
���������
	�����
�����
���������������� �!�"���
�$#&%��('*)�)+���

,+-

.0/+132�4�56/�1�7�2�198;:</+13=?>A@

BDC�EGFHFJILKNMNOPMNERQ3S�FNT�U�V$ERMJMJIWC�EGSYXZOPKNMNEGO<[+\]T�[_^Z[G[`V�IWSaM
Q<\0MNb*I"KNIWcdT�ERKHIWV�IWSaMNFe\fQ<K&MNb*I�C*ILg<KNILI"Q<\

h QdijMJQ<KkQ<\�l b�EG[GQ3FJQ<X�b�m
npo Q3V�X�T�MJILKkqriLERIWS�ijI"O<S�Cts S*g3E`S*ILILKHEGS*g�u

EGS�v&b*I"wkS�ERx<ILKyFNERMzm{Q<\!|}EGiyb�ERg3O<S
~P�<�<�

h QrijMJQ<KHO<[ o Q3V$V$ERMJMJILI<�
l KNQ<\fIWFNFJQ<K�� O<[RI�����l�OPMJML� o b�O<ERK
l KNQ<\fIWFNFJQ<K
��EGiHb�OPKyCt�k����KNQA�
S
l KNQ<\fIWFNFJQ<K
s�C*��OPKyC}q�� h OWxrEGC�FJQ3S
BkFNFNE`FJMNO<SaM&l KNQ<\fIWFNFJQ<K�qrMJILx<IWS��&IWE`S�b�OPKHC*M
|�EGiyb�OPIW[;qrb*ILUZO<S*QA�"�*��l�O<S�C o b�ERIL\0v�IWiyb�S�EGiLO<[0���{ijILKW���kBk� o Q3V�XZT*MJILKkqdmrFJMJIWV$F



��� 8��{� ��� �

�����y�¡ d¢]�H��£�¤�¥¦£¨§�¥©��ªL«�¬®­�¥¦ª© Z¤�¥d¬®¯d°+¤9±J²�²y�+¥

³*´
µ ¯d£y¥¦¤·¶¸¯d£y°+¥¦£�¹��j¯d£�º�±¡»

o b�O<ERKW�¼� O<[RI�����l�OPMJM

v�Q�Ij½rX�[RQ3ERMe[GOPKNg<ILK�O<V�Q3T�S�MNF�Q<\�X�OPKyO<[G[RIW[GEGFHV��3X�KNQrijIWFNFJQ<KyF�OPKHIkU+IWEGS�g�U�T�E`[RM��
ERMNb{ILx<ILK��
EGC�ILK
E`FNFNT*I��
E`C*MNb�FL�¾wkS*\¿Q<KHMNT�S�OPMJIW[Rm<�eO<F$EGFNFHT*I��
EGC*MNb�F�g<KHQA�"��EGS�FNMJKHT�ijMNERQ3SÀiLO<iHb�I}V$EGFHFJIWF$EGS�ijKHIWO<FNEGS*g3[Rm
U+Q<MJMN[RIWS�IWiNÁYX+ILKN\¿Q<KyV$O<S�ijI<�

��T�M¡ÂpQ<\`ÂpQ<KHC�ILK�\fILMNiHb��!C*IWijQrC*I<�!O<S�CÃEGFNFNT*I�KHIWC�T�ijIWF�MNb*I�U+Q<MJMN[RIWS*IWiHÁ·C�T*I$MJQ}MNb*IWFJIÄV$EGFNFJIWFW�
v
b*I¨MJILKHVÆÅ¿ÇHÇ�È�É�C*IWS*Q<MJIWF&MNb*I�O<ijM&Q<\��&KHEGMNEGS*g�EGS�FJMJKHT�ijMNERQ3S�FeEGS�MJQ$KNIWFJILKNxPOPMNERQ3StFNMNOPMNERQ3S�FL�<ÊWÉLËpÌLÍ�ÎLÏ_ÐAÌjÑ
C�IWS*Q<MJIWF0MNb*I�EGS�FJMJKHT�ijMNERQ3S�F�U�KNQ3T*g3b�M;E`SaMJQkMNb*I X�KNQdijIWFHFJQ<K;Udm"O<SÒEGS�FJMJKHT�ijMNERQ3S"iLO<iHb�I�\fILMNiHb®�3O<S�CÄÎLÓ¡ÔPÕ�ÌjÍ
Ö ÓJÉH×PÅ]ÌAËpÐPÓYC*IWS*Q<MJIWFÄMNb*I�IWSaMNERKHI}S*Ij½rM�\fILMNiHbØO<C�C�KNIWFNF$g<IWS�ILKHOPMNERQ3S¸[RQ<g3EGiP�?w�X+Q3SÙIWS�ijQ3T�SaMJILKHE`S*gÚO<S
E`S�FJMJKHT�ijMNEGQ3SÛiLO<iyb*I9V$EGFHFL�
OÀijQ3Sax<IWS�MNERQ3S�O<["X�KNQrijIWFNFJQ<KY��O<EGMNF�T�SaMNE`[
MNb*I�V$E`FNF{b�O<FYU�ILIWS¸FJILKHxdEGijIWC
U+IL\fQ<KNI�ijQ3SaMNEGSdT�EGS�g{MJQÄ\¿ILMNiyb��®C*IWijQrC*I<�®O<S�C�EGFNFNT�I�O<S�m}S*IL��\¿ILMNiybÜU�[RQriNÁrFL�¨B�X�KNQrijIWFNFJQ<K��
EGMNb�Q3T*M¡Â
Q<\¿ÂpQ<KHC*ILK�\fILMNiHb®� C*IWijQrC*I<��O<S�CÚEGFNFNT*I{MJIWV�X+Q<KHOPKHEG[GmÜEGg3S*Q<KNIWFÒMNb*IÄU�[RQriNÁ·O<FNFJQriLEGOPMJIWCÀ�
EGMNb·MNb*I�V$EGFHFL�
O<S�C¾OPMJMJIWV�X�MNF�MJQ�\fILMNiHb���C*IWijQdC�I<� O<S�CÀEGFNFNT�I{MNb*IYU�[GQdiHÁdFÒMNb�OPM�\fQ3[G[RQA���9v&b*IYO<C�C*KNIWFHFJIWFÒQ<\
MNb*IWFJI
UZ[RQdiHÁdF�OPKNI$g<IWS*ILKHOPMJIWCÃUdm}MNb*I�U�KHO<S�iyb�X�KNIWC�E`ijMJQ<KW�$��IWiLO<T�FJI�MNb�I$X�KNIWC�E`ijMJQ<K�C*QdIWF"S*Q<M�C*ILX+IWS�CÜQ3S
MNb�I}EGS�FNMJKHT�ijMNERQ3S�F�EGSÙMNb*I�iLT*KNKHIWSaM�U�[GQdiHÁÚMJQ9g<IWS*ILKHOPMJI�MNb*I�O<C�C*KHIWFNF�Q<\�MNb*I�S*Ij½rM$\fILMNiHbÛU�[RQriNÁ���EGM
iLO<SÃijQ3SaMNE`S�T*I$V�OPÁdEGS�g�X�KNIWC�EGijMNEGQ3S�FkILx<IWS9ER\�MNb*I$iLT*KNKNIWS�M¨U�[RQriNÁ�V$EGFNFNIWF¨EGSÜMNb*I$iLO<iHb�I<�{v&bdT�FL��MNb*I
X�KNQdijIWFHFJQ<K¨iLO<S�FJÁdEGX}MNb*I�U�[GQdiHÁ�MNb�OPM¨V$EGFNFJIWC�O<S�CÜijQ3S�MNEGS�T�IÒ\fILMNiHb�EGS*g*��C*IWijQrC�EGS*g*�+O<S�CÜEGFNFNT�EGS*g$MNb*I
\fQ3[G[RQ©�
EGS*gÄU�[RQriNÁrF¨T�FNE`S*g{MNb�I�O<C�C*KNIWFNFJIWF�g<IWS�ILKHOPMJIWC�Udm�MNb*I�X�KNIWC�EGijMJQ<KW��B�\fMJILK"FJILKNxrEGiLEGS*gÄMNb*I$V$EGFHFL�
MNb�I"X�KNQrijIWFNFJQ<K
iLO<S�\¿ILMNiyb���C*IWijQrC*I<��O<S�CtEGFNFNT�IkMNb�I"FJÁdEGX�X+IWC{UZ[RQdiHÁZ�

v&b�EGFÒC�EGFHFJILKNMNOPMNERQ3SÚILxPO<[GT�OPMJIWF�MNb*I Ö Ð<ËzÉjÕ�Ë]ÅÝÔPÏ�X+ILKN\fQ<KHV$O<S�ijIWFÒQ<\kX�KNQrijIWFNFJQ<KHF��
EGMNb9xPOPKHERQ3T�F
E`FNFNT*I��
E`C*MNb�F�O<S�CÜ�
EGS�C*QA�ÞFNEGßLIWFL��FNb*Q©�
F¨MNb�OPM�IWS*Q3T*g3b�X+Q<MJIWS�MNEGO<[!X+ILKN\fQ<KHV$O<S�ijI�Ij½*EGFJMNF¨MJQ�àNT�FJMNEG\¿m
UZT�EG[GC�E`S*g�O�áWâ©Âp�
E`C*I¨X�KNQrijIWFNFJQ<KW�*Ij½*O<V$EGS�IWF�U+Q<MJMN[RIWS*IWiNÁrF�MNb�OPM
��Q3T�[`CYX�KNILx<IWS�M�MNb�EGFeX�KNQrijIWFNFJQ<K
\¿KNQ3V
O<iyb�ERILxrEGS*g
EGMNF®X+Q<MJIWSaMNE`O<[3X+ILKN\fQ<KHV$O<S�ijI<�PO<S�C"C*IWV$Q3S�FJMJKHOPMJIWF;MNb�OPM�MNb�I U+Q<MJMN[RIWS*IWiHÁ"C�T*I!MJQ�E`S�FJMJKHT�ijMNEGQ3S



iLO<iyb*I�V$EGFNFNIWF���Q3T�[GC�U�I�FJILx<ILKNI<��ãäM�EGS�MJKNQrC�T�ijIWF�O�KNIWV�IWC�m¨\¿Q<K0MNb�EGF�U�Q<MJMN[GIWS*IWiNÁaåÛQ3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\fILMNiHb��
C�IWijQdC*I<�dO<S�C$EGFHFNT*I�å�C*IWFHijKHERU+IWF�ERMNF!EGV�X�[GIWV�IWSaMNOPMNEGQ3S��aO<S�C$C�IWV�Q3S�FJMJKHOPMJIWF ERMNF�T�FJIL\]T�[GS�IWFNFL�;æ�Q<K�O$áWâ©Â
��EGC*I�X�KNQrijIWFNFJQ<K¨�
EGMNb�O�áWâ¦ÁÜUdm�MJI$C�ERKNIWijM¡ÂzV$OPX�X+IWCÜEGS�FNMJKHT�ijMNERQ3S�iLO<iHb*I<��EGS�FNMJKHT�ijMNERQ3S�iLO<iHb*IÄV$EGFNFNIWF
KHIWC�T�ijI�ERMNF�X+ILKN\fQ<KHV$O<S�ijI�Q3SYO�FJILM�Q<\�FNE_½rMJILIWSÄEGSaMJILg<ILKeU+IWS�iyb�V$OPKNÁrF�Udm$O<SYOWx<ILKHOPg<I¨Q<\ ~¦ç�è � é�b*IWS
EGM�EGF IWc�T�EGX�X+IWC��
ERMNb$Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK�\fILMNiHb��*C*IWijQrC*I<�rO<S�C�E`FNFNT*I<�aEGMNF X+ILKN\fQ<KHV$O<S�ijI�EGF�Q3S�[Gm�KNIWC�T�ijIWC�Udm
O<S}OWx<ILKHOPg<IÒQ<\!ê è �



ië ì3OPKNIWCté·OPKHS*ILK�qrMNOPKNÁ{ãí� ~P�<�<�
B�[`[��
ERg3b�MNF&�&IWFNILKNx<IWC



v;Q�V�mY\fO<V$E`[Rm<�

E`E



î�ï¸ðòñ �Ûó ôtõÚ�÷öøõÃù õ ñ÷ú?û

v
b�EGF���Q<KNÁ���Q3T�[GCtS*Q<M�b�OWx<IÒU+ILIWS�X+Q3FNFNERU�[GIk��ERMNb*Q3T*M&MNb�I�b*IW[RX�O<S�C�FNT*X�X�Q<KHM�Q<\�V�O<Sam�X+ILQ<X�[RI<��ãíS
XZOPKNMNEGiLT�[GOPKA�dãe��Q3T�[GC�[GEGÁ<IkMJQ{MNb�O<S*ÁÄMNb*I¨\fQ3[G[RQA��EGS*g*�

ü l�KHQ<\¿IWFNFNQ<K�� O<[RI�l�OPMJML� V�m9O<C*xrEGFJQ<KW��\fQ<KÒFNX�OPKNÁrEGS*g}V�m9EGS�MJILKNIWFJM�EGSÃijQ3V�X�T*MJILK�OPKHiyb�ERMJIWijMNT*KNI
V$O<S�mtm<IWOPKHF�OPg<QY�
b*IWS}ã���O<F¨O<S�T�S�C�ILKNg<KHO<C�T�OPMJI<�+O<S�C}\¿Q<K¨b�E`F
O<C*xrEGijI�O<S�C�g3T�EGC�O<S�ijI�QAx<ILK
MNb*I¨m<IWOPKHF�FNEGS�ijI¨MNb�IWS��

ü |}m{ijQ3V$V$EGMJMJILI�O<S�Ctì<QdIW[�s V$ILK�\¿Q<K�\fILIWC*U�O<iHÁ{Q3S�V�mÄC�EGFNFJILKNMNOPMNEGQ3SÄO<S�CY\¿Q<K&FNT�g<g<IWFJMNERQ3S�F�Q3S
b*Q©�ýMJQ�V$OPÁ<IÒERM�U+ILMJMJILKW��v&b*IWERK&FHT*g<g<IWFJMNERQ3S�F&g<KNIWOPMN[Rm�EGV�X�KHQAx<IWCtERMNF
c�T�O<[`ERMzm<�

ü s�KyEGi���OPQ{\¿Q<K&MNb�I"EGS�ERMNEGO<[�U�KyO<EGS�FJMJQ<KHV�EGS*gÒQ3S�Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK
\fILMNiHb®�ZC*IWijQrC*I<��O<S�CtE`FNFNT*I<�

ü l�O<T�[��
O<iLT�S�O<F�\fQ<K&\fT�KNMNb*ILKeU�KHO<EGS�FJMJQ<KHV$EGS�g�Q3S�Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK&\¿ILMNiyb���C*IWijQrC*I<��O<S�C�EGFNFNT*I<þ*O<S�C
\fQ<K&X�KNQ©xdEGC�EGS*gÒ\¿ILIWC*UZO<iNÁ�O<S�C�X�KHQ�Q<\fKNIWO<C�EGS�gÒMNb�I�EGS�ERMNE`O<[�x<ILKHFHERQ3S�F�Q<\0MNb�EGF&C�EGFNFJILKNMNOPMNEGQ3S��

ü |�OPKHEGT�F"s x<ILKHFL�0�
b*Q�O<[`FJQtX�KNQ©xdE`C*IWC�\fILIWC*U�O<iNÁ·O<S�C�X�KNQdQ<\¿KHIWO<C·MNb*I�E`S�ERMNEGO<[�x<ILKHFHERQ3S�F¨Q<\�MNb�E`F
C�EGFHFJILKNMNOPMNERQ3S��

ü v&b*IkQ<MNb*ILK&V�IWV�U+ILKHFeQ<\�MNb�I��kl�q�KNIWFNIWOPKHiHb�g<KHQ3T*X®�rU+Q<MNb{XZO<FJM�O<S�CYX�KNIWFJIWS�ML�r\¿Q<K�MNb�I�FNMNEGV�T*Â
[GOPMNEGS�gÒIWS�xrERKNQ3S�V�IWS�M�MNb*ILmYX�KNQ©xdE`C*I<�

ü ��T*K$E`S�C�T�FJMJKyEGO<[�X�OPKHMNS*ILKHFíå�E`SÃXZOPKNMNEGiLT�[GOPK�ã¡SaMJIW[ o Q<KNX+Q<KHOPMNERQ3S�����Bk� o Q3V$X�T*MJILKÄqdmrFJMJIWV$FW�
O<S�CtBkC*xPO<S�ijIWCt|�EGijKNQ h ILxrEGijIWFíåÛ\fQ<K
MNb*IWEGKe^ZS�O<S�iLEGO<[�FHT*X�X+Q<KNML�

EGEGE



ú�îÞÿ ô�õ � � ï � ñ÷ú õ ñ÷ú?û

���������	��
���
�� ���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� E`E

��������
�������������������
�� �"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� E`EGE

����� 
!
�"#
$��%	����� �"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� xdE`E

����� 
!
�"&"'����(�)*��� �"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� xdE`EGE

�	+���,�
��-)��
á ã¡S�MJKNQdC�T�ijMNERQ3S¼�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� á

áP�Gá v
b*I"l�KNQ<UZ[RIWV��!v&b*I¨ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I���Q<MJMN[RIWS*IWiNÁY�"���¨�"�"�"�¨�"���¨� ~
áP� ~ v
b*I�qdQ3[GT*MNEGQ3S�� ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb�� h IWijQrC*I<��O<S�CYãíFHFNT*I��"�"�"�¨�"���¨� ç
áP�/. v
b*IWFNEGF
qdMNOPMJIWV$IWSaM6�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 0
áP� ç o Q3SaMJKHEGU�T*MNERQ3S�F÷�"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 0
áP� ê h EGFHFJILKNMNOPMNERQ3S}��KNg3O<S�ERßWOPMNERQ3S �"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 1

~ �
IW[GOPMJIWCté�Q<KHÁ �"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� á �
~ �Gá s�[GEGV$E`S�OPMNEGS*g�ãíS�FNMJKHT�ijMNERQ3S o O<iyb*I�|�EGFNFJIWFÜ���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� á �

~ �GáP�Gá ãíS�ijKHIWO<FNEGS*g o O<iyb*I�BkFNFJQriLEGOPMNERxrERMzm����"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� á<á
~ �GáP� ~ o QdC�I"�&IjÂí�kKHC�ILKHEGS*g �"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� á2.
~ �GáP�/. l�KNIL\fILMNiHb�E`S*g �"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� áWâ

~ � ~ v;Q3[RILKHOPMNE`S*g�ãíS�FJMJKHT�ijMNERQ3S o O<iHb*I�|�EGFNFNIWF��"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á
~ � ~ �Gá |}T�[GMNERX�KNQrijIWFNFJQ<KHFeO<S�C�|}T�[GMNEGFNiLO<[GOPK&l KNQdijIWFHFJQ<KHF �¨�"�"�"�¨�"���¨� ~ á
~ � ~ � ~ |}T�[GMNERMNb*KNIWO<C�E`S*g �"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á
~ � ~ �/. ãíS�FNMJKHT�ijMNERQ3S�qdMJQriNÁdX�EG[`EGS*gD�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~
~ � ~ � ç ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb43 h IWijQdC�I53©ãíFNFHT*I¾�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .

. q*EGV�T�[GOPMNERQ3SY|�ILMNb�QdC*Q3[GQ<g<m �"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê
.d�Gá |�O<iHb�EGS*I�|}QdC�IW[ò�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê
.d� ~ q*EGV�T�[GOPMJQ<KHFÙ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� . �

.d� ~ �Gá v&b*I"æ�T�S�ijMNERQ3S�O<[;qrE`V�T�[`OPMJQ<K �¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .rá
.d� ~ � ~ v&b*I"� h æ qrE`V�T�[`OPMJQ<K �¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .rá
.d� ~ �/. v&b*I"æ�T�[`[�qrEGVÒT�[GOPMJQ<Kø�"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� . ~

.d�/. ��IWS�iyb�V$OPKNÁrFÞ���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .6.

ERx



ç B�xPO<EG[GOPU�[RI�ã¡S�FJMJKHT�ijMNERQ3S��®ILx<IW[;l0OPKyO<[G[RIW[GEGFHV �"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .70
ç �Gá v
b*I"� h æ¾|}QdC*IW[®Q<\0s�½dIWiLT*MNEGQ3S �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .68
ç � ~ |}IWV�Q<KNm h ILX+IWS�C*IWS�ijmY�kO<S�C�[GEGS�g �"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .61

ç � ~ �Gá v&b*I"wkS*ÁdS�QA�
S�BkC�C*KNIWFHF&l�KNQ<UZ[RIWV¼�"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç3�
ç � ~ � ~ |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�l�OPKHO<C�ERg3V�F��"�"�¨�"���¨�"�"�"�¨�"���¨� ç á
ç � ~ �/. w�S�ER^�IWCYx<ILKHFNT�FkqdX�[GERM&qdMJQ<KNIWF��¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç â

ç �/. v
b*I"� h æ¾|}QdC*IW[ o Q3Sr^�g3T*KyOPMNERQ3S�O<S�C�BkFNFNT�V�X�MNERQ3S�F ���¨�"�"�"�¨�"���¨� ç 8
ç � ç s�½dX+ILKHE`V�IWSaMNO<[��
IWFNT�[RMNF��¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç 1
ç � ê q*T�V$V$OPKNm �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ê61

ê l0ILKN\fQ<KHV$O<S�ijI���Q<MJMN[RIWS*IWiNÁrF �"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� â �
êd�Gá |}ILMNb*QrC*Q3[RQ<g<mt���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ârá
êd� ~ o O<iHb*I�BkiLijIWFNFkv&EGV�Iø�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� â<ê
êd�/. v
b*I"��Q<MJMN[RIWS*IWiNÁrF��¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� â70

êd�/.d�Gá v&b*I¨ã¡S�FJMJKHT�ijMNEGQ3S o O<iHb*I �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� â70
êd�/.d� ~ v&b*I"��KHO<S�iybtl�KNIWC�EGijMJQ<K �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 09.
êd�/.d�/. v&b*I"s!½rIWiLT*MNERQ3S o Q<KNI �¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 8 ç
êd�/.d� ç v&b*I h OPMNO o O<iyb*I"�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 861

êd� ç q*T�V$V$OPKNm �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 168
â �¨T*M¡ÂpQ<\`Âí��KHC*ILK
æ*ILMNiyb�� h IWijQrC*I<�ZO<S�C�ãíFHFNT*I<� o Q3S�ijILX�M&O<S�Ctl�KHIW[GEGV$EGS�OPKNm$�&IWFNT�[RMNFÒ�¼á �Pç

âd�Gá o Q3S�ijILX�M �"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á � ê
âd� ~ o KNIWOPMNEGS*g�MNb*I��
Q3[RIÛ�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á � 8
âd�/. h ILX+IWS�C*IWS�ijmÄ�kO<S�C�[GE`S*gÒv;IWiHb�S�EGcdT*IWFÙ�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á<á �

âd�/.d�Gá �
Q3SrÂíqrX�IWiLT�[GOPMNERx<I"l�OPKHO<C�ERg3V �¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á<á �
âd�/.d� ~ qdX+IWiLT�[GOPMNERx<I¨l�OPKHO<C�ERg3V �¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á<á:0

âd� ç s�½dX+ILKHE`V�IWSaMNO<[��
IWFNT�[RMNF��¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á<á21
âd� ç �Gá ��OPKHERIWC h ILX+IWS�C*IWS�ijmY�kO<S�C�[GEGS�gÒv;IWiHb�S�EGc�T�I �"���¨�"�"�"�¨�"���¨�¼á ~<~
âd� ç � ~ ãíV�XZO<ijM&Q<\0l KNQrijIWC�T*KNI"�
ILQ<KHC*ILKHEGS�g��"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ~ 0
âd� ç �/. ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�IÒqrERßLI÷���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ~ 8
âd� ç � ç ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�B�FHFJQdiLE`OPMNERxdEGMzmÆ�¨�"���¨�"�"�"�¨�"���¨�¼á2. ~
âd� ç � ê ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�|}E`FNF&l0IWS�O<[RMäm �¨�"���¨�"�"�"�¨�"���¨�¼á2.6.

âd� ê q*T�V$V$OPKNm �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2. ç
0 �¨T*M¡ÂpQ<\`Âí��KHC*ILK
æ*ILMNiyb�� h IWijQrC*I<�ZO<S�C�ãíFHFNT*I<�!ã¡V�X�[RIWV�IWS�MNOPMNERQ3SY�"���¨�"�"�"�¨�"���¨�¼á2.<ê

0��Gá �eO<FJI�|}EGijKHQ3OPKHiHb�EGMJIWijMNT*KNIý�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2.<â
0��GáP�Gá æ*ILMNiHb�w�S�ERM��"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2.68
0��GáP� ~ s!½rIWiLT*MNERQ3S o Q<KHI �"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWê �
0��GáP�/. �®Q3O<C43<qdMJQ<KHIÒqdmrFJMJIWV �"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWâ ~
0��GáP� ç |}O<EGS�|�IWV�Q<KHm �¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWâ70

0�� ~ B�X�X�OPKyOPMNT�F�\fQ<Kk��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ�ILMNiHbØ�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á:0dá
0��/. B�X�X�OPKyOPMNT�F�\fQ<Kk��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ�ILMNiHb43 h IWijQrC*I53©ãíFHFNT*I$�"���¨�"�"�"�¨�"���¨�¼á:0Pâ

0��/.d�Gá qdIWc�T�IWS�ijI"��T�V�U+ILKHF �"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á:0Pâ
0��/.d� ~ |�QrC�E_^�IWC�æ�ILMNiHb���T<;�ILK �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á286.
0��/.d�/. ��O<S�C�[GEGS*gÒQ<\!�&ILg3EGFJMJILK h ILX+IWS�C�IWS�iLERIWF6�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2870
0��/.d� ç |�QrC�E_^�IWCYã¡S�FJMJKyT�ijMNERQ3S�qriyb*IWC�T�[GE`S*gÒ��Q<g3EGi �¨�"���¨�"�"�"�¨�"���¨�¼á21rá
0��/.d� ê l b�mdFNE`iLO<[��&ILg3EGFJMJILKkO<S�C o b�IWiNÁdX�Q3E`SaMeé¸ERMNb�b*Q3[GC�EGS*g �"�"�¨�"���¨�¼á216.
0��/.d� â ��O<S�C�[GEGS*gÒQ<\ qdILKHEGO<[GEGßWEGS*gÒãíS�FNMJKHT�ijMNERQ3S�F9�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á21<ê

x



8 �¨T*M¡ÂpQ<\`Âí��KHC*ILK
æ*ILMNiyb�� h IWijQrC*I<�ZO<S�C�ãíFHFNT*I<��æ�EGS�O<[��
IWFNT�[RMNF¸�¨�"���¨�"�"�"�¨�"���¨�¼á2170
8d�Gá o Q3V�X�OPKHEGFNQ3SYQ<\;ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I���Q<MJMN[RIWS*IWiHÁ}qdQ3[GT*MNERQ3S�F �"�"�¨�"���¨�¼á2168
8d� ~ ��OPKHmdEGS�g�MNb*I"ã¡S�FJMJKHT�ijMNEGQ3S o O<iHb*I�qrERßLI �"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~P� ê
8d�/. ��OPKHmdEGS�g�MNb*I�æ*ILMNiyb}�eT=;+ILKkqrERßLI �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~P� 0
8d� ç ��OPKHmdEGS�g�MNb*I o b*IWiHÁ�X+Q3EGS�M�é¸ERMNb�b*Q3[GC�EGS*g ���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á ~
8d� ê q*T�V$V$OPKNm �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ áWê

1 o Q3S�iL[GT�FNEGQ3S �¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ áWâ

��,>,��-�����@? �¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ á

%A�@%A����
���)���,>+�B �¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ 0 ~

xrE



ôt' û�ú � � ú}î ÿ ôtõ û


�C ,EDGF
.d�Gá v&b*I�qrl�s o EGS�MH1<êÒU+IWS�iHb�V$OPKNÁrF�O<S�C�MNb*IWERK�MJKyO<EGS�EGS*g�O<S�CYMJIWFNM�C�OPMNO$FNILMNFt�"�¨�"���¨� .6.
.d� ~ v&b*I"��Q3SrÂíqrl s o U+IWS�iHb�V�OPKNÁdF
O<S�C�MNb*IWERK�MJKyO<EGS�EGS*g�O<S�CYMJIWFNM�C�OPMNO$FNILMNF·�"�¨�"���¨� . ç
.d�/. v&b*I"SdT�V�U+ILK�Q<\�EGS�FJMJKyT�ijMNERQ3S�FeIj½rIWiLT*MJIWCtX+ILK�U+IWS�iyb�V$OPKNÁ �"�¨�"���¨�"�"�"�¨�"���¨� .<â
ç �Gá ãíS�FNMJKHT�ijMNERQ3S o [`O<FNF���OPMJIWS�iLEGIWF �"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç 8
êd�Gá ��KyO<S�iHb}l�KNIWC�E`ijMJQ<K�qrERßLIWFL��|�EGFNF&��OPMJIWFL��O<S�C�|}EGFHF&�
OPMNERQ3F �"�¨�"���¨�"�"�"�¨�"���¨� 86.
âd�Gá qrT�V$V$OPKHm�Q<\�B�ijMNERQ3S�F&\fQ<K
O$l�KHQdijIWFNFNQ<K&�
ERMNb�O$|�O<FJÁ o O<iyb*I �"���¨�"�"�"�¨�"���¨�¼á<áWâ

xdEGE



ô�' û�ú � � ��'�öJILK�õ û

"NMPORQTS F
áP�Gá h IWV$Q3S�FJMJKHOPMNERQ3SÒQ<\�MNb�I�X�KNQ<U�[RIWV n MNb*I�EGS�FJMJKHT�ijMNERQ3S�iLO<iyb*IeU�Q<MJMN[GIWS*IWiNÁ�u;EGSax<IWFNMNERg3OPMJIWC

U�mÄMNb�EGF�C�E`FNFJILKNMNOPMNERQ3SD�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� .
áP� ~ v�ILKHV�EGS*Q3[RQ<g<m��¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç
áP�/. ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb�� h IWijQrC*I<��O<S�CYãíFHFNT*I"s!½*O<V�X�[GI �¨�"�"�¨�"���¨�"�"�"�¨�"���¨� â
.d�Gá � h æ¾|�QrC*IW[�Q<\�s!½rIWiLT*MNERQ3S �"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ â
.d� ~ ��O<FHEGi"�kl�qÄ|�EGijKNQ3OPKHiyb�ERMJIWijMNT*KNI �¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ 8
ç �Gá v&b*I"wkS*ÁdS�QA�
S�BkC�C*KNIWFHF&l�KNQ<UZ[RIWVòs!½*O<V�X�[RI �¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ç3�
ç � ~ �
Q3SrÂíqrX�IWiLT�[GOPMNERx<I"|}IWV�Q<KNm h EGFNO<V�U�ERg3T�OPMNERQ3S�l�OPKHO<C�ERg3V÷s!½*O<V�X�[GI��"�"�"�¨�"���¨� ça~
ç �/. qdX+IWiLT�[GOPMNERx<I¨|}IWV�Q<KNm h EGFNO<V�U�ERg3T�OPMNERQ3S�l�OPKHO<C�ERg3V s�½rO<V�XZ[RI��"���¨�"�"�"�¨�"���¨� ç<ç
ç � ç ãíS�FNMJKHT�ijMNERQ3S���ILx<IW[�l�OPKHO<[G[RIW[`EGFNVÒå��kOPKHV�Q3S�EGi
B�x<ILKHOPg<IÜ�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� êrá
ç � ê ãíS�FNMJKHT�ijMNERQ3S���ILx<IW[�l�OPKHO<[G[RIW[`EGFNVÒåØq*l s o ��IWS�iHb�V$OPKNÁrF �"�"�¨�"���¨�"�"�"�¨�"���¨� ê6.
ç � â ãíS�FNMJKHT�ijMNERQ3S���ILx<IW[�l�OPKHO<[G[RIW[`EGFNVÒå���Q3SrÂíqrl�s o ��IWS�iHb�V�OPKNÁdFÄ�¨�"���¨�"�"�"�¨�"���¨� ê ç
ç �U0 |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å���OPKyV�Q3S�EGi�B�x<ILKHOPg<I ���¨�"�"�"�¨�"���¨� ê<â
êd�Gá ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWCtã¡S�FJMJKyT�ijMNERQ3S o O<iHb�I�qrERßLI�å¸��OPKHV$Q3S�EGi�B
x<ILKyOPg<I����¨� â68
êd� ~ �&IWO<[�|}O<iyb�EGS*I��
ERMNb$��OPKyERIWC�ã¡S�FJMJKyT�ijMNERQ3S o O<iyb*I"qrERßLI npo Q3S�FJMNO<S�M�|�EGFJX�KHIWC�EGijM�l0IWSrÂ

O<[RMzm�upå��kOPKHV�Q3S�EGi�B
x<ILKHOPg<I �"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 0 �
êd�/. �&IWO<[�|�O<iHb�EGS*I���ERMNb���OPKHERIWC�ãíS�FJMJKHT�ijMNERQ3S o O<iHb*I�qrERßLI n q*iLO<[RIWC�|�EGFJX�KHIWC�EGijM�l0IWS�O<[_Â

Mzm�upå���OPKyV�Q3S�EGi"B�x<ILKHOPg<I �¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 0 ~
êd� ç ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�|�EGFJX�KNIWC�EGijMe�
OPMJI�å��kOPKHV�Q3S�EGi"B�x<ILKHOPg<I¨�"�"�¨�"���¨� 0 ç
êd� ê ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�|�EGFJX�KNIWC�EGijMe�
OPMJI�åØq*l s o ��IWS�iHb�V�OPKNÁdF �"�¨�"���¨� 060
êd� â ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�|�EGFJX�KNIWC�EGijMe�
OPMJI�å���Q3SrÂíqrl�s o ��IWS�iHb�V$OPKHÁdFe�"���¨� 098
êd�U0 �&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCt|�EGFJX�KNIWC�EGijM��
OPMJI�å��kOPKHV�Q3S�E`i"B
x<ILKyOPg<I·�"�"�¨�"���¨� 091
êd�/8 ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�s�½dIWiLT�MNERQ3S o Q<KNI�q*ERßLI�å��kOPKHV�Q3S�EGi�B�x<ILKHOPg<I �"���¨� 870
êd�/1 �&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCts!½rIWiLT*MNERQ3S o Q<KNIÒqrEGßLI�å���OPKyV�Q3S�EGi�B�x<ILKHOPg<I �"���¨� 868
êd�Gá � ãíC*IWO<[Ò|�O<iHb�EGS�IÃ�
EGMNb?��OPKHEGIWC h OPMNO o O<iyb*I¾q*ERßLI npo Q3S�FJMNO<S�MÜ��Q3O<C �;OPMJIWS�ijm�upå

��OPKHV$Q3S�EGi¨B�x<ILKHOPg<I �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 1rá
êd�Gá<áÚãíC*IWO<[a|}O<iyb�EGS*I���ERMNb¨��OPKHERIWC h OPMNO o O<iyb*IeqrEGßLI n qriLO<[RIWC���Q3O<C��;OPMJIWS�ijm*upå¸��OPKHV$Q3SrÂ

EGi¨B
x<ILKyOPg<I��"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 16.
êd�Gá ~ �&IWO<[®|�O<iHb�E`S*I¨�
ERMNbÄ��OPKHERIWC h OPMNO o O<iHb*I�q*ERßLI npo Q3S�FJMNO<S�M
�®Q3O<C���OPMJIWS�ijm�upå��kOPKJÂ

V�Q3S�EGi¨B�x<ILKHOPg<I �"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 1<ê
êd�Gá2.��&IWO<[r|}O<iyb�EGS*I��
ERMNb���OPKHERIWC h OPMNO o O<iHb*I
qrEGßLI n qriLO<[RIWCÒ�®Q3O<C��;OPMJIWS�ijm*upå¸��OPKHV$Q3SrÂ

EGi¨B
x<ILKyOPg<I��"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� 170
êd�Gá ç l;ILKH\¿Q<KHV�O<S�ijI���Q<MJMN[RIWS*IWiHÁdF¨qrT�V$V�OPKNm3å¸��OPKHV$Q3S�EGi�B
x<ILKyOPg<I �"���¨�"�"�"�¨�"���¨� 168

xrEGEGE



êd�GáWê�l;ILKH\¿Q<KHV�O<S�ijI���Q<MJMN[RIWS*IWiHÁdF¨qrT�V$V�OPKNm3åýqrl s o ��IWS�iyb�V$OPKNÁrF¾�"���¨�"�"�"�¨�"���¨�¼á �3~
êd�GáWâ�l;ILKH\¿Q<KHV�O<S�ijI���Q<MJMN[RIWS*IWiHÁdF¨qrT�V$V�OPKNm3å¸�
Q3SrÂíq*l s o ��IWS�iyb�V$OPKNÁrF6�"�"�"�¨�"���¨�¼á � .
âd�Gá ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiybÜs!½*O<V�X�[RI �¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á � â
âd� ~ v&b*I h OPMNO�V�QA�#WkKHOPXZbt�
Q3[GIÞ�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á � 1
âd�/. o [GO<FNFNER^ZiLOPMNERQ3S�s!½*O<V�X�[GI¾�"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á<á ~
âd� ç ãíS�FNMJKHT�ijMNERQ3S�æ*ILMNiyb}|}IWiHb�O<S�EGFNVòã¡S�ijQ<KNX+Q<KHOPMNE`S*g$O�|}O<FNÁ o O<iHb*IÙ���¨�"�"�"�¨�"���¨�¼á<áWê
âd� ê h ILX+IWS�C�IWS�ijmÄ�kO<S�C�[`EGS*g�v�IWiyb�S�EGcdT*IWFíå��kOPKHV�Q3S�EGi�B
x<ILKHOPg<ID�¨�"���¨�"�"�"�¨�"���¨�¼á ~¦ç
âd� â h ILX+IWS�C�IWS�ijmÄ�kO<S�C�[`EGS*g�v�IWiyb�S�EGcdT*IWFíåØq*l s o ��IWS�iyb�V$OPKNÁrF��¨�"���¨�"�"�"�¨�"���¨�¼á ~ â
âd�U0 h ILX+IWS�C�IWS�ijmÄ�kO<S�C�[`EGS*g�v�IWiyb�S�EGcdT*IWFíå���Q3SrÂíqrl�s o ��IWS�iyb�V$OPKNÁrF��¨�"�"�"�¨�"���¨�¼á ~ â
âd�/8 ãíV�XZO<ijM�Q<\���T*M¡ÂpQ<\¿Âí�kKHC*ILK�æ*ILMNiHbR3 h IWijQrC*I53©ã¡FNFNT*I¾O<S�C l�KNQrijIWC�T*KHI9�&ILQ<KHC�ILKHEGS*g¦å

��OPKHV$Q3S�EGi¨B�x<ILKHOPg<I �¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ~ 0
âd�/1 ��OPKHERIWC"ã¡S�FJMJKyT�ijMNERQ3S o O<iyb*I&qrERßLI npo Q3S�FJMNO<SaM0|}E`FJX�KNIWC�E`ijM®l;IWS�O<[RMzm�upå��kOPKHV�Q3S�EGi�B
x�Â

ILKHOPg<I��"�¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ~ 1
âd�Gá � ��OPKHERIWC$ã¡S�FJMJKyT�ijMNERQ3S o O<iHb*I¨qrERßLI n qriLO<[GIWC{|�EGFJX�KHIWC�EGijM�l0IWS�O<[RMäm*upå��kOPKHV�Q3S�EGi
B�x<ILKJÂ

OPg<I9�"�"�¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2. �
âd�Gá<áÚ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�B�FHFJQdiLE`OPMNERxdEGMzmaå���OPKyV�Q3S�EGi¨B�x<ILKHOPg<I �¨�"�"�"�¨�"���¨�¼á2. ~
âd�Gá ~ ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�|}E`FNF&l0IWS�O<[RMäm3å��kOPKHV�Q3S�EGi¨B
x<ILKyOPg<I �¨�"�"�"�¨�"���¨�¼á2.6.
0��Gá ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*I��eO<FJI�|�EGijKNQ3OPKHiyb�ERMJIWijMNT*KHI6���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2.<â
0�� ~ ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*I�æ*ILMNiyb}wkS�ERMÞ���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2.68
0��/. æ0EGg3T*KNI
FNb�QA�
EGS�g"b*QA�ÛMNb*I
U�EGMNF!Q<\+MNb*I
\fILMNiHbÄO<C�C*KNIWFHF�OPKNI�T�FJIWC��
b*IWS{O<iLijIWFNFNEGS�g"MNb*I

��v
�ØO<S�CÄ^�KHFJM&[GILx<IW[®EGS�FJMJKyT�ijMNERQ3S�iLO<iHb�IÙ�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ç 0
0�� ç ��v
�Ø|}EGFHF��
OPMJIWFíåØq*l s o ��IWS�iHb�V$OPKHÁdF �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ç 8
0�� ê ��v
�Ø|}EGFHF��
OPMJIWFíå���Q3SrÂíqrl�s o ��IWS�iHb�V$OPKHÁdF��¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á ç 1
0�� â ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*I�s!½rIWiLT*MNERQ3S o Q<KNI �"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWê �
0��U0 l ERX+IW[GEGS�I
MNEGV$E`S*g�C�EGOPg<KHO<V÷FHb*QA�
E`S*g�MNb*I"Ij½rIWiLT*MNERQ3S�Q<\!C*ILX+IWS�C*IWS�M�EGS�FJMJKyT�ijMNERQ3S�F �¼áWê ç
0��/8 ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*IÒqriyb*IWC�T�[GE`S*gÒ��Q<g3EGiÒ�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWê<â
0��/1 é·OPÁ<IWT*X}��Q<g3EGiY�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWê68
0��Gá � qdIW[RIWijM
��Q<g3EGi¸�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWâ �
0��Gá<áÀ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*I��®Q3O<CR3<qdMJQ<KNIÒqdmrFJMJIWV �¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWâ ~
0��Gá ~ ��[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*I h T�O<[;qd��ERMNiHb�æ�ERKHFNM&�®ILx<IW[ h OPMNO o O<iHb*It���¨�"�"�"�¨�"���¨�¼áWâ<ê
0��Gá2.���[GQdiHÁ h EGOPg<KyO<VòQ<\�MNb*IÒqrEGS�g3[RI¨qr�
ERMNiHb�æ0EGKHFJM��®ILx<IW[ h OPMNO o O<iHb�Iò�¨�"�"�"�¨�"���¨�¼áWâ<â
0��Gá ç |}O<EGS�|�IWV�Q<KHmYB�KHiyb�ERMJIWijMNT*KNI¼�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼áWâ68
0��GáWê�æ*ILMNiHb��eT=;�ILK
\¿Q<KkO�|}O<iyb�EGS*I"MNb�OPMkqrT*X�X+Q<KNMNF&��T�M¡ÂpQ<\`Âí�kKyC*ILK
æ*ILMNiyb �"�"�"�¨�"���¨�¼á:0 ç
0��GáWâÛãíFNFHT*I"l�O<iNÁ<ILM�B
g<I��
ILg3EGFJMJILKHF
�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á:098
0��Gá:0¸qdIWc�T�IWS�ijI"��T�V�U+ILK&ã¡S*\fQ<KHV$OPMNERQ3S�v0OPU�[RI��¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á28rá
0��Gá28�æ*ILMNiHb��eT=;�ILK
\¿Q<KkO�|}O<iyb�EGS*I"MNb�OPM
FNT*X�X+Q<KNMNF&��T�M¡ÂpQ<\`Âí�kKyC*ILK
æ*ILMNiyb43 h IWijQdC*I53©ã¡FNFNT�I á28 ç
0��Gá21�æ0EGg3T*KNI�FHb*QA�
E`S*g�b*Q©� MNb*I�qdIWcdT*IWS�ijI��kT�V�U+ILK
ã¡S*\¿Q<KyV$OPMNERQ3S�v0OPU�[RIÒEGF
T�FJIWC�MJQÄC*IjÂ

MJILKHV$EGS*I��
b�EGiHb�iyb*IWiNÁdX+Q3EGSaM�ijQ3SaMNO<EGS�F�MNb*I�EGFHFNT*IkX�O<iNÁ<ILMkMNb�OPM&[RQ<g3EGiLO<[`[Rm�X�KHIWijIWC*IWF&O
S*IL�?EGFNFHT*I�X�O<iNÁ<ILM(�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨�¼á2861

0�� ~P� æ0EGg3T*KNI�FHb*QA�
E`S*g�b*Q©� MNb*I�qdIWcdT*IWS�ijI��kT�V�U+ILK
ã¡S*\¿Q<KyV$OPMNERQ3S�v0OPU�[RIÒEGF
T�FJIWC�MJQÄC*IjÂ
MJILKHV$EGS*I¨MNb�I"FJIWc�T�IWS�ijI�SdT�V�U+ILK�Q<\0MNb*I"m<Q3T�S�g<IWFJM&X�KNIjÂzb�Q3[RI"EGS�FJMJKyT�ijMNERQ3SÜ�"�¨�"���¨�¼á21 ~

8d�Gá ãíS�FNMJKHT�ijMNERQ3S o O<iyb*I���Q<MJMN[RIWS*IWiHÁ}qdQ3[GT*MNEGQ3S�Fíå��kOPKHV�Q3S�E`i�B�x<ILKHOPg<I��¨�"�"�"�¨�"���¨� ~P�<�
8d� ~ ãíS�FNMJKHT�ijMNERQ3S o O<iyb*I���Q<MJMN[RIWS*IWiHÁ}qdQ3[GT*MNEGQ3S�FíåØqrl�s o ��IWS�iHb�V$OPKNÁrF��¨�"�"�"�¨�"���¨� ~P� á
8d�/. ãíS�FNMJKHT�ijMNERQ3S o O<iyb*I���Q<MJMN[RIWS*IWiHÁ}qdQ3[GT*MNEGQ3S�Fíå���Q3SrÂíqrl�s o ��IWS�iHb�V�OPKNÁdFÛ�"�¨�"���¨� ~P� á
8d� ç ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb43 h IWijQdC�I53©ãíFNFHT*I���OPKHEGO<S�MNFíå��kOPKHV�Q3S�EGi�B
x<ILKHOPg<IÃ�"�"�¨�"���¨� ~P�3~

E_½



8d� ê ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb43 h IWijQdC�I53©ãíFNFHT*I���OPKHEGO<S�MNFíåØqrl�s o ��IWS�iyb�V$OPKNÁrFe�"�"�¨�"���¨� ~P�Pç
8d� â ��T*M¡ÂpQ<\¿Âí�kKHC*ILK&æ*ILMNiyb43 h IWijQdC�I53©ãíFNFHT*I���OPKHEGO<S�MNFíå���Q3SrÂíqrl s o ��IWS�iHb�V$OPKNÁrF��"���¨� ~P�Pç
8d�U0 ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�IÒqrERßLI�å��kOPKHV�Q3S�EGi¨B
x<ILKyOPg<I �"�"�¨�"���¨�"�"�"�¨�"���¨� ~P� ê
8d�/8 ��OPKHERIWCtæ*ILMNiyb}�eT=;+ILK�q*ERßLI�å��kOPKHV�Q3S�EGi�B�x<ILKHOPg<I ���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~P� 0
8d�/1 ��OPKHERIWCtæ*ILMNiyb}�eT=;+ILK�q*ERßLI�åØqrl�s o ��IWS�iHb�V�OPKNÁdFD���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á �
8d�Gá � ��OPKHERIWCtæ*ILMNiyb}�eT=;+ILK�q*ERßLI�å���Q3SrÂíqrl s o ��IWS�iHb�V�OPKNÁdF �"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á<á
8d�Gá<áÚ��OPKHERIWC o b�IWiNÁdX�Q3E`SaM�é¸ERMNb�b*Q3[`C�EGS*g¦å��kOPKHV�Q3S�EGi
B�x<ILKHOPg<Iò�"�¨�"���¨�"�"�"�¨�"���¨� ~ á ç
1d�Gá h IWV$Q3S�FJMJKHOPMNERQ3S�Q<\"MNb�I}X�KHQ<U�[RIWV n MNb�I�EGS�FJMJKHT�ijMNERQ3SÛiLO<iHb*IÜU+Q<MJMN[RIWS*IWiHÁ*u�O<S�CÛMNb*I

FJQ3[GT*MNERQ3S n Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\¿ILMNiyb���C*IWijQrC*I<��O<S�C�EGFNFNT*I©u�EGS�x<IWFJMNERg3OPMJIWC�U�m{MNb�EGF�C�E`FNFJILKNMNO¦Â
MNERQ3S �"�¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ á21

B��Gá |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å o V�X(�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ .
B�� ~ |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åXW�iLi��¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~¦ç
B��/. |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åXWkQ �¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ ê
B�� ç |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åÛãGàJX+ILg �"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ â
B�� ê |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å���E��"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ 0
B�� â |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�|�868¦ÁÀ�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ 8
B��U0 |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�l0ILKH[®�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~<~ 1
B��/8 |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åÛ�!Q<KNMJIj½ ���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ . �
B��/1 |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å o b*IWFNFk�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .rá
B��Gá � |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åXWkKNQ9;Æ�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ . ~
B��Gá<á
|�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åXW�F(�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .6.
B��Gá ~ |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�l�g<X��¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ . ç
B��Gá2."|�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�l [RQ<M �"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .<ê
B��Gá ç |�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�l�mdMNb*Q3SÙ���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .<â
B��GáWê"|�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡åØqrF��"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .70
B��GáWâ"|�IWV�Q<KHm h EGFHO<V�U�EGg3T�OPMNERQ3S�v;IWiHb�S�E`c�T*IWF¡å�v�Ij½Ø�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ .68
B��Gá:0�ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWCtã¡S�FJMJKyT�ijMNERQ3S o O<iHb�I�qrERßLI�åýqrl s o ��IWS�iyb�V$OPKNÁrF$���¨� ~ .61
B��Gá28¨ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWCtã¡S�FJMJKyT�ijMNERQ3S o O<iHb�I�qrERßLI�å¸�
Q3SrÂíq*l s o ��IWS�iyb�V$OPKNÁrF ~¦ç3�
B��Gá21"�&IWO<[�|}O<iyb�EGS*I��
ERMNb$��OPKyERIWC�ã¡S�FJMJKyT�ijMNERQ3S o O<iyb*I"qrERßLI npo Q3S�FJMNO<S�M�|�EGFJX�KHIWC�EGijM�l0IWSrÂ

O<[RMzm�upåØqrl�s o ��IWS�iyb�V$OPKNÁrFD�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~¦ç á
B�� ~P� �&IWO<[�|}O<iyb�EGS*I��
ERMNb$��OPKyERIWC�ã¡S�FJMJKyT�ijMNERQ3S o O<iyb*I"qrERßLI npo Q3S�FJMNO<S�M�|�EGFJX�KHIWC�EGijM�l0IWSrÂ

O<[RMzm�upå���Q3SrÂíqrl s o ��IWS�iHb�V$OPKNÁrF �"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~¦ça~
B�� ~ á
�&IWO<[�|�O<iHb�EGS*I���ERMNb���OPKHERIWC�ãíS�FJMJKHT�ijMNERQ3S o O<iHb*I�qrERßLI n q*iLO<[RIWC�|�EGFJX�KHIWC�EGijM�l0IWS�O<[_Â

Mzm�upåØqrl s o ��IWS�iHb�V$OPKNÁrF��¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~¦ç .
B�� ~<~ �&IWO<[�|�O<iHb�EGS*I���ERMNb���OPKHERIWC�ãíS�FJMJKHT�ijMNERQ3S o O<iHb*I�qrERßLI n q*iLO<[RIWC�|�EGFJX�KHIWC�EGijM�l0IWS�O<[_Â

Mzm�upå��
Q3S*Âíqrl s o ��IWS�iHb�V$OPKNÁrF �¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~¦ç<ç
B�� ~ ."�&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCt|�EGFJX�KNIWC�EGijM��
OPMJI�åØqrl�s o ��IWS�iyb�V$OPKNÁrF �"�¨�"���¨� ~¦ç ê
B�� ~¦ç �&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCt|�EGFJX�KNIWC�EGijM��
OPMJI�å���Q3SrÂíqrl�s o ��IWS�iyb�V$OPKNÁrF��"���¨� ~¦ç â
B�� ~ ê¨ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�s�½dIWiLT�MNERQ3S o Q<KNI�q*ERßLI�åØqrl�s o ��IWS�iHb�V$OPKNÁrF?�"���¨� ~¦ç 0
B�� ~ â¨ãíC*IWO<[�|}O<iyb�EGS*I¨�
EGMNbY��OPKHERIWC�s�½dIWiLT�MNERQ3S o Q<KNI�q*ERßLI�å���Q3SrÂíqrl s o ��IWS�iHb�V�OPKNÁdF � ~¦ç 8
B�� ~ 0¨�&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCts!½rIWiLT*MNERQ3S o Q<KNIÒqrEGßLI�åØqrl s o ��IWS�iHb�V$OPKHÁdF �"���¨� ~¦ç 1
B�� ~ 8"�&IWO<[®|�O<iHb�E`S*I"�
ERMNbY��OPKyERIWCts!½rIWiLT*MNERQ3S o Q<KNIÒqrEGßLI�å��
Q3S*Âíqrl s o ��IWS�iHb�V$OPKHÁdF � ~ ê �
B�� ~ 1¨ãíC*IWO<[a|}O<iyb�EGS*I��
ERMNb¨��OPKHEGIWC h OPMNO o O<iHb*I�qrERßLI npo Q3S�FNMNO<SaM0�®Q3O<CÒ��OPMJIWS�ijm�upåØqrl�s o

��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ êrá

½



B��/. � ãíC*IWO<[Z|}O<iyb�EGS*I
�
ERMNb���OPKHEGIWC h OPMNO o O<iHb*I¨qrERßLI npo Q3S�FJMNO<SaM��®Q3O<C{��OPMJIWS�ijm�upå���Q3SrÂ
qrl s o ��IWS�iHb�V$OPKHÁdFØ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê ~

B��/.rá&ãíC*IWO<[�|�O<iHb�E`S*I���ERMNb���OPKyERIWC h OPMNO o O<iHb*I�qrERßLI n qriLO<[RIWCÜ��Q3O<C���OPMJIWS�ijm�upåØqrl�s o
��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê6.

B��/. ~ ãíC*IWO<[e|�O<iHb�E`S*I{��ERMNb9��OPKyERIWC h OPMNO o O<iHb*I}qrEGßLI n qriLO<[RIWC¾��Q3O<CÀ��OPMJIWS�ijm�upå���Q3SrÂ
qrl s o ��IWS�iHb�V$OPKHÁdFØ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê ç

B��/.6."�&IWO<[r|}O<iyb�EGS*I��
ERMNb���OPKHERIWC h OPMNO o O<iHb�I&q*ERßLI npo Q3S�FJMNO<S�M0��Q3O<C���OPMJIWS�ijm�upåØqrl�s o
��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê<ê

B��/. ç �&IWO<[+|}O<iyb�EGS*Ik�
ERMNb{��OPKHERIWC h OPMNO o O<iHb�I"q*ERßLI npo Q3S�FJMNO<S�Me��Q3O<CY��OPMJIWS�ijm�upå���Q3SrÂ
qrl s o ��IWS�iHb�V$OPKHÁdFØ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê<â

B��/.<ê"�&IWO<[�|�O<iHb�E`S*I��
ERMNbÜ��OPKHEGIWC h OPMNO o O<iyb*IÄqrERßLI n qriLO<[GIWC·�®Q3O<CÃ��OPMJIWS�ijm�upåØqrl�s o
��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê70

B��/.<â"�&IWO<[&|�O<iHb�E`S*It�
ERMNbÚ��OPKHEGIWC h OPMNO o O<iyb*I�qrERßLI n q*iLO<[RIWCÙ�®Q3O<C ��OPMJIWS�ijm�upå���Q3SrÂ
qrl s o ��IWS�iHb�V$OPKHÁdFØ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê68

B��/.70�ãíV�XZO<ijM�Q<\���T*M¡ÂpQ<\¿Âí�kKHC*ILK�æ*ILMNiHbR3 h IWijQrC*I53©ã¡FNFNT*I¾O<S�C l�KNQrijIWC�T*KHI9�&ILQ<KHC�ILKHEGS*g¦å
qrl s o ��IWS�iHb�V$OPKHÁdFØ�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê61

B��/.68¨ãíV�XZO<ijM�Q<\���T*M¡ÂpQ<\¿Âí�kKHC*ILK�æ*ILMNiHbR3 h IWijQrC*I53©ã¡FNFNT*I¾O<S�C l�KNQrijIWC�T*KHI9�&ILQ<KHC�ILKHEGS*g¦å
�
Q3SrÂíq*l s o ��IWS�iHb�V$OPKHÁdF �¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ê61

B��/.61¨��OPKHERIWC�ã¡S�FJMJKHT�ijMNEGQ3S o O<iHb*I�qrEGßLI npo Q3S�FJMNO<S�M�|}EGFNX�KNIWC�EGijM�l0IWS�O<[RMäm*upåØq*l s o ��IWS�iybrÂ
V$OPKNÁrF �¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ â �

B�� ç3� ��OPKHERIWCÙã¡S�FJMJKyT�ijMNERQ3S o O<iyb*I·qrERßLI npo Q3S�FJMNO<SaMÄ|}E`FJX�KNIWC�E`ijM$l;IWS�O<[RMzm�upå���Q3SrÂíqrl s o
��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ ârá

B�� ç á&��OPKHERIWC¾ã¡S�FJMJKHT�ijMNERQ3S o O<iHb*IÜqrERßLI n qriLO<[RIWCÙ|�EGFJX�KNIWC�EGijM�l0IWS�O<[RMzm�upåØqrl�s o ��IWS�iybrÂ
V$OPKNÁrF �¨���"�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ â ~

B�� ça~ ��OPKHERIWC ã¡S�FJMJKHT�ijMNEGQ3S o O<iHb*I�q*ERßLI n qriLO<[RIWC |�EGFJX�KHIWC�EGijM¸l;IWS�O<[RMzm�upå���Q3SrÂíqrl s o
��IWS�iHb�V$OPKHÁdF}�¨�"�"�"�¨���"�¨�"�"�¨�"���"�¨�"�"�¨�"���"�¨�"�"�¨�"���¨�"�"�"�¨�"���¨� ~ â6.

B�� ç .¨��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�B�FHFJQdiLE`OPMNERxdEGMzmaåØqrl s o ��IWS�iHb�V�OPKNÁdFÙ�¨�"�"�"�¨�"���¨� ~ â ç
B�� ç<ç ��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�B�FHFJQdiLE`OPMNERxdEGMzmaå��
Q3S*Âíqrl s o ��IWS�iHb�V$OPKHÁdF6�"�¨�"���¨� ~ â<ê
B�� ç ê¨��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�|}E`FNF&l0IWS�O<[RMäm3åØq*l s o ��IWS�iHb�V$OPKHÁdF �¨�"�"�"�¨�"���¨� ~ â<â
B�� ç â¨��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�I�|}E`FNF&l0IWS�O<[RMäm3å���Q3SrÂíqrl�s o ��IWS�iyb�V$OPKNÁrF �"�¨�"���¨� ~ â70
B�� ç 0���OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�IÒqrERßLI�åØq*l s o ��IWS�iyb�V$OPKNÁrF��"�"�¨�"���¨�"�"�"�¨�"���¨� ~ â68
B�� ç 8¨��OPKHERIWC�ã¡S�FJMJKHT�ijMNERQ3S o O<iHb�IÒqrERßLI�å���Q3SrÂíqrl�s o ��IWS�iyb�V$OPKNÁrFÆ�"���¨�"�"�"�¨�"���¨� ~ â61
B�� ç 1¨��OPKHERIWC o b�IWiNÁdX�Q3E`SaM�é¸ERMNb�b*Q3[`C�EGS*g¦åØq*l s o ��IWS�iHb�V�OPKNÁdF}�"�¨�"���¨�"�"�"�¨�"���¨� ~ 0 �
B�� ê � ��OPKHERIWC o b�IWiNÁdX�Q3E`SaM�é¸ERMNb�b*Q3[`C�EGS*g¦å���Q3SrÂíqrl�s o ��IWS�iHb�V�OPKNÁdFD���¨�"�"�"�¨�"���¨� ~ 0dá

½*E



ïZY÷î#[�ú õ\K ]

'�%���
��"�$���0�_^N��%

qrERg3S�E_^ZiLO<S�M�XZOPKHO<[G[RIW[GE`FNVøIj½rEGFNMNF��
ERMNb�E`SÄO�FHEGS*g3[RI¨EGS�FNMJKHT�ijMNERQ3S�FJMJKHIWO<Va`_á ç �yê615bp��v�Q�O<iyb�ERILx<I
b�ERg3b$X+ILKN\fQ<KHV$O<S�ijI<��MJQdC�OWmRc F X�KHQdijIWFNFNQ<KHF�OPKHI
U�T�E`[RM�MJQ�MNOPÁ<I�O<C*xPO<SaMNOPg<I�Q<\®FJQ3V�I�Q<\�MNb�EGF�E`S�FJMJKHT�ijMNEGQ3S
[GILx<IW[�XZOPKHO<[G[RIW[GE`FNV��tv;IWiHb�S�E`c�T*IWFÒFNT�iybÀO<FÒFNX�IWiLT�[GOPMNERx<I�Ij½rIWiLT*MNERQ3S®��C*mdS�O<V$EGi�FHiHb*IWC�T�[GEGS*g*�0KNILg3EGFJMJILK
KHIWS�O<V$EGS*g*��O<S�CÀU�KHO<S�iHb¾X�KHIWC�EGijMNERQ3SÀOPKNItT�FNIWCÀMJQ·Ij½dXZ[RQ3ERM�MNb*ItEGS�FNMJKHT�ijMNERQ3SÀ[RILx<IW[�XZOPKHO<[G[RIW[GE`FNV Udm
KHIWV�QAxrEGS*g¾Q<K�KNIWC�T�iLEGS*gÚX+ILKN\¿Q<KyV$O<S�ijIÜU+Q<MJMN[RIWS*IWiNÁrF�MNb�OPM�KHIWFNT�[RMÄ\¿KHQ3V(T�S*X�KNIWC�EGijMNOPU�[RI�[GOPMJIWS�iLERIWFL�
\]O<[GFJI�C*ILX+IWS�C*IWS�iLERIWFW�dO<S�C�iHb�O<S*g<IWF
Q<\dV�QA�?E`SYMNb*I�EGS�FNMJKHT�ijMNERQ3SYFJMJKNIWO<Vt�

v;Q�Ij½rX�[RQ3ERM�ILx<IWS�[GOPKNg<ILKkO<V�Q3T�S�MNF
Q<\!EGS�FJMJKHT�ijMNERQ3S�[RILx<IW[®X�OPKyO<[G[RIW[GEGFHV���MJQ3V$Q<KNKNQA��c F
X�KHQdijIWF¡Â
FNQ<KHF��
EG[G[*U+I&UZT�EG[RM���ERMNb$�
E`C*ILK�EGFHFNT*I&�
E`C*MNb�FL�0ãíS{MNb*I�X�O<FJM�^�\¿MJILIWSÄm<IWOPKHFW�rE`S�FJMJKHT�ijMNEGQ3S$EGFNFNT�I&�
EGC*MNb�F
b�OWx<I$g<KNQ©�
S�\fKNQ3V Q3S*I n ã¡SaMJIW[!E ç 8<âd�;|}Q<MJQ<KNQ3[GO�â68 �3~P� ��qrT�SÜ|�EGijKNQ�qdX�OPKyiP�®|�ã¡l�q�� ~P�<�<� uy�;MJQ�Mä��Q
n ã¡S�MJIW[®l0IWSaMNEGT�V��*B�[RXZb�O ~ á � â ç ����l l�B
Âe0 ~P�<� uy��MJQ�\fQ3T*K n l0QA��ILKHl o â �Pç ��qrT�SYwk[RMJKHOaqdXZOPKHiP�*B�[RXZb�O
~ á<áWâ ç �Z|�ã¡l�q{��á �<�<�<� �Z��l¾l+B
Âf8 �<�<� uy��ãíM�b�O<F U+ILIWSÄX�KNQ¦àJIWijMJIWCÄMNb�OPMeU�m$MNb�I�m<IWOPK ~P�<� êd��ERM��
EG[`[*U+I
X+Q3FNFHERU�[RI�MJQ�X�[GO<ijI�O�U�EG[G[`ERQ3SÒMJKHO<S�FNEGFNMJQ<KHF�Q3SÄO�iyb�ERX®�0é�EGMNb{O�U�EG[G[GEGQ3S�MJKyO<S�FNEGFJMJQ<KyF�Q3SÄiHb�ERX��aO"X�KHQdijIWF¡Â
FNQ<K�MNb�OPM�iLO<SYEGFNFNT�I
FNE_½rMJILIWS�Q<KeV�Q<KNIkEGS�FJMJKyT�ijMNERQ3S�F!X+ILK�ijmdiL[RI�EGF�S*Q<M�EGS�\¿IWO<FNEGU�[RI<���
Q©��ILx<ILKW�*\fQ<KeFNT�iHb
O�X�KHQdijIWFNFNQ<KW��MNb*I{QriLiLT*KNKHIWS�ijI{Q<\�EGS�FJMJKHT�ijMNERQ3S9iLO<iyb*ItV$EGFNFNIWF"�
EG[`[�EGV�X+Q3FJIÄO}FJILx<ILKHIÄX+ILKN\fQ<KHV$O<S�ijI
X+IWS�O<[GMzm<�

á



]NgH] ú ��� [ 
��NhjiH�lknm ú ���ò'�%�)��+
®���0�o^H��% ï #������ ÿ �&���oiH� %���� p

ãíS�FNMJKHT�ijMNERQ3S�iLO<iHb�I&V$EGFNFJIWF�EGS�MJILKNKHT�X�M�MNb*I�FNT�X�X�[Rm�Q<\ZE`S�FJMJKHT�ijMNEGQ3S�F�MJQ¨MNb�I�X�KNQdijIWFHFJQ<KW�0é�b*IWS
O<S}EGS�FJMJKyT�ijMNERQ3S�iLO<iHb�I�V$EGFHFeQdiLiLT*KyFL��MNb*I"\fKNQ3S�M�IWS�C�Q<\�MNb*I"X�KNQdijIWFHFJQ<K n EÝ��I<�R��MNb*I�EGS�FNMJKHT�ijMNERQ3SY\fILMNiHb
O<S�C·C*IWijQrC*I�X�ERX+IW[GEGS�IWFyu�FJMNO<[`[GF�T�SaMNE`[�MNb*I$EGS�FJMJKyT�ijMNERQ3S�Fkb�OWx<I{U+ILIWSÜQ<U�MNO<EGS*IWCÜ\fKNQ3V MNb*I$S�Ij½dM"[RILx<IW[
Q<\0MNb*I"V�IWV$Q<KNm{b�EGILKHOPKHiHb�m<� h T*KHE`S*g�MNb�I¨MNEGV�I�Q<\;MNb�EGFeFJMNO<[G[Ý��S*Q�S*IL�ýE`S�FJMJKHT�ijMNEGQ3S�F�OPKHI"FNT*X�X�[`ERIWC�MJQ
MNb�I"X�KNQrijIWFNFJQ<K
ijQ<KHI<�

B¸FNEGV�XZ[RIeU�O<iNÁ�ÂpQ<\`ÂpMNb�IjÂpIWSax<IW[RQ<X+I�iLO<[GiLT�[GOPMNEGQ3S$iLO<S�U+I&T�FNIWC�MJQ"KNQ3T*g3b�[RmÒO<FHFJIWFNF�MNb�I
FJILx<ILKHERMäm
Q<\�MNb�E`F�U+Q<MJMN[RIWS�IWiNÁ���v&b*I¨iLO<[GiLT�[GOPMNERQ3S�T�FJIWF&MNb*I"EGS�FJMJKyT�ijMNERQ3SÄ\¿ILMNiyb��
EGC�MNb n Ep�*I<�R��MNb*I¨X+IWOPÁÄSdT�V�U+ILK
Q<\®E`S�FJMJKHT�ijMNEGQ3S�F�MNb�OPMeiLO<S$U+I&\fILMNiHb*IWC{\¿KHQ3VÞMNb*IkEGS�FJMJKHT�ijMNERQ3S$iLO<iHb�IkEGS�O�FNEGS�g3[RI&ijmdiL[GI©uy��MNb*IkEGS�FJMJKyT�i�Â
MNEGQ3S�iLO<iHb*I�V�EGFNF�KHOPMJI<��O<S�CÜMNb*I�EGS�FJMJKHT�ijMNERQ3S�iLO<iHb�I�V$EGFNF�X+IWS�O<[RMäm�MJQ�iLO<[GiLT�[GOPMJI�MNb�IÒX+ILKN\fQ<KHV$O<S�ijI
C�ILg<KHO<C�OPMNERQ3S�MNb�OPM&KNIWFNT�[RMNF�\fKNQ3V÷EGS�FNMJKHT�ijMNERQ3S�iLO<iyb*I�V$E`FNFJIWFL�!ãíM
O<FNFNT�V�IWF�MNb�OPM�MNb*I¨X�KNQrijIWFNFJQ<KkC*Q�IWF
S�Q<M$FJMNO<[G[�T�S�[GIWFNFÒMNb*ILKNItEGF�O<SÙEGS�FJMJKHT�ijMNERQ3SÚiLO<iHb�I�V$EGFNFW�Ãv&b*ItiLO<[`iLT�[GOPMNERQ3SÀEGF�C*IWFHijKHERU+IWC9U+IWFJM�Udm
T�FNEGS*g�MNb*I�\¿Q3[G[GQA�
EGS�g�Ij½*O<V�X�[RI<�!BkFNFNT�V�IkMNb�OPMeMNb*I¨EGS�FNMJKHT�ijMNERQ3S�\¿ILMNiybY�
EGC*MNbÄEGFkáWâd�*MNb*IkE`S�FJMJKHT�ijMNEGQ3S
iLO<iyb*I�V$EGFNF
KHOPMJI�EGF&Q3S*I�V$EGFHF&X+ILK�á �<� EGS�FJMJKyT�ijMNERQ3S�FL�ZO<S�C�MNb�I�EGS�FNMJKHT�ijMNERQ3StiLO<iyb*I�V$EGFNF
X+IWS�O<[RMzm�EGF
á � ijmdiL[GIWFL����S�OAx<ILKHOPg<I<�o161�EGS�FJMJKyT�ijMNERQ3S�FeOPKNI¨\fILMNiHb*IWC�\¿KHQ3VòMNb*I�EGS�FJMJKHT�ijMNERQ3SYiLO<iyb*I�U+IL\fQ<KNI"O$V$EGFHF
QriLiLT*KHFW��v&b*IWFJIq161�EGS�FJMJKyT�ijMNERQ3S�F�OPKNI$\fILMNiHb�IWC9EGS�OPU+Q3T*M�â�ijmriL[RIWFL�	161tEGS�FNMJKHT�ijMNERQ3S�FW��\¿ILMNiyb*IWC9OPM�O
KyOPMJIkQ<\�áWâ�X+ILKeijmdiL[GI<�rOPKHI�\fILMNiHb*IWC�E`S�1617rdáWâ�ijmriL[RIWFL�!é¸b*IWSÄMNb*I�á �<� MNb�EGS�FJMJKHT�ijMNERQ3S�EGF�\fILMNiHb*IWC��rMNb*I
V�EGFNF�QdiLiLT*KyFL��á � ijmdiL[GIWF n MNb*I�EGS�FNMJKHT�ijMNERQ3S}iLO<iHb*I�V$EGFHF&X+IWS�O<[RMäm*u�IWS�FNT*IÒEGSt�
b�EGiHb}S*QÄE`S�FJMJKHT�ijMNEGQ3S�F
OPKHI{\fILMNiHb*IWC®��v&bdT�FL��\fQ<K�ILx<ILKHm áWâ�ijmdiL[RIWFW� â�ijmriL[RIWFÒOPKNIÄFNX�IWS�M�\fILMNiHb�EGS*g*��O<S�C�á � OPKHIÄFJX+IWS�M�S*Q<M
\fILMNiHb�EGS*g*�!v&b*Ie^ZS�O<[�KHIWFNT�[RML�;QAx<ILK�â �aè n á � rdáWâjs�á �<�aè u0Q<\�MNb*I�X�KHQdijIWFNFNQ<K2c F�X+Q<MJIWSaMNEGO<[rX+ILKN\fQ<KHV$O<S�ijI
E`F&[RQ3FJM&C�T�I¨MJQ�EGS�FJMJKyT�ijMNERQ3SYiLO<iHb*IÒV$EGFNFNIWFL�

v;Q�Q<U�MNO<EGS�O{V�Q<KNI�O<iLiLT�KHOPMJI�O<FNFJIWFNFNV$IWSaM�Q<\!MNb*I�FJILx<ILKyERMzmtQ<\!MNb�I�EGS�FNMJKHT�ijMNERQ3StiLO<iyb*IÒU�Q<M¡Â
MN[GIWS*IWiNÁ���FJQ<\fMz�eOPKNI�V�QrC*IW[GFkQ<\�C�Et;+ILKNIWSaM�X�KHQdijIWFNFNQ<K�V�EGijKNQ3OPKHiyb�ERMJIWijMNT*KNIWF¨iLO<S·U�I�T�FJIWC�MJQtFNE`V�T�[`OPMJI
MNb�I"Ij½dIWiLT�MNERQ3StQ<\�O�X�KNQ<g<KyO<V�� æ�ERg3T*KNI$áP�Gá"��O<F�ijKNIWOPMJIWC}T�FNEGS*g�FNT�iybtV�QrC*IW[GFL��ãíM&X�[RQ<MNF&MNb*I¨X+ILKN\¿Q<KNÂ
V�O<S�ijI<��EGS�ã¡S�FJMJKHT�ijMNEGQ3S�F
l0ILK o mdiL[GI n ã¡l o uy�ZQ<\�MNb*I�g3iLi�U+IWS�iHb�V$OPKNÁY\¿Q<KkMz��QYC�Et;+ILKNIWSaM�X�KNQrijIWFNFJQ<KHF
O<F MNb*I�\fILMNiHb$��EGC*MNbÒQ<\ZMNb�IWFJI&X�KNQrijIWFNFJQ<KyF�x¦OPKHEGIWF!U+ILMz��ILIWStá&O<S�C$â ç ����Q<MNb$X�KNQdijIWFHFJQ<KHF!b�OAx<I
X+ILKN\fIWijM
U�KHO<S�iHb�X�KNIWC�E`ijMNERQ3S��*[GOPKNg<I�E`S�FJMJKHT�ijMNEGQ3SY�
EGS�C*Q©�
FL��[GOPKHg<I"X+Q�Q3[GFeQ<\�\]T�S�ijMNERQ3S�O<[�T�S�ERMNF�uL��O<S�CtX+ILKN\fIWijM
C�OPMNO�iLO<iHb�IWFL��v;Q�EG[`[GT�FJMJKHOPMJI�MNb*I�X�ILKH\¿Q<KHV�O<S�ijI"C*ILg<KHO<C�OPMNEGQ3StMNb�OPM&KHIWFNT�[RMNF�\fKNQ3V÷E`S�FJMJKHT�ijMNEGQ3S�iLO<iHb*I
vxwoy�z|{:}�~7zf��z�����z|}����6ze���������'�H����z|�6ze�P�oz�z��>���5���@��z������H�d� }���y>�����5�2�6������{5z�{'�2�����6ze� ���<�������f��}/���9�H�=���5}����T�H�9{���:���@��z��������d� y�ze��z|��y�zl�2�����6zf���H�4�����5�e��}����9�H�=���5}����d}��d�G� }���z|��y�z|�tzf���fy�� }/{:��y>}��d�5z�����}���}�����z����_�d���@����}���z����tzf���fy

� }U{2��y¡ ¢��y�z|£9���5��z��5�������E��y�zl�6ze���������'���5��z��H�R�P�o�-�:���@��z������H���E��y9�H�Ey9����z��N�2�����6ze�d�H�R�������f��}/���9�H�<����}����Ez�¤2�����=���
�G� }���z���y5zl��ze���xy�� }U{2��y¡�dwoy�ze��z�}��d���'�6ze���ez��5��}�����z�{5}�~7ze��z��5��zl�6ze�G�Rz�z�����y�}���£����:��z��H�9{���y�zl�H�9�����������5�E£9���5��z|��y9�H���������� ��y�zE�6zf���t�����'�H����z��H�<�5���@�ez����������T��y9�H� y�����z����-���2�6���5�9{5z�{��2�����6ze�o�H�<�t�5���e��}��������¢���5}������

~



V�EGFNFJIWFL�ZMNb*I"^ZKHFJM&X�KHQdijIWFNFNQ<K
�eO<F�g3EGx<IWS}O�X�ILKH\¿IWijM n á �<� X+ILKHijIWS�M�b�EGM&KHOPMJI©u
EGS�FJMJKHT�ijMNERQ3StiLO<iHb�IÒO<S�C
MNb�ItFJIWijQ3S�CÀX�KNQrijIWFNFJQ<K��eO<F�g3ERx<IWS¾OÜKNIWO<[�E`S�FJMJKHT�ijMNEGQ3SÃiLO<iyb*I<�¾v&b*IÄKNIWO<[�EGS�FJMJKyT�ijMNERQ3SÚiLO<iHb*I�E`FÒO
áWâ¦Á9U�mdMJI{C�EGKNIWijM�V$OPX�X+IWC·iLO<iyb*IY�
ERMNb·O�â ç Udm�MJIY[GEGS�I$FNERßLI�O<S�CÃO9á � ijmdiL[RIÄV$EGFNF�X+IWS�O<[RMzm<��v&b�I
C�Et;�ILKHIWS�ijI�U�ILMä��ILIWStMNb*I¨X+ILKN\¿Q<KyV$O<S�ijI�Q<\�MNb*I¨X�KNQdijIWFHFJQ<K��
ERMNbÄMNb*I�X+ILKN\fIWijM&EGS�FJMJKHT�ijMNERQ3S{iLO<iyb*I�O<S�C
MNb�I¨X�ILKH\¿Q<KHV�O<S�ijI¨Q<\;MNb�I¨X�KNQrijIWFNFJQ<K��
ERMNbÄMNb*I¨KHIWO<[®EGS�FJMJKyT�ijMNERQ3SYiLO<iHb*I�EGFeMNb*I¨X+ILKN\fQ<KHV$O<S�ijI�MNb�OPM&EGF
[GQ3FJM�C�T*I�MJQ}EGS�FNMJKHT�ijMNERQ3S�iLO<iyb*I{V$E`FNFJIWFL�Ä�
Q<MJIÄMNb�OPM�O<F�MNb*I$\fILMNiHbÃ�
EGC*MNb�E`S�ijKNIWO<FJIWFL�;MNb*I�\fKHO<ijMNERQ3S
Q<\
MNb*I{X+ILKN\fQ<KHV$O<S�ijI{[RQ3FJM�C�T*I{MJQ�E`S�FJMJKHT�ijMNEGQ3S9iLO<iHb�IYV�EGFNFJIWFÒEGS�ijKNIWO<FNIWFL�}BeM�O���EGC*MNb·Q<\�áP�!Q3S�[Rm
~<~3è Q<\ MNb*I�X+ILKN\fQ<KHV$O<S�ijI�EGF�[RQ3FJML��BeMkO{�
EGC*MNb�Q<\
áWâd�T8rá è Q<\�MNb*IÒX+ILKN\¿Q<KyV$O<S�ijI�E`F
[RQ3FJML��BkS�C}OPM
O{�
EGC�MNb�Q<\ â ç �o1 �aè Q<\!MNb*I�X+ILKN\¿Q<KyV$O<S�ijI�EGF�[RQ3FJML�
v
b�T�FW��O<F�E`FNFNT*I"��EGC*MNb�F�g<KHQA�"��MNb*I�E`S�FJMJKHT�ijMNEGQ3S
iLO<iyb*I�U+Q<MJMN[RIWS�IWiNÁYU+IWijQ3V�IWF
V�Q<KHI�FJILx<ILKNI<�

1¥ 2¦ 4§ 8̈ 16 32 64
Fetch Width©

0

5

10

15

20

25

30

35

In
st

ru
ct

io
ns

 P
er

 C
yc

le

Perfect ICache
Real ICache
ª

"�MGO4Q�S F¬«®­�«°¯ � F²±\³4´�µ@¶ S�C ¶ M ³4´·³°¸�¶5¹�F»º S ³�,EDPF=± ¼�¶5¹�F M ´�µ@¶ S9QT½ ¶ M ³R´ ½7C®½ ¹TFD,|³°¶2¶5DGF¢¾
´TF ½5¿dÀjM ´RÁ4F²µ@¶ MGO°C ¶5F¡Â�,+-Ã¶5¹ M µqÂ M µ2µ2F S ¶ C ¶ M ³4´

.



]Ng�Ä ú ��� û �NiH���_^N�k%�mØ���������
	�����
�����
���������������� �!�"���
�$#&%��('*)�)+���

v&b*I�QriLiLT*KNKHIWS�ijI$Q<\�EGS�FJMJKyT�ijMNERQ3S�iLO<iHb�I{V$EGFHFJIWF¨EGV�X+Q3FJIWF¨OtFNILx<ILKNI�X+ILKN\fQ<KHV$O<S�ijI�X+IWS�O<[GMzm
Q3SÛ�
EGC�I�EGFNFNT�I�X�KNQrijIWFNFJQ<KHFL�Øã¡S�FJMJKyT�ijMNERQ3SÙiLO<iyb*I�V�EGFNFJIWF�X�KNILx<IWS�M�MNb*I}X�KNQrijIWFNFJQ<KÄ\¿KNQ3V \¿ILMNiyb�EGS*g*�
C�IWijQdC�E`S*g*�&O<S�C�EGFNFNT�E`S*g·S*IL� T�FJIL\]T�[
EGS�FJMJKHT�ijMNERQ3S�F$T�S�MNEG[&MNb*I�EGS�FJMJKyT�ijMNERQ3S iLO<iyb*I�V$EGFNF{b�O<F{U�ILIWS
FNILKNxdE`ijIWC�����T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\fILMNiHb��kC*IWijQrC*I<�kO<S�C�E`FNFNT*I}KNIWC�T�ijI�MNb*IÜX+ILKN\¿Q<KyV$O<S�ijI�X�IWS�O<[RMzm C�T*I}MJQ
E`S�FJMJKHT�ijMNEGQ3SØiLO<iHb*IÚV$EGFNFJIWFtU�m�IWS�OPU�[GE`S*gÀMNb*I·X�KNQrijIWFNFJQ<K�MJQ ijQ3SaMNE`S�T*I9\¿ILMNiyb�EGS*g*�"C*IWijQrC�EGS�g*�kO<S�C
E`FNFNT�EGS�gÒS*IL� T�FJIL\]T�[�EGS�FJMJKyT�ijMNERQ3S�F�ILx<IWS�E`SYMNb*I"ILx<IWS�M
Q<\�O<S�EGS�FNMJKHT�ijMNERQ3SYiLO<iHb�I�V$EGFHFL�

��Q<MJI<�;MNb�ILKNI OPKNI�S*Q�FJMNO<S�C�OPKHC"C*Ij^�S�ERMNERQ3S�F+\fQ<K�MNb�I MJILKHV$F Å`ÇyÇyÈ�É;O<S�C{×<Å`Ç Ö Ô<ËpÌjÍ���v
b*KNQ3T*g3b*Q3T�M
MNb�EGF�C�EGFHFJILKNMNOPMNERQ3S��aã0��EG[G[rT�FJI&MNb�I&MJILKHV÷Å¿ÇHÇ�È�É!MJQÒEGS�C�EGiLOPMJI�MNb�I
O<ijM Q<\+�&KHEGMNEGS*g�MNb*I�E`S�FJMJKHT�ijMNEGQ3S�F�EGSaMJQ
MNb�I�KHIWFJILKNxPOPMNERQ3S�FJMNOPMNERQ3S�FL�<O<S�CÒMNb*I�MJILKHVò×PÅ¿Ç Ö Ô3ËpÌjÍ
MJQ¨EGS�C�EGiLOPMJI MNb*IeO<ijM!Q<\�FJIWS�C�EGS*g&MNb�IeE`S�FJMJKHT�ijMNEGQ3S�F
\fKNQ3V MNb*I�KHIWFJILKNxPOPMNERQ3S9FJMNOPMNEGQ3S�F�MJQ}MNb*I�\]T�S�ijMNEGQ3S�O<[ T�S�ERMNF n FJILIÄæ0EGg3T*KNI}áP� ~ uy� n v&b*ILKNIÄEGF"O�iLOAx<IWOPM
OPU+Q3T*MkMNb*IWFJI�C*Ij^ZS�ERMNERQ3S�FL��V$O<S�mtX+ILQ<X�[RI�EGS�MJILKHiyb�O<S*g<IÒMNb*IWFJI�C*Ij^ZS�ERMNEGQ3S�F�\fQ<KkMNb�I�MJILKHV$F�EGFHFNT*I�O<S�C
C�EGFJX�OPMNiyb�þ�MNb�OPM�E`FL�!MNb*ILm9T�FNI{MNb*IYMJILKHV E`FNFNT*I{MJQÜE`S�C�EGiLOPMJIÄMNb*I�O<ijM�Q<\�FJIWS�C�EGS*g�MNb�IYE`S�FJMJKHT�ijMNEGQ3S�F
\fKNQ3V MNb*ItKNIWFJILKHx¦OPMNERQ3SÛFJMNOPMNERQ3S�F�MJQ9MNb*I�\fT�S�ijMNERQ3S�O<[&T�S�ERMNFL��O<S�CÙMNb*ItMJILKyV C�EGFNX�OPMNiHb MJQ9EGS�C�E`iLOPMJI
MNb�I}O<ijM�Q<\��&KyERMNEGS*g�MNb*I}EGS�FJMJKHT�ijMNERQ3S�F�EGS�MJQ·MNb*ItKHIWFJILKNxPOPMNERQ3S FJMNOPMNEGQ3S�FL� u |}O<S�m¾Q<\�MJQdC�OWmRc F{b�EGg3b
X+ILKN\fQ<KHV$O<S�ijI�X�KHQdijIWFNFNQ<KHF�IWV�X�[RQ©m$Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�Ij½rIWiLT*MNERQ3S��*EGS{�
b�EGiyb{E`S�FJMJKHT�ijMNEGQ3S�F OPKNI$×PÅ¿Ç Ö Ô<ËpÌjÍrÉH×
MJQ�MNb*I¨\fT�S�ijMNERQ3S�O<[+T�S�EGMNF�Q3T�M�Q<\;MNb*I"S�Q<KHV$O<[+X�KNQ<g<KyO<V Q<KHC*ILKW����QA��ILx<ILKW��\fQ<K
O<[G[+MNb�IWFJI¨X�KNQrijIWFNFJQ<KHFW�
E`S�FJMJKHT�ijMNEGQ3S�F
OPKNIÒFJMNEG[G[ Å`ÇyÇyÈ�ÉN×�MJQÄMNb*I�KHIWFJILKNxPOPMNERQ3S}FNMNOPMNERQ3S�F�EGStX�KNQ<g<KHO<V Q<KHC*ILKW�
v
b�EGF
C�EGFNFJILKNMNOPMNEGQ3S
O<C�C*KNIWFNFJIWF&Q3T*M¡ÂpQ<\`ÂpQ<KyC*ILKkE`FNFNT*I<�rMNb�OPM
E`FL�*MNb*I"X�KHQdijIWFNF&U�mY�
b�E`iHb�EGS�FNMJKHT�ijMNERQ3S�FeOPKNI��&KHERMJMJIWStE`SaMJQ�MNb*I
KHIWFJILKNxPOPMNERQ3S�FJMNOPMNEGQ3S�F�Q3T*M&Q<\�S*Q<KHV�O<[�X�KNQ<g<KHO<V÷Q<KHC*ILKW�

Cache/Decode

Reservation Stations

Functional Units

ISSUE

DISPATCH

"�MGO4Q�S F\«°­ÆÅ_¯ 
 F S ± M ´�³4DG³ O -

ç



��T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\¿ILMNiyb���C�IWijQdC*I<�eO<S�C¾EGFHFNT*IYKNIWC�T�ijI�MNb�I�X�ILKH\¿Q<KHV�O<S�ijIYX�IWS�O<[RMzmÀiLO<T�FJIWC¾Udm
E`S�FJMJKHT�ijMNEGQ3S�iLO<iHb�I�V�EGFNFJIWFL��ã!�
E`[G[�T�FJI�MNb*IkMJILKHV?ÊWÉLËpÌLÍ�ÎLÏ_ÐWÌLÑ�MJQÒKHIL\¿ILK�MJQ�MNb�I�g<KNQ3T�X{Q<\�E`S�FJMJKHT�ijMNEGQ3S�F
MNb�OPM�OPKHI�U�KHQ3T*g3baM0EGS�MJQ�MNb*I�X�KNQrijIWFNFJQ<K0Udm"O<SÒE`S�FJMJKHT�ijMNEGQ3S�iLO<iHb�I�\fILMNiHb®��BÙ\¿ILMNiyb�UZ[RQdiHÁ"EGF0O�FJIWcdT*IWS�ijI
Q<\ÒijQ3S�FJIWiLT*MNEGx<IÜE`S�FJMJKHT�ijMNEGQ3S�F$MNb�OPM�ijQ3S�MNO<EGS�F�OÚFNEGS*g3[GI�U�KHO<S�iHb���v&b*IÜFJIWcdT*IWS�ijI�FJMNOPKNMNFY��ERMNbÛO<S
E`S�FJMJKHT�ijMNEGQ3S�MNb�OPM�E`F�MNb*I�MNOPKNg<ILM n IWEGMNb*ILK�MNOPÁ<IWS{Q<KeS*Q<M¡ÂpMNOPÁ<IWSÇ` \fO<[G[RÂpMNb*KNQ3T*g3b=bfu�Q<\®O"U�KHO<S�iHb�O<S�C$IWS�C�F
��ERMNb�MNb�I�U�KyO<S�iHb��0w
X+Q3S�IWS�ijQ3T�S�MJILKHEGS*g�O<SÒEGS�FJMJKHT�ijMNERQ3S�iLO<iyb*I�V$EGFNFL�POkijQ3Sax<IWS�MNERQ3S�O<[rX�KHQdijIWFNFNQ<K;�
E`[G[
�eO<ERM�T�S�MNEG[�MNb*I&EGS�FNMJKHT�ijMNERQ3SÒiLO<iHb*I�V$EGFNF�EGF�FJILKNxrEGijIWC�U+IL\fQ<KNI�ijQ3S�MNEGSdT�EGS*g�MJQ¨\fILMNiHb���C*IWijQdC�I<�aO<S�C�EGFNFHT*I
O<S�m�S*IL��\fILMNiHb·UZ[RQdiHÁdFW�$B X�KHQdijIWFNFNQ<K¨�
ERMNbÜQ3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\¿ILMNiyb��;C*IWijQrC*I<�0O<S�C�EGFNFNT�IÒMJIWV$X�Q<KyOPKHEG[Rm
EGg3S*Q<KNIWF�MNb*I�\fILMNiHb�UZ[RQdiHÁ}O<FNFNQdiLEGOPMJIWC·�
ERMNb�MNb*I$EGS�FNMJKHT�ijMNERQ3S�iLO<iHb*I{V$EGFNFL��O<S�C�OPMJMJIWV$X�MNF¨MJQ�\fILMNiHb��
C�IWijQdC*I<�&O<S�C EGFNFHT*I�MNb*It\fILMNiHbÛU�[RQriNÁrF$MNb�OPM{\¿Q3[`[RQA�÷MNb�I�U�[RQriNÁ¾O<FNFNQdiLEGOPMJIWC �
ERMNb¾MNb�I}V$EGFHFL�Ûv&b�I
O<C�C*KNIWFNFJIWF�Q<\�MNb*IWFJI{U�[RQriNÁrF�iLO<S·U+I$g<IWS�ILKHOPMJIWCÚU�mÜMNb*I{U�KHO<S�iyb�X�KNIWC�E`ijMJQ<KW� n ã¨��EG[G[!T�FJI�MNb*I$MJILKHV
ÎLÓ¡Ô<ÕZÌjÍ Ö ÓNÉN×PÅÝÌWËpÐPÓ�MJQ�KHIL\¿ILK�MJQÒO<[`[�MNb*I�S*Ij½rM \fILMNiHbYO<C�C*KNIWFHF g<IWS*ILKyOPMNERQ3S{[GQ<g3EGiP� uÒ��IWiLO<T�FJI�MNb*I
U�KHO<S�iHb
X�KNIWC�EGijMJQ<K
C�Q�IWF�S*Q<M
C*ILX+IWS�CYQ3S�MNb�I�EGS�FJMJKyT�ijMNERQ3S�F�EGSYMNb�I�iLT*KNKNIWS�M�U�[RQriNÁYMJQ$g<IWS�ILKHOPMJI�MNb*I�O<C�C*KNIWFNF
Q<\�MNb*I�S*Ij½dM�UZ[RQdiHÁ{MJQ�U�I¨\fILMNiHb�IWC���ERM&iLO<S}ijQ3SaMNEGSdT*I"MJQ{V$OPÁ<I"X�KNIWC�EGijMNERQ3S�FeILx<IWS��
b*IWSYMNb*I�iLT�KNKNIWS�M
UZ[RQdiHÁ$V$EGFNFNIWF�EGS$MNb�I�EGS�FNMJKHT�ijMNERQ3S�iLO<iyb*I<� v&bdT�FL��MNb*I
X�KHQdijIWFNFNQ<K�iLO<SÄFJÁdEGX$MNb*I
UZ[RQdiHÁ�MNb�OPM�V�EGFNFJIWC$E`S
MNb�IkEGS�FJMJKHT�ijMNERQ3S�iLO<iyb*I¨O<S�C�ijQ3S�MNEGSdT*I
\fILMNiHb�EGS*g*�rC*IWijQdC�EGS*g*��O<S�C�EGFNFHT�EGS*g�MNb*I�\¿Q3[G[GQA�
EGS�g"U�[RQriNÁ�T�FNE`S*g
MNb�IkO<C�C�KNIWFNF�g<IWS�ILKHOPMJIWCÄU�m�MNb*IkU�KHO<S�iHb$X�KNIWC�EGijMJQ<KW�!B�\¿MJILK�MNb*I�EGS�FJMJKyT�ijMNERQ3S$iLO<iyb*I¨V$EGFNF�EGF FJILKHxdEGijIWC®�
MNb�I"X�KNQrijIWFNFJQ<K
iLO<S�\¿ILMNiyb���C*IWijQrC*I<��O<S�CtEGFNFNT�IkMNb�I"FJÁdEGX�X+IWC{UZ[RQdiHÁZ�

ê



o Q3S�FNEGC�ILK MNb*I�Ij½*O<V�X�[RI�EGSÄæ0EGg3T*KNI�áP�/.d� ãäM�FNb*Q©�
FeO�g<KyOPX�bYijQ3S�FNEGFJMNE`S*g�Q<\�^Zx<Ik\fILMNiHbYUZ[RQdiHÁdF
B'È�s&�rã¡S�MNb�I&^�KHFNM�ijmriL[RI<�rMNb*I�X�KNQdijIWFHFJQ<K�\fILMNiHb�IWF�UZ[RQdiHÁ�BØO<S�C{MNb*IkX�KNIWC�EGijMJQ<K�g<IWS*ILKHOPMJIWF�O<C�C�KNIWFNF��
\fQ<KkMNb*I�S*Ij½rM&U�[GQdiHÁZ�
qrT*X�X�Q3FNI"EGS�MNb*IÒFJIWijQ3S�C�ijmriL[RI<��MNb*I"X�KHQdijIWFNFNQ<K2c F
\fILMNiHb}Q<\!U�[RQriNÁ��¸KNIWFHT�[RMNF
E`S
O<SÜEGS�FJMJKHT�ijMNERQ3S�iLO<iHb*I�V$EGFHFL�&v&b*I"X�KNIWC�EGijMJQ<K�iLO<S}FNMNEG[G[�g<IWS*ILKyOPMJIÒMNb�I�O<C�C*KHIWFNF
\fQ<KkMNb*I�S*Ij½rMkU�[RQriNÁ��
UZ[RQdiHÁ o �Pv&b*IeX�KHQdijIWFNFNQ<K0��EG[G[3\fILMNiHb�S*Q<MNb�EGS*g�EGS�MNb*I�FJIWijQ3S�C�ijmriL[RI<�3U�T�M0iLO<S�OPMJMJIWV�X�M!MJQk\fILMNiHb$U�[RQriNÁ
o E`S}MNb�I�MNb�ERKHCÜijmriL[RI<�®\fQ3[G[RQA��IWCÜUdm�U�[RQriNÁ h E`S}MNb�I�\¿Q3T*KHMNb�ijmriL[RI n KNILg3OPKyC�[RIWFNF�Q<\��
b*ILMNb*ILK o b�EGM
E`StMNb*I�iLO<iyb*IÒQ<KkS*Q<Myuy�
��S�ijI�MNb*IÒEGS�FJMJKHT�ijMNERQ3S�iLO<iHb*I�V$EGFHF&EGF
FNILKNxdE`ijIWC���MNb*I�X�KNQrijIWFNFJQ<K�iLO<S}KNILMNT*KyS
MJQÜMNb*I{X+Q3EGSaM�Q<\&MNb*I{V�EGFNF�O<S�C9\fILMNiHb���C�IWijQdC*I<�!O<S�CÚEGFNFHT*I$MNb*IYFJÁrERX�X+IWCÜU�[RQriNÁ n Fyuy��FJMNOPKNMNE`S*g��
EGMNb
UZ[RQdiHÁ��k��v
b�T�FW�ZQ3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\fILMNiHb��®C�IWijQdC*I<��O<S�C�EGFNFHT*I�O<[G[RQ©�
FkMNb*IÒX�KNQrijIWFNFJQ<KkMJQÄ\fILMNiHb®�+C�IWijQdC*I<�
O<S�C�EGFNFHT*I¨T�FJIL\]T�[+��Q<KHÁYE`SYMNb*I"X�KNIWFNIWS�ijI"Q<\!EGS�FJMJKyT�ijMNERQ3SYiLO<iHb*IÒV$EGFNFNIWFL��ã¡S�MNb*I"��Q<KHFJM
iLO<FNI<���
b*ILKHI
O<[`[;MNb�IÒ\fQ3[G[RQ©�
EGS*g{\¿ILMNiyb*IWF¨KNIWFHT�[RM�EGS}E`S�FJMJKHT�ijMNEGQ3S}iLO<iyb*I$V$EGFNFNIWFL�+Q3T*M¡ÂpQ<\`ÂpQ<KyC*ILK¨\¿ILMNiyb���C*IWijQrC*I<�®O<S�C
E`FNFNT*I"FJMNE`[G[�X�KNQAxrEGC*IWFeMNb�I"X+ILKN\¿Q<KyV$O<S�ijI¨U+IWS*Ij^�MeQ<\�X�KNIL\fILMNiHb�E`S*g*�
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v&b*I�X�ILKH\¿Q<KHV�O<S�ijI¨X+IWS�O<[RMzmÄMNb�OPM&KHIWFNT�[RMNF�\fKNQ3V÷E`S�FJMJKHT�ijMNEGQ3S�iLO<iHb*IÒV$EGFNFJIWF
EGF&S*IWOPKH[Gm{IW[GE`V�Â
E`S�OPMJIWCÃEG\�MNb�I�X�KNQrijIWFNFJQ<KÒEGF�O<[`[RQA��IWC9MJQ�\fILMNiHb���C*IWijQrC*I<�!O<S�CÃEGFNFNT*I{EGS�FJMJKHT�ijMNERQ3S�F�Q3T*MÒQ<\�X�KNQ<g<KHO<V
Q<KyC*ILKW��v&b*I�X+IWS�O<[RMzm�EGF�C*Ij^ZS*IWCÜO<F¨MNb�I$C�Et;+ILKNIWS�ijI�EGS�X+ILKN\¿Q<KyV$O<S�ijI<�®EGS�ã¡S�FJMJKHT�ijMNEGQ3S�F�l;ILK o mdiL[GI<�
U+ILMä��ILIWS�O{X�KNQrijIWFNFJQ<Kk�
ERMNb�O�KHIWO<[;EGS�FJMJKHT�ijMNERQ3S}iLO<iHb*I�O<S�C�OÄijQ3V�X�OPKHOPU�[GI�X�KNQrijIWFNFJQ<K��
EGMNb�O{X�ILKNÂ
\fIWijM n á �<� X+ILKHijIWS�M�b�ERM!KHOPMJI©u EGS�FJMJKHT�ijMNERQ3S$iLO<iHb�I<� æ*Q<KeMNb*I
X�KNQdijIWFHFJQ<KHF���ERMNb$FNE_½rMJILIWS{�
EGC*I&EGFHFNT*I
O<S�C
áWâ¦ÁÜUdm�MJI$C�ERKNIWijM¨V$OPX�X+IWCÜEGS�FJMJKyT�ijMNERQ3S�iLO<iHb*IWF�FJMNT�C�ERIWCÜEGS�MNb�E`FkC�EGFNFJILKNMNOPMNEGQ3S���\¿Q<K"FHE_½dMJILIWS�E`SaMJILg<ILK
U+IWS�iyb�V$OPKNÁrFL�*Q3StOAx<ILKHOPg<I�OPU�Q3T�M�MNb*KNILIjÂzcdT�OPKNMJILKHF
Q<\0MNb�EGFeX+IWS�O<[RMzmYEGFeIW[GE`V$EGS�OPMJIWC��

]Ng�Í ï �k%k��
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v&b�E`F�C�EGFNFJILKHMNOPMNERQ3S�V$OPÁ<IWF&\fQ3T*K
V�O©à¡Q<K
ijQ3S�MJKHERUZT*MNERQ3S�FL�

áP�
v&b�E`F�C�EGFNFJILKHMNOPMNERQ3SYILx¦O<[`T�OPMJIWF&MNb*I�U�IWS�Ij^�M�Q<\;Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK�\fILMNiHb��ZO<S�CtC*IWFNijKyERU+IWFeMNb*I�EGV�XZ[RIjÂ
V�IWS�MNOPMNERQ3S¾Q<\�Q3T*M¡ÂpQ<\`ÂpQ<KyC*ILK$\fILMNiHb��ÀB X�KNQdijIWFHFJQ<K��
ERMNbÚQ3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK$\fILMNiHb EGS�ERMNEGOPMJIWFÒ\fILMNiHb
KNIWcdT*IWFJMNF$E`SÃX�KNQ<g<KHO<V Q<KHC�ILKW� U�T�M�O<[`[RQA�
F$MNb*IWFJI�KNIWcdT*IWFJMNF�MJQÃijQ3V�X�[RILMJI�Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILKA�ÙB�F
EGSÄijQ3Sax<IWS�MNERQ3S�O<[+X�KNQdijIWFHFJQ<KHFL�rMNb*I�EGS�FJMJKyT�ijMNERQ3S�F�OPKNI¨C*IWijQdC�IWCÄO<S�CÄE`FNFNT*IWC{EGSÄX�KNQ<g<KHO<VøQ<KHC*ILKA�
��T*M¡ÂpQ<\¿ÂpQ<KHC*ILK;\¿ILMNiyb�EGF®O<[GV�Q3FNM;O<F;I�;�IWijMNERx<IeO<F;Q3T*M¡ÂpQ<\`ÂpQ<KyC*ILK;\fILMNiHb®�PC�IWijQdC*I<�<O<S�C�EGFNFNT�I�EGS"IW[GE`V�Â
EGS�OPMNE`S*g�MNb*IkX+ILKN\fQ<KHV$O<S�ijI�X�IWS�O<[RMzm$MNb�OPM�KHIWFNT�[RMNF�\¿KHQ3V�EGS�FJMJKHT�ijMNERQ3S{iLO<iHb*I"V�EGFNFJIWFL�!��QA��ILx<ILKW�
MNb*I"EGV$X�[RIWV�IWS�MNOPMNERQ3SÄQ<\;Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK
\fILMNiHb�E`F�V�T�iybtFNEGV$X�[RILK�MNb�O<S�MNb*I"EGV$X�[RIWV�IWS�MNOPMNERQ3SÄQ<\
Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\¿ILMNiyb���C*IWijQrC*I<��O<S�C�EGFNFNT*I<�

~ �
v&b�E`F�C�E`FNFJILKNMNOPMNERQ3SÚILxPO<[GT�OPMJIWF�MNb*I�U+IWS*Ij^ZMÒO<S�CÀC*IWFHijKHERU+IWF�MNb�ItEGV�X�[RIWV$IWSaMNOPMNERQ3SÃQ<\
Q3T�M¡ÂpQ<\`Â
Q<KHC*ILK�\fILMNiHb���C*IWijQdC�I<� O<S�CÀEGFNFNT�I<��ãíM�C*IWV�Q3S�FNMJKHOPMJIWFÒMNb�OPM�MNb*IÄX�ILKH\¿Q<KHV�O<S�ijI{X+IWS�O<[GMzm·MNb�OPM
KNIWFNT�[RMNFk\¿KNQ3V E`S�FJMJKHT�ijMNEGQ3S�iLO<iyb*I�V$E`FNFJIWF�EGF¨S*IWOPKH[Gm�IW[GEGV�EGS�OPMJIWC�ER\ MNb*I�X�KNQdijIWFHFJQ<K"EGF¨O<[G[RQ©��IWC
MJQÒ\¿ILMNiyb��*C*IWijQdC�I<�dO<S�CÄEGFNFHT*I
EGS�FNMJKHT�ijMNERQ3S�F Q3T*M Q<\�X�KNQ<g<KHO<V�Q<KHC*ILKW�lÎ�Ð<ËzÉ2Ï
ÍrÉLÓJÉHÔ¡ÊjËzÉjÓ�Ð�ÐPÈ*ËÒÑ¡Ð¡Ê�Ñ
ÐPÓJ×aÉjÓ�ÊWÉLËpÌLÍ7Ð
×aÉNÌyÐW×aÉ�ÐkÔPÕZ×tÅ`ÇyÇyÈ�ÉAÓ!ÅfÏ¿Ï ÎyÉ�ÌyÔPÏ¿ÏGÉN×$Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK¨\fILMNiHb43¦C*IWijQrC*I53¦EGFHFNT*I¢Ô�ÕeÈ*ËÒÑ¡Ð¡Ê�Ñ
ÐPÓJ×aÉjÓ
ÊLÉWËpÌjÍÖÓ!ÅfËfÍÜÅ¿Õ°Ñ¡ÐPÓJ×aÉLÓ{×aÉNÌyÐW×aÉYÔPÕ�×�Å¿ÇHÇ�È�ÉjÓ!ÅfÏ¿Ï�Ç�ÅP× Ö Ï�Ø�ÎyÉ{ÌyÔPÏfÏRÉH×�Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK"\¿ILMNiybTÔ*Ù
Ó!ÅfÏ¿Ï0ÈdÇLÉ�ËfÍ*É Ö ÍaÓJÔ¦ÇWÉ"Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK¨\¿ILMNiyb���C*IWijQdC�I<�+O<S�C}EGFHFNT*I�ËpÐ�ÓNÉ]ÊWÉjÓ�ËpÐ}ÎHÐ<ËfÍÜÐPÈ*ËÒÑJÐ¡Ê�Ñ¡ÐPÓJ×aÉLÓ
ÊWÉLËpÌjÍtÔPÕZ×�Ð<ÈrËÒÑJÐ¡Ê�Ñ¡Ð<Ó¡×aÉLÓ ÊWÉLËpÌLÍ2Ú�×aÉHÌHÐW×aÉ�Ú�Å¿ÇHÇyÈ�É:Ô
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v&b�E`FÒC�EGFNFJILKNMNOPMNEGQ3SÀX�KNQ<X+Q3FJIWF�O�S*IL�÷MJIWiyb�S�EGcdT*IY\fQ<K�ijKNIWOPMNEGS*g�MNb�I�EGS�C*Ij½ÚEGSaMJQ�MNb�It��KyO<S�iHb
v0OPKNg<ILM �eT=;+ILK n ��v
��uy�dv&b*I��ev&�ÀEGF!O¨iLO<iHb�I&MNb�OPM�MNb*I�U�KHO<S�iHb�X�KNIWC�EGijMJQ<K!T�FJIWF�MJQ"C*ILMJILKHV$EGS�I
MNb*I�Mäm�X+I&Q<\+O¨U�KHO<S�iHb n T�S�ijQ3S�C�ERMNERQ3S�O<[�U�KHO<S�iHb®�aijQ3S�C�ERMNEGQ3S�O<[dU�KHO<S�iyb��3U�KHO<S�iHb�MJQ�FHT*U�KNQ3T*MNE`S*I<�
àNT�V�XÃ` ijQ3V�X�T*MJIWCÜU�KyO<S�iHb=bp��àNT�V�X�MJQ�FNT*U�KNQ3T�MNEGS*I<��Q<K"FNT*U�KNQ3T�MNEGS*I"KNILMNT�KHSZu
O<S�CÜFJQ3V�I�Q<\�ERMNF
X+Q3FNFNERUZ[RI"MNOPKNg<ILM�O<C�C*KNIWFNFJIWFW�"ãä\�OY��v
� O<iLijIWFNF�KNIWFNT�[GMNFkE`S}O�V$E`FNFL�+MNb*I�U�KHO<S�iyb�X�KNIWC�EGijMJQ<K¨EGF
MzmdX�EGiLO<[`[Rm·[RIWCÀO<FJMJKHOAm<���
b�EGiHbÃKNIWFNT�[GMNF�EGSÚQ3S*IYQ<K�V�Q<KNI�ijmriL[RIWF�Q<\�S�Q3S*X�KNQrC�T�ijMNERx<I{\¿ILMNiyb�EGS*g*�
v&bdT�FL�dOÒ�ev&� �
ERMNbÄO�[RQA�¸V$EGFNF�KHOPMJI¨EGF�C*IWFNERKyOPU�[RI<� o Q3Sax<IWS�MNERQ3S�O<[+EGS�C*Ij½rE`S*g�FNiyb*IWV�IWF�ijKNIWOPMJI
Û b*Q<M�FJX+Q<MNFÝÜ�E`StMNb*I��ev&�k� n B Û b*Q<M�FJX+Q<MÝÜÄEGF
OÄFJILM
Q<\���v
�ýIWS�MJKHERIWF�MNb�OPMkOPKHI�KNIWO<CÜO<S�C43©Q<K
�&KHEGMJMJIWSÒO�C�E`FJX�KNQ<X+Q<KNMNERQ3S�OPMJI�SdT�V�U+ILK�Q<\�MNE`V�IWFL� u�v&b*I�X�KNQ<X+Q3FJIWCÒMJIWiHb�S�EGc�T�I�IW[`EGV$EGS�OPMJIWF0V�Q3FJM
Q<\0MNb*IWFJI Û b*Q<M�FJX+Q<MNFÝÜr�

