
����� ���	��

����� � �������������

�������� "!$#"%&��')(+*�*���,-��.
�/�0�21���#43�5768(:9<;=�2>"*�.
3?#�%A@B�C(D;=!E>/!GF�%&.

HJI�K$LNMPO�QSR7OET?KVU$LWINXZY�[-\]IN^D[-I
_J^V\a`GINXcbd\aLfegOhQjiJI�kml8INn�\o[pO

qJr]s UDtGU$INXutGU$IGv�i
l�wGxGy�z:y|{cyNz}wG~
QAOEXWX<I�bdLp��[Nb-M�U$^$T�M�I��:U

�7�G�������$�o�u�E���o�G�G���d�����D�
�g����� LWO��hK$KDI���X-�

l���Xu[u�	�:y}v�y��E�}~

i
�hL<U$Xu� r \aT�T�U$^$I�bfe$bfLWINT�b�KVXWOEL<I�[-L��h^$\]T	� r b�QAX<OET �V�h^$�}INXWO}UDb QAOEX<IN\a�}^¡KD�hL<�$OE�}IN^Dbpv¢\]^D[ r U£�:\a^$�
s �E[pLWINX<\o�:v$`�\aX<UDbdI0b-v$KD��Xu�Ebf\aL<I�b-v��h^D�	LWO�n�\a^DbpM¥¤¥�$I�\aXZXWO r I¦\a^8L<�$I s O��:e8\§bS�h^D� r OE�}OEUDb
L<O�L<�D�hLZOhQ¨[-O}T�{
K$U$L<INXgbdI�[-UVXW\aLfe©bdeVbdLWI�T	bJ\a^ª[-O}T?K$U$L<\a^$�VM qJr LW�$O}U$�E�¡L<�$INX<I?��XWI«T	�h^�e��:\­¬�INXWIN^£[-I�b s INLfk¥ININ^ r \]`:\]^$�
OEX<�G�h^V\obdT�b���^D�®[-OET�K$U$LWI�X?bfe$bfLWINT	bpv¢L<�$\ob��hXWL<\o[ r I��hXW�}U$I�b?LW�£�hL?L<�$I�bf\aT?\ r �hX<\aL<\aI�bg�hXWI¯[pOET?KDI r]r \a^V�
�h^D��[-OEU r �°KDO}\a^�LJL<�$I¦kS�Ne	LWO«\aT?K$X<O�`GI���[pOET?K$UVLWINXZbfI�[-U$X<\aLfeGM7±�T?K$X<Oh`GI�T�IN^�Lub7[N��^ s I��}[|�V\aIN`GI�� s e
�:I�bf\a�E^V\a^$��[-OET?KVU$LWINXj\aT?T�UV^$IZbdeVbdL<INT	b¢L<�D�hLS�£�0`GI�bdOET�I
OhQ�LW�$I¦\]T?KDOEXWLc�h^�L¥K$X<OEKDINX<LW\aI0b¢\ r]r UDbfLWXc�hLWI0�
s e�^D�hL<U$Xu� r \aT?T«U$^$I�bdeVbdL<INT	bpMS¤¥�$I�bfI²\a^£[ r UD��I T«U r LW\³{ r �NeGIpXWI���K$X<OELWI0[-LW\]OE^)vD�$\a�}� r e��:\§bdL<XW\ s U$LWI��	�:Ip{
LWI�[pLW\aO}^���^D�´T�INT?OEX<e¦bdeVbdL<INT	bpvE�:\]`GINXubf\aLfe
O�Q"�:INL<I�[-L<\aOE^«� s \ r \aLfeg�E[-X<OGb<bµ\]^D�:\]`:\§�:UD� r b-v�\a^$I�n$�}[-LPT	��Lu[u�:{
\a^$�©bdL<Xu�hL<IN�E\]I�b-v7��^D�=bdIN^£bd\aL<\a`�\aLfe8L<O�T?OGbfL¦^$INk¶QAOEXWI�\a�E^ªKD�hL<LWINX<^Db-M�·¯I�¸DXubfL²�}\a`GI	��^4O�`GINX<`:\]INk¹OhQ
�$O�kºL<�$I�\]T?T«U$^$IgbdeVbdL<INT�XWI r �hL<I�b
LWO�[-OET�K$U$LWI�X¦bdI�[pU$XW\]Lde»M´·¯I«LW�$IN^¯\ r]r UDbfLWXc�hLWI�L<�$I�bfI�\§�:I��Eb¦kS\aL<�
Lfk¥O�INnV�hT?K r I�bpM

¤¥�$I
\aT�T�U$^$ISbfe$bfLWINT¶\§b¥[-O}T?K$X<\obdI0�²OhQ�[-I r]r bP��^D�?T?O r I�[-U r I�b-M­¼�½BI�[pOE�E^V\aLW\]OE^«OhQ)QAO}XWIN\]�E^?K$X<OEL<IN\a^)v
[N� r]r I����h^�LW\]�EIN^)v�O�[N[-U$Xcb�kS�VIN^�\]T?T«U$^$I¦bfe$bfLWINT¾�:INLWI0[-LWO}Xub-v�\a^D[ r UD�:\]^$�	¤º[pI rar b-v�¿À[pI rar b-v)��^D����^:L<\³{

Á�Â/Ã�ÄAÄ&ÅfÆNÇAÈÊÉ
ËpÆJÈÌÅWÍWÎpÅ7ÍuÇ)Ç&Ï�Å7Ð
ÑoÒ�Ó�ÄAÇ&Ô�ÕEÖfÔ­ÍuÈGÑoÆNÇAÅfÈÊÈÊÔÊ×pÅfÆhÖfÅ7Ø�ÍuÙEËpÄ�ÍuÇ&ËpÄAÉNÚ
Û Ó¡×pËNËNÜ�Ý&ËpÃ�Ä&ÖfÅ¥Þ]Ë-Ä"Ù}Í|ÝAÔÊÖ7ÔÊßZßSÃ�ÆhËpÈ�Ë-×pÉ¥ÔÊÝjàâádã�ÍuÆ�ÜgÍBÖfËpßJä�Ã�Ç&ÅfÄ"Ý&ÖfÔÊÅfÆNÇAÔÊÝAÇWå ÝPËuÎ-ÅfÄAÎNÔÊÅfæ�ËuÞDÔÊßZßSÃhÆ�ËpÈçËp×pÉ¥ÔÊÝ"×-ÔÌÎ-ÅfÆ

ÔÊÆZÏNÇ&ÇAä�èâépé|æ)æ)æ7Ú ÖfÝ<Ú Ã�Æ�ß²Ú ÅfÜ�Ã}é0ê<ÝAÇ&ÅfÎpÅWÍuÏ}é|ÔÌßSß¥ëoÏNÇAß¥È­éuÔ�ßSß¢Ã�Æ�Å�ëoÝAÉNÝAÇ&ÅfßgÚ ÏNÇAßSÈaÚ

y



ì�í/îoï�ð£ñ ò ï�ð"ó�ôPí/õ ö}ï ÷ ï�øoñcùaóDú

û�\a�}U$XWI«y}ü q ^�ýZ`GINX<`:\]INk®OhQ7L<�$I�±�T?T�UV^$I Y»e$bfLWINT�M�±�^:QAI�[-L<\aOE^£b-vDbd�VOhkS^�\a^	XWI0�/v �&s �}[-LWI�XW\o��v$`:\]XWUDbfI�b-v
OEXZKD�hXc�Ebf\aLWI0b|���hX<I²XWI0[-OE�}^$\aþNI0� s e°\]T?T�U$^$I�bdeVbdLWI�Tÿ��INLWI�[pLWOEXcb � ¤¹[-I rar b-vD¿m[pI rar b-vD�h^£����^:L<\ s O��:\aI0b|�uv
bd�$O�kS^¦\a^ s$r U$I7��^D� �}XWININ^CvNkS�$IN^¦T?O r I�[-U r �hX s OE^D�VbCQAO}XWT s INLfk¥I�IN^
LW�VINT�M)±�^:QAI�[pLW\aO}^Db/��XWI7I r \aT?\]^D�hL<I��
s e¦�}IN^$INXc� r { K$U$X<KDOGbdI�bW[��0`GI�^$�EINXµ[-I rar b � T	�E[pXWOEKV�D�h�}I�b|�cvE\a^D��\o[N��LWI�� s e¦LW�$ISL<�$\a^ r \a^$IZbfU$XWX<OEU$^D��\a^$�¦LW�VI
�:INL<I�[-LWO}X � �h^�LW\a�}IN^	[-O}T?K r INn/M

s O��:\aI�bpv s \a^D�²L<Og�h^�LW\a�}IN^)M7¿¥\]^D�:\a^V� s INLfk¥I�IN^«�:INL<I�[-LWO}X7�h^£����^:L<\a�EI�^�\§bP�:INL<INXWT?\]^$I�� s e²LW�VIJK$��eVbd\o[�� r
�h^D��[u�$INT�\o[N� r KVXWOEKDINX<LW\]I�bJOhQjL<�$IN\aX s \]^D�:\a^V��X<IN�E\]OE^DbpM¦¿¥\a^D�:\]^$�«\obJ�$\]�E� r e�bdKDI�[-\­¸�[Ev�bdUD[u�8L<�D�hL
I0�E[u�
�:INL<I�[-LWO}XSXWI�[pOE�E^V\aþNI�bSOE^ r e�� r \]T?\aL<I��«bdINLZOhQ¨bdL<XWUD[pLWU$Xc� rar e?XWI r �hL<I��8��^:L<\a�}IN^)MS·®�$IN^¯�«�:INL<I�[-LWO}X
��^D�
�h^�LW\]�EIN^ s \]^D�/vj��[-O}T?K r INn¯bdINL«OhQ�IN`GIN^�Lub²Lc���GI�b²K r �E[pIGv¢U£bdUD� rar eªXWI�bfU r L<\a^$��\]^4L<�$I	I r \]T?\a^£�hLW\]OE^¯OhQ
LW�$Ig��^:L<\a�EI�^ s e	bW[N�N`GIN^V�EINXZ[-I rar bS[�� rar I��?T	�E[pXWOEKV�D�h�}I�b � L<�$I��:I�Lu�h\ r b¥O�Q7�$O�k �h^�LW\a�}IN^	\ob s OEU$^D����^D�
[ r I0�hXWI0���:I�K+I�^D�?OE^8L<�$I
Lfe�K+I�OhQµ�:INLWI0[-LWO}Xub¥\a^�`GO r `GI��+�cM�û"\a�EUVXWI�y
\ rar U£bdLWXc�hL<I�b¢L<�$\ob¥�$\]�E� r e?bf\aT?K r \³¸£I��
`:\]INk¡O�Q/L<�$IS\aT�T�U$^$I7bfe$bfLWINT�M q bdLWX<\���\a^$�SQAI���LWU$X<ISOhQ�LW�$IS\]T?T�U$^$IµbdeVbdLWI�Tº\ob)LW�£�hL7LW�$ISKVXWO�[-I�b<bdI�b s e
kS�$\o[u�8\]LJ�}IN^$INXc�hL<I�b
�:INL<I�[-L<OEXubpv+\§�:IN^�LW\­¸DI�bZ�h^D�8I r \aT?\]^D�hL<I�bµQAO}XWIN\]�E^�T	��LWINX<\o� r vD�h^£�8XWINT?I�T s INXcb¢LW�VI
KD�hL<LWINX<^DbPOhQ�K$X<IN`:\]OEUDbP\]^:QAI�[-L<\aOE^£bP�hX<IZ� rar �$\a�}� r egKD�hXc� rar I r ��^D����\obdL<XW\ s U$LWI0�/MP¤¥�$\§bP\ob�O}^$IJX<I��EbfOE^«LW�D��L
LW�$Ig\aT?T�UV^$I¦bdeVbdL<INT T?I�[u�D�h^V\obdT�b¥�hX<I�bfO8[pOET?K r \o[N��LWI���v s U$L�\aL�� r bfO?T	���GI�b¥LW�$I�T �V\a�E� r e	XWO s UDbdL�v
s OELW��LWO²Q ��\ r UVXWI¦OhQ�\a^D��\a`�\o�:UD� r [-O}T?KDOE^$I�^:LcbS�h^D�	LWO«�hL<Lu�}[��Vb¥OE^�LW�$I¦\aT�T�U$^VIZbdeVbdLWI�T \aLcbdI r Q<M

¤¥�$IS��^D� r OE�Ee s INLfkjININ^g[-OET�K$U$LWI�X"bdI�[-UVXW\aLfe
KVXWO sVr INT	b)��^D� s \]O r O}�E\§[N� r K$XWO�[pI�bWbfI�b�kS�}b�XWI0[-OE�}^$\aþNI0�

�



�Eb
I���X r e©�Eb�yN�}w2x»vPkS�$IN^¯LW�$I�L<INXWT �u[-O}T?K$U$L<INX
`�\aXWU£b	�?kS�}b�\]^:L<XWO��:U£[-I�� s e q �:I r T	�h^�
³y
��M����hL<INXNv
YGKD�N¬/O}Xu�¯�hX<�EU$I���LW�£�hL¦[-O}T?K$U$L<INXZ`:\]XWUDbfI�b
�hX<I«�´QAOEX<TÿO�QZ�hX<LW\­¸�[-\o� r�r \³QAI�
³yN����v)��^D��bdI�`GINXu� r ��U$LW�$O}Xub
\a^�`GI�bdL<\a�»�hLWI0�8LW�$I��h^D� r O}�Ee s INLfk¥I�IN^�I�K$\o�:I�T?\aO r OE�}e��h^D�¡LW�VI?bfK$XWI��}��OhQ�[pOET?K$UVLWINX
`�\aX<UDbdI0b²�E[pXWOGb<b
^$INLfk¥O}X	�Vb�
­y���v x�� M��ZOhkjIN`GINX�vD[-U$XWX<IN^�LJT?I�LW�$O��$b¥QAOEXZK$X<OELWI0[-LW\]^$�	[-O}T?K$U$L<INXubpv s O}LW�¯���G�h\]^DbdL¦`�\aX<UDbdI�b
�h^D�	T	�h^�e«OELW�VINX���\a^£�$bBO�Q7\a^�LWX<UDbd\]OE^Dbpv+�£�0`GI r �hXW�}I r e«Q �h\ r I��?LWO«Lu���GI��E��`E��^:Lc�h�}I�OhQ7kS�D��L
\ob���^$O�kS^
� s OEUVL �VOhk¹^D��LWU$Xc� rPs \aO r OE�}\o[N� r bdeVbdL<INT	b¥K$X<OELWI0[-L
LW�VINT	bdI r `GI�bPQAXWOET \a^:QAI0[-LW\]OE^)M
YGO}T?I²\]^$\aL<\o� r k¥O}X	�
\a^?L<�$\obS��\aXWI0[-LW\]OE^?\]^D[ r U£�:I��?�²`�\aX<UDb { �:INL<I�[-LW\]OE^?T�INLW�$O�� s �EbfI��°O}^8¤ [-I rar [-I�^DbdO}XW\a^V��\a^	LW�$I�LW��e:T«UDb

