtÏpR'FIÍzFIH@8�Î)2b3 FI×K8"Ñ�69R;Ó§HhR;[ä5�Í H@W78YM7R;Î¥8
æb3pO�É�ç�É�C 6GFE\4FL8�ASÏ²B;?EH@W48
×7\�?L×KBtFL8�BtÏ�FL\4×4×7ÓGÍz69M4[)FL8�Ñ"\�?@6GH�ÍÕ69M4Ï²B;?@Î`RUH@6GBtMN2½=E8X×K8�M4A�Ê
6GM4[
BtM�H@W48�6v?�M7RUH@\�?@8;<zH@W48�A76vJK8"?@8"MrH�H�Íz×K8"F�BtÏ½69M4Ï²B;?@Î`RUH@6GBtMØÎ*\7FIH�5N8�Ñ"BtMrÒr8"Ít8�A�5�Í`HhR;[tF
B;M�A46GJK8"?@8"MrH§8�ÓG8�Î�8�MrH@F§B;Ï�R�å�QµãàÎ¥BzA48�Ó�2

# ��� ��v@v@3.��8X?B6�Da��A��MAoDa��5Bu�593F5767�
,m69[t\�?@8 � 69Ó9ÓG\4FIHL?hRUH@8�F�H@W48Õ69MrH@8�[U?hRUH@69BtM Ï¨?hR;Î¥8XË�B;?LÌK2bß�M¾O�Z§ã FL8�Ñ"\�?@6GH�Í ?@8�Þ�\46G?@8"Î¥8"MrH@F

UML Model SRL

Integration

methodology or analysis
security design
Input to formal

SRL−tool
Security−enhanced

UML model

����� ¡
�z¡ ¹ ¤rf ¶ kUsufhgVcuj"suivaVk���cuj�npfLd�aVc�»



R�×7×7ÓvÍ¥H@BEH@W48�6GMrH@8"?hR;ÑXH@69B;M7F�BtÏ½REFIÍ�FIH@8�ÎØ2�ß�M�å�QÕã�<tH@W48§Ñ�B;?L?@8"FI×KBtM4A469M4[*×PRU?hR;Î¥8XH@8X?@69T"8�A
Î¥R;Ñ"?@B;F�RU?@8ØR;FLFL6G[tM48�AÔH@BYH@W48�æb3pO�É�ç�ÉbC HhR;[tF(BtÏ�H@W48ØRU×4×4?@B;×4?@6¨RUH@8!69MrH@8X?hR;Ñ"H@6GBtM4F
6GM
FL8�Þ�\48"M7Ñ"8ÕA46¨R;[;?hRUÎ¥F"2�C�W7RUHØ69F"<�6GÏ*R;M 69MrH@8X?hR;Ñ"H@6GBtM 6GM RäFL8VÞ�\48"M4Ñ�8µA469R;[;?hR;Î W7R;F�H@W78
?@8�Þ�\46G?@8"Î¥8"MrHYBtÏ757�	�=����� � ��4 
 ) �-�8
�������
������7<�R æb3pO�É�ç�ÉbC&HhR;[ÝË§W4BtFL8àÒ;R;Ó9\48à69FØH@W78
Ñ"B;?L?@8"FI×KBtM4A76GM4[YÎ`R;ÑX?@BY6GF(\4FL8"AäÏÐBU?*H@W7RUH*69MrH@8X?hR;ÑXH@69BtMN2�ç�B;H@8�H@WPR�HpH@W78¥×PRU?hRUÎ¥8"H@8X?@F*B;Ï
H@W48)O�Z§ã21 F������������	� 
��	��
����	���������������ÔÎ`R;ÑX?@BµRU?@8`?@8"×7Ó9R;Ñ�8"AäË§6GH@WäÒ;R;ÓG\78"F(Ï²?@BtÎáH@W78
Ñ"BtMrH@8	�zH�B;ÏNH@W48�Î¥R;Ñ"?@B�<�6�2 8;29<�H@W48�Ñ"B;?L?@8"FI×KBtM4A76GM4[
6GM�H@8X?hR;ÑXH@69BtMN2 ,�69[t\�?@8 " 6GÓ9ÓG\7FIHL?hR�H@8�F�H@W78
\4FL8�BtÏKO�Z§ã)Î¥R;Ñ"?@B;F�69M(å�QÕã)FL8�Þ�\48�M4Ñ"8�A46¨R;[U?hR;Î¥FmË§W78X?@8�H@W48�Ñ"BtÎ¥Î¥8"MrH�5KB��pÒ�6GFL\PRUÓ969T"8"F
H@W48�Ò;R;Ó9\48
BtÏ½H@W78*æb3pO�É�ç�ÉbC³HhR;[�<7R;M4A!H@W78
A7R;FLW48"A�ÓG69M48
69M4A469Ñ�RUH@8"F�H@B(Ë§W76GÑ�WØ8�ÓG8�Î�8�MrH
6vH�6GF�R�HLHhR;Ñ�W48"A �ÐH@W48§HhR;[tFbH@W48�Î�FL8�ÓvÒr8�F�A4B
M4B;H�W7R�Òr8ER*[;?hRU×7W469Ñ�R;ÓKM4B;HhR�H@69BtM+�h2z3�F�ÏÐB;?bH@W78