ç �
v&b�E`F�C�E`FNFJILKNMNOPMNERQ3S�ILxPO<[GT�OPMJIWF¨MNb�IÒX+Q<MJIWS�MNEGO<[�X+ILKN\fQ<KHV$O<S�ijIWFkQ<\ X�KNQdijIWFHFJQ<KHF��
ERMNb�xPOPKHERQ3T�F�EGFJÂ
FNT*I��
E`C*MNb�FL�+EGS�FJMJKyT�ijMNERQ3S}�
EGS�C*Q©��FNERßLIWFL�®O<S�CÜV�IWV$Q<KNm}C*ILX+IWS�C�IWS�ijm�b�O<S�C�[GEGS*g{MJIWiHb�S�E`c�T*IWFW�
ãíM¨MNb*IWSÜIj½rO<V�EGS*IWF¨MNb*I�U+Q<MJMN[RIWS�IWiNÁrF¨MNb�OPM"X�KHILx<IWSaM"MNb�IWFJI�X�KNQrijIWFNFJQ<KHF�\fKNQ3VÆO<iyb�ERILxrEGS*gYMNb*IWERK
X+Q<MJIWSaMNE`O<[!X+ILKN\¿Q<KyV$O<S�ijI<�$v&b*I{OPKHiHb�EGMJIWijMNF"Q<\e\fT�MNT*KNI�X�KNQrijIWFNFJQ<KHF�iLO<S·T�FJI�MNb�EGF¨EGS*\fQ<KHV$OPMNEGQ3S
MJQ�V$OPÁ<IÄC*IWFNERg3S�C�IWiLEGFNERQ3S�FW�$æ*Q<K�Ij½*O<V�X�[RI<�;MNb�EGF"E`S*\¿Q<KyV$OPMNERQ3S�iLO<S·U+I$T�FNIWCÜMJQ}O<S�FJ��ILK"MNb*I
cdT*IWFJMNERQ3S�FW� h QdIWFÄERM$V$OPÁ<I}FNIWS�FJItMJQ·UZT�EG[GCÀO�X�KHQdijIWFNFNQ<K$MNb�OPM{iLO<SÛEGFNFNT�IYFHE_½dMJILIWSÛEGS�FJMJKyT�i�Â
MNERQ3S�F�X+ILK&ijmriL[RI5Þt��QA� V$O<Sam{KNIWFJILKNxPOPMNERQ3S�FJMNOPMNEGQ3S�F&FNb*Q3T�[GC{O�FHE_½dMJILIWSY��EGC*I�EGFNFNT*IkX�KNQrijIWFNFJQ<K
b�OAx<I5Þ�BkS�C��*��EG[G[+EGS�FJMJKyT�ijMNERQ3SYiLO<iHb*IÒV$EGFNFNIWF�FNERg3S�E_^�iLO<SaMN[Rm{U+Q<MJMN[RIWS*IWiNÁ�O�FNER½dMJILIWS��
EGC*I¨EGFNFHT*I
X�KNQrijIWFNFJQ<K�Þ
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v
b�EGF�C�EGFNFJILKNMNOPMNEGQ3S9EGF�Q<KNg3O<S�ERßLIWCÀEGS�MJQ}S�E`S*I�iHb�OPX�MJILKHFL� o b�OPX�MJILK ~ X�KNIWFJIWS�MNF�MNb*IÄKNIW[GOPMJIWC
��Q<KNÁ�� o b�OPX�MJILK�.�C*IWFNijKHEGU�IWF�MNb�I�V$O<iHb�EGS*I�V�QrC*IW[Ý�;MNb*I�FNE`V�T�[`OPMJQ<KHFL��O<S�C9MNb*I$U+IWS�iyb�V$OPKNÁrF"T�FJIWC
MNb�KNQ3T*g3b*Q3T*M�MNb*IYC�EGFNFJILKHMNOPMNERQ3S�� o b�OPX�MJILK ç T�FJIWFÒO<SÃOPU�FNMJKHO<ijM�V$O<iHb�E`S*I�V�QrC*IW[�MJQ�iLO<[GiLT�[GOPMJI�MNb*I
O<V$Q3T�SaM�Q<\�X�OPKyO<[G[RIW[GEGFHV6OAx¦O<E`[GOPU�[RI�EGS�OtFHEGS*g3[RI�EGS�FJMJKyT�ijMNERQ3S�FJMJKNIWO<Vt�$B�C�C�ERMNERQ3S�O<[G[Gm<��MNb�I Ö Ð<ËzÉjÕZË]Å]ÔPÏ
X+ILKN\fQ<KHV$O<S�ijIWF"Q<\&V$O<iyb�EGS*IWF��
ERMNb�xPOPKHERQ3T�F�EGFNFNT*I���EGC*MNb�FL�;EGS�FJMJKHT�ijMNERQ3S��
EGS�C*QA� FHERßLIWFL�;O<S�C9V�IWV�Â
Q<KHm·C*ILX+IWS�C*IWS�ijm�b�O<S�C�[GE`S*gYMJIWiHb�S�E`c�T*IWF�OPKNI{iLO<[GiLT�[GOPMJIWC��{v
b*I�C�OPMNO}EGSÜMNb�EGF"iyb�OPX�MJILK�FNb*Q©�
F"MNb�OPM
MNb�ILKNIÒE`F&IWS*Q3T*g3b}X+Q<MJIWSaMNE`O<[�X+ILKN\fQ<KHV$O<S�ijI�MJQ"àNT�FJMNER\fmYU�T�EG[`C�EGS*g�O{V�O<iHb�EGS�I�MNb�OPMkiLO<S�E`FNFNT*I�FHE_½dMJILIWS
E`S�FJMJKHT�ijMNEGQ3S�F�X+ILK�ijmriL[RI<� o b�OPX�MJILK$ê�Ij½*O<V$EGS�IWFÒFNQ3V�I�U+Q<MJMN[RIWS*IWiNÁrF�MNb�OPM���Q3T�[GCÚX�KNILx<IWS�M$FNT�iybÚO
V�O<iHb�EGS�I$\¿KHQ3V O<iHb�ERILxrEGS*gtEGMNF¨X+Q<MJIWSaMNEGO<[�X�ILKH\¿Q<KHV�O<S�ijI<�$B�V$Q3S*gtMNb*IWFJI�U+Q<MJMN[RIWS�IWiNÁrF�OPKNI$MNb�I�U�Q<M¡Â
MN[GIWS*IWiNÁ�MNb�OPM�KNIWFNT�[GMNF�\fKNQ3V b�OAxdEGS�gYOÄKNIWO<[�EGS�FJMJKHT�ijMNERQ3S�iLO<iHb�I<��MNb*I�U+Q<MJMN[RIWS*IWiHÁ�MNb�OPM�KNIWFNT�[RMNFk\¿KNQ3V
b�OWxrEGS*g�OÜKNIWO<[eU�KHO<S�iHbÚX�KNIWC�E`ijMJQ<KW��MNb*I�U+Q<MJMN[RIWS*IWiHÁ9MNb�OPM�KHIWFNT�[RMNFÒ\fKNQ3V b�OWxrEGS*g�O�KNIWO<[eIj½rIWiLT*MNERQ3S
ijQ<KHI<�0O<S�C·MNb*I�U+Q<MJMN[RIWS*IWiNÁÜMNb�OPM�KNIWFNT�[RMNFk\fKNQ3VÆb�OAxdE`S*gtO�KNIWO<[!C�OPMNO�iLO<iHb*I<� o b�OPX�MJILK�âd�0T�FNEGS�gYO<S
OPUZFJMJKHO<ijM�V$O<iyb�EGS*I�V�QrC*IW[Ý�®C�IWV�Q3S�FJMJKHOPMJIWF�MNb�OPM"MNb*I�EGS�FJMJKyT�ijMNERQ3SÜiLO<iHb*I�U�Q<MJMN[GIWS*IWiNÁ�\¿Q<K"O�FHE_½dMJILIWS
��EGC*I�EGFHFNT*I�V$O<iyb�EGS*I�iLO<S U+I�S�IWOPKH[Rm¾IW[GEGV�EGS�OPMJIWC¾UdmÙO<[G[RQ©�
EGS*g�MNb*IÜV$O<iyb�EGS*ItMJQÚ\fILMNiHb��
C�IWijQdC*I<�
O<S�CÚE`FNFNT*IÄEGS�FJMJKHT�ijMNERQ3S�F"Q3T�MÒQ<\
X�KNQ<g<KHO<V Q<KHC*ILKA� o b�OPX�MJILKq0tC�IWFNijKHERU+IWF�MNb*IÄE`V�X�[RIWV�IWS�MNOPMNERQ3SÃQ<\
Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILK
\fILMNiHb���C�IWijQdC*I<��O<S�C�EGFNFNT*I<� o b�OPX�MJILK�8�T�FJIWF�O$KNIWO<[GEGFJMNE`i�V$O<iyb�EGS*I"V$QdC*IW[�MJQ$ILxPO<[GT�OPMJI
MNb�IÄO<ijMNT�O<[�X+ILKN\fQ<KHV$O<S�ijI{U�IWS�Ij^�M"Q<\�Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK�\fILMNiHb���C*IWijQrC*I<�!O<S�CÃEGFNFNT*I<��ãíM�O<[`FJQ�Ij½*O<V$EGS*IWF
xPOPKHERQ3T�FÒE`V�X�[RIWV�IWS�MNOPMNERQ3SÚMJKHO<C*ILQ9;�F�MNb�OPM�ijQ3T�[GCÀS*Q<M�U+IYILx¦O<[`T�OPMJIWCÀ�
ERMNbÃMNb*I�OPU�FJMJKHO<ijM$V�O<iHb�EGS�I
V$QdC*IW[p� o b�OPX�MJILKN1�X�KNQAxrEGC*IWF�FNQ3V�I�ijQ3S�iL[GT�C�EGS*gÒKNIWV$OPKNÁrFL�
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�&IWFJIWOPKyiHb*ILKHF!b�OWx<I&X�KHQ<X�Q3FNIWC�V$O<S�m�FNQ3[GT*MNERQ3S�F0\fQ<K!C*IWO<[GEGS*gk�
ERMNb�EGS�FJMJKHT�ijMNERQ3SÒiLO<iHb�I&V$EGFNFJIWFW�
|�O<S�m�Q<\�MNb�IWFJI�FNQ3[GT*MNERQ3S�F0iLO<S�U+I�T�FNIWC�EGSÒijQ3V�U�EGS�OPMNERQ3SÒ�
EGMNb�IWO<iyb�Q<MNb*ILK!MJQ�X�KNQAxrEGC*I�U+ILMJMJILK0Q©x<ILKHO<[G[
X+ILKN\fQ<KHV$O<S�ijI"MNb�O<S�EG\;Q3S�[GmYO{FNEGS*g3[GI"FJQ3[GT*MNERQ3SY��ILKNIÒT�FJIWC�O<[GQ3S*I<��æ�Q<K�Ij½*O<V�X�[RI<�ZMNb*I�ijQ3V�XZEG[RILK
iLO<S
IW[`EGV$EGS�OPMJI&FNQ3V�I
Q<\�MNb*I�EGS�FJMJKHT�ijMNERQ3S$iLO<iHb�IkV$E`FNFJIWF!Udm�KNIjÂpQ<KHC*ILKHE`S*g"MNb*I
E`S�FJMJKHT�ijMNEGQ3S�F�EGS$O"X�KNQ<g<KHO<V��
v;Q9MJQ3[GILKHOPMJI�MNb*I�KNIWV$O<EGS�E`S*g�V$EGFNFJIWFW��MNb*I}V$O<iHb�E`S*ItiLO<SÙ\fILMNiHb��&C�IWijQdC*I<��O<S�C EGFNFNT*ItE`S�FJMJKHT�ijMNEGQ3S�F
Q3T�M¡ÂpQ<\`ÂpQ<KHC�ILKW�

�&IWFJIWOPKHiybÄQ3S{MNb�Ikb�O<S�C�[GEGS*g¨Q<\;EGS�FJMJKHT�ijMNERQ3S�iLO<iyb*I¨V$EGFNFJIWF�iLO<SÄU+I�C�ERxrEGC*IWC{EGS�MJQ�Mz��Q�OPKNIWO<FL�
v
b*I�^�KHFNM OPKNIWO�ijQ3S�MNO<EGS�F�O<[G[*KHIWFJIWOPKHiHb{MNb�OPM�[RQ�Q<ÁrF OPM�IW[GEGV$E`S�OPMNEGS*g n FJQ3V�I�Q<\�MNb*I©u�EGS�FJMJKHT�ijMNERQ3S�iLO<iHb*I
V�EGFNFJIWFL��|}Q3FJM�KHIWFJIWOPKHiHbÀb�O<F�U+ILIWS9C*Q3S*I{EGS·MNb�E`F�^�KHFJM�OPKNIWOr��v&b*I{FJIWijQ3S�C9OPKHIWO}ijQ3S�MNO<EGS�FÒO<[G[!MNb*I
KHIWFJIWOPKHiHb�MNb�OPM�[RQdQ<ÁdFkOPMkMJQ3[RILKHOPMNEGS*gÄEGS�FJMJKyT�ijMNERQ3StiLO<iyb*I�V$EGFNFJIWFW����T*M¡ÂpQ<\¿ÂpQ<KHC*ILKk\¿ILMNiyb���C*IWijQdC�I<��O<S�C
E`FNFNT*I¨\]O<[G[GF�EGS�MJQ�MNb*I"FJIWijQ3S�C�OPKNIWOr�

Ä�gH] õ¬i�^Hka^H%�#��o^y%Aà '�%�)��+
®���0�o^N�k% ï #������ ù ^H)Z)���)

|�O<SamÀMJIWiHb�S�EGcdT*IWF$Ij½*EGFJM�\fQ<K$KNIWC�T�iLEGS*gÜMNb*I�SdT�V�U�ILK�Q<\¨iLO<iyb*I}V$E`FNFJIWFL�Ù|�O<SamÀQ<\�MNb*IWFJI
MJIWiyb�S�EGcdT*IWF�OPKNI�OPX�X�[GE`iLOPU�[RI"MJQ�EGS�FNMJKHT�ijMNERQ3StiLO<iyb*IWFL�"s�½rO<V�XZ[RIWF�E`S�iL[GT�C*I"E`V�X�KNQ©x<IWC�b�O<FNb�EGS*g�\fT�S�i�Â
MNEGQ3S�F�` ~ �Aá � 1d�¦á ~ .5bp��U+ILMJMJILK iLO<iyb*I�V$O<S�OPg<IWV�IWSaM�X+Q3[GEGiLERIWFâ` ê<âd��0 � ��091d�Aá � 0:bp�diLO<iyb*I�ijQ3S�FNiLERQ3T�F!xrERKNMNT�O<[
XZOPg<IYV�OPX�X�EGS*gã`�1d��â<â5bp� O<S�CÃxdEGijMNE`V iLO<iHb�IWFä` ê685bp�}ã¡S9MNb�EGF�FJIWijMNEGQ3S���ã¨�
EG[G[�C�IWFNijKHERU+I�FJQ3V$I{Q<\�MNb*I
V$Q3FJM�X�KNQ3V$EGFHEGS*g&MJIWiyb�S�EGcdT*IWF�O<EGV�IWC�OPM�KNIWC�T�iLE`S*g
MNb*IeSdT�V�U+ILK�Q<\�EGS�FJMJKHT�ijMNERQ3S�iLO<iHb*I&V�EGFNFJIWFL��v&b*IWFNI
MJIWiyb�S�EGcdT*IWF�iLO<S�U+I�X�[`O<ijIWC}EGS}Q3S*IÒQ<\�MNb*IÒ\¿Q3[`[RQA�
E`S*g�MNb*KHILIÒiLOPMJILg<Q<KHEGIWFL�kE`S�ijKNIWO<FNEGS�g$MNb*I�iLO<iHb*I$O<F¡Â
FNQdiLEGOPMNEGxdERMäm<��KNIjÂpQ<KHC�ILKHEGS*g�MNb*I�ijQrC*I<��O<S�C�X�KNIL\fILMNiHb�E`S*g*�
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��S�I!��OAm"MJQ&KNIWC�T�ijI�MNb*I�SdT�V�U+ILK�Q<\�EGS�FJMJKHT�ijMNERQ3S¨iLO<iHb*I�V$EGFNFNIWF®EGF�MJQ�U�T�EG[GC�O�FJILM¡ÂzO<FNFJQriLEGOPMNERx<I
iLO<iyb*I�EGS�FJMJIWO<CYQ<\0O�C�EGKNIWijM¡ÂzV$OPX�X+IWCYiLO<iHb*I<���
Q©��ILx<ILKA�ZFJILM¡ÂzO<FNFNQdiLEGOPMNEGx<I�iLO<iHb*IWF�b�OWx<I"[GQ3S*g<ILK&O<iLijIWFNF
MNE`V�IWF&MNb�O<S}C�ERKNIWijM¡ÂzV�OPX�X+IWCtiLO<iHb*IWFW��ã¡S�O�C�ERKNIWijM¡ÂzV$OPX�X�IWC�iLO<iHb*I<�+iLO<iHb*I�[GEGS�I�C�OPMNO�iLO<S}U�I n FNX�IWi�Â
T�[GOPMNERx<IW[Rm�u�T�FJIWC�U�m�MNb*I�S*Ij½rM¨FJMNOPg<I$Q<\ X�KNQdijIWFHFNEGS*gÄU+IL\¿Q<KNI�MNb*I�MNOPgtijQ3V$X�OPKHEGFJQ3SÜ\fQ<K¨MNb*I�[GEGS�IÒb�O<F
ijQ3V$X�[RILMJIWC��·ãí\
MNb�IÄMNOPg·ijQ3V$X�OPKHEGFJQ3SÚ\]O<EG[GFL��MNb*I�S*Ij½rM�FJMNOPg<I�Q<\
X�KNQdijIWFHFNEGS*gÜFNEGV�XZ[Rm�C�EGFNiLOPKHC�F�MNb*I
C�OPMNOr����S}O{iLO<iyb*IÒO<iLijIWFHF�\¿Q<K�O�FJILM¡ÂzO<FHFJQdiLE`OPMNERx<I�iLO<iHb*I<��O<[G[�MNb*I�[GE`S*IWF
EGS�O{FJILM�OPKNI�KNIWO<C�Q3T�ML��O<S�C
MNb�IWERK
MNOPg3F�OPKNI�ijQ3V�X�OPKNIWC}MJQ�MNb�I�O<C�C*KHIWFNF
Q<\!MNb�I�KNIWcdT*IWFJMJIWC�C�OPMNO$MJQYC*ILMJILKHV�EGS*I"�
b�EGiHb}[GEGS*I"ijQ3SrÂ
MNO<E`S�FkMNb*I�FJQ3T*g3b�M�OP\fMJILK"C�OPMNOr�Ò�¨S�ijI�MNb�IÒMNOPg�ijQ3V�XZOPKHEGFJQ3S�F�b�OAx<I�ijQ3V�X�[RILMJIWC���MNb�I�V�OPMNiHb�EGS�gÄ[GE`S*I
n EG\ZMNb*ILKHI
EGF!Q3S*I©u!EGF�EGC*IWS�MNE_^�IWC®�PO<S�C$ERMNF�C�OPMNO�EGF�X�O<FNFNIWC�Q3S$MJQ"MNb�I
S*Ij½rM FJMNOPg<I
Q<\�X�KNQrijIWFNFNE`S*g*�0v
b�T�FW�
\fQ<K�O�FJILM¡ÂzO<FNFJQriLEGOPMNERx<IÒiLO<iHb*I<��MNb*I¨MNOPg{ijQ3V$X�OPKHEGFJQ3S�F&EGS�MJKNQdC�T�ijI¨O<StIj½rMJKHO$C*IW[GOAmYU�ILMä��ILIWS�MNb*I"MNEGV$I
��b*IWS�MNb*I�iLO<iyb*I�C�OPMNO�U+IWijQ3V�IWF
OAx¦O<E`[GOPU�[RI"O<S�CtMNb*I"MNEGV�I��
b*IWS�MNb*I�C�OPMNO$iLO<StU+I n FJX+IWiLT�[`OPMNERx<IW[Rm�u
T�FJIWC�Udm{MNb*I�S*Ij½dM&FNMNOPg<I�Q<\�X�KNQrijIWFNFNEGS�g*�

é¸b�OPM�EGF
S�ILIWC*IWC}E`F�O<S�EGS�FJMJKyT�ijMNERQ3StiLO<iyb*I��
ERMNbtMNb�I�Q<KNg3O<S�ERßWOPMNERQ3S�O<S�C}O<iLijIWFHF�MNEGV�I�Q<\�O
C�ERKNIWijM¡ÂzV$OPX�X+IWCYiLO<iHb�I<�0ÔPÕZ×¨MNb*I"b�ERM�KHOPMJI¨Q<\�O�FJILM¡ÂzO<FNFJQriLEGOPMNERx<I"iLO<iyb*I<��v&b�ILKNI¨OPKNI¨Mz��Q�OPX�X�KHQ3O<iHb*IWF
MJQ"O<iyb�ERILxrEGS*gkMNb�EGF;g<Q3O<[Ý�!v&b*I�^�KHFJM�OPX�X�KHQ3O<iHb�EGF;MJQ¨U�T�EG[`C"O�C�ERKNIWijM¡ÂzV$OPX�X�IWCÒiLO<iHb�I�MNb�OPM!T�FJIWF�FJILx<ILKHO<[
C�Et;�ILKHIWSaM b�O<FNb$\]T�S�ijMNERQ3S�FL�0v
b*I&FJIWijQ3S�CÄOPX�X�KNQ3O<iyb�EGF�MJQ�U�T�E`[GC�O"FJILM¡ÂzO<FNFNQdiLEGOPMNEGx<IkiLO<iyb*I���ERMNb$OjÓ Ô9Ø
Ö ÓJÉH×PÅ]ÌAËpÐPÓ��

v&b*I�b�O<FNbrÂpKNIWb�O<FHb¨iLO<iHb*I�`�.5bdT�FJIWF®MNb*I�^�KHFJM®OPX�X�KNQ3O<iHb®�;ãíM®T�FJIWF�Mä��QkC�Et;+ILKNIWS�M®b�O<FNb¨\]T�S�ijMNERQ3S�F
MJQÒO<iLijIWFNF�MNb�I
iLO<iHb*I<� ãíS�EGMNEGO<[G[Rm<�PMNb*Ie^�KyFJM�b�O<FNb�\]T�S�ijMNEGQ3S�EGF!OPX�X�[GEGIWC�MJQ"MNb*I&O<C�C*KHIWFNFL�aO<S�C$MNb*I&KNIWFNT�[RM
E`F�T�FJIWCYMJQ$EGS�C�Ij½ÄEGS�MJQ�MNb*I"iLO<iHb*I<��ãä\;MNb*I¨KNIWFNT�[RMNEGS*g�iLO<iHb*I�[GEGS*I�ijQ3SaMNO<E`S�F�MNb*I"FJQ3T�g3baM&OP\fMJILK
C�OPMNOr��O
ð ÓHÇjËÒÑíË]ÅG×�É b�ERM�QdiLiLT*KyFL��ãä\+ERM�V$EGFHFJIWFL�3MNb*I�FJIWijQ3S�C$b�O<FHb�\fT�S�ijMNERQ3S�X�KNQ©xdE`C*IWF�O<S$EGS�C*Ij½ÒEGS�MJQ"MNb*I�iLO<iHb*I<�
ãí\�O�ÇWÉNÌyÐPÕZ×9Ñ¡Ë]ÅP×�É"b�ERM�QdiLiLT�KHFL��MNb*I�C�OPMNO�EGFkKNILMJKyERILx<IWC���v&b*I�C�OPMNO�EGS�MNb*I�Mz��QtiLO<iHb�I�[GEGS*IWFkEGF�MNb*IWS
FN��OPX�X+IWCYFJQ�MNb�OPMeMNb*I¨S*Ij½rM&O<iLijIWFNF���EG[G[�[`ERÁ<IW[Rm$KNIWFHT�[RMeEGSYO�^ZKHFJM¡ÂpMNEGV�I�b�ERML����QA��ILx<ILKW��EG\®MNb*I¨FJIWijQ3S�C
O<iLijIWFHF�O<[GFJQ�V$E`FNFJIWFL��MNb*IWSÜMNb�I�C�OPMNO�EGFkKNILMJKHERILx<IWCÜ\fKNQ3V V$O<EGSÜV�IWV$Q<KNm<�®X�[GO<ijIWC�E`S}MNb�I�iLO<iyb*I�[GE`S*I
E`S�C*Ij½rIWCYU�mÄMNb*I"FJIWijQ3S�C�b�O<FNbY\]T�S�ijMNERQ3S��*O<S�CtMNb*IWS�FJ�eOPX�X+IWCY�
ERMNbYMNb*I"C�OPMNO�EGS�C*Ij½rIWCÄU�mÄMNb*I�^�KHFNM
b�O<FNb�\]T�S�ijMNERQ3S��

v&b*IeijQ3[GT�V$SrÂzO<FHFJQdiLE`OPMNERx<I�iLO<iyb*I�`_á�b�EGV�X�KHQAx<IWF0MNb*IeX+ILKN\¿Q<KyV$O<S�ijI�Q<\�MNb*I�b�O<FNbrÂpKHIWb�O<FNbÒiLO<iHb*I
Udm�O<C�C�EGS*g$O}ÓJÉjÍdÔ¦ÇHÍ·ÎjÅ]Ë®MJQÄIWO<iHb�[GE`S*I"EGStMNb�IÒiLO<iyb*I<��v&b�I�KNIWb�O<FHb�U�EGM
EGF&KHIWFJILMkEG\0MNb�I�C�OPMNOÄFJMJQ<KNIWC
E`S�MNb�OPM�iLO<iyb*I{[`EGS*I�EGF"O<FNFNQdiLEGOPMJIWCÃ�
ERMNbÜMNb�I$^�KHFNM"b�O<FNb�\]T�S�ijMNERQ3S®��O<S�C9FNILM�ER\�MNb*I�C�OPMNO}FJMJQ<KNIWC9E`S
MNb�OPM&iLO<iHb*I�[`EGS*I�EGFeO<FNFJQriLEGOPMJIWC��
ERMNbÄMNb*I"FNIWijQ3S�C�b�O<FNbY\]T�S�ijMNERQ3S®�0é¸b*IWS�OÒ^�KyFJM¡ÂpMNEGV�I�V$EGFNF�QriLiLT*KHFL�
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EG\�MNb*I¨KNIWb�O<FNbYU�ERM�EGFeKNIWFNILML�*MNb*I¨X�KNQrijIWFNFJQ<K&MJKyERIWFeMJQ�^ZS�CÄMNb*I"C�OPMNO$U�mÄO<iLijIWFNFNEGS*g�MNb*I"iLO<iHb*I�xdEGOÒMNb*I
FNIWijQ3S�C�b�O<FNbÄ\]T�S�ijMNERQ3S���ãí\�MNb*I�KNIWb�O<FNbÄU�ERM�E`F�FNILML�*MNb*I¨iLO<iHb*I"EGFeS*Q<M�O<iLijIWFNFNIWCtOPg3O<EGS���O<S�CÄMNb*I¨C�OPMNO
E`F
KNILMJKyERILx<IWC�\¿KNQ3V V$O<E`S�V�IWV�Q<KHm<�ké¸b*IWSÜOÄiLO<iHb*I�[GEGS�I�VÒT�FJM
U+IÒKNILX�[GO<ijIWC®��OÄ[GEGS*I��
b*Q3FJIÒKNIWb�O<FNb
UZERM&EGF�FJILM
E`F�X�KNIL\fILKNKNIWC�O<F�MNb�I"xdE`ijMNEGV��

v&b�I�FJIWijQ3S�C}OPX�X�KNQ3O<iyb}EGF
MJQ�U�T�EG[GCYO�FJILM¡ÂzO<FHFJQdiLE`OPMNERx<IÒiLO<iyb*IÒ�
ERMNbtO���OAm�X�KNIWC�EGijMJQ<KA��v&b�I
��B�| EGS�MNb�IWFJIÒiLO<iyb*IWF¨EGF�Q<KNg3O<S�ERßLIWC$àNT�FJM�[`ERÁ<I�MNb*I��
Bk| EGS}C�ERKNIWijM¡ÂzV�OPX�X+IWC�iLO<iHb�IWFL�
IWO<iyb�EGS�C*Ij½
E`SaMJQ}MNb*I{��B�|(FJX+IWiLE_^ZIWF¨MNb*I{[GQdiLOPMNERQ3S9Q<\�Q3S*I<�!O<S�C·Q3S�[RmÜQ3S*I<�!iLO<iHb*IY[GEGS*I<�Yv&b*I���OAm�X�KNIWC�EGijMJQ<K
g3T�IWFNFJIWF"��b�EGiHb�iLO<iyb*I�[GE`S*I��
ERMNb�EGSÜO�FJILM�ijQ3SaMNO<EGS�F¨MNb*I$FJQ3T*g3b�M�OP\fMJILK�C�OPMNOr�{v&b*I���OAmÜX�KNIWC�EGijMNEGQ3S
O<S�C¾MNb*ItFJILM$EGS�C*Ij½ÃOPKNItijQ3V�U�EGS*IWCÀMJQ9\¿Q<KHV O<S EGS�C*Ij½ÃE`SaMJQ�MNb*ItiLO<iyb*I6c F���B�|Ã��ãí\
MNb*ItE`S�C*Ij½rIWC
[`EGS*I�ijQ3S�MNO<EGS�FkMNb*I�C�OPMNOr�+MNb*I�C�OPMNOYEGF�KNILMJKHERILx<IWC��"�kMNb*ILKH�
EGFJI<�ZMNb*I�KHIWV$O<EGS�EGS�g�[GEGS*IWF�EGS}MNb*IÒFNILMkOPKNI
X�KNQ<U+IWC��"ãí\ MNb*I�C�OPMNO�EGFk\fQ3T�S�CÜEGS�Q3S*I�Q<\�MNb*I�Q<MNb*ILK"[GEGS*IWFW�+EGM�E`F�KHILMJKHERILx<IWC���ãä\�ERMkE`FkS�Q<M¨\¿Q3T�S�C�E`S
O<S�mYQ<\�MNb*I"[GEGS*IWFW�rEGM&V�T�FNM�U�I¨KHILMJKHERILx<IWC�\fKNQ3V÷V$O<E`StV�IWV�Q<KNm<�

æ*Q<K¨MNb*I�|���wøiLO<iHb�I�`_á28d��â70��Aá<á285bp�;MNb*I���OAm}X�KHIWC�EGijMJQ<K�KNIWijQ<KHC�FkMNb*I�[GE`S*I�MNb�OPMk�eO<F¨T�FJIWC
V$Q3FJM�KNIWijIWSaMN[Gm�\fQ<KkIWO<iyb·iLO<iHb�I$FJILML�¨é�b�IWSÜMNb*IÒiLO<iyb*I$EGF�O<iLijIWFNFJIWC®��MNb*I�V�Q3FJM�KNIWijIWS�MN[Rm�T�FJIWCÜ[GE`S*I
E`F
X�KHIWC�EGijMJIWCtMJQYijQ3S�MNO<EGS�MNb*IÒFNQ3T*g3baMkOP\¿MJILK¨C�OPMNOr����Q<MJIÒMNb�OPM�\fQ<KkiLO<iyb*IWFkMNb�OPM�EGV�X�[RIWV$IWSaM
OÄ[RIWO<FJM
KHIWijIWSaMN[Rm�T�FNIWC n ���ew¨ueKNILX�[`O<ijIWV�IWSaM�X+Q3[GE`ijm<�*MNb*I����ewDEGS*\fQ<KHV$OPMNEGQ3S{\fQ<K
IWO<iyb�FJILM�EGS�C�EGiLOPMJIWF&�
b�EGiyb
[`EGS*I���O<F�T�FJIWC�V�Q3FNM"KNIWijIWS�MN[Rm<��v&bdT�FL��MNb*ILKHI�EGF¨[GERMJMN[GI�O<C�C�ERMNERQ3S�O<[0Q©x<ILKHb*IWO<CÚEGS�EGV�X�[GIWV�IWSaMNE`S*gÄO<S
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MNb�ILKNI�OPKNIÄb�ERMNF¨EGS�U+Q<MNb·iLO<iyb*IWFL�0ILx<ILKNmdMNb�EGS*gtX�KNQdijILIWC�F"O<F�S*Q<KyV$O<[Ý�$ãí\�MNb�ILKNI�OPKNI�V�EGFNFJIWF"E`SÜU�Q<MNb
iLO<iyb*IWFL��\¿ILMNiyb�FJMNO<[`[GF��
b�E`[RI�MNb�I"KNIWcdT*IWFJMJIWCtEGS�FJMJKHT�ijMNERQ3S�F�OPKNI"Q<U�MNO<EGS�IWC�\¿KHQ3VòMNb*I�S*Ij½rM&[RILx<IW[�Q<\;MNb*I
V$IWV�Q<KNm�b�ERILKHOPKyiHb�m<� ãí\0MNb�ILKNI�EGF�O{V$EGFNF�EGSYMNb�I"MJKHO<ijI�iLO<iyb*I<��U�T*M&O$b�EGM&EGS�MNb*I"KHIWS�O<V�I�iLO<iyb*I<��MNb*I
E`S*\¿Q<KyV$OPMNERQ3SÃ\¿KNQ3V MNb*IÄKNIWS�O<V$IYiLO<iyb*I�EGF�T�FJIWCÃMJQÜKNIWS�O<V�IÄMNb*IYKNILg3EGFJMJILKyF�\fQ<K�MNb*IYV$EGFNFNE`S*gtMJKHO<ijI
iLO<iyb*I�[GE`S*I<�!v&b*IkX�KNQrijIWFNFJQ<K�FNOWx<IWF
MNb*I¨EGC*IWS�MNE_^�ILKHF�Q<\�MNb�IkXZbamrFNEGiLO<[ZKNILg3EGFJMJILKyF�FJQ3T*KHijIWCÄUdm�MNb*I�MJKHO<ijI
iLO<iyb*I�[GEGS*I<�aO<S�C$MNb*I
E`C*IWSaMNER^�ILKHF�Q<\�MNb*I&XZbamrFNEGiLO<[*KHILg3EGFJMJILKHF �&KHERMJMJIWS�Udm�MNb*I
MJKyO<ijI�iLO<iHb�Ik[GE`S*I<�0æ�ILMNiHb
MNb�IWS�ijQ3S�MNEGSdT*IWFkQ3S���b�EG[RI"MNb�I�KNIWcdT*IWFJMJIWCÜEGS�FNMJKHT�ijMNERQ3S�F
OPKNI�Q<U�MNO<EGS*IWC}\¿KNQ3V6MNb*IÒS*Ij½rMk[RILx<IW[;Q<\�MNb*I
V$IWV�Q<KNm�b�EGILKHOPKHiHb�m<�"��S�ijIÒMNb*I�KHIWc�T*IWFNMJIWC}EGS�FJMJKHT�ijMNERQ3S�F
b�OAx<IÒU+ILIWS}Q<U�MNO<EGS*IWC®�ZMNb*ILm}OPKNIÒC�IWijQdC*IWC
n T�FNEGS*g�MNb*I
X�b�mrFNEGiLO<[�KHILg3EGFJMJILKeEGC*IWS�MNE_^�ILKHF!MNb�OPM���ILKNI�FHOWx<IWCYUdm�MNb*I
X�KHQdijIWFNFNQ<K�u!O<S�CÄEGFNFHT*IWC$EGS�MJQ�MNb*I
MJKyO<ijI��
EGS�C*QA�"�

o Q3S�iLT*KHKNIWSaMN[Gm<����ItC�ILx<IW[RQ<X+IWCÀMNb*I�ijQ3S�ijILX�M$Q<\�Q3T*M¡ÂpQ<\`ÂpQ<KyC*ILK$\fILMNiHb43¦C*IWijQrC*I53¦EGFHFNT*Iã`_á ~P� bp�
�¨T*K�EGS�EGMNEGO<[eFJMNT�C*mÀX�KNQ<X+Q3FJIWCÀMNb�I�ijQ3S�ijILX�MÄO<S�C C*IWFHijKHERU+IWCÚMNb*KNILI�MJIWiyb�S�EGcdT*IWF�\fQ<K{b�O<S�C�[GEGS�g}MNb*I
KHILg3EGFJMJILK{C�ILX�IWS�C*IWS�ijm·X�KHQ<U�[RIWV$F�MNb�OPM�KNIWFNT�[RM�\fKNQ3V C*IWijQrC�EGS*g�EGS�FJMJKHT�ijMNERQ3S�F�Q3T�M$Q<\�X�KNQ<g<KHO<V Q<KJÂ
C�ILKW� ��S*IÜQ<\�MNb*IWFJI�MJIWiyb�S�EGcdT*IWFtEGF�ijQ3S�ijILX�MNT�O<[G[Rm�MNb*I·FNO<V$I·O<FtMNb*I�KNIWS�O<V�I·iLO<iHb*IÃMJIWiHb�S�EGc�T�I
X�KNQ<X+Q3FJIWCtUdm���O©àJOPX+ILm3O<V O<S�C}|}EGMJKHOr��ERM�T�FNIWF�O{FJILX�OPKHOPMJI�iLO<iHb*I n �
b�EGiHb���I�iLO<[G[�O�×$Ô¦ÇHÑYÌHÔ3ÌLÍrÉHu
MJQ¨KHIWijQ<KHC�MNb*I�C*ILX+IWS�C*IWS�ijm�EGS*\fQ<KHV$OPMNERQ3SÒS*ILIWC*IWC�MJQ�KNIWS�O<V$I�KNILg3EGFJMJILKHFW�0v&b�I�Q<MNb*ILK Mz��Q¨MJIWiHb�S�E`c�T*IWF
OAx<Q3EGCtMNb�I"Ij½dX+IWS�FNI¨Q<\�iLO<iyb�EGS*g{C*ILX+IWS�C*IWS�ijmÄEGS*\fQ<KHV$OPMNERQ3S��*O<S�C®��O<F
O�KNIWFNT�[RML�*X�KNQ©xdEGC�I¨U�ILMJMJILK
X�ILKNÂ
\fQ<KHV$O<S�ijI�\fQ<K{O·g3EGx<IWS iLO<iHb�I}U�T�C*g<ILML�Ø��Q<MNbÛQ3T*KÄFJMNT�C*mÀO<S�CÙ��O©àNOPX+ILm3O<V O<S�CÙ|�ERMJKHO=c F{\¿Q3T�S�C
MNb�OPM&X�KNQrijIWFNFJQ<K�X+ILKN\fQ<KHV$O<S�ijI¨EGV$X�KNQAx<IWC�FHERg3S�E_^ZiLO<S�MN[Rm$��b*IWSYMNb*I¨X�KNQrijIWFNFJQ<K&O<[`[RQA��IWC�Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK
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v&b*ItV�O<iHb�EGS�IYV$QdC*IW[
T�FJIWC¾EGSÀMNb�E`F�C�EGFNFJILKHMNOPMNERQ3S¾EGF�MNb*I��kERg3b¾l0ILKN\fQ<KHV$O<S�ijIÜqrT*U�FJMJKyOPMJI
n �kl�q�u�`_á �<� �©á � á�bp���kl�q{O<[G[GQA�
FeVÒT�[RMNERX�[GI�EGS�FNMJKHT�ijMNERQ3S�F�MJQ�U+IkijQ3V$X�[RILMJIWCYX+ILK�ijmdiL[RI�Udm�Ij½rX�[RQ3ERMNE`S*g
E`S�FJMJKHT�ijMNEGQ3S$[RILx<IW[*X�OPKyO<[G[RIW[GEGFHV�O<S�C$UdmÒX+ILKN\fQ<KHV$E`S*g¨OPg<g<KNIWFNFNERx<IkFJX+IWiLT�[GOPMNERx<I�Ij½rIWiLT*MNERQ3S®����O<[G[`V$OPKNÁrF
Q<\���leqtOPKHI�OPg<g<KHIWFNFNERx<I�U�KHO<S�iHb�X�KNIWC�E`ijMNERQ3S�����EGC*I�E`S�FJMJKHT�ijMNEGQ3S�EGFNFHT*I<�ZVÒT�[RMNERXZ[RI"\]T�S�ijMNERQ3S�O<[0T�S�EGMNFL�
C�ILILX S*Q3SrÂpU�[GQdiHÁdEGS�g�XZERX+IW[GEGS*IWFL��C*mrS�O<V$EGiÄKNILg3E`FJMJILK$KNIWS�O<V�EGS*g*��Q3T*M¡ÂpQ<\¿ÂpQ<KHC*ILK{Ij½dIWiLT�MNERQ3S���O<S�CÙC*m�Â
S�O<V$EGi�FNiHb�IWC�T�[GEGS�g*��|�O<S�m}IW[RIWV$IWSaMNF�Q<\e��leq}OPKNI�IWV�U+QrC�ERIWCÜEGS}MJQdC�OAm4c F�b�ERg3b�IWS�CÜV$EGijKNQ<X�KNQdijIWFJÂ
FNQ<KHFL��\¿Q<KkIj½rO<V$X�[RI<��MNb�I�ã¡SaMJIW[0l0IWSaMNEGT�V÷ãNã>` ~ 0�� ç<ç bp��MNb*I�B�| h ��0�`�8685bp��O<S�C�MNb�I o Q3V�XZO<c�B�[RXZb�O
~ á ~ â ç `�.61d� ç .d��â<ê5bp�

v&b�I�FJQ3T�[<Q<\*�kl�q�EGF®MNb*I��
IWFJMJKHEGijMJIWC h OPMNOkæ�[RQA� n � h æ�u�V�QrC*IW[<Q<\rIj½rIWiLT*MNERQ3S*`_á ç �¦á �<� �©á � á�bp�
é¸ERMNbÀO�iL[GO<FNFNEGiLO<[�C�OPMNO�V�Q©�øV$O<iyb�EGS*I<�!MNb�I{IWS�MNERKNIYC�OPMNO�V�QA�øg<KHOPX�bÚ\fQ<KÒO�X�KHQ<g<KHO<V E`F�KNIWFHEGC*IWS�M
E`S}MNb�IÒV$O<iyb�EGS*I<�®O<S�C}MNb�IÒV$O<iyb�EGS*I�X�KHQdijIWFNFNIWF�MNb�EGF�C�OPMNO�V�QA�Dg<KHOPX�bÜO<[G[�OPM�Q3S�ijIä` âd� ~ êd� ça~ bp��B�S
� h æÛV$O<iyb�EGS*I<�+Q3S�MNb*I�Q<MNb*ILK¨b�O<S�C®�ZX�KHQdijIWFNFNIWF�Q3S�[Rm�OÄFNT*U�FJILMkQ<\ OÄX�KNQ<g<KyO<V�c F�C�OPMNO*V�QA�Dg<KHOPX�b
OPM¨O<S�m�Q3S*IÒMNEGV�I<�¨v&b�I�MJILKHV Ô3ÌAË]Å�9<ÉAÓ!ÅfÕZ×3Ð9ÓÙEGFkT�FJIWC}MJQYKNIL\fILKkMJQYMNb*I�FJILM�Q<\ EGS�FJMJKHT�ijMNERQ3S�F&�
b*Q3FNI
ijQ<KHKNIWFJX+Q3S�C�EGS�g
C�OPMNO�V�QA�ÀS*QrC*IWF;OPKHI KNIWFNE`C*IWSaM0EGS"MNb�I�� h æ�V$O<iHb�E`S*I<�0BkF0MNb*I�O<ijMNEGx<I���EGS�C*Q©�9FN[GEGC�IWF
MNb�KNQ3T*g3b�MNb*I�C*mdS�O<V$EGi�EGS�FJMJKyT�ijMNERQ3SYFJMJKNIWO<V���MNb*I�� h æ¾V$O<iyb�EGS*I¨Ij½rIWiLT*MJIWF�MNb*I¨IWS�MNERKNI¨X�KNQ<g<KyO<V��
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æ�ERg3T*KNIl.d�Gá�EG[G[GT�FJMJKHOPMJIWF�MNb*I � h æ�V$QdC*IW[PQ<\rIj½rIWiLT*MNERQ3S��;ãíS�FJMJKHT�ijMNERQ3S�F�OPKNI�KNIWV�Q©x<IWC"\fKNQ3VØMNb*I
X�KNQ<g<KHO<V�c F!C*mrS�O<V$E`i�EGS�FJMJKHT�ijMNERQ3SÒFJMJKNIWO<V�O<S�CÒijQ3S�x<ILKNMJIWC{EGSaMJQ¨C�OPMNONV�Q©�ÙS*QrC*IWFL��s O<iHb�E`S�FJMJKHT�ijMNEGQ3S
E`F�ijQ3S�x<ILKNMJIWCYEGS�MJQ�ßLILKNQÒQ<K�V$Q<KNI�S*QrC*IWFL�!æ*Q<K�MNb*IkB�[RXZb�O"BNÿklÀEGS�FNMJKHT�ijMNERQ3S$FNILM�OPKHiyb�ERMJIWijMNT*KHI	`_á<á ~ bp�
V$Q3FJM"EGS�FJMJKyT�ijMNERQ3S�FkOPKNI�ijQ3Sax<ILKHMJIWC9EGS�MJQ�O�FNEGS*g3[RIÒS*QrC*I<��v&b�IÒEGS�FJMJKHT�ijMNERQ3S�F�OPKNI�MNb�IWS�E`S�FJILKNMJIWC��+Q<K
Å¿ÇHÇ�È�ÉN×P�aE`SaMJQkMNb*IeO<ijMNERx<I��
EGS�C�QA�"��v
b*I�Å¿ÇHÇ�È�ÉeÓJÔ<ËzÉ!FJX+IWiLE_^ZIWF®MNb*I�V$O¦½*EGVÒT�V SdT�V�U+ILK�Q<\ZE`S�FJMJKHT�ijMNEGQ3S�F
MNb�OPM&iLO<S�U+IkKHIWV�QAx<IWC�\fKNQ3V MNb*I¨C*mrS�O<V$E`i�EGS�FJMJKHT�ijMNERQ3SYFJMJKHIWO<V���ijQ3Sax<ILKHMJIWCtEGS�MJQ$C�OPMNO	V�QA�ýS�QdC*IWFW�
O<S�C�MNb*IWS·EGS�FJILKNMJIWCÜEGS�MJQ�MNb*I$O<ijMNERx<I���EGS�C*Q©�DE`S�O�FNEGS*g3[RI�ijmriL[RI<�$v&b*I�Ó!ÅfÕZ×3Ð9Ó�Ç�Åpo©É¨FJX+IWiLE_^�IWFkMNb*I
V�O¦½rEGVÒT�V÷SdT�V�U+ILK�Q<\�E`S�FJMJKHT�ijMNEGQ3S�FeMNb�OPM
iLO<S�U�I"E`SYMNb*I�O<ijMNERx<I��
EGS�C*Q©�ýOPM�O<S�m�EGS�FJMNO<S�M&EGSYMNEGV�I<�
ã¡S�FJMJKyT�ijMNERQ3S�F"OPKHI�EGFNFNT�IWC�O<F�[RQ3S�gtO<F"MNb*I�SdT�V�U+ILK"Q<\�EGS�FJMJKHT�ijMNERQ3S�F¨EGSÜMNb*IÄO<ijMNERx<I���EGS�C*Q©�ÞEGF"[RIWFNF
MNb�O<SÀMNb*IY�
EGS�C*Q©��FNEGßLI<�9v&b*IYC�OPMNO�V�QA�òS*QrC*IWF�OPKNI�FNiyb*IWC�T�[RIWCÃ\fQ<K�Ij½dIWiLT*MNEGQ3SÃ��b*IWSÚMNb*IWERK�V�QA�
C�ILX�IWS�C*IWS�iLERIWFkb�OWx<I�U+ILIWS�KNIWFJQ3[Gx<IWC��"B�SÜEGS�FJMJKHT�ijMNERQ3S�Ij½rEGMNF�MNb�I�O<ijMNEGx<I��
EGS�C*Q©�"��Q<KÒÓNÉLË]ÅfÓNÉ�Çy�;OP\¿MJILK
O<[`[�ERMNF&S*QrC*IWF�b�OAx<I"Ij½dIWiLT�MJIWC�� ã¡S�FJMJKHT�ijMNERQ3S�FeOPKNI"EGFNFHT*IWC�O<S�CYKNILMNERKHIWC�EGSYMNb*I¨Q<KHC*ILK�MNb�ILmÄOPX�X+IWOPK
E`S
MNb�I�C*mrS�O<V$EGi�EGS�FNMJKHT�ijMNERQ3S�FJMJKHIWO<V��
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�kl�qÜEGF¨OtKNIWO<[GERßWOPU�[GI$EGV�X�[RIWV$IWSaMNOPMNERQ3SÜQ<\�MNb*I�� h æØV�QdC�IW[�Q<\�Ij½rIWiLT*MNERQ3S�þ!EÝ��I<�R�0ERM"EGF"O<S
E`S�FJMNO<S�ijI¨Q<\0MNb*I"OPU�FJMJKyO<ijM
� h æÀX�OPKHO<C�ERg3V `_á ç bp� æ�ERg3T*KNI�.d� ~ FNb*QA��F�MNb*I¨U�O<FNE`ikV�EGijKNQ3OPKHiyb�ERMJIWijMNT*KNI<�
v
b*I�U�KHO<S�iyb¸X�KNIWC�E`ijMJQ<K�X�KNIWC�EGijMNFYMNb�I·FJIWc�T�IWS�ijI·Q<\Ò\¿ILMNiybØU�[RQriNÁrF�MNb�OPMtijQ3V�X�KHEGFJIÜMNb*I9C�mdS�O<V�EGi
E`S�FJMJKHT�ijMNEGQ3S�FJMJKNIWO<Vt�
v&b*I"U�KHO<S�iHb}X�KNIWC�EGijMJQ<K�C*QdIWFkS*Q<M
X�KHIWC�EGijM&MNb*I�IWSaMNEGKNI�FJIWcdT*IWS�ijI�O<[G[;OPM
Q3S�ijI<�
EGMkX�KNIWC�EGijMNFkQ3S�[Rm�OYX�ERIWijI�Q<\ MNb�I$FJIWc�T�IWS�ijI�IWO<iHb9ijmriL[RI<��v&b*I�FJIWcdT*IWS�ijI$EGF�X�KHIWC�EGijMJIWCÜEGS�X�KNQ<g<KHO<V
Q<KyC*ILKW� qdMNOPMJI�xPOPKHEGOPU�[RIWF�OPKNI&T�FJIWCÒMJQ¨Á<ILILX$MJKHO<iNÁ�Q<\ZMNb*I&iLT*KNKNIWS�M�X+Q3EGSaM�EGSÒMNb*I&FJIWcdT*IWS�ijI<�!s�O<iHb�MNEGV$I
O�X�ERIWijI&Q<\+MNb*I�FJIWc�T�IWS�ijI
EGF!X�KNIWC�EGijMJIWC��aMNb*IWFJI
FJMNOPMJIkxPOPKHEGOPU�[RIWF!OPKHI
T*X�C�OPMJIWC��0ãíS{ijILKNMNO<EGS$FHERMNT�OPMNERQ3S�FW�
MNb�I$U�KHO<S�iyb�X�KNIWC�EGijMJQ<K"EGF�\fQ<KHijIWC·MJQtKHIWFJMNOPKNM�OPM�O<S·IWOPKH[GERILK¨X+Q3EGS�M¨EGSÜMNb*I�FJIWcdT*IWS�ijI<�{B�S�Ij½*O<V�X�[GI
Q<\kFNT�iyb¾O�FHERMNT�OPMNERQ3SÀEGF��
b*IWSÀO�U�KHO<S�iybÀEGF�V$EGFJX�KHIWC�EGijMJIWC ` â � �jâ ~ �Aá<á2.5bp�Àv�QÜKNIWFJMNOPKHMÒMNb�IÄU�KHO<S�iHb
X�KNIWC�EGijMJQ<KW�*MNb�I�FJMNOPMJI"xPOPKHEGOPU�[GIWF�OPKNI�FNEGV$X�[Rm�FJILM
MJQ$MNb*I"xPO<[GT*IWFeMNb*ILm�b�O<C�OPM&MNb�OPM&IWOPKH[`ERILK�X+Q3EGSaML�

v&b*I�U�KHO<S�iyb�X�KNIWC�E`ijMJQ<K¨X�KNIWC�EGijMNF"MNb*I�FJIWcdT*IWS�ijI$Q<\e\fILMNiHb9U�[RQriNÁrF"MNb�OPM�ijQ3V$X�KHEGFJI�MNb�I�C*m�Â
S�O<V$EGi�EGS�FNMJKHT�ijMNERQ3S�FJMJKNIWO<VÞ�
ERMNb*Q3T*M!b�OAxdE`S*g¨MNb*I&C�OPMNO¨\fQ<K�MNb*I&E`S�FJMJKHT�ijMNEGQ3S�F�EGS�MNb*Q3FJI�U�[GQdiHÁdFL�!v&b�OPM
E`FL�3MNb*I&U�KHO<S�iHb$X�KNIWC�EGijMJQ<K�iLO<S�C*Q"ERMNF+à¡Q<U{�
ERMNb*Q3T*M!b�OAxdE`S*g{ÔPÕ®Ø&E`S�FJMJKHT�ijMNEGQ3S�C�OPMNOr�!��IWiLO<T�FJI
Q<\+MNb�EGFW�
MNb�I$U�KHO<S�iyb�X�KNIWC�EGijMJQ<K�iLO<S·Q<X+ILKHOPMJI{EGS�C*ILX+IWS�C*IWS�MN[Rm�Q<\eMNb*I�E`S�FJMJKHT�ijMNEGQ3S�iLO<iyb*I<��ERM"iLO<S9FJIWcdT*IWS�ijI
MNb�KNQ3T*g3b$MNb�I&\¿ILMNiyb$U�[GQdiHÁdF Q<\�MNb�I
C*mrS�O<V$EGi�EGS�FJMJKHT�ijMNERQ3S�FJMJKHIWO<V ILx<IWS{ER\ZMNb�Q3FJI&\fILMNiHb{U�[RQriNÁrF�C*Q�S*Q<M
KHIWFNEGC*I"EGSYMNb�I"EGS�FJMJKHT�ijMNERQ3S�iLO<iHb*I<�

s O<iyb�ijmriL[RI<��MNb*I¨U�KHO<S�iHbtX�KNIWC�EGijMJQ<K�X�KNIWC�EGijMNFeMNb*I�S*Ij½dM�\fIL�ý\fILMNiHb}U�[RQriNÁrF�EGSYMNb*I�C�mdS�O<V�EGi
E`S�FJMJKHT�ijMNEGQ3S�FJMJKNIWO<V���qrT*U�FJIWcdT*IWS�MN[Rm<�rMNb*I�V$O<iyb�EGS*I"OPMJMJIWV$X�MNF
MJQ�\¿ILMNiybtIWO<iHb}Q<\�MNb*IWFJI"UZ[RQdiHÁdF&\¿KNQ3V
MNb�IÄEGS�FJMJKHT�ijMNERQ3SÃiLO<iHb*I<�Ã�¨SÃO�iLO<iHb*I�b�EGML�0MNb�IÄEGS�FJMJKHT�ijMNERQ3S�F�EGS9MNb*I{UZ[RQdiHÁ·OPKNIY�&KHERMJMJIWSÃEGS�MJQ}MNb*I
ÊWÉLËpÌLÍ�ÎjÈ�ýkÉLÓy����SÛOÚiLO<iHb�IÜV�EGFNFL�eMNb*I�U�[RQriNÁÙEGF{\fILMNiHb*IWC�\fKNQ3V MNb�I�S*Ij½rMY[RILx<IW[
Q<\�MNb*I�V$IWV�Q<KNm
b�ERILKHOPKHiybam<� h T*KHE`S*g"MNb�EGF \¿ILMNiyb��rMNb*I
U�KHO<S�iHb{X�KNIWC�EGijMJQ<K�O<S�C{EGS�FJMJKyT�ijMNERQ3S$iLO<iyb*I¨FJMNO<[G[Ý�!BkC�C�ERMNERQ3S�O<[G[Rm<�
O<[`[!U�[RQriNÁrF¨[RQ<g3EGiLO<[G[Gm�\fQ3[G[RQA��EGS*gYMNb*I�U�[RQriNÁ�U+IWEGS*gY\fILMNiHb*IWCÃOPKNIjVZT�FHb*IWC�\¿KNQ3VÆMNb*I$V$O<iHb�EGS*I<�$B�\¿MJILK
MNb�I�\fILMNiHbYijQ3V�X�[GILMJIWFL�rMNb*I�EGS�FJMJKHT�ijMNERQ3S�F�EGS$MNb�I�U�[GQdiHÁ$OPKNI��
KHERMJMJIWS�E`SaMJQ�MNb*IkE`S�FJMJKHT�ijMNEGQ3S$iLO<iHb*I¨O<S�C
\fILMNiHb}U�T=;+ILKW��MNb�I"U�KHO<S�iyb�X�KNIWC�EGijMJQ<K
EGF�\fQ<KHijIWC�MJQ�X�KNIWC�EGijM�MNb*I"U�[GQdiHÁdF�MNb�OPM
\fQ3[G[RQA�?MNb*I"U�[RQriNÁYMNb�OPM
V�EGFNFJIWC���O<S�CYMNb*I"U�KHO<S�iHb�X�KHIWC�EGijMJQ<K&O<S�CtE`S�FJMJKHT�ijMNEGQ3SÄiLO<iyb*I�OPKHI"KNIWFJMNOPKNMJIWC®�
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v&b*IY\fILMNiHbÙUZT=;�ILK�FNT�X�X�[GERIWF�MNb*ItC*mrS�O<V$E`i{EGS�FJMJKHT�ijMNERQ3SÀFJMJKHIWO<V KNIWcdT�ERKNIWCÚ\fQ<K$� h æ�Ij½dIjÂ
iLT�MNERQ3S���s�O<iHb·ijmriL[RI<��E`S�FJMJKHT�ijMNEGQ3S�F�OPKHIÒKHIWV�QAx<IWC9\¿KNQ3V6MNb*I�\fILMNiHb·U�T=;+ILK�O<S�C�C*IWijQdC�IWC�EGSaMJQ�C�OPMNO
VZQA� S*QdC�IWFL�ÛwkFNEGS*g�MNb�I�EGS*\fQ<KHV$OPMNERQ3S EGSÀMNb*I}�
ILg3EGFJMJILKÄB�[GE`O<F$v;OPUZ[RI<��O�g<IWS*ILKHO<[GEGßLIWCÙx<ILKHFNEGQ3S¾Q<\
v;Q3V$O<FNT�[RQ<c FeO<[Rg<Q<KHERMNb�V�`_á ~<~ b®KNIWS�O<V�IWF�MNb*IkKNILg3EGFJMJILKyFL�!v&b*I�E`S�FJMJKHT�ijMNEGQ3S�F OPKNIkMNb*IWSÄEGFNFNT�IWC�EGS�MJQ�MNb*I
��QrC*I{v0OPU�[RIWFLþ�MNb�OPMÒEGFL�;MNb*IWERK�O<FHFJQdiLE`OPMJIWCÃS*QrC*IWF"OPKHI{EGS�FNMNO<[G[RIWC�EGS�MNb�I{��QdC*I{v;OPU�[GIWFL��v&b*I$��QdC*I
v0OPU�[RIWFW�*�
b�EGiybÄOPKHI�V$Q<KNI"ijQ3V$V�Q3S�[Gm�ÁrS*QA�
SYO<F�KHIWFJILKNxPOPMNERQ3S�FJMNOPMNERQ3S�FW��b*Q3T�FJI�MNb*I¨O<ijMNERx<I"��EGS�C*Q©�"�
BkFNFJQriLEGOPMJIWC9�
ERMNb�IWO<iybÃS*QrC*I$EGSÜMNb�I��
QrC*I�v0OPU�[RIWF�OPKNI�MNb*I{FJQ3T*KHijI$Q<X+ILKHO<S�C�F�\¿Q<K�MNb�OPM�S*QrC*I n Q<K
E`C*IWSaMNER^�ILKHF�\¿Q<K�Q<U�MNO<EGS�EGS*g$MNb*I�Q<X+ILKHO<S�C�Fyuy��O<S�C}C*IWFNMNEGS�OPMNERQ3S�EGS*\fQ<KHV$OPMNERQ3S®�
é¸b*IWSÜO<[G[�Q<\�O{S�QdC*I6c F
FNQ3T*KHijI
Q<X+ILKHO<S�C�F!U+IWijQ3V�I�OAx¦O<E`[GOPU�[RI<�3MNb�I�S*QrC*I�U+IWijQ3V�IWF�IW[GERg3ERU�[GI�\fQ<K�^ZKHEGS*g*��s O<iyb{ijmriL[RI<��O�FNT*U�FNILM
Q<\;MNb*I�^�KHOPU�[RIkS*QrC*IWF�OPKHIkFNiyb*IWC�T�[GIWC�\fQ<KeIj½dIWiLT*MNEGQ3S{Q3SÄQ3S*IkQ<\®MNb*Ik\]T�S�ijMNERQ3S�O<[�T�S�EGMNFL�0B�\fMJILK�Ij½rIWiLTrÂ
MNEGQ3S��*MNb*I"S*QrC*I�KNIWFNT�[GMNF�OPKHI"C�EGFJMJKHEGU�T*MJIWC{MJQ�MNb*I"�&ILg3EGFNMJILK
B�[`EGO<F�v;OPUZ[RI¨O<S�CYMJQ�MNb*I¨Q<MNb*ILK
S�QdC*IWF�E`S
MNb�I��
QrC*I"v0OPU�[RIWF&OA��O<EGMNEGS*g$MNb*Q3FNI"KNIWFNT�[GMNFL�

��Q3O<C�F
O<S�C�FJMJQ<KNIWF�KNIWc�T�ERKNI"FJX+IWiLEGO<[�ijQ3S�FHEGC*ILKHOPMNERQ3S®��v&b*I�X�bamrFNEGiLO<[�O<C�C*KNIWFNFNIWF�Q<\![RQ3O<C�O<S�C
FNMJQ<KNI$V�IWV�Q<KNm}O<iLijIWFNFJIWF"OPKNI�S*Q<M�ÁrS*QA��S}��b*IWS�MNb*I�[RQ3O<C�F�O<S�CÜFJMJQ<KNIWF¨OPKNI�EGFHFNT*IWC�EGSaMJQYMNb*I���QdC*I
v0OPU�[RIWFW�9v&bdT�FL� T�S�[GERÁ<I�KHILg3EGFJMJILK$C*ILX+IWS�C*IWS�iLERIWFL���
b�EGiybÀOPKNI�C*IWO<[RM��
ERMNbÚU+IL\¿Q<KHI{MNb*ItE`S�FJMJKHT�ijMNEGQ3S�F
OPKHI"EGFNFNT*IWCÄEGS�MJQ�MNb*I¨�
QrC*I¨v;OPUZ[RIWFexdE`O�KNILg3E`FJMJILK�KNIWS�O<V$E`S*g*�rMNb*I¨C*ILX+IWS�C*IWS�iLERIWF�U+ILMz��ILIWSt[RQ3O<C�FeO<S�C
FNMJQ<KNIWF
VÒT�FJM&U+I¨C*IWO<[RM
�
ERMNb�OP\fMJILK
MNb*I"EGS�FJMJKHT�ijMNERQ3S�F�b�OWx<I�U+ILIWStE`FNFNT*IWC��

ã¡S�æ�ERg3T�KNI	.d� ~ �+MNb*I�\fT�S�ijMNERQ3S�O<[�T�S�ERMNF&ijQ3V�XZT*MJI�MNb�I�[RQ<g3EGiLO<[0O<C�C*KHIWFNFJIWF&Q<\�[RQ3O<C�O<S�C�FJMJQ<KNI
V$IWV�Q<KNmYO<iLijIWFNFJIWFkO<S�CYMNb*IWStC*IW[`ERx<ILK�MNb*IWFJI�O<C�C*KNIWFNFJIWFeMJQ�MNb*I"[RQ3O<C43¦FJMJQ<KHI�FJmrFJMJIWV�� v&b�I�O<C�C*KNIWFNFJIWF
OPKHI�S*Q<M�S*IWijIWFNFNOPKHE`[RmÒijQ3V$X�T*MJIWC�O<S�C$C*IW[GERx<ILKHIWC�MJQ�MNb*Ik[RQ3O<C43¦FJMJQ<KHI�FJmrFJMJIWV E`S�X�KNQ<g<KHO<V Q<KHC*ILKW�!v&b�I
C�IW[GERx<ILKNm�Q<\�FJMJQ<KHI�C�OPMNO�MJQ�MNb�I�[RQ3O<C43¦FNMJQ<KNIkFNmdFJMJIWVøEGF n Q<KeiLO<S{U+I©u!C*IWijQ3T�X�[RIWC$\fKNQ3V MNb*I�C*IW[`ERx<ILKNm�Q<\
MNb�I�O<C�C*KNIWFHFJIWFL�!v&b�OPM&EGFW�rO�FJMJQ<KNI"EGF n Q<K
iLO<StU�I©u�FNX�[GERMeEGS�MJQÒMä��QÄC�OPMNO	V�Q©�?S*QrC*IWFL��v&b*Ik^�KyFJM�S*QdC�I
ijQ3V$X�T*MJIWF�MNb*It[GQ<g3EGiLO<[�O<C�C*KNIWFHF�Q<\
MNb*ItV�IWV$Q<KNmÚO<iLijIWFHFL�¾v&b*I�FJIWijQ3S�CÙS�QdC*I�C*IW[`ERx<ILKHFÒMNb*ItFJMJQ<KNI
C�OPMNOr�

v&b�I&[RQ3O<C43¦FJMJQ<KNI�FJmdFNMJIWV EGF!KHIWFJX+Q3S�FNERU�[GI�\fQ<K Q<U�MNO<E`S�EGS*g�MNb*I
ijQ<KHKNIWijM�C�OPMNO�\¿Q<K�[RQ3O<C�F�O<S�C�\¿Q<K
T�X+C�OPMNEGS*g�MNb*IÒOPKHiHb�EGMJIWijMNT*KHO<[�FNMNOPMJI��
b�IWS*ILx<ILK�FJMJQ<KHIWF
KNILMNEGKNI<�eãäM
ijQ3S�MNO<EGS�FkO$MJKyO<S�FN[GOPMNERQ3S�[RQ�Q<ÁPO<FNEGC�I
UZT=;�ILK n v
���&uy��OtV�IWV$Q<KNm}C�E`FNO<V�UZERg3T�OPMJQ<KW��O<S�C�O�C�OPMNOtiLO<iHb�I<��v&b*I$v&�;� ijQ3S�x<ILKNMNF�MNb*I$[RQ<g3EGiLO<[
O<C�C*KNIWFNFJIWF�Q<\ZMNb*I�[RQ3O<C�O<S�C�FJMJQ<KNI&V�IWV$Q<KNm�O<iLijIWFNFNIWF�EGS�MJQkXZbamrFNEGiLO<[dO<C�C*KNIWFHFJIWFL��v&b*I�C�EGFNO<V�U�ERg3T�OPMJQ<K
T�FJIWF MNb�IWFJI
X�b�mrFNEGiLO<[�O<C�C�KNIWFNFJIWF MJQ�C*ILMJILKHV�EGS*I��
b�E`iHb�[GQ3O<C�F OPKNIkC*ILX+IWS�C*IWS�M!Q3S{FNMJQ<KNIWFL� h ILX�IWS�C*IWSaM
[GQ3O<C�F�b�OWx<I�MNb*IWERKkC�OPMNOÄ\¿Q<KH��OPKHC�IWC�\fKNQ3V MNb*I�X�KNQ<X+ILK�FJMJQ<KNI<�¨v&b�I�Q<MNb*ILK¨[RQ3O<C�F�KNIWijIWERx<I�MNb*IWEGKkC�OPMNO
\fKNQ3V MNb*I
C�OPMNO"iLO<iyb*I<� ��Q<MJI
MNb�OPM MNb*I
C�EGFHO<V�U�EGg3T�OPMJQ<K�V$OWm$S�Q<M�KNIWijIWERx<I&MNb�I&X�b�mdFNE`iLO<[*O<C�C*KNIWFNFNIWF!Q<\
[GQ3O<C�O<S�C{FJMJQ<KNI�V$IWV�Q<KNm�O<iLijIWFNFJIWFeEGS�X�KNQ<g<KHO<VÞQ<KyC*ILKW��v&b�EGF�ijQ3V$X�[GEGiLOPMJIWF�C*ILX+IWS�C*IWS�ijm�O<S�O<[RmrFNEGF�E`S
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MNb�OPML�rOPMeO<S�m$g3ERx<IWS{X�Q3E`SaM E`S$MNEGV�I<��MNb*I�C�EGFNO<V�U�ERg3T�OPMJQ<K�V$OWm{S*Q<M�b�OAx<IkO<[`[�MNb*I�O<C�C*KNIWFHFJIWF�KNIWcdT�ERKHIWC
MJQ}ijQ<KNKNIWijMN[Rm�EGC*IWS�MNER\fm�MNb*I$C�ILX�IWS�C*IWS�iLERIWFkU+ILMz��ILIWS9[RQ3O<C�F"O<S�C�FJMJQ<KNIWFW��v&b�OPM"EGFW�®\¿Q<K�OYX�OPKNMNEGiLT�[`OPK
[GQ3O<C���MNb*I�C�EGFNO<V�U�ERg3T�OPMJQ<K
V�OWm�S*Q<M
ÁrS*Q©�ýMNb*I�O<C�C�KNIWFNFJIWF
Q<\�O<[`[+X�Q<MJIWS�MNEGO<[G[GmÄO<[GE`O<FNEGS*g�FJMJQ<KNIWFW��v&b�I
C�OPMNO$iLO<iHb*I�EGFeS*ILx<ILK
T*X�C�OPMJIWC�FJX+IWiLT�[`OPMNERx<IW[Rm<��ãäM&E`F�Q3S�[Rm{T*X�C�OPMJIWCÄ�
b�IWS�FJMJQ<KNIWF�KNILMNEGKNI<��v&b*I¨FJMJQ<KNI
C�OPMNO}C*IW[`ERx<ILKNIWC�MJQ}MNb*I�[RQ3O<C43¦FNMJQ<KNI{FJmrFJMJIWV EGF¨U�T<;�ILKNIWCÃT�S�MNEG[�MNb*I{FNMJQ<KNIWF�KHILMNERKNI<�;OPM��
b�EGiyb�X+Q3EGS�M
MNb�I�C�OPMNO$EGF&�&KHERMJMJIWS�EGS�MJQ�MNb*I�iLO<iyb*I<�

Ì>g�Ä û ^Hk6�jiN#��+�

�)

ãÒU�T�EG[RM�MNb*KHILItC�Et;+ILKNIWSaM$FHEGV�T�[GOPMJQ<KHF�\fQ<K{FJMNT�C�mdEGS�g�ijQ3V�XZT*MJILK{OPKHiyb�ERMJIWijMNT*KHI<� s O<iyb FNEGV�Â
T�[GOPMJIWF�MNb�I{Ij½rIWiLT*MNERQ3SÃQ<\&X�KNQ<g<KyO<V$F��
KHERMJMJIWS·\fQ<KÒMNb*I{Bk[RX�b�O�B�ÿ�l�EGS�FJMJKyT�ijMNERQ3S·FJILM�OPKHiyb�ERMJIWijMNT*KNI
n ãNqrB¨u|`_á<á ~ bp�!Bk[G[<Q<\rMNb*IWV�OPKNI FJMNO<S�C*ÂzO<[RQ3S*I�Ij½rIWiLT*MNERQ3SÒC*KHERx<IWS¨FHEGV�T�[GOPMJQ<KHFL�0v&b�OPM�EGFW�AIWO<iHb�FNE`V�T�[`OPMJQ<K
KHIWO<C�F!EGS�MNb*I�FNEGVÒT�[GOPMJIWCÒX�KNQ<g<KHO<Väc F�Ij½dIWiLT*MNOPUZ[RI�EGV$OPg<I�O<S�C�O<SamÒO<FNFJQriLEGOPMJIWC�EGS*XZT*M;C�OPMNOr��EGS�ERMNEGO<[`ERßLIWF
MNb�I�X�KNQrijIWFNFJQ<K�V�QdC�IW[ n ER\�MNb*ILKNI�E`F�Q3S*I©uy�ZO<S�C�MNb*IWS���EGS�FJMJKHT�ijMNERQ3SYU�m�EGS�FJMJKHT�ijMNERQ3S®�riLO<[`iLT�[GOPMJIWF
O<[`[�Q<\
MNb�I"X�KNQ<g<KHO<Väc F�KNIWFNT�[GMNFL�

v;Q}b�O<FJMJIWSÃC�ILx<IW[RQ<X�V�IWS�M�MNE`V�I<�;ã�^ZKHFJM"U�T�EG[RM"OtUZO<FNEGi$\fQ3T�S�C�OPMNERQ3S�MNb�OPM�iLO<S9U+IÄT�FJIWC·MJQ
UZT�EG[GCÒV$O<S�m�C�Et;+ILKNIWS�M0FHEGV�T�[GOPMJQ<KHFL��v&b*I�MNb*KNILI&FNE`V�T�[`OPMJQ<KHF0��ILKNIeMNb*IWS�UZT�EG[RM0T�FNEGS*g�MNb�EGF0\fQ3T�S�C�OPMNERQ3S®�
v
b�EGF�\fQ3T�S�C�OPMNERQ3S¾E`S�iL[GT�C*IWF�MNb*I�FHEGV�T�[GOPMNERQ3SÚQ<\�X�KNQdijIWFHF$EGV$OPg<IWFL��MNb*I�FNE`V�T�[`OPMNERQ3SÚQ<\kBk[RX�b�O�ãNqrB
E`S�FJMJKHT�ijMNEGQ3S�FL�aO<S�C{MNb*I�IWV�T�[`OPMNERQ3S�Q<\ h s o ��qræ|3dá
FJmrFJMJIWV iLO<[G[GFL��v&b*I h s o �"qræ|3dá�FNmdFJMJIWVøiLO<[G[GF
OPKHI&IWV�T�[GOPMJIWC$xrEGOkX�KNQA½dm�FJmrFJMJIWVÞiLO<[G[`F!Q3S�MNb*I&b*Q3FNM V$O<iHb�EGS*I<� n v&b*I
b*Q3FNM�V$O<iHb�E`S*I&EGF�MNb*I
V�O<iHb�EGS�I
MNb�I�FNEGVÒT�[GOPMNERQ3SÜKyT�S�F�Q3S�� uÀv
b*I�FNEGVÒT�[GOPMJQ<KyF¨C*QtS*Q<M�O<ijMNT�O<[`[Rm�FHEGV�T�[GOPMJI�MNb*I�ijQrC*I$Q<\eMNb*I$FJmrFJMJIWV
iLO<[`[Ý�¨qrX�IWiLE`O<[®\]T�S�ijMNERQ3S�iLO<[G[GFL�+iLO<[G[RIWC�b*QdQ<ÁdFW�+OPKHIÒT�FNIWC�MJQ�EGS�MJILKN\]O<ijIÒMNb�IÒFNE`V�T�[`OPMJQ<KHF&MJQYMNb�EGF�U�O<FNE`i
\fQ3T�S�C�OPMNERQ3S��

v
b*ItMNb*KNILI�C�Et;+ILKNIWS�M�FNEGVÒT�[GOPMJQ<KHF{OPKNI�MNb�I�\]T�S�ijMNERQ3S�O<[
FNEGVÒT�[GOPMJQ<KW�eMNb*I�� h æÞFNEGVÒT�[GOPMJQ<KA�
O<S�CÃMNb�I{\]T�[G[�FHEGV�T�[GOPMJQ<KW�}v
b*I�\]T�S�ijMNERQ3S�O<[ FNEGVÒT�[GOPMJQ<K�C*QdIWF�S�Q<MÒV�QrC*IW[�O�X�KNQdijIWFHFJQ<KW�Üv&b*I{� h æ
O<S�CØ\fT�[G[�FNEGVÒT�[GOPMJQ<KHF�C*Q*� v&b*I�\]T�[G[�FNEGVÒT�[GOPMJQ<KtV�QrC*IW[GFYMNb�I�X�KNQrijIWFNFJQ<K�V�Q<KHI9O<iLiLT*KHOPMJIW[Rm¸MNb�O<S
MNb�It� h æ FHEGV�T�[GOPMJQ<KW�9��QA��ILx<ILKW��ERM�C*Q�IWF�FNQÜOPM�MNb�IÄIj½rX+IWS�FJIYQ<\�FHEGV�T�[GOPMNERQ3SÚijQ3FJM n KHT�SÚMNEGV�I�O<F
��IW[G[&O<F{C*ILx<IW[RQ<X�V$IWSaM{MNEGV�I©uy�Ûv
b*It� h æÞO<S�CÙ\fT�[`[�FNEGVÒT�[GOPMJQ<KHF$C�ILMJILKHV$EGS*I�MNb�ItIj½dIWiLT�MNERQ3SÙMNEGV$I
Q<\�O�X�KNQ<g<KHO<V Udm�FHEGV�T�[GOPMNEGS*gYERMNF¨Ij½rIWiLT*MNERQ3S9Q3S�MNb*I�X�KNQrijIWFNFJQ<K�V�QdC�IW[Ý�$v&b*ILmÜiLO<S·V�QrC*IW[!V$O<S�m
C�Et;�ILKHIWSaM�X�KNQrijIWFNFJQ<K$ijQ3S*^�g3T*KHOPMNERQ3S�FL�·v&b*IYX�KNQrijIWFNFJQ<K�ijQ3Sr^Zg3T*KHOPMNERQ3S¾EGF�FJX+IWiLE_^ZIWC9xrEGOÜijQ3V$V$O<S�C
[`EGS*I�Q<X�MNERQ3S�FW�
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v&b�I�\fT�S�ijMNERQ3S�O<[3FHEGV�T�[GOPMJQ<K�EGF�MNb�I�FNEGV$X�[RIWFJM�O<S�C�\fO<FJMJIWFNM;FNEGVÒT�[GOPMJQ<KA�;v&b�E`F®FNEGVÒT�[GOPMJQ<K�FHEGV�X�[Rm

Ij½rIWiLT*MJIWF�MNb*I�EGS�FJMJKHT�ijMNERQ3S�FL�¨��QÄMNE`V$EGS*gYEGS*\fQ<KHV$OPMNERQ3S�EGFkKNIWijQ<KHC�IWC���v&b*IÒ\]T�S�ijMNERQ3S�O<[�FNE`V�T�[`OPMJQ<KkEGF
T�FJIWC�\¿Q<K"ijKNIWOPMNE`S*gÄE`S�FJMJKHT�ijMNEGQ3S�MJKHO<ijIWFW�®\¿Q<K�X+ILKN\fQ<KHV$EGS�g$MJKHO<ijI$FNO<V�XZ[GEGS*g*��O<S�C�\¿Q<K¨KNIWijQ©x<ILKHEGS*gYMNb*I
FNMNOPMJI·O<FNFJQriLEGOPMJIWC¸�
ERMNb¸OÃÁdEG[`[RIWC FNE`V�T�[`OPMNERQ3S�� n ãíS�MNb*I�ILx<IWS�MtMNb�OPM�OÃS�O<ERx<IÜQ<KYV�O<[GEGiLERQ3T�FÄT�FJILK
ÁrEG[G[`F�Q9;9O{FHEGV�T�[GOPMNERQ3S�KHT�S�S�EGS*g�T�FHEGS*g�MNb*I�\fT�[`[®FNEGVÒT�[GOPMJQ<K�Q3StMNb*I o Q3V�X�T�MJILK�BkEGC*IWCts�S*g3EGS*ILILKHE`S*g
��ILMz��Q<KNÁ���MNb*IÒ\fT�S�ijMNERQ3S�O<[®FNE`V�T�[`OPMJQ<KkEGF�T�FJIWC}MJQÄcdT�EGiHÁd[GmÄKHIWijQAx<ILK¨MNb*IÒFJMNOPMJI�Q<\�MNb*I�FHEGV�T�[GOPMNERQ3StMJQ
MNb�I�X+Q3EGS�M�àNT�FJM�U�IL\fQ<KNI�MNb*IkFHEGV�T�[GOPMNERQ3S��eO<F�ÁdEG[`[RIWC���w
X+Q3S$KHIWO<iHb�EGS�g�MNb�E`F�X+Q3EGS�ML��MNb*I�\fT�[G[�FNE`V�T�[`OPMJQ<K
E`F&O<ijMNERxPOPMJIWC�O<S�C�MNb�I�FNEGVÒT�[GOPMNERQ3SYijQ3S�MNEGSdT*IWF&Q3StO<F
ER\0EGM&b�O<C�S*ILx<ILK
U+ILIWS�ÁrEG[G[GIWC�� u
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�kKHERg3E`S�O<[G[Rm<�¦MNb*I�� h æÜFNEGVÒT�[GOPMJQ<K�FNE`V�T�[`OPMJIWCÒE`S�FJMJKHT�ijMNEGQ3S�F;T�FNEGS*gkMNb*I�OPU�FJMJKHO<ijM�� h æÜV�QdC�IW[

Q<\eIj½rIWiLT*MNERQ3S·C�EGFNiLT�FNFNIWC�EGS9qdIWijMNERQ3Sã.d�GáP�{v&b*KNILI�X�OPKyO<V�ILMJILKHF�iyb�OPKHO<ijMJILKHEGßLI$MNb�EGF"V$QdC*IW[p�k��EGS�C*Q©�
FHERßLI<�*EGFNFNT*I�KHOPMJI<�*O<S�C{MNb*Ik[`OPMJIWS�iLERIWF�KNIWcdT�ERKNIWC�\¿Q<K�Ij½dIWiLT�MNEGS*gÒIWO<iHbYMzmdX+I�Q<\;C�OPMNO�V�QA�¸S*QrC*I<����OPMJILKW�
MNb�I�FNEGVÒT�[GOPMJQ<K���O<F�V�QrC�E_^�IWC$FNQ�MNb�OPM�ERM ijQ3T�[GC�V�QdC�IW[�O�V$Q<KNI&KNIWO<[GE`FJMNEGieX�KNQrijIWFNFJQ<KA��v&b*I
FNE`V�T�[`OPMJQ<K
�eO<F V$QdC�ER^�IWC�FNQ¨MNb�OPM O¨C�EGFNX�OPMNiHb�KHOPMJI&O<S�C�KNILMNERKNI�KHOPMJI&ijQ3T�[GC�U+IeFNX�IWiLER^�IWC�� n v
b*I&C�EGFJXZOPMNiHb�KHOPMJI&EGF
MNb�I�V�O¦½rEGVÒT�V�S�T�V�U+ILK�Q<\;C�OPMNO>VZQA�ØS*QrC*IWF MNb�OPMeiLO<SÄU+I�FHiHb*IWC�T�[RIWC�\fQ<K�Ij½dIWiLT*MNEGQ3S{Q3SÄ\]T�S�ijMNERQ3S�O<[
T�S�ERMNF�EGS�O$FHEGS*g3[RI¨ijmriL[RI<� v&b*I¨KHILMNERKNI¨KHOPMJI�E`F�MNb*I"V$O¦½*EGVÒT�V÷SdT�V�U+ILK�Q<\�EGS�FJMJKyT�ijMNERQ3S�F�MNb�OPM
iLO<S�U+I
KHILMNERKNIWC·EGSÜOtFHEGS*g3[RI�ijmdiL[GI<� uÚB�C�C�ERMNERQ3S�O<[G[Gm<��MNb�I$FNEGVÒT�[GOPMJQ<K¨�eO<F"V�QrC�E_^�IWC�MJQ�EGS�iL[GT�C*I�OYKNIWO<[�C�OPMNO
iLO<iyb*I<�+O�KNIWO<[®EGS�FNMJKHT�ijMNERQ3S�iLO<iyb*I<�ZO<S�C�O�KNIWO<[�U�KyO<S�iHbYX�KHIWC�EGijMJQ<KW�

v&b*I�� h æ�FHEGV�T�[GOPMJQ<K�U+IWb�OWx<IWF{[GERÁ<I�OÜMJKHO<ijI}C�KHERx<IWSÀFNEGVÒT�[GOPMJQ<KW�ÀãíM�X�KNQrijIWFNFJIWF�IWO<iyb EGS*Â
FNMJKHT�ijMNERQ3S¾EGSÚMNb*I�C*mrS�O<V$E`i{EGS�FJMJKHT�ijMNERQ3SÚFJMJKNIWO<V Q3S�IÄUdm9Q3S�I<�9ãíM$C*Q�IWF�S*Q<M�U+ILg3EGSÃX�KNQrijIWFNFNE`S*g�O
S�IL�÷EGS�FJMJKHT�ijMNERQ3S9T�S�MNEG[�ERM�EGFÒC*Q3S*IY�
ERMNbÃMNb*IYQ3[GCÚQ3S*I<�·ãíM�Q3S�[Rm9FJILIWF�MNb�IYE`S�FJMJKHT�ijMNEGQ3S�F�Ij½rIWiLT*MJIWC
O<[GQ3S*g�MNb*I¨ijQ<KNKNIWijMN[Rm{X�KNIWC�E`ijMJIWC{XZOPMNb�����IWiLO<T�FJI"Q<\;MNb�EGFL�rERM�iLO<S�S*Q<M�ijQ<KNKNIWijMN[GmÄV�QrC*IW[�MNb*I�I�;+IWijMNF�Q<\
\fILMNiHb�EGS*g*��EGFHFNT�EGS*g*�+O<S�CÜIj½rIWiLT*MNEGS*g�EGS�FJMJKHT�ijMNERQ3S�F�O<[RQ3S�gtOÄV�EGFJX�KNIWC�EGijMJIWC�XZOPMNb���ãíM"C*QdIWFL�®b*QA��ILx<ILKW�
ijQ<KHKNIWijMN[Rm�V�QrC*IW[�MNb*I¨X+IWS�O<[RMzmYC�T*I�MJQ$O$V�EGFJX�KNIWC�EGijMJIWC�U�KHO<S�iHb®��B�F�U�KHO<S�iHb�IWF�OPKNI¨IWS�ijQ3T�S�MJILKNIWC�E`S
MNb�I�C�mdS�O<V�EGi"EGS�FNMJKHT�ijMNERQ3S}FJMJKNIWO<V���O{X�KNIWC�EGijMNEGQ3S}EGF�V$O<C*I<�¨v&b�E`F&X�KNIWC�EGijMNERQ3S�E`F�ijQ3V�XZOPKNIWC�MJQ{MNb*I
KHIWO<[+Q3T*MNijQ3V�I�Q<\�MNb*I�U�KyO<S�iHb���ãí\�OÒX�KNIWC�E`ijMNERQ3S�\]O<EG[GFW��EGFNFHT*IkE`F�FJMNO<[`[RIWCYT�SaMNE`[�MNb*I�U�KHO<S�iHbYEGF�KNIWFJQ3[Rx<IWC
O<S�CtEGS�FJMJKyT�ijMNERQ3S�Fe\fKNQ3VòMNb*I�ijQ<KNKNIWijM&X�OPMNb}OPKNI�OAx¦O<EG[`OPU�[RI�\¿Q<KkEGFNFNT�EGS*g*�!�
Q<MJI�MNb�OPM
C�T�KHEGS*gÒMNb*I"MNEGV$I
Q<\�MNb�EGFkFJMNO<[G[p�®O{KHIWO<[!V$O<iHb�E`S*I���Q3T�[GCÜO<ijMNT�O<[`[Rm}EGFHFNT*I�E`S�FJMJKHT�ijMNEGQ3S�F
\fKNQ3V MNb*I�V$E`FJX�KNIWC�E`ijMJIWCtX�OPMNb��
v
b*I"� h æ¾FNEGVÒT�[GOPMJQ<K�V$EGV$EGiLF�MNb*I�I�;�IWijM�Q<\0S*Q<M�EGFNFNT�E`S*gÒT�FJIL\fT�[Z��Q<KNÁYUdm{X+ILKN\fQ<KHV$EGS�g�MNb�E`F&FJMNO<[G[Ý�
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o Q3V�X�OPKHIWCÃMJQ�MNb�IÄ\]T�[G[�FNEGVÒT�[GOPMJQ<KW� MNb*I�� h æ FHEGV�T�[GOPMJQ<K�EGF�FNEGV�X�[GILKW��IWO<FNERILK�MJQ·V�QrC�ER\fm<�
O<S�CÀKHT�S�F�cdT�EGiNÁ<ILKA�Ú��QA��ILx<ILKW��ERM�C*Q�IWF�S*Q<M�V�QdC�IW[�O<F�V�T�iyb¾O<F�MNb*IY\]T�[G[eFNEGVÒT�[GOPMJQ<K�C*QdIWFL� FJQ·EGM
E`F¨S*Q<M"O<F"O<iLiLT*KHOPMJI<�$v
b�EGF�FNEGVÒT�[GOPMJQ<K¨EGF�Mäm�X�E`iLO<[G[Rm�T�FNIWC�O<F"OYX�KNQ©xdEGS�gÄg<KHQ3T�S�C�\¿Q<K�S*IL�ÞV$EGijKNQ3OPKNÂ
iyb�ERMJIWijMNT*KyO<[�EGC�IWO<FL��ã¡C*IWO<F�MNb�OPM"X�O<FNF�V�T�FJMJILK�OPKNI{MNb*IWS9E`V�X�[RIWV�IWS�MJIWC·EGS9O<S�C�MJIWFJMJIWCÃQ3S·MNb*I{\fT�[G[
FHEGV�T�[GOPMJQ<KW��w�S�\¿Q<KNMNT�S�OPMJIW[Rm<��FJQ3V�IYEGC*IWO<F�iLO<S�S�Q<MÒU+IÄEGV�X�[RIWV$IWSaMJIWCÚEGSÃMNb*IÄ� h æ FNE`V�T�[`OPMJQ<KÒO<S�C
VÒT�FJM
U�I¨EGV$X�[RIWV�IWS�MJIWC�EGSYMNb*I"\]T�[G[+FNE`V�T�[`OPMJQ<KW�
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v&b*I�\]T�[G[+FNEGVÒT�[GOPMJQ<K�X+ILKN\fQ<KHV$FeO�ijmriL[RI"UdmÄijmriL[RI"FNE`V�T�[`OPMNERQ3SÄQ<\;MNb*I¨Ij½rIWiLT*MNOPU�[GI�T�FNEGS�g�MNb*I

�kl�q¾V$EGijKNQ3OPKHiyb�ERMJIWijMNT*KHItX�KNIWFJIWS�MJIWCÙEGS qrIWijMNERQ3S .d�GáP� v&b�EGF�FNEGVÒT�[GOPMJQ<K�EGF�VÒT�iybÙV�Q<KNItijQ3V�XZ[RIj½��
b�OPKHC*ILKÄMJQÀV$QdC�EG\¿m<�&O<S�C¸FN[GQA��ILKÄMNb�O<S MNb*I�� h æ�FNEGVÒT�[GOPMJQ<KW��ãíMÄO<[GFNQÚFNE`V�T�[`OPMJIWF�MNb*I�X�KNQrijIWFNFJQ<K
��ERMNb}OYVÒT�iHb�g<KNIWOPMJILK�[RILx<IW[0Q<\ C*ILMNO<EG[;MNb�O<SÜEGFkX+Q3FNFNERU�[GI¨�
ERMNb}MNb*I�� h æÛFHEGV�T�[GOPMJQ<KW�+FJQÄEGMkEGFkV�Q<KNI
O<iLiLT�KHOPMJI<�Úv
b�EGFÒFNEGVÒT�[GOPMJQ<K�V�QrC*IW[GFÒO�FNX�[GERM�MJKHO<S�FNO<ijMNERQ3SÀUZT�FL�!Mz��Q·[RILx<IW[GF�Q<\kEGS�FJMJKyT�ijMNERQ3SÚiLO<iHb*I<�
Mä��Q·[GILx<IW[GF�Q<\kC�OPMNO�iLO<iHb*I<��U�O<S*ÁrEGS*gtQ<\�MNb*I�^ZKHFJM�[GILx<IW[�C�OPMNO}iLO<iyb*I<��O�V�IWV�Q<KNmÃC�EGFNO<V�U�ERg3T�OPMJQ<KA�
OtU�KHO<S�iyb�X�KNIWC�E`ijMJQ<KW��OY\fILMNiHbÃU�T=;+ILKW�®Ot�&ILg3E`FJMJILK�Bk[GEGO<F"v0OPU�[RI<�®KHIWFJILKNxPOPMNERQ3S·FJMNOPMNERQ3S�FL��\]T�S�ijMNERQ3S�O<[
T�S�ERMNFL�*O<S�CÄX�KNIWiLE`FJI�Ij½rijILX�MNEGQ3S�FexdE`OÒiyb*IWiNÁdX+Q3EGS�MNEGS*gä` ê6.5bp��|}Q3FJM�Q<\�MNb�I¨X�KNQrijIWFNFJQ<KeX�ERX+IW[GEGS�I
[RIWS*g<MNb�F
OPKHI¨X�KNQ<g<KHO<V$V�OPU�[RI<��æ*Q<K�Ij½*O<V�X�[RI<�*MNb�I�[GIWS*g<MNbYQ<\�MNb*I¨EGS�FJMJKHT�ijMNERQ3SYC*IWijQrC*I�X�ERX+IkiLO<S�U+IkFJX+IWiLE_^ZIWC
��ERMNbtO�ijQ3V$V$O<S�Ct[GEGS*I�Q<X�MNEGQ3S��

w�S�[GERÁ<IÄMNb*It� h æDFNEGVÒT�[GOPMJQ<KW� �
b*IWSÚMNb*I�\]T�[G[�FNEGVÒT�[GOPMJQ<K�V$EGFJX�KNIWC�EGijMNFÒOÜU�KHO<S�iyb�� ERM��
E`[G[
X�KNQdijILIWC¸��ERMNb�\¿ILMNiyb�EGS*g*�kEGFNFNT�E`S*g*�
O<S�C�Ij½rIWiLT*MNEGS*g¾EGS�FNMJKHT�ijMNERQ3S�FÄO<[RQ3S*gÀMNb*I�V$E`FJX�KNIWC�E`ijMJIWCÙX�OPMNb��
é¸b*IWS�MNb*I
X�KHQdijIWFNFNQ<K C�EGFNijQ©x<ILKHF�MNb�OPM�MNb*I&X�KNIWC�EGijMNERQ3S�EGF�EGS�ijQ<KHKNIWijM n O<F E`S�C�EGiLOPMJIWC�Udm�MNb*I&Ij½rIWiLT*MNERQ3S
Q<\0MNb*I"ijQ<KNKHIWFJX+Q3S�C�EGS*g�U�KHO<S�iyb�EGS�FJMJKyT�ijMNERQ3SZuy�dMNb*I"FNEGVÒT�[GOPMJQ<K�VZT�FNb*IWF�MNb*I"FJX+IWiLT�[GOPMNEGx<I�E`S�FJMJKHT�ijMNEGQ3S�F
O<S�C�MNb*IWS�X�KHQdijILIWC�F
O<[RQ3S*g$MNb*I"ijQ<KHKNIWijM
X�OPMNb®�
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v&b*IÚKNIWFNT�[GMNF}X�KNIWFJIWS�MJIWC�EGS�MNb�EGFÜC�EGFNFNILKNMNOPMNERQ3SDOPKNI¾\fQ<K�MNb*IÀIWERg3baM9qrl�s o E`SaMH1<êÛU+IWS�iHb*Â
V�OPKNÁdF\`_á<á215bÒO<S�C¸\fQ<KtIWERg3b�M�Q<MNb*ILK}ijQ3V�V�Q3Sýwk�
ãeÿ X�KNQ<g<KHO<V$FL���
b�EGiHb�ãÄ�
EG[G[kKNIL\fILK�MJQ O<F�MNb*I
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ã¡S�MNb�EGF!iyb�OPX�MJILKW�dã!V�IWO<FNT*KHI&MNb*I
O<V�Q3T�SaM�Q<\+X�OPKyO<[G[RIW[GEGFHV�OAx¦O<E`[GOPU�[RI&EGS�O"FNEGS*g3[GIeE`S�FJMJKHT�ijMNEGQ3S
FNMJKNIWO<V��3O<S�C�MNb*I�T*X�X�ILK�U�Q3T�S�C¨Q3S�MNb*I�O<V�Q3T�SaM0Q<\*X�OPKHO<[G[GIW[GEGFNV¸MNb�OPM0iLO<SÒU�I Ij½dX�[GQ3ERMJIWC"Udm¨X�KHO<ijMNEGiLO<[
X�KNQdijIWFHFJQ<K�EGV�XZ[RIWV�IWS�MNOPMNERQ3S�FL��v&b*I$E`S*\¿Q<KyV$OPMNERQ3SÜX�KNQ©xdE`C*IWCÜEGSÜMNb�EGF"iyb�OPX�MJILK�iLO<S9U+I$T�FJIWCÜUdm}MNb*I
OPKyiHb�ERMJIWijMNF
Q<\�\]T*MNT*KNIkX�KNQrijIWFNFJQ<KyFeMJQ$V$OPÁ<I"C*IWFNERg3SYC*IWiLE`FNERQ3S�FL�!æ*Q<K
Ij½rO<V�XZ[RI<�rMNb�EGF�EGS*\fQ<KHV$OPMNEGQ3S{iLO<S
U+I�T�FJIWC�MJQYO<S�FJ��ILK¨MNb*IÒcdT*IWFJMNEGQ3S�FL�&ã¡F
MNb�ILKNI�IWS*Q3T*g3bÜOWxPO<EG[GOPU�[GI�EGS�FNMJKHT�ijMNERQ3S�[RILx<IW[;X�OPKHO<[G[RIW[`EGFNV÷MJQ
àNT�FJMNEG\¿m�U�T�EG[GC�EGS�g�O{X�KNQrijIWFNFJQ<K�MNb�OPM�iLO<S�EGFNFHT*I�FNE_½rMJILIWSÜEGS�FJMJKyT�ijMNERQ3S�F
X�ILK�ijmriL[RI5ÞÀBkS�C��+b*QA��V$O<S�m
KHIWFJILKNxPOPMNERQ3StFJMNOPMNERQ3S�F�FNb*Q3T�[GCYO�FNER½dMJILIWSY�
E`C*IkE`FNFNT*IkX�KNQrijIWFNFJQ<K
b�OWx<I5Þ}v&b*I¨EGS*\fQ<KHV$OPMNEGQ3S{��EG[G[�FNb*QA�
MNb�OPM�U�T�EG[GC�EGS�gÄO�X�KNQrijIWFNFJQ<K�MNb�OPMÒiLO<SÚEGFNFNT�I�FNE_½rMJILIWS9EGS�FJMJKHT�ijMNERQ3S�F¨X+ILK�ijmdiL[GIÄO<S�C9MNb�OPM�b�O<F{á �3~¦ç
KHIWFJILKNxPOPMNERQ3S{FNMNOPMNERQ3S�F E`F O"��Q<KNMNb��
b�EG[GI�IWS�C*IWOWx<Q<KA��v&b�EGF!X�KNQdijIWFHFJQ<K �
E`[G[rU+I
T�FJIWC�Ij½riL[GT�FNERx<IW[Rm�EGS�MNb*I
\fQ3[G[RQ©�
EGS*g�iyb�OPX�MJILKHF
Q<\0MNb�I"C�EGFNFJILKHMNOPMNERQ3S��

v�Q�iLO<[GiLT�[GOPMJI�MNb*I�T*X�X+ILKkU�Q3T�S�C�Q3SÜMNb�I�O<V$Q3T�SaM¨Q<\�X�OPKHO<[G[GIW[GEGFNV MNb�OPM"iLO<SÜU+I�Ij½rX�[RQ3ERMJIWC
Udm�X�KHO<ijMNE`iLO<[�X�KHQdijIWFNFNQ<KkEGV$X�[RIWV�IWS�MNOPMNERQ3S�FL��ã��
EG[G[�T�FNI�MNb*IÒ�&IWFJMJKHE`ijMJIWC h OPMNOYæ�[RQA� n � h æ�u�V�QdC�IW[
Q<\�Ij½rIWiLT*MNERQ3S�`_á ç �©á �<� �©á � á�bp��ã¡S¾MNb�EGF�Ij½rIWiLT*MNERQ3SÛV�QdC�IW[Ý��MNb�I�Ij½dX�[GQ3ERMNOPMNERQ3S¾Q<\¨EGS�FNMJKHT�ijMNERQ3S¾[RILx<IW[
XZOPKHO<[G[RIW[GE`FNV EGF�Q3S�[RmY[GEGV�ERMJIWCYU�mÄMNb*I�VZQA� C�ILX�IWS�C*IWS�iLERIWF�EGS�O�X�KNQ<g<KHO<Vt��MNb*I�O<V�Q3T�SaM&Q<\�U�T<;�ILKHE`S*g
n I<�¦g*�R�¦MNb*I�SdT�V�U�ILK�Q<\dKHIWFJILKNxPOPMNERQ3S�FJMNOPMNEGQ3S�F®Q<K;MNb*I SdT�V�U+ILK®Q<\rKNILQ<KyC*ILK�U�T<;�ILK®IWS�MJKHERIWF�u�MNb*I�V�O<iHb�EGS�I
FHT*X�X+Q<KNMNFL�®O<S�C·MNb*I�V$O<iyb�EGS*I6c F"E`S�FJMJKHT�ijMNEGQ3S}\fILMNiHb n O<S�C·E`S�FJMJKHT�ijMNEGQ3S�C�IWijQdC*I©u�U�O<S�C*�
E`C*MNb��Òã��
E`[G[
O<[`FJQ�T�FJI{O�xPOPKHEGO<S�M�Q<\
MNb*IÄ� h æ V�QrC*IW[Ý��MNb*IYwkS*KNIWFJMJKHE`ijMJIWC h OPMNOÜæ�[RQA� n w h æ�u�V$QdC*IW[�`_á ç bp� MJQ
V$IWO<FNT*KNI¨MNb*I¨MJQ<MNO<[�O<V�Q3T�S�M�Q<\;X�OPKyO<[G[RIW[GEGFHV�OAx¦O<EG[`OPU�[RI¨EGSYO�FNEGS*g3[GIkEGS�FJMJKHT�ijMNERQ3SYFJMJKHIWO<V���v&b*I"w h æ
V$QdC*IW[�EGF�FHEGV�X�[RmÀO<S�� h æÞV�QrC*IW[&MNb�OPM{FNT*X�X�Q<KHMNF$O<SÛE`Sr^ZS�ERMJItO<V$Q3T�SaM{Q<\¨U�T=;+ILKHEGS*gÃO<S�CÙMNb�OPM
b�O<F�EGS*^ZS�ERMJI¨EGS�FNMJKHT�ijMNERQ3S�\fILMNiHb}U�O<S�C��
EGC*MNb���ãe�
EG[G[�C*ILMJILKyV$EGS*I"MNb�I"X+ILKN\¿Q<KyV$O<S�ijI<�ZE`S�ãíS�FJMJKHT�ijMNERQ3S�F
l0ILK o mdiL[RI n ã¡l o uy�*Q<\�MNb*I"� h æ¾V$QdC*IW[�\fQ<K
V$O<S�m{C�E ;�ILKNIWS�M�V$O<iHb�EGS*I"ijQ3Sr^�g3T�KHOPMNERQ3S�FL�r�
b�ILKNI�IWO<iHb
ijQ3S*^�g3T*KHOPMNERQ3SÚFJX+IWiLE_^�IWF�MNb*IYO<V�Q3T�S�M�Q<\
EGS�FJMJKHT�ijMNERQ3S·U�T=;+ILKHEGS*gtMNb�I{V$O<iyb�EGS*IÄFNT*X�X+Q<KNMNF�O<S�C·MNb*I
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V�O<iHb�EGS�I6c F
EGS�FNMJKHT�ijMNERQ3SÄ\fILMNiHbtUZO<S�C*�
EGC�MNb��
v
b�EGF iyb�OPX�MJILK�EGF Q<KNg3O<S�ERßLIWCYEGS�MJQ"^�x<I�FJIWijMNERQ3S�FL��qdIWijMNERQ3S ç �Gák\¿Q<KHV�O<[G[Rm�C*IWFNijKHERU+IWF MNb*Ik� h æ