������h^D����^8\a^�LWI��EXu��LWI����hK$KVXWOG�}[|��L<O�`�\aX<UDbZ�:INLWI0[-LW\]OE^	\a^D[pOEXWKDO}Xu�hL<\a^$��\o�:I��}b¨QAX<OET bdI�`GINXu� r �:\³¬�INX<IN^:L
s \aO r O}�E\o[�� r bdeVbdL<INT	b�
çw���M��ZOhkjIN`GINX�vELW�$I0bdI
I���X r e�I-¬�O}XWLubj�hX<I X<IN�G��Xu�:I0� r ��XW�EI r e«�Eb¥^VOh`GI r LW\]I�b-v»�h^D�?LW�VI
K$XW\]^D[-\]K r I�bPL<�$INe?\ rar U£bdLWXc�hL<I
�D�N`GI¦eGINL¥L<O s I¦kS\o�:I r e��E�:O}K$LWI���M

± T�T�U$^$O r OE�}\obdLcb��D�N`GISLWXc�E�:\]LW\]OE^D� rar e«��I�bW[-X<\ s I���LW�$IZK$X<O s$r INT¶bfO r `GI0� s e�LW�$IZ\aT�T�U$^VI¥bfe$bfLWINT��}b
LW�$I¦K$X<O s$r INT�OhQj�:\§bdL<\a^$�}U$\obf�$\a^$���cbdI r Q���QAX<OET �$�h^V�EINX<OEUDb��<OEL<�$INX�� � O}X��<^$OE^£bdI r Q��G�S��^D�°I r \aT�\a^D��LW\a^V�
OEL<�$INXNM �4YGI r Qj\obJLc���GIN^�L<O s I�L<�$I�\a^�LWINX<^D� r [-I rar bJ��^D��T?O r I�[-U r I�b¥OhQjLW�VI s O��:eGv"��^D� ^VOE^DbfI r Qj\ob¦��^:e
QAOEX<IN\a�}^4T��hLWI�XW\o� r v"KD�hX<LW\o[pU r ��X r e s �}[-LWINX<\o��v¢KD��Xu�}bd\aL<I�b-vj�h^£�4`�\aXWU£bdI�bpM¡¤¥�$I�K$XWO s$r INT�OhQ�K$XWO}LWI�[-L<\a^$�
[-OET�K$U$LWI�XZbdeVbdLWI�T	b¢QAXWO}TÿT	� r \o[p\aOEU£b¢\a^�LWX<UDbd\]OE^Db�[N�h^¯bf\aT?\ r �hX r e s I²`�\aINkjI��8�}bJLW�$IgK$XWO s$r I�T O�Q¨�:\ob�{
LW\]^$�EU$\§bd�$\]^$��bfI r QjQAXWO}T ^$O}^DbdI r Q<M�±�^¡L<�$\obg[N�EbfI?^$OE^£bdI r QZT?\a�}�:L s I	�h^=U$^£�hU$L<�$OEX<\aþNI��¯UDbdINX�v�QAOEX<IN\a�}^
[-O��:Ig\a^�LW�VI QAOEX<TÿO�QS��[-OET?KVU$LWINXS`�\aX<UDbSOEX
kjOEXWT©v+U$^£�h^�LW\o[p\aKD��LWI���[-O��:I�\a^�LW�$I¦QAOEX<TÿOhQ¨�?¤)XWO"!u�h^
�$OEXcbdIGv$O}XZ[-OEX<XWU$KVLWI����$�hLc�:M

HJ\obfLW\a^V�EU$\§bd�$\]^$� s I�LdkjININ^�bdI r Q"��^D��^$O}^DbdI r Q"\a^«^D�hL<U$Xu� r \aT?T�UV^$ISbfe$bfLWINT	b"\ob7�:\$#�[-U r LPQAOEXSbfIN`GINXc� r
XWI��}bdO}^Db-M�û�\aXcbdL�v L<�$I	[-O}T?KDOE^$I�^:LcbJOhQZL<�$I s O��:eª�hXWI�[-OE^DbfLWX<UD[-LWI0�©QAX<OET�LW�$I�bW��T?I s �Ebd\§[ s U$\ r �:\a^$�
s$r O�[��Vb)�Eb)^$OE^DbfI r Q<v}KD�hX<LW\o[pU r ��X r eZK$X<OELWI�\a^DbpM�%PXWO}LWIN\]^Db���XWI¨�h^²\]T?KDOEX<Lu�h^�L"[-O}^DbdL<\aLWUVIN^:L)O�Q�� r]r [-I r]r b-v���^D�
LW�$I¦\]T?T�U$^$I�bdeVbdL<INT K$X<O�[-I�bWbfI�bSLW�$INT \a^8`}��XW\aO}UDbSkS�Ne$bpv$\a^D[ r UD�:\]^$��\a^?QAXc�h�ET�IN^:LcbS[N� r]r I��«K+I�K$LW\§�:I�b-v
kS�$\o[u�¯�hX<I?bf�$OEX<L�bfI�t2UVIN^D[-I�bZOhQZ��T?\a^VO	�E[-\§�$b-M?YGI0[-OE^D��v�LW�VI«bd\aþ�I�OhQZLW�VI�K$X<O s$r INTÿL<O s I�bdO r `GI���\ob
r ��XW�EI�kS\]LW�¯XWI�bfKDI�[-L
L<O8LW�VI«�0`}��\ r � s$r I�X<I�bdO}U$Xu[pI�b-M«û$OEX¦INnV�hT?K r IGvD\aL
�£�Eb s INI�^�I�bfLW\]T	�hL<I��°L<�D�hL¦LW�VI
`GINXWL<I s Xc�hLWI«\aT�T�U$^VI�bdeVbdL<INT ^$I�I��$b L<O s I�� sVr I?L<O¯�:INLWI0[-L��}b´T	��^:e¯�}b°y&�2¼('��:\³¬�INX<IN^:LgKD�hL<LWINX<^Db-v
eGINL¥\]LJO}^ r e��D�Eb
� s OEU$L�y&�*)
��\³¬�INXWI�^:LS�}IN^$I�bpv+O}U$LJO�Q7kS�$\§[|�	\aLZT«UDbdL¨[-OE^DbfLWX<UD[-LZLW�$IgIN^:L<\aX<I
\aT?T«U$^$I

+ Ò)Ï�ÅDßJË�ÜhÅfÄAÆPÎNÔÊÅfægÅdßZä�Ï}Í|ÝAÔ-,fÅfÝGÇ&Ï�Å/ÔÌßJßjÃhÆ�ÅGÝAÉNÝAÇ&Åfßgå ÝGÄ&ËpÈÊÅ$ÔÌÆPÅfÈÊÔÊßZÔÊÆ}Í|ÇAÔÊÆ�×DÔÊÆNÞaÅfÖfÇAÔÊË-Æ�ÔÊÆ7ÍuÜhÜ�ÔÊÇAÔÊËpÆ�ÇAË)ÔÊÇAÝ:ÇAËpÈÊÅfÄ�ÍuÆ�ÖdÅ
Ë|ÞVÝAÅdÈ�Þ/.�ÍuÆ
ÅfßZähÏ}ÍuÝ&ÔÌÝ/ÇAÏEÍuÇ)ÔÊÝ)ÝAÔÊßZÔÊÈ­ÍuÄ&ÈÊÉ�ÔÊßJä}Ë-ÄAÇ Í|ÆNÇ�ÔÊÆZÇ&Ï�ÅPÖfËpßJä�Ã�Ç&ÅfÄoëoÝAÅfÖdÃ�ÄAÔÊÇoÉ
ä�ÄAË-Ù�ÈÊÅfßgÚ

z



bdeVbdL<INT � �}b k¥I rar �}b IN`GINX<e:L<�$\a^V�°I r bdI�\]^¡LW�VI s O��:eD�uM�¤¥�$I	�:\0#	[pU r Lfe	OhQZL<�$\obg�:\ob<[-XW\]T?\a^D��LW\]OE^8Lc�Eb1�
\obgbd�$O�kS^ s e�L<�$I�Q �}[-L�LW�D��L²L<�$I?\aT�T�U$^VI�bdeVbdL<INT�O�[N[N�Ebf\aO}^D� r]r e¯T	���GI�b
T?\§bdLc���GI�bpM q U$LWO}\aT?T«U$^$I
�:\obfI��EbfI�b¥K$X<Oh`�\o��I
T	�h^�e«INn$��T?K r I�bPOhQ7L<�$I¦\aT?T�U$^VI
bfe$bfLWINT [-OE^�QAUDbd\]^$�?bfI r Q�kS\aL<�	OELW�VINXNM

¤¥�$IS[-O}T?K$U$L<INX"bdI0[-U$XW\]Lfe
K$XWO s$r I�TÀ\§b�� r bfO¦�:\$#�[-U r LNM)¤¥�VINXWI¨�hXWIjT	�h^�e r IN�E\]LW\aT��hLWIµ[|�D��^$�EI0b L<O¦bdI r Q
� ^$I�k®UDbdINXcb-v$^$I�k®K$XWO}�EXu��T	b-v�INLu[}M³�uv�T	�h^�e�KD��LW�Db¥O�QP\]^:L<XWUDbf\aOE^Cv$�h^£��L<�$I
KDINX<\aK$�$I�XWe«OhQµ�²^$INLfk¥O}X	�GI��
[-OET�K$U$LWI�X/\ob)^$O}LP�}b�[ r I��hX r e¦��I-¸D^$I��g�Eb)LW�$IjKDINXW\]K$�$INX<e
OhQ���^²\]^D�:\a`�\o��UD� r ��^$\aT	� r M)û"\aXWI�kS� r]r b)��LWLWI�T?K$L
LWO«[-O}^DbdL<XWUD[pLZbdUD[u���´KDINX<\aK$�$I�XWeGv�OhQALWI�^°kS\]LW� r \aT�\aLWI��«bdUD[N[pI�bWbpM

¤¥�$I�^D�hL<U$Xu� r \aT�T�U$^VI¦bdeVbdL<INT �D�Eb¦bdI�`GINXu� r �:\§bdL<\a^$�}U$\obf�$\a^$�«QAI��hL<U$XWI�bZLW�D��L kjI s I r \aIN`GI¦K$X<Oh`�\o��I
\aT?KDO}XWLu��^:L�[ r U$I�bZ� s OEU$Lg�$O�kºL<O	[-OE^£bdLWX<UD[-L¦XWO s UDbfL²[pOET?K$UVLWINXZbfI�[-U$X<\aLfe�bdeVbdLWI�T	b-M¦¤¥�$I0bdI�QAI��hL<U$XWI�b
\a^D[ r UD�:I	T«U r L<\³{ r �NeEI�XWI���K$XWO}LWI�[pLW\aO}^)vZ�:\obfLWX<\ s U$L<I��=�:INL<I�[-LW\]OE^)v¨�:\a`GINXcbd\]Ldeª�E[pXWOGb<b	�:\³¬�INX<IN^:L«bfe$bfLWINT�b-v
�h^D�?\]^$INnV�E[-LZ�:I�LWI�[-L<\aO}^)ü

2 l8U r LW\­{ r �NeGINXWI��²KVXWOEL<I�[-L<\aOE^CMP¤¥�$I s O��:e�K$XWO�`�\o�:I�b7T	�h^�e r �NeGINXubPOhQ"KVXWOEL<I�[-L<\aOE^��h�G��\a^DbfL¥QAOEX<IN\a�}^
T��hLWI�XW\o� r v�\a^D[ r UD�:\]^$��KD�Eb<bd\]`GI s �hXWX<\aINXcbSbdUD[u���}bBL<�$I�b1�:\]^��h^D�	T�UD[pUDb¢T?I�T s Xc�h^$I0b-vGK$��e$bf\aO r Oh{
�}\o[N� r [-O}^D�:\]LW\aO}^Db7bdUD[u�	�}b4365 �h^D��L<INT?KDINXc�hLWUVXWIGvE�}IN^$INXc� r \aþNI���\a^87��hT?T��hLWO}XWe¦XWI0bdKDOE^DbfI�b-vD��^D�
�}�$�hKVLW\a`GIgXWI�bfKDOE^DbfI�b-vD\a^D[ r UD�:\]^$� s OEL<�8LW�VI ��U$T?O}Xu� r7� ¿ [-I rar �7��^D�8[-I rar U r �hX � ¤m[pI rar �PT?I�[u�D��^:{
\§bdT	bpMSl��h^�e�[-OET�K$U$LWI�XZbdI�[-UVXW\aLfe	bfe$bfLWINT�bS�hXWIgT?OE^VO r \]LW�$\§[J\a^�LW�$I�bdIN^£bdI²L<�D�hL�LW�$INe��:I-¸D^$I��
KDINX<\aK$�VINXWe«\a^Dbf\o�:I�kS�$\o[u�	� r]r �}[-LW\]`:\]Lde�\§b¥LWX<UDbdL<I��/M¥ýZ^D[-I
L<�$I s �}bd\§[ ��I-QAIN^DbfI
T?I�[u�D�h^V\obdT¶\§b¢`�\³{
O r ��LWI��	LW�$INX<I
\ob¥Xc�hX<I r e	��^:e s �E[��:UVK°T�I�[|�£�h^$\§bdT¶LWO��:INL<I�[-LjLW�$I¦`�\aO r �hL<\aOE^CM q �}OGO��8INnV�hT?K r I
\§b���[pOET?K$UVLWINX�bdI�[-UVXW\aLfeªbdeVbdL<INT LW�£�hL�XWI r \aI0b OE^ IN^D[-X<e:KVLW\aO}^=LWO�K$X<OELWI0[-L«�$�hLc� s U$L��£�Eb�^$O
T�I�[|�£�h^$\§bdTºQAOEXZ^$O}LW\o[p\a^$��\­QPL<�$I¦IN^D[-X<e:K$L<\aO}^	bdeVbdL<INT �D�}b s ININ^ s X<O*�GIN^CM

