
���������	��
�������������������������! �
#"��$�%��
#
&��'#()�*��+,�-���	�.'
�/��+0�1
�* *(2�3��45�/�6�/�2�7�8�9��
���$�%�*�:�;�* �
'

<&=?>A@ABDC�E2F�GH=JI!=?ELKNM9ODPQC�RS>TO�F�UWVHOYXZX[=

\�]S^`_�aSbAc�]TdDb�e�fhghd`i�jkd`]l]TaAjkd`i
mndDjpo3]TaSqrjpbts/e�f;u&_vc9wDaAjpxDi3]

u&_vc9wDaAjpxDi3]:u#yz�{l|#}Q~�g�d�i��p_�d`x

�/�Q�l�����Y�J�3��\�]T^�]Td`xD]Td���]�e�d��p_�d`xDc�_�aA��^Le�jkdDbAq�e�a/�Djpi��D�re�aSxY]Sa2xD]TaAjpo�_3brjpov]�q
� ��]Td.]�qAbA_�wY�kjpqr�Djpd`i.��e�aAaS]lqr^Le�d�xY]Sd`��]lq�wL]�b � ]�]Td�i3]�evc�]�braAjp��_��Yjpc�_3i3];�T�YaSov]�qQ�DdY�
xY]Ta�o�_�aAjpe��`q	qr�DwL�T�p_vqAqA]�q	e�fH^YaSe��A]��lbrjpo3]�braS_�d`qrf[e�aSc�_3brjpe�d�aS]�c�_�jkd`q	_�qr��e�aSbA�le3c��
jkd`i:e�fh^DaS]�qA]TdDb�c�]�br��eJxYq�����d�br�`]	^YaSe�^Le3qA]lx/fWaS_3c�] � e�aA�L~�i3]�evc�]�braAjp�.braS_�d�qrf[e�aA�
c�_3brjpe�d`q_�aS]�braS]�_3bA]lx�_vq#qAc�eJevbr��fZ�Yd���brjpe�d�qnjkdDove��po3jkd�i/br��]n^�_�aS_vc�]�bA]TaSqe�fHbr��]
�T�YaSov]�qhe�d � �Djp�A��br��]#braS_�d�qrf[e�aSc�_3brjpe�d�w�_3qrjpqh^Le�jkdDbAq��kjp]3�vy#s�_��k�pe � jkd�i.br�`]�w�_3qrjpq
^Le�jkdDbAq	bAe:o�_�aSs�_��pe�d�i�br��]��T�DaSo3]lq�~`�Ds3^Le3br��]�qrjpqA]�x2�le�aAaS]�qr^Le�d`xD]Td���]�q�_�aS]��l�r S T¡
fWaSe3c¢br�`]�aS]�qAbraAjp�lbrjpe�d,bAe�£`¤J]lx�^Le�jkdDb	qA]�bAq��D¥nd�e�^`brjpc.jpqA_3brjpe�d¦_�^D^YaSev_3�A��bAe��pe��
��_��kjpqrjkd�i�§` �¨k©�ª`«T¬JD�rªD¬�¬�¡�®A¯�°�±p¨Z¡J°3²[ T¡braS_�d�qrf[e�aSc�_3brjpe�d/w�_3qA]�q�jpq�xD]�qA�TaAjkwL]�x � �Yjp�A�
�`qA]�q�br��]�xD]�o3jp_3brjpe�d/wL]�b � ]�]Td�^YaSe��A]���bA]lx�_�d`x:_v��br�`_��L�T�DaSo3]d`]Tjpi��JwLe��DaA��eJeJx�bAe
jpbA]TaS_3brjpov]T�ps/jpc�^DaSe�ov]���e�aAaS]�qr^Le�d�xD]Td`�l]�]�qAbrjpc�_vbA]�q�_��pe�d�i�br��]	�T�DaSo3]�q��L³�e � ]�o3]Sa
_3q�braS_�d`qrf[e�aSc�_3brjpe�d�w`_vqA]�q:_�aS]:jkdY��]TaS]TdDbr�ps´�peJ��_��kjpqA_�wD�W],bAe�xJjkµL]TaS]TdDb�xY]li�aS]�]�q�~
br�`]��le�d���]T^�b�e�f�©J T¬J¶. �²·�S¨W¸�¹l°3±p¨W �§`¸�º9jpq	^DaSe�^LevqA]�x2jkd�e�aSxD]Ta.bAe�»3��_�dDbrjpqA]:br�Yjpq
�peJ��_��kjpqA_�wYjp�kjWbts3�`¼#�Djpq�c�]�_3qr�DaS]�q#br��]qA]Td`qrjpbrjpo3jpbts:e�fLbr��]xY]�o3jp_vbrjpe�d�wL]�b � ]�]Td�^DaSe��
�A]���bA]�x	_�d`x	_v��br��_��D�T�DaSo3]�d�]Tjpi��JwLe��DaA�`eJeJx:bAe#^L]TaSbr�DaAw�_3brjpe�d-e�f�br�`]hw`_vqrjpqQ^Le�jkdDbAq
_��pe�d�i.br�`]��T�YaSov]�q��D½JbA_3brjpqAbrjp��_��h_�d`_��psJqrjpqnjpq#_�^Y^D�kjp]�x/bAe.��e�^L] � jpbr�:jpc�_vi3]d`e�jpqA]3~
_�d�x¦�p]l_3xDq�bAe�br�`]:f[e�aSc	�D�p_3brjpe�d¾e�f�_�§`¬J�S¶�°3±p¨p¹� S¡�«T°3¹l¨¿¹.±p¨kÀJ �±p¨kª`¬�¬�¡3��Á�]�evc�]�br�
aAjp��_��k�ps�qA_��kjp]SdDb�~�d�]Tjpi��JwLe��DaA�`eJeJxD�ro�_��¿jpx`_vbA]�x�braS_�d�qrf[e�aSc�_3brjpe�dÂw�_3qA]lq�aS]T^DaS]�qA]TdDb
�Ds3^Le3br��]�qA]�qhf[e�a�br��]#braS_�d`qrf[e�aSc�_3brjpe�d`q�aS]T�p_3brjkd�i�jpc�_3iv]�T�YaSov]�q�~J_�d`x._�aS]�fZ�YaSbr��]Ta
aS]T£Yd�]�x:br�DaSe���i����T�DaSo3]�qr�D^D^Le�aSb#aS]���e�ov]TaSs�_�d�x�iv]�e3c�]lbraAjp��_��k�ps3�t��e3�D^Y�Z]�x�_v��brjpo3]
��e�dDbAe��YaSq����Wd�br��]�br��e�aSe��`i��)_�^D^Y�kjp��_vbrjpe�d�e�fbr�Yjpq�br�`]�e�aSs�bAe�br��]�^DaSe�wD�p]�c1e�f
xY]�bA]l��brjkd`i:_�d`x�i�aSe��D^Djkd`i,°AÃ´§` �qAsJc�c�]�braAjp�.��e�dDbAe��YaSq�~�i3eJeJx/^DaS]T�kjpc�jkd�_�aSs�aS]T�
qr�Y�pbAq#_�aS]�e�w`bA_�jkd`]�x � �Djp�Ä��xD]�c�e�d`qAbraS_vbA]	br�`]jkd`xD]T^L]Td�xD]Td`�l]�e�fQbr�Djpq_�^D^YaSev_3�A�
bAe��p_�d�xYc�_�aA�/^�e�jkdDbAq��

Å ÆDÇnÈLÉLÊ	Ë.Ì�ÍQÈ�ÎTÊÇ
Ï#ÐT>l=?PLXWUZÐTGLUWELÑ�Ò�OYRSRSC�ÐSVQODELKLC�ELÒ�C�Ð/PHC�>AÓ�C�C�E)VQODUWE`>SÐ�UZE2UWI,=?ÑDC�Ð�ODR�ÔDÕ�ÐS>SRTÖLÒ�>TÖLRSC�I�O�K×C�XWÐ
UWE/KH=J>�=JPH=?ÐSC�ÐUWÐ#OJØr>SC�E�=JE�UWE`>SC�ÑYRl=?X�VQ=JRS>nOJØhÐSODXWÙ`UWELÑ.ÚYC�Û:VLRTODPLXWC�I�Ð#UZE/Ò�OYI�VLÖL>TC�R#Ù`UZÐTUWODE�Ü
<	GLC�ÒlG×ODUWÒ�C:O?Ø&Ò�ODRSRTC�ÐSVQODE×KLC�ELÒ�C�Ð�UWÐ.X[=?RSÑDC�XZÛ�KLC�>TC�RSI�UZE×C�K�P`Û�>TGLC�XWO`Òv=?XZUWÐ�=JPLUWXWUW>AÛ�O?Ø&>TGLC
VQODUWE`>SÐ3ÝÞ=?ELKßI�C�>SGLO`KLÐ2ÐTÖLÒ�Gà=?Ð,Ò�ODRSE×C�RSELC�ÐSÐ´KLC�>SC�Ò�>SOYRSÐ�ákâ�ã�GQ=3ÙDC�PQC�C�EäVLRTODVQODÐTC�Kä>SO
C�å`>TRl=JÒ�>�>TGLC�ÐSC2UWE`>SC�RTC�ÐS>�VQODUWE`>SÐ�ØtRTODIæI�O`KLC�XWÐ:=JE×K�UWI,=?ÑDC�Ð3ÜHçAEèÒv=JÐTC�Ð�ÐSÖ×ÒlGé=JÐ/ÐS>TC�RSC�O
Ù`UWÐSUWODEß=?ELKéI�OD>TUWODE�Ý�Ò�ODRTRSC�ÐTVHOYELKLC�E×Ò�C�Ð´PHC�>AÓ�C�C�EäUWE`>SC�RSC�ÐT>,VQODUWE`>SÐ�=?RSC�G`Û`VQOD>SG×C�ÐSUWÐSC�K
>TGLRSOYÖLÑDG�>SGLC�ÖLÐTC�O?Ø;UWE`>SC�E×ÐSUW>AÛ�Ò�ODRTRSC�X[=?>SUWODE2>SC�ÒlG×ELUWê�Ö×C�Ð�áWëìãíÓ	UW>SG�>SGLC:=?ÐSÐSÖ×I�VL>TUZOYE�>SGH=?>
VQODUWE`>ØrCv=J>TÖLRSC�Ð�UWE�>SG×C:KLU¿îíC�RSC�E`>.UWI2=JÑDC�ÐKLO�ELOY>	KLU¿îíC�R	I�Ö×ÒlG�Ü

ï2C�>TGLO`KLÐ�PH=JÐTC�K�ÐTODXWC�XWÛ:ODE�>TGLC.ÑYC�ODI�C�>SRTÛ:OJØ�>TGLC	Ò�OYE�>TODÖLRTÐÞ=?RSC�Ò�C�RS>�=JUWELXWÛ/I�ODRTCÞ=?V`@
VLXWUWÒv=?PLXWC.UWE2VLRSOYPLXWC�I�Ð	ÐTÖLÒ�G)=JÐ	OYPDð�C�Ò�>�RSC�Ò�OYÑDELUW>TUZOYE)=JE×K,VQODÐTC:UWKLC�E`>SU¿ñHÒ3=J>SUWOYE�Ü`ò�=JRTUWODÖLÐ