V$QdC*IW[�Q<\eIj½rIWiLT*MNERQ3S��{qrIWijMNERQ3S ç � ~ C*IWFHijKHERU+IWF�MNb*I�X�KNQ<UZ[RIWV iLO<T�FJIWC�UdmÜC*ILX+IWS�C*IWS�iLERIWF�ijQ3V$VÒT�S�ERÂ
iLOPMJIWC}xrEGO$V�IWV�Q<KHm<��O<S�CtFJQ3V$I�X+Q3FNFNERUZ[RIkFNQ3[GT*MNERQ3S�FW��qdIWijMNERQ3S ç �/.�C*IWFNijKHEGU�IWFeMNb�I�O<FNFNT�V$X�MNERQ3S�F�O<S�C
ijQ3S*^�g3T*KHOPMNERQ3S�X�OPKyO<V�ILMJILKHFkMNb�OPM¨OPKNI�ijQ3V$V�Q3SÜMJQYO<[G[;� h æÛV$O<iyb�EGS*IWF�V�QrC*IW[RIWC}EGS}MNb�EGFkC�EGFNFJILKHMNO¦Â
MNEGQ3S��
qdIWijMNERQ3S ç � ç ILxPO<[GT�OPMJIWF�MNb*I�X+ILKN\fQ<KHV$O<S�ijI¨Q<\!MNb�I�� h æÙV$QdC*IW[®\¿Q<KkV$O<SamtC�Et;�ILKHIWSaM
V�O<iHb�EGS�I
ijQ3S*^�g3T*KHOPMNERQ3S�FL��qdIWijMNERQ3S ç � ê�FNT�V$V�OPKHERßLIWFeMNb*I�iyb�OPX�MJILKW�
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v;Q�V�IWO<FNT*KHI
MNb*I�OWxPO<EG[GOPU�[GI
X�OPKHO<[`[RIW[GEGFNVt�3ã!�
EG[G[ZT�FJIkO<SÄOPUZFJMJKHO<ijMeV�QdC�IW[�Q<\®Ij½rIWiLT*MNERQ3SÄMNb�OPM
C�Q�IWF&S�Q<M&T�S�S*IWijIWFNFHOPKHEG[Rm�KNIWFNMJKHEGijMeMNb*I¨Ij½rX�[RQ3ERMNOPMNERQ3SYQ<\�EGS�FNMJKHT�ijMNERQ3SÄ[RILx<IW[+X�OPKHO<[`[RIW[GEGFNVt�0v&b�EGFeV�QdC�IW[
E`F0iLO<[`[RIWCÒMNb*I��&IWFJMJKHE`ijMJIWC h OPMNO¨æ�[RQ©� n � h æ�u0V�QrC*IW[dQ<\�Ij½rIWiLT*MNERQ3Sä`_á ç �Aá �<� �¦á � á�bp��v&b*Ie� h æÜV�QdC�IW[
Q<\!Ij½rIWiLT*MNERQ3S�EGF&iyb�OPKHO<ijMJILKHEGßLIWC}UdmYMNb*KNILI�X�OPKHO<V�ILMJILKHFW���
E`S�C*QA� FNERßLI<�ZE`FNFNT*I¨KHOPMJI<�+O<S�CtE`S�FJMJKHT�ijMNEGQ3S
iL[`O<FNF
[GOPMJIWS�iLERIWFL�

l�KNQrijIWFNFNE`S*g�ijQ3S�FNEGFJMNF�Q<\�EGFNFHT�EGS*g�EGS�FJMJKHT�ijMNERQ3S�F�\¿KNQ3V OÜX�KNQ<g<KHO<V�c F�C�mdS�O<V�EGi{E`S�FJMJKHT�ijMNEGQ3S
FNMJKNIWO<V��;ijQ3S�x<ILKNMNEGS�g�MNb*Q3FJI$EGS�FNMJKHT�ijMNERQ3S�FkEGS�MJQtO�C*mrS�O<V$EGiÒC�OPMNO�V�Q©�Þg<KHOPX�b��®FHiHb*IWC�T�[GEGS*gYEGS�FJMJKyT�i�Â
MNEGQ3S�F$\fQ<K�Ij½rIWiLT*MNERQ3S �
b*IWS¾MNb*IWEGK�V�Q©� C*ILX+IWS�C*IWS�iLERIWF�b�OWx<I}U+ILIWSÙKNIWFJQ3[Gx<IWC���O<S�C¾KNILMNERKyEGS*g�MNb*Q3FJI
E`S�FJMJKHT�ijMNEGQ3S�FYOP\¿MJILKtIj½rIWiLT*MNERQ3SØb�O<F�ijQ3V�X�[RILMJIWC�� v&b*I�C*mrS�O<V$E`i}EGS�FJMJKHT�ijMNERQ3S�FJMJKNIWO<V Q<KHERg3EGS�OPMJIWF
\fKNQ3V O·X+ILKN\fIWijM n á �<� X+ILKHijIWS�M{b�EGM�KHOPMJI©u�EGS�FJMJKHT�ijMNERQ3S¾iLO<iyb*IÜO<S�CÙEGF$ijKHIWOPMJIWC Udm¾O<SÙQ3V$S�E`FNiLERIWS�M
U�KHO<S�iHb$X�KNIWC�EGijMJQ<K MNb�OPM O<[R�eOWmrF�ÁrS*QA��F!MNb*I&C�ERKHIWijMNERQ3S$O�U�KHO<S�iHb��
E`[G[dMNOPÁ<I<��ãíS�FJMJKHT�ijMNERQ3S�F0OPKHI
EGFNFNT�IWC
O<S�C�KNILMNERKNIWC�EGSYMNb*I¨Q<KHC*ILK
MNb*ILm�OPX�X+IWOPK
EGSYMNb*I"C*mrS�O<V$E`ikE`S�FJMJKHT�ijMNEGQ3S�FJMJKNIWO<V��

v&b*I�MJILKyV Ô3ÌAË]Å�9<ÉÇÓ!ÅfÕZ×3Ð9Ó��
EG[G[kU+I·T�FJIWCýMJQÙKNIL\fILK�MJQÙMNb*I·FNILM�Q<\�EGS�FJMJKHT�ijMNERQ3S�FY�
b*Q3FNI
ijQ<KHKNIWFJX+Q3S�C�EGS�g�C�OPMNO�V�Q©�ýS*QdC�IWF�OPKHIkKHIWFNEGC*IWS�M�E`S�MNb*I¨� h æÚV$O<iyb�EGS*I<��v&b�I��
E`S�C*QA�¸FNERßLI¨FJX+IWiLE_^ZIWF
MNb�I�V$O¦½*EGVÒT�VØS�T�V�U+ILK®Q<\*EGS�FNMJKHT�ijMNERQ3S�F+MNb�OPM�iLO<S"U+I�EGS¨MNb�I O<ijMNERx<I ��EGS�C*Q©�9OPM�O<S�m�E`S�FJMNO<S�M�EGS�MNEGV�I<�
ã¡S�FJMJKyT�ijMNERQ3S�F�iLO<S�U+I
EGFHFNT*IWC�O<F�[RQ3S*g�O<F MNb*IkS�T�V�U+ILK Q<\®E`S�FJMJKHT�ijMNEGQ3S�F�EGS�MNb*I�O<ijMNERx<Ik�
EGS�C*QA� E`F [RIWFNF
MNb�O<S}MNb�I��
E`S�C*QA��FNERßLI<��v&b*IÒEGFNFNT*I�KHOPMJI�EGF
MNb�IÒV$O¦½*EGVÒT�V6S�T�V�U+ILK
Q<\ E`S�FJMJKHT�ijMNEGQ3S�F&MNb�OPM�iLO<S�U+I
KHIWV�QAx<IWC�\fKNQ3V�MNb*I�C*mrS�O<V$EGi�EGS�FJMJKyT�ijMNERQ3SÒFJMJKNIWO<V�O<S�CÒIWS�MJILKNIWC�EGS�MJQkMNb�IeO<ijMNEGx<I���EGS�C*Q©�ÚEGS�O�FNEGS�g3[RI
ijmriL[RI<�!v&b*IeEGS�FNMJKHT�ijMNERQ3S�iL[GO<FNF�[GOPMJIWS�iLERIWF!FNX�IWiLEG\¿m¨MNb*IeFJILM�Q<\�Q<X+ILKHOPMNERQ3S�F0O<S�C�MNb�I�[GOPMJIWS�ijm�O<FNFJQriLEGOPMJIWC
��ERMNb�IWO<iHbÜQ<X+ILKHOPMNERQ3S���ã¡S�MNb*IÒ� h æÛV�QrC*IW[Ý�+MNb*ILKHIÒEGFkS*ILx<ILK"ijQ3S�MJIWSaMNEGQ3S·O<V�Q3S*gYEGS�FJMJKyT�ijMNERQ3S�F�\¿Q<K
\]T�S�ijMNEGQ3S�O<[+T�S�ERMNFL�dIWO<iHb�\fT�S�ijMNERQ3S�O<[�T�S�ERMeiLO<S�X+ILKN\fQ<KHV�ILx<ILKNmÄC�IWFNERKNIWCÄQ<X+ILKHOPMNERQ3S��*O<S�CYMNb�I�[`OPMJIWS�ijm
O<FHFJQdiLE`OPMJIWCt�
ERMNbYIWO<iyb�Q<X+ILKHOPMNEGQ3StEGF�FJX+IWiLE_^�IWC®�
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Bk[RMNb*Q3T�g3b"MNb�EGF;Ij½rIWiLT*MNERQ3SÒV�QdC�IW[aEGF0OPU�FJMJKHO<ijML�3EGM�O<iLijQ3T�S�MNF�\¿Q<K�V$O<S�m"X�KHO<ijMNEGiLO<[�ijQ3S�FJMJKHO<E`SaMNF
Q3S o l w�C*IWFNEGg3S�� v&b*I¨KHIWFJMJKHEGijMNERQ3StQ3S��
EGS�C�QA�ýFNERßLI�O<iLijQ3T�SaMNF�\fQ<K&MNb*I�ijQ3S�FNMJKHO<EGS�M&Q3S�MNb*I�O<V$Q3T�SaM
Q<\ U�T=;+ILKHEGS*g*�&v;Q{U+I�V$Q<KNIÒijQ3S�ijKNILMJI<��EGS�iLT*KHKNIWSaM�X�KNQrijIWFNFJQ<KHFW�ZMNb*IÒ�
EGS�C*QA�?FHERßLI�O<iLijQ3T�S�MNF�\fQ<K�MNb*I
V�O¦½rEGVÒT�V6S�T�V�U+ILK&Q<\ E`S�FJMJKHT�ijMNEGQ3S�F�MNb�OPMkMNb*I�KHIWFJILKNxPOPMNERQ3S}FNMNOPMNERQ3S�F n Q<KkMNb�I�IWcdT�ERxPO<[RIWSaMkV$EGijKNQ3OPKNÂ
iyb�ERMJIWijMNT*KyO<[®O<S�O<[RQ<g3T*I©u�iLO<Stb�Q3[GC��!v&b*IkKNIWFJMJKHE`ijMNERQ3SYQ3S�EGFNFNT�I�KHOPMJI"O<iLijQ3T�SaMNF�\fQ<K�MNb*I¨ijQ3S�FJMJKyO<EGSaM�Q3S
MNb�I�O<V�Q3T�S�M&Q<\�EGS�FJMJKHT�ijMNERQ3SY\¿ILMNiyb n O<S�C�EGS�FJMJKHT�ijMNERQ3SYC*IWijQdC�I©u�U�O<S�C*��EGC*MNb��

v�Q�V�IWO<FNT*KHI�MNb*IkMJQ<MNO<[�O<V�Q3T�S�M�Q<\®X�OPKHO<[G[GIW[GEGFNVÞOAx¦O<E`[GOPU�[RIkEGS{OÒFNEGS�g3[RI�EGS�FJMJKHT�ijMNERQ3S{FJMJKNIWO<V��
ã0�
EG[`[dT�FJI&O�x¦OPKyEGO<SaM!Q<\+MNb*I&� h æ�V�QdC�IW[*iLO<[G[RIWC�MNb*I
wkS*KNIWFNMJKHEGijMJIWC h OPMNO�æ�[RQ©� n w h æ�u!V$QdC*IW[p�0v&b�I
w h æÙV�QrC*IW[�EGF�O<S}� h æ¾V�QrC*IW[+�
ERMNb�O<StE`Sr^ZS�ERMJIk�
EGS�C*QA�ýFNEGßLI"O<S�CtO<StEGS*^ZS�ERMJI�EGFNFNT�I¨KHOPMJI<�

Í	g�Ä ù ��kÆ�
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v
b*Ik� h æ9V�QrC*IW[ZQ<\®Ij½dIWiLT�MNERQ3S�KHIW[GERIWF�Q3SÄC�mdS�O<V�EGiLO<[G[RmÒKNILQ<KHC*ILKyEGS*g�ijQrC*IkEGS�Q<KyC*ILK�MJQ�b�OPKNÂ
x<IWFNM�MNb�IkOAx¦O<EG[`OPU�[RI
EGS�FJMJKHT�ijMNERQ3S{[RILx<IW[ZX�OPKHO<[G[RIW[`EGFNV n ã¡��leuy�aãíMNF�g<Q3O<[+EGF MJQ�Ij½dIWiLT*MJI�O<FeV$O<S�m�EGS�FJMJKyT�i�Â
MNEGQ3S�FeEGS�XZOPKHO<[G[RIW[�O<F�X�Q3FHFNERU�[RI<���
b�EG[GI<��OPMeMNb*I¨FNO<V�I�MNEGV�I<�dX�KNIWFNILKNxdE`S*g�MNb*I¨FJIWcdT*IWS�MNEGO<[+FJIWV$O<S�MNEGiLF�Q<\
MNb�I�EGS�FJMJKyT�ijMNERQ3S�FJMJKNIWO<Vt��v;Q�O<iLijQ3V�X�[GE`FNbYMNb�EGFeg<Q3O<[Ý��O<[G[�O<S�MNE�O<S�C�Q3T�MJX�T*M&C*ILX+IWS�C*IWS�iLERIWF�V�T�FJM�U+I
IW[`EGV$EGS�OPMJIWC®��O<S�C�MJKHT�I n V�QA�ku¨C*ILX+IWS�C*IWS�iLERIWF¨VÒT�FJM�U�I�IWS�\¿Q<KHijIWC®��B�C�C�ERMNERQ3S�O<[`[Rm<�+\¿Q<K�V�QA� C�ILX�IWS*Â
C�IWS�iLERIWFL��MNb*IÒX�O<FNFNEGS�g�Q<\!xPO<[GT*IWF�\¿KNQ3V6X�KHQdC�T�ijILKHF&MJQYijQ3S�FNT�V$ILKHF�VÒT�FJM�U+I�MNEGV�IW[Gm<� h ILX+IWS�C*IWS�iLERIWF
OPKHI�ijQ3V$VÒT�S�EGiLOPMJIWC�U�ILMä��ILIWS}EGS�FJMJKyT�ijMNERQ3S�F�IWERMNb*ILK
MNb*KNQ3T*g3b�KHILg3EGFJMJILKHF�Q<K
MNb*KNQ3T*g3btV$IWV�Q<KNm<�

v&b�I�O<S�MNE�O<S�C�Q3T*MJX�T*M�C*ILX+IWS�C*IWS�iLERIWF ijQ3V$V�T�S�EGiLOPMJIWC$U+ILMä��ILIWSYEGS�FNMJKHT�ijMNERQ3S�F�xrEGO�KNILg3EGFJMJILKHF
OPKHI$IW[GEGV$E`S�OPMJIWC�T�FNEGS�gÄKHILg3EGFJMJILK"KNIWS�O<V$EGS*g*�$v&b�I�KNILg3EGFJMJILKHF�OPKNI�KNIWS�O<V$IWC�U+IL\¿Q<KNI�MNb*ILm�OPKHI�EGFNFNT�IWC
E`SaMJQ"MNb�I
O<ijMNERx<I&�
E`S�C*QA���!��S�ijI
O<S$EGS�FNMJKHT�ijMNERQ3S�EGF�E`S�FNEGC*I�MNb*I
O<ijMNEGx<I
�
EGS�C*QA�"�<MNb�I&Q3S�[Rm�KNIWV$O<EGS�E`S*g
C�ILX�IWS�C*IWS�iLERIWF n ijQ3V$VÒT�S�E`iLOPMJIWC xrEGOÜKNILg3EGFNMJILKHFyu�OPKNI�MJKHT*I n V�Q©�ku�C*ILX+IWS�C�IWS�iLERIWFL� æ�Q<K�MNb*IWFJIäV�QA�
C�ILX�IWS�C*IWS�iLERIWFL�*v;Q3V$O<FNT�[GQ<c F&O<[Rg<Q<KHERMNb�V `_á ~<~ b;EGF�T�FJIWCYMJQ�g3T�OPKHO<S�MJILI"MNb*I¨MNEGV�IW[Gm�X�O<FNFHEGS*g�Q<\;xPO<[GT*IWF
\fKNQ3VòX�KNQdC�T�ijILKHFeMJQ�ijQ3S�FHT�V�ILKHFL�

ã¡C*IWO<[G[Rm<�©MNb*I � h ætV�O<iHb�EGS�I!��Q3T�[`C"b�O<S�C�[GI0MNb�I C*ILX+IWS�C*IWS�iLEGIWF�ijQ3V$V�T�S�EGiLOPMJIWC"xrEGO&V$IWV�Q<KNm
O<F I�;�IWijMNEGx<IW[Rm�O<F�ERM�b�O<S�C�[RIWF�MNb*I&C*ILX+IWS�C*IWS�iLERIWF�ijQ3V$V�T�S�EGiLOPMJIWC$xrEGOkKNILg3EGFNMJILKHFL�!w�S�\¿Q<KNMNT�S�OPMJIW[Rm<�3MNb*I
T�S*ÁdS�QA�
S�O<C�C�KNIWFNF�X�KNQ<UZ[RIWV `_á � á�b_å�O<[GFJQ�ÁdS*Q©�
S�O<F!MNb*I&V$IWV�Q<KNm�C�EGFNO<V�U�ERg3T�OPMNEGQ3S�X�KNQ<U�[RIWV `�1 ç b_å
X�KNILx<IWSaMNF�MNb�EGFW�0v&b�I�X�bamrFNEGiLO<[�O<C�C*KNIWFNFNIWF!Q<\�[RQ3O<C�O<S�C�FJMJQ<KNI
V�IWV$Q<KNm�O<iLijIWFNFJIWFeOPKNI
T�S�ÁdS*Q©�
S��
b*IWS
MNb�I
[RQ3O<C�F!O<S�C�FNMJQ<KNIWF OPKNI&E`FNFNT*IWC�EGS�MJQ�MNb*I
O<ijMNERx<I
�
EGS�C*Q©�"�;v
b*IWFJI&O<C�C*KHIWFNFJIWF!OPKNI
S�ILIWC*IWC�MJQ�C*ILMJILKJÂ
V�EGS*I&MNb*I�C*ILX+IWS�C*IWS�iLERIWF!U+ILMz��ILIWS{[GQ3O<C�F�O<S�C�FJMJQ<KNIWFW��v&b�T�FL��T�S�[GERÁ<I&KNILg3E`FJMJILK�C�ILX�IWS�C*IWS�iLERIWFL�a�
b�EGiyb
OPKHI"C*IWO<[RMe�
ERMNbÄU+IL\¿Q<KHI�MNb*I"E`S�FJMJKHT�ijMNEGQ3S�F�OPKHI�E`FNFNT*IWCYEGS�MJQ�MNb*I¨O<ijMNERx<I¨�
EGS�C�QA�¸xdE`O�KHILg3EGFJMJILKeKNIWS�O<V�Â
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E`S*g*�;MNb�I�C*ILX+IWS�C*IWS�iLEGIWF�U�ILMä��ILIWSÚ[RQ3O<C�F�O<S�C9FNMJQ<KNIWF�VÒT�FJM�U�I$C�IWO<[RM"�
ERMNb9OP\¿MJILKÒMNb*I{E`S�FJMJKHT�ijMNEGQ3S�F
b�OWx<I�U+ILIWStE`FNFNT*IWC��
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o Q3S�FNEGC*ILK�MNb*I�Ij½*O<V�X�[GI�EGS}æ0EGg3T*KNI ç �GáP��v&b*IÒEGS�FJMJKyT�ijMNERQ3S�F&E`S�FNEGC*I¨MNb�I�U+QW½tKHILX�KNIWFJIWS�M
MNb*I

E`S�FJMJKHT�ijMNEGQ3S�F�EGS�FNEGC�I�MNb*I$O<ijMNEGx<I$�
EGS�C�QA�DMNb�OPM�OPKNI�IWEGMNb*ILK"�eO<ERMNEGS*gY\fQ<K¨MNb*IWERK"C*ILX+IWS�C*IWS�iLERIWFkMJQtU+I
KHIWFJQ3[Rx<IWC��PQ<K�OPKNI �eO<ERMNEGS*g�MJQkU+I FJIWS�M�MJQ�\fT�S�ijMNERQ3S�O<[3T�S�ERMNFL��B¾[RILMJMJILKA�¦\fQ<K�Ij½*O<V�X�[GI MNb*Ife O=cPO<FNFJQriLEGOPMJIWC
��ERMNb�EGS�FJMJKyT�ijMNERQ3S{ã�.d�*KNILX�KNIWFJIWS�MNF�O�ÁdS*Q©�
S�O<C�C*KHIWFNFLþrMNb�OPM&EGFL�*O<StO<C�C*KNIWFNF�MNb�OPM�MNb*I"� h æÚV�O<iHb�EGS�I
b�O<F¨O<[RKNIWO<C*m�ijQ3V$X�T*MJIWCÜOÄx¦O<[GT�I�\fQ<KW�"v&b*I�EGS�FNMJKHT�ijMNERQ3S�OPM�MNb*I�MJQ<X�Q<\�MNb*I�U+QW½+��ã�áP��EGFkMNb*I�Q3[GC*IWFNM
E`S�FJMJKHT�ijMNEGQ3SÄE`S{MNb�I"O<ijMNERx<I¨�
EGS�C�QA�"�!v&b*I�Q3[GC�IWFJM�EGS�FJMJKHT�ijMNERQ3SYEGF�MNb*I"EGS�FJMJKyT�ijMNERQ3S{MNb�OPM���Q3T�[GCYb�OWx<I
Ij½rIWiLT*MJIWC}^�KHFNM&Q3S}O�X�KNQrijIWFNFJQ<KkMNb�OPM
Ij½rIWiLT*MJIWF�EGS�FNMJKHT�ijMNERQ3S�F
EGStX�KHQ<g<KHO<V÷Q<KHC�ILKW�&v&b*I�E`S�FJMJKHT�ijMNEGQ3S
OPM�MNb*I¨U+Q<MJMJQ3V÷Q<\0MNb*I"U+QW½+�*ã�.d��KNILX�KNIWFNIWSaMNF
MNb*I¨m<Q3T�S*g<IWFJM�EGS�FJMJKHT�ijMNERQ3S��
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B�SØ� h æøV�O<iHb�EGS�I�MJKHERIWFÄMJQÙIj½rIWiLT*MJI9O<F�V$O<S�m�E`S�FJMJKHT�ijMNEGQ3S�F{E`SÛXZOPKHO<[G[RIW[�O<F�X+Q3FNFNEGU�[RI<�
q*T*X�X+Q3FJI
O<[G[�MNb*KNILIkEGS�FJMJKHT�ijMNERQ3S�F�OPKNIkEGFNFNT�IWC�EGS�MJQ�MNb*Ik� h æ9V�O<iHb�EGS�I
C�T*KHE`S*g¨MNb*I�FHO<V�IkijmriL[RI<��v&b�I
E`SaMJILg<ILK�C�ERxrEGC*I n ãjáAupå�C�EGxdEGC�I�KAáeUdmÒK ~ O<S�C�X�T*M�MNb*I�KNIWFHT�[RM!EGS�MJQ¨KyâAå�b�O<F!O<[G[*EGMNF�Q<X�ILKyO<S�C�F�OWxPO<EG[GOPU�[GI
O<S�CÄEGM U+ILg3EGS�F Ij½dIWiLT*MNE`S*gÒE`V$V�IWC�EGOPMJIW[Gm<�0v&b�IkC�EGxdEGC�I��
EG[G[�S�Q<M ^ZS�EGFNb�Ij½rIWiLT*MNEGS*g�T�S�MNEG[�V�O<Sam�ijmriL[RIWF
[`OPMJILKW��v
b*I�FJMJQ<KNI n ã ~ upå�FNMJQ<KNI�K©á"EGS�MJQ$MNb*I�V�IWV$Q<KNm�O<C�C*KNIWFNF
FJX+IWiLE_^�IWC�UdmYKyâAå�T�FJIWF&MNb*I"KNIWFNT�[RM�Q<\
MNb�I
C�ERxrEGC*I�MJQ�X+ILKN\fQ<KHV�O<S$EGS�C�ERKNIWijM!FJMJQ<KNI<�!v&bdT�FL�aMNb*I&O<C�C*KNIWFHF!MJQ"�
b�E`iHb�MNb*I
FNMJQ<KNI
EGF�X+ILKN\fQ<KHV�IWC�EGF
T�S*ÁdS�QA�
SYT�S�MNEG[�MNb�I�C�ERxdE`C*I&^ZS�EGFNb*IWFL��v&b*I�[RQ3O<C n ã�.3upå�[RQ3O<CYMNb*I�xPO<[GT*I�FJMJQ<KNIWC�EGSÄV�IWV�Q<KNm{O<C�C*KNIWFNF
e O=c+O<S�C�X�T*M
MNb�I�KNIWFNT�[RM&EGS�MJQ�K ~ å�O<[`FJQ{b�O<FkO<[G[®EGMNF
KNILg3E`FJMJILK
Q<X+ILKHO<S�C�F
OWxPO<EG[GOPUZ[RI"�
b*IWS}ERM
EGF�EGFNFNT�IWC
E`SaMJQ}MNb*I�� h æýV�O<iHb�EGS�I<��ãíM�ijQ3T�[GC·U�ILg3E`S�Ij½dIWiLT�MNEGS*g�EGV�V�IWC�EGOPMJIW[Rm<��qrb*Q3T�[`CÜMNb*I�� h æýV�O<iHb�EGS�I
O<[`[RQA�ýMNb�EGF&[RQ3O<C�MJQ�U�ILg3E`SYIj½dIWiLT*MNE`S*g$EGV$V�IWC�EGOPMJIW[Rm®Þ
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v&b*IÜ� h æ V$O<iHb�E`S*I�C�Q�IWFYS*Q<MYÁrS*QA� �
b�ILMNb*ILKYMNb�EGFÄ[RQ3O<C¸EGFYC*ILX+IWS�C*IWS�M{Q3S�MNb*I�FJMJQ<KNI
U+IWiLO<T�FNI"MNb*I�O<C�C�KNIWFNF�Q<\0MNb*I�FJMJQ<KHI�EGF&T�S�ÁdS*Q©�
S��!ãí\;MNb�I�� h æ¾V$O<iyb�EGS*I�O<[`[RQA�
FeMNb�I�[RQ3O<CtMJQ�U�ILg3E`S
Ij½rIWiLT*MNEGS�g�E`V$V�IWC�EGOPMJIW[Gm<�©MNb*IeFJIWcdT*IWS�MNEGO<[�FNIWV$O<SaMNE`iLF;Q<\�MNb*I�E`S�FJMJKHT�ijMNEGQ3S�FJMJKNIWO<VDOPKNIeQ3S�[Gm¨X�KNIWFJILKNx<IWC
EG\0MNb�I�O<C�C*KNIWFHF&Q<\�MNb*I�FJMJQ<KHI�EGF�O<S�O<C�C*KHIWFNF�Q<MNb*ILKkMNb�O<Sje O=cR�eãí\�MNb*I�O<C�C*KHIWFNF&Q<\�MNb*I�FNMJQ<KNI�b�OPX�X�IWS�F
MJQ�U+IÄMNb*I�O<C�C*KNIWFHFPe O=cR��O�VZQA�÷C*ILX+IWS�C*IWS�ijm·EGFÒxdERQ3[`OPMJIWC��·v&b*IY� h æ�V$O<iHb�E`S*IÄijQ3T�[GCÚ\¿Q<KHijIYMNb*I
[GQ3O<C{MJQ��eO<ERM�T�SaMNEG[ZMNb*I�O<C�C*KNIWFHF Q<\®MNb�IkFJMJQ<KHIkEGF�ÁrS*QA�
S®���¨S�ijI�MNb�IkO<C�C�KNIWFNF�Q<\®MNb*I�FJMJQ<KNI¨b�O<F�U�ILIWS
ijQ3V$X�T*MJIWC��rMNb*I¨� h æÚV$O<iHb�EGS*I�iLO<SYÁrS*Q©��\fQ<K�ijILKNMNO<EGSÄ�
b*ILMNb�ILK�Q<K�S*Q<MeMNb*I�[RQ3O<CYEGF�C*ILX+IWS�C*IWS�M�Q3S
MNb�IkFJMJQ<KHI<�rO<S�C{iLO<SYV$OPÁ<I�MNb*IkX�KNQ<X+ILK�C�IWiLEGFNERQ3S{O<F�MJQÒ�
b*IWS{MJQÒIj½dIWiLT*MJI�MNb*I�[RQ3O<C��!wkS*\fQ<KNMNT�S�OPMJIW[Rm<�
EG\;MNb*I"O<C�C*KNIWFNF�Q<\0MNb*I�FNMJQ<KNI�EGF�S*Q<Mke O=cR��MNb*I"[RQ3O<Ct�
EG[G[+b�OAx<I"U+ILIWStT�S�S*IWijIWFHFNOPKHEG[Rm{C*IW[GOWm<IWC®�
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|}IWV�Q<KNmtC�E`FNO<V�UZERg3T�OPMNERQ3StE`F
T�FJIWC�MJQ{FJQ3[Gx<I�MNb*IÒT�S*ÁrS*QA�
S�O<C�C*KNIWFNF
X�KNQ<U�[GIWV���v
b*ILKNI�OPKNI
V�O<SamtC�E ;�ILKNIWS�M&�eOWmrF
Q<\!FJQ3[GxdEGS�g�MNb*I�T�S�ÁdS*Q©�
S�O<C�C*KHIWFNF&X�KHQ<U�[RIWV���B�F�O$KNIWFNT�[RML�*MNb*ILKNIÒOPKNI�V$O<S�m
C�Et;�ILKHIWSaM0V�IWV�Q<KNm"C�E`FNO<V�UZERg3T�OPMNERQ3S¨MJIWiyb�S�EGcdT*IWFL�0|�IWV$Q<KNm�C�EGFHO<V�U�EGg3T�OPMNERQ3S�MJIWiHb�S�EGcdT*IWF�\fQ3[G[RQ©�9Q3S*I
Q<\ Mz��QÄUZO<FNEGi¨X�OPKyO<C�ERg3V$FL�eIWERMNb�ILK�MNb*IÒS*Q3SrÂzFJX+IWiLT�[`OPMNERx<I�X�OPKyO<C�ERg3V÷Q<KkMNb*I�FJX+IWiLT�[GOPMNERx<I�X�OPKHO<C�ERg3Vt�
v;IWiHb�S�EGcdT*IWF�EGS{MNb*I¨S*Q3SrÂzFJX+IWiLT�[GOPMNEGx<I�X�OPKyO<C�ERg3V C*Q�S*Q<M�FJX+IWiLT�[GOPMJI�Q3SYMNb*I¨C*ILX+IWS�C*IWS�iLERIWF U+ILMä��ILIWS
[GQ3O<C�F&O<S�CtFNMJQ<KNIWFL� v&b�I¨MJIWiHb�S�E`c�T*IWF
EGSYMNb*I�FJX+IWiLT�[`OPMNERx<I�X�OPKHO<C�ERg3V C*Q*�

� ³4´ ¾ � ºlF ½¢Q D C ¶ M Á4F ,-C®S�C Â MGO ±
v�IWiyb�S�EGcdT*IWF�EGSÃMNb*IÄS�Q3SrÂzFJX+IWiLT�[GOPMNERx<I{X�OPKHO<C�EGg3V S�ILx<ILK�C�EGFJMJKHERUZT*MJI$MNb*IYKNIWFNT�[RM�Q<\
OÜ[RQ3O<C

T�SaMNEG[�MNb�ILm}ÁrS*QA��\fQ<K�ijILKNMNO<E`S��
b*ILMNb*ILK¨Q<K"S�Q<M¨MNb*I$[RQ3O<C·EGF¨C�ILX�IWS�C*IWSaMkQ3S·O�FJMJQ<KHI�EGS�MNb*I$O<ijMNERx<I
��EGS�C*Q©�"�
�®Q3O<C�FkOPKHI�\fQ<KHijIWC�MJQ{�eO<ERM�T�S�MNEG[®MNb*I�O<C�C*KHIWFNFJIWF�Q<\�Q3[GC*ILKkFJMJQ<KNIWF¨b�OAx<I�U+ILIWS�ijQ3V�X�T*MJIWC��
�¨S�ijI�MNb�I�C*ILX+IWS�C�IWS�iLERIWF®OPKNI�ÁrS*QA�
S�\fQ<K�ijILKHMNO<EGS��PMNb*Ie[RQ3O<C�E`F�O<[G[RQ©��IWCÒMJQ�C�EGFJMJKyERU�T*MJI�ERMNF;KNIWFNT�[RML�;v&b�I
O<C�x¦O<S�MNOPg<I$Q<\�T�FNEGS*g{MJIWiHb�S�E`c�T*IWF�EGS�MNb�E`F
X�OPKyO<C�ERg3V EGFkMNb�OPML���
b*IWSÜOY[RQ3O<CÜC�EGFNMJKHERU�T*MJIWF�ERMNFkKNIWFNT�[GML�
MNb�OPM�KNIWFHT�[RM�E`F"g3T�OPKHO<S�MJILIWCÚMJQ�ijQ3SaMNO<EGSÃMNb*IYijQ<KNKNIWijM�C�OPMNOr�}v
b*I{C�E`FNO<C*xPO<SaMNOPg<I<��FNQ3V�I{[RQ3O<C�F�OPKNI
\fQ<KHijIWC�MJQ��eO<ERM!\¿Q<K�FJMJQ<KNIWF MNb*ILmÒOPKHI
S*Q<M C*ILX+IWS�C�IWSaM!Q3S����
b�EGiyb�S*ILIWC�[RIWFHFN[Rm�C�IW[GOWmrF!MNb*I
C�EGFJMJKHERUZT*MNERQ3S
Q<\�MNb*IWEGK�KNIWFNT�[RMNFW�
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o Q3S�FNEGC*ILK�MNb*I�Ij½rO<V�XZ[RI¨\¿KHQ3V÷æ�ERg3T*KNI ç �Gá�OPg3O<EGS���B�ijQ<XdmYQ<\�MNb�EGFe^�g3T�KNI"EGF&O<[GFNQ$X�KNQ©xdEGC�IWC
E`S�æ0EGg3T*KNI ç � ~ �$B�FHFNT�V�I�MNb�OPM¨MNb*I$V�O<iHb�EGS�I�E`V�X�[RIWV�IWS�MNF�OtV�IWV�Q<KHm}C�EGFHO<V�U�EGg3T�OPMNERQ3S�MJIWiHb�S�EGc�T�I
MNb�OPM&\¿Q3[`[RQA�
F�MNb*I"S�Q3SrÂzFJX+IWiLT�[GOPMNERx<I�X�OPKyO<C�ERg3V��!v&b*I¨[RQ3O<C�iLO<StU�ILg3E`S{Ij½rIWiLT*MNEGS�g$OPM�MNb*I"FNO<V�I¨MNEGV$I
O<F�MNb*I
C�ERxdE`C*I<��ãíMNF O<C�C�KNIWFNF�iLO<S�U�I�iLO<[GiLT�[GOPMJIWC{O<S�C$ERMNF�C�OPMNO"iLO<S{U�I n FNX�IWiLT�[GOPMNERx<IW[Rm�u;\¿ILMNiyb*IWC{\¿KNQ3V
MNb�I"C�OPMNO�iLO<iHb*I<��v&b*I�KNIWFNT�[GM Q<\0MNb*I¨[RQ3O<C��*b*QA��ILx<ILKW��iLO<S�S*Q<MeU�I¨C�E`FJMJKHERU�T�MJIWC$T�S�MNEG[+ERM�E`F�ÁrS*Q©�
SY\¿Q<K
ijILKHMNO<EGS·�
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FNMNOPMJI$EGF�O<iLijQ3V$X�[GEGFNb�IWC}Udm
V$Q3S�ERMJQ<KHEGS�g{MNb*I�O<ijMNERQ3S�F�Q<\ MNb*I�FJMJQ<KNI6c F�FNEGS*g3[RIÒC�OPMNO�V�Q©�ÞS*QdC�I<� n qdMJQ<KNI$EGS�FNMJKHT�ijMNERQ3S�FJMNOPMJI�Á<ILILX�F
MJKyO<iNÁÜQ<\�FHT�iHbÜMNb�E`S*g3F�O<FL��ãíF�MNb*I�FJMJQ<KHI$O�iLO<S�C�EGC�OPMJI�\fQ<K¨KNILMNERKNIWV$IWSaM�Þ¦u·æ�Q<K�FJX�[GEGMkFJMJQ<KHIWFL��T*X�Á<ILILX
Q<\;MNb*I¨FJMJQ<KNI¨EGS�FNMJKHT�ijMNERQ3S_c F�FJMNOPMJI¨KNIWcdT�ERKHIWF�V�Q3S�ERMJQ<KHEGS*g�MNb*I¨O<ijMNERQ3S�FeQ<\;U�Q<MNbÄMNb*I¨FJMJQ<KHI6c F�C�OPMNO�V�QA�
S�QdC*IWFW�

B�S�Q<MNb*ILK
O<C*xPO<SaMNOPg<I�Q<\0T�S�E_^�IWCÄFJMJQ<KNIWF�Q©x<ILK�FJX�[`ERM�FNMJQ<KNIWF&EGFeMNb�OPM�MNb�I¨\¿Q<KN�eOPKHC�E`S*g�Q<\�FJMJQ<KNI
C�OPMNO{MJQ�C*ILX+IWS�C�IWSaMk[RQ3O<C�F�EGFkFNEGV�X�[GILKW�
v&b*I�[RQ3O<C43¦FNMJQ<KNI�FJmdFNMJIWV6T�FJIWF
MNb�I�O<C�C*KNIWFNFJIWF�Q<\ [RQ3O<CÜO<S�C
FNMJQ<KNI¨V�IWV�Q<KNm$O<iLijIWFNFNIWFeMJQ�C�ILMJILKHV$EGS*I��
b�EGiyb�[RQ3O<C�F�OPKNI�C*ILX+IWS�C*IWS�M Q3SÄFJMJQ<KNIWFW��ãä\®OÒ[RQ3O<CÄEGF�\¿Q3T�S�C
MJQÀU+I}C�ILX�IWS�C*IWSaM{Q3S¸OÚFNMJQ<KNI<�&MNb*I�FJMJQ<KNIÜC�OPMNOÀEGF{\¿Q<KH��OPKHC�IWCÛO<FYFJQdQ3S¸O<F{MNb�OPMYC�OPMNO9U+IWijQ3V�IWF
OAx¦O<E`[GOPU�[RI<��æ*Q<KtT�S�E_^ZIWCÙFJMJQ<KNIWFL��MNb*I}O<C�C*KNIWFNF{Q<\"MNb*IÜV�IWV�Q<KNmÛO<iLijIWFNFYO<S�C�MNb*I}FJMJQ<KHIÜC�OPMNOÃOPKNI
O<[G��OAmdF�C*IW[GERx<ILKNIWCÄMJQ�MNb*I"[GQ3O<C43¦FJMJQ<KNI"FJmrFJMJIWV÷OPM�MNb�I"FNO<V�I¨MNEGV�I<��v
b�T�FW�dMNb�I"FJMJQ<KNI"C�OPMNO�EGF�O<[G��OAmdF
OAx¦O<E`[GOPU�[RIk�
b*IWSÄO�C*ILX+IWS�C*IWS�ijm�EGFeC*ILMJIWijMJIWC���O<S�C�MNb*I�\fQ<KN�eOPKHC{iLO<S�O<[G��OAmdF�QriLiLT*K�OPM�MNb�I�MNEGV$I�MNb*I
C�ILX�IWS�C*IWS�ijm�EGFÒC*ILMJIWijMJIWC��Üæ*Q<K�FJX�[GERM"FNMJQ<KNIWFL�!MNb*IYO<C�C*KNIWFHF�V$OAm·U+I{C*IW[GEGx<ILKNIWC·MJQ�MNb*IY[RQ3O<C43¦FJMJQ<KNI
FNmdFJMJIWV U+IL\fQ<KNIkMNb*IkFNMJQ<KNI¨C�OPMNOr�!ãä\�MNb*IkO<C�C*KNIWFNFeEGF�C*IW[GERx<ILKHIWC�U+IL\fQ<KNI
MNb*I¨C�OPMNOr�rMNb*I¨FJMJQ<KHIkC�OPMNOÒ�
E`[G[
S�Q<M�U+I�OWxPO<EG[GOPU�[GI
�
b*IWSÄO�C*ILX+IWS�C*IWS�ijm$E`F�C*ILMJIWijMJIWC®��FJQ�MNb*I�\fQ<KN�eOPKHCÄ�
EG[G[�S*ILIWCÄMJQÒU+I�C*IW[GOAm<IWC���v�Q
C�IW[GOWm�MNb*I�\fQ<KN�eOPKHC��3MNb*I�� h æ�V$O<iHb�EGS*I&VÒT�FJM�b�OAx<I
O"V�IWiyb�O<S�EGFNVDMJQ�KNIWV�IWV�U�ILK MNb�EGF!C*ILX+IWS�C*IWS�ijm<�
O<S�C�MJQ$KNIWiLO<[G[�ERM��
b*IWSYMNb*I�FJMJQ<KNI�C�OPMNO�OPKNKHERx<IWFL�

v&b�I$C�EGFNO<C*xPO<S�MNOPg<I$Q<\�T�S�E_^�IWC�FNMJQ<KNIWF�EGF"MNb�OPM"MNb*IÄO<C�C*KNIWFNF"Q<\eO�FJMJQ<KNI6c F�V$IWV�Q<KNm�O<iLijIWFNF
iLO<S�S*Q<M U+I
ijQ3V�XZT*MJIWC$T�S�MNEG[*MNb*I
Q<X�ILKyO<S�C n Fyu;MNb�OPM�ijQ3SaMNO<E`S$MNb*IkFJMJQ<KNI
C�OPMNO�OPKNI&KNIWO<C�m<��B�F�O¨KNIWFNT�[GML�
FNMJQ<KNI�O<C�C�KNIWFNF�ijQ3V�XZT*MNOPMNERQ3S�F�OPKHI
C*IW[GOAm<IWC�[RQ3S*g<ILK MNb�O<S$MNb*ILm���Q3T�[GC�U+I�\fQ<K�FJX�[`ERM0FNMJQ<KNIWFL�rO<S�C$FJMJQ<KNI
O<C�C*KNIWFNFJIWF�KNIWV$O<EGS9T�S*ÁrS*QA�
S·\¿Q<KÒ[RQ3S*g<ILK�X+ILKHEGQdCÜQ<\eMNEGV�I<�Yv&b*I�X�ILKH\¿Q<KHV�O<S�ijI�Q<\�[RQ3O<C�F�FHT=;�ILKyF"ER\
FNMJQ<KNIÄO<C�C*KNIWFNFJIWF�KNIWV$O<E`S9T�S*ÁrS*Q©�
S·\fQ<KÒ[GQ3S*g<ILK�X+ILKHERQrC�F¨Q<\
MNEGV�I<�tæ*Q<K�V�IWV�Q<KHm·C�EGFNO<V�U�ERg3T�OPMNEGQ3S
MJIWiyb�S�EGcdT*IWF¨MNb�OPM"\¿Q3[`[RQA��MNb*I$S�Q3SrÂzFJX+IWiLT�[GOPMNERx<I�XZOPKHO<C�ERg3V��®[GQ3O<C�F"C*QtS*Q<M"C�EGFJMJKHERUZT*MJI�MNb�IWERK¨KNIWFNT�[GMNF
T�SaMNEG[�MNb*IWEGK&C*ILX+IWS�C*IWS�iLERIWF�OPKNI¨ÁrS*QA��S���v&b*I¨FJMJQ<KNI"O<C�C*KNIWFNFJIWF�OPKHI"S*ILIWC*IWCYMJQ�C*ILMJILKyV$EGS*IkMNb*IWFJI"C*IjÂ
X+IWS�C�IWS�iLERIWFL� h IW[GOWmrEGS*g$MNb�I�FJMJQ<KNIÒO<C�C*KNIWFHF&iLO<[GiLT�[GOPMNEGQ3S�F&�
E`[G[+MNb*ILKNIL\fQ<KNI�C*IW[`OWm�MNb*IÒC�EGFJMJKHEGU�T*MNERQ3S{Q<\
[GQ3O<C�KNIWFHT�[RMNFL��æ*Q<KkMJIWiHb�S�EGc�T�IWF
EGS�MNb*I�FJX+IWiLT�[`OPMNERx<I"X�OPKHO<C�ERg3V���[RQ3O<C�F
iLO<SÜC�EGFJMJKyERU�T*MJI�MNb*IWERK�KNIWFNT�[GMNF
U+IL\fQ<KNI�MNb�IWERK
C*ILX+IWS�C*IWS�iLERIWF&OPKNI�\fT�[`[Rm�ÁrS*QA��S�� h IW[`OWmrEGS*g�MNb�I�iLO<[GiLT�[GOPMNEGQ3StQ<\�FJMJQ<KNIÒO<C�C*KNIWFHFJIWF&�
E`[G[
Q3S�[Rm"EGS�ijKNIWO<FNI MNb*IeS�T�V�U+ILK�Q<\�C�ILX�IWS�C*IWS�ijI X�KNIWC�EGijMNERQ3S�F�MNb�OPM�OPKNI�KHIWc�T�EGKNIWC��©O<S�C�C*IW[`OWm"MNb*I�x<ILKHE_^ZiLO¦Â
MNEGQ3S$Q<\�MNb*Q3FJI�X�KNIWC�E`ijMNERQ3S�FL�;ãä\í��b*Q©��ILx<ILKA�dMNb�I&X�KNIWC�E`ijMNERQ3S�F!OPKNIkO<[R��OAmdF n Q<K�O<[`V�Q3FJM�O<[G��OAmdFyu�ijQ<KNKNIWijML�
C�IW[GOWmrEGS*g�MNb*I"FNMJQ<KNI"O<C�C*KNIWFHF�iLO<[GiLT�[GOPMNERQ3S�Fe�
EG[G[�b�OWx<I�S*Q n Q<K
[GERMJMN[GI©u E`V�X�O<ijM�Q3S�[RQ3O<C�X+ILKN\fQ<KHV$O<S�ijI<�

ç 0



æ*Q<KeO<[G[*MNb�I&Ij½dX+ILKHE`V�IWSaMNF EGS�MNb�EGF C�EGFNFJILKHMNOPMNERQ3S��3MNb*I�V$O<iHb�E`S*I&�
EG[`[*EGV�X�[RIWV$IWSaM!FJX�[`ERM�FJMJQ<KNIWFL�
��QA��ILx<ILKW�¨EGS¸qdIWijMNERQ3S ç � ç �
ã$�
E`[G[�Ij½rX�[RQ<KNI}MNb*I�E`SaMJILKHO<ijMNEGQ3SÛU+ILMä��ILIWS¸V�IWV�Q<KHmÙC�EGFNO<V�U�ERg3T�OPMNEGQ3S
MJIWiyb�S�EGcdT*I�O<S�CÜFJMJQ<KNI�Mäm�X+I n EÝ��I<�R�®T�S�E_^�IWC�Q<K"FJX�[GEGMyuy��ã��
EG[G[;[RQ�Q<Á}OPMkMNb�KNILI�C�Et;+ILKNIWSaM�C�EGFHO<V�U�EGg3T�O¦Â
MNEGQ3S�MJIWiyb�S�EGcdT*IWFL��C*ILX+IWS�C*IWS�ijmYV�OPMJKHE_½+�ZFNEGV$X�[RI¨Q<KHO<iL[RI<��O<S�C�ijQ3V�X�[GIj½YQ<KyO<iL[RI<����S�[Rm�C*ILX+IWS�C*IWS�ijm
V�OPMJKHE_½+���
b�E`iHb�\fQ3[G[RQ©�
F¨MNb*I�S�Q3SrÂzFJX+IWiLT�[GOPMNERx<I�XZOPKHO<C�ERg3V��;EGF"O�;+IWijMJIWC9Udm�FJMJQ<KNI�Mäm�X+I<�Äv&b*I�Q<MNb*ILK
Mä��Q�MJIWiHb�S�E`c�T*IWFe\fQ3[G[RQ©�ØMNb*I¨FJX+IWiLT�[GOPMNERx<I�X�OPKyO<C�ERg3V��!æ*Q<K&MNb�IWFJI¨MJIWiHb�S�EGc�T�IWFL�*MNb*I¨C*ILX+IWS�C*IWS�ijI�X�KHIjÂ
C�EGijMNERQ3S�F�OPKNI�O<[R��OAmdF�ijQ<KNKNIWijML��FJQ�MNb*IWERK&X+ILKN\fQ<KHV$O<S�ijI"EGF�S*Q<M
O�;+IWijMJIWCtUdm�FJMJQ<KNI"Mäm�X+I<�

Í	geÌ ú ��� K���� ù �"���li ï ��%xw�àk��
�#��o^H��% #&%�� î )�)+�jky`��o^H��%�)

v&b*KNILIeX�OPKHO<V$ILMJILKHF�iHb�OPKHO<ijMJILKyERßLI&MNb*I�� h æ�V�QrC*IW[aQ<\ZIj½dIWiLT�MNERQ3S��0�
EGS�C*Q©�ÚFHERßLI<�3EGFNFNT�I KHOPMJI<�
O<S�C�EGS�FNMJKHT�ijMNERQ3S�iL[GO<FHF
[GOPMJIWS�iLEGIWFL��v&b�I¨�
EGS�C*Q©�?FNERßLI�O<S�CtEGFNFHT*I¨KHOPMJI���EG[G[�x¦OPKHmYC�ILX�IWS�C�EGS*gÒQ3StMNb*I
Ij½rX+ILKHEGV�IWS�ML��B�[G[�Ij½dX+ILKHE`V�IWSaMNF��
EG[`[�T�FJI�MNb*I�EGS�FJMJKHT�ijMNERQ3S�iL[GO<FHFk[`OPMJIWS�iLERIWF�X�KNQAxrEGC*IWC�EGS�v;OPUZ[RI ç �GáP�
��Q3O<C�F�KNIWcdT�ERKNI&Q3S�IkijmriL[RIk\¿Q<KeO<C�C*KNIWFHF�iLO<[GiLT�[GOPMNERQ3S��rO<S�C��rER\�O�C�OPMNO�iLO<iyb*I¨O<iLijIWFNF�EGF�S*IWijIWFNFNOPKNm<�rQ3S*I
Q<KkV�Q<KNI"ijmriL[RIWF&\fQ<K&MNb*I�iLO<iHb*IÒO<iLijIWFNFL� R

ãíS�FNMJKHT�ijMNERQ3S�F s�½dIWiLT*MNEGQ3St��OPMJIWS�ijm n ijmriL[RIWFyu
æ0lÛC�ERx áWâ
Q<MNb*ILK
æ�l ç
ãí�kvØV�T�[ 8
[RQ3O<C á × iLO<iyb*I�[`OPMJIWS�ijm
O<[G[+Q<MNb*ILKHF á


�C ,dDGFzg ­�«®¯ � ´�µ@¶ S9QT½ ¶ M ³4´ � D C µ2µ ��C ¶:F=´ ½¡M F²µ

v&b*I"� h æ¾V�QdC�IW[�O<[GFJQ$O<FNFNT�V�IWF�MNb*I"\fQ3[G[RQ©�
EGS*g*�

ü �&ILg3E`FJMJILK�O<S�CYV�IWV�Q<KNm$KHIWS�O<V$EGS*gÒOPKNIkX�ILKH\¿Q<KHV$IWC��0�
IWS�O<V$EGS�g�IW[GE`V$EGS�OPMJIWF�O<SaMNE+O<S�CÄQ3T*MJX�T�M
C*ILX+IWS�C*IWS�iLERIWFL�

S fP�UT �o�6������}/�5��zd�����6zf���t�����¬�6����y'��y�z���{�{2��z����_���H�/�e���/�H��}����-����{'��y5zE{��Ý�x�l�����xy�zE�H����z���� }��N�l��}�������zE�e�:����z��L{¢�:�5�fy¢ {²���:��ze���9�H�fy¢ 7����{>÷Ry9�H�'{����5}d* |~}13®{5ze���e��}��6z�{�y��������'�6ze��������� ��������zl��{5{5}���}����>����}��5�$��y�zl{5z��e�2{5ze�d���®��y�z|���H�fy5zäT �
� ��V �Ý���x���@�°woy�}��T�������Ý� �T��y�zE�����xy�z|���e��z���� ���$�@�����:���6zf�t����z���y5z���{5{:��z���� ���H�/�e���/�H��}����¢ 9��z����5����}��5�$}�������}�������zl�f�5�e�/z
�/����{7�
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ü æ*Q<K�V�O<iHb�EGS�IWFYMNb�OPMtT�FJIÜMNb*I·C*ILX+IWS�C�IWS�ijm V$OPMJKHER½�V�IWV�Q<KHmÛC�EGFHO<V�U�EGg3T�OPMNERQ3SÛMJIWiHb�S�E`c�T*I<�
OÜ[RQ3O<C¾VÒT�FJM���O<EGM$T�SaMNE`[ MNb*I�O<C�C�KNIWFNFJIWF�Q<\kO<[G[�X�KNILxrERQ3T�F�FJMJQ<KNIWF$b�OWx<I�U+ILIWS¾ijQ3V�X�T*MJIWC®�9ã
Q<X�MNEGV�EGFJMNEGiLO<[G[Gm"O<FNFNT�V�IeQ3S*I&ijmriL[RI�U+ILMz��ILIWS��
b�IWS�O<[G[rMNb*IWFJI&O<C�C�KNIWFNFJIWF!b�OAx<I&U+ILIWS�ijQ3V�X�T*MJIWC
O<S�CÀ�
b�IWSÃMNb�It[RQ3O<C¾V$OWmÀC�EGFNMJKHERU�T*MJIÄERMNFÒKNIWFNT�[GML�Ãv&b�E`FÒijmriL[RItO<iLijQ3T�S�MNF�\fQ<K$MNb*IYMNEGV�IYMNb*I
V$O<iyb�EGS*I¨KNIWcdT�ERKHIWFeMJQ$\fT�[G[Rm$KNIWFNQ3[Rx<I"MNb*I"[RQ3O<C c F&C*ILX+IWS�C*IWS�iLEGIWFL�

ü B FJMJQ<KNI{\¿Q<KN�eOPKHC�F�ERMNF�C�OPMNOtMJQ}O}C*ILX+IWS�C*IWS�M"[RQ3O<C9EG\�O<S�C9Q3S�[Rm�ER\�MNb*I{FNMJQ<KNI�O<S�C9MNb*I{[RQ3O<C
OPKNI�U+Q<MNbÜKNIWFNE`C*IWSaM¨EGS�MNb*I$O<ijMNEGx<I$�
EGS�C�QA�"��ãkO<FNFHT�V�I�MNb*I$V$O<iyb�EGS*I�KNIWcdT�ERKNIWF�Q3S�I$ijmdiL[RI�MJQ
Udm�X�O<FHF"MNb*I�FNMJQ<KNI{C�OPMNO�MJQ�MNb*IÄC*ILX+IWS�C*IWS�M"[RQ3O<C��Yv&b�OPM�E`FL��\fQ<K�V$O<iyb�EGS*IWF�MNb�OPM�T�FJI$IWERMNb*ILK
MNb*I¨C*ILX+IWS�C*IWS�ijm�V$OPMJKHE_½ÄQ<K�MNb*I¨FNEGV�XZ[RI�Q<KyO<iL[RI¨V�IWV�Q<KNmYC�EGFNO<V�U�ERg3T�OPMNERQ3S�MJIWiyb�S�EGcdT*I<�rMNb*ILKNI
EGF Q3S*I�ijmriL[RI
U+ILMä��ILIWSÄ�
b*IWS�MNb*I�[GQ3O<C_c F O<C�C�KNIWFNFL��MNb*I�FJMJQ<KHI6c F�O<C�C*KNIWFNFL�dO<S�C$MNb�I�FJMJQ<KNI6c FeC�OPMNO
OPKNI�ÁrS*QA��S�þ;O<S�C·�
b*IWSÜMNb*I$[RQ3O<C9V$OWm�C�EGFNMJKHERU�T*MJIÒERMNF¨KNIWFHT�[RML��æ*Q<K�V$O<iyb�EGS*IWF"MNb�OPM"T�FJI�MNb*I
ijQ3V�X�[GIj½YQ<KyO<iL[RI�MJIWiyb�S�EGcdT*I<�ZMNb*ILKNI�E`F&Q3S*IÒijmdiL[RI�U+ILMz��ILIWS��
b�IWStMNb*IÒFJMJQ<KNI6c F�C�OPMNO�E`F&ÁrS*QA�
S
O<S�C���b*IWSYMNb*I"[RQ3O<CtV�OWm�C�EGFJMJKyERU�T*MJI�ERMNF�KNIWFHT�[RML�

ü é¸b*IWS�OÒFJILKHEGO<[`ERßWEGS*g¨EGS�FNMJKHT�ijMNERQ3S$E`F�IWS�ijQ3T�S�MJILKNIWC��dMNb*IkFNEGVÒT�[GOPMJIWC$V$O<iyb�EGS*IkV�T�FJM FJMJQ<XYEGFNFNT�I<�
�eO<ERM�\fQ<KeO<[G[ZE`S�FJMJKHT�ijMNEGQ3S�F�iLT*KNKHIWSaMN[Rm$E`S�MNb*I�O<ijMNERx<I��
EGS�C*QA�ÛMJQÒijQ3V�XZ[RILMJI<�*O<S�CÄMNb*IWS�Ij½rIWiLT*MJI
MNb*I�FNILKHEGO<[GERßWE`S*gÄE`S�FJMJKHT�ijMNEGQ3S��$ã¡FNFNT*I�KNIWFHT�V�IWF"Q3S�ijI$MNb*I�FJILKyEGO<[GERßWEGS�gYE`S�FJMJKHT�ijMNEGQ3S�ijQ3V�X�[RILMJIWFL�
n B�FJILKHEGO<[GEGßWEGS*g
EGS�FJMJKHT�ijMNERQ3S�EGF�O<S�EGS�FJMJKHT�ijMNERQ3SÒMNb�OPM�VÒT�FJM�U+I�Ij½dIWiLT*MJIWC{EGSÒQ<KHC*ILK��
ERMNbÒKNIWFNX�IWijM
MJQYMNb*IÒQ<MNb*ILK¨EGS�FJMJKHT�ijMNERQ3S�F
E`S�MNb*IÒX�KNQ<g<KyO<V�c F�C*mdS�O<V$EGi"EGS�FJMJKHT�ijMNERQ3S}FJMJKNIWO<V��¨B MJKHOPX�E`FkO<S
Ij½*O<V�X�[RI¨Q<\�O$FJILKHE`O<[GERßWEGS*g�EGS�FNMJKHT�ijMNERQ3S�� u

Í	g�Í õ�^�`{� 
 ^HkÆ��%k��#'i�K���)+�ji¡�+)

v&b�EGF�FJIWijMNEGQ3S�ILx¦O<[`T�OPMJIWF¨MNb*I�X+ILKN\fQ<KHV$O<S�ijI�Q<\�MNb*I$� h æ¸V�QrC*IW[0\¿Q<K"V$O<S�mÜC�Et;+ILKNIWSaM¨V$O¦Â
iyb�EGS*I}ijQ3Sr^�g3T*KHOPMNEGQ3S�FL� ��b*ILKNItIWO<iyb ijQ3Sr^�g3T�KHOPMNERQ3S FNX�IWiLER^�IWF�MNb*It�
E`S�C*QA�÷FHERßLI<��E`FNFNT*I�KHOPMJI<��O<S�C
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Ideal Machine
+ Real ICache�
+ Real BP�
+ Real Core�
+ Real DCache�
Real Machine
+ Perfect ICache
+ Perfect BP�
+ Perfect Core�
+ Perfect DCache�
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²�ª¬£¤£ �6£O»�Ì�¦�ª¬¶¬¶�­A£ �&�¤���°� �O¡�²mãOä6åÁærç=èré¯ê6ærë�� ¥J¡¤�Oº��O¡�� ¥J�¤���°³±¡¤¥1­��Ë¥±º
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®O�±®�����²�ª¬£¤£�ª¬£V£¤�O¡¤È�ªÄ®r�6¨;Ã��¤���É�A¡¤¥#®r�6£¤£ ¥±¡½®O�±«=º��O�¤®��;ÃD¨��6®r¥�¨A�±ÃA�±«A¨=ª¬£¤£�­��°�¤���©£ ¹#ª¯�A� �6¨¿¸/¶¯¥#®¤¹D»

MON ¢
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¥±ºÂÀÁ¥±¡�¨��O¡�ºÂ�O�¤®��Ç�±¶¬¶¯¥�¦�£��¤���°�A¡¤¥#®r�6£¤£ ¥±¡�� ¥wºÂ�O�¤®��=­A£ �OºÜ­A¶D¦§¥±¡�¹¿ª¬«¿�¤���É�/¡¤�6£ �6«A®r�É¥±º>ª¬«A£ � ¡�­/®r�¤ª¯¥1«Ë®O�±®����
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ªÄ«ì�A¡¤¥±³±¡��±²�¥±¡�¨A�O¡6»XÔ�¥±¡J¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡JºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�±Ã{ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£G²��Z·�¸D�¿¨��6®r¥#¨��6¨@�±«A¨
ªÄ£¤£¤­��É¥1­���¥±º{�A¡�¥±³±¡��±² ¥±¡�¨��O¡Z»

¼ ���4�rÏ#�±²��/¶¯�Jª¬«TÔ>ª¬³1­�¡¤�wø�» M �±£¤£¤­A²w�6¨3�¤�A�L�É�¤�A�4�/¡¤¥�®r�6£�£ ¥±¡É®r¥1­A¶¬¨3¥1«A¶¯·=º��O�¤®��ì¥1«��J¸/¶¯¥#®¤¹
� �O¡3®r·�®O¶¯�±»EÒ��6£ � ¡�ª¬®r�¤ªÄ«�³Íº��O�¤®���� ¥Õ¥1«��-¸/¶¯¥#®¤¹Ñ� �O¡]®r·#®O¶¯�-£¤�OÈ±�O¡¤�6¶¯·î¶¬ª¬²�ª¯�¤£Ë�¤���@� �O¡¤º�¥±¡�²��±«/®r�ì¥±º
¦½ª¬¨��]ªÄ£¤£¤­��]�A¡¤¥#®r�6£¤£ ¥±¡�£O»mÒV�6®r�6«'�Ë¡¤�6£ �6�L¡�®��Ñ�A�±£Ë¨Aª¬£¤®r¥�È±�O¡¤�6¨Ñ£ �OÈ±�O¡��±¶&� �6®��A«/ª��'­A�6£Öº�¥±¡Ë�±¶¬¶¯¥Z¦½ª¬«�³-�
�/¡¤¥�®r�6£�£ ¥±¡°� ¥Öº��O�¤®��T²4­A¶¯�¤ª¯�/¶¬�É¸/¶¯¥#®¤¹#£�� �O¡½®r·#®O¶¯�±» ¼ ���6£ ��� �6®��A«/ª��'­A�6£½ª¬«/®O¶¬­A¨������YÌ�� � ¡¤�O�Jª¬«A£ � ¡�­A® À
�¤ª¬¥1«A£���� N�� Ã±¸A¡��±«A®��G�±¶Äª¯³1«A²w�6«'��� M ø � Ã±� ¡��±®r�¾£¤®����6¨/­A¶¬ª¬«�³�� `�à
� Ã1£¤­A�D�O¡�¸/¶¯¥#®¤¹#£�� ¢ M�� Ã1�µ·�� �O¡¤¸/¶¯¥#®¤¹#£��! à Ã� L¢ � Ã
¸�¶¯¥�®�¹µÀ*£¤� ¡�­A®r�¤­�¡¤�6¨¿Ì¤û Ù £�� à ø�Ã à  'Ã�ß P ù ß à
� Ã/� ¡��±®r�G®O�±®����6£"� ` ¢�Ã�ß à Ã�ß±¢�Ã��±ß�Ã MON1P Ã MON ß �$# Ã#¸A¡��±«A®��Ë�±¨A¨�¡¤�6£¤£
®O�±®����6£%� M6`±`&� Ã&®r¥1¶¬¶¬�L�/£¤ªÄ«�³ì¸/­�� �O¡�£	� P±`&� Ã½£¤­A¸A³±¡��L�/�Õ�A¡¤�6¨Aª¬®r� ¥±¡�£'� `#M�� Ã°²�­A¶¬�¤ª¯�/¶¯�rÀÁ¸/¶¬¥�®�¹?�±���6�±¨c�A¡��rÀ
¨/ª¬®r� ¥±¡(� M±M±M�� Ã>�±«/¨]���L�¤�ì�±¨A¨�¡¤�6£�£&®O�±®����6£)� ß* � »,+3�±«µ·3¥±º��¤�A�6£ �w� �6®��A«/ª��'­A�6£�Æ�ºÂ¥±¡É�rÏ��±²w�/¶¯�±Ã8¸/¶¯¥#®¤¹'À
£¤� ¡�­A®r�¤­�¡¤�6¨�Ì û Ù £��±«A¨w� ¡��±®r��®O�±®����6£ Ê�£ � ¥±¡¤�½²�­A¶¬�¤ª¯�/¶¯��®r¥±�/ª¯�6£�¥±ºD�¤���V£¤�±²��VºÂ�O�¤®���¸/¶¬¥�®�¹�ª¬«J�¤���½®O�±®����±»
¼ �Aª¬£
�rÏ#�±®r�O¡¤¸��L� �6£��¤����ª¬«A£ � ¡�­A®r�¤ª¯¥1«4®O�±®�����¸ ¥±� �¤¶¯�6«��6®�¹�»�×&�¤�A�O¡>� �6®��A«Aª���­��6£�Æ�º�¥±¡>�rÏ��±²w�/¶¬�±Ã1£¤­�¸A³±¡��L���
�/¡¤�6¨Aª¬®r� ¥±¡�£§�±«A¨w�/�L�¤�¿�±¨A¨�¡��6£¤£x®O�±®��A�6£�Ê�¡����'­Aª¬¡¤��¸A¡��±«A®����A¡��6¨Aª¬®r� ¥±¡�£x£¤�D�6®OªÄ�±¶¬ª.-O�6¨wº�¥±¡§²4­A¶¯�¤ª¯��¶¯��¸/¶¯¥#®¤¹
º��O�¤®��Y» ¼ ��¡¤¥1­�³1�A¥1­��G�¤�Aª¬£©¨Aª¬£¤£ �O¡��¤�L�¤ª¯¥1«;Ã8ÌG­/£ ���±«@ªÄ¨��6�±¶¬ª.-O�6¨�� �6®��A«Aª���­���º�¥±¡�²4­A¶¯�¤ª¬�/¶¯�w¸/¶¯¥#®¤¹Tº��O�¤®��
�¤�/�L�&¨�¥��6£&«�¥±��¡¤����­Aª¯¡��G²�­A¶¬�¤ª¯�/¶¯�G®r¥±�/ª¬�6£�¥±º�º��O�¤®��]¸/¶¯¥#®¤¹#£�� ¥Ö¸ �©£ � ¥±¡¤�6¨3ª¬«=�¤�A��®O�±®��A�4¥±¡½¡¤����­Aª¯¡¤�©�
£¤�D�6®OªÄ�±¶¬ª.-O�6¨Ë¸A¡��±«/®��X�A¡��6¨Aª¬®r� ¥±¡6»
/1032&46587�9�2&5�7;:<:62�=!>@?&=!>A>AB�4A:1CD:6=E58FHGJIKC8>A>A7&L<BM:62
CD:@=!F�>N:A467�OP:6=E58F�>@CD46B�QRB�:6O12�BS?(QT4658LUC8F)=!F�>N:A467�OP:6=E58FVOWCXOP2&B�GYCXF
?

:62
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CX:
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jGáSt acs;vx�¾n;���pu�n }Jv_b p&�¤v

��¥1«µÈ±�6«'�¤ª¯¥1«A�±¶��A¡¤¥#®r�6£¤£ ¥±¡�£Svc�±«A¨��/¡¤¥�®r�6£�£ ¥±¡�£§¦�ª¯�¤�w¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�º��O�¤®��lvÑ¨��6®r¥�¨A�&�±«A¨¿ª¬£¤£�­��
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£�ª¬«J�A¡¤¥±³±¡��±²z¥±¡�¨��O¡6» Ù £x�¤���Vª¬«/£ � ¡�­A®r�¤ª¯¥1«/£>�L¡���¨��6®r¥#¨��6¨;Ã1�¤���½¨��O� �6«A¨��6«A®Oª¯�6£{®r¥1²�²4­A«Aª¯À
®O�L� �6¨J¸ �O�W¦§�O�6«wª¬«/£ � ¡�­A®r�¤ª¯¥1«/£;È�ªÄ��¡¤�O³1ªÄ£ � �O¡�£>�L¡¤��®r¥1²w�/­�� �6¨;»{÷¾�6®O�±­A£ ���¤����ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£
�L¡¤�¾¨A�6®r¥�¨��6¨
ªÄ«T¥±¡�¨��O¡6ÃY�¤�A�6£ ��¨��O� �6«A¨��6«/®Oª¯�6£°®O�±«ì¸ �w®r¥1²w�/­�� �6¨��rÏ��±®r�¤¶¯·±»¿×É«A®r�w�¤����¨��O� �6«A¨A�6«A®Oª¯�6£°�A�6È±��¸D�O�6«
®r¥1²��/­�� �6¨;ÃA¡��O³1ª¬£ � �O¡V¡¤�6«/�±²�ª¬«�³wª¬£V­/£ �6¨Ë� ¥��6¶¬ªÄ²�ª¬«A�L� �&�¤���©�±«'�¤ªY�±«A¨X¥1­A� �/­��V¨��O� �6«A¨��6«/®Oª¯�6£O»

w ¡¤¥#®r�6£¤£ ¥±¡�£>�¤�A�L�{ª¬²w�/¶¬�6²w�6«µ�
¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡{ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­����A�6È±��� ¥°¨��6�±¶�¦�ª¯�¤�©�½�A¡¤¥±¸AÀ
¶¬�6²E�¤�A�L�©ªÄ£G£¤ª¬²�ªÄ¶¬�L¡°� ¥Ç�¤����­/«�¹�«A¥Z¦�«��±¨A¨A¡¤�6£¤£É�A¡�¥±¸/¶¯�6²XÃY¦½�Aª¬®��ì¦¾�±£�¨��6£¤®r¡�ª¯¸ �6¨�ª¬«@û#�6®r�¤ª¯¥1« à » P »
í&«A¶¬ª¬¹±�¿�¤�A�Ë­/«�¹�«A¥Z¦�«Î�±¨A¨�¡��6£¤£J�A¡¤¥±¸/¶¬�6²XÃ�¦��Aª¬®��Î¨��6�±¶¬£J¦�ª¯�¤�?�¤���=¨A�O�D�6«/¨��6«A®Oª¯�6£4®r¥1²�²4­A«Aª¬®O�L� �6¨
¸ �O�W¦§�O�6«]ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£§È�ª¬�J²w�6²�¥±¡¤·±Ã��¤�Aª¬£¾�A¡¤¥±¸�¶¯�6²I¨��6�±¶¬£�¦�ª¯�¤�¿�¤���G¨A�O�D�6«/¨��6«A®Oª¯�6£¾®r¥1²�²4­A«Aª¬®O�L� �6¨
È#ª¬�w¡��O³1ª¬£ � �O¡�£O»¾÷¾�6®O�±­A£ �©�¤�A�©ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£��L¡¤��«�¥±���±¶¯¦��6·#£½¨A�6®r¥�¨��6¨Çª¬«X¥±¡�¨��O¡ZÃ/�±«=ª¬«A£¤� ¡�­A®r�¤ª¯¥1«X®O�±«
¸ ��¨A�6®r¥�¨��6¨@�±«A¨ìª¬£¤£�­��6¨ìª¬«'� ¥X�¤���Ö�±®r�¤ª¬È±��¦�ª¬«/¨�¥Z¦z¸ �Oº�¥±¡¤�w�¤����ª¬«/£ � ¡�­A®r�¤ª¯¥1«/£Éª¯�©ª¬£É¨��O� �6«A¨A�6«µ�É¥1«;»
�Ñ���6«��¤�Aª¬£{¥#®O®O­�¡�£OÃ1�¤�A��ª¬«A£ � ¡�­A®r�¤ª¯¥1«;üý£>¡¤�O³1ª¬£¤� �O¡�¨��O� �6«A¨��6«A®Oª¬�6£{¦�ª¬¶¬¶'¸ �V®r¥1²w�/­�� �6¨�ªÄ«A®r¥±¡¤¡¤�6®r�¤¶¯·±» ¼ �A�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«Ö²4­A£ �¾�¤���6«¿¦¾�±ª¬�¾­A«'�¤ª¬¶��¤���°ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£�ª¬�¾ª¬£�¨��O� �6«A¨A�6«µ�§¥1«¿�/�6È±�É¸ �O�6«Ö¨A�6®r¥�¨��6¨Ë�±«A¨
ªÄ£¤£¤­��6¨Ë¸ �Oº�¥±¡¤�Gª¯�¤£�¡¤�O³1ªÄ£ � �O¡�¨��O� �6«A¨��6«/®Oª¯�6£�®O�±«X¸ �G®r¥±¡¤¡¤�6®r�¤¶¯·X®r¥1²w��­�� �6¨=�±«A¨X¡��O�/�±ª¯¡¤�6¨;»

�c�A�6«-¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��X¡¤�6£¤­A¶¬�¤£4ªÄ«-�±«�ª¬«/£ � ¡�­A®r�¤ª¯¥1«-¸ �6ª¬«�³Tª¬£¤£¤­A�6¨@�¤�A�L�
ªÄ£�¨��O� �6«A¨A�6«µ��¥1«?�±«Îª¬«/£ � ¡�­A®r�¤ª¯¥1«@�¤�A�L�J�A�±£J«�¥±��·±�O�J¸ �O�6«?ª¬£¤£¤­��6¨?ª¬«'� ¥Ç�¤���X�±®r�¤ª¯È±�Ë¦�ªÄ«A¨�¥Z¦©Ã
�¤���
²��±®��Aª¬«A�±üý£É¡¤�O�A¡¤�6£¤�6«µ�¤�L�¤ª¯¥1«T¥±º¾�¤����¨A�L�¤��x�¥Z¦f³±¡��L����ª¬£°£¤�±ª¬¨T� ¥=�A�ZÈ±���zy ��¥1¶¯��{Xª¬«Tª¯�O» ¼ ���w��¥1¶¯�wª¬£
�]�/ª¯�6®r�Ö¥±º��¤���Ö¨/�L�¤��x/¥Z¦I³±¡��L�/�-�L¸ ¥1­��©¦��/ª¬®����¤�A�Ö²��±®��Aª¬«��¿�A�±£�«A¥=¹�«A¥Z¦�¶¯�6¨A³±��¥±º��¤���¿¡¤�O³1ª¬£ � �O¡
¨A�O�D�6«/¨��6«A®Oª¯�6£O» ¼ ���°¨A�L�¤��x/¥�¦Ñ³±¡��L�/�¿²��6·¿�A�6È±�É²4­A¶¯�¤ª¯�/¶¬�V��¥1¶¯�6£¾ª¬«�ª¯�O» ú �±®��Ë��¥1¶¯�&ª¬«Ö�¤���&¨/�L�¤��x/¥Z¦
³±¡��L�/��®r¥±¡¤¡¤�6£¤�D¥1«/¨A£{� ¥©�É£ ����­��6«A®r�V¥±ºDº��O�¤®���¸�¶¯¥�®�¹�£x�¤�A�L���L¡¤��¥1¶¬¨A�O¡x�¤�A�±«J�¤���V·±¥1­/«�³±�6£ �xº��O�¤®���¸/¶¯¥#®¤¹
ªÄ«Ö�¤�A�G�±®r�¤ª¯È±�É¦�ª¬«A¨A¥Z¦Þ�±«A¨¿�¤�A�L�V�L¡¤�G«�¥±��ª¬«¿�¤���É�±®r�¤ª¯È±�©¦�ª¬«A¨�¥�¦Ñ¸D�6®O�±­/£ �°�¤��¥1£ �°¸/¶¯¥#®¤¹#£�²�ª¬£¤£¤�6¨¿ªÄ«
�¤�A�&ª¬«/£ � ¡�­A®r�¤ª¯¥1«�®O�±®����±»½ÆÜÔA�O�¤®��X¸/¶¬¥�®�¹,|ÑªÄ£x¥1¶¬¨��O¡¾�¤�A�±«ÖºÂ�O�¤®��¿¸/¶¯¥#®¤¹~}Ëª¯ºÚÃ'ª¬«��¤���&£¤���'­��6«/®r��¥±ºYº��O�¤®��
¸�¶¯¥�®�¹�£V�¤�A�L��®r¥1²w�A¡�ª¬£ �É�¤���G¨�·#«A�±²�ªÄ®&ªÄ«A£ � ¡�­A®r�¤ª¬¥1«X£ � ¡¤�6�±²XÃA¸�¶¯¥�®�¹�|Ý¥#®O®O­�¡�£�¸ �Oº�¥±¡¤�É¸/¶¯¥#®¤¹g}8»öÊ

Ô�¥±¡��rÏ��±²w�/¶¬�±ÃA�±£¤£¤­A²w�°�¤�A�L���¤���G£ ����­��6«A®r�É¥±º>ºÂ�O�¤®��X¸/¶¯¥#®¤¹#£<� # ù ���°®r¥1²w�/¡�ª¬£ �6£��w£ �O³1²��6«µ�
¥±º¾�¤����¨�·#«A�±²�ªÄ®4ªÄ«A£ � ¡�­A®r�¤ª¬¥1«3£¤� ¡¤�6�±²X»w÷�¶¯¥�®�¹�����ª¬£°¥1¶¬¨��O¡°�¤�A�±«�¸�¶¯¥�®�¹'���Þª¯º`|fª¬£É¶¯�6£�£°�¤�A�±«�}
»
Ù £¤£¤­/²w�x¸/¶¯¥#®¤¹#£Y���LÃ
����Ã
���LÃ�����Ã��±«/¨q� � ²�ª¬£¤£¤�6¨Gª¬«°�¤����ªÄ«A£ � ¡�­A®r�¤ª¬¥1«É®O�±®����±Ã1�±«A¨©�¤���6ª¯¡8ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£
�/�6È±�J«�¥±��¸ �O�6«ÇªÄ£¤£¤­��6¨=ªÄ«µ� ¥Ö�¤�����±®r�¤ª¯È±�4¦�ª¬«/¨�¥Z¦G» Ù £¤£¤­A²w���¤����ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£�ºÂ¡�¥1²_�¤����¡¤�6²��±ª¬«AªÄ«�³
¸�¶¯¥�®�¹�£�ÆN� # Ã��M�LÃ����LÃA�±«A¨����ZÊ¾�A�ZÈ±�©¸ �O�6«Xª¬£¤£�­��6¨Xª¬«'� ¥w�¤���©�±®r�¤ª¯È±��¦�ª¬«A¨�¥�¦G» ¼ ���O¡¤�G�L¡��É�*¦¾¥Ö��¥1¶¯�6£
ªÄ«]�¤�A�4¨A�L�¤��x�¥Z¦z³±¡��L�/�D¨�¥1«��4ºÂ¥±¡É�¤�A�4£ ����­��6«A®r�J¥±º§¸/¶¯¥#®¤¹#£M��� ù ���LÃ;�±«A¨3¥1«��JºÂ¥±¡°�¤���J£ ����­��6«A®r�J¥±º
¸�¶¯¥�®�¹�£q��� ù ����»�÷�¶¯¥#®¤¹�� � ª¬£G«�¥±�©¥1¶¬¨��O¡É�¤�A�±«@�¤���w·±¥1­A«�³±�6£ ��ºÂ�O�¤®��ì¸/¶¬¥�®�¹3ª¬«ì�¤�����±®r�¤ª¯È±��¦½ª¬«A¨�¥�¦

MON ß



ÆÜªÁ»A�±»¯ÃA¸/¶¯¥#®¤¹�� � Ê�Ã/£ ¥��¤���O¡��Gª¬£V«�¥���¥1¶¬�G®r¥±¡¤¡¤�6£ � ¥1«A¨AªÄ«�³�� ¥��¤�Aª¬£�¸/¶¬¥�®�¹�»
Ô�¥±¡]«A¥Z¦GÃ°®r¥1«A£¤ª¬¨A�O¡X�¤����®O�±£ �ì¦����O¡��3�¤�A�O¡¤�ìª¬£X��£¤ª¬«A³1¶¯�3�A¥1¶¯��ª¬«Ñ�¤����¨A�L�¤��x/¥�¦�³±¡��L�/�Y»

¼ ���ì��¥1¶¯��ª¬£X®r¥1²w�/¡�ª¬£ �6¨Ñ¥±ºJ�±¶¬¶Éª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£¿º�¡¤¥1² º��O�¤®��î¸�¶¯¥�®�¹�£X£¤¹�ª¯�/�D�6¨c¥�È±�O¡]�±£=�Î¡¤�6£�­A¶¯�Ë¥±º
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«Ç®O�±®��A�4²�ªÄ£¤£ �6£O» ¼ �A��ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£�ª¬£¤£¤­��6¨Ç¸ �OºÂ¥±¡¤�©�¤���4£¤¹�ª¯�/�D�6¨Ë¸�¶¯¥�®�¹�£&�L¡¤�J®O�±¶¬¶¯�6¨Xó�ð ä��
ç#êLé¯ä�ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6Ã'�¤���GªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£�º�¡¤¥1²I�¤���G£¤¹�ª¯�/�D�6¨Ö¸/¶¯¥#®¤¹#£��L¡¤�G®O�±¶¬¶¬�6¨3ç�êLé¬ä�ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6Ã��±«A¨
�¤�A��ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£�ª¬£�£¤­��6¨J�LºÂ� �O¡§�¤����£ ¹#ª¯�A� �6¨4¸/¶¯¥#®¤¹#£x�L¡¤�½®O�±¶¬¶¯�6¨4ó#ê
� åN�Wç�êLé¬ä�ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£O» ¼ ���V��¥1¶¯�Vª¬£
®r¡��6�L� �6¨]�±£��¤�A�ÉºÂ�O�¤®��=¸/¶¯¥#®¤¹#£��L¡¤�G¸ �6ª¬«A³4£ ¹#ª¯�A� �6¨¿¥ZÈ±�O¡Z» ¼ ���É��¥1¶¬�Gª¬£¾´�¶¬¶¯�6¨Ëª¬«Ë�±£��¤���G®O�±®����4²�ª¬£¤£¤�6£
�L¡��4£ �O¡�È�ª¬®r�6¨3�±«A¨]�¤����²�ª¬£¤£¤ª¬«A³�ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£V¸ �6®r¥1²w�4�6ÈL�±ª¬¶¬�L¸/¶¬�©º�¥±¡&¨��6®r¥#¨��J�±«A¨3ª¬£¤£¤­��±» ¼ ������¥1¶¬�
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ªÄ«A£ � ¡�­A®r�¤ª¬¥1«�ª¬£�®O¶¬�±£¤£�ªÐ´/�6¨��±£�ª¬«/¨��O� �6«A¨��6«'��ª¯º�Æ M Ê§ª¯�§�/�±£¾«A¥�¡¤�O³1ªÄ£ � �O¡�£ ¥1­�¡�®r�&¥±� �O¡��±«A¨A£°Æ��±»#³�»¯Ã#�±¶Ä¶�ª¯�¤£
£¤¥1­�¡�®r�4¥±�D�O¡��±«A¨A£��L¡��4¶¬ª¬� �O¡��±¶Y®r¥1«A£ �¤�±«'�¤£É£ � �6®OªÐ´/�6¨=¸'·X�¤���Jª¬«A£¤� ¡�­A®r�¤ª¯¥1«�Ê�Ã/¥±¡JÆ P Ê��¤����È��±¶¬­A�6£�º�¥±¡&�±¶Ä¶
¥±º>ª¯�¤£¾¡¤�O³1ª¬£ � �O¡�£ ¥1­A¡�®r�½¥±� �O¡��±«/¨A£§�L¡��&³±�6«A�O¡��L� �6¨Ë¸'·�¥±�¤���O¡Vª¬«A¨��O� �6«A¨A�6«µ��ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£O»{×°�¤���O¡¤¦�ª¬£¤�±Ã
�±«]ª¬«A£ � ¡�­A®r�¤ª¯¥1«Ëª¬£V®O¶¬�±£�£¤ªÐ´/�6¨Ë�±£V� ¥1£¤£�ª¯¸/¶¯·�¨��O� �6«A¨A�6«µ�O»

M±M±M



�¾¥1«/£¤ª¬¨��O¡G�¤�A���rÏ#�±²��/¶¯��ª¬«@Ô>ª¬³1­�¡¤�Öø�» ` »XÌÚ�©£¤��¥�¦�£©�]£ �6®r�¤ª¯¥1«-¥±º��Ç¨A�L�¤��x/¥�¦ ³±¡��L�/�ì¦�ª¬�¤�
���A¥1¶¯�Xª¬«Îª¯�O» ¼ ���X�L¡¤¡¤¥Z¦½£J�6«µ� �O¡�ªÄ«�³��¤���Ë¸/¶¯¥±¸�¶¬�L¸ �6¶¯�6¨ÁyW�É×�� ú ÌS�Éû ¼ Ò�í°� ¼ Ì ×��°û�{]¡¤�O�A¡��6£ �6«µ�
�¤�A�X¡¤�O³1ª¬£ � �O¡�ÈL�±¶¬­��6£4�A¡�¥�¨A­/®r�6¨-¸�·?�¤���Ë�A¡¤�rÀ*��¥1¶¯�Xª¬«/£ � ¡�­A®r�¤ª¯¥1«/£O» ¼ ���Ë¸/¶¬¥±¸?¡��O�A¡¤�6£ �6«'�¤£w�¤���=��¥1¶¬�±Ã
�±«/¨�®r¥1«µ�¤�±ª¬«/£°�¤������¥1¶¯�Jª¬«A£ � ¡�­A®r�¤ª¯¥1«A£O» ¼ ���4�L¡�¡¤¥Z¦�£°�¤�/�L�É�6²��±«A�L� ��º�¡¤¥1²Û�¤���J¸/¶¯¥±¸T¡¤�O�A¡��6£ �6«µ�°�¤���
¡��O³1ª¬£ � �O¡&È��±¶¬­A�6£��A¡�¥�¨A­/®r�6¨X¸'·X�6ª¬�¤���O¡½�¤�A�©�A¡¤�rÀ*�A¥1¶¯��ª¬«/£ � ¡�­A®r�¤ª¯¥1«/£�¥±¡½�¤�A����¥1¶¯�4ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£O»Vû#ª¬«/®r�
�¤�A�O¡¤�wª¬£°�¿�A¥1¶¯�4ªÄ«]�¤�A�J¨/�L�¤��x/¥Z¦z³±¡��L���;Ã;ª¯�Éª¬£½ªÄ²w� ¥1£¤£¤ª¯¸/¶¬�GºÂ¥±¡°�¤���w²��±®��Aª¬«��4� ¥=¨��O� �O¡�²�ª¬«��4¦��Aª¬®��
¥±º¾�¤���6£ �JÈL�±¶¬­��6£É�L¡¤�J�A¡�¥�¨A­/®r�6¨]¸�·Ç�¤�A�4�/¡¤�rÀ*��¥1¶¯�wª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6ÃD�±«A¨3¦��/ª¬®��T�L¡¤�w�A¡�¥�¨A­/®r�6¨Ç¸�·Ç�¤���
�A¥1¶¯�Gª¬«A£ � ¡�­A®r�¤ª¯¥1«A£O» ¼ �A�Gª¬«A£ � ¡�­/®r�¤ª¯¥1«A£¾¸ �6¶¯¥Z¦î�¤�A�É¸/¶¯¥±¸=�L¡¤�G�¤�A�G� ¥1£ ��À*��¥1¶¯�Éª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6»

NOT NEG

MUL

ADD SUB

40

HOLE INSTRUCTIONS

�������
���TU;��Â;$GH47�,A:6:Z�fÀ{01,�5���)�.�F��Y,/+��>7��

¼ ���Çû#í&÷ ªÄ«A£ � ¡�­A®r�¤ª¬¥1«-�A�±£w«A¥�¡¤�O³1ª¬£ � �O¡�£ ¥1­A¡�®r�Ë¥±�D�O¡��±«A¨A£O»?÷§¥±�¤�Õª¯�¤£J£ ¥1­�¡�®r�X¥±� �O¡��±«A¨/£
�L¡��]¶¬ª¯� �O¡��±¶�®r¥1«A£ �¤�±«'�¤£O»�ÌÚ��ª¬£w®O¶Ä�±£¤£¤ªÐ´/�6¨Õ�±£�ª¬«A¨A�O�D�6«/¨��6«µ�O» ¼ �A��� ú`Ã ª¬«A£¤� ¡�­A®r�¤ª¯¥1«��A�±£Ö�ì£¤ª¬«A³1¶¯�
¡��O³1ª¬£ � �O¡w£ ¥1­�¡�®r�Ö¥±� �O¡��±«A¨ì¦½��¥1£ �¿È��±¶¬­A��ª¬£��A¡¤¥#¨A­A®r�6¨�¸�·ì�¤���Xû#í½÷ ª¬«A£ � ¡�­A®r�¤ª¯¥1«;» ¼ ���O¡��OºÂ¥±¡¤�±Ã{�¤���
� úKÃ ª¬«A£¤� ¡�­A®r�¤ª¯¥1«�ª¬£©�±¶¬£ ¥Ç®O¶¬�±£�£¤ªÐ´/�6¨ì�±£�ª¬«A¨��O� �6«A¨A�6«µ�O» ¼ ��� Ù Ó°Ó_ªÄ«A£ � ¡�­A®r�¤ª¬¥1«��A�±£G�W¦§¥3¡¤�O³1ª¬£ � �O¡
£¤¥1­�¡�®r�X¥±� �O¡��±«A¨A£4¦��A¥1£ �ËÈ��±¶¬­A�6£4�L¡��X�A¡¤¥#¨A­A®r�6¨-¸'·-�6ª¯�¤���O¡w�A¡¤�rÀ*�A¥1¶¯�Ö¥±¡��A¥1¶¯�Xª¬«A£ � ¡�­/®r�¤ª¯¥1«A£O» ¼ �A�
Ù Ó°Ó ª¬«/£ � ¡�­A®r�¤ª¯¥1«Çª¬£��¤���O¡¤�Oº�¥±¡¤�J®O¶¬�±£¤£¤ª¯´/�6¨=�±£½¸D�6ªÄ«�³w� ¥1£¤£¤ª¯¸/¶¬·Ö¨��O� �6«A¨��6«'�O» ¼ ���q�É× ¼ ªÄ«A£ � ¡�­A®r�¤ª¬¥1«
®r¥1«/£¤­A²w�6£&�¤���4È��±¶Ä­����/¡¤¥�¨/­A®r�6¨=¸�·=�¤��� Ù Ó°Ó�ª¬«A£ � ¡�­A®r�¤ª¯¥1«;» ¼ �'­/£OÃ��¤�A�"�É× ¼ ª¬«A£ � ¡�­/®r�¤ª¯¥1«Çª¬£&�±¶¬£ ¥
� ¥1£¤£�ª¯¸/¶¯·�¨��O� �6«A¨��6«'�O»ìÔ{ª¬«A�±¶¬¶¬·±Ã��¤���Ä+]í��îª¬«A£¤� ¡�­A®r�¤ª¯¥1«?®r¥1«A£¤­A²��6£��¤�A�¿ÈL�±¶¬­��6£4�A¡�¥�¨A­/®r�6¨-¸�·ì�¤���
�É× ¼ �±«/¨�� ú`Ã ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6»Jû#ª¬«/®r�4�¤�A�Å�°× ¼ ª¬«A£ � ¡�­/®r�¤ª¯¥1«]ªÄ£É� ¥1£¤£¤ª¯¸/¶¬·=¨��O� �6«A¨��6«'�OÃ;�¤���Å+]í��
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«Xª¬£��±¶¬£ ¥�� ¥1£¤£�ª¯¸/¶¯·�¨��O� �6«A¨A�6«µ�O»

M±M6P



÷¾·Ö¨��r´�«/ª¯�¤ª¯¥1«;Ã'�D¥1£�£¤ª¯¸/¶¯·w¨��O� �6«A¨A�6«µ��ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£¾²�ª¯³1�'��¸D�°¨��O� �6«A¨��6«'�¾¥1«X��¥1¶¯�Éª¬«A£ � ¡�­A® À
�¤ª¬¥1«A£O» ¼ ���6£¤�Gª¬«A£ � ¡�­/®r�¤ª¯¥1«A£¾�L¡¤�G«�¥±�V�±¶¬¶¯¥�¦§�6¨=� ¥w�rÏ��6®O­�� ��­A«µ�¤ªÄ¶��¤�A�G��¥1¶¯�G¨Aª¬£��L�A� �6�L¡�£O» ¼ �Aª¬£�­A«A«A�6® À
�6£�£¤�L¡�ª¬¶¯·Ë¨��6¶¬�Z·�£��¤���G�rÏ#�6®O­��¤ª¯¥1«Ç¥±º{�±¶Ä¶;� ¥1£¤£¤ª¯¸/¶¬·�¨��O� �6«A¨��6«'�Vª¬«A£ � ¡�­A®r�¤ª¯¥1«A£��¤�A�L�&�L¡¤�©«�¥±�½¨��O� �6«A¨��6«'�
¥1«Ë¡��6£¤­A¶¯�¤£¾³±�6«��O¡��L� �6¨Ë¸�·Ö�A¥1¶¯�&ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£O»>ÌÚ«A¨A�O�D�6«/¨��6«µ�¾ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£OÃ'¥1«Ë�¤���°¥±�¤���O¡V�A�±«A¨YÃ��L¡¤�
³1­/�L¡��±«µ� �O�6¨-� ¥=¸ �wª¬«A¨��O� �6«A¨A�6«µ�°¥±º��±«µ·���¥1¶¯�wª¬«/£ � ¡�­A®r�¤ª¯¥1«/£O» ¼ ���6£ ��ª¬«/£ � ¡�­A®r�¤ª¯¥1«/£&�L¡����±¶¬¶¯¥�¦§�6¨�� ¥
�rÏ#�6®O­�� �°�±£�£ ¥�¥1«��±£§�¤���O·J¸ �6®r¥1²w��¡��6�±¨�·±» ¼ �����±¨�ÈL�±«'�¤�L³±�½¥±º �¤�Aª¬£�� �6®��A«/ª��'­A��¥ZÈ±�O¡��¤�����±£¤£�­A²w��¨��rÀ
� �6«A¨A�6«A®r�x� �6®��/«Aª���­��§ª¬£8�¤�A�L�
£¤¥1²w��¥±º��¤���§� ¥1£ ��À*��¥1¶¯�¾ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£xÆÜª"»��±»¯Ã��¤�A�§ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£8®O¶¬�±£¤£¤ªÐ´��6¨
�±£�ª¬«A¨��O� �6«A¨��6«'��Ê �L¡¤�V�±¶Ä¶¯¥Z¦¾�6¨4� ¥É�rÏ��6®O­�� ��¸ �Oº�¥±¡¤�¾�¤������¥1¶¯��¨Aª¬£¤�L�A� �6�L¡�£6» ¼ �AªÄ£
�±¶¬¶¬¥Z¦�£>�¤�����A¡¤¥#®r�6£¤£ ¥±¡
� ¥Ö�rÏ���¶¯¥1ª¯��£ ¥1²w�G¥±º>�¤���G�rÏ#� ¡��w���L¡��±¶¬¶¯�6¶¬ªÄ£¤² �rÏ#� ¥1£ �6¨X¸�·Ë¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡�º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��±»

¼ �/ª¬£;� �6®��/«Aª���­���¨��6�±¶¬£8¦�ª¯�¤�É¡��O³1ª¬£ � �O¡{¨��O� �6«A¨��6«A®Oª¯�6£;ªÄ«©��¦��6·G�¤�/�L�
ª¬£
�±«A�±¶¯¥±³±¥1­A£8� ¥½�¤����¦¾�Z·
�¤�/�L���¤���V²w¥1£ ���L³±³±¡¤�6£¤£�ª¯È±�V²w�6²w¥±¡¤·4¨Aª¬£¤�±²�¸/ª¯³1­/�L�¤ª¯¥1«©� �6®��A«Aª���­����¤�A�L��º�¥1¶¬¶¯¥�¦�£>�¤����«�¥1«#À*£ � �6®O­A¶¬�L�¤ª¬È±�
²��6²w¥±¡¤·]¨/ª¬£¤�±²�¸/ª¯³1­A�L�¤ª¯¥1«]�/�L¡��±¨/ª¯³1² ¨��6�±¶¬£&¦�ª¯�¤�T²w�6²w¥±¡�·]¨��O� �6«A¨��6«/®Oª¯�6£O» ¼ ���w²w�6²w¥±¡�·Ç¨Aª¬£¤�±²wÀ
¸�ª¯³1­A�L�¤ª¯¥1«Ç� �6®��A«Aª[�'­���¦¾�±£°¨��6£�®r¡�ª¯¸ �6¨=�±¶¯³±¥±¡�ª¬�¤�A²�ª¬®O�±¶¬¶¬·�¸�· w �L� �°�O�°�±¶"»d� MON�M�� »°Ô�¥±¡&�¤�Aª¬£�� �6®��A«Aª[�'­��±Ã
�¿¶¯¥1�±¨Ç�¤�A�L�&ªÄ£�¨��O� �6«A¨��6«'�V¥1«3��£ � ¥±¡��4ª¬£½«�¥±�½�±¶Ä¶¯¥Z¦¾�6¨Ç� ¥¿¨Aª¬£ � ¡�ª¯¸/­�� �Gª¯�¤£�¡¤�6£¤­A¶¬��­A«'�¤ª¬¶;�¤���4�±¨A¨�¡¤�6£¤£
¥±º&�¤���=²w�6²�¥±¡¤·@¦V¡�ª¯� �Ë¥±º��¤���=£ � ¥±¡��±Ã¾�±«A¨Î�¤�A�Ë�±¨/¨�¡¤�6£¤£ �6£J¥±º°�±¶¬¶�²w�6²w¥±¡�·@¦V¡�ª¬� �6£J·±¥1­A«�³±�O¡��¤�A�±«
�¤�A��£ � ¥±¡¤�w¸/­��&¥1¶¬¨��O¡É�¤�/�±«T�¤���w¶¯¥1�±¨��L¡¤�w¹#«�¥Z¦�«Y»©Ô�¥±¡G�¤����®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«]� �6®��A«Aª���­��±ÃY�Ë� ¥1£ ��À*��¥1¶¬�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«=�¤�A�L�°ª¬£�¨A�O�D�6«/¨��6«µ��¥1«]ª¬«/£ � ¡�­A®r�¤ª¯¥1«'|mª¬£�«�¥±�°�±¶¬¶¯¥�¦§�6¨]� ¥¿�rÏ��6®O­�� �w�±«A¨]¨Aª¬£ � ¡�ª¯¸/­�� �Gª¯�¤£
¡��6£¤­A¶¯�G­A«'�¤ª¬¶>�¤�����±¨A¨A¡¤�6£¤£�ÆÜª"» �±»¯Ã>¡¤�O³1ª¬£ � �O¡�«'­A²�¸ �O¡ Ê�¥±º§�¤�A�w¡¤�O³1ª¬£ � �O¡G¦�¡�ª¯� �w¥±º�ª¬«A£ � ¡�­/®r�¤ª¯¥1«�|GÃY�±«A¨
�¤�A�G�±¨A¨�¡¤�6£¤£¤�6£§¥±º>�±¶¬¶D¡¤�O³1ª¬£ � �O¡�¦�¡�ª¯� �6£¾·±¥1­A«�³±�O¡V�¤�/�±«Xª¬«A£ � ¡�­/®r�¤ª¯¥1«V|Þ¸/­���¥1¶¬¨��O¡��¤�A�±«Ë�¤���°� ¥1£ ��À*��¥1¶¬�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«X�L¡¤�G¹#«�¥Z¦�«Y»

M±M6`



Æ ,A:Z9ÑH�,A0LK8�
Ô�¥±¡°�¤���4²��±£ ¹X®O�±®��A��� �6®��A«Aª���­��±Ã��/�L¡�¨�¦��L¡¤�©¹±�O�O�/£½� ¡��±®�¹=¥±º�¦��Aª¬®��X¡¤�O³1ª¬£¤� �O¡�£��L¡¤��¦V¡�ª¯� � �6«

¸�·��¤���Ç�A¥1¶¯�Çª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6» ¼ ���=�A�L¡�¨�¦¾�L¡��Ç­A£ �6£��¤�Aª¬£�ª¬«AºÂ¥±¡�²��L�¤ª¯¥1«Î� ¥-¨��O� �O¡�²�ª¬«��=¦½�Aª¬®��Î� ¥1£ ��À
�A¥1¶¯��ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£¿�L¡¤��¨��O� �6«A¨��6«'�Ö¥1«Þ��¥1¶¬�TªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£O» ¼ �����A�L¡�¨A¦¾�L¡¤�3�A¡¤�OÈ±�6«'�¤£X� ¥1£ ��À*��¥1¶¬�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£©�¤�/�L�J�L¡��Ë¨A�O�D�6«/¨��6«µ��¥1«Î��¥1¶¯�Ëª¬«A£ � ¡�­/®r�¤ª¯¥1«A£�ºÂ¡¤¥1² ¸ �6ª¬«�³3£¤®��A�6¨A­A¶¯�6¨-ºÂ¥±¡J�rÏ#�6®O­��¤ª¯¥1«;»
w ¥1£ ��À*�A¥1¶¯�3ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£J�¤�A�L���L¡¤�3«�¥±��¨��O� �6«A¨A�6«µ��¥1«���¥1¶¯�ÇªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£w®O�±«Í¸ �Ç£¤®����6¨A­A¶¬�6¨�ºÂ¥±¡
�rÏ#�6®O­��¤ª¯¥1«�¥1«A®r�=�¤�A�6ª¯¡,x/¥�¦\¨��O� �6«A¨��6«/®Oª¯�6£w�A�6È±�]¸ �O�6«Õ£¤�L�¤ª¬£ ´/�6¨;»~�Ñ���6«Í�¤�A�Çª¬«A£ � ¡�­A®r�¤ª¯¥1«A£J�¤�A�L�
®r¥1²��A¡�ª¬£ �°�¤���G�A¥1¶¯�É¸ �6®r¥1²w�G�6ÈL�±ª¬¶¬�L¸/¶¬�&º�¥±¡V¨��6®r¥#¨��G�±«A¨=ªÄ£¤£¤­��±Ã��¤���G�A�L¡�¨A¦¾�L¡¤�°´D¶¬¶¬£¾ª¬«Ë�¤���G��¥1¶¯�É�±«A¨
®r¥±¡�¡¤�6®r�¤¶¯·X�6£ �¤�L¸/¶Äª¬£¤���6£��±¶¬¶Y�¤����x/¥�¦t¨��O� �6«A¨��6«/®Oª¯�6£O» w ¥1£ ��À*��¥1¶¯�4ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£��¤�A�L��¦§�O¡¤��¨��O� �6«A¨��6«'�
¥1«X�A¥1¶¯�&ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£§�L¡��°£�®����6¨A­/¶¯�6¨�º�¥±¡��rÏ#�6®O­��¤ª¯¥1«Ë¦����6«Ö�¤���É��¥1¶¯�°ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£§�¤���O·¿¨��O� �6«A¨�¥1«
�/�6È±��¸ �O�6«ì¨A�6®r¥�¨��6¨@�±«A¨ìª¬£¤£�­��6¨;Ã8�±«A¨@�±¶¬¶{�¤����� ¥1£ ��À*��¥1¶¬��ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£Oürx/¥�¦ ¨��O� �6«A¨��6«/®Oª¯�6£°�A�6È±�
¸ �O�6«=£��L�¤ª¬£�´/�6¨;»

¼ ¥w�±®O®r¥1²w��¶¬ª¬£¤�¿�¤�Aª¬£6Ã�¨��6£¤�¤ª¬«A�L�¤ª¯¥1«¿¡¤�O³1ª¬£¤� �O¡Vª¬¨��6«'�¤ªÐ´/�O¡�£¾�L¡¤�É¡¤�6®r¥±¡�¨A�6¨¿ªÄ«¿�J£ �O���L¡��L� �G£ � ¡�­A® À
�¤­A¡¤�±Ã±£ ¥½�¤�/�L�8�¤����x/¥Z¦Î¨��O� �6«A¨��6«/®Oª¯�6£Y®O�±«�¸D�¾ª¬¨��6«'�¤ªÐ´/�6¨;»
Ô�¥±¡>�/�±«A¨A¶¬ª¬«A³V�±«�ª¬«/£ � ¡�­A®r�¤ª¯¥1«©®O�±®�����²�ª¬£�£OÃ
¥1«/¶¯·]�¤�A�px/¥Z¦ ¨A�O�D�6«/¨��6«A®Oª¯�6£É®r¡¤¥1£�£¤ª¬«�³Ë�¤����£¤¹�ª¯�/�D�6¨]º��O�¤®��ì¸�¶¯¥�®�¹3²4­A£ �É¸ �w¡¤�O�/¡¤�6£ �6«'� �6¨;» ¼ �Aª¬£°ª¬£
¨A¥1«��J¸'·T£ � ¥±¡�ª¬«A³Ö�¤����¨A�O�D�6«/¨��6«A®r·=ª¬«�º�¥±¡�²��L�¤ª¬¥1«]º�¥±¡É�6�±®��ì¥±º��¤����ª¬«/£ � ¡�­A®r�¤ª¯¥1«/£�¥±º§�¤���J¸/¶¯¥#®¤¹]ªÄ«3�
£¤�O�/�L¡��L� ��®O�±®����±Ã
®O�±¶¬¶¬�6¨]�¤�A�J²��±£ ¹3®O�±®����±»4ÌWº¾�±«�ª¬«A£ � ¡�­/®r�¤ª¯¥1«Ç¦�¡�ª¯� �6£°�Ë¡¤�O³1ª¬£ � �O¡ZÃ;�¤����²��±£ ¹3®O�±®����
£¤� ¥±¡¤�6£��¤�A���L¡�®��/ª¯� �6®r�¤­�¡��±¶�¡��O³1ª¬£ � �O¡§«�­A²�¸ �O¡�¥±ºD�¤�/ª¬£�¡¤�O³1ª¬£¤� �O¡6»�Ô�¥±¡��¤��� Ù ¶¯���A� ÙaÇ w Ì û Ù Ã±¦��AªÄ®����A�±£
ø à �L¡�®��Aª¬� �6®r�¤­�¡��±¶{¡¤�O³1ª¬£¤� �O¡�£OÃY¦�ª¬�¤�]�W¦§¥Ç¡¤�O³1ª¬£ � �O¡�£É�/�L¡�¨#ÀÁ¦�ª¯¡��6¨Ç� ¥ N Ã
ø¿¸�ª¯�¤£É�L¡¤�w«��O�6¨��6¨�� ¥=£¤�D�6®Oª¬ºÂ·
�¤�A�¿¨��O� �6«A¨A�6«A®r·�ª¬«�º�¥±¡�²��L�¤ª¯¥1«@ºÂ¥±¡4�6�±®���ª¬«/£ � ¡�­A®r�¤ª¯¥1«Y» ¼ ¥T£ � ¥±¡¤�Ë�±« Ù ¶¯�/�/� ÙaÇ w ª¬«A£ � ¡�­A®r�¤ª¯¥1«@ªÄ«
�¤�A��ª¬«A£ � ¡�­A®r�¤ª¯¥1«T®O�±®�����¡¤���'­/ª¯¡¤�6£ `±P ¸/ª¯�¤£6ÃY¦��Aª¬®��Tª¬£É�L�A�A¡¤¥ZÏ#ªÄ²��L� �6¶¯·�¢¿�¤ª¬²w�6£É�¤����«�­A²�¸ �O¡&¥±º�¸/ª¬�¤£
¡����'­Aª¬¡¤�6¨@� ¥ì£¤� ¥±¡¤�Ë�¤���X¨��O� �6«A¨��6«A®r·ìª¬«AºÂ¥±¡�²��L�¤ª¯¥1«@¥±º&�±« Ù ¶¬�/�A� ÙaÇ w ª¬«A£ � ¡�­A®r�¤ª¯¥1«?ª¬«?�¤���¿²��±£ ¹
®O�±®����±»

�c���6«T®r¡¤�6�L�¤ªÄ«�³Ë�¤���w��¥1¶¯�±Ã �¤���J¨��O� �6«A¨��6«A®r·=ª¬«AºÂ¥±¡�²��L�¤ª¯¥1«Ç¡��6�±¨]º�¡¤¥1²Û�¤���w²��±£ ¹]®O�±®�����ª¬£
­/£ �6¨Í� ¥-¡¤�6«A�±²w�=�¤�A�Ç¨��6£ �¤ª¬«/�L�¤ª¯¥1«�¡¤�O³1ª¬£¤� �O¡�£�¥±º°�¤���Ç�A¥1¶¯�Çª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£6» ¼ �A�L��ªÄ£OÃ§�OÈ±�6«��¤��¥1­�³1�
�¤�A�J�A¥1¶¯�4ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£��L¡¤�w«�¥±�°�6ÈL�±ª¬¶¬�L¸�¶¯��º�¥±¡É¨��6®r¥#¨��w�±«A¨]ªÄ£¤£¤­��±ÃD�¤���6ª¯¡É¨��6£ �¤ªÄ«A�L�¤ª¯¥1«]¡¤�O³1ª¬£ � �O¡�£°�L¡¤�
¡��6«A�±²w�6¨X­A£¤ªÄ«�³©�¤���É²��±£¤¹Ö®O�±®��A�Gª¬«�º�¥±¡�²��L�¤ª¯¥1«;»$�
�L� �O¡6Ã#¦����6«¿�¤���É��¥1¶¯�°ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£¾�L¡¤�É�6ÈL�±ª¬¶¬�L¸/¶¬�
º�¥±¡É¨��6®r¥#¨��4�±«/¨]ª¬£�£¤­��±Ã��±«/¨Ç�¤���J�A�L¡�¨A¦¾�L¡¤�4ª¬£�´D¶¬¶¬ª¬«�³w�¤�A�4��¥1¶¬�±Ã��¤���J�A�L¡�¨A¦¾�L¡¤��¦�ª¬¶¬¶8«��O�6¨Ç� ¥¿¹#«�¥Z¦
�A¥Z¦c�¤���&�L¡�®��Aª¯� �6®r�¤­A¡��±¶�¨A�6£ �¤ª¬«A�L�¤ª¯¥1«�¡¤�O³1ª¬£ � �O¡�£§¦¾�O¡¤�½²��L�/�D�6¨�� ¥����µ·#£¤ª¬®O�±¶�¡��O³1ª¬£ � �O¡�£§¦����6«��¤���½��¥1¶¬�
¦��±£°®r¡¤�6�L� �6¨�ª¬«Ç¥±¡�¨��O¡&� ¥Ö�A¡�¥±�D�O¡�¶¯·X£ �O�&­A�Ç�¤���4¡¤�6«A�±²w���¤�L³1£°¥±ºx�¤���4ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£V¸ �6ª¬«A³�ª¬«A£ �O¡�� �6¨
ªÄ«µ� ¥w�¤������¥1¶¯�±»xÓ&�O� �6«A¨Aª¬«�³4¥1«X�¤���É¡��O³1ª¬£ � �O¡V¡¤�6«/�±²�ª¬«�³w£¤®����6²w�±ÃA�¤���G�/�L¡�¨�¦��L¡¤�G²��6·Ë«��O�6¨X� ¥Ö£¤�6È±�

M±Mrà



�¤�A�G¡¤�6«A�±²w�É�¤�L³1£&ª¬«X£ ¥1²��©£ � ¡�­A®r�¤­A¡¤�É¦����6«X®r¡¤�6�L�¤ªÄ«�³��¤���G��¥1¶¬�Gª¬«Ë¥±¡�¨��O¡V� ¥Ö�±®O®r¥1²w�/¶¬ª¬£��Ë�¤�Aª¬£O»
Ô{ª¯³1­�¡¤�Vø�» à £¤��¥�¦�£{�¤����¥±¡¤³1�±«/ª.-6�L�¤ª¯¥1«J¥±º��±«�ª¬«A£ � ¡�­/®r�¤ª¯¥1«©º��O�¤®���²w�6®��A�±«/ª¬£¤²zª¬«A®r¥±¡��D¥±¡��L�¤ª¬«�³½�

²��±£ ¹�®O�±®����&º�¥±¡§�©£�®O�±¶¬�L¡��A¡�¥�®r�6£¤£¤¥±¡6»�Ô�¥±¡¾£�­�� �O¡�£¤®O�±¶¬�L¡x�/¡¤¥�®r�6£�£ ¥±¡�£OÃ'�¤����º��O�¤®��¿²w�6®��/�±«Aª¬£¤² ²�­A£¤�x¸ �
�L¸�¶¯��� ¥É�A¡¤¥�È�ª¬¨A��²4­A¶¯�¤ª¬�/¶¯�§ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£>�D�O¡x®r·#®O¶¯�±»�Ô�¥±¡x�¤�A���A¡¤¥#®r�6£¤£ ¥±¡�£x²�¥�¨��6¶¬�6¨4ªÄ«��¤�A��¡¤�6²��±ª¬«AªÄ«�³
�rÏ#� �O¡�ª¬²w�6«'�¤£¾ª¬«��¤�/ª¬£�¨AªÄ£¤£ �O¡¤�¤�L�¤ª¯¥1«YÃ'�¤���&º��O�¤®��Ë²w�6®��/�±«Aª¬£¤²�®O�±«¿�A¡¤¥ZÈ#ª¬¨��&­��¿� ¥ M ø4ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£x�D�O¡
®r·#®O¶¯�±»q�½¥Z¦¾�OÈ±�O¡6ÃY� ¥X²��L¹±�J�¤�AªÄ«�³1£&�6�±£¤ª¯�O¡°� ¥X­A«A¨��O¡�£¤�¤�±«A¨;ÃD�¤���4ªÄ¶¬¶¬­A£ � ¡��L� �6¨=º��O�¤®���²w�6®��A�±«Aª¬£¤² ®O�±«
¥1«/¶¯·Öº��O�¤®��]­��=� ¥�¥1«A�Gª¬«A£ � ¡�­/®r�¤ª¯¥1«Ë� �O¡V®r·�®O¶¯�±»

Fetch Address

6 32

Dependency Info Instruction

4k Byte ICache

<11:2>

12k Byte Mask Cache

<15:2>

�����D�8���3UY�.ÈY$@É6.
:O5Z�L�80±5��Â)D.Õ�
�µ5�0�K Æ �'0LK8,�.
��:Z+ÊÉ6.80µ)/���x)/��,�5��Ü.
�-, Æ ,A:Z9cH�,A0LK8�

¼ �A�Vª¬¶¬¶¬­A£¤� ¡��L� �6¨Jª¬«A£ � ¡�­/®r�¤ª¯¥1«w®O�±®����°ª¬£ à ¹w¸�·'� �6£§�±«A¨�¨Aª¬¡¤�6®r�x²��L�A� �6¨;» ú �±®��Öª¬«/£ � ¡�­A®r�¤ª¯¥1«Jª¬£
`±P ¸/ª¯�¤£OÃ�¥±¡ à ¸�·'� �6£OÃ�£ ¥��¤���©®O�±®�����®O�±«]��¥1¶¬¨ M ¹Xª¬«/£ � ¡�­A®r�¤ª¯¥1«/£O» ¼ ���G¨��O� �6«A¨��6«/®r·¿ª¬«AºÂ¥±¡�²��L�¤ª¯¥1«ËºÂ¥±¡
�6�±®��Tª¬«A£ � ¡�­/®r�¤ª¯¥1«Xª¬£V£ � ¥±¡��6¨Çª¬«Ë�¤����²��±£ ¹X®O�±®����±» ¼ ���G¨��O� �6«A¨��6«A®r·Ëª¬«�º�¥±¡�²��L�¤ª¬¥1«Xª¬«A¨Aª¬®O�L� �6£V¦��Aª¬®��
�L¡�®��Aª¯� �6®r�¤­A¡��±¶D¡¤�O³1ª¬£ � �O¡6Ã#ª¯ºY�±«'·±Ã�ª¬£�­��;¨A�L� �6¨Ö¸�·w�¤���&ªÄ«A£ � ¡�­A®r�¤ª¬¥1«;»
Ô�¥±¡��¤�A� Ù ¶¯�/�A� ÙaÇ w Ì û Ù Ã�¦��Aª¬®��
�/�±£§ø à �L¡�®��Aª¯� �6®r�¤­A¡��±¶�¡¤�O³1ª¬£¤� �O¡�£OÃ�øÉ¸/ª¯�¤£x�L¡¤�½«��O�6¨��6¨w� ¥�¡¤�6®r¥±¡�¨w�¤�AªÄ£x¨��O� �6«A¨��6«A®r·4ª¬«�º�¥±¡�²��L�¤ª¯¥1«Y» ¼ �A�
²��±£ ¹=®O�±®����wª¬¶Ä¶¬­A£ � ¡��L� �6¨XªÄ£ M6P ¹X¸�·'� �6£°�±«A¨]¨Aª¯¡¤�6®r��²��L�A� �6¨;»�û�ª¬«A®r�G�¤���4¨��O� �6«A¨��6«A®r·Ëª¬«�º�¥±¡�²��L�¤ª¬¥1«
º�¥±¡�¥1«��°ª¬«A£ � ¡�­A®r�¤ª¯¥1«Ö¡¤���'­/ª¯¡¤�6£x¥1«/¶¯·Öø�¸/ª¯�¤£§¥±º8£ � ¥±¡��L³±�±Ã/�¤���&²��±£ ¹Ö®O�±®����G®O�±«Ë��¥1¶¬¨Ö�¤���É¨��O� �6«A¨��6«A®r·
ªÄ«�ºÂ¥±¡�²��L�¤ª¯¥1«Ëº�¥±¡ M ø�¹=ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£O»

M±M ¢



¼ ���w²��±£ ¹Ç®O�±®�����ª¬£&�±®O®r�6£¤£ �6¨@ª¬«3�/�L¡��±¶¬¶¯�6¶
¦�ª¯�¤�]�¤���wª¬«A£¤� ¡�­A®r�¤ª¯¥1«3®O�±®����±»w×°«T�±«�ª¬«A£ � ¡�­A® À
�¤ª¬¥1«Ç®O�±®��A���Aª¯�OÃ��OÈ±�O¡�·'�¤�AªÄ«�³w�A¡¤¥#®r�O�6¨A£V�±£½ª¬«=��®r¥1«'È±�6«µ�¤ª¬¥1«A�±¶Y�A¡�¥�®r�6£¤£¤¥±¡6»xÌÚº
�¤���O¡��©ª¬£V��²�ª¬£¤£�ª¬«Ë�¤���
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«X®O�±®����±Ã�¸/­������Aª¯��ª¬«Ë�¤�A�G²��±£ ¹Ë®O�±®����±Ã��¤���G¨��O� �6«A¨��6«A®r·¿ª¬«�º�¥±¡�²��L�¤ª¯¥1«¿º�¡¤¥1² �¤���G²��±£ ¹
®O�±®����Ëª¬£G­A£ �6¨ì� ¥=�6«A�L¸/¶¯�w¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­���¥±º��¤���Öª¬«A£ � ¡�­/®r�¤ª¯¥1«A£°�¤�A�L�©²�ª¬£¤£ �6¨ìªÄ«
�¤�A�ËªÄ«A£ � ¡�­A®r�¤ª¬¥1«-®O�±®����±»ìÌÚºV�¤���O¡¤�Xª¬£J�3²�ª¬£¤£Jª¬«-¸ ¥±�¤�-®O�±®����6£OÃ¾�¤���¿¨A�O�D�6«/¨��6«A®r·ìª¬«�º�¥±¡�²��L�¤ª¬¥1«@¡¤�rÀ
��­Aª¯¡��6¨ÎºÂ¥±¡w¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡ÖºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��Çª¬£w«�¥±���ZÈ��±ªÄ¶¬�L¸/¶¯�±» Ù ���¤�AªÄ£J�D¥1ªÄ«µ�OÃ§ºÂ�O�¤®��;Ã¾¨A�6®r¥�¨��±Ã
�±«/¨=ª¬£¤£¤­A�°®O�±«Ç£ �¤�±¶¬¶"Ã#¥±¡V¥1«��É¥±º{�¤���É¥±�¤�A�O¡�¨��O� �6«A¨��6«A®r·Ö�A�±«A¨A¶¬ªÄ«�³�� �6®��A«Aª���­��6£GÆÜª¬«Ë�6ª¬�¤���O¡V�¤���G«�¥1«�À
£¤�D�6®O­/¶¬�L�¤ª¯È±��¥±¡��¤����£ � �6®O­A¶¬�L�¤ª¯È±�¾�/�L¡��±¨/ª¯³1²�£�Ê�Ã±¦��/ª¬®��J¨�¥1«;ü �{¡¤����­Aª¯¡��§�É²��±£ ¹�®O�±®����Vº�¥±¡�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��±Ã ®O�±«]¸D��­A£ �6¨X� ¥¿�6«A�L¸/¶¯�©¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡½º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��±» ¼ �L¸/¶¯�Jø�» M £¤­A²wÀ
²��L¡�ª.-O�6£V�¤�A�©�±®r�¤ª¯¥1«A£��¤�L¹±�6«Ç¸�·Ë�¤���G�A¡¤¥#®r�6£¤£ ¥±¡�ºÂ¥±¡&�±¶¬¶;�¤��¡¤�O��®O�±£ �6£O»¾ÌÚ«X�¤�A�G�¤�L¸/¶¯�±Ã/Ô{Ó&Ì�£ �¤�±«A¨A£�ºÂ¥±¡
ÔA�O�¤®���Å�Ó&�6®r¥#¨���Å�ÌÚ£�£¤­��±»

Ì ���±®���� +3�±£ ¹Ç���±®���� Ù ®r�¤ª¯¥1«
�½ª¬� v Ì�«#ÀÚ×&¡�¨A�O¡VÔ>Ó&Ì
+]ªÄ£¤£ �&ª¯� ×°­A��ÀÁ¥±ºÄÀÚ×&¡�¨��O¡VÔ{Ó½Ì
+]ªÄ£¤£ +3ª¬£¤£ û��¤�±¶Ä¶;Ô>Ó&ÌGêLð�×°­���ÀÁ¥±ºÂÀÚ×&¡�¨A�O¡VÔ>Ó&Ì

�§,�Ë>7��TU;�"!A$°<Y�
+?+-,A�ZBÎ)/( ¿ 0±5���)�.
:�(W)/�¿,ì%G��);01�':Z:6)/���Ö�Â5�KÕ, Æ ,A:69ÑH�,/0�K
�

¼ �����±¨�ÈL�±«µ�¤�L³±��¥±º/�¤�Aª¬£>� �6®��A«Aª���­���¥ZÈ±�O¡§�¤�����±£¤£¤­A²w��¨��O� �6«A¨A�6«A®r�¾�±«/¨w®O¶¬�±£¤£¤ªÐ´D®O�L�¤ª¯¥1«4� �6®��#À
«/ª��'­A�6£Gª¬£É�¤�A�L�OÃ��±£�¶¯¥1«�³Ç�±£©�¤���Ö¨��O� �6«A¨A�6«A®r·]ª¬«AºÂ¥±¡�²��L�¤ª¯¥1«�º�¥±¡©�6�±®��-¥±º��¤���Ö�A¥1¶¯��ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£Éª¬£
¡��6£¤ª¬¨��6«'��ª¬«J�¤����²��±£ ¹J®O�±®����±Ã��¤�����rÏ#�6®O­��¤ª¯¥1«w¥±ºD� ¥1£ ��À*��¥1¶¯��ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£>ª¬£�«��OÈ±�O¡§­A«A«��6®r�6£¤£��L¡�ª¬¶¯·G¨��rÀ
¶Ä�6·±�6¨;» ¼ �Aª¬£x�±¶¬¶¬¥Z¦�£§�¤���&�A¡¤¥#®r�6£¤£ ¥±¡¾� ¥��rÏ#�/¶¯¥1ª¯�¾�±¶¬¶A�¤�A�½�rÏ#� ¡����/�L¡��±¶¬¶¯�6¶Äª¬£¤²m�rÏ#�D¥1£¤�6¨�¸�·�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��±» ¼ ���&�A¡�ª¬²��L¡�·J¨/ª¬£¤�±¨�ÈL�±«µ�¤�L³±�&¥±ºY�¤�AªÄ£�� �6®��A«Aª���­��°ª¬£x�¤�A�L��£ ¥1²��½¥±ºY�¤�A�½�A¡�¥�®r�6£�À
£¤¥±¡6üý£V� ¡��±«/£¤ª¬£ � ¥±¡½¸/­A¨�³±�O�V²4­A£ �V¸ �G�±¶¬¶¬¥�®O�L� �6¨Ç� ¥��¤���©²��±£ ¹X®O�±®����±» ¼ �AªÄ£�²��6·X¡¤�6¨/­A®r�G�¤���©«�­A²�¸ �O¡
¥±º&� ¡��±«A£�ª¬£ � ¥±¡�£4�¤�A�L��®O�±«�¸ �Ë¸/­A¨A³±�O� �6¨ÎºÂ¥±¡w�¤���Xª¬«/£ � ¡�­A®r�¤ª¯¥1«Î®O�±®����±Ã§¦½�Aª¬®��?¡¤�6£�­A¶¯�¤£Jª¬«Î��£¤²��±¶¬¶¬�O¡
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«]®O�±®����w¦�ª¯�¤�3�Ë�Aª¯³1���O¡°²�ª¬£¤£½¡��L� �±»��½�6«A®r�±ÃY¦��A�6«Ç¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Éº��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��wª¬£
ªÄ²w�/¶¯�6²w�6«'� �6¨=­A£�ª¬«�³w�¤���©²��±£ ¹=®O�±®������ �6®��A«/ª��'­A�±Ã/�¤���©«�­A²�¸ �O¡V¥±ºxª¬«A£ � ¡�­A®r�¤ª¯¥1«X®O�±®��A�4²�ªÄ£¤£ �6£V²��Z·
ªÄ«A®r¡¤�6�±£ �±»p��¥�¦§�OÈ±�O¡ZÃ8¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Gº��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��Ö�±¶¬¶¯¥Z¦½£½�¤�A�w�A¡¤¥#®r�6£¤£ ¥±¡É� ¥X¸ �O� � �O¡É� ¥1¶¯�O¡��L� �
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«©®O�±®��A�V²�ª¬£¤£ �6£6Ã�¦½�Aª¬®���®r¥1­A«'� �O¡��±®r�¤£��¤����ª¬²w�/�±®r�>¥±ºA�¤���¾�rÏ#� ¡��°ª¬«A£ � ¡�­/®r�¤ª¯¥1«©®O�±®�����²�ª¬£¤£ �6£6»

M±M ø



¤$¥f¦c¥fÌ ¬d­<®�¯�°�±6²r³*´AµÍ®�¶p²3¸*²Jº�´1»s¼

�Ñ���6«Xª¯��ª¬£�­A«A®r�O¡��¤�±ª¬«Ë¦����O�¤���O¡�¥±¡½«�¥±�V�J� ¥1£ ��À*��¥1¶¯�Gª¬«/£ � ¡�­A®r�¤ª¯¥1«¿ª¬£�¨��O� �6«A¨A�6«µ��¥1«=�w��¥1¶¬�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«;Ã8� �6®��A«Aª���­��6£©ªÄ«��¤���Ö£¤�D�6®O­/¶¬�L�¤ª¯È±���/�L¡��±¨Aª¯³1²E¦½ª¬¶¬¶{�A¡¤�6¨/ª¬®r�É¦����O�¤���O¡�¥±¡4«A¥±�©�¤����� ¥1£ ��À
�A¥1¶¯�Çª¬«A£¤� ¡�­A®r�¤ª¯¥1«ÍªÄ£�¨��O� �6«A¨��6«'�O»ÕÌÚºÉ�ì� ¥1£ ��À*��¥1¶¯�=ªÄ«A£ � ¡�­A®r�¤ª¬¥1«Íª¬£w�A¡��6¨Aª¬®r� �6¨�� ¥-¸D�]ª¬«A¨��O� �6«A¨��6«'�
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ªÄ£&¨A�O�D�6«/¨��6«µ�½¥1«T�¿£¤� ¥±¡¤�wª¬«Ç�¤�A�4�±®r�¤ª¯È±�w¦½ª¬«A¨�¥�¦GÃ��¤�A��� �6®��A«Aª���­��XñLé\Î�ñ^Ï&�&�A¡¤�6¨AªÄ®r�¤£��¤�A�L�°�¤���w¶¯¥1�±¨
ªÄ£�ª¬«A¨A�O�D�6«/¨��6«µ�O»cÔ�¥±¡X�±£¤£¤­A²��Çª¬«A¨��O� �6«A¨A�6«A®r�±Ã�¦��A�6«Õª¯��ªÄ£�­A«A®r�O¡��¤�±ª¬«�¦����O�¤�A�O¡�¥±¡Ë«�¥±�Ö��� ¥1£ ��À
�A¥1¶¯��ª¬«/£ � ¡�­A®r�¤ª¯¥1«XªÄ£�¨��O� �6«A¨��6«'��¥1«3����¥1¶¯��ª¬«A£ � ¡�­/®r�¤ª¯¥1«;Ã��¤����� �6®��A«Aª[�'­��¿ñLé\Î�ñ^Ï&�½�A¡¤�6¨Aª¬®r�¤£V�¤�A�L���¤���
� ¥1£ ��À*�A¥1¶¯�Gª¬«A£ � ¡�­A®r�¤ª¯¥1«Xª¬£�ª¬«/¨��O� �6«A¨��6«'�O»

þ���,A0µ7��
Ô�¥±¡G�¤���4¥±¡��±®O¶¯�J� �6®��/«Aª���­��±Ã;�¤���J�A�L¡�¨�¦��L¡¤�J­A£ �6£É�±«3¥±¡��±®O¶¯�J� ¥Ë�A¡¤�6¨AªÄ®r�½¦��A�O�¤���O¡°¥±¡°«A¥±�°�

� ¥1£ ��À*�A¥1¶¯��ª¬«A£¤� ¡�­A®r�¤ª¯¥1«�ªÄ£x¨��O� �6«A¨��6«'��¥1«Ö�©��¥1¶¯��ª¬«/£ � ¡�­A®r�¤ª¯¥1«Y» ¼ ����¥±¡��±®O¶¯�½�±¶¬¦¾�Z·�£§�A¡¤¥�È�ª¬¨A�6£x®r¥±¡¤¡¤�6®r�
�/¡¤�6¨Aª¬®r�¤ª¯¥1«/£O» ¼ ����¥±¡��±®O¶¯�Vª¬£x���'­Aª¬È��±¶¯�6«'��� ¥©�É� �O¡¤º��6®r��Æ MON±N � �O¡�®r�6«'���Aª¬�>¡��L� ��Ê�²��±£ ¹J®O�±®��A�±» Ù � ¥1£ ��À
�A¥1¶¯�wª¬«A£ � ¡�­/®r�¤ª¯¥1«Ç�¤�/�L�°ªÄ£½�/¡¤�6¨Aª¬®r� �6¨3� ¥X¸ �4ªÄ«A¨��O� �6«A¨��6«'��¥±º¾��¥1¶¯�Jª¬«A£ � ¡�­/®r�¤ª¯¥1«A£&®O�±«T¸D�w£¤®����6¨A­A¶¬�6¨
º�¥±¡��rÏ��6®O­A�¤ª¯¥1«�¥1«/®r�°ª¬�¤£�x/¥�¦c¨A�O�D�6«/¨��6«A®Oª¯�6£§�A�6È±�&¸ �O�6«Ö£¤�L�¤ªÄ£�´/�6¨;» Ù � ¥1£ ��À*��¥1¶¬�½ª¬«A£¤� ¡�­A®r�¤ª¯¥1«w�¤�/�L�¾ª¬£
�/¡¤�6¨Aª¬®r� �6¨¿� ¥w¸ �É¨��O� �6«A¨��6«'�¾ª¬£�£¤®����6¨A­A¶¬�6¨Öº�¥±¡��rÏ#�6®O­��¤ª¯¥1«Ë¦����6«¿�¤���É��¥1¶¬�°ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£§ª¬�¾¨��O� �6«A¨/£
¥1«Ý�A�6È±�ì¸ �O�6«Þ¨��6®r¥#¨��6¨î�±«/¨Þª¬£¤£¤­��6¨YÃ½�±«A¨Þª¯�¤£Äx/¥Z¦�¨A�O�D�6«/¨��6«A®Oª¯�6£¿�A�6È±�-¸ �O�6«Þ£¤�L�¤ª¬£�´/�6¨Y» ¼ �A�
¥±¡��±®O¶¯��®O�±«;ü �½¸ �G¸/­Aª¬¶¬�OÃ#£¤¥��¤�Aª¬£�� �6®��A«Aª���­��©®O�±«/«�¥±�½�±®r�¤­A�±¶Ä¶¯·Ö¸ �©ªÄ²w�/¶¯�6²w�6«'� �6¨=ª¬«X�/�L¡�¨�¦��L¡¤�±»§Ì�­A£¤�
�¤�/ª¬£©� �6®��A«Aª���­��Ö¸D�6®O�±­/£ �Öª¯�4ª¬¨��6�±¶¬¶¬·T�/�±«A¨A¶¯�6£É�¤�A�¿¨A�L�¤�3¨��O� �6«A¨��6«/®r·3�/¡¤¥±¸/¶¯�6²�£©�¤�A�L�4¡¤�6£¤­A¶¯�©ºÂ¡¤¥1²
�/�6È#ª¬«�³©��¥1¶¬�6£xª¬«J�¤����¨/�L�¤��x/¥Z¦c³±¡��L�/�;» ¼ �A�L�§ª¬£OÃ1�¤����¥±¡��±®O¶¯�V� �6®��A«Aª���­��Vª¬£��¤�A�V¥±�A�¤ª¬²��±¶/¨��O� �6«A¨��6«A®r·
�/�±«A¨A¶¬ª¬«A³X� �6®��A«Aª[�'­��±» ¼ �Aª¬£É� �6®��A«Aª���­����A¡�¥ZÈ#ª¬¨��6£©�±«?­��A� �O¡É¸ ¥1­A«A¨ì¥1«@�¤���Ö� �O¡¤ºÂ¥±¡�²��±«A®r��¥±ºV�±«'·
²��±®��Aª¬«A�G�¤�A�L��ª¬²��/¶¯�6²w�6«'�¤£¾¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡�º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��±»

jGá6Ð h¡ÑJ�Öv�sY���Ev§�&nD�V�3izvx� lw��n �

¼ �Aª¬£�£¤�6®r�¤ª¯¥1«¿�A¡¤�6£ �6«'�¤£�£ ¥1²w�&�A¡¤�6¶¬ª¬²�ª¬«A�L¡¤·�¡¤�6£¤­A¶¯�¤£§�¤�A�L��£¤��¥�¦c�¤�/�L�§�¤���°ª¬«A£¤� ¡�­A®r�¤ª¯¥1«Ö®O�±®����
¸ ¥±� �¤¶¯�6«A�6®¤¹cºÂ¥±¡X�Î£¤ªÐÏ#� �O�6«Ñ¦�ª¬¨��3ª¬£¤£¤­A�3²��±®��Aª¬«��T®O�±«Ñ¸ ��«��6�L¡�¶¯·��6¶¬ªÄ²�ª¬«A�L� �6¨�¦�ª¯�¤�c¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��±» ¼ ���6£¤�Ö�A¡��6¶¬ª¬²�ª¬«/�L¡¤·T¡¤�6£¤­A¶¯�¤£�¦¾�O¡¤�X³±�6«��O¡��L� �6¨�­A£�ª¬«�³T�±«�Ò�Ó°Ôt²�¥�¨��6¶¾�¤�A�L�
¦��±£��±­�³1²w�6«'� �6¨¿¦�ª¯�¤����¡¤�6�±¶Dª¬«A£ � ¡�­A®r�¤ª¯¥1«�®O�±®����±ÃA�G¡¤�6�±¶�¸A¡��±«/®��Ö�A¡¤�6¨Aª¬®r� ¥±¡ZÃ'��¡¤�6�±¶/�rÏ#�6®O­��¤ª¯¥1«¿®r¥±¡¤�±Ã
�±«/¨=�w¡¤�6�±¶Y¨/�L�¤��®O�±®����±»
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Ù ¶¬¶�Ò�Ó°Ôì²��±®��Aª¬«��6£¾²w¥#¨��6¶¯�6¨�ªÄ«��¤�Aª¬£§®��A�L�/� �O¡��/�6È±�°�©¦�ªÄ«A¨�¥Z¦�£¤ª.-O��¥±º MON1P�à ª¬«/£ � ¡�­A®r�¤ª¯¥1«/£OÃ
�±«�ªÄ£¤£¤­���¡��L� �J¥±º§£¤ªÐÏ#� �O�6«Tª¬«A£ � ¡�­A®r�¤ª¯¥1«A£��D�O¡É®r·#®O¶¯�±ÃY�±«A¨3�¤���Jª¬«A£ � ¡�­A®r�¤ª¯¥1«3®O¶¬�±£¤£°¶¬�L� �6«A®Oª¯�6£°£ � �6®OªÐ´��6¨
ªÄ« ¼ �L¸/¶¬� à » M » ¼ ���O·T�±¶¬¶�­A£ �w�¤�A��£¤ª¬²w�/¶¬��¥±¡��±®O¶¬��²w�6²w¥±¡¤·T¨Aª¬£��±²©¸/ª¬³1­A�L�¤ª¯¥1«3� �6®��A«/ª��'­A�±»�Ô�¥±¡�®r¥1«#À
È±�6«'�¤ª¯¥1«A�±¶�²��±®��Aª¬«��6£¿ÆÜª"»8�±»¯Ãx²��±®��Aª¬«A�6£©�¤�A�L��ºÂ�O�¤®��;Ãx¨��6®r¥#¨��±Ã��±«A¨?ª¬£¤£¤­��Öª¬«A£ � ¡�­/®r�¤ª¯¥1«A£Gª¬«@�A¡¤¥±³±¡��±²
¥±¡�¨��O¡ Ê�ÃAª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£§�L¡¤�Éª¬£¤£¤­A�6¨Ö�±«A¨¿¡¤�O�¤ª¬¡¤�6¨Ëª¬«��¤�A�&¥±¡�¨��O¡��¤���O·Ö�L�A� �6�L¡�ª¬«Ö�¤���É¨�·#«A�±²�ª¬®&ª¬«A£ � ¡�­A® À
�¤ª¬¥1«�£ � ¡��6�±²X»ÞÔ�¥±¡X²��±®��AªÄ«��6£��¤�A�L�¿ª¬²w�/¶¬�6²w�6«µ�w¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡Öº��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��±Ã�ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£
²��6·Ë¸ �Gª¬£¤£¤­��6¨Ë¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡6ÃA¸/­����¤�A�O·¿�L¡¤���±¶¯¦¾�Z·�£�¡¤�O�¤ª¯¡¤�6¨Çª¬«Ë¥±¡�¨��O¡6»

¼ ���X¨��OºÜ�±­A¶¯�wª¬«/£ � ¡�­A®r�¤ª¯¥1«Î®O�±®����Çª¬£w«�¥1«�ÀÁ¸/¶¯¥#®¤¹#ª¬«�³�Ã�¨Aª¬¡¤�6®r��²��L�A� �6¨;Ã M ø�¹?¸�·'� �6£OÃ¾¦�ª¯�¤���
ø à ¸�·�� �Ë¶Äª¬«���£¤ª�-O�±» ¼ ���Ë®O�±®����=�±®O®r�6£¤£J¡����'­Aª¬¡¤�6£©¥1«A�Ë®r·#®O¶¯�±»�Ì�«?�¤���Ö�OÈ±�6«'�w¥±º½�3®O�±®��A�=²�ª¬£¤£OÃx�±«
�±¨/¨Aª¯�¤ª¯¥1«A�±¶ MON ®r·#®O¶¯�6£=�L¡¤�T¡¤����­Aª¯¡¤�6¨�� ¥Í�±®O®r�6£¤£X�¤�A�ì«��rÏ��X¶¯�OÈ±�6¶&¥±ºJ®O�±®����ì�±«/¨�Å�¥±¡=²w�6²w¥±¡¤·±» ÌÚ«
�¤�A�]�rÏ#� �O¡�ª¬²w�6«'�¤£ÖªÄ«Í�¤�Aª¬£Ö®��A�L�/� �O¡6ÃVÌ�¦�ªÄ¶¬¶�È��L¡�·Í�¤���]£�ª.-O�±Ã��±®O®r�6£¤£Ë�¤ª¬²��±ÃV£ �O�¿�±£�£ ¥�®OªÄ�L�¤ª¯È�ª¬�*·±Ã��±«A¨
²�ª¬£¤£Ö�D�6«/�±¶¯�*·�¥±ºG�¤�/ª¬£�¨��OºÜ�±­A¶¯�¿ª¬«A£ � ¡�­A®r�¤ª¯¥1«Õ®O�±®����±» ¼ ���]�D�O¡�ºÂ¥±¡�²��±«A®r�Ç¸ �6«��r´/�Ö¥±ºG¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��]£ � ¡¤¥1«�³1¶¯·?¨��O� �6«A¨A£4¥1«��¤���=®O�±®����Ç²�ªÄ£¤£J¡��L� �=�±«A¨��¤�A�=®O�±®����Ç²�ª¬£¤£4� �6«A�±¶¯�*·±»
¼ ���Ç²�ª¬£�£J¡��L� �Çª¬£��TºÜ­A«A®r�¤ª¬¥1«�¥±º½�¤�A�Ç®O�±®����3£¤ª.-O�Ç�±«/¨��¤���X¸ �6«A®��/²��L¡¤¹?¸D�6ªÄ«�³�£¤ª¬²4­A¶¬�L� �6¨;» ¼ �A�
£�ª.-O��¥±º�²©·�¨��OºÜ�±­A¶¯��ª¬«A£ � ¡�­/®r�¤ª¯¥1«T®O�±®����Ë²��6·T¸ ��¡��L�¤�A�O¡�£¤²��±¶Ä¶{ºÂ¥±¡�� ¥1²w¥±¡¤¡¤¥�¦Güý£©²��±®��Aª¬«��6£6» ¼ ���6«
�L³1�±ªÄ«;Ã/�¤���4£¤ª.-O�G¥±º�²�·X¸ �6«A®��A²��L¡¤¹�£�²��6·X¸ �É¡��L�¤���O¡&£¤²��±¶¬¶YºÂ¥±¡½� ¥1²w¥±¡¤¡¤¥�¦Güý£½²��±®��Aª¬«A�6£O» ¼ ���©²�ª¬£�£
� �6«A�±¶¬�*·�ªÄ£>�&ºÜ­A«A®r�¤ª¯¥1«�¥±º/�¤�A��®r·#®O¶¯���¤ª¬²w���±«A¨J®O�±®�����Å�²w�6²w¥±¡¤·w�Aª¬�O¡��L¡�®��'·±» ¼ ����²�ª¬£¤£
� �6«A�±¶¯�W·G¥±º�²�·
¨A�Oº��±­A¶¬��ª¬«A£ � ¡�­A®r�¤ª¯¥1«X®O�±®��A�4²��Z·X¸ �G� ¥'¥¿£¤²��±¶¬¶ÁÃ�� ¥'¥¿¶¬�L¡¤³±�±Ã/¥±¡xØ ­/£ �V¡�ª¯³1�'��¨��O� �6«A¨/ª¬«�³4¥1«Ç�¤����®r·�®O¶¯�
�¤ªÄ²w�6£��±«A¨w®O�±®��A��Å�²w�6²w¥±¡¤·w�Aª¯�O¡��L¡�®��Aª¬�6£
¥±ºD� ¥1²w¥±¡¤¡�¥Z¦Güý£x²��±®��Aª¬«A�6£O»d�½¥±� �V�¤�A�L�x�±¶Ä¶¯¥Z¦�ªÄ«�³&�É²��±®��Aª¬«A�
� ¥X� �O¡¤º�¥±¡�²\¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Éº��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��J¥±� �6«A£°­��3«A�O¦�� ¥1£¤£�ª¯¸/ª¬¶¬ª¬�¤ª¯�6£�ª¬«3�¤���J¨��6£¤ª¯³1«3¥±ºx�¤���
®O�±®�����Å�²w�6²w¥±¡�·¿�Aª¬�O¡��L¡�®��'·±»xÔ�¥±¡��rÏ��±²w�/¶¯�±Ã�¦�ª¯�¤��¥1­A��¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��±Ã���²��±®��Aª¬«A�
²��6·]«A�O�6¨T¸D¥±�¤�3�±«T¥1«#À*®��Aª¯�T£ �6®r¥1«A¨�¶¯�OÈ±�6¶{®O�±®��A���±«A¨T�±«]¥
�DÀ*®��/ª¯�T�¤�Aª¯¡�¨3¶¯�OÈ±�6¶{®O�±®����w� ¥X²w�O�O�Éª¯�¤£
� �O¡¤º�¥±¡�²��±«/®r�&³±¥1�±¶Ä£O»��Ñª¯�¤�Ë¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Vº��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��±ÃA�¤�A�°²��±®��Aª¬«A�°²��6·Ë«�¥�¶¯¥1«�³±�O¡V«��O�6¨
�¤�A�G¥1«#À*®��/ª¯�Ç£ �6®r¥1«A¨Ç¶¯�OÈ±�6¶Y®O�±®��A�©� ¥�²w�O�O�&ª¯�¤£�� �O¡¤º�¥±¡�²��±«A®r�É³±¥1�±¶¬£6»

¼ ���X®r¥1«A¨/ª¯�¤ª¯¥1«A�±¶�¸A¡��±«A®��Î�A¡��6¨Aª¬®r� ¥±¡�ª¬£w��³1£��A�L¡¤�%� ß M�� £¤®����6²w�=¦½�Aª¬®��Î�rÏ�®O¶¬­A£�ª¯È±�rÀÚ×°Ò�£w�
M ø�ÀÁ¸�ª¯�½³1¶¬¥±¸/�±¶8�AªÄ£ � ¥±¡¤·Ë¦�ª¯�¤�X�¤�A��º��O�¤®��3�±¨A¨�¡¤�6£�£V� ¥Ë£ �6¶¯�6®r�&�¤�����L�A�/¡¤¥±�A¡�ª¬�L� �©�/�L� � �O¡�«3�Aª¬£ � ¥±¡¤·Ë�¤�L¸/¶¬�
�6«'� ¡¤·±»�Ì�«A¨Aª¯¡��6®r��Æ�¥±¡�®r¥1²��/­�� �6¨�Ê
¸A¡��±«A®��4�¤�L¡¤³±�O�¤£§�L¡¤���A¡¤�6¨AªÄ®r� �6¨4­/£¤ª¬«�³&�¤���Åy��¤�L³1¶¯�6£¤£X{ÉÈ��L¡�ª¯�O�*·4¥±º/�¤���
���L� � �O¡�«T¸/�±£ �6¨3�A¡¤�6¨/ª¬®r� ¥±¡°�A¡¤¥±� ¥1£ �6¨]¸'·����A�±«�³�ÃJ�&�L¥�ÃY�±«A¨ w �L� �(� M � � » Ù ��ÀÁ¸/ª¬�½³1¶¯¥±¸��±¶>�/ª¬£ � ¥±¡¤·=ª¬£
­/£ �6¨�� ¥4£ �6¶¯�6®r���±«��6«µ� ¡¤·�ªÄ«��É�¤�L¸/¶¯��¥±º ªÄ«A¨Aª¯¡¤�6®r��¸/¡��±«A®����¤�L¡¤³±�O�¾�±¨/¨�¡¤�6£¤£ �6£6» ¼ ¥©ª¬²��A¡¤¥ZÈ±���A¡¤�6¨Aª¬®r�¤ª¬¥1«
�±®O®O­A¡��±®r·±Ã;Ì��±¨A¨��6¨3��£¤ª¬«A³1¶¯��y �µ·#£ � �O¡¤�6£�ª¬£D{Ö¸/ª¯�V� ¥Ö�6�±®��3�6«µ� ¡�·Çª¬«X�¤�����¤�L¸/¶¯�±» ¼ ���G¸/ª¯�½®r¥1«µ� ¡¤¥1¶Ä£��¤���
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¡��O�/¶¬�±®r�6²w�6«'�w¥±º��¤���Ë¸A¡��±«A®��?�¤�L¡¤³±�O���±¨A¨A¡¤�6£¤£J£ � ¥±¡¤�6¨�ª¬«?�¤�A�L�J�6«'� ¡¤·±» � û#­�¸/¡¤¥1­��¤ª¬«���¡¤�O�¤­�¡�«A£J�L¡¤�
�/¡¤�6¨Aª¬®r� �6¨T­A£¤ªÄ«�³Ö�Xø à �6«'� ¡¤·]Ò��O�¤­�¡�« Ù ¨/¨�¡¤�6£¤£Éû��¤�±®¤¹D» ¼ ¥X²w¥#¨��6¶>�¤���J¡¤�6�±¶>¸A¡��±«A®��]�/¡¤�6¨Aª¬®r� ¥±¡6Ã;�±£
�¤�A�V¸A¡��±«A®����6£��L¡����6«A®r¥1­A«'� �O¡¤�6¨ÖªÄ«J�¤����¨�·#«A�±²�ª¬®�ª¬«/£ � ¡�­A®r�¤ª¯¥1«w£¤� ¡¤�6�±²XÃ'�G�A¡¤�6¨Aª¬®r�¤ª¬¥1«4ªÄ£x²��±¨��±» ¼ �AªÄ£
�/¡¤�6¨Aª¬®r�¤ª¯¥1«Ëª¬£�®r¥1²w���L¡¤�6¨Ë� ¥J�¤���°¡¤�6�±¶ ¥1­��¤®r¥1²w�É¥±º
�¤���É¸A¡��±«A®��;»{ÌWº>�4�A¡¤�6¨Aª¬®r�¤ª¬¥1«Öª¬£�ª¬«/®r¥±¡¤¡¤�6®r�OÃAª¬£¤£�­��
ªÄ£É£ �¤�±¶¬¶¯�6¨T­A«'�¤ª¬¶
�¤���J¸A¡��±«A®���ª¬£&¡¤�6£ ¥1¶¯È±�6¨��±«A¨�ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£�º�¡¤¥1²Û�¤���w®r¥±¡¤¡¤�6®r�©�/�L�¤���L¡¤�w�6ÈL�±ª¬¶¬�L¸/¶¬�
º�¥±¡©ª¬£�£¤­Aª¬«�³�»ÉÌ&�±£¤£¤­A²��J£�ªÐÏ]®r·#®O¶¯�6£É¸ �O�*¦¾�O�6«�¦����6«T�Ë¸A¡��±«A®���ª¬£&¡¤�6£¤¥1¶¯È±�6¨��±«A¨T¦����6«�ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£
º�¡¤¥1²\�¤����®r¥±¡�¡¤�6®r�°�/�L�¤�Ç�L¡¤�J�6ÈL�±ª¬¶¬�L¸�¶¯�±»½û#ª¬«A®r�©¥1«��4®r·#®O¶¯�4ª¬£V¡¤����­Aª¯¡��6¨=� ¥��rÏ#�6®O­�� �J�¤����¸A¡��±«A®��;Ã/�¤���
²�ª¬«Aª¬²4­A²f¸/¡��±«A®��¿²�ª¬£¤�A¡¤�6¨Aª¬®r���D�6«/�±¶¯�*·�ªÄ£§£ �OÈ±�6«X®r·#®O¶¯�6£O» ¼ �Aª¬£�²�ª¬£ �A¡¤�6¨/ª¬®r�x� �6«A�±¶¯�W·�ª¬£¾ª¬¨��6«'�¤ª¬®O�±¶/� ¥
�¤�/�L��¥±º��¤���4��¥1²w�/�^� Ù ¶¬�/�A� P#M6P ø à � àµ`&� »�Ì�¨/ª¬¨X«�¥±��ª¬«'È±�6£ �¤ª¯³1�L� �4�¤���G�/¡¤¥±¸/¶¯�6² ¥±º�÷ ¼ ÷Þ²�ªÄ£¤£ �6£�¥±¡
�±«'·G� ¥1£¤£¤ª¬¸/¶¯��£ ¥1¶¬­��¤ª¬¥1«A£O»8ÌY²�¥�¨��6¶¬�6¨G��� �O¡¤º��6®r�¾Æ MON±N � �O¡�®r�6«'�>�Aª¬�Y¡��L� ��Ê8÷ ¼ ÷ì­A«A¨��O¡
�¤���§�±£�£¤­A²w�A�¤ª¬¥1«
�¤�/�L�V�¤���O¡¤�G¦½ª¬¶¬¶D¸ �°��£¤­Aª¯�¤�L¸/¶¬�°£¤¥1¶¬­��¤ª¯¥1«;»

¼ ���4�rÏ��6®O­A�¤ª¯¥1«�®r¥±¡¤�w®r¥1«A£¤ª¬£¤�¤£°¥±º§£¤ªÐÏ#� �O�6«3º�­/¶¬¶¯·X�/ª¯� �6¶¬ªÄ«��6¨Ëº�­/«A®r�¤ª¯¥1«A�±¶{­A«Aª¬�¤£OÃ�¦½���O¡¤�4�6�±®��
ºÜ­A«A®r�¤ª¬¥1«A�±¶�­A«Aª¯�Jª¬£w®O�L�/�L¸�¶¯�X¥±º½� �O¡¤º�¥±¡�²�ªÄ«�³]�OÈ±�O¡�·Î¨A�6£¤ª¯¡¤�6¨?¥±� �O¡��L�¤ª¯¥1«;» ú �±®��Õ®r·#®O¶¯�±Ã¾�¤���X¥1¶¬¨��6£¤�
£�ªÐÏ�� �O�6«Õ¡¤�6�±¨�·�ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£w�L¡��Ç£¤®��A�6¨A­A¶¯�6¨�º�¥±¡��rÏ#�6®O­��¤ª¯¥1«Y»mÆ ¼ �/ª¬£w�rÏ#�6®O­��¤ª¯¥1«Õ®r¥±¡��]ª¬£�²�¥�¨��6¶¬�6¨
¸�·�£¤�O� �¤ª¬«�³?�¤���3¨/ª¬£ �/�L�¤®���¡��L� �3� ¥�£¤ª¯Ï�� �O�6«;» ¼ �A�]¨Aª¬£¤�/�L�¤®��c¡��L� ��ª¬£Ö�¤���T²���Ï#ªÄ²�­A²�«�­A²©¸ �O¡¿¥±º
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£&�¤�A�L�G®O�±«T¸ �J£�®����6¨A­/¶¯�6¨3ºÂ¥±¡É�rÏ#�6®O­��¤ª¯¥1«�¥1«TºÜ­A«A®r�¤ª¬¥1«A�±¶{­A«Aª¯�¤£°ª¬«T�X£¤ª¬«A³1¶¯�4®r·#®O¶¯�±»öÊìÌÚ«
�±¨/¨Aª¯�¤ª¯¥1«;Ã��¤���§²���Ï#ª¬²4­A²t«'­A²�¸ �O¡Y¥±ºAª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£Y�¤�A�L�
®O�±«�¸ �x¡¤�O�¤ª¯¡¤�6¨�ª¬«G�½£¤ª¬«�³1¶¯�§®r·�®O¶¯�¾ª¬£Y£¤ª¯Ï�� �O�6«;»

¼ ���É¨A�L�¤�w®O�±®�����ª¬£�«�¥1«�ÀÁ¸/¶¯¥#®¤¹#ª¬«�³�Ã�¨Aª¯¡¤�6®r��²��L�/�D�6¨YÃ M ø�¹¿¸'·�� �6£OÃA¦½ª¯�¤�Ë��ø à ¸'·�� �G¶¬ª¬«��°£¤ª.-O�±»
Ù ¶¬¶�¶¯¥1�±¨/£°¡¤���'­/ª¯¡¤�J¥1«���®r·#®O¶¯�wºÂ¥±¡G�±¨/¨�¡¤�6£¤£É®O�±¶¬®O­/¶¬�L�¤ª¯¥1«;Ã8�±«/¨T¥1«���®r·�®O¶¬�wºÂ¥±¡©®O�±®������±®O®r�6£¤£6»wÌÚ«T�¤���
�OÈ±�6«'�G¥±º¾�X®O�±®�����²�ª¬£¤£OÃ;¶¯¥1�±¨A£&¡¤����­Aª¯¡��4�±«��±¨A¨/ª¯�¤ª¯¥1«A�±¶ MON ®r·�®O¶¬�6£°ºÂ¥±¡G�±®O®r�6£¤£�ª¬«�³X�¤���w«��rÏ#�É¶¯�OÈ±�6¶{¥±º
®O�±®����J�±«A¨�Å�¥±¡½²��6²w¥±¡¤·±»ÉÆ ¼ ���©¶¯¥1�±¨]¶¬�L� �6«A®r·Ë¥1«Ç�Ö®O�±®����J�Aª¯�VªÄ£ P ®r·#®O¶¯�6£O» ¼ ���©¶¯¥1�±¨]¶¬�L� �6«A®r·Ë¥1«Ç�
®O�±®�����²�ª¬£¤£�ª¬£ M6P ®r·�®O¶¯�6£6»öÊ

¼ ���O¡¤�Ç�L¡¤�3�*¦¾¥Î²���Ø�¥±¡Ë¨�¡��Z¦V¸/�±®�¹�£¿¥±ºÉ�¤���3Ò�Ó°Ô £¤ªÄ²�­A¶Ä�L� ¥±¡6Ã�¦��Aª¬®��Õª¬£Ö­A£ �6¨Í� ¥?³±�6«��O¡ À
�L� �Ë�¤���¿¡¤�6£¤­/¶¯�¤£©ª¬«@�¤�Aª¬£�®��A�L�A� �O¡Z» ¼ �A��´/¡�£¤�©¦��±£4¨A�6£¤®r¡�ª¯¸ �6¨ì�L�4�¤���¿¸D�O³1ªÄ«A«Aª¬«�³X¥±º��¤�/ª¬£�®��A�L�A� �O¡�Ò
�¤�A�TÒ½Ó°Ô�£�ª¬²�­/¶¬�L� ¥±¡¿®O�±«/«�¥±�=¨Aª¬£ �¤ªÄ«�³1­Aª¬£¤�Í¸D�O�W¦§�O�6«Ñº��O�¤®��Þ�±«/¨Þª¬£¤£¤­��±» Ù £X�?¡¤�6£¤­A¶¯�OÃ�¥1«A¶¯·Í¥1­���À
¥±ºÂÀÁ¥±¡�¨��O¡wº��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��X®O�±«Î¸ �Ë²w¥�¨A�6¶¯�6¨@¦½ª¯�¤�@�¤�/ª¬£�£�ª¬²�­/¶¬�L� ¥±¡6»@×°­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡wº��O�¤®���®O�±«#À
«A¥±�Ö¸ �]²�¥�¨��6¶¬�6¨;»Ó�½¥Z¦¾�OÈ±�O¡6Ã½�¤�A�]� �O¡¤º�¥±¡�²��±«A®r�]¥±ºG�-²��±®��Aª¬«A�]�¤�A�L�Ëª¬²w��¶¯�6²w�6«'�¤£�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��Xª¬£��±«-­A�A� �O¡G¸ ¥1­A«A¨�¥1«-�¤���¿�D�O¡�ºÂ¥±¡�²��±«A®r��¥±º��]²��±®��AªÄ«����¤�A�L�Jª¬²w��¶¯�6²w�6«'�¤£
¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®��;»��½�6«A®r�±Ã1�¤����¡��6£¤­A¶¯�¤£{�A¡��6£ �6«µ� �6¨wªÄ«J�¤�Aª¬£{®��A�L�/� �O¡�º�¥±¡x²��±®��AªÄ«��6£��¤�A�L�xª¬²��/¶¯�6²w�6«'�
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¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡½º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��©£���¥1­A¶¬¨¿¸ �É� ¡¤�6�L� �6¨Ç�±£��¤���G­��A� �O¡�¸ ¥1­A«A¨/£§¥1«=�D�O¡�ºÂ¥±¡�²��±«A®r�ÉºÂ¥±¡
²��±®��Aª¬«A�6£��¤�A�L��ª¬²��/¶¯�6²w�6«'��¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡�º��O�¤®��;» ¼ ���G£ �6®r¥1«A¨Ç²���Ø�¥±¡½¨�¡��6¦�¸/�±®¤¹Ë¥±º>�¤���©Ò�Ó°ÔÎ£¤ª¬²wÀ
­/¶¬�L� ¥±¡Vª¬£§�¤�A�L���¤���É�±£¤£¤­A²w�°ª¬«A¨A�O�D�6«/¨��6«A®r��¨��O� �6«A¨A�6«A®r·��A�±«A¨/¶¬ª¬«�³É� �6®��A«Aª���­��É®O�±«A«�¥±��¸ �&²�¥�¨��6¶¬�6¨
¥1«]ª¯�O»§ÔA¥±¡¤�¤­A«A�L� �6¶¯·±ÃD�¤���G¥±¡��±®O¶¯�©¨��O� �6«A¨��6«/®r·¿�A�±«/¨A¶¬ª¬«�³4� �6®��/«Aª���­��©®O�±«=¸ �G²w¥#¨��6¶¯�6¨=¥1«=�¤���©Ò½Ó°Ô
£�ª¬²�­/¶¬�L� ¥±¡6ÃL�±«A¨G�¤�AªÄ£;� �6®��A«/ª��'­A�x�A¡¤¥�È�ª¬¨A�6£8�±«©­A�A� �O¡Y¸ ¥1­A«A¨°¥1«��¤���x� �O¡¤º�¥±¡�²��±«A®r�x¥±ºA�½²��±®��/ª¬«��x�¤�A�L�
ªÄ²w�/¶¯�6²w�6«'�¤£É¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡4º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��Ö­/£¤ª¬«�³=�±£¤£�­A²w��ª¬«/¨��O� �6«A¨��6«A®r�±» ú Ï#�D�O¡�ª¬²w�6«'�¤£ÉºÂ¥±¡
²��±®��Aª¬«A�6£V�¤�A�L�&ª¬²w�/¶¯�6²��6«µ��¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡&º��O�¤®��3�±«A¨=�rÏ#� �O¡�ª¬²w�6«'�¤£�º�¥±¡½²��±®��Aª¬«��6£��¤�A�L�½ª¬²��/¶¯�6²w�6«'�
¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�°­/£¤ª¬«�³4�±£¤£¤­A²w�°ª¬«A¨A�O�D�6«/¨��6«A®r�V¦�ªÄ¶¬¶�¸ ���A¡��6£ �6«µ� �6¨Ëª¬«X���A�L�/� �O¡�ß�»

¤$¥�Ú�¥1§ Û(²3¸¹´1®�ºÝÜ¡®�­<®�ª�º�®�ª�¯lÞUß�²3ª�º�±P´1ª�»gà�®�¯¹á�ª�´Pâd°�®

¼ ¥½¨��6²�¥1«A£ � ¡��L� �§�¤���x� �O¡¤º�¥±¡�²��±«A®r�x� ¥±� �6«'�¤ª¬�±¶±¥±º�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡>º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��±Ã±�±«A¨G� ¥
¨A�O� �O¡�²�ª¬«���¦��Aª¬®���¨��O� �6«A¨��6«A®r·4�A�±«A¨A¶Äª¬«�³°� �6®��A«/ª��'­A�6£x�L¡¤��¦¾¥±¡¤�¤�'¦��Aª¬¶¬�±Ã1Ì�£¤ª¬²4­A¶¬�L� �6¨w£¤ªÐÏ�²��±®��Aª¬«��6£6»

¼ �A��´/¡�£¤�©²��±®��/ª¬«����A�±£©�¤���Ö¨A�Oº��±­A¶¬�©ª¬«A£ � ¡�­A®r�¤ª¯¥1«ì®O�±®����¿�±«/¨@¨�¥��6£©«�¥±�4£¤­��A� ¥±¡¤�É¥1­A��ÀÁ¥±ºÄÀ
¥±¡�¨��O¡Vº��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��±»�ÌÚ�Vª¬£V��®r¥1«µÈ±�6«'�¤ª¯¥1«A�±¶
²��±®��AªÄ«��G�±«A¨=£ �O¡�È±�6£��±£��¤���©¸/�±£ �6¶¬ª¬«A�±»

¼ �A�=£ �6®r¥1«A¨Õ²��±®��Aª¬«A�=ª¬²w�/¶¯�6²��6«µ�¤£w¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��]­/£¤ª¬«�³T�¤���Ç²��±£ ¹
®O�±®�����¨��O� �6«A¨��6«A®r·°�A�±«A¨/¶¬ª¬«�³�� �6®��/«Aª���­��±»
Ì;�±£¤£�­A²w�6¨G�¤�/�L�
�¤�AªÄ£8²��±®��Aª¬«����/�±¨©��´/Ï��6¨�®O�±®�����¸/­A¨A³±�O�
º�¡¤¥1²�¦��AªÄ®��¿�±«¿ªÄ«A£ � ¡�­A®r�¤ª¬¥1«�®O�±®��A�G�±«A¨Ö²��±£ ¹�®O�±®��A�G®r¥1­A¶¬¨Ö¸D�&�±¶¬¶¯¥#®O�L� �6¨;» ¼ ���°®O�±®��A�&¸�­A¨�³±�O�¾¦¾�±£
£¤�O�4� ¥ M ø�¹?¸'·�� �6£�v��¤�A�¿£¤ª�-O�¿¥±º��¤���X¨��Oº��±­/¶¯��ª¬«/£ � ¡�­A®r�¤ª¯¥1«-®O�±®����±» ¼ �Aª¬£4�±¶¬¶¯¥�¦�£4�¤���Ö� �O¡¤º�¥±¡�²��±«/®r�
¥±º��¤����£ �6®r¥1«/¨]²��±®��Aª¬«���� ¥�¸ �©ºÜ�±ª¯¡�¶¬·¿®r¥1²w���L¡¤�6¨Ç� ¥¿�¤�����D�O¡�ºÂ¥±¡�²��±«A®r�G¥±ºx�±«'·Ç²��±®��/ª¬«��G�¤�A�L�°­A£ �6£
�¤�A��¨��Oº��±­/¶¯�Éª¬«A£ � ¡�­/®r�¤ª¯¥1«T®O�±®������±«/¨�¨�¥'�6£�«;ü �°¡¤���'­/ª¯¡¤�J�X²��±£ ¹T®O�±®����±»Å�&�±¶¯º�¥±º¾�¤����®O�±®�����¸/­A¨A³±�O�
¦��±£��±¶Ä¶¯¥�®O�L� �6¨Í� ¥ì¸/­Aª¬¶Ä¨-�±«Õß�¹?¸�·'� �ÇªÄ«A£ � ¡�­A®r�¤ª¬¥1«?®O�±®����]�±«/¨Î�¤���=¥±�¤���O¡��/�±¶¯º�¦��±£��±¶¬¶¬¥�®O�L� �6¨�� ¥
¸�­Aª¬¶¬¨3�±«@ß�¹3¸'·�� ��²��±£ ¹T®O�±®����±»�ÔA¥±¡G�¤����²��±£ ¹T®O�±®��A��� �6®��A«/ª��'­A�±ÃY¦����6«T�¤���O¡��JªÄ£É�X²��±£ ¹T®O�±®����
²�ª¬£¤£OÃ§�6ª¯�¤���O¡wº��O�¤®��;Ã�¨��6®r¥#¨��±Ã¾�±«/¨�ª¬£¤£¤­��X®O�±«Í£¤�¤�±¶¬¶"Ãx¥±¡�¥1«A�X¥±º½�¤���Ç¥±�¤���O¡�¨��O� �6«A¨��6«/®r·@�A�±«A¨A¶Äª¬«�³
� �6®��A«Aª���­��6£�ÆÜª"» �±»¯Ã8�±£�£¤­A²w�J¨��O� �6«A¨��6«A®r�±ÃY®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«;Ã ¥±¡G�±£¤£¤­A²w�Jª¬«A¨A�O�D�6«/¨��6«A®r��Ê�®O�±«T¸D�J­A£ �6¨
� ¥©�6«A�L¸/¶¯��¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡§ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�±» ¼ ¥É¥±¸A�¤�±ª¬«��±«w­��A� �O¡{¸D¥1­/«A¨4¥1«J�¤����� �O¡¤ºÂ¥±¡�²��±«A®r��¥±º
²��±®��Aª¬«A�6£°�¤�A�L�Éª¬²w�/¶¯�6²��6«µ�½¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡ÉºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��w¸'·]�±¶¬¶¯¥#®O�L�¤ª¬«�³Ë�A�±¶¯º�¥±º��¤�A�6ª¯¡É®O�±®����
¸�­A¨�³±�O��º�¥±¡Ë�-²��±£¤¹Í®O�±®����±ÃV�¤�/ª¬£�²��±®��Aª¬«��3­A£ �6£Ö�¤���Ç¥±¡��±®O¶¯�]� �6®��A«Aª���­��=� ¥?�6«A�L¸/¶¬�Ç¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��3¥1«c�-²��±£¤¹Í®O�±®�����²�ª¬£�£O» ¼ ���Ç¥±¡��±®O¶¯�]¡����'­Aª¬¡¤�6¨�º�¥±¡Ö�¤���]¥±¡��±®O¶¯�3� �6®��A«/ª��'­A�
®O�±«Yü �Ö¸ �X¸/­AªÄ¶¯�OÃ¾£¤¥ì�¤�Aª¬£�²��±®��Aª¬«A�Ç®O�±«A«�¥±�¿�±®r�¤­A�±¶¬¶¯·Î¸ �Çª¬²w��¶¯�6²w�6«'� �6¨Íª¬«Í�A�L¡�¨�¦¾�L¡��±»ã�½¥Z¦¾�OÈ±�O¡6Ã
�¤�A�©¡¤�6£¤­/¶¯�¤£V¦�ªÄ¶¬¶ £¤��¥Z¦��¤�A�L�½�¤�Aª¬£V²��±®��Aª¬«��4¨�¥��6£�«�¥±�½�D�O¡�ºÂ¥±¡�² �±£�¦¾�6¶¬¶Y�±£&��²��±®��Aª¬«��©�¤�A�L�½®O�±«]¸ �
ªÄ²w�/¶¯�6²w�6«'� �6¨JÒ��T²��±®��Aª¬«��Ö�¤�A�L�wª¬²w�/¶¯�6²��6«µ�¤£�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡JºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��X­A£¤ª¬«�³]¥1«A¶¯·��¤���
�±£�£¤­A²w�©¨A�O�D�6«/¨��6«A®r�°� �6®��A«/ª��'­A�±»

M6P±P



¼ ���§£¤�6®r¥1«A¨J²��±®��AªÄ«��§ª¬£>ª¬¨��6«'�¤ª¬®O�±¶'� ¥&�&²��±®��Aª¬«��¾�¤�A�L�{ª¬²w�/¶¯�6²��6«µ�¤£8¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡�ºÂ�O�¤®���Å�¨��rÀ
®r¥#¨���Å�ª¬£�£¤­��ì­A£¤ªÄ«�³?�?� �O¡¤º��6®r�=²��±£ ¹c®O�±®����±» ¼ �A�3¥±¡��±®O¶¯���¤�A�L�=ª¬£X­A£¤�6¨Ñ� ¥��6«A�L¸/¶¯�T¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��Ö¥1«ì�=²��±£¤¹3®O�±®����Ö²�ªÄ£¤£Éª¬£É����­Aª¯ÈL�±¶¯�6«'�É� ¥Ç�X� �O¡¤º��6®r��Æ MON±N � �O¡�®r�6«'�©�Aª¯�°¡��L� ��Ê
²��±£ ¹ì®O�±®����±»�×°«@�3²��±£ ¹ì®O�±®����Ë�Aª¯�OÃ>�¤���Ö²��±£¤¹ì®O�±®����Ë�A¡¤¥�È�ªÄ¨��6£É�¤���Ë¨��O� �6«A¨��6«A®r·Tª¬«�º�¥±¡�²��L�¤ª¬¥1«
¡����'­Aª¬¡¤�6¨wº�¥±¡�¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡¾ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��±»§×°«���²��±£ ¹w®O�±®����°²�ª¬£�£OÃ1�¤���V¥±¡��±®O¶¯���A¡�¥ZÈ#ª¬¨��6£��¤���
¨A�O�D�6«/¨��6«A®r·wª¬«�º�¥±¡�²��L�¤ª¯¥1«��¤�A�L�§¦¾¥1­A¶¬¨��A�6È±�É®r¥1²w�½ºÂ¡¤¥1² �¤���&²��±£ ¹�®O�±®��A�&�A�±¨Ö�¤���O¡¤�½¸ �O�6«��©²��±£ ¹
®O�±®������/ª¯�O» ¼ �'­/£OÃ#¡¤�O³1�L¡�¨A¶¯�6£�£�¥±º8¦����O�¤�A�O¡�¥±¡V«�¥±���¤���O¡¤�Gª¬£��w�Aª¬�¾ª¬«Ë�¤�A�°²��±£ ¹¿®O�±®����±ÃA�¤���G²��±®��Aª¬«A�
¥±¸/�¤�±ª¬«A£J�¤���Ë¨��O� �6«A¨��6«A®r·-ª¬«�º�¥±¡�²��L�¤ª¯¥1«-¡¤����­Aª¯¡¤�6¨-ºÂ¥±¡J¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�±»ìÌÚ«?�¤���
´�³1­�¡¤�6£©�±«/¨@ª¬«��¤�A��¡¤�6²��±ª¬«/ª¬«�³Ë� �rÏ��OÃ{�¤���¿£ �6®r¥1«A¨-²��±®��AªÄ«���¦�ª¬¶Ä¶{¸D�w¡��OºÂ�O¡¤¡��6¨ì� ¥]�±£©�¤���Ö²��±®��Aª¬«A�
�¤�/�L��ª¬²w�/¶¬�6²w�6«µ�¤£�¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­���­/£¤ª¬«�³J�w� �O¡¤º��6®r�V²��±£ ¹X®O�±®����±»

¼ �A�=�¤�Aª¯¡�¨Õ�±«A¨Íº�¥1­�¡¤�¤�Í²��±®��Aª¬«A�6£�ª¬²w��¶¯�6²w�6«'�w¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡ËºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�]­A£¤ªÄ«�³
¡��6�±¶¬ª¬£ �¤ª¬®TÆÜª"»>�±»¯Ã�ª¬²w��¶¯�6²w�6«'�¤�L¸/¶¯��ÊÉ¨A�O�D�6«/¨��6«A®r·ì�A�±«A¨/¶¬ª¬«�³X� �6®��A«Aª���­��6£O» ¼ �A���¤�Aª¯¡�¨-²��±®��Aª¬«��Ë­A£ �6£
�¤�A�G�±£¤£¤­A²w�°¨��O� �6«A¨��6«/®r�½� �6®��A«Aª���­��É�±«A¨¿�¤���°ºÂ¥1­A¡¤�¤�Ë²��±®��AªÄ«��&­/£ �6£��¤���É®O¶¬�±£¤£¤ª¯´�®O�L�¤ª¯¥1«Ö� �6®��A«Aª[�'­��±»
÷¾¥±�¤�]¥±º
�¤�A�6£ �©²��±®��Aª¬«��6£V­/£ �É�¤���G¨��OºÜ�±­A¶¯�Vª¬«/£ � ¡�­A®r�¤ª¯¥1«Ë®O�±®����±»

¼ ���x´�ºÂ�¤�J²��±®��Aª¬«��¾�±¶¬£ ¥É­A£ �6£
�¤����¨��OºÜ�±­A¶¯�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«©®O�±®��A�±»�ÌW�{ª¬²w�/¶¬�6²w�6«µ�¤£
¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��4­A£¤ª¬«A³��¤���©¥±¡��±®O¶¯�É� �6®��/«Aª���­��±» ¼ ���°¥±¡��±®O¶¬�G¡¤����­Aª¯¡¤�6¨Ëº�¥±¡V�¤�Aª¬£�� �6®��A«Aª���­��G®O�±«;ü �
¸ �½¸/­Aª¬¶¯�OÃ1£¤¥��¤�AªÄ£x²��±®��/ª¬«��½®O�±«/«�¥±�¾�±®r�¤­/�±¶¬¶¯·J¸ ��ª¬²w�/¶¬�6²w�6«µ� �6¨Öª¬«��/�L¡�¨�¦��L¡¤�±» ¼ ���V�A¡�ª¬²��L¡¤·4¡¤�6�±£ ¥1«
º�¥±¡J£¤ª¬²4­A¶¬�L�¤ª¬«�³X�¤�/ª¬£©²��±®��Aª¬«��Öª¬£G�¤�A�L�4ª¯�©�/¡¤¥ZÈ#ª¬¨��6£©�¤���Ö­��/�D�O¡É¸ ¥1­A«/¨�¥1«@�¤�A��� �O¡¤º�¥±¡�²��±«A®r��¥±ºV�
²��±®��Aª¬«A���¤�A�L�4ª¬²w�/¶¯�6²��6«µ�¤£É¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­��¿­A£¤ª¬«�³X�¤�A���±£¤£¤­A²��Öª¬«A¨A�O�D�6«/¨��6«A®r�
� �6®��A«Aª���­��±»TÆ ¼ �����±£¤£�­A²w��ª¬«A¨A�O�D�6«/¨��6«A®r�4� �6®��A«Aª[�'­��Ö®O�±«A«�¥±�G¸ ��²w¥#¨��6¶¯�6¨�¥1«ì�¤����Ò�Ó°Ôî£�ª¬²�­/¶¬��À
� ¥±¡Z»öÊ ¼ �AªÄ£§²��±®��Aª¬«��É�±¶¬£¤¥w�A¡¤¥ZÈ#ª¬¨��6£¾�¤���G­A�A� �O¡¾¸ ¥1­A«/¨�¥1«Ë�¤���É� �O¡¤º�¥±¡�²��±«/®r�&¥±º>�±¶¬¶;²��±®��Aª¬«��6£��¤�A�L�
ªÄ²w�/¶¯�6²w�6«'��¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��±»

¼ �A��¶¬�±£ ��²��±®��Aª¬«A���A�±£��G�D�O¡�ºÂ�6®r��ªÄ«A£ � ¡�­A®r�¤ª¬¥1«w®O�±®����±»��½�6«A®r�±Ã�ª¯�x®O�±«A«A¥±��¸ ��ª¬²w��¶¯�6²w�6«'� �6¨;»
¼ �Aª¬£¿²��±®��AªÄ«��]�/¡¤¥ZÈ#ª¬¨��6£Ë�±«Ñ­��A� �O¡¿¸D¥1­/«A¨Í¥1«Ñ�¤���3� �O¡¤º�¥±¡�²��±«A®r�3¥±º��±«'·Õ� �6®��A«Aª���­���ÆÜ®r¥�¨��T¡¤�rÀ
¥±¡�¨��O¡�ª¬«�³�Ã��/¡¤�OºÂ�O�¤®��Aª¬«�³�Ã;»O»Z»�Ê4�¤�A�L�V� ¡�ª¬�6£�� ¥�¨��6�±¶;¦½ª¯�¤�Ë�¤���É�A¡¤¥±¸�¶¯�6²I¥±º�ª¬«A£ � ¡�­/®r�¤ª¯¥1«Ë®O�±®����4²�ª¬£¤£ �6£6»
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Ô>ª¬³1­�¡¤�wø�» ¢Ë£¤��¥Z¦½£½�¤�A��� �O¡¤º�¥±¡�²��±«A®r�±Ã;ª¬«]Ì�«A£ � ¡�­A®r�¤ª¬¥1«A£ w �O¡��¾·#®O¶¯�XÆ�Ì w �VÊ�Ã;�6È±�O¡��L³±�6¨ì¥ZÈ±�O¡
�±¶Ä¶��¤���=¸ �6«A®��A²��L¡¤¹#£ÇÆ�¸ ¥±�¤��û w ú �I�±«A¨ä��¥1«#ÀÚû w ú ��Ê4ºÂ¥±¡��6�±®���¥±º&�¤�A�Ç£¤ªÐÏ�²��±®��/ª¬«��6£O»ÕÒ��6£¤­A¶¯�¤£
º�¥±¡��¤�A��ª¬«A¨/ª¯È�ªÄ¨A­A�±¶A¸ �6«A®��A²��L¡¤¹#£V�L¡¤�©�A¡¤¥ZÈ#ª¬¨��6¨Ç�L���¤���G�6«/¨X¥±º��¤�Aª¬£V£¤�6®r�¤ª¯¥1«Çª¬«ÇÔ>ª¬³1­�¡¤�©ø�» øÇÆÁû w ú �
¸ �6«A®��A²��L¡¤¹#£�Ê©�±«A¨ÎÔ{ª¯³1­�¡¤�Xø�»\ ?ÆN��¥1«#ÀÚû w ú � ¸ �6«A®��A²��L¡¤¹#£�Ê�»TÌÚ«-�¤���¿´/³1­�¡��6£OÃ§×G×G× Ô{Ó½Ì4£ �¤�±«A¨A£
º�¥±¡&×°­A��ÀÚ×&ºÄÀÚ×°¡�¨��O¡�Ô��O�¤®��DÅ�Ó½�6®r¥#¨���Å�Ì�£¤£¤­��±» ¼ �A�°²��±®��Aª¬«A�6£�¦�ª¯�¤�¿¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��
�±®��Aª¯�OÈ±�&�6È±�O¡��L³±�°£ � �O�6¨A­��/£>¥±º à ß*å_Æ�º�¥±¡x� �O¡¤º��6®r�x²��±£ ¹J®O�±®�����Ê�Ã à �*å_Æ�º�¥±¡��±£¤£¤­/²w�V¨��O� �6«A¨��6«A®r���±«A¨
®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«�Ê�Ã8�±«A¨ì¢ P å Æ�º�¥±¡G¥±¡��±®O¶¬��Ê½¥ZÈ±�O¡©�¤�A�w¸/�±£ �6¶¬ª¬«A�J²��±®��Aª¬«A�±» ¼ �A�4� �O¡¤º�¥±¡�²��±«/®r�4¥±º¾�¤���6£ �
²��±®��Aª¬«A�6£��±¶¬£ ¥�®r¥1²w�6£�¦½ª¯�¤�Aª¬«V�*å ù M±M åI¥±º à » ß±ß4Ì w �&Ã#¦��Aª¬®��Ëª¬£��¤���°� �O¡¤ºÂ¥±¡�²��±«A®r�°¥±º8�¤���G²��±®��Aª¬«A�
¦½ª¯�¤�X�¤���É� �O¡¤º��6®r�Vª¬«A£ � ¡�­A®r�¤ª¯¥1«X®O�±®��A�±»
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¼ ���X� �O¡¤º�¥±¡�²��±«/®r�6£J¥±º&�¤�A�XºÂ¥1­�¡Ö²��±®��AªÄ«��6£w¦�ª¯�¤�Î¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��Ç�L¡¤�
«A�6�L¡�¶¯·Éª¬¨��6«'�¤ª¬®O�±¶"» ¼ ����²��±®��Aª¬«����¤�A�L�
­A£¤�6£Y�¤���§�D�O¡�ºÂ�6®r�>²��±£ ¹É®O�±®������A�±£8�¤����� ¥�¥±¡¤�6£ �Y� �O¡¤º�¥±¡�²��±«/®r�±»
¼ �Aª¬£©²��±®��Aª¬«A�Ö£¤�±®r¡�ª¯´�®r�6£��/�±¶¯º�¥±ºVª¯�¤£�®O�±®����Ë¸/­A¨�³±�O��� ¥]¸�­Aª¬¶¬¨T�¤���Ö� �O¡¤ºÂ�6®r�J²��±£ ¹ì®O�±®����±Ã��±«A¨YÃ>�±£
�Í¡¤�6£¤­A¶¯�OÃ°ª¯�¤£=ªÄ«A£ � ¡�­A®r�¤ª¬¥1«c®O�±®����-®O�±«Ý¥1«A¶¯·�¸D�ì�/�±¶¯º��±£X¸�ª¯³Í�±£X�¤���@ªÄ«A£ � ¡�­A®r�¤ª¬¥1«c®O�±®����6£]¥±º��¤���
¥±�¤�A�O¡Ö�¤��¡��O�Ç²��±®��/ª¬«��6£O»Þ�¾¥1«A£ ����­��6«'�¤¶¯·±Ã¾ª¬��£¤­�� �O¡�£wº�¡¤¥1² ²w¥±¡��Çª¬«A£ � ¡�­A®r�¤ª¯¥1«�®O�±®��A�3²�ªÄ£¤£ �6£w�¤�A�±«
�¤�A�4¥±�¤�A�O¡G²��±®��AªÄ«��6£O» ¼ ���6£¤���rÏ#� ¡��Ëª¬«A£ � ¡�­A®r�¤ª¯¥1«3®O�±®�����²�ªÄ£¤£ �6£½�/­��°²��±®��AªÄ«��6£&¦�ª¯�¤�3²��±£ ¹]®O�±®����6£
�L�w�T¨Aª¬£��±¨�È��±«'�¤�L³±�¿¦����6«?®r¥1²w�/�L¡¤�6¨Î� ¥T²��±®��/ª¬«��6£4�¤�A�L�w¨�¥1«;ü �4¡¤����­Aª¯¡¤��²��±£ ¹@®O�±®��A�6£O»@Ô�¥±¡w�¤�AªÄ£
¡��6�±£ ¥1«;Ãxª¬«@�¤���Ö¡��6²��±ª¬«Aª¬«A³X�rÏ�� �O¡�ª¬²��6«µ�¤£4ª¬«ì�¤�/ª¬£©¨AªÄ£¤£ �O¡¤�¤�L�¤ª¯¥1«YÃ
ÌÉ¦¾¥1«;ü �J£¤ª¬²4­A¶¬�L� �Ö�±«'·@²��±®��Aª¬«��6£
�¤�/�L�¾ª¬²��/¶¯�6²w�6«'��¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡�ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��&­/£¤ª¬«�³É�¤���&²��±£ ¹�®O�±®����É¨��O� �6«A¨��6«A®r·J�A�±«A¨A¶Äª¬«�³
� �6®��A«Aª���­��±»
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¼ ����²��±®��Aª¬«A�4�¤�/�L�©­A£ �6£É�¤�A��®O¶¬�±£¤£¤ªÐ´D®O�L�¤ª¯¥1«�¨��O� �6«A¨��6«A®r·3�A�±«A¨A¶Äª¬«�³�� �6®��A«Aª���­���¨�¥��6£G«�¥±�
� �O¡¤º�¥±¡�² «�¥±�¤ª¬®r�6�L¸/¶¯·T¸ �O� � �O¡4�¤�A�±«@�¤�A�Ö²��±®��Aª¬«��Ö�¤�A�L��­A£¤�6£©�¤���¿�±£¤£¤­A²��Ö¨��O� �6«A¨��6«/®r�w� �6®��A«Aª[�'­��±»
¼ ���½�±¨�ÈL�±«'�¤�L³±�É¥±º;�¤���&®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«�� �6®��/«Aª���­���¥�È±�O¡��¤���½�±£¤£�­A²w�½¨A�O�D�6«/¨��6«A®r�V� �6®��A«Aª���­��½ªÄ£��¤�A�L�
�¤�A�w�D¥1£¤��À*��¥1¶¯�wª¬«A£ � ¡�­A®r�¤ª¯¥1«A£½�¤�A�L�É�L¡¤��®O¶¬�±£¤£�ªÐ´/�6¨3�±£Gª¬«A¨��O� �6«A¨A�6«µ�&�L¡¤�w�±¶¬¶¯¥Z¦¾�6¨T� ¥X�rÏ#�6®O­�� ��¸ �OºÂ¥±¡��
�¤�A���A¥1¶¯�¾¨/ª¬£¤�L�A� �6�L¡�£O»Í��¥�¦§�OÈ±�O¡6Ã'È±�O¡¤·Gº��O¦Î�D¥1£¤��À*��¥1¶¯��ª¬«A£ � ¡�­/®r�¤ª¯¥1«A£8�L¡����±®r�¤­/�±¶¬¶¯·©®O¶¬�±£�£¤ªÐ´/�6¨��±£{¸D�6ªÄ«�³
ªÄ«A¨��O� �6«A¨��6«'�O»¾×°«]�6È±�O¡��L³±�XÆ�¥ZÈ±�O¡É�±¶¬¶;�¤�A�©¸ �6«A®��/²��L¡¤¹#£�Ê�ÃA¥1«A¶¯· MON å_¥±º{�±¶Ä¶;� ¥1£ ��À*��¥1¶¯�©ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£
�L¡��°®O¶Ä�±£¤£¤ªÐ´/�6¨Ö�±£�ª¬«A¨��O� �6«A¨A�6«µ�O» Ù £��4¡¤�6£¤­A¶¬�OÃµ�¤���É®O¶¬�±£¤£�ªÐ´�®O�L�¤ª¯¥1«Ö� �6®��A«/ª��'­A���A¡¤¥�È�ªÄ¨��6£§¶Äª¯� �¤¶¯��¸ �6«��r´��
¥�È±�O¡½�¤�A�©�±£¤£¤­A²��G¨��O� �6«A¨��6«A®r�°� �6®��/«Aª���­��±»

¼ ���°ª¬²w�/¶¬�6²w�6«µ�¤�L�¤ª¬¥1«Ö¥±º
�¤���É®O¶¬�±£¤£¤ª¯´�®O�L�¤ª¯¥1«¿� �6®��A«/ª��'­A�&ª¬£�²w¥±¡��°¨/ªRêÖ®O­A¶¯�§�¤�A�±«Ë�¤���Éª¬²w��¶¯�rÀ
²��6«µ�¤�L�¤ª¯¥1«¿¥±º8�±£�£¤­A²w�&¨��O� �6«A¨��6«A®r�±»{Ô�¥±¡��¤���½�D¥1£¤��À*��¥1¶¯�½ªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£��¤�A�L���L¡¤�°®O¶¬�±£¤£¤ªÐ´��6¨��±£¾¸D�6ªÄ«�³
� ¥1£¤£�ª¯¸/¶¯·J¨��O� �6«A¨��6«'�OÃ'�¤�A�&®O¶¬�±£�£¤ªÐ´�®O�L�¤ª¯¥1«�� �6®��A«/ª��'­A�½¡¤����­Aª¯¡��6£x�¤���°£¤�±²w�°�A�L¡�¨�¦��L¡¤�&�±£§�¤�/�L��­/£ �6¨�� ¥
ªÄ²w�/¶¯�6²w�6«'�Y�¤���§�±£¤£¤­A²w�¾¨��O� �6«A¨��6«A®r��� �6®��A«Aª���­��±»>ÌÚ«©�±¨A¨Aª¯�¤ª¯¥1«G� ¥��¤�Aª¬£
�A�L¡�¨�¦��L¡¤�±Ã��¤����®O¶¬�±£�£¤ªÐ´�®O�L�¤ª¯¥1«
� �6®��A«Aª���­��G�±¶¬£¤¥J«A�O�6¨A£��A�L¡�¨�¦��L¡¤�É�¤�A�L�V®O¶Ä�±£¤£¤ªÐ´/�6£¾�¤���É� ¥1£ ��À*�A¥1¶¯�Éª¬«A£ � ¡�­/®r�¤ª¯¥1«A£OÃ#�±«A¨X�A�L¡�¨A¦¾�L¡¤�°�¤�A�L�
�/¡¤�OÈ±�6«µ�¤£&�¤����� ¥1£¤£¤ª¯¸/¶¬·¿¨��O� �6«A¨A�6«µ�V� ¥1£ ��À*�A¥1¶¯�©ª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£VºÂ¡¤¥1²\¸ �6ª¬«�³�£�®����6¨A­/¶¯�6¨Xº�¥±¡½�rÏ#�6®O­��¤ª¯¥1«
¸ �Oº�¥±¡¤�4�¤���4�A¥1¶¯��¨AªÄ£¤�L�A� �6�L¡�£OÃA¸�­��½�±¶¬¶¬¥Z¦�£½�¤���Jª¬«A¨��O� �6«A¨��6«'��� ¥1£ ��À*��¥1¶¯�4ª¬«A£ � ¡�­A®r�¤ª¯¥1«A£�� ¥Ö¸ ��£�®����6¨#À
­/¶¯�6¨ìº�¥±¡��rÏ#�6®O­��¤ª¯¥1«Y»Tû#ª¬«/®r���¤���Ö®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«@� �6®��A«Aª���­����/¡¤¥ZÈ#ª¬¨��6£�«�¥]«�¥±�¤ªÄ®r�6�L¸/¶¯��� �O¡¤º�¥±¡�²��±«/®r�
�±¨AÈ��±«'�¤�L³±�É¥ZÈ±�O¡��¤���°�±£¤£¤­A²��½¨��O� �6«A¨��6«/®r�V� �6®��A«/ª��'­A�±Ã�ª¬«��¤����¡��6²��±ª¬«Aª¬«A³É�rÏ�� �O¡�ª¬²��6«µ�¤£¾ª¬«w�¤�AªÄ£§¨AªÄ£�À
£¤�O¡¤�¤�L�¤ª¯¥1«;ÃxÌÉ¦¾¥1«;ü �w£¤ª¬²4­A¶¬�L� �¿�±«µ·-²��±®��AªÄ«��6£©�¤�/�L�JªÄ²w�/¶¯�6²w�6«'�G¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡wº��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��
­/£¤ª¬«�³J�¤���©®O¶Ä�±£¤£¤ªÐ´�®O�L�¤ª¬¥1«Ë� �6®��A«Aª[�'­��±»

¼ ����²��±®��Aª¬«����¤�A�L�°­A£ �6£&�¤���©¥±¡��±®O¶¯�4¨A�O�D�6«/¨��6«A®r·X�A�±«A¨A¶Äª¬«�³w� �6®��/«Aª���­���¨AªÄ¨Ç«�¥±�&� �O¡¤ºÂ¥±¡�²
£�ª¯³1«AªÐ´�®O�±«'�¤¶¯·J¸ �O� � �O¡§�¤�/�±«��¤���&²��±®��AªÄ«����¤�A�L�¾­A£ �6£§�¤���½�±£�£¤­A²w�&¨��O� �6«A¨��6«A®r��� �6®��A«Aª���­��±» ¼ �����D�O¡¤À
º�¥±¡�²��±«/®r�±Ã/�6È±�O¡��L³±�6¨]¥ZÈ±�O¡°�±¶¬¶ �¤���É¸ �6«A®��A²��L¡¤¹#£OÃ#¥±º{�¤���G²��±®��Aª¬«��É�¤�A�L�V­/£ �6£��¤���É¥±¡��±®O¶¬�G� �6®��A«/ª��'­A�
¦��±£x¥1«/¶¯· P åz¸ �O� � �O¡x�¤�A�±«w�¤�A�L��¥±ºD�¤�A��²��±®��/ª¬«����¤�A�L��­/£ �6£x�±£¤£¤­/²w�V¨��O� �6«A¨��6«A®r�±» ¼ ���V�±£�£¤­A²w�V¨��rÀ
� �6«A¨A�6«A®r��� �6®��A«/ª��'­A�V�±¶¬¶¯¥Z¦½£{�¤���Vº��O�¤®���­/«Aª¯�{� ¥G� �O¡¤º�¥±¡�²m�A¡¤�Oº��O�¤®��AªÄ«�³É¨A­�¡�ª¬«A³&�±«Öª¬«A£ � ¡�­/®r�¤ª¯¥1«J®O�±®����
²�ª¬£¤£OÃ;�±«A¨T�±¶¬¶¯¥�¦�£½�6�L¡�¶¯·Çª¬«/£ �O¡¤�¤ª¯¥1«]¥±º��¤���4� ¥1£ ��À*��¥1¶¯�Jª¬«A£¤� ¡�­A®r�¤ª¯¥1«A£&ª¬«'� ¥Ö�¤�A�4¡��6£ �O¡¤ÈL�L�¤ª¯¥1«T£ �¤�L�¤ª¯¥1«A£OÃ
¸�­���ª¯�¾¨A¥'�6£�«�¥±���±¶¬¶¬¥Z¦Ñ�¤���°�A¡¤¥#®r�6£¤£ ¥±¡�� ¥w�¤�L¹±�G�±¨�ÈL�±«'�¤�L³±�G¥±º
�±«'·��/�L¡��±¶¬¶¯�6¶¬ª¬£�²f�rÏ#�D¥1£¤�6¨Ë¸'·�¥1­A��ÀÁ¥±ºÄÀ
¥±¡�¨��O¡Vº��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��±» ¼ �A�&¥±¡��±®O¶¯�É� �6®��A«/ª��'­A�±Ã�¥1«X�¤���É¥±�¤���O¡��/�±«A¨;Ã��±¶¬¶¯¥�¦�£��¤���°�A¡¤¥#®r�6£¤£ ¥±¡V� ¥
�¤�L¹±�4�±¨�ÈL�±«µ�¤�L³±�4¥±º
�¤�/ª¬£��/�L¡��±¶Ä¶¯�6¶¬ª¬£¤²=»{×°­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡½ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��©¨�¥��6£��rÏ#�D¥1£¤�©�±¨A¨Aª¯�¤ª¬¥1«A�±¶
���L¡��±¶¬¶¯�6¶¬ªÄ£¤²X»��c���6«T�¤�A�4¥±¡��±®O¶¯�J� �6®��A«Aª[�'­��Jª¬£°­A£ �6¨YÃ �Ë£¤ª¬³1«AªÐ´�®O�±«'�&«�­A²�¸ �O¡&¥±º��D¥1£¤��À*��¥1¶¯�wª¬«A£ � ¡�­A® À
�¤ª¬¥1«A£&¸D�6®r¥1²��4£¤®����6¨A­A¶Ä�L¸/¶¯�©¸ �Oº�¥±¡¤�©�¤�A�J�A¥1¶¯��¨AªÄ£¤�L�A� �6�L¡�£O»É×°«]�ZÈ±�O¡��L³±�±Ã ` ¢*å ¥±ºx�¤�A�JªÄ«A£ � ¡�­A®r�¤ª¬¥1«A£
ªÄ£¤£¤­��6¨�¦½�Aª¬¶¯�w�¤���O¡����L¡¤�Ö�A¥1¶¯�6£©ª¬«ì�¤����¨A�L�¤��x/¥�¦I³±¡��L�/��¸ �6®r¥1²w�¿£¤®����6¨/­A¶¬�L¸/¶¯�w¸ �Oº�¥±¡¤���¤��¥1£¤�Ö��¥1¶¯�6£
¨/ª¬£¤�L�A� �6�L¡6» ¼ �L¹#ª¬«�³��±¨�ÈL�±«'�¤�L³±��¥±º{�¤�Aª¬£��±¨A¨Aª¯�¤ª¯¥1«/�±¶ �/�L¡��±¶¬¶¯�6¶Äª¬£¤²XÃ#��¥Z¦¾�OÈ±�O¡6Ã ¨�¥��6£�«�¥±��£�ª¯³1«AªÐ´�®O�±«'�¤¶¯·
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ªÄ²w�A¡¤¥�È±���¤���4� �O¡¤º�¥±¡�²��±«A®r�±»G×°«����D¥1£�£¤ª¯¸/¶¯�©¡¤�6�±£ ¥1«3ºÂ¥±¡&�¤�Aª¬£&²��Z·Ç¸ �©�¤�A�L�&�¤���4� ¥1£ ��À*��¥1¶¯�Jª¬«A£ � ¡�­A® À
�¤ª¬¥1«A£4�¤�A�L��¸ �6®r¥1²w�Ë£¤®����6¨A­A¶¬�L¸�¶¯��¸ �OºÂ¥±¡��Ö�¤���Ë��¥1¶¯�¿¨Aª¬£¤�L�/�D�6�L¡�£É¡��L¡¤�6¶¯·�¸ �6¶¯¥1«A³Ç� ¥T�¤���¿�A¡¤¥±³±¡��±²Xüý£
®r¡�ª¯�¤ª¬®O�±¶Y¨��O� �6«A¨A�6«A®r·Ö®��A�±ª¬«A£O»
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16k Byte ICache Only
8k Byte ICache w/ OOO FDI (Perfect Mask Cache)
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO FDI (Classification)
16k Byte ICache w/ OOO FDI (Oracle)
Perfect ICache
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16k Byte ICache Only
8k Byte ICache w/ OOO FDI (Perfect Mask Cache)
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO FDI (Classification)
16k Byte ICache w/ OOO FDI (Oracle)
Perfect ICache
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¤$¥�Ú�¥fÌ ù&¼ã­�²3¯l³'©Yú�¶(¸¹©c¯�®�º�°�¸¹®·û	®�©s¸¹º�®�¸H´1ª�»

�¾¥#¨���¡¤�rÀÁ¥±¡�¨��O¡�ª¬«�³É� �6®��A«Aª���­��6£§®O�±«�¸ �V­A£ �6¨Öª¬«w®r¥1²©¸�ª¬«A�L�¤ª¯¥1«�¦�ª¯�¤�J¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡¾ºÂ�O�¤®���Å�¨��rÀ
®r¥#¨���Å�ª¬£�£¤­��°ª¬«�¥±¡�¨��O¡�� ¥4ºÜ­�¡¤�¤�A�O¡§¡¤�6¨/­A®r�½�¤�A�½� �O¡¤º�¥±¡�²��±«A®r�½� �6«A�±¶¯�*·��¤�A�L��¡¤�6£¤­A¶¯�¤£§º�¡¤¥1² ªÄ«A£ � ¡�­A®r�¤ª¬¥1«
®O�±®����X²�ª¬£¤£¤�6£O»X��¥�¨���¡¤�rÀÁ¥±¡�¨��O¡�ªÄ«�³Çª¬£�­A£ �6¨�� ¥3�6¶¬ª¬²�ªÄ«A�L� ��£ ¥1²w�Ö¥±º��¤���Öª¬«/£ � ¡�­A®r�¤ª¯¥1«�®O�±®����X²�ª¬£¤£¤�6£
¸�·ì¡¤�rÀÁ¥±¡�¨��O¡�ª¬«�³]�¤���Ëª¬«A£ � ¡�­/®r�¤ª¯¥1«A£Gª¬«?�]�A¡¤¥±³±¡��±²X»�×°­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Jº��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��Ëª¬£�­/£ �6¨@� ¥
� ¥1¶¬�O¡��L� �©�¤���©¡¤�6²��±ª¬«AªÄ«�³4²�ª¬£¤£ �6£O»

Ô>ª¬³1­�¡¤�4ø�» ßË£���¥Z¦�£½�¤���J� �O¡¤º�¥±¡�²��±«A®r�4�6È±�O¡��L³±�6¨�¥�È±�O¡©�±¶¬¶
�¤���4¸D�6«/®��A²��L¡�¹�£½ºÂ¥±¡°�¤��¡��O�4²���À
®��Aª¬«��6£�Ò��¤���ì®r¥1«µÈ±�6«'�¤ª¯¥1«A�±¶¿Æ�¸/�±£ �6¶¬ªÄ«���Ê¿²��±®��/ª¬«��±Ã&�¤���@²��±®��Aª¬«����¤�A�L�=ªÄ²w�/¶¯�6²w�6«'�¤£Ë¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��&­A£¤ª¬«A³É�¤�����±£¤£¤­/²w��¨��O� �6«A¨��6«/®r��� �6®��A«Aª[�'­��±Ã��±«A¨w�¤���&²��±®��/ª¬«���¦�ª¯�¤���G� �O¡¤º��6®r�
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«�®O�±®����±» ¼ ���O¡¤���L¡¤�w�W¦§¥]¸/�L¡�£Éº�¥±¡G�6�±®��@²��±®��Aª¬«��±ÃY�rÏ�®r�O�A��ºÂ¥±¡G�¤�A��²��±®��AªÄ«��w¦�ª¯�¤�T�¤���
� �O¡¤º��6®r�°ª¬«A£ � ¡�­/®r�¤ª¯¥1«Ç®O�±®����±»�×°«��4¸/�L¡&�/¶¯¥±�¤£&�¤���4�D�O¡�ºÂ¥±¡�²��±«A®r�©¥±ºx�¤�A�J²��±®��Aª¬«A�©¡�­A«/«Aª¬«�³��¤�A��È±�O¡ À
£�ª¯¥1«A£§¥±ºY�¤���&¸D�6«/®��A²��L¡�¹w�rÏ��6®O­��¤�L¸�¶¯�6£¾�¤�A�L�§¦¾�O¡¤�°®r¡¤�6�L� �6¨Ë¦�ª¯�¤�A¥1­����A¡�¥L´�¶¬ª¬«�³�» ¼ �Aª¬£�¸/�L¡�ª¬£§¶Ä�L¸D�6¶¬�6¨
yW�½¥±��Ò��O¥±¡�¨��O¡¤�6¨�{X£¤ª¬«A®r�w�¤���w�/¡¤¥�®r�6¨/­�¡¤�6£Éª¬«T�¤���w�rÏ#�6®O­��¤�L¸/¶¬�6£G¦¾�O¡¤��«�¥±�É¡¤�O¥±¡�¨��O¡¤�6¨�� ¥Ç�±¶Ä¶¯¥Z¦z�¤���
�/¡¤¥±³±¡��±²�£�� ¥�­A£ ���¤���½ª¬«/£ � ¡�­A®r�¤ª¯¥1«w®O�±®����°²w¥±¡¤�V��êÖ®Oª¬�6«µ�¤¶¯·±» ¼ ���V¥±�¤���O¡§¸/�L¡��/¶¬¥±�¤£x�¤���V� �O¡¤º�¥±¡�²��±«/®r�
¥±º��¤���4²��±®��Aª¬«A��¡�­/«A«Aª¬«�³w�¤�A��È±�O¡�£�ª¯¥1«A£½¥±ºx�¤���4¸D�6«/®��A²��L¡�¹X�rÏ��6®O­��¤�L¸�¶¯�6£&�¤�A�L�°¦§�O¡¤�J®r¡¤�6�L� �6¨T¦�ª¬�¤�
�/¡¤¥L´�¶¬ª¬«A³�»�ÌÚ�&ª¬£&¶¬�L¸ �6¶¯�6¨ãy ÒV�O¥±¡�¨A�O¡¤�6¨�{#» ¼ ���4� �O¡¤ºÂ¥±¡�²��±«A®r�©¥±º��¤���w²��±®��AªÄ«��©¦�ª¬�¤�Ç�¤���4� �O¡¤º��6®r�&ª¬«�À
£¤� ¡�­A®r�¤ª¯¥1«=®O�±®����J¨�¥'�6£�«�¥±��¨��O� �6«A¨Ë¥1«X�¤�A�GÈ±�O¡�£¤ª¯¥1«=¥±º>�¤�A�G¸ �6«A®��A²��L¡¤¹Ö�rÏ#�6®O­��¤�L¸/¶¬�6£V�¤���©²��±®��Aª¬«A�
ªÄ£�¡�­A«A«/ª¬«�³�»x�¾¥1«A£ ����­��6«'�¤¶¯·±Ã��¤���O¡¤�©ªÄ£�¥1«A¶¯·¿¥1«��É¸/�L¡Vº�¥±¡V�¤�Aª¬£�²��±®��AªÄ«��±»

0

1

2

3

4

5

6

7

8

9

10

In
st

ru
ct

io
ns

 P
er

 C
yc

le

16k Byte ICache Only; Not Reordered
16k Byte ICache Only; Reordered
16k Byte ICache w/ OOO FDI (Assume Dependence); Not Reordered
16k Byte ICache w/ OOO FDI (Assume Dependence); Reordered
Perfect ICache
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w ¡¤¥#®r�6¨A­�¡¤�Ö¡¤�O¥±¡�¨��O¡�ªÄ«�³]ª¬²��A¡¤¥ZÈ±�6£��¤���¿� �O¡¤ºÂ¥±¡�²��±«A®r��¥±º��¤���Ö¸��±£ �6¶¬ª¬«��¿²��±®��/ª¬«���¸�· MON å¿Ã
�±«/¨T�¤���J�D�O¡�ºÂ¥±¡�²��±«A®r�J¥±º��¤���J¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡Gº��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­���²��±®��Aª¬«A�4¸�· M åË»J×°­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡
º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��Tª¬²w�/¡¤¥ZÈ±�6£��¤���Ç� �O¡¤º�¥±¡�²��±«A®r�Ç¥±ºG�@²��±®��Aª¬«��=¡�­A«A«Aª¬«A³3�¤�A�Ç¸ �6«A®��/²��L¡¤¹?�rÏ��rÀ
®O­A�¤�L¸/¶¯�6£°®r¡¤�6�L� �6¨3¦�ª¯�¤��¥1­A���A¡¤¥L´D¶¬ª¬«�³w¸�· à �*å¿Ã;�±«A¨]�¤���©� �O¡¤º�¥±¡�²��±«A®r��¥±º���²��±®��Aª¬«A��¡�­/«A«Aª¬«�³J�¤���
¸ �6«A®��A²��L¡¤¹��rÏ#�6®O­��¤�L¸/¶¬�6£w®r¡¤�6�L� �6¨Î¦�ª¯�¤�@�A¡¤¥L´�¶¬ªÄ«�³=¸�· `  ^å¿»TÌWºV¸ ¥±�¤�-�A¡¤¥#®r�6¨A­�¡¤��¡¤�O¥±¡�¨��O¡�ªÄ«�³]�±«A¨
¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡�º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­��=�L¡¤�Ç­/£ �6¨;Ãx�¤���X� �O¡¤º�¥±¡�²��±«/®r�ËªÄ£wª¬²w�A¡¤¥�È±�6¨Î¸'·�¢ M å¿» ¼ ���Ë¡¤�rÀ
£�­A¶¯�¤£&ºÂ¥±¡°�¤���wª¬«/¨Aª¯È#ª¬¨A­A�±¶D¸ �6«A®��/²��L¡¤¹#£&�L¡��4�/¡¤¥ZÈ#ª¬¨��6¨3ª¬«3Ô>ª¬³1­�¡¤� Ù » `  TÆÁû w ú �î¸ �6«A®��A²��L¡¤¹�£ ÊV�±«A¨
Ô{ª¯³1­A¡¤� Ù » ` ß]ÆN��¥1«�ÀÚû w ú �c¸ �6«A®��A²��L¡¤¹�£ Ê§¥±º Ù �A� �6«A¨AªÐÏ Ù »

¤$¥�Ú�¥f¦ Û(²3¸¹´1®�ºÓù�ª�ÿ&³^¸¹°�¯l³*´1©sª��V²3¯Há�®�¬c´���®
ÔA¥±¡¾�¤�A��¡¤�6£ �§¥±º;�¤���&�rÏ�� �O¡�ª¬²��6«µ�¤£§ª¬«��¤�AªÄ£�®��/�L�A� �O¡6Ã�Ì�¦�ª¬¶¬¶�¥1«/¶¯·w®r¥1«A£¤ª¬¨��O¡§�¤����� �O¡¤º�¥±¡�²��±«/®r�

¥±ºDº�¥1­�¡�¨AªR� �O¡¤�6«µ�>�*·�� �6£{¥±º�²��±®��Aª¬«��6£6» ¼ �A�§´�¡�£ �>�*·��D���L¡¤��²��±®��Aª¬«��6£{�¤�/�L�{�/�6È±�V� �O¡¤º��6®r�>ªÄ«A£ � ¡�­A®r�¤ª¬¥1«
®O�±®����6£O» ¼ �A�§£ �6®r¥1«A¨4�W·'� ���L¡¤��²��±®��AªÄ«��6£8�¤�/�L�>ª¬²��/¶¯�6²w�6«'�8¥1­���ÀÁ¥±ºÂÀÁ¥±¡�¨��O¡{º��O�¤®���Å�¨A�6®r¥�¨���Å�ªÄ£¤£¤­���­A£¤ªÄ«�³
�¤�A�Ö¥±¡��±®O¶¬�¿¨��O� �6«A¨A�6«A®r·��A�±«A¨A¶¬ªÄ«�³X� �6®��A«/ª��'­A�±» ¼ ���Ö�¤�Aª¯¡�¨@�*·��D�¿�L¡¤�Ë²��±®��AªÄ«��6£©�¤�/�L�4ª¬²��/¶¯�6²w�6«'�
¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡©º��O�¤®���Å�¨��6®r¥#¨���Å�ª¬£�£¤­���­A£�ª¬«�³¿�¤�����±£¤£¤­A²��J¨A�O�D�6«/¨��6«A®r�J� �6®��A«/ª��'­A�±» ¼ ���JºÂ¥1­�¡��¤�T�*·��D�
�L¡���®r¥1«'È±�6«µ�¤ª¯¥1«/�±¶8²��±®��Aª¬«��6£��¤�A�L���A�ZÈ±����¡��6�±¶Yª¬«A£ � ¡�­A®r�¤ª¯¥1«X®O�±®��A���±«A¨Ç�¤�A�L��¨�¥�«A¥±��£¤­��A� ¥±¡¤��¥1­���À
¥±ºÂÀÁ¥±¡�¨��O¡½ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��±»

Ô{ª¯³1­�¡¤�Gø�»E�J£¤��¥�¦�£��¤���É� �O¡¤º�¥±¡�²��±«A®r�°�6È±�O¡��L³±�6¨Ç¥�È±�O¡��±¶¬¶ �¤���°¸ �6«A®��/²��L¡¤¹#£§º�¥±¡��6�±®��Ç¥±º8�¤���
º�¥1­�¡��W·'� �6£w¥±º°²��±®��Aª¬«��6£O» ¼ ���=ªÄ«A£ � ¡�­A®r�¤ª¬¥1«?®O�±®����Ç£¤ª�-O�XºÂ¥±¡w�6�±®��Í�*·�� �X¥±ºÉ²��±®��AªÄ«��Ë¦¾�±£wÈL�L¡�ª¯�6¨
º�¡¤¥1² à ¹3¸�·'� �6£É� ¥Çø à ¹3¸�·'� �6£O» ¼ �A�JªÄ«A£ � ¡�­A®r�¤ª¬¥1«3®O�±®������±®O®r�6£¤£©¡¤����­Aª¯¡¤�6¨3¥1«��w®r·#®O¶¯�w¡¤�O³1�L¡�¨A¶¬�6£¤£°¥±º
ª¬�¤£�£¤ª�-O�±» ¼ �A�L��ª¬£6Ã
ª¯�¤£��±®O®r�6£¤£4�¤ª¬²w��¦��±£4«�¥±��£¤®O�±¶¬�6¨ì¦�ª¯�¤�@ª¯�¤£�£�ª.-O�±»X÷§�6®O�±­/£ �Ö¥±º��¤�/ª¬£OÃ8�¤�A�Ö¨��O�A�¤�
¥±º§�¤���4ºÂ¡¤¥1«'��ÀÁ�6«A¨3¥±º��¤�A���A¡�¥�®r�6£¤£¤¥±¡&��ª¯� �6¶¬ª¬«���ÆÜª"»D�±»¯Ã �¤���w«'­/²©¸ �O¡&¥±ºx�/ª¯� �6¶¬ª¬«A�G£ �¤�L³±�6£°¡¤����­Aª¯¡¤�6¨]ºÂ¥±¡
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«ÎºÂ�O�¤®��;ÃV¨��6®r¥#¨��±Ã��±«A¨Íª¬£¤£�­���Ê4¨Aª¬¨�«�¥±�¿¨��O� �6«A¨Î¥1«Í�¤�A�Çª¬«A£ � ¡�­A®r�¤ª¯¥1«�®O�±®��A�]£¤ª.-O�±Ã��±«A¨YÃ
�±£��]¡��6£¤­A¶¯�OÃ��¤���X²�ªÄ«Aª¬²4­A²E¸A¡��±«A®��Î²�ª¬£¤�A¡¤�6¨Aª¬®r��� �6«A�±¶¯�*·@¦¾�±£w�T®r¥1«A£ �¤�±«'�) 3®r·#®O¶¯�6£JºÂ¥±¡w�±¶¬¶�²���À
®��Aª¬«��6£6» Ù �&�±¶¬¶
ª¬«A£ � ¡�­A®r�¤ª¯¥1«=®O�±®����4£�ª.-O�6£OÃD�¤���©� �O¡¤º�¥±¡�²��±«A®r�©¥±º��¤����²��±®��Aª¬«����¤�A�L�½­/£ �6£��¤�A�©¥±¡��±®O¶¯�
� �6®��A«Aª���­��Gª¬£�È#ª¯¡¤�¤­/�±¶¬¶¯·�ª¬¨��6«'�¤ª¬®O�±¶D� ¥��¤���°� �O¡¤º�¥±¡�²��±«A®r�°¥±º>�¤���G²��±®��Aª¬«��°�¤�A�L��­/£ �6£��±£¤£¤­A²��°¨A�O�D�6«�À
¨A�6«A®r�±» Ù £J�¤���Xª¬«A£¤� ¡�­A®r�¤ª¯¥1«?®O�±®����]£¤ª.-O�Xª¬«A®r¡¤�6�±£¤�6£OÃxº��O¦§�O¡�ª¬«/£ � ¡�­A®r�¤ª¯¥1«?®O�±®��A�Ç²�ª¬£¤£¤�6£�¥#®O®O­�¡��±«A¨
�¤��­A£��¤�A�O¡¤�É�L¡¤�ÉºÂ�O¦¾�O¡V¥±�A� ¥±¡¤�¤­/«Aª¯�¤ª¯�6£§ºÂ¥±¡�¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡VºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­��±»�÷¾�6®O�±­A£ �G¥±º
�¤�Aª¬£OÃ#�¤���
� �O¡¤º�¥±¡�²��±«/®r��¸ �6«��r´/��¥±º�¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡JºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£¤­A�¿¨��6®r¡��6�±£ �6£J�±£��¤�A�¿ª¬«/£ � ¡�­A®r�¤ª¯¥1«@®O�±®����
£�ª.-O�4ªÄ«A®r¡¤�6�±£ �6£O» Ù �°�±«3ª¬«A£¤� ¡�­A®r�¤ª¯¥1«=®O�±®����w£¤ª.-O��¥±º à ¹=¸�·'� �6£OÃD�¤���J²��±®��/ª¬«��©�¤�/�L�&ª¬²��/¶¯�6²w�6«'�¤£V¥1­���À
¥±ºÂÀÁ¥±¡�¨��O¡�ºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­���­A£¤ª¬«A³¿�¤�A���±£¤£¤­A²w��¨A�O�D�6«/¨��6«A®r�J� �6®��A«/ª��'­A�J�±®��Aª¯�OÈ±�6£�� MON �*å ³1�±ª¬«
ªÄ«�� �O¡¤ºÂ¥±¡�²��±«A®r�=¥�È±�O¡Ö�¤���Ç¸/�±£ �6¶¬ª¬«A�=²��±®��AªÄ«��±» ¼ �/ª¬£w³1�±ª¬«�ºÜ�±¶¬¶¬£�� ¥ M ¢*å ¦½���6«��¤���ÇªÄ«A£ � ¡�­A®r�¤ª¬¥1«

