
�����������
	 ���� ������� ��� �
��� ���
� �
��	��� ��� ���������
	

 "!

#%$'&)(+*-,/.10324$65+7

8:9<;>=@?BAC?/?ED  >F AG9B9B=IH�9<JLKM;>=ONPJQ;>R�?TS�JQU>VWACR�?TX�R>AGYP=IZE?BAG9 ! ACR\[IJQR-]^JQZ F AG9 !`_ AG9B;a9B;>=
ZB=@bWD>ACZE= F =IR"9<?/]^JQZc9<;�=dH�=IeQZE=I=fJP]+gihP?E9B=IZ�JP]+j-[IAG=IR>[@=dAGRak3R�eQACR>=@=IZEACR>e>l

m honG9<A F JPZB=Pp�gihPZ ! nqhPR>H
r [@9<J  =@ZIptsPuPu�v

[w j�h F D>=@nxN�ltyxhPR>ezsPuQu-v
8TnCn{ZEACeQ;"9<?MZE=I?E=IZEYP=IH



| } ~����������

�4� AC?BAGJQRtsfAC?�h�ZB=@H>=I?EACeQR�hPR>H�A F U>nG= F =IR"9�h�9<ACJPR`Jo]{9<;>= �4� AC?BAGJQRz]^ZBh F = _ JQZBVtp-hO?E9<hPR>H�hPZEH
9<J�JQn6]^JPZ�H ! R>h F AG[�Y-AG?BAGJQRahPR>H\Y-AG?BD�honx9BZ<hP[�VWAGR>e>l�KM;>=�AGH>=�h  =I;>AGR>H �T� AG?BACJPRts�AC?M9<J`U>ZBJ�Y�ACH�=
h�U>nqh�9B]^JQZ F ]^JPZMA F U>nC= F =@RW9BACR>edY�AC?BAGJQR\hPU>U�nCAC[Iho9<AGJQR>?@p-JQR\?�9�hPR>H>hPZBHaH>=I?EV"9<JQUa;�hPZEH _ hoZB=Pp�AGR\h
H ! R�h F AC[�hPR>H\ZB=IhPn���9<A F =T]�ho?B;>AGJQR{l+KM;>= �T� AC?EACJQR�sOnCA  Z<hPZ ! [@J F� AGR>=I? F hPR ! Jo]�9B;>=�]^=�ho9BD>ZB=@?
JP]�9<;>=MJPnCH�nCA  Z<hoZ ! p _ ;>ACnG=�9�hPVWAGR>e�]^D>ZE9B;>=IZ3hPH-YPhoRW9<hPeQ=MJP]�9<;�=/]^=Iho9<D�ZB=I?3JP]t9B;>=T�M�d��nqhPR�eQD�hPeQ=
hPR>H�U>ZBJ�Y�ACH�ACR>eL?BD�U>U'JPZE9�]^JQZ F hPR ! JP]�9<;>=dR>= _ 9<=@[�;>R>JQnGJQeQAC=@?�h�YohPAGnqh  nC=49BJ-H�h ! lcKM;>AC?/H>J�[ID��
F =IR"9fH>=@9<hPACnG?49<;�=�H>=I?EACeQR hPR>H F JP9<A�Yoho9<AGJQRiJP] �T� AC?EACJQR�sip{9<;>=�R>= _ ]^=Iho9<D>ZE=I?fJ�YQ=@Zf9B;>=�JQnGH
�4� AC?EACJQR{p>hPR>H\?BJ F =fJP]¡9<;>=fA F U>nG= F =IR"9�ho9BACJQRzAC?E?BD>=@?TAGRWYPJQnGYP=IH{l

AGA



| �£¢¥¤ ¦¨§ ©�ª¨« ¬ª¨® ª¨¤¯�°~

KM;>=�hPD�9<;�JQZ _ AC?B;�=I?T9BJ`hP[�VWR>J _ nC=IH�eQ=�9B;>JQ?B= _ ;>J`;�h�YQ=�U>ZBJ�Y�ACH>=@Hi[@JQD>R>?E=In¡hPR>H�?BD>U>U�JQZ�9
9<;�ZBJQD>eP;>JQD�9T9<;>AG?TU>ZEJ�±E=I[²9�l�g ! 9B;>=I?EAC?4hPH�Y�AC?EJQZIp'³�ZIl4´fZE=Ie�SThPeQ=@ZT;�ho?�U>ZBJ�Y�ACH�=IHµeQD�ACH�hPR�[I=Pp
F JP9<A�YPh�9<ACJPR{p�=·¶-[I=InGnC=@RW9`hoH�Y�AC[I=op3hPR>H°¸�R>hPR>[IAChPn�?ED>U>U�JQZE9Il ST=�;�hP?OZB= F hPAGR>=IH�U�h�9<AC=@R"9 _ AG9B;
F =49<;>ZEJQD>eQ; FO! ACR�=²¶-U'=@ZBAG=IR>[@=Pp�J  9BD>?B=@R>=I?E?Ip�hPR>H\eQ=@R>=IZBhPn{bWD>AGZBVW?Il1¹ _ AC?E;\9BJ�9<;�hoR>V�³�hPZEACD>?
m D>ZE?B[�;>V�h�p>]^JPZ�;>AG?ceQJ�J-H�hoH�Y�AC[I=op F D�[�;aR�=I=IH�=IH\9<=I[�;�R>AC[IhPn6?ED>U>U�JQZE9Ip�hPR>H�9B;>= F hoR ! bWD�hPnGAG9 !
H>AG?B[ID�?B?BAGJQR>?aJ�YQ=IZih m hP?B?�hPnC=olºKM;>hPR>VW?�9BJ � AqhPR"9<AChPR�³�hPA`»¼³�JPR�hPnCH�½¾hPR>H�NQhP?BJQR���JQZB?EJ
]^JQZ�9<;�=IACZd;>=@nCU _ A�9<;¿9<;>= �4� AC?BAGJQRts�nCA  Z<hoZ ! p¡hPR�H�9<;>=¾�M�f�ÀnqhPR�eQD�hPeQ=ol�yÁACR>H>h�Â/JQZBVo=¾;�ho?
U>ZEJÃY�AGH>=IH�ACR�]^JQZ F h�9<ACJPR¿hPR>H°hoH�Y�AC[I=`R>=@[I=I?E?<hPZ ! 9BJ�¸�R�AC?B;¿9<;�AC?dKM;>=I?EAC?Il\Ä�ACR�hPnGn ! p  D�9�ACR R>J
_ h ! nC=IhP?E9TA F U�JQZE9<hPR"9�p�9<;>=�ZBJQnG= F�! U�hPZB=@R"9<?�;�h�YP=�U>nqh ! =IHÅhP?T[IJQD�R>?B=@nCJQZE?�hPR>H�ZBJQnG= F J-H�=InC?
ACR  ZEACR>ePACR>e F =�9<J�9<;�AC?MU�JQACR"9�l

AGACA



Æ ¦Ç¤¯��ªÈ¤¯�°~

É�Ê�Ë@Ì�ÍÃÎ�ÏPÌ Ð�Ð
É�ÏÃÑÁÒ¡Ó�ÔzÕ�Ö�×xØ�Ö�Ù�Ö�Ò'Ì�Ë Ð¼Ð�Ð
Ú Ð¼Ë@Ì`ÓtÛ�ÜMÐ�Ø�ÝxÍÃÖ-Ë ÞxÐ
Ú Ð¼Ë@Ì`ÓtÛ�ß�Î>Ê�Õ�Ö�Ë Ðáà
â ã Ò�Ì�ÍÃÓÁ×�Ý¡ÏPÌÃÐ^Ó�Ò â
ä ã Ù�Î>ØtÖ-Ë å

s-l�v ¹æR"9<ZBJ�H>D>[²9<AGJQR�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ç
s-lès ¹ F hoeQ=fÄ�JQZ F ho9<? l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ç
s-lêé KM;>=dë1A�¶ F hoUìldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl í
s-lïî ¹ F hoeQ=�¹ð9<=@Z<ho9BJQZB?¯l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ñ
s-lèç ¹ F hoeQ= r U'=@Z<ho9BACJQR>?¿lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ò

s-lèç-lGv Ä�ACnG9B=IZEACR>e�l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�u
s-lèç-lós 8TnCeQ=  Z<h l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃs
s-lèç-lèé 8�ô`R>=�õ°hPZEU>ACR�e ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�é
s-lèç-lêî j-h F U�nCACR�e lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�î

s-lêö ¹ F hoeQ=d��JQR"YQ=@ZB?BAGJQRÈlfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃç
s-lêö�lGv ¹ F U>nGAC[IA�9/��JQR"YP=IZB?EACJQR:ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃç
s-lêö�lós k%¶-U>nGAC[IA�9���JQR"YQ=@ZB?EACJQR�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃç

÷ ß�ÍÃÎ�ÏÃÑÁÐ¼ÒxØ â�ø
é�l�v ¹æR"9<ZBJ�H>D>[²9<AGJQR�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�ñ
é�lès j-A F U>nG=�Ä�=�ho9BD>ZB=@?£l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�ñ
é�lêé Ä�=�ho9BD>ZB=�¹ F U>nC= F =@R"9�ho9BACJQR l�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sPu

é�lêé�lGv ��J FzF JQR\Ä�=�ho9BD>ZB=fK ! U'=@? ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl s-v
é�lïî ��J F U>nC=·¶\Ä�=�ho9BD>ZB=@?¾lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl s-v
é�lèç ��JQR>[@nCD>?EACJQR l�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sQs

AGY



ù É�ú�ú�Õ�Ð¼ÏQÎ�Ì�Ð�Ó�Ò¡Ë ä å
î>l�v ¹æR"9<ZBJ�H>D>[²9<AGJQR�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sQç
î>lès k%¶>h F U>nG=�vQû�j�9<hPU'=@?/K�ZBhP[�VWACR>eüldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sQç

î>lès-lGv KM;�=OjW9�hPU�=I?�K�ZBhP[�VP=@Z�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sPö
î>lès-lós Â/=I?ED>nG9B?�ldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sQí

î>lêé k%¶>h F U>nG=ds-û � AGZE9BD�hPnÁÄ%Aý¶�9<D>ZE=I?/hPR>H�ë%h�9<;�ÄtJPnCnCJ _ AGR>e�l�ldldl�ldlfl�ldl�ldldl sQí
î>lïî ��JQR>[@nCD>?EACJQR l�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sPñ

å þ�Ó'Ò¡Ï"Õ�Ý�Ë�Ð^Ó�Ò�Ë ù�ÿ
� Ð^Ê%Õ�Ð�ÓtØtÍÃÎ>ú���� ù'÷
É þ�Ó'Ò¡ËIÓ�Õ^Ö-ËLÎ�Ò¡×���ÖWÞÁÐ¼ÏQÖ�Ë ù å

8Ol�v ��JQR>?EJQnC=@?
ldl�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl îWç
8Ol�vQl�v ³�=@?BAGeQRahPR>HaÄ�=�ho9BD>ZB=@? ldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl îWç
8Ol�vQlès ¹ F U>nG= F =IR"9�ho9BACJQR ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl î"ö

8Olès ³�=@Y�AC[@=I? ldl�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl îWí
8Olès-l�v ³�=@?BAGeQR�ldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl î"ñ

� ÐáÌ�Î ù��

Y



	 
 ~�� ¦��  
 ¬�� �°ª ~

vQl�v K�ZBhP[�VWACR>e`S�AC=IZBhPZB[�; ! ldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl é
s-l�v ³�AqhPePZ<h F ?E;>J _ ACR>eL[IJ F� ACR>ho9<AGJQR�JP]¡ACR�;>=IZEAG9�hoR>[I=�hoR>H�9<= F U>nCho9<AGR>eOAGR�A F hPeQ=

H>=I?EACeQR6l�KM;>=  hP?E=�[@nqhP?E?Iû �4� ¹ F hPeQ= m hP?E=��/K��fp�AG?M9<= F U>nCho9<=@HaJPRa9B;>=�U�A�¶-=In
9 ! U'=opthP?�hPZB=�9<;�=dAGR>;>=@ZBAG9B=IH\[InChP?B?E=I?@l�l�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ö

s-lès ³�AqhPePZ<h F ?B;>J _ ACR�e�¹ F hoeQ=�?�9<ZED>[@9BD>ZB= _ AG9<;Oë1A�¶ F hoU{l%k3hP[�;OA F hPeQ=3ZB=²]^=IZB=@R>[I=@?
h�U>A�¶ F hPU _ ;>AC[�; F h !¾ =fD>R>AGbWD>=fJQZ F h !¾ =fZB=²]^=IZE=IR>[@=IH  "! JP9B;>=IZ/A F hPeP=I?Il í

s-lêé ³�AqhPePZ<h F ?B;>J _ AGR>e°ë1A�¶ F hPU
hPR>H)¹ F hPeP=aH�=I?BAGeQR{l ¹ F hPeQ=¿v�hPR>H
¹ F hPeP=as
;�h�YQ=f9<;>=f?Bh F =�D�R>H>=IZEn ! ACR�ezë1Aý¶ F hPUìl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl ñ

s-lïî 8 m J�¶aÄ%AGnG9B=IZ�k+¶�h F U>nG=Pl1KM;>=f[IJPR>eQnCJ F =@Z<ho9B=  J�¶¾¸�nG9B=IZcAGR  Jo9<;�9<;�=��µhPR�H
� H>AGZB=I[²9<AGJQR>?1AC?3=@b�D�AGYohPnC=@R"9�9BJ�D�?BACR�eOh  J�¶L¸>nG9<=@Z _ AG9<;`éfZBJ _ ?�hPR>H¾sf[@JQnCD F R>?@l�vQvs-lèç 8Çë1ZE= _ AG9E9zÄ%ACn�9<=IZLk%¶�h F U>nC=ol KM;>AG?z=·¶>h F U>nG=�¸�nG9B=IZB?�9B;>=iA F hPeP=�ACR£9<;>=��
H>ACZE=I[²9<ACJPR _ A�9<;�h F hP?BV _ AGH�9<;�JP]+î>lMKM;�=O?B=@[IJQR�HµU�hPZBh F =²9<=@Z�AG?4h`R>JQZ F hPný�
A��Iho9<AGJQR¾YohPnCD�=Pl ldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vQv

s-lêö 8)Â�J  =IZ�9<?¡Ä%AGnG9<=@ZÁk%¶�h F U�nC=PlxKM;>=�U�hPZBh F =@9<=@ZB?¡hPZE=39B;>=3A F hPeQ=%9BJ  =1¸�nG9B=IZE=IH{p
9<;>=fZE=I?BD�nG9<AGR>e�A F hPeQ=op>h�R>JQZ F honCA��Iho9<AGJQRz]�ho[@9<JPZIp�hPR�Ha9B;>=fH>ACZE=I[@9BACJQR£ldl�ldldl vÃs

s-lèí 84R�k%¶>h F U>nG=�JP]¡9<;>=fJQU�=IZBho9<AGJQR>?�9B;�ho9�[�hPR  =�U'=@ZE]^JQZ F =@H�JQR\?E[�hPnChPZMA F hPeQ=@?Il vÃs
s-lêñ Ä%ACePD>ZB=�JP] _ hPZBU>AGR>eL9�hPVWACR�e`U�nqhP[@=Pl�KM;>=�A F hoeQ=�JQR\9<;>=fZEACeQ;"9/AC?M9B;>= _ hPZEU'=@H

A F hPeQ=op>hPR>H�9B;>=f?BJQD>ZE[I=dAC?c9B;>=fJQD�9<nGACR>=@H�ZB=@[@9�hoR>eQnC=fJQR�9B;>=fnC=@]á9Ill�ldl�ldldl v�é
s-lêò k%¶>h F U>nG=�Jo]3¹ F hPeP=dõ�hPZBU�ACR>e>l�KM;>=�U�hoZ<h F =@9B=IZB?�9<J`9<;>= _ hPZEU>ACR>ez]^D>R>[@9BACJQR

hPZB=�9B;>=fA F hPeQ=49BJ  = _ hPZBU�=IH{p>9B;>=f[I=@RW9B=IZ�JP]¡9<;>= _ hPZBU>AGR>eLZB=@eQACJQR6p�9<;>=f?EA��I=
JP]+9B;>= _ hPZBU�ACR>ezZB=IePACJQR{p�9B;>=�hPR�eQnC=z»¼éPu���½·p'?E[�hPnG=d]�hP[²9<JQZE?�¶ihPR>H ! »  JP9<;µsQ½²p
hPR>HahL?B;>=@=IZ/JP]cvPl lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl v�î

s-l�v�u 8³�J _ Rij-h F U�nCACR�e�k%¶>h F U>nG=Pl1KM;>=fA F hPeP=4AC?  =IAGR>e�H>J _ R-�ð?<h F U>nC=@H\ACR�9<;>=
��H�ACZB=@[@9BACJQR  "! h�]�hP[@9BJQZ�JP]cs¿»�=²YQ=IZ ! JP9<;�=IZfZBJ _ ½²pxhoR>H�AGRµ9<;>= � H>ACZE=I[@9BACJQR "! h�]�hP[@9BJQZ/JP]%î�l�l�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃç

s-l�vQv)��J-H�=dZE=IbWD>AGZB=IH\9<JL[@JQR"YQ=IZ�9T]^ZEJ F hoRiÂM´ m A F hPeQ=49BJ`h���X � A F hPeQ=zl�ldldl v�ö
s-l�vÃs�84R\=²¶�h F U>nG=�JP]%=·¶-U>nCAG[IAG9Bn ! [IJQR"YP=IZE9BACR>eL]^ZBJ F ÂM´ m 9<JL?B[IhPnqhPZMD�?BACR�eL9B;>=fZB=@H

 hPR>HaJP]¡9<;>=dÂM´ m A F hPeQ=ol°l�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl vÃí

Y�A



é�l�v 8¨H>AChPeQZBh F JP]19<;>=OH>=I?EACeQRÅJP]�h���� ��!#"%$&�(')$*�,+.-/�0$·l�KM;>=213'5476767478�AGRi9<;>=
H>AqhoeQZ<h F ZE=IU>ZE=I?E=IR"9<?�9<;�=µ[IJ F U>D�9<ho9<AGJQR�ZE=IbWD>AGZB=IH 9BJ°H>=²9<=IZ F AGR>=�9B;>=:9;�*<=!
> !?��!@��]^ZBJ FBA $&�0CEDGFH" >�> !G��!I� > hPR>H�9<;>=J9;�*<=!KDMLN�EO,�²l�ldl�ldldl�ldlfl�ldl�ldldl v�ò

é�lès KM;>=QP/R%S%TVU�W/XZY%TV[V\^]`_baz[@nqhP?E?MH>=@¸>R>AG9BACJQR l�ldldl�ldl�ldldl�ldlfl�ldl�ldldl sPé
é�lêé j>j�³ÈÄ�=Iho9<D>ZE=���nChP?B?4³�AqhPeQZBh F p>H>= F JQR>?�9<ZBho9<AGR>e`9B;>=OZEJQnC=dJP]+9B;>=O?�9<=@U>U'=@Z�ACR

9<;>=�]^ZBh F = _ JPZBVtp�hPR>H\9<;�=Qc>=²¶-A  AGnCA�9 ! A�9MU>ZBJ�Y�ACH�=I? l�ldl�ldldl�ldlfl�ldl�ldldl soî
é�lïî j-A F U>nG=���nqho?B?�³�AqhPePZ<h F JP]¡9<;>=fK¡Z<hP[�VWACR�e¾Ä�Z<h F = _ JQZEVz]^JQZ �T� AG?BACJPRts ldldl soî
î>l�v 8º?E=IbWD>=@R>[I=�JP]cA F hPeQ=I? _ ;>=@ZB=`9<;>=�j�9�hPU�=I?�AC?  =@ACR>e\9<ZBhP[�VP=@H{laKM;>=�D>U>U�=IZ

ZBJ _ ?E;>J _ ?zA F hoeQ=I?�H>AGZB=@[@9<n ! ]^ZEJ F Y�ACH�=IJ>l£KM;>=aZB=@[@9�hoR>eQD>nChPZ�J  ±E=@[@9 _ AG9<;
9<;>=TYQ=IZ�9<AG[�hPn _ ACZE=4AC?�9<;>=4U>ZBJQ?�9<;>=@?BAG?Il3KM;>= _ AGZB=4AG?�[@ZBA F U�=IH�JQZ�9<AGeQ;"9<=IR�=IH\ho9
9<;>=�9BJQU�H�D>ZBAGR>e�9<;>=`U>ZBJ�[I=@H>D>ZE=Pl¾KM;�=znGJ _ =IZfZEJ _ ?B;>J _ ?dA F hPeQ=I? _ A�9<;¿9<;>=
U>ZBJP?E9<;�=I?BAG?  =@ACR>e�9<ZBhP[�VP=@H l�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl éQu

î>lès 8:[InChP?B?/H>AChPeQZ<h F JP]¡9<;�=f]^=Iho9<D�ZB=�9 ! U'=@?TD>?E=IHa]^JQZc9<ZBhP[�VWACR>e�9<;�=dU�ZBJQ?�9<;>=@?BAC?@l é�v
î>lêé KM;>=�j�9�hoU'=@?4��nChP?B?/H>=²¸�R>A�9<ACJPR ldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl é"s
î>lïî KM;>=�j�9�hoU'=@?TÄ�=Iho9<D>ZE=���nqhP?E?�H�=@¸�R>A�9<AGJQRºldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl éQé
î>lèç KM;>=f?E9B=IU�]^D�R>[@9BACJQR\ACR�9B;>=�j�9�hPU�=I?BÄ�=�ho9BD>ZB=f[InChP?B?�l�ldl�ldldl�ldlfl�ldl�ldldl éPî
î>lêö ë1nCJP9`JP]T9<;>=a9<Z<ho[�VP=IH � hPR�H`�ÇU'JQ?EAG9BACJQR>?LAGR)9B;>=iA F hPeP=Pl�KM;�=�?E=IbWD>=IR�[I=

RWD F� =IZB?T=²¶�9<=@R>HÅhPnGJQR>eL9<;>=f¶W� h�¶-AC?@p _ ;>ACnG=d9B;>=�R�JQZ F hPnCAd�I=@H�U�JQ?BA�9<AGJQR>?MJP] �
hPR>HJ�:hPZE=T?E;>J _ R�hPnGJQR�9<;>= ! �æh�¶-AC?T» � AC?�h  J�YQ=e�d½²lWKM;>=TD>U>U�=IZ�U>nCJP9�?E;>J _ ?
H�ho9<hi]^ZBJ F 9<;>=�nG=@]á9L;�hPR�H£Y�AG= _ p _ ;>ACnG=¾9<;>=�nGJ _ =@Z�U>nCJP9�?B;>J _ ?`H�ho9�hi]^ZEJ F
9<;>=�ZBAGeQ;"9�;>hPR>H¾Y�AC= _ l1³�ho9<hd]^ZBJ F k+¶-U�=IZEA F =IR"9cyxX4j-KM¹�´��<v�S _ AG9<;zJQD�9BnCAC=@ZB?
ZB= F J�YQ=@H{lcldl�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl é"ç

î>lèí ë1nCJP9LJP]�9<;�=�=@?E9<A F h�9<=IH � pf��p�hPR>Hhg�U�JQ?EAG9<AGJQR>?�JP]T9<;>=\U>ZEJQ?E9B;>=I?EAC?`ACR"9<=@Z��
?B=@[@9<AGJQR U'JQAGR"9�l`KM;>=z?E=IbWD>=@R>[I=�RWD FO =@ZB?¾»^9<A F =�YohPnGD>=I?<½�=²¶�9<=@R>H�hPnGJQR>e�9<;>=
¶W� h�¶-AC?@p _ ;�ACnC=�9B;>=OR>JPZ F hPnCAd�I=IHaU�JQ?BA�9<ACJPR>?/JP] � pi��p'hPR>Hjg�hPZB=�?B;>J _ Ri]^ZEJ F
9<;>=�9BJQU¿JP]�9B;>=LeQZ<hoU>;�H�J _ R _ hPZBH6l¾³�ho9<h¾]^ZBJ F k+¶-U�=IZEA F =IR"9dyxX�j-KM¹�´4��v�S
_ AG9B;aJPD�9<nGAC=IZE?cZB= F J�YP=IH{l ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl éQö

î>lêñ ë1nCJP9`JP]T9<;>=a9<Z<ho[�VP=IH � hPR�H`�ÇU'JQ?EAG9BACJQR>?LAGR)9B;>=iA F hPeP=Pl�KM;�=�?E=IbWD>=IR�[I=
RWD F� =IZB?T=²¶�9<=@R>HÅhPnGJQR>eL9<;>=f¶W� h�¶-AC?@p _ ;>ACnG=d9B;>=�R�JQZ F hPnCAd�I=@H�U�JQ?BA�9<AGJQR>?MJP] �
hPR>HJ�:hPZE=T?E;>J _ R�hPnGJQR�9<;>= ! �æh�¶-AC?T» � AC?�h  J�YQ=e�d½²lWKM;>=TD>U>U�=IZ�U>nCJP9�?E;>J _ ?
H�ho9<hi]^ZBJ F 9<;>=�nG=@]á9L;�hPR�H£Y�AG= _ p _ ;>ACnG=¾9<;>=�nGJ _ =@Z�U>nCJP9�?B;>J _ ?`H�ho9�hi]^ZEJ F
9<;>=TZBAGeQ;"9�;>hPR>H¾Y�AC= _ l3³�ho9�h�]^ZBJ F k%¶-U�=IZBA F =@R"9cyxX�j�KM¹�´��æöQÂ _ AG9<;zJQD�9BnCAC=@ZB?
ZB= F J�YQ=@H{lcldl�ldldl�lfldl�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl é"í

î>lêò ë1nCJP9LJP]�9<;�=�=@?E9<A F h�9<=IH � pf��p�hPR>Hhg�U�JQ?EAG9<AGJQR>?�JP]T9<;>=\U>ZEJQ?E9B;>=I?EAC?`ACR"9<=@Z��
?B=@[@9<AGJQR U'JQAGR"9�l`KM;>=z?E=IbWD>=@R>[I=�RWD FO =@ZB?¾»^9<A F =�YohPnGD>=I?<½�=²¶�9<=@R>H�hPnGJQR>e�9<;>=
¶W� h�¶-AC?@p _ ;�ACnC=�9B;>=OR>JPZ F hPnCAd�I=IHaU�JQ?BA�9<ACJPR>?/JP] � pi��p'hPR>Hjg�hPZB=�?B;>J _ Ri]^ZEJ F
9<;>=�9BJQU¿JP]�9B;>=LeQZ<hPU�; H�J _ R _ hPZBH6l�³�ho9<h¾]^ZBJ F k%¶-U�=IZBA F =@R"9OyxX4j-KM¹�´��æöQÂ
_ AG9B;aJPD�9<nGAC=IZE?cZB= F J�YP=IH)l�ldl�ldldl�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl éQñ

î>l�v�u�j-;>J _ ?39<;>=M?E=@9<D�Uz]^JQZ+9B;>= � ACZ�9<D�hon>Ä%Aý¶-9BD>ZBAGR>e�=²¶-U�=IZEA F =IR"9<?@l1KM;>=/D>?B=@Z�;>JPnCH>?
9<;>=\]^JQZE[I=i?E=IR>?EJQZ _ ;�AC[�;�[@JQR"9<ZEJQnC?L9<;>=�ZBJ  JP9Il ¹ F hoeQ=I?L]^ZBJ F 9B;>=i[Ih F =IZ<h
ho9B9<hP[�;>=@Ha9BJL9B;>=�]^JQZB[@=f?B=IR�?BJQZThPZB=�]^=@Ha9BJ�9<;>=fH>AG?BU>nCh ! ldldl�ldlfl�ldl�ldldl éQò

Y-AGA



î>l�vQv�KM;>=�9<ZBhP[�VP=@HiA F hPeQ=@?MJP]%hL[@D>ZEYP=Pl�l�ldl�ldlfl�ldldl�ldl�ldldl�ldlfl�ldl�ldldl éQò
8Ol�v KM;>=/��nChP?B?1³�AChPeQZBh F ]^JQZ � ACH�=IJ�³�=²Y-AG[I=@?Il%KM;�AC?+?E;>J _ ?1?BJ F =�JP]�9B;>=cH>Alk6=@ZB=@RW9

[InChP?B?E=I?M9<;�h�9T=·¶�9<=IR�H�]^ZBJ F 9<;�= �T�4� ACH>=@J`[@nqhP?E?cldl�ldl�ldldl�ldlfl�ldl�ldldl î"ñ

Y�ACAGA



	 
 ~�� ¦�� m �À} ©�ª ~

A�¶



Æ n �po ��ªì� q

r ¤Ç���°¦ « � � � 
 ¦Ç¤

Â�=@?B=IhPZB[�;�AGRz[@J F U�D�9<=@Z�Y�AC?EACJQR6p�=@?BU�=I[@AqhPnGn ! ACRL9<;�=4hPZE=�hdJP]{9<ZBhP[�VWACR>e�;�hP?�nqhPZEeQ=In ! ]^J�[ID>?E=IH
JQR ¸�R>H>AGR>eiZEJ  D>?�9�hPnGeQJQZEAG9<; F ?�9B;�ho9�U'=@ZE]^JQZ F _ =@nCn3ACR>H�=IU�=IR>H>=@R"9�JP]c9B;>=IAGZ�[@J F U>D�9�h�9<ACJPR�hPn
[IJ F U>nG=²¶-AG9 ! l¾K¡=I?�9<ACR�eµhPR>H YQ=@ZBAG¸>[�ho9BACJQR JP]c?ED>[�;�hPnGeQJQZEAG9<; F ?�AG?�Jo]á9<=IR H>JQR�=¾JQR U>ZB=·�æ?�9<JQZE=IH
A F hPeQ=O?B=IbWD>=@R>[I=@?Ip+J�YP=IZdhPR¿D>R>?EU'=@[IAG¸>=IH�U�=IZEACJ�HÅJP]�9<A F =PlOKM;>AC?�ZE=I?B=IhPZB[�;�AC? F JP9<A�Yoho9<=@H  W!
9<;�=�AGH>=�h�9<;>ho9�?BJ�JQR>=IZ3JQZ1nCho9<=@Z+9<;>=�[IJ F U>D-9�ho9BACJQR�hon�U�J _ =IZ�R>=@=IH>=@H¾9<JfZBD�R`9B;>=I?E=�hPnGeQJQZBA�9<; F ?
ACR\ZE=�hPný�ð9<A F = _ ACnGn  =dH�=@YQ=@nCJQU�=IHtsïçHu�l