ÐS>TRl=?>SC�ÑYUZC�Ð�ØtODR�UWKLC�E`>SU¿ØtÛ`UWELÑ�Ðl=?XWUZC�E�>�VHOYUWE�>TÐ�=?ELK�RSC�ÑDUWODELÐ�OYE�Ò�ODE`>TODÖLRTÐ�GQ=3ÙDC:PQC�C�E´ÐSÖLÑ?@
ÑDC�ÐS>SC�K¾áWë��`Ý�� ãPLÖL>.>TGLC�Û)=?RSC/ÐSC�XWKLOYI1UWE�ÙD=?RSU[=JE`>�PHC�ÛDODE×K)ÐTUZI�UWX�=?RSUW>AÛ/>SRl=?ELÐAØrODRSI2=J>TUZOYELÐvÜ
ï2OYRSC,=?VLVLRTODVLRTU�=?>SC�XWÛ`Ý����	��
	��	���´VQODUWE`>SÐ:ÐTÖLÒ�G�=JÐ:Ò�ODRSE×C�RSÐ�=JELK�UWE��QC�Ò�>SUWOYE)VQODUWE`>SÐ�=?RSC
ÖLÐTC�K�ÝYC�ÑHÜ3>SO�Ò�OYI�VLÖ×>SC�=?XZÑYC�PLR�=JUWÒUWE`ÙD=JRSU[=?E�>TÐQØtODR#Ò�OYI�VH=?RSUWÐSOYE�VLÖLRSVQODÐTC�Ð:áWë���ãSÜ��.XW>SG×ODÖLÑYG
XWC�ÐSÐ/Ò�OYI�VLÖL>�=J>TUZOYEH=JXWXWÛ�C�å�VQC�ELÐTUWÙDC�>TGH=JE���ODÖLÑYG�I�C�>TGLO`KLÐ.áWë�ã	=JELK�I�ODRSC/ÐS>�=JPLXWC�>TGH=JE
ÖLÐTUZE×Ñ:GLUWÑDG`@AODRTKLC�RTC�K�KLU¿îíC�RSC�E`>SU[=?XLUWE�ÙD=?RSU[=JE`>TÐÞá���ãSÝJ>TGLC	ÐSGLOYRS>ÄØ =JXWXLO?ØH>SGLUWÐ�=?VLVLRTO�=JÒ�G/XWUZC�ÐUWE
>SG×C.KLC�VQC�ELK×C�ELÒ�C:OYE�>TGLC�=3ÙD=?UZX[=?PLUWXpUW>AÛ�=?ELK�=JÒ�Ò�ÖLRl=?>SC�XWO�Ò3=JXWUWÐl=J>TUWODE/OJØ�X[=JELK×I,=JRTÚ�VHOYUZE`>TÐvÜ

� UWI�UZX[=?R	KLU���Ò�ÖLXW>SUWC�Ð�=?RSC�=?XZÐTO�C�ELÒ�ODÖLE`>SC�RSC�KéUWE)>TGLC�K×C�>SC�Ò�>SUWODEèOJØ.UWI,=?ÑDC:Ò�OYE`>SODÖ×RSÐ
Ó	GLUWÒ�G,=?RSC.ÑYC�ODI�C�>SRTUWÒv=JXWXWÛ�RSC�X[=J>TC�K�P`Û/VLRSOYVHC�RS>SUWC�Ð	ÐTÖLÒ�G,=?Ð�VH=?Rl=?XZXWC�X×ODRÐTÚDC�Ó�C�K2ÐSÛ`I�I�C�@
>SRTÛ�áWëDëJÝ��×Ý���ãSÜL<	G×C�RTC�Ò�OJÙYC�RSÛ�O?Ø>SGLC:ÑYC�ODI�C�>SRTUWÒ.>SR�=JELÐÄØtODRTI,=?>SUWODELÐ�UWE2>SGLC�ÐTC�ÐTUW>SÖH=?>SUWODELÐ
Ó	UWXWXLØ =?Ò�UWXWUZ>�=J>TC	>SGLC�ÑDRSOYÖLVLUWELÑ:O?Ø�ÑDC�OYI�C�>TRSUWÒv=?XZXWÛ:RTC�X[=J>TC�K2Ò�ODE`>SOYÖLRSÐ�Ó	GLUWÒ�G�I2=3Û:PHC9ØtRl=?ÑJ@
I�C�E�>TC�K2KLÖLC�>SO�O`Ò�Ò�XZÖ×ÐSUWODE�=JE×K,PQ=JÒ�Ú`ÑDRSOYÖLELK�Ò�XWÖL>S>TC�RvÜ �×ODR�ÑDC�ELC�Rl=JX�Ò�X[=JÐTÐSC�Ð�OJØODPDð�C�Ò�>SÐ3Ý
>SG×C�ÑYRSOYÖLVLUWELÑ:VLRTOJÙ`UZK×C�K�P`Û/ÑDC�OYI�C�>TRSÛ/UZÐ	=JE�C�ELGH=JE×Ò�C�I�C�E�>	OJÙYC�R>TRl=JK×UZ>TUWODEH=?XHI�C�>SGLO`KLÐ
OJØQVHC�RTÒ�C�VL>TÖH=JX×ÑDRSOYÖLVLUWELÑQÜvM	C�ÐSÖLXW>SÐ�P`Û"!�C�ÐS>;=?ELK�M9ODÐSUWE2áWëvÔ�ãSÝ�#QC�RTRSOYÖLÑ:=JELK%$�C�ÙD=J>TU[=�áWë'&3ã
=JE×K(#QUWÐSÐSC�RSI,=?E�)�*+�,�.-)áWë���ã�ØtODR	>TGLC:RTC�Ò�OJÙDC�RSÛ2OJØ>SG×C:Ò�ODE`>TODÖLRTÐ.OJØ#ÐSÖLRÄØ =JÒ�C�Ð�OJØRSC�ÙYODXWÖ`@
>SUWOYE)=JELKÂÒv=JEH=?X#ÐSÖLRÄØ =JÒ�C�Ð�=JRTC�VLRTODI�UZÐTUWELÑHÝL=?XZ>TGLODÖ×ÑDG2>SGLC/Ò�OYRSRSC�ÐSVQODELKLC�ELÒ�C�Ð�=?RSC�ØtODÖLE×K
ODE×XZÛ�U¿ØÐSVQC�Ò�U¿ñHÒ�UZI2=JÑYC�ØtCv=J>TÖLRSC�Ð�=JRTC�XZO`Òv=?>SC�K�Ü

/1032�46587:96;<9>=�?LÝ�=2ÑYC�ELC�R�=JX	>TGLC�ODRTÛ�OJØ	ÑDC�OYI�C�>TRSUWÒ�Ò�ÖLRTÙDC�@APH=?ÐSC�KéÒ�OYRSRSC�ÐSVQODELKLC�ELÒ�C
UWÐ	VLRSOYVHOYÐSC�K�Ü<!�C.UWELUW>TU�=?XWXZÛ/KLUWÐSÒ�ÖLÐSÐ	ÑYC�ELC�R�=JX;=?VLVLRTO�=JÒ�GLC�Ð.>SO/C�ÐT>l=JP×XZUWÐTGLUWELÑ�Ò�ÖLRTÙDC�Ò�ODRTRSC�@
ÐSVQODE×KLC�ELÒ�C�ÐvÝ�ØtODXWXWOJÓ�C�K�P`Û2UZE`>TRSO`KLÖLÒ�UWELÑ�>TRl=?ELÐAØtOYRSI2=J>SUWOYE�PH=?ÐSC�Ð:=JÐ�ØrÖLELÒ�>TUZOYELÐ.O?ØÒ�ÖLRSÙYC
VH=?Rl=JI�C�>SC�RSÐvÜ�!�C�ØtÖLRT>SGLC�R;OYÖL>SXWUWELC=	V×RSO`Ò�C�ÐTÐ;>TO.XWO`Òv=JXWUWÐSC#>TRl=JE×ÐAØtOYRSI,=?>SUWODE�PH=JÐTC�Ð#UWE:ODRTKLC�R
>SO�Ðl=J>TUWÐAØtÛ/>SGLC	Ò�ÖLRSÙYC.ELC�UWÑYG�PQODÖ×RSGLO`O`K�=J>#>SG×C.PH=?ÐSUWÐVQODUWE`>SÐvÜ?<	GLC	Ò�ODE×Ò�C�VL>	O?ØA@B)1C	�)�*D�'EGF
H �,�.EG)���F�I�UWÐ.VLRTODVQODÐSC�K)>TO�C�ÙD=?XZÖQ=J>SC�>SGLC/KLUWÐSÒ�RTUWI�UWEH=J>TODRTÛ�VHOJÓ�C�R�OJØKLU¿îhC�RSC�E`>�>SR�=JELÐÄØtODRÄ@
I,=?>SUWODE2PH=?ÐSC�Ð3Ý�=JE×K)ÐT>l=J>TUWÐS>SUWÒv=?X�=JEQ=JXWÛ`ÐSUWÐ.UWÐ.Ò3=JRSRTUWC�K�ODÖL>�>TO�UWKLC�E`>SU¿ØtÛ2Ð�=JXWUWC�E`>�PQ=JÐSC�Ð:UWE
>SG×C�V×RSC�ÐTC�ELÒ�C:O?Ø�ELODUWÐTCDÝDRTC�ÐSÖ×XZ>TUWELÑ�UWE�>TGLC.KLC�RSUWÙD=J>TUZOYE�OJØ;=J��C	�'��,�.E H )K
JL1� H E H ��EM�B)'�.EMN<C�C�
DÜ
��UWEH=JXWXWÛ�ÝQ>TGLC�>TGLC�ODRTÛ�UWÐ�=JVLV×XZUWC�K�>TO�>SG×C�VLRTODPLXWC�IæOJØ.K×C�>SC�Ò�>SUWELÑ�=JELK�ÑYRSODÖ×VLUWELÑ�=���ELC
ÐSÛ`I�I�C�>TRSUWÒ.Ò�Ö×RSÙDC�ÐvÜ

O P(QSR�ÊÉ�T
UAVGW X Y ?,Z�;<2�5 Y 0[;<0>\^]S;<?,;<Z�=�2�=�?,587';�2�5 Y 0 Y�_"` ?,;<0>7 _�Y ?,Z�;�2�5 Y 0[ab;�7c=<7
<	GLC:Ö×ELUWê�Ö×C�VQODUWE`>A@A>SO?@ VQODUWE`>Ò�OYRSRTC�ÐSVQODELK×C�ELÒ�C�PQC�>AÓ�C�C�E´>AÓ�O/ÐSC�>TÐ.O?Ø&UWI2=JÑDC	Ò�ÖLRSÙYC�Ð.RTC�@
X[=J>TC�K�P`Û:ÖLV�>SO:=d,e^f ��Chg')1F�*DEGi�)	>SR�=JELÐÄØtODRTI,=J>TUWODE:I2=3Û.PQC.ODP×>l=JUWELC�K�OYELÒ�C.=JE�UWELUW>TU�=?Xkj
VQODUWE`>Ò�ODRTRSC�ÐTVHOYELKLC�E×Ò�C�Ð.UWE/ÑDC�E×C�Rl=?XHVQODÐTUZ>TUWODE/GH=3ÙDC	PQC�C�E�C�ÐS>�=JPLXWUWÐSGLC�K�>SOYÑDC�>TGLC�RÓ	UW>TGml
ELOYE`@ UWE`ÙD=JRTU[=JE`>�Ò�ODE`>SOYÖLR	KLC�RTUZÙD=?>SUWÙDC�Ð.=J>	>SG×C�ÐSC:VQODUWE`>SÐ3ÝLÓ	GLC�RSConBjqp^lsrut�=JELKvtwx�
UWÐ�>SGLC�E`ÖLI�PQC�R.O?Ø�KLC�ÑYRSC�C�Ð�O?ØØtRSC�C�KLODIæ=3ÙD=JUWX[=JPLXWC�UWE�>SG×C�>SRl=?ELÐAØrODRSI2=J>TUZOYE2Ò�X[=JÐSÐ3Üh<	GLC
Ò�OYXZXWC�Ò�>SUWODELÐ�OJØ#I�UWELUWI�Ö×I E`ÖLI�PQC�R	OJØ#VH=JUWRSÐ�OJØ#Ò�ODRTRSC�ÐTVHOYELKLUWELÑ�VQODUWE`>SÐ.=?ELK)=?ÐSÐSO`Ò�U[=?>SC�K
KLC�RTUWÙD=J>SUWÙYC�Ð�RSC�ê`ÖLUWRTC�Kß>SO´ñQå�>SG×C2ØtRSC�C�VH=JR�=JI�C�>SC�RTÐvy[UWCDÜn>SGLC2C�ê`ÖH=?XZUW>AÛ[nBjzp{l}|~t
GLOYXZK×ÐK��ØtOYRSIæ>SG×Cm�6;�7c=�7/O?ØÞ>TGLC�>TRl=?ELÐAØtOYRSI2=J>SUWOYE[y���UWÑHÜQë���Ü � C�C�áWë�n�ãØrODR�=?E�UZE�@ KLC�VL>SG
KLUWÐSÒ�ÖLÐSÐTUZOYE�Ü

