
This is a repository copy of Relevance feedback for cross language image retrieval .

White Rose Research Online URL for this paper:
http://eprints.whiterose.ac.uk/4707/

Book Section:

Sanderson, M. and Clough, P. (2004) Relevance feedback for cross language image 
retrieval. In: Advances in Information Retrieval : 26th European Conference on IR 
Research, ECIR 2004, Sunderland, UK, April 5-7, 2004. Proceedings. Lecture Notes in 
Computer Science (2997). Springer , Berlin / Heidelberg , pp. 238-252. ISBN 
978-3-540-21382-6 

https://doi.org/10.1007/b96895

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 

Unless indicated otherwise, fulltext items are protected by copyright with all rights reserved. The copyright 
exception in section 29 of the Copyright, Designs and Patents Act 1988 allows the making of a single copy 
solely for the purpose of non-commercial research or private study within the limits of fair dealing. The 
publisher or other rights-holder may allow further reproduction and re-use of this version - refer to the White 
Rose Research Online record for this item. Where records identify the publisher as the copyright holder, 
users can verify any specific terms of use on the publisher’s website. 

Takedown 

If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 

mailto:eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/


promoting access to White Rose research papers 
   

White Rose Research Online 

     
 

Universities of Leeds, Sheffield and York 
http://eprints.whiterose.ac.uk/ 

 
 

This is an author produced version of the published paper. 
 
 
White Rose Research Online URL for this paper: 
http://eprints.whiterose.ac.uk/4707/ 
 

 
 
Published paper 
Sanderson, M. and Clough, P. (2004) Relevance feedback for cross language 
image retrieval. In: Advances in Information Retrieval : 26th European 
Conference on IR Research, ECIR 2004, Sunderland, UK, April 5-7, 2004. 
Proceedings. Lecture Notes in Computer Science (2997). Springer , Berlin / 
Heidelberg, pp. 238-252. 

 

eprints@whiterose.ac.uk 
 



���������	��
�������������	���������������! " $#%��
&('�	&���)+*,�	&��
����-.��/0���1���

2�35476"896;:�47<>=?3�@BA?C�35DFEHGI3�@BAIJ�DLKM:�@

NPOLQSR0TVUXW	OLYZU�[]\+^_Y>\`[�TXW�R�UXab[cYed5UXfhg>abOLiLj>kPYhablmOMTXiVabU_n�[]\"d5ohOFp	OFqrg7jhd�ohOMp	OLqsgBj>kPt1u
vxw+y_z+yV{c|c}�~Z�c�+�`��yV�c���mzZ�c���c}0�>���5���Z�c�m���c�Z|�z+yV�Z{�y�~]�

�����L�L�0�S�]�c� ^_Y�UXo>asiPQSR]QIOMT���O1iVo>[0��o>[0��TXOFqsOFlcR�Yh�LO�\;OLOxg��SR]�¡ ¢�xR�Y?�IO1f>iVOxg
UX[£abW	Q>TX[0lmO!TXOFUVTXabOLlcR�q9QIOMTV\`[]TXW�R�Yh�LO¢\;[]T(R?�FTX[ciVi�qsR]Y>¤cfSR�¤cO�abW�R]¤cOeTXOMUVTXasOFlcR�q
U¡R�iV 7j>R�Y(R0TXOxR¥[�\+¦�§¨^_©ª��ohab�¡o(abi�g>a¬«7OFTXOFY5U.\;TX[cWOF®�asi¯UXabY>¤¥Q�TX[c�hqbOLW	iLj5�>f>U.oSR]i
UXo5fhi9\°R�T�TXOL�FOLablmOxgHqba¬UVUXqbO	R�UVUXOFY5UXab[]YH\;TX[]W±¦�§¨^_©�TXOFiVOxR�TX�¡ohOFTXiLu¨kPiVabY>¤!UXohO¥^²W1³
R�¤cO0¦�§¨´"µ¶UXOLi¯UP�L[cqbqbOL�FUXab[]Y¨j7��O�iVabW�fhqsR0UXO¥f>iVOFT·abYZUXOFT¡R]�MUXas[]Y���a¬UXo�R�¦�§£asW�R�¤cO
TXOFUVTXabOLl]R]q+i¯n�i¯UXOLWej7R�YSg¸abY�QhR�TVUXab�Lf>qrR0T�UXohO¥iVabUXfhR�UXab[cY�abY���o>ab�MoHR�f>iVOFT�iVOLqbOL�MUXi
[]YhO�[]T·W	[�TXO�TXOLqbOLlcR�YZU·abW�R]¤]OLi9\rTX[cW¹UXohO�UX[cQ£ºhuSkPiVabYh¤	UXOF®5UXfSR�q��xR�Q>UXab[cY>i·R�i¯³
iV[Z�LasR0UXOxge��abUXo¢UXo>O�asW�R�¤cOLiLjhTXOLqbOLlcR�YZU9abW�R�¤cOLiPR�TXO�fhiVOxg(UX[	�MTXOxR�UXO�R1\`OLOLg>�SR��M 
W	[5g�OLq�abY£UXohO	» �x��~m� qsR]Y>¤cfSR�¤cOeW	[5g�OLq"\;[]T	abY�\`[]TXW�R0UXab[cY£TXOFUVTXabOLl]R]q°j¼R]Yhg�[]f>T
TXOLiVf>q¬UXi¼iVo>[x�½UXohR�U�\;OLOxg>�hR]�¡ �asi��IOFYhOF¾h�LasR]q°jcOFlmOLY¥��o>OLY�[]Yhq¬n�[cY>O.TXOLqbOLl]R]YZU¼g>[Z�F³
f>W	OLYZUPabi·iVOLqbOL�MUXOxgBuB¿�o>asiPasiPQSR�TVUXab�Lf>qsR�TXq¬n¸fhiVOF\;fhqÀ\;[!�FTX[]iVi·qsR]Y>¤cfSR�¤cO�TXOMUVTXasOFlcR�q
��o>OFTXO1Q>TX[]�hqbOLW	i�g�f>TXabYh¤�UVT¡R]Y>iVqrR0UXab[cY?�LR]Y?�MTXOxR�UXO	R�QI[Z[]T�abYha¬UXasR]q+T¡R]Y> mOxg¸qbasi¯U
��a¬UXo�\`OF�ÁTXOLqbOLl]R]YZU.asY�UXohO�UX[cQ¸ºhuZÂ?OÃ¾hYSg1UXoSR0U.UXo>O9Y5fhW¥�IOFT"[]\BTXOLqbOLlcR�YZU�g>[Z�F³
f>W	OLYZU·abYHUXo>O¥\`OFOxg>�hR]�¡ �W	[5g�OLq°j¨R]YSg¢UXohO�asY�ÄSf>OLYh�LO¥[]\�UXo>O�abYha¬UXasR]q"ÅZfhOFTVn¸[]Y
UXo>O.\`OLOLg>�SR��M �W	[5g�OLq5W	[ci¯U¼R�«7OF�FU+TXOFUVTXabOLlcR�q>QIOMTV\`[]TXW�R�Yh�LO.[cY¥UXo>O�^²W�R�¤cO0¦�§¨´"µ
UXOLi¯UÃ�L[]qbqsOF�FUXab[cY¢fhiVabY>¤�UXohO·» �L��~Z� W	a¬®5UXf>TXO·W	[5g�OLq°u

Æ ÇhÈÃÉIÊ7Ë�Ì¥Í�Î�É7ÏXËÃÈ

Ð�J�6;J�ÑZ35@¨Ò0J!ÓÔJ�J]A7ÕB3�ÒLE£Ö`K13�×eJ0ØF=7:IAÙ3�Ör×eJcAÙ35Ø�Ö;×eÚ7DM:ZÑSÖ;@7<�Ö;@7ÖrØMÖ`356�ÓÔDFJ�J�Û_ØFJ0ÜSØ1KMJ]3�DFÒL=½DMJ�Û
K¡476rØFK�ÕhÝÙÖr@¨Ò0:�DFÚ�:�DL3ZØMÖ;@7<?4BKMJ�D	ÓÔJ]J]AIÕB3>ÒLE�Ö;@>ØF:ÓÔ47DMØM=7J]D�ÖsØFJ�DL3ZØFÖrÑ>J¢DMJ�ØMDFÖrJ]Ñm3�6�Ò0ÝIÒ06;J]K]Þ�J�ß <Bß
ÕhÝ!J0ÜIÚB3�@BAIÖ;@7<	ØM=BJ�Ör@BÖsØFÖ;3�6¨àh47J�DFÝ�á�ÖrØM=eØFJ�DF×¢K�J0ÜSØMDL3�Ò0ØMJcA(ÓÔDM:>×âAI:IÒ04B×(J]@hØFKÃKMJ�6;J]Ò0ØMJcA!ÕSÝ
ØM=7J(4BKMJ�D!ã_K¡J]J�Þ�J�ß <Bß�äså�æ°ç0ß�è9ÝSÚ7Ö`Ò�356;6;Ý�Þ¨ØM=7J!J0éÀJ]ÒxØ1Ö`K�ØF:�Ö;×(ÚBDM:ZÑ>J�DMJ�ØMDFÖrJ]ÑZ356¼Ú�J�DMÓÔ:�DF×¢35@BÒ�J
ÕhÝHJ�ÖrØM=7J]D�DFJ0ØMDFÖ;J�ÑSÖr@B<(×e:>DMJ	DFJ�6;J�ÑZ35@hØ�AI:IÒ�47×eJ�@hØFK]Þ7:�D�Ú74BKM=7Ör@B<¢J0ÜIÖ;K¡ØMÖ;@7<¢DFJ�6;J�ÑZ35@hØ�AI:IÒxÛ
47×eJ�@hØFK1ØF:ZáP3�DFABK�ØF=7JeØM:>Ú¶:�ÓP3?DL35@7E>J]AÙ6rÖ`KXØcß¼ê�:ZáPJ�Ñ>J�D¥ØM=7Ö`K�Ò]35@¶Ñm3�DMÝ½<�DFJ]3ZØF6rÝ�3>Ò0DF:>KFK
AIÖséÀJ�DFJ�@hØ1à>4BJ�DFÖrJcK�Þ¨á�=7J�DFJ	ØM=BJ�J0éÀJ]Ò0Ø�:�Ó�3�A7AIÖrØMÖ;:�@¨356�à>4BJ�DFÝ�ØFJ�DF×eK�á�Ör6;6.Ör×eÚ7DF:ZÑ�J�KM:�×eJ>Þ
Õ74IØ?A7J�<�DL3�A7J�:5ØF=7J�DLK¸J]Ñ�J�@ëØF=7:�4B<�=�:ZÑ�J]DF3�6r6¥à>4BJ�DFÝìJ�ÜSÚ¨35@BKMÖr:>@�35Ú7Ú�J]3�DFK¸ØM:%Ö;×eÚ7DM:ZÑ>J
DMJ�ØMDFÖrJ]Ñm3�6�ã�KMJ�J>ÞIJ�ß <Bß+ä ímæ"3�@BAÙä îZæÔçxß

ïB3�Ò0ØM:>DFK!K¡4BÒL=ì3�K!Ñ�:IÒ�3�Õ7476`35DFÝ½×eÖ;KM×¢3ZØLÒL=%Õ¨J�ØXá9J]J�@ð3�4BKMJ�Dcñ K!K¡Jc35DLÒL=ÁDMJcàh47J]K¡Ø(3�@BA
Ò0:�6;6;J]ÒxØFÖr:>@ðA7:SÒ�47×eJ�@hØFK]Þ�ØF=7J£Ör@¨35Õ7Ö;6rÖrØXÝ%:�Ó¥ØF=7J£4BKMJ�DeØM:ÁKM4BÒ�Ò�J]KFKXÓÔ4B6r6;ÝÁÓÔ:�DF×�4B6;35ØMJ?ØM=7J]ÖrD
Ör@7ÖrØMÖ`356�KMJ]35DLÒL=£DFJ]àh47J]K¡Ø]ÞÀ35@¨A£×eÖ;KM×¢3ZØFÒL=BJ]K�A747J�ØF:HAIÖréÀJ�DFJ�@BÒ�J]K¥Õ¨J�ØXá9J]J�@£ØF=7J!6`35@B<�4B3�<�J
:5Ó	ØM=BJ¶àh47J]DMÝ�35@¨AòAI:IÒ047×eJ]@>ØÒ0:>6r6;J]Ò0ØMÖ;:�@�Ò]35@òÑZ35DFÝðÖr@7ÖrØMÖ`3561DFJ0ØFDMÖ;J�ÑZ356¥Ú¨J]D¡ÓÔ:>DM×¢3�@BÒ0J>ß
è·=7J	K¡4BÒ]Ò0JcKMKP:5Ó�àh47J�DFÝ¢J0ÜIÚB3�@BK¡Ö;:�@H4BKMÖr@7<eDFJ�6;J�ÑZ35@¨Ò0J¥ÓÔJ�J]A7ÕB3�ÒLE¢×¢3mÝ¸356`KM:!ÑZ35DFÝ¢Õ�J]Ò�3�4BKMJ
Ú¨:S:�D·àh47J�DFÝ(ØMJ]DM×¢KP35DFJ¥KM47<�<>J]K¡ØMJ]A¢3>K93>A7AIÖrØMÖ;:�@B3�6�ØMJ�DF×¢K�ÞSÒ�3�4BKMJ]A¢ÕSÝ(Ó�3�Ò0ØM:�DLK9Ör@BÒ�6r4¨AIÖr@B<
ØM=7J�DFJ�6;J�ÑZ35@¨Ò0J·:5Ó�ØM=7:hK¡J�A7:SÒ�47×eJ�@hØFK�KMJ�6;J]Ò0ØMJcA�ÓÔ:>D�ÓÔJ�JcAIÕB3>ÒLE	ØM:1ØF=7J�Ör@BÖsØFÖ;3�6Bàh47J�DFÝ�ÞmØFJ�DF×eK



Õ¨J]Ör@7<	KMJ�6;J]Ò0ØMJ]A!ÓÔDF:�×¹@B:�@IÛ¯DMJ]6rJ]ÑZ35@hØ.Ú¨3�KFKM3�<�J]K]Þ]ÓÔJ�áìA7:SÒ�47×eJ�@hØFKÃ3mÑm3�Ör6`35ÕB6rJ9ÓÔ:�D�ÓÔJ]J]AIÕB3>ÒLEÀÞ
35@BAHÖrDFDFJ�6;J�ÑZ35@hØ·ØMJ]DM×¢K·Õ�J�Ö;@7<¸K¡J]6rJcÒxØFJ]A�ÓÔDM:>× DFJ�6;J�ÑZ35@hØ·ØMJ�ÜhØLK	ã�KMJ�J>Þ7J�ß <Bß+ä �5æÔçxß

�V@eØM=7Ö`K�ÚB3�Ú¨J]D]Þ>á9J¥3�A7AIDFJ]KFK�ØF=7J�Ú7DF:�ÕB6rJ]× :5Ó+×¢35ØFÒL=7Ö;@7<	Ö;×e3�<�JcK�ØM:�4BK¡J]DÃàh47J�DFÖ;J]K�J�ÜSÛ
Ú7DMJcKMKMJ]AeÖ;@¢@B35ØM47DL356¨6;3�@7<�4B3�<�J>Þ5á�=7J�DFJ�ØF=7J�Ö;×¢35<�JcK�35DFJ�Ö;@BAIJ�ÜSJcA¢ÕSÝ(3>KMKM:IÒ0Ö`3ZØFJ]A!ØMJ�ÜhØF4B356
Ò�35Ú7ØMÖ;:�@BK]ßBè·=7J	ØL3�KMEHÖ`K�Ò�DM:hKMK�6`35@B<�4B3�<�J�ÞIÕ�J]Ò]354BKMJ1ØM=BJ!Ò�3�ÚIØMÖ;:�@¨K�35DFJ	J0ÜIÚ7DFJ]KFK¡JcA�Ö;@£:�@BJ
6;3�@7<�4B3�<�J�35@BA�ØM=7J	àh47J]DMÖ;J]KPÖ;@?3�@7:5ØF=7J�DcÞhØM=7J]DMJ]ÕhÝ¢DFJ]àh47Ö;DFÖr@7<eKM:�×eJ¥ESÖ;@BAH:5Ó¼ØFDF3�@BKM6;35ØMÖ;:�@
ØM:e×¢3ZØFÒL=?àh47J�DFÖrJcK9ØM:eÖr×¢3�<�J]K1ã�J�ß <Bß7àh47J�DFÝeØMDL35@¨K¡6`3ZØFÖr:>@¸Ör@hØF:!ØF=7J16;3�@7<�4¨35<�J¥:5Ó"ØM=7J	AI:IÒxÛ
47×eJ�@hØ1Ò�:�6;6rJcÒxØFÖr:>@¨çxß�ï.6;3�@7E%ä �mæ�=B3�K1KM=7:Zá�@½Ò0DF:>KFK�6`35@B<�4B3�<�J�Ö;×¢35<>J�DFJ0ØMDFÖ;J�ÑZ356.Ö;K¥ÑSÖ;3�Õ76;J
:�@e6;3�DM<>J·Ör×¢35<>J�Ò0:�6;6;J]ÒxØFÖr:>@BK]Þ�35@BAe31Ú7DF:�<>DF3�× :5ÓÀDMJcK¡Jc35DLÒL=�=B3>K�Õ�J�J�@¢4B@BAIJ�DMØF3�E�J]@�ØF:	Ör@IÛ
Ñ�J]K¡ØMÖ;<>35ØMJ·ØF=7Ö;KÃÓÔ47DMØM=7J]DÃÖ;@eØM=7J	89DM:hKMK��¼35@B<�4B3�<�J���ÑZ356;4B35ØMÖ;:�@¢ï7:>DM47×$ã²8��	�Ãï�ç�ä 
Zæ¯ß��¼ÖrE>J
:5ØM=BJ�D¥8����XÐ ØL3�KMESK]Þ7áPJ1=B3mÑ�J	KM=7:Zá�@�ØF=B3ZØ¥DMJ�ØMDFÖrJ]Ñm3�6�Ú¨J]D¡ÓÔ:>DM×¢3�@BÒ0J�ÓÔ:�D�Ò�DM:hKMK·6`35@B<�4B3�<�J
Ör×¢35<>JDMJ�ØMDFÖrJ]Ñm3�6�Ö`K¸3ZéÀJ]Ò0ØMJ]AðÕSÝ%ØF=7J�àh4B356;ÖrØXÝ :5Ó�ØM=BJ£ØMDL35@BKM6`3ZØMÖ;:�@ðDFJ]KM:�47DLÒ0J>Þ�Ò]354BKMÖ;@7<
Ör@7ÖrØMÖ`356¼DMJ�ØMDFÖrJ]Ñm3�6�Ú¨J]D¡ÓÔ:>DM×¢3�@BÒ0J¥ØM:¢ÑZ35DFÝ¸3�Ò�DM:hKMKPÕ�:5ØF=?6`35@B<�4B3�<�J135@BA�ØM:>Ú7Ö;Ò¢ä�cæ¯ß