2 HZINLWI�[pLW\aO}^ \§b��:\obfLWXW\ s U$L<I��/M®¤¥�$I�\aT?T�UV^$I?bfe$bfLWINT:9Êb²��INLWI�[pLW\aO}^ �h^D� T?I�T?OEX<e¯bdeVbdLWI�T	b²��XWI
�V\a�E� r e���\obdL<XW\ s U$LWI0�/v/��^D��LW�$INX<I²\§bJ^$O�[-IN^�LWXc� r \]þNI��	[-O}^:L<XWO r LW�£�hL¦\a^$\]LW\§�hLWI0bBO}X
T	�h^£�h�EI0b
�?XWI-{
bfKDOE^DbfIGM¥±�LcbPbdUD[�[-I�bWb7��XW\obfI�b�QAXWO}Tº�$\]�E� r e r O�[�� r \]þNI��²\]^:L<INXu�}[-LW\]OE^DbP��T?OE^V�
\a^D��\a`�\o�:UD� r �:INL<I�[-L<OEXub
��^D��I-¬�I�[-LWO}Xubpv/`}�hXW\§� s$r I�[-I rar �:\a`�\obf\aOE^©�h^D����I��hL<��Xc�hLWI0bJLW�D��L¦� r]r O�k¹LW�$Ig\aT?T«U$^$I�bdeVbdLWI�T L<O
� rar [-OG��LWI
X<I�bdO}U$Xu[-I0b � [pI rar b|�)kS�$I�XWI
L<�$INe«�hX<I
T?O»bdL¥^VINI��:I���v:��^D��L<�$I¦� s \ r \]Lfe²LWOgLWO r INXc�hLWI�T	�h^�e
��\a^£�$b¥OhQPQ ��\ r U$XWI�bpv:\]^D[ r U£�:\a^$��L<�$Ig�:I r INLW\]OE^?O�QPIN^�LW\]XWI
O}XW�»�h^Db
bfUD[u�8�}bBL<�$IgbdK r ININ^)M

2<; �}[|�=[pOEK�e�OhQSL<�$I��:INLWI0[-LW\]OE^ªbdeVbdLWI�T�\ob
U$^$\§t2U$I»M ; �E[u��\]^D�:\]`:\§�:UD� r \a^ª�°KDOEK$U r �hL<\aO}^¡�D�Ebg�

=



UV^$\otGU$I�bdINLjOhQ"K$X<OELWI0[-LW\]`GIZ[-I rar b7�h^D��T�O r I0[-U r I0b-M�R7O}T?K$U$L<INXjbdI�[-UVXW\aLfegOhQALWI�^?\a^�`GO r `GI�b�K$X<OELWI0[-Ld{
\]^$��T«U r L<\aK r ISbd\]LWI�b � T«U r L<\aK r IS[-O}K$\aI0b¢OhQµbdO�QALfkS�hX<IGv:T«U r LW\aK r IS[pOET?K$UVLWINXcbµO}^��²^$INLfk¥O}X	��v2I�Lu[EM­�uM
±�^«LW�$I0bdIZIN^:`�\aX<OE^$T�IN^:Lcb-v�OE^D[pI
�¦kS�Ne�\ob�QAOEUV^D��LWOg�N`GOE\§����INLWI�[pLW\aO}^«�hLjOE^$I�bd\]LWIGvGLW�VIN^?� rar bd\]LWI�b
s I�[pOET?I«`:U r ^$INXc� s$r IGM q s INLWL<INX���K$K$XWO»�E[u�=k¥OEU r � s I	LWO�K$XWO�`�\o�:I?I0�E[u��K$X<OEL<I�[-LWI0� r O�[N��LW\]OE^
kS\]LW�¯�?U$^$\§t2UVI�bdI�L
OhQ¨�:INL<I�[-L<OEXubZOEX
IN`GI�^���U$^V\otGU$I²`GINXcbd\]OE^�OhQ¨bfOhQALfkS��XWIGM¦¤¥��UDb-v)\­Q7OE^$I«bf\aL<I
kjINXWIg[-O}T?K$X<OET?\§bdI��/v}OELW�VINXZbd\]LWI�b¥kjOEU r � r \>�GI r egXWINT��h\a^�bdI�[-UVXWIGM

2 HZINLWI�[pLW\aO}^?OhQ"KVXWIN`�\aO}UDb r e�U$^£bdININ^«QAOEXWI�\a�E^�T	�hL<INXW\§� r M q ^�\aT?T�U$^VISbdeVbdL<INT�LW�D��L¥K$X<OELWI0[-LWI��«UDb
O}^ r e¯QAXWOET�LW�VOGbdI��:\§bdI��}bdI�bg�h�»�h\a^£bdL«kS�$\o[u��kjI?�D�}� s INI�^4`}�}[N[-\a^£�hLWI0��k¥O}U r � s I	T«UD[|� r I�bWb
Ip¬/I0[-LW\]`GI�LW�D��^�O}^$I�kS�V\o[u��^$O}LW\§[-I��8^$INk¹QAOEX<T	bJOhQZ\]^:QAI�[-L<\aO}^)M�±�T?T«U$^$I¦bfe$bfLWINT	bZXWINT?I�T s I�X
KVXWIN`�\aO}UDb¥\a^:QAI0[-LW\]OE^Db7�h^£�°T?O}U$^:Lj�²T?O}XWI��h�}XWI�b<bd\a`GI�XWI�bfK+O}^DbdIg���G�h\]^DbdLZLW�VOGbdI¦L<�D�hLS�D�N`GI s INI�^
bfININ^ s I-QAO}XWIGMg±�T?T�U$^$O r OE�}\obfLubS[N� rar LW�$\§b
�?bdI0[-OE^D�V�hXWe�XWI�bfKDOE^DbfIGM?�JO�k¥I�`GINXNv$\]^8LW�VI«[N�EbfI�OhQ¨�
^VOh`GI r \a^:QAI�[pLW\aO}^)vNLW�VI¢\]T?T�U$^$I�bdeVbdL<INTm\]^$\aL<\o�hL<I�b/�SK$X<\aT	��XWeZXWI�bfK+O}^DbdI»vEIN`GO r `:\]^$�¥^VINk=�:INL<I�[-L<OEXub
L<�D�hL¨�hX<IZbdKDI�[-\§� r \]þNI�� QAO}X¢L<�$IS\a^�QAI�[-LW\]OE^)M�¤¥�$\obPK$X<O�[-I�b<bµ\§b7b r O�kjINXPLW�£�h^�� bfI�[-O}^D�$�hX<e�XWI�bfKDOE^DbfIGv
eGI�L°\]L?K$X<Oh`�\o��I�b	�h^ I�bWbfIN^:L<\o� r [��hKD� s \ r \aLfe r �E[���\a^$�¡\]^ T��h^�e®[-O}T?K$U$L<INX	bdI0[-U$XW\]Lfe bfe$bfLWINT�b-M
l���^:e�`:\]XWUDbS��^D�°\]^:L<XWUDbf\aOE^��:INLWI0[-LW\]OE^	T?INL<�$O��$b¥b<[N�h^�OE^ r e�QAOEX@��^$O�kS^8K£�hLWL<INXW^£b � IGM��$Mav�`:\]XWUDb
bf\a�}^D�hL<U$XWI�bu�uvEkS�V\o[u� r I��N`GI�bDbfe$bfLWINT	bD`:U r ^$INXc� s$r I�L<O
��LWLc�E[�� s e
^$O�`GI r T?I���^Db-MPYGO}T?I"INn$[pINK$LW\]OE^Db
\]^D[ r UD�:I¦��^$OET	� r e?\]^:L<XWUDbf\aO}^8��INLWI�[pLW\aO}^	bdeVbdL<INT	bA
ç���"��^D�8[pXWe�K$LWO}�EXu��K$�$\§[ [u�$I�[��VbdU$T	bpM

2 HZINLWI�[pLW\aO}^?\ob7\aT?KDINXfQAI�[-L�vE\�M�IGMavE^VOELZ� r]r ��^:L<\a�EI�^	�hX<I
k¥I r]r T	�hLc[|�$I0� s e?�¦K$XWI�INn:\§bdL<\a^$���:INLWI0[-LWO}XNM
¤¥�VIJ\]T?T�U$^$IjbdeVbdL<INTºU£bdI�bPLfk¥O¦bfLWXc�hLWI��E\aI0bµL<Og[-OE^:QAX<OE^�LPLW�V\obPK$XWO s$r I�T�B r I��hX<^$\a^$� � �:U$X<\a^$�¦LW�VI
KVXW\aT��hXWe�XWI�bfK+O}^DbdI}�"�h^D����\obdL<XW\ s U$LWI0�²�:INL<I�[-L<\aOE^ �As O}LW��kS\]LW�$\]^��
bf\a^$� r I¥\]^D�:\]`:\§�:UD� r ��^D���E[pXWOGb<b
KDO}K$U r ��LW\]OE^Db¥O�Q)\a^£�:\a`�\o�:U£� r bu�uM"¤¥��UDb-v��$\a�}�?bfe$bfLWINT�{ kS\o��I¥XWI r \o� s \ r \aLfe¦\obP�}[|�V\aIN`GI�����L7XWI r �hLW\]`GI r e
r O�k¹[-OGbfL � \]^°L<\aT?I��h^£�8bdK£�E[-IE�j��^D�°kS\]LW�	T?\]^$\aT	� r [-O}T?T�UV^$\o[p�hL<\aOE^��hT�OE^$�«[-O}T?KDOE^$I�^:Lcb-M

·®�D�hL¦k¥O}U r �8\]L
Lu���GI²L<O s U$\ r ���?[-OET�K$U$LWI�XJ\]T?T�U$^$IgbdeVbdL<INT kS\aL<�¯bdOET�I�OEX¦� rar O�QSLW�VI«� s O�`GI
QAI��hL<U$XWI0b�C®YGUD[u�¯�	bdeVbdL<INT k¥OEU r ���D�N`GI²T«UD[|�	T?O}XWI�bdOEKV�$\obfLW\o[��hLWI0�8^$OEL<\aOE^£b�O�QS\§�:IN^�LW\aLfe	��^D��K$XWO�{
LWI�[pLW\aO}^�LW�D��^¡LW�VOGbdI��0¬�OEXc�:I�� s e¯[-U$X<XWIN^�L
OEKDINXc�hL<\a^$�©bdeVbdLWI�T	b-v"�h^£� \]L kjOEU r � KVXWO�`:\§�:I��°�EI�^$INXu� r {
K$U$X<K+O»bdI	K$X<OELWI0[-LW\]OE^=bfe$bfLWINT�LWO¯��U$�ET?I�^:Lg[-U$X<XWIN^�L�[pOET?K$UVLWINXgbdI0[-U$XW\]Lfe�bdeVbdL<INT	bpM�±�L²k¥O}U r �¯�D�N`GI
�hL r I��EbfL
LW�VI²QAO rar O�kS\a^$� s �Ebd\§[�[-OET�K+O}^$IN^�Lubpü
�	bdLc� s$r I«�:I-¸D^$\]LW\]OE^�OhQ¨bfI r Q<v/KVXWIN`GIN^�LW\]OE^�OEX¦�:I�LWI�[-L<\aO}^

�



�h^D��bdU s bdI�tGU$IN^�LSI r \]T?\a^£�hLW\]OE^«OhQj�V�h^$�}INXWO}UDbBQAOEX<IN\a�}^��}[-LW\]`:\]LW\aI0b � \]^:QAI�[-L<\aO}^Db|�cv:T?INT�OEXWe�O�Q7K$X<IN`:\]OEUDb
\a^:QAI0[-LW\]OE^Dbpv$��T?INLW�VO���OhQ7X<I�[-O}�E^$\]þN\a^$��^VINk \]^:QAI�[-L<\aO}^Db-vV�h^D���²T?I�LW�$O��?OhQµK$XWO}LWI�[-L<\a^$��L<�$I¦\aT?T«U$^$I
bdeVbdL<INT \]LubfI r Q)QAX<OET �hL<Lu�E[���M

