
���������
	����������������������	�	��! "���#�$�&%'���

(�)+*-,/.10�243657)789)+:9)+*�)+3")+3
;=<?>A@�B1CEDGFHFHI�J
KMLONQPRB1C4DHS�NQTVUONQWYXEL
Z9[�\]Z�^ <�X4_a`MPY<9L+bA<

`cLOLd`ce/fRC4e�ghS�NQTiUANQWYX4Lkj�l Z9\�mEnpo7Zqo�o
< nsr XENQ_utwv�x7y4z�{A|E}+|�~YyYy7�Y�a���E�h�Y�q�G�py4���

�a�a� )+3��R242E����:9)]�6��)+3a�
;=<9>]@�BwC4DwFGF�I�J
K�LANQP6BwCEDGS�NQTiUANQWYX4L
Z�[4\]Z�^ <�XE_�`cPY<9L+bO<

`MLAL�`ce/fRCEe�gOS�N�TVUONQW�X4LkjYl Z�\4mEnpo+Z�o�o
< n�r X4NQ_�t1�7v+|E���]|Ez7xY~YyYy+�Y�"���E�R�Y���G�py����

���?�i���p�Y ��M¡ ¢9£¥¤9¦�§�¨'©«ªh¬qw®1©�¯�°�ªR£�¨�§�±a¯+¬#²�¨9ªR³"¬4°4¯�°�ª�±"´
§�£"µ·¶�ª�±a¯]¸«©'§�¤9¦º¹�¯]¯]±"´»¹sªh¬q©�²O¬E±H¼¾½·¯¿²h£a²O¸�À"Á�¯Â²Ã¨9À"¨9¤9¯]¶
©-§�¤�¦Ä²�£aªR§�¨9¯]¸�¯]¨�¨�®"¹s¯+¯]±"´Å¹�ªh¬q©«²A¬E±¥¸�§�£a�©'¦"¯]¬q¯�¤9¦a¯�±a¯]°�ª�±a¯+¬
¦"²h¨M"£aª]©'¸�¯]±aµh¯�ªh¹w²h¸�¸6Æ�¬q¯+Ça§�ªR³a¨�¨9ªR³a¬E°�¯-¨9²h¶�Æ1¸�¯]¨�©'¦�§�¸�¯«¬E¯7´
°4ªR£�¨9¤9¬E³�°�¤9§�£aµÄ¤9¦a¯!Æa¬E¯]¨9¯]£6¤È¨9²h¶�Æ1¸�¯R¼«É«¦"¯�¬q²A¤9¯7´/±�§�¨9¤9ªh¬q¤�§�ªh£
¹s³�£�°4¤�§�ªR£Ê¹sªh¬k²O£¿²O¬qË1§�¤9¬q²O¬qÀÌ¨9ªR³a¬E°�¯�©'§�¤�¦Ê¹s¯+¯]±"´Å¹�ªh¬q©«²A¬E±Í§�¨
±"¯]¬E§�ÇR¯]±Î§�£Ï¤9¯+¬4¶�¨�ªh¹�±�§�¬q¯]°�¤9¯]±Ð§�£a¹�ªh¬E¶�²O¤�§�ªR£G®È²ÑÇ]²O¬E§�²O£�¤
ªO¹Ò¶!³a¤�³a²O¸�§�£a¹�ªh¬E¶�²O¤�§�ªh£H¼�É�¦a¯�¨9Æw¯A°�§�²h¸
°�²O¨9¯A¨dªh¹Ò±a§�¨�°�¬q¯]¤?¯
¶�¯]¶�ªh¬qÀ"¸�¯]¨�¨-¨9ªR³a¬E°�¯]¨�²O£�±·ÓÈ²h³�¨�¨�§�²O£Í¨9ªR³"¬4°4¯A¨#©'§�¤�¦Ê¹s¯+¯]±"´
¹�ªh¬q©�²O¬E±¿²O¬q¯!¹s³a¬q¤�¦a¯+¬�¯+Ô�²h¶�§�£a¯]±H¼«½·¯�²h¸�¨9ª�±a¯+¬E§�ÇR¯�²�¬q²h£"´
±"ªR¶&°�ª�±�§�£aµÈ¯+¬q¬qªh¬�¯+Ô�ÆGªh£a¯]£�¤$©-¦�§�°4¦�§�¨�³�¨9¯]±�¤9ª'ËwªR³�£�±k¤�¦"¯
Æa¬EªOË�²OË1§�¸�§�¤VÀÕªh¹=±a¯]°�ª�±�§�£"µÕ¯+¬q¬qªh¬�¹�ªh¬#²�¨9ªR³a¬E°�¯!°�ª�±a¯ÄÖ»©'§�¤�¦
¹�¯+¯]±"´�¹sªh¬q©�²O¬E±w×-ªh¹�Øw£a§�¤9¯�Ë1¸�ª�°q¿¸�¯]£aµh¤�¦G¼�É�¦a¯�¬q¯A¨�³a¸�¤�¨#²A¬q¯
¤9¦a¯]£�¯+Ô�¤9¯]£�±a¯]±�¤9ª#¹s¯+¯]±"´Å¹�ªh¬q©�²O¬E±k©'§�¤�¦k²h£k²O¬qË1§�¤?¬E²A¬qÀ�±a¯]¸�²]À
¸�²A¬qµh¯+¬#¤9¦a²h£¥¤9¦a¯kË1¸�ª�°EÄ¸�¯]£aµh¤�¦G¼

Ù�ÚHÙ?ÛwÜ�Ý1ÞwßHàHá"Üaâ�ÞGÛ
ãÂNQ@/Uä@/UA<Âe/<9T9<9L7@Ä< r <?e/W4<9LOT9<ÊCED�X4>O>A_QN�T9XE@/NQC�LAåÂNQL]P�C�_QP+N�LAW·åÅ<9L n
åÅCEe�LA<?@pæ�C4e/ç+åÄè Z9é g�@/UO<�>Ae/C4fO_Q< r C4D#åÅC4bAe/T9<ÕT9C+êANQLAWÊæ�Në@/UìåÅN�êA< n
NQL]D�C4e r Xq@/NQC�L�Xq@�@/UO<�êA<9T9C+ê]<?e
è oEé UhXEå�WYXEN�LA<�êdåÅ>R<?T9N�X4_�åÅN�W4LONëíhT9X4LOT?<�B
îM<?e/<�g6@/UO<�<9LAT9C+êA<?e
e/<?>Ae/<9åÅ<9L7@/å�@/UA<«åÅC4bAe/T9<«æ�NQ@/U!X4L�NQLhê]<?ïkfhXEåÅ<�ê
C4Lk@/UO<�ç+LOC�æ�_Q<�êAW4<�@/UOXE@c@/UO<«êA<9T9C+ê]<?e=UOX4åMX4T9T?<9åÅå�@/CÈåÅC r <�T9C4eÅe/< n
_�Xq@/<�êÕåÅN�ê]< n N�L]D�CEe r XE@/NQC�L�B�ðpL�Xk@pñ]>ONQT�XE_$åÅ<?@Å@/NQLOW]g$Xq@'<�XETiU�NQLOå»@VXEL+@
CED�@/N r <4g�@/UO<�åÅC�b]e/T9<!>]e/C+êAbAT9<9ådX�å»ñ r fRC�_còóX4Lhê¿X�å/X r >O_Q<�C4D
@/UA<�åÅNôê]< n NQLAD�CEe r XE@/NQC�L�õÏXE>O>R<�Xqe/å=Xq@M@/UA<«ê]<9T9C+ê]<?e�BMö$UO<
@/N r <�åÅ< n
÷ bA<9LOT9<kCED�<9PY<9L7@/å#XE@È@/UA<Õø�<?LOT9C+ê]<?e�gcêA<9T?C+êA<?e?ùÒæ$C4bO_�êÂ_QC7C�ç¥_QNQçY<
ø�ò#ú�ûÅõ�úiùVû�ø�ò-ü4ûÅõ�ü�ùVû�ø�òÒý�ûÅõ6ýEùVû?þ�þ?þ�ã�<'XEe/<'NQL7@/<?e/<9å»@/<9ê!NQL�T9C4LOåÅN�êA<ie n
NQLAW!XkP4XEe/N�X4L7@ÒC4Dc@/UONQåÒ>]e/C�fO_Q< r g1æ�UA<?e/<È@/UO<?e/<#NQå'X�êA<9_�X9ñ�NQL�@/UO<
åÅN�ê]< n N�L]D�CEe r XE@/NQC�L�XqP4X4NQ_�X4fA_Q<�XE@�@/UO<=êA<9T9C+ê]<?e�BGÿOCEe�N�LAå»@VX4LAT9<�gANQD"@/UO<
ê]<9_�X9ñ�NQå [ @/N r <�bOLANQ@/å9gO@/UO<�åÅ< ÷ bO<9LAT9<�C4DG<9PY<?L+@/åcXq@�@/UO<Èø�<9LAT9C+êA<ie�g
ê]<9T9C+ê]<?e?ù6æ$C4bO_�ê�fR<�ø�òdú?û���ùVû9ø�ò'ü4û���ùVû�ø�ò-ý�û���ùVû9ø�ò � ûÅõ�úiùVû9ø�ò��4ûÅõ�ü�ùXELhê�åÅC�C�L�B'ã�<Òæ�C�bO_�ê�_QNQçY<-@/CkXELhXE_Qñ��9<-@/UANQå
>Ae/C�fA_Q< r C4D�åÅC4bAe/T9<
T?C+êANQLOWÒæ�Në@/Ukê]<9_�X9ñ7<�êdåÅN�ê]< n N�L]D�CEe r XE@/NQC�L�B
ÿAe/< ÷ bO<9L7@/_ëñÈ@/UO<�åÅN�êA<�NQLAD C4e r XE@/NQC4Lkõ¾NQå�X-LAC�NQå»ñdPY<?e/åÅNQC�LkCEDwò�B

ö$U+bAå9gHæ�<�æ$C4bO_�êÕ<iïA>R<?T?@-@/UhXq@'õ�ú-fR<då»@Åe/C�LAW�_ëñÕT9C4eÅe/<9_�Xq@/<�êÕæ�Në@/U
ò#ú�g+õ�ü�æ�Në@/UÈò'ücX4LOê-åÅC«C4L"BGJ+bOTVUÈX r C+ê]<9_Oæ�C�bO_�ê'fR<�e/<9_Q<9P�XEL7@�NQL
XE>O>A_�NQT�Xq@/NQC�LOåGNQL+PYC�_QP+NQLOW�<?å»@/N r Xq@/NQC�L-CED6X4L-NQL]D�C4e r Xq@/NQC�LÒíO<9_�êdø�<�B W�X
åÅ<?N�å r NQT
	EX4T9C4bOå»@/NQT�åÅNQW�LOX4_ ù"NQLÒXcåÅ<9LOåÅCEe1LO<?@sæ$CEe/ç6B�`ÕLAC+êA< r X�ñ=UhX�PY<
@/C�<9å»@/N r XE@/<�ø�T9C r >Ae/<9åÅåÅ<�êhù«åÅNQW�LhXE_Qåde/<9T9<?N�P�<�êÄD e/C r C4@/UO<iedLAC+êA<9å
XELhê#>Ae/C7T9<9åÅå�@/UO<?åÅ<
åÅN�W4LhXE_�åcNQLde/<�XE_ n @/N r <�BGîMCqæ�<9PY<?e�g]@/UO<�åÅN�W4LhXE_"@/C
fR<�<9å»@/N r XE@/<�ê r N�W4U7@�fR<�X�P�XEN�_�XEfO_Q<�XE@�@/UA<=LOC+ê]<
N�L�XÒê]<9_�X�ñY<�ê�XELhê
>R<ie/UhX4>Aå9g$LAC�NQå»ñ�D�CEe r g$N�B <�BQg�@/UO<ie/<�NQåÈX�D <9<�ê n D C4eÅæ�XqeVêÄ>OXE@/U�D e/C r
@/UA<kåÅC�b]e/T9<�@/C�@/UO<�ê]<9T9C+ê]<?e�B·ö$U+bAådXELÂ<��'T?N�<?L+@dê]<9T9C+êA<ie r bOå»@
@VXEçY<cN�L7@/C�X4T?T9C�bAL+@�X4_Q_h@/UO<cNQLAD�CEe r XE@/NQC�LdX�P�XENQ_ôXEfO_Q<Mæ�UANQ_�<=êA<9T9C+ê]NQLOW
X«>hXEeÅ@/NQT9bA_�XEecå/X r >A_�<4B
ðpLd@/UANQå$æ$C4e/çRg]æ$<=T?C�LOåÅN�ê]<?eMX4L�N�ê]<�X4_QN��9<�ê�P�<?e/åÅNQC�L�CED�@/UONQå�>]e/C�f n

_Q< r T�X4_Q_Q<�êdåÅC4bAe/T9<�T9C+êANQLOW�æ�Në@/U#D <9<�ê n D C4eÅæ�XqeVê�è [4é BwðpLÈ@/UONQå r C+ê]<9_�g
æ�<-XEåÅåÅb r <
@/UhXq@=LOC4NQåÅ<9_Q<9åÅå
åÅC�b]e/T9<Òå/X r >O_Q<9å=Xqe/<-X�P4X4NQ_�X4fO_Q<�æ�NQ@/U!X
ê]<9_�X9ñ�XE@«@/UO<#êA<?T9C+êA<?e�gGN�B <�B�õ�Ðò!B�ö$UANQåÒNQå r <�XELONQLOWED�bA_�C�LA_ëñ
ú���������������������� ��!�"#"$���&%('�)+*-,/.10-2435�7698:�(��;-%(�=<7<�6?>5@�A�B�C
D
E�F