require: Confidentiality({account#, amount});
            Message_Authentication

c: Client bs: Bank

1: deposit(account#, amount)

� � � ¡��4¡ � � f�aV¦N�;¬��Y±`j�£hc�a � i�k���±`�

BUH@W78X?�H�Íz×K8�F�B;Ï°69M4ÏÐB;?@Î¥RUH@69BtM)Î¥8"MrH@69BtM48"A�RU5KBVÒt8t<4FLBtÎ¥8pRU×4×7ÓGÍ�H@B¥R
FL8VÞr\78"M4Ñ�8
A769R;[;?hR;Î
RUFpR�Ë§W4BtÓ98;<½FL\4ÑhWàR;FpR!M7R;Î¥8�Ï²B;?pR!FL8VÞ�\48"M4Ñ�8
A769R;[;?hR;Î B;?
H@W48 ( � 
 ) � �)Ñ�BtM4FIHL?@\4ÑXH�<NB;?
H@B)H@W48�FIÍ�FIH@8"Î0R;F(RØË§W7B;Ó98;<°FL\4Ñ�WÔR;FpH@W48`A48"Ù7M46GH@6GBtM'BtÏ�R;Mä8"×KBzÑhWäB;?*H@W7RUH*BtÏ�R�M78XË
Î¥R;Ñ"?@B�2