± QCk¥IZkS��^:L7LWO�[N�EbfL¥L<�$IJKVXWO sVr INT¶O�Q�[-OET?KVU$LWINXµbdI�[-UVXW\aLfeg\a^�LWO¦LW�$ISQAXu��T?INkjOEX	�gOhQ��:\§bdL<\a^$�}U$\obf�$\a^$�
bdI r QPQAXWO}T�^$OE^£bdI r Q<v L<�$IN^�L<�$I²¸DXubfL¦Lu�Eb1��\obJL<O��:I-¸D^$I«kS�D��L kjI�T?I���^ s e�bdI r Q¨�h^D��kS�D��L²k¥I�T�I��h^
s e�^$OE^DbfI r Q<M�HJO?kjI�kS�h^�LZLWO	�:Ip¸D^$I�bfI r Qµ\a^8L<INXWT�b¥OhQjT?INT?O}XWe«�}[N[-I�b<bJKD�hL<LWINX<^DbSOE^¯�?bf\a^$� r I²�VOGbdL�v
¤JRD% � ±1%�KD�}[��GINLcb�IN^�LWINX<\a^$���h^£� r I��N`:\]^$�¦�¦bd\]^$� r IS�$OGbfLNvGLW�$I�[-O rar I0[-LW\]`GI s IN�D�N`:\]OEX7OhQ � r O�[N� r ^$INLfk¥O}X	�
OhQg[pOET?K$UVLWINXcb-v¥^$I�LdkjOEXE�4L<Xu��#	[	LW�$X<OEU$�}�m��X<OEU$L<INXNvj\a^DbfLWXWU£[-LW\]OE^ bdI0t2U$I�^D[-I�b²\]^ �h^®INn�I�[-U$L<\a^$��O}X
bdL<OEXWI0� KVXWOE�}Xu��T�vPUDbdI�X s I��D�N`:\]OEX�KD��LWLWI�XW^DbpvPOEX«IN`GIN^F�GINe s O»�hXu�¡Lfe�K$\a^$��K£�hLWL<INXW^£b�C ¤¥�$I	\aT?T«U$^$I
bdeVbdL<INT¶�D�Eb¥I�`GO r `GI0�´\]Lub¢X<I�[-O}�E^$\]LW\aO}^?T	�}[|�$\]^$INX<e²LWO¦QAO�[-UDb¥O}^°KDINKVLW\o��I�b � K$XWO}LWIN\]^�QAXu���ET?IN^�Lubu�uMHG¢I�LNv
\aLPT«UDbfLP[-O}^Dbd\§�:INXPT��h^�e²��\³¬�INXWI�^:L"KD�hL<�Db¢O�Q�\a^�LWXWU£bd\aO}^)MPû$O}X¢I�n$��T?K r I»vNLW�$INX<IZ�hX<IJLfk¥O�t2U$\]LWI¨�:\³¬�INX<IN^:L
XWI�[pOE�E^V\aLW\]OE^ bfe$bfLWINT	b«\a^ LW�$I¯\aT?T�UV^$I�bdeVbdLWI�T�vSLW�$Iª[-I r]r { T?I��:\]�hL<I��4X<I�bdKDO}^DbdIª�h\]T?I��®�hL	`�\aX<UDbdI�b
�h^D�8O}LW�$I�X
\a^�LWXc�0{ [-I rar U r ��XJ\]^:QAI�[-L<\aO}^DbJ��^D��LW�$I���U$T?O}Xu� r XWI0bdKDOE^DbfI�kS�$\o[u��\obZK$XW\]T	�hX<\ r e��:\]XWI�[-L<I��8��L
s �E[pLWINX<\o�²��^D�?OEL<�$INXSINn�LWXc�0{ [-I rar U r ��X7T	�hL<INXW\§� r M"û$OEX¨[-OET�K$U$LWI�Xub-vG\]L¥\ob r \��GI r e²L<�D�hLZbfI r QCkS\ rar � r bdO�^$INI0�
LWO s I²KVXWI�bfIN^:L<I���\]^°T«U r LW\aK r ISkS�NeVb¥LWO«K$XWO�`�\o�:I�[-OET?KVXWIN�$I�^Dbd\]`GISK$XWO}LWI�[-L<\aO}^)M

·�I¦kS��^:LSO}U$X��:I-¸D^$\]LW\]OE^	OhQµbdI r QPL<O s I¦LWO r INXc�h^�LSOhQ7T��h^�e r IN�E\]LW\aT��hLWIZ[u�D��^$�EI�bpv+\]^D[ r UD�:\a^V�²I��:\]Ld{
\a^$�?¸ r I�b-v)^$I�k¶bdO�QALfkS�hX<IGv)^$INk¶UDbfINXubpv"[|�D��^$�EI0b \a^�U£bdINXg�D� s \]Lubpv���^D��X<OEU$L<\a^$I��E[-L<\a`�\aL<\aI�bJO�QZbfe$bfLWINT
�E�:T�\a^$\§bdLWXc�hL<OEXubpM q LJL<�$I�b<�hT?I¦LW\]T?IGv�k¥I²k¨�h^�L
\aLSL<O?^$O}LW\o[pI²U$^D��U$LW�VOEXW\]þNI���[|�D��^$�EI0bJLWO�¸ r I�bpv$`:\]Xu� r
bdO�QALdk¨�hX<IGv$U$^D��U$LW�$O}XW\]þNI��8UDbfINXubpv/��^D�8\a^Dbf\o�:I�XZ�hLWLc�E[��$bpMZ± ^©[-OET�K$U$LWI�XSbdI0[-U$XW\]Lfe?KD�hX r ��^D[-IGvDk¥Ig�:I�bf\aX<I
��bdeVbdL<INT kS\]LW� r O�k Q � r bdI¦KDOGbf\aL<\a`GI
Xc�hLWI0bS�h^D��QAINk Q � r bdI¦^$I��G�hL<\a`GI�bpMP±�LS\ob7�EIN^VINXu� rar e«^$O}LSK+O»bWbf\ s$r I L<O
�EINLSKDINXfQAI�[-LZ�:\§bW[-X<\aT?\]^D�hL<\aO}^ s INLfk¥ININ^ r IN�E\]LW\aT��hLWI��h^£�°\ r]r IN�}\aL<\aT��hLWI��E[pLW\a`�\aL<\aI�bpM�IZ\a`GIN^	OEUVX s \§�EbSLWO�{
kS��Xu�$b¥T«U r L<\³{ r �NeGIpXWI��²K$X<OEL<I�[-LW\]OE^	��^D�8�}�$�hKVLW\a`GI�XWI�bfK+O}^DbdI0b-vDk¥I¦��XWI¦T?OEX<IJkS\ rar \a^$�gLWO�LWO r INXc�hL<I�Q � r bfI
^$IN�»�hLW\]`GI�bSLW�D��^ Q � r bdI�KDO»bd\aL<\a`GI�bpv s I�[��hUDbfI´Q � r bdI�^VIN�G��LW\a`GI0b¨QAO}X
OE^$I r �NeGINXZT?\]�E��L s I�L<XWU$I�KDO»bd\aL<\a`GI�b
QAOEXZ��^$OEL<�$INXNM

¤¥k¥O	INnV�hT?K r I�b¥OhQ¨�$O�kºkjI«�hXWI��hKVK r e�\a^$�	\§�:I��EbSQAXWOET�\]T?T�U$^$O r O}�Ee?L<O°L<O��$�NeJ9Ìb¦[-OET?KVU$LWINX�bdIp{
[-U$X<\aLfe�KVXWO sVr INT	bS��XWI��h^8\]^:L<XWUDbf\aO}^:{f��INLWI�[pLW\aO}^	T?INLW�VO��8�h^£�8�?�:\§bdL<XW\ s U$Lu� s$r Ig[u�D�h^$�}I-{ �:INLWI0[-LW\]OE^�� r {
�EO}XW\aL<�$T�M)¤¥�VI¢I�n$��T?K r I0b+�$\]�E� r \a�E��L)��^²\]T?KDOEXWLc�h^�L)tGU$I�bfLW\aO}^g� s OEU$L��$O�k¡��^D� r OE�E\]I�b s I�LdkjININ^ s \aO r OE�}e
�h^D��[-OET�K$U$LWI�XZbW[-\]IN^D[-Ig[N��^ s I��hK$K r \aI0�/MZ± ^�OE^$I�[N�EbfI²L<�$I���^D� r OE�Ee�\§bBT«UD[u�?T?O}XWIg�:\aX<I�[-LSL<�D�h^�\]^

~



LW�$IjOEL<�$INXNM�G7INL�v s O}LW�«INn$��T?K r I�b/\a^D[pOEXWKDO}Xu�hL<IJL<�$I s �}bd\o[¥KVXW\a^£[-\aK r I�b)I r UD[p\o�$��LWI��¦I��hX r \aI�XP��^D��bdU$KVK+O}XWL
LW�$I«O�`GINXu� rar `�\obf\aO}^¡LW�D��L²�}U$\o�:I0b OEUVX²k¥O}X	��M8¤¥�VI	�h^D� r O}�Ee s INLfk¥I�IN^�\]T?T�U$^$O r O}�Ee���^D�¡[-O}T?K$U$L<INX
bdI�[pU$XW\]Lde«\obZ��X<\o[u�°O}^$I«�h^£�8�EOGI�bJkjI rar)s INeGO}^D�°L<�$I²LfkjO�INnV�hT�K r I�b¥KVXWI�bfIN^:L<I��?�$INX<IGMZû£O}XJI�n$��T?K r I»v
K
INK$�D��XWLSINLZ� r MA
çw��)I�n:K r OE\]LSLW�$IgbW��T?Ig�h^D� r O}�Ee	\a^�[-O}T?K r I�LWI r e«�:\³¬�INX<IN^:LSk¨�Ne$bpM¥¤¥�$Ig��^D� r OE�Ee�kS\aL<�
\aT?T�UV^$O r OE�Ee�[-OE^�LWX<\ s U$L<I�bP��^�\aT?KDOEX<Lu��^:LPKDO}\a^�LPOhQC`:\]INk=� s O}U$L¥�$O�k LWO¦�}[|�$\]IN`GIS[pOET?K$UVLWINX"bfI�[-U$X<\aLfeGv
OE^$I�L<�D�hL�[N�h^¯KDOELWI�^:L<\o� r]r e r I0�E�8LWO�bdeVbdLWI�T	b s U$\ r L
kS\aL<�¯t2U$\]LWI��:\³¬�INX<IN^:L�bdI�LubJO�QZ�Eb<bdU$T�K$LW\]OE^Db
��^D�
s \o�}bdI�b¥L<�D�h^�\a^	LW�VI K£�EbdL�M

L-#D��*�M�,�%&(D#ON	�G���8PE��%&(D#�9<(D*°��>",-����; Q¦*h(RPG��,N,N��,

q b?�h^®\]^$\aL<\o� r bfLWINK®L<Ohk¨�hXc�$b?�:I-¸£^$\a^$� bdI r Q²\]^®�¡XWI0� r \§bdL<\o[	[-OET�K$U$LW\]^$�¯IN^:`�\aX<OE^$T�IN^:L�v¢kjI���XWI
�:IN`GI r OEK$\]^$�g�h^�\a^�LWXWU£bd\aO}^:{ �:INLWI0[-LW\]OE^	bfe$bfLWINT¶QAOEXZ^$INLfk¥O}X	�GI���[-OET?KVU$LWINXcb�
 = � M7HJ\ob<[-XW\]T?\a^£�hLW\]OE^«T�U£bdL
s I s �}bdI��¦OE^«bdO}T?Ij[|�£�hXu�}[-LWI�XW\obfLW\§[¢bfLWX<UD[-LWUVXWI7LW�D��LP\ob s OEL<�«[-OET?K£�E[-L"��^D� U$^V\a`GINXcbW� r \]^²L<�$I¥K$X<OEL<I�[-LWI0�
bdeVbdL<INT�M"¤¥�$IZ\aT?T�U$^VI¥bfe$bfLWINT:9Êb��c[|�$O}\o[-I"��L<O s �EbfI¦�:\ob<[-XW\]T?\a^£�hLW\]OE^gOE^?KD��LWL<INXW^DbPO�Q"K+I�K$LW\§�:I�b r \]T?\aLcb
\aLcb�Ip¬/I0[-LW\]`GIN^$I�b<b-M¶û$OEX	INnV�hT�K r IGvS\]L8[��h^$^$O}L8K$X<OEL<I�[-L	LW�$I s O��:e �h�G��\a^DbfL8Xc�E�:\§�hLW\]OE^)MS�ZOhkjIN`GINX�v
K$XWO}LWIN\]^DbZ�hXWI��?[-O}T?KDOE^$IN^�LZOhQj� rar"r \a`�\a^V��T	�hL<LWINXZ��^D�8�EIN^VINXu� rar e��:\­¬�INX s INLfkjININ^�bdI r Qj�h^£�8^$OE^DbfI r Q<v
bdO�L<�$INe?K$X<O�`:\§�:Ig�²�EOGO����:\§bdLW\]^$�EUV\obd�V\a^$��[|�£�hXu�}[-LWI�XW\obfLW\§[EM

·®�D�hL	\ob?L<�$I�T?OGbfL	�hKVK$XWO}K$XW\§�hLWIªkS�Ne L<O ��I-¸D^$IªbdI r Qg\a^ �4[pOET?K$UVLWINX
C l8O»bdL	I��hX r \]INX?k¥O}X	�
OE^=\a^�LWX<UDbd\]OE^ �:INL<I�[-L<\aOE^ªT?OE^$\]LWO}Xub²LW�VI s IN�£�0`�\aO}X�OhQ�\a^D��\a`�\o�:UD� r UDbfINXubpv s U$L�kjI	�D�N`GI	�:I�[-\§�:I���L<O
[-OE^£[-IN^�LWXu��LWI	OE^ bdeVbdL<INT K$XWO�[-I0bWbdI0bT
�����M ýJUVXU�<K+I�K$LW\§�:I�� QAO}X?�¯[-OET�K$U$LWI�X«bdeVbdLWI�T \ob«�:I-¸D^VI��4\]^
LWINX<T	b O�Q¦bf�$OEX<L?bfI�tGU$IN^D[-I0b²OhQgbfe$bfLWINT [�� rar b²INn�I�[-U$L<I�� s e¡K$XW\]`:\ r IN�}I���K$X<O�[-I�b<bdI�b�\a^ ��^$INLfk¥O}X	�GI��
OEKDINXc�hLW\]^$�=bfe$bfLWINT�MV%µX<I r \]T?\a^£�hXWe�I�n:KDINX<\aT?IN^�Lub¦OE^ � r \aT?\]LWI���LWI0bdL s I�� O�Q¦\a^�LWX<UDbd\]OE^Db«�h^£� OELW�VINX
�h^$O}T	� r OEUDb s IN�D�N`�\aO}X¥bf�$O�k L<�D�hL¨bd�$O}XWLjbdI�tGU$IN^£[-I�bPOhQ bdeVbdLWI�T¶[N� rar b � [-U$XWX<IN^�L r egbfI�t2UVIN^D[-I�b"OhQ r I�^$�EL<�
~2�7K$X<O�`:\§�:Ig��[-OET?K£�E[-L¨bd\a�}^D�hL<U$XWI¦QAOEXZbfI r Q�LW�D��L
��\obdL<\a^$�}U$\obf�$I�b¥^$O}XWT	� r QAX<OET � s ^$OEX<T	� r)s IN�£�0`�\aO}XNM

