
����� ���	��

����� ��������� � ����� ����������� �"!��#�

$ � %��'&�(�

��( 

� )*���+��� ��,-� $ � . � ��/0� $ �

1'2
3547698;:-2=<?>A@CBED�FHGI>J2LKM6�N�OP2=<?:RQSBT2LQU6�VW2LKX<M4PQZY5FH>\[]:-47^-:-KX_

`�a�bdcebUf <
@hg
ieiej

kmlonRprqtsJuLpevxw y >d:'zd2LzS:RK{zdKX|t3}476d: f 2	Q bd~ :-KX4PF-2LO�FR| ~ zd2LKM4 f |eQ�|L�
O7|5F-2LO�KX4 f G ~ 47Qd4 ~ 4 f 2=<?47|eQW2=Qd6 ~ :
2=Q5��3=2LKX4�2LQdFR:0>d:-6 c 4PQ c ��|eK f | ~ :
G=:R�93=2LKM4P2=<?47|eQ f |=� f <M|5FH>d2 f <M4PF�3e|eOP2=<?47OP47<�� ~ |56d:RO fR��a >d:R6 c 4PQ c 2LQU6
zUKM4PFR4PQ c ��K?2 ~ :R[]|eKMG�4 f : f <?2L�dOP4 f >d:R6���|eKm��|L<?>T2LzdzUKM|\2LFH>U: f-����~ �
z�|eK�<H2LQ\<�� b 2LQ\<?4�<H2=<M473L:Z6U47�S:-KM:RQdF-: f ��:-FR| ~ :�2=zdzJ2LKX:-Q\<�<?>J2=<�>J2
3L:
4 ~ zUOP4PF-2=<?47|eQ f ��|eK�<M>d:�4 ~ zUOP: ~ :-Q\<?2=<?47|eQ�|L��>d:R6 c 47Q c�f <?K?2�<?: c 4P: f
b Qd6d:-K f <?|}FH>J2 f <M4PF'3e|LO�2=<M4POP4�<�� �

���*�t���¡ X¢¤£¥�§¦�¨ª©¬«U­5 X®�¯��t©¡°�©¡±R¨ª²
¨r³r�t �¨R´=²r®�¯t©
©R°\©¬«UµU����¶¬�=®� �·¹¸S®�©R�t©¡º{�»®�£A¶¬��³'²r®�¯�©-©R°\©¬«d¼�¶H¦¤¯I½
²r®��� ���®� X£X´�¾�¿�ÀS©?ÁÃÂMÄ¬Å�´rÀS¢¤©R¶R³rÆA¶?¨¡´
Ço²
È�´eÄ¬É¡É
Ê
´
Ë*Ì�£x¦¥¢�¶¬°��»¶
ÍX­} M®�¯t�t�»£¥®�¯t ��Î�t�Ï�R �¢�£x�Ï¦MÐ¶¬¦*ÀS X¢¥°����I´tµ�¶R®�¯-ÑL �¢¤ ��»®�¯#¼�¶H¦¤¯t �ºÒ¶H¦¤�ÏÓe´t¼�Ë¹Ê?ÔPÕ=´�²-¦¥¢�¶¬ÖR �³t X£�ÂHÊ
½J×¡Ì��t�JÂXÅRØt´
Ù ÔÎÂXÉRØRÄ¡Å�À� �¢¤°Ï���I´�Ú� X¢¥ºÒ¶¬�
¨



� )*� $ ���9&���� $ 
-���

a <�zdKM: f :RQI< <?>d:R4PK�4 f�~ b FH> b QdF-:RKX<?2L4PQ\<���4PQ <?>d:�FH>d|e47F-:Z|L��<M>d:WKX4 c >\<�zdKM47F-47Q c ~ :-2 fMb KX:
��|eK�<?>d:W>d:-6 c 4PQ c |=��6d:-KX473=2=<?4�3e: f 4PQ 4PQdFR| ~ zUOP:R<M: ~ 2LKXGL:R< f-� � QdFR| ~ zdOP:¡<?:-QU: fMf F
2LQ 2LKX4 f :
��|eK	4PQ f <H2LQdFR:m4PQ <M>d:mzdKX: f :-QdFR:�|L� f <?|}FH>J2 f <M4PF 3L|eO�2�<?4PO747<��¹2 f [+4POPO���: f < b 6d4P:R6 4PQ <?>U:m��|eO��
O7|t[+47Q cd� y >d4 f zd2LzS:RK	zdKX|r35476d: f F-| ~ zJ2LKM2=<?4�3e:�Q bd~ :-KM47F
2LO�KX: fMb O7< f ��|eK zdKM|e�d2L�dO7��<M>d:�<�[]|
~ | f <"4 ~ zS|LKX<H2=QI<�>d:R6 c 47Q c ~ :R<?>U|56d|LOP| c 47: f @}Qd2 ~ :RO7��OP|}F
2=O�KX4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQ 2LQd6 c O7|e�J2LO
~ :
2LQ}��3=2LKM4P2LQdFR:#>d:-6 c 4PQ cU�
� :��JK f <#6U: f FRKM47�S:	<M>d:	<M>d:-|eKX:R<M4PF
2=OÎ��KM2 ~ :¡["|LKMG9<?>J2=< b Qd6d:RKMzd47Q f <M>d: f :	<�["|92=zdzdKM|e2LFH>d: fR�
� :�<?>d:RQ�zdKX: f :-Q\< f | ~ :ZFR| ~ zJ2LK?2�<?473L: f < b 6d4P: f |eQ�:��5zS:RFR<?:R6 f � b 2LKM:R6�<?|=<H2LO{FR| f < f 2=Qd6
<M>d:�2 f � ~ zU<?|=<?4PF f |L�*<?>d: f : F-| f < f @J6d47�S:-KX:-QdFR: f 4PQ�zdKX4PFR: f 2LQd69|ezU<M4 ~ 2LO�>d:-6 c : KM2=<?47| f-� y >d:
Q bd~ :-KX4PF
2=O;KX: fMb O7< f 2=KM:�|e�5<H2L47Qd:-6 ��|LK 3=2LKM4P2=<?47|eQ f |L�'<?>d: 8ª: f <?|eQ 2LQU6 <?>d:¹Y}<M:-47Q5��Y}<M:-47Q
f <?|}FH>J2 f <M4PF'3e|LO�2=<M4POP4�<�� ~ |}6d:-O f-�
y |+zdKM|}6 b FR:�2LF-F b K?2=<M:�2LQd6�KM:ROP4�2=�dOP:o: f <M4 ~ 2=<?: f F-| ~ �d4PQd2=<?47|eQ f |=�UzJ2=KX<?4P2LO�6d47�S:-KX:-Q\<?4P2LOe:-� b 2t�
<M4P|eQ f 2LQd6 f 4 ~ b O�2�<?4P|LQ	<?:RFH>dQd4P� b : f >d2r3L:+�S:R:-Q�6d:R3L:-OP|LzS:R6�<M>J2=<�2LKX:Ò|L��4PQd6d:RzS:RQd6d:RQI<]4PQ\<M:-K��
: f < � y >d: Q bd~ :-KX4PF
2=O*[]|eKXGW2LO f |�4PQdFRO b 6d: f :��UzUOP4PFR47< f |LO b <M4P|eQ f ��|eKªF-:RKX<H2=4PQ�G=:R��� b 2LQ\<?47<M4P: f
<M>J2=<�2=KM:{KX:-� b 4PKX:-6 ��|eK ~ :-2LQ5�¤3L2=KM4�2=QdF-:�>d:-6 c 4PQ cU�o� < < b KMQ f | b <o<?>J2=< ~ :-2LQ5��3=2LKX4�2LQUF-:�>d:-6 c �
47Q c 4 f �x2LK ~ |eKM:'6d4	��F b O�<Ò<?|�4 ~ zdOP: ~ :RQI<"<?>J2LQ9[+>J2=<ª>J2 f ��:-:RQWF b KMKX:-Q\<?O��92=<M<M: ~ zU<?:R6Z��|LK
~ | f < f <M|5FH>d2 f <M4PF+3e|eOP2=<?47OP47<�� ~ |}6d:RO f-�o� QmzJ2LK�<?47F b OP2LK�<?>d: ~ :-2LQ5�¤3L2=KM4�2=QdF-:+zdKX4PF-47Q c ~ :-2 fMb KX:
4 f 4PQ f | ~ :0F
2 f : f 6d4
��F b O7<'<?|Z4P6U:-Q\<?4�� ��2LQd6 <?|ZFH>J2LKM2LFR<M:-KX4 f : ���Jb K�<?>d:RK ~ |eKM:=@*<M>d:�F-|eKXKM:¬�
f zS|eQU6d4PQ c |ezU<M4 ~ 2LO�>d:-6 c :L@ 6 b : <?|�47< fÃc O7|e�J2LO�FH>d2LK?2LF¡<?:RKM4 f 2=<?47|eQA@oQd|�OP|LQ c :-KÃ2Lzdz�:
2=K f 2 f
2 f 4 ~ zdOP: F-| ~ �d4PQd2=<?47|eQ�|=��zJ2LKX<M4�2LOÎ6d:RKM473=2=<M473L: f [+4�<?>�KX: f zS:RFR<'<?| f <H2�<?:	3=2LKX4�2L�dO7: fR��� <#>d2 f
~ |eKM:#<M>d:�FH>J2LKM2LFR<M:-K+|L��2LQ�|LzU<?4 ~ 2LO�F-|LQI<MKM|eO f <?KM2=<?: c � �
y >d:�4 ~ z�|eK�<H2LQdFR:�|=�Ò<?>d: f < b 65� 4 f <?>J2=<	47<	6d|5F bd~ :-Q\< f ��|eK f | ~ : FRO�2 fXf : f |L� f <M|5FH>J2 f <?47F
3L|eO�2=<M4PO747<�� ~ |}6d:-O f <?>d:+<��}zd4PF-2LO � b 2LQ\<?4�<H2=<M473e:+6d4���:RKM:RQdF-: f <?>d2=<]2LKM4 f :Ò��|eK�<�["| ~ 2�
X|eK�>d:-6 c �
47Q c 2LzdzdKX|\2LFH>d: f-� � :�FR|eQdFRO b 6d:9�\� 6dKM2r[+47Q c 2=<M<M:-Q\<?47|eQ <?|¹F-:RKX<?2L4PQ |e� f :-K�3L2�<?4P|LQ f <?>J2�<
>J2
3L:Ã4 ~ zdO74PF-2=<?47|eQ f ��|eK{<?>d:�zdKM2LFR<M4PF-2LOA4 ~ zdO7: ~ :-Q\<H2=<M4P|eQ�|L� f <?|}FH>J2 f <?47F�3L|eO�2�<?4PO747<�� ~ |56d:RO fR�

� � . � ��/0���Z
-� � � $ �9�"!��	� $ 

��� ��,R� $ 
-,

 $ � �Z���	� ��� ����/

� :�FR|eQ f 4P6d:RK	2���KM47FR<?47|eQdO7: fMf'~ 2LKXGL:R<Ã4PQ¹F-|LQI<M4PQ b | bUf <M4 ~ : [+47<?> 2 f 4PQ c OP:�zdKM4 ~ 2=KX��2 fMf :¡<
2
3=2L4POP2L�dO7:m��|eK�<MK?2L6U: � � :W6U:-Qd|L<M:��\����� ����� �"!$#&%�#&'�(�<?>U:WzdKX4PF-:�zdKM|}F-: fMf ��|LK
<M>d4 f 2 fMf :R<	6d:)�JQU:-6 |eQ¹<?>d:*�JO7<M:-KM:R6 zdKX|e�J2L�U4POP4�<�� f zd2LF-:,+.-/�102�4365#[+4�<?>7�JO7<MK?2=<M4P|eQ98 :;�
+<0=�>5@?1AB�CAED f 2=<M4 f � �}47Q c <M>d: bdfXb 2LOAFR|eQd6d4�<?4P|LQ f ��|LK f | ~ :F�G�5:-69� b <+2=KM�d4�<?K?2=KX�0<?4 ~ :;>d|eKX4P^-|LQ
'IHJ+.!G�4K�5 �
� :94PQ\<?KX|56 b F-:m<?>U:�6d4 f FR| b Q\<?:R6�zdKX4PFR:ZzUKM|}F-: fXf*L ��� L ��� MONP N �"!Q#R%S#T'�(I@�[+>d:-KX:
UV�W�XUF� �Y!�#Z%�#I'�(�KX:-zdKX: f :RQ\< f <?>U: f 2
3}4PQ cLf 2LF-FR| b Q\<#<M>J2=<�2LF-F bd~ b OP2=<?: f 4PQ\<?:RKM: f <'2�<
<M>d:�F-|eQ\<?47Q b | bdf O7��FR| ~ z�| b QU6d4PQ c 47Q\<?:-KX: f <;KM2=<?: �

[



� :�F-|eQ f 4P6d:RKª2 c :-Qd:RK?2LOA<�[]|=���x2=FR<?|LK f <?|}FH>J2 f <?47F�3L|eO�2�<?4PO747<�� ~ |56d:ROA|L�Î<?>d:'��|eK ~

� L � � L �G+�� +<%���� �>5 � %����"� �	� B� 5

� �"� � 
Y+ %����"�.5 � %���
X+ %����"�.5)+�� ��� B� ��� g���� _ �	� _� 5 + [5� g�5

��|eK !*#�% #�' [+47<M> c 4�3e:RQ�6d:¡<?:RK ~ 4PQd4 f <?47F'4PQd4�<?4P2LO�3=2LO b : f L ?�H +>!G��K�5Ò2LQd6��"?�H +.! ��K�5 �
8ª:-KM:�<M>d:�� b QdF¡<?4P|LQ�� 4 f 2 c 473L:-QE2LzdzdKX:-F-4P2=<?47|eQ�K?2�<?: � y >d:�3e|eOP2=<?47OP47<�� FR| ~ zS|eQU:-Q\<��
:¡3e|eO�3e: f 2LF-FR|eKM6U4PQ c <?| 2 f :-zJ2LKM2=<?: f <M|5FH>J2 f <?47FÃ6U47�S:-KM:RQ\<?4�2=Oh:-� b 2=<M4P|eQ9[+47<M>W6dKX47� <Ò� b QdF¡<?47|eQ

