
���������
	���
���	�


������������������ 



!�"�#%$'&)(�*%$

+�,.-0/21�3%465�7'8)463%7:9�1�;�-�5�<�=>-?;A@�BDCFE'G�H�I.4J9�1�;�-?5K1�LM=ON.-?-?3%,A463%PQ<�RS=ORT7'RS1�UA46U.;AN.8�1�;�<�3%7'RS1�U.I�RT=
-�VW469�RSU.-?;�4�UX;YL'1�<�U.;�7�1Z@�-�RSU246;�-?PQ<.467'-�L'1�8Q7',2-�NX8�1�;�<�3%7'RS1�U[1�L�8\-?465TRS=O7'RT3�/Q1�]^-?5�=O1�<�U.;�=`_aGK468bRS1�<�=
/Q1�3%46527'8)463%7.9�1�;�-?5S=�468�-[3%1�U.=>RS;�-?8�-?;�46U.;�7',X-c9�1�;�-?5QN.8�1�NX1�=>-?;d@�B^eW,.RSU�f�R�gA4�-�;�4FRS=�3%,X1�=>-?U^L'1�8
RS9�N.5S-?9�-�U.7'467'RT1�UARSUD4^U.-?]h=ORT9�<�5S467'RS1�Ui1�L:CFE'G�Hj_`k�1�8)9�46U.7ML'8\-?P2<�-?UX3%RT-�=l46U.;A469�N.5SRT7'<�;�-?=F468�-
3%1�9�NX<�7'-�;i46U.;m<�=O-?;A7'1�;�8bRS/Q-n4nN.468)465S5T-�5�L'1�8)9�46U.7�=>B�U.7',X-?=>RSo6-?8b_qpM-�4�5SRS=>7'RS3F/Q1�]^-?5�=>1�<�U.;�=l468�-
r -�U.-?8)467'-?;JRSU^8�-?465�7'RS9�-Z;�<�8)RSU r 7',.-sCFE'G�Ht@�46@�@�5SRSU r N.,.46=O-u_



v6w�x>y6z�{�|Y}Qx>~Oz�w

Ht8�-�4�5SRS=>7'RS3Z9�1�;�-?5�1�L.=ON.-?-?3%,�N.8\1�;�<�3%7'RS1�UJ46U.;�463%P2<�RS=>RS7'RS1�UJRS=�L'463%-?;�]^RS7',J7',.-Z;�46<�U.7'RSU r 7'46=O�n1�L
-�VWN.5S46RSU.RSU r 4l5S468 r -[4�UX; r 8\1�]�RSU r @�1�;�B01�L.=>N.-�-?3%,^N.8�1�;�<�3%7'RT1�U�;�4�7'42_�k�1�8�-�VW469�N.5S-?I6��RTUX;�@�5S1�9�I
��<�@���-?8'I[4�UX;��F46B��'���X���6�FL'1�<�U.;t7',.467le�]�-�;�RS=O,�7'465S��-?8)=�3%1�9�N.-?UX=>467'-?;�L'1�8�7',.-D-?L�L'-?3%7'=�1�L�4
@�RS7'-D@�5S1�3%��;�<�8)RSU r 7',.-dN.8�1�;�<�3%7'RS1�U�1�L�L'1�<�80/21�]^-?5S=>I[-?/Q-?U�1�U�7',.-���8)=>7 r 5S1�7'7'465ZN.<�5S=>-?I[4�UX;
=O< r�r -?=>7'IQ7',.-?8�-�L'1�8�-?IW7',X4�7XU.1�8)9�4�5Q=>NX-?-?3%,�RS=Z3%1�9�N.-?U.=O4�7'1�8)B�_�gA463%��-�RT5S4 r -�4�UX;�CF-?��5S-?8)���'���6�6���
;�-?9�1�UX=>7'8)467'-?;n7',.467W@�1�7',04�UX7'RT3%RSN.467'1�8)BF46U.;n3%468)8)B��'1�/2-?8K3%1�468b7'RS3%<�5S467'RT1�U�1�3%3%<�8�RTU0��GZ�D=>B�5S5S46@�5T-�=`_
�Z-?UX7�46U.;dgA<�8b8)46B��'�����6�6��=>7'<�;�RS-?;�7',X-l3%1�9�L'1�8)7'�'=>7'467'-�/21�3%465SRSo�467'RS1�U.=Z1�L��6I���I�46U.;d��9�1�U.7',J1�5S;
,X<�9�46U�RTUXL'4�UX7'=M46U.;dL'1�<�U.;�7',.467.4F]^RS;�-F8)46U r -F1�L�=>NX-?-?3%,.�'5SRS��-Y=O1�<�U.;�=�]^-?8�-lNX8�1�;�<�3%-�;s_�+�,.-?B
=O< r�r -?=>7�7',.467Q7',.-?=>-[=>1�<�U.;�=�46U.;�7',.-Z3%1�8)8�-?=ON.1�U.;�RSU r 4�8)7'RS3%<�5S4�7'1�8)B r -�=>7'<�8�-?=:9�46B�NX5T46B^4l8\1�5T-FRSU
7',X-�RSU.L'46U.7b� =�;�-�/2-?5S1�N.9�-�U.7�1�L2=ON.-?-?3%,�_�k�1�]^5S-?8c�'���6�6����=O<�8b/Q-?B�=:4ZU.<�9�@�-?8�1�LQ46N.N.8�1�463%,.-?=:7'1F7',.-
9�1�;�-?5S5SRSU r 1�L�=ON.-?-?3%,dN.8�1�;�<�3%7'RS1�U�46U.;d468 r <�-?=Z7',.467�3%1�1�8�;�RTUX4�7'RS/Q-F=>7'8)<�3%7'<�8�-?=Z7',.467�-?U.3%1�9�N.46=>=
7',X-F8�-?=>NXRT8)467'1�8)B%I�5T468)B�U r -?465SIQ4�UX;�=O<�NX8b465S468)B�U r -?465�=>B�=>7'-�9�=l-?V�RT=O7�RSUd=>N.-?-�3%,�N.8\1�;�<�3%7'RS1�U�_��^1�]
3%46U^465S5�1�L.7',.RS=�;�4�7'4[@�-l8�-�3%1�U.3%RS5T-�;s 

+�,.-�CFE'G�H¡9�1�;�-�5¢�£�F<�-?U.7',.-�8'I��%�6�6�6I¤���6�6¥6��9�4���-�=�=><�@�=>7'46U.7'RS46563%1�U.7'8)RT@�<�7'RS1�U.=K7'1F1�<�8�<�U.;�-?8��
=O7'46U.;�RTU r 1�LW7',X-�=>N.-?-�3%,nN.8�1�3%-?=O=`_¤CFE'G�H¦�£CFRS8�-�3%7'RT1�UX=�E'U.7'1[G�-�5T1�3%RS7'RS-?=K1�LWH�8b7'RS3%<�5S467'1�8b=O�WRS=�4�9�1�;�-?5
1�L�=>N.-�-?3%,YNX8�1�;�<�3%7'RS1�UF46U.;�5S-?468bUXRTU r ]^,.RS3%,F,.46=.@�-?-?U�<�=>-?;�7'1Z-?VWNX5T46RSU�4M]^RS;�-M/Q468bRS-?7'BZ1�L�=>N.-?-�3%,
;�467'4�RSU.3%5S<�;�RTU r 46U.7'RS3%RSN.467'1�8bBF46U.;�3%468)8bB��'1�/Q-?8�3%1�468)7'RT3%<�5S467'RS1�U.I�3%1�9�NX-?U.=>467'RS1�U�L'1�8�NX-?8)7'<�8)@�467'RS1�U.=
<�=ORTU r 9�1�7'1�8[-?P2<�RS/Q4�5S-?UX3%-?I2=ON.-?-?3%,A463%PQ<�RS=ORT7'RS1�UA/QRT4^@�46@�@�5SRSU r I�=>N.-�4���RSU r 8)467'-�-�L�L'-?3%7'=F=O<�3%,m4�=
/Q1�]^-?5�8�-?;�<�3%7'RS1�U.I?46U.;�7',.-�-?9�-?8 r -?U.3%-l1�LX3%1�1�8�;�RTUX4�7'RS/Q-Z=>7'8)<�3%7'<�8\-?=`_

+�,.-JCFE'G�H§9�1�;�-�5�5S-?468bUX=n7']^1i3%1�1�8\;�RSU.467'-�7'8)46U.=>L'1�8)9�467'RS1�U.=n1�8J¨�9�46N.N.RSU r =?¨�_¡©�U.-�=><�3%,
7'8)46U.=OL'1�8b9�467'RS1�U�9�46N.=A46U�46<�;�RS7'1�8bB���-�5T;ª1�LnU.-�<�8)465F463%7'RS/2RS7'Bt]^,.RS3%,«-?U.3%1�;�-?=d7',.-¬3%<�8)8�-?U.7
NX,.1�U.-?9�-[RTUX7'1n4F/2-�3%7'1�8�RTU�1�8�1�=>-�U.=>1�8)Bn=ON.463%-u_�+�,.-[;�RT8\-?3%7'RS1�U.=�RSUJ1�8�1�=O-?U.=O1�8bB0=>N.463%-F8�-?NX8�-?=>-�U.7
463%1�<�=>7'RS3%465S5SB�RS9�N.1�8)7'46U.7�;�- r 8\-?-?=l1�L�L'8\-?-?;�1�9i_[+�,.-?=O-Y;�- r 8�-�-?=l1�LKL'8�-?-?;�1�9­468�-�9�1�8�-n46@�=>7'8)463%7
7',X4�U�7',X-Y468)7'RS3%<�5S467'1�8)=Z7',.-?9�=>-�5T/Q-?=OI2@�<�7�5S-?=O=l46@�=>7'8)463%7�7',X4�U�7',X-YN.,X1�U.-?9�-?=?_s+�,X-YCFE'G�H«9�1�;�-?5
NX1�=>RS7'=�7',.467Q7'4�8 r -?7'=�1�L.7',.-Z468)7'RS3%<�5S467'1�8)=M468�-[8�-?N.8\-?=>-?UX7'-?;�46=M3%1�U./Q-?VF,.<�5S5S=MRSU�1�8�1�=>-?UX=>1�8)Bn=>NX4�3%-�_
�£e�-?-ZpM46@�RSU.-?8'I��%�6�6�6I?L'1�8�4l=ORS9�RT5S468:N.8�1�N.1�=O4�5®_ �
H«=>-�3%1�U.;A3%1�1�8�;�RTUX4�7'-09�4�NXN.RSU r L'8\1�9¯1�8�1�=O-?U.=O1�8bB�=ON.463%-^7'1�4�8)7'RS3%<�5S4�7'1�8Z/Q-?5S1�3%RS7'RT-�=FRT=[465T=O1

5S-?468)U.-?;M_�°�Bn9�46N.NXRTU r 7'1�468)7'RT3%<�5S467'1�8�/Q-?5S1�3%RS7'RT-�=M8)467',.-?8K7',.46UnN.1�=>RS7'RS1�U.=OIW5S-?468)U.RSU r RS=:=>RS9�N.5SRS��-?;M_
+�,.-?=O-�9�46N.N.RSU r =:=>-?5SL'�'1�8 r 46U.RSo6-Z;�<�8)RSU r 4Z=>-?PQ<�-?U.3%-�1�L�463%7'RS1�UnN.-�8�3%-?N.7'RS1�UJ3%B�3%5S-?=���UX1�]�U04�=

@�46@�@�5SRSU r _sE'U�7',.-FCFE'G�H�9�1�;�-?5SIQ46UJ-?U.;�1 r -?UX1�<�=s8b46U.;�1�9 r -�U.-?8)467'1�8M1�LK4�8)7'RS3%<�5S4�7'1�8:/Q-?5S1�3%RT7'RS-?=
;�8)RS/2-�=l7',.-�468b7'RS3%<�5S467'1�8b=[7'1�N.8�1�;�<�3%-Y1�<�7'N.<�7b_[k�-�-?;�@�4�3%�d7',.-?Ud;�8)RT/Q-?=[7',.-Y5S-?468)U.RSU r N.8�1�3%-?=O=F4�=
=O,.1�]^U^RTU^k�R r <�8�-±�6_

�



Feedback
prioceptive
Tactile/Pro-

Feedback
Acoustic

System

Speech Recognition

EAR

Mouth

GO Signal

(Production)
Phoneme String

ERG

X

Velocity Vector

Articulator

Direction Vector
Orosensory

Sound Map
Speech

Articulator
Position Vector

k�R r <�8�-��6²�°�5S1�3%�^;�RS4 r 8)469³1�L2CFE'G�H

+�,.-n=ORT9�<�5S467'RS1�U.=Y1�L:7',.-nCFE'G�H³9�1�;�-?5��£�F<�-?U.7',.-?8'I����6���6I����6�6¥6��;�1dU.1�7�N.8\1�;�<�3%-^463%1�<�=>7'RS3
1�<�7'N.<�7b_`H r 8b46N.,XRT3%=Q;�RS=>N.5S46B�46U.;FU.<�9�-?8)RS3%465%1�<�7'NX<�7�L'8�1�9�7',.-K=>RS9�<�5S467'RS1�Ul=>-�8b/Q-�7'1sRT5S5�<�=O7'8)4�7'-K7',.-
@�-�,.46/2RS1�8.1�L�7',.-�9�1�;�-?5®_�E'UY7',XRT=�N.46N.-�8'I�]^-:8�-?N.1�8)7W]^1�8)�F;�1�U.-�7'1Z-?U.,.46U.3%-�7',X-�CFE'G�H´9�1�;�-?5�4�UX;
7',X-�3%1�8)8�-?=>NX1�U.;�RTU r 3%1�9�N.<�7'-?8�=ORS9�<�5S467'RS1�U^RTU01�8�;�-?8�7'1FN.8\1�;�<�3%-Z463%1�<�=>7'RS3M1�<�7'N.<�7�1�LQ463%3%-?N.7'46@�5S-
PQ<�465TRS7'B´RSU�8�-�4�5[7'RS9�-D;�<�8)RSU r 7',.-m@�4�@�@�5SRSU r NX,.46=>-u_µ+�,XRT=�-�U.,.46U.3%-?9�-?UX7c46;�;�=J468)7'RS3%<�5S467'1�8)B
=ON.-?-?3%,´=OB�U.7',.-?=ORS=n3%46N.46@�RT5SRS7'RS-?=^7'1D7',.-�CFE'G�Hh9�1�;�-?5®_�©Y7',.-�8l468)7'RT3%<�5S467'1�8)Bi=OB�U.7',.-?=ORSo�-�8b=0-?VWRS=>7
�£p:<�@�RSU.IW°�46-?8'I2¶·gi-�8b9�-�5T=O7'-?RSU.I����6�X��¸�gi46-?;�46I¢���6�6�6�'IW@�<�7.U.1�U.-[]^RT7',�7',.-l3%46N.46@�RS5SRS7'RT-�=lRSU.,.-?8\-?U.7
RSUn7',X-MCFE'G�H¡9�1�;�-�5TI�U.469�-?5SBF7',.-M46@�RS5SRS7'BY7'1[5T-�4�8)UnNX,.1�U.-?9�-?=�;�<�8)RTU r 4�@�46@�@�5TRSU r N.,.46=O-�46U.;n7',.-
46@�RS5SRS7'B�7'1�-?V�N.5S4�RSU^7',.-Z=>NX-?-?3%,J;�467'4l9�-�U.7'RS1�U.-?;^46@�1�/2-u_

E'=�RS7�8�-?465S5SBYU.-�3%-?=>=O4�8)B�7'1F46;�;^=ON.-?-?3%,n=OB�U.7',.-?=ORS=�3%4�NX4�@�RS5SRS7'Bn7'1F7',.-�CFE'G�H¡=>RS9�<�5S4�7'RS1�U� cgi46U.B
PQ<�-?=>7'RS1�U.=^46@�1�<�7Z=>N.-?-�3%,�463%P2<�RS=>RS7'RS1�U�46U.;�N.8�1�;�<�3%7'RT1�U¡3%46U�@�-d46U.=>]^-?8\-?;�@�B´4D9�1�;�-?5�7',X4�7
NX8�1�;�<�3%-�=�U.1Z463%1�<�=>7'RS3�1�<�7'N.<�7b_6�^1�]^-?/Q-?8'I�7',X-?8�-�468�-:9�4�UXBlPQ<�-�=>7'RS1�U.=�7',.46763%4�UXU.1�7W@�-:46U.=>]^-?8�-�;
]^RS7',.1�<�7Z=><�3%,´4d3%4�NX4�@�RS5SRS7'B�_�+�,.-?=>-�PQ<�-?=>7'RS1�U.=�;�-?8)RS/2-�L'8�1�9¹7',.-�=>RS9�N.5S-D1�@�=O-?8)/2467'RS1�U��£1�L'7'-?U
3%1�9�NX5T-�7'-?5SBD5S1�=>7�RSUD7',.-0/21�5S<�9�-?=F1�L:5TRS7'-?8)467'<�8�-n1�UA=>NX-?-?3%,AN.8�1�;�<�3%7'RS1�Ui46U.;A463%PQ<�RS=ORT7'RS1�U.��7',X4�7
7',X-Y,.<�9�46Ud=>N.-?-�3%,D=>B�=O7'-?9¯NX8�1�;�<�3%-�=l,.R r ,DPQ<�4�5SRS7'BJUX4�7'<�8)465.=>NX-?-?3%,�_q+�,.-?8�-�L'1�8�-?I.46U.B�3%1�8b8\-?3%7
46U.;^463%3%<�8)4�7'-s9�1�;�-�5W1�LQ7',.-M,X<�9�46Un=ON.-?-?3%,^=OB�=>7'-?9ª9�<�=>7Q@�-c3%46N.46@�5S-Y�£467�5T-�4�=O7'I6RTU0N.8)RTUX3%RTNX5T-��.1�L

�



NX8�1�;�<�3%RSU r ,.R r ,�PQ<�465TRS7'Bn46U.;^U.467'<�8)465W=>NX-?-?3%,�_
E'7Z9�<�=>7l@�-�46;�9�RS7'7'-?;�7',.467�468)7'RS��3%RT465�=ON.-?-?3%,¡=>B�UX7',.-?=>RSo6-?8)=^468�-�3%<�8b8\-?U.7'5SBAU.1�7Z3%4�NX4�@�5S-d1�L

NX8�1�;�<�3%RSU r =>N.-?-�3%,�467Q7',.-�5S-?/Q-?5W1�LQPQ<�465SRS7'BY1�LQ7',.467�1�LQ4l,.<�9�46UY7'465S��-?8b_¤eW1�9�-Z1�LQ7',.-�8�-�4�=O1�U.=�L'1�8
7',XRT=K7'-?3%,.U.1�5S1 r RS3%46565TRS9�RS7'467'RS1�U�]^RS5S56-?9�-?8 r -ZL'8�1�9«7',.-:;�RS=>3%<�=>=ORT1�UX=�]�,XRT3%,0L'1�5T5S1�]n_��^1�]^-?/Q-?8'I%7',.-
r 1�465�1�L.,X<�9�46Un=ON.-?-?3%,�N.8�1�;�<�3%7'RS1�U�9�1�;�-?5S5SRSU r 9�<�=>7X@�-c7',X-cNX8�1�;�<�3%7'RS1�U^1�L.U.467'<�8)465�=ON.-?-?3%,�_