XTR�]^JPZE9<D�R�ho9<=@n ! pTZE=I?B=IhPZB[�;�JP]f9<;>AG?�VWACR>H�J�YQ=@ZBnGJ-JQVW?�9B;>= F hoR ! hPU>U>nGAC[Iho9<AGJQR>?¾Jo]dY�AG?BD�hPn
9<ZBhP[�VWACR>e�9B;�ho91=·¶�AG?E919BJ-H�h ! pWhPU>U>nGAC[�h�9<ACJPR>? _ ;>AG[�;LU>ZBJ�Y�ACH>= F JP9BAGYoho9<AGJQR�]^JPZ1h�ZB=�hon��ð9BA F =�Y�AG?BD�hPn
9<ZBhP[�VWACR>e�?BJP]á9 _ hPZE=¾nCA  Z<hoZ ! 9B;�ho9�?BD>U�U'JQZ�9<?d9<;>= F l�8TU>U>ZBJQhP[�;>=I?�9<;�ho9Oho9E9<= F U�9f9<J�U>ZBJ�Y�ACH�=
ZBJ  D>?E9BR>=I?E?�]^JQZ�h _ ACH�=µYPhoZBAC=²9 ! Jo]d9BZ<hP[�VWAGR>e£hPU>U>nGAC[Iho9<AGJQR>?i»�A�lï=PleQnGJ  hPnGn ! ½²p�?BD>[�;�hP?�9<;�=
U�JQU>D>nChPZ¡�chPR>R ! hPnCePJQZBA�9<; F pÃhPZB=3A F U>ZBhP[@9BAC[IhPn  =I[�hoD>?B=�[IJ F U>D�9<ho9<AGJQR�hPnQ[@J F U>nC=·¶�A�9 ! U>ZE=@YP=IR"9<?
D>?EACR>e/9<;>= F ACR�h�ZE=�hPný�ð9BA F =%Y�AC?BAGJQR�hPU>U>nGAC[�h�9<ACJPR{l{¹æR>?�9<=�hoH{pP9<;�=I?B=�hPnCePJQZBA�9<; F ?6[IhPR  =�ZE=IU>nChP[I=@H
 "! h£?B=@9aJP]�?BA F U�nC=  D-9�]�hP?E9\]^=�h�9<D>ZE= H�=@9<=@[@9BACJQR�hPnGeQJQZBA�9<; F ?Ilìõ�AG9B;�?ED>[�;�h  ho?BAC?�?E=@9Ip
h  Jo9B9<J F �ðD>U�hPU>U�ZBJ"hP[�;)[�hoR  =�9�hPVo=IR£9<JÅ9<ZBhP[�VWACR>e�p _ ;�=IZB=\?E=@9<?`JP]�?BA F U�nC=¾]^=Iho9<D>ZE=I?`hPZE=
[IJ F� ACR�=IH¾AGR¾hd[IJQR�?E9<ZBhPACR�=IH F hPR>R>=@Z�9BJ�]^JQZ F ?BJQnGD�9<AGJQR>?19<J�?BU�=I[@AG¸�[�9<Z<ho[�V�AGR>e�hoU>U>nCAG[�ho9BACJQR�?Il

�4� AC?BAGJQR�;�hP?  =I=@R�hÅ?�9�hPR>H>hPZBH�9<J�JQn�D>?B=@H
]^JQZ�ZE=�hPný�ð9BA F =`Y�AC?EACJQR£hoR>H�9<Z<ho[�V�AGR>e hPU>U>nGA��
[�h�9<ACJPR>?�]^JQZ F hoR ! [@J F U�D�9<=@Z�Y�AC?EACJQR�hoR>H°ZBJ  JP9BAC[@?�ZE=I?B=IhPZB[�;�=IZB? _ A�9<;>AGR�9<;�=�U�hP?�9�H>=I[IhPH>=ol
³�=I?EACeQR�=IH  "! ´fZE=IeÅSThPeQ=@Z�hPR>Htv�=IR"9�hPZEJµK¡J ! h F hwsêç�p�î�u¼p�9B;>=�?EJP]á9 _ hoZB=¾nGA  ZBhPZ ! R�JP9OJPR>n !
U>ZEJÃY�AGH>=I?�9<;>=�=@R>HµD>?E=IZ _ A�9<;ihzZBAG[�;µ?B=²9�JP]%]^=�ho9BD>ZB=@?49<J  D>ACnGHiJQRa]^JQZ/9<Z<ho[�V�AGR>e�hPR�HiY�AC?BAGJQR{p
 D�9�A�9�hPnC?EJ`U�ZBJ�Y�ACH>=@?4h�]^Z<h F = _ JQZEV¾]^JQZM;�hoR>H>nCAGR>eLA F hPeQ=�?E=IbWD>=@R>[I=@?�?B=@RW9�]^ZBJ F h�Y-AGH>=IJ`H>=·�

v



Y�AC[@=¾»�h�lïVoh-l+]^Z<h F =�eQZBh  > =IZ�½choR>H\H>AC?EU>nqh ! ACR>e�A F hoeQ=I?cAGRah _ AGR>H>J _ l384n�9<;>JQD�eQ;�?E9BACnCn _ ACH>=@n !
D>?E=IH{p¡hP?�[@J F U>D�9<AGR>e�U�J _ =IZ�;>hP?�U>ZBJPeQZB=@?B?B=@H{p¡hPR>Hµ9B;>=�?E9<hPR>H�hPZEH>?�]^JQZ4Y�ACH�=IJ�H>=²Y-AG[I=@?d;>h�YP=
[�;�hPR�eQ=IH{p F D>[�;�JP]T9<;>=�?BD>U�U'JQZ�9z9B;�ho9 �4� AC?EACJQR)U>ZBJ�Y�ACH�=I?`;�hP?  =I[@J F =aJPD�9<H�h�9<=IH6l�j-D>[�;
]^=�h�9<D>ZE=I?�ho?¾H>AGeQAG9<hPnc[�h F =@Z<hP?`J�YQ=IZ�hPR�hPnGJQe>pchoR>H�?ED>U>U�JQZE9z]^JQZz[@JQnCJPZ`A F hoeQ=I?LJ�YQ=@Z¾?BA F U�n !
eQZBh ! ?E[�hPnG=�;>h�YP=  =I[@J F =/;>AGeQ;>n ! H>= F hPR�H>=IH¾hPR>H`JP]á9<=@RzZE=IbWD>ACZE=IH  W! 9B;>=/Y-AG?BAGJQRL[IJ F`F D>R>A�9 ! l
�4� AC?EACJQRtsLho9E9<= F U�9B?T9<Jz?BJQn�YQ= F hPR ! JP]+9B;>=I?E=�U>ZEJ  nC= F ?�JP]+9B;>=�JQnGH>=IZ/YQ=@ZB?EACJQRµJo] �4� AC?BAGJQR{p
_ ;>AGnC=\?E9BACnCn�U>ZBJ�Y�ACH>AGR>e¿9<;>=aZB=IhPn���9<A F =¾[IhPU�h  ACnCA�9<AG=I?�hPR�H F J-H>D�nqhPZ�H>=@?BAGeQR
Jo]49<;�=�U>ZE=@Y�ACJPD>?
nCA  Z<hoZ ! l

r R>=�JP]c9B;>= F JQ?�9OA F U�JQZE9<hPR"9d[�;�hPR>eQ=@?�ACR�9<;>=zR>= _ �4� AC?EACJQRts�J�YQ=@ZO9<;>=zJQnCH �4� AC?BAGJQR{p
AC?�9B;>=�H>=@?BACePR)Jo]4A F hPeP=I?Il �4� AC?BAGJQR�U>ZE=@Y�ACJQD�?Bn ! ?BD>U�U'JQZ�9<=@H
JQR�n ! ?EACR>ePnC=  hoR>H>=IH)A F hPeQ=@?Ip
JQZLeQZBh ! ?E[�hPnG=Pl�õ�;>AGnC=�9B;>AC?LH>=@?BACePR�U>ZEJÃY�AGH>=IH
=IR>JQD�eQ;�?ED>U>U�JQZE9L]^JQZ F JQ?E9zhPU>U�nCAC[Iho9<AGJQR>?�AGR
9<;�=iU�hP?�9�pMA�9¾R>=@eQnC=@[@9B=IH�9B;>=i?ED>U>U�JQZE9¾JP] F hPR ! JP]�9<;>=�?BA F U>nG=�9<Z<ho[�V�AGR>e°honCeQJQZEAG9B; F ?LhoR>H
hPU>U�nCAC[Iho9<AGJQR>?19<;>ho9�D�?B=�[@JQnCJQZ�hP?�9<;>=@ACZ�U>ZBA F hoZ ! U�hoZ<h F =@9B=IZ�]^JPZ�nGJ-[IhPnCAd��ho9BACJQR{lÁKM;�=�H>=I?EACeQRzJP]
9<;�= �T� AC?EACJQR�s�A F hoeQ=�[InChP?B?E=I?4AGR>[InGD>H>=@?�?ED>U>U�JQZE9�]^JQZ+±ED>?E94h  JQD�9ThPR ! U�JQ?B?EA  nG=dA F hoeQ=�9 ! U'=op
]^ZBJ F ÂM´ m 9BJ��fX � pthP? _ =@nCnÁho?�?ED>U>U�JQZE9BACR>eL?�9�hPR>H>hPZBHaeQZ<h ! ?B[IhPnC=ol

KM;>=iH�=I?BAGeQR)JP]�A F hPeP=I? _ AG9B;
[@JQnCJPZ�ACR F AGR>H£U>ZBJ�Y�ACH>=@?¾hoR>JP9<;�=IZ`hPH�YohPR"9�hoeQ=Pû�?BD>U>U�JQZ�9
]^JQZc[@JQnCJPZ�Y�ACH>=@J`H�=@Y�AC[@=I?�»^]^ZBh F =@eQZ<h  > =@ZB?<½chPR>H _ ACR>H�J _ H>AG?BU>nCh ! ? _ hP?/=�hP?EACn ! hPH�H>=IH\9<J�9<;�=
nCA  Z<hoZ ! lx8TnG9<;�JQD>eQ;d9<;>=cJPnCH �T� AG?BACJPR�;�hoH�U>ZBJ�Y�ACH>=@H�?BD�U>U'JPZE9%]^JPZ�Y�ACH>=@J4H>=²Y�AC[I=@?3hPR>H _ AGR>H>J _
H>AG?BU>nCh ! ?@p1?BD>U>U�JQZ�9LZB= F hPAGR>=IH°AGR�9<;�=�eQZ<h ! ?B[IhPnC=�H�J F hoACR{p+?EJµ9<;�h�9�]^= _ JP]/9<;�=�]^=�ho9BD>ZB=@?�JP]
[ID�ZBZB=@R"9<n ! h�YohPACnCh  nG=�;�hPZEH _ hoZB= _ =IZE=iD>?E=IH{l m ! U>ZEJ�Y-AGH>ACR�e�h [IJQnGJQZ�]^Z<h F = _ JQZBV°9BJ  D>ACnGH
JQR{p>9B;>=I?E=�[@J F U'JQR�=IR"9<?/JP]¡9<;>=dnCA  Z<hoZ !`_ =@ZB=�h  nC=�9BJLACR>[@nCD>H>=f?ED>U>U�JQZE9/]^JQZM[@JQnCJQZ@p>ACR�[InCD�H>ACR>e
[IJPnCJQZ+H�AC?BU�nqh ! D>?EACR>e�9B;>= � �ðõ�AGR>H>J _ ?19<J�JQnCVWA�9�pQhoR>HL?BD>U>U�JQZ�9�]^JPZ+9<;>=/R>= _ ¹ k3k3k/v�éQòPî¾»¼h�lïVtlèh�l
Ä%AGZB= _ AGZB=�½¡Y�ACH>=@JdH�=@Y�AC[@=Pl1KM;>=/ZB=@?BD>n�9<AGR>efhPH�YohPR"9�hoeQ=I?19<J�9B;>=/=IR>HLD>?E=IZ�hPZB=M?ED  ?E9<hPR"9<AChPn�l�KM;>=
?E9<hPZE9��æD>U�9<A F =1]^JQZ%H�=@YQ=@nCJQU�ACR>e4Y�AG?BACJPR�hPnGeQJQZBA�9<; F ?ÁJQZ%hPU>U>nGAC[�h�9<ACJPR>?  hP?E=IH�JQR�[@JQnCJPZ�AG?%eQZE=�ho9Bn !
ZB=@H>D>[@=IH{p%hP?�9<;>=L=IR�H-�æD>?E=IZdAC?fU>ZEJÃY�AGH>=IH _ AG9B;�h\?BA F U�nC=�84ë3¹T9<;�ho9fU�ZBJ�Y�ACH>=@?Oh F =@[�;�hPR>AG? F
]^JQZM9<;�=I?B=�h�YohPACnCh  nC=T9<J�JQnC?@l1KM;>=OhoH>H>=IHihPH�YohPR"9�hoeQ=fAC?/ZB=@H>D>[I=@Hµ?E9<hPZE9BD>U\9<A F =�õ�¹æK/S[IJQnGJQZIp
J�YQ=@Z�9B;>=�]^=�ho9BD>ZB=@?ThonCZB=IhPH ! h�YohPAGnqh  nC=4AGR�9<;>=fJQZEACeQAGR�hPn �4� AG?BAGJQR\nCA  Z<hPZ ! sïçHu¼l

Ä�JQZM9<;>=dZB=@?E9TJP]%9B;>AC?/H>J�[ID F =IR"9Ipt9B;>=dR>JP9<AGJQR\JP]1h�xy� ��!#"%$&� _ AGnCn{ZE=@]^=IZ/9<JzhL?BU�=I[IA�¸�[dnCJ�[�hPn
U�hPZ�9+JP]'hPROA F hPeQ= _ AG9<;O?BU�=I[IAChPn�U�ZBJQU�=IZ�9<AC=@?Il�8�]^=�ho9BD>ZB= F h !d =chPR�=IH>eP=cJQZ+hTnCACR�=PpPJPZ+AG9 F h !
 =�hPRµJ  ±E=I[²9 F hPZBVo=IH  "! AG9<?T[IJQnGJQZIl m Jo9<; _ ;�h�9�hPZE=OZB=²]^=IZEZB=IHµ9BJ�hP?�]^=�ho9BD>ZB=·�  ho?B=IH¿hoR>H
ZB=@eQACJPR-�  ho?B=IH�ACH>=@R"9<AG¸>=IZB?dACR�Ä%AGeQD>ZB=\vQl�v¾[IhPR  =z[@JQR>?EACH>=@ZB=IH(xy� ��!z",$&� > ]^JQZf9<;>AG?�H>AG?B[@D>?B?EACJQR{l

s



{}|�~Z��������|����� �I�/� �/� |���H� � �G��� � �z��� �V� ���*� ��� � ����V� ���*� ��� � �Z�b|M� � �G�I�� �@� � ��� � � ��� |#�

 .|M��� � � |H¡£¢?� � ��¤�� � �G�

 .|M��� � � |�¥ � �z�¦|M§ ��|M� � �G� ¥ � �z�¦|M§

�V� ~¨� � �)�©�G�@� | � � � �G�

{ � ��¤�ª � � �,« � § � ��|

¬)�¦| �� {£�z��ª

®�¯*°�±l²�³G´zµ ¶¨´�·¦¸I¹º´M·d»G¼�½b´M°.»�·

¾�¿À´#Á »V®.·dÂ*³z»?±�±d² Ã&Á*¼�½b´�°&»�·

Äy·d´G³MÅ&² Ã&Á ¼�½b´�°.»M·

Æ Â*Â@·¦¸*² Ã.´�Ç�²�Â@Ã.¼�½H´�°.»�·

È ÉÊË Ì
ÍÉÎ
Ï ÉÐË
ÑÒÑ ÓÊ
ËÑ ÔÐ
Õ Ê ÖÉ
Í

Ä%ACePD>ZB=�vPlGvQû3K¡Z<hP[�VWAGR>e`STAC=@Z<hPZE[�; !

84?4?E9�h�9<=IHÅU�ZB=@Y�AGJQD>?Bn ! p'[IJ F� ACR>AGR>ez?EA F U>nC=f]^=�h�9<D>ZE=I?49BJQeQ=@9B;>=IZ�hPnCnGJ _ ?/9<ZBhP[�VWACR>ez9<J  =OH>JPR>=
ho9�ZB=IhPn���9<A F =op�hPR�Hi;�h�YQ=�hLZBJ  D�?E9<R�=I?B?T[IJ F U�=@9<A�9<A�YQ=�9<J`JP9B;>=IZM9<JPU-�æH>J _ RihPU>U>ZEJ"hP[�;>=@?Il�K _ J
A F U�JQZE9<hPR"9�hP?EU'=@[@9B?�JP]�]^=�ho9BD>ZB=�9<Z<ho[�V�AGR>e>p�hPZE=i9<;>=iU'=@ZE]^JQZ F hPR�[I=µJP]fAGR>H>A�Y-AGH>D�hPnM]^=Iho9<D>ZE=I?@p
hPR>H\9<;�=d[@J F� AGR�ho9BACJQR�Jo]�]^=Iho9<D>ZE=I?/]^JQZ/h�?BU�=I[@AG¸�[�9<ZBhP[�VP=@HiJ  ±E=I[@9 _ ;>AG[�;�U>ZEJ�Y-AGH>=�9<;>= F JQ?E9
JQU�9BA F hPnQZE=I?BD�nG9<?@l m JP9<;OhP?BU�=I[²9<?¡;>ACR>eP=�JPR�9<;�=�R�JP9<AGJQR�Jo]�hM]^=�ho9BD>ZB=b×ê?¡?E9<ho9<=ol%8�]^=�ho9BD>ZB=b×ê? > !?��!@�
[IJPR>?BAG?E9<?�JP]>9B;>=�U�hoZ<h F =@9B=IZB?¡JP]>9B;�ho9¡]^=�ho9BD>ZB=�»�nGJ-[Iho9<AGJQR{p�?BAd�I=opP=@9B[Plè½�ho9%hTeQA�YQ=IR�U'JPACR"9%AGRd9BA F =Pl
m ! eQ=IR>=@Z<hPnGA��@ACR>e49B;>=/ACH>=Ih�JP]�?E9<ho9<=op _ =/U>ZBJ�Y�ACH�=/hf?�9�hPR�H�hPZBH F =I[�;�hoR>AC? F ]^JQZ F =�hP?ED>ZBAGR>e�9<;�=
U�=IZE]^JPZ F hPR>[I=�JP]'hPR�AGR>H>AGY�AGH>D�hPn"]^=�h�9<D>ZE=f»�[@J F U>hPZB=@H�9<J  JP9<;�A�9<?�J _ R�U�ZB=@Y�AGJQD>?+U�=IZ�]^JQZ F hPR>[@=
hPR>HÅU�=IZ�]^JQZ F hPR>[@=�JP]3JP9B;>=IZT]^=�ho9BD>ZB=@?�½²lfõ�AG9B;Åh�?E9<hPR>H�hoZBHÅ?E9<ho9<=�]^JQZ�=�ho[�;¿]^=Iho9<D�ZB=Pp _ =�[IhPR
hPnG?BJ  D>AGnCH�[@J F U�nC=²¶¾]^=�ho9BD>ZB=@?�hPR>H F =IhP?BD�ZB=�9<;>=�U�=IZ�]^JQZ F hPR>[@=�JP]�?BD>[�;\]^=�ho9BD>ZB=@?IptD>?EACR>e�9<;�=
?E9<ho9<=�YohPnGD>=I?MJP]�9<;>=  ho?BAC[�]^=Iho9<D�ZB=I?�hP?/AGR>U>D�9Il

KM;>=�ZE= F hPACR>H�=IZ�JP]Á9<;>AG?�H>J�[ID F =@RW9�AC?�H>AGY�ACH�=IH¾AGR"9<JO9B;>ZB=@=4?B=@U�hPZBho9<=�[�;>hPU�9<=@ZB?@l�KM;�=4¸�ZB?�9

é



H>AG?B[ID�?B?B=@H)9B;>=�H>=@?BAGeQR£hPR>H�A F U>nG= F =IR"9�h�9<ACJPR Jo]/A F hPeQ=I?�ACR �T� AG?BACJPRts p3hPnGJQR>e _ A�9<;°?EJ F =
JP]+9B;>=IAGZ4[�;�hoZ<hP[²9<=IZEAC?�9<AC[@?�hPR�H�]^=�h�9<D>ZE=I?IlTKM;>=�?E=I[IJPR>HÅ[�;�hPU�9B=IZ�H�=@9�hoACnC?/9<;�=�9<ZBhP[�VWACR>e`]^Z<h F =²�
_ JQZBV�hoR>H�A�9<?cH�=I?BAGeQR{l3KM;>=�¸�R�honÁ[�;�hPU�9B=IZ/eQAGYP=I?�h�eQ=IR�=IZ<hon{J�YQ=IZ�Y�AC= _ JP]+h�]^= _ hPU>U�nCAC[Iho9<AGJQR>?
D>?EACR>e�9B;>= �4� AC?BAGJQRtsznGA  ZBhPZ ! p6H>= F JPR>?E9BZ<ho9BACR>e¾9B;>=�=�ho?B=LJP]39<;>=OnCA  Z<hPZ ! 9BJ�[IJQR�?E9<ZED>[@9d[@J F �
U>nG=²¶z9<Z<ho[�V�AGR>e�=@RWY�AGZBJQR F =IR"9B? _ ;>ACnG= F hPACR"9<hPACR>AGR>efU'=@ZE]^JQZ F hoR>[I=ol+84R\hPU�U'=@R>H>A�¶¾[IJPR>[I=@ZBR>AGR>e
Y�ACH>=@JOH>=²Y�AC[I=@?chPR�H _ ACR>H�J _ AGR>edH>AC?EU>nqh ! ?IpW9<;>=@ACZ�H>=I?EACeQR¾hPR>Hz?BJ F =�9B;>=T]^=Iho9<D�ZB=I?3]^JQnGnCJ _ ?19<;>AG?
H>J�[ID F =IR"9Il

î



Æ n �po ��ªì� Ø

r ® �º¬üª ~

ÙÛÚEÜ ÝÀÞàß^á7â�ãjäjåeß3æ£âçÞ

¹ F hoeQ=I?�AGR �4� AC?EACJQRts�hPZB=i9B;>=  ho?BAC[  D>ACnGH>ACR�e  nGJ-[�V£JP]f9<;�=µnCA  Z<hPZ ! l�KM;�= ! hPZE=i9<;�=
[IJ F U�JQR>=@RW9B?MU>D>nGnC=IHz]^ZBJ F ]^Z<h F =4ePZ<h  > ACR>e�H�=@Y�AC[@=I?Ip�U�D>?B;>=@Ha9B;>ZBJPD>eQ; F hPR ! H>Alk6=@ZB=@RW9 F h��
R>AGU>D>nqh�9<ACJPR>?�»^?BD>[�;�hP? _ hoZBU>AGR>e\JQZ�?B=@e F =@R"9�ho9BACJQRt½·pxhPR>H¿¸�R�hPnGn ! ?B=@RW9f9BJ�h�H>AG?BU>nCh ! H>=²Y-AG[I=ol
84?M9B;>= F hPAGR�[IJ F U�JQR>=@RW9Ip�¹ F hoeQ=I? _ =IZE=dH�=I?BAGeQR>=@Ha9BJ`?ED>U>U�JQZE9Th _ ACH�=�YPhoZBAC=²9 ! JP]¡]^JQZ F ho9B?Ip
hPR>H¿honCnCJ _ JP9B;>=IZT]^JQZ F ho9<?�9<J  =�hPH>H�=IH¿ACRÅh�?EA F U>nC=OhPR>HÅ?�9<Z<hoACeQ;"9B]^JPZ _ hPZBH F hPR>R>=@ZIlfKM;>AG?
[�;�hPU-9<=IZfH>=@?B[@ZBA  =I?f9<;�=`H�=I?BAGeQR¿JP]�¹ F hPeP=I?IpÁ?EJ F =`Jo]�9B;>=IAGZ�[�;>AC=²]c[�;�hoZ<hP[²9<=IZEAC?�9<AC[@?Ip¡hPR>H¿;>J _
9<;�= ! hPZE=fA F U>nC= F =@RW9B=IH{l

ÙÛÚ�Ù ÝÀè éëêJì íÛâçá7è éîß3ï

¹æR\U>ZB=²Y-AGJQD>?�YP=IZE?BACJPR>?MJP]x9<;>= �T� AG?BACJPR�nCA  Z<hPZ ! » _ ZEAG9B9B=IR�AGRµv�òQòQéQ½²p�A F hoeQ=I? _ =@ZB= F hPACR>n !
JQR>n ! JP]{JPR>=T9 ! U�=Pû+eQZBh ! �ð?B[IhPnC=ðs îbu�l1KM;>AG? _ hP?�H>D>=4U�ZBA F hPZEACn ! 9<Jd9<;>=�nCA F A�9<AGR>e�[�hoU�h  AGnCAG9BAC=@?+JP]
9<;�=�;�hPZEH _ hoZB=Pl�ÄtZBh F =dePZ<h  > =IZE?�hPR>HiH>AC?EU>nqh ! ?�» _ AG9<;�JQD�9�eP=@9B9BACR>ez=²¶�9<ZE= F =In ! [@JQ?E9Bn ! ½�JPR>n !
U>ZEJ-H>D�[I=IHieQZ<h ! ?B[IhPnC=�A F hPeQ=I?@l m D�94hP?4[@JQnCJPZ/]^ZBh F =�eQZBh  > =IZE?4hPR�HµH>AC?EU>nqh ! ?  =@[�h F =O[�;>=IhPU
hPR>H¾[IJ F`F JPR>U>nqho[I=Pp"9B;>=4R>=@=IH�]^JQZ�hdY�AG?BACJPR¾nCA  Z<hoZ ! 9<;>ho9�?ED>U>U�JQZE9B=IH\hPnGn>9<;>=4U'JQ?E?BA  nC=�A F hPeQ=
]^JQZ F ho9B? _ hP?�R>=@[I=I?E?<hPZ ! l/KM;WD>?Ip'JQR>=dJP]%9B;>=dU>ZBA F hPZ ! H>=@?BAGeQRieQJQhPnC?/JP] �4� AG?BAGJQRts�AC?M9<Jz?BD>U��
U�JQZE9Th _ ACH>=fYohPZBAG=@9 ! JP]%A F hPeQ=�]^JQZ F h�9<?c]^JQZMY�ACH>=@Jz[IhPZBH�?Ip�H>AC?EU>nqh ! ?IpthPR�HiA F hPeQ=�U�ZBJ�[I=I?E?BAGR>e
hPnGeQJQZBA�9<; F ?Il£Ä�JQZL?ED>[�;�h¿H>=I?EACeQR)ZB=@b�D�ACZB= F =@R"9�pcR>Jo9zJPR>n !°_ hP?zAG9LA F U�JQZE9<hPR"9�9<J ?BD>U>U�JQZ�9

ç



F hPR ! JP]x9<;�=�[ID>ZEZB=IR"9�?E9<hPR>H�hoZBH\U>A�¶-=@n{ZB=@U>ZB=@?B=IR"9<ho9<AGJQR>?�»�?ED>[�;iho?/ÂM´ m p%�fX � p�S4j � p>=²9<[oló½·p
 D�9L9BJ�U>ZEJ�Y-AGH>=�h H>=@?BAGeQR F =I[�;>hPR>AC? F ]^JQZL=�ho?BACn ! hPR�H�[IJPRWYP=IR>AG=IR"9<n ! hPH>H>AGR>e¿JP9<;�=IZ`U>A�¶-=In
]^JQZ F ho9B?IlaKM;>AC?�?BD>ePeQ=I?�9<?�hiU>hPZ<h F =@9BZBAG[zH>=@?BAGeQR{p _ ;>=@ZB=¾9B;>=  =I;>h�Y�AGJQZOJP]M9B;>=¾A F hoeQ=LH>J-=@?
R>JP9/H�=IU�=IR>HaD>U�JQR�9<;>=�9 ! U'=fJP] _ ;>AG[�;�A�9MAC?�ACR>?�9�hPR"9<ACho9<=@Hñsýv�sHu�l r R>=f[IhPR\A F hPeQACR�=�h�[IJ F� A��
R�ho9BACJQRÅJo]�AGR>;>=IZEAG9<hPR>[I=LhoR>H¿U�hPZ<h F =²9<ZBAG[�U�JQn !�F JQZBU>;�AC? F p _ ;�=IZB=zhPR¿A F hPeQ=OAC?�ZE=IU>ZE=I?B=@R"9<=IH
 "! h�[InChP?B?d» _ =f?EU'=@[IAG] ! 9<;>=�H�=I?BAGeQR\ACR�9B=IZ F ?cJP]¡9<;�=d�M�d�nqhPR�eQD�hPeQ=�½²p _ ;>AC[�;aAC?�9<= F U>nCho9<=@H
JQRi9B;>=OU�A�¶-=Inx]^JQZ F ho9Il4Ä�D>Z�9<;>=@ZT?EU'=@[IAG¸>[�ho9BACJQRÅhoR>Hi]^D>R>[²9<AGJQR�hPnGAG9 ! JP]3A F hoeQ=�9 ! U�=I?@p{ZB=@nqho9BACR>e
9<J¾eQZ<h ! ?B[IhPnC=�JQZ4[@JQnCJQZ/YQ=@ZB?EACJQR>?@p{[�hoR  =�U'=@ZE]^JQZ F =@Hi9<;>ZEJQD>eQ;iACR>;>=@ZBA�9�hPR>[@=�Jo]19<;>=�h  ?E9BZ<hP[²9
A F hPeQ=T9 ! U�=Pl�Ä%AGeQD>ZE=ds-lGvf?E;>J _ ?4h�H>AChPeQZ<h F JP]¡9<;>=fA F hPeP=4]^Z<h F = _ JQZEV�l

XVImageYUV<T> XVImageHSV<T>

XVImageBase<T>

XVImageScalar<T> XVImageRGB<T>

Ä%AGeQD>ZB=�s-lGvPû\³�AqhPeQZBh F ?B;>J _ ACR�e�[@J F� AGR�ho9<AGJQR°JP]TACR�;>=IZEAG9�hoR>[I=\hPR�H)9B= F U>nqho9BACR>eiACR£A F hPeQ=
H>=@?BACePR{l�KM;>=  hP?B=`[InChP?B?@û �4� ¹ F hPeP= m hP?E=��/K��fp%AG?d9B= F U>nqho9B=IH JQR�9B;>=`U>A�¶-=In19 ! U�=Pp1hP?�hPZE=
9<;�=dAGR>;>=@ZBAG9B=IH\[InChP?B?E=I?@l

ö



ÙÛÚ.ò óõôöì ÷øæ0ù(è é�ú

Ä�J-[@D>?BAGR>e�JQR¿h¾ZE=IeQAGJQRµJP]3AGR"9<=IZE=I?�9`»¼Â r ¹�½TJo]�hPRÅA F hPeQ=fJQZ�ho[IbWD>ACZEACR>e¾h�?BD  �æA F hPeQ=�hPZE=
JQR>=�JP]t9<;>= F JQ?�9%]^ZB=@bWD>=IR"9�JQU�=IZ<h�9<ACJPR>?%AGR�[IJ F U>D�9B=IZ%Y�AG?BACJPR�hPnCePJQZBA�9<; F ?Il�j-=@e F =@R"9�ho9BACJQR�hoR>H
9<ZBhP[�VWACR>eLhoZB=49 _ JL=²¶�h F U>nC=@? _ ;>=IZE=�]^J-[@D>?BAGR>e�JQR\hO?EU'=@[IA�¸�[�U�hPZ�9MJP]�hPR�A F hPeQ=�AC?�R>=I[@=I?B?BhPZ ! l
¹æR F hPR ! hPU>U>nGAC[�h�9<ACJPR>?M»^?BD>[�;¾hP?3=IH>eQ=M¸�R�H>ACR>e"½²pQ9<;�=IZB=�hPZE=/h�nqhPZEeQ=MRWD F� =IZ1JP]'? F hPnCn-ZB=@eQACJQR�?
ACR)hPR£A F hPeP=z9<;>ho9zhPZB=�U>ZEJ-[@=I?E?B=IH6l�Ä�JQZO9B;>=I?E=�ZE=�hP?EJQR>?@p�9<;�=�?E9<ZED>[@9BD>ZB=aJP]TA F hPeQ=@?�ACR�9<;�=
�4� AC?EACJQRtsOnGA  ZBhPZ ! R>=@=IH>=@Hµh�?BA F U>nG=�hPR>H\]�hP?�9 F =@[�;�hPR>AG? F ]^JQZMeP=@9B9BACR>eLhL?BU�=I[@AG¸�[fZE=IeQAGJQR�JP]
hPRÅA F hPeP=Pl4KM;�=�ACH>=Ih¾JP]�h�ë1A�¶ F hPU{p _ ;�AC[�; F hoACR"9�hPAGR>?/9<;>=�U�A�¶-=In�H�ho9�hz?B=IU>hPZ<ho9B=�]^ZBJ F 9<;�=
A F hPeQ=4AG9<?E=In�]c»�hPR>H _ ;>AC[�;\9<;�=dA F hoeQ=�ZB=²]^=IZE?/9BJW½²p>hPnCnGJ _ ?c]^JPZM?BD>[�;ih F =I[�;>hPR>AC? F l

