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Abstract

We describe the Czech koruna option market and explore the behaviour of

option prices during three eventful periods of the history of the Czech koruna. We

point out their forward-looking nature and also show how implied risk neutral

distribution might be used for monitoring and interpretation of market sentiment.

Finally, we analyse the predictive power of the at-the-money-forward implied

volatility. Our results for koruna options are consistent with results published for other

currencies and show the efficiency of the market.
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JKQBCOiDgDc�e HUm�JK>�@DIhM¥@BFLJYRZH�IhMlJ-@DeKC�M VDcZ@BFEC�H�IzJKQBC�R�I�JTCU>Wi�@DIDe�`q@U>WeKCLJ�: � @DIDe�M M�H�`�CLJYR�`�C�M
JK>�@BADC�A�R�>XCEFLJKc �\�OR JKQ]C�@BFUQ�HUJKQBCU> ��iDg�J `�Ho>XC�HUm�JTCUI\JKQBCL�G`q@DeKCqADC�@Dc M��DR @ iU>XH�eKCU>�M�
E:

_aIOFUgD>W>XCUIBFL�OFEH�`bV H MLR JYRZH�I�@DIBA\@���CU>�@hpDC JKgD>WIBHU��CU> ��JKQBC eKHo>WgDI�@+H�V�JYRZH�Iq`q@U>WeKCLJ
M�Q�@BADHh�zMfJKQBC�M�V HUJ]`q@U>WeKCLJ�:�"�Q7R�c CGR�I ;��7�7� i HUJKQ%`q@U>We�@DIBA%ADH�c�cZ@U>SH�V�JYRZH�IhMO� CU>XC
JK>�@BADCEA]R�I�V�@U>�@Dc�c CUc �BMLR�IBFEC JKQBC ��C�@U>�9������5��CUgD>XH H�V�JYRZH�IhM Q�@���CzADH�`]R�I�@�JTCEA�JKQBCf`q@U>WeKCLJ
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@D`�H�gDI�JNM�� �fQ7RZFUQ���@hMqJKQBC�=l@DiDc C ;PM�QBHh�zM��SR M���CU><� c^R J�JKc C�R�I&FEH�`bV�@U>dR M�H�IP�OR JKQGJKQBC
JK>�@BA�R�Ihp|��H�c�gD`�C HUm\p,c H�i�@Dc���! H�V�JYRZH�IhM�:�� @��DR�Ihp	JKgD>WIBHU��CU>\@DIBA c^R �,g7RZA�R Jd�«c Hh� CU>
JKQ�@DI�`q@L�ri C]mnH�gDIBA�mnHo>z`q@7R�I�FUgD>W>XCUIBFL��V�@7R�>�M��$JKQBC�eKHo>WgDI�@PH�V�JYRZH�I&`q@U>WeKCLJ+M�QBHh�zM
i7R p7pDCU>�i7RZAUN@hM�e]M�VU>XC�@BA7M�:��	_aI @BADA�R JYRZH�I���@�M�`q@Dc�c CU> IDgD`bi CU>�HUm FEH�I�JK>�@BFLJ+Jd�oV C�M @DIBA
MTJK>�@�JTC�p�RZC�M�R M]@BFLJYR ��CUc �GJK>�@BADCEA���@DIBAxFEH�I�JK>�@U><�GJTH M�H�`�C&`�Ho>XCPADCL��CUc H�V CEA"`q@U>WeKCLJNM��
FEH�I�JYR�IDgBH�ghM�JK>�@BA�R�Ihp ADH�C�MqIBHUJ�CY��R MTJ�:

��Hh� CL��CU> � �fQ7R�c C�JKQBC\eKHo>WgDI�@fH�V�JYRZH�I]`q@U>WeKCLJ�R MSM�`q@Dc�c CU>,JKQ�@DI�H�V�JYRZH�I]`q@U>WeKCLJNM
mnHo> `q@7R�IrFUgD>W>XCUIBF�RZC�M���R JPR MGIBHUJ\M�`q@Dc�c R�I%FEH�`bV�@U>dR M�H�IGJTH JKQBC�MLR �EC&HUm+JKQBCxeKHo>WgDI�@
M�V HUJ�`q@U>WeKCLJ�:P=�QBC%>�@�JYRZH%HUm�JKgD>WIBHU��CU>�M�R�I&H�V�JYRZH�IhM\@DIBA%JKQBCGFUgD`bgDcZ@�JYRZH�IGHUm�M�V HUJO�
mnHo><��@U>XA7M @DIBA�MT��@DVhM R M�IBHUJ JTH�H A�R �CU>XCUI�J mN>XH�` HUJKQBCU>�`q@U>WeKCLJNM�: _ J V H3R�I�JNM�JTHb`q@U>WeKCLJ
M¥@�JYR @�JYRZH�Ib@DIBA�R JNM+MTJK>WgBFLJKgD>�@Dc$`q@�JKgD>dR Jd��:

k M[R M�ghM�g�@Dc0H�IPJKQBC��+=+ª�`q@U>WeKCLJO� H�V�JYRZH�I�VU>dRZFEC�M\@U>XC �,gBHUJTCEA R�I JTCU>W` M�HUm
JKQBC ��cZ@BFUeK ��FUQBH�c C�M R�`bVDc^RZCEAO��H�cZ@�JYR�c^R Jd��: =�QBC ��cZ@BFUeK ��FUQBH�c C�M�mnHo>W`bgDcZ@zM�CU><��C�M @hMS@];KK;
`q@DVDV7R�IhpGi CLJd� CECUIqJKQBCbVU>dRZFECfHUm JKQBC�H�V�JYRZH�I\@DIBAbJKQBC]R�`bVDc^RZCEA\��H�cZ@�JYR�c^R Jd��V�@U>�@D`�CLJTCU>�:
=�Q7R M�FEH�I���CUI�JYRZH�I�ADH�C�M�IBHUJ+>XC �,g7R�>XC+JKQ�@�J JKQBC ��cZ@BFUeK ��FUQBH�c C�M+`�H�ADCUcoQBH�c A R�Ib>XC�@Dc^R Jd��:
��gD><JKQBCU> �UJKQBC ��cZ@BFUeK ��FUQBH�c C�M?ADCUc J-@����¥QBCEA7pDCO>�@�JYRZH � � R MzghM�CEA�R�IhMTJTC�@BA�HUm JKQBC�CY� CU>XF�R M�C
VU>dRZFECPmnHo> �,gBHUJTC�Mb@hM�@�`�C�@hM�gD>XC HUmq`�H�IBCL�oIBC�M-M�: � CUc J-@xR Mb@�`q@U>�p�R�I�@Dc$FUQ�@DIhpDC%R�I
JKQBC ��cZ@BFUeK ��FUQBH�c C�M�VU>dRZFEC%HUm�@DI�H�V�JYRZH�I �OR JKQ|>XC�M�V CEFLJ�JTH|@�FUQ�@DIhpDC R�I JKQBC M�V HUJ
>�@�JTC���C7: p$:\JKQBCr`�Ho>XC�@�F�@Dc�clR MbR�I JKQBCr`�H�IBCL����JKQBCrQ7R p,QBCU>�R JNMqADCUc J-@���CL��CUIPJKQBH�ghp,Q
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�,gBHUJTCEA$: =�H @ p,>XC�@�J CY��JTCUI�JO��JKQ7R M `q@U>WeKCLJ�FEH�I���CUI�JYRZH�I CUI�@DiDc C�M JKQBC M�CUV�@U>�@�JYRZH�I
HUm���H�cZ@�JYR�c^R Jd��@hM\JKQBC `�C�@hM�gD>XCGHUmqgDIBADCU>Wc �DR�Ihp4gDIBFECU><J-@7R�I�Jd�rmN>XH�` HUJKQBCU>�H�ihM�CU><�U@DiDc C
`q@U>WeKCLJz�U@U>dR @DiDc C�M�JKQ�@�JO@��CEFLJOH�V�JYRZH�IGVU>dRZFEC�M�:�k `�Ho>XCqADCLJ-@7R�c CEA�ADC�M�FU>dR�V�JYRZH�IbHUm�JKQBC
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ªlH�I�JK>�@BFLJNMGJK>�@BADCEA«H�I�JKQBC	eKHo>WgDI�@ `q@U>WeKCLJr`]R p,Q�Jri C�FUcZ@hM-MLR �,CEA R�I�JTH4mnH�gD>b`q@7R�I
F�@�JTC�pDHo>dRZC�M�:&=�QBCP��>�MTJ�H�IBCGFEH�IhMLR MTJNM\HUm�JKQBC k0=f�&�xMTJK>�@BADA,c C�� �fQ7RZFUQ R M�JKQBC%`q@7R�I
FEH�I�JK>�@BFLJSHUm�JKQBC�`q@U>WeKCLJ @DIBAG>XCUVU>XC�M�CUI�JNMz@Di H�g�J s��('] ¤ �('¦HUm�JKQBCOH�V�JYRZH�IOJKgD>WIBHU��CU>�:
_ JNM �,gBHUJTCEAq��H�cZ@�JYR�c^R Jd��>WgDI1�TR JNM�JTCU>W`�MTJK>WgBFLJKgD>XC=��>�@DIhpDC�M�mN>XH�`�H�IBC�� CECUe�JTH\H�IBC���C�@U> �
iDg�J @ H�IBCK¥`�H�I�JKQ4QBHo>dR �EH�I M�CECU` M�JTH�i C4`�H MTJ�>XCUVU>XC�M�CUI�J-@�JYR ��C7: k c H�Ihp4k0=f�&�
MTJK>�@BADA,c C R M�@ FEH�`bi7R�I�@�JYRZH�I�HUm+c H�IhpxV H MLR JYRZH�IhM�R�I�JKQBCbk0=f�&��F�@Dc�c,@DIBArk0=f�&��VDg�J
H�V�JYRZH�IhM�:?k0=f�&�rR�`bVDc^RZCEA]��H�cZ@�JYR�c^R Jd��>XCL�,CEFLJNMzJKQBC�c CL��CUc7HUm�gDIBFECU><J-@7R�I�Jd� V CU>XFEC�R ��CEA&iL�
JKQBCq`q@U>WeKCLJ�@DIBAPR J�>XCUcZ@�JTC�MSFUc H M�CUc ��JTHqJKQBC��U@U>dR @DIBFEC�HUm�JKQBC�A�R MTJK>dR�iDg�JYRZH�IOHUm�CY�3V CEFLJTCEA
>XCLJKgD>WIhM�:

