
University of Texas at El Paso University of Texas at El Paso 

ScholarWorks@UTEP ScholarWorks@UTEP 

Departmental Technical Reports (CS) Computer Science 

6-1999 

Decision Making under Interval Probabilities Decision Making under Interval Probabilities 

Ronald R. Yager 

Vladik Kreinovich 
The University of Texas at El Paso, vladik@utep.edu 

Follow this and additional works at: https://scholarworks.utep.edu/cs_techrep 

 Part of the Computer Engineering Commons 

Comments: 

Technical Report: UTEP-CS-98-12a 

Published in International Journal of Appeoximate Reasoning, Vol. 22, No. 3, pp. 195-215. 

Recommended Citation Recommended Citation 
Yager, Ronald R. and Kreinovich, Vladik, "Decision Making under Interval Probabilities" (1999). 
Departmental Technical Reports (CS). 433. 
https://scholarworks.utep.edu/cs_techrep/433 

This Article is brought to you for free and open access by the Computer Science at ScholarWorks@UTEP. It has 
been accepted for inclusion in Departmental Technical Reports (CS) by an authorized administrator of 
ScholarWorks@UTEP. For more information, please contact lweber@utep.edu. 

https://scholarworks.utep.edu/
https://scholarworks.utep.edu/cs_techrep
https://scholarworks.utep.edu/computer
https://scholarworks.utep.edu/cs_techrep?utm_source=scholarworks.utep.edu%2Fcs_techrep%2F433&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/258?utm_source=scholarworks.utep.edu%2Fcs_techrep%2F433&utm_medium=PDF&utm_campaign=PDFCoverPages
https://scholarworks.utep.edu/cs_techrep/433?utm_source=scholarworks.utep.edu%2Fcs_techrep%2F433&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:lweber@utep.edu


�����������
	���
���������������������� �"!#���%$&�('*)+�,	.-/�(-���'��0!1�
�2�

35476#8%9;:+3=<1>?8%@7ACBED�8%6#:GF�9;8%:#H;IKJLBMANHO6#4QP�H;RTS#U

DWVX8YRTS#H;6#A=Z�6\[]AC9;9OH;@7AC6#RNALZ�6#^_[]H`[]ab[MA
Z�476c8ed&479O9;AN@%A

f1gihkj 4%BW[]S+l�P%AN6,a#A
j ACmn354�RTS#AC9;9;AYo j > g p7q7pbgCr]gQq7s7p%t obu�v1l

ANw*8%H;9�x1y\z1{7|�}%~cyY���i�?�]�\�Q�

U���AC�c8%B_[]weAN6\[�4%��d&47w*�bab[]ACB�v�RNH;AC6#RNA
u56#HOP%ANBM^WHO[��G4Y����AE�b8%^�8Y[��.9���8%^W4

�.9��(8%^M4bo2��� f%s%s7�7q obu�v1l
ACwK8%HO9��c�7y7�2�Q�1}#�,�������b{Y~��
{7�7�

�" 7¡£¢£¤
¥ ¦M¢
§O¨E©#ª1«E¬C­�©�®°¯Nª�±C²°­W³ ´W³Cµ·¶¸µ¹®°µ·ª£ºi»%¼£½0¾£¾£¾£½¿» À�­_¨QÁEµ·Âiª�²°ª£¬T®7ºÃµ¹®°Ä ´
®°µ¸­W¬Nº�ÅM¼£½�¾£¾0¾£½ÆÅ�ÀiÇ

®°¯Nª£¬�©bª&È�´_¬ÉÈÆ¯N­T­WºÃª�´5ÁCª£È0µ¸ºÃµ·­W¬ËÊ�Ì2¨Í­W²�©Î¯Nµ·È�¯=®°¯Nª"ª0ÏE±Qª£È0®°ª£Á=³Qª0¬Nª0ÐC®.Ñ#Ì�Ò
» ¼�Ó�Ô£Ì¿¼,Õ ¾£¾£¾ Õ » À�Ó
Ô£Ì¸À ®Æ´W«]ª0º2®°¯Cª�¶¸´
²°ÖMª£º×®�±Q­MºÃºÃµ·³N¶·ª�ØM´_¶¸ÄCªMÇ ©Î¯Cª0²°ª Ô0Ì Ù ÁEª£¬N­_®°ª£º
®°¯Nª"³Qª£¬Nª�ÐN®�­_¨�ÁEª£È£µ·ºÃµ·­M¬ËÊ Ì µ·¬ÉºÃµ¹®°ÄN´_®°µ·­M¬ËÅ Ù]Ú §;¬=Û�´_¬�Ü�²°ª�´W¶c¶·µ¹¨Íª�ºÃµ¹®°ÄN´_®°µ·­M¬Cº£Ç
¯N­�©#ª0Ø]ª0²�Ç�©#ª�ÁE­(¬C­W®c«�¬C­
©k®°¯Cª.ÝÃÞ]ß]à0áâØW´W¶·ÄNª0º#­W¨7®°¯Cª�±E²°­M³ ´_³Nµ·¶·µ¹®°µ¸ª0º�»TÙTã�©#ª�­M¬N¶¹Ü
«�¬N­�©ä®°¯Nª.åÍæNáOÝ�çÆè_ßMé êcëQÙ�Òíì »%îÙ ½Í»iïÙ1ð ­_¨1±Q­WºÃºÃµ·³N¶·ª(ØW´W¶·ÄCª£ºÎ­W¨,®°¯Nª£ºÃª�±E²°­M³ ´_³Nµ·¶·µ¹®°µ¸ª0º Ú§;¬/­W²ÆÁEª0².®°­�Û�´_«]ª�ÁEª£È£µ·ºÃµ·­M¬Nº�ÄC¬ ÁCª�².ºÃÄNÈÆ¯ñµ·¬T®°ª0²°ØW´W¶Î±C²°­W³ ´W³Cµ·¶¸µ¹®°µ·ª£º£Çc©bª&©#­WÄN¶¸Á
¶·µ¸«Mª�®°­�ÖWª£¬Nª�²Æ´W¶·µ·ò£ª�®°¯Nª�¬C­W®°µ·­M¬?­W¨%ª0ÏE±Qª£È0®°ª�Á�³Qª£¬Nª�ÐN®°º#®°­�µ¸¬T®°ª0²°ØW´W¶i±E²°­M³ ´_³Nµ·¶·µ¹®°µ¸ª0º Ú
§;¬�®°¯Nµ·º�±N´W±Qª0²�Çâ©#ª�ºÃ¯C­�©G®°¯ ´_®ó¬ ´_®°ÄE²Æ´W¶\²°ª�ôTÄNµ¹²°ª£Û.ª0¬�®°º�¶·ª�´MÁ�®°­�´?ÄC¬Nµ¸ôTÄNª"õö´W¬NÁ
ª�´WºÃµ·¶¹Ü�È£­WÛ.±NÄE®Æ´W³N¶·ª
÷QÖMª0¬Nª0²Æ´_¶¸µ·ò�´
®°µ·­M¬ Ú�ø ¯�ÄCº£Ç�©#ª�¯ ´�Ø]ª�´c¬ ´_®°ÄE²Æ´W¶M©#´£Üó­W¨NÁCª0È£µ·ºÃµ¸­W¬
Û�´W«�µ·¬NÖ(ÄN¬ ÁEª0²cµ·¬T®°ª0²°ØW´W¶â±C²°­M³N´W³Cµ¸¶·µ¹®°µ·ª£º Ú

ù ú,û&ü#ýcþ�ÿ�����ü��_þ?û übþ ü����	� ýcþ�

�����

�����������������! #"$�%�'&)(*�� #�+�,�.-��0/$ #�21+3546"$�7��89�:���.�'����;=<'�0�'�����?>�@BA#CED2FHGJI#C
KML�N APO#QRD?S#TUC K9VHN APWXC+Y NZV[N D�A K9L2\�N A#] NZV GJI#C�O^QRD?S#T_C K D�F`YaI#D�D VRN A#]bD�A#CcD�Fedgf^A N GJC�TUh
KML A�hXi L TjGJC�QJA L G N_k C V�lnmpo�q�q�q�oJl�r�sut D�QuC�v L2K O#TUC�w2xyC K9L heYaI#D�D V CzD?A#C{D2F.GRI^C{O�D VRVRN S^T_C
T_DXY L G N D�A V D2F L A#C�x L2N QJO�D?Q[G+w?D?A#CBD�F$GRI^CnO.D VJVRN S#TUCBW#C VRN ]?A V F5D�Q L A#C�x|O#T L A0G�} L F L Q K C�Q
A#C�C+W V GRD9YaI#D�D V C L Y~QJD�O�GRD9]�QJDpx�w�C~GaY s

��A V D K C V[N GR� L G N D�A V w2xyC \ A#Dpx!GRI#C{C�v L Y�GuY~D?A V C+�0�#C�A^Y�C V D2F.C L YaI�YaI#D N Y�C�} N A�O L QRG N Y��
�#T L Q�w�xyC \ A^Dpx�GRI#C�A�� K C�Q N Y L T��a���.��������d5C s ] s w K D�A^C~G L QRh?w��XG N T N G N C V w#C�GJY s iM� m�o�q�q�q�o � r

�



x{I N YaI YaI L Q L Y~GRC�Q N � C�GRI^C Y�D�A V C��0�#C�A^Y~C V D2FHC L YaI|YaI#D N Y�C s ��A V ��YaI V[N GR� L G N D�A V w{GJI#C
YaI#D N Y~C D2FzGRI#C9S.C V G L T_GRC�QJA L G NUk C NUV C L�V h��BxzC VRN_K O#TUhbYaI#D�D V C�GRI#C L TjGJC�QJA L G N_k C l�� F5D�Q
x{I N YaI GJI#C kpL TU�#CH� ��NUV GJI#C�T L QR]?C V G

� ��� KML v� q

��������������� �! X"$���7&7(B�? #�+����-{�0/$ #��1�3%4P"$�'��8M���
	p���� 
���%3%�%1����0�?>���D V GyF5QJC��0�#C�A0GRTUh�w
I#DpxzC k C�Q�w�F5D�QyC L YaI�YaI#D N Y~C l�� w?GJI#CnC~v L Y~G kpL TU�#CnD2F=GRI^CBS.C�A#C�f#G{QRC�T L GRC+WMGRDeGRI NZV YaI#D N Y~C
NUV A#D�G \ A#Dpx{A�S�C�F5D�QJC�I L A^W=w2S.C�Y L � V CzGRI NZV�kpL TU�#C{WXC�O.C�A^W V A#D2GuD�A^T_h�D?A�D?�#QuYaI#D N Y~C?wpS#�XG
L T V D9D?A V D K C V[N GR� L G N D�A
x{I N YaI NZV S.C�h?D�A^W�D?�#QBY�D�A0GRQJD�T s{t D�Q�C~v L2K O#TUC�w�GRI#CHF L Q K C�Q�� V
S�C�A#C~f#G V WXC�O.C�A�W|A#D�G D?A#T_h�D?A I NZV YaI#D N Y~CED2F L Y~QJD�O)w`S#�XG L T V DPD�A GRI#C xyC L GJI#C�Q s
� V � L TUT_h?w N A V �^YaI�Y L?V C V w#xyCeY L A�C�A�� K C�Q L GJC L TUT)O.D VJVRN S#TUC VRN GJ� L G N D?A V��pm�o�q�q�q�o���� w L A^W
F5D�Q$C L YaI�YaI#D N Y~C l � L A^WBF5D�Q$C L YaI V[N GR� L G N D�A ��� w+xzC \ A^Dpx d%D�Q L G$T_C L�V G$xzC�Y L A�C V G NUK9L GJC+i
GRI#C kpL TU�#C�� � � D2F.GRI#C{S.C�A#C�f#G�GJI L GuGJI NUV YaI#D N Y~C x N T_T#S^Q N A#] N AMGJI#C VRN GJ� L G N D?A ����s ��A V �^YaI
Y L�V C V w N A!D?QJW#C�Q�GJDEYaI#D�D V CMGRI^C�S.C V G L T_GRC�QRA L G NUk C?w N G�I^C�TUO V GJD \ A#Dpx I#Dpx*O#QRD?S L S^T_C
W N�� C�QJC�A0G VRN GJ� L G N D?A V{L QJC s

�)Q L W N G N D�A L T K C~GJI#DXW V D�F#WXC�Y NUVRN D?A KML�\�N A#]Hd V C�C�w�C s ] s w
�  �w �  �w�!#"%$gi L QJCuS L�V C�WnD�A�GJI#C
L�VJV � K OXG N D?A�GRI L G7xyC \ A#Dpx GRI^C'&�(�)��+*��-,/.0,g�1,%����2 m�o�q�q�q�o 2 � D�F^W N3� C�QRC�A?G V[N GR� L G N D�A V�� � s ��A
GRI NZV Y L�V C�w0xzCnY L A9G L�\ C{GJI#C L�k C�Q L ]?C�d%C~vXO.C�Y�GJC�W^i�S.C�A#C�f#G{� ��4 2 m�5 � �gm76Pq�q�q+6 2 ��5 � �3�
L�VML�K C L?V �^QRC�D2FB�0� L T N G h D2F�C L YaI L TjGJC�QJA L G N_k C l�� w L A^W V C�T_C+Y�G GRI#C L T_GRC�QRA L G NUk C�F5D�Q
x{I N YaI GJI NUV C�vXO�C+Y�GRC+W S�C�A#C~f#G�G L2\ C V GRI^C�T L QR]?C V G O.D VJVRN S#TUC kpL TU�#C8�

� �
4 2 m95 � �gm:6�q�q�q%6 2 �;5 � �3�<� K9L v� q

�����������������P X"$�%�'&)(� �!��	p�=	p�� #3��%��1��%���? #��� �.-��%� 1+�>	�?# ^3%354 "$�'��89�@�
	��A�� 
�'��3/B
�51�������>B��A V D K C V[N GR� L G N D�A V w^xyCeWXD�A#D2G \ A#Dpx GJI#C���C>*ED~� kpL TU�#C V D2FuGRI^CHO#QJD�S L S N T N G N C V
2 � s ��A V GJC L W=w#xyCnD?A#TUh�I L�k C�GJI#C<,g�^����(GF%*%. �H� ��4 � 2JI� o 2�K� $)D2F�O�D VRVRN S#T_C kpL TU�#C V D2F'O#QRD?SX�
L S N T N G N C V d V C�C�wXC s ] s w7� ��L wA! � wAM � $ L A^W�QRC�F5C�QJC�A^Y�C V GRI^C�QJC N A�i s
N�/$ #�O�'3���(QP� #�+�����7�y�!�%�+�+�%�.��>:R V`L QRC+Y~C�A?G{C�v L�K O#T_C�D�F7GJI#C�A#C�Y�C VJV[N G hcD�F�WXC+Y NZV[N D�A
KML�\�N A#]9�^A^WXC�Q N A0GJC�Q k�L T)O#QJD�S L S N T N G N C V w^xyCHY L A�Y N GRC�GJI#CeO^T L A#A N A#]cD2F LTSyL?VRVRN A N)KMNUV �
V[N D�AbGRD=U L GJ�#QRA)}=GRI#C GJC�YaI#A N Y L TuW NUV Y~� VRVRN D?A�D2FzGRI#CMY~D?QRQJC V O.D�A^W N A#] WXC�Y NUVRN D?A NZVRV �#C V�NZV
O#QRC V C�A0GRC�W$wuC s ] s w N AV� ��W $ s U N A^Y�CcGRI NUV KMNUVJVRN D?A!x L?VeV C�A0G GRD�GJI#C�F L Q S�D?�#A^W V D2F{GJI#C
U�D�T L Q�UXh V GRC K w�x{I#C�QRC�GJI#CXUXD�T L Q{T N ]?I?G NUV�k C�QJh�W N_K w N G�Y~D��^TUW A#D�GBQJC�TUh V D�TUC�TUh�D�AYUXD2�
T L QHS L GRGRC�Q N C V d L�V � V � L T�O#T L A#C�G L QRh KMNZVRVRN D�A V i�w V D L O^T_�XGJD�A N � K C�A#C�QR]?h V D��#QaY~CMx L�V
L W#WXC+W s � I#C�O#QJC~F5C�QRC�A^Y~CHD�F L QRC L�V D�A L S#T_C�T L QJ]�C L2K D?�#A0G`D2F V ��YaI
I N ]?I#TUh�Q L W N D L Y�G NUk C
V �#S V G L A^Y�C L?V O#T_�#GRD�A N � K K9L WXC L O�D VRVRN S^T_C T L �#A^YaIeF L2N T_�^QRC L O�D�GRC�A?G NUL T V C�Q N D�� V I#C L T_GRI
Q NZV[\ s

�)D K9L�\ C L WXC�Y NUVRN D?A$w[Z�R�U\R|F5D?T_TUDpxzC+W GRI#C V G L A�W L QaW9WXC�Y NUVRN D�A K9L2\�N A#]eO L Q L W N ] K
L A^W�GRQ N C�W GRD9C V G N_K9L GRC�GJI#CHO#QJD�S L S N T N G hcD2F�GJI NUV F L2N T_�#QJC s9] DpxyC k C�Q+wXQRC V C L QaYaI#C�Q VyV D�D�A
O�D N A0GRC+W D��XG d V C�C^� ��W $�F5D�Q K D�QJC�WXC~G L2N TZi GJI L G�WX�#C
GJD GRI^CbT L QJ]�C
�#A^Y�C�QRG L�N A0G N C VcN A
GRI#C
W L G L S L�V C�w�xyC�Y L A^A#D2G9]�C�GMGRI#C�C~v L Y�G9O#QJD�S L S N T N G N C V w�xzC
Y L A$w L G9S�C V G+wz]?C~G L A
,g�^����(GF%*%.�D2F.O�D VRVRN S#T_C kpL TU�#C V D2F^GJI#C V C{O#QJD�S L S N T N G N C V�s U�D�w N A V GJC L WeD�F�� VRN A^]BGJI#C{D�Q N ] N A L T

!