¤¥�$I¯bdL<Xu�hL<IN�Ee QAO}X	OEU$X	\a^�LWX<UDbd\]OE^:{ �:INL<I�[-L<\aOE^ bfe$bfLWINT \ob?LWO s UV\ r � UVKm�=�$��Lu� s �EbdIªOhQg^$OEX<T	� r
s IN�D�N`:\]OEX7QAOEX¥I0�E[u�?K$XWO}�EXc�hT O�Q"\a^�LWINX<I�bdL�M ; �E[u�	�$��Lu� s �EbdI¦\§b¥bdKDI�[p\³¸�[JL<O��²KD��XWL<\o[-U r �hX¨�hXu[u�$\]LWI�[-L<U$XWI»v
bdO�QALdk¨�hX<IJ`GINXcbd\]OE^«�h^£��[-O}^:¸D�}U$Xu��LW\aO}^)v r O�[N� r �}�:T?\a^V\obdL<Xu��LW\a`GIjKDO r \§[-\aI0b-vG��^D�´U£bW�h�}I
KD��LWLWI�XW^DbpM¥ýJ^£[-IZ�
bdLc� s$r IZ�$�hLc� s �}bdI
\§b¢[pOE^DbfLWXWU£[-LWI�� QAO}Xj���}\a`GIN^�KVXWOE�}Xu��T \]^«��K£�hXWL<\o[-U r �hX7IN^�`�\aXWO}^$T?IN^�LNvNL<�$IZ�$��Lu� s �EbdI

x



[N�h^ s I	UDbdI0� L<O�T�OE^$\]LWOEXgLW�$I	K$X<OE�}Xu�hT:9Êb s IN�D�N`�\aOEX�M=¤¥�$I�bdI�tGU$IN^£[-I�b O�Q¦bfe$bfLWINT [N� r]r b QAOEX<T LW�VI
bdINL�OhQS^VOEXWT�� r KD�hL<LWINX<^DbJQAOEX¦LW�$I«�V�hLu� s �EbfIGvP��^D�¯bdI�tGU$IN^D[pI�bJ^$O}L�QAO}U$^D��\a^�L<�$I?�V�hLu� s �EbfI?\a^£�:\o[N��LWI
�h^$O}T	� r \aI�bpM"± ^�LWINX<T	bPOhQ"LW�VI
\aT?T�UV^$ISbfe$bfLWINT�vGO}^$I
�$O»bdL � O}XSbfT	� r]r ^$INLfk¥O}X	�«OhQ"�$O»bdLcb|�7k¥O}U r �«�D�N`GI
T	�h^�e��:\³¬�INX<IN^:L¨�$�hLc� s �}bdI�b¦�:Ip¸D^$\a^V�«bdI r Q<M¥¤¥�$\§bB\§bS�h^D� r O}�EOEU£bJLWO«LW�$IgT	�h^�e«Lde�KDI�b¥OhQµLW\ob<bdU$Ig\a^	LW�VI
s O��:eGvPI��}[|�¯OhQZkS�$\§[|�¯INn�K$XWI0bWbdI0b ��bfOET?I�kS�D�hLg�:\­¬/I�XWIN^�LgbdINL¦OhQZKVXWOEL<IN\a^£b-M�¤¥�D�hL�\§b-v�L<�$I«KD�hL<LWINX<^Db
[-OET�K$XW\§bd\a^V�²bfI r Qµ�hX<I¦^$OELZU$^$\­QAOEXWT r e«�:\§bdLWX<\ s UVLWI��?LW�VXWOEUV�E�$O}U$LJL<�$I¦K$XWO}LWI�[pLWI��	bdeVbdL<INT�M

¤¥�$INXWI��hX<I
Lfk¥OgbdLc�h�}I�b¥LWOgLW�$IZK$XWO}KDOGbdI0�°bfe$bfLWINT©MP±�^�L<�$IS¸DXubfLSbdLc�h�}IGv$k¥I�bW[N��^?LWXc�E[-I0b¢OhQC^$OEX<T	� r
s IN�D�N`:\]OEX	��^D� s U$\ r � U$K �=�$�hLc� s �}bdI¡O�Q�[|�D��Xu�}[-LWINX<\obfLW\o[	^$OEX<T	� r KD�hL<LWINX<^Db � O s bdI�XW`GI��®bfI�t2UVIN^D[-I�b
OhQ�bdeVbdL<INT [�� rar b|�cMW
 Y8� ý¨· iÿ±fi Y�±fH ; ¿ q ½¦M��A%P��Xu�hT�INLWINXcb´L<O bdeVbdLWI�T [�� rar b?�hX<I�\a�}^$OEX<I��/v
��^D�
k¥I«LWXc�E[-I�QAOEXE�GI���bfU s K$X<O�[-I�b<bdI�b¦\a^D�:\]`:\§�:UD� rar e»M�±�^¯LW�$I�bdI�[-O}^D�¯bdLu���EIGvPkjI?b<[N�h^ªLWXu�}[-I�b
LW�£�hL²T�\a�E��L
[-OE^�Lu��\a^	� s ^$O}XWT	� r)s I��D�N`:\]OEXNv�T	�hLc[|�V\a^$�gLW�$I
L<Xu�}[-Ig�h�G��\a^DbfLJL<�$I¦KD�hL<LWINX<^DbSbdL<OEX<I��?\a^	LW�$Ig�$��Lu� s �EbfIGM
±&Q"� K£�hLWL<INXW^�\ob¥bfININ^«LW�D��LS�:OGI0b¥^$OELjO�[N[-U$Xj\a^?L<�$IJ^VOEXWT�� r �$�hLc� s �}bdIGv$\]L7\ob¢X<I�[-O}Xu�:I��«�Ebj�²T?\obfT	�hLc[W�
� bfINI�Y�±fH ; ¿ q ½
�uMj±�^ O}U$X�[-U$XWX<IN^�L�\]T?K r I�T�IN^GLc�hL<\aOE^Cv¢L<Xu�E[p\a^$�=��^D� �h^D� r eVbd\ob��hXWI�KDINXfQAOEX<T?I��¡Oh¬D{
r \]^$IGMPl8\§bdT	��Lu[u�$I�b7�hX<I¦LW�$I¦OE^ r e?O s bdINX<`}� s$r I L<�D�hLZk¥I¦UDbfI¦LWO��:\obfLW\a^V�EU$\§bd�	^$OEX<T	� r QAXWO}T � s ^VOEXWT�� r M
·�I«O s bdINX<`GI�L<�$I?^�U$T s INX�OhQZT?\§bdT	��Lu[u�$I�bSIN^D[-O}U$^:L<INXWI0���:UVXW\a^V���°L<I�bdLgLWXc�E[-I��h^D�=���E�EX<IN�G��LWI	LW�VI
\a^:QAO}XWT	��LW\]OE^	\a^©bdIN`GINXc� r kS�NeVb-M
û$O}X
INnV�hT?K r IGv$û"\a�EUVXWI���bd�$O�kZb
LW�$IgT?\obfT	�hLc[|�«Xu��LWI�L<�$XWO}U$�E�¯LW\]T?I
�:U$X<\a^$�«�«bdUD[�[-I�bWb�QAU r I�n:K r OE\]LNM

HJO L<�$I¡^$O}XWT	� r �$�hLc� s �}bdI�b¯�:\§bW[-X<\aT?\]^D�hL<I s INLfk¥INI�^ ^$O}XWT	� r �h^£�À� s ^$O}XWT	� r s IN�£�0`�\aO}XXC ¤)O
�$�hL<IGv:kjI
�D�N`GI¦[-O}^DbdL<XWUD[pLWI��?�V�hLu� s �EbfI�bSOhQ�^$OEX<T	� rDs IN�D�N`�\aOEX¥QAO}XSLW�$X<INI��:\³¬�INX<IN^:L¨_
i
±/Y K$XWO}�EXu��T	b-ü

Z\[^]`_badc6egf v�h8i@j/k8lnm _ � ���D\a^�U$n?`GINXcbd\]OE^?O�Qoknl8m _ �cv:��^D� f m8p/M"·®�$IN^�[pOET?KD��XW\]^$�²L<�$I¦^$OEX<T	� r �$�hLc�0{
s �EbfI QAO}X
OE^$IgK$XWO}�EXc�hT � I»Mç�$M]v Z\[^]`_badc6egf �P���G��\a^DbfL L<Xu�}[-I�bSOhQ7^$O}XWT	� r�s IN�£�0`�\aO}XJO�Q¨���:\­¬�INXWIN^�LZK$XWO�{
�EXc�hT � I»Mç�$M]v f`Z �cv/k¥I«O s bfINXW`GI = ��{�w^�:q T�\obdT��hLu[u�$I�b¥O�`GINX
LW�VI r IN^$�EL<��O�QSL<�$I²QAOEX<IN\a�}^ � IGMç�VMav f`Z �
LWXc�E[-IGM7·¯I�� r bdO«O s bfINXW`GI�[ r I0�hXZ�:INL<I�[-L<\aOE^	O�QjbdIN`GI�Xu� r [pOET?T?O}^?\a^�LWX<UDbd\]OE^Db¢QAO}X
LW�VI L<�$XWI�I KVXWOE�}Xu��T	b
� T?\§bdT	��Lu[W��Xc�hLWI0bS�hXWI��EIN^$I�Xu� r]r e«\a^?L<�$I¦Xu��^$�EI¦OhQ¨y
LWO«�^��qºO�`GINXjLW�$I r IN^$�}LW�	OhQ�LW�VI
LWXc�E[-IE�cM7¤¥�$I�bfI
XWI�bfU r Lcb)bdU$�}�EI�bfL�L<�D�hL�bd�VOEXWL�bdI0t2U$I�^D[-I�b/O�Q�bdeVbdL<INT¹[N� rar b)��OJK$X<O�`:\§�:Ij�S[-OET?K£�E[-L"bf\a�E^£�hLWUVXWI¢QAO}X)^$OEX<T	� r
s IN�D�N`:\]OEXj�h^£��LW�D��L¥L<�$I¦bd\]�E^D��LWU$X<I
�D�}b¥� �V\a�E��K$XWO s � s \ r \]Lde�O�Q s IN\a^$�¦KDINX<LWU$X s I0�?�:U$X<\a^$�g\a^�LWXWU£bd\aO}^Db-M

qJr L<�$OEU$�}��L<�$\ob7T?INL<�$O�����OGI�b¢^$O}L¥K$X<O�`:\§�:I
�g[-XWe�K$L<OE�EXc�hK$�V\o[N� rar e«bfLWX<OE^$��O}X¥[pOET?K r INLWI r e¦XWI r \o� s$r I
�:\ob<[-XW\]T?\a^£�hLWO}X s I�LdkjININ^
^VOEXWT�� r �h^£�²� s ^$OEX<T	� rGs IN�D�N`�\aO}XNvN\aL)\§b T«UD[u�
bf\aT?K r INXDLW�£�h^²O}LW�$I�X)K$XWO}K+O»bdI��

w



0

2

4

6

8

10

12

14

16

18

20

0 200 400 600 800 1000 1200 1400 1600 1800

Position in Trace

N
u

m
b

er
 o

f 
M

is
se

s 
in

 L
o

ca
lit

y 
F

ra
m

e

û�\a�}U$XWI¨�:ü q ^$OET�� r O}UDbPbf\a�E^£�hLWUVXWISQAOEX7bfUD[N[-I�b<b QAU r Z�rdZ\f8s^t INn�K r O}\aL"OhQ Zg[^]6_*aJc`egf U$^£�:INX¥YGUV^/ý¦Y = M]yEM = M
¤¥�$I«^$OEX<T	� r �$��Lu� s �EbdI	k¨�Eb �}IN^$INXc�hL<I�� kS\]LW�=bfI�tGU$IN^D[-I0bJOhQ r IN^$�EL<�=~:M	¤¥�VI?n2{ �hn�\ob
T?I0�EbdUVXWI�b
LW�VI
KDOGbd\]LW\]OE^�\a^�L<�$I«�h^VOET	� r OEU£bJLWXc�E[-I�\]^8U$^$\]LubJO�QZbfe$bfLWINT [N� rar bpM¦¤¥�$I�eG{f��n:\§b
bd�$O�kZb
�$O�k¹T	�h^�e	T?\ob�{
T	�hLc[|�VI�bPk¥INX<I
XWI�[pOEXu��I��?kS�$IN^8L<�$I¦��^$OET	� r O}UDbBL<Xu�}[-I¦kS�EbS[pOET?KD��XWI��?kS\]LW�	LW�$I¦^$O}XWT	� r �$��Lu� s �EbfIGM
¤¥�$I�eG{f��n:\§bJU$^$\]LJO�QST?I��}bdU$X<I²\§bBL<OELu� r ^:U$T s INXSOhQjT?\§bdT	��Lu[u�$I�b7Oh`GI�XJL<�$I�KD�EbfLg�*�	bdeVbdL<INT [N� r]r bJ\]^
LW�$IgLWXc�E[-I � [N� rar I0�°LW�VI r O�[�� r \]Lfe�QAXc�hT?I}�uMS¤¥�D��L¦\ob-v$QAOEX�K+O»bd\]LW\aO}^Fu¢\]^�LW�$IgLWXu�}[-IGvDLW�$I r O�[N� r \aLfe�QAXc�hT?I
XWI�[pOEXu�Vb¥�$O�k T	��^:e«T?\§bdT	��Lu[u�$I�b�kjINXWI¦O s bdINX<`GI���\a^	KDOGbf\aL<\aOE^£b�uRv®yN��LW�VXWOEUV�E��u<M

