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SAT (x, y)
zG]

SAT (x, y) =
∑

x′≤x, y′≤y

I(x′, y′) . 021 qV.43

��]MNEzGN~FUJ�;�=@?TA*ikW-PBV-AD;M=@AD;65�}~A h ]MSECE?BW-;@AG;
s(x, y) = s(x, y − 1) + I(x, y) 071 q8593

SAT (x, y) = SAT (x − 1, y) + s(x, y) , 071 q;:<3
Q`W�c�AG?

s(x, y)
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s(x,−1) = 0 021 q 1 3
SAT (−1, y) = 0 021 q _ 3
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D
Ce?T;@= ikW-PTV-AG;@=@A 1 }~A�ikADSeAD;@zGAD;�;@W�Nj�Q5AD;@=@?BV �

• r1

AD;\NECEL@Se?TYZX\N!=MADS i ?���ADPBCE]@F�FUA!?TF }RADYZX\NEADY h
A

• r2

AD;\NECEL@Se?TYZX\N!=MADS���]@F�FUA!=@ADS~}RADYZX\NOAGY h A
A + B

• r3

AD;\NECEL@Se?TYZX\N
A + C

• r4

AD;\NECEL@Se?TYZX\N
A + B + C + D

q
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D
CEW�FU?pN

pixsum(D) = r4 + r1 − (r2 + r3) . 071 q���3
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RSAT (x, y) =
∑

x′≤x, y′≤y−|x−x′|

I(x′, y′) 021 q���3

]@;@= h J�;@;�FU?pNl=@ADS~_'W-SeFUAGP

RSAT (x, y) = RSAT (x − 1, y − 1) + RSAT (x + 1, y − 1) − 071 q �<3
RSAT (x, y − 2) + I(x, y) + I(x, y − 1)

]@;@=�]@;\NOAGS� ]@XM?TPBikAG;'J�X@F�A�ikW�PTV-AG;@=@ADSR|5AD=@?B;@V-]@;@V�AD;

RSAT (−1, y) = RSAT (x,−1) = RSAT (x,−2) = 0 071 q���3
RSAT (−1,−1) = RSAT (−1,−2) = 0 021 q .��<3
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(x, y, w, h, 45◦)
=@]@SEYZX 1 }~A�ikADSeAD;@zGAD;�cdADSeADYZX@;@A�N�Q5ADSe=@AD; 0 m�c@c@?TPB=@]@;@V 1 q 1 3 �

pixsum(rect) = RSAT (x − h + w, y + w + h − 1) + 021 q . .43
+RSAT (x, y − 1) − RSAT (x − h, y + h − 1)

−RSAT (x + w, y + w − 1) .
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x
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x
(e)
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4. Corner feature
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Beispiele aus der Menge der PKW Bilder
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Beispiele aus der Menge der BIKE Bilder
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Beispiele aus der Menge der LKW Bilder
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Beispiele aus der Menge der BUS Bilder

m�c@c@?BPT=@]@;MV @"q @ �@|`AD?BCEL@?BADPTA�ikv@S~_dJbX@SEzGAD]@V-A2J�]MC~=MADS~|7�*��HKJbNEADV-W-Se?TA



@�q85"q�|`�5� �7[!}~� :�|`��� b
�*� } �*�w}��#���!�!� �R���
�R}Rm!: �~: � b2�f�`���!�s�R�w���R�lm��R��� @N@

HKJbNOAGV-W-Se?TA ^{W-CDq . ^{W-CDq .�� ^�W-CGq 5 ^{W-CDq%:
^ H�� 5 A�:<5	� :�: ��� @ A ABA :��H@ :
|5:�H2� 5 1 5 5 : �9: 1T{H�� . @+@+@ 1�191 @���. @�5	�
|`�*� � 1 . 5 5.A ..

� ;�5 7 � 6�� ��������� ���
	�� ����	 	������

�tJbc�AGPTPTA�@�q .��fm!;@zDJ�X@P J�]MikV-AG;@W-F�FUAG;@ADS5_aJ�X@SEzGAD]@V�AiC-AGSECeYZX@?TAG=@AD;@AG;�� �"L@C7ikv@Sw=@?TA�=@SEAG?4C�ADS��
CEYZX@?BAD=@AG;@AD;�H2JbFUAGSOJ�LdW-CE?pNO?BW-;@AD;