��;�)�<7<�6?>G@�B-E�C
D�A�F#H

æ�UA<9LÒ@/UA<�D <9<�ê n D C4eÅæ$XEeVêÈêA<9_�X9ñ-NQå�XE@H_�<9X4å»@1IKJ Z gYæ�UA<?e/<�@/UO<�fO_QC7TVç
_Q<9LAW4@/U!N�åLI�B'î�C�æ$<?PY<?e�g�D�C4e«X#W�<9LA<?eVX4_Gõ#gaX4L7ñ!êA<?_ôX9ñ�_Q<�X4êAå
@/C�X
P4X4_QN�êd>]e/C�fA_�< r B
MON�P �Y� NRQTS�U �RV t-ö$UO<'>]e/C�fO_Q< r CED�åÅC�bAe/T?<#T?C+êANQLOW�æ�Në@/U�LOC4NQåÅ< n

_Q<9åÅå�D�<?<�ê n D�CEeÅæ�XqeVêÕXqe/C�åÅ<ÈNQL�@/UO<'T?C�L7@/<?ï+@�C4D�T9C r >R<?@/Në@/N�P�<'>Ae/<�ê]N�T n
@/NQC4L¿N�L è j é BºðpLÂ@/UOXE@d>hX4>R<ie�g�Në@#æ�X4å�åÅUOC�æ�L¿@/UhXE@#D�CEe�ðÅðs; ê]NQå n
Tie/<?@/<�åÅC�bAe/T?<9å9gRD�<9<9ê n D�CEeÅæ�XEeVê�êAC7<?åMLAC4@�e/<9êAbOT?<�@/UA<
C�>]@/N r XE_aeVXE@/< n
ê]NQå»@/C4eÅ@/NQC�L-D bOLOTi@/N�C4L'X4LOê«@/UO<�C4>A@/N r X4_]<?eÅe/CEe n <iïA>RC4LO<9L7@wæ�Në@/U'fO_QC7TVç
T?C+êANQLOW]B�`�e/C�bALhê!@/UA<då/X r <È@/N r <�g1@/UA< r C+êA<9_HC4DcåÅC�b]e/T9<dT?C+êANQLOW
æ�Në@/U'D�<?<�ê n D�CEeÅæ�XqeVê#æ�XEå�êA<iíhLO<9ê-N�L�è [Eé XELhêÈX�åÅN r >A_�<4g]êA<?@/<?e r NQLAN�å n
@/NQT=T?C+êANQLOW'åÅTVUO< r <c@/C'X4TVUONQ<9P�<=@/UO<�eVXq@/< n êANQå»@/C4eÅ@/NQC�L�fRC�bOLOê#D C4e�X4L
ðÅðs;XW=XEbOåÅåÅN�X4L�åÅC4bAe/T9<=æ�Në@/U#D�<9<�ê n D�C4eÅæ$XEeVê�æ$X4åcêA<9åÅTie/N�fR<9ê�BH`$@$@/UO<
@/N r <�C4DHæ�e/NQ@/NQLAW�@/UONQå=>OX4>R<?e�g�æ$<ÒX4_QåÅC�fR<9T�X r <-X9æ�Xqe/<-C4D$X4LAC4@/UO<ie
e/<?_ôXq@/<�êdæ�C4e/ç�è Y é g]æ�UONQTVU�W�NQPY<?åMX«T9C+êANQLOW'å»@ÅeVXq@/<9W4ñ#@/C'XETiUAN�<?PY<=@/UO<
eVXq@/< n êANQå»@/C4eÅ@/NQC4LdfRC4bOLhê-D C4e�XEL+ñÒíhLONë@/< n XE_�>AUhXEfR<?@�g+ðÅðp;ÊåÅC�b]e/T9<Mæ�Në@/U
D <9<�ê n D C4eÅæ$XEeVê�BGö$UA<$>Ae/C4fO_Q< r CEDRåÅC�b]e/T9<�T9C+êANQLAW=æ�NQ@/U�D�<9<9ê n D�CEeÅæ�XEeVê
NQåHX4_QåÅC
e/<9_�XE@/<�êÒ@/C
åÅC4bAe/T9<�T9C+ê]NQLOW
æ�Në@/UÈX
êA<9_�X9ñ n ê]<9>R<9LOêA<9L7@wê]N�å»@/CEe n
@/NQC4LdD�bALOT?@/NQC4L�è Z é B
ö$UO< r XEN�L�e/<9åÅbA_Q@/å
CED�@/UAN�å�>hX4>R<ie�T�X4L�fR<-åÅb r'r Xqe/N��9<�ê�X4å=D C�_ n

_QC�æ�å9t
Z B
ö$UO<�C4>A@/N r X4_�eVXE@/< n êANQå»@/CEeÅ@/N�C4L·D�bALOT?@/NQC�L·D C4e�W�<9LA<?eVX4_'ê]NQå n
T?e/<?@/<ÕåÅC�b]e/T9<9å�æ�NQ@/UÑXÂW4<9LO<?eVXE_ÈêANQå»@/C4eÅ@/NQC4L r <9X4åÅbAe/<ÕXELhê
æ�Në@/UÃLAC�NQåÅ<9_Q<9åÅåkD�<9<9ê n D�CEeÅæ�XEeVê6g\[ ]
]AøG^#ùVg�NQåkW�NQPY<9LÌf7ñ¿@/UO<
r NQLON r b r CEDG@/UA<�êANëe/<9T?@/<9ê�NQLAD�CEe r XE@/NQC�L�D bOLAT?@/NQC�L�è _ éa` C�æ n
NQLOWkD e/C r @/UA<'e/<9T9C�LAå»@Åe/bOT?@/NQC4L�@/C�@/UA<ÈåÅC�bAe/T?<�Bb[ ]
] øG^#ù�c
[ÒøG^#ùVgRæ�UA<?e/<d[ÒøG^#ù�êA<9LAC4@/<9åM@/UO<�C�>A@/N r XE_wJ]UOX4LOLAC�LkeVXE@/< n
êANQå»@/CEeÅ@/N�C4LdD bOLOTi@/N�C4L'D�C4e�@/UA<MåÅC4bAe/T9<cæ�Në@/UOC�b]@$D�<?<�ê n D�CEeÅæ�XqeVê�B

o B
ö$UO<M>R<?eÅD�CEe r X4LAT9<�CEDa@/UO<cfR<9å»@�>RC4åÅåÅNQfO_Q<=åÅC�b]e/T9<�T?C+êA<Òø�æ�Në@/U
D�<?<�ê n D�CEeÅæ�XqeVêRùMC4DGeVXE@/<e[«g6ê]N�å»@/CEeÅ@/NQC�Lf^ X4LOê�fA_QC7Tiçk_Q<9LAW4@/U
I&NQåMTVUhXqeVX4T?@/<ie/Ng�?<�ê�f7ñdX4L�<?eÅe/CEec<?ï]>RC�LO<?L+@�B1ã�<
>Ae/CqP+N�êA<
X
eVX4LOêAC r T9C+ê]NQLOWÈ<?eÅe/C4e�<?ï]>RC�LA<9L7@�hOiOj ]
] øG[«ûR^#ù�X4Lhê�åÅUAC�æ
@/UhXq@ÒNë@«NQå«WEe/<�XE@/<?e«@/UhXEL�C4e«< ÷ bhX4_G@/C�@/UO<'eVX4LOêAC r T?C+êANQLOW
<?eÅe/CEeM<iïA>RC4LO<9L7@�æ�Në@/UOC4bA@�D�<?<�ê n D�CEeÅæ�XqeVê�B

[ B
ÿO<9<9ê n D�CEeÅæ�XEeVê«êAC7<9å1LAC4@wê]<9T?e/<�XEåÅ<$@/UO<GeVXE@/< n êANQå»@/CEeÅ@/N�C4L«D bOLOT n
@/NQC�L�C4DGW4<9LO<?eVXE_wêANQåÅT?e/<?@/< r < r C4eÅñ]_Q<9åÅå�åÅC�b]e/T9<9å�æ�Në@/U r < r-n
C4eÅñ]_Q<9åÅåMêANQå»@/C4eÅ@/NQC4L r <�X4åÅb]e/<9å9B

ðpLkJ+<9T?@/NQC�L o æ$<�W�NQPY<�X�D�X4Nëe/_ëñ�D C4e r XE_aê]<?íhLANQ@/NQC4L�C4D�@/UA<�X4fRCqPY<
åÅC4bAe/T9<dT9C+êANQLAW r C+ê]<9_�X4LOê�@/UO<�NQL7@/bONë@/NQC�L�fR<9UANQLhê�@/UO<#>Ae/C4>RC�åÅ<�ê
XE>O>]e/CYX4TVU"B
ã�<�@/UA<9L�W�NQPY<�@/UO<«eVXq@/< n êANQå»@/C4eÅ@/NQC4L�@/UA<9C4e/< r D�CEe�W�<9L n
<ieVX4_�åÅC�b]e/T9<9å'NQLÂJ+<9T?@/NQC�L [ BÄðpL�@/UhXq@'åÅ<9T?@/NQC�L�g�æ�<kX4_QåÅC�T9C4LOåÅN�êA<ie
@sæ$CdåÅ>R<9T9N�X4_wT�XEåÅ<9å n ê]NQåÅT?e/<?@/< r < r CEeÅñ]_�<?åÅå=åÅC�b]e/T9<9å�X4LOêkW=XEbOåÅåÅN�X4L
åÅC4bAe/T9<?å9BmlMX4LOêAC r T9C+êANQLAW�<?eÅe/C4e#<?ï]>RC4LO<9L7@/åÈXEe/<kT?C�LOåÅN�ê]<?e/<�ê¥NQL
@/UA<�W�<?LO<?eVXE_�åÅ<?@Å@/NQLOW�N�L¿J]<9T?@/NQC4LÂjABÌã�<�<iï]@/<?LhêÄC4bAeÈe/<9åÅbA_Q@/å'@/C
D <9<�ê n D C4eÅæ$XEeVê�æ�Në@/U�XELkXEe/fANQ@ÅeVXqeÅñ�ê]<9_�X9ñ�NQLkJ+<9T?@/NQC�L+Y+B

ÙqÙ�Ú:ndo?prq�ÞGàwÝ1áspTtÒÞGßGâ�Ûvu9wÌÞGß?psx
y{z�|�}�~��-���
���a�������
�+�-���(z ö$UA< r C+ê]<9_-NQå�åÅUOC�æ�L NQLÑÿ�N�W n

b]e/< Z BÊI�C�LAåÅN�êA<?edX�ê]NQåÅT?e/<?@/<�åÅC4bAe/T9<kò æ�Në@/U�Id@/UÄCEeVêA<?eÈ>]e/C�f n
XEfONQ_QNë@pñ�êANQå»@Åe/NQfObA@/NQC4L��a���=gwX4_Q>OUOX4fR<?@d� X4Lhê�e/<9T9C�LAå»@Åe/bOT?@/NQC4L�X4_ n
>AUhXEfR<?@���dBÌö$UO<?e/<kNQå#X4L¥X4åÅåÅC7T9N�Xq@/<�êÊêANQå»@/C4eÅ@/NQC�L r <�X4åÅb]e/</� i t



X Encoder
Rate R

Decoder X
^

Delay

2 � � H$E�� J]C4bAe/T9<
T?C+êANQLOW-å»ñ]å»@/< r æ�Në@/U�D <9<�ê n D C4eÅæ$XEeVê�B

� i�� �� i��	��
 B1ã�<�X4åÅåÅb r <�@/UhXq@�� i ø»þQû9þ ùHNQå�LOC4e r XE_QNg�?<�ê#æ�Në@/U
e/<?åÅ>R<9T?@1@/C I¾X4Lhê�NQå1bOLONëD C4e r _ëñ�fRC�bOLOêA<�ê
NQLdI�BwÿOC4ew<iïOX r >O_Q<�g � i
T?C�bO_�ê-fR<MX r < r C4eÅñ]_Q<9åÅåHêANQå»@/C4eÅ@/NQC4L r <9X4åÅbAe/<4g7N�B <4B�g�� i ø� i û��� i ù7úi�� i� � ú �

� ø� � û��� � ùHD�C4ecåÅC r < � � t � � �� �	��
 û����ÅB
ÿOC4e-X�åÅC�bAe/T?<dT9C+ê]<ÈC4DcfO_QC7TVç�_Q<9LOWE@/U�I XELhê�eVXq@/< [�g1@/UO<È<9L n

T?C+êA<?e
NQå
X r XE>O>ONQLAWÈ@/C#XEL!NQLhê]<?ï�åÅ<i@�t��'t � i���� Z û�þ9þ9þ?û o i��! B
ö$UA<�ê]<9T9C+ê]<?e«e/<?T9<9NQPY<9å�@/UO<#N�LOêA<?ï�@ÅeVX4LAå r Në@Å@/<�ê�f7ñ!@/UA<#<?LOT9C+ê]<?e�g
XELhêÒ@/C
e/<9T9C4LOå»@Åe/bAT?@H@/UA<"�u@/U'å/X r >O_Q<�g7Në@�UhX4åHX4T?T9<9åÅå�@/C�X4_Q_O@/UA<�>hX4å»@
ø��� Z ùcå/X r >O_Q<9åMC4DG@/UO<�åÅC�b]e/T9<�B
ðsLkC4@/UO<ie=æ$CEeVêAå9gR@/UO<«êA<?T9C+êA<?e�NQå
X-åÅ< ÷ bA<9LOT?<�CED r X4>A>ONQLOW4å$# � t � Z û�þ9þ9þ9û o i!�  %� �

� j ú�� ���û&�7
Z û9þ�þ9þ9ûRI!B('�<?@)�� i ê]<9LOCE@/<�@/UA<�e/<9T?C�LOå»@Åe/bAT?@/NQC�L�C4DG@/UO<�åÅC�b]e/T9<ÒåÅ< n
÷ bA<9LOT9<�� i B�ã�<�æ$X4L7@G@/C r NQLAN r N��9<�h'è � i ø�ò i û �ò i ù é D C4e�X=W4NQPY<9L
eVXq@/<L[«BGÿOCEe�XEL7ñ/^�gA_Q<?@ [ ]
]OøG^#ù�êA<9LAC4@/<=@/UA<=NQLAí r b r C4D?[ÃCqPY<?e
XE_Q_O<9LAT9C+êA<?e�êA<?T9C+êA<?eG>OX4Nëe/åGD C4e�X4L7ñ«fO_QC7Tiç�_Q<9LOWE@/U�IÏåÅbOTVU«@/UOXE@w@/UO<
ê]NQå»@/C4eÅ@/NQC�L�NQå�_Q<9åÅåc@/UhX4L/^�BMð�@cN�åcæ$CEeÅ@/U+æ�UANQ_�<�LOCE@/NQLOW'@/UhXq@MåÅC4bAe/T9<
T?C+êANQLOWÒæ�Në@/U#D�<9<�ê n D�C4eÅæ$XEeVê�T9X4L�fR<=T?C�LOåÅN�ê]<?e/<�ê#@/UA<
êAbOX4_6>Ae/C4fO_Q< r
è l é g�è m4é C4D1TVUhXELOLO<?_"T9C+ê]NQLOWÒæ�Në@/U�D <9<�êAfOX4TVçRB
ö$UO<�e/<9_Q<9P4X4LAT9<=CED�@/UONQå�>Ae/C4fO_Q< r <iï]@/<?LhêAåHfR<?ñ7C4Lhê'@/UO<
XE>O>O_QNQT�X n

@/NQC4L�C�bA@/_QNQLO<9ê�N�LÕJ+<9T?@/NQC�L�ðVB�`Må«X4L�<?ïAX r >O_Q<�g1T9C4LOåÅN�êA<ie-Xkå»@/C7TVç
r Xqe/çY<?@
W�X r <«N�L�æ�UONQTVU!æ$<«æ�X4L7@
@/C�>]e/<�êANQT?@�@/UO<-åÅUOXEe/<->]e/N�T?<-C4D
åÅC r <�T9C r >OX4L7ñ#CEP�<?e=XEL I êAX9ñ�>R<?e/NQC+ê6B$'"<?@c@/UO<�åÅUhXqe/<«>]e/NQT9<�C�L
êAX9ñ*�1fR<�ò � B�+�LÈ@/UO< r CEe/LONQLOW�CEDa@/UO<,��@/U�êAX�ñ7g7æ�<=UhX�PY<c@/C r XEçY<
C4bAecW�bA<9åÅå �ò � BGðpLd@/UA<=<9PY<?LONQLOW]gAæ�<
ç]LAC�æÍò � n @/UA<
X4T?@/bOX4_"T9_QC�åÅNQLOW
>]e/NQT9<=C4D"@/UO<MåÅUhXEe/<MD�C4e�@/UOXE@�êAX�ñ7B-'"<?@��Rø�ò � û �ò � ùHfR<=X r <9X4åÅbAe/<MC4D
C4bAe�W4bO<9åÅåÅNQLAW-<?eÅe/C4e�B/.MC4@/<M@/UOXE@$@/C r X4çY<cC�b]e�W�bA<9åÅå �ò � g+æ$<=ç+LACqæ
ò
� j ú gR@/UO<�X4T?@/bOX4_1åÅUOXEe/<�>Ae/NQT9<9å=CEDw@/UO<�>Ae/<9P+NQC�bAå=êOX9ñ]å9B�ã�<�æ�XEL+@

@/C!>O_�X9ñ�@/UONQå'W�bA<9åÅåÅNQLOW�W�X r <dCEP�<?eÈX4L�I êOX9ñ�>R<?e/NQC+ê6B¿ÿOb]eÅ@/UO<?e
åÅbA>O>RC4åÅ<=@/UhXE@MXq@c@/UA<=fR<9W4N�LALONQLOW'CED�@/UONQå�>R<?e/NQC+ê�gAæ$<�UhX�PY<�åÅC r <�X
>]e/NQC4e/N1NQLAD C4e r XE@/NQC4L�X4fRC4bA@=êAN106<?e/<9L7@
>RC4åÅåÅN�fA_Q<-åÅT9<9LOXEe/NQC�å
CqPY<?eM@/UO<
LA<?ï+@ I êAX9ñAå9B�ÿOC4eM<?ïAX r >A_�<4gO@/UO<
åÅT?<9LhXqe/N�C4å=T9C4bO_�ê�fR<
åÅC r <?@/UANQLOW
_QNQçY<

2 J]T9<?LhXEe/NQC Z t$;=< r XELhê#UONQW�UkNQL�@/UA<�@/UANëeVêdæ$<9<?ç6gO_QCqæÃNQL�@/UO<
íODô@/Udæ$<?<9çRgO_�X9ñ7C306å�NQL�åÅNëï+@/Udæ�<9<9çRB

2 J]T9<?LhXEe/NQC o t541e/NQT9<-NQLONë@/N�X4_Q_ëñ�å»@/<9X�ê]ñ76"T9C r >OX4L7ñke/<9åÅbA_Q@/å
<iï n
>R<9T?@/<�ê�@/CÈfR<�W�C7C+ê6g"êA<9T9_�Xqe/<�êkC�L�êOX9ñ98!gRå»@/<�X4ê]ñkNQLAT?e/<�X4åÅ<
XEDô@/<?e�@/UhXE@�B

2 þ9þ9þ
2 J]T9<?LhXEe/NQC o i!� B

ö$UA<cX�>]e/NQC4e/NhNQLAD C4e r Xq@/N�C4L'@/<9_Q_�åHbOåwæ�UONQTVU'C4D6@/UO< o i�� åÅT9<9LOXEe/NQC�åHNQå
e/<?_�<?P�XEL+@cD�CEe�@/UA<\I êOX9ñ�>R<?e/NQC+ê�B�ö$UO< ÷ bO<9å»@/NQC�Lkæ�<«XEåÅç�NQå9t,+�PY<?e
@/UA<=I êAX�ñ�>R<?e/NQC+ê�gRNëDwæ$<�æ�XEL7@=C�b]e=X�PY<ieVX4W�<�>Ae/<9êANQT?@/NQC�L�<?eÅe/CEe�@/C
å/Xq@/NQå»D ñ

Z
I

i: � � ú
�Rø� � û��� � ùvc ^�û

æ�UOXE@�NQå�@/UO< r N�LAN r b r X«>]e/NQC4e/N�N�L]D�CEe r XE@/NQC�LdLO<9<�ê]<�ê<;=.�C4@/<M@/UhXE@
Në@ r X4çY<?å«åÅ<9LAåÅ<'D�C4e«@/UO<ÈL+b r fR<?e�C4Dc>RC�åÅåÅNQfA_�<dåÅT9<9LOXEe/NQC�åÒ@/CkWEe/C�æ
XEå o i�� åÅN�LAT9<Òæ�<Òæ�NQ_�_GLO<?<�ê r C4e/<ÒNQL]D�C4e r Xq@/NQC�L!@/C r X4NQL7@VX4NQLk@/UO<
å/X r <'_Q<9PY<9_GC4D�>R<?eÅD C4e r XELOT9< ^ X4å\I W�<?@/å�_�XEe/W�<ie�B�I�_Q<�XEe/_ëñ7g1@/UAN�å

Encoder Decoder Test Channel

DelayDelay

X ^
XRate R X

2 � � H�B>� J]C4bAe/T9<
T?C+êANQLOW-å»ñ]å»@/< r æ�Në@/U�D <9<�ê n D C4eÅæ$XEeVê�B

>]e/C�fA_�< r C4D,? >]e/<�êANQT?@/NQC�L!æ�NQ@/U�X�>Ae/NQC4e/NGNQLAD C4e r XE@/NQC4LA@"N�å�N�êA<?L+@/NQT�XE_
@/C«åÅC�b]e/T9<�T9C+êANQLOW«æ�NQ@/UdD�<9<�ê n D�C4eÅæ$XEeVê6B
B z�CED5} �GF �(�GHJI��>K
~ }��+���LD&~ �az ö$UA<�ê]Nëe/<9T?@/<�ê�NQLAD�CEe r XE@/NQC�L
D bOLOT n

@/NQC4LÈæ$X4å�NQL7@Åe/C+êAbAT9<�ê'f7ñÈS�X4åÅåÅ<iñ!è _ é XELhê'UhXEå$fR<9<9LÈbAåÅ<�ê-@/C«TVUhXqe n
XET?@/<?e/N��9<=@/UA<
T�X4>OX4T9Në@pñdC4D�TiUOX4LOLA<9_Qå�æ�NQ@/UdD�<9<�ê]fhXETiç�è Z�\4é è Z�Z�é B
M ¯7Øw£�§�¤�§�ªR£ONh¼QPSR N+Q>T � N  �� NRQUTWVYX U �[ZÒ�Y� T5U>V)\ U>]^TWV`_EX � U Z ��� NGa
bGc NdV   N�e i � U �#� N bGc NdV   N(f i T � Q Ng^V NRQ �4�

hhøie i � f i ù7
i:
j � ú

hhøie j 6kf jAl f j j ú ù/þ ø Z ù

.�C4@/<
@/UOXE@c@/UO<�êA<iíhLONë@/NQC�LkNQåMåÅN r NQ_�XEeM@/C-@/UhXq@�CED r bA@/bOX4_�NQLAD�CEe n
r Xq@/NQC�L�hhøie i 6mf i ùÒ<?ï]T9<9>A@'@/UOXE@È@/UO< r bA@/bOX4_�NQLAD C4e r XE@/NQC4LÂUhXEåe i NQLAå»@/<�X�ê�CED/e j N�L#@/UO<=åÅb r'r XE@/NQC�LdC�L#@/UO<=e/NQW�U7@�B
ö$UO<#êANëe/<9T?@/<9ê�N�L]D�CEe r XE@/NQC�L�UOX4å«X�LONQT9<'NQL7@/<?e/>Ae/<?@VXq@/NQC�L�NQL�@/UO<

T?C�L7@/<?ï+@aCED]C�bAea>Ae/C4fO_Q< r Baö$UO<HêANëe/<9T?@/<�ê
NQLAD C4e r Xq@/N�C4L ` C�æ�NQLOW�D e/C r�ò i @/C-ò i T�X4LdfR<=æ�e/NQ@Å@/<?LkX4å
hhø �ò i � ò i ù7

i: � � ú
hhø �ò

�
6»ò � l ò

� j ú ù

nhhø �ò i 6/ò i ù��
i: � � ü
hhø�ò

� j ú 6 �ò � l �ò
� j ú ùVþ

ø o ù

ã�<�ç]LAC�æ·@/UhXq@�D�CEe
@/UO<�bOåÅbOX4_1åÅC�b]e/T9<ÒT?C+êANQLOW#>Ae/C4fO_Q< r ø�æ�Në@/U n
C4bA@�D�<?<�ê n D�CEeÅæ�XqeVêRùVgh@/UA< r bA@/bOX4_6NQLAD C4e r XE@/NQC4Lohhø�ò i 6 �ò i ùHe/<9>Ae/< n
åÅ<?L+@/å1@/UA< r N�LAN r b r L+b r fR<ie1C4D6fANQ@/åGLO<?<�êA<�ê�@/C�e/<9>Ae/<?åÅ<9L7@Hò i f+ñ�ò i BaãÂNQ@/U«D�<9<�ê n D�C4eÅæ$XEeVê6gY@/UO<�ê]<9T9C+ê]<?eGç]LAC�æ�åw@/UA<�å»ñ r fRC�_Qå1ò

� j ú
@/Cde/<9T9C�LAå»@Åe/bOT?@ �ò � B�ö$UONQåÒNQå�e/< ` <9Ti@/<�ê�NQL�@/UO<-@/<ie r å�åÅbAfA@ÅeVXET?@/<�ê
Dôe/C r hhø�ò i 6 �ò i ù�N�LÄø o ùVB�ø o ù=å/X9ñ]å
@/UhXq@�åÅN�LAT9<-@/UO<ÒN�L]D�CEe r XE@/NQC�Lhhø�ò � j ú 6 �ò � l �ò

� j ú ù$N�åMX4_ëe/<�X4ê]ñ�ç]LAC�æ�L�@/UAe/C�bAW�U�@/UA<=D�<9<9ê n D�CEeÅæ�XEeVê
_QNQLOçRg7æ�<
LO<9<�êÈLOCE@�åÅ>R<9LOê#fANQ@/å$@/C«T9C+êA<M@/UONQå$NQLAD C4e r XE@/NQC4L"B�I�C�LAåÅ< n
÷ bA<9L7@/_Qñ7gANë@
NQåMe/<�XEåÅC�LOX4fO_Q<�@/C#<iïA>R<?T?@�@/UOXE@c@/UO<«êANëe/<9T?@/<�êkNQLAD C4e r X n
@/NQC4L-TiUOXEeVXET?@/<?e/N��9<9åG@/UO<�eVXq@/< n êANQå»@/C4eÅ@/NQC�L-D bOLAT?@/NQC�LÒD C4eHåÅC�bAe/T?<9åGæ�Në@/U
D <9<�ê n D C4eÅæ$XEeVê�B
ã�<
T�XEL�X4_QåÅC'NQL+@/<ie/>Ae/<?@�@/UO<�ê]Nëe/<9T?@/<�ê�NQLAD C4e r Xq@/N�C4LkNQL�@/<?e r å�C4D

@/UA<�fhXETiç7æ$XEeVêÕ@/<?å»@ n TVUhXELOLA<9_ �ò i �¥ò i BÌ`ÐåÅC�b]e/T9<kT9C+êA<�æ�Në@/U
D <9<�ê n D C4eÅæ$XEeVê'T�X4L'fR<�@/UAC�bOW4U7@�CEDaXEå�UOXqP+NQLOW=D <9<�ê]fhX4TVçÒNQL-@/UA<�@/<?å»@ n
TVUhXELOLA<9_cX4LhêÕ@/UO<�êANëe/<9Ti@/<�ê¥NQLAD C4e r XE@/NQC4LÂW�NQPY<9åÈ@/UO<�N�L]D�CEe r XE@/NQC�L
` C�æÌ@/U]e/C�bAW�Ud@/UA<=TVUhX4LALO<9_6æ�Në@/U�D�<?<�êAfOX4TVç6B