J@ 6d4�� bUf 4P|LQ � b QdF¡<?47|eQ�
�2LQd6 F-|eQ f <H2LQ\<0FR|eKMKX:-OP2=<?47|eQ��9H���� g �
g�� � � B 2LQd6 � _ 6U:-Qd|L<M:
47Qd6d:-z�:-QU6d:-Q\< f <H2=Qd6J2LKX6 � 47:-Qd:RKÒzdKM|}F-: fMf : f�b QU6d:-KF3 � y >d:ÃFR| ~ zS|eQU:-Q\<�� 2LOPO7|t[ f ��|LK+2LQ
2L6U6d47<M4P|eQJ2=O f | b KMFR:Ã|=��KM2LQd6d| ~ Qd: fMf � b <ª4 f QU|L<;2r3=2L47O�2L�UOP:#2 f 2�<MK?2L6d:R6W2 fMf :¡< �
y |9:-Q fXb KM:0<?>d2=<'<?>d4 f VW2LKXGL|r3}4�2LQ ��K?2 ~ :¡["|eKXGWzdKX|r35476d: f 2m3}4�2=�dOP:02 fMf :¡< zdKM47F-: ~ |56U:-O�[]:
2 fXfMbd~ :�2=zdzdKM|LzdKM4P2=<?:9F-|LQd6d47<M4P|eQ f >U|eOP6���|eK�<M>d:9� b QdFR<M4P|eQ f � @�
J@�
92LQU6 � f |¹<?>J2�<�<M>d:
f � f <?: ~ |L� f <?|}FH>J2 f <M4PF#6U47�S:-KM:RQ\<?4�2=OS:R� b 2=<?47|eQ f + [5� g 5"2L6 ~ 47< f 2 b Qd4P� b : f <?KX|eQ c FR|eQ\<?4PQ b | bdf
f |eO b <M4P|eQ���|eK�<M>d:�3e:-F¡<?|eK�zdKM|}F-: fMf + L ��� 5 [+47<M>�2 f <MKM4PF¡<?O���zS| f 47<M473L:¹6U4 f FR| b Q\<?:R6�zdKX4PFR:
zdKX|5FR: fXf L 2LQd6 f <?KX4PFR<MO7�0z�| f 47<?4�3e:+3e|eOP2=<?47OP4�<��	zdKX|5FR: fXf � � � :+<H2LG=:;<M>d:F�dO7<?KM2=<?47|eQ 8 :�<M|	��:
<M>d: QJ2=< b K?2=O �JO�<?K?2�<?4P|LQ c :RQd:-KM2=<?:R6¹�\� � B;2=Qd6 � _
@�[+>d:RKM: 0�?'4 f <M>d: <?KX473}4�2LO"!S��2LO c :-�dKM2
�$# �4-�( �
� Q�|eKM6d:RK�<M|ÃzUKM4PFR:ª2LQd6 >U:-6 c :ª6d:RKM473=2=<M473L: f 4PQ�2LQm2LKX�d47<MK?2 c :{��KM:-: ~ 2LQdQd:RK�[]:#2 fMfMbU~ :+<?>J2�<
<M>d:-KX:0:O�54 f < f 2LQ :-� b 4�3L2=OP:-Q\<�O7|5F-2LO ~ 2LK�<?4PQ c 2LOP: ~ :-2 fMb KM: +¥D&%ÎV�V,5(' fXb FH> <?>J2=< L 4 f 2
O7|5F-2LO)'#� ~ 2LKX<M4PQ c 2LOP: � y >J2�<;4 f <?>d:�zdKX|e�J2L�U4POP4�<�� ~ :-2 fMb KX: f '�2LQd6 3�>d2r3L: <M>d: f 2 ~ :'Q b OPO
f :R< f 2LQd6

*�+ + L �-, 0/.@5 � L . + [5� [ 5

��|eK ! #�06# % # ' �
� :�6d:-Qd|=<?:��I�,8 3 <M>d: f :R< |L�{2LOPO�D1%ÎV�V f ' �32#b K �JQd2LQdF-4P2LO ~ 2LKMG=:R<�4 f FH>J2=K?2LF¡<?:-KX4 f :-6
�\��<?>U: f � f <?: ~ + [5� g�5'<M| c :R<M>d:-K�[+47<M>¹<M>d: �JO7<MK?2=<M4P|eQ98 : 2=Qd6 4 f F-2LOPO7:-6¹4PQdFR| ~ zdOP:¡<?:047� 8 3
FR|eQ\<H2L47Q fÒ~ |LKM:#<?>d2LQ�|LQd:�:-OP: ~ :RQ\< �
� QW<M>d4 f zJ2Lz�:-Kª[":02=KM:	47Q�zdKX4PQdFR4PzdO7: 47Q\<?:-KX: f <?:-6 47Q�<?>U:	>d:R6 c 4PQ c |L��D b KM|LzS:-2LQ f <��}O7: F-|eQ}�
<M4PQ c :RQ\<	FRO�2L4 ~�f [+47<M> 2LQ 0 Dd� ~ :-2 fMb KM2L�dO7: f � b 2LKM:m47Q\<?: c K?2L�dO7:�KM2LQd6d| ~ zd2r�L|L��4 �J2 f :-6
|eQm<M>d:�6U�}QJ2 ~ 4PF f{c 473L:-Q9�\� + [5� g 5 ��a f z�:-F-4	�JF'FH>d|e47F-:#��|eK54 [+>U4PFH>�[":'[+47OPO bdf :�O�2�<?:-K"|eQ
��|eK+2=OPO�Q bd~ :-KX4PF-2LOA:O�U2 ~ zdO7: f 4 f <M>d: D b KM|ez�:
2LQZz b <ªzJ2
�L|L� c 473L:-QZ�\�

4 �76 + L D 5 � +98:� L D 5<;>= + [5��` 5

y >d:�KX:-� b 47KM: ~ :-Q\<9|L� 0 DJ� ~ :
2 fMb KM2L�d4PO747<���2LQU6 f � b 2LKX:�4PQ\<?: c K?2L�U4POP4�<�� ��|eK <M>d:�zJ2
�e|=�?4
2LO7OP|r[ f ��|eK ~ 2LQ\�9<��}zS: f |L��zJ2=<M>�6d:-z�:-QU6d:-Q\<�F-|LQI<M4PQ c :-Q\<#FRO�2L4 ~�f 2LQd6�z�| fXf 4P�UO7�9:R3L:-Q 6d:¬�
z�:-Qd6U:-QdFR:Ã|eQ9<?>U: :¡3e|eO b <?47|eQ�|L�o<?>d:'3e|LO�2=<M4POP4�<���zdKM|}F-: fMf � �
Y b � 
X:-F¡< <?|�F-:-K�<H2L47Q KX: f <MKM47FR<?47|eQ f |eQ <M>d:�� b QUFR<?47|eQ f � @@
J@@
�2=Qd6 zJ2LKM2 ~ :R<?:RKA�m[]:mF-2LQ
:RQ fMb KX:L@d3}4�2	2LQ92LzdzdO74PF-2=<?47|eQ�|=�Î<M>d:CB'4PK f 2LQd|r3�<?KM2LQ f ��|LK ~ 2=<?47|eQA@\<?>J2�<{<?>d:RKM:#4 f 2LQ9D&%ÎV�V
' fXb FH>�<M>J2=< L 4 f 2�OP|}F
2LO�''� ~ 2=KX<?47Q c 2LO7: �

`



y >d:]F-|eQU6d47<M4P|eQ'<?>d2=< L f >U| b OP6Ã�S:]2;O7|5F-2LO '#� ~ 2LKX<M4PQ c 2LOP: � �U: f <?>U:]:¡��:RFR< |=�U<?>U: B'4PK f 2LQd|r3
<MK?2LQ f ��|eK ~ 2=<M4P|eQ9|eQ � B � b <#2LOPO7|t[ f ��|eK ~ 2LQ\�96d47�S:-KX:-Q\<;<MK?2LQ f ��|eK ~ 2=<M4P|eQZ:R�S:-F¡< f |eQ�<M>d:
47Qd6d:-z�:-QU6d:-Q\< � _ � � |eQ f :-� b :-Q\<MO7� 4��>, � ,��Eg]<M>d: f :R< 8 3�F-|eQ\<H2=4PQ fÎ~ |LKM:�<?>J2LQÃ|eQd:]:-OP: ~ :RQ\<
2LQU6Z| b K �JQJ2LQdFR4�2LO ~ 2LKXGL:¡<;4 f <?>d:RKM:¡��|eKM:�4PQUF-| ~ zdOP:¡<?: �
� Q�|eKM6d:RK;<M| zdKX4PF-:Ã2LQd6W>d:-6 c :	6d:RKM473=2=<M473L: f 4PQ�<M>d4 f 4PQUF-| ~ zdOP:¡<?: ~ 2LKMG=:R< f :R<X<?47Q c []: Qd:R:-6
<M| f | ~ :R>d|r[Z�G�9<M>d: D1%ÎV�V ' � � b KMKX:-Q\<?O���<?>d:RKM: 4 f Qd| c :-Qd:RK?2LO*2 c KM:R: ~ :-Q\<�|LQ�>d|r[ <M|
FH>d|}| f :02 f zS:RF-4
�dF0D&%oVWV '�[+47<M>�2 Q bd~ �S:RK#|L��2LO�<?:RKMQJ2=<M473L: f ��:-47Q c FR|eQ f 4P6d:RKM:-6�47Q�<M>d:
O747<?:RK?2=< b KM: �
� QW<M>d4 f zJ2Lz�:-K+[]:	[+4PO7OhF-|eQ f 4P6d:RK;<�[]|m� b 2L6dKM2=<?47F	2=zdzdKM|e2LFH>d: f <?| >U:-6 c 47Q c 47QW47QdF-| ~ zdO7:R<?:
~ 2LKMG=:R< f�� <M>d: f :�2LKM:ÃOP|}F
2LO*KM4 f Ge� ~ 4PQU4 ~ 4 f 2�<?4P|LQ�2LQd6 ~ :
2LQ}��3=2LKM4P2LQdFR:Ã>d:R6 c 47Q cd�/� |eK;:-4�<?>d:RK
|L��<?>U: f :Ò<�[]|	2=zdzdKM|e2LFH>d: f []:ªKX:-� b 47KM:+>d:-6 c 4PQ c'f <?KM2=<?: c 4P: f |=�S<M>d:{��|eK ~�� � +�� �
	G5¡@\[+>d:-KX:� 4 f 2�zUKM:-6U4PFR<?2L�dO7: L ��4PQ\<M: c KM2L�dOP:'zUKM|}F-: fXf 2LQd6�	94 f 2LQ�2=6J2LzU<M:-6�zdKX|5FR: fXf�fMb FH>�<?>J2=<+<M>d:
3=2LO b :'zdKM|}F-: fMf
� + � 5 � � � � + � 5��Y! # % # '�(Ã[+4�<?>

� � + � 5 ���"� L � ��	X� + [5��� 5
4 f KX4 c >\<���F-|LQI<M4PQ b | bUf ��|eKF! #�% # ' � y >d: >d:-6 c 4PQ c�f <MK?2=<M: c � � � +�� �
	G5 ~ :-2LQ f <?>J2=<+[]:
��|eK ~ 2=<"<M4 ~ :F%]2	z�|eKX<X��|eOP47|'[+47<?>��Y� b Qd4�< f |L�h<?>d:;<?K?2=6d:-6mKX4 f GI� 2 fXf :R< L �Î2=Qd6�	�� b QU47< f |L�
<M>d: f 2
3}4PQ cef 2LFRF-| b QI<=U=� �
y >d:�FR| f <ªzdKX|5FR: fMf�� + � 5 � � � �@+ � 5��"!*# % # ' (Ã4 f <M>d:-Q c 4�3e:-QZ�\�

� � + � 5 � � � + � 5>��� �
? � . � L . + [5��� 5

��|eK*! # %2# ' 2LQU6 � � +�� �
	 5 � a >d:-6 c 4PQ c¹f <MK?2=<M: c � � 4 f F-|eQ f 4P6U:-KM:R6�<M| ��: f :-O7���
�JQd2LQdF-47Q c 4�� � + � 5 4 f 3#��2 �§f-� F-|eQ f <H2LQ\<0|r3L:-K	<M>d: <?4 ~ :�4PQ\<M:-KX3=2LO � !G�1'5�{2=Qd6 � 4 f F
2LO7OP:R6
~ :
2LQ f :-O7��� �JQJ2LQUF-4PQ c 47� � + � 5"4 f 2*3'� ~ 2=KX<?47Q c 2LO7: �

� � �9�+� ,�� 

� /���. 

��

� 

��� $ 
-���

� Q\< b 47<?4�3e:RO7��<M>d: c |\2LO�|L�"OP|}F
2LO KX4 f G\� ~ 47Qd4 ~ 4 f 2=<?47|eQZ4 f <?| ~ 47Qd4 ~ 4 f :	<?>U:�O7|5F-2LO KM4 f GW[+>U4PFH>
F-2LQ��S:'47Q\<?:-KXzdKM:¡<?:R6�2 f <?>d:'FR|eQd6d4�<?47|eQJ2LO f :RF-|eQd6 ~ | ~ :-Q\<Ò|L�ÎF-| f <+4PQUF-KM: ~ :RQ\< f{b QU6d:-K{<M>d:
~ :
2 fXb KM: 3 2�<+:
2LFH>9<?4 ~ :'47Q f <?2LQ\< �
� 4�<?> O7|5F-2LO�KM4 f Ge� ~ 4PQU4 ~ 4 f 2�<?4P|LQ�[]:m|eQdO�� F-|eQ f 4P6d:RK	>d:R6 c 47Q cWf <?K?2�<?: c 4P: f [+>d4PFH> KM:-zUOP4PF-2=<?:
<M>d:�F-|eQ\<?47Q c :RQI<+FRO�2L4 ~ 4 2=<Ò<M4 ~ :�' � <?>d2=<ª4 f []: |LQdO7�m2LOPO7|t[T>d:R6 c 47Q c�f <?KM2=<?: c 4P: f � fMb FH>
<M>J2=<

� D + � 5 �74 3�� 2 �§f-� + `U� g�5
Y b � 
X:-F¡<	<?|ZF-:RKX<?2L4PQ¹<?:-FH>UQd4PF-2LO�F-|eQd6U47<?47|eQ f 47<�F-2LQ ��: f >d|r[+Q <?>d2=<��JQd6d47Q c 2ZOP|}F
2LO�KM4 f Ge�
~ 4PQd4 ~ 4 f 47Q cÃf <?KM2=<?: c ��4 f :R� b 473=2LO7:-Q\<+<?| �JQd6d47Q c 206d:-FR| ~ z�| f 47<?47|eQ�|L�>4 4PQ�<?>d:'��|eK ~

