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Chapter 2

The Path-Cycle Symmetric Function

��@ 5G7A13Z�Y 7oNQMA5GH�P�b]DCH Y�NQPGP . 4T>c5�N�S N61;P8^ . Z . Z�58H
2�NQ5813Y�1p@?yiH
Z}5813BiNQ581p4T@ 4TS!587AH MONQ5G7j:Y . Y
^3HxZ . 2�2�H�5GPG13Y�Sm>A@AY+58134T@l� � 46P�H � N62RMo^3HQb�D�Hx5�P . 584�IAH�P81;yiHWN6Z�2�N6@ . N6@oN6^34TBT>AH
Z�4TS587AH
46PGH
2�Z!N - 4T>c5��!� N6@AIWBTH
@AH�P8N6^313�
NQ58134T@AZL4TS�P8H
ZG>A^;58ZsSkPG4T2 P84j46��5G7AH
46P . N6Z�DCH$Y�N6@l�,��@N6IAIA1p5G134T@lb?N6Z�D�H ZG7oN6^p^AZGH
H6biDCHr>A@AY
4gyiH�P�ZG4T2RHr>A@AH � M�H�Y�58H
IRPGH
ZG>A^p5GZuN6Z�N -?. MAPG4jIA>AY�5�4TS 587A1pZ13@iyiH
Z�5G13BiNQ581p4T@l�
����� �

 ��"$#��!"' �
�=5L13ZLN6^;D�N . Z]BT4j4/I�MAP�N6Y�581pY
H�584 - H
BT1p@�587AH�Z�58>AI . 4TS�N6@ . 2XNQ587AH
2�NQ5813Y�N6^e4 - {}H
Y�5 -?. Y
4T2J:Mo>c581p@AB�N�SmH�D H � N62RMo^3H�Z
��0r7AH�Y�7cP84T2XNQ5G13Y�Z . 2�2�H+5GP813Y�Sm>A@AY�581p4T@AZ�4TS�ZG4T2�H�B6P8NQMo7AZ�NQP8HY
4T2RMo>c5GH
I�1p@ & F 5�_K(¢boN6@AI�t�P846M�4TZ�1p581p4T@�_�58H
^p^3Zr>AZr587oNQ5rD 7AH
@\587AH�ZGH,B6P�NQMo7AZ�NQP8HL13@AY
4T2JMON|:P�N - 1p^31p5 . B6P�NQMo7AZ
b`587AH�Y�7cP84T2XNQ581pYJZ . 2�2�H+5GP813Y$Sm>A@AY�5G134T@AZ$NQP8HRN6^3ZG4�MONQ5G7j:�Y . Y
^3H�Z . 2�2�H+5GP813YSm>A@AY�581p4T@AZ
� KC>c5 1p5�DC4T>A^pI�N6^3ZG4 - Hs@A13Y
HL584JZGH
H,Z�4T2�HLH � N62RMo^pH
Z�4TSVMONQ587j:¢Y . Y
^pHsZ . 2�2�H+5GP813YSm>A@AY�581p4T@AZ 587oNQ5 IA4�@A465�NQP813Z�Hs1p@\587A1pZ D�N . �

��@WBTH
@AH�P�N6^¤b¡Y�4T2RMo>c5813@AB�587AH�MONQ587j:¢Y . Y
^pH$Z . 2�2RH�5GP81pY�Sm>A@AY�581p4T@~13Z�yiH�P . 7oNQP8Iz¾ 13@x587AHZGH
@AZ�H�4TS�Y�4T2RMo>c5�NQ581p4T@oN6^CY
4T2RMo^3H � 1p5 . À+� 
�yiH�@�587AH�Y
4T2RMo>c5�NQ5G134T@�4TS 587AH�Y
4gyiH�PJM�4T^ . @A4Q:2�13N6^�1pZ�� GL:�7oNQP8IlbVZG13@AY
HQb�N6Z$<�7?>A@ABWN6@AI��LP�N67oN62&4 - ZGH�PGyiHQb:5�¾/6 ��d � M À�13Z!587AH�@?>A2 - H�P_2J



4TS �LN62�1p^p584T@A13N6@�MONQ5G7AZ
b�N6@AIzY
4T2RMo>c5G13@AB~587A1pZR@?>A2 - H�PX1pZ ��G!:�7oNQPGI ¾�N6@z1p@AIA13Y�NQ581p4T@z4TS7A4gD¼587A13Z$^kN6Z}5JS N6Y+5R2XN .�- H�MAP84gyiH
I�Y�N6@ - H�Sm4T>A@AI�13@�ZGH
Y�581p4T@ 
j� Ã 4TS &´��:���( À+� � >cPG587AH+P�:2�46P8HQb 587AH�PGH$NQP8H�@A465�2XN6@ . IA13B6P�NQMo7AZ 6 Sm46P]D 7A13Y�7 749 7oN6Z�N�ZG1p2RMo^3H�Y�^34TZGH
IxSm46P82�� � 46PH � N62RMo^3H6b ZG13@AY�H�7:9 13Z\N�BTH�@AH�P�N6^31p��NQ581p4T@ 4TS��!4T^3IA2�N6@lb��T4T13Y�7A1LN6@AI*£ 7A1p58H � Z\S N6Y+5846P81kN6^M�4T^ . @A4T2�13N6^�b`Sm46P�D�7A1pY�7�587AH+P8HX13Z�N�@A1pY
HXS N6Y�5846P81p��NQ581p4T@�587AH
46P8H
2 13@�587AHXY�N6Z�H�4TS � H�PGPGH�P8ZZG7oNQM�H
Z]¾ &´�s�6£¿d4( À+b6D�H 2�1pBT7?5�7A46M�H�Sm46PuNLS N6Y�5846PG13��NQ581p4T@�5G7AH
46P8H
2 Sm46PL7:9s� � @ASm46PG5G>A@oNQ58H
^ . b587A1pZ�13Zr@A465r587AH,Y�N6Z�H��O5G7AH,S N6Y�5846PG13��NQ581p4T@\587AH�46P8H
2 IA4jH
Z @A465]H�yiH
@�BTH
@AH�P�N6^p13�
HsZ�5GP�N61pBT7?58Sm46P}:D�NQP8IA^ . 584�587AH�Y
4gyiH�P�M�4T^ . @A4T2�13N6^�¾¤N6^p587A4T>ABT7�K�DC46PG�j13@ &·K�DC4�(]7oN6Z�Sm4T>A@AI�ZG4T2�H�Y
N6ZGH
ZD 7AH�P8H,587AH,Y
4EyiH+P]M�4T^ . @A4T2�13N6^lIA4jH
Z]S N6Y+5846P813��HgÀ+�Ct�NQPG5�4TS�587AH,MAP84 - ^pH
2 1pZ 587oNQ5�>A@A^31p�iHs587AHS N6Y�5846PG1kN6^lM�4T^ . @A4T2�13N6^�bR7:9 ¾¤46P]H+yiH
@�587AHsY
4EyiH+P�M�4T^ . @A4T2�13N6^mÀuIA4/H
Z]@A465rP8H
2XN61p@�13@iyQNQP81kN6@i5>A@AIAH�P�M�H�P82$>c5�NQ581p4T@AZR4TS�PG4ED ZXN6@AIzY
4T^p>A2�@AZ
� � >cPG587AH+P82�46P8H6bu^31p�iH��!�rb�587AH\MONQ587j:¢Y . Y�^3HZ . 2�2�H�5GPG13Y�Sm>A@AY�581p4T@�IA4jH�Z�@A465 Z8NQ5813Z�S . N�IAH
^3H+58134T@j:¢Y
4T@?5�P�N6Y�581p4T@�P8H
Y
>cP�P8H
@AY
H6�0�7AH�P8HLNQP8HQbj7A4gDCH�yiH�P�bjZG4T2�H�@A1pY
H]Sm46P82$>A^3N6ZuSm46P�587AH MONQ587j:�Y . Y
^3H�Z . 2�2RH�5GP81pY Sm>A@AY�5G134T@AZ4TSVIA1;P8H
Y�5GH
I�MONQ587AZ N6@AI�IA1pP8H�Y�58H
I�Y . Y
^pH
Z
�
� � (�	�(�
 �  !��(�������� 
�� G ¸ /�
 �#@ 
 �	� � 
.,�� 
 � � �	�#@ � ���#@ ¬ ��
������[,�
 � �	� �QJ 
��R5 ¸ / 
 �f@�
 �	����
.,�� 
 �
,:Z�,:J 
 � ���f@ ¬ ��
�� � �7,�
 � ��3c@ 
��

7hE�� V �
 	� ¸ �i¾ "�À � �  ¾ © À V

¸ � ³�

 °l± � 
 � ¸ � 
 ²¶³�� ¾ © ÀN6@AI 7�
�� V ¬ �

 �� ¸ � �T¾ " À!��d � � �  ¾ © À ª � ¸ ¾ � À V ¬
¸ � ³�

 °l± � 
 � ¸ � 
 ²´³�� ¾ © À ª � ¸ ¾ � À �

��@ 
�� 
 � 
 � � �#@ 
 � 5 � / 
��Q- \ � 
�� ��5 � �����7-	� �>- \ � ª d � ���f@ ��- ,.- � � 
.,:5 ��� � 
 �	�i,�
���������M � �	��� ��%
�	��� � 
 ���
�f@ 
 � 5 � / 
�� - \ � 
�� ��5 � �����7-	� ��- \ � � � �f@ ��-���� 
�� � - � ��� � �¾¤Â H
2XNQPG��Á�5G7AH F Y�7?>cP�Sm>A@AY�581p4T@�H � MON6@AZG1p4T@AZ DCH+P8H,4 - 5�N61p@AH
I\D 1p5G7\587AH,N613I�4TS & F ^p4�(¢� À
< ��-C- \ � � - ZGH�P�yiH�5G7oNQ5�
 ��
��6Z!ZG> - Z�H�5A�x4TSA587AHCH
IABTH�Z�4TS G ¸ 1pZ�N�MONQ587$Y
4EyiH+P�� ��4ED
��¾7��À`7oN6Z5 . M�H "W1pS	N6@AI�4T@A^ . 1pS�587AH,Y
4T2JMo^3H
2�H�@?5�4TSh�z13Z�NRZ�H�5]4TS	H
IABTH�Z�D�7A4TZ�H,P8H
2�4gyQN6^¡SkPG4T2 G ¸- P8H�NQ�jZ G ¸ 1p@?584sMONQ587AZuD 7A4TZGH]ZG1p�
H
ZCNQP8H BT1pyiH
@ -/. 587AH�MONQPG5GZu4TS�"¡� F 4�5G7AH�@?>A2 - H�PC4TS�Z�>AY 7ZGH�5GZQ��13Z ¨ �T¾ " À

� ³ � ��� �i�i�i� ­ �D 7AH�P8H � 
 1pZ 587AH!@/>A2 - H�P]4TS¡MONQPG58Z�4TS�"x4TS`ZG13��H 	G� ��H
@AY
H
7hE�� V �

 	� ¸
¨ �T¾ "�À
� ³ � ��� �i�i�i� ­ ��  V �

 	� ¸ �i¾ "�À � �  �0V4JH
Z�5�N - ^p13ZG7�587AH F Y�7?>cP�Sm>A@AY�581p4T@�H � MON6@AZ�134T@�4TS�7YE��ibAnAP8Z�5]@A465GH!587oNQ5¯ � ³�

 °l± � 
 ¨ « ��d� ­ V « �

_Th



¾¤ZGH�H8& �LP8H)(`46P�& Âr:�tY(�Sm46P]NJMAP84j4TSGÀ+��0�7/>AZ�1;5�ZG>c»RY
H
Z]584RZG7A4ED 587oNQ5 587AH�Y
4/H�»�Y
1pH
@i5�4TS �  13@ � ¸ � 
 ²¶³�� 1pZ ¨ �i¾ "�À!��d
� ­D 7AH
@AH�yiH�P "�� ¬ boSm46Pr587AH
@�1;5 D 13^p^lSm4T^3^34gD�587oNQ5¸ � ³�


 °l± � 
 � ¸ � 
 ²¶³�� V �
 	� ¸ �  

¸ � ³�

 °l± � 
 ¨ �T¾ " À!��d� ­ V �

 �� ¸ �T¾ " À � �  �ZG1p@AY
H ¬�� �T¾ "�À�Sm46P]N6^3^�"�� ¬ �0�7AH Y�4jH�»RY
13H
@i5\4TS �  13@ � ¸ � 
 ²¶³�� 1pZ�{}>AZ}5\587AHW@?>A2 - H�P\4TSsY
4T^p>A2�@j:�Z}5GP813Y+5 9 4T>A@AB5�N - ^pH�N6> � 4TS 5 . M�Hs¾ ¬ � � � d 
 À�N6@AIJY
4T@i58H
@i5�"�¾¤ZGH�H & U N6YQb�¾¢hj�pdE_TÀ ( À ��0�7AH
ZGH 9 4T>A@ABL5�N - ^3H
N6> �NQP8HRMAPGH
Y
13Z�H
^ . 5G7A4TZGH�4 - 5�N61p@AH
I -/. 587AH�Sm4T^3^p4ED 13@AB\MAP84jY
H�IA>cP8H6Á$Mo>c5�N�dX13@�587AH�Y�46P8@AH�P$4TS587AH�5�N - ^pH�N6>lblN6@AI�587AH
@WY�7A4j4TZGH$N6@ . � IA13Z�581p@AY�5L13@i58H
BTH+P8Z�13@�587AH�ZGH+5 ,|_ � Ã �i�i�i�6� �T¾ " À . N6@AIMo>c5�5G7AH
2 1p@�46P8IAH�P]IA4ED @�587AHs^3H
Sk5�Y
4T^3>A2�@�4TSV587AHs58N - ^3H�N6>l�C0�7AH
@�no^p^¡1p@�587AH!P8H
Z�5�4TS`587AHnAP8Z�5�PG4ED D�1;587�D 7oNQ58H�yiH�P�1p@?5GH
BTH�P8Z$NQP8HX@AH�H
IAH
I�584�2XNQ�iHJ5G7AHXY
4T@?5GH
@?5$H�qj>oN6^�5G4#"*¾ 587A1pZY�N6@ - H]IA4T@AH]13@RH � N6Y�5G^ . 4T@AH�D�N . ZG1p@AY
H�587AH P84ED 2$>AZ�5�1p@AY�P8H�N6Z�H]2�4T@A46584T@A1pY�N6^3^ . SkP84T2 ^pH
Sk5584�P813BT7i5 À+� ��H
@AY
H!587AH,@?>A2 - H�P�4TSVZG>AY�7�5�N - ^pH�N6> � 13Z¨ �i¾ " À!��d
� ­ �N6Z�P8H
qj>A1;P8H
Il�0V4XY�4T2RMo>c58H$7 
 �ib�4 - ZGH+PGyiH�587oNQ5]587AH�ZGH+5L4TS�� J�J�H
IABTH
Z�4TS45 ¸ 1pZLN�Y . Y�^3H�Y
4gyiH�PJ¾ 587A1pZN6Y
Y
4T>A@i58ZLSm46PL587AH�58H�P82 � ¸ ¾ � ÀGÀ�N6@AIx587oNQ5LH�yiH+P . 46587AH�P!ZG> - Z�H�5!4TS�H
IABTH�Z!1pZLN�MONQ587 Y�4EyiH�P
�0�7AH�Sm4T^p^34gD�1p@ABWMAPG4jY
H
IA>cPGH\BTH
@AH+P�NQ58H
ZJN6^3^uMONQ5G7�Y
4gyiH�P8Z�4TS 5 ¸ 4TSr5 . M�H "¡ÁR5�NQ�iH�NxZGH�5�4TSIA1pPGH
Y�58H
I�MONQ587AZCD 7A4TZGHsZ�13�
H
ZrNQP8HLBT1;yiH
@ -/. 587AH]MONQP�58Z�4TS�"eboN6@AI\2XNQ�iH MONQ587AZ�4TS¡587AHLZ8N62RH^3H�@AB6587�IA13Z�581p@ABT>A13ZG7oN - ^pH��u587AH�@�NQPGP8N6@ABTH�587AH�MONQ587AZ�584xSm46P82 N�Y
1;P8Y
^3HQb�N6@AI�Y�7A4j4TZGH�ZG4T2RHyiH�PG5GH � 584 - H�yiH+PG58H � dT� ��4gD�5G7AH�P8HrNQP8H � �i¾ "�À0�Xd � �6IA13Z�5G13@AY�5�Y
1;P8Y
>A^3NQP	M�H�P82$>c5�NQ5G134T@AZ	4TSo587AHMONQ587AZ
b6N6@AI ¬ DCN . Z`584]Y�7A4/4TZGHCN yiH�P�58H � dTb - >c5	@A46581pY
H�587oNQ5`587A13Z¡MAP84jY�H
IA>cP8HCBTH
@AH�P8NQ58H
Z�H�N6Y�7MONQ587�Y
4gyiH�P � ³ � ��� � gigig 5G132�H
Z - H
Y
N6>AZGH�¥�13@�P8H�N6^p1p5 . ¦�IA1;P8H
Y�5GH
I�MONQ5G7AZ�4TS�5G7AHXZ8N62�H�^pH
@AB6587NQP8HL@A465rIA13Z�5G13@ABT>A13Z�7oN - ^3H6��0r7A1pZ BT1;yiH
ZC>AZ�587AH�nAP8Z�5 Sm46P82$>A^kN�Sm46P?7 
��?��0V4$MAP84gyiH�587AHs465G7AH�PSm46P82$>A^kNcbjN6^3^�D�H�@AH
H
I�584$H
Z�5�N - ^p13ZG7 ¾¤1p@�yj13H�D*4TSl587AH]P8H
2XNQP��cZCN - 4EyiH�1p@�587AH�Y
N6ZGHL4TS G ¸ Àu1pZ587oNQ5 ¯ � ³�


 °e± � 
 ¨ « ��d� ­ V ¾ « �zdEÀ � �- >c5�587A1pZ�13Z,H�N6Z . Á�N6@�NQP - 1p5GP8NQP . M�H�P82$>c5�NQ581p4T@�4TS « � dX^3H+5G58H�P8ZsY�N6@ - HRY 7A4TZ�H
@ -?. nAPGZ�5Y�7A4j4TZG1p@AB « ��d � � n � H
I�M�4T13@i58ZLN6@AI�587AH
@xY�7A4j4TZ�13@AB�NRM�H�PG2�>c58NQ58134T@�4TS�587AH�PGH
2XN613@A1p@AB
� ^3H�5�58H�P8Z�587oNQ5 7oN6Z�@A4Jn � H
I�M�4T13@i58Z
�£�HL7oN�yiHLSm4T>A@AI�5=DC4$Sm46P82$>A^kN6Z�D 7A13Y�7\N6^3^p4ED 587AH]MONQ587j:�Y . Y
^pH!Z . 2�2�H+5GP813Y Sm>A@AY�581p4T@�4TSN,IA1pB6P�NQMo7�584 - H�Y
4T2RMo>c58H
IRSkP84T2 MONQ587j:¢Y . Y�^3H�Z . 2�2�H�5GPG13Y�Sm>A@AY�581p4T@AZC4TS�P8H
^kNQ5GH
IXIA13B6P�NQMo7AZ��

_6a



��@AH�4TS/587AH�ZGH�Sm46P82$>A^kN6Z¡13Z¡ZG>c»RY
13H
@i58^ . 1p@?58H+P8H
Z�581p@AB�587oNQ5¡DCHuIAH+yi4658H�587AH�H
@i581pP8H�@AH � 5VZGH
Y�5G134T@584�1;5��r0r7AH�465G7AH�P�Sm46P82$>A^kNJ13Z�NR2$>A^;581pMo^p13Y�NQ581;yc1;5 . MAPG46M�H�PG5 . 587oNQ5]BTH
@AH+P�N6^31p�
H
Z!<C7/>A@AB�N6@AI�LP8N67oN62 � ZC2$>A^p5G1pMo^31pY�NQ581;yc1p5 . Sm46P82$>A^kN�Sm46P�587AHLY
4gyiH�P M�4T^ . @A4T2�1kN6^!&´<r�,_jbo<C46P84T^p^kNQP . _K(���0V4MAP84gyiH�587A13Z]PGH
ZG>A^p5
b�DCH�13@i5GP84/IA>AY
H�587AH�Y
4T@AY�H�MA5L4TS�NRMONQ587j:�Y . Y
^3H�Y�4T^346P81p@ABAb�IA>AH�584�<C7/>A@ABN6@AIx��P�N67oN62&¾¤ZGH
H &´<r�,_K( �c5G7AH,IAH�no@A1;58134T@\13@;& < �$d4(eY
4T@?58N613@AZ]N�2�13@A46PrH�P�P846P À+�
� ��# ���
�  ���(�� � [ � �	�#@�1�,:Z�,:J 
 ,6-KJL- � � ��M�4TS�N�IA1pB6P�NQMo7 6 13Z]N6@�46P8IAH�P8H
I�MON61;P�¾7� � OAÀ�D 7AH�P8H��13Z�N,MONQ5G7j:�Y . Y
^3H]Y�4EyiH�PCN6@AI=OR13Z�N,2XNQMXSkP84T2 )X¾/6�À�584s587AH�M�4TZ�1p581;yiH]13@i58H
BTH�PGZ�ZG>AY�7X587oNQ5dT� Ol¾ � ³ À V Ol¾ � � À]1pS � ³ N6@AI�� � - H
^34T@AB�584�587AHJZGN62�H�MONQ587 46Ps13S � ³ N6@AI�� � - H
^34T@AB�584587AHsZ8N62�HLY . Y
^3H6bON6@AI_j� Ol¾ � ³ À��V Ol¾ � � ÀC13S � ³ - H
^34T@ABTZ�584�N$MONQ587�N6@AI � � - H
^34T@ABTZr584�N �	����
�� 
����uMONQ587l�[ � �	�f@ ,.-KJL- ������M�1pZ�N$MONQ587j:�Y . Y
^pH,Y
4T^p46P813@AB�D�1;587�@A4JY . Y
^pH
Z
�
� � (�	�(�
 �  !��(����'��� - ���	� Z �	�LM�� � � @=6�%

7:9 V �
�L� ² W � �

���
	��
��� ( � $��
© W � � � �

���
	��
����� & ��� T
� W � � � �

��@ 
�� 
 �#@ 
 �:5 � � � -���
�� � J�J � �	�#@�1�,:Z�,:J 
�,.- JL- � ��� M �s¾7� � OAÀ �
< ��-C- \ �rÂ H
BiNQP8Iz587AH\ZG>A2 N6Z�N~IA4T> - ^pH�ZG>A2�Á\Sm46P�H�N6Y�7zMONQ587j:¢Y . Y
^pH�Y
4gyiH�PN��b�Z�>A2 4gyiH�PN6^3^]¥�Y
4T2RMONQ581 - ^3H
¦RY
4T^346P81p@ABTZ O�b�N6@AIx5G7AH
@ Z�>A2 4EyiH+P!N6^3^��C� � 46P�H�N6Y�7xn � H
I �z587AH�MONQ587AZN6@AI�Y . Y
^3H
Z�2XN .�- H,Y
4T^346P8H�I�13@AIAH�M�H
@AIAH
@i58^ . Z�4�587AH�ZG>A2 4gyiH�P O�S N6Y�5846PGZ]13@i584�NJMAP84/IA>AY�54TS�N�Z . 2�2�H�5GPG13Y�Sm>A@AY�5G134T@�1p@ © N6@AI~N�Z . 2�2�H�5�P813Y�Sm>A@AY+58134T@�1p@ � �$<C^3H�NQP8^ . Y
4T^346PG13@AB�587AHMONQ587AZ�D�1;587�IA13Z�581p@AY�5rY
4T^346PGZrBT1;yiH
Z �� � ��� � ¾ © À�N6@AI\Y
4T^346P81p@AB�5G7AH!Y . Y
^pH
Z Z�4�587oNQ5rH�N6Y�7\Y . Y
^pH13Zr2�4T@A4/Y 7cPG4T2XNQ5813Y�BT1;yiH
Z � ����� � ¾ � À �
� � (�	�(�
 �  !��(����!��� 5 �	� - � 
 6 � � �f@�
 �	��M	� � � @ \i- ����
 �9/)Z>Bi- ��� ����M �#@ 
���� �2Bi- � ��� ���LM	� � � @ �
6 ³ �	��� 6 � � ���#@ � J�J �#@ 
 