è·=7J(Ó�35Ö;6r47DFJe:5Ó·à>4BJ�DFÝ£ØMDL35@BKM6`3ZØMÖ;:�@¶Ò�3�@ÙÑZ35DFÝ½3>Ò0DF:>KFK�ØF:�Ú7Ö`Ò�K�ÓÔDF:�× ×eÖ`KXØFDF3�@BKM6;35ØMÖ;@7<
� 4BKXØ�:>@7J1:�D·ØXáP:(àh47J]DMÝ¸ØMJ�DF×¢K�ÞSØF:¢@7:5Ø·ØFDF3�@BK¡6`3ZØFÖr@B<(3!ØMJ]DM× 3ZØ�356;6²ß���J]Ú¨J]@BAIÖ;@7<¢:�@?ØM=BJ
6rJ]@7<5ØF=!:�Ó¨ØF=7J�à>4BJ�DFÝ�Þ535@¨A�á�=7J�ØM=7J]D�47@IÛ²ØMDL35@BKM6`3ZØMJcA	ØFJ�DF×eK�3�DMJPÖ;×(Ú�:�DMØF3�@hØ.ÓÔ:>D�DMJ�ØMDFÖrJ]ÑZ356²Þ
ØM=7Ö`K	Ò�3�@½6;J]3�A½ØM:?47@7DFJ]Ò�:ZÑ�J]DF3�Õ76rJ!DMJcK¡4B6sØLK¥á�=BJ�DFJ�ØF=7Je:�@76;Ý£:�ÚIØFÖr:>@Ù6;J0Ó°Ø1ØF:HØF=7Je4BKMJ�D1Ö;K
ØM:%DFJ0ÓÔ:>DM×!476;35ØMJ?ØM=BJ�Ö;DHàh47J�DFÝ�ÞÃ:�D¸4BKMJ½3�6sØFJ�DF@B3ZØFÖrÑ>JHØFDF3�@BKM6;35ØMÖ;:�@ëDMJcK¡:>47DLÒ0J]K]ß�ê�:ZáPJ�Ñ>J�DcÞ
ØM=7J]DMJ135DFJ¥KMÖsØF4B3ZØFÖr:>@BK9á�=7J�@HJ�@7:>47<�=Há9:>DFA7K935DFJ�ØFDF3�@BK¡6`3ZØFJ]AeØF:!DFJ]Ò�:ZÑ�J]D93�KM×¢356;6�K¡47Õ¨K¡J�Ø
:5Ó1DMJ]6rJ]Ñm3�@hØ�AI:IÒ047×eJ�@hØLK�ÞP35@BAðÖ;@ëØM=7JcK¡J�Ò]3�KMJ]KeDFJ�6;J�ÑZ35@BÒ�JÓÔJ�JcAIÕB3�ÒLEðÒ�3�@ðÕ�J�4BKMJ]AìØF:
J0ÜIÚB35@¨A�ØM=BJ¶Ö;@7ÖrØMÖ`356�ØMDL35@¨K¡6`3ZØFJ]A�àh47J]DMÝëá�ÖrØM= ÓÔ47DMØM=7J]DHØFJ�DF×¢K?3�@BA�ØM=7J]DMJ]ÕhÝëÖ;×eÚ7DM:ZÑ>J
DMJ�ØMDFÖrJ]Ñm3�6ÃÚ�J�DMÓÔ:�DF×¢35@BÒ�J¸ÕSÝ��¨@BAIÖ;@7<½×e:�DFJ¸DFJ�6;J�ÑZ35@hØ!A7:SÒ�47×eJ�@hØFK]ß���6rØM=7:>47<�=%ÚBDMJ]ÑhÖ;:�4¨K
á9:>DME¢=B3>K�K¡=B:Zá�@�ØF=B3ZØ�×!476sØFÖr6;Ö;@7<�4B3�6+Ö;×e3�<�J1DFJ0ØMDFÖ;J�ÑZ356ÀÖ`K·ÓÔJ]3>K¡Ö;Õ76;J�:>@6;3�DM<>J�Ò�:�6;6rJcÒxØMÖ;:�@¨K
ä �Zæ²ÞS6;J]KFK9Ö;@SÑ�JcKXØFÖr<h3ZØMÖ;:�@�:5Ó¼DFJ�6;J�ÑZ35@¨Ò0J¥ÓÔJ�J]A7ÕB3�ÒLE¢Ö;@¸ØF=7Ö;K�KFÒ0J]@B35DFÖ;:�=B3>K9:IÒ]Ò047DFDMJcA�ß��V@�ØF=7Ö;K
ÚB35Ú�J�DcÞ�á9JeÚB3mÝ½ÚB35DMØMÖ`Ò0476`35D	35Ø¡ØMJ]@hØMÖ;:�@¶ØM:?ØM=BJ¸K¡ÖrØM4B35ØMÖ;:�@¶Ör@ªá�=7Ö`ÒL=ªÖr@BÖsØFÖ;3�6�DMJ�ØMDFÖrJ]ÑZ356�Ö;K
Ú¨:S:�DcÞ7Ò�3�4BKMJ]AHÕhÝ¸ØMDL35@BKM6;35ØMÖ;:�@?J�DFDM:>DFK]ß

C£:>K¡Ø	Ú7DMJ]ÑSÖr:>4BK�á9:>DME£Ö;@ÙDFJ�6;J�ÑZ3�@BÒ0J(ÓÔJ�JcAIÕB3>ÒLE£Ör@ 8����XÐâ=B3>K�ÓÔ:SÒ�4BKMJ]AÙ:�@¶Ú7DMJ¢3�@BA
Ú¨:hKXØMÛ_ØFDF3�@BK¡6`3ZØFÖr:>@4BK¡Ö;@7<HÕ76rÖ;@BA%ã�:�D¥ÚBK¡J]4BAI:Sç�DFJ�6;J�ÑZ35@BÒ�J1ÓÔJ�JcAIÕB3�ÒLE?×eJ0ØF=7:IA7K�á�=BJ�DFJ�ØM=BJ
ØM:�Ú��!AI:IÒ047×eJ�@hØLK93�DMJ�3>KMKM47×eJ]A(ØF:�Õ¨J¥DMJ]6rJ]ÑZ35@hØ�ã�KMJ�J>Þ>J>ß <¨ß¨ä �Zæ�3�@BA£ä �ZæÔçxß���6sØF=7:�4B<�=¢ØF=7Ö;K
35Ú7Ú7DF:>3>ÒL=Ör@SÑ�:>6rÑ>J]K�@B:�4BKMJ�D�Ör@hØFJ�DL3�ÒxØFÖr:>@+ÞBÖrØ¥Õ�J]Ò�:�×eJ]K¥Ö;@7J0éÀJ]Ò0ØMÖ;Ñ�J�á�=BJ�@£ÓÔJ]á¹DMJ]6rJ]ÑZ35@hØ
AI:IÒ047×eJ�@hØLK�35Ú7Ú�J]3�D�Ö;@HØF=7J	ØF:�Ú��¸3�K·@7:>@IÛ¯DMJ]6rJ]Ñm3�@hØ�3�DMJ	3�6;KM:¢4BKMJ]AHÓÔ:�D·ÓÔJ]J]AIÕB3>ÒLEÀßB2�3�K¡Ø
DMJcK¡Jc35DLÒL=�=B3>K�K¡=7:Zá�@!ØM=¨3ZØÃKM47ÕBK¡ØF35@hØFÖ;3�6IÕ¨J]@7J��7ØLKÃÒ]35@(Õ¨J�:>ÕIØF3�Ör@7JcA(4BK¡Ö;@7<	35@¢3>A7AIÖrØMÖ;:�@B3�6
Ò0:�6;6;J]ÒxØFÖr:>@�KMÖr×eÖ;6;3�D¼ØF:�ØF=B3ZØ�:5ÓIØF=7JPA7:SÒ�47×eJ�@hØ�Ò0:�6;6;J]ÒxØFÖr:>@�Ö;@�ØM=BJPàh47J]DMÝ16`35@7<>4B35<>JÃAI47DFÖr@B<
Ú7DMJ�Û_ØFDF3�@BKM6;35ØMÖ;:�@�àh47J]DMÝeJ0ÜIÚB3�@BKMÖr:>@Ùã�KMJ�J>ÞSJ�ß <Bß�ä �5æ°ç0ÞI=7:ZáPJ�Ñ�J]D�ØF=7Ö;K�3>KMKM47×eJ]KÃØM=¨3ZØ�3!KMÖ;×!Û
Ör6`35D·AI:IÒ047×eJ]@>Ø·Ò0:>6r6;J]Ò0ØMÖ;:�@�Ò]35@¸Õ�J�ÓÔ:>47@BA�Ör@¢ØF=7J1K¡:>47DFÒ�J�6`35@7<>4B35<>J�ßhGI4BÒL=H3�DMJcK¡:>47DFÒ�J�Ö;K
47@76;ÖrE>J�6;Ý!ÓÔ:>D9×¢3�@hÝeÖ;×¢35<�J�Ò0:>6r6;J]Ò0ØMÖ;:�@BK]ÞhKM4BÒL=�3>KÃ=BÖ;K¡ØM:>DMÖ`Ò�Ú7=B:5ØM:><�DL35Ú7=¨K�:�DPÒ0:>×(×eJ]DFÒ�Ö;3�6
Ú7=7:5ØF:�<>DF3�Ú7=7Ö`Ò¸Ò0:>6r6;J]Ò0ØMÖ;:�@BK]Þ¼ØF=7J�DFJ0ÓÔ:>DMJHá9J�ÓÔ:IÒ04BK(:�@ìá�=B3ZØ(Õ¨J]@7J��BØFKeÚ�:>K¡Ø¡Û²ØMDL35@BKM6;35ØMÖ;:�@
J0ÜIÚB35@¨K¡Ö;:�@Ò�3�@?3>ÒL=7ÖrJ]Ñ�J>ß

�V@ªØXÝhÚBÖ;Ò]356�8����XÐ±KFÒ0J]@B35DFÖr:hK�Þ�4B@76rJcKMK�ØM=BJ�4BKMJ�D(Ò�35@ÁDFJ]3>AÁ35@BA%47@BAIJ]DFK¡ØF3�@BAÁAI:IÒ04IÛ
×(J]@hØFK�Ö;@eØM=BJ�6;3�@7<�4¨35<�J·:�Ó¨ØF=7J�AI:IÒ04B×(J]@hØ9Ò0:>6r6;J]Ò0ØMÖ;:�@+ÞZØF=7J�ÝeÒ�3�@7@7:�Ø�Ú7DM:ZÑSÖ`AIJ�DFJ�6;J�ÑZ35@BÒ�J
ÓÔJ�J]A7ÕB3�ÒLEÀßIê�:ZáPJ�Ñ>J�DcÞ�Ö;×e3�<�J¥DMJ�ØMDFÖrJ]Ñm3�6¨ÚBDM:ZÑSÖ`AIJ]KP3�47@BÖ;àh47J�:�Ú7Ú�:�DMØM4B@7ÖsØXÝeÓÔ:>D9J�ÜIÚ76r:>ÖsØFÖr@B<
DMJ]6rJ]Ñm3�@BÒ0J�ÓÔJ]J]AIÕB3>ÒLE¸Ö;@Ù8����XÐÕ¨JcÒ�3�4BK¡J�ÓÔ:>D�×¢35@SÝ�KMJ]35DLÒL=�DFJ]àh47JcKXØLK�ÞI4¨K¡J]DFK�3�DMJ	3�Õ76rJ�ØF:
� 4BAI<�JPDFJ�6;J�ÑZ35@BÒ�J9Õ¨3�KMJ]A	:>@�ØM=BJPÖ;×¢35<>J9ÖrØFKMJ�6rÓBá�ÖrØM=7:>4IØ�ØM=7J·Ö;×e3�<�JPÒ�35Ú7ØMÖ;:�@�á�=BÖ;ÒL=!×e3�E�JcK
DMJ]6rJ]Ñm3�@BÒ0J � 4BAI<>×(J]@hØFK�� �!��"$#%�&"�')(*�,+�'.-%'&�,+$'&�%/²ß0�V@3�A7AIÖrØMÖ;:�@�ØM:!ØM=7Ö`K]ÞI4BK¡J]DFKP35DFJ¥3�Õ76;J�ØF:
� 4BAI<�J�ØM=7J!DMJ]6rJ]Ñm3�@BÒ0J	:�Ó�Ör×¢35<>J]K�×!4BÒL=?Ó�3�K¡ØMJ]D�ØM=¨35@ÓÔ:�D¥AI:IÒ047×eJ�@hØ�DFJ0ØFDMÖ;J�ÑZ3�6_ÞBØM=7J]DMJ]ÕhÝ



356;6r:Zá�Ö;@7<£DFJ�6;J�ÑZ35@hØ!AI:IÒ�47×eJ�@hØFK!Ör@ 6r:Zá DL35@7EÙÚ¨:hK¡ÖrØMÖ;:�@BK�ØM:½Õ¨JH4BK¡JcAÁÖ;@ÁØM=7J�ÓÔJ�JcAIÕB3�ÒLE
Ú7DM:IÒ�J]KFK�Þ�á�=7Ö`ÒL=�:5ØF=7J�DFá�Ö;KMJ�×eÖ;<�=hØ1@7:5Ø1Õ¨J(J0Ü73�×(Ö;@7JcA�ÖrÓ9AI:IÒ047×eJ]@>ØLK¥ØM:�DFJ0ØFDMÖ;J�Ñ>J�áPJ�DFJ
Ò0DF:>KFK�6`35@7<>4B35<>J¢ØMJ�ÜhØLK�ß �¥K � 3�DFAòärå��5æPÒ�:�×e×eJ�@hØFK����M35@ÁÖ;×¢35<>JHKMJ]35DLÒL=ÁJ�@B<�Ö;@7JHÕ¨3�KMJ]A
:�@�Ò0DF:>KFK¡Û²6`35@7<>4B35<>J�ÓÔDFJ�J1ØFJ0ÜSØ�DFJ0ØMDFÖ;J�ÑZ356+áP:�4B6;AÕ�J�35@J�ÜIÒ�J�6;6rJ]@hØ�J]3�DM6;Ý�35ÚBÚ76rÖ`Ò�35ØMÖ;:�@ÓÔ:>D
Ò0DF:>KFKXÛ¯6;3�@7<�4¨35<�J·DFJ0ØFDMÖ;J�ÑZ356¨Õ¨JcÒ�3�4BK¡J�@7:�ØFDF3�@BK¡6`3ZØFÖr:>@¸K¡:�Ó°ØXáP3�DMJ�áP:�4B6;A¢Õ�J�@7J�JcAIJ]A¢:>@¢ØM=BJ
4BK¡J]D]ñ K·×¢3�ÒL=7Ö;@7J>ß �

�V@¸ØM=BJ]KMJ¥J�ÜSÚ�J�DFÖ;×(J]@hØFK]Þ>áPJ�KM=7:ZáëØF=B3ZØ·DMJ]6rJ]ÑZ35@BÒ�J�ÓÔJ�JcAIÕB3>ÒLEeÒ]35@¸=BJ�6;ÚHÖ;×eÚ7DM:ZÑ>J�Ö;@7ÖsÛ
ØMÖ`356ÀDMJ�ØMDFÖrJ]ÑZ356BÚ�J�DMÓÔ:�DF×¢35@BÒ�J¥3>Ò0DF:>KFK�3�ÑZ35DFÖ;J0ØXÝe:5Ó+6`35@7<>4B35<>J]K]Þ�JcK¡Ú�J]Ò�Ö;3�6r6;Ýeá�=7J�@¢ØFDF3�@BKM6;35Û
ØMÖ;:�@à>4¨356;ÖsØXÝ¢Ö`KPÚ¨:S:�DcßIè·=7J1ÚB35Ú�J�D·Ö`K·KXØFDM4BÒ0ØM47DFJ]AH3�K9ÓÔ:�6;6;:Zá�K��SÖ;@?KMJ]Ò0ØMÖ;:�@?í�áPJ�AIJcKMÒ�DMÖ;Õ�J
ØM=7J	J]Ñm3�6r4¨3ZØMÖ;:�@�ÓÔDF3�×eJ�áP:�DFE¢Ör@BÒ�6r4¨AIÖr@B<!ØF=7J	6`35@7<>4B35<>J�×e:IAIJ�6��XÐKMÝSK¡ØMJ]×ÞI:�47D·×eJ0ØF=7:IA
:5Ó"J]ÑZ356;4B3ZØFÖr@7<!DMJ]6rJ]ÑZ35@BÒ�J�ÓÔJ]J]AIÕB3>ÒLEÀÞ>ØF=7J1×eJ]3�KM47DFJ¥:�Ó¼DFJ0ØMDFÖ;J�ÑZ356ÀJ0éÀJ]Ò0ØMÖ;Ñ�J]@7J]KFKP4BK¡JcA�3�@BA
ØM=7J�ØMDL35@¨K¡6`3ZØFÖr:>@�DFJ]KM:�47DLÒ0J¥J�×eÚ76;:ZÝ�J]A+ß��V@£KMJ]Ò0ØMÖ;:�@HîBÞIá9J�Ú7DFJ]KMJ�@hØ�DMJcK¡4B6sØLKÃÓÔ:>D�Ör@BÖsØFÖ;3�6�DMJ�Û
ØMDFÖrJ]Ñm3�6_ÞhØF=7J¥ÑZ3�DMÖ`3ZØFÖr:>@¸:5Ó+DFJ0ØFDMÖ;J�ÑZ356�Ú�J�DMÓÔ:�DF×e3�@BÒ0J¥á�ÖsØF=HÒL=B3�@7<�JcKÃÖ;@�Ú¨35DL35×eJ0ØFJ�DÃÑZ3�6r47JcK�Þ
35@BAeØF=7J�J0éÀJ]ÒxØ·:5Ó+DFJ�6;J�ÑZ3�@BÒ0J�ÓÔJ�J]A7ÕB3�ÒLEÀßSï"Ö;@B3�6r6;Ý�ÞhÖr@?K¡JcÒxØFÖr:>@ ��áPJ¥Ò�:�@BÒ�6r4BA7J�ØM=BÖ;K9ÚB35Ú�J�D
35@BAHÚ7DFJ]KMJ�@hØ�Ö;AIJc3�KPÓÔ:>D�ÓÔ4IØM4BDMJ	áP:�DFEÀß

	 
�����+ÊBÏ����"ÈÃÉ���������É7Í�

��� � !#"%$'&)(+*-,.$-/1032546!�$87�9:/1;.< <=$?>@9BA=;DC

è·=7J �V×¢35<>Jm8��	�ÃïÁØFJ]K¡Ø�Ò�:�6;6rJcÒxØMÖ;:�@�Ò�:�@BKMÖ`KXØLK�:5ÓÃ3�AI:IÒ047×eJ�@hØ1Ò0:�6;6;J]ÒxØFÖr:>@+Þ¨3�K¡J�Ø¥:5Ó�4¨K¡J]D
@7J�JcA7K�J�ÜIÚ7DMJcKMKMJ]AðÖ;@òÕ�:5ØM=�@B3ZØF47DF3�6�6`35@7<>4B35<>J�35@BAòá�ÖsØF=�35@�J�ÜSJ]×eÚ76;3�D�Ö;×¢35<�J>Þ93�@BA
ÓÔ:�DeJ]3>ÒL=ì4BKMJ�De@7J]J]Að3ªK¡J�Øe:�Ó¥DFJ�6;J�ÑZ35@¨Ò0J � 4BAI<�×eJ]@>ØLK£ä 
5æ²ß�è·=7J£AI:IÒ�47×eJ�@hØ�Ò0:>6r6;J]Ò0ØMÖ;:�@
Ò0:�@¨K¡Ö`KXØLK�:�Ó�í$�7Þ;å]î>î!Ö;×¢35<>J]K·ÓÔDF:�× ØM=7JeGhØ ��@BAIDFJ�á�K �+Ö;Õ7DF3�DMÝHÚ7=7:�ØM:�<>DF3�Ú7=7Ö`Ò	Ò0:>6r6;J]Ò0ØMÖ;:�@
35@BA¶356;6�Ör×¢35<>J]K�=B3mÑ>J!35@ª3�Ò]Ò0:>×(Ú¨35@SÝSÖr@7<¸ØMJ0ÜSØF4B356�AIJcKMÒ�DMÖ;ÚIØFÖr:>@ÙÒ0:>@BKMÖ;K¡ØMÖ;@7<?:5Ó�� �BJ]6;A7K
Ör@�3�K¡J]×(ÖrÛVKXØFDM4BÒ0ØM47DFJ]A(ÓÔ:>DM×¢35Ø]ß>è·=BJ]KMJ��BJ�6`A7K9Ò�35@¢Õ�J�4¨K¡JcA¢Ör@¨AIÖrÑSÖ`AI4B3�6r6;Ý!:>D9Ò�:�6;6rJcÒxØMÖ;Ñ�J]6rÝ
ØM:¶Ó�3�Ò�Ör6;ÖsØL3ZØFJHÖ;×¢35<�J?DFJ0ØMDFÖ;J�ÑZ356²ß�è·=7J�í!�7Þ;å]î>î�Ò�3�ÚIØMÖ;:�@¨K(Ò�:�@BKMÖ`KXØ¢:5Ó �$�BÞ �$���ØFJ�DF×eKe3�@BA
å�Þ î!���BÞ �0 �eáP:�DLA:SÒ]Ò047DFDFJ�@BÒ�J]K�EIØM=7J(×¢3ZÜIÖ;×�47×�Ò�3�ÚIØMÖ;:�@£6;J�@B<5ØM=½Ö;K�î7å 
¢á9:>DFABK�Þ¨Õ74IØ¥:>@
3mÑ�J�DL35<>J ���1á9:>DFABK�Ör@¢6;J�@B<5ØM=¼ß���6;6ÀÒ�35Ú7ØMÖ;:�@BK�3�DMJ�á�DFÖrØ¡ØMJ]@¢Ör@GF9DFÖrØMÖ`K¡= ��@B<�6;Ö;KM=+Þ>3�6sØF=7:�4B<�=
ØM=7J96;3�@7<�4B3�<�J�3�6;KM:�Ò0:>@hØF35Ö;@BK"Ò0:�6;6;:Sàh47Ö`356�J0ÜIÚ7DFJ]KFK¡Ö;:�@BK]ß&��Ú7Ú7DF:mÜSÖ;×¢3ZØFJ�6;Ý �BåIHò:5ÓBÒ�3�ÚIØMÖ;:�@¨K
Ò0:�@hØL35Ö;@!ØFJ0ÜSØÃÖ;@¸356;6��BJ]6;ABK�Þ�ØM=7J�DFJ]K¡Ø�<�J]@7J�DL356;6;Ý�á�ÖsØF=7:�47ØÃØM=BJ�AIJ]KFÒ0DFÖ;ÚIØMÖ;:�@ �BJ]6;A�ß��V@¢×e:>K¡Ø
Ò�3�KMJ]KPØF=7J�Ö;×¢35<�J�A7J]KFÒ0DFÖrÚIØFÖr:>@Ö;K¥3e<�DL35×e×¢3ZØMÖ`Ò�3�6+K¡J]@hØMJ�@¨Ò0J	:5Ó�35DF:�4B@BA¶å �(áP:�DLA7K�ß7è·=BJ
×e3 � :�DFÖsØXÝ¶:5Ó�Ö;×¢35<>J]K�ã �>í8H!ç�35DFJ¸Ö;@%Õ76`3�ÒLEª35@BAÁá�=BÖsØFJ�Þ�356rØM=7:>47<�=%Ò�:�6;:�47D!Ör×¢3�<�J]K!35DFJ
356`K¡:eÚ7DFJ]KMJ�@hØ�Ör@HØM=BJ�Ò0:�6;6;J]ÒxØFÖr:>@+ß

è·=7JªØMJcKXØÙÒ�:�6;6rJcÒxØFÖr:>@Ò�:�@BKMÖ;K¡ØFK�:5Ó �@��àh47J�DFÖ;J]KÁã°ØF:�Ú7Ö`Ò�KLçá�=7Ö`ÒL= 35DFJÁAIJ]KMÖr<>@7J]A ØF:
Ú7DM:ZÑSÖ`AIJ�3ÁDL35@7<>J£:5Ó�4BKMJ�DHDMJcàh47J]K¡ØFKeØF: 3%Ò�DM:hKMK¢6`35@B<�4B3�<�J£Ö;×e3�<�J�DFJ0ØFDMÖ;J�ÑZ3�6�K¡ÝIK¡ØMJ]×?ß
�Ã3�ÒL=¸ØM:�ÚBÖ;Ò�Ò0:>@>ØL35Ö;@BKP3�ÓÔJ]áòE�J]ÝháP:�DLA7K9AIJ]KFÒ0DFÖrÕBÖr@7<�ØM=7J14BKMJ�DP@7J]J]A½ã�J�ß <BßS×eJ0ØL356ÀDF3�Ör6;á·3mÝ
Õ7DMÖ`AI<>J]KLç�á�=7Ö`ÒL=¸=B3mÑ�J�Õ�J�J]@¸ØFDF3�@BK¡6`3ZØFJ]A(Ö;@>ØF:!ïBDMJ]@BÒL=+Þ8J�J]DM×¢3�@+Þ��¯ØL356;Ö;3�@+Þ��¥4IØLÒL=+ÞSGIÚB35@IÛ
Ö;KM=�35@¨AH89=7Ö;@7J]KMJ�ßSè·=7J�ØFJ]K¡Ø·Ò�:�6;6rJcÒxØMÖ;:�@¸3�6;KM:�Ò�:�@BKMÖ;K¡ØFKÃ:5Ó¼3�KMJ0ØP:5Ó+DFJ�6;J�ÑZ35@¨Ò0J � 4BA7<�×eJ�@hØFK
ÓÔ:�D�Jc3�ÒL=ðØM:>Ú7Ö`Ò£ÕB3�KMJ]AëÚBDMÖ;×¢35DFÖr6;Ý :>@ëØM=7JÙÖr×¢35<>J�Þ�ÕB4IØ?3�6;KM:%3�KFK¡Ö`K¡ØMJ]AðÕSÝìØM=7JÙÖr×¢35<>J
Ò�35Ú7ØMÖ;:�@+ß�è":�Ú7Ö`Ò�K(35@BA DMJ]6rJ]ÑZ35@BÒ�J � 4BAI<>×eJ�@hØFKe35DFJ�ÚBDM:ZÑSÖ`AIJ]AªÓÔ:>D(3�@ì3>AÁ=7:IÒ�DFJ0ØFDMÖ;J�ÑZ3�6
ØF3�KMEeá�=7Ö`ÒL=¸Ö;KÃØM=BÖ;K��><>ÖrÑ>J�@¸3�×�476rØMÖ;6rÖ;@7<>4B356ÀKXØL3ZØFJ�×eJ�@hØPA7J]KFÒ0DFÖrÕ7Ö;@7<(3	4BKMJ�DP@7J�JcA�Þ$�¨@BA�3>K
×e3�@SÝ�DMJ]6rJ]ÑZ35@hØ�Ör×¢3�<�J]K	3>K1Ú¨:hKMKMÖ;Õ76rJ(ÓÔDF:�× ØM=7J¸AI:IÒ�47×eJ�@hØ!Ò0:>6r6;J]Ò0ØMÖ;:�@+ß+è·=BÖ;K	DFJ0ØFDMÖ;J�ÑZ3�6
ØF3�KMEeK¡Ö;×�476`3ZØFJ]KÃá�=7J�@¸3	4¨K¡J]DÃÖ`K93�Õ76rJ�ØM:�J�ÜSÚBDMJcKMK�ØF=7J�Ö;DP@7J�JcAeÖr@¸@¨3ZØM4BDF3�6B6`35@7<>4B35<>J�ÞZÕ74IØ
DMJcà>4BÖrDFJ]K·3(ÑSÖ;KM4B356+A7:SÒ�47×eJ�@hØ�ØM:eÓÔ4B6 �B6;6�ØF=7J�Ö;D�KMJ]35DLÒL=�DFJ]àh47JcKXØcß



��� � !#"%$ �������	��
 $89�IA $��-*-<���� 7�9�$?(

�V@1ØM=7J ��������� Ör×eÚ76;J�×eJ�@hØL3ZØMÖ;:�@	:�ÓI6;3�@7<�4B3�<�J�×e:IAIJ�6;Ör@B<·ÓÔ:�D��XÐ	ÞcAI:IÒ047×eJ]@>ØLK+35@¨A	à>4BJ�DFÖrJcK
35DFJ¥ÑSÖ;J�áPJ]A?3�K·:�Õ¨K¡J]DMÑZ3ZØFÖr:>@BK9ÓÔDM:>×±<�J]@7J�DL3ZØFÖrÑ>J���47@7Ö;<�DL35× 6`35@7<>4B35<>J¥×e:IAIJ]6;K	ã_K¡J]J�ÞIJ�ß <Bß
äså>å0æBÓÔ:>D9×e:>DMJ�Ö;@IÓÔ:>DM×¢3ZØFÖr:>@¨çxß��¥47J]DMÖ;J]K935@BA¸A7:SÒ�47×eJ�@hØFKP35DFJ�DFJ�Ú7DFJ]KMJ�@hØFJ]A¢3�KÃJ]K¡ØMÖ;×¢3ZØMJcA
6;3�@7<�4B3�<�J¢×e:IAIJ�6`K!á�ÖsØF=%á9:>DFAªÚBDM:>ÕB35Õ7Ö;6;ÖsØFÖrJcK�AIJ]DMÖ;Ñ�JcA¶ÓÔDM:>× ØF=7JHA7:SÒ�47×eJ�@hØFK]Þ�à>4BJ�DFÖrJcK
35@BA�ØM=7J·Ò0:>6r6;J]Ò0ØMÖ;:�@!3>K"3¥á�=7:>6rJ>ßmè·=BJ9JcKXØFÖr×¢3ZØFJ]A!à>4BJ�DFÝ13�@BA�A7:SÒ�47×eJ�@hØ�6;3�@7<�4¨35<�JÃ×(:IASÛ
J�6`K	ã����� 35@BA����� DFJ]KMÚ�J]ÒxØFÖrÑ>J�6;Ý7ç93�DMJ1Ò0:>×eÚB35DFJ]A?35@BAHDL35@7E>J]A¸4¨K¡Ö;@7<(ØM=7J��)�+Û¯A7ÖrÑ>J�DF<�J�@¨Ò0J
×(Jc3�KM47DFJ�Þm35@!3�Ú7Ú7DF:>3>ÒL=	á�=7Ö;ÒL=eÒ�3�@�Õ�JP6;Ö;E�J�@BJ]A	ØF:�ØF=7J·Ñ�JcÒxØM:>D¡ÛVKMÚB3�Ò�J�×(:IAIJ]6I:5ÓBDFJ0ØFDMÖ;J�ÑZ3�6
á�=7J�DFJ¢à>4BJ�DFÖrJcK�3�@BA¶AI:IÒ047×eJ�@hØLK	35DFJ(DFJ�ÚBDMJcK¡J]@>ØFJ]A½ÕhÝ½Ñ�J]Ò0ØM:>DFK¥DF35ØM=7J]D�ØM=B3�@¶6`35@B<�4B3�<�J
×(:IAIJ]6;K]ß

è·=7J·J]K¡ØMÖ;×e35ØMJcA(A7:SÒ�47×eJ�@hØ�6`35@7<>4B35<>J9×e:IAIJ�6 �� � Ö`K�Ò0:>×(ÚB4IØMJcA�ÓÔDF:�×¹ØM=7J�KM×e:h:�ØM=7JcA
Ú7DM:>ÕB35ÕBÖr6;ÖsØXÝ(:5Ó+3�àh47J]DMÝ(áP:�DLA(KMJ�J]@¸Ö;@eØM=7J�AI:IÒ047×eJ�@hØcÞ�ØF=7J�×e:IAIJ�6ÀKM×(:S:�ØM=7JcAeÕhÝ(4BKMÖr@B<
ØM=7J�Ò0:�6;6;J]ÒxØFÖr:>@¢6;3�@7<�4¨35<�J�×e:IAIJ]6BØF:�J]K¡ØMÖ;×¢3ZØMJ¥á9:>DFA(Ú7DF:�Õ¨35Õ7Ö;6rÖrØMÖ;J]KÃá�=7J�@H3�àh47J�DFÝ!áP:�DLA
Ö;K�@B:5Ø"KMJ�J]@�Ö;@1ØM=BJ�AI:IÒ047×eJ�@hØcß ��������� KM47Ú7Ú�:�DMØFK�ØM=7DFJ�J�×eJ0ØF=7:IA7K�:�ÓIKM×e:S:5ØM=BÖr@7<.� �>J�6;Ör@7J]EhÛ
C£J�DLÒ0J]D]ÞBFP3mÝ>J]KMÖ;3�@�KM×e:S:5ØM=BÖr@7<¥4BKMÖr@7< ��Ö;DMÖ`ÒL=76;J0Ø�2�DFÖr:>DFK]Þ035@BA�35ÕBKM:�6;4IØMJ9AIÖ;KFÒ0:>47@hØMÖ;@7<�ã_K¡J]J
äså>å0æ�ÓÔ:�D�3eÒ0:>×eÚB35DFÖ;KM:�@H:5Ó.DMJ�ØMDFÖrJ]Ñm3�6�Ú¨J]D¡ÓÔ:>DM×¢3�@BÒ0J�4BKMÖr@7<(ØF=7J]KMJ�K¡×e:S:5ØF=7Ö;@7<!×eJ�ØM=7:IA7KLçxß

