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

.0/0132546107
89/
:0;=<?>0>"@A>CBEDGF?HJILK?MNHJHNOQP�K?ISR"MNTJHJISUWV�>CB+X&ILHJHJILHJHJILY?Y?I

Z F?K?@LILK?[]\9>"@LMN^_ILHJHN` MNa?F
<bUJU�Y�ced"dgfhfhfi` j?F?HN` >"@LMN^_ILHJHN` MNa?Fkd Z <]FkdlILK?a?M,mn` <bU�^_@

o�pC134rq�2Qs�q=q�tCq=u 8wvyx=zl{}|?~?pC1���vl107
������� j�OkP�K?ISR"MNTJHJISUWV�>CB+X&IL;=<?IL[ � K
� a?TJMNM�R"MNHNO <?H�fG>"K?[��C\9F?^_IL;=<�` MNa?F

<bUJU�Y�ced"d � Ir` MNMN;NHN` F?^_IL;=<�` MNa?FkdlYQMN>"Y?@LMyd � a?TJMNM�R"MNHNO <?H�fG>"K?[��

���n�=���N�]�y�
���
�]�,�y���b�,���5�g�b�,�����g�" 0�g¡b¢��¤£0¥5�i£0�¦�]�]�¦�b���¤�y�,�l§��9§W�¨¢��=©]¢��,�W�,�l§9¡]�W�=¢��

�¦�
�g�b�9�W©?�,�=�e ��h�g�]¥¦�¦�b���y¡]��§��5�g�3ªE§��b��«¨�¦���]�5�g�y�¨¬G¡]��§��5�g�]­��y§=®G¯°�b���¤�y�,�l§��
�=�y�±£?�9���g�" 0�g¡b¢��,�3²3�W§��¤¢�§W�,�3²Q�y�]�±³´�g�]�5§W�y¢��,�¨µL¢��g³¶��·��=£-�¦�l§W�=¢�µ¸�y���y®����
�¦³´©0¥5�,³´�,�l§W�,�´§��b¢��=�G§º¹C©?�,�»�yµ3£0�¦�]�]�¦�b���¤�y�,�l§��=²b�]�¦�W§��¦�b�g¡]�¦���b�,�9£C¹´§��b�,�5¢��]�5µS¼
µL�=¢��,�l§�·E�,¹"���yµQ¡]���¦�b���¦�bµL�y¢�³i�¤§��5�g�w�¦�i§��b���y¡]��§��5�g�]�=®A¬½���g³´©?�=§��5§��5�y���¤�y�,�l§
�b�C�,���b�y§�¡]�W���y�l¹i�¦�bµL�y¢�³i�¤§��5�g�w�¦�i§��b���y¡]��§��5�g��³i�¤¢�¾y�=§=®�¿r§����b�C�g�W�,�+�5§����y�J¼
§��5�g�]�E£0�y�W�,���g�
�5§��+�¦�]�]�5�"�¦�]¡]�y¥b�y©]§��¦³i�5À,�¤§��5�g��©]¢��y£0¥5�,³
®�¬Á©]¢��¦���h³´�"�b�,¥¦�¦�b�
�¤�y�,�l§9¡]�W�,��©]¢��¦���w�]�¦�W§W�y¢�¹-�y���5§����g�]¥5¹��¦�bµL�y¢�³i�¤§��5�g�3®
¬Â£0�¦�]�b�=¢W¼º³´�"�b�,¥¦�¦�b�
�¤�y�,�l§´¡]�W�,���y§��b�=¢´�¤�y�,�l§��=ÃA£0�¦�]�]�¦�b���]�¦�W§W�y¢��5�,��§W�±©]¢��,�]�¦��§�§��b�,�5¢9�b��Ä"§9£0�¦�]�
�y�]���¦�bµL�=¢�§��b���b��Ä"§´�=¥5�,�¤¢��¦�b�¨©]¢��¦���y®&Å�¡b¢9��Ä"©?�=¢��¦³´�,�l§�����¡b�y�y�,�W§´§��]�¤§´�y�
�¤�y�,�l§=Ã ��©?�=¢�µL�y¢�³i�y�]���9�¦�¨§��b�´�y¡]��§��5�g�]�h�b�=©?�,�]�]�G�b�y§h�g�]¥5¹��g���5§���£0�¦�]�]�¦�b�
�W§W¢��¤§W�=�y¹y²0£0¡b§°�y¥¦�W�´�g�
§��b��£0�¦�]�]�¦�b���W§W¢��¤§W�=�g�5�,�*�yµn�y§��b�=¢��=®

Æ Ç�È±É+Ê+Ë-ÌÎÍÎÏhÉ+ÐNË_È

Ñ <?MwH�U�F?a�V->CBEILKbU�MN@L@LIL["MNKbU � ["MNKbU�H�BÒ>"T�MN@LMN;�U�TJ>"K?IL;´;N>"^_^_MNTJ;NMi< � H�jQMN;N>"^_MiYQ>"Y?F?@ � T
K?>yf � a � V0HN`wÓÔM
< � R"M
HJMNMNKÕHJ<?>"Y?Y?ILK?[ � ["MNKbU�H9U�< � U´;N>"@L@LMN;�U9Y?TJIL;NM�ILK�BÒ>"TJ^ � U�IL>"K-BÒ>"T