�FRS/2-�Un=><�3%,^4l3%46N.46@�RS5SRT7'B%I�RS72]^1�<�5S;J@�-ZN.1�=>=ORS@�5T-F7'1F46U.=O]^-?8�7',.-ZL'1�5S5S1�]^RTU r P2<�-?=O7'RS1�U.=`²�º¡,.467
�£RSL�46U.B���468�-^7',.-03%1�1�8�;�RTUX4�7'RS/Q-n=>7'8)<�3%7'<�8�-?=F1�L�=ON.-?-?3%,� �º¡,.467 r -?=O7'<�8\-?=F468�-^RT9�NX1�8b7'46U.7:;�<�8bRSU r
7',X-F@�4�@�@�5SRSU r 1�L�RSU.L'46U.7'=�L'1�8Z7',.-F463%PQ<�RT=ORS7'RT1�Ud1�L�UX4�7'<�8)4652=ON.-?-?3%,� mº�,.467�463%1�<�=>7'RS3lL'-?467'<�8�-?=Z468�-
RS9�N.1�8)7'46U.7.L'1�8K7',.-Z=>-?5SL'�'1�8 r 46U.RSo6467'RS1�UJ1�L.7',.-s=>N.-?-�3%,J=>B�=O7'-?9i 

gA1�8�-?1�/Q-?8'I>8\-?465%7'RT9�- r -?U.-?8)467'RS1�Ul1�L?=ON.-?-?3%,[@�B�7',.-K=>RS9�<�5T467'RS1�UlRS=QRS9�N.1�8)7'4�UX7?L'1�8�7']^1�8�-?46=>1�UX=`_
k�RS8)=>7'I�46U.BY9�1�;�-?5�1�LX=>N.-?-�3%,�463%PQ<�RT=ORS7'RT1�U�9�<�=>7Q,.46/2-Z463%3%-?=>=:7'1�7',.-Z4�3%1�<�=O7'RT3s=>N.-?-�3%,J1�<�7'N.<�7b_�+W1
7',X-M-?V�7'-?U.7�7',.467W7',.-:5S-?468bUXRTU r 7'4���-�=�N.5S463%-�RSUn8�-?46567'RS9�-?I?7',.- r -?U.-�8b467'RS1�U�1�L�4�3%1�<�=O7'RT3�=ON.-?-?3%,09�<�=O7
465S=>1�7'46��-�N.5S463%-�RSUd8�-?465.7'RS9�-u_qeW-�3%1�U.;�I2N.5S463%RSU r =>1�9�-01�L�7',.-YL'1�3%<�=Z1�L�7',.-�8�-?=O-?468�3%,�1�Ud=>NX-?-?;
NX-?8)L'1�8b9�46U.3%-0L'1�8�3%-?=F4^3%5S1�=>-n-?V�469�RTUX4�7'RS1�Ud1�L�7',.-�9�-?3%,.46U.RS=>9�=F46U.;D7'8)46;�-?�'1�L�L'=[RSUD7',.-�=>N.-?-�3%,
NX8�1�;�<�3%7'RS1�U�N.8�1�3%-?=O=`_

©�<�7�1�Ls7',.RS=F8�-?=>-�4�8\3%,.I�RS7:RT=�,.1�N.-�;¬7',.467:]�-^]^RS5S5c�%�:N.8�1�/QRS;�-J4J9�1�8\-J8)R r 1�8�1�<�=Y7'-?=O7M1�L:7',.-
=O7'8�-?U r 7',X=n46U.;¬]^-?46��U.-?=O=>-?=01�Lc7',X-�CFE'G�H§9�1�;�-�5TI:�6��465S5T1�]»-?V�N.5S1�8b467'RS1�U¬1�Ls7',.-J8�-�5T467'RS1�U.=O,.RSN
@�-�7']�-�-?UlU.-�<�8)465%9�1�;�-?5S=246U.;F=ON.-?-?3%,[P2<�465SRS7'B%I>�6�?465S5T1�]´L'463%<�5S7'B�46U.;F=>7'<�;�-?U.7'=Q7'1�1�@�7'46RSUl-?V�N.-?8)7'RS=>-
RSU�=>N.-?-�3%,�=>B�U.7',.-�=>RSo6-?8M7'-�3%,.U.RSP2<�-?=OI?¥6��N.8�1�/QRT;�-[4YN.5S467'L'1�8)9hL'1�8�L'<�8)7',.-�8�8�-?=>-�4�8\3%,�RTU�7',.-ZU.-?<�8)465
@�46=ORT=Z1�L�=>NX-?-?3%,�N.8�1�;�<�3%7'RS1�U.IW¼6��N.8�1�/QRS;�-F4FN.5S4�7'L'1�8)9§L'1�8M8�-�=>-?468�3%,�1�U�=>N.-?-�3%,�N.-?8�3%-?NX7'RT1�UXI�4�UX;
�6�.-�VWN.5S1�8�-Z8�-?465SRS=>7'RS3Z9�1�;�-?5S=M1�L.7',X-�/21�3%465�7'8)463%72L'1�8�7',X-cNX8�1�;�<�3%7'RS1�U^1�LQ/21�]^-?5S=`_

+�,.-nCFE'G�H³=ORT9�<�5S467'RS1�Ui8\-?N.1�8)7'-?;A,.-?8�-^N.8\1�;�<�3%-?=F;�R r RS7'RSo�-�;¬=>NX-?-?3%,A1�<�7'N.<�7�4�UX;iRS=FRS9�N.5S-?�
9�-�U.7'-?;F7'1�8)<�Ul1�U[4�eW½WH�p:���b����]�1�8)��=O7'4�7'RS1�U[8b<�U.UXRTU r eW<�UQ©Ye:¥2_¾�6_a+�,.-�=>-�]^1�8)��=>7'467'RS1�U.=Q=><�N.N.1�8)7
7',X-Y¿��^E'À�Á�;�-?/�Á¤46<�;�RS1^;�-?/2RS3%-n]^,.RS3%,DRS=[4�;�-?PQ<�467'-FL'1�8c=ON.-?-?3%,m=>B�U.7',.-�=>RS=`_ÂH«¿Y�^E'À´9�46U.<�465
NX4 r -[;�-?=>3%8)RS@�-?=�7',.RS=�;�-?/QRS3%-lRSU^;�-�7'4�RS5®_

+�,.-lL'1�5S5S1�]^RSU r =O-?3%7'RS1�U.=Z]�RS5S5.;�RS=>3%<�=>=Z7'-?3%,XU.RS3%4�5QRS=>=O<�-�=�RSU�4�3%,XRT-�/2RSU r 7',.-[=>N.-?-�3%,�=OB�U.7',.-?=ORT=
r 1�465S=�L'1�8:CFE'G�HYI�/21�3%465�7'8)463%7.9�1�;�-?5S=>I�9�-?7',.1�;�=:L'1�8�3%465T3%<�5S467'RSU r 7',.-lL'1�8)9�46U.7.L'8�-�P2<�-?U.3%RS-?=OI64�UX;
7'8)46;�-?�'1�L�L'=:RSU^/2468)RS1�<�=:3%1�U.� r <�8)4�7'RS1�U.=K1�L.L'1�8)9�46U.72=OB�U.7',.-?=ORS=`_

ÃZÄK}2Å�wY~O}2ÆKÇ�v6È2ÈQ|�Ä�È

e�-?/Q-?8)4�5�7'-?3%,.U.RS3%465�RS=>=O<�-�=M,.46;^7'1n@�-Z46;�;�8\-?=>=O-?;M_�H�9�1�U r 7',.-?9³]^-?8\-u²

�



��eWN.-�-?3%,�PQ<�465SRS7'B´�Ye�RSU.3%-D7',.-DCFE'G�H»9�1�;�-?5l=O<�NXN.1�8)7'=�4�5S5[É�U r 5TRS=O,�NX,.1�U.-?9�-?=OIlRS7
9�R r ,.7.@�-Z-?VWNX-?3%7'-?;J7',X4�7Q46U.B�-?U.,.46U.3%-?9�-�U.7�7'1Y46;�;J46<�;�RS@�5T-[=>N.-�-?3%,J9�<�=>7Q=><�N.NX1�8b7
465T5�1�LX7',.-?=>-ZN.,X1�U.-?9�-?=?_Q�^1�]^-?/2-�8'I�]^-Z,.46/Q-c3%,X1�=>-?U^7'1n=OB�U.7',.-?=ORTo6-[U.1�U.�'U.46=>465SRSo6-?;
/21�]^-?5S=K1�U.5SBF;�<�8)RSU r 7',XRT=KN.,.46=>-s1�LW7',.-:8�-?=O-?468�3%,�_¤E'7�RS=�5SRS��-?5SBY7',.467�U.46=>465SRTo6-?;^/Q1�]^-?5S=
46U.;AU.46=>465�3%1�U.=>1�U.46U.7'=[]^RT5S5�@�-^=>B�UX7',.-?=>RSo6-?;ARSUA7',.-nU.-?V�7�N.,.46=>-�_0+�,X-?UDL'8)RS3%4�7'RS/Q-?=
]^1�<�5S;�@�-c7'8\-?467'-?;�I�46U.;^7',.-Z5S46=>7.NX,.46=>-l]^1�<�5S;J7'8�-�4�7Q=>7'1�N�3%1�U.=>1�UX4�UX7'=`_

�¡��1�9�N.<�7'467'RS1�U.4652-?L���3%RT-�U.3%BJ��E';�-?465S5TB%IQ46<�;�RS@�5S-�=>N.-?-�3%,�1�L�=><�L���3%RS-?UX7�PQ<�465TRS7'B^3%46U�@�-
3%1�9�N.<�7'-?;¬RSUÊ8�-?465�7'RS9�-��£=>RS9�<�5S7'46U.-?1�<�=F]^RT7',A7',.-^U.-�<�8)465�3%1�9�NX<�7'467'RS1�U.=�46U.;¬7',.-
r 8)4�NX,.RS3%4�5X;�RS=ON.5S4�Bd1�L�7',.-F/Q1�3%4�5X7'8b463%7K4�8)7'RS3%<�5S4�7'1�8)=O�b_s��1�]^-?/Q-?8'I�/Q-?8)BJ,.R r ,�PQ<�4�5SRS7'B
=>N.-�-?3%,l=OB�U.7',.-?=ORT=Q8�-?PQ<�RS8�-?=Q7'RT9�-K3%1�U.=><�9�RSU r NX4�8)469�-?7'-?8�=O-?5S-?3%7'RS1�U.I%46UlRS9�N.1�=O=>RS@�RS5TRS7'B
RSUF8�-?465?7'RS9�-u_�+�,.-?8\-?L'1�8�-?Ia=>469�N.5SRSU r 1�LW7',X-�/21�3%465a7'8b463%7�3%1�U.� r <�8)467'RS1�U.=.RS=�N.-?8)L'1�8)9�-?;M_
+�,.RS=�=>,.1�<�5S;J@�-[4�;�-?PQ<�467'-�L'1�8�=O7'-?46;�B0=>7'467'-Z/21�]^-?5�N.8\1�;�<�3%7'RS1�U�_
HYUX1�7',.-?8QN.-?8)L'1�8)9�4�UX3%-cRS=O=><�-�3%1�U.3%-?8)U.=�7',X-M9�-?7',X1�;�@�BF]^,.RS3%,n7',X-�=>N.-�-?3%,n=>469�N.5S-?=
468�-Y3%1�9�NX<�7'-�;s_qºD-�,.46/Q-Y3%,.1�=O-?Ud7'1 r -?U.-�8b467'-�7',.-�;�R r RS7'RSo6-?;A=>N.-?-�3%,D<�=>RSU r 4nL'1�8��
9�46U.7�=>B�U.7',X-?=>RSo6-?8M�£L'8�1�9³e�-?U.=>RS9�-?7'8)RS3%=���1�8)N.�b_u+�,X-ML'1�8)9�46U.7'=�468�-�3%1�9�N.<�7'-?;�<�=>RSU r
=>1�L'7']^468�-�L'8�1�9Ëe�,.RSU�f�R�gi46-?;�4�]^,.RS3%,¬463%3%1�<�U.7'=�L'1�8Y463%1�<�=>7'RS3n5S1�=O=>-?=^RSU¬7',.-�/21�3%465
7'8)4�3%7b_¤+�,.-�8)467'RS1�U.465S-cL'1�8�7',XRT=:;�-?3%RS=>RS1�U^RS=M;�RS=>3%<�=>=O-?;d4�7Q5S-?U r 7',^@�-?5S1�]±_

�¡É�4�=O-¬1�LnRS9�N.5S-?9�-�U.7'467'RT1�UÌ46U.;«9�46RTUX7'4�RSU.46@�RS5SRS7'B�1�L07',.-A=>1�L'7']^468�-¬�^eW-�/2-?8)465l46N.�
N.8�1�463%,.-?=�7'1F7',X-M=ON.-?-?3%,^=>B�UX7',.-?=>RS=�N.8\1�@�5T-�9³]^RT5S5�@�-�1�<�7'5TRSU.-�;�@�-�5T1�]n_¤+�,X-�/2RS46@�RS5SRT7'B
1�L�7',.RS=�NX8�1�fÍ-�3%7�;�-?9�46U.;�=Z4Y=ORT9�NX5T-^46U.;d-?5S- r 46U.7�RS9�N.5S-?9�-?U.7'467'RS1�U·���K7'1�-�U.=><�8�-FRS7'=
<�=>-?L'<�5SU.-?=O=l46U.;D�6��7'1�L'463%RS5SRS7'4�7'-0RT7'=F;�-?/Q-?5S1�N.9�-?UX7�RSUD7',.-�U.-?468�7'-?8)9i_q+W1�7',.RS=l-?UX;�I
-?VWRS=O7'RTU r =O1�L'7']�468�-[]^RT5S5Q@�-Z<�=O-?;J]^,.-�8�-ZN.1�=>=ORT@�5S-u_

¥¡É�4�=O-J1�L�<�=O4�@�RS5SRS7'BA��+�,.-^8�-?465SRTo6467'RS1�U¬1�L�7',X-�46@�1�/Q-?�'9�-?U.7'RS1�U.-�;¬@�-?U.-���7'=F46=O=><�9�-?=
7',.4672<�=O-?8�463%3%-?=>=:7'1n7',.-Z=>RS9�<�5S467'RT1�U�L'-?467'<�8�-?=:RT=s9�4�V�RS9�RTo6-?;M_u+�,X-c<�=O-?8�RSU.7'-?8)L'463%-l1�L
7',.-:1�8bR r RSU.465W=ORS9�<�5S467'RS1�U^RT=�]^8)RS7'7'-?U�RTU^gA1�7'RSLb_¤+�,XRT=K=>7'46U.;�468�;^RS=�4�5S=O1FL'1�5T5S1�]^-?;�,.-?8�-u_

¼¡pM-�4�5SRS=>9ª1�LQ7',.-�468)7'RT3%<�5S467'1�8)BY9�1�;�-?5��Q+�,.-�PQ<�465SRS7'BY1�L�7',X-c;�R r RS7'RSo�-�;J=>NX-?-?3%,^46U.;J7',.-
8�-?5S-?/Q46U.3%-�1�LQ7',.RS=�8�-?=>-�4�8\3%,�7'1�7',.-�NX8�1�@�5S-?9³1�LQ=>N.-?-�3%,�NX8�1�;�<�3%7'RS1�U^46U.;^463%P2<�RS=>RS7'RS1�U
RSUJ,.<�9�46U.=:,.RSU r -?=:1�UJ7',.-Z8�-?465SRS=>9§1�L.7',.-l/Q1�3%465�7'8)4�3%7�9�1�;�-?5®_¢H�9�1�;�-?521�L�/Q1�]^-?5S=
N.8�1�N.1�=O-?;�@�BAeW,XRTU�fÍR�gA46-?;�4·�£gA46-?;�46Ic�����6�6��]^46=n=>-�5T-�3%7'-?;�7'1D8�-�N.5S4�3%-d7',.-�CFE'G�H
468b7'RS3%<�5S467'1�8�9�1�;�-?5SI64�7Q5S-?46=>7.L'1�8�7',X- r -?U.-?8)467'RS1�U^1�L.7',.-�;�R r RS7'RTo6-?;�=ON.-?-?3%,�_

¥



Îtv6Ï^Ð�ÑSÈ�Ò³z�{�Ä�ÇZz�Ó^x>Å�ÄAÔ�z�}QÆ�ÇFx>y6ÆK}2x

+�,.-�N.<�8)N.1�=>-01�L�7',.-�1�8)R r RSU.465�=>RS9�<�5S467'RT1�Um1�L�CFE'G�HÕ]^46=Z7'1J;�-?9�1�U.=O7'8)4�7'-�7',.-�@�-?,.46/QRT1�8s1�L�7',.-
UX-?<�8b465�U.-?7']^1�8)�n9�1�;�-?5�46U.;J=O,.1�]«7',.4672RS7.-�VW,.RS@�RS7'-?;�3%1�9�N.-?UX=>467'1�8)Bn@�-?,.46/QRT1�8�46U.;�3%468b8)B��'1�/Q-?8
3%1�468)7'RS3%<�5T467'RS1�UF-?L�L'-?3%7'=M�£�F<�-�U.7',.-?8'I����6���6�b_���467'-?8�=ORT9�<�5S467'RS1�U.=�;�-�9�1�U.=>7'8)467'-?;F7',.-�9�1�;�-?5®� =.46@�RS5TRS7'B
7'10-?VWN.5S46RSUJ=ON.-?46��RSU r 8)467'-l-?L�L'-?3%7'=�46U.;�46U.7'RS3%RSN.467'1�8)B�3%1�468)7'RS3%<�5T467'RS1�U��£�F<�-?UX7',.-?8'Iu���6�6¥��b_X�^-?RS7',.-�8
1�L�7',X-?=>-n-�L�L'1�8)7'=F8�-?PQ<�RT8\-?;D7',.467�4n8�-�4�5SRS=>7'RS3n9�1�;�-?5�1�L�7',.-0/21�3%465�7'8)4�3%7�@�-0<�=O-?;M_�H�U�-�L�L'1�8)7�]^4�=
9�46;�-�7'1F<�=>-s4�8)7'RS3%<�5S4�7'1�8)B�;�- r 8�-?-?=�1�L�L'8\-?-?;�1�9«7',.467�]^-?8�-���U.1�]^Un7'1F46L�L'-?3%72463%1�<�=>7'RS3�N.8\1�N.-?8)7'RS-?=
1�L[=>N.-�-?3%,¦�£=O<�3%,´4�=^7',.1�=O-�=>< r�r -?=O7'-?;�@�B¬��46;�-?L'1 r -?;�IÂ���6�6¥��'I:@�<�7Z4�3%1�<�=O7'RT3�1�<�7'N.<�7�]^4�=^U.1�7
NX8�1�;�<�3%-�;s_sk�1�8Z7',.-FRSU.RS7'RS465.N.<�8)N.1�=>-01�L�7',.-F=ORT9�<�5S467'RS1�U.I2RS7K]�46=Z=><�L���3%RS-?UX7�7',.467�7',.-FU.<�9�@�-?8:1�L
;�- r 8\-?-?=�1�L�L'8�-?-�;�1�9ª@�-�=O<�L���3%RT-�U.7'5SBF5T468 r -Z7'1FN.-�8b9�RS7Q3%1�9�N.-?U.=O467'1�8bB�46U.;^3%1�468b7'RS3%<�5S467'RT1�U0-?L�L'-?3%7'=
7'1�@�-l1�@�=O-?8)/2-�;s_

+�,.-�1�8bR r RSU.465�CFE'G�H«9�1�;�-�5�1�LK7',.-�/21�3%465.7'8)463%7�,.46=Z7',.-YL'1�5S5S1�]^RSU r 468b7'RS3%<�5S467'1�8bB�;�- r 8\-?-?=Z1�L
L'8\-?-?;�1�9i²

<�N.N.-?8�5SRSN��£/Q-?8)7'RS3%4�5�46U.;�,.1�8)RSo�1�UX7'4�5S�
5S1�]�-�8�5SRSNi�£/2-?8)7'RS3%465�46U.;^,.1�8)RTo61�U.7'465S�
fÍ46]³�£/2-?8)7'RS3%465S�
7'1�U r <�-�7'RSN��£/Q-?8)7'RS3%4�5�46U.;�,.1�8)RSo�1�UX7'4�5S�
7'1�U r <�-�@�1�;�BÖ�£/Q-?8)7'RT3%465�46U.;�,.1�8)RTo61�U.7'465S�
/2-�5T<�9×�£1�N.-?U^46U.;J3%5S1�=O-?;��
/21�RS3%RSU r �£1�U^46U.;�1�L�L'�
U.1�RS=>-Y�£1�U^46U.;J1�L�L'�

°�-?3%46<�=>-�1�L�7',.-F468)7'RS��3%RS465�=>,.46N.-�=c1�L�7',X-?=>-F468)7'RS3%<�5S467'1�8)=l46U.;d7',.-?RS8�=O3%4�5SRSU r RSUdN.RSVW-?5�3%1�1�8�;�RS�
UX4�7'-�=>I�7',X-�9�1�;�-?5®� =�4�@�RS5SRS7'BA-?/2-�8l7'1dN.8�1�;�<�3%-J8�-?465SRS=>7'RS3^/21�]^-?5�=O1�<�U.;�=F]�46=�;�1�<�@�7'-�;s_�E'7�]^4�=
;�-?3%RS;�-?;d7',.467.4�8�-?465SRT=O7'RS3l9�1�;�-?5Q1�L�7',X-F/21�3%465Q7'8b463%7.=O,.1�<�5S;�@�-F3%,.1�=O-?UJ46U.;d=><�@�=O7'RT7'<�7'-?;�L'1�8:7',.-
CFE'G�Ht/Q1�3%4�5�7'8)4�3%7X9�1�;�-�5\_