KM;>=/H>=I?EACeQRLJP]t9B;>=/ë1A�¶ F hoU{pQ[IJPR>?BAG?E9<?1Jo]{h�?EA F U>nC=�[IJQR"9�hoACR>=@Z+9<;�ho9+;>JQnCH�?%9<;>=MU�A�¶-=In>H>ho9�h�p
hPR>H�Jo9<;>=@Z�ACR�AG9<AChPn�A F hPeQ=�ACR-]^JQZ F ho9<AGJQRi»�?BD�[�;�ho?�A F hPeQ=�H>A F =@R>?BAGJQR>?�½·l3j-D>[�;ahPR\h  ?E9BZ<hP[²9<ACJPR
hPnGnCJ _ ?M]^JQZ F D>nG9BACU>nG=dA F hoeQ=I?M9<J¾hP[I[@=I?E?49<;>=�?<h F =OU�A�¶-=InxH�ho9<h F hPACR"9�hoACR>=@H  "! 9<;>=�U>A�¶ F hPU{p
JQZ�=²YQ=IR�?BD  ?E=@9B?�JP]�9<;>=LU>Aý¶-=In1H�ho9<h »�ZB=@eQACJPR>?�JP]�ACR"9<=@ZB=I?�9·½ _ AG9B;>JQD�9dU�=IZ�]^JQZ F ACR>e�hPR ! U>A�¶-=In
H>D>U�nCAC[Iho9<AGJQR{laKM;>=�U>ZE=@Y�ACJPD>?�[InChP?B?�H>AqhoeQZ<h F AG?OR>J _ ?B;�J _ R£AGR°Ä%AGeQD>ZB=�s-lèsaD>U�H�ho9B=IH _ AG9B;
9<;�=`U�A�¶ F hoUµ]^Z<h F = _ JQZBVtl�8 ?EA F U>nC=�nGJ-[�VWAGR>e F =@[�;�hPR>AG? F honCnCJ _ ?�A F hoeQ=I?49BJ F J�H>AG] ! 9B;>=IAGZ

XVImageYUV<T> XVImageHSV<T>

XVImageBase<T> XVPixmap<T>

XVImageScalar<T>

HAS A

IS A

XVImageRGB<T>

Ä%AGeQD>ZB=4s-lès-û1³�AChPeQZ<h F ?B;>J _ AGR>e�¹ F hPeQ=4?�9<ZED>[@9BD>ZB= _ A�9<;�ë1Aý¶ F hPU{l+k�ho[�;�A F hPeQ=/ZB=²]^=IZB=@R>[I=@?/h
U>Aý¶ F hPU _ ;>AG[�; F h !� =dD�R>ACbWD>=fJQZ F h !� =dZE=@]^=@ZB=IR�[I=IH  W! JP9<;>=@Z/A F hPeQ=I?@l

í



U>Aý¶�=@n+H�ho9<h »�A�lï=Pld9<;>=�U�A�¶-=In1H�h�9�h�JP]�AG9B?�ZB=²]^=IZBZEACR>eaë1A�¶ F hPUt½·lOë1ZB=²YQ=@RW9BACR>e F D>n�9<ACU�nC=dA F hPeQ=I?
ZB=²]^=IZEZBACR�ea9BJ�9<;�=z?Bh F =zë1A�¶ F hPU ]^ZEJ F F J-H�AG] ! ACR>e�9B;>=z?Bh F =zH�h�9�h\?BA F D>nG9<hPR>=IJPD>?Bn ! l r R>[@=
hPR\A F hPeQ=T;�hP?/h�nGJ-[�V`JQZM;�hPR�H>nC=49BJ�9<;>=dë1A�¶ F hPU{p-JP9<;>=@ZMA F hPeQ=@?�ZB=²]^=IZEZBACR�e�9<J�9<;>ho9�ë1A�¶ F hoU
[�hoR>R>JP9 F J�H>A�] ! AG9fD�RW9BACn19<;�=`¸�ZE?E9�A F hPeQ=�D>R�nCJ�[�V�?f9<;�=¾ë1A�¶ F hPU{l¾Â�=²]^=IZ�9<JiÄ%ACeQD�ZB=`s-lêé\]^JPZ
]^D>Z�9<;>=@Z�AGnCnGD>?E9BZ<ho9BACJQR{l

Pixmap Data

Image 2

Image 2

Image 1

Ä%AGeQD>ZB=�s-lêé�û�³�AqhPeQZBh F ?E;>J _ ACR>e¾ë1A�¶ F hoUµhPR>H�¹ F hoeQ=fH>=I?EACeQR{lM¹ F hPeQ=`v�hPR>Hi¹ F hPeQ=Os`;>h�YP=
9<;�=d?Bh F =�D>R>H>=@ZBn ! AGR>e`ë3Aý¶ F hPU

ÙÛÚ�û ÝÀè éëêJì Ý5ßfì�á3éëß^âNá7ï

84R>Jo9<;>=@ZcA F U'JPZE9�hoRW9�hP?EU'=@[@9c9BJ�9B;>=�H>=@?BACePR�JP]ÁA F hPeP=I?�ACR�hdY-AG?BAGJQR¾nGA  ZBhPZ ! AG?�9B;>=�h  ACnCA�9 !
9<J�hP[I[@=I?B?�9<;>=�[@JQR"9<=@RW9B?MJP]{9B;>=�A F hPeQ=�»^U>A�¶-=In�H�ho9<h"½�bWD>AG[�VWn ! hPR>H�=IhP?BAGn ! l � AG?BACJPR�hPnGeQJQZBA�9<; F ?
JP]á9B=IROR�=I=IH�9<J4A�9<=@Z<ho9B=39B;>ZBJPD>eQ;�hoROA F hPeQ=�h�U>A�¶-=In�ho9%hM9<A F =Pp�JQZ�h�ZEJ _ ho9+hM9<A F =ol%³�D�=�9BJT9<;�=
D>R>H�=IZBn ! ACR>e�U�A�¶ F hoU�H>=I?EACeQR�Jo] �4� AG?BAGJQRts�p _ =c]^JQD>R�H�AG9+A F U�JQZ�9�hPR"9¡9<J�AGR>[InGD>H>=ch4]^ZBh F = _ JQZBV
]^JQZ�?E9<=@U>U>AGR>e�9<;>ZEJQD>eQ;�hoR�A F hPeQ=�U>A�¶-=In  W! U>Aý¶�=@n�p _ ;�=IZB=MU�JQ?EAG9<AGJQROAGR�]^JQZ F ho9BACJQR¾»�[@JQnCD F R�hoR>H
ZBJ _ U'JP?BAG9BACJQR�½�AC? F hPAGR"9�hPAGR>=IH�AGR"9<=IZER�hPnGn ! l%84nC?EJ>p�H�D>=�9<J�9<;�=�D>R>H>=@ZBn ! AGR>e�U>A�¶ F hPU�?E9BZBD>[²9<D>ZE=

ñ



JP]�A F hPeQ=@?Ip{A�9 _ hP?fR>=@[I=@?B?<hoZ ! 9<;�h�9fAG9<=@Z<ho9BJQZB?4;�h�YQ=  JP9B; _ ZBAG9<h  nG=\»¼hPnGnCJ _ìF J�H>A�¸�[�ho9BACJQR�JP]
9<;�=dA F hoeQ=�[IJPRW9B=IR"9<?<½�hoR>H�ZE=�hPH��æJQR>n ! U>ZEJQU�=IZE9BAC=@?Il

K _ J\9 ! U'=@?fJP]�AG9<=@Z<ho9BJQZB?4;�h�YQ=  =@=IR A F U>nC= F =@R"9<=IHµhP?fh�U�hPZ�9fJP]39<;>= �T� AC?EACJQR�s`]^Z<h F =²�
_ JQZBVtû
� Î�Ë�Ð�Ï ã Ì�ÖWÍÃÎ�Ì�ÓtÍ 8  hP?BAG[�AG9B=IZBho9<JQZ4AC?49B= F U>nqho9B=IHµJPR¿9B;>=�U>Aý¶-=In%9 ! U�=a»ó±ED>?�9dhP?�9<;>=�A F hoeQ=�½

hPR�H ;�hP?�h�?BA F ACnChPZ�ACR"9B=IZE]�ho[I=i9BJ�9<;>=Åj-K/yìA�9<=@Z<ho9BJQZB?`ACR��M�f��l�KM;>=ýüÿþ��)T/Y%U�WiþbY
U>ZEJ�Y-AGH>=I?OhP[I[@=I?E?�9<Ja9<;>=`U>Aý¶�=@n1YPhonCD>=op _ ;>AGnC=�9<;�=¾U>ZE=@¸�¶�hPR>H�U'JP?E9B¸-¶���� þ��iT=Y%U�Wiþ�YW?
AGR>[IZE= F =IR"9/9<;>=fAG9B=IZBho9<JQZc9BJ�9<;>=dR>=²¶�9�U>Aý¶�=@nÁACR\9<;>=fA F hPeP=L» _ ZBhPU>U>AGR>e�9<;>=dAG9B=IZ<h�9<JQZ�9BJ
9B;>=  =@eQACR�R>ACR>e�Jo]�9B;>=�R>=²¶�9�ZBJ _ AG]�ho9M9<;�=�=IR>Ht½·l�³�=@9<=@Z F ACR>AGR>e _ ;>=²9<;>=@Z�9B;>=�AG9B=IZBho9<JQZ
;�ho?�ZE=�hP[�;>=@H¾9<;�=4=IR�H¾JP]xhfZBJ _ hPR�H F D>?�9 _ ZBhPUz9BJ�9B;>=TR�=²¶�9cJQR�=TZE=IbWD>ACZE=I?�hd[�;>=@[�V¾h�9
=IhP[�;ÅACR>[@ZB= F =@RW9Ip  D-9�9<;>AG?4AG?4H>JQR�=�A F U>nCAG[IA�9<n ! ACR�?BACH�=�9<;�=�AG9B=IZ<h�9<JQZ/]^Z<h F = _ JQZEV�l4KM;>=
T����
	���]^D>R�[@9<AGJQRaU>ZBJ�Y�ACH>=@?4h  J-JQnG=�hPR�YohPnGD>=fJP]%9BZBD>=dAG]�9<;>=fAG9B=IZBho9<JQZ/;�ho?TZE=�hP[�;>=@Hi9<;�=
=@R>H�Jo]�9B;>=fA F hPeQ=Pl

 Ó�Ô ã Ì�ÖWÍ�Î-Ì�ÓtÍ Ä�JQZ F hPR ! hPU>U>nGAC[Iho9<AGJQR>?Ip�AG9B=IZBho9<AGR>e�9<;>ZEJQD>eQ;�9B;>=fA F hPeQ=�[IhPR  =fH>JQR>=fJQR�=
ZEJ _ h�9�h 9BA F =Pl�8ÇZEJ _ AG9<=@Z<ho9BJQZLU>ZBJ�Y�ACH�=I?�hPR�ACR"9<=@ZE]�hP[@=a9BJ�9<;>AG?`9 ! U�=µJP]�nGJ-JPU>ACR>e
?�9<ZBD�[@9<D�ZB=Pl%KM;>=�ZEJ _ A�9<=@Z<ho9BJQZx[�;>=I[�VW?+]^JQZx9<;>=�=IR�H�JP]th�ZBJ _ D>?BAGR>eT9B;>=eT����
	��/]^D�R>[@9BACJQR{p
hPR�HµhJYZT���T�W�	��L]^D>R>[²9<AGJQR�U�=IZ�]^JQZ F ?M9<;>= _ Z<hPU�U>ACR>e`JP]�9<;>=�AG9<=@Z<ho9BJQZc9<J`9<;>=dR>=·¶-94ZBJ _
AGR¿9B;>=`A F hPeQ=PlOKM;>AC?dU>ZBJ�Y�ACH�=I?dhPR A F U>nC= F =@RW9<ho9<AGJQRi9B;�ho9�hPnCnGJ _ ?�]^JQZ�AG9B=IZ<h�9<ACJPRµ]^ZBJ F
hPR�hPZ  AG9<ZBhPZ ! U'JQAGR"9�AGR°hPR�A F hPeQ=a»^R>JP9OhPn _ h ! ?d9<;>=z?<h F =`[IJQnGD F R�ho9�=�hP[�;�ZBJ _ ½�9BJ
9B;>=f=IR>HaJP]¡9<;>=fZBJ _ l

ÙÛÚ�� ÝÀè éëêJì ��útì�á3éîß3æ}âNÞjï

¹æR>[InGD>H>=@HµACRa9<;>= �4� AG?BAGJQRts�nCA  Z<hPZ ! p�=²¶-AG?E9T?BJ F =OJP]�9<;>=  hP?EAC[dJQU'=@Z<ho9BACJQR�?�9B;�ho94hPZB=f]^ZB=·�
bWD>=IR"9Bn ! U�=IZE]^JPZ F =IH JQR�A F hoeQ=I?@l�õ�AG9<;¿9<;�=`H�=I?BAGeQR eQJ"hPnG?�JP]�9B;>=LnCA  Z<hPZ ! pÁR�h F =In ! 9<J\U�=IZ �
]^JQZ F 9BZ<hP[�VWACR�edAGR�ZB=IhPn���9<A F =PpÃ9<;�=MA F hPeQ=�JPU'=@Z<ho9BACJQR>?%H>=I?E[IZBA  =@HL;>=IZE=�;>h�YP=/=�hP[�;  =I=IRLA F U>nG=²�
F =IR"9<=@H _ AG9B;�=@ô`[IAG=IR>[ ! hoR>H�U�=IZE]^JPZ F hPR>[I=�ACR F AGR>H{l¡KM;>=�JPU'=@Z<ho9BACJQR>?¡JQR�A F hoeQ=I?x;�h�YQ=  =@=IR
eQZEJQD>U�=IHÅACR"9BJ¾]^JQD>Z�9 ! U�=I?@û�Ä%AGnG9<=@ZBAGR>e>pt84nGeQ=  ZBh�p'õ�hPZEU>ACR>e�p6hPR�H j�h F U>nCAGR>e>l4KM;�=�¸�ZB?�9�9 _ J�û
Ä%AGnG9<=@ZBAGR>efhPR>H`84nGeQ=  ZBh�p�hPZB=Th�YohPACnCh  nC=�JQR>n ! ]^JQZ3?B[�honqhPZ1A F hPeP=I?T»�JP]'9<;>= P/Rº_��iU��%TV\���U��=U=YZ[��Za
9 ! U'=�½²pthP? F ho9<;�= F ho9<AG[�hPn�JQU�=IZ<h�9<ACJPR>?f»�?ED>[�;�hP?�hPH>H>A�9<ACJPRt½�U�=IZ�]^JQZ F =IH\JQR F D>n�9<A  hPR>H�U�A�¶-=InG?

ò



AC?�D>R>H>=²¸�R>=@H{l�KM;�=�nqhP?�9O9 _ JÅJQU'=@Z<ho9BACJQR�?Iû�õ°hoZBU>AGR>eÅhPR>H)j-h F U�nCACR�e>p�H�JÅR>JP9 F J�H>AG] ! 9<;�=
U>Aý¶�=@nC?d9<;>= F ?E=InGYP=I?@p�hoR>H�9<;WD>?�[IhPR  =¾U�=IZE]^JPZ F =IH°JQR£hoR ! A F hPeQ=L9 ! U'=Å»  JP9<;°?E[�hPnChPZ�hoR>H
F D>n�9<A  hPR>Ht½·lO³�=@?B[@ZBACU-9<ACJPR>?�JP]�9<;>=�JPU'=@Z<ho9BACJQR>? _ AG9<;¿=·¶>h F U>nG=I?�JP]39B;>=IAGZ�D>?B=`hPZE=�U>ZBJ�Y�ACH�=IH
 =InCJ _ l

���! ��#" �%$#&('�)+*,$.-0/
Ä%ACn�9<=@ZBACR�ezJP]3A F hoeQ=I?TAC?�hz[IJ F`F JPRµ?E9B=IUÅACRµhPR ! Y�AC?EACJQRµhPU>U>nGAC[�h�9<ACJPR{pt=I?BU�=I[@AqhPnGn !a =@]^JQZE=

]^D>Z�9<;>=@Z�A F hPeQ=iU�ZBJ�[I=I?E?BAGR>e£hPR>H�]^=�h�9<D>ZE=µ¸�R>H>AGR>e�AC?�U�=IZ�]^JQZ F =IH6l KM;>= �T� AG?BACJPRts�nCA  Z<hoZ !
A F U>nG= F =IR"9<?�hi?B=²9LJP]M¸�n�9<=IZEACR>ea]^D>R>[²9<ACJPR>?Ip3hPnGn3JP] _ ;>AC[�;)hPZE=¾[@JQR>?BAGH>=IZE=IH�]�hP?�9O¸�n�9<=IZE?\»¼hoR>H
9<;WD>?aZB=@nqho9BAGYP=In ! ?BA F U>nG=�½¾AGR�hoR�=0k6JQZ�9\9<J F hPAGR"9�hPAGR 9<;>=¿ZB=IhPn���9<A F =iY�AG?BACJPR�hoR>H�9BZ<hP[�VWAGR>e
[�hoU�h  AGnCAG9BAC=@?�JP]c9<;�=¾nCA  Z<hoZ ! l¾8ÀeQ=@R>=IZEAC[%�Vþ��21iþ���1ZTµ]^D>R>[²9<ACJPR°hPnG?BJiU�ZBJ�Y�ACH>=@?�9<;�=¾=IR�H°D>?B=@Z
_ AG9B;�9B;>= [�hPU�h  ACnGAG9 ! Jo]�U�=IZE]^JPZ F ACR>e�¸�n�9<=IZEACR>e _ A�9<;�hPR !�F hP?EV�R>=I[@=I?E?<hPZ ! lüKM;>= nCAC?�9\JP]
[IJPRWYPJQnCD-9<ACJPR>?fh�YPhoACnqh  nC=�ACRÅ9<;>= �T� AC?EACJQR�s¾nCA  Z<hPZ !a_ A�9<;¿=@ô`[@AC=IR"9�A F U>nC= F =@R"9�ho9BACJQR>?ThPZE=zho?
]^JQnGnCJ _ ?Iû

� Ó-à�ÜMÐ�Õ^Ì�ÖWÍ�Ë �MU'=@ZE]^JQZ F hPH�H>AG9BACJQR�JP]�hPnCnx9<;>=�U�A�¶-=InG? _ AG9B;>ACRµ9B;>= F hP?BV�»�AGR>[InGD>H>AGR>e�JQU-�
9<AGJQR�hPn�R>JQZ F hPnGA���h�9<ACJPRt½²l KM;>=  J�¶£¸�n�9<=@Z�AC?�JP]á9B=IR)D>?B=@H
]^JQZ�]�hP?�9zhPR>H£?BA F U>nG=�? F J-Jo9<;>AGR>e>l
j-AGR>[I=fhPnGn'9B;>=�YohPnCD>=@? _ AG9B;>ACR¾9B;>= F ho?BV¾Jo]%h  J�¶�¸�n�9<=IZchPZB=�vQp�8:?B=IU>hPZ<ho9B=�A F U>nC= F =@R"9�ho9BACJQR
JP]x9<;�=  J�¶�¸�n�9<=@ZcA F U>ZBJ�YP=I?MU�=IZE]^JPZ F hPR>[I=op  =I[IhPD>?B=dhPnGn'9B;>=�YohPnCD>=@? _ AG9B;>ACR¾9B;>= F ho?BVzhPZB=�vQp
?BJ4R>J F D�nG9<AGU>nCAG[�ho9BACJQR�?{hPZE=�ZB=@bWD>ACZE=IH{l�KM;>= F hP?BV�AG?%hPnG?BJ�?B=@U�hPZ<h  nC=opQ?BJ�¸�nG9B=IZBAGR>e�ACR�9B;>= �`hoR>H
� H>ACZE=I[@9BACJQR�?4A F U>ZEJÃYP=I?�U�=IZ�]^JQZ F hPR>[@=�J�YQ=@Z�JQR>= F D�nG9<AGH>A F =IR�?BACJPR�hPn6¸�n�9<=@ZIl�84R¿k%¶�h F U>nC=�JP]
9<;�= m J�¶OÄ%ACn�9<=@Z  =IAGR>e4D�?B=IH�AG?�?E;>J _ R�ACROÄ%ACeQD�ZB=�s-lêî�l%Ä�JQZ¡=@ô`[IAG=IR>[ ! pQ9B;>=�]^D>R�[@9<AGJQR>?¡U>ZBJ�Y�ACH�=IH
hPnGnCJ _ 9B;>=�hPnGeQ=  Z<hPAG[L]^JPZ F 9<J  =zD>?B=@H{p _ ;>=IZE=�hiR>= _ A F hPeQ=LAC?�[IZE=�ho9B=IH°A F U>nGAC[@AG9<n ! lzKM;>=
ACR��æU>nChP[I=�]^JQZ F ]^JQZf¸�nG9B=IZB?�hPnG?BJa=²¶-AC?�9<?Ip _ ;>=IZE=z9<;�=zZE=I?BD�nG9<AGR>eiA F hoeQ=�AC?f[IZE=�ho9B=IH°=·¶�9<=IZER�hPnGn ! p
hPR>HÅU>hP?B?E=IH ACRÅhP?fh�U>hPZ<h F =@9B=IZ�9<J�9<;�=�?E9�h�9<AC[�¸�nG9B=IZT]^D�R>[@9BACJQR{l m Jo9<;µ]^JQZ F ?�hoZB=�?E;>J _ R�AGR
s-lïî>l

3 ÍÃÖ"ÔzÐ^ÌIÌ�ÜMÐ�Õ^Ì�Ö�Í�Ë �xU'=@ZE]^JQZ F H�=IZBA�Yoho9<A�YQ=�¸>nG9<=@ZBAGR>e�J�YQ=@Z+9<;>=cA F hoeQ=  "! ?BD  9BZ<hP[²9<AGR>efhPH�±Bh��
[I=@R"93U>A�¶-=InG?Ip"JQZ%U>A�¶-=InG? _ AG9B;>ACR�h�[I=IZ�9�hPAGR _ ACH�9B;{l+ë1ZE= _ AG9E9�Ä%ACn�9<=@ZB?+hoZB=MhPnG?BJ�?E=IU�hoZ<h  nG=PpWhPR�H`?EJ
;�h�YQ=4hd?EA F ACnChPZ%A F U>nG= F =IR"9�h�9<ACJPR�H>=I?EACeQRzhP? m J�¶zÄ%ACn�9<=IZE?Il%ÄtJPZ�h�¸�n�9<=IZ _ A�9<;zh _ ACH-9<;`eQZB=Iho9<=@Z
9<;>hPR�s-p F hPR ! JP]{9<;�=�YohPnGD>=I?�ACR`9<;>=/¸�nG9B=IZ£×ê? F ho?BV`hPZB= �I=@ZBJ>p�?BJOh�?E=IU�hPZBho9<=TA F U>nC= F =@R"9�ho9BACJQR
_ ;>AG[�;¾H>J�=I?3R>JP9�U�=IZ�]^JQZ F D>?E=InG=I?B? F D>n�9<AGU>n !� "! �I=IZEJOJQU�=IZBho9<AGJQR>?1A F U>ZEJ�YQ=I?3=²ôz[@AC=@R>[ ! l�j�ACR>[@=

v�u



P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa T�5¨_�6�7
8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa Y%T��EX9�HWº_�6�7�8
:�:�:
;�;=< þbY��?>A@)T/Y%TÿY%T��EX,�bWB4��iU��%TC4A�D�)U�����TA�E4F�
P/R2Giþ�5VS,4��bWZT=YVP
	&T�5¨_�6�77]IH3] Y%T��EX9�HWº_�6�7,�J8
P/R2Giþ�5VS,4��bWZT=YAK�	&T�5¨_�6�77]ML^] Y%T��EX9�HWº_�6�7,�J8
;�;=< þbY��?>A@)T/Y%TÿY%T��EX,�bWB4��iU��%TC4A�N�HY%TVU�W)TC4��2�,��4A��4EWO��P
Y%T��©X,�HWº_�6�7?Q P/R2Giþ�5VS,4��bWZT=YAK�	*P/R2G)þ�5,S,4��HWZT/Y,P
	 TA5º_�6�77]�H,�À]RLO�J8

Ä%AGeQD>ZB=�s-lïî>û�8 m J�¶iÄ%AGnG9B=IZMk%¶�h F U>nC=olcKM;>=O[@JQR>eQnGJ F =IZ<h�9<=  J�¶a¸�n�9<=@Z�AGR  JP9B;a9B;>=ë�¿hoR>H �H>AGZB=I[²9<AGJQR>?MAC?M=@bWD>AGYohPnG=IR"9M9<J`D>?BAGR>e`h  J�¶�¸�n�9<=@Z _ AG9<;aéLZBJ _ ?�hPR>His�[IJQnGD F R�?Il

ë1ZB= _ AG9B9MÄ%ACn�9<=IZEACR>e�AC?�]^ZE=IbWD>=@RW9Bn ! D>?B=@Ha]^JQZ�=IH>eP=�H>=@9B=I[@9BACJQR\AGR�=IA�9<;>=@Zc9<;>= ��JQZ � H>AGZB=I[²9<AGJQR>?Ip
9<;�=d=·¶�h F U�nC=�?B;�J _ R�ACRaÄ%AGeQD>ZB=�s-lóç�AG?�H�JQR>=fJQR>n ! ACR�9B;>=��µH>AGZB=@[@9<AGJQR{l

P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa T�5¨_�6�7
8
:�:�:P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa Y%T��EX9�HWº_�6�7�8
Y%T��©X,�HWº_�6�7?Q P/R�S%Y%T�>94EW,W,S,4��HW)T=YVP
	 TA5¨_�6�73]TL^]VU,�J8

Ä%AGeQD>ZB=�s-lóç�û18ë3ZE= _ A�9B9/Ä%AGnG9B=IZck%¶�h F U>nC=ol1KM;>AC?M=·¶�h F U�nC=�¸�n�9<=IZE?�9<;�=dA F hoeQ=4AGR�9<;>=��iH>ACZE=I[²�
9<AGJQR _ AG9B;�h F hP?BV _ ACH�9B;aJo]%î>l1KM;�=�?E=I[IJPR>HiU�hoZ<h F =@9B=IZMAC?/h�R>JPZ F hPnCAd��ho9BACJQR`YPhonCD>=ol

 ÓtÊ1ÖWÍÃÌ�Ë�ÜMÐ¼ÕáÌ�ÖWÍ�Ë �¡hPR>Jo9<;>=@Z+YPhoZBAqh�9<ACJPROJP]'[IJ F U>D�9BACR>e4A F hPeQ=�ePZ<hPH>AG=IR"9<?@l+84n�9<;>JPD>eQ;�9<;�=
Â/J  =@ZE9B?�Ä%AGnG9<=@ZfAC?BR;×ï9O?B=IU>hPZ<h  nC=Pp%JQR>n ! ;>hPnG]MJo]c9<;>=zYPhonCD>=@?�AGR�9<;>= F ho?BV hPZB=zR>JQR-�?�I=@ZBJ>p+?EJ
U�=IZE]^JPZ F hPR>[I=z[�hPR  =zACR>[@ZB=�ho?B=IH _ AG9<;°hi?B=@U�hPZ<h�9<=¾A F U�nC= F =IR"9<ho9<AGJQR{l�84R�=²¶�h F U>nC=`JP]M9<;�=
Â/J  =@ZE9B?/¸>nG9<=@Z  =@ACR>eLD>?E=IHaAC?M?E;>J _ RiACRaÄ%AGeQD>ZE=ds-lèö-l

vQv



P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa T�5¨_�6�7
8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa Y%T��EX9�HWº_�6�7�8
:�:�:P/R�W¨þ�X)T=Y/W9�HS,4��HW)T=Y
	 T�5º_�6�73]tY%T��EX9�HWº_�6�77]ZY^][W�\�GA]�W��)\�^=P,�J8

Ä%AGeQD>ZB=�s-lêö�û�8ìÂ�J  =IZ�9<?TÄ%ACn�9<=@Z/k+¶�h F U>nG=Pl�KM;�=OU�hPZBh F =@9<=@ZB?�hPZE=d9B;>=�A F hoeQ=�9<J  =f¸�n�9<=IZE=IH{p
9<;�=dZE=I?ED>nG9BACR>eLA F hPeQ=op�hLR>JQZ F honCA��Iho9<AGJQRz]�ho[@9<JPZIp�hPR�H\9B;>=fH>ACZE=I[²9<ACJPR

���! ��æ� �_&`/a)cb0*Od
¹æR�h�9BZ<hP[�VWACR�einCA  Z<hoZ ! p _ ;>=@R�JQR>=¾AG?OH>=IhPnCAGR>e _ AG9<;�?B=@b�D�=IR>[@=I?LJP]c]^ZBh F =@?OAGR�9<;�=z9<= F �

U�JQZ<hPn1H�J F hoACR{pÁ[@J F U>hPZBAG?BJQR JP]MhoH�±BhP[I=@R"9�]^ZBh F =@?z»�JQZ�]^Z<h F =@?Oh�]^= _ ?�9<=@U>?�h _ h ! ½fAC?fJP]á9<=@R
=I?E?B=@RW9BAqhPn¼l1KM;>=�A F U>nG= F =IR"9�ho9BACJQRLJP]¡?EA F U>nC= F h�9<;>= F ho9BAC[IhPntJQU'=@Z<ho9BACJQR�?�JQR�A F hoeQ=I?@p-?ED>[�;iho?
hPH>H�AG9<AGJQR�hPR>H°?ED  9<ZBhP[@9BACJQR6p1hPR>H°[@J F U�hPZBAG?BJQR�JQU�=IZ<h�9<JQZE?Ip%?ED>[�;)hP?OePZB=�h�9<=IZd9<;�hoR�hPR>H°nG=I?E?
9<;>hPR{p"U>ZEJÃY�AGH>=Mh4]^Z<h F = _ JQZEVd]^JPZ%9<;>=@?B=M[@J F U>hPZBAG?BJQR>?@l�õ�A�9<;�A F hPeQ=@?%ZE=IU>ZE=I?B=@R"9<=IHzhP?1J  ±E=I[@9B?
ACR �T� AG?BACJPRtszp�9B;>=4]^=�h�9<D>ZE=I?/JP]¡JQU�=IZ<h�9<JQZ�JÃYP=IZEnCJ"hPH�ACR>e�AGRa�M�d�hPnGnCJ _ ]^JQZ�9B;>=I?E=dJPU'=@Z<ho9BACJQR>?
9<J  =�D>?E=IHµ?EA F U>n ! hPR>H�=�hP?EACn ! l�k%¶�h F U>nC=@?TJo]%9<;�=�H>Alk6=@ZB=@RW9�9 ! U'=@?TJo]1JQU�=IZ<h�9<ACJPR>?c9<;�h�94[IhPR
 =�U�=IZE]^JPZ F =IHOJPR�h4U�hPAGZxJP]t?B[IhPnqhPZ¡A F hPeQ=@?�»�JP]�=@bWD�hPn�?EA��@=�½¡AG?�?E;>J _ RLACR�9B;>=�=·¶�h F U�nC=4»¼Ä%AGeQD>ZB=
s-lèíQ½²l

P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZae4f����gK]M4�����G�8
:�:�:P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZae4f���%\�h26CQi4f���2gj�C4f����Ga8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZae4f���Ak�_©S?Qi4f���2g?li4f����Ga8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZae4f���27A� Qi4f���2g ai4f����Ga8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZae4f����m�� Qi4f���2g [i4f����Ga8