F?HJMNTJH � � O����rO � K?a&ILK�BÒ>"TJ^ � U�IL>"K��3@SU�MNTJILK?[ � ["MNKbU�HhU�< � U�;N>"@L@LMN;�U�ILKbU�MNTJMNH�U�ILK?[�Y?F?j?@LIL; ���
U�IL>"K?H �
	 �r`��9F?T+Y � T�U�IL;NF?@ � TEILKbU�MNTJMNH�U*ILH°ILK � ["MNKbU�H°BÒ>"T+>"K?@LILK?M � F?;�U�IL>"K?HN`°:0F?;=< � ["MNKbU�H
; � KÁj?ILaÁ>"K½U�<?M&jQMN< � @SB�>CB9F?HJMNTJHN` Ñ <?M&K?MNMNa BÒ>"T
HJF?;=< � ["MNKbU�H � TJILHJMNH
BÒTJ>"^ U�<?M
B � ;�UhU�< � U�F?HJMNTJH�^ � V�K?>CU�< � R"MiU�IL^_M9>"T�ILK?;N@LILK � U�IL>"K_U�>_^_>"K?ISU�>"TGU�<?M � ;�U�ISR0ISU�ILMNH�ILK
� K � F?;�U�IL>"K�`°:0>"^_M�U�IL^_MNH � K¨>"Y�U�IL^ � @3j?ILa?a?ILK?[wH�U�T � U�MN[CV�^ � V�jQM�;N>"^_Y?F�U � U�IL>"K � @L@SV
ILKbU�MNK?HJISR"MCO3ILK�f�<?IL;=<�; � HJMiISU�ILHhMNHJYQMN;NI � @L@SV±F?HJM�BÒF?@AU�>�< � R"M � HJ>CB6UWf � TJM � ["MNKbU�; � TJT�V
>"F�UhU�<?Mij?ILa?a?ILK?[?`


GF?TJTJMNKbU � F?;�U�IL>"K � ["MNKbU�H�>"K¨U�<?M � KbU�MNTJK?M�U � TJM9^ � ILK?@SV � F?;�U�IL>"K¨HJM � TJ;=< � ["MNKbU�HN`
Ñ <?M9DGILa?a?MNT�� H��+a?["M � ["MNKbU��6fhfhfi` j?ILa?a?MNTJHJMNa?["MC` ;N>"^��*^_>"K?ISU�>"TJH+>"K?[">"ILK?[ � F?;�U�IL>"K?H
� K?a�f � U�;=<?MNH�BÒ>"T�ISU�MN^_H�ILK�F?YQ;N>"^_ILK?[ � F?;�U�IL>"K?HN` Ñ <?M � ["MNKbU�>"K Ñ TJILYQ>0a � F?;�U�IL>"K?H
�
	�� ��;N>"K?H�U � KbU�@SV j?TJ>yf�HJMNH_U�<?M-@LILH�U�ILK?["H�U�>��3K?a � ;NF?H�U�>"^_MNT�� H�B � R">"TJISU�M�ISU�MN^_H�BÒ>"T
H � @LMC` � U�K?>CU�I��3MNH�U�<?M±;NF?H�U�>"^_MNT�f�<?MNK � K � F?;�U�IL>"K ILH�Y?@ � ;NMNa U�< � U�^ � U�;=<?MNH�U�<?M
;NF?H�U�>"^_MNT�� H�;NTJISU�MNTJI � `EÓ�< � U � TJMi^_ILHJHJILK?[�BÒTJ>"^ U�<?MNHJM � ["MNKbU�H � TJMiU�<?Mi; � Y � j?IL@LISU�ILMNH
>CB�HJF?j?^_ISUJU�ILK?[
ILKbU�MN@L@LIL["MNKbU�j?ILa?H�BÒ>"Th;NF?H�U�>"^_MNTJHN`

Ñ <?M � j?IL@LISUWV�>CBnHJF?j?^_ISUJU�ILK?[iILKbU�MN@L@LIL["MNKbUEj?ILa?H°TJM��]F?ILTJMNH � K � ["MNKbU°U�>w^ ��� M�T � U�IL> �
K � @Aa?MN;NILHJIL>"K�` Ñ <?M � ["MNKbU�< � H�U�>_jQM � j?@LM9U�>�U ��� M � a�R � KbU � ["Mi>CB»U�<?MwILK�BÒ>"TJ^ � U�IL>"K
� R � IL@ � j?@LM � K?a�;=<?>0>"HJM�U�<?M�j?ILa?H*U�< � UGf�IL@L@k^ � m�IL^_I��NM�ISU�H*Y?TJ>��?Uh>yR"MNTGU�<?M�@L>"K?[�TJF?K�`
ÓÔM � TJM¨Y � T�U�IL;NF?@ � TJ@SV�ILKbU�MNTJMNH�U�MNa ILKÕU�<?M¨ILHJHJF?MNH�U�< � U�>CU�<?MNT�j?ILa?a?MNTJH�>"KÔU�<?M � F?; �
U�IL>"K?Hw^ � VÕj?ILa ILKbU�MN@L@LIL["MNKbU�@SV � U�U�<?M±H � ^_M_U�IL^_MC` Ñ <?M±>"Y�U�IL^ � @+H�U�T � U�MN[CVÔ>CB�>"F?T
� ["MNKbU_^ � V½;NTJF?;NI � @L@SVÔa?MNYQMNK?a >"KÁ<?>yf >CU�<?MNT_j?ILa?a?MNTJH�TJM � ;�U¤`���MNHJM � TJ;=<?MNH¨< � R"M
jQMNMNKÕ;N>"K?a?F?;�U�MNaÔ>"KÕILKbU�MN@L@LIL["MNKbU � ["MNKbU�HwILK � F?;�U�IL>"K?HNOAj?F�UwHJF?;=< � ["MNKbU�Hw< � R"M_K?>CU
jQMNMNK¨a?MNY?@L>yV"MNa±ILK
U�<?M � KbU�MNTJK?M�U�MNKbR0ILTJ>"K?^_MNKbU¤`EÓÔM�K?>CU*>"K?@SV
Y?TJ>yR0ILa?M�HJF?;=< � ["MNKbU�H
BÒ>"T�>"K?@LILK?M � F?;�U�IL>"K?HNO?j?F�U � @LHJ>
IL^_Y?@LMN^_MNKbU�U�<?M´^�F?@SU�I ��� ["MNKbU�@LM � TJK?ILK?[�; � Y � j?IL@LISU�ILMNH
ILK�U�<?M � ["MNKbU�HN`