� ��� ��(G, D+*%..C V G NUK9L GJC��2 m�� � " I�� F5D?Q�GJI#CMO#QJD�S L S N T N G h D�F�GJI#C W NUVJL�V GRC�Q�w GJI#C�O^T L A#A#C�Q V
V I#D?�#TZW�I L�k C�� V C+WcGJI#C�x{I#D?T_C<,g��� �-(GF *#.[� m	� � " o � " I�
 $$D2F�O�D VRVRN S^T_C kpL TU�#C V D�F�2 m�s

R`T_GRI#D?�#]�I L Y \ A#Dpx{TUC�WX]?C�W=w+GRI NUV'N WXC L x L?V A#D2G'F5D�Q K9L TUT_h NUK O^T_C K C�A0GRC�W N AeGJI#C O#T L AX�
A N A^] D�F�GJI#C L Y�GJ� L T KMNZVRVRN D?A$w K9L2N A#TUhbWX�#C GRD GJI#CMT L Y \ D2F�GJI#C L O#O^QRD?O#Q NZL GJC�WXC+Y NZV[N D�A
KML�\�N A#]MGJC�YaI#A N �0�#C V�s � L A�h Z�R�U
R,QRC V C L QaYaI#C�Q V L QJCnx N TUT N A#]9GJDMG L2\ C�GRI#C V C N A0GRC�Q kpL T V
N A0GRD9Y�D�A VRN W#C�Q L G N D�A�x{I#C�A�O#T L A^A N A^]MF5�XGR�#QJC KMNUVJVRN D?A V�s
� ?��>	p #&.�%�'&)(| �' X1�<�	p #39��
'�� => @�FnY�D��#Q V C�wuGJI#C N A0GRC�Q kpL TyO^QRD?S L S N T N G N C V � � K � V G
S�C D�)2�#�G,Z��� ���^� w N�s C s w{GJI#C�QJC V I#D��#TZW S.C kpL TU�#C V 2 ��� � � x{I N YaI F5D?Q K L O#QJD�S L S N T N G h
W NUV GRQ N S#�XG N D�A d N s C s w.F5D�QBx{I N YaI 2 m 6|q�q�q#6 2 � 4 � i s�t D?QBC L YaI V �^YaI�W NZV GJQ N S#�XG N D?A 2 4
d02 m o�q�q�q�o 2 � i~w?xyC`Y L AMY�D K O#�XGJC{GRI^C`C~vXO.C�Y�GJC�WMS.C�A#C�f#Gy� � d02.i 4 2 m 5 � �gm 6 q�q�q 6 2 � 5 � � � }
GRI#CBO#QRD?S#TUC K NZV GJI L G N A9GJI#C�Y L�V C`D2F N A?GJC�Q kpL T#�#A�Y~C�QRG L�N A0G h?w2GRI^C�QJC L QJC � *2���Hd L Y�GJ� L TUTUh�w
,g�����A,g� �-.�� � *p����i�O.D VJV[N S#TUC�O#QRD?S L S N T N G h!W NUV GRQ N S^�XG N D�A V w L A^W W N�� C�QJC�A0GcW NZV GJQ N S#�XG N D?A V
T_C L W=w N A ]?C�A#C�Q L T�w GJD W N3� C�QJC�A0G kpL TU�#C V D�F�GRI#C C~vXO.C�Y�GJC�W S�C�A#C~f#G s�� C xzD?�#TUW|T NU\ C
GRD V D K C�I#Dpx,Y~D K S N A#C?w	� L�k C�Q L ]�C��eGJI#C V C k�L T_�^C V � � d�2.i L A^WEY~D K C �#OEx N GJI L V[N A#]?T_C
A0� K C�Q N Y L T=C V G NUK9L GRC�D�F7GJI#CH�0� L T N G h�D2F L ] N_k C�A L T_GRC�QJA L G NUk C s'] Dpx Y L A�xyCHWXD GRI L G��

��AeGJI NUV O L O.C�Q+wpxzC V I#DpxPI^Dpx GRI NZV � L�k C�Q L ]?C��{Y L A S�C{A L GR�#Q L TUTUhHWXC~f^A^C�W s Z L�K C�T_h?w
xzC{WXC V Y�Q N S�C QJC L?V D?A L S#TUC�QJC��0� N QJC K C�A0G V D?AeGJI NUV � L�k C�Q L ]�C�� L A^WeGRI#C�A V I#Dpx!GRI L G'GJI#C V C
Y~D�A�W N G N D?A V �^A N �0�#C�T_h�WXC�GRC�Q KMN A#C L A�C~vXO#QJC VJV[N D�A F5D�Q�GRI NZV � L�k C�Q L ]�C�� s�� �^Y \�N TUh F5D�Q
WXC�Y NUVRN D?A K9L�\0N A#] L O^O#T N Y L G N D�A V w$GJI NZV C~vXO#QJC VJV[N D�A NUV C L�V h
GJD�Y~D K O#�#GRC L A�W NZV w)GRI�� V w
k C�QJh9O#Q L Y~G N Y L T s

� �*þ! #".ýcÿ%$&"('�þ?ý��)"H���+*	"�ü��_þ?û þ-,Gü���� � ýcþ�

�����

� I#C{WXC VRN QJC�We�?� L T N G he� � D2F L A L TjGJC�QJA L G N_k C l�� V I#D?�#TZWHD�A^T_hHWXC�O�C�A^W�D�AHGJI#C O#QJD�O.C�QRG N C V
D2F�GRI NZV O L QRG N Y~�#T L Q L T_GRC�QJA L G NUk C�w L A^W N G V I#D��^TUW�A#D�GnWXC�O�C�A^W
D?A
x{I L G�D�GRI#C�Q L TjGJC�QJA L �
G NUk C V{L QRC�GRI#C�QRC s U�D^wXx{I^C�A�Y~D K O#�#G N A#]c� � wXxyC K � V G{D?A#T_hcG L2\ C N A�GRD9Y~D?A V[N WXC�Q L G N D�A$w
F5D�Q`C L YaI V[N GR� L G N D�A ��� w N G V�N A0GJC�Q k�L T$O#QJD�S L S N T N G hT� ��L A^W GRI^CHS�C�A#C~f^G V � � � x{I N YaI�Y~D?Q[�
QRC V O.D�A^W V GJDMGRI NZV{VRN GJ� L G N D?A ��� d L A^W xyC�x N TUT=A#D2G{A#C�C�W�GRI^C kpL T_�#C V �+. � F5D�Q0/%1432 i s ��A
k0N C�x*D2FyGRI NUV Y�D KMK C�A0G�w'xyCcY L A VRN_K O#T N F5h D��^Q�A#D2G L G N D�A V S�hEWXQJD�O#O N A#] GJI#C N A�WXC~v 2
d5x{I N YaI YaI L Q L Y�GJC�Q N � C V GRI#C L T_GRC�QRA L G NUk C�i�w L A�WbWXC�A#D2GJCeGJI#CMS�C�A#C~f#GHY�D�QJQRC V O.D�A^W N A#]cGRD
GRI#C VRN GJ� L G N D?A ��� S�hT� ��N A V GRC L W�D2F'� � ��s

��A�GJI#C V C V[NUK O#T N f^C+W A#D2G L G N D�A V wXxyC�Y L A QJC~� F5D�Q K �#T L GJCBD?�#Q{O#QJD�S#TUC K L?V F5D�TUT_Dpx V �

4 xyCcI L�k C L f^A N GJC V C��0�#C�A�Y~C�D�F`O L2N Q V65 � ��o � ��7�o �98 / 8;: w`d5x N GRI Y~D?A V[NZV GRC�A0G
O#QJD�S L S N T N G h N A?GJC�Q kpL T V � � i~} L A^W

4 xyC�A#C�C+W�GJD GRQ L A V F5D�Q K GRI NZV`V C��0�#C�A^Y~C N A?GJD LMV[N A#]�TUC�A�� K S.C�Q�� s
��A9D2GRI^C�Q�xyD�QaW V w2xyC K � V GzWXC V[N ]�A L	<�� � D~�1, )p� � x{I N YaIMG L2\ C V w L�V�N A#O^�XG�w L A L QRS N GRQ L QJh
Y~D�A V[NZV GJC�A0G f^A N GRC V C��0�#C�A�Y~C�D2F'O L2N Q V=5 � � o � � 7yL A^W�x{I N YaI�QJC~GJ�#QRA VyL WXC V[N QJC�WcC V G N_K9L GRC

�Md 5 � m o � m 7�o�q�q�q�o�5 � � o � � 7 i q
� I#C�QJC L QJC V D K C�A L GR�#Q L T=O#QJD�O.C�QRG N C V GJI L G`xyC�C~vXO�C+Y�G{F5QJD K GJI NZV F5�#A^Y~G N D�A s

M



� s�t7N Q V G+w�xyCyx L A0G�GRD K9L�\ C V �^QRCyGRI L G�x{I#C�A xyC \ A#Dpx!GJI#C{O#QJD�S L S N T N G N C V ��C>*ED~�1.��pw N�s C s w
x{I#C�A L TUT GRI^C N A0GRC�Q kpL T V{L QRC�WXC�]?C�A#C�Q L GRC � ��4 � 2 �Ro 2 � $ w#xzC�]?C~G GRI#C�C�vXO�C+Y�GRC+W k�L T_�^C8�

�Md 5 � 2 m o 2 m $ o � m 7�o�q�q�q�o�5 � 2 � o 2 � $ o � � 7 i 4 2 m 5 � m 6�q�q�q%6 2 � 5 � � q d � i

! s R VRN_KMN T L Q�QRC�T L G N D�A K � V GHS�CMGJQR�#C9x{I^C�A GRI#C�QRC NZVHL A �#A^Y�C�QRG L�N A0G h�w)S#�XG�GRI NUV �^AX�
Y~C�QRG L�N A0G h NZV f�Y~G N G N D�� V ��A L�K C�TUh�w N FuxzC�I L�k CnD?A#TUhcG xyD VRN GR� L G N D�A V w L A�W�xyC \ A#Dpx|GJI#C
C~v L Y~GzO#QJD�S L S N T N G h 2 m F5D�Q D�A#CBD2F$GJI#C K d N s C s w
� m 4 � 2 mpo 2 m $5i�w0GRI#C�A$w L T_GRI^D��#]?I�xyC K9L h
S�Cn] NUk C�A L A#D?AX��WXC�]?C�A#C�Q L GRC N A0GRC�Q kpL T�� � F5D�QyGJI#C V C�Y�D�A^WcO#QRD?S L S N T N G h?w?xyC \ A#Dpx GJI L G+w
WX�#C GRD GRI^C C+�0� L T N G h<2 m 6 2 � 4 � w GRI^C9D�A#TUh
O�D VRVRN S#T_C kpL TU�#CMD2F�GRI NZVHV C�Y~D?A^W�O^QRD?S L �
S N T N G h NZV 2 � 4 ��� 2 m s ��A�GRI NZV Y L?V C?w�GRI#C�x N W�GJI
D2F'GRI#C N A0GRC�Q kpL T7� � NZV{N QJQJC�TUC kpL A0G L A^W
N G NUV GRI#C�QRC�F5D�QJCHQJC L�V D�A L S#TUC�GRDcQJC��0� N QJC�GRI L G�GJI#C�QJC V �#T_G N A#]cS.C�A#C�f#GBx N TUT'S.CHGJI#C VJL2K C
x{I#C~GJI#C�Q`xyC�� V C L x N WXC N A?GJC�Q kpL T � � w#D?Q GRI#CHWXC�]�C�A#C�Q L GJC N A0GRC�Q kpL T:� ��� 2 m o ��� 2 m $ �

�Md 5 � 2 mpo 2 m $ o � m�7�o�5 � � o � � 7 i 4 �Md 5 � 2 m2o 2 m $ o � m+7~o�5 � ��� 2 mpo ��� 2 m $ o � � 7 i q d1!�i

M s � I^CuGRI N QaW�WXC VRN QJC�WnO#QJD�O.C�QRG hBY�D K C V F5QRD K GJI#C�F L Y�G$GJI L G$GJI#C�D?QJW#C�Q=D2F�GJI#C VRN GJ� L G N D?A V
NUV � V � L TUT_h O#QJC~GRG h K �^YaI L QRS N GJQ L QRh � x{I L G x L?VeLbVRN GR� L G N D�A�� � Y�D��#TZW L?V xyC�TUTzS.C
V[N GR� L G N D�A�� L w L A^W k0N Y~C k C�Q VJL#s � I#C�QRC�F5D�QJC�w GJI#C kpL TU�#CED2F�GRI^CEWXC V[N QRC+W F5�#A^Y~G N D�A
V I#D?�#TZW�A#D�G�YaI L A^]�C N FuxyC VRNUK O^T_h V x L O 2 � GRI L A^W /�� GRI VRN GJ� L G N D?A V �

�Md 5 � mpo � m 7~o�q�q�q�o�5 � � I mpo � � I m 7~o�5 � �Ro � � 7�o�5 � � K mpo � � K m+7~o�q�q�q~o

5 � � I mpo � � I m�7�o�5 � � o � � 7~o�5 � � K m�o � � K m+7~o�q�q�q�o�5 � � o � � 7 i 4
�Md 5 � m�o � m 7�o�q�q�q�o�5 � � I mpo � � I m�7�o�5 � � o � � 7~o�5 � � K m2o � � K m�7�o�q�q�q�o
5 � � I mpo � � I m�7�o�5 � �[o � � 7~o�5 � � K m�o � � K m+7~o�q�q�q�o�5 � � o � � 7 i q d M?i

� s � I#C�F5D?�#Q[GJI�WXC VRN QJC�W O#QJD�O.C�QRG hPY~D K C V F5QJD K GJI#C�F5D�TUT_Dpx N A#]A�
x{I L GJC k C�Q L QJC�GJI#C
d5�#A \ A#Dpx{A.i L Y�GJ� L TuO#QJD�S L S N T N G N C V 2 � � � � w=GRI#C9S.C�A^C~f#GeY L A#A#D�G�S�CMxyD�Q V C�GRI L AbGJI#C
xzD?Q V G�D2F=GJI#CnO�D VRVRN S N T N G N C VzL A^WcY L A#A#D�G�S.CBS.C~GRGRC�QzGRI L AcGJI#C�S.C V G D2F=GRI^C�O.D VJV[N S N T N G N C V�s
��AcD2GJI#C�QyxzD?QJW V w?GRI#CnWXC VRN QRC+W kpL TU�#Cn� K � V G L TUx L h V S�CnS�C�G xzC�C�A KMN A�� �BL A^W K9L v9� � �

KMN A� � � 8 �Md 5 � 2 m2o 2 m $ o � m 7~o�q�q�q�o�5 � 2 � o 2 � $ o � � 7 i 8 K9L v� � � q d��0i

L s � I#Cnf#FgGRI�O#QJD�O.C�QRG h NUV QJC�T L GJC�WcGRD GRI#CnF L Y�G GRI L G{x{I N TUC�xzCnI L�k C V DeF L Q{Y~D�A V[N WXC�QJC�W
L �G,g�	�8._��W#C�Y NZVRN D?A O^QRDXY~C VRV d%YaI#D�D VRN A#] l � i�w.xzC KML h I L�k C ��
 )�D?Q K D�QJC N A^WXC�O.C�A�WXC�A0G
WXC�Y NUVRN D?A V D�A^C L FgGRC�Q L A#D�GRI#C�Q��

�



4 f^Q V G YaI#D�D V[N A#] L A L T_GRC�QRA L G NUk C l�� F5QJD K GRI^C � (a��� T NUV G D2F L TjGJC�QJA L G N_k C V
l�m�o�q�q�q�oRl�r w L A^WcGJI#C�A

4 YaI#D�D V[N A#] L A L TjGJC�QJA L G N_k C l � . F5QJD K GJI#CH���+D+)p���`T NZV GzD2F L TjGJC�QJA L G N_k C V�l � m o�q�q�q�oRl � � s
� I#C�F L Y�G GRI L G GRI#C V C�YaI#D N Y�C VyL QJC N A^WXC�O.C�A�WXC�A0G K C L A V GRI L GzF5D?QyC L YaI�O L2N QzD�F7YaI#D N Y�C V
l � L A^W l � . w0GJI#CBQJC V �#T_G N A#] S�C�A#C~f#G � � ��N A V[N GR� L G N D�A ���BNZV V[NUK O#TUh9C��0� L T�GRD�GRI^C V � K D2F
GRI#C�G xyD9S.C�A#C�f#G V ��GJI#CHS.C�A#C�f#G � � � D2F�YaI#D�D V[N A#] l � L A^W GJI#CHS.C�A#C�f#G � � . � D�F�YaI#D�D VRN A#]
l � . s � G NUV A L GR�#Q L T.GJD�QJC��0� N QRC�GRI L G N A V �^YaI LeVRN GJ� L G N D?A$w�GRI^CBC�v�O.C�Y~GRC+W�S.C�A#C�f#G{D2F$GJI#C
V[N GR� L G N D�A ��� F5D�Q�GJI#C{WXD��^S#T_C{YaI#D N Y�C NUVuVRN_K O#TUhHC+�?� L T0GRDnGRI^C V � K D2F�C�vXO�C+Y�GRC+W S�C�A#C~f#G V
Y~D�QJQJC V O�D?A^W N A#]eGJD<� ��L A^W � �� s ��A�D2GRI^C�Q{xyD�QaW V w�xyC�QRC+�?� N QJCnGRI L G

�Md 5 � m2o � m'6 � � m 7�o�q�q�q~o�5 � �=o � � 6 � �� 7 i 4
�Md 5 � m o � m 7�o�q�q�q�o�5 � � o � � 7 i 6 �Md 5 � m o � � m 7�o�q�q�q~o�5 � � o � �� 7 i q d L i

