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? Õ ?)EC=87FL P ESG�7FE:Ý`Þ Ô LCR�7 Õ ?)EC=87FLÖ;<B�Ó¬7FE Ô 7:Q LC9>Ø 9<;<×�KH;<GÙLCR�7 Ô KH4HG ß ;<9<9­?89 ß ?:Ø'B
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;<G�7:?8B P8Ô %�EC7FØ�� B Õ�P G�7:9sÝrÞ�4¶BD7:Q LC; P 4 � ß 7��HES;>7�!�Ø�GH;<BCQFKHBCB£7:Q P 4 PrÕ ;<Q�?84HG�7 Õ +
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( 7:Q LC; P 4��lG�7:BCQ ES;$�¬7:B£LCR�7�687:4�7FES?89�BD7FLCK�Ó ÔuP E�?+9<;<×�KH;<GH;>L\ØÖG�7FES;>Ú)?)LC;>Ú87���;<4 P ESG�7FE
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2"1 ) � 5 ;<B5QF?89<9>7:GíLCR�7
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RH?84HGlLCR�7FEC7 Õ ?:Ø2�¬7´?5QF9 P BD7´EC7:9<?)LC; P 4HBCRH;>Ó �¬7FL ß 7F7:4ALCR�7´LDES?8GH;<4�6�?8Q LC;>Ú';>L\ØÖ?84HG
LCR�7&G�Ø'4H? Õ ;<QFB P8Ô LCR�7�BDL P QC=�ÓHES;<Q 7:B � ÔuP Ed7 à�? Õ Ó�9>7&; Ô ;<4mÚ87:BDL P ESB ÔuP 9<9 P ß Ô 7F7:G0��?8QC=
BDLDES?)LD7F6r;>7:B�?84HG+LDES?8G�7 ÔuP E�BDÓ¬7:QFKH9<?)LC;>Ú87�EC7:?8B P 4HBFÝ���4lLCR�7 P LCR�7FE­RH?84HG+B P QF?89<9>7:G
9<;<×�KH;<GH;>L\Ø P E�4 P ;<BD7�LDES?8G�7FESB ��K�Ø¶?84HGJBD7:9<9�?8BCBD7FLCB(L P ;<4mÚ87:BDL(QF?8BCRÙ4 P L(4�7F7:G�7:G
ÔuP E�Q P 4HBCK Õ ÓHLC; P 4 P E�L P5Õ 7F7FL�QF?8BCR+4�7F7:GHBd;<4lKH4 ÔuP EC7:BD7F7:4+BC;>LCKH?)LC; P 4HBFÝFÞ Õ ?)6r;<4�7
LCRH?)LA?í9<KHQC=�ØÛEC7FLC?8;<9´;<4mÚ87:BDL P ESB ß R P RH?8B ß P 4 LCR�7â4H?)LC; P 4H?89´9 P LDLD7FECØ Õ ;>6rRmL
ß ?84mL�L P ��K�Ø!BDL P QC='B P E�LCRH?)LÜ?84 ;<4HBCK�ES?84HQ 7âQ PrÕ Ó�?84mØORH?8BAL P BD7:9<9�BCRH?)EC7:B
? Ô LD7FE.? Õ ? > P E.GH? Õ ?)6r;<4�6Ö7FÚ87:4mL�L P Q PrÕ Ó¬7:4HBC?)LD7�QF9<;>7:4mLCB ÔuP E.BCK"W¬7FEC7:G¶9 P BCBD7:BFÝ
Þ�4HGH;>Ú';<GHKH?89H9<;<×�KH;<GH;>L\Ø�BCR P QC='B�LCRH?)L P QFQFK�E(;<4HG�7FÓ¬7:4HG�7:4mLC9>Ø P8Ô LCR�7lBDL P QC=¶ÓHES;<Q 7
G�Ø'4H? Õ ;<QFB`;<4HGHKHQ 7&BDL P QSRH?8BDLC;<Q�QSRH?84�687:B­;<4 Õ ?)EC=87FL�9<;<×�KH;<GH;>L\Ø8ÝF35B�?(LCR�7 P EC7FLC;<QF?89
EC7 Ô 7FEC7:4HQ 75BD7FECÚ87:B ÔuP E´7 à�? Õ Ó�9>75@&ES;<QFBCB P 4�?84HGSG(7:4H?8KH9>LU1 ��3�3�385 ÝHá(R�7�?8K�LCR P ESB
Õ�P G�7:9.7 à'Ó�9<;<QF;>LC9>ØO;<4HGH;>Ú';<GHKH?89´9<;<×�KH;<GH;>L\Ø!BCR P QC='B�L P ;<4mÚ87:BDL P ESB¶;<4 ? Õ ?)EC=87FL
ÔuP E+G�7 Ô ?8KH9>LC?���9>7 � P 4HGHB�?84HGÛ;<4mÚ87:BDLC;>6r?)LD7 P ÓHLC; Õ ?89£9<;<×�KH;<GH?)LC; P 4íBDLDES?)LD7F6r;>7:B+; Ô
Õ ?)EC=87FL�9<;<×�KH;<GH;>L\ØÜ;<B.BDL P QSRH?8BDLC;<Q+;<4 ?ALDEC7F7+BD7FLCK�ÓÛÝ
%�E PrÕ ?84J7 Õ Ó�;>ES;<QF?89�Ó¬7FESBDÓ¬7:Q LC;>Ú87 P 4�7lQF?84ÙBDLC?)LD7lLCRH?)L�?�68E P ß ;<4�6 �HES?84HQSR