ÓÔM�< � R"M�a?MNHJIL["K?MNa � K � ["MNKbU*HJMNT�R"MNT*U�< � U°fG>"T � H*>"K � F?HJMNT�� HGjQMN< � @SBQU�>iHJF?j?^_ISU
j?ILa?H�U�>Õ>"K?M�HJYQMN;NI��3;�>"K?@LILK?M � F?;�U�IL>"K! U�<?M�X&IL;=<?IL[ � K � F?;�U�IL>"K3DG>CU¤` Ñ <?M�F?HJMNTJH
HJYQMN;NISB6V½U�<?M�K � ^_MNH¨>CB´U�<?M � F?;�U�IL>"K?H_U�<?M�VÁf � KbU±U�> Y � T�U�IL;NILY � U�M&ILK�O�U�<?M�ILK?ISU�I � @
� ^_>"F?KbU�>CBiU�<?MÎ[">0>0a?HNO � K?a U�<?MÎj?ILa?a?ILK?[ H�U�T � U�MN["ILMNH¨U�<?M�V Y?TJM�BÒMNTN` Ñ <?M � ["MNKbU
HJMNT�R"MNT�U�<?MNKÎILKbR"> � MNH � ["MNKbU9Y?TJ>"["T � ^_H�U�>¨j?ILa�>"K�U�<?M � F?;�U�IL>"K3DG>CU�BÒ>"T�U�<?M�F?HJMNTJHN`
Ñ <?M � ["MNKbU�H � MNMNY�j?ILa?a?ILK?[wF?KbU�IL@3U�<?M � F?;�U�IL>"K¨;N@L>"HJMNHNO � K?a¨U�<?MNK±TJMNYQ>"T�U*U�<?M�TJMNHJF?@SU�H
j � ; � U�>�U�<?MiF?HJMNTJHN`

ÓÔM�IL^_Y?@LMN^_MNKbU�MNaÁU�<?TJMNM�UWV0YQMNH�>CBij?ILa?a?ILK?[ � ["MNKbU�HNO�a?ILH�U�ILK?["F?ILHJ<?MNa jbVÁU�<?MNILT
a?I�"nMNTJMNKbU¨f � V0H�>CBiF?HJILK?[ ILK�BÒ>"TJ^ � U�IL>"K½ILK U�<?M � F?;�U�IL>"K?HN` � ;N>"^_YQM�U�ISU�ISR"M � ["MNKbU
a?>0MNHiK?>CUwF?HJM � KbV ILK�BÒ>"TJ^ � U�IL>"K�ILK U�<?M � F?;�U�IL>"KÕ^ � T � M�U¤` � Uw;=<?>0>"HJMNHwISU�H � ;�U�IL>"K?H
j � HJMNaÕ>"K ISU�H9ILK?a?ISR0ILa?F � @�>"Y�U�IL^_I�� � U�IL>"K&Y?TJ>"j?@LMN^&` � Y?TJIL;NM � ^_>0a?MN@LILK?[ � ["MNKbUiF?HJMNH
Y?TJIL;NM�<?ILH�U�>"T�V � H
ISU�H�>"K?@SV ILK�BÒ>"TJ^ � U�IL>"K�` � j?ILa?a?MNT � ^_>0a?MN@LILK?[ � ["MNKbU�F?HJMNH�>CU�<?MNT
� ["MNKbU�H��"j?ILa?a?ILK?[´<?ILH�U�>"TJILMNH�U�>´Y?TJMNa?IL;�U+U�<?MNILTEK?M,m0U*j?ILa?H � K?a�ILK�BÒMNT�U�<?MhK?M,m0U*;N@LM � TJILK?[
Y?TJIL;NMC`��9F?T�M,m�YQMNTJIL^_MNKbU�H�HJF?["["MNH�U�U�< � U � K � ["MNKbU#� H�YQMNT�BÒ>"TJ^ � K?;NM´ILK�U�<?M � F?;�U�IL>"K?H