!�ÖsØF=7:�4IØ"ÓÔJ�JcAIÕB3�ÒLEÀÞ]ØM=7J9Ú7DF:�ÕB3�Õ7Ör6;ÖrØXÝ¥:�Ó7Ú7Ö;ÒLESÖ;@7<¥3�á9:>DFA¥ÓÔDF:�×ØM=BJ9JcKXØFÖr×¢3ZØFJ]A�àh47J]DMÝ
×(:IAIJ]6 �� � Ö`K�Ò0:�×eÚ747ØMJ]A�4BKMÖr@7<¥ØM=BJP×¢35ÜSÖ;×�4B× 6rÖ;E�J]6rÖ;=7:S:IA�J]K¡ØMÖ;×¢3ZØF:�D�ÕB3�KMJ]A�J�@hØMÖ;DMJ]6rÝ	:>@
ØM=7J·àh47J�DFÝ1ØMJ�ÜhØcßZê�:ZáPJ�Ñ�J]D]Þ�ØM=7J·KM=7:�DMØMJ]D¼ØF=7JPàh47J]DMÝ>ÞcØM=7JP×e:�DFJÃ47@BK¡ØF3�Õ76;JP3�@BA�Ö;@B3�Ò]Ò047DL3ZØFJ
ØM=7Ö`K�J]K¡ØMÖ;×¢3ZØFJ	á�Ör6;6¼Õ�J EIØF=7J�DFJ0ÓÔ:>DMJ	3¢Ò�:�×e×e:�@?×(J�ØM=7:IA:�Ó.Ö;×eÚ7DM:ZÑSÖ;@7<(ØM=7Ö`K�JcKXØFÖr×¢3ZØFJ	Ö;K
ØM:?J0ÜIÚB35@¨AØM=7Jeàh47J�DFÝ×e:SA7J�6�4BKMÖr@7<HDMJ]6rJ]ÑZ35@BÒ�J�ÓÔJ�JcAIÕB3>ÒLE�ß FPÝ£J0ÜIÚ76;:�ÖrØMÖ;@7<HA7:SÒ�47×eJ�@hØFK
ØM=7J¢4BKMJ�D�=B3�K � 4BA7<�J]Aª3>K1DMJ]6rJ]Ñm3�@hØ¢ã�:�D�4¨K¡Ö;@7<?ØM=7JeØF:�Ú ��AI:IÒ04B×(J]@hØFK1ÓÔDF:�× 3�@ªÖr@7ÖrØMÖ`356
K¡Jc35DLÒL=¨çxÞSDFJ0ØMDFÖ;J�ÑZ356�Ú�J�DMÓÔ:�DF×¢35@BÒ�J�Ö`K·:5Ó°ØFJ�@Ö;×(ÚBDM:ZÑ>J]A¸Õ�J]Ò]354BKMJ	ÖrØ�=7J�6;ÚBKPØM:¸KM47Ú7ÚB6rJ]×(J]@hØ
ØM=7JÖ;@7ÖsØFÖ;3�6�4BKMJ�D¢àh47J�DFÝªá�ÖsØF=ðÒ�:�6;6rJcÒxØMÖ;:�@7Û¯KMÚ¨JcÒ0Ö �¨ÒHá9:>DFA7K!:�Õ7ØF35Ö;@7JcAÁÓÔDF:�×�3ÙÓÔJ�JcAIÕB3�ÒLE
×(:IAIJ]6_ß �V@ ��������� Þ�ØM=7J¥Ú7DF:SÒ�J]KFK�:�Ó+ÓÔJ�JcAIÕB3�ÒLEeÖ`K�ØF:�47ÚÀA735ØMJ¥ØM=7J1àh47J�DFÝ!6`35@B<�4B3�<�J�×e:IAIJ�6
á�ÖsØF=%J0ÜSØMDL3£J]ÑhÖ`AIJ]@BÒ0J�Ò�:�@hØF3�Ör@BJ]AªÖ;@ÁØM=7J¸ÓÔJ�J]A7ÕB3�ÒLEªAI:IÒ047×eJ]@>ØLK�Þ.DL3ZØM=BJ�D	ØF=B35@ KMÖ;×(ÚB6rÝ
3�A7AIÖ;@7<�3>A7AIÖrØMÖ;:�@B3�6IØMJ]DM×¢K�ØM:	ØF=7J�Ö;@7ÖrØMÖ`356¨àh47J]DMÝ>ß8J�Ö;Ñ�J]@¸35@¢J]K¡ØMÖ;×¢3ZØFJ]A(ÓÔJ�JcAIÕB3>ÒLE!×e:IAIJ�6
���" ÕB3�KMJ]AÁ:>@ 3¶K¡J�Ø!:5Ó�ÓÔJ�J]A7ÕB3�ÒLEÁAI:IÒ04B×(J]@hØFK$#&% ã(' ��) '�* )+,+-) '�.7ç�3�@BAÁØF=7J?:�DFÖr<>Ör@B3�6à>4BJ�DFÝ?×e:IAIJ]6 �� � Þ¨ØF=7Je47ÚÀA73ZØFJ]A½àh47J]DMÝ£×e:IAIJ]6 �� �0/ Ö`K1Ò0:�×eÚ747ØMJ]A�ÓÔDM:>×�Ör@hØFJ�DFÚ¨:>6;35ØMÖ;@7<
ØM=7J1ØXáP:e×(:IAIJ]6;K��

���� /1%¹ã¡å3254�ç	����76 4��� " ãXåmç
è·=7J$8�' ' +:9 �<;>=?;A@ '(BC;&( '&�%/D4 Ò0:>@hØMDF:�6`K�ØF=7JÖr@�E¨47J�@BÒ�J:5Ó�ØF=7J?ÓÔJ�J]A7ÕB3�ÒLEÁ×e:IAIJ�6²ß �¯Ó

45% ��J]K¡ØMÖ;×e35ØMJcK¼35DFJ�ÕB3>K¡JcA1J�@hØMÖ;DMJ]6rÝ�:�@1ØF=7J�Ö;@7ÖrØMÖ`356Sà>4BJ�DFÝDE]á�=7J�DFJ]3>K�ÖrÓ�4F% å�JcKXØFÖr×¢35ØMJ]K
35DFJ?Õ¨3�KMJ]AìJ�@hØMÖ;DMJ]6rÝ :�@ìØM=7J�KMJ0Ø¢:5Ó�ÓÔJ�JcAIÕB3>ÒLE AI:IÒ047×eJ]@>ØLK�ß ��6;6r:Zá�Ö;@7<ÙØM=7J£Ö;×eÚB3�Ò0Ø¸:5Ó
ØM=7J¢ÓÔJ]J]AIÕ¨3�ÒLE½×e:IAIJ]6�ØM:�ÑZ3�DMÝ½Ò]35@ªÕ�J¸4BKMJ]A¶ØM:£Ö;@SÑ�JcKXØFÖr<h3ZØMJ(ØF=7J¸J0éÀJ]Ò0ØFK	:�Ó�Ör@BÒ�6r4¨AIÖr@B<
ØM=7J(Ör@BÖsØFÖ;3�6�à>4BJ�DFÝ?Ö;@�ØF=7Je47ÚÀA73ZØFJ]A½àh47J]DMÝ×e:IAIJ�6�:>@½DFJ0ØMDFÖ;J�ÑZ356.Ú¨J]D¡ÓÔ:>DM×¢3�@BÒ0J>ß�è·=7Ö`K�Ö;K
ÚB35DMØMÖ`Ò0476`35DF6;Ý�DMJ]6rJ]ÑZ35@hØ�ØM:�Ò�DM:hKMK�6`35@7<>4B35<>J·J�ÑZ356;4B3ZØFÖr:>@eá�=7J�DFJ·ØM=7J¥à>4¨356;ÖsØXÝ!:5ÓÀØM=7J�Ör@7ÖrØMÖ`356
à>4BJ�DFÝìÖ`K�Þ·35×e:>@7<>K¡Ø¸:5ØF=7J�D�Ó�3�ÒxØF:�DLK�ÞPAIJ�Ú�J�@¨AIJ�@hØH:>@ëØM=7J¶àh4B356;ÖsØXÝë:�Ó�ØF=7J�ØFDF3�@BKM6;35ØMÖ;:�@
DMJcK¡:>47DFÒ�J�ß��V@ ��������� Þ+ØXá9:£×eJ0ØF=7:IA7K(Ò�35@ÁÕ�J¸4BKMJ]AÁØM:�JcKXØFÖr×¢3ZØFJ¢ØM=BJ¸ÓÔJ�JcAIÕB3>ÒLEÙ×e:IAIJ�6
�� " �+ãXåmç·3!ØXá9:eÒ0:>×(Ú�:�@BJ�@hØ�×eÖsÜSØM4BDMJ1×e:IAIJ�6²ÞB35@¨AÙã²í�çPAIÖ;Ñ�J�DF<�J]@BÒ0J�GmDFÖ;KMEe×eÖr@7Ö;×eÖ;KF3ZØFÖr:>@
35@BAëÕ�:5ØF=�35Ú7ÚBDM:h3�ÒL=7JcK!=¨3mÑ�J£Õ�J�J�@ K¡=7:Zá�@ðØF:%Õ¨JÙJ0éÀJ]Ò0ØMÖ;Ñ�J£ÓÔ:>D¸DMJ]6rJ]ÑZ35@BÒ�J£ÓÔJ�JcAIÕB3�ÒLE
HJI OLYhOMT¡R�UXablmO�abY¥UXo>O�iVOLYhiVO"UXoSR�U¼RPÅ5f>OFTVn�[]T"g�[Z�LfhW	OLYZU�asi+¤]OLYhOFT¡R0UXOxg��Zn�Qhab�¡ 5asY>¤9�.[]T¡g>i�\rTX[cW
UXohO�ÅZf>OFTVn�[]T9g>[Z�Lf>W	OLYZU�qsR]Y>¤cfSR�¤cO�W	[5g>OFqÔu



äsåmímæ¯ß��V@%Õ�:5ØM=Á×eJ�ØM=7:IA7K]Þ"3�KMJ]Ò�:�@BA¶ÚB3�DF3�×eJ0ØMJ]D�� Ö;K�4BK¡JcA¶ØM:�Ò�:�@hØMDF:�6�á�=BJ0ØM=BJ�D�áP:�DLA
J]K¡ØMÖ;×e35ØMJcK�ÓÔ:�D1ØM=BJeÓÔJ�J]A7ÕB3�ÒLE£×e:IAIJ�6935DFJ(AIJ]DMÖ;Ñ�JcA½J]@hØMÖ;DMJ]6rÝÓÔDF:�×�ØF=7J¸KMJ0Ø	:5ÓPÓÔJ�JcAIÕB3�ÒLE
AI:IÒ047×eJ�@hØLK?ã�� % �>çxÞ�ØF=7J£Ò0:>6r6;J]Ò0ØMÖ;:�@%6`35@7<>4B35<>J�×e:IAIJ�6�ã�� %�åcçxÞ�:>D(KM:�×eJ�á�=BJ�DFJHÖ;@
Õ¨J�ØXá9J]J�@Áã=�������åcç0ßBè·=7Ö`K�Ò�35@Õ�J	4BKMJ]AHØM:¢Ú7DF:�×e:�ØMJ�á9:>DFA7K·á�=BÖ;ÒL=£35DFJ1Ò0:�×e×e:�@Ö;@
ØM=7J�ÓÔJ�J]A7ÕB3�ÒLE£AI:IÒ04B×(J]@hØFK]Þ¨Õ747Ø¥@7:�Ø�Ò0:>×e×(:>@½3�Ò]Ò0:>DFAIÖ;@7<eØF:¸ØM=BJ!Ò0:>6r6;J]Ò0ØMÖ;:�@�6`35@B<�4B3�<�J
×(:IAIJ]6_ß

�V@ ØF=7J]KMJ£J0ÜIÚ�J�DFÖr×eJ�@hØLK�Þ�áPJ4BK¡J?ØF=7J �)��ÛVAIÖ;Ñ�J�DF<�J]@BÒ0JH6;3�@7<�4¨35<�JH×e:SA7J�6�á�ÖrØM=ðØM=BJ
35ÕBKM:�6;4IØMJ�AIÖ`KMÒ�:�47@hØMÖ;@7<!×(J�ØM=7:IA�:5Ó"KM×e:h:�ØM=7Ö;@7<!á�ÖsØF=�� % � + Sß�!¶J�ÓÔ:IÒ04¨K9ÚBDMÖ;×¢35DFÖr6;Ý!:>@ØM=7J9ØXá9:�Û¯Ò�:�×eÚ�:�@7J]@>Ø.×eÖsÜSØM4BDMJP×e:SA7J�6hØM:¥J]K¡ØMÖ;×e35ØMJPá9:>DFA�Ú7DM:>ÕB35ÕBÖr6;ÖsØFÖrJcK¼Ö;@�ØF=7JPÓÔJ�JcAIÕB3�ÒLE
×(:IAIJ]6BÕ�J]Ò]354BKMJ·Ör@7ÖrØMÖ`356¨J0ÜIÚ�J�DFÖr×eJ�@hØLK�K¡=B:Zá9JcA�ØF=7Ö;KÃ<>3mÑ>J9=7Ö;<�=BJ�D�DFJ0ØFDMÖ;J�ÑZ356IÚ�J�DMÓÔ:�DF×¢35@BÒ�J
ØM=B3�@ ØF=7J�AIÖ;Ñ�J�DF<�J]@BÒ0J�GmDFÖ;KME¶×(Ö;@7Ö;×eÖ;KF3ZØFÖr:>@ð3�Ú7Ú7DF:>3�ÒL=¼ß �V@ë356;6�J0ÜIÚ�J�DFÖr×eJ]@>ØLK�Þ�áPJ£KXØFJ�×
Õ¨:�ØM=ëà>4BJ�DFÝ 35@BAìAI:IÒ047×eJ]@>ØLKe4BKMÖr@7<¶ØF=7J£2�:�DMØMJ�DeK¡ØMJ�×e×eJ�DcÞ�35@¨A DFJ�×e:ZÑ�J?KXØF:�ÚSáP:�DLA7K
4BK¡Ö;@7<¶3£6rÖ`K¡Ø(:�Ó¥í ���£Ò�:�×e×e:�@ �Ã@7<�6;Ö`K¡=ÁáP:�DLA7K]ß �V×¢35<>J]K�3�DMJ�Ör@BA7J0ÜIJ]AÁ:>@ 356;69Ò]35ÚIØFÖr:>@
�BJ�6`A7K·ÓÔ:>D�Õ¨:�ØM=?ØM=7J	DFJ0ØFDMÖ;J�ÑZ3�6À3�@BAHÓÔJ�JcAIÕB3�ÒLE�Ör@BA7Ö;Ò�J]K]ß

���
	 !#"%$ 9�I* C 7B<=*�9BA=;DC 
 $?7�;��0�I> $� ��� 7�9� *-C
�V@�ØM=7JcK¡J½J0ÜIÚ¨J]DMÖ;×eJ�@hØFK]ÞÃáPJ£ØFDF3�@BK¡6`3ZØFJ]A�Ò�DM:hKMK¢6`35@B<�4B3�<�J?ØM:>Ú7Ö;Ò]K�Ö;@hØM: �Ã@7<�6;Ö`K¡=ë4BKMÖr@B<
GSÝIKXØFDF3�@+Þ�3 Ú�:�Ú74B6;3�D?×¢3>ÒL=7Ör@BJ½ØFDF3�@BK¡6`3ZØFÖr:>@ ã�C½è�ç�DFJ]KM:�4BDFÒ�J½á�=7Ö`ÒL=�=B3>K?Õ¨J]J�@4BK¡JcA
Ör@ìÚB3�K¡Ø¢8�� �XÐ DMJcK¡Jc35DLÒL=�ã�KMJ�J�Þ�J>ß <¨ßPä �mæÔçxß���KMÖr@B<¶GSÝIK¡ØMDL35@ 3>K!3�ØMDL35@BKM6;35ØMÖ;:�@ÁDFJ]KM:�47DLÒ0J>Þ
6rÖ;E�J�3�@SÝ�ÓÔ:>DM× :5Ó�ØFDF3�@BK¡6`3ZØFÖr:>@×(J�ØM=7:IA�Þ�á�Ö;6r6.DMJcK¡4B6sØ�Ö;@�J]DMDF:�@7J]:�4BK�àh47J]DMÖ;J]K�Õ¨JcÒ�3�4BK¡J�:5Ó
AIÖ��¸Ò�476sØFÖrJcK�J]@BÒ0:>47@hØMJ]DMJcA¶A747DMÖ;@7<ØFDF3�@BK¡6`3ZØFÖr:>@ªÖr@BÒ�6r4¨AIÖr@B< �"KM=7:>D¡Ø�àh47J]DMÖ;J]K	DFJ]KM476rØMÖ;@7<�Ö;@
6rÖrØ¡ØF6rJ�ÖrÓ�@7:�@7J�KMÝS@hØF3�Ò0ØMÖ`Ò1KXØFDM4BÒ0ØM47DFJ1ØM:¢J�ÜIÚ76r:>ÖsØcÞIJ�DFDM:>DFKPÖ;@?ØM=7J�:>DMÖ;<�Ö;@B3�6ÀÒ�DM:hKMK·6`35@B<�4B3�<�J
ØMJ0ÜSØ1ãÔJ�ß <BßhK¡Ú�J�6;6;Ör@7<�×(Ö`K¡ØF35E>J]K�:>DÃÖ;@BÒ0:>DMDFJ]Ò0Ø�4BKMJ�:5Ó+AIÖ`3�Ò�DMÖrØMÖ`Ò�KLçxÞ>6;3>ÒLE�:5Ó+Ò�:ZÑ�J�DL35<>J·ÕhÝ!ØM=BJ
ØMDL35@BKM6;35ØMÖ;:�@ì6rJ�ÜSÖ`Ò0:>@+Þ�Ör@¨Ò0:�DFDFJ]ÒxØ!ØMDL35@BKM6`3ZØMÖ;:�@ì:5Ó�Ú7=7DL3�KMJ]K]Þ"×eÖ`KXÛ²ØMDL35@BKM6`3ZØMÖ;:�@ :5Ó¥ÚBDM:>Ú¨J]D
@B35×eJ]K]Þ+35@¨A½Ö;@BÒ0:>DMDFJ]Ò0Ø�ØFDF3�@BK¡6`3ZØFÖr:>@½:�ÓP35×!Õ7Ö;<�47:>4BK�á9:>DFA7K(ãÔJ>ß <¨ß+K¡J]6rJcÒxØFÖr@7<?ØF=7Jeá�DM:>@7<
K¡J]@BK¡JP:5ÓÀ3�@7:�47@(:�D�Ñ>J�DFÕ¨çxßZè·=7J·J0éÀJ]Ò0Ø�:5ÓBØFDF3�@BKM6;35ØMÖ;:�@�J]DMDF:�DLK":�@�DFJ0ØFDMÖ;J�ÑZ3�6hÚ�J�DMÓÔ:�DF×¢35@BÒ�J
ÓÔ:�D �V×¢35<>Jm8��	�ÃïªØF:�Ú7Ö`Ò�K�Ö`K�A7Ö;KFÒ04BKFKMJ]A?Ör@%ä�cæ¯ßBïB:�D�×e:�DFJ	Ö;@IÓÔ:�DF×¢3ZØMÖ;:�@?:�@½GIÝSK¡ØMDL35@¼Þ7K¡J]J
J�ß <Bß+ärå]îZæ¯ß

