
� � �������	��

��������� � 
�������� ����� ��
! 

"$#
%'&)(�*,+�-/.0+2143657%'./8�*9+

:<;>=/?A@CBDBDEGFH@JIHKMLNLPOMQRF>KMI>LPETSU@CBWVXBWV$EYQWEGZ[;>@CQ\EG?]EGI^BW_`aOMQbBWV>ETF$ENcMQWENEYOM`2deO<LPBDOMQ7OM`2fgV>@ihCOj_DOMk/Vml

n V>EpoeI>@CqMENQR_W@CBrlsOM`2tuENEGF>_:<L\V>OmOjhvOM`gw�Oj?]k0;$BW@JI$cxpLPBDOM=vENQUy{zMzjy

n V$EYLNKMI>F/@JF>K{BDEYLPOjI$|>QR?A_}BWV>K{BbBWV$ETS~OMQW�X_W;$=0?A@CBDBDEGFH@J_�V>@i_}O�S7I�KMI>FXBWV>K{B7K{k>k/QWOMk>Q\@JK{BDEYLPQ\EGF>@CBV>KM_7=vENEGIXcj@CqMEGI�S7V>ENQWEpQWEN`aENQ\EGI>LPETV>KM_�=vENEGI�?�KMF$E�BDO�BWV$E�S�OMQW�XOM`�OMBWV$ENQ\_N�



���������
	��
�

� E�F>EG?]OjI>_DBDQ\K{BDE�K I$O qMEGh7?]ENBWV$O<F ` OMQAk>Q\O[F>;/LN@JI$c6K4_Dl<I^BWV>ENBW@JLHBWKMhC�<@JI$c4V$EGKMFu� n V$E�?]ENBWV$O<F
@J_]=0KM_DEGF OjI EGK{Q\hJ@CENQ�S~OMQW� @iI�S7V>@JLRV BWV$E = EGV/KGq<@COj;$QAOM`YK'_Dl[ImBWV$ENBW@JL�@JI>F>@Jq[@JF/;>KMh~@i_]cMEGI$ENQ\K{BDEGF
=[l�QWEN` ENQWEGI>LPE BDOsK k>QWOM=/K{=0@JhJ@J_DBW@iL�?]O[F>EGhuOM`g@JImBDENQ\KMLPBW@CqME =vEGV>K�q[@COj;>Q7S7@CBWV/@JIHBWV$E q[@i_W;>KMh F>Oj?AKM@JI��
_W;>LRV�?]O<F$EGhJ_�K{QWE hCEGK{Q\ImBbKM;$BDOj?AK{BW@JLNKMhJhJl ` QWOj? B,lmk/@iLNKMhu@JImBDENQ\KMLPBW@COjI>_N� � EYE��[BDEGI/FHBWV>@J_�S�OMQW�X@JImBDO
KHLPOj? =/@JI$EGF6q<@J_W;/KMh�KMI/F6KM;>F>@CBDOMQWl F$Oj?AKM@JI6KMI/F6EG?]k/hCO l KH_WBWK{BDE�� OM`�� BWV$E��rK{Q\B ` KMLN@JKMh�K{k>kvEGK{Q\KMI/LPE
?]O<F$EGh � n V>E QWEG_\;>hCBp@J_pKXQWEGKMh�� BW@J?]E _Dl<I^BWV>ENBW@JL BWKMhC�[@iI$csV>EGKMF)BWV>K{BpQWEG_DkvOjI>F>_pK{k>k>Q\OMk>Q\@JK{BDEGhCl�KMI/F
S7@CBWV'LPOMQWQWEGLPB BW@J?A@iI$c�BDO)_W@J?]k/hJE]`aOMQ\?�_TOM`bcMQ\ENENBW@JI$c S7@CBWV4q{K{Q\@JK{BW@JOjI>_T@JI ` KMLN@iKMhgE��<k>QWEG_W_\@COjI'KMI/F
@JImBDOjI>K{BW@COjI �



� � �������	��

������
�� � �

� S�Oj;>hJFXhJ@C�MEeBDO BWV>KMI$��? l _\;$kvENQWq[@i_DOMQ��mdpK�q[@JF��UOMcMc��$` OMQbV>@J_~cj;>@JF>KMI>LPEpKMI>FXKMF$q<@JLPEeBWV$QWOj;$cjV$Oj;>B
BWV>@J_}Q\EG_DEGK{Q\L\Vu�
� S�Oj;>hJF KMhJ_DO�hi@C�ME�BDO BWV>KMI$� ? l LPOjhJhJEGK{cj;$EG_ OM`�BWV$Est ENEGF>_��e@i_W@COjI��pQWOj;$k�� k/KM_DB KMI>F k/QWEG_DEGImB �
` OMQ]BWV$EH_DBW@J? ;>hJK{BW@JI$c S�OMQW�[@iI$c)EGI^q<@CQWOjI>?AEGI^BN� f�K{Q\BW@JLN;>hJK{Q BWV>KMI$�<_ BDO"!U`aQWO���w}V$Q\@i_#��deENQWEN� KMI/F
�eKMI>I>KMVH` OMQ7L\V>EGLW�<@JI$c�? lH_DkvEGhJhJ@JI$c KMI>FHBDO$!ehJ@J_WOjIHKMI>FHdpKMI�` OMQbBWV$EG@CQb` KMLN@JKMh k0K{QWBW@JLN@Ck/K{BW@JOjI �
n V>KMI>�[_eBDO�deEGI>@J_&%�L#'�ENO�SUI4` OMQYV>@J_pV$EGhCk)BDOHk>QWENk0K{QWE BWV$E]ENq KMhi;>K{BW@COjI)BDEG_DBYKMI>F)BWV/KMI$�[_pBDO�KMhih
BWV$E�kvENOMk/hCE�SUV$OA_DkvEGI^B�BW@i?]EYF$Oj@JI$c]@CBN�



� 
 � � 	��
	 ��� ��� �

:[Oj?]E)k/K{Q\BW_XOM`TBWV$E)S�OMQW� k>Q\EG_DEGI^BDEGF�@iI�BWV/@J_sBWV$EG_W@J_XV>K�qME6= ENEGI k/;>=/hJ@J_WV>EGF @JI�BWV$E6` OjhJhCO�SU@JI$c
K{QWBW@JLNhJEG_��

���	��

�����������������	��������������� �"!��$#&%('�'��&)+* EGKMLPBW@CqME %�EG?]OMQR@CEG_�� !eI � ImBDENQ\KMLPBW@CqME
n KMhC�<@JI$c � �UEGKMF-,<� � I�.0/2143657578:9 ;�<:=?>@/69	A	9B=7C�DFE
3�C�9B;G5�H�9I=J9	1:;LK�1:;NMN5O/P5O;(3J5 �<qMOjhJ;>?AEpy �$k/K{cMEG_
Q z
R4S Q�T y ��U % � !�� :[ENk>BDEG? =vENQUy{zMz T �

���	��

�����������������	��������������� �"!��$#&%('�'��&) !7k/k/hJ@JLNK{BW@COjI/_ `aOMQ K �eEGI$ENQRK{BW@CqME % O[F>EGh4OM`
V Oj@JImBWU~EGV/KGq<@COj;$Q7,<� � IX.0/21N3J57578:9B;Y<:=Z12M[K]\_^a`�bYc
ced:f�KgHG.ihkji1:/6l4=6CY16m�= �nU % � ! ��dUE��
LPEG? =vENQey{zMz T �



� � ����� �����

� � ����� %��	��
e� �B%�� �

T � T � I^BDENQ\KMLPBW@JOjI�S7@CBWVXBWV>ET?AKML\V/@JI$E �Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T

T � y % OMBW@Cq K{BW@JOjI>_b` OMQ7KMI � I^BDENQRKMLPBW@CqME n KMhC�<@JI$c��7EGKMF ���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T

T � R !Uk>k>QWOjKMLRV �Y�Y���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� R

T ��
 xp;$BWhi@JI$EpOM` BWV>EYBWV$EG_W@J_	���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �


 � �-
���'�� %�� ��� �

y[� T n KMhC�[@iI$c �7EGKMF/_U���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �

y[� T � T n lmkvE � ���UOjI �r@JImBDENQ\KMLPBW@CqMEYBWKMhC�<@JI$cAV>EGKMF �Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �

y[� T � y n lmkvE ��� � � I^BDENQ\KMLPBW@JqME��UEGKMF>_ �Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T y
y[� T � R n lmkvE ��� � �0:<?AK{Q\Bb@JI^BDENQRKMLPBW@CqMETBWKMhC�<@JI$c]V$EGKMF �Y���T�Y���Y�Y�Y���T�Y���Y�Y� T R

y[� T ��
 n lmkvE � � �0tuEGK{Q\I>@iI$c]@JI^BDENQRKMLPBW@CqMETV[;>?AKMI
�Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T �

y[� y �>KMLPE BDQ\KMLW�<@JI$c����T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y{z
y[� y[� T �$EGK{BW;>QWE�� U}KM_DEGF)K{k>k>QWOjKMLRV$EG_����Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y T

y[� y[� T � T w�OjImBDOj;$QT�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� yMy



y[� y[� T � y � ImBDEGI>_W@JBrl ���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� yeR

y[� y[� T � R %�OMBW@JOjI �Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� yeR

y[� y[� T ��
 �$EGK{BW;$QWEG_ ���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y�

y[� y[� y � ?AK{cME�� =/KM_DEGF�K{k>k>QWOjKMLRV$EG_ �Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �
y[� y[� R n V>E % KMI>LRV$EG_DBDENQ �>KMLPE n Q\KML\�MENQ'�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y Q

y[� R :[kvENEGL\V f�QWO<LPEG_W_W@JI>c �Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �
y[� R[� T w�O<F>@JI>c KMI/F�w�Oj?]k>Q\EG_W_W@COjI ���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �
y[� R[� y !eI>KMhCl<_W@J_H�T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �
y[� R[� R �eEGI>ENQ\K{BW@COjI �Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �

� ��� �Z�-
�� � �	�4�B� � %(� %�
?���-�4� � �

R[� T n V$E �/KMLPE BDQ\KML\�MENQ �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� RMy
R[� y n V$E :<k ENEGLRV !eI>KMhCl<_DENQ����Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 T

R[� y[� T � I$ENQWcMlsOM`�BWV>E�qMOj@JLPE ���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
^y
R[� y[� y � K�qMEN`aOMQ\? EGI>LPO<F$ENQ ���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
�R


 � %�� ���	�	��' � ���4� � ��
e� � %(� 
��


$� T n V$E��DOj@JImBb?]O<F$EGh �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 �


$� y n V$EYhJEGK{Q\I>@JI$c]_Dl<_DBDEG? ���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � T


$� y[� T t EGK{Q\I>@JI$cALPOjI>|>cj;$Q\K{BW@COjIH_Wk/KMLPE �Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � T


$� y[� y t EGK{Q\I>@JI$c]=vEGV>K�q[@JOj;$Qb_Dk/KMLPE!���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �


$� y[� R %�K{QW�MO�q�w�V>KM@JI �Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �




$� y[� R[� T xek>BW@J?�@J_WK{BW@COjIX@JI %�K{QW�MO�q�w�V>KM@JIXcMEGI$ENQ\K{BW@JOjI6�Y�Y�Y���T�Y���Y�Y� � �

� ��� � � ��� �_�	��' #&�Y�-� � 


�[� T �eEGI$ENQRK{BW@JI$c�KA_Wl[ImBWV$ENBW@JLpQWEG_Wk OjI/_DE]�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� Q R

�[� y !Uk>k/hJ@JLNK{BW@JOjI � �$BWV$ETBWKMhC�[@iI$cAV$EGKMF �Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� Q �

�[� y[� T � �[kvENQ\@J?AEGI^BW_ ���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� QeQ

�[� R !Uk>k/hJ@JLNK{BW@JOjI ��� �<BWV$E hJ@J_DBDEGI>@iI$c V>EGKMF ���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � z
�[� R[� T � �[kvENQ\@J?AEGI^B �Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � T

�[��
 !Uk>k/hJ@JLNK{BW@JOjI ����� � !e_W_W@i_DBW@JI$c]K k/K{QWBW@iKMhJhCl _\@CcjV^BDEGF hJ@J_DBDEGI$ENQ �T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[��
$� T � �[kvENQ\@J?AEGI^BW_ ���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � Q

�[��
$� y * EG_W;>hCBW_ �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[� � !Uk>k/hJ@JLNK{BW@JOjI � � �/K =vEGV>KGq<@COj;$Q�|0hCBDENQ �Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[� �[� T % ENBWV$O<F �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � z
�[� �[� y � �[kvENQ\@J?AEGI^B �Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� ��T

�[� Q � q{KMhJ;>K{BW@JOjIHOM` BWV>E � ImBDENQ\KMLPBW@COjI�Zm;/KMhJ@CBrl �Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � y
�[� Q � T :[ENBW;>k ���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � R

�[� Q � y * EG_W;>hCBW_ �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � 


� ! %���
 � � �4� %(� � �

Q � T dp@J_WLN;>_\_W@COjI �Y�Y���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

Q � y � OMQW�HE��<BDEGI>_W@COjI �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �



� �]� ��� ���-� � %(�X�4��� �B��� � �



� � �'� ��� � �~��� � � �

T � T � _�BWV>@J_bV>O�S S�ET@JImBDENQ\KMLPBbS7@JBWVXOj;$Q7LPOj?]k/;>BDENQ\_�� ���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y
T � y � I � K ��KMI>F � = �?��xpIHBWV>E�|>Q\_DB�QWO S&�>BWV$ET` KMLPETKM_U@JI$k/;>B�_WK�l[@iI$c ) V$EGhJhJO
, S7@CBWVXBWV$E

KM_W_DO<LN@JK{BDEGF _DkvENEGL\V'S}KGqMEN` OMQ\?��gKMI>F'OjI'BWV$Es_WEGLPOjI>F Q\O�S&�2BWV$Es_Dl<I^BWV$EG_\@J_DEGF4` KMLPE
S7@CBWVXBWV>ETKM_W_DO<LN@JK{BDEGF _Wk ENEGLRVHS}KGqMEN` OMQ\?H�u�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 


T � R tuEGK{QRI>@JI$c]=[l OM=0_DENQWq{K{BW@COjI �Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �

y[� T �UOjI @JImBDENQ\KMLPBW@CqMET_Wl[ImBWV$ENBW@JLpBWKMhC�<@JI$cAV>EGKMFH`aQRKM?]ENS~OMQ\���Y���T�Y���Y�Y�Y���T�Y���Y�Y� �

y[� y � �<k>QWEG_\_W@COjIHLNhCOjI>@iI$c��Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T z
y[� R :[l<I^BWV>EG_W@	�G@JI$c QWEGKMhi@J_DBW@JLe` KMLN@JKMh E��<k>QWEG_W_W@JOjI>_}`aQ\Oj? k/V$OMBDOMcMQ\K{k0V>_ �Y�Y�Y���T�Y���Y�Y� TeT

y[��
 V ENQ\EG?A@JKMV�
 _�` KMLN@JKMh E��<k>QWEG_\_W@COjI>_��T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T y
y[� � !eI>KMI$O�q{K � S7SbSY� KMI>KMI$O q K<� LPOj? � KMI>F OjI$E OM`6V$ENQ ` OjhJhCO S~ENQ\_��)w}V>KM_WE � KMhC�MENQ

� :[k>QR@JI^B�KMF$q{KMI>LPEGF BDEGL\V>I$OjhJOMcMlXhiK{= �R�u���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T y
y[� Q � I^BDENQ\KMLPBW@JqME��UEGKMF�` Q\KM?]ENS�OMQW�	�T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T R

y[� � :<?AK{Q\Bb@JI^BDENQRKMLPBW@CqMETBWKMhC�<@JI$c]V$EGKMF�`aQ\KM?AENS~OMQW� �Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T 


y[� � �pKMI>F/KMhC` �$BWV>ET@JImBDENQ\KMLPBW@CqMETLNK{QWBDO[OjI �>` QWOj? BWV>E�%4� � � n � % EGF>@JK]hiK{=u� �Y���T�Y���Y�Y� T 


y[� � tuEGK{QRI>@JI$cA@JImBDENQ\KMLPBW@CqME Vm;>?�KMIX`aQ\KM?AENS~OMQW�����T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T �



y[� T z n V$EY@iI^BDENQ\KMLPBW@JqMEThCEGK{Q\I>@iI$c k/K{QWBWI$ENQe�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� TNQ

y[� TeT �$QWOj?�OM=0_DENQWq{K{BW@COjI OM`0?AKMImlYBDQ\K �DEGLPBDOMQ\@CEG_ BWV$E�_Dl<_DBDEG?�@J_ K{=/hCE�BDOpk>QWEGF>@iLPB BWV$E}k/K{BWV
OM`2K]kvEGF$EG_DBDQ\@iKMI � �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� T �

y[� T y � �$KM?]k/hJE�OM`�KA_\;>_Dk/@JLN@JOj;>_�BDQ\K � EGLPBDOMQ\l�@JIHK]LNK{Q7k/K{Q\� �Y���T�Y���Y�Y�Y���T�Y���Y�Y� T �

y[� T R tuENEGF/_ 
>|>Q\_WBb@JI^BDENQRKMLPBW@CqMEYk/K{QWBWI>ENQ��Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y{z
y[� T 
�tuENEGF/_ � I^BDENQ\KMLPBW@JqME n KMhJ�[@JI>c �7EGKMF��Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y T
y[� T ���eQWENlHhCENqMEGh @J?AK{cMEG_ �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y Q
y[� TNQ �>KMLPE ?AK{BWL\V/@JI$c �T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� y �

R[� T dpK{BWK�KMLNZ[;>@J_W@JBW@COjIHKMI>FHcMEGI$ENQRK{BW@COjIHk>QWO<LPEG_W_ �T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� RMy
R[� y n V$E�E��<kvENQ\@J?]EGImBWKMh _DENBW;$k `aOMQbq<@JF$ENOALNK{k/BW;$QWEYOM` @JImBDENQ\KMLPBW@COjI _WEGZm;$EGI/LPEG_~�T�Y���Y�Y� ReR

R[� R � I/LPO[F>@iI$c BWV$EY` KMLPE��Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� ReR

R[��
 :[k/hi@JI$EpLN;$QWqMEG_7F>EGhJ@JI$EGK{BW@JI>c k>Q\Oj?A@JI$EGImB�_DBDQ\;>LPBW;$Q\EG_�OM` BWV$E�` KMLPE��Y�Y�Y���T�Y���Y�Y� R�


R[� � �>KMLPE _WV>K{kvEG_}cMEGI$ENQ\K{BDEGF `aQ\Oj? BWV$QWENETF/@�� ENQ\EGI^Bb_DENBW_7OM` k0K{Q\KM?]ENBDENQ7q{KMhJ;$EG_��Y���Y�Y� R �

R[� Q % EGKMI _WV>K{kvE�BDQ\@iKMI$cj;>hJK{BDEGFX` OMQbS}K{QWk/@JI$c �Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� R �

R[� � �>KMLPEG_ecMEGI$ENQ\K{BDEGF `aQ\Oj? BWV$QWENEY_DENBW_7OM` q KMhJ;>EG_}`aOMQe?]O[F>EGhvk/K{Q\KM?]ENBDENQ\_ ���T�Y���Y�Y� R Q

R[� � ��K{QWl<@JI$cHBWV$E�`aOj;$QYK�� I$E]k/K{Q\KM?]ENBDENQR_N�Af�Oj_W@CBW@COjI�� @JI)|>QR_DB�hJ@JI$E � kvOj_W@CBW@JOjI�� @JI
_DEGLPOjI>F�hJ@JI$E �$_WLNKMhJEY@JIXBWV>@CQ\FHhi@JI$E�KMI>FXQWOMBWK{BW@COjI * @JI�`aOj;$Q\BWVHhJ@JI$E �Y�Y���T�Y���Y�Y� R Q

R[� � n V$E�ENlME ?]O�qMEG?AEGI^BW_UOM` BWV$EY_DkvEGK{�MENQUK{QWE�EGI/LPO[F$EGF @JIXBWV$ET?]O<F$EGh��Y�Y���T�Y���Y�Y� R �

R[� T z n V$E�ENlMEGhi@JF�?]O qMEG?]EGI^BW_UOM` BWV$EY_DkvEGK{�MENQUK{Q\E�EGI>LPO[F>EGF�@JIXBWV$ET?AO[F$EGh����T�Y���Y�Y� R �

R[� TeT n V$E]LNhCOj_WEG_DBY?AK{BWL\V/@JI$c�_Dl<I^BWV>ENBW@JL ` KMLPEABDO�KHI>ENS�@i?AK{cMEM� � K �e@JI$k/;$Be` Q\KM?]E ��� = �
=vEG_DBb?AK{BWLRV>@JI$c�� � L ��LPOjI^BDOj;$QUOM` = EG_WBb?AK{BWL\V>@iI$cA_W;$kvENQ\@J?Ak Oj_WEGF�OjI�@JI$k/;$B}@J?AK{cMEM� R �



R[� T y�:<;$=/BDQ\KMLPBW@JI$c'BWV$E6_Dl[ImBWV$EG_W@i_DEGF�@i?AK{cME�` QWOj?�BWV$E6I$ENS q[@JF>ENO @J?�K{cME _WV>O�S7_sBWV$E
F>@��vENQWEGI>LPE�ENQ\QWOMQ7@J?AK{cME �Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� R �

R[� T R ��K{QWl<@JI$c]BWV$ET|>Q\_DB�BWV$Q\ENE�k/K{Q\KM?]ENBDENQ\_7OM` BWV$E�` KMLPE ?]O[F>EGh	�T�Y���Y�Y�Y���T�Y���Y�Y� R �

R[� T 
 � qMOjhi;$BW@COjI)OM`�|>BDBW@JI$cHKX` KMLPE]BDO�BWV$E]QWEGKMh2@J?�K{cME��eBWV>EAKMhCcMOMQ\@CBWV>? _WBWK{QWBW_�S7@CBWV)K
` KMLPEAK{BeQRKMI>F$Oj? kvOj_W@CBW@COjI K{BY@JI>_DBWKMImB���� z<� � qMOjhJ;>BW@COjI)LNKMI)= E _DENEGI6K{B���� R �
��� Q KMI>F���� T z �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
jz

R[� T ��:[Oj;>I/FHKMLNZm;>@i_W@CBW@COjI �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 T

R[� TNQ �UEGKMF>_DENBU?�@JLPQWOMk/V$OjI>E ���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
^y
R[� T � :<@CcjI/KMh LN;$BbENqMENQWl 
jz � Q _\KM?]k/hCEG_}S7V/@JL\VHLPOMQWQ\EG_DkvOjI>FHBDOAENqMENQWlXq<@JF$ENO]` Q\KM?]E ���Y�Y� 
^y
R[� T � xpI BWV$E BDOMk4@J_eBWV$E S}KGqMEN` OMQ\?	� �UEGhJhCO�� V$O S F$OXlMOj;6F$O��uF$OXlMOj;)` KMI/LPl cMOj@JI$cXBDO

BWV$EYk0;$= � 
 �[OjI�BWV$EY=vOMBDBDOj? BWV$E�EGI>ENQWcMlXcMQ\K{k/V ���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
�R

R[� T � � KGqMEN` OMQ\? KMLNZ[;>@J_W@CBW@JOjI �Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 


R[� y{z n V$E�EGI/LPO[F>@iI$c]OM` BWV>EYS�K�qMEN`aOMQR? �Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 �

R[� y T�
 ;>KMhi@CBrl'OM`eQ\EGLPOjI>_DBW@CBW;$BW@JOjI OM`eF>@ � ENQWEGImBA;$BDBDENQ\KMI/LPEG_AS7@CBWV BWV$E�;>_DEHOM`pF>@��vENQWEGI^B
I[;>?T=vENQ\_}OM`2LPOj?]kvOjI$EGImBW_N��x�I>hCl�� U�OjI �DOj;$Q 
/F/@JFXI$OMBbO<LNLN;$Q7@JIXBWV$ETBDQ\KM@JI>@JI>c _WENBN�'� 
 Q

R[� yMy�xpI6BWV>E�hCEN` BYBWV$E�_DOj;/I>F�� =vOjI � Oj;>Q 
�� BDOMk �pSU@CBWV)QWEGLPOjI>_DBW@JBW;$BW@COjI � =vOMBDBDOj? �R� n V>@J_
_DOj;>I/F @J_UI$OMBU@JI BWV$ETBDQRKM@JI>@JI$cA_WENBN�expI�BWV>ETQ\@CcjVmBbBWV$E _DOj;>I>F
� �7EGhihCO 
 � BDOMk �bS7@CBWV
QWEGLPOjI>_WBW@CBW;$BW@COjI � =vOMBDBDOj? � �Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� 
 �

R[� yeR �p@JF$ENO]EGI>LPO<F$EGFHqMEGLPBDOMQpKMI>F�_DkvENEGLRV�EGI>LPO<F$EGFHqMEGLPBDOMQpK{QWEYLPOj? =/@JI$EGF ���T�Y���Y�Y� 
 �


$� T V Oj@iI^B�qMEGLPBDOMQeOM` BWV$EYLPOj?T=0@JI$EGFH` KMLPE�� _DkvENEGL\V�qMEGLPBDOMQ\_U`aOMQbBWV>E�BrS�O�BWKMhC�<@JI$c �rV$EGKMF/_ 
 �


$� y n S�O)k ENOMk0hCE cMQ\ENENBW@JI$c)EGKML\V�OMBWV>ENQG� xpI |>QR_DB Q\O�S _DkvEGK{�MENQ OjI$E�_WK�l[@JI>c�� �UEGhJhCO 

KMI>FHOjI _DEGLPOjI>F�Q\O�S _DkvEGK{�MENQUBrS�O KMI>_DS�ENQ\@JI>c�� �UEGhJhCO 
 �Y���T�Y���Y�Y�Y���T�Y���Y�Y� �{z




$� R n V$E�|>Q\_WB BWV$Q\ENE�k0K{Q\KM?]ENBDENQ\_�OM`/BWV>E�LPOj? =/@JI$EGF ?]O<F$EGh � cMQWENl<hCENqMEGh��p_WV/K{k E � OM`>EGKMLRV
_DkvEGK{�MENQU_\KGl<@JI$c � V$EGhJhJO 
$S7@CBWV>@JIsBWV$EYVml[k ENQRLN;$=vE ���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �{z


$��
 tuEGK{QRI>@JI$cA_Dl<_DBDEG? �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � T


$� � � K � F$ENk/@JLPBW_ K _DENB OM`bqMEGLPBDOMQ\_A@JI BWV$EH_DBWK{BDEH_Dk/KMLPE � � = � _WV>O�S7_ BWV$EX_WKM?]EH_DENB OM`
qMEGLPBDOMQ\_US7@CBWVXk>Q\OMBDOMBrl[k EG_U_W;$kvENQ\@J?Ak Oj_WEGF ���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �eR


$� Q f�Q\OMBDOMBrl[k EG_��� OM`�BWV>E�� Oj@JImBbLPOjI$|>cj;>Q\K{BW@COjI�_Dk0KMLPE �Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � Q


$� � dp@J_DBDQ\@J=/;$BW@COjIsOM` BWV$E�k>QWOMBDOMB,lmkvEG_U@JIXBWV$E�BDQ\K �DEGLPBDOMQWl�_Dk/KMLPE��T�Y���Y�Y�Y���T�Y���Y�Y� � �


$� � w�OjI>F/@CBW@COjI>KMhvF$EGLNK�lHOMk ENQRK{BDOMQ7K{k>k/hJ@JEGFXBDO�_WKM?]k/hJEek/QWO �$@J?A@CB,lsF/K{BWK]S7@CBWV�� � z�� � � � �


$� � � �$KM?]k/hJE�OM` %�K{QW�MO�q�w�V>KM@JIH_W;$kvENQ\@i?]kvOj_DEGF�OjI KA_DENBbOM`2_W@��sk>QWOMBDOMB,lmkvEG_ �Y���Y�Y� � �


$� T z ��KMhJ;$EG_gOM` BWV$EbBDQ\KMI/_W@CBW@COjI]OM`vBWV$Eey{zT_DBWK{BDEG_ %�K{QW�MO�q�LRV>KM@JI]=0;>@JhCB ` OMQgBWV$EehJ@J_DBDEGI>@iI$c
V$EGKMF �Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� Q z

�[� T n KMhC�[@iI$c �7EGKMF hCEGK{Q\I>@JI>c _Wl[_DBDEG?	KMI>FHK{k>k/hi@JLNK{BW@COjI �Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� Q R

�[� y xpI'BWV$EXhCEN`aB�� K �TBWV$EsQWEGKMhgOM=0_DENQWq{K{BW@COjI LPOMQWQWEGhJK{BW@COjI'BW@J?A@iI$c =vENBrS�ENEGI Zm;>EG_DBW@COjI>_
� V$OMQ\@ �NOjI^BWKMh K �<@J_ �sKMI>F�KMI>_DS�ENQ\_ � qMENQWBW@iLNKMhTK �$@J_ �R�	xpI BWV$E Q\@CcjVmB � = �sBWV$E6OM= �
_DENQWq{K{BW@COjI�LPOMQWQWEGhJK{BW@COjI BW@J?A@JI$c)=vENBrS�ENEGI Q\EGKMhbZm;>EG_DBW@COjI>_ � V>OMQ\@	�NOjImBWKMh7K �$@J_ � KMI>F
_Dl<I^BWV>ENBW@JLYKMI>_DS�ENQ\_ � qMENQ\BW@JLNKMh K �$@J_ �R��oeI>@CBW_bK{Q\EY@JI�_DEGLPOjI>F/_N� ���Y�Y�Y���T�Y���Y�Y� Q �

�[� R � I � K � � � = �}KMI>F�� L �g��xpI�|>QR_DB�QWO�S BWV$EY` KMLPE KM_7@JI$k0;$Bb_WKGl<@JI$c ) V$EGhJhCO
,]SU@CBWVHBWV$E
KM_W_DO<LN@JK{BDEGF _DkvENEGL\V S}KGqMEN` OMQ\?�KMI>F'OjI _DEGLPOjI>F QWO�S BWV$EX_Dl<I^BWV$EG_\@J_DEGF'` KMLPEXS7@CBWV
BWV$ETKM_\_DO[LN@iK{BDEGF _DkvENEGL\V�S�K�qMEN`aOMQ\?��>�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� Q �

�[��
 � I � K � BWV$E�` KMLPE}KM_2@iI$k/;$B _\KGl<@JI$c ) �7O S F$OUlMOj; F$O �4, S7@CBWVTBWV$E�KM_W_DO<LN@JK{BDEGF _DkvENEGL\V
S}KGqMEN` OMQ\? KMI/F]BWV$E7_Dl<ImBWV$EG_W@J_DEGF ` KMLPE7SU@CBWV BWV$E7KM_W_WO[LN@JK{BDEGF _DkvENEGL\V]S}KGqMEN` OMQ\?H� � I
� = ��BWV$EY` KMLPE _W?�@JhJ@JI$c KM_e@JI$k/;$B}S7@JBWVHBWV$E KM_\_DO[LN@iK{BDEGF _DkvENEGL\V�S}KGqMEN` OMQ\?	KMI/F�BWV$E
_Dl<I^BWV>EG_W@J_DEGFH` KMLPEYS7@JBWVXBWV$ETKM_W_DO<LN@JK{BDEGF�_Wk ENEGLRV�S}KGqMEN` OMQ\?H� �Y���Y�Y�Y���T�Y���Y�Y� � T



�[� � xpI)|>QR_DBpQWO�S BWV>E]` KMLPE�_\?A@JhJ@JI>c KM_Y@JI>k/;$BeS7@CBWV BWV$EA;>I[;>_W;>KMh KM_W_WO[LN@JK{BDEGF _DkvENEGL\V
S}KGqMEN` OMQ\? ) V>O�S�F>OYlMOj;�F$O
,YQWENqMENQ\_DEGFAKMI/F]OjI�_DEGLPOjI/F]QWO�S�BWV$E7_Dl<ImBWV$EG_W@J_DEGF ` KMLPE
QWEG_DkvOjI>F/@JI$c �Y���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �{y

�[� Q t @i_DBDEGI>@JI$c��UEGKMF hCEGK{QRI>@JI$c]_Dl<_DBDEG? KMI>F K{k>k/hJ@JLNK{BW@JOjI �Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �{y
�[� � � K �UKMI>F � = �g� !}BeBWV$ETBDOMk)BWV$E _DkvEGK{�MENQeBWKMhJ�[@JI>cA`aQ\ENEGhClHKM_e@iI$k/;$B�S7@JBWV�BWV$E KM_W_DO �

LN@JK{BDEGF EGI$ENQWcMlH_W@CcjI>KMh KMI/F�K{BbBWV$E�=vOMBDBDOj? BWV>EY_Dl[ImBWV$EG_W@i_DEGFH` KMLPEYQWEG_DkvOjI>F>@iI$c]�Y�Y� � 


�[� � !}BTBWV>E�BDOMk BWV>E _DkvEGK{�MENQTBWKMhJ�[@JI>cH`aQWENEGhJl)KM_ @JI$k/;>BeSU@CBWV6BWV$E�KM_\_DO[LN@iK{BDEGF EGI$ENQ\cMl
_W@CcjI/KMh KMI>F�K{BbBWV$ET= OMBDBDOj?�BWV$EY_Dl<I^BWV>EG_W@J_DEGFX` KMLPETQWEG_Wk OjI/F>@JI$c �Y�Y�Y���T�Y���Y�Y� � �

�[� � �>KMLN@JKMh E��[k/QWEG_W_W@COjIHF>EG_WLPQ\@Ck>BDOMQUhCEGK{Q\I>@JI>c _Dl<_DBDEG?	KMI>F�K{k>k/hi@JLNK{BW@COjI � �Y���T�Y���Y�Y� � Q