��CM�
 �\¾ � ³ � � � À � ���#@ � ³�� )�¾/6 ³ À ����� � � � )�¾/6 � À � 3 @�
��
7:9 V 749 ` 749 a �
< ��-C- \ �r[¿MONQ587j:�Y . Y
^3H,Y
4T^346P81p@AB�4TS�6 1p@AIA>AY
H
Z�MONQ587j:¢Y . Y�^3H�Y
4T^p46P813@ABTZ 4TS - 465G7 6 ³ N6@AI 6 �-?. P8H
Z}5GP813Y+58134T@l�r<C4T@?yiH+P8ZGH
^ . b�BT1pyiH�@�N6@ . MONQ587j:�Y . Y
^pH�Y
4T^346PG13@AB�4TS�6 ³ N6@AIxN6@ . MONQ587j:¢Y . Y�^3HY
4T^p46P813@AB\4TS 6 � 5G7AH�P8H�H � 13Z�5GZ,N�>A@A1pqj>AHRMONQ5G7j:�Y . Y
^3HJY
4T^346P81p@AB�4TS 6 1p@AIA>AY
13@AB�5G7AH
2�Á,1pSCNMONQ587z1p@ 6 ³ 7oN6ZJ587AH\Z8N62�H�Y
4T^346PRN6Z�NWMONQ587z13@ 6 � be{}4T13@�587AH�2 H
@AI�5G4�H
@AI�D 1p587�587AHNQMAMAP846MAP813NQ58H!H
IABTH,SkP84T2 6 ³ 584 6 � ��0r7AH!P8H
ZG>A^;5�@A4gD Sm4T^3^p4ED Z SkPG4T2 t�P846M�4TZG1;58134T@�hj�

��46581pY
H�587oNQ5L1pS46 ³ V 6W¾#G ³ À]N6@AI>6 � V 6W¾#G � À Sm46P!ZG4T2RH,M�4TZGH+58Z G ³ N6@AI G � b�587AH
@587AH]Y�4T@AZ�5GP8>AY�5G134T@�IAH
ZGY�PG1 - H�I�1p@Xt�P846M�4TZG1p5G134T@�a�Y�46PGP8H
Z�M�4T@AIAZ�584�587AH - � �	� ��� J��:5 � G ³�� G �¾¤ZGH�H & F 5 Ã b�<C7oNQMA58H�P Ã (mÀ+��0�7/>AZ�t�P846M�4TZG1;58134T@�a�Y
N6@�Z8N�yiHX>AZ�ZG4T2�HR^kN - 46P�13@�Y
4T2RMo>c581p@AB
7 9 � E � 1pS G*7oN6Z�NL@A4T@i5GP81;yc13N6^j46P8IA1p@oN6^cZG>A2 IAH
Y�4T2RM�4TZG1;58134T@l� � 46P�H � N62RMo^3HQb61p5�1pZ	Y
^3H�NQP�SkPG4T2587AHLIAH�no@A1;58134T@AZ�587oNQ5r13SC6 7oN6Z�@A4�H
IABTH
Z NQ5 N6^3^�b/587AH
@87:9 V �� ³ � V ¬ �e] ¸ ���=5rSm4T^3^34gD Z�587oNQ5_ 




7 9 � E � 13Z NJ2$>A^p5G1pMo^3H!4TS�N6@�H
^3H
2RH
@?58NQP . Z . 2�2RH�5GP81pY�Sm>A@AY�58134T@\D�7AH
@AH+yiH�PQG 13Z�N6@�46P8IA1p@oN6^ZG>A2 4TS�N6@i5813Y�7oN61p@AZ
�£�H\@A4EDº58>cPG@zSkP84T2 587AH\MAP84 - ^pH
2 4TS�Y
4T2RMo>c5G13@AB�7:9 584W587AH\MAP84 - ^pH
2 4TS�no@AIA13@AB13@i58H�PGH
Z�581p@AB~S N6Y�58ZJN - 4T>c5J1p5
��[ @oNQ58>cP8N6^�587A13@ABW584 IA4W13Z$584x5GP . N6@AI�no@AI�N6@oN6^34TBT>AH
Z�4TS�c@A4gD @�587AH
46P8H�2�Z�N - 4T>c5��!�C��0�7A13Z Z�5GP�NQ5GH
B . 13Zr@A465�N6^pDCN . Z ZG>AY�Y
H
ZGZGSm>A^¤b - >c5�D�H,IA4�7oN�yiH587AHsSm4T^3^34gD 13@ABJN6@oN6^34TBT>AH
Z 4TS	<C46P84T^3^3NQP813H
Z _j� 
JN6@AIx_j�pdTds4TS & F 5 _K(��
� � (�	�(�
 �  !��(���� ��� \ 6 � � �	� ��,:Z�,:J �7,��	��M	� � � @0% �f@�
���� �D7:9 ��� �c1 � - ������� ��
 �
< ��-C- \ � F 1p@AY
H 6 1pZ�N6Y . Y
^31pY6bcN6^p^oMONQ5G7j:�Y . Y
^3H]Y�4EyiH�PGZCNQP8H�MONQ587RY
4EyiH+P8Z
bAN6@AI 7:9 V 7:9�¾ © � M À+�
� P84T2ºK!4T> - 1p^3H�5 &·KL4T>lbo[]MAM�H�@AIA1 � d4(eDCHs�j@A4ED�587oNQ5 Sm46P�N6@ . ZGH�5 MONQPG581;58134T@���b

�� � V �
��� �

� ¾ � � "`À � � �
0�7/>AZ

7:9 V �
�

�
��� � ��� �

� � �u¾D��À � " � � �
V �

�
¨ �
� � � � ��� �	� ��


� � �u¾D��À � " � ­ � � �D 7AH�P8H^�xP�N6@ABTH�Z�4gyiH�P�MONQ587$Y
4gyiH�P8Z
� ��4gD�n � "\N6@AI�^3H�5:6 ³ � 6 � �i�i�i�:� 6
� - HC587AHCZG> - B6P�NQMo7AZ13@AIA>AY�H
I -/. 587AH - ^34/Y8�cZ¡4TS "�bED 1p587sZG13��H
Z ¬ ³ � ¬ � �i�i�i�:� ¬ �?PGH
Z�M�H�Y�581pyiH�^ . �`��S � 
 13Ze587AH�Y�4jH�»RY
13H
@i54TS � ¸�� 13@S7:9 � b�5G7AH
@WD�H�Y
^kN61p2 587oNQ5�587AH$Y
4/H�»�Y
1pH
@i5s4TS � � 1p@ 7:9%1pZ�� 
 � 
 �L0V4�ZGH
H�587A13Z�bnAP8Z�5�@A4658HJ587oNQ5,Y�7A4j4TZG1p@ABxN\MONQ587�Y
4gyiH�P � 4TS 6 ZG>AY�7�587oNQ5 ��¾7��À�� "�13ZsH
qj>A1;y6N6^pH
@?5s584¾¤1p@AIAH�M�H
@AIAH�@?58^ . ÀuY�7A4j4TZ�13@AB,MONQ587XY�4EyiH�PGZ�Sm46PCH�N6Y�7Q6 
 �	�}S�D�H�^3H+5�� 
 IAH
@A465GH�587AH]^3NQ5G5813Y�H�4TSMONQPG581;58134T@AZ�4TS^& ��(�46P8IAH�PGH
I -?. P8H�no@AH�2�H
@i5�b�587AH
@W1p5L1pZ]DCH
^3^`�c@A4gD�@WN6@AIWH�N6Z . 584XZ�H
H�587oNQ5587AHs13@i58H�PGyQN6^$&��M � " (e13@�N�MONQPG5G1p581p4T@\^3NQ5G5813Y�Hs1pZ 1pZG4T2�46PGMo7A1pYL5G4
� ¸ ` /�� ¸ a / gigig /�� ¸�� ��=5�1pZCN6^3ZG4�D�H
^3^o�c@A4gD�@W¾ H6�´BA�pb�& F 5 Ã b/t�P846Me� Ã � O � _K(mÀ	587oNQ5�587AH]U
	4 - 13>AZCSm>A@AY+58134T@�4TSeNsMAP84/IA>AY�513Z 587AH,MAP84/IA>AY�5�4TS�587AH�U
	4 - 1p>AZ�Sm>A@AY�58134T@AZ���tu>c5�5813@ABR5G7AH
ZGH�S N6Y�58Z 584TBTH�587AH�P�P8H�N6IA13^ .\. 13H
^pIAZ4T>cP Y
^kN61p2��0�7/>AZ�584$MAP84gyiHL5G7AHL5G7AH
46P8H
2¼1;5�ZG>c»�Y
H�Z 584�MAP84gyiH�587oNQ5rSm46P�N6@\N6Y . Y
^31pY�IA13B6P�NQMo7�D�1;587¬ yiH+PG5813Y�H
Z�587AH$ZG13BT@x4TS�587AH$Y
4jH�»RY
13H�@?5!4TS � ¸ 13Z�¾ �sdEÀ ¸ � ³ � � 46P�587AH
@lbeZG1p@AY
H�N6@ . 13@AIA>AY
H
IZG> - B6P�NQMo7\4TSVN6@\N6Y . Y
^31pY�B6P�NQMo7\1pZrN6Y . Y
^p13Y6b/DCHLY�N6@�NQMAMo^ . 4T>cPrY
^kN61p2¼N - 4gyiH�584$ZG7A4ED*587oNQ5587AHsY
4jH�»RY
13H�@?5 4TS � � 13ZrZGBT@^"��

	 H�586 7oNgyiH ¬ yiH�PG581pY
H
Z
� K . Z}M�H
Y
13N6^31p�
13@AB�yj1kN�t�P846M�4TZG1p5G134T@ Ã b DCH~ZGH�H~587oNQ5�587AHY
4/H�»�Y
1pH
@i5�4TS � ¸ 13@ 7:9 H
q/>oN6^3ZX587AHWY
4jH�»RY
13H�@?5�4TS 	$1p@ �R¾/6 �
	=À+� KL1pP8H�Y�58^ . SkP84T2 587AHIAH�no@A1;58134T@AZrDCH,ZGH�Hs587oNQ5r587A13ZrH
q/>oN6^3Z
¾ �sdEÀ ¸ � ³ ¸ � ³�¯
°e± ¾ �sdEÀ ¯ � 9¯ ¾ ¬ � « ��dEÀ �

_ O



��4gD N6@�N6Y . Y�^313Y�IA13B6P8NQMo7�7oN6Z�NQ5s^3H�N6Z}5�4T@AHRZ�4T>cP8Y
H�N6@AI~4T@AHRZG1p@c��bVZ�4 -/. P8H�2�4Eyj13@AB�587AHY
46PGPGH
Z�M�4T@AIA1p@AB�P84gD N6@AIzY
4T^3>A2R@�DCH\ZGH
H\5G7oNQ5 � 2�N .�- H\P8H
BiNQPGIAH
I�N6Z�NWZG> - ZGH�5�4TS]N¾ ¬ ��dEÀ /W¾ ¬ ��dEÀ - 4iNQP8Il�u0�7AH
@�587AH!N - 4gyiH�ZG>A2¼13ZrN�M�4TZ�1p581;yiH�13@i58H
BTH�P�b -?. 587AH�1p@AY
^3>AZG1p4T@j:H � Y
^3>AZG1p4T@XSm46P82$>A^kN�Sm46P�PG4j46�cZ�¾¤ZGH
H�& F 5 Ã bc0�7AH
46P8H�2º_j� Ã �pd4( À+�	0�7AH�ZG1pBT@X4TSe5G7AH]Y
4jH+»�Y
1pH
@?5�1pZ587AH�PGH
Sm46P8HX¾ �sdEÀ ¸ � ³ N6ZrIAH
ZG1pPGH
Il�£�H!2�H
@i581p4T@\1p@\MON6ZGZG1p@ABJ587oNQ5�587AHsNQP8BT>A2�H�@?5r>AZGH
I�13@�587AH,N - 4EyiHLMAP84/4TS�N6^3^p4ED ZH& F 5 _jbt�PG46M�4TZG1;58134T@�hj� hK(e584 - HsH � 58H�@AIAH
I�SkP84T2ºM�4TZGH+58Z 584JN6Y . Y
^31pYsIA1pB6P�NQMo7AZ
�
� � (�	�(�
 �  !��(����!��� \ 6 � � �	� ��,:Z�,:J �7,��	��M	� � � @0% �f@�
��

� 7:9
� � 
 V �

�
¨ �
�
� � ��¾7��À � )�¾�� À � ­ 7 9�� � �

��@ 
�� 
�� �:5 � ��-���
���� J�J
	 ��
�� � 
 �01�� � ��� 5 ,�
 ���65 / M	� � � @ � - \ 6 � ���f@ 	 ��
�� � �7,�
 ��%c� �65 � � -���
��
� J�J � �	�#@ ,.-���
���� - \��;% � ��� �#@ 
�
��-0/ �25��A\65 ��,�� �7- �;- \ �#@ 
 J �	��� �7,�
'- \ � �	� � ��� �7- � � - \-)X¾�� À6%
�	��� 6���� � � �#@ 
 �65 / M	� � � @=-0/����	��� 
��N/)Z ��
:J 
�� ����M )�¾��~ÀY\���- � 6��

< ��-C- \ � � 46P$587AH�Mo>cPGM�4TZGH�ZJ4TSr587A13Z�MAP84/4TS�4T@A^ . b	DCH�>AZGH�587AH�@A465�NQ581p4T@ ����� 584 2RH�N6@¥���13Z N�MONQ5G7�Y
4gyiH�P�4TS���� ¦ � P84T2¼587AHsMAPG4j4TSV4TSVt�P846M�4TZG1p581p4T@ 
jbADCH!7oN�yiH
7:9 V �

�
¨ �
� ��� 9 � � ��� �	� ��


� � �u¾D��À � " � ­ � � �
D 7AH�P8H " P�N6@ABTH
Z�4gyiH�P�N6^3^�MONQPG5G1p581p4T@AZ 4TS )X¾�6�À+��KL1 ��H�P8H�@?5813NQ5813@AB - 46587\ZG13IAH�Z D 1p587�P8H
Z�M�H
Y�5584 � 
 bADCH,4 - 58N613@

� 7:9
� � 
 V �

� � ² � �
¨ �
� ��� 9��� � �L� �	� ��� �! � � � 
#"

� � ��¾7��À � �%$ , )X¾�� À . � ­ � � �
D 7AH�P8H�587AH�4T>c58H�P�Z�>A2 P�N6@ABTH
ZC4gyiH�PrN6^3^�46PGIAH�P8H
I�MON61pP8Z!¾�� � �OÀ�ZG>AY�7�5G7oNQ5&��1pZ�N6@�13@AIA>AY
H
IZG> - B6P�NQMo7�4TSG6¼D�1;587 	VyiH�P�5813Y
H�Z�N6@AI �X1pZCN6@ . MONQPG581;58134T@�4TS�)X¾/6���� À+� F 1p@AY
H6boN6Z�@A465GH
I�13@587AH!MAP84j4TS`4TSVt�PG46M�4TZG1;58134T@ 
jbc587AH,U
	4 - 13>AZ Sm>A@AY�581p4T@�13Zr2$>A^p581;Mo^313Y
NQ581pyiH6bj1p5 Sm4T^3^34gD Zr587oNQ5

� 7:9
� � 
 V �

� � ² � �
¨ �
��� �

� � ��¾7��À � )R¾�� À � ­ ¨ �
� ��� 9'� � � � ��� � � � 


� � �u¾D��À � � � ­ � �
V �

�
¨ �
��� �

� � �u¾D��À � )J¾�� À � ­ �
�

¨ �
� ��� 9�� � � � ��� �	� � 


� � ��¾7��À � � � ­ � �
V �

�
¨ �
��� �

� � �u¾D��À � )J¾�� À � ­ 7 9�� � �

£�HsY
4T@AY
^p>AIAHs587A1pZ�ZGH
Y+58134T@�D�1;587\5=DC4JY
4T>A@?5GH�P8H � N62RMo^3H
Z���0�7AH,IA13B6P8NQMo7AZ_6f



¾ 5�NQ�iH�@�SkPG4T2 noBT>cP8Hs_�4TS & K�4T@ (mÀ�7oN�yiH�13IAH
@i5813Y
N6^l^313Z}58Z�4TSeyiH�PG58H � :�IAH
^pH�58H
I�ZG> - IA13B6P�NQMo7AZ - >c57oN�yiHJIA1 ��H�P8H�@?5!MONQ587j:�Y . Y
^pHJZ . 2�2�H�5�P813Y�Sm>A@AY+58134T@AZR¾�N6@AI~H+yiH
@~IA1 ��H�P8H�@?5sY
4gyiH�PsM�4T^ . @A4T2�1;:N6^3Z8À+biN6@AI$7AH
@AY
HC587AHCMONQ587j:�Y . Y
^pHCZ . 2�2RH�5GP81pYuSm>A@AY�581p4T@J1pZ�@A465	P8H
Y�4T@AZ�5GP8>AY�5G1 - ^3Hs¾�N6Z	46MAM�4TZGH
I584�587AHsY�7cP84T2�NQ5813Y!Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@ � ZGH
H�ZGH�Y�58134T@ Ã 4TSV5G7AHs@AH � 5�Y�7oNQMA58H+P À+�0�7AH]P8H�N6IAH�PuD�7A4�1pZCNgDCNQP8H�587oNQ5uH�yiH�P . S N6Y�5846P813N6^OM�4T^ . @A4T2R1kN6^A13Z�587AH]Y�7cP84T2XNQ581pY M�4T^ . :@A4T2�13N6^¡4TSVZG4T2�H,B6P8NQMo7�¾�&´�!�T£ _K( ÀC2�1pBT7?5 DC4T@AIAH�P�1pSV587A13Z�BTH
@AH�P�N6^p13�
H
Z 584�4T>cP]Z . 2�2�H+5GP813YSm>A@AY�581p4T@�Y
4T@?5GH � 5���0r7AH�N6@AZ�DCH�P$1pZ�@A4Ab�N6@AI�587AHXIA1pPGH
Y�58H
I�MONQ587�4T@�5G7cP8H
H�yiH�PG5G13Y
H
Z�MAPG4Q:yc1pIAH
Z]N6@\H � N62JMo^3HL4TS	N6@�N6Y . Y
^31pYsIA1pB6P�NQMo7*6 Sm46P�D 7A13Y�7 7:9�IA4jH
Z @A465�H
q/>oN6^l�!�zSm46P�N6@ .B6P�NQMo7��J�W0�7AH�Mo7A1p^34TZG46Mo7A1pY�N6^�P8H�N6Z�4T@�Sm46P�587A1pZ$13Z�587oNQ5�587AHXMAP84/4TSC587oNQ5$H�yiH�P . S N6Y+5846P81kN6^M�4T^ . @A4T2�13N6^j1pZuN!Y 7cPG4T2XNQ5813YCM�4T^ . @A4T2R1kN6^jP8H�^313H�Z�4T@�587AH S N6Y+5�¾¤2RH
@?5G134T@AH
I�MAP8H�yc1p4T>AZG^ . ÀV587oNQ5587AH]S N6Y+5846P81kN6^AM�4T^ . @A4T2R1kN6^A4TSeN - 4iNQP8I�13Z�13@AIAH�M�H
@AIAH
@i5r4TS�7A4ED�587AH - 4iNQP8I�1pZuH
2 - H�IAIAH
I�13@1p5GZ & ¬ (�/=& ¬ (�B6P813Ilb - >c5C587AH�Z8N62�H]Y
N6@A@A465 - H�Z8N61pIX4TSe5G7AH]MONQ587j:�Y . Y
^3H�Z . 2�2�H+5GP813YrSm>A@AY�581p4T@l�
�'��� ��"���	��'(�"��  �

0�7AHS,6- � � J 
���
���� 6 � 4TSrN�IA13B6P8NQMo7 6 1pZ,587AHXIA1pB6P�NQMo7�4T@�587AHXZ8N62�HRyiH+PG58H � ZGH�5�D 7A4TZGHH
IABTH
Z�NQP8H�MAPGH
Y
13Z�H
^ . 5G7A4TZGHCMON61pP8Zr¾�	 ��� À¡5G7oNQ5�NQP8HC@A465�H
IABTH
Z�4TS(6��V��@�5G7A13Z	ZGH
Y+58134T@�DCH�MAP84gyiH4T@AH�4TS�587AH�2�4TZ�5�Z}5GP81p�j13@ABXS N6Y�5GZsN - 4T>c5]587AH�MONQ587j:¢Y . Y
^pH�Z . 2R2�H�5GP81pY,Sm>A@AY�5G134T@��e@oN62�H
^ . b�NY
4T2 - 13@oNQ5G46P81kN6^AP8H
Y�1pMAP84/Y
1p5 . 5G7AH
46P8H
2 P8H
^kNQ5G13@AB=7:9�N6@AI 7:9��=�	£�H�ZG7oN6^3^ @AH
H
IX5=DC4�Y�7oN6@ABTH+:4TS3: - N6Z�13Z�Sm46PG2�>A^3N6Z
bAD�7A1pY�7�DCH!ZG7oN6^3^e@A4gD¿Z}5�NQ58H6�
[�Z�1p@W587AH�MAPG4j4TS�4TS�t�P846M�4TZ�1p581p4T@ 
jbl^3H�5 �



IAH
@A465GH�587AH$^kNQ5G581pY
H�4TS�MONQPG581;58134T@AZ]4TS & ��(¾¤46P8IAH+P8H
I -?. P8H�no@AH
2�H�@?5 À �uÂ�H�Y�N6^3^l587oNQ5 13S�� � "~1p@��



N6@AI � 
 1pZr5G7AH,@?>A2 - H�P]4TS - ^34/Y��jZ4TS!" 587oNQ5]NQPGHsY
4T2JM�4TZGH
I�4TS 	 - ^p4jY8�cZr4TS ��bc587AH�@�587AH,U
	4 - 1p>AZ�Sm>A@AY�581p4T@�Z8NQ581pZ�noH
Z

	 � ¾ � � "`À�	 V �


¾ 	 ��dEÀ � 
 � �

¾ F H
H & F 5 Ã b 
 � N62RMo^pH Ã �3d M � J�(eSm46P�N�MAPG4j4TS�� À$[�^3ZG4AbASm4T^p^34gD�1p@ABRKL4T> - 13^pH�5 &·KL4T> (¢boIAH�no@AH
"V¾ � � "`À � R)T7UV �



	 � 

�
�

£�H�587AH
@!7oNgyiH�587AH�Sm4T^3^p4ED 13@ABrY�7oN6@ABTH+:�4TS3: - N6ZG13Z`Sm46P82$>A^kN6Z�¾ 5�NQ�iH�@sSkP84T2 & K!4T>lbE[]MAM�H�@AIA1 � d4( À �ÃNM