��cZ@7R�Iz�U@DI7R�c�cZ@�MLR�Ihp,c CSF�@Dc�cLHo>$VDg�J H�V�JYRZH�IhMlmd@Dc�chR�I�JTH+JKQBC M�CEFEH�IBA\`�H MTJ?R�`bV Ho><J-@DI�J
p,>XH�gDV��fQ7RZFUQ]@BFEFEH�gDI�JNMzmnHo> @Di H�g�J�9��('] ¤ �(' HUm�JKQBCqH�V�JYRZH�I�JKgD>WIBHU��CU>�: �0R�Ihp,c C�M�@U>XC
JK>�@BADCEA	@hM �+=f� H�V�JYRZH�IhM]mnHo>��U@U>dRZH�ghM]MTJK>dR�eKC�M�i CLJd� CECUI @DVDVU>XHE��R�`q@�JTCUc �%9�� JTH © �
ADCUc J-@�: � CL��CU><JKQBCUc C�M-M���k0=f�&�&@DIBA�9 © �ADCUc J-@]FEH�I�JK>�@BFLJNMO@U>XC�`�H MTJfghM�g�@Dca:

=�QBC JKQ7R�>XAfF�@�JTC�pDHo><��HUm,FEH�I�JK>�@BFLJNM R M�mnHo>W`�CEAqiL�f>dR M�e+>XCL��CU>�M¥@Dc M��E�fQ7RZFUQ�@BFEFEH�gDI�J
mnHo> @Di H�g�J 9��(' HUm�JKQBC�JTHUJ-@Dc�H�V�JYRZH�I JKgD>WIBHU��CU>�:�k c H�Ihp�>dR M�e >XCL��CU>�M¥@DcSR M�@Dc M�H	@
FEH�`bi7R�I�@�JYRZH�IGHUm�Jd� Hx�+=f� �-`�H MTJ HUm�JTCUI�9 © ADCUc J-@,�qH�V�JYRZH�IhM�j]@ c H�Ihp4V H MLR JYRZH�I%R�I
JKQBC]�+=f� F�@Dc�co@DIBAG@\M�QBHo><JfV H MLR JYRZH�I�R�I�JKQBC\�+=f��VDg�J�:S=�QBC�>dR M�eb>XCL��CU>�M¥@Dc,VU>dRZFEC]R M
�,gBHUJTCEA�@hM�JKQBC�A�R �CU>XCUIBFEC�i CLJd� CECUI\JKQBC���H�cZ@�JYR�c^R JYRZC�M�HUm�R JNM�Jd� H�FEH�`bV H�IBCUI�JNM�:

��R M�e >XCL��CU>�M¥@Dc M�@U>XC�@Dc M�H �,g7R JTCfR�I�JTCU>XC�MTJYR�Ihp mN>XH�`«JKQBC+@DI�@Dc �hJYRZF�@Dc V H3R�I�J HUm �DRZCL��:
k ADCEFU>XC�@hM�C R�I�JKQBC�>dR M�e >XCL��CU>�M¥@Dc�VU>dRZFEC `�C�@DIhMOJKQ�@�J�JKQBC�F�@Dc�c,H�V�JYRZH�I&i CEFEH�`�C�M\c C�M-M
CY�3V CUIhMLR ��C�JKQ�@DI�JKQBC	VDg�JGH�V�JYRZH�I�: _ J%`]R p,Q�J&i C4R�I�JTCU>WVU>XCLJTCEA R�I"@x��@L�xJKQ�@�JPJKQBC
`q@U>WeKCLJ�@�J�JK>dR�iDg�JTC�M�@�M�`q@Dc�c CU>qc^R�eKCUc^R�QBH�H�A�JTH"JKQBC CUgD>XH	@DVDVU>XCEF�R @�JYR�Ihp4MLR p,I7R �,F�@DI�JKc �
�-eKHo>WgDI�@ ADCUVU>XCEF�R @�JYR�Ihp �?JKQ�@DI JKQBC\c^R�eKCUc^R�QBH�H�A\HUm�JKQBCfCUgD>XH]ADCUVU>XCEF�R @�JYR�Ihp\MLR p,I7R �,F�@DI�JKc �
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�-eKHo>WgDI�@�@DVDVU>XCEF�R @�JYR�Ihp ���E:�=�QBCU>XCLmnHo>XC��$>dR M�e]>XCL��CU>�M¥@Dc MzFEH�gDc A�i C M�CECUI\@hM+@DI�R�IBA�RZF�@�JTHo>
HUmlJKQBC�@hMT�o`b`�CLJK><� HUmS`q@U>WeKCLJSCY�3V CEFLJ-@�JYRZH�IhM�:?k MzM�gBFUQ��$>dR M�e\>XCL��CU>�M¥@Dc M�>XCUcZ@�JTCOJTH\JKQBC
M�eKCL�fIBC�M-M���HUm JKQBC�A�R MTJK>dR�iDg�JYRZH�I]HUm�CY�3V CEFLJTCEA%>XCLJKgD>WIhM�:

=�Q7R M VDQBCUIBH�`�CUIBH�I��SQBHh� CL��CU> � `]R p,Q�Jbi CGM�CECUI�mN>XH�` @�A�R �CU>XCUI�J�� A �oI�@D`]RZF��
V CU>�M�V CEFLJYR ��C����fQ7RZFUQ«R M&M�Q�@U>XCEA iL��`q@DI��«`q@U>WeKCLJ%VU>�@BFLJYR JYRZH�IBCU>�M � � CU`b`]R�c�c���;�9 	 ��:
k M-M�gD`�C JKQ�@�JGJKQBC|eKHo>WgDI�@ R MrCY�3V CEFLJTCEA JTH�i CEFEH�`�C	`�Ho>XC���H�cZ@�JYR�c C"R�I JKQBCx��@DeKC
HUm+@x>XCU`q@U>WeL@DiDc C�ADCUVU>XCEF�R @�JYRZH�I JKQ�@DI�@�m�JTCU>�@DVDVU>XCEF�R @�JYRZH�IGHUm�@�MLR�`]R�cZ@U>�`q@hp,I7R JKgBADC7:
=�QBCUI��D@DIfH�V�JYRZH�I��fQ7RZFUQ+� H�gDc Abi CEFEH�`�C�C7: p$:?@�J®WJKQBCK¥`�H�IBCL�f@�m�JTCU>�JKQBC+ADCUVU>XCEF�R @�JYRZH�I
M�FECUI�@U>dRZHP� H�gDc A Q�@���C Q7R p,QBCU> JYR�`�Cq�U@Dc�gBC�JKQ�@DIbJKQBCbH�V�JYRZH�IbJKQ�@�J+� H�gDc A i C�@�J®WJKQBCK
`�H�IBCL� R�I"JKQBC"@DVDVU>XCEF�R @�JYRZH�I M�FECUI�@U>dRZH : ªlH�IhM�C �,gBCUI�JKc ����JKQBC ��>�MTJ�H�V�JYRZH�I"M�QBH�gDc A
Q�@���CO@bQ7R p,QBCU>�VU>dRZFEC��TR�`bVDc^RZCEA���H�cZ@�JYR�c^R Jd��� JKQ�@DIfJKQBC�cZ@�J�JTCU>0H�IBCf@DIBA�JKQBC�>dR M�eq>XCL��CU>�M¥@Dc
� H�gDc A i C"V H MLR JYR ��C7: _aIBADCECEA�����H�cZ@�JYR�c^R Jd�x@hMT�o`b`�CLJK><�"i CLJd� CECUI JKQBC�Jd� H M�FECUI�@U>dRZH M
� H�gDc A%JK>�@DIhMTmnHo>W` R�I�JTH%JKQBC&@hMT�o`b`�CLJK><��HUm+JKQBC JTCU>W`]R�I�@Dc�A�R MTJK>dR�iDg�JYRZH�I&HUmq>XCLJKgD>WIhM��
@DIBAPR�I�JKQBCq>dR M�e�IBCUg�JK>�@Dch� Ho>Wc A JKQBC�Jd� H�R�I�JTCU>WVU>XCLJ-@�JYRZH�IhM @U>XC+FEH�`bVDc CLJTCUc �OC �,g7R �U@Dc CUI�J�:

� CL��CU><JKQBCUc C�M-M���R�I���C�MTJTHo>�M�� @�J�JYR JKgBADC�M�JTHh��@U>XA�>dR M�e�`]R p,Q�J�@Dc M�H�i C�A�R MTJYR�IBFLJ gDIE
ADCU>zJKQBC Jd� H M�FECUI�@U>dRZH M�:4_aI&JKQ7R MbF�@hM�C���Q7R p,QBCU>�JYR�`�C��U@Dc�gBC�HUm�JKQBC&H�V�JYRZH�IhMPR�I�JKQBC
ADCUVU>XCEF�R @�JYRZH�I M�FECUI�@U>dRZH�� H�gDc A >XCL�,CEFLJ�R�IBFU>XC�@hM�CEAG>dR M�ef@���CU>�MLRZH�Ib>�@�JKQBCU>0JKQ�@DI\@BFLJKg�@Dc�c �
CY�3V CEFLJTCEA���H�cZ@�JYR�c^R Jd�\@DIBA�JKQBC�� A �oI�@D`]RZF��3@DVDVU>XHD@BFUQq� H�gDc A�M�CECU`1`�Ho>XC @DVDVU>XH�VU>dR @�JTC7:

=�QBCx>XCU`q@7R�I7R�Ihp p,>XH�gDV >XCUVU>XC�M�CUI�JYR�Ihp ;��(']N9��(' HUmOJKgD>WIBHU��CU>+CUIBFEH�`bV�@hM-M�C�M
MTJK>�@DIhp,c C�M @DIBA&�U@U>dRZH�ghM�M�VU>XC�@BA7M1�-iDg�J�JTCU><�3����F�@Dc CUIBAo@U> ��FUgD>W>XCUIBFL����:Ok c H�Ihp&MTJK>�@DIhp,c C
FEH�I�JK>�@BFLJrR M�@ FEH�`bi7R�I�@�JYRZH�I HUm�c H�Ihp�V H MLR JYRZH�IhMrR�IxJd� H4H�V�JYRZH�IhM�jx@DI H�g�J®�HUmXWJKQBCK
`�H�IBCL�K���+=f�P��F�@Dc�c3@DIBAr�+=f� VDg�J�:f_ J R M �,gBHUJTCEA&@hM+JKQBC]@���CU>�@hpDC�HUm?JKQBCq��H�cZ@�JYR�c^R 
JYRZC�MOHUm�R JNMOFEH�`bV H�IBCUI�JNMO@Di HU��C�k0=f�&�G��H�cZ@�JYR�c^R Jd��: ��JK>�@DIhp,c C\FEH�I�JK>�@BFLJNM\>XCL�,CEFLJ�QBHh�
FEH�IBFECUI�JK>�@�JTCEA"CY�3V CEFLJ-@�JYRZH�IhM�@U>XH�gDIBAxJKQBC�mnHo><��@U>XA�@U>XC7: =�QBCxQ7R p,QBCU>�JKQBC&MTJK>�@DIhp,c C
�U@Dc�gBC���JKQBC&Q7R p,QBCU>�c^R�eKCUc^R�QBH�H�AG�fQ7RZFUQ�`q@U>WeKCLJf@�J�JK>dR�iDg�JTC�M JTH�CY��JK>XCU`�C\�U@Dc�gBC�M�HUmO>XCK
JKgD>WIhM�:�=�QDghM�� JKQBC��U@Dc�gBC\HUm MTJK>�@DIhp,c C�M�`]R p,Q�J i Cb@hM-M�H�F�R @�JTCEAG�OR JKQ�eUgD><JTH MLR M
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A�R MTJK>dR�iDg�JYRZH�I]HUmz>XCLJKgD>WIhM�:
k0=f�&�%R�`bVDc^RZCEAb��H�cZ@�JYR�c^R JYRZC�M�@U>XCqHUm�JTCUI��,gBHUJTCEA M�CL��CU>�@Dc JYR�`�C�M+@bAo@L����iDg�J�>dR M�e

>XCL��CU>�M¥@Dc @DIBA«MTJK>�@DIhp,c C	VU>dRZFEC�M&FUQ�@DIhpDC	c C�M-MGmN>XC �,gBCUI�JKc ��: �UHo>qCY�7@D`bVDc C���R J M�CECU` M
M�g��PF�RZCUI�J�JTH\M¥@D`bVDc C�>dR M�eq>XCL��CU>�M¥@Dc M H�IDc � H�IBFECqR�IfJd� H\Ao@L�BM mnHo> JKQBC�eKHo>WgDI�@]`q@U>WeKCLJ�:
��Hh� CL��CU> � JKQ7R M�c Hh� CU>+mN>XC �,gBCUIBFL��ADH�C�M�IBHUJrIBCEFEC�M-M¥@U>dR�c �4`�C�@DI	c Hh�¬R�I�mnHo>W`q@�JYRZH�I�@Dc
�U@Dc�gBCbHUm JKQBC�Ao@�J-@�:�_aIBADCECEA���CL��CUI�mnHo> JKQBC�ADH�c�cZ@U>����CUI��$�fQ7RZFUQ&R M�JKQBC�`�H MTJqc^R �,g7RZA
@DIBA�`�H MTJrQBC�@��DR�c ��JK>�@BADCEA«FUgD>W>XCUIBFL�«V�@7R�> �O@49 © �ADCUc J-@ >dR M�e4>XCL��CU>�M¥@Dc HUm�JTCUI�MTJ-@L�BM
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>dR M�e">XCL��CU>�M¥@Dc MG@DIBA|MTJK>�@DIhp,c C�M ADCLJTCU>W`]R�IBC%H�IDc � JKQBC M�Q�@DV Cx@DIBA FUgD><�U@�JKgD>XC HUm�JKQBC
��H�cZ@�JYR�c^R Jd��M�`]R�c C���: =�QBCL�4M�CU><��C�@hMK��>�MTJ�@DIBA«M�CEFEH�IBA Ho>XADCU>q@BA��¥ghMTJK`�CUI�JNM&HUm�JKQBC
��cZ@BFUe(��FUQBH�c C�M�`�H�ADCUc � �fQ7RZFUQ � H�gDc APR�`bVDc ��@ � @�J ��H�cZ@�JYR�c^R Jd�fM�`]R�c CO@DIBA�>WgDI�:�_aI JKQ7R M
M�CUIhM�C��,@]FUQ�@DIhpDCbR�IqJKQBC�>dR M�eb>XCL��CU>�M¥@DcDHo>lMTJK>�@DIhp,c Cq@D`�H�gDI�JNM�JTHbJKQBC�`�H�ADCUc FUQ�@DIhpDC7:
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FUgD><��C�@DIBA&>dR M�e]>XCL��CU>�M¥@Dc �3@DIBA�MTJK>�@DIhp,c CfFUQ�@DIhpDC�M�@U>XCfMLR�`]R�cZ@U> JTHbJKQBC FUQ�@DIhpDC�M�HUmlJKQBC
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� CUIBHUJYR�Ihp iL����@DIBA	��JKQBC @DVDVU>XH�VU>dR @�JTC�ADH�`�C�MTJYRZFGR�I�JTCU>XC�MTJ]>�@�JTC @DIBA�JKQBC FUgD>W>XCUI�J
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V C�p$:Sk�c M�HN��R�I\JKQBC�M�CEFLJYRZH�I ¤ � C�R�I���C�MTJYR po@�JTC JKQ7R Mq>�@�JYRZH�I�@Dc^R Jd� R M-M�gBC�`�Ho>XCfmnHo>W`q@Dc�c ���
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JKQBC�c CL��CUcoHUmzVU>dRZFEC�M+HUm�>dR M�eK¥>XCL��CU>�M¥@Dc MfR�I�JKQBC�i C�p�R�IDI7R�Ihp HUm�;��7�7��`q@U>We�M+@GiU>XC�@DebR�I
JKQBC���!�`q@U>WeKCLJ MTJK>WgBFLJKgD>XCO@DIBAqJKQBC�FEH�`bV H MLR JYRZH�I+HUm?`q@U>WeKCLJ�V�@U><JYRZF�R�V�@DI�JNM�:���V�JYRZH�IhM��
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=�QBC�FUgD>W>XCUI�Jf@BFEFEH�gDI�JOADCO�,F�R Jf@DIBArHUJKQBCU>�VU>XH�iDc CU` MOHUmSJKQBC ª �ECEFUQPCEFEH�IBH�`f�
� CU>XC Q7R p,QDc �\VDgDiDc^RZF�R M�CEA��D@DIBAqJKQBC R M-M�gBC+HUm�ADCL�U@Dc�g�@�JYRZH�I+��@hMSA�R M�FUghM-M�CEA�R�I�JKQBC�`�CEA�R @
@ c H�Ihp�JYR�`�C�i CLmnHo>XC JKQBC�@BFLJKg�@Dc�FU>dR MLR M H�FEFUgD>W>XCEA$: ��Hh� CL��CU> ��@hM i CUI7R p,I�ADCL��CUc H�VD`�CUI�JNM
HUm�JKQBC�M�V HUJ�>�@�JTC�� R�`bVDc^RZCEA ��H�cZ@�JYR�c^R Jd� @DIBAG>dR M�e�>XCL��CU>�M¥@Dc M M�ghp7pDC�MTJW����R p,gD>XC�M�;O@DIBA�9F�O�
JKQBC�`q@U>WeKCLJSM�CECU`�CEAbJTH&i C�gDID>Wg��PCEArgDI�JYR�c7M�VU>dR�Ihp�;��7�7�,:�_aIBADCECEA��0R�IqJKQBC�`]RZADA,c CfHUm
�UCUiU>Wg�@U><���3JKQBCPeKHo>WgDI�@\��@hM�FUc H M�C JTH�JKQBC]@DVDVU>XCEF�R @�JYRZH�I]MLRZADC�`q@U>�p�R�IhM�HUmzR JNM�� j ) &+*
i�@DIBA��q@DIBA«JKQBC ª � �¦M�V H�eKC�M�`q@DI«Q�@BA«JTH�ADCEFUcZ@U>XC JKQ�@�J�JKQBC"FECUI�JK>�@Dc�i�@DIDex��@hM