C�W48¥M7RUH@\�?hR;Ó�×7Ó9R;Ñ�8�ÏÐB;?pH@W48�FL8VÞr\78"M4Ñ�8¥A46¨R;[U?hR;Î�Êª?@8"Ó¨RUH@8"AäR;M4AàH@W48¥FIÍzFIH@8�Î�Êª?@8"Ó¨R�H@8�A
6GM4ÏÐB;?@Î`R�H@69BtM`6GF�H@W48§FL8�Þ�\48�M4Ñ"8�A469R;[;?hR;ÎÛR;M4A¥H@W78�FIÍ�FIH@8"ÎÛÎ¥BzA48"Ó �ÐË§6vH@W469M�Ë§W76GÑ�W�RUÓ9Ó4H@W78
A469R;[;?hR;Î¥FERU?@8
Ñ�B;M�HhRU69M48�A+�h<K?@8"FI×K8�ÑXH@6GÒt8�ÓvÍr2K>�\�H
HhRU[t[t8"A4ÊªÒ;R;ÓG\78"FERU?@8
M48�6vH@W48"?
FL\4×4×KB;?LH@8"A
Ï²B;?)å�QÕã FL8�Þ�\48�M4Ñ"8SA46¨RU[;?hR;Î¥FØM7BU?)ÏÐB;?ØH@W48µFIÍ�FIH@8"Î Î¥B�A78"Óª2 & 8ÕH@W48X?@8�Ï²B;?@8µW7R;A H@BÎ¥RUÌr8*FLB;Î¥8*Ñ"BtÎ�×4?@BtÎ¥6GFL8�F�R;M4A)H@W78"FL8pH�Í�×N8"F§B;Ï�69M4ÏÐBU?@Î`RUH@69B;M�Ë�8X?@8(RUHLHhRUÑ�W48"A)H@B`BUH@W78X?
8"Ó98"Î¥8"MrH@F�H@W7R;MØË§W48"?@8EH@W48XÍ!5K8"Ó9BtM4[42
,7B;?�FL8�Þ�\48�M4Ñ"8pA769R;[;?hR;Î
Êª?@8�Ó9RUH@8�AY6GM4ÏÐB;?@Î`R�H@69BtMN<7H@W48p\4FL8*BtÏ°H@W78pÑ�BU?L?@8�FI×KBtM4A469M4[ ����? �

? �,	���<=��
������§Ë�R;F°Ñ"BtM4FL69A48X?@8�A ��57\�H�<VFL69M4Ñ�8�H@W78�Ñ"B;?L?@8"FI×NB;M7A46GM7[ ����? ? �,	���<=��
�������Î¥R�ÍEÑ�BtMrHhR;6GM
FL8XÒr8X?hR;Ó4FL8VÞr\78"M4Ñ�8�A469R;[;?hR;Î¥F"<;H@W78�69M4Ï²B;?@Î`RUH@6GBtM¥×K8X?LHhR;69M46GM7[�H@B*R
FI×K8�Ñ"6GÙ7Ñ�FL8�Þ�\48�M4Ñ"8�A46¨R�Ê
[U?hR;Î¾Ñ�R;M4M4B;H�H@W48"?@8"ÏÐBU?@8�5K8�\4FL8"A(R;F½H@W48�HhR;[�Ò;R;Ó9\48�ÏÐBU?�H@W48 ����? ? �,	���<=��
������42V3ÔÑ"BtÎ�×7Ó98XH@8�ÓvÍ
A46vJN8X?@8"M�H�B;×4H@69BtM'Ë�R;F
H@Bµ\4FL8Øå�QÕã Ñ�BtÎ�Î¥8�MrH
5NB ��8�F
69M4FIH@8�R;AÝBtÏ�H@W78 �+����� � �	�

���? 48�
Î�8�ÑhW7R;M469FLÎ)<N5P\�HEå�QÕã Ñ"BtÎ¥Î¥8"MrH@F*R�?@8�M4B;H*R;ÓvË�R�Í�FEÑ�RU?L?@6G8�AµH@W�?@Bt\4[tWµH@B!H@W48�B;\4HL×7\�H
[;8�M48X?hRUH@8�AY5zÍ�H@W48
å�QÕãÝH@BzB;Ó9F"<KFL\4Ñ�WàR;F��������¥Ù7Ó98"F"2 & 8(H@W48X?@8�Ï²B;?@8
W7R�Òt8�B;×4H@8"AµÏÐB;?ERÓG8�FLF(H@W7R;MÔ8"Ó98"[rR;MrH�FLBtÓG\4H@6GBtMN<�6�2 8;29<mH@BµRUHLHhRUÑ�WäH@W78�69M4ÏÐB;?@Î¥RUH@69BtM'H@BÕBtM48!BtÏ�H@W48!B;54Úu8�ÑXH
8"Ó98"Î¥8"MrH@F§BtÏmR�FL8VÞr\78"M4Ñ�8pA469R;[;?hR;Î)2