� � (�	�(�
 �  !��(����!�

! � V �
��� �

"`¾ � � "`À � �� � V �
��� �

	 � ¾ � � "`À�	 � � �
£�H,NQP8H!@A4ED P8H�N6I . Sm46Pr587AH,2�N613@�587AH
46P8H
2 4TS`5G7A13Z�Z�H
Y�581p4T@l�

� ����(��!��� ����� - ���	� Z �	�LM�� � � @=6�%
7:9�¾ © � � À V �

�
ZGBT@ ��¾7��À ! � ��� � ¾ © � � À�� ���L� � ¾	� � À �

��@ 
�� 
 �#@ 
 �:5 � � � -���
�� � J�J � �	�#@�1�,:Z�,:J 
�,.-���
�����- \ �#@ 
 ,.-	� � J 
���
�����6 � �����)5 � �	��J 
����DJ ZC%
749,¾ © � � À V & ���D7:9 ��¾ © �i� � À ( ��� � � ² � � �

��@ 
�� 
 & �l¾ © � � À ( ��� � � ² � � ��
 �	� � �#@ �	�f% � � 
��	��� ��M�� � � � �6Z � ��
�� � �7,!\65 � ,����[- ����� �#@ 
 ©
	 � � ���#@,.- 
�� ,�� 
������ ��� �f@ 
 � 	 ��% �#@ 
 � 
�� - \ © �	�	� � ��/)J 
 � � � � - /�
 ��
 � J ��,�
�� /)Z �#@ 
 5 � �7- � - \ �#@ 
 ©
�	��� � ���	� � ��/)J 
 � �¾¤Â H
2XNQPG��Á�¥}P8H�Mo^3N6Y
13@AB�5G7AH © yQNQP813N - ^3H
ZrD�1;587�587AH�>A@A1p4T@x4TSV587AH © N6@AI � yQNQP813N - ^3H
ZG¦R2XN .- H�Sm46PG2XN6^31p�
H
IxN6Z�¥GNQMAMo^ . 13@AB�5G7AH�H
@AIA4T2�46PGMo7A1pZG2�
 4TS � ¾ © À�* � ¾ � Àr5G7oNQ5�ZGH
@AIAZ ���J¾ © À584 ���R¾ © À ª ���J¾ � À�N6@AI�587oNQ5 ^3H�N�yiH
Z �



¾ � Àun � H�Il�´¦?À

< ��-C- \ � 0�7AH�H
qj>A1;y6N6^pH
@AY
H�4TSr587AH�5�D�4 Sm46P82$>A^3NQ58134T@AZ$13Z�Y
^pH�NQP���£�H�IAH�no@AH�N � �	����� ���7-	� 
 �- � ��
���4TSC6 584 - HsN�MONQPG581p5G134T@�4TS )X¾/6�Àu584TBTH+587AH�P�D�1;587�H
1p587AH+P�N�^31p@AH�NQPr46P8IAH�Pr46P N�Y . Y
^31pY46P8IAH�PL4T@xH�N6Y�7 - ^34/Y8������S O�1pZLNRMONQPG581p5G134T@AH
Ix46P8IAH�PL4TS:6�b�^pH�5 ��¾ OAÀ - H�5G7AH�ZGH�5L4TS - ^34/Y��jZD 1p587$^31p@AH�NQP	46P8IAH+P8Z�N6@AI�^pH�5h"�¾ OAÀ - H�587AHCZ�H�5�4TS - ^p4jY8�cZ�D 1p5G7�Y . Y
^p13YC46P8IAH+P8Z
� 	 H�5 * W IAH
@A4658H587AHsZGH�5 4TS�46P8IAH�P8H�I�MON61pP8Z,¾ � � �cÀ�Z8NQ5G13ZGS . 13@ABJ5G7AH,Sm4T^3^p4ED 13@AB$5=DC4RY�4T@AIA1p581p4T@AZ
�dT� � N6@AI ��NQP8Hs1p@\587AH!Z8N62�H - ^p4jY8��4TSYO\N6@AI � 1p2�2�H
IA13NQ58H
^ . MAP8H
Y�H
IAH
Z �X1p@\587AH!^31p@AH�NQP46P Y . Y�^313Y!46P8IAH�P�4T@\587AH - ^34/Y����_j��¾ � � �jÀC1pZ @A465�N6@�H
IABTHs4TS�6��
��4658H�587oNQ5 * W ��*�¾�6 � ÀVN6@AI�587oNQ5V587AH�P8HC1pZ	N]@oNQ58>cP�N6^ - 1¹{}H
Y�581p4T@ - H�5=DCH�H
@�MONQP�581p581p4T@AH
I46P8IAH�PGZ�OxZ�>AY 7W587oNQ5 * W V�� N6@AIxMONQ587j:�Y . Y
^pHJY
4gyiH�P8ZJ¾¤BT1;yiH
@WZG>AY�7�N�MONQPG581;58134T@AH
IW46P8IAH�P
b5�NQ�iHCN6^p^l¾ � � �jÀ¡Z8NQ581pZGS . 1p@AB�Y
4T@AIA1p5G134T@�d�N - 4gyiHgÀ+� ��4gD�Sm46P�N6@ . no@A1;58HCZGH�5��sb6587AH�N6^;58H�P8@oNQ581p@ABZG>A2 �

�����
¾	�!dEÀ � � �

H
q/>oN6^3Zr4T@AH,13S�� V�� N6@AI�13Z �
H�P84J46587AH�PGD 13Z�H6��0�7/>AZ
749 V �

W
���� � W � � ��� W � �

�������
¾	�!dEÀ�� � � �

Ã d



D 7AH�P8H�587AHXnAP8Z�5�ZG>A2 13Z$4gyiH�PJN6^3^uMONQP�581p581p4T@AH
I�46P8IAH�P8Z$4TS 6�� £�H�@A4gD¼13@i58H�P8Y�7oN6@ABTH�587AH46P8IAH�P,4TSuZG>A2R2XNQ58134T@l� � - ZGH�PGyiH�nAP8Z�5s587oNQ5�N6^p^�ZGH�58Z � 587oNQ5�NQPG13ZGHJNQP8H$MONQ587j:�Y . Y
^3HJY
4gyiH�P8Z4TS 6 � b�Z�13@AY
H9�%13Z�NxZG> - ZGH�5R4TSr587AH�ZGH�5J4TS N6^3^!¾ � � �cÀ,ZGNQ5813ZGS . 13@ABWY
4T@AIA1p5G134T@�d�N - 4EyiH�Sm46PZG4T2�H O����L1pyiH
@�N$MONQ587j:�Y . Y
^pH,Y
4gyiH�P ��4TS�6 � bADCH,@A4gD @AH
H
I�5G4RIAH�58H+P82�13@AHL587AHsZGH�5�� 4TSMONQPG581;58134T@AH�I\46P8IAH+P8Z 4TSC6 5G7oNQ5 BT1;yiH]P813Z�H!584�1p5
� ��@A^ .X- ^p4jY8�cZCD 1p587�Y . Y
^31pY!46PGIAH�P8ZrY�N6@\BT1;yiHP81pZGH�584�Y . Y
^3H�Z�4TS ��b/ZG4�Sm46P�H�yiH�P . O � �%b�"�¾ OoÀ�2$>AZ�5C13@AY�^3>AIAH]587AH - ^p4jY8�cZu4TS "u¾D��À�N62�4T@AB1p5GZ 4gD�@ - ^p4jY8�cZ�� ��@�587AH,46587AH+P]7oN6@AIlbo587AH - ^34/Y8�cZr4TS���¾7��ÀCY�N6@�NQPG13ZGHsH
1p587AH+P]SkP84T2 - ^34/Y��jZD 1p587x^31p@AH�NQPL46P8IAH�PGZ!46P!SkP84T2 - ^34jY8�jZ]D�1;587 Y . Y
^p13Y�46P8IAH�PGZ
�,0`4�IAH+58H�P82�1p@AH$N6^3^¡M�4TZGZG1 - 13^p1p581pH
ZDCHs2�>AZ}5]Y
4T@AZG1pIAH�PLN6^p^eDCN . Z]4TS	N6BTBT^34T2RH�P�NQ581p@AB�587AH - ^34/Y��jZ�4TS���¾7��ÀC13@i584 - ^34/Y8�cZ�4TS �u¾[OoÀ+bN6@AI�5G7AH
@�Sm46PJH�N6Y�7�Y
4T2JM�4TZG1;58H - ^34/Y���1p@�H�N6Y�7�ZG>AY�7�N6BTBT^34T2�H+P�NQ58134T@�D�H\2$>AZ�5�Y
4T@AZG1pIAH�P- 465G7�^p13@AH�NQPJN6@AI�Y . Y
^p13Y�46P8IAH�P8Z���0r7AH�^31p@AH�NQP�46P�Y . Y
^p13Y�46P8IAH�PJ4T@�587AH\Y�4T2RM�4TZG1;58H - ^34/Y8�Y�N6@ - HJyj13H�DCH�I�N6Z�N�^p13@AH�NQPs46P�Y . Y
^p13YR46PGIAH�P�4T@~5G7AH /)JL-C, � �N- \ �u¾D��À�¾¤13@AZ}58H�N6I�4TS�4T@ 587AHyiH�PG5G13Y
H
Z8À+b - H
Y�N6>AZGH]587AH�^313@AH
NQP�46PCY . Y
^31pY�46P8IAH+PC2$>AZ�5�1p@AIA>AY
H]587AH]H
IABTH�ZC4TS ��b?1�� H6�3b/13S�¾ � � �jÀ13Z N6@�H�IABTHs4TS+��587AH
@ � 2$>AZ�5r1p2�2�H
IA13NQ58H
^ . MAP8H
Y
H�IAH �X13@�587AH!46P8IAH�P IA13Y�5�NQ5GH
I -?. O�boN6@AI587AH�PGH
Sm46P8H$587AH�yiH+PG5813Y�H
Zs1p@ H
N6Y 7 - ^34/Y��x4TS ��¾7��À]NQP8HJY�4T@AZ�5GP�N61p@AH
I 584 - H$Y
4T@AZ�H
Y
>c581;yiHRN6@AI13@ NXn � H
I 46P8IAH�P��$<C^3H
NQP8^ . b�H+yiH�P . ZG>AY�7�^p13@AH�NQP!46P!Y . Y�^313Y�46PGIAH�P,4T@x587AH - ^34/Y��jZLBT1pyiH
Z�P81pZGH584�N�>A@A1pqj>AH O � �%��0�7AH�@/>A2 - H�PX4TS]D�N . ZR5G4�132RM�4TZGH�N ^313@AH
NQPX46P8IAH�PX1pS]587AH�P8H�NQP8H
	 - ^34jY8�jZ�1pZ 	 ��N6@AI�587AH�@?>A2 - H�P�4TS D�N . Z�584W132JM�4TZGH�NxY . Y
^p13Y�46P8IAH�P�1pZ�¾�	Y� dEÀ �3�~0r7?>AZDCH�Y
N6@�H
@/>A2RH�P�NQ58H�� -/. ZG>A2�2�1p@AB�4EyiH+PLN6^3^eIA1pyj13ZG1p4T@AZ]4TS�587AH - ^p4jY8�cZ�4TS �u¾D��ÀC13@i584�5=DC4B6P84T>cMoZ���N6@AI�� ¾¤^31p@AH�NQP$N6@AI�Y . Y�^313Y�À,N6@AIlb	Sm46P$H�N6Y�7�Z�>AY 7�IA1pyj13ZG1p4T@lb�ZG>A2�2R13@AB�4gyiH�P�N6^3^D�N . ZL4TSuB6PG4T>cMo13@AB�587AH - ^p4jY8�cZL1p@?584�Y
4T2RM�4TZG1p5GH - ^34jY8�jZ
blDCH
13BT7i58H
I -/. N�S N6Y�5846P813N6^�S N6Y�5846P
�Ux46P8HsMAPGH
Y
13Z�H
^ . DCHs7oNgyiH

7:9 V �
�
¾ �sdEÀ�� � � � ���L� � ¾ � À ���� ² 	 � �
 ���� � 	

"V¾
� ��� À � 	 � ¾�� ��� À�	 �� 
 ¾ © À�� � ¾ � À �
D 7AH�P8Hs5G7AHsnAP8Z�5 ZG>A2 13Zr4EyiH+P�N6^3^�MONQ5G7j:�Y . Y
^3HsY
4EyiH+P8Z�4TS&6 � �LK . t�P846M�4TZG1;58134T@\fcbADCH!7oNgyiH

7:9 V �
�
¾	�!dEÀ�� � � � ����� � ¾ � À ���� ² 	 � ! � ¾ © À%! 	 ¾ � À

V �
�
¾	�!dEÀ�� � � � ����� � ¾ � À ���� ² 	 � ¾¤ZGBT@��	À
¾¤Z�BT@��VÀ ��� �� � ¾ © À � � �� 	 ¾ � À �

��4gD�587AH - ^p4jY8�cZ�4TS��~N6@AI��xY�46PGP8H
Z�M�4T@AI�584s5G7AH MONQ587AZ�4TS ��b?ZG4 	 �
	 � �i¾��	À�1pZ�5G7AH�@?>A2 - H�P4TSCH
IABTH
Z,4TS � 1p@��ub	N6@AI�ZG1p2�13^3NQP8^ . Sm46P�����0�7/>AZ�¾ ZGBT@���À
¾¤ZGBT@��VÀ!IAH�M�H
@AIAZ$4T@A^ . 4T@�587AH58465�N6^A@?>A2 - H�P�4TS�H
IABTH�Zu4TS �~IAH+yi4658H
IJ5G4,IA1pPGH
Y�58H
IJMONQ587AZ]¾ @oN62�H
^ . b 	 ��¾7��À 	 � �i¾ �u¾D��ÀGÀ�À¡N6@AIIA4jH�Z�@A465 IAH�M�H
@AI�4T@�587AHsMONQP�5813Y
>A^3NQP�Y�7A4T1pY
H,4TS���46P�����£�Hs7oNgyiH
7:9 V �

�
¾	�!dEÀ�� � � � ����� � ¾ � Àe¾	�!dEÀ�� � ��� � � � � � � ��� �2� �

��� ² 	 � � � �� � ¾ © À � � �� 	 ¾ � À
V �

�
¾	�!dEÀ�� ���L� � � � ����� � ¾ � À � � � � ���� ² 	 � �� � ¾ © À �� 	 ¾ � À �[%2R4T2�H
@i5 � ZC587A4T>ABT7i5�Z�7A4ED Z 587oNQ5r587AHs13@A@AH�P�ZG>A2 1pZ �� � ��� � ¾ © � � À � ��4ED

� � � � �


¾ © � � À V � � � � � �



¾ © À ª �



¾ � À � V ¾	�sdEÀ 
 � ³ � 
 ¾ © À ª ¾	�!dEÀ 
 � ³ � 
 ¾ � ÀV & ��� �



¾ © À ( ��� � � ² � � � Ã _



N6@AI�ZG1p@AY
H ��N6@AI © � ¾ © � � ÀCNQP8H - 46587�7A4T2R4T2�46PGMo7A13Z�2�Z
b
��� � � �l¾ © � � À V & ��� �l¾ © À ( ��� � � ² � �Sm46P�N6@ . Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@ ��� � 1p@oN6^3^ . bl¾	�sdEÀ � � � � � ¾ � À V � � ¾ � � À+boZG4JDCHs4 - 5�N613@

749 V �
�
� ����� � ¾	� � À & ��� �� � ��� � ¾ © À ( ��� � � ² � �

N6ZrIAH
ZG1pPGH
Il�£�H�P8H�2XNQPG�R5G7oNQ5�587AH!NQMAM�H�NQP8N6@AY
HL4TS ��13@�0�7AH
46P8H
2 dL1pZ�D�7oNQ5�^pH�N6IAZ�>AZ�584$Y�N6^3^�1;5�NY
4T2 - 13@oNQ5G46P81kN6^�PGH
Y
1pMAPG4jY
1;5 . 587AH�46P8H
2��0�7AH
46P8H
2 d�1pZuNLP�NQ587AH�P�Y
>cP81p4T>AZ�P8H�ZG>A^p5u13@J5G7oNQ5�1;5u1pZ�@A465�4 - yc134T>AZ�587oNQ5�587AHr46M�H�P�NQ5G134T@
� Á �l¾ © � � À � & ��� �e¾ © �i� � À ( ��� � � ² � �13Z�N6@�13@iyi4T^3>c581p4T@l� �L@AH�2R13BT7i5�H�yiH�@ D�4T@AIAH�P�13S � 1pZ\P8H
N6^3^ . N6@ 1p@?yi4T^p>c58134T@ 4T@ � J�J�4TS

� ¾ © À * � ¾ � À�46P`13Sc1;5V1pZ`4T@A^ . N6@�13@iyi4T^3>c581p4T@sD 7AH
@,P8H�Z�5GP81pY�58H
I,5G4�ZG4T2�H�ZG> - ZGH+5	4TS � ¾ © À * � ¾ � À587oNQ5�1p@AY
^3>AIAH
ZrN6^p^ MONQ587j:¢Y . Y
^pHLZ . 2�2RH�5GP81pY�Sm>A@AY�581p4T@AZ
���=5�1pZCH�N6ZG13^ . yiH�PG1pnoH
IlbA7A4gDCH�yiH�P
bc587oNQ5
� � � � ���J¾ © À �



¾ � À � � V ���J¾ © À �



¾ � ÀSm46P�N6@ . � N6@AI;�	� � >cPG587AH�P82R46P8H6b � 13Z�587AHXY�4T2RM�4TZG1;58134T@~4TS�5G7cP8H
H�46M�H�P8NQ58134T@AZ
b	H
N6Y 7�4TSD 7A13Y�7x13Z]N6@�H�@AIA4T2�46PGMo7A13Z�2 4TS � ¾ © À�* � ¾ � À+���=5�Sm4T^p^34gD�Z 587oNQ5 � 1pZ�N6@�13@iyi4T^3>c581p4T@�4T@xN6^3^4TS � ¾ © À * � ¾ � À+�

��@�5G7AH�46587AH�PC7oN6@AIlbA4T@AH�Y�N6@�Z�5G13^3^�N6Z��RD 7AH�587AH+PC587AH�P8HL13Z�N6@ . DCN . 4TSePGH
Sm46P82$>A^kNQ581p@AB0�7AH
46P8H
2 d�1p@ N�D�N . 587oNQ5L2�NQ�iH
Z]1p5]2�46P8H�4 - yc1p4T>AZ]587oNQ5�587AH�46M�H+P�NQ58134T@x1p@?yi4T^;yiH
Ix13ZLN6@13@iyi4T^3>c5G134T@l� �L@AHsD�N . 4TS`IA4T13@ABJ5G7A13Z�1pZr5G4RIAH�no@AH
�7:9,¾ © � � À R:T7UV �

�
¾	��_TÀ � � ����� �f� �� � ��� � ¾ © � � À�� ����� � ¾ � À �

D 7AH�P8H�587AH�ZG>A2 1pZuZ�581p^3^O4EyiH+PCN6^3^oMONQ587j:¢Y . Y
^pH]Y
4gyiH�P8Z ��4TSG6���0�7AH
@�DCH]7oN�yiH�587AH]Sm4T^p^34gD�1p@ABP8H
Z�>A^p5��
� � (�	�(�
 �  !��(�� ���!� �7:9��}¾ © � � À V � � �7:9�¾ © �i� � À �¾¤Â H
2XNQPG��Á�� NQPGPG1pyiH
IWNQ5]587AH$2 . Z}58H�P81p4T>AZ}:�^p4j46�c1p@ABRIAH�no@A1;58134T@W4TS �7:9 -?. nAP8Z�5LZ�M�H
Y
13N6^313��13@AB584,5G7AH�Y
4gyiH�P�M�4T^ . @A4T2R1kN6^�b6no@AIA1p@AB$N,Y�7oN6@ABTH]4TS�yQNQP81kN - ^pH
Z�587oNQ5u2XN6IAH�587AH�P8H
Y�1pMAP84/Y
1p5 . 46Mc:H�P�NQ5G134T@JN6@J4 - yc1p4T>AZ	13@iyi4T^3>c581p4T@lb/N6@AI$587AH
@JBTH
@AH�P�N6^p13�
1p@AB - N6Y8��584�587AH�Z . 2�2�H�5�P813Y�Sm>A@AY+58134T@Y�N6ZGH -/. >AZG1p@ABRMo^3H+587 . ZG2��¶À
< ��-C- \ � 	 H�5 O - H 587AH]H
@AIA4T2�46P�Mo7A13ZG2 4TS � ¾ © À * � ¾ � À�587oNQ5�Z�H
@AIAZ �



¾ � À�584 ��_ �



¾ � À�N6@AI587oNQ5u^3H�N�yiH
Z ���J¾ © À�n � H
Il��0r7AH
@ �7:9�13Zu4 - 58N613@AH
IXSkP84T2 7:9 -?. NQMAMo^ . 13@AB ORnAP8Z}5�N6@AI�587AH
@

ÃTÃ




��	��@�yc1pH�D 4TSe0r7AH
46PGH
2 dTbj1;5CZG>c»RY
H
Z�584�MAP84gyiH�587oNQ5u587AH�Sm4T^3^p4ED 13@AB�46M�H�P�NQ581p4T@AZ�7oN�yiH]587AHZ8N62�H!H)��H
Y�5]4T@�N6^3^lH
^pH
2�H
@i58Z 4TS � ¾ © À * � ¾ � À+ÁdT��¾ 	 H
Sk5�:¢7oN6@AI�ZG13IAHQ� À�[]MAMo^ . � bo5G7AH
@ O�bO587AH�@ 
��_j��¾¤Â 13BT7i5�:�7oN6@AI�ZG1pIAH6� À�[]MAMo^ . O�bV5G7AH
@�NQMAMo^ . 
�bV587AH�@�@AH�BiNQ58HR587AH � yQNQP81kN - ^pH
Z
b	N6@AI587AH�@�NQMAMo^ . ���A�

uN6Y 7W4TS	587AH
ZGH$46M�H�P�NQ581p4T@AZ�13ZLN6@xH
@AIA4T2�46PGMo7A1pZG2�b�Z�4�1;5LZG>c»�Y�H
Z�584�Y 7AH�Y���5G7AH
1pP - H+:7oN�yc1346Pu4T@ ���J¾ © À �



¾ � À+�	[ Z�5�P�N613BT7i58Sm46PGD�NQPGI�Y
4T2RMo>c5�NQ5G134T@RZ�7A4ED Zu587oNQ5u13@ - 46587XY�N6ZGH
Z�587AHP8H
Z�>A^p5]1pZ _ �



¾ � À�� ���J¾ © À!� ���J¾ � À � ¾	�sdEÀ ��� 
 �D 7A13Y�7�MAP84gyiH
Z 5G7AH,IAH
ZG1;P8H
I�PGH
ZG>A^p5
�£ 7A13^pH�t�P846M�4TZG1p5G134T@�d M 7oN6Z`587AHCN6IcyQN6@?5�N6BTHu4TSA13@iyi4T^pyc1p@AB]N6@�46M�H�P�NQ581p4T@,587oNQ5�1pZ�Y
^pH�NQP8^ .N6@�1p@?yi4T^p>c58134T@lbe1p5s7oN6Zs5G7AHRIA13ZGN6Icy6N6@i5�N6BTHJ5G7oNQ5s587AHJIAH�no@A1p5G134T@�4TS �749 1pZ,2 . Z�5GH�P8134T>AZ�����@MONQPG581pY
>A^kNQP
bV587AH9��_�7oN6Z�@A4�4 - yc1p4T>AZ�Y
4T2 - 13@oNQ5846PG1kN6^	ZG1pBT@A1pnoY�N6@AY
HQ� � 46P�587A1pZsP8H�N6Z�4T@lb�DCHP8H
BiNQPGI �7:9 N6Z]N6@�NQP�581pnoY
13N6^lY
4T@i5GP81pyQN6@AY
H,N6@AI�DCH,Z�7oN6^3^eY
4T@i5813@?>AHs584J>AZGH-7:9�13@AZ}58H�N6Il�0�7AH
46P8H
2 d]P8H�N6IA1p^ .�. 13H�^3IAZuZ�H�yiH�P�N6^�NQ5G5GP�N6Y�5G1pyiHrY
46P84T^3^3NQP813H�Z
� � 46PuH � N62JMo^3H6b -/. ZGH�5G5G13@ABN6^3^¡587AH © y6NQP813N - ^3H
Z�H
qj>oN6^V5G4X�
H�P84Ab�D�H�132�2�H�IA1kNQ58H
^ . 4 - 5�N613@ & F : F bl0�7AH
46P8H
2 Ã � _K(¢� Ux46P8H13@i58H�PGH
Z�581p@ABT^ . bjDCH�Y
N6@�4 - 58N613@�N6@�NQ»RP82XNQ5G1pyiH]N6@AZ}DCH�P�584�587AH�qj>AH�Z�58134T@lb/P�N613ZGH�I -?. <C7/>A@ABN6@AIx��P�N67oN62I&´<r��dTboZGH
Y�5G134T@ O ¾ YgÀ (¢bA4TS`D�7AH�5G7AH�P 5R¾/6 �
	 ��� ÀCIAH+58H�P82�1p@AH
Z 5�¾/6 � �
	 ��� À+�

� (��'(���� �
��� ��� � \ 6 � ��� ���LM	� � � @ � � �f@ ¬ ��
�� � �7,�
���% �#@ 
��*5R¾/6 � �
	 ��� À V ¾	�!dEÀ ¸ 5R¾/6 �A�
	 � �0��� À �
< ��-C- \ � 	 H�5 � - H�N6@ . Z . 2R2�H�5GP81pYJSm>A@AY+58134T@�587oNQ5,13Z�7A4T2�4TBTH�@AH
4T>AZ�4TSCIAH
B6P8H�H ¬ N6@AI�^pH�5
��� V � ���,£�H�Y
^kN61p2 587oNQ5 ���Q¾}d 
 À]13Z!4 - 5�N613@AH
I -/. Y�7oN6@ABT13@AB 	r5G4 � 	 1p@ �l¾}d 
 ÀLN6@AIW587AH
@2$>A^p581;Mo^ . 13@AB -?. ¾ �sdEÀ ¸ �\0V4�ZGH
H�5G7A13Z
bVnAPGZ�5�Y
4T@AZG1pIAH�P�587AH�Y
N6ZGH�D�7AH+P8H � V �  Sm46P$ZG4T2RH"�� ¬ �u0�7AH
@ � � V ¾ ZGBT@ " À �  N6@AI�7AH
@AY�H

� � ¾}d 
 À V ¾¤ZGBT@�"�À 	 � �  � �
��@*587AHW46587AH�P�7oN6@AI �e¾�d 
 À V 	 � �  � � <C7oN6@ABT13@AB 	�584 � 	RN6@AI*2$>A^p5G1pMo^ . 13@AB -/. ¾	�!dEÀ ¸N62�4T>A@i58ZC584�2�>A^;581pMo^ . 1p@AB -?. ¾	�!dEÀ ¸ ��� �  � V ZGBT@�"¡bON6ZCP8H
q/>A1pP8H
Il�u0r7AH!Y
^3N6132 587AH
@\Sm4T^3^p4ED Z-?. ^p13@AH�NQPG1p5 . �

��4gD �� � ¾�d 
 � d��gÀ V ¾�	 ª � À � � � � � F 1p@AY
HX¾¤Z�BT@ �`À ! � V � �� � bADCHs7oN�yiH¾¤ZGBT@ �`À ! � ¾�d 
 � d � À V ¾ �sdEÀ�� � �p¾�� 	 � � À � � � � �[�^3Z�4Ab�N6Z�@A465GH
I - H
Sm46P8H6b � � ¾	� � À V ¾	�!dEÀ � � � � � ¾ � À �x0r7?>AZ
b�Z�M�H
Y�1kN6^31p�
13@AB 0�7AH
46P8H
2 dXyc13Nt�PG46M�4TZG1;58134T@Wd . 13H
^pIAZ
5�¾/6 �
	 ��� À V �

�
¾	�!dEÀ � ���L� � � ¾	�!dEÀ � � ��� � � ¾�� 	c� � À � � � �L� �2� � � � ����� �f�

V ¾	�!dEÀ ¸ 5�¾/6����$� 	 � �0��� À �Ã J



<C46P84T^3^3NQP . d�Y�N6@ - H$MAP84EyiH�I~IA1pPGH
Y�58^ . >AZG13@AB\IAH
^3H+58134T@j:¢Y
4T@?5�P�N6Y�581p4T@W58H�Y 7A@A1pqj>AH
Z�bVN6@AI1p5 7oN6Z N6^3ZG4 - H
H
@�4 - 5�N613@AH
I�13@AIAH�M�H
@AIAH
@i58^ .\-/. �!H�ZGZGH
^A&´�LH6d4(¢��£�H!4T2�1p5�587AH!IAH�5�N61p^3Z
�[ Sm>cP�587AH�P�Z�M�H
Y
1kN6^p13��NQ5G134T@�4TSl0�7AH
46P8H�2 d]BT1;yiH
ZCN,Sm46P82$>A^3NsSm46P�P84/46�$M�4T^ . @A4T2�1kN6^pZ �iDCHIAH
SmH�P�587A13Z�584J5G7AHs@AH � 5�Z�H
Y�581p4T@lbOD 7AH�P8H!DCHsY�4T@AZG13IAH�P�P84j46�X587AH�46P . 13@�2R46P8HLIAH�5�N613^¤�
� (��'(���� �
��� �'� � -	���	� Z ���LM	� � � @$6�%

7:9,¾ © � M À V ���D7:9 �}¾ © � M À �
��4658H�587AHLZG1p2�13^3NQP81p5 .J- H�5=DCH
H�@\587A1pZ�PGH
ZG>A^p5 N6@AI F 5�N6@A^3H .�� ZCP8H
Y�1pMAP84/Y
1p5 . 587AH�46P8H
2I& F 5 _jb0�7AH
46P8H
2 JA�¶_K(¢���}@�S N6Y�5
b�5G7AH�5�D�4�P8H
Y
1;MAP84jY
1;5 . 587AH
46P8H�2�Z�4gyiH�P8^kNQMeb - H
Y�N6>AZGH�4TS�t�PG46M�4TZG1 :581p4T@x_jboZG4�<C46P84T^3^3NQP . _JBT1pyiH�Z]NR@AH�D 1p@?58H+PGMAP8H�5�NQ5G134T@�4TS �L7 9 � E � V ��� � � E � D�7AH
@=G 1pZ]NM�4TZ�H�5��<C46P84T^3^3NQP . _RSm4T^p^34gD�Z�1p2�2�H
IA13NQ58H
^ . SkPG4T2 0r7AH�46P8H
2 dTb - >c5�DCH$ZG7oN6^p^VBT1;yiH�5�D�4�465G7AH�PMAP84/4TSmZ - H�Y�N6>AZGH�587AH . 1p^3^3>AZ}5GP�NQ58HrY
4T@A@AH
Y�5G134T@AZ�D 1p5G7�46587AH�P��c@A4gD�@�P8H
ZG>A^;58Z
��0r7AHrnAP8Z�5uMAPG4j4TS13Z�IA>AH$584\�!H�ZGZGH
^ & �!H6d4(�blN6@AI 1;5LIAH�P81;yiH
Zs<�46P84T^p^kNQP . _�SkP84T2 N�P8H
ZG>A^;5s4TS�<�NQP8^31;58�6b F Y�4Eyj13^3^pHN6@AI��uN6>ABT7oN6@�& < F �$b?0�7AH
46P8H
2 
j� Ã (��V£�Hr@AH
H
I�Z�4T2�HrMAPGH
^31p2�13@oNQP81pH
Z
���L1pyiH
@�N!IA1pB6P�NQMo7 6D 1p587 ¬ yiH�PG581pY
H
Z
bo^3H+5

� 9 V ,�� ³ � � � �i�i�i�6� � ¸ .- H,NJZGH+5�4TS�Y�4T2�2$>c5813@AB$13@AIAH+M�H
@AIAH
@i5L13@AIAH+58H�P82�1p@oNQ58H
Z
boN6@AI�IAH�no@AH
��9 ²


 V
�


f` ² 
�a ²´µ¶µ¶µ´² 
 � � 
2` � 
La+gigig � 
 � �D 7AH�P8H�587AH$ZG>A2 13Z�4gyiH�PsN6^3^ 	 ³ � 	 � �i�i�i�6� 	 
 ZG>AY�7 5G7oNQ5J¾�� 
�� � � 
��
	 ` À�13ZLN6@WH
IABTH$4TSL6 Sm46PsN6^3^
� � �	� F 132�1p^kNQP8^ . bj^pH�5

� � 9 ²


V �

f` ² 
�a ²´µ¶µ¶µ´² 
 � � 
2` � 
La+gigig � 
 � �D 7AH�P8H�587A13Z 58132�Hs587AH�ZG>A2 13Z�4EyiH�P!N6^p^ 	 ³ � 	 � �i�i�i�)� 	 
 ZG>AY�7W587oNQ5J¾�� 
�� � � 
���	�` À�13Z�N6@xH
IABTH$4TS587AH!Y
4T2RMo^pH
2�H
@i5 6 � Sm46P]N6^3^ � � �	��£ 1p587�587A13Zr@A465�NQ581p4T@lbc587AH!PGH
ZG>A^p5 4TS�<�NQP8^31;58�6b F Y�4Eyj13^3^pHN6@AI
�uN6>ABT7oN6@�1pZ�¾¤H�ZGZGH
@i581kN6^p^ . ÀC587AH!Sm4T^3^p4ED 13@ABA�

� � (�	�(�
 �  !��(�� ������� - ���	� Z �	�LM�� � � @=6�%
�


¾ �sdEÀ 
 � � 9 ² 
 V ¨ �



��9 ²


 ­ � ³
�

£�HsY�N6@�@A4gD BT1pyiH,�!H
Z�ZGH
^ � Z MAP84/4TSV4TS�<C46P84T^p^kNQP . _j�
� ��� � � � �.-C- \N-	\ ?A- ��- J�J �	�6Z�� � 	 H�5���9 ² � - HJ5G7AHJ7A4T2�4T2R46PGMo7A13ZG2 SkP84T2�5G7AH�P81p@AB�4TS�Z . 2J:2�H�5�P813YLSm>A@AY�581p4T@AZ]13@�587AHLy6NQP813N - ^3H
Z � V , � ³ � � � �i�i�i� . 584$587AHsP81p@ABR4TS`Sm46P82XN6^�M�4gDCH�P�ZGH�P81pH
ZÃ h



13@ � 9 587oNQ5$Z�H
@AIAZ�5G7AH\Y
4T2JMo^3H�58HXZ . 2�2�H+5GP813YJSm>A@AY�581p4T@ �


¾ � Às584 ��9 ²



� F 132�1p^kNQP8^ . bV^pH�5

� �9 ² � - H!587AHs7A4T2�4T2�46PGMo7A1pZG2 587oNQ5 ZGH
@AIAZ �


¾ � Àu584 � � 9 ²



� � P84T2I&·UWN6Y6b`¾/JA� _TÀ (�DCH,7oN�yiH

�

 ² � dd � © 
 � � V �

 
�  ¾ � À �  ¾ © À �

[]MAMo^ . 13@AB���9 ² � BT1pyiH
Z
��9 ² � ¨ �


 ² � dd � © 
 � � ­ V �
 
��9 ²  ` ��9 ²  a�gigig �  ¾ © À �

��4gD 7:9�¾ © � M À�13Z�{}>AZ�5r587AHLY
4jH+»�Y
1pH
@?5 4TS � ³ � � gigig � ¸ 1p@�5G7A13ZrH � MAP8H�ZGZG134T@lboZG1p@AY
HL587A13Z�Y
4/H
S3:noY
1pH
@?5!Y
4T>A@i58Z!N6^3^¡MONQ587WY
4EyiH+P8ZL4TS�5 . M�H ��H � N6Y�5G^ . � � � 581p2�H
Z
blN6@AI � � � � � ¾ © À V �� � ¾ © À+�F 132R13^kNQPG^ . b
7:9���¾ © � M Àu13Zr587AH!Y
4jH�»RY
13H�@?5�4TS � ³ � � gigig � ¸ 13@
� �9 ² � ¨ �


 ² � dd � © 
 � � ­ V �
 
� � 9 ²  ` � � 9 ²  a gigig �  ¾ © À �

0�7/>AZ 1p5 ZG>c»�Y
H�Z�584JMAPG4EyiHL587oNQ5
� � ��9 ² � ¨ �


 ² � dd � © 
 � � ­ V � �9 ² � ¨ �

 ² � dd � © 
 � � ­ �

��4gD SkP84T2I&·UWN6Y6b`¾/JA� Ã À (lDCH,7oN�yiH¨ �

 ² � dd � © 
 � � ­ V �

 
�  ¾ © À �  ¾ � À �

ZG4
���
¨ �

 ² � dd^� © 
 � � ­ V �

 
�  �}¾ © À �  ¾ � À V �

 
�  ¾ © À �  ��¾ � À V � � ¨ �


 ² � dd � © 
 � � ­ �0�7/>AZ
� � ��9 ² � ¨ �


 ² � dd � © 
 � � ­ V ��9 ² � � � ¨ �

 ² � dd^� © 
 � � ­ V ��9 ² � � � ¨ �


 ² � dd^� © 
 � � ­ �F 4R1;5�Z�>c»�Y
H
Z 584JZ�7A4ED 587oNQ5 ��9 ² � � � V � �9 ² � � � P84T2I& U N6YQbV¾�_j�¶aiÀ (lDCH!7oN�yiH
�


¾	�!dEÀ 
 ] 
 ¾ � À V ¨ �



�


¾ � À ­ � ³

�

Ã a



ZG4RNQMAMo^ . 1p@AB ��9 ² � N6@AI�>AZG13@ABJt�P846M�4TZG1p581p4T@~dTd . 13H�^3IAZ
�


¾	�!dEÀ 
 ��9 ² � �[]



¾ � À � V ¨ �



��9 ²


 ­ � ³ V �


¾	�!dEÀ 
 � � 9 ² 
 �


uq/>oNQ5813@AB$58H�PG2�Z 4TS¡587AH,ZGN62�HsIAH�B6P8H
H6bADCHsZGH
Hs5G7oNQ5
��9 ² � � � � �



¾ � À � V ��9 ² � � ]



¾ � À � V � � 9 ²



V � �9 ² � � �



¾ � À � �Y
4T2RMo^pH�581p@AB�587AH!MAP84j4TS��

��>cP]ZGH�Y
4T@AI�MAP84/4TSV4TS	<C46P84T^p^kNQP . _$13ZrZG132R13^kNQPC5G4 F 5�N6@A^pH .�� ZrMAPG4j4TSV4TS¡587AHLP8H
Y
1;MAP84jY
1;5 .587AH
46PGH
2 Sm46Ps�!�r� � 4T^3^p4ED 13@AB��!H
ZGZ�H
^Q& �!Hg_K(uN6@AI F 5�N6@A^3H . & F 5 _jbVZGH�Y�58134T@ Ã (�b`DCHJIAH�no@AH�NM�4gDCH�P�ZGH�P81pH
Z�13@ 587AHRyQNQP81kN - ^pH
Z © V , © ³ � © � �i�i�i� . 584 - H �)5�� � �f1 �6Z	����
�� � �7,J1pSu587AH�Y�4jH�»�:Y
1pH
@?5GZ�4TS © 
 `
f` © 
 a
La gigig © 
 �
 � N6@AI © 
 `
� ` © 
 a� a gigig © 
 �� �NQP8HJH
qj>oN6^	D 7AH
@AH�yiH�P 	 ³ � 	 � � gigig � 	 ¯ N6@AI � ³ � � � � gigig � � ¯ � � 46P�N6@ . ZG> - ZGH�5 �4TS & ¬ ��d4(eIAH�no@AH,5G7AH \65 ��� �	��
������ JVq/>oN6ZG1;:¢Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@�� � ²¹¸ ¾ © À -/.

� � ²¹¸ ¾ © À V �

2` � bebdb � 
 �
�� _ 
���	�` � U � ���

© 
f` © 
�a�gigig © 
 � �
��S`587AH+P8H,1pZr@A4JIoN6@ABTH�P]4TS`Y
4T@ASm>AZG1p4T@lbODCHLD 13^3^lZ�4T2�H�581p2�H
Z�DrP81p58H�� � Sm46P�� � ²¹¸ Sm46P - PGH�yc1;5 . �£�H�7oN�yiHX587AH�Sm4T^3^34gD 13@AB�H � MON6@AZG134T@�4TS 7:9,¾ © � M À!13@�58H�P82RZ�4TSrSm>A@AIoN62RH
@?58N6^Cqj>oN6ZG1 :Z . 2�2�H�5GPG13Y�Sm>A@AY�581p4T@AZ
�
� � (�	�(�
 �  !��(�� � �'��� \ 6 � � � ���LM	� � � @ � ���#@ ��
�� � 
 ��� 
�� & ¬ (D% �f@�
��

749,¾ © � M À V �
� ��� �

� � � � � ²¹¸ ¾ © À �
��@ 
�� 
 � ¸ � �
�#@ 
 M���-K5 � - \ � 
�� � 5 ���	� �7- � � -	\H& ¬ ( �����

� ¾ �`À V , 	 � & ¬ (�	j¾ � 
 � � 
 � ³ À � � ��-	� ��� 
 �CM�
 - \ 6 . �

< ��-C- \ ��£�Hs>AZGHL587AHLH � MAP8H
ZGZG1p4T@�Sm46P 7:9 BT1pyiH
@�13@�t�PG46M�4TZG1;58134T@\hj���!1;yiH
@�N�MONQ587\Y
4T^346P81p@AB4TS 6�b�NQPGP�N6@ABTHR5G7AH�MONQ587AZ�13@�13@AY+P8H�N6ZG1p@AB�46P8IAH�P$4TSC587AH
1;P$Y
4T^346P8Z�b	N6@AI�D�1;587A13@�H�N6Y�7�MONQ587NQPGP�N6@ABTH$587AH$yiH�PG581pY
H
Z!13@x587AH�46P8IAH�P�BT1;yiH
@ -/. 587AH�IA1pP8H�Y�58H
IWMONQ587l��0r7A1pZsBT1;yiH
Z!N�M�H+P82$>j:5�NQ581p4T@�4TS�587AH!yiH�PG581pY
H
Z]4TS�6�b�N6@AI�1;5]13Z H�N6Z . 584�ZGH�H,587oNQ5�� � � � � ¾ © ÀrY
4T>A@i58Z�MAPGH
Y
13Z�H
^ . 587AHMONQ587\Y
4T^346P81p@ABTZr5G7oNQ5�BT1;yiH!P81pZGHs5G4 ���£�HsY�N6@�@A4gD BT1pyiH!4T>cP�Z�H
Y
4T@AI�MAP84/4TSV4TS�<C46P84T^3^3NQP . _j�
Ã 




� 
.,6- ��� � ��-C-	\8- \=?A- �.-KJ�J �	�6Z � �\£*1;587A4T>c5�^34TZ�Z�4TSrBTH�@AH�P�N6^31;5 . DCHX2XN . N6ZGZG>A2�HR5G7oNQ5�587AHyiH�PG5GH � ZGH�5 4TS�6 1pZ & ¬ (¢� � P84T2¼587AH!Z8N62�HsNQP8BT>A2�H
@i5]N6Zr13@\t�P846M�4TZG1p5G134T@WdE_jboD�H,ZGH
H!587oNQ5
7:9��}¾ © � M À V �

� ��� �
��� ¸�� � � � � � ¾ © À �

��@�yj13H�D 4TS`t�P846M�4TZG1;58134T@xdE_jbA1;5�ZG>c»�Y
H�Z 584�ZG7A4gD 587oNQ5�587AHL2XNQM�587oNQ5�ZGH
@AIAZ�� � 584 ��� ¸�� � �H
q/>oN6^3Z ��D 7AH
@XP8H
Z}5GP813Y+58H
I�584�Z . 2�2�H+5GP813Y�Sm>A@AY�5G134T@AZ
��[*MAP84/4TSl4TS�587A13Z�S N6Y�5C2XN .$- H]Sm4T>A@AI13@�587AHsMAPG4j4TSV4TS & F 5 _jbo0�7AH
46P8H
2 JA� _K(��F 5�N6@A^pH . & F 5 _K(	7oN6ZL4 - 5�N613@AH�I N6@ N6@oN6^34TBT>AH�4TS�t�PG46M�4TZG1;58134T@�dE_ -?. >AZG13@AB�587AH�587AH
46P .4TSCN6Y . Y
^31pYJ46PG13H
@i5�NQ581p4T@AZ,N6@AISGL:¢MONQPG5G1p581p4T@AZ
���=5s13Zs@oNQ58>cP�N6^	584�N6Z}� 1pS�587AH�ZGH�13IAH
N6Z,Y�N6@ - HNQMAMo^31pH
I�584�Z�5G>AI . 13@AB$7:9!� � @ASm46P�58>A@oNQ58H
^ . 587A1pZ�IA4jH
Zu@A465CZGH
H
2 M�4TZGZG1 - ^3H6� � 46PCH � N62RMo^3H6b/N�iH . Z}58H�M�1p@X587AH�MAP84j4TS¡4TS¡5G7AHsN6@oN6^p4TBT>AHL4TS`t�P846M�4TZG1;58134T@xdE_�13@iyi4T^pyiH�ZCH � MAP8H�ZGZG13@AB��!��N6ZrNZG>A2 4TSoY
H�P�5�N613@�M�4TZ�H�5�BTH
@AH�P�NQ5G13@ABLSm>A@AY�581p4T@AZ
b - >c5�13@$BTH
@AH�P�N6^
749�7oN6Z	@A4!Z�>AY 7�H � MAP8H
ZGZG1p4T@lbH�yiH
@�13S�6 13Z N6Y . Y
^p13Y6�
�!��� (�(
�  !����(�� �[�Z,DCHXH � Mo^kN61p@AH
I�13@�587AH�MAPGH�yc1p4T>AZ�Y�7oNQMA58H�P�b	587AH�PGHX13Z�N�Y
^p4TZGHXY
4T@A@AH
Y+58134T@ - H+5�D�H
H
@�587AHMONQ587j:¢Y . Y
^pHJZ . 2�2�H+5GP813Y�Sm>A@AY+58134T@�N6@AIWP84j46��5G7AH
46P . b - H
Y
N6>AZGH 7:9 13ZsN�BTH�@AH�P�N6^31p��NQ581p4T@~4TS587AH�S N6Y�5G46P81kN6^OM�4T^ . @A4T2�1kN6^o4TS`�!4T^pIA2XN6@lbc�T4T1pY 7A1�N6@AI�£ 7A1p5GH6�u0�7?>AZCH�yiH�P . 5G7AH
46P8H
2¼N - 4T>c5