ÙqÙqÙ�Ú:ndo?pQpEqRÜ�p�rdsdâutEÜwÞwÝhÜ�â�ÞGÛ9ndo?p"ÞwÝ�pAvxwhÞwÝy Ý-z"â�Ü�Ý-qwÝ|{�q�ÞwàGÝ�á�pAt
ðsL#@/UANQå$åÅ<9T?@/NQC�L�gAæ�<�íOe/å»@cê]<9åÅT?e/NQfR<�@/UA<=X4>A>hXqeVXE@/bOå$æ�<�æ�NQ_Q_"bAåÅ<�D�CEe
>]e/CqP]NQLAWkT9C+êANQLOW�@/UO<?C4e/< r å�D�C4e-åÅC�bAe/T?<9åÒæ�Në@/U�D�<9<�ê n D�C4eÅæ$XEeVê6B�ã�<
NQL7@Åe/C+êAbAT9<'T9C+ê]< n D�bOLAT?@/NQC�LAå9g1æ�UONQTiU r XE>�@/UO<-D <9<�ê n D C4eÅæ$XEeVê�NQLAD�CEe n
r Xq@/NQC�L¥@/CÕX�åÅC�b]e/T9<�e/<?T9C�LAå»@Åe/bOT?@/NQC�L¿å»ñ r fRC�_ �ò!BÑö$UO<�Nôê]<�X�C4D
T?C+êA< n D�bALOT?@/NQC4LOå=æ�XEå�N�L7@Åe/C+ê]bOT9<�ê�f7ñ!J]UOX4LOLAC�L�NQL Z�m Z Z è Z�oEé B-ã�<



            0

0

0

1

     0

1

    1

Xi-1=0:  go to upper branch
Xi-1=1:  go to lower branch

2 � � H�A>� I�C+êA<=D bOLAT?@/NQC�L�e/<9>]e/<9åÅ<9L7@/<�êdX4åMX«@Åe/<9<�BGö$UA<
e/<9T9C4LOå»@Åe/bAT?@/NQC�L �ò NQå�e/<9>Ae/<?åÅ<9L7@/<�êdC4L�@/UO<=f]eVX4LATiUA<9å�C4D�@/UA<=@Åe/<9<�B

íAe/å»@
W�NQPY<-X#D�CEe r X4_HêA<?íOLONë@/NQC�L�C4D$XdT9C+ê]< n D�bOLAT?@/NQC�L�X4Lhê�@/UO<9L�åÅ<9<
UAC�æÍNë@cNQå�bOåÅ<?D bO_�N�L�X4LhXE_ëñ$�?N�LAW-å»ñ]å»@/< r å$æ�Në@/U�D�<?<�ê n D�CEeÅæ�XqeVê�B
M ¯7Øw£�§�¤�§�ªR£���¼-� � U c �»  N   U�Q NGa X c V  �� T5U3V�� i T ���#� N � U X���X c V   a
� T U>V � � � j  
ij � ú � c  [RÄ� R]��� � j t:� j j ú � �� ZÒ���R� N �Y [RÕ� U c �»  N
� N bGc NdV   N*� j j ú	� � j j ú � U ��� N   U>V �V��� c  �� T5U>V ��
3Z-� U#P5�� j � ����=NdV U � N � R N ���]��  N+UmX � P P   U�Q�NGa X c V  �� T5U>V ����
����  � ú � � ü �
þ?þ9þ � i�� � � i t�� i T �=�È  U�Q N�X c V  �� T5U>V  �
M ¯7Øw£�§�¤�§�ªR£��6¼M� øGI�û o i!� ù � U c �»  N   U�Q N � U�U V UmX �»�Y� N?[ � V Q � P�U   VP�NdV _ � R I T ���¥� N � UmX o i��   U�Q NGa X c V  �� T U>V � ���=NdV U � N � R N Z ��
� i è � é û��r Z û9þ9þ�þ9û o i!� �
ÿOC4eH<�X4TVU-åÅC4bAe/T9<�åÅ< ÷ bA<9LOT9<�CED6_Q<9LOWE@/U�I!gY@/UA<�<9LOT9C+ê]<?eGåÅ<9Lhê]åGX4L

NQLOêA<?ï#@/C'@/UO<�êA<9T?C+êA<?e�B�KMåÅN�LAW'@/UO<�T9C+êA< n D bOLAT?@/NQC�LkT9CEeÅe/<9åÅ>RC�LOêANQLOW
@/C#@/UONQå=NQLhê]<?ï6g6@/UO<-ê]<9T9C+ê]<?e r X4>Aå�@/UO<«N�L]D�CEe r XE@/NQC�L�D�<�ê�D�C4eÅæ$XEeVê
Dôe/C r @/UA<ÒåÅC�b]e/T9<Ò@/Cd>Ae/C+êAbAT9<'XEL�<9å»@/N r XE@/< �ò�B'` T9C+êA< n D bOLAT?@/NQC�L
T9X4LkfR<
e/<9>Ae/<?åÅ<9L7@/<�êkX4åMX-@Åe/<9<�B�ÿ�NQW�b]e/< [ åÅUACqæ�åMX'T9C+êA< n D bOLAT?@/NQC�L
D C4e�X�fAN�LOXEeÅñ¿åÅC4bAe/T9<�æ�Në@/UÍX�fAN�LOXEeÅñÂe/<?T9C�LAå»@Åe/bOT?@/NQC�LÌXE_�>AUhXEfR<?@�B
KMåÅNQLOWM@/UA<�T9C+ê]< n D�bALOT?@/NQC�L«åÅUOC�æ�LÒNQL�@/UO<HíOW�b]e/<�gYXcåÅC�b]e/T9<$åÅ< ÷ bO<?LOT9<
ø \4\]Z ù'æ$C4bO_�êÂfR<�e/<9T9C4LOå»@Åe/bAT?@/<�ê¿X4å�ø \�\4\ ùÈX4LhêÍø Z�\]Z ù'æ�C�bO_�êÂfR<
e/<?T9C�LAå»@Åe/bOT?@/<�ê!X4åÈø \]Z9\ ùVB'ðsL�X#å»ñAå»@/< r æ�Në@/UOC�b]@
D�<9<9ê!D�CEeÅæ�XEeVê6gwX
T?C+êA< n D�bALOT?@/NQC4L-W�<9LA<?eVXE@/<?åH@/UO<$e/<?T9C�LAå»@Åe/bOT?@/NQC�LÒN�LOêA<9>R<?LhêA<?L+@wCEDR@/UO<
>OX4å»@�åÅC�b]e/T9<'å/X r >A_Q<9å9B'ðpL�@/UONQå�T�X4åÅ<4ga@/UO<ÒT9C+êA< n D bOLOTi@/N�C4L�e/<�ê]bOT9<9å
@/C!X!T?C+êA<?æ�C4eVê�BÄðpLÕC4@/UA<?e-æ�C4eVêAå9g�D�C4e#X�å»ñ]å»@/< r æ�Në@/UOC4bA@-D <9<�ê n
D C4eÅæ$XEeVê�g�X�åÅC�bAe/T?<dT9C+ê]<?æ$CEeVêÕNQå'XkåÅC4bAe/T9<dT9C+êA< n D bOLOTi@/N�C4L�� i � �7ú�û?þ9þ�þ9û�� iJ æ�UO<ie/<ÒD�CEe�<�X4TVU�� � � Z û�þ9þ9þ9û�I  ga@/UA<«D bOLOTi@/N�C4L � jNQåcXÒT9C4LOå»@VXEL+@ r XE>O>ONQLAWAB

2 � � H"! � lM<9>]e/<9åÅ<9L7@VXE@/NQC4L�C4D�X�åÅC�bAe/T?<�T9C+ê]N�LAW�åÅTiUA< r <-æ�Në@/U�D <9<�ê n
D C4eÅæ$XEeVê�B

` åÅC4bAe/T9<ÄT9C+êA<Õæ�Në@/U D <9<�ê n D C4eÅæ$XEeVêºT9X4L fR<Ä@/UAC�bOW4U7@�CED�XEå
UOX�P]NQLAW�@sæ$C�T?C r >RC�LA<9L7@/å9BÄö$UO<�íAe/å»@'NQåÈX!bOåÅbOX4_�åÅC4bAe/T9<�T?C+êANQLOW
>]e/C�fA_�< r æ�NQ@/U$# i XEå�@/UA<�e/<9T9C4LOå»@Åe/bAT?@/NQC�LÃD C4e�@/UO<�åÅC4bAe/T9<�åÅ< n
÷ bA<9LOT9<�ò i BÌðpLÄC4@/UA<?eÈæ$C4eVê]å9g�D�CEe�<�XETiU¥åÅC�bAe/T?<kåÅ< ÷ bO<9LAT9<)� i g
@/UA<$<9LAT9C+êA<?ewTVUOC7C4åÅ<9å1@/UO<$fR<?å»@wT9C+êA< n D bOLOTi@/N�C4L-X r C�LOW�� i è � é û � �

� Z û9þ�þ?þ9û o i��  XELhêÒåÅ<?LhêAåG@/UO<�NQLhê]<?ï-CED6@/UO<�TVUOC�åÅ<?L#T?C+êA<�D�bALOT?@/NQC�L�B
ö$UANQå�NQåM@/UA<«>OXEeÅ@MN�LAåÅN�êA<«@/UA<�êOX4åÅUA<�êkfRC�ï�NQL�ÿ�N�W4bAe/<�jABMðsDwæ$<«êA< n
LAC4@/<�@/UO<«TiUAC�åÅ<9L�T9C+ê]< n D�bOLAT?@/NQC�L�f7ñ%� i g6@/UO<�åÅ<9T9C4Lhê�T9C r >RC4LO<9L7@
øuê]<9T9C+ê]<?e o NQLkÿ�NQW�b]e/<
j+ù�>Ae/C+ê]bOT9<9å�@/UA<�e/<9T9C4LOå»@Åe/bOTi@/N�C4L�W�NQPY<?L�f7ñ

�ò � &� � ø�ò � j ú ùVû �� Z û�þ?þ9þ9û�I�û ø [ ù
ã�<ÊLOC�æ W�NQPY<Ê@/UO<ÂeVXE@/< n ê]NQå»@/C4eÅ@/NQC�LÏD�bALOT?@/NQC4LäD�C4eÂXEe/fANQ@ÅeVXqeÅñ

åÅC4bAe/T9<?å�æ�Në@/U�D�<9<�ê n D�C4eÅæ$XEeVê6B ^ <?D�CEe/<'å»@VXE@/NQLOWd@/UO<-W4<9LO<?eVXE_Ge/<?åÅbO_ë@�g
æ�<
LO<9<9ê#@/UO<MD�C�_Q_QC�æ�NQLOW#êA<?íOLONë@/NQC�LAå�ø�åÅ<?<'è Z9[4é g�è Z�Z?é ùVB
M ¯7Øw£�§�¤�§�ªR£('a¼�PSR N�_QN r åÅbO>¿NQLÊ>Ae/C4fhXEfONQ_QNQ@sñ�UmX �Ä� N bGc NdV   N UmX
�p� V Q#U Z*)q��� T �7� P�N � � ò j  T � Q�Ng/V NRQ ����� R N �kZ-� P P�N �V� N�+ � NdV Q NRQ � N � PV c Z'� N �-,Ì� c  [R�� R]�Y� �/.-0 \

_QN rj2143 ��5]è ò j�6 , J7. é  \ þPSR N�_�N r NQLAD�NQL�>Ae/C4fhXEfONQ_QNQ@sñ UmX ��� N bGc NdV   N+UmX �»� V Q�U Z8)q��� T �7� P�N �� ò j  T � Q Ng/V N�Q ���d� R N P ��� _ N �V� N�+ � NdV Q NRQ � N � P�V c Z'� N �:9º� c  [R� R+�Y� �/.-0 \
_QN rj;143 ��5Aè ò j c 9 � . é  \ þM ¯7Øw£�§�¤�§�ªR£=<�¼?> U � � V 
 � N bGc NdV   N UmXA@�U>TWV � Q3T �V��� T � c � T5U3V �� � ���CBED���  3i � ú�F Q Ng/V N$��� i � � i û��� i � �� i

G� D���-H � � ø �� i l � i ù �
iI� � ú � D�KJLH D�

J�MON B � JPMON ø �� � l ��
� j ú ûm�

� j ú ùVû

G� � � H D� � ø� i l �� i ù �
iI� � ú � � J H D�

J B � J�MON ø� � l ��
�
ûm�
� j ú ùVþ

hhø �ò � ò�ù � _QN r åÅbO>� j�QSRLT�U
Z
I _QC�W � ���CB D��� ø� i û �� i ùG� D��� H ��� ø �� i l � i ù(�a���
ø� i ù

h ø �ò � ò�ù � _QN r NQLAD� j�QSRLT�U
Z
I _QC4W � � � B;D� � ø� i û��� i ùG� D���-H � � ø �� i l � i ù(�a���
ø� i ù