��ÐSÐSO`Ò�U[=?>SC�K´Ó	UW>SG2C�ÙDC�RSÛ2>SR�=JELÐÄØtODRTI,=J>TUWODE�PQ=JÐSUWÐ�=JRSC�I,=J>TRSUWÒ�C�Ð	Ó	G×UZÒ�G�RTC�X[=J>TC:Ò�ODRTRSC�@
ÐSVQODE×KLUWELÑ�VQODUWE`>SÐ�UWE�>TGLC�PH=JÐTUZÐ3Ü � UWELÒ�C�UZE�ODÖLRnØtR�=JI�C�Ó�OYRSÚ�=JXWXHVQODUWE`>SÐ�XWUWC	ODE�Ò�ÖLRSÙYC�ÐvÝ×Ó�C
KLC�ÐTUWÑDEH=?>SC:>TGLC�ÐSC�VH=JUWRSÐ	O?ØÒ�ODRTRSC�ÐTVHOYELKLUWELÑ�VQODUWE`>SÐ	=JÐ%yD�+�G��y.�'�G�,�'�1���D��y.�K�D�,���c�8�%| ëB���.�.�1j�Ý
Ó	GLC�RTC������:UWÐ	>SG×C:VH=JR�=JI�C�>SC�RTUWÐl=J>TUWODE/ØtOYR	>SGLC�Ò�ÖLRTÙDC:OYE2Ó	GLUWÒlGv�����:XWUWCDÜ`<	GLC�E

�:�����	���G��y.�'�G�	�6��������D��y.�K�D�,�'� �%| ëB���.�.�Kj yTë��



yt=B� y[P � y[Ò��
X 5 � V,W V ¼#��]�_���d`]�braS_�d�qrf[e�aSc�_3brjpe�d�w�_3qA]lq&jkd��[_���_�d`x��Ww	��_�aS]nf�e�aSc�]�x�fWaSevc�
	^Le�jkdDb��e�aAaS]T�qr^Le�d�xD]Td`�l]�q�~ � �`]SaS]�_3q�br�`]�w�_3qrjpq	jkd��[���&jpq�f[e�aSc�]�x/fWaSevc!z�^Le�jkdDb.��e�aAaS]�qr^Le�d�xD]Td`�l]�q�_�d`x�br��]
_3qAqAeJ�Tjp_vbA]�x�bA_�d�i3]TdDbAq��í³�e � ]�ov]Ta.e�dD�ps�Ww��9_�d`x�[������e�aAaS]��lbr�ps�xD]T£Dd`]�q�br�`]�aS]T�p_vbrjpe�d�wL]�b � ]�]Tdbr�`]	b � e	jpc�_3iv]��T�DaSo3]lq��

� �'� �	� �D� y.� �D� �>� ���~� �G� y � � � �c� � | ë	���.�.�Kj yDn	�

Ó	GLC�RSC(� � �*UWÐ�>SGLC2I,=?>SRTUZå´I,=?VLVLUWELÑ�VQODUWE`>SÐJ�+�G��y.�'�G�,�/>SO��>�D��y.�K�D�,��=JELK^�m�c��UZÐ�>TGLC
I2=J>SRTUWå/ØtODR�>SGLC�UWE`ÙDC�RTÐSC/I,=?VLVLUWELÑHÜ���OJÓ�C�ÙDC�R3Ý�*.N<) �o�B*��cEGF1) H�� N�EGFKN *D���B� H�� C	�'� ���G� *�C
�6�D�:�	�<
:i�EGF1)���i�)�� H �J�B��)
	)��'EGi�)1
Ji�EG� *�N�) H ) f�CBEG�<* H �
]�? Y 9 Y 7'5D2�5 Y 0 W V��1` ?,;<0>7 _�Y ?,Z�;<2�5 Y 0�; 7; _�� 0��,2�5 Y 0 Y�_ � � ?���=:96;<?,;<Z�=�2�=�?	7��
� *��h�	� H�� CB�'��	*DEGC	� �o�B*��'E��"� ��� � N�EGFKN:E H 
	)��'EGi�)K
 � �hC	� �o*D���B� H�� C	�c�o�B*�EGCB�mL1� H E H F1C	� �
f �'E H EG�	@ C � j FKCB�'��) H f�CB�<
	)��<F1) H L1)�* � )1)�� * � C H )�* H C � F"!��'i�) H �	�<
 l F1CB�<*�C#!��o
B)��'E i��$�
*DEGi�) H ��	I L1) �h)8f ��) H )��<*D)1
 L�I � *D)�� H C	� � !��<F�*DEGCB�&% C f�)����B*�EG�B@�C	�*�N�)>n	j��
BEG�o)�� H EGCB�<�,�
F"!��'i�) f<�	���B�o)�*D)�� H f��BF1)�' E )�-

% �"( �*) ���+( �*)-,/.
y�0 � ��0 � �>� ���~� ��� y10 � �*0 � � yrÔ	�

� N�)��h)20 � | á � �1� � ��� �����A� �3) ã54 E H �mi�)1F�*DC	�%C � F"!��'i�) f<�	�h�	�)�*D)�� H6� C	�%*.N<)87>� H * H )�* C �
F"!��'i�) H '��B�<
90 � |äá � �c� � �1� �����A� �*) ã 4 *.N<)bi�)1F�*�CB� C � F"!��'i�)�f<�	�h�	�)�*D)�� H:� C	�S*�N�) H )KF1CB�<

H )�*�-

<	GLC n	j�@AKLUWI�C�ELÐSUWODEQ=JXJÐSVQ=JÒ�C	O?ØHÒ�ÖLRTÙDC	VH=?Rl=JI�C�>SC�RSÐ#I,=3Û�PHC�Ò�ODE×ÐSUWKLC�RTC�K�=�ÑDC�ELC�Rl=JXWU¿@
Ð�=J>SUWOYE�O?ØHò�=?E�;�O`ODX�)�* �,�.-	< Ð.áWë�n�ã�nDÕ � ��F=�?> )��	@B*�N @,f<�	F1)%y·ÖLÐSC�K:ØtOYR�Ò�OYI�VH=?RSUWELÑ�VH=JUWRTÐ�OJØ
VQODUWE`>SÐ�ODE�Ò�ÖLRSÙYC�ÐK�9>SO/GLUWÑDGLC�R	KLUWI�C�ELÐTUWODELÐ#ØrODR�C�ÐS>�=JPLXWUWÐSGLUWELÑ/I�ÖLXW>SUWVLXWC	Ò�OYRSRTC�ÐSVQODELK×C�ELÒ�C
VH=?UWRSÐvÜ
ab;�7c=�7 _�Y ?BA�C[0�=EDGF Z�Z�=�2�?�F V �.Ð�Ó�CÂVLRSC�Ù`UWODÖ×ÐSXWÛéKLC�ÐSÒ�RSUWPHC�KäUZE�á &3ãSÝ>TGLC�RTC¾=?RSC
>TGLRSC�C�KLC�ÑDRSC�C�Ð	OJØ�ØtRSC�C�KLODI!UWE�=?E,=���E×C.ÐSÛ`I�I�C�>TRSÛ:>TRl=JE×ÐAØtOYRSI,=?>SUWODE�ÝvI�ODRTC	UZE`>TÖLUW>SUWÙDC�XWÛ
C�å`VLRTC�ÐSÐTC�K�=JÐ	>SG×C�XWO`Òv=?>SUWODE�OJØ>SGLC�ÐTÛ�I�I�C�>TRSÛ�=Jå`UWÐ%y�n/Õ9H"�6��ÝH=JE×K,>TGLC:=JELÑYXWC�O?Ø;ÐTÚDC�Ó
yTë)Õ9H�����Ü+!�C�C�å`VLX[=JUWELC�K GLOJÓ~� H EG�	@ ��) f�CBEG�<*JF1C	�c��) H f<C	��
	)��<F1)[*DCK@B)�*.N<)�� � E *�N *�N�)
*D�	�	@B)��<* H �B* *.N<) H ) f<C	EG��* H�� CB�'� �	� ��I^�<) H I,�o�)�*��'E F%L1� H E H Ü

�!VH=?UWR�O?ØÞÒ�ODRSRTC�ÐSVQODE×KLUWELÑ�VQODUWE`>SÐo���1y.���8�"| á J��1y.���8�LK��1y.���8�rã54 �&MS|1ë	�1n UZÐ�RSC�X[=J>TC�K
P`Û �

�6�8No� |x����NJ� y &k�
Ó	GLC�RSCON�)=JELKPNo��=?RSC´I,=?>SRSUWÒ�C�Ð�Ò�OYE�>�=JUWELUWELÑ�>TGLC�ÐSÛ`I�I�C�>SRTÛ�VH=?Rl=?I�C�>TC�RSÐRQ y[>TGLC
OYRSUWC�E`>l=?>SUWODE/OJØh>SGLC�=Jå`UWÐ#OJØhÐSÛ`I�I�C�>SRTÛ���Ý�S y·>SGLC�VHC�RTVHC�ELKLUWÒ�ÖLX[=JR�KLUWÐS>�=JELÒ�C.OJØh>SG×C.ODRTUWÑDUWE
>TO�>SG×C�=Jå`UWÐK��Ýh=?ELKUTsy[>SG×C�=?ELÑDXWC/OJØ�ÐTÚDC�Ó ��ÜWV N<) H )�f<�	���B�o)�*D)�� H �	��) � !��<F�*�EGCB� H C � *�N�)
L1� H E H FKCB�'��) H f�CB�<
	)��<F1) H ���,y.�'�'� �B�<
����By.�K�c� �	�<
SN<)��<F1)"�B��) � !��<F�*DEGC	� H C � *.N<) �B��F=�8��)��	@B*�N
F"!��'i�) f<�	���B�o)�*D)�� H �'�o�	��
%�K�?Ü��×ÖLRS>TGLC�R.K×C�>l=?UZXWÐ�I,=3Û/PHC-ØtODÖLE×K�UWE�ákÔ�ãÄÜ