7:9zY�N6@ - H Z}M�H
Y
13N6^31p�
H
IR584sN�587AH
46P8H
2 1p@JP84/46��587AH
46P . b?N6@AI�DCH Y
N6@�N6^3Z�4!5GP . 584,BTH
@AH+P�N6^31p�
HH�yiH�P . 5G7AH
46P8H
2 13@�P84j46�X587AH�46P . 584�N$587AH
46P8H
2 N - 4T>c5 7:9s�[ BT4j4jI H � N62JMo^3H�4TS�587A1pZsP8H
^3NQ58134T@AZ�7A1pM�1pZ�0�7AH
46P8H
2 dTbeD�7A1pY 7~Y�N6@ - H�yc1pH�DCH
I�N6ZsNBTH
@AH�P8N6^313�
NQ58134T@�4TSVN$P8H
ZG>A^;5r13@�Â 1346P8IoN6@ &·Â 134AbO<C7oNQMA58H�P 
jbo0r7AH�46P8H
2 _K(lP8H
^3NQ5813@AB�587AHLP84j46�@?>A2 - H�P8Zs4TSuY
4T2RMo^pH
2�H
@i5�NQP .�- 4iNQP8IAZ
b`N�PGH
ZG>A^p5!D 7A13Y�7~DCH�@A4ED Z}5�NQ58H6����S � 1pZ,N - 4iNQPGIlbDCHs^3H�5 � � V �6& ¬ (!/;& ¬ ( � � � IAH�@A4658Hs587AHsY
4T2RMo^pH
2�H
@i5�NQP .�- 4iNQP8Il�
� � (�	�(�
 �  !��(�� ���!��� 
�� � � & ¬ ( /�& ¬ (�/ 
 � /:- �	� � � 3 @�
�� �R¾ � � �
	�À V ¾ �sdEÀ ¸ �R¾ � ��� 	 �XdEÀ �
< ��-C- \ � 	 H�5=6 - H�587AHXN6ZGZ�4jY
13NQ58H
I�IA13B6P8NQMo7l� � P84T2 <�46P84T^p^kNQP . d�N6@AI�t�P846M�4TZG1;58134T@ Ã DCH7oN�yiH

��¾ � � �
	=À V 5�¾�6�� �
	 � dEÀ V ¾	�!dEÀ ¸ 5�¾/6 �h� 	 ��d � dEÀ V ¾	�!dEÀ ¸ ��¾ � ��� 	 ��dEÀ �
Â 1346P8IoN6@ � Z�46P81pBT13@oN6^�P8H
Z�>A^p5 13Z

� ¯ � �¯ ¾ ¬ � « À �
	 ¯ V � ¯ ¾	�!dEÀ ¯ � � �¯ ¾ ¬ � « À �
	 ¯ ¾�	 ª dEÀ ¸ � ¯ �D 7A13Y�7�Y�N6@ - H�ZG7A4gD�@�584 - H\H�qj>A1pyQN6^3H�@?5$584Wt�P846M�4TZG1p5G134T@�d Ã � ��4gDCH�yiH�P�b�1p5�ZGH
H�2�Z�587oNQ5587AH�Sm46PG2�>A^3NQ58134T@\4TS�t�PG46M�4TZG1;58134T@�d Ã boD 7A13Y�7�13Z 2�>AY�7�ZG1p2RMo^3H+P�bo7oN6Z]@A465�NQMAM�H�NQP8H
I�1p@�587AH
ÃNO



^31;58H�P�NQ5G>cP8H - H
Sm46P8H!¾�N6^;587A4T>ABT7�N6Z��LH
ZGZGH
^ &´�!HQd4(j7oN6Z�4 - Z�H�PGyiH
IlbT1;5�Sm4T^3^p4ED Z�1p2�2�H
IA13NQ58H
^ . SkPG4T2587AHs@AH � 5rMAP846M�4TZ�1p581p4T@ - H�^34gD�À+��L4T^3IA2XN6@;& �!4T^ (V7oN6Z�PGH
2XNQPG�iH
I\587oNQ5]t�P846M�4TZG1;58134T@~d Ã 4T>ABT7?5�584�7oN�yiH�N�IA1pP8H�Y�5�Y
4T2J:- 13@oNQ5G46P81kN6^�MAP84/4TS�bON6@AI�13@AIAH
H�I�1p5 IA4jH
Z�� KCH
BT13@ -?. 4 - ZGH+PGyc1p@ABJ587oNQ5
¾ �sdEÀ ¸ �R¾ � � �Y� 	 ��dEÀ V ¾	�sdEÀ ¸ ¸

�¯�°l± � � �¯ ¾ � 	 ��dEÀ ¸ � ¯
V

¸
�¯�°l± ¾	�sdEÀ ¯ � � �¯ ¾�	 ª ¬ � « À ¸ � ¯ �

��4gD N6IAI 	rH � 5GP8N�P84gD Z!584 & ¬ ( / & ¬ (¢�$0�7AH
@ � �
�¯ ¾�	 ª ¬ � « À ¸ � ¯ 13Z�587AHJ@/>A2 - H+P,4TS�D�N . Z4TS�nAP8Z�5�Mo^kN6Y�13@AB « PG4j46�cZ�4T@ � � N6@AI�587AH
@�Mo^kN6Y
1p@AB ¬ � « 2R46P8HRP84/46�cZ$N6@ . D 7AH�P8H ¾¤1�� H6�3b4T@ � b � � 46P�4T@�587AH�H � 5GP�N�P84gD Z�ÀRZG>AY�7�5G7oNQ5�@A4�5=DC4�P84/46�cZ�Y
N6@�58NQ�iH�H�N6Y�7 46587AH+P�13@587AH�no@oN6^�Y�4T@cnoBT>cP�NQ58134T@l�.K . NXZ�5�P�N613BT7i58Sm46PGD�NQPGIW1p@AY
^3>AZ�134T@j:�H � Y
^p>AZG134T@ NQP8BT>A2�H
@i5�b�D�H�ZGH
H587oNQ5C587AH�P8H�ZG>A^p581p@ABJY�4T@cnoBT>cP�NQ58134T@AZr13@XD 7A13Y�7\5G7AH!Z�H�5 ��4TSeP84j46�jZ � � 13Z�@A4T@AH
2RMA5 . Y�N6@AY�H
^4T>c5�4TS 587AH�N - 4EyiH�ZG>A2�b - H
Y
N6>AZGH�5G7AH . NQP8H�Y
4T>A@?5GH
I�4T@AY
H�Sm46PJH�N6Y�7�ZG> - ZGH+5�4TS ��b�D�1;587N6^p5GH�P8@oNQ581p@AB�ZG13BT@AZ
��0�7/>AZ�D�7oNQ5�Z�>cPGyc1;yiH
ZC13Z�587AHLZGH+5�4TS¡Mo^3N6Y
H
2�H
@i58ZC4TS ¬ @A4T@i5�NQ�c1p@AB�P84j46�jZ4T@~587AH�H � 58H
@AIAH
I - 4iNQP8I�ZG>AY�7�587oNQ5s@A4\P84/46�W^313H�Zs4T@ � � � - >c5�1;5,1pZsH�N6Z . 584\ZGH
H�587oNQ5,1pZ587A1pZrMAP8H�Y
13ZGH�^ . D�7oNQ5 ��¾ � �
	�ÀuY
4T>A@?5GZ
�£�HrZG7A4T>A^pIJP8H
2�NQPG��587oNQ5�587AH�13IAH
Ns4TS N6IAIA13@AB 	eH � 5GP�N�P84gD�Z	D�N6Z�5�NQ�iH
@�SkP84T2 &´�!�6£%d4(��[�^3Z�4AbO�!H
ZGZ�H
^ & �!H6d4(¡7oN6ZrH � 58H�@AIAH
I�t�P846M�4TZG1p5G134T@Wd Ã 584�587AHs2R46P8HsBTH�@AH�P�N6^eZGH�5G5G13@ABR4TSVZG132J:Mo^31pY
1kN6^OY
4T2RMo^pH � H�Z
bcN6@AIX587AH�N - 4EyiH�Y
4T2 - 13@oNQ5846P813N6^AMAP84j4TSlY�N6@ - H�N6IoNQMA58H
IXD 1p587A4T>c5C2$>AY�7IA1p»RY
>A^p5 . 584�MAP84gyc1p@ABW�!H
ZGZ�H
^ � Z�2�46P8HRBTH�@AH�P�N6^�PGH
ZG>A^p5
�\£�H�4T2R1p5!587AH�IAH�5�N61p^3Z�Z�13@AY
H�587AH .NQP8H]5�N6@ABTH�@?5813N6^ 584�4T>cP�2XN613@�Mo>cPGM�4TZGH6� � 13@oN6^p^ . biDCH]P8H
2XNQP��R587oNQ5C1;5C4T>ABT7i5�584 - H�M�4TZGZG1 - ^3H584�H � 58H
@AI�5G7AH�N - 4gyiH,Y
4T2 - 1p@oNQ5846P81kN6^lMAP84/4TSV584R5G7AH�Y
4gyiH�P]M�4T^ . @A4T2�13N6^�b - >c5 DCH�7oN�yiH�@A465IA4T@AH,Z�4A�£�H�@A4gD�58>cP8@!584rD 7oNQ5¡13ZlM�H+P87oNQMoZ¡5G7AH�2�4TZ}5eSm>A@AIoN62�H
@i5�N6^6587AH
46P8H�2 4TSiP84/46�]587AH
46P . �587AH�13@AY
^p>AZG134T@j:¢H � Y�^3>AZG1p4T@�Sm46P82$>A^kN~¾ D�7A1pY�7 DCHJ7oNgyiHJN6^pP8H
N6I . 2RH
@?5G134T@AH
I 13@ 5G7AHJMAP84/4TSu4TSt�PG46M�4TZG1;58134T@ 
TÀ �*N6@AI�BTH
@AH�P8N6^313��H,1p5r584R5G7AH,Y
4T@i58H � 5]4TSV587AH!MONQ587j:�Y . Y
^pH�Z . 2R2�H�5GP81pY�Sm>A@AY+:581p4T@l��0r7AH�13@AY�^3>AZG1p4T@j:�H � Y
^3>AZG1p4T@�Sm46P82$>A^kN�7oN6Z�2XN6@ . H
qj>A1;y6N6^pH
@?5�Sm46P82$>A^3NQ58134T@AZ �T587AHr4T@AH�DCHZG7oN6^p^ono@AIX2R4TZ�5�Y
4T@?yiH�@A13H
@i5C13Z�Sm4T^3^p4ED 13@ABs4T@AH6b?D 7A4TZGH�MAPG4j4TS�1pZ�BT1;yiH
@�132JMo^313Y�1p58^ . 13@=&´<r��d4(¢�

� � (�	�(�
 �  !��(�� � ��� � 
��
6 / 
 � �	�LM	� � � @ � ���#@ ¬ ��
������7, 
 ��% �	��� J 
���� 9¯ ��
���-	��
 �f@�
 � 5 � / 
��
- \ � � Z �8- \ � J ��,�����M ¬ ��- � 1���� � � ��M ��-C- � � - � & ¬ (�/ & ¬ ( �65 ,6@ �#@ �	� 
 � ��,��#J Z « ��- -�� � J � 
 - �
�#@ 
 /6- ��� � � � �i-C,�� ����
 � � ���f@ 6�� 3 @ 
��

��¾/6 �
	�À V � ¯ �
9¯ ¨ 	 ª�«¬ ­ �

0V4JZ�5�NQ58H!4T>cP BTH
@AH�P�N6^p13��NQ581p4T@\DCHs@AH
H
I�N�SmH�D 2�46P8H!IAH�no@A1p5G134T@AZ
�
Ã f



� ��# ���
�  ���(�� � � 46P�N6@ . MON61;P�4TS 13@i58H
BTH�P�MONQPG581;58134T@AZ "�N6@AI � b/IAH�no@AH 6  ² � 584 - H N!IA1pZ {}4T13@i5>A@A134T@x4TS�IA1pPGH
Y�58H
IxMONQ587AZ!N6@AIxIA1pP8H�Y�58H
IWY . Y�^3H
Z�ZG>AY�7x587oNQ5�587AH 	�5G7WIA1;P8H
Y�5GH
IWMONQ5G7W7oN6Z " 
yiH�PG5G13Y
H
Z�N6@AI\587AH � 5G7�IA1pPGH
Y�58H
I�Y . Y
^pHs7oN6Z � � yiH�PG581pY
H
Z
��KLH�no@AH
�7  ² � R)T7UV �

�
�� � ��� � ¾ © À�� ����� � ¾ � À

�T¾ ��¾7��ÀGÀ � �
D 7AH�P8HJ5G7AHRZG>A2�13Zs4EyiH�P,N6^3^	MONQ587j:¢Y . Y�^3HRY�4EyiH�PGZ �*4TS 6  ² � � � 46P - P8H�yc1;5 . D�HRZG7oN6^p^�DrP81;58H
6  Sm46P 6  ² � N6@AI �7  Sm46P �7  ² � ��£�HL587AH
@�7oNgyiH!587AH,Sm4T^p^34gD�1p@AB�P8H�ZG>A^p5��
� ����(��!��� �'��� 
���6 / 
 � �	�LM	� � � @ � ���#@ ¬ ��
�� � �7,�
�� �	��� J 
�� � /�
 �f@ 
 � ���i- ,�� �	� 
 � /6- �	� �	�
� 
���� 9

 ² � / 
��f@�
 � 
��F- \ � J ��,�
���
�� � � - \ ¬ � - � 1���� � ��� M ��-C-�� �N- � & ¬ ( / & ¬ ( �65 ,6@��#@ �	� �#@ 

�DZ � 
s¾ � � "VÀ - \��f@�
 � �	�#@�1�,:Z�,:J 
 ,.-�� 
��+\i- ����
 �N/)Z �f@ 

� 
�� - \ 
 � M�
 � ,.- ��� 
 � � - ���	��� M�� - ��- -�� �
� J ��, 
 � - � � � �	� � � � 
���5 . M�Hi¾ �`À V " �	���!5 . M�Hi¾f"VÀ V � % �	���NJ 
�� � 9

 ² � V 	 � 9
 ² � 	 � 3c@ 
��

7:9 V �
 ² � � 9

 ² � �7  ² � �
��@ 
�� 
 �#@ 
 �:5 � � � -���
�� � J�J ����� 
[M�
�� � �	� � ��� �7- � � " �	� � � �
< ��-C- \ � 0�7AH�MAP84j4TSr13Z�ZG132R13^kNQP,584W5G7AH�MAPG4j4TS�4TS & F 5 Ã bu0�7AH
46P8H
2 _j� Ã �3d4(¢�~�!1;yiH
@zN6@ . 5=DC413@i58H
BTH+P�MONQPG581;58134T@AZ��XN6@AI�� bc^3H�5	� 9


 ² � - H�587AH�ZGH�5�4TS�MONQ587j:�Y . Y
^3H�Y�4EyiH�PGZ ��4TSG6¼Z8NQ5G13ZGS . 13@AB5 . M�H � �u¾D��À � V ��N6@AI�5 . M�H �7"u¾D��À � V ��� ��465GH�5G7oNQ5$H�yiH�P . H
^pH
2�H
@i5�4TS�� 9

 ² � 7oN6Z �T¾
�AÀIA1pPGH
Y�58H
I\MONQ587AZ Mo^p>AZ�ZG4T2�HLY . Y
^3H�Z]N6@AI�587AH+P8H
Sm46P8Hs7oN6Z]N�5G465�N6^l4TS ¬ � �T¾
�AÀCH
IABTH
Z
�

��4gD n � N,MON61pPC4TSe13@i58H
BTH+PCMONQPG581p5G134T@AZ��XN6@AI���N6@AI�Y
4T@AZG1pIAH�P�587AH�ZGH�5�4TS�MON61;P8Z!¾7� � �]ÀZG>AY�7�587oNQ5�� � � 9

 ² � N6@AI � 13Z�N6@�H � 5GH
@AZG134T@�4TS � ¾ PGH
BiNQP8IAH
I�N6Z�N�Mo^kN6Y
H
2RH
@?5�4TS�@A4T@j:5�NQ�j13@AB PG4j46�cZJ4T@ � À$584�NWMo^kN6Y
H
2RH
@?5R4TS ¬ @A4T@j:¢5�NQ�j13@AB�P84/46�cZ�4T@ & ¬ ( / & ¬ (¢��0�7A13Z�Z�H�57oN6Z �T¾
�AÀ � 	 � 9


 ² � 	�H
^pH
2�H
@i58Z
b`ZG13@AY�H�Sm46P�H�N6Y�7 � � � 9

 ² � 587AH �i¾��AÀLP84gD�Z,N6@AI�N6@AI�Y
4T^p>A2�@AZ>A@A4jY�Y
>cMo13H
I -/. � Y
N6@~ZG>cMAM�46PG5 �i¾
�AÀ ��Mo^kN6Y
H
2RH
@?5GZ!4TS�@A4T@j:¢5�NQ�j13@ABXP84/46�cZ
� �L@W587AHJ465G7AH�P7oN6@AIlbCDCH�Y�N6@�H
@?>A2�H�P8NQ58H�587AH�ZGH+5X13@�N6@A46587AH+PXD�N . b -?. 58NQ�c13@AB~H�N6Y�7�Mo^3N6Y
H
2�H�@?5X4TS ¬@A4T@j:¢58NQ�c13@AB�PG4j46�cZ�4T@ & ¬ (�/ & ¬ (�N6@AI�Y
4T>A@?5G13@AB�7A4ED%2XN6@ . � � � 9


 ² � 1;5�H � 58H
@AIAZ
� ��4gD¿13S� � � 9
 ² � Sm46PrZG4T2�H "�N6@AI � bc587AH
@�587AHL@/>A2 - H+P�4TS¡H
^3H�2�H
@i58Z�4TS�� 9


 ² � 5G7oNQ5 1;5�H � 5GH
@AIAZ 1pZ{}>AZ�5!587AH�@/>A2 - H+P �  ² �j² 
 ² � 4TS�MONQ587j:¢Y . Y�^3H$Y
4gyiH�P8Z �*4TSL6  ² � ZGNQ5813ZGS . 13@AB�5 . M�H � ��¾7��À � V �N6@AI�5 . M�H �7"�¾7��À � V ��� F 13@AY
HWH�yiH�P . Mo^3N6Y
H
2�H�@?5�4TS ¬ @A4T@j:¢58NQ�c13@AB�P84/46�cZX4T@ & ¬ ( / & ¬ (- H�^34T@ABTZ 5G4�� 9
 ² � Sm46P�ZG4T2RH "�N6@AI � bADCH!7oNgyiH

�
 ² � � 9

 ² � �  ² �j² 
 ² � V �i¾
�AÀ � 	 � 9

 ² � 	 �

��4gD%IA1;yc13IAH - 46587�ZG1pIAH
Z -/. �i¾��AÀ �3b 2�>A^;581pMo^ .�- 46587�ZG1pIAH
Z -/. �� 
 ¾ © À�� � ¾ � À+b N6@AIxZG>A2 4gyiH�PN6^3^��\N6@AI��X584R4 - 5�N61p@\587AH!IAH
ZG1;P8H
I�P8H�ZG>A^p5��0�7AH�@AH � 5�MAP846M�4TZG1p5G134T@�ZG7A4gD�Z�587oNQ5�0�7AH
46P8H�2 _�IA4jH
Z$13@AIAH�H
I�BTH�@AH�P�N6^31p�
HXt�PG46M�4TZG1 :581p4T@~d JAboNJS N6Y+5�D 7A13Y�7�2XN . @A465 - Hs4 - yc1p4T>AZ]NQ5rnAP8Z�5 BT^kN6@AY
HQ�
J M



� � (�	�(�
 �  !��(�� � �'��� - ���	� Z������ 
[M�
�� � �	������� �7- ���
" ����� � %

�7  ² � ¾}d 
 ��dEÀ V ¨ 	 ª ¬ � �i¾ " À¬ ­ �
��@ 
�� 
 ¬ V 	�" 	 ª 	 � 	 �

< ��-C- \ �rKL1;P8H
Y�58^ . SkP84T2¼587AH,IAH�no@A1;58134T@AZrDCH,7oN�yiH
�7  ² � ¾�d 
 ��dEÀ V �

�
	 � � � �L� �2�
�T¾ ��¾7��ÀGÀ � V �

�
¨ 	
�T¾ ��¾7��ÀGÀ ­ �

D 7AH�P8H�587AH ZG>A2 1pZu4gyiH�PCN6^p^AMONQ587j:�Y . Y
^3H�Y
4EyiH+P8Z�4TS�6  ² � ��0r7AH ZG>A2 Y�N6@ - H - P846�iH�@�>cM�13@i584NJIA4T> - ^pH,ZG>A2�Á
�7  ² � ¾}d 
 ��dEÀ V � ¯ �

� � � � � � �L� �2� °l¯ 

¨ 	« ­ �

KC>c5 �T¾ ��¾7��ÀGÀ V « 1pS	N6@AI�4T@A^ . 1pS�	 � 	 V ¬ � « � F 1p@AY
H,H+yiH�P . ZG> - ZGH�5�4TSV587AH,H�IABTH
Z�4TS�6  ² �13ZsN�MONQ5G7j:�Y . Y
^3HJY
4EyiH+P�b�N6@AI ZG13@AY
H�587AHJ5G465�N6^	@/>A2 - H�P�4TS�H
IABTH
Z,4TS 6  ² � 13Z ¬ �
�i¾ " À+beDCH7oN�yiH
�7  ² � ¾�d 
 ��dEÀ V � ¯ ¨ ¬ � �T¾ " À¬ � « ­ ¨ 	« ­ V ¨ 	 ª ¬ � �i¾ "�À¬ ­ �

��@Ryj13H�D�4TS�t�P846M�4TZG1p581p4T@ Ã b?t�PG46M�4TZG1;58134T@�dEhjb?N6@AIR587AHrS N6Y�5u587oNQ5�587AH @/>A2 - H�P�4TS H
IABTH
Z4TSsN�MONQ5G7j:�Y . Y
^3HxY
4gyiH�P�4TS!5 . M�H�¾ � � "`À�1pZ ¬ � �T¾ �`À+bCDCHxZGH
H�587oNQ5\0�7AH
46P8H
2 _�132JMo^313H�Zt�PG46M�4TZG1;58134T@Wd JA�
£�H�P8H�2XNQPG��5G7oNQ5L13@�MON6ZGZG1p@AB�587oNQ5s�LH
ZGZGH�^ &´�!HQd4(	7oN6Z�4 - 5�N613@AH�I~NXBTH
@AH�P8N6^313�
NQ58134T@x4TSt�PG46M�4TZG1;58134T@�d J�Sm46P�587AHXY�4EyiH�P�M�4T^ . @A4T2�1kN6^�587oNQ5�IA4/H
Z�@A465�NQMAM�H�NQP�5G4�Sm4T^3^34gD SkPG4T2 4T>cPP8H
Z�>A^p58Z
�
�=5C2�1pBT7?5�ZGH
H
2 5G7oNQ5�0r7AH�46P8H
2º_,1pZCY
4T@?5�P81pyiH
IlbjZG13@AY
H]D�H�ZGH
H
2 5G4�7oNgyiH�IAH�no@AH�I �7  ² �{}>AZ�5�Z�4J587oNQ5]0r7AH
46PGH
2 _$DC4T>A^3I�Y�4T2�Hs4T>c5 P813BT7i5����}@�S N6Y�5�bO7A4EDCH+yiH�P�bo587AH,Sm>A@AY�5G134T@AZ �7  ² �NQP8H�Z�>cPGMAP813Z�13@ABT^ . 13@i58H�P8H�Z�5813@AB�4 - {}H
Y+58Z�13@z5G7AH
1pPX4gD @zP813BT7i5�� � 46PXN~Z�5�NQPG5
b�DCH�7oN�yiH�587AHSm4T^3^p4ED 13@ABJH�N6Z . S N6Y�5��

� � (�	�(�
 �  !��(�� � �!� 3 @ 
 \65 ��,�� �7- � � �7  \i-	� � �NJ � � 
 �	� /�� ��� �Y\i-	� �#@ 
�� � ��M9-	\ �6Z	����
������7,
\65 ��,�� �7- � � -�� 
����f@�
 � �	� �7- ����J ��% �	��� �#@ 
h\65 ��,�� �7- � � �7  ² � \i- ��� �'J ��� 
 �	�H/ � � � �+\i- ���#@ 
 ������M
- \
�:Z ����
������7,$\:5 ��,����7-	� � ��� � � - � 
���� - \ �	��� � ��/4J 
 � 	 �CM��	��� -���
�� �#@ 
 � �	���[- ��� J � �	�
< ��-C- \ ��£~P81p58H