°�-?L'1�8�-�-?5S46@�1�8)467'RTU r 1�UF7',.-�N.8\1�3%-?=>=K1�L�3%,X1�1�=>RSU r =O<�3%,Y4:/21�3%465?7'8)463%769�1�;�-?5SI�RS76RS=�U.-?3%-�=>=>468)Bl7'1
;�RS=>3%<�=O=�7',.-�N.8�1�3%-�=>=:1�L�=>N.-?-�3%,�=OB�U.7',.-?=ORS=�RTU r -?U.-?8)46564�UX;n7',.-�7'-?3%,XU.RSP2<�-?=�<�=>-?;^RSUn7',.RS=K8�-?=>-�4�8\3%,
NX8�1�fÍ-�3%7b_

¼



Ø�Ù Ä�Ä�}QÅ�È`ÚÂw�x>Å�Ä�ÈQ~>ÛKÄ�y6È

e�N.-?-?3%,^=OB�U.7',.-?=ORT=:@�Bn3%1�9�N.<�7'-?8K,.46=�4l5S1�U r ,XRT=O7'1�8)B�_��£k�1�8K4l3%1�U.3%RS=O-l;�RS=>3%<�=>=ORT1�U�1�L27',XRT=:,.RS=>7'1�8)B%I
=O-?-?I?L'1�8K-?VW469�N.5S-?I��c5S467'7'Iu���6�2��_ �:+�,X-�9�46RTU^9�-?7',X1�;�=K1�L2=ON.-?-?3%,0=>B�U.7',.-�=>RS=M7'1�;�46BF468�-Â���QL'1�8b9�46U.7
=OB�U.7',.-?=ORS=>I��6��468)7'RT3%<�5S467'1�8)B�=>B�U.7',.-�=>RS=>I�46U.;D�6��=>B�UX7',.-?=>RS=[@�B�8b<�5S-J�£3%1�9�9�1�U.5SB�<�=>-�;iRSUd7'-?VW7'�'7'1��
=ON.-?-?3%,�=>B�=O7'-?9�=>�b_u+�,X-?8�-ZRS=�9�<�3%,^1�/Q-?8)5S4�N^469�1�U r 7',X-?=>-�9�-�7',.1�;�=`_¤eWB�U.7',X-?=>RS=�@�Bn8)<�5S-�]^RT5S5�U.1�7
@�-[3%1�U.=>RS;�-?8�-�;JL'<�8)7',.-?8�RSU^7',.RS=:N.46N.-?8b_

E'U�1�8�;�-?8:7'1^N.8�1�N.-?8)5SBJ9�1�7'RS/Q467'-F7',.-F=>-?5S-?3%7'RS1�U�1�LK7',.-l/Q1�3%46527'8)463%7�9�1�;�-�5TI�7',X-F8b<�;�RS9�-?U.7'=:1�L
=ON.-?-?3%,A=OB�U.7',.-?=ORT=�]^RS5T5K@�-^N.8�-?=O-?U.7'-?;M_±ºD-n]^RS5T5�@�- r RTUA]^RS7',DL'1�8)9�46U.7M=OB�U.7',.-?=ORS=F]�,XRT3%,ARS=F7',.-
=ORS9�N.5S-?=>7:7'-?3%,.U.RSPQ<�-FL'1�8 r -�U.-?8)467'RTU r 8�-?465SRS=>7'RS3F/Q1�]�-�5�=O1�<�U.;�=>IQ4�UX;D7',.-?U�]^-�]�RS5S5�3%1�UX=>RS;�-?8�7',.-
7'-�3%,.U.RSP2<�-?=K1�L.468)7'RT3%<�5S467'1�8)Bn=>B�U.7',X-?=>RS=`_

ÜMÝ¤Þ>ß�à�á�âcãOä�á�â�åcæ�ãOç
ã

H´L'1�8)9�46U.7�=>B�U.7',.-�=>RSo6-?8�RT=K4�3%1�9�N.<�7'-?8.NX8�1 r 8)4�9ª1�8.1�7',.-�8.9�-?3%,.46U.RS=>9«7',X4�76N.8\1�;�<�3%-?=K;�R r RS7'RSo6-?;
=ON.-?-?3%,�1�<�7'N.<�7 r RS/Q-?U^1�U.5SBn7',.-ZU.-?3%-?=O=>468)BnL'1�8)9�46U.7'=`_¤k�1�8)9�46U.7'=M468)RS=>-[RTU^7',.-Z3%1�U.7'-�VW7Q1�L2=O1�<�8\3%-
��5S7'-?8:7',.-?1�8)B�_¢E'UJ7',.-[=>B�U.7',.-�=>RS=Z1�L�/Q1�]^-?5�=>1�<�U.;�=OIW7',.-[=>N.-?-�3%,�=>B�=>7'-�9×3%46U�@�-l9�1�;�-?5S5S-?;d<�=ORSU r
=O1�<�8�3%-Z��5S7'-?8�7',.-�1�8bB�RSUn]^,.RS3%,n7',.-�3%46/QRS7'RT-�=�@�-?7']^-?-?Un7',.- r 5T1�7'7'RS=:46U.;^7',.-�5SRSN.=M463%7�46=�46Un463%1�<�=>7'RS3
��5S7'-?8F]^,.RS3%,A��5T7'-�8b=�7',.-^=>1�<�8�3%-�=>R r U.465 r -?U.-�8b467'-?;Ê@�BD7',.-^/Q1�3%4�5�L'1�5S;�=n467:7',.- r 5T1�7'7'RS=?_mE'Ui7',XRT=
3%1�UX3%-?N.7'RS1�U.I?4[=>1�<�8�3%-Z1�L2=O1�<�U.;^-?U.-?8 r B�N.8�1�;�<�3%-?;^46727',X- r 5S1�7'7'RT=l�£7',.-�=ON.463%-Z@�-?7']^-?-?Un7',.-s/21�3%465
3%1�8\;�=:1�8�L'1�5S;�=>�.RS=:4l/Q1�5T<�9�-Z/Q-?5S1�3%RT7'B0]�46/Q-?L'1�8)9è�£9�-?46=><�8�-�;JRSU^3%<�@�RS3�3%-�U.7'RS9�-?7'-?8)=MNX-?8�=>-?3%1�UX;
1�L�46RS8Zé�1�]��b_c+�,X-Y1�<�7'N.<�7�467K7',.-Y5SRSN.=FRS=l465S=>1�40/21�5S<�9�-n/Q-?5S1�3%RT7'B�_q+�,.-�=>1�<�U.;d]^4�/Q-n]^,.RS3%,dRT=
,X-?468�;�467�=>1�9�-F;�RS=>7'46U.3%-FL'8\1�9×7',.-FL'463%-FRS=Z3%<�=O7'1�9�468bRS5SBJ8\-?N.8�-?=O-?U.7'-?;d46=�4�N.8�-?=O=><�8�-�]�46/Q-?L'1�8)9
46U.;mRT=[8�-?5S467'-?;D7'1�7',.-Y/Q1�5S<�9�-Y/Q-?5S1�3%RS7'B�4�7�7',X-F5TRSN.=F@�B�7',X-Y8)46;�RT467'RS/Q-Y3%,.468)463%7'-?8)RS=>7'RS3�_qk�R r <�8�-0�
;�-?NXRT3%7'=s=><�3%,^4l=>B�=O7'-?9i_

H�L'1�8)9�46U.7�RS=Z4nN.-?46�J1�8:9�46VWRS9�<�9×1�LK7',.-F7'8)4�UX=>L'-?8:L'<�U.3%7'RS1�U�8�-?5S467'RTU r 7',.- r 5S1�7'7'465./Q1�5T<�9�-
/Q-?5S1�3%RS7'Bn]^46/2-?L'1�8)9«7'1�7',.-�5SRSNJ/Q1�5S<�9�-s/2-?5S1�3%RS7'B�]�46/Q-?L'1�8)9i_¤E'U�7',X-�3%46=>-Z1�L246;�<�5S7�9�4�5S-Z=>NX-?-?3%,.I
<�=O<�465S5SB���/2-FL'1�8)9�46U.7'=Z-?VWRS=O7�@�-?5S1�]h¼6����o2_�É�4�3%,dL'1�8)9�46U.7�RS=l3%,X4�8)463%7'-?8)RSo6-?;�@�B�RS7'=[L'8�-?PQ<�-�U.3%B%I
RS7'=�@�46U.;�]�RS;�7',��£7',.-^]^RT;�7',ARSUA��o�1�L:7',.-^N.-?46�D467:�6;�°Ê@�-?5S1�]­RS7'=Y9�46VWRS9�<�9Ë/Q465T<�-?�'I�46U.;ÊRT7'=
469�N.5SRS7'<�;�-±�£RS7'=M/Q465S<�-ZRSU^;�°J46727',X-c9�46V�RT9�<�9��b_

E'UA7',.-nL'8�-�P2<�-?U.3%Bd;�1�9�46RTUXI�7',X-nN.8�-?=O=><�8�-�]�46/Q-^4�7:4J=O<�L���3%RS-?U.7�;�RS=>7'46U.3%-^L'8�1�9Ë7',.-05TRSN.=0RT=
r RS/Q-?U^@�B

êYë\ì�í:îtïMë\ì�íñðFë\ì�í\òYë\ì�í
]^,.-�8�- ïMë\ì�í RS=Z7',.-F=ON.-?3%7'8)465.8�-?N.8\-?=>-?UX7'4�7'RS1�U�1�LK7',.- r 5S1�7'7'465.=>1�<�8�3%-�=>R r U.465SI ðÂë\ì�í RS=Z7',.-F7'8)46U.=>L'-�8

�



L'<�U.3%7'RS1�Ud8�-?5S467'RSU r 5SRTNm/21�5S<�9�-Y/Q-?5S1�3%RS7'B´ó�ô ë\ì�í 7'1 r 5S1�7'7'465�/21�5S<�9�-Y/Q-?5S1�3%RS7'B ïMë\ì�í I�46U.; òYë\ì�í RT=
7',X-c8)46;�RS4�7'RS/Q-ZRT9�NX-?;�4�UX3%-c8\-?5S4�7'RSU r 7',.-�N.8�-�=>=><�8�- êYë\ì�í 7'1�7',.-Z5SRTN�/21�5S<�9�-Z/2-�5T1�3%RS7'BDó ô ë�ì�í _�+�,XRT=
-�VWN.8�-�=>=>RS1�UnRS=K4�8�-?46=>1�UX4�@�5S-�46N.NX8�1�VWRS9�467'RS1�UYL'1�8�7',.-:=>7'-?46;�Bl=O7'467'-MN.8\1�;�<�3%7'RS1�Un1�L�=>N.-?-�3%,n=>1�<�U.;�=
=O<�3%,´4�=�U.46=>465SRSo6-?;�46U.;´UX1�U.�'U.46=>465SRSo�-�;¬/Q1�]�-�5T=OIM46U.;´UX4�=O465M3%1�U.=O1�U.46U.7'=`_�ºARS7',¬46N.N.8�1�NX8bRS467'-
9�1�;�RS��3%467'RT1�U�L'1�8M=O1�<�8�3%-l1�L.-�VW3%RS7'467'RT1�UXIW7',.-Z-?V�N.8�-?=O=>RS1�U�9�46B�465S=>10;�-�=>3%8)RS@�-FL'8bRS3%467'RS/2-�=Â�£gA4�-�;�46I
���6�6�6¸�eW7'-?/Q-?U.=OIc���X�6���b_���1�]^-?/Q-?8'I�N.5S1�=ORT/Q-?=^1�8F=>7'1�NX=�3%46U.UX1�7�463%3%<�8)467'-?5SBD@�-�8�-�N.8�-?=O-?U.7'-?;¡@�B
=O7'-?46;�Bn=>7'467'-Z9�-?7',.1�;�=c�£k�46U.7'I2���X���6¸?p:46@�RTUX-?8�¶Êe�3%,.46L'-?8'Iu���2�����b_

°�-?L'1�8�-:N.8�1�3%-?-�;�RSU r 7'1[;�-?8)RT/Q-:7',.-M7'8)46U.=OL'-?8.L'<�U.3%7'RS1�U.Ia4�3%1�9�9�-?U.7�4�@�1�<�7�=>1�<�8�3%-���5S7'-?8.7',.-�1�8bB
RS=�RSUn1�8�;�-?8b_�eW1�<�8�3%-Z��5T7'-�8�7',X-?1�8)BF4�=O=><�9�-?=�4Z5SRSU.-?468�9�1�;�-�5W1�L�7',.-�/Q1�3%46567'8b463%7b_�+�,.RS=�46=>=O<�9�N.7'RS1�U
RS=�4Z8�-?46=O1�U.46@�5T-s4�NXN.8�1�VWRS9�467'RS1�Un1�L�7',.-�=ON.-?-?3%,0=>B�=>7'-�9Õ1�U.5SBFL'1�8�5S1�]�L'8�-�P2<�-?U.3%RS-?=�46U.;^-?U.-�8 r RS-?=>I
46U.;�L'1�8�3%-?8)7'46RSU^3%1�U.� r <�8)467'RS1�U.=�1�LX7',.-�/Q1�3%4�5�7'8)463%7b_�+�,.-?8\-c468�-Z9�46U.B�RSU.=>7'46U.3%-?=:1�LQU.1�U.5SRSU.-?468)RT7'B
7',X4�7:9�46BD468)RT=O-u_j©YUX-�RS=�7',.-^RSU.7'-?8)463%7'RT1�UA@�-?7']^-?-�Ui7',X-�=O<�@ r 5T1�7'7'465�46U.;Ê=><�N.8)4 r 5T1�7'7'465�3%46/QRT7'RS-?=
]^,.RS3%,dRSU.3%8�-?46=>-�]^RS7',�7',.-F=>RSo6-Y1�LK7',.- r 5S1�7'7'465.46N.-?8)7'<�8�-��£�Z5T467'7�¶¡�Z5S4�7'7'I����6���6�b_�k�1�8�7',.RS=Z8�-?46=>1�U
46U.;�1�7',.-?8)=>IZgA46-?;�4��'���6�6�6�F,.46=�=O< r�r -?=>7'-?;Ì7',.467l46U¡4�-�8�1�;�B�U.469�RT3�7'8\-?467'9�-?U.7F1�LF7',.-d-?U.7'RS8�-
8\-?=>N.RS8)467'1�8)Bn=>B�=O7'-?9Õ46U.;07',.-�=><�N.8)4 r 5S1�7'7'465�8\- r RS1�U�RS=K3%4�5S5S-?;�L'1�8b_�eW<�3%,n4Z7'8�-?467'9�-?UX7 r 1�-?=�@�-?B�1�UX;
7',X-c=O3%1�N.-l1�LX7',.RS=�N.46N.-?8b_

E'Un1�8�;�-?8K7'1Y<�U.;�-?8)=O7'4�UX;n,.1�]t4lL'1�8)9�46U.7Q=>B�U.7',.-�=>RSo6-?8�]�1�8)��=OIWRS7�RS=MU.-�3%-?=>=O4�8)B�7'1Y9�467',.-�9�4�7'�
RS3%465S5SB�46U.465SB�o6-Z7',.-�7'8)46U.=>L'-?8KL'<�U.3%7'RS1�U�1�LQ7',.-Z/Q1�3%4�5�7'8)463%7QL'1�8�/Q1�]�-�5T=?_¤HY=O=><�9�-l7',.467�7',.-Z7'8)46U.=>L'-�8
L'<�U.3%7'RS1�Ud3%46UD@�-n8�-?NX8�-?=>-�U.7'-?;A@�B�NX1�5T-�=lRSUD7',.-�3%1�9�N.5S-?V�N.5S46U.-u_q+�,.<�=lRS7�,.46=l7',X-YL'1�8)9­1�L�7',.-
PQ<�1�7'RS-?U.7�1�L.4[3%1�U.=>7'46U.7Q46U.;^4FN.1�5SB�U.1�9�RS4�5�]^,.RS3%,�3%4�U^@�-ZL'463%7'1�8�-?;M�£�Z5S4�7'7'I2���6�6���b²

ðFë\ì�í�õî ðFë�öWí�îø÷ù
úSû2ü

ý ú�qþ¬ÿ ú ö�� ü þ�� ú ö����
]^,.-�8�- � ú î þ�� ���	��
���


ÿ ú î ��� ����
���
������ ë ����� ú ðÂí
ý ú î �qþ�� ú þAÿ ú

46U.;
ð�� N.-?8)RS1�;i�'�6Á¤=>469�N.5SRSU r 8b467'-?�� ú � @�4�UX;�]^RS;�7',^1�L.7',.- �"!$#ML'1�8)9�46U.7� ú � L'8�-?PQ<�-�U.3%BF1�L.7',.-%� !&# L'1�8)9�46U.7

�



É�463%,�L'463%7'1�8�3%46UJ@�-[7',.1�< r ,.7�1�L.46=:4F;�R r RS7'46528\-?=>1�U.467'1�8b_¤+�,.-Zo6�'7'8b46U.=OL'1�8)9³8�-?N.8\-?=>-?UX7'4�7'RS1�U�RT=
<�=O-?;D@�-?3%46<�=>-n1�L�RS7'=[;�RS8�-�3%7�3%1�U.U.-?3%7'RS1�Ud7'1J7',.-�;�RT=O3%8�-?-?7'�'7'RS9�-^=>NX-?-?3%,D1�<�7'N.<�7b_[+�,.-�on/Q4�8)RS46@�5S-
3%46U^@�-l]^8)RS7'7'-?U

önî �('*) 

]^,.-�8�- + î ��� ì

+�,.-Z;�RT=O3%8�-?-?7'�'7'RS9�-[1�<�7'NX<�7Q1�LQ7',.-Z;�R r RS7'465�8�-?=O1�U.467'1�8�RT= r RS/2-�U�@�B, ú ë*-2ðFí�î ý ú".�ú ë*-2ðFí�/ ÿ ú , ú ë*-2ð þ ðFí0/ � ú , ú ë*-2ð þ�� ðFí
+�,.-�=>R r U.RS��3%4�UX3%-n1�L�7',.-�o6�'7'8)4�UX=>L'1�8)9­1�L�7',.-�7'8b46U.=OL'-?8�L'<�U.3%7'RS1�UdRT=[7',.467�RS7�,X4�=[4Ö�£=>469�N.5S-?;��

RS9�N.<�5S=>-F8\-?=>N.1�UX=>-lRS;�-?U.7'RS3%465W7'104l3%1�8)8�-?=ON.1�U.;�RSU r 46U.465S1 r 8�-�=>1�U.467'1�8�467Q=>469�N.5SRSU r 7'RS9�-?= -2ð _
1 à�ã32uà�4�æ65Mæ�Þ`ã87cã 9�à�Þ`à�:;:
æ�:
E'L�7',X-Y7'8)46U.=>L'-�8�L'<�U.3%7'RS1�U�3%46Ud@�-n9�1�;�-?5S5T-�;i<�=ORTU r 1�U.5SBJN.1�5S-?=OI�7',X-?U�k�5S4�UX4 r 46U �'���6¼2����=>,X1�]�-�;
7',X4�7�7',X-nL'1�8)9�4�UX7�L'8�-?PQ<�-�U.3%RS-?=l46U.;A@�46U.;�]^RT;�7',.=[468�-n=><�L���3%RS-?UX7M7'1�;�-?7'-?8)9�RSU.-n7',X-n=>,.46N.-04�UX;
469�N.5SRS7'<�;�-?=�1�LW7',.-KL'8�-?PQ<�-�U.3%BZ8�-?=>NX1�U.=>-:3%<�8b/Q-�]^,.-?UF7',.-K;�R r RS7'46568�-?=O1�U.467'1�8b=X4�8\-�3%4�=O3%46;�-�;s_�+�,XRT=
]^1�8)��=Z��U.-lL'1�8:/21�]^-?5S=�46U.;�=O1�U.1�8)46U.7'=>I�@�<�7XU.1�7.L'1�8:L'8bRS3%467'RS/2-�=`_�+�,.RS=�RS=c7'8)<�-Z@�-?3%46<�=>-F463%3%<�8b467'-
9�1�;�-?5S5SRSU r 1�L�7',X-F/21�3%465.7'8)463%7�L'1�8�L'8)RS3%467'RS/2-?=[8�-?PQ<�RT8\-?=ZRTUX7'8�1�;�<�3%7'RS1�U�1�LKo�-�8�1�=ZRTUX7'1J7',.-F7'8)46U.=>L'-�8
L'<�U.3%7'RS1�U�_�+�,X-?=>-[o�-�8�1�=�3%1�8)8�-?=ON.1�U.;d7'1�L'8\-?P2<�-?UX3%RT-�=�467.]^,.RS3%,�4�U�RSU.��U.RS7'-l463%1�<�=>7'RS3ZRT9�NX-?;�4�UX3%-
RS=:=>-?-�UJ5S1�1���RSU r @�463%��]^4�8\;�=:L'8�1�9h7',.-�L'8)RS3%467'RS/2-[U.1�RS=>-l=O1�<�8�3%-u_=<�-?8�1�=�RSU.=O-?8)72UX1�7'3%,.-?=�46U.;J46L�L'-?3%7
7',X-c469�N.5SRS7'<�;�-?=�1�L.L'1�8)9�46U.7'=`_u+�,.-ZU.1�7'3%,.-?=:468�-ZU.1�72NX-?8�3%-?N.7'<�465S5SBJRS9�N.1�8)7'46U.7'I6@�<�7X7',.-ZL'1�8b9�46U.7
469�N.5SRS7'<�;�-?=?>�@;AQN.-?8\3%-?N.7'<�465T5SBFRS9�N.1�8)7'46U.7b_�E'U�7',.-�3%46=>-:o6-?8�1�=�468�-MUX-?3%-?=>=O468bB%Ia7',.-�L'8�-�P2<�-?U.3%RS-?=X4�UX;
@�46U.;�]^RS;�7',.=Z1�L�7',.-FL'1�8)9�4�UX7'=l468�-�U.1�7�=O<�L���3%RT-�U.7�7'1�;�-?;�<�3%-F7',.-�4�9�NX5TRS7'<�;�-?=l1�L�7',X-FL'1�8b9�46U.7'=
46U.;�IQ,.-?U.3%-�I27',.-F1�/Q-?8)465S5�L'1�8)9§1�L�7',.-Y7'8)46U.=OL'-?8�L'<�U.3%7'RS1�U�_���1�]^-?/Q-?8'I�4^N.468)465T5S-?5�=O3%,.-?9�-�<�=ORSU r
1�UX5TB0N.1�5S-?=M]^1�8)��=:4�=:5S1�U r 4�=:7',.-ZL'1�8)9�46U.72469�N.5SRS7'<�;�-?=M468�-[��U.1�]^U�_

eWRS9�N.5S-[8b<�5S-?=:468�-Z��U.1�]^Um�£�Z5S467'7'I¢���6�6���QL'1�8�3%465S3%<�5S4�7'RSU r 7',.-ZL'1�8b9�46U.7Q469�N.5SRS7'<�;�-?= r RT/Q-?U^7',.-
L'8\-?P2<�-?UX3%RT-�=246U.;F@�46U.;�]^RS;�7',X=.<�U.;�-?8W7',.-K46=>=><�9�N.7'RS1�UF7',.467?o6-?8\1�=.468�-�U.1�7�N.8�-?=O-?U.76RSUF7',.-�7'8)46U.=>L'-�8
L'<�U.3%7'RS1�U�_u+�,.-Z8�-?=><�5S7'RSU r 7'8)46U.=>L'-�8�L'<�UX3%7'RT1�U^RS=�46N.N.8\1�VWRS9�467'-?5SB�7',X-c=O469�-l46=�7',.-Z3%1�8)8�-?=ON.1�U.;�RSU r
3%46=O3%4�;�-d8�-?=ON.1�U.=>-�_´ºm-�4�8\-�L'8�-?-�7'1A<�=>-�-?RS7',.-?8F4dN.468)465T5S-?5s1�8Y4d3%46=>3%46;�-�3%1�U.� r <�8)467'RT1�UA1�L[4
L'1�8)9�46U.7K=>B�U.7',.-�=>RSo6-?8b_:e�RTUX3%-Y1�<�8 r 1�4�5XRT=[7'1^9�1�;�-�5.U.1�U.�'U.46=O4�5SRSo6-?;d/21�]^-?5S=Z1�U.5SB%I2]^-�9�46BJ<�=>-
-�RT7',X-?8b_��^1�]^-?/2-�8'I�1�Um7',.-^-?VWN.-�3%7'4�7'RS1�UA7',.467�]^-^]�RS5S5�-?/Q-?U.7'<�465S5TBd]^46U.7M7'1d9�1�;�-?5�/Q1�3%465�7'8)4�3%7
3%1�UX� r <�8)467'RS1�U.=�,.46/2RSU r o6-?8�1�=KRSUn7',.-:7'8b46U.=OL'-?8.L'<�U.3%7'RS1�U.Ia]^-�]^RT5S5�<�=O-�7',.-:N.468)4�5S5S-?5�3%1�U.� r <�8)467'RS1�U
RSU.=O7'-?46;J46=:RT7 r RS/2-�=�<�=�9�1�8�-lé�-?V�RT@�RS5SRS7'B�_

�



BZåcæDC�Ý=7�Þ(2uæ
H�=>RS9�N.5SRS��-�;�;�RS=>3%8�-�-?7'�'7'RS9�-F-?VWN.8\-?=>=ORT1�U^L'1�8�7',.- r 5S1�7'7'465�=>1�<�8�3%-ZRS= r RS/Q-?UJ@�BE ë*-�í î ü�0F �qþ ����� ë � -HG3I ü í�J �LK - K I üî ����� ë � ë*- þ I ü íMG � I � í I ü K - K I ü /NI �î � 1�7',.-?8)]^RS=>-

+�,.RS=�-?VWN.8\-?=>=ORT1�U0RT=K1�U.5SBl46U�4�NXN.8�1�VWRS9�467'RS1�Un]^,.RS3%,Y;�1�-?=�U.1�7�3%46N.7'<�8�-M7',X-�3%1�9�N.5S-?VWRS7'B�1�LW7',.-
r 5S1�7'7'465%=>1�<�8�3%-KRSUlU.467'<�8)4�5%=ON.-?-?3%,�_�k�1�8�-?VW469�N.5S-?I%7',X-�L'<�U.;�469�-?U.7'465%L'8�-?PQ<�-?U.3%BÂ�£]^,.RS3%,lRS=QRS9�N.5SRT3%RS7
RSUA7',.-n3%,X1�RT3%-�=Y1�L I ü 46U.; I � �M<�U.;�-?8 r 1�9�RTUX<�7'-^8)46U.;�1�9­é�<�3%7'<�467'RS1�U.=`_±H�U.1�7',.-?8�;�-?NX4�8)7'<�8�-
L'8\1�9­=>RS9�N.5SRS3%RT7'BARS=l7',X-FN.8�-?=O-?U.3%-n1�L�7'8)463%,.-?465.N.1�5S-?=[46U.;Do6-?8�1�=n�£4n=>RS9�N.5SRS��-?;¬7'1�1�5�L'1�8�;�-?465SRSU r
]^RS7',D7',.-�U.1�U.5SRSU.-?468:RSU.7'-?8)463%7'RT1�UX=l@�-?7']^-?-?Ud7',.-�7'8)4�3%,X-?465�46U.;mN.,.468)B�U r -?465�3%4�/QRS7'RS-?=>�b_qH�U.1�7',.-?8
RS=�7',.-n46=>NXRT8)467'RS1�U¬U.1�RS=O-�]^,.RS3%,A463%3%1�9�N.46U.RS-?=J¨�@�8�-?467',.B�¨�/Q1�RT3%-�I�3%1�9�9�1�U¬7'1d@�1�7',D9�465S-?=�4�UX;
L'-�9�4�5S-?=:46U.;J=O-?8)/2-�=�7'1Y]^RS;�-?U^7',.-���8)=>7QL'1�8b9�46U.7Q46U.;J=O7'-?-?N.-�U�7',X-�8�1�5S-?�'1�L�LX1�L.7',.- r 5S1�7'7'465�=>R r U.465
RSUd7',.-FL'8�-?PQ<�-?U.3%B�;�1�9�46RSU�_�HYUX1�7',.-?8�RS=l7',.-FNX8�-?=>-�U.3%-n1�L�;�RSN.5S1�N.,.1�UXRT46I.40L'1�8b9§4n46N.-?8)RS1�;�RT3%RS7'B
RSUd7',.- r 5S1�7'7'465.=>1�<�8�3%-�]^,.RS3%,�1�3%3%<�8)=Z]�,X-?U�N.<�5S=>-?=[4�8\-F4�7'7'-�U.<�4�7'-�;�1�8�-?U.7'RS8�-?5SB�1�9�RT7'7'-�;s_��Z5S4�7'7
46U.;d�Z5S4�7'7c�'���6�6�6��;�RS=>3%<�=O=l465S5�1�LK7',.-?=O-F-?L�L'-?3%7'=[46U.;D1�7',.-?8)=OI�4�UX;D=>-?8)/Q-Y7'1qf�<�=>7'RSL'B�1�<�8M3%,.1�RS3%-�1�L
7',X-ce�-?U.=ORT9�-�7'8bRS3%=:L'1�8)9�4�UX72=OB�U.7',.-?=ORTo6-?8��£@�46=>-?;�1�U�7',X-��Z5T467'7'�6�l=OB�U.7',.-?=ORSo�-�8b�X]�,XRT3%,09�4�B04�5S5S1�]
<�=�7'1n9�1�;�-?5�7',.-?=O-c-�L�L'-?3%7'=�RSU^L'<�7'<�8�-Z=>RS9�<�5T467'RS1�U.=?_

BZåcæDO�à�4Xç
à�â�ç
Ý¤á 1 åcà�Þ`à�2?â%æ�Þ>ç
ãOâ\ç;2
E'U^1�8�;�-?8K7'1Y3%465S3%<�5S4�7'-Z7',.-sN.8�-?=O=><�8�-l]^46/Q-QP ë*-2ðFí L'468�L'8�1�9³7',X-�5SRTNX=>IWRS7QRS=MU.-�3%-?=>=O4�8)B�7'1Y��UX1�]�7',.-
463%1�<�=>7'RS3ZRS9�N.-?;�46U.3%-F467�7',.-l5SRSN.=`_��^1�]^-?/Q-?8'IW46UJ46N.NX8�1�VWRS9�467'RS1�U�1�LHP ë*-2ðFí 3%46U�@�-F1�@�7'46RTUX-?;�@�B
7'46��RSU r 7',X-c��8)=>7Q;�RSL�L'-?8�-�U.3%-l1�LQ7',.-Z5SRTN�/Q1�5S<�9�-c/Q-?5S1�3%RS7'B�_¤E'UJ7',.-�;�RS=>3%8\-?-?7'�'7'RS9�-F8�-?N.8\-?=>-?UX7'4�7'RS1�U.IP ë*-2ðFí�îSR¢ë*-2ðFí þ R¢ë*-2ð þ ðFí(T
�^1�]^-?/Q-?8'I�7',.RS=n-?V�N.8�-?=O=>RS1�U´RS=nU.1�7�463%3%<�8)467'-J-?U.1�< r ,ÊL'1�8Y,.R r ,ÊP2<�465SRT7'BA=ON.-?-?3%,´46U.;´9�<�=>7s@�-
9�1�;�RS��-?;d@�B�9�1�;�-?5S5S-?;d1�8M9�-�4�=O<�8�-?;�8)46;�RS467'RS/2-[RS9�N.-?;�46U.3%-?=Z46U.;�RS=�RS9�N.5S-?9�-?U.7'-?;d<�=>RSU r 1�U.-
1�8X9�1�8�-M;�R r RS7'465�8\-?=>1�U.467'1�8)=�=><�3%,�4�=�7',.1�=O-�L'1�<�U.;YRSU�7',.-�L'1�8)9�46U.7W=OB�U.7',.-?=ORTo6-?8X;�RS=O3%<�=O=>-?;04�@�1�/Q-u_

H�U.1�7',.-?8.46N.NX8�1�463%,JRS=�7'1YL'1�5S;�7',.-Z8b46;�RS467'RT/Q-ZRS9�N.-?;�46U.3%-ZRTUX7'1Y7',.-s/21�3%465W7'8)463%7Q7'8b46U.=OL'-?8�L'<�U.3%�
7'RS1�U�_0+�,.RS=[RT=F7',X-n46N.N.8�1�463%,A7'46��-?UD@�Bd7',.-YgA46-?;�4^=>B�U.7',X-?=>RSo6-?8b_0+�,.-?8�-�L'1�8�-?I.7',.-0L'1�8b9�46U.7�L'8\-?�
PQ<�-?U.3%RS-?=:46U.;�469�N.5SRT7'<�;�-?=Z3%1�9�N.<�7'-?;d@�B^7',.-lgA46-?;�4F=>B�U.7',X-?=>RSo6-?8:4�5S8�-�4�;�B^7'46��-F7',.-l8)46;�RS4�7'RS1�U
3%,X4�8)463%7'-?8)RS=>7'RS3�RSU.7'1�463%3%1�<�UX7b_�HY=:RS727'<�8)U.=�1�<�7'I?7',.-Ze�-?U.=>RS9�-?7'8)RS3%=:L'1�8b9�46U.7Q=>B�UX7',.-?=>RSo6-?8�;�1�-?=�U.1�7
NX8�1�/2RS;�-l4[]^4�B07'1Y463%3%1�<�U.7Q;�RS8�-�3%7'5TB0L'1�8�7',.-Z8b46;�RS467'RT1�U�_

�



U 2uÝ=7cãOâ�ç;2V:
Ý�ã?ã
gA46-?;�4 �'���6�6���Z;�-?=O3%8bRS@�-?=�46U�465 r 1�8)RT7',X9 7'1¬3%465S3%<�5S4�7'-d7',.-�L'8�-�P2<�-?U.3%BÊ8�-?=ON.1�U.=>-d1�Ll7',X-�/21�3%465
7'8)463%7:]�,X-?U�5S1�=O=YRS=F7'46��-?UDRSU.7'1d463%3%1�<�UX7b_0E'UD4J5S1�=>=O5S-?=>=�9�1�;�-?5SI�NX-?46�D469�N.5SRT7'<�;�-?=F468�-nRSU.��U.RS7'-
46U.;t@�46U.;�]^RS;�7',X=�468�-Ao6-?8�1�_µ�^1�]�-�/2-?8'IZ]^,.-?U¡5S1�=>=O-?=�468�-D3%1�U.=ORT;�-?8\-?;�Il7',.-DL'1�8)9�46U.7FN.-�4���=
468�-^@�8�1�46;�-?U.-�;i46U.;A,.46/Q-n��U.RS7'-n469�N.5SRS7'<�;�-u_±H�5T=O1�I�7',.-n469�N.5SRS7'<�;�-?=F468�-^U.1�7�465S5�1�L:7',.-n=O469�-
9�4 r U.RS7'<�;�-u_:E'7�RS=l;�-?=ORS8b46@�5S-�7',.467.7',.-FCFE'G�H«/21�3%465Q7'8)4�3%7K9�1�;�-?52RSU.3%5S<�;�-Y5S1�=O=>-?=Z7'1^RSU.3%8�-?46=>-�7',.-
8\-?465TRS=O9 1�LQ7',.-Z/Q1�]�-�5W=>1�<�U.;�=?_

gA1�=>7Q=>3%RS-?U.7'RS=O7'=M468�-�9�1�8\-cL'469�RS5SRS4�8�]^RS7',n-?5S-?3%7'8)RS3%465�7'8)4�UX=>9�RS=>=ORT1�U^5SRSU.-Z7',.-?1�8)BF7',.46Un]^RS7',n7',.-
7',X-?1�8)BF1�L�4�3%1�<�=O7'RT3%=?_¤+�,X-?8�-?L'1�8�-�I?9�46U.BFN.8�-?=O-?U.7'467'RS1�U.=�1�L�7',X-�7',.-?1�8)BF1�L�7',.-:463%1�<�=O7'RS3%=�1�L�=>N.-?-�3%,
<�=O-�7',.-:-?5S-?3%7'8)RT3%465�4�UX4�5S1 r 46=�4Z=O7'4�8)7'RSU r N.1�RSU.7��£k�46U.7'IW�%�2���6I¤¨TN.4 r -?=��2�%�'�6�2¨��b_�E'U07',.RS=�L'1�8)9�<�5T467'RS1�U.I
7',X-c+�-?5S- r 8)46N.,.-?8W� =�-?PQ<�467'RS1�U.=�468�-[��8)=O7.N.8�-?=O-?U.7'-?;M_u+�,X-l+W-�5T- r 8b46N.,X-?8¤� =:-?PQ<�467'RS1�U.=�468�-[7',.-Z-?5S-?3%�
7'8)RS3%465�7'8b46U.=O9�RS=>=>RS1�UD5SRSU.-�46U.465T1 r 1�L�7',.-F�^1�8)U�-?PQ<�467'RT1�UX=�]^,.RS3%,�;�-?=O3%8bRS@�-n7',X-FN.8�1�N.4 r 467'RS1�UD1�L
=O1�<�U.;�]^46/Q-?=�RSU�=>N.463%-u_�E'U�1�U.-l;�RS9�-?U.=ORS1�U.465.N.8�1�N.4 r 467'RS1�U.IQ7',.-l+�-?5S- r 8)4�NX,.-?8W� =Z-?PQ<�467'RT1�UX=M468�-
r RS/Q-?U^@�B WYXW . î þ[Z]\W ZW . î þ X_^]^,.-�8�-

X
RS=�7',.-�/Q1�5S7'4 r -�4�UX;`ZKRS=�7',X-�3%<�8)8�-?U.7?46=�4�L'<�U.3%7'RS1�UF1�L6N.1�=>RS7'RS1�U . 465S1�U r 7',.-�7'8)46U.=>9�RS=>=ORS1�U

5SRSU.-u_a\�I�7',.-l3%1�9�NX5T-�VnRS9�N.-?;�46U.3%-lN.-�8M<�U.RS7Q5T-�U r 7',.IW46U.; ^ IW7',X-l3%1�9�N.5S-?Vn46;�9�RS7'7'46U.3%-lN.-�8�<�UXRT7
5S-?U r 7',.I64�8\-cL'1�<�U.;^7'1n@�-ZL'8�-�P2<�-?U.3%B�;�-?N.-?UX;�-�U.7�46U.;J468�- r RT/Q-?U^@�B\ î�òb/dc +ae^

îSfg/hc + �
]^,.-�8�- ò RS=M7',.-Z=O-?8)RT-�=M8�-�=>RS=>7'46U.3%-[N.-?8�<�U.RS725S-?U r 7',.I e RS=M7',.-Z=O-?8)RT-�=MRSU.;�<�3%7'46U.3%-ZN.-?8�<�U.RS725S-?U r 7',.If RS=l7',.-�N.468)465T5S-?5K3%1�U.;�<�3%7'4�UX3%-FN.-?8Z<�U.RS7�5S-?U r 7',.IX4�UX;i��RS=F7',.-YNX4�8)465S5S-?5�3%4�NX4�3%RS7'46U.3%-nNX-?8Z<�UXRT7
5S-?U r 7',.I246U.; c�îkj þc�W_s+�,.-F7'-?5S- r 8)46N.,.-?8W� =l-?PQ<�467'RT1�UX=M3%46Ud@�-Y3%1�9�@�RSU.-?;m7'1JB�RS-?5S;D7',.-�=>-?3%1�UX;
1�8\;�-�8�]�46/Q-l-?PQ<�467'RT1�U^]^,.RS3%,J3%46U^@�-F=>1�5S/Q-?;�7'1n1�@�7'46RSUJ7',.-Z8)R r ,.7']^468�;�46U.;�5S-?L'7']^4�8\;�7'8)46/2-�5TRSU r
]^46/Q-?=M3%1�8)8�-�=>N.1�U.;�RSU r -�RT7',X-?8�7'1�7',.-Z/21�5S7'4 r -Z]^4�/Q-Z1�8�7'1n7',X-�3%<�8b8\-?U.7Q]�46/Q-u_

+�,.-l3%1�8)8�-�=>N.1�U.;�RSU r ��1�8)U�-?P2<�467'RS1�U.=:,.1�5S;�]^,.-?8\- ê �£NX8�-?=>=O<�8�-?��3%1�8)8�-�=>N.1�U.;�=Z7'1
X
46U.;¡ó

�£/Q1�5S<�9�-M/Q-?5S1�3%RS7'B���3%1�8b8\-?=>N.1�UX;�=�7'1%Zu_�E'U�46;�;�RS7'RS1�U.I%7',.-?8\-�4�8\-M;�-?��U.-?;�3%1�9�N.5S-?VZRS9�N.-?;�46U.3%-:4�UX;
3%1�9�NX5T-�V�4�;�9�RS7'7'46U.3%-n]^,.RS3%,A468�-nL'<�U.3%7'RS1�U.=l1�L:7',.- r -�1�9�-?7'8)B�1�L�7',.-0-?U.3%5S1�=><�8�-^RSUD]^,.RS3%,D7',.-
=O1�<�U.;�N.8�1�N.4 r 467'-?=Z46U.;�7',.-[4�3%1�<�=O7'RT3%465QN.8�1�N.-�8b7'RS-?=Z1�L�7',.-[9�-?;�RT42_¢+�,.-?=>-F7'-�8b9�=s4�8\-lRS9�N.1�8)7'46U.7
@�-�3%4�<�=O-JL'8�-?PQ<�-?U.3%B��';�-?N.-�U.;�-?U.7�5S1�=>=O-?=n463%3%1�<�U.7ML'1�8F/Q468)RT467'RS1�U.=�RSU¬7',.-^=>,X4�NX-J1�L�7',.-^7'8)46U.=>L'-�8
L'<�U.3%7'RS1�U^]^,.RS3%,^4�8\-cNX-?8�3%-?N.7'<�465S5SB�RS9�N.1�8)7'46U.7b_