;��



FEH�IBFECU>WIBCEA�@Di H�g�JzJKQBCqMTJK>XCUIhp JKQbHUm JKQBC\FUgD>W>XCUIBFL��:

.0� ���$��6 )
§ u�� .�}Y�{#�2$¢���6o�"�o�0¢��o���£¢��^��' � �� �N��!�5���6D�o6���!L�,¢�! ��6D¡®�,��6r��v�6 �o�N��!���!��{ ��8 8 (
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��R p,gD>XC�;	ADCU`�H�IhMTJK>�@�JTC�MrJKQ�@�J%k0=f�&� R�`bVDc^RZCEA«��H�cZ@�JYR�c^R Jd�	MLR p,I7R �,F�@DI�JKc � R�IE
FU>XC�@hM�CEAr@Dc�>XC�@BA �&R�I�k�VU>dR�cl;��7�7�5�,� CUc�c$i CLmnHo>XC�JKQBCbFU>dR MLR Mf@BFLJKg�@Dc�c �rQ�@DVDV CUIBCEA$:���Hh� 
CL��CU> ��>dR M�e�>XCL��CU>�M¥@Dc M M�ghp7pDC�MTJ�JKQ�@�J JKQBCO`q@U>WeKCLJ�i C�po@DI�JTHO� Ho>W><��@hM?C�@U>Wc ��@hMz�UCUiU>Wg�@U><��:
=�QBC�CUc CL�U@�JTCEA�c^R�eKCUc^R�QBH�H�A HUm�cZ@U>�pDC�ADCUVU>XCEF�R @�JYRZH�I�@hMzR J ��@hMzV CU>XFEC�R ��CEA�iL��`q@U>WeKCLJSV�@U>{
JYRZF�R�V�@DI�JNMS��@hM+`q@DI7R mnC�MTJTCEAPR�IbQ7R p,QBCU>�>dR M�eq>XCL��CU>�M¥@DcoVU>dRZFEC�M�:z��R p,gD>XCf9�R�c�c�ghMTJK>�@�JTC�M JKQ�@�J
>dR M�e >XCL��CU>�M¥@Dc M�JTCUIBADCEA4JTH�>XC�@BFLJ�i CLmnHo>XC�k0=f�&� R�`bVDc^RZCEA���H�cZ@�JYR�c^R Jd����@DIBA @hM M�gBFUQ��
JKQBCL��� CU>XC�@DI\C�@U>Wc^RZCU>l@DIBAr`�Ho>XCOM�CUIhMLR JYR ��C�R�IBA�RZF�@�JTHo>lHUm V HUJTCUI�JYR @DcUmNg�JKgD>XCbVU>XH�iDc CU` M�:
��IBC `]R p,Q�JbCL��CUI�@U>�p,gBC&JKQ�@�J�MLR�IBFECxR�I���C�MTJTHo>�MPH�V CU>�@�JYR�Ihp4H�I%JKQBC H�V�JYRZH�I4`q@U>WeKCLJ
@U>XC �,g7R JTCbM�H�VDQ7R MTJYRZF�@�JTCEA%@DIBA�MLR�IBFEC�H�V�JYRZH�IPFEH�I�JK>�@BFLJNM�CUI�@DiDc C�Q7R p,Q�c CL��CU>�@hpDC���Q7R p,Q
H�V�JYRZH�IPVU>dRZFEC�M�`]R p,Q�J�Q�@���C�>XCL��C�@Dc CEAPM�V CEFUgDcZ@�JTHo>�M���V H MLR JYRZH�I7R�Ihp&i CLmnHo>XCfJKQBCL�bMTJ-@U><JTCEA
@�J�J-@BFUe�R�IhpPJKQBC�eKHo>WgDI�@]CY� FUQ�@DIhpDC�>�@�JTC�>XC�p�R�`�C7:

=�QBCPmnHo><��@U>XAU¥c H�H�e�R�Ihp R�I�mnHo>W`q@�JYRZH�IPFEH�I�J-@7R�IBCEA"R�I&H�V�JYRZH�IhMPi CLmnHo>XC�JKQBCGFU>dR MLR M
��@hM�@Dc M�HPMTJKgBA�RZCEA%iL� ª @D`bV�@b@DIBA�ª�Q�@DIhp ��� 	N:S=�QBCL��FEH�IhMTJK>WgBFLJTCEA�@U>Wi7R JK>�@hpDCK¥i�@hM�CEA
JTC�MTJNM?� �zHUm�FU>XCEA�R�i7R�c^R Jd�\HUm JKQBC J-@U>�pDCLJ �EH�IBCbi�@hM�CEAGH�I�JKQBC�mnHo><��@U>XA&>�@�JTC�MO@DIBA H�I�JKQBC
� � % 254;Q`& 0�4;8%038#>�(RMN8:QE8%0 QEM>�(RMN8%0�&�LN>O03QEM5XT) (RLNMNGN8#c�(�&#(�C503QE(RM_CN&�QE>e4;8 032�*A0 8:2N(RLN-EG

MN(,0�)a4Pb5QE(R- *A0�4;G�Q`c 03254@0?*,&:XR4e0_I;(RM54@SW4�&:4PCa4�&:c 4;>O03-/. >e&:4;GNQ`)�-`4RkKHW(RMN8<4�� L54;MF03-/.� 
c &�(RB b5QE(R- *A03QEM5X@8:LN>?2 *P) (RLNMNG (RM54>�(RLN-EG QEM5c 4�&7MN(RM�� Ca4�&:c 4;>O0^>e&:4;GNQ`)�QE-EQ/0 . (�c 03254
*,&:&3*�M5XR4;BD4;MF0=k � 0VBK*;.P)a4 CN&�(=bF4;GD032�*A0W(�C503QE(RM�� )+*�8<4;GP0�4;8%038W*,&:4 BU(�&:47C (=SW4�&:c�LN-

;��



H�V�JYRZH�IxVU>dRZFEC�M�� @DIBA JKQBCL�rM�QBHh� CEA JKQ�@�J�JKQBC eKHo>WgDI�@&CY� FUQ�@DIhpDC >�@�JTC i�@DIBA|c H MTJ�R JNM
FU>XCEA�R�i7R�c^R Jd��� CECUe�M�i CLmnHo>XC JKQBC\@BFLJKg�@Dc�ADCL�U@Dc�g�@�JYRZH�I�:

_aIzJKQBC'��I�@DcBV�@U><JlHUm�JKQBCz@U><JYRZFUc C���� C CEFEH�IBH�`�CLJK>dRZF�@Dc�c � M�gDVDV Ho><J�JKQBC�IBHUJYRZH�I�JKQ�@�J
IBHUJlH�IDc ��ADHfH�V�JYRZH�IhM `]R�>W>XHo>7FUgD>W>XCUI�J `q@U>WeKCLJ V CU>XFECUV�JYRZH�I��oiDg�J�JKQ�@�J�JKQ7R M M�CUI�JYR�`�CUI�J R M
Q7R p,QDc ��>�@�JYRZH�I�@DcD@DIBA�JKQ�@�J�H�V�JYRZH�I�VU>dRZFEC�M�F�@U>W><��R�I�mnHo>W`q@�JYRZH�Iq@Di H�g�J mNg�JKgD>XC ��H�cZ@�JYR�c^R Jd�
HUm�JKQBCrM�V HUJ�:"=�QBCU>XCLmnHo>XC���JKQBCxi CUQ�@��DRZH�gD>+HUmfH�V�JYRZH�I VU>dRZFEC�M�A,gD>dR�IhpxJKQBCxVU>XCK�FU>dR MLR M
V CU>dRZH�A�`q@L�Pi C��DRZCL� CEAP@hMO@DIPR�c�c�ghMTJK>�@�JYRZH�I�HUm JKQ7R M+H�V�JYRZH�IqmnHo><��@U>XAU¥c H�H�e�R�IhpGI�@�JKgD>XC7:

��� � � "��%�&����� ����� " ��� � 
�����%� � � ���
 � ��
���	�������
 ����� ����� � �	��
���	� ��	 ��� � ��� ������� � � � � ��� � ���"� ���� � � �	�
�
�

��H MTJ?H�ihM�CU><��CU>�M?HUm$JKQBC eKHo>WgDI�@�`q@U>WeKCLJ @hp,>XCEC�JKQ�@�J JKQBC�>XCUcZ@�JYR ��COR�`bV Ho><J-@DIBFECzHUm >XC�@E
M�H�IhM?mnHo>,FUgD>W>XCUIBFL��JK>�@BADC�M FUQ�@DIhpDCEAqM�gDihMTJ-@DI�JYR @Dc�c ��R�IOC�@U>Wc �];��7�7�,:�=�QBCz�ORZADCfR�I�JTCU>XC�MTJ
>�@�JTC\A�R �CU>XCUI�JYR @DcD��@hMf@DIGR�`bV Ho><J-@DI�JOR�`bV CLJKghM�mnHo> F�@DV7R J-@DcD�,Hh�zM�JKQD>XH�ghp,QBH�g�Jq;��7�7�5�
iDg�J�@�m�JTCU><��@U>XA7M�� @hM�ª �ECEFUQGR�I�� @�JYRZH�Ib@DIBA%R�I�JTCU>XC�MTJ >�@�JTC�MOA,>XH�VDV CEA���R Jz��@hMq>XCUVDcZ@BFECEA
iL�GVU>dR �U@�JYR M¥@�JYRZH�I\@DIBAGA�R�>XCEFLJOR�I���C�MTJK`�CUI�JS�,Hh�zM��,@DIBA�JKQBCqMTJK>WgBFLJKgD>XC�HUmz`q@U>WeKCLJ�V�@U>{
JYRZF�R�V�@DI�JNM\FUQ�@DIhpDCEA�@BFEFEHo>XA�R�Ihp,c ��:�k M\M�H�`�C�JK>�@BADCU>�MPIBHUJTCEA���JKQ7R M]FUQ�@DIhpDC���@hM]@Dc M�H
>XCL�,CEFLJTCEA4R�I�@&MTJK>WgBFLJKgD>�@Dc�M�Q7R m�JbR�Ix`q@U>WeKCLJbi CUQ�@��DRZH�gD>�j\MLR�IBFECPJKQBC M�CEFEH�IBA �,g�@U><JTCU>
HUm ;��7�7�5�0JKQBCL�GADC�M�FU>dR�i CEArJKQBC�FUgD>W>XCUIBFL�%`q@U>WeKCLJO@hM�i C�R�Ihp�>XCUc^RZCL��CEAxR�I FEH�`bV�@U>dR M�H�I
�OR JKQ�JKQBC&VU>XCL�DRZH�ghM\V CU>dRZH�A$: � CL��CU><JKQBCUc C�M-M��?i CL��H�IBA�H�V�JYRZH�IrVU>dRZFEC�MfJKQBCU>XC�R M]cZ@BFUe�HUm
A�R�>XCEFLJKc �bH�ihM�CU><�U@DiDc C]R�IBA�RZF�@�JTHo>�M�JKQ�@�J `]R p,Q�JOQ�@���CqM�QBHh�fI�JKQ7R M+M�Q7R m�J � ��:

�UHo> @DI�R�I�JTCU>WVU>XCLJ-@�JYRZH�I�HUm�QBHh� JKQ7R M�MTJK>WgBFLJKgD>�@Dc3M�Q7R m�J���@hM�`q@DI7R mnC�MTJTCEA%R�I]JKQBC
H�V�JYRZH�I�`q@U>WeKCLJO� R J R M ghM�CLmNgDc���>�MTJ0JTHq>XCEF�@Dc�c¥JKQBCSCEFEH�IBH�`]RZF�CUI��DR�>XH�ID`�CUI�J R�I ;��7�7�,: =�QBC
ª �ECEFUQreKHo>WgDI�@���@hM �,g7R JTCbMTJK>XH�Ihp�@�J�JKQ�@�J�JYR�`�C7:OkSFEFEHo>XA�R�IhpGJTH `q@U>WeKCLJ+M�H�gD>XFEC�M � 
 �
R Jz��@hM�JKQBCq� Ho>Wc A � MzJKQ7R�>XAU¥i C�MTJ®¥V CU><mnHo>W`]R�Ihp�FUgD>W>XCUIBFL��@hpo@7R�IhMTJzJKQBC�ADH�c�cZ@U> @DIBA `q@U>We
032�*�M 8:QEBDC�-`4�c�(�&<ST*,&�GK&3*A0�4�0�4;8%038�k

� M_C+*,&<03QE>�LN- *,&� O03254e.�&:4�C (�&<0 032�*A0#*T>�(RMFbF4��NQ/0 .T0�4;8%0 )+*�8<4;G�(RM_(�C503QE(RMN8 8:Q`XFM�*�-E-`4;G
*K>e&:4;GNQ`)�QE-EQ/0 .f-E(R8:8�*�-`&:4=*�Gl. )�iUG�*;.587)a4�c�(�&:4�032541)N&:4=*,dlGN(=S^M (�c 032541&:4�XFQEBD4Rk � M
>�(RBDC+*,&�QE8:(RM  �03254P8:QEBDC�-`4 ��bF4;MN8:8:(RM 0�4;8%0_(�c9>e&:4;GNQ`)�QE-EQ/0 . )+*�8<4;G�(RM 03254 c�(�&<ST*,&�G
&3*A0�4 -`4ebF4;- QEMNGNQE>;*A0�4;G * >e&:4;GNQ`)�QE-EQ/0 . -E(R8:8 (RMN-/. gRg G�*;.58 QEM�*�Glb�*�MN>e4� aS^2NQE>?2��<LN8%0
>�(RQEMN>�QEG54;8'S^Q/032@032547)a4�XFQEMNMNQEM5X1(�c 03254^8<Ca4;>�LN- *A03QE(RM@ST*;bF4^*,X�*�QEMN8%0 03254^>�L5&:&:4;MN>O.Fk
� � � -E8:(  8:L5&<bF4e.58�(�cJ03254fHJI�4;>?2 � *A03QE(RM�*�- � *�M5d 8:2N(=SW4;G�032�*A0�03254D03L5&�MN(=bF4�&

(�c dF(�&�LNM�*8<C (,0  lc�(�&<ST*,&�GK*�MNG���� 8%ST*,C�8W8:(RBD4eS^2�*A09G54;>e&:4=*�8<4;G c &�(RB 03254�2NQ`XF2
-`4ebF4;-E8W4��5Ca4�&�Q`4;MN>e4;G QEMhg;iRi	�5k
� 
 � -E( (RB )a4�&:X�k

;��
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R�I ;��7�7�,:�_ JNMqMTJK>XCUIhp JKQ MTJTCU`b`�CEA�mN>XH�` JKQBC&R�I�JTCU>XC�MTJb>�@�JTCPA�R �CU>XCUI�JYR @Dc ���fQ7RZFUQP��@hM
@Di H�g�J�Jd� CUc ��C�V CU>XFECUI�J-@hpDC�V H3R�I�JNM @Di HU��CSJKQBC�`q@U>We�R�I�JTCU>W` M HUm,H�IBCK¥`�H�I�JKQzADCUV H MLR JNM
A,gD>dR�IhpOJKQBC ��>�MTJS`�H�I�JKQhM�HUm�JKQBC ��C�@U>�: � H�`�C�MTJYRZF�R�I�JTCU>XC�MTJS>�@�JTC�M�� CU>XC�eKCUV�JS>XCUcZ@�JYR ��CUc �
Q7R p,Q\iL�OJKQBC�ª �ECEFUQ � @�JYRZH�I�@Dc�� @DIDe�� �fQ7RZFUQ\Q�@BAb@BADH�V�JTCEA\A�R�>XCEFLJzR�I�� @�JYRZH�I+J-@U>�pDCLJYR�Ihp
R�I �B@DIDg�@U><�&;��7�7��@DIBA M�CLJ�@DI R�I�JTCU><�U@DcDHUm�@Di H�g�J�MLR ��V CU> FECUI�J�mnHo>lJKQBC�IBCLJfR�I�� @�JYRZH�I
J-@U>�pDCLJ?mnHo> JKQBC�CUIBAbHUm�JKQBC+��C�@U> � � : � gD>dR�Ihp�;��7�7�5�UJKQBCqª �ECEFUQ CEFEH�IBH�`f�fCY�3V CU>dRZCUIBFECEA
md@hMTJ�A�R MLR�I�� @�JYRZH�I��o�fQ7RZFUQP>XC�M�gDc JTCEAPmN>XH�` @]FEH�`bi7R�I�@�JYRZH�I�HUm?M�gDi A,gBCEAGADH�`�C�MTJYRZF�@DIBA
mnHo>XC�R p,IrADCU`q@DIBA���ADCEFUc^R�I7R�Ihp � Ho>Wc AxFEH�`b`�H�A�R Jd� VU>dRZFEC�M�@DIBA�MTJK>XCUIhp JKQBCUI7R�IhpxHUm+JKQBC
FUgD>W>XCUIBFL��:b=�QBC&ª �ECEFUQ � @�JYRZH�I�@Dc � @DIDe&>XC�@BFLJTCEA"iL�&@ M�CU>dRZC�MqHUmOR�I�JTCU>XC�MTJb>�@�JTC�FUg�JNM
R�I\JKQBCqM�CEFEH�IBA%Q�@Dc m�HUm JKQBCq��C�@U> � ��:

_aI4JKQBC�M�C"F�R�>XFUgD` MTJ-@DIBFEC�M��OJKQBC«eKHo>WgDI�@	CY� FUQ�@DIhpDC >�@�JTC���@hMxR�I���gBCUIBFECEA iL�
FEH�I���RZFLJYR�IhpqmnHo>XFEC�M�:z��>XH�` JKQBC\V H3R�I�J HUm��DRZCL�«HUm�JKQBC�>XC�@Dc�CEFEH�IBH�`f���UJKQBCOMTJK>XCUIhp JKQ HUm
JKQBC FUgD>W>XCUIBFL�G��@hM�IBHUJ�¥ghMTJYR �,CEA iL��JKQBC FEH�`bV CLJYR JYR ��CUIBC�M-M�HUm�ADH�`�C�MTJYRZF�VU>XH�A,gBFECU>�M
� � � -/032N(RL5XF2	BK*�MF.	>�(RMN8:QEG54�&:4;Gh03254fQEM��a*A03QE(RMh0?*,&:XR4e003( )a4K03( (�*�B )�Q/03QE(RLN8  

*,c 0�4�&T8<4ebF4�&3*�-�BU(RMF032N8WQ/0T)a4;>;*�BD4_QEMN>e&:4=*�8:QEM5XF-/. >�-`4=*,&W032�*A0  5MN(,07(RMN-/. >�(RLN-EG 03254
0?*,&:XR4e0V)a4�2NQ/0  5)�Ll0V032�*A07Q/0VSV(RLN-EG 4ebF4;M )a4�LNMNG54�&�8:2N(,0=k
� � % 254HJI�4;>?2 � *A03QE(RM�*�- � *�M5d�� 8WC (R-EQE>O.UST*�8T*P8:(RL5&�>e4_(�c >�(RMF0�&�(=bF4�&�8%.Fk ' *�MF.

)�- *�BD4;Gf03254>�(RM �<LNMN>O03QE(RM (�c BU(RM54e0?*,&<. *�MNG 6+8:>;*�- &:4;8%0�&�QE>O03QE(RM c�(�&^>;*�LN8:QEM5XD03254
&:4;>e4;8:8:QE(RM (�& BK*,dlQEM5X Q/0@G54�4�Ca4�&;k # 03254�&�8 >�- *�QEBD4;G�032�*A0 03254 &:4;>e4;8:8:QE(RMhST*�8@*
&:4;8:LN-/0#(�cl8%0�&�LN>O03L5&3*�-,CN&�(�)�-`4;BU8�&:4;- *A0�4;G 03(TQEM54��K>�Q`4;MF0 QEMN8%03Q/03Ll03QE(RMN8�QEM�03254 BK*,&:dR4e0
4;>�(RMN(RB1.Fk
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�WC7: p$:Gª?R�IBF�R�iDgBFUQ&@DIBA�� �@��o>�@ ��;�� 	 �O� @DIBAx@Dc M�H&JKQBCrR�I�JTCU>XC�MTJb>�@�JTCPFUg�JNMq� H�gDc A Q�@���C
IBHo>W`q@Dc�c ��c CEA�JTH FUgD>W>XCUIBFL��� C�@DeKCUI7R�Ihp$:���Hh� CL��CU> �oJKQBC�>�@�JTC�FUg�JNMO@BFLJKg�@Dc�c � VU>XHU�DRZADCEA
M�gDVDV Ho><J�mnHo>�JKQBC"eKHo>WgDI�@�@hMPJKQBCL� c CEA4JTH"M�HD@U>dR�Ihp�i H�IBA VU>dRZFEC�MG@Dc H�Ihp JKQBC CUI�JYR�>XC
c CUIhp JKQbHUm?JKQBC��DRZCUc A FUgD><��C��$@DIBA%R�I���C�MTJTHo>�M�� CU>XC\@�J�JK>�@BFLJTCEA iL��F�@DV7R J-@Dcopo@7R�IhM�: ��gBFUQ
@DI�H�i��DRZH�ghM�c � gDIhMTJ-@DiDc CzMLR JKg�@�JYRZH�I�M�CECU`�CEAOJTHb`]R�>W>XHo>DJKQBCfc C�@U>WI7R�Ihp]VU>XH�FEC�M-M?HUm$F�@DV7R J-@Dc
`q@U>WeKCLJNM+A,gD>dR�IhpPJKQBC�JK>�@DIhMLR JYRZH�I\JTH�@�c Hh� R�I�� @�JYRZH�IbCUI��DR�>XH�ID`�CUI�J�: =�QBCPc H�IhpDCU>�CUIBA
HUmlJKQBCO�DRZCUc AbFUgD><��C]Q�@BA�IBHUJ�>XCL�,CEFLJTCEA�CY�3V CEFLJ-@�JYRZH�IhMzHUm M�gBFUQ md@hMTJ+R�I�� @�JYRZH�Iq@DIBAbJKQBC
CUIhM�g7R�Ihp	R�I�JTCU>XC�MTJP>�@�JTC&ADCEFUc^R�IBC&@DIBA JTCUIBADCEAxJTH|>XC�@BFLJ\H�IDc �%CY�B¥V H MTJ]@DIBAxJTH	`�HU��C
JTH pDCLJKQBCU>��OR JKQ]JKQBC�M�QBHo><J+CUIBA$:Oª�c C�@U>Wc ����R�I�JTCU>XC�MTJ�>�@�JTC]FUg�JNMf@DIBAGJKQBC]FEH�IhM�C �,gBCUI�JYR @Dc
F�@DV7R J-@DcUpo@7R�IhM�FEH�gDc A�IBHUJ+Q�@���COpDH�IBCOH�I mnHo>XCL��CU> ��@DIBAGR J ��@hMzH�IDc ��@�`q@�J�JTCU>�HUm�JYR�`�C
i CLmnHo>XCOJKQBC FUgD>W>XCUIBFL�q� H�gDc A�c H M�C�R JNM cZ@hMTJ M�gDVDV Ho><JYR�Ihp�V7R�c�cZ@U>�: kSFLJKg�@Dc�c ���$R J�Q�@DVDV CUIBCEA
R�I �B@DIDg�@U><��@DIBA �UCUiU>Wg�@U><� ;��7�7� �fQBCUI ADCUVU>XCEF�R @�JYRZH�IPHUm�@Dc�`�H MTJ�JTCUI%V CU> FECUI�J���@hM
JK>dR p7pDCU>XCEA iL��JKQBC ��>�@ ��R�c^R @DIbFUgD>W>XCUIBFL�PFU>dR MLR M�� i�@BA�JK>�@BADC]Ao@�J-@ @DIBA�mNgD><JKQBCU>�R�I�JTCU>XC�MTJ
>�@�JTC�FUg�JNM � �h:

=�QBC�H�V�JYRZH�I�`q@U>WeKCLJOFEHo>W>XCEFLJKc ��>XCL�,CEFLJTCEArJKQ7R M�gDIBFECU><J-@7R�I�Jd��: ��R p,gD>XC�s&M�QBHh�zM
Q7R p,Qqc CL��CUc M�HUm�@�J®WJKQBCK¥`�H�IBCL��WmnHo><��@U>XA��7R�`bVDc^RZCEAf��H�cZ@�JYR�c^R Jd��@DIBA��3R�I�V�@U><JYRZFUgDcZ@U> � HUm >dR M�e
>XCL��CU>�M¥@Dc M?� � R�I ;��7�7�5��@DIBA JKQBC�R�>�A,>�@D`q@�JYRZF ADCEFUc^R�IBC�R�IrC�@U>Wc � ;��7�7�%ADH�FUgD`�CUI�JNMqJKQBC
MTJK>WgBFLJKgD>�@DcoM�Q7R m�J�@DIBAPJKQBC\CUIBAGHUm JKQBCPQBHUJ®�F�@DV7R J-@Dc V CU>dRZH�A$:

k M R J ��@hM&A�R M�FUghM-M�CEA�@Di HU��C4R�I JKQBCxM�CEFLJYRZH�I49,:<;��qQ7R p,QBCU>�V H MLR JYR ��C �,gBHUJTC�M
HUm�>dR M�e%>XCL��CU>�M¥@Dc M `q@L� R�IBA�RZF�@�JTC `q@U>WeKCLJ � Ho>W>dRZC�M]@Di H�g�J�JKQBCGM�ghMTJ-@7R�I�@Di7R�c^R Jd��HUm�JKQBC
FUgD>W>XCUIBFL� � M MTJK>XCUIhp JKQ�: ��Hh� CL��CU> ��R J M�CECU` MSJKQ�@�J�Q7R p,Q�>dR M�e�>XCL��CU>�M¥@Dc MS� CU>XC @Dc M�H�@�iL��
VU>XH�A,gBFLJ�HUm?QBCEA7p�R�Ihp�M�QBHo><J JTCU>W`�M�V CEFUgDcZ@�JYR ��C�V H MLR JYRZH�IhM�:z_aIBADCECEA�� JKQBC���CU><�]VU>XC�M�CUIBFEC
HUm�`�CU>XFUgD>dR @DcEF�@DV7R J-@DcUR�IBFU>XC�@hM�C�M JKQBCz�ogDc�IBCU>�@Di7R�c^R Jd��HUm JKQBC `q@U>WeKCLJ�: k M�M�QBHo><J®WJTCU>W` R�IE
��C�MTJTHo>�M?� CU>XC�i C�R�IhpP>XCUVDcZ@BFECEAPiL�fHUJKQBCU>�M��OR JKQ @]`�CEA�R�gD`OlHo> c H�IhpUWJTCU>W` R�I���C�MTJK`�CUI�J
QBHo>dR �EH�I���JKQBC��U@Dc�gBCqHUmz>dR M�e�>XCL��CU>�M¥@Dc M�� CUI�J�ADHh�fI�:

� � % 25494;L5&�(�) (RMNG1BK*,&:dR4e0 BK*;._8<4�&<bF4W*�8 *�M1QE-E-ELN8%0�&3*A03QE(RM_(�c5032NQE8 G54ebF4;-E(�C�BD4;MF0=k
� MFbF4;8%03(�&�810�4;MNG54;G 03(�&:4;G54�4;B dF(�&�LNM�* 4;L5&�(�) (RMNGN8@QE8:8:L54;G�)�. c�(�&:4;Q`XFM QEMN8%03Q/03L��
03QE(RMN8�k � M g;iRiRi  F03254�(RLl038%0?*�MNGNQEM5X@*�BU(RLNMF09(�c 03254;8<4�QEMN8%0�&�LNBD4;MF038 G54;>e&:4=*�8<4;GK)�.
BU(�&:4 032�*�M )�Z�*fk
� ��� QE8<d &:4ebF4�&�8�*�- � LN(,0�4;8�(�cJ*,CNCN&�(��NQEBK*A0�4;-/. ��*��#&+* *,&:4 � LNQ/0�4@2NQ`XF2�QEM�>�(RB �

C+*,&�QE8:(RM S^Q/032	G54ebF4;-E(�Ca4;G	BK*,&:dR4e038�S^254�&:4Db�*�-EL54;81-`4;8:8�032�*�M )+* *,&:4U0 .lC�QE>;*�-E-/.
(�)�8<4�&<bF4;G k
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��� � � "��%�&����� ����� " ��� � ���� ���� � ��� 	 �$���(�����%��� ����� � ����	���
� ���������$�����%�&�����

�UHo>XCY�\R�I�JTCU><��CUI�JYRZH�IhM�I�@�JKgD>�@Dc�c ��VU>XHU�DRZADC�@�pDH�H�AqH�VDV Ho><JKgDI7R Jd��mnHo>,H�ihM�CU><�DR�Ihp�FUQ�@DIhpDC�M
R�IO`q@U>WeKCLJ$M�CUI�JYR�`�CUI�J�: =�QBCU>XCLmnHo>XC��hH�ISJKQBC CY�7@D`bVDc C�HUm$R�I�JTCU><��CUI�JYRZH�IhM�VDgD>�M�gBCEA�iL� JKQBC
ª �ECEFUQ � @�JYRZH�I�@Dc � @DIDe��$� C R�c�c�ghMTJK>�@�JTC QBHh� H�V�JYRZH�IhM\`]R p,Q�J�i C�ghM�CEA�mnHo>?M�CUI�JYR�`�CUI�J
`�H�I7R JTHo>dR�Ihp$:

	 CLJ � M ��>�MTJS>XCEF�@Dc�cLJKQBCO`q@BFU>XH�CEFEH�IBH�`]RZF CUI��DR�>XH�ID`�CUI�J?R�I�JKQBC�M�gD`b`�CU>oHUm09������,:
�0R�IBFEC ;��7�7�5�3�DRZCUc A A�R �CU>XCUI�JYR @Dc MqQ�@���C�VDcZ@L��CEAG@bM�`q@Dc�c CU> >XH�c C�� @DIBA JKQBC\C��CEFLJNMOFEH�IE
IBCEFLJTCEAx�OR JKQ�c H�IhpDCU>{WJTCU>W` R�I���C�MTJK`�CUI�J��,Hh�zMPQ�@���C i CEFEH�`�CPJKQBC `�H MTJ�R�`bV Ho><J-@DI�J
md@BFLJTHo>�@��CEFLJYR�Ihp�JKQBC�eKHo>WgDI�@fCY� FUQ�@DIhpDCq>�@�JTC7: � HUJTC+JKQ�@�J�mnHo>XC�R p,IOA�R�>XCEFLJzR�I���C�MTJK`�CUI�J
�,Hh�zM�@BFEFEH�gDI�JTCEA�mnHo>��,:^�('1HUm � � �"R�I�;��7�7�b@DIBAG�,:^�('1HUm � � �"R�I�JKQBC^��>�MTJ JKQD>XCEC
�,g�@U><JTCU>�M?HUm09������,: _aI+FEH�`bV�@U>dR M�H�I���JKQBC�FUgD>W>XCUI�J @BFEFEH�gDI�J�ADCO�,F�R Jl��@hM�`bgBFUQ�M�`q@Dc�c CU> �
JKQBCfF�@DV7R J-@Dc @BFEFEH�gDI�J ��@hM+IBC�p,c^R p�R�iDc C��o@DIBA\JKQDghM���@hMSJKQBC\i�@DcZ@DIBFECOHUm V�@L�o`�CUI�JNM�RZADCUIE
JYR Jd��MTJYR�VDgDcZ@�JTC�M���JKQ7R MzR�I��,Hh�«Q�@BA�JTH�i C�H �M�CLJ iL�qR�IBA,gBFECEA�H�g�J��,Hh�zMSR�IOHUJKQBCU>�V�@U><JNM�HUm
JKQBC���I�@DIBF�R @Dc�@BFEFEH�gDI�J�Ho>SV H M-MLR�iDc � iL��@DI R�IBFU>XC�@hM�CbR�I\JKQBC�ª �ECEFUQ � @�JYRZH�I�@Dc � @DIDe�� M
R�I�JTCU>WI�@�JYRZH�I�@Dc�>XC�M�CU><��C�M�:«_aI�JKQ7R MbMLR JKg�@�JYRZH�I���JKQBC�@DiDgDIBAo@DIBFECrHUm�mnHo>XC�R p,IrCY� FUQ�@DIhpDC
Q�@BA�@DI R�`bV�@BFLJ�H�I�JKQBC\CY� FUQ�@DIhpDC�>�@�JTC\@DIBA%c CEAPJTH�>XCUcZ@�JYR ��CUc � �,g7RZFUe�@DVDVU>XCEF�R @�JYRZH�I�:

_aI k�ghp,ghMTJ�@DIBA���CUV�JTCU`bi CU>�;��7�7�5��@ M�CU>dRZC�M�HUmPIBCL�zM�F�@DghM�CEA|JKQBC|`q@U>WeKCLJ
M�CUI�JYR�`�CUI�J JTHh��@U>XA7MzJKQBC�eKHo>WgDI�@qJTH�i C���CU><�]H�V�JYR�`]R MTJYRZF7: ��CUV Ho><JNM�M�QBHh� CEA�JKQ�@�JzJKQBC
CEFEH�IBH�`f�r��@hM&>XCEFEHU��CU>dR�IhpxmN>XH�` JKQBC�>XCEFEC�M-MLRZH�I%C�@U>Wc^RZCU>�JKQ�@DI4Q�@BA i CECUI CY�3V CEFLJTCEA
@DIBA]JKQ�@�Jz@DIDIDg�@DcoR�I�� @�JYRZH�Ib>XH M�C+mnHo>$JKQBCT��>�MTJ�JYR�`�CqR�I�;��P`�H�I�JKQhM�:?=�Q7R M�c CEA�`q@U>WeKCLJ
V�@U><JYRZF�R�V�@DI�JNM+JTH JKQBCGi CUc^RZCLm�JKQ�@�J+JKQBC]FECUI�JK>�@Dc�i�@DIDe�� H�gDc A mnHo>Wi C�@U>�mNgD><JKQBCU>�R�I�JTCU>XC�MTJ
>�@�JTCxFUg�JNM�: ��Ho>XCEHU��CU> ��JKQBCxCY��JTCU>WI�@Dc�V H MLR JYRZH�I�HUm�JKQBCxCEFEH�IBH�`f�|R�`bVU>XHU��CEA$j%JKQBC
FUgD>W>XCUI�J�@BFEFEH�gDI�Jl��@hMSR�I�M�gD>WVDc�ghM R�IzJKQBC�M�CEFEH�IBA �,g�@U><JTCU>3HUm�JKQBC ��C�@U>3@DIBAfJKQBC k�ghp,ghMTJ
JK>�@BADC�ADCO�,F�R J ��@hMzc Hh� CU>oJKQ�@DI�CY�3V CEFLJTCEA$:���H MTJSR�`bV Ho><J-@DI�JKc ���BMTJK>XH�IhpfmnHo>XC�R p,I�F�@DV7R J-@Dc
R�I��,Hh� ��@hM]CY�3V CEFLJTCEA mnHo>OVU>dR �U@�JYR M¥@�JYRZH�I�� >XC�@Dc�CEFEH�IBH�`f� VU>XH ��CEFLJNM���@hM\� CUc�c�@hM IBCL�
R M-M�gBC�M]HUm+pDHU��CU>WID`�CUI�JqCUgD>XH�i H�IBA7M�:rk�c�c�HUm�JKQBC�M�C md@BFLJTHo>�M�JTH pDCLJKQBCU>z�OR JKQ�JKQBC c Hh�
c CL��CUc,HUmzHU��CU>�@Dc�c0R�IBADCUi�JTCEA,IBC�M-M � CU>XCbF�R JTCEA�R�I�JKQBC&`q@U>WeKCLJO@hMq@%>XC�@hM�H�I�mnHo>?mNgD><JKQBCU>
MTJK>XCUIhp JKQBCUI7R�IhpGHUm?JKQBCPeKHo>WgDI�@\�OR JKQG`]R�I7R�`q@Dc7ADHh�fIhMLRZADC�>dR M�e7:���R p,gD>XC ¤ M�QBHh�zMqQBHh�
JKQBCPH�V�JYRZH�I%`q@U>WeKCLJ\>XCL�,CEFLJTCEA�JKQBC�M�CPFUQ�@DIhpDC�M�:�=�QBCPADCEFU>XC�@hMLR�Ihp VU>dRZFEC�HUm+9 © �ADCUc J-@
>dR M�e >XCL��CU>�M¥@Dc FEH�I�JK>�@BFLJNM A,gD>dR�Ihp"JKQBC ��>�MTJbJd� H4ADCEF�@BADC�M HUm ��CUV�JTCU`bi CU>�R�IBA�RZF�@�JTCEA

9,;



JKQ�@�J�@DVDVU>XCEF�R @�JYRZH�I�HUm JKQBCbeKHo>WgDI�@���@hMfIBHUJz@P>�@DIBADH�` @Di CU>W>�@�JYRZH�I��OR JKQ7R�I�JKQBCbghM�g�@Dc
`q@U>WeKCLJ ��H�cZ@�JYR�c^R Jd���0iDg�J `]R p,Q�JOQ�@���C�ADCL��CUc H�V CEArR�I�@]MTJK>XH�Ihp�JK>XCUIBA$:

.0� ���$��6 �
� ¨o�ov��  �$6����o�L6%� ��4�023������42��N��� 6o!��{ �l6323�L6�# ��6��O� ����\���L� ��6��q��8 8 8
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=�QBC&FECUI�JK>�@Dc i�@DIDe ��@hM]� Ho>W>dRZCEA%JKQ�@�J]M�H�`�C%V�@U><JNMbHUm+JKQBCrCEFEH�IBH�`f�x`]R p,Q�J
Q�@���C4Q�@BA�VU>XH�iDc CU` M��OR JKQ"@BA��¥ghMTJYR�Ihp|C��PF�RZCUI�JKc ��JTH4JKQBCxFEH�I�JYR�IDgBCEA	md@hMTJ�V�@BFEC HUm
@DVDVU>XCEF�R @�JYRZH�I�: ��Ho>XCEHU��CU> � CY�3V CEFLJTCEA4M�gDihMTJ-@DI�JYR @Dc R�I���@U>XA«R�I���C�MTJK`�CUI�J]M�CECU`�CEA JTH
R�IhM�V7R�>XCrM�CEFEH�IBAo@U><� M�V CEFUgDcZ@�JYRZH�I�:«=�QBCU>XCLmnHo>XC��z@�J�JKQBC%CUIBA	HUmfJKQBC `�H�I�JKQ���H�IBC�HUm
JKQBCr`�CU`bi CU>�MfHUm�JKQBCPFECUI�JK>�@Dc i�@DIDe�� Mbi HD@U>XArJK>dRZCEArJTH&J-@Dc�ebJKQBCreKHo>WgDI�@ ADHh�fI�: ��C
MTJK>XC�M-M�CEA JKQBCf>XC�@BA�R�IBC�M-M�HUm,JKQBC i�@DIDe�JTH MTJTCU` gDIBA,gBCfIBH�`]R�I�@DcE@DVDVU>XCEF�R @�JYRZH�IzJKQD>XH�ghp,Q
MTJTCU>dR�c^R MLR�Ihp � 	 JKQBC&R�I��,Hh� HUm VU>dR �U@�JYR M¥@�JYRZH�I F�@DV7R J-@Dca:r��Ho>XCEHU��CU> ��QBCPA�RZA IBHUJ�CY� FUc�gBADC
JKQBC�V H M-MLR�i7R�c^R Jd�PHUmSmNgD><JKQBCU>�>�@�JTC�FUg�JNM�:q=�Q7R MO��CU>Wi�@Dc�R�I�JTCU><��CUI�JYRZH�I&>XC�M�gDc JTCEAxR�IPM�H�`�C
R�IBFU>XC�@hM�CqHUm�>dR M�e�>XCL��CU>�M¥@Dc M�:

=�QBCbMLR JKg�@�JYRZH�IPFUQ�@DIhpDCEA�mNgD><JKQBCU>SH�I ��CUV�JTCU`bi CU> ¤ �0�fQBCUI�JKQBC�FECUI�JK>�@Dcli�@DIDe
M�H�c A|eKHo>WgDI�@�H�IrJKQBCx`q@U>WeKCLJ\@DIBA4@Dc M�HxFUg�J�JKQBCrH �PF�R @Dc�>XCUV H|>�@�JTC7:«_aI">XC�M�V H�IhM�C��
JKQBC eKHo>WgDI�@ � C�@DeKCUIBCEA�� @DIBA«JKQBC VU>dRZFEC�HUmG>dR M�e|>XCL��CU>�M¥@Dc M R�IBFU>XC�@hM�CEA$: k�c M�HN��JKQBC
`q@7R�I FEH�I�JK>�@BFLJSHUm�JKQBCfH�V�JYRZH�I]`q@U>WeKCLJO� JKQBCOk0=f�&�bMTJK>�@BADA,c C�� i C�po@DI JTH >dR M�Cf@Dc�>XC�@BA �
� 	 % 254PXF(=bF4�&�MNBD4;MF0�4;8%0?*,)�-EQE8:254;G * 8<Ca4;>�Q *�- *�>�>�(RLNMF0�S^Q/032 03254D>e4;MF0�&3*�- )+*�M5d

c�(�&TCN&�Q/b�*A03QE8�*A03QE(RMKCN&�( >e4�4;GN87QEM c�(�&:4;Q`XFM >�L5&:&:4;MN>O.Fk�� *A0�4�&^*�MNG *�>�>�(�&�GNQEM5X@03(@03254
BK*,&:dR4e0V8:Q/03L�*A03QE(RM  03254�>e4;MF0�&3*�-�)+*�M5dKSV(RLN-EGf4;Q/03254�&T)�Ll. 032NQE8Vc�(�&:4;Q`XFM >�L5&:&:4;MN>O.
c�(�&TQ/038W&:4;8<4�&<bF4;8V(�&T>�(RMFbF4�&<0TQ/0V03(@dF(�&�LNM�* (RMf03254�BK*,&:dR4e0=k
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i CLmnHo>XCbJKQBCrR�I�JTCU><��CUI�JYRZH�I�@hM\@ >XC�M�gDc J�HUmfª � �«FEH�`b`�CUI�JNM�:&_aI JKQBC���@DeKC�HUmfR�I�JTCU>{
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