�7  V �
�
�  ² � �� � �

JAd



0�7AH
@x1p5�1pZ]Y
^3H
NQP�SkP84T2 587AH,IAH�no@A1p581p4T@x4TS �7  587oNQ5 �  ²  �V M N6@AI �  ² � �V M 4T@A^ . 1pS " � �13@�P8H+no@AH
2�H
@i5$46P8IAH�P��x0�7?>AZ$5G7AH�2�NQ5GP81 � ¾ �  ² � ÀsD 1p587�P8H�Z�M�H
Y+5�5G4xN6@ . ^p13@AH�NQP$H � 58H
@AZ�134T@4TSVP8H+no@AH
2�H
@i5]46P8IAH+P]13Z�5GP813N6@ABT>A^kNQPrD�1;587�@A4T@A��H�P84XH
@i5GP81pH
Z�4T@�5G7AHsIA13N6BT4T@oN6^���0r7A1pZ MAP84gyiH
Z587AH�nAP8Z}5�N6ZGZGH�PG5G134T@l��0V4�MAPG4EyiH�587AHXZ�H
Y
4T@AI�N6ZGZGH�PG5G134T@lb�IAH�no@AH�N�MONQPG5813N6^u46P8IAH�P$4T@�MON61;P8Z4TS�1p@?58H�BTH�P�MONQPG581;58134T@AZ -/. ZGH�5�5813@AB�¾ " � � À � ¾
� � �AÀ�13S�587AH�2$>A^p581pZGH�5s4TS�MONQPG58Zs4TS � Y�N6@ - HMONQPG581;58134T@AH�I�13@i584]5=DC4]2$>A^p5G13ZGH�5GZ ��N6@AI ��ZG>AY�7�587oNQ5 � V �\N6@AI "�13ZVN�P8H�no@AH
2RH
@?5�4TS � $����0�7AH!ZGN62�H��c1p@AI�4TS¡P8H
N6ZG4T@A13@AB�N6Z - H�Sm46P8H6bcD 1p587X587A1pZ�MONQPG581kN6^�46P8IAH�P�13@XMo^3N6Y
HL4TSePGH�no@AH
2�H
@i546P8IAH�P]N6@AI�D�1;587\5G7AH - N6ZG1pZ
��  ¾ © À�� � ¾ � ÀC1p@�Mo^kN6Y�H�4TS ��  bOY�N6@�587AH�@ - H�NQMAMo^p13H
I\584JMAP84gyiH587AHsZGH
Y
4T@AI�N6Z�ZGH�PG581p4T@l�0�7AH �7  58>cP8@x4T>c5]584 - H�MONQPG5813Y�>A^kNQP8^ . 1p@?58H+P8H
Z�581p@ABAbeN6Z]DCH�ZG7oN6^p^VZGH
H�MAP8H�ZGH
@i58^ . ��0�7AHSm4T^3^p4ED 13@AB�5�N - ^pH�H � MAP8H�ZGZGH
Z �7  1p@�5GH�P82�Z	4TSo587AHr2�4T@A4T2�1kN6^?Z . 2�2�H�5GPG13Y�Sm>A@AY�5G134T@AZ�Sm46PuZG4T2RHZG2XN6^p^�y6N6^p>AH
Zr4TS "¡� � �7 �
�7 ³8³�� V � d d

M d � � � �
� ³8³ ��� �7 ,

�7 � ³
�7 ³8³8³��� V

�� d d d
M

³
� d

M M d �� �� � ,
� � ³
� ³8³8³ ���					� �7�
�7 , ³

�7 � �
�7 � ³8³
�7 ³8³8³8³

�
������ V

�					� d d d d d
M

³
� M �, d

M M d �, d
M M M

³, d
M M M M d

�
������
�					� � 
� , ³
� � �
� � ³8³
� ³8³8³8³

�
�������											�
�7��
�7�
 ³
�7 , �
�7 , ³8³
�7 � � ³
�7 � ³8³8³
�7 ³8³8³8³8³

�
������������
V

�											�
d d d d d d d
M

³
� M �, ³, ,
 d

M M
³
�

³, �, ,
 d
M M M

³, M
³
� d

M M M M
³
,

³
� d

M M M M M
³
 d

M M M M M M d

�
������������

�											�
� �
� 
 ³
� , �
� , ³8³
� � � ³
� � ³8³8³
� ³8³8³8³8³

�
������������
£ 7A13^pH�NxY�N6ZG>oN6^�13@AZ}M�H
Y�5G134T@�4TSr587AH\N - 4gyiH�58N - ^3H�2XN . @A465JPGH�yiH�N6^�N6@ . 1p@?5GH�P8H
Z�5G13@ABMONQ5G58H+P8@AZ
bADCH,7oN�yiHs5G7AHsSm4T^p^34gD�1p@ABRZG>cPGMAPG13ZG1p@ABRP8H
ZG>A^;5��

� ����(��!��� �!� 3 @ 
 J � � 
 �	� � � � �#@ �	� � 
���� � �7  � -R¾¤Z�BT@ " À ��  �� �i¾ "�À � � ���	� ��� �0-KJ 5 � �7- � �
< ��-C- \ ���L1pyiH
@�N6@ . 13@i58H
BTH�P�MONQP�581p581p4T@AZ "�N6@AI � b�^pH�5 � - HXN6@ . ZGH+5�MONQPG581;58134T@ 4TS�5 . M�H "N6@AI�IAH�no@AH

�  ² � R:T7UV �
� ��� � � $'&)( T � � � ° � 
 "V¾ � � "`À � �

J?_



��4658HL587oNQ5 �  ² � IA4jH
Z @A465�IAH�M�H
@AI�4T@\5G7AH,Y�7A4T13Y
Hs4TS����	£�HsY�^kN6132¼587oNQ5
7:9�� V �

 
� � �
�  �

�  ² � ��  �
0V4xZGH
HX587A1pZ
b	nAP8Z�5�Y
4T@AZG1pIAH�P�587AHXY�N6ZGHXD 7AH�P8H � � � V �  � V dTb�1¤�´H6�pb�587AH�Y�N6ZGH�4TS IA1pZ�581p@AY�5MONQPG58Z��x£�H�7oN�yiH�N�IA13Z {}4T1p@?5�>A@A1p4T@ 6 � 4TS�IA1pP8H
Y+58H
I�MONQ587AZ�N6@AI�DCH�DCN6@?5$584xY
4T>A@i5$587AH@?>A2 - H�P�4TSAMONQ587JY�4EyiH�PGZ	4TSO5 . M�H "¡����@�N]MONQ587$Y
4EyiH+P�4TS16 � biH�N6Y�7JIA1;P8H
Y�5GH
I�MONQ5G7�1pZ - P846�iH
@>cM�13@i584,N,ZGH
q/>AH
@AY
H�4TS�ZG2�N6^3^3H+PuIA1;P8H
Y�58H�I�MONQ587AZ
� F 4,587AH�MONQ5G7�Y
4gyiH�P8ZuY
N6@ - H�H�@/>A2�H+P�NQ58H
IN6Z�Sm4T^3^p4ED Z
Á�5�NQ�iHXN�Z�H�5�MONQPG581;58134T@ ��4TS�5 . M�H "�N6@AI�Y
4T@AZG1pIAH�PJN6^3^�D�N . Z�4TS�B6P84T>cMo13@AB�1;58Z- ^34/Y8�cZ�1p@?584�N,MONQPG581p5G134T@ "�4TS�5 . M�H � N6@AI�587AH�@�^p13@AH�NQPG^ . 46P8IAH�P81p@AB�587AH - ^34/Y8�cZu4TS ��D 1p5G7A13@H�N6Y�7 - ^34/Y8��4TS "�� F >AY�7�N Y
4T@cnoBT>cP�NQ5G134T@zIAH�5GH�P82�1p@AH
Z�NxMONQ587zY
4gyiH�P�Á\Sm46PXN6@ .�- ^p4jY8���4TSA"�b�587AH�ZGH
q/>AH
@AY
HJ4TS - ^34/Y8�cZL4TS ��13@���IA13Y�5�NQ5GH
Z!5G7AHJZG1p�
H
Z!4TS�587AH$ZGH�qj>AH
@AY
HR4TS�ZG2�N6^3^3H+PIA1pPGH
Y�58H
I�MONQ587AZ�Y
4T2JM�4TZG1p@AB�587AHXIA1pP8H�Y�58H
I�MONQ587�13@ 6 � Y
46PGP8H�Z�M�4T@AIA1p@ABW584��E���=5�13Z�H�N6Z .584�Z�H
HJ587oNQ5s587A13ZsY
46PGP8H�Z�M�4T@AIAH
@AY�H�1pZ - 1¹{}H
Y�581;yiH6b	N6@AI~587A1pZsMAP84gyiH
Z�4T>cP,Y
^kN61p2&1p@~587AHJY�N6ZGH4TS�IA1pZ�5813@AY+5 MONQPG5GZ
� � 46P 5G7AHsBTH
@AH+P�N6^`Y
N6ZGH6bO4 - ZGH�PGyiH!587oNQ5 D�HsD�N6@i5�H�qj>oN6^;:¢ZG13��H
I�MONQPG58Z 4TS��584 - H�13@AIA13Z}5813@ABT>A1pZG7oN - ^3HLN6@AI�H
q/>oN6^;:�Z�13�
H
IXMONQPG5GZC4TS "�584 - H]IA13Z}5813@ABT>A1pZG7oN - ^3H6bAZ�4�DCH�2$>AZ�52$>A^p581;Mo^ .X-?. � � � � �  �3�

� P84T2 t�P846M�4TZG1p581p4T@�f D�HuZGH
H�587oNQ5V587AH�2XNQ5GP81 � ��¾¤ZGBT@
"�À �  ² � � 13Z¡587AH�2XNQ5�P81 � 4TS ��¾ D�1;587P8H
Z}M�H
Y�5�5G4�587AH$N6>ABT2�H
@i58H
Ix2�4T@A4T2�13N6^lZ . 2R2�H�5GP81pYsSm>A@AY+58134T@ - N6ZG13Z8À�N6@AIx13Z�587AH+P8H
Sm46P8H�N6@13@iyi4T^3>c5G134T@l� � P84T2&4T>cP,Y
^kN61p2&1;5�Sm4T^p^34gD�Z!587oNQ5,587AHR2XNQ5GP81 � P8H
^kNQ5G13@AB�¾¤Z�BT@ " À ��  � �  �VN6@AI
7:9�� � � � �O46P H
q/>A1pyQN6^3H
@i58^ . 5G7AH,2XNQ5GPG1 � P8H�^kNQ581p@AB¾¤ZGBT@�"�À ��  

�  ���i¾ "�À � N6@AI �7 �
� � �13Z�N6@X13@iyi4T^3>c581p4T@l�LKC>c5�5G7AH
@�587AH�IAH
ZG1;P8H
IXP8H
Z�>A^p5�Sm4T^3^p4ED Z
b/ZG13@AY
H]5G7AH]S N6Y�5846P8ZC4TS �  �jN6@AI � � �N62�4T>A@i5�584XY�4T@|{}>ABiNQ5813@AB -?. Nx¾¤IA13N6BT4T@oN6^mÀ�2XNQ5GP81 � bON6@AI�587A13Z�IA4jH
Z�@A465�Y�7oN6@ABTH�587AH,13@iyi4Q:^3>c5G134T@\MAPG46M�H�PG5 . �

��46581pY
H�587AH�Y
^34TZGH�Y
4T@A@AH
Y�581p4T@ - H�5=DCH
H�@�5G7AH]13@iyi4T^3>c581p4T@X4TSe0r7AH�46P8H
2 Ã N6@AIX587AH�13@iyi4Q:^3>c5G134T@ �r� ¾ ��@�S N6Y+5�bc1p5uD�N6Z�N�ZG>ABTBTH
Z�581p4T@ -/. F 58N6@A^3H . 587oNQ5C587AH]5=DC4$13@iyi4T^3>c581p4T@AZ�2�1pBT7?5 - HH
q/>oN6^V587oNQ5L^3H�IW584X587AH�MAPG4j4TS�4TS�0�7AH
46P8H�2 Ã � Àx0r7AH�5=DC4�13@iyi4T^3>c581p4T@AZ!NQP8H�@A465�587AH$Z8N62�H6b7A4gDCH�yiH�P���5G7AH�Sm46P82�H+Pu1pZ�@A465�H�yiH
@XN!7A4T2�4T2�46PGMo7A1pZG2 �*N6@AI�Mo7A13^p4TZG46Mo7A13Y
N6^3^ . Z}M�H�NQ�j13@AB�1;513Z�Z�581p^3^A>A@AY
^pH�NQPuD 7 . 587AH . NQPGHrP8H�^kNQ58H
Il� � 46PuH � N62RMo^pH6bT13S�D�H Z�M�H
Y
13N6^313��H 584!587AHrM�4T^ . @A4T2�1kN6^^3H+yiH
^�b�� - H
Y
4T2�H�Z!¾¤H
ZGZGH�@?5813N6^3^ . À�5G7AH�46M�H�P�NQ5G134T@X4TSeZG> - Z�581;58>c581p@ABN� © Sm46P © b - >c5CDCH�IA4�@A465�c@A4gD 4TS	N6@ . ZG>AY�7�13@i58>A1p5G1pyiH!13@i58H�PGMAP8H+5�NQ58134T@�Sm46P 587AHs13@iyi4T^3>c581p4T@\4TS�0r7AH
46PGH
2 Ã �0�7AH �7  NQP8H�N6^3ZG4�Y
^p4TZGH
^ . P8H�^kNQ58H
I 584�587AH�Sm>A@AIoN62RH
@?58N6^Jq/>oN6ZG1;:¢Z . 2�2RH�5GP81pY�Sm>A@AY+:581p4T@AZ�� � IAH�no@AH
I 13@x587AH�MAP8H�yc1p4T>AZLZGH
Y�581p4T@l�X¾�0�7AH��c@A4gD�^pH
IABTH�N - ^pH�P8H
N6IAH�P!2XN . N6^pP8H
N6I .7oN�yiH�Z�>AZ�M�H
Y+58H
I~587A1pZ�ZG13@AY�H�587AH$Sm>A@AIoN62�H�@?5�N6^	q/>oN6ZG1;:¢Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@AZLZ�M�H
Y�1kN6^31p�
H�584587AH!Z8N62�H�M�4T^ . @A4T2�13N6^ - N6ZG1pZ�N6Z�587AH �7  IA4A� À$��S+��13Z N�Z�> - ZGH�5]4TS & ¬ ��d4(¢bc5G7AH
@\DCH!IAH�no@AH587AH �DZ � 
r4TS�� 584 - Hr5G7AH 1p@?58H�BTH�P�MONQP�581p581p4T@�D 7A4TZGH�MONQPG58Z�NQP8H�587AH ^pH
@AB6587AZ�4TS 587AHrZG> - DC46P8IAZ4 - 5�N61p@AH
I -?.�- PGH�NQ�c1p@ABJ587AH!DC46P8I~dE_ Ã �i�i� ¬ N6Sk58H�P]H
N6Y 7�H
^3H
2RH
@?5 4TS��C�
J Ã



� ����(��!��� ����� 
�� � / 
 �	� Z �:Z ����
������7,Q\65 ��,�� �7- � � � \��  �	��� � � ��� 
�,.- � ��� �	� � � �65 ,6@
�#@ �	�

� V �
 

�  �7  N6@AI � V �
�
� � � � �

�#@ 
��
�  V �

� � � $ &)( T ��� � °  
 � � �
< ��-C- \ ���=5J13Z�@A465RIA1;»�Y
>A^;5J5G4~ZGH
H�587oNQ5�1p5JZG>c»�Y�H
ZJ584WMAP84gyiH\587AH�587AH
46P8H�2 Sm46P�587AH�Y�N6ZGH
� V �7 � � 	 H+5 ¬R- H�N6@ . M�4TZG1p5G1pyiHL13@i58H
BTH�P]N6@AI�^pH�5Q� - H,N6@ . ZG> - ZGH�5�4TS & ¬ �zd4(`N6@AI�IAH�no@AH

�� � R:T7UV �

2` � 
�a � bdbdb � 
 �
�� _ 
��
	�` � � � ���

© 
f` © 
�a�gigig © 
 � �
0�7AH
@

�  V �
� � � $'&)( T ��� � °  
 �� � N6@AI � � V �

�����
�� � �

K . N6@�13@AY�^3>AZG1p4T@j:�H � Y
^3>AZG1p4T@�NQP8BT>A2�H�@?5�b
�  V �

� � � $'& ( T �L� � °  
 �
�����

¾	�!dEÀ � � � ��� � � � � �

	 H�5��  � - H!587AHsY�4jH�»RY
13H
@i5]4TS � � 13@ �  ��£�HsY
4T2RMo>c58H
�

� � � $ &)( T � � � ° 
 
 �  � �
� - ZGH�PGyiH�587oNQ5$587AH�P8H�1pZJN - 1¹{}H
Y�581p4T@ - H+5�D�H
H
@�Z�> - ZGH�58Z�4TSr5 . M�H "zN6@AI�46PGIAH�P813@ABTZ�4TS�587AHMONQPG58Z!4TS+"¡ÁLBT1pyiH
@ N�ZG> - ZGH�5 � � & ¬ �*d4(�4TS�5 . M�H "ebe58NQ�iH$5G7AHJZGH�qj>AH
@AY
HJ4TS�587AH$^pH
@AB6587AZ4TSe587AHLZG> - D�46P8IAZ 4TSe587AH]DC46PGI dE_ Ã �i�i� ¬ 4 - 5�N613@AH�I -?.X- P8H�NQ�j13@AB�N6Sk58H�PrH�N6Y�7�H
^3H
2RH
@?5r4TSc�C�0�7A13@c�c1p@AB$4TS¡Z�>AY 7\ZG> - DC46P8IAZ N6ZCIA1pP8H
Y+58H
I�MONQ587AZ
bcDCHLZGH
H�587oNQ5�Sm46PrN6@ . n � H
I���4TSl5 . M�H "eb587AH�@?>A2 - H�P�4TS�ZG> - ZGH�5GZ ��� � ZG>AY�7�587oNQ5s5 . M�Hi¾ ��À V �~13Zr{}>AZ}5�587AH�@?>A2 - H�P�4TS�MONQ5G7j:Y
4gyiH�P81p@ABTZ�4TS�6  4TSV5 . M�H ��bAD 7A13Y�7�SkP84T2º587AHLMAP84j4TS�4TSV0r7AH�46P8H
2 Ã 13Z

�  �
� 
 �

� 
  ¾¤>AZG1p@AB�587AH�@A465�NQ5G134T@�4TSr0�7AH
46P8H
2 Ã À+� ��4gD 587AH�P8H�NQPGH �i¾ "�À � � �  �¡ZG> - ZGH+58Z'��4TS�5 . M�H "ebN6@AI�1pS`5 . M�Hi¾7��À V "�N6@AI�5 . M�Hi¾ �]À V ��587AH
@¾	�!dEÀ�� � ��� � � � V ¾¤ZGBT@ �AÀ
¾¤ZGBT@�"�À �tu>c5�5813@ABRN6^3^�587A1pZr584TBTH+587AH�P�bADCHsZGH
Hs5G7oNQ5
�

� � � $ &)( T � � � ° 
 
 �  � V �T¾ " À �
� 
 �

� 
  ¾¤ZGBT@ �AÀ
¾¤ZGBT@�"�À �
JNJ



KC>c5�bON6BiN613@�SkP84T2º587AH!MAPG4j4TS�4TSV0r7AH
46PGH
2 Ã b
�7 � V �

 
� � �
�  �

�  � �  ��i¾ "�À � �  �
��H
@AY
Hs13S � V �7 � bA587AH
@

�
� � � $'& ( T ��� � ° 
 
 � � V �

 
� � �
�  �

�  � �  ��T¾ "�À � g �T¾ "�À �� 
 �
� 
  ¾¤Z�BT@ �AÀ�¾¤ZGBT@ " À

V � � �
� 
 �

�
 
¾¤ZGBT@ �AÀ � 
  ¾¤ZGBT@�"�À �  �

V � � 
 �- H�Y�N6>AZGH ��¾¤ZGBT@
" À �  � � 1pZs587AHJ2XNQ5GP81 � 4TS � D 1p587WP8H
Z�M�H
Y�5�5G4\587AHRN6>ABT2�H
@i58H
I�2�4T@A4T2R1kN6^Z . 2�2�H�5GPG13YuSm>A@AY+58134T@ - N6ZG13Z ¾ -?. t�PG46M�4TZG1;58134T@�fiÀ+biN6@AI �~1pZ�N6@�1p@?yi4T^p>c58134T@l��0r7A1pZ�Y�4T2RMo^3H�5GH
Z587AH!MAP84j4TS��
� (��'(���� �
��� �!��� \ � � � � � 1 � - � ��� � ��
 �:Z ����
������7,Q\65 ��,�� �7- � % �#@ 
�� � � � �7^1 � - ������� ��
 � � �
� �	�����[,:5�J ����%e�!� �	��� �#@ 
 � ,6@�5 �Y\:5 ��,����7-	� � �	� 
 �7 1 � - � ��� � ��
 �
< ��-C- \ � 0�7AH�nAP8Z�5rN6ZGZ�H�PG581p4T@�1pZC132�2RH
IA1kNQ58HrSkP84T2¼0�7AH
46P8H�2 JA��0�7AH�S N6Y�5C587oNQ5C�!��N6@AI�587AHF Y�7/>cP�Sm>A@AY+58134T@AZ�NQP8H �!:¢M�4TZG1p581;yiH�1pZ$¥�Sm4T^p�j^346P8H
¦ �?1p5u13Z�1p2RMo^31pY
1p5�13@=& F 5 hK(�b - >c5CZGH�H�N6^3ZG4N&´�!H�_K(N6@AI;& F 5 _K(¢�

£�H�Y
N6>c58134T@X587AH�PGH�N6IAH�Pr@A465�584�P8H
N6I�2R46P8H�1p@?584�0�7AH
46P8H
2 J�587oN6@�13ZCN6Y�5G>oN6^3^ . 587AH�P8H��
� 46PRH � N62RMo^3HQb �7  1pZ ��- � �!:¢M�4TZG1p581;yiH6� ��46PJ13ZJ1p5�5GP8>AH\5G7oNQ5R587AH\4T@A^ . � � � ZR1p@�587AH �L:H � MON6@AZG134T@�4TS �7  D 1p587\@A4T@A�
H�P84XY�4jH�»RY
13H
@i58Z�NQP8Hs587A4TZ�HsD 1p587�5 . M�Hi¾ ��À V "¡��0�7?>AZ
bOD 7A13^pH0�7AH
46P8H
2 J�N6^p^34gD�Z]4T@AH�5G4�5GP�N6@AZG^3NQ58H�Y
4T2 - 13@oNQ5G46P81kN6^ ��� ��
�� � � 
�� �	� �7- ��� - \ �#@ 
 ,.- 
 � ,�� 
�� � �4TS`5G7AH �!:¢H � MON6@AZG1p4T@�4TS�N�Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@ ��13@i584RY�4T2 - 1p@oNQ5846P813N6^�13@i58H�PGMAPGH�5�NQ581p4T@AZ�4TS587AHC587AH�Y
4/H�»�Y
1pH
@i58Z�4TSo587AH �7V:�H � MON6@AZG134T@�4TS ��bQ587AH�PGH 1pZ�@A4!BT>oNQP�N6@i58H
HC587oNQ5�Y
4T2 - 13@oNQ5G46P81kN6^
� �.-C- \��JY
N6@ - H�ZG4\5GP�N6@AZG^3NQ58H
Il� F 4T2�H�5GP813Y8� . P8H�ZG7/>��R13@AB�4TSCY
4T2 - 1p@oNQ5846P81kN6^	1p@ASm46P82XNQ581p4T@4jY�Y
>cP8Z�1p@\587AH!5GP�N6@AZG1;58134T@\SkP84T2¼587AH � � Z�584�5G7AH �7 � Z
�

£�H�Z�7A4T>A^3I�2�H
@i58134T@�N6@A46587AH�P
bcZG4T2�H�D 7oNQ5C2�46PGH�Mo7A13^p4TZG46Mo7A13Y�N6^¤bjP8H�N6Z�4T@�587oNQ5u587AH �7  NQP8H!13@i58H�P8H�Z�5813@ABA��0�7AH - N6ZGH�Z ��  b��  b ]  b-�  b �  boN6@AI !  4jY
Y
>cP SkP8H
q/>AH
@i58^ . ¥�13@�@oNQ58>cP8HQ�´¦F 132R13^kNQPG^ . b|5G7AH�P8H NQP8H Y�H�PG5�N61p@�¥�@oNQ58>cP8N6^3¦ - N6ZGH
Z�Sm46P�M�4T^ . @A4T2R1kN6^3Z�bTN6@AIJ2R46P8H
4gyiH�P�587AH�P8Hr13Z�NY
46PGPGH
Z�M�4T@AIAH�@AY
H - H�5=DCH�H
@�ZG4T2�HL4TSV587AHsZ . 2R2�H�5GP81pY�Sm>A@AY�581p4T@ - N6ZGH
Z�N6@AI\587AH!M�4T^ . @A4T2�1kN6^- N6ZGH
Z,BT1pyiH
@ -?. � �� �l¾}d 
 À+bVHQ�´BA�3b �  Y�46PGP8H
Z�M�4T@AIAZ�584 	 
 b�N6@AI�587AH�P8H
Y
1;MAP84jY�N6^p^ . P8H
^3NQ58H
I- N6ZGH
Z ��  N6@AI !  Y
46PGP8H�Z�M�4T@AI�5G4 	 
 N6@AI 	 
 � ��4gDCH�yiH+P�buZG4 S NQP�N6Z$DCH�NQP8H�N�D�NQP8HQbu@A4Z . 2�2�H�5GPG13Y�Sm>A@AY�581p4T@�Y
4T>A@i58H�PGMONQP�5]584$587AHsM�4T^ . @A4T2R1kN6^ - N6ZG1pZ¨ 	 ª �¬ ­


°l±
²¶³8²¶µ¶µ¶µ·²¹¸

J?h



7oN6Z - H
H
@�MAP846M�4TZGH
I - H
Sm46P8H6�	t�P846M�4TZ�1p581p4T@JdEhjbE584TBTH�587AH�P`D�1;587�0�7AH
46P8H�2 Ã N6@AI�<�46P84T^p^kNQP . Ã bZG>ABTBTH
Z}58Z]587oNQ5�5G7AH �7  2XN .\- H,587AHW¥}P81pBT7?5G¦�Z . 2R2�H�5GP81pYsSm>A@AY+58134T@xBTH
@AH�P8N6^313�
NQ58134T@�4TS�587A1pZM�4T^ . @A4T2�13N6^ - N6ZG1pZ
���S]587A1pZR13Z�587AH�Y�N6Z�H6bC4T@AH�2�1pBT7?5J7A46M�H�5G7oNQ5�Z�M�H
Y
1kN6^p13�
1p@AB �7  ² � 2�1pBT7?5JBT1pyiH�P813ZGH�584N6@x13@i58H�P8H�Z�5813@AB - N6ZG1pZLSm46P�M�4T^ . @A4T2�1kN6^pZ�1p@x5=DC4XyQNQP81kN - ^pH
Z
� � @ASm46PG5G>A@oNQ58H
^ . b 587A13Z�IA4/H
Z�@A465ZGH
H�2 584 - Hs5�P8>AH6� ��4gDCH�yiH�P
b Z�M�H
Y
13N6^313��13@AB �7  ² � 5G4�NJM�4T^ . @A4T2R1kN6^�IA4/H
Z MAP84gyc1pIAH�NRZ�132RMo^pHMAP84/4TS�4TS�N�587AH
46PGH
2 4TSl<C7/>A@AB�N6@AI��LP�N67oN62 D 7A4TZGHr46P813BT1p@oN6^jMAP84j4TS 13Z�qj>A1;58H�Y
4T2RMo^31pY�NQ58H
Il�
� 4T^3^34gD 13@AB�<�7?>A@ABLN6@AI$�LP8N67oN62�b|Sm46P�N6@ . Mo^kN6Y�H
2�H
@i5 ��4TS ¬ @A4T@j:�5�NQ�c1p@AB P84/46�cZ¡4T@8& ¬ ( / & ¬ (¢b^3H+5�IcP846M`¾ �]À - H�587AH ZG> - B6P�NQMo7X4TS�6 D�1;587�H
IABTH
ZuY
46PGP8H
Z}M�4T@AIA13@AB�5G4s587AH ZGqj>oNQP8H�Z�4jY
Y�>cMo13H
I-?. 587AH�P84/46�cZ�4TS �s�	�}S�6¼1pZ�N�IA13B6P�NQMo7XD 1p587 ¬ yiH�PG581pY
H
Z
bj^3H�5 � 9�¾ � � � � �EÀ - H]587AH�@?>A2 - H�P�4TS46P8IAH�PGH
I�MON61;P8Z!¾7� � �]À�ZG>AY�7�5G7oNQ5 ��1pZCN�ZGH�5�4TS � H
IABTH�Zr4TS�6ºSm46P82�1p@AB�MAP8H
Y
1pZGH
^ . �LIA1pZ {}4T13@i5Y . Y
^3H
Z�N6@AI � 1pZ�N\Mo^3N6Y
H
2�H
@i5�4TS ¬ @A4T@j:�5�NQ�c1p@AB�P84j46�jZ,4T@ & ¬ (�/ & ¬ (�D�1;587 � � IcP846M`¾ �]ÀN6@AI 	 IcPG46M`¾ ��À 	 V � ª � ��<�7?>A@ABxN6@AI���P�N67oN62 � Z!P8H
ZG>A^;5�¾�& < �$dTb�0�7AH
46P8H
2 _K(�46P8&´<r�,_jb0�7AH
46P8H
2 Ã ( À�13Zr587AH
@�587AH,Sm4T^p^34gD�1p@ABA�
� � (�	�(�
 �  !��(�� ��� ��� - ���	� Z �	�LM�� � � @=6 � ���#@ ¬ � 
�� � �7,�
 �.%

5R¾/6 �
	 ��� À V �
�

² 
 ² �

� 9,¾ � � � � �EÀ ¨ 	 ª �¬ � � ­ ¾ � ��dEÀ � �

< ��-C- \ ��£�H,Y�N6@�P8H
Z�5�NQ5GHs587AH!IAH
ZG1;P8H
I�P8H
Z�>A^p5�N6Z
5�¾/6 �
	 ��� ª dEÀ V �

�

² 
 ² �

²
�

� 9s¾ � � � � �EÀ ¨ �¬ � � ��U ­ ¨ 	U ­ � �

V �
�

² 
 ² �

²
�

� 9s¾ � � � � �EÀ ¨ �

U!� ¬ ª � ª � ­ ¨ 	U ­ � � �

� P84T2 0r7AH
46PGH
2 _�N6@AI\587AHsIAH�no@A1p5G134T@�4TS �7  ² � DCH,7oN�yiH
5�¾�6 �
	 ��� ª dEÀ V �

 ² �j² �
²
�
�

9
 ² � �  ² �j² �

²
�
¨ 	
U ­ ¾ � ª dEÀ � V �

 ² �/² �

²
�
²
�
�

9
 ² � �  ² �/² �

²
�
¨ �
� ­ ¨ 	U ­ � � �

D 7AH�P8HQ�  ² �j² �
²
� 13Z�587AH�@/>A2 - H�P�4TSlMONQ587j:�Y . Y
^3HLY
4gyiH�P8ZC4TS�6  ² � D�1;587 U�MONQ587AZ�N6@AI � Y . Y
^3H
Z��

��4gD � 

�
� � � 13Z�N - N6ZG13Z�Sm46P�M�4T^ . @A4T2�13N6^3Z�13@R5=DC4sy6NQP813N - ^3H
Z�b/ZG4,H
qj>oNQ581p@AB�Y
4/H�»�Y
1pH
@i58ZuDCH ZGH
H587oNQ5rDCH�{}>AZ}5]@AH
H
I\584JMAP84gyiHs5G7oNQ5 Sm46P]N6@ . n � H
I���N6@AI U b

�
 ² �j² � � 9

 ² � �  ² �j² �
²
�
¨ �
� ­ V �

�

² 
 � 9�¾ � � � � �EÀ ¨ �

U+� ¬ ª � ª � ­ �
£�H Y�N6@R587A1p@c�J4TS - 46587RZG13IAH
ZuN6Z�Y�4T>A@?581p@AB,Mo^kN6Y�H
2�H
@i58Zu4TS ¬ @A4T@j:¢5�NQ�j13@ABsPG4j46�cZ�4T@=& ¬ (�/ & ¬ (D 1p587�Y�H�PG5�N61p@�2�>A^;581pMo^p13Y
1;5813H�Z
� ��@�587AH�^3H�Sk5�:�7oN6@AI�ZG1pIAH6bV587AHR@/>A2 - H+P�4TS�58132RH
ZsH
N6Y 7�Z�>AY 7

Jia



Mo^kN6Y�H
2�H
@i5 � 13ZJY
4T>A@?5GH
I�H
qj>oN6^pZR587AH\@/>A2 - H+PX4TS]MONQ587j:�Y . Y
^pH�Y
4gyiH�P8Z�4TS�IcPG46M`¾ ��À�D�1;587H � N6Y�58^ . U�MONQ5G7AZ�Mo^3>AZ�ZG4T2�H]@?>A2 - H�Pr4TSeY . Y
^3H
ZC4TSeD 7A13Y�7 �sNQP8H�IA1pZ�5813@ABT>A1pZG7AH
Il��[�ZCSm46P�587AHP81pBT7?5�:¢7oN6@AI�ZG1pIAH6bOD�HsY�N6@\P8H�DrP81p58H!1p5�N6Z
�
�
² 
 � 9�¾D] � � � � � �|À ¨ ] � �

U+� ¬ ª ] ­ �
0�7AH
@�Sm46P�N6@ . Mo^kN6Y
H
2RH
@?5��,bo4T@A^ . 4T@AHsy6N6^p>AHs4TS�]�¾ @oN62�H
^ . b ] V 	 IcP846M`¾ �]À�	 ÀC13@iyi4T^pyiH
Z �s�0�7/>AZ 13SVDCH!^3H+5>] V 	 IcP846M`¾ �]À�	¶bc587AH!@?>A2 - H�P]4TS`58132�H�Z � 1pZ Y�4T>A@?58H�I�13Z

�



¨ 587AH,@?>A2 - H�P�4TS`D�N . Zr4TS�Y�7A4j4TZ�13@AB
�,Y . Y
^pH
Z�4TS`IcP846MV¾ �]À�D 1p5G7 � H
IABTH
Z ­ g

¨ ] � �
U!� ¬ ª ]E­ �D 7A13Y�7�13Z�{}>AZ�5r587AH,@?>A2 - H�P 4TS`DCN . Z 4TS`Y 7A4/4TZG13@AB �sY . Y�^3H
Z N6@AI�587AH
@\IAH
^3H+5813@AB U+��¾ ¬ � ]EÀ4TSL587AH�P8H
2XN61p@A13@AB�H
IABTH
Z~¾¤1¤�´H6�pbrY+P8H�NQ581p@AB U^� ¾ ¬ � ]EÀ�@AH�D MONQ587AZ8À+� KC>c5 ¬ � ] 1pZX587AH46P81pBT13@oN6^�@/>A2 - H+P�4TSCMONQ587AZ�13@�IcPG46M�¾ ��À+b`ZG4�587A13ZsP8H
ZG>A^;58Z�13@�N�5G465�N6^�4TSCH � N6Y�58^ . ULMONQ587AZ��0�7AHsMAP846M�4TZG1p581p4T@�Sm4T^p^34gD�Z
�

	 H�5�>AZX@A4ED P8H�58>cP8@�SkP84T2 5G7A13ZXIA13B6PGH
ZGZG1p4T@�584�5G7AHxMAPG4 - ^3H
2 4TSLBTH
@AH�P8N6^313��13@AB�P84j46�587AH
46P . 584�5G7AH!Y�4T@?58H � 5 4TS¡587AHLMONQ587j:¢Y . Y
^pHLZ . 2�2RH�5GP81pY�Sm>A@AY�58134T@l� ��>cP�@AH � 5�P8H
ZG>A^;5�BTH
@AH+P�:N6^31p�
H
Z N�U
	4 - 1p>AZ�13@iyiH�P8Z�134T@�Sm46PG2�>A^3N�Sm46P S N6Y�5846PG1kN6^�M�4T^ . @A4T2�13N6^3Z�IA>AH!584R�!4T^3IA2�N6@lbo�i4T1pY�7A1N6@AI�£ 7A1p58H & �s�6£ J�(¢� � 46P�ZG132RMo^p13Y
1;5 . DCHXY
4T@AZG1pIAH�P�4T@A^ . 587AH�Y
N6ZGHX4TSCN6Y . Y
^31pY�IA13B6P�NQMo7AZ�bN6^p5G7A4T>ABT7�587AHLBTH
@AH+P�N6^31p��NQ58134T@X584JNQP - 1;5GP�NQP . IA13B6P�NQMo7AZr13Z�Z�5GP8N613BT7i58Sm46PGD�NQP8Il� F 4�ZG>cMAM�4TZ�H 613Z!N6@ N6Y . Y�^313Y$IA1pB6P�NQMo7WD 1p5G7 ¬ yiH+PG5813Y�H
Z!N6@AI~^3H+5 � - H�1p5GZsN6Z�ZG4jY
13NQ58H
I - 4iNQP8Il� � 4T^p^34gD�1p@ABN6@�13IAH�Nx4TS]�L4T^3IA2XN6@lb��T4T1pY 7A1�N6@AI�£ 7A1p58H6b�H � 58H
@AI�5G7AH�Y�4T^3>A2�@AZ�4TS & ¬ ( / & ¬ (C13@cno@A1;58H
^ .IA4gD�@iD�NQP8IAZ
b�ZG4�587oNQ5�587AH+P8H�NQP8HX@A4ED 13@cno@A1p5GH
^ . 2XN6@ . P84gD�Z
� 	 H�5�� - HX587AHXZGH�5�4TSrN6^3^Mo^kN6Y�H
2�H
@i58Z�4TS ¬ P84j46�jZ Z�>AY 7\587oNQ5dT� H�yiH+P . P84j46��^31pH
ZrH
1p587AH+P�4T@ � 46P]4T@AH!4TSV587AHsNQMAM�H
@AIAH�I�ZGqj>oNQP8H�Z
b�N6@AI_j� @A4R5=DC4�P84j46�jZ�^313H!13@�587AH,ZGN62�HsY�4T^3>A2�@l��L1pyiH
@ � � � bVIAH�no@AH ��¾7��À]584 - HJ587AHJMONQPG581p5G134T@�4TS & ¬ (�13@ D�7A1pY 7�5=DC4�@/>A2 - H+P8Z 	N6@AI � ^313H�1p@�587AHrZ8N62�H - ^p4jY8�$13S�N6@AIJ4T@A^ . 13S 5G7AH�PG4j46�cZ�1p@RY
4T^p>A2�@AZ 	`N6@AI � ^31pH�13@J5G7AH Z8N62RHP84gD,��0V4�H�N6Y�7 � � � DCH�N6^pZG4JN6ZGZG4jY�1kNQ58H!NJY�4T^346P81p@ABJ4TS & ¬ (¡N6Z Sm4T^p^34gD�Z
��<C4T^346P�587AHLyiH�PG58H �
	 � & ¬ (�D 1p587�Y
4T^p46P � 1pSl587AH]P84j46�R13@�Y
4T^p>A2�@ 		^313H�ZC13@X587AH � 587 � �	� 
���� 
 ��P84gD,� �]587AH�PGD 13Z�H6b13S�587AHJPG4j46�x13@~Y
4T^3>A2�@ 	�^p13H
Z!13@W587AH � 587 -	� �LM	� ��� J�PG4EDsb`2�NQ�iH$yiH+PG58H � 	 5G7AHRZ8N62�H$Y
4T^p46PN6Z�yiH�PG58H � � � F 1p@AY
HL587AH�P8Hs13ZrH � N6Y�5G^ . 4T@AHsPG4j46��13@\H�N6Y�7�Y
4T^p>A2�@lboN6@AI�ZG1p@AY
H 6 13Z N6Y . Y
^p13Y6b587AH
Z�HsP8>A^pH
Z�BT1;yiH,N$DCH
^3^ :�IAH�no@AH�I�Y
4T^346P81p@AB � � � � 46P H�yiH�P . Z�H�5�MONQPG5G1p581p4T@\4TS & ¬ (�bAIAH�no@AH

� 9
� V � �� R)T7UV �

� � ��� � � ��� � ° � 
 © � �D 7AH�P8H © � R)T7UV �

 � � ¸�� © 
�� � 
�� �
J 




� 13@oN6^p^ . IAH�no@AH
� 9
� � V � �� � R)T7UV �

��� �
� �� �

� � (�	�(�
 �  !��(�� � �!��� - ���	� Z ��,:Z�,:J �7,��	�LM	� � � @$6 � ���f@ ¬ ��
������[,�
 ��%
749 V �

� ��� �
� ¾ �M � �VÀ � 9

� � �

< ��-C- \ � K . U
	4 - 13>AZ]1p@?yiH�PGZG134T@lbo587AH,P81pBT7?5}:�7oN6@AI�ZG1pIAH�13Z	{}>AZ�5 � 9
�
± ��0�7AH�� � � ZG>AY�7�587oNQ5

��¾7��À V �M NQP8H�{}>AZ�5�587AH�Mo^kN6Y�H
2�H
@i58ZR1p@�D 7A13Y�7z@A4 5=DC4 P84j46�jZJ^p13H�13@�5G7AH�Z8N62�H�P84gDº46PY
4T^p>A2�@l��0�7AH�P84j46�jZ]4T@ � 5G7AH
@xIAH�no@AHRNRMONQ5G7WY�4EyiH�P!N6@AI�587AH�PG4j46�cZ�4T@x5G7AH$NQMAM�H
@AIAH
IP84gD�Z�587AH
@�H
@AZG>cPGH 587oNQ5�IA13Z}5813@AY�5�MONQ587AZ\NQP8HWN6ZGZG1pBT@AH
I IA1pZ�5813@AY+5\Y�4T^346P8Z
� 0r7AH�587AH
46PGH
2Sm4T^3^p4ED ZrSkP84T2 t�P846M�4TZ�1p581p4T@�hj��=5$13Z�@A465�7oNQP8I�5G4�ZG7A4ED 587oNQ5�587A1pZ�P8H
ZG>A^;5$Z�M�H
Y�1kN6^31p�
H
Z�584 & �s�6£ JAb�0�7AH
46P8H
2 d?¾¤NiÀ (¢�
��@AHW2R13BT7i5�N6BiN613@�4 - {}H
Y�5X587oNQ5�t�P846M�4TZ�1p581p4T@�d O 1pZXY
4T@i5GP81pyiH�I - H
Y�N6>AZGH � 9

� � 13ZXZG1p2RMo^ .N�Sm46P82XN6^�IAH�yj13Y
H\584�P8H�MAP8H�ZGH
@i5XD�7oNQ5X4T@AH�BTH�58Z -?. U
	4 - 13>AZR13@iyiH�P8ZG1p4T@l�*0�7A13ZR5G132�H�587AH4 - {}H
Y�581p4T@�13Zs7oNQP8IAH�P�584�2�H
H�5�b - H
Y
N6>AZGH � 9
� � 1pZ�@A465�N6Z�¥�@A13Y
H
¦xN6@~4 - {}H�Y�5$N6Z �7  ² � � � 46PH � N62RMo^3H6bA5 . M�Hi¾ �`À V 5 . M�Hi¾#"`ÀrIA4/H
Z���- �r1p2RMo^ . � 9

� � V �
9
� � � ��4ED�H�yiH�P�bODCH�IA4X7oN�yiH�4T@AHP8H
Z�>A^p5�5G7oNQ5 BT1;yiH
Z�Z�4T2�HL2�46P8HL13@ASm46P82�NQ58134T@\N - 4T>c5 � 9

� � �
� � (�	�(�
 �  !��(�� � �!��� \ 6 � � �	� ��,:Z�,:J �7,��	��M	� � � @ �f@�
�� � 9

� � � � �c1 � - � ��� � ��
 �
< ��-C- \ � 	 H�5 � - HL587AH�N6Z�ZG4jY
13NQ58H
I - 4iNQP8Il��£�H,7oN�yiH

� 9
� � V �

� � ��� � � �L� � � � 

© � �

<C4T^3^3H�Y�5s5GH�P82�ZL587oNQ5s7oNgyiH�13IAH
@i581pY�N6^�Mo^3N6Y
H
2�H�@?58Zs4TS�P84/46�cZ!4T@ � � � P84T2 587AHJIAH�no@A1p5G134T@AZDCHrZGH
H�587oNQ5�H�N6Y�7RZG>AY�7�Y�4T^3^3H�Y�58134T@�4TS 5GH�P82�Z	Y
46P�P8H
Z�M�4T@AIAZ�584L587AHrZGH�5�4TS Y
4T^p46P813@ABTZ�4TS�)X¾/6�À587oNQ5rNQP8HL2�4T@A4/Y�7cP84T2XNQ581pY]4T@X587AHLY
4T@A@AH
Y�58H�I�Y
4T2RM�4T@AH
@?5GZr4TSe587AHLZG> - B6P�NQMo7\4TS�6 D 7A4TZGHH
IABTH
Z NQP8HL587A4TZGH!ZGH
^pH
Y�58H
I -/. 587AH�Mo^3N6Y
H
2�H
@i5 4TS¡P84/46�cZ�4T@ � bcH � Y
H�MA5r587oNQ5�587AH!Y
4T@AIA1p5G134T@
��¾7��À � ��132RM�4TZGH
Zs5G7AH�Sm>cPG587AH�P�Y
4T@AIA1p581p4T@�587oNQ5�Y�4T2RM�4T@AH
@i58Z!D�7A1pY 7�Y�4T@?5�N61p@�H
^3H�2�H
@i58Z4TS�587AH�Z8N62RH - ^34/Y8��4TS ��2$>AZ�5LN6^pDCN . Z - H�Y�4T^346P8H
I�587AH,Z8N62�H�Y
4T^p46P�� 0r7A1pZ]BT1pyiH
Z]NRM�4gDCH�PZG>A2 Z . 2R2�H�5GP81pY�Sm>A@AY�581p4T@lb ZG4 � 9

� � 1pZ�N�ZG>A2 4TS`M�4gDCH�P ZG>A2�Z
�
��4658H 587oNQ5�D 7A13^3H�t�P846M�4TZG1p581p4T@�d O P8H
Z�H
2 - ^3H
Z F 5�N6@A^pH .�� Z�Sm46P82$>A^kN & F 5 _jbj0r7AH
46PGH
2º_j�¶a (