P8Ô 9<;>LD7FES?)LCK�EC75ÓHE P Ú';<G�7:B´7 Õ Ó�;>ES;<QF?89�7FÚ';<G�7:4HQ 7�LCRH?)L Õ ?)EC=87FL(9<;<×�KH;<GH;>L\ØA7 à�RH;$��;>LCB
?84�;<4mLDES?8GH?:Ø�� +\BCRH?)Ó¬7:G P E´? A�+\BCRH?)Ó¬7:G�Ó�?)LDLD7FES4¶BDLC?���9>7 P Ú87FE�LC; Õ 78Ý�3 EC7FÚ';>7 ß
P8Ô EC7:9<?)LD7:G¶9<;>LD7FES?)LCK�EC75QF?84S�¬7 ÔuP KH4HG¶;<4T6 P K�6rR�7:4 P K�E�?84HG ( RH?8BDLDES; 1
;�<�<�< 5 P E
G�?84H?89<G P 1 ��3�3�385 Ý % P EA?ÙGH;<BCQFKHBCBC; P 4 P8Ô ? Ô KH4HQ LC; P 4H?89 ÔuP E Õ LCRH?)LÖ;<B+?���9>7ÜL P
EC7FÓHE P GHKHQ 75?84 ;<4mLDES?8GH?:Ø�� +\BCRH?)Ó¬75Ó�?)LDLD7FES4 BD7F7 ÔuP E.7 à�? Õ Ó�9>7�MONP 4HQSRD1 ��3�3��45 Ý
* P ß 7FÚ87FE��5LCR�7Û;<4mLDES?8GH?:Ø Ó�?)LDLD7FES4HBJQF?84�7 à'Ó�9<?8;<4 Ú)?)ES;<?)LC; P 4HBJ;<4 Õ ?)EC=87FL

9<;<×�KH;<GH;>L\Ø P 4H9>Ø�L P ?ÜQ 7FECLC?8;<4 7 à'LD7:4mL � P LCR�7FE ß ;<BD7l?ALC; Õ 7+BD7FES;>7:B P8Ô GH?8;<9>Ø�GH?)LC?
BCR P KH9<Gl4 P L�7 à�RH;$��;>Ld?84mØ+Ú)?)ES;<?)LC; P 4HBd;<4 Õ ?)EC=87FL£9<;<×�KH;<GH;>L\Ø8Ý � 7.?84H?89>Ø�)F7:GAGH?8;<9>Ø
9<; Õ ;>L P ESG�7FE2� P�P =ìGH?)LC?ÙQ P 9<9>7:Q LD7:G!?)LS; � Ý 3�3 ?'Ý Õ Ýd7FÚ87FECØìLDES?8GH;<4�6JGH?:Ø Ô E PrÕ
Ar?84�KH?)ECØ 3�� L P Mí?)ESQSR � =�� ��3�34� ÔuP EAMÙ7:GH; P 4 3@CV� ß RH;<QSRD�¬7:9 P 4�6rB+L P LCR�7
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Õ�P BDL�R�7:?:Ú';<9>Ø!LDES?8G�7:G BCRH?)EC7:B�?)L M�7:K�7FEÜMí?)EC=�L �£LCR�7 Õ ?)EC=87FLÜBD7F6 Õ 7:4mL ÔuP E
68E P ß ;<4�6âLD7:QSRH4 P 9 P 68Ø Q PrÕ Ó�?84H;>7:B�?)L�LCR�7 C57FE Õ ?84ìBDL P QC= 7 à�QSRH?84�6878Ý %­;>6rK�EC7
;JBCR P ß B�?!BCQF?)LDLD7FECÓ�9 P L ÔuP E �¬7:BDL ��;<G ÓHES;<Q 7:B � ?84HG Ó¬7FESQ 7:4mLC?)687í9<;<×�KH;<GH;>L\Ø
GH;<BCQ P KH4mLCB ) ; Ô ��� 3�3�3 MÙ7:GH; P 4ÛBCRH?)EC7:B+?)EC7�B P 9<Gì;<4Û?JBC;<4�6r9>7ALDES?8G�78Ýd3�L ��ESBDL
BC;>6rRmL�;>L�;<B57FÚ';<G�7:4mL�LCRH?)LlGH?8;<9>ØÙ9<;<×�KH;<GH;>L\Ø GH;<BCQ P KH4mLCB�?)EC7�4 P LlQ P 4HBDLC?84mL P Ú87FE
LC; Õ 78Ý %HK�ECLCR�7FE Õ�P EC7�� P 4�7JQF?84 BDLC?)LD7JLCR�7 EC7:9<?)LC; P 4HBCRH;>ÓH�¬7FL ß 7F7:4 LCR�7JBDL P QC=
ÓHES;<Q 7J?84HG LCR�7ÙEC7:9<?)LC;>Ú87Ù9<;<×�KH;<GH;>L\Ø GH;<BCQ P KH4mLCB�BD7F7 Õ B�L P �¬7JLC;<4mØ8Ý ��4�7íQF?84
4 P LâEC7FÚ87:?89�?OQF9>7:?)E Ó�?)LDLD7FES4 LCRH?)L ß P KH9<G Õ�P LC;>Ú)?)LD7Û?OQ 7FECLC?8;<4 Ô KH4HQ LC; P 4H?89
ÔuP E Õ �¬7FL ß 7F7:4J?8BCBD7FL(ÓHES;<Q 7�?84HG 9<;<×�KH;<GH;>L\ØAES;<BD=�Ý0% P E�7 à�? Õ Ó�9>7��'LCR�7U��L P8Ô LCR�7
Ô KH4HQ LC; P 4âÓHE P Ó P BD7:G ;<4 %�EC7FØ ?84HG�.­?)LC;>7S1 ��3�3 ; 5 6r;>Ú87:4 ��Ø