�



T?INL<�$O��$b"�h^D��[-O}U r �²KDO}LWIN^�LW\§� rar e¦K$XWO�`�\o�:I¨� r \]�E��LdkjIN\a�}�:L�vNXWI�� r { LW\]T?I7LWOGO r QAOEX7[-O}^:L<\a^�U$OEU£b r eg[u�$I�[��:\]^$�
INn�I�[-U$L<\a^$�g[-O��:I»M q ^$OEL<�$INXZ��K$KDI�� r \a^$�²QAI���LWU$X<I
\ob7LW�D��LZ[-O��:I¦LW�£�hLSXWUV^Db¢QAXWI�tGU$IN^�L r e�kS\ r]r+s Ig[u�$I�[��GI��
QAXWI�tGU$IN^�L r eGvP��^D� [pO��:I	LW�D��L�\§b�bdI r �:OET I�n:I�[pU$LWI��¯kS\ rarjs I8\a^�QAXWI�tGU$IN^�L r e¯[|�$I0[��GI���M�¤¥��UDbpv¥bfe$bfLWINT
XWI�bfOEU$Xc[-I�b«�hX<I��:IN`GO}LWI��=LWO¡KVXWOEL<I�[-L<\a^$�¯LW�$I�T?OGbfL�X<I r I�`E��^:L«[pO��:I¯bdIN�}T?IN^�LubpM®û�\a^£� rar eGv7�E\a`GI�^ LW�VI
r ��XW�EIg`}�hXW\§� s \ r \]Lde	\]^8�$O�k¹\a^D��\a`�\o�:UD� r bfe$bfLWINT�bS�hXWI«[pU$XWX<IN^:L r e	[pOE^:¸D�}U$XWI0�/v/KD��Lu[u�$I��/v)��^D�8UDbfI��/v/kjI
[-OE^"!WI�[-LWUVXWI¥L<�D�hLj�$��Lu� s �EbfI�b7�hLj�:\³¬�INX<IN^�L7bd\]LWI�b�kjOEU r � r \>�GI r e¦��\³¬�INXPIN^VOEU$�}��L<O
T?ININL"LW�VISK$XW\]^D[-\aK r I7OhQ
U$^$\§t2U$I�^$I�bWb)bfLu��LWI��¦I��hX r \aI�XNM)¤¥�$\§b \§b/\aT?KDO}XWLu��^:L/QAO}XP��^$OEL<�$INX"XWI��}bdO}^nB®\]LP[-O}U r �
K$X<O�`:\§�:Ij� s IN�D�N`�\aO}Xu� r
bd\]�E^D��LWU$X<IGv:O}X¥\o��IN^:L<\aLfeGvNQAOEX¨�²[-O}T?K$U$L<INX7LW�D��L¥\obPT«UD[u���D�hXc�:INX¥L<O Q � r bd\­QAe�LW�D��^)v2QAO}X¥INnV�hT�K r IGv»�h^	±1%
�E�$��XWI�b<b-M ýZU$X�XWI�bfU r Lcb-vD�$O�k¥IN`GINX�vD�hX<I�tGU$\aL<I²K$X<I r \]T?\a^D��XWeGv���^D�����EX<I��hL��:I�� r OhQ¨�}�$�:\aL<\aO}^D� r L<I�bdL<\a^$�
�h^D�	�:I�`GI r O}K$T?IN^�Lj�hXWI¦^$I�I��:I�� s I-QAO}XWI���bdeVbdLWI�T s U$\ r LSOE^	L<�$I�bdI¦\§�:I��EbZ[-O}U r � s Ig�:INK r OheGI0�/M

N	%&,-�0*h%(wHM ���8xOyg �!V#{z���N	�2�0�nPE��%A(D#

¤¥�$I¦bdI0[-OE^D�«INn$��T?K r I s OEX<XWO�kZb¥T?OEX<I
[ r OGbfI r e²QAX<OET¶T?I0[|�D��^$\obfT	b)UDbdI��«\a^?L<�$IJ\]T?T«U$^$IjbdeVbdL<INT�M
¤¶[-I r]r b²��XWI	��^=\aT?KDOEX<Lu��^:L�[ r �}bWb²OhQ��:INL<I�[-L<OEX�[pI rar b�\]^¡LW�VI°\]T?T�U$^$I«bfe$bfLWINT©M�¤¥�$INX<I	�hX<I8bfIN`GINXc� r
�:\³¬�INX<IN^�L|�:\]^D�$bJO�QZ¤ [-I rar b-v/I0�E[u��OhQZkS�$\§[|��K r �Ne$bJ\]Lub
O�kS^�X<O r I�\]^�LW�$I«\aT?T�UV^$I¦XWI�bfK+O}^DbdI»M qJr]r ¤
[-I r]r b-v"�$O�k¥IN`GI�XNv��£�0`GI s \a^D��\a^$��X<IN�E\]OE^Db²L<�D�hL«[N��^ �:INLWI0[-L���^:L<\a�EI�^�QAXu���ET?IN^�Lub � KDINK$L<\o�:I0b|�uMª¤¥�$I�bfI
s \a^£�:\a^$��XWIN�}\aOE^£b¥�hX<I
[pXWI���LWI���LW�$X<OEU$�}�	�
KDbdI�UD�:Oh{ Xu��^D�:O}T �EIN^VINLW\§[¥K$XWO�[-I0bWb-vGkS�$\§[|�«k¥IZ[��h^?L<�$\a^6�gOhQ
�h^D� r O}�EOEU£b r e	L<O��}IN^$INXc�hLW\]^$��Xu��^D�:O}TÿbfLWX<\a^$�»b-M@IJ\]`GIN^	LW�D��LSLW�$I s \a^£�:\a^$��X<IN�E\]OE^DbpvD[N� r]r I��«XWI�[-I�K$LWO}Xub-v
�hX<I²[pXWI���LWI���Xc�h^D��OET r eGv:L<�$INXWI�\obS���$\a�}�°KVXWO s � s \ r \aLfe«LW�D��LZbdO}T?Ig¤ [-I rar b7kS\ r]r �:INL<I�[-L¨bdI r Q"K+I�K$LW\§�:I�b-M
¤¥�$I
\]T?T�U$^$I¨bdeVbdLWI�T bfO r `GI0b¢LW�V\ob¢KVXWO sVr INT s e?bfIN^D�:\]^$�²^VOE^:QAU$^£[-LW\]OE^D� r ¤®[-I rar bPLWO«�h^�OEXW�»�h^©[N� r]r I��
LW�$I	L<�:e�T�U£b²LWO¯T	�hL<U$XWIGM ¤¥�$INX<I���XWI�bfIN`GINXc� r bdLc�h�}I�b�OhQ�¤¢{ [-I r]r T	�hL<U$Xu��LW\aO}^)v7OE^$I�OhQgkS�$\o[u�=\ob«�
[-IN^DbfOEX<\a^$�ZK$XWO�[pI�bWb�\]^²kS�$\§[|��¤¡[-I r]r b/L<�D�hL s \a^D�¦kS\aLW�«bfI r QVK$X<OELWI�\a^DbP[p\aXu[pU r ��LW\a^V�SLW�$X<OEU$�}��LW�$IjLW��e:T«UDb
�hX<I8��I�bdL<XWO�eGI��/M ¤ [-I r]r b¦LW�D��L´Q ��\ r LWO s \a^D�¡L<O¡bfI r Q��hX<I�� r]r O�k¥I0� L<O�T��hLWUVXWIGv r I��N`GI?LW�$I�LW��e:T«UDbpv
�h^D� s I�[-O}T?I8KD��XWL	OhQ�LW�$Iª�E[pLW\a`GI�\aT?T«U$^$I�bfe$bfLWINT�M ¤¥�$\§b�KVXWO�[-I�b<b-v¦[N� rar I��4^$I��G�hL<\a`GI¯bfI r I�[pLW\aO}^)v
\ob�\ rar UDbdL<Xu�hL<I��4\]^ û�\a�}U$XWI¯z�M ýZ^D[-I�\]^ [-\aXc[-U r ��LW\]OE^)v¥\­Q��4¤ [-I r]rJs \]^D�$b�L<O �h^�LW\a�}IN^®\a^ bfUn#�[-\aIN^�L
[-OE^£[-IN^�LWXu��LW\]OE^)vD��X<I�[-O}�E^$\]LW\aO}^	IN`GIN^�LZ[N�h^ s I«b<�h\§�°LWO��D�N`GI O�[�[-U$XWX<I��/vDLWX<\a�E�}INXW\]^$�«LW�$I�[-OET?K r INn�bdINL
OhQ�IN`GIN^�Lub7LW�D��L r I��E�$b¥L<O�I r \aT�\a^D��LW\aO}^�OhQ7L<�$Ig�h^�LW\]�EIN^)M
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Immature T-cells
in the thymus

Self proteins Those that bind, die

self-tolerant

T-cell death

û�\a�}U$XWIgz�ü¥R7IN^DbdO}XW\]^$�?¤ [-I rar b¢\]^°L<�$I¦LW��e:T«UDbpM

¤¥�$I¯¤ÿ[-I rar [-IN^DbfOEXW\]^$�=K$XWO�[pI�bWb	[N��^ s I�LW�VOEU$�}�:L�OhQ��Eb��:I-¸D^$\]^$�=�¡K$X<OELWI0[-LWI��®[pO rar I�[-L<\aOE^ OhQ
�$�hLc� � LW�VI«bdI r Q¥KVXWOEL<IN\a^£b|�S\]^�L<INXWT	bSOhQj\]Lub¦[-OET�K r INT«IN^�Lu��XWe«KD�hL<LWINX<^Db � LW�VI�^$OE^DbfI r Q¨K$XWO}LWIN\]^Db|�cM²·¯I
[N�h^�UDbdI�L<�$\obSK$X<\a^D[-\]K r I¦L<O	�:I�bf\a�E^©�?�:\§bdLWX<\ s UVLu� sVr I�[u�D��^$�EI-{ �:INL<I�[-L<\aOE^©� r �EOEX<\aL<�$T kS\aLW��\]^:L<INXWI0bdLW\]^$�
K$XWO}KDINXWL<\aI�bpM¥YGU$K$KDOGbfI�k¥I
�£�0`GIgbfOET?I¦[pO rar I�[-L<\aOE^�OhQj�:\]�E\]Lu� r �V�hLu��v+kS�V\o[u�?k¥I¦kS\ r]r [N� rar bfI r Q<v�LW�D��LJkjI
kS\obf��L<O T�OE^$\]LWOEX"QAOEXj[|�£�h^$�}I�b-M7¤¥�$\§bPT?\a�}�:L s I¦�h^��E[-L<\a`�\aLfe¦KD�hL<LWINX<^)v$�}bP\a^«LW�$IZ\a^�LWX<UDbd\]OE^:{ �:INL<I�[-LW\]OE^
� r �EOEX<\aL<�$T��:I0bW[-X<\ s I���� s O�`GIGv)�	[-O}T?K$\ r I��?K$X<OE�EXc�hT�v)O}X¦��¸ r I�O�QZ�$��Lu�:M�¤¥�$I?� r �}OEXW\]LW�$T k¥O}X	�Vb �}b
QAO r]r O�kZb-ü

y}M}IZIN^VINXu��LWIg��bfINLSOhQ¢�:INLWI0[-LWO}Xub¥LW�£�hL¥Q �h\ r LWO«T	�hLc[|��bdI r Q<M

��MJ_�bdI¦LW�$Ig�:I�LWI�[-L<OEXcb¥LWO«T?OE^$\]LWO}X¥LW�VI KVXWOEL<I�[-L<I��	�$�hLc�:M

z�MB·®�VIN^$IN`GINXg���:INLWI0[-LWO}X \§b¦�E[-L<\a`}�hL<I��/vP��[|�£�h^$�}I�T«UDbdL��D�N`GI�O�[N[pU$XWX<I��/vP��^D��L<�$I r O�[N�hL<\aO}^¡OhQ
L<�$Ig[|�£�h^$�}I²\ob���^$O�kS^)M

¤¥�$INX<I
��XWI�bdIN`GINXc� r �:INLc�h\ r bPLW�D��L¥T«UDbdL s I�bdKDI�[-\­¸DI�� s IpQAOEXWI�k¥IZ�D�N`GI
��^?\aT?K r INT«IN^�Lu� sVr Ij� r �EOEX<\aL<�$T�ü
� y��S�$O�k �hXWI�L<�$I���INLWI�[pLWOEXcbJXWI�K$XWI�bfIN^�LWI��~C � �2���JO�k¹\ob���T	�hLc[|���:Ip¸D^$I��~C � z2�S�VOhk ��XWI«�:INL<I�[-L<OEXub
�EIN^VINXu��LWI��~C � = ���JO�k IX#�[-\]IN^:L�\ob²LW�VI8� r �}OEXW\]LW�$T�C ¤¥�VI�bdI�tGU$I�bdL<\aO}^Db��hX<I°I�n:K r OEX<I���\a^ �:I�Lu�h\ r \]^

��GvDz*��v s U$LSkjI �}\a`GIgbdO}T?I
�$\]�E� r \a�}�:Lcb¥�$INXWI»M
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± ^ OEUVX¯[-OET?KVU$LWINX�\aT?T�U$^VI�bdeVbdL<INT�v s \a^D��\a^$� s I�LdkjININ^ �:INL<I�[-LWO}Xub	�h^£� QAO}XWIN\]�E^ KD�hL<LWINX<^Db8\ob
T?O��:I r I�� �}b8bfLWXW\]^$�=T	�hLc[|�V\a^$� s INLfkjININ^®KD��\aXub?O�Q�bdLWX<\a^$�»b-M YGI r Qg\§b°��I-¸D^$I�� �Eb��=bdINL	OhQ«I0t2UD� r {
r IN^V�ELW�¯bfLWX<\a^$�»b � I»Mç�$M]v s e r O}�E\§[N� r]r e�bfIN�ET�IN^:L<\a^$�«LW�VI�K$X<OEL<I�[-LWI0���$�hLc�°\a^�LWO�I�t2U£� r { bd\]þNI«bdU s bdL<XW\a^V�Gb|�cv
�h^D��I��}[|�¯�:I�LWI�[-L<OEX¦\ob��:I-¸D^$I0� L<O s I��	bdLWX<\a^$�	O�QSLW�VI?b<�hT?I r IN^$�EL<�¯�Eb¦LW�$I«bfU s bdL<XW\]^$�$M q K+I�XdQAI�[-L
���E���u�	s I�LdkjININ^¡LfkjO�bdL<XW\]^$�Gb²O�Q
I�tGUD� r¢r IN^$�}LW�=T?I���^Db
LW�D��L«�hL�I��}[|� r O�[N�hL<\aO}^¡\a^¡L<�$I�bdL<XW\a^V�$vPLW�VI
bde�T s O r b²��XWI	\o��IN^:L<\o[N� r MF�JO�k¥I�`GINXNv"K+I�XdQAI�[-L�T��hLu[u�$\]^$�	\ob²Xu��XWI	\a^=L<�$I	\aT?T�U$^VI«bdeVbdLWI�T�M�%P��XWL<\o� r
T	�hLc[|�V\a^$�Z\a^�bde�T s O r bdL<XW\a^V�Gb7[N�h^ s I
��I-¸D^$I���UDbf\a^$���
�hT?T�\a^$�Z�:\§bdLc�h^D[-I»v2I0�:\aL7��\obdLc�h^D[pIGvGOEXj� T?O}XWI
\aT?T�UV^$O r OE�E\§[N� r]r e?K r �hU£bd\ sVr I«XWU r I?[N� rar I��U�-{ [-OE^�LW\]�EU$O}UDb s \]Lub�
³y}yX��M�¤¥�$\§b�X<U r I«\ob s �EbfI���O}^¡XWIN�}\aO}^Db
OhQ�[-O}^:L<\a�}U$OEUDbST	��Lu[u�$I�b-M"±�L r OGO*�Vb¢QAOEX��g[-OE^�LW\]�EU$O}UDb¥T	�hLc[|�VI�b s I�LdkjININ^	bfe:T s O r bµ\]^�[-OEX<XWI�bfK+O}^D�:\]^$�
KDOGbd\]LW\]OE^DbpM7¤¥�:UDbpvEQAOEXS��^:e�LfkjO²bfLWX<\a^$�»b��?��^D���DvEk¥I�bW�Ne�LW�£�hL@���g�E�X� � �R���$��\obPLWX<U$IJ\­QH�?��^D���g�h�EX<INI
�hLZ��L r I��EbfL��²[-O}^:L<\a�EUVOEUDb r O�[N��LW\]OE^DbpM