Ä%ACePD>ZB=ds-lèí-û18TRik%¶�h F U>nC=�JP]¡9<;�=dJPU'=@Z<ho9BACJQR>?c9B;�ho9/[IhPR  =fU'=@ZE]^JQZ F =@H\JQR\?B[�honqhPZMA F hPeP=I?Il

vÃs



���! ��(n �poq-0):� d
*,rs$.-0/
gihPR ! hPnCePJQZBA�9<; F ?6AGRdY�AC?EACJQRdhPU�U>nCAG[�ho9BACJQR>?6ZB=IbWD>AGZBAGR>e _ hPZEU>ACR>e�JP]�hP[IbWD>AGZB=@HOA F hPeQ=@?Á=IA�9<;>=@Z

 "! ZEJP9�ho9BACR>e�p+?B[IhPnCAGR>e>p+JQZO?B;>=@=IZ�»¼hoô`R>=�9BZ<hPR�?E]^JQZ F ho9BACJQR�?�½²l �T� AG?BACJPRtsaU>ZEJ�Y-AGH>=I?Lhµ?EA F U>nC=
F =I[�;�hPR�AC? F ]^JQZcH>JPACR>e�A F hPeP= _ hPZBU>AGR>e�=@ô`[@AC=IR"9Bn ! hPR�H�=�hP?EACn ! p>D>?EACR>eLhPRahPnGeQJQZEAG9<; F ?BA F ACnChPZ
9<J�9B;>= m ZB=@?B=IR�;�h F hPnGeQJQZBA�9<; F ?�D�?B=IHa]^JQZc]�hP?�9TnGACR>=4ZB=IR�H>=IZEACR>e(s ö�p�çHu¼l

K�J�?BJQn�YQ=  JQD>R>H�hoZ ! AC?E?BD>=@?�AGR"YQJQn�YQ=IH _ AG9B; _ hPZBU�ACR>e>p �T� AC?EACJQR�s�U�=IZ�]^JQZ F ? _ hPZBU>AGR>ef]^ZBJ F
9<;�=�9�hoZBeQ=²949<J`9<;>=�?BJQD�ZB[I=ol48T?4ACRiÄ%ACePD>ZB=Os-lêñ�p _ hPZEU>ACR>ez[IJQR�?BAC?�9<?�Jo]1?E9B=IU>U>AGR>e¾9B;>ZBJQD�eQ;i9<;�=
9�hoZBeQ=²9/A F hPeQ=Pp-[IJ F U>D�9BACR>e�9B;>=fR>=�hoZB=I?�94R�=IACeP;  JQZMAGR\9B;>=f?BJQD�ZB[I=fA F hPeP=4]^JQZM=�ho[�;iU>Aý¶�=@n�l

Ä%AGeQD>ZB=¾s-lêñ�û�Ä%AGeQD>ZE=zJP] _ hPZEU>ACR�ei9�hPVWAGR>eiU>nChP[I=ol�KM;�=�A F hPeQ=LJQR 9<;>=�ZEACeQ;"9�AC?f9<;>= _ hoZBU�=IH
A F hPeQ=op>hPR�Ha9B;>=f?BJQD>ZE[I=fAC?c9B;>=fJQD�9BnCACR�=IH\ZB=@[@9�hoR>eQnC=�JPR\9B;>=fnC=²]á9�l

84R`hoô`R>= F ho9<ZEA�¶�AC?+[@J F U>D�9<=@HLACR>A�9<AqhonCn ! p  =²]^JQZB= _ hPZEU>ACR>efAG?+H>JQR>=ol+KM;>AG? F ho9BZBAý¶OAG?%9<;�=IR
D>?E=IHiAGR\[IJ F U>D�9BACR>e�9B;>=fU'JQ?EAG9BACJQR>?�JP]�9B;>=fU>A�¶-=@nC?MACR�9B;>=f?BJQD>ZE[I=dA F hPeQ=ol

tuwv �v �
xyVz{tu0| }

~ �
xy�tu�� �� �

xy »¼s-lGv�½

j-AGR>[I= _ hPZBU�ACR>e�AG?+H>JQR>=c]^ZEJ F 9<;>=c9<hPZBeQ=²93A F hPeQ=opPJQR>=�ZBJ _ h�9�h49<A F =PpPh�]^D>nCn F h�9<ZBAý¶ F D>nG9BACU>n !
]^JQZ�=IhP[�;¿U>A�¶-=@n%AC?TD>R>R>=@[I=@?B?<hoZ ! lO¹æR>?E9B=�hPH{pxhoRÅJ�k6?E=@9�AG?�U>ZE=I[IJ F U>D-9<=IHÅ]^ZEJ F =@bWD�ho9<AGJQR£»¼s-lGv�½
ho9f9<;�=  =IePACR>R>AGR>e�JP]�=�hP[�;�ZBJ _ JP]�9<;�=`9<hPZBeQ=²9fA F hPeQ=ol�KM;>=IR ]^JQZf=�hP[�; U>A�¶-=@n�AGRÅ9<;�ho9fZEJ _ p
9<;�=dJbk6?E=@9�AC?MD>U�H�ho9B=IH�»^]^JQZ _ ;�AC[�;aJQR>n ! 9 _ J¾hPH>H>A�9<AGJQR>?MhPZE=�ZB=@b�D�ACZB=@H�U�=IZ/U>Aý¶-=Iná½�sïçHu¼l

õ°hoZBU>AGR>eOAG?�A F U>nG= F =IR"9<=@H¾ho?�h _ hPZEU>ACR�eO[InChP?B?�»#P/R2g <2< 4��)T��iU=Y��>½²p _ ;>AG[�; F hPACR"9�hoACR>?19<;�=
_ hPZBU>AGR>e F ho9<ZEA�¶'l1Ä�JQZ _ hPZEU>ACR�e�JP] F hPR ! A F hPeP=I?�=@bWD�hPnCn ! »�D>?EACR>eO9B;>=�?<h F =4hoô`R>= F ho9<ZEA�¶>½²p
9<;�AC?1[InChP?B?3?E;>JQD>nGH  =/D>?B=@H¾H>AGZB=I[²9<n ! l%8TnG9B=IZBR>ho9<A�YQ=In ! pWh�?B=²9�Jo]6?�9�ho9BAC[c]^D>R>[²9<AGJQR>?3=²¶-AC?�93]^JQZ1=�hP?E=

v�é



JP]/D>?E=Pp _ ;>AC[�;�[IhPR  =�[�hPnGnC=@H°JQR£hPR ! A F hoeQ=`9 ! U�=Pl 84R�=·¶>h F U>nG=¾JP]/]^D>nGn�h�ôzR�= _ hoZBU>AGR>e
»�ZEJP9�h�9<ACJPR{p�?E[�hPnG=PpthPR>H\?E;>=I=@Z�½MAC?MeQA�YQ=IRaACRaÄ%AGeQD>ZE=fs-lêò�l

P/Rº_��iU��%T�W�7AG%[=P/R�^�W�7AG%a T�5¨_�6�7
8
:�:�:P/Rº_��iU��%T�W�7AG%[=P/R�^�W�7AG%a Y%T��EX9�HWº_�6�7�8
Y%T��©X,�HWº_�6�7?Q=>ZU=YA�2WZT��©Wa	 T�5¨_�6�73]

P/R2Siþ2�24EW�4=þ��a	 TA5¨_�6�7 : ��4��/WA@�	�� ; L^]öT�5¨_�6�7 :�� T�4���@,W�	�� ; L�� ]P/R)\�4��%T�	&T�5¨_�6�7 : ��4��/W�@a	�� ; U7]öT�5¨_�6�7 :�� T�4���@,W�	�� ; U,� ]H2Y3]�L3]�L^]����J8

Ä%AGeQD>ZB=�s-lêò�û1k%¶�h F U�nC=�JP]x¹ F hPeQ=�õ°hoZBU>AGR>e>l+KM;>=�U>hPZ<h F =@9B=IZE?�9<J�9B;>= _ hPZBU>AGR>e�]^D>R>[²9<AGJQR�hPZE=
9<;�=�A F hPeQ=`9<J  = _ hoZBU�=IH{p19<;�=�[I=@RW9B=IZLJP]M9B;>= _ hoZBU>AGR>eµZB=@eQACJPR{p+9<;>=¾?BA��@=�JP]/9<;�= _ hoZBU>AGR>e
ZB=@eQACJPR{p�9<;�=�hoR>eQnC=�»¼éQu��<½²p�?E[�hPnG=�]�hP[@9BJQZB?c¶ahPR�H ! »  Jo9<;�sQ½²p>hPR>H�hL?E;>=I=@ZTJo]�vQl

���! ���� ��d���rs&.$.-0/
Ä�JQZ�ZE=�hPný�ð9BA F =�9<Z<ho[�V�AGR>e>p¡9<;>=z?E9�hoR>H�hPZEH�]^Z<h F =`?BA��@=Å»�öPî"u���î"ñPu"½fAG?�Jo]á9<=IR�nqhPZEeQ=IZ�9<;>hPR

R>=@[I=I?E?<hPZ ! pWhPR�H�H>=I[@ZB=IhP?BAGR>e49<;�=�?BAd�I=�JP]>9<;�=�A F hPeQ=  "! h�]�hP[²9<JQZ@p F h ! R>JP9+H�=I[IZE=�hP?E=MhP[@[ID>ZBhP[ ! l
K¡Z<hP[�VWACR�e�JP]¡?E9<ZBhPACeP;W9�=IH>eP=I?c]^JQZc=·¶�h F U�nC=Pp-H>J�=I?cR>Jo9MH>=I[@ZB=IhP?B=�9<;�=�hP[I[@D>Z<ho[ ! JP]Á9B;>=�9<ZBhP[�VP=@Z
 "! H>J _ R-�ð?<h F U>nCAGR>e�ACR�9B;>=¿H>ACZE=I[@9BACJQR�Jo]O9<;�=Å=IH>eQ=�»^]^JPZ\h�YP=IZ�9<AC[IhPn�=IH�eQ=¿ACR�9<;>=¿A F hPeP=Pp
9<;�AC? _ JPD>nCH  =LH>J _ R-�ð?<h F U>nGACR>e�9B;>=LZBJ _ ?�½·p%D>R>nG=I?E?f9B;>=`=IH>eQ=L;�ho?Oh�nC=@R>eP9B;�JP]�JQR>n ! h�]^= _
U>Aý¶�=@nC?@lº³�J _ R-�ð?<h F U>nGACR>e�honC?BJ£H>=@[IZE=�hP?E=I?�9B;>=¿?BAd�I=¿JP]d9<;>=¿A F hPeQ=op�9B;WD>?�H�J _ R��æ?<h F U>nGACR>e
 =@]^JQZE=OU�=IZE]^JPZ F ACR>eL]^=�ho9BD>ZB=�H>=@9B=I[²9<ACJPRÅA F U>ZBJ�YQ=@?4U�=IZ�]^JQZ F hPR>[@=Pl�8¨?B=²9�JP]1?�9�ho9BAC[d]^D>R>[@9BACJQR�?
U>ZEJÃY�AGH>=�]�hP?E9/H�J _ R��æ?<h F U>nGACR>e�JP]�A F hPeQ=I?�ACR  JP9<;�9B;>=��ihPR>H � H>AGZB=@[@9<AGJQR>?@l+84R\=²¶�h F U>nG=�JP]
H>J _ R-�ð?<h F U>nCAGR>e�AC?M?E;>J _ RiAGR�Ä�ACeQD>ZE=fs-l�v�u�l

v�î



P/Rº_��iU��%T�W�7AG%[=P/R�^�W�7AG%a T�5¨_�6�73]öY%T��EX,�bWº_�6�7
8
:�:�:Y%T��=U��2�,�=T�	�Y :`� ]MY : L � ]jT�5¨_F6�73]öY%T��EX9�HWº_�6�7,�J8

Ä%AGeQD>ZB=�s-l�v�u�û%8�³�J _ Raj-h F U�nCACR�eOk%¶�h F U>nC=ol+KM;>=�A F hPeQ=�AC?  =@ACR>e�H>J _ R-�æ?Bh F U>nC=@H�ACR¾9B;>= �
H>AGZB=I[²9<AGJQR  "! h�]�ho[@9<JPZMJP]1sa»�=²YQ=@Z ! JP9B;>=IZ/ZBJ _ ½·pthPR>H\ACR�9<;�= � H>ACZE=I[@9BACJQR  "! h�]�hP[²9<JQZMJP]�î>l

ÙÛÚ�� ÝÀè éëêJì � âNÞ��Nì�á7ï^æ£âçÞ

���(���#" ����rs&.$`�J$!'�����-� ¡)J*O¢�$`��-
³�D>=�9<J�9B;>=�nqhoZBeQ=TR�D F� =@ZMJP]¡H>Adk'=IZE=IR"9/A F hPeQ=�]^JQZ F ho9B?ch�YohPACnCh  nC=op-[@JQR"YQ=@ZE9<AGR>e  =²9 _ =@=IR

H>Alk6=@ZB=IR"9`]^JQZ F ho9B?zAG?zD>R>h�YPJQACH>h  nC=ol�Ä�JQZ`h�?BU�=I[@AG¸�[ihPU>U>nGAC[Iho9<AGJQR{p39<;>=aY-AGH>=IJ�?BJQD�ZB[I= F h !
ZB=²9<D>ZER:�fX � p+]^ZBJ F _ ;>AC[�;£[@JQR"YQ=IZE?BAGJQR)9BJ¿eQZ<h ! ?B[IhPnC=�AG?�R>=I[@=I?B?BhPZ ! ]^JPZ�A F hPeQ=�U�ZBJ�[I=I?E?BAGR>e
hPR>H�hPR ! [IJ F U>D�9B=IZ\Y�AC?BAGJQR�hPnCeQJPZBAG9B; F ?IpThPR>H�¸>R�hPnCn ! 9<J)H>AG?BU>nCh ! 9<;>=�A F hPeQ=I?@pT9B;>= ! hPZE=
[IJPRWYP=IZ�9<=IHÅ9BJ�ÂM´ m l�KM;>= F hPR ! A F hPeQ=f]^JQZ F ho9�[IJQR"YP=IZB?EACJQR�?49<;�h�9�hPZE=OJP]á9B=IRµZE=IbWD>ACZE=IHÅhoH>H
[InGD�9B9B=IZ49BJ�9<;>=LhonCeQJQZEAG9B; F ×ï?�[IJ�H>=Pp F hPVWACR�e¾9<;>= F H>A�ô`[ID>n�9�9<J _ ZEAG9<=�hPR>H¿H>=  D>e>ld¹æR JPZBH>=@Z
9<J�U>ZB=²YQ=@RW9�9B;>AC?d[InGD�9B9B=IZ@p�9<;�=�A F hPeQ=�[@nqhP?E?B=I? _ =@ZB=�H>=@?BAGeQR>=IH _ AG9<; 9<;>=�h  ACnGAG9 ! 9<Ji[@JQR"YQ=@ZE9
hPD�9BJ F ho9<AG[�hPnGn ! ]^ZBJ F JQR>=f]^JQZ F ho9�9<J`9<;>=�JP9<;�=IZ4D�?BACR�ez9<;�=OU�JQn !�F JQZBU>;�AC[fU>ZBJPU'=@ZE9<AG=I?�JP]19<;�=
�M�f�º[InChP?B?d?E9BZBD>[²9<D>ZE=Pl�¹ F hPeQ=�]^JPZ F ho9�9 ! U'=@?�hPZE=`ePZBJQD>U�=IH¿¸�ZE?E9  W! [@JQnCJPZfhPR>H�ePZ<h ! ?B[�honC=Pl
84RJP/R�£Zþ2�VþbY�G%U���TO[@nqhP?E?+ZB=@U>ZB=@?B=IR"9B?�hPnGn�9B;>=MH>Alk6=@ZB=IR"91[@JQnCJPZ%A F hPeQ=@?Il�PVR�£Zþ��Vþ�Y¨_f�iU��ZT�ho[@9<?3ho?
hPR\D>R-��9<= F U>nCho9<=@H�ACR"9<=@ZE]�hP[@=�9<J�9B;>=f[IJQnGJQZc[InChP?B?E=I?d»^ACR>[@nCD>H>AGR>e�P/R�£Zþ2�VþbY�G%U���TW½ThoR>H\U>ZBJ�Y�ACH>=@?
[IJPRWYP=IZE?BACJPRa]^D>R�[@9<AGJQR>?c]^JQZM=IhP[�;\JP]¡9<;>=�A F hPeP=4]^JQZ F ho9B?Mh�YPhoACnqh  nC=ol�KM;>AG?/hPnCnGJ _ ?�]^JQZMA F U>nGAC[IA�9
[IJPRWYP=IZE?BACJPR
JP]�JQR�=�]^JQZ F ho9�9BJµ9<;>=\JP9B;>=IZ�D>?EACR>eµ9B;>=�]^=�h�9<D>ZE=I?LJP]/9<;>=��M�f�nChPR>eQD>hPeQ=Pp3ho?
?B;�J _ R�ACRaÄ%AGeQD>ZB=�s-lGvPvQl

���(���æ� �[¤¥rs&.$.�J$('��M�¡-� �)J*O¢�$`�¡-
¹ F U�nCAC[@AG9�[@JQR"YQ=@ZB?BAGJQR JP]4A F hPeQ=@?�]^ZBJ F JQR�=\9 ! U�=�9BJ�hPR�JP9<;>=@Z F J�YQ=@?`9B;>=�H�= F hPR>H>?`JP]

VWR>J _ ACR>e _ ;>=@R�hPR�H�;>J _ 9<J\[IJQR"YP=IZE9�A F hPeQ=d9 ! U'=@?d]^ZEJ F 9B;>=L=IR>H D>?B=@Z�Jo]�9B;>=LnCA  Z<hPZ ! p69BJ
9<;�=�nCA  Z<hPZ ! AG9<?E=In�] l j-A F ACnChPZ�9<JÅU>ZEJQeQZBh FzF ACR�e�nChPR>eQD�hoeQ=I? _ ;�AC[�;�ACR�[InCD�H>=¾9<;�=�]^=�ho9BD>ZB=@?�JP]

vÃç



;�; �%T < 4F�)T WA@)TC4f�iU��%T þ�X�¦,T��©W,�
P/Rº_��iU��%T�W�7AG%[=P/R�^�W�7AG�g�H2LVa Y���X�_�6¡8
P/Rº_��iU��%T�KAh%RZ[=P/R�^�K�h%R�LAU%a P=X21º_�6¡8
;�; 4���4©W94bU���4��%TÿWA@)T Y���X§4f�iU��ZT=@iT=Y%T;�; :�:�:
;�; �)þ WA@)Ti�/þ��21ZT/YO�24=þ���¨
P=X21�_�6CQ Y���X;_�6�8

Ä%ACeQD�ZB=ds-l�vQvQû���J�H>=fZB=@b�D�ACZB=@Ha9BJL[IJQR"YQ=@ZE9�]^ZBJ F hPR�ÂM´ m A F hPeP=49<J`h��fX � A F hoeQ=

hPR
hPD�9BJ F h�9<AC[¾e"hPZ  hPeQ=�[IJPnCnC=@[@9BJQZIp19<;�=IZB=�hPZE=aH�AC?<hoH�YohPR"9�hPeQ=@?�9<JÅ9<;>=aA F U>nGAC[IA�9O[@JQR"YQ=@ZB?BAGJQR
H>=@?BACePR{p6?EU'=@[IAG¸>[�hPnGn ! ûcA F hPeQ=@? F h !a =�[IJQR"YQ=@ZE9B=IHÅ]^ZBJ F JQR�=�9 ! U'=�9<J�hPR�JP9<;>=@Z _ A�9<;>JQD-949<;�=
=IR�H�D>?B=@Z}×ï?MVWR>J _ nC=IH�eQ=Pp-JQZ�=²YQ=@R _ JQZE?B=op�hPe"hPAGR>?E9�9<;�=IACZ�=²¶-U�=I[²9�ho9BACJQR>?@l184n�9<;>JQD�eQ;z9B;>=4H>=@?BAGeQR
JP]�9<;>=z[IJQR"YQ=@ZB?EACJQR�]^=Iho9<D�ZB=zho9B9B= F U�9<?f9<J�h�YQJQAGH�9<;�JQ?B=zD>R _ hPR"9B=IH�[IAGZB[@D F ?�9�hPR�[I=I?@p+hP? _ AG9B;
F JQ?E9`]^=�ho9BD>ZB=@?z9B;�ho9�U�ZBJ�Y�ACH>=�hPD�9BJ F h�9<AC[�]^D>R�[@9<AGJQR>AGR>e�Jo]�=²¶-U�=I[@9B=IH  =I;�h�Y�ACJPZIpMR>JP9z=@YP=IZ !
?B[@=IR�hoZBACJL[IhPR  =f;�hPR>H�nC=IH6l

84nG?BJ>pQ9B;>=M[IJQR"YP=IZB?EACJQRLJQU�=IZBho9<AGJQR>?+U�=IZ�]^JQZ F =IH  "! 9<;>=MA F U>nGAC[@AG9x]^JQZ F hPZE=MeQ=IR>=@ZBAG[M=IR>JQD�eQ;
9<J¿honCnCJ _ ]^JPZO[IJPRWYP=IZE?BACJPR£]^ZEJ F hPR ! A F hPeQ=L9 ! U'=�9BJÅhPR ! Jo9<;>=@ZO9 ! U'=ol�KM;WD>?@p�hoR�=@ô`[IAG=IR"9
hPnGeQJQZBA�9<; F ]^JQZ1[@JQR"YQ=@ZE9<AGR>e  =²9 _ =@=IR¾9 _ Jd?BU�=I[IA�¸�[M9 ! U'=@?�[IhPR>R>Jo9  =/D�9BACnCAd�I=@H�H>D>ZEACR>efA F U>nGAC[IA�9
A F hPeQ=4[IJQR"YQ=@ZB?EACJQR{l

© JP9BAC[@ACR>e 9<;>=�H>Z<h _/ hP[�VW?\JP]�A F U�nCAC[@AG9L[@JQR"YQ=IZE?BAGJQR{p _ =iU>ZBJ�Y�ACH>=@H�=²¶-U>nGAC[IA�9¾[@JQR"YQ=@ZB?BAGJQR
]^D>R>[²9<AGJQR>?M]^JQZ F hoR ! U>hPACZE?MJP]+A F hPeP=�9 ! U�=I?@p _ ;�AC[�;iU�ZBJ�Y�ACH>=f9<;>= F JQ?E9/=²ôz[@AC=@RW94A F U>nC= F =@R-�
9�h�9<ACJPR>?�]^JQZM[@JQR"YQ=IZ�9<AGR>e  =²9 _ =@=IR�9B;>JQ?E=dU>hPACZE?Il184R\=·¶>h F U>nG=�JP]¡=²¶-U>nGAC[IA�9<n ! [@JQR"YQ=IZ�9<AGR>e�]^ZBJ F
hPRÅÂc´ m A F hPeP=f9BJ\h¾?B[IhPnqhoZ4A F hPeQ=dD>?EACR>e¾9B;>=�ZE=IH  hPR�HÅJP]19<;>=OA F hPeQ=z»�AGR>?E9B=�hPHÅJP]3[@JQ?E9Bn !
hPH>H�AG9<AGJQR�JP]%hPnCn�9<;>ZE=I=�ÂM´ m  hPR>H>?�hPR>HaR>JQZ F honCA��Iho9<AGJQRt½1AC?M?E;>J _ RiACR\Ä�ACeQD>ZE=ds-l�vÃs-l

v�ö



P/Rº_��iU��%T�W�7AG%[=P/R�^�W�7AG%a Y���X�_F6�7
8
P/Rº_��iU��%TV\���U��=U=YZ[�4��,WZa§���,_�6�7
8
:�:�:W�7AGVWiþ=\���U��=U=Y
	�Y2��X�_�6�77]T���,_F6�73]öP/R�^�W2]�k2G�g�ª�k9�J8

Ä%AGeQD>ZB=�s-lGv�s-û�84R¿=²¶�h F U>nG=�JP]�=·¶-U>nCAG[IAG9Bn ! [IJPRWYP=IZ�9<ACR�ea]^ZEJ F ÂM´ m 9<J\?B[IhPnqhoZ�D>?BAGR>e�9<;>=LZB=@H
 hPR�H�JP]¡9<;�=�Âc´ m A F hPeQ=ol

vÃí



Æ n �po ��ªì� «

m ���À�)¢ 
 ¤ ¬

ò�ÚEÜ ÝÀÞàß^á7â�ãjäjåeß3æ£âçÞ

KM;>=IZE=�hPZE= F hPR !� Z<hPR>[�;�=I?�Jo]{[IJ F U>D-9<=IZ3Y�AC?EACJQR{l�KM;>= F hPAGRLU>D>ZBU�JQ?E=TJP] �4� AC?BAGJQRts4AG?39BJ
 =�hM]^Z<h F = _ JQZEV�]^JQZxH ! R�h F AC[1Y�AC?BAGJQR�hPR>HOZE=�hPný�ð9BA F =�9<ZBhP[�VWACR>e�pP=I?EU'=@[IAChPnCn ! JP]�[@J F U>nC=·¶fA F hPeQ=
]^=�h�9<D>ZE=I?Ipx?ED>[�;°hP?�]�hP[@=I?@p¡JPZ�JP9<;>=@Z�J  ±E=@[@9<?d?BD�[�;°hP?�J  ?E9�ho[InC=@?fACR¿hPR�hPD�9BJQR>J F JQD>? F J  AGnC=
ZBJ  JP9B?+=IR"Y�ACZEJQR F =IR"9�¬²l �4� AC?BAGJQRtsTAG?+H>=@?BACePR>=IH�9<J4;�hPR>H>nG=�9<ZBhP[�VWACR>e�Jo]�]^=Iho9<D�ZB=I?+]^ZEJ F A F hPeQ=I?
ACR�h�?�9<Z<hoACeQ;"9B]^JPZ _ hPZBH F hPR>R�=IZIl\¹æR�9B;>AC?d[�;�hPU-9<=IZ@p _ =¾H>=@9<hPACn19<;�=¾H>=@?BACePR�JP]M9B;>=¾K¡Z<hP[�VWAGR>e
]^Z<h F = _ JQZEV�ACR �T� AG?BACJPRts-l

ò�Ú�Ù �æ}è ú�®}ì íÛì�éëß^äjá7ì�ï

KM;>=aH>=I?EACeQR£JP]�9<;>=�9BZ<hP[�VWACR�e¿]^ZBh F = _ JQZBV°U�AGYQJo9<?LhPZEJQD>R>H£9<;>=\R>Jo9<ACJPR�JP]T]^=Iho9<D�ZB=I?@l£8
xy� ��!#"%$&��ACR �T� AG?BACJPRtsaAG?�hPR ! nGJ-[IhPnCn ! H>=²9<=I[²9�h  nC=�U�hoZE9�Jo]4hoR°A F hPeQ=L9<;�h�9�[�hPR  =¾9BZ<hP[�Vo=IH
J�YQ=@Z�h\?B=IbWD>=@R>[I=�Jo]�]^Z<h F =@?2s v�ébu¼l�k3hP[�; ]^=�ho9BD>ZB=`[IJQR"9<hPACR>?�h > !G��!@�²p _ ;>AG[�;�ZE=IU>ZE=I?B=@R"9<?�9<;�=
]^=�h�9<D>ZE=�×ï?1U'JQ?EAG9BACJQROho91h�eQA�YQ=@R�U'JQAGR"9+ACR�9<A F =Pl¡KM;>=M?�9�ho9B=cJP]�h4]^=�h�9<D>ZE=c[�hPR  =cA�9<?+U�JQ?BA�9<AGJQROAGR
hPR�A F hPeQ=PptA�9<?�?BA��@=Pp'hPRÅhP[@[ID>ZBhP[ !aF =�hP?ED>ZB=op6JQZThPR ! U'JP?B?BA  nC=d[IJ F� ACR>ho9<AGJQR�Jo]1U�hPZBh F =²9<=@ZB?Il
8 xy� ��!z",$&��!#$*�,+.-/�0$MAC?�H>=I?EACeQR>=@Hi9<JzH>=@9B=IZ F AGR>=d9B;>=OR�=²¶�9�?�9�ho9B=�»¼h > !I� A ½MJP]3hL]^=�ho9BD>ZB=op'ePAGYQ=@R
hP?�AGR>U>D�9B?�AG9B?�U>ZB=²Y�ACJQD>?O?E9�h�9<=Pp�hPR�H£9B;>=�R>=·¶�9zA F hoeQ=`]^ZBh F =Pl Â�=²]^=IZ�]^JQZOÄ%ACePD>ZB=�é-lGv¾]^JPZ�h
¯!°+±c²´³µ²·¶�¸�¹�º¼»�³+½�³µ¾#¿s»�³JÀµÁ�¾¡Â�²´³µ²´¶�¸0ÃÅÄ(»�Æ�¾.ºÇ¶�Ä�ÈÉÃÅ¶�ÄJÀµÁ�¾�Ê�¶�Á�¸�³cËJ¶�Ì�È�²·¸�³�ÍÎ¶�Ï�¶FÐ`½�ÌwÑ2¾�»�Æ0Ò�ºÎÁ�²´Ð(ÁwÌ�»�ÄµÓÀµ²ÔÐ`²´Ì�»�Àµ¾#¿¥²´¸s»�Æ�¶�Ï�²·Õ´¾�Äµ¶�Ï�¶�À�³Î³µ¶FÐ.Ð`¾#ÄJÐ`¶�Æ¡Ì�¾`À�²ÖÀ�²·¶�¸0²·¸0×J½�Ø�½�³�ÀJ¶�Ã,¹�Ù�Ù�Ú

v�ñ



H>AChPeQZ<h F JP]¡9<;�= < TVU�W/XZY%T�H>=@?BACePR{l

Video
Source IMAGES

NEXT
IMAGE

NEXT
STATE

STEPPER

0 27018090o o o o

STATES

STATES
PREVIOUS

Feature
Tracker

Ä%AGeQD>ZB=Té�l�vQû+8�H>AqhPePZ<h F JP]69<;>=TH>=I?EACeQR�Jo]¡hN��� ��!#",$.�ç')$*�,+.-/�0$·l%KM;�=ð13'5476K67478
ACR`9<;>=TH>Aqh��
eQZBh F ZB=@U>ZB=@?B=@RW9B?49<;�=�[@J F U�D�9�ho9BACJQR\ZE=IbWD>ACZE=IH\9<JzH>=@9B=IZ F ACR�=f9B;>=J9;�*<=! > !G��!I��]^ZBJ FpA $&�0CEDGFH" >
> !G��!I� > hPR>H�9<;>=J9;�*<=!KDMLN�EO,�²l