) 1 � 5 � ) Q P 4HBDL
��� ; 5 1 � 5 ��� 5 B��	� ?	��� %���%���� ' � B���� %���%������! 
ÓHE P Ú';<G�7:B P 4H9>ØA? Õ�P G�7FES?)LD7�" B P8Ô 3 Ý 3�� Ý'á(R�7 ��LDLD7:G Ô KH4HQ LC; P 4Ü;<B£Ó�9 P LDLD7:G�?8B´?
G P LDLD7:Gí9<;<4�7l;<4T��6rK�EC7 ;)ÝM��4�7 Õ ?:ØÙ?)EC6rK�7+LCRH?)L P LCR�7FE�BDÓ¬7:QF;���QF?)LC; P 4HB P8Ô LCR�7
Ô KH4HQ LC; P 4 Õ ;>6rRmL@�¬7FLDLD7FE57 à'Ó�9<?8;<4 Ú)?)ES;<?)LC; P 4HB5;<4 Õ ?)EC=87FL�9<;<×�KH;<GH;>L\Ø8Ý * P ß 7FÚ87FE��
7FÚ87:4ÖQFK0��;<Q&BDÓ�9<;<4�7:B�LCRH?)L�?89<9 P ß ÔuP E�?5RH;>6rRlG�7F68EC7F7 P8Ô !�7 à�;$��;<9<;>L\Ø P8Ô LCR�7�EC7F68EC7:B
+
BC; P 4+QFK�ECÚ87.QF?84A4 P L�EC7FÓHEC7:BD7:4mL�LCR�7�?)ECES?84�687 Õ 7:4mL P8Ô LCR�7�GH?)LC?�?8G�7:×�KH?)LD7:9>Ø ÔuP E
?¶EC7:?8B P 4H?���9>7A4�K Õ �¬7FE P8Ô ='4 P LCBFÝM% P E�7 à�? Õ Ó�9>7�� ÔuP E2L¶;<4mLD7FECÚ)?89<B 1��¶;<4mLD7FES; P E
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='4 P LCB 5 ß 7 P �HLC?8;<4l?�" B P8Ô 3 Ý 3 ��� ÔuP E ; 3 ;<4mLD7FECÚ)?89<BB1 <(;<4mLD7FES; P E`='4 P LCB 5 LCR�7�" B ;<B
3 Ý 3 L�Ýmá(R�7.QF?89<;$�HES?)LD7:G�BDÓ�9<;<4�7:B­?)EC7.Ó�9 P LDLD7:GÜ?8B&?�GH?)EC=Ö?84HG�?P�HES;>6rRmL£B P 9<;<GA9<;<4�7
;<4���6rK�EC7 ;)Ý�� Ô Q P K�ESBD7�� P 4�7�Q P KH9<G�;<4HQ EC7:?8BD7&LCR�7&4�K Õ �¬7FE P8Ô ='4 P LCB`7 à�Q 7:BCBC;>Ú87:9>Ø
L P ; Õ ÓHE P Ú87(LCR�7?��L P8Ô LCR�7�KH4HG�7FES9>Ø';<4�65GH?)LC?8BD7FLFÝ�Þ�4�LCR�7�9<; Õ ;>L­?89<9HGH?)LC?�Ó P ;<4mLCB
Õ ?:Ø �¬7ALC?)=87:4 ?8B+BDÓ�9<;<4�7Ö='4 P LCBFÝ`Þ�4 LCRH;<BlQF?8BD7ÜLCR�7�BDÓ�9<;<4�7A;<4mLD7FECÓ P 9<?)LD7:B�LCR�7
GH?)LC?ÜÓ P ;<4mLCBFÝ * P ß 7FÚ87FE���BCKHQSRí? Õ�P G�7:9d;<B�4 P L�E P ��KHBDL�Q P 4HQ 7FES4H;<4�6ÜLCR�7+LC; Õ 7
ß ;<4HG P ß P8Ô LCR�75BC? Õ Ó�9>75GH?)LC?ÖKHBD7:G ÔuP E�QF?89<;$�HES?)LC; P 4�Ýmá(R�KHB ��;>LCB´KHBD7 ß P KH9<G'�¬7
×�K�7:BDLC; P 4H?���9>7 Ô E PrÕ ?84 7:Q P 4 PrÕ ;<Q�Ó P ;<4mL P8Ô Ú';>7 ß Ý

�`È ����� 	¬ÌYÎ�Ñ����P
FÌ0ÒuÑ���Ò��`Ð�ÒuÏ­ÒWÌ����ÊÎ�Ï����
Þ�4 P K�E Õ�P G�7:9&LCR�7¶KH4HG�7FES9>Ø';<4�6 ?8BCBD7FLÖÓHES;<Q 7ÜÓHE P Q 7:BCBÖ;<B+?8BCBCK Õ 7:GÛL PíÔuP 9<9 P ß
LCR�7lBDL P QSRH?8BDLC;<QlGH;�W¬7FEC7:4mLC;<?89¬7:×�KH?)LC; P 4

� ������� � ���#" � : '  ����#" ��$&%� '*) � ���#" �,+.-�0/ 1
; 5
Þ�4 P ESG�7FE(L P �¬7lBC9<;>6rRmLC9>Ø Õ�P EC7�687:4�7FES?89dQ PrÕ Ó�?)EC7:G L P %�EC7FØ 1 ��3�3�385 ß 7lEC7:9<?0à
LCR�7 ?8BCBCK Õ ÓHLC; P 4 P8Ô )F7FE P G�ES; Ô LA?84HG ;<4mLD7FEC7:BDLAES?)LD78ÝB%HK�ECLCR�7FE Õ�P EC7�� ß 7J4 P ß
?8BCBCK Õ 7íLCRH?)L ) ;<BâBDL P QSRH?8BDLC;<Q ß ;>LCR G�Ø'4H? Õ ;<QFB�6r;>Ú87:47��Ø LCR�7ìQ P 4mLC;<4�K P KHB
ÓHE P Q 7:BCB

� ) ����� 1�:�; ) 5 � : '�� 1�:�; ) 5 ��$ O� 1 �45

ß ;>LCR

��$ %��� ��$ O� �	� � : / 1 �45
3 BD7:4HBC;$��9>7�BDÓ¬7:QF;���QF?)LC; P 4 ÔuP E ) Q P KH9<GF�¬7�? Õ 7:?84"+"EC7FÚ87FESBC; P 4ÛÓHE P Q 7:BCB ß ;>LCR
?�4H?)LCK�ES?89d9 P 4�6�+"ESKH4J9>7FÚ87:9 P8Ô 9<;<×�KH;<GH;>L\Ø¶;<4 LCR�7 Õ ?)EC=87FLFÝ � 7 Ô K�ECLCR�7FE�?8BCBCK Õ 7
LCRH?)LALCR�7âÓHE P Q 7:BCBABDLC?:Ø'BÜBDLDES;<Q LC9>ØìÓ P BC;>LC;>Ú87 ÔuP E ) � 3 3 Ý&á(RH;<BlEC7:BDLDES;<Q LCBALCR�7
QSR P ;<Q 7:B ÔuP EALCR�7âÚ P 9<?)LC;<9<;>L\Ø Ô KH4HQ LC; P 4 � 1�:�; ) 5 Ý % P E�7 à�? Õ Ó�9>7 P 4�7 Õ ;>6rRmLAKHBD7
Ô KH4HQ LC; P 4HB P8Ô LCR�7lL\Ø�Ó¬7 � 1�:�; ) 5 ��

� ) Ý
G(7 ß ES;>LC;<4�6ALCR�7Ö?�� P Ú87ÖG�Ø'4H? Õ ;<QFB �HKHBC;<4�6Ü?S6�R P 9>7:BD=�Ø8+\G�7:Q PrÕ Ó P BC;>LC; P 4 ß 7

P �HLC?8;<4
� ������� � ���#" � : '  ����#" ��$ � '*) � ���#" �,+.-� 1 � 5
� ) ����� 1�:�; ) 5 � : '�� 1�:�; ) 5 � ��$ � '�� 1�:�; ) 5�� ; 5 � B ���$ � 1�� 5

ß ;>LCR ?ìL ß P +\GH; Õ 7:4HBC; P 4H?89�I´E P ß 4H;<?84 Õ�P LC; P 4 1 $ � ; �$ � 5 Ý � 7 4 P ß ?8BCBCK Õ 7
LCRH?)L + ++LCR�7Ù4�K Õ �¬7FE P8Ô BCRH?)EC7:BÜR�7:9<G-��Ø LCR�7Ù9<?)EC687J;<4mÚ87:BDL P E'+ÖG P 7:BÜ4 P L
G�7FÓ¬7:4HG P 4	�Û?84HG : P 4H9>Ø�?8B�;<4�LCR�7 Õ�P G�7:9 ß ;>LCRÜG�7FLD7FE Õ ;<4H;<BDLC;<Q.9<;<×�KH;<GH;>L\Ø8Ý8Þ�4
P K�E�BD7FLCK�ÓÛ;>L�QF?84ì?89<B P G�7FÓ¬7:4HG P 4 LCR�7�BDL P QSRH?8BDLC;<Q�9<;<×�KH;<GH;>L\Ø Ô ?8Q L P E ) Ý`á(R�7
7�W¬7:Q LCB P 4ALCR�7.LDES?8GH;<4�6�BDLDES?)LD7F68ØA?)EC7(4 P ß L ß P8ÔuP 9<G �4%­;>ESBDL � + ;<B­;<4"!�K�7:4HQ 7:G2��Ø
QSRH?84�687:B�;<4 �´Ý ( 7:Q P 4HGM� + Ú)?)ES;>7:B ß ;>LCRAQSRH?84�6r;<4�6l9<;<×�KH;<GH;>L\Ø8Ý)á(R�7.; Õ Ó�?8Q L P8Ô �
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P 4 + QF?84 �¬7 Õ�P G�7:9>7:G ��ØALCR�7(L ß P ��?8BC;<Q.L\Ø�Ó¬7:B P8Ô LDES?8GH;<4�6lBDLDES?)LD7F6r;>7:BFÝ"% P E�?
Ó P BC;>LC;>Ú87 Ô 7F7:G0��?8QC=¶BDLDES?)LD7F68Ø + ;<B´?84 ;<4HQ EC7:?8BC;<4�6 Ô KH4HQ LC; P 4 P8Ô � ÔuP E.?89<9 ) � ÔuP E
?ÖQ P 4mLDES?)ES;<?84 Ô 7F7:G0��?8QC=¶BDLDES?)LD7F68Ø + ;<B´?AG�7:Q EC7:?8BC;<4�6 Ô KH4HQ LC; P 4 P8Ô � ÔuP E.?89<9 ) Ý
á P QSRH?)ES?8Q LD7FES;$)F7¶LCR�7�; Õ Ó�?8Q L P8Ô ) P 4 + Q P 4HBC;<G�7FElLCR�7 ÔuP 9<9 P ß ;<4�6JBCQ 7:4H?)ES; P Ý
á(R�7 Õ�P EC7�;<9<9<;<×�KH;<GlLCR�7 Õ ?)EC=87FL�LCR�7 Ô 7 ß 7FE´BCRH?)EC7:B£LCR�7�9<?)EC687.LDES?8G�7FE ß ;<9<9�R P 9<G
GHK�7.L P 7 à'LD7FES4H?89 P E´;<4mLD7FES4H?89�EC7F6rKH9<?)LC; P 4HB �r4 P+Õ ?)LDLD7FE ß R�7FLCR�7FE�?�Ó P BC;>LC;>Ú87 P E
Q P 4mLDES?)ES;<?84 Ô 7F7:G0��?8QC=!BDLDES?)LD7F68Ø!;<B+Q P 4HBC;<G�7FEC7:G�Ýdá(R�KHB �d?JEC7:?8B P 4H?���9>7�QSR P ;<Q 7
ß P KH9<GT�¬7�?ÜG�7:Q EC7:?8BC;<4�6Ü?���B P 9<K�LD7 + +"Ú)?89<K�7 ß ;>LCRâEC7:BDÓ¬7:Q L.L P ) 1 ÔuP E�?89<9�� 5 Ý
�¬È ��������� ��Ñ8Ì0Ò������lÍ)ÒuÑR�	�lÍ0Î�ÑR�,
`
âÒbË ÌT��� 	¬ÌYÎ�Ñ����P
FÌ0ÒuÑ���Ò��`Ð�ÒuÏ­ÒWÌ���ÊÎ�Ï����
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ß R�7:4+LCR�7.I ( ÓHES;<Q 7´;<B­;<4HQ EC7:?8BC;<4�6 P Ú87FE�?�9 P 4�687FE­Ó¬7FES; P G�Ý G�;<BC;<4�65BDL P QC=+ÓHES;<Q 7:B
Õ�P LC;>Ú)?)LD7�LCR�7�9<?)EC687�;<4mÚ87:BDL P E+L P ��K�Ø ?8GHGH;>LC; P 4H?89£BDL P QC='B ß RH;<QSR ß ;<9<9­QF?8KHBD7
LCR�7�BDL P QC=�ÓHES;<Q 7(L P 68E P ß 7FÚ87:4 Ô K�ECLCR�7FE:Ý���4�7�QF?84¶4 P LC;<Q 7(LCR�7 P ÓHÓ P BC;>LD7.7�W¬7:Q L
ÔuP E(?�G�7:Q EC7:?8BC;<4�6 �OBC;<4HQ 7�;<4¶LCRH;<B.QF?8BD7lLCR�7l9<?)EC687l;<4mÚ87:BDL P E ß ?84mLCB.L P 687FL(ES;<G
P8Ô LCR�7+R P 9<GH;<4�6rB ß RH;<QSR ß ;<9<9¬?8QFQ 7:9>7FES?)LD7+LCR�7+G�7:QF9<;<4�7�;<4âLCR�7lBDL P QC= ÓHES;<Q 78Ý
á(R�7ÖE P 9>7 P8Ô LCR�7�9<;<×�KH;<GH;>L\ØâÓ�?)ES? Õ 7FLD7FE ) ;<B Õ�P EC7�BCK0�HLC9>78Ý�Þ�4 Ô ?8Q L�;>L�QF?84