4;� 4 °�¢? � � D
?"! °Ï¢. � L .��$# °Ï¢D � + `U� [ 5

�



[+>d:RKM: 4 °�¢? 4 f F-|eQ f <H2LQ\<-@ ! °�¢ 4 f 2 zdKX:-6d47FR<?2L�dOP: f � b 2LKX:�4PQ\<M: c KM2L�dOP:ZzdKX|5FR: fMf 2LQd6�# °�¢ �
� # °�¢� �"! #�% # '�('4 f 2 f � b 2LKM:�4PQ\<?: c K?2L�UOP:F3'� ~ 2=KX<?47Q c 2LO7:"[+47<M> # °�¢? �$!	2LQd6�<?>d:;zdKM|}6 b F¡<
zdKX|5FR: fXf # °Ï¢ � 4 f 4PQ 2=6d6d47<M4P|eQ 2�3'� ~ 2=KX<?47Q c 2LO7: � y >d:�KM:RzdKM: f :RQI<?2=<?47|eQ + `5� [ 5 4 f bdfXb 2LO7O7�
KX:R��:-KXKM:R6m<?|02 f <?>d: ���|eOPO ~ :RK���Y5FH>\[":R4P^-:RK]6U:-F-| ~ z�| f 4�<?47|eQ |L� 4 + f :R: ���|eO7O ~ :-K�� Y5FH>\[":R4P^R:-K
+�grieiUg 5 5 �
y >d:�O7|5F-2LOAKM4 f Ge� ~ 4PQU4 ~ 4 f 47Q c >d:-6 c 4PQ c�f <?K?2�<?: c �94 f <?>U:-Q c 473L:-QZ�I�

� °�¢� � ! °�¢� + `U��` 5

2LQU6

	 °�¢� � � � + � °Ï¢ 5>� � °�¢� L � � + `U��� 5
[+>d:RKM:

� � + � °Ï¢ 5 � � � + � °Ï¢ 5��$� �
? � °Ï¢. � L . + `U��� 5

[+4�<?>

� � + � °�¢ 5 � 4 °Ï¢? �$# °Ï¢� + `U��� 5
��|eK ! # % # ' �
a;f 4 f f >U|t[+Q�4PQ ���|eO7O ~ :-K�� Y5FH>\[]:-47^-:-K,+�griLiUg 5	2LQU6 Y}FH>I[]:-47^-:RK�+�g
iei � 5 <M>d:-KX:9:O�54 f < f 2
~ :
2 fXb KM:	�30@d<?>U: f |�F
2LO7OP:-6 ~ 4PQd4 ~ 2=OSD&%ÎV�V @ fXb FH>�<M>J2=<

� � + � °Ï¢ 5 �7*�
� +�4 , 0=�<5 + `U��
 5
��|eK/!2# %�# ' @A[+>d:RKM:0<?>d:0FR|eQd6d4�<?47|eQJ2LOÎ:O�5z�:-FR<?2=<?47|eQ 4PQJ+ `U��
 5�4 f <?2LGL:RQ b Qd6d:RK �3 � y >d:
~ :
2 fXb KM:��3 4 f 4P6U:-Q\<?4	�J:-6A@ fXb � 
X:RFR< <?|9F-:RKX<H2=4PQ 4PQ\<?: c K?2=�d4PO747<��ZF-|eQU6d47<M4P|eQA@��I�W<?>d:��ª2L6d|eQ5��ª4PGL|}6U� ~ 6d:RKM4�3L2�<?473L:

���3
� 3 ��� °�¢D � + `U� j 5

[+>d:RKM:

� °�¢� �E:��5z
�
� g[ �

�
?�� � +90 ��� . 5� . � _ � 0���� �

?
� +90E��� . 5
� . �	� B.�� + `U� i 5

��|eK ! # % # ' �
a;fMfMbU~ 47Q c � °Ï¢ 4 f 263'� ~ 2LK�<?47Q c 2LO7:L@L<M>d:CB'4PK f 2LQd|r30<?KM2LQ f ��|eK ~ 2=<?47|eQ�F
2LQm��: bdf :-6m<M| f >d|r[
<M>J2=<Ò<?>U: zUKM|}F-: fXf : f �� B 2LQd6��� _ 6d:O�JQd:-6��\�

�� B� � � B� � � �
?
� + 0 ��� M 5� . � 0 + `U� g�! 5

�



2LQU6 �� _� � � _� + `U� geg 5

��|eK ! # % # ' 2LKX:#4PQU6d:-z�:-Qd6U:-Q\< � 4P:-QU:-K{zdKX|5FR: fXf : fªb Qd6U:-K �3 � � |eQ f :R� b :-Q\<?O�� bdf 47Q c �� B
2LQU6 �� _+<?>d: f � f <?: ~ |=� f <?|}FH>J2 f <M4PF�6d4���:RKM:-Q\<M4�2LOS:-� b 2=<M4P|eQ f + [5� g�5"�S:RF-| ~ : f

� L � � L � � � � �� B�
� �"� � � 
Y+ %����"�>5>� �� � +�
 � 5)+ %���� �>5 � � %

� 
X+ %����"�>5 � � � �� B� � � g5��� _ � �� _��� + `U� g [ 5

��|eK ! # % # ' �
y 2LGI4PQ c FR|eQ\<?47Q c :-Q\<9FRO�2L4 ~�f |L��<?>d:���|LK ~ 4 � 6 + L D 5���|eK f | ~ : c 473L:-Q � b QUFR<?47|eQ�6 w
� !G��K�5�� 8 � 2LQd6 bdf 47Q c <?>d:ÃVW2=KMGL|r39zdKX|ez�:-KX<�� [": F
2LQZKM:¡[+KM4�<?:*+ `5��
 5"47Q�<?>d:'��|eK ~

� � + � °Ï¢ 5 � *�
� +96 + L D 5 , 0=�<5

� � 
� +<%�� L �@��� �>5 + `U� g ` 5

��|eK f | ~ :�� b QUFR<?47|eQ�� 
� + %��	� ��
 5�6d:)�dQd:-69|eQ � !G�1'5�
�7+.!G�4K�5��7+>!G��K�5 � Y b � 
X:RFR<+<?|	F-:-K�<H2L47Q
KX: ceb OP2LKM4�<���F-|eQd6U47<?47|eQ f [":'F-2LQ f >d|r[T<?>J2�<�� 
� 4 f <M>d: f |LO b <M4P|eQ <M|	<?>U:'zJ2LKX<M4�2LO�6d4���:RKM:-Q\<M4�2LO:R� b 2=<?47|eQ
� � 
�� % � � 
 � � 
 �
 � � � 
�� 
 � g[ � � _ 
 _ � _ � 
�� � _ ��
 _

� _ � 
�� 
 _ � [ ����
 
 � _ � 
�� � � 
 � � ! + `U� g � 5
|eQ +>!G�1'�5��J+.! ��K�5��J+.! ��K�5�[+47<M>���| b QU6J2LKX�mF-|eQd6U47<?47|eQ

� 
� +<' ��� ��
G5 � 6 +���5 + `U� g � 5
��|eK�� ��
�HJ+.! ��K�5 ��ª|t[�47<{��|LOPOP|r[ f �\�92LzUzdOP47F
2=<M4P|eQm|=�o<M>d: � <?|���|eK ~ b O�2Ã<M| c :R<M>d:-KÒ[+4�<?> + `U� g � 5]<M>J2=<

� � + � °�¢ 5 � � ?X+ � °�¢ 5�� � �
? � °�¢. � L .��$# °Ï¢� � + `U� g � 5

[+>d:RKM:

� °�¢� � � � 
�� � + %�� L � ���"� 5�� �
L � � � � 
 � � 
�� 
 � +<%�� L �@���"� 5 + `U� g 
 5

2LQU6

# °�¢� � � �
? � 
 � g5� � _ � � 
�� 
 � + 0 � L .O��� . 5 �	� _. + `U� grj 5

�



��|eK ! # % # ' �� f 4PQ c + `U� � 5 2LQd6�+ `U� grjE5#[": f :-: <M>J2=< <?>d:�F-|eQU6d47<M4P|eQJ2=O�:O�5zS:RFR<M:-6 f � b 2LKX:-6 FR| f <	|eQ <M>d:
47QI<M:-K�3L2=O1� %��1'5�*��|eKÒ<?>U:ÃO7|5F-2LOPO��mKM4 f Ge� ~ 4PQU4 ~ 4 f 47Q c	f <?KM2=<?: c � � °�¢ @ 6d:-QU|L<?:R6��\� � °�¢� @�4 f;c 473e:RQ
�\�

� °Ï¢� � *�� � � D + � °Ï¢ 5>� � �@+ � °Ï¢ 5 � _���� 0F���
� *�� � D

� +�g���� _ 5 � 
 � � � 
�� 
 � � _ + 0 � L .4��� . 5 � 0 ��� 0=��	 = + `U� gri 5


 . �#�	��� ���	��
R� ���+� %��'&�(�

��(

� Q9<?>d4 fÒf :RFR<?47|eQ9[": F-|eQ f 4P6U:-Kª2LQZ2LO7<M:-KXQJ2=<?4�3e:�2LzUzdKM|\2=FH>Z<M|�>d:R6 c 47Q c 4PQ94PQdFR| ~ zdOP:¡<?: ~ 2LK��
G=:R< f �d2 f :R6Z|LQ9[+>d2=<Ò4 f F
2LO7OP:-6 ~ :-2LQ5��3=2LKX4�2LQUF-:ª>d:-6 c 4PQ cd��� Q\< b 47<M473e:RO7��<?>d: c |\2LOS>d:-KX:#4 f <M|
~ 4PQd4 ~ 4 f :	<M>d: c O7|e�J2LO�KX4 f G¹|r3L:-KÃ<M>d:m:RQI<M4PKX:�<M4 ~ :�47QI<M:-K�3L2=O � !G�1'5� � y >d4 f F-|eQ\<?KM2 f < f [+47<M>
O7|5F-2LO�KM4 f Ge� ~ 4PQd4 ~ 4 f 2=<M4P|eQ�[+>d4PFH> ��|}F bUf : f |eQ ~ 4PQd4 ~ 4 f 2=<M4P|eQ�|=�{<?>d: f :-FR|eQd6 ~ | ~ :-Q\< f |L�
FR| f <ª4PQUF-KM: ~ :RQ\< f-�
� 4�<?> ~ :-2LQ5��3=2LKX4�2LQUF-:0>d:R6 c 4PQ c []:m2LO7OP|r[ f <?KM2=<?: c 4P: f [+>U4PFH> 6U|WQd|L<�� b O7O7��KX:-zdO74PF-2=<?: <M>d:
FR|eQ\<?4PQ c :-Q\< FRO�2L4 ~ 4 2=<Ã<?4 ~ : ' � 8;|r[]:R3L:-K-@�[]: ~ 47Qd4 ~ 4 f : <?>d: :O�5zS:RFR<M:-6 f � b 2LKX:-6 Qd:¡<
O7| fMf 2=<Ò<M4 ~ :/' c 4�3e:RQ�47Qm<?>d:'��|eK ~

� º]�¡©? ��*��4+94 � � D + � 515 _�
 + �d� g�5
|r3e:RKm2LQ 2LzdzdKX|ezdKM4P2=<?:9FH>d|L4PF-:�|L�'47Qd47<M4�2=<M:-6 3=2LO b : � ?m2LQd6 >d:-6 c :WK?2�<?4P| � � y >U:�4PQd4�<?4P2LO
3=2LO b :Z2LQd6�>d:-6 c :WK?2�<?4P|�[+>d47FH> ~ 4PQd4 ~ 4 f :�<?>d4 f � b 2LQ\<M47<�� 4 f F-2LOPO7:-6 <?>d: ~ :
2LQ5�¤3=2LKM4P2LQdF-:
|ez5<?4 ~ 2LO f <MK?2=<M: c �m2LQd694 f 6U:-Qd|L<M:-6Z�\�7+ � º]�¡©? �
� º]�¡©? 5 � � |eKÒ2 ~ |eKM:�zdKM:RF-4 f : f z�:-FR4
�JF-2=<?47|eQ
|L� ~ :
2LQ5�¤3=2LKM4P2LQdF-:�>d:-6 c 4PQ c�f :R:	8ª:
2=<M>A@ N�O�2=<M:-Q ��Y5FH>\[]:-47^-:-K�+¥2=Q c :�5 ��ªQd6d:-K fXb 47<?2L�dO7:�F-|eQU6d47<M4P|eQ f 47<�F-2LQ �S: f >d|r[+QE<?>d2=<m<?>U:-KM: :��U4 f < f 2=Q D1%ÎV�V �3�@ª<M>d:
f |=��F-2LOPO7:-6m3=2LKM4P2LQdFR:¡��|LzU<?4 ~ 2LO�D&%oVWV @ fMb FH>Z<?>J2=<+<M>d:ÃFR|eQ\<?47Q c :-Q\<ªF-OP2L4 ~ 4 2L6 ~ 47< f 2�6d:¬�
FR| ~ z�| f 47<?47|eQm|L�Î<?>U:���|LK ~

4;�74 º��¡©? �$� D
? ! º]�¡©. � L .)�$# º]�¡©D � + �d� [ 5

[+>d:RKM:
4 º]�¡©? ��*��� +94�5 + �d��` 5

2LQU6 ! º]�¡© 4 f 2 zdKX:-6d47FR<?2L�dOP: f � b 2LKM:ª4PQ\<M: c KM2L�dOP:ÒzUKM|}F-: fXf 2LQU6�# º��R© 4 f 2 f � b 2LKM:ª4PQ\<M: c KM2L�dOP:3#� ~ 2LKX<M4PQ c 2LOP:Ò[+47<M> # º��R©? �$! �
� �Î[": FH>d|}| f :

	 º]�¡©� ��4 º]�¡©? � � �
? � º��¡©. � L .>� � º]�¡©� L � + �d��� 5





2LQU6

� � + � º��R© 5 � 4 º]�¡©? + �d��� 5
��|eK ! # % # ' @=<M>d:-Q [+4�<?>	<M>d4 f 4PQ\<?:RKMzdKX:R<H2�<?4P|LQÃ[]: f :R:"<?>J2�<�<?>U:"F-| f <�zdKX|5FR: fXf 4 f F-|eQ f <H2LQ\< �
� Q <M>d4 fÃf :RQ f :9| b K ~ :-2LQ 3=2LKX4�2LQdFR: |ez5<?4 ~ 2LO f <?K?2�<?: c � 4 f	f :RO7��� �JQJ2LQdFR4PQ cU� 8;|r[]:R3L:-K-@�<M>d:
Qd:¡<ªOP| fXf 2=<Ò<?4 ~ :/'�4 fÒc 4�3e:-QZ�\�

4 � � D + � º]�¡© 5 � 4 � 4 º��R©? ��� D
? � º]�¡©. � L .