`Må�>RC�NQL7@/<�ê�C4bA@�NQLÂè Z�Z9é g�@/UA<ÈêANëe/<9T?@/<�ê!N�L]D�CEe r XE@/NQC�L�eVXq@/<�gwêA< n
íOLO<�êdf+ñ�_QN r j;143 új _QC�W�hhø �ò j � ò j ù r X9ñ�LAC4@�<?ï]N�å»@cD�CEe�X4L�Xqe n
fANë@ÅeVXEeÅñÒeVXELhê]C r >Ae/C7T9<?åÅåHæ�UONQTVU r X�ñ«LOCE@�fR<�å»@VXq@/N�C4LhXqeÅñ7B ^ bA@G@/UO<
åÅbA> n êANëe/<9Ti@/<�ê#NQL]D�C4e r Xq@/NQC�L�eVXq@/< hOø �ò � ò�ù�XELhêd@/UA<=NQLAD n ê]NQe/<?T?@/<�ê
NQL]D�C4e r Xq@/NQC�L-eVXE@/<,h ø �ò � ò�ùGX4_ëæ$X�ñ]åH<?ï]N�å»@�BGöaXE@/NQçYC�LOêOX
XELhêÈS�Në@ n
@/<ie
è Z�Z9é åÅUOC�æ�<�êÈ@/UOXE@$D C4ecXqe/fONë@ÅeVXEeÅñ#TVUhX4LALO<9_Qå�æ�Në@/U#D�<9<�ê]fhXETiçRg+@/UO<
T9X4>hXET9Në@pñdNQå�XEL�C�>]@/N r N���Xq@/NQC�LkC4D/h ø�ò � õÒùVgA@/UO<
NQLAD n ê]Nëe/<9T?@/<�ê�NQL n
D C4e r Xq@/N�C4L#eVXq@/<�B�+�bAeHe/<9åÅbO_ë@�NQå�@/UOXE@$@/UA<ceVXq@/<=ê]N�å»@/CEeÅ@/NQC�LÈD�bOLAT?@/NQC�L
D C4eÒX4L�Xqe/fONë@ÅeVXEeÅñ�åÅC�b]e/T9<'æ�NQ@/U!D�<9<�ê n D�C4eÅæ$XEeVê�NQåÒXEL�C�>]@/N r Ng�9XE@/NQC�L
CED hOø �ò � ò�ùVgA@/UA<=åÅbO> n ê]Nëe/<9T?@/<�ê#N�L]D�CEe r XE@/NQC�L�eVXq@/<�B
ö$UO<�åÅC�b]e/T9<�êANQå»@Åe/NQfObA@/NQC4L"gMêA<?íOLO<�êÕf7ñÂX�åÅ< ÷ bA<9LOT9<kCED
íhLANQ@/< n

ê]N r <9LOåÅNQC�LOX4_�êANQå»@Åe/NQfOb]@/NQC�LOå�è Z j é gANQåMê]<9LOCE@/<�êdf7ñ
V�W � � � �YX  3j � ú þ ø�j+ù

J+N r N�_�Xqe/_Qñ7gAXÒT?C�Lhê]Në@/N�C4LhXE_�êANQå»@Åe/NQfOb]@/NQC�L�NQåcêA<9LAC4@/<�ê#f7ñ
V�ZW H W � � � D�YX H �YX  3j � ú þ ø&YYù

ã�<�W4NQPY<=XE_�_6C4bAe�e/<9åÅbA_Q@/å�UO<?e/<cD�C4e�@/UA<�<?ï]>R<9Ti@/<�êdê]NQå»@/C4eÅ@/NQC�LdT?e/N n
@/<ie/N�C4L"B
M ¯7Øw£�§�¤�§�ªR£\[�¼ øuF1ï]>R<9T?@/<�ê êANQå»@/CEeÅ@/N�C4L¾T?e/Në@/<?e/NQC4L6ùk[&T ��� VA.Ya
�� [R TGN )q�7� P�N �»�Y� N �Y� N�+ � N  �� NRQkQ3T �V� U �?� T U>Vb^ T X!X�U �'� P P � c�]   T5NdV � P 
P �4� _ N�I F � R N � NdN�+3T �V����� V�øGI�û o i!� ù � U c �p  N   U�Q�N � U�U V#� c  [R�� R]�Y�

h����&^g� i ø� i û��� i ù�_dc ^mJ7.9û
] R N � N9�� i Q�NdV U � N ��� R N � N   U>V �V��� c  �� T U>V UmX�� i �[ T �k� V �Y [R TGN )q�7� P�N �»��� N �Y� N�+ � N  �� NRQrQ>T �V� U �i� T5U>Vr^&T XoT � T � .Ya
�� [R TGN )q�7� P�N�X�U � N ) N ��
 .Y0 \ �



É�¦a¯+ªh¬q¯]¶ Nh¼ > U �Õ� V ���?� T ���»����
Ã� U c �p  N�ò  [R]���»�� �� N � T � NRQ ��

� Q>T �V��� T � c � T5U>V V W F � R N �»�Y� NGa&Q>T �V� U �i� T5U>V X c V  �� T5U>Vx]/T � R X�N�NRQ aX U � ] ��� Q F � R N T VYg Z c Z UmX � P P �Y [R TGN )q�Y� P�N �»�Y� N �d�Y� N�+ � N  �� NRQ�Q>T � a
� U �?� T5U3V/^ F T � _>T ) NdV ��


[��]
] øG^#ù� NQLAD����	� ��
 �� ������ ������� hhø �ò � ò�ùVû øGZ7ù

] R N � N
� ø�V�ZW H W ù � _QN r åÅbO>j2143 h'è � j ø�ò j û �ò j ù é þ

ÿAe/C r è Z4Z9é gRæ$<�UhX�PY<�@/UO<
D�C4_Q_�C�æ�NQLOWde/<9åÅbO_ë@�B
ÿAC4e
XEL7ñ�åÅ< ÷ bO<?LOT9<
CED��ÅC4NQL+@�êANQå»@Åe/NQfOb]@/NQC�LOå � � � � BED� �  3j � ú gAæ�<
UhX�PY<
h ø �ò � ò�ù:cÕ_QN r NQLADi 143

Z
I hhø �ò i � ò i ù

cÕ_QN r åÅbO>i 143
Z
I hhø �ò i � ò i ùvc hhø �ò � ò�ùVþ

ø&_Yù

ð�D h ø �ò � ò�ù� hOø �ò � ò�ùVû
æ�<�å/X9ñ�@/UhXq@-@/UO<d>Ae/C7T9<9åÅå � � � X BED� X  3j � ú NQå'NQLAD�CEe r XE@/NQC�LÄå»@VX4fA_�<è Z Y é g6X4LOê�X4_Q_aD C�bAe ÷ bhXEL+@/Në@/NQ<9åcNQL�ø&_Yù�XEe/<�< ÷ bhXE_�B�.�CE@/<�@/UOXE@cNëD1@/UO<�»C�NQL7@�>]e/C7T9<9åÅå��Rò j û �ò j�� 3j � ú NQå�NQLAD C4e r Xq@/N�C4LÊå»@VX4fO_Q<�gM@/UO<keVXE@/< nê]NQå»@/C4eÅ@/NQC�L�D bOLAT?@/NQC�L�fR<9T?C r <9å

[ ]
] øG^#ù7 NQL]D����	� ��
 �� ������ � ����� _QN ri 143
Z
I hhø �ò i � ò i ùVþ øul7ù

ã�<'ê]C�LOCE@
W�NQPY<-@/UA<-ê]<?@VX4NQ_Q<�ê!>]e/C7C4D å«CED�@/UO<-êANëe/<9T?@�XELhê�T9C�L n
P�<?e/åÅ<=>hXqeÅ@/å�C4DGö$UO<?C4e/< r&Z BHðsLOå»@/<�X4ê�g+æ$<
W4NQPY<�XÒfAe/NQ<?D�Nôê]<�XÒCED�@/UO<
ê]Nëe/<9T?@«>hXEeÅ@�UA<?e/<�BkÿAC4e�@/UO<'å/X4ç�<'C4DcNQL+@/bANë@/N�C4L"gwXEåÅåÅb r <'NQLAD C4e r X n
@/NQC4L!å»@VXEfONQ_QNQ@sñ7B
ã�<�æ�XEL+@�@/CdåÅUACqæì@/UA<ÒXETiUANQ<9P�XEfONQ_QNë@pñ�C4D$X4_Q_�eVXE@/<?å
WEe/<�XE@/<ieM@/UOX4Ld@/UA< [ ]
]OøG^#ùHNQL�øulYùVB'"<?@ � � D� � H � � fR<�@/UA<«ê]NQå»@Åe/N�fAbA@/NQC�L�@/UhXq@ r Xqï]N r N��9<?åJhhø �ò i �
ò i ùVgHåÅbOf��Å<9T?@Ò@/C�@/UA<�T9C4LOå»@ÅeVX4NQL7@�B +�bAeÒW�C�X4_�NQå-@/C!T9C4LOå»@Åe/bAT?@ÈX�»C�NQL7@�êANQå»@Åe/NQfOb]@/NQC�LÌCEP�<?ekò i û �ò i X4LOê # i g=å/X9ñ"!�# � B � � BED� � g
åÅbATiU#@/UhXq@c@/UA< r XEe/W4NQLhX4_�CqPY<?e�ò i X4Lhê �ò i å/Xq@/N�å»íO<9å

! �1�CB D�1� r� ��� � � D� � H � � þ ø m ù
ã�<cX4_QåÅC«N r >RC4åÅ<cT?<?eÅ@VX4NQL#X�êAêANë@/NQC�LhXE_hT9C4LOå»@ÅeVX4NQL7@/å�C4L$!�# �CB ��� B D���
åÅC«@/UhXE@ ú h&%�ø�# i 6Åò i ù?nh&%$ø �ò i � ò i ùVþ ø Z�\ ù
KMåÅNQLOW�ø m ù$NQL#@/UO<
XEfRCEP�<
< ÷ bhXE@/NQC4L"g]æ$<
W�<i@

h % ø�# i 6»ò i ù�nh('*) � ',+ -) � � ) � ø �ò i � ò i ùVþ ø Z�Z ù
KMåÅNQLOWd@/UA<Ò@/<9TVUOLAN ÷ bA<9å�D�CEe�åÅC�bAe/T?<'T9C+êANQLOW#æ�Në@/UOC�b]@�D�<9<�ê n D�C4eÅæ$XEeVê
è Z Z é g�Në@1T�XEL«fR<HåÅUOC�æ�L«@/UOXE@�X4_Q_7eVXE@/<9å1WEe/<�XE@/<?e1@/UOX4L úi h&%�ø�# i 6Åò i ù
T9X4L�fR<'XETiUANQ<9PY<�ê6B#ÿAe/C r ø Z4Z ùVg�Në@�D�C4_Q_�C�æ�å�@/UhXE@�XE_Q_HeVXE@/<?å�WEe/<�XE@/<ie
@/UOX4Loh(' ) � ' + -) � � ) � XEe/<�X4TVUONQ<9P4X4fA_�<4Bcö$UO<�fObO_Qç#C4Dw@/UO<�>]e/C7C4DG_QN�<?åNQL�T?C�LOå»@Åe/bAT?@/NQLOW'X«åÅbONë@VX4fA_�<��»C�NQL7@MêANQå»@Åe/NQfObA@/NQC4L.!-B
ã�<ÒLAC�æ å»@/bhê]ñ�@/UO<«eVXq@/< n êANQå»@/C4eÅ@/NQC4L!D�bALOT?@/NQC4L�D C4e
@pæ�C�N r >RC4e n

@VXEL7@�ç]NQLOêAå�C4DwåÅC4bAe/T9<?å9B
y{z�C*D0/ F-} � �(�$14�
�+~ }&2 � �&/(/{��~�3 }[F��4/�z I�C4LOåÅN�êA<ie=XEL�XEe/fONë@ÅeVXqeÅñ

ê]NQåÅT?e/<?@/< r < r C4eÅñ]_Q<9åÅå
åÅC4bAe/T9<kø�;�SkJOùVB1J+bOTVU�X�åÅC4bAe/T9<'NQå�TiUOXEeVX4T n
@/<ie/Ng�?<�êÄf7ñ�X�åÅ< ÷ bO<9LAT9<�CED�êANQå»@Åe/NQfOb]@/N�C4LOå � � �YX  3j � ú g�æ�UO<ie/<�D�CEe<9X4TVU	�1g � � X N�åcXÒ>]e/C+êAbAT?@MêANQå»@Åe/NQfObA@/NQC4L"B
ã�<'å»@VXE@/<-æ�Në@/UAC�bA@�>]e/C7C4D$@/UA<-D�C�_Q_QC�æ�NQLOWk@/UO<9CEe/< r D�CEe«X�;�SkJ

æ�Në@/U�<iïA>R<?T?@/<�ê�ê]N�å»@/CEeÅ@/NQC�LkT9C4LOå»@ÅeVX4NQL7@�X4Lhê�X r < r C4eÅñ]_Q<9åÅåcêANQå»@/CEe n
@/NQC4L r <�X4åÅb]e/< � i ø� i û��� i ù� úi � i� � ú �

� ø� � û��� � ùVþ
ú�2 ���6587������ %5,49
�7� '��('8:
'�� ; ';5 '����(����,49���'��?� 7 7�� ; ) �<5���%('7%���'�)#����%���� *�!�%&����;

!��('�)\%��=5��(7<5R!*7���%�' %&� '1� ;*>����@? ��%&����;BA
! ��;-%�� %5,����7� ��!�*��@5���� "#% H

É�¦a¯+ªh¬q¯]¶ ��¼ > N NRQ a X�U � ] ��� Q Q�U
N � V U � Q N  9� N ��� N � R N �»�Y� NGa
Q3T �V� U �?� T U>V�X c V  �� T5U3V UmX � Q>T �V 9� N � N Z N Z U ��
 P�N �/��� U c �»  N�]^T � RÍ�Z N Z U ��
 P�N �V� Q>T �V� U �i� T5U>V Z N ��� c � N �
ðs@dåÅUOC�bA_�êÊfR<�LAC4@/<�êÂ@/UhXq@�ö$UA<9C4e/< r o�r X9ñÂLAC4@dUOC�_�êÂD�CEekX