RH?:Ú87ìL ß P GH;�W¬7FEC7:4mL ; Õ Ó�9<;<QF?)LC; P 4HB�� %­;>ESBDL �.?89<9�7:9<BD7 7:×�KH?89 ��LCR�7ìLDES?8G�7FEJRH?8B
L P BD7:9<9�BDL P QC='BÜ; Ô LCR�7FØH�¬7:Q PrÕ 7 Õ�P EC7J?84HG Õ�P EC7J;<9<9<;<×�KH;<G�Ý ( 7:Q P 4HGM�£; Ô ) ;<B
Ú87FECØJRH;>6rRM�HLCR�7ABDL P QC=��¬7:Q PrÕ 7:B Õ�P EC7+Ú P 9<?)LC;<9>7ÖB P LCRH?)L�?�9<?)EC687+LDES?8G�7FE ß R P
ÔuP 9<9 P ß B´?+Ó P BC;>LC;>Ú87 Ô 7F7:G0��?8QC=¶BDLDES?)LD7F68ØâQF?84âQF?8KHBD7�LCR�7�BDL P QC=�ÓHES;<Q 7�L P ES;<BD7�L P
LDEC7 Õ 7:4HG P KHBC9>ØARH;>6rRÜÚ)?89<K�7:B�;<4'��KH9<9<;<BCR Õ ?)EC=87FLCBFÝ * P ß 7FÚ87FE�� ß R�7:4�;<9<9<;<×�KH;<GH;>L\Ø
7 à�Q 7F7:GHBÜ? Q 7FECLC?8;<4OLCR�EC7:BCR P 9<G 1 )�� 3 / � ;<4 ��6rK�EC7 �45 �£LCR�7J9<?)EC687âLDES?8G�7FEÜ;<B
ÔuP ESQ 7:G!L P QF9 P BD7¶LCR�7�Ó P BC;>LC; P 4Û?84HGÛLCR�7 Õ ?)EC=87FLAQ P 9<9<?)Ó�BD7:BFÝ�á(R P BD7 Ô 7:?)LCK�EC7:B
LCRH?)L�GH;<BDLC;<4�6rKH;<BCR!LCR�7ÙBDL P QSRH?8BDLC;<QÙ9<;<×�KH;<GH;>L\Ø Õ�P G�7:9 Ô E PrÕ LCR�7ÙI ( ?84HG LCR�7
G�7FLD7FE Õ ;<4H;<BDLC;<Q 9<;<×�KH;<GH;>L\Ø Õ�P G�7:9 �B�¬7:Q PrÕ 7 P ��Ú'; P KHB¶?)E P KH4HG LCR�7íLC; Õ 7íBDLD7FÓ
� � � 3�3 ;<4S��6rK�EC7 � Ý
Þ Ô ) ?)ÓHÓHE P ?8QSR�7:BP)F7FE P Ó�?)LCR ;ÖESKH4HB5Ó�?)ES?89<9>7:9�L P LCR�7ÜI ( Ó�?)LCR � �`?8B P 4�7

QF?84 P ��BD7FECÚ87+?)E P KH4HG LC; Õ 7lBDLD7FÓ � 3�3 Ý
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Þ�4 ��6rK�EC7 � ß 7 Q P 4mLDES?8BDL BDL P QC=�ÓHES;<Q 7:BÙBC; Õ KH9<?)LD7:G�;<4 LCR�7 I ( Õ�P G�7:9�L P
BDL P QC=ÖÓHES;<Q 7:B­687:4�7FES?)LD7:G�;<4ALCR�7(BDL P QSRH?8BDLC;<Q(9<;<×�KH;<GH;>L\Ø Õ�P G�7:9 ÔuP E�?�Q P 4mLDES?)ES;<?84
Ô 7F7:G0��?8QC= BDLDES?)LD7F68Ø8Ý
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0 2000 4000
t
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1
stock price, if rho stoch., contr. strategy (2)

stock price in Black Scholes (3)

rho (4)

3

2

4

c�e �Sv:Z"U��8ø ±��o� � �\�C�"� �S�l¨0���D�Y�)�S�\¡ ¯F� �\� � ��� { � �
�"� y �`æ z �S�\¡ ¯ � � � z ���
Þ�4O687:4�7FES?89.Ú P 9<?)LC;<9<;>L\ØO;<BAEC7:GHKHQ 7:G Q PrÕ Ó�?)EC7:G L P I ( Ý * P ß 7FÚ87FE��´?8B P 4�7