� s � I^C VRN v�GRIPO#QRD?O�C�Q[G h NZV QJC�T L GJC�W GRDbGRI#C�F5D�TUT_Dpx N A#]
F L Y�G�� � I#C�A!xyC L A L TUh � C9GJI#C
O�D VRVRN S^T_CMY~D?A V C+�0�#C�A^Y�C V D2F�D?�#Q�WXC�Y NUVRN D�A V w xzC�GRQJh�GRD T NZV G L T_T�O.D VJV[N S#TUC VRN GR� L G N D�A V S�h
N_K9L ] N A N A#] L TUT{O.D VJV[N S#TUC�Y�D K S N A L G N D�A V D�FBC k C�A0G V�s U�D K C�D2FBGRI#C V C�C k C�A0G VMKML h S.C
QRC�T_C k�L A0G{GRD9D��^Q�WXC�Y NUVRN D�A$w V D K C K9L h�T L GJC�Q{GJ�#QJA
D��XG{GJD9S�C N QJQRC�T_C k�L A0G s R V`L QJC V �#T_G�w
xzC K9L h9C�A^W �#O x N GRI G xzDMW N3� C�QRC�A0G VRN GR� L G N D�A V w VRL h �pmBL A�W � � w^x{I N YaI QJC V �#TjG N A�GJI#CC~v L Y~G VJL2K C S�C�A#C~f#G kpL T_�#C � m 4 � � s �)D VRN_K O#T N F5hEY~D K O#�#G L G N D?A V w N G NZV WXC VRN Q L S^T_C�GRD
Y~D K S N A#CnGRI#C V C�G xyD V[N GR� L G N D�A V N A0GRD LMV[N A#]?T_C�D�A^C s

� F^xzC \ A#Dpx GJI#CzC�v L Y�G�O#QJD�S L S N T N G N C V 2 m L A�W�2 � D2F.C L YaIHD2F#GJI#C D�Q N ] N A L T V[N GR� L G N D�A V wGRI#C�A�GJI#C�O#QJD�S L S N T N G h9D2F)GJI#C�Y~D K S N A#C�W VRN GJ� L G N D?A NZV C��0� L T.GJD 2 m 6 2 � s � F7xyC�WXD�A^D2G
\ A^Dpx|GRI^C�C~v L Y~G`O#QRD?S L S N T N G h�D2F�C L YaI VRN GJ� L G N D?A$w N s C s w N F�xzC�D?A#T_h \ A^Dpx|GRI^C ,g�^����(GF%*%. �
D2FzO.D VJVRN S#TUC k�L T_�^C V � m 4 � 27Im o 2AK m $ L A�WY� � 4 � 27I� o 2AK� $�D�F�GRI^C V C O^QRD?S L S N T N G N C V w GJI#C�AGRI#CnO#QJD�S L S N T N G h D�F=GRI#C�Y~D K S N A#C+W9C k C�A0GyY L A9G L2\ C L A�h kpL TU�#C�2 m 6 2 � x{I#C�QJC�2 m � � m
L A^WT2 � 4 � � s � I NUV�V C~GnD2F�O.D VJV[N S#TUC kpL T_�#C V�NZVn\ A#Dpx{A
GRD�S�C L T V D L A N A0GJC�Q k�L T�w x N GRIGRI#CnS�D?�#A^W V � 27Im 6 27I� o 2AK m 6 2AK� $ s ��A N A0GRC�Q kpL T Y~D K O^�XG L G N D�A V d V C�C?w0C s ] s w � W w��#w ��� w � !�w� MXw � � $5i�w^GRI NZV A#C�x N A0GRC�Q kpL T NUV Y L TUTUC�W�GRI#Cc� ��� D2F'GRI#C�G xyD N A?GJC�Q kpL T V � m�L A^W � � L A^WWXC�A#D�GRC+W�S�h � m:6 � � s

� I#C�S�C�A#C~f#G`D�F)GJI#CHWXC�Y NUVRN D�A V I#D?�#TZW�A#D�G`YaI L A#]?C N F�xzC VRN_K O#TUh�Y�D K S N A#CBGRI^C�G xzD
L Y�G N D?A V x N GRI N W#C�A0G N Y L T$Y~D�A V C+�?�^C�A^Y�C V N A?GJDMD�A#C s ��A�D�GRI#C�Q{xzD?QJW V wXxyC K � V G`I L�k CE�

�Md 5 � m o � m 7�o�5 � � o � m 7~o�5 � 
 o � 
 7�o�q�q�q�o�5 � � o � � 7 i 4
�Md 5 � m:6 � � o � m+7�o�5 � 
 o � 
 7~o�q�q�q~o�5 � �$o � � 7 i q d � i

 s t'N A L T_TUh�w V[K9L TUT�YaI L A#]�C V9N A�GRI#CbO#QRD?S L S N T N G N C V 2 I� D�QQ2 K� D?Q VRKML T_TnYaI L A^]�C VcN A
S�C�A#C~f#G V � � V I^D��#TZW A#D2G�WXQ L�V G N Y L T_TUh L%� C�Y~G9GRI#CbQRC V �#T_G N A#] S.C�A#C�f#GcF5�#A^Y~G N D�A|� s ��A
D2GRI^C�Q{xyD�QaW V w�xyC�x L A0GyGJI#CnF5�#A^Y~G N D�Ab�,GRDMS�CTD+)2�^�1,g� � ) � ��F5D�Q L A�hc] N_k C�A : s

L



� � ���/û
�£üu�
þ?û�$ "�û�ÿ ü������ "H�Wû��:� $'�
��ü

���	���7�%1��%�.��
�>
4
������� ,g��� �-(GF *#.
& ( )��+*��-,/.0,g� � ����������� ����������� � �"!$# �&% � 4 � 2 I o 2 K $('V� " o � $*)
4,+ �.- �/���102�3�4�653�7�8� �.-"�:9<;	� �>= �@?:A ���B� �"!$# �&%	C !D?3E � E ��%��8�8� �F-'� mpo�q�q�q�o � � ,Z��D+)p�^�G,Z�"G
���~���@HI?:!J� � ?KE<�L��?:!F� �<=/= ;M! �3� �$� < )%( � � *2� ,g�^����(GF%*%.A&�(�)��+*��-,/.0,g� � �#,Z��� (G,%� � � , )2��NJ�
� A �80 �"!F�O�QP � - � # �&% ;	�F- 2 m � � m �()/)J)D�82 � � � � A8?:!L� 07�1=R0 2 m'6|q�q�q�6 2 �<4 � )

S 	��A���.���%1������T
�>VU:���QW � ����Da� ) < ,g��� �-(GF%*%.J&�( )?��*?��,/.�,g� ,%�~�X� mT4 � 27Im o 2AK m $ o�q�q�q~o � ��4
� 2 I� o 2 K� $�,Z� D+)p�^�+,Z�����~��� , < *2��� )p��. �<, < 27Im 6|q�q�q 6 2 I� 8 �=8 2�K m 6|q�q�q 6 2 K� q
S 	��)��-J(YXyh!WXC~f�A N G N D?A$w L V C+�0�#C�A^Y�C�D�F�O#QJD�S L S N T N G h N A0GRC�Q kpL T V�NUV Y~D?A VRNUV GRC�A?G N F L A^W
D�A#TUh N F � Y L AcS.CBQJC�O#QJC V C�A0GJC�W L?V 2 m 6Pq�q�qG6 2 � F5D�Q V D K C�2 � � � ��s R�Y�Y~D?QJW N A#]�GJDeGJI#C
L S.D k C�WXC�f^A N G N D�A�D2F$GJI#C V � K D�F N A0GJC�Q k�L T V w?GRI NZV Y~D�A�W N G N D?A NZV w N A N G V GR�#QJA$wXC+�?� N_kpL TUC�A0G
GRD � � � m 6|q�q�q�6 � � s�t QRD K GRI#C L S�D k CBQJC V �#T_G L S.D��XG{GJI#C V � K D2F'GRI#C N A0GRC�Q kpL T V wXxzC
\ A^Dpx GJI#C�C�v L Y�GzC~vXO#QJC VJV[N D�A F5D�QzGRI^C�C�A�WXO�D N A0G V D2F=GJI#C N A0GRC�Q kpL TA� m 6!q�q�q 6 � � w V D�GJI#C
F L Y�G�GJI L G � S�C�T_D?A#] V GRD�GRI NUV�N A0GRC�Q kpL T V Y L AEC~vXO#QJC VJV C+W�S�h�GRI^C N A#C+�?� L T N G N C V ] N_k C�A N A
GRI#C�F5D?Q K �#T L G N D�A D2F7GRI#C�O#QJD�O.D VRN G N D�A s � I#C�O#QJD�O.D VRN G N D�A NZV O#QJD k C�A s
���	���7�%1��%�.�[Z$> ���Y��� *%Fp��( * �#,g� �Y)+&#�-( *p�1, )p� < )#( ,g��� �-(GF *#.\& ( )��+*?��,/.0,g�1,%�~�Q�\�]�6��� �&�^�A*; �>=J�8� ? � � �802�<��� ! ��� -_A8?&!`�a-@�:#&�"! ��53�3�b� �6-D�$9<;	� �>= �O?&A C���� !"-

d 5 � m o � m 7�o�q�q�q�o�5 � � o � � 7 i

� �8�80^= ? � - � - � � � �c�d� � �D!J# ��%7C !D?3E � E �d%��8�8� �F- �d� � ? � !F� ��% � ;M��E<�"!
�Md 5 � m2o � m+7�o�q�q�q�o�5 � � o � � 7 i o

� 03�1=R0�� - = ? �B�8�d� ;	?<;M-.A8?:! ���e� : � �&�>f � 03�8=R0 - �3�1� - 5 �F- �10 � = ? �>fe�8�8� ? � -�d � ibg d � i s
hji ���A	p�0�|>ak l#�-(R�M��C8,Z��������C[*8D�� . � )p� � *#F��-( * �8,g�	� )+&#�-( *p�1, )p� 
',g�Il=,g��� �-(GF *#.
& ( )��+*��-,/.mG
,g� ,%�~�"nH*p� �9�Il[,Z�;*%Fp��(�* �8,g�	� )�&^��(�*p�1, )p�Yl\*��H�Il#� < )%( �

�Md 5 � 2 Im o 2 K m $ o � m 7~o�q�q�q�o�5 � 2 I� o 2 K� $ o � � 7 i 4 �2 m 5 � m 6�q�q�q�6 �2 � 5 � � o d  2i


ol#�-(R�
�2 � 4 p K � �

p K � p I
5 27I� 6

��� p I
p K � p I

5 2�K� o d W i

p I 4 2 Im 6|q�q�q�6 2JI� o d �?i
*p���

p K 4 2 K m 6|q�q�q 6 2�K� q d � "?i

�



� ) �-� ���^�����

4 U�D�w N F�xyCnI L�k C V C k C�Q L T L TjGJC�QJA L G N_k C V l�� w L A�W�xyC \ A#Dpx �

� GRI#C�S.C�A#C�f#G V � � � D2F�C L YaI L TjGJC�QJA L G N_k CB�^A^WXC�Q�C L YaI V[N GR� L G N D�A � � w L A�W
� GRI#C N A0GRC�Q kpL T=O#QJD�S L S N T N G h � � 4 � 27I� o 2�K� $)D2F'C L YaI VRN GJ� L G N D?A$w

xyC�QRC+Y~D KMK C�A�WcGJD V C�TUC�Y~G L WXC�Y NUVRN D?A l�� F5D�Q{x{I N YaI

� �
4 �2 m�5 � �gm:6|q�q�q 6 �2 � 5 � �3� � K9L v� o

x{I#C�QRC �2 � L QJC�WXC~GJC�Q KMN A#C+W�S�h�GRI#C�F5D?Q K �#T L?V d1 2i L A^W d W i s
4!t D�Q K �#T L d W i Y L A S�C�QJC~� x{Q N G[GJC�A N A GJI#C�F5D�TUT_Dpx N A#] C��0� NUkpL TUC�A0G{F5D�Q K �

�2 ��4 2 I� 6
� 2 �
� 2 5 d ��� 2 Im � q�q�q � 27I� i o d W�� i

x{I#C�QRC � 2 � 4 2AK� � 2JI� w L A^W � 2 4 � 2 m 6 q�q�q 6 � 2 � s U N A^Y~C p I 4
2 Im 6 q�q�qE6 2 I� 8 � w)x{I L GHxyC L QJC WXD N A^] NZV C VJV C�A0G NZL TUT_h L W#W N A#] GRD GRI^C9T_DpxyC�Q
O#QJD�S L S N T N G h 2JI� L A L2K D��^A?G�O#QRD?O�D?Q[G N D?A L T�GJD�GRI#C�x N WXGRI � 2 � 4 2�K� � 27I� D2F
GJI#C�Y�D�QJQRC V O.D�A^W N A#]�O#QJD�S L S N T N G h N A0GRC�Q kpL T�� 27I� o 2AK� $ s � I NZV x N W�GRI NZV L A L GJ�#Q L T
K C L?V �^QRCnD2F��#A^Y�C�QRG L2N A0G h9x N GJI
x{I N YaI�xyC \ A^Dpx|GRI^C�O#QRD?S L S N T N G N C V�s

4 R�TjGJC�QJA L G N_k C�TUh�wXxyC�Y L A QRC�O#QJC V C�A0G F5D�Q K �#T L d W i N A L A#D�GRI#C�QyC+�0� N_kpL T_C�A?G{F5D?Q K �

�2 � 4 2 K� �
� 2 �
� 2 5 d02 K m � q�q�q%6 2 K� � � i o d W�� i

U N A^Y�C p K 4 2 K m 6Eq�q�q 6 2 K�
	 � w�x{I L G�xyC L QJC W#D N A#] NUV C VJV C�A?G NUL T_TUh V �#SXGJQ L Y�G N A#]
GJDMGRI#C��#O#O.C�Q�O^QRD?S L S N T N G h 2AK� L A L2K D?�#A0G�O#QJD�O.D�QRG N D�A L T GRD9GJI#CHx N W�GRI � 2 � 4
2 K� � 2 I� D2F'GRI#CHY�D�QJQRC V O.D�A�W N A^]�O#QJD�S L S N T N G h N A?GJC�Q kpL T:� 2 I� o 2 K� $ s

4 � I#C�O#QJD�D2F'D2F'GRI#CQ� I#C�D�QJC K NZV ] NUk C�A N A=R`O#O.C�A�W N v � s
N�/$ #�O�'3��0�?(

4 � F L T_T'GJI#C N A0GRC�Q kpL T7O#QJD�S L S N T N G N C V Y�D N A^Y N WXC�w=xyC ]�C~G �2 � 4 ��� : F5D�Q L TUT /^w V D xzC
K � V G`YaI#D�D V C L A L T_GRC�QRA L G NUk C l � F5D�Q{x{I N YaI

� � 4
� �Zm 6|q�q�q�6 � �3�

: � K9L v� q

4 � FuxyC�D�A#TUh \ A#Dpx GRI#C � &8&^��( S.D��#A^W V 2 K� F5D?Q{GRI#CeO#QRD?S L S N T N G N C V w N�s C s w N F72 I� 4 "
F5D?Q L TUT 2 w�GJI#C�A

�2 ��4
2AK�

2AK m 6|q�q�q 6 2�K� q

 



��A�GRI NZV C�v L�K O#T_C?wXxzC K � V G{YaI^D0D V C L A L TjGJC�QJA L G N_k C l�� F5D�Q{x{I N YaI

� 4
2 K m 5 � m'6|q�q�q 6 2 K� 5 � �

2AK m 6|q�q�q%6 2�K� � K9L v q

4 � FuxyCHD�A#TUh \ A#Dpx GJI#C .3) 
���({S.D��#A�W V 2 I� F5D�Q`GJI#CHO#QJD�S L S N T N G N C V w N s C s w N F 2 K� 4 �
F5D?Q L TUT 2 w�GJI#C�A

�2 � 4
: � �

: � � 2 I�
5 2 I� 6

��� � 27I�
: � � 2 I�

q

� ) �-� ���^� � � C{I L�k C L TUQRC L WXh K C�A0G N D?A#C�W�GRI L G V D K C~G N_K C V wpGJI#C N A0GJC�Q k�L TX�#A^Y�C�QRG L2N A0G h
NUV ��D��1,g� , ) � �+�)C s ] s w N F.xzCzI L�k CzD�A#TUhnG xzD V[N GR� L G N D�A V w L A�WHxyC \ A#Dpx GJI#CzC�v L Y�G�O#QJD�S L S N Tj�
N G h 2 m F5D?Q�D�A#CyD2F�GRI#C K d N s C s w8� m 4 � 2 m�o 2 m $5i�w2GRI#C�A$w L T_GRI^D��#]?IexyC K9L h�S.Cy] N_k C�A L A#D?AX�
WXC�]?C�A#C�Q L GRC N A?GJC�Q kpL T#� � F5D�Q$GRI#C V C+Y~D�A�WBO^QRD?S L S N T N G h?w�xyC \ A#DpxbGJI L G+wpWX�#CuGJD{GRI#C�C��0� L T_�
N G h 2 mJ6 2 � 4 � w�GJI#CnD�A#TUhMO�D VRVRN S^T_C k�L T_�^C�D2F=GJI NZVyV C�Y�D�A^WcO#QRD?S L S N T N G h NZV 2 � 4 � � 2 mps
��AH]�C�A#C�Q L T w N F#xyC�I L�k C : N A0GRC�Q kpL T?O#QJD�S L S N T N G N C V � 27I� o 2AK� $ w � 8 2 8 : w+GRI#C�A$w2WX�#C�GRD{GJI#CY~D�A�W N G N D?A 2 m 6Mq�q�q06 2 �X4 � w+xzC�I L�k C 2 �
4 � � d�2 m-69q�q�q06 2 � I m�6 2 � K m�6Mq�q�q06 2 � i�}�GRI^C�QJC~�F5D�QJC�wpGJI#C L Y~GR� L T k�L T_�^CyD�F>2 � K � V G�T N C{S.C~G xyC�C�A � � d02AK m 6�q�q�q 6 2�K� I m 6 2�K� K m 6
q�q�q 6 2 K� i
L A^W � � d02JIm 6 q�q�q�6 27I� I m 6 2JI� K m 6�q�q�q-6 2 I� i s R V{L QRC V �#T_G�w�F5D?Q C L YaI 2 F5QJD K � GRD : w
D�A#TUh9GRI^C k�L T_�^C V F5QJD K GJI#C%�[QJC�WX��Y~C�W�� N A0GRC�Q kpL T � �� 4 � 2 �� I o 2 �� K $ L QJCnO.D VJVRN S#TUC�wXx{I^C�QJC8�

2 �� I 4|KML v
��
2 I� o �����

���� � 2 K�	�
 L A^WX2 �� K 4�K N A
��
2 K� o �����

���� � 2 I�	�
 q d �?� i

t D�Q C~v L�K O^T_C?w N F�xzC V G L QRG�x N GJI L V C+�?�^C�A^Y�CY� m 4 � " o � $ w�� � 4 � " o " q L $ w`xyCb]?C~G
A#C�x N A0GRC�Q kpL T V � � m 4 � " q L o � $ L A^WY� �� 4 � " o " q L $ s ] C�QJC�w GRI^C N A0GRC�Q kpL T � � m NZV A L QJQRDpxyC�Q
GRI L A�GJI#C�D�Q N ] N A L T N A0GRC�Q kpL T � m 4 � " o � $ s ��A V �^YaI VRN GJ� L G N D?A V w0x{I^C�A D�A#CnD2F7GRI#C V CnA#C�x
N A0GRC�Q kpL T V�NZV A L QRQJDpxzC�Q)GJI L A GJI#C{D�Q N ] N A L T�D�A#C?w2GJI NUV�K C L A V GJI L G L O L QRG�D�F�GJI#C{D�Q N ] N A L T
�#A^Y~C�Q[G L2N A0G h NUV �[f�Y�G N G N D?� V � s

� I#C�QJC L QJC�G xyDMO�D VRVRN S^T_C L O^O#QRD L YaI#C V GRD V ��YaI �[f�Y�G N G N D?� V � �#A�Y~C�QRG L�N A0G h �

4 ��A�GRI#C L S�D k C�GJC~v�G�w^xzC L�VJV � K C�W�GRI L G`xzC�Y L A�I L�k C L A L QJS N GJQ L QRh V C��0�#C�A^Y~CnD2F
N A0GRC�Q kpL T�O#QJD�S L S N T N G N C V x{I N YaI NUV Y�D�A VRNZV GJC�A0G N A GRI#C V C�A V CMD2F
��C�f^A N G N D�A � s ��A
O L Q[G N Y��#T L Q+w^xyC K9L h�I L�k C L�V C+�?�^C�A^Y�C;� m 4 � 2 m�o 2 m $ w � � 4 � � � 2 m�o � $ w�x{I N YaI
N A^Y~TU�^WXC V � f�Y~G N G N D�� V � O#QJD�S L S N T N G N C V�sct D�Q�GJI NZV Y L?V C?wJ� I#C�D?QRC K ��� � V G N f^C V GJI#C
� V C�D2F'F5D�Q K �#T L�V d  2ibg=d � "?i s

4 R�TjGJC�QJA L G N_k C�TUh�wXxyCHY L A f^Q V G (J� � � Da�yGRI#CeD�Q N ] N A L T V C+�?�^C�A^Y�C�D2F�O#QRD?S L S N T N G h�W NUV �
GJQ N S#�XG N D?A V GJD L A#C�x V C+�?�^C�A^Y�C�d �?� i~w L A^W
GJI#C�A L O#O^T_h�GJI#CeF5D?Q K �#T L�V d  2i g d � "?i
GJD9GRI#C QJC V �#TjG N A^] V C+�0�#C�A^Y�CQ� � m o�q�q�q�o � �� s � I#C � � V G N f.Y L G N D?AbD�F'GJI NZVnV C�Y�D�A^W L OX�
O#QJD L YaI NUV O#QRD k�N WXC�W�S�hnGRI^C�F5D�TUTUDpx N A#]A� N F w N A��BC~f^A N G N D�A !Xw�xyC�QRC V GJQ N Y�G7D��#Q V C�T k C V
D?A#T_hMGJD (R� � � Da� � V C��0�#C�A^Y~C V D2F N A0GRC�Q kpL T.O^QRD?S L S N T N G N C V w0GRI^C�A�D��#Q O#QJD�D2F'D2F
� I^C~�
D?QRC K � V I#Dpx V w N A�C � C�Y~G�w.GRI L G`GRI�� V QJC V GRQ N Y~GRC�W K9L O#O N A#] NZV WXC V Y�Q N S�C+W
S�h�GJI#C
VJL2K CnF5D�Q K �#T L�V d  2ibg=d � "?i s

W



� �:���+"�ü��
þ&û  6�£üu� þ�ü�����ý "�����ýcþ "��z��� $ übþ ÿ
���`� $��
þ?û
�)"����_û��

�
	�� 
��������������
���������! 
�#"$��%'&(%'�)�+*#���,�.-��
/��01� #�'��1 i �E	 	p��- �A	p�E<'3% #1��%�.� ��-���<�	Y	p���+<73%1�>=� I#C L S.D k C�F5D�Q K �^T L d W i�Y L A S.C
QRC���F5D?Q K �#T L GRC VyL?V F5D�TUT_Dpx V �

�2 � 4(0Y5 2 I� 6 d ��� 0 i 5 2 K� o d W ��i

x{I#C�QJC 0 4 d p K � � i � d p K � p I i s @BA#C�Y L A C L�VRN TUh!YaI#C+Y \ GRI L G GJI�� V WXC~f�A#C�W 0
S�C�T_D?A#] V GJDMGRI#C N A0GRC�Q kpL T:� " o � $ s � I0� V wXGJI NZV F5D�Q K �#T L NUV�V[NUKMN T L Q GJD L A#D2GJI#C�Q L O#O#QJD L YaI
GRDEW#C�Y NZVRN D?A K9L2\�N A#]^w�D�Q N ] N A L TUT_h O#QJD�O.D V C�W S�h ] �^QRx N Y � s �7DbC�vXO#T L�N API#Dpx C~v L Y~GRTUh
GRI#C V CzG xzD L O#O#QJD L YaI#C V7L QJC VRN_KMN T L Q�w�TUC~G�� V f^Q V G7S^Q N C21^h�WXC V Y�Q N S.C ] �^QRx N Y � � V'L O#O^QRD L YaI s

3
<J	�89�%�54 �8	p�51��>	p�%�.�z> � I NUVML O^O#QRD L YaI I L?V S.C�C�A O^QRD?O�D V C+W F5D�Q�GRI#C VRN GJ� L G N D?A V�N A
x{I N YaI xyC�I L�k C�A#D N AXF5D�Q K9L G N D?A L S�D?�XG9GRI#C
O^QRD?S L S N T N G N C V 2 � d N s C s w N A D?�#Q9GJC�Q KMV w
x{I#C�A � ��4 � " o � $.F5D?Q L TUT /�i s

��A�D�GRI#C�Q{xzD?QJW V �

4 F5D?Q W#C�Y NZVRN D?A K9L2\�N A#]^wXxyCBx L A0G+w�F5D�Q C L YaI L T_GRC�QRA L G NUk C l�� w�GRD�f^A^W L A�� K C�Q N Y L T
kpL TU�#CH� � GRI L G`xyD��#TZW�YaI L Q L Y�GJC�Q N � C`GJI#C��XG N T N G h�D2F'GRI NZV`L T_GRC�QRA L G NUk C?}

4 xyC�WXD`A#D�G \ A#DpxbGJI#C�C�v L Y�G kpL T_�#CuD�F=� l^�=�XG N T N G hnD2FXC L YaI L T_GRC�QRA L G NUk C l�� } N A V GJC L W=w
xyC \ A#Dpx L �~���)D�FuO�D VRVRN S^T_C kpL TU�#C V D2Fu�XG N T N G h76 � �Zm2o�q�q�q~o � � �'8 GRI L GnYaI L Q L Y�GJC�Q N � C
GJI#C�D��XGaY~D K C�D�F)GRI NUV`L Y�G N D?A l��uN A
W N3� C�QJC�A0G V[N GR� L G N D�A V }

4 xyC�WXDHA^D2G \ A#Dpx x{I N YaIcD�F.GJI#C V[N GR� L G N D�A V�NUV�K D�QJC`O#QJD�S L S#T_C L A^W9x{I N YaI NZV TUC VJV
O#QJD�S L S#TUC�w L A^W GJI#C�QJC~F5D?QRC?w7xyCcWXD�A^D2G \ A#Dpx*x{I N YaI C�TUC K C�A0G V D2F{GJI NZVeV C~G L QRC
K D�QJCnO#QRD?S L S^T_C?w L A^W�x{I N YaI L QRC�TUC VJV O#QJD�S L S#T_C s

t D�Q�GRI NZV�V[N GR� L G N D�A)w ] �#QRx N Y � I L�V O#QJD�O.D V C�W � � "Xw �  �$7GJD�YaI#D�D V C L QJC L T7A�� K S�C�Q 0 �
� " o � $ w L A�WcGJI#C�A
YaI L Q L Y�GRC�Q N � CnC L YaI L TjGJC�QJA L G N_k C l�� S�hcGRI^C k�L T_�^C

� � 4(0 5�K N A96 � �Zm o�q�q�q�o � � � 8H6 d � � 0 i 5~K9L v:6 � �gm o�q�q�q�o � � � 8?q
� I#C K C L A N A#]MD�F)GRI NUV F5D?Q K �#T L W#C�O.C�A^W V D�A 0 �
4 � I#C�A 0 4 "#wuxyC � ��WX]�C N G V L TjGJC�QJA L G N_k CcS L?V C+W D�A GJI#C N G V K D V G�D?OXG NUKMNUV G N Y
D?�XGJY�D K C8��� ��4|KML v,6 � �gm�o�q�q�q�o � � �:8?s

4 � I#C�A 0 4 � wyxyC � �^W#]�C�C L YaI L T_GRC�QRA L G NUk C�S L?V C+W D�A N G VcK D V G�O.C VJV[NUKMNUV G N Y
D?�XGJY�D K C8��� ��4|K N A96 � �Zmpo�q�q�q�o � � �:8?s

4 � I#C�A�"(; 0 ; � w�xyC�� V C L QJC L T NZV G N Y KMN v D2F�O�C VRVRN_KMNZV G N Y L A^WPD?OXG NUKMNUV G N Y
C V G N_K9L GJC V GJD � ��WX]�C N G V`L TjGJC�QJA L G N_k C l � s

�



� �' #3%�.&^4 89�51 i �.<J	����%1�<' X1������z> � C�I L�k C LMVRN_KMN T L Q V[N GR� L G N D�A7�

4 F5D?QeWXC�Y NUVRN D�A K9L2\�N A^]^w)xyC9x L A0G�w7F5D�QHC L YaI VRN GJ� L G N D?A � � w7GRD
f�A^W L A�� K C�Q N Y L T
kpL TU�#C-�2 � GRI L G`xzD?�#TZW YaI L Q L Y�GJC�Q N � C`GJI#C�O#QJD�S L S N T N G h9D2F'GRI NZV`VRN GJ� L G N D?A$}

4 xyC�WXDEA#D2G \ A^Dpx GRI#C�C~v L Y~G kpL TU�#C�D�FH� l^��O#QRD?S L S N T N G h D2F`C L YaI VRN GJ� L G N D?A ��� }
N A V GRC L W=wXxyC \ A#Dpx L �~���$D�F7O.D VJV[N S#TUC kpL T_�#C V D2F'O#QJD�S L S N T N G hY� 2 I� o 2 K� $ }

4 xyCHWXD9A#D�G \ A^Dpx x{I N YaI
C�TUC K C�A0G V D2F'GRI NZV�V C~G L QRC K D�QJC�O#QJD�S L S#TUC�w L A�W�x{I N YaI
L QRCnT_C VRV O^QRD?S L S#TUC s

t D�TUTUDpx N A#] ] �#QJx N Y � � VBN WXC L w xyC�Y L A�f#v L QRC L T'A�� K S.C�Q 0 � � " o � $ L A^WbYaI L Q L Y�GJC�Q N � C
C L YaI VRN GJ� L G N D?A ��� S0hcGRI#C�A�� K C�Q N Y L T kpL T_�#C

�2 � 4(0 5�KMN A�6 2 � � 2 � � � 2 I� o 2 K� $ 8H6 d ��� 0 i 5~K9L v:6�2 � � 2 � � � 2 I� o 2 K� $ 80q
� I#CHY~D?QRQJC V O�D?A^W N A#] K N A NUK � K6L A^W K9L v NUK � K L QJC�wXD2FuY~D?�#Q V C?w0C+�0� L T=GJD 2 I� L A^W 2 K�
L A^W GJI#C�QJC~F5D?QRC?w)xyCc]�C�GHC~v L Y~GRTUh�GRI^C9F5D�Q K �#T L d W ��i s � I#C k�L T_�^C 0 Y L A S�C��#A N �?�^C�TUh
WXC~GJC�Q K N A#C+W�F5QRD K GJI#C Y~D�A�W N G N D?A�GRI L G)GJI#C kpL T_�#C V �2 � F5D�Q K L O^QRD?S L S N T N G h�W NZV GJQ N S#�XG N D?A$w
N�s C s w'GRI L G �2 m 6 q�q�q[6 �2 � 4 � s U�D^w'GJI#C *%Fp�-( * �8,g�	� )+&#�-( *p�1, )p�@D+*p���a� F�,%� 
�� � *p� *p�
*p��*#.3) � � � ) <���� ( 
', D��XD-(G,g� �-(G, )p� s
� ) �-� ���^� � t D�Q�W N�� C�QJC�A0G 0 w#GRI^C�F5D�Q K �#T L d W Y+iyI L�V S�C�C�A V ��Y�Y~C VRV F5�#TUT_h�� V C�W N A�W#C�Y N �
V[N D�A K9L2\�N A^]^} V C�C�wXC s ] s w�� !�wAMXw �^w � � wA! �#wA! L wA! � w�! W w�! � $ s

�
	�� 
��������������
�����������
	 ���  �� � � *#��-�
�� ��
�
 ��- � %��
�, X/$�%� <'� ��� 1�	��A�=4  
�
�
	��. #� i > R k C�Q L ] N A#]
D k C�Q L T_TzO�D VRVRN S#T_C W NZV GJQ N S#�XG N D?A VHNZV
A#D2G�GRI#C�D�A#TUhEO.D VJVRN S#TUC L O#O#QJD L YaI s R`T_GRC�QJA L G NUk C�TUh�w N A V GRC L W D2F�Y�D�A VRN WXC�Q N A^]^*%./.)O.D V �
V[N S#TUC O^QRD?S L S N T N G h W NZV GJQ N S#�XG N D?A V x{I N YaI L QRC Y~D�A V[NZV GJC�A0GMx N GJIPGJI#C�] NUk C�A N A0GJC�Q k�L T L T
O#QRD?S L S N T N G N C V w=xyCMY L A V C�T_C+Y�G )p� �nO#QRD?S L S N T N G h�W NUV GRQ N S^�XG N D�AEx{I N YaI NZV w N A V D K C QRC L �
V D?A L S#TUC V C�A V C?w�GJI#C K D V G QRC�O#QJC V C�A0G L G NUk C�w L A^W KML�\ CnWXC�Y NUVRN D?A V S L�V C�W9D?A9GRI NUV � K D V G
QRC�O#QRC V C�A0G L G N_k C���W NUV GRQ N S#�XG N D�A s

@BA#C9A L GJ�#Q L Tux L hbD2F V C�TUC�Y�G N A^]�GRI#C � K D V GHQRC�O#QRC V C�A0G L G N_k C�� W NZV GJQ N S#�XG N D?A NUV GJI#C
� *�C8, � ��� �~��� ( )+&�� L O#O^QRD L YaI d V C�C�w7C s ] s wH� � w � �#$ w L A^W QRC�F5C�QJC�A^Y�C V GJI#C�QJC N A$} V C�C L T V D
� L w�!8!�w !E 0w ! � $5i�w L Y�Y~D?QJW N A#] GJD
x{I N YaI xyC V C�TUC�Y�G L O#QRD?S L S N T N G h W NZV GJQ N S#�XG N D?A 2 � F5D�Q
x{I N YaI!GRI#C�C�A0GRQJD�O�h�� 4 � � 2 � 5 T_D?]�d02 � i�G L2\ CcGRI#C�T L QR]?C V GHO�D VRVRN S^T_C k�L T_�^C s � I NZV
W NUV GRQ N S#�XG N D�A NZV QRC�T L G NUk C�T_h9C L�V h9GRDcWXC V Y�Q N S.C � � �#$1��GJI#C�QJC�C~v NUV G V�L�kpL T_�#C92�� V �^YaI�GRI L G
F5D�Q L TUT�/A�

4 x{I#C�A 2�K� 8 2��?w#xyCBG L2\ CH2 ��4 2AK� }

4 x{I#C�A 2 � 8 2 I� w#xyCnG L2\ C92 � 4 2 I� }

4 x{I#C�A 2 I� 8 2 � 8 2 K� w^xzCnG L�\ C92 � 4 2 � s

� "