�[� T z��$Oj;$Q�F>@��vENQWEGImB�E��<k>QWEG_\_W@COjI>_2LPOj?A?AEGI^BWK{BDEGFsKMI>F BDQ\KM@JI>EGF � n OMk�hCEN` B#�^KYV>EGKMFA_WV>K{�ME
KM_W_DO<LN@JK{BDEGF'S7@CBWV)BWV$Es_DOj;>I>F6_\@CcjI>KMh ) �UO
,<� n OMk'Q\@CcjVmB#� K�V$EGKMF'I$O<F4KM_W_DO<LN@JK{BDEGF
S7@CBWV)BWV>EA_DOj;>I>F6_W@JcjI>KMh ) ��EG_P,<��U�OMBDBDOj?
hCEN`aB#� K�_W;$QWk/Q\@J_DE ` KMLPE�KM_\_DO[LN@iK{BDEGF4S7@CBWV
BWV$E�_WOj;>I>F6_W@CcjI/KMh ) xpV�� ,<��U�OMBDBDOj?�Q\@CcjVmB#� K�_\?A@JhJ@JI>c�` KMLPE KM_W_DO<LN@JK{BDEGF S7@CBWV)BWV$E
_DOj;>I/FH_W@CcjI>KMh ) :$?A@JhCEN, �Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[� TeT n V$E�` KMLPETE��<k>QWEG_\_W@COjIHKM_b@JI>k/;$B�KMI>FXBWV$ETKM;/F>@CO]Oj;$BDk/;>BbF$EG_WLPQ\@Ck/BW@COjI 
 :<?A@JhCE 
	�Y�Y� � �

�[� T y n V$E�` KMLPETE��<k>QWEG_\_W@COjIHKM_b@JI>k/;$B�KMI>FXBWV$ETKM;/F>@CO]Oj;$BDk/;>BbF$EG_WLPQ\@Ck/BW@COjI 
 xpV����	
v���Y�Y� � �

�[� T R n @J?�@JI$c `aOMQ7BWV$E�qMO[LNKMh F$EG_WLPQ\@Jk>BW@COjIsQWEG_DkvOjI>_DE �Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[� T 
����Uq{KMhJ;$EG_�� qMENQWBW@JLNKMh�K �<@J_ ��`aOMQeBWV$EYBWV>QWENE F>@ � ENQWEGImB7@JI>k/;$BW_}O�qMENQpBW@J?AE � ;>I>@JBb@J_7@JI
` Q\KM?]E � �Y���Y�Y���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � y

�[� T � oe_DENQ7ENq{KMhJ;>K{BW@JI>c]BWV$EY@JImBDENQ\KMLPBW@COjI �Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � R

�[� TNQ dp@J_DBDQ\@J=/;$BW@COjIsOM` BWV$EY?AK{QW�<_ ���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� � �

�[� T � ��K{Q\@JKMI/LPEYOM` BWV$EY?AK{QW�<@JI$c]` OMQbEGKML\V Brl[kvEYOM` cMQWENENBW@JI$c �Y���T�Y���Y�Y�Y���T�Y���Y�Y� �eQ

Q � T n V$E k>QWO �<@J?�@CBrl)OM`�BWV$E ` KMLPEsLNKMI E��<k>QWEG_W_ EG?]OMBW@COjI/_T=/;>BTKMhJ_DO�= E ;>_DEGF4BDO�cMQ\K{=
BWV$ETK{BDBDEGImBW@COjI ���T�Y�Y���Y�Y���T�Y�Y���Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y�Y���T�Y���Y�Y� �{z



� �������	��
 �

� ��� � �  � ����� � �


���
 � � � 
 �
	��
�G� � � � � ��� ��� 
 � 	���� � ��


!�kvENQ\_DOjI/KMh0LPOj?]k0;$BDENQ�@J_}I$O�S�KMIsOM= �DEGLPB�k/QWEG_DEGImB}@iI�ENqMENQWl[=vO[F>l 
 _�V$Oj?]EM� � EY;>_WEe@CB}KM_�OM`aBDEGIHKM_
Oj;$Q�BDEGhCENq<@J_W@COjI>_�KMI>FsOj;$Q�QWEN` Q\@CcMENQ\K{BDOMQ\_G� � EeS�OMQW�ASU@CBWV @JB#�[S�Eek/hJKGl�S7@CBWVs@CBg=/;>B�_DBW@ihJh/LPOjI>_\@JF$ENQ}@CB
KM_bKALPOjhiFHBDOmOjh �
* EGLPEGImBsk>QWOMcMQWEG_W_s@JI�cMQRK{k/V>@JLNKMhUF>@J_Dk/hiKGl �}KM;>F>@CO4k/QWO[F/;>LPBW@COjI KMI>F�LPOj?]k/;$BWK{BW@JOjI>KMhU_Wk ENEGF�KMhJhCO S
LPOj?]k/;>BDENQ\_}BDO]QWENk>QWO<F>;>LPE � QWEGKMhJ@JBrl 
$S7@CBWVsqMENQWl V/@CcjVXZm;>KMhi@CBrlM� �UENqMENQWBWV$EGhCEG_\_#�>BWV$EpQWEGhJK{BW@JOjI>_WV>@CksS�E
V>K�qMEAS7@CBWV BWV$EG? @i_�_DBW@JhJh�QWEGKMhJhJl =/KM_W@iL{� n V>E @iI^BDENQW` KMLPEG_YS�EA;>_DEAV/KGqMEGI�
 BTLRV>KMI$cMEGF4KHhJOMB�`aOMQYBWV>E
k/KM_DB7y{z�lMEGK{Q\_7KMI/FXS~ETK{Q\ET_DBW@JhJh qMENQWlX` K{Qb` QWOj? K]QWEGKMh Vm;>?�KMIHhJ@C�MEY@JImBDENQ\KMLPBW@COjI � � @Ccj;>QWE T � T �R�
! � BWKMhC�<@JI$cAV$EGKMF�
0@J_}BWV$ET?]Oj_WB7Vm;/?AKMI�F>@J_Wk/hJKGlsKALPOj?]k/;>BDENQULPOj;>hJF V>KGqME BDOAEGI>LPOj;$Q\K{cME BWV$ET;>_WENQ
BDO�@JImBDENQ\KMLPB�S7@CBWV @CBN� �7OMB�OjI>hJl @CBpV>KM_pBDO�hCO[OM��KMI>F)_DOj;>I/F�Q\EGKMh �u@CB�KMhJ_DOHV>KM_eBDO�V>K�qME�KXVm;>?�KMI
_DEGI>_WE�OM`�=vEGV>K�q[@JOj;$Q�=/KM_DEGFHOjI�` KMLN@JKMhuE��[k>Q\EG_W_W@COjI �<qMOj@JLPE @JImBDOjI>K{BW@COjIHKMI>FHBW@i?A@JI$c$�


���� � � ������	 �G� � � ��� � � 	 � � � � 
 �
	��
����� 
�� 	 ��� � ����� 
 	 �

f�Q\OMk ENQ]V[;>?AKMI =vEGV>KGq<@COj;$Q @J_]_DOj?AENBWV>@JI$c BWV>K{BALNKMI�I$OMB EGKM_W@JhJl4=vEsBWKM;>cjV^B]OMQAF$EG_\LPQ\@C=vEGF4S7@JBWV
Q\;>hJEG_N� f�ENOMk/hCE hCEGK{Q\I V>O�S BDO @JImBDENQ\KMLPBT=[l)S�K{BWLRV>@JI$c KMI>F6k/K{QWBW@iLN@Ck/K{BW@JI$c$� � E�=vEGhJ@CENqME @CBT@J_�BWV>E

T



y

� @Ccj;$QWE T � T � � _�BWV>@i_�V$O�S S~ET@iI^BDENQ\KMLPB7S7@CBWVXOj;$Q7LPOj?Ak/;$BDENQ\_��
_WKM?]E ` OMQpBWV$E ?�KML\V>@JI>EM� xe`�LPOj;$Q\_DE BWV$E]LPOjImBDEGI^B�OM`gS7V>K{B�@J_e_WKM@JF @J_p@J?]kvOMQWBWKMImBN� �UO�S�ENqMENQ��uBWV>E
_DEGZ[;$EGI>LPEXKMI>F BW@J?A@JI>c OM`7KMLNLPOj?]k0KMI^l<@JI$c)` KMLN@JKMhgE��<k>QWEG_\_W@COjI>_ @J_ KMhJ_DO)@J?]kvOMQWBWKMImB��~?A@J_WBW@J?]EGF4OMQ
@JI>K{k/k>QWOMk>Q\@iK{BDE E��<k>QWEG_W_\@COjI>_u?AK�l�LPOjI^qMENlY;>I/@JI^BDEGI/F$EGF�?]EGKMI>@JI>cbKMI>FYLNKMIYBWV>ENQWEN`aOMQ\E�=vE�F>@J_DQ\;>k>BW@CqMEM�
� Be@J_UQWEGKM_DOjI/K{=/hCE BDOX_\;$k>kvOj_DEYBWV$E _WKM?]E QWEGZ[;>@CQ\EG?]EGI^BW_US7@JhihuK{k>k/hClH` OMQpVm;>?�KMI�@JImBDENQ\KMLPBW@COjI S7@JBWV
KA_Dl<ImBWV$ENBW@JLpBWKMhC�<@JI$cAV$EGKMFu�
n V$E6_WLPQ\ENEGI � =/KM_DEGF BWKMhC�<@JI$c�V$EGKMF�@i_HK'kvO S~ENQW` ;>hpF$ENq<@JLPE6` OMQ�?]EGF>@JK{BW@JI>c @JImBDENQ\KMLPBW@COjI =vENB,S~ENEGI
V[;>?AKMI>_eKMI>F)?AKML\V/@JI$EG_#� EGI>K{=/hJ@iI$c K `aOMQR?	OM`~@JI^BDENQRKMLPBW@COjI BWV>K{B�?A@J?A@JLN_UF>@CQWEGLPBpLPOj?A? ;>I>@JLNK{BW@JOjI
=vENBrS�ENEGI�Vm;/?AKMI>_�� Q � � � � � ��� � n V$E E��<kvENQ\@CEGI>LPE OM`YQWEGKMhJ@i_W?�@i_�` ;$QWBWV$ENQsEGI>V>KMI/LPEGF�SUV$EGI BWV>E
LPOj?]k/;>BDENQ�@J_gEGZm;/@Ck>kvEGF S7@CBWV�q[@J_\;>KMh/KMI>F KM;>F>@CBDOMQ\l _WEGI>_DEG_~S7@CBWVASUV>@JL\VABDO kvENQ\LPEG@CqMEUBWV$EU;/_DENQ�KMI/F
QWEGKMLPB�K{k/k>QWOMk>Q\@iK{BDEGhCl�� 
 � � T R�� � � � R ��� � � I BWV>@J_]_Dl<?A?]ENBDQR@JLH_W@CBW;>K{BW@JOjI �g=vOMBWV BWV$E�V[;>?AKMI KMI/F
_Dl<I^BWV>ENBW@JL�V$EGKMF�LNKMI�_DENETKMI>FH=vEY_DENEGI �>KMI>F�LNKMI V>EGK{Q7KMI>FH=vEYV$EGK{Q\Fu�
oe_W;>KMhJhClH=0KM_DEGF OjI�QR;>hCEG_e?AKMIm;/KMhJhCl�_DENB�� T z T � T zMz��uy Q � � � � � y � T R�� �u?]Oj_DBpOM`�BWV>E BWKMhJ�[@JI>c V$EGKMF>_
hCO[OM�]V>@CcjV>hCl _Dl<I^BWV$ENBW@iL	� � � � �~:[Oj?AE7K{BDBDEG?]k>BW_}V>K�qME7=vENEGI�?AKMF>E7BDO KM;>BDOj?AK{BW@JLNKMhJhCl]hCEGK{QRIABWV$QWOj;>cjV
OM=/_DENQ\q K{BW@COjI�@JI^BDENQRKMLPBW@CqMEbk/K{QWBWI>ENQ\_ BWV>K{BgV>K�qMEUK{k>k/QWOMk>Q\@JK{BDEGhJlYBW@J?]EGF]Q\EG_DkvOjI>_DEG_
� 
 � � � n V$EG_WEbL\V>K{Q �



R

KMLPBDENQ\_ V$O�S�ENqMENQTS�ENQWE�I$OMBYKM_YENqMOjhCqMEGF KM_YKXBWKMhJ�[@JI>cXV>EGKMF � n V>@J_p@J_pE��$KMLPBWhCl)S7V$ENQ\E BWV>EALPOMQWEAOM`
BWV>@J_}Q\EG_DEGK{Q\L\V�hJ@CEG_N�
n V>@i_gBWV$EG_\@J_}KMF>K{k>BW_}K hCEGK{Q\I>@JI>c K{k>k>Q\OjKML\VXBDOA@JImBDENQ\KMLPBW@COjIsk>QWOMkvOj_DEGFs=[l V OjV/I>_DOjIF5�AiE�� � ��� T � KMI/F
=[l V EN=/K{Q\KL5�A E�� � � 
 � � ��KMI/F4E��<BDEGI>F>_ BWV>@J_YBDO F$EGKMh�SU@CBWV _DkvOM�MEGI'KM_TS�EGhJh�KM_ q[@i_W;>KMh�?]O<F>KMhJ@JBW@CEG_
S7@CBWV/@JIHBWV$E _WKM?]E ;>I>@C|/EGF�` Q\KM?]ENS�OMQW�0� �$Oj;$Q�K{k>k0hJ@JLNK{BW@COjI>_7OM`g_W;>LRV�Ks?]O<F$EGh�K{QWE k/QWOMkvOj_DEGF�KMI/F
E��<k ENQR@J?]EGImBWKMhvQWEG_W;>hCBW_�K{Q\EYk>QWEG_DEGImBDEGF �
� @Ccj;$QWE T � y�@JhihJ;>_DBDQ\K{BDEG_7_DOj?]ETQ\EG_W;>hCBW_7OM=>BWKM@JI$EGF S7@CBWV�BWV>E @JImBDENQ\KMLPBW@CqME BWKMhC�[@iI$c�V$EGKMF � n V$E � I^BDENQ �
KMLPBW@CqMEsV$EGKMF6QWEG_DkvOjI>F/_�K{k>k>QWOMk>QR@JK{BDEGhCl KMI>F4S7@CBWV6I>K{BW;$QRKMh2BW@J?A@JI>csBDO EGKML\V I$ENS @JI$k0;$B�� BDQRKMLW�MEGF
` KMLPETKMI>F�_DOj;/I>F �R��% OMQWEYE��<k ENQR@J?]EGImBW_�K{QWET_WV$O S7I�@JI w�V>K{k>BDENQ �[�


���� ������� � 	����

n V$E�@JImBDENQ\KMLPBW@CqMEU?]O[F>EGh[@i_2hCEGK{Q\ImB2`aQWOj?�OM=0_DENQWq{K{BW@COjI]OM`vVm;>?�KMI]LPOjI^qMENQ\_\K{BW@COjI �~:[kvENEGL\V]KMI/F]` KMLN@iKMh
E��<k>QWEG_W_W@JOjI>_UK{Q\E KMLNZ[;>@CQWEGF KMI>F)LPOj?]k>Q\EG_W_DEGF)@JImBDOsKMI)@JImBDENQ\I>KMh QWENk>QWEG_WEGI^BWK{BW@COjI ` QWOj?	S7V>@JLRV BWV>@i_
LNKMI�=vEpQWENcMEGI$ENQRK{BDEGF �
�$QWOj?!K F>K{BWK{=/KM_DEXOM`bOM=0_DENQWq{K{BW@COjI�� BWV$E BDQRKM@JI>@JI$c�_DENB � ��BWV$EXhCEGK{Q\I>@iI$c _Dl<_DBDEG?!LPQWEGK{BDEG_]K ?]O[F>EGh
BWV>K{B7LNKMI =vEp;/_DEGFHBDOAcMEGI$ENQRK{BDE I$ENS =vEGV>K�q[@JOj;$Q\_&� _DENE � @Ccj;>QWE T � R �R�
!eI6K{k>k>QWOjKMLRV)BWV>K{B�=vENcj@JI>_UBDO�?]ENENB�BWV$EG_DE]QWEGZ[;>@CQ\EG?]EGI^BW_p@J_ek>Q\OMk Oj_WEGF @iI ��� T �2KMI/F � 
 � � � n V>EG@CQ
@JF$EGK @J_]=/KM_DEGF OjI BWV$E�LPOj?A?]OjI I$OMBW@COjI OM`�K'_DBWK{BDE�_Dk0KMLPE �b@JI�S7V>@iL\V�EGKMLRV qMEGLPBDOMQXQWENk>Q\EG_DEGI^BW_
BWV$E�@iI>_DBWKMImBWKMI$ENOj;>_ LPOjI$|>cj;$Q\K{BW@JOjI6OM`bK�k/K{Q\BW@JLN@Ck/KMImBY@JI4KMI'@JI^BDENQRKMLPBW@COjI � :<;>LRV6qMEGLPBDOMQ\_ K{QWE�BWV>E
EGI>F � kvOj@JImB�OM` K kvENQ\LPENk>BW;>KMh k>Q\O[LPEG_W_}SU@CBWV>@JI BWV$EYLPOj?]k/;>BDENQ��$_DEGI>_W@JI>c BWV>EpV[;>?AKMIXk0K{QWBrl �>KMI>FXBWV>E
_DBWK{QWB � kvOj@JImBA` OMQsK4cMQ\K{k/V>@JLNKMh7k>QWO<LPEG_W_AcMEGI>ENQ\K{BW@JI$c4BWV>E�_Dl<I^BWV>ENBW@JL @JI/F>@Cq<@JF>;>KMh � !eI @JImBDENQ\KMLPBW@COjI
LNKMI'= E BWV$Oj;$cjVmBTOM`bKM_ K�k0K{BWV^S}KGl4BWV>QWOj;$cjV4BWV>E �DOj@JImBTLPOjI$|>cj;$QRK{BW@COjI'_Wk/KMLPE LPOMQWQ\EG_DkvOjI>F>@JI$cHBDO
BWV$EXVm;/?AKMI KMI>F'_Wl[ImBWV$ENBW@JLsk/K{QWB,l @JI KMI @JI^BDENQRKMLPBW@COjI � n V$EsQ\KMI$cMEXOM`bkvOj_W_W@J=/hCE�@JImBDENQ\KMLPBW@COjI/_ @i_
QWENk>Q\EG_DEGI^BDEGF�KM_ K�_DBDO[LRV>KM_DBW@JL)k/QWO[LPEG_\_XO�qMENQ�BWV$E �DOj@JImBHLPOjI$|>cj;$Q\K{BW@JOjI�_Dk/KMLPE �pS7V>@JLRV @J_XhCEGK{Q\ImB
BWV$QWOj;>cjV�OM=0_DENQWq{K{BW@COjI)OM`~Q\EGKMh2@JI^BDENQRKMLPBW@COjI>_�LNK{k>BW;$Q\EGF)OjI)q[@JF>ENO$� V OjV/I>_DOjI 5�A@E��	� ��� T �2?AO[F$EGhJEGF
BWV$E k>QWOM|/hJEG_AOM`YB,S~O�kvENOMk/hCE _WV>K{�<@JI$c V/KMI>F>_N� V EN=/K{Q\K 5�A E�� � � 
 � ��?]O<F$EGhCEGF V>EGKMF KMI/F�V>KMI/F
cMEG_DBW;$Q\EG_N� � I =vOMBWV LNKM_DEG_#� BWV$E ?]O[F>EGhJ_bS�ENQWE ;/_DEGF�BDOXF$Q\@CqME K�_Dl<I^BWV>ENBW@JLY@JI>F/@Cq[@iF>;>KMhv@JIHQWEG_Wk OjI/_DE
BDOAk/KM_WB � Oj@JImBb=vEGV>K�q[@COj;>QG�






0s 1s 2s

� K �

0s 2s1s

� = �
� @Ccj;$QWE T � yY� � I � K �sKMI>F � = �&��x�I BWV$E)|>Q\_DBXQWO S&�UBWV>E ` KMLPE KM_H@JI>k/;$B _\KGl<@JI$c ) V$EGhJhCO
, S7@JBWV
BWV$E�KM_W_WO[LN@JK{BDEGF�_DkvENEGL\V�S}KGqMEN` OMQ\?���KMI>F OjI BWV$E�_DEGLPOjI>F�Q\O�S&��BWV$E�_Dl<I^BWV>EG_W@J_DEGF ` KMLPE�S7@CBWV BWV>E
KM_W_DO<LN@JK{BDEGF�_DkvENEGL\VHS}KGqMEN` OMQ\?H�



�

Perform

Interaction

LEARN

INTERACTION
MODEL

Acquisition

Acquisition

Generation

Interaction sequences
database

��@Jcj;$QWE T � RY�~t EGK{Q\I>@JI$c]=[lsOM=/_DENQWq{K{BW@COjI
� IXOj;$QbLNKM_DEYS�EYF$EGKMhvS7@CBWVX` KMLN@JKMh K{k>kvEGK{Q\KMI/LPEYKMI>FH_DkvENEGL\VHBDO LPQWEGK{BDETK BWKMhC�<@JI$c]V$EGKMFH=vEGV>K�q[@JOj;$Q
?]O<F$EGh �


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

n V>@i_~@JImBDQWO<F>;>LPBW@COjIsk>Q\EG_DEGI^BDEGFXOj;>QbK{k>k>QWOjKMLRVXOjIHV$O�S S�E�_WV$Oj;>hiFs@iI^BDENQ\KMLPB�SU@CBWVXLPOj?]k/;$BDENQ\_�KMI/F
BWV$EYI$ENEGF `aOMQUK]I$ENS �<@JI>FXOM` @JI^BDENQ\` KMLPEG_N�
w}V>K{k/BDENQ~ypF$EG_WLPQ\@J= EG_ BDEGLRV>I>@JZ[;$EG_2BWV/K{B�K{QWEbQWEGhJK{BDEGFABDOYBWV$E7?]O<F$EGhJhi@JI$cUKMI/FA;>_DE�OM` � BWKMhC�<@JI$cYV$EGKMF>_ 

KM_�@JImBDENQW` KMLPEG_p= ENB,S~ENEGI6V[;>?AKMI/_eKMI/F LPOj?Ak/;$BDENQ\_N� � BpKMhJ_DOHF$EG_WLPQ\@J= EG_UOj;$QpOMQ\@Ccj@iI>KMh Q\EG_DEGK{Q\L\V6;/I �
F$ENQWBWK{�MEGI @JI>LNhJ;>F/@JI$c�F$EG_\LPQ\@Ck>BW@COjI/_UOM`~QWEGhJK{BDEGF6=0KMLW�[cMQWOj;>I>F)BDEGLRV>I>@JZ[;$EG_N� n V$E QWEG?AKM@iI>F$ENQpOM`~BWV>E
L\V/K{k>BDENQ @i_TK F>EG_WLPQ\@Ck>BW@JOjI)OM`bLN;$QWQWEGImBT_DBWK{BDEsOM`�BWV$E K{Q\BTQWEG_DEGK{QRL\V @JI4LPOj?]kvOjI$EGImB K{QWEGKM_ _W;/L\V KM_
` KMLPEYBDQ\KMLW�<@JI$c KMI>F�_DkvENEGL\V�k>QWO<LPEG_W_W@JI$c$�
w}V>K{k/BDENQ?R]k>Q\EG_DEGI^BW_7BWV$ET_DkvEGLN@C|0LpBDEGL\V>I>@iZm;$EG_U;>_DEGFH` OMQ7BWV>EYq[@iF$ENO�KMI>F�_DOj;>I>FHKMLNZ[;>@J_W@JBW@COjI � n V$E
` KMLPEYBDQ\KMLW�MENQpKMI>FH` KMLPEYcMEGI$ENQRK{BDOMQe@J_}k/QWEG_DEGImBDEGF KM_�S�EGhJhuKM_�BWV>ET_DkvENEGL\V�KMI/KMhCl[_WENQ7KMI>FHcMEGI$ENQRK{BDOMQG�



Q

w}V>K{k/BDENQ 
 F$EG_WLPQ\@C=vEG_2=vEGV>K�q[@JOj;$Q~?]O<F$EGhJhi@JI$c$� n V>@J_�@J_gBWV$EUV>EGK{QWB~OM` BWV>EU@JImBDENQ\KMLPBW@CqMEeBWKMhC�<@JI$cTV$EGKMF
K{k>k/hi@JLNK{BW@COjI � n V$EY?AO[F$EGh @i_}=/;>@JhCB}` QWOj? K]BDQ\KM@iI>@JI$c]_DENBbOM` V[;>?AKMI�@JImBDENQ\KMLPBW@COjI/_N�
n V$E];>_WE]OM`�KHhCEGK{QRI^Bp=vEGV>KGq<@COj;$QY?AO[F$EGh�BDO�cMEGI>ENQ\K{BDE�KXBWKMhC�<@JI$cHV$EGKMF4@i_pk>QWEG_DEGImBDEGF6@JI w}V>K{k/BDENQ
�[� n V>@i_2L\V>K{k>BDENQ}@JImBDQWO<F>;>LPEG_2` Oj;$QgK{k>k0hJ@JLNK{BW@COjI>_g;>_W@JI$cpBWV$EU=vEGV>KGq<@COj;$Q�?]O<F$EGh$SU@CBWV]E��<k ENQR@J?]EGImBWKMh
QWEG_W;/hCBW_N� � BUKMhJ_DOA@JI>LNhi;>F$EG_}KMIHENq{KMhJ;>K{BW@COjIHOM` BWV$E�BWKMhJ�[@JI>cAV$EGKMFHQWEG_W;/hCBW_N�
� @JI>KMhJhJl �7@JI w}V>K{k>BDENQ Q �eBWV$E6BWV$EG_\@J_X@J_X_W;>?A?AK{QR@	�NEGF � n V>E Q\EG_W;>hCBW_XK{QWE4F>@i_WLN;>_W_DEGF KMI>F�_DOj?AE
kvOj@JImBDENQ\_}`aOMQ7` ;$BW;>QWE�QWEG_DEGK{Q\LRV K{QWETcj@CqMEGI �



� �������	��
 �

� 
!� � � � � � �  

dp;$EABDO @JI>LPQWEGKM_DEG_T@JI6k>QWO<LPEG_W_W@iI$cHkvO�S�ENQ�� EG_DkvEGLN@JKMhihCl�@JI4BWV$E�F$Oj?AKM@iI6OM`�@J?AK{cME�KMI>F KM;>F>@COHk>Q\O �
LPEG_W_W@iI$c��$BWV$ETF$Q\EGKM? OM`�= EG@iI$cAK{=/hCE�BDO�LPOjImqMENQ\_DE S7@CBWV�K�?AKML\V>@iI$EYKM_7@C`�@CBbS�ENQWETKAV[;>?AKMIH@i_bI$O�S
BWV$ENOMQWENBW@iLNKMhJhCl]kvOj_W_W@C=0hCEM� n V>E7@JF$EGKTOM`uKYq<@CQWBW;>KMh0@JI^BDENQRKMLPBW@CqMEUk0K{QWBWI$ENQ � KTBWKMhJ�[@JI>cTV$EGKMF ��V>KM_~=vENEGI
BWV$E7_\;$= �DEGLPB2OM`v?�KMI^l k>QWO �DEGLPBW_N� � I BWV$Eb|>Q\_WB�_DEGLPBW@COjI]OM`vBWV>@J_gL\V>K{k>BDENQ~S~E7k>QWOMkvOj_DE�KMIAO qMENQWq[@JENS OM`
S7V>K{B2V>KM_ =vENEGI]F$OjI>E}@iI BWV>E �4��� �_�	��' � ����� � |/EGhJF ;>I^BW@ih^BDO<F>KGl �[@JI>LNhJ;/F>@JI$cbBWV>EbtuENEGF>_2@JImBDENQ\KMLPBW@CqME
=vEGV>KGq<@COj;$Q}_Dl<_DBDEG? S7V/@JL\Vs@J_�BWV$Ep=/KM_DE�` OMQ}BWV$EY@JImBDENQ\KMLPBW@CqMEpBWKMhC�<@JI$c]V$EGKMFXF$EG_WLPQ\@J= EGFsV$ENQWEM� n O]=vE
K{=/hCE�BDO�LPOjImqMENQ\_DE�SU@CBWV6BWV$Es?AKML\V>@iI$EAS�E�I$ENEGF4BDO�BDQ\KMLW� qMOj@JLPEG_ KMI/F6` KMLPEG_ KMI>F k>QWO<LPEG_W_YBWV$EG?��
n V$E ` OjhJhCO�SU@JI$c�B,S~O�_WEGLPBW@COjI>_pk>QWEG_WEGI^B�KX_WV$OMQWBeO�qMENQ\q[@CENS OM`gBWV$E�� �-
�� � � ��
 �_�	��' KMI/F���� �Y��
 �
� � %�

��� �4�	��' |>EGhJF �

� ��
 � 	 ��� � ����� 
 	 � �

! _WBW;>F$l�=[l n K{�MEG;>L\V/@�KMI>F �UK{cjK{O�� OM`~BWV$E�:[OjIml�LPOMQ\k OMQRK{BW@COjI � ��� ����F$EG?]OjI>_WBDQ\K{BDEGF)BWV>K{BY;>_DENQR_
` ENEGh ?]OMQWE�LPOj?]` OMQWBWK{=/hCEY@JImBDENQ\KMLPBW@JI>c SU@CBWVXK V[;>?AKMIHhi@C�MEUk0K{QWBWI$ENQ�OjIH_WLPQWENEGIXBWV/KMIH?AKMI>@Ck/;/hJK{BW@JI$c
S7@JI/F$O�S7_sKMI>F QWEGKMF/@JI$c BDE��[BHOjI�K�_WLPQ\ENEGI � xe` BDEGI �eBWV$E6KM@J? OM` K LPOj?]k0;$BDENQ�@JImBDENQW` KMLPE4@i_ BDO
F>@J_Wk/hJKGlHKM_e? ;/L\V)@JI$` OMQ\?AK{BW@COjI�KM_ek Oj_\_W@C=/hCEY@iI�BWV$E _W@J?]k0hCEG_DBbS}KGl�kvOj_W_\@C=/hCEYKMI>F�BDOH@J?]k>Q\O�qMETBWV>E
LPOj?A? ;>I>@JLNK{BW@JOjIH=vENBrS�ENEGI�BWV$EY;>_WENQ7KMI>FHBWV$EY?�KML\V>@JI>EM�
�e;>?AKMI LPOj?A? ;>I>@iLNK{BW@COjI @J_�LPOj?]kvOj_DEGF�OM`�F>@��vENQWEGImB�?]ENBWV$O<F>_���S�OMQ\F>_��~qMOj@JLPE @JImBDOjI>K{BW@COjI KMI/F

�



�

� � � �	�B� � � �

n l[k E � I^BDENQRKMLPBW@COjI U�EGV>KGq<@COj;$QUQ\;>hCEG_ t EGK{Q\I>@JI$c
� � � �

� � � � �

� ��� � � �

� � � � �

n K{=0hCETy[� T � � I^BDENQRKMLPBW@COjI K{=/@ihJ@CBW@CEG_�OM`�EGKML\V�Brl[k E�OM` n KMhC�<@JI$c��7EGKMF
=vO[F>l hJKMI$cj;/K{cME �[_DENEU`aOMQgE��<KM?]k0hCE	� �:R�� � � IAKTI>OMQ\?AKMh>V[;>?AKMIALPOjImqMENQ\_WK{BW@JOjI �[@J`0OjI$EUBDQWl BDOTF$EGhJ@JqMENQ
K ?]EG_W_WK{cME �g@JB V>KM_ =vENEGI'_WV>O�S7I � �:R��~BWV/K{B =vO<F$l6hJKMI$cj;>K{cMEX@J_ � ��� E �vEGLPBW@CqME �g@iI^BDOjI>K{BW@JOjILR � �
E �vEGLPBW@CqMEYKMI>F S~OMQ\F/_ ��� E �vEGLPBW@CqMEM� � V>K{B}lMOj;X_WKGls@J_~I>OMB�I$EGK{QRhClAKM_�@J?]kvOMQWBWKMImB~KM_}V$O S lMOj;X_WK�l
@CBN�s:<O @JI � � %4� � � � �e;>?AKMI�% KMLRV>@JI$E � ImBDENQ\KMLPBW@COjI � ��BDO LPOj?A? ;>I>@JLNK{BDE BWV$EA=vEG_DB�S7@JBWV6BWV$E�;>_WENQ��
BWV$EY;>_WEYOM`�KAq[@J_\;>KMh BWKMhC�[@iI$cAV$EGKMF�@J_7KMIHOM=mq<@COj;>_7L\V$Oj@JLPEM�
:[OjhJ;>BW@COjI>_UBDOsBWV>E k/QWOM=/hCEG? LNKMI = E LNhJKM_W_\@C|>EGF @JI^BDOX` Oj;$QpBrl[kvEG_#�vS7@CBWV)@JI>LPQWEGKM_\@JI$c _WOMk/V>@J_DBW@iLNK{BW@COjI
=/KM_DEGF�OjIHBWV$EYK{=/@Jhi@CBrl BDO�@JImBDENQ\KMLPB#�>BDOABWV>@iI$� KMI>F�BDO�hCEGK{Q\I"� _DENE n K{=/hJETy[� T �R� � E _\V>KMhJhvLNKMhJh BWV$EG_WE
Brl[kvE � � ��� � � ��� KMI>F � � BWKMhC�[@iI$cAV$EGKMF>_N�

� n l[k E � �[K�� %(���6� ��� � � �-
e� �B�����4��� �_�	��' � ����� �
!eI�K{QWBW@J|/LN@JKMh>LRV>K{Q\KMLPBDENQ&� QWEGKMhJ@J_WBW@JL}OMQ�I>OMB �
SUV>@JL\VXBWKMhJ�[_bKMI/F�_WV$O S7_b_DOj?]ETq[@J_\;>KMh @JI$` OMQ\?AK{BW@COjI � � @Ccj;$Q\E y[� T �R�

� n l[k E ��� � KMI � ��� � � �-
e� �B���L�4��� �_�	��' � ���-� � !eI K{QWBW@J|/LN@JKMhgLRV>K{Q\KMLPBDENQ]LNKMI @JImBDENQ\KMLPBTS7@JBWV
BWV>EY;>_DENQ�q<@JK _DEGI>_DOMQ\_G� � qMEGI�@C` BWV$EY@JImBDENQ\KMLPBW@COjIH@J_}qMENQWls=/KM_W@iLUBWV>EY;>_DENQbLNKMIHLPOj?A? ;>I>@JLNK{BDE
SU@CBWVXBWV$ET?AKMLRV>@JI$EYKMI/FHcMENB7K]QWEGKMhuBW@J?]E�QWENk/hJl KMF>K{k>BDEGF BDOABWV$EY_W@JBW;>K{BW@COjI"� � @Ccj;$QWE y[� Q �R�

� n l[k E ����� �^K
	 � � ��� � � �N�Y�X�	���4� � ��
e� �B�(� �4��� �_�	��' � �Y�-� �
!�k>QWOMkvENQ~V[;>?AKMIsLPOjImqMENQ\_WK{BW@COjI
@i_7kvOj_W_W@J=/hCEM� n V>E ?AKMLRV>@JI$E @J_eK{=/hCETBDOH@JImBDENQ\KMLPB�hJ@C�ME K�BWV/@JI$�<@JI$cAEGImBW@CBrl =ml ;>BW@JhJ@	�G@JI>cAKs_WENB
OM`2K{QWBW@J|/LN@JKMhv=vEGV>KGq<@COj;$Q}Q\;/hCEG_}BWV>K{B7K{QWE ?AKMIm;/KMhJhCl _WENB�� � @Ccj;$QWETy[� � �R�

� n l[k E � � �gK�� �Y� �:���	��' � ��� � � �-
e� �B��� � ��
 ��� � %�;>LRV�OM`pOj;$QA@JImBDENQ\KMLPBW@CqME =vEGV>K�q[@JOj;$Q
@i_�;>I>LPOjI>_\LN@COj;>_#�eBWV$ENQWEN` OMQWE4F>@ � LN;>hCBXBDO ?AKMI[;>KMhJhCl�EGI>LPO<F$E4KM_ � =vEGV>K�q[@COj;>QHQ\;>hCEG_ 
C� n V$E
?�KML\V>@JI>E _\V$Oj;>hJF)hCEGK{Q\I � =[l OM=/_DENQWq{K{BW@COjI �uV$O S BDOHQWEGKMLPBThJ@J�ME KXV[;>?AKMI)=vEG@JI$cXKMI>F6LPQWEGK{BDE
BWV>Oj_DEp= EGV/KGq<@COj;$Q}k/K{BDBDENQ\I>_}S�E�F$OjI�
 B}ENqMEGIXQWEGKMhJ@i_DEUS�E 
 QWE�OM=vENl<@JI$cTOj;>Q\_DEGhCqMEG_&� � @Ccj;$Q\Epy[� � �R�



�

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

Data Base

DISPLAY

Talking head

Generate

� @Ccj;>QWETy[� T � �UOjI @JImBDENQ\KMLPBW@CqMET_Wl[ImBWV$ENBW@JLpBWKMhC�<@JI$cAV>EGKMFH`aQRKM?]ENS~OMQ\�

%�KMI^l�_Dl<ImBWV$ENBW@JLYBWKMhJ�[@JI>c�V$EGKMF>_eK{QWE LPQ\EGK{BDEGF�ENqMENQ\l F>KGlH` OMQUF/@�� ENQ\EGI^BUk/;$QWkvOj_DEG_ � =/QWOjKMF>LNKM_DBW@JI>c��
=/;>_\@JI$EG_W_�?]ENENBW@iI$cj_#�vL\V>K{BpL\V>KMI/I$EGhJ_#�0q[@JF>ENOAcjKM?]EG_ �R� % KMIml�hJK{=vOMQ\K{BDOMQ\@CEG_UK{QWE KMLPBW@JqMEGhCl K{BDBDEG?]k>B �
@JI$cHBDO)F$ENqMEGhCOMk'=vENBDBDENQ S}KGl<_TBDO LPQWEGK{BDEsBWV$EG?H��! _W;$QWqMENl6OjI ` KMLN@JKMh~?]O<F$EGhJ@JI$cHKMI>F'KMI>@J?AK{BW@JOjI
BDEGL\V/I>@JZ[;$EG_�=[l V ;>I � lMOjI>c �7OjV KMI>FAoehCQ\@JLRV �UEG;>?AKMI>I � Q ���0F$EG_WLPQR@C=vEG_2? ;>LRV�OM`vBWV>@i_2S~OMQ\�0� n V$EG_WE
Brl[kvE � _Dl<ImBWV$ENBW@JLHBWKMhC�<@JI$c V$EGKMF>_ F$O'I$OMBs@JImBDENQ\KMLPB =0;$BABDQWl�BDO LPOj?A? ;/I>@JLNK{BDE)@JI$` OMQ\?AK{BW@COjI KM_
QWEGKMhJ@i_DBW@JLpKM_bkvOj_W_W@J=/hCEeS7@CBWVHK]F>@J_Wk/hJKGlMEGFHV>EGKMF �

xpI$E6OM` BWV$E6|/Q\_DBHBWKMhC�<@JI$c V$EGKMF/_Hk>QWO<F>;>LN@JI>c _DkvENEGLRV ` QWOj? BDE��<B KMI>F KM;>F/@CO�S�KM_�LPQWEGK{BDEGF =[l
% OMQ\@J_WV>@i?AK � Q ��� � n V$E�?�K{k>k/@JI$c)` QWOj? _DkvENEGLRV�BDO'KM;>F/@CO6@J_AKML\V/@CENqMEGF @JI B,S~O F>@��vENQWEGImB]S�K�l[_N�
xpI$EX@J_ K Q\;>hCE�� =0KM_DEGF k/V$OjI$EG?]EsBDO6` KMLN@JKMh}?]O�qMEG?]EGImB�_Dl<_DBDEG?���?AKMI[;>KMhJhCl4_DENB#��?AK{k>k/@iI$c�@JI>k/;$B
k/V$OjI>EG?]EG_ULPO<F$EGF�`aQ\Oj? EG@CBWV$ENQpKM;>F>@JO�_DkvENEGL\V OMQeBDE��[BN� n V$EYOMBWV>ENQ��v`aQWOj?�k>QWE��rhCEGK{QRI^BpLPO[F>EN= O[OM�<_
EGI>LPO<F>@JI$cXt f}w � t @JI>EGK{QYf�QWEGF>@iLPBW@CqME�w�O[F/@JI$c �7KMI>F6LPOMQWQWEG_DkvOjI>F/@JI$c�` KMLN@JKMh kvOj_W@CBW@JOjI _WEGhCEGLPBDEGF6q<@JK
K]qMEGLPBDOMQpZm;/KMI^BW@J_\K{BW@COjIXOM` BWV$EYhJ@JI$EGK{QbLPO[E ��LN@CEGImBbOM` BWV$ETI>ENS KM;>F>@COA@JI>k/;$BN�

!	k/hJKM;>_W@J=/hCE K{k/k>QWOjKML\V V>KM_ =vENEGI BDO KMI>@J?AK{BDE�_Wl[ImBWV$ENBW@JLHLRV>K{Q\KMLPBDENQ\_�`aQWOj?!Q\EGKMhbVm;/?AKMI ` KMLN@iKMh
E��<k>QWEG_W_W@JOjI � � T � � z � � n V$EHBDEGL\V>I/@JZm;>E�@J_ALNKMhJhCEGF � E��[k>Q\EG_W_W@COjI�LNhCOjI/@JI$c 
 � _DENE � @Ccj;>QWE y[� y �R� n V$E
QWEG_W;/hCBW@JI$c _Wl[ImBWV$ENBW@JL BWKMhC�<@JI$c�V>EGKMF @i_ _W@ihCEGI^B KM_ BWV$EX_DkvENEGL\V V>KM_ I$OMB = ENEGI @JI>LNhi;>F$EGF4lMENBN� n V$E
R{d _Dl<I^BWV>ENBW@JL]?]O<F$EGh2@J_YKMI>@i?AK{BDEGF)`aQ\Oj? `aEGK{BW;>QWEAkvOj@JImBW_�_DEGhCEGLPBDEGF4OjI4QWEGKMh�_W;$= � EGLPBW_N� n V$E]=vEG_DB
?AK{k>k0@JI$cs= ENB,S~ENEGI4BWV$E QWEGKMh `aEGK{BW;>QWE]kvOj@JI^BW_pKMI>F)BWV>EA_Dl[ImBWV$ENBW@JL OjI$EG_T@J_eQWENk>QWEG_DEGImBDEGF)=[l�Q\KMF/@JKMh
=/KM_W@i_}` ;>I/LPBW@COjI>_N�



T z

� @Ccj;$Q\ETy[� yY� � �<k>QWEG_\_W@COjIXLNhCOjI>@JI>c
w�Oj_WK{BDBDO KMI>F �eQRK{`eK{QWE S~OMQW�<@JI$c6OjI K6k/V$OMBDO4Q\EGKMhJ@J_DBW@JLXV$EGKMF LPQWEGK{BDEGF ` QWOj?�q<@JF$ENO6` O[OMBWK{cME OM`
BWKMhC�<@JI$c�` KMLPEG_ � y{z�� R�
 � ��y{d ` EGK{BW;$QWEG_ OM`�QWEGKMh�` KMLPEG_ K{QWEsE��[BDQ\KMLPBDEGF BDO)LPQWEGK{BDEsBWV$E ?]O<F$EGh � n V$E
_Dl<I^BWV>ENBW@JL]V$EGKMF4@J_TF$Q\@CqMEGI)=[l KXQ\EGKMh2BWKMhC�<@JI$cHkvENQ\_DOjI)S7V>Oj_DEAL\V>K{QRKMLPBDENQ\@J_DBW@JLA`aEGK{BW;$Q\EAkvOj@JI^BW_�K{Q\E
BDQ\KML\�MEGF S7@JBWV6LPOMQWQWEGhJK{BW@COjI'?]ENBWV$O<F>_N� !e;>F>@CO�@i_�@JI^BDENcMQRK{BDEGF'K{BYBWV>EAEGI>F6S7@JBWV6KHBDE��[B BDO _DkvENEGL\V
_Dl<I^BWV>EG_W@J_DENQG�

! k/V$OMBDO6QWEGKMhi@J_DBW@JL�R{d V$EGKMF `aQWOj? k/V$OMBDOMcMQ\K{k/V/_�@J_ k>Q\OMk Oj_WEGF =ml�fg@JcjV>@JI � � z � � n V$E&R{d ` KMLPE
?]O<F$EGhJ_~K{QWEeLPQ\EGK{BDEGFX`aQWOj? y{d k0@JLPBW;$QWEG_~OM` QWEGKMh kvENOMk/hCEM� n O cMEGI$ENQ\K{BDE�BWV$E R{d ?AO[F$EGh/BWV$ENl�KMF>K{k/B
K�cMEGI$ENQ\@JL R{d�` KMLPE BDO)K _DkvEGLN@C|/LA@JI/F>@Cq<@JF>;>KMh�` KMLPEsk0V$OMBDOMcMQ\K{k/V � �$EGK{BW;$QWEXkvOj@JImBW_TK{QWEXF$ENBDEGLPBDEGF
KMI>F]?AK{BWLRV$EGFAOjI�EGKML\V R{d�?]O[F>EGh � n V$E�F>@��vENQWEGI^B2` KMLN@JKMh$E��<k>QWEG_\_W@COjI>_2K{QWEbKMLRV>@CENqMEGF�=ml ?]OMQWk/V/@JI$c
=vENBrS�ENEGI�BWV$Oj_WET?]O<F$EGhJ_&� _DENE � @Ccj;>QWETy[� R �R�
xphJ@JqMEG_ 5�A E��	��LPQWEGK{BDEGF�K]_Dl[ImBWV$ENBW@JLpBWKMhJ�[@JI>c V>EGKMFHS7@CBWVXKA?]ENBWV>O[FXOM` KM;>F>@CBDOMQ\l _DkvENEGL\V _Dl[ImBWV$EG_W@i_
� � ��� � ! R{d�V$EGKMFA?]O<F$EGh �^S7@CBWV]L\V/K{Q\KMLPBDENQ\@J_DBW@iL�kvOj@JI^BW_2LPOjImBDQWOjhJhi@JI$c�BWV$E�` KMLN@JKMh$E��<k>QWEG_W_\@COjI]KMI>FAhJ@Jk/_



TeT

� @Ccj;$QWETy[� RY��:[l<I^BWV$EG_\@	�G@JI$c QWEGKMhJ@J_WBW@JLp` KMLN@iKMh E��[k/QWEG_W_W@COjI/_~` QWOj? k0V$OMBDOMcMQ\K{k/V>_
?]O qMEG?]EGI^B}@J_�?�KMIm;>KMhihCl _WENBgBDO ?�K{BWL\V EGKML\VsOM`vBWV$Ebk/V$OjI>EG?]EG_g;>_WEGFA@JI � @JI>I/@J_WV � n V$Oj_DE7?�K{BWL\V$EG_
K{QWETLNKMhihCEGF � q[@i_DEG?]EG_ 
C� n V$E�BWKMhC�<@JI$c]V$EGKMF�@J_bQWEGI>F$ENQWEGFX=[lX@JI^BDENQ\k OjhiK{BW@JI$c =vENBrS�ENEGI�BWV$EYq<@J_DEG?AEG_N�

U�QWO[OM�ME V>KM_ S�OMQW�MEGF OjI BWKMhC�<@JI$c6V$EGKMF/_]`aOMQAK)=vENBDBDENQ�;/I>F$ENQ\_DBWKMI/F>@JI$c�OM`e_DkvENEGLRV @JI LPOj?]k/;$BDENQ
@JImBDENQW` KMLPEG_ � � � � � � n V$E�?]O[F>EGhbhCEGK{Q\I>_��~S7@JBWV ��% % _ � �e@JF>F$EGI %�K{QW�MO q %�O<F$EGhJ_ � ��hCO S	F$EN|0I>@��
BW@COjIHcMQ\ENlXhJENqMEGh BWKMhC�<@JI$c]` KMLPEG_7LPOj?]k>Q\EG_W_DEGFHS7@JBWV�f�w ! � f�QR@JI>LN@Ck/KMhuw�Oj?Ak OjI>EGI^B !eI>KMhCl<_W@J_ �R� n V$E
BWKMhC�<@JI$c ` KMLPEG_UK{QWE�Q\ENcMEGI$ENQ\K{BDEGF ;>_W@JI$c BWV$EYhJEGK{Q\I^B ��% %4�
U�O�S7F>EGIZ5�A�E�� � � Q � LPQWEGK{BDEeKTV[;>?AKMI$Oj@JF ` KMLPE � V ENQWEG?A@iKMV �mhCO[OM�<@JI$cYK{Bg?]O q[@iI$cYOM= �DEGLPBW_~@iIAKT?]O q[@JEM�
n V$EsOM= �DEGLPB]F$ENBDEGLPBW@COjI�@J_ =/KM_DEGF OjI K =/KMLW�[cMQWOj;>I>F _W;>=>BDQ\KMLPBW@COjI � n O6?]O[F>EGhgBWV$Esq{K{Q\@JK{BW@COjI OM`
BWV$E =/KMLW�[cMQWOj;>I>F�BWV$E _Dl[_WBDEG?�=/;/@JhJF>_�K �pKM;>_W_W@iKMI ?A@��<BW;$QWETOM`2BWV$E LPOjhCOj;>QeF>@i_DBDQ\@C=/;>BW@COjIs`aOMQeEGKML\V
k/@��<EGh � �$QWOj?�_W@J?]k/hJE7k/K{Q\KM?AENBDENQ\_�E��<BDQ\KMLPBDEGF�` QWOj? ?]O q[@iI$c OM= � EGLPBW_bBWV$EY_Dl<_DBDEG? _DENBW_ V ENQWEG?A@JKMV 
 _
EG?]OMBW@COjI'BDO)k>QWEG_DENB ` KMLN@iKMhgE��<k>QWEG_W_\@COjI>_T_\;>L\V KM_ = OMQ\EGF$Oj?�� _W;$QWk>QR@J_DE]OMQ V>K{k>k/@JI>EG_W_#� _DENE � @Ccj;>QWE
y[��
$� n V>E?R{d V$EGKMFs@J_�KMI�EG@JcMEGI �r?]O<F$EGh>=/;/@JhCB2` QWOj? ?AOMBW@COjI��MENl[` Q\KM?]EG_N� n V>E7ENlMEG_}hCO[OM�[@JI>cTK{B~BWV>E
?]O q[@JI>c]OM= � EGLPBW_UK{QWETLPOjImBDQWOjhJhCEGF _DENk/K{Q\K{BDEGhClM�
n V$E�?]Oj_DB�` KM?AOj;>_�BWKMhC�[@iI$cUV$EGKMF OjI BWV$E � EN= @i_ k>Q\OM=/K{=/hCl ! � ! �px � ! �{BWV$E�S~OMQRhJF�
 _ |>Q\_DB q[@CQ\BW;>KMh
I$ENS7_\LNKM_DBDENQ � _DENE � @Ccj;>QWE�y[� � � S7V$OeF$EGhJ@CqMENQR_uBWV$E}I$ENS7_ ENqMENQWlTF>K�lYOjI BWV$E�I>ENB � KMI>F _DO[OjITOjI ?]OM=0@JhCE
k/V$OjI>EG_ �R� n V$EbKMI>@J?�K{BDEGFAL\V>K{QRKMLPBDENQ�;>_WEG_�K�BDE��<BgBDOT_DkvENEGLRV�LPOjImqMENQWBDENQ~SU@CBWV]_DOj?]EbBWK{cj_�?AKMI[;>KMhJhCl
@JI>_WENQWBDEGF `aOMQgBWV$Eb@JImBDOjI>K{BW@COjIAKMI>FAEG?]OMBW@COjIA@CB�@i_2_W;$k>kvOj_DEGF BDOT_\V$O�SY� n V$EbKMI/@J?AK{BW@COjI]?]O<F$EGh<BWV$EGI
|>BW_�BWV>EA_DkvENEGL\V6S7@JBWV)BWV$E�LPOMQWQWEG_Wk OjI/F>@JI$cs` KMLN@iKMh�?]O�qMEG?AEGI^B S7V>@JLRV6K{QWEA?AKMI[;>KMhJhCl _DENBY` OMQYEGKML\V
k/V$OjI>EG?]EG_�OM`�BWV$EYEGI$cjhJ@i_WVXhJKMI$cj;>K{cMEM�



T y

� @Ccj;$QWETy[��
 � V ENQWEG?A@iKMV�
 _�` KMLN@JKMh E��<k>QWEG_W_W@JOjI>_

� @Ccj;$QWETy[� �Y� !eI>KMI$O�q{K � S7SbSY� KMI>KMI$O q K<� LPOj? �bKMI>F�OjI$ETOM`2V$ENQb` OjhJhCO S~ENQR_#� w}V>KM_WE � KMhC�MENQ�� :[k>Q\@JImB
KMF$q{KMI>LPEGFHBDEGLRV>I$OjhCOMcMl�hJK{= �R�
������� � ���
	���
�
�� 
 � �����#�( "�#� $�� � ���(.��

n V>@i_�_WEGLPOjI>FXBrl[kvE�OM` @JImBDENQ\KMLPBW@CqMETV>EGKMFHKMhJhCO�SU_}`aENEGF$=0KMLW�s`aQWOj? BWV>EpF/@J_Dk/hJK�lMEGFHV$EGKMFXBDO]BWV$EY;>_WENQG�
n V>@i_�hJOmOMk�k/QWO[F/;>LPEG_}BWV$EYBWKMhC�<@JI$c]V$EGKMF 
 _�QWENk/hCl BDO�BWV$EY;/_DENQ7@JI$k0;$B � _WENE � @Ccj;$QWEYy[� Q �R�
n K{�MEG;>L\V>@}KMI>F �eK{cjK{O OM`7BWV$EH:<OjI^l LPOMQ\k OMQRK{BW@COjI kvENQW` OMQ\?]EGF'K�_WBW;>F$l)BDO6;>I>F$ENQ\_WBWKMI>F4BWV$EsF>@C` �
` ENQWEGI>LPEG_ = ENB,S~ENEGI @JImBDENQ\KMLPBW@JI$c�S7@CBWV4K�?AKML\V/@JI$E�SU@CBWV6OMQ S7@CBWV$Oj;$BT` KMLN@JKMh~F>@J_Dk0hJKGl<_ ��� ��� � n V>EG@CQ
LPOjI>LNhJ;/_W@COjI]S}KM_�BWV>K{BgBWV$EeI$ENS ?]O[F/KMhJ@CBrl]V$EGhJk/_2BWV$EeLPOjI^qMENQ\_\K{BW@COjIsBDO cMO `aOMQWS}K{Q\FsKMI>F�?�K{�MEG_~BWV>E
;>_DENQp?]OMQWE BWKMhC�{K{BW@CqMEM� n V>@J_U?]O<F>KMhJ@CB,l�I$ENEGF>_pK�` ENEGF$=/KML\��` QWOj? BWV$E _Wl[ImBWV$ENBW@JL L\V>K{QRKMLPBDENQ�BDOsBWV>E
;>_DENQ�� n V$E�k>QWO �DEGLPBbS}KM_bBDO�LPQ\EGK{BDE @JImBDENQ\KMLPBW@CqMEY=vO[OMBWV>_�BDO�_WEGhJh :[OjIml 
 _�k/QWO[F/;>LPBW_�;>_W@JI>c KABWKMhC�[@iI$c
V$EGKMF �

�eKM_DENcjKGS}KpLPQWEGK{BDEGF KMI @JImBDENQ\KMLPBW@CqME~V>EGKMFYS7V>@iL\VpQWEG_DkvOjI>F>EGF�BDO7|/I>cMENQucMEG_DBW;$QWEG_�KMI>F�` KMLN@JKMhm@JF$EGImBW@CBrl



T R

Interact

DISPLAY

USER

sensors

Talking head

Generate

� @Ccj;$QWETy[� Q � � ImBDENQ\KMLPBW@CqME��UEGKMF�` Q\KM?]ENS�OMQW�
� R � �(R � � � n V$EYF>@i_Dk/hJK�lMEGFHV$EGKMFHQWEGLPOMcjI>@i_DEG_bBWV$ETk/KMhJ? _W@CcjI KMI>FH|/I$cMENQU?]OMBW@COjI�KMI>F�cjK �NEG_UK{BbBWV>E
V>KMI>F SU@CBWV L\V>KMI$cj@iI$c�` KMLN@iKMh�E��[k/QWEG_W_W@COjI/_N� n V$E)BDQ\KMLW�<@JI$c ?]ENBWV>O[F @i_X=/KM_DEGF OjI _D�<@JI�LPOjhCOj;>Q
F$ENBDEGLPBW@COjI6KMI/F BWV$E ` KMLPE]QWEGLPOMcjI>@CBW@COjI ;>_DEG_eBDEG?]k0hJK{BDE ?�K{BWL\V>@JI>c$� n V$E _\@	�NE OM`gBWV$E BDQ\KMLW�MEGF �NOjI$E
cj@CqMEG_�BWV>EY@JI$` OMQ\?AK{BW@COjIXBDOAF>@i_WLPQ\@J?A@iI>K{BDEeK |0I$cMENQ�cMEG_DBW;$QWETOMQ7K k/KMhJ? _W@JcjI � n V$EYF>@J_Wk/hJKGlMEGFXV$EGKMF
@J_}cMEGI$ENQRK{BDEGFH`aQ\Oj? ?AK{k>kvEGFskvOjhClmcMOjI/_N��f K{Q\KM?]ENBDENQ\_ULPOjI^BDQWOjhihJ@JI$c BWV$E�ENlMEYcjK �NE �0BWV$E�ENlMEGhJ@JF>_�KMI/F
hJ@Ck0_#�[?AO�qME KMhJOjI$cAS7@CBWVXBWV>E�QWEG_W;>hCBW_}OM` BDQ\KML\�[@iI$c$�

��������� ���
	���
�
�
������-�!��� ��� �����#�( "�#� $������!'�)
��� *-, ���(.

n V>@i_TBWV>@JQ\F Brl[k EXOM`eBWKMhC�<@JI$c)V$EGKMF�KMhJhCO S7_]K)?]OMQWE�LPOj?]k/hJE��'@JImBDENQ\KMLPBW@COjI�S7@JBWV'BWV>EX;/_DENQG� n V$E
@JImBDENQ\KMLPBW@CqMEeBWKMhC�<@JI$c V>EGKMF�OM=vENl<_~K ?AKMIm;/KMhJhCl]_DENB}?]O[F>EGh/KMI>FsL\V$O[Oj_DEG_�BWV$EUS�K�l @CB�@JI^BDENQRKMLPBW_gS7@JBWV
BWV$EY;>_WENQG��U~lX;>_W@iI$c K]_WENB�OM` =vEGV>KGq<@COj;$Q}Q\;/hCEG_�BWV$EY@JImBDENQ\KMLPBW@CqME�k/K{QWBWI>ENQbLNKMIH=vEeV[;>?AKMIHhJ@J�MEpKMI/F
KALPOjImqMENQ\_WK{BW@COjI�@J_�BWV$EGI�k Oj_\_W@C=/hCEM�

n V$OMQR@J_W_DOjI � ` QWOj? BWV>E %4� � � n % EGF>@JK�hiK{= � LPQWEGK{BDEGF BWV$E�@JImBDENQ\KMLPBW@CqME�LRV>K{Q\KMLPBDENQ�� �pKMI>F>KMhJ` 
 S7V>@JLRV
LPOjImqMENQ\_DEG_�SU@CBWV BWV$E�;>_DENQ�;>_W@iI$ce_Wk ENEGLRV �j` KMLN@JKMh<E��<k>QWEG_W_W@JOjI>_ KMI>F]V>KMI>F cMEG_DBW;$Q\EG_ � _DENE � @Ccj;$QWEby[� � �R�



T 


Behaviour Rules Interact

DISPLAY

USER

sensors

Talking head

Generate

MANUAL SETTING

� @Ccj;>QWETy[� ���}:<?�K{QWBb@JImBDENQ\KMLPBW@CqMEYBWKMhC�<@JI$cAV>EGKMFH`aQRKM?]ENS~OMQ\�
n V$E�;>_DENQ�@J_ EGZ[;>@Ck/k EGFYS7@CBWVYcjhJO�qMEG_#�jV$EGhi?]ENB KMI>F q{K{Q\@COj;>_ OMBWV$ENQ �[@JI/F>_ OM`>_DEGI>_WOMQG� �eK{Q\F$S}K{QWE�k/@CBWLRV
QWEGLPOMcjI>@JBW@COjI KMI>F _DOM`aB,S�K{Q\E S�OMQ\F�Q\EGLPOMcjI>@CBW@COjI�K{QWET;>_DEGF `aOMQUBWV$ET_DkvENEGLRV QWEGLPOMcjI/@CBW@COjI � �pKMI>F>KMhJ` 
 _
=vEGV>KGq<@COj;$QeQ\;>hJEG_U` OMQ�Vm;/?AKMI ` KMLPE�� BDO � ` KMLPEsLPOjI/F>;>LPB�LPOj?]E]F>@CQWEGLPBWhJl�`aQ\Oj?	BWV>E]k/_Dl<L\V$OjhCOMcj@iLNKMh�hi@CB �
ENQ\K{BW;$Q\EYOjI�V[;>?AKMI �rV[;>?AKMIH@JImBDENQ\KMLPBW@COjI � T z T � T zMz � �

� @Ccj;$Q\ETy[� � � �pKMI>F>KMhJ` �$BWV$E @JI^BDENQRKMLPBW@CqMETLNK{QWBDO[OjI �>` QWOj? BWV$E�%4� � � n � % EGF>@JK]hJK{= �



T �

f�EGhJKML\V/KM;>F ��S~OMQW�<@JI$cHSU@CBWV6f�OMcMcj@ �2dUEXw}K{QWOjhJ@J_���w}KM_W_DEGh � f KM_WZ[;>K{Q\@CEGhJhJO�KMI>F'w}K{k>kvEGhJhiKsV/KGqME ;/I �
F$ENQWBWK{�MEGI)E��<BDEGI>_W@JqME Q\EG_DEGK{Q\L\V)OjI)BWV>E ;>_WE OM`~= EGV/KGq<@COj;$QeQ\;>hCEG_e@JI KMI6@JI^BDENQRKMLPBW@CqME k/K{QWBWI$ENQG� n V$E
KM@J?	S�KM_UBDOXLPQWEGK{BDE]K�BWKMhC�<@JI$csV$EGKMF K{=/hCETBDOX_DEGI>F�LPOj?]k/hCE�� � I/K{BW;$Q\KMh 
 ?]EG_W_WK{cMEG_�KMI>F EG?]OMBW@COjI>KMh
?]EGKMI>@iI$c]BDO�;>_DENQR_}=/KM_DEGFHOjI�LPOMcjI>@CBW@CqME�Q\;/hCEG_ � � � �/y Q � � � � � y � T R�� � � qMENQWl[BWV>@JI$cA@J_7_DENB7?AKMI[;>KMhJhCl
KMI>F]BWV>EbLPOMcjI>@CBW@CqMEbQR;>hCEG_2LPOjImBDQWOjh>ENqMENQWl ` EGK{BW;$QWEbOM` BWV$Eb` KMLPE7KMI>FAqMOj@JLPEU@JImBDOjI>K{BW@COjI OM`vBWV$EUL\V>K{Q\KML �
BDENQG� n V$EYhJK{BDEG_DBUBWKMhC�<@JI$cAV$EGKMFHQ\EG_W;>hCBW@JI>c ` QWOj? BWV>EG_DEYQWEG_DEGK{QRL\V$EG_e@J_�� �eQ\ENBWK 
 � � � � K R{d _Dl<I^BWV$ENBW@iL
V$EGKMF �

��������� ���
	���
�� ��� ���!���+��� * ��� �����#�( "�#� $ � ,�� �-�(�

Behaviour RulesLearning Interact

DISPLAY

USER

sensors

Talking head

Generate

OBSERVATION

� @Ccj;$QWEYy[� �Y��tuEGK{Q\I>@iI$cA@JImBDENQ\KMLPBW@CqMETV[;>?AKMIX` Q\KM?]ENS�OMQW�

%�;>L\V�OM`0Oj;$Q~@JI^BDENQRKMLPBW@CqME7=vEGV>K�q[@COj;>Q�@J_�I$OMBgK{k/k/K{QWEGImB2ENqMEGI�BDOYOj;>Q\_DEGhCqMEG_N� n OTLPQWEGK{BDEUBWV>@J_�;>I/LPOjI �
_WLN@COj;/_b=vEGV>KGq<@COj;$QUS~E � V[;>?AKMI>_UKMI>F ?AKML\V>@iI$EG_#�vI$ENEGF BDOsOM=/_DENQ\qME kvENOMk/hCE @JI^BDENQRKMLPBW@JI$c KMI/F cMQ\K{=
BWV$Oj_DE hJ@CBDBWhCEpBWV>@JI>cj_}S~ETF>O]S7V>@JLRVH?AK{�MEYBWV$ETLPOjImqMENQ\_WK{BW@JOjI�EGKM_W@CENQUKMI>FHQ\@JLRV$ENQG� n V/@J_}`aOj;>QWBWVXBrl[kvE
OM` @JI^BDENQRKMLPBW@CqMETBWKMhC�<@JI$c]V$EGKMF hCEGK{Q\I>_#�>hi@C�MEYVm;/?AKMI>_#�<` QWOj? OM=/_DENQ\q K{BW@COjIu�
n OjI^l V EN=/K{QWQ\K7k>QWOMkvOj_DEGF KMI K{k/k>QWOjKML\V ` OMQ�KMI/KMhCl �G@iI$cUKMI>F _Dl<I^BWV>EG_W@	�G@JI$ceVm;/?AKMIY=vEGV>K�q[@COj;>Q�;>_\@JI$c
KYBW@i?]EU_DENQR@CEG_�OM`ukvENQ\LPENk/BW;>KMh>?]EGKM_W;>QWEG?]EGImBW_N� n V$EUQWEG_W;>hCB~@J_gKTcMEG_DBW@JLN;>hJK{BW@iI$c @JImBDENQ\KMLPBW@CqMEek/K{QWBWI>ENQ



TNQ

� @Ccj;$Q\ETy[� T z�� n V$EY@iI^BDENQ\KMLPBW@JqME hCEGK{Q\I/@JI$c k/K{QWBWI$ENQ
� _DENE � @Ccj;>QWEAy[� T z �pS7V>@iL\V6hCEGK{Q\I/_�V$O�S BDO QWEG_DkvOjI>F BDO KH;>_DENQ � 
 � � � n V>@J_p?]O<F$EGh2KM;$BDOj?AK{BW@iLNKMhJhCl
hCEGK{Q\I ` QWOj? hCOjI$cXV[;>?AKMI6@JImBDENQ\KMLPBW@COjI>_G� n V$E]@JImBDENQ\KMLPBW@COjI6@J_ek>Q\O[F>;/LPEGF�=[l�KMI�� KMLPBW@JOjI � QWEGKMLPBW@COjI�

hCEGK{Q\I/@JI$c�_Dl<_DBDEG?
S7V>@JLRV F$EGKMhi_YS7@CBWV'? ;/hCBW@��rF>@J?AEGI>_W@COjI>KMh�BW@J?AE _DENQ\@JEG_N� n V$Es? ;>hJBW@��rF>@J?]EGI/_W@COjI>KMh
_DENQ\@JEG_Y@J_TK LPOjI>LNK{BDEGI>K{BW@COjI OM`}BWV$E _\;>LNLPEG_W_W@CqME�q KMhJ;>EG_YOM`}k/K{Q\KM?]ENBDENQR_TF$EG_WLPQR@C=/@JI$cXBWV$EsV$EGKMF KMI/F
V>KMI>F/_#�vOM=>BWKM@JI$EGF)` QWOj? BDQ\KML\�[@JI>cH`aOMQYEGKMLRV4@JImBDENQ\KMLPBW@JI$c�@iI>F>@Cq<@JF>;>KMh KM_YKH_DENB�OM`~LPOjhJOj;$QWEGF)=/hCOM=0_N�
n V$EY_\@	�NE�OM` BWV$E�qMEGLPBDOMQ\_eK{QWE R{z]k/K{QRKM?]ENBDENQ\_�� Q �pKM;>_W_W@iKMIX=/hCOM=/_ �R�
n V$E k>Q\ENk>QWO<LPEG_W_W@JI$cXQ\KM_WBDENQ\@	�NEG_�BWV$E]BW@i?]EG_�_DENQ\@CEG_T@JI^BDOXqMEGLPBDOMQ\_ � _DENEAEGZ[;>K{BW@COjI'y[� T �e=ml)_WhJ@iF>@JI$csK
BW@J?]EsS7@JI/F$O�S LPO�qMENQ\@iI$c4K | �[EGF @JImBDENQWq{KMh�� B,lmk0@JLNKMhJhCl Q � �)_WEGLPOjI>F>_#��cj@JqMEGI T y � ` Q\KM?]EG_ K{B �{zM?A_
@JImBDENQWq{KMhJ_�@JIXBWV$EYE��$KM?]k/hJEY_WV$O�SUI �U�

� ���������	��
 � � ����
�� � y[� T �
S7V$ENQ\E

��� � ������ ������ �

� � � �7EGKMF�KMI>F��eKMI>F>_�=/hJOM=HBDQ\KMLW�<@JI$cAQ\EG_W;>hCBW_}OM` BWV$EYhCEN` Bb@JI>F/@Cq[@iF>;>KMh
� � � �7EGKMF�KMI>F��eKMI>F>_�=/hJOM=HBDQ\KMLW�<@JI$cAOM`�BWV$EYQR@CcjV^Bb@iI>F>@Cq<@JF>;>KMh
� � T y � � Q � �A_WEGLPOjI>F>_ �

f�w ! @J_ BWV$EGI kvENQW` OMQ\?]EGF'OjI'BWV$EXQWEG_W;>hCBW@iI$c�qMEGLPBDOMQ\_ BDO)OM=>BWKM@JI'BWV$EH?]Oj_DB EGI$ENQWcMENBW@iLs?AO[F$EG_ OM`
q{K{Q\@JK{BW@COjI � 
jz'?]O[F>EG_]S~ENQ\EH`aOj;>I/F BDO4cj@CqME ?]OMQ\E�BWV>KMI � ����OM`UBWV$E q K{Q\@iKMI>LPE �R� � KMLRV kvENQ\@CO<F



T �

OM`2BW@J?]E @J_7BWV$EGI cMEGI>ENQ\K{BDEGF)S7@CBWV�KAQWEGF>;/LPEGF�I[;>? = ENQUOM`�k/K{Q\KM?AENBDENQ\_UKMI/F�LPOjI>LNK{BDEGI/K{BDEGF6BDO BWV>E
?]Oj_DB�QWEGLPEGImB}qMEGLPBDOMQ\_b@JI�BWV$EUBW@i?]Ee_WENQ\@CEG_N� n V$Oj_WEUqMEGLPBDOMQ\_�LNKMIHI>O�S =vEUKM_W_DO<LN@JK{BDEGFsS7@CBWV BWV$EpI$E��<B
ENqMEGImBN�

n @i?]E�_DENQ\@CEG_�OM`2LPOjI$|/cj;$Q\K{BW@COjIXqMEGLPBDOMQ\_Ucj@CqMEGI =ml � � �	� 
 � � ��� � �
�UO�S EGI>LPO[F>E � _WKM?]k0hCEG_ ��� ��� 
 � � ��� � BDOAcj@JqMEW�

� � � ��� � � � ���	�Gz � � � y[� y �

�UO�S `aOMQ\? k/KM@CQ\@JI>c �
� � � � �	� � �	�	� ��
 � � � y[� R �

� @CBWV BWV>Oj_DE�k0KM@CQ\_ OM`&!ULPBW@COjI � � � �	� � � * EGKMLPBW@COjI � � ��
 � �ABWV$ENl LNKMI hCEGK{Q\I�;>_W@JI$c�w�OjI>F>@JBW@COjI>KMh
� �<kvEGLPBWK{BW@COjI %�K �<@i?A@	�GK{BW@COjI � wp� � � % � � 
 ��� �pV>O�S BDO k>QWEGF>@JLPBYKMI/F6cMEGI$ENQ\K{BDEsKHq[@JQWBW;>KMh QWEGKMLPBW@COjI
` OMQ7K]q<@CQWBW;>KMh k/K{QWBWI>ENQG�

n V$EALPQ\EGK{BW@COjI4OM`bKHQ\EGKMhJ@J_DBW@JL BWKMhC�<@JI$c�V>EGKMF4S7V>@iL\V4LPQWEGK{BDEG_ @CBW_�O S7I _WENBTOM`}=vEGV>KGq<@COj;$Q�Q\;/hCEG_�q<@JK
KM;$BDOj?AK{BW@iL hCEGK{QRI>@JI$c�?AENBWV$O[F/_U@J_eK k>QWO �DEGLPBU=/;/@JhCB�` QWOj?	F/@�� ENQ\EGI^BUQWEG_DEGK{Q\LRV$EG_�K{BUBWV>E oeI>@CqMENQ\_\@CBrl
OM`Ut ENEGF>_N� n V>@J_ BWKMhC�[@iI$c V>EGKMF @i_ K)B,lmkvE � ��hCEGK{Q\I>@iI$c�@JImBDENQ\KMLPBW@CqME�V[;>?AKMIu� � B]KM;$BDOj?AK{BW@iLNKMhJhCl
hCEGK{Q\I/_}`aQWOj? q[@J_\;>KMh KMI>F�KM;>F/@CO OM=/_DENQWq{K{BW@COjI>_N� n V>@J_�K{k>k/hi@JLNK{BW@COjIH@J_}=/;/@JhCB�`aQWOj? k>QWENq<@COj;>_}S�OMQW�0�
V OjV/I>_DOjITKMI/F��UOMcMc 
 _ S~OMQ\�YOjI hJEGK{Q\I>@JI$c7BWV$E�F/@J_DBDQ\@C=0;$BW@COjIpOM`$OM= �DEGLPB BDQ\K � EGLPBDOMQR@CEG_ ���My�� � _WENE � @Ccj;>QWE
y[� TeT ��k>Q\OMk Oj_WEGF K S}KGlsBDOAF$EG_WLPQ\@C=vEUBDEG?]kvOMQ\KMhvKMLPBW@Cq[@JBW@CEG_N� n V$EG@CQ�K{k>k/QWOjKML\VH@J_�QWEGhiK{BDEGF BDOWU�OM=/@iLW�
KMI>F�dpK�q[@J_7?]O[F>EGh OM`�KABDEG?]kvOMQ\KMh BDEG?]k/hiK{BDE�`aOMQbQ\EGLPOMcjI>@CBW@COjIHOM`2V[;>?AKMIH?]O qMEG?]EGImB � y�
 � �
n V$EY@iF$EGK]@J_}BDOAQWENk/QWEG_DEGImBbBWV$EYLPOjI>F>@JBW@COjI>KMhvk>QWOM=0K{=/@JhJ@CB,l�F$EGI>_\@CBrl ` ;>I/LPBW@COjI
� � � ��� � ��� � ��S7V>ENQWE � �
@J_�K w}OjI$|>cj;$Q\K{BW@JOjIXqMEGLPBDOMQeK{BbBW@i?]E �R�

n V$E ?]ENBWV$O<F)@J_p@JI�BrS�OHk/K{QWBW_N� � @CQR_DBUBWV>E _WBWK{BDE]qMEGLPBDOMQ\_YF$ENQ\@JqMEGF ` QWOj? BWV$E =vEGV>KGq<@COj;$QeBDQ\KM@JI/@JI$c
F>K{BWK4K{Q\E K{k>k>QWO �<@i?AK{BDEGF�=[l K4_WENBAOM`�_DBWK{BDE�k>QWOMBDOMB,lmkvEG_�k/hJKMLPEGF�=[l'qMEGLPBDOMQXZ[;>KMI^BW@i_WK{BW@COjI � _DENE
EGZ[;>K{BW@COjI y[��
 �R�



T �

� @Ccj;$QWE�y[� TeT � �>QWOj? OM=/_DENQWq{K{BW@COjIsOM` ?�KMI^l BDQ\K � EGLPBDOMQR@CEG_�BWV$E�_Dl<_DBDEG? @J_}K{=/hCEeBDO]k>QWEGF/@JLPBgBWV$Epk/K{BWV
OM` K]kvEGF$EG_DBDQ\@JKMIu�

��� ����� 
�� � � � ����� � � y[��
 �
S7V$ENQ\E

� ��� ��� � �����	��
 � � ���
	 �

� � � ������ ������ �

� � � n Q\KML\�MEGF�_\@JhJV$Oj;$ENBDBDEpOM` BWV$EYhCEN` Bb@JI>F/@Cq[@iF>;>KMh
� � � n Q\KML\�MEGF�_\@JhJV$Oj;$ENBDBDEpOM` BWV$E�Q\@JcjV^Bb@JI/F>@Cq<@JF>;>KMh
� � hCEGI$cMBWV

n V$Es_DEGLPOjI>F'k/K{QWB =/;>@JhiF>_pOjI BWV$E�|>QR_DBTBDO k>QWO q[@JF>E K�qMEGLPBDOMQ]QWENk>QWEG_DEGImBWK{BW@COjI ` OMQ E��<BDEGI>F$EGF'=vE��
V>K�q[@COj;>Q\_N� n V$EXS�K�l�@JI S7V>@JLRV BWV>@J_]@J_ KML\V/@CENqMEGF ?AK�l'=vEHq<@J_W;>KMhi@	�NEGF'KM_A`aOjhJhJO�S7_N� � KMLRV _DBWK{BDE
k>QWOMBDOMB,lmkvE V>KM_UKMI�KM_W_DO<LN@JK{BDEGF)KMLPBW@Cq{K{BW@COjI�hJENqMEGhuBWV>K{Bp@J_7@iI>@CBW@JKMhJ@i_DEGFsBDO �NENQWOs`aOMQUBWV$ETEGI/LPO[F>@iI$cAOM`
K _W@JI$cjhJEU=vEGV>K�q[@COj;>QG� n V$Ep= EGV/KGq<@COj;$Q}@J_�BDQ\KMLPEGFX`aQ\Oj? = ENcj@iI>I>@JI$cTBDO EGI/F �$KMI>FXK{B�EGKML\VHBW@J?AEe_DBDENk
BWV$E�KMLPBW@Jq K{BW@COjI OM`}EGKML\V _DBWK{BDE�k>Q\OMBDOMBrl[k E�EG@CBWV$ENQTF$EGLNK�l[_ =[l)K�| �[EGF4k>QWOMkvOMQWBW@COjI)OMQ BWK{�MEG_TOjI'K
q{KMhJ;$E]BWV>K{B @J_YK�hJ@iI$EGK{Q\hCl F$EGLPQWEGKM_W@JI>c�` ;/I>LPBW@COjI)OM`}BWV$EAk>Q\OMBDOMBrl[k E 
 _ F>@J_WBWKMI>LPEA` QWOj? BWV$E�LN;>QWQWEGImB
_DBWK{BDE �~S7V>@JLRV$ENqMENQ]cj@CqMEG_ BWV$EHhJK{QWcMEG_WB q{KMhJ;$EM� n V$Esk/K{BDBDENQ\I OM`UKMLPBW@Jq K{BW@COjI�hJENqMEGhJ_]K{B EGKML\V�BW@J?AE��
_DBDENk�k/QWO�q<@JF$EG_}KMIHEGI>LPO<F>@JI>c OM`�BWV$Ep=vEGV>KGq<@COj;$Qb;>kX;/I^BW@Jh BWV>K{B7k Oj@iI^B�OjIHBWV$E�BDQ\K �DEGLPBDOMQWlHKMI>FXBWV>@i_
@J_�Q\EGLPOMQ\F$EGF KM_ K�qMEGLPBDOMQ �7Q\EN`aENQWQ\EGF4BDO�KM_ K�=vEGV>K�q[@JOj;$QYqMEGLPBDOMQ BDO�F>@i_DBW@JI$cj;>@i_WV ` QWOj? BWV$E _DBWK{BDE
qMEGLPBDOMQ\_N�



T �

� @Ccj;$QWETy[� T yY� � �$KM?]k/hCE�OM` KA_W;>_Wk/@JLN@COj;>_�BDQ\K �DEGLPBDOMQWl�@JIHK�LNK{Qbk/K{QW�
n V$E _WKM?]E k>QWO<LPEGF>;$QWE @J_UQWENkvEGK{BDEGF�` OMQpKMhJh =vEGV>K�q[@JOj;$Q\_7@iI BWV$E BDQ\KM@JI/@JI$c�_DENB#�vcj@Cq<@JI$csK hiK{QWcME LPOjh �
hCEGLPBW@COjIAOM` =vEGV>K�q[@JOj;$Q2qMEGLPBDOMQ\_~EGI>LPO[F/@JI$cpBWV$EG_DEbBDQRK � EGLPBDOMQ\@JEG_gKMI>FAKMhih<k/K{QWBW@JKMh$BDQRK � EGLPBDOMQ\@JEG_g@J?]k0hJ@JLN@CB
@JIHBWV>EG@CQbcMEGI$ENQ\K{BW@JOjI � n V>@J_bK{k>k/QWOjKML\V BDO�EGI>LPO<F>@JI$c]BWV>ETENqMOjhJ;$BW@JOjIHOM`�KA_Dl<_DBDEG? @J_�EGZ[;>@Cq{KMhCEGI^B�BDO
BWV$ET_WO �rLNKMhJhCEGF hJEGK{�ml�I$EG;>Q\KMh I$ENBrS�OMQW� ?AO[F$EGh � � � � T z ��� � � @JI>KMhJhJl �$BWV$E F>@i_DBDQ\@C=/;>BW@COjI�OM`2=vEGV>K�q[@JOj;$Q
qMEGLPBDOMQ\_�E��[BDQ\KMLPBDEGF `aQ\Oj?!BWV$EXBDQ\KM@JI>@JI>c F>K{BWK6K{Q\EHBWV$EG?A_DEGhCqMEG_AEGI>LPO[F>EGF =ml K6_DENB]OM`Uk/QWOMBDOMBrl[kvE
=vEGV>KGq<@COj;$QR_#�$K{cjKM@JI�F$ENQ\@JqMEGFH=mlsqMEGLPBDOMQpZm;>KMImBW@J_WK{BW@JOjI � _DENEYEGZ[;>K{BW@COjI y[� � �R�

��� ����� 
 � � � � ����� � � y[� � �
S7V$ENQ\E

� � � � � � � � � � 
 � � � � 	 �

� � � �DOj@JImB�� KMLPBW@Cq{K{BW@COjI>_ 


n V$E |/I/KMh = EGV/KGq<@COj;$Qpk>QWOMBDOMB,lmkvEG_Yk/QWO�q<@JF$E]KHLPOj?]k>Q\EG_W_DEGF4?]O<F$EGh�` OMQYBWV$E]Q\KMI$cME�OM`~=vEGV>K�q[@COj;>Q\_
OM=/_DENQ\qMEGFs@iI�BWV$EpBDQ\KM@iI>@JI$c F>K{BWK<� n V>@i_g?]O<F$EGh LNKMIX= EpKMF>K{k>BDEGFsBDO]_DENQWqME�KM_�K k/@CEGLPENSU@J_DEU;/I>@C` OMQ\?
k>QWOM=0K{=/@JhJ@CB,l]F$EGI>_W@CB,lA` ;>I>LPBW@COjIs@JIsS7V>@JLRV�EGKMLRVHk>QWOMBDOMB,lmkvE�@J_�QWENk/hiKMLPEGF =[l K ;>I/@C`aOMQR? QWENcj@COjIsS7@JBWV
?AK{cjI>@JBW;>F$E k>QWOMkvOMQWBW@COjI>KMh BDOHBWV$E hCO[LNKMh F$EGI/_W@CBrl OM`gk>QWOMBDOMB,lmkvEG_#� SUV>@JL\V)@J_e@JI BW;$Q\I�k>QWOMkvOMQWBW@JOjI>KMh
BDO�BWV>EYOM=/_DENQWqMEGF�F$EGI>_W@JBrlXOM` BDQ\KM@JI>@JI>c =vEGV>K�q[@JOj;$Q\_N� !	%�K{QW�MO q L\V>KM@iI @J_�BWV>EGI _W;$kvENQ\@i?]kvOj_DEGF�OjI
BDOMk4OM`~BWV$E]=vEGV>KGq<@COj;$Qpk>QWOMBDOMB,lmkvEG_#� S7@CBWV BDQ\KMI>_W@JBW@COjI>_pF$EN|/I>@iI$c�BWV$E]S}KGl<_Y@JI S7V/@JL\V)=vEGV>K�q[@COj;>Q\_
@JI BWV$E I$EG@JcjV^=vOj;$Q\V>OmO<F)OM`�k>QWOMBDOMB,lmkvEG_ ?AKGl6ENqMOjhJqMEs=vENB,S~ENEGI'BW@J?]E��r_DBDENk0_N� n V$E�k>QWOM=/K{=/@ihJ@CBrl OM`



y{z

KABDQRKMI>_W@CBW@COjI @J_�EG_DBW@J?�K{BDEGF ` QWOj? BWV$E k>QWOMkvOMQWBW@COjIXOM`�_\;>L\V BDQ\KMI>_W@CBW@JOjI>_�OM=/_DENQ\qMEGF @JIHBWV>ETBDQ\KM@JI/@JI$c
_DENBN�

� @Ccj;$Q\E�y[� T RY�}tuENEGF/_ 
$|>Q\_DBb@iI^BDENQ\KMLPBW@JqMEYk/K{QWBWI$ENQ

n V>@i_7S�OMQW��hJEGF�BDOXBWV$E |>QR_DB�K{k>k>QWOjKMLRV)OM`~KMI)@JImBDENQ\KMLPBW@CqME]k/K{QWBWI>ENQ ��� T � � _WENE ��@Jcj;$QWEAy[� T R �R� n V$E
?]O<F$EGh�@J_ThCEGK{Q\ImBTBWV$QWOj;>cjV6OM=/_DENQWq{K{BW@COjI OM`�QWEGKMhg@JImBDENQ\KMLPBW@COjI/_TLNK{k>BW;$Q\EGF4OjI4q<@JF$ENO���F$EG_WLPQ\@J= EGF6@iI
V OjV/I>_DOjI ���{z � �
:<;$=0_DEGZm;>EGI^BWhCl �$F>@ � ENQWEGImB�S�OMQW�[_bOjI�=vEGV>KGq<@COj;$Q}S�ENQWET;>I/F$ENQWBWK{�MEGI �

� ! _W;$QWqMEG@ihJhJKMI>LPE K{k>k/hJ@iLNK{BW@COjI)BDO F$ENBDEGLPB K{=/I$OMQ\?AKMh =vEGV>K�q[@JOj;$QY@JI6KHLNK{QTk0K{QW� � QeQ � � _DENE � @Ccj;>QWE
y[� T y[� n V$E�S~OMQ\� S}KM_b=/KM_WEGFHOjI�BWV$E�k/QWEGF>@JLPBW@COjIH?AO[F$EGhvOM`�S}KMhC�[@iI$c]kvENOMk/hCEM�
� !UIsE��<BDEGI>_W@COjIsOM`uBWV$Ep?]O<F$EGh0S7@CBWV cMQ\KM?A?AK{Q}=/KM_DEGFsOjI ��K{Q\@JK{=0hCEUt EGI$cMBWV % K{Q\�MO�q % O<F$EGhJ_�S�KM_
k>QWOMkvOj_DEGFX=[l �pKMhJK{BWKABDO ?]O[F>EGhvk ENOMk0hCEYF$Oj@JI$c]K{ENQWOM=0@JLpE��[ENQRLN@J_DEG_	� RMy � �
� n V$Es|>Q\_DB @JImBDENQ\KMLPBW@CqMEHV$EGKMF S7V>@JLRV'hJEGK{Q\I>_ KM;$BDOj?AK{BW@JLNKMhJhJl'V$O S BDO)QWEGKMLPBH� � @CQ\_WB S7@JBWV =/KM_\@JL
_W@JhJEGI^B}E��<k>QWEG_W_W@JOjI>_�@JI��UOMcMc 5�AaE�� � � 
 T � �>BWV$EGIHSU@CBWVH_DkvENEGL\V�@iIXBWV>@J_�QWEG_WEGK{Q\L\V�� _DENE � @Ccj;$QWETy[� T 
 �R�

� ��� � 	�� 
 � �
	�� � � ���

n V$EUF$Oj?AKM@JI�OM` ` KMLPEeBDQ\KMLW�<@JI$c @J_�qMENQWlAKMLPBW@JqMEM� % K �DOMQ}_W;$QWqMENl<_�OM` BWV>@i_gF$Oj?AKM@iIA@JI>LNhJ;/F$E7:<KM?AKMh��
��@JKMI$cjK{Qp@JI f K{BDBDENQ\I * EGLPOMcjI/@CBW@COjI ���My���KMI>F * KM?�KXw}V>EGhJhJK{k>k/K � T 
 � �0S7@JBWV ?]OMQWE QWEGLPEGImBp_\;$QWqMENl<_
=[l � �DEGhJ?AKM_e@JI y{zMz T ��� � ��KMI/F %�@JI$c � �e_W;>KMI �gKMI>c�� dpKGq<@JF '�Q\@CENcj?�KMI�KMI>F �UK{QWEGI/F$Q\K !eVm; �DKA@iI
y{zMzjy � T z � � �



y T

� @Ccj;$QWEYy[� T 
 �}tuENEGF>_ � ImBDENQ\KMLPBW@CqME n KMhC�<@JI$c��UEGKMF
� I BWV>@i_ _DEGLPBW@JOjI S~E k>QWO<F>;>LPE K'Q\EGF>;>LPEGF KMI>F =/KM_W@JL O�qMENQWq<@CENS OM`YBWV$E6?]Oj_WBsLPOj?A?AOjI>hCl ;>_WEGF
?]ENBWV$O<F>_b@iIX` KMLPE BDQ\KMLW�<@JI$c$��!�?]OMQ\ETKMLNLN;$Q\K{BDE KMI>F�LPOj?]k/hJENBDETF$EG_WLPQ\@Jk>BW@COjIHLNKMIH=vE�` Oj;>I>F�@JIXBWV>E
_W;$Q\qMENl[_b?AEGI^BW@COjI>EGF�K{=vO�qMEM�
n V$ENQ\E K{QWE BrS�OH�<@JI>F>_7OM`gK{k>k>QWOjKMLRV)BDO ` KMLPE]BDQ\KML\�[@JI>c � � ���-� � � � � � ���N��� KMI>F � 
[�-'(��� � � �4��� �
n V$E � �Y� � � � � � � � �N�Y� K{k>k>QWOjKMLRV ;>_DEG_ ` KMLN@JKMhU�<I$O�S7hJEGF$cME =[l hCO<LNK{BW@JI$c KMI>F BDQ\KML\�[@iI$c _Wk EGLN@J|/L
k>QWOj?�@JI$EGImB ` EGK{BW;$QWEG_N� n V>E � 
[�-'(��� � � �4��� K{k/k>QWOjKML\V�;>_DEG_ BWV$E�` KMLPE7KM_�KpS7V>OjhCE�KMI/F]LNKMIALNhJKM_W_W@J`al
QWEG_W;/hCBW_U@iI^BDOs` KMLPE]KMI>F)I$OjI � ` KMLPE]LNhJKM_W_WEG_N� � S7@JhJh |/I>@J_\VH=ml F$EG_WLPQ\@J=/@JI$c]BWV$E BDQ\KML\�MENQ � 
 ? ;/_W@JI$c�@iI
? l�K{k>k/hJ@JLNK{BW@JOjI�S7V>@iL\V LNKMI�BDQ\KML\��V$EGKMF>_eKMI>F ` KMLN@JKMh E��<k>QWEG_W_W@JOjI�=/;$BeKMhJ_DO QWENk>QWO<F>;>LPEYSUV>K{BUV>KM_
=vENEGIHBDQ\KML\�MEGF �

��� �
��� � ��� � �+�#� ��� � � � . � 	 	+�#���! , � �

� I�BWV$E ` EGK{BW;$QWE�� =0KM_DEGF�K{k/k>QWOjKML\V �}hJO�S hCENqMEGhb` EGK{BW;$QWEG_�OM`�BWV$E�` KMLPE K{QWE�_DEGhCEGLPBDEGF KMI>F ;>_WEGF�`aOMQ
F$ENBDEGLPBW@COjI�KMI>F BDQ\KML\�[@JI>c$� ! %(��� %�� � BDQRKMLW�<@JI$c4;>_DEG_A�[I$O S7hCEGF$cMEHOM`pBWV$E�_\V>K{kvEHOM`UBWV$E ` KMLPE�OMQ
KMIml'OMBWV$ENQ _DkvEGLN@C|/L ` KMLN@JKMh}` EGK{BW;$QWEM� � ���4��� �4�B��� BDEGLRV>I>@JZ[;$EG_];>_WEsBWV>E�@JI^BDEGI/_W@CBrl'q KMhi;$EXOM`UK{QWEGKM_
OM`2k/@��<EGhJ_bLPOj?Ak Oj_\@JI$c]BWV$E ` KMLPEM� % OMBW@COjI�BDQ\KMLW�<@JI$c BDEGL\V>I/@JZm;>EG_7hCO<LNK{BDE ?]O q[@iI$c�OM= �DEGLPBW_U=ml�;>_\@JI$c
F>@J_Wk/hJKMLPEG?]EGImB7?]EGKM_W;>QWEG_N� � ��� ��� � � BDQ\KMLW�<@JI$cs;>_DEG_Uk>Q\@COMQU�[I>O�S7hCEGF>cMETOM`2OjI$E OMQe_WENqMENQ\KMh _Wk EGLN@J|/L
k>QWOj?�@JI$EGImB�` KMLN@JKMh ` EGK{BW;$QWEG_UKMI>FHKMImBWV$QWOMkvOj?]ENBDQ\@JLp` KMLPETcMENOj?AENBDQWlM�



yMy


 � 
 � � � � ! %����4%�� �

! k OMk0;>hJK{Q}S�K�lHBDOABDQ\KML\�s` KMLPEG_b` QWOj? BWV>EG@CQ7LPOjImBDOj;$Q\_7@i_}S7@CBWVHKMI�KMLPBW@CqME LPOjI^BDOj;>QU?]ENBWV$O<F � n V/@J_
?]ENBWV$O<F�Q\EGZm;>@JQWEG_�KAk>Q\ENq[@COj;/_�EGF$cME F>ENBDEGLPBW@COjI � n V$E :<OM= EGhvOMkvENQ\K{BDOMQR_#�/BWV$E�% K{Q\Q � �U@ihJF$QWENBWVXEGF$cME
OMkvENQ\K{BDOMQ2OMQ�F>@��vENQWEGImB |/Q\_DB KMI>F _DEGLPOjI>F]F$ENQ\@Jq K{BW@CqMEG_ t K{k/hJKMLN@JKMI OM` ��KM;>_W_W@JKMI/_ � TeT �<K{QWEbLPOj?�?]OjI>hCl
;>_DEGFu��%�OMQWETQWEGLPEGI^B7EGF$cME�� =/KM_DEGF BDEGL\V>I>@iZm;$EG_7LNKMI�=vE�`aOj;/I>FH@JI � y � ��� � � �
n V$E�k>Q\@JI>LN@Jk/hCE OM`bKMI KMLPBW@CqMEXLPOjImBDOj;$Q]@J_YBDO F$EN`aOMQR?�K�LPOjI^BDOj;$Q BDO BWK{�ME BWV$Es_WV>K{kvEAOM`�BWV$E ` KMLPE
OMQe`aEGK{BW;$Q\ETBDO�BDQRKMLW� � n V$EY|/Q\_DB7KMLPBW@CqME LPOjImBDOj;$Qe?AENBWV$O[F�� LNKMhJhCEGF�K�� _WI>K{�ME 
 �bS}KM_U@JImBDQWO<F>;>LPEGFH=[l
'YKM_W_�5�AaE��	� ���eR�� � n V$EY_WI>K{�METBDQ\@CEG_}BDO�?A@iI>@J?A@	�NEpKMI�EGI>ENQWcMl ` ;>I>LPBW@JOjI �

�
����� 	 � � � � � � � � ��� � � � ��� � � � ��� � � y[� Q �

S7V$ENQ\E � � � � � � ��� � F$ENkvEGI>F>_�;>k OjI6K�k>QWEGF$EN|/I>EGF _\V>K{kvEAK{k>k/hJ@CEGF BDO�BWV>E�_WI>K{�ME�KMI/F � ��� � � � ��� � F>E��_WLPQ\@J= EG_gBWV$E7E �vEGLPB}OM`uBWV$Ep@J?AK{cMEeK{`aBDENQ}=vEG@JI$cYk/QWO[LPEG_\_DEGF � EM� c$� �$EGF>cMEeF$ENBDEGLPBW@JOjI �R� n V$EUk>QWEGF$EN|0I$EGF
_WV>K{kvE}F$ENkvEGI>F>_ ;$kvOjI BWV$EbI>K{BW;$QWE}OM`0BWV$E�`aEGK{BW;>QWE�BDO�BDQ\KMLW� � U�l ?A@iI>@J?A@	�G@iI$c7@CBW_�EGI$ENQWcMl BWV$Eb_WI/K{�ME
S7@Jhih _WBW@JLW�sBDOABWV$ETLPOjImBDOj;$QeKMI>FHBDQ\KML\�sBWV>EY`aEGK{BW;>QWEM�
n ENQ �NOMkvOj;>hCOj_e@J?]k>QWO qMEGF BWV/@J_7BDEGLRV>I>@JZ[;$E =ml�KMF>F>@JI$c K 'TKMhJ?AKMI�|/hCBDENQp@JI�BWV$E BDQ\KML\�[@JI>c ��� � � �vKMI/F
hJK{BDENQsOjI � _WK{Q\F�KMI>FXU}hJK{�ME)KMF>F$EGF BWV$E)wbx �Ud � ��: ! n � x � ?]ENBWV$O<F � 
 Q � �bKMI K{k>k0hJ@JLNK{BW@COjI @iI
q<@J_W@COjIsOM` BWV$E m�Ee/JA	9 3 � 5	� � A 5O/ � ReR � �
n V$EHf~d % � f�Oj@JImBAde@i_DBDQ\@C=/;>BW@COjI�% O<F$EGh �TS�KM_]LPQ\EGK{BDEGF =[l n KGl<hCOMQ�KMI>F w�O[OMBDEG_N� n V>@J_ @J_ KMhJ_WO
�<I$O�S7I KM_�BWV$E � _W?�K{QWB 
/_WI>K{�ME � T � �
n V$E fgd % @J_UKX_DBWK{BW@i_DBW@JLNKMhJhCl�LPOj?]k/KMLPBYF$EG_WLPQR@Ck>BW@COjI OM`gBWV$E _WV>K{kvEM� n V$E LPOjImBDOj;$QY@J_eF>@J_WLPQWENBW@ �NEGF
@JImBDOTKT_WENB�OM`uhJK{=vEGhCEGF kvOj@JImBW_�KMI>FAE��<BDQ\KMLPBDEGFs` QWOj? KThiK{QWcME7_DENB~OM` ` KMLPEG_N�gf}w ! @J_�BWV$EGI�kvENQW`aOMQR?]EGF
BDOAE��<BDQ\KMLPB7BWV>E�k>Q\@JI>LN@Jk/KMh0?AO[F$EG_bOM`�q{K{Q\@JK{BW@JOjIXO�qMENQpKMhJhvBWV$ETLPOjImBDOj;$Q\_��


 ���
 ��

��� � � y[� � �

� V$ENQWE��
 @J_�BWV$EY?]EGKMIH_\V>K{kvE ��
 � @J_}K]_DENB}OM`�OMQWBWV$OMcMOjI>KMh ?AO[F$EG_}OM` q K{QR@JK{BW@COjIXKMI>F � � @J_}K _DENB�OM`
_WV>K{kvEpk/K{Q\KM?AENBDENQ\_N�



yeR

n V$E ?AKMIm;/KMh LPOjImBDOj;$Qek Oj@iI^B7_WENBDBW@JI$c�S}KM_p_W@J?]k0hJ@C|>EGFs=[l �U@Jhihu@JI KMI�KM;$BDOj?AK{BW@JL hJKMI>F/?AK{QW�XBDEGL\V �
I>@JZ[;$E
� R � � � n V$Egf~d % K{k/k>QWOjKML\V ?AK�lpKMhi_DOb=vE�LPOj?T=0@JI$EGFYSU@CBWVpBWV$Eg;>_WE�OM`$@JI^BDEGI/_W@CBrl�@JI>`aOMQ\?�K{BW@COjI �
n V>@i_�@i_��[I>O�S KM_7BWV$E&!ULPBW@JqME�!Uk>kvEGK{Q\KMI>LPE % O[F$EGh � F$EG_WLPQ\@C=vEGFX@JI�:<EGLPBW@COjI y[� y[� R �


 � 
 � � � 
 � ���4��� �4�B���

n V$E}LPOjhCOj;$Q�@iI$`aOMQR?AK{BW@COjI S7@CBWV>@JI Kp` KMLPE�LNKMI]=vE};>_DEGF BDO�hCO<LNK{BDEbKMI>F BDQ\KMLW� @CBN� ! LPOj?]k0hCENBDE}QWENq[@JENS
OM` @JI^BDEGI/_W@CBrl BDQ\KMLW�<@JI$c ?]ENBWV$O<F>_�LNKMI�=vEp`aOj;/I>FH@JI ��� � � � n V>EY?]Oj_DBbLPOj?A?]OjI LPOjhCOj;$Q7?]O<F$EGh ;>_WEGF
BDO F>EG_WLPQ\@C=vEbBWV$Ee_D�<@JIA@J_gBWV$EUI$OMQR?AKMhJ@	�NEGF * �gU QWENk>Q\EG_DEGI^BWK{BW@JOjI KM_~BWV$EU_W�[@JI�K{k>kvEGK{Q\KMI>LPEULRV>KMI$cMEG_
S7@CBWV'BWV$EXhJ@CcjVmBWI>@JI$c LPOjI>F>@CBW@JOjI>_ � � � � � � Q � � � ��� � n V$E �p: � � �U;>E ��:<K{BW;$Q\K{BW@JOjI � � ImBDEGI>_W@JBrl �YV>KM_
=vENEGI k>QWO�qMEGI6KMLPBW;/KMhJhCl =vENBDBDENQ�BWV>KMI * � U =[l �US�KMI6t ENE�w}V$O[OjI$c � T ����KMI>F6@J_pI$O�S LPOj?�?]OjI>hCl
;>_DEGFX` OMQ7` KMLPET_DENcj?AEGI^BWK{BW@COjI � R�
 ���eR � Q R � T z
R�� �
! QWEGLPEGImB}QWENq[@JENS V>KM_~=vENEGI ;/I>F$ENQWBWK{�MEGI =ml n ENQWQ\@ihJhCOjIA@JI V>@J_~LPOj?]k/K{Q\K{BW@CqMEp_DBW;>F>l]OM` S7@JF$EGhCl];>_WEGF
LPOjhCOj;$QU_Dk/KMLPEG_b` OMQb` KMLPETF$ENBDEGLPBW@COjI ��� � �
n V$EphCO<LNK{BW@COjIsOM` BWV$Ep` KMLPE�LNKMIX= EpF$OjI$EeS7@CBWVXK _D�<@JIsLPOjhCOj;$Q}BWV$QWEG_WV>OjhJF�SUV$ENQWEeBWV$E�_D�[@iI LPOjhCOj;>Q}@i_
?]O<F$EGhCEGFsBWV$QWOj;>cjVHV>@J_DBDOMcMQ\KM?�_ ����
 ��� � �-R � ��R�
 � � � � Q � � � � � � n V$E�;>_DEpOM`
�pKM;>_W_W@iKMIHF>@J_DBDQ\@J=/;$BW@COjI
BDO]F$ENBDEGLPB�_D�<@JI�LPOjhCOj;>Q}@i_~KMhJ_WO ;>_WEGF�BDO cMENB�K ?AOMQWEUcMEGI>ENQ\KMhv_DkvEGLPBDQ\;>? OM` LPOjhCOj;$Q � � 
 � Q 
 �$yMy � Q R � �
n V$E �pKM;>_\_W@JKMI)k/K{Q\KM?AENBDENQ\_�LNKMI6=vE _WENBY;$k)S7@CBWV)LPOjhCOj;$Q�_WKM?]k0hCEG_eBWK{�MEGI4` QWOj? F>@��vENQWEGI^BpENBWV>I/@JL
cMQWOj;$k0_N�


 � 
 � � � � � %-� �B%��

� I'BWV>E�LNKM_DEHOM`U_DEGZ[;$EGI>LPEG_AOM`7` KMLPEG_]BWV$E�;>_DEXOM`e?]OMBW@COjI�F$ENBDEGLPBW@COjI @J_ KMI E � EGLPBW@CqME�?]ENBWV$O<F'BDO
hCO<LNK{BDEY` KMLPEG_N�
n V$EYF>ENBDEGLPBW@COjIHOM`2I>K{BW;$Q\KMhvENlMET=/hJ@JI$�<@JI$c ��� � �/yMy�� @i_�K]I>@JLPE�S}KGlXBDO�hCO<LNK{BDEYBWV$E�` KMLPE ;>_\@JI$c `aQ\KM?AE
F>@��vENQWEGI>LPEG_G� % Oj_DB}?]OMBW@COjI�BDQ\KMLW�<@JI$c ?]ENBWV$O<F>_�BDQ\l]BDO hCO<LNK{BDEUSUV>K{B~@J_~KMLPBW;>KMhJhCl]?]O q[@iI$c KM_�KYk>Q\E��
BDQ\KML\�[@JI>cHk>QWO<LPEG_W_N� � BY@i_�;>_W;>KMhJhJl�`aOjhihCO�S�EGF6=[l�K�?]OMQ\EA_DOMk/V>@J_WBW@JLNK{BDEGF6?]ENBWV$O<F6_W;>LRV4KM_�k/K{BDBDENQ\I
QWEGLPOMcjI>@JBW@COjI6OMQTf}w ! k ENQ\`aOMQ\?AEGF)OjI6BWV$E�I$ENS QWENcj@COjI6OM`�@JImBDENQWEG_DBY_DENBT=ml)BWV$EA?]OMBW@JOjI F$ENBDEGLPBDOMQ
� � � Q R ��R � � � � � T z � � T z
R �/yMy��



y�


! _Dk/K{BW@CO � BDEG?Ak OMQRKMh �pKM;>_W_\@JKMI6|/hCBDENQ V>KM_�=vENEGI4;>_DEGF4=ml"%�L#'�EGI>I>K 5NA?E�� � Q y��~BDO�F$ENBDEGLPB ` KMLPEG_N�
n V$E k>QWO<LPEG_W_e@JI^qMOjhJqMEG_eLPOjImqMOjhJ;$BW@JOjI�OM`�K cMQWENl @i?AK{cME�� � 
 ��� �7S7@CBWV�BWV>E _DEGLPOjI/F�OMQRF$ENQUBDEG?Ak OMQRKMh
EGF$cMEYOMkvENQ\K{BDOMQ�� � 
 ��� � � �}S7V>@JLRVH@J_�F$EN|/I$EGF�`aQWOj? BWV>E��pKM;>_W_\@JKMIH|/hCBDENQ�� � 
 ��� � � �g�

��� 
 ��� � ��� ���
	 ��
������ � ��� � � 
�� � 
�� � � ��� � y[� � �
� � 
 ��� � � � ������� 
 � T� 
 � 
� � 
"! � � 
 ��� � � �

n V$E OMk>BW@iLNKMh$#>O�S ?AENBWV$O[F6@i_p=/KM_DEGF)OjI4_WV>OMQWB � Q\KMI$cMEA?]O q[@iI$cXk/K{BDBDENQ\I4KMI>F6@i_e_WEGI>_W@CBW@CqME BDO�|0I$E
?]OMBW@COjIu� n V$EY?]ENBWV$O<F�@J_�?AO[F$EGhJEGFH=mlsBWV$EY@J?�K{cME%#>O�S EGZm;>K{BW@JOjIF�

� � � � �&� � � � �'� � � z � y[� � �

� V$ENQWE(� � �)� � KMI>F'� � K{QWE�BWV>E�_Dk/K{BW@CO � BDEG?]kvOMQ\KMh7F$ENQ\@Cq{K{BW@CqMEG_]OM`eBWV$E @J?�K{cME�@JI^BDEGI/_W@CBrl KMI>F � �
KMI>F � � K{Q\EABWV$E�@J?�K{cMEAqMEGhCO<LN@CBW@CEG_N��U�l6_DOjhCq<@JI$cXBWV>@i_�EGZm;/K{BW@COjI6` OMQ � � KMI/F � � KMI4OMk>BW@iLNKMh�#>O�S
|>EGhJF�BWV>K{B�LPOjImBWKM@JI>_p?]O�q<@JI$csk/@��<EGh BDQ\K � EGLPBDOMQR@CEG_�@J_UOM=>BWKM@JI$EGF � n V>EGI�KXLNhJKM_W_\@C|/LNK{BW@COjI�OM`g?]O q[@JI>c
KMI>F�I>OjI �r?]O�q<@JI$c]Q\ENcj@COjI�V>KM_�BDO =vEYF$OjI$E�` QWOj? BWV$Oj_DETBDQ\K � EGLPBDOMQR@CEG_N�~t ENE 5�AaE�� ��k>QWOMkvOj_DEGFHKAhi@JI$E
LNhJ;>_WBDENQ\@JI$c)KMhCcMOMQ\@CBWV/? � T ��� � n V>@J_ ?]ENBWV>O[F�@J_]K)` KM_DBDENQ qMENQ\_W@COjI OM`eBWV$EHOMQ\@Ccj@iI>KMh}KMhCcMOMQ\@CBWV>?!=[l
:<LRVm;>I/LW� � � ��� �~xek>BW@iLNKMh*#>O�S @J_bI$O S K]S7@JF>EGhCl�;>_DEGF KMhCcMOMQ\@CBWV>? � y ���0y � ��R�
 � � � �


 � 
 � � � 
 � ��� ��� � � �

tuO<LNK{BW@JI$c6_DkvEGLN@C|0L�` EGK{BW;$QWEG_]@J_ K6LPOj?A?AOjI�KMI>F E � EGLPBW@CqME S�K�l'BDO6BDQ\KML\� K ` KMLPEM� n V$EH?]ENBWV$O<F
@J_Y;/_DEGF4KM_T@JBTKMhJhCO S7_�BDO�LPQ\EGK{BDE�` KM_DBTK{k>k/hi@JLNK{BW@COjI>_�� �eQ � � =/;$B KMhJ_DOH=vEGLNKM;>_DEAOM`�@CBW_TQWEGhJ@JK{=0@JhJ@CB,lM� � `
;>_DEGF�S7@CBWV�? ;/hCBW@Ck/hCEH` EGK{BW;$QWEG_sBWV>@i_ ?]ENBWV>O[F @J_AQ\EGhJK{BW@CqMEGhCl @JI/_DEGI>_W@CBW@JqME�BDO'O<LNLNhJ;>_\@COjI>_N� f�ENOMk/hJE
;>_W;/KMhJhCl6hCO<LNK{BDE BWV$EXENlMEG_ � yMy � 
jz�� � ���}=/;$B KMhihgBWV$EsOMBWV$ENQ k>QWOj?�@JI$EGImBT` EGK{BW;$QWEG_ OM`7BWV$Es` KMLPEXK{Q\E
q{KMhJ@JF � T z
R � �eR � 
^y � T z � � Q �[y � � � � 
��YR�
 � � � � T z ��� � �$EGK{BW;$Q\EG_�K{Q\EU;>_W;/KMhJhCl hJO[LNK{BDEGF�q[@JKTLPOMQWQWEGhJK{BW@COjI
?]ENBWV$O<F>_N�
!eIHE��<kvENQ\@J?]EGImBWKMh LPOj?]k/K{Q\@i_DOjIHOM` LPOMQWQWEGhJK{BW@COjI�BDEGL\V>I>@iZm;$EG_7LNKMI�=vE�`aOj;/I>FH@JI � yeR�� �
�$OMQHK'= ENBDBDENQXhCO<LNK{BW@COjI�OM`YBWV$EG_DE `aEGK{BW;>QWEG_#�b_DOj?]E)KMImBWV$QWOMkvOj?]ENBDQ\@JL�?]EGKM_W;$Q\EG_�OM`YBWV>E ` KMLPE)K{Q\E
;>_W;/KMhJhCl�;>_WEGF � 
 � �/y � � TeT � T z � �



y �

�$EGK{BW;$Q\E'hCO<LNK{BW@COjI�@J_�K kvO S~ENQW` ;>hpBDO[Ojh�` OMQ�` KMLPE BDQ\KMLW�<@JI$c =0;$B�KMhJ_DO LNKMI�=vE4;>_WEGF `aOMQ�kvENQ\_WOjI
QWEGLPOMcjI>@JBW@COjI�OMQAENqMEGI E��[k>Q\EG_W_W@COjI�Q\EGLPOMcjI>@CBW@COjI � oe_W;>KMhihCl BWV$E�@J?AK{cMEGF � =/KM_WEGF K{k>k>QWOjKMLRV � y[� y[� y �
@J_ ?]OMQWE)LPOj?A?]OjI�`aOMQsBWV>K{Bs�[@JI/F�OM`TF$ENBDEGLPBW@COjIu� U�Q\;>I$EGhihJ@�F>@J_WLN;/_W_DEG_�KMI/F E��<k ENQR@J?]EGImBW_�BWV$Oj_WE
?]ENBWV$O<F>_b@iIHV>@J_�LPOj?]k/K{QR@J_DOjIX=vENBrS�ENEGI�` EGK{BW;$QWEG_UKMI>FHBDEG?]k/hiK{BDEG_ � TeT �

��� �
� � 
 �-� *�� ��� � � � . � 	 	+�#���! , � �

n V$E � 
[�-'(��� � � �4��� � � � � %��-
 � LPOjI>_\@JF$ENQ\_2BWV>E7BWKM_D�AOM` ` KMLPEeBDQ\KMLW�<@JI$c KM_~K k/K{BDBDENQ\I QWEGLPOMcjI>@CBW@JOjI
k>QWOM=0hCEG?H� n V$Ee` KMLPEp@J_~BWK{�MEGIHKM_�K S7V$OjhJEeKMI>FsLNKMIs=vEULNhJKM_W_\@C|>EGF�@iI^BDO ` KMLPE�KMI>FsI$OjI � ` KMLPE�LNhJKM_W_DEG_G�
oe_W;>KMhJhCl);>_DEGF `aOMQ E��<k>QWEG_W_W@JOjI4KMI>F4kvENQ\_WOjI4QWEGLPOMcjI>@JBW@COjI @CB KMhJ_DO V/KM_ _DOj?AE�qMENQWl6cMO[O[F'BDQ\KML\�[@JI>c
k>QWOMkvENQWBW@JEG_N� � V>@JhCEs_DOj?]EHkvENOMk/hCEX;>_DEX=/KM_W@iL BDEG?Ak/hJK{BDEH?AK{BWL\V/@JI$c ��� � �	
^y��bS7@JBWV BWV$E�?AENBWV$O[F/_
F$EG_WLPQR@C=vEGFs@iI�y[� y[� T ��
��0BWV$ET` KMLPETF>EG_WLPQ\@Ck>BW@JOjIH@J_}OM`aBDEGI�?AKMF$EY@JIHK�hJ@JI$EGK{Qb_W;>=/_Dk/KMLPEM�
!ehCBWV$Oj;$cjVs?AKMIml�F>@��vENQWEGImB~K{k>k>Q\OjKML\V$EG_}E��$@J_DB#�<f�w ! @J_�=[lA` K{Q�BWV>Ee?]Oj_WB�LPOj?A?AOjIs?AENBWV$O[FX;>_WEGF �
@JImqMOjhCq<@JI$c]hJ@JI$EGK{Qb_\;$=/_Dk/KMLPEG_G�
oe_DEGF @JI BWV$E T � � zM_ =[l�:<@JQWO�q<@JL\V�KMI/F 'Y@CQW=[l���� T �bBDO QWENk>QWEG_DEGImB]` KMLPEG_�@CBAV>KM_ =vENEGI F>ENqMEGhCOMkvEGF
hJK{BDENQp=[l n ;$QW��KMI>F)f�EGI^BWhiKMI>F � T z 
 � `aOMQp` KMLPE]QWEGLPOMcjI>@CBW@COjIu�&��@CqMEGI6K _WENBeOM`~BDQ\KM@JI>@iI$c @J?�K{cMEG_eKMI
OMk>BW@J?�KMh�_\;$=/_Dk/KMLPE @J_�F$ENBDENQR?A@JI$EGF _W;>LRV)BWV>K{B�BWV$E]?]EGKMI6_WZ[;>K{QWE ENQWQWOMQp=vENBrS�ENEGI6BWV$E k>Q\O � EGLPBW@COjI
OM`�BWV$EYBDQ\KM@JI/@JI$c]_DENBbOjImBDOABWV>@J_�_\;$=/_Dk/KMLPEYKMI/FHBWV$EYOMQ\@Jcj@JI>KMhv@J?AK{cMEG_U@J_�?A@JI>@i?A@J_DEGF �
�$OMQUE��<KM?]k0hCE�S~E V>KGqME K]F>K{BWKM_DENB7OM`��6` KMLPEG_#��������� 
 � � � � ��� � � n V$EYK�qMENQ\K{cME ` KMLPET@i_�F$EN|/I$EGFX=[l

� � T
�

��
�
	 �

� � � y[� T z �
� � � ��� � � � ��


� y[� TeT �

S7V$ENQ\E � @J_ BWV$Eb@J?AK{cME�qMEGLPBDOMQ~`aOMQgEGKML\V�@i?AK{cME�OM`0BWV>E�BDQ\KM@JI>@JI>ce_DENBN� n V$EGI S7@CBWV�� � � � � � 
 � � � � � �
KMI>F � ����� � S~EsLPOj?]k/;$BDE BWV$E�EG@JcMEGI^qMEGLPBDOMQ\_ � � OM` � ��!eI'@JI>k/;$B�@J?AK{cMEXLNKMI =vEAk/QWO � EGLPBDEGF
OjImBDOA` KMLPE _Dk/KMLPEY=[l



y Q

� 	���� � 	 � � y[� T y �

S7V$ENQ\E�� � T � � � � KMI>F � @i_�BWV$EYI[;>?T=vENQ�OM` k>Q\@iI>LN@Ck/KMh LPOj?]kvOjI$EGImBW_7_DEGhCEGLPBDEGFu�
n V>@i_2?]ENBWV$O<FAV>KM_�=vENEGIA;/_DEGF�@JI]? ;>LRVAQWEG_DEGK{QRL\V�� Q R � Q 
 � T �myMy � � � �[y � � T � � T � ��R Q �my � �[y � �my T ��R �
` OMQb` KMLPETBDQ\KMLW�<@JI$c��>EGI/LPO[F>@iI$cAKMI>FHLPOj?]k>Q\EG_W_W@COjI �
� B V/KM_ =vENEGI E��<BDEGI>F$EGF ` OMQ]` KMLPEHF>@J_\LPQ\@J?A@JI/K{BW@COjI � t @JI$EGK{Q]dp@J_WLPQ\@J?�@JI>KMImB�!eI>KMhCl<_W@J_ �YKMI>F ` KMLPBDOMQ
KMI>KMhCl<_W@J_�KMI/F�@JImBDO]BWV$E&!ULPBW@JqME�!Uk>kvEGK{Q\KMI>LPE % O[F$EGh F$EG_WLPQ\@C=vEGFX@JIXBWV$E I$E��[Bb_WEGLPBW@COjI �

��� �
��� � , ��� �(�  �, � � ����� �
�( � � �#�( #)�� �

w�O[OMBDEG_�LPQWEGK{BDEGF�K ` KMLPE�BDQ\KMLW�MENQU=/KM_DEGFsOjIXBWV$E !ULPBW@JqME !Uk>kvEGK{Q\KMI>LPE&% O[F>EGh � T ��� � n V$EpKMhCcMOMQ\@CBWV/?
LNKMI]hCO<LNK{BDE}` KMLPEG_�KMI/F BWV>EG@CQ E��<k>QWEG_\_W@COjI �{BDQ\KML\� BWV$EG? KMI/F Q\ENk>QWO<F>;>LPEgBWV>E}_WEGZm;$EGI/LPE�` QWOj? QWEGF>;/LPEGF
_W@	�NE�qMEGLPBDOMQR_7OM=>BWKM@iI$EGF�K{BbBWV$E�BDQRKMLW�<@JI$c$�
� @CQ\_DB�K fgd %�@J_�LPQWEGK{BDEGFHOjI K BDQRKM@JI>@JI$c _DENB�OM`�?]O�q<@JI$c]` KMLPEG_N� n V>EGIsf}w ! @i_}k ENQ\`aOMQ\?AEGF OjIXBWV>E
cMQWENlHhCENqMEGhu@i?AK{cMEG_�OM` BWV$EY_WKM?]E _DENBbOM`2?]O�q<@JI$c]` KMLPEG_�� _WENEY|>cj;$QWETy[� T � �R�

� @Ccj;$QWETy[� T �Y� �eQWENlHhCENqMEGhu@J?�K{cMEG_

n V$E !eLPBW@CqME !Uk>kvEGK{Q\KMI>LPE % O[F$EGh$@i_2K�LPOj?T=/@iI>K{BW@COjI OM` = OMBWV]f~d %�KMI>F cMQ\ENl hCENqMEGh/f�w !�@JI^BDO�OjI>E
_W@JI>cjhCEU?]O<F$EGh � n V>EUBDQ\KML\�[@iI$c OM` K I$ENS�_DEGZm;>EGI>LPEpOM` ` KMLPEG_�@J_~F>OjI$Ep=ml�F>EN`aOMQ\?�@JI$c KMI/Fs?�K{BWL\V>@JI>c
BWV$E ` KMLPE K{k>kvEGK{Q\KMI>LPE ?AO[F$EGh BDO�BWV$E @JI$k/;>B�` KMLPEG_�� _DENE ��@Jcj;$QWE y[� TNQ �R� n V$EYk>Q\O[LPEG_W_U@J_bE��<k/hJKM@iI$EGF



y �

@JI � T ��� � * EG_W;>hCBW_UKMI>F�?]OMQWE F$ENBWKM@JhJ_ULNKMI�=vEY` Oj;>I>F�@JIXBWV>E I$E��<B7L\V/K{k>BDENQ��vKM_bBWV>@J_7?]ENBWV$O<F @J_�BWV>E
OjI$EYS�EY;>_DE�BDOsLPQWEGK{BDEYBWV$ETq[@J_\;>KMh KM_DkvEGLPB�OM` Oj;$Q n KMhC�[@iI$c��7EGKMF �

� @Ccj;>QWETy[� TNQ � �>KMLPE ?AK{BWLRV>@JI$c

:<@JI/LPEeBWV>ETLPQWEGK{BW@COjI OM` BWV$E�!ULPBW@CqME�!7k>kvEGK{Q\KMI/LPEY?]O[F>EGh E��[BDEGI/_W@COjI>_�V>K�qMET=vENEGI�?AKMF>EM� * EGLPEGImBWhCl
�UOj; 5NAnE��	�Yk>QWOMkvOj_DEGF BWV$E dp@CQ\EGLPB�!Uk>kvEGK{Q\KMI>LPE�%�O<F$EGh � 
�R��2@JI SUV>@JL\V�KMI)@J?]k>QWO qMEG?]EGImBUOM` R��
@JI BWV$EXBDQ\KML\�[@JI>c)Z[;>KMhJ@JBrl @J_ OM=>BWKM@iI$EGF � � KMhC�MENQ �~` QWOj?
BWV$E %�KMI>L\V$EG_WBDENQ�hJK{= k>QWEG_DEGImBW_]KMI$OMBWV$ENQ
E��<BDEGI>_W@COjI�BDO�BWV$E OMQ\@Ccj@iI>KMhu?]ENBWV$O<F�SU@CBWV KMI KM;$BDOj?AK{BW@JL S}KGl�BDOs=/;>@JhiFXBWV$E�!�!�% ;>_W@JI$c _WKMhJ@CEGImB
` EGK{BW;$QWEG_	� T z Q �

� ��� � � 


 � ��� � � � 
 ���G� ���

:[kvENEGL\V)k/QWO[LPEG_\_W@JI$cX@J_�KMI$OMBWV$ENQYKMLPBW@JqMEAQWEG_DEGK{Q\LRV4K{QWEGK<��!eI)O�qMENQWq<@CENS OM`~BWV>@J_p|>EGhJF)@J_ek>Q\EG_DEGI^BDEGF
@JI�w�OjhCE�� TNQ � �~x�I>hCl�K _W;$=0_DENB}OM` BWV>@J_�|>EGhiFs@i_~Q\EGhCENq KMImB}BDO]BWV$E�S�OMQW��k>Q\EG_DEGI^BDEGFHV>ENQWE �$_DkvEGLN@C|/LNKMhJhCl
BWV$EYK{QWEGKM_UOM`gK�1N8:9 ;�<�E:;(8 K�1��?m(/P5J=6=69 1:; ���];(E���� =69B= �/KMI/F
	n5O;�5�/2E
A	9	1:; 12M = m 565P3�C^�

�����
��� � ��. ���+*-�(� .�� � �-	+�#� � � �����

oeI^BW@Jh<Q\EGLPEGI^BWhCl �mQWEG_DEGK{Q\LRV�@JImBDOY_DkvENEGL\V�LPO[F>@iI$c�KMI>FALPOj?]k>Q\EG_W_W@COjI S}KM_�_Dk/hi@CB�@iI BrS�O �2qMO[LPO<F$ENQ\_�KMI/F
S}KGqMEN` OMQ\?	LPO<F>@JI>c$�
n V$E |>Q\_WBeF$EGKMhi_USU@CBWV �<I$O S7hCEGF$cME OM`�k/Vml<_W@JLNKMh�_DkvENEGL\V)k>QWO<F>;>LPBW@JOjI�KMI>F)?AKMI/@Ck/;>hJK{BW@JOjIHOM`~?AKMIml



y �

k/K{Q\KM?AENBDENQ\_�S7@CBWV cMQWEGK{B}k>QWEGLN@J_W@JOjI � n V$Ee_WEGLPOjI>FsOjI$EUBDQR@CEG_gBDO QWENk/QWO[F/;>LPE7BWV$Ep_W@CcjI/KMh/@CBW_DEGhJ`u@JI�BWV>E
BW@J?]E OMQ `aQWEGZ[;$EGI>LPl4F>Oj?AKM@JI>_N� � KMLRV'OM`7BWV$EG_DEs|>EGhJF>_ V>KM_ K F>@��vENQWEGImB cMOjKMh � �2O<LPO[F>ENQ\_ KML\V>@CENqME
LPOjI>_W@iF$ENQ\K{=/hCE}=/@JB�QRK{BDE7_WKGq<@JI$cj_gK{B�BWV$E7LPOj_DBgOM`vZ[;>KMhJ@JBrlTSUV>@JhJ_DB S}KGqMEN` OMQ\? LPO<F$ENQ\_�k>QWEG_DENQWqMEUZm;>KMhi@CBrl
=/;$B F$OpI$OMB2LPOj?]k>QWEG_\_�_Wk ENEGLRV BDOYKMI^lYcMQ\EGK{B2E��[BDEGImBN� �$OMQ�KecMOmO<F O�qMENQWq<@CENS�OM`0BWV>@J_ EGK{Q\hClYQWEG_WEGK{Q\L\V �
_DENE � R{z � �
% OMQWE]QWEGLPEGImBWhCl � BWV$EAK{k/k EGK{QRKMI>LPE]OM`gk/;>=/hJ@J_WV>EGF�S�OMQW��OjI6_Wk ENEGLRV4LPO<F>@JI$cHKMI>F6LPOj?]k/QWEG_W_W@COjI)V>KM_
@JI>LPQ\EGKM_DEGF�K]hCOMB7KMI/FHLNKMI I$OMBb=vEpEGKM_W@JhJlsLNhJKM_\_W@C|>EGFH@JImBDO]BWV$Oj_DETBrS�O�|>EGhJF/_N�
� I�BWV$E `aQWEGZ[;$EGI>LPlHF$Oj?�KM@JIHBWV$E �$Oj;$Q\@CENQUBDQ\KMI>_D` OMQ\?	@J_�BWV$E ?]Oj_DBULPOj?�?]OjI>hClH;>_DEGF BDEGL\V>I/@JZm;>EY`aOMQ
KMIml��[@iI>F�OM`g_Wk ENEGLRV k>QWENk>QWO<LPEG_W_W@iI$c ���{z � � n V$E _DEGhCEGLPBW@JOjI OM`�Q\EGhCENq KMImBp`aQ\EGZm;$EGI/LN@CEG_U@i_UKs_DBWK{QWBe`aOMQ
KALPOj?]k/QWEG_W_W@COjIXOMQU_W@J?]k/hJEeEGI/LPO[F>@iI$c OM`�BWV>EY_DkvENEGL\V �
!eI$OMBWV$ENQ�` QWEGZ[;$EGImBWhCl ;/_DEGF BDEGLRV>I>@JZ[;$E @J_ABWV>K{B�OM`�hJ@JI>EGK{Q]k>QWEGF>@JLPBW@JqME LPO[F/@JI$c � Q�T � � n V>@J_A`aOMQ\?�_
BWV$E6=/KM_\@J_H` OMQ ?AKMIml LPOj?]k/QWEG_W_W@COjI KMhCcMOMQ\@CBWV>?�_#�e_\;>L\V KM_ BWV$E'w � t f � w}O[F$E � �<LN@JBDEGF t @JI>EGK{Q
f�Q\EGF>@JLPBW@COjI ��� T y��~S7V/@JL\V'KMF>F>_TK�QWEG_W@iF>;>KMh ENQWQWOMQ LPOj?]k>Q\EG_W_W@COjI BDO�BWV$EsI$OMQ\?AKMhgEGI>LPO<F>@JI$c�OM`�BWV>E
t f}w KMhCcMOMQ\@JBWV>? � T zjy � �
n V>@i_�?AENBWV$O[F]LNKMI KMhJ_DO�=vE�LPOj?T=0@JI$EGF S7@CBWV OMBWV>ENQ�BDEGL\V>I/@JZm;>EG_#�^_DOj?]E�OM` S7V>@iL\V]K{QWE�S�EGhJh<�<I$O�S7I]@iI
BWV$Eeq[@i_W@COjI |>EGhJF �[`aOMQ}E��$KM?]k/hCE��2EGLPBDOMQ 
 ;/KMI^BW@J_\K{BW@COjI � Q z � � n V$Eet f�w�LPO[E ��LN@CEGImB}qMEGLPBDOMQ\_bLNKMIX=vE
Z[;>KMI^BW@ �NEGF ` OMQ�KT=vENBDBDENQ�LPOj?]k>Q\EG_W_W@COjIsOM`uBWV$Ep_DkvENEGL\VXKMI>FsBWV$EeQWEG_W;/hCBWKMI^B}LPOj?]k>Q\EG_W_W@COjIsKMhCcMOMQ\@CBWV/?
@J_}�<I$O�SUI�KM_7hCk L T z � � Q �
!eI$OMBWV$ENQgBDEGLRV>I>@JZ[;$EbS�EGhJh$�<I$O S7IA@JI]BWV>Ebq[@i_W@COjIAF$Oj?�KM@JI]@J_�k/Q\@JI>LN@Ck0KMhmLPOj?]kvOjI$EGImB~KMI/KMhCl[_\@J_N� f}w !
@J_�;>_DEGFsBDO QWEG?]O qMEYhJ@JI$EGK{Q}F$ENkvEGI>F$EGI>LN@JEG_g=vENBrS�ENEGIH_DENBW_�OM` LPO[E ��LN@CEGImBW_ � 
 ��� � n V$Ee;/_DEUOM` f�w ! @iI
_DkvENEGL\V�k>QWO<LPEG_W_W@JI$c S7@ihJh = EYF>EG_WLPQ\@C=vEGFXKMI>FHENq{KMhJ;>K{BDEGF�@iIHBWV$EYI$E��<B7L\V/K{k>BDENQG�

�����
� � �&�+�(' � � � �

:[kvENEGL\V�!eI>KMhCl<_W@J_�@J_ OjI$E}OM`/BWV$E�=/@CcMcMEG_DB � @C`0I$OMB BWV$E~=0@CcMcMEG_DB � _W;$= � k0K{QWBW_�OM`/BWV$Eb:[kvENEGL\V k>QWO<LPEG_W_W@iI$c
F$Oj?AKM@iI � � B�S�Oj;>hJFX=vEp`aO[OjhJ@J_\V BDO]BDQ\l BDO]k>Q\EG_DEGI^BbKMI�O�qMENQWq<@CENS OM`�BWV$E�EGImBW@CQWE�|>EGhJF �[ENqMEGI KAZm;/@JLW�
OjI$E �/@iIHK]`aENS k/K{Q\K{cMQ\K{k/V/_N� �$OMQUK�LPOj?]k/hCENBDEYOjI>EY_DENE � TNQ � �
n V$E��e@JF>F$EGI % K{QW�MO q % O<F$EGh � � % % �e@J_Uk>QWOM=0K{=/hClHBWV$E ?]Oj_DBpLPOj?A?]OjI>hJl ;>_DEGF ?]ENBWV$O<F BDOXF>E��



y �

_WLPQ\@J= E KMI>F4KMI/KMhCl[_WE _Wk ENEGLRV � � R � � n V>E ��% % @i_�K�LPOj?T=0@JI>K{BW@COjI)OM`�BrS�O _DBDO<L\V>KM_WBW@JL]k>QWO<LPEG_W_DEG_G�
!eI�OM=/_DENQWq{K{=/hCEHOjI>E �~S7V/@JL\V�@JI BWV>E _DkvENEGL\V QWEGLPOMcjI>@CBW@COjI F$Oj?AKM@JI�KMLNLPOj;>ImBW_ `aOMQ�_Wk EGLPBDQRKMh�q K{QR@��
K{=/@Jhi@CBrl � KMI>F�KsV>@JF/F$EGIHOjI$E �vS7V>@iL\V @iI�BWV$E _DkvENEGL\V�QWEGLPOMcjI>@CBW@JOjI�F$Oj?�KM@JI�KMLNLPOj;/I^BW_p` OMQUBDEG?Ak OMQRKMh
q{K{Q\@JK{=/@Jhi@CBrlM� n V>E _WBDQ\;>LPBW;$QWE OM`~BWV$E]OM=/_DENQWq{K{=/hCE�%�K{QW�MO�q6L\V/KM@JI6@J_p?AKMI[;>KMhJhCl _WENBYKMI>F6V>KM_pBDOH=vE
LNK{QWEN` ;>hJhCl'L\V$Oj_DEGIu� n V$EH?]O<F$EGh}@J_ BWV$EGI BDQ\KM@JI>EGF OjI�K F/K{BWKM_DENB]BDO4_DENB]BWV$EXk/K{Q\KM?AENBDENQ\_]OM`7BWV>E
V>@JF/F$EGIsk>QWO<LPEG_W_N�
:[kvENEGL\V KMI>KMhCl<_W@J_p@J_pBrl[k/@JLNKMhihCl =/KM_WEGF6OjI6OjI$E]OMQT?AOMQWE]OM`~BWV>E]EGI>LPO[F/@JI$cH?]ENBWV$O<F>_YF$EG_\LPQ\@C=vEGF�@iI
BWV$E k>QWENq<@COj;>_e_DEGLPBW@COjIu��!U`aBDENQ�=vEG@JI$c EGI>LPO<F$EGF6KMI>F)LPOj?]k>QWEG_\_DEGF)BWV$E k/K{Q\KM?]ENBDENQR_pOM`gBWV$E]_DkvENEGL\V
F$EG_WLPQR@Ck>BW@COjI LNKMI BWV$EGI =vE EGKM_W@JhJl LPOj?Ak/K{QWEGF KMI>F KMI/KMhCl[_WEGF q<@JK6q{K{Q\@COj;>_s_DBWK{BW@J_WBW@JLNKMhU?AENBWV$O[F/_N�
t f}w � Q�T � � �>Oj;$Q\@CENQ n QRKMI>_D` OMQ\? ���{z � KMI>Fsf�w ! � 
 ���vK{Q\EeKMhJh/q KMhi@JFAEGI>LPO<F>@JI>c ?]ENBWV$O<F>_g`aOMQ�_DkvENEGL\Vu�

!eI$OMBWV$ENQp?AK � OMQ�@J_\_W;$EYS7@JBWV>@JIHBWV>@i_b|>EGhJF�@J_UBWV>K{BUOM`2k0@CBWL\V�E��[BDQRKMLPBW@COjI � %�Oj_DBp_DkvENEGL\V�k>QWO<LPEG_W_W@iI$c
I$ENEGF>_ k0@CBWL\V @iI^BDOjI>K{BW@JOjI�@JI$` OMQ\?AK{BW@COjI BDO4LPOj?]k0hCENBDE�BWV$E�KMI>KMhJl[_W@i_ � ��T � � 
 � � !Uhi_DO���@JB @i_ S~OMQWBWV
I$OMBW@JI>c BWV>K{B�S�OMQW�<@JI$csOjI>hCl�SU@CBWV BWV$E qMOj@JLPEA@JImBDOjI>K{BW@COjI)LNKMI6=vE EGI>Oj;$cjV)`aOMQY_WOj?]E]K{k>k/hJ@JLNK{BW@JOjI>_
_W;>LRV�KM_X_DkvEGK{�MENQsQWEGLPOMcjI>@CBW@JOjI � n V>E�KM@J?�OM`TK'k/@CBWL\V�E��<BDQ\KMLPBDOMQ�@J_ABDO |/I/F BWV$E�` ;>I/F>KM?]EGImBWKMh
` QWEGZm;>EGI>LPl������ �R��! F$EG_\LPQ\@Ck>BW@COjI OM`�BWV>K{B�` QWEGZm;>EGI>LPl�KMI>F6_WOj?]E]OM`~BWV>EA?]Oj_DBYLPOj?A?]OjI4S�K�l[_�BDO
E��<BDQ\KMLPBU@CBbLNKMI�= E�` Oj;>I>FH@iI � TNQ ����
 ���{y�� �
!Uk>k>QWOjKMLRV$EG_ABDO _DkvEGK{�MENQsKMF>K{k/BWK{BW@COjI K{QWE _W@J?A@ihJK{QA@JI k>Q\@iI>LN@Ck/hCE �gE��<LPENk>BsBWV>K{BABWV>E�?]O<F$EGhJ_AK{Q\E
?]OMQWEeLPOj?A?]OjI>hJl]cMEGI$ENQ\KMhv_DBWK{BW@J_DBW@iLNKMh0?]O<F$EGhJ_gOM` `aEGK{BW;>QWEUq{K{Q\@JK{=0@JhJ@CB,l �jQ\K{BWV$ENQ�BWV>KMIs?]O[F>EGhJ_�OM`uBWV>E
_DOj;$QRLPEG_ OM`e_DkvEGK{�MENQ � BDO �r_DkvEGK{�MENQAq{K{Q\@JK{=/@ihJ@CBrl � 
 
 � � � V$ENQ\EGKM_ BWV$EH_DkvENEGL\V KMI>KMhCl<_W@J_ |>EGhJF @J_ qMENQWl
@J?]kvOMQWBWKMImB�BDO�BWV>ET_DkvENEGL\V�LPOj?A? ;/I>@CBrlXBWV>@i_bK{QWEGK�F>OmEG_UI$OMB7LPOjI>LPENQ\I ;>_N� !Uhih BWV$EYk>Q\O[LPEG_W_\@JI$c]S�E
S7@Jhih F>O�@J_bk0K{QWBbOM` BWV$ET_DBWK{BW@i_DBW@JLNKMh ?AO[F$EGhuS~E K{QWET;>_W@iI$c$�}xpI�BWV$ET_DkvEGLN@C|/L � KM;/F>@CO 
/KM_DkvEGLPBbOM`2Oj;>Q
S�OMQW� �/S~E�S7@ihJh = E�cMOj@iI$cA_DBDQ\KM@CcjVmBb` QWOj? EGI>LPO<F>@JI>c BDO�cMEGI$ENQ\K{BW@COjI �

�����
��� �&� �+���#� �#�%���

n V$E�cMEGI$ENQ\K{BW@JOjI OM`/_DkvENEGL\V]@J_ BWV$E}|/I>KMhmk/K{QWB OM`>BWV>E�BWV>QWENE�_DBWK{cME�k>QWO<LPEG_W_�S~E�KMF$OMk/B�@JI BWV$E � KM;>F>@JO 
C�
:[Oj?]E�=vO[OM�[_7KMI>FHO�qMENQ\q[@CENSU_bOM`�BWV$EY|>EGhJFHLNKMI�= E�` Oj;>I>FH@iI � R T � T z � � TNQ � �
n V$E�� � 57E:/6; E:;(8 /+5 m(/2148��-365 
MK{k>k>QWOjKMLRV @J_ I$OMBuQWEGKMhihCl�;>_DEGFTV>ENQWEM� % Oj_DB�OM`$BWV$EgS�OMQW��@JIYBWV/@J_uF$Oj?AKM@iI
V>KM_ Kpk>QWE��rKMI/KMhCl[_\@J_ _WBWK{cMEbKMI>F BWV$E}Oj;$BDk/;$B2@J_ KMhCS}KGl<_ S7V>K{B2@J_ ;>I>F>ENQ\_DBDO[O[F =ml BWV$E�_Dl<_DBDEG?H� !U;>F/@CO



R{z

Oj;$BDk/;>Bb@J_�;>_W;>KMhihClAcMEGI$ENQ\K{BDEGF�` QWOj? BDE��<BN�
n V$Q\ENE�F>@��vENQWEGImBsK{k/k>QWOjKML\V>EG_ BDO cMEGI$ENQRK{BW@JI$c KM;>F>@CO'Oj;$BDk/;$BsLNKMI�=vE `aOj;/I>F @JI�BWV$E)hJ@CBDENQ\K{BW;>QWEM�
n V$EG_WEYK{QWE E:/OA	9	3 � � EeA 1e/ � = �:;�A C 5J=69 � 5�/7= ��M�1:/ � Ee;�A = �:;�A C�5O=69 � 5O/6= KMI>F 371:;(36EeA 5O;�EeA	9��e5 = �:;�A C 5J=69 � 5�/7= �
!UQWBW@JLN;>hJK{BDOMQ\l _Dl[ImBWV$EG_W@ �NENQ\_XK{QWE�k0V^l<_W@JLNKMhe?]O<F$EGhJ_ =/KM_DEGF�OjI�BWV>E)F>ENBWKM@JhCEGF F$EG_WLPQ\@Ck/BW@COjI OM`YBWV>E
k/Vml[_\@COjhCOMcMl�OM`2_DkvENEGLRVHk>QWO<F>;>LPBW@COjIHKMI/FXOjI�BWV$E�k/Vml<_W@JLN_}OM`2_DOj;>I>FXcMEGI>ENQ\K{BW@COjI � � ��� �
�$OMQ\?�KMI^Bb_Dl<ImBWV$EG_W@J_�@J_}K F$EG_WLPQ\@Ck/BW@CqMEUKMLPOj;>_WBW@JL � k/V$OjI$ENBW@iLeK{k/k>QWOjKML\VXBDO]_Dl<ImBWV$EG_W@J_ � y � � ��� �~:[kvENEGL\V
cMEGI$ENQ\K{BW@JOjIH@J_�k ENQ\`aOMQ\?AEGF�=[l ?]O<F$EGhJ@iI$cTBWV$E�?AKM@iIsKMLPOj;/_DBW@JLe`aEGK{BW;>QWEG_�OM` BWV>Ep_Wk ENEGLRVH_W@CcjI>KMh � n V$E
=/KM_W@iLsKMLPOj;/_DBW@JLX?]O<F$EGh�@J_ BWV$EH_DOj;$Q\LPE�� |0hCBDENQA?]O<F$EGh � n V$E |0hCBDENQ��gF$EG_\LPQ\@C=vEGF =[l K _\?AKMhJh}_DENB]OM`
` OMQ\?AKMImBW_#�~Q\ENk>QWEG_DEGImBW_�K{QWBW@iLN;>hJK{BW@COjI�@JI _DkvENEGL\V KMI>F BWV$E _DOj;$QRLPE�QWENk>QWEG_WEGI^BW_]k0V$OjI>K{BW@COjI � U�OMBWV
_DOj;$QRLPEYKMI>FH|/hCBDENQUK{QWEYLPOjI^BDQ\OjhJhCEGFH=[lHK]_DENBbOM` k/V$OjI$ENBW@iLpQ\;>hCEG_N�
w�OjI>LNK{BDEGI/K{BW@CqME _Wl[ImBWV$EG_W@J_7@J_b=/KM_WEGF�OjI _Wk ENEGLRV�_\@CcjI>KMh k>Q\O[LPEG_W_\@JI$c]OM`2I>K{BW;$Q\KMh _DkvENEGL\V�F>K{BWK{=/KM_DEG_
� Q ��� � n V$E]F>K{BWK{=/KM_WEA@JI>LNhJ;>F>EG_7BWV$E]?AK �DOMQYk/V>OjI$OjhCOMcj@JLNKMh�` EGK{BW;$QWEG_�OM`�KHhJKMI$cj;>K{cMEM� n V$E]_Dl<I^BWV>E��
_W@	�NENQpLPOjI>LNK{BDEGI>K{BDEG_T_DkvENEGL\V _DENcj?]EGImBW_#�uKMI>F�k ENQ\`aOMQ\?�_7_DOj?]E _W@CcjI>KMh k>QWO<LPEG_W_W@iI$cABDOX_W?]O[OMBWV ;/I>@CB
BDQ\KMI>_\@CBW@COjI>_�KMI>FXBDOs?AK{BWL\V k>QWEGF$EN|0I$EGFsk>QWOj_DO<F>@JLp_WLRV$EG?]EG_N�
xp;$Q�K{k/k>QWOjKML\V @J_2LNhCOj_DE7BDOYBWV$E 361:;(37E
A 5O;(EeA	9��:5 = �:;�A C�5O=69 � 5�/7=UKM_glMOj;AS7@ihJh<_DENE7@JI BWV$EUI$E��[B�LRV>K{k>BDENQG�
!eI�ENq{KMhJ;>K{BW@JOjI�OM` BWV$E)Zm;>KMhi@CBrl OM` cMEGI$ENQ\K{BDEGF BDE��<B � BDO �r_DkvENEGL\V V>KM_s= ENEGI LNK{QWQR@CEGF Oj;$Bs@iI ��� Q � �
�e;>?AKMI _W;$= �DEGLPBW_ S�ENQWEbKM_D�MEGF BDOYKM_W_W@JcjI]KeZ[;>KMhJ@JBrlT?AK{Q\�TBDO�cMEGI$ENQ\K{BDEGFAOj;$BDk/;$B2KMI>F E��<k>QWEG_W_ BWV$EG@JQ
OMk/@JI/@COjI>_pq<@JK ? ;>hCBW@Ck0hCE]L\V$Oj@JLPEXZ[;$EG_DBW@COjI>I/KM@CQWEG_N� � EXK{QWE ;>_\@JI$c�K _\@J?A@JhJK{Q ?]ENBWV$O<F4BDO ENq{KMhJ;>K{BDE
BWV$EYZ[;>KMhJ@CB,l OM` Oj;$Q�Q\EG_W;>hCBW_#�>KM_bQWENkvOMQWBDEGF�@JI w}V/K{k>BDENQ �[�
� I BWV>@J_�L\V>K{k>BDENQ ��BWV$E�I$ENEGF `aOMQsKMI KM;$BDOj?�K{BW@JLNKMhJhCl hCEGK{QRI^BABWKMhJ�[@JI>c V$EGKMF � B,lmkvE � �&�]V>KM_�=vENEGI
F$EG?]OjI/_DBDQ\K{BDEGF � n V>E7QWEG?AKM@iI>F$ENQgOM` BWV>@J_~BWV$EG_W@J_~S7@JhJh/F$EG_WLPQ\@C=vE7V>O�S BWV>@J_gBWKMhC�[@iI$c V$EGKMFX@J_�LPQWEGK{BDEGF �



� �������	��
 �

� � � 

��� � � � �2��� � � ���  
 � 


n V>@i_YL\V>K{k/BDENQ F$EG_\LPQ\@C=vEG_�BWV$Es?]ENBWV$O<F>_Y;>_DEGF BDO KMLNZ[;>@CQ\E�F>K{BWK�` OMQTEGImBDQWl4@JImBDO BWV>E�F>K{BWK{=/KM_DEsOM`
@JImBDENQ\KMLPBW@COjI)_DEGZ[;$EGI>LPEG_�I$ENEGF>EGF ` OMQpBWV$E]hCEGK{Q\I>@JI>cAk>QWO<LPEG_W_N� n V>@i_UhCEGK{QRI>@JI$cAk/QWO[LPEG_\_e@i_UF$EG_\LPQ\@C=vEGF
@JIXw}V>K{k>BDENQ 
$� n V$EG_DEeKMLNZm;/@J_W@CBW@COjI ?]ENBWV$O<F>_gK{Q\EeKMhJ_WO ;>_WEGF�KM_}F>@CQWEGLPB�@JI$k/;>B2`aOMQ�BWV$EpK{k>k/hJ@JLNK{BW@JOjI>_
F$EG_WLPQR@C=vEGFs@iI w}V>K{k>BDENQ �
n O�LPQWEGK{BDEABWV$E]F>K{BWK{=/KM_WEAOM`~@JImBDENQ\KMLPBW@COjI _DEGZm;>EGI>LPEG_#�uBWV$E q<@JF$ENOHKMI>F6_DOj;/I>F)K{QWE]k>QWO<LPEG_W_DEGF6_DENk �
K{Q\K{BDEGhCl =vEN`aOMQ\E]= EG@iI$cs_WBDOMQWEGF � U�OMBWV4OM`�BWV$EG_DE]k>QWO<LPEG_W_DEG_��uBWV$E � ` KMLPEABDQ\KMLW�<@JI$c 
 KMI>F)BWV$E � _DkvENEGL\V
KMI>KMhCl<_W@J_ 
 �u;>_DE]KH?]O<F$EGh�=/KM_DEGF6LPOj?]k>Q\EG_W_W@COjI)BDOHEGI>LPO<F$E]BWV$EA_\@CcjI>KMh @JImBDO�hCO�S��rF/@J?]EGI>_W@JOjI>KMh qMEGL �
BDOMQ\_N� n V$EsKM@i?
@i_ BDO)=vEXK{=/hCEsBDO4_DBDOMQWEXBWV$EG?
EGKM_W@JhCl'KMI>F QWENk>QWO<LPEG_W_ BWV$EG?!BDO)QWENcMEGI$ENQ\K{BDEHBWV>E
OMQ\@Ccj@iI>KMhv_W@CcjI>KMhJ_G� ��@Jcj;$QWE R[� T @JhihJ;>_DBDQ\K{BDEG_�BWV>@i_�k>QWO<LPEG_W_N�
n V$EXF>K{BWK)KMLNZ[;>@J_W@CBW@JOjI'_DENB]LPOj?]k/Q\@J_DEG_ k/KM@CQR_TOM`Uk ENOMk0hCE�BWKMhC�<@JI$c BDO6EGKML\V OMBWV>ENQA;>_W@JI$c LNKM?]ENQ\KM_
KMI>F ?A@JLPQWOMk0V$OjI$EG_T@iI K _DENBW;$k _W@J?A@JhiK{QYBDO)BWV>K{B _\V$O�S7I @JI ��@Jcj;$QWE R[� y[� !ehJhgOM`�BWV>Es@JImBDENQ\KMLPBW@COjI
@J_TQWEGLPOMQ\F$EGF'OjI'F/@Ccj@CBWKMh�q<@JF$ENO BWK{k EG_ KMI>F k>QWO<LPEG_W_DEGF � n V$EA|/hi?A@JI$c�@J_ _DBWK{cMEGF _DO BWV$E _DkvEGK{�MENQ\_
K{QWEpcMQWENENBW@JI>c EGKMLRVXOMBWV$ENQ�OMQbV>K�q[@JI>c K LPOjI^qMENQR_WK{BW@COjI �/F>ENk EGI/F>@JI$cT;>k OjI BWV$EpK{k>k/hJ@iLNK{BW@COjI KMI/F BWV>E
�<@JI>FsOM`2_DEGZm;>EGI>LPEG_7F$EG_\@CQWEGF � _DENE w�V>K{k>BDENQ � �R�
n V$E q[@iF$ENOs@i_bk>QWO<LPEG_W_DEGF =[l�BWV$E 
 �-
�� ��� ��
 �(� � � F$EG_WLPQ\@C=vEGF�@JI BWV>E |>QR_DBU_DEGLPBW@JOjI � n V$E _DOj;/I>F�@i_
k>QWO<LPEG_W_DEGF4=ml)BWV$E � � ���Y
 � �(����� � �4�	� � F$EG_WLPQR@C=vEGF @iI6BWV$E�_DEGLPOjI/F4_DEGLPBW@COjI � n V$E]QWEG_\;>hCB�OM`}=vOMBWV
` KMLPE]BDQ\KMLW�MENQ KMI>F6_DkvENEGL\V6KMI>KMhJl[_W@i_USU@JhJhu=vE]LPOj? =/@JI$EGF)@JImBDOHOjI$E]_W@JI$cjhJE qMEGLPBDOMQ BDOH= E k>Q\O[LPEG_W_WEGF
=[l BWV$ET= EGV/KGq<@COj;$Qb?]O<F$EGhJhJ@iI$c _Dl<_DBDEG?��0F$EG_WLPQ\@C=vEGFX@JIXBWV$E I$E��[BUL\V>K{k>BDENQ��

R T



RMy

videoaudio audio

Interaction sequences

video

DATABASE

Speech Generation

parameters parametersparametersparameters

Face Tracker

parameters parameters parametersparameters

Speech Analysis Face Tracker Speech Analysis

Speech Generation Face Generation Face Generation

speech face speech face

facespeech facespeech

� @Ccj;$Q\E R[� T �~dpK{BWK�KMLNZ[;>@J_W@JBW@COjIHKMI>FXcMEGI$ENQ\K{BW@JOjI�k>QWO<LPEG_W_
� ��
 � � 
 � 	�� 
 ���
	�� � 
 �

n O'EGI>LPO<F$E BWV$E ` KMLPE)@JImBDO K hCO�S �rF>@J?]EGI>_\@COjI>KMh�qMEGLPBDOMQ��pKMI�E��<@J_WBW@JI$c'?AENBWV$O[F�=/KM_DEGF�OjI K'F>E��
` OMQ\?AK{=/hCEYK{k/k EGK{QRKMI>LPEY?]O<F$EGh � T ��� @i_b;>_DEGF"� _DENE]:[EGLPBW@COjI y[� y[� R �R� n V>E�k/;$QWkvOj_DEpOM` BWV$EYBDQ\KML\�MENQe@i_
BDOAE��<BDQ\KMLPB#�/;>_\@JI$c]K k>QWENk>Q\O[LPEG_W_WEGFX` KMLPET?AO[F$EGh �[BWV>E�` KMLN@JKMhuk/K{Q\KM?]ENBDENQ\_G� n V$EG_DE�k0K{Q\KM?]ENBDENQ\_bLNKMI
=vEY_DBDOMQWEGF�KMI/FHQWEG;>_DEGFXBDO QWEGLPQWEGK{BDE BWV$E�` KMLPETBDQ\KMLW�MEGF � _DENE � @Ccj;>QWE R[� R �R�
�>KMLN@JKMh�K{k/k EGK{QRKMI>LPE�@J_ QWENk>QWEG_WEGI^BDEGF =[l4BWV$EHk/K{QRKM?]ENBDENQ\_ OM`UK)LPOj? =/@JI$EGF�?AO[F$EGh~OM`p_WV>K{kvEsKMI/F



ReR

� @Ccj;$QWE R[� yY� n V$E�E��<kvENQ\@J?]EGImBWKMh _DENBW;$k�` OMQbq<@JF$ENOALNK{k>BW;>QWEYOM` @JI^BDENQRKMLPBW@COjI�_DEGZ[;$EGI>LPEG_

...

Face Tracker

video

Face Generation

Face Model fn

face parameters

f1 f2 f3

� @Ccj;$QWE R[� RY� � I>LPO<F>@JI>c BWV>EY` KMLPE
@JImBDEGI>_W@CB,l'q{K{Q\@JK{BW@JOjI `aOMQ BWV$E�Vm;/?AKMI�` KMLPEM� n V>@i_]?]O[F>EGh�@J_ cMEGI$ENQ\K{BDEGF�`aQ\Oj?�BDQ\KM@JI>@iI$c6F>K{BWK6OM`
Brl[k/@JLNKMhm` KMLPEG_#�M?AK{QW�MEGF �r;$k =[lYV>KMI>FYSU@CBWVT_Dk0hJ@JI$E�LN;$Q\qMEG_ F$EGhi@JI$EGK{BW@JI$c�k/QWOj?A@JI$EGImBu` KMLN@JKMh[_DBDQ\;>LPBW;$Q\EG_



R�


� � @Ccj;$QWE R[��
 �R� !7k>k0hCl[@iI$c4k>Q\@iI>LN@Ck/KMhULPOj?]kvOjI$EGI^BHKMI>KMhJl[_W@i_ � f}w ! ��BDO�BWV$E6_DENBXOM` k/K{Q\KM?]ENBDENQ\_
F$EG_WLPQR@C=/@JI$c�` KMLN@JKMh�hJ@JI>EG_7S7@JBWV>@JI�KMI)KMhJ@CcjI>EGF ` Q\KM?]E OM`gQWEN` ENQWEGI>LPE �vQWEGLPO qMENQ\_YKMI);>I>F>ENQ\hCl<@JI$cA_DENBpOM`
K �<EG_bOM` _WV>K{kvE�q K{QR@JK{BW@COjI �
!eI^ls` KMLPE _WV>K{kvE 
 LNKMI BWV$EGIH=vEYK{k>k>QWO �<@i?AK{BDEGFHS7@CBWV �


 � �
 ��

� � � � R[� T �

S7V$ENQ\E �
 @J_ BWV$E�?]EGKMIA_WV/K{k E � 
 � @J_ K�?AK{BDQR@�� S7@JBWV LPOjhi;>?AI>_�S7V>@iL\V K{QWE�BWV$E�k>QR@JI>LN@Ck/KMh^OMQWBWV$OMcMOjI>KMh
?]O<F$EG_�OM`uq{K{Q\@JK{BW@COjIsKMI>F � � @J_~K qMEGLPBDOMQbOM` _WV>K{kvE7k/K{QRKM?]ENBDENQ\_N� � @Ccj;>QWE R[� � @JhihJ;>_DBDQ\K{BDEG_gBWV$Ep` KMLN@iKMh
hJ@JI>EG_ucMEGI$ENQ\K{BDEGF ` QWOj? BWV$QWENE}F>@��vENQWEGImB�_WENBW_ OM`>q KMhi;$EG_ ` OMQ BWV$E}k/K{Q\KM?]ENBDENQR_ OM`0_W;>L\V Kp_WV>K{kvE�?]O[F>EGh �

� @Ccj;$Q\E R[��
 ��:[k/hJ@iI$EeLN;>QWqMEG_7F$EGhi@JI$EGK{BW@JI$c k>QWOj?�@JI$EGImB}_WBDQ\;>LPBW;$QWEG_bOM`�BWV>E�` KMLPE

!�cMQWENl �rhCENqMEGh�K{k>kvEGK{Q\KMI>LPE ?AO[F$EGh @J_7LPOjI/_DBDQ\;>LPBDEGF�=mlHS}K{QWk/@iI$cAEGKML\V ` KMLPE ` QWOj?�BWV$ETBDQ\KM@iI>@JI$c�_WENB
OjImBDO BWV$E ?]EGKMI)_WV>K{kvETKMI>F�K{k>k/hCl<@JI$c]k/Q\@JI>LN@Ck0KMh LPOj?]kvOjI$EGI^BeKMI>KMhCl<_W@J_7BDO BWV$E I$OMQ\?AKMhi@J_DEGF�F>K{BWK<�
n V$E]S}K{QWk/@iI$cs@i_�kvENQW`aOMQR?]EGF =ml BDQ\@JKMI$cj;/hJK{BW@JI$cX=vENBrS�ENEGI6kvOj@JImBW_pOjI6EGKML\V'` KMLN@iKMh2hJ@JI$E �uKM_ _WV$O�SUI
@JI�� @Ccj;$QWEFR[� Q ��KMI>F K{k>k/hJl[@JI>c'KMI K���I>E)?�K{k>k/@JI$c'=vENBrS�ENEGI LPOMQWQWEG_DkvOjI>F/@JI$c BDQ\@JKMI$cjhCEG_G� !UIml
I$OMQ\?�KMhJ@J_DEGFscMQWENl �rhCENqMEGhu` KMLPE��XLNKMI�BWV$EGIH=vEYK{k>k/QWO �$@J?AK{BDEGFHSU@CBWV �

� � �� � 
�� � � � R[� y �

S7V$ENQ\E ��4@J_ BWV$EH?]EGKMI cMQWENl �rhCENqMEGh�` KMLPE �	
 � K)?AK{BDQ\@��4S7@JBWV'LPOjhJ;/?AI>_ S7V>@JLRV'K{QWEsBWV$Esk>Q\@JI/LN@Ck/KMh
OMQWBWV$OMcMOjI/KMh ?]O<F$EG_}OM` q K{QR@JK{BW@COjI�KMI>F � � KAqMEGLPBDOMQUOM`�cMQWENl �rhCENqMEGhuk/K{QRKM?]ENBDENQ\_N�



R �

� @Ccj;$QWE R[� �Y� �/KMLPE _WV/K{k EG_}cMEGI>ENQ\K{BDEGF ` QWOj? BWV$Q\ENETF>@��vENQWEGImBb_DENBW_bOM`�k/K{Q\KM?]ENBDENQUq KMhi;$EG_

� @Ccj;$QWE R[� Q � %�EGKMI�_WV>K{kvEpBDQ\@JKMI$cj;>hiK{BDEGFH`aOMQ7S�K{QWk0@JI$c
! ` KMLPE LNKMI I$O�S =vE�_Dl<I^BWV$EG_\@J_DEGF4` QWOj?�_WV>K{kvE�KMI>F cMQWENl �rhJENqMEGhgk/K{QRKM?]ENBDENQ\_ =ml6cMEGI$ENQRK{BW@JI$c BWV>E
I$OMQ\?�KMhJ@J_DEGFscMQWENl �rhCENqMEGh @i?AK{cMETKMI>FXS}K{QWk/@JI>cA@CB�BDOABWV$E�cj@CqMEGI�_WV>K{kvE � � @Ccj;$QWE R[� � �R�
dp@��vENQWEGI^Be?]O<F$EGhJ_bK{QWE ;>_DEGF `aOMQeF>@��vENQWEGI^BU@JI>F>@Cq<@JF>;/KMhJ_~KMI/F�ENqMEGI F>@��vENQWEGI^BUK{k>k/hJ@JLNK{BW@JOjI>_N� � I�BWV>E
E��<k ENQR@J?]EGImBW_]S7V>@JLRV K{QWE�QWENkvOMQWBDEGF @JI w}V>K{k>BDENQ � ��BWV$ENQWE K{QWE�=vENBrS�ENEGI 
 KMI>F T z k/K{Q\KM?]ENBDENQ\_
@JI6BWV>EA|/I>KMh2` KMLN@JKMh~K{k>kvEGK{Q\KMI>LPE�?]O<F$EGh2BDO�S7V>@JLRV 
 k0K{Q\KM?]ENBDENQ\_#� ��������� KMI>F�� ` OMQTkvOj_W@JBW@COjI �
_WLNKMhJ@iI$c KMI>F QWOMBWK{BW@COjI K{QWEsKMF/F$EGF � :[Oj?]E q K{Q\@iK{BW@COjI4OM`�BWV$EsK���I$E k/K{Q\KM?]ENBDENQ\_ LNKMI'= E _DENEGI'@iI
� @Ccj;$QWE R[� � �
! _DENk/K{Q\K{BDEY?]O<F$EGhv@J_}QWEGZ[;>@CQ\EGF ` OMQ�EGKML\V�@JI>F>@Jq[@JF/;>KMh � ��K{Q\@iK{BW@COjI>_�@JIX@JF$EGImBW@CB,l K{QWEYI$OMBb?AO[F$EGhihCEGF �
KMhCBWV$Oj;>cjV�BWV$E ?]O<F$EGhJ@iI$c�` Q\KM?]ENS�OMQW��LNKMI =vEHE��<BDEGI>F$EGF�BDO F$O6BWV>@J_ � T � � � �$OMQ = ENBDBDENQ QWEG_W;>hJBW_#�



R Q

��@Jcj;$QWE R[� ��� �/KMLPEG_7cMEGI$ENQRK{BDEGF ` QWOj? BWV$QWENE _DENBW_bOM`�q KMhi;$EG_�` OMQ7?]O<F$EGhvk/K{Q\KM?]ENBDENQR_

�

�

:

*

� @Ccj;$QWE&R[� � � ��K{QWl<@JI$c4BWV$EH` Oj;$Q�K�� I$E�k/K{Q\KM?AENBDENQ\_N��f�Oj_W@JBW@COjI � @JI |>Q\_DBAhi@JI$E �gkvOj_W@JBW@COjI � @iI
_DEGLPOjI>F hJ@JI$E �$_WLNKMhCE @JIXBWV>@CQ\FHhi@JI$EpKMI>FHQWOMBWK{BW@COjI * @JIX` Oj;$QWBWV hJ@JI$E
BWV$Es` KMLPEH?]O<F$EGh~@J_ LPQ\EGK{BDEGF BDO�QWEGI/F$ENQ K hJ@J?�@CBDEGF I[;>? = ENQ OM`bE��<k>QWEG_W_W@JOjI � * EG_W;>hCBW_ K{QWEX_WV$O�SUI
@JI6w}V>K{k>BDENQ �[� �UOMBDE]BWV>K{BUBDOH?]O<F$EGh BWV$E]_WKM?]E �[@iI>F OM`gE��[k>Q\EG_W_W@COjI�S7@CBWV F>@��vENQWEGImBe@JI/F>@Cq<@JF>;>KMhJ_
BWV$EsIm;>? =vENQYOM`�k/K{Q\KM?AENBDENQ\_ I>ENEGF$EGF LNKMI'q K{Q\l)F/;$EABDO)?]OMQWE�OMQ hCEG_W_ LPOj?]k/hCE��6` KMLN@JKMhg` EGK{BW;$QWEG_G�
� @Ccj;$QWEG_aR[� � KMI>F R[� T z @JhihJ;>_DBDQ\K{BDEb_WOj?]Ee@iI>F>@Cq<@JF>;>KMh[L\V/K{Q\KMLPBDENQ\@J_DBW@iLN_~SUV>@JL\V V>KMF BDO =vEU@iI>LNhJ;>F$EGF]@iI



R �

BWV$EY?]O<F$EGh � n V$EY_DkvEGK{�MENQ7@JI � @Ccj;$Q\E R[� �]V>KM_�qMENQWlHKMI>@i?AK{BDEGFHENlMEG_#�/V>ENQbENlMET?]O qMEG?]EGI^BW_pLPOjImqMENl
? ;>L\V @JI$` OMQ\?AK{BW@JOjI � n V$E�?]O�qMEG?AEGI^B2OM`$BWV$E�ENlMEGhJ@JF/_ OM`>BWV>E�_DkvEGK{�MENQ @JI ��@Jcj;$QWE R[� T z �m@J_uk/K{Q\B OM`/V>ENQ
S}KGlHBDO�KMI>_WS~ENQUENqMEGI�qMENQWlX=/KM_W@iL�cMQWENENBW@JI$cj_G� U�OMBWV�OM` BWV$EG_DE _DkvEGLN@JKMh �<@JI>F>_�OM` ` KMLN@iKMhuE��<k>QWEG_W_W@JOjI>_
V>K�qMEYBDO�=vE�@JI>LNhJ;/F$EGFX@JIXBWV$EY` KMLPET?]O<F$EGhJ_N�

� @Ccj;$QWE R[� �Y� n V$E�ENlME ?AO�qMEG?]EGImBW_7OM`�BWV$ET_Wk EGK{�MENQUK{QWEYEGI>LPO<F$EGF�@JIXBWV>ET?]O<F$EGh

� @Ccj;$Q\E R[� T z�� n V$E�ENlMEGhi@JF�?]O qMEG?]EGI^BW_UOM` BWV$EY_DkvEGK{�MENQUK{Q\E�EGI>LPO[F>EGF�@JIXBWV$ET?AO[F$EGh

n OTKGqMOj@JF KMI^l]LPOMQWQ\EGhJK{BW@COjI>_2=vENB,S~ENEGI _WV>K{kvEbKMI>FA@JImBDEGI>_W@JBrl q K{Q\@iK{BW@COjI>_#�^_\V>K{kvEbKMI>F]cMQWENl �rhCENqMEGh>k0K �
Q\KM?]ENBDENQR_gK{QWE � Oj@JI>EGF]BDOMcMENBWV$ENQ}KMI>FAKMI$OMBWV$ENQ}f�w !�@J_�k ENQ\`aOMQ\?AEGF � ! _DkvEGLN@C|0L}` KMLPEe@J_2QWENk>Q\EG_DEGI^BDEGF
=[lTKM_W_W@CcjI/@JI$cbq{KMhJ;$EG_ BDOpBWV$E �sk/K{Q\KM?AENBDENQ\_�OM`>BWV$E�` KMLN@JKMh<K{k>kvEGK{Q\KMI/LPE�?]O<F$EGh � 
 ����� � ��� 
�� � � � ��� � �j�
n V$E�?AK{k>k/@iI$cb` QWOj?�K7cj@CqMEGI q<@J_W;>KMhm@J?AK{cME�BDOUBWV>E�LPOMQWQ\EG_DkvOjI>F>@JI$c7k/K{Q\KM?]ENBDENQ\_�OM`>BWV>E�K{k>kvEGK{Q\KMI/LPE
?]O<F$EGh7@i_AkvENQW` OMQ\?]EGF ;>_\@JI$c4BWV$E @CBDENQ\K{BW@CqME)_DEGK{Q\LRV k/QWOMkvOj_DEGF =[l�w�O[OMBDEG_ � T ��� � n V$E�@JF>EGK4@J_ABDO
KMF �W;>_DB}?]O<F$EGh/k0K{Q\KM?]ENBDENQ\_�_DO BWV>K{B}BWV$E�LPOMQWQWEG_Wk OjI/F>@JI$cT_Wl[ImBWV$ENBW@JLe` KMLPEp?�K{BWL\V$EG_}BWV$E�I$ENS�@J?�K{cME
KM_�LNhCOj_DEGhJl KM_pkvOj_W_W@C=/hJEM� � @Ccj;>QWE R[� TeT _\V$O�S7_�KXLNhCOj_WE ?�K{BWL\V6=vENBrS�ENEGI6KMI6@JI$k0;$BU@J?�K{cME KMI/F�BWV>E