QF?84 P ��BD7FECÚ87Ü?)E P KH4HGÙLC; Õ 7�BDLD7FÓ � � � 3�3 �`LCR�7FEC7�?)EC7A7 à�Q 7FÓHLC; P 4HBFÝ¬Þ Ô LCR�7�?8BCBD7FL
�¬7:Q PrÕ 7:BÙÚ87FECØ�;<9<9<;<×�KH;<G LCR�7!LDES?8GH;<4�6 ?8Q LC;>Ú';>LC;>7:B P8Ô LCR�7 9<?)EC687 LDES?8G�7FE QF?84
G PrÕ ;<4H?)LD7ALCR�7�BDL P QC=íÓHES;<Q 7�G�Ø'4H? Õ ;<QFB�?84HGìB P RH?:Ú87�?âG�7:BDLC?���;<9<;$):;<4�6�7�W¬7:Q LFÝ
3�6r?8;<4M�­LCRH;<B�;<B�?ìKH4H;<×�K�7 Ô 7:?)LCK�EC7 P8Ô LCR�7JBDL P QSRH?8BDLC;<QJ9<;<×�KH;<GH;>L\ØìBD7FLCK�Ó LCRH?)L
QF?84H4 P L �¬7 Õ�P G�7:9>7:G ;<4âLCR�7+Q P 4HBDLC?84mL59<;<×�KH;<GH;>L\Ø Ô ES? Õ 7 ß P EC=�Ý

� È������H�bÒuÑ ��Ì0ÒuÎ�Ë	� ��Ò��`Ð�ÒuÏ­ÒWÌ�� �	��Í)Ò�� ��Ì0Ò����
3 Ô LD7FE�RH?:Ú';<4�6 ;<4mLDE P GHKHQ 7:GÙLCR�7A687:4�7FES?89 Ô ES? Õ 7 ß P EC= P8Ô�P K�E Õ�P G�7:9 � ß 7�4 P ß
ÓHEC7:BD7:4mL�?84â?)ÓHÓ�9<;<QF?)LC; P 4ÜLCRH?)L.G�7:?89<B ß ;>LCR�LCR�75ÓHES;<QF;<4�6 P8Ô ?A9<;<×�KH;<GH;>L\ØAG�7FES;>Ú)? +
LC;>Ú87 P 4í?84ÙKH4HG�7FES9>Ø';<4�6ÖLCRH?)L5;<B(LDES?8G�7:GÙ;<4J?84Ù;<9<9<;<×�KH;<G Õ ?)EC=87FLFÝ¬á P BC; Õ Ó�9<; Ô Ø
LCR�7´7 à'Ó�9<?84H?)LC; P 4 ß 7´LC?)=87(?5BDLD7FÓ ��?8QC= ß ?)ESG�?84HG+EC7:BDLDES;<Q L�LCR�7´687:4�7FES?89 Ô ES? Õ 7�+
ß P EC=!B P LCRH?)LALCR�7âLDES?8GH;<4�6íBDLDES?)LD7F68Ø P8Ô LCR�7 9<?)EC687â;<4mÚ87:BDL P E P 4H9>Ø!G�7FÓ¬7:4HGHB
P 4íLCR�7�?8BCBD7FL�ÓHES;<Q 7 �´Ý¬á(R�7AG�7FES;>Ú)?)LC;>Ú87AKH4HG�7FE�Q P 4HBC;<G�7FES?)LC; P 4 Q PrÕ Ó¬7:4HBC?)LD7:B
LCR�7ì9<?)EC687Û;<4mÚ87:BDL P E ß R POÔuP 9<9 P ß B ? BDL P Ó�9 P BCB BDLDES?)LD7F68Ø ÔuP E LCR�7ì9<;<×�KH;<GH;>L\Ø
GH;<BCQ P KH4mL�; Ô LCR�7ÜBDL P Ó!9 P BCB P ESG�7FEl;<B�7 à'7:QFK�LD7:G�Ý � 7ÜÓHE P Ú';<G�7�?84ì7 à�? Õ Ó�9>7 P8Ô
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BCKHQSR�?ÖG�7FES;>Ú)?)LC;>Ú87(LCRH?)L�;<B&ÓHES;<Q 7:G ß ;>LCR P K�E´BC? Õ Ó�9>7�GH?)LC? Ô E PrÕ LCR�7PC57FE Õ ?84
7:9>7:Q LDE P 4H;<Q�9<; Õ ;>L P ESG�7FE � P�P =���@�á G�3 ÔuP E�MÙ7:GH; P 4�Ý
Þ�4AQ P 4mLDES?8BDL£L P EC7FLC?8;<9';<4mÚ87:BDL P ESB ß R P BD7.;<4HGH;>Ú';<GHKH?89)LDES?8GH;<4�65Ú P 9<K Õ 7�;<B�L P�P