� ;�7�6 �I=O;+>������ :<� 2.= 7?>M�C; 6 ��� ;�3�K�7M=<6L>M�C; 6
V-AD;f]MNEzGN F��-V-PT?BYZX V�AD;f]MNOz�N F��-V-PB?TYZX

.-q 0 J<3 0 c%3J-eA �"q :�� � � ���"q : � � ��q;:���� � ����q;: � �
.-q 0 Y 3 0 =%33-eA � � @�q;:��BA 5 A<5�q �H@�5
5�q 0 J<3 0 Y 3J-eA :�q���� � 1�1 5"qV. � � :Mq ����� 1�1 5�q . � �5�q 0 A 3 0 V<3J-eA � � 5�q � ��5 .45��Mq 1 �BA5�q 0 c%3 0 =%33-eA � � :Mq @�5 � :<5 1 q @�� �5�q 0 i 3 0 X 3J-eA � � @�q A��BA �<5�q � 1 A:�q 0 J<3 � � �Mq ����� . 1 .-q;: � �:Mq 0 c%3 � � 1 q @ A�� :��Mq 1 �BA

1 q �"q :�� � :�:�.�q���� � � �
������1; � ���������	 ���������������� ����������� ����������������

�tJbc�AGPTPTA @"q85 � b+ADV�AD;fv@cdADSECjNOAGPTPT]M;@V�=MADS{c�AG;"]�NOzGNEAD;�]M;@=u=@AGS F"�-V�PT?TYZXMAD;Km!;@zDJ�X@P"J�;�_'ArJbNE]@SEAGC
ikv@S`=M?TA�ikAGCeNEV-ADPBADV�NEA+|`?TPB=@V-S �+*-A3C-W-;

48× 48
^�?a`MAGP q��!?TA 	�AD;MV-AD;�=@AGS`cdAD;f]MNOz�NOAG;�_'ADJbNO]@SeADC

CE?B;@=�=MAD]MNEPT?TYZX h PTAG?T;@AGSRJ�PTCl=M?TA+]@SeCEL@Sev@;@V-PB?TYZX@AG; ^{W�W-PBCDq

=@?TAD ]@W�SE=@;f]@;@V�C-W-;�_dJbX@SEzGAD]@V-AG;yxa=@?TAKAG?TV-AG;fNEPT?BYZX�zG] h AG?T;@AGS!HKJbNEADV-W�SE?TA+V�ADX��-SeAD;�W"=@AGS~zG]
FUAGX@SEAGSEAG;�HKJbNOAGV-W-SE?BAD;�V-PTAG?TYZX@zGAD?pNO?TVKV-AGX��-SeAD; h �-;@;@AG;yxMzG]@F ��AG?TPaL@SeW-c@PTAGF^J�NO?TCeYZXyqf�!AGCEX'J�PBc
Q`AGSE=@AG;UcdAD?BCEL@?BADPBCeQ5AD?TCeA � W-X@;\Q7�bV-AD;�]@;@=�T ?BAGikADSjQ7�bV-AD;nL@Se?T;@zG?TL@?BADPBP"zG]@S�H+PgJbCECEA`=@ADS ^ H�� C
V-ADzD��X@PpNrxtW�cfQ5W-X@P`=@?TAGCEA>=@]MSEYZX'J�]MCnV-S)�+*�AD;��*]@;@=�J�]@CeCEADXMAD;@CeF^�N*�?TV�?T;�=@?TA�HKJbNEADV-W�SE?TA�=@AGS
T H � AD?B;@V-ADW�SE=@;@A�NlQ`AGSE=@AG; h �-;@;@AG;yq

 /� =����4="!�#4; � _tv@S�=M?TA � JbX@P*=@AGS�|5?TPT=MV-S)�+*�A�x`=M?TA�zD]MF ��;fN<QR]MSein=@AGS�HKPTJ�CECe?�6 h JbNE?TW-;MCj�
CeNESE] h NO]MSEAD; C-ADSjQ`AG;@=@A�N�QR?TSe=yx CE?B;@= ikW-PBV-AD;M=@AnzGQ5AD?wm!CeL�A h NEA>J�]MCECEYZXMPgJ�V-V�ADcdAD;@=yq�_tv@SK=@AG;
|`AGNESOJ�YZX\NEADSnCEW�PTPTAG; =@?BA^V-AGW-FUA�NOSe?TCEYZXMAD;3]@;@=�=@?BA>J�]MCECEAGX@AD;MCEFU�N*-?TV�AD; 	�ADS h F^J�PBA^=@AGSnJ�c��
V-ADcM?TPT=MAGNOAG;�_dJbX@SEzGAD]@V-A�Jb]@YZX�cdAD?lAG?T;@AGS�}~AG=@]@zG?TADSe]@;@V)=@AGSU|5?TPT=MV-S)�+*�A^zD]�V-SeW+*-AG;��{AD?BPTAG;
ADS h AD;M;"c@J�SUcMPTAD?Bc�AG;yqtm�]Mi*=MADS�J�;@=MADSEAG; �"AD?BNEA�F�]@CeCUJb]Mi~=@?TA�cdADCeYZX@SO��; h NEAD;�NOADYZXM;@?TCeYZX@AD;
��LdAD?TYZXMADSj�5]@;M=o}RADYZX@AG;@SEAGCECeW-]@SEYGAD;)}Rv@Y h CE?BYZXfN�V-AG;@W-F�FUAG;�Q5ADSe=@AD; q
|`AD?B=@A bKAGCE?TYZX\NECEL@]@; h NEA�V-PBAD?TYZXMADSEFUJN*-AG;�c�AGSEv@Y h CE?BYZX\NO?TV�AD;@=oQR?BSE=�=@ADCeX'J�PTc�ikv@S~J�PTPBA*ikW-PTV�AD;��



@"q :Mq��*���{m!: T m �~m T��K�M���*� }�m T b��K}R:<�R[ 	�� � @ �

=@AG;�� `�LdADSe?TF�AD;\NOA�AD?T;MA+�"NOJ�;@='J�Se=���|5?TPT=MV-S)�+*�AVC-W-;
48× 48

^ ?a`�ADPdV-AGQ`��X@PpNrq"m!PTC�� W-S�C�ADSEJ�Sj�
cdAD?BNE]@;@V-CeCEYZX@Se?BNeN+Q`AGSE=@AG; J�PBPTAn|`?BPT=@AGS*?T; ��� c@?BN bKSEJ�]\Q`AGSeNEc@?TPB=@ADS h W-;�C-ADSjNO?BADSeN�]@;@= J�]Mi5=@?BA
ikADCjNOV-AGPTAGV�NOAKAD?B;@X@AG?BNOPB?TYZX@A bKS �+*-A*C h JbPT?TAGSeNDq

� ;>7�6 ��= ; �S2C2!= 5����~F =@?TA b+S)�+*�A0=MADS�_aADJbNO]MSEADLdW"W-PTC>zG] SeAD=@]@zG?TAGSEAD; x~Fuv@CECeAD; Q5AD?pNOADSeA
��?T;@CeYZX@SO�b; h ]@;@V-AG;ocdADzDvMV-PT?BYZX�=MADS~|`ADSeADYZX@;f]@;MV>=@ADS ^�SEWbNOW�N<�"LdAD;�V-AGNESEWN��AD;�Q`AGSE=@AG;yq
_tv@S�JbPTPTA�� `�LdADSe?TF�AD;\NOA�Q5ADSE=MAD; =MADCEX@J�PTc�ikW-PBV-AD;@=MA ^tJ�SEJ�FUA�NOAGS>ikADCeNEV-ADPBADV�NDqlm!]@CeV-ADXMAD;@=
C-W�;o=@AGS�AGSeQ`��X@;\NOAG;�|`?TPB=@V-S �+*-A*QR?TSe=�=MADS!� h J�PT?BADSE]M;@V-Cei J h NEW-SlCEWUAD?B;@V-ADCeYZX@SO�b; h Nrxa='J�CeC!=@?BA
_'ArJbNE]@SEAGC�F^J `M?BF^JbP�c@?BC zD]�AG?T;@AGF/_tv@;�i NOADPM=@ADS |`?BPT=@V�S)�+*-A5C h J�PB?TADSjNtQ5ADSe=@AD; 0 FUJ `�?TFUJ�PTAw�!? �F�AD;@Ce?TW-;�AD?B;@ADC5_'ArJbNE]@SEAGC ='J�F�?BN

9×9
^ ?a`�ADP 3 q9� AD?BNEADSeCwQR?BSE=�AD?B;@A 6 `�A�m�;Mi J�;@V-CeC h J�PB?TADSe]@;@V