M6P ß



®O�±®����w£¤ª.-O�4ª¬£½ªÄ«A®r¡¤�6�±£ �6¨Ç� ¥Ëø à ¹=¸�·�� �6£O»4Æ�ÌV¦¾¥1­A¶¬¨]¶¬ª¯¹±�G� ¥Ë«�¥±� �4�¤�A�L�°²w¥1£ �&¥±ºx²©·X¸ �6«A®��A²��L¡¤¹#£V´��
¦½ª¯�¤�Aª¬«Ë�¤���4ø à ¹¿¸�·�� ��ª¬«A£¤� ¡�­A®r�¤ª¯¥1«X®O�±®����±»K+3�±«'·X¡¤�6�±¶Y�L�A�/¶Äª¬®O�L�¤ª¯¥1«A£�¨�¥Ö«�¥±��´/�V¦½ª¯�¤�Aª¬«Ë��ø à ¹X¸�·'� �
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«�®O�±®����±»xÔ�¥±¡x�¤���6£¤���L�/�/¶¬ª¬®O�L�¤ª¯¥1«/£OÃ�¥1­A��ÀÁ¥±ºÄÀÁ¥±¡�¨A�O¡xºÂ�O�¤®���Å�¨��6®r¥#¨���Å�ª¬£¤£�­���®r¥1­A¶¬¨J£ �¤ª¬¶¬¶µ�A¡¤¥�È�ª¬¨A�
�w£�­�¸/£ �¤�±«'�¤ª¬�±¶D¸ �6«��r´/�¾¦����6«¿�¤���Éª¬«A£ � ¡�­A®r�¤ª¯¥1«¿®O�±®����©£�ª.-O�Éª¬£�ø à ¹Ö¸�·'� �6£6»öÊ ¼ ���°� �O¡¤º�¥±¡�²��±«A®r�&¥±º8�¤���
¸��±£ �6¶¬ª¬«��J²��±®��Aª¬«��J¨�¡¤¥±�/£&¸�·]¢ M å �±£°�¤���Jª¬«A£¤� ¡�­A®r�¤ª¯¥1«3®O�±®�����£�ª.-O�wª¬£&¡¤�6¨A­A®r�6¨3º�¡¤¥1² ø à ¹Ç¸�·'� �6£É� ¥
à ¹J¸�·'� �6£6» ¼ ����� �O¡¤º�¥±¡�²��±«A®r��¥±º �¤����²��±®��Aª¬«A���¤�A�L��ª¬²w��¶¯�6²w�6«'�¤£{¥1­���ÀÁ¥±ºÄÀÁ¥±¡�¨��O¡§º��O�¤®��DÅ�¨��6®r¥�¨A��Å�ª¬£¤£¤­��
­/£¤ª¬«�³3�¤���X�±£¤£¤­A²��¿¨��O� �6«A¨A�6«A®r�Ö� �6®��A«Aª���­��Ë¨�¡¤¥±�/£4¸�·@¥1«A¶¬· M±M å �±£J�¤���Xª¬«A£ � ¡�­A®r�¤ª¯¥1«@®O�±®����Ç£¤ª�-O�
ªÄ£½¡��6¨A­A®r�6¨3ºÂ¡�¥1² ø à ¹]¸'·�� �6£°� ¥ à ¹Ç¸�·'� �6£6»GÒV�6£¤­A¶¬�¤£½º�¥±¡Éª¬«A¨Aª¬È�ª¬¨/­A�±¶ ¸ �6«A®��A²��L¡¤¹�£&�L¡¤�J�A¡¤¥�È�ªÄ¨��6¨]ªÄ«
Ô{ª¯³1­A¡¤� Ù » ` �]ÆÁû w ú �VÊ¾�±«A¨=Ô{ª¯³1­A¡¤� Ù » à1N ÆN��¥1«#ÀÚû w ú ��Ê¾¥±º Ù �A� �6«A¨Aª¯Ï Ù »
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Perfect ICache
Real ICache w/ OOO FDI (Oracle)
Real ICache w/ OOO FDI (Assume Dependence)
Real ICache Only
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Ô{ª¯³1­�¡���ø�» MON £¤�A¥Z¦�£��¤���V� �O¡¤º�¥±¡�²��±«A®r�V�ZÈ±�O¡��L³±�6¨¿¥ZÈ±�O¡��±¶¬¶��¤����¸D�6«/®��A²��L¡�¹�£�º�¥±¡��6�±®���¥±º �¤���
º�¥1­�¡��*·�� �6£¾¥±º8²��±®��/ª¬«��6£��±£¾�¤���É£¤ª.-O�&¥±ºY�¤���°ª¬«A£ � ¡�­/®r�¤ª¯¥1«�®O�±®����É¦¾�±£¾ÈL�L¡�ª¯�6¨¿º�¡¤¥1² M ø�¹Ö¸'·�� �6£�� ¥ M +
¸�·�� �±» ¼ �����±®O®r�6£�£��¤ª¬²���¥±º �¤���½ªÄ«A£ � ¡�­A®r�¤ª¬¥1«w®O�±®����&¦¾�±£¾£¤®O�±¶¯�6¨Ö¦�ª¯�¤��ª¯�¤£�£¤ª�-O�±» ¼ �����±®O®r�6£¤£¾�¤ª¬²w��¦¾�±£
M ®r·#®O¶¯�É�L� M ø�¹�¸�·�� �6£OÃ P ®r·�®O¶¯�6£��L��ø à ¹¿¸�·'� �6£OÃ à ®r·#®O¶¯�6£��L� P ¢±ø�¹¿¸'·�� �6£OÃA�±«A¨Xß4®r·�®O¶¬�6£��L� M +�¸�·'� �±»
÷¾�6®O�±­A£¤�X�¤���X�±®O®r�6£¤£w�¤ª¬²w�¿¦��±£w£¤®O�±¶¯�6¨;Ã��¤���X¨��O�/�¤�@¥±º½�¤���Öº�¡¤¥1«'��ÀÁ�6«A¨Î¥±ºV�¤���Ë�A¡�¥�®r�6£¤£¤¥±¡4��ª¯� �6¶¬ª¬«��
¨A�O�D�6«/¨A£©¥1«Î�¤�A�ËªÄ«A£ � ¡�­A®r�¤ª¬¥1«-®O�±®����=£¤ª.-O�±Ã��±«/¨;Ã��±£w�3¡¤�6£¤­A¶¬�OÃ��¤���X²�ª¬«Aª¬²4­A²�¸A¡��±«A®���²�ª¬£ �A¡��6¨Aª¬®r�
� �6«A�±¶¬�*·]²4­A£ �É¸ �w£¤®O�±¶¯�6¨��±®O®r¥±¡�¨Aª¬«�³X� ¥X�¤����ªÄ«A£ � ¡�­A®r�¤ª¬¥1«]®O�±®����Ö£¤ª�-O�±» ¼ �A�J²�ª¬«Aª¬²4­A²Û²�ª¬£ �A¡��6¨Aª¬®r�
� �6«A�±¶¬�*·Ç¦��±£q Ö®r·�®O¶¬�6£É�L�°�X®O�±®�����£¤ª.-O�J¥±º M ø�¹3¸�·'� �6£OÃ8ßË®r·#®O¶¯�6£É�L�Gø à ¹3¸'·�� �6£OÃ MON ®r·#®O¶¯�6£É�L� P ¢±ø�¹
¸�·�� �6£OÃµ�±«A¨ Mrà ®r·�®O¶¬�6£��L� M + ¸'·�� �±» ¼ ����²��±®��/ª¬«��¾¦�ª¯�¤���¤�����D�O¡�ºÂ�6®r�{ª¬«A£ � ¡�­A®r�¤ª¯¥1«4®O�±®����Vª¬£>£¤­��/�D¥1£¤�6¨
� ¥�¡¤�O�A¡¤�6£ �6«'���¤���Gª¬¨A�6�±¶;£ ¥1¶¬­��¤ª¯¥1«¿� ¥��¤�A�Gª¬«A£ � ¡�­/®r�¤ª¯¥1«Ë®O�±®����G¸ ¥±� �¤¶¯�6«A�6®¤¹D» ¼ ���Gª¬¨A�6�±¶D£¤¥1¶¬­��¤ª¯¥1«Xª¬£��±«
ªÄ«A£ � ¡�­A®r�¤ª¬¥1«Ç®O�±®��A�w�¤�A�L�&�/�±£½� MON±N � �O¡�®r�6«µ�°�Aª¯��¡��L� �w�±«A¨]�¿£¤ª¬«A³1¶¯��®r·#®O¶¯�J�±®O®r�6£¤£°�¤ª¬²w�±»wÆ Ù £¤ª¬«A³1¶¯�
®r·#®O¶¯�X�±®O®r�6£¤£J�¤ª¬²��¿ª¬£4ª¬¨��6�±¶§¸ �6®O�±­A£ �Ëª¯�©¡��6£¤­A¶¯�¤£4ª¬«-�¤���¿£�²��±¶¬¶¯�6£ ��� ¥1£¤£¤ª¯¸/¶¬��²�ª¬«Aª¬²4­A² ²�ª¬£ �A¡��6¨Aª¬®r�
� �6«A�±¶¬�*·±»öÊ4Ô�¥±¡§�¤�Aª¬£{¡¤�6�±£ ¥1«YÃµ�¤����²��±®��Aª¬«A��¦�ª¯�¤�w�¤����� �O¡¤º��6®r��ª¬«/£ � ¡�­A®r�¤ª¯¥1«J®O�±®����½®r¥1­A¶Ä¨��±¶¯¦��6·w�±®O®r�6£¤£
ª¬�¤£V®O�±®����4ª¬«X��£¤ªÄ«�³1¶¯�É®r·�®O¶¬�±Ã/�±«A¨=ª¯�¤£�²�ª¬«Aª¬²4­A²�²�ª¬£ �/¡¤�6¨Aª¬®r�¾� �6«A�±¶¯�*·¿¦��±£��±¶¯¦��6·#£� J®r·#®O¶¯�6£O»

16K� 64K 256K� 1M
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Perfect ICache
Real ICache w/ OOO FDI (Oracle)
Real ICache w/ OOO FDI (Assume Dependence)
Real ICache Only
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��ho�Dk+jefx`��­« ^�®£¯O°�±x³ ��f2i+lrd+yMq,je�&a ´ q9i+|~��ho�Dkgjef{`��­«9« ®¶µ nDiO¡ ¯g°²±x³ ��f2i+lQd+yzq,je�Oa ´ n9vG`��G�<f2iG|+h¸·)`s�
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Perfect ICache
Ù
16k Byte ICache w/ OOO FDI (Oracle)
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache Only
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�gn9j�d+ho�Dd+�o��q9aeaen&l5h
q,beh
Ü9f~h�i+aTbTjrk+lmbeh
nDi�l5q9lrd+f2a5uÓlmnDy��Gk+��aTn9je�Zq9i+|¦l5q,�Gq9l5hob��Wyzh
araTf2aNq9l5lmnDkGi b
v�n9j�bedgf��
honDiÓÝÞa�aedGq,jef�n9v�bedgf�yzh
araTf2a5� ³ nDiOß�h�lmb?yzh�aeaTf2a~q,jef�f2�
h
yzh�i+q,bTf2|B�&�Bh
iGlmjef2q9aeh
ig�¦bedgf�q9aeaTn,¡
l5h�q,behoÜ&h
b�� n9v�bedgfMl5q9lQdgf9��à�v{bedgf\q9aeaTnOl5h
q,behoÜOhob���h
a�d+ho�Dd�f2ignDk+�Dd"u�y�nDaebsn9v{bedgf\lmnDigß�h
lmbsyzh�aeaTf2a)q,jef
f2��h
yzh
i+q,bTf2|Óu�q9i+|"uKn9v�bedgfzjrf2yzq9h
i+h
i+�Zyzh
aeaTf2a2u�y�nDaTb?q,jefMf2h
bedgf5j?lmnDyz�Gk+�
aTn9jr�Wn9j?l5q,�Gq9l5hob��§yzh
aeaTf2a2�
³ nDy��Gk+�
aen9je��yzh
aeaef2a�nOl5l5kgj�w�d+f2i¥q9i¨h�i+aTbTjrk+lmbeh
nDi§h
a�jef5v�f5jef2i+lmf2|ªv�n9j�bedgfpáGjraTb?beh
y�f9�§�gn9jzbedgf2aTf
yMh
aeaTf2a5u bedgf�nDi+�
����f2igfmáGb�bedGq,b�nDkgb¢¡£n9v�¡£n9jr|gf5jxv�f5belQd�¤:|gf2lmnO|gf�¤:h
aeaek+fc�+jen�Ü&h
|+f2a�h
a�bed+q,b�n9v��+jef5v�f5belrd+h
i+�g�
³ q,�Gq9l5hob��pyzh
aeaef2a²l5q9ipn&l5l5k+jx|+k+jrh
ig�)bed+f��+jenOlmf2aeaeh�ig�sn9vÓq?aTf2�
|gnDyâk+aTf2|paekg�GjenDkgbeh
igf9��ã�kgb¢¡£n9v�¡£n9jr|gf5j
v�f5belrd<¤:|gf2lmn&|+f�¤:h
aeaekgf)dGh
|gf2a�bedgf}��q,bTf2i+lm�\q9aeaen&l5h
q,bTf2|�wNhobedMbed+f2aTf}yMh
aeaTf2ax�&�zv�f5belQd+h
ig�gug|gf2lmnO|+h
i+�gu&h
aT¡
ark+h
ig�gugq9i+|"uOv�n9jcaTnDy�f)|gf5��f2i+|+f2i+lm�Md+q9i+|G�
h
ig��bTf2lrd+i+h�ä.kgf2a2u&fm·Of2l5kgbeh
i+�gugbedgf)h
i+aTbTjQk+lmbehonDi+a�v�nD���on6w�h�ig�
bed+fsaekg�+jrnDkgbeh
igf9ÝÞaxjef5bekgjQi�w�d+h
�
fNbedgf�yzh
aeaTf2a�q,jrf)��f2h
ig��aTf5jeÜOh
lmf2|"�
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��dgf���f5jev�n9jryzq9i+lmfN��f2igfmáGb²n9v8nDkgb¢¡£n9v�¡£n9jQ|gf5j{v�f5belQd�¤:|gf2lmnO|gf�¤:h
aeaek+f}|gf5��f2i+|Ga�nDi\bedgfN��f2i+q9�
b��

h�i+l5kgjejef2|pnDiZh�i+aTbTjrk+lmbeh
nDipl5q9lQdgfsyzh�aeaTf2a5���gn9j�f2q9lrdWn9v�bedgf�v�nDkgjcyzq9lQd+h
igf2a2u+�Kh
�Dkgjef)�&� ] �zaed+n6w�a{bedgf
��f5jev�n9jryzq9iGlmfpq6Ü9f5jrq,�9f2|ên�Ü9f5jzq9�
�xbedgf\��f2i+lQd+yzq,je�Oa5���gn9j�f2q9lQdêyzq9lrdGh
igf9u�bedgf�h
i+aTbTjQk+lmbehonDi¥l5q9lrdgf
yMh
aeaz��f2i+q9�
b��¨w{q9aMÜ,q,jrhof2|©v�jenDyë��bTn ^ �§lm�&l5�of2a2�Ã�gn9jpbedgf¦yMq9lrd+h
i+fZbed+q,b�h
y��G�of2yzf2i bea�nDk+b¢¡£n9v�¡
n9jQ|gf5j�v�f5belQd�¤:|gf2lmnO|gf�¤:h
aearkgf�k+aeh
ig��bedgf�n9jrq9l5�of�|gf5��f2i+|gf2iGlm�zd+q9i+|+�
h�ig�)bTf2lrdGi+h
ä&kgf9u.bed+f}��f5jev�n9jryzq9iGlmf
�Dq9h�izn6Ü9f5jxbedgfN�Gq9aTf2�
h
i+f{yMq9lrd+h
i+fcjrq9ig�9f2a²v�jenDy��9ì Ð v�n9j�q9i\h
i+aTbTjrkGlmbehonDi�l5q9lrdgfNw�hobedzq���lm�&l5�
fNyzh
ara
��f2i+q9�
b��9uDbTn ] �:« Ð v�n9j�q9i�h
i+aebTjrk+lmbehonDi?l5q9lrdgf�wNhobed~q ^ ��lm�Ol5�ofcyzh�aeaK�<f2iGq9�ob��9���gn9j�bedgf�yzq9lQd+h
igf{bed+q,b
h�y��G�of2y�f2i.bea�nDkgb¢¡£n9v�¡£n9jr|gf5j�v�f5belQd�¤:|gf2lmnO|gf�¤:h
aeaek+fNk+aeh�ig��q9aeaek+y�fc|+f5�<f2iG|gf2i+lmf9uDbedgf��Dq9h�i�jrq9ig�9f2a²v�jenDy
�9Ï Ðí® ��lm�&l5�of�yzh�aea}�<f2iGq9�ob�� ´ bTn ] « � Ðî®$^ ��lm�&l5�
fzyzh
aea}��f2i+q9�ob�� ´ �)à¢i v¶q9lmb5uÓbedgf~��f5jev�n9jQyzq9i+lmf2a}n9v
��n9bed�yzq9lQd+h
igf2a�bed+q,b�h
y��G�
f2y�f2i b²nDkgb¢¡£n9v�¡£n9jQ|gf5j�v�f5belQd�¤:|gf2lmnO|gf�¤:h
aearkgf�q9i+|MbedGq,b{dGq2Ü9f ^ �slm�Ol5�of�yzh
ara
��f2i+q9�
behof2a�fm·glmf5f2| bedgf~��f5jev�n9jryzq9i+lmf�n9v�bedgf~�Gq9aTf2�
h�igfsyzq9lQd+h
igf?bed+q,b�d+q9a�qp�plm�Ol5�of�yzh
aea���f2i+q9�ob��9�
¬�f2aek+�obea�v�n9j�bedgfch
iG|+hoÜOh
|+k+q9�9��f2i+lQd+yzq,je�Oa�q,jef��+jen�Ü&h�|gf2|�h
i~��ho�Dkgjef�`��­« � ®£¯O°²±{³ �<f2iGlrd+yzq,jr�&a ´ q9i+|
��ho�Dk+jef)`s�­« � ®¶µ nDig¡ ¯O°²±{³ ��f2i+lrd+yMq,je�&a ´ n9vK`N�+��f2i+|+h¸·p`s�
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Perfect ICache
16k Byte ICache w/ OOO FDI (Oracle)
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache Only
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ã}vÓbedgf�v�nDkgj{jef2q9�
h
aTbeh�l�|gf5��f2i+|gf2iGlm�zd+q9i+|+�
h�ig�)bTf2lrdGi+h
ä&kgf2aýü0q9aeark+y�fN|+f5�<f2iG|gf2i+lmf9ugl5�
q9aeaehoá+¡
l5q,beh
nDi"u"yzq9aT��l5q9lQdgf9uÓq9i+|¦q9aeaek+y�f?h
i+|gf5��f2i+|+f2i+lmfÛüÚnDi+�o�\b�wxnguÓq9aeaek+yzf�|gf5��f2i+|gf2iGlmf�q9i+|¦q9aeaek+yzf
h�i+|gf5��f2i+|gf2i+lmf9u�yzq6���<f\w�n9jrbed w�dGh
�of9�Z�cdgfpl5�
q9aeaehoá�l5q,behonDi�bTf2lQd+i+h
ä&kgfp|gn.f2a?ign9b?��f5jev�n9jQyÒign9beh
lmfm¡
q,���o�~�<f5bTbTf5j�bed+q9izbed+fNq9aeaekGy�f�|gf5��f2i+|gf2iGlmf�bTf2lrd+i+h�ä.kgf9u&q9i+|zhobea�h
y��G�
f2y�f2i beq,beh
nDizh
a�y�n9jrf�|+h¸þ\l5kG�ob
bedGq9iªbedgfZh
y��G�
f2y�f2i beq,beh
nDi§n9v}q9aeaek+yzf�|+f5�<f2iG|gf2i+lmf9�§��dgfpyMq9aT�¥l5q9lQdgf�bTf2lrdGi+h
ä&kgf�q9�owxq6�&az�<f5je¡
v�n9jryzaxwxn9jraTf}bed+q9ipbedgf�q9aeaek+y�f}|gf5��f2i+|gf2i+lmfNbTf2lrd+iGh
ä.k+f9u&f5Ü9f2i�hovÓq���f5jev�f2lmb ®¢]5_9_ ��f5jrlmf2i.bxd+h
b²jrq,bTf ´
yMq9aT�zl5q9lrdgf}h
a�h
yz�G�of2y�f2i.bTf2|"���gn9j�bed+fcjef2yzq9h
iG|gf5j�n9v�bed+h
a�|Gh
aeaTf5jebeq,beh
nDi"uDbedgfcnDiG�o��jrf2q9�
h
aTbeh
l�|+f5�<f2ig¡
|+f2i+lm��d+q9i+|+�
h�ig�\bTf2lQd+i+h
ä&kgf2asbed+q,b)à�w�h
�
��h
i.Ü9f2aTbeho�Dq,bTfpq,jefMbed+fMq9aeaek+yzfz|gf5��f2i+|gf2i+lmfzq9i+|§q9aeaek+yzf
h�i+|gf5��f2i+|gf2i+lmf�bTf2lQd+i+h
ä&kgf2a5�

à¢i+aTbTjrkGlmbehonDisl5q9lQdgfxyMh
aeaTf2aÓarho�Di+h¸á�l5q9i.be�o��h
y��Gq9lmb��+jenOlmf2aeaTn9j��<f5jrv�n9jryMq9i+lmf9�8ÿ�dgf2isqN��f5jev�f2lmb
h�i+aTbTjrk+lmbeh
nDisl5q9lrd+f{h�a8k+aTf2|Óu:bed+f�q2Ü9f5jQq,�9f��<f5jrv�n9jryMq9i+lmf²n9vgbedgf{|gf5v¶q9k+�ob8arh¸·&bTf5f2i?w�h�|gf²h
aearkgf��+jenOlmf2aeaTn9j
h�a�«g� Ï9Ï�à¢i+aTbTjrkGlmbehonDi+a ° f5j ³ �Ol5�of ® à °x³c´ � � n6wxf5Ü9f5j2u�w�dgf2i�qZjef2q9��h
i+aebTjrk+lmbehonDi�l5q9lQdgf\h
a�kGaTf2|"uÓbedgf
��f5jev�n9jryzq9iGlmf)|gjen9�Ga{�&� ^ ì Ð bTn\�&� ì9�zà °{³ �

ã�kgb¢¡£n9v�¡£n9jr|gf5jsv�f5belQd�¤:|gf2lmnO|gf�¤:h
aeaek+fMl5q9i���f�k+aTf2|�bTn�jef2|+k+lmf�bed+h�a��<f5jrv�n9jryMq9i+lmfz|gf5�9jrq9|+q:¡
beh
nDi"��`Ò�+jrn&lmf2aeaen9jZbed+q,b�k+aef2a�qªjef2q9�)h
i+aebTjrk+lmbehonDi�l5q9lrd+fBq9i+|>bed+q,bZh�y��G�of2y�f2i.bea�nDkgb¢¡£n9v�¡£n9jr|gf5j
v�f5belrd<¤:|gf2lmn&|+f�¤:h
aeaekgf�k+arh
ig��q9aeark+y�f�|+f5�<f2iG|gf2i+lmf�dGq9a�q9i?q2Ü9f5jrq,�9f���f5jev�n9jryzq9iGlmf²n9v+«g�­« ] à °x³ u�w�d+h
lQd
h�acnDi+�o��qpì&� � Ð |+jen9��h
i��<f5jrv�n9jryMq9i+lmf)v�jenDy qM�+jenOlmf2aeaTn9jNkGaeh
ig�zqM�<f5jrv�f2lmb}h
i+aTbTjrkGlmbehonDiZl5q9lrd+f9���8n
��kgb�hob�q9ign9bedgf5j�w{q2�9u�h
bea��<f5jrv�n9jryMq9i+lmf?h�a�« ì Ð d+ho�Ddgf5j}bed+q9i�q�yzq9lQd+h
igf~w�h
bed¦q�jrf2q9�Kh�i+aTbTjrk+lmbeh
nDi
l5q9lQdgf bed+q,b�|gn.f2ari"Ý­bMh
y����of2y�f2i.bznDkgb¢¡£n9v�¡£n9jr|gf5jpv�f5belQd�¤:|gf2lmnO|gf�¤:h
aeaek+f9� �cdgf��<f5jrv�n9jryMq9i+lmfZn9v)bed+h�a
�Gjen&lmf2araTn9j�h
a�l5�
nDaTf\bTn bed+q,b~n9v�qW�+jenOlmf2aeaTn9j~bed+q,b~h
y����of2y�f2i.beasnDkgb¢¡£n9v�¡£n9jr|gf5j�v�f5belrd<¤:|gf2lmn&|+f�¤:h
aeaekgf
kGaeh
ig�sq9i�h
|+f2q9�G|gf5��f2i+|gf2iGlm�~dGq9i+|+�
h
i+��bTf2lrd+i+h�ä.kgf ® h$� f9�ouOn9jrq9l5�
f ´ �²�cdgfc��f5jev�n9jryzq9iGlmf�n9vÓbed+h�a²�
q,bTbTf5j
�Gjen&lmf2araTn9j�h
a{«g�­« ì~à °x³ ugw�d+h
lQdph�a{nDi+�o�\q9i��.� ì Ð |gjen9�Zh�i\��f5jev�n9jryzq9iGlmf}v�jenDyçq~�Gjen&lmf2araTn9j�k+aeh�ig�?q
��f5jev�f2lmb�h
iGaTbTjrk+lmbehonDi�l5q9lQdgf9�
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�cdGh
a)lrdGq,�+bTf5j?|+f2aelmjrho��f2a�nDigfM�<nDaraeho�G�of�h
yz�G�of2y�f2i.beq,behonDi�n9v�nDkgb¢¡£n9v�¡£n9jr|gf5j?v�f5belrd¥q9i+|�nDigf
��nDaearho�G�ofsh�y��G�of2y�f2i.beq,behonDiWn9v�nDkgb¢¡£n9v�¡£n9jr|gf5j�v�f5belrd�¤:|gf2lmnO|gf�¤:h
araekgf9�)�cdgf?lrd+q,�GbTf5j)h
a�n9jr�Dq9i+hot5f2|¦h
i bTn
bed+jef5f)aTf2lmbehonDi+a2� ¯ f2lmbehonDiB�.� ] �+jrf2aTf2i bea{bed+f��Gq9aTf�yzh
lmjenDq,jQlrd+hobTf2lmbek+jef�bed+q,b�w�h
���+��f�k+aTf2|�bTnz|gf2y�nDig¡
aebTjrq,bTf�bed+fsh
y��G�
f2y�f2i beq,beh
nDi+a{n9v�nDkgb¢¡£n9v�¡£n9jr|gf5j�v�f5belrd¦q9i+|�nDkgb¢¡£n9v�¡£n9jQ|gf5jNv�f5belrd<¤:|gf2lmn&|+f�¤:h
aeaekgf9�{�cd+h�a
h�aN�&�Zign�y�f2q9i+a}bedgf?nDi+�o��yMh
lmjenDq,jrlQd+hobTf2lmbekgjef~kg��nDiZwNd+h
lrdWnDkgb¢¡£n9v�¡£n9jr|gf5j�v�f5belrd q9i+|¦nDkgb¢¡£n9v�¡£n9jr|gf5j
v�f5belrd<¤:|gf2lmn&|+f�¤:h
aeaekgfNl5q9i���f{h�y��G�of2y�f2i.bTf2|"� ¯ f2lmbehonDiC�.� ���+jrf2aTf2i bea�bed+fcq,�+�Gq,jrq,bek+a�jrf2ä.k+h
jef2|?v�n9j�h
y�¡
���of2y�f2i.beh
ig�znDkgb¢¡£n9v�¡£n9jr|gf5j}v�f5belrd"�Nã�k+b¢¡£n9v�¡£n9jr|+f5jNv�f5belrd�¤:|+f2lmn&|gf�¤:h�aeaekgf�jef2ä.kGhojef2a�nDkgb¢¡£n9v�¡£n9jr|gf5j}v�f5belrd"�
± je�9nguDbedgf�q,�+��q,jrq,bek+a�jef2ä&k+hojef2|�v�n9jKnDk+b¢¡£n9v�¡£n9jr|+f5j�v�f5belQd�h
a�q9�
aTn�jef2ä&k+hojef2|�v�n9jKnDk+b¢¡£n9v�¡£n9jr|+f5j�v�f5belQd�¤:|gfm¡
lmnO|gf�¤:h
araekgf9� ¯ f2lmbehonDi'�.� ^ �+jef2aTf2i.bea²bed+f�jef2yzq9h�i+h
ig�)q,�+��q,jrq,bek+a�jef2ä.kGhojef2|zv�n9j�h�y��G�of2y�f2i.beh
ig��nDk+b¢¡£n9v�¡
n9jQ|gf5jcv�f5belrd�¤:|gf2lmnO|gf�¤:h
araekgf9�
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�cdgf}�Gq9aTf�yzh
lmjrnDq,jrlrd+h
bTf2lmbekgjef�h
a{q9i � °{¯ yzh
lmjenDq,jrlQd+hobTf2lmbekgjrf9� ® �cdgf � °{¯ yzh
lmjenDq,jQlrd+hobTf2lÛ¡
bek+jefsw{q9a�|gf2aelmjrho��f2|Zh�i ¯ f2lmbehonDi ^ � ] � ´ ��ho�Dk+jefK�.� ] aedgn�w�a�q\�G�onOle��|+h
q,�9jQq9y n9v�bedgf��Gq9aTf~yzh
lmjenDq,je¡
lQd+hobTf2lmbekgjrf9���cdgf{�Gq9aTfcyzh�lmjenDq,jrlrdGhobTf2lmbekgjefch
a�qsy�n9jefcq,�9�9jef2aearhoÜ9fcÜ9f5jraeh
nDi~n9v�bedgfcyMh
lmjenDq,jrlQd+hobTf2lmbekgjef
�Gjef2aTf2i.bTf2| �.���{kgbe�
f5j�L ] �NMPO�hob�l5q9i¦v�f5belQd�kg�¦bTn ^ v�f5belrd��G�onOle�Oa���f5j�lm�&l5�
f9u"w�dgf5jef2q9a��{kgbe�of5j2ÝÞa�yzho¡
lmjrnDq,jrlrd+h
bTf2lmbekgjef�l5q9i~v�f5belrdzq,b�yznDaTb ] v�f5belQd��G�onOle�s�<f5j�lm�Ol5�of9���cdgfx�Gq9aTfcyMh
lmjenDq,jrlQd+hobTf2lmbekgjef9u w�d+h
lQd
h�a�y�n&|+f2�of2|pw�hobed\bedgf�v�kG�
��arh
y�kG�
q,bTn9j2uOh
a{y�n9jef�jef2q9�
h�aTbeh
lNbed+q9ipbedgf)aeh
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Execute/Bypass

Tag Bus

Execute/Bypass

Tag Bus

Result Bus

Wakeup/Select

Result Bus

R1 <- R20 - 10:

R20 <- R1 + R2:

Clock: Cycle # 1 Cycle # 2 Cycle # 3
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± q9lrd§n9v�bedgf ] � µ nO|gfM�Kq,�G�of2a�d+q9as�on9�Dh�lzv�n9j�aTf2�of2lmbeh�ig�Zbedgfpd+ho�Ddgf2aTb��Gjrhon9jrhob���á�jrq,�G�ofzh
ig¡

aebTjrk+lmbehonDi�w�hobed+h
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�
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� ] � µ n&|gf��Kq,�G�of2a5����ho�Dkgjef��.� Ï
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h
i+�?�on9�Dh�l�v�n9jcnDi+f)n9v�bed+f µ nO|gf)�Kq,�G�of2a5�

Node State Priority Payload

R1 R63

To
Functional

Unit

Select
Logic

G1Select
Logic

Wakeup
Logic

Wakeup
Logic

Checkpoint  1:

Checkpoint 63:

63

G63

63

Node State Priority Payload
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bedGq,b�q,jefpk+aTf2|�bTn¦aTbTn9jef\ae�<f2l5kG�
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�ma\}~cb�¦qR}~dgl�o�trk�`Ra\qeu�f^j�a�tr`Ro^c§ficRk%a
� }1tr`*tr`Ra�d�o^u�a�drant�f^s�dgfihbj�k%a�f^l�anj�o^cRqe��o^�~hba\dn�;_¨`Ra\cetr`Ra�}�c�dgtgj�hRk%tr}1fice}�d�}�cR}1tr}�o^�~�1� � j�}1tgtga\c§}�c#tgf
tr`Ra�dr�1f^tn�Etr`R}�d;��}1t�}~d;jra\dgantn��_V`ba\cban�^anj�tr`ba,}�cRdrtgj�hRk%tr}1fic£jra\k%a\}��^a\dxo-cba � dgfihbj�k%a�f^l�anj�o^cRq©��o^��hRa^�
ficRa�f^sXtr`ba,u�o�trk�`©��}~cba\d;}�d�o^drdganjrtga\q¡�ªo^cRq��¡}�c£tr`Ra�s&fi���1f � }�cb��k%�!kn�1a^�¡tr`ba,q�}�dgl�o�trkp`ba\q§��}1t�}�d;jra\dgantn�
_V`ba\c«tr`Ra,dr�1f^tn¬­d;�^j�o^c�tx��}�cRa�®�}¯��a^�1��°x±;}�d;o^drdganjrtga\q¡�ªtr`ba�}�cRdrtgj�hRk%tr}1fic£}�d�qR}~dgl�o�trk�`Ra\q��¡o^cRq��¡}�c§tr`ba
s&fi���1f � }�cb��k%�!kn�1a^�¡tr`ba¦qR}�dgl�o�trkp`ba\q£��}1t�}�d;dgantn��²³s�o^c«}�cRdgtgj�h�k%tr}1fic§jra\k%a\}1�^a\dxo�cRa � dgfihbj�k%a,f^l�anj�o^c�q
��o^��hba�o^cRq§}�d3}�u�u�a\qR}�o�tga\�1��qR}�drl�o�trk�`ba\q´®�}¯��a^�1��}1s�ficba�f^s{tr`ba�u,o�trk�`£��}�cRa\d<o^cRq-tr`Ra��^j�o^c�t;��}�cba�o�jra
o^d�dganjrtga\q�}~c�tr`ba3dro^u�a:k%�Skn�1aG±p��tr`ba3qR}~dgl�o�trk�`Ra\q���}1t�}�d{dgant�j�o�tr`banj�tr`Ro^c,jra\dgant�}�c�tr`Ra<s�fi�~�1f � }~cb��k%�Skn�1a^�

z<`ba��mf^tgtgfiuµf^s:tr`ba¦���ihbjra�dr`bf � d�tr`ba��1f^�i}�k�s�f^j��^a\cbanjpo�tr}�cb�£tr`ba�jra\ �hRa\dgt�dr}1�icRo^�¯�«z<`Ra
d��1f^t��^a\cbanj�o�tga\d�o�jra\ Shba\dgtx}�s���f^tr`©dgfihbjpk%a�f^lmanjpo^cRqRd,®�¶Vo^cRq«·�±�o�jra,f^j � }~�����ma�o¸��o^}��~o����1a,}�c£tr`ba
cRa%�St�k%�Skn��a^�!o^c�q�}1s�tr`ba�}�cRdgtgjphRk%tr}1fic�`�o^dXcbf^tX�^ant��mana\c�qR}�drl�o�trk�`ba\q � }1tr`�tr`ba�knhRjrjra\c�tXdgant�f^s¡dgfihbj�k%a
f^l�anj�o^c�q,��o^��hba\dn�{y�c�f^l�anj�o^cRq¦}�d�knhRjrjra\c�tr�1��o\��o^}���o����1a�}1s�}1trd�j�a\o^qb����}1t�}�d�dgantn��y�c¦f^lmanjpo^cRq � }~���!��a
o¸��o^}~��o����1a<}�c�tr`Ra<cba%�StXk%�Skn�1a<}�sC}1trd�u�o�trk�`��~}�cba�}�d{o^drdganjrtga\q¡¹�tr`Ro�tX}�dn�i}1sm}1trd{tro��x}�d���a\}�cR����jrfio^qRkno^dgt�}~c
tr`Ra�knhbjrj�a\c#t3k%�!kn�1a^��®�w<a\kno^�~�¡tr`Ro�t:tr`ba�tro���s�f^j�o���o^�~hbax}�d<q�}�dgtgj�}1�Chbtga\q�ficbaxk%�!kn�1ax��ans&f^jra�tr`bax��o^��hRa
}~d�q�}�dgtgj�}1�Chbtga\q��º±�y�c£}�cRdgtgjphRk%tr}1fic*`�o^d�cRf^t��^ant;��ana\c£qR}�dglCo�trk�`ba\q � }1tr`etr`ba�knhbjrjra\c�t;dgant;f^s�dgfihbj�k%a
f^l�anj�o^c�q���o^��hRa\dN}1s¡a\}1tr`banjNtr`Ra�qR}�dgl�o�trkp`ba\q���}1tN}�d�jra\dgantn��f^j<}1sEo�tro���s&f^j3o�dgfihbj�k%a�f^l�anj�o^c�q¦��o^��hba�}�d
��a\}�cR�,�Rjrfio^qRkno^drt�}�c*tr`ba�knhbjrjra\c�t:k%�!kn�1a^��®�w3a\kno^���Etr`Ro�t:tr`Ra�qR}�drl�o�trk�`ba\qe��}1t:}�d3cbf^t�jra\dgant;hRc�tr}���tr`ba
k%�!kn�1axo�s&tganj:o,tro���u,o�trk�`ef!knknhbj�dn�º±
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��}��ihbjrax¼�� Zn½ dr`bf � d�tr`ba�dga\�1a\k%tN�1f^�i}�k�s&f^jNdr�1f^tNc�h�ux��anj Z ��z<`ba;dga\�1a\k%t<�1f^�i}~k3s&f^jNf^tr`banj<dr�1f^trd
}~dxdr}�u�}���o�j\�,z<`Ra�dr�1f^tn¬­dxjra\ �hRa\dgtx��}�cRa,}�d���o���a\�1a\q«w�¾�o^cRqI}�trd��^j�o^c�t���}�cRa,}�d���o���a\�1a\qI°�¾\��w<a\ Shba\dgt
�~}�cba\d<s&jrfiu
tr`ba�f^tr`banj;¿^À�dr��f^trd:o�jra���o���a\�1a\q*w:Á�Â�w3ÃgÄ^�3Å�Æ�Ç�¾�®¯ÈÊÉÌËGÀS�¡ÍS�E�\�n�¸��¿^Í�Î�±:}�d3tr`ba�ÏCÐ�Ñ,��}�t
f^s�tr`ba�lRj�}�f^j�}1t��e}�cbs&f^j�u,o�tr}1fic*��a\��q£o^drdgf!kn}�o�tga\q � }1tr`£dr�1f^t�c�h�ux��anj Z �x²³t�}�d;dgant�}1s�tr`Ra�}~cRdgtgj�hRk%tr}�fic
}~c/dr��f^t�cShRu��manj�ÏÒ`Ro^d�oe`�}1�i`banj�d�k�`ba\qRh���}�cb�-l�j�}1f^j�}1t��«tr`Ro^c/tr`ba�}~cRdgtgj�hRk%tr}�ficI}�c´dr�1f^t�c�hRu���anj Z �
²³t�}�d�jra\dgant;f^tr`banj � }�dga^��z<`ba�dr�1f^tn¬­d;�^j�o^c�t���}�cba�}�d�lRjra\kp`Ro�jr�^a\q«`R}1�i`§qRhbjp}�cb�,tr`ba���jpdgt�kn��fSk��*l�`Ro^dra^�
Ó;hbjp}�cb��tr`ba:dga\k%ficRq�kn�1fSk���l�`Ro^dga^��tr`ba3��}~cba<}�d�q�}�drk�`�o�jr�^a\q,}1s�tr`ba3d��1f^tXqbfSa\d�cRf^t��^a\cbanj�o�tga;o�jra\ Shba\dgtn�
f^j�}1sEo^c���dr�1f^tNtr`Ro�t:`Ro^d<o,`R}��i`banj<drk�`Ra\qRhR��}�cR��lRjp}1f^j�}1t���tr`Ro^c-d��1f^t<c�h�ux��anj Z �^a\cbanjpo�tga\d3o�jra\ Shba\dgtn�
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z3`ba*lRjp}1f^j�}1t��(}~cbs�f^jpu,o�tr}1ficÝ}~d�o^k%trhRo^�����Ýu,o^}�c�tro^}�cba\qÝficÌo/l�anj�dr��f^t���o^dr}~d,j�o�tr`banj�tr`Ro^c
fic´oelmanj�Þ3f!qba¦z�o����1a¦a\c#tgj��«��o^dr}�dn��z<`�o�t�}�dn��tr`ba�u,o^k�`R}~cba¦`Ro^d Zn½^½i] Þ3f!qba¦z�o����1a¦a\c#tgjp}1a\d¦® Z ¿
Þ:f!qbaez�o����1a\d/ßà¿^Í©d��1f^trd,l�anj�Þ:fSqRaez�o����1aG±p����hbt,fic��1�(¿^ÍI�1f^�i}�kno^��®�o^d�f^lRl�fidga\qÒtgf/l�`��!dr}�kno^���1�
}~u�l��1a\u�a\c�tga\qC±�l�j�}1f^j�}1t��«}�cbs&f^j�u,o�tr}1fic«j�an�i}�dgtganj�dn�e¢�o^k�`´f^sNtr`ba�lRj�}�f^j�}1t��£}�cbs&f^j�u,o�tr}�fic©jran�i}�drtganj�dx}�d
d�`Ro�jra\q¦����tr`ba Z ¿�Þ3f!qba:z�o����1a:a\c#tgjp}1a\d�®&ficRa�Þ:fSqRa�z�o����1a:a\c#tgjr��s&f^j�a\o^k�`�f^s¡tr`ba Z ¿xÞ:f!qba�z�o����1a\d�±
tr`�o�t3o�jraxo^drd�}1�icba\q�tgf,tr`Raxdro^u�a�dr��f^t3c�h�ux��anj\�
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y�d � o^d3u�a\c�tr}1ficba\q*a\o�j���}1anj¸�btr`ba�lRj�}�f^j�}1t���}�cbs&f^j�u,o�tr}�fic�}�d<hRdga\q-tgf¦}�u�lC�1a\u�a\c�t�tr`Raxfi��qba\drt
�Cj�dgt¦d�k�`ba\qRh���}�cb�©`ba\hRj�}�dgtr}�k��Vz<`baeo��^a§f^s�o^cÌ}�drdrhRa-l�o^kr�^ant�}�d�tr`baeo��^a§f^s�tr`ba*��j�dgt�}~cRdgtgj�hRk%tr}�fic
}~c7tr`ba-l�o^k��^antn�Ì²ádrdrhRa�l�o^kr�^antrd�o�jra-�i}��^a\cÒlRj�}�f^j�}1t��/��o^dga\q7ficÒtr`ba\}1j�o��^a^�Vyâ�i}1�^a\c7l�o^k��^ant � }~���
`�o\�^a«o/`�}1�i`banj�l�j�}1f^j�}1t��(tr`Ro^cVo^���<f^tr`banj�l�o^k��^antrd�tr`Ro�t�o�jra§�^fihRcb�^anj�tr`Ro^cV}1tn�ã¢Xo^k�`¨l�o^kr�^ant�}�d
o^�~�1fSkno�tga\q´o-kp`ba\kr�Sl�fi}�c#tn�{o^cRq©a\o^k�`(k�`ba\k���l�fi}�c�t�f � cRdxo*l�o�jrtr}�knh���o�jxdr�1f^t�c�hRu���anj\��z<`Ra,lRj�}1f^jp}1t��
f^s:o^c/}�c�dgtgj�hRk%tr}1ficIdgtgf^jra\q(}�cIoedr�1f^t�}�dxtr`Ra�lRj�}�f^j�}1t��£f^sNtr`Ro�t�}�cRdrtgj�hRk%tr}1fic�¬­dxl�o^kr�^antn�©ä;��qRa\dgt���j�drt
d�k�`ba\qRh���}�cb��}�d�l�anjrs&f^j�u�a\q��S��dra\�1a\k%tr}�cb�,tr`Ra�dr�1f^t � }1tr`�tr`Rax`R}1�i`ba\drtNlRj�}1f^j�}�t�����jpo����1a�}�cRdrtgj�hRk%tr}1fic��

�bf^j�k%fic#�^a\c�tr}1ficRo^�Xu,o^k�`R}~cba\d�o^cRq©u�o^k�`R}�cRa\d�tr`Ro�txdrhRlRl�f^jrt:fihRtá¤¥f^s~¤¥f^j�qRanjxs&antrk�`���}�cRdgtgjphRk�¤
tr}�ficRdn�bo^cRq�`ba\cRk%a�}�drd�hba3l�o^k��^antrdn��o�jra�}�d�drhba\q�}�c¦drtgj�}�k%t�lRjrf^�^j�o^uåf^j�qRanj\��_¨`ba\c�o�l�o^k��^ant<}�d�}�drdrhRa\q��
o^�~��l�o^k��^antrd<dgtgf^jra\q�}�c�tr`ba;Þ3f!qba;zEo�����a\dXo�jra;fi��qRanjXtr`Ro^c�}1tn��y�d�tr`Ra:l�o^k��^ant<}�d�}�drdrhba\q¡�#tr`ba�lRj�}1f^jp}1t��
}~cbs�f^jpu,o�tr}1ficejran�i}�dgtganj�o^drdrfSkn}�o�tga\q � }1tr`*tr`Ra�lCo^kr�^antn¬­dxd��1f^t�c�hRu���anj�}~d � j�}1tgtga\c � }1tr`£o���o^��hRa�tr`Ro�t
}~cRqR}�kno�tga\d�tr`Ro�t�o^���Xl�o^kr�^antrd�dgtgf^jra\q7}�c/tr`ba�Þ3f!qba�zEo��C�1a\d�o�jra�fi��qbanj�tr`Ro^c(}1tn�/ä;cRk%a�o§l�o^kr�^ant,}�d
}~cRdgtro^���1a\q�}�c�tr`ba�Þ:fSqRa;z�o����1a\d\�!o^c��¦cRa � l�o^kr�^ant3}~drdrhba\q � }����C��a:�^fih�cb�^anj<tr`Ro^c�}1tn��æ�fic�dga\ �hRa\c#tr�1�^�
tr`Ra�l�o^kr�^antn¬­d3lRj�}1f^j�}�t���}�cRs�f^j�u�o�tr}1fic�jran�i}�dgtganj<qbfSa\drc�¬çtNcbana\q�tgf���a�hbl�qRo�tga\q � `ba\c�o�cba � lCo^kr�^ant3}�d
}~drdrhba\q���ä�cetr`Ra�f^tr`banj�`Ro^cRq�� � `Ra\c§o�l�o^k��^antx}�d�jrantr}1j�a\q���tr`ba�jrantr}1j�}�cR�¦l�o^k��^ant�}�d�fi��qbanj�tr`Ro^c§tr`ba
}~cRdgtro^���1a\q-l�o^kr�^antn�:_¨`ba\c*tr`baxj�antr}1j�}�cb��l�o^kr�^ant;}�d<j�a\u�f¸�^a\q§s&jrfiuètr`ba�Þ3f!qba�zEo�����a\dn��tr`ba�}�cRdgtro^�~�1a\q
lCo^kr�^antn¬­d�l�j�}1f^j�}1t��-}�cbs&f^j�u,o�tr}1ficejran�i}�drtganj�}�d;hbl�qRo�tga\q*tgf-}~cRqR}�kno�tga�tr`Ro�t�tr`ba�jrantr}1j�}~cb��l�o^k��^antn¬­dxdr��f^t
cRf��1ficb�^anj3k%fic�tro^}�cRd<fi��qbanj3}�c�dgtgj�hRk%tr}1fic�dn�

�Rf^j;u�o^k�`R}�cRa\d3tr`Ro�t;drhbl�lmf^j�tNfihbtá¤¥f^s~¤¥f^jpqbanj;s�antrkp`Cé�qba\k%f!qbaGé�}�drdrhRa^�mlCo^kr�^antrd�u,o¸�-��ax}�drdrhRa\q
fihRtá¤¥f^s~¤¥f^j�qRanj\��êSl�a\kn}�o^��k%ficRd�}�qbanj�o�tr}1fic�}~d�jra\ �h�}1jra\q�tgf�o^knk%fiu,u�f!qRo�tga�s�f^j<tr`�}�dn�{¢��^anjr��l�o^k��^ant3tr`Ro�t
}~d�k%j�a\o�tga\q(���©tr`Ra�u,o^kp`R}�cba¦�ScRf � d�}1trd�o��^a^�«_V`ba\c/o£cba � l�o^k��^ant,}�d�}~drdrhba\q��{}1t�u,o\�/��a�fi��qbanj
tr`�o^c§drfiu�a�f^s�tr`ba�lCo^kr�^antrd�o^�1j�a\o^qb�*dgtgf^jra\q£}�c*tr`ba�Þ3f!qba�zEo�����a\dn��y�d�tr`ba�cba � lCo^kr�^ant�}�d�}�drdrhRa\q��
an�^anj��¦l�o^k��^ant3}�c�tr`ba�Þ:fSqba�z�o����1a\d�k%fiu�l�o�j�a\dN}1trd�o��^a�tgf�tr`Ro�tNf^sªtr`ba�cba � l�o^k��^antn�Xz<`Ra�j�a\drhR�1trdXf^s
tr`Ra\dga:k%fiu�lCo�j�}�dgficRdXo�jra:h�dga\q�tgf�k%jra\o�tga:tr`Ra<��o^�~hba<tr`Ro�t�}�d � jp}1tgtga\c,}�c�tgfxtr`ba:cba � l�o^k��^antn¬­d�lRj�}1f^jp}1t��
}~cbs�f^jpu,o�tr}1fic-j�an�i}�dgtganj\��z<`bax��o^��hba � j�}1tgtga\c§}�cRq�}�kno�tga\d � `�}�k�`*f^s�tr`baxlCo^kr�^antrd�}�c*tr`ba�Þ:f!qba�z�o����1a\d
o�j�a*fi��qbanj¦tr`Ro^cÌtr`ba*cba � l�o^kr�^antn�Pä;cRk%a*oIl�o^kr�^ant�}�d,}~cRdgtro^���1a\qÝ}�c7tr`ba§Þ3f!qba*z�o����1a\dn�NlCo^kr�^antrd
d�hb��dga\ Shba\c�tr�1�7}�drdrhba\qÌu,o\�Ý�ma*fi��qbanj�tr`�o^cÌ}1tn�ãz<`ba*lCo^kr�^antn¬­d�lRj�}�f^j�}1t��7}�cRs�f^j�u�o�tr}1fic7jran�i}�drtganj�}�d
hRl�q�o�tga\q � `Ra\c¦o�cba � l�o^kr�^ant<}�d�}�drd�hba\q,��o^dra\q¦fic�tr`ba�jra\drh��1t�f^s¡tr`ba;k%fiu�l�o�jp}�dgfic¦�mant � ana\c�}�trdXo��^a
o^c�qetr`Ra�o��^a�f^s�tr`Ra�cba � l�o^k��^antn��²³s{tr`ba�cba � lCo^kr�^ant�}�d:fi��qbanj;tr`Ro^c£}1tn��}1trd�lRj�}1f^jp}1t���}�cbs&f^j�u,o�tr}�fic
j�an�i}�dgtganj:}~dNhbl�qRo�tga\q�tgf,jra%ë�a\k%t3tr`Ro�t<s�o^k%tn�
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��}1�ihbj�a�¼�� Z^Z }~d�o�����fSk���qR}~o��^j�o^uüf^s�tr`ba:�1fio^qCé�dgtgf^jra�dg�!dgtga\u��Xä;cR��� ] f^s�tr`ba Z ¿�s�hRcRk%tr}1fic�o^�
h�cR}1trd�a%�Sa\knhbtga-��fio^qRd�o^c�q´drtgf^jra\dn�©z<`ba�s�hRcRk%tr}1ficRo^�XhRcR}1trd�kno^��knhR�~o�tga�tr`Ra�o^qRqRjra\drdga\d�f^s3�1fio^q(o^cRq
drtgf^jra-u�a\u�f^jr�´o^knk%a\drdga\d,o^c�q(tr`ba\c´l�o^drd�tr`ba\uµfic(tgf£tr`ba���j�drt��1an�^a\�Nq�o�tro«kno^k�`ba-o^cRq7u,a\u�f^jr�
q�}�dro^u���}1�ihRo�tgf^j\�{z<`Ra<u,o^k�`R}~cba^¬­d�o�j�kp`R}1tga\k%trhbjpo^�E®�cbfic!¤�drlma\knh���o�tr}1�^aG±�u�a\u,f^jr�,dgtro�tga:}~d�k%fic#tro^}~cba\q¦}~c
tr`Ra�kno^k�`baGé�u�a\u,f^jr��`R}1anj�o�j�kp`#�^�Ro^c�q�}�trdNdgl�a\knhR��o�tr}1�^a;u�a\u�f^jr��dgtro�tgax}�d�k%fic�tro^}�cba\q�}�c�tr`ba�u,a\u�f^jr�
q�}�dro^u���}1�ihRo�tgf^j\�{�bf^j:o���fio^q��!tr`ba��1fio^q�qRo�tro�}�dXf^�Rtro^}�cba\q�s&jrfiuåa\}1tr`banj�tr`ba�kno^k�`RaGé�u�a\u�f^jr��`R}1anj�o�jr¤
kp`#�¦f^jXtr`Ra�u�a\u,f^jr�,qR}�dro^u���}1�ih�o�tgf^j\��o^cRq¦tr`ba\c¦jrantrhbj�cRa\q,tgf�tr`ba:s�hRcRk%tr}�ficRo^��hRc�}1t�tr`Ro�t�kno^��knhR��o�tga\q
tr`Ra���fio^q�¬­d;o^qRqbjra\drd\��z<`Ra�s�hRcRk%tr}1fic�o^�EhRc�}1t<�Rjrfio^q�kno^dgtrd;tr`ba�tro���o^cRq£qRo�tro���o^��hRaxs&f^j�tr`Ra���fio^qefic
}�trdXtro�����h�dXo^cRq¦jra\drh��1t���h�dn��j�a\dgl�a\k%tr}1�^a\�1�^�{�bf^j<o�dgtgf^jra^�!tr`ba;u�a\u�f^jr�¦qR}�dro^u���}1�ihRo�tgf^j�f^�Rtro^}�c�d�tr`ba
drtgf^jraxqRo�tro�s&jrfiuåtr`ba�a%�!a\knhbtr}1fic�k%f^jra^�Co^cRq�tr`ba\c���h!ý�anj�d�tr`ba�qRo�tro�h�c#tr}��mtr`ba�drtgf^jra�jrantr}1jra\d\�{_¨`ba\c
tr`Ra�dgtgf^j�a�jrantr}�jra\dn��tr`Ra�dgtgf^jra�qRo�tro�}�d3k%fiu�u,}1tgtga\qetgf¦tr`ba�o�j�k�`�}1tga\k%trhbj�o^��u�a\u�f^jr�-drtro�tga^¹¡}¯�Ra^�1��}1t3}�d
� j�}1tgtga\c�tgf,tr`Raxkno^k�`baGé�u,a\u�f^jr�-`R}1anjpo�j�k�`��^�

64 KByte, Direct Mapped,
First Level Data Cache

Memory Disambiguator
and

FU 1 FU 8

256 KByte, 8-Way Set-Associative,
Second Level Data Cache

Data Cache
Pending Miss Queue

1024

1024

To/From Next Level of Memory Hierarchy
?:@�AmBªD�FIHCJ¯Ô�Ô�L3þ�×�W�Y�QÒÿ-@&ORACDGO�Û W�Ù3Ø � FeUXWCO�����Ö�Ø¸W�D�F/Ö��	�nØGFSÛ
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z<`ba���jpdgt��1an�^a\�<qRo�tro©kno^kp`ba*}�d�o©s&hR�~�1�«l�}1l�a\��}�cRa\q��{cbfic!¤¥���1f!kr�!}�cb�b�XqR}1jra\k%t�u,o�lRl�a\q���¿�
^�
�S�Stga;kno^kp`ba^� � }1tr`¦o^c ] �S��tga;��}�cRa:dr}
�na�o^cRq�oxt � f�k%�!kn�1a���o�tga\cRk%�^��z<`ba�kno^k�`ba�}~u�l��1a\u�a\c�trd�o � j�}�tga%¤
tr`Rjrfihb�i`-dgtgf^j�axl�fi��}�k%�^�bo^d3qRf,tr`ba;��j�drt<�1an�^a\�ªqRo�tro�kno^k�`ba\d:f^s�tr`ba�æ�fiu�l�o^ �y��1l�`Ro�À Z^Z ¿�
��çÀ »�� o^cRq
tr`Ra�æ���j�}1���£Í��çÀ^¿ � ��_«j�}1tga%¤¥tr`Rjrfihb�i`�kno^k�`ba\d��^a\cRanj�o�tga�u�f^jra � j�}1tga:tgj�o��¦k�tgf�tr`Ra�cba%�!t��1an�^a\��kno^k�`ba
tr`�o^c � j�}1tga%¤¥��o^k��*kno^k�`ba\d\���:f � an�^anj\��tr`ban�*o�j�a�a\o^dr}�anj:tgf�}�u�lC�1a\u�a\c�tn�<z<`ba�kno^kp`ba�kno^c£dganjr�!}�k%a�hbl
tgf ] jra\ Shba\dgtrdxl�anjxk%�Skn��a^��yÊjra\ Shba\dgt�u,o\�«a\}1tr`Ranjx��a,o*kno^kp`ba¦j�a\o^q���o*kno^k�`ba � j�}1tga^�Ef^j�oekno^k�`ba
�m���¯��®�yÊkno^k�`ba��m����� � `�}�k�`�f!knknhbj�d�}~cej�a\dgl�ficRdga�tgf-o�kno^k�`ba,u,}~drd�� � jp}1tga\d:o�cRa � �~}�cba^��}�cRkn��h�qR}�cb�
��f^tr`�tro���o^cRq�qRo�tro!�b}�c#tgfxtr`ba3kno^k�`Ra^�º±�zEfxlRjrfG�S}~qbaNtr`ba:cRa\k%a\drdro�jr����o^cRq � }�qbtr`��^tr`Ra3kno^k�`ba;}�d ] ¤ � o¸�
}~c#tganj���a\o\�^a\q��-z<`Ra�kno^k�`ba���}�cRa\d�o�jra¦q�}1�S}~qba\q«}�c�tgf ] }�c�qbanl�a\cRqba\c�t��Co^cb�Sd\��z<`Ra��1f � f^j�qbanj�Í���}�trd
f^sNtr`Ra�kno^k�`ba�}�cRqRa%�£dgl�a\kn}1s&�§tr`ba���o^cR�§cShRu��manj¸��¢Xo^k�`/��o^cb�£kno^c/dganj��S}�k%a¦o�t�u�fidgt�ficba,jra\ Shba\dgt
l�anjxk%�!kn�1a^¹�}¯��a^�1�ªa\o^kp`©��o^cb�£}�d�dr}~cb�i�1a�l�f^jrtga\q����3a\c�k%a^�Eo^�1tr`bfihR�i`£tr`ba,l�a\o��§cShRu���anj�f^s�jra\ Shba\dgtrd
dranjr�S}~k%a\q*l�anj:k%�!kn�1a�}�d ] �mtr`ba�o^k%trhRo^��c�hRu���anj3f^s�j�a\ �hba\drtrd:dganj��S}�k%a\q*l�anj�k%�!kn�1a�u�o\�-��a���f � anj�qRhRa
tgf¦��o^cb��k%fic!ëC}�k%trdn�

z<`baNu�a\u,f^jr��q�}�dro^u���}1�ihRo�tgf^j�}�u,l��1a\u�a\c�trd�cRo^}1�^a<u�a\u�f^j���qbanl�a\cRqRa\cRk%aNdgl�a\knhR��o�tr}1fic��çÀ^À � �
y�c�o^qRqbjra\d�dEkno^��knh���o�tr}1fic�s&f^j{o:��fio^qxf^j{o�dgtgf^jra��man�i}~cRd¡ficRk%a�tr`ba�dgfihbj�k%a�jran�i}�drtganj�f^l�anj�o^c�qRd¡jra\ ShR}1j�a\q
s&f^j�tr`Ra:o^qRqbj�a\drd�kno^��knhR�~o�tr}1fic,o�jra�o\��o^}���o����1a^��y:s�tganj�o^c,o^qRqbj�a\drd�`Ro^d��mana\c¦kno^��knhR��o�tga\q¡��}1t�}~d�}�cRdganj�tga\q
o^c�qedgtgf^j�a\q§}~c-tr`ba�qR}�dro^u���}1�ih�o�tgf^j\�3y�d3a\o^kp`«�1fio^qeo^q�qbjra\drd:}�d:}~cRdganjrtga\qe}�c#tgf�tr`ba�qR}�dro^u���}1�ihRo�tgf^j¸�
tr`Ra¦qR}�d�o^ux��}��ihRo�tgf^jxk�`Ra\kr�!d � `Rantr`banj�}1t�k%fic#tro^}�c�d�tr`ba�o^q�qbjra\drdxf^s�o^c/o^��}�o^dr}~cb��dgtgf^jra^��²�sN}1t�qRf�a\dn�
tr`Ra;q�}�dro^u���}1�ihRo�tgf^j�}�qba\c�tr} ��a\dXtr`ba�o^��}�o^dr}~cb��dgtgf^j�a^�!o^c�q�� � `ba\c¦tr`ba�dgtgf^jra�qRo�tro���a\k%fiu�a\dNo\��o^}���o�����a^�
s&f^j � o�j�qRd�tr`ba�dgtgf^jra�qRo�tro*tgf£tr`ba��1fio^q��§z<`ba¦��fio^qItr`ba\c(qR}~dgtgj�}1��hRtga\d�}1trd�j�a\drhR�1tn�e²�s<}1t�qbfSa\d�cbf^tn�
tr`Ra;��fio^q�f^�Rtro^}~cRd�}1trdXq�o�tro�s&jrfiuÊtr`ba;kno^k�`baGé�u,a\u�f^jr��`R}1anj�o�j�kp`#�¦o^cRq¦}~u,u�a\qR}�o�tga\���,qR}�dgtgj�}���hbtga\d�}1trd
j�a\drhR�1tn�3y�d:a\o^k�`«dgtgf^jra�o^qRqbj�a\drd3}�d�}�cRdranjrtga\q*}�c�tgf�tr`Ra�qR}�d�o^ux��}��ihRo�tgf^j\��tr`Ra�qR}~dro^ux�C}1�ihRo�tgf^j:kp`ba\kr�!d
� `bantr`banjN}1t�k%fic#tro^}�c�dXtr`Ra�o^qRqRjra\drdga\d�f^sªo^c��¦qbanl�a\cRqRa\c#t��1fio^qRdn�{z<`ba;qR}�d�o^ux��}��ihRo�tgf^j�}~qba\c#tr}1��a\d�tr`ba
qRanlma\c�qba\c#t��1fio^qRdn��o^cRq�� � `ba\c«tr`ba�drtgf^jra¦qRo�tro*��a\k%fiu�a\dxo¸��o^}��~o����1a^�ªs&f^j � o�j�qRdxtr`ba�dgtgf^jra�qRo�tro-tgf
tr`Ra\u���z<`ba\dra��1fio^qRdNtr`ba\c*qR}�dgtgj�}���hbtga�tr`ba\}1j<jra\d�hR�1trdn�

Z ¿^Í



_¨}1tr`�tr`R}~dXu�a\u,f^jr�¦qR}~dro^ux�C}1�ihRo�tgf^j\�!o���fio^q�u�o\�¦q�}�dgtgj�}1�Chbtga3}1trd�jra\drh��1t���ans&f^jra�}1trdXqRanlma\cb¤
qRa\cRkn}1a\d�`Ro\�^aN��ana\c�k%f^jrjra\k%tr�1��}�qba\c�tr} ��a\q��Ey:d{o�jra\drh��1tn�Gtr`Ra���fio^q�u�o\��}~cR}1tr}�o^������qR}~dgtgj�}1��hRtga�}�cRk%f^jrj�a\k%t
q�o�tro!��²³cRdrtgj�hRk%tr}1ficRd�tr`Ro�t�o�jra,qbanl�a\cRqba\c�t;fic«tr`ba,�1fio^q«u,o¸�ea%�!a\knhbtga�hRdr}�cb��tr`R}�d�}~cRk%f^jrjra\k%t�qRo�tro!�
l�jrfSq�hRkn}�cb�-o^cRq´qR}�drtgj�}1��hbtr}~cb��drtr}�����u�f^j�a¦}�cRk%f^j�jra\k%t�qRo�tro!�§¢��^a\c�trhRo^���1�^�{`bf � an�^anj¸�{tr`ba¦�1fio^q¡¬­d�qba%¤
l�a\cRqRa\cRkn}1a\d;o�jra�k%f^jrjra\k%tr�1�£}�qba\c�tr} ��a\q¡�mo^cRq£tr`Ra���fio^q�¬­d�k%f^jrjra\k%t�qRo�tro�}~d���fSkno�tga\q©o^c�q§q�}�dgtgj�}1�Chbtga\q��
Ó�anl�a\cRqba\c�t<}�cRdrtgj�hRk%tr}1ficRd�tr`Ro�t<}~cR}1tr}�o^������a%�!a\knhbtga\q-h�dr}�cb��}�cRk%f^jrj�a\k%t<qRo�tro�an�^a\c#trh�o^���1��jra\k%a\}1�^a�tr`ba\}1j
k%f^j�jra\k%t3qRo�tro!�Rj�a%¤¥a%�Sa\knhbtga^�Co^cRq�tr`ba\c�qR}�drtgj�}1��hbtga:tr`ba\}1jNk%f^jrjra\k%t3jra\drhR�1trd\��y�����}�cRdrtgj�hRk%tr}1ficRdXtr`Ro�t<}�c�} ¤
tr}~o^���1��a%�!a\knhbtga\q-}~cRk%f^jrjra\k%tr�1��o�jra�an�^a\c�trhRo^���1�¦jra%¤¥a%�Sa\knhRtga\q*o^dNtr`ba�k%f^j�jra\k%tN��o^�~hba\d�lRjrf^l�o��io�tga�qbf � c
tr`Raxqbanl�a\cRqba\cRk%a;�^j�o�lC`��

z<`ba<dra\k%ficRq��1an�^a\��qRo�tro�kno^k�`Ra:}�d�o�s&hR�~�1��l�}1l�a\��}~cba\q���cbfic!¤¥���1f!kr�!}�cb�b� ] ¤ � o\�¦dgantá¤�o^drdgf!kn}�o�tr}1�^a^�
À [ ¿����S��tga^� � j�}�tga%¤¥��o^kr��kno^kp`ba^� � }�tr`�o Z À ] ���Stga��~}�cba:d�}
�na�o^c�q¦o^c ] k%�Skn�1a;��o�tga\cRk%�^��²�t�`Ro^dNÍ�l�f^jrtrd
� `R}�k�`£o�jra�hRdga\q§tgf�dganjr�!}�k%a�tr`ba�kno^k�`ba�j�a\o^q§o^c�q§kno^kp`ba � j�}�tga�jra\ Shba\dgtrd�tr`Ro�t;f^j�}��i}�cRo�tga�s�jrfiuâtr`ba
�Cj�dgt3�1an�^a\�ªqRo�tro�kno^kp`ba^���:l*tgf�Í�drhRkp`-jra\ Shba\dgtrd<kno^ce��a�dganjr�!}�k%a\q�l�anj3k%�!kn�1a^��²³t3`Ro^d3o�dr}�cR�i�1a;lmf^j�t
qRa\qR}�kno�tga\q,s&f^j�tr`Ra3kno^k�`ba3�C���bo^cRq¦kno^k�`ba�k%f^l��S��o^k��,jra\ Shba\dgtrd{tr`Ro�tXf^j�}1�i}�c�o�tgaNs�jrfiu5tr`ba3Ó;o�tro�æ�o^k�`ba
Å�a\cRq�}�cb���§}�drd �;hba\hba^�(®�yèkno^k�`Ra�k%f^lS�S��o^kr�/fSknknhbjpd � `Ra\cban�^anj�o§qR}1j�t��«kno^k�`ba���}~cba�}�d�jranl���o^k%a\q¡�
z3`ba:k%f^lS���Co^kr�,jra\o^q�d�tr`ba�qR}1jrt���kno^kp`ba;��}�cba^�i��f^tr`�tro���o^cRq¦qRo�tro!�Ss�jrfiu5tr`ba:kno^kp`ba;o^cRq,tr`ba\c¦l���o^k%a\d
tr`Ra3kno^k�`ba���}�cbaN}�c�o�jra\o^q!¤¥ficR�1��dgtro�tga^��z<`Ra<kno^k�`ba���}�cba�jra\o^q��S��tr`ba3k%f^lS����o^k��,}�d{an�^a\c�trhRo^���1��k%f^l�}1a\q
�Co^kr�-tgf¦tr`ba�cba%�!t3�1an�^a\�Ef^s�tr`ba�u,a\u�f^jr��`R}1anj�o�jpk�`��^�º±�y�t:u�fidgt:ficba�kno^kp`ba��C����f^j;kno^k�`ba�k%f^l��S��o^k��
kno^c*��a�dganjr�!}�k%a\q�l�anj<k%�Skn��a^�

æ�o^kp`ba,jra\o^q©o^c�q«kno^k�`ba � j�}1tga�jra\ Shba\dgtrd�tr`Ro�t�u,}�drd�}~c£tr`ba,dga\k%ficRq/�1an�^a\�{qRo�tro-kno^kp`ba¦o�jra
lC��o^k%a\qI}�c©tr`ba�Ó;o�tro£æNo^k�`ba�ÅEa\c�qR}�cb�!�§}�drd"�;hba\hbae®�Ó;o�tro«æ�o^k�`Ra¦Å�����±p��z<`ba,Å����vkno^c´dgtgf^jra
hRl�tgf Z ¿�u,}�drdXjra\ Shba\dgtrdn���Rf^j3kno^k�`ba�j�a\o^q�jra\ Shba\dgtrd�tr`Ro�tNu,}�d�dga\q�}�c�tr`ba�dga\k%ficRq��1an�^a\��q�o�tro�kno^k�`ba^�
tr`Ra;Å#�$� f^�Rtro^}�c�dXtr`Ra�dgfihR�i`#t�o�s�tganjNqRo�tro�s&jrfiuàtr`ba��1f � anjN�1an�^a\��dXf^s¡tr`ba;u�a\u�f^jr��`�}1anj�o�j�kp`#�^��z<`Ra
Å#�$� o^��dgf§u,o�j�dr`�o^��d�tr`ba�kno^k�`ba��C�~��d�o^cRq´kno^k�`ba�k%f^l��S��o^k��Sd�tr`Ro�t�o�jra��Rjrfihb�i`�txo���fihbtx�S�«tr`ba\dga
kno^kp`ba;u,}�drdga\d\���Rf^j�kno^kp`ba � j�}1tgaNjra\ Shba\dgtrdXtr`Ro�tXu�}�drdga\q,}~c�tr`ba3dga\k%fic�q¦�1an�^a\�CqRo�troxkno^kp`ba^�!tr`ba:Å#�$�
�Ch!ýmanjpdNtr`ba � j�}�tga�hRc#tr}~�m}�t<}�d<dga\c�t<tgf,tr`ba�cRa%�St3��an�^a\��f^s�tr`ba�u�a\u�f^jr��`R}1anjpo�j�k�`��^�

Z ¿�




��}1�ihRjra�¼�� Z À�}�d�o����1f!kr�,q�}�o��^j�o^uüf^s�tr`Ra3��jpdgt��1an�^a\�mqRo�tro�kno^k�`ba^��¢Xo^k�`�f^s�tr`ba ] s�hRcRk%tr}1fic�o^�
h�cR}1trd:tr`Ro�t�kno^c§a%�!a\knhbtga��1fio^qRd;o^cRq§dgtgf^jra\d;kno^c£drhb��u�}1t<ficba�jra\ Shba\dgt:lmanj;k%�!kn�1a^���bf^j;a\o^k�`£f^s�tr`ba
] �Co^cb�Sd\�¡o�jr��}1tgj�o�tr}�fic§��f^�i}�k�qbantganj�u,}�cRa\d � `R}�k�`§jra\ Shba\dgt�u�o\�£o^knk%a\drd�tr`Ro�t���o^cR�C��w<a\ Shba\dgtrd�tr`Ro�t
� }�c,o�jr��}�tgj�o�tr}1fic,o�jra3s�f^j � o�j�qba\q�tgfxtr`ba\}�j�jra\dgl�a\k%tr}1�^a<�Co^cb�Sd��S}~o;tr`ba:hbl�lmanj�d � }1trk�`¡��w3a\ �hba\drtrd�tr`Ro�t
��fidga�o�j���}1tgj�o�tr}1fic*jra%¤¥tgjr�*}~c-tr`ba�cba%�St;k%�!kn�1a^�:¢Xo^k�`£��o^cb��k%fic�tro^}�cRd;o¦l�}1a\k%axf^s�tr`ba�kno^kp`ba^¹¡}¯�Ca^�1��o^c
] tr`/f^s�tr`ba���}~cba\d�}�c«tr`ba¦kno^k�`ba^���bf^j�a\o^k�`´�1fio^q��Etr`ba¦qRo�tro*}�d�f^�Rtro^}�cRa\q��¦z<`Ra,tro��eo^cRqIqRo�tro*o�jra
tr`Ra\c�jrfihbtga\q����S}�o�tr`ba��1f � anj3d � }�trk�`��btgf,tr`Ra�tro��,��hRdNo^cRq-jra\drhR�1t���h�d�f^sEtr`baxs&hRc�k%tr}1ficRo^��hRcR}1t�tr`Ro�t
kno^�~knhR��o�tga\q-tr`Ra��1fio^q�¬­d<o^qRqRjra\drdn��z<`Ra�tro��¦o^cRq�qRo�tro¦o�jra�tr`ba\c���jrfio^qRkno^dgt<fG�^anj:tr`Ra\dga���hRdra\dn�

Switch

Data Cache
(Bank 1)

Data Cache
(Bank 8)

Switch

8ResultTag 8 &Result 1Tag 1 &

FU 1 FU 8
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z<`ba��1f � anjxd � }1trk�`«}~d�cRana\qba\q£s�f^jxtr`ba�s�fi����f � }�cR�¦jra\o^drfic���¢�o^k�`I�1fio^qÒ®�o^cRq«}�cRqRana\q���a\o^k�`
}~cRdgtgj�hRk%tr}�ficC±�}~d�o^drdr}1�icba\q(o£s�hRcRk%tr}1fic�o^��h�cR}1t�qRhbj�}�cR�e}�cRdrtgj�hRk%tr}1fic(qba\k%f!qba^�(z<`ba�c�h�ux��anj�f^s3tr`ba
s�hRcRk%tr}�ficRo^�Ch�cR}1t�o^drd�}1�icba\q¦tgf�tr`ba;�1fio^q�}�dXjra\k%f^j�qba\q�}�c,tr`Ra�w:y{z¨o^��ficb�idr}�qba3tr`ba���fio^q�¬­d�qba\dgtr}�cRo�tr}�fic
f^l�anj�o^c�q(tro��b�/_V`ba\c7o^c7}�cRdrtgj�hRk%tr}1fic´tr`Ro�t,}�d�qbanl�a\cRqRa\c#t�fic(tr`ba-�1fio^q(s&antrk�`ba\d,tr`ba�qbanl�a\cRqba\c�t
drfihbj�k%a�f^l�anj�o^cRq�s&jrfiuåtr`ba�w:y{z��btr`ba;tro��,s&f^jNtr`ba��1fio^q�¬­dNqba\drtr}�cRo�tr}1fic�f^l�anj�o^cRq�}�d�j�antrhbj�cba\q�o^�1ficb�
� }1tr`�tr`ba�cShRux��anj�f^s�tr`ba;s&hRc�k%tr}1ficRo^��hRcR}1t�tr`Ro�t<tr`Ra;��fio^q � o^d3o^drdr}1�icba\q�tgfb��z<`R}�d�c�h�ux��anj<}�d�hRdga\q
tgf-�C���Etr`ba�dgfihbj�k%a�f^l�anj�o^cRq¡¬­d � `ba\cRk%a���a\��q7®�dgana,tr`Ra � o��^a\hblI��f^�i}�k�}�c£��}��ihbjra�¼�� » ±p��w<a\kno^����tr`Ro�t
tr`Ra � `Ra\cRk%a,��a\�~qI}�qba\c�tr} ��a\d � `R}�kp`©s�hRcRk%tr}1ficRo^�XhRcR}1tn¬­d�tro��§�ChRdxo^cRqIjra\drhR��t���hRd � }����{��a�h�dga\qItgf
��jrfio^qRkno^dgt<tr`Ra�tro��¦o^cRq�q�o�tro���o^�~hba�s�f^j3tr`baxdgfihbjpk%a�f^lmanjpo^cRq��

Z ¿ [



��}��ihbjra�¼�� Z Í�dr`bf � d�ficba�l�fidrdr}1����a � o¸�ef^s�a\��}�u,}�c�o�tr}�cb��tr`Ra���f � anj�d � }1trkp`���¢�o^kp`£��o^cb�*}�d
`�o�j�q � }1j�a\q�tgf�o�l�o�j�tr}�knhR��o�j{tro�����hRd{o^cRq�jra\drhR��t{��hRdn��yV�1fio^q�s&f^j � o�jpqba\q,tgf��Co^cb��c�hRu���anjXÈ|®¯È�É
Ë Z ��ÀS�¡�n�\�n� ] Î�± � }����mo^� � o\�!d<�Rjrfio^q�kno^dgt3}1trdNtro��¦o^cRq-qRo�tro���o^��hba;fG�^anj:tr`ba�tro��¦��hRdNo^cRq�j�a\drhR�1tN��h�d
tr`�o�t���a\�1ficb��tgf-s�hRcRk%tr}1ficRo^�{h�cR}1t;c�hRu���anjxÈ��¡�Rf^jxtr`ba � o��^a\hbl/��f^�i}�k�tgf � f^jr�el�jrf^l�anj��1�^� � `ba\c�k%a
�Ca\��qRdNo�jra�j�a%¤ � j�}1tgtga\c-o^d3�1fio^q�jra\ Shba\dgtrd<o�j�a�s�f^j � o�j�qRa\q�tgf,tr`ba\}1jN�Co^cb�Sd\�{_¨`ba\c*o�s&h�cRk%tr}1ficRo^��hRc�}1t
s&f^j � o�j�qRd�o3�1fio^qxjra\ Shba\dgtªtgf;o<�Co^cb�C��}1t¡��jrfio^qRkno^dgtrdEtr`ba�tro���s&f^jEtr`ba��1fio^q�fic�}1trdªtro��:��h�dªo^cRq�o^drdganjrtrd
}�trdEkp`Ro^cb�^a � `ba\cRk%a���a\��qx�~}�cba:®.-�_V`ba\cRk%aG±p��²³tEo^��drf3�Rjrfio^q�kno^dgtrdªtr`Ra�cShRu��manjEf^sbtr`ba�s�hRcRk%tr}�ficRo^�#hRc�}1t
� `bfidga3tro�����h�d�o^cRq¦jra\drhR�1t���hRd � }~���b��a3hRdga\q�tgf�q�}�dgtgj�}1�ChbtgaNtr`ba:��fio^q�¬­d�tro���o^cRq¦qRo�trox��o^��hba3fic�tr`ba
cRa �|� `ba\cRk%ax�ChRd�®�Þ:a � _V`ba\cRk%aG±p��z<`�}�d3cShRu��manj�}�d:a\ �hRo^�Etgf©®&f^j�kno^cea\o^d�}��1����axf^�Rtro^}~cba\q§s�jrfiu�±
tr`Ra<�1fio^q�¬­d{qba\dgtr}~cRo�tr}1fic���o^cb�xcShRu���anj\��z3`baN}�cRdgtgj�h�k%tr}1fic�d�k�`ba\qRh���}�cb���1f^�i}�k�}1�icbf^jra\d�tro��id��Rjrfio^qRkno^dgt
fG�^anj�tro��*��hRdga\d � `bfidga,o^drdgf!kn}�o�tga\q©kp`Ro^cb�^a � `ba\cRk%a���a\�~q«��}�cba\d;o�jra�o^d�dganjrtga\q��0/�jrfio^qRkno^drtr}�cb�-tr`ba
tro�� � `Ra\c�tr`ba;k�`�o^cb�^a � `ba\cRk%a3��a\��q��~}�cba3}�d�o^drdganj�tga\q�kno^h�dga\d�o^���C}~cRdgtgj�hRk%tr}�ficRd{tr`Ro�t�o�jra;qbanl�a\cRqba\c�t
fic´tr`ba��1fio^q/tgfejra%¤ � j�}1tga�tr`Ra � `ba\c�k%a,��a\��q�d�f^sNtr`ba\}1j�qbanl�a\cRqba\c�t�dgfihRj�k%a�f^l�anj�o^cRq�dn�-z<`ba¦��o^��hRa
� j�}1tgtga\c-}�c�tgf�tr`ba � `ba\cRk%a;��a\��q�}~d�tr`ba���o^��hba��Rjrfio^q�kno^dgt<f¸�^anj:tr`baxcba ��� `ba\cRk%a���h�dn�

Switch

Data Cache
(Bank 1)

Data Cache
(Bank 8)

Result 1Tag 1 & 8ResultTag 8 &

FU 1

Whence∆
NewWhence

1

1

Whence∆ 8

NewWhence 8

FU 8
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Å�j�fSk%a\drdrf^jX}�drd�hba � }�qbtr`Rd{o�j�a3}�cRk%jra\o^d�}�cb��o^cRq�lRj�fSk%a\drdrf^j�k%�Skn��a<tr}�u�a\d�o�j�a3qba\k%jra\o^dr}~cb�b�{y:d�o
j�a\drhR�1tn�Su�a\u�f^jr����o^cRq � }�qbtr`�jra\ ShR}1j�a\u�a\c#trd�o�jra3�^jrf � }�cb�b�{²ác,o^qRq�}1tr}1fic��il�jrfSk%a\d�dgf^jXk%�!kn�1a3tr}~u�a\d�o�jra
qRa\k%jra\o^dr}�cb��s�o^dgtganjNtr`Ro^c�f�ýC¤�kp`R}1l�u�a\u�f^j���o^knk%a\drd�tr}�u�a\d\�Xæ�ficRdga\ Shba\c�tr�1�^��tr`Ra�u�a\u,f^jr����o�tga\cRk%�^�R}~c
tganjpu,d<f^s�lRjrf!k%a\drdgf^j3k%�!kn�1a\dn�C}�d<o^��dgf��^j�f � }�cR�b�

æNhbjrjra\c�tr�1�^��o:qR}1ýmanjra\c�tEdrfi��hbtr}1fic�}�dEh�dga\qxs&f^j�a\o^k�`�f^sbtr`ba\dga�t � f;lRjrf^����a\u,dn�Ez3`baXdgfi�~hbtr}1fic�tgf
tr`Ra:lRj�f^���1a\uPf^s�tr`ba:�^jrf � }�cb�xu�a\u,f^jr����o^cRq � }�qbtr`�jra\ ShR}1jra\u,a\c#trdX`Ro^d���ana\c¦tr`ba:o^qbf^l�tr}1fic,f^s¡`R}��i`
�Co^cRq � }�qRtr`/Ó;w3y��§d�drhRk�`7o^d�ê!�ScRkp`bjrficbfih�d�Ó;w:y=�§d,o^cRq(w3o^u���hRd�Ó;w3y��§dn�>��cbs&f^jrtrhRcRo�tga\�1�^�
tr`Ra\dga<qban�!}�k%a\d�qbfic�¬çt�lRjrfG�S}�qRa��1f � ��o�tga\cRk%�^�{z<`ba�dgfi��hRtr}1fic�tgf�tr`RaNlRjrf^���1a\uãf^s�tr`Ra��^j�f � }�cR�;u,a\u�f^jr�
�~o�tga\cRk%��`Ro^d���ana\c,tgf�}�cRk%j�a\o^dga3tr`ba;dr}
�na:f^s¡tr`ba:lRjrf!k%a\drdgf^j\¬­dXfic!¤�k�`�}1l?�¨o^d � a\����o^d�f�ým¤�k�`R}1l@� ê!w3y��
kno^kp`ba\dn�©�bf^j�a%�bo^u�l���a^��tr`Ra��:a � �1antgtá¤�Å�o^kr��o�j�qÒÅ�y3¤ ]^[�½^½ � � `R}�k�`/}�d���hR}��1t�}�cIo ½ � À [�ACB lRj�fSk%a\drd
tga\kp`Rcbfi�1f^�^�^�E`Ro^d Z � [ � �S��tga\d�f^s�fic!¤�kp`R}1l£kno^k�`ba!� ]�� ��z<`Ra�æ�fiu�lCo^ -y:��l�`Ro�À Z Í^¿�
b� � `R}�k�` � }��~����a
�ChR}��1t�}�c¦o ½ � Z\]DACB lRj�fSk%a\drd�tga\k�`RcRfi�1f^�^�^� � }����bo^�~dgf�`Ro¸�^a Z � [ � ���Stga\dXf^s�fic!¤�k�`R}�l¦kno^k�`Ra�� 
 [�� ��_¨}1tr`
a\o^kp`©cba � �^a\cbanj�o�tr}�fic£f^s�lRjrf!k%a\drd�tga\k�`RcRfi�1f^�^�^�¡tr`ba�o^u�fihRc�t;f^s�kno^k�`Ra�tr`Ro�t�kno^c£�ma�}�u�lC�1a\u�a\c�tga\q
ficb¤�k�`R}1l � }�����}�cRk%j�a\o^dga^��_¨}�tr`R}�c [ tgf Zn½ �^a\o�jpd��Ìtr`ba,tr}~u�a�s�jpo^u�a � `ba\c£²�a%�Sl�a\k%t�tr`�o�t�tr`ba���o^dga
u�}�k%jrfio�j�kp`R}1tga\k%trhbjra�kno^c��ma3��hR}��1t��V}1t � }����!��a<l�fidrdr}����1aNtgf�}~u�l��1a\u�a\c�t Z ¿E� �S�Stga\d�tgf�¿�
F� �S��tga\dXf^s
ficb¤�k�`R}1l�kno^k�`Ra^� Ä �bf^j�lRjrf^�^jpo^u,d � }�tr`,�^fSfSq�dgl�o�tr}�o^��f^jXtga\u,lmf^jpo^���1f!kno^��}1t��^�S��o�j��^a:kno^k�`Ra\d�drfi�1�^a3tr`ba
l�jrf^���1a\uâf^s��^jrf � }~cb��u�a\u�f^jr�§��o�tga\cRk%�§���£dr`R}1a\�~qR}�cb�,tr`Ra�lRjrf!k%a\drdgf^j�s&jrfiu tr`ba�u�a\u�f^jr�§��o�tga\cRk%�^�
��cbs&f^jrtrhRcRo�tga\���^��cbf^t<o^����l�jrf^�^j�o^u,d<`�o\�^a��^fSfSqe�1f!kno^��}1t��^�

²ác/tr`ba¦s�hbtrhbj�a^��tr`Ra�dgfi�~hbtr}1fic©tgf§��f^tr`Itr`Ra\dga¦l�jrf^���1a\u,d�u,o\�I�ma¦tgf«}�u�l��1a\u,a\c#t�ficb¤�k�`R}1l
Ó;w:y=�/�S��}1�ihRjra�¼�� Z 
�dr`bf � d�tr`ba3lRjrf^l�fidga\q�drfi��hbtr}1fic��G�§o^}�c�u�a\u,f^jr��kno^k�`ba\d�l�o��^a\d�f^s�tr`ba3�!}1jrtrh�o^�
o^q�qbjra\drd:dgl�o^k%a#®�dp±p�3¢Xdrdga\c�tr}�o^���1�^�mu,o^}�c-u,a\u�f^jr�-}�d:oI�ál�o��^a\��kno^k�`baIHNa\o^kp`£��}�cba�f^s{tr`ba�l�o��^a�kno^k�`ba
®�}¥�Ra^�1��a\o^kp`*l�o��^axs�j�o^u,aG±�k%fic#tro^}~cRd3o��!}1jrtrh�o^��l�o��^axf^s�o,j�h�cRcR}�cb��lRjrf!k%a\drdn��ê!}�cRk%a�Ó;w3y��µqba\cRdr}�t��
®&�C}1trdpé�knu Á ±�}�d�o���fihbt [ tr}�u,a\d�`R}1�i`banj�tr`Ro^c(tr`�o�t�f^s�ê!w:y=�/� � }1tr`�}�c [ tgf Zn½ �^a\o�j�dn��}1t � }����X��a
l�fidrd�}1���1a�tgf©}�u�l���a\u�a\c#t�o©¿�
F�-ÂSÀ [ ¿E� ���Stga�fic!¤�kp`R}1lÒÓ;w3y�� l�j�}�u,o�jr�Il�o��^a-kno^k�`ba^¹3tr`Ro�t,}�dn��o
¿�
F�-ÂSÀ [ ¿E� ���Stga3fic!¤�kp`R}1l�Ó�w:y=� l�j�}�u,o�jr��u,o^}�c,u,a\u�f^jr�^��Å��~o^kn}�cb��u,o^}�c�u�a\u�f^jr��fic¦tr`ba3dro^u�a
kp`R}1lIo^dxtr`ba,lRj�fSk%a\drdrf^jxo^���1f � d�tr`ba � }�qbtr`§f^s�tr`ba�u�a\u�f^j��e��h�d�tgf-��a,}�cRk%jra\o^dra\q��,z<`ba � }~qbtr`£f^s
tr`Ra,fic!¤�k�`�}1lIu�a\u�f^j��§�ChRd�kno^c©��a,drkno^�1a\qItgf-lRjrfG�S}~qba�tr`ba,jra\ ShR}1j�a\q«u�a\u�f^jr�§��o^cRq � }�qbtr`���z<`R}~d
drfi�1�^a\d;ficba�f^s�tr`ba�t � f�lRjrf^���1a\u�dn�;ä;cb¤�k�`R}1l§Ó;w3y�� kno^c£��axf^lRtr}~u,}
�na\qetgf�l�jrf¸�!}�qba��1f � ��o�tga\cRk%�^�
JLK(M�N=O�PRQTS�URVXWZY[S�M�U]\_^a`Rbdcfehg	M�i[jkM�M�Udlm^Rn oRprq_s_tuNal�Pdv	Pdw�xyj;M�i[S�jLUdj;M�Nde�izl�N�{fSINaj�tuNa|"tuP}l.M�i[S�i[w tuM�N~v�Pd���.tuMV_��U��.tuN���P�v2\d�R�d�T� c�o��6n�WZl.l.��QTi[w��ZtuM�U�t�tuM�N(t.�;U�w�l.i[l�tuPd�hq���|��dN�t���U�wE|�M�Naw�jaN(tuM�N9U�QTPR��w_t�P�vFPRwfx�j;M�i[S#jLUdj;M�Nk��|�Pd��q�YzN�lNa��N��.s ^a�TQTPRw�tuM�laeEtuM�N�UdQTPR��w�t�P�v�Pdw�xyjkM�i[S}jLUdj;M�N�g	i[YzY�qIN�UdqIPd��t#^Lb�p�q_s_tuNalZi[w]tuM�NCv�PR�f�.tuMXV_��U��.tuN���Pdv�\d�d��o�e?U�wE|UdqIPR�ftZbdc�p�q�s_tuNal9i[w�tuM�N�v�PR�f�.tuM}V��EU��.tuNk�	Pdv�\��R�R�_n
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I/O PortMemory Controller

Bus Interface Unit

Page
Prefetch

Logic

Processor
Core

3 GHz

(Main Memory)

DRAM
Primary

Page Cache

64 MByte

CPU

To Disk Array

10243 GHz Bus
12 ns

Victim
Page Cache

Commodity
DRAM

(Main Memory)
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z3`R}�d�dgfi�1�^a\d�tr`ba�f^tr`banjxl�jrf^���1a\u�� ��c«a%�!o^u,l��1a�f^sNo^c£fic!¤�k�`R}�lIÓ;w���� }~d;tr`ba ] � ���Stga�Ó;w����
u�o^k%jrf�s�f^j~�;ê!²gæ�d�tr`Ro�t � o^d�jra\k%a\c�tr�1��qban�^a\��f^lma\q¦�S�,Þ:¢�æÌæ�f^j�lmf^jpo�tr}1fic��ç¿ ]�� �Xz<`R}�dXÓ�w=�=� `Ro^dXo
¿S� ] c�d:jpo^cRqbfiu o^knk%a\d�d;tr}�u�a�o^c�q*o » � Z cRd:k%fiu,l��1antga�j�o^cRqbfiu
o^knk%a\drd�k%�Skn��a^�<²�t�kno^c§�ma�k%fic!���ihbjra\q
tgf�j�a\o^qef^j � jp}1tga�hRletgf Zn½ À�
���}1trd:f^sXq�o�tro!��Þ:o�j�}�tro��^a�ant�o^�¯��� » Í � hRdga\q§tr`R}~d:Ó;w���� tgf�k%jra\o�tga,o
Z À�c�dn� ] � �S��tga^�Efic!¤�k�`�}1l¡�ªÓ;w���� dga\k%ficRq�o�jr�§kno^kp`ba�s&f^jxo��e²áÅ�ê£w Zn½^½^½^½ u,}�k%j�f^lRjrf!k%a\drdgf^j�� ]^»�� �
²ác,tr`RaN���ihbjra^�#²�o^d�drhRu�a\q�tr`�o�t�tr`ba3d�}
�na<f^s�tr`ba<fic!¤�kp`R}1l�Ó�w=�=�âlRjp}�u,o�jr��l�o��^a:kno^kp`ba � }����S��a3¿�
F�
�S�Stga\dn�btr`Ro�t<}1trd�j�o^cRqRfiuÊo^knk%a\d�dNtr}�u�a � }��~�R��a Z À�c�o^cbfidga\k%ficRqRd\�!o^c�q¦tr`�o�tNtr`ba � }�qbtr`¦f^sE}1trd���h�dXtgf
tr`Ra�lRjrf!k%a\drdgf^j3k%f^j�a � }����m��a Zn½ À�
��C}1trdn�

²ác§o^qRqR}1tr}1fic*tgf¦tr`Ra�fic!¤�kp`R}1l£Ó;w���� lRj�}~u,o�jr��l�o��^a�kno^k�`ba^��²Na%�!l�a\k%t:tr`Ro�t�tr`banjra � }��~����a
o§��o�jr�^a¦f�ýC¤�kp`R}1l¡�{`R}��i`©��o�tga\cRk%�^�{�!}�k%tr}�u l�o��^a¦kno^kp`ba���hR}��1t;fihbt�f^s<k%fiu,u�f!qR}1t��©Ó;w����edn�*_¨`ba\c
o-lRjrf^�^j�o^u jrans&anjra\cRk%a\dxo�l�o��^a�tr`Ro�txqRf�a\d�cbf^t�j�a\dr}�qba�}�c§a\}1tr`banjxtr`ba�lRj�}�u�o�jr��l�o��^a�kno^kp`ba,f^j�tr`ba
�!}�k%tr}�uàl�o��^a;kno^k�`ba^�bo�l�o��^a�s&o^hR��t�fSknknhRj�dn�{z<`ba�u,}�drdr}~cb��l�o��^a;}�d�jrantgjp}1an�^a\q�s&jrfiuÊqR}�dg��o^cRq � j�}1tgtga\c
}~c#tgf�tr`baxl�j�}�u,o�jr��l�o��^a�kno^k�`Ra^��/�ans&f^jra�tr`Ra�cba � l�o��^a�kno^ce��a � j�}1tgtga\ce}�c#tgf�}1trd�kno^k�`ba���}�cRa�®�}¯�Ca^�1�
lCo��^a�s�j�o^u,aG±p�X`bf � an�^anj\�Xtr`ba�lRjrf!k%a\drdgf^j�o^cRq(tr`ba�f^l�anj�o�tr}�cR�§dg�!dgtga\u u�hRdgt�qba\o^� � }1tr`´o^c��V®&fi��qm±
lCo��^a�tr`Ro�t<knhbjrjra\c�tr�1�,j�a\dr}�qba\d�}�c�tr`ba�kno^k�`Rax��}�cba^��²³s¡tr`ba�fi��q�l�o��^a�}~d�h�cR��}1�^a\�1��tgf���a�hRdga\q�o��io^}�c��R}�t
}~dXa\}�tr`banjNqR}�drkno�j�qRa\q§®�}1sªtr`ba;l�o��^a�}�d�kn�1a\o^cC±�f^j � j�}1tgtga\c���o^k���tgf,qR}�dr�*®�}1s¡tr`ba;l�o��^a�}�d�qR}1j�t��R±p��²³s¡tr`ba
fi�~q�l�o��^ax}�dN��}��^a\�1�,tgf���a�hRdga\q�o��io^}�c��R}�t<}�d�tgj�o^cRdgs&anjrjra\q�tgf,tr`Ra��!}�k%tr}�uålCo��^axkno^k�`ba^��z<`ba;fi��q�l�o��^a
u�o\��jranl��~o^k%a�o,lCo��^a�dgtgf^jra\qe}�c�tr`ba��S}~k%tr}�uvl�o��^a�kno^k�`ba^��}�c � `R}�k�`*kno^dgaxtr`ba�l�o��^axtgf¦��a�jranl���o^k%a\q
}~dNa\}1tr`banj3q�}�drkno�j�qba\q�f^j � j�}1tgtga\c���o^k���tgf¦qR}�dr�C�

Å�jrans&antrk�`�}�cb� � }�������a�h�dga\q´tgf©}�cRdrhbj�a�tr`Ro�t�tr`ba�l�o��^a\d,jra\ �h�}1jra\q´���/tr`ba�lRjrf!k%a\drdgf^j,k%f^jra
o�j�a¦jra\d�}�qba\c�tx}�c©tr`Ra�fic!¤�kp`R}1l¡�{�1f � ��o�tga\c�k%�^��l�j�}�u,o�jr�£l�o��^a�kno^k�`Ra^�eÅ�j�ans�antrkp`´��f^�i}�k � }~���{u�ficR}1tgf^j
tr`Ra�tgj�o^cRdro^k%tr}1fic�d�fic7tr`ba���hRd���ant � ana\c7tr`ba�lRj�fSk%a\drdrf^j,k%f^jra-o^cRq(tr`ba�lRj�}~u,o�jr�©l�o��^a-kno^kp`ba^�(²�t
� }�����hRdga�tr`R}~d�}�cbs&f^j�u,o�tr}1fic£tgf*o^c�tr}�kn}1lCo�tga � `R}�kp`£l�o��^a\dxo�j�a,o��mfihRt�tgf-��a,o^knk%a\drdga\q/tr`Ro�t�o�jra�cbf^t
}~c©tr`ba,l�j�}�u,o�jr�§l�o��^a�kno^k�`ba^�-²³t � }�����tr`ba\c/tgjr�£tgf*s&antrk�`´tr`ba\dga¦l�o��^a\dxs&jrfiu a\}1tr`banjxtr`Ra,f�ýC¤�kp`R}1l¡�
`�}1�i`Ý��o�tga\c�k%�^�<�S}~k%tr}�u l�o��^a£kno^k�`Ra§f^j�tr`ba§qR}�dg�7o�jrj�o¸�^�3o^cRqÝl���o^k%a*tr`Ra\u }�cÝtr`ba§lRj�}�u,o�j��/l�o��^a
kno^kp`baR�¨o^���m��ans&f^jra<tr`ba�o^knk%a\drdga\d�fSknknhRj\�{Å�jrans&antrk�`R}~cb��oxl�o��^a3s&jrfiuàtr`ba<�!}�k%tr}�uülCo��^a:kno^k�`Ra;h�drhRo^���1�
a\c�tro^}���d�d � o�lRl�}�cR�,tr`ba�k%fic�tga\c�trd;f^s{t � f�kno^kp`ba���}�cba\d�HXtr`baxlCo��^a�dgtgf^j�a\qe}�c*tr`bax�!}�k%tr}�u l�o��^a�kno^k�`ba
}~d�d � o�lRl�a\q � }1tr`�tr`ba;l�o��^a�dgtgf^jra\q�}�c�}1trdXqRa\dgtr}�cRo�tr}1fic�kno^k�`Ra���}�cba3}~c�tr`ba�lRj�}~u,o�jr��l�o��^a;kno^k�`ba^��zªf
o^�~�1f � l�o��^a\d;tgf���a�d � o�lRl�a\q � }1tr`Rfihbt3f^l�anj�o�tr}�cR��dg�!dgtga\u }�c�tganjr�^a\c�tr}1fic���}1t;u,o\�e��a�cba\k%a\d�dro�jr�*tgf
o^q�q§o^c§a%�!tgj�o��1an�^a\��f^s�}�cRq�}1jra\k%tr}1fic*tgf�tr`Ra�u,o^}~ceu�a\u,f^jr�*o^knk%a\drdn��z3`ba��!}1jrtrh�o^�ªl�o��^a�cShRux��anj�f^s
o�u,a\u�f^jr�¦o^knk%a\d�d<}�d�tgj�o^cRdr�~o�tga\q�}�c#tgf�o�l�`��!dr}�kno^�ms�jpo^u�a�c�hRu���anj�h�dr}�cb��tr`ba�dgtro^cRqRo�jpq¦tgjpo^cRdr��o�tr}1fic
l�jrfSk%a\d�dn��z3`ba�l�`��!dr}�kno^�is&j�o^u�a�c�h�ux��anjE}~dªtr`ba\c�tgj�o^cRd���o�tga\q�}~c#tgf�o:kno^kp`baN}�qba\c�tr} ��anjX®&a\}1tr`RanjElRjp}�u,o�jr�
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f^j��!}�k%tr}�u�±�o^cRq(o§kno^k�`ba-��}~cba¦cShRu��manj�hRdr}~cb�eoetro����1a�tr`Ro�t�}�d�u,o^}�c�tro^}�cba\q/���/tr`ba¦l�jrfSk%a\d�dgf^j\���
��d�}�c(u�hR�1tr}1lRj�fSk%a\drdrf^j�dxtr`�o�t,hRdga�tr`ba�kno^k�`ba%¤¥ficR���´u�a\u,f^jr�/o�j�kp`R}1tga\k%trhbj�aI®¥æ<ä ���;±�u�f!qba\�¯�{tr`ba
lC`#�!dr}�kno^�Ro^q�qbjra\drd{dglCo^k%a3}�d�qb�!cRo^u,}~kno^���1�xu,o�l�lma\q,fic#tgf�tr`Ra3kno^k�`ba\d\��z<`baNlRj�fSk%a\drdrf^j�kno^c�d � o�l,t � f
lCo��^a\d � }1tr`bfihbt3o^��tganj�}�cb�,tr`Raxl�`��Sd�}�kno^�¡o^qRqbj�a\drd3dglCo^k%a��S�©® Z ±<d � o�lRl�}~cb�,tr`ba�k%fic#tga\c�trd�f^s{tr`baxt � f
kno^kp`ba���}�cRa\d�tr`Ro�t�k%fic#tro^}~c�tr`bfidga�l�o��^a\dn�bo^cRq«®¯Ài±�d � o�lRlC}�cb�xtr`Ra�k%fic�tga\c#trd<f^s¡tr`ba�t � f�tro��C�1a:a\c�tgj�}1a\d
o^d�dgfSkn}~o�tga\q§®&�!}�o;l�`��Sd�}�kno^�bs&j�o^u�a<cShRux��anj�± � }1tr`�tr`bfidga:l�o��^a\dn�{Þ3f^tga:tr`Ro�t�tr`Ra3kno^k�`ba:tr`Ro�t�k%fic�tro^}�cRd
o�jra\ Shba\dgtga\q-lCo��^a�}�dN�!cbf � c-o�s&tganj:tr`baxtro����1axo^knk%a\drd�`Ro^d:k%fiu�l��1antga\q����3a\c�k%a^�Cs&f^j<a\o^k�`ejra\ Shba\dgtga\q
lCo��^a^�¡a\}1tr`banj;tr`ba�lRj�}~u,o�jr��l�o��^a,kno^k�`Ra,}�d:o^knk%a\d�dga\q��¡f^j�tr`ba��!}�k%tr}�u
l�o��^a,kno^k�`Ra,}�d:o^knk%a\d�dga\q��¡��hRt
}�t<}�d<cban�^anj<tr`Raxkno^dga�tr`Ro�t3�mf^tr`*kno^k�`ba\d�o�jraxo^knk%a\drdra\q��

z<`ba�u�}�k%jrfio�j�kp`R}1tga\k%trhbjra�hRdga\q�s&f^j<tr`ba�j�a\u,o^}�cR}�cR��a%�!l�anj�}�u�a\c�trd<}�c�tr`R}~d<qR}�drdranjrtro�tr}1fic�hRdga\d
tr`Ra�u,o^}~cIu�a\u�f^j��©o�j�k�`R}�tga\k%trhbjra�dr`bf � c/}�cI��}��ihbjra�¼�� Z 
b�$��������a\cRkp`Ru,o�jr�!dxhRdra¦�1a\drdxtr`Ro^c(¿�
F�
�S�Stga\d3f^s�u�a\u,f^jr�^�Cdgf¦²�ficR�1��u�f!qba\��tr`ba�lRjrf!k%a\drdgf^j:k%f^j�a^��tr`ba�lRj�}�u,o�j���l�o��^a�kno^k�`ba^��o^cRq*tr`bax��h�d
��ant � ana\c«tr`Ra\u��}�3anjra\o�s&tganj\�¡tr`Ra�l�j�}�u,o�jr��l�o��^a�kno^kp`ba � }����@¡gh�dgt:��a�kno^���1a\q§u,o^}�c£u�a\u�f^j��^�]�eo^}�c
u,a\u�f^jr�£}�d;k%ficRcba\k%tga\q©tgf�tr`Ra�lRjrf!k%a\drdgf^j��!}�o�o Zn½ À�
-��}1t;dgl���}�tá¤¥tgj�o^cRdro^k%tr}1fic£�ChRdn�xÞ:f^tga,tr`Ro�t�tr`ba
�~}�cba�dr}6�na\d�s&f^j���f^tr`©tr`Ra¦dga\k%ficRq´�1an�^a\�X}�cRdgtgj�h�k%tr}1fic©kno^k�`Ra�o^cRq/tr`ba�dga\k%ficRq´�1an�^a\��qRo�tro§kno^k�`Ra�o�jra
o^�~dgf Zn½ À�
§��}1trdn��¢�jr�^fb��o^c©a\c�tr}1jra�kno^kp`ba¦��}~cba,kno^c©��a�tgj�o^cRdrs�anjrj�a\q«f¸�^anj�tr`ba,��h�d�}�c©o-d�}�cb�i�1a���h�d
k%�!kn�1a^��z<`ba���hRdN}~d<o^drdrhRu,a\q�tgf�f^l�anj�o�tgaxo�t<tr`Ra�s�jra\ Shba\cRk%��f^s�tr`ba�lRj�fSk%a\drdrf^j\¹R}¯�ba^�1�CÍ�°}���^���eo^}�c
u,a\u�f^jr�£}�d;s&h����1��l�}1l�a\��}~cba\q9H3}1t�kno^c©o^knk%anl�txo�cba � jra\ Shba\dgt�®&a\}1tr`Ranj�jra\o^q£f^j � jp}1tgaG±3an�^anjr�«k%�Skn�1a^�
w3a\ �hRa\dgtrd�f^j�}1�i}�cRo�tga�s�jrfiu tr`ba¦Å�a\cRq�}�cb�!�§}�drd �;hba\hbae®�Å#�$�x±�s&f^jxtr`ba�dga\k%ficRq´�1an�^a\��}~cRdgtgj�hRk%tr}�fic
kno^kp`ba^�Eo^c�qetr`Ra�Å#�$�às&f^j;tr`ba�dga\k%ficRq£�1an�^a\��qRo�tro�kno^k�`Ra^��ä;cRk%a�o�jra\o^q§jra\ Shba\dgt;�io^}�cRd;o^knk%a\drd�tgf
tr`Ra��ChRdn�bÍi¼�k%�Skn�1a\d�® Z ÀS� Í^Í,cRdp±�o�jra;jra\ �h�}1jra\q¦tgf�o^knk%a\d�dNtr`ba;fic!¤�k�`�}1l�Ó�w=�=� o^cRq�jrantrhbj�c�tr`ba�qRo�tro
tgf�tr`ba�o�lRlRjrf^l�j�}�o�tga�Å������Rz<`ba;��h�dN}�d�ficR�1��hRdga\q�}�c�tr`ba���o^drtNf^sEtr`ba\dra�Íi¼�k%�Skn��a\dNtgf,tgj�o^cRdrs�anjNtr`ba
q�o�tro�tgf�tr`ba�lRjrf!k%a\drdgf^j¸�Xä;cRk%a�o � j�}�tga�j�a\ �hba\drt��io^}~cRdNo^knk%a\drd<tgf�tr`ba���hRdn�!}1tNf!knknhbl�}1a\d�tr`ba��ChRd�s�f^j
o�dr}�cb�i�1a�k%�!kn�1a � `�}��1a;}1tNtgj�o^cRdgs&anj�d<}�trd<qRo�tro�tgf�u�o^}�c�u�a\u�f^jr�^�

¢ K&P}UL��Pdi£|]t4g�P l.NLV���Naw�tuizUdY�t.�;Udw�l.YzU�tui[PRw�lae@NLUdj;M�K9¤2¥$Naw�t.�.sDj�PRw�t;Udi[w�lCtuM�N~jLUdj;M�NTiz|fNaw�tui[¦�N���Udw�|XtuM�N~jLUdj;M�NTY[i[w�Nwf��Q�qIN���v�Pd�Zi§tul¨Udl.l.P�jaizU�tuNa| �fi§�.tu��UdY*SEUd�dNCw_��Q�qINk�9i[w}UR|�|�i§tui[PRw�tuP�tuM�NCS�M�sfl.i[jLUdYIv£�;UdQTNCw_��Q#qIN��Ln
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�ÊlRjrf!k%a\drdgf^j � }1tr`£fihbtá¤¥f^s�¤¥f^j�qbanj�s�antrkp`/}�c�}1tr}�o�tga\d;s&antrk�`/jra\ �hRa\dgtrd�}�c«l�jrf^�^j�o^u f^j�qRanj\�ª��hRt
o^�~�1f � d�tr`Ra\dga;jra\ �hRa\dgtrd�tgf,k%fiu�l��1antga�fihRtá¤¥f^s~¤¥f^j�qRanj\��z<`ba��Rj�o^c�k�`�lRjra\q�}�k%tgf^j�lRjrf!qRhRk%a\dn�!}�c�lRjrf^�^j�o^u
f^jpqbanj\��o3dga\ Shba\cRk%aXf^sbs�antrkp`xjra\ Shba\dgtrdªs�f^jEtr`baX}~cRdgtgj�hRk%tr}�ficRd�tr`Ro�tEk%fiu,lRj�}�dga�tr`ba�qb�!cRo^u,}�k{}~cRdgtgj�hRk%tr}�fic
drtgjra\o^u���¢Xo^k�`�f^s¡tr`ba\dra�j�a\ �hba\drtrd�}~cR}1tr}�o�tga\d�o^c�}�cRdgtgj�h�k%tr}1fic�kno^kp`ba�s�antrkp`���z<`Ra:�Rjpo^cRk�`¦lRjra\qR}~k%tgf^j�}�d
k%fiu,l��1antga\�1�§qba\k%fihbl��1a\q§s&jrfiuâtr`ba�}�cRdgtgjphRk%tr}1fic§kno^k�`ba^��z<`Ro�t�}�dn��tr`ba��Rjpo^cRk�`§lRjra\q�}�k%tgf^j�k%fic#tr}�cShba\d
l�jrfSq�hRkn}�cb�es�antrkp`7jra\ Shba\dgtrd�jran�io�j�qR��a\drd�f^s � `bantr`Ranj�f^j�cRf^t�tr`Ra�j�a\ �hba\drtrd�`R}1t�}�cItr`Ra�}~cRdgtgj�hRk%tr}�fic
kno^kp`ba^�3Ó;hba�tgf¦tr`baxf!knknhbjrj�a\cRk%a�f^s{}�cRdgtgjphRk%tr}1fic-kno^kp`ba�u�}�drdga\dn�btr`Raxs&antrk�`ejra\ �hRa\dgtrd3u,o¸�-k%fiu�l��1antga
®�}¥�ia^�1��f^��tro^}�c�tr`ba\}1j�qRo�tro#±�fihRtá¤¥f^s~¤¥f^j�qRanj\���:d�tr`ban�,k%fiu�l��1antga^��tr`ban� � j�}1tga3tr`ba\}1j�qRo�trox}�c#tgfxtr`ba3s&antrk�`
�Ch!ýmanj�a\c�tgj�}1a\d�tr`Ro�t � anjra,o^����fSkno�tga\q£tgf�tr`ba\u���Å�jrf!k%a\drdgf^jpd � }1tr`§fihbtá¤¥f^s�¤¥f^j�qbanj�s&antrk�`©dgtr}~���EqRa\k%fSqba
o^c�qe}�d�drhba�}�cRdrtgj�hRk%tr}1ficRdN}~c-lRjrf^�^jpo^uèf^j�qbanj¸�<æ�ficRdga\ Shba\c#tr���^��tr`ba�}�cRdgtgj�h�k%tr}1ficRdn�ban�^a\cetr`bfihb�i`*tr`ban�
u�o\�,��a:}~cRdganjrtga\q¦}�c#tgf�tr`ba3s&antrk�`���hbýmanjXfihbtá¤¥f^s~¤¥f^jpqbanj\�bo�jra;o^� � o¸�SdXjra\u�fG�^a\q�s�jrfiuàtr`ba:s�antrkp`¦�Ch!ýmanj
}~c�lRjrf^�^j�o^uèf^j�qbanj\�

z<`banjra�}�d�ficba�o^qb��o^c#tro��^aR�Ìf^tr`Ranj,tr`Ro^c(l�anjrs&f^j�u,o^cRk%aR�Ìs&f^j�}�u�l��1a\u,a\c#tr}�cR�*fihbtá¤¥f^s�¤¥f^j�qbanj
s&antrk�`¡���bf^j;o�lRj�fSk%a\drdrf^j � }1tr`RfihbtNfihbtá¤¥f^s�¤¥f^j�qbanj3s&antrk�`¡��tr`ba���j�o^cRk�`-lRjra\qR}�k%tgf^j:o^cRq�tr`bax}~cRdgtgj�hRk%tr}�fic
kno^kp`ba�dgtro^��� � `R}��1a�tr`ba�kno^k�`ba���}�cba�o^d�dgfSkn}~o�tga\q � }�tr`�tr`ba�u�}�drd<}�d3s�antrkp`ba\qes�jrfiu tr`ba���f � anj:�1an�^a\��d3f^s
tr`Ra;u,a\u�f^jr�¦`�}1anj�o�j�kp`#�^���bantrkp`�jra\ Shba\dgtrd��1f^�i}�kno^�~�1�,s&fi���1f � }�cb�xtr`Ra:jra\ Shba\dgt�s&f^j�tr`ba�kno^k�`ba���}~cba3tr`Ro�t
u�}�drdga\q�o�jra�ëChRdr`ba\q�s&jrfiuåtr`baxu�o^k�`R}�cRa^�{_¨`ba\c-tr`ba�s�antrkp`*k%fiu�lC�1antga\dn�btr`baxkno^kp`bax��}~cba�}�dN}�cRdgtro^�~�1a\q
}~c/tr`Ra�}~cRdgtgj�hRk%tr}�ficIkno^k�`Ra-o^cRq´tr`ba�jra\ �hRa\dgtga\q(}�cRdgtgj�h�k%tr}1ficRd�o�jra � j�}1tgtga\c´}�c�tgf§tr`Ra�s&antrk�`(�Ch!ýmanj¸�
����dgfb��dr}�c�k%axtr`ba�s�antrkp`§jra\ �hRa\dgtrd;�1f^�i}�kno^���1��s&fi���1f � }�cb�,tr`Raxjra\ Shba\dgt�s�f^j�tr`ba�kno^k�`ba���}~cba�tr`Ro�t;u,}�drdra\q
� anjra�ëChRdr`Ra\q��btr`ba��Rj�o^cRkp`-lRjra\q�}�k%tgf^j:}�d<s�f^j�k%a\qetgf�jra%¤¥�^a\cbanj�o�tga�tr`bfidga�jra\ Shba\dgtrdn¹�}¯�Ra^�1�mtr`bax��j�o^cRk�`
l�jra\qR}�k%tgf^j�}�dXjra\dgant�dgf�tr`�o�t � `ba\c�}1t�}�dXjra\dgtro�jrtga\q��b}1t � }�����jra\dgtro�jrt�o^c¦a\o�j���}1anj�l�fi}�c#t�}�c,tr`Ra�dga\ Shba\cRk%a
f^s;s&antrk�`Ýjra\ �hRa\dgtrdn�Á�:s�tganj,tr`�}�d�`Ro^d���ana\cÒo^knk%fiu�lC��}�dr`ba\q¡����f^tr`7tr`ba��Rj�o^c�k�`7lRj�a\qR}�k%tgf^j,o^cRq(tr`ba
}~cRdgtgj�hRk%tr}�fic*kno^k�`Ra�o�jra�jra\dgtro�j�tga\q��=/��-dgtro^���~}�cb�b�RëmhRdr`R}�cR�b�Ro^cRq*tr`Ra\c-jra\dgtro�j�tr}�cb�b�mtr`ba�}~cRdgtgj�hRk%tr}�ficRd
o�j�a��ih�o�j�o^c#tgana\q£tgf���a � j�}1tgtga\c§}�c�tgf¦tr`ba�s&antrk�`£��h!ý�anj;}�c*l�jrf^�^j�o^uâf^j�qbanj\���bf^j�o�lRjrf!k%a\drdgf^j � }�tr`
fihRtá¤¥f^s~¤¥f^j�qRanj�s�antrkp`��¡}�cRdgtgjphRk%tr}1ficRd:qbf�cRf^t;`�o\�^a�tgf��ma � j�}1tgtga\c§}�c�tgf¦tr`Ra�s&antrk�`£�Ch!ýmanj;}�celRjrf^�^j�o^u
f^jpqbanj\��dgf¦tr`Ra�lRj�fSk%a\drdrf^j�qbfSa\d;cbf^t:drtro^���¯�CëChRdr`��mo^cRqejra\dgtro�jrt�ficeo�u,}�d�dn��ä;c§o¦u�}�drdn�Ctr`ba���j�o^cRk�`
l�jra\qR}�k%tgf^j�qbfSa\d�cbf^t�cbana\q,tgf���a3jra\drtro�jrtga\q¦o�t�o^c¦a\o�j���}1anjXlmfi}~c#t�}~c,tr`ba�dga\ �hRa\cRk%a3f^s�s&antrk�`�jra\ Shba\dgtrdn�
z3`R}�dNdgfiu�a � `Ro�t3dr}�u,l���} ��a\dXtr`ba�qba\d�}1�ic-o^cRq�}�u,l��1a\u�a\c�tro�tr}1fic�f^s�tr`ba��Rj�o^c�k�`�lRj�a\qR}�k%tgf^j\�
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z<`ba���o^dga,u,}�k%j�fio�j�k�`R}�tga\k%trhbjra,jra\ ShR}1j�a\d;t � fek�`�o^cb�^a\d�}~c£f^j�qbanj�tgf§drhblRl�f^jrt;fihbtá¤¥f^s�¤¥f^j�qbanj
s&antrk�`¡�Xz<`ba;�Cj�dgt<k�`�o^cb�^ax}�d�tgf¦tr`ba�s�antrkp`-��hbýmanj3o^c�q�tr`ba�dga\k%ficRqe}�d�tgf,tr`ba�qba\k%fSqRaGé�}�drdrhba��1f^�i}~k��

�Rf^j�tr`Ra¦��o^dra�u,}~k%jrfio�j�k�`�}1tga\k%trhbjra^��tr`ba�a\c#tgjp}1a\dxf^s3tr`ba¦s&antrk�`´��hbýmanj�s�f^jpu o§��²³�Eä���z<`Ra
��²á�EäÊ}�d:}�u�l��1a\u,a\c#tga\qehRdr}�cb�¦o¦kn}1jpknhR��o�j:o�j�j�o\�^��z<`baxs&antrk�`£�Ch!ýmanj�k%fic#tro^}~cRd;o^ceo�jrjpo\�-f^s{a\c�tgj�}1a\dn�
o¦`ba\o^q-l�fi}�c�tganj\��o^c�q*o�tro^}��ªl�fi}�c#tganj¸�Xz<`ba�`ba\o^q-l�fi}�c�tganj<l�fi}�c�trdNtgf�tr`bax��j�dgtNa\c�tgjr��f^s�tr`ba��E²á�Eä��
z3`ba�tro^}���l�fi}�c�tganjNl�fi}�c#trd�tgf¦tr`ba���o^dgtNa\c�tgjr��f^s�tr`bax��²³��ä����bantrkp`*jra\ Shba\dgtrd:k%fiu�l��1antga�}~c�tr`ba�f^j�qbanj
tr`�o�t:tr`ban� � anjra�}�cR}1tr}�o�tga\q¡¹�}¯��a^�1��}�c�l�jrf^�^j�o^u
f^j�qbanj\��_V`ba\ceo�s�antrkp`§jra\ �hRa\dgt:k%fiu�lC�1antga\dn��}1trd3qRo�tro
}~d�}�cRdganjrtga\q(}�c�tgf«tr`ba���²³��ä���z<`R}~d�}�d�o^knk%fiu,l���}�dr`Ra\q/�S�(o^qb��o^c�kn}�cb�§tr`ba�tro^}���l�fi}�c�tganj\��o^cRq(tr`ba\c
� j�}1tr}�cb�;tr`ba:qRo�tro�}�c�tgf�tr`ba<a\c�tgjr��dgl�a\kn} ��a\q��S��tr`Ra<tro^}��bl�fi}�c�tganj\��z<`ba<qba\k%f!qbaGé�}�drd�hba<�1f^�i}�k�jra\u,f¸�^a\d
tr`Ra�}�c�dgtgj�hRk%tr}1fic�d�dgtgf^jra\q�}�c�tr`ba3s&antrk�`���hbýmanj�}�c,lRj�f^�^j�o^u5f^jpqbanj\��²�s�tr`Ra:s&antrk�`���h!ý�anj�k%fic#tro^}�c�dXo^c��
}~cRdgtgj�hRk%tr}�ficRdn�!tr`ba�a\c�tgjr��dgl�a\kn} ��a\q��S��tr`bax`ba\o^q*lmfi}~c#tganj<k%fic�tro^}�cRd3tr`bax}�cRdrtgj�hRk%tr}1ficRd�tr`�o�t3cbana\q-tgf
��a�jra\u,f¸�^a\qIcRa%�Stn�,_V`ba\c©o^�~��tr`ba�}�cRdrtgj�hRk%tr}1ficRd;dgtgf^j�a\q©}�c£tr`Ro�t�a\c�tgjr�£`Ro\�^a¦��ana\c£jra\u�f¸�^a\q¡�Etr`ba
a\c�tgjr��}�dNj�a\u�f¸�^a\q*s�jrfiuètr`ba���²³�Eä��Cz<`R}~d�}~d<o^knk%fiu�l���}~dr`ba\q��S��o^qb��o^cRkn}�cR��tr`ba�`ba\o^q�l�fi}�c�tganj\�

�bf^jXtr`ba3u,}~k%jrfio�j�k�`�}1tga\k%trhbjra<tr`�o�tXdrhbl�lmf^j�trd�fihbtá¤¥f^s~¤¥f^jpqbanj�s&antrk�`��Str`ba<s&antrk�`¦��h!ý�anj�qbfSa\d�cbf^t
s�hRcRk%tr}�fic©o^dxoe�E²á�Eä����3f � an�^anj¸��tr`Ra�s&antrk�`/��h!ý�anjx`Ro^d�oedgtgj�hRk%trhbj�a,dr}�u,}��~o�j�tgf-tr`Ro�txf^sNoe�E²á�Eä��
²³t�k%fic�tro^}�cRd�o^cIo�jrjpo\�«f^s�a\c#tgjp}1a\dn��o-`ba\o^q©l�fi}�c�tganj\��o^cRq©o-tro^}~�{l�fi}�c#tganj¸�¦z<`ba\dra,tr`bjrana�}�tga\u,dxo�jra
h�dga\q´tgf£}~u�l��1a\u�a\c�txo£kn}1j�knh���o�j�o�jrjpo\�^�©¢�c�tgj�}1a\d�o�jra�qba\o^����fSkno�tga\q(}�cItr`ba�dro^u�a�f^j�qbanj�tr`Ro�t�tr`ban�
o�j�axo^���1f!kno�tga\q��Xz3`ba�`ba\o^q�l�fi}�c�tganjNl�fi}�c#trd<tgf,tr`ba�a\c�tgjr��tr`Ro�t � }~���m�ma�qba\o^�~�1fSkno�tga\qecba%�!tn��z<`ba�tro^}��
l�fi}�c�tganj�l�fi}�c�trd�tgf«tr`Ra�a\c�tgjr�´tr`Ro�t � o^d�o^���1f!kno�tga\q7��o^dgtn�>��cR��}��^a¦tr`ba�s&antrk�`Ò��h!ý�anj�s&f^j�tr`ba���o^dga
u�}�k%jrfio�j�kp`R}1tga\k%trhbjra^��tr`ba*a\c#tgj�}�a\d,s&jrfiu tr`ba-a\c�tgjr�7dgl�a\kn} ��a\q(�S�(tr`ba-`ba\o^qÝlmfi}~c#tganj,tgfItr`ba-a\c�tgjr�
drlma\kn}1��a\qI�S�©tr`ba�tro^}��Xl�fi}�c#tganj�o�jra�cbf^t��ihRo�j�o^c�tgana\q(tgf§k%fic�tro^}�c(jra\o^qR�I}�cRdgtgjphRk%tr}1ficIq�o�tro!�£¢Xo^k�`
a\c�tgjr�©k%fic�tro^}�cRd�o^cIo^qRq�}1tr}1ficRo^����}�tn��kno^����a\q«tr`ba�j�a\o^qb�£��}1tn��tr`Ro�t�}�c�qR}�kno�tga\d � `Rantr`banjxf^j�cbf^txtr`Ro�t
a\c�tgjr��`Ro^d���ana\c � j�}1tgtga\c¡¹!}¥�Sa^�1��tr`ba;��}1tN}�d�dgant<}1sEtr`ba;a\c#tgjr��k%fic�tro^}�cRdNjra\o^qR�¦}�cRdrtgj�hRk%tr}1fic�qRo�tro!��o^cRq
j�a\dgant3}1s�}1t<qbfSa\d<cbf^tn�
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�bantrk�`7j�a\ �hba\drtrd�o�jra�}�cR}1tr}�o�tga\q/}�c/lRjrf^�^j�o^uµf^j�qRanj\�«zªf«}�cR}�tr}�o�tga¦o§jra\ Shba\dgtn��tr`Ra¦jra\ Shba\dgt
}~d�o^���1f!kno�tga\qIo�s&antrk�`/��h!ý�anj�a\c�tgjr�^��z3`R}�d�}�d�o^knk%fiu,l���}�dr`Ra\q£���«o^qb��o^cRkn}�cb��tr`Ra,tro^}��{l�fi}�c�tganj\�ªo^cRq
tr`Ra\cÒtro��^�i}�cb�Itr`ba-jra\ Shba\dgt � }�tr`(tr`ba-��o^��hba�f^s;tr`ba�tro^}��Nl�fi}�c�tganj\�Òz<`Ra�jra\o^qb�´��}1t�f^s;tr`ba�a\c�tgjr�
drlma\kn}1��a\q-�S��tr`ba�tro^}��¡l�fi}�c�tganj�}~d3o^��dgf¦jra\dgant�tgf�}~cRqR}�kno�tga�tr`�o�t:tr`ba�a\c�tgjr�-qbfSa\d:cbf^t;k%fic�tro^}�c§jra\o^qb�
}~cRdgtgj�hRk%tr}�ficIqRo�tro!�£Þ3f^tga�tr`Ro�t�}1sNtr`ba�o���f¸�^a�tga\k�`Rc�}� �hRa�}�d�hRdga\q/s�f^j�o^���1f!kno�tr}�cb�es�antrkp`(��h!ý�anjxa\c!¤
tgjp}1a\dn� � `ba\c�o�jra\ Shba\dgt<k%fiu,l��1antga\dn�R}1t<}~dX�ih�o�j�o^c#tgana\qeo^c�a\c#tgj���}�c � `�}�k�`�tgf � jp}1tga�}1trdNqRo�tro!��²³sªtr`ba
u�}�k%jrfio�j�kp`R}1tga\k%trhbjra�}�u,l��1a\u�a\c�trdXcRfic!¤�dgtro^����}~cb��}�c�dgtgj�hRk%tr}1fic�kno^k�`Ra�l�}1l�a\��}�cba\d\�io^d�tr`ba;��o^dga�u,}�k%jrfio�jr¤
kp`R}1tga\k%trhbj�a�o^cRq«tr`bfidra,qbanj�}1�^a\q£s&jrfiu }1t�qRfb�ªdrhRkp`©o��ihRo�j�o^c�tgana¦}�d;j�a\ �hR}�jra\q£o^c#� � o¸�^����cR��}1�^a�tr`ba
�Co^dga¦u,}~k%jrfio�j�k�`�}1tga\k%trhbjra^��jra\ Shba\dgtrdxqRf*cbf^txcba\k%a\d�dro�j�}��1�£k%fiu�l���antga�}�c«tr`ba¦dro^u�a�f^jpqbanjxtr`Ro�txtr`ban�
� anjrax}~cR}1tr}�o�tga\q���_V`ba\c*o�j�a\ �hba\drt3k%fiu�l��1antga\d\��}1t � j�}�tga\dN}1trd<qRo�tro,}~c#tgf,tr`Ra�a\c#tgjr��}�c�qR}�kno�tga\q��S��}1trd
tro��b��z<`ba�jra\o^qb�¦��}1t�f^sªtr`Ro�t�a\c�tgjr�¦}�d�dgant�tgf,}�c�qR}�kno�tga3tr`�o�tNtr`ba;a\c#tgjr��k%fic#tro^}~cRd�jra\o^qb��}~cRdgtgj�hRk%tr}�fic
q�o�tro!��z<`ba�qba\k%fSqRaGé�}�drdrhba��1f^�i}�k:jra\u�fG�^a\d�tr`ba�}~cRdgtgj�hRk%tr}�ficRd�dgtgf^jra\q�}�c�tr`ba�s�antrkp`���h!ý�anjX}�c¦lRjrf^�^j�o^u
f^jpqbanj\��²³sEtr`Ra�s�antrkp`*�Ch!ýmanj<k%fic�tro^}�cRd:o^c#��}�c�dgtgj�hRk%tr}1fic�dn��tr`Ra�a\c#tgj���drlma\kn}1��a\q�����tr`bax`Ra\o^q�l�fi}�c#tganj
k%fic�tro^}�cRd�tr`ba;}�cRdrtgj�hRk%tr}1ficRd�tr`Ro�t�cRana\q¦tgf���a3jra\u,f¸�^a\q�cba%�!tn���3f � an�^anj\�btr`Ra�}�c�dgtgj�hRk%tr}1fic�d�kno^c¦ficR�1�
��a;jra\u�fG�^a\q-}1s¡tr`Ra�a\c�tgjr��k%fic#tro^}�c�d�jra\o^qb�¦}~cRdgtgj�hRk%tr}�fic¦qRo�tro!¹C}¯��a^�1�R}�s¡tr`ba;a\c#tgj��C¬­dNj�a\o^qb����}�t�}�d�dgantn�
²³s�tr`ba�a\c�tgjr��qbfSa\d3cbf^t3k%fic�tro^}�c*jra\o^qb��}�cRdgtgjphRk%tr}1fic�qRo�tro!�Ctr`baxqba\k%f!qbaGé�}�drd�hba��1f^�i}�k�drtro^����d<hRc�tr}���tr`ba
q�o�tro�}�d�jra\o^qb�^��_V`ba\c«o^���Etr`ba�}�cRdgtgj�h�k%tr}1ficRd�dgtgf^jra\q«}�cetr`ba�a\c#tgj��edgl�a\kn} ��a\qe�S�-tr`ba�`ba\o^q§l�fi}�c#tganj
`�o\�^ax��ana\c�j�a\u�f¸�^a\q���tr`Ro�t<a\c�tgjr��}�dNqba\o^���1f!kno�tga\q���z<`�}�dN}�dNo^knk%fiu�l��~}�dr`ba\q��S��o^qR��o^cRkn}~cb��tr`bax`ba\o^q
l�fi}�c�tganj\�
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��}1�ihbj�a�¼�� Z\[ }�d�o-lC}�k%trhbjra,f^sNtr`Ra�s&antrk�`/��h!ý�anj\��z<`ba,s&antrk�`/��h!ý�anj�`Ro^d ] a\c�tgj�}1a\dn�-¢Xo^k�`
a\c�tgjr�-`Ro^d:o,jra\o^qR���C}1t<o^cRq*drtgf^j�o��^axs&f^j3tr`ba�}�cRdgtgjphRk%tr}1fic�qRo�tro!�Nz<`ba�`ba\o^q-l�fi}�c�tganj<l�fi}�c�trdNtgf�tr`ba
a\c�tgjr��tr`Ro�t � }����m��a�qba\o^���1f!kno�tga\q-cba%�!tn¹�}¯�ba^�1�Ca\c#tgj�� Z ��z<`ba�tro^}��¡lmfi}~c#tganjNl�fi}�c�trdNtgf,tr`baxa\c#tgjr��tr`Ro�t
� o^d<o^����fSkno�tga\q���o^drtn¹R}¯�!a^�1�ba\c#tgjr��¿S��¢Xc#tgj�}�a\d Z ÂS¿,`Ro\�^a���ana\c�o^���1f!kno�tga\q���¢Xc#tgj�}�a\d ½ o^c�q*¼�`Ro\�^a�cbf^t
��ana\c£o^���1f!kno�tga\q��x¢Xc#tgj�� Z � o^d�o^����fSkno�tga\qe��j�drtn��z<`ba�jra\ �hRa\dgt:tr`�o�t � o^d�o^����fSkno�tga\q§tr`R}�d�a\c�tgjr�*`R}�t
}~c�tr`ba;��j�drt<�1an�^a\�¡}�cRdrtgj�hRk%tr}1fic�kno^kp`ba�o^cRq�tr`Ra\c � jrf^tga�}�trd<qRo�tro,}�c�tgf,tr`ba�a\c�tgjr�^���3a\cRk%a^�Ctr`ba�a\c�tgjr�
k%fic�tro^}�cRd�jra\o^qb�«}�c�dgtgj�hRk%tr}1fic«q�o�tro!��dgfe}1trd�jra\o^qR�§�C}1t�}�d�dgantn��¢�c�tgjr�©À � o^dxo^�~�1fSkno�tga\q/cba%�!tn��z<`Ra
j�a\ �hba\drt�tr`�o�t � o^d�o^���1f!kno�tga\q£tr`R}�d�a\c�tgjr�*o^��drf�`�}1t�}~c*tr`ba���jpdgt���an�^a\��}~cRdgtgj�hRk%tr}�ficekno^kp`ba^� � jrf^tga�}1trd
q�o�tro�}~c-tr`ba�a\c#tgj��^��o^c�q*tr`ba\c£dgant�tr`ba�jra\o^qb����}�t3f^s�tr`ba�a\c�tgjr�^��z3`baxjra\ Shba\dgt�tr`Ro�t � o^d;o^����fSkno�tga\q
a\c�tgjr�-Í�u,}�d�dga\q�}�c�tr`ba;��j�dgtN�1an�^a\�ª}�cRdgtgj�h�k%tr}1fic�kno^k�`ba^��o^c�q-`Ro^dNcbf^tN�^ant � j�}1tgtga\c�}1trdNqRo�tro�}~c#tgf�tr`ba
a\c�tgjr�^��z<`ShRdn�#a\c#tgjr��Í�qbfSa\d{cbf^t�k%fic�tro^}�c�j�a\o^qb��}~cRdgtgj�hRk%tr}�fic�q�o�tro!�Sdgf�}�trd{jra\o^qb����}1t{}�d�jra\drantn�{_¨`ba\c
tr`Ra�jra\ �hRa\dgt:tr`�o�t � o^d�o^����fSkno�tga\q£a\c�tgjr�§Í�k%fiu�lC�1antga\dn�ª}1t � }��~� � j�}�tga�}1trd�q�o�tro�}~c#tgf�tr`ba�a\c�tgjr�eo^cRq
tr`Ra\c/dgant�tr`ba�a\c�tgjr�m¬­dxj�a\o^qb�«��}1t�tgf§}�cRqR}~kno�tga,tr`Ro�txtr`Ra�a\c�tgjr�©k%fic#tro^}~cRdxj�a\o^qb�©}�cRdgtgjphRk%tr}1fic«qRo�tro!�
z3`ba3jra\ Shba\dgt�tr`Ro�t � o^dXo^�~�1fSkno�tga\q¦a\c�tgjr��
�`R}�t�}�c�tr`ba3��j�dgt���an�^a\��}�cRdrtgj�hRk%tr}1fic,kno^kp`ba^� � jrf^tga�}1trd�qRo�tro
}~c�tr`ba�a\c�tgjr�^��o^cRq�tr`Ra\c-dgantNtr`ba�j�a\o^qb�¦�C}1t�f^sEtr`baxa\c#tgjr�^�X¢�c�tgj�}1a\d [ o^cRqe¿�o�jra�tr`baxu,fidgtNjra\k%a\c�tr�1�
o^�~�1fSkno�tga\qea\c�tgj�}1a\dn�<z<`Raxjra\ Shba\dgtrd3tr`Ro�t � anjra�o^���1f!kno�tga\q*tr`ba\draxa\c�tgj�}1a\d�`Ro\�^a�cbf^t3�^ant;o^knk%a\drdga\q§tr`ba
�Cj�dgt��1an�^a\��}�cRdgtgjphRk%tr}1fic´kno^k�`ba^�Òæ�ficRdga\ Shba\c�tr�1�^��tr`ba�jra\o^qR�I��}1trd�f^s�tr`ba\dga�a\c#tgjp}1a\d�o�jra�dgtr}����Xjra\dgantn�
²ác«tr`R}~d;l�}�k%trhbjra^�ªtr`ba�qba\k%f!qbaGé�}�drd�hba��1f^�i}�k�kno^c©fic��1�*jra\u,f¸�^a¦}~cRdgtgj�hRk%tr}�ficRd�s�jrfiu a\c#tgj�}�a\d Z o^cRqIÀS�
_V`ba\cÌtr`bae`Ra\o^qÝl�fi}�c�tganj¦o^qb��o^cRk%a\d¦tgfIa\c�tgjr�ÝÍS�<tr`ba§qba\k%f!qbaGé�}�drdrhRa*�1f^�i}�k � }����Ndgtro^�~�3hRc�tr}��Ntr`Ro�t
a\c�tgjr�m¬­d�}�cRdgtgjphRk%tr}1ficIq�o�troe��a\k%fiu�a\d�jra\o^qR�^�Â�3s&tganj�tr`ba�qRo�tro§�ma\k%fiu,a\d�j�a\o^qb�^��tr`ba�qba\k%f!qbaGé�}�drdrhRa
��f^�i}�k � }��~��jra\u,f¸�^axtr`Ra�}�cRdgtgj�h�k%tr}1ficRd�s&jrfiuåa\c#tgj���ÍS�Co^cRq�tr`ba\c�l�jrfSk%ana\q-fic � }1tr`�a\c�tgjr��
b�Ra\c#tgj�� [ �
o^c�q��CcRo^�����^�Sa\c�tgjr�-¿S�

Head

Entry 0:

Entry 1:

Entry 2:

Entry 3:

Entry 4:

Entry 7:

Entry 6:

Entry 5:

1

1

0

1

0

0Tail

Ready Instruction Data
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z<`ba�s�antrkp`���h!ý�anjNdrhblRlC��}1a\d�tr`Ra;qR�ScRo^u�}�k:}~cRdgtgj�hRk%tr}�fic¦dgtgj�a\o^uåtgf�tr`ba�qba\k%fSqRaGé�}�drdrhba;�1f^�i}�k��
z3`ba¦a\c�tgjr�Idrlma\kn}1��a\q©�S�©tr`ba�`ba\o^q´l�fi}�c#tganj�k%fic�tro^}�cRd�®&f^j\��}1sNtr`ba�}�cRdrtgj�hRk%tr}1fic/qRo�tro£`Ro^d�cRf^t��^ant
��ana\c � j�}1tgtga\c/}�c#tgf*tr`ba�a\c�tgjr�^� � }����{k%fic�tro^}�cC±�tr`ba¦}~cRdgtgj�hRk%tr}�ficRd;tr`Ro�t�o�l�lma\o�j�a\o�j���}1a\drtx}�c«tr`ba�qb��¤
c�o^u,}�k�}�cRdrtgj�hRk%tr}1fic£dgtgjra\o^u-¹ªtr`Ro�tx}~dn�¡}1t�k%fic�tro^}�cRd�tr`ba,}~cRdgtgj�hRk%tr}�ficRd�tr`Ro�t � fih���q£a%�Sa\knhRtga���j�dgt�fic
o,lRjrf!k%a\drdgf^j<tr`Ro�t3a%�Sa\knhbtga\d:}�cRdgtgjphRk%tr}1ficRdN}�c�lRj�f^�^j�o^uèf^j�qRanj\��z<`ba;a\c�tgjr��o�s�tganj:tr`Ro�t<ficba�k%fic�tro^}�cRd
tr`Ra,}�cRdgtgj�h�k%tr}1ficRd<tr`�o�t�o�lRl�a\o�j;cRa%�St;a\o�j���}�a\dgt�}�c§tr`ba�qb�Sc�o^u,}�k�}�cRdgtgj�h�k%tr}1fic*dgtgj�a\o^u���z<`Ra�s�o�jrtr`banj
o^c�a\c#tgj���}~d�s�jrfiuütr`ba<a\c�tgjr��drlma\kn}1��a\q�����tr`ba<`Ra\o^q�l�fi}�c#tganj¸�itr`ba3��o�tganj�tr`ba3}�cRdrtgj�hRk%tr}1ficRd�k%fic�tro^}�cba\q
}~c/tr`�o�t�a\c�tgjr�´o�lRl�a\o�j�}�c´tr`ba�qb�!cRo^u,}�k�}�cRdrtgj�hRk%tr}1fic/dgtgjra\o^u��Iz3`ba¦a\c�tgjr�Idrlma\kn}1��a\qI�S�©tr`ba�tro^}��
l�fi}�c�tganj3k%fic�tro^}�cRdNtr`Rax}�cRdgtgjphRk%tr}1ficRd�tr`Ro�t3o�l�lma\o�j:��o�tga\dgt3}�c�tr`Raxqb�!cRo^u,}�k;}�cRdrtgj�hRk%tr}1fic�dgtgjra\o^u-�

z<`ba;qba\k%fSqRaGé�}�drdrhba��1f^�i}�k�qba\k%f!qba\d�o^cRq�}�drdrhba\dXtr`ba;}�cRdgtgjphRk%tr}1ficRd�f^s¡tr`ba;lRjrf^�^j�o^uå}�c¦f^j�qbanj¸�
zEf�o^knk%fiu,l���}�dr`�tr`�}�dn�#}1t{a%�bo^u,}�cRa\d�tr`ba3}~cRdgtgj�hRk%tr}�ficRd�}�c�tr`ba<s&antrk�`���h!ý�anj�o^cRq,o�tgtga\u,lRtrd�tgf�k%jra\o�tga:o
d�}�cb�i�1a3}~drdrhba<lCo^kr�^ant�a\o^k�`�k%�!kn�1a^���:c�}�drd�hbaNl�o^kr�^antN}�dXoxlC}1a\k%a3f^s�tr`ba�qb�!cRo^u,}�k<}~cRdgtgj�hRk%tr}�fic,dgtgjra\o^u�¹
}¥�Ca^�1�¡o�dga\ Shba\cRk%a�f^sX�1f^�i}�kno^�~�1��k%ficRdga\knhbtr}1�^a�}�c�dgtgj�hRk%tr}1fic�dn�=��c£}�drdrhbaxl�o^kr�^ant�kno^c£ficR�����ma�k%jra\o�tga\q
}�sXtr`ba¦cba%�St�}�cRdgtgj�h�k%tr}1fic«}�c£tr`ba�qR�ScRo^u�}�k�}�cRdgtgj�h�k%tr}1fic«dgtgjra\o^u tr`Ro�tx`Ro^d�cbf^t���ana\c©qba\k%f!qba\q©o^cRq
}~drdrhba\q�}�dNk%fic�tro^}�cba\q-}~c¦tr`Ra�s�antrkp`���h!ý�anj\�Xä�sªo^�~��tr`ba�}�cRdgtgjphRk%tr}1ficRd�k%fic#tro^}~cba\q-}�c�tr`ba�s&antrk�`��Ch!ýmanj¸�
tr`�}�d�}~cRdgtgj�hRk%tr}�fic©o�lRl�a\o�j�d�a\o�j���}1a\dgt�}�c©tr`Ra�qb�!cRo^u,}~k,}�cRdgtgjphRk%tr}1ficIdrtgjra\o^u��*²³s<o^c(}�drdrhRa,l�o^kr�^ant�}�d
k%j�a\o�tga\q���}1trd���j�dgt�}�cRdrtgj�hRk%tr}1fic � }������ma�tr`R}�d�}�cRdrtgj�hRk%tr}1fic���z<`Ro�tN}�d\�S}1trdX��jpdgtX}�c�dgtgj�hRk%tr}1fic � }��~�b��a:tr`ba
�Cj�dgt�}~cRdgtgj�hRk%tr}�fic«tr`Ro�t�}�dxk%fic�tro^}�cba\q´}�c©tr`Ra�s&antrk�`´��h!ý�anjxa\c�tgjr�Idgl�a\kn} �Ca\q«���«tr`Ra¦`ba\o^q/l�fi}�c#tganj¸�
ä�cRk%a�o^c�}�d�drhba3lCo^kr�^ant<`Ro^dX��ana\c�k%j�a\o�tga\q��!tr`ba�}�cRdgtgj�h�k%tr}1ficRd{tr`Ro�tNk%fiu�l�j�}�dga:tr`Ro�t�}~drdrhba:l�o^kr�^ant<o�jra
j�a\u�f¸�^a\qes�j�fiuvtr`ba�s&antrk�`e��h!ý�anj\�{z<`ba�}�drd�hba;l�o^kr�^ant;}�d�tr`ba\c-qRa\k%fSqba\q*o^cRq-}�drd�hba\q��

�bf^jNtr`ba���o^dra;u�}�k%jrfio�j�kp`R}1tga\k%trhbjra^�!an�^anjr��s&antrk�`���hbýmanj�a\c�tgjr��s&jrfiuåtr`ba;a\c�tgjr�¦dgl�a\kn} �Ca\q¦�S�
tr`Ra�`ba\o^q«l�fi}�c�tganj�tgf-tr`ba�a\c�tgjr�«dgl�a\kn} ��a\q§�S�§tr`Ra�tro^}���l�fi}�c#tganj�}�d;�ihRo�j�o^c�tgana\q©tgf*k%fic�tro^}�cIjra\o^qb�
}~cRdgtgj�hRk%tr}�fic�qRo�tro!��z<`Ranjrans�f^j�a^��tr`ba;}�cRdrtgj�hRk%tr}1ficRd�s�jrfiuÊo^����a\c#tgj�}�a\dX��ant � ana\c�tr`ba:a\c#tgjr�¦dgl�a\kn} ��a\q,�S�
tr`Ra�`ba\o^q¦l�fi}�c�tganjXo^cRq¦tr`ba3a\c�tgjr��drlma\kn}1��a\q��S��tr`ba:tro^}~�Rl�fi}�c�tganj\��}�c�kn��hRdr}1�^a^��kno^c¦��a3h�dga\q�tgf�k%jra\o�tga
o^ce}�drdrhRa�lCo^kr�^antn�

�bf^j�tr`baXu,}�k%jrfio�j�kp`R}1tga\k%trhbj�a�tr`Ro�t�drhblRl�f^jrtrd�fihRtá¤¥f^s~¤¥f^j�qRanjEs&antrk�`���tr`baXa\c#tgjp}1a\d¡s&jrfiu tr`Ra�a\c�tgjr�
drlma\kn}1��a\q*�S�-tr`ba�`ba\o^q§l�fi}�c�tganj:tgf�tr`ba�a\c#tgj��*dgl�a\kn} ��a\q*���-tr`Ra�tro^}���l�fi}�c�tganj�o�j�a�cbf^t��ihRo�j�o^c�tgana\q
tgf-k%fic�tro^}�c£jra\o^qR�*}�cRdgtgjphRk%tr}1fic*q�o�tro!��æ�ficRdga\ Shba\c�tr�1�^��tr`ba�qba\k%f!qbaGé�}�drdrhRa��1f^�i}~k�u�hRdgt;��a�u,fSqR}1��a\q
tgf�lRjran�^a\c�t3}1tNs&jrfiuvk%jra\o�tr}�cb�¦}�drdrhba;l�o^k��^antrd3tr`�o�t3k%fic#tro^}~c-}�cRdgtgjphRk%tr}1ficRd�s&jrfiuvs&antrk�`-�Ch!ýmanjNa\c�tgj�}1a\d
tr`�o�txqbf�cbf^t�k%fic�tro^}�c£jra\o^qb�£}�cRdgtgjphRk%tr}1fic§qRo�tro!��z<`ba�qba\k%f!qbaGé�}�drdrhRa���f^�i}�k�drkno^cRd;tr`ba�s&antrk�`«�Ch!ýmanj
a\c�tgj�}1a\d\�Edgtro�jrtr}~cb� � }1tr`£tr`ba�a\c�tgjr�«dgl�a\kn} ��a\q§�S�etr`Ra,`ba\o^q«l�fi}�c�tganjxo^cRq£lRjrf!k%ana\qR}�cR��tgf � o�jpqRd�tr`ba
a\c�tgjr��dgl�a\kn} ��a\q��S��tr`ba�tro^}���l�fi}�c�tganj\�!tgf�qbantganj�u�}�cba � `R}~k�`�a\c�tgjr��}~d�tr`bax��o^dgtNa\c�tgjr��tr`Ro�t3k%fic�tro^}�cRd

Z ¼ [



j�a\o^qb�©}�cRdgtgjphRk%tr}1fic«qRo�tro!��z<`Ro�t�}�dn��}1txdrkno^cRdxtr`ba,a\c�tgj�}1a\d�tgfeqbantganjpu,}�cba � `�}�k�`«a\c�tgjr�©}�d�tr`ba¦��o^drt
a\c�tgjr� � }�tr`Ýo©j�a\o^qb�(��}1t,tr`Ro�t�}�d�drantn� z<`ba*}�c�dgtgj�hRk%tr}1fic�d�s�j�fiu o^���3a\c#tgj�}�a\d,��ant � ana\cÝtr`Ra*a\c�tgjr�
drlma\kn}1��a\q*�S�*tr`Ra�`Ra\o^qel�fi}�c�tganj�o^cRq§tr`R}�d���o^dgt�a\c#tgj��^�ª}�cRkn��h�dr}1�^a^�Ckno^c£��a�hRdga\q§tgf�k%jra\o�tga,o^c«}�drd�hba
lCo^kr�^antn�#��d�o^c�a%�!o^u�lC�1a^�S}~c¦��}1�ihbj�a;¼�� Z\[ �bficR�1��tr`Ra�}�c�dgtgj�hRk%tr}1fic�d�s&jrfiu5s&antrk�`���hbýmanj�a\c#tgjp}1a\d Z o^cRq
À,kno^c-��a�hRdga\q�tgf�k%j�a\o�tga�o^c*}~drdrhba;l�o^k��^antn�

©}ª�Ç ¬®­�­ ¯T°9¯�±9² ³�´_µ=°·¶¸²D±�¹2µ=´R¹�¶º°9»�¼�°¾½ ¼G±(¿¨À�È�ÉÊ¼�¿Cµ]»�¼~È~Ë@³h³(² ¼

z3`ba�o�l�l�o�j�o�trhRd�s�f^j�fihbtá¤¥f^s�¤¥f^j�qbanj�s&antrk�`Cé�qRa\k%fSqbaGé�}~drdrhba���hR}~��qRd�hbl�fic©tr`Ra�o�lRlCo�j�o�trhRd�s�f^j
fihRtá¤¥f^s~¤¥f^j�qRanj�s&antrk�`��{z<`R}~d�dra\k%tr}1fic,qba\drk%jp}1��a\dEtr`RaNjra\u,o^}�cR}~cb��o�l�l�o�j�o�trhRd�tr`Ro�t�o;l�jrfSk%a\d�dgf^j�cbana\qRd{tgf
}~u�l��1a\u�a\c�t�fihbtá¤¥f^s�¤¥f^j�qbanj�s&antrk�`Cé�qRa\k%fSqbaGé�}~drdrhba^�«ê!hb��dga\k%tr}�fic´¼�� ÍS� Z qba\drk%j�}��ma\d�Ì�Í�Î_Ï�Í�ÐhÑRÍ�Ð�Ï BÓÒ Í�ÔdÌp�
� `R}�k�`�tr`ba�lRjrf!k%a\drdgf^jEhRdga\d�tgf:�^ananlxtgj�o^k���f^sStr`Ra��1f^�i}�kno^�if^jpqbanj¡f^s!tr`ba�}�cRdrtgj�hRk%tr}1ficRd�tr`�o�tªo�jra�jra\d�}�qba\c�t
}~c�tr`ba�u,o^kp`R}�cba^��ê!hb�Cdga\k%tr}1ficx¼�� ÍS� À:qba\drk%j�}1��a\d�u�f!qR} �mkno�tr}1ficRd�tgf<tr`Ra�s&antrk�`��Ch!ýmanj¸��ê!hb�Cdga\k%tr}1fic�¼�� ÍS� Í
qRa\drk%j�}1��a\d�`bf � tr`ba�lRjrf!k%a\drdgf^j�`Ro^cRqR�1a\d�jran�i}~dgtganjxqbanl�a\cRqba\c�kn}1a\dn��w<an�i}�dgtganj�qbanl�a\cRqba\cRkn}�a\d:j�a\ �hR}�jra
drlma\kn}~o^��k%ficRdr}�qbanjpo�tr}1fic�s�f^j3o�l�jrfSk%a\d�dgf^j � }1tr`�fihbtá¤¥f^s�¤¥f^j�qbanj3s�antrkp`Cé�qba\k%f!qbaGé�}�drdrhRa^���*a\u,f^jr��qRanlma\cb¤
qRa\cRkn}1a\d�qbf�cbf^tn��ê!hb��dga\k%tr}�fic«¼�� ÍS�§
-qRa\drk%j�}1��a\d�tr`ba�u�f!qR} �Ckno�tr}1fic�d3tgf�tr`ba�}�c�dgtgj�hRk%tr}1fic§drkp`ba\qRhR��}~cb�
��f^�i}�k-jra\ ShR}1j�a\q7���7oIlRjrf!k%a\drdgf^j�tr`Ro�t¦}�u,l��1a\u�a\c�trd�fihbtá¤¥f^s�¤¥f^j�qbanj�s&antrk�`Cé�qba\k%f!qbaGé�}�d�drhbaeh�dr}�cb�«tr`ba
o^d�drhRu�a*qRanlma\c�qba\cRk%a-qbanl�a\cRqba\c�k%�´`Ro^c�qR��}�cb�§tga\k�`�cR}� Shba^� êbhb��dga\k%tr}1fic¨¼�� ÍS� [ qba\d�k%j�}1��a\d�l�`��Sdr}~kno^�
j�an�i}�dgtganj � }�tr`R`bfi��qR}~cb�eo^cRq7kp`ba\kr�Sl�fi}�c�t � }1tr`R`Rfi��qR}�cb�b� � `�}�k�`7o�jra-cRana\qba\q7tgf©lRj�an�^a\c#t,qba\o^q��1fSk��C�
��}�c�o^���1�^�Rdrhb�Cdga\k%tr}1fic*¼�� ÍS� ¿,qRa\drk%j�}1��a\dN`bf � tr`ba�lRj�fSk%a\drdrf^j3`Ro^cRqR��a\d�dranj�}�o^��}
�\}~cb��}~cRdgtgj�hRk%tr}�ficRdn�

ì�í�ï�í�î õ�øhÕ�Ö�ø�:�×!øÁØ,Ö�ûÁÙNøR÷#ú
�ÒlRjrf!k%a\drdgf^j � }1tr`xfihbtá¤¥f^s~¤¥f^jpqbanj{s�antrkp`Cé�qba\k%f!qbaGé�}�drd�hba�o^d�dr}1�icRd�o]Ì_Í�Î_Ï�Í�ÐhÑdÍmÐ�Ï BÓÒ Í�Ô¡tgf;an�^anjr�

}~cRdgtgj�hRk%tr}�fice}1t:s�antrkp`ba\dn��z<`Ra�dga\ Shba\cRk%a�cShRux��anj;dgl�a\kn} ��a\d3tr`ba�}~cRdgtgj�hRk%tr}�fic�¬­d3l�fidr}�tr}1fic � }�tr`R}�c�tr`ba
qR�ScRo^u�}�k�}�c�dgtgj�hRk%tr}1ficxdgtgjra\o^u�¹itr`�o�t�}�d\��}�tEdgl�a\kn} ��a\dªtr`baX}~cRdgtgj�hRk%tr}�fic�¬­dªo��^a^�{z<`ba���j�dgt�}�cRdgtgjphRk%tr}1ficx}~c
tr`Raxqb�!cRo^u,}�k�}�c�dgtgj�hRk%tr}1fic�dgtgj�a\o^u�� � `R}~k�`-}�d�tr`Ra�fi��qba\dgt<}~cRdgtgj�hRk%tr}�fic�}�c�tr`baxqb�!cRo^u,}~k�}~cRdgtgj�hRk%tr}�fic
drtgjra\o^u��C}~d<o^drdr}1�icRa\q�tr`ba���jpdgt3dga\ Shba\cRk%axcShRu���anj_H�dga\ Shba\cRk%a�cShRu���anj Z ��z<`Ra�dga\k%ficRq*}~cRdgtgj�hRk%tr}�fic
}~c£tr`ba�qb�!cRo^u,}�k�}�c�dgtgj�hRk%tr}1fic£dgtgj�a\o^u�� � `�}�k�`«}�d;tr`Ra,dga\k%ficRq«fi��qRa\dgt�}�cRdgtgjphRk%tr}1fic£}�c£tr`ba�qR�ScRo^u�}�k
}~cRdgtgj�hRk%tr}�fic«dgtgjra\o^u��ª}~d�o^drdr}1�icRa\q£tr`ba,dga\k%ficRq©dra\ �hba\c�k%a�c�h�ux��anj_H�dga\ Shba\cRk%a,cShRu��manjxÀS�0��cRq«dgf
fic¡�§z<`Ra�lRjrf!k%a\drdgf^j�hRdga\d�tr`ba\dga�dga\ Shba\cRk%a�c�h�ux��anj�dxtgf§�^ananl(tgj�o^k��If^s<tr`Ra¦�1f^�i}�kno^�Xf^j�qbanj�f^s<tr`ba
}~cRdgtgj�hRk%tr}�ficRd�tr`Ro�t3o�jra�j�a\dr}�qba\c�t<}�c�tr`baxu�o^k�`R}�cRa^�

Z ¼�¿



z<`baxl�jrfSk%a\d�dgf^j�o^k%trh�o^���1�*drhRlRl�f^jrtrd<ficR���-o,�Cc�}1tga�cShRu��manj:f^s�dga\ Shba\cRk%a�c�h�ux��anj�dn�mj�o�tr`banj
tr`�o^c-o^c-}�c!�mcR}1tga:cShRu���anjNf^s�dga\ Shba\cRk%a�cShRu���anj�dn�{z<`ba�dga\ Shba\cRk%a�cShRu��manjpdNo�jra�jra\k%�!kn�1a\q�}�c�f^j�qbanj
tgf�u�o��^a<}1t{o�lRl�a\o�j�o^d�tr`bfihb�i`�tr`banjraNo�jra<o^c�}~c!�CcR}1tgaXc�hRu���anj�f^s�tr`ba\u���¡ghRdrt�o^d�tr`Ra�tr}~kr�^ant�cShRu��manjpd
f^s�tr`ba3tro��^a%¤�o�¤�c�hRu���anj�dr�Sdgtga\u�d�hRdga\q,������hbtrkp`banj�dr`bf^lCd�o�jra<jra\k%�!kn�1a\q¦}�c�f^j�qbanj�tgf�u,o��^a:}1t�o�l�lma\o�j
o^dXtr`bfihb�i`�tr`banjra3o�j�a3o^c�}�cb�CcR}1tgaNcShRux��anj�f^s�tr}�k��^antXcShRu��manjpdn��zEfx�ih�o�j�o^c#tgana:tr`Ro�tXo���hbtrk�`RanjXdr`bf^l
qRf�a\d�cbf^t�j�h�c�fihbt�f^s�tr}�k��^ant�cShRu���anj�dn�itr`ba�c�h�ux��anj�f^s�tr}�k��^ant�cShRu���anj�d�dr`bfih���q���a<�^jra\o�tganj�tr`Ro^c,f^j
a\ ShRo^�mtgf�tr`ba;u,o��!}~u�hRuÊcShRux��anj�f^sªknhRdgtgfiu,anj�d�tr`Ro�tNkno^c¦l�f^tga\c�tr}�o^���1����a � o^}1tr}~cb�xs&f^jNdganjr�!}�k%a^��zªf
�ih�o�j�o^c#tgana�tr`Ro�tXtr`ba<lRjrf!k%a\drdgf^jXkno^cRcbf^t�jphRc�fihbt�f^s�dga\ Shba\cRk%a�c�h�ux��anj�dn�^tr`Ra3c�h�ux��anj�f^s�drhbl�lmf^j�tga\q
dra\ �hba\c�k%a�c�hRu���anj�d�dr`bfihR��q¦��a:�^j�a\o�tganj<tr`Ro^c�f^j�a\ �h�o^��tgf�tr`Ra;u�o��!}�u�hRuåcShRux��anj�f^sE}~cRdgtgj�hRk%tr}�ficRd
tr`�o�t3kno^c-��a�jra\dr}~qba\c#t<}~c�tr`ba�u,o^k�`�}�cba�o�t<ficbaxtr}�u�a^�

z � f*k%fihRc�tganj�dn��tr`ba!Ú?Í�ÛFÜ¦o^cRqItr`ba!ÝuÛEÞ4ßº�{qba%�mcba�tr`ba�dgant�f^sNdga\ �hRa\cRk%a¦cShRu��manjpd;tr`Ro�t�o�jra
o^d�dr}1�icba\qxtgf<tr`ba�}�c�dgtgj�hRk%tr}1fic�d�tr`Ro�tªo�jraXjra\dr}�qba\c�t¡}�c;tr`baXu,o^k�`R}~cba^��z3`ba�`ba\o^qxdrlma\kn}1��a\d�tr`ba�dga\ Shba\cRk%a
cShRu���anj3f^s�tr`baxfi�~qba\dgt:}~cRdgtgj�hRk%tr}�fic�tr`Ro�t:}�d3jra\dr}�qRa\c#t3}~c�tr`ba�u�o^k�`R}�cRa^��_V`ba\cban�^anj;o^c*}~cRdgtgj�hRk%tr}�fic
}~dNjrantr}1jra\q¡�btr`bax`ba\o^q-}~d<}�cRk%jra\u,a\c#tga\q���z3`ba�tro^}��¡dgl�a\kn} �Ca\d�tr`baxdga\ Shba\cRk%axcShRu���anjNf^s�tr`Ra��^fihRcb�^a\dgt
}~cRdgtgj�hRk%tr}�fic-tr`Ro�t;}�d<j�a\dr}�qba\c�t:}�c*tr`ba�u,o^k�`R}~cba^�<_V`ba\cban�^anj�o^ce}~cRdgtgj�hRk%tr}�fic*}�d3s�antrkp`ba\q���tr`ba�tro^}��ª}�d
}~cRk%jra\u�a\c�tga\q��{z<`baNjra\d�hR�1tr}�cb�;��o^��hbaNf^smtr`ba<tro^}��bk%fih�c#tganj�}�d�tr`ba3dra\ �hba\c�k%a3c�h�ux��anj{tr`Ro�t�}~d{o^drdr}1�icba\q
tgf§tr`ba¦s�antrkp`ba\q(}�cRdgtgj�h�k%tr}1fic���_¨`ba\c/a\}1tr`banj�k%fihRc�tganj�}~dx}�cRk%j�a\u�a\c#tga\q/l�o^dgt�}1trdxu�o��!}�u�hRu ��o^��hRa^�
� `R}�k�`Ý}�dÓàvs&f^j�o«l�jrfSk%a\d�dgf^j,tr`Ro�t�drhblRl�f^jrtrd0à dga\ �hRa\cRk%a*cShRux��anj�d\��tr`ba���o^��hba�f^s;tr`ba*k%fih�c#tganj
� j�o�l�d<o�jrfih�cRq�tgf Z �

z3`ba�dga\ Shba\cRk%a�cShRux��anj�d:o�jra�hRdga\qetgf�}�u,l��1a\u�a\c�t<tr`ba�fi��qba\dgt3��j�dgt�drk�`Ra\qRhR��}�cR�,`ba\hbj�}�drtr}�k��
tgf-ëChRdr`«}�c�dgtgj�hRk%tr}1fic�d:s&jrfiu tr`Ra,u,}�k%jrfSa\cb�i}�cba^�¡o^c�q«tgf-�^ananlItgjpo^kr�£f^sXtr`Ra�}�cbs&f^j�u,o�tr}1fic§jra\ ShR}1j�a\q
s&f^j3fihRtá¤¥f^s~¤¥f^j�qRanj3s&antrk�`Cé�qba\k%f!qbaGé�}�d�drhba^�
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zEf´}~u�l��1a\u�a\c�t�tr`baefi��qba\dgt���j�dgt�d�k�`ba\qRh���}�cb�«`ba\hbjp}�dgtr}�k���tr`baedra\ �hba\c�k%a§cShRu��manj�tr`Ro�t¦}�d
o^d�dr}1�icba\q´tgf«tr`ba���j�drt�}�c�dgtgj�hRk%tr}1fic/}�c(o^c(}�drdrhba�l�o^k��^ant,dgl�a\kn} ��a\d�tr`ba�o��^a�f^s3tr`Ro�t�l�o^k��^antn�´z<`Ra
o��^a�f^sXo�l�o^k��^ant¦®�}¯�Ca^�1��tr`ba�dra\ �hba\c�k%a�cShRu���anj:o^drdr}��icba\q§tgf¦tr`ba���jpdgt:}�c�dgtgj�hRk%tr}1fice}�cetr`ba�lCo^kr�^antp±
}~d�dgtgf^jra\q/}�c«o^c©²ádrdrhba,Å�o^k��^ant �:�^a�w3an�i}�dgtganj�®&²áÅ(�:w;±p�Eo^d�dr`bf � c©}�c©��}1�ihbj�a¦¼�� Z ¿S��z<`Ranjra,}�d�ficba
²áÅ(�:wÌs&f^j�a\o^k�`¦f^sCtr`Ra:¿^Í�k�`Ra\kr�Slmfi}~c#trd�tr`Ro�t�o�jra3hRdra\q�tgfxdgtgf^jra:dgl�a\knhR��o�tr}1�^aNdgtro�tga^��_V`ba\c,o;lCo^kr�^ant
}~d�}~drdrhba\q���}1trd;o��^a,}�d � j�}�tgtga\c§}~c#tgf�tr`ba�²³Å(��wüo^drdgf!kn}�o�tga\q � }�tr`etr`Ra�kp`ba\kr�Sl�fi}�c�t;o^�~�1fSkno�tga\q£tgf�tr`ba
lCo^kr�^antn�#��d�}1t�}�d � jp}1tgtga\c��!}1t�}~d�k%fiu�l�o�j�a\q¦tgf�tr`ba;o��^a\d�� � `R}�k�`�o�jra;dgtgf^jra\q�}�c�tr`ba�f^tr`banjN²³Å(��w3d��
f^s:o^���{f^tr`banj�l�o^kr�^antrd�drtgf^jra\q/}~c©tr`ba�Þ3f!qba¦z�o����1a\d\��z3`ba�jra\d�hR�1trd�f^sNtr`ba\dra�k%fiu�lCo�j�}�dgficRd�kn��o^drdr}�s��
lCo^kr�^antrd3}~c#tgf�t � f��^jrfihblCd�H{tr`bfidga;fi��qbanj�tr`Ro^c�tr`Ra;cRa � �1�,}�drd�hba\q�lCo^kr�^antn�Co^c�q¦tr`Rfidga;�^fihRcb�^anj<tr`Ro^c
tr`Ra¦cba � ���£}~drdrhba\q«lCo^kr�^antn����d�qba\drk%j�}1��a\q«o�t�tr`ba��^anj��«a\cRq©f^s:êSa\k%tr}�fic(¼�� Z � ÀS�{tr`ba\dra�jra\drh��1trdxo�jra
h�dga\q�tgf�}�cR}�tr}�o^��}
�na:tr`ba�cba � �1��}�drdrhba\q�l�o^k��^antn¬­d<lRjp}1f^j�}1t���}�cbs&f^j�u,o�tr}1fic�jran�i}~dgtganj\�Ro^cRq�tgf,hbl�qRo�tga;tr`ba
l�j�}1f^j�}1t���}�cbs&f^j�u,o�tr}1fic*jran�i}�dgtganj�d:f^s{tr`ba�f^tr`banj;l�o^kr�^antrd�o^�1j�a\o^qb�-dgtgf^jra\q§}�c-tr`Ra�Þ:fSqba�zEo��C�1a\dn�3z<`Ra
l�j�}1f^j�}1t��¦}�cRs�f^j�u�o�tr}1fic�jran�i}�dgtganjpd<o�jraxhRdra\q�tgf¦}�u�lC�1a\u�a\c�tXtr`baxfi��qba\dgt���jpdgt<drk�`Ra\qRhR��}�cR��`ba\hRj�}�dgtr}�k��
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_V`ba\cban�^anj�o*u,}�dglRj�a\qR}�k%tga\q£�Rj�o^c�k�`©}�d;j�a\dgfi�1�^a\q���}�cRdgtgj�h�k%tr}1ficRd�u,o¸�£cRana\q«tgf-��a�ëChRdr`Ra\q
s&jrfiu tr`ba�u,o^k�`�}�cba^��²ácRdgtgj�h�k%tr}1ficRdNo�jraxo^� � o¸�Sd3ëChRdr`Ra\q¦s&jrfiu tr`ba���o^kr��¤¥a\cRq*f^s�tr`Raxu,o^k�`�}�cba�®�}¯�Ra^�1�
tr`Ra�a%�!a\knhbtr}1fic«k%f^j�a,o^cRq§tr`ba��1fio^qCé�dgtgf^jra,dr�Sdgtga\u�±3}~c§h�cR}1trd:f^sX}�drd�hbaxl�o^k��^antrdn��²�s�o�u�}�dglRjra\q�}�k%tga\q
��j�o^cRk�`�}�d�tr`ba©��o^dgtI®�}¥�Na^�1���^fihRcb�^a\dgtp±�}~cRdgtgj�hRk%tr}�fic¨}~c }1trd�l�o^kr�^antn�xficR�1�Ýtr`Ra«l�o^kr�^antrdetr`Ro�t*o�jra
�^fih�cb�^anjXtr`�o^c,tr`ba:l�o^kr�^ant�k%fic#tro^}~cR}�cb��tr`Ra<�Rj�o^cRkp`�u�hRdgt���aNëmhRdr`ba\q��E²�s�o�u,}�dglRj�a\qR}�k%tga\q��Rj�o^c�k�`,}�d
cRf^t�tr`Ra;�~o^dgtN}�cRdgtgj�h�k%tr}1fic��#tr`Ra:l�o^k��^ant<tr`Ro�tNk%fic�tro^}�cRd�tr`ba;�Rj�o^c�k�`�u�h�dgt�o^�~dgf��ma:ëChRd�`ba\q���zªf�ëChRd�`
tr`Ra\dga¦lCo^kr�^antrdn��tr`Ra�o��^a�f^s<tr`ba¦�Rj�o^cRkp`¨®�}¯�Ea^�1�{tr`ba¦dra\ �hba\c�k%a�cShRu��manj�o^drdr}1�icRa\q©tgf§tr`ba¦��j�o^cRk�`m±
}~d�k%fiu�l�o�jra\q£tgf�tr`ba�o��^a\d�� � `R}�kp`©o�jra�dgtgf^jra\q©}~c*tr`ba�²áÅ(�:w:d��Ìf^s�o^����tr`ba�l�o^kr�^antrd�dgtgf^jra\q«}�c§tr`ba
Þ:f!qba3z�o����1a\dn�G�:�~�bk�`ba\k���l�fi}�c�trd�o^����fSkno�tga\q�tgfxl�o^kr�^antrdXtr`Ro�t�o�jra3�^fihRcb�^anj�tr`�o^c�tr`baN�Rj�o^c�k�`��#o^d � a\���
o^d�tr`ba:l�`��Sdr}~kno^�bjran�i}�dgtganjpdXo^drdrfSkn}�o�tga\q � }1tr`�tr`bfidga�k�`ba\k���l�fi}�c�trdn�bo�jra:qRa\o^���1f!kno�tga\q��{²�s�tr`ba:�Rj�o^cRkp`�}�d
cRf^tNtr`ba���o^dgt<}�c�dgtgj�hRk%tr}1fic�}�c�}1trd�lCo^kr�^antn��tr`Ra;kp`ba\kr�Sl�fi}�c�t3o^���1f!kno�tga\q�tgf,tr`ba;l�o^k��^ant:k%fic�tro^}�cR}�cb��tr`ba
��j�o^cRk�`¦o^cRq�tr`ba:k�`ba\k���l�fi}�c�tn¬­d�o^drdrfSkn}�o�tga\q�l�`��Sdr}~kno^�!jran�i}�dgtganj�dXo�jra3o^��drfxqba\o^���1f!kno�tga\q��{z<`ba<u�o^k�`R}�cRa
u�hRdgt�o^��dgf�jra\kn��o^}�uÊo^���Cdga\ �hRa\cRk%a�cShRu���anj�d�o^drd�}1�icba\q¦tgf�tr`Ra<ëChRd�`ba\q�}�c�dgtgj�hRk%tr}1fic�dn��zEf�o^knk%fiu�l���}�d�`
tr`�}�dn�itr`ba3tro^}���k%fihRc�tganjX}~d�dr}�u�lC�1��jrfi����a\q���o^kr�m�{²³sCtr`ba:u,}�dglRj�a\qR}�k%tga\q��Rj�o^c�k�`,}�d�tr`ba3��o^dgt�}~cRdgtgj�hRk%tr}�fic
}~c*}1trd3l�o^kr�^antn��tr`ba�tro^}��¡k%fihRc�tganj�}�d<dgant:tgf¦tr`ba�dga\ �hRa\cRk%a�cShRu��manj�o^drdr}1�icRa\q�tgf¦tr`Ra��Rj�o^cRkp`���²�s�tr`ba
u�}�dglRjra\q�}�k%tga\q*��j�o^cRk�`£}�d�cbf^t;tr`ba���o^dgt�}�c�dgtgj�hRk%tr}1fice}�c§}1trd�l�o^kr�^antn�Etr`ba�tro^}���k%fihRc#tganj�}~d�drant�tgf�ficba
��a\drd<tr`Ro^c*tr`baxdga\ Shba\cRk%a�c�hRu���anj3o^drdr}��icba\q�tgf�tr`Ra���j�dgt:}�cRdgtgj�h�k%tr}1fic�}�c�tr`ba�l�o^kr�^ant�tr`Ro�t3k%fic�tro^}�cRd
tr`Ra��Rj�o^cRkp`��

_¨`ba\c(o£u,}�drlRjra\qR}�k%tga\qI�Rj�o^cRkp`Ij�a\dgfi�1�^a\dn��o^�~�X}�c�dgtgj�hRk%tr}1fic�d�tr`Ro�t�o�jra��^fihRcb�^anj�tr`Ro^c´tr`ba
��j�o^cRk�`*u�hRdrt<��a:ëmhRdr`ba\q�s&jrfiuvtr`ba�s&jrfic�tá¤¥a\cRq�f^s�tr`baxu�o^k�`R}�cRa�®�}¯�ba^�1�Rtr`ba�s&antrk�`ehRcR}1tp±p�

�bf^j-tr`Ra©��o^dga©u,}~k%jrfio�j�k�`�}1tga\k%trhbjra©o^cRqVtr`RaIu,}�k%jrfio�jpk�`R}1tga\k%trhRjra«tr`Ro�t-drhbl�lmf^j�trd¦fihRtá¤¥f^s~¤
f^jpqbanj:s&antrk�`¡�C}�cRdrtgj�hRk%tr}1ficRd3o�jra�o^� � o\�!d�}�drdrhba\q*}�c�lRjrf^�^jpo^uèf^j�qbanj¸��_V`ba\ceo�u,}�drlRjra\qR}�k%tga\q���j�o^cRk�`
j�a\dgfi�1�^a\dn�bo^���C}�cRdgtgj�h�k%tr}1ficRd{tr`Ro�t�o�jra�fi��qbanj�tr`Ro^c¦tr`ba3�Rjpo^cRk�`�`Ro\�^a;��ana\c�}~drdrhba\q��So^cRq�o�jra�cRf��1ficb�^anj
}~c©tr`ba�s�j�fic#tá¤¥a\cRq/f^sNtr`ba�u,o^k�`�}�cba^�!��c#�©}~cRdgtgj�hRk%tr}�ficRd�}�cItr`ba¦s&jrfic�tá¤¥a\cRq´o�jra¦�^fih�cb�^anj�tr`�o^cItr`ba
��j�o^cRk�`¡�Eo^cRq«u�hRdgt���a�ëChRd�`ba\q���z<`ba\dga,u,}~k%jrfio�j�k�`�}1tga\k%trhbjra\d�d�}�u�l��1�-ëChRdr`«o^���{}~cRdgtgj�hRk%tr}�ficRd�s�jrfiu
tr`Ra�s�j�fic#tá¤¥a\cRq � `ba\cban�^anj3o�u,}�dglRj�a\qR}�k%tga\q��Rj�o^cRkp`�jra\dgfi���^a\dn�
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�bf^j�o�u,}~k%jrfio�j�k�`�}1tga\k%trhbjra�tr`�o�t3}�u�l���a\u�a\c#trd�fihRtá¤¥f^s~¤¥f^j�qRanj:s&antrk�`Cé�qRa\k%fSqbaGé�}~drdrhba�hRdr}�cb��tr`ba
o^d�drhRu�a,qbanl�a\cRqRa\cRk%a�qbanl�a\cRqba\cRk%�*`�o^cRqR��}�cR��tga\k�`�cR}� Shba^�ªo�l�fidgtá¤�`bfi�1a��Rjpo^cRk�`«}�c�dgtgj�hRk%tr}1fic§}�d�cbf^t
o^�~�1f � a\q§tgf¦a%�!a\knhbtga�hRc#tr}~�¡tr`ba�`bfi�1a�q�}�dro�lRl�a\o�j�dn��_V`ba\c§o¦u,}~dglRjra\qR}~k%tga\q��Rj�o^cRkp`-jra\drfi�1�^a\dn��}1t:kno^c
cRan�^anj<��a;o�l�fidgtá¤�`bfi��a;}~cRdgtgj�hRk%tr}�fic��C�:���m}�cRdrtgj�hRk%tr}1ficRd�tr`Ro�tNo�jra�fi�~qbanjNtr`Ro^c�tr`ba;�Rj�o^c�k�`�`Ro¸�^a��mana\c
}~drdrhba\q��Eo^cRq©o�jra�cbf-�1ficb�^anj�}�c£tr`ba,s&jrfic�tá¤¥a\cRq©f^s�tr`ba�u�o^k�`R}�cRa^����c#�«}�cRdrtgj�hRk%tr}1ficRd;}�c©tr`ba,s&jrfic#tá¤
a\c�q*o�jra��^fihRcb�^anj�tr`Ro^c-tr`ba��Rj�o^cRkp`��Co^c�q*u�hRdgt<��a�ëCh�dr`ba\q����3a\cRk%a^�mtr`R}�d:u,}�k%jrfio�jpk�`R}1tga\k%trhRjraxo^��dgf
ëmhRdr`ba\dNo^���ª}�cRdgtgj�h�k%tr}1ficRd�s�j�fiuvtr`ba�s&jrfic#tá¤¥a\c�q � `ba\cRan�^anj3o,u,}�drlRjra\qR}�k%tga\q��Rjpo^cRk�`�jra\drfi�1�^a\dn�

�bf^j�o�u,}~k%jrfio�j�k�`�}1tga\k%trhbjra�tr`�o�t3}�u�l���a\u�a\c#trd�fihRtá¤¥f^s~¤¥f^j�qRanj:s&antrk�`Cé�qRa\k%fSqbaGé�}~drdrhba�hRdr}�cb��tr`ba
o^d�drhRu�a*}~cRqbanl�a\cRqba\cRk%a�qbanl�a\cRqba\c�k%�/`Ro^cRq���}�cb�§tga\k�`Rc�}� �hRa^��}1s;o©u,}~dglRjra\qR}~k%tga\q/��j�o^cRk�`Òjra\dgfi�1�^a\dn�
o^c�qÌtr`�o�t���j�o^cRk�`V}�d�o´l�fidgtá¤�`bfi�1a£}�cRdgtgjphRk%tr}1fic��Ntr`ba§s&jrfic#tá¤¥a\c�q¨k%fic�tro^}�cRd�}~cRdgtgj�hRk%tr}�ficRd,tr`Ro�t�o�jra
fi�~qbanj�tr`�o^cItr`ba¦�Rj�o^cRkp`��*z<`Ra�s&antrk�`(hRcR}1t�u�hRdgt�ficR�1�£ëCh�dr`«tr`ba�}�cRdgtgjphRk%tr}1ficRd�tr`�o�t�o�jra¦�^fihRcb�^anj
tr`�o^c�tr`ba��Rj�o^cRkp`�s�j�fiu tr`baNs�j�fic#tá¤¥a\cRq�f^smtr`ba<u,o^kp`R}�cba^��z<`baN}�c�dgtgj�hRk%tr}1fic�dªtr`Ro�t�o�j�aNfi��qbanj{tr`Ro^c�tr`ba
��j�o^cRk�`�u�hRdgtNcbf^t���a3ëCh�dr`ba\q���Ó�a\dr}1�icR}�cR��o�s&jrfic#tá¤¥a\c�q¦tr`�o�t�kno^c�l�anjrs&f^j�uÊdrhRkp`�dra\�1a\k%tr}1�^a�ëChRdr`�}�cb�
}~d<cbfic�tgj�}1�!}�o^�¯�

zEfIdr}�u,l���}1s&�©tr`ba*qRa\dr}1�ic7f^s�drhRkp`Ýo©u�}�k%jrfio�j�kp`R}1tga\k%trhbjra^��tr`baes�fi�~�1f � }~cb�£lmfi�~}�k%�/u,o¸�7��a
h�dga\q9H{�Rj�o^c�k�`�}�cRdrtgj�hRk%tr}1ficRd�hRdra�tr`ba�o^drdrhRu,a;qRanlma\c�qba\cRk%a�qbanl�a\cRqba\cRk%��`Ro^cRqR�~}�cb�xtga\kp`RcR}� Shba^�Ro^cRq
o^�~�ªf^tr`banj�}�c�dgtgj�hRk%tr}1fic�d3hRdga�tr`ba�o^drdrhRu�a�}�cRqRanlma\c�qba\cRk%a�qbanl�a\cRqba\c�k%�-`Ro^cRqR��}~cb��tga\k�`Rc�}� �hRa^�;ê!}�c�k%a
��j�o^cRk�`¨}�cRdrtgj�hRk%tr}1ficRd�o^drdrhRu�aeqbanl�a\cRqba\cRk%a^� � `ba\cÌo/u�}�dglRjra\q�}�k%tga\q(�Rj�o^cRkp`Ì}~d,jra\dgfi���^a\q��<}1t�kno^c
cRan�^anj���axo¦l�fidgtá¤�`bfi�1a�}�cRdgtgjphRk%tr}1fic��T�����¡}�cRdrtgj�hRk%tr}1ficRd<tr`Ro�t�o�j�a�fi��qRanj3tr`Ro^cetr`bax��j�o^cRk�` � }��~��`Ro\�^a
��ana\c7}�d�drhba\q��{o^cRq � }��~��cbf«�1ficb�^anj���a�}�c/tr`ba�s�jrfic�tá¤¥a\cRq(f^s:tr`ba�u,o^k�`R}~cba^�Â�:c��/}~cRdgtgj�hRk%tr}�ficRd�}~c
tr`Ra,s�j�fic#tá¤¥a\cRq � }����E��a��^fih�cb�^anjxtr`Ro^c©tr`ba��Rj�o^cRkp`��ªo^cRq«cRana\q«tgf-��a�ëChRdr`ba\q¡��_V}1tr`«tr`R}~d:l�fi��}~k%�^�
tr`Raeu,}�k%j�fio�j�k�`R}�tga\k%trhbjra*qbfSa\d�cRf^t�cbana\qÝo©s�jrfic�tá¤¥a\cRqÝtr`Ro�t¦kno^cÝ�ma-dra\�1a\k%tr}1�^a\�1�´ëChRd�`ba\q���dgfI}1t,}�d
d�}�u�l��1anj3tgf¦qba\dr}��ic���²³c«æ�`Ro�lRtganj ] �C² � }~����dr`bf � tr`Ro�t�o¦u�}�k%jrfio�j�kp`R}1tga\k%trhbjra�tr`Ro�t:h�dga\d<tr`R}~d<l�fi��}�k%�
fihRtglmanj�s�f^j�u�dNtr`ba���}1�^a�u�}�k%jrfio�j�kp`R}1tga\k%trhbjra�tr`�o�t3qbfSa\d<cbf^tn�
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��}�cRo^�����^�mtr`Ra�lRjrf!k%a\drdgf^jxhRdra\d;tr`ba,dga\ Shba\cRk%a,cShRux��anj�d;tgf��^ananl/tgj�o^kr�£f^s�}�cbs&f^j�u,o�tr}1fic§jra%¤
 ShR}1j�a\qVs�f^j-fihRtá¤¥f^s~¤¥f^j�qRanjes&antrk�`Cé�qRa\k%fSqbaGé�}~drdrhba^�âz<`R}�d�}�cbs&f^j�u,o�tr}�fic }�d-dgtgf^jra\q�}�c tr`ba/êSa\ Shba\cRk%a
Þ�hRu���anj,²³cRs�f^j�u�o�tr}1fic7zEo��C�1a©®¥ê!Þ3²áz:±p��o^d�dr`bf � cÒ}�c(��}1�ihbjrae¼�� Z ¼��¨z<`banjra�}�d�ficRa�a\c#tgjr�(}�c(tr`ba
tro��C�1a�s�f^j�a\o^kp`«dga\ �hRa\cRk%a,c�h�ux��anj\��¢�o^kp`£a\c#tgj��ek%fic�tro^}�cRd�o�qba\k%f!qba���}1t;o^cRq£o�¿¦��}�t�kp`ba\kr�Sl�fi}�c#t
�Ca\��q���z<`ba�qRa\k%fSqbax��}1t<}�dNdgant:}1sEtr`Ra�}�cRdgtgj�h�k%tr}1fic�tr`Ro�t � o^d3o^drd�}1�icba\q�tr`ba��i}��^a\c*dga\ Shba\cRk%axcShRu���anj
`�o^dN��ana\c�jra\u�fG�^a\q-s&jrfiuåtr`ba�s&antrk�`-�Ch!ýmanj¸¹R}¯�!a^�1��}1sªtr`Ra�}�cRdgtgj�h�k%tr}1fic�`Ro^d<o^�1jra\o^qR�¦l�o^d�dga\q�tr`bjrfihb�i`
tr`Ra,��j�drtxdgtro��^a�f^sNtr`Ra�}�cRdgtgjphRk%tr}1fic«qba\k%f!qba�lC}1l�a\��}�cba^��_V`ba\c©tr`Ra�qba\k%f!qba���}�t�}�dxdgantn��tr`ba�k�`ba\k��#¤
l�fi}�c�t���a\��q7dgl�a\kn} �Ca\d�tr`ba-k�`ba\k���l�fi}�c�t�tr`Ro�t � o^d,o^����fSkno�tga\q7s&f^j,tr`ba-}~drdrhba�l�o^k��^ant�tr`Ro�t,k%fic�tro^}�cRd
tr`�o�t�}�c�dgtgj�hRk%tr}1fic¡�<Þ3f^tga�tr`Ro�t:tr`ba��Co^dga�u,}~k%jrfio�j�k�`�}1tga\k%trhbjra�o^cRqetr`ba�u,}~k%jrfio�j�k�`�}1tga\k%trhbjra\d�qbanj�}1�^a\q
s&jrfiu }�t�drhblRl�f^jrt�¿�
*kp`ba\kr�Sl�fi}�c#trd\��dgfeo-¿©®�}¯��a^�1�]å&�1f^� Á ¿�
IæG±;�C}1t;��a\��q«}�d;j�a\ �hR}�jra\q£tgf*dgl�a\kn}1s&�*tr`ba
kp`ba\kr�Sl�fi}�c�t�c�hRu���anj\�;z<`ba�qba\k%fSqRa���}�t�}�d:jra\dgant�}1s�tr`ba�}~cRdgtgj�hRk%tr}�fic-tr`Ro�t � o^d�o^drdr}1�icba\q§tr`ba��i}1�^a\c
dra\ �hba\c�k%a�c�h�ux��anj�`Ro^d�cbf^t��^ant���ana\c«}�c�dganjrtga\q«}�c�tgf�tr`ba�s�antrkp`©��hbýmanj\��f^j�}�s�tr`ba,}�c�dgtgj�hRk%tr}1fic£`Ro^d
��ana\c«}�c�dganjrtga\q£}�c�tgf�tr`Ra�s&antrk�`©��h!ý�anj��Chbt�}1t�`�o^d�cbf^t��^ant���ana\cej�a\u�f¸�^a\q«s&jrfiu tr`ba�s&antrk�`«�Ch!ýmanj¸�
_V`ba\c*tr`ba�qba\k%f!qba���}1tN}�d<jra\dgantn�Rtr`ba�kp`ba\kr�Sl�fi}�c�tN��a\��q�}�d3cbf^t<hRdga\q��
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_V`ba\c¨o^cÌ}~cRdgtgj�hRk%tr}�ficÒ}�d,s&antrk�`Ra\q��<tr`baetro^}��3}�d�}�cRk%j�a\u�a\c#tga\q¡� z<`ba*j�a\drhR�1tr}�cR�«��o^��hRa-f^s
tr`Ra�tro^}���k%fihRc�tganj�}�d<tr`ba�dga\ Shba\cRk%a�c�h�ux��anj:o^d�dr}1�icba\q*tgf�tr`Raxs&antrk�`ba\q£}�cRdrtgj�hRk%tr}1fic��<z3`ba�dga\ Shba\cRk%a
cShRu���anj<}�dNhRdga\q-o^d3o^c-}�cRqba%��tgf�o^knk%a\drd3tr`ba�ê!Þ:²³z��Rz3`ba�qba\k%fSqRa���}1t�f^s�tr`ba�dga\�1a\k%tga\q£ê!Þ3²ázVa\c�tgjr�
}~d3jra\drant3tgf�}�cRqR}�kno�tgaxtr`Ro�t:tr`Ra�}�cRdrtgj�hRk%tr}1fic-o^d�dr}1�icba\qetr`Ro�t:dra\ �hba\c�k%a�cShRu��manj�`Ro^d3cRf^t:�^ant�l�o^drdga\q
tr`Rjrfihb�i`�tr`ba���j�dgtNdgtro��^a�f^s�tr`Ra�}�cRdgtgj�h�k%tr}1fic�qba\k%f!qba�l�}1l�a\��}�cRa^�

éªo�tganj\� � `ba\c�tr`baN}�cRdrtgj�hRk%tr}1fic�}�d�jra\u�fG�^a\q�s&jrfiu tr`ba�s�antrkp`���h!ý�anj�o^cRq�`Ro^d�l�o^d�dga\q�tr`bjrfihb�i`
tr`Rae�Cj�dgt�dgtro��^a«f^sxtr`ba£}�cRdrtgj�hRk%tr}1fic¨qba\k%f!qba£l�}1l�a\��}�cba^��tr`ba«dga\ Shba\cRk%a«cShRux��anj�o^drdr}1�icRa\qÌtgf(tr`ba
}~cRdgtgj�hRk%tr}�ficI}�d�hRdga\qIo��io^}~c/o^d�o^c´}�cRqba%�«tgf£o^knk%a\drd�tr`ba�ê!Þ:²áz��Ez<`Ra¦qba\k%f!qba��C}1t�f^s<tr`ba�dga\�1a\k%tga\q
êbÞ3²áz a\c�tgjr��}�d<dgant:tgf¦}�c�qR}�kno�tga�tr`Ro�t:tr`bax}�cRdrtgj�hRk%tr}1fic�`Ro^d3l�o^drdga\q-tr`bjrfihb�i`*tr`ba���j�drt<dgtro��^a�f^s�tr`ba
}~cRdgtgj�hRk%tr}�fic�qba\k%fSqRaxl�}1l�a\��}~cba^�C�:��drfb�Rtr`baxcShRu��manj3f^s�tr`Raxk�`ba\k���l�fi}�c�t3tr`�o�t � o^d�o^���1f!kno�tga\q�s&f^j3tr`ba
}~drdrhba�l�o^k��^ant�k%fic�tro^}�cR}~cb��tr`ba�}�c�dgtgj�hRk%tr}1fic£}�d � j�}1tgtga\c©}~c#tgf-tr`Ra�k�`ba\k���l�fi}�c�t���a\�~q£f^s�tr`Ra�dga\�1a\k%tga\q
êbÞ3²áz a\c�tgjr�^�

z<`ba¦`Ra\o^q´k%fih�c#tganj,dgl�a\kn} �Ca\d�tr`ba�dga\ Shba\cRk%a�c�h�ux��anj�f^s<tr`ba�fi��qba\dgt�}�cRdgtgjphRk%tr}1fic©tr`�o�t�}�d
j�a\dr}�qba\c�t3}�c�tr`Raxu,o^k�`�}�cba^�<ê!}�cRk%a�}�c�dgtgj�hRk%tr}1fic�dNo�jra�o^� � o\�!d<j�antr}1jra\q-}�c-lRjrf^�^j�o^u f^j�qbanj\�Rtr`Raxfi��qba\drt
}~cRdgtgj�hRk%tr}�fice}�d:tr`ba�cba%�!t;}~cRdgtgj�hRk%tr}�fic-tgf���axjrantr}1j�a\q���z3`ba�}~cRdgtgj�hRk%tr}�fic-jrantr}1j�a\u�a\c#t��1f^�i}~kxhRdga\d�tr`ba
dra\ �hba\c�k%a§cShRu��manj¦dgl�a\kn} ��a\q7�S�7tr`bae`Ra\o^qÝk%fihRc�tganj¦tgf(o^knk%a\drd�tr`ba«ê!Þ3²áz���z3`ba*dga\�1a\k%tga\q ê!Þ:²³z
a\c�tgjr�«k%fic�tro^}�cRd�tr`Ra�}�cbs&f^j�u,o�tr}1fic§jran�io�jpqR}�cb��tr`ba�fi��qba\dgt�}�c�dgtgj�hRk%tr}1fic¡��²³s�tr`ba�qba\k%f!qba,��}�t�f^s�tr`Ro�t
a\c�tgjr�(}�d�dgantn��tr`Ra�}~cRdgtgj�hRk%tr}�fic/`Ro^d�lCo^drdga\q(tr`bjrfihR�i`/tr`Ra���j�dgt�dgtro��^a-f^s:tr`ba�}�cRdgtgj�h�k%tr}1fic/qRa\k%fSqba
lC}1l�a\��}�cba^��o^c�q*tr`ba�k�`Ra\kr�Slmfi}~c#t���a\��q*f^s�tr`ba�a\c#tgj��*dgl�a\kn} ��a\d:tr`ba�c�hRu���anj3f^s�tr`Ra�kp`ba\kr�Sl�fi}�c#t;tr`Ro�t
� o^d�o^�~�1fSkno�tga\q,s�f^jXtr`ba<}�drdrhRa�lCo^kr�^antXk%fic�tro^}�cR}~cb��tr`ba3}�c�dgtgj�hRk%tr}1fic¡�Ez<`ba�jrantr}�jra\u�a\c�t��1f^�i}�k�a%�bo^u,}�cba\d
tr`�o�t�k�`ba\k���l�fi}�c�tn�ªo^cRq��¡}�s�o^����tr`ba�}�cRdgtgjphRk%tr}1ficRd�}�c§tr`ba�l�o^k��^antxo^drdr}1�icRa\qetgf�tr`Ra�kp`ba\kr�Sl�fi}�c�t�`Ro\�^a
k%fiu,l��1antga\q � }1tr`bfihbt;�^a\cbanj�o�tr}~cb�-a%�bk%anlRtr}1ficRdn��o^cRq©}1sXtr`ba,lRj�a\qR}�k%tga\q£tro�jr�^antrd�f^sNo^����tr`ba,�Rjpo^cRk�`ba\d
}~c-tr`ba�lCo^kr�^ant;`Ro\�^a���ana\c-�^anj�} �Ca\q��Rtr`ba�lCo^kr�^ant�}�dNjrantr}�jra\q����bf^j:a\o^kp`e}~cRdgtgj�hRk%tr}�fic�tr`Ro�t:}~dNjrantr}1jra\q¡�
tr`Ra�j�antr}1jra\u�a\c�t���f^�i}�k�}~cRk%jra\u�a\c�trd3tr`Ra�`ba\o^q£k%fihRc�tganj��S�-ficba^�;²�s{tr`Ra�qba\k%f!qba���}1t�f^s�tr`ba�dga\�1a\k%tga\q
êbÞ3²ázPa\c�tgjr�§}~d�jra\dgantn�Ea\}1tr`banj�tr`ba�fi��qba\dgt�}�c�dgtgj�hRk%tr}1fic£`Ro^dxcbf^t��^ant���ana\c©}�c�dganjrtga\q«}�c�tgf�tr`ba,s&antrk�`
�Ch!ýmanj¸�Ef^j\�{}1s�tr`ba¦fi��qba\dgt�}�cRdgtgj�h�k%tr}1fic©`Ro^d���ana\cI}�cRdranjrtga\qI}�c�tgf*tr`Ra�s&antrk�`/��h!ý�anj\��}�t�`Ro^d�cbf^tx�^ant
��ana\cIjra\u�f¸�^a\q´s&jrfiu tr`Ra�s&antrk�`´��h!ý�anj\��z<`ba,jrantr}�jra\u�a\c�t��1f^�i}�k � o^}�trdxhRc�tr}��{tr`ba�}�cRdgtgjphRk%tr}1fic©`Ro^d
lCo^drdga\q(tr`bjrfihR�i`Itr`ba���jpdgt�drtro��^a�f^s<tr`ba�}�cRdgtgjphRk%tr}1fic´qba\k%fSqRa¦l�}�lma\�~}�cba*®�}¯��a^�1��}1t � o^}1trd�hRc#tr}~��tr`ba
qRa\k%fSqbax��}1tN}�d<dgantp±��mans&f^jra�tgjr�!}�cb��tgf�jrantr}1jra�tr`ba�}~cRdgtgj�hRk%tr}�fic��
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ì�í�ï�í�ê 7vñ{ó�8uëXø�ó<ì�øböF×*í¾î�ÖCï<øR÷
éª}��^a*o«lRjrf!k%a\drdgf^j � }1tr`(fihbtá¤¥f^s�¤¥f^j�qbanj�s�antrkp`��No«lRjrf!k%a\drdgf^j � }1tr`7fihbtá¤¥f^s�¤¥f^j�qbanj¦s�antrkp`Cé�qba%¤

k%f!qbaGé�}�d�drhba�}�cR}1tr}�o�tga\d�s&antrk�`7jra\ Shba\dgtrd�}�c/lRjrf^�^jpo^u f^jpqbanj���hbt�o^�~�1f � d�tr`ba\u tgf©k%fiu�lC�1antga¦fihRtá¤¥f^s~¤
f^jpqbanj\�/z3`ba��Rj�o^cRkp`/l�jra\qR}�k%tgf^j�lRjrf!qRhRk%a\d\��}�c´lRjrf^�^j�o^uµf^j�qRanj\��o«dga\ Shba\cRk%a�f^s3j�a\ �hba\drtrd�s�f^j�tr`ba
}~cRdgtgj�hRk%tr}�ficRd�tr`Ro�t�k%fiu�lRj�}�dra-tr`ba*qb�!cRo^u,}~k-}�cRdgtgjphRk%tr}1fic7dgtgjra\o^u-�V¢Xo^k�`¨jra\ Shba\dgt�}~d�o^���1f!kno�tga\qÝo
s&antrk�`���hbýmanjXa\c#tgjr�^�bo^cRq�tr`ba\c�}~drdrhba\q�tgfxtr`ba�}�cRdgtgj�h�k%tr}1fic,kno^k�`Ra^� � `banjra:}�t�}�cR}1tr}~o�tga\d�o^c�}~cRdgtgj�hRk%tr}�fic
kno^kp`ba;s�antrkp`�����d�o�j�a\drhR�1t{f^s¡kno^kp`ba�u�}�drdga\dn��tr`ba<jra\ Shba\dgtrd�u,o¸�,k%fiu�l��1antga�®�}¯�ia^�1�Sf^�Rtro^}�c,tr`Ra\}1j�qRo�tro#±
fihRtá¤¥f^s~¤¥f^j�qRanj\����d�tr`ban�¦k%fiu�lC�1antga^�btr`ban� � j�}1tga�tr`ba\}1jNqRo�tro�}�c�tgf�tr`Ra�s&antrk�`-��h!ý�anj�a\c�tgj�}1a\d�o^����fSkno�tga\q
tgf¦tr`ba\u��

�:cR�~}1�^axo�lRjrf!k%a\drdgf^j � }1tr`efihbtá¤¥f^s�¤¥f^j�qbanj;s�antrkp`��¡o¦lRjrf!k%a\drdgf^j � }1tr`*fihbtá¤¥f^s~¤¥f^jpqbanj�s�antrkp`Cé�qba%¤
k%f!qbaGé�}�d�drhbaxkno^ceqba\k%fSqRaxo^cRq-}�d�drhba�}�cRdrtgj�hRk%tr}1ficRd�fihRt<f^s�lRjrf^�^j�o^uvf^jpqbanj\�XzEf,a\cRo��C�1a�fihbtá¤¥f^s�¤¥f^j�qbanj
s&antrk�`mé�qba\k%fSqRaGé�}�drdrhba^��tr`ba�lRjrf!k%a\drdgf^j;o^���1f � d3}~drdrhba�lCo^kr�^antrd�tgf���axk%jra\o�tga\q£fihbt:f^s�lRjrf^�^j�o^u
f^j�qbanj¸�
¢Xo^k�`�k%�!kn�1a^�^tr`ba�qba\k%fSqRaGé�}�drdrhba��1f^�i}�kXa%�!o^u�}�cba\dEtr`ba�}~cRdgtgj�hRk%tr}�ficRd¡}�c�tr`ba�s&antrk�`��Ch!ýmanj�o^cRq�o�tgtga\u�lRtrd
tgf�k%jra\o�tga:o�d�}�cb�i�1a�l�o^k��^antn���¨l�o^kr�^ant�}�d�k%jra\o�tga\q¦dgfx�1ficb��o^d�tr`banjra3o�jra:}�cRdgtgj�h�k%tr}1ficRd�}�c�s&antrk�`,�Ch!ýmanj
a\c�tgj�}1a\d � `bfidga<o^drdrfSkn}�o�tga\q,s�antrkp`,jra\ Shba\dgtrd{`Ro¸�^a3k%fiu�l���antga\q��C�:c���lCo^kr�^antXk%j�a\o�tga\q � }��~��k%fic�tro^}�c�tr`ba
fi�~qba\dgt�drhRkp`§}~cRdgtgj�hRk%tr}�fice}�cetr`ba�s&antrk�`«��hbýmanj\�]�5l�o^kr�^ant�}~d�o�dga\ Shba\cRk%a�f^s��1f^�i}�kno^���1�-k%fic�dga\knhbtr}1�^a
}~cRdgtgj�hRk%tr}�ficRdn�Ez3`ba<dga\ Shba\cRk%a3cShRu��manjpd{o^drdr}1�icba\q,tgf�tr`ba3}�c�dgtgj�hRk%tr}1fic�d{}�c�tr`baNs&antrk�`¦��h!ý�anj�o�jra3hRdga\q
tgf/qbantganj�u,}�cRa � `�}�k�`´f^s3tr`Rfidga-}�cRdgtgjphRk%tr}1ficRd�o�jra-}�c(dga\ Shba\cRk%a�o^cRq7kno^c7tr`Ranjrans�f^j�a���a�l���o^k%a\q7}~c
tr`Ra�dro^u�a�l�o^k��^antn��ä;cRk%a,o�lCo^kr�^ant�}~d�k%jra\o�tga\q���tr`ba,}�cRdgtgjphRk%tr}1ficRd:tr`Ro�txk%fiu�l�j�}�dga�tr`ba�l�o^k��^ant�o�jra
j�a\u�f¸�^a\qes�j�fiuètr`ba�s&antrk�`e��h!ý�anj\��_V`ba\ceo^����tr`ba�}~cRdgtgj�hRk%tr}�ficRd�}�c-o�s&antrk�`e��h!ý�anj<a\c�tgjr��`Ro\�^a��mana\c
j�a\u�f¸�^a\q���tr`Ro�t�a\c#tgjr��}�d�qba\o^���1f!kno�tga\q��Xê!}~cRk%a3l�o^k��^antrd3u,o¸����a;k%jra\o�tga\q�fihbtá¤¥f^s�¤¥f^j�qbanj\�R}~cRdgtgj�hRk%tr}�ficRd
u�o\�x��aXjra\u�f¸�^a\q�s&jrfiu|tr`ba�s&antrk�`��Ch!ýmanjEfihbtá¤¥f^s�¤¥f^j�qbanj\��æ�ficRdra\ �hba\c�tr�1�^��s&antrk�`���h!ý�anjªa\c�tgj�}1a\d\� � `R}�kp`
o�j�a,o^���1f!kno�tga\q«tgf�s�antrkp`«jra\ Shba\dgtrd�}~cetr`Ra�f^j�qbanj�tr`Ro�t�tr`bfidra�jra\ �hRa\dgtrd�o�jra�lRjrf!qRhRk%a\q¡��u�o\�£cbf^t���a
qRa\o^���1f!kno�tga\q*}�c�tr`Ro�t:dro^u�a�f^j�qRanj\�
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drtgf^j�o��^a,o�jrj�o¸�^�]�:c§a\c�tgjr�*}�cetr`ba�s�antrkp`£��h!ý�anj;k%fic�dr}�dgtrd:f^s�o^c§a\c#tgj��e}�cetr`ba���}�dgt�o^cRqeo^c§a\c�tgjr�e}~c
tr`Raxdgtgf^j�o��^axo�j�j�o\�^����l�fi}�c�tganj<��}�cb�!d�a\o^k�`§��}�dgt�a\c�tgjr� � }1tr`�tr`ba�dgtgf^jpo��^a�o�jrj�o¸�¦a\c�tgjr��tr`Ro�t<��a\�1ficR�id
tgfxtr`ba<dro^u�aNs&antrk�`��Ch!ýmanj{a\c�tgjr��o^d{tr`ba<��}~dgtEa\c�tgjr�^�{z<`ba<�~}�dgt�dgl�a\kn} ��a\d�tr`baNf^j�qbanj{f^smtr`baNs&antrk�`��Ch!ýmanj
a\c�tgj�}1a\d\��z3`ba���j�drtNa\c#tgjr�-}~c�tr`ba��~}�dgtN��a\�1ficb�idNtgf¦tr`baxs&antrk�`e��h!ý�anj<a\c�tgjr�-o^���1f!kno�tga\q-s&f^j3tr`Raxfi��qba\drt
drant3f^s�}�cRdrtgj�hRk%tr}1ficRd�tr`�o�t:o�jra�dgtgf^jra\q/®&f^j � }��~�C��axdrtgf^jra\qC±N}~c�tr`ba�s&antrk�`e��h!ý�anj\��z<`baxdga\k%fic�q-a\c�tgjr�
}~c�tr`ba<��}�drt���a\�1ficR�id{tgf�tr`ba<s&antrk�`���h!ý�anj{a\c#tgj���o^�~�1fSkno�tga\q,s�f^jXtr`ba<dga\k%ficRq�fi��qba\dgt�dgant�f^s�}~cRdgtgj�hRk%tr}�ficRd
}~c(tr`ba�s�antrkp`Ò��h!ý�anj\�ð��cRq7dgf«fic¡�´z<`Ra�dgtgf^jpo��^a*o�jrj�o¸�´}�d�h�dga\q´tgfIdgtgf^jra�tr`ba�}�c�dgtgj�hRk%tr}1fic(qRo�tro
o^d�dgfSkn}~o�tga\q � }1tr`�a\o^kp`*s&antrk�`*��h!ý�anj<a\c�tgjr�^�
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tr`Ra�s�antrkp`-��hbýmanjNa\c�tgjr��o^drdgf!kn}�o�tga\q � }1tr`�tr`Ra��i}1�^a\c*��}~dgtXa\c�tgjr�^��z<`ba;jra\o^qb����}1tN}�cRq�}�kno�tga\d � `bantr`banj
f^j�cbf^t:tr`ba�o^d�dgfSkn}~o�tga\qes&antrk�`§��hbýmanj:a\c#tgjr�-`�o^d3��ana\c � j�}1tgtga\c��<z3`ba���}1t:}�d3dgant;}1s�tr`ba�s�antrkp`e�Ch!ýmanj
a\c�tgjr�,k%fic�tro^}�cRd�jra\o^qb��}�cRdgtgjphRk%tr}1fic�qRo�tro!��zEf���a3u�f^jra:dgl�a\kn} �Ck��itr`ba3��}1t�}�d�drant�}1smtr`ba3dgtgf^j�o��^a;o�jrj�o¸�
a\c�tgjr��tr`Ro�t��ma\��ficb�id{tgf�tr`ba3s�antrkp`���hbýmanj�a\c�tgjr��k%fic�tro^}�cRd�j�a\o^qb��}~cRdgtgj�hRk%tr}�fic�qRo�tro!��z<`baN��}�t�}�d{jra\dgant
}�s�}1t<qRf�a\d<cRf^t<k%fic#tro^}�c*jra\o^qb��}�cRdgtgjphRk%tr}1fic�qRo�tro!�
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¢�o^k�`Idgtgf^j�o��^a,o�jrj�o¸�*a\c�tgjr�ek%fic�tro^}�cRd�o�s&jrana���}1t;}�c§o^qRqR}1tr}1ficetgf�tr`ba���a\��qE®�dp±Nj�a\ �hR}�jra\q*tgf
drtgf^jra�tr`Ra�}�cRdrtgj�hRk%tr}1fic-q�o�tro!�<z<`R}�dN�C}1t3}�d:dgant:}1s�tr`ba�dgtgf^j�o��^a�o�jrj�o¸��a\c#tgjr����a\�1ficR�id<tgf�o,s&jranaxs&antrk�`
�Ch!ýmanj:a\c#tgj��C¹m}¯�Ra^�1�Co�s�antrkp`*�Ch!ýmanj3a\c#tgjr��tr`�o�t:}�d<cRf^t:o^���1f!kno�tga\q-tgf�o,s&antrk�`ejra\ Shba\dgtn��²�t:}�d<jra\drant3}1s
tr`Raxdgtgf^j�o��^a�o�jrj�o\��a\c�tgjr���ma\��ficb�idNtgf�o�s&antrk�`*��h!ý�anjNa\c#tgj���tr`�o�t3}�dNo^���1f!kno�tga\q-tgf¦o�s�antrkp`*jra\ Shba\dgtn�

z<`ba���}�dgt�}�d�}�u�l��1a\u,a\c#tga\q � }1tr`�o^c�o�jrj�o\�^�{z<`Ra���jpdgtEa\c�tgjr��}�cxtr`Ra�o�jrjpo\�^� � `�}�k�`�}�dEf^�Rtro^}�cba\q
�S�£o^knk%a\drdr}�cb�*tr`ba,o�jrj�o¸� � }1tr`£}�cRqba%� ½ �E}�d;tr`ba��Cj�dgt�}1tga\u }�c§tr`ba¦��}�dgtn��z<`ba�dga\k%ficRq©a\c#tgjr�«}�c§tr`ba
o�j�j�o\�^� � `R}�kp`�}�d�f^�Rtro^}�cba\q-����o^knk%a\drdr}�cR�,tr`ba�o�jrj�o¸� � }1tr`�}�cRqRa%� Z ��}�dNtr`Ra�dga\k%ficRq-}1tga\u }�c�tr`bax��}~dgtn�
��cRq�dgf;fic��C�Ýtro^}��Slmfi}~c#tganj{lRj�f¸�!}�qba\d�tr`baN}�cRqba%��f^s�tr`baNo�jrj�o¸��a\c�tgjr��tr`Ro�t�k%fic#tro^}~cRd{tr`baN��o^dgt{}1tga\uP}~c
tr`Ra;�~}�dgtn�G�:�1tr`Rfihb�i`�tr`ba3�C�ihbjra;dr`bf � dXo�`ba\o^q�l�fi}�c�tganj\��tr`Ra�`ba\o^q�l�fi}�c�tganj�}~dXcbf^tNo^k%trhRo^�~�1��cbana\qba\q¡�
d�}�cRk%a3tr`Ra�}�c�qba%��f^s¡tr`ba:o�j�j�o\�,a\c�tgjr�,tr`�o�t�k%fic�tro^}�cRd�tr`ba:��j�dgtX}1tga\uà}~c�tr`ba���}�dgtX}�dXo^� � o¸�Sd ½ ��zEf�o^qRq
o^ce}1tga\uåtgf,tr`ba���}�dgtn�!tr`ba�tro^}��¡lmfi}~c#tganj<}�dN}~cRk%jra\u�a\c�tga\q��S� Z ��z3`ba�qRo�tro�s&f^j<tr`ba�cba � }1tga\uv}�dNtr`ba\c
� j�}1tgtga\c�}�c�tgf�tr`Ra�a\c�tgjr�¦lmfi}~c#tga\q¦tgf�����tr`ba;tro^}��mlmfi}~c#tganj\�{zEf�jra\u�f¸�^a�tr`Ra;}�tga\uàs&jrfiuåtr`ba���}~dgt�tr`Ro�t
}~d�dgtgf^jra\q¦o�t�o^c�o�jrjpo\��a\c#tgj�� � `bfidga<}�cRqRa%��}�d#à��^a\o^k�`�}1tga\uüdrtgf^jra\q�o�t�o^c¦o�jrj�o¸��a\c�tgjr� � `bfidga:}�cRqba%�
}~d~ò«� � `Ranjra}ò
}�dX�^jra\o�tganjNtr`Ro^c�à��S}~dXdr`�}1s�tga\q§®�k%f^l�}1a\qC±�}�c�tgf�tr`Ra:a\c�tgjr� � `bfidga:}~cRqba%��}�dTò�¤ Z ��z<`Ra
tro^}~��l�fi}�c#tganj<}~dNtr`ba\c-qba\k%j�a\u�a\c#tga\q*��� Z �

zªf©}~cR}1tr}�o�tga�o£s�antrkp`Òjra\ Shba\dgtn�Xtr`ba�jra\ Shba\dgt�}�d�o^����fSkno�tga\q7o£s&antrk�`7�Ch!ýmanj�a\c�tgjr�^�7z<`R}~d�}�d
o^knk%fiu,l���}�dr`Ra\q-�S��d�kno^cRcR}�cb��tr`Ra�dgtgf^j�o��^a�o�jrj�o¸��tgf,�Cc�q-o,dgtgf^j�o��^a�o�jrj�o¸��a\c#tgj���tr`Ro�t:}�d<s�jrana^¹�}¯�Ra^�1�
tgf£�mcRq/o«drtgf^j�o��^a-o�jrj�o¸�Ia\c�tgjr� � `Rfidga�s�jrana���}�t�}�d�dgantn�/z<`ba�s�j�ana��C}1t�f^s:tr`R}�d�a\c#tgj��/}�d�jra\dgant�tgf
}~cRqR}�kno�tgaNtr`Ro�tXtr`baNa\c�tgjr��`Ro^d���ana\c,o^����fSkno�tga\q��C��c�a\c�tgjr��s�f^jXtr`ba<s&antrk�`,�Ch!ýmanj�a\c#tgjr��}�d�tr`ba\c,o^qRqba\q
tgfetr`ba���}~dgtn��z<`ba�j�a\o^qb�£��}1t�f^s�tr`ba���}~dgt;a\c#tgjr�«}�d�jra\dgantxtgfe}�cRqR}�kno�tga�tr`�o�txtr`ba,s&antrk�`I��h!ý�anj�a\c�tgjr�
qRf�a\d�cbf^t�k%fic#tro^}�c´jra\o^qR�©}�cRdgtgj�h�k%tr}1ficIqRo�tro!�§z<`ba�}�cRqba%�£��a\��qIf^s<tr`ba���}�dgtxa\c#tgjr�©}~d�dgant�a\ ShRo^��tgf
tr`Ra�}�c�qba%�«f^sNtr`ba¦dgtgf^jpo��^a�o�j�j�o\�©a\c�tgjr�^�§z<`ba,s&antrk�`´jra\ Shba\dgt�}�dxtr`Ra\cItro��^�^a\q � }1tr`Itr`ba�}�cRqba%�£f^s
tr`Ra;drtgf^j�o��^a�o�jrj�o\�¦a\c#tgj��^��_¨`Ra\c�o�jra\ Shba\dgt�k%fiu�l��1antga\d\�R}1t � jp}1tga\dX}�trd�q�o�tro�}~c#tgf�tr`ba;dgtgf^j�o��^a�o�jrj�o¸�
a\c�tgjr��}�cRq�}�kno�tga\q��S��}1trd�tro��b��z<`ba<��}~dgt�}�d{drkno^cRcRa\qe®&�!}�oxæ~���edp±�tgf��CcRq�tr`Ra3��}�dgt�a\c�tgjr� � `bfidga:}�cRqba%�
�Ca\��q�u,o�trk�`Ra\d<tr`ba�tro��b��z<`ba;jra\o^qb�¦��}1t�f^sEtr`�o�t3��}�dgt�a\c�tgjr��}~dNdgantNtgf�}�cRq�}�kno�tga;tr`Ro�tNtr`ba�o^drdgf!kn}�o�tga\q
s&antrk�`e��h!ý�anjNa\c�tgjr��k%fic#tro^}�c�dNjra\o^qb��}�cRdrtgj�hRk%tr}1fic�qRo�tro!�

z<`baGó�ÔdÌRÝ¨ÔLÍ�ÛFÜEôNl�fi}�c�tganj{lmfi}~c#trd�tgf�tr`ba���j�drtEa\c�tgjr��}�c�tr`baN��}�dgt � `bfidga�jra\o^qR�x��}1t�}�d{dgantn�{z<`Ra
s&antrk�`¦��h!ý�anj{a\c�tgjr��o^d�dgfSkn}~o�tga\q � }1tr`�tr`�}�d{��}�dgt�a\c�tgjr��k%fic#tro^}�c�d�tr`baNfi��qRa\dgt�dgant�f^s�}�cRdgtgjphRk%tr}1ficRd�}�c�tr`ba
s&antrk�`¦��h!ý�anj � `Rfidga<o^drdgf!kn}�o�tga\q,s&antrk�`¦jra\ Shba\dgt�`�o^d�k%fiu�l��1antga\q¡��z3`ba<qba\k%f!qbaGé�}�drdrhRa<�1f^�i}�kNa%�bo^u,}�cba\d
tr`Ra3}�cRdgtgjphRk%tr}1ficRd�}�c�tr`baNs&antrk�`���h!ý�anj\¹#dgtro�jrtr}~cb� � }1tr`�tr`baNs&antrk�`���h!ý�anj{a\c#tgjr��}�cRq�}�kno�tga\q�����tr`ba���j�drt
j�a\o^qb��l�fi}�c#tganj¸�RlRjrf!k%ana\qR}�cb��tgf � o�jpqRd3tr`Raxs&antrk�`e��h!ý�anj3a\c�tgjr��}�cRqR}�kno�tga\q-����tr`baxtro^}��¡l�fi}�c�tganj\��o^cRq
a\c�qR}�cb� � }1tr`§tr`ba��Cj�dgt;s�antrkp`«��h!ý�anj�a\c�tgjr�etr`�o�t�qbf�a\d�cRf^t�k%fic#tro^}�c©jra\o^qb�£}�cRdgtgj�h�k%tr}1ficeq�o�tro!¹�o^cRq
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ficRa3s&antrk�`¦��h!ý�anj�a\c#tgj���tr`�o�tXk%fic�tro^}�cRd�j�a\o^qb��}�cRdgtgj�h�k%tr}1fic�qRo�tro!����c#��l�o^k��^ant�k%jra\o�tga\q � }��~�Sk%fic�tro^}�c
tr`Raxfi��qba\drt<}�cRdgtgj�h�k%tr}1fic�s�j�fiuètr`ba�s&antrk�`*��h!ý�anj<a\c�tgjr��}�cRqR}�kno�tga\q-����tr`ba��Cj�dgtNjra\o^qb��l�fi}�c�tganj\��z<`Ra
dra\ �hba\c�k%a�cShRu���anj�d�o^drdr}1�icba\q/tgf«tr`ba�a%�!o^u�}�cba\q(}�cRdgtgjphRk%tr}1ficRd�o�jra�hRdga\q´tgf«qbantganj�u,}�cRa � `�}�k�`/f^s
tr`Ra\u o�j�a�}~cIdga\ Shba\cRk%a�o^cRq´kno^c´tr`banjrans&f^jra¦��a�l���o^k%a\q´}�c/tr`ba�d�o^u�a¦lCo^kr�^antn�/ä;cRk%a�oel�o^kr�^ant,}�d
k%j�a\o�tga\q��!tr`ba3}�cRdrtgj�hRk%tr}1ficRd�tr`�o�tXk%fiu�lRjp}�dgaNtr`ba<lCo^kr�^ant�o�jra3jra\u,f¸�^a\q¦s�jrfiuütr`ba<s&antrk�`¦��h!ý�anj\��_¨`ba\c
o^�~��tr`ba�}�c�dgtgj�hRk%tr}1fic�d�}�c�oxs&antrk�`���hbýmanj�a\c#tgj���`Ro\�^a;��ana\c�jra\u�fG�^a\q��!tr`Ro�t�a\c#tgjr�¦}�dXqRa\o^���1f!kno�tga\q���zªf
qRa\o^���1f!kno�tga:o�s&antrk�`¦��h!ý�anj�a\c�tgjr�^�S}�trd�o^drdgf!kn}�o�tga\q���}�dgt�a\c�tgjr��}�d{jra\u�fG�^a\q�s&jrfiu5tr`ba3��}�drtn�#o^cRq�tr`ba3s�jrana
�C}1tNf^s�}�trd<o^drdgf!kn}�o�tga\q*drtgf^j�o��^a�o�jrjpo\��a\c#tgj���}�d3dgant<tgf�}�c�qR}�kno�tga;tr`Ro�t<tr`baxa\c#tgjr��}�d<o¸��o^}~��o����1a^�

z<`ba�qba\k%fSqRaGé�}�drdrhba��1f^�i}�k�hRdra\dEtr`Ra���o^��hba�f^sRtr`ba���jpdgtEj�a\o^qb��l�fi}�c�tganj�tgf�qbantganjpu,}�cba � `bantr`banj
f^j�cbf^t�}1t:k%j�a\o�tga\d�o^c§}�drd�hba�l�o^k��^ant�tr`�o�t�k%ficRd�}�dgtrd:f^s{lmfidrtá¤�`bfi�1a�}~cRdgtgj�hRk%tr}�ficRdn��²�s{tr`ba���o^�~hbaxf^s{tr`ba
l�fi}�c�tganj�}�d ½ �¡}1t;l�fi}�c�trd:tgf�tr`ba��Cj�dgt�a\c#tgjr�§}�c§tr`ba���}�dgtn��z<`ba�s�antrkp`«��h!ý�anj;a\c#tgjr�§o^drdgf!kn}�o�tga\q � }�tr`
tr`�}�d3��}~dgtNa\c#tgj��-k%fic#tro^}�c�d<tr`ba�fi��qba\dgt3drant3f^s�}�cRdrtgj�hRk%tr}1ficRdN}~c�tr`baxs&antrk�`e��h!ý�anj3tr`�o�t:`Ro¸�^a�cbf^t:�mana\c
qRa\k%fSqba\q�o^cRq�}�drd�hba\q��C�:c��,l�o^k��^antNk%jra\o�tga\q � }����Ck%fic#tro^}~c¦tr`Ra:fi��qRa\dgtXf^sªtr`ba\dga;}�cRdgtgj�h�k%tr}1ficRdn� � `R}�kp`
}~d�cbf^t�o�l�fidgtá¤�`bfi��a3}�cRdgtgjphRk%tr}1fic��G�3a\c�k%a^� � `ba\c�tr`ba���o^�~hba<f^s�tr`ba:lmfi}~c#tganj�}�d ½ �!o^c#��lCo^kr�^antNk%jra\o�tga\q
� }����¡cbf^t�k%ficRdr}�drt3f^s�l�fidgtá¤�`bfi��ax}�cRdgtgjphRk%tr}1ficRdn�3ä;cetr`ba�f^tr`banj�`�o^cRq��C}�s�tr`Ra���o^��hba�f^s�tr`baxl�fi}�c�tganj:}�d
cRf^t ½ �{}1t�qbf�a\d�cbf^t�lmfi}~c#t�tgfetr`ba¦��j�dgt�a\c�tgjr�©}�cItr`ba¦�~}�dgtn��z<`ba¦fi��qba\dgt�}�cRdgtgj�h�k%tr}1fic©}�c«tr`Ra¦s&antrk�`
�Ch!ýmanj3tr`Ro�t3`Ro^d<cRf^t<��ana\c-qba\k%f!qba\q-o^cRq-}~drdrhba\q � }��~�mcRf^t<��a�}�cRkn��hRqRa\q¦}�c�tr`Rax}�drdrhRa�lCo^kr�^ant;}1sªficba
}~d3k%jra\o�tga\q��:z<`�h�dn� � `ba\c-tr`bax��o^��hba�f^s{tr`Ra�l�fi}�c#tganj�}�d3cRf^t ½ �Co^c���l�o^k��^ant;k%j�a\o�tga\q � }~����k%ficRdr}�drt<f^s
l�fidgtá¤�`Rfi�1a�}�cRdgtgjphRk%tr}1ficRdn�

²³s{tr`ba�qba\k%f!qbaGé�}�drdrhRa��1f^�i}�k�k%jra\o�tga\d�o^c§}�drdrhRaxl�o^k��^ant�tr`�o�t;k%fic�dr}�dgtrd:f^s�l�fidgtá¤�`bfi�1a�}�cRdgtgjphRk�¤
tr}�ficRdn�E}�t�kno^cIhRdga�tr`Ra,��o^�~hba�f^s�tr`ba���j�dgt�j�a\o^qb�£lmfi}~c#tganj�tgf-a\drtr}�u,o�tga�tr`Ra,tgf^tro^��cShRu��manj�f^sN`bfi��a
}~cRdgtgj�hRk%tr}�ficRdn�©z<`ba���o^��hba�f^s3tr`Ra¦�Cj�dgt�jra\o^qb�/lmfi}~c#tganj�}�d�a\ ShRo^��tgf«tr`ba�c�h�ux��anj�f^s3s&antrk�`7�Ch!ýmanj
a\c�tgj�}1a\d;tr`�o�t�k%fic#tro^}�c£tr`Ra�`Rfi�1a�}�cRdgtgj�h�k%tr}1ficRdn��zEf��^ant�o^c£a\dgtr}�u,o�tga�f^sXtr`ba�tgf^tro^��c�h�ux��anj;f^sX`bfi��a
}~cRdgtgj�hRk%tr}�ficRdn�Rtr`ba�qba\k%f!qbaGé�}�drdrhRax�1f^�i}�k�kno^ceu�hR�1tr}1lC�1��tr`ba���o^�~hba�f^s{tr`bax��j�dgt<j�a\o^qb��l�fi}�c#tganj:���-o^c
a\drtr}�u,o�tgaxf^s�tr`ba�o\�^anj�o��^a�cShRux��anj<f^s{}�c�dgtgj�hRk%tr}1fic�d�tr`Ro�t3o�jra�dgtgf^jra\q*}~c-o�s&antrk�`e��h!ý�anj<a\c#tgj��^��z<`Ra
qRa\k%fSqbaGé�}~drdrhbax��f^�i}�k�kno^c§o^��dgf,f^�Rtro^}~c-o^c-a%�bo^k%t�k%fih�c#t:f^s�tr`Ra�tgf^tro^�EcShRu���anj<f^s�`bfi�1a�}�c�dgtgj�hRk%tr}1fic�dn�
ê!tro�jrtr}�cb� � }1tr`§tr`ba�s&antrk�`©��h!ý�anj�a\c#tgjr�§o^drdgf!kn}�o�tga\q � }�tr`etr`Ra���j�dgt�a\c#tgj��§}�c§tr`ba,�~}�dgtn��o^cRq£a\cRqR}~cb�
� }1tr`§tr`ba�s�antrkp`£��h!ý�anj�a\c�tgjr�§o^drdgf!kn}�o�tga\q � }1tr`etr`ba���}�dgt�a\c�tgjr� � `bfidra�}~cRqba%�*}�d�ficba��1a\drd�tr`Ro^c§tr`ba
��o^��hba�f^s�tr`Ra���jpdgtªjra\o^qR�xl�fi}�c�tganj\�Gtr`Ra�qRa\k%fSqbaGé�}~drdrhba��1f^�i}�k�kno^c�o^qRq�hbl�tr`Ra�cShRu��manj�f^sC}~cRdgtgj�hRk%tr}�ficRd
tr`�o�t � }�������a � j�}1tgtga\c«}~c#tgf�a\o^kp`If^s�tr`bfidga�s&antrk�`I��h!ý�anj�a\c#tgj�}�a\dn�,z<`ba,drh�u }�d�o^c«a%�bo^k%t�k%fihRc�t�f^s
tr`Ra�tgf^tro^�ªcShRu��manjNf^s{`bfi��a�}�cRdgtgj�h�k%tr}1ficRdn�

Z\] ¿



ì�í�ï�í�ï õ/ò(:Xó�ök8;:�÷¨ñ	ø]ù£ø�÷Z8�úGö^øR÷�ú«ø�ûNø�:�ó�ø�:�×@8�ø�ú
z<`ba�w<an�i}�dgtganj�����}�o^d�z�o����1a�®�w��{z:±ª��a\`Ro¸�^a\d{��}1�^a�o�kp`ba\kr�Sl�fi}�c�tga\q�jran�i}�dgtganj��C�1a^��²³t�k%fic�tro^}�cRd

o�dgant;f^sXl�`#�!dr}�kno^�Ejran�i}�drtganj�dn��o^cRq���s&f^j�a\o^kp`£f^s�tr`ba�kp`ba\kr�Sl�fi}�c#trd�tr`Ro�t;tr`ba�u,o^kp`R}�cba�drhbl�lmf^j�trdn�mo^c
o�j�j�o\�*�Ìf^j:u�o�l?�Ìtr`Ro�t<u,o�lCd�tr`ba�o�j�k�`�}1tga\k%trhbj�o^��jran�i}~dgtganj�dNfic�tgf,tr`ba�l�`��!dr}�kno^�mjran�i}�dgtganjpdn�{²³c�qba%�!}~cb�
tr`Ra�o�jrjpo\� � }�tr`Itr`ba�cShRux��anj�f^s3o^c/o�jpk�`R}1tga\k%trhRj�o^��jran�i}�dgtganj��S}�a\��qRd�tr`Ra�cShRu��manj�f^s<tr`ba�l�`��Sdr}~kno^�
j�an�i}�dgtganj<u,o�lRl�a\q¦tgf�tr`ba�o�jpk�`R}1tga\k%trhRj�o^��jran�i}�dgtganj�s&f^j�tr`ba;�i}1�^a\c�k�`ba\k���l�fi}�c�tn��z<`ba;u,o�l�s&f^j�o��i}1�^a\c
kp`ba\kr�Sl�fi}�c�t�jra\k%f^j�qRd�tr`ba-o�jpk�`R}1tga\k%trhRj�o^� ¤¥tgf�¤¥l�`��Sd�}�kno^��jran�i}�dgtganj,u�o�lRl�}�cb�§s&f^j�tr`ba�lmfi}~c#t�¡gh�dgt�o�s�tganj
tr`Rax��o^dgt<}�c�dgtgj�hRk%tr}1fic�}~c�tr`ba�}�drdrhRa�lCo^kr�^ant;o^drdr}1�icba\q�tgf¦tr`Ro�t<k�`Ra\kr�Slmfi}~c#t�`Ro^dN��ana\c�qba\k%f!qba\q��

/�ans�f^j�a�o^c-}�d�drhba;l�o^kr�^ant;}�d<}~drdrhba\q�}�c�tgf,tr`baxu�o^k�`R}�cRa^�R}1t<}�d<o^����fSkno�tga\q-o�k�`ba\k���l�fi}�c�tn�Xz<`Ra
w=�{zàu�o�l©s�f^j�tr`Ro�t�kp`ba\kr�Sl�fi}�c�t�}�d�tr`Ra\c©}�cR}1tr}~o^��}
�na\q��,zEfe}�c�}1tr}�o^��}
�na�tr`ba�u�o�l¡�Etr`Ra�qba\k%f!qbaGé�}�drdrhRa
��f^�i}�k-qbantganj�u�}�cba\d � `�}�k�`(f^s;tr`ba-lCo^kr�^antrd�dgtgf^jra\qÝ}~c(tr`ba*Þ:fSqbaezEo�����a\d,}�d�tr`ba*�^fihRcb�^a\dgt,lCo^kr�^ant
tr`�o�t,dgtr}������1f^�i}�kno^�����©lRjra\k%a\qba\de®�}¯��a^�1�X}�d�dgtr}��~��fi��qRanj�tr`�o^cC±�tr`ba�l�o^kr�^ant��ma\}~cb�§}~drdrhba\q���o^c�q � `R}�kp`
kp`ba\kr�Sl�fi}�c�tx}�d;o^drdr}1�icRa\q£tgf-tr`Ro�t�l�o^k��^antn�,z<`ba,u,o�l«s&f^j�tr`Ro�t�k�`Ra\kr�Slmfi}~c#tx}~d:tr`Ra\c©k%f^l�}1a\q£tgf�tr`ba
u�o�l*s&f^j<tr`ba�cba � ���¦o^���1f!kno�tga\q*kp`ba\kr�Sl�fi}�c�tn�

Z\] ¼



zEf�qRantganj�u,}�cba � `R}�kp`�kp`ba\kr�Sl�fi}�c#t�k%fic#tro^}~cRd�tr`ba3�^fihRcR�^a\dgt�}~drdrhba<lCo^kr�^ant�tr`Ro�t�}�d�dgtr}~���bfi��qbanj
tr`�o^c�tr`ba�l�o^kr�^ant���a\}�cR��}�d�drhba\q���tr`ba�a\c�tgj�}1a\d�f^s�tr`Ra<ê!a\ �hba\c�k%a�Þ�hRu���anj�²ácbs&f^j�u,o�tr}1fic�z�o����1a�®¥ê!Þ:²³z�±
o�j�a�d�kno^cRcba\q���z<`baX��j�dgtEa\c#tgj���drkno^cRcRa\q�k%fic�tro^}�cRd�tr`ba�}�cbs&f^j�u,o�tr}�ficxjran�io�jpqR}�cb�:tr`baN}�cRdgtgj�h�k%tr}1fic�tr`Ro�t
}~d{ficba3}�c�dgtgj�hRk%tr}1fic�fi��qRanj�tr`Ro^c�tr`ba��Cj�dgt3®&�^fihRcb�^a\drtp±{}�cRdrtgj�hRk%tr}1fic�}�c�tr`RaNl�o^kr�^ant���a\}�cb��}�drdrhRa\q��Ez<`Ra
}~cRqba%�Òf^s�tr`R}~d�a\c�tgjr�Ý}�d�a\ �h�o^�:tgf´ficba£�1a\drd¦tr`Ro^c¨tr`ba£dga\ �hRa\cRk%a§cShRu���anj�o^drd�}1�icba\qÌtgf/tr`bae��j�drt
}~cRdgtgj�hRk%tr}�fic,}�c�tr`ba:l�o^kr�^antn��z<`ba3dra\k%ficRq�a\c�tgjr�,drkno^c�cba\q�k%fic�tro^}�cRdXtr`ba3}�cRs�f^j�u�o�tr}1fic�jran�io�j�q�}�cb��tr`ba
}~cRdgtgj�hRk%tr}�fic¦tr`�o�t<}�d�t � f�}�cRdrtgj�hRk%tr}1fic�fi��qbanj�tr`Ro^c-tr`ba;��j�dgt�}�cRdrtgj�hRk%tr}1fic�}�c�tr`ba�l�o^k��^antn��z3`ba�}�cRqba%�
f^sCtr`R}�dªa\c#tgjr��}�dªa\ ShRo^�Stgf�t � f;��a\drd�tr`Ro^cxtr`Ra�dga\ Shba\cRk%aNcShRu��manj�o^drdr}1�icRa\qxtgf;tr`baX��j�dgt�}�cRdgtgjphRk%tr}1ficx}~c
tr`Ra�l�o^kr�^antn�<ê!kno^cRcR}~cb�xlRj�fSk%ana\qRdN}~c�tr`R}�d � o¸�¦tgf � o�jpqRd<tr`ba;a\c�tgjr��tr`Ro�t<k%fic#tro^}~cRd�tr`ba�}�cbs&f^j�u,o�tr}�fic
j�an�io�j�qR}�cb��tr`RaNfi��qba\dgt�}�c�dgtgj�hRk%tr}1fic�}�c�tr`ba<u�o^k�`R}�cRa^¹�}¯��a^�1�#tgf � o�jpqRd�tr`baNa\c�tgjr� � `bfidra�}~cRqba%��}~d�a\ �hRo^�
tgf�tr`Ra�`Ra\o^q�k%fihRc#tganj{s&f^j{tr`baNdga\ Shba\cRk%aNcShRux��anj�d\��ê!kno^cRc�}�cb�;dgtgf^l�d � `ba\c�o^c�a\c�tgjr��}�d�s&fihRcRq � `bfidra
qRa\k%fSqba���}1t�}�d�dgantn��z3`R}�d;a\c�tgjr�§k%fic�tro^}�cRdxtr`ba,}�cbs&f^j�u,o�tr}�ficej�an�io�j�qR}�cb��tr`Ra��^fihRcb�^a\dgtx}~cRdgtgj�hRk%tr}�fic
tr`�o�t�`Ro^d;l�o^drdga\q£tr`Rjrfihb�i`§tr`ba���j�drt�dgtro��^a�f^s�tr`ba,}�c�dgtgj�hRk%tr}1fic§qba\k%f!qba�l�}1l�a\��}�cRaxo^cRq£tr`Ro�t�}�d�dgtr}~���
fi�~qbanj�tr`Ro^cItr`ba�}�cRdrtgj�hRk%tr}1ficRd�}~c£tr`ba,l�o^k��^ant���a\}�cb��}�d�drhba\q��,z<`Ra�k�`ba\k���l�fi}�c�t���a\�~q«f^sXtr`�}�d�a\c�tgjr�
drlma\kn}1��a\d�tr`ba¦c�hRu���anj�f^sNtr`ba�k�`ba\k���l�fi}�c�txtr`Ro�t � o^d�o^���1f!kno�tga\q©s&f^jxtr`Ra¦}�drd�hba�l�o^kr�^ant�k%fic�tro^}�cR}�cR�
tr`�}�d�}�cRdgtgj�h�k%tr}1fic�¹�}¥��a^�1�!tr`ba�cShRux��anj�f^s¡tr`ba�k�`Ra\kr�Slmfi}~c#t�tr`Ro�tNk%fic�tro^}�cRd�tr`ba;�^fihRcb�^a\dgtN}�d�drhba3lCo^kr�^ant
tr`�o�t3}�d<dgtr}~���mfi��qbanj<tr`Ro^c-tr`ba�l�o^kr�^ant���a\}�cb��}�drd�hba\q��

²³sNtr`ba¦l�o^kr�^ant���a\}�cb�*}~drdrhba\q©qRf�a\d�cbf^t�k%ficRdr}�dgtxf^s<l�fidgtá¤�`bfi�1a�}�cRdgtgj�h�k%tr}1ficRdn�ªqRantganj�u,}�cR}~cb�
� `R}�k�`�k�`ba\k���l�fi}�c�tEk%fic�tro^}�cRdEtr`baX�^fihRcb�^a\dgt�l�o^kr�^ant�tr`Ro�t�}�dªdrtr}����^fi��qRanjªtr`Ro^cxtr`ba�l�o^k��^ant��ma\}~cb�<}�drdrhRa\q
}~d<tgj�}1�!}�o^�¯�bdr}~cRk%a�o�drkno^c*f^s�tr`ba�ê!Þ:²³z a\c#tgj�}�a\d3}�d<cRf^t3o^k%trhRo^���1��cbana\qRa\q��#/�a\kno^hRdga�tr`ba�lCo^kr�^ant;qbf�a\d
cRf^t�k%ficRd�}�dgt3f^s{l�fidgtá¤�`Rfi�1a�}�c�dgtgj�hRk%tr}1fic�dn�Rtr`ba�}�cRdgtgj�h�k%tr}1fic�tr`Ro�t;}�d<ficRa�}�c�dgtgj�hRk%tr}1fic-fi��qbanj3tr`�o^c*tr`ba
�Cj�dgt<}�cRdrtgj�hRk%tr}1fic�}�c�tr`Ro�t<lCo^kr�^ant:`�o^dNo^�1jra\o^qb����ana\c�}�drdrhba\q¡¹!}¥�Sa^�1�C}1tN`Ro^d<o^�1jra\o^qR�¦l�o^d�dga\q�tr`bjrfihb�i`
tr`Ra���j�dgt�drtro��^a�f^s�tr`ba�}�cRdrtgj�hRk%tr}1fic£qba\k%f!qba�l�}1l�a\��}~cba^�"��d�o�j�a\drhR�1tn�¡tr`Ra,qba\k%fSqRa,��}1t;f^sN}1trdxê!Þ:²³z
a\c�tgjr� � }�������a�drantn�:z<`R}~d�ê!Þ:²³z�a\c#tgj��*}�d<tr`Rax��jpdgt<a\c�tgjr�*drkno^cRcRa\q��mo^c�qedrkno^c�cR}�cb��drtgf^l�d � `ba\ceo^c
a\c�tgjr�£}�d�s�fih�cRq � `bfidga�qba\k%f!qba���}1t;}�d;dgantn�x²³s�tr`banj�a � anjra�o�drkno^c£f^sXtr`ba�ê!Þ3²áz|a\c#tgjp}1a\dn��tr`ba�drkno^c
� fihR��q§o^� � o\�!d:drtgf^l£o�t�tr`R}�d3a\c#tgj��^�3²ácRdgtga\o^qef^s�o¦drkno^c¡�Ctr`ba�qba\k%f!qbaGé�}�drdrhRa��1f^�i}�k�kno^c£dr}�u�l����¦jra\o^q
fihRt<tr`R}�d���jpdgtNa\c#tgj��^�

Z\]^]



ä�c�tr`ba:f^tr`banjN`Ro^cRq��S}1s�tr`ba:l�o^kr�^antN��a\}�cb��}�drdrhba\q¦qbfSa\dXk%ficRd�}�dgt�f^s�l�fidgtá¤�`Rfi�1a:}�c�dgtgj�hRk%tr}1fic�dn�
qRantganj�u,}�cR}~cb� � `R}�kp`xkp`ba\kr�Sl�fi}�c#t�k%fic#tro^}~cRdªtr`Ra��^fihRcb�^a\drtEl�o^k��^antEtr`�o�t�}�dªdgtr}����^fi�~qbanjªtr`Ro^c�tr`ba�lCo^kr�^ant
��a\}�cR��}�d�drhba\q�}�dXcRf^t�tgjp}1�S}~o^�¯�Sd�}�cRk%a;o�d�kno^c¦f^sEtr`baxê!Þ:²³z¨a\c�tgj�}1a\d�}�d�cbana\qba\q�����}1�ihRjra�¼�� Z\» d�`bf � dNo^c
a%�bo^u�l���aXf^sCtr`R}�d�dr}1trhRo�tr}1fic¡�Z�Òcba � }�d�drhba�lCo^kr�^antn��k%fic�dr}�dgtr}�cR�3f^sRt � f�l�fidgtá¤�`bfi��a�}�c�dgtgj�hRk%tr}1fic�d � `bfidra
dra\ �hba\c�k%a<c�hRu���anj�d�o�jraT
�o^cRq [ �#}�d���a\}�cb�;}�drdrhba\q�}�c�tgf;tr`baNu,o^k�`R}~cba^��z3`baN}�drdrhbaXl�o^kr�^antX`Ro^d�l�o^drdga\q
tr`Rjrfihb�i`¦tr`ba<��jpdgt�dgtro��^a;f^s�tr`ba�}�cRdgtgj�h�k%tr}1fic,qba\k%f!qba3lC}1l�a\��}�cba�o^cRq�`Ro^d���ana\c¦o^���1f!kno�tga\q¦kp`ba\kr�Sl�fi}�c#t
cShRu���anj Z ¼���z<`Ra�ê!Þ:²³zÝa\c#tgj�}�a\d�s&f^jXtr`Ra:}�cRdrtgj�hRk%tr}1ficRd�}�c,tr`R}~d�l�o^k��^ant�`�o\�^a;o^�1jra\o^qb����ana\c¦hRl�q�o�tga\q
tgf«j�a%ë�a\k%t�tr`ba\dga�s&o^k%trdn�/z<`ba�}�cRdgtgj�h�k%tr}1fic � `Rfidga�dra\ �hba\c�k%a�cShRu���anj�}�d�Í§}�d�oe`Rfi�1a�}~cRdgtgj�hRk%tr}�fic��
²³t�`Ro^d�cbf^t;��ana\c£}�drdrhba\q¡�mcbf^j�`Ro^d;}1t;l�o^d�dga\q§tr`bjrfihb�i`§tr`ba���j�drt�dgtro��^a�f^sXtr`ba�}�cRdgtgjphRk%tr}1fic*qRa\k%fSqba
lC}1l�a\��}�cba^�¨z<`ba*}�c�dgtgj�hRk%tr}1fic � `bfidgaedra\ �hba\c�k%aecShRux��anj�}~d¦À©}~d,o©lRj�a%¤�`bfi�1a*}�c�dgtgj�hRk%tr}1fic¡�Ì²³t¦`Ro^d
lCo^drdga\q-tr`Rjrfihb�i`�tr`ba;�Cj�dgt<dgtro��^a�f^s�tr`Rax}�cRdgtgjphRk%tr}1fic�qba\k%f!qba�l�}�lma\�~}�cba^��}�t<`Ro^d<��ana\c-}�d�drhba\q��bo^cRq-}�t
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DFE@G=HJILKNM4HJOJK*PJOJHRQ;STOJEUOJE@GWV@X;YZD[G&M�O\PJ]^KNHJH\_�ILS`K*O\G&abQWSTOJE^H\G&c%d,G&M,IeGFM%d)fhgiGLP9j�kRDFE,S`H0G&M%O\PJ]
Ie_<M%OJKNS`M,HlOJE@GmS`M@n-_NPof4K*OJS`_<M4PJGLp<K*Poa)S`M@phOJE,GqE@_<r`GWS`M,HJO\Pod,IeOJST_<M
s�Q;E,S`ItE6S`H$_<M@GmS`M,H\O\Pod)IeOJST_<M4_<r`a,GLP.OJE,KNM
OJE,G;u)PtH\O.S`M)H\O\Pod,IeOJST_<M6S`M4OJE,GqM@GLQvS`HJHod@G;w)KNIoxNGLOLy)S	k%GNkTs�OJE,GqS`M)H\O\Pod,IeOJST_<M4Q;E@_<H\GmH\G&c�d@G&M,IeGmM%d,f?giGLP.S`H
z kWX;_NO\GUOJE,K*O;OJE,G?E@_<rTGUS`M,H\O\Ptd,IeOJST_<M
{|H=H\G&c�d@G&M,IeG^M�d,fhgiGLP;S}HF_<M@GUrTG&HJHFOJE)KNM2OJE@GUH\G&c�d@G&M,IeG?M�d,f?giGLP
_NniOJE@GFu)PoH\O9S`M)H\O\Pod,IeOJST_<M^S`M^OJE,G;M@GLQCS`HoHJd@G~w)KNIJxNGLOLk.DFE@GFHJILKNM6H\O\_Nw)H$K*O$OJE@GqV�XWY�D�G&M%O\PJ]bKNHJH\_�ILS`K*O\G&a
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QWSTOJE4H\G&c�d@G&M,IeGqM%d,f?giGLP$��s%QWE,S`IoEbS}HROJE@GFu�PoH\ORG&M%O\PJ]bHJILKNM,M@G&aAQ;E@_<H\GFa@G&Ie_�a@GWg)STO9S`H9HJGLOLs%KNM,aAQ;E,S`ItE
Ie_<M%OJKNS`M,H^OJE,G�S`M,n>_NPofAK*OJST_<M�PoGLp<K*Poa,S`M@p�OJE@G�w,PJGe��E@_<r`G6S`M,HJO\Pod,IeOJST_<M
k#DFE@G�IoE@G&Iox%wi_<S`M%OUu)G&r`a�_Nn;OJE,S}H
G&M%O\PJ]�w,PJ_3��S`a@G&HqOJE@GbM�d,f?g:GLPm_Nn9OJE,G^ItE@G&IJx�wi_<S`M%O5OJE,K*O5Ie_<M�OJKNS`M)HmOJE@G^]N_<d,M@pNG&H\O�S`HoHJd@Ghw�KNIJxNGLO�OJE,K*O
S}HFH\OJS`r`r:_<r`a,GLPFOJE,KNM�OJE@G5w�KNIJxNGLOqg:G&S}M@pbS`HJHJd@G&a�y�S�k�GNkTs:IoE@G&Iox%wi_<S`M%O;M�d,f?g:GLP;jN��k

� n>O\GLPUOJE@G�� � D�f4K*w�n-_NPhOJE@G�IoE@G&Iox%wi_<S`M%O?KNr}rT_�ILK*O\G&a�O\_�KNM[S`HJHod@Gbw)KNIJxNGLObS`HhS`M,STOJS`KNr}ST�LG&a
s
OJE,G�a@G&Ie_�a,G���S`HJHJd@G�rT_Np<S`I�wiGLPJn-_NPof4H?_NwiGLPoKNM,a[n>GLOJItE�n-_NPbG&KNIoE�S`M)H\O\Pod,IeOJST_<M[S`M[OJE,K*O^w)KNIoxNGLOLk��.KNIoE
HJ_<d@PoIeGAPoGLp<S`H\O\GLP?KNILIeG&HoH\G&HUOJE@G6� � D�O\_2_Ng)OJKNS`M�STOJHhOJK*p@sRKNM,a
s�S`n~K3��KNS}r`K*g)rTGNs0STOJHha,K*OJK�k�DFE,G4OJK*p�S`H
_Ng)OJKNS`M@G&a�g%]�d,HJS}M@p�OJE@G�K*PoIoE,S`O\G&IeOJd@PoKNr.PJGLp<S`H\O\GLPUM%d,f?giGLPh_Nn=OJE@G�H\_<d@PoIeG6PJGLp<S`H\O\GLPUKNH^KNM�S`M,a,Ge�#O\_
KNILIeG&HoH?OJE,G6f4K*w[KNHJH\_�ILS`K*O\G&a�QWSTOJE�OJE@GAItE@G&IJx�wi_<S`M%OLk�D;E@G4PJGLOJd@PtM@G&a��*KNr`d@GAS`HhOJE@GAKNa,a,PJG&HJH�_Nn~OJE@G
w�E�]�HJS`ILKNr�PJGLp<S`H\O\GLPmOJE,K*O5Ie_<M%OJKNS`M,Hb�-_NPmQ;S`r`r�Ie_<M�OJKNS}M��=OJE,GUa,K*OJK�n-_NPmOJE@G?PoG&c%d@G&HJO\G&a HJ_<d@PoIeGUPJGLp<S`H\O\GLP&k
D;E,S`H=�*KNr`d@G�H\GLPo�NG&H;KNHWOJE@G�OJK*p@k~�$KNIoE a@G&H\OJS}M,K*OJST_<M�PJGLp<S`HJO\GLPWKNILIeG&HJH\G&HqOJE@G?� � D�O\_6KNr`rT_�ILK*O\G?K4M@GLQ
w�E�]�HJS`ILKNr=PoGLp<S`H\O\GLP&k�DFE@G�KNa,a@PJG&HJH4_Nn5OJE,S`Hbw)E%]�HJS`ILKNr=PJGLp<S}H\O\GLP6S`H4OJE@G&MCd,HJG&a�O\_�d,wia)K*O\G�OJE@G�f4K*w
KNHoH\_�ILS}K*O\G&a6QWSTOJE4OJE@GmIoE,G&IJx�w:_<S}M�OLk9DFE)S`H9S`HlKNILIe_<fbw)r`S}HJE@G&a4g�]bQFPoS`OJS`M@p5OJE@GmKNa,a@PJG&HoH9_Nn
OJE@Gqw)E%]�HJS}ILKNr
PoGLp<S`H\O\GLP=S`M%O\_?OJE@G5f4K*w�G&M%O\PJ]AQ;E,_<H\GWS`M)a@Ge�AS`H.G&c%d,KNr:O\_UOJE@GmK*PoIoE,S`O\G&IeOJd@PoKNr:PJGLp<S`H\O\GLP=M�d,f?g:GLPl_Nn�OJE@G
a,G&H\OJS`M,K*OJST_<M�PJGLp<S`H\O\GLP&k

� _NP9f4KNIoE,S}M@G&H�OJE)K*O�Hod@w,wi_NPJO�_<d@OZ��_Nn>��_NPoa@GLP�n-GLOJIoE���a,G&Ie_�a@G���S}HJHJd@GNs�S}HJHJd@G9w�KNIJxNGLOJH9f4K3]�giG.a@Ge�
Ie_�a@G&a�_<d@O._Nn
w,PJ_NpNPoKNf�_NPoa@GLP3k0 vE@G&M�K�w)KNIoxNGLOFIe_<M,HJS`HJOJS`M@p�_Nn
wi_<H\OZ��E@_<r`GWS`M,HJO\Pod,IeOJST_<M,H$S`H.a,G&Ie_�a@G&a�s
OJE,G4a@G&Ie_�a,G���S`HJHJd@GbrT_Np<S}Ibf4K&]#M@_NO5x�M@_3Q¡n-_NPhIeGLPJOJKNS`M#QWE,S`IoE#S`M)H\O\Pod,IeOJST_<M)HWOJE,Gbw:_<HJOZ��E@_<rTGbS`M,H\O\Ptd,I¢�
OJS`_<M,H~K*PJG5a@GLwiG&M,a@G&M%O._<M
k9D;E@Gqa,G&Ie_�a@G���S}HJHJd@GmrT_Np<S`IqKNHJHJd,f4G&H.OJE)K*OlOJE,Gqwi_<H\OZ��E,_<rTGqS}M,H\O\Pod,IeOJS`_<M,H$K*PJG
M,_NO�a@GLwiG&M,a@G&M%OW_<M�E,_<rTGbS`M,H\O\Pod)IeOJST_<M,HLk � r`r0PJGLp<S`H\O\GLP�a,GLw:G&M)a@G&M,ILSTG&HmK*PJGbKNHJHJd)fbG&a#O\_�giGUgiGLO(Q.GLG&M
wi_<H\OZ��E,_<rTG6S`M)H\O\Pod,IeOJST_<M)H�KNM,a�_NOJE@GLP^w:_<HJOZ��E@_<rTGAS`M)H\O\Pod,IeOJST_<M)HLs�_NPUgiGLO�QlGLG&M[w:_<HJOZ��E@_<rTG6S}M,H\O\Pod,IeOJS`_<M,H
KNM)a2w,PoGe��E@_<rTG?S}M,H\O\Pod,IeOJS`_<M,HLkF�FGLp<S}H\O\GLPmPJG&M,KNf4S`M,pAS`HWw:GLPon>_NPof4G&a2KNHqOJE@_<d@p<E�OJE@G^E@_<rTG?S}M,H\O\Pod,IeOJS`_<M,H
a,_AM@_NO=Ge�@S`H\OLk

£ K*O\GLP&sFQ;E,G&M�OJE@G#E@_<rTG S`M,H\O\Pod)IeOJST_<M,H4K*PJG#a@G&Ie_�a@G&a
s=OJE@G�PJGLp<S`H\O\GLP�a@GLwiG&M,a@G&M)ILSTG&H4_Nn5OJE@G
wi_<H\OZ��E,_<rTGbS`M,H\O\Pod)IeOJST_<M,HqILKNM#g:G^Ie_NPJPJG&IeOJr`]�Ie_<fbw)d,O\G&a
s�KNM,a
s
STn$M,G&IeG&HJHJK*PJ]�PJGLw)KNSTPJG&a�k?V�_<fbG^_Nn$OJE@G
wi_<H\OZ��E,_<rTG;S`M,HJO\Pod,IeOJST_<M,H$f4K&]bgiGFa@GLwiG&M,a@G&M%O9_<MAOJE@G;E@_<rTGWS`M,H\O\Pod)IeOJST_<M,HLk9V�d@w,wi_<H\G~OJE,K*OlK�wi_<H\OZ��E@_<r`G
S}M,H\O\Pod,IeOJS`_<M�S`HW_<M,rT]�a@GLwiG&M,a@G&M%OF_<M KAHJS`M,p<rTGhE@_<rTG?S`M,H\O\Pod)IeOJST_<M
k~ ¤E,G&M2OJE@G?wi_<H\OZ��E@_<rTGhS}M,H\O\Pod,IeOJS`_<M
Q~KNHha,G&Ie_�a@G&a�s�STO5w)S`IoxNG&a�d@w�OJE@GbQFPJ_<M,p�OJK*p2n>_NP5OJE@G4HJ_<d@PoIeGbPJGLp<S`HJO\GLP�_NwiGLPoKNM,a OJE,K*Oha@GLwiG&M,a)HW_<M
OJE,G�E@_<r`GAS`M,H\O\Ptd,IeOJST_<M
k��;K*OJE@GLPUOJE,KNM�w)S`Iox�S`M,p�d@w�OJE@G6OJK*p�n-_NPUOJE@GA�*KNr`d@G4w)PJ_�a)d,IeG&a�g�]�OJE@G6E@_<r`G
S}M,H\O\Pod,IeOJS`_<M
s@STO=w)S`IoxNG&a�d@w�OJE@G5OJK*p6n>_NPWKb��KNr}d@G5w,PJ_�a,d,IeG&a�g�]�Kbw)PJGe��E@_<rTG�S`M)H\O\Pod,IeOJST_<M�k

D�_qu,�UOJE,S`HLsNa,d,PoS`M@pW_Nw:GLPtKNM,aUn>GLOJItE
s�n-_NPRG&KNIoE4S}M,H\O\Pod,IeOJS`_<M?S`M^KNMbS`HoHJd@Glw)KNIJxNGLOLs%OJE@GFS`M,H\O\Ptd,I¢�
OJS`_<M
{|H5a@G&H\OJS`M)K*OJST_<M2PoGLp<S`H\O\GLP�KNILIeG&HJH\G&H�OJE@Gb� � D¥O\_�_Ng,OJKNS`M OJE@G^OJK*p�n-_NPmOJE@G?¦�§\¨L©3ª	«*¬�­bª>®@­e¯�°*®�±¢¨q_Nn
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OJE)K*O$K*PoIoE)STO\G&IeOJd@PoKNr@PoGLp<S`H\O\GLP&k � HRgiGLn>_NPJGNs�OJE@G;a@G&H\OJS}M,K*OJST_<M^PJGLp<S`HJO\GLP$KNr`H\_�KNILIeG&HJHJG&H9OJE@G;� � D�O\_hKNr`r`_*�
ILK*O\G^K4M@GLQ³w)E�]�HJS`ILKNriPoGLp<S`H\O\GLP&s,O\_A_Ng,OJKNS`M�OJE@GhOJK*pAKNHJH\_�ILS`K*O\G&a�QWSTOJE�OJE,K*OFw�E�]�HJS`ILKNriPJGLp<S}H\O\GLPZ´µOJE,K*O
S}HLsNO\_5_Ng,OJKNS`M^OJE@G=OJK*p5n-_NPROJE@Gh±&¬�§¢§J¨e®)¯�ª>®,­¢¯�°*®�±¢¨�_Nn�OJE@GFK*PoIoE)STO\G&IeOJd@PoKNr�PJGLp<S}H\O\GLPZ´¤KNM,a^O\_�d,wia)K*O\G.OJE@G
ItE@G&IJx�wi_<S`M%O\G&a�fAK*w�k � r`r)S`M,H\O\Pod)IeOJST_<M,HROJE,K*O~K*PJGW]N_<d,M@pNGLPlOJE,KNM4OJE@GWp<ST�NG&M�S`M,H\O\Pod)IeOJST_<M4ILKNM6_<M,rT]^giG
a,GLw:G&M)a@G&M�Ol_<M�OJE@G5ILd@PJPoG&M�O=S`M,HJOJKNM,IeGNkRDFE@GL]6ILKNM)M@_NO~g:Gma@GLwiG&M,a@G&M%Ol_<M�OJE@Gmw,PJGL��ST_<d,HlS`M,H\OJKNM,IeGNkRY�n
OJE,GL]UE,K3�NG;H\_<d@PtIeG=PJGLp<S`H\O\GLPR_NwiGLPoKNM,a)H�QWE@_<H\G=OJK*p<H9K*PJG=G&c�d,KNr@O\_5OJE,G=OJK*p5n>_NP9OJE,Glw)PJGL��S`_<d,HRS`M,H\OJKNM)IeGNs
OJE,_<H\Gh_NwiGLPoKNM,a)HFE,K&�NGUOJE@G�Q;PJ_<M@p4OJK*p<HLk=DFE,G�OJK*p<Hqn>_NPWOJE@_<H\G�_NwiGLPoKNM,a)HFf?d)H\OFgiG�PJGe��QFPtSTO\O\G&M�Q;S`OJE
OJE,GhIe_NPJPJG&IeOWOJK*p4��KNr}d@GNy,S	k@GNkTs,OJE@Gh��KNr`d,G5_Nn�OJE@GhOJK*p4n>_NPWOJE@G�ILd@PJPoG&M�OFS`M)H\OJKNM,IeGNk

D;E@G4OJK*p<H^n-_NP?OJE@G6_NwiGLPoKNM,a,H?K*PJGAPJGe��Q;PoSTO\O\G&M[d,HJS`M@p�K�O\G&IoE)M,S`c�d@GAOJE,K*O^S`H?HJS`f4S`r}K*P5O\_�OJE@G
O\G&ItE,M,S`c�d@G�d,HJG&avO\_�PJGe��QFPoSTO\G#OJE@G�QWE@G&M,IeG u)G&r`a,H&k¶��V�GLG�OJE@G��NGLPo]µG&M,av_Nn4V�G&IeOJST_<M³·%k`�*k¸j�n>_NP�K
a,G&HJIePoSTw,OJS`_<M�_NnWOJE@G�O\G&ItE,M,S`c�d@G�d,HJG&a�O\_�PJGe��QFPoS`O\G�OJE@G�Q;E@G&M,IeG�u�G&r`a,HLk¹�� ¤E,G&M�K�M@GLQºw)KNIoxNGLO6S`H
S}HJHJd@G&a
s�G&KNIoE�S`M,H\O\Ptd,IeOJST_<M�S`M#OJE@G6w)KNIJxNGLOUg,PJ_<KNa)ILKNH\OJH�OJE@GAOJK*p2n-_NPhOJE@G4w)PJGL��S`_<d,H�S`M,HJOJKNM,IeGbO\_2OJE@G
S}M,H\O\Pod,IeOJS`_<M,HhH\O\_NPoG&a[S}M�OJE@G�X;_�a@G�D�K*g�rTG&HLk#�$KNIoE�S`M)H\O\Pod,IeOJST_<M�KNr`H\_ g,PJ_<KNa,ILKNHJOJH?OJE,G6OJK*p#n-_NP?OJE@G
ILd,PJPJG&M%O~S}M,H\OJKNM,IeGNs@KNH~QlG&r`r�KNH~OJE,GmM�d,f?giGLP._Nn�OJE@Gmn-d,M)IeOJST_<M,KNr)d)M,STOlQ;E@_<H\GqOJK*pbg)d,HlKNM,a�PJG&HJd,r`O.g)d)H
QWS`r`r
giGhd,HJG&a�O\_6a)S`H\O\PoSTg�d@O\GmOJE@G?S`M)H\O\Pod,IeOJST_<M�{|H=OJK*p�KNM)a2a,K*OJKA��KNr`d,GNk � HWOJE@Ghw)KNIoxNGLO5S`HFS`HJHod@G&a
s)STOJH
K*pNGmS`H9Ie_<f4w)K*PJG&a6O\_hOJE@G;K*pNG&HZ´µQ;E,S`ItE6K*PoG;H\O\_NPJG&a�S`MbOJE@G;Y�HJHod@G;»�KNIJxNGLO � pNGW�FGLp<S}H\O\GLPoHm�-Y�» � �;Ht��´
_NnqOJE@G�_NOJE@GLPAw)KNIJxNGLOJH6H\O\_NPJG&a�S`M[OJE@G�XW_�a,G�D�K*g)r`G&HLk � _NP�KNr`r~S`M,H\O\Ptd,IeOJST_<M,HUS`M�w)KNIoxNGLOJH4OJE,K*O4K*PJG
]N_<d)M@pNGLPhOJE,KNM#OJE,Gbw)KNIJxNGLO?g:G&S}M@p�S`HJHJd@G&a�siKNM)a�OJE,K*O�E,K3�NGAH\_<d@PoIeGbPoGLp<S`H\O\GLP�_NwiGLPoKNM,a)HmQ;E@_<H\G^OJK*p<H
fAK*OJIoE#_<M@GU_Nn9OJE@GUOJK*p<Hmn>_NPmK6w,PJGL��ST_<d,HqS`M,H\OJKNM,IeGNs:OJE@G^f4K*OJIoE)S`M@p�OJK*p<HqK*PoGU_��NGLPJQFPoS`O\O\G&M�QWSTOJE�OJE@G
Ie_NPoPJG&IeO�PJG&M,KNf4G OJK*p<H&y?S	klGNkTsWOJE,G OJK*p<H�n>_NP�OJE@G�ILd@PoPJG&M�O�S`M)H\OJKNM,IeG&HLk�YZMvKNa,a,STOJS`_<M
sFOJE@G#Q;E@G&M)IeG
u�G&r`a,H~n-_NPFOJE@G�_NwiGLPoKNM,a)H~Q;STOJE�f4K*OJItE,S`M@pbOJK*p<HWK*PJG�_3�NGLPoQFPoSTO\O\G&M�QWSTOJE�OJE@GhIe_NPJPoG&IeOFn-d)M,IeOJST_<M,KNr
d,M)STO
M�d,f?giGLPoHLy@S	k�GNkTs@OJE@Gmn-d,M)IeOJST_<M,KNr:d,M,STO~M%d)fhgiGLPoH.OJE,K*O~Q.GLPoG5g,PJ_<KNa,ILKNH\O=KNrT_<M,pUQWSTOJE�OJE@GmOJK*p<H=n>_NP~OJE@G
ILd,PJPJG&M%O;S`M,H\OJKNM)IeG&HLk
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� _NP$w)PJ_�IeG&HoH\_NPoH�OJE,K*O9S`f4w)rTG&fbG&M%O�_<d,OZ��_Nn}��_NPoa,GLP9n>GLOJItE���a@G&Ie_�a@G���S`HJHod@G;d,HJS}M@pWOJE,GFKNHJHJd,fbG=a@Ge�
wiG&M,a,G&M,IeGWa@GLwiG&M,a,G&M,Ie]bE,KNM,a,r`S}M@pmO\G&IoE,M,S}c%d@GNs�wi_<H\OZ��E@_<rTGqS`M,H\O\Ptd,IeOJST_<M,H9K*PoGqM@_NOlKNr`rT_�Q.G&a6O\_?Ge��G&ILd@O\G
d)M�OJS`r%OJE@G~E@_<rTGla,S`HJK*w,wiG&K*PoH&k0ÒmM,rT]mw,PoGe��E@_<rTG.S}M,H\O\Pod,IeOJS`_<M,H�K*PJG~KNr`rT_�Q.G&aUO\_mGe��G&ILd@O\GNkRDFE@G.S}M,H\O\Pod,IeOJS`_<M
HoIoE@G&a,d)r`S`M@p�rT_Np<S}I;fUd,H\O$giG;f4_�a,STu)G&a4H\_?OJE,K*O$_<M,r`]bw,PJGe��E@_<rTGWS`M,H\O\Pod)IeOJST_<M,H9K*PJGqKNr`rT_�Q.G&a6O\_?HJItE@G&a,d,r`G
n-_NP$Ge��G&ILd@OJST_<M�k�D�_hgiGFfb_NPoGFw,PJG&ILS`HJGNs<OJE@G;S`M)H\O\Pod,IeOJST_<MbHoIoE@G&a,d)r`S`M@p5rT_Np<S`I=fUd,H\O$g:GFf4_�a,STu)G&abH\_�OJE,K*O
_<M)rT]^OJE@G;S`M,HJO\Pod,IeOJST_<M,H�OJE)K*O.K*PJGF_<r}a@GLP9OJE,KNM �-_NPlKNH$_<r`a4KNHt�ROJE@GF]N_<d,M@pNG&HJO$w,PJGe��E,_<rTG;S`M,HJO\Pod,IeOJST_<MbK*PJG
KNr}rT_3QlG&a�O\_AHoIoE@G&a,d)rTGmn>_NPWGe��G&ILd@OJS`_<M
k

�&���



DFE@G6V�G&c%d@G&M)IeGAXWd)fhgiGLP5YZM@n>_NPtf4K*OJST_<M�D0K*g)rTG2��V�XWYZDW�mS`H5d,HJG&a�O\_�xNGLGLw[O\PoKNIJx#_Nn~OJE@GAH\Ge�
c�d@G&M,IeGUM%d)fhgiGLP;_NnROJE,Gh]N_<d,M@pNG&HJOWw,PoGe��E@_<rTGhS`M)H\O\Pod,IeOJST_<M�k � STp<d@PoGU·%k`�&�AHoE@_3Q;HqKNM�Ge��KNfbw�rTGUV�XWY�D�k
D�_�a@GLO\GLPof4S`M,GhOJE@GUH\G&c%d,G&M,IeGUM�d,f?giGLP;_Nn9OJE@G?]N_<d,M@pNG&H\Oqw,PJGe��E,_<rTG?S`M)H\O\Pod,IeOJST_<M�s,OJE@GUG&M�O\PoS`G&H;_NnROJE@G
V@X;YZDÓK*PJG6HJILKNM,M@G&a
s�H\OJK*PJOJS}M@p�Q;STOJE�OJE,GAG&M%O\PJ]�S`M,a,S`ILK*O\G&a�g%]#OJE@GAE,G&KNa�Ie_<d,M%O\GLP&s0w,PJ_�IeGLG&a,S`M@p�O\_*�
Q~K*Poa,HlOJE@GWG&M�O\Po]AS`M,a,S}ILK*O\G&a4g�]4OJE@G;OJKNS}r�Ie_<d,M%O\GLP&s@KNM,a6G&M,a,S`M,p�Q;STOJE6OJE@GFu�PoH\O$G&M%O\PJ]4QWE@_<H\GWa,G&Ie_�a@G
g�STO?S`H?PJG&H\GLOLk�XW_NO\G�OJE,K*OUOJE@G�G&M�O\PoS`G&H?K*PJG�HJILKNM)M@G&a�S}M�OJE@G�_NPoa@GLPU_NnF_<r`a,G&H\O?O\_#]N_<d,M,pNG&H\OLs9Q;E@GLPoG
OJE,GU_<r}a@G&H\O;G&M%O\PJ]2S}HWa@Geu:M@G&a�KNHqOJE@GUG&M%O\PJ]2OJE,K*OmIe_<M%OJKNS`M,HqOJE@G^S`M@n-_NPof4K*OJST_<M2PJGLp<K*Poa,S`M,p6OJE@GU_<r`a@G&HJO
S}M,H\O\Pod,IeOJS`_<MAS`MAOJE@GWf4KNItE,S`M@GNs�KNM,a6OJE@Gq]N_<d,M@pNG&H\OlG&M�O\Po]4S`H.a,Geu�M@G&aAKNHlOJE@GWG&M�O\Po]4OJE,K*O~Ie_<M�OJKNS`M)H$OJE@G
S}M@n>_NPtf4K*OJST_<M�PoGLp<K*Poa,S`M@p2OJE@GA]N_<d,M,pNG&H\OUS}M,H\O\Pod,IeOJS`_<M�S`M�OJE@G�f4KNIoE)S`M@GNk�DFE@G6H\G&c%d,G&M,IeG�M�d,f?giGLP�_Nn
OJE,G�]N_<d,M@pNG&H\O;w,PJGe��E@_<rTG�S}M,H\O\Pod,IeOJS`_<M�S}H=G&c%d)KNriO\_4_<M@GhrTG&HoH=OJE,KNM�OJE@G�HJG&c%d@G&M)IeGhM%d)fhgiGLPFKNHJH\_�ILS`K*O\G&a
QWSTOJE�OJE@G5G&M%O\PJ]�OJE,K*OFG&M,a,G&a�OJE@GhHJILKNM
k.DFE,S`H~H\G&c�d@G&M,IeGhM�d,f?giGLPFS`H;j^S`M�OJE@G�u)p<d@PJGNk

Tail

Head

Youngest
Pre-Hole

Instruction Sequence Number 2:

Sequence Number 3:

Sequence Number 4:

Sequence Number 5:

Checkpoint

Sequence Number N:

Decode

Sequence Number 1:

1

1

1

1

0 Don’t Care

9

New Issue Packet

32

17

52
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Ú GLn>_NPoG.KFM@GLQ[S`HJHJd,G0w�KNIJxNGLO�S`H�S`HJHod@G&a5S`M%O\_FOJE@G$f4KNItE,S`M@GNs�OJE@G$a@G&Ie_�a@G���S`HoHJd@G$rT_Np<S}IRILKNr`ILd,r`K*O\G&H
QWE,K*O?OJE,G�H\G&c�d@G&M,IeG�M�d,f?g:GLP?_NnFOJE@G�]N_<d,M@pNG&H\O^w,PoGe��E@_<rTG6S}M,H\O\Pod,IeOJS`_<M�Q;S`r}rRgiG�K*n-O\GLP^OJE,K*O?w�KNIJxNGLO
E)KNHmg:GLG&M#S`HoHJd@G&a
kmYZM�OJE,G?u�p<d@PJGNs
OJE@GbM@GLQ¡S`HJHod@Ghw)KNIoxNGLOhIe_<M,HJS}H\OJHq_Nn.K�HJS`M@p<r`GUS`M)H\O\Pod,IeOJST_<M�Q;E@_<HJG
HJG&c%d@G&M)IeG�M�d,f?g:GLPUS`H?��k�DFE,S`H?S`M,H\O\Pod)IeOJST_<M�S`H?K2E@_<rTG�S`M,H\O\Ptd,IeOJST_<M
s0HJS`M,IeG�KNM�S`M)H\O\Pod,IeOJST_<M�OJE,K*O?S`H
]N_<d)M@pNGLP�OJE,KNM¤STO#��S�k.GNkTsFOJE,G#S}M,H\O\Pod,IeOJS`_<M�Q;E@_<H\G#H\G&c�d@G&M,IeG�M�d,fhgiGLP�S`H�j<�6E,KNH�KNrTPJG&KNa,]�w)KNHJH\G&a
OJE,PJ_<d@p<E�OJE@GWu)PoH\OlH\OJK*pNG5_Nn�OJE@GmS`M,H\O\Ptd,IeOJST_<MAa,G&Ie_�a@Gmw)S`w:G&r}S`M@GNk � n>O\GLP~OJE,S}H.M@GLQvw)KNIoxNGLOFE,KNH~S`HJHJd,G&a
s
OJE,GhH\G&c�d@G&M,IeGhM�d,f?g:GLP=_Nn0OJE@G�]N_<d)M@pNG&H\OFw,PoGe��E@_<rTG�S`M,HJO\Pod,IeOJST_<M�Q;S`r}r�giGhj�k

�&�N�



 ¤E,G&M�OJE@G5M@GLQ�S`HJHJd@Gqw)KNIoxNGLO;S`H~S`HJHJd,G&a6S`M%O\_^OJE@G�f4KNItE,S`M@GNs�OJE@G5K*pNG5_Nn0OJE@Gm]N_<d,M@pNG&H\O=w,PoGe�
E,_<rTG�S`M,H\O\Ptd,IeOJST_<M���S	k@GNkTs,OJE,G�H\G&c%d,G&M,IeGhM�d,fhgiGLP=_Nn0OJE@G�]N_<d,M,pNG&H\OFw,PJGe��E,_<rTG5S`M,H\O\Pod)IeOJST_<M�ILKNr`ILd,r`K*O\G&a
KNHWa@G&HJIePoS`g:G&a�S`M�OJE@G5w)PJG&IeG&a,S`M@p^w)K*PtK*pNPoK*w)E��lS`H=Ie_<f4w)K*PJG&a�O\_4OJE,G�K*pNG&H�´µQ;E,S}IoE�K*PJG�HJO\_NPJG&a2S`M�OJE@G
YZHJHJd,GA»�KNIJxNGLO � pNG��FGLp<S`HJO\GLPoH6�-YZ» � �WHt��´µ_NnFKNr`rROJE,GAw)KNIoxNGLOJHUHJO\_NPJG&a�S`M�OJE@GAXW_�a@G6D�K*g)r`G&HLk��.KNIoE
ItE@G&IJx�wi_<S`M%O6KNr`rT_�ILK*O\G&a�O\_�K�w)KNIJxNGLO6OJE,K*OAS`Hb_<r}a@GLPbOJE,KNM³�-_NP�KNH4_<r`a�KNHt�^OJE@G�]N_<d,M@pNG&HJO4w,PJGe��E@_<r`G
S}M,H\O\Pod,IeOJS`_<M KNr}rT_3Q;H5S`OJH5S`M,H\O\Pod)IeOJST_<M,HWO\_�g:GbHJItE@G&a,d,r`G&a
k?�.KNIoE�ItE@G&IJx�wi_<S`M�O�KNr}rT_�ILK*O\G&a#O\_�K6w�KNIJxNGLO
OJE)K*OmS}H;]N_<d,M,pNGLPqOJE)KNM�OJE,G?]N_<d,M,pNG&H\OWw)PJGe��E@_<rTG^S`M,H\O\Ptd,IeOJST_<M�S`M)E,STg)STOJH;STOJHWS}M,H\O\Pod,IeOJS`_<M,H=n-PJ_<f¶g:G&S}M@p
HoIoE@G&a,d)rTG&a
k � H0K;PJG&Hod,rTO�_Nn,OJE)S`HLs�_<M,rT]mw,PJGe��E@_<r`G.S`M,HJO\Pod,IeOJST_<M,H�K*PJGlKNr}rT_3QlG&ahO\_mHJItE@G&a,d,rTG.KNM,ahGe��G&ILd@O\GNs
KNM)a^w:_<HJOZ��E@_<rTG~S`M,H\O\Pod)IeOJST_<M,H0K*PJGFM@_NORKNr`rT_�Q.G&a^O\_5HJItE@G&a,d,rTG=KNM,aUGe��G&ILd@O\GFd,M%OJS`r�OJE@G=E@_<rTG~a,S`HJK*w)w:G&K*PtHLk

¼0½>¾�½>Û Ü6Î�Ý9È*Ã�Ì!ò
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».E�]�HJS`ILKNr;PJGLp<S`H\O\GLP6Q;STOJE,E@_<r}a,S`M@p�KNM,aµIoE@G&Iox%wi_<S`M%OAQ;S`OJE,E@_<r`a,S}M@p K*PoG�M@GLG&a@G&aCO\_�w)PJGL�NG&M�O
a,G&KNa,rT_�IJx�S`M�f4KNItE,S`M@G&HAG&c%d)STw,wiG&a[Q;STOJE�_<d@OZ��_Nn>��_NPoa@GLP�n-GLOJIoE���a@G&Ie_�a@G���S`HoHJd@GNkv ¤E,G&M�K�wi_<H\OZ��E@_<r`G
S}M,H\O\Pod,IeOJS`_<M�S`H�S`HJHod@G&a
s�OJE@G4fAKNIoE,S`M,GAf?d)H\O5p<d,K*PoKNM%O\GLG6OJE)K*OhKNr`r9E@_<r`G4S`M,H\O\Pod)IeOJST_<M,HqOJE,K*O?r`_Np<S`ILKNr`rT]
w)PJG&IeG&a@G=OJE,K*O�wi_<H\OZ��E@_<rTG=S`M)H\O\Pod,IeOJST_<M?Q;S`r}r�E,K3�NGFOJE@G~w)E%]�HJS}ILKNr%PoGLp<S`H\O\GLPoH�KNM,abItE@G&IJx�wi_<S`M�OJH�OJE,GL]UM@GLG&a
O\_Ag:G�S}HJHJd@G&a�S`M%O\_bOJE@Ghf4KNItE,S`M@GNkRY�n0OJE,S`H~p<d,K*PoKNM%O\GLG?S}H=M@_NOFfbGLOLs,OJE@G�fAKNIoE,S`M,G5Q;S`r`ria@G&KNa,r`_�Iox�åROJE@G
wi_<H\OZ��E,_<rTG=S`M,H\O\Pod)IeOJST_<MUQ;S`r`r%M@_NORPJGLOJSTPJG¢´vKNM,a^E@G&M,IeGNs<PJG&r`G&KNH\G=OJE@G~w)E%]�HJS}ILKNr%PoGLp<S`H\O\GLP9KNM,abItE@G&IJx�wi_<S`M�O
KNr}rT_�ILK*O\G&a�O\_bSTO�´vd,M�OJS}r,OJE@G5E@_<rTGmS`M,HJO\Pod,IeOJST_<M,H.E,K&�NG5PoGLOJSTPJG&a
s�]NGLO=OJE@G5E@_<rTGmS`M,H\O\Ptd,IeOJST_<M,H.ILKNM,M@_NO~giG
S}HJHJd@G&a�giG&ILKNd,H\GhOJE@GL]�a,_<M
{æOFE,K&�NG?OJE@G�PJG&c�d,STPoG&a6w�E�]�HJS`ILKNriPJGLp<S}H\O\GLPoHFKNM,a2IoE@G&Iox%wi_<S`M%OJHLk

D�_bp<d)K*PoKNM�O\GLG?OJE,K*OFKNr`r
E@_<r`GmS}M,H\O\Pod,IeOJS`_<M,H$OJE)K*OFrT_Np<S`ILKNr`rT]6w,PJG&IeG&a@G5OJE,G5w:_<HJOZ��E@_<rTG5S`M,H\O\Ptd,I¢�
OJS`_<M�QWS`r`r�E)K&�NG^OJE@GUw)E�]�HJS`ILKNr�PJGLp<S`HJO\GLPoHqOJE@GL]2M@GLG&a O\_�giG?S`HJHod@G&a2S`M%O\_�OJE@Gbf4KNIoE,S}M@GNs�OJE,G^fAKNIoE,S`M,G
QWSTOJE,E@_<r`a)H=_<M@Ghw�E�]�HJS`ILKNr
PoGLp<S`H\O\GLPqw:GLPqE@_<rTGhS}M,H\O\Pod,IeOJS`_<M�Q;E@G&M@GL�NGLPmSTO;S}HJHJd@G&HWK4wi_<H\OZ��E@_<rTGUS`M,H\O\Ptd,I¢�
OJS`_<M
kà�$�NGLPJ]µS`M)H\O\Pod,IeOJST_<MµPJG&c�d,STPJG&H�Ge�@KNIeOJrT]¤_<M@G#w)E�]�HJS`ILKNrqPJGLp<S}H\O\GLP�Q;E@G&MvSTO�S`H�S`HJHod@G&a
s;H\_�OJE@G
fAKNIoE,S`M,G�ILKNM�Ie_<fbw�d@O\G6OJE,G6Ge�@KNIeO4M%d)fhgiGLPU_NnFw)E%]�HJS}ILKNr9PJGLp<S`HJO\GLPoHUOJE,K*O^Q;S`r`rRgiG�M@GLG&a@G&a�n>_NP^OJE@G
E,_<rTGWS`M)H\O\Pod,IeOJST_<M)HLk � H~a@G&HJIePoS`g:G&aAS`M�V�G&IeOJS`_<M�·%k¸j�k¸��s@OJE@Gqn-GLOJIoE�g)d�çiGLP&{|H$u)PoH\O.PJG&KNa@]bwi_<S`M%O\GLP.ILKNM�giG
d)H\G&a�O\_4G&STOJE,GLPFG&H\OJS`f4K*O\Gh_NPWIe_<fbw)d,O\G5OJE@G�O\_NOJKNr�M�d,f?giGLP=_Nn�E,_<rTG5S`M,H\O\Pod)IeOJST_<M,HLk

D�_bp<d)K*PoKNM�O\GLG?OJE,K*OFKNr`r
E@_<r`GmS}M,H\O\Pod,IeOJS`_<M,H$OJE)K*OFrT_Np<S`ILKNr`rT]6w,PJG&IeG&a@G5OJE,G5w:_<HJOZ��E@_<rTG5S`M,H\O\Ptd,I¢�
OJS`_<M2Q;S}r`r
E,K&�NG^OJE@GUIoE@G&Iox%wi_<S`M%OJHWOJE@GL]2M@GLG&a2O\_6giG?S}HJHJd@G&a�S}M�O\_6OJE@G?f4KNItE,S`M@GNs�OJE@G^f4KNIoE,S}M@G�Q;STOJE@�
E,_<r`a,H�H\_<fbG=_NniSTOJHRIoE,G&IJx�w:_<S}M�OJHRn-_NPROJE@G=E@_<rTG=S`M)H\O\Pod,IeOJST_<M)H�QWE@G&M@GL�NGLP9STORS`HJHod@G&H�Kmw:_<HJOZ��E@_<rTG=S`M,H\O\Ptd,I¢�
OJS`_<M
k9DFE@G5f4KNItE,S`M@Gqx�M,_3Q;H=E@_�Q�f4KNM%]6E@_<rTGmS`M,HJO\Pod,IeOJST_<M,H.OJE@GLPJG5K*PJGNk.èWM@n-_NPJOJd,M)K*O\G&rT]Ns@STO=a@_%G&H~M@_NO
x�M@_�Q�E@_3Q�f4KNM%]AIoE,G&IJx�w:_<S}M�OJH~Q;S}r`r,giGWM,GLG&a@G&a�n>_NP~OJE@G&H\G5E@_<r`GqS`M)H\O\Pod,IeOJST_<M)HLs�HJS`M)IeGWOJE@GmM�d,fhgiGLPl_Nn
S}M,H\O\Pod,IeOJS`_<M,H~OJE,K*O;ILKNM�u�OF_<M�K4ItE@G&IJx�wi_<S`M�O;��K*PoS`G&HLk
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16k Byte ICache w/ OOO FDI (Assume Independence [All])
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�F¼�½K¾�¿XÀ�Á_À=¾7¿ ¼ S`� ¿ S~Â À P ¿²Á_¼K¿²¼ s)n ¿ Q ¿ Pmf4S ¼=¼Ã¿²¼ _ À�À d@P&s Á Â)a ½K¾ d ¼ s ½K¾�¿ P ¿ S ¼ r ¿²¼K¼ _Nn Á Â ¿�¿ a ½ _
a,_ ¼ _<f ¿�½K¾ SÄÂ@p Á gi_<d ½I½K¾7¿ S~Â ¼Ã½ Pod À�½ ST_^Â À�Á_ÀY¾7¿ gi_ ½Ã½ r ¿ Â ¿²À x:k �F¼�Á P ¿²¼ d,r ½ s ½K¾7¿ w ¿ PJn-_NPof Á Â À�¿ g ¿ Â ¿ u ½
_Nn ½K¾�¿0½K¾ P ¿�¿Z¼ _<r`d ½ ST_^Â ¼�½ _ ½K¾7¿ SÄÂ ¼Ã½ Pod À�½ S`_^Â À�Á_À=¾7¿ gi_ ½Ã½ r ¿ Â ¿²À x��-_<d ½ ��_Nn}��_NPoa ¿ PWn ¿�½KÀ=¾ ��a ¿²À _�a ¿ ��S ¼K¼ d ¿ s
_<d ½ ��_Nn}��_NPoa ¿ P�n ¿�½KÀY¾ s Á Â,aµw,P ¿ n ¿�½KÀ=¾ SÄÂ@p%�ba ¿²À P ¿²Á_¼Ã¿²¼ÅÁ_¼l½K¾�¿?À�Á_À=¾�¿a¼ ST� ¿ SÄÂ À P ¿²Á_¼Ã¿²¼ k�Æ ¾7¿ f Á_À=¾ S~Â ¿
¿ c�d,STw)w ¿ a4Q;S ½K¾ _<d ½ ��_Nn>��_NPoa ¿ P~n ¿�½KÀ=¾ ��a ¿²À _�a ¿ ��S ¼K¼ d ¿FÁ_À=¾ S ¿ � ¿²¼�Á þN�^\¡p Á SÄÂAS~ÂAw ¿ Pon>_NPof Á Â À�¿ _3� ¿ P ½K¾7¿
g Á_¼Ã¿ r`S~Â ¿ f Á_ÀY¾ S~Â ¿ ��r Á g ¿ r ¿ aa�\� ¿²Á r@Y ÷ Á_À=¾7¿ Ò�Â,rT]���� Á¯½UÁ�À�Á_ÀY¾7¿�¼ S`� ¿ _Nn z xUg%] ½Ã¿²¼ k/Æ ¾ S ¼ p Á S~Â4n Á r`r ¼)½ _
ö^\ Q ¾7¿ Â ½K¾7¿0À�Á_À=¾�¿X¼ ST� ¿ S ¼ S~Â À P ¿²Á_¼Ã¿ a ½ _Aö z x6g�] ½Ã¿²¼ kUÆ ¾7¿ f Á_ÀY¾ S~Â ¿�¿ c�d,STw,w ¿ a6Q;S ½K¾ _<d ½ ��_Nn>��_NPoa ¿ P
n ¿�½KÀ=¾dÁ_À=¾ S ¿ � ¿²¼LÁ þNj^\ºp Á S~Â Á¯½LÁ-À�Á_ÀY¾7¿�¼ S`� ¿ _Nn z x�g�] ½Ã¿²¼LÁ Â,a�_^Â,rT] Á þ^\ p Á S~Â Á¯½LÁ-À�Á_ÀY¾7¿Z¼ ST� ¿ _Nn
ö z x2g%] ½Ã¿²¼ k � _NP ½K¾7¿ f Á_À=¾ S~Â ¿0¿ c%d)STw,w ¿ a�Q;S ½K¾ w)P ¿ n ¿�½KÀY¾ S~Â@p@s ½K¾7¿²¼Ã¿�½ Ql_6w ¿ P À�¿ Â ½KÁ p ¿²¼�Á P ¿ �N�^\ � z x
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Æ ¾�¿ w ¿ Pon>_NPof Á Â À�¿ _Nn Á f Á_À=¾ S~Â ¿�½K¾�Á¯½ d ¼Ã¿²¼-Á Â ¿ ç ¿²À�½ ST� ¿a¼ _<r`d ½ ST_^Â ½ _ ½K¾7¿ SÄÂ ¼Ã½ Pod À�½ S`_^Â
À�Á_ÀY¾7¿ gi_ ½Ã½ r ¿ Â ¿²À xCS ¼ r ¿²¼K¼l¼K¿ Â ¼ S ½ ST� ¿?½ _ À�Á_ÀY¾7¿Ç¼ ST� ¿?½K¾�Á Â ½K¾7¿ w ¿ PJn-_NPof Á Â À�¿ _Nn Á f Á_À=¾ SÄÂ ¿j½K¾�Á¯½
d ¼Ã¿²¼�Á r ¿²¼K¼F¿ ç ¿²À�½ ST� ¿-¼ _<r`d ½ ST_^Â
k�Æ ¾7¿ w ¿ PJn>_NPtf Á Â À�¿ _Nn ½K¾7¿ f Á_À=¾ S~Â ¿Z¿ c%d,S`w,w ¿ a�Q;S ½K¾ _<d ½ ��_Nn>��_NPoa ¿ P
n ¿�½KÀ=¾ ��a ¿²À _�a ¿ ��S ¼K¼ d ¿ a@PJ_Nw ¼ g�]��^\ Á_¼�½K¾7¿lÀ�Á_ÀY¾7¿Å¼ ST� ¿ S ¼ P ¿ a,d À�¿ a�n-PJ_<f ö z x�g�] ½Ã¿²¼�½ _ z x�g�] ½Ã¿²¼ k
Æ ¾ S ¼ w ¿ P À�¿ Â ½KÁ p ¿ S ¼ �N�]\än>_NP ½K¾7¿ f Á_ÀY¾ S~Â ¿d¿ c%d)STw,w ¿ a�Q;S ½K¾ _<d ½ ��_Nn>��_NPoa ¿ P�n ¿�½KÀ=¾ s Á Â,a��<·_\än>_NP
½K¾�¿ f Á_À=¾ S~Â ¿ ¿ c�d,STw,w ¿ a Q;S ½K¾ w,P ¿ n ¿�½KÀY¾ S~Â@p@k � _NP À _<fbw Á PoS ¼ _^Â
s ½K¾�¿ w ¿ Pon>_NPof Á Â À�¿ _Nn ½K¾�¿ g Á_¼Ã¿ r`SÄÂ ¿
f Á_À=¾ S~Â ¿ a@PJ_Nw ¼ g�]�jN�^\ Á_¼3½K¾�¿0À�Á_À=¾7¿Z¼ ST� ¿ S ¼ P ¿ a,d À�¿ a�n-PJ_<féö z x�g�] ½Ã¿²¼I½ _ z x6g�] ½Ã¿²¼ k

�ÈÀ _^Â ¼Ã¿ c%d ¿ Â À�¿ _Nn ½K¾ S ¼ n Á_À�½ S ¼X½K¾�Á¯½ S ½ S ¼ wi_ ¼K¼ STg�r ¿ ½ _ Á_ÀY¾ S ¿ � ¿�½K¾7¿Å¼KÁ f ¿ w ¿ PJn-_NPof Á Â À�¿
Á¯½�Á rT_�Q ¿ P À _ ¼Ã½ g�] ¿ c�d,STw,w)SÄÂ@p Á f Á_À=¾ SÄÂ ¿ QWS ½K¾?Á Â ¿ ç ¿²À�½ ST� ¿-¼ _<r`d ½ ST_^Â ½ _ ½K¾7¿ S~Â ¼K½ Pod À�½ ST_^Â À�Á_À=¾7¿
gi_ ½Ã½ r ¿ Â ¿²À x:k � _NP ¿ � Á fbw)r ¿ s ½K¾7¿ g Á_¼Ã¿ r`SÄÂ ¿ f Á_À=¾ S~Â ¿ QWS ½K¾+Á ö z x6g�] ½Ã¿0À�Á_À=¾7¿Z¾�Á_¼IÁ w ¿ PJn>_NPtf Á Â À�¿ _Nn
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� STp<d,P ¿�� k z ·2��V�»$� ÷ � Á Â,a � STp<d,P ¿�� k z �2��X;_^Â���V@»$� ÷ �l_Nn � w,w ¿ Â,a,ST� � k
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� S`p<d7Ï ¿ ��k¸� ¼K¾ _3Q ¼L½K¾�¿ w ¿ ÏJn-__Ïof Á Â À�¿ s
S~Â�Y@Â ¼Ã½ Ïod À�½ S`_^Â ¼ » ¿ Ï ÷ ] À r ¿ �-Y�» ÷ �ts Á � ¿ Ï Á p ¿ a�_3� ¿ Ï
Á r}r ½K¾7¿ g ¿ Â ÀY¾ f Á ÏJx ¼ �-gi_ ½K¾ V�».� ÷ Á Â)a�X;_^Â@��V�»$� ÷ �Un-__Ï4u)� ¿ f Á_À=¾ S~Â ¿²¼-Á_¼�½K¾�¿ S�Ï4n ¿�½KÀ=¾ g�d�ç ¿ Ï
¼ ST� ¿²¼ s�S~ÂaÂ�d,fhg ¿ Ïq_Nn$n ¿�½KÀ=¾ g�d�ç ¿ Ï ¿ Â ½ ÏoS ¿²¼ s Á Ï ¿ � Á ÏoS ¿ a n§ÏJ_<f z ¿ Â ½ ÏtS ¿²¼F½ _2jN� ¿ Â ½ ÏoS ¿²¼ kXÆ ¾7¿²¼K¿ u)� ¿
f Á_À=¾ S~Â ¿²¼FÁ Ï ¿�½K¾7¿$¼KÁ f ¿$Á_¼F½K¾ _ ¼Ã¿$½K¾�Á¯½ Q ¿ Ï ¿ d ¼K¿ a ½ _�p ¿ Â ¿ Ï Á¯½Ã¿ � STp<d7Ï ¿²¼ ��k`�Y����k¸j�SÄÂ V ¿²À�½ ST_^Â���k`�*k
�ÊÆ ¾7¿ ] Á r`rFd ¼Ã¿j½K¾7¿ a ¿ n Á d,r ½ �&ö�x�g�] ½Ã¿ a,S�Ï ¿²À�½ f Á w,w ¿ a[uNÏ ¼Ã½ r ¿ � ¿ rFS~Â ¼Ã½ Ïtd À�½ ST_^Â À�Á_À=¾�¿ sFQ;S ½K¾�½K¾7¿
¿ � À�¿ w ½ ST_^Â�_Nn ½K¾7¿ f Á_ÀY¾ S~Â ¿ Q;S ½K¾l½K¾7¿ w ¿ ÏJn ¿²À�½ u8Ï ¼Ã½ r ¿ � ¿ riS~Â ¼Ã½ Ïtd À�½ ST_^Â À�Á_À=¾7¿ k¹�-Æ ¾7¿ w)d7ÏJwi_ ¼Ã¿ _Nn ½K¾7¿
n ¿�½KÀ=¾ g)d�ç ¿ Ï^S ¼�½ _ À _<fbw ¿ Â ¼=Á¯½Ã¿ n>__Ï À ] À r ¿ � ½ _*� À ] À r ¿ � Á ÏoS Á Â À�¿²¼ g ¿�½ Q ¿�¿ Â ½K¾7¿ n ¿�½KÀ=¾ Ï Á¯½Ã¿�Á Â,a ½K¾7¿
S ¼K¼ d ¿ Ï Á¯½Ã¿ k £ Á ÏJp ¿ Ïln ¿�½KÀ=¾ g)d�ç ¿ Ï ¼UÁ Ï ¿ fb__Ï ¿F¿ ç ¿²À�½ ST� ¿FÁ¯½Ð½K¾ S ¼U½K¾�Á Â ¼ f Á r`r ¿ Ï.n ¿�½KÀY¾ g)d�ç ¿ Ï ¼ s<g ¿²À�Á d ¼Ã¿
½K¾�¿ ] À�Á Â ½ _<r ¿ Ï Á¯½Ã¿ r Á ÏJp ¿ Ï.� Á ÏoS Á Â À�¿²¼ k �L¼ÉÁ Ï ¿²¼ d,r ½ s Á_¼U½K¾7¿ n ¿�½KÀ=¾ g)d�ç ¿ Ï ¼ ST� ¿ S~Â À Ï ¿²Á_¼Ã¿²¼ s ½K¾7¿�Á � ¿ Ï Á p ¿
S ¼K¼ d ¿ Ï Á¯½Ã¿ S~Â À Ï ¿²Á_¼Ã¿²¼ s Á Â,a�w ¿ ÏJn-__Ïof Á Â À�¿ S~Â À Ï ¿²Á_¼Ã¿²¼ k

4 8Ñ 16 32
Fetch Buffer Size (in entries)Ò
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Perfect ICache
Ó
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Æ ¾7¿ Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ Ø_× ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿$Û�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï0× ¿�½KÀY¾�Ú~¼�¼K½ ÏKØ^Â@p<r�ßdÞ ¿�Ö9¿ Â�Þ ¿ Â ½ Ø^Â
× ¿�½KÀ=¾là Ü�ç ¿ Ï ¼KÚ � ¿ s Á_¼UÚÄ¼/½K¾7¿3Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ Ø_× ½K¾7¿ Ù Á_À=¾NÚ Â ¿IÛ�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ ÏU× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � ÚÄ¼K¼ Ü ¿_á
Æ ¾7¿LÖ9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ Ø_× ½K¾7¿ Ø ½K¾7¿ Ï ½K¾ Ï ¿�¿ Ù Á_ÀY¾�Ú Â ¿²¼ÐÚ~¼ Ø^Â,r�ß ÛÐ¿²Á¯â r�ßlÞ ¿�Ö9¿ Â�Þ ¿ Â ½ Ø^Â�× ¿�½KÀY¾Åà Ü�ç ¿ Ï ¼KÚ � ¿_á

ã*²�·



Æ ¾7¿ × ¿�½KÀ=¾äà Ü@ç ¿ Ï ¼KÚ � ¿+¼Ã¿�½K¼ Á Â�Ü Ö�Ö9¿ Ï à Ø^Ü�ÂNÞ�Ø^Â ½K¾7¿ Â�Ü�Ù à'¿ Ï$Ø_×F× ¿�½KÀY¾ Ï ¿²å Ü ¿²¼Ã½K¼$Û�Ú~½K¾
Ø^Ü ½K¼Ã½KÁ Â�Þ Ú Â,p6u8Ï ¼Ã½ r ¿�æ_¿ r Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â À�Á_À=¾7¿ Ù Ú~¼K¼Ã¿²¼F½K¾�Á¯½�½K¾7¿ Ù Á_À=¾�Ú Â ¿$À�Á Â ¼ Ü Ö�Ö Ø_Ï ½�á � Á_À=¾ × ¿�½KÀ=¾
Ï ¿²å Ü ¿²¼K½XÚ~¼�Á r`r�Ø À�Á¯½Ã¿ Þ Á × ¿�½KÀY¾<à Ü�ç ¿ Ï ¿ Â ½ ÏKß à'¿ ×§Ø_Ï ¿-Ú�½0ÚÄ¼�Ú~¼K¼ Ü ¿ Þ ½ Ø ½K¾7¿�Ú Â ¼K½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾�¿_álç × Á r}r
¿ Â ½ Ï Ú�¿²¼�Á Ï ¿$Á r}r�Ø À�Á¯½Ã¿ Þ�s Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Âj× ¿�½KÀ=¾Ç¼Ã½KÁ r}r ¼ Ü�Â ½KÚ r)Â ¿�Û�¿ Â ½ Ï Ú�¿²¼Fà9¿²À Ø^Ù ¿ Á²æ¯Á_Ú r Á¯à r ¿_á�� Â ¿ Â ½ ÏKß
ÚÄ¼ Þ ¿²Á r`r~Ø À�Á¯½Ã¿ ÞjØ^Â,r�ß Á × ½Ã¿ Ï Ú�½K¼LÁ_¼K¼KÚ p^Â ¿ ÞjÏ ¿²å Ü ¿²¼Ã½�¾�Á_¼FÀ Ø^Ù Ö r ¿�½Ã¿ Þ
s ½K¾7¿ Ï ¿²å Ü ¿²¼Ã½L¾�Á_¼�Û Ï Ú�½Ã½Ã¿ Â Á r`r Ú�½K¼
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^ÂjÞ Á¯½KÁlÚ Â ½ Ø ½K¾7¿Z¿ Â ½ ÏKßNs Á Â�Þ ½K¾7¿ Þ ¿²À Ø�Þ ¿ � ÚÄ¼K¼ Ü ¿ r~ØNp Ú~ÀX¾�Á_¼L¿ Ù Ö�½KÚ~¿ Þ ½K¾7¿�¿ Â ½ ÏKßjØ_× Á r`r Ú�½K¼
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�á%ç × Á Ï ¿²å Ü ¿²¼Ã½ Ù Ú~¼K¼Ã¿²¼�Ú Â ½K¾7¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾�¿ s Ú�½K¼�¿ Â ½ ÏKß Ú~¼ Ü�Â Á²æ¯Á_Ú r Á¯à r ¿ Ü�Â ½KÚ r Á × ½Ã¿ Ï
½K¾�¿ Ù ÚÄ¼K¼É¾NÁ_¼Uà9¿�¿ Â ¼Ã¿ Ï æ�Ú~À�¿ Þ á ë ¿ Â À�¿ s�×§Ø_Ï Á Ù Á_À=¾�Ú Â ¿�Û�Ú�½K¾�Á × ¿�½KÀY¾là Ü�ç ¿ Ï ½K¾�Á¯½�¾�Á_¼Iè � è ó�ôêé*sNã�s
á]á�á õ�� ¿ Â ½ Ï Ú�¿²¼ s Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Âl× ¿�½KÀ=¾d¼Ã½KÁ r`r ¼�Û�¾7¿ Â ¿�æ_¿ Ï ½K¾�¿ Ï ¿XÁ Ï ¿�è × ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼Ã½K¼IÛ�Ú�½K¾ Ø^Ü ½K¼Ã½KÁ Â�Þ Ú Â,p
Ù Ú~¼K¼Ã¿²¼�á

Æ ¾7¿ Ù Á_ÀY¾�Ú Â ¿FÛ�Ú�½K¾lÁXÖ9¿ ÏK× ¿²À�½ÉÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾�¿ Þ�Ø ¿²¼ Â7Ø ½É¿ � Ö9¿ Ï Ú�¿ Â À�¿LÚ Â ¼K½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾7¿
Ù Ú~¼K¼Ã¿²¼ s ¼ Ø Ú�½K¼�Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ZÚ~¼ Ø^Â,r~ß ÛÉ¿²Á¯â r�ßjÞ ¿�Ö'¿ ÂNÞ ¿ Â ½ Ø^Âa× ¿�½KÀ=¾Çà Ü@ç ¿ Ï ¼KÚ � ¿_á � Ø_Ï ½K¾7¿$àNÁ_¼Ã¿ r Ú Â ¿
Ù Á_À=¾�Ú Â ¿ ����é&ö â Ú ß ½Ã¿dç ÷ Á_À=¾7¿ Ò�Â,r�ß���� Á Â�Þ ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿�ÛLÚ�½K¾äÖ Ï ¿ × ¿�½KÀ=¾NÚ Â@p@s Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Âä× ¿�½KÀ=¾
¼K½KÁ r`r ¼LÛ�¾7¿ Â ¿�æ_¿ Ï Á × ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼Ã½ Ù Ú~¼=¼Ã¿²¼�Ú Â ½K¾7¿$Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â À�Á_ÀY¾7¿_á Æ ¾7¿²¼Ã¿X½ëÛ Ø+Ù Á_ÀY¾�Ú Â ¿²¼ Â ¿�æ_¿ Ï
¾NÁ²æ_¿ Ù-Ø_Ï ¿3½K¾�Á Â Ø^Â ¿ × ¿�½KÀY¾ Ï ¿²å Ü ¿²¼Ã½UÛ�Ú�½K¾ Á Â Ø^Ü ½K¼K½KÁ Â�Þ Ú Â@p0Ù Ú~¼K¼�á Æ ¾ Ü ¼ s ½K¾7¿²Ú Ï Ö'¿ Ï=×ìØ_Ï=Ù Á Â À�¿3Ú~¼/Á r ¼ Ø
Ø^Â)r�ß ÛÐ¿²Á¯â r~ßlÞ ¿�Ö9¿ Â�Þ ¿ Â ½ Ø^ÂÅ× ¿�½KÀY¾+à Ü�ç ¿ Ï ¼KÚ � ¿_á Æ ¾7¿ Ø^Â,r~ß�Ù Á_À=¾NÚ Â ¿²¼�½K¾�Á¯½I¼ Ü ÖNÖ Ø_Ï ½ ÙZÜ,r ½KÚ�Ö r ¿ × ¿�½KÀ=¾
Ï ¿²å Ü ¿²¼K½K¼3Û�Ú�½K¾ Ø^Ü ½K¼Ã½KÁ Â�Þ Ú Â@p-Ù Ú~¼K¼K¿²¼IÁ Ï ¿X½K¾7¿ Ù Á_À=¾�Ú Â ¿0Û�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ ÏF× ¿�½KÀ=¾dÁ Â�Þ ½K¾7¿ Ù Á_À=¾�Ú Â ¿
ÛLÚ�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï�× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � ÚÄ¼K¼ Ü ¿_á ë ¿ Â À�¿ s'Ø_× ½K¾�¿ u æ_¿ Ù Á_À=¾NÚ Â ¿²¼ s ½K¾7¿²¼Ã¿Z½íÛ Ø�Ù Á_À=¾�Ú Â ¿²¼LÁ Ï ¿
½K¾�¿ Ø^Â,r�ßÅÙ Á_À=¾NÚ Â ¿²¼�Û�¾ Ø ¼K¿0Ö9¿ ÏK×ìØ_ÏYÙ Á Â À�¿�Ú~¼3¼Ã½ Ï=Ø^Â@p<r�ßÅÞ ¿�Ö9¿ Â�Þ ¿ Â ½ Ø^Â�× ¿�½KÀY¾�à Ü�ç ¿ Ï ¼KÚ � ¿_á

��½$¼ Ù Á r}r!× ¿�½KÀ=¾îà Ü�ç ¿ Ï ¼KÚ � ¿²¼ s ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿lÛ�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ Ï$× ¿�½KÀY¾ �[Þ ¿²À Ø�Þ ¿ � Ú~¼K¼ Ü ¿�¾�Á_¼
Á r Á ÏJp ¿ Ï Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿�Á Þ æ[Á Â ½KÁ p ¿ Ø æ_¿ Ï ½K¾7¿ Ù Á_À=¾�Ú Â ¿�Û�Ú~½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ ÏZ× ¿�½KÀY¾î½K¾�Á Â Ú~½ Þ7Ø ¿²¼�Á¯½
r Á ÏJp ¿�¼KÚ � ¿²¼�áF��½F¼ Ù Á r`r ¼KÚ � ¿²¼ s ¿²Á_ÀY¾ × ¿�½KÀ=¾dà Ü@ç ¿ Ï ¿ Â ½ ÏKß Ú~¼LÁ�À Ï Ú~½KÚ~À�Á rJÏ ¿²¼ Ø^Ü7Ï À�¿_á Æ ¾7¿ Ù Á_À=¾�Ú Â ¿XÛ�Ú~½K¾
Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ ÏX× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � Ú~¼=¼ Ü ¿ Ü ¼Ã¿²¼�½K¾7¿²¼Ã¿-À Ï Ú�½KÚ~À�Á r/Ï ¿²¼ Ø^Ü7Ï À�¿²¼ Ù Ø_Ï ¿ ¿ B À�Ú�¿ Â ½ r�ß ½K¾NÁ Â ½K¾7¿ Ù Á[Ý
ÀY¾�Ú Â ¿XÛ�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ ÏF× ¿�½KÀY¾ s Á ÂNÞ ½K¾ Ü ¼ s Ú�½IÖ9¿ ÏK×§Ø_Ï=Ù ¼�à9¿�½Ã½Ã¿ Ï á Æ ¾7¿ Ù Á_ÀY¾�Ú Â ¿�ÛLÚ�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï
× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � Ú~¼K¼ Ü ¿ Þ ¿²Á r`r~Ø À�Á¯½Ã¿²¼ × ¿�½KÀY¾�à Ü�ç ¿ Ï ¿ Â ½ Ï Ú�¿²¼ Ù Ø_Ï ¿Lå Ü Ú~ÀKâ r�ß ½K¾�Á Â ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿LÛ�Ú�½K¾ Ø^Ü ½@Ý
Ø_× Ý Ø_Ï=Þ ¿ Ï�× ¿�½KÀ=¾ s à9¿²À�Á Ü ¼Ã¿FÚ�½ Þ ¿²À Ø�Þ ¿²¼ÐÁ Â�Þ ÚÄ¼K¼ Ü ¿²¼ÉÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï áÉï Ü Ú~À=â r�ß$Þ ¿²Á r`r~Ø À�Á¯½KÚ Â,p
¿ Â ½ Ï Ú�¿²¼LÚ~¼3Ú Ù Ö Ø_Ï ½KÁ Â ½ s à9¿²À�Á Ü ¼K¿XÚ�½ Ï ¿ Þ�Ü À�¿²¼3½K¾7¿ Â�Ü�Ù à9¿ Ï3Ø_× ½KÚ Ù ¿²¼�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^ÂÅ× ¿�½KÀY¾j¼Ã½KÁ r`r ¼ Þ�Ü ¿0½ Ø
Á r Á_À=â Ø_× Á²æ¯Á_Ú r Á¯à r ¿�¿ Â ½ Ï Ú~¿²¼�á Æ ¾7¿ Ù Á_À=¾�Ú Â ¿3Û�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ ÏÉ× ¿�½KÀ=¾ s�Ø^Â ½K¾7¿ Ø ½K¾7¿ Ï ¾NÁ Â�Þ
sêÞ ¿²À Ø�Þ ¿²¼
Á ÂNÞ Ú~¼K¼ Ü ¿²¼/Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼%Ú Â Ö ÏKØNp_Ï Á Ù#Ø_Ï=Þ ¿ Ï á%ç�½K¼ × ¿�½KÀ=¾-à Ü�ç ¿ Ï ¿ Â ½ Ï Ú~¿²¼!Á Ï ¿ Þ ¿²Á r`r~Ø À�Á¯½Ã¿ Þ Ú Â ½K¾7¿3¼KÁ Ù ¿
Ø_ÏYÞ ¿ Ï ½K¾�Á¯½3½K¾�¿ ß ÛÐ¿ Ï ¿XÁ r}r�Ø À�Á¯½Ã¿ Þ�s ¼ Ø Ú�½K¼I¿ Â ½ Ï Ú�¿²¼�Á Ï ¿ Â7Ø ½ Þ ¿²Á r}r�Ø À�Á¯½Ã¿ Þ Á_¼3å Ü Ú~ÀKâ r�ß á
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Æ ¾�¿ Ï ¿²¼ Ü)r ½K¼ ×§Ø_Ï ½K¾7¿LÚ Â�Þ Ú�æ�Ú Þ�Ü Á r à9¿ Â ÀY¾ Ù Á Ï â�¼!Á Ï ¿LÖ ÏKØ æ�Ú Þ ¿ Þ Ú Â � Ú p^Ü�Ï ¿ ð áòñ �ôó�»$� ÷ à9¿ Â À=¾7Ý
Ù Á Ï â�¼ � Á Â�Þ � Ú p^Ü7Ï ¿ ð á éL² �Êõ�Ø^Â Ý ó�»$� ÷ à9¿ Â À=¾ Ù Á Ï â�¼ � á

� Ø_Ï ¼ Ø^Ù ¿ Ø_× ½K¾7¿�à9¿ Â ÀY¾ Ù Á Ï â�¼ �ÊÙ Ø ¼Ã½ Â7Ø ½KÁ¯à r~ßNs À Ù Ö s Ú � Ö'¿ p@s Á Â�Þ æ Ø_Ï ½Ã¿ �,�ts Ú Â À Ï ¿²Á_¼KÚ Â,p ½K¾7¿
¼=Ú � ¿ Ø_× Á Ù Á_À=¾�Ú Â ¿_ö÷¼ × ¿�½KÀ=¾
à Ü�ç ¿ ÏXÏ ¿²¼ Ü,r ½K¼0Ú Â�r�Ø ÛÉ¿ Ï Ö9¿ ÏK×ìØ_ÏYÙ Á Â À�¿_á��L¼�½K¾7¿ × ¿�½KÀY¾�à Ü@ç ¿ Ï ¼KÚ � ¿�Ú Â Ý
À Ï ¿²Á_¼Ã¿²¼ s ½K¾�¿0Á²æ_¿ Ï Á p ¿$Ú~¼K¼ Ü ¿ Ï Á¯½Ã¿XÚ Â À Ï ¿²Á_¼K¿²¼�á Æ ¾7¿�Ú~¼=¼ Ü ¿ Ï Á¯½Ã¿XÚ Â À Ï ¿²Á_¼Ã¿²¼Ià9¿²À�Á Ü ¼Ã¿X½K¾7¿ Þ ¿²À Ø�Þ ¿ � Ú~¼K¼ Ü ¿
r~ØNp Ú~À-ÖNÁ_À=â�¼ Ù Ø_Ï ¿lÚ Â ¼K½ Ï=Ü À�½KÚ Ø^Â ¼XÚ Â ½ Ø ¿²Á_À=¾�Ú~¼K¼ Ü ¿-ÖNÁ_À=â_¿�½�á � ¿²À�Á r`r ½K¾�Á¯½Z¿²Á_À=¾�Ú~¼=¼ Ü ¿-ÖNÁ_À=â_¿�½ Ú~¼XÁ_¼@Ý
¼=Ú p^Â ¿ Þ ÁaÀ=¾7¿²À=â�Ö Ø Ú Â ½�á   Ú~½K¾ Ù-Ø_Ï ¿+Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼XÚ Â ¿²Á_ÀY¾øÚ~¼K¼ Ü ¿�ÖNÁ_À=â_¿�½ sÐÙ Ø_Ï ¿ÅÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼XÁ Ï ¿
Á_¼=¼KÚ p^Â ¿ Þ ½ Ø ¿²Á_À=¾<ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�á�ç ×!×§Ï ¿�¿ �ÊÜ�Â Á r`r~Ø À�Á¯½Ã¿ Þ�� À=¾�¿²ÀKâ�Ö Ø Ú Â ½K¼�Á Ï ¿$Ö r ¿ Â ½KÚ ×ÊÜ,r	s Ú Â À Ï ¿²Á_¼KÚ Â@p ½K¾7¿
Â�Ü�Ù à9¿ ÏÐØ_× Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ÐÁ_¼K¼KÚ p^Â ¿ Þ ½ Ø ÁZÀ=¾7¿²À=â�Ö Ø Ú Â ½3Ú~¼ Þ ¿�½ Ï Ú Ù ¿ Â ½KÁ r áR� Ù Á_À=¾�Ú Â ¿L½K¾�Á¯½I¾�Á_¼�Á r Á ÏJp ¿
Â�Ü�Ù à9¿ Ï0Ø_×�×ìÏ ¿�¿�À=¾7¿²À=â�Ö Ø Ú Â ½K¼XÚÄ¼ Â7Ø ½Xà Ø ½Ã½ r ¿ Â ¿²ÀKâ_¿ Þ à ß Á r Á_À=â Ø_× ¼Ã½ Ø_Ï Á p ¿lÀ�Á¯Ö8Á_À�Ú�½ ß Ú Â ½K¾7¿ õLØ�Þ ¿
Æ Á¯à r ¿²¼²á/ç Â À Ï ¿²Á_¼KÚ Â@p ½K¾7¿ Â�Ü�Ù à9¿ ÏÐØ_× Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ÉÁ_¼K¼=Ú p^Â ¿ Þ ½ Ø ¿²Á_À=¾�ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½IÛ�Ú r`r8Â7Ø ½3Ú Â À Ï ¿²Á_¼K¿
½K¾�¿�½ Ø ½KÁ rJÂ�ÜNÙ à9¿ Ï�Ø_× Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼É¼K½ Ø_Ï ¿ Þ Ú Â ½K¾7¿ õLØ�Þ ¿ Æ Á¯à r ¿²¼�á/ç�½IÛ�Ú r}rNØ^Â,r~ß-Ï ¿ Þ�Ü À�¿�½K¾7¿ Â�Ü�Ù à9¿ Ï
Ø_× ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼�½K¾�Á¯½LÀ Ø æ_¿ Ï ½K¾7¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼I¼Ã½ Ø_Ï ¿ Þ ½K¾7¿ Ï ¿_á   ¾�¿ Â ½K¾7¿ Ù Á_À=¾�Ú Â ¿ Â ¿�¿ Þ ¼�½ Ø�Ï ¿�ÖNÁ_Ú Ï
½ Ø Á$â Â7Ø Û Â Ö Ï ¿�æ�Ú Ø^Ü ¼Ð¼Ã½KÁ¯½Ã¿ ´Ô×§Ø_Ï ¿ � Á Ù Ö r ¿ s Û�¾7¿ Â ÁZà Ï Á Â À=¾ Ù Ú~¼ÃÖ Ï ¿ Þ Ú~À�½ÐÚ~¼ Þ ¿�½Ã¿²À�½Ã¿ Þ�´ ½K¾7¿�À=¾7¿²À=âêÝ
Ö Ø Ú Â ½K¼XÁ Ï ¿ ×ÊÜ7Ï ½K¾7¿ Ï Á¯ÖNÁ Ï ½ s ¼ Ø?Ù Ø_Ï ¿ Ü ¼Ã¿ ×ÊÜ,r Û Ø_Ï â<Ú~¼ Þ Ú~¼KÀ�Á ÏYÞ ¿ Þ á � Ø_ÏZÙ-Ø ¼Ã½ Ø_× ½K¾7¿là9¿ Â À=¾ Ù Á Ï â�¼ s
×§Ï ¿�¿dÀ=¾7¿²À=â�Ö Ø Ú Â ½K¼lÁ Ï ¿�Ö r ¿ Â ½KÚ ×ÊÜ,r	s ¼ Ø Ú Â À Ï ¿²Á_¼=Ú Â@p ½K¾7¿ Â�Ü�Ù à9¿ Ï-Ø_× Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼ Á_¼K¼=Ú p^Â ¿ Þ ½ Ø ¿²Á_À=¾
ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½LÀ�Á Â�Þ ¿ p_Ï Á Þ ¿0Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿_á