���



+�,.-Z3%1�9�N.5S-?V�4�3%1�<�=O7'RT3:RS9�N.-?;�46U.3%-l9�46Bn@�-[]^8bRS7'7'-?U��£p:46@�RTUX-?8�¶Êe�3%,.46L'-?8'Iu���2�����b²\ ë .�l + íKî ï:ë . íF ý�m ë . í�J �Hn +po�q G � /dc + o
ýQm ë . í

46U.;�7',.-Z463%1�<�=O7'RS3M46;�9�RS7'7'4�UX3%-l9�46BY@�-[]^8bRS7'7'-?U^
ë .Hl + í�î ï:ë . í)ë*r þ¬� ío � � s t +� �8u o /hc + ýQm ë . ío � �

]^,.-�8�-

. î N.1�=>RS7'RS1�UJ465S1�U r 7',X-�;�RT8\-?3%7'RS1�UJ1�L.N.8\1�N.4 r 4�7'RS1�U
ïMë . í�î 3%RS8�3%<�9�L'-?8\-?U.3%-l1�LX7',.-Z7'<�@�-+ î ��� ì ]^,.-?8\- ì�î L'8�-?PQ<�-�U.3%B� î /Q-?5S1�3%RS7'Bn1�L.=>1�<�U.;
ýQm ë . í�î U.1�9�RSU.465�4�8\-?4�8u î =ON.-?3%RS��3�,.-?467��£4�7Q3%1�U.=O7'4�UX72N.8\-?=>=O<�8\-?��(v î =ON.-?3%RS��3c,X-?467��£4�7X3%1�U.=>7'46U.7Q/21�5S<�9�-?�q î 3%1�-?L���3%RS-?UX721�L.L'8)RS3%7'RS1�Uo î ;�-�U.=>RS7'B�1�L.46RT8
t î 3%1�-�L���3%RS-?U.7Q1�L.,.-?467�3%1�U.;�<�3%7'RS1�Ur�î �8u G �(v

1 Ý¤ßxwy7�â
à�â\ç
Ý¤á Ý=z�â�åcæVz?Ý�ÞOß à�á�âyzOÞ`æ�{|7cæ�áy2?ç
æ�ã�à�áQ4¬à�ßNwy:�ç�â;7Q4�æ�ã
H U.<�9�@�-?8l1�L:9�-?7',.1�;�=F-?V�RT=O7�L'1�8l3%465S3%<�5S4�7'RSU r 7',.-nL'1�8)9�46U.7'=Y3%1�8)8�-�=>N.1�U.;�RSU r 7'1d4J/Q1�3%465�7'8)4�3%7
3%1�UX� r <�8)467'RS1�U´4�=0=>N.-?3%RS��-?;tRSU´7'-?8)9�=^1�LlRS7'=^4�8\-?4�L'<�U.3%7'RS1�U�_ HYUÊ468�-?4DL'<�U.3%7'RS1�U¬RS=�7',.-J3%8�1�=O=
=O-?3%7'RS1�U.465�4�8\-?4n1�L�7',X-Y/Q1�3%465.7'8)4�3%7K46=l4nL'<�U.3%7'RS1�U�1�L�;�RS=>7'46U.3%-�L'8�1�9­7',.- r 5S1�7'7'RS=`_qeWRSU.3%-�RSU�=O1�9�-
9�1�;�-?5S=F7',.-0N.1�=>RS7'RS1�UA1�L�7',.- r 5S1�7'7'RS=FRT=FUX1�7���VW-?;m]�RS7',A8�-?=ON.-?3%7:7'1�7',.-�=>��<�5S5��£=>-�-�L'1�8Z-?V�469�N.5S-
gA46-?;�46IM�%�6�6�6�'I.7',.-nNX1�=>RS7'RS1�Ui;�RS9�-?U.=ORS1�UD1�LM7',X-Y468�-?4^L'<�U.3%7'RS1�UDRS=F=>1�9�-�7'RT9�-�=F9�-?46=><�8�-?;Ê]�RS7',
8\-?=>N.-�3%7.7'1n7',.-�<�N.NX-?8�7'-?-?7',�_

E'U´7',.-d=>RS9�N.5S-?=O7F3%1�9�N.<�7'4�7'RS1�U.465�9�1�;�-?5S=��£p:4�@�RSU.-�8Ö¶ªe�3%,.46L'-?8'IÂ���2�%�6�'I:7',.-�/Q1�3%4�5s7'8b463%7[RT=
46N.NX8�1�VWRS9�467'-?;d]�RS7',�4F3%46=>3%46;�-F1�L�5S1�=>=>5S-?=O=l<�U.RSL'1�8)9³3%B�5SRSU.;�8bRS3%465.7'<�@�-?=�]^,.RS3%,�N.8�1�/QRT;�-?=Z4F@�-?=O7

�6�



��7K7'1�7',X-Y468�-?4�L'<�U.3%7'RS1�U�_sÉ�463%,�7'<�@�-FRS=l7'8�-�4�7'-�;�46=Z4n7']^1��'N.1�8)7�U.-?7']^1�8)��_sG�468)RS1�<�=ZL'1�8)9�465SRT=O9�=
,X4�/Q-�@�-?-�Un46N.N.5SRS-?;�7'1Y7',X-�N.8�1�@�5S-?9³1�LQ3%,.468)463%7'-?8)RTo6RSU r -?463%,n7']^1��'N.1�8)72=O<�3%,�46=�<�=>RSU r 8�-?é�-?3%7'RS1�U
46U.;A7'8)46U.=>9�RS=O=>RS1�UA3%1�-?L���3%RS-?U.7'=OI�=O3%467'7'-?8)RTU r N.468)469�-?7'-?8)=>I�1�8ZRS9�N.-?;�46U.3%-?=?_^E'UD5SRSU.-?468Z7']^1��'N.1�8)7
UX-?7']^1�8b�m7',.-?1�8)B%I�RS7�RS=n465S]^4�B�=0N.1�=>=ORT@�5S-�7'1D3%1�UX/2-?8)7:@�-?7']^-?-?UÊ4�UXB�1�L�7',X-?=>-�L'1�8b9�465SRS=>9�=^46U.;�I
7',X-?8�-?L'1�8�-�I?7',.-Z3%,.1�RS3%-l1�LQL'1�8)9�4�5SRS=>9hRS=:N.468b7'5SBn4[9�467'7'-?8�1�LQ7'46=>7'-Z46U.;J3%1�U./Q-?U.RS-?UX3%-Â�£k�46U.7'I2�%�2���6�b_
+�,.-Z9�1�=O7.]^RT;�-?5SBn<�=O-?;JL'1�8)9�465SRT=O9hL'1�8�5T1�=O=>5S-?=O=�U.-?7']^1�8)��=MRS=:@�46=>-?;�1�U�8\-?é�-?3%7'RS1�U�3%1�-�L���3%RS-?U.7'=`_

E'U r -?U.-?8)465SI�7',.-d7'8b46U.=OL'-?8nL'<�U.3%7'RS1�U´RS=J3%1�U.=O7'8)<�3%7'-�;�L'8�1�9 7',X-?=>-�7']^1��'N.1�8)7'=J7'1Ê1�@�7'46RTU¡7',.-
PQ<�1�7'RS-?U.7.1�LKN.1�5SB�U.1�9�RS4�5S=[]�,XRT3%,�9�46B�7',.-?UJ@�-�=>1�5S/Q-?;dL'1�8�7',.-l9�46V�RT9�401�8M9�46BJ@�-�-?/Q465T<�467'-?;
467Q7',.-�L'8�-�P2<�-?U.3%RS-?=K1�L2RSU.7'-�8�-?=>7��£p:4�@�RSU.-�8�¶�eW3%,.46L'-?8'Iu���2���6�b_�¿Y=ORSU r 4[N.-?46���';�-?7'-?3%7'RS1�U^465 r 1�8)RS7',.9�I
RS7�RS=ZN.1�=>=ORT@�5S-n7'1^��U.;�7',.-[N.-?46��=>IQ@�46U.;�]^RT;�7',.=OI�46U.;�469�N.5SRT7'<�;�-?=Z1�L�7',.-lL'1�8)9�46U.7'=?_�+�,.-�=>-F9�46B
7',X-?UJ@�-F<�=>-�;�@�B�4YL'1�8)9�46U.7�=>B�U.7',X-?=>RSo6-?8:7'1�=OB�U.7',.-?=ORSo�-F;�R r RS7'RSo�-�;D=>N.-�-?3%,�46=�;�-?=>3%8)RS@�-?;DRSU�7',.-
NX8�-?3%-?;�RSU r =O-?3%7'RS1�U�_

U Þ>â�ç*2�7y:
à�â
Ý¤Þ>äDãOä�á�â�åcæ�ãOç
ã
H�8)7'RS3%<�5S467'1�8)B�=OB�U.7',.-?=ORS=FRT=F=ON.-?-?3%,Ê=>B�U.7',X-?=>RS=FRSUD]^,.RS3%,A7',.-nRSU.N.<�7�7'1d7',.-n=>B�UX7',.-?=>RSo6-?8[RT=F4^=O-?7
1�L�468)7'RS3%<�5T467'1�8�NX1�=>RS7'RS1�U.=lRSU.=O7'-?46;D1�L�7',.-�=>7'46U.;�468�;�L'1�8)9�46U.7'=[1�8'I2N.1�=O=>RS@�5SB%I�7',.-F468�-�4�L'<�U.3%7'RS1�U.=?_
+�,.RS=Z9�-?7',.1�;dN.8�-�=><�9�-?=l7',X4�7�4�9�1�;�-?5.1�L�7',X-F/21�3%465Q7'8b463%7K-?VWRS=>7'=ZRSU�]^,.RS3%,�468)7'RS3%<�5T467'1�8)=Z;�-?��U.-
7',X-F=>,.46N.-F1�LK7',.-F/21�3%465Q7'8)4�3%7b_�HY8)7'RS3%<�5S4�7'1�8)B�=>B�U.7',.-�=>RSo6-?8)=c9�46B�4�=O=><�9�-F7',.467�7'8)<�-[468b7'RS3%<�5S467'1�8b=
;�-?��U.-s7',.-Z/21�3%465W7'8)463%7Q1�8�7',.467Q=>,.46N.-ZL'463%7'1�8)=M;�-?8)RS/2-�;JL'8�1�9ª4lL'463%7'1�8�46U.465SB�=>RS=M;�-?��U.-s7',.-�=>,X4�NX-
1�L�7',.-[/21�3%465�7'8)463%7b_KeW,X4�NX-lL'463%7'1�8M46U.465SB�=>RS=�RS=�;�-?��U.-�;�4�UX;J;�RS=>3%<�=>=O-?;DRSUJ;�-?7'46RS52@�-�5T1�]n_�k�1�8:7',.-
NX8�-?=>-�U.7�;�RS=O3%<�=O=>RS1�U.I�468)7'RS3%<�5S467'1�8)Bn=>B�UX7',.-?=>RS=�9�46B^@�-F@�46=>-?;�1�U�-?RS7',.-?8�N.,XB�=>RS3%465.468b7'RS3%<�5S467'1�8b=s1�8
1�U^=O,.46N.-lL'463%7'1�8)=`_

E'U´468)7'RT3%<�5S467'1�8)B¬=>B�UX7',.-?=>RS=OI�7',.-�=>,X4�NX-�1�LZ7',.-�/Q1�3%465�7'8)4�3%7ZRS=^=>N.-�3%RT��-?;�RTU¡7'-?8)9�=^1�LZ4�=O-?7
1�LZ468)7'RS3%<�5S467'1�8�/2465S<�-?=Y1�8�N.468)469�-?7'-?8)=Ö�£1�8�=>,.46N.-�L'463%7'1�8�/2465S<�-?=>�b_Ê+�,.RS=n=O-?7Z1�LZN.468b469�-?7'-�8b=0RT=
7'8)46U.=OL'1�8b9�-�;�RTUX7'1Y46U^468�-?4lL'<�U.3%7'RS1�U�_¤©�U.-Z1�L.7',.-Z7'-?3%,.UXRTPQ<�-?=�;�RS=>3%<�=O=>-?;�46@�1�/Q-lRS=M7',X-?Un<�=>-?;�7'1
3%1�9�NX<�7'-[7',.-Z;�R r RS7'RSo6-?;�=>NX-?-?3%,^=>469�N.5S-?=?_

H�8b7'RS3%<�5S467'1�8bB0=>B�U.7',.-�=>RSo6-?8)=�468�-FRS9�N.1�8)7'4�UX7.RSU�7',.-l=O7'<�;�Bn1�L�=ON.-?-?3%,�N.8\1�;�<�3%7'RS1�U�L'1�8�=>-�/2-?8)465
8\-?46=>1�U.=Ö�£p:<�@�RSU¬-?7Z465®_ Il�����2���b_Ê+�,.-?Bm4�5S5S1�]Ë;�-?7'46RS5S-?;´=>7'<�;�BA1�Lc7',X-J8�1�5S-�1�LZ468b7'RS3%<�5S467'1�8b=04�UX;
7',X-?RS8c-�L�L'-?3%7'=F1�Ud7',.-n463%1�<�=>7'RS3FN.8�1�NX-?8)7'RT-�=F1�L�=>N.-?-�3%,i46U.;m7',.-?B�465S5T1�]h7',.-0=>7'<�;�B�1�L�9�1�;�-�5T=[1�L
3%1�468)7'RS3%<�5T467'RS1�U^46U.;J3%1�9�N.-�U.=>467'RS1�U�_

���



C|wcæ�2�ç;}y2 U wyw�Þ`Ý�à�2?åcæ�ã
+�,.-[L'1�5S5T1�]^RSU r @�4�=ORS3c46N.NX8�1�463%,�7'1n=OB�U.7',.-?=ORSo�RSU r 7',.-[;�R r RS7'RSo6-?;d=>N.-?-�3%,�]�46=�<�=O-?;M_�+�,.-F468)7'RS3%<��
5S467'1�8�N.1�=ORS7'RT1�UX=lN.8�-�;�RS3%7'-?;m@�B�7',.-FCFE'G�H«9�1�;�-�5.]^-?8�-�7'8b46U.=OL'1�8)9�-?;DRSU.7'1^gA4�-�;�4�=>,X4�NX-YL'463%7'1�8
�£468)7'RS3%<�5T467'1�8)B��WNX4�8)469�-?7'-?8)=?_�+�,.-�=>-�N.468)469�-?7'-?8)=�4�8\-�7',.-?UF3%1�U./Q-?8)7'-?;�RTUX7'1c46UF468�-?4:L'<�U.3%7'RS1�U�_`+�,XRT=
468�-�4lL'<�U.3%7'RS1�U^RT=:7',.-?U07'8b46U.=OL'1�8)9�-?;�RSU.7'1Y;�R r RS7'RSo�-�;�=>N.-?-�3%,J=>469�N.5S-?=?_

+�,.RS=.5S46=>76=>7'-?N�9�46BZ@�-�;�1�UX-�RSUF4MUX<�9�@�-�821�L6]^46B�=`_�+�,.-?=O-�8�-?465S5SBc@�1�RS5?;�1�]^UF7'1�7',.-�L'1�5S5S1�]^RSU r
7',X8�-?-u²

��CFRS8�-?3%7�=>B�UX7',.-?=>RS=[��+�,XRT=[7'-?3%,.U.RSPQ<�-F<�=O-?=Z4n;�R r RT7'465K��5S7'-?8sRTUd]^,.RS3%,D46N.N.8�1�V�RS9�4�7'-�5TB
�6�c=O7'4 r -?=�N.-�8bL'1�8)9ª4Z=>,.RSL'7�1�N.-?8)467'RS1�U�_¤+�,.RS=�RS=�N.-?8�,X4�NX=�7',.-�=ORS9�N.5S-?=>7.7'1FRS9�N.5S-?9�-�U.7b_

�¡k�1�8)9�4�UX7�=>B�U.7',.-�=>RS=�]^RT7',05T1�=O=>5S-?=O=M9�1�;�-?56�Q+�,XRT=K7'-?3%,.U.RSPQ<�-M<�=>-�=�4Z9�RSU.RS9�<�9ªU.<�9��
@�-?8�1�LQ5S1�=>=O5T-�=>=:7'<�@�-�=�4�UX;�R r U.1�8\-?=M=O1�<�8�3%-Z4�UX;�8)46;�RS4�7'RS/Q-ZRT9�NX-?;�4�UX3%-?=�46U.;^R r UX1�8�-?=
L'1�8)9�4�UX72469�N.5SRS7'<�;�-�=M46U.;�@�4�UX;�]^RS;�7',.=`_

�¡k�1�8)9�4�UX7c=OB�U.7',.-?=ORS=�]^RS7',´5S1�=>=OB´9�1�;�-�5��Z+�,XRT=^7'-?3%,XU.RSP2<�-J8\-?P2<�RS8�-?=07',.467c8\-?465TRS=O7'RT3
/2465S<�-?=Z1�L�7',.-F5S1�=O=>-?=[@�-Y<�=>-�;D46U.;�RSU./Q1�5S/2-�=c409�1�8�-n3%1�9�N.5SRS3%467'-?;A3%1�9�N.<�7'4�7'RS1�U.465
9�1�;�-?5®_�e�RSU.3%-F]^-l,.46/Q-l7',.-F=O1�L'7']�468�-FL'8\1�9×gA46-?;�4F]�,XRT3%,�NX-?8)L'1�8b9�=Z7',.RS=�3%1�9�NX<��
7'467'RT1�UXI?7',.RS=M]^1�<�5S;J=O-?-?9³7'1�@�-Z7',.-Z@�-?=>7.7'-�3%,.U.RSP2<�-u_

+�,.-^;�-?3%RS=>RS1�U´]^46=Y9�46;�-^7'1D<�=>-�L'1�8b9�46U.7:=>B�UX7',.-?=>RS=n@�46=O-?;´1�UA4�5T1�=O=>BA9�1�;�-?5®_d+�,.-?8\-J]^-?8�-
=O-?/Q-?8)4�5s8�-?46=>1�U.=^L'1�8n7',XRT=^;�-?3%RS=>RS1�U�_ k�RS8)=>7'Il7',X-�=>1�L'7']^468�-�7'1Ê;�1¬7',.RS=^]^4�=^465S8�-?46;�B¬46/Q4�RS5S46@�5S-
46U.;´]^46=�N.468b7Z1�L�7',X-JgA46-?;�4�=>1�L'7']^468�-�N.463%��4 r -u_AE'UXRT7'RS465:7'-?=>7'RSU r N.8�1�/Q-?;´7',.467�7',X-�=O1�L'7']^4�8\-
]^1�8)��-?;^46=�-?VWNX-?3%7'-?;�I�7',X1�< r ,�7',.-�3%1�9�NX<�7'467'RS1�UnRS=�=>5S1�][I?-?/Q-?UY1�U04ce�½WH�pM�s�b�%�2_`eW-?3%1�UX;�IaRS7�]^4�=
f�<�; r -?;Y7',X4�7�7',.-�3%1�9�N.<�7'467'RT1�UX4�5a=>RS9�N.5SRS��3%467'RT1�UX=�8�-?=O<�5T7'RSU r L'8�1�9�8\-?9�1�/2RSU r 7',.-�5S1�=>=O�';�-�N.-?U.;�-?U.7
3%465S3%<�5S4�7'RS1�U.=F]^1�<�5S;AU.1�7�=>R r U.RS��3%46U.7'5SBD=>N.-�-?;¬<�ND7',.-03%1�9�N.<�7'4�7'RS1�U.I�@�<�7�]^1�<�5T;�I�9�1�=>7:5SRS��-?5SB%I
;�- r 8)46;�-�7',.-�PQ<�465TRS7'BF1�L�7',.-s8�-?=><�5S7'RSU r =>N.-?-�3%,�_¤+�,XRT8\;�I�=>1�9�-�L'1�8)9ª1�L2L'1�8)9�46U.7�=>B�UX7',.-?=>RS=�]^1�<�5S;
@�-dU.-?3%-�=>=>468)B¬RSU´1�8�;�-?8�7'1AN.8�1�;�<�3%-�=ON.-?-?3%,¡RSU´8�-?465�7'RS9�-?I:7',.<�=n8)<�5TRSU r 1�<�7Z;�RT8\-?3%7l=OB�U.7',.-?=ORT=
465S7'1 r -?7',.-�8b_�CFRS8�-?3%7�=OB�U.7',.-?=ORS=FRT=F7'1�1�=O5S1�]×3%1�9�N.468�-?;Ê7'1�L'1�8)9�4�UX7M=OB�U.7',.-?=ORT=F@�-�3%4�<�=O-n467�5T-�4�=O7
7']^-?UX7'B�=O7'4 r -?=Z]�1�<�5S;d@�-YU.-�3%-?=>=O4�8)B�RTU�4�;�RS8�-?3%7�=OB�U.7',.-?=ORS=c;�R r RS7'465.��5T7'-�8M]^,.RS5S-F��/2-��£1�8:L'-?]^-?8)�
-�L���3%RS-?U.7:;�R r RS7'465M8\-?=>1�U.467'1�8)=��£]^RS7',¬7']^1�=O,.RSL'7�=>7'4 r -?=�N.-?8F8\-?=>1�U.467'1�8)�:]�1�<�5S;¬@�-�=><�L���3%RS-?U.7:L'1�8
L'1�8)9�46U.7Z=>B�UX7',.-?=>RS=?_ÊE'U´46;�;�RS7'RS1�U.I�]^-�465T8\-?46;�BA,.46;´4�/Q-?8)B r 1�1�;�L'1�8)9�46U.7�=OB�U.7',.-?=ORTo6-?8J�£7',.-
e�-?U.=ORT9�-�7'8bRS3%=��Z5S467'7'�6���'@�46=O-?;JL'1�8)9�46U.7.=OB�U.7',.-?=ORTo6-?8)�Q46U.;J]^-Z;�RT;�UX1�72,.46/Q-�46U^RT9�NX5T-�9�-?U.7'467'RS1�U
1�LX4l;�RS8�-?3%7.=OB�U.7',.-?=ORT=:;�R r RT7'465���5S7'-?8b_