� I NUV�kpL TU�#CT2 � Y L A�S�C Y~D K O#�#GRC�W S�h L �0� L W#Q L G N Y�� G NUK C!d N�s C s w��0� N GRCbF5C L�VRN S#T_C�i L T_�
]�D�Q N GRI K � � �%$ s ��A*O L Q[G N Y��#T L Q�w N F L TUTMGRI^C N A0GRC�Q kpL TMO#QJD�S L S N T N G N C V Y�D N A^Y N WXC�w GJI#C�A
2 m 4,q�q�q[4 2 �<4 2 � 4 ��� : s
�~�P&.���7�>	p #3��)1 i �0�+�c1a8e�  
�
��	p�. #� i ��� 3%�� 
P1��9
'���z�E	p��� 1 	p����<'351+��>z��A9GRI#C L S.D k C
C~v L2K O#TUC�w�D��^Q � L�k C�Q L ] N A#] � L O#O#QJD L YaI TUC L W V GRD�GRI#C VRL�K C k�L T_�^C L�V GRI#C KML v N_K � K
C�A0GRQJD�O�h L O#O#QJD L YaI s7] DpxyC k C�Q+w N AH]�C�A#C�Q L T w�GJI#C�QJC V �#T_G N A#]`S.C�A#C�f#GA2 m 5 � m 69q�q�q36 2 � 5 � � NUV w
�%, ���-(R���^�.F5QRD K GRI#CnD�A#CBO#QJD�W#�^Y~C+WcS�h L�k C�Q L ] N A^] s R VyL AcC~v L�K O^T_CBD2F$GJI NUV W N3� C�QRC�A^Y~C?w
T_C�G�� V Y~D�A V[N WXC�QHGRI#C Y L�V C9x{I#C�A xzCcI L�k CMG xyD�O�D VRVRN S#T_C V[N GR� L G N D�A V � LbV[N GR� L G N D�A � m
x N GJI LeVRK9L TUT N A0GRC�Q kpL T�O#QJD�S L S N T N G h � m 4 � " o 2����
	�� �0$�d02
���
	�� �
� � i~w L A^W LeVRN GR� L G N D�A � �x N GJI�GJI#C N A?GJC�Q kpL T=O#QJD�S L S N T N G h � � 4 � ��� 2
���
	�� � o � $ s ��A�GRI NZV Y L�V C8�

4!t D�Q *#F��-( * �#,g� �2w�xyCcI L�k C p I 4 � � 2����
	�� �%w p K 4 � 6 2
���
	�� � w V D L�k C�Q L ] N A^]
TUC L W V GRD �2 m 4 2����
	�� � � ! L A^W9�2 � 4 ��� 2����
	�� � � ! s � I NZV NUV C�v L Y�GJT_h�x{I L G{xyCHY L A
N A0GR� N G NUk C�T_hcC�vXO�C+Y�GRC+W�F5QRD K L�k C�Q L ] N A#]��

� L A L�k C�Q L ]�C`D�F7GJI#C N A0GJC�Q k�L T:� " o 2
���
	�� ��$ NUV N G V`K N WXO.D N A0G:2����
	�� � � !#w L A^W
� L A L�k C�Q L ]�C`D�F7GJI#C N A0GJC�Q k�L T:� ��� 2 ���
	�� � o � $ NZV{N G V{KMN WXO�D N A0G ��� 2 ���
	�� � � ! s

4!t D�Q K9L v NUK � K C�A0GRQJD�O�h L O#O^QRD L YaI$w�xyCn]?C~G �2 m 4 2����
	�� � L A^W%�2 � 4 ��� 2����
	�� � s
� ) �-� ���^� � ��AXF5D�Q K9L TUT_h?w�GRI#C�W N3� C�QRC�A^Y~C�S�C�G xzC�C�A GJI#C�G xzD L O#O#QJD L YaI#C V Y L APS�C C~v��
O#T L�N A^C�W L�V F5D�TUTUDpx V�s � I#C�A L T_T�GJI#C N A0GJC�Q k�L TXO#QJD�S L S N T N G N C V Y~D N A^Y N W#C�w�S.D2GJI L O#O#QJD L YaI#C V
QRC�GR�#QJAPGJI#C VJL2K C k�L T_�^C V D2FnC��0� L T{O#QRD?S L S N T N G N C V �2 � 4 ��� : s ��A D2GJI#C�Q9xyD�QaW V w N AX�
F5D�Q KML T_TUh�w�S.D2GJI L O#O^QRD L YaI#C V GRQJhEGJD�]�C�GeGJI#C�O#QJD�S L S N T N G N C VeL�V Y�T_D V CcGRDbS.C�C+�0� L T L�V
O�D VRVRN S^T_C s ��A GRI NZV w{S�D�GRI L O#O^QRD L YaI#C V L ]�QJC�C?} GRI#CbW N�� C�QJC�A^Y�C NUV�N A I#Dpx GRI^C V C�G xzD
L O#O#QJD L YaI#C V N A0GRC�QRO#QJC~G�GRI#C�xzD?QJW3�JY~TUD V C��\��GRI#C K9L v N_K � K C�A0GRQJD�O�h L O#O#QJD L YaI�� V C V�L
A#D�AX� T N A#C L QBC~vXO#QJC VJV[N D�APd%C�A0GRQJD�O�h#i GJD W#C V Y~Q N S.CHGJI NUV �JY~TUD V C�A#C VRV �#w�x{I N TUC N AbGRI#C L�k C�Q[�
L ] N A#] L O#O^QRD L YaI$w�xyCnD?A#TUh�Y~D?A VRN WXC�Q C~vXO#QJC VJV[N D�A V x{I N YaI L QJCBT N A#C L Q N A 2 � s
� i �%� i  
�
�
	��. #� i �����z�?1�1��>	�� � I N YaI�D�F�GRI#CuG xyD L O^O#QRD L YaI#C V.NUV S�C�G[GRC�Q�� KML v N_K � K
C�A0GRQJD�O�h9D�Q L�k C�Q L ] N A#] � @BA L ]�C�A#C�Q L T � �~�Il\) �8)#.3) �#, D+*%.^T_C k C�T1�
4 GJI#C�QJC L QRC L QR]?� K C�A0G V�N AcF L�k D�QzD2F=GJI#C K9L v NUK � K C�A0GRQJD�O�h L O#O#QJD L YaI�d V C�C�w�C s ] s w
� � w � �%$gi~w

4 S#�#G$GRI#C�QRC L QRC L T V D L QJ]�� K C�A?G V N AnF L�k D�Q=D2F�D��^Q L�k C�Q L ] N A#]���C s ] s w��#A^T NU\ C�GJI#C K9L v��
NUK � K C�A0GRQJD�O�h L O#O#QJD L YaI)wpD��#Q � L�k C�Q L ] N A^] � V D�TU�XG N D�A�G L�\ C V�N A0GRDHY�D�A VRN WXC�Q L G N D?A
A#D�G � � V G L �G,g� �#._�nW NZV GRQ N S#�#G N D�A$w=S#�#G *#./.�O^QRD?S L S N T N G h
W NZV GJQ N S#�XG N D?A V Y~D?A V[NZV GRC�A0G
x N GRI GRI^C�] NUk C�A N A0GJC�Q k�L T=O#QJD�S L S N T N G N C V�s

t QJD K GJI#CX&�( *ED~�1, D+*%. k�N C�x{O.D N A?G+w)x{I N YaI D2FzGRI#C V C L O#O#QJD L YaI^C VBNUV S.C~GRGRC�QeWXC�O.C�A�W V D�A
GRI#CMD�S � C�Y�G N_k CeGJI L GHxyC x L A?GnGRD L YaI N C k C N A L O#Q L Y�G N Y L T�O#QJD�S#TUC K�s�t D�Q�C~v L�K O^T_C?w N F
GRI#C�f^Q V G VRN GR� L G N D�A ��m TUC L W V GRD A#C�] L G N_k C Y�D�A V C��0�#C�A^Y~C V w�GRI#C�A GJI#C K9L v NUK � K C�AX�
GRQJD�O�h L O^O#QRD L YaI K C L A V GJI L GcxyC
Y~D?A V[N WXC�Q�GJI#C 
 )%(a���bG D+*����
d &^�~�J�G, � ,Z��� , DJi V Y~C�A L Q N D
S0h L�VJV � KMN A#] GRI#C�xyD�Q V GyO.D VJV[N S#TUC�O#QRD?S L S N T N G h9D�F7GJI NZV A#C�] L G N_k C VRN GJ� L G N D?A$wXx{I N T_C�GJI#C
L�k C�Q L ] N A^] L O^O#QRD L YaI9G L2\ C V{L QRC L�V D�A L S#TUC KMN W�� O.D N A0G{D2F'GRI#C N A0GRC�Q kpL T s U�D��

���



4 N F'D?�#Q{D�S � C�Y�G N_k C NUV GJD L�k D N WcGRI#C�xyD�Q V GR� Y L�V C V Y~C�A L Q N D L G L A�h�Y~D V G+wXxzC V I#D?�#TUW
� V C K9L v N_K � K C�A?GJQRD?O�h K C~GRI^D�W$}

4 D?A
GRI#C D2GJI#C�QnI L A^W=w N F � m NZV�L QJC L�V D�A L S#TUC�Q NZVR\ w.GJI#C�A L�k C�Q L ] N A^] V C�C K9V GJD�S.C
K D�QJCnQRC L�V D�A L S#T_C s

�
	�� � �
� * ����� ��� � � ���+*��.-�� *#- ��� *#���#����� 
 �)-
	 ��	������.*#����
 
���� " �
����
 -�� � - " * �
� 
 ��-�	 ��	������+*�����
�-
�7� ��������� � *(������ ��
 "$�.* � ���
* � � ��� *#���#������
 
����

�����+�#	p� �'1������ �.-91 i � �
	p����3%���  ^� 
 1 i � 	����+<73%1����7& - ��	p� <73� =>���A GRI#C L S.D k C
GRC~v�G+w#xzC L�VJV � K C�W9GJI L G{GJI#C�D�A#TUh N AXF5D�Q K9L G N D�A�GRI L G{xzCnI L�k C L S�D?�XG GRI#C9d5�^A \ A#Dpx{A�i
O#QRD?S L S N T N G N C V 2 ��NZV GJI L G�C L YaI�D2F�GJI#C V C O#QRD?S L S N T N G N C V S.C�TUD�A^]cGRD�GRI^C Y�D�QJQRC V O.D�A^W N A#]
N A0GRC�Q kpL T7� � 4 � 27I� o 2AK� $ s ��A V D K C�Y L�V C V w#I#DpxyC k C�Q+w?GJI#CHC V G N_K9L GJC V 2JI� L A^WX2AK� GRI^C K �
V C�T k C V Y~D K C�F5QJD K L�V G L G NUV G N Y L T L A L T_h VRNUV D2FzGRI#CMC�v NZV G N A#]�QJC�Y�D�QaW V�s ��AEGRI NZV Y L?V C?w N A
L W#W N G N D�AbGRD ,g�^����(GF%*%. ��� � w=xzC K9L h L T V D \ A^Dpx GRI#C;&�(�)��+*��-,/.0,g�1,%����D2FzW N�� C�QJC�A0G k�L T_�^C V
x N GJI N A GJI#C N A0GJC�Q k�L T V � �Rs

t D�QBC~v L2K O#TUC�w.xyC�Y L A VRN_K O#TUh�T_D�D \�L G L TUT7QJC�Y�D�QaWXC�W VRN GR� L G N D�A V w L A^W�Y�D��#A0GBI^Dpx
KML A�h D�F{GRI#C K xzC�QRC V[N GR� L G N D�A VX� � s � F�D��XG D2F�� GRD2G L TyQRC+Y~D?QJW V w7GRI#C V[N GR� L G N D�A � �
D�Y�Y~�#QJQJC�W N A�� � D�F�GJI#C K w7GRI#C�A xyCcY L AbG L2\ C�GJI#C9F5QJC��0�#C�A^Y~h�� � 4 � � � � L�V�L A L G[�
�#Q L T)C V G N_K9L GJC�F5D�Q�GRI#C�O#QJD�S L S N T N G h 2 � d5F5D�QnWXC~G L2N T V D�A V G L G NZV G N Y L T K C�GRI#DXW V w V C�C L A�h
V G L G NZV G N Y L T GJC~v�GRS.D�D \ w#C s ] s w7� M8" $5i s
� I#C�A�GRI#CnGJD2G L T=A�� K S.C�Q D2F'QRC+Y~D?QJW V d��Ei NZV T L QJ]�C�w0GJI#C�C�QJQRD?QzD�F$GRI NZV C V G N_K9L G N D?A$w

N�s C s w^GJI#C�W N�� C�QJC�A^Y�C�� � � 2 � S.C~G xyC�C�A�GRI#C�F5QJC��0�#C�A^Y~h L A�W GRI#C L Y�GJ� L T7O#QJD�S L S N T N G h�w NZV
A#C�]?T N ] N S#TUC V[K9L TUT s ] DpxyC k C�Q+w N A KML A�hbQJC L T_� T N F5CcY L?V C V w�� NZV A^D2G�GRD�D�T L QJ]�C?w V D�GRI NZV
W N�� C�QJC�A�Y~C NZV A#D�G�A#C�]?T N ] N S#TUC s � G NUV�\ A#Dpx{A N A V G L G NZV G N Y V GRI L G`GRI^CHO#QJD�S L S N T N G h�W NZV GJQ N �
S#�XG N D�A F5D?Q GRI NZV W N3� C�QRC�A^Y~C�� � � 2 ��NUV{L O#O#QJD�v N_K9L GJC�TUh! L � VJVRNUL A d L A^W�GRI^C�T L QR]?C�Q"� w
GRI#C�Y�T_D V C�QnGRI NZV W NZV GRQ N S#�#G N D�A GRD# L � VRVRNZL A�i~w)x N GRIO" L�k C�Q L ]�C L A^W \ A#Dpx{A V G L A^W L QJW
WXC k�NZL G N D�A�$ ��s U�D^w.GRI^C WXC V[N QJC�W�O#QJD�S L S N T N G h 2 �Q4 � � � d�� � � 2 � i NZV W NUV GRQ N S#�XGRC+W L Y��
Y~D�QaW N A#]BGRDnGRI#C� L � VRVRNZL AMW NUV GRQ N S#�XG N D�A x N GRI�GRI#C L�k C�Q L ]�C%� � L A^W V G L A^W L QJW�WXC k�NZL G N D�A
$ � s � N3� C�QJC�A0GzC V G N_K9L G N D?A9C�QJQRD?Q V � � � 2 � L QRC N A^WXC�O�C�A^WXC�A0GyQ L A^WXD K kpL Q NUL S#T_C V w V D�GJI#C
Q L A^WXD K k�L Q NZL S^T_C V 2 � w%2 . w /�14'& L QRC N A^WXC�O.C�A�WXC�A0G{GRD�D s

] Dpx NZV GRI NZV�N AXF5D�Q K9L G N D?AbQJC�T L GRC+W�GJD N A0GRC�Q kpL T V � ��AEO#Q L Y~G N Y L T_TUh L O#O^T N Y L G N D�A V D2F
V G L G NZV G N Y V w N F7xyC L�VJV � K C L  L � VRVRNZL AcO#QJD�S L S N T N G h9W NZV GJQ N S#�XG N D?A�x N GRI L�k C�Q L ]?C)( L A^W
V G L A^W L QJW�WXC k�NZL G N D�A*$�w L A^W�xzCnD�S V C�Q k C LekpL T_�#C,+ x{I N YaI NUV F L Q[GJI#C�QyGRI L A & 5 $�F5QRD K
( dgF5D?Q V D K Cnf#vXC+W & i�wXxyCHY~D�A�Y~TU�^WXCnGRI L G{GRI#CHW NUV GRQ N S^�XG N D�A�x L�V x{QRD?A#] s

t D�QMC~v L2K O#TUC�w N F�xyC�GJC V G LEV C�A V D?Q x N GRI GJI#C V �^O#O�D V C+W V G L A^W L QJW WXC k�NZL G N D�A
$ 4 " q � w L A^W L�V{L QJC V �#TjG`D�F7GJI#C�GRC V G N A^]^w^xyC�]�C�G L A�C�QJQRD?Q"+ � ( 4 � q "#wXGJI#C�A
N G�� V)NZV A L GR�^Q L T2GRDnY~D?A^Y~TU�^WXC�d5F5D�Q L TUT & ; � "?i.GJI L G7GRI#C V C�A V D�Q NZV$K9L TjF5�#A�Y�G N D�A N A#] s

@�F'Y~D?�#Q V C?w�F5D?Q{C k C�QRh & w�GJI#C�QJC NUV{L A#D�A#� � C�QJDeO#QJD�S L S N T N G hMGRI L G GRI#C�Q L A^WXD K k�L Q NZL S^T_C
+ L G[G L2N A VML k�L T_�^C D?�XG VRN WXC GRI#C N A?GJC�Q kpL TQ� ( � & 5 $ o ( 6-& 5 $�$ w S#�XGMF5D�Q9T L QJ]�C & w
GRI NZV O#QJD�S L S N T N G h NZV k C�QRh VRKML T_T s ��A O#Q L Y�G N Y L T L O#O^T N Y L G N D�A V w�O.C�D�O^T_C A#D�Q K9L TUT_h � V C
&Y4 !bd5F5D�Q�x{I N YaI�GJI#CMO#QRD?S L S N T N G h
D�FzC�QRQJD�QBD��XG V[N WXC GRI#C N A0GRC�Q kpL T NZV � L/. i�w & 4 M

� !