O�69Î¥6GÓ¨RU?@ÓvÍr<�H@W48YFIÍ�FIH@8"Î�Êª?@8�Ó9RUH@8"A³69M4ÏÐBU?@Î`RUH@69B;M 6GFØRUHLHhR;ÑhW48�A H@BäBtM48YBtÏ�H@W48YB;54Úu8�ÑXH
8"Ó98"Î¥8"MrH@FbBtÏNRpFL8VÞr\78"M4Ñ�8§A46¨RU[;?hR;Î)2zC�W78�?hRUH@6GBtM7R;Ó98�5N8"W469M4A`H@W46GF�Ñ�W4Bt6GÑ�8�Ë�R;F�H@BpÎ`RUÌr8§6GH
8�R;FL6G8"?�ÏÐBU?�8"M7A�Êº\4FL8X?@F�5�Í�Ó969Î�6GH@69M4[(H@W48�M�\4Î*5K8"?�B;Ï½×7Ó9R;Ñ�8"F�ÏÐB;?bHhR;[tF"2PO�6GM7Ñ"8�H@W7RUHbÌz69M4AØB;Ï
6GM4ÏÐB;?@Î`R�H@69BtM`Ñ�R;M4M4B;H�5K8�×7Ó¨RUÑ�8"A`69M`6vH@F�M7RUH@\�?hR;Ó7×7Ó9R;Ñ�8;<tË�8�ÑhW4BtFL8�H@Bp[rRUH@W48X?�R;Ó9Ó4H�Íz×K8"F�B;Ï
FL8"Ñ"\4?@6vH�ÍzÊª?@8"Ó¨RUH@8"Aµ×4?@B;×K8X?LH@698"F
6GMSBtM48(×7Ó¨RUÑ�8
FL\7ÑhWÕH@WPR�H
H@W48
8�M4A�Êº\4FL8"?EÑVR;MµÑ"BtM4Ñ�8"MrHL?hRUH@8
B;M7ÓvÍ�B;M`FL8�Þ�\48�M4Ñ"8�F�A46¨RU[;?hR;Î¥F"2;,m69[t\�?@8 /
6GÓ9ÓG\7FIHL?hR�H@8�F�W4BVË REFL8�Þ�\48"M7Ñ"8�A46¨R;[U?hR;Î�Êª?@8"Ó¨RUH@8"A



global:
name: deposit

c: Client bs: Bank

1: deposit(account#, amount)
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UML model

Security−enhanced

or analysis
security design
Input to formal

SRL−tool

SRL−tool front−end

SRL−tool back−end

Specification in
       SRL
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s: Server u: User s: Serveru: User

1: logout(session)

s: Serveru: User

1: getDocument(docID)

2: sendDocument(docID, document)

3: signDocument(document)

4: sendSignature(docID, signature)

5: storeSignature(docID, signature, timestamp)

6: updateSigningProcessStatus(docID)

7: acknowledge(docID)

c

1: login(username,password)

2: ackLogin(session)

a b
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s: Serveru: User
require: Message_Authentication;
             Confidentiality({password})

require: Message_Authentication;
             Confidentiality({session})

1: login(username,password)

2: ackLogin(session)

global:
   name: login_diag;
   epoch secured_session {
      establishment login_diag;
      termination logout_diag;
      require: Epoch_Authentication({u},s)
   }
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s: Serveru: User

require: Message_Authentication;
             Confidentiality({session})

global:
   name: logout_diag

1: logout(session)
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u: User s: Server

require:Confidentiality({signature})
require: Receipt_Nonrepudiation(u,sendSignature(docID,signature),

s,acknowledge(docID))

require:Confidentiality({document})

global:
   name: signDocument

witnin: secured_session

1: getDocument(docID)

2: sendDocument(docID,document)

3: signDocument(document)

4: sendSignature(docID,signature)

5: storeSignature(docID,signature,timestamp)

6: updateSigningProcessStatus(docID)

7: acknowledge(session)
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