����� 2 �-*-<��%*�9BA=C%, 
 $?<=$��-*-C%> $ 4 $?$����%*->��

è¼:�J]ÑZ356;4B3ZØFJ�ØM=7JÃJ0éÀJ]ÒxØLK¼:�ÓIDMJ]6rJ]Ñm3�@BÒ0J�ÓÔJ]J]AIÕ¨3�ÒLE�:�@�Ò0DF:>KFK�6`35@7<>4B35<>J�Ör×¢3�<�J�DFJ0ØMDFÖ;J�ÑZ356²Þ0áPJ
4BK¡JcA!ØM=7J�ÓÔ:>6r6;:Zá�Ö;@7<1J0ÜIÚ¨J]DMÖ;×eJ�@hØF3�6IÚ7DF:SÒ�J]AI4BDMJ>ß5ï"Ö;DLKXØcÞZØM=7J¥Ò0DF:>KFK"6`35@B<�4B3�<�J]K.ØF:�Ú7Ö`ÒPØMÖrØM6;J]K
ÓÔDM:>×âØF=7J �V×e3�<�JZ8�� �Ãï½ØMJcKXØ·Ò0:>6r6;J]Ò0ØMÖ;:�@¸áPJ�DFJ�ØFDF3�@BK¡6`3ZØFJ]AeÖ;@hØM: �Ã@7<�6;Ö`K¡=¸4¨K¡Ö;@7<(GIÝSK¡ØMDL35@¼ß
��KMÖr@7<(ØF=7J1ØMDL35@BKM6`3ZØMJcA¸ØF:�Ú7Ö`Ò¥ØMÖrØM6;J]K]Þ7áPJ�Ú�J�DMÓÔ:�DF×eJ]A?35@?Ör@BÖsØFÖ;3�6+DMJ�ØMDFÖrJ]ÑZ356²ÞSØM=7J1ÕB3>K¡J]6rÖ;@7J�Þ
4BK¡Ö;@7<!ØM=7J	KMJ0Ø·:5Ó�� /�� ( ;�/�(*�%/ '����&'A;�/ ( @ �eDFJ�6;J�ÑZ35@¨Ò0J � 4¨AI<�×eJ�@hØLKPØM=B35Ø·3>Ò�Ò0:>×eÚB35@SÝ(ØM=7J�ØFJ]K¡Ø
Ò0:�6;6;J]ÒxØFÖr:>@+ß]è":¥KMÖ;×�476`3ZØFJ�DMJ]6rJ]ÑZ35@BÒ�J�ÓÔJ�JcAIÕB3�ÒLEÀÞcá9JÃJ0ÜSØMDL3�Ò0ØMJ]A1DFJ�6;J�ÑZ3�@>Ø�AI:IÒ047×eJ]@>ØLK�ÓÔDF:�×
ØM=7J�Ö;@7ÖrØMÖ`356+DL35@BE�J]AH6;Ö;K¡ØFK·ØF:¸Ò0DFJ]35ØMJ�KMJ0ØFK�:5Ó�DMJ]6rJ]Ñm3�@BÒ0J � 4BA7<�×eJ�@hØFK�á�=7Ö`ÒL=Ò�:�@hØF3�Ör@?:�@B6rÝ
ØM=7:hK¡J�DFJ�6;J�ÑZ3�@>ØÃÓÔ:�47@BA�á�ÖsØF=7Ö;@¸DF3�@7E(Ú¨:hK¡ÖrØMÖ;:�@��¨ß���Ú7DM:>Ú¨:>D¡ØFÖr:>@e:5Ó�ØM=BJ]KMJ�DFJ�6;J�ÑZ35@hØÃáPJ�DFJ
4BK¡JcA!ØM:1Õ747Ö;6;Ae3¥ÓÔJ�JcAIÕB3>ÒLE�×e:SA7J�6IÓÔDF:�×¹á�=BÖ;ÒL=e3�A7A7ÖsØFÖr:>@B3567àh47J]DMÝ	ØFJ�DF×¢K�á9J]DMJ�KMJ�6;J]ÒxØFJ]A�ß
��KMJ]Ò0:>@BA(DMJ�ØMDFÖrJ]ÑZ356Bá·3�K�Ú¨J]D¡ÓÔ:>DM×eJ]Aeá�ÖrØM=eØF=7J�4BÚ�A735ØMJcA¸àh47J�DFÝ�×e:IAIJ�6¨ØM:!K¡Ö;×�476`3ZØFJ�ØM=BJ
K¡ÖrØM4B35ØMÖ;:�@¸Ö;@�á�=BÖ;ÒL=�3�4BKMJ�D·K¡J]6rJcÒxØFK9DFJ�6;J�ÑZ35@hØÃÖ;×¢35<�JcK�ÓÔDF:�×�ØF=7J�ØF:�Ú �¨ßhïB:�DPÕ¨:�ØM=HÖr@7ÖrØMÖ`356
DMJ�ØMDFÖrJ]Ñm3�6+35@BA�ÓÔJ�JcAIÕB3>ÒLE�ÞSØF=7J�35@¨K¡áPJ�D�KMJ0Ø�á·3�KP6rÖ;×eÖsØFJ]A?ØF:?åB� � ��Ö;×¢35<�JcK�ß

�PØ�ØM=7J�J�@BAe:�Ó�ØF=7J�ÓÔJ]J]AIÕ¨3�ÒLE!Ò�ÝIÒ06;J�ÞZØF=7J�J�é�JcÒxØÃ:�ÓÀDFJ�6;J�ÑZ3�@BÒ0J·ÓÔJ]J]AIÕB3>ÒLE�Ö`K�J]Ñm3�6r4¨3ZØMJcA
ÕhÝ%Ò�:�×eÚB3�DMÖ;@7<�ÖrØeØM:¶Ör@7ÖrØMÖ`356·Ú�J�DMÓÔ:�DF×¢35@BÒ�J�ß �V@ðKM:�×eJHÒ]3�KMJ]K!Ör@BÖsØFÖ;3�6�DMJ�ØMDFÖrJ]Ñm3�69Ö`K(Ú¨:S:>D



3�K¥@7:HDFJ�6;J�ÑZ3�@>Ø�Ör×¢3�<�J]K�35ÚBÚ¨Jc35D�Ör@ÙØM=7J!ØM:>Ú �¨ß,�V@½ØM=7JcK¡JeKMÖsØF4B3ZØFÖr:>@BK�Þ ��������� AI:SJ]K�@7:�Ø
<�J�@BJ�DL3ZØMJ·35@SÝ�àh47J]DMÝ1ØFJ�DF×eK�3�@BA�DFJ0ØFDMÖ;J�ÑZ3�6S35Ó°ØMJ]D"ÓÔJ]J]AIÕ¨3�ÒLE�DFJ]KM476rØFK.Ör@e35@(J�×eÚIØXÝ�3�@BKMá9J]D
K¡J�ØH35@BAð@7: J�ÑZ356;4B3ZØFÖr:>@�KMÒ�:�DFJ]K]ß�è·=7Ö;KH3ZéÀJ]Ò0ØFK¢DFJ0ØFDMÖ;J�ÑZ356¥3ZÓ°ØMJ]D¢ÓÔJ�JcAIÕB3>ÒLEð3�@BAð×e3�E�JcK
DMJcK¡476rØFK�35Ú7Ú�J]3�D	á9:>DFKMJ(ØM=B3�@ÙØF=7J�Ýª35DFJ�ß+è·=BJ�DFJ0ÓÔ:�DFJ�Þ�DL3ZØF=7J�D�ØM=B3�@¶J]ÑZ356;4B3ZØFJ¸35@ªJ�×eÚIØXÝ
35@BKMá9J]D.KMJ0ØcÞcØM=7JPÖr@BÖsØFÖ;3�6IDMJ�ØMDFÖrJ]Ñm3�6>DFJ]KM476rØFK"á9J]DMJ94BKMJ]A�Ö;@BK¡ØMJc3�A�ßZè·=7Ö`K.×(Jc35@BK.DFJ]KM476rØFK"á�ÖsØF=
@7:eDMJ]6rJ]Ñm3�@hØ·Ö;@?ØM=7J1ØF:�Ú��eá�Ör6;6+=B3mÑ>J¥@B:¢J0éÀJ]ÒxØ�:>@HDFJ0ØFDMÖ;J�ÑZ3�6�Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�ß

��35DFÖr:>4BKÃ3�Ú7Ú7DF:>3�ÒL=BJ]K�ØF:!J]ÑZ356;4B3ZØFÖr@7<�ØM=7J�J0éÀJ]Ò0ØFK·:�Ó+DMJ]6rJ]Ñm3�@BÒ0J¥ÓÔJ�JcAIÕB3>ÒLE(=¨3mÑ�J�Õ�J�J]@
K¡47<><�JcKXØFJ]A�E�×e:>K¡Ø�AIJ]DMÖ;Ñ�JcA½ÓÔDF:�× ØM=7J¢Jc35DF6rÝÙá9:>DME£:>@¶ØM=7JHG7C ��Ð�è K¡ÝIK¡ØMJ]× ã�KMJ�J>Þ+J�ß <Bß
äså �5æÔç¥3�@BA¶Ör@¨Ò06;4BAIJ¢DL35@7E£ÓÔDFJ�J���Ö;@7<BÞ�4¨K¡Ö;@7<£3?DMJcK¡Ö`AI4B3�6�Ò0:�6;6;J]ÒxØFÖr:>@+Þ+35@¨AÙ4¨K¡Ö;@7<?ØMJcKXØ�3�@BA
Ò0:�@hØFDM:>69<>DM:>47ÚBK]ß.C£J�ØM=7:IA7K(Ú7DF:�Ú�:>KMJ]A%Ör@ðÚ7DFJ�ÑSÖr:>4BK!á9:>DMEÁ3ZØMØMJ]×(Ú7Ø(ØF:ÙJ]6rÖ;×eÖr@¨3ZØMJ?Ö;×!Û
Ú7DM:ZÑ>J�×eJ�@hØLK�Ö;@�DFJ0ØMDFÖ;J�ÑZ356ÀAI47J¥ØM:(DMJ�Û²DL35@BEhÖ;@7<¨Þ�DL3ZØM=BJ�D�ØF=B35@ �B@BAIÖ;@7<(@7J�á�DMJ]6rJ]Ñm3�@hØPAI:IÒxÛ
47×eJ�@hØFK]ß�C£Jc3�KM47DMJcK�K¡4BÒL=e3�K�3mÑ>J�DL35<>JÃÚ7DFJ]Ò�Ö;KMÖr:>@!3�DMJ·ÕB3>K¡JcA�:>@�ØF=7J�@S47×�Õ�J�D�:�Ó�DFJ�6;J�ÑZ35@hØcÞ
35@BADL35@7E?Ú�:>KMÖsØFÖr:>@�35@BA£4B@76rJcKMK¥AI:IÒ047×eJ]@>ØLK�4¨K¡JcA?ÓÔ:�D�ÓÔJ]J]AIÕ¨3�ÒLE35DFJ�J�6;Ör×eÖ;@B3ZØFJ]A?ÓÔDF:�×
ØM=7J(DMJcK¡4B6sØLK�ÞÀ3¢6`35DF<�J�Ö;@BÒ0DFJ]3>K¡J�Ör@ÙÚ¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�Ò]35@�Õ�J!:>ÕBKMJ�DFÑ�J]AAI4BJ�ØF:�DFJ0Û¯DF3�@7ESÖr@7<¨ß
è·=7Ö;K�Ö;K	Ú¨35DMØMÖ`Ò0476`35DF6rÝ½@7:5ØFÖ;Ò�J]35ÕB6rJ¢Ö;@ªÓÔJ�JcAIÕB3�ÒLE½:ZÑ�J�D�KMJ�Ñ>J�DL356�ÖrØMJ�DL3ZØFÖr:>@BK]ß��V@¶ØM=7JcK¡J¸J�ÜSÛ
Ú¨J]DMÖ;×eJ�@hØFK¥AI:IÒ047×eJ�@hØLK�ÓÔDF:�× ØM=7J	ÓÔJ]J]AIÕ¨3�ÒLEK¡J�Ø¥35DFJ	@7:5Ø�AIÖ;KMDFJ�<>3�DFA7J]A?3ZÓ°ØMJ]D�ÓÔJ]J]AIÕB3>ÒLEÀÞ
Õ74IØ·ØM=7Ö`K·AI:SJ]K9@7:5Ø�3ZéÀJ]Ò0Ø9ØF=7J1ÑZ356;Ö;AIÖrØXÝ¢:5Ó+:>47D·DMJcK¡4B6sØLKÃÕ�J]Ò]354BKMJ¥áPJ�ÓÔ:IÒ�4BKP:�@H3�@¸J�ÑZ3�6r4IÛ
3ZØMÖ;:�@¢×eJc3�KM47DMJ�ÕB3�KMJ]A¢:>@¢DMJcÒ�3�6r6�3ZØ �!@7:5Ø9DF3�@7E!Ú�:>KMÖrØMÖ;:�@¸á�=7J]DMJ�Ör@BÒ�DMJc3�KMJ]KÃÖr@¸DFJ0ØFDMÖ;J�ÑZ3�6
Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J¥Ò]35@¸:>@76;ÝeÒ�:�×eJ�ÓÔDF:�× @7J]áòDFJ�6;J�ÑZ35@hØPA7:SÒ�47×eJ�@hØFK9ÓÔ:>47@BA¸Ö;@¢ØF=7J�ØF:�Ú��!3ZÓ°Û
ØMJ�D�ÓÔJ�J]A7ÕB3�ÒLEÀß�!¶J�Ò0:�×eÚ747ØMJ�35@35Õ¨K¡:>6r4IØFJ1×(Jc3�KM47DFJ�:�Ó"J�é�JcÒxØMÖ;Ñ�J]@7J]KFK·Õ�J0ÓÔ:�DFJ�35@¨AH35Ó°ØMJ�D
ÓÔJ�J]A7ÕB3�ÒLE�3�@BA(Ò0:�×eÚB3�DMJPØF=7J·DMJcK¡476rØFK.ÓÔDF:�× ØM=7Ö`K�Ö;@(:>47D�J�ÑZ3�6r4B35ØMÖ;:�@+ß!��6sØF=7:�4B<�=!ÓÔDM:>×¹ØM=BJ
4BK¡J]D¡Û¯Ú�J�DLK¡Ú�J]Ò0ØMÖ;Ñ�J�AI:IÒ04B×(J]@hØFK�KMJ�6;J]Ò0ØMJcA?ÓÔ:�D�DFJ�6;J�ÑZ3�@BÒ0J1ÓÔJ]J]AIÕB3>ÒLE�áP:�476`A£35ÚBÚ¨Jc35D�3�<>35Ö;@
Ör@(ØM=BJ�35@BKMáPJ�D�KMJ0Ø]Þ�ÖsØ�Ö`K�@7:�Ø�47@BÒ�:�×e×e:�@(ØM:��B@¨A!Ö;×¢35<>J�DMJ�ØMDFÖrJ]Ñm3�67K¡ÝIK¡ØMJ]×eK�á�=BÖ;ÒL=¢:�é�J]D
ØM=7Ö`K�ESÖr@¨AH:�Ó"DFJ�6;J�ÑZ35@¨Ò0J�ÓÔJ�JcAIÕB3�ÒLE�Ör@hØMJ]D¡Ó�3>Ò0J¢ãÔJ>ß <¨ß¨8 � C�2 �¥GBG * 35@BA !¶J�Õ¨GSJ]J�E��mçxß