HJINLWI0[-LWO}XubZ[N�h^ s I��EI�^$INXu��LWI��8\]^�bfIN`GINXu� r k¨�Ne$bpM q �EI�^$INXu� r T?INL<�$O�� � OE^$IgLW�D��L¦k¥OEXE�$bSQAOEX¦��^:e
T	�hLc[|�V\a^$��XWU r IE�¦\ob«� r bdO¯LW�$I�OE^$I©�hK$KD��XWIN^�L r e¡UDbfI�� s e=LW�$I	\aT�T�U$^VI?bfe$bfLWINT�M Y»\aT?K r e��}IN^$INXc�hL<I
�:INL<I�[-LWO}XubS��LJXc�h^D�:O}T�vD[-O}T?KD�hX<I
LW�VINT �h�»�h\]^DbdL¦bfI r Q<v$I r \aT�\a^D��LW\a^V� L<�$OGbfI²L<�D�hLZT	�hLc[|��bdI r Q<M¥û$OEXZLW�VI
���-{ [-OE^�LW\]�EU$O}UDb s \]Lub	�SXWU r Ij�:I-¸D^VI��²� s O�`GIGv�LW�VI¥Xu��^D�:O}TÀ�}IN^$INXc�hL<\a^$�
KVXWO�[-I���U$XWIj\ob)tGU$\aL<I¢\]^$IX#�[-\aI�^:L1B
XWO}U$�E� r e²INn�KDOE^$I�^:L<\o� r \a^�L<�$ISbf\aþNISO�QCbdI r Q<M��?�ZOhkjIN`GINX�vNT?OEX<I¥IX#�[-\aI�^:L"� r �EO}XW\]LW�$T	b s �}bdI���OE^«�:e�^D��T?\o[
K$XWO}�EXc�hT?T?\]^$�¥T�INLW�$O��Vb�� rar O�k¡U£b L<O
�EIN^VINXu��LWIS��INLWI�[pLWOEXcb/\a^ r \a^VI��hX"LW\]T?I�QAOEX�[-INX<Lu��\a^¦T	�hLc[|�V\a^$�SX<U r I�b

çz���M�¤¥�$ISLWO}Lu� r ^�U$T s INX)OhQ �:INLWI0[-LWO}Xub�L<�D�hLj�hX<ISXWI�tGU$\]XWI��¦LWO¦�:I�LWI�[-L�^$OE^DbfI r Q � UDbd\]^$�
LW�VI���{ [-O}^:L<\a�EUVOEUDb
s \aLcb¥T	�hLc[|�V\a^$�¦XWU r IE�7\§b¥LW�$IgbW��T?I
O}Xu�:INXSO�Q7T	���E^$\]LWUD�:I��EbSLW�$Igbd\]þNI
O�QjbdI r Q<M��

¤¥�$I«� r �EOEX<\aL<�$T��D�Eb¦bfIN`GINXu� r \]^:L<INXWI0bdLW\]^$�«K$XWO}K+I�XWLW\]I�b-M�û�\aXcbdLNv�\aL¦[N��^ s I«I��Ebf\ r e8��\obdL<XW\ s U$LWI0� s Ip{
[N�hU£bdI²I0�E[u�¯�:INLWI0[-LWO}X
[-O�`GINXcbJ��bdT	� rar KD��XWL
O�QS^$O}^DbdI r Q<M q bfINL
OhQj^$I��G�hL<\a`GI��:INLWI0[-LWO}XubZ[N�h^ s I«bdK r \aL
U$K¡O�`GINX¦T«U r L<\aK r I�bd\]LWI�bpvPkS�$\o[u�¯kS\ rar X<I��:UD[-I�LW�$I	[pOh`GI�Xu�h�}I?��L«�h^�e��}\a`GIN^ªbd\]LWI s U$L²K$X<O�`:\§�:I?�EOGO��
bdeVbdL<INT�{ kS\o�:I«[-O�`GINXc�h�}IGM�¤)O¯�E[u�$\aIN`GI�bd\]T?\ r �hX¦bfe$bfLWINT«{�kS\§�:I?[pOh`GI�Xu�h�}I�kS\]LW�=KDOGbf\aLW\]`GI?��INLWI�[pLW\aO}^¡\ob
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T�U£[|�	T?O}XWI�INn�KDIN^Dbd\]`GIGüJI�\aLW�VINX¦�°^VI��hX r e�[pOET?K r INLWI�bdINL¦O�QSKDOGbf\aLW\]`GI«�:INL<I�[-LWO}Xub
kS\ r]rPs I�^VINI��:I�����L
IN`GINX<e�bd\]LWIGv"XWI�bfU r L<\a^$��\a^¡T«U r LW\aK r I�[pOEK$\]I�b
OhQ�LW�$I	��INLWI�[pLW\aO}^¡bfe$bfLWINT©v O}X�LW�$I�bd\aL<I�b
T�U£bdLg[-OET�T�U:{
^$\o[��hLWIZQAXWI�tGU$IN^�L r e�L<O?[-OGO}Xu�:\]^D�hL<I²L<�$IN\aXSX<I�bdU r LubpM q bfI�[-OE^£��KDO}\a^�L
� s O}U$L
L<�$\obS� r �EO}XW\]LW�$T \ob¥L<�D�hLZ\aL
[N�h^�LWO r INXc�hLWIg^$OE\§bdIGvC�:INKDIN^D�:\]^$�«OE^¯LW�$I��:INLu��\ r bBO�Q¥�VOhk¹L<�$I²T	��Lu[u�$\a^V�²QAU$^D[-L<\aOE^�\ob
��I-¸D^$I���M R7OE^�{
bdI�tGU$IN^�L r eGv/L<�$I?� r �}OEXW\]LW�$T�\ob r \>�GI r e	LWO s I?T?OEX<I«�hK$K r \o[�� s$r I�L<O��:e�^D�hT�\o[²OEXg^$OE\§bde¯�$��Lu� r \��GI�LW�VI
\a^�LWX<UDbd\]OE^:{ �:INL<I�[-LW\]OE^«INnV�hT?K r ISLW�D��^)v:QAOEXS\]^DbdLc�h^D[pIGv:\]^	[-XWe�K$L<OE�EXc�hK$�V\o[¦�hK$K r \o[��hLW\]OE^Db7kS�$INX<I I
#	[-\]IN^�L
[|�£�h^$�}I-{f��INLWI�[pLW\aO}^�T�INLW�$O��Vb¥� r XWI��}�:e�INn�\obfLNMP¤¥�VI²� r �}OEXW\]LW�$T:9Êb QAI��}bd\ s \ r \aLfe²k¨�Eb¥OEX<\a�}\a^D� rar e«bf�$O�kS^	OE^
LW�$I�K$XWO s$r INT¶O�Q7[pOET?K$UVLWINX7`�\aXWU£b¥�:INL<I�[-L<\aOE^«\a^�H ý¦Y�I�^:`�\aX<OE^$T?I�^:Lcb@
�����MP±�^?L<�$\ob7k¥O}X	��v:LW�VI
K$XWO}LWI�[u{
LWI��«�$��Lu�²k¥I�XWI�H ý¦Y«bdeVbdL<INTº¸ r I0b-vGLW�$I�bdI r Q"bdI�L¥kS�}b¢�}IN^$INXc�hLWI0� s e r OE�}\o[N� rar e«bfIN�ET�IN^:L<\a^$��MÊ[-O}Tº¸ r I�b
\a^�LWO
I0t2UD� r { bd\]þNIZbdU s bdLWX<\a^$�»b¥OhQ zE� �As \a^£�hXWeD��[|�£�hXu�}[-LWI�Xub-v��:I�LWI�[-L<OEXcb � zE�N{ s \]LSbfLWXW\]^$�Gbu�"k¥INX<IJ�}IN^$INXc�hLWI0�
Xu��^D�:OET r eGvDLW�$I��-{f[-O}^:L<\a�}U$OEUDb s \aLcbJT	��Lu[u�$\a^$��X<U r I�k¨�Eb
UDbfI��8kS\aL<��LW�$X<I�bd�$O r �$bZXu�h^V�E\a^V�°QAXWO}T�w�L<O
yNz�v)�h^D��\a^�QAI�[-LW\]OE^DbSk¥I�XWI²�}IN^$INXc�hL<I�� s e	`}�hX<\aO}UDbB¸ r I-{�\]^:QAI�[-L<OEXZ`:\]XWUDbfI�b-M¦û$O}X
INnV�hT?K r IGv:O}^$I«bdI r Q¨bdINL
[-OE^£bd\obfLWI��«OhQµ~*�*�«bdI r QµbdLWX<\a^$�»bS�h^D�?k¨�EbSK$XWO}LWI�[-L<I���kS\]LW�	I�bWbfIN^�LW\o� rar e	y��*�gq¶XWI r \o� s \ r \aLfe s e	�}b¢QAINkm�}b
y��«�:INL<I�[-LWO}XubpM¢YG\]T?\ r �hX7XWI�bfU r Lcb¥k¥INX<I r �hL<INXSO s Lu�h\]^$I��?kS\aL<� s OGO}Ld{ bdI�[pLWOEX�`:\]XWUDbfI�b-M

yg(D#�PG@(M�,�%&(D#

½BINL<U$XW^V\a^$�¦LWOgLW�$IZQAOEU$XjK$XW\]^D[-\aK r I�b�L<�D�hLjk¥I��:\ob<[-UDb<bdI���I0�hX r \aINX�vELW�VIJ\]^:L<XWUDbf\aOE^�{f�:I�LWI�[-L<\aO}^?bfe$bfLWINT
[-OEU r � s I¦KD�hX<LJO�Q7�²T«U r LW\³{ r �NeGINX<IN�«bdeVbdL<INT�vEQAOEXSI�n$��T?K r I»vGbd\]LWLW\]^$� s IN�$\]^D�	[-XWe�K$LWO}�EXc�hK$�$\§[¦�h^D�	UDbdINX
�hU$L<�$IN^�LW\§[N�hL<\aOE^�bdeVbdL<INT	b-M"±�L7[-O}U r � s I
�:\§bdL<XW\ s U$LWI��g�hT?O}^$�¦bf\aLWI0b-vhQAO}XPINnV�hT?K r IGvNUDbf\a^$�
L<�$IS^$IN�»�hL<\a`GI-{
bdI r I�[-L<\aOE^ª� r �EO}XW\aL<�$T�M�¿¥I�[N��UDbdI?L<�$I	�$��Lu� s �EbfI�b´O�Q
^VOEXWT�� r7s IN�D�N`:\]OEX«��XWI?�}IN^$INXc�hLWI0� I�T?K$\aX<\o[N� rar eGv
s �EbfI��?OE^ r O�[N� r OEKDINXu��LW\]^$�?[pOE^D�:\]LW\]OE^Dbpv$I��E[u���:\³¬�INX<IN^:L¨bd\]LWI¦kS\ r]r �D�N`GI¦U$^$\§t2U$I�K$XWO}LWI�[-L<\aO}^)M7û�\a^£� rar eGv
s e¦QAO�[-UDbf\a^$�¦OE^��h^VOET	� r e²\]^:L<XWUDbf\aO}^«�:INLWI0[-LW\]OE^)vE\]LPLWX<\a`�\o� rar e¦T?I�INLub)LW�$ISX<I�tGU$\aX<INT?IN^�L/L<O s I�bdIN^£bd\aL<\a`GI
LWO�^$I�k QAO}XWT	b¥O�Q7��LWLu�}[���M