� # º]�¡©D = + �d��� 5�ªQd6d:-K fMb 4�<H2L�dO7:]FR|eQd6d4�<?47|eQ f 2LQd6 [+47<M>3�/�I!�47<oF
2=Q �S: f >d|r[+Q <?>d2=<�<M>d:"3=2LKM4P2LQdFR:"|ezU<M4 ~ 2LO
~ :
2 fXb KM: �3�F-2LQ9�S:�476d:-Q\<?4	�J:-69��KM| ~ 47< f �;2=6d|eQ5� �;4PG=|565� ~ 6d:-KX473=2=<M473e:'47Q�<?>d:'��|eK ~

� �3
� 3 � � º��R©D � + �d��
 5

[+>d:RKM:

� º��¡©� � :��Uz � � � �
?
� + 0 ���-.@5
�-. ��� B. ��� �

? � º��R©. �	� _.

� g[ �
�

? � � � +90E��� . 5� . � _ �$+ � º��¡©. 5 _ 	 � 0 � + �d� j 5
[+4�<?>

� º]�¡©� �7
�+<%���� �>5 ���� 
 + %���� �>5 + �d� i 5
2LQU6

� +<%���
 5 �?��OP| c * � :O�5z � � � D
� � � +90 ��� ��� �. 5

� ��� �. � _ � 0 � 	 + �d� g�! 5
��|eKF%/#Z%�# ' � 8ª:-KX:	[":06U:-Qd|L<M: �\� � ��� � <M>d:	3e|LO�2=<M4POP4�<���zdKX|5FR: fMf <M>J2=< f <H2=KX< f 2=<�<M4 ~ :6%
[+4�<?>�3=2LO b : 
m2LQd69:R3L|eO73L: f 2LF-FR|eKM6d47Q c <?|�<?>d: f <?|}FH>J2 f <M4PF�6d4���:RKM:-Q\<M4�2LOS:-� b 2=<M4P|eQ + [5� g�5 �
a zdzdO7�}47Q c <M>d: � :¡�5Q ~ 2LQ}����2LF+��|eK ~ b O�2'<?|Ã<M>d:;� b QdFR<M4P|eQ�:O�5z +�� � 5�2LQd6 bUf 4PQ c 2 <MK?2LQ f ��|eK��
~ 2=<?47|eQ0|L�S3L2=KM4�2=�dOP: f �d2LFHG <?|�<?>d:+� b QdF¡<?47|eQ � 47<�F-2LQ���: f >d|r[+Q <M>J2=<
@ b QU6d:-K"2LzdzdKX|ezdKM4P2=<?:
FR|eQd6d4�<?4P|LQ f ��|eK5
J@ 
#2LQU6�� @5<?>d:RQ � f 2�<?4 f �J: f <M>d:�zJ2LKX<M4�2LO�6d47�S:-KX:-Q\<?4P2LO�:R� b 2=<?47|eQ

���
� % ��


���
� 
 �

g
[ 
 _

� _ �
� 
 _ �

g
[ 
 _ � ���� 
 � _ � � � 
 � _ �I! + �d� geg 5

|eQ +>!G�1'�5��J+.! ��K�5][+47<M>Z��| b QU6J2LKX�mF-|eQd6U47<?47|eQ f
� + ' ��
G5 �$! =

j



a;fMfMbU~ 47Q c � º]�¡© 4 f 2S3'� ~ 2=KX<?47Q c 2LO7: 2LQ 2=zdzdOP47F
2=<M4P|eQ�|L��<?>d:AB'4PK f 2LQd|r3W<MK?2LQ f ��|eK ~ 2=<M4P|eQ
f >d|r[ f <M>J2=<Ò<?>U: zUKM|}F-: fXf : f �� B 2=Qd6 �� _ 6d:O�JQd:-6��\�

�� B� � � B� �$� �
?
� + 0 ���-. 5
�-. � 0 � + �d� g [ 5

2LQU6

�� _� � � _� �$� �
? � º��R©. � 0 + �d� g ` 5

��|eK=! # %=# ' @�2LKX:Ã47Qd6d:RzS:RQd6d:-Q\</� 47:-Qd:RK;zUKM|}F-: fXf : f'b Qd6d:RK �3 � 8;:-QUF-:	[+4�<?>WKX: f zS:RFR<�<M|�� B 2LQd6 �� _ <M>d: f � f <M: ~ |L� f <M|5FH>J2 f <?47F�6d47�S:-KX:-Q\<?4P2LOA:-� b 2�<?4P|LQ f + [5� g�5{��:-F-| ~ : f
� L � � L � � � � �� B�
� � � � � 
Y+ %���� �.5>� 
 _ + %����"�>5 ���� 
 +<%���� �>5 � � %

� 
X+ %���� �>5 � �� _� + �d� g � 5
��|eK % # % # ' � �;|=<?:'<?>J2�<Ò[": >J2
3e:Ã2 fMfXbd~ :-6 � �I! �
a;f 47QÃ<?>U:]F-2 f :���|eKoO7|5F-2LO\KM4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQª[":"F-|eQ f 4P6d:RK�D b KX|ez�:
2LQ FR|eQ\<?47Q c :-Q\<oF-OP2L4 ~�f |L�
<M>d:;��|eK ~ 4;��6 + L D 5 � � |eK�<?>U4 f <��5z�:#|L�AzJ2
�e|L�W2LQd6�2 c 2L4PQ bdf 4PQ c <?>d:#VW2LKMG=|r3 zdKX|ez�:-KX<��
[]:�F
2LQZ:O�5zdKX: fMf �\� + �d�Ï` 5Ò2LQd6 + �d� � 5"<M>d:�4PQd4�<?4�2=O 3=2LO b : � ?X+ � º��R© 5"47Q�<?>d:'��|eK ~

� º]�¡©? ��4 º]�¡©? � *��� � 4��"� � �� +.!G� L ? ���Y? 5 + �d� g � 5
��|eK f | ~ :#� b QdFR<M4P|eQ � �� + %��	� ��
 5"6U:)�JQd:R6W|eQ � !G�1'5��� +>!G��K�5�� +>!G��K�5 fXb FH>�<M>J2=<

� �� + %�� L �@���"�<5 �7*��� � 4 , 0F� �9= + �d� g � 5
Y b � 
X:-F¡<ª<M|�F-:-K�<H2L47Q�KM: ceb O�2=KM47<���F-|LQd6d47<M4P|eQ f @U4�<ÒF
2=QZ��: f >U|t[+Q9<?>d2=< � �� 4 f <?>d: f |eO b <?4P|LQm|L�<M>d:�zJ2LKX<M4�2LOS6d47�S:-KX:-Q\<?4P2LOA:R� b 2=<?47|eQ

� � ��� % � � 
 � 
 _ ���� 
 � � � ��� 
 � g[ � _ 
 _ � _ � ��� � _ �
g
[ 
 _

� _ � ��� 
 _ �I! + �d� g 
 5
|eQ +>!G�1'�5��J+.! ��K�5��J+.! ��K�5�[+47<M>���| b QU6J2LKX�mF-|eQd6U47<?47|eQ

� �� +<' ��� ��
G5 � 6 +���5 + �d� grj 5
��|eK�� ��
�HJ+.! ��K�5 �
Y54 ~ 47O�2LK]<?| <M>d: F
2 f :	��|eK;OP|}F
2LO*KX4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQ�[":0F-2LQ�2LzdzUO7�9<?>d: � <?| ��|eK ~ b OP2�FR| ~ �
�d47Qd:-6�[+4�<?> + �d� g � 5{2=Qd6 + �d� g 
 5"<?|�|e�5<H2L47Q

� �� + %�� L � ���"�>5 � � �� +>!G� L ? ���"?�5�� � �
? ! º]�¡©. � L .��$# º��R©� � + �d� gri 5

i



[+>d:RKM:

! º]�¡©� � � � ��� � +90E� L .����-. 5 + �d� [ ! 5
2LQU6

# º]�¡©� � � �
? � 
 � � ��� 
 � + 0 � L .���� . 5 � �� _. + �d� [ g 5

��|eK % # % # ' �
a O f |U@ b Qd6d:RK fMb 4�<H2L�dO7:WFR|eQd6d4�<?4P|LQ f @Ò4�<mF
2=Q��S: f >d|r[+QT<M>J2=<�<?>d:�FR|eQd6d4�<?4P|LQJ2LO+:O�5z�:-FR<M:-6
f � b 2LKM:R6WQd:¡<;O7| fMf |r3L:-K+<?>d:�4PQ\<M:-KX3=2LO � %��1'5�¥@ f :R:�+ �d� g 5¡@d4 fÒc 473L:-QZ�\�

� º]�¡©� � * � � D
� ������� . � �	��
 
 _ + 0 ���-. 5 � � � ��� 
 + 0 � L .4���-.15 � _ � 0 ��� 0F��	 = + �d� [ [ 5

�Jb K�<?>d:RK ~ |eKM:=@U<?>d: ~ :
2LQ�3=2LKX4�2LQdFR:'|ezU<M4 ~ 2LO f <?K?2�<?: c �7+ � º]�¡©? �
� º]�¡© 5¡@d4 fÒc 473L:-QZ�I�
� º]�¡©? � � �� +.!G� L ? ���Y?�5 + �d� [L` 5

2LQU6

� º��R©� � ! º��¡©� � � + %����"�>5
L � � _� � � �� + %�� L � ��� �>5>� 4 º��¡©? ��� �

? � º]�¡©. � L . � = + �d� [ � 5
y > bdf 47Q <?>d:�F-2 f :W|L� ~ :-2LQ 3=2LKM4P2LQdFR:W>d:R6 c 4PQ c <?>d:�|LzU<?4 ~ 2LO+>d:R6 c :�KM2=<?47| � º]�¡© 4 f 47Q
c :RQd:-KM2LO Qd|=<�:-� b 2LO�<M| ! º��R© [+>d47FH>¹4 f <?>U:04PQ\<?: c K?2LQU6 2=zdzS:-2LKM47Q c 47Q�<?>d:�6d:RF-| ~ zS| f 47<M4P|eQ+ �d� [ 5 � y >d4 f�~ 4 c >\<#Qd|L<#>J2
3e:��S:R:-Q :O�5z�:-F¡<?:-6¹�J2 f :-6 |eQ�<M>d:0KM: fMb O�< f |e�U<?2L4PQU:-6W��|eK�OP|}F
2LO
KX4 f G ~ 47Qd4 ~ 4 f 2=<?47|eQ¹2LQd6�4 f 6 b :�<?|�<?>d:��x2LF¡<0<?>J2�< � º��R©� >J2 f0~ |eKM:m<M>d:�FH>J2LKM2LFR<M:-K�|L��2
FR|eQ\<?KM|LOA3L2=KM4�2=�dOP: �
� 47QJ2LO7O7�e@ 47QW<?>d:	F
2 f : [+>d:-KX: �3W� �3�@ f |m<?>d2=< � �� � � 
� @h2=Qd6A@h2 c 2L4PQ fMb � 
X:RFR<�<?| F-:-K�<H2L47QFR|eQd6d4�<?4P|LQ f @ f :-:Ã8;:-2=<?>�@ N�OP2=<?:RQ ��Y5FH>\[":R4P^R:-K +x2LQ c : 5¡@d4�<+F
2LQ9��: f >d|r[+Q�<M>J2=<

� º��R©� � *�� � D
� ������� .�� � � 
 +�g5� � _ 5 
 _ + 0 ���-.@5 � � � 
�� 
 + 0 � L .4���-. 5 � _ � 0 ��� 0F��	 + �d� [ � 5

[+>d47FH>�4 fÒf 4 ~ 47O�2LK�<?|2+ �U� [ [ 5"� b <ª4PQdFRO b 6U: f <?>d:�F-2 f :@�
��$! �

� ����� � �9� �'�;
	�¹� . �9&��',
�

� Q�<?>U4 fmf :-FR<M4P|eQ []:�[+4PO7O;FR|eQ f 476d:-K�<?>d: 2LzUzdOP47F
2=<M4P|eQ�|L� �S|L<M>�OP|}F
2LOªKM4 f G ~ 47Qd4 ~ 4 f 2=<?47|eQ
2LQU6 ~ :-2LQ 3=2LKM4P2LQdFR: >d:R6 c 4PQ c <?|W��| b K f <?|}FH>J2 f <M4PF 3L|eO�2�<?4PO747<�� ~ |}6d:-O f-� y >U:�z b KMz�| f :m|L�
<M>d4 f f < b 65� 4 f <M|�F-| ~ zJ2LKX:92LQd6�2LO f |W3}4 fXb 2LO74 f : KM: fXb O7< f 6d:R<?2L4PQU:-6 ��|eK	<M>d:m<�["| >d:R6 c 47Q c
2LzUzdKM|\2=FH>d: f ��|eK0<?>d: c 473L:-Q ~ |}6d:-O f-� y >d4 f [+4PO7O{zdKM|r3}4P6U:�47Q f 4 c >\<�47Q\<?|¹� b 2LOP4�<H2=<M473e:92=Qd6
� b 2LQ\<M47<H2�<?473L:'6d47�S:-KX:-QdFR: f ��|eK{<?>U:�<�[]|�� b 2L6dK?2�<?4PF'>U:-6 c 47Q c 2LzdzdKX|\2LFH>d: f-�

g !