84?�A F hPeP=I?�hPZB=¾]^=@H°9<Jµ9B;>=¾]^=�h�9<D>ZE=¾9<ZBhP[�VP=@Za»¼hPnG?BJµZE=@]^=IZEZB=@H£9BJÅhP?�9B;>=àP/R,SZTVU�W/X%YZTV[��Za
[InChP?B?<½²p�hoR>H�?E9<ho9<=@?/hPZB=�ho[I[ID F D>nqh�9<=IH6p>U>ZB=²Y�ACJQD>?�?E9�h�9<=I?M[IhPR  =4D>?B=@H _ A�9<;�eQZE=�ho9B=IZcJPZcnC=@?B?B=@Z
_ =IACeP;W9BACR>e\9<JaH>=²9<=IZ F AGR>=�]^D�9<D�ZB=L?E9<ho9<=@?�D>?EACR>e�h\?BA F U>nG=�ACR"9<=@ZBU�JQnqho9BACJQR F J�H>=In¼pÁJQZdh F JQZB=
?BJPU>;>AC?�9<AG[�ho9B=IHdJQU�9<A F honQ=I?�9<A F ho9BACJQRdhPnGeQJQZBA�9<; F »¼honC?BJ�VWR>J _ R�hP?�vfhPn F hPRfÄ%AGnG9<=@ZBAGR>eMJQZxK�ZBhP[�VQ�
ACR�eW½�sýv�éHu¼l

j-J F =�JP]x9<;�= F JQZE=4A F U�JQZE9<hPR"9cH>=@?BAGeQR�eQJ"hPnG?�JP]x9B;>=4]^=�h�9<D>ZE=�]^Z<h F = _ JQZBVzhPZE=fhP?�]^JQnGnCJ _ ?Iû
�z8ì]^=�ho9BD>ZB=�hon _ h ! ?�D�U'H�h�9<=I?4AG9<?�?E9<ho9<=OD>?BAGR>e¾YohPnCD�=I?T]^ZEJ F U>ZB=²Y�ACJQD>?4?E9�h�9<=I?@l�¹æR>A�9<AqhonCn ! p
9B;>=�U>ZB=²Y�ACJQD>?�?�9�ho9B= »�JQZ�AGR�9<;�AC?�[�ho?B=Pp39<;�=�ACR>A�9<Aqhon�?�9�ho9B=�½OJP]/9B;>=�]^=�ho9BD>ZB=�;>hP?�9<J  =
?E=@9  =²]^JQZB=f9<ZBhP[�VWACR>e>l�KM;>=OAGR>AG9BAqhPn'?E9�h�9<=dJP]+9<;�=d]^=Iho9<D>ZE=�[IhPR  =d?B=@9 F hPRWD�hPnCn ! »^D>?BAGR>e
h`V�R�J _ RiJQZTU�ZB=IH�=@9<=@Z F ACR>=@Hi?�9�ho9B=�½²p�JQZ�[�hPR  =dACR�AG9<AChPnCAd�I=@H�ACR"9<=@Z<hP[²9<AGYP=In ! l r ]á9<=@Ri9<;�=
AGR>AG9BAqhPno?E9�h�9<=�JP]th�]^=Iho9<D�ZB=�AC?xD>R>VWR>J _ RLho9�[IJ F U>AGnC=+9<A F =op�hPR>HO[IhPROJPR>n !f =�H�=@9<=@Z F ACR>=@H
ho9�ZED>R-�ð9BA F =Pl�Ä�JQZ3=²¶�h F U>nC=opW9BJd9BZ<hP[�VLh�]�hP[@=�AGR¾h�Y�ACH>=@J�?E=IbWD>=@R>[I=op�9<;>=�ACR�AG9<AChPn�A F hPeQ=I?
[IhPR  =/ZBD�R`9B;>ZBJQD�eQ;`hfePnCJ  hon�?B=IhPZB[�;¾hPnCePJQZBA�9<; F ]^JQZ+]�hP[@AqhPn�]^=�ho9BD>ZB=@?19<J�¸�R>HL9<;>= F JQ?E9
nGACVP=@n ! ZE=IeQAGJQRiJo]19<;>=�A F hPeQ=�9<J  =Oh`]�hP[@=Pl48TnG9B=IZBR>ho9<A�YQ=In ! p�]^=�h�9<D>ZE=I?�AGR �4� AC?EACJQRtsLhPZE=
H>=@?BAGeQR>=IHz9<JOU�ZBJ�Y�ACH>=�9<;>= F =@[�;�hPR>AG? F JP]ÁJQD-9<nCAGR>ACR�e¾» _ AG9B;z9<;�=4[IJ F U>D-9<=IZ F JPD>?B=�½39<;�=
]�hP[@=z»�JQZ/?BJ F =fJP9B;>=IZ/J  ±E=@[@9�½/AGR\9B;>=f¸�ZB?�9�]^= _ A F hPeQ=@?MJP]¡9<;>=d?B=@b�D�=IR>[@=Pl/³�D>=�9<JL9<;�=
H>=@?BAGeQRÅJP]19<;�=L��JQR>?EJQnC= F J�H>D>nG=�»^D>?B=@H¿]^JPZ4H>AG?BU>nCh ! JP]3A F hoeQ=I?<½�ACR �4� AG?BAGJQRtszhoH>H>ACR�e

v�ò



AGRW9B=IZBhP[@9BAGYQ=LAGR>AG9BAqhPnGA���h�9<ACJPR\9BJih�]^=�h�9<D>ZE=`AG?f?E9<ZBhPACeP;W9E]^JQZ _ hPZEH{lzj-=I=L9<;>=`84U�U'=@R>H>A�¶ÅJQR
�T� AC?EACJQR�s���JQR>?BJPnC=I?M]^JQZc]^D�ZE9<;�=IZ/ACR�]^JPZ F ho9<AGJQR{l

�z¹æR¿[IJ F U>D-9<=IZ�Y�AC?EACJQR6p69<;>=LU>ZEJ-Jo]�9B;�ho9dh�9<ZBhP[�VWACR>eahPnGeQJQZEAG9<; Fü_ JQZEV�?dAC?4JP]á9<=@R�e"hoACR>=@H
Y�AC?ED�hPnGn ! pPhP? F D�[�;LhP?+RWD F =IZBAG[�hPnGn ! l¡KM;�AC?%Y�AC?ED�hPn-U>ZBJ�JP]t[IJPR>?BAG?E9<?%JP]tJQD�9BnCACR�ACR>e�JQZ+H>ZBh _ �
AGR>e�9<;>=�9BZ<hP[�Vo=IH�ZB=IePACJQR�JQRahPR\A F hPeP=4JQZM[@JQR>?BJPnC=Pl �T� AG?BACJPRts�h  ?�9<Z<ho[@9<?M9B;>=�H>Z<h _ AGR>e
JP]cha]^=Iho9<D>ZE=`9BJ�9B;>=`]^=Iho9<D�ZB=`[Inqho?B?dAG9<?E=In�] l�KM;>AC?dH>=@?BACePR°hPnGnCJ _ ? F hPR ! ]^=Iho9<D�ZB=I?d9<;�h�9
?EA F D>n�9�hPR�=IJQD>?En !� =IAGR>ez9BZ<hP[�Vo=IHÅ9<J  =�H>Z<h _ Rµ?EA F U>n !\ "! [�honCnCAGR>e�9<;>=O?B;>J _ ]^D>R>[²9<AGJQR
JP]¡9<;�JQ?B=�]^=�h�9<D>ZE=I?Il

�¾Ä�JQZ F hPR ! 9<ZBhP[�VWACR>e�hPnGeQJQZBA�9<; F ?Ip _ hoZBU>AGR>e�»^JQZ3H>=²� _ hoZBU>AGR>eW½%JP]'9<;>=/A F hPeQ=  =²]^JQZB=/]^=�h��
9BD>ZB=�=·¶�9<Z<ho[@9<AGJQR�AG?cJP]á9<=@R�R>=@[I=I?E?<hPZ ! l�KM;>=4]^=�h�9<D>ZE=4]^Z<h F = _ JQZEVzAGR �4� AC?BAGJQRtsfU>ZBJ�Y�ACH>=@?
h _ hPZEU>ACR�e ]^D>R�[@9<AGJQR
9B;�ho9zU'=@ZE]^JQZ F ?`hPR ! R>=@[I=I?E?<hPZ !
_ hPZEU>ACR>e�JP]49B;>=iA F hoeQ=Pl
KM;>=
H>=²]�hPD>n�9  =@;�h�Y-AGJQZMH>J�=I?/R>JP9B;>ACR�e>l

�¾Ä�=�h�9<D>ZE=�H>=@?BAGeQRiAGR>[InGD>H>=I? F hPACR"9�hoACR>AGR>eLhPR>H�D>U'H>ho9<AGR>e¾U>ZE=@Y�ACJPD>?T?�9�ho9B=I?@l�¹æRiJQZBH>=@Z�9BJ
[@J F U�D�9<=d]^D�9<D>ZE=O?�9�ho9B=I?4Jo]19<;>=d9<Z<ho[�VP=IHµ]^=Iho9<D�ZB=Pp6h < TVU�WVX%Y%Ta=@R>[�hoU>?BD>nCho9<=@?4U>ZE=@Y�ACJPD>?
?�9�ho9B=I?IpthonCnCJ _ AGR>e�]^JQZM=�ho? ! hP[@[I=@?B?ThPR>H F hPAGR"9<=IR>hPR>[I=ol

����J F U>D�9BACR>e/9<;�=�R>=·¶-9%?E9<ho9<=�JP]>9<;�=�9<ZBhP[�VP=@H�]^=�ho9BD>ZB=opQAC?x9<;�= F JQ?E9�A F U'JPZE9�hoRW9¡ho?BU�=I[@9%JP]
9B;>=�]^=�ho9BD>ZB=�]^Z<h F = _ JQZEVtl�KM;>AG?/AC?/H>JQR>=�9B;>ZBJQD�eQ;a9B;>=f?E9B=IU�]^D�R>[@9BACJQR{p _ ;�AC[�;aU>ZBJ�Y�ACH>=@?
h�]^JQZ F hPnGA��@=IH F =@9B;>J-H�]^JQZM[@J F U>D�9<AGR>e�9<;>=fR>=·¶�9T?�9�ho9B=Pl

�zKM;>=�]^=Iho9<D>ZE=�]^Z<h F = _ JQZEVµhPnG?BJ�U>ZEJÃY�AGH>=I?�U�=IZ�]^JQZ F hPR>[@= F =@[�;�hPR>AG? F ?�9<;�ho9�H>=@9B=IZ F ACR�=
9B;>=dhP[I[@D>Z<hP[ ! JP]¡9<;>=fR>= _ n ! [@J F U�D�9<=@Ha?�9�ho9B=I?@l�k3hP[�;a?E9<ho9<=f;�hP?�hPR�hP?E?BJ�[IAqh�9<=IH\=@ZBZBJPZ
YohPnGD>=Pp _ ;�AC[�;aU>ZBJ�Y�ACH>=@?�h F =�hP?ED>ZB=�]^JQZc9B;>=dhP[I[@D>Z<ho[ ! JP]¡9<;>ho9�?E9�h�9<=Pl

ò�Ú.ò íÛì�éëß^äjá3ì ÝÀè ú�®}ì�è ì�Þàß^éëß^æ}âNÞ

KM;>=¾]^=Iho9<D>ZE=�[InChP?B?ëP/R%S%TVU�W/XZY%TV[V\^]w_�aÅAC?�hPR�h  ?E9BZ<hP[²9�[InChP?B?d9<= F U>nCho9<=@H�JQR�9B;>=�?�9�ho9B=
9 ! U'=d»z\W½+hPR>H�9<;>=MA F hoeQ=�9 ! U�=�»�_o½²loKM;>AC?3hPnGnCJ _ ?+h�]^=Iho9<D>ZE=�9<J  =c=�ho?BACn ! A F U�nC= F =IR"9B=IHO]^JQZ+hPnCn
9 ! U'=@?1JP]tA F hPeQ=@?IpPhPR>HLhPnGnW9 ! U�=I?1JP]t]^=Iho9<D>ZE=I?@l r ]á9<=IR6pQA F U>nC= F =@R"9<ACR�e4hT]^=Iho9<D�ZB=cJQR�n ! ZB=@b�D�ACZB=@?
=²¶�9B=IR>H>AGR>e�9B;>=NPVR,S%TVU�WVX%Y%TV[V\3]w_bai[@nqhP?E?OhPR�H�J�YQ=@ZBZBAGH>ACR�e\9B;>=%�HWZT���hPR>HÛ>ZU/Y�� ]^D>R>[²9<AGJQR>?Il
KM;>=îP/R%S%TVU�W/XZY%TV[V\^]w_�a`[Inqho?B?/H>=@¸>R>AG9BACJQR�AG?M?B;>J _ RiAGRaÄ%ACeQD�ZB=fé�lès-l

sPu



n��(n��#" �����Ü�Ü��- �0)Jd�'OÝ0*O)ßÞ�àárâ)J¢
KM;>=IZE=dhPZB=fhO]^= _ ]^=�h�9<D>ZE=�9 ! U�=I?M9B;�ho9/hPZE=�[IJ F`F JQR�=IR�JQD>eQ;�9<J  =�A F U>nG= F =IR"9<=@H�ACR�9<;�=

�4� AC?EACJQRtsfnCA  Z<hPZ ! l�KM;>=I?E=dAGR>[InGD>H>=TeQ=IR>=@ZBAG[  nGJ  ]^=�h�9<D>ZE=I?f»^?BD>[�;ahP?c[@JQnCJPZ�JQZ F Jo9<ACJPRt½²pW=IH�eQ=
]^=�h�9<D>ZE=I?Ip/hoR>H
]^=Iho9<D>ZE=I?  hP?B=@H�JQR
ACR"9<=@R>?BA�9 ! H>Adk'=IZE=IR>[@=I?Å»^[IJ F`F JQR>n ! VWR>J _ R�hP?`?BD F �æJP]q�
?BbWD�hoZB=IH�H>Adk'=IZE=IR>[@=I?<½ës éHu¼l
� Õ^Ó�Ê�ÜÁÖ�Î-ÌÃÝ¡ÍÃÖ KM;>=  nGJ  ]^=�ho9BD>ZB=�A F U>nG= F =IR"9<?�h ?EA F U>nC=z?B=Ie F =@RW9<ho9<AGJQR  hP?E=IH
]^=Iho9<D�ZB=Pp

?ED>[�;LhP?+[@JQnCJQZ¡JQZ F Jo9<ACJPR�?E=Ie F =IR"9�h�9<ACJPR{l%KM;>= PVR2G��Vþ�XZS%TVU�W/XZY%TV[)_À]M\Va�[InChP?B?�=²¶�9<=@R>H>?
]^ZEJ F 9<;�= P/R,S%TVU=W/X%Y%TV[,\^] _ba�[InChP?B?@pchPR>H)AC?�9B= F U>nqho9B=IH£JQR£9<;>=aACR�U>D�9`A F hPeQ=¾9 ! U�=
»  =²]^JQZB=�?E=Ie F =IR"9�h�9<ACJPRt½²p�hoR>Ha9B;>=fJQD�9BU>D�9�A F hPeQ=49 ! U�=z»¼ho]á9B=IZM?B=@e F =IR"9�ho9BACJQR�½²l

ã+ã � ÜÁÖWÎ�ÌÃÝxÍÃÖ KM;>=Oj>j�³:]^=�ho9BD>ZB=  ZEACR>eQ?  ho[�V\hLU�ZB=@Y�AGJQD>?M]^=�ho9BD>ZB=�9BZ<hP[�Vo=IZ�D>?B=@HiACR �T� A��
?EACJQR{l%KM;>=�P/R)\V\�k,S%T,U�W/X%Y%T,[)_À]ý\VaLAGR �4� AC?BAGJQRts�AG?�A F U>nG= F =IR"9<=@H _ A�9<;¾9B;>=�?E9<hPR>H�hPZEH
AGR>;>=IZEAG9<hPR>[I=OZB=InCho9<AGJQR>?E;>ACUa]^ZBJ F P/R%S%TVU�W/XZY%TV[V\^]`_ba>pÁ[IJPRW9<hPACR�ACR>e�honC?BJ\hoR¿hPH>H>A�9<ACJPR�hPn
[@nqhP?E?Iû PVRZ\V\�kZ\=WZT����)T/Y%[)_À]:\Va>l%KM;�=åä�?E9<=@U>U�=IZ�æfU>ZEJ�Y-AGH>=I?^c>=²¶-A  AGnCA�9 ! ]^JQZ%9<;�=/j>j�³�]^=�h��
9BD>ZB=op  =@[�hPD�?B=�A�9�hPnGnCJ _ ?�9B;>=Lj>j-³ ]^=Iho9<D�ZB=O9BJ�;�h�YQ= F D�nG9<AGU>nC=�9 ! U�=I?�JP] _ hPZBU�ACR>e�hoR>H
D>U�H�ho9BACR>e�pÁhPnCn _ AG9B;>ACRµ9B;>=�?<h F =�[InChP?B?@l�KM;>=LU�JQ?B?EA  nG=O9 ! U'=@?dJo] _ hPZBU�ACR>eahPZE=�?B;>J _ R
AGR°Ä%AGeQD>ZB=zé�lêé�p+hoR>H�ACR>[@nCD>H�=z?EA F U>nC=�9<ZBhPR>?Enqho9BACJQR{p%j�k�s�»^9BZ<hPR�?Bnqh�9<ACJPR{p�ZEJP9�h�9<ACJPR{p%hoR>H
?E[�hPnG=�½²p>hPR>H\]^D>nCnÁh�ôzR�= _ hPZEU>ACR>e�l

ç ×xØtÖµÜÁÖWÎ�ÌÃÝxÍ�Ö U>ZEJ�Y-AGH>=I?4?BA F U>nG=d=@H>eQ=�H�=@9<=@[@9BACR>e�[IhPU�h  AGnCA�9<AC=@?c]^JQZ�hoZ  A�9<Z<hoZ ! =IH�eQ=I?@l�KM;>=
P/R�]2�2�%T=S%TVU=W/X%Y%Td[@nqhP?E?�AG?¡H�=IZBA�YQ=@H�]^ZBJ F 9<;>=KP/R%S%TVU�W/XZY%T�[InChP?B?�hPR>H�A F U>nC= F =@RW9B?{9<ZBhP[�VQ�
AGR>e�9<=@[�;>R>ACbWD>=@?4?EA F ACnqhoZ�9BJL9B;>JQ?E=�AGRñsêçHu¼l

KM;>=  hP?BAG[�[InChP?B?/H>AChPeQZ<h F JP]¡9<;�=f9BZ<hP[�VWAGR>e`]^ZBh F = _ JQZBVzAC?M?B;�J _ R�ACRaÄ%AGeQD>ZB=fé-lêî>l

ò�Ú�û � âNè ú�®}ì ù í�ì�éîß3äjá3ì�ï

KM;>=f?E9BZBD>[²9<D>ZE=dJo]¡9B;>=�]^=�h�9<D>ZE=�]^Z<h F = _ JQZBV`D>?EACR>e�9<;�=�ACR>;>=@ZBA�9�hPR>[@=�U>ZEJQU'=@ZE9BAC=I?�JP]¡J  ±E=I[²9
JQZEAC=IR"9B=IH H>=I?EACeQR�hPnCnGJ _ ?�D>?d9BJ  D>ACnGHÅ[IJ F U>nC=·¶¿[IJPR>eQnCJ F =@Z<ho9BACJQR>?4JP]�]^=Iho9<D>ZE=I? F JQZB=L=�ho?BACn ! l
j-D>[�;
hµ[IJ F U>nG=²¶ ]^=�h�9<D>ZE= _ JQD�nCH�R>=@=IH)JQR>n ! 9<JiACR>;>=@ZBA�9�9<;>=�h  ?E9BZ<hP[²9JP/R%S%TVU�W/XZY%TV[V\^]w_�a
[InChP?B?�hPR>H F hPACR"9�hoACR
hP?�U�hPZBh F =@9<=@ZB?�=IhP[�;�JP]�9<;�= F JQZE=i?EA F U>nC=\]^=�ho9BD>ZB=@?�AG9¾[IJQR>?EAC?�9<?�JP] l

s-v



j�9B=IU>U>AGR>e�9<;�ZBJQD>eP;zh4]^ZBh F =MhPR>HLD>U�H�ho9BACR>e49B;>=M?E9<ho9<=MJo]�9B;>=M[IJ F U>nG=²¶�]^=�ho9BD>ZB=MJPR>n ! ZB=@b�D�ACZB=@?
?E9B=IU>U�ACR>e°9B;>ZBJQD�eQ;�=�hP[�;�?EA F U>nC=\]^=�h�9<D>ZE=PpThPR>H�H>=²9<=IZ F AGR>ACR�e�]^ZBJ F 9B;>=µZE=I?BD�nG9<?z9<;>=Å?�9�ho9B=
JP]T9<;>=a[IJ F U>nG=²¶£]^=�h�9<D>ZE=Pl�k%¶�h F U>nC=@?`Jo]�[IJ F U>nG=²¶�]^=Iho9<D>ZE=I?zhPR>H)9<;>=a?BA F U>nGAC[@AG9 ! JP]49B;>=IAGZ
A F U>nG= F =IR"9�ho9BACJQR _ ACnGn  =�H�= F JQR>?E9BZ<ho9B=IHaACR�9<;�=f]^JPnCnCJ _ AGR>e�[�;�hPU-9<=IZ@l

ò�Ú�� � âNÞjåá®}äjï^æ}âNÞ

õ�;>ACnG=`9B;>=¾9BZ<hP[�VWACR�ei]^Z<h F = _ JQZEV U�ZBJ�Y�ACH>=@? F JP?E9�JP]M9<;>=zR>=I[@=I?E?<hPZ !° hP?EAC[`]^=�ho9BD>ZB=@?�ZB=·�
bWD>ACZE=IHi]^JPZ�?EA F U>nC=�9BZ<hP[�VWACR�e>p6h`nqhPZEeQ=IZ/?E=@9�JP]�]^=�ho9BD>ZB=@?�ACR�[InCD�H>ACR>e`h`eQ=IR>=@ZBAG[O[IJPZBR>=@ZT]^=�h�9<D>ZE=
[IJPR>?BAG?E9<AGR>e�JP] F D>nG9BACU>nG=�=@H>eQ=@?IpWhPR>H�h�[ID>Z�YQ=c]^=�h�9<D>ZE=cD>?BAGR>e�U�JQn ! R>J F AChPn"ACR"9<=@ZBU�JQnqh�9<ACJPR F ACeP;W9
U>ZEJÃYP=�D�?B=@]^D�n{9<J�JQnC?c]^JQZ F hPR ! Y�AG?BACJPR�hoU>U>nCAG[�ho9BACJQR�?Il

sQs



WZT����,�=U�WZT [����=U���� _�62�2K�S�]K]M�A�=U���� \��2gA��]2��K�S�]Za�A�=U�����P/R,S%TVU=W/X%Y%Téè��VX�X,��4�� PVR2ª)þ��%Tjê
�%YiþHWZT��©W)T���è
\��2gA��]2��K�S�]N�%Y%T�1Z\�WZU�W)T�8
\��2gA��]2��K�S�]B�EX%Y,Y%T��,WZ\=WZU�WZT�8
�VX2X,��4A��è
W2P��)T��ZT < \��2gA��]2��K�S�] \��2g���]a8
W2P��)T��ZT < _�62��K�S2] _F6�g27�]a8
P/R,S%TVU=W/X%Y%T�	��ëèì>ZU=YA�Ah2���%U=WZT��
	 < U��2��T��jê�í
P/R,S%TVU=W/X%Y%T�	&\��2gA��]�4���4EW9�îè�EX%Y,Y%T��,WZ\=WZU�WZT�	�4���4EW9� ]��%Y%T�1Z\�WZU�W)T�	�4���4©W9�À]Û>)U=Y��Ah2���%U�WZT���	 < U��2�=T��Nê�í
194©Y/W/XiU��=1iþ�4��E4���4EW)\�WZU�WZT�	 \��2gA�2]Ü4���4EW��=ê�EX%Y,Y%T��,WZ\=WZU�WZT?QC4���4EW�8[�ZY%T�1Z\�W)U�WZTNQi�©X%YVY%T��%WZ\�WZU�W)T�8í
194©Y/W/XiU�� _�62��K�S2]N>)U=Y��a	��Vþ��9�©Wõ_�62�2K�S�]?ï,�ðQNY�8
194©Y/W/XiU��?�/þ��9�©W \��2g���]?ïi�©WZT��a	��/þ����©W _�62��K2S�]?ï,��QjY�8
194©Y/W/XiU��?�/þ��9�©W \��2g���]?ïi�©WZT��a	��/þ����©W _�62��K2S�]?ïß4f� ]Z�/þ��9�©W \��2gA��]?ïC�©W9��ê
�EX%Y,Y%T��,WZ\=WZU�WZT?Qi�©Wa8
Y%T�WVX%Y�� WA@�4A��lVa��©WZT��a	�4f�Ç�+8í�8

194©Y/W/XiU��?�/þ��9�©W \��2g���]?ïñ�%T�W�£�X%YVY%T��,WZ\�WZU=WZT�	���ê Y%T�W/XZY��§�EX%YVY%T��,WZ\�WZU=WZT�8Ií194©Y/W/XiU��?�/þ��9�©W \��2g���]?ïñ�%T�W2S,Y%T�1Z\=WZU�WZT�	���ê Y%T=W/X%Y��j�%Y%T�1Z\�WZU�W)T�8Ûí194©Y/W/XiU��ÿ\��2gA��]j�,4 <2< \�WZU�W)T�	���ê YZT�W/X%Y��§�EXZYVY%T��,W)\�WZU�WZT?l=�%Y%T�1Z\�WZU�W)T�8Ûí
194©Y/W/XiU��?�/þ��9�©W \��2g���]?ï4��,WZT=YZU��©W94F1)T)_���4EWa	�P/Rº_��%WZT=Y%U��HW94�1ZTßï7]Z�/þ��9�HW _F62��K�S�]?ï,�ðQ_Y
8
194©Y/W/XiU��=1iþ�4��ß�F@¨þ�>a	�P/R�k,YZU�>ZU�X,�/Tjï,�ðQNY�8í�8

Ä�ACeQD>ZE=�é�lès-û1KM;>=îP/R%S%TVU�W/XZY%TV[V\^]w_�a`[Inqho?B?/H>=@¸>R>AG9BACJQRsPé



SSD Feature

Feature

SSD Stepper Trans, Rot, Scale Stepper

Translation Stepper

Affine Stepper

Translation AffineRotation, Scale

SSD STATES

IS A IS A

HAS A

HAS A

HAS A

HAS A

Ä%AGeQD>ZB=Té�lêé�û3j>j-³:Ät=Iho9<D�ZB=���nChP?B?�³�AqhPePZ<h F p"H>= F JQR>?�9<ZBho9<AGR>e�9B;>=�ZBJPnC=�JP]{9<;�=�?E9B=IU>U�=IZcAGR¾9<;�=
]^Z<h F = _ JQZEVtpthPR>H�9<;>=�c�=·¶-A  AGnCAG9 ! AG9/U�ZBJ�Y�ACH>=@?

FeatureTracker

SSD Feature

Edge Feature

Blob Feature

State

StatePair

Error

HAS A HAS A

HAS A HAS A

IS A

IS A

IS A

Ä�òôó�õ�ö�÷fé�øïî>ûaù�òûúýü�þû÷wÿ¡þ��������0ò���ó�ö���ú	��
����÷��+ö�������ò���ó��Oö���úý÷�����ö���
���ö�� �0ò���ò��!�#"

"�$



% & ')( *,+.- /

0 ( ( 132546'7*82:9<; =

>@?BA CEDGF5HJILKNMNOPF3QRI�D

S ÷R�f÷R�T��þ�U�V3�W��ú ü�õX��÷föZY2ò[�#ò[�!�,�\���^]9÷f÷R�_��ü�ü�þûòô÷R`a���Rú����bU,��ö�÷W���^��
P����÷ìú ÷W`�ò��c��þ3dO÷�þ[`eV
��ü9÷W��ò�d\�W��þôþfUìò��g����÷h��ö�÷W�i��
j��õ�ö#ó�÷fökU�ømlM÷ ü�ö��BY2ò[`�÷��n�o�å÷qpX��úýü�þô÷W����
:����÷ õr�#÷W�s��
5�R��úýü�õX� ÷�ö
Y2ò[�#ò[�!�t
���öu�n�o�g�#÷fü\��ö�����÷ úý÷R`�ò[�W��þj��ü�ü�þôò��c����ò[�!�X�WVv]w�����t�Éò�����ò[�x����÷ ú ò[��ö��!�#õ�ö�ó�ò��c��þE`r��ú���ò��¼ø
y ���E�!��þ�U `r��]w�����w÷�pX��ú ü�þô÷R�Îõr��÷J� �¥ò[�#ò[�!�#"zVB]�õX���ö#÷
ó!�{�z`w÷�pX��ú ü�þô÷R�|��
z����÷
õr��ò[}�õ�÷3
 ÷c����õ�ö�÷R�
���r`g`�÷R��òôó��g��
:����÷wþôò[]�ö���ökU�ø

>@?q~ �6�g�Z� �N�W� A����GF5�Z�a���<��H3�^O���QWD@�

� �I÷�pX��ú ü�þô÷���
¡õr��ò���ót���r`I÷qpz� ÷W�X`�ò[��óg����÷�� �¥ò[�#ò[�!�#"ìþûò[]�ö���ö�U�ò[�wò[�N����÷i��ö�������ò[��óx��
��
� ò��bUG������ü9÷W�Éü�ö���������÷W��ò��P����òôþû÷sò���ò��P]�÷�ò[��ó���ö�òôú ü9÷W`���������÷sò[�r��õr��]w�!��÷�V\�^� ò��bU�]w����÷sò[������÷
ò[�X��÷fö�÷c��ö�øu�P��ò[�¥ü�ö��z�f÷W`�õ�ö�÷������ ÷�úýü{�������åòûúýúi�!]�òûþôò��f÷ ����÷Z�k����ü9÷W�u]w�!��÷âò[�g����÷ ÷c��öRVv����ò[���
��þûþ[�B��� ür��ö���ò���þJ��öh
 õ�þôþ�ö�÷R�W�BY�÷�ö�U�
 ö���ú���÷c��ö�ò[��ó�þ[�����føt�0õ�÷����x����÷ìúýò��fö��!���R��ü�ò[�i�\����õ�ö�÷���

����÷ýü�ö��{��÷W`�õ�ö�÷�V:�%ö��!]v��� ò[�sõr�#÷W`a���t��õ�ó�ú ÷W�b������÷i����� ò[���r�h���r`Zú�����ò[�!�X����
�����÷���õ�ö#ó�÷W�!�Çø
��Vü�ö��BY�÷����\��� õr�#ò[��ó�����÷ýö��!]v���wòôú ü�ö��BY�÷W�h���W��õ�ö����RU����r`�`�÷qp{��÷fö#ò��nU���
o����÷ ü�ö��{��÷W`�õ�ö#÷�V:�
��÷��^��
�úýò��fö������W��ü�ò[���W��úý÷�ö���� òôú���ó�÷�����÷���ü�÷�ö�����ò[��óx��ö�÷W��øG�0ò���ò��!�,����
��n����ö�÷i�Éö�ò���� ÷R�,�Éò����
� �¥ò[�#ò[�!�#"wú�����ò�����ö��J����÷¥üw�!�#ò���ò[�!�����r`ìúi�BY�÷fú ÷W�b�P��
|����÷0ü�ö��!�k����÷R��ò[��`�õ�ö�ò���ó��Z�#÷R����
|��ö�ò[��þ[�
�!�g���x��ö���ò�d\��ò���þ�÷c��öh�����µøJ�!ú���ó�÷W��
 ö���ú�����÷���ö�������÷W`Rü�ö��!�k����÷R��ò[�s��ö#÷����r�B����ò��L��òôó�õ�ö�÷�$�øf �ø

"!¡



¢u£n¤�£�¥ ¦�§5¨�©Eª!«v¬�¨{G¦¯®�«±°�²e¨z®
�P��÷�
 ÷W��� õ�ö�÷W��
���õr�X`����x]9÷ ú��!�k� ÷c���kUN���L� ö�������ò[�N����÷ ü�ö��!������÷W�#ò[���¡÷�ö�÷�����÷ þô÷�
��Z���r`