a?MNYQMNK?a?H9K?>CU�>"K?@SV->"K�ISU�H�j?ILa?a?ILK?[�H�U�T � U�MN[CV"Onj?F�U � @LHJ>¨>"K&U�<?M�j?ILa?a?ILK?[_H�U�T � U�MN["ILMNH
>CB�>CU�<?MNTJHN` � U_TJMN^ � ILK?H � KÁ>"YQMNK �]F?MNH�U�IL>"K � H�f�< � U_;N>"K?H�U�ISU�F�U�M � jQMNH�U_j?ILa?a?ILK?[
H�U�T � U�MN[CV"`
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Ñ <?MÎX&IL;=<?IL[ � K � F?;�U�IL>"K3DG>CU �
	/. ��ILH � ;N>"K �3["F?T � j?@LM � F?;�U�IL>"K HJMNT�R"MNTN` � U � @L@L>yf�H
<]F?^ � K � ["MNKbU�H�U�>�;NTJM � U�M � F?;�U�IL>"K?H � K?a�HJF?j?^_ISU�j?ILa?H�R0I � fGMNj�BÒ>"TJ^_HNO � K?a�HJ>CB6UWf � TJM
� ["MNKbU�HhU�>�YQMNT�BÒ>"TJ^ U�<?MiH � ^_M´>"YQMNT � U�IL>"K?H�R0I � Ñ 
10*d � 0»` Ñ <?ILH � F?;�U�IL>"K-HJMNT�R"MNT�< � H
jQMNMNK_>"YQMNT � U�IL>"K � @0HJILK?;NM�:0MNY�U�MN^�jQMNT 	/.2.23 ` 
GF?TJTJMNKbU�@SV"ObU�<?M�X&IL;=<?IL[ � K � F?;�U�IL>"K3DG>CU
HJF?Y?YQ>"T�U�H�^ � KbV � F?;�U�IL>"K UWV0YQMNH�ILK?;N@LF?a?ILK?[ �+K?["@LILHJ< � F?;�U�IL>"K?HNO549F�U�;=< � F?;�U�IL>"K?HNO
� K?a769IL; � TJM�V � F?;�U�IL>"K?HN` Ñ <?MNHJMwa?I�"nMNTJMNKbU � F?;�U�IL>"K?H � TJM´a?ILH�U�ILK?["F?ILHJ<?MNa�jbV¨U�<?M9f � V
j?ILa?a?MNTJH�HJF?j?^_ISUhj?ILa?H � K?a&<?>yf U�<?M � @L@L>0; � U�IL>"K?H � K?a&Y?TJIL;NMNH � TJM´a?M�U�MNTJ^_ILK?MNa �
	/8 �r`
� HwB � T � HwfGM � K?>yfiOEU�<?M-X&IL;=<?IL[ � K � F?;�U�IL>"K3DG>CU�ILHiU�<?M±>"K?@SV � F?;�U�IL>"KÔHJISU�M_U�< � U
Y?TJ>yR0ILa?MNH � K � 0 � U�>�MNK � j?@LMiHJ>CB6UWf � TJM � ["MNKbU�HhU�>_a?ILTJMN;�U�@SV¨U � @ � U�>�U�<?MiHJMNT�R"MNTN`

Ñ <?M � F?;�U�IL>"K3DG>CU � 0 � �
	 	 �0ILH � ;N@LILMNKbU � HJMNT�R"MNT»;N>"^_^�F?K?IL; � U�IL>"K´Y?TJ>CU�>0;N>"@"U�< � U»ILH
H�U�T � IL["<bUJBÒ>"T�f � TJa
U�>iIL^_Y?@LMN^_MNKbUEBÒ>"T+;N@LILMNKbU+a?M�R"MN@L>"YQMNTJH*ILK�^ � KbV�@ � K?["F � ["MNH � K?a_>"K
^ � KbV¨a?I�"nMNTJMNKbUhY?@ � UJBÒ>"TJ^_HN` Ñ <?M � F?;�U�IL>"K3DG>CU � 0 � BÒF?K?;�U�IL>"K?H�TJMNHJILa?M´>"K � HJMNT�R"MNTN`
� KbU�MNT�B � ;NMNHhU�>�U�<?M�BÒF?K?;�U�IL>"K?H � TJM�fGMN@L@ � a?M �3K?MNa-^_MNHJH � ["MNHhMNK?;N>0a?MNa � HhH�U�TJILK?["HGU�< � U
� TJM�HJMNKbU°U�>9U�<?MhHJMNT�R"MNT+U�<?TJ>"F?["< � HJ>0; � M�U � K?a�ILKbR"> � M�U�<?M � 0 � BÒF?K?;�U�IL>"K?H�U�< � U+TJF?K
>"K
U�<?MhHJMNT�R"MNTN` Ñ <?M�HJMNT�R"MNT°BÒF?K?;�U�IL>"K?HETJM�U�F?TJK_H�U�TJILK?[ � j � HJMNa�^_MNHJH � ["MNHEU�<?TJ>"F?["<
U�<?M
HJ>0; � M�U�U�>
U�<?M � 0 � ;N@LILMNKbU¤O?ILK�BÒ>"TJ^_ILK?[�ISU�>CB»U�<?MiTJMNHJF?@SU�H�>CB»U�<?MiTJM��]F?MNH�U¤`