°�-?3%46<�=>-:1�LW7',.-:3%1�9�N.<�7'467'RT1�UX4�56-?V�N.-?U.=O-MRSU./Q1�5S/2-�;YRSUn3%465S3%<�5T467'RSU r 7',.-�L'1�8)9�46U.7�L'8�-�P2<�-?U.3%RS-?=OI
RS7KRT=ZU.-�3%-?=>=O4�8)B�7'1�=O469�N.5S-n7',.-F468)7'RT3%<�5S467'1�8MNX1�=>RS7'RS1�U.=Z4�7K4Y8)467'-F=><�L���3%RS-?UX7�7'1�7'8)4�3%�^7',.-F8\-?5S-?/246U.7

���



=O,.46N.-?=�1�LQ7',.-�/Q1�3%465W7'8)463%7b_�©�Un4ZeW½�HYp:���b���6I�RS7Q]^4�=�;�-?7'-�8b9�RSU.-�;�7',X4�7�/Q1�]^-?5WNX8�1�;�<�3%7'RS1�U^3%1�<�5S;
@�-s=>RS9�<�5T467'-?;�46;�-�P2<�467'-?5SBl@�B�=>469�N.5SRSU r 7',.-�468)7'RT3%<�5S467'1�8�N.1�=>RS7'RS1�U.=�-?/Q-?8)B������'�6�Z3%1�U.� r <�8)4�7'RS1�U.=?_
+�,.-[L'1�8)9�4�UX7.L'8�-?PQ<�-?U.3%RS-?=:4�8\-l3%1�9�N.<�7'-?;�467.7',.-�=>-lNX1�RTUX7'=�46U.;JRSU.7'-?8)N.1�5S467'-?;�@�-?7']^-?-�U�_XºA8bR r ,.7
46U.;FÉ�5S5SRS1�7'7X�'���6�6�6��=O,.1�]^-?;F7',.467?RSU.7'-?8)N.1�5S467'RS1�Ul1�L6468)7'RT3%<�5S467'1�8)BcNX4�8)469�-?7'-?8)=.NX8�1�;�<�3%-�;Y<�U.463%3%-?N.7'�
46@�5S-Z=>N.-�-?3%,��£;�<�-Z7'1F5S463%�n1�L2@�46U.;�]^RS;�7',n3%1�U.7'8�1�5S�'I?@�<�7Q=>< r�r -?=>7'-�;J7',.467�/Q1�]�-�5W7'8)46U.=>RS7'RS1�U.=�]^-?8�-
3%,X4�8)463%7'-?8)RSo6-?;�@�B^5TRSU.-�4�8�8\- r RS1�U.=�RSU�7',.-ZL'1�8)9�4�UX7./2-�8b=O<�=�7'RS9�-FN.5S1�7'=`_¢E'7�]^46=�L'1�<�U.;�7',.467.5SRTUX-?468
RSU.7'-�8bNX1�5T467'RS1�UA1�LML'1�8)9�46U.7:L'8�-?PQ<�-?U.3%RS-?=l@�-�7']�-�-?UA7',.-n468)7'RT3%<�5S467'1�8l=O4�9�NX5TRSU r N.1�RSU.7'=FN.8�1�;�<�3%-?;
463%3%-?NX7'4�@�5S-[=>N.-?-�3%,�_

~dç�Þ?æ�2?âcãOä�á�â�åcæ�ãOç
ã
k�1�8)9�46U.7?=OB�U.7',.-?=ORS=2RS=Q4�N.8)4�3%7'RS3%465%9�-?7',.1�;FL'1�8 r -�U.-?8)467'RTU r ;�R r R�7'RSo�-�;F=>N.-?-�3%,l1�U.5SB�R�L?7',.-�L'1�8)9�46U.7'=
468�-F46/Q46RT5S46@�5S-u_¢eWRSU.3%-FRS7�RT=s5TRS��-?5SB�7',.467.L'1�8)9�4�UX7'=�]^RT5S5QN.5S46BJ4F8�1�5S-FRSU�7',.-l=ORS9�<�5S467'RS1�UJ1�L�463%1�<�=>7'RS3
L'-�-?;�@�4�3%�mRTUA7',.-^CFE'G�H³9�1�;�-?5�46U.;A@�-?3%46<�=>-^]^-J,.46/Q-n4J/Q-?8)B r 1�1�;´L'1�8b9�46U.7:=>B�UX7',.-?=>RSo6-?8'I�RS7
RS=n]^1�8)7',¬7',X-�7'8\1�<�@�5S-�7'1D3%1�9�NX<�7'-�7',.-JL'1�8)9�46U.7'=?_m��1�]^-?/Q-?8'IKL'1�8Y/Q1�]^-?5�N.8�1�;�<�3%7'RS1�U.I�;�RT8\-?3%7
=OB�U.7',.-?=ORS=MRS=:N.8�1�@�46@�5SB�9�1�8\-l-?L���3%RS-?UX7246U.;�RT=:]^1�8)7',.BY1�LX=>1�9�-l3%1�UX=>RS;�-?8)4�7'RS1�U�_

CFRS8�-?3%7Q=>B�U.7',X-?=>RS=�1�L�;�R r RT7'RSo6-?;�=>N.-?-�3%,�RS=�@�46=>-�;J1�U�7',.-�46=>=O<�9�NX7'RT1�U^7',.467�7',.-:/Q1�3%4�5�7'8)4�3%7�3%46U
@�-�46N.N.8�1�V�RS9�4�7'-�;D@�BJ=O<�L���3%RT-�U.7'5SB�9�46U.B�3%46=>3%46;�-?;D5SRSU.-?468M7']^1��'N.1�8)7KU.-?7']^1�8)��=`_�eW<�N.N.1�=O-Y7',X4�7
7',X-�/21�3%465�7'8b463%7QRS=�=>-?3%7'RS1�U.-?;�RSU.7'1F-?PQ<�465S�'5S-?U r 7',n7'<�@�-?=?_¤E'723%46Un@�-Z=>,X1�]�U��£k�4�UX7'IX���2���6��7',.467�RTLQ7',.-
7'<�@�-Z5S-?U r 7',^RS=M=O<�L���3%RS-?U.7'5SBn=>9�465S5��£4F5S-?U r 7',^]^,.RS3%,^RT=:;�-?7'-?8)9�RSU.-?;�@�Bn7',.-�=O4�9�NX5TRSU r L'8�-�P2<�-?U.3%B
� Gað �'I67',.-?UJ7',X-c8\-?=><�5S7'RSU r RSU.;�RS/2RS;�<�4�5�7']^1��'N.1�8)7'=�]^RS5S52@�-V������AM>�@�_X+�,.-?U^7',.-[7'-?3%,.U.RSPQ<�-�=�1�L�5SRTUX-?468
7']^1��'N.1�8)7QU.-?7']^1�8)��=�9�46B�@�-c<�=O-?;n7'1�3%1�9�N.<�7'-�7',.-�1�<�7'N.<�7W1�LQ7',.-:U.-?7']^1�8)� r RS/2-?U^46U.BF;�RS=>3%8�-�-?7'�
7'RS9�-�RTUXN.<�7b_dE'U¬NX4�8)7'RS3%<�5S4�8'I�4�;�R r RS7'465M��5S7'-?8l9�46BA@�-J3%1�UX=>7'8)<�3%7'-?;¬RSUA]^,.RS3%,¬7',.-^N.8�1�NX4 r 467'RSU r
/Q1�5S<�9�-�/2-�5T1�3%RS7'B�<�U.;�-?8 r 1�-?=�1�U.5SBF4Z;�-?5S4�BF]^,.-�UYRSUn4Z7']^1��'N.1�8)7�46U.;n1�U.5SBF4Z3%1�9�N.5S-?VF8�-?é�-?3%7'RS1�U
467[7',.-�RSU.7'-�8bL'463%-d@�-?7']^-?-?U¡7']^1¬46;¤fÍ463%-?U.7Z7']^1��'N.1�8)7'=`_¦+�,.-d;�-?5S4�BÊ3%46U�@�-�46N.NX8�1�VWRS9�467'-?;t@�B
9�<�5S7'RSN.5SRS3%4�7'RS1�U�@�B^7',.-Zo6�'7'8)4�UX=>L'1�8)9³/Q4�8)RS46@�5S- ö � ü _X+�,.-Z8�-�é�-�3%7'RT1�U^3%1�-?L���3%RT-�U.7.=>-�-?UJL'8�1�9 7'<�@�-��
5S1�1���RSU r 7'1�]^468�;�7'<�@�-%� / ��RS= r RS/Q-?U^@�B�²� ú&� ú��Qü î \ ú��Qü þi\ ú\ ú��Qü / \ ú
]^,.-�8�-_\ ú RS=�7',.-:3%,.468b463%7'-?8)RS=>7'RS3:RS9�N.-?;�46U.3%-Z1�L�7'<�@�-6�?4�UX;�\ ú��2ü RS=�7',.-M3%,X4�8)463%7'-?8)RS=>7'RS3:RT9�NX-?;�4�UX3%-
1�LX7'<�@�-%� / �6_

E'Ud7',.-Y5S1�=O=>5S-?=>=F3%46=O-?I.7',.-�3%,.468)4�3%7'-�8bRS=O7'RT3FRS9�N.-�;�46U.3%-01�L�4n7'<�@�-Y;�-?N.-�U.;�=l1�U.5SBJ1�UdRS7'=l3%8�1�=O=
=O-?3%7'RS1�U.465�468�-?4��£1�8�3%RS8�3%<�9�L'-?8�-?UX3%-?��4�=�RS=�-�/2RS;�-?U.7QL'8�1�9³7',.-Z5SRS9�RS7'RTU r 3%46=>-[1�L.7',.-Z5S1�=>=>B^3%1�9�N.5S-?V
RS9�N.-�;�46U.3%-[46U.;J46;�9�RS7'7'4�UX3%- r RS/Q-?U^46@�1�/2-u_

��¥



+�,.-?8�-�L'1�8�-?IW4�=>RS9�N.5S-�;�RT8\-?3%7�=>B�U.7',.-�=>RSo6-?8M3%46U�@�-F3%1�U.=O7'8)<�3%7'-�;�<�=ORSU r 1�U.5SB�;�-?5S46B�=�46U.;�9�<�5S�
7'RSN.5SRS3%467'RS1�U.=Z4�=O=><�9�RSU r 7',.467.7',.-[4�8\-?4FL'<�U.3%7'RS1�UJRS=���U.1�]^U�_¢¿Y=ORSU r^r 8b46N.,X�'7',.-?1�8�-?7'RS3�7'-�3%,.U.RSP2<�-?=OI
RS7:RS=YN.1�=O=>RS@�5S-J7'1d1�N.7'RS9�RSo�-�7',.-n;�R r RS7'4�5K��5T7'-�8lRSUA1�8�;�-?8Z7'1�9�RSU.RS9�RSo6-J7',.-nUX<�9�@�-�8c1�L:9�<�5S7'RTNX5TRS�
3%467'RS1�U.=?�£pM46@�RSU.-?8l¶�eW3%,.46L'-?8'I����2���6�b_�E'7K3%46U�@�-F=O,.1�]^U�7',.467�7',X-F1�N.7'RS9�4�5�;�-?=OR r Ud<�=>-?=s1�U.5SBJ1�U.-
9�<�5S7'RSN.5SRS3%4�7'RS1�U�N.-�8�7']^1��'N.1�8)7.U.-?7']^1�8)��_

+W1�8\-?=>7'467'-?I�4^;�RT8\-?3%7M=OB�U.7',.-?=ORSo�-�8l]^46=FU.1�7�<�=>-�;¬7'1�=>RS9�<�5S467'-�7',X-nCFE'G�HÕ9�1�;�-?5K@�-?3%46<�=O-^4
r 1�1�;ÊL'1�8)9�4�UX7M=OB�U.7',.-?=ORTo6-?8[]^4�=F46/Q46RT5S46@�5S-J46U.;ARS7MRS=�@�-?5SRS-?/2-�;¬7',.467�7',.-nL'1�8)9�46U.7:L'8�-?PQ<�-?U.3%RS-?=
]^RS5S5M@�-^8�-�P2<�RS8�-?;Ê;�<�8)RSU r 5T-�4�8)U.RSU r _j�^1�]^-?/Q-?8'I�;�RS8�-?3%7:=>B�U.7',X-?=>RS=n8�-�9�4�RSU.=�46UD1�N.7'RS1�U¬=O,.1�<�5S;
NX-?8)L'1�8b9�46U.3%-0@�-?3%1�9�-n4n3%8)RS7'RS3%4�5KRS=>=><�-n46U.;dRS7�RS=l;�-?7'-?8)9�RSU.-?;D7',X4�7�L'1�8)9�46U.7'=l468�-�U.1�7K8�-?PQ<�RS8�-�;
L'1�8�5S-?468)U.RSU r _

Ï�z�}QÆ�ÇlÃZy6Æ�}Qx��øz�{YÄKÇ>È

CFE'G�HÌ]�46=�UX1�7.;�-?=>R r U.-?;�7'1^463%3%<�8)4�7'-�5TB08�-?N.8�-�=>-?U.7�7',.-[,.<�9�46UJ/Q1�3%4�5�7'8)463%7'IW@�<�7�<�=>-?;�I6RSU.=>7'-�4�;�I
46UDRS;�-?465SRSo�-�;i8\-?N.8�-?=O-?U.7'467'RS1�UD1�L�7',.-�468b7'RS3%<�5S467'1�8b=?_�H�=lB�1�<A3%46UD=>-�-?I.7',.-?B�@�-�4�8Z=O1�9�-�8\-?5S4�7'RS1�U
7'1d7',.-^,.<�9�46UD/Q1�3%4�5K46N.N.468)4�7'<�=OI�@�<�7M468�-^U.1�7�=O<�RT7'46@�5S-JL'1�8[7',.-n463%3%<�8)4�7'-^463%1�<�=>7'RS3n9�1�;�-?5S5SRSU r
UX-?3%-?=>=O468bBFL'1�8�,.R r ,nPQ<�465TRS7'B[=>N.-?-�3%,n=>B�U.7',X-?=>RS=`_¤É�/Q-?UY7',X1�< r ,�7',.-�8�-�=><�5S7'RTU r =O,.46N.-?=�1�L�7',.-:/21�3%465
7'8)463%7�N.8�1�;�<�3%-?;�@�BJCFE'G�Ht9�R r ,.7�@�-FP2<�465SRS7'4�7'RS/Q-?5SBn3%1�8)8�-?3%7'I�7',.-[8�-?=O<�5S7'RSU r 463%1�<�=>7'RS3ZN.468b469�-?7'-�8b=
<�=ORTU r 7',.-?=>-:=>,X4�NX-?=�]^RS5S5�@�-:]^8�1�U r _¤eW1�<�U.;�=�]^1�<�5T;0@�-MN.8\1�;�<�3%-?;�Ia@�<�7�7',.1�=>-:=>1�<�U.;�=�]^1�<�5S;�U�� 7
=O1�<�U.;¬5SRS��-�,.<�9�46Ui=ON.-?-?3%,�_dE'LZ]^-J]^46U.7M7'1d5S-?468)U¬7'1DN.8\1�;�<�3%-�N.,.1�U.-?9�-�=FL'8�1�9ø7',.-^=>N.-?-�3%,
1�<�7'N.<�7.;�<�8)RSU r @�46@�@�5SRTU r I�7',.-?U^7',.-Z@�46@�@�5T-�;�=ON.-?-?3%,�9�<�=>7X4�3%3%<�8)467'-?5SB^8�-?é�-?3%7.7',.-Z=O,.46N.-F1�L.7',.-
/Q1�3%465�7'8)4�3%7Q1�8�]^-[]�RS5S5�,.46/Q-cUX1Y3%,.46U.3%-s7'1n5S-?468bU^7',.-sU.-?3%-?=O=>468)Bn468b7'RS3%<�5S467'1�8�/2-?5S1�3%RS7'RS-?=`_

�^1�]�9�46B[]�-:=>1�5S/Q-�7',.RS=�N.8�1�@�5S-?9i [HÊU.<�9�@�-?821�L6N.1�=O=>RS@�RS5SRT7'RS-?=:N.8�-�=>-?U.767',.-�9�=>-?5S/Q-?=`_¤°�-?L'1�8�-
]^-[3%4�U^N.8\1�3%-?-?;�IW]^-lUX-?-?;J7'105T1�1��0RTU�7',.-Z5SRT7'-�8b467'<�8�-Z467.N.8�-�/2RS1�<�=M467'7'-?9�NX7'=�7'1YNX4�8)469�-?7'8)RSo6-l7',.-
/Q1�3%465�7'8)4�3%7Q3%1�U.� r <�8)4�7'RS1�UnRSU�4l]^46Bn7',.467�463%3%<�8)467'-?5SBn9�1�;�-?5S=:,.<�9�4�UX=`_

� Ý�4�æ�:
ã[Ý=z�â�åcæV�YÝ=2uà�:?BXÞ`à�2?â
e�7'-?/Q-?U.=F46U.;´�^1�<�=>-��'����¼6¼6��<�=>-�;¬N.468)46@�1�5TRS3^46N.N.8�1�V�RS9�4�7'RS1�U´1�L�468�-�4�L'<�UX3%7'RT1�UA7'1D=O,.1�]×7',X4�7
8\-?46=>1�U.46@�5SBnRSU.7'-?5S5SR r RT@�5S-F/Q1�]^-?5W=O1�<�UX;�=:3%1�<�5S;J@�-ZN.8�1�;�<�3%-?;M_

��46;�-�L'1 r -?;��'�%�6�6¥6��N.8�1�N.1�=O-?;¬4^=ORT9�NX5T-�N.,.B�=ORT1�5S1 r RS3%465�9�1�;�-?5�<�=>RSU r ���^N.468)469�-?7'-?8)=`_0+�,.-
NX4�8)469�-?7'-?8)=KRTUX3%5T<�;�-?;Ö����46RS8�N.8�-?=O=><�8�-�467�7',.-�7'8)463%,.-?46Ia����NX1�=>RS7'RS1�Un1�L�7',.-:/21�3%465?3%1�8�;�=OI?�6��7'-?U.=>RS1�U
1�L:7',.-n/Q1�3%465�3%1�8�;�=OI�¥6�:;�- r 8�-?-^1�L�/Q-?5S1��'N.,.468)B�U r -?465�=O7'8bRS3%7'<�8�-?IK¼6I¾�6�:3%1�1�8�;�RTUX4�7'-�=l1�L:7',.-n3%-?U.7'-�8
1�LK7',.-F@�1�;�B�1�L�7',.-F7'1�U r <�-�I��%I �6��3%1�1�8�;�RSU.467'-?=Z1�L�7',X-Y7'RSNd1�L�7',.-F7'1�U r <�-?IQ�6IÍ���6��NX8�1�7'8)<�=ORS1�U�4�UX;