R �

_Dl<I^BWV>ENBW@JLp` KMLPE L\V$Oj_WEGI KM_�=vEG_DBb?AK{BWLRV �

� K � � = � � L �

� @Ccj;$QWE R[� TeT � n V$EsLNhCOj_DEG_DB ?AK{BWLRV>@JI$c _Dl[ImBWV$ENBW@JL ` KMLPE BDO)K�I>ENS @J?�K{cMEM��� K �T@JI$k/;$BT`aQ\KM?AE � � = �
=vEG_DBb?AK{BWLRV>@JI$c�� � L ��LPOjI^BDOj;$QUOM` = EG_WBb?AK{BWL\V>@iI$cA_W;$kvENQ\@J?Ak Oj_WEGF�OjI�@iI$k/;$B�@J?AK{cMEM�

n OH|/I>F BWV$E]=vEG_DB�?AK{BWL\V � BWV$E]F>@��vENQWEGI>LPE =vENBrS�ENEGI4KHI$ENS @i?AK{cMEAKMI>F)OjI$EA_Dl<ImBWV$EG_W@J_DEGF =[l�BWV>E
` KMLN@JKMh�K{k>kvEGK{Q\KMI>LPEA?AO[F$EGh2I>ENEGF>_�BDO�=vE]?A@JI>@i?A@J_DEGF � � @Ccj;$QWEWR[� T y�_\V$O�S7_YBWV$EAF>@��vENQWEGI>LPEA@J?�K{cME
OM=>BWKM@JI>EGF4=[l _W;$=>BDQRKMLPBW@JI$c�BWV$Es_Dl<I^BWV$EG_\@J_DEGF @J?AK{cME�` QWOj?�BWV$E I>ENS q<@JF$ENO @J?AK{cMEM� ! F/@�� ENQ\EGI>LPE
qMEGLPBDOMQ�� �sLNKMI�=vEYF$EN|/I>EGF��

� � � � � �
�

� R[� R �

� @Ccj;$QWEFR[� T yY��:<;$=>BDQ\KMLPBW@iI$c BWV$E4_Dl<I^BWV$EG_\@J_DEGF�@J?AK{cME6` QWOj? BWV>E4I$ENS q[@iF$ENO @J?AK{cME4_WV>O�S7_HBWV>E
F>@��vENQWEGI>LPE�ENQ\QWOMQ7@J?AK{cME

S7V$ENQ\E � @J_}BWV$E�qMEGLPBDOMQeOM` cMQ\ENl �rhCENqMEGhuq KMhJ;>EG_�@JIXBWV$EY@J?AK{cME �>KMI/F(�
�
@J_}BWV$E�qMEGLPBDOMQeOM` _Dl[ImBWV$EG_W@ �NEGF

cMQWENl �rhCENqMEGh0q KMhJ;>EG_�` OMQgBWV$EeLN;$QWQWEGImBgk/K{QRKM?]ENBDENQ\_N� n O hCO<LNK{BDE7BWV>E7=vEG_DBg?AK{BWLRVs= ENB,S~ENEGIs?]O<F$EGh/KMI/F



R �

@J?AK{cME �0BWV$E KM@i?�@J_�BDOX?A@JI/@J?A@	�NEpBWV$E _WZm;/K{QWEGF�?AK{cjI>@JBW;>F$EYOM`2BWV$E F>@��vENQWEGI>LPEYqMEGLPBDOMQ���� � � � � � 
 �
=[l�q{K{QWl<@JI$csBWV$EA?]O<F$EGh k/K{Q\KM?]ENBDENQR_ 
 � _DENE � @Ccj;>QWEWR[� T R�KMI>FFR[� � �R� n V>E Q\EGhJK{BW@COjI>_WV/@Ck�=vENB,S~ENEGI
� � KMI>F�BWV$E�ENQWQWOMQ7@iIXBWV$ET?]O<F$EGhvk/K{Q\KM?AENBDENQ\_7@J_�KM_\_W;>?]EGFHBDO�= EYhi@JI$EGK{Qg�

� 
 � � � � � R[��
 �

n O |/I/F � � ? ;>hJBW@Cq K{QR@JK{BDE hJ@iI$EGK{QUQ\ENcMQWEG_W_W@COjI @J_UkvENQW`aOMQR?]EGF OjI)K Q\KMI>F$Oj? _WKM?Ak/hCETOM`~?]O[F>EGh F>@i_ �
k/hJKMLPEG?AEGI^BW_ � � 
 � KMI>FHBWV$E LPOMQWQWEG_DkvOjI>F>@iI$c F/@�� ENQ\EGI>LPEY@J?AK{cMEG_ � � � �j�

��@Jcj;$QWE R[� T RY����K{Q\l[@JI>c]BWV$EY|>Q\_WB�BWV>QWENEYk/K{Q\KM?AENBDENQ\_bOM`�BWV$EY` KMLPET?]O<F$EGh

n V$E BDQ\KML\�[@JI>c�?]ENBWV$O<F LNKMI)=vE _DENEGI6KM_�KMI)OMk>BW@J?�@	�GK{BW@COjI k>QWOM=/hJEG?H� n V$E =vEG_DB�?AK{BWL\V)` OMQ�EGKML\V
` Q\KM?]EY? ;>_DB�=vE�`aOj;/I>F � n V$E�KMhCcMOMQR@CBWV>? @J_�KM_7`aOjhihCO�S7_ �




jz


 %�� �Y�-
 � 
 � � 
[� � %�
@� � � �N��� ���Y��

���

T � � q KMhi;>K{BDEgBWV$E~ENQWQWOMQ�qMEGLPBDOMQ � � � S7@CBWV � ��� � BWV$Eg` KMLN@JKMhmk/K{Q\KM?]ENBDENQ\_ ` QWOj? BWV$E~k>QWENq<@COj;>_ `aQ\KM?AEM�
y[� � q KMhi;>K{BDE�BWV$ETLN;$Q\QWEGI^B�ENQ\QWOMQ � �

R[�ew}Oj?]k/;$BDE�BWV$E�k/QWEGF>@JLPBDEGF�F/@J_Dk/hJKMLPEG?AEGI^B � � � � � � � �

$�e:<ENB � � T

�[�7t ENB � � � � ��� � � � � � �

Q �e:$KM?]k/hCEpBWV$ET@i?AK{cMEYKMI>F�LNKMhJLN;/hJK{BDETI$ENS ENQ\QWOMQ ����
�m� � ` ������ � � BWV$EGI�KMLNLPENk/B7BWV$EYEG_WBW@J?AK{BDE � �

� � � hJ_DE�BDQWlsS7@CBWV � � � T � � �Wz�� � �Wz�� y � �Wz�� T y ���g` QWOj? _DBDENk �[�
�[� � ` � ���� � � `aOMQ�KMhihmq{KMhJ;$EG_ OM` � BWV$EGI � � � � ��� � � QWEG?AKM@JI S7@JBWV k/QWENq[@JOj;>_�` KMLN@JKMh<k0K{Q\KM?]ENBDENQ\_ �

� /+1�� K�1N1eA 5O=	� d�

�

! ` KMLPE�?AK{BWLRV>@JI$c6QWEG_\;>hCB S7V$EGI @JI>@CBW@iKMhJ@J_W@JI>c�K�BDQRKMLW�MENQ ;/_W@JI$c BWV>@J_ KMhCcMOMQ\@JBWV>?!@J_]@JhJhJ;/_DBDQ\K{BDEGF @iI
� @Ccj;$QWE R[� T 
$��!U`aBDENQ}BWV$Ee@JI>@CBW@JKMhi@J_WK{BW@COjI BWV$EU` KMLPEpS7@ihJh � _DBW@JL\� 
[BDO BWV>EU` KMLPEU` OMQ�BWV$EUSUV$OjhCE7_DEGZ[;$EGI>LPEM�

OMQ\@Ccj@JI>KMh B �pz B �gR B � Q B � T z

� @Ccj;$QWE]R[� T 
 � � qMOjhJ;>BW@COjI]OM` |>BDBW@JI>c KY` KMLPEeBDOTBWV$EUQWEGKMh0@i?AK{cME ��BWV$EUKMhJcMOMQ\@CBWV>? _DBWK{QWBW_~S7@CBWV�KT` KMLPE
K{BbQ\KMI/F$Oj? kvOj_W@CBW@COjIXK{B7@iI>_DBWKMImB � � z<� � qMOjhJ;$BW@JOjI�LNKMIH=vEY_DENEGI K{B�� � R � � � Q KMI>F � � T z

� ETK{QWEYI>O�S K{=/hJE�BDOABDQ\KMLW�HK]?]O q[@iI$cAV$EGKMFH=[l |0I>F>@JI$c BWV$ETLNhCOj_WEG_DBb?AK{BWL\V BDO�K ` KMLPEYcMEGI$ENQ\K{BDEGF
=[l BWV$ET` KMLPET?AO[F$EGh � n V$E�QWEG_W;/hCBW@JI$c qMEGLPBDOMQ\_eLPOjI^BWKM@JI BWV$EYK���I$ETk/K{Q\KM?]ENBDENQ\_UKMI>FXBWV$ETLPOj? =/@JI>EGF
_WV>K{kvE�� cMQWENl �rhCENqMEGh EGI/LPO[F>@iI$c]BWV$EY_DEGZ[;$EGI>LPET_WENEGI �




 T

� ��� � � 
 � � 


 � � � � 	 ��� � 
 �

n V$E]_DkvENEGLRV4@J_pk>QWO<LPEG_W_DEGF6@iI�B,S~O F>@��vENQWEGImBeS}KGl<_#��F$ENkvEGI>F>@JI$c OjI6BWV$EAK{k>k0hJ@JLNK{BW@COjI � _DENE � @Ccj;>QWE
R[� T � �R� n V$E�|>Q\_DB S�K�l @J_ BDO'E��<BDQ\KMLPBHKMI>F _DBDOMQWE OjI>hCl BWV$E EGI$ENQWcMl OM`�BWV$E)KM;>F>@JO'_W@CcjI/KMh � !eI
Oj;$BDk/;>B _\@CcjI>KMh}@J_ OM=>BWKM@JI$EGF ��S7V>@JLRV LNKMI = EH;>_WEGF'` OMQ]` ;$BW;$QWEsk>QWO<LPEG_W_W@JI>c�=/;>B LNKMI/I$OMB = EH;>_WEGF
` OMQbQWENcMEGI$ENQ\K{BW@JOjI � n V>@i_�?]ENBWV$O<FHF$OmEG_7I$OMB7I$ENEGF�KMImlXk>QWE��rhCEGK{QRI^Bb?]O<F$EGh � n V>EY_DEGLPOjI>F�S}KGlH@J_}BDO
E��<BDQ\KMLPB2KM;>F>@COUk/K{Q\KM?]ENBDENQ\_2;/_W@JI$c7KUk>QWENk/QWO[LPEG_\_DEGFTqMOj@iLPE}?AO[F$EGh �{KM_�S7@JBWVYBWV$E}` KMLPE~BDQ\KML\�MENQG� n V$EG_WE
k/K{Q\KM?AENBDENQ\_7F$EG_\LPQ\@C=/@JI>c BWV$E�S}KGqMEN` OMQ\? LNKMI�=vE�_DBDOMQWEGF�KMI>FHQWEG;>_WEGFXBDOAQWEGLPQWEGK{BDE BWV$ET_DkvENEGL\Vu�

Energy signal Waveform parameters

from microphone
Audio signal

Speech
extractor

Generation
Speech

Sound Model

� @Ccj;>QWE R[� T �Y�}:[Oj;/I>FHKMLNZm;/@J_W@CBW@COjI

n V$EA_WOj;>I>F)KMLNZm;/@J_W@CBW@COjI6@i_pk ENQ\`aOMQ\?AEGF)q[@JKX?A@iLPQWOMk/V$OjI$EG_pOjI V$EGKMF>_DENBW_ � _DENE � @Ccj;$QWEWR[� TNQ ��k Oj_\@��
BW@COjI$EGF hCO�S EGI>Oj;$cjV�_DO�I>O]k/K{QWB�OM` BWV$E�` KMLPET@J_bV>@iF>F$EGIs`aQ\Oj? BWV$E�q<@JF$ENOALNKM?]ENQ\K<�
� IXOj;$QbE��<k ENQR@J?]EGImBW_#�<BWV$E�Q\KGS _DOj;>I>FX@J_�_\KM?]k/hCEGFHK{B 
 
$� T ' � �M� n V>@J_�_W@JcjI>KMhv@J_�k/K{QWBW@JBW@COjI$EGFX@JImBDO
=/hCO<LW�<_eOM` 
jz � Q _WKM?Ak/hCEG_ecj@Cq<@JI$c T z<� � Q =/hCO<LW�<_ � _DEGLPOjI>F � n V>@J_ULPOMQWQWEG_DkvOjI>F>_eBDOXBWV$E q<@JF$ENOs`aQ\KM?AE
Q\K{BDE�;>_DEGFu� n V[;>_ KeOjI$E�� BDO � OjI$E7LPOMQ\QWEG_DkvOjI>F$EGI>LPE�=vENBrS�ENEGI]KM;>F>@COe=/hCO<LW�<_ KMI>F q<@JF$ENOe`aQ\KM?AEG_ E��$@J_DBW_
� _DENE � @Ccj;>QWE R[� T � �R�




^y

� @Ccj;$Q\E R[� TNQ � �UEGKMF>_DENBU?�@JLPQWOMk/V$OjI>E

� @Ccj;$QWE R[� T ����:<@CcjI>KMh LN;$B7ENqMENQWl 
jz � Q _WKM?]k0hCEG_}S7V>@JLRVHLPOMQWQWEG_DkvOjI>F�BDOAENqMENQWlXq[@iF$ENO]`aQRKM?]E
�$QWOj?�BWV$E)_DENcj?]EGImBDEGF _W@CcjI>KMhUS�E�BWV$EGI V>K�qME BWV>E LRV$Oj@JLPE = ENB,S~ENEGI E��<BDQ\KMLPBW@JI$c BWV$E EGI$ENQWcMl OMQ
E��<BDQ\KMLPBW@JI$cABWV>ET_DkvENEGL\VHk0K{Q\KM?]ENBDENQ\_N�

��� �
��� � �+���#*(� ��� �#, � $����� �

n V$E EGI$ENQWcMl _W@CcjI/KMh7@J_�OjI$E OM`�BWV$E _W@J?]k0hCEG_DBAKMI>F�?]Oj_DB�cMEGI>ENQ\KMh7k0@CEGLPEG_W_AOM`Y@iI$`aOMQR?AK{BW@COjI BWV/K{B
LNKMI =vE E��<BDQ\KMLPBDEGF6` QWOj? KMI)KM;>F>@COs_W@CcjI>KMh � n V$E ;>_DE OM`~_\;>L\V KX?]EGKM_W;$QWE KMI>F E��$KM?]k/hCEG_e` OMQeBWV>E
F>K{BWKM_DENBW_U;>_DEGF�@iIXBWV$EYBWV$EG_W@i_�K{QWET_WV$O S7I�@JI w�V>K{k>BDENQ �[�
n V$E�EGZ[;>K{BW@COjI�`aOMQbBWV>EYEGI$ENQWcMlXLNKMhJLN;>hJK{BW@JOjIHO�qMENQpK S7@JI>F>O�S � 
 ��� � � � � 
�� � @J_ �

� ���
�� 	 � � 
 � �
� � R[� � �




�R

S7V$ENQ\E

 � _\@CcjI>KMh
� � _\@	�NE�OM` BWV$E�EGI$ENQWcMlXS7@JI/F$O�S

� IXOj;$QbLNKM_DEYBWV$E�EGI>ENQWcMlXS7@JI>F$O S&� � � 
jz � Q �0S7V>@JLRVH@J_�BWV$EY_WKM?]E KM_�BWV$EYI[;>?T=vENQ�OM` _WKM?]k/hJEG_�@iI
EGKML\V =/hCO<LW� � � @Ccj;$QWE R[� T � _WV$O�SU_bBWV$E�EGI$ENQ\cMlX_\@CcjI>KMhvE��<BDQ\KMLPBDEGF ` QWOj? K]_\@J?]k/hCE�_DEGImBDEGI>LPEM�

� @Ccj;$QWE R[� T � �}xpI BWV$EeBDOMkH@J_gBWV>EeS}KGqMEN` OMQ\? � �UEGhJhCO��$V$O S F>O lMOj;XF$O��$F$O lMOj;s` KMI>LPl�cMOj@JI$c BDO BWV>E
k/;$= � 
 �<OjIHBWV$ET= OMBDBDOj?�BWV$E�EGI$ENQWcMlXcMQ\K{k0V

!U`aBDENQpBWV$E EGI$ENQWcMl @i_7E��<BDQ\KMLPBDEGF � BWV$E _DkvENEGL\V)_W@JcjI>KMh @J_ehCOj_DBpKMI>F LNKMI)I$OMBU=vE QWENcMEGI$ENQ\K{BDEGF � n V/@J_
@J_�K]OjI>E�� S�K�lHk>QWO<LPEG_W_�OjI>hClM�

��� �
� � � � $�� � ��� � � �+ �
.+���

n V$E k/;>QWkvOj_DE OM`�BWV$E]S}KGqMEN` OMQ\? EGI/LPO[F$ENQY@i_pBDOHE��[BDQ\KMLPB#� K{cjKM@JI>_WBYKXk>QWENk>QWO<LPEG_W_DEGF qMOj@JLPE ?]O[F>EGh �
BWV$E6LPOMQWQWEG_Wk OjI/F>@JI$c'q KMhJ;>EG_ ` OMQXBWV$E6_DkvENEGL\V k/K{QRKM?]ENBDENQ\_N� n V$EG_DE)k/K{Q\KM?]ENBDENQR_HLNKMI = E)_DBDOMQWEGF
KMI>F QWEG;>_WEGF BDOXQWEGLPQWEGK{BDE]BWV>E S}KGqMEN` OMQ\? � _WENE � @Ccj;>QWE R[� T � �R� n OXEGI>LPO<F$E BWV$E `aQRKM?]EG_p;>_W@JI$cshCO�S �
F>@J?AEGI>_W@COjI>KMhvqMEGLPBDOMQR_#� K �$Oj;>Q\@CENQ n Q\KMI>_W`aOMQ\?�`aOjhihCO�S�EGF =[l�K�fgQ\@JI>LN@Jk/KMh w�Oj?]kvOjI$EGImB !eI>KMhCl<_W@J_b@i_
kvENQW` OMQ\?]EGF � !ehJhvBWV$EYk>Q\O[LPEG_W_\@JI$c]@J_�F$OjI$E�` QWOj? BWV>ETKM;>F>@CO]_W@JcjI>KMhvOM` BWV$E�kvENQ\_DOjI�_DkvEGK{�<@JI$c$�
� I Oj;$QXE��<kvENQ\@J?]EGImBW_#�bBWV$E)_DkvENEGL\V _W@JcjI>KMhU@i_ _WKM?Ak/hCEGF K{B 
 
$� T � � � �ecj@Jq[@JI>c T z<� � Q ` Q\KM?]EG_skvENQ
_DEGLPOjI>Fu� ! _DkvEGLPBDQ\KMh�KMI>KMhJl[_W@i_Y@J_�kvENQW` OMQ\?]EGF)OjI EGKML\V'`aQ\KM?AE�;>_W@JI>cXK �>KM_DB �$Oj;$Q\@CENQ n Q\KMI/_D`aOMQR?
� �	� n � ���{z � �




 


...

Audio signal
from microphone

Voice Model sm

speech parameters

Speech Generation

Speech Analysis

s1 s2 s3

� @Ccj;$Q\E R[� T �Y� � KGqMEN` OMQ\? KMLNZ[;>@J_W@CBW@JOjI
n V$EYF/@J_WLPQWENBDE �>KM_WB �$Oj;$QR@CENQ n QRKMI>_D` OMQ\? @J_ �

��� � � � ��
	 	 � 


	 ��������� y � � �� ! �	� � � � � y � � �� ! ! � R[� Q �
S7V$ENQ\E


 	 @i_ BWV$ET�mBWVHq{KMhJ;$EGFH@iI$k/;$B�_WKM?]k0hCE
��� @i_ BWV$ETk>BWVHLPOj?]k/hCE�� � q{KMhJ;$EGFHOj;$BDk0;$B
� � y�


� R[� � �

� IHOj;$QbLNKM_DE
� � T yA_DO � � 
jz � Q �
!Uk>k/hCl<@JI$cUk>Q\@JI>LN@Jk/KMh^LPOj?]kvOjI$EGImB�KMI>KMhCl<_W@J_ � :[EGLPBW@JOjI�R[� T ��BDO�BWV$E�qMEGLPBDOMQ\_gOM` _Wk EGLPBDQRKMh$LPOj?]kvOjI$EGI^BW_
` QWOj? K]BDQ\KM@iI>@JI$c _DENBbOM`2;$BDBDENQ\KMI/LPEG_7KMhJhCO S7_bKALPOjI/LN@J_DE�QWENk>Q\EG_DEGI^BWK{BW@JOjI�OM` @JI>F>@Cq<@JF>;/KMh>` Q\KM?]EG_ � _DENE
� @Ccj;$QWE R[� y{z �R�




 �

...

Fast Fourier Transform

Principal Component AnalysisVoice Model

yny1 y2 y3

frequencies

sms1 s2 s3

parameters

...

� @Ccj;>QWE R[� y{z�� n V>E�EGI>LPO[F/@JI$c OM` BWV$E�S�K�qMEN`aOMQR?
!eI^lsqMEGLPBDOMQ��X@JIHBWV>E�`aQWEGZ[;$EGI>LPlXF$Oj?AKM@iIHLNKMI�BWV$EGIH=vEYK{k>k/QWO �$@J?AK{BDEGFHSU@CBWV �

� � �� ��
�� � � R[� � �

S7V$ENQ\E ��A@J_�BWV$Ep?]EGKMI � 
�� K ?AK{BDQR@���S7@CBWVsLPOjhJ;>?�I>_�S7V/@JL\VsK{QWEpBWV$Eek>Q\@JI>LN@Jk/KMh$OMQWBWV$OMcMOjI/KMh ?]O[F>EG_
OM`�q K{Q\@iK{BW@COjI�KMI>F � K qMEGLPBDOMQeOM` _Wk ENEGLRVHk/K{Q\KM?AENBDENQ\_N�
�$OMQ Oj;$Q E��[kvENQ\@J?AEGI^BW_#� BWV$E�|/Q\_DB � z�k>Q\@JI/LN@Ck/KMh LPOj?]kvOjI$EGImBW_TS�ENQWE�` Oj;>I>F4BDO�cj@CqMEsKMF$EGZ[;>K{BDE Q\E��
LPOjI>_DBDQR;>LPBW@COjI OM`bBWV$EsS�K�qMEN`aOMQR? � _DENE � @Ccj;$QWEG_ R[� y T KMI>FLR[� yMy � ��KMLNLPOj;>ImBW@JI$c)` OMQ K{=vOj;$B � ����OM`
BWV$E q K{Q\@iKMI>LPEM� n V[;>_#�0EGKML\V ` Q\KM?]E�� 
jz � Q S}KGqMEN` OMQ\? _WKM?Ak/hCEG_#� hJKM_DBW@JI$c �eR{?A_ �U@J_bQ\ENk>QWEG_DEGImBDEGF =[l
� zHk/K{QRKM?]ENBDENQ\_N� � I6cMEGI$ENQ\KMh � KH` Q\KM?]E]OM`}_DOj;>I>F6@J_pQ\ENk>QWEG_DEGImBDEGF6=[l KM_W_\@CcjI>@JI$cXq{KMhJ;$EG_pBDO�BWV>E �
k/K{Q\KM?AENBDENQ\_bOM`�BWV$EYqMOj@JLPE ?]O[F>EGh � � ��� � � � � 
 � � � � � � � �

� IYOj;$Q�E��[kvENQ\@i?]EGI^BW_ BWV$EgqMOj@iLPE�?]O<F$EGh^S�KM_�K{=/hCE�BDOeQWENk>Q\O[F>;/LPE�S7@CBWVT|/F$EGhJ@CB,leKMhihjOM`$BWV$E�qMO[LNK{=0;>hJK{QWl
O<LNLN;$QWQ\@JI>c4@JI�BWV$E ;>BDBDENQ\KMI>LPEG_s@CB�V>KMF�=vENEGI BDQ\KM@JI$EGF�SU@CBWV � !eIml ;>BDBDENQ\KMI>LPE�I>OMB�O<LNLN;$QWQ\@JI>c)@iI
BWV$E6BDQ\KM@iI>@JI$c _DENBHS�Oj;>hJF =vE)E��[kvEGLPBDEGF�BDO cj@JqME4K k O[OMQHQWEGLPOjI>_WBW@CBW;$BW@COjI �phJ@C�ME)BWV>K{B�_\V$O�S7I OjI
BWV$EX=vOMBDBDOj?��rhCEN` B OM`7|>cj;$Q\E R[� yMy[� n V$EX;$BDBDENQ\KMI>LPEG_�;>_DEGF `aOMQ]BWV>EsBDQRKM@JI>@JI$c _DENB]LNKMI =vEs_DENEGI�@iI




 Q

w}V>K{k/BDENQ � � n K{=/hCE �[� y[� � I6|/cj;$QWEWR[� y T � BWV$E]QWEG_W@JF/;>KMh ENQWQWOMQY` OMQTF>@ � ENQWEGImBY;$BDBDENQ\KMI/LPEG_YS7@CBWV)BWV>E
;>_DE OM`gF>@��vENQWEGImBUI[;>? = ENQR_bOM`�k>QR@JI>LN@Ck/KMh LPOj?Ak OjI>EGI^BW_pLNKMI =vETOM=/_DENQ\qMEGF � �UOMBDE BWV>K{BpBWV$E �>QWEGI>L\V
� =vOjI �DOj;$Q 
 @J_�QWEGhiK{BW@CqMEGhCl S�EGhJh�?�K{BWL\V$EGF cjhCOM=/KMhJhCl � @ � EM� KHLPOj?Ak/K{Q\K{=/hCE�QWEG_W@JF>;/KMh ��ENqMEGI BWV$Oj;$cjV'@CB
S}KM_�I$OMBpk/K{QWBpOM`�BWV$E BDQ\KM@JI/@JI$c _WENBN� � EALNKMI)OM=/_DENQ\qME @iI � @Ccj;$Q\E R[� yMysBWV/K{BeBWV>E _Wk EGLN@J|/L �>QWEGI>L\V
k>QWOjI[;>I>LN@iK{BW@COjIs`aOMQUBWV$E � � 
0@J_�I$OMBbQWEGLPOjI/_DBW@CBW;$BDEGF�KM_U@CB�S}KM_bI$OMB7@JIXBWV>EYBDQ\KM@JI>@iI$c _WENBN�

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

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

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

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

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

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

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

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

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


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


�
�


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

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


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


�
�
�


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

�����
�����
�����
�����

�����
�����
�����
�����

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

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

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

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

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

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

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

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

�����
�����
�����
�����
�����

�����
�����
�����
�����
�����

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

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

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

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

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

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

4 %

70 30 10 70 30 10 70 30 10 256 256 256 70 30 10256

80 %

68 %

30 %

83 %

56 %

21 %

78 %

64 %

29 %

8 % 8 %

78 %

61 %

15 %
10 %

HELLO
number of components

HI HOW DO YOU DO BONJOUR
number of componentsnumber of components number of components

� @Ccj;$QWE R[� y T � 
 ;/KMhJ@CBrl�OM`TQWEGLPOjI>_DBW@CBW;>BW@COjI OM`TF/@�� ENQ\EGI^BX;$BDBDENQ\KMI>LPEG_sS7@JBWV BWV$E);>_DE OM`TF>@��vENQWEGImB
I[;>?T=vENQ\_}OM` LPOj?]kvOjI$EGImBW_N��xpI/hCl � U�OjI �DOj;$Q 
>F>@iFHI$OMBbO<LNLN;$Q7@JIXBWV$E�BDQRKM@JI>@JI$c]_DENBN�

� @JI>KMhJhJl �jBWV$EbB,S~O qMEGLPBDOMQ\_#�[QWENk>QWEG_WEGI^BW@JI>cYq[@iF$ENOTKMI>FA_WOj;>I>F �[LPOjI^BWKM@JI/@JI$c�BWV$EUk/K{Q\KM?]ENBDENQ\_~F$EG_WLPQ\@J= �
@JI$c�` KMLN@JKMh E��<k>QWEG_W_W@JOjI�KMI>F _DkvENEGL\V�OMQpEGI$ENQWcMl�_W@JcjI>KMh K{QWE LPOj? =/@JI$EGF � n V$EY` KMLPE k/K{Q\KM?]ENBDENQR_eK{Q\E
K{k>kvEGI>F$EGF�BDOHBWV$E]_DkvENEGL\V � EGI$ENQWcMl k/K{Q\KM?]ENBDENQ\_�KMI/F�SU@JhJhu=vE];>_DEGF)KM_pOjI$E]_W@iI$cjhCE qMEGLPBDOMQY`aOMQ�BWV>E
=vEGV>KGq<@COj;$QbhJEGK{Q\I>@JI$c k>Q\O[LPEG_W_G� ��@Jcj;$QWE R[� yeRA@ihJhJ;>_DBDQRK{BDEG_~BWV/@J_}k>QWO<LPEG_W_N�
n V>@i_�LRV>K{k>BDENQeV>KM_bF>@J_\LN;>_W_DEGFsBWV$ETF/K{BWKAKMLNZm;/@J_W@CBW@COjIXKMI>F�k>QWO<LPEG_W_DEG_�` OMQbEGI>LPO<F>@JI$c BWV$E�q<@JF$ENOAKMI/F
KM;>F>@JO F>K{BWK<� n V>E |/I/KMh �DOj@JImB7qMEGLPBDOMQ\_�OM=/BWKM@JI$EGF)K{QWE _DBDOMQWEGF6KMI>F LNKMI)=vE ;>_DEGF BDOXQWEGF>@i_Dk/hJK�lsBWV>E
q<@JF$ENO�KMI>F6_DOj;/I>F)EGI>LPO<F$EGF6OMQYk>Q\O[LPEG_W_WEGF)=ml Oj;$QY=vEGV>K�q[@COj;>QY_Dl[_WBDEG?H� n V$E =vEGV>KGq<@COj;$QY_Wl[_DBDEG?
KMhJhCO S7@JI$c KMIX@JI^BDENQRKMLPBW@CqME�QWEG_DkvOjI>_DEU`aQ\Oj? K q<@CQWBW;>KMh0BWKMhC�<@JI$c V$EGKMFH@J_�@JI^BDQ\O[F>;/LPEGF @JI BWV$Ep` OjhJhCO�SU@JI$c
L\V/K{k>BDENQ\_N�




 �

HELLOBONJOUR

� @Ccj;$QWE�R[� yMyY��xpI BWV$EHhCEN` B BWV>E�_DOj;>I>F � =vOjI � Oj;>Q 
 � BDOMk � S7@CBWV'QWEGLPOjI>_DBW@CBW;>BW@COjI � =vOMBDBDOj? �R� n V/@J_
_DOj;>I/F�@J_7I>OMBU@JIHBWV>EYBDQ\KM@JI>@iI$cA_DENBN�UxpI BWV$ETQ\@JcjV^BbBWV>ET_DOj;>I>F
� �7EGhihCO 
 � BDOMk �bS7@CBWVHQ\EGLPOjI>_DBW@CBW;$BW@JOjI
� =vOMBDBDOj? �

... fnf1 f2 f3

face parameters

Face Tracker
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Speech Analysis
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speech/energy parameters
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formation
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real hello 1 0 1 1 1 2 2 1 2 -1 2 1 1 2 3 1 2 3 0 0 1 2.5 

synthetic smile 1 -1 0 -1 -1 0 1 1 1 -3 0 2 1 1 1 -1 2 2 1 1 2 0.9 

real hello 2 1 1 -2 1 1 3 2 -1 -2 -2 -1 -1 0 2 0 1 2 -1 1 -1 0.4 

synthetic hello 2 -2 1 0 -1 2 2 0 1 2 -3 2 -1 -1 -2 2 2 1 1 -1 1 0.6 

real smile 1 0 -1 -3 -1 0 -1 1 2 -2 -1 -2 0 2 0 2 1 -1 1 -2 1 -0.4 

synthetic hello 1 2 2 1 0 0 3 0 1 -3 -1 2 -2 0 3 2 0 -2 2 1 -2 0.9 

real smile 2 1 2 -2 2 1 2 3 2 2 -1 1 0 1 3 0 1 2 1 0 1 2.2 

synthetic smile 2 0 0 -2 2 2 2 2 3 2 2 0 0 2 2 1 2 1 2 1 2 2.6 

real hi 1 2 3 3 1 3 3 3 3 3 1 2 1 2 2 3 3 -3 3 2 3 4.3 

synthetic how 1 3 2 2 0 -1 2 -1 3 2 2 0 -1 2 1 3 0 1 0 2 -2 2 

real hi 2 0 2 3 1 1 0 0 3 2 1 2 0 1 0 2 2 -1 2 1 3 2.5 

synthetic hi 2 -2 1 -1 1 1 1 2 3 -2 2 3 0 2 3 3 1 0 2 2 1 2.3 

real how 1 -2 0 -2 1 -2 -2 2 2 2 2 0 -1 0 1 3 0 -1 1 3 -3 0.4 

synthetic hi 1 0 -1 1 0 -1 2 -1 1 1 1 -1 -1 1 2 2 -1 -3 0 1 -2 0.1 

real how 2 0 0 -3 1 -1 1 1 2 1 -1 -1 -2 3 1 -2 -2 0 -1 2 -1 -0.2 

synthetic how 2 1 2 -3 1 2 2 1 2 0 -1 2 0 1 0 -1 -2 0 1 1 1 1 

synthetic how 1 -1 1 0 0 -1 3 -2 2 -1 -1 -1 -1 1 0 -1 -1 1 0 0 1 -0.1 

real smile 2 0 -3 1 1 0 3 3 3 -1 2 2 1 1 3 -1 0 3 2 -1 2 2.1 

real hello 2 -2 1 2 0 2 3 1 -1 -3 0 3 -1 0 3 1 -1 -1 1 -1 2 0.9 

real hello 1 -1 3 3 1 2 3 -1 2 2 2 3 -1 1 2 -1 1 1 2 1 3 2.8 

synthetic smile 1 2 -1 3 2 2 3 2 3 0 1 1 1 1 2 -1 1 2 2 0 1 2.7 

real how 2 0 1 -3 0 -1 2 1 3 0 0 0 -2 2 2 -2 -2 0 -1 1 -3 -0.2 

synthetic hello 1 1 3 1 1 3 2 1 -2 -3 1 2 -2 -1 2 3 2 -3 2 2 2 1.7 

real hi 2 2 3 2 2 3 0 3 3 3 2 2 2 1 3 3 3 -2 3 2 1 4.1 

real how 1 0 -1 0 1 -3 -1 2 1 2 2 -2 -1 1 1 2 -1 1 1 1 0 0.6 

real hello 1 -1 1 1 0 2 2 1 2 2 3 3 1 3 3 -1 1 1 2 2 2 3 

synthetic hi 1 -2 1 -1 1 0 2 2 1 3 3 -1 -1 1 0 1 1 -3 1 1 0 1 

synthetic hello 2 -3 0 1 -1 1 3 1 -1 1 2 0 -1 -1 -2 1 0 1 0 -3 0 -0.1 

synthetic smile 2 0 2 0 2 2 -1 0 2 0 3 0 1 -1 -1 2 1 3 2 2 1 2 

real hello 2 0 2 1 1 1 3 -1 -2 -1 2 -1 -2 -1 1 0 2 0 0 0 0 0.5 

synthetic how 1 -1 1 1 2 -1 -1 -2 1 2 3 -1 -1 1 0 1 0 1 0 0 -3 0.3 

real hello 1 -2 2 0 1 2 3 1 2 1 3 2 -1 1 2 1 1 1 3 2 2 2.7 

synthetic hi 2 -1 2 3 2 2 1 1 2 0 3 3 1 2 2 3 1 0 2 2 3 3.4 

synthetic how 2 2 2 3 3 2 2 -1 3 2 2 2 2 2 0 3 0 1 1 3 3 3.7 

synthetic smile 1 0 -1 3 1 2 1 1 2 1 1 2 1 0 2 2 1 1 0 1 0 2.1 

real hi 2 2 2 2 1 2 3 3 2 2 -1 3 2 -1 1 3 3 -3 3 2 3 3.4 

real hello 2 1 2 1 -1 1 2 2 -2 -2 2 0 -1 0 0 2 1 1 1 1 0 1.1 

synthetic how 2 0 1 -1 1 2 0 1 3 2 2 2 1 2 1 2 0 2 2 1 2 2.6 

real hi 1 0 2 2 1 2 2 1 3 3 2 2 2 2 1 3 3 -3 3 0 2 3.3 

real how 2 -1 2 -3 2 -1 1 1 2 -1 -1 -2 0 1 1 -1 -2 2 0 2 -3 -0.1 

real smile 1 -1 -2 -3 1 1 1 -1 -3 0 -2 1 0 -1 -2 -2 1 2 1 1 0 -0.8 

synthetic hi 1 2 1 -1 0 -2 0 -1 -2 1 -1 1 -1 -1 1 1 1 0 2 0 1 0.2 

real how 1 3 -1 -1 1 -2 -1 0 -1 -1 -1 -1 -1 1 0 -1 0 1 1 0 -2 -0.6 

real smile 2 0 -2 -2 2 1 2 2 2 2 -1 1 1 0 3 2 1 3 2 0 2 2.1 

synthetic hello 1 2 2 2 -2 1 3 1 -3 -3 -2 3 -1 -1 1 -1 1 -3 1 2 2 0.5 

synthetic how 2 1 2 -2 2 1 2 2 3 3 -1 2 1 1 1 2 1 2 1 1 3 2.8 

synthetic smile 2 0 1 -1 1 0 1 2 3 2 1 0 1 2 1 1 1 3 2 0 1 2.2 

real smile 1 0 -2 -1 0 2 -1 -1 -1 -1 1 -1 -1 -1 -1 -2 1 1 2 1 0 -0.5 

synthetic how 2 1 2 -1 1 2 1 1 2 3 -1 2 0 1 1 2 0 2 1 2 1 2.3 

synthetic hi 2 0 1 -2 0 2 1 1 1 -2 0 1 0 1 2 3 3 1 2 2 2 1.9 

synthetic smile 1 0 1 2 1 1 0 1 -1 -1 -1 1 0 0 2 -3 1 1 1 1 0 0.7 

real hi 2 1 0 3 1 2 2 1 3 -2 1 2 0 2 0 2 3 -1 3 0 2 2.5 

real hello 2 -1 2 1 -1 1 2 0 -3 0 0 -1 -2 1 2 2 0 2 0 3 0 0.8 

real how 1 2 1 -1 1 -1 0 1 1 -1 1 -2 -2 2 1 2 0 1 2 2 -3 0.7 

real hi 1 2 2 1 1 2 3 2 2 1 -2 2 1 2 2 3 3 -3 2 3 1 3 

real how 2 1 2 -3 1 -1 1 -1 3 0 0 -1 -2 1 1 -1 -1 1 -1 1 -2 -0.1 

real hello 1 1 2 2 2 2 3 0 2 3 2 2 -1 2 2 2 2 3 3 2 1 3.7 

real hi 1 -1 2 0 1 2 2 2 3 0 1 3 1 1 1 3 3 -2 3 1 3 2.9 

synthetic hello 2 -2 -2 0 -2 1 1 -1 -3 1 2 1 -1 1 -2 0 1 3 0 -1 2 -0.1 

synthetic how 1 -1 1 -2 1 0 3 1 2 2 2 -1 -1 1 1 -1 -1 2 0 0 -1 0.8 

synthetic hi 1 0 2 -2 1 -1 1 2 -3 3 0 -2 -2 -1 2 -1 1 -1 0 2 1 0.2 

real smile 1 -2 2 0 -1 1 0 0 -2 -2 2 -1 1 0 1 -3 1 -1 2 1 0 -0.1 

synthetic hi 2 0 2 -1 1 2 2 0 -1 -1 1 2 0 2 1 3 2 2 2 0 2 2.1 

synthetic smile 2 2 2 -1 0 1 0 2 3 2 3 0 0 2 0 -2 1 3 2 1 1 2.2 

real smile 2 1 -3 0 1 2 2 1 1 -1 -2 0 0 -1 3 -3 1 2 2 -1 2 0.7 

synthetic hello 2 -1 1 1 1 0 2 0 -3 -3 1 -2 -1 2 -2 1 0 2 1 -3 2 -0.1 

real how 2 0 2 0 1 -1 1 0 3 0 -1 1 -2 2 1 1 0 2 -1 0 -1 0.8 

synthetic hi 1 3 2 0 -1 -1 3 1 -1 0 -2 -1 -1 1 2 1 1 1 1 1 0 1 

synthetic smile 2 2 2 1 1 2 3 3 3 2 -1 0 1 1 1 -1 2 3 2 -1 1 2.7 

real hi 2 -1 2 2 1 2 2 1 3 -1 1 1 1 1 1 3 2 -1 3 0 2 2.5 

synthetic hello 1 2 3 2 -1 2 3 2 -2 -3 -1 3 -1 -1 3 2 1 -3 3 0 1 1.5 

real hi 1 1 3 2 1 2 1 2 3 2 2 3 1 2 2 3 3 -2 3 2 1 3.7 

real smile 2 0 0 1 1 2 3 2 1 2 -1 1 1 -1 3 -3 2 2 3 1 -3 1.7 

real how 1 -1 2 0 2 -1 -1 1 2 2 0 1 -1 2 2 1 0 1 2 -2 -3 0.9 

synthetic hi 2 -1 2 0 1 2 1 1 2 0 -1 2 -1 1 2 3 1 2 2 2 -2 1.9 

real smile 1 0 -1 1 -1 1 -2 -1 1 0 -1 -1 0 -2 2 -3 1 -1 1 0 -1 -0.7 

synthetic how 1 1 1 -1 1 0 1 0 1 2 -1 0 -1 2 2 1 0 1 -1 1 -1 0.9 

synthetic hello 2 -1 2 -1 -1 1 0 0 -1 -2 2 -1 -1 2 -2 -2 0 -2 0 -3 2 -0.8 

synthetic hello 1 -1 1 -2 -1 2 3 1 -1 -2 -1 3 -1 -1 0 2 1 -3 0 -1 0 -0.1 

synthetic smile 1 0 1 -1 1 1 -1 2 1 1 0 1 -1 -2 1 -3 1 1 1 0 1 0.5 

real hello 1 -2 2 0 -1 2 2 2 3 0 2 3 -1 3 2 2 1 2 3 1 1 2.7 

synthetic smile 1 0 -2 2 -1 2 0 2 3 2 1 1 0 -2 2 -3 1 1 2 2 2 1.5 

real hello 2 1 1 1 0 1 2 -1 -1 -1 -1 1 -1 1 0 2 1 2 1 1 0 1 

synthetic hello 2 -1 0 -1 -1 0 -1 0 1 1 -1 -1 -2 0 -1 -1 1 1 1 -2 1 -0.6 

real smile 1 2 2 3 -1 1 -3 -1 1 1 0 0 1 -2 1 -1 1 -1 1 1 1 0.7 

synthetic hello 1 0 0 1 0 0 -2 0 0 -3 -3 -3 -2 -3 0 -3 -1 0 -3 -3 -2 -2.7 

real smile 2 0 0 1 1 1 1 1 3 1 -3 -1 0 -2 1 -1 1 2 1 -2 0 0.5 

synthetic smile 2 1 2 1 2 1 1 2 3 1 1 1 0 0 2 1 1 3 1 1 2 2.7 

real hi 1 2 3 2 2 2 2 3 3 3 2 2 1 1 1 3 2 -2 3 0 3 3.8 

synthetic how 1 1 2 2 1 0 3 2 3 0 -1 1 -1 1 2 2 1 2 0 1 2 2.4 

real hi 2 0 2 2 1 2 3 2 3 3 2 3 1 1 1 3 3 -1 2 -1 2 3.4 

synthetic hi 2 -1 2 1 1 1 3 1 2 0 3 3 -1 2 1 3 1 2 2 1 3 3 

real how 1 -1 0 -1 1 -1 2 1 1 1 -1 -1 -2 2 0 2 -1 2 1 2 -2 0.5 

synthetic hi 1 0 1 -3 1 -1 2 1 -1 3 1 -3 -1 0 2 1 1 -1 1 2 2 0.8 

real how 2 1 2 -2 0 0 1 2 3 0 -2 -1 -2 2 1 0 -2 2 -1 3 -2 0.5 

synthetic how 2 2 2 -1 1 2 1 2 3 1 0 3 0 -1 2 -1 0 3 1 3 2 2.5 
subject 1 subject 2 subject 3 subject 4 subject 5 subject 6 subject 7 subject 8 subject 9 subject 10 subject 11 subject 12 subject 13 subject 14 subject 15 subject 16 subject 17 subject 18 subject 19 subject 20 SUM/20
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subject 1 subject 2 subject 3 subject 4 subject 5 subject 6 subject 7 subject 8 subject 9 subject 10 subject 11 subject 12 subject 13 subject 14 subject 15 subject 16 subject 17 subject 18 subject 19 subject 20 SUM/20 variance

0 
real hello 1 0 1 1 1 2 2 1 2 -1 2 1 1 2 3 1 2 3 0 0 1 1.25 
real hello 1 -1 3 3 1 2 3 -1 2 2 2 3 -1 1 2 -1 1 1 2 1 3 1.4 
real hello 1 -1 1 1 0 2 2 1 2 2 3 3 1 3 3 -1 1 1 2 2 2 1.5 
real hello 1 -2 2 0 1 2 3 1 2 1 3 2 -1 1 2 1 1 1 3 2 2 1.35 
real hello 1 1 2 2 2 2 3 0 2 3 2 2 -1 2 2 2 2 3 3 2 1 1.85 
real hello 1 -2 2 0 -1 2 2 2 3 0 2 3 -1 3 2 2 1 2 3 1 1 1.35 
mean -0.8333 1.8333 1.1667 0.6667 2.0000 2.5000 0.6667 2.1667 1.1667 2.3333 2.3333 -0.3333 2.0000 2.3333 0.6667 1.3333 1.8333 2.1667 1.3333 1.6667 1.4500 0.8336 
variance 1.3667 0.5667 1.3667 1.0667 0.0000 0.3000 1.0667 0.1667 2.1667 0.2667 0.6667 1.0667 0.8000 0.2667 1.8667 0.2667 0.9667 1.3667 0.6667 0.6667 0.8467 

0 
real hello 2 1 1 -2 1 1 3 2 -1 -2 -2 -1 -1 0 2 0 1 2 -1 1 -1 0.2 
real hello 2 -2 1 2 0 2 3 1 -1 -3 0 3 -1 0 3 1 -1 -1 1 -1 2 0.45 
real hello 2 0 2 1 1 1 3 -1 -2 -1 2 -1 -2 -1 1 0 2 0 0 0 0 0.25 
real hello 2 1 2 1 -1 1 2 2 -2 -2 2 0 -1 0 0 2 1 1 1 1 0.55 
real hello 2 -1 2 1 -1 1 2 0 -3 0 0 -1 -2 1 2 2 0 2 0 3 0 0.4 
real hello 2 1 1 1 0 1 2 -1 -1 -1 -1 1 -1 1 0 2 1 2 1 1 0 0.5 
mean 0.0000 1.5000 0.6667 0.0000 1.1667 2.5000 0.5000 -1.6667 -1.5000 0.1667 0.1667 -1.3333 0.1667 1.3333 1.1667 0.6667 1.0000 0.3333 0.8333 0.1667 0.3917 1.0417 
variance 1.6000 0.3000 1.8667 0.8000 0.1667 0.3000 1.9000 0.6667 1.1000 2.5667 2.5667 0.2667 0.5667 1.4667 0.9667 1.0667 1.6000 0.6667 1.7667 1.2000 1.1700 

0 
real smile 1 0 -1 -3 -1 0 -1 1 2 -2 -1 -2 0 2 0 2 1 -1 1 -2 1 -0.2 
real smile 1 -1 -2 -3 1 1 1 -1 -3 0 -2 1 0 -1 -2 -2 1 2 1 1 0 -0.4 
real smile 1 0 -2 -1 0 2 -1 -1 -1 -1 1 -1 -1 -1 -1 -2 1 1 2 1 0 -0.25 
real smile 1 -2 2 0 -1 1 0 0 -2 -2 2 -1 1 0 1 -3 1 -1 2 1 0 -0.05 
real smile 1 0 -1 1 -1 1 -2 -1 1 0 -1 -1 0 -2 2 -3 1 -1 1 0 -1 -0.35 
real smile 1 2 2 3 -1 1 -3 -1 1 1 0 0 1 -2 1 -1 1 -1 1 1 1 0.35 
mean -0.1667 -0.3333 -0.5000 -0.5000 1.0000 -1.0000 -0.5000 -0.3333 -0.6667 -0.1667 -0.6667 0.1667 -0.6667 0.1667 -1.5000 1.0000 -0.1667 1.3333 0.3333 0.1667 -0.1500 0.4822 
variance 1.7667 3.4667 5.5000 0.7000 0.4000 2.0000 0.7000 3.8667 1.4667 2.1667 1.0667 0.5667 2.2667 2.1667 3.5000 0.0000 1.7667 0.2667 1.4667 0.5667 1.7833 

0 
real smile 2 1 2 -2 2 1 2 3 2 2 -1 1 0 1 3 0 1 2 1 0 1 1.1 
real smile 2 0 -3 1 1 0 3 3 3 -1 2 2 1 1 3 -1 0 3 2 -1 2 1.05 
real smile 2 0 -2 -2 2 1 2 2 2 2 -1 1 1 0 3 2 1 3 2 0 2 1.05 
real smile 2 1 -3 0 1 2 2 1 1 -1 -2 0 0 -1 3 -3 1 2 2 -1 2 0.35 
real smile 2 0 0 1 1 2 3 2 1 2 -1 1 1 -1 3 -3 2 2 3 1 -3 0.85 
real smile 2 0 0 1 1 1 1 1 3 1 -3 -1 0 -2 1 -1 1 2 1 -2 0 0.25 
mean 0.3333 -1.0000 -0.1667 1.3333 1.1667 2.1667 2.0000 2.0000 0.8333 -1.0000 0.6667 0.5000 -0.3333 2.6667 -1.0000 1.0000 2.3333 1.8333 -0.5000 0.6667 0.7750 1.3721 
variance 0.2667 4.0000 2.1667 0.2667 0.5667 0.5667 0.8000 0.8000 2.1667 2.8000 1.0667 0.3000 1.4667 0.6667 3.6000 0.4000 0.2667 0.5667 1.1000 3.8667 1.3850 

0 
real hi 1 2 3 3 1 3 3 3 3 3 1 2 1 2 2 3 3 -3 3 2 3 2.15 
real hi 1 0 2 2 1 2 2 1 3 3 2 2 2 2 1 3 3 -3 3 0 2 1.65 
real hi 1 2 2 1 1 2 3 2 2 1 -2 2 1 2 2 3 3 -3 2 3 1 1.5 
real hi 1 -1 2 0 1 2 2 2 3 0 1 3 1 1 1 3 3 -2 3 1 3 1.45 
real hi 1 1 3 2 1 2 1 2 3 2 2 3 1 2 2 3 3 -2 3 2 1 1.85 
real hi 1 2 3 2 2 2 2 3 3 3 2 2 1 1 1 3 2 -2 3 0 3 1.9 
mean 1.0000 2.5000 1.6667 1.1667 2.1667 2.1667 2.1667 2.8333 2.0000 1.0000 2.3333 1.1667 1.6667 1.5000 3.0000 2.8333 -2.5000 2.8333 1.3333 2.1667 1.7500 1.4137 
variance 1.6000 0.3000 1.0667 0.1667 0.1667 0.5667 0.5667 0.1667 1.6000 2.4000 0.2667 0.1667 0.2667 0.3000 0.0000 0.1667 0.3000 0.1667 1.4667 0.9667 0.6333 

0 
real hi 2 0 2 3 1 1 0 0 3 2 1 2 0 1 0 2 2 -1 2 1 3 1.25 
real hi 2 2 3 2 2 3 0 3 3 3 2 2 2 1 3 3 3 -2 3 2 1 2.05 
real hi 2 2 2 2 1 2 3 3 2 2 -1 3 2 -1 1 3 3 -3 3 2 3 1.7 
real hi 2 1 0 3 1 2 2 1 3 -2 1 2 0 2 0 2 3 -1 3 0 2 1.25 
real hi 2 -1 2 2 1 2 2 1 3 -1 1 1 1 1 1 3 2 -1 3 0 2 1.25 
real hi 2 0 2 2 1 2 3 2 3 3 2 3 1 1 1 3 3 -1 2 -1 2 1.7 
mean 0.6667 1.8333 2.3333 1.1667 2.0000 1.6667 1.6667 2.8333 1.1667 1.0000 2.1667 1.0000 0.8333 1.0000 2.6667 2.6667 -1.5000 2.6667 0.6667 2.1667 1.5333 1.0339 
variance 1.4667 0.9667 0.2667 0.1667 0.4000 1.8667 1.4667 0.1667 4.5667 1.2000 0.5667 0.8000 0.9667 1.2000 0.2667 0.2667 0.7000 0.2667 1.4667 0.5667 0.9800 

0 
real how 1 -2 0 -2 1 -2 -2 2 2 2 2 0 -1 0 1 3 0 -1 1 3 -3 0.2 
real how 1 0 -1 0 1 -3 -1 2 1 2 2 -2 -1 1 1 2 -1 1 1 1 0 0.3 
real how 1 3 -1 -1 1 -2 -1 0 -1 -1 -1 -1 -1 1 0 -1 0 1 1 0 -2 -0.3 
real how 1 2 1 -1 1 -1 0 1 1 -1 1 -2 -2 2 1 2 0 1 2 2 -3 0.35 
real how 1 -1 2 0 2 -1 -1 1 2 2 0 1 -1 2 2 1 0 1 2 -2 -3 0.45 
real how 1 -1 0 -1 1 -1 2 1 1 1 -1 -1 -2 2 0 2 -1 2 1 2 -2 0.25 
mean 0.1667 0.1667 -0.8333 1.1667 -1.6667 -0.5000 1.1667 1.0000 0.8333 0.5000 -0.8333 -1.3333 1.3333 0.8333 1.5000 -0.3333 0.8333 1.3333 1.0000 -2.1667 0.2083 1.2131 
variance 3.7667 1.3667 0.5667 0.1667 0.6667 1.9000 0.5667 1.2000 2.1667 1.9000 1.3667 0.2667 0.6667 0.5667 1.9000 0.2667 0.9667 0.2667 3.2000 1.3667 1.2550 

0 
real how 2 0 0 -3 1 -1 1 1 2 1 -1 -1 -2 3 1 -2 -2 0 -1 2 -1 -0.1 
real how 2 0 1 -3 0 -1 2 1 3 0 0 0 -2 2 2 -2 -2 0 -1 1 -3 -0.1 
real how 2 -1 2 -3 2 -1 1 1 2 -1 -1 -2 0 1 1 -1 -2 2 0 2 -3 -0.05 
real how 2 1 2 -3 1 -1 1 -1 3 0 0 -1 -2 1 1 -1 -1 1 -1 1 -2 -0.05 
real how 2 0 2 0 1 -1 1 0 3 0 -1 1 -2 2 1 1 0 2 -1 0 -1 0.4 
real how 2 1 2 -2 0 0 1 2 3 0 -2 -1 -2 2 1 0 -2 2 -1 3 -2 0.25 

mean 0.1667 1.5000 -2.3333 0.8333 -0.8333 1.1667 0.6667 2.6667 0.0000 -0.8333 -0.6667 -1.6667 1.8333 1.1667 -0.8333 -1.5000 1.1667 -0.8333 1.5000 -2.0000 0.0583 1.9920 

variance 0.5667 0.7000 1.4667 0.5667 0.1667 0.1667 1.0667 0.2667 0.4000 0.5667 1.0667 0.6667 0.5667 0.1667 1.3667 0.7000 0.9667 0.1667 1.1000 0.8000 0.6750 

Mean of mean 0.1667 1.0000 0.2500 0.7292 0.8750 1.3333 1.0417 1.4375 0.4792 0.3750 0.6875 -0.2292 0.8542 1.3750 0.7083 0.9583 0.3750 1.4583 0.8125 0.3542 0.0000 0.7521 0.2102 

mean of variance 1.5500 1.4583 1.7833 0.4875 0.3167 0.9583 1.0167 0.9125 1.9542 1.7333 1.0792 0.5125 0.9458 0.8500 1.6833 0.3917 0.9417 0.4667 1.5292 1.2500 0.0000 1.0910 



��


subject 1 subject 2 subject 3 subject 4 subject 5 subject 6 subject 7 subject 8 subject 9 subject 10 subject 11 subject 12 subject 13 subject 14 subject 15 subject 16 subject 17 subject 18 subject 19 subject 20 SUM/20 variance

synthetic smile 1 -1 0 -1 -1 0 1 1 1 -3 0 2 1 1 1 -1 2 2 1 1 2 0.45 

synthetic smile 1 2 -1 3 2 2 3 2 3 0 1 1 1 1 2 -1 1 2 2 0 1 1.35 

synthetic smile 1 0 -1 3 1 2 1 1 2 1 1 2 1 0 2 2 1 1 0 1 0 1.05 

synthetic smile 1 0 1 2 1 1 0 1 -1 -1 -1 1 0 0 2 -3 1 1 1 1 0 0.35 

synthetic smile 1 0 1 -1 1 1 -1 2 1 1 0 1 -1 -2 1 -3 1 1 1 0 1 0.25 

synthetic smile 1 0 -2 2 -1 2 0 2 3 2 1 1 0 -2 2 -3 1 1 2 2 2 0.75 

mean 0.1667 -0.3333 1.3333 0.5000 1.3333 0.6667 1.5000 1.5000 0.0000 0.3333 1.3333 0.3333 -0.3333 1.6667 -1.5000 1.1667 1.3333 1.1667 0.8333 1.0000 0.7000 0.6538 
variance 0.9667 1.4667 3.4667 1.5000 0.6667 1.8667 0.3000 2.3000 3.2000 0.6667 0.2667 0.6667 1.8667 0.2667 3.9000 0.1667 0.2667 0.5667 0.5667 0.8000 1.2867 

0 

synthetic hello 2 -2 1 0 -1 2 2 0 1 2 -3 2 -1 -1 -2 2 2 1 1 -1 1 0.3 

synthetic hello 2 -3 0 1 -1 1 3 1 -1 1 2 0 -1 -1 -2 1 0 1 0 -3 0 -0.05 

synthetic hello 2 -2 -2 0 -2 1 1 -1 -3 1 2 1 -1 1 -2 0 1 3 0 -1 2 -0.05 

synthetic hello 2 -1 1 1 1 0 2 0 -3 -3 1 -2 -1 2 -2 1 0 2 1 -3 2 -0.05 

synthetic hello 2 -1 2 -1 -1 1 0 0 -1 -2 2 -1 -1 2 -2 -2 0 -2 0 -3 2 -0.4 

synthetic hello 2 -1 0 -1 -1 0 -1 0 1 1 -1 -1 -2 0 -1 -1 1 1 1 -2 1 -0.3 

mean -1.6667 0.3333 0.0000 -0.8333 0.8333 1.1667 0.0000 -1.0000 0.0000 0.5000 -0.1667 -1.1667 0.5000 -1.8333 0.1667 0.6667 1.0000 0.5000 -2.1667 1.3333 -0.0917 1.0482 

variance 0.6667 1.8667 0.8000 0.9667 0.5667 2.1667 0.4000 3.2000 4.0000 4.3000 2.1667 0.1667 1.9000 0.1667 2.1667 0.6667 2.8000 0.3000 0.9667 0.6667 1.5450 
0 

synthetic hello 1 2 2 1 0 0 3 0 1 -3 -1 2 -2 0 3 2 0 -2 2 1 -2 0.45 

synthetic hello 1 1 3 1 1 3 2 1 -2 -3 1 2 -2 -1 2 3 2 -3 2 2 2 0.85 

synthetic hello 1 2 2 2 -2 1 3 1 -3 -3 -2 3 -1 -1 1 -1 1 -3 1 2 2 0.25 

synthetic hello 1 2 3 2 -1 2 3 2 -2 -3 -1 3 -1 -1 3 2 1 -3 3 0 1 0.75 

synthetic hello 1 -1 1 -2 -1 2 3 1 -1 -2 -1 3 -1 -1 0 2 1 -3 0 -1 0 -0.05 

synthetic hello 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

mean 1.0000 1.8333 0.6667 -0.5000 1.3333 2.3333 0.8333 -1.1667 -2.3333 -0.6667 2.1667 -1.1667 -0.6667 1.5000 1.3333 0.8333 -2.3333 1.3333 0.6667 0.5000 0.3750 1.9236 

variance 1.6000 1.3667 2.2667 1.1000 1.4667 1.4667 0.5667 2.1667 1.4667 1.0667 1.3667 0.5667 0.2667 1.9000 2.2667 0.5667 1.4667 1.4667 1.4667 2.3000 1.4083 
0 

synthetic smile 2 0 0 -2 2 2 2 2 3 2 2 0 0 2 2 1 2 1 2 1 2 1.3 

synthetic smile 2 0 2 0 2 2 -1 0 2 0 3 0 1 -1 -1 2 1 3 2 2 1 1 

synthetic smile 2 0 1 -1 1 0 1 2 3 2 1 0 1 2 1 1 1 3 2 0 1 1.1 

synthetic smile 2 2 2 -1 0 1 0 2 3 2 3 0 0 2 0 -2 1 3 2 1 1 1.1 

synthetic smile 2 2 2 1 1 2 3 3 3 2 -1 0 1 1 1 -1 2 3 2 -1 1 1.35 

synthetic smile 2 1 2 1 2 1 1 2 3 1 1 1 0 0 2 1 1 3 1 1 2 1.35 

mean 0.8333 1.5000 -0.3333 1.3333 1.3333 1.0000 1.8333 2.8333 1.5000 1.5000 0.1667 0.5000 1.0000 0.8333 0.3333 1.3333 2.6667 1.8333 0.6667 1.3333 1.2000 0.5924 

variance 0.9667 0.7000 1.4667 0.6667 0.6667 2.0000 0.9667 0.1667 0.7000 2.3000 0.1667 0.3000 1.6000 1.3667 2.2667 0.2667 0.6667 0.1667 1.0667 0.2667 0.9367 
0 

synthetic how 1 3 2 2 0 -1 2 -1 3 2 2 0 -1 2 1 3 0 1 0 2 -2 1 

synthetic how 1 -1 1 0 0 -1 3 -2 2 -1 -1 -1 -1 1 0 -1 -1 1 0 0 1 -0.05 

synthetic how 1 -1 1 1 2 -1 -1 -2 1 2 3 -1 -1 1 0 1 0 1 0 0 -3 0.15 

synthetic how 1 -1 1 -2 1 0 3 1 2 2 2 -1 -1 1 1 -1 -1 2 0 0 -1 0.4 

synthetic how 1 1 1 -1 1 0 1 0 1 2 -1 0 -1 2 2 1 0 1 -1 1 -1 0.45 

synthetic how 1 1 2 2 1 0 3 2 3 0 -1 1 -1 1 2 2 1 2 0 1 2 1.2 

mean 0.3333 1.3333 0.3333 0.8333 -0.5000 1.8333 -0.3333 2.0000 1.1667 0.6667 -0.3333 -1.0000 1.3333 1.0000 0.8333 -0.1667 1.3333 -0.1667 0.6667 -0.6667 0.5250 0.7376 

variance 2.6667 0.2667 2.6667 0.5667 0.3000 2.5667 2.6667 0.8000 1.7667 3.4667 0.6667 0.0000 0.2667 0.8000 2.5667 0.5667 0.2667 0.1667 0.6667 3.4667 1.3583 
0 

synthetic hi 2 -2 1 -1 1 1 1 2 3 -2 2 3 0 2 3 3 1 0 2 2 1 1.15 

synthetic hi 2 -1 2 3 2 2 1 1 2 0 3 3 1 2 2 3 1 0 2 2 3 1.7 

synthetic hi 2 0 1 -2 0 2 1 1 1 -2 0 1 0 1 2 3 3 1 2 2 2 0.95 

synthetic hi 2 0 2 -1 1 2 2 0 -1 -1 1 2 0 2 1 3 2 2 2 0 2 1.05 

synthetic hi 2 -1 2 0 1 2 1 1 2 0 -1 2 -1 1 2 3 1 2 2 2 -2 0.95 

synthetic hi 2 -1 2 1 1 1 3 1 2 0 3 3 -1 2 1 3 1 2 2 1 3 1.5 

mean -0.8333 1.6667 0.0000 1.0000 1.6667 1.5000 1.0000 1.5000 -0.8333 1.3333 2.3333 -0.1667 1.6667 1.8333 3.0000 1.5000 1.1667 2.0000 1.5000 1.5000 1.2167 0.9652 

variance 0.5667 0.2667 3.2000 0.4000 0.2667 0.7000 0.4000 1.9000 0.9667 2.6667 0.6667 0.5667 0.2667 0.5667 0.0000 0.7000 0.9667 0.0000 0.7000 3.5000 0.9633 
0 

synthetic hi 1 0 -1 1 0 -1 2 -1 1 1 1 -1 -1 1 2 2 -1 -3 0 1 -2 0.05 

synthetic hi 1 -2 1 -1 1 0 2 2 1 3 3 -1 -1 1 0 1 1 -3 1 1 0 0.5 

synthetic hi 1 2 1 -1 0 -2 0 -1 -2 1 -1 1 -1 -1 1 1 1 0 2 0 1 0.1 

synthetic hi 1 0 2 -2 1 -1 1 2 -3 3 0 -2 -2 -1 2 -1 1 -1 0 2 1 0.1 

synthetic hi 1 3 2 0 -1 -1 3 1 -1 0 -2 -1 -1 1 2 1 1 1 1 1 0 0.5 

synthetic hi 1 0 1 -3 1 -1 2 1 -1 3 1 -3 -1 0 2 1 1 -1 1 2 2 0.4 

mean 0.5000 1.0000 -1.0000 0.3333 -1.0000 1.6667 0.6667 -0.8333 1.8333 0.3333 -1.1667 -1.1667 0.1667 1.5000 0.8333 0.6667 -1.1667 0.8333 1.1667 0.3333 0.2750 0.9950 

variance 3.1000 1.2000 2.0000 0.6667 0.4000 1.0667 1.8667 2.5667 1.7667 3.0667 1.7667 0.1667 0.9667 0.7000 0.9667 0.6667 2.5667 0.5667 0.5667 1.8667 1.4250 
0 

synthetic how 2 1 2 -3 1 2 2 1 2 0 -1 2 0 1 0 -1 -2 0 1 1 1 0.5 

synthetic how 2 2 2 3 3 2 2 -1 3 2 2 2 2 2 0 3 0 1 1 3 3 1.85 

synthetic how 2 0 1 -1 1 2 0 1 3 2 2 2 1 2 1 2 0 2 2 1 2 1.3 

synthetic how 2 1 2 -2 2 1 2 2 3 3 -1 2 1 1 1 2 1 2 1 1 3 1.4 

synthetic how 2 1 2 -1 1 2 1 1 2 3 -1 2 0 1 1 2 0 2 1 2 1 1.15 

synthetic how 2 2 2 -1 1 2 1 2 3 1 0 3 0 -1 2 -1 0 3 1 3 2 1.25 
mean 1.1667 1.8333 -0.8333 1.5000 1.8333 1.3333 1.0000 2.6667 1.8333 0.1667 2.1667 0.6667 1.0000 0.8333 1.1667 -0.1667 1.6667 1.1667 1.8333 2.0000 1.2417 0.6944 
variance 0.5667 0.1667 4.1667 0.7000 0.1667 0.6667 1.2000 0.2667 1.3667 2.1667 0.1667 0.6667 1.2000 0.5667 2.9667 0.9667 1.0667 0.1667 0.9667 0.8000 1.0483 

Mean of mean 0.1875 1.1458 0.0208 0.5208 0.8542 1.4375 0.8125 0.9375 0.3958 0.5208 0.8125 -0.3958 0.5833 0.9167 0.7708 0.7292 0.7083 1.0833 0.6458 0.9167 0.0000 0.6802 
mean of variance 1.3875 0.9125 2.5042 0.8208 0.5625 1.5625 1.0458 1.6708 1.9042 2.4625 0.9042 0.3875 1.0417 0.7917 2.1375 0.5708 1.2583 0.4250 0.8708 1.7083 0.0000 1.2465 
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