���9� !:��;<�*&$=5;?>A@*;?>
BDCEBDCGF HJI�KML/I?NOKQP
�9F?T � ["MNKbUiHJMNT�R"MNTiILKbU�MNT � ;�U�H9f�ISU�<ÎF?HJMNTJH´U�<?TJ>"F?["< � KSR Ñ X � BÒ>"TJ^&` Ñ <?M
F?K?a?MNT �
@SV0ILK?[ � ["MNKbU´Y?TJ>"["T � ^_H � TJM�ILKbR"> � MNaÎU�<?TJ>"F?["<�
�T � HJ;NTJILY�U¤` Ñ <?M � ["MNKbU9Y?TJ>"["T � ^_H
� TJM�TJF?K�ILK�
�UVU � K?aÕX � U�<?MN^ � U�IL; � ;N>0a?MC` Ñ <?M � ["MNKbU�H�f�IL@L@AU�<?MNK�U�T�V&U�>¨MNH�U � j �
@LILHJ<
U�<?M Ñ 
10*d � 0 ;N>"K?K?MN;�U�IL>"K � K?a � F�U�<?MNKbU�IL; � U�Mhf�ISU�<�U�<?M � F?;�U�IL>"K3DG>CU°F?HJILK?[iU�<?M
� F?;�U�IL>"K3DG>CU#� H � 0 � ` � B6U�MNT � ;N>"K?K?MN;�U�IL>"K
ILH�MNH�U � j?@LILHJ<?MNa�OCU�<?M � ["MNKbU+H�U � T�U�HEHJF?j?^_ISU �
U�ILK?[¨j?ILa?H�BÒ>"T�U�<?M�F?HJMNTN` Ñ <?M � ["MNKbU � MNMNY?H9U�T � ; � >CBEU�<?M�j?ILa�H�U � U�F?H � K?a�HJF?j?^_ISU�H
HJF?j?HJM��]F?MNKbU9j?ILa?H � B6U�MNThM � ;=<&;N@LM � Th>CB»U�<?M � F?;�U�IL>"K�` Ñ <?ILHhY?TJ>0;NMNHJH�;N>"KbU�ILK]F?MNH�F?KbU�IL@
U�<?M � F?;�U�IL>"K-;N@L>"HJMNH�>"T�U�<?MiF?HJMNT�H�U�>"Y?H�U�<?M � ["MNKbU�BÒTJ>"^ TJF?K?K?ILK?[?`



� IL["F?TJM 	 c � ["MNKbU�HJMNT�R"MNT�>yR"MNT�R0ILM�f

AuctionBot

Agent API

TCP/IP
Socket Scheduler

Auctioneer

Database

Agent server

Client 1

Client 2

Client 3

BDCEBDCEB ����KML����	�/KML�
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�9F?T � ["MNKbU�HJMNT�R"MNThY?TJ>yR0ILa?MNH � K±M � H�V � U�> � F?HJM�fGMNj�ILKbU�MNT�B � ;NM�U�> � HJHJILH�U�F?HJMNTJHN` � ILTJH�U �
U�IL^_M9F?HJMNTJH � TJM´TJM��]F?ILTJMNa-U�>�TJMN["ILH�U�MNT�jQM�BÒ>"TJM´F?HJILK?[
U�<?MiHJMNT�R0IL;NMC` Ñ <?MiTJMN["ILH�U�T � U�IL>"K
R"MNTJI��3MNHEU�< � UEU�<?MhF?HJMNT+< � H � R � @LILa � ;N;N>"F?KbU+f�ISU�<�U�<?M�X&IL;=<?IL[ � K � F?;�U�IL>"K3DG>CU¤` Ñ <?M
F?HJMNT�� H � 4�OnMNK?;NT�V0Y�U�MNaÔY � HJH�fG>"TJa�O � K?a MN^ � IL@ � a?a?TJMNHJH � TJM
H�U�>"TJMNa ILK � Y?TJ>CU�MN;�U�MNa
a?ILTJMN;�U�>"T�V"` � >"TEHJMN;NF?TJISUWV�Y?F?TJYQ>"HJMNHNO0F?HJMNTJH*< � R"M�U�> � F�U�<?MNKbU�IL; � U�MhU�<?MN^_HJMN@SR"MNH*M�R"MNT�V
U�IL^_M�U�<?M�V�TJM��]F?MNH�U � K � ["MNKbU�HJMNT�R0IL;NMC`

Ó�<?MNK�F?HJMNTJH�TJM��]F?MNH�U � K � ["MNKbU�j?ILa?a?ILK?[ HJMNT�R0IL;NMCO�U�<?M�V ; � K HJYQMN;NISB6V >"K?M�>CB
U�<?TJMNM´UWV0YQMNH�>CB � ["MNKbU�H�Y?TJ>yR0ILa?MNa&jbV�U�<?MiHJMNT�R0IL;NMC` Ñ <?Mia?M�U � IL@LHh>CB»U�<?MNHJMiUWV0YQMNH � TJM
a?ILHJ;NF?HJHJMNa�ILK-@ � U�MNT�HJMN;�U�IL>"K?HN`GP�HJMNTJH � @LHJ>�HJYQMN;NISB6V±U�<?MiILK?ISU�I � @QMNK?a?>yf�^_MNKbU�H�BÒ>"T�U�<?M
UWfG> UWV0YQMNH�>CB�[">0>0a?HN` Ñ <?M-F?HJMNT�� H_F�U�IL@LISUWVÕILH
;N>"^_Y?F�U�MNa � H � BÒF?K?;�U�IL>"K½>CB�U�<?MNHJM
MNK?a?>yf�^_MNKbU�HN` Ñ <?ILH´F�U�IL@LISUWV-BÒF?K?;�U�IL>"K ILH9a?M �3K?MNaÕjbV�U�<?M � ["MNKbUiHJMNT�R0IL;NM�j � HJMNaÕ>"K
;NMNT�U � ILK-Y � T � ^_M�U�MNTJHN`