dgF5D�Qyx{I N YaI9GRI^CBO#QJD�S L S N T N G h D2F)C�QRQJD�Q�D?�XG VRN WXC`GJI#C N A0GRC�Q kpL T NZV � " q ��. i�w L A�W=w N A�� � U��
WXC VRN ]?A L A^W�D2GRI^C�Q N_K O.D�QRG L A?G�Y�D K O#�XGJC�QuC�A^] N A#C�C�Q N A#] L O#O#T N Y L G N D?A V w & 4 � dgF5D?Q'x{I N YaI
GRI#C�O#QJD�S L S N T N G hMD2F)C�QRQJD�QzD��XG V[N WXCBGRI#C N A?GJC�Q kpL T NUV � � " I�� . i s U�D�w N F7xzCBf#v Lek�L T_�^C &
d 4 !XwEM#w2D?Q � i�w�xzC`Y�D�A^Y�T_�^W#CzGJI L GuGJI#C L Y~GR� L T kpL TU�#C D2F[2 � K � V Guf#G�x N GJI N A�GJI#C N A?GJC�Q kpL T
� � 4 � 2 I� o 2 K� $ w#x{I#C�QRC

27I� 4 � � 6 & 5 $ � o 2AK� 4 � � � & 5 $ � q

� N Y~C k C�Q VRL w N F$xzC \ A#Dpx GRI NZV�N A0GRC�Q kpL T
� 2JI� o 2�K� $ L A^W GRI^C kpL TU�#C & w0xyC�Y L A9QJC�Y~D?A V GRQJ�^Y�GGRI#C�O L Q L�K C~GRC�Q V � ��L A^W $ � D�F)GRI^CHY~D�QJQJC V O�D?A^W N A#]  L � VJV[NZL A�W NZV GJQ N S#�XG N D?A L?V

( � 4
2 I� 6 2 K�

! o $ � 4
2 K� � 2 I�

! & q

� FexzC \ A#Dpx�GRI#C W NZV GJQ N S#�XG N D?A V F5D�QX2 � w`GJI#C�A GRI#C O#QJD�S#TUC K D�FeY~D K O#�#G N A#]PGJI#C
L�k C�Q L ]?C kpL TU�#C V �2 � S.C�Y�D K C V�L�V G L A^W L QaWEO#QRD?S L S N T N G h
O^QRD?S#T_C K �nA L2K C�TUh�w L?V �2 � w7xzC
G L2\ CHGJI#C Y�D�A^W N G N D?A L T�C~vXO.C�Y~G L G N D?A�D2F�2 � �#A�WXC�QnGRI^C Y�D�A^W N G N D�A�GRI L GnGJI#C V � K D�F L TUT
GRI#C�O#QJD�S L S N T N G N C V NZV � w N�s C s w

�2 � 4�� d02 � � 2 m 6�q�q�q�6 2 �<4 � i q

� CeY L A
A#Dpx � V C�GRI#C V G L A^W L QaWcGJC�YaI#A N �0�#C V D2F K �^TjG N ��W NUK C�A VRN D?A L T  L � VJV[NZL A
W NZV GJQ N �
S#�XG N D�A V GRD�Y L TZY~�#T L GJC�GJI NZV Y~D?A^W N G N D�A L TuC~vXO�C+Y�G L G N D�A s ��C�G L2N TUC�W WXC�Q NUk�L G N D�A NZV ] NUk C�A
N A=R`O^O�C�A^W N v !X}^I#C�QJC�xzC � � V G`O#QJC V C�A0G GRI#C�QJC V �#T_G��

�2 � 4 � � 6
d ��� p � i 5 $ ��� $ �. o

x{I#C�QJC p � 4 � m 6 q�q�q86 � � s � FzxyC V �#S V G N GJ�XGRC?w N A0GJD�GJI NZV F5D?Q K �#T L w GRI^C C�vXO#QRC VRVRN D�A V
F5D�Q�� ��L A^W $ ��N A�GJC�Q K9V D2F 2 I� L A^WX2 K� w#xyC�]�C�G{GRI#C�F5D?T_TUDpx N A^]�C�v�O^QRC VRVRN D?A7�

�2 � 4
2 I� 6 2 K�

! 6
d ��� p � i 5 d02 K� � 2 I� i �� d�2AK . � 2JI. i � o

x{I#C�QJC p � 4 d p I 6 p K i � ! s
����3% X1+�%�.�P1+�  8?.�E	p #&.�%�'&7> ] Dpx W N3� C�QJC�A0G NUV GJI NUV F5D?Q K �#T L F5QJD K GJI#C N A0GJC�Q k�L Tj� S L?V C+W
L�k C�Q L ]?C��P� F L TUT'GRI#C N A?GJC�Q kpL T V � � L QJCeD�F�GRI^C VJL2K C x N W�GJI$w GRI^C�A d L�V D�A^C Y L A�C L�VRN TUh
V C�C+i{xyCe]?C~GnGRI#C C~v L Y�G VJL2K C L�k C�Q L ] N A#]MF5D?Q K �#T L#s�] DpxzC k C�Q�w N FuGJI#C N A0GRC�Q kpL T VnL QJCHD2F
W N�� C�QJC�A0G`x N W�GRI)w#xzC�]?C~G�W N3� C�QRC�A0GyF5D?Q K �#T L�V �'C s ] s w�F5D?Q � m�4 � " o " q L $ L A^W � � 4 � " o � $ �

4 F5D?Q N A0GRC�Q kpL Tj� S L�V C�W L�k C�Q L ] N A#]^w?xzC�]?C~G��

p I 4 "^w p K 4 � q L w V D �2 m 4 ��� M L A^W%�2 � 4 ! � M^w0x{I N TUC

4 GJI#C V G L G NUV G N Y L T L�k C�Q L ] N A^]^w�xyC�]�C�G��

p � 4 d " 6 � q L i � ! 4 " q  L w V D

� M



�2 m 4
" 6 " q L

! 6
d ��� " q  L i 5 d " q L � "?i �
d " q L � "?i � 6 d ��� "0i � 4 " q ! L 6

" q ! L 5 " q ! L
� q ! L 4

" q ! L 6 " q " L 4 " q M 14
�
M o

L A^W VRNUK N T L QJT_h �2 � 4 " q  614 ! � M s

� þ?û��`����$'�_þ?û

� L2\�N A#]�WXC+Y NZV[N D�A V x{I#C�AcGRI^C�QJC�C~v NZV G VzV D K CB�#A^Y~C�Q[G L2N A0G h�x N GRI�QRC V O.C�Y~G�GRD�GRI^CBO L h?D �
GRDMS�C�QJC�Y�C NUk C+W L�V L QJC V �#TjG D2F�D�A^C8� V YaI^D N Y~CnD2F L Y�G N D?A NZV Y~TUC L QRTUhMGRI#C�A#D?Q K9L T V G L GRCnD2F
L%�=L2N Q V�s ��A K9L A0h�D�FuGRI#C V C V[N GR� L G N D�A V w�GRI#C C~vXO.C�Y~GRC�W kpL TU�#C NZV � V C+W L�VnLcK C L A V F5D�Q
Y~D K O L Q N A#]cW N3� C�QJC�A0GBY~D?�#Q V C V D2F L Y�G N D�A s ��AbD�QaWXC�Q{GJD�Y L TUY��#T L GRCHGRI#C�C~vXO�C+Y�GJC�W kpL TU�#C
N A L x L h�GJD L TUT_DpxPY�D K O L Q NZV D?A V w+O^QRC+Y NZV C N AXF5D�Q K9L G N D�A L S.D��#G'GJI#C{O#QJD�S L S N T N G h�D2F.C L YaI
D2F#GJI#C{W N�� C�QJC�A0G�O�D VRVRN S#T_CyO L h?D �=V QJC V �#T_G N A#]�F5QJD K L A L T_GRC�QRA L G NUk C NUV A^C�C�W#C�W s �`AXF5D?Q[GJ�X�
A L GJC�TUhBGJI NZV G h�O.CzD�F#O#QJC�Y NZV C�O#QJD�S L S N T NZV G N Y N AXF5D?Q K9L G N D�A NZV D�FgGRC�AeA#D�G L�kpL2N T L S#TUC s ��AeGRI NZV
xzD?Q \ xzC�I L�k C N A k C V G N ] L GJC�W�GRI^CHO#QJD�S#TUC K D2F�Y L TUY��#T L G N A#]MGJI#CHC~vXO.C�Y~GRC�W kpL T_�#Cex{I#C�A
GRI#C \ A#Dpx{TUC�WX]?C L S�D?�XGuGRI^C{O#QRD?S L S N T N G N C V�NUV D2F L A ,g�^����(GF%*%.+G h�O�C s � N�� Y~�#T_G h N A L G[G L2N AX�
N A#]�O#QJC�Y NUV CyO#QRD?S L S N T N G N C V S�C+Y~D K C V O L QRG N Y~�#T L QJT_h K9L A N F5C V G N A�C�A k0N QJD�A K C�A0G V)N A�x{I N YaI
I0� KML A
S�C N A^] V`L QRC�GJI#C V D��#QaY~C�D�F'GJI#C N AXF5D�Q K9L G N D?A L S�D?�XG`GJI#CHO#QJD�S L S N T N G N C V�s � I L G
NUV S.C�Y�D KMN A#]9�?� N GJC L O#O L QRC�A0G A^Dpx NZV GRI#C�I�� K9L A N A^Y�T N A L G N D?A�F5D?Q �8( *p� � .3*%(G, ��*p�1, )p��w L
F L Y�G�Y~TUD V C�TUh�QRC�T L GRC�W GJDcGJI#C�� V C�D2F�T L A#]?� L ]?C s R VnL QRC V �^TjGnD2FuGRI NUV �0� L T N G h?w I0� KML A V
F5C�C�T K D�QJC�Y�D K F5D�QRG L S#T_CeO#QRD k�N W N A#] N A?GJC�Q kpL T)O^QRD?S L S N T N G h C V G NUK9L GRC V GJI#C�AEO#QJC�Y NZV CHC~v��
L Y�G kpL TU�#C V�s � I NUVzN A^Y~T N A L G N D�A NUV D2FgGJC�A�W#�#C�GJDHGJI#C`F L Y�GyGRI L G:&^��( Da� &.�1, )p�^��Q L GRI#C�Q�GJI#C�A
K C L�V �#QJC K C�A0G VzL QJC GRI#CBS L�VRNZV D2F=GJI#C \ A#Dpx{TUC�W#]�C V �#O#O#T N C+W s � G NZV D?�#Q�F5C�C�T N A^]HGRI L G�GJI#C
GRC�YaI^A N �0�#CyWXC k C�TUD�O.C�W�I^C�QJC�x N T_T�O#T L h L Y~C�A?GJQ L T?QJD�TUC N AHGJI#CyY�D�A V GRQJ�^Y~G N D�A�D2F N A0GRC�T_T N ]�C�A0G
WXC�Y NUVRN D?A K9L2\�N A^] V h V GRC KMV w.O L QRG N Y~�#T L QJTUh�GJI#D V CHS L?V C+W��#O�D?A
GRI^C N WXC L D2F�Y~D K O^�XG N A#]
x N GJI xyD�QaW V�s
� �+"$�7��893�� 
'&.�!��� 1��?> � I NUV xyD�Q \ x L?V O L QRG NZL TUT_h V �#O#O.D�QRGRC+W,S�h Z�R U
R �#A^W#C�Q
Y~D�D�O.C�Q L G N_k C L ]�QJC�C K C�A0G Z S S L � !#" �#wMS�h Z�U t ]?Q L A?G V Z`D s � ���u� �> L " WEL#W L A^W
S ��R{� � L !8!8!8"> Xw7S�h GRI#C=��A N GJC�W�U�O L Y�C R�T_T NZL A^Y�C�]?Q L A?GXZ`D s Z�R�U �p� !#"8"E"8" d�� � @
S " S �  E � M8R � i�wcS�h GRI#C t �XGJ�#QJC R`C�QRD V O L Y~CVUXY N C�A^Y�C L A�W �)C+YaI#A#D?T_D?]�h���QRD?]�Q L2K
d t R�U\�`i S C�A0GJC�Q{F5D?Q�U0GRQJ�^Y~GR�#Q L T7��A?GJC�]?Q N G hcD2F:R�C�QJD V O L Y�C UXh V GRC K9V w�C � D�QRG V O.D�A V D?QRC+W
S0h GJI#C R N Q t D?QJY�C�@ � Y~C�D2F UXY N C�A0G N f�Y	�{C V C L QaYaI$w'R N Q t D�QaY~C � L GJC�Q N C�T S D K K9L A^W=w
��U
R t w'�#A^W#C�Qe]?Q L A0GHA0� K S.C�Q t � � � !8"p� � L � � � " LX��W w L A^W Z L G N D�A L THU�C+Y~�#Q N G h R`]?C�A^Y�h
�#A^WXC�Q� nQ L A?G�Z�D s � ��R �8" �2� � W � � � " L � � s

� I#C L �XGRI#D?Q V�L QJC�GRI L A \ F5�#T'GRD
� N C�QJD�� s XyD�A NUVJV D?A#C L A�W�GRD�GRI#C L A#D?A0h K D�� V QJC~Fg�
C�QJC�C V F5D?Q kpL TU� L S#TUC V �^]�]�C V G N D?A V�s

� �



�:� ,2��ýu��û��{�!$

� � $�� s RBY ���C�T L A^W�� s �BI#D K S#QJC V w�� � ��D��1, )p��*#.$�QW � *p�1, )p�^� ,g���~�-Fp��( *#. F *#(G, *��-._�~�aw SyL2K �
S#Q N WX]?C �`A NUk C�Q VRN G h���QRC VRV w SyL2K S#Q N WX]?C�w � � W � s

� ! $Q� s XyC�QJ] V GRC�A)w�� s UXYaI��#S.C�QRG�w L A^W � s U�xyC�A#A V D?A$w �QXzC V TU�XG VRV G	�D0W VRV h V GJC K C~G �BC ��� h �
��A �@ k C�Q V[NU\ G �^w+��AJ��
X)
� ��� ���^� *p�1, )p����� � �A,7*%F��=� � ,g��*#(G, ��� )�DQl < *8D�� � �������*#./. ��,g� �
) � �-* � �+*p���&n=���~�^��)#(R�-(�)�D"l �8*2� )#(R�-( < �)%(�._� �2�A,g�	�2�a��������� � �1,/./. < �)%(a�GF *#(R���1n������������
�! n"���)#(a�+F%*%(J�~��� � *p���-(G,%��.0Fp�-(��:n$#y�%�&�)+&�,g� �&n(' � .��*),+  n.-  ��! w
�)C�T_�^S R Xnw �/�L v � �D^w
� � W �#wE"> &X !\� � �:g["[ &X !
� M � w t @�R �{C�O.D�QRG X !#"E"> W g
! s  Xw ��C�O L QRG K C�A0GyD2F � C L O.D�A
U�h V GJC K9V w � � C+Y�G V)L A�W ��QJD2GJC�Y�G N D?A$w Z L G N D?A L T ��C�F5C�A^Y�C �{C V C L QaYaI � V G L S^T NZV I K C�A0G�w
U0GRDXY \ I#D?T K w�U�xyC�WXC�A$w � � �8" s

� M%$Q� s XyC�QJ] V GRC�A)w0� s UXYaI��#S.C�QRG�w L A^W � s U�xyC�A#A V D�A)w9� �BC ��� h � C�G[G ��C K D?A V GRQ L �
G N D�A VJV h V GRC K F��D�Q R`A L TUh V{L�k ��S L G V �^A^WXC�QJQ1�L G[GJC�T V C�Q �^w?��A*� s U#YaI0�^S�C�Q[GHd5C+W s i�w2
 ��. G
&�( )3���4�2����� < )%( � *p�1, )p�#�a� �p��� � �=,g��) � � � F � ��& ( )5�����2�76u�+*p���J��� � � �
G8�A. � ��&\*#(G( )%(�� w
t @�R �`C�O.D�QRG R !#"E" � � g
! s  Xw �BC�O L QRG K C�A0G9D2F � C L O.D�A�UXh V GRC K9V w � � C�Y�G V9L A^W
��QJD2GJC�Y�G N D?A$w#Z L G N D�A L T ��C�F5C�A^Y�C �{C V C L QJYaI � V G L S#T NZV I K C�A0G�wEU�GRDXY \ I#D�T K wEU�xyC�WXC�A$w
� � �8" s

� �#$Q� s XzC�QR] V GJC�A L A^W9� s UXYaI��#S.C�QRG�w � �BC K O V GRC�Q�� V QJ�#TUCMF5D�QHC k0N WXC�A^Y~CcD?QJW#C�QJC�W N A L
Y~D K O^T_C�GRCHW N QRC+Y�GJC�W L Y�hXY~T N Y�]?Q L O#I��#w:���^� �;' �(U�&E&�( )�C ��<��+*��-)2��,g�	��w � � �EM#w �uD?T s �#w
Z`D s � wXO#O s M> Jg� %M s

� L $ � s �B�#S�D NUVyL A�W ]Hs ��Q L WXC?w �a@BA V C k C�Q L T#QJC�O^QRC V C�A?G L G N D?A V D2F L Ac�#A^Y�C�QRG L2N A9S.D�W#h
D2FyC k�N W#C�A^Y�C��#w=��AJ� � s � s  n�#OXG L�L A^W � s U L A^YaI#C � d%C�W V�s i~w�� � ���+� ,g� < )#( � *2� , )2�
*p� � ���+D-,Z�G, )p�T&�( )�Da���a������w�Z�D�QRGRI ] D?T_T L A�W=w\R K9V GRC�QaW L�K w � � W !Xw0O#O s � �  $g ��W^� s

� � $� s ��Q N Y \XV D?A d%C�W s i�w2�Y*-CE, �-��� #y��� (�)�&�� *p� �>=�* ���~�G, *p�*�b��� l�) �p�aw%?�TU��xzC�Q�w �BD�QR�
WXQJC�YaI0G�w � � �> s

�  �$ � sESBs�t'NUV I�S#�#QJA$w@6'� ,/.�,g� �H�Il#�+)#( � < )%( �?�+D�,Z�G, )p� � *
�#,g�	��wA�?D�I^A ��N T_C�h/B U�D�A V ��A^Y s w
Z`C�xDC�D�Q \ w � � � � s