UAV�U �"Y ?,?,=<7'9 Y 0>\�=k0�� =�7 XAY ?,Z�=<\��o5D2�4�� =�5 � 4�� Y � ?,4 Y Y \ Y�_��&� ?�� =�7
<	GLC�ÖLÐSC�OJØQX�=?ELKLI2=JRSÚ	VQODUWE`>SÐ�UWE�C�ÐS>l=?PLXWUWÐSGLUWELÑ�>SRl=?ELÐAØrODRSI2=J>TUZOYE�PH=JÐTC�Ð�ØtODR�Ò�ÖLRSÙYC�I2=J>TÒlG�@
UWELÑ/UZÐ	K×UZÐ�=JKLÙD=?E`>l=JÑYC�ODÖ×Ð�UWE�>TGH=J>	>TGLC�>SR�=JELÐÄØtODRTI,=J>TUWODELÐI2=3Û�PQC�ÐSC�E×ÐSUW>SUWÙDC�>TO�C�RSRTODRSÐ�UWE
XWO`Òv=JXWUWÐl=?>SUWODE/OJØ#>SGLC�ÐTC�VHOYUZE`>TÐvÜB!�C	VLRSOYVHOYÐSC�UWELÐS>TCv=JK2=JE�=JV×VLRSO`=JÒ�G�PH=?ÐSC�K2OYE�I,=J>TÒ�GLUWELÑ
��)8@BEGC	� H O?ØÞÒ�ÖLRSÙYC�ÐvÝ�UWE)Ó	GLUWÒ�G � 5*��G`Û`VQOD>SG×C�ÐSUWÐSC�K�Ò�ODRTRSC�ÐTVHOYELKLUWELÑ´VHOYUZE`>TÐ y·Ó	GLUWÒ�G)ELC�C�K
ELOY>�PQC/RSC�ÐT>SRSUWÒ�>TC�K�>TO�X[=JE×KLI,=?RSÚ�VQODUWE`>SÐK��=?RSC�=JXWXWOJÓ�C�K2>TO,ÙD=?RSÛ�ØtOYR.XWUWI�UW>SC�K�KLUWÐS>�=JELÒ�C�Ð
=JXWOYELÑ�>TGLC�Ò�ODE`>TODÖLRTÐ�� � 5D5���>SGLC�ELC�UWÑYG�PQODÖ×RSGLO`O`K2OJØ;Ò�ÖLRSÙYC�Ð�=?>	>SGLC�ÐTC:VQODUWE`>SÐ	ÐSG×ODÖLXWK�E×OD>
ODE×XZÛ2PQC�ÖLÐSC�K)>TO,ÙYC�RSU¿ØtÛ2>TGLC�ÙD=JXWUWKLUW>AÛ�OJØ�>TGLC�G`Û`VHOY>SGLC�ÐTUWÐSC�K�>TRl=JE×ÐAØtOYRSI,=?>SUWODE�y·Ù�U[=*>SGLC
)1
�@B)���F1CB�<*�E �	!�EG*�I� H1H !�� f *�E C	����Ý`PLÖL>�=?XWÐSO:PQCoEG��*�)8@B���	*D)1
/UZE`>TO-=?E�ODVL>TUWI�UWÐl=?>SUWODE�VLRTO�Ò�C�ÐSÐ
>SO ��C�F1�,�.E H )�>TGLC2Ò�ODRTRSC�ÐTVHOYELKLC�ELÒ�C�Ð��.=?ELK � 5�5D5���>SG×C�RSC�ÐS>�O?Ø.>SGLC�Ò�ÖLRTÙDC�Ð�=?RSC2ÑDR�=JKLÖH=?XWXZÛ
UWELÒ�OYRSVQODRl=?>SC�Kè>SO´UWI�VLRTOJÙDC:>TGLC,=?Ò�Ò�ÖLR�=JÒ�ÛèÐSGLOYÖLXWK�>SGLC�ELC�UWÑDG`PQODÖLRTGLO`O�K�O?Ø.>SGLC�Ò�ODRTRSC�@
ÐSVQODE×KLC�ELÒ�C�Ð�PHC�Ó�C�XWX#I,=J>TÒ�GLC�K�=3Øt>TC�R�>SGLC�UWELUW>SU[=?X;OYVL>SUWI�UZÐ�=J>TUZOYE�VLRTO`Ò�C�ÐSÐ3Ý �	�<
�=?VLVHC3=JR
@B)KCB�o)�*D�'EGF1�,�G�.I H � ��EG)��<*�y[KLCìñHELC�K�X[=?>SC�R	UWE � C�Ò�>vÜ<n×ÜkÔ	��Ü� Y �,;
	D5 7c;<2�5 Y 0 Y�_��9� ?���=�� =�5 � 4�� Y � ?,4 Y Y \ ��Y ?,?,=<7c9 Y 0 \�=�0��,=<7 V çAE6ODRSK×C�R2>SO
GH=3ÙYC¾= I�Cv=?ÐSÖLRTC�OJØ:>SG×C)KLU¿îhC�RSC�ELÒ�C�Ð´PHC�>AÓ�C�C�Eä>AÓ�O�ÐTC�>SÐ�O?Ø�Ò�ÖLRTÙDC�Ð3Ý	Ó�C�KLC�ñHE×C�>SGLC

	)�i�EG�	*DEGC	�ÂPHC�>AÓ�C�C�E�Ò�ÖLRTÙDC�Ð9SS�9=?ELK S �,� =�� 065D2�5 Y 0 UAV��  = � 5D;<2�5 Y 08�
V N<)�������������������� ��� � ��C	��F !��'i�)�S � *�C F !��'i�)�S � E H 
B)?7>��)K
^� H *.N<) EG�<*D)8@	�h�,� C �
H � !��B��)1
m
BE H *��B�<F1) H � ��C	� f�CBEG�<* H CB��S � f<)�� f�)��<
	E F !B���B�%*DC S � ' E )�-

� ��� |"!
#%$'&�� � y)(<���+* � & � t�( yD�	�

� N�)��h),( E H *.N<)S�	�hF��8�.)��	@B*.N f<�	�h�	�)�*D)��'E H �	*DEGC	� � C	�+F !��'i�) SS��' �B�<
WJA� y)(<� E H *�N�)6f<C H EG*DEGC	�
i�)KF�*DC	� � CB��*�N�) f<C	EG��* � E *�Nbf<�	�h�	�)�*D)��-((CB�(F"!��'i�)&SS��- @�)1)�.+EM@B- d0/h�21	-

$�OD>SC/>SGQ=J>.>TGLUWÐ�UZÐ�ELOY>.UWE`ÙD=JRTU�=?E`>	>SO2>SGLC/UWE`>SC�RTÒlGQ=JELÑYC�O?Ø�Ò�ÖLRTÙDC�Ð3ÝhUWCDÜ'� � �43|�� �'� Ý
PLÖL>	UW>	UWÐ	ÐSÖ×UZ>�=JPLXWC�>SO�ODÖ×R.=JEH=?XZÛ`ÐTUZÐ	=JÐ	Ó�C�XWX�=JÐ�ØrODR	VLR�=JÒ�>TUZÒ3=JX�V×ÖLRSVQODÐTC�ÐvÜ

Curve C

Curve C1

2

Regions of
Validation for

Transformation Basis

Image Curves

p’

p’
2

p

1
p

2

1

yr=	� y[P��
X 5 � V,U V �[_ ��¼#�`]�xY]�o3jp_vbrjpe�d�e�f'576bAe85:9njpqbr��]njkdDbA]�i�aS_��íe�fhqA»3��_�aS]lx/xJjpqAbA_�d���]�qnfZaSe3c ^�e�jkdDbAq
e�d�5 6 ^L]SaA^L]Td�x?jp�T�D�Z_�a�bAe�5 9 ~`_vq�xD]T£Yd�]�x/wDs�xY]T£DdDjpbrjpe�d)zJ�/�Ww��&¥�d`]Tjpi��JwLe��DaA��eJeYxJ�to�_��¿jpx�_3bA]�x
w�_3qrjpq	��evc�^YaAjpqrjkd�i/e�f;z���e�aAaS]�qr^Le�d�xD]Td`�l]�q�jpq�qr��e � dH�

�×RSOYI ytÔ	��ÝDUW>#UWÐ#ODPLÐTC�RSÙYC�K�>TGH=J>=JÐnPH=JÐTUZÐnVHOYUZE`>TÐ;ÐTXWUZK×C.=JXWODELÑ�>SGLC.=?ÐSÐTO�Ò�U�=?>SC�K�Ò�ÖLRSÙYC�ÐvÝ
>SG×C�>SR�=JELÐÄØtODRTI,=?>SUWODE�PQ=JÐSUWÐ:=JE×K�I,=J>TRSUWå2Ò�GH=JELÑYC�=JÒ�Ò�ODRSK×UZE×ÑDXWÛ�ÜQçrØ	>SGLC�PH=JÐTUWÐ�K×C�ñHELC�Ð�=
Ò�OYRSRSC�Ò�>2G�Û`VQOD>TGLC�ÐSUWÐ/ØtOYR�>TGLC�>TRl=JE×ÐAØtOYRSI,=?>SUWODE�RTC�X[=J>TUZE×Ñ)>TGLC2>AÓ�O´ÐSC�>TÐ�O?Ø�Ò�ÖLRTÙDC�Ð3Ý�>SGLC
VLRTOvð�C�Ò�>TUWODE�O?Ø;ODE×C�ÐTC�>	OJØ#Ò�ÖLRTÙDC�Ð�Ù�U[=�>SGLC�>SRl=?ELÐAØrODRSI2=J>TUZOYE�Ó	UWXWXhI,=?>SÒ�G�>SG×C:ÐSC�Ò�ODELK2ÐSC�>
OJØ.Ò�ÖLRSÙYC�Ð�C�å�=?Ò�>SXWÛ`Ü � UZE×Ò�C�ELOD>/=JXWXVH=?RS>SÐ/OJØ	>SG×C�Ò�ÖLRTÙDC�Ð�=JRTC�ELC�Ò�C�ÐSÐ�=JRTUZXWÛ�=3ÙD=?UZX[=?PLXWC:UWE
>SG×C.UWI,=?ÑDC�Ð3ÝJPH=JÐTC�Ð�Ó	UZXWXLGQ=3ÙDC	>SO/PQC.Ò�X[=JÐTÐSU¿ñHC�K2=JÒ�Ò�ODRSK×UZE×Ñ:>SO/>SGLCF !��'i�)��<)�EM@�N�L1C !���N<C�C�

H !cf	f<C	�'*	=3ÙD=JUWX[=JP×XZC.=?>	>SGLC�PH=?ÐSUWÐ	VQODUWE`>SÐ��



 =��>0�5D2�5 Y 0�� V � �m=�5 � 4�� Y/� ?,4 Y Y \�����;
	 5 \A;<2�=<\ a%; 7'587��
� �<)�E�@�N�LKC#!���N<C�C�
$��i�� ��EG
B�	*D)1
 L1� H E H '+C	���	��
� ��� ����' E H �:*D���B� H�� C	�'��	*DEGCB�vL1� H E H�� N<E FKN
H �	*DE H 7>) H *�N�)%��) � !�EG��)��o)��<*�*�N��	*>*.N<)�f��hC�g')1F�*�E C	�mC � *�N�)"F"!��'i�)%�<)�EM@�N�L1C !���N<C�C�
J�	*>� �G��L1�$�
H E H f<C	EG�<* H �o�B*�F1N) �B�	F�*G�.I�*�N�) F !��'i�) �<)�EM@�N�L1C !���N<C�C�
%�	* *.N<)�EG�+��) H f<)1F�*DEGi�) F1CB�'��) H f�CB�<
	EG�B@
L1� H E H f�CBEG�<* H --V N�E H E H �J�<)1FK) H1H �	�'IJL"!�*>EG� H ! I^F�EG)��<*>F1CB�<
	EG*DEGCB� � C	�S*�N�)%L1� H E H *�C ��) f���)=�
H )��<* *.N<)F1C	�'�h)1F�*6*D���	� H � C	�'��	*DEGC	� LK)�* � )1)��:*.N<)* � C H )�* H C � F !��'i�) H -6@�)1)8.+EM@B- d0/hL 1 -
<	GLCÑYO�=?XDOJØ �.C�F1�,�.E H EG�	@�>SG×CÒ�ODRTRSC�Ò�>ÐSC�>�OJØLÒ�OYRSRSC�ÐSVQODELKLC�ELÒ�C�Ð	>TO	KLC�ñHELC�>SG×C>SR�=JELÐÄØtODRÄ@