=@AM6';@?TAGSeN�]@;@=�AD?B;@A��"YZX@SE?pNEN<Q5AD?BNEA�?T;�=@ADS^� h J�PT?BADSe]@;@V�ikADCjNOV-AGPTADVbNrq ��?T;@A��!AM6';@?pNO?TW�;�AG?T;@AGS
m!;�i J�;@V-CeL�W-Ce?BNE?TW-; ]M;@= C-W-;���YZX@Se?BNeN<Q`AG?BNOAG;�?T; `f�K]@;@=3�\��}R?TYZX\NE]@;@V)CEYZX@SE��; h N�CEYZX@PB?TA7*-PT?BYZX
=@?BAK|`ADSeADYZX@;f]@;@V.C-W-;�_'ArJbNE]@SEAGC�Jb]MitcdADCjNO?BFUFuNEA ^�W-Ce?BNE?TW-;@AG;�?TF |`?TPB=@c�AGSEAG?TYZX�AD?B;yq
�!?BA*J�;@V�AGikv@X@SjNOAG;�}~AG=@] h NO?BW-;@AG;>zD]@CEJ�F�FUAG;@V-AGi JbCECeN`SEAGCE]@PpNO?TAGSEAG;^?T;^_'ArJbNE]@SEAGL�W"W-PTCGxf=@?TARQ`A �
CEAG;\NOPT?BYZX h PTAG?T;@AGS�Ce?T;@=�JbPTCo=M?TA1	�AD;@V�AD;sJ�PBPTADS�cdADSeADYZX@AG;"c@J�SEAG; 	,��V-PT?BYZX h AG?BNOAG;yxlikv@So=@J�C
:<� 2.= 7?>M�C; 6`;"]MS AGN<Q`J�.-q . @���]@;@=�ikv@S�='J�C1� � ;�33K�7M=<6L>7�A; 6RAGN<Q`J�.-q�����=@ADS ]MSECELMSEv@;@V�PT?TYZXMAD;
b+S)�+*-Abq\�tJbc�AGPTPTA�@�q 5*Q`AGSE=@AG;�=@?TARSEAGCE]@PpNO?BADSEAG;@=@AG;�_'ArJbNE]@SEAGzrJ�X@PBAD;�L@SEWu|`?TPB=�J�]MikV-AGPT?TCjNOA�Nrx\=@?BA
ikv@Sl='JbCRQ5AD?pNOAGSEA2��SEJ�?T;@?B;@V�]@;M=�=@?BA2J�;@CEYZXMPT?TA7*-AD;M=@A2��CbJ�PB]@?TAGSE]@;MV C-ADSjQ`AG;@=@A�N!Q5ADSE=MAD;yq

+ ��� � � � 	���� 	 � 	���� ��� ��� ��9 �/. ����� �<580 ���

:<;�=@?TAGCEAGF m!cMCEYZX@;@?pNEN�Q5ADSe=@AD;�C-ADSeCEYZX@?BAD=@AG;@A�� `�LdADSe?TF�AD;\NOAl=@]MSEYZX@V-A�ikv@X@SjNrx\=@?BA7m!]MikCeYZX@PT]MCEC
v@cdADS~='J�C � ADSeX'J�PBNEAD;�=@ADS~c�AGCEYZX@Se?TAGc�AG;@AD;�m�PTV-W-Se?BNEX@FUAG;�]@;\NOAGSiC-AGSECeYZX@?TAG=@AD;@AG;0|`AD=@?B;@V-]@;"�
V-AG;�V-ADcdAD;oCEW-PBPTAD; qa�*J�zD]�Q5ADSe=@AD;)Jb]@CECeYZX@PT?BAL*-PB?TYZX��*JbNOAG;UC-W-;�H2JbFUAGSOJ�LdW-CE?pNO?BW-;�.u]@;@=1. �
cdAD;f]MNOz�Nrq

� � � �*) � 	� � ��" " �%1�� ��� & ��� ��
_tv@Sl=M?TA!ikW-PBV-AD;M=@AD;�� `�L�AGSE?TF�AD;\NEAKQ5ADSe=@AD;�=@?BAK�*JbNOAG;8C�W-;�H2JbFUAGSOJ�LdW-CE?pNO?BW-; .+ikW-PBV-AD;@=MADSj�
FUJN*-AD;�J�]�ikV-AGNEAD?TPpN �
��ClQ`AGSE=@AG; :n��SEJ�?T;M?T;@V-Ce='JbNEAD;@CE�bNOzGA+V-ADc@?BPT=@A�NrxMQ5W-cdAD? =@AGSD.-qa�*JbNEAD;@CEJbNOzK=@AGS h PBAD?B;@CeNEA�x@=@AGS
5�q"ikv@;MikFUJ�P ]@;M=�=MADS :Mq@�{SOJb?T;@?B;@V-CE=@JbNOAG;@COJbNEz*zDAGX@;@FUJ�PyCeWnV-SEW+*�QR?BA+=@ADSD.�q@�*JbNEAD;@CEJbNOzK?BCeNrq
�!?BA�SEADCjNOPB?TYZX@AG;��!JbNOAG;�Q5ADSe=@AD; J�PTCu��AGCeNO=@JbNOAG; C�ADSeQ5AD;M=@AGNDx Q5W-cdAD?RJ�]MCn=@ADSnv@cdADSe=@?TF�AD;"�
CE?BW-;'J�PtV-SEW+*�AD; 	�AD;MV-A�C�W-; ^wH�� CK;"]MS2AG?T;0|`Se]@YZX\NOAD?BP�X@ADSEJ�]@CeV-AD;@W�FUF�AD;)QR?TSe=yxy]@F =@J�C
��SEV-AGc@;@?BC =@ADStAD?T;MzDADPB;@AD;�_'AGX@PTAGSj��|5ADSEAGYZX@;f]@;@V-AG;�;@?TYZX\N zG]�CEADXMS zD] C�ADSei �bPTCEYZXMAD;yq-m�]�*-AGSE=@AGF