� W $ � s
]�L�K K C�Q�w\� s
] D�Y \XV w
� s ?��#T NUV YaI$w � s � L G � w�� ��� ��(G, D+*#.=� )�)%._�+)�C < )#( Fp�-(G, �z� �
D+) � & � �1,g�	� �A� ��=�*p�G, D�� ��� �-(G, D+*%.�& ( )��-._� � ��w>UXO#Q N A#]?C�Q �uC�QJT L ]^w ] C N W#C�TUS�C�QR]�w8Z s C s w
� � �8M s

� �%$ � s � sA]�L A V C�A$wFEH. )��+*%.')�& � , � , ��*p�1, )p� � �G,g�	�T,g�^����(GF%*%.'*p� *%.����G,Z��w � L QaY~C�T ��C \�\ C�Q+w
Z s C s w � � �E! s

� � "%$ ��s ] �^QRx N Y � woU D�(G,g����(G, )2� < )#( �?�+D�,Z�G, )p�2G � *	�%,g� � � � ���-( � � Da��(�� *%,g��� �pw7�7C�YaI#A N Y L T
�{C�O.D�QRG�M LEL w S Dpx{T_C V�S D KMKMNUVJVRN D?A$w � � L ! s

� �?� $ � s X s ?�C L Q[F5D�G[G�w�<�, �>)%( ) � � �8.3)?��*#.=���+*%( D"l�G D+)p��� ,g� � ) � ��&�( )?��._� � �aw2?�T_��xyC�Q+w �BD�QR�
WXQJC�YaI0G�w � � � � s

��L



� � ! $ � s X s ?�C L Q[F5D�G[G L A^W � s ?�QJC N A#D k�N YaI d5C+W V�s i�w(UH&8&�.�, D�*2� , )2�#�<) < ���^���-(GF *#. � ) � & � G
� *2� , )2�#��w ?�TU��xzC�Q�w �BD�QaWXQRC+YaI0G�w � � � � s

� � M%$� s ?�T N Q L A^W X s C�� L A$w � � � �+���~����� *p� � <�� � � � .3) �#, D	GM�Il#�+)%( � *2���=*�&E&�.0, D+*2� , )2�#�"n
��QJC�A0G N Y~C ]�L T_T w���O#O�C�Q�U L W#WXTUC � N_k C�Q+w\Z(��w � � � L s

� � �#$ � s ?�QJC N A#D k�N YaI$w ��� L v NUK � K C�A0GRQJD�O�h L A^W N A0GRC�Q kpL T�Y�D K O#�XG L G N D?A V �^w$<B��.0, *?��.U�
� ) � & � �1,g�	��w � � � � w �uD?T s !#w�Z`D s � w#O#O s � M:g� � s

� � L $ � s � s ?�� � A#C~G V D k w������ �-(GF *#. ��� *2� ,Z���1, D�*#. � ) �?��. ��w\�
D V Y�Dpx�w � L W N D N U k h L � ���#S^T s w
� � � � d N A �`� VRVRNZL A�i s

� � � $;U s R s�� C V I$w7UB���-F�, �?�~��� , *#.=� l^��)#( � *�&8& ( )�*8D"l�� )$� � � � � ���^�bG[�+*���� � ���+D�,Z�G, )2� � *	�&G
,g�	��w ��I s � s � I#C V[NZV w �BC�O L Q[G K C�A0G D�F t D?QRC V GJQRh L A�W ��A k�N QRD?A K C�A0G L T U0GJ�^W N C V w��� \ C �`A NUk C�Q VRN G h�w �B�#QRI L2K w�Z S w � � W � s

� �  �$ � s � s � ��Y~C L A^W ]es � L2N3� L wFE�* � �~� *p� � ���+D-,Z�+, )2�#�"nF����� (�) � � D~�1, )p� *p� �=D�(G,g�1, D+*%.
� � (GF��+�pw � s���N TUC�h B U�D?A V w\Z s C s w � � L  �w�QJC�O#Q N A?GJC�W�S0h ��D k C�Q+w
Z s C s w � � W � s

� ��W $;U s � s � L QaY~� V w �  nQ L A^W N TUTU� V[N D�AJ�=GRI#C Q NUVR\XV D2F SyL?VRVRN A N �^w ��#@#@# �#&^��D��1( ��� w#� L QJYaI
� � � W w0O#O s L#W g �EL d V C�C L T V DMW NUV Y~� VJVRN D?A N A R�O#Q N T � � � W w�O#O s � g\ �i s

� � �%$ � s �
D�D�QJC�w2�b�~�Il\) ���Q*p� �jU�&8& .0, D+*p�1, )p�^�Q) < ���^���-(GF *#.3UB� *%.����G,Z��w�U�� R�� w ��I N T L WXC�T_�
O#I NZL w � �> � s

� !8"%$ � s X s �
h�C�Q V D�A)w�E * � � �Il#�+)%( ��� UB��*%. ���+,Z� ) < D+)p� � , D�� w ]�L Q kpL QJW �`A N_k C�Q V[N G h
��QJC VJV w SyL�K S#Q N W#]�C�w
� Rew � � � � s

� ! � $ ]Hs � s Z`]?�#h�C�A$w � s ?�QJC N A#D k�N YaI$w L A^W�� s�� �#D�w0�[��A0GJC�Q k�L Tj� kpL TU�#C�W�WXC�]�QJC�C V D2FuS�C��
T N C~F � L O^O#T N Y L G N D�A V D�F N A0GRC�Q kpL T�Y~D K O#�#G L G N D?A V GJD�C~vXO�C�Q[G V h V GJC K9VuL A�W N A0GRC�T_T N ]�C�A0G
Y~D?A?GJQRD?T �^wA�~�^����(�� *p�1, )p��*#.�'
) � (���*#.7) < 67� DJ�-(�� *%,g�^� �:n � � � �-,g�.�~�a�"n'*2��������) 
9._� � �0�FG
=�*p��� � � ������� � ��� � ' 6��	�0��
pw � � �[ �w �uD�T s L w\Z`D s M#wXO#O s M �  $g[M L#W s

� !E! $ ]Hs � s Z`]?�#h�C�A L A^W � s R s � L T \ C�Q�w �a@BA WXC+Y NZV[N D�A K9L2\�N A#]�� VRN A#]bS�C�T N C~F F5�#A^Y~�
G N D�A V �#wX��AJ� � s � s C L ]�C�Q�w�� s ? L Y�O#Q � h \ w L A^W � s ��C+WXQ N �-� N d ��W V�s i�wBU �%F%*p� Da��� ,g�
� l^�.
 � � &.�a���-(DG �<l\* < ��(�k l^��)#( � ) < #HF�, �?�~� Da�~w ��N TUC�h?w�Z s C s w � � � ��w0O^O s M �?� g
M8M8" s

� !8M%$ ��s � s U L�kpL ]?C�w�k l#� < ) � ���8*2� , )2�#�Q) < ��� *2� ,Z���1, D���w ��N T_C�h�w
Z s C s w � � L �^}?QRC�O#Q N A0GRC+W9S�h��D k C�Q+w
Z s C s w � �[ #! s
� ! �#$�� s UXYaI��#S.C�QRG�w	��@BAbA#D?A V O�C+Y N f�YeC k�N WXC�A^Y~C��#w��~�^� �@' �;���^���-./. �&������� �Uw � � �EM#w �uD�T s W w

Z`D s � wXO#O s  ��� g\ 8! L s
� ! L $�� s UXYaI��#S.C�QRG�w � . � ��� �-(DG[�+*���� ��� &^�+D�, �HD+*p�1, )p�
����D"l��A,1W � �~��,g� 
 � � &�������(DG �3l\* < ��(n� l^�FG

)%( � < )%(T*2� �-F�, �?�~��� , *#. ,g�^���-./.0, �?����Da� *p� *%.����G,Z� ) < � � . �1, &�._��� *#( �0�~�B� ( *ED4�p��w ��I s � s� NZVJV C�Q[G L G N D�A)w	�{Dph L TM��A V G N GJ�XGRC D2F=�)C+YaI#A#D?T_D?]�h�w �BC�O L QRG K C�A0G!D2F Z�� K C�Q N Y L T
R`A L T_h VRNUV{L A^W S D K O#�XGJC�Q�UXY N C�A^Y~C?wAU0GRDXY \ I#D?T K w�U�xyC�WXC�A$w � � � � s

� �



� ! � $�� s U#YaI0�^S�C�Q[G+w��#&^�+D�, < �%,g� ����)p�^�1&#�+D-, ��D���F�, ������Da��w t @�R �{C�O�D?Q[G S !#" �> L g
! s  Xw�Z L �
G N D�A L T ��C�F5C�A^Y�C �{C V C L QJYaI
� V G L S#T NZV I K C�A0G�w�U0GJDXY \ I^D�T K w � � � � s

� !> �$ � s U K C~G VBL A^W � s ?�C�A#A#C V w0� � I#C�GJQ L A V F5C�Q L S#TUC�S�C�T N C~F K DXWXC�T �#w>U�(�� , �HD�, *#. �~�^����. G
.0, �0�~� DJ��w � � � ��w �uD�T s � � w[Z�D s !#wXO#O s � � � g
!#M � s

� ! W $Q� s � s U0GJQ L G�w � ��C+Y NZV[N D�A L A L T_h VRNUV � VRN A^] S.C�T N C~F K DXWXC�T �^w ����� �$' �4UH&8& ( )-C �&<��+*�G
�-)p��,g� �2w � � �E"#w �uD�T s �^w\Z�D s L � � w0O^O s M � � g � �  s

� ! �%$Q� s � s U0GJQ L G�w � �BC�Y NZVRN D?A L A L T_h VRNUV � V[N A#]�S.C�T N C�F{F5�#A^Y~G N D�A V �#w���A7� � s � s C L ]�C�Q+w
� s ? L Y�O#Q � h \ w L A^W@� s ��C�W#Q N �-� N d �zW V�s i~w6U �#F *2��Da�~�Y,g� �Il#�*
 � � &�������(DG �3l\* < ��(k l#�+)%( � ) < #HF�, ������Da��w ��N T_C�h�w�Z s C s w � � � �^w�O#O s !> L g[M � " s

� ME"%$>C s � N A N D2G NZV w��H( )��+*?��,/.0,g� � *2��� ( *p� �8) � &�( )�Da���a����� < )#( �-._�+D~�1(G, D+*%.
�~� �#,g� �J�-(a��w
��Y  nQ L x � ]`N T_T w<XzD V GJD�A$w � � � W s

� M � $ � s � L TUT_C�h�w ��� *p�1,Z�a�1, D+*%.�(R�+*��-)p�A,g�	� 
',g�Il=, � &�(R�+D-,Z����&�( )?�+*��-,/.0,g� ,%�~��w S I L O KML A L A^W
]�L T_T w\Z s C s w � � � � s

� ��� ��û�ÿ���� ù��
� ýcþ�þ-,íþ , üu��� � ����þ"ýu�B�

� s � C�Gz� V f^Q V Gzf#v N A0GJC�Q k�L T�O^QRD?S L S N T N G N C V � m�o�q�q�q�o � � w L A^WcY�D�A VRN W#C�Q{� L�VyL F5�#A^Y~G N D�A
D2F : kpL Q NUL S#TUC V � m o�q�q�q~o � � �

�9d � mpo�q�q�q�o � � i 4 �Md 5 � m2o � m+7�o�q�q�q�o�5 � �=o � � 7 i q
��QJD�O.C�QRG hbd L i VRL h V GJI L G�GRI NZV F5�#A�Y�G N D�A	�9d � m2o�q�q�q~o � � i NZV * � �%,g�1,/F�� s � G NZV`\ A#Dpx{A d V C�C?w
C s ] s w7� � $ wAUXC�Y�G N D?A � s � i�GRI L G`C k C�QRhcY�D�A0G N A��#D�� V{L W#W N G NUk CnF5�#A�Y�G N D�A�I L?V GRI^C�F5D�Q K

�9d � m2o�q�q�q~o � � i 4 �2 mH5 � m:6�q�q�q�6 �2 � 5 � � q
� I0� V w)F5D�QHC k C�QJh V C��0�#C�A^Y~CMD2F : N A0GJC�Q k�L TuO#QJD�S L S N T N G N C V w$GRI^C�QJC9C~v NUV G V : QJC L T k�L T_�^C V
�2 m o�q�q�q�o �2 � x{I N YaI
WXC�O.C�A�W�D?A�GJI#C V C N A?GJC�Q kpL T=O#QJD�S L S N T N G N C V{L A^WcF5D?Q{x{I N YaI

�Md 5 � m2o � m+7�o�q�q�q�o�5 � �=o � � 7 i 4 �2 mH5 � m:6|q�q�q 6 �2 �;5 � � q d � !�i

� I#C�QJC~F5D?QRC?w=GRD�WXC V Y�Q N S.C�GJI#CMF5�#A^Y~G N D�AP� w N G NZVHV � � Y N C�A0G�GRD
WXC V Y�Q N S�CMGJI#CMGRQ L A V F5D?Q[�
KML G N D�A�
�GRI L G K9L O V{L V C+�0�#C�A^Y�CBD�F)f^A N GJC�TUh K9L A�h N A?GJC�Q kpL T V � �nN A0GRD L�V C��0�#C�A^Y~CnD2F
C~v L Y~GRTUh L�V K9L A�h kpL T_�#C V �2 � �

d � m�o�q�q�q�o � � i � d �2 mpo�q�q�q�o �2 � i q

! s � F�xzCnG L�\ C � m 4,q�q�qE4 � � 4 � w�GRI^C�A F5QRD K GRI^C�O#QRD?O�C�Q[G hEd �0i~w#xyC�Y�D�A^Y�T_��WXCnGRI L G

�  



� 4�KMN A� � � 8 �Md 5 � m2o � m�7�o�q�q�q~o�5 � �=o � � 7 i 4
�2 mH5 � m:6|q�q�q 6 �2 � 5 � � 4 �2 m'6|q�q�q 6 �2 � 8 K9L v� � � 4 � o

L A^W�GRI�� V w
�2 m 6|q�q�q�6 �2 � 4 � q

M s U�D F L Q+wXxzCnI L�k CB� V C�W�GRI^CnO^QRD?O�C�Q[G N C V d��0i L A�WEd L i s � V[N A#]�GRI#C�C+�0� L G N D?AEd � !�i~wXxzC
Y L A QJC~F5D�Q K �^T L GRC L TUT$D2GJI#C�Q{O#QJD�O.C�QRG N C VyN A GRC�Q K9V D2F7GRI#C�GJQ L A V F5D�Q KML G N D�A 
 s

� I#C`O#QJD�O.C�QRG h�d � i VJL h V GRI L G N F L TUT N A?GJC�Q kpL T V�L QJC`WXC�]?C�A#C�Q L GRC?w2GRI^C�A 
 \ C�C�O V GRI#C K
N A0G L Y�G��

d � 2 m�o 2 m $ o�q�q�q�o � 2 � o 2 � $5i � d02 mpo�q�q�q�o 2 � i q d � � i
U N_KMN T L QRTUh�w$d1!�izGJ�#QRA V N A0GRDA�

d � 2 m o 2 m $ o � � i � d02 m o ��� 2 m i q d ! � i

� I#C�O#QJD�O.C�QRG h�d M?izGJ�#QJA V N A0GJDMGRI#C�F5D?T_TUDpx N A^]�QJ�#TUC8�u� F

d � m o�q�q�q�o � � I m o � � o � � K m o�q�q�q~o � � I m o � ��o � � K m o�q�q�q�o � � i �
d �2 m�o�q�q�q�o �2 � I m2o �2 � o �2 � K m�o�q�q�q�o �2 � I m2o �2 � o �2 � K m2o�q�q�q�o �2 � i o

GRI#C�A
d � mpo�q�q�q�o � � I mpo � � o � � K m�o�q�q�q�o � � I m2o � � o � � K mpo�q�q�q�o � � i �
d �2 m o�q�q�q�o �2 � I m o �2 �2o �2 � K m o�q�q�q~o �2 � I m o �2 � o �2 � K m o�q�q�q�o �2 � i q d M � i

� I#C�O#QJD�O.C�QRG h�d � i K C L A V GJI L G N F

d � m2o � � o�q�q�q�o � � i � d �2 m�o �2 � o�q�q�q�o �2 � i o
GRI#C�A

d � m 6 � � o�q�q�q�o � � i � d �2 m 6 �2 � o�q�q�q~o �2 � i q d � � i
t7N A L T_TUh�wXGJI#CHY~D?A^W N G N D�A  K C L A V GJI L G{GJI#C�GRQ L A V F5D?Q K9L G N D?A 
 NUV Y�D�A0G N A��#D�� V�s
� s � C�Gz� V f^Q V G KML�\ C L Y~D KMK C�A0G�GRI L Gzx N TUT.S.Cn� V C+W N A9GRI#CBF5D�TUTUDpx N A#]eO#QRD�D�F s �B�#C�GRD
V h KMK C~GRQJhEd M � i�w N F�G xzDMD�F : N A0GJC�Q k�L T V Y�D N A^Y N WXC?w N�s C s w N F'� ��4 � � wXGRI^C�A�GRI^C�QRC V �#T_G N A#]
k�L T_�^C V �2 �uL A^W9�2 � K � V G`S�C�C+�0� L T GJD0D s
L s � C�x L A0G GRDMO#QJD k C�GRI L G{GRI#CnGJQ L A V F5D?Q K9L G N D�A 
 NUV W#C V Y~Q N S.C�W�S�h9GRI#C�F5D?Q K �#T L d W i
F5D�Q L TUT N A?GJC�Q kpL T V � � s �)D�O#QRD k C N G+w�T_C�Gy� V f^Q V G V G L QRG�S�h V I#Dpx N A#]�GJI L GzGRI NZVyNUV GRQJ�#C�F5D�Q
N A0GRC�Q kpL T V � � 4 � 2 I� o 2 K� $)x N GRI ( *p�1, )p� *%.XC�A^WXO.D N A?G V�s