��������� 	�

��� ������������������
���
�� �"!#��$&%(' )*�+� ,���$&�����������.-/���0�21

3�4 Y}<?:R4PQ65eYI<?:-47Q � �"� �87 +�9 ���"�>5 � %)�;: �	� _� � +<%���� �>5 �8< � �
3�= 2 f 2L��|t3L: 2 f 2L��|r3e: � + %����"�>5 �?>(� _�

@ 4 8;: f <M|eQ
� � _� �BA�+DC/� � _� 5 � %

�FE �"�G+�� �	� B�
� � g�� � _ �	� _� 5

� +<%���� �>5 �8< � �

@ = 2 f 2L��|t3L: � � _� �GA6+DC/� � _� 5 � %
�HE � � �	� _�

� + %����"�>5 �?>(� _�

y 2L�dOP:0g w V�|56U:-O f z�:-FR4
�JF-2=<?47|eQ fR�

y >d: ~ |}6d:RO f [+>d4PFH>W[]: :��d2 ~ 47Qd:	2=KM: �J2 f :R6�|eQW<M>d:0Y}<M:-47Q � Y}<M:-4PQ +�griei5g 5Ò2LQd6�8ª: f <M|eQ
+�griei ` 5Ã<��}z�: f <?|}FH>J2 f <M4PF93e|eOP2=<?47OP4�<�� ~ |56U:-O f [+4�<?> <�["| 6U47�S:-KM:RQ\< f zS:RF-4	�JF
2=<M4P|eQ f ��|eK0<M>d:
2LzUzdKM:RF-4�2�<?4P|LQ�K?2=<M:�� b QdFR<M4P|eQ � �
y >d:Ã��| b K ~ |}6d:-O f [+47<M>W<?>U:-4PK f z�:-FR4
�JF-2=<?47|eQ f 2=KM: fXbd~�~ 2LKX4 f :-6�47Q y 2L�dOP: g � � :02 fXfMbd~ :
<M>J2=<{<M>d:'F-|eQ f <H2=QI< f 7}@�9�@6:�@6AA@IC5@6E 2LKX:'Qd|eQ5��Qd: c 2�<?473L:L@U[+4�<?>J< 2LQd6K>�KX:
2LO�3L2=O b :R6�2=Qd6
�*H � �Ãg �-g � � �;|L<M:Ã<M>J2=<#QU|eQ5��^R:-KX|mF-|eKXKM:RO�2=<M4P|eQZ4 f 2LOPO7|t[]:-6�|eQdO��Z��|LK ~ |56d:ROÎ8Ãg ��� |LKª<M>d:
8ª: f <M|eQ�<��}z�: ~ |}6d:-O f 8ÃgÃ2LQd6�8 [ 2 f <?|}FH>J2 f <M4PF�6d4���:RKM:-Q\<M4�2LOA:R� b 2=<?47|eQ9��|eKÒ<?>d:'3e|LO�2=<M4POP4�<��
FR| ~ z�|eQd:RQ\<�� F-2LQZ�S:�|e�U<?2L4PQU:-6�3}4�2 � <?|�L f ��|eK ~	b O�2 2 f ��|LOPOP|r[ f w

� �"� � � � A6+DC/� � _� 5>�ME _
j&� � � � %�� E

[
� � �	� B� ��� g5��� _ �	� _� � = + �5� g�5

� |eK ~ |56U:-O f Y�g�2LQU6m8Ãgª47<�F-2LQ��S: f >d|r[+QA@ f :R:�8ª:
2=<M>A@5N�OP2=<?:RQ � Y5FH>\[":R4P^-:RK +x2LQ c : 5¡@\<?>J2�<�3 � �3 2LQd69<?>d2=<

� +<%���
G5 �N< _ + '�� % 5 + �5� [ 5
��|eK +<%���
G5 H�� ! �1'5� �J+.! ��K�5 � � | ~ zJ2=KM4PQ c + `U� griE5{2LQd6 + �U� [ � 5"<?>d4 fÒ~ :-2LQ f <?>J2�<

� º]�¡©? � *�� � D
? ���+OQP � D � . 
 +�g5� � _ 5 
 _ +90E��� . 5 � � � ��� 
 + 0 � L .4���-. 5 � _ � 0 	

R ���+O P D � °Ï¢? = + �5��` 5
gLg



� Q 2L6d6d4�<?4P|LQ�4�<�F
2LQ��S: f >U|t[+Q�<?>J2=<�<M>d:�O7|5F-2LOÒKM4 f G ~ 4PQU4 ~ 4 f 47Q c�f <?K?2�<?: c � 4 f�c 473L:-Q��I�
+ `U� g 
 5 �
� Q0<?>U:ÒQd:O�}< f :RFR<?47|eQ0[":+FR| ~ z b <?:{<M>d:+OP|}F
2LO}KM4 f G ~ 4PQU4 ~ 4 f 47Q cªf <?KM2=<?: c 4P: f ��|eK ��|L<?> ~ |56U:-O f
YSg�2=Qd6 8Ãg��J2 f :-6 |eQ�<M>d: ��|eK ~	b O�2L: + `5� g [ 5¡@ + `U� g � 5¡@ + `U� g 
 5¬@ + `U� griE5 � � :0Qd|=<?:	<M>J2=<#<M>d:
6d:RKM4�3L2�<?4P|LQ f 2LQd6�<?:RFH>dQd4PF-2LO 6d:R<?2L4PO f zdKM|r3}4P6U:-6�4PQ0<?>d:ªzJ2Lz�:-K f 8ª:
2=<M>A@}N�O�2=<M:-Q � Y5FH>\[":R4P^R:-K
+x2LQ c : 5{2LQd6WY5FH>\[":R4P^-:RK +�grieiUg�5]6d|�Qd|L<Ò� b O7O7��F-|r3e:RKª<M>d:�F
2 f : |=� � ��$!0��|eK"<?>U: ~ |}6d:-Oh8 g
<M>J2=<+>J2
3e: 2LO f |���:-:-Q947QdF-O b 6d:-6���|eKÒFR| ~ zJ2LK?2�<?473L:#z b KXzS| f : f 4PQ�| b K f < b 6U� � 8;|r[]:R3L:-K-@J<M>d:
Q bd~ :-KX4PF
2=O�KM: fMb O�< f |e�U<?2L4PQU:-696d|�Qd|L<+47Qd6d4PF-2=<?:#2LQ\�mzJ2LK�<?47F b OP2LK{zdKX|e�dOP: ~�f [+47<?>�<M>d4 f F-2 f : �
� |eKª<?>d: ~ |}6d:-O f Y [ 2=Qd6 8 [ 4�<#F
2=Q��S: f >d|r[+QA@ f :R:�2 c 2L47Q�8ª:
2=<M>A@*N�O�2=<M:-Q � Y5FH>\[":R4P^R:-K
+x2LQ c : 5¡@�<M>J2=<���|L<?>�<M>d:0OP|}F
2LOoKM4 f G ~ 47Qd4 ~ 4 f 4PQ c 2LQd6 ~ :
2LQ}��3=2LKM4P2LQdFR: >d:-6 c 4PQ c�f <?KM2=<?: c 4P: f
:��U4 f <ª��|eKÒ<?>d: F
2 f :	|=��2�D b KM|ez�:
2LQWz b <;|ezU<?47|eQ � �;|L<M: <M>J2=<ª��|eK ~ :-2LQ5�¤3L2=KM4�2=QdF-:'>d:R6 c 47Q c
:��U4 f <M:-QdFR:�|L�{<?>U:m|ezU<M4 ~ 2LO f <MK?2=<M: c � 4 f : f <?2L�dO74 f >U:-6 |eQUO7� ��|eKÃ2 fMb ��FR4P:-Q\<MO7� fM~ 2LOPO�<?4 ~ :
>d|LKM4P^R|eQ ' � 8;|r[]:R3L:-KW47Q <?>d4 f F
2 f :¹2 f [":ROPO#<M>d:�Q bd~ :RKM47F
2LO#:��5zS:RKM4 ~ :-Q\< f >d2r3L: �S:R:-Q
fXb F-FR: fMf � b OPO��ZzS:RKX��|eK ~ :R6Z��|eK+O7|eQ c <?4 ~ : f F
2LO7: f [+47<?>U| b <;2LzdzJ2=KM:-Q\<;6d4
��F b O7<M4P: f 2 f [+47OPOh��:
f :-:-Q�4PQm<M>d:�Qd:O�}< f :-F¡<?47|eQ �
� |eK{<M>d: ~ |}6d:-O f Y [ 2LQd6�8 [ []: >d2r3L: ��KX| ~ + �d� g�!E5{2LQd6 y 2L�dOP:0g'<M>d:'� b QdFR<M4P|eQ

� + %���
 5 � ��OP| c * ��:O�5z � �2> _ � D
� +�� ��� �. 5 _ � 0 � �C= + �5��� 5

� |eK�< b QJ2�<?:-O�� ��|eK ��|L<?> ~ |56U:-O f <?>d4 f � b QdF¡<?47|eQ F
2LQ ��:�F-| ~ z b <?:-6 :��5zdOP47F-47<MO7�L@ f :R:92 c 2L47Q
8ª:
2=<M>A@JN�O�2=<M:-Q ��Y5FH>\[":R4P^R:-K6+¥2LQ c :�5 ��� Q9<M>d:#F-2 f :'|L� ~ |56U:-OhY [ <?>d:#� b QUFR<?47|eQ9+ �5��� 5]>d:-KX:
6d:RQd|L<M:-6Z�I��<M>d: f � ~ ��|eO � ²tÄ >d2 f <?>d:'��|eK ~

� ²tÄ + %���
G5 � � ?X+ ' � % 5 � � B +<' � % 5 

:
� � _ + ' � % 5 
 _

: _ � + �5��� 5
[+>d:RKM:

� _ +�� 5 � � > B � � _������
� � > B � � � � _������

� � �

� B +�� 5 � g
g1� [ �
	 +��"5 � + [
� � ��� 5 ��� _������ � [�� ��� _������ 
 � ��� �

� ? +�� 5 � g
[ O7| c +�g � [ ��	 +��"515>� � � � 7t_69*_

[ : _ � 7�_> _B � g � � � � [�� _ 	 +�� 5
g � [ �
	 +��"5

� 7�_69
:�> _B � g

g � [ �
	 +��"5 � [�� ��� � � � � � � � g[ ��� � ��� _�� � � � � � � � g[ ��� � �
[+4�<?>9F-|eQ f <H2=QI< f

> B � � [ : _ > _ � 7 _ � � � 7 � > B
[ � � � 7�9

[ : � g5� 7 _
> _B � � ��� � 7 9

: � g�� 7
> B �

g [



2LQU69� b QdFR<M4P|eQ

	 +��"5 � g�� � � _������
[ > B

=

y >d: �3 6U�}QJ2 ~ 47F f ��|eK{<M>d: 3L|eO�2�<?4PO747<���F-| ~ z�|eQd:RQI<���F-2LQ���:�|e�U<?2L4PQd:R6Z��KX| ~ + �d� g � 5][+47<M>
<M>d:'��|eK ~ b O�2

��� ²tÄ� 
 +<%���
G5 � � B +<' � % 5
:

� [ � _ +<' � % 5 

: _ = + �5��� 5

� Q ~ |}6d:ROh8 [ <?>U:�� b QdFR<M4P|eQ + �}��� 5"4 f 6d:-QU|L<?:R6W�\� � � Ä 2LQd694 fÒc 473L:-QZ�I��<M>d:�:O�5zdKX: fMf 4P|eQ
� � Ä +<%���
 5 �?��OP| c�� +<' � % 5���� + ' � % 5 > _ 
 _ � + �5��
 5

[+>d:RKM:

� +�� 5 � [ + ����� ��g 5
+
	 � A"5 + � ��� ��g 5�� [ 	 �

� +�� 5 �
� [ 	 ����
��P �

+
	3�;A"5 + � � � ��g 5)� [ 	 � P����� P �

	 � � [ > _ E _ �;A _
Y54 ~ 47O�2LKXO7� <M>d: �3�6U�}QJ2 ~ 4PF f ��|eK{<?>d:'3L|eO�2=<M4PO747<���F-| ~ z�|eQd:-Q\<���F
2=Q���:�|e�U<H2=4PQd:R69��KX| ~

��� � Ä� 
 +<%���
G5 ��� +<' � % 5 [ > _ 
 = + �5� j 5
� |eK+2=
 bdf <?4
�dF
2=<M4P|eQ�|L�Î<?>U:Ã2=zdzdKM|e2LFH> bUf 4PQ c zd2LKX<M4�2LOA6U47�S:-KM:RQ\<?4�2=O�:-� b 2�<?4P|LQ f [+>d4PFH>Z4 f 2Lz}�
zdO74P:R6�47Q�<M>d:�QU:O�}< f :-F¡<?4P|LQ�<?|	2LOPO5��| b K�F-| ~ �U4PQJ2=<M4P|eQ0|=� ~ |}6d:RO f @ f :-: +¥8;:-2=<?> � Y5FH>\[":R4P^R:-K
griLiejE5 �

� � ��� ��� $ � $ 
R�����	,�)*��� ���'� � ��& � �#� ��, $ �

y >d:+z b KMz�| f :ª|L��<?>d4 f�f :-F¡<?47|eQ�4 f <?|�F-| ~ zJ2=KM:+2LF¡< b 2LOJQ bd~ :-KX4PF-2LOdKM: fMb O�< f ��|eK���|L<?>�>d:R6 c 47Q c
2LzUzdKM|\2=FH>d: f ��|LK;<?>U: ~ |56d:RO f zdKM:¡3}4P| bdf O7�Z4PQ\<MKM|}6 b F-:R6 � D ~ zd>J2 f 4 f [+4POPOh��: zdOP2LF-:R6�|eQ�:O�I�
z�:-KX4 ~ :-Q\< f [+>d47FH> >d4 c >UOP4 c >I<�6d47�S:-KX:-QdFR: f 4PQ G=:R��� b 2LQ\<M47<?47: f 47QdF-O b 6d4PQ c zdKM47F-: f @*:O�5z�:-FR<M:-6
f � b 2LKM:R6�<?|=<H2LOAFR| f < f 2=Qd69>d:-6 c :ÃKM2=<?47| f-� � |eK{<M>d:'��| b K ~ |56d:RO f 2LQU6Z<�[]|�>U:-6 c 47Q c ��K?2 ~ :¡�
[]|eKMG f :O�}<M:-Q f 473e:+:��Uz�:-KX4 ~ :-Q\<H2�<?4P|LQ0>J2 f ��:-:-Q�z�:-K���|eK ~ :-6 [+4�<?>�6d47�S:-KX:-Q\<�zJ2=K?2 ~ :R<M:-K f :¡< fR�
2 QdO�� 2 fM~ 2LO7O fMb � f :R<�|=�d<?>d: f :{KX: fXb O7< f F
2=Q �S:�F-|r3L:-KM:R6�4PQÃ<M>d4 f zJ2Lz�:-K � �ª:R3e:RKX<M>d:-O7: fMf <M>d: f :
KX: fMb O7< f 4PQU6d4PF-2=<?: f | ~ :;F-K b F-4�2=OJ6d47�S:-KX:-QdFR: f ��:R<�[]:-:RQm<?>d:ª<�["|	2LzdzdKX|\2LFH>d: f <?>J2�< ~ 4 c >\<���:
|L� ~ |LKM: c :-QU:-K?2=O�47Q\<?:-KX: f < ��� Q�<M|L<H2=OJ:-4 c >I<]6d4���:RKM:-Q\<]>d:-6 c 4PQ c zdKX|e�dOP: ~�f >J2=6�<?| ��: f |eO73L:-6
[+4�<?>�F-|LKMKM: f z�|eQd6d47Q c Q bd~ :RKM47F
2LO�<?|}|eO f 6d:R3L:-OP|LzS:R6 � � |LKÒ2LOPOSQ bd~ :RKM47F
2LOS:O�5zS:RKM4 ~ :RQI< f F-|eQ}�
f 4P6d:RKM:-69>d:RKM:'<?>U: FR|eQ\<?47Q c :-Q\<+FRO�2L4 ~ ["2 f <H2LG=:-Q9<?|���:�2�D b KX|ez�:
2LQZz b <-@ f :-: + [5��` 5 � y >d4 f
:RQ fMb KX: f <?>d:;zJ2
�e|L�9� b QdF¡<?47|eQ 6 4 f �S| b Qd6d:-6m2LQd6m2
3L|e4P6 f F-:RKX<?2L4PQ�4PQ\<?: c K?2=�d4PO747<��ÃzdKM|e�UOP: ~�f-�

g `



y | f |LO73e:WQ bU~ :RKM4PF-2LOPO�� <?>U:WzJ2LK�<?4P2LO+6d47�S:-KX:-Q\<?4P2LO;:R� b 2=<?47|eQ f + `U� g � 5 � + `5� g � 5 2LQd6 + �d� g 
 5 �+ �d� g
j 5�[]:#: ~ zdO7|t�L:-6��JQU47<?:�6d47�S:-KX:-QdFR:'2LzdzdKX| �U4 ~ 2�<?4P|LQ f �d2 f :R6�|eQm<?>d: � K?2LQdGe� �;4PFH>U|eO f |eQ
f FH>d: ~ : � Y5| ~ :+:O�5z�:-KX4 ~ :-Q\<H2=<M4P|eQ0["2 f 2LO f |Ãz�:-K���|eK ~ :-6 bdf 4PQ c <?>d:+� b O7O7� 4 ~ zUOP4PFR47< f FH>d: ~ : �
y |�>J2LQd6UOP:	<M>d:	<�[]|=��6d4 ~ :RQ f 47|eQJ2LO f <MK b F¡< b KX: f 2Lzdz�:
2=KM4PQ c 4PQ + `U� g � 5�2LQU6 + �d� g 
 5+[": bdf :-6
<M>d: ~ :¡<?>d|}6�|L�*��K?2=FR<?47|eQJ2LO f <M:-z f |eK{|LzS:RK?2=<M|eK f zdO747<X<?4PQ cd� � |eK"2�6U4 f F bdfMf 4P|eQ9|eQ�<M>d: f :Ã2=Qd6
KX:-O�2�<?:-6�<M:-FH>dQd47� b : f @ f :-: � OP:¡<?FH>d:RK6+�griejLjE5"2LQd6�8;|=� ~ 2LQ +�griLi ` 5 �
� K?2=FR<?47|eQJ2LO f <?:Rz ~ :¡<?>d|}6 f 2LKM: bdfXb 2LOPO�� :
2 f 4P:RK <M|W4 ~ zdO7: ~ :-Q\<�4PQ¹<?>d:�F
2 f : [+>d:RKM:�<M>d:-KX:
4 f Qd|�F-|eKXKM:RO�2=<M4P|eQ94PQZ<?>d:Ã6d47� bdf 4P|eQ9<?:RK ~�f @ <?>J2=<;4 f �6� !U@�2=Qd6�<M> bUf <?>U:Ã<?:RK ~ 4PQ + `U� g � 5
FR|eKMKX: f z�|eQd6U4PQ c <M|Ã<M>d:#F-KX| fMf ��<M:-K ~ zJ2LK�<?4P2LOJ6d:-KX473=2=<M473e: � P��������	� � 4 f ^-:-KX| ��� Q ~ |56U:-O�8Ãg�[+>U4PFH>2LO7OP|r[ f ��|eKÒQd|LQ5��^R:-KM|�F-|LKMKM:RO�2=<M4P|eQm[]: |e�U<H2=4PQd:R6�2=Q�|eK�<?>d| c |eQJ2LO74 f :-6 f � f <?: ~ |L��:-� b 2=<M4P|eQ f
�\��47QI<MKM|}6 b FR4PQ c <?>U:�<MK?2LQ f ��|eK ~ 2=<M4P|eQ


 � �TO7Q + L �>5>� �
E
� _� + �U� g�5

��|eK ! # % # ' 2LQd6 E��Q! �

]� � <?|�L f ��|LK ~ b OP2U@5<M| c :¡<?>d:RK+[+4�<?> + `U� g [ 5+2=Qd6 + �5� g�5"<?>d: :R3L|eO b <?4P|LQZ|=��
 4 fÒc |r3e:-KXQd:-6W�I�
<M>d: f <?|}FH>J2 f <?47F 6U47�S:-KM:RQ\<?4�2=O�:-� b 2�<?4P|LQ

� 
 � � � � � AE � g[ � � _� � � A29E � � %����"��� +�g5� � _ 5 � �� B� � � � g5� � _ � �� _��� + �U� [ 5
��|eK !�# % # ' � � f 47Q c <?>d4 f <MK?2LQ f ��|eK ~ 2=<M4P|eQ���|LKÃ2ZD b KM|LzS:-2LQ z b <	|ez5<?4P|LQ [+4�<?> f <MKM4PG=:
zdKX4PFR:�8 @\2LQd6 fXb � 
X:RFR<�<?|#FR:-K�<H2L47Q0KM: cLb O�2LKX47<�� F-|LQd6d47<M4P|eQ f @=[]:ÒF
2=Q�2LzdzdO��Ã<M>d: �'|eO ~ | c |LKM|r3
�J2=FHGI["2LKX6�:R� b 2=<?47|eQ0<?|'|e�U<?2L4PQ�2�<MK?2LQ f ��|eK ~ :R6 � b QdFR<M4P|eQ�� 
� 6d:O�JQd:R6�|eQ�� !G�1'5� � +>!G��K�5 �
+>!G��K�5�[+>d47FH>�4 f <?>d: f |eO b <M4P|eQ9|L�Î<?>U: zd2LKX<M4�2LOS6d47�S:-KX:-Q\<?4P2LOA:-� b 2�<?4P|LQ

� ��
�� % � � � � AE � g[ � � _� � � A29E � � � 
�� 6 � � � A29�� E"_
j�
 � A 


[ �
� E <

[ � � � 
�� 

� � g[ 
 _ +�g5� � _ 5

� � 
�� 6 _ �
E"_
j
� ��
�� 
 _ + �U��` 5

|eQ +>!G�1'�5��J+.! ��K�5��J+.! ��K�5�[+47<M>���| b QU6J2LKX�mF-|eQd6U47<?47|eQ

��
� + ' � 6 ��
G5 � � 8:� :��Uz � 6 � � 
5_E � � ; = + �U��� 5
� Q9<?:RK ~�f |L�o<M>d:�|eKM4 c 4PQd2LO�zdKX4PFR4PQ c � b QUFR<?47|eQ � 
� []:Ã>d2r3L: <M>d:�KM:RO�2=<M4P|eQ

� 
� + %��	� ��
 5 ����
� + %��?O7Q + ��5>� � 
 _
E

��
G5 = + �U��� 5
a;f Qd|L<?:R69zdKM:¡3547| bdf O7����|eK"<?>U: ~ |}6d:-O�8Ãg#[]:�>J2
3e: �3 � �3�2LQd6�<?>U:'F-|eKXKM: f zS|LQd6d4PQ c OP|}F
2LO
KX4 f G ~ 47Qd4 ~ 4 f 4PQ c 2LQd6 ~ :
2LQ5�¤3=2LKM4P2LQdF-:�zdKM47F-: f 2LKX:'<?>d: f 2 ~ : �

g �



� |eK�<M>d:+Q bd~ :RKM47F
2LO5:O�5zS:RKM4 ~ :RQI< f 6d: f F-KM47�S:R6�47Q0<?>d4 f zJ2Lz�:-K <?>U:{��|eOPO7|t[+47Q c 6d:¡�x2 b O�<�zJ2LKM2 ~ �
:¡<?:-K�3=2LO b : f []:-KX: bdf :R6 w L ? � g�! ! = !U@	�Y? �$!�= [ @�8 � g�! ! = !U@+< �I! = � @ >S� [ = � @ 7�� � = !U@
9,�I! = [ @6:*�$! = ` @6A�� � = !5@�9��I!�= ! � @6EQ�I!�= � 2LQd6 �/�I! = ! �
y |9F-| ~ z b <M: <?>d:�:O�5z�:-F¡<?:-6 f � b 2LKX:-6¹F-| f < f |eQ�<?>U:�47Q\<?:-K�3=2LO5� %��1'5� c 473L:-Q �\� + `U� griE5#2=Qd6
+ �d� [ [ 50KM: f zS:RFR<M473e:RO7�L@+[]:W47Q\<?KM|}6 b FR:Z<M>d:�� b QdFR<M4P|eQ f � °�¢ 2LQd6 � º]�¡© 6d:O�JQd:-6�|LQ � !G�1'5� �
+>!G��K�5��J+>!G��K�5 c 4�3e:RQ��\�

� °Ï¢ + %���� ��
G5 � +�g5��� _ 5 
 _ + %���
G5 � � � 
�� 
 + %���� ��
G5 � _ + �U��� 5
2LQU6

� º��R© +<%���� ��
G5 � +�g�� � _ 5 ������� ��� � 
 
 _ + %���
G5 � � � ��� 
 + %���� ��
 5 � _ + �U��
 5
��|eK +<%���� ��
G5 H � !G�1'5� �J+>!G��K�5��J+>!G��K�5 �

Y547QdF-: � °�¢� �:* ��� D� � °�¢ + 0 � L .4���-. 5 � 0�, 0=� � [": F
2LQA@�2 fMfMbU~ 47Q c 2LzdzUKM|ezdKX4�2=<M:�KX: ceb O�2LKX47<��
FR|eQd6d4�<?4P|LQ f @ 2LzUzdO7��<M>d: �'|eO ~ | c |eKM|r3m�d2LFHG\[{2LKX6�:-� b 2�<?4P|LQ�<?| c :R<M>d:-Kª[+47<?> + [}� g 5{<?| f >d|r[
<M>J2=<Ò<?>U:-KM:�4 f 2 � b QUFR<?47|eQ�� °Ï¢ 6d:O�JQd:-6�|eQ � ! �1'5��� +.! ��K�5�� +.! ��K�5 fMb FH>Z<?>J2�<

� °�¢ +<%�� L �@���"� 5 � � °�¢�
4 f <?>d: f |LO b <M4P|eQm<M|�<M>d:�zJ2LK�<?4�2=OA6d47�S:-KX:-Q\<?4P2LO�:R� b 2=<?47|eQ

� � °Ï¢
� % � � �

� � °Ï¢
� � ��


� � °�¢
� 
 �

g
[
� � _ 
 _ � _ � °Ï¢� � _ ��
 _

� _ � °Ï¢
� 
 _ � [ � 
 
 � � _ � °Ï¢� � � 
 � � � °�¢ �I!

+ �U� j 5
|eQ +>!G�1'�5��J+.! ��K�5��J+.! ��K�5�[+47<M>���| b QU6J2LKX�mF-|eQd6U47<?47|eQ

� °Ï¢ + ' ��� ��
G5 �I! + �U� i 5
��|eK*+ � ��
G5�H +.! ��K�5 ��+>!G��K�5 � Y}4PQdFR: � º��¡©� � * � � D

� � º]�¡© +90E� L .4���-. 5 � 05, 0F� � 2ZFR| ~ �
zdO7:R<M:-O7� 2LQJ2=OP| c | bdf KX: fMb O7<9>d|eO76 f ��|eK <M>d:�� b QdF¡<?47|eQ�� º��¡© [+4�<?> � º]�¡© KM:RzdO�2LFR4PQ c � °Ï¢ 47Q
+ �U� j 5 �
8ª:-KM:�[":�>d2r3L: bdf :-6�<?>d: f � f <M: ~ |L��:-� b 2=<M4P|eQ f + [}� g 5��S:RF
2 bUf :W��|eK��S|=<?> >d:R6 c 47Q c 2Lz}�
zdKX|\2LFH>d: f <M>d:�:��5zS:RFR<?:R6 f � b 2=KM:-6 F-| f < f 2=KM:�F-| ~ z b <M:-6 b Qd6d:RK <M>d: KX:
2LO ��[]|eKMO76 ~ :-2 fMb KX:
3 � �ª|L<?:�<?>d2=<���|eK�Q bU~ :RKM4PF-2LO f |LO73e:RK f 2LzdzdO74P:R6 <M| + �U� jE5�<?| c :¡<?>d:RK [+4�<?>Q+ �U� iE5�<?>U: f |eO b �
<M4P|eQ f <?| <?>d:#zUKM4PFR4PQ c � b QdF¡<?4P|LQ f � 
� 2LQd6�� �� Qd:R:-6m<M| �S:�zdKM:¬��F-| ~ z b <?:-6 |eK{2=<"OP:-2 f < ~ 2L6U:2
3=2L4POP2L�dO7:Ã2�<;<M>d: F b KMKM:RQ\<'<?4 ~ : f <M:-z ��� |eK+<?>d: ~ |}6d:-Oo8ÃgÃ[+47<?> � �� !�<?>d:Ã<?K?2=Q f ��|eK ~ :R6
3=2LKX4�2L�dO7: 
 ��@ f :R: + �5� g 5¡@{F-2LQ ��:�47Q\<?KM|}6 b FR:-6�<?| |L�U<H2L47Q�|LKX<?>U| c |eQJ2=OP4 f :-6 :-� b 2�<?4P|LQ f ��|LK
��|L<?>9>d:R6 c 47Q c 2LzdzdKX|\2LFH>d: f @�2 f >J2 f ��:-:-QZ:O�5zdOP2L4PQU:-6���|eKÒ<?>d:�zdKX4PFR4PQ c � b QUFR<?47|eQ � 
� �
y |94POPO bdf <MK?2=<M:Ã<M>d:06d47�S:-KX:-QdFR:�4PQ�:O�5z�:-F¡<?:-6 f � b 2LKX:-6¹F-| f < f + � °Ï¢? � � º]�¡©? 5�|r3e:RK�<M>d: <?4 ~ :
47QI<M:-K�3L2=O�� !G�1'5�5[]: f >d|r[�4PQ � 4 ceb KX:�g{��|eK�<M>d: ~ |56d:ROU8 gÒ<?>d: f :Ò6d4���:RKM:-QUF-: f�bdf 4PQ c 6U47�S:-KM:RQ\<

g �



 

-1
-0.5

0
0.5

1 0

0.5

1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Correlation

Time

Cost Difference

� 4 cLb KM:0g w D �5z�:-FR<M:-6 f � b 2LKX:-6WFR| f < f 6U47�S:-KM:RQdF-: f + � °�¢? � � º]�¡©? 5"��|eK{<?>d: ~ |56U:-Oh8 g �

3=2LO b : f ��|eKo<?>d:ÒFR|eKMKX:-O�2�<?4P|LQ zJ2LKM2 ~ :¡<?:RK �#2LQU6�<M4 ~ :]<M| ~ 2=< b KM4�<�� ' � y >d:ª2L� f |LO b <M:{3L2=O b : f
|L�{:O�5zS:RFR<M:-6 f � b 2=KM:-6 FR| f < f 47QdF-KX:
2 f :m2 f ' 4PQdFRKM:
2 f : fR� � |eK�' � g = !W2LQU6 � � ! = !Z<M>d:
FR| ~ z b <?:R6m3L2=O b : f ��|eK{zdKX4PFR: f 2LQd6�:��5zS:RFR<?:R6 f � b 2LKM:R69F-| f < f [":RKM: � ? + � °�¢ 5 � � ?�+ � º��R© 5 �
 = � iUgL@ � °Ï¢? � � = [ � 
 2=Qd6 � º]�¡©? � ` = � j �5� � |eK=' � g = !92LQd6 �*� ��!�= � <?>U:�FR| ~ z b <?:R6
3=2LO b : f []:-KM: � ?�+ � °Ï¢ 5 � � ? + � º]�¡© 5�� g�!�= � � [ @ � °�¢? � � = �B[ i�2LQU6 � º��R©? � ` =Ïj ` �U� 
"|L<M>� °Ï¢? 2LQd6 � º��¡©? <M:-Qd6 <M|�^-:-KX|¹2 f , � ,�<?:-QU6 f <?| g92 f F-2LQ ��:m:O�5z�:-FR<M:-6���KM| ~ :-� b 2=<M4P|eQ f
+ `U� g
i 5Ò2LQd6 + �U� [ � 5 �
� |eK*4PQUF-KM:-2 f 47Q c <M4 ~ :�<?| ~ 2=< b KM4�<�� ' | b KÎQ bU~ :RKM4PF-2LOIKM: fMb O�< f 47Qd6d47F
2=<M:�<M>J2=< � º]�¡©? <?:RQd6 f <M|
^R:-KM| � y >d4 f |e� f :-K�3=2=<?47|eQ�4 f >d4 c >dOP4 c >\<?:R604PQ � 4 cLb KM: [ [+>d47FH>�6d4 f zdOP2
� f ��|L<M> � °Ï¢? 2LQd6 � º]�¡©?
|r3e:RK{<?>d:#<M4 ~ :;47Q\<?:-K�3=2LO � !G�
g�! ! � ��� Q9<M>d4 f"f :-Q f :'<?>d: ~ 2LKXGL:¡<ÒF
2LQ9��:#F-|LQ f 476d:-KX:-6Z2 f ��:-4PQ c
� 2 f � ~ z5<?|L<M4PF
2=OPO7� F-| ~ zdO7:R<M:�� [+47<?>�KM: f z�:-FR<�<?| <?>d: ~ :-2LQ5�¤3L2=KM4�2=QdF-:�FRKM47<M:-KX4P|eQ � Y54 ~ 4POP2LK
KX: fMb O7< f [+>d47FH> KM2L4 f :Z4 ~ z�|eK�<H2LQ\<0� b : f <?47|eQ f F-|eQdFR:-KXQd4PQ c 2 f � ~ zU<M|L<?47FZFR| ~ zdOP:¡<?:-QU: fMf 2LKX:
|e�5<H2L47Qd:-6���|eK{<M>d:�|L<?>d:RK ~ |}6d:-O f 8ÃgL@�Y [ 2LQd6�8 [5�
� |eK�<M>d: ~ |}6d:RO f Y [ 2LQU6�8 [ <?>d:+� b 2L6dKM2=<?47FÒ6dKM4�� < f z�:-FR4
�JF-2=<?47|eQ f @ f :-: y 2L�dO7:'ge@ ~ :-2LQ0<?>J2�<�3 �� �3 2LQd6WF-|eQ f :-� b :RQI<MO7�W6d47�S:-KX:-Q\<#zdKX4PFR: f 2=KM: bUfMb 2LO7O7�9|e�5<H2L47Qd:-6Z��|eKª<M>d:Ã<�[]|�6d4 f <?47QdFR<
~ :
2 fXb KM: f 2LQU6 >d:R6 c 4PQ c	f <MK?2=<M: c 47: fR� � 4 cLb KM: ` 47OPO bdf <MK?2=<M: f <?>d: f :;zdKM47F-:ª6d47�S:-KX:-QdFR: f ��|eK�<M>d:
~ |56U:-Oh8 [0bUf 4PQ c 6U47�S:-KM:RQ\<ª3=2LO b : f ��|eK{<M4 ~ :�<?| ~ 2=< b KM47<�� ' 2LQU6 ~ |eQd:¡�}Qd: fXf OPQ +����

�
5 �

� |eK�2=< <?>U: ~ |eQd:¡� |ezU<M4P|eQ f <��}zd47F
2LO�zdKX4PFR:�6d4���:RKM:RQdF-: f |L�]<?>d:�|eKX6d:-K |L� [ � `	� []:-KX:�|e�}�
<?2L4PQd:R6 � � |eKo:O�U2 ~ zdOP:=@L[+47<M>04PQdz b < 3=2LO b : f '���g = !#2LQd6 L ? ��8 ��g ! ! = !;<?>d:ÒFR| ~ z b <?:R6
zdKX4PFR: f [":RKM: � ?�+ � °Ï¢ 5 � 
 = � i � � 2LQd6 � ? + � º��¡© 5 � 
 =Ïjei [5� 8ª|r[":¡3e:-K���|eK 'T� g = !¹2=Qd6
O7Q +����

�
5 �I! = ` <?>d:�: f <?4 ~ 2�<?:-6�zUKM4PFR: f []:-KX: � ? + � °�¢ 5 �I! = 
 � � 2LQd6 � ? + � º]�¡© 5 �$! =Ïj � j � � |eK

g �



0

1

2

3

4

5

6

7

0 20 40 60 80 100

E
xp

ec
te

d 
S

qu
ar

ed
 C

os
t

Time

Local risk
Mean-variance

� 4 ceb KX: [ w D �5z�:-FR<M:-6 f � b 2LKM:R6 F-| f < f � °�¢? 2LQU6 � º��R©? |t3L:-K�OP|eQ c <M4 ~ :�zS:RKM4P|}6 f ��|eK0<M>d:
~ |56U:-O*YSg �

 

0

0.5

1 -0.3
-0.2

-0.1
0

0.1
0.2

0.3

-0.2

-0.15

-0.1

-0.05

0

Time

ln(X0/K)

Price Difference

� 4 ceb KM: ` w N�KM4PFR:�6d47�S:-KX:-QdFR: f + � ? + � °Ï¢ 5>� � ?X+ � º]�¡© 515]��|LK{<?>d: ~ |56d:ROh8 [}�

g 




2LO7OS6d2=<H2 z�|e4PQ\< f F-| ~ z b <M:-6�O7|5F-2LOSKX4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQ0zdKX4PFR: f []:-KM:'O7: fXf <?>J2LQ�FR|eKMKX: f zS|eQU65�
47Q c ~ :
2=Q5��3=2LKX4�2LQdFR:9zdKM47F-: f @Ò>d:-QUF-:W<M>d:W6d4���:RKM:RQdF-: f f >U|t[+Q�47Q � 4 ceb KX: ` 2LKM:ZQd: c 2=<?4�3e: �
y >d4 f�~ :-2LQ f <?>J2�<'��|eK#<?>d:�zJ2LKM2 ~ :R<?:RK f :¡<	2=Qd6 ~ |}6d:-O FR|eQ f 4P6d:RKM:-6¹<?>d:RKM:�4 f Qd|Z|e�\3}4P| bUf
��: f <�F
2LQU6d4P6J2�<?:][+>U:-Q�FH>d|}| f 47Q c ��:R<�[]:-:-Q�<?>U:"<�["|'>U:-6 c 47Q c 2LzdzUKM|\2LFH>U: f-� V�:
2LQ}��3=2LKM4P2LQdFR:
>d:R6 c 47Q c 6d:-O7473e:RK f OP|r[]:-KÒ:��Uz�:-F¡<?:R6 f � b 2LKX:-6�F-| f < f � b <ª47<ª2=O f |0KX: fXb O7< f 47Q9>d4 c >U:-KÒzdKX4PF-: f-�
� :	[+4PO7OoQU|t[ FR|eQ f 476d:-K#<M>d: FR| ~ z b <H2=<M4P|eQ�|L��>d:-6 c : K?2�<?4P| f � °�¢ 2=Qd6 � º��¡© ��|eK;OP|}F
2LOÎKM4 f G
~ 4PQd4 ~ 4 f 47Q c 2LQd6 ~ :-2LQ5��3=2LKX4�2LQUF-:9>d:-6 c 4PQ c c 473L:-Q �\� + `U� g 
 5�2LQd6 + �d� [L` 5¬@ÒKM: f zS:RFR<M473e:RO7� �
2#b K;2L4 ~ [+47OPO*��:Ã<?|�|e�U<?2L4PQ�2LzdzdKX| �U4 ~ 2�<?: >d:-6 c : K?2=<M4P| f 2=<�:-� b 4 � f zd2LF-:R6�6d4 f F-KX:R<?:Ã<?4 ~ : f
!*� %@? �$% B � = = = �$% � � ' [+4�<?> f <?:-z f 4P^-: %��)� %�� � B � D� ��|LK�� HQ�Ig � = = = ���9( bdf 47Q c
f 4 ~ b OP2=<?47|eQ <M:-FH>dQU4P� b : fR� �;|L<M4PQ c <M>d:m��|eK ~ |L� + `U� g 
 5 2=Qd6$+ �d� [L` 5Ã4�<04 f 2=zdzJ2LKX:-Q\<0<?>J2�<
<M>d:�zdKX4PFR:�� b QdF¡<?4P|LQ f � 
� 2LQd6 � �� QU:-:-6m<M| ��:#zdKM:¬��FR| ~ z b <?:R6m4PQm|LKM6d:RK]<?|	F
2LO7F b OP2=<?:ª>d:-6 c :KM2=<?47| f-�
2 QdFR: � 
� 2LQd6 � �� 2=KM:	6U:R<?:RK ~ 4PQd:R6A@ f 2
�W|LQ�2�6d4 f FRKM:R<M: c KX4P6��I�W2�Q bd~ :-KX4PF-2LO f |eO73L:-KR@�<M>d:zJ2=KX<?4P2LO 6d:-KX473=2=<M473e: f 2LzUzS:-2LKM47Q c 47Q9+ `U� g 
 5]2LQd67+ �d� [L` 5�F
2LQ���:'2LzdzUKM| �54 ~ 2=<?:R6 bdf 4PQ c �dQd47<M:
6d4���:RKM:RQdF-: f-�
y | f 4 ~ b OP2=<?:#3}4P2 2�V�|eQ\<?:¬� � 2LKXOP| ~ :R<M>d|}6W2 c 473L:-Q f 2 ~ zdOP:�zJ2=<M>W��|eKÒ<?>U:Ã3e:RFR<M|eK + L ����5
b QU6d:-K"<M>d: ~ :
2 fXb KM: 3�@d2=Qm|eKM6U:-K'g � !Ã[]:
2LG�zdKM:R6d4PF¡<?|eK���F-|LKMKM:RFR<M|eK{Q bd~ :-KM47F
2LO f FH>U: ~ :L@ f :R:
�'OP|}:-6U:-Q ��N�OP2=<?:RQ +�grieiLiE5¡@�[{2 f 2LzUzdOP47:-6W<M|9<M>d: f � f <?: ~ |L�":R� b 2=<?47|eQ f + [5� g 5;<?|�|e�5<H2L47Q
2 f :¡<�|L��: f <M4 ~ 2=<?: f +��L �
	 ����"�
	.5Ã��|eK + L �
	 ���"�
	>5	��|eK�� HW�X! � = = = �
�7(Z[+47<?> �L ?S� L ? 2=Qd6��"? � �"? � � KM| ~ <?>U: f :¹2 f :¡<9|L�	2LzdzdKX|��54 ~ 2=<M:W3=2LO b : f ��|eK <M>d:�>d:R6 c : K?2=<M4P| �� °�¢�
	 2=Qd6
47QI<M: c KM2LQd6 �! º��R©�
	 @�� H �X!G� = = = ���9(�[+>d47FH> F-|LKMKM: f z�|eQd6�<?| � °Ï¢�
	 2LQd6 ! º��R©�
	 KM: f z�:-FR<M473L:-O7�L@UF-2LQ
��:�|e�5<H2L47Qd:-6 � 2 QU:�zdKX|e�dOP: ~ [+47<M>�<?>U4 f zUKM|}F-:-6 b KM:;4 f <?>J2=<]<?>d: f :¡<{|L�hz�|e47QI< f +<%�� ���L �
	@���� �
	>5
��|eK�� H �X!G� = = = ���7( ~ 2
��Qd|L<�OP4P:Z|eQ�<?>d: c KM4P6 bdf :-6 <?| F-| ~ z b <M: � 
� 2LQd6 � �� � y >d4 f6d4	��F b O�<�� F
2=Q ��:Z|r3L:-KMFR| ~ :Z�\� <M>d:Z2LzdzdO74PF
2�<?4P|LQ |L� ~	b O7<M4���6U4 ~ :-Q f 4P|eQJ2=O�4PQ\<?:RKMz�|eO�2=<M4P|eQ
~ :R<M>d|56 f-�
y >d:�: f <M4 ~ 2=<?: f �� º��R©�
	 @�� H �X!G� = = = ���9('��|eK�<?>d: ~ :-2LQ 3=2LKM4P2LQdFR:;>d:R6 c :#KM2=<?47|ÃF-2LQmQd|r[T��:
|e�5<H2L47Qd:-6���KM| ~ <?>U:ÃD b O7:-KÒ<��}zS: 2LzUzdKM| �54 ~ 2=<?47|eQ f FH>d: ~ :

�� º]�¡©�
	 � �! º��R©�
	 � � + %�� ����"�
	>5�L �
	��� _�
	
� � �� + %�� ���L �
	 ����"�
	.5>� � �� +>!G� L ? ���"?�5>�

� � B� �
� ?