·�Ig�D�N`GI �}\a`GIN^�Lfk¥O�[-OE^D[pXWINL<I \ rar UDbdL<Xu�hL<\aO}^DbBO�Q7�$O�k¹K$XW\]^D[-\]K r I�b¥O�Q7\aT�T�U$^VO r O}�Ee�[N�h^ s I�\a^D[-O}Xd{
KDOEXu��LWI��¯\a^�LWO��8[-O}T?K$U$L<INX¦bfI�[-U$X<\aLfe°QAXc�hT?INkjOEXE�/M«¤¥�$I�bfI?INnV�hT?K r I�bSXWINKVXWI�bfIN^:LgbfOET?I�\]^$\aL<\o� r bdLWI�KDb
LWO�kS��Xu�$bSLW�VI r ��XW�}INX
\a^�LWI rar I0[-LWUD� r `:\§bd\aO}^8O�Q¥X<O s U£bdL¦��^D�8�:\§bdL<XW\ s U$LWI��	K$XWO}LWI�[pLW\aO}^�bfe$bfLWINT	b¢QAO}X¦[-O}T�{
K$U$L<INXubpM�·¯IS�D�N`GIS\a�E^VOEXWI0�´T	��^:e¦\]T?KDOEXWLc�h^�L7[-O}T?K r I�n:\]LW\aI0b/OhQ)L<�$IS\aT�T�U$^VI7bdeVbdL<INT�vGbfOET?IjOhQ)kS�V\o[u�
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kS\ r]r �D�N`GI¦LWO s I²\a^£[-OEX<K+O}Xu��LWI�� s IpQAOEXWIgk¥I��E[u�$\aIN`GIZOEUVX
�EO»� r M¨û£O}XJI�n$��T?K r I»v2\]LS\obS�D�hXc�°L<O�\]T	�h�}\a^$I
�$O�k kjI�[-O}U r �?\]T?K r I�T�IN^�LPL<XWU r e	�:\obfLWX<\ s U$L<I��?K$XWO}LWI�[pLW\aO}^	kS\aLW�VOEU$L��E�:O}K$LW\]^$�?L<�$I¦\aT?T«U$^$IZbfe$bfLWINT
bdL<Xu�hL<IN�Ee�OhQµbdI r Qo{�X<INK r \§[N�hL<\a^$�g[-O}T?KDOE^$I�^:Lcb¢OEXZbfOET?I�OhQ�LW�$Ig[-O}T?K r I�n²T?O r I�[-U r �hXjbf\a�E^£� r \]^$��T?I�[u�D��^:{
\obfT	b � IGMç�VMavE\]^:L<INX r INU6��\a^Dbu�/U£bdI���LWOg[-O}^:L<XWO r L<�$IS\aT?T«U$^$I7X<I�bdKDOE^£bdIGM q ^VOELW�VINX7�EbfKDI�[-L¥O�Q)L<�$I
��^D� r OE�}e
LW�D��L��£�Eb�^$OEL?eGI�L s ININ^ bdKDI�[-\­¸DI��¡\a^�`GO r `GI�b L<�$I�[-\]Xu[-U r �hL<\aO}^¡KD�hL<�:k¨�Ne$b s e=kS�$\§[|�=\]T?T�U$^$I�[-I r]r b
T?\a�}Xu��LWI«LW�$X<OEU$�}� LW�VI s O��:e»M l8O}XWI?�}IN^$INXc� rar eGvPT	��^:e¯OEL<�$INX s \]O r O}�E\§[N� r T?I�[u�D�h^$\§bdT	bZ�D�N`GI s INI�^
\a^D[pOEXWKDO}Xu�hL<I���\]^:L<O8[pOET?K$UVLu�hL<\aO}^D� r bfe$bfLWINT�b-v)\a^D[ r UD�:\]^$�?IN`GO r U$L<\aO}^)v)^$INU$Xc� r T?O��:I r b-v)`�\aXWU£bdI�bpv���^D�
KD�hXc�Ebf\aLWI0b-v/T	��^:e�OhQSkS�V\o[u�8T?\]�E��L s I�X<I r I�`E��^:LZLWO�LW�$I«[-O}T?K$U$L<INXZbdI0[-U$XW\]Lfe°KVXWO sVr INT�MZ±�^�LW�VI²^$I���X
QAU$LWUVXWIGv"k¥I?�$O}KDI°L<O�\a^�LWIN�}Xu��LWI?L<�$I?^$IN�»�hL<\a`GI-{ bdI r I�[-L<\aOE^ª� r �EO}XW\aL<�$T�kS\aLW�=O}U$X�\a^�LWX<UDbd\]OE^:{ �:INL<I�[-LW\]OE^
k¥O}X	��v$�h^£�°LW�VIN^ s I��E\a^©�hU$�}T?IN^�LW\]^$�²L<�$IgbdeVbdLWI�T kS\aL<�°O}LW�$I�XS\aT?T«U$^$IZbfe$bfLWINT¶QAI��hL<U$XWI0b-M

qJr L<�$OEU$�}�8L<�$\obZ�hX<LW\o[ r I¦�D�Eb�bdLWX<I�bWbfI��°L<�$I�bf\aT?\ r ��XW\aL<\aI�b-vGLW�VINXWI��hXWI�� r bdO?T	��^:e«\aT�K+O}XWLc�h^�L
�:\­¬�INXd{
IN^D[-I0b s INLfk¥ININ^�[-O}T?K$U$L<INXubP��^D� r \a`�\a^$�¦bfe$bfLWINT�b-MP¤¥�VI
bfUD[N[-I�b<bPOhQ"LW�VI
��^D� r OE�Ee�kS\ rar U r L<\aT	��LWI r e X<I�bdL
OE^�O}U$Xg� s \ r \aLfe?L<O	\o�:IN^�LW\­QAe?LW�VI«[-OEX<XWI�[-L r I�`GI r OhQB� s bfLWXu�}[-LW\]OE^)v�K$XWI�bfINXW`�\a^V�?kS�D�hL¦\§bJI�bWbfIN^�LW\o� r QAX<OET
�h^¯\a^:QAO}XWT	��LW\]OE^:{ K$XWO�[pI�bWbf\a^$��K+I�XubdKDI�[pLW\a`GI«��^D�¡�:\§bW[N��Xu�:\]^$�	kS�D�hLg\ob
^$O}LNM	¤¥�$\§b \ob¦[-O}T?K r \o[N��LWI�� s e
LW�$I�Q �E[pL²LW�£�hL�^D��LWU$Xc� r \aT�T�U$^$I�bfe$bfLWINT�b�KVXWO�[-I�b<b�[-I r]r b
��^D�¡T?O r I�[-U r I�b-v s U$L«[-OET�K$U$LWI�X
\aT?T«U$^$I
bdeVbdL<INT	b¢kjOEU r � s Ig�D�h^£� r \]^$��OEL<�$INX��:\]^D�$b¥OhQ¢�$�hLc�:Mj± ^	L<�$Ig[N�EbfI²OhQµ�«[-OET?KVU$LWINXf{�`�\obf\aO}^?OEX�bdKDINI�[u�:{
XWI�[pOE�E^V\aLW\]OE^�bdeVbdL<INT�v$L<�$I¦\a^$K$UVL
�$��Lu��L<O�L<�$I�bfe$bfLWINT \§b¥\a^8KVXW\a^£[-\aK r I
LW�VI�bW��T?Ig�EbJL<�D�hLZK$X<O�[-I�bWbfI��
s e�LW�$I«^D��LWU$Xc� r bfe$bfLWINT�B®K$�$O}LWO}^DbJOEX�bdO}U$^D��k¨�0`GI0b-M«¤¥�:U£b-v"�:I�[-\§�:\a^V�°I�n$�}[-L r e°�VOhk¶L<O��:Xu�Nk¶LW�VI
�h^D� r O}�Ee¯\ob²���:\$#�[-U r L¦Lu�Eb1�/v7��^D��L<�$INXWI��hX<I	[-INX<Lu��\a^ r e�T	�h^�e��:\­¬�INXWIN^�LgbdL<Xu�hL<IN�E\]I�b L<�D�hL«[pOEU r � s I
LWX<\aI��/M"·�I¦�D�N`GI¦[u�$O»bdIN^	LWO�T�O��:I r KDINKVLW\o��I�bS�EbSbfI�t2UVIN^D[-I�b¥O�Q7bfe$bfLWINT [N� rar bS��^D�°L<O�T?O��:I r�s \a^£�:\a^$�
�EbPbfLWX<\a^$�¦T	��Lu[u�$\a^$�VM)¤¥�$INX<IZ�hX<IST	�h^�e¦OELW�VINX7K+O»bWbf\ s$r IZ[|�$O}\o[-I0b-v}bdOET�I¥OhQCkS�$\o[u�²kjIS�$OEKDIZLWO
I�n:K r OEX<I
\a^�QAUVLWU$X<I kjOEXE�/M

y =



Building

open, read, mmap, mmap, open, read, mmap

open, read, mmap
read, mmap, mmap
mmap, mmap, open
mmap, open, read

Checking

open, read, mmap, mmap, open, mmap, mmap

mmap, open, mmap
open, mmap, mmap

(2 misses out of 5 = 40%)

û�\a�}U$XWI = ü Y»I�t2UVIN^D[-I¯�$��Lu� s �EbfI�b°QAOEX�bdeVbdL<INT [N� rar b«\a^ _
i
±/Y�K$XWO�[pI�bWbfI�b-M ¤¥�$\ob?LWXc�E[-I¯OhQ´bdIN`GI�^
bdeVbdL<INT�[N� r]r b
K$X<O��:UD[-I�bg�8�$��Lu� s �EbfI°O�QZ^$OEX<T	� r KD��LWL<INXW^Db¦LW�D��L�[-O}^:Lc�h\]^Db�QAO}U$X²U$^V\otGU$I?bfI�tGU$IN^D[-I0b-M
q ^�INnV�hT?K r I���^$OET�� r O}UDb L<Xu�}[-I�\§b
[-O}^DbdL<XWUD[-L<I�� s e8X<INK r �}[-\a^V�°O}^$I�p [8cg_ kS\aL<�¡� a8aJc m � bd�$O�kS^¡\]^
XWI��}�+�uM ¤¥�$\§b´\§b��:INLWI0[-LWI��¯\a^ L<�$I�[|�VI�[���\a^V�8K$�D�}bdI s I0[N�hUDbfI8L<�$I��h^$O}T	� r OEUDb�LWXc�E[-I�[-O}^:Lc�h\a^£b´Lfk¥O
bdU s bdI�tGU$IN^D[pI�b¢L<�D�hL��:O«^$OELZ��K$KDI��hX
\]^	LW�$I¦^$O}XWT	� r �$��Lu� s �EbdI»M

�)%(x"�nw"!$*X�SN	!:�0!6w�!V,N�8(:9}�8(D*�;4!V@4QZ!:�N�0�:*�#",

¤ O s U$\ r ���?�V�hLu� s �EbfI?OhQ¨^$OEX<T	� r KD��LWLWI�XW^Dbpv kjI´¸£XubdL�[-O r]r I�[-L��?LWXc�E[-I�O�QZbdeVbdL<INT�[�� rar bJINT?\]LWL<I��
s e��²^$O}XWT	� rar e�X<U$^$^$\]^$��K$X<O�[-I�bWbpM¢·¯I¦LW�$I�^	b r \o�:I¦��kS\a^£�:O�k O�Q7bf\aþNI����}[-XWO»bWbSLW�$I¦LWXc�E[-I»v:XWI0[-OEXc�:\a^$�
I��E[u�¡U$^V\otGU$I��2{fbfe:T s O r bdI�tGU$IN^D[pIGM=¤¥�$\ob²L<I�[u�$^$\otGU$I?�}OGI�b s e¡`}��XW\aO}UDb�^D�hT?I0b-v7\a^D[ r UD�:\]^$�O�<LW\aT�I-{
�:I r �0e�INT s I0�$�:\a^V�g�?��^D���W^�{��}Xu�hT �h^£� r eVbd\§b-M �¶± L¦\§b�\ rar UDbdL<Xu�hL<I��8\a^ªû�\]�EU$X<I = OE^ª�°LWXc�E[-I«OhQBbdIN`GI�^
bdeVbdL<INT�[N� rar b ��^D�¡�?kS\a^£�:O�k¶bd\]þNI«OhQSL<�$XWI�IGv)XWI�bfU r L<\a^$�	\a^ª�	�$�hLc� s �}bdI?O�QSQAOEU$X¦U$^V\otGU$I?bfI�tGU$IN^D[-I0b-M
¤¥�$\ob¥T�INLW�$O����:\³¬�INXcbJb r \a�}�:L r e�QAXWO}T LW�D��LZ�:I�b<[-XW\ s I0��\]^�
 = �"��^D�°�}\a`GI�bjbd\]�E^$\­¸�[N�h^�L r e s INL<LWINXSX<I�bdU r LubpM

ýJ^£[-I¦LW�$Ig�$��Lu� s �EbdIgOhQ7^VOEXWT�� r)s IN�D�N`�\aOEXS�£�Eb s I�IN^�[-OE^DbfLWX<UD[-LWI0�/v$^$INk s IN�£�0`�\aO}XZ[N�h^ s I T�OE^:{
\aL<OEXWI0�ªQAO}X?��^$OET�� r \]I�b-v s e4L<Xu�}[-\a^$�¯LW�VI�bdeVbdL<INT [N� rar b��h^D�®[u�$I�[��:\]^$�8L<�$INT �h�»�h\]^DbdL?L<�$I	INn�\obdL<\a^$�
�$�hLc� s �}bdI � û�\]�EU$X<I = �cM��JI�XWIGv��²OE^VI-{fbfe:T s O r [|�D��^$�EI � XWI��}��L<O�T�T	�hK/�C\a^	OE^$I¦KDOGbf\aL<\aOE^�[N��UDbdI0bBLfk¥O
T?\obfT	�hLc[W�$I�bP\a^�LW�$Ig[u�$I�[��:\]^$�²K$X<O�[-I��:UVXWIGM

q ^	\aT?KDOEX<Lu��^:LZ[-O}^Dbd\§�:INXc�hLW\]OE^	\obS�$O�kmL<O«[|�$OGO»bdIgLW�$Ig^$OEX<T	� r�s I��D�N`:\]OEXZLW�D��LJ\§b¥UDbdI��	LWO��:I-¸D^VI
LW�$IS^VOEXWT�� r �$�hLc� s �}bdIGM7·�IS�£�0`GISI�n:KDINX<\aT?IN^�LWI0�JkS\aL<��Lfk¥O�T?INLW�VO��$b-vGbfe:^�LW�VINLW\§[¥�h^£���}[-LWUD� r M7±�^�LW�VI
¸DXubfL"[N�EbfIGvEkjI¢L<Xu�}[-Ij�BX<U$^$^$\]^$�JKVXWO�[-I�b<b kS�V\ r I7kjI¢I�n:INXc[-\obfIP\aL)`�\o�Z�ZbdINL)O�Q�bde�^:L<�$INL<\o[7[-OET�T	�h^D�Vb-M�û£O}X
INnV�hT?K r IGvGk¥I¦�D�N`GIg�?bdUV\aLWI¦O�QZyEy��?�hX<LW\³¸+[-\o� r INT	�h\ r T?I0bWbW���EI�b¥L<�D�hLZk¥IgUDbdIgLWO«INn�INXu[-\§bdI Zg[^]6_*aJc`egf v
kS�$\o[u�=XWI�bfU r Lcb´\]^®���V\a�E� r e [-OET�KD�E[-L«�V�hLu� s �EbfI�O�QgwE��y¯�:\³¬�INX<IN^:L«bfI�tGU$IN^D[-I0b-v¥I��}[|� OhQ r IN^$�}LW� ~:M

y��



¤¥�$\ob?L<I�bdL�bdUV\aLWI�\§b?`GINXWe UDbdI-QAU r QAO}X	XWINK r \o[N��LW\]^$�¡XWI0bdU r Lub-v�[-OET�KD�hX<\a^$�=KDINXdQAO}XWT	��^D[-I�\]^ �:\³¬�INX<IN^:L
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