��¼



1�NX-?U.RSU r 1�L�7',.-:5SRTNX=`_QH�7W7',X-M7'RS9�-�,.-sN.8�-?=O-?U.7'-?;n7',XRT=K9�1�;�-?5SI?,.-�,.46;nUX1�7WB�-?7�@�<�RS5S7�4c=OB�U.7',.-?=ORSo�-�8
]^,.RS3%,^<�=>-?;�RS7b_

��RSU.;�@�5T1�9ø46U.;´e�<�UX;�@�-�8 r �'�%�2�6����]^-?8�-�7',.-���8b=O7Z7'1i7'8\-?467�7',.-�f�46]¯46=n4�=O-?N.468)467'-�=>N.-?-�3%,
468)7'RS3%<�5T467'1�8b_�+�,.-�BlL'1�<�U.;n7',.467�@�BF=>1F;�1�RSU r I?7',.-?B[]^-?8�-�46@�5S-�7'1l-�VWN.5S46RSUn]^,.Bl7',.-¢f�4�]t]^46=�N.468)7'5SB
1�NX-?U^;�<�8)RSU r =>N.-?-�3%,�_¤¿YU.;�-?8�7',.RS=:3%1�U.;�RS7'RT1�UXI?7',.-�7'1�U r <�-Z<�U.;�-?8 r 1�-?=�9�RSU.RS9�<�9ª;�-�L'1�8b9�467'RS1�U�_
+�,.-�RT8K;�4�7'4[]^4�=:1�@�7'46RSU.-?;JL'8\1�9³eW]^-?;�RS=>,^7'465S��-?8)=`_

��RS5 f�-?U.��8)46U.7'=M�'���2�����'I?3%RS7'-?;^RSUn�^468)=>,.9�46Un-?7�465\_��'���2�6�%�'IaN.8�1�NX1�=>-?;�4�k�1�<�8)RS-?8�;�-?3%1�9�NX1�=>RS7'RS1�U
1�L�7'1�U r <�-0=>,.46N.-u_Â+�,.1�< r ,�8�-�3%1 r U.RSo�-�;i46=[N.8�1�@�46@�5SBDU.1�U.�'@�RS1�5S1 r RS3%4�5SI�7',.-n9�1�;�-?5�;�1�-?=[4�5S5S1�]
=ORS9�N.5S-F=>N.-?3%RS��3%467'RS1�UJ1�L.4[]�RS;�-l/Q468)RT-�7'BY1�L.7'1�U r <�-s=>,.46N.-?=?_

eW,XRTU�fÍRQgA4�-�;�4��'�%�2���6��=O< r�r -�=>7'-?;A7',.467�=>,.46N.-�L'463%7'1�8)=l;�-?8)RS/2-?;m@�B�7',.-F9�-?7',.1�;D1�LKHYUX4�5SB�=ORT=
@�BFe�B�U.7',.-?=ORS=�3%1�<�5S;�@�-s<�=O-?;n7'1F3%46N.7'<�8�-:9�1�8�-�463%3%<�8)4�7'-�5TBF7',X-M=O,.46N.-?=�1�L�7',X-M/Q1�3%465�7'8)463%7b_�k�463%7'1�8
46U.465SB�=>RS=:RS=�;�RT=O3%<�=>=:RTU^9�1�8�-[;�-?7'46RT5�RSU^4l5S467'-?8K=>-?3%7'RS1�U�_

gA-?8)9�-?5S=>7'-?RSU��'���2�%�6�:N.8�1�N.1�=O-?;¡4J=>RS9�N.5S- r -?1�9�-?7'8)RS3n9�1�;�-?5�1�LM7',X-�/Q1�3%465�7'8)463%7M]^,.RS3%,A,.-
<�=O-?;�L'1�8�@�1�7',¬/Q1�]^-?5S=n46U.;¡3%1�U.=>1�U.46U.7'=?_AE'7ZRS=^1�U.-J1�LZ7',.-�9�1�=>7[]�RS;�-?5SBA3%RS7'-?;�PQ<�46U.7'RS7'4�7'RS/Q-
9�1�;�-?5S=:1�L�7',.-�/Q1�3%465W7'8)463%7b_�+�,.-s9�1�;�-�5W46=>=O<�9�-�=�7',.467�7',.-�7'1�U r <�-�@�1�;�B�3%1�U.L'1�8)9�=M7'1F4[3%RT8\3%<�5S468
468�3F1�LK3%1�U.=>7'46U.7�8)46;�RT<�=?_[+�,.-sfÍ46]³RS=[4�5S5S1�]^-?;D7'1�<�UX;�-�8 r 1J1�U.5SB�4�U r <�5S468�;�RS=>N.5S463%-?9�-?UX7'=`_[+�,.-
7'1�U r <�-0@�5T46;�-nRS=F4^=>7'8)46R r ,.7�5SRTUX-u_0�^1�]�-�/2-?8'IQgA-?8)9�-?5S=>7'-?RSUA]^46=F4�@�5S-n7'1���7�4^]^RS;�-0/2468)RS-?7'B�1�L
463%1�<�=>7'RS3�;�467'4Z]^RT7',^7',.RS=�9�1�;�-?5®_¤pM<�@�RSU.I?°�46-?8'I?46U.;^gA-?8)9�-?5S=>7'-�RTUD�'�����2���Q<�=O-?;J7',XRT=�9�1�;�-?5�RSU�46U
468)7'RS3%<�5T467'1�8)Bn=ON.-?-?3%,�=>B�U.7',.-�=>RSo6-?8�]^RS7', r 1�1�;�8�-?=><�5S7'=`_

gA1�=>7.8\-?3%-?U.7Q9�1�;�-?5S=M1�LQ/21�3%465�7'8)463%72=O,.46N.-l468�-Z;�-?8)RS/2-�;J<�=>RSU r L'463%7'1�8K4�UX4�5SB�=ORT=?_
�^468b=O,.9�46U.IZ��4�;�-?L'1 r -�;�I[46U.;t�F1�5T;�=O7'-?RSUµ�'���X�6����N.-?8)L'1�8)9�-?;�k�463%7'1�8^46U.465TB�=ORS=�1�LF7'1�U r <�-

=O,.46N.-?=?_�'463%��=>1�U��'���6���6�:=>7'<�;�RS-?;A��8�1�=>=O�'5SRTU r <�RS=O7'RT3�L'463%7'1�8b=F1�L:=>,X4�NX-�7'1�NX8�1�N.1�=>-�7',.467�=><�3%,AL'463%7'1�8b=
9�R r ,.7�@�-[8�-?5S467'-?;�7'1n3%1�1�8�;�RSU.467'RS/2-[=>7'8)<�3%7'<�8\-?=M1�LX=>N.-?-�3%,�4�8)7'RS3%<�5S4�7'RS1�U�_u�^-l=>< r�r -?=O7'=Z7',.4672=O1�9�-
5S46U r <�4 r -?=�9�46BYL'46/Q1�8�1�U.- r -?=O7'<�8\-�1�/2-�8�46U.1�7',X-?8.46U.;^7',.RSU.��=�7',X4�7�L'463%7'1�8K4�UX4�5SB�=ORT=�9�46B�@�-�46@�5S-
7'1�;�-?3%RS;�-l7',.RS=�PQ<�-�=>7'RS1�U�_

BKä�wcæ�ãFÝ�zp�YÝ=2uà�:?B.Þ?à�2?ây� Ý�4�æ�:
ã
k�8\1�9×7',.RS=�=O<�8)/Q-?B^1�L�7',.-l/Q1�3%46527'8)463%7�9�1�;�-�5T5SRSU r 5TRS7'-?8)467'<�8�-?I�]�-F3%46U�=>-?-F7',.467.=O-?/Q-?8)4�5Q;�RSL�L'-?8�-�U.7
46N.NX8�1�463%,.-?=�,.46/2-�@�-?-?UA<�=>-?;M_0+�,.8�-�-n@�8�1�46;¬3%467'- r 1�8)RS-?=F1�L:4�NXN.8�1�463%,.-?=F3%46UA@�-^RT;�-?UX7'RT��-?;m4�=
L'1�5S5S1�]^=`²

HY8\-?4lL'<�U.3%7'RS1�U

���



HY8)7'RS3%<�5S4�7'1�8)=
eW,.46N.-ZL'463%7'1�8)=

H�U�468�-?4AL'<�U.3%7'RS1�U r RT/Q-?=�7',.-D3%8�1�=O=�=>-?3%7'RS1�U.465Z468�-?4A1�LF7',.-d/21�3%465Z7'8)4�3%7F46=�4iL'<�U.3%7'RS1�U¡1�L
;�RS=>7'46U.3%-�L'8\1�9 7',.- r 5T1�7'7'RS=��£1�8�L'8�1�9 7',.-�7'-?-?7',Ê]�,XRT3%,´468�-���V�-?;��b_Êk�8�1�9 7',X-J468�-?4dL'<�U.3%7'RS1�U.I
463%1�<�=>7'RS3nNX4�8)469�-?7'-?8)=�=><�3%,A46=FL'1�8b9�46U.7sL'8�-?PQ<�-�U.3%RS-?=F46U.;A4�9�NX5TRS7'<�;�-?=J�£1�8F@�4�UX;�]^RS;�7',.=>�:9�46B
@�-^3%465S3%<�5T467'-?;M_ÂHY8�-�4�L'<�U.3%7'RS1�U.=Z468�-^=>7'RS5S5�3%1�9�9�1�UX5TBd<�=>-?;A7'1�9�1�;�-?5K7',.-Y/Q1�3%465�7'8)463%7�46U.;D7',.-
1�7',X-?8�7'B�N.-?=[1�L�9�1�;�-?5S=Z3%46U�465S]^4�B�=[@�-Y7'8)46U.=OL'1�8b9�-�;DRSU.7'1J7',.-�RT8s-?P2<�RS/Q4�5S-?UX7.468�-?4nL'<�U.3%7'RS1�U�L'1�8
7',X-cNX<�8)N.1�=O-?=:1�L.463%1�<�=O7'RS3�N.8�1�3%-?=O=>RSU r _

É�468b5SB[9�1�;�-�5T=K1�LW7',.-�/Q1�3%465?7'8)463%7W3%1�U.=ORT=O7'-?;n1�L�4�UF468�-�4�L'<�U.3%7'RS1�U�_6E'7�]^46=�L'1�<�U.;Y7',X4�767',.-�9�1�=O7
RS9�N.1�8)7'46U.7�N.468)469�-?7'-?8)=Z]^-?8�-J�%��NX5T463%-n1�LK3%1�U.=>7'8)RS3%7'RS1�U.IQ����=ORSo�-�1�L�3%1�U.=O7'8bRS3%7'RS1�U.IQ46U.;D�6��46=>NX-?3%7
8)467'RS1�1�LM7',X-Y5SRSN.=`_0¿�=>RSU r -?/Q-?8�9�1�8�-^463%3%<�8)4�7'-�468�-?4^L'<�U.3%7'RS1�U.=>IX,.R r ,.-?8ZP2<�465SRS7'B�1�L�=>N.-?-�3%,i3%46U
@�-01�@�7'4�RSU.-�;�IX5TRS9�RS7'-?;Ê@�B�=><�3%,DN.8�1�@�5S-?9�=F46=�����9�<�5S7'RS9�1�;�4�5K463%1�<�=O7'RS3FN.8�1�N.4 r 467'RS1�U.I�����-�8b8\1�8b=
;�<�-F7'1^5S<�9�NX-?;D-?5S-?9�-?UX7�=ORS9�<�5S467'RS1�U.IQ����U.1�UX5TRSU.-�4�8�RSU.7'-�8b463%7'RS1�U.=Z@�-?7']^-?-?U�7',.- r 5S1�7'7'RS=l46U.;�7',.-
NX,.468bB�UXVWI?46U.;n¥6�Q7',.-?8)9�46564�UX;�9�-�3%,.46U.RS3%4�565S1�=>=O-?=`_u�^1�]�-�/2-?8'Ia=>7'<�;�BF1�LQ7',.-�468�-?4ZL'<�U.3%7'RS1�UY;�1�-?=
UX1�7�7'-�4�3%,F<�=./Q-?8)Bl9�<�3%,F46@�1�<�767',.-�<�U.;�-?8)5TB�RSU r =ON.-?-?3%,�N.8�1�;�<�3%7'RS1�UFN.8�1�3%-?=O=>-?=OI�-�=>N.-?3%RS465S5SBFL'8�1�9
4F9�1�7'1�8K3%1�U.7'8�1�5�N.1�RSU.7X1�L2/QRS-?]±_¤H�72=O1�9�-lN.1�RSU.7'I�]�-Z9�<�=>7X@�- r RSUJ7'1�9�1�;�-�5�7',.-Z,.<�9�4�U0=>N.-?-�3%,
468)7'RS3%<�5T467'1�8)=:4�UX;�<�=O-l7',.-?=O-Z7'1Y;�-?8)RS/2-Z7',.-Z463%1�<�=>7'RS3�1�<�7'N.<�7b_

H�8b7'RS3%<�5S467'1�8��'@�46=>-?;n9�1�;�-?5S=K]�-�8�-MRSU.7'8\1�;�<�3%-?;�7'1l9�1�8\-�463%3%<�8)467'-?5SBl9�1�;�-?5�7',.-M@�RS1�9�-?3%,X4�UXRT3%=
1�LX=>N.-?-�3%,J46U.;^7'1nN.-?8)9�RS7.7',.-Z=O7'<�;�B�1�L.3%1�468)7'RT3%<�5S467'RS1�U�46U.;�3%1�1�8�;�RSU.467'RT/Q-Z=>7'8)<�3%7'<�8�-?=�]^,.RS3%,J468�-
;�RSL���3%<�5S7�7'1�=O7'<�;�B^RSU�7'-?8)9�=Z1�L�7',.-l468�-?4�L'<�U.3%7'RS1�U�_KE'U�7',.-�=>-F9�1�;�-?5S=>IQ7',.-lRS9�N.1�8)7'46U.7�PQ<�-�=>7'RS1�U.=
468�-Fº¡,.467.RS=�7',.-[9�RSU.RS9�<�9h=O-?7�1�L�468)7'RS3%<�5T467'1�8)=�46U.;�,.1�]«;�1^7',.-?B04�L�L'-?3%7�-�4�3%,�1�7',.-?8� 0¿�=><�465T5SB%I
7',X-c=O,.46N.-?=:1�L27',X-c468)7'RS3%<�5T467'1�8)=:4�8\-c��V�-?;^1�8�4�8\-c3%1�UX=>7'8)46RTUX-?;J7'1�/2468)BnRSU^4l=ORT9�NX5T-F]^46B�_

+�,.-d7',.RS8�;t7'B�N.-D1�L�/21�3%465Z7'8)4�3%7[9�1�;�-?5lRS=J7',X-D=>,.46N.-mL'4�3%7'1�8^9�1�;�-?5®_ªe�,.46N.-dL'4�3%7'1�8)=�468�-
;�-?7'-�8b9�RSU.-�;�L'8�1�9¹7',.-J=O7'467'RT=O7'RS3%4�5s4�UX4�5SB�=ORT=�1�LZ9�4�UXBi7'8)463%RSU r =^1�LZ7',.-�/21�3%465:7'8)4�3%7b_·+�,.-�U.-�VW7
=O-?3%7'RS1�UJ;�RS=>3%<�=>=O-?=:7',.-Z9�-?7',.1�;J1�LXL'4�3%7'1�8K46U.465TB�=ORS=`_

�sÆ�}Qx>z�y^Ð´w�Æ�ÇñÚFÈ2~OÈ
E'U01�8�;�-?8�7'1l9�1�7'RS/2467'-�7',X-M;�RS=>3%<�=>=ORS1�Un1�L�L'463%7'1�8�46U.465SB�=>RS=OI�46=O=><�9�-�7',.467W9�46U.BF/Q1�3%465?7'8)463%7�=>,.46N.-?=
468�-�-?U.3%1�;�-?;mRTU�/Q-?3%7'1�8�L'1�8)9i_[E'Ud7',.RS=Z46U.465TB�=ORS=>I.4n=O,.46N.-�/2-?3%7'1�8s,.46=�4n5S468 r -nU.<�9�@�-?8�1�LK3%1�9��
NX1�U.-?U.7'=OI�-?463%,�3%1�8)8�-?=ON.1�U.;�RSU r 7'1�4YNX1�RTUX7�RSU�=O1�9�-Y=O<�RT7'46@�5SBJ3%,X1�=>-?Ud3%1�1�8�;�RSU.467'-F=>B�=>7'-�9i_Z+�,.-
<�U.;�-?8)5SB�RSU r 46=>=O<�9�NX7'RT1�UA1�L�L'463%7'1�8Z46U.465TB�=ORS=FRT=F7',X4�7��£<�U.;�-?8�3%-?8)7'46RSUD3%1�U.;�RS7'RT1�UX=>��7',.-?8\-n-?VWRS=O7�4
=O-?7Q1�L]�M��>���A���>�������@8�K=><�3%,n7',.467�-?463%,n/Q1�3%465W7'8)463%72=O,.46N.-Z/2-�3%7'1�8�3%46U^@�-Z]^8bRS7'7'-?U04�=�4[5SRTUX-?468�3%1�9�@�RS�

�6�



UX4�7'RS1�Un1�L�7',X-�=>,.46N.-ZL'463%7'1�8)=`_¤k�463%7'1�8�46U.465SB�=>RS=:RT=�4Z=O7'4�7'RS=O7'RT3%465�9�-?7',X1�;�L'1�8K;�-?8)RT/QRSU r 7',.-?=O-�=>,X4�NX-
L'463%7'1�8)=:L'8�1�9³4l=O<�L���3%RS-?U.7'5SBn5S468 r -l3%1�5S5S-?3%7'RS1�UJ1�L./Q1�3%465W7'8)463%7.=>,X4�NX-?=`_

k�463%7'1�8�46U.465SB�=>RS=:9�4�B0@�-c46N.NX5TRS-?;�7'1�N.8�1�@�5S-?9�=s1�<�7'=ORS;�-s7',.-Z=>3%1�N.-[1�L2/Q1�3%465W7'8)463%72=O,.46N.-Z4�UX;
46=O=><�9�-?=�1�U.5SB�7',.467�7',.-ML'463%7'1�8)=�468�-Z=>7'467'RS=>7'RS3%465S5TB0RTUX;�-�N.-?U.;�-?U.7�46U.;^=>R r U.RS��3%4�UX7b_�k�463%7'1�8K4�UX4�5SB�=ORT=
RS=�463%7'<�465S5SB�4^@�8�1�46;Ê3%5T46=O=Y1�L:7'-?3%,.U.RSPQ<�-?=`_0½�8)RSU.3%RSN.465�3%1�9�N.1�U.-�U.7�46U.465TB�=ORS=>I�N.-?8\,.46N.=F7',.-n@�-?=O7
��UX1�]�U^1�L.7',X-?=>-?I�RT=¢f�<�=O721�UX-c-�VW469�N.5S-Z1�L.4lL'463%7'1�8�46U.465SB�=>RS=M7'-�3%,.U.RSP2<�-u_

gA46-?;�4J<�=>-?;ÊN.8)RSU.3%RSN.5S-�3%1�9�N.1�U.-?U.7:46U.465SB�=>RS=nRSUA3%1�9�@�RTUX4�7'RS1�UÊ]�RS7',A-?V�7'8b463%7'RS1�UD46U.;Ê=><�@��
7'8)463%7'RS1�UJ9�-?7',X1�;�=:7'1n468)8)RT/Q-F467.,.RS=:3%1�5T5S-?3%7'RS1�U�1�L�=>,X4�NX-lL'463%7'1�8)=Â�£gA4�-�;�46I.�%�6�6�6�b_X+�,.-l,.RS-?8)468�3%,.B
1�LX7'-?3%,.U.RSPQ<�-�=�RSU^L'4�3%7'1�8�46U.465SB�=>RS=:3%46U�@�-[=><�9�9�-?;�<�N�@�Bn7',.-ZL'1�5S5S1�]�RSU r ;�-���UXRT7'RS1�U.=?²

k�463%7'1�8l46U.465SB�=>RS=`²[+�,.-0=>7'467'RS=>7'RS3%465�46U.465SB�=>RS=Y1�L:3%1�8)8�-?5S467'-?;A;�4�7'4^RSU.7'1d1�8)7',.1 r 1�U.465.3%1�9�N.1��
U.-?U.7'=K1�8c¨�L'463%7'1�8)=`¨�_
HY8)@�RS7'8)468bB�k�463%7'1�8�HYUX4�5SB�=ORT=?²¤�F-?U.-?8)465SRTo6-?;�/2-�8b=ORS1�U�1�LQ7',.-Z-?V�7'8b463%7'RS1�U.�Q=><�@�7'8)463%7'RT1�U^N.8\1�3%-?�
;�<�8\-c]^,.RS3%,^9�46Bn465S=>1n<�=>-ZN.8)RSU.3%RSN.465Q3%1�9�N.1�U.-?U.7Q46U.465SB�=>RS=`_
½�8bRSU.3%RSN.465a3%1�9�N.1�U.-?UX7�46U.465SB�=>RS=?²6H r -?U.-?8)465�=O7'467'RT=O7'RS3%4�5aN.8�1�3%-�;�<�8�-�]^,.RS3%,F��U.;�=.46UF1�N.7'RS9�465
=>-?7Q1�L.1�8)7',.1 r 1�U.465�@�4�=ORS=M/Q-?3%7'1�8)=M]^,.RS3%,^9�RSU.RS9�RSo�-�=�9�-?46U^=>PQ<�468�-s-?8)8�1�8b_