B Õ ?89<9¬L P ? W¬7:Q L�ÓHES;<Q 7:B(?8G�Ú87FESBD7:9>Øâ9<?)EC687lLDES?8G�7FESB(RH?:Ú87+L P Q P 4HBC;<G�7FE(9<;<×�KH;<GH;>L\Ø
?8BDÓ¬7:Q LCBP�¬7 ÔuP EC7Ü?84Û;<4mÚ87:BDL Õ 7:4mL+;<B Õ ?8G�78Ý�Þ Ô LCR�7ÜG�7F68EC7F7 P8Ô ;<9<9<;<×�KH;<GH;>L\Ø ;<4ì?
Q 7FECLC?8;<4 Õ ?)EC=87FL´;<B£ES?)Ó�;<GH9>Ø+QSRH?84�6r;<4�6 P Ú87FE´LC; Õ 7 P 4�7 Õ ?:Ø�R�7:BC;>LC?)LD7(L P ;<4mÚ87:BDL
BCK0��BDLC?84mLC;<?89�? Õ�P KH4mLCB�?89>LCR P K�6rR¶LCR�75ES;<BD=�EC7 ß ?)ESG¶ÓHE P ��9>7 P8Ô LCR�7�;<4mÚ87:BDL Õ 7:4mL
Õ ;>6rRmL �¬7�ÓHE PrÕ ;<BC;<4�6�Ý:3 9 P 4�6�Ó P BC;>LC; P 4l;<4lLCR�7´ÓHE P Ó P BD7:G+9<;<×�KH;<GH;>L\Ø5G�7FES;>Ú)?)LC;>Ú87
R�7:G�687:B5?)6r?8;<4HBDL5LCR�7Ö9<;<×�KH;<GH;>L\Ø�ES;<BD= ?84HGÙ7:4H?���9>7:B5?�9<?)EC687ÖLDES?8G�7FE5L P ?8Q L�9<;>=87
?ìB Õ ?89<9´EC7FLC?8;<9�;<4mÚ87:BDL P E:Ý�3�L�LCR�7 Õ�PrÕ 7:4mLÜBCKHQSR 9<;<×�KH;<GH;>L\ØÛG�7FES;>Ú)?)LC;>Ú87:B�?)EC7
4 P L&?8Q LC;>Ú87:9>ØALDES?8G�7:G�;<4ALCR�7 Õ ?)EC=87FLFÝmá(R�7(9<?8QC= P8Ô ?)ÓHÓHE P ÓHES;<?)LD7.ÓHES;<QF;<4�65L P�P 9<B
?84HG P ESG�7FE�� P�P =âGH?)LC?¶4�7F7:G�7:G ÔuP E�QF?89<;$�HES?)LC; P 4 Õ ?:Ø 7 à'Ó�9<?8;<4 LCRH;<B�BC;>LCKH?)LC; P 4�Ý
* P ß 7FÚ87FE��¬?8B5Q PrÕ Ó¬7FLC;>LC; P 4Ù? Õ�P 4�6�7:9>7:Q LDE P 4H;<QlLDES?8GH;<4�6�Ó�9<?)L ÔuP E Õ B�BCRH?)ECÓ¬7:4HB
Õ ?84mØ 7 à�QSRH?84�687:B Õ ?:Ø�ÓHE P Ú';<G�7 QF9<;>7:4mLCB ß ;>LCR�EC7:?89+LC; Õ 7 GH?)LC? L P ?8QFQ 7:BCB
Õ ?)EC=87FL�9<;<×�KH;<GH;>L\Ø8Ý
ádES?8GH;<4�6 BDLDES?)LD7F6r;>7:BÜLCRH?)L�9<; Õ ;>L+LCR�7JG P ß 4HBC;<G�7âES;<BD= P8Ô ? Ó P ECL ÔuP 9<; P ?84HG

LCRH?)L P 4H9>Ø G�7FÓ¬7:4HG P 4ÛLCR�7¶?8BCBD7FL+ÓHES;<Q 7�?)EC7¶R�7:?:Ú';<9>ØìKHBD7:GF��ØÛ;<4HBDLC;>LCK�LC; P 4H?89
;<4mÚ87:BDL P ESBFÝ * P ß 7FÚ87FE��.Q P 4HBC;<G�7FES;<4�6!?!BC; Õ Ó�9>7JBDL P Ó 9 P BCB¶BDLDES?)LD7F68Ø P 4�7 Õ ?:Ø
?)EC6rK�7ÖLCRH?)L�L\Ø�Ó�;<QF?89<9>ØJ?¶9<?)EC687ÖLDES?8G�7A;<4ÙLCR�7ABDL P QC= Õ ?)EC=87FL�;<B��HE P =87:4íG P ß 4
;<4mL P B Õ ?89<9>7FEAÓ�?8QC=)?)687:BÜL PÛÕ ;<4H; Õ ;$)F7�LCR�7J?8G�Ú87FESBD7J; Õ Ó�?8Q L P 4OLCR�7 P Ú87FES?89<9
LDES?84HBC?8Q LC; P 4ÜÓHES;<Q 78Ý * P ß 7FÚ87FE�� ß 7 ÔuP QFKHB P 4ÜLCRH;<B&?)ÓHÓ�9<;<QF?)LC; P 4ÜBC;<4HQ 7�?89>LCR P K�6rR
LCR�7.QF?89<QFKH9<KHB­;<B­BC; Õ Ó�9>7��0;>L£?89>EC7:?8G�ØÖ;<4HQ P ECÓ P ES?)LD7:B­?U��?8BC;<Q´BDLDESKHQ LCK�EC7�LCRH?)L&QF?84
BD7FECÚ87Ö?8B5?Ü6rKH;<G�7:9<;<4�7�L P Q P 4HBDLDESKHQ L Õ�P EC7+7:9<?�� P ES?)LD7+ÓHES;<QF;<4�6AL P�P 9<B(LCRH?)L�?)EC7
BCKH;>LC?���9>7 ÔuP E5?AÚ)?)ES;>7FL\Ø P8Ô Ó�K�ECÓ P BD7:BFÝ

�mÝ ;)Ý�� ����� ����
 � �	�	���	�����
35BCBCK Õ 7 LCRH?)L + ;<BÜ?ÛBDL P Ó 9 P BCB�LDES?8GH;<4�6ÛBDLDES?)LD7F68Ø8Ý�á(R�7 ES?84HG PrÕ Ú)?)ES;<?���9>7� � � ;<4 Ô�� : �A��� K ����ÙG�7:4 P LD7:BÜLCR�7JBDL P ÓHÓ�;<4�6íLC; Õ 7 ß R�7:4OLCR�7JKH4HG�7FES9>Ø';<4�6
Ô ?89<9<B �¬7:9 P ß ?¶Q 7FECLC?8;<4Ù9>7FÚ87:9 �� ÔuP E5LCR�7 ��ESBDL(LC; Õ 7���; Õ Ó�9>Ø';<4�6 �
	T"(� ��´Ý¬á(R�7
;<4H;>LC;<?890ÓHES;<Q 7 P8Ô LCR�7´KH4HG�7FES9>Ø';<4�6�;<Bd?8BCBCK Õ 7:GlL P �¬70��� 3 ��´Ý���Ó+L P LCR�7�RH;>LDLC;<4�6
LC; Õ 7 � LCR�7.9<?)EC687´LDES?8G�7FE&G P 7:B­4 P L�LDES?8G�7��8?84HGA?)L � R�7 P E&BCR�7�BD7:9<9<B�?89<9�?8BCBD7FLCBFÝ
35BCBCK Õ ;<4�6A?ÜQ P 4HBDLC?84mL ��Ó P BC;>LC;>Ú87�;<4H;>LC;<?89�Ú)?89<K�7 + � 3 3 LCRH;<B(; Õ Ó�9<;>7:B