@�q;:Mq��*����m�: T m ��m T��K�M� �*� }�m T b �+}R:<�R[ 	o��� @��

� ���8��#%N U R � ���8��#%N U T � �&�A��#%N U%V � ���I�IN U � ���I�IN U R��
���	� K?; 6�;?; K�;?; G�6�9?G 7?7�=?K

����� (I= K?; (
=?; K�9 9?7
 ��	� 6�; 9<;?; 6�;?; (?(&G?G 6�6?6

�� � = 7?; =?; 7<6 (&9
� ���I�8N � R�V�T Y�R�Z R�^�T1Z S�S1\�S V1[1^]Y

�tJbc�AGPTPTA�@"q :�� ��SEJ�?T;@?B;@V-C��~]@;@=0��AGCeNO=@JbNOAG;@FUAG;@V-AG; ikv@S -eAD=MAUAG?T;@zGADPT;MA�_dJbX@SEzGAD]@V h PTJ�CECeA�ikv@S
=@?TA*ikW�PTV-AG;@=@AD;�� `�L�AGSE?TF�AD;\NEA�q

QR?TSe=U;f]@S =@?BADCEARAG?T;@zG?TV-Al�{ADCjNOF�AD;@V-A~=@AM6';@?TAGSeNDx\]@F/AD?B;@AD;�ikv@S )9+ +-& � `�L�AGSE?BFUAG;fNEA & ���!� & $ � ���
ikADCjNOV-AGPTADVbNOAD;��{ADCeNE='JbNEAD;@CEJbNOz C-AGSeQ5AD;@=@AG;�zD] h �-;M;@AD;yq
�!?TA3C�W-;^HKJ�F�ADSEJ�LdW-CE?pNO?TW�; . �!J�]@CwJ�]�ikV-AD;@W�FUF�AD;@AG;��*JbNOAG;UcM?TPT=MAD;nAD?B;@ARCELdADzG?TADPBPTA7�{ADCjNO='J �
NOAG;@FUAG;@V-Abq'��?T;@A*V�AD;'J�]MA+m!]
	'?BCeNE]@;@V�=@ADSlAG?T;@zGADPB;@AD;<yJ�XMPTAD;�?BCeN`?T;���J�c�AGPTPBA @�q;:�zD]�CEAGX@AD; q

� � � � $ � ��� 1� "�� � 3 �!����� ���1'��  "�0/ /������� /
:<; =@?BADCeADF � `MLdADSe?TF�AD;\N�Q`AGSE=@AG; =@?TA�C�ADSeQ5AD;M=@AGNEAD; ��ADJ h �`PgJ�CeCE?�6'ADSeCDx ='J�C"��� �d��]M;@=
='J�C � � 3�� � � � � = =O2*=2H+SE?BNEADSe?T]@F�x�F�?BNEAD?B;'J�;@=@AGSSC�ADSEV�PT?TYZXMAD;yq  ?BADP�?TCeN7ADCDxMAD?T;MA+V-AD;@AGSEAGPTPTA
m!]@CeCOJ�V�A�v@cdADSR=@?BA ^�AGSeikW-SeF^J�;MYDAD]M;fNEADSeCEYZX@?BAD=@A�=@ADSRcdAD?T=MAD;�m!;@CE�bNOzGA2NESEAM� AG;�zG] h �-;@;@AG;yq

:��I=�� K<;��3K�=	�I3�� ��m�]@CK=@AD;)cdAD?B=@AD;)]@;\NOAGSECeYZX@?TAG=@PT?BYZX@AD; �"NOSe] h NO]@SeAD;)Q`AGSE=@AG;�CO�bFuNOPB?TYZX@A
��?T;@zGADP h PTJ�CECe?�6 h JbNEW-SEAG;�X@ADSEJ�]@CEV�AD;@W-F�F�AD;yq ��?TADCeA�H+PgJ�CeCE?�6 h J�NOW-SeAD;�Q5ADSE=MAD;0FU?pN*=@AGS+��SEJ�?p�
;@?T;MV-CE='J�NOAD;MFUAG;@V-A6: ]@;\NOAGS � ADSjQ`AG;@=@]@;MV3=@ADS�]@;\NOAGSECEYZXM?TAD=MPT?TYZXMAD; _'ArJbNE]@SEAGCEA�NOC^]M;@= =@AGS
]@;\NOAGSECEYZXM?TAD=MPT?TYZXMAD; � ArJ h �`PgJ�CeCE?�6'ADS�H+SE?pNOAGSE?TAG; NOSEJ�?T;@?BADSjNrq ��]@SEYZX�AD?T;MA���CbJ�PB]@?TAGSE]@;MV Jb]Mi
=@AD;��{ADCeNE='JbNEAD;�QR?BSE=�=@?TA ^{ADSjikW-SEFUJ�;@YGA+=@ADS~H+PgJ�CeCE?�6 h JbNOW-SeAD;�F�?BNOAG?T;'Jb;@=@ADSSC-ADSeV-PT?BYZX@AD; q