� H»U�<?M � ["MNKbUETJF?K?HNO"ISU»F?YQa � U�MNH�U�<?MGF?HJMNT�� HEj?TJ>yf�HJMNTEa�V0K � ^_IL; � @L@SV´jbVw^ � ILKbU � ILK �
ILK?[ � YQMNTJHJILH�U�MNKbU1R ÑhÑ 0 ;N>"K?K?MN;�U�IL>"K�`���M�f a � U � ILH+HJMNKbU*U�>iU�<?M�;N@LILMNKbU°F?KbU�IL@3MNISU�<?MNT
U�<?M � F?;�U�IL>"K3DG>CU
HJMNT�R"MNT_>"T�U�<?M�;N@LILMNKbU
H�U�>"Y?H
U�<?M�;N>"K?K?MN;�U�IL>"K�` Ñ <?M-;N>"KbU�ILK]F?>"F?H
F?YQa � U�MNH � @L@L>yf�U�<?MiF?HJMNT�U�> � MNMNY&U�T � ; � >CB»U�<?Mij?ILa?a?ILK?[�Y?TJ>0;NMNHJH�a�V0K � ^_IL; � @L@SV"`
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� K >"TJa?MNT�U�>Á;N>"^_^�F?K?IL; � U�M�f�ISU�<�U�<?M � F?;�U�IL>"K3DG>CU¤O9>"F?T � ["MNKbU&< � H-U�>Á>"YQMNK �
Ñ 
10*d � 0 ;N>"K?K?MN;�U�IL>"K � K?aÎU�<?MNK � F�U�<?MNKbU�IL; � U�M
ISU�HJMN@SB°jbVÎHJF?j?^_ISUJU�ILK?[±ISU�H9F?HJMNT � 4�`
� @L@+U�<?M±;N>"^_^�F?K?IL; � U�IL>"K ILH�^ � a?M_U�<?TJ>"F?["<ÔU�<?M � 0 � Y?TJ>CU�>0;N>"@r` Ñ <?M � ["MNKbU�; � K
U�<?MNK HJF?j?^_ISU�H�j?ILa?HNO�["M�U�H�ILK�BÒ>"TJ^ � U�IL>"K >"K >CU�<?MNT � ["MNKbU�H��»j?ILa?HNO �3K?a?H�>"F�U � jQ>"F�U
;N@LM � TJILK?[
Y?TJIL;NMNHNO � K?a&a?M�U�MNTJ^_ILK?MNH�U�<?M´U�T � K?H � ;�U�IL>"K?H�ISUh< � H�jQMNMNK�ILKbR">"@SR"MNa&ILK�`

� IL["F?TJM �0c 
G>"^_^�F?K?IL; � U�IL>"K¨f�ISU�< � F?;�U�IL>"K3DG>CU
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["M�UhU�<?M � 4Â>CB�U�<?M´@ � U�MNH�U�U�T � K?H � ;�U�IL>"K�O?H � V
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Ñ <?ILH�^_M � K?HhU�< � U�ILK � F?;�U�IL>"K&K]F?^�jQMNT���� . f�<?IL;=<&;N@LM � TJMNa � U�U�<?MiHJYQMN;NI��3MNa&U�IL^_MCO
>"K?M´F?K?ISU�f � H�jQ>"F?["<bU�BÒ>"T�����` 	#� jQM�UWfGMNMNK�F?HJMNT���� � � K?a 	 � 	 ` Ñ <?M´H�U � U�F?H�>CB �NMNTJ>
ILK?a?IL; � U�MNHhK?>�MNTJTJ>"TN`

� K � F?;�U�IL>"K [">0MNH�U�<?TJ>"F?["<½^ � KbV TJ>"F?K?a?HN` � U�M � ;=<ÁTJ>"F?K?a�O � ["MNKbU�H
HJF?j?^_ISU
U�<?MNILT9j?ILa?HN` Ñ <?M � F?;�U�IL>"KÎHJMNT�R"MNTiU�<?MNK �3K?a?H � ;N@LM � TJILK?[±Y?TJIL;NMCO � K?aÕ^ � U�;=<?MNH9U�<?M
HJMN@L@LMNTJH � K?a�j?F�V"MNTJH � U�U�< � U�Y?TJIL;NMC` � � ;=<�Y � ILT�>CBEj?F�V"MNT � K?a&HJMN@L@LMNThU�T � K?H � ;�U�H�>"K?M
F?K?ISUw>CBh[">0>0a � UwU�<?M¨;N@LM � TJILK?[&Y?TJIL;NMC` Ñ <?M¨TJMNHJF?@SU�H � TJM_HJMNKbU�j � ; � U�>&U�<?M � ["MNKbU¤`
Ñ <?MNK�U�<?M � F?;�U�IL>"K±[">0MNH�ILKbU�>�U�<?M9K?M,m0U�TJ>"F?K?a�` � IL["F?TJM ��IL@L@LF?H�U�T � U�MNH°U�<?ILH�Y?TJ>0;NMNHJHN`