ö�òûó!�b�3Y�÷�ö�� ò��c��þ,÷R`�ó�÷W�RVz����÷P����ü ÷W`�ó�÷u��
±����÷�ü�ö��!�k����÷R��ò[�RVX���r`�����÷P�Éòôö�÷�ø5�P��ò��J�����m�r���m��òûúýü�þ�U
�¥ú�������÷fö��
\� ö�������ò[��ó¥÷W`�ó�÷R�WV!]�õX�3��
r��ö�������ò���ó�� �R�!��ó�þ���úý÷�ö�����ò[�!����
,÷R`�ó�÷R�j����ó�÷R����÷föføj�0õ�÷o���
����÷�ú��z`�õ�þ[��ö�òf�nUh���r`���òûúýü�þûò[��ò��nU���
#����÷ePVR,S%TVU�WT³{´%TTµT¶3·_¸�¹º���r` P/Rz»z´%UX¼¾½)T!´{µT¶5·¿¸�¹��fþ�������÷R�
ò[�G�u�0ò���ò[���#"{V{��÷��¡÷�ö�÷h��]�þû÷¯��� ÷�pz� ÷R�r`x����÷W�#÷��fþ�������÷R�s���r`x��`r`g�^
 ÷R�À�#ü�÷R�fòfd\�W�P��� ü9÷fök
���ö�ú
� ö�������ò[��óx��
P����÷åü�ö��!������÷W�#ò[�føg�)`�ò���ó�ö���úÁ��
�����÷�`�ò�Â�÷fö#÷W�b�Z
 ÷W��� õ�ö#÷��nU2ü9÷W� õr�#÷W`eVJ���r`a�r�B�
����÷RUL�¡÷�ö�÷ ü�õX�s����ó�÷�����÷�öáò��u���r�B���Rò[�x��òûó�õ�ö�÷�$�øÃ"�ø �còôö��k�cV#�åùz����ü9÷W�s�fþ[����������� `�÷R��òûó!��÷W`±V
�W���r��ò���� ò���óL��
m����÷�`�òfÂÇ÷�ö�÷R�T�h�R��úýüv�!��÷R�b������
m����÷��!]zÄ#÷R�R�����L]9÷�� ö�������÷W`Çøi�P��÷�`�÷R�fþ[��ö�����ò[�!�

���ö3����ò[�J�fþ[�����aò[�J���X�¾���åò[����òôó�õ�ö�÷�$�ø�$�øj�u�����X�¾���åò[�i��òôó�õ�ö�÷�$�øÃ"{Vb����÷¥ùz����ü�÷R�o��þ������o�R�!�r�#ò[�����
��
m�ìüv�!��òf� ò��!�r�ZÅ�Æ,���r`NÇXÈu���X`@����÷^��ö�òô÷R�b������ò[�!�x��
3����÷âü�ö��!�k����÷R��ò��fø��É����þ����ìú���ò[�b����ò[�r������÷
ò[�X`�ò�Y2ò[`�õ\��þj
 ÷W��� õ�ö#÷��k������÷W�RÊº����÷ýþû÷R
��h���r`Iö�òûó!�b� ÷R`�ó�÷R�º��
o����÷ ü�ö��!������÷W�#ò[�WV����ò[���a��ö�÷ õr�#÷W`

���öP`�÷�� ÷�ö�ú ò[��ò���óZ����÷h�X��ö�ò��W�!�b����þÇüv�!��òf� ò[���eË{����÷�����ü%÷W`�ó�÷���
E����÷wü�ö��!������÷W�#ò[�WVr����ò[���[ò[��õr�#÷W`

���ö�`�÷�� ÷fö#úýò���ò[��ó�����÷�Y�÷fök� ò��c��þJüv�!��òf� ò[���eË\���r`g����÷��Éòôö#÷���ö�òû÷W�b������ò[�!�±Vr��÷�÷für� ����÷h��ö�òû÷W�b������ò[�!�
��
m����÷ ÷R�T��òôö#÷i�k����ü9÷W��
 ÷W��� õ�ö#÷i��þôòûó!��÷W`@�Éòf���N����÷ ü�ö��!�k����÷R��ò[� ò�����÷�þ�
`ø^�P��÷ýùz����ü9÷W���fþ[�����������
����÷W� õr��÷R`Ì���^����÷�� ÷fú ü�þ[��� ÷��nU2ü9÷g���N����÷x¶�WZU�Í)TXÎHS%T,U�Wb³{´%T8��þ������WVm���r�B���Dò[�¿��òôó�õ�ö�÷G$�øÃÏ�ø
�P��ò��¡ò[��� ö#÷fþ���� ò�Y�÷fþfU���ú���þôþv���r`���òôú ü�þû÷u��þ������o���h�Éö�òf� ÷�V{`�÷fúi�!�r�k� ö���� ò���óº����÷¥÷W����÷¯��
|�Éö�ò���ò[��ó
÷RY�÷W���h�W��ú ü�þû÷�p���ö�������ò[��óº
 ö���úý÷�����ö�� ò[������÷�� �¥ò[�#ò[�!�#"s÷W�bY2òôö��!��ú ÷W�b��øj�P��÷uY�÷W�R����ö���
¼÷W`�ó�÷

 ÷c��� õ�ö#÷W�0ò��u����÷âþôò����u��
J]\���#ò[�h
 ÷c����õ�ö�÷R�WV±�R�!�r�#ò[����ò[��ó���
5����÷ þô÷�
��cV9ö�òôó��T� ���r`x����üR÷R`�ó�÷R�WVe]�õ�òôþ��
��� Ðt��pXÑ3`�ó�÷R�WV±����ò����Rú���ò[�b����ò[��ü9÷fö�ü9÷W�X`�ò[��õ�þ���ö�üv�!��òf� ò[���g����þ�U�Vv�X����ö#òô÷W�b����� ò��!�¼ø��P��÷h�Éòôö#÷
÷W`�ó�÷���ö:��� ö#òôüeV�ò[�:]�õ�òôþf�:���3�sùz��ö�òûü^Ñ3`�ó�÷�V!����ò[���^`�÷R� ÷�ö�ú ò[��÷R�5]v�����^��ö�òô÷R�b������ò[�!�º���r` üv�!��òf� ò��!�¼ø
�P��÷iÎHWZT�ÍmÒ�Ói
 õr�X�R� ò��!�t��
5����÷Z¶�WZU�Í)TXÎHS%T,U�Wb³{´%Tx�fþ[�����s�W�!�X��ò[�k���u��

ò���÷fö���� ò���ó�����ö���õ�ó!�t����÷W�#÷
��òûúýü�þô÷É÷W`�ó�÷ 
 ÷c����õ�ö�÷R�WVX���r`G�W��þôþûò[��ó�Ô�Õ\Ö�×�Ø�Î©WZT�ÍmÒRÓ�
 õr�r��� ò��!�r�fø3�P��÷0ö�÷R��õ�þf������ö�÷u����÷W����÷W�b�����
����÷h¶=WZU�Í)TXÎ�������� ÷��fþ[�����P����ò����L�W��ú ü�õX��÷W�Éò������B���x�k������÷¯
 ö���ú	����÷sò��r`�ò�Y2ò�`�õ\��þw������� ÷W��øJ�P��÷
����÷füL
 õr�r��� ò[���Vò��P���r�B����ò��L��òôó�õ�ö�÷�$�øÃ¡�ø
Ù õ�òûþ[`�ò���ót�L� ö�������÷�ö õr��ò���óx����ò[�h]v��������ú�Ú(õ�ü,��ü�ü�ö��b������]\����÷W`a�!���W��ú^]�ò[��ò[��óL����÷���òûú�Ú

ü�þû÷W��� üv�!���#ò[]�þû÷�
 ÷W��� õ�ö�÷W�h���L
���ö�ú úi��ö#÷i�R��ú ü�þô÷qpN
 ÷c����õ�ö�÷R�WV�ü�ö��BY2ò[`�÷R`Mõr���Éò����,����÷���]�òôþôòf�nU
���Iü�÷�ö�
���ö#úÛ� ö������2ò���ó�ò��Ì�,��÷c��öýö�÷c��þfÚÉ��òôú ÷�÷W�bY2òôö��!��ú ÷W�b�cVP����÷�ö�÷c���ìòôú üw����ò[��óZó�÷W��ú ÷R��ö�ò[�
�W���r����ö���ò��T�����!������÷0ü�ö��!]�þû÷fú§ò��G�º����ü{Ún`X�¾����
Ü������ò��!����
�� ÷W�åö�÷W�#õ�þ�����ò[���Z��òûó!��þ�U ö��!]�õX���P]�õ{�

"�Ý



òôú üv�!���#ò[]�þfU��#þ[�B�Þ��ö�������ò���ói��ü�ü�þûò[�c��� ò[���¼ø
¢u£n¤�£n¤ ßáàEârã�äÉårâ
�P��÷�"���÷�������
�"��Büv�!��òf� ò[���r�¯��
J����÷^�Éòôö�÷qÚ!ü�ö��!������÷W�#ò[�0ò��b� ÷fö���÷R�R� ò��!�Ûüw��ò[�b�¯��÷fö�÷^��ö�������÷W`

���r`Vþ[��ó�ó�÷W`L�BY�÷�öu����÷º�#÷W}�õ�÷W�X�f÷���
5����ö���òûþ�øJlpò����L����ò[�s`\�����{VO÷W����òôú���� ÷R�u��
j����÷º�r��ö�ú���þôò��f÷W`
Ï!��üv�!�#ò�� ò��!�r�E�W��úýü�õ{� ÷W`âõr��ò���ó����º�uæi��÷Éÿ���ú ÷fö��áúi�{`�÷fþb�¡÷�ö�÷�
���õr�r`¼ø:�P��÷�ö�÷R��õ�þf� ò���ó¥ü�þ������
��
��
 ÷R�6��õr���G��ö�ò[��þ[�o��ö�÷u���r�B����ò��G��òûó�õ�ö�÷R��$�øçÝXVz$�øÃ�{V{$�øÃèXV{$�øçé�ø5�n������÷0ü�þ������m��
��òûó�õ�ö�÷R�o$�øÃÝXV
$�øçèXVe����÷^� ö�������÷W`��	���r`@êÜüv�!��òf� ò��!�r�0ò��@����÷ òûú���ó�÷W����ö#÷����r�B�����BY�÷föh�G� ö#ò���þìëç�u��÷R}2õ�÷W�r��÷�ø
�P��÷�õ�ü�ü9÷fö+ü�þ[������r�B���j����÷J� ö�������÷R` üw����ò���ò[�!�X�e
 ö���úÀ����÷�þû÷R
���\���X`ºY2òô÷���Vb���r`h����÷aþ[�B��÷fö+ü�þ[���
���X�¾���s���r����÷�
 ö���ú)����÷wö�òûó!�b��øm�n�x]v�����L����÷ ü�þ���������
j��òûó�õ�ö�÷R��$�øí�����r`g$�øçéXVr����÷º�r��ö�ú���þôò��f÷W`
�^VTê�VXî�üw����ò���ò[�!�X�o�BY�÷�ö�����÷ ��÷W}�õ�÷R�r�f÷���
�h� ö�ò[��þv��ö�÷ ���r�B���G
 ö���ú	����÷u����ü�`r�B����Å��À��������÷
����üeV�êpò��^����÷�ú ò[`X`�þô÷�VbîG���5����÷�]v��������ú�È�ø�P��÷�ü�þ[���5��
#����÷PÏ!�ðüv�!��òf� ò[���r��ö#÷RY�÷W��þ[�J�¯��õ�úZ]�÷�ö
��
5����ò[��ó!�føu�P��÷fö#÷���ö�÷ þ[�!��óýò��T��÷fökY���þ[�s`�õ�ö�ò���ó�����ò����t����÷âüv�!��òf� ò[���x`r�2÷W� �r���u���\����ó�÷�ø¯�P��ò��
ò[�JY�÷�ö�òfdO÷W`�]bUi����������ò[��óZ����÷sY2ò[`�÷R�Z��÷R}�õ�÷W�r��÷W�s���r`�]TUi����÷�"��Nü�þ[�����WVT����÷fö#÷ ����÷áü�ö���������÷W��ò��
úi�¾Y�÷W��ò[�i��ü�õ�ök���RVr���r`i����÷áüw����ò���ò[�!�����\����ó�÷W����ö�÷s`�ö���ú���� ò[��ö�������÷föJ���\������úi�{�����¼ø5�áþ[���rVT]TU
�W��úýü\��ö�ò[��ó�����÷ "��_ü�þ������3�Éòf��������÷�òôömÏ!�ï�R��õr�b� ÷�ö�ü\��ö����RVX�R��ö�ö#÷fþ���� ò[���r�3]�÷��n�¡÷�÷W�G����÷s�n�o�^�W���
]9÷¯��÷�÷W�¼ø3lð��òûþô÷�����÷�Ï��Nüw����ò���ò[�!�X����ö#÷ �r��ö#ú���þôò[��÷W`����r`��!��þ�U ö�õr`�÷fþ�U����R�fõ�ö���� ÷�Vr���\����ó�÷W��ò��
����÷ üw�!�#ò���ò[�!�N��
J����÷ ü�ö���������÷W��ò����c����]9÷��fþô÷W��ö�þfUt�#÷f÷R�eV:`�÷fúi�!�r����ö�����ò[��óG����÷^Y���þôò�`�ò��nUg��
m����÷
ü�ö��!������÷W�#ò[�P� ö�������ò[��ó���þôó���ö�òf����úñ`�÷R���fö#ò[]9÷W`x��÷fö#÷�ø

>@?�ò �6�g�Z� �N�W�ó~��ÀôõQcH5F3M@�^�,öÌQ��LF5MNHJ�¯�ñ�ZDNK ÷À�hF3ø öLIi�c�RIhùûú
QWD@�

ü�ý ��������þ[�8���rÿ%ü���ÿ�Y{þ�� ý �iÿ�pX��ú ü�þ[ÿ�Vm���rþ[��ÿqpX��úýü�þ[ÿ ý ��ÿR�������k��ÿc��`XU_�\���r`�����ÿW���r�rþ�} ý ÿ
����þûúýü����BY!ÿ üwÿ���
����#ú����X�Wÿ���� ���rÿ úiþ[�����!���c��þ�ÿ � �ÿW�k�����\�cY!ÿ�� ý�	�	 ÿR����ÿR`����\���¯� ý�	�
 ÿW�b������þ[�����
��x� ý�
 ���±ëç���vÿ�k
���� 
�� �r�Rÿ � �Z���Xÿ 
 þ[�������� ��� ÿi� � �ºþ 
 �����BY�ÿW`a���rÿ����wÿRÿW` � �r`8ÿ�æi�Wþ[ÿR�r�RU
��
uY{þf����ÿW����ÿR��þ�� ����
 þ[������� ý � 	 ÿ���U6� è�� � � ý �����rÿ���o�����8��þ�����Yzþ��k� ý���� dXpz� ý ��ÿ���������Xÿ ü �!�X���� ���r�Tþ[�����s�rþ�Y�ÿ����þ��nU��T��ÿ � `XU � � �r` S �!]v���hÅ ü�� �PÚ!� �uS Èo� � Y�ÿ"���r�B���x��� � � ý ��þ[� 	 `Xþ�Âwÿ��ÿR�b�
� ÿ�Y!ÿ � ����
E�W� 
 � � þ � �r�Rÿ ��� ���Zþ 
 �����BY!ÿ��#�vÿ�k
���� 
�� �r�Rÿ ��
e� � ���$�%� ý ��� � �#� � ����
�� ��� �B��þ�� 	&� �����Xÿ

 þ[�������� ��� ÿ��ç"�� �

"!�



�:�º`rÿ 
 �!���k��� � ��ÿP���Xþ��WV �"
 þ������Ún� ��
 ÿ�� � Å���� � ��ÿR�r`r�����W���vÿBÈ5� � � � ��� � ���rÿW`i�������rÿ ü�� �PÚ
� �uS Vm���rþ[���'�����¾Yzþ�`rÿW` � Yzþ[`XÿW��
�ÿWÿR`r] � �����������Xÿ@� ý ����ÿR�T���v����þf��þ��!� � �X`á����þ�ÿW�b� � ��þ[�!����

���Xÿ ü�� �PÚ!� �uS)( � �jþ 	�ý ��ÿi$ �  +*,���X�¾���º���rÿ-��ÿR� ý � � �.� � � � ���a
�� ��� �B��þ[� 	 ÿ�p/�vÿ��þ 
 ÿR�b�cV5���Xÿ������Ä�ÿW������ÿR} ý þ���ÿR` � Yzþ���þ[�!��
0� ��
 ÿR�o��������� � ���o� ý�� `G��� � ��� � þ[�rÿ�� � �X`�� ý �kY!ÿ�hÅ0� ý ��� � ��] � �z�{`
Y!ÿ�����ÿ � �j�!�º���rÿ1��ÿR��þ[� � È � �X`^`rÿR��ÿ� 
 þ��rÿ3���rÿo����þ�ÿW�b� � ��þ[�!�±V2�v����þ���þ��!�eV � �r`3��þ��Wÿm��
�� ý ���Z
�ÿ � � ý ��ÿ��
�  +*XV{éXV\"{VX¡�� � �P�rÿ¯� � þ���þ[�!�#" � þ�]�� � �kU4�����BYzþ[`XÿW` 
^ý ������
���rÿ¯þ 
 � � ÿ 
 ÿW�b� � ��þ[���5��ÿW} ý þ6��ÿW`G
�������Xþ��������¾Ä�ÿW�R� ��� ��ÿ � `{U!V\] ý �u` ý ÿh��� 
 þ��������� ��� ÿ�þ6��� ý ÿ�WV#���Xÿ � þ��rÿ� � �r`t� ý ��Y�ÿ� ����]vÿh��� � ����ÿW`
þ[�����rÿsYzþ�`rÿW��þ 
���	 ÿ��3��
���ÿR�iY � ��þ[ÿR`iþ��i��þ�`X��� � �X`�þ��T��ÿW����þ��nU � �:�h� � Y!ÿ � ���!] ý �k�J��� � ����ÿ�RVz�n�o�ÿW` 	 ÿ������þ[ÿR�T��ÿW`8þ��������v����þf��ÿ�`rþ���ÿW�R��þ[�!���º�oÿ��ÿ��R� 
 ]rþ��rÿW`,���N� � Y!ÿ � ������þ��a��� � ����ÿ�RVJ���Xþ[���
��� � ����ÿR`����rÿ�]w����`rÿ���3��
 � �k����þ��eV � þ[�rÿ�V!���3� ý ��Y!ÿ � �P�rÿP�n���hÿW` 	 ÿ�
�ÿ � � ý ��ÿ�J� � `�����]wÿ��W� ý � � ÿR`���u��ÿRÿ�����rÿ 
 
0��� 
 `���þ�
���þ�� 	 � � � �k� � � �W� ý � � �RU^�R� ý�� `Z]vÿo
 ý �k���rÿ��jþ 
 �����¾Y�ÿW`^]bUº`rÿR��ÿ� 
 þ��rþ[� 	���Xÿo]vÿ�k�7��ÿ����v�!����ÿ�j
0��� 
 ���Xÿm�n�o�¯ÿW` 	 ÿ� � �r` ý �w` � ��þ[� 	 ]v����� � �R�W����`rþ[� 	�� U � �P�rÿm�n���uþ 
���	 ÿ�þ[�L�:þ 	!ý ��ÿ $ �  ! )���r�B�Þ���Xÿ¯��� � ����ÿW`g� ý ��Y!ÿ � �P�Xÿhþ 
���	 ÿ �!�G���rÿ � ÿ�
��Pþ��o� � ��ÿW�L
0��� 
8� �Lþ 
���	 ÿ
��ÿR} ý ÿW�r�Rÿ �����BYzþ[`rÿR`^���rÿ�ÿR�r`r�����W���vÿP� ��
 ÿ�� � � �P�rÿPþ 
���	 ÿm�!�^���Xÿ%��þ 	 �b�5� ý � � þ��rÿ����rÿ���� � ����ÿW`
�ÿ � � ý ��ÿ � �P�rÿs�BY!ÿ�� �9� U�ÿW` � þ[�rÿ��3�!�����rÿ�ÿW` 	 ÿ�m��
±���rÿP���rþ�����ÿ�� � þ[�rÿ � �r`i���rÿ��!�rÿ�þ[�����Xÿ 
 þ[`X` � ÿ���X�¾� ���rÿ��w����þ���þ[�!������
 ���Xÿg�n�o�a] � ��þ[�gÿW` 	 ÿg
�ÿ � � ý ��ÿ� � �P�rÿx���������þ��8���rÿg�WÿR�T��ÿ����
¯���Xÿþ 
���	 ÿ:��ÿ�
�ÿ��� �������rÿ��v����þf��þ��!�t��
3���rÿ^�RÿW�b��ÿ�����
3���rÿZþ 
���	 ÿ�Å � ��� ý�
 ÿW`@����]wÿh���rÿ^�RÿW�b��ÿ�����

���XÿhÿR�r`r�����W���vÿ � �r`g�rÿW�r�Rÿº��
:���rÿ3���!]v���qÈ � �P�rÿ3���r���k� � þ[�rÿ���ÿ�pz��ÿW�r`rþ�� 	 
0��� 
 ���rÿ��WÿR�T��ÿ�s��

���Xÿ��������� � ��ÿZ���rÿ�ÿ��������¯`rþ6��� � �r�Wÿ���
J���rÿ^� ý ��Y!ÿ�
0��� 
 ���rÿ��WÿR�b��ÿ�RV � �r`@���Xÿ�����þ�ÿW�b� � ��þ[�!�x��

���Xÿh� ý ��Y�ÿ �� ý ÿ��������rÿ"��ÿW} ý þ���ÿ 
 ÿW�b���s��
:���rÿ"����]w����þ[���R�!�b����� ��� ÿ��WVX���rÿ"�wÿ���
���� 
�� �r�Wÿ���
���rÿ���� � ����ÿ��
� � ��þ[�r����ÿ � ��ÿR`_���@�n��þ[�RÿG���rÿ;�k� � �r` � ��`<� � ��ÿ�ÅÜÝ�* � �cÈ � � ý ÿ����@���rÿG��� � ���Tþ[� 	 
0� ��
 ÿR�o�����`rÿ���þ 	 �rÿW`eVr���rÿ���� � ����ÿ��s� � � � ] � ÿ¯��� 
�� þ��b� � þ������rÿ���ÿ:�wÿ���
���� 
�� �r�Wÿ)��ÿW} ý þ���ÿ 
 ÿW�b��� �

>@?k> =	IiDNOu�WMN�5QWIiD

� ÿ���ÿ���ÿ:���X�¾�ï��� � �P
���� 
�� �TU�Yzþ���þ��!� � ��� � þ[� � ��þ��!���WV � ��� � ���Tþ[� 	 
0� ��
 ÿ������������rþ����x� � �
�vÿ��
���� 
 þ[� � ��ÿ ��� Ú ��þ 
 ÿmÿW�bYzþ����!� 
 ÿW�b�Jþ��5��
���ÿW���XÿW�Wÿ���� � ��U � �P�Xÿs`Xÿ��þ 	 ����
v�W� 
 � � ÿ�pº
�ÿ � � ý ��ÿ��] ý þ � �E
0��� 
 ���rÿo]w������� 
 Ú ý �h��þf��� � ��ÿ��5��
\] � ��þ��m
�ÿ � � ý ��ÿ� ����� �¾���E
����>��ÿ ��� Ú ��þ 
 ÿ5��� � ���Tþ[� 	 ��þ����
?A@CBEDGFHDAIHJ2K.LMFONAP�Q%Q#P�RESUT�VWREPYXOR.Z�FCD!T�DA[9L\R+[9B2Z]R2^_LUR.`HP�a�P]IHLMN!F

"�è



����] ý ���b��ÿ� ý�� ��� � �\���u]w�����@��
3���rÿ^ÿqp ��
 � � ÿ�u`rÿ 
 �!���k��� � ��ÿW`Nþ��x���rþ��u��� � �X��ÿ�WV 
Zý ���N��
3���Xÿ�o�������R� ý�� `h� � Y!ÿo]wÿRÿW�ºÿ�pz��ÿR�r`rÿW` � �\���|���rÿc�����������Xÿ��þ6���� � ���Tþ�� 	 ������Ä�ÿR�R�cV ��� ���r� ý�	 ����� � ���Tþ�� 	� � �5`rÿ 
 �!������� � ��ÿR`Z���u]wÿ1���!] ý ���:
���� 
 ���k�j� � ��ÿ��WV � �R� ý � � �RU 
�� Uh� � Y�ÿ�]wÿRÿW�^þ 
 �����BY!ÿR`º��þ����

 ����ÿ��R� 
 � � ÿ�p,��ÿ����h��
m
�ÿ � � ý ��ÿ��WV>� ý ��� � �¯��� � ���Tþ[� 	 ���rÿ��W�����rÿ���h��
o���rÿ4�������k���rÿ���þ6� � � � ���rV
��������Xþ��:������Ä�ÿR�R�WVj�z�W� ��ý ��þ��!��� � �º�r���º� � �r` � ÿW`±V���rþ������ ��ý ��ÿR`a���rÿ���� � ����ÿR`���� 	 ÿR�d� � �������

����)��� 
 ÿ�� � ��ÿ�� � �P�rÿ�Yzþ��k� ý���� dXpz� ý ��þ[� 	 ��� � ���Tþ[� 	 �kUe����ÿ 
 � � ��
 � þ�� � U����!] ý ���cVE`rÿ����rþf��ÿ����Xÿ
] ��ý �^þ[�,���rÿ�þ 
���	 ÿ�Zþ��r` ý �RÿW`_]bUa���rÿ�ÿW�r`X�����R���wÿL� ��
 ÿ�� � V � �r`����rÿG
0��ÿW} ý ÿR�T�i��� � � 	 ÿ��þ��
� þ 	 �b��þ�� 	 � � ý �����rÿ�:�wÿ���
���� 
�� �r�Wÿ 
�� U�� � Y�ÿ�]vÿWÿR��þ 
 �����¾Y�ÿW` ý ��þ�� 	 � ý ��Y � � ý ��ÿiÿ�k��þ 
�� ��þ[�!�����`rÿ���ÿ�� 
 þ[�rÿ¯���rÿ"����ÿR�Wþ���ÿ3�v����þ���þ��!����
���rÿ�� ý ��Y�ÿ �

"�é



�jþ 	!ý ��ÿ�$ �  !Êm�f��ÿW} ý ÿR�r�Wÿ���
5þ 
���	 ÿ������rÿ��ÿº���rÿ��T� � �vÿ�sþ���]vÿWþ[� 	 ��� � ����ÿW` � �P�rÿ ý ���vÿ� ���B����X�¾���Zþ 
���	 ÿ��`rþ6��ÿR�R� � UN
0��� 
 Yzþ�`rÿW� � �P�Xÿ���ÿR�R� � � 	!ý���� �h�!]zÄ�ÿW���Z��þf���,���rÿ�Y�ÿ�k��þ[� ��� ��þ���ÿ�þ6����Xÿ-�����������Xÿ��þ6� � �P�rÿ���þ6��ÿGþ6�Z����þ 
 �vÿW`����h��þ 	 �b��ÿW�XÿW` � �º���rÿ������8` ý ��þ[� 	 ���rÿ-�����z�WÿW` ý ��ÿ ��P�rÿ � �B�oÿ�����B�g���r�B���sþ 
���	 ÿ����þf�������Xÿ:�������k���rÿ���þ���]vÿWþ�� 	 ��� � ����ÿW`

Ï�*



Horizontal
Position

Vertical
Position

Orientation

B
as

ic
 E

dg
es

F
ea

tu
re

 T
yp

es
St

ap
es

 S
ta

te
s

Stapes Feature

Left Edge Right Edge

Max Edge

EdgeFeature

Strip Edge

EdgeFeature

Wire Top Edge

h þ 	!ý ��ÿbi �Uj Ê3�fk ��� ����`rþ ��	 � ��
8l�mon�p ÿ m ÿ ��n�ý ��ÿ n Ue�wÿ�� ý ��ÿW` m0l � n � � kYqTþ�r 	sn�p ÿ"��� l � n�p ÿ���þ6� �

ÏX 



¼ut=UrÎTÎ6¶�WZU�Í)TrÎwv
Í{´�xHWZTX¼©W)T�y1z
{u|$} xzÎ/~EW�~�xE�7¼�T��,WZT!´G�
y�x¾³$��t/T U�����t=T7�
{u| ¶�~E�ZT ´%Tu��~�xE�r¶�~E�%T7�
{u|e� ~W�iTT¶�WZU�W)T��'t/~W�iTXÎ��
{u|���| Tr¼�µ�y�x¾³e��t=TT¹ W{´%UX¼¾½ } x/~W�,Wc�
ÍT³e��t/~b¼�z
¶�WZU�Í)TrÎEÒ {u|$} xzÎe~EW�~uxE�	¼· {u| ¶�~2�%T.Î·�y�x¾³$��t=T U5·
~W�%W��r¶3·�~W�%W�� }e� ·�~W�,W��e� � Ó

z;�T³u�\¶�W{´�~cÍvÎEÒA�r¶rÓE·d�z³u� } xzÎ � y$�%TXÎÒ�� }$� Ó·d�T³u�/�)TXÎBÍ�xE�wÎ�T � y$�ZTXÎEÒ��e� � Ó>�
� ¶�WZU�ÍiTXÎEÒ�Ó�v���x�´3Ò]~W�,W�~��g����~áµ�W�xbWZU/t � ye�%TXÎ����$��~TÓ>�
{u|���| Tr¼�µ�y�x¾³e��t=TT¹���~W�/ye�,T��,WZT!´3ÒRÓ>�
  x/~Ey6³TÍ/y%U=WZTT¶�WZU=WZTjÒ   Tr¼©W�x�´{µu¡ �e¢ »�£�� � ��¹'¤vÓ>�
  x/~Ey Î�T�W � y$�%T�¡%T,U�Wb³{´%TrÎEÒ   TX¼HW�x�´{µ�¡ �/¢ »�£�� � ��¹'¤vÓ>�
¶�WZU�Í)TrÎ�x¾ÍiT!´%U�W�x�´f�$�ûÒ�¶�WZU�Í)TrÎ¥¤.ÎzÓ>�
¶�WZU�Í)TrÎ�x¾ÍiT!´%U�W�x�´§¦u�ûÒ�¶�WZU�Í)TrÎ¥¤.ÎzÓ>�

¨ �

h þ 	!ý ��ÿbi � ÏXÊG© p ÿ3� nY� �vÿ� ª ��� ����`rÿ�d�rrþ n þ l r

Ï j



¼ut=UrÎTÎ6¶�WZU�Í)TrÎ2¡%TVU�WT³{´%T«z�ÍT³$��t/~T¼ {$| ¡%TVU�WT³{´%TTµ {$| ¸�iU��ZTT¶X¼�U/t/U!´{µ�~W�ZWX¹5·
¶�WZU�ÍiTXÎ�¶�WZU=WZTT¹¬v

  TX¼©W�x�´{µ {u|$� y$�%T�¡%T,U�Wb³{´%Tzµr¸W�®�»e¯ }e� · {u|e� y$�%TT¹À¹ÿT�y$�%TXÎo�
{u| ¶VU2�{Í�t=Tr¸EW)T!´%U�W�x�´{µ�y�x¾³e��t=TT¹°~EWZT!´c�
ÍT³e��t/~b¼�z
¶�WZU�Í)TrÎ2¡%TVU�WT³{´%TjÒ {$| ¶VU2�zÍ�t=Tr¸EWZTb´%U=W�x�´Xµ�y�x�³e��t=Tz¹°~·

  TX¼HW�x�´{µ {$|$� y$�%Tu¡%TVU�Wb³X´%TTµr¸W�®!»$¯ }e� · {u|$� y$�ZTÞ¹Þ¹ T\Ó
z�~EWZT!´3Ò�~TÓE· T�y$�%TrÎEÒ TrÓ'v ¨
  ~¾´/Wb³iU/t {u| ¸�iUu�%TT¶X¼�U�t=U!´{µ�~+�,WX¹�±)U!´!ÍmÒq¼$xE�vÎ©W {u| ¸�iU��%Tz¶X¼�U/t=Ub´{µ�~W�,Wr¹¬¤#Ó>�
  ~¾´/Wb³iU/tï¶�WZU�Í)TrÎ�¶�WZU�W)T Î©WZT�ÍmÒ�¼uxE�vÎ©W {$| ¸�iU��ZTT¶X¼�U/t/U!´{µ�~W�%WX¹¬¤#Ó��

¨ �

h þ 	!ý ��ÿ)i � irÊ�© p ÿ3� n�� �wÿ�� h ÿ ��n�ý ��ÿ3ª �9� ����`rÿRd�rXþ n þ l r

Ï!Ï



¼uxE�wÎ©W.¶�WZU�Í)TrÎ�¶�WZU�W)Tg¤
¶�WZU�Í)TXÎ2¡%T,U�Wb³{´%Tcz$z�Î©WZT�ÍmÒq¼uxE�wÎ©W {u| ¸�iUu�%TT¶X¼�U�t=U!´{µ�~+�,WX¹¬¤²~�±Ówv
~E�3Ò�³´±)U!´!Íu£zÍ�y%U�WZT�yvÓ�Wuµ¶~bÎ�¦T¹�±ZU!´bÍmÒ]~�±Ó��
±ZU!´!Íu£{Í/y%U�WZTuyf�'�%U/t{Î�T7�
  TX¼©W�x�´{µ�y�x¾³e��t=TT¹À´ZTXÎBÍ�xE�wÎ�TXÎ��{u|e� ~W�iTT¶�WZU�W)T��)T�±u·¶~�´%TT¶�WZU=WZT�� Tuy$�%TXÎ�¸!��¹/¦T¹XÎHWZT�ÍmÒA±)U!´!Í)T�yvÓ>�
´%TXÎBÍ�x2�vÎ�TXÎ�º ÍT³vÎ+µ�®��)UX¼¾½JÒA�)T�±u·¶~�´%Tz¶�W)U=WZTGº�Tb´T´�x�´vÓ>�
y�x¾³$��t/T�W��{Íe�ZTXÎBÍ�xE�vÎ�T¬� T�y$�%TrÎ�¸¼»W¹/¦z¹XÎ©WZT�ÍoÒA±ZU!´!ÍiT�y#ÓoºITT´T´�x�´1�
´%TXÎBÍ�x2�vÎ�TXÎ�º ÍT³vÎ+µ�®��)UX¼¾½JÒ�W��zÍe�ZTrÎBÍ�xE�wÎ=TrÓ>�
{u|e� ~W�iTT¶�WZU�W)T��)T�±T»�x�Ír¶�WZU�W)T��ÿT�y$�ZTXÎ�¸ � ¹�¦T¹XÎ©WZT�ÍmÒA±ZU!´bÍ)T�y#Ó>�´%TXÎBÍ�x2�vÎ�TXÎ�º ÍT³vÎ+µ�®��)UX¼¾½JÒA�)T�±T»�x�Ír¶=WZU=W)TGºITb´z´�x�´vÓ��
W��zÍe�ZTrÎBÍ�xE�vÎ=T��¥�)T�±$·¶~¾´%TT¶=WZU�WZTGº�T!´T´�x�´c�
´%TXÎBÍ�x2�vÎ�TXÎ�º ÍT³vÎ+µ�®��)UX¼¾½JÒ�W��zÍe�ZTrÎBÍ�xE�wÎ=TrÓ>�
��x�´3Ò]~+�,W½~¾�¿»C��~Ìµ'À�£e�® �$Á�Â�� ¶7���$��~TÓ¥v

W��zÍ/�ZTXÎBÍ�x2�vÎ�T�� T�y$�%TXÎ7¸�~E¹/¦T¹rÎ©WZT�ÍmÒ!±ZU!´!Í)Tuy#ÓoºIT!´z´�x�´G�
´%TXÎ¾Í�xE�vÎ�TrÎ�ºìÍT³vÎEµ�®��)UX¼�½JÒIW��zÍ/�ZTrÎBÍ�x2�vÎ�T\Ó��

¨
¼B³{´T´%T��,WX¶�WZU=WZTGºì³TÍ�y%U�WZTT¶=WZU�WZTjÒ&T�ye�%TrÎ{Ó>�
¼B³{´T´%T��,WX¶�WZU=WZTGºì³TÍ�y%U�WZT � ´T´�x�´3Ò�´%TrÎBÍ�x2�vÎ�TrÎ{Ó>�´%T�Wb³{´u� ¼B³X´T´%T��,Wr¶�WZU�WZT��

¨ �

h þ 	!ý ��ÿbi � ¡{Ê�© p ÿ:� n ÿ�� m�ý r�k n þ l rLþ�r n�p ÿ3� nY� �vÿ� h ÿ ��n�ý ��ÿ"k ��� ���

Ï�i



0 100 200 300 400 500 600
200

220

240

260

280

300

0 100 200 300 400 500 600
250

300

350

400

450

h þ 	!ý ��ÿGi � ÝXÊ�Ã ��l�n�l�m�n�p ÿ n � � kYq�ÿR`�Ä � rX`hêw� l ��þ n þ l r��|þ6r n�p ÿoþ 
���	 ÿ � © p ÿ#��ÿW} ý ÿ�r�kWÿ�r ý�
 ]vÿ���ÿ�p n ÿrr` ���6l r 	 n�p ÿopTÚ � pXþ6�WV�Å p þ � ÿ n�p ÿ#r l � 
���� þ[�WÿR`3� l ��þ n þ l r�� l�m Ä � rX`Zê � ��ÿ1� p�l Å�r ���6l r n�p ÿ
UbÚ � p{þ6�hÅ0Ä þ�� � ] l Y�ÿ�ê�È � © p ÿ ý ���wÿ���� ��l�n � p�l Å���` ��n��sm � l�
8n�p ÿ � ÿ mÆn�p�� rX`gYzþ[ÿ]Å�V�Å p þ � ÿ n�p ÿ
��l Åoÿ�1� ��l�n � p�l Å��P` �2nY�:m � l�
�n�p ÿ ��þ 	�p$n#p�� rr`�Y{þ�ÿ�Å �GÇ ��n��3m � l�
 Ñjp/�vÿ��þ 
 ÿ�r n�È �b�/©P�!É Ú�  �
Å�þ n�pÊl!ý�n�� þ[ÿ�������ÿ 
�l Y�ÿW` �

Ïb¡



0 100 200 300 400 500 600
−2

−1.5

−1

−0.5

0

0.5

1

1.5
x 10

−3

X
, Y

, a
nd

 Z
 p

os
iti

on
s

STATES

LUSTIG 1H

h þ 	!ý ��ÿ5i � �{Ê5Ã ��l�n&l�m%n�p ÿGÿ� n þ 
���n ÿW`ËÄZVê�V � rr`¿îÌ� l ��þ n þ l r�� l�m%n�p ÿ-��� l � n�p ÿ��þ��^þ6r n ÿ����ÿkqÚn þ l r�� l þ�r n � © p ÿ5��ÿR} ý ÿr�kRÿ-r ý�
 ]vÿ����Å n þ 
 ÿ^Y ����ý ÿ��È ÿ�p n ÿ�rr` ���6l r 	-n�p ÿ�pTÚ � p{þ��WV>Å p þ � ÿ n�p ÿr l � 
���� þ[�RÿW`-� l ��þ n þ l r�� l�m ÄZV{ê�V � rr`xî � ��ÿ)� p�l Å�r m � l�
8n�p ÿ n�l � l�m>n�p ÿ 	 � � � p ` l Å�r$Å � ��` �
Ç ��n��sm � l�
 Ñjp/�vÿ��þ 
 ÿ�r n.È �.�/©P�!É¯Ú�  � Å�þ n�pÊl!ý�n�� þ[ÿ�������ÿ 
�l Y�ÿW` �

Ï!Ý



0 100 200 300 400 500 600 700 800
250

260

270

280

290

300

0 100 200 300 400 500 600 700 800
280

300

320

340

360

380

400

h þ 	!ý ��ÿGi � èXÊ�Ã ��l�n�l�m�n�p ÿ n � � kYq�ÿR`�Ä � rX`hêw� l ��þ n þ l r��|þ6r n�p ÿoþ 
���	 ÿ � © p ÿ#��ÿW} ý ÿ�r�kWÿ�r ý�
 ]vÿ���ÿ�p n ÿrr` ���6l r 	 n�p ÿopTÚ � pXþ6�WV�Å p þ � ÿ n�p ÿ#r l � 
���� þ[�WÿR`3� l ��þ n þ l r�� l�m Ä � rX`Zê � ��ÿ1� p�l Å�r ���6l r n�p ÿ
UbÚ � p{þ6�hÅ0Ä þ�� � ] l Y�ÿ�ê�È � © p ÿ ý ���wÿ���� ��l�n � p�l Å���` ��n��sm � l�
8n�p ÿ � ÿ mÆn�p�� rX`gYzþ[ÿ]Å�V�Å p þ � ÿ n�p ÿ
��l Åoÿ�%� ��l�n � p�l Å��P` �2nY�3m � l�
½n�p ÿb��þ 	�pun#p�� rr`�Yzþ�ÿ�Å �GÇ ��n��3m � l�
 Ñjp/�wÿ���þ 
 ÿ�r n%È �b�/©P�!É Ú Ý S
Å�þ n�pÊl!ý�n�� þ[ÿ�������ÿ 
�l Y�ÿW` �

Ïb�



0 100 200 300 400 500 600 700 800
−1

−0.5

0

0.5

1

1.5
x 10

−3 LUSTIG 6R

STATES

X
, Y

, a
nd

 Z
 p

os
iti

on
s

h þ 	!ý ��ÿ5i � éXÊ5Ã ��l�n&l�m%n�p ÿGÿ� n þ 
���n ÿW`ËÄZVê�V � rr`¿îÌ� l ��þ n þ l r�� l�m%n�p ÿ-��� l � n�p ÿ��þ��^þ6r n ÿ����ÿkqÚn þ l r�� l þ�r n � © p ÿ5��ÿR} ý ÿr�kRÿ-r ý�
 ]vÿ����Å n þ 
 ÿ^Y ����ý ÿ��È ÿ�p n ÿ�rr` ���6l r 	-n�p ÿ�pTÚ � p{þ��WV>Å p þ � ÿ n�p ÿr l � 
���� þ[�RÿW`-� l ��þ n þ l r�� l�m ÄZV{ê�V � rr`xî � ��ÿ)� p�l Å�r m � l�
8n�p ÿ n�l � l�m>n�p ÿ 	 � � � p ` l Å�r$Å � ��` �
Ç ��n��sm � l�
 Ñjp/�vÿ��þ 
 ÿ�r n.È �.�/©P�!É¯ÚnÝ S Å�þ n�pÊl!ý�n�� þ[ÿ����%��ÿ 
5l Y!ÿW`

Ï!è



h þ 	!ý ��ÿ"i �  +*XÊ%� p�l Å�� n�p ÿ:��ÿ n�ý � m0l � n�p ÿ:Í þ�� n�ý����>h þ p n�ý ��þ�r 	 ÿ�p/�vÿ��þ 
 ÿr n � � © p ÿ ý ��ÿ� p�l�� `��n�p ÿ m0l ��kWÿs��ÿr�� l �"Å p þ�k p k l r n � l�� � n�p ÿ4� l ] l�n � � 
���	 ÿ� m � l�
În�p ÿsk ��
 ÿ� �Ê��n�n�� k p ÿW` n�lÊn�p ÿ
m0l ��kWÿ"��ÿ�r�� l � � ��ÿ m ÿW` n�lsn�p ÿ�`rþ6��� ��� U

h þ 	!ý ��ÿ)i �  ! !Ê�© p ÿ n � � kYq�ÿR`tþ 
���	 ÿ� l�m�� k ý �kY!ÿ �

Ï!é



Ï Ð ÑÓÒ Ô�Õ§Ö ×

Ï 9<; ØgÙ�Ú =�Û:9Á; =

© p þ���` l k ý�
 ÿ�r nsp�� �^`Xÿ��k���þ�]wÿR` n�p ÿ�`rÿ���þ 	 r l�m�n�p ÿ�Ä Í¯þ6��þ l r j � þ�]�� � ��U � Ù#l�n�p�n�p ÿ�`rÿqÚ��þ 	 r � rr` 
^ý k p§l�m5n�p ÿ8þ 
 � � ÿ 
 ÿr nY��n þ l r'Åoÿ��ÿ<k l�
 � � ÿ n ÿW` þ6r.Ð � U j *�*X  � �ÜÅoÿW]���þ n ÿ
Å p ÿ���ÿ n�p ÿ � þ[]�� � �kU�þ�� 
�� þ�r n�� þ�rrÿR` � rX` m�ý � n�p ÿ�^þ6r m0l � 
���n þ l r�þ�� � Y � þ �9� ] � ÿ�V�k � r¿]vÿ m0l!ý rr`
��n Ê�µ%WVWbÍ%z�ÝeÝ2±$±$±#º�¼TÎ�ºAÞ�µz³%ºIT�y!³�Ý��\¸E� � Ý {$| ~bÎe~ux2� � Ý �Ä.Í þ���þ l r j m�ý�� d ��� � 
�� rbU l�mbn�p ÿt`rÿ���þ 	 r 	�l���� �iþ 
 � l ��ÿW` ý � l r þ n � �_��þ�r 	Ëm ÿ ��n�ý ��ÿ���þ6rn�p ÿ�ª�ß"ß ��� r 	!ý���	 ÿ�VO� ý k p�� �:� � � ��
 ÿ n ÿ��þ�ks� l�� U 
5l ��� p þ�� 
à� rr`�Yzþ�� n�ý���� þ�r p ÿ���þ nY� r�kRÿ�V n�p ÿ
� þ�]�� � ��U p�� � 
�� þ6r n�� þ�rXÿW` 
�l ` ý���� ��þ n U l Y�ÿ�Zþ n � 
�� rbU�`rþ�Âwÿ��ÿr n k l�
 � l rrÿr n � � � n ��� l Yzþ[`rÿ��� ý ��� l � n�m0l � 
�� rbU�rXÿ�ÅÞYzþ�`rÿ l `rÿ�Y{þ6kWÿ��WV � rr` p�� � ��	�l/l ` 
 ÿ�k p�� rrþ6� 
°m0l �Pþ�r n ÿ�� � k n þ l r�Å�þ n�p
Å�þ�rX` l ÅÀ`rþ6��� ��� Ue� � � n.��� � l þ6r�k ��ý `rÿ�� 
�� rbU l�mon�p ÿ m ÿ ��n�ý ��ÿ��sþ6r n�p ÿ l�� `;Ä.Í¯þ6��þ l reVXÿ����vÿkRþ ���6� Uþ n � 
�l ` ý���� � � ����� lu� k p�n�l;m ÿ ��n�ý ��ÿ n � � kYqzþ6r 	 ��á rrÿ�ÿ�p ��
 � � ÿ l�m1n�p ÿ � þ[]�� � ��Uvëâ�)� l ] ý � n rXÿ���RVþ�� n�p ÿ ý ��ÿ l�m�n�p ÿ � þ[]�� � ��U m0l � n�p ÿ S � � � Ã � � �\Ç ��� l Ä�ÿ�k n �  ! W�ìV � ��� l Ä�ÿk n�m0l �Zþ 
 � � ÿ 
 ÿr n þ�r 	
�Ëm�ý r�k n þ l r ��� ��� l�	 � ��
5
 þ6r 	�m � ��
 ÿ�Å l ��q m0l �-� l ] l�n þ6k��] � ��ÿR` � ��� � þ6k ��n þ l r�� � � n;p�� � ��� � l]vÿWÿr ý ��ÿW`�]bU n�p ÿ ü�l�p r�� �_l ��qTþ�r��c�_rrþ�Y�ÿ����þ n Uvëâ� S�l ] l k ý � n ÿ ��
 V � � l k�kWÿ�Gk l�
 �vÿ n þ n þ l r m0l �

5l ]rþ � ÿ)� l ] l�n � � © p ÿ n ÿ ��
ûý ��ÿW` n�p ÿ � þ[]�� � ��U-����þ 
�� ��þ � U m0l � n � � kYqTþ�r 	�ý ��þ6r 	 ��ÿ 	�
 ÿr nY�2n þ l r
� rr`�k l���l � �
ãgä�åOæ�çbå�è�é â åGêbëíì5î�ï°î å å å î!ð1ê â
� �ñn�p�l!ý�	�p-m´� þ�� � U4� l ] ý � n V n�p ÿ��ÿ � ��ÿb� l�
 ÿ¯`�� � Å�] � kYqe� n�l�n�p ÿ�`rÿ���þ 	 r l�mOn�p ÿ � þ[]�� � �kU � � �� ��ÿ ��� Ú n þ 
 ÿ n � � kYqTþ�r 	�� þ[]�� � ��U�Vc���wÿRÿW`Ìþ6��ÿ����ÿr n þ ��� Å p ÿ�r n�p þ�r�qTþ�r 	�l�m `rÿ���þ 	 r � rX`�þ 
 � � ÿ�Ú

iu*




 ÿr nY��n þ l r � � �6n�p�l!ý�	�p,n�p ÿ ����	�l ��þ n�p�
 ��þ6r n�p ÿ � þ�]�� � �kU � ��ÿº`rÿ��þ 	 rXÿW` n�l ]wÿ � �¯ÿRæ5kRþ[ÿr n"� �� l ����þ[] � ÿ�V n�p ÿ�Ui` l r l�n1n�� q�ÿ m�ý������ `{Y � r n���	 ÿ l�mCn�p ÿ k � � � ]Xþ � þ n þ�ÿ� l�m k ý ����ÿr n%p�� ��`�Å � ��ÿ�Ve� ý k p
� � ý ��þ�r 	 Ð@Ð�Ä n ÿ�k p r l��6l�	 U l ri��r n ÿ � ] � ��ÿR`���� l kRÿ��� l ��� m0l � 
�� rbU l�m¶n�p ÿ�þ 
���	 ÿ���� l kWÿ����þ6r 	
nY� ��q$� ��.r l�n�p ÿ��u`�� � Å�] � kYq l�m�n�p ÿ � þ[]�� � �kU�þ6� n�p ÿ ý ��ÿ l�m�n ÿ 
 � �9�2n ÿ� � l p þ � ÿ n�p þ���þ6� l rrÿ l�m�n�p ÿ� þ�]�� � ��þ[ÿ��7� n � l r 	 ÿ� n1m ÿ ��n�ý ��ÿ�RV/��� l Y{þ�`rþ�r 	:
5l ` ý��9� ��þ n U � rr`4ò\ÿqpXþ�]rþ � þ n U n�p��2n Å l!ý�� ` l�n�p ÿ���Å�þ���ÿ
r l�n ÿ�p{þ�� n V n ÿ 
 � �9��n ÿ� � ��ÿ l�mÆn ÿró��ÿkWÿRþ�Y�ÿW`óÅ�þ n�p�� rrÿ 	u�2n þ�Y�ÿ���ÿ���� l r���ÿ�þ�r n�p ÿ^`rÿRY�ÿ �6l � 
 ÿr n
k l�
�
^ý rrþ n U � � r m0l � n�ý r ��n ÿ � U�V n ÿ 
 � �9��n ÿ� p�� Y!ÿx]wÿRÿr þ 
 � � ÿ 
 ÿr n ÿW`¿`rþ�Âwÿ��ÿr n�� U8]bU¥ª�ß"ßk l�
 �rþ � ÿ����WVb`Xÿ���Xþ n ÿ n�p ÿRþ��J]vÿWþ�r 	 þ6r�k ��ý `rÿW`iþ�r n�p ÿ � y �{�Gª�ß"ßg� n�� rr` � ��` � © p þ6�oþ6�G����þ 
�� ��þ � UÅ p U¾� Ç l reë n�ý ��ÿ:©ÿ 
 � ����n ÿ�����þ�� m ��ÿW} ý ÿr n�� U m0l!ý rX`xþ6r 
�� rbU�ª�ß"ß�� n U � ÿ"� ý�� ÿ�P` l k ý�
 ÿ�r n ��  Wi�� � © pzý �WV ý ��þ�r 	�n ÿ 
 � �9�2n ÿ�1��ÿR` ý kWÿ�� n�p ÿb� l � nY� ]rþ � þ n U l�m>n�p ÿ Ä.Í¯þ6��þ l r j � þ[]�� � ��U�V/��ÿW} ý þ6��þ�r 	k l�
 �rþ � þ6k ��n ÿW`s����ÿ�Ú���� l kWÿ����þ6r 	 `Xþ���ÿ�k n þ�Y!ÿ�� n�l k l r m0l � 
²n�l"n�p ÿ 
�� rbU�`rþfÂ±ÿ���ÿr n ª�ß"ßgk l�
 �rþ � Ú
ÿ��� � h\ý � n�p ÿ�RV�ª�ß"ß n ÿ 
 � ����n ÿ�� p�� Y!ÿ � � n ÿRÿ�vÿ� � ÿ � ��rXþ�r 	 k ý ��Y�ÿ)k l�
 � � ��ÿW` n�l�
�� rTU l�m>n�p ÿl�n�p ÿ� m ÿ �2n�ý ��ÿ� l�m�n�p ÿ �9� r 	!ý���	 ÿ�V � rX` n�pTý � 
�� U-��ÿW` ý kRÿ n�p ÿ�ÿ � ��ÿ l�mjý ��ÿ l�m�n�p ÿ � þ[]�� � �kU ��.�5����ÿ�Yzþ l!ý � � U 
 ÿr n þ l rrÿR`eV n�p ÿÊr l�n þ l r�� l�m#ô Ö�õ�Ô´ö{Ø�ÖY÷ � rr`w÷�Ôøõ�ÔnÖY÷�`rÿ�Y!ÿ ��l �vÿW`¿þ�r n�l�n�p ÿ
`rÿ���þ 	 r l�mCn�p ÿ n � � kYqTþ6r 	3m � ��
 ÿ]Å l ��q#V/��� l Yzþ[`rÿ n�p ÿ � ]rþ � þ n U n�l ] ý þ � `�k l�
 � � ÿ�p m ÿ ��n�ý ��ÿ�o] � ��ÿW`
l r � ��ÿ n)l�m ����þ 
 þ n þ�Y!ÿ�� � © p ÿ5÷�Ôøõ�ÔnÖ l�mG�3ô Ö�õ�Ô´özØ�Ö_��� l Yzþ[`rÿ�� ��
 ÿ � � ý ��ÿ l�m þ n �_�wÿ�� m0l � 
�� r�kWÿ ��n`rÿ ����� U!VuÅ�þ n�p � ý k pÊ� ��þ�k p5m � ��
 ÿ�Å l ��q m0l � m ÿ ��n�ý ��ÿ_�wÿ�� m0l � 
�� r�kWÿ�V n�p ÿu]vÿ� n k l rXd 	!ý � ��n þ l r l�m
m ÿ �2n�ý ��ÿ�k l�
 ]rþ�r �2n þ l r�� k l!ý�� `@]wÿ&��ÿ ��� þ[�RÿW` ý ��þ�r 	Ê� ��Ue� n ÿ 
���n þ6k � ����� lu� k p � � r m0l � n�ý r ��n ÿ � U!Vm ÿ �2n�ý ��ÿ5�vÿ� m0l � 
�� r�kRÿ�þ�� � þ 
 þ n ÿR` n�lÊn�p ÿ n ÿ 
 � l � ��� ` l�
�� þ�r±V � k l�
 � � ��þ�� l r l�m%�-m ÿ ��n�ý ��ÿ�ëâ�
k ý ����ÿ�r n%� rX`5� � � n �vÿ� m0l � 
�� r�kWÿ � � n�� rr` � ��`5�wÿ�� m0l � 
�� r�kWÿ l�mù� ���vÿkWþfd�k m ÿ ��n�ý ��ÿhÅ0� ý k p�� � � rÿW` 	 ÿ m ÿ ��n�ý ��ÿcÈ�V�Å p þ6k p Å l!ý�� ` �����6l Å�þ6r 	 k l�
 � � ��þ6� l r l�m>m ÿ ��n�ý ��ÿ� l�m�n�p ÿ)� ��
 ÿ n U/�vÿ l ��ÿRY�ÿr
`rþfÂ±ÿ���ÿr nGn Ue�wÿ��WVzþ���r l�n ] ý þ �ñn þ�r n�l)n�p ÿ n � � kYqzþ6r 	"m � ��
 ÿ�Å l ��q � © p ÿ_��ÿ� ý��6n þ�� n�p���nc
5l � n k l�
 Ú� � ÿ�p m ÿ �2n�ý ��ÿ n � � kYqTþ�r 	 `rÿ�Y!ÿ ��l � 
 ÿr n þ��G�vÿ� m0l � 
 ÿW`�þ6r � � l�
 ÿ]Å p���n1� `{Ú p�l k 
�� r�rrÿ��WVuÅ p ÿ��ÿ
k l r�� n � � þ6r n ��� ý�n�l r m ÿ ��n�ý ��ÿ� � ��ÿ l�m¶�b	 ÿ l�
 ÿ n ��þ�k m0l � 
 Å0Å p���n7��lel q$� n�l ]vÿ�k l ����ÿ�k n ÈqVbþ�r�� n ÿ � `
l�mù� ��ÿW` ý r nY� r n ��ÿ ncl�m�m ÿ �2n�ý ��ÿ�c����þ 
 þ n þ�Y�ÿ��Å p ÿ��ÿ k l r�� n � � þ6r n � � ��ÿP] ý þ �ñn r l�n ��� l�	 � ��
�
���n þ Ú
k ����� U�VT] ý�n `{U/r ��
 þ6k ���6� U�] � ��ÿR` l r n�p ÿ.�vÿ� m0l � 
�� r�kRÿ� l�mCn�p�l ��ÿbk l r�� n � � þ6r n � � � ý k p;� `rÿ���þ 	 rÅ l!ý�� ` 
�� q�ÿ � þ m ÿºÿ � ��U m0l � n�p ÿ�`rÿ���þ 	 rrÿ� l�mc� Yzþ�� ý����on � � kYqTþ�r 	 ��Ue� n ÿ 
 Êuþ6r�� n ÿ � ` l�mGp�� Yzþ6r 	
n�l�	!ý ÿ���� n�p ÿZ]vÿ� n.m ÿ �2n�ý ��ÿ� n�l�ý ��ÿ � rr` n�p ÿ3k l r�� n � � þ�r n � n�l � ý�n.l r n�p ÿ 
 V p ÿ:Å l!ý�� ` l r � U
]vÿb��ÿR} ý þ���ÿR` n�l��6l k ��� þ��Wÿ n�p ÿ.� n � ý k n�ý ��ÿ l�mOn�p ÿ l ]zÄ�ÿk n V � rX` � ÿ n1n�p ÿ n � � kYqzþ6r 	&m � ��
 ÿ]Å l ��qi` l
n�p ÿ)��ÿ� n � l p þ � ÿ n�p þ���þ6�%k l r���þ�`rÿ��ÿW`�k ý ����ÿr n ��ÿ���ÿ � ��k p V\] ý þ � `rþ�r 	 � ý k p�� `XUer ��
 þ�k n � � kYqTþ6r 	

ir 



��Ue� n ÿ 
 þ6r n�l Ä.Í¯þ6��þ l r j Å l!ý�� `���� l Yzþ�`rÿ n�p ÿ � þ�]�� � ��U,Å�þ n�p��Ê	 ��ÿ ��n ÿ��)� l ] ý � n rXÿ��� � rr`�ÿ � ��ÿl�m:ý ��ÿ �
ú ãuårã ä à�û ðcä�é

h\ý�n�ý ��ÿ.Å l ��q m0l � n�p ÿ � þ�]�� � ��UsÅ l!ý�� `�þ6r�k ��ý `rÿ � `r`rþ6r 	s� � ����n�m0l � 
½m0l ��þ 
���	 ÿ ��� l kWÿ����þ6r 	
ý ��þ�r 	:n�p ÿ ����ÿ�Y{þ l!ý � � U 
 ÿ�r n þ l rrÿW`GÐ@Ð�Ä n ÿk p r l���l�	 U � � � � l V$Å�� � ���wÿ���� m0l � l�n�p ÿ��#��� l�	 � ��
 Ú
 þ�r 	3�9� r 	�ý���	 ÿ���Å´� ý k p�� � n�p ÿ Å�� � ���vÿ� n�l4�.� ��q�ÿ ��� VeÅ p þ�k p þ6�%k ý ����ÿ�r n�� U�]wÿRþ�r 	 `rÿRY�ÿ ��l �wÿR`#È
Å l!ý�� ` �����6l Å n�p ÿ � þ[]�� � ��U n�l ��ÿ � k p-� ]�� lu� `rÿ�� 	 � l!ý � l�m � l�mÆn Å � ��ÿ `rÿ�Y!ÿ ��l �vÿ��� � �.r�þ�r n ÿ�� m´� kRÿn�l3n�p ÿ á �vÿr�É Èó� þ�]�� � ��U�Å l!ý�� `-��� l Yzþ[`Xÿ m´� � n#p�� ��`�Å � ��ÿ.� ý ��� l � n#m0l ��Ï Ç ��ÿrX`rÿ��þ�r 	&� �#Åoÿ ���� ��þ 
���	 ÿ `rþ���� �9� U �Ð l � n þ 
 � l � nY� r n�� U�V � Å�þ�`rÿ����ÿ n-l�m)m ÿ ��n�ý ��ÿ n � � kYqTþ�r 	 ����þ 
 þ n þfY!ÿ��@Å0� ý k p'� � � k l ��rrÿ��
m ÿ �2n�ý ��ÿBÈ�Å l!ý�� ` m�ý � n�p ÿ�� n�p ÿ&� l ] ý � n rrÿ���� l�m7n�p ÿ � þ[]�� � ��U � rr`d��� l Y{þ�`rÿ � Å�þ[`rÿ��.��ÿ nbl�m7n�lel�� �
n�l ] ý þ � ` l r m0l ��`rÿ�Y!ÿ ��l � 
 ÿr n�l�m `XUer ��
 þ�kGYzþ���þ l r � ��� � þ�k ��n þ l r�� � © p ÿ ��m0l ��ÿ 
 ÿr n þ l rrÿR``XUer ��
 þ�k n � � kYqTþ6r 	;m � ��
 ÿ�Å l ��q�Å�þ ��� ]wÿ�k l�
 ÿ�ÿ����ÿr n þ ����n�l��;� þ�]�� � ��U l�m#n�p þ�� n Ue�vÿ�V � rr`�þ n �
þ�r�k �[ý ��þ l r,Å l�ý�� ` p ÿ � � n�lÊ� `XY � r�kWÿ n�p ÿ � þ�]�� � �kU n�l Å � ��`�þ n � 	�lu��� � l�m � p�l � n � nY� � n Ú ý � n þ 
 ÿ�
� rr`gÿ � ��ÿ l�m:ý ��ÿ �

i j



ü Û�ý Ù�Û:9ÿþ Ö ÑÓÒ Ð �

�  W� Ç l k ý�
 ÿr nY��n þ l r m0l �%Ä h ��ÿRÿcè!Ý � pun�n �eÊ����2Å�Å�Å � p m ��ÿWÿWè!Ý � l � 	 V j *�*X  �
� j �h� �ùá q ��
^ý � � � � Ù ÿ n�n þ�rrþìVC� � È>� r 	Ê� rX`�É � �.��	 ÿ� � Í¯þ���þ l r � ����þ�� n ÿW`ók l r n � l��om0l � 
�� Úrrþ�� ý��9��n þ l r ý ��þ6r 	 Y{þ6� n�ý���� dXp n�ý ��ÿ�� � Ð ��ý þìV �.� Å � þ[þìV á k n�l ]wÿ�� j *�*X  � � S á � �
� Ï��&É � � ��	 ÿ�� � rX`;Ã � Ù ÿ ��pTý�
 ÿ ý � � Ñ3æ5kRþ[ÿr n ��ÿ 	 þ l r n � � kYqzþ6r 	 Å�þ n�p � � � ��
 ÿ n ��þ6k 
�l `rÿ � � l�m	 ÿ l�
 ÿ n ��U � rr`gþ �6�[ý�
 þ�r �2n þ l r �����	�	��
����� V j *\Åk W*bÈ�Ve cé!é!è �
� i��&É"��ÿ 	�l ��U Ç�� �.��	 ÿ� � rX`���ÿ�r nY� � l © l U ��
�� ����� Ø�õ���Ö�����Ø�� ô ��Ø���Ö�õ� "!nÔÜ×#��Ö%$�×#&(')�*�+!