W4<9LO<ieVX4_Rê]N�å»@/CEeÅ@/NQC�L r <�X4åÅb]e/<O� i ø� i û��� i ù$BwðsL-C4@/UA<?e�æ�C4eVêAå9g+<?PY<9L
æ�UA<9L�@/UO<ÈåÅC4bAe/T9<dN�å r < r C4eÅñ]_Q<9åÅå9g1D <9<�ê n D C4eÅæ�XqeVêÕT?C�bO_�ê�êA<?T?e/<�X4åÅ<
@/UA<HeVXq@/< n êANQå»@/C4eÅ@/NQC�L�D�bALOT?@/NQC�L�æ�UO<9L�@/UO<�êANQå»@/C4eÅ@/NQC�L«T9C�LAå»@ÅeVX4NQL7@wUhXEå
r < r C4eÅñ7B
B zDCL��3�/(/YD&� � ��~�3 }[F��&/BE�DG�GF*K
���GH�H K
~�}&EO� }[H�z ðsL�@/UONQåcåÅ<9T?@/NQC�L�g

æ�<�å»@/bhê+ñ¿@/UO<�eVXq@/< n êANQå»@/C4eÅ@/NQC4LÃD�bALOT?@/NQC�LÌD�CEefW=XEbOåÅåÅN�X4LìåÅC4bAe/T9<?å
æ�Në@/UÂD <9<�ê n D C4eÅæ�XqeVê�B¾`&åÅC�b]e/T9<!òóNQå+W=XEbOåÅåÅN�X4LÊNëD«@/UA<keVX4Lhê]C r
>]e/C7T9<9åÅå � ò j  3j � ú NQåI�ÅC4NQL+@/_ëñ�W=XEbOåÅåÅN�X4L�B ðsLÃ@/UONQå!åÅ<9T?@/NQC�L�gÒæ$<
T?C�LOåÅN�ê]<?e
@/UO<-T?C r'r C�LA_ëñ�bOåÅ<�ê r <�X4L n å ÷ bOXEe/<�ê�<?eÅe/CEedø�SkJ]F$ù�ê]NQå n
@/CEeÅ@/NQC�L r <�XEåÅbAe/<�D�CEe W=XEbOåÅåÅN�X4L åÅC4bAe/T9<9å9gÒN�B <4B � i ø� i û��� i ù úi � i� � ú ø�

� ���� � ù ü B
` W=X4bOåÅåÅN�XEL�åÅC4bAe/T9<�NQåMT?C�L7@/NQL]bAC�bAåMP4X4_QbO<9ê�bOLA_�NQçY<
@/UA<�åÅC4bAe/T9<?å

UANë@/UO<?eÅ@/Ckê]NQåÅT9bOåÅåÅ<�ê6B�îMCqæ�<9PY<?e�g�NQ@«NQå«å»@ÅeVXENQW�U7@ÅD�CEeÅæ�XEeVê�@/Ck<?ï+@/<9LOê
@/UA<'e/<9åÅbO_ë@/å-ê]<?e/NQPY<�ê�<�Xqe/_QN�<ie-D�CEeÈêANQåÅT?e/<?@/<#åÅC�b]e/T9<9åÒ@/C�T9C4L7@/N�L+bAC�bOå
åÅC4bAe/T9<?å9BðsLÌ>OXEeÅ@/NQT9bA_ôXqe�g
D�<9<9ê n D�CEeÅæ�XEeVêÃêAC7<9åkLAC4@�ê]<9T?e/<�XEåÅ<�@/UO<
eVXq@/< n êANQå»@/C4eÅ@/NQC4LÒD�bALOT?@/NQC�LÒC4D�X r < r CEeÅñ]_�<?åÅå:W=XEbOåÅåÅN�X4L'åÅC4bAe/T9<$æ�Në@/U
<iïA>R<?T?@/<�ê�SkJAF�êANQå»@/C4eÅ@/NQC4LÒT?e/Në@/<?e/NQC�L�BwðpL7@/<?e/<9å»@/NQLAW�_ëñ
@/UOC4bOW�U�g4D <9<�ê n
D C4eÅæ$XEeVê«NQL�X r < r C4eÅñ]_Q<9åÅå�W=XEbOåÅåÅN�X4L«åÅC�bAe/T?<�<9LOX4fO_Q<9å1bAåa@/CMX4TVUONQ<9PY<
eVXq@/<9å'Xqe/fONë@ÅeVXEe/NQ_ëñÕT9_QC�åÅ<�@/C�@/UO<ÈeVXE@/< n ê]N�å»@/CEeÅ@/NQC�L�D�bOLAT?@/NQC�L�æ�Në@/U¥X
_QC�æÍT9C r >A_�<iïANë@sñ�T9C+ê]NQLOW'åÅTVUO< r <
NQL+PYC�_QP+NQLOW��»bOå»@MåÅT�X4_�XEe ÷ bhX4L7@/N���X n
@/NQC4LÕè [4é BMã�<�UhX�PY<
@/UO<�D�C4_�_QC�æ�NQLOW�e/<?åÅbO_ë@=D�CEe�X'W�<9LA<?eVX4_?W=XEbOåÅåÅN�X4L
åÅC4bAe/T9<4B
É�¦a¯+ªh¬q¯]¶ ��¼KJ�� c �/� T � V   U>V Q>T � T5U>V � PKQ>T �V��� T � c � T5U>V � �Y [R T5N ) N
� R N �»�Y� NGa&Q>T �V� U �i� T5U>V�X c V  �� T5U>V X�U �LJ�� c �/� T � V � U c �»  N � ]/T � R X�N�NRQ aX U � ] ��� Q=]^T � R N�+ � N  �� NRQIMON�PTQ>T �V� U �i� T5U>V   U3V �V���»� T V � �
ã�<�W�NQPY<ÄXÂåÅçY<?@/TVUìC4DÈ@/UO<�>]e/C7C4DpB '"<i@�ò fR<¥X W=XEbOåÅåÅN�X4L

åÅC4bAe/T9<�æ�Në@/U¾ê]NQå»@Åe/N�fAbA@/NQC�L V W XELhêì_Q<?@ V ZW H W fR<ÄX4L7ñìT?C�Lhê]N n
@/NQC4LhX4_�ê]N�å»@Åe/NQfAbA@/NQC�L�B1ã�<�åÅUAC�æ¿@/UhXE@�@/UO<?e/<M<?ï]N�å»@/å�XQ�ÅC4N�L7@/_ëñ W=X4bAå n
åÅN�XEL�T9C�LOêANë@/NQC�LOX4_$ê]NQå»@Åe/N�fAbA@/NQC�L�R D��� H � � åÅbOTVU�@/UOXE@SR � � BED� � 
�����UTVR D��� H ��� NQå�XQ�»C�NQL7@/_ëñ W=X4bOåÅåÅN�XEL�êANQå»@Åe/NQfOb]@/NQC�LÈ@/UhXE@�UhXEå�@/UO<
å/X r <ÈåÅ<9T9C�LOê�C4eVêA<ie->Ae/C4>R<?eÅ@/NQ<9å-XEåd� �1�YB D���  � ��� T�� D��� H ���
XELhêÈ@/UO<�D C�_Q_QCqæ�NQLAW#UAC�_�ê�B
Z B(h&W$ø �ò i � ò i ùvc h ' ø �ò i � ò i ù
o B
ö$UO<MX�PY<?eVXEW�<MêANQå»@/C4eÅ@/NQC�L#NQåH@/UA<Må/X r <cbALhê]<?e�fRCE@/UÈêANQå»@Åe/NQfOb n
@/NQC�LAå9ghN�B <�BQg

h ' è � i ø�ò i û �ò i ù é rh W è � i ø�ò i û �ò i ù é þ ø Zqo ù

ö$UANQå r <�X4LAå�æ$<«T�X4L�e/<9å»@Åe/NQT?@�C4bAe�Xq@Å@/<9L7@/N�C4L�@/C�W=X4bAåÅåÅN�X4L�T?C�Lhê]N n
@/NQC4LhX4_�ê]N�å»@Åe/NQfAbA@/NQC�LAå�@/CÒ<9P4X4_QbOXE@/<M@/UA<MeVXq@/< n êANQå»@/C4eÅ@/NQC�L#D�bALOT?@/NQC�LdC4D
XdW=X4bOåÅåÅN�XEL�åÅC�b]e/T9<
æ�NQ@/U�<?ï]>R<9T?@/<�ê�SkJAF¥ê]NQå»@/C4eÅ@/NQC�L�T?C�LOå»@ÅeVXENQL+@�B

ÙYX�Ú[Z«Ý1Ý�ÞGÝ\Z^] _"ÞwÛ?p6ÛwÜ^t
ã�<MLAC�æ¿T9C�LAåÅN�êA<?e�<ieÅe/C4e�<?ï]>RC4LO<9L7@/åHD C4e�åÅC4bAe/T9<�T9C+êANQLOW�æ�Në@/U#D <9<�ê n
D C4eÅæ$XEeVê�B
y{zB`bacas�
}+��~�3 � Hk~ �r�GF �da�} ~����$� D5� DG�e2�~kK/�
}�}�~ }
z ö$UO<�eVX4L n

ê]C r T9C+êANQLAWc<ieÅe/C4e n <?ï]>RC�LA<9L7@aD�CEewX�åÅC�b]e/T9<�T9C+ê]<�CEDAfA_QC7Tiç n _Q<9LOWE@/U\I
D C4e�X�êANQåÅT?e/<?@/< r < r C4eÅñ]_Q<9åÅå6åÅC�b]e/T9<wæ�X4åaêA<?e/NQPY<9ê=f+ñ ^ _�X4U+b]@qè Z _ é XELhê
S�XqeÅ@/C�L-NQLdè Z l é Bw`Ä>]e/C7T9<�êAb]e/<$N�êA<9L7@/NQT�XE_A@/CM@/UA<�>Ae/C7CEDRC4D�ö$UA<9C4e/< r
Z+B Y+B Z NQL¥è Z _ é ñ]NQ<9_�êAå=@/UA<ÒeVX4LOêAC r T9C+êANQLOW�<?eÅe/C4e�<?ï]>RC�LA<9L7@=D�CEe«X4L
Xqe/fONë@ÅeVXEeÅñ�åÅC4bAe/T9<�ø�æ�Në@/UOC4bA@�D�<9<9ê n D�CEeÅæ�XEeVêhùVBdö$UO<?e/<?D C4e/<�g1æ�<'UhX�PY<
@/UA<�D�C4_Q_�C�æ�NQLOW'D�X4T?@cD�CEe�ê]NQåÅT?e/<?@/<
åÅC�b]e/T9<9å�æ�Në@/UOC�b]@�D�<9<�ê n D�C4eÅæ$XEeVê6B
W�NQPY<9L�XÒåÅC�b]e/T9<
æ�NQ@/U I n @/UdC4eVê]<?e=ê]NQå»@Åe/N�fAbA@/NQC�L/�a����g]@/UO<ie/<
<?ï n
NQå»@/å�X�øGI�û o i�� ù$åÅC�b]e/T9<«T?C+êA<Èø�æ�Në@/UOC�b]@�D <9<�ê n D C4eÅæ�XqeVêRù�åÅbOTVU�@/UhXE@



@/UA<=>Ae/C4fhXEfONQ_QNQ@sñd@/UOXE@cXÒåÅC4bAe/T9<
åÅ< ÷ bA<9LOT?<=C4D1_Q<9LAW4@/U+I&T9X4LOLAC4@�fR<
<?LOT9C+ê]<�êdæ�Në@/U�ê]N�å»@/CEeÅ@/NQC�Lfc ^Ïå/XE@/NQå»íh<9å

����c � j i�� �  � B �[� 
 T  i � û ø Z�[ ù
æ�UA<?e/< h i øG[«û�^#ù�NQå�@/UO<�<?eÅe/CEe$<?ï]>RC�LA<9L7@wD�C4e�@/UO<�åÅC�b]e/T9<«ø�æ�Në@/UAC�bA@
D <9<�ê n D C4eÅæ$XEeVêRù�X4LOêdNQå�W�NQPY<9L�f+ñ

h i øG[«û�^#ù� r Xqï����� r NQL	 � � r XEï
 -) � �� [�� ��� ^
� ZI _�C4W ü : � � � ��� ø� i ù�� : D� ��� D��� ø �� i ù�� 	 i�� � ø � � B D� � ù�� j ��� û

ø Z j+ù
XELhê#D C4ec_�XEe/W4<�<?LOC�bAW�U+I�g��]øGI�ù7 \ B
ö$UO<�>Ae/C7CEDRC4DR@/UAN�åwNQL+PYC�_QPY<?åGTVUOC7C4åÅNQLOW=eVX4LOêAC r T9C+êA<?æ�C4eVê]åGæ�Në@/U

ê]NQå»@Åe/N�fAbA@/NQC�L � D�1� B�ÿOC4eÈXkåÅC4bAe/T9<dT9C+êA<Èæ�Në@/UÕD <9<�ê n D C4eÅæ�XqeVê�gG@/UO<ê]<9T9C+ê]<?ewç+LOC�æ�å � � j ú @/C�êA<9T?C+êA<E�� � B1J]CMæ�<$T�XEL«TVUOC7C4åÅ<�T9C+êA<?æ�C4eVê]å
æ�Në@/Ukê]NQå»@Åe/N�fAbA@/NQC�L

G� D��� H � �  I � � D�KJ H D� J�MON B � JPMON þ
^ ñ�eVX4LOêAC r _ëñd>ONQTVç]NQLAW#T?C+êA<?æ�C4eVêAåMæ�NQ@/Uk@/UA<ÒXEfRCEP�<Òê]N�å»@Åe/NQfAbA@/NQC�L�g
æ�<ÄT9X4LÑêA<?e/NQPY<�@/UO<�<?eÅe/CEe�<?ï]>RC�LA<9L7@!D C4e�XÊåÅC4bAe/T9<Õæ�Në@/U D <9<�ê n
D C4eÅæ$XEeVê�B
É�¦a¯+ªh¬q¯]¶ 'a¼\J T ) NdV �Â� U c �»  N ]^T � R I a � R U � Q N � Q>T �V��� T � c � T5U>V����� F � R N � NkN�+3T �V���k� øGI�û o i!� ù � U c �p  N   U�Q N)]/T � R X�N�N�Q>a X�U � ] ��� Q
� U � R]���H� R N �R� U �Å�7� T5P T � 
'� R+�Y�H�«� U c �p  N � N bGc NdV   N\UmX�P�NdV _ � R I  V� V<aV U �$� N\NdV   U�Q NRQ9]^T � R Q>T �V� U �i� T5U>V c ^ �V�Y� T � g:N �

����c � j i���� � M �  � B ��� 
 T  i � û ø Z YYù
] R N � N�h ]
] j i�øG[«ûR^#ù,T �c� R NLN �V� U � N�+ � U>V NdV � X�U �M� R N � U c �»  N"!i]^T � RX�N NRQ a X�U � ] ��� Q # � V Q*T � _>T ) NdV ��

h ]
] j i øG[«û�^#ù7 r XEï���$� r N�L	 � � r XEï%
 -) � � ) � è � [K� ��� ^��
Z
I _QC4W ü : � � � ��� ø� i ù&� : D� � G� D��� H ��� ø �� i l � i ù�� 	 i�� � ø � � B D� � ù�� j � �
] R N � N
G� D��� H � � ø �� i l � i ù7 iI� � ú � D�KJ�H � JPMON BED� J�MON ø �� � l � � j ú û`�� � j ú ùVþ
ã�<�LOC�æÂT?C r >hXqe/<$@/UO<�<?eÅe/CEe$<?ï]>RC�LA<9L7@/å1D�C4e$X=åÅC�b]e/T9<cæ�Në@/UÈXELhê

æ�Në@/UAC�bA@ÒD�<9<�ê n D�C4eÅæ$XEeVêÕW�NQPY<9L�f7ñ�ö$UO<?C4e/< r j�XELhê¿ø Z j7ùVg�e/<9åÅ>R<9T n
@/NQPY<?_Qñ7BM;=<9LAC4@/<�@/UO<�åÅ>hXET9<«CED$XE_Q_wêANQå»@Åe/NQfObA@/NQC4LOå=CEDH@/UA<�D C4e r � D���f7ñ(' 
 X4LOê�@/UA<�åÅ>hXET9<�C4DRX4_Q_Oê]NQå»@Åe/N�fAbA@/NQC�LAå1C4Dh@/UA<�D�CEe r G� D��� H ��� f+ñ' %
 B�ö$UO<�C�LA_ëñ�ê]N 06<ie/<9LOT9<
fR<i@pæ$<?<9L�@/UO<
<iïA>]e/<9åÅåÅNQC�LAåcD C4ec@/UO<
<?eÅe/CEe<iïA>RC4LO<9L7@/å
æ�Në@/U�X4LOê!æ�Në@/UOC4bA@�D�<9<�ê n D�C4eÅæ$XEeVê�NQå�@/UOXE@�@/UO<-D C4e r <?e
NQL+PYC4_�P�<9å#X r XEï]N r N���XE@/NQC�LÄCqPY<?edêANQå»@Åe/NQfOb]@/N�C4LOåÈNQL)' 
 g�æ�UONQ_Q<�@/UO<_�Xq@Å@/<?ecN�L+PYC4_QPY<9åcX r XEï]N r N���XE@/NQC4L�CqPY<?e&' %
 B.�C�æ
g#<9PY<?eÅñÑê]N�å»@Åe/NQfAbA@/NQC�L � D��� +* i� � ú � D�KJLH D� JPMON fR<?_�C4LOW4å@/C @/UO<&åÅ>OX4T9< CED êANQå»@Åe/NQfOb]@/NQC�LOåÏCED·@/UO< D�C4e r G� D��� H �1� * i� � ú � D�KJ H D� JPMON B � J�MON BGö$UO<?e/<iD�C4e/<4g' 
-, ' %
 þ
ö$U+bAå
N�L!@/UO<-LAC�D�<9<9ê n D�CEeÅæ�XEeVê�T9X4åÅ<�g�æ�<ÈXEe/< r XqïAN r N��9NQLOW#CqPY<?e«X
åÅbAfOåÅ<?@cCED1@/UO<�êANQå»@Åe/NQfOb]@/NQC�LOåcX�P4X4NQ_�X4fO_Q<
@/C'bOå�NQL�@/UA<=D�<9<�ê n D�C4eÅæ$XEeVê
T9X4åÅ<�BHF ÷ bANQP�XE_�<?L+@/_ëñ7g+æ$<
UOX�PY<=>Ae/CqPY<9ê#@/UO<MD�C�_Q_QC�æ�NQLOWÈ@/UO<9CEe/< r B

É�¦a¯+ªh¬q¯]¶\<�¼ > U �c� V 
«� U c �p  N$ò F � R N N �V� U � N�+ � U>V NdV � ]/T � R X�N�NRQ aX U � ] ��� Q T �c�Y� P�N ���V�G�4� P ��� _ N �4��� R NLN �V� U � N�+ � U>V NdV � ]^T � R U c � X�N�NRQ aX U � ] ��� Q��
X!Ú/.�p p6ß/r�.MÞGÝ10%qwÝ1ß20�â�Ü�o y Ý-zaâ�Ü�Ý-qwÝ|{�s�p x|q<{

lc<9T�XE_Q_$D e/C r @/UO<dêANQåÅT9bAåÅåÅNQC�LÕN�LÄJ+<9T?@/NQC�LÕð=@/UhXq@-C�b]e->]e/C�fO_Q< r C4D
åÅC4bAe/T9<�T9C+ê]N�LAWÕæ�Në@/UÊLOC4NQåÅ<9_Q<9åÅå�D�<?<�ê n D�CEeÅæ�XqeVêÍNQå r <�XELONQLOWED�bA_�D�CEe
XEL7ñ�ê]<9_�X�ñ�_�XEe/W�<ie=@/UhXEL�@/UO<�fO_QC7TVç�_Q<9LAW4@/U I!B�+�bAe�e/<9åÅbA_ë@/å�NQL�@/UO<
>]e/<9T9<�ê]NQLOW-åÅ<9Ti@/N�C4LOåMX4åÅåÅb r <�êd@/UhXq@�@/UO<
ê]<9_�X�ñdæ�XEå�I J Z ghN�B <�BQgO@/C
e/<?T9C�LAå»@Åe/bOT?@G@/UO<"��@/U'å/X r >A_�<�@/UA<Mê]<9T9C+ê]<?e�UOX�ê->R<?eÅD <9T?@�ç]LAC�æ�_�<9êAW�<
CED�íOe/å»@"��� Z å/X r >O_Q<9å9B
ã�<�LOC�æÄ<?ï+@/<9Lhê�C�b]eHe/<9åÅbA_ë@/åGD C4e�X=W�<9LA<?eVX4_Rê]<9_�X9ñdI�J436g4æ�UO<?e/<

I NQå«@/UA<ÈfO_QC7Tiç�_�<?LOW4@/U�B!ö$UO<È<9LOT?C+êA<?eÒN�åÒX r X4>O>ANQLOW�@/C�X4L�NQL n
ê]<?ï!åÅ<?@�t=��t?� iO� � Z û�þ9þ?þ9û o i��� B!ö$UO<#êA<9T?C+êA<?e«e/<9T9<9NQPY<9å�@/UO<
NQLOêA<?ïÌ@ÅeVX4LAå r NQ@Å@/<9êÃf7ñÌ@/UA<�<9LOT9C+ê]<?e�gÒX4LhêÃ@/CÂe/<?T9C�LAå»@Åe/bOT?@�@/UO<��@/U�å/X r >A_Q<�gGNQ@-UhX4å-X4T9T9<?åÅå-@/C�@/UA<#íAe/å»@�ø�v�53hù
å/X r >A_�<?å-C4Dc@/UO<
åÅC4bAe/T9<4BwðpL-CE@/UO<?eGæ$CEeVêAå9g7@/UO<cê]<9T9C+êA<ie�NQå$X=åÅ< ÷ bA<9LOT?<cCED r X4>O>ANQLOW�å# � t � Z û9þ�þ9þ9û o i!�� � � � j$65� ���û �� Z û�þ?þ9þ9û�I!B
ö$UO<GçY<?ñ=@/C�bOLOêA<?e/å»@VXELhê]N�LAW$D�<9<9ê n D�CEeÅæ�XEeVê�æ�Në@/U«Xqe/fONë@ÅeVXEeÅñ�ê]<9_�X9ñ

NQå
@/UO<'NQL7@/<?e/>]e/<?@VXE@/NQC�L�CEDcêANëe/<9T?@/<9ê�NQLAD�CEe r XE@/NQC�L�NQLÕJ+<9T?@/NQC�L�ðÅðVB ^ B
lc<9T�XE_Q_�@/UOXE@�@/UO<�ê]Nëe/<9T?@/<�ê#N�L]D�CEe r XE@/NQC�L�T9X4L�fR<
<?ï]>]e/<9åÅåÅ<�ê�XEå

hhø �ò i � ò i ù�nhhø �ò i 6Åò i ùa�
i: � � ü
hhø�ò

� j ú 6 �ò � l �ò
� j ú ùVþ

ãÂUO<9L=@/UA<GD <9<�ê n D C4eÅæ�XqeVê«ê]<9_�X9ñ
NQå�I J73Rgq@/UO<HêA<9T?C+êA<?eaç]LAC�æ�åaò � j�6
@/CMe/<9T9C�LAå»@Åe/bOT?@ �ò � Baî�<?e/<�g�æ$<�LO<?<�ê«LAC4@GåÅ>R<9Lhê%hhø�ò � j$6 6 �ò � l �ò � j ú ùfANë@/å�@/C�T9C+ê]<Ò@/UONQå=NQL]D�C4e r Xq@/NQC�L"g"UO<?LOT9<Ò@/UANQå�eVXE@/<-T?C r <9å�D C4e�D e/<?<�B
ðsLÒCE@/UO<?ewæ$CEeVêAå9gY@/UA<$>R<?eÅD C4e r X4LAT9<�_QN r NQ@GC4LÒ@/UONQåw>Ae/C4fO_Q< r NQåHW4NQPY<9L
f7ñ'@/UA< r N�LAN r b r C4D

h�6]ø �ò i � ò i ù � hhø �ò i 6Åò i ù�� i:� � 6Y
 ú hhø�ò � j$6 6 �ò � l �ò � j ú ù
nhhø �ò i 6Åò i ù�� hhø \ 6 ò iOj$6 � �ò i ù

ø Z ZYù
æ�UA<?e/< \ 6 ò iOj$6 NQå @/UO< Ib��_Q<9LAW4@/U åÅ< ÷ bO<?LOT9<
è û û9þ9þ?þ û/ò ú ûÅò ü û9þ9þ9þ9û»òdiOj$6 é þ+�fOåÅ<?e/P+NQLOW�ø Z ZYùVg1æ$< r X4çY<«@/UO<'D�C4_�_QC�æ�NQLOW!T9C r'r <9L7@�BdðpL�XEL7ñ
åÅC4bAe/T9<cT9C+ê]N�LAW�>Ae/C�fA_Q< r gY@/UO< r bA@/bhXE_ANQL]D�C4e r Xq@/NQC�L=hhø �ò i û»ò i ù�NQå
@/UA<-D�bALhêOX r <9L7@VX4_ ÷ bhX4L7@/Në@pñ�@/CkTVUhXEeVXET?@/<?e/N��9<È@/UO<'eVXE@/< n ê]NQå»@/C4eÅ@/NQC�L
D bOLAT?@/NQC�L"B�ã¿Në@/U�D�<?<�ê n D�CEeÅæ�XqeVê�g$@/UA<deVXE@/< n ê]NQå»@/C4eÅ@/NQC�LÕD�bOLAT?@/NQC�LÕNQå
e/<9êAbOT?<�ê-f7ñ-X ÷ bhXEL+@/Në@sñÒ< ÷ bOX4_O@/C=@/UA<MNQLAD C4e r Xq@/N�C4L'æ$<cW�<?@GD�CEe$D e/<9<
fR<?T�X4bAåÅ<-C4D$@/UA<«D <9<�ê n D C4eÅæ�XqeVê�B +�LA<-T�X4L!bOåÅ<-P�<?eÅñ�åÅN r N�_�XqeÒXqe/W�b n
r <?L+@/å�@/CÈTVUhXEeVXET?@/<?e/N��9<�@/UO<�T�X4>OX4T9Në@sñkC4DHTiUOX4LALO<9_QåMæ�Në@/UkD�<?<�êAfOX4TVç
ê]<9_�X9ñ43 6 Z Bã�<-LACqæºå»@VXE@/<-@/UA<Ò@pæ�C r X4NQL�@/UO<9CEe/< r å n @/UO<-eVXE@/< n ê]NQå»@/C4eÅ@/NQC�L
@/UA<9C4e/< r X4LhêÌ@/UO<�eVX4LOêAC r T?C+êANQLOW¿<?eÅe/CEe�<?ï]>RC�LO<?L+@ n D C4e�D <9<�ê n
D C4eÅæ$XEeVêdæ�Në@/U�W4<9LO<?eVXE_�ê]<9_�X�ñ7B
M ¯7Øw£�§�¤�§�ªR£)86¼

G� 6 ø �ò i l ò i ù � iI� � ú �-ø
�ò � l �ò

� j ú û»ò
� j$6 ùVû

h�6]ø �ò i � ò i ù � hhø �ò i 6»ò i ùa� i:� � 6Y
 ú hhø�ò � j�6 6 �ò � l �ò � j ú ù
 :� X B D� � � ��� B D��� ø� i û��� i ù