�!� V �
� �����

� ¾ �M � �`À � �
¾ D 7AH�P8H���� 13Z	587AH�^kNQ5G5G13Y
HC4TSOY
4T@i5GP�N6Y�581p4T@AZ�4TS��,À+bT587AH�P8H�13Z�NLZG13BT@A1;noY�N6@i5�IA1 ��H�PGH
@AY
H�1p@�587oNQ513@$t�P846M�4TZG1;58134T@�d O N6^3^?587AH�IAH�M�H�@AIAH
@AY
H�4T@$587AH�IA13B6P8NQMo7�1pZ�Y
4T@?58N613@AH
I�13@�587AH � 9

� � D�7AH+P8H�N6Z
J O



Sm46PL�!� N6^3^`587AH$IAH�M�H
@AIAH�@AY
H�13ZLY
4T@i5�N61p@AH
I~1p@ �u���s[ yQNQP813N6@?5!4TS�4TS�t�P846M�4TZG1;58134T@�d O Y�N6@- H�4 - 5�N61p@AH
I -/. Y�4T@AZG13IAH�PG13@ABxP84j46��Mo^3N6Y
H
2�H�@?58Z�D 1p5G7�@A4x5=DC4�P84j46�jZ�13@�587AH�Z8N62�H ��-��!b- >c5�587A13Z�PGH
ZG>A^p5 N6^pZG4$ZGH
H
2�Z�Y
4T@i5GP81;yiH
I\N6@AI\IA4/H
Z�@A465 Z�>ABTBTH
Z�5 N6@ . Z8NQ5813Z�S N6Y�5846P . N6@oN6^p4TBT>AH4TS �u�rboZG4�DCH,4T2R1p5�587AH!IAH�5�N613^pZ
�Ux46P8H�P84j46��587AH�46P . Y�N6@�>A@AIA4T> - 58H
IA^ . - HRBTH
@AH+P�N6^31p�
H
I~584�4T>cP�Z . 2�2�H+5GP813Y�Sm>A@AY+58134T@Y
4T@i58H � 5�b - >c5�DCH!ZG7oN6^3^e@A4gD 58>cP8@\5G4�NJIA1 ��H�PGH
@?5]N6Z�M�H�Y�5]4TS 7:9L�
��� � ��� � (�
 �� �� �!�
��� � (���� ��"' !%��!�

��@AHs4TSe587AHL46P813BT1p@oN6^�2�46581;y6NQ5G134T@AZuSm46PrZ�5G>AI . 13@AB$�!�zN6@AI 7:9*13ZrN$Y
4T@|{}H
Y�58>cPGH -?. F 5�N6@A^3H .N6@AI F 58H
2 - P813IABTHF& F : F bi<C4T@|{}H
Y�5G>cP8H]hj�¶hK(cY�N6^p^3H
I�587AH < - � 
��$?+@ �	���=?A- �iB 
.,��D5 ��
 �`£�HCP8H
Z�58NQ58H587A1pZ�Y
4T@|{}H
Y�58>cPGH�7AH+P8HXSm46P$Y
4T@iyiH
@A13H
@AY�H6� � 4T^p^34gD�1p@AB F 5�N6@A^3H . & F 5�_jb	ZGH
Y�581p4T@�hK(¢bVDCH�DrP81;58H
% ª W Sm46P�587AH�M�4TZGH�5L587oNQ5L1pZLNXIA13Z {}4T1p@?5!>A@A134T@W4TS�N6@ �T:�H
^pH
2�H
@i5LY�7oN613@ N6@AI~N �8:�H
^pH
2�H
@i5Y�7oN613@lb�N6@AI�DCHXZ8N . 587oNQ5�N�M�4TZGH�5$1pZ�¾ % ª W À)1 \ ��
�
J13S�1p5�Y�4T@?5�N61p@AZ�@A4x13@AIA>AY
H
I�ZG> - M�4TZGH�513Z�4T2�46PGMo7A13Ys584 % ª W ��0r7AH�@W587AH F 5�N6@A^pH . : F 58H
2 - P81pIABTH�Y
4T@|{}H
Y�58>cPGH�1pZ�H
qj>A1;y6N6^pH
@i5�584X587AHSm4T^3^p4ED 13@ABA�
� (���� ��"' !%��!� ��� � \ G � � ��¾ P ª ) À)1 \ ��
�
 � - � 
��2% �f@ 
���� � � E � � � ]�1 � - � � ��� � 
 ���@�yj13H�D 4TS t�P846M�4TZ�1p581p4T@z_jb	587A1pZ�Y�4T@|{}H
Y�58>cP8H\Y�N6@zN6^pZG4 - H�yc1pH�DCH
I�N6Z�NWY
4T@|{}H�Y�58>cP8HN - 4T>c5-7:9s� �L@AHX4TS�5G7AH�2�4TZ�5s132RM�46PG5�N6@i5sMONQP�581kN6^�P8H
ZG>A^;58Z�1pZ,587AH�Sm4T^p^34gD�1p@AB�587AH
46P8H�2 4TS�sN6Z�7oNQP84Ey & �sNcd4(¢�
� � (�	�(�
 �  !��(�� � �!��� \ G � ����¾ P ª ) À)1 \ � 
 
 � - � 
��f% �#@ 
���� � � E � � � ��1 � - � ��� � ��
 �0�7AHu2XN61p@sP8H�ZG>A^p5`4TSj587A1pZ`ZGH�Y�58134T@,13Z�NrZG^31pBT7?5`H � 58H
@AZG1p4T@�4TSo�sN6Z�7oNQP84Ey � ZeP8H
ZG>A^;5V587oNQ5¡D 13^3^13^p^3>AZ�5�P�NQ58HC587AHrZG> - 58^3H+5 . 4TS�<�4T@|{}H
Y+58>cP8H,dT��0`4sZ�58NQ58H�4T>cP�P8H�ZG>A^p5�DCHr@AH
H
I�ZG4T2RHrIAH+no@A1p581p4T@AZ
�
� ��# ���
�  ���(�� � [ ^34/46Mo^3H
ZGZ�IA13B6P�NQMo7R13Z � 
 � � J Z$¾ P ª ) À)1 \�� 
�
r13S�b?Sm46PCN6@ . 46PGIAH�P8H
I�MON61;P�¾ � � �jÀ4TS	yiH�PG581pY
H
Z�4TS 6�b�H�1p587AH�P 6 46P 6 � S N613^3Z 584X7oNgyiH$N�IA1;P8H
Y�5GH
IWMONQ5G7�4TS�^pH
@AB6587�5=DC4XSkP84T2 �584 � �

��4658HL587oNQ5�DCH�NQ�j^ . ¾ P ª ) À=:�SkP8H�H,IA13B6P8NQMo7AZ @AH
H�I�@A465 - H!5�P�N6@AZG1p5G1pyiH
^ . Y
^34TZ�H
I�46PrH�yiH
@N6Y . Y
^31pY6� ��>cP]@A4T2RH
@AY
^kNQ5G>cP8Hs1pZ	{}>AZ}581pnoH
I -?. 587AH,Sm4T^p^34gD�1p@AB�MAPG46M�4TZG1;58134T@l�
� � (�	�(�
 �  !��(�� �'��� � \ G � � � � - � 
��f% �f@�
�� G � ��¾ P ª ) À)1 \ ��
�
 � \ �	��� - � J Z � \ 6W¾#G�À � �
� 
 � � J ZX¾ P ª ) À:1 \ � 
�
 �
< ��-C- \ � F N . 1p@ABR587oNQ5 6W¾#G�À�13Z�DCH
NQ�c^ . ¾ P ª ) À=:¢SkP8H
H�13Z H
qj>A1;y6N6^pH
@i5�584�ZGN . 13@ABR587oNQ5�13S � �
� � � 13Z$N�IA1pPGH
Y�58H
I�MONQ587�4TS�^3H�@AB6587�5�D�4W1p@06W¾#G�À�N6@AI © 13Z$N6@ . H
^pH
2�H
@i5�ZG>AY�7�587oNQ5¾ � � © À!13Z ��- �,N6@�H
IABTH�4TS 6W¾#G�À+b�5G7AH
@ ¾ © � � ÀL13Z$N6@�H
IABTH�4TS 6W¾#G�À � F N . 13@AB�587oNQ5 G 1pZ¾ P ª ) À=:�SkPGH
H�13Z H
qj>A1;y6N6^pH
@i5�584JZ8N . 13@ABR5G7oNQ5�1pS � � � � � 13Z]NJY 7oN61p@�13@9G N6@AI © 1pZ]N6@ .H
^pH
2�H
@i5�ZG>AY�7\587oNQ5 � �� © 13@8GJbj587AH
@ © ��� 13@8GR��<C^3H�NQPG^ . 5G7AH
ZGH�5=DC4�NQP8H�H
qj>A1;y6N6^pH
@i5��

Jif



� ��# ���
�  ���(�� � 	 H�5 6 - H,NJIA1pB6P�NQMo7l��[ 6 1 ��� � ��Z�1pZ�N6@�NQPGP�N .
� ³8²¶³ � ³8² � �i�i�
� � ²¶³ � � ² � �i�i�
�i�i�D 7AH�P8H,H
N6Y 7 � 
 ² � 1pZ H�1p587AH�P >A@AIAH�no@AH
Ix46P�N6@�H
^pH
2�H
@i5�4TS&6 N6@AI�Z�>AY 7�5G7oNQ5dT� Sm46P$N6^p^ 	 ��� � dTbV13S�� 
 ² � � ³ 1pZ�IAH�no@AH
Ilb	587AH�@ � 
 ² � 1pZ�IAH�no@AH
I�N6@AI�¾ � 
 ² � � � 
 ² � � ³ Às1pZ�N6@H
IABTHs4TS�6�bON6@AI_j� H�yiH+P . H
^3H
2RH
@?5 4TS�6 NQMAM�H�NQP8Z H � N6Y+58^ . 4T@AY
Hs13@�5G7AH,NQPGP8N . �0�7AH �6@ � � 
$4TS�N�6R:�NQPGP�N . 13Z�587AH$ZGH
q/>AH
@AY
H�4TS�5G7AH�^pH
@AB6587AZL4TS ¾ 587AH$IAH�no@AH
IWM�46PG5G134T@4TS8À�587AH!P84ED Z
��[ 6 1�����/)J 
 � 5�13Z N 6R:�NQPGP�N . Z�>AY 7�5G7oNQ5Ã � Sm46P,N6^3^ 	 ��� � dTb¡13S � 
 � ³8² � 13Z!IAH�no@AH
IlbV5G7AH
@�� 
 ² � 1pZsIAH�no@AH�I�N6@AI�¾ � 
 � ³8² � � � 
 ² � À]13Z ��- �N6@�H�IABTH,4TS�6��

��>cPLIAH�no@A1p5G134T@AZ�4TS 6R:=NQP�P�N . N6@AI 6R:¢5�N - ^pH�N6>WNQP8H�2�465G1pyQNQ58H
I -?. �!N6ZG7oNQP84gy � Z]>AZGH�4TS�!H�ZGZGH
^ :
�L13H�@A@A465 &´� �s_K(cGL:=NQPGP8N . Z]N6@AI�GL:¢5�N - ^pH�N6> � 1p@�7A13ZrMAP84j4TSV4TS�t�P846M�4TZG1p5G134T@�_ M ��£�HY�N6@�@A4gD Z�5�NQ5GHs4T>cP�BTH
@AH�P�N6^p13��NQ581p4T@l�
� ����(��!��� �'�
� \$6 � � � � 
 � � J Z~¾ P ª ) À)1 \ � 
 
 ���LM	� � � @0% �#@ 
�� �#@ 
=,.- 
 � ,�� 
���� - \ �  ���
7:9�¾ © � M À � � �#@ 
 � 5 � / 
�� - \ 6 1�� ��/)J 
 � 5 ��- \ �.@ � � 
 " �

< ��-C- \ � 0�7AH�MAP84/4TSC13Z�N6^p2�4TZ�5�1pIAH
@i5813Y�N6^�584x�!N6ZG7oNQP84gy � Z�b�N6@AI�DCH�P8H
SmH�P�5G4�7A13Z,MONQM�H�P$Sm46PZG4T2�H�IAH+5�N613^pZ]D�7A1pY 7xDCH$ZG7oN6^p^�4T2�1p5
� 	 H�5 � � IAH
@A4658H�587AH$B6P84T>cMW4TS�M�H�PG2�>c58NQ58134T@AZ�4TS^& �:(¢���S�" V ¾ " ³ �i�i�i�6� " � Àr13ZLN6@W13@i58H
BTH�P�MONQPG5G1p581p4T@ N6@AI � � � � b�587AH
@xDCH�IAH
@A465GH -?. ��¾ "�À�587AHZGH
q/>AH
@AY
H ¾ " � � � � � ��¾ � À ª � À �� °�³ �KLH�no@AH �  -/.
749s¾ © � M À V �

 
�  �  ¾ © À �

K . 587AH,ZGN62�H,�iN6Y
4 - 1 :=0`PG>AIA1`NQPGBT>A2�H
@i5 587oNQ5]�sN6Z�7oNQP84Ey�>AZGH�Z
b
�  V �

� �����
¾ ZGBT@ �`À g � Y
4/H�»�Y
1pH
@i5]4TS � © � �  � �
 1p@ 7:9,¾ © � M À � �

D 7AH�P8HCZGBT@ �X13Z�587AHCZG1pBT@$4TSc587AH�M�H�PG2�>c58NQ58134T@ ��� ��4gD -?. t�P846M�4TZG1;58134T@�hjb�749,¾ © � M À¡Y
4T>A@i58ZMONQ587�Y
4T^p46P813@ABTZ�4TS 6�b�N6@AI�MONQ587�Y
4T^346PG13@ABTZ�4TS 6 NQP8HX13@ - 1¹{}H
Y�581p4T@�D 1p5G706R:=NQPGP�N . Z�¾ 587AHP84gD�Z!4TS�5G7AH 6R:�NQPGP�N . BT1pyiH�587AH�IA1pP8H
Y+58H
I~MONQ587AZsN6@AI 5G7AH�MONQ587 13@xP84gD 	 1pZsN6Z�ZG13BT@AH
I 587AHY
4T^p46P 	=À ����S`D�H,^3H+5
� V ,/¾ � � �]À 	 � � � � N6@AI � 1pZ]N 6R:�NQPGP�N . 4TSVZG7oNQM�H ��¾ "�À . �h M



1p5r587AH
@�Sm4T^3^34gD Zr587oNQ5
�  V �

� � ² � � ��� ZGBT@ � �
��4gD ^3H�5

� V ,/¾ � � �]À � � 	 � 1pZ ��- �CN 6R:�5�N - ^3H�N6> .N6@AI�@A4658H!587oNQ5]1pS � 13Z N�6R:¢58N - ^3H�N6>lbo587AH
@ ��¾ " À ³ � ��¾ " À � � gigig ZG4J587oNQ5 ��2$>AZ�5 - Hs587AH13IAH�@?581;5 . M�H�P82$>c5�NQ581p4T@l�	0�7/>AZ�584sMAP84gyiH�587AHr5G7AH
46P8H
2 1p5�ZG>c»RY
H
Zu584Lno@AIXN6@J13@iyi4T^3>c581p4T@���Á
� � � ZG>AY�7 587oNQ5�1pS]¾f" � � � À V �C¾ � � ��Àr5G7AH
@xZGBT@ " V � ZGBT@ ���!�sN6ZG7oNQPG4Ey � ZL13@iyi4T^3>c581p4T@DC46PG�jZrD 1p5G7A4T>c5�2�4/IA1pnoY�NQ5G134T@��cSm46P�Y
4T2RMo^3H+58H
@AH
ZGZrDCHLP8H
Z�5�NQ5GH,1p5r7AH�PGH6����S

� V
� ³8²¶³ � ³8² � �i�i�
� � ²¶³ � � ² � �i�i�
�i�i�587AH
@$^pH�5 � V �6¾ �]À - H�5G7AHCZG2XN6^3^pH
Z�5�M�4TZG1p5G1pyiH�1p@?58H�BTH�P�ZG>AY�7�5G7oNQ5�Y
4T@AIA1p581p4T@ Ã S N613^3ZVSm46P � V �N6@AI�ZG4T2�H 	G� 	 H�5 � V � ¾ �]À - H�5G7AHr^3NQP8BTH
Z�5 	lD 1p587�587A1pZ�MAP846M�H+PG5 . �	K!H+no@AH^" V ���V¾ � � � ª dEÀD 7AH�P8HX¾ � � � ª dEÀC13Z�587AHLM�H�PG2�>c58NQ58134T@�587oNQ5�1p@?5GH�P8Y�7oN6@ABTH
Z � N6@AI � ª dT��KLH�no@AH

� � V
� ³8²¶³ � ³8² � �i�i�
�-� ²¶³ �-� ² � �i�i�
�i�i�-?. ^pH�5G581p@AB¾�NiÀ � 
 ² � V � 
 ² � 13S 	 �V � 46P 	 �V � ª d!46PL¾�	 V � N6@AI � � �!�~dEÀu46PL¾�	 V � ª d!N6@AI � � �
À �¾ - À � 
 ² � V � 
 � ³8² � � ³ 1pS � � �LN6@AI � 
 � ³8² � � ³ 13ZrIAH�no@AH
I��¾ YgÀ � 
 � ³8² � V � 
 ² � � ³ 1pS � � � ª d�N6@AI � 
 ² � � ³ 13ZrIAH�no@AH
Il�¾ �]587AH�PryQN6^3>AH
Zr4TS¡5G7AH,NQPGP8N . � � P8H
2XN61p@�>A@AIAH�no@AH
Il� À ��4gD P84gD � ª d!4TS�� � Z8NQ581pZ�noH
ZY
4T@AIA1;58134T@�dTb - H
Y
N6>AZGH]13S � 
 ² 
 1pZ�IAH�no@AH
IX587AH
@W¾ � 
 � ³8² 
 � � 
 ² 
 À�1pZ�N6@�H
IABTH�4TSG6 -/. IAH�no@A1;58134T@4TS � N6@AI �E�W0V4xZG7A4ED 587oNQ5 � � 13Z�N 6R:=NQPGP�N . 1;5$ZG>c»�Y
H�Z�584xZG7A4gD 587oNQ5�PG4ED � Z8NQ581pZ�noH
ZY
4T@AIA1;58134T@zdJZG13@AY�H�Y
4T@AIA1p5G134T@�_\1pZs4 - yc1p4T>AZG^ . Z8NQ581pZ�noH
Il��t	4TZ�ZG1 - ^pHJ5GP84T> - ^pH�NQP81pZGH
Z�4T@A^ . 13S

� � _jb - >c5$587AH
@ � 
 � ³8² 
 � ³ � � 
 � ³8² 
 � � 
 � ³8² 
 � ³ 13Z�N�MONQ587�4TS�^pH
@AB6587�5�D�4W1p@ 6 N6@AI¾ � 
 � ³8² 
 � ³ � � 
 ² 
 � ³ À�13Z���- �]N6@xH
IABTH$13@>6�blZG4�1p5�Sm4T^p^34gD�ZLSkP84T2 5G7AHJN6Z�ZG>A2RMA581p4T@x5G7oNQ5 6�1pZDCH�NQ�j^ . ¾ P ª ) À�:�SkP8H
H�5G7oNQ5�¾ � 
 ² 
 � ³ � � 
 � ³8² 
 � ³ À 13Z�N6@�H�IABTH�4TS:6�b�N6@AIxY
4T@AIA1p5G134T@�d�1pZ]2�H�5��
��4gD ¾ � 
 � ³8² 
 � � 
 � ³8² 
 � ³ À]13ZsN6@ H�IABTHR4TS46 ZG4\13S � 
 ² 
 13ZLIAH�no@AH
I�¾ � 
 � ³8² 
 � � 
 ² 
 À]1pZ,N6@WH
IABTH4TS 6 ¾¤ZG1p@AY
H � 
 � ³8² 
 V � 
 � ³8² 
 N6@AI � 
 ² 
 V � 
 � ³8² 
 � ³ ÀsN6@AI�587/>AZ � � 1pZ,@A465$N86R:�5�N - ^3H
N6>l��=5!13ZLY
^3H
NQPs587oNQ5 � � 7oN6ZsZ�7oNQM�H "u¾ "�À]N6@AI 5G7oNQ5 �Q¾ � � À V �6¾ ��À�N6@AI � ¾ � � À V � ¾ ��À ��[�^3ZG4AbZGBT@ " V �rZGBT@ ��bAZG4���13Z�587AHsIAH
ZG1pPGH
I�ZG1pBT@j:¢P8H�yiH+P8ZG13@ABR13@iyi4T^3>c581p4T@l�

��4658H\587oNQ5�N�IA13B6P8NQMo7�13ZRDCH
NQ�c^ . ¾ P ª ) À=:�SkPGH
H�13S!N6@AI�4T@A^ . 13S�1;58Z�Y
4T2RMo^pH
2�H
@i5�1pZDCH�NQ�j^ . ¾ P ª ) À=:¢SkP8H
H6boZG4J<C46P84T^3^3NQP . _�NQMAMo^p13H
I�584�0r7AH�46P8H
2 h�IA4jH
ZC@A465rH
@A^3NQP8BTH]587AHLY
^3N6ZGZ4TS`�j@A4ED @���:¢M�4TZG1p581;yiH�MONQ587j:�Y . Y
^3HsZ . 2R2�H�5GP81pY�Sm>A@AY�581p4T@AZ
�
hjd



�=5�1pZR@oNQ58>cP8N6^r584 Y
4T@|{}H
Y�5G>cP8H�587oNQ5�1pS?6 1pZJDCH�NQ�j^ . ¾ P ª ) À=:¢SkP8H
H�587AH�@ 749s¾ © � M À$1pZ]�:¢M�4TZG1p581;yiH6b - >c5]Sm46P 13@AZ�58N6@AY
H,1pS`DCHs^3H�5 6 - Hs587AHsIA13B6P�NQMo7

DCH!no@AI�¾ D 1p587�587AH,N61pI�4TS	�T4T7A@ F 5GH
2 - P813IABTH � Z F�� MON6Y8�6N6BTHsSm46P]UWNQMo^3HgÀ�587oNQ5
749s¾ © � M À V � 
 ª _.� , ³ ª � � � ª J�� � ³8³ ª Ã � ³8³8³8³ V Ã ] , ³ � ] � ³8³ ª ] ³8³8³8³ ���@xS N6Y�5�bl4TS	587AH�nAyiH$H
ZGZGH�@?5813N6^3^ . IA13Z}5813@AY�5LDCH
NQ�c^ . ¾ P ª ) À=:¢SkP8H
H�N6Y . Y
^31pY�IA13B6P�NQMo7AZ�4T@xSm4T>cPyiH�PG5G13Y
H
Z�5G7oNQ5�NQP8H�@A465X5GP�N6@AZG1;581pyiH�^ . Y�^34TZGH
Ilb 4T@A^ . 4T@AHW1pZ8]�:¢M�4TZ�1p581;yiH6� F 4�587AH�D�N . 587AHMAP846M�H�PG5 . 4TS - H
13@AB�¾ P ª ) À=:¢SkP8H
Hr13Z�>AZGH
I�1p@��!N6ZG7oNQP84gy � Z�MAP84/4TS 1pZ�S NQP�SkP84T2 H
@A4T>ABT7�584 . 13H�^3I

]�:¢M�4TZG1p581;yc1;5 . H�yiH
@�13SC587AHXY
4T@AIA1;58134T@�4TSrN6Y . Y�^313Y�1p5 . 1pZ$N6IAIAH
Il�~0�7A13Z�Z�7A4ED Z$7A4ED¼IAH�^313Y
NQ58H<C4T@|{}H
Y�58>cP8HRd,13Z��

hT_



Chapter 3

The Chromatic Symmetric Function
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