� à�â\åcæ�ß à�â�ç;2�ãlÝ=z�w�ÞOç�áy2?ç;wcà�:y2�Ý�ßNwcÝ¤ácæ�á�âcà�ácà�:�äMãOç
ã
+�]^1��']�46BdN.8)RSU.3%RSN.465�3%1�9�N.1�U.-�U.7�46U.465TB�=ORS=F;�-�3%1�9�N.1�=>-?=F4^;�467'4n=>-�7MRSU.7'1�L'4�3%7'1�8)=F46U.;D]^-?R r ,.7'=
1�8V����>��������]��_jE'Ui7',XRT=F7'-�3%,.U.RSP2<�-?I�RS7:RT=�46=>=O<�9�-�;¬7',.467:4�5S5�1�L:7',.-^;�4�7'4^=O,.468�-^7',.-^=>469�-JL'463%7'1�8)=`_
+�,.RS=�9�46BFU.1�7�@�-�4Z8�-�4�=O1�U.46@�5S-�46=>=><�9�N.7'RS1�U^RSL27',X-M;�467'4ZRT=�7'46��-?U�L'8�1�9ª=>-?/Q-?8)465W=O1�<�8\3%-?=��£=O<�3%,04�=
;�RSL�L'-�8�-?U.7Q,.<�9�46UY7'465S��-?8)=>�b_uE'Un7',.RS=�3%46=>-?I?7',X8�-?-?�']^46BYL'463%7'1�8K4�UX4�5SB�=ORT=�RS=�46/Q4�RS5S46@�5S-c46U.;^3%1�9�N.<�7'-?=
7',X-l;�- r 8�-?-[7'1n]^,.RS3%,J4FL'463%7'1�8�RS=�<�=>-?;�@�B^4F=><�@�fÍ-�3%7.46=M]^-?5S5Q4�=:7',.-[;�- r 8�-?-l7'10]�,XRT3%,�4FL'463%7'1�8�RT=
<�=O-?;JRSUJ7',X-�L'1�8)9�4�7'RS1�U�1�L24[N.468b7'RS3%<�5S468�/21�]^-?5��£�^468)=>,.9�46U^-?7Q4�5®_ I2�%�2�6���b_

ºD-[]�RS5S5Q@�-F3%1�U.3%-?8)U.-?;�1�U.5SB^]^RS7',�7']�1��']^46B^L'463%7'1�8M46U.465SB�=>RS=`_�HY3%3%1�8�;�RSU r 7'1D<�46,.1�8)RT46U�4�UX;
p:1�7',.-?UX@�-?8 r �'�%�6�2���'I?7',.-ZL'1�5S5S1�]�RSU r 4�UX4�5SB�=ORT=s4�NXN.5SRT-�=`²Q�FRS/Q-?U^4l3%1�/Q468bRS46U.3%-Z9�467'8)RTV F � J ]^RS7',� ú ' î �� F����Oû2ü ë .]�)ú þ .�ú í)ë .]� ' þ . ' í�J l
L'1�8�� l c±î � l � l T�T�T l - ]^,.-?8\-�èî�� ;�4�7'4[L'8)4�9�-�=.]�)ú î � !$# ;�467'4l=O469�N.5S-l1�L.7',.-6  !&# L'8)4�9�-

���



.uú î 46/Q-?8)4 r -Z1�/Q-?8[ [1�L?� !$# ;�467'4l=>469�N.5S--�î¡� ;�467'4Z-?5S-?9�-?U.7'=:RSU^-?463%,�L'8)469�-
+�,.-F@�46=ORT=[/2-�3%7'1�8b=s4�8\-Y7',.-D¢«-?R r -?UX/2-?3%7'1�8)=Y�£¢¤K - ��1�L F � ú ' J 3%1�8)8�-?=>NX1�U.;�RTU r 7'1^7',.-D¢Õ5S468 r -?=O7-�R r -�U./2465S<�-?=`_

��-?7y¥ . '�¦ 8�-�N.8�-?=O-?U.7.4[=>,.46N.-Z/Q-?3%7'1�8�46U.;¡¥ , ú ¦ 8�-?NX8�-?=>-�U.727',X-c=O,.46N.-lL'463%7'1�8K5T1�46;�RSU r =`_u+�,.-?U, ú î §�' û2ü ý ú ' . '
L'1�8�� î � l � l T¨T�T l ¢nI?46U.; .]©' î«ª�

úSû2ü
ý ú ' , ú /­¬ '

L'1�8 c�î � l � l T¨T�T l - I%]^,.-?8�-�7',.-:N.8)RS9�-M1�U�7',.- . ' RSU.;�RS3%4�7'-:7',.46767',.-�/Q4�5S<�-?=.468�-:8�-?3%1�UX=>7'8)<�3%7'-?;Y-�=>7'RS�9�467'-?=K1�L27',X-M1�8)R r RSU.465�;�467'42_�E'Un7',.-�=>-�-?V�N.8�-?=O=>RS1�U.=OI ý ú 'p® c !$# 3%1�9�N.1�UX-?U.7�1�L�7',.-V� !$# -�R r -�U./2-�3%7'1�81�L F � J ]^RT7',^7',.-Z-?R r -?UX/2-?3%7'1�8)=:8)4�UX��-?;JRSU^1�8�;�-?8�1�LX;�-�3%8�-?46=>RSU r -�R r -�U./2465S<�-?=>I�4�UX;¬ ' î §�
úSû ª �2ü ý ú ' §�u û2ü ý ú u . uL'1�8 c^î � l � l T�T�T l -� à�æ�4�àDCXåcà�wcæqÜMà�2?â
Ý¤Þ`ã

gA46-?;�4l;�-?��U.-�=c�:=>,X4�NX-lL'463%7'1�8)=M1�8K4�8)7'RS3%<�5S4�7'1�8)=?_�+�,.-�BY468�-u²

fÍ46]Ì,.-?R r ,.7
7'1�U r <�-?�'@�1�;�BYNX1�=>RS7'RS1�U
7'1�U r <�-?�'@�1�;�BY=O,.46N.-
7'1�U r <�-?�'7'RSN^N.1�=>RS7'RS1�U
5SRTN�,.-?R r ,.7��£46N.-?8)7'<�8�-?�
5SRTN�N.8�1�7'8)<�=>RS1�U
5S4�8)B�U.VF,X-?R r ,.7

���



k�R r <�8�-[�X²�¿YU.RSL'1�8)9³/Q1�3%465W7'8)463%7b²�465S5�gA46-?;�4lN.468)469�-?7'-?8)=M468�-Zo6-?8�1

�^-�<�=O<�4�5S5SBA<�=>-?=�7',.-J7'-�8b9 ¨�N.468)4�9�-�7'-?8�¨:7'1D8�-�L'-?8F7'1D7',.-?9�I�@�<�7'I�=O7'8bRS3%7'5SB¬=ON.-?46��RSU r I:7',.-?BD468�-
=O,.46N.-lL'463%7'1�8)=`_u°�-?3%46<�=O-Z1�L27',.-Z9�46U.U.-�8�RSU^]�,XRT3%,�7',.-?=O-cL'463%7'1�8)=:4�8\-c;�-?8)RS/Q-?;�I�7',X-?BY3%46U�7'4���-Z1�U
7',X-Y/Q465T<�-�1�L�46N.N.8�1�V�RT9�467'-?5SB¡þ��^7'1 / ��]^,.-�8�-no6-?8�1�8�-?N.8�-�=>-?U.7'=F7',X-Y9�-?46Ud=>,.46N.-01�8cNX1�=>RS7'RS1�U
3%1�8)8�-�=>N.1�U.;�RSU r 7'107',.467�L'4�3%7'1�8b_

k�R r <�8�-?=��Z���Z=>,.1�]t7',.-�=O,.46N.-�1�LQ7',.-:,.<�9�4�U�/Q1�3%4�567'8)463%72L'1�8�;�RSL�L'-?8\-?U.7�/Q4�5S<�-?=K1�L�7',.-�gA46-?;�4
NX4�8)469�-?7'-?8)=?_Q+�,.-�N.468)469�-?7'-?8�/Q465T<�-?=�1�Lsþ���I6�6I?46U.; / �F4�8\-cNX5T1�7'7'-�;s_

E'7�9�<�=>7s@�-JN.1�RSU.7'-?;´1�<�7:7',.467M=O,.46N.-JL'463%7'1�8F46U.465SB�=>RS=�]�1�8)��=n]^-?5S5�]^,.-?UA7',.-�8�-J468�-^=>,X4�NX-
L'463%7'1�8)=lRSUD7',X-Y;�467'42_[E'7�RS=l7'1�1�-?468)5SB�7'1J;�-?3%RS;�-n]^,.-?7',.-?8s=>,.46N.-�L'463%7'1�8c46U.465SB�=>RS=F]^RS5S5�]^1�8)��L'1�8
/Q1�3%465W7'8)463%7�=>,.46N.-�=�3%1�8)8�-?=ON.1�U.;�RSU r 7'1F3%1�UX=>1�U.46U.7'=?_�E'UnN.468)7'RS3%<�5S468'I?RSLQ7',.-�468)7'RT3%<�5S467'1�8)=�;�-?L'1�8)9ÕRSU
4�U.1�U.5SRSU.-?468K9�4�UXU.-?8�]^,.-?U�9�1�/2-?;d46U.;J@�8\1�< r ,X7�RSU.7'103%1�U.7'463%7�]^RS7',J-�4�3%,�1�7',.-?8'I�RT7�RS=�<�U.5SRS��-?5SB
7',X4�7:4�5SRSU.-?468F;�-?3%1�9�N.1�=>RS7'RS1�U´1�L�7',.-�;�4�7'4�RSU.7'1D=>,X4�NX-JL'463%7'1�8)=n]^RT5S5:1�3%3%<�8b_d�^1�]^-?/2-�8'I�=>,X4�NX-
L'463%7'1�8�46U.465TB�=ORS=nRS=�<�=O-?L'<�5�L'1�8Y;�-?3%RS;�RSU r ]�,X-?7',.-?8 r -?=>7'<�8�-?=04�8\-�3%1�9�9�1�U´4�3%8\1�=>=^RSU.;�RT/QRS;�<�465S=

�6�



k�R r <�8�-l�2²¤G�468)RS4�7'RS1�U.=�1�LX7',.-Zgi46-?;�4[5TRSN�4�NX-?8)7'<�8\-cNX4�8)469�-?7'-?8

�2�



k�R r <�8\-l¥2²¤G�468)RT467'RS1�U.=�1�LQ7',.-ZgA4�-�;�4[7'1�U r <�-Z@�1�;�B0N.1�=>RS7'RS1�UJN.468)469�-?7'-?8

�6�



k�R r <�8�-[¼X²�G�468)RT467'RS1�U.=:1�L27',X-cgA46-?;�4l7'1�U r <�-Z=O,.46N.-ZN.468b469�-?7'-�8

�6�



k�R r <�8�-l�2²¤G�468)RS467'RT1�UX=�1�L27',.-ZgA46-?;�4l7'1�U r <�-Z7'RSNJN.1�=ORS7'RT1�U�N.468)4�9�-�7'-?8

�6¥



1�8Z;�RSL�L'-?8\-?U.7�5S46U r <�4 r -�=±���'463%��=>1�U.I������6�6�b_qgA1�8�-?1�/Q-?8'I.RS7�9�46B�=>7'RS5S5�7'<�8)Ud1�<�7�7',.467�=O,.46N.-nL'463%7'1�8
46U.465SB�=>RS=:]^RT5S5Q]^1�8b�0L'1�8�3%1�U.=O1�U.46U.7'=�46U.;J=O,.1�<�5T;�U�� 7�@�-Z46@�46U.;�1�U.-?;J7'1�1�=>1�1�U�_

¯�|�x>x>~Ow_°�~>xlÆKÇ>Ç[x>z[°�ÄKx>Å�Ä�y
e�RS9�N.5S-�46=O=><�9�N.7'RS1�U.=F]^-?8�-n9�46;�-n46@�1�<�7�7',.-�8�-?5S467'RT1�Um@�-?7']^-?-?UD7',.-�gA46-?;�4�=O,.46N.-nL'463%7'1�8ZN.46�
8)469�-?7'-?8)=K4�UX;n7',.-�CFE'G�H�468)7'RS3%<�5T467'1�8.NX1�=>RS7'RS1�U.=`_uE'UYN.468)7'RS3%<�5T468'Ia4Z5TRSU.-�4�8X7'8b46U.=OL'1�8)9�4�7'RS1�U�8�-?5S467'RSU r
7',X-l7']^1n]^46=MRS9�N.5S-?9�-?UX7'-?;�I�4�5S5S1�]^RSU r 4F8�-?465SRT=O7'RS3l/Q1�3%4�5�7'8)463%7.7'1n@�-F;�-?8)RS/Q-?;�3%1�8)8�-?=>NX1�U.;�RTU r 7'1
-�/2-?8)BnCFE'G�H�468)7'RS3%<�5T467'1�8K3%1�U.� r <�8)467'RS1�U�_

k�R r <�8�-?=Â��46U.;��F3%5S4�8)RSL'BJ7',X-l3%1�9�N.<�7'467'RS1�U.4652=O7'4 r -�=�RSUJ7',.- r -?U.-?8)467'RS1�UJ1�L�;�R r RS7'RSo6-?;d=>N.-?-�3%,
;�<�8)RSU r 7',X-�CFE'G�Hh=>RS9�<�5S467'RT1�U�_d+�,.-^é�1�]�3%,X4�8)7:N.8�-?=O-?U.7'-?;ÊRSU¬k�R r <�8�-��Â8�-?N.8�-�=>-?U.7'=07',.-^=>7'-?N.=
NX-?8)L'1�8b9�-�;�@�B¡7',.-DgA46-?;�4i=OB�U.7',.-?=ORSo�-�8b_ªeWRS9�RS5S468b5SB%I�7',.-dé�1�]^3%,.468)7FN.8�-�=>-?U.7'-�;�RSUtk�R r <�8�-A�
8\-?N.8�-?=O-?U.7'=:7',.-Z=>7'-?NX=MN.-�8bL'1�8)9�-?;�@�B07',.-ZeW-?U.=ORS9�-?7'8)RT3%=sL'1�8b9�46U.7Q=>B�UX7',.-?=>RSo6-?8b_

+�,.-:U.-?3%-?=O=>468)BF=>1�L'7']^468�-M9�1�;�RS��3%467'RT1�UX=�]^-?8�-:9�46;�-s7'1l@�1�7',�=>B�U.7',.-�=>RSo6-?8)=�7'1l465S5S1�]t7',.-?9�7'1
@�-sRTUX7'- r 8)4�7'-�;n@�BF4�=>RS9�N.5S-ZL'<�U.3%7'RS1�UF3%465T56]^RS7',n7',.-�CFE'G�H¡=>RS9�<�5T467'RS1�Un=O1�L'7']�468�-�_�H´3%1�U.=>RS;�-?8)46@�5S-
469�1�<�U.7�1�L[-?L�L'1�8)7Z]^46=nRSU./2-�=>7'-?;¡RSU´7',.RS=n463%7'RT/QRS7'B¬46U.;¡7'1A-?U.=><�8�-�7',.467�7',.-�=OB�U.7',.-?=ORTo6-?8)=n=O7'RS5T5
L'<�U.3%7'RS1�U.-�;J46=�-?VWNX-?3%7'-?;M_

± z�wY}QÇ>|�ÈQ~>z�w�È
H�5S5l1�LF7',.-�=>-A9�1�;�RT��3%467'RS1�U.=J]^-?8\-iRS9�N.5S-?9�-�U.7'-?;�1�U�4¬eW½�HYp:���b���D46U.;t7',.-d1�<�7'N.<�7F=>N.-?-�3%,
=O469�N.5S-?=�468�- r -?U.-�8b467'-?;04�UX;n]^8bRS7'7'-?U�7'1�Á¤;�-?/�Á¤46<�;�RT1ZRSUn8�-�4�5�7'RT9�-Z467W�6�6�6��=>469�N.5S-?=�NX-?8�=>-?3%1�U.;M_
+�,.-Z8�-�=><�5S7.RS=MPQ<�RT7'-s4�3%3%-�N.7'46@�5T-[=>1�<�U.;�]�,XRT3%,^8�-�N.8�-?=O-?U.7'=:7',.-Z@�4�@�@�5SRSU r N.,.46=O-c1�LXCFE'G�HJ_

H�5T7',X1�< r ,�7',X-YN.-�8bL'1�8)9�46U.3%-n1�LK7',.-�8�-?=><�5S7'RSU r =>RS9�<�5S467'RT1�UmRT=[=>5S1�]^-?8Z7',.46U�,X1�N.-?;�I27',X-?8�-�RT=
8\-?46=>1�Ul7'1s@�-?5SRT-�/2-K7',.467?7',.RS=2NX8�1�@�5S-?9�3%46Ul@�-K=>1�5S/2-�;s_¤�^1�]^-?/Q-?8'I)7',.-�=ON.-?-?3%,[P2<�465SRT7'BsRT=Q/Q-?8)B r 1�1�;�I
f�<�; r RTU r =O<�@�fÍ-?3%7'RS/Q-?5SB%I�3%1�9�NX4�8\-?;^7'1c1�7',X-?82=ON.-?-?3%,�=>B�UX7',.-?=>RSo6-?8)=>Ia46U.;�<�UX;�-�8�7',.-�3%RS8�3%<�9�=>7'46U.3%-?=?_
©�LQ3%1�<�8)=O-?I?1�U.5SB�U.1�U.�'U.46=>465SRSo6-?;n/Q1�]�-�5T=�468�-ZN.8\1�;�<�3%-?;�I?@�<�7�7',.-�=>-�/Q1�]^-?5S=�=>1�<�U.;^8�-?3%1 r U.RSo646@�5S-
46U.;�=>-?-�9³7'1Y7'8)463%�n7',.-ZCFE'G�H�46U.;�gi46-?;�4[/21�3%465W7'8)463%7'=:7',.4672468�-Z;�RS=>N.5S46B�-?;d3%1�U.3%<�8b8\-?U.7'5SB�_

eW< r�r -?=O7'RS1�U.=ML'1�8KL'<�8b7',X-?8�=O7'<�;�B�RSU.3%5S<�;�-Z7',.-ZL'1�5S5S1�]�RSU r ²

����5S-?46U^<�N�5S1�1�=>-Z-?U.;�=�RSUJ3%<�8)8�-?U.7QRS9�N.5S-?9�-?U.7'467'RS1�U��£1�L.]^,.RS3%,^7',.-?8�-Z468�-Z9�46U.B��b_
�¡E'U./Q-?=>7'R r 467'-Z1�7',.-?8�H�8)7'RS3%<�5S467'1�8)BY46U.;�eW,.46N.-ZL'463%7'1�8�9�1�;�-?5S=M1�LQ7',.-Z/Q1�3%4�5�7'8)463%7b_
�¡E'U.3%8�-?46=O-l=>NX-?-?;J1�LX7',.-Z7'8b46U.=OL'-?8�L'<�U.3%7'RS1�U^3%465S3%<�5S467'RS1�U��£RTLXN.1�=>=ORT@�5S-?�b_

�6¼



Formant Frequencies and Amplitudes

Frequencies
Loss Parameters

Gesture Coefficients
Standard Deviation Vectors
Mean Vectors

X

X

"Approximate" Area Function

Area Function

Mid-Sagittal Dimensions

Articulatory Vectors

Maeda parameters (Shape factors)

DIVA parameters (articulator positions)
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�6�



Formant Frequencies and Amplitudes

8 kHz (8 bit/sample) speech data in mu-law format

Speech Buffer

Acoustic Output

write() to /dev/audio

Default Speech ParametersX
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