� Ø_Ï Á × ¿�ÛQà9¿ Â ÀY¾ Ù Á Ï â�¼ � Úùá�¿_á s ÀY¾7¿²¼K¼ s�Ùlð_ð â s Á Â�Þ ¼K¼ �ts Á¯½3Á × ¿�½KÀ=¾Åà Ü@ç ¿ Ï ¼KÚ � ¿ Ø_×Rú ¿ Â ½ Ï Ú�¿²¼ s
½K¾�¿ Ù Á_À=¾�Ú Â ¿aÛ�Ú�½K¾ÔÖ Ï ¿ × ¿�½KÀ=¾�Ú Â,pîØ^Ü ½ÃÖ'¿ Ï=×ìØ_Ï=Ù ¼l½K¾�¿ Ù Á_À=¾�Ú Â ¿dÛLÚ�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ Ï�× ¿�½KÀ=¾TÁ Â�Þ ½K¾7¿
Ù Á_À=¾�Ú Â ¿jÛ�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ Ïl× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � Ú~¼K¼ Ü ¿_á Æ ¾7¿ Ù Á_ÀY¾�Ú Â ¿jÛ�Ú�½K¾øÖ Ï ¿ × ¿�½KÀY¾�Ú Â@p Ö Ï ¿ × ¿�½KÀ=¾7¿²¼
¼K¿²å Ü ¿ Â ½KÚ~Á r À�Á_ÀY¾7¿ r Ú Â ¿²¼�Û�¾7¿ Â ¿�æ_¿ Ï Ø^Â ¿ Ø_× Ú�½K¼ × ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼Ã½K¼ Ù Ú~¼K¼Ã¿²¼ZÚ Â ½K¾7¿+Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â À�Á_À=¾7¿_á
Æ ¾7¿�Ö Ï ¿ × ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼Ã½K¼�Ö Ï=Ø à'¿F½K¾7¿�Ú Â ¼K½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾7¿ s Á ÂNÞ Á Ï ¿ Ø^Â,r�ß ÖNÁ_¼=¼Ã¿ Þ�Ø^Â ½ Ø ½K¾7¿ Â ¿ � ½ r ¿�æ_¿ r
Ø_× ½K¾7¿ Ù ¿ Ù Ø_ÏKß ¾�Ú~¿ Ï Á Ï À=¾ ß Ú × ½K¾7¿�Ö ÏKØ à9¿ Ï ¿²¼ Ü,r ½K¼�Ú Â Á Ù Ú~¼K¼²á ó ¿²å Ü ¿ Â ½KÚÄÁ r Ö Ï ¿ × ¿�½KÀY¾�Ú Â@p À Ø^Â ½KÚ Â�Ü ¿²¼
ÜNÂ ½KÚ r ¿²Ú�½K¾7¿ Ï ÁFÖ Ï ¿ × ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼K½%¾NÚ�½K¼%Ú Â ½K¾�¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾�¿ sêØ_Ï ½K¾7¿I¼Ã¿ Ï æ�Ú~À�Ú Â,p�Ø_× ½K¾�¿�À�Á_ÀY¾7¿ Ù Ú~¼=¼
À Ø^Ù Ö r ¿�½Ã¿²¼�á � Á Â�ß�r Ú Â ¿²¼ Ù Á ß à9¿XÖ Ï ¿ × ¿�½KÀY¾7¿ Þ Ú Â ½ Ø ½K¾7¿$Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â À�Á_ÀY¾7¿ Þ�Ü7Ï Ú Â@p Á Â Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â
À�Á_ÀY¾7¿ Ù Ú~¼K¼ s Ö Ï ¿�æ_¿ Â ½KÚ Â@p-Ù Á ÂêßÅ×ÊÜ ½ Ü7Ï ¿ Ù Ú~¼=¼Ã¿²¼ s ÖNÁ Ï ½KÚ~À Ü)r Á Ïor�ß Ú × ½K¾7¿ Ù Á_À=¾�Ú Â ¿�ÚÄ¼I¿ � ¿²À Ü ½KÚ Â@p Á ÖNÚ~¿²À�¿
Ø_× À Ø�Þ ¿ ×§Ø_Ï ½K¾7¿ uNÏ ¼Ã½O½KÚ Ù ¿_á � Ø_Ï ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿ÐÛ�Ú�½K¾ Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï/× ¿�½KÀ=¾-Á ÂNÞ ½K¾�¿ Ù Á_ÀY¾�Ú Â ¿�Û�Ú~½K¾ Ø^Ü ½@Ý
Ø_× Ý Ø_Ï=Þ ¿ Ï�× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � ÚÄ¼K¼ Ü ¿ s'Ø^Â ½K¾�¿ Ø ½K¾7¿ Ï ¾�Á Â�Þ�s Ú Â ¼K½ Ï=Ü À�½KÚ Ø^Â+× ¿�½KÀ=¾a¼Ã½KÁ r}r ¼3Û�¾�¿ Â ¿�æ_¿ Ï ½K¾�¿ Ï ¿�Á Ï ¿
ú$× ¿�½KÀ=¾ Ï ¿²å Ü ¿²¼Ã½K¼ÐÛ�Ú~½K¾ Ø^Ü ½K¼K½KÁ Â�Þ Ú Â@p$Ù Ú~¼=¼Ã¿²¼�á Æ ¾�Ú~¼ Ù Á ßlØ À�À Ü�ÏÐ× Á_Ú Ïor~ßZ×§Ï ¿²å Ü ¿ Â ½ r�ßNs ¿²¼ÃÖ9¿²À�Ú~Á r`r�ß Ú × ½K¾7¿
Ù Á_À=¾�Ú Â ¿�ÚÄ¼U¿ � ¿²À Ü ½KÚ Â@p Á�ÖNÚ�¿²À�¿ Ø_× À Ø�Þ ¿ ×ìØ_Ï ½K¾7¿ uNÏ ¼Ã½U½KÚ Ù ¿_á Æ ¾ Ü ¼ s ½K¾�¿ Ï ¿FÁ Ï ¿�À�¿ Ï ½KÁ_Ú Â ¼KÚ�½ Ü Á¯½KÚ Ø^Â ¼ÉÚ Â
ÛL¾�Ú~À=¾ZÖ Ï ¿ × ¿�½KÀY¾�Ú Â@p Ú~¼Oà9¿�½Ã½Ã¿ Ï ½K¾NÁ Â ¿²Ú�½K¾7¿ Ï%Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï/× ¿�½KÀ=¾ Ø_Ï/Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ Ï/× ¿�½KÀ=¾ �[Þ ¿²À Ø�Þ ¿ � ÚÄ¼K¼ Ü ¿_á
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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Perfect ICache
�
16k Byte ICache w/ OOO FDI (Assume Dependence)
16k Byte ICache w/ OOO Fetch
16k Byte ICache w/ Sequential Prefetch
16k Byte ICache Only
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+ ¾7¿²ÀKâ�Ö Ø Ú Â ½LÛ�Ú~½K¾�¾ Ø<r~Þ Ú Â@p Ú~¼ Â ¿�¿ Þ ¿ Þ ½ Ø Ö Ï ¿�æ_¿ Â ½ Þ ¿²Á Þ,r�Ø ÀKâdÚ ÂdÙ Á_À=¾�Ú Â ¿²¼�¿²å Ü Ú�Ö�Ö9¿ Þ Û�Ú~½K¾
Ø^Ü ½@Ý Ø_× Ý Ø_Ï=Þ ¿ ÏL× ¿�½KÀ=¾-, Þ ¿²À Ø�Þ ¿�,[ÚÄ¼K¼ Ü ¿_á/.�¾7¿ Â Á Ö Ø ¼Ã½@Ýí¾ Ø<r ¿0Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â Ú~¼3Ú~¼K¼ Ü ¿ Þ
s ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿ Ù�Ü ¼K½
p^Ü Á Ï Á Â ½Ã¿�¿j½K¾�Á¯½-Á r`r ¾ Ø<r ¿+Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼X½K¾�Á¯½ r~ØNp Ú~À�Á r`r�ß Ö Ï ¿²À�¿ Þ ¿+½K¾�Á¯½ Ö Ø ¼Ã½@Ýí¾ Ø<r ¿ÅÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â Û�Ú r`r
¾NÁ²æ_¿0½K¾7¿�ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼�½K¾�¿ ßlÂ ¿�¿ Þ ½ Ø à9¿�Ú~¼K¼ Ü ¿ Þ Ú Â ½ Ø ½K¾7¿ Ù Á_À=¾NÚ Â ¿_á/ç × ½K¾�Ú~¼ p^Ü Á Ï Á Â ½Ã¿�¿0Ú~¼ Â7Ø ½ Ù ¿�½ s
½K¾�¿ Ù Á_À=¾�Ú Â ¿LÛLÚ r`r'Þ ¿²Á Þ,r�Ø ÀKâ10%½K¾7¿�Ö Ø ¼Ã½@Ýí¾ Ø<r ¿�Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â Û�Ú r`r8Â7Ø ½ Ï ¿�½KÚ Ï ¿32�Á ÂNÞ ¾�¿ Â À�¿ s7Ï ¿ r ¿²Á_¼Ã¿�½K¾7¿
ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ÉÁ r`r�Ø À�Á¯½Ã¿ Þ ½ Ø Ú�½42 Ü�Â ½KÚ r ½K¾7¿�¾ Ø<r ¿3Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼%¾�Á]æ_¿ Ï ¿�½KÚ Ï ¿ Þ
s^ß ¿�½U½K¾�¿�¾ Ø<r ¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼
À�Á ÂNÂ7Ø ½3à9¿0Ú~¼K¼ Ü ¿ Þ à'¿²À�Á Ü ¼Ã¿�½K¾7¿ ß+Þ7Ø^Â ö ½3¾�Á]æ_¿X½K¾7¿ Ï ¿²å Ü Ú Ï ¿ Þ À=¾7¿²À=â�Ö Ø Ú Â ½K¼�á

ÆRØäÙ ¿�¿�½Å½K¾�Ú~¼ p^Ü Á Ï Á Â ½Ã¿�¿ s ½K¾7¿ Ù Á_À=¾NÚ Â ¿dÛ�Ú�½K¾�¾ Ø<rÄÞ ¼�¼ Ø^Ù ¿ Ø_× Ú�½K¼ÅÀ=¾7¿²À=â�Ö Ø Ú Â ½K¼ ×ìØ_Ï ½K¾7¿
¾ Ø<r ¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼!ÛL¾7¿ Â ¿�æ_¿ Ï Ú�½�Ú~¼K¼ Ü ¿²¼ÐÁZÖ Ø ¼Ã½@Ýí¾ Ø<r ¿FÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â á Æ ¾�¿ Ù Á_À=¾�Ú Â ¿Lâ Â7Ø ÛL¼I¾ Ø Û Ù Á Â�ß
¾ Ø<r ¿+Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�½K¾7¿ Ï ¿+Á Ï ¿_á65 Â7×§Ø_Ï ½ Ü�Â Á¯½Ã¿ r�ßNs Ú�½ Þ7Ø ¿²¼ Â7Ø ½$â Â�Ø Û�¾ Ø Û Ù Á Âêß À=¾7¿²À=â�Ö Ø Ú Â ½K¼ Û�Ú r`r
à9¿ Â ¿�¿ Þ ¿ Þî×§Ø_Ï ½K¾7¿²¼Ã¿+¾ Ø<r ¿+Ú Â ¼K½ Ï=Ü À�½KÚ Ø^Â ¼ s ¼KÚ Â À�¿l½K¾�¿ Â�Ü�Ù à9¿ ÏZØ_× Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�½K¾�Á¯½ À�Á Â[u ½ Ø^Â Á
ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�æ¯Á Ï Ú�¿²¼�á

7 Ø_Ï ½ Ü�Â Á¯½Ã¿ r~ßNs Á_¼ r�Ø^Â@p Á_¼)½K¾�¿ Ù Á_ÀY¾�Ú Â ¿ÐÛ�Ú�½K¾N¾ Ø<r~Þ ¼JÁ¯½ r ¿²Á_¼K½ Ø^Â ¿ÐÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ ×§Ø_Ï ½K¾7¿Ð¾ Ø<r ¿ÉÚ Â Ý
¼K½ Ï=Ü À�½KÚ Ø^Â ¼ sêÞ ¿²Á Þ,r�Ø ÀKâZÚ~¼OÖ Ï ¿�æ_¿ Â ½Ã¿ Þ á8.Q¾7¿ Â ¿�æ_¿ Ï ½K¾7¿ Ï ¿3Á Ï ¿I½íÛ Ø�Ø_ÏUÙ Ø_Ï ¿ ×§Ï ¿�¿:9 Ü�Â Á r}r�Ø À�Á¯½Ã¿ Þ1; À=¾7¿²À=âêÝ
Ö Ø Ú Â ½K¼ s ½K¾7¿ Ù Á_À=¾�Ú Â ¿ Ù Á ßaÜ ¼Ã¿ ½K¾ Ø ¼Ã¿-ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼�½ Ø Ú~¼K¼ Ü ¿ZÛL¾�Ú~À=¾�¿�æ_¿ Ï Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼FÚ�½�À=¾ Ø�Ø ¼Ã¿²¼�á
.Q¾7¿ Â ¿�æ_¿ Ï ½K¾7¿ Ï ¿+Ú~¼ Ø^Â,r�ß
Ø^Â ¿ ×ìÏ ¿�¿+ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ s ½K¾�Á¯½-À=¾�¿²ÀKâ�Ö Ø Ú Â ½ Ú~¼ZÛ�Ú�½K¾N¾7¿ r~Þ
×ìØ_Ï ½K¾7¿+¾ Ø<r ¿�Ú Â Ý
¼K½ Ï=Ü À�½KÚ Ø^Â ¼ s ¼ Ø ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿ Ù Á ß-Â�Ø ½ Ü ¼Ã¿�½K¾�Á¯½ÐÀY¾7¿²ÀKâ�Ö Ø Ú Â ½U½ Ø Ú~¼K¼ Ü ¿IÖ Ø ¼Ã½@Ýí¾ Ø<r ¿LÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�á Æ ¾�¿
Ù Á_À=¾�Ú Â ¿ Ü ¼Ã¿²¼�½K¾�Á¯½ Ï ¿ Ù Á_Ú Â Ú Â@p ×§Ï ¿�¿XÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�½ Ø ½ ÏKß ½ Ø ÚÄ¼K¼ Ü ¿ s Ú Â Ö ÏKØNp_Ï Á ÙzØ_Ï=Þ ¿ Ï&s Á r}r ½K¾7¿X¾ Ø<r ¿
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ s ¼Ã½KÁ Ï ½KÚ Â@p Û�Ú�½K¾�½K¾�¿j¾ Ø<r ¿+Ú Â ¼K½ Ï=Ü À�½KÚ Ø^Â ½K¾�Á¯½lÁ¯Ö�Ö9¿²Á Ï ¼$½K¾7¿�¿²Á Ïor Ú�¿²¼Ã½ Ú Â ½K¾7¿ Þ�ß�Â Á Ù Ú~À
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼Ã½ Ï ¿²Á Ù�s Á Â�Þ Û Ø_Ï â�Ú Â,p ½ Ø ÛÐÁ Ï=Þ ¼$½K¾7¿+¾ Ø<r ¿lÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ½K¾�Á¯½ Á¯Ö�Ö9¿²Á Ï ¼�½K¾7¿ r Á¯½Ã¿²¼Ã½�áÇç ×
½K¾�¿ Â�Ü�Ù à9¿ ÏÉØ_× ¾ Ø<r ¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼UÚÄ¼ p_Ï ¿²Á¯½Ã¿ Ï ½K¾�Á Â ½K¾7¿ Â�Ü�Ù à9¿ Ï�Ø_× Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼É½K¾�Á¯½IÀ�Á Â6u ½ Ø^Â Á
ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ s ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿ÐÛ�Ú r`r�Â ¿�¿ Þ ½ Ø�Ü ¼Ã¿�½K¾7¿ Ï ¿ Ù Á_Ú Â Ú Â@pL×ìÏ ¿�¿IÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ ÙZÜ,r ½KÚ�Ö r ¿U½KÚ Ù ¿²¼�á=<ÉÁ_À=¾
½KÚ Ù ¿ s Ú�½%Û�Ú r`r Á_¼K¼KÚ p^Â Á Â ÚÄ¼K¼ Ü ¿�ÖNÁ_À=â_¿�½�ö÷¼UÛ Ø_Ï ½K¾ Ø_× ¾ Ø<r ¿3Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼)½ Ø ½K¾7¿3À=¾7¿²À=â�Ö Ø Ú Â ½ s ÚÄ¼K¼ Ü ¿�½K¾ Ø ¼Ã¿
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ s Á Â�Þ ½K¾7¿ Â ÛÐÁ_Ú�½ ×ìØ_Ï ½K¾�¿ Ù ½ Ø-Ï ¿�½KÚ Ï ¿_á?> × ½Ã¿ Ï ½K¾ Ø ¼Ã¿XÚ Â ¼K½ Ï=Ü À�½KÚ Ø^Â ¼�¾�Á]æ_¿ Ï ¿�½KÚ Ï ¿ Þ
s Ú�½IÛ�Ú r`r
Ü ¼Ã¿�½K¾7¿0À=¾�¿²ÀKâ�Ö Ø Ú Â ½3½ Ø ÚÄ¼K¼ Ü ¿�Á Â ¿�Û p_ÏKØ^Ü Ö Ø_× Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�á@<U¼K¼Ã¿ Â ½KÚ~Á r`r~ßNs ÛL¾7¿ Â ¿�æ_¿ Ï ½K¾7¿ Ù Á_À=¾�Ú Â ¿
¾NÁ_¼ Ø^Â,r�ß�Ø^Â ¿ ×§Ï ¿�¿0À=¾7¿²À=â�Ö Ø Ú Â ½ s Ú�½ Ø Ö9¿ Ï Á¯½Ã¿²¼LÁ_¼3Á Â Ú Â Ý Ø_Ï=Þ ¿ Ï Ú~¼K¼ Ü ¿ Ù Á_À=¾�Ú Â ¿�½K¾�Á¯½�¼ Ü Ö�Ö Ø_Ï ½K¼ Ø^Â,r�ß Á
¼=Ú Â@p<r ¿3¼ÃÖ9¿²À Ü,r Á¯½KÚ�æ_¿3À=¾7¿²À=â�Ö Ø Ú Â ½�á?AL¿ Â À�¿ s ¿�æ_¿ Â ½K¾ Ø^Ü@p ¾-Á Ù Á_À=¾�Ú Â ¿3À�Á Â Ö Ï ¿�æ_¿ Â ½ Þ ¿²Á Þ,r�Ø ÀKâ$à ß Û�Ú�½K¾7Ý
¾ Ø<r~Þ Ú Â@p+Ø^Â)r�ß?Ø^Â ¿�À=¾7¿²À=â�Ö Ø Ú Â ½ ×§Ø_Ï Á r}r/Ø_× ½K¾7¿�¾ Ø<r ¿�Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼ s ½K¾�Ú~¼�½Ã¿²ÀY¾ Â Ú~å Ü ¿ ×§Ø_Ï Ö Ï ¿�æ_¿ Â ½KÚ Â,p
Þ ¿²Á Þ,r�Ø ÀKâ Ù Á ßÅÏ ¿²¼ Ü,r ½IÚ Â Ö Ø�Ø_Ï Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿_á
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> Â7Ø ½K¾7¿ Ï ½Ã¿²ÀY¾ Â Ú~å Ü ¿ ×§Ø_Ï Ö Ï ¿�æ_¿ Â ½KÚ Â@p-Þ ¿²Á Þ,r�Ø ÀKâÅÚ~¼I½ Ø Û�Ú~½K¾�¾ Ø<r~Þ Á-¼Ã¿�½ ×§Ï Á_À�½KÚ Ø^Â�Ø_× Á�À=¾7¿²À=âêÝ
Ö Ø Ú Â ½ ×ìØ_Ï ¿²Á_À=¾ä¾ Ø<r ¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â á Æ)Ø À�Á r À Ü,r Á¯½Ã¿Å½K¾7¿ Â�ÜNÙ à9¿ ÏZØ_× À=¾7¿²À=â�Ö Ø Ú Â ½K¼$½K¾�Á¯½ Â ¿�¿ Þ ½ Ø à9¿
ÛLÚ�½K¾�¾7¿ r~Þ�s ½K¾7¿ Â�ÜNÙ à9¿ ÏÐØ_× ¾ Ø<r ¿�Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼ÉÚ~¼ ÙZÜ,r ½KÚ~Ö r Ú�¿ Þ à ß ½K¾�ÚÄ¼ ×§Ï Á_À�½KÚ Ø^Â
s Á Â�Þ ½K¾7¿ Â ½K¾7¿ Ï ¿²¼ Ü)r ½
ÚÄ¼ ÏKØ^Ü�Â�Þ ¿ Þ�Ü Ö�½ Ø ½K¾7¿ Â ¿²Á Ï ¿²¼Ã½-Ú Â ½Ã¿ p ¿ Ï á 7 Ø_Ï ¿CB7Á Ù Ö r ¿ s Ú ×�Ø^Â Á]æ_¿ Ï Á p ¿ ð Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ u ½ Ø^Â Á
ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ s Á Ù Á_À=¾�Ú Â ¿ Ù Ú p ¾�½3Û�Á Â ½L½ Ø Û�Ú�½K¾N¾ Ø<r~ÞÇéED¯ð Ø_× ÁlÀ=¾7¿²À=â�Ö Ø Ú Â ½�Ö9¿ Ï ¾ Ø<r ¿XÚ Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â á!ç ×
½K¾�¿ Ï ¿FÁ Ï ¿ éEF ¾ Ø<r ¿�Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼ s ½K¾7¿ Ù Á_À=¾�Ú Â ¿�Û Ø^Ü,r~Þ Û�Ú�½K¾�¾ Ø<rÄÞ'G 9ÊÚùáê¿_á s?H�éEFJIÅéED¯ð	K�; À=¾�¿²ÀKâ�Ö Ø Ú Â ½K¼�á
Æ ¾7¿ ×§Ï Á_À�½KÚ Ø^Â Ú~¼F¼Ã¿ r ¿²À�½Ã¿ Þ ¼ Ü ÀY¾�½K¾�Á¯½F½K¾7¿ Ù�Ü,r ½KÚ�Ö r Ú~À�Á¯½KÚ Ø^Â Ú~¼�¿²Á_¼=Ú r�ß Ö9¿ ÏK×ìØ_ÏYÙ ¿ Þ Ú Â ¾�Á Ï=Þ Û�Á Ï ¿ML9ÚùáN¿_á s
½K¾�¿ ×§Ï Á_À�½KÚ Ø^Â ÚÄ¼ONPRQ ×§Ø_Ï3ÂTSVUEW�sJé*s á]á�áYX^á?Z Ø^Ü�ÂNÞ Ú Â@p ½K¾7¿ Ï ¿²¼ Ü,r ½ Ü Ö�½ Ø ½K¾7¿ Â ¿²Á Ï ¿²¼Ã½IÚ Â ½Ã¿ p ¿ Ï ¿ Â ¼ Ü7Ï ¿²¼
½K¾NÁ¯½XÁ¯½ r ¿²Á_¼Ã½ Ø^Â ¿�À=¾�¿²ÀKâ�Ö Ø Ú Â ½XÚÄ¼�Û�Ú�½K¾�¾7¿ rÄÞ ÛL¾7¿ Â ¿�æ_¿ Ï ½K¾7¿ Ï ¿-Á Ï ¿�Á Â�ß ¾ Ø<r ¿ Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�á$ç × ½K¾�ÚÄ¼
½Ã¿²ÀY¾ Â Ú~å Ü ¿ ÜNÂ�Þ ¿ Ï ¿²¼Ã½KÚ Ù Á¯½Ã¿²¼I½K¾7¿ Â�Ü�Ù à9¿ ÏIØ_× ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼3½K¾�Á¯½ Â ¿�¿ Þ ½ Ø à9¿�Û�Ú�½K¾N¾7¿ r~Þ
s7Þ ¿²Á Þ,r~Ø À=â�Ú~¼
Ö Ï ¿�æ_¿ Â ½Ã¿ Þ æ�ÚÄÁ$½K¾7¿0½Ã¿²À=¾ Â Ú~å Ü ¿ Þ ¿²¼KÀ Ï Ú~à'¿ Þ Ú Â ½K¾�¿0Ö Ï ¿²À�¿ Þ Ú Â@p ÖNÁ Ï Á p_Ï Á¯ÖN¾Já

7 Ø_Ï ½K¾7¿ Ù Á_ÀY¾�Ú Â ¿²¼ Ù Ø�Þ ¿ r ¿ Þ Ú Â ½K¾NÚ~¼�ÀY¾�Á¯Ö�½Ã¿ Ï&s/é\[ Ú Â ¼Ã½ ÏYÜ À�½KÚ Ø^Â ¼3À�Á Â�u ½ Ø^Â ÁlÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�á
] Â ¿ Ø_× ½K¾�¿²¼Ã¿ Ù Á_ÀY¾�Ú Â ¿²¼ Ù Ú p ¾ê½ Ø Ö�½KÚ Ù Ú~¼Ã½KÚ~À�Á r}r�ß Á_¼K¼ Ü�Ù ¿I½K¾�Á¯½/½K¾7¿3¾ Ø<r ¿3Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼OÛ�Ú r`r à9¿ÐÖ8Á_ÀKâ_¿ Þ
é\[ Ö9¿ Ï À=¾7¿²À=â�Ö Ø Ú Â ½�á Æ ¾�ÚÄ¼ Ù Á_À=¾�Ú Â ¿3Û Ø^Ü,r~Þ Û�Ú~½K¾�¾ Ø<r~ÞÅéED�é\[XØ_× Á�À=¾7¿²À=â�Ö Ø Ú Â ½ ×§Ø_Ï ¿²Á_ÀY¾l¾ Ø<r ¿�Ú Â ¼Ã½ ÏYÜ ÀfÝ
½KÚ Ø^Â á8> Ù Á_À=¾�Ú Â ¿ Ù Ú p ¾�½UÁ r ¼ Ø Á_¼K¼ Ü�Ù ¿�½K¾7¿�Á²æ_¿ Ï Á p ¿ s Á_¼!Û�Á_¼ Þ7Ø^Â ¿LÚ Â ½K¾7¿3¿CB7Á Ù Ö r ¿_á ] Ï&s Á Ù Á_À=¾�Ú Â ¿
Ù Ú p ¾ê½OÖ9¿²¼K¼KÚ Ù Ú~¼Ã½KÚ~À�Á r`r~ß Á_¼K¼ ÜNÙ ¿É½K¾NÁ¯½O½K¾�¿Ð¾ Ø<r ¿ÉÚ Â ¼K½ Ï=Ü À�½KÚ Ø^Â ¼RÛ�Ú r`rêØ^Â,r�ß à9¿UÖ8Á_ÀKâ_¿ Þ+é Ö9¿ Ï ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½ s
Á ÂNÞ ½K¾7¿ Ï ¿ ×§Ø_Ï ¿0Û�Ú~½K¾�¾ Ø<r~Þ Á Û�¾ Ø<r ¿�À=¾7¿²À=â�Ö Ø Ú Â ½ ×§Ø_Ï ¿²Á_À=¾d¾ Ø<r ¿0Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â á

ç × ½K¾7¿ ×§Ï Á_À�½KÚ Ø^Â�Ø_× Á$À=¾7¿²À=â�Ö Ø Ú Â ½ÐÛ�Ú�½K¾�¾7¿ rÄÞ Ö9¿ Ï ¾ Ø<r ¿LÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â Ú~¼É½ Ø�Øbr�Ø Û s ½K¾7¿ Ù Á_À=¾�Ú Â ¿
ÜNÂ�Þ ¿ Ï ¿²¼Ã½KÚ Ù Á¯½Ã¿²¼3½K¾7¿ Â�ÜNÙ à9¿ Ï3Ø_× ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼L½K¾�Á¯½ Â ¿�¿ Þ ½ Ø à'¿XÛ�Ú�½K¾�¾7¿ rÄÞ
s Á Â�ÞjÙZÜ ¼Ã½ Ï ¿ r�ßÅØ^Â ½K¾7¿
u8Ï ¼Ã½0½Ã¿²ÀY¾ Â Ú~å Ü ¿�½ Ø Ö Ï ¿�æ_¿ Â ½ Þ ¿²Á Þ)r�Ø À=â8á Æ ¾�¿ uNÏ ¼Ã½X½Ã¿²À=¾ Â ÚÄå Ü ¿ Ù Á ß<Ï ¿²¼ Ü,r ½0Ú Â Ö Ø�Ø_Ï Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿_á
+ Ø^Â ¼Ã¿²å Ü ¿ Â ½ r~ßNs Ú × ½K¾7¿ ×ìÏ Á_À�½KÚ Ø^Â Ú~¼�½ Ø�Ø�r�Ø Û s ½K¾7¿ Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ Ù Á ß ¼ Ü_^ ¿ Ï á ] Â ½K¾7¿ Ø ½K¾7¿ Ï ¾�Á Â�Þ�s
Ú × ½K¾�¿ ×ìÏ Á_À�½KÚ Ø^Â Ú~¼3½ Ø�Ø ¾�Ú p ¾ s ½K¾7¿ Ù Á_À=¾NÚ Â ¿ Ø æ_¿ Ï ¿²¼Ã½KÚ Ù Á¯½Ã¿²¼�½K¾7¿ Â�Ü�Ù à9¿ Ï3Ø_× À=¾7¿²À=â�Ö Ø Ú Â ½K¼L½K¾�Á¯½ Â ¿�¿ Þ
½ Ø à9¿ Û�Ú�½K¾�¾7¿ rÄÞ á Æ ¾7¿ Ù Á_À=¾NÚ Â ¿ Ù Á ßaÂ�Ø ½0à9¿-Á¯à r ¿ ½ Ø Ú~¼=¼ Ü ¿-ÁÅÖNÁ_À=â_¿�½ Ø_× Ö Ø ¼Ã½@Ýí¾ Ø<r ¿-Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼
à9¿²À�Á Ü ¼K¿�Á r`rRØ_× ½K¾7¿ ×§Ï ¿�¿`9 ÜNÂ Á r`r�Ø À�Á¯½Ã¿ Þ-; ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½K¼L¾�Á]æ_¿�à9¿�¿ Â Û�Ú�½K¾�¾7¿ rÄÞ á Æ ¾ Ü ¼ s Ú × ½K¾7¿ ×§Ï Á_À�½KÚ Ø^Â
ÚÄ¼I½ Ø�Ø ¾�Ú p ¾ s ½K¾7¿0Ö9¿ ÏK×§Ø_Ï=Ù Á Â À�¿ Ù Á ß ¼ Ü_^ ¿ Ï á
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7 Ú p^Ü7Ï ¿ ð á é_é ¼=¾ Ø Û�¼�½K¾�¿�Ö'¿ Ï=×ìØ_Ï=Ù Á Â À�¿ s Ú Â ç Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼baO¿ Ï + ß À r ¿'9§ç�a + ;ts Á]æ_¿ Ï Á p ¿ Þ?Ø æ_¿ Ï
Á r}r ½K¾7¿0à9¿ Â ÀY¾ Ù Á Ï â�¼c9§à Ø ½K¾ ó ad< + Á Â�ÞjõLØ^Â Ý ó a/< + ;Ð×§Ø_Ï Á Ù Á_À=¾�Ú Â ¿0Û�Ú�½K¾�½K¾7¿ Þ ¿ × Á Ü,r ½ u8Ï ¼Ã½ r ¿�æ_¿ r
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â À�Á_À=¾7¿F½K¾�Á¯½�Ú Ù Ö r ¿ Ù ¿ Â ½K¼ Ø^Ü ½@Ý Ø_× Ý Ø_ÏYÞ ¿ ÏÉ× ¿�½KÀ=¾1, Þ ¿²À Ø�Þ ¿�,[Ú~¼K¼ Ü ¿ Ü ¼KÚ Â@p ½K¾7¿LÁ_¼=¼ Ü�Ù ¿ Þ ¿�Ö'¿ Â Ý
Þ ¿ Â À�¿ Þ ¿�Ö9¿ Â�Þ ¿ Â À ß ¾NÁ Â�Þ,r Ú Â,p ½Ã¿²À=¾ Â Ú~å Ü ¿ZÁ_¼�½K¾7¿ ×§Ï Á_À�½KÚ Ø^ÂdØ_× ÁÅÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�½K¾�Á¯½0ÚÄ¼�Û�Ú~½K¾�¾7¿ r~Þ Ö'¿ Ï
¾ Ø<r ¿LÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ÚÄ¼!æ¯Á Ï Ú�¿ Þ-×§ÏKØ^Ùhé ½ Ø e á8> ×ìÏ Á_À�½KÚ Ø^Â-Ø_×fe Ú Â�Þ Ú~À�Á¯½Ã¿²¼/½K¾�Á¯½�Ú × ½K¾7¿ Ï ¿LÁ Ï ¿L¾ Ø<r ¿FÚ Â ¼Ã½ ÏYÜ ÀfÝ
½KÚ Ø^Â ¼ sUé ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½42�Á Â�ÞÇØ^Â,r~ß
é À=¾�¿²ÀKâ�Ö Ø Ú Â ½42�ÚÄ¼�Û�Ú�½K¾�¾�¿ r~ÞjÏ ¿ p Á Ï=Þ,r ¿²¼K¼ Ø_× ½K¾7¿ Â�Ü�Ù à9¿ Ï�Ø_× ¾ Ø<r ¿
Ú Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â ¼�á Æ ¾�Á¯½3Ú~¼ s Á ×ìÏ Á_À�½KÚ Ø^Â+Ø_×?e Ú Â�Þ Ú~À�Á¯½Ã¿²¼�½K¾�Á¯½3½K¾7¿ Ù Á_À=¾�Ú Â ¿ Ü ¼Ã¿²¼I½K¾7¿ u8Ï ¼Ã½I½Ã¿²À=¾ Â Ú~å Ü ¿ ×ìØ_Ï
Ö Ï ¿�æ_¿ Â ½KÚ Â@p?Þ ¿²Á Þ)r�Ø À=â8á Æ ¾7¿ Ï ¿²¼ Ü,r ½K¼0¼=¾ Ø Û ½K¾�Á¯½X½K¾7¿ ×ìÏ Á_À�½KÚ Ø^Â<Ø_× Á�ÀY¾7¿²ÀKâ�Ö Ø Ú Â ½�½K¾�Á¯½�ÚÄ¼�Û�Ú�½K¾�¾�¿ r~Þ
Ö9¿ Ï ¾ Ø<r ¿jÚ Â ¼Ã½ Ï=Ü À�½KÚ Ø^Â�Þ7Ø ¿²¼ Â7Ø ½lÁ ^ ¿²À�½�Ö'¿ Ï=×ìØ_Ï=Ù Á Â À�¿_á Æ ¾7¿ r Ú~â_¿ r�ß
Ï ¿²Á_¼ Ø^Â�×§Ø_Ï ½K¾NÚ~¼-Ú~¼�½K¾�Á¯½�½K¾7¿
Ù Á_À=¾�Ú Â ¿ s Û�¾�ÚÄÀ=¾Ç¼ Ü ÖNÖ Ø_Ï ½K¼ [MG À=¾7¿²À=â�Ö Ø Ú Â ½K¼ ×§Ø_Ï ¼ÃÖ9¿²À Ü,r Á¯½KÚ�æ_¿ ¼Ã½KÁ¯½Ã¿ s%Ï Á Ï ¿ r�ßdÜ ¼Ã¿²¼0Á r`r%Ø_× Ú�½K¼XÀ=¾7¿²À=âêÝ
Ö Ø Ú Â ½K¼�á Æ ¾7¿ Ù Á_À=¾NÚ Â ¿ÅÁ r~Ù Ø ¼Ã½ Á r Û�Á ß ¼$¾�Á_¼$Á Â Á¯à Ü�Â�Þ Á Â À�¿ Ø_×3×§Ï ¿�¿g9 Ü�Â Á r`r~Ø À�Á¯½Ã¿ Þ-; À=¾�¿²ÀKâ�Ö Ø Ú Â ½K¼�á
.QÚ�½K¾�¾ Ø<r~Þ Ú Â@p ½ Ø�ØaÙ Á Â�ß<Ø_Ï ½ Ø�Ød× ¿�Û Ø_× ½K¾�¿²¼Ã¿ ×§Ï ¿�¿ÅÀ=¾7¿²À=â�Ö Ø Ú Â ½K¼h9ÊÚùáR¿_á sbe ½ Ø�Ø ¾�Ú p ¾ Ø_Ï ½ Ø�Ø#r�Ø Û ;
Þ�Ø ¿²¼ Â7Ø ½ Ù Á¯½Ã½Ã¿ Ï&s Á_¼ r~Ø^Â@p Á_¼�½K¾�¿ Ï ¿ZÚÄ¼FÁ¯½ r ¿²Á_¼K½ Ø^Â ¿ ×§Ï ¿�¿ À=¾7¿²À=â�Ö Ø Ú Â ½�½K¾�Á¯½�À�Á Â à'¿ Ü ¼Ã¿ Þ ½ Ø Ú~¼K¼ Ü ¿
Á-ÖNÁ_ÀKâ_¿�½�á Æ ¾7¿ Ï ¿²¼ Ü)r ½K¼ ×ìØ_Ï ½K¾7¿0Ú Â�Þ Ú~æ�Ú ÞNÜ Á r à9¿ Â ÀY¾ Ù Á Ï â�¼ s Û�¾�Ú~ÀY¾+Á Ï ¿X¼KÚ Ù Ú r Á Ïor~ß$ÜNÂ Ú Â ½Ã¿ Ï ¿²¼Ã½KÚ Â@p@s Á Ï ¿
Ö ÏKØ æ�Ú Þ ¿ Þ Ú Â 7 Ú p^Ü7Ï ¿i>�á ú ñh9 ó ad< + à9¿ Â ÀY¾ Ù Á Ï â�¼ ; Á Â�Þ 7 Ú p^Ü7Ï ¿i>�ákj W 9 õ�Ø^Â Ý ó ad< + à9¿ Â ÀY¾ Ù Á Ï â�¼ ;!Ø_×
>LÖ�Ö9¿ Â�Þ ÚlBm>Xá
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]i©�ª�«�¬M­�«�¬M®°¯�±Y®"­�±Yª&²)³ s ¯~±\²C¬´¯�± s/µM¶ ¯�·¹¸&¸&©�±º·�¸ µM¶ ± ^ ±\²Cª&·l»M±h¼ µ\½ ªR¬{± r ·�¾'· ¶¿µ ªR±�ª&³�±`À�±Y®&­�¬M®&«
¾ µM¶ ²C±iÀ1± ¶¿µNr ª ½ ª&³ µ ªb®&±\¸&© r ª&¸d­u®&¬Á¾Â· ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²)³�±Ã¾'·�¸&¸&±\¸YÄ8ÅÆ³�±JÇ µ ¸R±$¾�·�²C®&¬ µ ®°²)³~·lªR±\²Cª&©�®&± r ¬Á¸R±\¸
�	��È ¬M­:·lª&¸ À�±Y®&­u¬M®°¾ µM¶ ²C± µ ¸ µ ®°±\¸&© r ª ¬M­:· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ² µ ²)³�±�¾�·�¸&¸R±\¸ s ¼J³�±Y®°± µ ¸'ª&³�±T²C¬Á¾ À µ ® µ Ç r ±
¾�·�²C®&¬ µ ®°²)³~·lªR±\²Cª&©�®&±$¼J·lª&³�¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®É­�±Yª&²)³ r ¬Á¸R±\¸b¬ ¶,rl½�FMÈ�s_µM¶ ¯mª&³�±$²C¬Á¾'À µ ® µ Ç r ±$¾'·�²C®&¬ µ ®)²°³~·lªR±\²3«
ª&©~®&±'¼J·lª&³{¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®£­u±Yª&²°³ , ¯~±\²C¬´¯�± , ·¹¸&¸&©�± r ¬Á¸R±\¸:¬ ¶,r�½ j È Ä a ©�ª µM¶ ¬Mª&³�±Y®c¼ µ\½Ns ±\Ê�©¿·lÀ~À¿· ¶~Ë ª&³�±
Ç µ ¸R±'¾'·�²C®&¬ µ ®)²°³~·lªR±\²Cª&©~®&±"¼J·lª&³T¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®Ã­u±Yª&²°³Ì± r ·¹¾'· ¶~µ ªR±\¸ F	WÍÈ ¬M­dª&³~± À1±Y®°­�¬M®°¾ µM¶ ²C±£À�± ¶~µNr ª ½
ª&³ µ ªÃ®&±\¸&© r ª&¸Î­u®&¬Á¾Ï· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²)³�±'¾'·�¸&¸&±\¸ s1µM¶ ¯�±\Ê´©~·lÀ¿À¿· ¶�Ë ª&³~±�Ç µ ¸R±�¾�·�²C®&¬ µ ®°²)³~·lªR±\²Cª&©�®&±"¼J·�ª&³
¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®Î­u±Yª&²°³ , ¯~±\²C¬´¯�± , ·¹¸&¸&©�±:± r ·�¾'· ¶~µ ªR±\¸ F�ÐÁÈ ¬M­xª&³ µ ªÆÀ�± ¶~µNr ª ½ Ä

]i©�ª�«�¬M­�«�¬M®°¯�±Y®J­�±Yª&²)³�·�¸ µNr ¾ ¬Á¸Rª µ ¸�± ^ ±\²Cª&·l»M± µ ¸Æ¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®Î­�±Yª&²)³ , ¯�±\²C¬_¯�± , ·�¸&¸&©~±c· ¶ ± r ·¹¾"«
· ¶~µ ª&· ¶�Ë ª&³�±ÑÀ�±Y®&­u¬M®°¾ µM¶ ²C±�À�± ¶~µNr ª ½ ª&³ µ ª�®&±\¸°© r ª&¸Ò­u®&¬Á¾Ó· ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²)³�±Ô¾'·�¸&¸R±\¸\Ä¥ÅÆ³�±�À1±Y®&«
­u¬M®°¾ µM¶ ²C±g¬M­£ª&³~±TÇ µ ¸R±g¾'·�²C®&¬ µ ®)²°³~·lªR±\²Cª&©~®&±g· ¶ ²C®&± µ ¸&±\¯ÕÇ ½Ö�M�ÁÈ�s ­�®°¬Á¾ � Ä F	WÔ× a +�ªR¬ G Ä �MÐ6× a + s
¼Î³�± ¶ ·lª ¼ µ ¸'±\Ê´©~·lÀ~À�±\¯V¼J·lª&³6¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®�­u±Yª&²°³�Ä . ³�± ¶ ·lª ¼ µ ¸�±\Ê�©¿·lÀ~À�±\¯V¼J·lª&³6¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®
­u±Yª&²°³ , ¯�±\²C¬´¯~± , ·�¸&¸&©�± s À�±Y®&­u¬M®°¾ µM¶ ²C±{· ¶ ²C®&± µ ¸R±\¯ÖÇ ½Ö�	��È�s ªR¬ G Ä G j × a +$Ä 7 ¬M® µ ®&±Y­u±Y®&± ¶ ²C±ÌÀ�¬Á· ¶ ª s
¼Î³�± ¶ ·lªb¼ µ ¸�±\Ê´©~·lÀ¿À1±\¯m¼J·lª&³ µ À�±Y®&­u±\²Cª u ®°¸Rª r ±Y»M± r · ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²°³�± s À1±Y®°­�¬M®°¾ µM¶ ²C±Ã· ¶ ²C®&± µ ¸R±\¯ºÇ ½
G_�EÈ�s ªR¬ G Ä j G'× a +$Ä

ÅÆ³�±º» µ ®°· µM¶ ª ¬M­i¬Á©�ª�«�¬M­¹«�¬M®)¯�±Y®'­u±Yª&²°³ , ¯�±\²C¬_¯�± , ·�¸°¸&©�±Òª&³ µ ªm©~¸R±\¸"ª&³�± µ ¸°¸&©~¾ ±h¯�±YÀ�± ¶ ¯�± ¶ ²C±
¯~±YÀ1± ¶ ¯�± ¶ ² ½ ³ µM¶ ¯ r · ¶�Ë ªR±\²)³ ¶ ·�Ê´©�±�¬Á©�ªRÀ�±Y®&­u¬M®°¾'¸@ª&³~±Æ» µ ®)· µM¶ ªdª&³ µ ªd©~¸R±\¸?ª&³�± µ ¸&¸&©¿¾ ±J· ¶ ¯~±YÀ1± ¶ ¯�± ¶ ²C±
¯~±YÀ1± ¶ ¯�± ¶ ² ½ ³ µM¶ ¯ r · ¶�Ë ªR±\²°³ ¶ ·¹Ê�©�±MÄ . ³�± ¶ ª&³�±"Ç µ ¸&±"¾�·�²C®&¬ µ ®°²)³~·lªR±\²Cª&©�®&±�¼ µ ¸Ã±\Ê�©¿·lÀ~À�±\¯Ò¼J·�ª&³�ª&³�±
» µ ®°· µM¶ ªbª&³ µ ªb©¿¸R±\¸ µ ¸&¸&©~¾ ±$¯�±YÀ�± ¶ ¯�± ¶ ²C± s À�±Y®&­u¬M®°¾ µM¶ ²C±$· ¶ ²C®&± µ ¸R±\¯mÇ ½��	��È�s ªR¬ G Ä G j × a +$Ä . ³~± ¶ ·�ª
¼ µ ¸�±\Ê´©~·lÀ~À�±\¯m¼J·lª&³`ª&³�±i» µ ®°· µM¶ ªbª&³ µ ªÆ©~¸R±\¸ µ ¸&¸&©¿¾ ±Ã· ¶ ¯�±YÀ�± ¶ ¯�± ¶ ²C± s À�±Y®&­u¬M®°¾ µM¶ ²C±i¬ ¶,rl½ · ¶ ²C®&± µ ¸R±\¯
Ç ½Ò�_�EÈ�s ªR¬ G Ä �MÐ'× a +$Ä
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ä_· ËÁ¶ · u ² µM¶ ªbÀ µ ® µNr`r ± r ·¹¸&¾Â± B ·�¸&ª&¸�¼J·lª&³~· ¶`µ ¸°· ¶�Ë<r ±Ã· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ¸RªR®°± µ ¾æå �C�@s jMç�è ÄbÅf¬ µ ²)³~·l±Y»M±
³¿· Ë ³'À�±Y®&­u¬M®°¾ µM¶ ²C± s ªR¬´¯ µ\½1é ¸dÀ~®°¬´²C±\¸&¸&¬M®°¸ µ ®°±JÇ¿©~· r ª@ªR¬£ª µ�ê ± µ ¯�» µM¶ ª µ�Ë ±i¬M­ë¸R¬Á¾ ±Î¬M­�ª&³~·�¸?· ¶ ¸RªR®°©~²Cª&·�¬ ¶
r ±Y»M± r À µ ® µNr`r ± r ·�¸&¾hÄëÅx¬i± B À r ¬Á·lªx±Y»M± ¶br¹µ ® Ë ±Y® µ ¾ ¬Á© ¶ ª&¸@¬M­¿· ¶ ¸&ªR®°©~²Cª&·l¬ ¶Ur ±Y»M± r À µ ® µNr`r ± r ·�¸&¾ s ªR¬Á¾ ¬M®&®°¬E¼ é ¸
À¿®&¬´²C±\¸°¸R¬M®°¸�¼J· r`r Ç1±mÇ¿©~· r ª:¼J·lª&³�¼J·�¯�±Y®�·�¸&¸&©~±�¼J·�¯~ª&³~¸YÄ × ª�³ µ ¸£Ç�±Y± ¶ À~®&¬	ìR±\²CªR±\¯Vª&³ µ ª"Ç ½ ª&³�± ½ ± µ ®
��WMW j s ·lª$¼J· r`r Ç�±�À�¬Á¸&¸&·lÇ r ±:ªR¬ºÀ r�µ ²C± µ Ç-· r`r ·l¬ ¶ ªR® µM¶ ¸&·�¸&ªR¬M®°¸J¬ ¶{µ ²°³¿·lÀëÄ . ·�ª&³ µ Ç¿· r`r ·l¬ ¶ ªR® µM¶ ¸&·�¸RªR¬M®°¸
¬ ¶ºµ ²°³~·�À s�µ À~®&¬_²C±\¸&¸R¬M®bª&³ µ ª/² µM¶ ·�¸°¸&©�±J¸&· B ªR±Y± ¶ ¬M®�¾ ¬M®&±Î· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ¸8À�±Y®b² ½ ² r ±i·�¸ ¶ ¬Mªb· ¶ ­�± µ ¸&·�Ç r ±MÄ

< ¶ ¬Á© Ë ³ÒÀ µ ® µNr`r ± r ·¹¸&¾í± B ·¹¸Rª&¸ÆªR¬:ìR©~¸&ª&·l­ ½ Ç¿©~· r ¯~· ¶�Ë"µ À¿®&¬´²C±\¸°¸R¬M®Jª&³ µ ª$² µM¶ ·¹¸&¸&©�± �\[ · ¶ ¸RªR®)©~²3«
ª&·�¬ ¶ ¸�À1±Y®"² ½ ² r ±MÄ 5 ¸°· ¶�Ë{µM¶Vµ Ç-¸RªR® µ ²Cª ¾ µ ²°³¿· ¶ ±º¾ ¬´¯~± r	s ª&³�±ºÀ1±Y®°­�¬M®°¾ µM¶ ²C±�¬M­ µM¶ ·¹¯�± µNr ¾ µ ²°³~· ¶ ±
¼Î·lª&³ µM¶ ·�¸°¸&©�±c® µ ªR±�¬M­ �\[ · ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ¸ÆÀ�±Y®i² ½ ² r ± µM¶ ¯ µ ¼J· ¶ ¯~¬E¼î¸&·lïY±�¬M­ �YWÁ�	� · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ¸J¼ µ ¸
² µNr ²Y© r�µ ªR±\¯�ÄJÅJ³~·�¸J¾ µ ²°³~· ¶ ±:¼ µ ¸i·�¯~± µNr · ¶ ª&³ µ ªÎ·lª$³ µ ¯�­�¬Á©�®ÎÀ�±Y®&­�±\²Cª$²C¬Á¾ À�¬ ¶ ± ¶ ª&¸ 0 µ À�±Y®&­u±\²Cª 9 �YWMW
À�±Y®°²C± ¶ ªi³~·lªJ® µ ªR± ; · ¶ ¸RªR®°©~²Cª&·l¬ ¶ ² µ ²°³�± s�µ À�±Y®&­�±\²Cª 9 ¬Á¾ ¶ ·¹¸&²Y·l± ¶ ª ; Ç~® µM¶ ²°³�À~®&±\¯~·�²CªR¬M® s-µ À1±Y®°­�±\²CªÎ± B ±C«
²Y©~ª&·l¬ ¶ ²C¬M®&± 9 ·
Ä�±MÄ s=µM¶ ± B ±\²Y©~ª&·l¬ ¶ ²C¬M®&±m¼J·lª&³ µM¶ © ¶ Ç�¬Á© ¶ ¯~±\¯ ¶ ©~¾£Ç�±Y®Ã¬M­b­�© ¶ ²Cª&·�¬ ¶~µNr © ¶ ·lª&¸ s ± µ ²°³
¬M­d¼J³~·�²)³�² µM¶ À�±Y®&­�¬M®)¾Û±Y»M±Y® ½ ¯~±\¸&·l®&±\¯h¬MÀ�±Y® µ ª&·�¬ ¶-;ts1µM¶ ¯ µ À�±Y®&­�±\²Cª$¸&· ¶�Ë<r ±c² ½ ² r ±�¯ µ ª µ ² µ ²°³~±MÄ$ÅÆ³~±
À�±Y®&­u¬M®°¾ µM¶ ²C±�¬M­Æª&³~·¹¸c¾ µ ²)³~· ¶ ± µ »M±Y® µ�Ë ±\¯6¬�»M±Y®'¸&· B ªR±Y± ¶ · ¶ ªR± Ë ±Y®"Ç�± ¶ ²°³~¾ µ ® ê ¸c¼ µ ¸�² µNr ²Y© r¹µ ªR±\¯�ªR¬
Ç�± �\� Ä � · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ¸ÎÀ�±Y®$² ½ ² r ± 9 × a + ; Ä�ÅÆ³~·�¸ÎÀ�±Y®&­u¬M®°¾ µM¶ ²C±�·�¸$­ µ ® Ë ®&± µ ªR±Y®:ª&³ µM¶ ª&³ µ ª$¬M­ µM¶Í½ ± B «
·¹¸Rª&· ¶�Ë À~®&¬_²C±\¸&¸R¬M®°¸YÄ 5 ¶ ­u¬M®&ª&© ¶~µ ªR± r�½Ns Ç�±\² µ ©~¸R±iª&³�±$­u¬Á©�®ÉÀ1±Y®°­�±\²CªÉ²C¬Á¾ À�¬ ¶ ± ¶ ª&¸b² µM¶¿¶ ¬MªÉÇ1±$Ç¿©~· r ª s ª&³~·¹¸
¾ µ ²°³~· ¶ ±c² µM¶~¶ ¬MªÆÇ�±iÇ¿©~· r ªYÄ

Åx¬m¾ µ�ê ±:ª&³¿·�¸Æ¾ µ ²)³~· ¶ ±:¾ ¬M®°±:®&± µNr ·�¸&ª&·�² 9 ·
Ä�±MÄ s Ç-©~· r ¯ µ Ç r ± ;ts ª&³~±:­�¬Á©~®ÆÀ�±Y®&­�±\²CªÆ²C¬Á¾'À1¬ ¶ ± ¶ ª&¸
¼b±Y®&±i®&±YÀ r¹µ ²C±\¯mÇ ½ ®&± µNr ²C¬Á¾ À�¬ ¶ ± ¶ ª&¸YÄdÅÆ³ µ ªb·�¸ s ª&³�±Ã¾ µ ²)³~· ¶ ±$¼ µ ¸ Ë ·l»M± ¶ºµ ®&± µNr · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²°³�± s
µ ®&± µNr Ç~® µM¶ ²)³ÒÀ~®&±\¯¿·�²CªR¬M® s-µ ®&± µNr ± B ±\²Y©�ª&·�¬ ¶ ²C¬M®&± s�µM¶ ¯ µ ®&± µNr ¯ µ ª µ ² µ ²)³�±MÄÎðb¬Mª&³�ª&³�±£· ¶ ¸RªR®°©~²Cª&·�¬ ¶
² µ ²)³�± µM¶ ¯Ñ¯ µ ª µ ² µ ²°³�±`¼b±Y®&± �\[	ê Ç ½ ªR±`¯~·l®&±\²Cª£¾ µ À~À�±\¯g² µ ²°³~±\¸YÄÒÅÆ³�± Ç~® µM¶ ²°³ÑÀ~®&±\¯~·�²CªR¬M®�©~¸R±\¯ µ
�\[ «�Ç-·lª Ë ¸&³ µ ®&±�å Ð_� è À~®&±\¯~·�²CªR¬M®iªR¬hÀ~®°±\¯~·�²Cªiª&³�± ¯~·l®&±\²Cª&·�¬ ¶ ¬M­/²C¬ ¶ ¯~·�ª&·l¬ ¶~µNr Ç~® µM¶ ²)³�±\¸ L ª&³~±gñ�ª µ�Ë<r ±\¸&¸&ò
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» µ ®°·l±Yª ½ ¬M­�ª&³�±�À µ ªRªR±Y® ¶ Ç µ ¸&±\¯gÀ~®&±\¯¿·�²CªR¬M®cÀ~®°¬MÀ1¬Á¸&±\¯ÌÇ ½ +�³ µM¶�Ë@s A µ ¬ s?µM¶ ¯ a µ ªRªhå � ç�è ªR¬�À~®&±\¯~·¹²Cª
ª&³~±£ª µ ® Ë ±Yª&¸i¬M­/· ¶ ¯~·l®°±\²Cª 9 ¬M®Ã²C¬Á¾ À¿©�ªR±\¯ ; Ç~® µM¶ ²°³�±\¸ 9 µ ç «�Ç¿·lª Ë<r ¬MÇ µNr ³¿·�¸RªR¬M® ½ ¼ µ ¸i©~¸R±\¯ ; L µM¶ ¯ µ`[	�
± ¶ ªR® ½ Z ±Yª&©�® ¶ > ¯~¯�®&±\¸°¸"ä´ª µ ² ê ªR¬{À~®&±\¯¿·�²Cª£ª&³~±mª µ ® Ë ±Yª&¸'¬M­Î¸&©�Ç¿®&¬Á©�ª&· ¶ ±�®&±Yª&©�® ¶ ¸\ÄTÅÆ³~±m± B ±\²Y©�ª&·l¬ ¶
²C¬M®°±£²C¬ ¶ ¸&·¹¸RªR±\¯h¬M­@¸&· B ªR±Y± ¶ ­u© ¶ ²Cª&·l¬ ¶~µNr © ¶ ·lª&¸YÄ

. ³~± ¶ ±Y»M±Y® µ ®&± µNr 9 ·�ÄM±MÄ sÍ¶ ¬ ¶ «ó·�¯~± µNr�; ²C¬Á¾ À�¬ ¶ ± ¶ ª?·¹¸8©~¸R±\¯"· ¶ ¸RªR± µ ¯"¬M­ µ À�±Y®&­u±\²Cª?²C¬Á¾ À�¬ ¶ ± ¶ ª s
µ À�±Y®&­u¬M®°¾ µM¶ ²C±'Ç�¬MªRª r ± ¶ ±\² ê ·�¸:²C®°± µ ªR±\¯�Ä A ± ¶ ²C± s ª&³~·�¸c¾'¬M®&±�®&± µNr ·�¸Rª&·�² ¾ µ ²)³~· ¶ ±m³ µ ¯g­u¬Á©�®cÇ�¬MªRª r ±C«
¶ ±\² ê ¸YÄ?ÅÆ³�± u ®°¸&ª=Ç�¬MªRª r ± ¶ ±\² ê:s ²C®&± µ ªR±\¯�Ç ½ ©~¸&· ¶~Ë ª&³�±�®°± µNr · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²°³�± s ·�¸8¯~©~±bªR¬:· ¶ ¸RªR®°©~²Cª&·�¬ ¶
² µ ²)³�± ¾'·�¸&¸&±\¸YÄ/ÅÆ³~±c¸R±\²C¬ ¶ ¯�Ç�¬MªRª r ± ¶ ±\² ê:s ²C®°± µ ªR±\¯�Ç ½ ©~¸&· ¶~Ë ª&³�±c®&± µNr Ç~® µM¶ ²)³hÀ~®&±\¯¿·�²CªR¬M® s ·�¸Î¯~©�±:ªR¬
Ç¿® µM¶ ²°³T¾'·�¸&À~®&±\¯~·�²Cª&¸\ÄÉÅJ³�±cª&³~·�®°¯hÇ�¬MªRª r ± ¶ ±\² ê�s ²C®&± µ ªR±\¯{Ç ½ ©~¸&· ¶�Ë ª&³�±c®&± µNr ± B ±\²Y©�ª&·l¬ ¶ ²C¬M®&± s ·�¸J¯~©~±
ªR¬ µ�r�µ ² ê ¬M­�± B ±\²Y©�ª&·l¬ ¶ Ç µM¶ ¯�¼J·¹¯�ª&³�Ä > ¶ ¯"ª&³�±J­�¬Á©�®°ª&³ Ç�¬MªRª r ± ¶ ±\² ê:s ²C®&± µ ªR±\¯�Ç ½ ©~¸&· ¶�Ë ª&³�±J®&± µNr ¯ µ ª µ
² µ ²)³�± s ·�¸�¯~©�±ÃªR¬�¯ µ ª µ ² µ ²°³�±�¾'·�¸&¸&±\¸YÄ

]$­�ª&³�±\¸R±$­�¬Á©~®/Ç�¬MªRª r ± ¶ ±\² ê ¸ s ª&³~±ÎÇ�¬MªRª r ± ¶ ±\² ê ¯~©~±JªR¬"· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²)³�±:¾'·�¸&¸&±\¸d¼ µ ¸b­�¬Á© ¶ ¯
ªR¬TÇ�±'ª&³�±`¾ ¬Á¸Rª£¸&±Y»M±Y®&±mÇ�¬MªRª r ± ¶ ±\² ê L ·
Äë±MÄ s ¬M­�ª&³�±m­�¬Á©�®£Ç�¬MªRª r ± ¶ ±\² ê ¸ s ª&³�±mÇ1¬MªRª r ± ¶ ±\² ê ¯~©~±'ªR¬�· ¶ «
¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²°³�± ¾'·¹¸&¸R±\¸J·¹¾ À�¬Á¸R±\¸�ª&³�±�¾ ¬Á¸Rªi¸R±Y»M±Y®&±�À1±Y®°­�¬M®°¾ µM¶ ²C±cÀ�± ¶~µNr ª ½ ¬ ¶ ª&³�±�¾ µ ²°³¿· ¶ ±MÄJÅÆ³~±
Ç�¬MªRª r ± ¶ ±\² ê ¸ s · ¶ ¯�±\²C®&± µ ¸°· ¶�Ë ¬M®°¯�±Y®�¬M­@¸R±Y»M±Y®°·�ª ½Ns ¼b±Y®&±Ãª&³ µ ªÆ¯~©~±ÃªR¬'· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²°³�±c¾�·�¸&¸R±\¸ s ª&³ µ ª
¯¿©�± ªR¬�Ç~® µM¶ ²°³g¾�·�¸RÀ~®&±\¯¿·�²Cª&¸ s ª&³ µ ªc¯¿©�± ªR¬�¯ µ ª µ ² µ ²°³�±`¾'·�¸&¸R±\¸ sfµM¶ ¯Ìª&³ µ ª£¯~©�± ªR¬ µ�r¹µ ² ê ¬M­b± B ±C«
²Y©~ª&·l¬ ¶ Ç µM¶ ¯�¼J·�¯~ª&³�Ä/ÅÆ³~±:Ç�¬MªRª r ± ¶ ±\² ê ¯¿©�±:ªR¬º· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²°³~±�¾'·¹¸&¸R±\¸ µM¶ ¯Òª&³�±£Ç1¬MªRª r ± ¶ ±\² ê ¯~©~±
ªR¬�Ç~® µM¶ ²)³h¾'·�¸RÀ~®°±\¯~·�²Cª&¸b¼/±Y®°±Ã­�¬Á© ¶ ¯ºªR¬'·�¾ À�¬Á¸R±Ã¸&· ËÁ¶ · u ² µM¶ ªÉÀ�±Y®&­u¬M®°¾ µM¶ ²C±iÀ�± ¶~µNr ª&·�±\¸ s ¼J³�±Y®&± µ ¸Éª&³�±
Ç�¬MªRª r ± ¶ ±\² ê ¯¿©�±dªR¬Ã¯ µ ª µ ² µ ²°³~±É¾�·�¸&¸R±\¸ µM¶ ¯£ª&³�±ÉÇ1¬MªRª r ± ¶ ±\² ê ¯¿©�±dªR¬ µmr�µ ² ê ¬M­~± B ±\²Y©~ª&·l¬ ¶ Ç µM¶ ¯�¼J·¹¯�ª&³
¼b±Y®&±:­u¬Á© ¶ ¯`ªR¬'·�¾'À1¬Á¸&±Î¬ ¶,r�½ ¾'· ¶ ¬M®bÀ�±Y®&­u¬M®°¾ µM¶ ²C±$À�± ¶~µNr ª&·l±\¸YÄ > r}r ªR¬ Ë ±Yª&³~±Y® s ª&³�±Ã­u¬Á©�®�Ç�¬MªRª r ± ¶ ±\² ê ¸
®°±\¯~©~²C±iª&³�± µ »M±Y® µ�Ë ±:À�±Y®&­u¬M®°¾ µM¶ ²C± 9 ¬�»M±Y®Æª&³�±i¸&· B ªR±Y± ¶ · ¶ ªR± Ë ±Y®�Ç�± ¶ ²)³~¾ µ ® ê ¸ ; ¬M­ëª&³�±Ã¾ µ ²°³¿· ¶ ±$­�®&¬Á¾
�\� Ä �m× a +ÙªR¬ G Ä W�× a +$Ä

7 ¬M®&ª&© ¶~µ ªR± rl½Ns ª&³~±m¾ ¬Á¸Rª"¸R±Y»M±Y®&±`Ç�¬MªRª r ± ¶ ±\² ê 2 ª&³~±mÇ�¬MªRª r ± ¶ ±\² ê ¯~©�±mªR¬T· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ² µ ²°³�±
¾�·�¸&¸R±\¸ 2 ² µM¶ Ç�± ¶ ± µ ® rl½ ± r ·�¾'· ¶~µ ªR±\¯Ñ¼J·lª&³�¬Á©�ª�«�¬M­�«�¬M®°¯�±Y® ­u±Yª&²°³ s ¯~±\²C¬´¯�± s/µM¶ ¯6·�¸&¸&©�±MÄ ×�¶ ¸RªR®°©~²Cª&·�¬ ¶
² µ ²)³�± ¾'·�¸&¸&±\¸ÆÀ~®&±Y»M± ¶ ª$ª&³�±£¾ µ ²)³~· ¶ ±c­�®&¬Á¾�­u±Yª&²°³~· ¶~Ë@s ¯�±\²C¬_¯~· ¶~Ë@s¿µM¶ ¯�·¹¸&¸&©~· ¶~Ë'¶ ±Y¼�©¿¸R±Y­u© r · ¶ ¸RªR®)©~²3«
ª&·�¬ ¶ ¸c© ¶ ª&· r ª&³~±m· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²)³�±º¾'·�¸&¸:³ µ ¸cÇ�±Y± ¶ ¸&±Y®&»´·¹²C±\¯�Ä�]i©�ª�«�¬M­�«�¬M®°¯�±Y®c­u±Yª&²°³ s ¯~±\²C¬´¯�± s8µM¶ ¯
·¹¸&¸&©�±£®&±\¯~©~²C±£ª&³�±cÀ�±Y®&­u¬M®°¾ µM¶ ²C±£À�± ¶~µNr ª ½ ¯¿©�±:ªR¬º· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²)³�±�¾�·�¸&¸R±\¸ÎÇ ½ ± ¶¿µ Ç r · ¶�Ë ª&³~±�¾ µ «
²)³~· ¶ ±ÃªR¬m²C¬ ¶ ª&· ¶ ©�±Ã­u±Yª&²°³~· ¶�Ë@s ¯�±\²C¬_¯~· ¶�Ë@s�µM¶ ¯Ò·¹¸&¸&©~· ¶~Ë£¶ ±Y¼ô©~¸&±Y­u© r · ¶ ¸RªR®°©~²Cª&·�¬ ¶ ¸/· ¶ ª&³�±Ã±Y»M± ¶ ªJ¬M­ µM¶
· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³~±º¾�·�¸&¸YÄ 5 ¸&· ¶�Ë ª&³�± µ Ç¿¸RªR® µ ²Cª ¾ µ ²)³~· ¶ ±`¾ ¬_¯�± r	s ª&³�±`À1±Y®°­�¬M®°¾ µM¶ ²C±�¬M­�ª&³�±º¾ ¬M®&±
®°± µNr ·�¸Rª&·�²J¾ µ ²°³~· ¶ ± 9 ·
Ä�±MÄ s ª&³~±Î¾ µ ²)³~· ¶ ±Î¼J·lª&³ µ ®&± µNr · ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³�± s~µ ®&± µNr Ç~® µM¶ ²)³'À~®&±\¯¿·�²CªR¬M® s�µ
®°± µNr ± B ±\²Y©�ª&·l¬ ¶ ²C¬M®&± s�µM¶ ¯ µ ®°± µNr ¯ µ ª µ ² µ ²°³~± ; · ¶ ²C®&± µ ¸R±\¯mÇ ½'µM¶`µ »M±Y® µ�Ë ±Ã¬M­ [MGÁÈ�s ­�®°¬Á¾ G Ä W£× a +ÔªR¬
� Ä ç × a + s ¼J³�± ¶ ª&³~±Î¾ µ ²)³~· ¶ ±Î¼ µ ¸ Ë ·l»M± ¶`µ À�±Y®&­u±\²Cª/· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ² µ ²°³�±$® µ ª&³�±Y®bª&³ µM¶`µ ®&± µNr · ¶ ¸RªR®)©~²3«
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ª&·�¬ ¶ ² µ ²)³�±MÄ . ³�± ¶ ª&³~±m¾ µ ²)³~· ¶ ±m¼ µ ¸ Ë ·l»M± ¶Vµ ®&± µNr ·�ï µ Ç r ±'­u¬M®°¾õ¬M­�¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®£­u±Yª&²°³ s ¯~±\²C¬´¯�± s
µM¶ ¯�·�¸°¸&©�± s À�±Y®&­�¬M®)¾ µM¶ ²C±�· ¶ ²C®&± µ ¸R±\¯�Ç ½gµM¶6µ »M±Y® µ�Ë ±h¬M­ ��FMÈ�s ­�®°¬Á¾ G Ä WT× a +ÝªR¬ � Ä �T× a +$ÄxÅJ³�©~¸ s
¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®`­u±Yª&²°³ s ¯�±\²C¬´¯~± sÆµM¶ ¯ö·�¸°¸&©�±�² µM¶ Ç�±�©~¸R±\¯öªR¬Ñ± r ·�¾�· ¶~µ ªR±Ò¾ ¬Á¸Rªm¬M­Ãª&³�±�À�±Y®&­u¬M®°¾ µM¶ ²C±
À�± ¶~µNr ª ½ ª&³ µ ªÆ®&±\¸&© r ª&¸É­�®°¬Á¾Û· ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²°³~±£¾'·�¸°¸R±\¸YÄ

÷ ¬Á¸&ª�¬M­fª&³�±iÀ�±Y®&­u¬M®°¾ µM¶ ²C±iÇ�± ¶ ± u ªÉ¯~©�±$ªR¬ ¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®Æ­u±Yª&²°³ s ¯~±\²C¬´¯�± s~µM¶ ¯h·�¸&¸&©�±i²C¬Á¾ ±\¸
­u®&¬Á¾ µNr`r ¬E¼Î· ¶�Ë ª&³�±�¾ µ ²)³~· ¶ ±hªR¬Ñ­�±Yª&²)³ø· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ¸£¬Á©~ª'¬M­iÀ~®&¬ Ë ® µ ¾ù¬M®)¯�±Y®\Ä > ¾ µ ²°³¿· ¶ ±Ò¼J·�ª&³
¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®�­u±Yª&²°³ú· ¶ ·lª&· µ ªR±\¸"­u±Yª&²°³Ô®&±\Ê´©�±\¸Rª&¸�· ¶ À~®&¬ Ë ® µ ¾ù¬M®)¯�±Y® s Ç-©�ª µNr`r ¬E¼Î¸"ª&³�±\¸R±h®&±\Ê´©�±\¸Rª&¸ ªR¬
²C¬Á¾'À r ±YªR±i¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®\Ä > ¸É· ¶ ²C¬ ¶ »M± ¶ ª&·�¬ ¶~µNr À~®&¬_²C±\¸&¸R¬M®°¸ s ª&³�±i· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ¸ µ ®&±i¸Rª&· r`r ¯�±\²C¬´¯~±\¯ µM¶ ¯
·¹¸&¸&©�±\¯�· ¶ À~®°¬ Ë ® µ ¾û¬M®)¯�±Y®\Ä > ¾ µ ²)³~· ¶ ±£¼J·lª&³Ò¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®$­u±Yª&²°³ , ¯�±\²C¬´¯~± , ·�¸&¸&©�± ¶ ¬MªÎ¬ ¶,rl½ ­�±Yª&²)³�±\¸
· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ¸Æ¬Á©�ª�«�¬M­�«�¬M®°¯�±Y® s ·lª µNr ¸&¬`¯�±\²C¬_¯�±\¸ µM¶ ¯T·�¸&¸&©~±\¸Æª&³�±\¾ü¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®\Ä 9 ðb¬Mª&³{¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®
­u±Yª&²°³ µM¶ ¯�¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®$­�±Yª&²)³ , ¯�±\²C¬_¯�± , ·�¸&¸&©~± µ ®&±£» µ ®)· µM¶ ª&¸J¬M­8ª&³�±£²C¬ ¶ ²C±YÀ~ªJ¬M­8¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®$­u±Yª&²°³ s
¯~±\²C¬´¯�± s-µM¶ ¯Ò·�¸&¸°©�±MÄ ;

5 ¸&· ¶~ËÎµ ¸&¬MÀ¿³~·�¸Rª&·¹² µ ªR±\¯£¾ µ ²)³~· ¶ ±b¾ ¬_¯�± r	s ª&³�± µ »M±Y® µ�Ë ±�À�±Y®&­u¬M®°¾ µM¶ ²C±?¬M­ µ Ç µ ¸&± r · ¶ ±d¾ µ ²°³~· ¶ ±
¼ µ ¸/­�¬Á© ¶ ¯'ªR¬cÇ�± � Ä F	W£× a +$ÄÍÅJ³~·�¸?¾ µ ²)³~· ¶ ±$²C¬Á© r ¯'·¹¸&¸&©�±J©~À'ªR¬ �\[ · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ¸@À�±Y®/² ½ ² r ± µM¶ ¯�³ µ ¯
µ ¼J· ¶ ¯~¬E¼ý¸&·�ïY±'¬M­ µ Ç1¬Á©~ª �YWÁ�	� · ¶ ¸RªR®°©~²Cª&·�¬ ¶ ¸YÄ × ª£©~¸&±\¯ µ ®&± µNr · ¶ ¸RªR®)©~²Cª&·l¬ ¶ ² µ ²°³~± s?µ ®&± µNr Ç¿® µM¶ ²°³
À¿®&±\¯~·�²CªR¬M® sxµ ®&± µNr ± B ±\²Y©�ª&·l¬ ¶ ²C¬M®&± sxµM¶ ¯ µ ®&± µNr ¯ µ ª µ ² µ ²°³�±MÄ`ÅÆ³�±\¸R± ­u¬Á©�®:®&± µNr ²C¬Á¾'À1¬ ¶ ± ¶ ª&¸c¼/±Y®&±
²C¬ ¶@u¿Ë ©�®&±\¯ µ ¸/¯�±\¸&²C®°·�Ç1±\¯ µ ª?ª&³~±ÆÇ�± Ë · ¶~¶ · ¶~Ë ¬M­�ª&³~·�¸8²)³ µ À~ªR±Y® s ± B ²C±YÀ~ªdª&³ µ ª?ª&³�±J¯ µ ª µ ² µ ²°³�±Î¼ µ ¸ [	�Mê
Ç ½ ªR±\¸�® µ ª&³�±Y®�ª&³ µM¶Ì�\[	ê Ç ½ ªR±\¸YÄ/ÅÆ³~·�¸b¾ µ ²°³¿· ¶ ±Ã¯~·�¯ ¶ ¬Mª�±\¾ À r ¬ ½ ±\·lª&³~±Y®�¬Á©�ª�«�¬M­¹«�¬M®)¯�±Y®Æ­u±Yª&²°³h¬M®�¬Á©�ª�«
¬M­�«�¬M®°¯�±Y® ­u±Yª&²°³ , ¯�±\²C¬´¯~± , ·�¸&¸&©�±MÄ . ³�± ¶ ª&³�±ºÇ µ ¸R± r · ¶ ±�¾ µ ²)³~· ¶ ±`¼ µ ¸"±\Ê�©~·�À~À�±\¯g¼J·lª&³�¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®
­u±Yª&²°³ s À�±Y®&­u¬M®°¾ µM¶ ²C±c· ¶ ²C®&± µ ¸&±\¯�Ç ½hµM¶�µ »M±Y® µ�Ë ± ¬M­ �M�ÁÈ�s ­�®&¬Á¾ � Ä F	Wm× a +ÖªR¬ G Ä �MÐ�× a +iÄ . ³~± ¶ ª&³�±
Ç µ ¸R± r · ¶ ±m¾ µ ²°³~· ¶ ±'¼ µ ¸c±\Ê´©~·lÀ~À�±\¯{¼J·�ª&³ µ ®&± µNr ·lï µ Ç r ± ­u¬M®°¾õ¬M­�¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®£­u±Yª&²°³ , ¯~±\²C¬´¯�± , ·¹¸&¸&©�± s
À�±Y®&­u¬M®°¾ µM¶ ²C±'· ¶ ²C®&± µ ¸R±\¯gÇ ½{µM¶gµ »M±Y® µ�Ë ±m¬M­ �	��È�s ­u®&¬Á¾ � Ä F	W�× a +þªR¬ G Ä G j × a +iÄ 7 ¬M® µ ®&±Y­u±Y®&± ¶ ²C±
À�¬Á· ¶ ª s ¼J³�± ¶ ª&³�±�Ç µ ¸R± r · ¶ ±£¾ µ ²)³~· ¶ ±£¼ µ ¸ Ë ·l»M± ¶{µ À�±Y®&­u±\²Cª$· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ² µ ²°³�±"® µ ª&³~±Y®$ª&³ µM¶Tµ ®&± µNr
· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³~± s À1±Y®°­�¬M®°¾ µM¶ ²C±Î· ¶ ²C®&± µ ¸R±\¯mÇ ½�µM¶`µ »M±Y® µ�Ë ±:¬M­ G_�EÈ�s ­u®&¬Á¾ � Ä F	W�× a +úªR¬ G Ä j Gc× a +iÄ

ÅÆ³�± u ®°¸Rª u¿Ë ©�®&±�· ¶ ª&³¿·�¸Î¯¿·�¸&¸R±Y®&ª µ ª&·�¬ ¶
s 7 · Ë ©~®&± � Ä �*s ¯~±\¾ ¬ ¶ ¸RªR® µ ªR±\¯Tª&³�±�À~®&¬MÇ r ±\¾�· ¶ »M±\¸Rª&·l«
ËÁµ ªR±\¯�Ç ½ ª&³�±Æ¯~·�¸°¸R±Y®&ª µ ª&·l¬ ¶ L ·�Ä	±MÄ s ª&³�±�· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²°³�±ÆÇ�¬MªRª r ± ¶ ±\² ê Ä × ª@À r ¬MªRªR±\¯"ª&³�±�À�±Y®&­u¬M®°¾ µM¶ ²C± s
· ¶{×4¶ ¸&ªR®°©~²Cª&·l¬ ¶ ¸ a ±Y®�+ ½ ² r ± 9 × a + ;ts ¬M­bª&³�± Ë ²Y² Ç�± ¶ ²)³~¾ µ ® ê ­�¬M®Ãªÿ¼/¬T¯~· ^ ±Y®&± ¶ ª$À¿®&¬´²C±\¸°¸R¬M®°¸ µ ¸Ãª&³�±
­u±Yª&²°³O¼J·�¯�ª&³ø¬M­�ª&³�±\¸R±ÌÀ~®&¬_²C±\¸&¸R¬M®)¸m» µ ®°·l±\¯ÕÇ�±Yªÿ¼/±Y± ¶Ý�ÌµM¶ ¯ [	� Ä ðb¬Mª&³ÖÀ~®°¬´²C±\¸&¸&¬M®°¸h³ µ ¯ÕÀ�±Y®&­u±\²Cª
Ç¿® µM¶ ²°³�À~®&±\¯¿·�²Cª&·l¬ ¶
s0r�µ ® Ë ±m· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ¼J· ¶ ¯�¬�¼J¸ s0r�µ ® Ë ±�À�¬´¬ r ¸:¬M­�­�© ¶ ²Cª&·�¬ ¶~µNr © ¶ ·�ª&¸ sxµM¶ ¯�À�±Y®&­u±\²Cª
¯ µ ª µ ² µ ²°³~±\¸YÄbÅx¬�· r}r ©~¸RªR® µ ªR±iª&³�±cÀ1±Y®°­�¬M®°¾ µM¶ ²C±:¯�± Ë ® µ ¯ µ ª&·�¬ ¶ ª&³ µ ªÆ®°±\¸&© r ª&¸�­u®&¬Á¾Û· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³�±
¾�·�¸&¸R±\¸ s ¬ ¶ ±:À~®&¬_²C±\¸&¸R¬M®Æ¼ µ ¸ Ë ·�»M± ¶�µ À�±Y®&­u±\²CªJ· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²°³~± s1µM¶ ¯Òª&³�±Ã¬Mª&³�±Y®J¼ µ ¸ Ë ·�»M± ¶�µ ®&± µNr
�\[	ê Ç ½ ªR±c¯~·l®&±\²CªÆ¾ µ À~À�±\¯`· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³�±MÄ
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7 · Ë ©�®&± ç Ä � ·¹¸xª&³ µ ª@¸ µ ¾ ± u-Ë ©�®&±b¼J·lª&³ µM¶�µ ¯¿¯~·lª&·l¬ ¶~µNr�r · ¶ ±?ª&³ µ ª8¯�±\¾ ¬ ¶ ¸&ªR® µ ªR±\¸@ª&³�±�¸R¬ r ©�ª&·�¬ ¶ 0
¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®Ò­�±Yª&²)³ s ¯�±\²C¬_¯�± s$µM¶ ¯Ö·�¸&¸&©�±MÄ ÅÆ³~·�¸ r · ¶ ± s;r�µ Ç�± r ±\¯íñ Z ± µNrÃ× + µ ²)³�±Ì¼ , ]:]:] 7�� × ò s
À r ¬Mª&¸�ª&³�±ÃÀ�±Y®&­u¬M®°¾ µM¶ ²C±i¬M­=ª&³�±ÃÀ~®&¬_²C±\¸&¸R¬M®J¼J·lª&³`ª&³�±Ã®&± µNr · ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²)³�±:¼J³~± ¶ ª&³ µ ªÆÀ~®&¬_²C±\¸&¸R¬M®
·¹¸"±\Ê�©~·�À~À�±\¯Ñ¼J·�ª&³�¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®�­u±Yª&²°³ , ¯�±\²C¬_¯�± , ·�¸°¸&©�±MÄ N ð ½ ²C¬Á¾ À µ ®)· ¶�Ë ª&³�±ºÀ�±Y®&­�¬M®)¾ µM¶ ²C±º¬M­ µ
À¿®&¬´²C±\¸°¸R¬M® ¼J·lª&³ µ ®&± µNr · ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²)³�±hªR¬{ª&³�±ºÀ�±Y®&­�¬M®)¾ µM¶ ²C±`¬M­ µ À~®&¬_²C±\¸&¸R¬M®"¼J·lª&³ µ À�±Y®&­u±\²Cª
· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²)³�± s ª&³�± µ ¾ ¬Á© ¶ ªÃ¬M­/À�±Y®&­u¬M®°¾ µM¶ ²C± r ¬Á¸Rª:¯~©�±"ªR¬Ò· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²°³~±�¾'·�¸&¸&±\¸Ã² µM¶ Ç�±
µ ¸°¸R±\¸&¸R±\¯�Ä 7 ¬M®�ª&³�±iÀ~®&¬_²C±\¸&¸R¬M®�ª&³ µ ª�·�¸ ¶ ¬MªÉ±\Ê´©~·lÀ~À�±\¯m¼J·lª&³m¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®Æ­u±Yª&²°³ , ¯~±\²C¬´¯�± , ·¹¸&¸&©�± s¿�M�ÁÈ
¬M­=ª&³�±ÃÀ�±Y®&­u¬M®°¾ µM¶ ²C±Ã·�¸ r ¬Á¸Rª�¯~©�±iªR¬�· ¶ ¸&ªR®°©~²Cª&·l¬ ¶ ² µ ²°³�±£¾'·�¸&¸R±\¸ µ ª µ ­u±Yª&²°³�¼J·�¯�ª&³`¬M­ �*s-Ð_�EÈ ·�¸ r ¬Á¸&ª
µ ª µ ¼J·�¯�ª&³`¬M­ �\[�s¿µM¶ ¯ ç WÍÈ ·�¸ r ¬Á¸Rª µ ª µ ¼Î·�¯�ª&³`¬M­ [	� Ä 7 ¬M®Jª&³�±ÃÀ¿®&¬´²C±\¸°¸R¬M®Æª&³ µ ªÆ·�¸É±\Ê´©~·lÀ¿À1±\¯`¼J·�ª&³
¬Á©~ª�«�¬M­¹«�¬M®°¯~±Y®Æ­�±Yª&²)³ , ¯�±\²C¬_¯�± , ·�¸&¸°©�± sf�\GÁÈ ¬M­fª&³~±$À�±Y®&­u¬M®°¾ µM¶ ²C±i·¹¸ r ¬Á¸Rª µ ª µ ¼Î·�¯�ª&³m¬M­ �*së� ç È ·�¸ r ¬Á¸&ª
µ ª µ ¼J·�¯�ª&³"¬M­ �\[�s´µM¶ ¯ �ÁÈ ·�¸ r ¬Á¸Rª µ ª µ ¼Î·�¯�ª&³"¬M­ [	� Ä?ÅÆ³�©¿¸ s ¬Á©�ª�«�¬M­�«�¬M®°¯�±Y®/­�±Yª&²)³ s ¯�±\²C¬_¯�± s´µM¶ ¯'·�¸&¸°©�±
± r ·�¾'· ¶~µ ªR±\¸�¾'¬Á¸RªÆ¬M­@ª&³�±ÃÀ�±Y®&­u¬M®°¾ µM¶ ²C±ÃÀ�± ¶~µNr ª ½ ª&³ µ ªÆ®&±\¸&© r ª&¸É­�®&¬Á¾û· ¶ ¸RªR®°©¿²Cª&·l¬ ¶ ² µ ²°³�±�¾'·�¸&¸R±\¸\Ä
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> ­�ªR±Y®Îª&³�±:Ç�¬MªRª r ± ¶ ±\² ê ¯~©�±ÃªR¬m· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³�±�¾'·�¸&¸R±\¸ s ª&³�±:Ç�¬MªRª r ± ¶ ±\² ê ¯~©�±ÃªR¬�Ç¿® µM¶ ²°³
¾�·�¸RÀ~®&±\¯¿·�²Cª&¸c¼ µ ¸"ª&³�± ¶ ± B ª ¾ ¬Á¸Rª ¸R±Y»M±Y®&±ºÇ�¬MªRª r ± ¶ ±\² ê Ä ×4¶ ¯~±Y±\¯ s Ç~® µM¶ ²)³6¾'·�¸RÀ~®°±\¯~·�²Cª&¸c·¹¾ À�¬Á¸R±\¯ µ
À�±Y®&­u¬M®°¾ µM¶ ²C±ÌÀ1± ¶¿µNr ª ½ ª&³ µ ªÒ¼ µ ¸ µNr ¾ ¬Á¸&ª µ ¸ Ë ®&± µ ª µ ¸Òª&³�±ÌÀ�±Y®&­�¬M®)¾ µM¶ ²C±ÌÀ�± ¶~µNr ª ½ ·�¾ À�¬Á¸R±\¯ÕÇ ½
· ¶ ¸RªR®°©~²Cª&·�¬ ¶ ² µ ²°³~±g¾'·�¸&¸R±\¸\ÄOðb® µM¶ ²°³ÕÅ µ ® Ë ±YªhðÉ© ^ ±Y® 9 ðÉÅÆð ; ¾'·�¸&¸&±\¸m³~· ¶ ¯�±Y®'ª&³�± µ Ç¿· r ·lª ½ ¬M­:ª&³�±
Ç¿® µM¶ ²°³ÑÀ~®&±\¯~·¹²CªR¬M®cªR¬�Ê´©~·�² ê�r�½{µM¶ ¯g²C¬M®&®&±\²Cª rl½ À¿®&±\¯~·�²Cª:Ç¿® µM¶ ²°³~±\¸YÄhÅÆ³~·�¸Ã¯~·¹¸&¸R±Y®&ª µ ª&·l¬ ¶ À~®&¬MÀ�¬Á¸R±\¯ µ
¶ ±Y¼ýðÉÅÆðî· ¶ ¯�± B · ¶�Ë ¸&²°³~±\¾ ± ª&³ µ ª:®&±\¯¿©~²C±\¸iª&³�± ¶ ©~¾cÇ�±Y®Ã¬M­ÉðÉÅÆðî¾'·�¸&¸R±\¸\Ä 7 ¬M® µÒ��W��ÍÐ ± ¶ ªR® ½Nsf� «
¼ µ\½ ¸R±Yª�« µ ¸°¸R¬´²Y· µ ª&·l»M±JðÉÅÆð s ª&³�± µ »M±Y® µ�Ë ±Î¾'·�¸°¸x® µ ªR±�¼ µ ¸8®°±\¯~©~²C±\¯�­�®°¬Á¾ G Ä F�ÐÁÈ ªR¬ � Ä W���È Ä A ¬E¼b±Y»M±Y® s
±Y»M± ¶ ¼J·�ª&³ µ À�±Y®&­u±\²Cª 9 �YWMW À1±Y®)²C± ¶ ªc³¿·lª:® µ ªR± ; ðbÅJð s Ç~® µM¶ ²)³Ñ¾'·¹¸RÀ~®&±\¯~·¹²Cª&¸ µ ®&±�­ µ ®cªR¬´¬�­u®&±\Ê´©�± ¶ ªYÄ
5 ¶,r ±\¸°¸$¸°©�Ç¿¸Rª µM¶ ª&· µNr=µ ¯�» µM¶ ²C±\¸ µ ®°±"¾ µ ¯�±�· ¶ Ç~® µM¶ ²°³TÀ~®&±\¯¿·�²Cª&·l¬ ¶ ®°±\¸R± µ ®°²°³ s ª&³�±£À�±Y®&­u¬M®°¾ µM¶ ²C±£¬M­ µ
¾ µ ²°³~· ¶ ±Æª&³ µ ªd² µM¶ ·¹¸&¸&©�± �\[ ¬M®/¾ ¬M®&±J· ¶ ¸RªR®°©~²Cª&·l¬ ¶ ¸xÀ�±Y®d² ½ ² r ±J¾ µ\½ ¶ ¬Mª1ì&©~¸Rª&·l­ ½ ª&³�±Î¾ µ ²°³~· ¶ ± é ¸?²C¬Á¸Rª s
µM¶ ¯ s ²C¬ ¶ ¸R±\Ê´©�± ¶ ª rl½Ns ¸&©¿²°³Ò¾ µ ²)³~· ¶ ±\¸Æ¼J· r`r1¶ ¬MªÆÇ�±ÃÇ¿©~· r ªYÄ
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ð_ðsÉ�#eAu�"!�# S ´�× ´f�����bÉ

Å �jÆ°Ô�ÉGuèË�ÌÎÑ_åfÞ�×�ØêÈ S ª�ª�8v4?:X@eA�2wF?aêÓ_ÙÄÙèÔgI ÍIáWãßæ ´�É S 8buÄÚ�Ñ¨ÜÝàùæ_áWð à�Ë�àÎæ²å�×óò~áâÑso$pqpqpb�7fgfVf
�ùü��Ýø�õùü�
q�¡û¡ö�üx
�� � ö�� û ú /W� �y
��Ýø>��û`õê÷��¨û �Kþz� ö�üfÿ�ø�õêø�üM÷ùø|{íûWý�øÇþi�íöïÿH<[øß÷i��ü_û¡÷O
��Öô}
 � øîõùþù×*~²å�2_ÌùÕ_Ë�Ìn6
´f�����bÉ

Å �jÆ0u É*BíÉ*uÏå�ÌÎÞßæ_Ë�Òs×�m°É*�så�å�×Pc É*4íÉ*FIÚ�Û å�Ìf× Ë�Ñ_Ò�3²É*u É]Ù�æ²åfÑY× ØêÈ�ä�Ú�áâÒ_á¥Ñ²Ê àîÚ�Ñ�dMáâàîã Û£áâÞßÞßåfÞ
Ò�6¨Ñ_Ë�Û£áâà�Ë�Ð¥Ð]6�áâÑrÐâË�ÌÎÊ�å£Ò_áWÌßåfàîãïÜÝÛ£Ë�ð�ð[åfÒrà�Ë�àùæ²åfÞ�×óò�áâÑ ô�õïöf÷ÇøÎøÎú�û`übý�þ öïÿ����²ø
�����b�ùü��ÝøîõÇü�
��¡û ö�ü�
��
� ö�üfÿføîõßøîü[÷ùø°ö�ü|	 õï÷��uû��ÝøÎ÷�� �¨õ7
�� � � �q� ö�õ)�Mÿîö�õ�ôèõêößý�õ7
 ��� û`ü�ý���
�ü�ýq��
fý�øîþt
�üMúX' � øîõ7
��¡û`übý ��� þ /
�Ýø � þÇ×_ð_ðsÉY´ S �"!M´�©Qª¨× ´f���eA²É

Å ´�ªQÆ0F�ÉMÓñÉ�uèáWÌÎÒY× Ø7c�Ë�2�Õ_ÐâË�ãßáWÚ�Ñ¸ãêåfàÎæ_Ñ_á¥ë�Õ²åfÞ]ì`Ú�Ì]ÌÎåfà�Õ²ÌÎÞßáWä�å ð�ÌßÚ�Ê�ÌÎË�Û£Þ�×óò�� ö ��� ���¡û`ü�ý � �bõ)��ø � þù×_ä�Ú�Ð É
´f�b×�Ñ²Ú²É�A²×_ð_ðsÉ-A�ªq#"!$A_´�©�×Cm åfàîåfÛD2ñå�Ìo´f����ª¨É

Å ´�´ÇÆ08~ÉGc ÉGuÏÚ�æ²Ìf×�Ø(aïÑuãêå�ÌÎàîÚ�Ñ�Ñ²åfàîã Þßà�Ë�ÐâáâÑ²Êe�dãßæ²å±ÌßåfË�ÐÏÐâáâÛ±áWãêå�Ì�ãêÚ�æ_áWÊ�æ�ðñå�ÌßìKÚ�ÌÎÛ£Ë�Ñ�àîå�I���Ó�aÇ×óòUá¥Ñ
<[øß÷i��ü_û¡÷O
��x{íûWý�øÇþi�Ööïÿt���²ø%�ùü��ÝøîõÇü�
��¡û ö�ü�
��Cf��âøß÷"�¡õïö�üX{|øi�jû¡÷ÇøÇþ�+ øùø��¡ûKü�ý�×¨ð_ðhÉ²�eA_´O!b�eA�A²×Cm åfàîåfÛ|Ü
2ñå�Ì�´f��� S É

��©�#



Å ´f�jÆ08~É�uÏÕ_ãßÐWå�ÌíË�Ñ_Òv�|ÉhÔ§Ë�ãêã�×�Ø7c]æ_å åi�[åfàîãoÚ�ìÖÌßåfË�Ð Ò_Ë�ãßË à�Ë�àÎæ²å�2ñåfæ_Ëfä¨áWÚ�Ì Ú�Ñrãßæ²å ðñå�ÌßìKÚ�ÌÎÛ£Ë�Ñ�àîå
Ú�ì§Ë Û£áâàîÌßÚ�Ë�ÌÎàùæ_áWãêåfàîãßÕ²ÌÎå ãßæ_Ë�ãIÞßÕ²ð�ð[Ú�ÌÎãßÞÏÒ�6bÑ_Ë�Û±áâà�ÞÎàÎæ²åfÒ_Õ�ÐâáâÑ²Ê²×óò|áâÑ�ô�õïöf÷ÇøÎøÎú�û`übý�þ°öïÿt���²ø��"�����
	 ü_ü���
���	;��+R�-�7fgfVfs�ùü��ÝøîõÇü�
��¡û ö�ü�
�� ������� öQþÇû�� � ö�üX+�û ÷�õêö�
�õê÷i��û��ÝøÎ÷�� �¨õêø�×�´f���¨´�É

Å ´�#jÆ08~É�uèÕ²ãßÐWå�Ì Ë�Ñ_Òj�|ÉÏÔ§Ë�ãêã�× ØêÈ�Ñ áâÑ�ä�åfÞêãßáWÊ�Ë�ãßáâÚ�Ñ Ú�ìoãßæ²åSð[å�ÌÎì`Ú�ÌÎÛ±Ë�Ñ_àîå�Ú�ìoäQË�ÌÎáâÚ�Õ_Þ Ò�6bÑ_Ë�Û±áâà
Þßàùæ²åfÒ_Õ_Ðâá¥Ñ²Ê|ãêåfàÎæ_Ñ_á¥ë�Õ²åfÞf×óò±áâÑUô�õïö�÷ùøÎøÎú�ûKü�ý�þ£öïÿ����²ø0�5�����|	 ü_ü���
��x	;��+|�-�7fVfgf��ùü��ÝøîõÇü�
��¡û ö�ü�
��
������� öQþÇû�� � ö�üb+�û ÷�õêö�
�õê÷i�uû �Ýøß÷"� �¨õêø�×�´f�����bÉ

Å ´iA�Æ08~É[uèÕ²ãßÐWå�Ìf×Gc É ÜN�°É[��åfæY×l�°ÉhÔ§Ë�ãêã�×&8~ÉOÈ ÐâÞßÕ²ðs×�4oÉ§Ó²à�Ë�ÐWåfÞ�×OË�Ñ�Ò�8 É Ó¨æ²å�2�Ë�Ñ_Ú�Í�× ØÎÓ¨áâÑ²Ê�ÐWå áâÑ²Ü
ÞêãêÌÎÕ�àîãßáWÚ�ÑUÞßãêÌßåfË�Û ð�Ë�ÌÎË�ÐâÐWåfÐ¥áâÞßÛ³á¥ÞIÊ�ÌßåfË�ãêå�Ì ãßæ�Ë�ÑUã ÍÖÚ²×óò á¥Ñ�ô�õïöf÷ÇøÎøÎú�û`übý�þ±öïÿ;���¨ø�oq�q����	 ü_ü���
��
�ùü��Ýø�õùü�
q�¡û¡ö�üx
�� ���e��� ö�þùû�� � ö�ü�� ö ��� ���Ýøîõ%	 õê÷i�uû �Ýøß÷"� �bõßøî×Mð_ðsÉ_��©�@"!b����@b× ´f���¨´�É

Å ´ S Æ08~ÉlU°É[uèÕ²ãßÐWå�Ìf×l	Öý�ý�õêøîþÎþÇû���ø0fV��øÎ÷����¡û¡ö�üzf�ü�ý�ûKü[øÇþèÿ�ö�õ � �¨õ � 
QþÎþÇû`ü�ý � û`ü�ýq�Wø���
QþÇû¡÷;�?� ö�÷i��f`�bø /
÷����¡û ö�ü_×�ÔÖæ�m ãßæ²åfÞßáâÞf×�I�Ñ_áâä�å�ÌÎÞßáWã�6±Ú�ì&8Uá¥àÎæ_áWÊ�Ë�Ñs×s´f����#bÉ

Å ´�@jÆ0u ÉñÙèË�Ð¥Ò²å�ÌIË�Ñ_ÒbmoÉ�U ÌÎÕ�ÑuÍèË�ÐâÒY×�Ø7FIåfÒ_Õ_à�áâÑ²Ê92_ÌÎË�Ñ_àùæ�àîÚ�ÞêãßÞ ä¨áâË;2_ÌÎË�Ñ�àÎæ�Ë�Ð¥áWÊ�Ñ_Û åfÑ�ã�×óò±áâÑSôèõêö /
÷ùøùøßú�ûKü�ý�þ öïÿ|���¨ø��������ùü��ÝøîõÇü�
��¡û ö�ü�
��%� ö�üfÿ�ø�õêø�üM÷ùø�ö�ü�	 õê÷i��û��ÝøÎ÷�� �¨õ(
�� � � �$� ö�õi��ÿ�ö�õ|ô�õïößý�õ(
 �0/
� û`übý��[
�ü�ýq��
�ý�øÇþ�
�üMúv' � øîõ7
��¡ûKü�ý ��� þi�Ýø � þù×Mð_ðsÉ��eAu�"!b� S ´�×§´f���eA²É

Å ´�©�Æ0u ÉhÙèË�ÐâÒ²å�Ì Ë�Ñ_ÒvmoÉ[U ÌùÕ_ÑuÍèË�ÐâÒY×èØ7B�åi_bã à�Ë�àÎæ_å£ÐâáâÑ²å°Ë�Ñ_ÒUÞßå�ã ð�ÌßåfÒ_áâàîãßáWÚ�Ñs×óò áâÑrôèõêöf÷ÇøÎøßú�û`ü�ý�þ±öïÿ
���¨øR�$��üMúX	 ü�ü���
��G�ùü��Ýø�õùü�
q�¡û¡ö�üx
�� �����?� öQþùû�� � ö�ü�� ö ��� ���Ýøîõ�	 õê÷i�uû �Ýøß÷"� �bõßøî×§ð_ðhÉO����©�!b����@b×
´f��� S É

Å ´f�jÆ�3²É�Ù�æ_Ë�Ñ²Ê²×54oÉbÙèæ�Ë�Ú²×�Ë�Ñ_Ò�1£É�ÓbÚ²×OØÎÙèË�àùæ²å�Ò_åfÞßáWÊ�Ñ|Ú�ìYË�ÞßÕ�2_ÜÝÛ£áâàîÌßÚ�Ñ±Ù�8z��Ó°Þ76¨ÞêãêåfÛ���#�©Qª¨×óò á¥Ñ
ôèõêöf÷ÇøÎøßú�û`ü�ý�þ öêÿ0���¨ø�o������
	 ü_ü���
��r�ùü��ÝøîõÇü�
��¡û ö�ü�
�� ������� öQþÇû�� � ö�üs� ö ��� ���Ýøîõt	 õï÷��uû �Ýøß÷�� �¨õßøî×
ð_ðsÉ_��ª��"!b�¨´�#b× ´f����©�É

Å ´f�jÆ°Ô�É ÜN�°É�Ù�æ_Ë�Ñ²Ê²×P^]É*4�Ë�Ú²× Ë�Ñ_Òs�|É}BoÉèÔ§Ë�ãêã�×¸ØêÔ ÌßåfÒ_áâàîãßáâÑ_Ê áâÑ�Ò_áWÌßåfàîãD�êÕ�Û ð�Þ Õ_ÞßáâÑ²Ê Ë ãßË�ÌßÊ�å�ã
à�Ë�àÎæ_å�×óòdá¥Ñ�ô�õïö�÷ùøÎøÎú�ûKü�ý�þ öïÿ,���¨ø��"�����w	 ü_ü���
��}�ùü��ÝøîõÇü�
��¡û ö�ü�
�� �����?� öQþùû�� � ö�ü�� ö ��� ���Ýø�õ
	 õê÷i�uû �Ýøß÷"� �¨õêø�×_ð_ðsÉ���©kAe!b����#b×§´f����©�É

Å ��ªQÆ0F�ÉMÓñÉMÙèæ_Ë�ð_ðñåfÐâÐ ×-3²ÉMÓbãßË�ÌL\M×MÓ[É²Ô�É�1�á¥Û ×�Ó[É�1 É�F]åfáâÑ�æ_Ë�ÌÎÒ²ã�×²Ë�Ñ_ÒR�|É�BoÉ_Ô�Ë�ãêã�×ÏØÎÓ¨áâÛ°Õ_ÐWãßË�Ñ²å�Ú�Õ�Þ
ÞßÕ�2ñÚ�ÌÎÒ�áâÑ_Ë�ãêå Û£áâàîÌßÚ�ãßæ_ÌßåfË�Ò_áâÑ²Ê0� Ó_Ó-8vc��ù×óòIáâÑ°ôèõêöf÷ùøùøßú�ûKü�ý�þIöïÿ����¨ø*�������%	 ü_ü���
��q�ùü��ÝøîõÇü�
��¡û ö�ü�
��
������� öQþÇû�� � ö�ü�� ö ��� ���Ýøîõ�	 õï÷��uû��ÝøÎ÷�� �¨õßøî×O´f�����bÉ

Å �¨´ÇÆ�aÇÉ Ü Ù ÉG1£É§Ùèæ²åfÑs×�Ù É Ü Ù ÉG�hå�å�× Ë�Ñ_Ò�c ÉlBoÉ&8UÕ�Ò²Ê�å�×�Ø(a Ñ�ÞêãêÌÎÕ_àîãßáWÚ�Ñ ð_Ìßå�ìKå�ãßàÎæ_á¥Ñ²ÊSÕ�ÞßáâÑ²Ê�2�ÌÎË�Ñ_àÎæ
ð_ÌßåfÒ�áâàîãßáWÚ�Ñ�áâÑ_ì`Ú�ÌÎÛ±Ë�ãßáWÚ�ÑY×óòIá¥Ñ9oqpqp� *�7fVfgfz�ùü��ÝøîõÇü�
��¡û ö�ü�
��[� ö�üfÿføîõßøîüM÷ÇøIö�üv� ö ��� ���ÝøîõV{|øÇþùûWý�ü�×
ð_ðsÉ S ��#"!�@�ª²´�× ´f����©�É

Å ���jÆ;U°ÉC¡�ÉñÙèæ_Ìn6bÞßÚ�ÞIË�Ñ_Òv3²ÉñÓñÉ�^ Û£å�Ìf×ÖØ78UåfÛ Ú�Ìn6�Ò_å�ð[åfÑ�Ò²åfÑ_àîå�ð_ÌÎåfÒ_áâàîãßáWÚ�Ñ¸Õ�ÞßáâÑ²Ê±ÞßãêÚ�ÌßåoÞêå�ãßÞf×óò á¥Ñ
ôèõêöf÷ÇøÎøßú�û`ü�ý�þ öêÿ0���¨ø��5�����
	 ü_ü���
��r�ùü��ÝøîõÇü�
��¡û ö�ü�
�� ������� öQþÇû�� � ö�üs� ö ��� ���Ýøîõt	 õï÷��uû �Ýøß÷�� �¨õßøî×
ð_ðsÉY´iAu�"!M´ S #b× ´f�����bÉ

Å ��#jÆ0c É�8 É]ÙÏÚ�Ñ�ãêå�×?1 ÉgBoÉg8UåfÑ²å�:�åfÞ�× Ô�Ég8~É�8SáâÐâÐâÞf×ÏË�Ñ_Òsu ÉÏÈoÉÖÔ§Ë�ãêåfÐ × ØL� ð_ãßáâÛ£á¢:fË�ãßáWÚ�Ñ Ú�ì�áâÑ²Ü
ÞêãêÌÎÕ�àîãßáWÚ�ÑSì`å�ãßàùæ�Û åfàÎæ�Ë�Ñ_áâÞßÛ£Þ ìKÚ�Ì�æ_áWÊ�æSáâÞßÞÎÕ²å|ÌÎË�ãêåfÞ�×óò¸áâÑ�ô�õïöf÷ÇøÎøÎú�û`übý�þ öïÿ;���¨ø9�q��ü[ú|	 ü_ü���
��
�ùü��Ýø�õùü�
q�¡û¡ö�üx
�� ���e��� ö�þùû�� � ö�ü�� ö ��� ���Ýøîõ%	 õê÷i�uû �Ýøß÷"� �bõßøî×�´f��� S É

Å �eA�Æ�E°É�ÙèÕ²ð_ðMÕY×[u Él3�Ë�àîÚ�2h×Zu É[m Ë�äbáâÞf×§Ë�Ñ�Ò�c É[8SÕ_Ò²Ê�å�× ØêÈ ðñå�Ìßì`Ú�ÌùÛ£Ë�Ñ_àîå£àîÚ�Û ð�Ë�ÌùáâÞêÚ�Ñ�Ú�ì�àîÚ�Ñ¨Ü
ãêåfÛ ðñÚ�ÌÎË�Ìn6�mPF�È�8 Ë�ÌùàÎæ_áWãêåfàîãßÕ_ÌßåfÞ�×óò áâÑ ôèõêöf÷ùøùøßú�ûKü�ý�þröïÿv���¨øv�������>	 ü_ü���
����ùü��ÝøîõÇü�
��¡û ö�ü�
��
������� öQþÇû�� � ö�ü�� ö ��� ���Ýøîõ�	 õï÷��uû��ÝøÎ÷�� �¨õßøî×�ð�ðsÉ_�����"!b��#�#b×§´f�����bÉ

Å � S Æ�3²Éeu Éem åfÑ_Ñ_á¥Þ�×[Ø7m Ë�ãßË�d�ÚjÍ ÞßÕ²ðñå�ÌÎàîÚ�Û ð�Õ_ãêå�ÌÎÞ�×óò%�7fVfVf£� ö ��� ���ÝøîõÇ×�ä�Ú�Ð É�´�#b×�Ñ²Ú²É�´�´�×�ð_ðhÉ"Au�"! S @b×
B�Ú�ä�åfÛ�2[å�Ì°´f����ª¨É

��©kA



Å ��@jÆ01 É"m áWå�ìKåfÑ_Ò²Ú�Ìn��×[Øn3�Ë�ÐâË�ðñåfÑ²Ú]ðñÚjÍÖå�ÌÎÞOài6�Ìùá._x¤óÞl8v#b×óòt+rû¡÷fõïö � õïöf÷ÇøÇþùþîö�õ�¥Iø � ö�õi�¡×qB�Ú�ä�åfÛ�2[å�Ìè´f�����bÉ
Å ��©�Æ01 É�m áWå�ìKåfÑ_Ò²Ú�Ì7�§×�Ø(¦ å�Ú�Ñ¸Ìßå�ð�Ð¥Ë�àîåfÞIÔ�åfÑuãßá¥Õ_Û Ô�ÌßÚ²×óòR+�û ÷�õêö � õêöf÷ùøîþÎþîö�õt¥Iø � ö�õi�¡×C3�Õ_Ð]6S´f�����bÉ
Å ���jÆ;{P�e§V��<5	��©¨�ª��(«­¬Møîõùþùû ö�ü���® ��{©¥Iø¡ÿføîõßøîüM÷Çø£ô}
fýbøÇþ�{°öf÷�� � ø�ü��y
��¡û ö�ü�¯oû �¡×&m áâÊ�áWãßË�ÐV^Öë�Õ_áâð²Ü

Û åfÑ�ã ÙÏÚ�ÌßðñÚ�ÌÎË�ãßáâÚ�ÑY×Y´f����©�É
Å ���jÆ;{íû ý�û��y
�� � ø � û ÷Îö�üMú��_÷�� ö�õ%��oqo$�i�
	�� � ��
D+rû¡÷fõïö � õïöf÷ÇøÇþùþîö�õ ô�õïö�ú��_÷��l�IõÇû ø ÿù×�m áâÊ�áWãßË�Ð�^Öë�Õ�áWð�Û åfÑ�ã

ÙÏÚ�ÌßðñÚ�ÌÎË�ãßáâÚ�ÑY×�4�Õ_Ò�ÞêÚ�ÑY×�8SÈí×�8SË�ÌÎàùæ ´f����©�ÉgcOåfàÎæ�Ñ_áâà�Ë�Ð�m Ú¨à�Õ_Û åfÑ�ã?^ÏÙÖÜ±° ÔÖ��©em�ÜWc}^]É
Å #�ªQÆ0BoÉgm ÌÎË�àÎæ Ë�Ñ_ÒdÈoÉ�Óbå�:fÑ_åfà�×±Ø78Xa(mP^V^Iç�Ó¨Û£Ú�Ú�ãßæ_á¥Ñ²Ê�2_ÌÎË�Ñ�àÎæÂË�Ñ�Ò áâÑ�ÞêãêÌÎÕ_àîãßáWÚ�ÑÂà�Ë�àÎæ²årÛ£áâÞÎÞ

ðñåfÑ_Ë�ÐWãßáWåfÞÏÚ�Ñ Ò²å�å�ð�ð�áWðñåfÐâáâÑ²åfÞf×óòíáâÑ¸ôèõêöf÷ÇøÎøßú�û`ü�ý�þ°öïÿt���¨øD�������R	 ü_ü���
���	;��+|�-�7fVfgf��ùü��Ýø�õùüx
 /
�¡û ö�ü�
�� �����?� öQþùû�� � ö�üX+rû¡÷fõïö�
�õï÷��uû��ÝøÎ÷�� �¨õßøî×ñð_ðsÉY´f��#"!b��ª²´�× ´f����#bÉ

Å #¨´ÇÆ Ó[É�m Õ²ãêãßË Ë�Ñ_Ò�8 É*~²ÌÎË�Ñ�\bÐâá¥ÑY×£ØÎÙÏÚ�Ñ�ãêÌßÚ�Ð�d�Ú�Í ð_ÌÎåfÒ_áâàîãßáWÚ�Ñ ÍIáWãßæschÌÎå�åîÜW�há]\�årÞßÕ�2�Ê�ÌÎË�ð�æ_Þ ì`Ú�Ì
ÞßÕ²ðñå�ÌÎÞÎà�Ë�ÐâË�ÌÖð�ÌßÚbàîåfÞÎÞêÚ�ÌÎÞ�×óò áâÑ ôèõêöf÷ÇøÎøßú�û`ü�ý�þ°öïÿ%���¨øD�$�q����	 ü�ü���
���	;��+R�-�7fgfVfj�ùü��ÝøîõÇü�
��¡û ö�ü�
��
������� öQþÇû�� � ö�üb+�û ÷�õêö�
�õê÷i�uû �Ýøß÷"� �¨õêø�×Mð_ðhÉ²� S �"!b��@�#b× ´f��� S É

Å #��jÆ01 ÉraÇÉr~�Ë�Ìn\QË�Þf×hÔ�ÉsÙ�æ²Ú�Í�×�BoÉYÔ�ÉC3�Ú�Õ²ð_ð�á ×[Ë�Ñ_Ò�¡�ÉrE ÌÎË�Ñ_åfÞßáâà�×]Ø78UåfÛ Ú�Ìn6�Ü Ó�6bÞßãêåfÛwÒ²åfÞßáWÊ�Ñ�àîÚ�Ñ¨Ü
ÞßáâÒ_å�ÌÎË�ãßáWÚ�Ñ_Þ ì`Ú�Ì�m�6bÑ_Ë�Û±áâà�Ë�ÐâÐ]6�Ü Ó¨àÎæ_åfÒ_Õ_ÐWåfÒ ð�ÌßÚbàîåfÞÎÞêÚ�ÌÎÞ�×óò°áâÑ ô�õïö�÷ùøÎøÎú�ûKü�ý�þíöïÿP���¨øP�k������	 ü_ü���
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