T9_QC4W � ���CB2D��� ø� i û`�� i ù
� � � ø� i ù G� 6 D� � H � � ø �� i l � i ù û



h 6Aø �ò � ò�ù � _QN r åÅbO>� j�QSRLT�U
Z
I _QC�W � � � BED� � ø� i û��� i ù

�a����ø� i ù G� 6 D��� H �1� ø �� i l � i ù þ
É�¦a¯+ªh¬q¯]¶ [�Ö � ²O¤?¯+´ M §�¨9¤9ªh¬q¤�§�ªh£ÄÉ�¦a¯+ªh¬q¯]¶Õ×q¼ øuFwï]>R<9T?@/<9ê-;=NQå n
@/CEeÅ@/NQC�LÄI�C�LAå»@ÅeVX4NQL7@?ù > U �#� V ���9� T ���»����
�� U c �»  N'ò  [R+���»�Y �� N � T � NRQ
��
È� Q>T �V��� T � c � T5U>V V W F � R N �»�Y� NGa&Q>T �V� U �i� T5U>V*X c V  �� T5U>Vo]^T � R I J 3
Q�N�P �;
 NRQ X�N�NRQ a X U � ] ��� Q F � R N T VYg Z c Z UmX � P P �Y [R TGN )q�7� P�N �»�Y� N �����
N�+ � N  �� NRQ/Q>T �i� U �?� T5U3V/^ F T � _>T ) NdV ��


[��]
] øG^#ù� NQLAD� �� � ��
 �� � �� � ����� � h 6Aø �ò � ò�ùVû ø Z _Yù

] R N � N
� ø�V ZW H W ù � _QN r åÅbO>j2143 h'è � j ø�ò j û �ò j ù é þ

É�¦a¯+ªh¬q¯]¶ 8ÄÖ��c¬q¬EªO¬��MÔ�ÆwªR£a¯]£6¤E×q¼ J T ) NdV �#� U c �»  N%]^T � R I a � RU � Q N � Q>T �V��� T � c � T U>V��a��� F � R N � NbN�+3T �V���d� øGI�û o i!� ù � U c �»  N   U�Q�N]^T � R I J 3fQ N�P �E
 NRQ(X�N�NRQ a X�U � ] ��� Q � U � R]�Y�$� R N �R� U �/�Y� T5P T � 
#� R]�Y���
� U c �p  N � N bGc NdV   N\UmX�P�NdV _ � R I  V� V|V U ��� NLNdV   U�Q NRQE]^T � R Q>T �V� U �i� T5U>V
c ^ �i��� T � g:N �

����c � j i�� � � M �  � B ��� 
 T  i � û ø Z l7ù
] R N � N h�]
] j i øG[«ûR^#ù5T ��� R NdN �V� U � N�+ � U>V NdV � X�U ��� R N � U c �p  N ]^T � RX�N NRQ a X�U � ] ��� Q � V Q*T � _>T ) NdV ��

h ]
] j i
øG[«û�^#ù7 r XEï���$� r N�L	 � � r XEï%
�� -) � � ) � è � [�� ��� ^��
Z
I _QC4W ü : � � ������ø� i ù � : D� � G� 6 D��� H ��� ø �� i l � i ù�� 	 i�� � ø � � B D� � ù � j � �

ø Z�m ù
] R N � N
G� 6 D� � H � � ø �� i l � i ù� iI� � ú � D� J H � J�M � BED� JPMON ø �� � l � � j$6 û��� � j ú ù

� V Q,X�U � P ��� _ NdNdV U c _ R I F �AøGIkù? \ �
p�p7w p6Ý�p6ÛHá�pAt

� E	��
 H��H��1����;�9-6�H�� H��1��%��&9 ��;�)�� H 0�H�
 H������&%('�� 9����d��*�� 7�'v; 'R%5�����&� >
� ; � >������@? ���&%�)#!���%V9 ��������� ��!"!#!$��%'&)(	*�%,+�&.-./0%,+01#�2/0%435(	*6(4%,7�(�/�%
�8/95-:1 (;�2/�<>=,? &@-A%CB49�0-' ��%&%�7�'&9EDGF�9HF?! � ! �&%1E�C�C�C#H

� BI��FOH�D , ;�' �+��;�)J
 HLK�� :c9��(�7��'f6v��%�'R>)M:���&%(���&%�� ��;92�!�;�5R%&����; >����
0 ��!��@5�' <��-)#� ; � �7� %���0-� )�' 3 ;*>����@? ��%&����; ��% %&� 'LM:'V5��-)�'�� 9 �;��!"!#!
N *6+0%'O�+�74&@-:/0%'O�/0%P��%43�/0*�<Q+0&@-:/�% N�R (�/0*�S&9�:
�(7 H B�B 9 "�" H E5T�E�@ 9U

��;�>! ���&,dE�C
DWV#H

� AI�e0�Hv0�HX�a����)#� ��;�9��R0 ��! �@5�'I5�� )#� ; � �7� %&��>�' '�) >����������()|� 8:��!��(��� ��;����! �@5�'�� 9 �{� ;ZYX*�/	7W[\/�3Q�6!#!"!]��%'&)(	*�%,+0&@-./0%,+01#^ES0<_=C/0O�-A? <`/�%���%'a
3�/0*�<Q+0&@-:/�% N�R (�/0*�S&9�b <��#�<5�� � �c89$B�@�@ !�H

� !W�=�1H�D '�� �(�@?���;d��; )=. HC�d'���� �V: 9���dv;d5 �&? "$'R%&� %&� :
'1" �('�)#�<5R%&����;���; )� %����('87���%&����;�%��e����%('R>5) ����%�����%&����;�%&� '�����,49 �e�6!#!"! N *6+0%'O�+�74&@-:/0%'O�/0%
��%435/0*�<L+�&.-./0%�& R (�/0*�S&9Y:
�(7 H�35��>P!
C 9 "�" H A-EIf�F4T A-E�C !*9�M ';5�'V?�*�'�� B�@�@�A#H

� FI��g?H,�d����%&� ;�����;{��;�)�8 H'D4HHD ����; '87 709#�R0 ��!��@5�' <��-)#� ; � �7� %&��2 � h '�)i � � 0-� )�' 3 ; > ���e? ��%�� ��;�9 � N /;+�=�=C(�+0*Q-:%GYj*6/	7�(�(�k0-A%CB�O�/�3l& R (lm n�%,k�>%'%'?H+01��>1A1 (4*�&@/�%o�2/0%43�(4*6(4%,7�(�p@�8/0%'&@-:7�(41A1 /Iq"��rtsY9�B�@�@ !�H
� VI�e0�H73�Hj�1�&�<5(��9��R<�� )#� ; � >����=�ZM:';7 � ,->)M 'R"�'�;�)�'R; %{2 ��)�'87 � %5, <��&� %�'�>
�&����;�9 ���6!#!#! N *6+0%'O�+�74&@-:/0%'Ol/�%;��%435/0*�<L+�&.-./0% N�R (�/0*�S&9 "�" H�D�D	TCf�F 9

��;-! ����,dE�C
D�!�H

� D4��
 H"�d���(��'�,49u�R<���!��(�(7 � %5,49?2 '�'�)#* �&5(� ��; )vM:����';5�%�'�)b3 ; > ���e? ��%�� ��;�9 �
YX*�/	7�(�(wk�-A%CB�Oe/�3;& R (8x0yyzP^ES0<_=C/0O�-A? <{/0%Z��%435/0*�<L+�&.-./0% N�R (�/0*�S+0%,k�-:&@O_�|=�=E1 -.7w+�&.-./0%'OQp.��^H� N �ua6yz�sY9�"�" H A�@�A4T A�@�F 9�B�@�@ !�H

� fI�e0�H 0�HU���(��)#� ��;�9}
�H <�����!�9 ��; )�� H 6v�&?=5�� ��; )�����;�9_�wM:! �(7 � %5,�*$'R>
%5��'�'R; �(��! �e5 '�5 �-)#� ; � ��; )I5(� ��;�; '87,5 �-)#� ; � ��; ){� %(��'�h-%('R; �&����;/%��%&� 'a�&��)�'R> � ; > ���e? ��%�� ��;�5����('&9 �\��!"!#! N *6+0%'O�+�74&@-:/0%'OX/0%l��%435/0*�<Q+0&@-:/0%
N�R (�/0*�S&9*:
�(7 H�!
C 9#"�" H�E�EIf-E5T�E�B�@�A 9t�d� ,eB�@�@�A#H

� CI�=6�H'
 H'~����(����;�9'~ H�<a� 'R;�9���;�){8 H'D H D ���&; '87 709|�(��� '�M:! �(7 � %5,e*$'R>%5��'�'R; 3 ;*>����@? ��%&����;vg�?O*�'�)�)#� ; � ��; )+0 ��! �@5�'\<�� ) � ; � �7� %��b0
��)�'3 ;*>����@?���%�����;���; )+0-�&? '�Fv"�" 7 �<5���%�� ��; � 9 ����!"!#! N *6+0%'O�+�74&@-:/0%'O�/0%
��%435/0*�<L+�&.-./0% N�R (�/0*�S&9*:
�(7 H�!
C 9�"�" H�E�E�F�C4T�E�EIf�@ 9t�d� ,\B�@�@�A#H

� E�@I�e8 H'�1���&? '�� 9,��-:*6(�7	&)(�kL��%43�/0*�<Q+0&@-:/0%�3�/�*l7 R +0%'%,(	1 O��"-A& R�� (�(�k9w+�75��H�s�'M %&� '������V9L0-�7������2 '�)�'��(�(7 3 ; ��%&� %&!�%('b�(>=� 'V5���; �(7�� � ,49�K�!����<5(��9
E�C�C0f#H

� E�E	�e0�H�� ��%&� �
��; )��\��; ) 0�Ht�e� %&%('�� 9|�(��� ' <���" �&5R� %5, �(>�<�����;�; '87�� �7� %&�2 '�'�)#* �&5(�->Z� ����% E�� %�� 'K8:'R; '��(�(7 <����('&9 ����!�*�? � %�%�'�)X%(�J�6!#!#!
N *6+0%'O�+�74&@-:/0%'O�/�%;��%435/0*�<L+�&.-./0% N�R (�/0*�S&9,d�5R%���*�' �:B�@�@-E-H

� E�BI�e<:H}gvH�0
� ��;�; ��;�9u�(������>@D � , <��&?=?�!�;�� 5 ��%&����;f<a� ��;�; '87��V9 �vYj*6/0a
7�(w(�k0-:%CB0OL/�3�& R ( � /0? *�& RG� (	*w��(	1 (4SQ^ES0<>= /0O�-A? <�/�%��8+0& R (4<L+0&@-.7w+�1
^E&)+0&@-AO�&@-:74Ol+0%,k�Yj*6/9w+9	-A1 -A&@SIq � (4*w�0(41 (4SIql���Q9�:
�(7 H E 9�"�" HtV-E�E5TCV ! !*9E�C0V-E-H

� E�AI�e0�H4�a'���)_�!���;�)��1H �:��;�9,�wF � 'R; '����(7*> ���e?O! 7���>���� 5(� ��;�; '87�5���" �&5R� %5,49 ��6!#!"! N *6+0%'O�+�74&@-:/0%'O_/0%���%43�/�*�<L+0&@-./0% N�R (�/0*�S&9 :
�(7 HS!
@ 9-"#" H#E�E�!-D	TE�E�F
D 9'
�!*7 ,{E�C�C !�H
� E�!W�=�1H0�v��; ��; )=0�HW��'��()>�!�9t�wFv"�" ���4h-�<? ��%&����;=%�� '����&, �(>���!�%&"�!�%��&%(��%&����>%&�<5�� 9 �]�6!#!"! N *�+0%'O�+�7	&@-./0%'Ov/0%���%435/0*�<Q+0&@-:/0% N�R (�/0*�S&9=:
�(7 H-!
@ 9"�" H�E�E�!-D	T�E�E�F
D 9E
�!*7 ,�E�C�C !�H
� E�FI����H�0�HC��� ; �&�
'�� 9E��%435/0*�<L+�&.-./0%8+0%,kQ��%435/0*�<L+�&.-./0%G^E&)+9	-A1 -A&@S�/�3>�j+0%'a

k�/0<��,+�*�-:+9	1 (4O>+�%,k�YX*�/	7�(	O�O�(4O(Hs0 ��;=2 �(��;�5R���e5��*9�<|F,� �v�(7�)�'R;�>)M � ,49
E�C0V !�H�� �(��; ��7���%�' )\* ,�F H 2 'R� ;���%�'�� ; H

� EIVI��� H 0-%�'R� ;-*$'�� � ��; )+0�Ht�a'���)_�!�9��R0-� ?O!*7 ��%�����; �(>7����; )��&? " �(� 5�'��(�('����; ) �(��%�'R>5)#���&%(���&%�����;+%&� '�����,49 �P�6!#!#! N *6+0%'O�+�74&.-./0%'O�/0%���%43�/0*�<Q+0a
&@-:/0% N�R (w/�*�S&9 :
�(7 H�A�C 9#"�" H�D�F�B4T#D�D�B 9E�d� ,dE�C�C�A#H

� E�D4�=6�H g?H ~�7 ��� !�%V9tYj*�-A%,74- =,1 (	Ou+0%,kQYX*�+�7	&@-.7w(L/�3>��%43�/�*�<L+0&@-./0% N�R (�/0*�S�H�d�����(�&5(�-! �('R%&%(� �#Fv)�)#������;GD '��e7�'R,49 E�C0f0f#H
� EIfI��� HE�d���&%(��;�9|�wga���(���v'5h-"���; 'R; % >����:����! �@5�'�5��-)#� ; � �7� %�� ��� )�'87 � %5,5���� %('���� ��;�9 ���6!#!#! N *�+0%'O�+�7	&@-./0%'O#/�%���%43�/0*�<Q+0&@-:/�% N�R (�/0*�S&9V:
�(7 H�35��>B�@ 9�"#" H�E�C
D	T�E�C�C 9E�d���e5(� E�C
D�!�H