I2=J>SUWOYE.PQC�>AÓ�C�C�E�>AÓ�O.ÐTC�>SÐ#O?Ø�Ò�ÖLRSÙYC�ÐÒv=?E:>SGLC�RSC�ØtOYRSC	PQC#ØtOYRSI�ÖLX[=J>TC�K�=?Ð=JE�ODVL>TUWI�UWÐl=?>SUWODE
VLRTODPLXWC�I1OYE�>SG×C nBjæKLUWI�C�E×ÐSUWODEH=?XhKLODI2=JUWE2OJØ�Ò�ÖLRSÙYC�VH=?Rl=?I�C�>TC�RSÐ3Ü���OJÓ�C�ÙDC�R�>SG×UZÐ�ÐTC�>
O?ØíO?ØíÒ�OYRSRTC�ÐSVQODELK×C�ELÒ�C�Ð�UWÐELOD>#ÖLE×UZê`ÖLC	ÐTUWELÒ�C�=?E`Û:VH=JUWR#OJØ;=?Ò�>SÖQ=JXLÒ�OYRSRTC�ÐSVQODELK×UZE×Ñ�VQODUWE`>SÐ
PQC�>AÓ�C�C�E´>SGLC/>AÓ�O�Ò�ÖLRTÙDC�Ð:I2=3Û�PQC�Ö×ÐSC�K�Ü !�C:UWELÐT>SCv=?K)RTC�ØtOYRSI�ÖLX[=J>TC�>SGLC/ODVL>TUWI�UWÐl=?>SUWODE
VLRTODPLXWC�I �

]�? Y 9 Y 7'5D2�5 Y 0�� V�� ��Y ?,?,=<7c9 Y 0>\�=�0��,= 	 Y �,;
	D5 7c;<2�5 Y 0 ;�7;(Z�5D065�Z�587c;<2�5 Y 08�
@ !cfBf�C H ):�v*D���B� H�� C	�c�o�B*�EGCB�(L1� H E H F1C	� f��cE H EG�	@mj F1CB�'��) H f�CB�<
	)��<F1) H E H �<)1)1
	)1
(*DCv) H �
*D�	Lc��E H N *.N<)J*D���	� H � C	�'��	*DEGC	� ��)c���B*�E �	@:* � C H )�* H C � F !��'i�) H -�� EGi�)��vj f�CBEG�<* H�� E *�N *�N�)
F"!��'i�) f<�	���B�o)�*D)�� H 0��JC	� *�N�)JC	�<) H )�* C � F !��'i�) H '+�	�����G��L1� H E H ��	I L1) � C#!��<
vL�IJ��)=�
F1C	i�)��'EG�	@:*.N<) FKCB�'��) H f�CB�<
	E �	@f<C	EG��* H � EG*.N F !��'i�)�f<�	�h�	�)�*D)�� H 0 � C	��*.N<) C1fBf�C H E *�) H )�*
C � F"!��'i�) H *.N<��C#!,@�N H C ��i�EG�	@ *�N�)o�EG�<E �oE H �B*�EGCB�f��hC	Lc��)��

I�UWE0�
�� � )�
����� ! ) �"! $$#&% &�� � �By�0��,��01�����>�G��y (��6�+*m�D��& � t�((' )* yD�	�

� N�)��h)%� ��� E H � H 
B)?7��<)1
vEG�+/,+ 1�' S ��� E H *�N�)JF !��'i�)mCB� � N<E FKNv� ��� ��EG) H ' �B�<
mj.-c� � �0/
E H *�N�)oF"!��'i�)J�<)�E�@�N�LKC#!���N<C�C�
:C � �	�'L�EG*D���B�'I H E21�)o�BL1C !�* � ��� -2V N�)"j f<C	E �<* H CB�(*.N<)87>� H *
H )�* C � F !��'i�) H �B��)%*.N<)27 �	)1
mL1� H E H f<C	E �<* H /�CB�43 � �0����3'��� � �5�21�' � N�)��h)1� H *.N<)%j FKCB�'��)=�
H f<C	�<
BEG�	@bf<C	EG�<* H CB�(*.N<) H )1FKCB�<
 H )�* C � F"!k�ci�) H �	��)b*�N�)7608 � �mL1� H E H f<C	EG�<* H -99�2�5DZ�5 7c;<2'5 Y 0m] ? Y �,=<7�7 _�Y ?�2�46= � Y �,; 	�587';�2�5 Y 0 Y<_ �"Y ?,?,=<7'9 Y 0>\�=�06� =<7 V !�CODÖ×>A@
XWUWELC	>SG×UZÐ%F1CB�'��) H f�CB�<
	)��<F1)%�.C�F1� ��E H �	*DEGCB��VLRSO`Ò�C�ÐSÐ�UWE�>SC�RTI�Ð�OJØ&= f��h)1
	EGF�*�E C	� ��i�)��cE 7>F1�	*DEGC	�
I�C�Ò�GH=JELUWÐTI =?Ð�ØtODXWXWOJÓ	Ð��

ëDÜ�çAELUW>TU�=?XWXZÛÂC�å`>SRl=?Ò�>/ØtRTODIæPHOY>SG�ÐTC�>SÐ�O?Ø�Ò�ÖLRTÙDC�Ð�=¦E�Ö×I�PHC�R�OJØ.UWE`>SC�RTC�ÐS>�VQODUWE`>SÐ:y[C�ÑQÜ
VQODUWE`>SÐ	Ó	UW>SG2X[=JRTÑDC�Ò�ODRTELC�RSE×C�ÐSÐ/á â�ã���Ü

nLÜ+��Û�VQOD>TGLC�ÐTUZÐTC�=�>TRl=JE×ÐAØtOYRSI,=?>SUWODE´PH=?ÐSUWÐ�P`Û�=?ÐSÐSÖ×I�UWELÑ2Ò�ODRTRSC�ÐTVHOYELKLC�E×Ò�C�Ð2PHC�>AÓ�C�C�E
j VH=?UZRTÐ	OJØ#VHOYUZE`>TÐ	ODE2>SGLC�>AÓ�O/ÐSC�>TÐ�OJØ;Ò�ÖLRSÙYC�Ð�=?ELK2ÖLÐSUWELÑml�Ò�ODE`>SOYÖLR.K×C�RSUWÙD=J>TUWÙDC�Ð
=?>	>SGLC�ÐTC:VQODUWE`>SÐvÝ

ÔLÜ :#RTOvð�C�Ò�>�>SGLC�Ò�Ö×RSÙDC�ELC�UWÑDG`PQODÖLRTGLO`O`K�=J>:>TGLC�VLUWÙYOD>�VHOYUWE�>TÐ:Ù`U[=2>SGLC�G`Û`VQOD>SG×C�ÐSUWÐSC�K
>TRl=JE×ÐAØtOYRSI,=?>SUWODE:=?ELK�Ò�ODI�V×ÖL>SC�>SGLC�>SOY>l=?XLKLC�Ù`U[=J>TUZOYE:PQC�>AÓ�C�C�E�>SGLC	V×RSOvð�C�Ò�>SC�K�Ò�ÖLRTÙDC
ELC�UZÑYG`PHOYÖLRSGLO`O`K�=JELK2>TGLC�ÐSC�Ò�OYELK�ÐTC�>.Ò�Ö×RSÙDC�Ð��

&HÜ :#RTC�KLUWÒ�>>TGLC	PQC�ÐS>XWO`Òv=?>SUWODELÐ#OYE:>SGLC	ÐTC�Ò�OYELK�ÐSC�>nOJØHÒ�Ö×RSÙDC�ÐØtOYR�>TGLC�ØtRSC�C	PH=JÐTUZÐ#VQODUWE`>SÐ
P`Û�I�UWELUWI�U¿ÐSUWELÑ>TGLC�KLC�Ù`U[=J>SUWOYE:Ó	UW>SG�=?E:ODVL>TUWI�UWÐl=?>SUWODE�=JXWÑDOYRSUW>SGLI ODVQC�Rl=?>SUWELÑ�ODE:>TGLC
j KLUWI�C�ELÐSUWODEQ=JXLÐTVH=JÒ�C�OJØÒ�ÖLRTÙDC�VH=JR�=JI�C�>SC�RTÐ��



�×ÜÞF�Û`Ò�XWC�>SGLRTODÖLÑYG�ÐS>TC�VLÐ n:=?ELKm&�ÖLE`>SUWXí=-I�UWELUWI,=�UWE�KLC�Ù`U[=J>TUWODE�UWÐ�RTCv=JÒ�GLC�K�Ý`ODR�U¿Ø�>SGLC
C�ÐS>SUWI2=J>SUWOYE�KLUWÙDC�RTÑDC�Ð3Ü

�×ÜÞÕ�C�>TC�RSI�UWELC	>SGLC%@B)1C	�)�*D�'EGF H �,�.EG)���F�I:y � C�Ò�>vÜ<n×ÜkÔ	�=?ELK(�<CB�'��,��E H )1
L1� H E H �.EM�B)'�.EMN<C�C�

y � C�Ò�>3Ü<nLÜ &k��OJØ�>SGLC2G`Û`VHOY>SGLC�ÐSUWÐSC�K >SRl=?ELÐAØrODRSI2=J>TUZOYE)PQ=JÐSUWÐ�>TO)KLC�Ò�UWKLC2UpØ�>SGLC2PH=?ÐSUWÐ
ÐTGLODÖ×XZK2PQC:=JKLI�UZ>T>SC�K�Ü

��UWÑDÖLRTC.Ô	KLC�I�ODE×ÐS>SR�=J>TC�Ð#>SGLUWÐ#ODVL>TUWI�UWÐl=?>SUWODE	VLRTO`Ò�C�ÐSÐnØtOYR;=JE/=���ELCÐTÛ`I�I�C�>SRSÛ�PH=JÐTUWÐvÜ

yt=B� y·P�� y[Ò��
X 5 � V � V �[_ ��¥nd�_=��d�]�qAsJc�c�]�braAjp��braS_�d`qrf�e�aSc�_vbrjpe�d�w�_3qrjpq#aS]T^DaS]�qA]TdDbrjkd�i�br��]�jkdDjpbrjp_��h�Ds3^Levbr�Y�]�qrjpq	f[e�a.br��]�braS_�d`qrf[e�aSc�_3brjpe�d�aS]T�p_3brjkd�i�br��]�^�_�jka�e�f#jpc�_3i3]:�T�DaSo3]lq�� �Ww��9br��]�fWaS]l]�w`_vqrjpq9^�e�jkdDb
jpq	�peJ��_��kjpqA]�x�wDs�_�d,e�^�brjpc�jpqA_3brjpe�d´^DaSeJ��]�qAq�� �[���nbr��]-£Dd�_��;braS_�d�qrf[e�aSc�_vbrjpe�d2w�_3qrjpq.jpq	e�w�bA_�jkd�]�x
� �Yjp�A����e�aAaS]���br�ps�aS]S^YaS]�qA]SdDbAq�br��]	_=��d�]�qAsJc�c�]�braSs�wL]�b � ]�]Td�br��]	b � e.��e�dDbAe��DaSq��

UAV � �m= Y Z�=�2�?,5 � D ;
	D5�=�0���F Y�_"` ?,;<0>7 _�Y ?,Z�;�2�5 Y 0[ab;�7c=<7
çAE)á�n�ãSÝ���Rl=?KLÛ�KLUWÐSÒ�ÖLÐSÐTC�K�>TGLC�ELC�C�KèUWE)Ù`UWÐSUWODEÂVLRSOYPLXWC�I�Ð�>SO�Ó�ODRTÚ2ØtRSOYI1XWO�Ò3=J>SUWOYELÐ�OJØ[@
ØtC�RTUWELÑ�>TGLC.>TUWÑDG`>SC�ÐT>�Ò�ODELÐT>SRl=?UWE�>TÐ"y��kÐSC�C�K×Ð <���>SO:XWO`Òv=?>SUWODELÐnOJØ�KLC�Ò�RSCv=?ÐSUWELÑ�Ò�OYELÐS>TRl=JUWE`>vÜ<�×ODR
C�åL=JI�VLXWC�UZE2VQODUWE`>	RSC�ÑYUWÐS>SR�=J>TUZOYE�ÝLÒ�ODRSE×C�RSÐ:=JRTC:Ò�OYELÐSUWKLC�RTC�KÂñHRSÐT>.ØrODXWXWOJÓ�C�K�P`Û�C�KLÑYC�ÐvÜQçAE
>SG×CÒv=JÐTC�O?ØLÑDC�OYI�C�>TRSUWÒ#Ò�ÖLRSÙYC�ÐvÝ3Ò�Ö×RSÙD=J>TÖLRSCnUZÐ�OJØt>TC�E�Ò�UW>SC�K/=JÐ;=�I�Cv=JÐTÖLRSCnOJØ�UW>TÐ�Ò�OYELÐS>TRl=JUWE`>
VQOD>SC�E�>TU[=JX#á � ãSÜ<!�C:ÐTGLOJÓ >TGH=J>�>SGLUWÐ�UWÐo�<CB* �<)1F1) H1H �	�cE.��I H CYÝQÐSUWELÒ�C/>SGLC/XWO`Òv=JXWUWÐl=?PLUWXZUW>AÛ�O?Ø
Ò�OYRSRSC�ÐSVQODELKLC�ELÒ�C�Ð/UWÐ%LKCB*�NÂKLC�VQC�ELK×C�E`>�OYE2ÐSGH=?VHC�=?Ð	Ó�C�XZX�=?Ð.>TGLC:>SR�=JELÐÄØtODRTI,=?>SUWODE�Ò�X[=?ÐSÐ
=JE×K,K×C�ñHELUWELÑ/VH=JR�=JI�C�>SC�RTÐvÝ`C�ÐTVHC�Ò�U[=JXWXWÛ�UWE�Òv=?ÐSC�Ð�Ó	GLC�E2Ò�ÖLRTÙD=J>TÖLRSC�KLO`C�Ð	ELOY>	ÖLELKLC�RSÑDO�=
I�OYELOD>TODELUWÒ	I2=JVLVLUWELÑQÜ

çA>�I,=3Û2PQC�ÐTGLOJÓ	E)>TGH=J>�>SGLC�XZO`Òv=?XWUZÐ�=J>TUZOYE�OJØ	Ò�OYRSRSC�ÐSVQODELKLC�ELÒ�C2Òv=JE�PQC�VQO`ODR:C�ÙDC�E
Ó	GLC�Eè>SGLC�RSC�UWÐ:UWELÐTUWÑDELU¿ñHÒv=?E`>�K×C�Ù`U�=?>SUWODE´OJØ.V×RSOvð�C�Ò�>SC�Ké=JELK�=?Ò�>SÖQ=JX�Ò�ÖLRSÙYC�ELC�UZÑYG`PHOYÖLRA@
GLO`O`K�Ü	�×ODR�=?E�C�å�=?I�VLXWCDÝ3Ò�OYELÐSUWKLC�R>SGLC	Ò3=JÐSC�OJØhPLUWX[=J>SC�Rl=JX`ÐTÛ�I�I�C�>TRSÛ�ØtOYR;Ó	G×UZÒ�G�=�>SR�=JELÐÄ@
ØtOYRSI,=?>SUWODE�PH=?ÐSUWÐÒ�OYI�VLRTUWÐSC�Ð#OJØh=.VQODUWE`>A@A>SO?@ VQODUWE`>�Ò�ODRSRTC�ÐSVQODE×KLC�ELÒ�C/=JELK/ELO�KLC�RTUZÙD=?>SUWÙDC�ÐvÜ
çAE�=JE�=?>S>TC�I�VL>#>TO:C�ÐS>�=JPLXWUWÐSG�>TGLC.>TRl=?ELÐAØtOYRSI2=J>SUWOYE:RSC�X[=?>SUWELÑ�>SGLC�>AÓ�O�ÐTC�>SÐ	O?ØíÐTÛ�I�I�C�>TRSUWÒ
Ò�ÖLRTÙDC�Ð�UWEm��UZÑQÜ,&�yr=	��ÝD=�Ó	UZK×C	Rl=JE×ÑDC	OJØhUWELÒ�OYRSRSC�Ò�>�PQ=JÐSC�ÐÓ	GLUWÒ�G�GH=3ÙDC	ÐT>SRSOYELÑ:ELC�UZÑYG`PHOYÖLRA@
GLO`O`K�ÐTÖLVLVQODRS>�I,=3Û�PQC	ØtOYRSI�C�K:ØrRSODI!=�V×UZÙYOD>#VQODUWE`>Ó	UW>SG�=�ØtRTC�C.Ò�ODRSRTC�ÐSVQODE×KLUWELÑ�VHOYUWE�>
� UW>�UWÐ	UWI�VQODÐTÐSUWPLXWC	>SO�XWO`Òv=?XZUWÐTC.>SG×C�Ò�ODRSRTC�Ò�>�PH=?ÐSUWÐ.=JÒ�Ò�ÖLRl=?>SC�XWÛ`Ü��äI�ODRTC.KLUWÐTÒ�RSUWI�UWEH=?>SUWELÑ>SR�=JELÐÄØtODRTI,=?>SUWODE�PH=JÐTUZÐ�UWÐ.ÐSG×OJÓ	E�UWE ��UWÑHÜ &�y[P ��Ü $.OY>SC:>TGH=J>�>SGLC:Ò�ÖLRSÙD=?>SÖLRTC�Ð�=J>	>TGLC/PH=3@
ÐSUWÐ�VQODUWE`>SÐ.UWE(��UWÑHÜB&�y·P��.=?RSC/ÐSI2=JXWXWC�R	>SGH=?E)>TGLC/Ò�ÖLRSÙD=?>SÖLRTC�Ð�UWE(��UZÑQÜ	& yt=B��ÝQÒ�ODE`>TRl=JRTÛ2>SO
C�å`VQC�Ò�>l=?>SUWODE×Ð.>SGQ=J>	VQODUWE`>SÐ	Ó	UW>SG2X[=JRTÑDC�R	Ò�Ö×RSÙD=J>TÖLRSC�Ð�=JRTC�I�ODRTC.Ð�=JXWUWC�E`>vÜ

çAE:OYRSKLC�R�>SO�ÐSC�XWC�Ò�>;>TGLC�>SRl=?ELÐAØrODRSI2=J>TUZOYE.PH=?ÐSC�Ð#Ó	UW>SG�ÑYRSCv=?>SC�R#KLUWÐSÒ�RSUWI�UWEH=?>SODRTÛ	VHOJÓ�C�R3Ý
Ó�C�K×C�RSUWÙDC:=�ê`ÖH=JE`>SUW>�=J>SUWÙYC.KLC�ñQELUW>SUWODE*ØtODR�>SGLC%@B)1C	�)�*D�'EGF H � ��EG)��<F�I�O?Ø&=�Ò�ODRTRSC�Ò�>.>SR�=JELÐÄ@
ØtOYRSI,=?>SUWODE�PQ=JÐSUWÐ3Ü =�?,5?��;<2�5 Y 0 Y�_ �m= Y Z�=�2�?,5 � D ;
	D5D=k0��$F V F�ODELÐTUZK×C�R;= $.ò	@APH=?ÐSUWÐ#ÐSÖLPDð�C�Ò�>SC�K�>TO.VQC�RS>TÖLRA@
PH=?>SUWODE:O?ØHUW>SÐ�ØtRTC�C�PQ=JÐSUWÐ�VHOYUZE`>TÐvÜ � UWELÒ�C�>SGLC	V×UZÙYOD>hVQODUWE`>SÐ=JRTCñQå�C�K�Ý3>SGLC�>SR�=JELÐÄØtODRTI,=J>TUWODE
I,=?>SRTUZå�� RSC�X[=J>TUWELÑ.VLUWÙYOD>�VQODUWE`>SÐ#>TO	ØtRTC�C	VHOYUWE�>TÐ#UZE ySë���Ó	UWXWXDPQC�RTC�Ó	RSUW>T>SC�E�=?Ð&=9ØtÖ×ELÒ�>SUWOYE



Alignment
Exact

Corresponding
Contours

Basis Point
Pivot

Misalignment in
Free Basis Point

Misaligned
Projection of
Contour with

Pivot Point

yt=B� y·P�� y·Ò��
X 5 � V � V ��d��[_��T~�jpbQjpq�jpc�^�e3qAqrjkwD�W]	bAe�peJ��_��kjpqA]	br��]��e�aAaS]��lbQwYjk�p_vbA]TaS_��HqAsJc�c�]lbraAjp������[w`_vqrjpq��#�Ww��
qr�`e � q#_	�Yjpi��Y�ps/�peJ�l_��kjpqA_�wD�p]����n�[w`_vqrjpq � �Djp�A����e�aAaS]���br�ps�aS]T^DaS]�qA]TdDbAqbr�`]�wDjk�p_3bA]SaS_��hqAsJc�c�]�braSs3���d��[���T~ � �`]Td�_#fWaS]�]hw`_vqrjpq�^�e�jkdDbQjkd�_�d����n�[w�_3qrjpqQjpqQ^L]SaSbr�YaAwL]lx9wDs	_qAc�_��k�`]TaAaSe�a�~�br�`]haS]�qr�D�pbA_�dDb
xY]lo3jp_3brjpe�d�wL]�b � ]�]Td�br��]�^YaSe��A]��lbA]�x/_�d`x�_v��br�`_��H�T�YaSov]�d`]Sjpi��JwLe��YaA��eJeYx�c�_�s�wL]	]�¤3^DaS]�qAqA]�x/jkdbr�`]�f�e�aScäe�fí]�»3��_3brjpe�d��?�
O?ØHODELXWÛ�>SG×C	Ò�ÖLRSÙYC	VH=JR�=JI�C�>SC�RTÐ=JÐSÐTO`Ò�U[=J>SC�K�Ó	UZ>TG�>TGLC�ØtRTC�C	VHOYUWE�>TÐvÝ3UWCDÜ	� y�0 � ��Ü��.KLKLUW>TUZOYE`@
=?XZXWÛ`Ý3>SGLC�KLC�Ù`U[=J>SUWOYE � ��� ØtRTODI y��B�#UWÐKLC�ñHE×C�K�=JÐ�=�ØrÖLELÒ�>TUZOYE�OJØ�>TGLC.VQC�RS>TÖLRSPQ=J>SUWOYE�ÝL=JELK
Ó	RTUZ>T>SC�E �:y	�	��ÝQÓ	GLC�RSC
�%| á�� � � � ������� ) ã 4éUWÐ.=�ÙDC�Ò�>SOYR�O?Ø>SGLC/VHC�RS>SÖ×RSPH=?>SUWODE´UWE�0 � Ü
��UWEH=JXWXWÛ`Ýv=JXWX`Ò�ÖLRTÙDC�VH=JR�=JI�C�>SC�RTÐ�=JRTC.=JÐSÐTÖLI�C�K�>TO:PHC	C�å�V×RSC�ÐTÐSC�K2UWE�>TC�RSI�ÐOJØ�=JRTÒ�@AXZC�ELÑD>TG�Ü