����� 2 �-*-<��%*�9BA=;DC�� $8* 7 �0� $87

�V@½ØF=7J]KMJeJ0ÜIÚ¨J]DMÖ;×eJ�@hØFK]ÞÀØM=BJ(<>:>3�6.:�Ó9DFJ�6;J�ÑZ35@¨Ò0J!ÓÔJ�J]A7ÕB3�ÒLE£Ö`K�ØM: �B@BA½ÓÔ47DMØM=7J]D	DMJ]6rJ]ÑZ35@hØ
AI:IÒ047×eJ�@hØLK�Þ�ÚB35DMØMÖ`Ò04B6;3�DM6;Ý�á�=7J]@£ÓÔJ�á DFJ�6;J�ÑZ3�@>Ø�A7:SÒ�47×eJ�@hØFK�35ÚBÚ¨Jc35D�Ö;@£ØF=7J�ØF:�Ú �Bß !¶J
4BK¡J
	�% å�� �3>K�3£Ò04IØMÛ²:�éìÚ�:�Ö;@hØ�ÓÔ:�D�J]ÑZ356;4B3ZØFÖr:>@¶Õ�J]Ò]354BKMJeÓÔDF:�× :>47D�J�ÜSÚ�J�DFÖ;J�@BÒ�J]K	Ö;@
Õ747Ö;6;AIÖ;@7<¥ØM=7J �V×¢35<�JZ8�� �9ï�ØFJ]K¡Ø.Ò�:�6;6rJcÒxØMÖ;:�@¼Þ � 4BA7<�Ö;@7<�ØF=7J9DFJ�6;J�ÑZ3�@BÒ0JÃÓÔ:�D"3�6;3�DM<>J�@S47×�Õ�J�D
:5Ó�Ö;×e3�<�JcK�Ö`K�ÓÔJc3�KMÖrÕ76;J�ß�è·=7J�<>:>3�6¼Ö`K�ØF=7J�@�<>ÖrÑ>J�@ØF=B3ZØ�4BK¡J]DFK�Ö;A7J�@hØMÖrÓÔÝ£DMJ]6rJ]ÑZ35@hØ�Ö;×e3�<�JcK
ÓÔDM:>×�ØF=7J�ØM:>Ú¢å�� �7ÞxØF:�354IØF:�×¢3ZØFÖ;Ò]356;6rÝ �B@BA�ÓÔ47DMØM=BJ�D¼DFJ�6;J�ÑZ3�@>Ø+Ö;×¢35<>J]KÃã�ÖsÓ73�@hÝ�×e:�DFJ�J0ÜIÖ`KXØxç
35@BA?Õ7DFÖr@B<eØM=7JcK¡J	Ö;@hØM:eØM=BJ1ØM:�ÚªåB� �7ß0�V@?ØF=7Ö;K�J�ÑZ356;4B35ØMÖ;:�@+Þ73eDFJ]Ò]356;6�×(Jc3�KM47DFJ�Ö`K�4BKMJ]AHØF:
J�ÑZ356;4B3ZØFJ¸DFJ0ØMDFÖ;J�ÑZ356�Ú�J�DMÓÔ:�DF×¢35@BÒ�J¢Ör@ á�=7Ö;ÒL=ªØF=7J�×e:ZÑ>J�×eJ�@hØ�:5Ó·ÓÔJ]J]AIÕB3>ÒLE¶A7:SÒ�47×eJ�@hØFK
Ö;K	Ö;<�@B:�DFJ]A½3�@BA¶á9J¸3>KMKM47×eJ(ØM=B35Ø)�B@BAIÖ;@7<£@7J]áâDFJ�6;J�ÑZ3�@>Ø	Ö;×¢35<�JcK1Ö;K1×e:>DMJeÖ;×(Ú�:�DMØF3�@hØ
ØM:¢ØF=7J�4BKMJ�D�ØM=B3�@£ØM=BJ�Ö;D¥DL35@7EHÚ¨:hK¡ÖrØMÖ;:�@¼ß�2ÃDMJcÒ0Ö`K¡Ö;:�@£3ZØ ��×eJ]3>K¡47DFJ]K�ØM=7J!Ú7DM:>Ú¨:>D¡ØFÖr:>@:5Ó
DMJ]6rJ]Ñm3�@hØeAI:IÒ�47×eJ�@hØFK(ÓÔ:>47@BAðÖr@ìØM=BJHØF:�Ú �ªDF3�@7EÁÚ¨:hK¡ÖrØMÖ;:�@¨K�Þ�DFJ�<h35DLAI6rJcKMK�:5Ó�Ú¨:hK¡ÖrØMÖ;:�@+Þ
35@BAeÚ7DFJ]Ò�Ö;KMÖ;:�@e3ZØ�åB��G5í ��Ö`K�:�Ó°ØMJ]@¸à>4B:5ØMJcAeÖr@¢DFJ�6;J�ÑZ3�@BÒ0JPÓÔJ�JcAIÕB3>ÒLE�ß8FPJ]Ò�3�4BKMJPáPJ�3>KMKM47×eJ
4BK¡J]DFK�ØM:½KMJ]3�DFÒL=¶ØF=7J �BDLK¡Ø�å�� �Ör×¢35<>J]K]Þ¼áPJ¸4BKMJ¸Ú7DFJ]Ò�Ö;KMÖr:>@%3ZØ�åB� �Áã�� ��� çxß�ê�:ZáPJ�Ñ>J�DcÞØM=7Ö`KP×(Jc3�KM47DFJ�Ö;KP3ZéÀJ]Ò0ØMJcA¢ÕSÝ!ØF=7J¥ØM:5ØL356�@S47×�Õ�J�DP:5Ó+DFJ�6;J�ÑZ35@¨Ò0J�3>KMKMJ]KFK¡×eJ]@>ØLK�Ö;@¢ØM=BJ�ØFJ]K¡Ø
Ò0:�6;6;J]ÒxØFÖr:>@+ß>è·=BÖ;K9AI:SJ]K�@B:5Ø935é�JcÒxØÃÚ7DFJ]Ò�Ö;KMÖ;:�@¢3ZØ�åB�	:�DPí@�7Þ�Õ74IØ9Ö;@eØM=BJ �V×¢35<>Jm8�� �9ï£ØFJ]K¡Ø

� ¦��������·dhd���o5UVUXQ�� �����F[cW	QSR�iViLu abUX�]u a¬U��
� ÂOL�Sd�OLOF ���oZUVUXQ�� ���0������u �FUVTxu �L[cqbf>W��hasR5u OLg>f��xÂOL�Sd>´¼´¼ ��



Ò0:�6;6;J]ÒxØFÖr:>@ � �8H :�ÓBØM:>Ú7Ö`Ò�K�=B3mÑ>JÃÓÔJ]á9J]D�ØM=B3�@HåB� �¥DMJ]6rJ]Ñm3�@hØ.á�=7Ö`ÒL=¢Ò�3�4BK¡JcK"ØM=7J�� �   KMÒ�:�DFJØM:¢Õ�J	6rJcKMKPØF=B35@¶å�Þ7J]Ñ�J]@HÖrÓ�3�6r6�DFJ�6;J�ÑZ3�@>Ø�Ö;×¢35<�JcK�35DFJ�ÓÔ:>47@BA?Ö;@HØF=7J1ØM:>Úªå�� �Bß
è·=7J�DFJ0ÓÔ:>DMJ½3ì@7:>DM×¢356;Ö`K¡JcA�Ú7DFJ]Ò0Ö`KMÖr:>@�3ZØªå�� �%×eJ]3>K¡47DFJ½Ö`K?4BKMJ]A�ØF=B3ZØ£@7:>DM×¢3�6rÖ`K¡JcK

� ��� á�ÖsØF=�DMJcK¡Ú�J]Ò0Ø¸ØM:ªØF=7J�@S47×�Õ�J�D�:5Ó1DMJ]6rJ]Ñm3�@hØ�AI:IÒ047×eJ�@hØLK¢ÓÔ:�D¢Jc3�ÒL=�àh47J�DFÝ�ß9è·=7Ö;K
×(Jc3�KM47DFJ]K¥ØM=7JeÚ7DF:�Ú�:�DMØMÖ;:�@Ù:5ÓÃDFJ�6;J�ÑZ3�@>Ø�AI:IÒ�47×eJ�@hØFK�DFJ0ØMDFÖ;J�Ñ�JcA�Ö;@½ØF=7JeØM:>ÚìåB� �ÙãÔÖ²ß J>ß+3
DMJcÒ�356;6�×eJ]3>K¡47DFJcç0ÞÀDF35ØM=7J]D1ØM=B3�@ÙØF=7JeÚ7DF:�Ú�:�DMØMÖ;:�@¶:5ÓÃØF=7JeØM:>Úëå�� �Há�=7Ö`ÒL=¶3�DMJeDFJ�6;J�ÑZ35@hØcß
J�ÖrÑ>J�@¢3 � ��  KFÒ0:�DFJ�35@BAe3	KMJ0Ø�:�ÓÀDFJ�6;J�ÑZ3�@BÒ0J � 4BAI<>×eJ�@hØFK�ÓÔ:�DÃ3	àh47J]DMÝ��ðãÔØM=7J¥K¡Ö ��J�<>ÖrÑ>J�@
ÕhÝ������ ç0ÞIØM=7J	@B:�DF×e3�6rÖ`KMJ]A¸ÚBDMJcÒ0Ö`K¡Ö;:�@3ZØ	å�� �eKMÒ�:�DFJ � .��
	
� ��� Ö`K·<�Ö;Ñ�J]@HÕSÝ �

� .���	� �   %
� �� �� åB� �

��� 	�ãXåB� � ) ����� ç ã_í>ç

è·=7J¢@7:�DF×¢356;Ö;KMJ]A½Ú7DFJ]Ò0Ö`KMÖr:>@¶KFÒ0:>DMJeDL35@7<>J]K¥ÓÔDM:>× �Ö;@BAIÖ`Ò�3ZØFÖr@B<£@7:DMJ]6rJ]Ñm3�@hØ1Ö;@ªØM=BJ
ØM:�Ú½å�� �BÞ5ØF:�å�á�=7Ö`ÒL=¸Ö;@BAIÖ`Ò�35ØMJ]K9J�ÖrØM=BJ�D·356;6¨DFJ�6;J�ÑZ35@hØ93�DMJ�Ör@¢ØF=7J�ØF:�Ú�åB� �¸ã�ÖsÓ��������å�� �hç
:�D!ØM=B35Ø¢3�6r6PØF:�Ú�åB� �ÙAI:IÒ047×eJ�@hØLK(3�DMJ?DFJ�6;J�ÑZ35@hØ?ã�ÖsÓ�������� å�� �hçxß !ÙJ£3�6;KM:ÙÒ�:�×eÚ74IØFJ
ØM=7J@S47×�Õ�J�De:�Ó¥<�:S:IA 3�@BA%Õ¨3�AÁØF:�Ú7Ö`Ò�K(á�ÖrØM=7Ö;@ðØM=7J?ØF:�Ú �¨ß � "�@ @ +HØF:�Ú7Ö`Ò�Ö`Ke:�@BJHÖ;@
á�=7Ö;ÒL=¸3�6r6BDMJ]6rJ]Ñm3�@hØÃAI:IÒ047×eJ�@hØLKÃ35DFJPÓÔ:�47@¨Aeá�ÖsØF=7Ör@¸ØM=7J�ØF:�Ú ��3�@BA!ÓÔ:�D�á�=7Ö`ÒL=¢DFJ�6;J�ÑZ35@BÒ�J
ÓÔJ�J]A7ÕB3�ÒLE�áP:�4B6;AÙ@7:5Ø	Õ�J¢@7J]Ò�J]KFKM3�DMÝ£Õ�J]Ò]354BKMJe@7:?ÓÔ47DMØM=7J]D�DMJ]6rJ]ÑZ35@hØ�AI:IÒ047×eJ�@hØLK1J0ÜIÖ;K¡Ø]ß
ï7:�D 	 % åB� �7ÞBØM=7JcK¡Je35DFJ�Ö;@BAIÖ`Ò�35ØMJ]A½ÕSÝ � .��
	
� ��� %±å�ß � 9 ��+�ØM:�ÚBÖ;Ò�Ö;K�:�@BJ�Ö;@½á�=7Ö`ÒL=
@7:¢DMJ]6rJ]ÑZ35@hØ�AI:IÒ047×eJ]@>ØLK�35DFJ�ÓÔ:�47@¨AÖr@?ØM=BJ	ØM:>Ú �¸3�@BAHÓÔ:�D�á�=BÖ;ÒL=DFJ�6;J�ÑZ35@BÒ�J1ÓÔJ�JcAIÕB3�ÒLE
á�Ör6;6BØF=7J�DFJ0ÓÔ:>DMJ�Õ�J�4B@BK¡4¨Ò�Ò0JcKMK¡ÓÔ476.ãÔ47@76;J]KFK�ØF=7J�4¨K¡J]D�Ö;KÃá�Ör6;6;Ör@7<�ØM:�<>:	Õ¨J]Ý�:>@BA(ØM=7J�ØM:>Ú��hçxß
ï7:�D 	F% å�� �7Þ7ØF=7J]KMJ!3�DMJ!Ör@¨AIÖ;Ò]3ZØFJ]A£ÕSÝ �0.���	� �   %6�Bß �V@£ØF=7J(DMJcK¡476rØFK¥áPJ!K¡ØMÖ;6r6�àh47:5ØFJ
C£J]3�@���Ñ>J�DL35<>J�2�DFJ]Ò0Ö`KMÖr:>@ ã�C �¥29ç¥KMÒ�:�DFJ]K�ØM:K¡=7:Zá ØF=7J(J0éÀJ]ÒxØLK�:5Ó�DFJ0Û¯DF3�@7ESÖr@7<¨ÞBDFJ]Ò]356;6
ãÔÚ7DFJ]Ò�Ö;KMÖr:>@?35Ø	å�� � �>ç0Þ � ��� ÞB35@¨A � .��
	
� ��� ß

� � �! SÍ �XÉ" ��È�Ì$#òÏ
 hÎ�Í% & hÏ¡ËÃÈ

	 � � &)C%A 9BA=*-< 
 $89�IA $��-*-<(' $��*) ; � ( *-C%> $

è"3�Õ76rJHå!KM47×e×¢35DFÖ;KMJ]K¥DMJ�ØMDFÖrJ]ÑZ356¼Ú�J�DMÓÔ:�DF×¢35@BÒ�J�ÓÔ:>D�Ö;@7ÖsØFÖ;3�6�DMJ�ØMDFÖrJ]Ñm3�6"á�ÖrØM=B:�4IØ�ÓÔJ�JcAIÕB3�ÒLE
3ZØ�	 %¹å�� �7ß ��6`K¡:	KM=7:Zá�@!3�DMJ9ØM=BJ�@h4B×�Õ�J�D�:5Ó	8�� (*� ' +PØF:�Ú7Ö`Ò�K]ÞmØM=B:>KMJ9á�=7Ö`ÒL=eJ�ÖrØM=7J]D�DMJ�ØM47DF@
@7:¢Ör×¢3�<�J]K�3ZØ¥3�6r6²Þ7:�D�@7:¢DMJ]6rJ]ÑZ35@hØ�Ör@ØF=7J	ØF:�ÚÁå�� � �BßSè·=BJ]KMJ	ØM:>Ú7Ö;Ò]K�Ò�3�@7@7:�Ø�Õ¨J�=BJ�6;Ú¨JcA
35@BA½DMJcà>4BÖrDFJ	ØM=BJ!4BKMJ�D¥ØM:?DFJ0ÓÔ:�DF×�4B6;35ØMJ	ØF=7J�Ö;D1Ör@7ÖrØMÖ`356�àh47J]DMÝ>Þ¨:>D�ØM4BDM@½ØM:?Õ7DM:Zá�KMÖ;@7<¢ØM=BJ
Ò0:�6;6;J]ÒxØFÖr:>@¸ØF: �¨@BA�DFJ�6;J�ÑZ3�@>Ø·Ö;×e3�<�JcK�ßIè·=7J1@S47×�Õ�J�D�:�Ó+ØM:>Ú7Ö`Ò�K·á�=7Ö`ÒL=?Ò]35@HÕ¨J1Ö;×(ÚBDM:ZÑ>J]A
35DFJ¥ØF=7:>KMJ1á�=7Ö`ÒL=?3�DMJ1@7:�Ø�Ò06`3�KFK¡JcA�3�K·<>:S:SAH:�D�Õ¨3�A�ß