, õ2÷BÖ-'/.rØ�õ)0���×#&)1�2O÷�×#&)143657!8.eÕ\Ö�!:9rÕ\Ö� ô	; õ�Ø<'��cõ�Ø�Ö�V!� ý�	�ý � n  cé!é�i �/Ç S � h © Ç l k ý�
 ÿr{ÚnY��n þ l r-ÍJÿ�����þ l r�* � éb¡ ��� � p�� �
��¡��&É"��ÿ 	�l ��U Ç�� �.��	 ÿ� � rr`=��ÿr nY� � l © l U ��
�� � © p ÿ�pzY{þ6��þ l r��kU/� n ÿ 
 Ê5� 	 ÿ�rrÿ� ��� Úø� ý ��� l ��ÿ� ý ]�� n � ��n ÿ m0l ��� l � n�� ] � ÿ���ÿ ��� Ú n þ 
 ÿoYzþ���þ l r � ��� � þ6k ��n þ l r�� �	> �*�@?�ö{ÔnÖ�ØBAE×�÷�×C�*&�õ�&(' � �5õD1zÖ

2�&('zÖ�Ø�÷�Ô õ�&('�×#&)1�VrÝ!érÅk ¾ÈqÊ j ÏDE{Ïb�{Vw Bé!é!è �
� Ý�� ü �UÇ�� h�l�� ÿRU�Vr� � Y � r Ç ��
 V�� � � � h ÿWþ6rrÿ�RV ü � h � �uý�	�p ÿ� �F> �*�@?�özÔnÖ�Ø@G�Ø�õ�?\Õz×C0Y÷ � � `X`rþ�� l rlaÿ�� � ÿRU!V| cé!é!Ï �
�����3Ã � ü � Ù ÿ��q�ÿ ��
�� reVrÿ n.��� � Ãÿ� m0l � 
�� r�kWÿ�ÿ�Y ���[ý���n þ l r l�ms� k lel �vÿ� �2n þ�Y�ÿ 
�� rrþ�� ý��9��n þ l r


 þ6k� l � ý � 	 þ�k ���e� ����þ�� nY� r n � l ] l�n�� ��� � þ[ÿW` n�l � n�� �wÿR` l�n�l�
 U � � n ��ÿk pun Ve© p ÿ y ÿ n�p ÿ�� ��� rr`��RV
á k n�l ]wÿ�� j *�*X  � Ðx�!ª�ª�� � �

� è�� S � � ý�
�� �RV�É � �.��	 ÿ�WV�Ã � ü ÿr���ÿr±V � rr` S � � � © � U �6l � � � r ��ý�	�
 ÿr nY��n þ l r���Ue� n ÿ 
Îm0l �
d�rrÿ 
�� rXþ�� ý�����n þ l r � �/����þ�r 	 ÿ��kÚ ÍJÿ� ����	 V j *�*�* � ÐxÿR`rþ�k ��� � 
���	 ÿ3ª l�
 � ý�n þ�r 	�� rr`dª l�
 Ú� ý�n ÿ���.����þ�� n ÿR`x� ý�	�
 ÿr nY��n þ l r �

ibÏ



� é�� S � Ä�ÿ� p � ý�
�� �WVrÿ n_��� � Ñjp��vÿ��þ 
 ÿr n �oÅ�þ n�p�� � n ÿ � `XU p�� rr`s� l ] l�n þ6r&k l r�� n � � þ6rrÿW`sk l�
 Ú� � þ � r n;
5l�n þ l r¥� ��n�p�m0l�����l Å�þ6r 	 � Y l��[ý�
 ÿ S á Ú Ðx� y é!éXV.� ��	 ÿ�gé j E{éb�{V Ã3þ�� � V¯� nY��� U!V�{ÿ� n ÿ 
 ]wÿ��h cé!é!é � � ÑJÑJÑ �
�  +*�� Ssý ����ÿ ��� © � U �6l �WVXÿ n ��� � ��� n ÿ � `{UTÚ p�� rr`Ë� l ] l�n þ6ks��Ue� n ÿ 
«m0l � 
 þ�k� l � ý � 	 þ6k ������ý�	�
 ÿr{Ú

nY��n þ l r �	� &\ÔnÖ�ØH&�õ�Ôì×C�*&�õ� (IJ�2özØH&�õ� K� ô �7��L���Ôì×C0Y÷���ÖY÷BÖ�õ�Ø�0�ÕzVe BèrÅk  j ÈqV Ç ÿ�kWÿ 
 ]wÿ��h cé!é!é �
�  ! W�&� p þ6� � r'Ã � � n ÿ��r � q � S � � � Ã � � �UÇ�� Ú4� l ] ý � n�� ����� lu� k p'n�l ��� l�	 � ��
5
 þ�r 	 þ�r n ÿ�� � k n þ l r`XUer ��
 þ�k�� � Ð � � n ÿ��Wëâ� n�p ÿ��þ��WV ü�l�p r�� � l ��qzþ6r��_� rrþfY!ÿ�����þ n U!V j *�*X  �
�   j �&ª � � n � � k p ÿ�U � h\ý rr` ��
 ÿ�r nY��� k l r�kRÿ� n ��þ6r ��� l�	 � ��
5
 þ6r 	d��� r 	!ý���	 ÿ� � ª l �vÿr p���	 ÿr±V� ý�	�ý � n  Bé�Ýb� � È ÿ�k n�ý ��ÿ y l�n ÿ� m0l � n�p ÿ���r n ÿ��r ��n þ l r ��� � ý�
5
 ÿ��"�/k p�lel�� þ6r�ª l�
 � ý�n ÿ��Ã�� l�	 � ��
5
 þ6r 	 �
�  BÏ��ºÑ 
�� r ý ÿ � ÿs©�� ý k�k l,� rr`�� � ÿ���� � rr`�� l ÍJÿ�����þ �4� &\ÔÜØ��M'�öJ0�ÔN��ØHOP.vÖ�0�Õ)&\×RQö#ÖY÷ ô ��ØBSUT > �*�V!

?�ö{ÔnÖ�ØWAE×�÷�×C�*& � Ã���ÿr n þ6kWÿ �.���6� V{��r�k � V| Bé!é!è �
�  Wi�� Ç � Y{þ�` lðþ ��� þ ��
 � � .eÕ\Ö � �MXW×# # ñõ 
 Ø��ZYcÖ�0�Ô\[ ÷ >^]_] 
 ��ØqÔ õ`LW×# ×�ÔaO G%ö{×R'zÖ �pun�n �±Êb���EÅ�Å�Å � 
5l �Wþ ����� � l � 	 � p�� kYqTþ�r 	 �2� l � nY� ] � ÿ�Úøk��� � pun�
5� V\ cé!é!è �

i�i



c Ò Ò Õ ; d Ûfe c

Ï 9<; =N9ÎÙoÕ = Ñ ; d g Õih Û7Ø�Õ =

j ?BA =	IiDN�jIi�W���

k £�¥m£�¥ ã àEâ îml1ê«åGêbë ú à å å\ã ä àEâ
h�l � � Yzþ���þ l r � þ[]�� � ��U"Å�þ n�p Yzþ[`rÿ l `Xþ���� �9� U&� ý ��� l � n Vu��þ6r�kWÿ 
5l � n7l�m�n�p ÿ���� l kRÿ����þ�r 	 � l Å�ÿ��

rrÿRÿW`�� n�l ]vÿ ���wÿ�r n�l r n�p ÿ�Y{þ6��þ l r � rX` n � � kYqTþ�r 	&����	�l ��þ n�p�
 �WV n�p ÿ > �*&�÷D�* [Ö5þ 
 � � ÿ 
 ÿ�r nY��n þ l rrrÿRÿW`�� n�l ]wÿ m´� � n V¶��þ 
 � � ÿ�V � rr`Nÿ�æ�kRþ[ÿ�r n:�2n `rþ6��� ��� Uzþ6r 	 Yzþ[`Xÿ l;l r n�p ÿ���k���ÿRÿr � � n rrÿRÿW`�� n�l`rþ6��� ��� U�þ 
���	 ÿ� m � l�
�� Yzþ[`rÿ l ��ÿW} ý ÿr�kWÿbÅ�þ n�p�l!ý�ncnY� qzþ6r 	3� ��þ 	 rrþfd�k � r n#��
5l!ý r ncl�m ��� l kRÿ��� Ú
þ�r 	�n þ 
 ÿ�V �2ns� � ��n ÿ m´� � n ÿr l�ý�	�pËm0l �3� n�� rr` � ��`aYzþ[`rÿ l ÅìÏ�* � � m0l � y ©_��ªPÈ � © p ÿ-k ý ����ÿr nþ 
 � � ÿ 
 ÿr nY��n þ l r l�mGn�p ÿ > �*&�÷D�* [Ö k �9� ��� {$| ·¶~W�/y�x2± { µ�»r¹ m�ý�� d ��� � n�p ÿ��ÿ���ÿW} ý þ6��ÿ 
 ÿr n � ý ��þ6r 	n�p ÿ-ÄuÚøÅ�þ6rr` l Å��4��Ue� n ÿ 
Ü� þ[]�� � ��UÌÅ´q$r l Å�r � � n�p ÿ-ÄuÚ���ÿ�kY!ÿ��È � �zþ�r�kRÿ-ÄuÚøÅ�þ6rr` l Å��s� ý r�� l r
�� rbUN`rþ�Âwÿ��ÿr nhý rrþ p�� �9�2n�m0l � 
 �RV ý ��þ6r 	Ên�p ÿ � þ�]�� � ��U���� l Yzþ[`rÿ��3� l � nY� ]rþ � þ n U m � l�
íl rXÿ ý rrþfp
��Ue� n ÿ 
¿n�lbn�p ÿ�rrÿqp n �  W� � � nc��� � lbn�� q�ÿ�� m�ý������ `XY � r nY��	 ÿ l�m Ðx��©�ëâ�G� p�� ��ÿW` 
 ÿ 
5l ��Uºÿ�p n ÿ�r���þ l rn�lsn�p ÿ)ÄuÚøÅ�þ6rr` l Å�� � þ�]�� � �kU �ª l�
 � ý�n ÿ���`Xþ���� �9� Ue� � ��ÿ � Y � þ �9� ] � ÿ n�l ` � U n�p��2n�p�� Y�ÿ 
 þ ��� þ l r�� l�m k l���l ���xÅ j i�]rþ n�p�� �l Y!ÿ��h cÝ 
 þ �6� þ l r#È �oá �vÿ� �2n þ�r 	 ��Ue� n ÿ 
 � ��� � l ��� l Y{þ�`rÿ m�ý r�k n þ l r ��� þ n U m0l ����Å�þ n k p þ6r 	 ]wÿ n Å�ÿRÿr`rþfÂ±ÿ���ÿr n ��k��ÿRÿr�`rÿ� n�p ��Å m � l�
 èG]rþ nbn�l Ï j ]rþ n È � � � ��n � � kYqTþ6r 	;� þ�]�� � �kUÊÅ�þ n�p k l���l �b� ý �zÚ� l � n Å´��ÿWÿ n�p ÿh� 
���	 ÿ�_k p�� � n ÿ� m0l � m�ý � n�p ÿ�sþ�r m0l � 
���n þ l r l r,k l���l ��� ý ��� l � n È�V¶��xE�wÎux$t=TXÎ�þ6r
Ä.Í þ���þ l r j ��� l Yzþ[`rÿ m�ý r�k n þ l r ��� þ n U m0l � ���6� � l ����þ[] � ÿs��k��ÿWÿ�ra`rÿ�� n�p � � © p þ�� ���6��l Å��.Ä Í¯þ���þ l r jn�l ]vÿ"� ý r l r � rbU n Ue�wÿ l�m k l��6l �P`rþ6��� ��� U � Y � þ �9� ] � ÿ�V/��ÿ n�n�l5� rbUÊ��k���ÿRÿrt`Xÿ� n�p ]bU n�p ÿ á � �

iT¡



> �*&�÷D�* [ÖY÷ ��� � l ��� l Y{þ�`rÿ m�ý r�k n þ l r ��� þ n U m0l �Z`�� � Å�þ6r 	dl Y!ÿ��^þ 
���	 ÿ��:Å�þ n�p ��þ 
 � � ÿ5� p�� �wÿ��Å´� ý k p'� �-��ÿk nY� r 	�� ÿ�RV l Y ��� �WV � rr` � þ6rrÿ��È�V%��� l Yzþ[`rþ6r 	�� ��þ 
 � � ÿ 
 ÿk p�� rXþ�� 
 m0l � l!ý�n�� þ�rXþ�r 	
n � � kYq�ÿR` m ÿ ��n�ý ��ÿ� � rr` l ]TÄ�ÿk n � �cÇ � � Å�þ6r 	 V � �%Åoÿ �6�O� ����ÿ � ÿ�k n þ6r 	 V � ��ÿ n Å l�l�m>n�p ÿ�þ 
 � l � nY� r nm ÿ �2n�ý ��ÿ� l�m#n�p ÿ > �*&�÷D�* [ÖY÷ m � ��
 ÿ�Å l ��q � �.� 
 ÿr n þ l rrÿW`,þ�r n�p ÿ�©o� � kYqTþ�r 	 k p�� � n ÿ�RV l rrÿ l�mn�p ÿ 
 ÿ n�p�l `�� m0l �^þ6rrþ n þ ��� þ[�Rþ�r 	Ê�dn � � kYq�ÿ���þ��^þ6r n ÿ� � k n þ�Y!ÿ � U�Å�þ n�p�n�p ÿ 
5l!ý ��ÿ �n> �*&�÷D�* [ÖY÷ºþ6rÄ.Í þ���þ l r j ��� l Yzþ[`Xÿ � rÌþ6r n ÿ� m´� kWÿ m0l ���!��ÿ � ÿk n þ�r 	 ����ÿ 	 þ l r�� l r � Å�þ�rX` l Å � h�l ��ÿqp ��
 � � ÿ�Vn�l ��ÿ � ÿk ns� ��ÿk n�� r 	�� ÿ�V n�p ÿ {u| ·¶~W��y�x2±Xµ�»r¹ � ]�� n � � k n þ6r n ÿ� m´� kWÿ���� l Yzþ[`rÿ�� m�ý r�k n þ l r ��� þ n U m0l �
k � þ�kYqTþ�r 	�n�p ÿ 
�l!ý ��ÿ �2n�n�p ÿ ý ���vÿ� � ÿ mÆn k l ��rXÿ� l�m_� ��ÿk nY� r 	�ý��9� �3��ÿ 	 þ l raþ�r n�p ÿ�Å�þ�rX` l Å�V
`�� ��	�	 þ6r 	 þ n.n�l;n�p ÿ �6l Å�ÿ��)��þ 	�p$n k l ��rrÿ�RV � rr`���ÿ � ÿ � ��þ�r 	 � Ð � rTU l�n�p ÿ�)��ÿ 	 þ l r n U/�vÿ��Å´� ý k p� ��ÿ �6� þ6����ÿ��WV � þ�rrÿ��WV l �5Ä ý � n � l þ�r n ��È#k � rg]wÿ)��ÿ � ÿk n ÿW` n�p � l!ý�	�p;n�p ÿhþ6r n ÿ� m´� kWÿ �
k £�¥m£n¤ o ïqp äkà ï à ê å å å îAð1ê
© p ÿ�] � ��þ�ksk ��� ��� l�m1n�p ÿ > �*&�÷D�* [ÖY÷ m � ��
 ÿ]Å l ��qtþ6� n�p ÿ {u| ·¶~W��y�x2±Xµ�»r¹dk �9� ��� � © p þ���þ�� � r� ]�� n � � k n k ��� ���3��� l Yzþ[`rþ6r 	 ��þ 
 � � ÿ�þ�r n ÿ�� m´� kRÿ� m0l �:k���ÿ ��n þ6r 	d� Å�þ�rr` l Å l r n�p ÿ���k��ÿRÿreV � rr`

� ý � p þ�r 	 þ 
���	 ÿ�� n�l�n�p���n Å�þ�rr` l Å � © p ÿ&k ��� ���sþ�� n ÿ 
 � �9��n ÿW` l r n�p ÿ&�rþ p{ÿ �On Ue�wÿ l�m7n�p ÿºþ 
 Ú��	 ÿ n�l ]vÿ�`rþ���� �9� U!ÿR`�]bU n�p ÿ Å�þ�rr` l Å Å n�p ÿ)��k���ÿWÿ�rx`Xÿ� n�p È � ª �9� ����ÿ��%Å p þ�k p þ 
 � � ÿ 
 ÿr ncn�p þ6�m�ý r�k n þ l r ��� þ n U!Vbÿqp n ÿrX` n�p ÿ {u| ·¶~W�/y�x�±Xµ�»X¹�k ��� ��� � {u| ·ù~W�/y�x2± { µ�»X¹�þ�� � r�ÿ�p ��
 � � ÿ l�m ÿqp n ÿrX`{Úþ�r 	Ên�p ÿ {u| ·¶~W�/y�x�±Xµ�»X¹�k �9� ���WV l r n�p ÿ�� rXþfpr� È þ�r ý p@ÿrbYzþ�� l r 
 ÿ�r n Å�þ n�p ÄuÚø��ÿ�kY!ÿ��3� ý ��� l � n ��.� Yzþ�r 	"n�p ÿ � ]�� n � � k n k ��� ��� {u| ·¶~+�/y�x2±Xµ!»X¹s��� l Yzþ[`Xÿ� n�p ÿ ý ��ÿ� l�m Ä.Í þ���þ l r j Å�þ n�psn�p ÿ � ]Xþ � þ n Un�l ��Å�þ n k p ��ÿRÿ 
5� ÿ���� � Ug]wÿ n Å�ÿRÿr l rrÿ n Ue�wÿ l�m k l r�� l�� ÿ n�l�� r l�n�p ÿ�RV ý ��þ�r 	�n�p ÿ3��� l �wÿ�� n þ�ÿ� l�m
� l�� U 
5l ��� p þ�� 
8� rr` � ]�� n � � k n þ l r �

> �*&�÷D�* [ÖY÷ � ��ÿ�þ 
 � � ÿ 
 ÿr n ÿR`-Å�þ n�p�� � n�� rr` � ��`rþ[�RÿW`���ÿ n l�m þ6r n ÿ� m´� kWÿ�� �
Ú�© p ÿ {u|eÁ ´%U�±ZU���t=Thþ6r n ÿ� m´� kWÿc��� l Yzþ�`rÿ� � ��ÿ n7l�m�m�ý r�k n þ l r3��� l�n�l�n U/�vÿ� ý ��ÿR` m0l �E`�� � Å�þ6r 	
� p�� �vÿ� l r n�p ÿ�`rþ���� �9� U � Ñ � k p k l r�� l�� ÿ�k �9� ��� n�p���n � ý ��� l � n �º`�� � Å�þ�r 	 k � � � ]rþ � þ n þ[ÿ��WVÿqp n ÿrr`�� {u|$Á ´%U�±ZU���t=T � rr`�þ 
 � � ÿ 
 ÿr n �þ n � m�ý r�k n þ l rs��� l�n�l�n Ue�vÿ� �Gá rrÿ l�m�n�p ÿ � `XY � rzÚn���	 ÿ� l�m7n�p þ���`rÿ���þ 	 reV �����6l Å�� m�ý r�k n þ l r�� n�l5nY� q�ÿ {u|$Á ´ZU�±ZU���t/T n Ue�wÿ�� � �_� � � ��
 ÿ n ÿ����WV
Å�þ n�p�l!ý/n ]vÿWþ6r 	�n ÿ 
 � ����n ÿR` l r n�p ÿmþ 
���	 ÿ n Ue�vÿ l�m/n�p ÿ � k n�ý���� k l r�� l�� ÿck �9� ��� � �<�wÿ�� m ÿk nÿqp ��
 � � ÿ l�m7n�p þ�� m ÿ ��n�ý ��ÿhþ�r ý ��ÿZþ���Å�þ n�p�n�p ÿ {$| ¡%TVU�WT³{´%TGz$z�Î+µ�x2±JÒRÓ m�ý r�k n þ l reV�Å p þ�k p
l!ý/n�� þ6rrÿ� n�p ÿ n � � kYq�ÿW` m ÿ ��n�ý ��ÿ l r n�p ÿ5k l r�� l�� ÿ � © p ÿgÎ+µ�x2±JÒ�Ó m�ý r�k n þ l r±ë\�"��� l�n�l�n Ue�vÿ�6l/l q$� � þ�q�ÿ n�p þ��RÊ

ibÝ



WZT2�zÍ�t=U�WZTÀµX¼ut/UXÎTÎ6¶5·,¼ut=UXÎTÎ ¸�¹
  x/~Ey {u| ¡ZTVU�Wb³{´ZTTµT¶5·_¸�¹Gz$z�Î+µ�x2±JÒ {u|eÁ ´%U�±ZU���t=T¬¤vÓ>�

Ù ÿ�k ��ý ��ÿ {u|$Á ´%U�±ZU���t=Tðþ6��reë nÊn ÿ 
 � ����n ÿR` l r n�p ÿ,þ 
���	 ÿ n Ue�wÿ l�m:n�p ÿ�k l r�� l�� ÿ�V n�p ÿ
Î+µ�x2± m�ý r�k n þ l r¿` l ÿ��reë n5p�� Y�ÿ n�l ]vÿ n ÿ 
 � �9�2n ÿW` l r n�p ÿgþ 
���	 ÿ n Ue�wÿ �¥Ç ý ÿ n�l�n�p ÿ� l�� U 
5l ��� p þ�k)��� l �vÿ� n þ[ÿ�� l�m ª�ß"ß�V � ��ÿ m ÿ���ÿ�r�kWÿ n�l�� rTU�k l r�� l�� ÿ n U/�vÿZþ 
 � � ÿ 
 ÿr n þ�r 	
n�p ÿ {$|$Á ´%U�±)U���t=TGþ�r n ÿ�� m´� kRÿ:k � rg]wÿ)� � ����ÿR` n�l5n�p ÿ�ÎEµ�x2±JÒ�Ó m�ý r�k n þ l r �

Ú n�p ÿ {$| ¸W�,WZTb´%UX¼©W�~   T^þ�r n ÿ� m´� kWÿ�þ��7��þ 
 þ ��� � n�l)n�p ÿ {u|$Á ´%U�±ZU���t=T^þ�r n ÿ� m´� kWÿ � � n ��� l Yzþ[`rÿ��m�ý r�k n þ l rÊ��� l�n�l�n Ue�vÿ� m0l ����ÿ � ÿk n þ6r 	 ��ÿ 	 þ l r��hÅ0� ý k p,� � � þ�rXÿ�WV���ÿk nY� r 	�� ÿ��WV l � l Y ��� ��È l r
n�p ÿ%k l r�� l�� ÿ#Å�þ n�p&n�p ÿ 
�l!ý ��ÿ � �.�5þ6r n�p ÿ#k � ��ÿ l�m {u|eÁ ´%U�±ZU���t=TrV {u| ¸W�,W)T!´%UX¼©W¶~   TZþ���reë nn ÿ 
 � �9��n ÿW` l r n�p ÿ�þ 
���	 ÿ n Ue�vÿ�V ���6��l Å�þ�r 	 þ non�l ]vÿ ý ��ÿW` � � � � � � ��
 ÿ n ÿ� n�lbm�ý r�k n þ l r��WV
Å�þ n�p�l!ý/n ��ÿW} ý þ6��þ�r 	:n�p ÿ n ÿ 
 � �9�2n þ�r 	)l�mùn�p�l ��ÿ m�ý r�k n þ l r�� l r�þ 
���	 ÿ n Ue�wÿ�� � © l `rÿ 
5l r{Ú� n � �2n ÿ�V n�p ÿ m�ý r�k n þ l r���� l�n�l�n Ue�wÿ m0l � {$| ¡�~E�!³X´%TTµT¶5·8¸�¹Gz$z�~W�%WZT!´%UX¼HW�~   Tr¸+�¶~EWJÒ�Óïþ6�
� p�l Å�r p ÿ���ÿ�Ê
WZT2�zÍ�t=U�WZTÀµX¼ut/UXÎTÎ6¶5·,¼ut=UXÎTÎ ¸�¹
¶ {u| ¡�~E�!³{´ZTTµT¶5·_¸�¹Gz$z�~W�%WZT!´%UX¼HW�~   Tr¸+�¶~EWJÒ {$| ¸W�,WZTT´%UX¼©Wù~   T�¤J·�¼uxE�vÎ©W7¸�¤#Ó>�

© p ÿ���ÿxþ�r n ÿ�� m´� kRÿ�4��� l Yzþ[`Xÿ � ��þ 
 � � ÿ 
 ÿk p�� rXþ�� 
 m0l ��`�� � Å�þ�r 	�� rr`���ÿ � ÿ�k n þ�r 	�l r �
k l r�� l�� ÿ�V�Å�þ n�p�l�ý�n k ��ý ��þ�r 	iý r�rrÿkRÿ��� � �kU�k �[ý�n�n ÿ�� �

j ?q~ s �utgQcOs�¯�

�.� Yzþ�`rÿ l;� rr`dk ��
 ÿ�� ��p�� ��`�Å � ��ÿZ`rÿk���ÿ � ��ÿW`�þ6r,����þ�kWÿ�V 
�� rbUg`rþ�Âwÿ��ÿr n � n�� rr` � ��`�� � rr`
m0l � 
���n � m0l ��� ý ��� l � n þ�r 	 Yzþ[`rÿ l k � ��`���]wÿ�k ��
 ÿ � Y � þ ��� ] � ÿ � Ù1l�n�p�n�p ÿ � `r`rÿW`�k l�
 � � ÿqp{þ n Ul�m k l���l � m � ��
 ÿ 	 � � ]r]wÿ����RV � rX` n�p ÿórrÿ]Åí� l � ý���� ��þ n U l�m `rþ 	 þ n�����l Y!ÿ� � r ����l�	 � nY� rr` � ��`��
Å´� ý k p¾� �^d���ÿ]Å�þ���ÿBÈ&k ��ý ��ÿR`�þ6r�k��ÿ � ��ÿ�þ�r n�p ÿ;� l ����þ�] � ÿ n Ue�vÿ� l�m�m � ��
 ÿ 	 � � ]X]wÿ���� � Y � þ ��� ] � ÿ �© p ÿvT^Ö�wB×C0�ÖY÷ m � ��
 ÿ�Å l ��qaþ�r Ä.Í þ���þ l r j ��� l Y{þ�`rÿ�5� ý ��� l � n5m0l � n�p ÿ 
5l � n k l�
�
5l r n Ue�wÿ��l�m m � ��
 ÿ 	 � � ]r]wÿ���� � rr`�þ 
���	 ÿ-��ÿW} ý ÿr�kWÿ 	 ÿ�rrÿ� ��n�l ���tÅ � r�ÿ�p ��
 � � ÿ-Å l!ý�� ` ]vÿ � r 
 �wÿ 	
� þ�]�� � ��UXÈ�V{þ�r�k �[ý `rþ6r 	 ] l�n�p `rþ 	 þ n���� Å�d���ÿ]Å�þ���ÿcÈ�V � r ����l�	 V � rX` 
 �wÿ 	 �

iT�



k £n¤�£�¥ ã àEâ îml1ê
© p ÿ^`rÿ���þ 	 r l�m�n�p ÿ4T^Ö�wB×C0�ÖY÷ m � ��
 ÿ�Å l ��qLþ6� ��þ 
 þ �9� � n�l�n�p ÿ l�n�p ÿ� k l�
 � l rrÿr n � l�m Ä Í¯þfÚ

��þ l r j,� S ÿk l�	 rrþ��Wþ6r 	�n�p ÿ5��þ 
 þ ��� � � n � ý k n�ý ��ÿ l�m1���6� þ 
���	 ÿ3��ÿR} ý ÿr�kRÿ 	 ÿ�rrÿ� ��n�l ���WV>© p ÿ � ]{Ú� n � � k n k �9� ��� {u|e| ~Ey%T/xbµ�»X¹b��� l Yzþ[`Xÿ� m�ý r�k n þ l r ��� þ n U m0l �_� 	 � � ]r]rþ�r 	 � � ��þ�r 	�� ÿ m � ��
 ÿPÅ � rhþ 
���	 ÿ
þ�r n�p ÿ.��ÿW} ý ÿ�r�kWÿcÈ m � l�
°� Yzþ�`rÿ l `XÿRYzþ�kRÿ � © p ÿbk �9� ����þ�� n ÿ 
 � ����n ÿR` l r n�p ÿ_xRy{zr|J} n Ue�vÿ�Å´r l�n
n�p ÿ �rþ p{ÿ ��n Ue�wÿcÈ�V$Å p þ�k p������6l Å���� ý ��� l � ncm0l � m � ��
 ÿ 	 � � ]X]wÿ���� n�p���n ��ÿ n�ý ��r�þ 
���	 ÿ�3þ6r � Å�þ[`Xÿ
Y � ��þ�ÿ n U l�m k l��6l � m0l � 
��2n �WVù� ý k p�� � ê"��Í^V � �eÍ^V l � S É Ù � � �"Å�þ n�pdn�p ÿ > �*&�÷D�* [ÖY÷ m � ��
 ÿ�ÚÅ l ��q#V p�� Yzþ�r 	:� r � ]�� n � � k n k ��� ������� l Yzþ[`rÿ�� � ]�� n � � k n þ l r n�l)n�p ÿ@T^Ö�wB×C0�ÖY÷ m � ��
 ÿ]Å l ��q#V$� l)n�p��2n
��Å�þ n k p þ6r 	 ]wÿ n Å�ÿRÿr n Å l `rþ�Âwÿ��ÿr n `rÿRYzþ�kRÿ�sþ�����ÿ �9�2n þ�Y�ÿ � U���þ 
 � � ÿ �

XVVideo<T>

XVMpeg<T>

XVDig1394<T> XVImageSeq<T>

XVBt8x8<T>

h þ 	!ý ��ÿ�� �  !Êc© p ÿ�ª �9� ��� Ç þ ��	 � ��
8m0l ��Í¯þ�`rÿ l Ç ÿRYzþ6kWÿ� � © p þ���� p�l Å��b� l�
 ÿ l�m7n�p ÿº`Xþ�Âwÿ��ÿ�r nk ��� ����ÿ� n�p��2n ÿ�p n ÿ�rr` m � l�
8n�p ÿ)Ä.Í.Í þ[`rÿ l k �9� ���

ibè



~ ÛOÔËÑ

� ��
^ý ÿ �%È>� r 	 ��ÿ�kWÿWþfY!ÿR` n�p ÿ Ù#� k p ÿ �6l � l�m �.� n �^þ�r ª l�
 � ý�n ÿ��s�/kRþ[ÿr�kWÿ�Å�þ n�p � ` l!ý ] � ÿ
`rÿ 	 ��ÿRÿtþ�r Ð ��n�p ÿ 
���n þ�k ��� �/kWþ�ÿr�kRÿ� m � l�
Ün�p ÿ ü�l�p r�� � l ��qTþ�r���� rrþfY!ÿ�����þ n U � ��rÞ cé!é!éXV p ÿ]vÿ 	u� r 	 � � ` ý��2n ÿ�� n�ý `rþ�ÿ� � rr`"��ÿ���ÿ � ��k p þ�r3ª l�
 � ý�n ÿ����/kWþ�ÿr�kRÿ ��n:ü�l�p r�� �_l ��qTþ�r��>�_rrþ�Y�ÿ����þ n U
ý rr`Xÿ� n�p ÿ 	!ý þ[` � r�kWÿ l�m ÃG� l�m ÿ��� l � É)��ÿ 	�� ��	 ÿ� �

ibé