� = �*;��(33� 585�; � :<;�m!c@c@?BPT=@]M;@V�@�q ��CE?T;M=�=@?TA+} �;� H+]@S�C�AD; 0 B &��/& � �9& (���� & ( ) � 
 ( � ��) ( )�� &
� & (#� . � � � � $ ( �9&/. 37ikvMSlzGQ5AD?{J�]@CeV-AGQ`��X@PpNOA2H+PgJ�CeCE?�6 h J�NOW-SeAD;�c�AG?C� ADSjQ`AG;@=@]@;@VU=@ADS3C�ADSECeYZX@?TA �
=@AD;MAD;�� ArJ h �`PgJ�CeCE?�6'ADS�H+SE?BNEADSe?TAD;�]@;@=�=MADS cdAD?B=@AD;u_aADJbNO]MSEADCeAGNEC zD]nCeADX@AG;yq�m�PTC ^�J�SOJbFUA�NOADS
QR?TSe=�X@?TAGS!=@AGS2��YZX\Q`AGPTPBQ5ADSjNKv@cdADS+=@AGS!� JbX@SECeYZX@AD?B;@PT?BYZX h AG?BN

pthr

z�QR?TCeYZX@AD;0L�W�CE?BNE?#C�ADS!]M;@=
;@ADV-JbNO? C-ADStH+PgJ�CeCE?�6 h J�NO?TW�;MC�W-; A ��c@?TC�. ABA�� CbJ�Se?T?BADSeNDq �!?TA`H+PgJ�CeCE?�6 h J�NOW-SeAD;uc@J�CE?BADSEAG;�='J�cdAD?
J�]Mi�=@ADS~|`AGSEAGYZX@;f]@;@VIC�W-; : A�_'ADJbNO]@SeADC 0 T ATC-ADP :BA�H+PgJbCECE?�6 h JbNOW�SEAD; 3�q
:<;��tJ�cdADPBPTA�@"q 1 ?TCjNl=@?BA*SEAGCE]@PpNO?TAGSEAG;@=@A�� �,$ )9+ � ( ( 
 (�B ) � & 0 �w� } 35ikv@Sl=@?BA*AD?B;@zDAGPT;@AG;�H+PTJ�Cj�CE?�6 h JbNOW-SeAD;�zD]�CEAGX@AD; q �!AGS h PBAD?B;@ADSeAK_aAGX@PTAGSl?TCjNR='J�cdAD??-eAGQ5AD?BPTC ; ; 6862X@AGSOJ�]MCEV-AGX@W-cdAD;yq



@"q :Mq��*���{m!: T m �~m T��K�M���*� }�m T b��K}R:<�R[ 	�� � @ �

m!cMc@?TPB=@]@;@V @�q ���C� ADSeV-PTAG?TYZX0=@ADS ��ADJ h �`PgJbCECE?�6'ADSeC2ikvMS�z�Q`AG?`J�]MCEV-A�Q7��XMPBNOAU��?T;@zGADP h PTJ�CECe?�6M�
h JbNOW�SEAD; q :<;)=@ADS+PB?T; h AD;0��L@J�PBNEAuQR?TSe=�='J�C�� � 
 + ) �<_aADJbNO]MSEADCeAGNDxy?T;�=@AGS+SEAGYZXfNEAD;���L'J�PpNOA�=@J�C
��� & � ��) ( �<�<_'ArJbNE]@SEAGCEAGNgC�ADSeQ5AD;M=@AGNDq

" 0 ��� 4 8 ' 4M�:35I'*)O'9� FI0 '4�32J4 5�� 8 ' 4M�:35I'*)O'9�
� � � � ������� ( ( 
 ( � �,� � �����I� ( ( 
 (

' ) $ ? � �M	�m T�T���|`: b�� 1 x A�: � �
	������ :Mx�� 1 � �	�����
�"NESE] h NO]MS � ^ H�����|`:�HK��� ��	������ 5�x 1 . � ��	 ����� .-x . � �

� T{H�����|`�*��� @�x �<5 � 
	��
	�� @�x�� � � �	������
� ^ H����bm!PBP�� �Mx @ � � �
	������ @�x���� � �	 �����

� & �,. & C + + � |`:�HK����m!PTP�� ��	������ 5�x ��: � 5�xV. � � ��	������
�"NESE] h NO]MS � T H ����m!PTP�� 
	 � 	�� �Mx 59: � 1 x��9: � 	�	������

� |7�*����m!PTP�� �Mx ��� � �
	��
	�� �Mx���� � 	��
	��

��J�c�AGPTPBA�@�q 1 � � ADSEV�PTAD?BYZX�=@AGS � �,$ )9+ � ( ( 
 ( B ) � & 0 � � }!3{c�AG?�� ADSjQ`AG;@=@]@;MV2=MADS ]@;\NEADSECeYZX@?TAG=��PT?BYZX@AD; ��ADJ h �`PgJ�CeCE?�6'ADS5H+SE?BNEADSe?TAD; qf�!ADS h PBAD?B;@ADSeA!_'ADXMPTADSw?TCjNJ-eA�Q`AG?TPBC ; ; 686!X@ADSEJ�]@CeV-ADX@W�c�AG;yq



@�q;:Mq��*����m�: T m ��m T��K�M� �*� }�m T b �+}R:<�R[ 	o��� @	�

���������
	���������������� ����������������	����������������
� 4� ?4�! (I; � 4" ?4�!�9<; � 4" ?4�!�7?; � 4" �4"! (
; � 4� ?4"!�9?; � 4� ?4"!�7�;

#%$'&( )+*,.-%���0/214365%7 6A):9<798 78):9�(:8 T�U+S�V<; 7A) G?==8 7A)B(
K�8 T�UCS�W>;
*�?+@BA�CD?+A�@ )6E�FHGI/2143JFHK07 T�UCT1S>; 9�) 6�>L8 9�) 6A(M8 98) 7�G�8 (�) 9�>N8 R1U"R�[<;

)+��FHGI/21�OP*Q7 G�) K?798 W�UXTAZ 8 G�) K<6R8 G8) K�;=8 7A) 7�9L8 T�UC\1V<;
)6E�FHGI/'- !S! 7 =8) 7�>�8 78) @?@=8 V�U+S�Z<; 61) G<698 7A) G<6=8 T�UXY1Y>;

T2UWV�XYU[Z]\�\ )+1^3JFHK�/2- !S! 7 G�) K8(M8 T�U+S�V_; 9�) K?798 7A):>�(:8 R1U"R�[>; (?):9�>L8
*�?+@BA�CD?+A�@ )6��FHGI/2- !`! 7 @8):G<@98 >�) 6�K=8 S�UCT1V<; =A):>�(:8 61) @�7�8 ^�UXTA\<;

)+1�O]*�/'- !S! 7 (?(?) K?;�8 K8)H>�(:8 S�U+[1^�; KA) K�G�8 G8) K�9L8 W�UCSA^�;
�tJbc�AGPTPTA @�q @ ��� AGSEV-PBAD?BYZX>=@ADS � �,$ )9+ � ( ( 
 (�B ) � & 0 � � }!35J�]Mi`C-AGSECeYZX@?TAG=@AD;@AG;�H+PgJbCECE?�6 h JbNOW�Sj�T A�C-AGPTCGq���ADS h PTAD?B;@CeNEAK_'ADX@PBADSl?TCjN -eAGQ5AD?BPTC1; ; 6862X@ADSEJ�]@CeV-ADX@W�c�AG;yq

� � � ��� a ��� � ��� ��� � � � � � ���%3cb �%1 �211'��� � �  � � ��� �03  ed���� � ��!� � � ���
�������  � ��/gfQh���d��� ji

:<;�=@?TAGCEADF m!c@CeYZX@;@?pNENRQR?TSe=�=@?TA*m�c@X'��;MV-?TV h AD?pN7zGQR?BCEYZX@AG;o=@AGS ^�AGSeikW-SeF^J�;MYDA*AG?T;@AGCRHKPTJ�CECe?p�
6 h JbNOW�SECR]@;@=�=@ADSRm�;@zrJ�XMP J�;�C-ADSjQ`AG;@=@A�NOAD;)_'ADJbNO]@SeADC 0 H+PTJ�CECe?�6 h JbNEW-Sj� T ATC-AGP 35]@;\NEADSECe]@YZX\Nrq