��Ò�Ò�:�DLAIÖ;@7<ªØM: C ��2�Þ9ïBDMJ]@BÒL=�áP:�476`A�35Ú7Ú�J]3�D¸ØF:%Ú¨J]D¡ÓÔ:>DM× ØM=BJ�Õ¨JcKXØ?:�4IØH:5Ó	ØM=BJ
Ò0DF:>KFK�6;3�@7<�4¨35<�J�DFJ]KM476rØFK93ZØP3�@¸3mÑ�J]DF3�<�J·:5Ó $�Iß�� H :�Ó+×e:�@7:>6rÖ;@7<�4¨356"ã ���8H :�Ó � .��
	� ��  çxßJ�J�DF×e3�@¶3�@BA �¯ØF3�6rÖ`35@ªÚ�J�DMÓÔ:�DF× K¡Ö;×eÖr6`35DF6;Ý�Þ+Õ747Ø	ØM=7J]DMJ¸3�DMJ¢AIÖré�J]DMJ]@BÒ0JcK�ß	��6rØM=7:>47<�=¶ØM=BJ
J�J�DF×e3�@�C ��2ÙKMÒ�:�DFJ�Ö`K+=7Ö;<�=7J]D+ØF=B35@ �¯ØL356;Ö;3�@+Þ]ØM=7JÃØM:�ÚBÖ;Ò9ÒL=B35DL3�Ò0ØMJ�DFÖ`KXØFÖ;Ò]K�ØMJ�6;6S3�AIÖré�J]DMJ]@hØ
KXØF:�DFÝ�ß J�J�DF×¢35@¶=B3�K¥ØM=BJ¢=7Ör<>=7J]K¡Ø	@S47×�Õ�J�D	:�Ó9<�:S:IA£ØF:�Ú7Ö`Ò�K	Ò�DM:hKMK�6`35@7<>4B35<>J�Þ�Õ74IØ�3�6;KM:
K¡=B3�DMJcKPØM=7J�=7Ör<>=7J]K¡Ø�@S47×�Õ�J�D¥:5Ó�ÕB3�A?ØF:�Ú7Ö`Ò�K�ãÔá�ÖrØM= �¥4IØFÒL=¨ç0Þ�3�@BAHØM=7J�=7Ör<>=7J]K¡Ø�@S47×�Õ�J�D
:5Ó+Ó�3�Ör6;J]A¸ØM:�ÚBÖ;Ò]K�ß7GSÖ;@BÒ0J¥ØM=BJ�4¨K¡J]DÃØFJ�@BA7KP@7:�Ø9ØF:!ES@7:ZáëØF=7J1@S47×�Õ�J�D·:5Ó"DMJ]6rJ]Ñm3�@hØ9Ö;×e3�<�JcK
ÓÔ:�D�3eØF:�Ú7Ö`Ò5ÞBØM=7J]@ØM=7J�Õ¨J]@7J��7ØLK�:�Ó�K¡ÝIK¡ØMJ�×¢K�á�ÖrØM=�3¸=7Ör<>=£@S47×�Õ�J�D�:�Ó�<�:S:IA�ØF:�Ú7Ö`Ò�K¥35DFJ
Ú7DM:>ÕB35ÕB6rÝì6rJcKMK¸KMÖ;<�@7Ö �¨Ò�3�@hØ¢ØM=B3�@ò3ÁK¡ÝIK¡ØMJ�× á�=7Ö`ÒL=ëDMJ�ØM47DF@BK¢@7: DMJ]6rJ]Ñm3�@hØ¸Ör@ëØF=7J£ØM:>Ú
å�� �Bß7è·=7J	J0éÀJ]Ò0ØFK�:�Ó�DF3�@7E¸Ú�:>KMÖsØFÖr:>@?:>@£C ��2�Ò]35@Õ¨J	:>ÕBKMJ�DFÑ�J]A+ÞSØM=7J � .��
	
� ��� KFÒ0:>DMJcK=7Ör<>=7J�DPDFJ EBJcÒxØMÖ;@7<�DFJ]Ò]356;6BDL3ZØF=7J�DÃØM=B3�@¸ØM=BJ�Ú�:>KMÖsØFÖr:>@¸:5Ó�ØF=7J¥Ö;×¢35<>J�ß>è.35ÕB6rJ!å¥356`KM:�K¡=B:Zá�K



� �>�������h� � iVfhW	W�R0TVn	[]\+abYha¬UXasR]qBTXOFUVTXabOLl]R]qBQIOFTV\`[�TXW�R]Yh�FO�R0lcOFT¡R]¤]OxgeR]�MTX[ciVi9R]qbq¨UX[]Qhab�Li

��� ���¥W	[]Yh[1©ÃOL�xR�qbq �9l5¤ �Ãl�¤ �¥W	[]Yh[�¿�[cQ>ab�Li�¿�[]Qhab�Lie¿¨[cQhab�Li(¿�[cQ>ab�Li
��� � 	 H�
�
 	������� H�
�
 	������� H�
�
 ¤][Z[5g �SR]g UX[1abW	QBuÃ\`R]abqbOxg

�([cY>[ ��u ������� ³ ��u ���! �"#��u$�%�����&��u ���%'( ³  � �  �) �
I OFTXW�R�Y*��u �(���� +)�'�u '��,��u -��!)�'#��u$�! �)� .��u -������ )�"�u '(� �%" "  � -
µ>TXOLY>�Mo/��u �0��-1�2)��5u ���,��u ���(��"#��u$�%-� ��3��u -�"1�! ���5u �(� �%� �  ��  
^_U¡R�qbarR�Y4��u �(���%�5)� 5u "��,��u )���"��#��u$������ .��u -�-( �- ���cu ��� ��� )  �" '
N·f�UX�Mo ��u '�����-+-�"�u ���,��u )��1�%�#��u$����'��3��u ����'( )� 5u �(� �!� "  �- �
d�QhR]Y>asiVo6��u '�"��(�5)��cu ���,��u )�-�'��#��u$����-��3��u -������ ����u �(� �%- � '�� �
¦.ohabY>OLiVO7��u  �)�"��8����u )��,��u )� ����9��u$���%��-&��u �!�0�%- -�)5u �(� �%' �  �" �

ØM=7J�ÚBDM:>Ú¨:>D¡ØFÖr:>@H:�Ó.DFJ�6;J�ÑZ35@hØ�Ö;×¢35<�JcK·ÓÔ:�4B@BA?Ör@ØF=7J	ØM:>ÚÁå�� �7ÞSÓÔ:�D�J0Ü735×eÚ76;J	:�@£3mÑ�J]DF3�<�J
35DF:�47@BA �BåIH :�Ó13�6r6�DMJ]6rJ]Ñm3�@hØ¸Ör×¢35<>J]K¸3�DMJ?ÓÔ:>47@BAëÖ;@ëØM=7J£ØF:�Ú åB� �ÙÓÔ:�D¸×e:>@7:�6;Ör@B<�4B3�6
35@BA � �?H¹ÓÔ:>D�89=7Ö;@7JcK¡J�DMJ�ØMDFÖrJ]ÑZ356²ßhè·=7J�DFJ]KM476sØLKÃÖ;6;6r4BK¡ØMDL3ZØFJ�ØF=B3ZØPØM=7J � �   35@BA � .��
	� �� KMÒ�:�DFJ]K¢356`KM:¶ÑZ3�DMÝìÕ¨JcÒ�354¨K¡J � �   ×eJ]3>K¡4BDMJ£Ö`K¸KMJ�@BKMÖsØFÖrÑ>JØM:ªØF=7J�@S47×�Õ�J�D�:5Ó	DMJ]6rJ]ÑZ35@hØ
� 4BAI<�×eJ]@>ØLK1ÓÔ:�D�3?ØF:�Ú7Ö`Ò5ß"ï7:�D	J�Ü735×eÚ76;J�Þ � �   ÓÔ:�D �¥4IØLÒL=ÁÖ;K16;:Zá9J]D1ØM=B3�@¶ØM=7J � �   ÓÔ:>D89=7Ör@BJ]KMJ�Þ7Õ747Ø�ÑhÖ`Ò0J�Û²Ñ>J�DLKM3�ÓÔ:�D·ØF=7J � .���	� �   KMÒ�:�DFJ]K]ß

� �>�����;:B� �ÃlmOFT¡R]¤]O"T¡R�Yh �QI[ciVa¬UXab[cY=<°¤cOL[]W	OFUVTXab��W	OxR�Y?>B[�\h¾>TXi¯U@��TXOFqsOFlcR�Y5UÀasW�R�¤cOLiÀR]YSg�RxlmOFT¡R�¤cO
Y5f>W��IOFT�[�\ÀTXOLqbOLl]R]YZU�abY(UX[cQA�%���=<°asY>�Lq°uSi¯U¡R�YSghR0T¡g(g�OLl5arR0UXab[cY?>

�Fi¯U# �YSgB'0T¡gC��UXoD�xUXo �9l5¤¥TXOLq
TXOLq�TXOLq TXOLq TXOLq TXOLq¢abY(UX[cQE�%���

�([cYh[ �]u �F'�u �G�5u "H"�u$�F�%�5u �I�%�J<K�%"5u  �"(>
I OFTXW�R]Y*'5u �L-�u  M"�u �N����u  O�%-5u �J�%-J<K�%-5u$���!>
µ>TXOLYh�¡oP'5u �Q-�u �2���]u �7�%-5u 'R�%�5u �I�%�J<� ��]u ���(>
^_U¡R]qbasR]YS Zu �T�5u �U"�u "N�%'5u )O�!�Zu �=�!)I<K�!�Zu "�"(>
N·f>UX�¡o ��uV�I-�u -5uW�%�5u �7�!�Zu �R�!)Zu  =���X<K�! Zu$�%�(>
d�QSR�YhabiVoY'5u  L)5u �B���]u '*����u "R�!)Zu �I�%-J<K�%-5u ����>
¦.ohabYhOLiVO=�Zu '*�! Zu '*�!)Zu �; � Zu  9 ��5u "I���X<K�!)Zu �(-(>

è"3�Õ76rJ¸í?KM=7:Zá�K�ØM=7J¸3mÑ>J�DL35<>J�Ú�:>KMÖsØFÖr:>@Ù:�Ó9ØF=7J �BDLKXØ �HDFJ�6;J�ÑZ35@hØ	Ör×¢3�<�J]K1Ö;@ªDMJcK¡4B6sØLK
ÓÔDM:>× J]3>ÒL=½6`35@7<>4B35<>J!35@¨A�ØF=7J¢×eJ]35@¶@S47×�Õ�J�D	:�Ó9DFJ�6;J�ÑZ35@hØ1Ör@ÙØM=BJeØM:�Úðå�� �7ÞÀÖ;<�@7:>DMÖ;@7<
ØM=7:hK¡J(ØM:>Ú7Ö`Ò�K�ÓÔ:�D1á�=7Ö`ÒL= �0.���	� �   % �Bß �V@¶<>J�@7J]DF3�6_ÞÀDFJ�6;J�ÑZ35@hØ1Ör×¢3�<�J]K¥ÓÔ:>D�Ò0DF:>KFK¥6`35@7Û
<�4B3�<�J�DFJ0ØMDFÖ;J�ÑZ356><�J�@BJ�DL356;6rÝ�35Ú7Ú�J]3�D¼Ö;@�6r:ZáPJ�D¼DF3�@7E¥Ú�:>KMÖrØMÖ;:�@BK+ØM=B3�@	ÓÔ:�D.×e:�@7:>6rÖ;@7<�4¨356�3�@BA
Ör@ÙÚB35DMØMÖ`Ò0476`35D�4BKMJ�DLK¥3�DMJ!<�:>Ör@7<�ØM:?=B3mÑ�J�ØM:K¡Jc35DLÒL=£ØM=BJ�ÓÔ47DMØM=BJ]K¡Ø�Ö;@½ØF=7J¸89=7Ör@BJ]KMJ(3�@BA
��4IØLÒL=eDMJcK¡476rØFK]ß � @(3mÑ>J�DL35<>J�Þ�4¨K¡J]DFK.á�Ö;6r6 �B@¨A�ÓÔJ]á9J]D.DFJ�6;J�ÑZ3�@>Ø�Ö;×e3�<�JcK"Ö;@eÒ0DF:>KFK"6`35@B<�4B3�<�J
DMJ�ØMDFÖrJ]Ñm3�6hØM=B3�@!×e:�@B:�6;Ör@7<>4B356²ÞcDMJcK¡476rØMÖ;@7<1Ö;@�ÓÔJ]á9J]D�3mÑZ3�Ör6`35Õ76;JÃÖ;×¢35<>J]K"ÓÔ:�D�DFJ�6;J�ÑZ35@BÒ�JÃÓÔJ]J]ASÛ
ÕB3�ÒLE?Ör@�ØM=7JcK¡J�Ò]3�KMJ]K]ß ��<>35Ö;@+Þ�89=7Ör@BJ]KMJ!35@¨A���4IØLÒL=�DFJ]KM476sØLK�=B3mÑ>J�Þ¨:�@�3mÑ�J]DF3�<�J>ÞSÓÔJ�áPJ]K¡Ø
DMJ]6rJ]Ñm3�@hØ·Ö;×¢35<>J]KPÖr@?ØF=7J1ØM:>Ú¶åB� �Bß



	 � � 2��3$?>@9 ; ) ' *�� *-( $89B$<� 7 ;DC 
 $?<=$��-*-C%> $ 4 $8$����%* > �

�PØ16;J]3>KXØ�ÓÔ:�4BD�Ú¨35DL35×eJ0ØFJ�DLK¥Ò]35@½Õ�J(Ñm3�DMÖ;J]A½4BKMÖr@7< ��������� ÓÔ:�D1DFJ�6;J�ÑZ35@¨Ò0J�ÓÔJ]J]AIÕ¨3�ÒLEÀÞÀÖr@IÛ
Ò06;4BAIÖ;@7< � 49Þ �¼Þ�ØM=7J@S47×�Õ�J�D¢:�Ó¥DFJ�6;J�ÑZ35@hØ¢AI:IÒ047×eJ]@>ØLK¢35@BA ØM=BJ?@S47×!Õ¨J]D¢:5Ó1K¡J]6rJcÒxØMJcA
ÓÔJ�J]A7ÕB3�ÒLE£ØFJ�DF×¢K�ß �V@¶ØM=BÖ;K	KMJ]Ò0ØMÖ;:�@¶á9J¢KM=7:Zá¹ØF=B3ZØ	DFJ0ØMDFÖ;J�ÑZ356�Ú�J�DMÓÔ:�DF×¢35@BÒ�J(3>Ò0DF:>KFK¥6`35@7Û
<�4B3�<�J�Ö;K�×e:hKXØ�3ZéÀJ]Ò0ØMJcAHÕSÝ 4 35@BAHØM=BJ	@h4B×�Õ�J�D�:5Ó�DFJ�6;J�ÑZ35@hØ�K¡J]6rJcÒxØMJcAHÓÔ:�D·ÓÔJ�JcAIÕB3>ÒLE�ß

��35DFÝhÖ;@7<ÙØM=7JÖ;@�EB47J]@BÒ0J£:�Ó�ØF=7J£Ò0:�6;6;J]ÒxØFÖr:>@ì6`35@B<�4B3�<�J�×e:IAIJ]6�=B3�Ke6;ÖsØMØM6;J£J0éÀJ]Ò0Øe:>@
DMJ�ØMDFÖrJ]Ñm3�6�Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�4¨K¡Ö;@7<HØM=7Ö`K1DMJ�ØMDFÖrJ]ÑZ356�K¡ÝIK¡ØMJ]×?Þ�ÓÔJ]J]AIÕB3>ÒLE£×e:SA7J�6�35@¨A£ØMJcKXØ�Ò�:�6rÛ
6rJcÒxØMÖ;:�@¼Þ.3�@BA¶ØM=7JcK¡JHDMJcK¡4B6sØLK�Ò0:>Ör@¨Ò0Ö`AIJ¸á�ÖrØM=ÁØF=7J �B@¨AIÖr@B<>K�:�Ó���=B3�Ö935@¨A �¼3ZéÀJ�DMØXÝëäsåmímæ¯ß
��KMÖr@7<�A7J0Ó�354B6sØÃKMJ0ØMØMÖ;@7<>K�:�ÓÀî �¥ØMJ�DF×¢K�KMJ�6;J]ÒxØFJ]Ae35@¨A$45% � + �7ÞZá9J �B@¨A�ØF=B3ZØ9á�ÖsØF=?å·ÓÔJ]J]ASÛÕB3�ÒLEAI:IÒ047×eJ]@>ØcÞ�3�K �½Ö;@BÒ�DMJc3�KMJ]K]Þ7DMJ�ØMDFÖrJ]ÑZ356.Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�AIJcÒ0DFJ]3>K¡JcK�KM6rÖ;<�=hØM6;Ý E¨á�ÖrØM= �
ÓÔJ�J]A7ÕB3�ÒLEAI:IÒ047×eJ]@>ØLK�ØF=7J�DFJ�Ñ>J�DLK¡J1Ö`K�ØMDF47J>Þ�3�6sØF=7:�47<>=?ØM=7J!Ñm3�DMÖ`3ZØFÖr:>@Ör@�DFJ0ØFDMÖ;J�ÑZ3�6+Ú¨J]D¡Û
ÓÔ:�DF×e3�@BÒ0J�Ö;K¥47@BAIJ]D�í8H¸ß,�V@½3�6r6�Ò�3>K¡JcK�ÞIØF=7J��0.��
	� ��  KFÒ0:�DFJ�3ZÓ°ØFJ�D�DMJ]6rJ]ÑZ35@BÒ�J	ÓÔJ�JcAIÕB3�ÒLEÖ;K1356;á·3mÝSK�=7Ö;<�=7J]D�ØF=B35@½ÓÔ:�D1Ör@BÖsØFÖ;3�6.DFJ0ØFDMÖ;J�ÑZ3�6_ÞÀ35@BAÙ3HKMÖ;×(Ö;6`35D�ÚB3ZØMØMJ�DF@½J]×eJ�DF<�J]K�Ör@ÙØM=BJ
Ò0DF:>KFK96`35@B<�4B3�<�J�DMJcK¡476rØFK]ß