U N A�Y~C L TUT7GJI#CMC�A^W#O�D N A0G V�L QRC�Q L G N D�A L T�w=xyCMY L AEQRC+WX�^Y�CeGJI#C K GJD L Y�D KMK D�AEW#C~�
A#D KMN A L GJD�Q s � C~G � V W#C�A#D�GRCcGJI NZV Y�D KMK D�A!WXC�A#D KMN A L GJD�QHS�h�� }uGJI#C�A!C L YaI D2F{GJI#C

��W



C�A^WXO.D N A0G V 2JI� L A�W�2�K� I L�V GJI#CyF5D�Q K ( � � F5D?Q L A#D?AX� A#C�] L G NUk C N A0GJC�]�C�Q ( s � C~Gu� V W#C~�
A#D2GJC`GRI^CnY�D�QJQRC V O.D�A^W N A#]eA0� K C�Q L GRD?Q V S0h ( I� L A�W ( K� }?GJI#C�A)wXxzCBI L�k C:2 I� 4 ( I� � �
L A^W 2 K� 4 ( K� � � d5x{I^C�QJC ( I� 4 � 5 2 I� L A^W ( K� 4 � 5 2 K� i s

� L YaI N A0GRC�Q kpL T�� � 4 � (YI� � � o ( K� � �=$�Y L A|S.CEQJC�O^QRC V C�A?GJC�W L?V�L V � K D�F (YI�
WXC�]?C�A#C�Q L GRC N A0GRC�Q kpL T V � ��� � o � � � $ L A�W�( K� � ( I� A#D?AX��WXC�]?C�A#C�Q L GRC N A0GRC�Q kpL T V � " o ��� �=$ s
�)D�G L TUTUh�w�xyC�]?C~G ( Im 6 q�q�q[6 ( I� 4 � 5 d02 Im 6,q�q�q
6 2 I� i 4 � 5 p I WXC�]�C�A^C�Q L GRC
N A0GRC�Q kpL T V � � � � o ��� � $ L A^W#� 5 d p K � p I i�A#D�AX��WXC�]�C�A^C�Q L GRC N A0GRC�Q kpL T V � " o � � � $ s UXD^wN FnxzC \ A#Dpx I#Dpx GRI#C�GJQ L A V F5D?Q K9L G N D�A 
 GRQ L A V F5D�Q K9V GJI#C
QRC V �^TjG N A#] �[TUD�A^]ET NUV G �ED2F
� 5 p I 6 � 5 d p K � p I i 4 � 5 p K N A0GJC�Q k�L T V w0xzC�x N T_T S.C L S#TUC�GJD�� V CnGRI#C�O#QJD�O.C�QRG hd � � i L A�W�f�A^W�GRI#C�QJC V �#T_G D�F L O#O#TUh N A#] 
 GRDMGRI^C�D�Q N ] N A L T V C�G D�F N A0GRC�Q kpL T V�s
� I L G NZV GRI^CcQRC V �^TjGHD�F L O#O#TUh N A#] 
 GRD
GJI NZV T_D?A#]
T NUV G�� � I NZV T_D?A#]
T NUV GeY~D?A?G L2N A V

N A0GRC�Q kpL T V D2F=G xyDHG h�O�C V w L A�W N A0GJC�Q k�L T V D2F$C L YaIMG h�O.C L QJC N WXC�A?G N Y L T s � CnI L�k C L T_QJC L WXh
O#QRD k C�A N A�O L Q[G �MD�F7GJI NUV O#QJD0D�F)GJI L G N F�G xzD N A0GRC�Q kpL T V F5QRD K GJI#CHT NUV G L QJC�C��0� L T wXGJI#C�A
GRI#CHY�D�QJQRC V O.D�A^W N A#] kpL TU�#C V D�F �2 � L QRCnC��0� L T=GRD�D s � I�� V �

4 GJI#C�GJQ L A V F5D�Q KML G N D�A 
 K9L O V L T_T WXC�]�C�A^C�Q L GRC N A0GRC�Q kpL T V � � � � o ��� � $ N A0GRD D�A#C
L A^WcGJI#C VJL2K C k�L T_�^C�}#xyC�x N TUT)WXC�A#D2GJCBGJI NZV{kpL TU�#C�S0h 0 }

4!VRN_KMN T L QRTUh�w?GRI^C�GJQ L A V F5D?Q K9L G N D�A 
 K9L O VyL TUT.A#D�AX��WXC�]�C�A^C�Q L GRC N A0GRC�Q kpL T V � " o � � � $
N A0GRDMD�A#C L A^W�GRI#C VJL2K C kpL TU�#C�}XxyC�x N TUT)WXC�A#D2GJC�GRI NZV{kpL TU�#C�S�h � s

U�D^wXxyC�]�C�GyGJI#C K9L O#O N A#]��� �
� o

�
��� o�q�q�q~o � �� o

�
��� o � " o ���� o�q�q�q�o � " o ����	� � d 0�o�q�q�q�o�0zo � o�q�q�q�o � i q d � M?i

� F'xyC L O#O#TUhcGJI#C�O#QJD�O.C�QRG h�d � � izGJDMGRI NZV F5D�Q K �#T L w�GJI#C�A�xyCHY L A Y�D�A^Y�T_�^W#CBGJI L G

d q�q�q�o � � o�q�q�q i 4�
q�q�q�o

� �
� o

�
��� 6|q�q�q 6

� �
� o

�
��� d�( I� G N_K C V i 6

�
" o
�
��� 6�q�q�q�6

�
" o
�
��� d�( K� � ( I� G NUK C V i o�q�q�q � �

d q�q�q�o�0 6|q�q�q�6 0 d ( I� G NUK C V i 6 � 6|q�q�q�6 � d�( K� � (YI� G NUK C V i o�q�q�q i 4
d q�q�q�o �2 � o�q�q�q i o

x{I#C�QJC
�2 � 4 ( I� 5 0 6 d�( K� � ( I� i 5 � q d � �0i

U�D^w�GJD�f^A�WHGJI#C k�L T_�^C V �2 � w N G NZV�V � � Y N C�A0G'GJDnW#C~GRC�Q KMN A#CzGRI#C kpL TU�#C V D2F�GRI#CyO L Q L�K C�GRC�Q V
0!L A^W � s

� �



�)DHWXC�GRC�Q KMN A#C{GRI^C V C`O L Q L2K C�GRC�Q V w2xzC{x N TUT L T V D�� V C`GRI#C L W#W N G NUk�N G h O#QJD�O.C�QRG h�d � � i s
Z L2K C�T_h?wXF5QRD K d � M?i~wXxzC�Y L A V[NUKMN T L QJT_hcY�D�A^Y�T_��WXC�GRI L G��� �

� o
�
� � 6|q�q�q�6

� �
� o

�
� � d�� 5 p I G NUK C V i 6�

" o
�
��� 6�q�q�q�6

�
" o
�
��� d�� 5 d p K � p I izG NUK C V i � �

d 0 6|q�q�q�6 0 d�� 5 p I G N_K C V i 6 � 6�q�q�q 6 � d�� 5 d p K � p I izG N_K C V iRi 4d�� 5 p I 5 0zo � 5 d p K � p I�i 5 � i q d � L i
� I#C V � K9V D2F�GRI^C N A0GJC�Q k�L T V N A�GRI^C�T_C�FgG[� I L A�W V[N WXCuD2F$d ��L i Y L A�S.C�C~vXO#T N Y N GJT_h�Y L TUY��#T L GRC+W �� �

� o
�
��� 6�q�q�q�6

� �
� o

�
��� d�� 5 p I G N_K C V i 4� � 5 p I� o

� 5 p I� � 4 � p I o p I7$ o
L A^W �

" o
�
��� 6�q�q�q 6

�
" o
�
��� d�� 5 d p K � p I izG NUK C V i 4�

" o
� 5 d p K � p I i� � 4 � " o p K � p I7$ q

� I0� V w$d ��L izG L2\ C V GRI#C�F5D?Q K
d � p I o p I7$ o � " o p K � p I7$5i � d�� 5 p I 5 0�o � 5 d p K � p I'i 5 � i q d � � i

@BA�GJI#C�D2GJI#C�Q{I L A^W=wXF5QJD K d ! � i�w^xzCHY�D�A^Y�T_�^W#CBGJI L G
d � p I o p I $ o � " o p K � p I $5i � d p I o ��� p I i q d �  2i

S D K O L Q N A#] d � � i L A^W d �  2i�wXxyC�Y~D?A^Y~TU�^WXC�GJI L G
� 5 p I 5 0 4 p I d ��W i

L A^W
� 5 d p K � p I i 5 � 4 ��� p I q d � �?i

t QJD K GJI#C�C��0� L G N D�A d ��W i�w#xyC�Y~D?A^Y~TU�^WXCnGRI L G

0 4 �
� q d !8"?i

t QJD K GJI#C�C��0� L G N D�A d � �0i�w#xyC�Y~D?A^Y~TU�^WXCnGRI L G

� 4 �
� 5

��� p I
p K � p I

q d ! � i

!#"



U��#S V G N GR�XG N A^]eGJI#C�C�v�O^QRC VRVRN D?AMF5D�Q 0 L A^W � N A0GRDeGRI#C�F5D�Q K �#T L d � �0i~w0xyC�Y�D�A^Y�T_�^W#C`GRI L G
�2 � 4

( I�
� 6

( K� � ( I�
� 5

��� p I
p K � p I

q d !E!�i

Xzh�WXC�f^A N G N D�A|D�F�GRI#C A�� K S.C�Q V ( I� w`xyCbY~D?A^Y~TU�^WXCbGRI L G ( I� � � 4 2 I� L A^W GRI L G
d ( K� � ( I� i � � 4 d ( K� � �Ei � d�(YI� � �bi 4 2AK� � 2JI� s � I#C�QJC~F5D?QRC?w^d !E!�i'G L2\ C V GRI#C�F5D�Q K

�2 � 4 2 I� 6 d02 K� � 2 I� i 5
��� p I
p K � p I

q

 nQRD?�#O N A#] GRD�]?C~GJI#C�Q GJC�Q KMV O^QRD?O�D?Q[G N D?A L T.GRD 2JI� w#xyC�Y�D�A^Y�T_��WXCnGRI L G

�2 ��4 27I� 5
� ��� ��� p I

p K � p I � 6 2�K� 5
��� p I
p K � p I

o d !8M?i

L A^W�f^A L T_TUh�w V �#SXGJQ L Y�G N A#] GJI#C�G xzD F5Q L Y~G N D�A VyN A d1!#M0i�w#xyC�]�C~G GJI#CHWXC VRN QRC+W�QJC V �#T_G s
� s � C
I L�k C V I#Dpx{APGJI L G9GJI#C�F5D�Q K �^T L d W i�I#D�TZW V F5D?Q L TUT N A0GJC�Q k�L T V x N GRI�Q L G N D?A L T
C�A^WXO.D N A0G V�s U N A^Y~C GJI#C GRQ L A V F5D�Q K9L G N D�A 
 NUV Y�D�A0G N A��#D�� V d5O^QRD?O�C�Q[G h  �i�w L A^W VRN A^Y~C
C k C�QRh N A?GJC�Q kpL T�Y L AcS.C�QJC�O^QRC V C�A?GJC�W L?V�L T NUK N G D2F N A?GJC�Q kpL T V x N GRI�Q L G N D?A L T^C�A^WXO.D N A0G V w
xzC`Y L A9Y~D?A^Y~TU�^WXC?w?S�hHGJC�A^W N A#]HGRD L T N_KMN G�w?GRI L G�GRI NZV F5D?Q K �#T LBNZV GJQR�^C F5D�Q�*#./. N A0GJC�Q k�L T V�s
� I#C�GRI#C�D�QJC K NZV O#QJD k C�A s

� ��� ��û�ÿ���� � �
� ��ý�� � "�ü��
þ&û þ ,Gü���� $�ü "�üu� $�ü����	"H� ,Eþ"ý�� �
� "),�þ?ý �� /
R�Y�Y�D�QaW N A#]bGJD KML GRI#C K9L G N Y L T V G L G NUV G N Y V d V C�C�wyC s ] s w�� M8"%$ w S I s L i�w N F�xyC I L�k C�G xzD
 L � VJV[NZL APQ L A^WXD K kpL Q NZL S#TUC V�� L A�W��cw�GRI#C�APGJI#C Y�D�A^W N G N D?A L T K9L GRI^C K9L G N Y L T C~v��
O�C+Y�G L G N D�A � d � � � 4�� i NZV C��0� L T7GRD � 5��;6 � w.x{I#C�QJC�GRI^C Y�D0C � Y N C�A0G V � L A^W � L QRC
WXC~GJC�Q K N A#C+W�F5QJD K GRI#CHY�D�A^W N G N D�A�GRI L G

�
	 d � � � � � � i ��� � KMN A
�� � q� N3� C�QRC�A0G NZL G N A#]eGRI#CnD�OXG N_KMN � C+W9F5�#A^Y~G N D�A�x N GJI�QJC V O�C+Y�G�GJD � L A^W � L A^W9C��0� L G N A#]HGJI#C
QRC V �#T_G N A#]9WXC�Q NUkpL G NUk C V GRD<"#wXxyC�Y~D?A^Y~TU�^WXC�GJI L G

� 5 � � � � $ 6 � 5 � � � $ 4 � � � 5 � $ }
� 5 � � � $ 6 � 5 � � � $ 4�� � � $ q

��A D?�#QHY L?V C?w � 4 2 � L A^W�� 4 2 m96 q�q�q86 2 � s ] C�A^Y~C?w � � � $ 4 � � w L A�W � � �Q$ 4
� m'6�q�q�q%6 � � s ��A�GRI^C�F5D�TUT_Dpx N A#] GRC�v0G+w#xyCnx N TUT)WXC�A^D2GRCnGJI NUV�V � K S�h p � s� I#C k�L T_�^C � � � 5 �Q$)Y L A S.C�QJC�O#QJC V C�A0GRC+W L?V
� � � 5 � $ 4 � � 2 � d�2 m 6Pq�q�q+6 2 � I m 6 2 �
6 2 � K m 6!q�q�qG6 2 � i $ 4 � � 2 �� $ 6 � . �� � � � 2 �:5 2�.�$ q

! �



� I#Cef�Q V G�GJC�Q K:N AbGRI NZV�V � K:NZV C��0� L T)GJD*� �� 6 $ �� s U N A^Y~C�F5D�Q & 14 /�w
2 � L A^WT2 . L QRC
N A^W#C�O.C�A^WXC�A0G�Q L A^WXD K,kpL Q NUL S#T_C V wpC L YaI D2GJI#C�QuGJC�Q K NZV C��0� L TXGRD � � 2 � $ 5 � � 2 . $ 4 � � 5 � . s
� I0� V w

� � � 5 �Q$ 4 � �� 6 $ �� 6 �. �� � � � 5 � . q
R�W#W N A#]MGJI#C�GRC�Q K � �� 4 � � 5 � � GRD GRI^C V � K w#xyC�Y~D?A^Y~TU�^WXC�GJI L G

� � � 5 � $ 4 $ �� 6 � �95
� �
.
� .�� 4 $ �� 6 � � 5 p � q

U N_KMN T L QRTUh�w

� � � � $ 4���� � � . 2 . � 5
� �
.
2 . ��� 4 � . � � 2 � . $ 6 � . � � �� . � � 2 . 5 2 � $ 4�

.
� �. 6 � . $ �. 6 � . � � �� . � . 5 � � q

U�C�O L Q L G N A#]�GRI#C�GJC�Q KMV GRI L G�Y~D�QJQJC V O�D?A^W9GJD�d � � . i � wXxyCHY~D?A^Y~TU�^WXCnGJI L G

� � � � $ 4
� �
.
� .�� � 6 � . $ �. 4 p

�� 6 � . $ �. q

� I0� V w�GJI#C L S.D k C�C��0� L G N D�A V F5D?Q � L A�W � G L�\ CnGRI^C�F5D�Q K �

� 5	� p �� 6 � . $ �. � 6 � 5 p � 4 � � 5 p � 6 $ �� }

� 5 p � 6 � 4 � � q
� F7xyC K �#T_G N O#T_hcGRI#C V C�Y~D?A^W�C��0� L G N D?A�S�h p � L A�W V �#SXGJQ L Y�GyGRI#C�QJC V �#TjG F5QJD K GJI#C�f^Q V G
C��0� L G N D?A$wpxyCy]?C~G L A C��0� L G N D�Aex{I N YaI Y~D�A0G L2N A V D�A#TUh�D�A#C �#A \ A^Dpx{A � � � 5 � $ �. 4 $ �� s
� I#C�QJC~F5D?QRC?w

� 4
$ ��� $ �. q

U��#S V G N GR�XG N A^]9GRI NZV kpL TU�#C � N A0GRDMGRI^C V C+Y~D�A�W�C+�?� L G N D�A)wXxzC�Y L A�A^Dpx Y L TUY��#T L GRC � L�V

� 4 � � � � 5 p � 4 � � �
$ ��� $ �. 5 p � q

� I0� V w�GJI#CHWXC VRN QRC+W�Y�D�A^W N G N D�A L T=C~vXO.C�Y~G L G N D?A NUV C+�?� L T GRD

� 5 �Q6 � 4
$ ��� $ �. 5 � 6

� � �
$ ��� $ �. 5 p � 4 � ��6

d � � p �+i 5 $ ��� $ �. q

� I#C�F5D�Q K �#T L�NUV O^QRD k C�A s

!8!


	Decision Making under Interval Probabilities
	Recommended Citation

	tmp.1287759101.pdf.KGPor