�,+.-� ��� 3 ÔuP E : K �+.-� 5 + ��� 5 + � ÔuP E : � �
?84HG

� ����������� � : '  ���� ��$&%�� ) � ��� 1�:�; ) 5 � : '�� 1�:�; ) 5 � �$ O�
ÔuP E�: K � Ý0@�×�KH;>Ú)?89>7:4mLC9>Ø�KHBC;<4�6(LCR�7´KH4HQ P ECEC7:9<?)LD7:G+I´E P ß 4H;<?84 Õ�P LC; P 4S1 $ ; �$ 5
LCRH;<B ß ES;>LD7:B.?8B� ����������� � : '  ���� ��$ �
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� ) ����� 1�:�; ) 5 � : ' � � 1�:�; ) 5 ��$ � ' � ; 5 � B � 1�:�; ) 5 � �$ �
ÔuP E : K � Ý �54HG�7FE�?�ES;<BD=8+\4�7:K�LDES?89 Õ 7:?8BCK�EC7 
� LCR�7lG�Ø'4H? Õ ;<QFB.?)EC7l6r;>Ú87:4 ��Ø� �������G��� � : '  ���� � 
$ � 1
;�L 5

� ) ��������1�:�; ) 5 � : ' � � 1�:�; ) 5 � 
$ � '�� 1�:�; ) 5�� ; 5 � B � 
�$ � 1
; � 5

ÔuP E : K � � ß R�7FEC7 � � G�7:4 P LD7:B(LCR�7lES;<BD=8+\?8G >CKHBDLD7:GâG�ES; Ô LFÝ �5BC;<4�6� 
$ � ����� %
	� � : ' ��$ �� 
�$ � ����� O 	� � : ' ���$ O�
;>L.R P 9<GHB.?8B�KHBCKH?89¬LCRH?)L�� � %
	� �
� "��N ?84HG�� � O 	� ?)E���;>LDES?)ECØ¶BCKHQSRJLCRH?)L

����1�:�; ) 5 ��� 1�:�; ) 5 5 � � 1�:�; ) 5 � 5 � 5 � ; 5 � B � � O 	� � : /
Þ�4âL P LC?89 ��LCR�7 Õ ?)EC=87FL�ÓHES;<Q 7 P8Ô 9<;<×�KH;<GH;>L\Ø�ES;<BD=¶;<B�6r;>Ú87:4 ��Ø

��� � � � ����� %
	� ' � ; 5 � B ��� O 	�
;<4ÛLCRH;<B Ô ES? Õ 7 ß P EC=�Ý ( ;<4HQ 7�LCR�7 Õ ?)EC=87FL�;<BÖ;<4HQ PrÕ Ó�9>7FLD7â?8BA9<;<×�KH;<GH;>L\Ø ;<BÖ4 P L
LDES?8G�7:GM�´LCRH;<Bâ9>7:?8GHB¶L P P 4�7ìG�7F68EC7F7 P8Ô+Ô EC7F7:G PrÕ2ÔuP EâLCR�7 Õ ?)EC=87FL ÓHES;<Q 7 P8Ô
9<;<×�KH;<GH;>L\ØÛES;<BD= ß RH;<QSR QF?84H4 P L �¬7J7:9<; Õ ;<4H?)LD7:G ;<4 LCRH;<BÜBD7FLCK�Ó`Ý�á(R�7 Õ ?)EC=87FL
ÓHES;<Q 7 P8Ô 9<;<×�KH;<GH;>L\Ø ES;<BD= Õ ?84H; Ô 7:BDLCB ;<4 LCR�7ÛGH;�W¬7FEC7:4HQ 7F�¬7FL ß 7F7:4�G�Ø'4H? Õ ;<QFB
KH4HG�7FE � ?84HG 
� Ý£á P QF?89<QFKH9<?)LD7âLCR�7 G�ES; Ô LÖKH4HG�7FE 
� ? KH4H;<×�K�7�ÓHES;<Q 7 P8Ô ?)L
9>7:?8BDL P 4�7ÛG�7FES;>Ú)?)LC;>Ú87ìG�7FÓ¬7:4HGH;<4�6!7 à'Ó�9<;<QF;>LC9>Ø P 4�9<;<×�KH;<GH;>L\Ø ;<B 4�7F7:G�7:G�Ý � 7
ÓHE P Ú';<G�7Ö?¶LCR�7 P EC7FLC;<QF?89­GH;<BCQFKHBCBC; P 4ÙR P ß LCR�7 Õ ?)EC=87FL�ÓHES;<Q 7 P8Ô 9<;<×�KH;<GH;>L\Ø¶ES;<BD=
QF?84 �¬7lQF?89<QFKH9<?)LD7:G Ô E PrÕ LDES?8G�7:GJ@�K�E P Ó¬7:?84 P ÓHLC; P 4HB(BCK0��BD7:Q LC; P 4 �mÝ ��Ý
á(RH;<B+ÓHE P Ú';<G�7:BA? Ó¬7FE Ô 7:Q L�?84H?89 P 68Ø L P LCR�7 BDL P QSRH?8BDLC;<QâÚ P 9<?)LC;<9<;>L\Ø Õ�P G�7:9

ß R�7FEC7�LCR�7 Õ ?)EC=87FL+ÓHES;<Q 7 P8Ô Ú P 9<?)LC;<9<;>L\ØíES;<BD= QF?84 P 4H9>Ø#�¬7ÜQ PrÕ Ó�K�LD7:G ß R�7:4
LCR�7�ÓHES;<Q 7 P8Ô ?ÜG�7FES;>Ú)?)LC;>Ú87l;<B�='4 P ß 4�Ý
3�L � 5 LCR�7lLCR�EC7:BCR P 9<G ;<B.RH;>LFÝHá(RH;<B�Ø';>7:9<GHB.?@>CK Õ ÓJ;<4 LCR�7lBDL P QC= ÓHES;<Q 7�?)L� 6r;>Ú87:4 ��Ø��
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