�×ODR H ��,� ��`Ý#>TGLC�KLC�Ù`U[=J>TUWODE�PQC�>AÓ�C�C�Eß>TGLC2VLRSO3ð�C�Ò�>TC�K¢Ò�ÖLRSÙYC,E×C�UWÑDG`PHOYÖLRSG×O�O`KéOJØ
>TGLC�VLUWÙYOD>�VHOYUWE�>TÐ�=JE×K�>SG×C�Ò�ÖLRTÙDC�ELC�UWÑDG`PQODÖLRTGLO`O�K�O?Ø.>SGLC*ØtRSC�C�PH=?ÐSUWÐ�VQODUWE`>SÐ-ØtODR:>TGLC
$�ò	@APH=JÐTUZÐ	I2=3Û�PQC�Ó	RSUW>S>TC�E)=?Ð

�:y��,�>| )�
����� ! �

#
�
#�� �� t�( yrâ	�

����|x� 4 �G� y (<��yD� y�0'������� y�0'�>p��,�h� 4�� ��y�0��,�2(<� yD�	�

Ó	GLC�RSC
� � =JE×K�� � KLC�I2=JRSÒ3=J>SC�>SGLC/VH=JR�=JI�C�>SC�R�PHOYÖLELKH=?RSUWC�Ð�ØtOYR.>SG×C:Ò�ÖLRTÙDC�ELC�UWÑYG�PQODÖ×RA@
GLO`O`K�O?Ø�VLUWÙDOY>VHOYUWE�>��LÝL=JELK � � =JRTC.>TGLC�ÖLELUW>ELOYRSI,=?XWÐ>SO/>SGLC f��hC�g')1F�*�)1
�Ò�Ö×RSÙDC�ELC�UZÑYG`@
PQODÖLRTGLO`O`K,O?Ø;VLUWÙYOD>VQODUWE`>+��Ü`<	G×C�Ò�ÖLRSÙYC:ELC�UWÑDG`PQODÖLRTGLO`O`K,O?Ø;>TGLC�ØtRSC�C�PH=?ÐSUWÐ	VQODUWE`>SÐ	KLO
ELOY>�=JV×VHCv=?R:UWE�>SGLUWÐ:C�ê�ÖQ=J>SUWOYE�ÐSUWELÒ�C*ØtODR�= $.ò	@APH=?ÐSUWÐ:>SG×C�Û�=JRTC�ODP×>l=JUWELC�K�ÐSUWI�VLXWÛ2P`Û
VLRTOvð�C�Ò�>SUWELÑ�>SG×C�Ò�ÖLRSÙYC:ELC�UWÑDG`PQODÖLRTGLO`O`K,O?Ø;>TGLC:VLUWÙDOY>�VQODUWE`>SÐ3Ü � C�Co��UWÑHÜ &�y[Ò���Ü
<=JÚ`UWELÑ:KLC�RSUWÙD=J>TUZÙYC�ÐvÝ

��� �:y��,�>|s� n
)�
����� ! �

#
�
#����������8��� � 4 y)(<��� y�0"! p#�,� 4 � ��y10$! �2(<� %vt�( yD�	�

� UWELÒ�C&�J|('´RSC�VLRTC�ÐSC�E�>TÐ�>SGLC/XWCv=JÐT>A@AÐSê`ÖH=?RSC�Ð/ÐSOYXZÖ×>SUWODE2ØrODRJytâB��Ý)�h�J| �2=JELK´GLC�ELÒ�C
�*�2�:y	' ��| �×Üh<	GLCJ��C�ÐSÐTU�=?E�I,=?>SRSUWå,+3y	�,��ØtOYR �æ=J>�� |-'�UWÐ:E×ODE`@ .�C�RTO�PLÖL>:GQ=JÐ�=
ÐTUZI�VLXWU¿ñHC�K�Ý�f<C H EG*DEGi�) H )��oE ��
	) 7>�<EG*D)�ØtOYRSI �

+3y	' ��| n
)�
����� ! �

#
�
##/ �0/ 4� t�( ySë��	�

/��"|1�*� � ��� � 4 y (<�h�vy�0"!�� 4 � ��y10"!<�2(<� % ySëYë��

Ó	GLC�RSC�/äRSC�V×RSC�ÐTC�E`>SÐ	>SG×C�B`=JÒ�OYPLU[=JE/OJØ2�h��y	���*0 � � (<�#=?>3��|4'�Ü,�LÖ×RS>SG×C�RSI�ODRSC�ÐSUWELÒ�C5+3y	' �



UWÐ�f�C H E *�EGi�) H )��E5��
B)?7>��EG*�)ÞØtRSOYI ySë��B��ÝJ=JXWX`UW>SÐ�C�UWÑDC�E`ÙD=JXWÖLC�Ð&=?RSC�RSCv=?XAÜ�!�Cn>SGLC�RTC�ØtOYRSC	KLC�ñQELC
ODÖ×R @	)1C	�)�*��'E F H �,�.EG)��<F�I�=?Ð�ØtODXWXWOJÓ	Ð�� =�� 065D2�5 Y 0�� V�� �m= Y Z�=�2�?,5 � D ;
	D5�=�0���F �� EGi�)��v� ��� ��LK� H E HL� CB� � N<EGF1N
+3y	�,�%E H *.N<)��%) HKH EG�B� � !��<F�*�E C	�vC � *.N<)
	)�i�EG�	*DEGC	� �:y��	�
� H 
B)?7>��)K
 EG� /��)1�'%*�N�)�� � �	� � �"8 ��
� �	� ������
��� C � *�N�E H L1� H E H E H 
	) 7>�<)1
^� H *�N�)��� �	��� �0� � ����� ��� �
�	��� �:C � + y	' � '>EG)�-

��| I�UWE y�� � yTë�n	�

H !�LDg')1F�*+*�C +3y	' ����|�� ��� �:r � yTëvÔ	�
V N<)J� H1H C�F�EG�	*D)1
 ��C	�'��,�.E H )K
 )�E�@	)��<i�)KF�*DC	�C � � ' 
	)��<C	*D)1
vL�I����G'+��) f���) H )���* H *.N<)�<C	� �
��,��E H )1
*� � N<EGF1NvF1�#! H ) H *�N�)o�EG�<EG� !�� E �<F��h)1� H )%EG�v*.N<)
	)�i�EG�	*DEGC	� �:y	�	�c-

!�C�ELOD>TC�K�>SGQ=J>#>SGLC9ØtODRTIäOJØh>SGLC�ñQRSÐS>�KLC�RTUWÙD=J>SUWÙYC�I2=J>SRTUWå ��� <JÖLÐSC�K�UWE�>TGLC�:#XWC�ÐTÐSC�Û
Ò�OYRSELC�R9ñHELKLC�R�ákâ�ã�UWÐ�ÐTUWI�UWX[=JR�>TO +3y	' �nC�å`Ò�C�VL>�>SGH=?>�UW>UWÐ�ÐSVQC�Ò�U¿ñHÒv=?XZXWÛ�>AÓ�OJ@AKLUWI�C�E×ÐSUWODEH=?X
=JE×K¦=?VLVLXWUWC�K�>TO�>SGLC�UZI2=JÑYC	KLODI2=JUWE�Ü
<	GLC �:y	�1��C�ELC�RTÑDÛÂØtÖLELÒ�>TUWODEH=?X�ÐSÖ×RAØ =?Ò�C�Ð:UWE(nYÕ Ò�ÖLRSÙYC�VH=?Rl=?I�C�>TC�R.ÐTVH=JÒ�C/UWÐ�ÑDRl=?VLG`@

UWÒv=JXWXWÛßUWXWXWÖLÐS>TRl=J>TC�K ØtODR2ÙD=JRTUWODÖLÐ2PH=?ÐSC�Ð�RTC�VLRTC�ÐSC�E`>TUZE×Ñ H EG�E.���B�'EG*DIxy·ÐSÒv=?XWC�K Ï#ÖLÒ�XWUWKLCv=?E��
>SR�=JELÐÄØtODRTI,=?>SUWODELÐ/UWE ��UWÑQÜk�×Ü#<	GLC�ÐSC´PH=?ÐSC�Ð�=JRTC2ØtOYRSI�C�K�Ó	UW>SGé>AÓ�O�VHOYUZE`>�Ò�OYRSRTC�ÐSVQODE`@
KLC�E×Ò�C�Ð)=?ELKéELO�Ò�ODE`>TODÖLR�KLC�RSUWÙD=J>TUZÙYC�Ð(y�ØtODÖ×R�KLC�ÑDRTC�C�Ð2OJØ�ØtRTC�C�KLOYI RTC�VLRTC�ÐSC�E`>TC�KäP`Û =
nDÕ >SR�=JELÐTX[=J>SUWOYE�Ý�=-RSOD>�=J>TUZOYE�=JELK�=?E�UWÐSOY>SRTODVLUWÒ	ÐSÒ3=JXWUWELÑk��ÜD<	GLC�C�UWÑDC�E`ÙYC�Ò�>SOYRSÐ.=?ÐSÐSO`Ò�U[=?>SC�K
Ó	UW>SGè>SGLC�ÑDC�OYI�C�>TRSUWÒ�Ðl=?XZUWC�E×Ò�UWC�Ð�=?RSC�UZE�>TGLC�K×UZRTC�Ò�>TUZOYELÐ/OJØ.>SG×C�I�OYÐS>:ÑYRl=?KLÖH=JX�=JÐSÒ�C�E`>
=J>�>SGLC�I�UWELUWI�Ö×I VQODUWE`>vÜhçA>/UWÐ:ÐSC�C�E�>TGH=J>:>TGLC�>TRl=?ELÐAØtOYRSI2=J>SUWOYE�PH=JÐTUWÐ:UWE[��UWÑQÜk��yt=	��UWÐ
VLRTC�ØtC�RTRSC�K´>SO�>SGLC�PH=?ÐSUWÐ.UWE ��UWÑHÜ��<y·P���P`Û�Ù`UWRS>TÖLC:OJØ#UW>SÐ	X[=JRTÑDC�R�ÑDC�OYI�C�>TRSUWÒ.Ð�=JXWUWC�ELÒ�Û2=JELK
GLC�E×Ò�C�ÑYRSCv=?>SC�R�XWO�Ò3=JXWUWÐl=JP×UZXWUW>AÛ`ÜJ<	GLUWÐ	UWÐ	UZE2ÐTVLUW>SC�OJØ>SG×C�Ø =JÒ�>	>SGH=?>	>SGLC�Û2PQOD>TG,RTC�VLRTC�ÐSC�E`>
>SG×C:Ò�ODRTRSC�Ò�>.ÐSUWI�UZX[=?RSUW>AÛ:>SR�=JELÐÄØtODRTI,=?>SUWODE�RTC�X[=J>SUWELÑ�>TGLC�>AÓ�O�Ò�ÖLRSÙYC�ÐvÜ

yr=	� y[P �

y·Ò��
−0.2

−0.1

0
0.1

0.2

−0.2
−0.1

0
0.1

0.2

0

0.5

1

1.5

2

2.5

3

y·K��
−1

−0.5

0

0.5

1

−1
−0.5

0
0.5

1
0

0.5

1

1.5

2

2.5

3

X 5 � V � V ¼#��]	qrjpc�jk�p_�aAjpbts�[qA��_��p]�x�g����T�kjpxD]�_�d�� ���n�[w�_3qA]�qqr��e � d�jkd �[_ �#_�d�xR�Ww	�_�aS]�f[e�aSc�]�x
� jpbr��b � e�^Le�jkdDb���e�aAaS]�qr^Le�d`xD]Td���]�q�~h_�d`x�br��]�xD]�o3jp_vbrjpe�d2fW�Dd���brjpe�d�_��pq._�aS].qr�`e � d�aS]�qr^L]l��brjpo3]T�psjkd �[���Q_�d`x �[x �T��¼#��]#i3]�evc�]�braAjp��qA_��kjp]Td��Tjp]�q#_�aS]#aS]T�p_3bA]�x�bAe�br��]#x?jkaS]l��brjpe�d�q#e�f�br�`]#c�e3qAbhi�aS_vx?��_��
_3qA�l]TdDb��



�m= Y Z�=�2�?,53� D ;
	D5�=�0���F _�Y ? A C[06= D F Z�Z�=�2�?�F V <	GLC��.C�ÐSÐSU[=?E,K×C�RSUWÙDC�K�UWE(yTë��	�nRSCì@
KLÖ×Ò�C�Ð:>TO,=�ÐSUWELÑYXZC�ÙD=JXWÖLC:ÐTUZE×Ò�C�ODELXWÛ2ODE×C�VH=?UWR.OJØ�Ò�ODRTRSC�ÐTVHOYELKLUWELÑ�VQODUWE`>SÐ�UWÐ.UWE`ÙDOYXZÙYC�K�Ý
=?ELK�UWÐ	>SG×C�RSC�ØrODRSC�C�ê`ÖH=JXh>TO�>SGLC�ÑDC�ODI�C�>SRSUWÒ�Ðl=?XWUZC�ELÒ�Û`Ü�F�OYI�VLXWC�>TC.KLC�>�=JUWXWÐ	OJØ#>SGLC�KLC�RTUWÙD=3@
>TUZOYE)I2=3Û�PQC/ØtODÖLE×K�UZE�ákÔ ãÄÜ���UWÑYÖLRSC �2ÐTGLOJÓ	Ð/ÐSODI�C�>TRl=?ELÐAØtOYRSI2=J>SUWOYE)PH=?ÐSC�Ð�ØtOYR�=���ELC
ÐTÛ�I�I�C�>TRSÛ`ÜS<	G×C�ÑYC�ODI�C�>SRTUZÒnÐl=JXWUWC�ELÒ�Û:OJØH>TGLC�>SRl=?ELÐAØrODRSI2=J>TUZOYE.PH=?ÐSUWÐ#UWEo��UZÑQÜ	�<y·P���UWÐ�ELCv=?R
.�C�RSO�PQC�Òv=JÖ×ÐSC:>TGLC�C�XWXZUWVLÐTC�ØtODRTI�C�K�P`Û�>SG×C�PQ=JÐSC�O?Ø;>SG×C�ÚYC�Û�UWÐ	=���ELC�XZÛ�C�ê�Ö×UZÙD=?XWC�E`>�>TO�=
Ò�UWRTÒ�XWCDÝLÓ	GLUWÒ�G�GQ=JÐ	UWE`ñHELUW>TC�ÐTÛ`I�I�C�>SRSÛ�=Jå`C�Ð3Ü

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

epsilon

D
ev

ia
tio

n

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

epsilon

D
ev

ia
tio

n

yt=B� y[P � y·Ò�� y[K �
X 5 � V��AV ¼#��]�_���d�]�qAsJc�c�]�braSs/w�_3qA]lq�jkd �[_��_�d�x �[���_�aS]�f�e�aSc�]�x � jpbr�2e�d`]	^�_�jka�e�f�^Le�jkdDb��e�aAaS]lqr^Le�d�xY]Sd`��]lq��#y#_vqrjpq �[���Þ��_3q�_/d�]�_�a���]TaSe�iv]�e3c�]lbraAjp��qA_��kjp]Td���s�qrjkd`�l]�_��k�^Le�jkdDbAq�e�d)_�d
]T�k�kjk^�qA]�_�aS]	_���d`]S�rqAsJc�c�]�braAjp��bAe.]�_3�A��e3br��]Ta��

UAV � D 2�;<2�5 7c2�53�,; 	6A 06;
	?F 7c587�;<0>\ � Y ?,Z�;
	D5 7c=<\[ab;�7c5 7 �>5�� = 	D5D4 Y Y \
!ßG×C�E�UWI,=JÑYC�E×ODUWÐSC�UWÐ:VLRTC�ÐSC�E�>3ÝC�ÙYC�E[$�ò	@APH=JÐTC�Ð�=JRSC�C�å`VHC�Ò�>SC�Ké>TO)Ò�OYE`>l=JUWE�RTC�ÐSUWKLÖH=?X
KLC�Ù�U[=?>SUWODE�UWE�>TGLC:Ò�Ö×RSÙDC�ELC�UZÑYG`PHOYÖLRSGLO`O`K�Ü`çAE�>SGLUWÐ	ÐSC�Ò�>SUWODE�ÝLÓ�C�>TGLC�RTC�ØtODRTC:Ò�OYELÐSUWKLC�R	>TGLC
C�ÐTÐSC�E`>TU�=?Xh>l=?ÐSÚ/OJØ�ð�ÖLK×ÑDUWELÑ�>SGLC�XWO�Ò3=JXWUWÐl=J>TUWODE/C�RSRTODRSÐ	UWE`ÙDOYXWÙDC�K/Ó	GLC�E2=�PH=JÐTUWÐ�G`Û`VHOY>SGLC�ÐSUWÐ
UWÐ�VLRSC�ÐTC�E`>SC�K�Ü
çAE,=�KLUWÐSÒ�RSC�>TC:UWI�VLXWC�I�C�E`>l=J>TUWODE�Ý�>SGLC�I�UWELUWI�UpÐl=?>SUWODE�VLRSOYPLXWC�I!ÑDUWÙYC�E�UWEvy��B��I,=3Û:PQC

C�å`VLRTC�ÐSÐTC�K�=JÐ

I�UWE0�
�� ��� y�0 � � | )�

�����
�
#�

� ���
	 4�c� 	 �c� ' )* ySëc&k�

Ó	GLC�RSC
	
�c� | � y�0 � �<� � � y)( �'� ��� � �D� y�� �'� � ySë��	�

=?ELK�Ó	GLC�RSC� � UWÐ/>SGLC2E`ÖLI�PQC�R:O?Ø�Ðl=?I�VLXWC�Ð/ÖLÐTC�KéODE�>TGLC2Ò�ÖLRTÙDC2ELC�UWÑDG`PQODÖLRTGLO`O`K�OJØ
PH=?ÐSUWÐ	VQODUWE`>>�LÜ�� �'� UWÐ	KLC�>TC�RSI�UWELC�K2ÐSÖLÒ�G2>SGQ=J> � �D� y�� �'� �9UZÐ�>SG×C:ELCv=?RSC�ÐT>.VQODUWE`>	ODE2Ò�ÖLRTÙDC
S �D��>SOm���G��y (8�c� ��Ü
çA>�I,=3Û�PHC/ÐSGLOJÓ	E^y[V×XZC3=JÐSC�RTC�ØtC�R�>SO�ákÔ�ã���>SGH=?>�P`Û2XWUWELCv=JRTUWÐSUWELÑ,=?PHOYÖL>�>SGLC/ÐSOYXWÖL>SUWODE� y10'���>| �/Ó�C�GH=3ÙYC � y�0 � p#�,�:| �:y��,� | � 4 +3y	' � � ySë��	�
çAE:>TGLC�V×RSC�ÐTC�ELÒ�C�OJØLUWI,=JÑYC#ELODUWÐSCYÝvC�RSRSOYRSÐ=JRTC�UWE`>SRTO`KLÖLÒ�C�K/UWE`>SO	>SG×C�>TC�RSI�Ð�� ��� Ý3Ó	GLUWÒlG

KLUWÐT>SODRT>�>SGLC´RSC�X�=?>SUWODEèPHC�>AÓ�C�C�E � =?ELK �2Ü � ODXWÙ`UWELÑ yTë'&��/VLRSO`KLÖLÒ�C�Ð2>SGLC[�� �BEG� !����
�.EM�	)c��E�N<C�C�
 ytï����#C�ÐS>TUWI,=J>TC��0'�ÞØtODR#>SG×C�=JÒ�>SÖH=?X	0'�DÜJ<	G×C	RSC�ÐTUZK×ÖH=JXQKLC�Ù`U[=J>TUZOYE � y��0'���n=JRSUWÐTC�Ð
ØtRTODI�=�Ò�OYI�PLUWEH=J>TUZOYE2OJØ	C�RSRTODRSÐ/UWE)>TGLC�I�C3=JÐSÖ×RSC�I�C�E`>.OJØ��c� � < Ð:=?ELK�>SGLC�C�RSRSOYR:UWE)>TGLC
C�ÐT>SUWI,=?>SUWODE2O?Ø-0'�YÜ��×RSOYI�>TGLC�RSC�X[=?>SUWODE �0'�o| 0'�+p���0'�JÝ���0 �/RTC�VLRTC�ÐSC�E`>TÐ�>SGLCv�E H �,�.EM@	���
�)���*	C�RSRTODR3ÜH<	G×C:C�RSRTODR�� 0 �-UZÐ�KLODI�UWEH=JE`>�=?XZOYELÑ � ��ÝH>TGLC:C�UWÑYC�E`ÙDC�Ò�>TODR�RSC�X�=?>SC�KÂ>SO�>TGLC
ÑYC�ODI�C�>SRTUZÒ�Ðl=?XZUWC�E×Ò�Û�Ü



� UWELÒ�C�>TGLC�K×UZÐT>SRTUZP×ÖL>SUWODEÂOJØ	ELODUWÐSC�UZÐ�ELOY>�Ú�E×OJÓ	E�ÝQUZ>�UWÐ�Ö×ÐSC�ØtÖ×X;>TO2Ñ�=JÖ×ÑDC:>TGLC�=JÒ�Ò�Ö`@
Rl=?Ò�Û�O?Ø �0'��P`Û�Ò�OYI�VH=?RSUWELÑ � y �0��c�	Ó	UW>SG�>TGLC:KLC�Ù�U[=?>SUWODE �:y � 0���Ó	GLUWÒ�G�Ó	UWXWX;=?RSUWÐSC:ÐTODXWC�XWÛ
>SG×RSODÖ×ÑDG)=�I�UWÐl=?XWUZÑYELI�C�E`>C�RTRSOYRvÜLçAE`>TÖLUW>SUWÙDC�XWÛ`ÝDÓ�C�Ó�OYÖLXWK2C�å`VHC�Ò�>.>SGQ=J> $.ò9@ PQ=JÐSC�Ð�Ó	UW>TG
X[=JRTÑDC�R#ÑDC�ODI�C�>SRSUWÒ�Ðl=?XZUWC�E×Ò�UWC�Ð#>SO�PHC�PQC�>S>TC�R�XWO`Òv=?XZUWÐTC�K�K×C�ÐSVLUW>TC	GH=3Ù`UZE×Ñ.=.ÑYRSCv=?>SC�R�=JI�OYÖLE`>
OJØRTC�ÐSUWKLÖH=?XhKLC�Ù`U[=J>TUZOYE�Ü`<	GLUWÐ	UWÐ�C3=JÐSUWXWÛ�Ö×ELKLC�RTÐS>SO`O`K2ØtRTODI ��UWÑDÐ3Ü�â�yt=×Ý P ��Ý`Ó	GLC�RTC:>SG×C�K×C�@
Ù`U[=J>SUWOYE�ØtÖLE×Ò�>SUWODEQ=JXWÐ�ÐTGLOJÓ	E�UWEv��UWÑDÐvÜB�<y[P�Ý K �	=JRSC�ÐTÖLPDð�C�Ò�>TC�K�>TO�UZE×KLC�VQC�ELKLC�E`>�C�RSRTODRSÐ�UWE
>SG×C:I�Cv=?ÐSÖLRTC�I�C�E�>�OJØ � ��� Ü

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

epsilon

D
ev

ia
tio

n

−1 −0.8 −0.6 −0.4 −0.2 0 0.2 0.4 0.6 0.8 1
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

0.5

epsilon

D
ev

ia
tio

n

Deviation

0 1 2 3 4 5 6 7 8 9 10
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

S=1.0

S=5.0

S=20.0

N
o

rm
al

is
ed

 B
as

is
 L

ik
el

ih
o

o
d

Deviation - Normalised Basis Likelihood Plot
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