0.11

0.12

0.13

0.14

0.15

0.16

0.17

0.18

0.19

0.2

-0.2 0 0.2 0.4 0.6 0.8 1 1.2

A
ve

ra
ge

 P
10

0

alpha

no fb - Chinese
no fb - mono

1 rel - Chinese
1 rel - mono

5 rel - Chinese
5 rel - mono

����� ���S� �âQhqb[]U([]\¥RxlmOFT¡R]¤]O�	 H�
�
 \`[�TeW	[]Yh[cqbabYh¤]fSR�q�R]Yhg%¦.ohabYhOLiVO¸TXOFUVTXabOLl]R]q·f>iVabYh¤ ��[]TX�
TXOFqsOFlcR�Y5UÃg�[Z�LfhW	OFY5UXi�\;[]T�\`OFOxg>�hR]�¡ (R�YSg!l]R�TVn�abYh¤�	

��KMÖr@7<%A7J0Ó�354B6sØK¡J�Ø¡ØMÖ;@7<hK¸:5Ó�4 % � % � + �IÞ935@BA�KMJ�6;J]Ò0ØMÖ;@7<%Õ�J0ØXáPJ�J�@ �%35@BAå�� �
ØMJ�DF×¢K	ÓÔ:>D¸å�35@¨A �?ÓÔJ�JcAIÕB3�ÒLE¶AI:IÒ047×eJ]@>ØLK�Þ"á9J �B@BAÁ:>@%3mÑ�J�DL35<>J�ØF=B3ZØ!Ör@%Õ�:5ØF=%Ò�3>K¡JcK
K¡J]6rJcÒxØMÖ;@7<¢ÓÔJ]á9J]D�ØM=¨35@½î �(ØMJ�DF×¢K�<>ÖrÑ>J]K�6;:Zá9JcKXØ�Ú�J�DMÓÔ:�DF×¢35@BÒ�J�ß�!�ÖrØM= �(ÓÔJ�JcAIÕB3�ÒLE?AI:IÒ04IÛ
×(J]@hØFK]Þ�DMJ�ØMDFÖrJ]Ñm3�6�Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J(DMJc3�ÒL=7JcK�ÖrØFK1=7Ö;<�=BJ]K¡Ø1á�ÖrØM=Áî �¸ØFJ�DF×eK]Þ+35@¨A�=7Ö;<�=7JcKXØ�35Ø
å�� ��ØMJ]DM×¢K(á�ÖsØF=�åHÓÔJ�JcAIÕB3�ÒLE%A7:SÒ�47×eJ�@hØ]Þ�3�6sØF=7:�47<>=%6;ÖsØMØM6;J?ÑZ3�DMÖ`3ZØFÖr:>@%J0ÜIÖ`KXØLK(35Ó°ØMJ]Deî �
ØMJ�DF×¢K135DFJ(KMJ�6;J]Ò0ØMJ]A+ß+è·=7JeDMJcK¡476rØFK13�DMJ(356`K¡:K¡Ö;×eÖr6`35D	3>Ò0DF:>KFK�6`35@7<>4B35<>J�ÞÀ35@BAÙ35<h35Ö;@+ÞÀDMJ�Û
<>35DLAI6;J]KFK�:�Ó+ØM=7J�@S47×�Õ�J�DP:5Ó¼ØMJ�DF×¢K9KMJ�6;J]Ò0ØMJcA¸DFJ0ØMDFÖ;J�ÑZ356¨Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�@BJ�Ñ�J]D9<>:SJ]K�Õ�J�6;:Zá
Ör@7ÖrØMÖ`356¼Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�ß

è·=7J�ÚB3�DF3�×eJ0ØMJ]DFKÃá�=7Ö`ÒL=�×e:>K¡Ø·35é�JcÒxØ·DMJ�ØMDFÖrJ]ÑZ356�Ú¨J]D¡ÓÔ:>DM×¢35@¨Ò0J�3�DMJ 4¶3�@BA¢ØF=7J�@h4B×!Û
Õ¨J]DP:�Ó"DFJ�6;J�ÑZ35@hØ·AI:IÒ047×eJ�@hØLK·4BK¡JcA¸Ö;@�ØF=7J¥ÓÔJ�J]A7ÕB3�ÒLE¢×e:IAIJ�6²ß7ï.Ör<¨ßÀå�KM=7:Zá�KÃØM=7J	3mÑ�J]DF3�<�J
� ��� KFÒ0:>DMJ�3�K�4ªÖ`K·Ñm3�DMÖ;J]A¸ÓÔ:�D·Õ�:5ØM=?×e:�@7:>6rÖ;@7<>4B356�35@¨A�Ò0DF:>KFK96;3�@7<�4B3�<�J¥DMJ�ØMDFÖrJ]Ñm3�6_ÞI3�@BA



4BK¡Ö;@7<eå�35@BA ��DMJ]6rJ]Ñm3�@hØ�A7:SÒ�47×eJ�@hØFK�Ö;@!ØM=7J·ÓÔJ]J]AIÕB3>ÒLE	×e:SA7J�6²ß$��6rØM=7:>47<�=!ØM=BÖ;K�Ò�:�Ö;@BÒ0Ö`AIJcK
á�ÖsØF=ØM=7J��B@¨AIÖr@B<>K�:�Ó���=¨35Ö¼3�@BA �¼3ZéÀJ�DMØXÝ�ÞIá�=¨3ZØ�Ö`K�Ör@hØFJ�DFJ]K¡ØMÖ;@7<¢35DFJ1A7ÖséÀJ�DFJ�@BÒ�J]K�3>Ò0DF:>KFK
6;3�@7<�4B3�<�J	á�=7Ö`ÒL=�DFJ]KM476rØ�ÓÔDF:�× ØM=7Jeàh4B356;ÖsØXÝ?:5Ó�ØF=7J�Ö;@7ÖrØMÖ`356�àh47J�DFÝ?3�@BA£ÖrØFK¥Ör@�EB47J�@¨Ò0J�:>@
ØMJ�DF×�J]K¡ØMÖ;×¢3ZØFJ]K]ß,�V@¶Ò0DF:>KFK�6`35@B<�4B3�<�J�DFJ0ØFDMÖ;J�ÑZ356²Þ¨ØM=7J(Ör@BÖsØFÖ;3�6�à>4BJ�DFÝHØFJ�@BABK�ØF:HÕ�Jeá9:>DFKMJ
ØM=B3�@�×e:�@7:>6rÖ;@7<�4¨356�Õ�J]Ò]354BKMJ�:�ÓIØMDL35@BKM6;35ØMÖ;:�@	J]DMDF:�DLK�ß&�V@	ØM=7JÃÓÔJ�JcAIÕB3�ÒLE�×e:IAIJ�6>ØM=7Ö`K"×(Jc35@BK
ØM=B35Ø·á�=BJ�@HØM=7J	Ö;@7ÖrØMÖ`356+àh47J�DFÝ¢Ö`K·<�:S:IA½ãÔ×e:>@7:�6;Ör@B<�4B3�6`ç0ÞSØM=7J]@HÖrØ�K¡=7:>476`A�Õ�J14BK¡JcA¸ØF:eÖr@IÛ
EB47J�@¨Ò0J�ØFJ�DF× á9J]Ör<>=>ØLK�ß��V@¸ï.Ör<¨ß¨å�á�ÖrØM=Ùå�ÓÔJ�JcAIÕB3>ÒLE(AI:IÒ�47×eJ�@hØ]ÞhDMJ�ØMDFÖrJ]ÑZ356BÚ�J�DMÓÔ:�DF×¢35@BÒ�J
Ö;K	=BÖr<>=7J]K¡Ø�á�ÖsØF= 4 % � + í7Þ�á�=7J�DFJ]3>K1á�ÖsØF= �AI:IÒ047×eJ]@>ØLK�Þ04 % � + 
Ö`K	=7Ö;<�=7JcKXØ�3>K1ØM=BJÓÔJ�J]A7ÕB3�ÒLE£×e:IAIJ�6�<>ÖrÑ>J]K�Õ�J0Ø¡ØFJ�D1ØFJ�DF× J]K¡ØMÖ;×¢3ZØMJcK�ß+Ð�J0ØMDFÖ;J�ÑZ356�Ú�J�DMÓÔ:�DF×¢35@BÒ�J�<�:SJcK¥Õ�J�6;:Zá
ØM=7J	ÕB3>K¡J]6rÖ;@7J	ÚB3�D¡ØFÖ;Ò�476`35DF6rÝ¢á�=7J]@ 45%¹å13�@BAHØM=7J	Ö;@7ÖrØMÖ`356¼àh47J]DMÝ�Ö;K�Ö;<�@B:�DFJ]A¶ã�KMJ�J	è"3�Õ76;J
î>çxÞBÕ74IØ�ØM=BJ�Ò�3�KMJ�Ö;K�Ñ>J�DFÝ¸AIÖré�J]DMJ]@>Ø�ÓÔ:>D�:5ØF=7J�D�6`35@7<>4B35<>J]K]ÞSJ]KMÚ¨JcÒ0Ö`356;6rÝ?89=BÖr@7JcK¡J>ß

� �>�������7� ©ÃOLiVfhq¬UXi	R0\;UXOFT1TXOFqsOFlcR�Yh�LO�\`OLOxg��SR��M ?��o>OLY�ab¤cYh[�TXabYh¤HUXo>O!abY>abUXasR�q9ÅZf>OFTVn?\rTX[cW UXo>O
\;OLOxg��SR]�¡ �W	[5g>OLq@< 	��T�!>�R]Yhg(iVOLqbOL�FUXabY>¤*'��¥UXOFTXW	i�\rTX[cW f>Q!UX[I����TXOLqbOLlcR�YZUÃg>[Z�Lf>W	OLYZUXi

�9l5¤ �¥abYh�FTXOxR�iVO�¿�[]Qhab�Li�¿�[]Qhab�Li
	 ������ H�
�
 ¤c[Z[5g �SR]g

�([]Yh[ �5u )�"�-�� ³  ZuV�%� ��� �
I OMTXW�R]Y/�5u -()�)�) �5u �(� �%) "
µ�TXOLYh�¡o �5u )��0��- )5u '(� �%) �
^�U¡R]qbasR]Y �5u -�"�-�� �5u  �� � � )
NPf>UX�¡o �5u -(����) �! 5u "�� �%� "
d5QSR�YhabiVo �5u )��(��' �%'�u ��� ��� �
¦.o>abYhOLiVOP�5u -������  ��5u -�� � � �

�V@£89=7Ö;@7JcK¡J	DFJ0ØFDMÖ;J�ÑZ356²ÞhØM=7J	Ö;@7ÖrØMÖ`356¼àh47J]DMÝeØFJ�@BABK·ØM:eÕ�J	á9:>DFKMJ�3�@BA�ØM=7J]DMJ�ÓÔ:�DFJ�6`35DF<�J]D
Ñm3�6r4BJ]K.:5Ó 4<�Ö;Ñ�JP=7Ör<>=7J�D�DFJ]KM476rØFK"ØM=B3�@�ÓÔ:>D�×(:>@7:�6;Ö;@7<�4B3�6_ß@J�Ö;Ñ�J]@�åPÓÔJ�JcAIÕB3�ÒLE�A7:SÒ�47×eJ�@hØ]Þ
4 % � + ¸Ö`K1=7Ör<>=7J]K¡Ø]Þ�á�=BJ�DFJ]3�K�ÓÔ:�D �HAI:IÒ04B×(J]@hØFK 4�% � + ��Ö`K1=7Ö;<�=7JcKXØcß !�=B3ZØ	Ö`K1×e:>K¡Ø
K¡47DFÚ7DFÖ;KMÖ;@7<¥Ö`K�ØF=B3ZØ�J�Ñ>J�@(ÖsÓ�ØM=BJ�Ör@7ÖrØMÖ`356¨à>4BJ�DFÝ�Ö;K�Ö;<�@B:�DFJ]A(35@BA!J0Ü7Ò06;4BAIJcA!ÓÔDM:>× ØM=7J�àh47J]DMÝ
3ZÓ°ØMJ]D+ÓÔJ]J]AIÕB3>ÒLE(ã(45% åcçxÞ]DMJ�ØMDFÖrJ]ÑZ356�Ú�J�DMÓÔ:�DF×¢35@BÒ�J�Ö;K"KXØFÖr6;6S35Õ�:ZÑ�J�ØM=BJÃÕB3>K¡J]6rÖ;@7J�Þ]J]KMÚ¨JcÒ0Ö`356;6rÝ
á�=7J�@e×e:�DFJ·DMJ]6rJ]Ñm3�@hØ�3�DMJP4BKMJ]A!ØM:1JcKXØFÖr×¢3ZØFJ·ØMJ]DM×âÚ7DM:>ÕB35ÕBÖr6;ÖsØFÖrJcK�ß ��Ú¨:>@(Ö;@BKMÚ¨JcÒxØFÖr:>@+Þ5áPJ
�B@BA�3�Ú¨:hKMKMÖ;Õ76rJ1Ò�3�4BKMJ�ÓÔ:�DPØM=BÖ;KPÖ`K�ØF=B3ZØPØMJ]DM×¢K9á�=7Ö;ÒL=HJ0ÜIÖ`KXØPÖr@�ØM=7J�Ör@BÖsØFÖ;3�6�×e:>@7:�6;Ör@B<�4B3�6
à>4BJ�DFÝ½35DFJe:5Ó°ØMJ]@ª<�J�@BJ�DL3ZØMJcA£ÓÔDF:�× ØM=7JeÓÔJ]J]AIÕB3>ÒLE�×e:IAIJ�6�Ö;@¶ØM=7J¸Ò�DM:hKMK�6`35@7<>4B35<>J(Ò]3�KMJ
á�=7J�@¢ØF=7J�Ör@7ÖrØMÖ`356Ààh47J�DFÝeÖ;K9@7:�Ø9J0éÀJ]Ò0ØMÖ;Ñ�J>ß��V@�ØM=7JcK¡J�Ò�3�KMJ]K9AIÖ`KMÒ]35DLAIÖr@B<	ØM=7J¥Ör@BÖsØFÖ;3�6Ààh47J]DMÝ
×e3�E�JcK+6;ÖsØMØM6;J9AIÖré�J]DMJ]@BÒ0J935@BA	Ö;@	Ó�3>ÒxØ¼DFJ]KM476rØFK"Ör@	=7Ö;<�=�Ör×eÚ7DF:ZÑ�J]×(J]@hØFK�Ö;@ � .���	� �   KFÒ0:>DMJcK:ZÑ�J�D9Ör@BÖsØFÖ;3�6�DFJ0ØFDMÖ;J�ÑZ3�6�3>K9KM=7:Zá�@¸Ö;@?è.35ÕB6rJ�î7ßIï.Ör<¨ßIí�K¡=B:Zá�K�ÓÔ:>D�89=7Ö;@7JcK¡J�DMJ�ØMDFÖrJ]ÑZ356¨ØM=B35Ø
4 � � + ¥á�Ö;6;67<�Ö;Ñ�J�=7Ö;<�=BJ]K¡Ø�DMJcK¡476rØFK]ß�è·=7Ö`K�ØFDMJ]@BA(Ö;K9K¡Ö;×eÖr6`35D�3>Ò0DF:>KFK�6;3�@7<�4¨35<�J>ÞZJ]KMÚ¨JcÒ0Ö`356;6rÝÓÔ:�D�ØF=7:>KMJ�6;3�@7<�4¨35<�JcKÀÖr@	á�=BÖ;ÒL=1Ö;@7ÖsØFÖ;3�6�DFJ0ØFDMÖ;J�ÑZ356�Ö;K�Ú�:S:�D+Õ�J]Ò]354BKMJ�:5ÓSØFDF3�@BK¡6`3ZØFÖr:>@�àh4B3�6rÖrØXÝ�Þ
J�ß <Bß��¥4IØFÒL=£35@¨A �¯ØL356;Ö;3�@+ß

ï"Ö;<Bß�í�KM=7:Zá�K	ØF=7J�J�é�JcÒxØLK�:�Ó�Ñm3�DMÝSÖ;@7<£ØF=7J�@S47×!Õ¨J]D!:�Ó�ÓÔJ�J]A7ÕB3�ÒLEªAI:IÒ047×eJ]@>ØLK�Õ�J0Û
ØXá9J]J�@¶å�3�@BA�4BÚ�ØF:?åB�Hã�á�=7J0ØF=7J�D·ØF=7J	×¢3ZÜIÖ;×�47×±@S47×!Õ¨J]D·:5Ó"DFJ�6;J�ÑZ3�@>Ø�35DFJ¥ÓÔ:�47@BA?á�Ö;6r6
Õ¨Je6`35@7<>4B35<>J!35@¨A£ØM:>Ú7Ö`Ò!AIJ]Ú¨J]@BAIJ]@>Øxç13ZØ1ÑZ35DFÖr:>4BK�ÑZ3�6r47JcK�:5ÓJ49Þ�á�ÖsØF= �F%�� + ��3�@BA½î �ÓÔJ�J]A7ÕB3�ÒLE½ØMJ�DF×¢K�KMJ�6;J]Ò0ØMJ]A¶ÓÔ:>D�àh47J�DFÝ½J�ÜIÚB35@BKMÖ;:�@+ß �¥K�Õ�J0ÓÔ:>DMJ>Þ+ØM=BJ¸DMJcK¡4B6sØLK	DMJ EBJ]Ò0Ø�ØM=BJ



0.1

0.12

0.14

0.16

0.18

0.2

0 2 4 6 8 10

A
ve

ra
ge

 P
10

0

Number of feedback documents

no fb - mono
alpha=0.2 - mono
alpha=0.5 - mono
alpha=0.9 - mono

no fb - Chinese
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