�! º��¡©��� +��L ���


� � �L ��� 5 �

+ �U� g�!E5
��|eK�� HV�Ig � = = = �
�7( � � Q�<M>d:9F
2 f :�|=�;<M>d: ~ |}6d:-O f Y [ 2LQd6�8 [ [":9>J2
3e: �3 �� �3 � � Q
c :RQd:-KM2LOo<M>d4 f;~ :-2LQ f <M>J2=<�� 
� �� � �� 2LQd6 � ����� � �� � ������� 2LQU6�F-|eQ f :-� b :RQI<MO7��4�<���|eO7OP|r[ f ��KM| ~+ `U� g 
 5¡@ + �d� [ !E5Î2LQd6 + �U� [L` 5*[+47<M> � � !�<?>J2=<o��|eK�<M>d:{4PQU47<?4P2LO\>d:R6 c :ÒK?2�<?4P| f �� °�¢? �� �� º��R©? � � |eK
~ |56U:-O f YSgÒ2LQU6�8 ge@ f 4PQdFR:�� 
� � � �� @L[]:{<?>U:-Q c :R< :-� b 2LOd47Qd47<M4�2LO\>U:-6 c :ÒKM2=<?47| f �� °�¢? � �� º��¡©? �
y >d4 f :-� b 2LO747<��m6U|5: f QU|L<+4PQ c :RQd:-KM2LOh>d|eO769��|LK % HJ+>!G�1'�5 �
� 4 ceb KX: � 2LQU6 � zdO7|L<W<M>d: OP47Qd:
2=KMO7� 4PQ\<?:RKMz�|eO�2=<M:-6 >U:-6 c : K?2=<M4P| f �� °Ï¢�
	 2LQU6 �� º��R©�
	 @�� H
�X!G� = = = ���9(���|eK�2 D b KM|ez�:
2=Q z b <]|ezU<M4P|eQ���|eK ~ |56U:-O�Y [5� � 4 ceb KM: � 6U4 f zUO�2
� f >d:R6 c :ªK?2=<M4P| f
��|eK	2 f 2 ~ zdO7: zJ2=<M> :-Qd6U4PQ c 47Q5��<M>d:¡� ~ |eQU:R� [+>d:-KX:
2 f*� 4 ceb KX: �Wf >U|t[ f >U:-6 c :�KM2=<?47| f ��|LK
2 6U47�S:-KM:RQ\< f 2 ~ zdOP:ÃzJ2=<M>�:-Qd6d47Q c | b <X��|=����<?>U:¡� ~ |eQd:¡� � y >d: <MK?2 
X:RFR<M|eKM47: f ��|eK L�� g�! !m2=Qd6
����|eK+�S|=<?> f 2 ~ zdOP:�zJ2=<M> f 2LKM: 4PO7O bdf <?K?2�<?:-6947Q � 4 ceb KX: �U� �;|=<?:�<?>J2=<ª<?>U: ~ :
2LQ93=2LKM4P2LQdFR:

g
j



-1

-0.8

-0.6

-0.4

-0.2

0

0 0.2 0.4 0.6 0.8 1

H
ed

ge
 R

at
io

Time

Local risk
Mean-variance

� 4 ceb KX: � w 8;:R6 c : K?2=<M4P| f w YU2 ~ zdOP:�zJ2=<?>Z:-QU6d4PQ c 47Q5��<M>d:¡� ~ |eQU:R� �
>d:R6 c :�KM2=<?47|W<H2LG=: f 3=2LO b : f 47Q <?>d: 4PQ\<?:RKX3=2LO +>!G� � g 5	2=< ~ 2=< b KM4�<�� � y >d4 f 4PQU6d4PF-2=<?: f <?>J2�<
<M>d:-KX: 4 f Qd|�� b OPOSKM:-zUOP4PF-2=<?47|eQ�|L�Î<?>d:�FR|eQ\<?4PQ c :-Q\<ªF-OP2L4 ~Z�

� Q <M>d:mF
2 f :�|L�+<?>U:mOP47Qd:
2LK 6dKX47� < ~ |}6d:-O f YSg92LQU6 8Ãg <M>d:m�x2LFR<M|eK � � �
	 ���� N 	 
�
� N 	 �� PN 	 2=zdzS:-2LKM47Q c 47Q+ �U� g ! 5���:-F-| ~ : f O�

� N 	 �� N 	 � y >d4 f �x2LFR<M|eK#��:-FR| ~ : f ��
� N 	 ��|eK�<M>d:0� b 2L6dKM2=<?47F06dKM4�� < ~ |56U:-O f Y [2LQU6�8 [5� � |eK�<?>d: c 473L:-Q 6d:¡�x2 b O�<mzJ2LKM2 ~ :R<?:RK f :R<m<M>d:�2LzdzUKM| �54 ~ 2=<?:Z3e|eOP2=<?47OP47<�� 3L2=O b : f�� �
	�@ ��HR�X!G� = = = ���9( F-2LQ��S:RF-| ~ :�� b 47<M: fM~ 2LO7O � � |eQ f :-� b :RQI<MO7� ��|LK <?>d:�O74PQd:-2LK 6UKM47� <

~ |56U:-O f OP2LK c :�� b FR< b 2=<M4P|eQ f 47QT<M>d: ~ :-2LQT3=2LKX4�2LQUF-: +xFR| ~ zd2LKM:R6T<M|�O7|5F-2LO#KM4 f G 5m>d:-6 c :
KM2=<?47| f F
2=Q�|}F-F b K � Y}4 ~ b OP2=<?47|eQ :��Uz�:-KX4 ~ :-Q\< f >J2
3L: f >d|r[+Q�<?>d2=<�<?>d: f :+6d47�S:-KX:-QdFR: f 2LKM:+Qd|=<
f | 2LzUzJ2LKM:RQ\<ª��|LK{<?>d:�� b 2L6dKM2=<?47F'6dKM4�� < ~ |}6d:RO f-�

� � �����ª, ��� 
-���

y >d4 f zJ2=zS:RK{6d|}F bd~ :-Q\< f"f | ~ :�|L�h<M>d:#6d4���:RKM:RQdF-: f �S:¡<�[":R:-QZOP|}F
2LO KX4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQ�2=Qd6
~ :
2LQ 3=2LKX4�2LQUF-:�>d:R6 c 4PQ c ��|eK f | ~ : f zS:RF-4
�dF f <?|}FH>J2 f <?4PFm3L|eO�2�<?4PO747<�� ~ |56U:-O fR��2 3L:-K�OP|eQ c
<M4 ~ :�z�:-KX4P|}6 f 47< f :-: ~�f <?>J2�<�<?>U: ~ :
2LQ 3L2=KM4�2=QdF-:�F-KX47<?:RKM47|eQ	O7:
2L6 f <?|#2ª��|eK ~ |L��2 f � ~ zU<?|=<?4PF
FR| ~ zUOP:R<M:-Qd: fMf [+>d4PFH>W4 f Qd|L<ª<?>d: F
2 f :Ã��|LK;O7|5F-2LOAKM4 f G ~ 4PQd4 ~ 4 f 2=<M4P|eQ � � |LK+<M>d: ~ |}6d:-O f Y [
2LQU6�8 [ ~ :
2=Q 3=2LKX4�2LQUF-:�>d:R6 c 4PQ c 6U:-OP4�3e:RKM:-6�OP|r[]:-K�:O�5z�:-F¡<?:-6 f � b 2LKX:-6�F-| f < f � b <�>d4 c >
zdKX4PFR: f-� y >d:�KX: fMb O7< f 6d: f F-KX4P��:-6m47Q�<M>d4 f zJ2=zS:RK]KM2L4 f :;2�Q bd~ ��:-K]|L�A47QI<M:-KX: f <M4PQ c <?>U:-|eKX:R<?47F
2LO
2LQU6ZzUK?2LF¡<?4PF-2LOh� b : f <?47|eQ f ��|eK{� b < b KM:�KM: f :-2LKMFH> �

g
i



-1

-0.8

-0.6

-0.4

-0.2

0

0 0.2 0.4 0.6 0.8 1

H
ed

ge
 R

at
io

Time

Local risk
Mean-variance

� 4 ceb KX: � w 8;:R6 c :�K?2=<M4P| f w YU2 ~ zdOP:�zJ2=<?>Z:-QU6d4PQ c | b <X��|=����<?>U:¡� ~ |eQd:¡� �

0

0.2

0.4

0.6

0.8

1

1.2

1.4

0 0.2 0.4 0.6 0.8 1

Time

X/100 (path 1)
Y (path 1)

X/100 (path 2)
Y (path 2)

� 4 ceb KX: � w�y ["|�zJ2L47K f |L� f 2 ~ zdO7:'zJ2=<M> f
[ !



���������	��

�������������������

y >d:m2 b <?>U|eK f c K?2=<M:R� b O7O7�¹2LFHGIQd|r[+OP:R6 c : fXb zdz�|eKX<0�\� <?>d:9Y}FH>d|5|LO"|L�;VW2�<?>d: ~ 2=<M4PF-2LO{Y}F-4��
:RQdF-: f 2LQd6 <?>U: � 2LF b O�<���|L� D�F-|eQd| ~ 47F f 2=Qd6 � | ~�~ :RKMF-:�|L�'<?>U: a�bdf <?KM2LOP4P2LQ �;2=<?47|eQJ2LO�ªQd473L:-K f 47<��L@ y >d:�Y5FH>d|}|eO f |L�"VW2=<?>U: ~ 2=<?47F
2LO Y5F-47:-QdFR: f 2LQd6 � 47QJ2LQdFR:02LQd6 D�FR|eQd| ~ 4PF f |L�
<M>d: �;Qd4�3e:RK f 4�<��0|L� y :RFH>dQd|eO7| c �0Y}�}6dQd:R��2=Qd60<?>d: � 2LFH>I�S:RKM:R4PFH> VW2=<?>U: ~ 2=<?47GÃ|L� <M>d: y :RFH>5�
Qd47F
2LO �;Qd4�3e:-K f 4�<�� 
":-KXOP47Q �
� �#�L�'���'���ª�#�

� OP:¡<?FH>d:RK-@ � �=aÃ���U� +�griejejE5 ����� �"!$#&%('�%*)+� ,$'�-
.0/2123&,�)*45#�/26879� :<;=->#&)*?�@�AB,$'��C)+126 +¥Y5:-FR|eQd6
:R6 � 5¡@ED�|eO bd~ :0g�|L�<F !$:G)H,&I&/J: F /J:G)+/26�)H,K��� �"!$#L%+'�%*)+� ,$'�-0M=3&AN6J)+126 Y5zdKX4PQ c :RK �

���|eOPO ~ :RK-@U8 � ��V � Y5FH>\[]:-47^-:-K +�griei5g 5 � 8ª:-6 c 4PQ c |L� FR|eQ\<?47Q c :-Q\<;F-OP2L4 ~�f{b Qd6U:-K�47QdF-| ~ �
zUOP:R<M:"47QU��|eK ~ 2=<M4P|eQ �-� Q�V � 1'2
3}4 f 2LQd6�� � D�O7OP47|L<M< +xD�6 f-� 5¡@&O !P!$->)+/Q? F %R�S123T' 6J%U)+1 O ,$'�->V
AS6J)W6 @TD�|eO bd~ : � |L�XF %R�S123T' 6J%U)+126�YZ� ,[�QI�:\'J!�3P6 @5zdz �J` jLi � � g �U� B'|eKM6U|eQ�2LQd6 
"KX:
2LFH>�@%h|eQU6d|eQ65 �ª:R[�]�|eKMG �

8;:
2�<?>A@�1 � @�D � N�O�2�<?:-Q�@ � V � Y5FH>\[]:-4P^R:-K +�grieiejE5 �oa F-| ~ zJ2LKX4 f |eQ |L�Ò<�[]|�� b 2L6dKM2=<?47F
2=zdzdKM|e2LFH>d: f <?|Ã>d:-6 c 4PQ c 4PQ�4PQdFR| ~ zdOP:¡<?: ~ 2LKMG=:R< fR� +�[]|eKMGI4PQ c zJ2Lz�:-K 5¡@ �;Qd4�3e:RK f 4�<���|L�
y :-FH>UQd|eOP| c �ZY}�}6dQd:¡� �

8;:
2�<?>A@o1 � � V � Y}FH>I[]:-47^-:RK +�g
ieiejE5 � N�KM|r3}4PQ c N�1'D f 4PQ��JQd2LQdF-: +�[+4�<?> 2ZO747<X<?OP:Ã>d:-O7z
��KX| ~ zUKM|e�J2=�d4PO747<��G5 � zdKM:RzdKM47QI<-@ y :RFH>dQd47F
2LO �ªQd473L:-K f 47<��9|L� 
":RKMOP47Q �

8;: f <?|eQ�@UY � % � +�g
iei ` 5 �La F-O7| f :R65����|LK ~ f |eO b <?47|eQ	��|eK |LzU<?47|eQ f [+4�<?> f <M|5FH>d2 f <M4PF{3e|LO�2=<M4POP4�<��
[+4�<?> 2LzdzdO74PF
2�<?4P|LQ f <?| �S|eQU6 2LQd6�F b KXKM:RQdFR��|ezU<M4P|eQ fR�C.^3�/`_a/JbS)+/Jcd�e7f;X)H,$'�,[1J)*'�-
F %*#T?�)+/26Cg + [ 5¡@ ` [ 
 � ` �e`U�

8;|L� ~ 2=QA@ �U� 1 � +�griei ` 5 �ih�#&�j/J:G)+1Q'�-kYl/J%H3��5? 6m79� :on�,&I�)H,[/2/J:p6q'�,$? F 1J)+/J,�%*)W6J%r6¡�
VZF B'K?2
[{��8ª4POPO¥@ � QUF �

��O7|5:R6d:-Q�@LN � D � � D � N�OP2=<?:RQ�+�griei [ @5griLi � 5 � h�#&�j/J:G)+1Q'�- F � ->#&%U)+� ,s�e7 F %e�S123T' 6J%*)+1=@�) t�/J:GV
/J,�%*)*'�-En	45#E'�%*)+� ,T6 @&D�|LO bd~ : [L` |=�uO !P!$->)+1Q'�%U)+� ,T6��e7vYk'�%H3�/J�w'�%*)+126 Y5zdKX4PQ c :-K=D�:-KMOP2 cd�

Y5FH>\[":R4P^-:RK-@�V � +�griLiUg 5 � 2 z5<?4P|LQZ>U:-6 c 47Q c ��|eK f : ~ 4 ~ 2LK�<?47Q c 2LO7: f-� F %R�S123T' 6J%U)+1xM�:p�S12/2626S/26
'�,$?w%r3�/J)H: O !P!$->)+1Q'�%U)+� ,T6zy0{ @ `e` i � ` �e`U�

Y5FH>\[":R4P^-:RK-@ V � +�griei � 5 � 2 Q�<M>d: ~ 47Qd4 ~ 2LO ~ 2LKX<M4PQ c 2=OP: ~ :-2 fMb KX:¹2LQd6�<?>d: � �|eOPO ~ :RK��
Y}FH>I[]:-47^-:RK�6d:RF-| ~ zS| f 47<M4P|eQ � F %R�S123T| O ,$'�->AN6J)W6}'�,$? O !P!$->)+1Q'�%*)+� ,T6�~&y @ � 
L` � � iei �

Y}<?:R4PQA@'D � V � � �U� � � Y}<?:R4PQ +�griei5g 5 � YI<?|}FHGTzUKM4PFR: 6d4 f <?KM47� b <M4P|eQ f [+4�<?> f <M|5FH>J2 f <?47F
3L|eO�2�<?4PO747<�� w a Q 2LQJ2=O7�I<?47F 2LzUzdKM|\2=FH> ��.^3�/�_�/JbS)+/Jc��e7�;X)H,$'�,[1J)*'�- F %*#T?�)+/26`� @ 
 [ 
 �
 � [5�

[ g