Ñ <?Mw^_>"H�U�a?I��_;NF?@SUha?MNHJIL["K&ILHJHJF?MNH�ILK�U�<?Mi;N>"^_^�F?K?IL; � U�IL>"K¨f�ISU�<�U�<?M � F?;�U�IL>"K �
DG>CU � TJM9U�IL^_ILK?[�ILHJHJF?MNH � K?a-K?M�UWfG>"T � a?MN@ � V0HN`G:0ILK?;NM9U�<?M � F?;�U�IL>"K±U�< � UhU�<?M � ["MNKbU�H
� TJM�j?ILa?a?ILK?[iILK�ILH°H�V0K?;=<?TJ>"K?I��NMNa�O0U�<?M � ["MNKbU�H*K?MNMNa_U�>wHJF?j?^_ISU+U�<?MNILT°j?ILa?H � K?a�U�<?MNK
;=<?MN; � U�<?M¨j?ILa?H�>CBh>CU�<?MNT � ["MNKbU�H�jQM�BÒ>"TJM�U�<?M � F?;�U�IL>"KÔ;N@LM � TJHN` � B6U�MNTwf � ISU�ILK?[-BÒ>"T
U�<?M´;N@LM � TNO�U�<?M�V�;=<?MN; � U�>�HJMNMiISBAU�<?M�V±U�T � K?H � ;�U�MNa � K?a-F?YQa � U�M9U�<?MNILThMNK?a?>yf�^_MNKbU�H
� K?a±F�U�IL@LISU�ILMNH � ;N;N>"TJa?ILK?["@SV_jQM�BÒ>"TJM�HJF?j?^_ISUJU�ILK?[ � K?>CU�<?MNTGHJM�Uh>CB�j?ILa?H � K?a±TJMNYQM � U�ILK?[
U�<?Mi;�V0;N@LMC`
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49I�"nMNTJMNKbUiUWV0YQMNHw>CB � F?;�U�IL>"K?HiILKbR">"@SR"M_a?I�"nMNTJMNKbU�j?ILa?a?ILK?[-H�U�T � U�MN["ILMNHN`�ÓÔM_H�U�F?a?ILMNa
j?ILa?a?ILK?[�H�U�T � U�MN["ILMNHABÒ>"T�>"K?M°UWV0YQM*>CB � F?;�U�IL>"K?HNc�U�<?M$#&% ~0{('*),4rx=q,+�/3x % 4rvl1 �
	 � �rOgf�<?MNTJM
U�<?M
;N@LM � TJILK?[±Y?TJIL;NM
ILH9HJM�U � U9U�<?M¨X-U�< <?IL["<?MNH�U � ^_>"K?[ � @L@»j?ILa?H � K?a.- �(-0/ 	 �
ILH�U�<?M-K]F?^�jQMNT
>CB�HJMN@L@�j?ILa?HN` Ñ <?M�X-U�< � Y?TJIL;NM � F?;�U�IL>"K ILH � HJF?jQ;N@ � HJH�>CB�a?>"F?j?@LM
� F?;�U�IL>"K?HN` � K�>"TJa?MNT�U�>´F?K?a?MNTJH�U � K?a¨X-U�< � 0+TJIL;NM � F?;�U�IL>"K?HNOCfGM�< � R"M�U�>´F?K?a?MNTJH�U � K?a
a?>"F?j?@LM � F?;�U�IL>"K?HN`
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� K �.7 vl/98N2Lq�pC/3x % 4rvl1 � � �rO»U�<?MNTJM � TJM_^�F?@SU�ILY?@LM
j?F�V"MNTJH � K?aÔ^�F?@SU�ILY?@LM�HJMN@L@LMNTJHN` � K
� ["MNKbUh^ � V_HJF?j?^_ISU�jQ>CU�<�j?F�V±j?ILa?H � K?a�HJMN@L@nj?ILa?HN` � UWV0Y?IL; � @na?>"F?j?@LM � F?;�U�IL>"K±< � H
U�<?M�BÒ>"@L@L>yf�ILK?[9BÒM � U�F?TJMNHNc � 	 � �9K?M�F?K?ISU*>CB � [">0>0a�ILH°U�T � a?MNa¨M � ;=<¨U�IL^_MhYQMNTJIL>0a;: � � �
DGILa?H � TJM�>"j?HJMNT�R � j?@LM�U�> � @L@ � ["MNKbU�H9>"K?;NM�U�<?M�V � TJM�HJF?j?^_ISUJU�MNa;: �<� � � � ;=< � ["MNKbU#� H
Y?TJM�BÒMNTJMNK?;NMNH � TJM´F?K � K?>yf�K�U�>�>CU�<?MNT � ["MNKbU�HN`

D � HJMNa >"K�U�<?MÎU�IL^_ILK?[ >CBwU�<?MÕj?ILa?a?ILK?[ Y?TJ>CU�>0;N>"@rO�a?>"F?j?@LM � F?;�U�IL>"K?H-; � K jQM
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� K � H�V0K?;=<?TJ>"K?I��NMNa a?>"F?j?@LM � F?;�U�IL>"K�O � @L@ � ["MNKbU�H�HJF?j?^_ISUwU�<?MNILTwj?ILa?HwILKÔ@L>0; � H�U�MNY�`
DGILa?H � TJM � j � U�;=<?MNa��&a?F?TJILK?[�U�<?M
U�T � a?ILK?[�YQMNTJIL>0a�O � K?aÎU�<?MNKÕ;N@LM � TJMNa � U´U�<?M�MNK?a
>CB°U�<?M�YQMNTJIL>0a�` � K � K � H�V0K?;=<?TJ>"K?>"F?H�a?>"F?j?@LM � F?;�U�IL>"K�O � @LHJ>�; � @L@LMNa � x=vl1 % 4613/3vl/bu
a?>"F?j?@LM � F?;�U�IL>"K�O � ["MNKbU�H�>�"nMNT�U�>�j?F�V->"T�HJMN@L@ � K?a � ;N;NMNY�U�>CU�<?MNT � ["MNKbU�H��k>�"nMNTJH � U
� KbV ^_>"^_MNKbU¤` 
G>"KbU�ILK]F?>"F?H
a?>"F?j?@LM � F?;�U�IL>"K?H�< � R"M-jQMNMNK f�ILa?MN@SVÔF?HJMNaÁILK H�U�>0; �
M,m�;=< � K?["M�^ � T � M�U�H � 3 � � K?a � KbU�MNTJK?M�U � F?;�U�IL>"K?HN` :]V0K?;=<?TJ>"K?I��NMNa a?>"F?j?@LM � F?;�U�IL>"K
; � K&jQM´HJMNMNK�ILK � � HJa � � � K?a&;N@LM � TJILK?[
<?>"F?HJMNHN`

Ñ <?M�jQ>0> � MNa?ISU�MNa_jbV � TJILMNa?^ � K � K?a���F?H�U � ���3;N>"@L@LMN;�U�H+HJM�R"MNT � @kH�U�F?a?ILMNH°>CBna?>"F �
j?@LM � F?;�U�IL>"K?HNOCILK?;N@LF?a?ILK?[�jQ>CU�<�HJIL^�F?@ � U�IL>"K?H � K?a
[ � ^_M � U�<?MN>"TJM�U�IL; � K � @SV0HJMNHN`-T � ^_M �
U�<?MN>"TJM�U�IL;�H�U�F?a?ILMNH �
	#� � � 3 �3>"K
a?>"F?j?@LM � F?;�U�IL>"K?HE["MNK?MNT � @L@SV � a?>"Y�U+U�<?M�BÒT � ^_M�fG>"T � >CB
H�U � U�IL; �Ò>"K?M � HJ<?>CU ��[ � ^_MNH�f�ISU�<�ILK?;N>"^_Y?@LM�U�MwILK�BÒ>"TJ^ � U�IL>"K�O?BÒ>"T�f�<?IL;=<ÎU�<?M�M��]F?IL@LILj �
TJILF?^ HJ>"@LF�U�IL>"K-ILH�D � V"MNHJI � K � � HJ<�M��]F?IL@LILj?TJILF?^&` 49>"F?j?@LM � F?;�U�IL>"K?H � TJMiMNHJHJMNKbU�I � @L@SV
a�V0K � ^_IL;�[ � ^_MNHN` :0ILK?;NM � ["MNKbU�ILKbU�MNT � ;�U�IL>"K U ��� MNH�^_>"TJM&U�< � K >"K?M�TJ>"F?K?a�OhU�<?M
H�U � U�IL;-[ � ^_M�BÒT � ^_M�fG>"T � B � IL@LH
U�> � a?a?TJMNHJH¨U�<?M&j � HJIL;&a�V0K � ^_IL;NH_>CB�U�<?M�H�V0H�U�MN^&`
��U�<?MNT�U�<?MN>"TJM�U�IL; � @AH�U�F?a?ILMNH � � �AU�T�V�U�>_M,m�Y?@ � ILK-U�<?MwM,m�YQMNTJIL^_MNKbU � @�a � U � ["MNK?MNT � U�MNa
BÒTJ>"^ <]F?^ � K&HJF?j Z MN;�U�HN`°Ó�<?IL@LM9U�<?MiH�U�F?a�V�>CB�<]F?^ � K&jQMN< � R0IL>"ThILHhILKbU�MNTJMNH�U�ILK?[?O?fGM
� TJM9^_>"TJM�ILKbU�MNTJMNH�U�MNa-ILK±a?MNHJIL["K?ILK?[ � T�U�I��3;NI � @ � ["MNKbU�H�f�<?>
; � K�j?ILa � H�ILKbU�MN@L@LIL["MNKbU�@SV
� H�YQ>"HJHJILj?@LM�U�>_["M�U�^ � m�IL^�F?^!Y � V">�"nHN`
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T´>0a?M � K?a :0F?K?a?MNT � � �°a?MNHJIL["K?MNa ?gq>)�vl{W461 % q�26254S7]q�1nx=q � ["MNKbU�Hif�<?>&HJF?j?^_ISUiT � K?a?>"^
j?ILa?H+f�ISU�<?ILK � T � K?["M�HJF?;=<¨U�< � U°U�<?MNILT°F�U�IL@LISU�ILMNHEK?M�R"MNT*a?MN;NTJM � HJMC` Ñ >�IL^_Y?TJ>yR"M�F?YQ>"K
�NMNTJ> � ILKbU�MN@L@LIL["MNK?;NM � ["MNKbU�HNO�
G@LI�" � ���Ga?MNHJIL["K?MNa ?gq>)�vl{W461 % q�26254S7]q�1nx=q�{	�Q25/bu � ["MNKbU�Hwf�<?>
HJF?j?^_ISUAj?ILa?H�f�ISU�<?ILK9U�<?M°F�U�IL@LISUWV�ILK?;NTJM � HJILK?[hT � K?["MCOlj?F�UAU�<?M°j?ILa?H � TJM+;=<?>"HJMNKwHJ>�U�< � U
U�<?MNILT�F�U�IL@LISU�ILMNHhf�IL@L@»ILK?;NTJM � HJM
jbV�HJ>"^_M�Y?TJ>"YQ>"T�U�IL>"K�f�<?IL;=<ÎILH � a Z F?H�U�MNa >yR"MNT9U�IL^_MC`
Ñ <?MhM "nMN;�U�ISR"MNK?MNHJH*>CBkU�<?Mh@LM � TJK?ILK?[�a?MNYQMNK?a?H°>"K
HJM�R"MNT � @3Y � T � ^_M�U�MNTJH+ILK?;N@LF?a?ILK?[�U�<?M
@LM � TJK?ILK?[±T � U�MC`�
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