:��I=�� K<;��3K�=	�I3�� ��:<;K=@?BADCeADF�� `�L�AGSE?BFUAG;fN Q5ADSe=@AD;2CO�bFuNOPB?TYZX@A���?B;@zDAGP h PgJ�CeCE?�6 h JbNOW-SeAD;KJ�]MC
=@AD;0�fNOSE] h NE]@SEAG;)X@ADSEJ�]@CEV�AD;@W-F�F�AD;yq��!?TAGCEAuQ5ADSe=@AD;)F�?BN�=@ADF � ��� � ? $ ? � ( ( 
 (UH+SE?BNEADSe?p�
]@F ]@;@=U=@AD;>]M;fNEADSeCEYZX@?BAD=@PB?TYZX@AG;�_aADJbNO]MSEADCeAGNEC7J�]Miy=@ADSw��SEJ�?T;M?T;@V-Ce='JbNEAD;@F�AD;@V�A :KNOSEJ�?T;@?BADSjNrq
�!?TA ^�ADSjikW-SEFUJ�;@YGA*=@AGSlAD?T;MzDADPB;@AD;�H+PTJ�CECe?�6 h JbNEW-SEAG;�J�]Mi =@AGFI�{ADCjNO='JbNEAD;@CEJbNOz+QR?BSE=�J�]�i�=MSEAD?
C-AGSECEYZXM?TAD=MAD;@AG;)HKPTJ�CECe?�6 h JbNEW-Sj� T A�C-AGPTC7]M;fNEADSeCE]@YZX\N*]M;@=�V�ADV-AG;"vMc�AGSEV-AGCeNOAGPTPpNrq

� = �*;��(33� 585�; � :<;�m!c@cM?TPT=M]@;@V @�q���?TCeN�=@?BA ^�AGSeikW-SeF^Jb;@YDA2ikv@S�=MSEAD?tJ�]@CeV-AGQ`��X@PpNOA�H+PTJ�CECe?�6M�
h JbNOW-SeAD;�cdAD?d]@;\NOAGSECEYZXM?TAD=MPT?TYZXMADSlm!;MzrJ�X@P�c�AGSEAGYZX@;@AGNEADS~_'ArJbNE]@SEAGC7zD]�CeADX@AG;yq@m�PTC ^�J�SOJbFUA�NOADS
QR?TSe=�QR?BAD=@AGSR=@ADS���YZX\Q5ADPTPpQ`AGSeN�v@cdADSR=@ADS#��J�X@SeCEYZX@AG?T;@PB?TYZX h AD?BN3C�ADSjQ`AG;@=@AGNDq
:<;o��J�cdADPTPBA�@�q @nQR?BSE=�=@?TAK� � }sJ�]Mi�=@AD;8C-AGSECEYZXM?TAD=MAD;@AG;�T ATC-AGPTCRikv@SR=@?TA+AG?T;@zGADPT;MAD;�HKPTJ�CECe?p�
6 h JbNOW�SEAD;�AD?B;'J�;@=MADSlV-AGV-AD;fv@cdADSeV-ADCjNOADPBPBNDqa�!ADS h PTAG?T;@CjNOA2_'ADX@PBADSl?TCjN -eAGQ5AD?BPTC ; ; 6862FUJ�S h ?TAGSeNDq

� � � �7� a ��� � ��� ��� � � � � ������3kb�� 1 �*11'��� � � ��ml �0npo � �!��� � � � � � � �%10/B+
� ������!����%1��

:<;U=M?TADCeADF
� `�LdADSE?BFUAG;\NwQR?BSE=�]@;\NOAGSECe]@YZX\NrxfQR?TAl=@?BA ^�ADSjikW-SEFUJ�;@YGAR=@ADSwH+PgJ�CeCE?�6 h JbNOW-SeAD; C�W-;
=@ADS b+S)�+*�A+=@ADSR�{SOJ�?B;@?T;@V�CE='JbNEAD;@F�AD;MV-AKJ�c@X'�b;@V�Nrq



@"q :Mq��*���{m!: T m �~m T��K�M���*� }�m T b��K}R:<�R[ 	�� � �BA

m!cMc@?TPB=@]@;@V<@�q�� � ^�ADSjikW-SEFUJ�;@YGA�C�ADSEV�PTAD?BYZX)c�AG? ]@;\NOAGSECEYZXM?TAD=MPT?TYZXMAD; HKPTJ�CECe?�6 h JbNEW-Sj� T A�C-AGPTC!ikvMS
=@SeAD?yJb]@CEV-A�Q7�bX@PBNEA+H+PgJ�CeCE?�6 h J�NOW-SeAD;yqf:<;�=@AGS7PT?B; h AG;���L'J�PpNOARQR?TSe=>='J�C � � 
 + ) ��_'ArJbNE]@SEAGCEA�NrxM?B;
=@AGS~SeADYZX\NOAG;���L@J�PBNEA+='J�C ��� & � ��) ( � �<_aADJbNO]MSEADCeAGNgC-AGSeQ5AD;@=MAGNrq

:��I=�� K<; ��K�= �(3���� � C�Q`AGSE=@AG;�CO��FuNEPT?BYZX@A ��?T;MzDADP h PgJ�CeCE?�6 h J�NOW-SeAD; =MADS ' ) $ ? �j�"NESE] h NE]@S
]@;@=3=MADS � & �,. & C + + ���"NOSe] h NO]@S2X@AGSOJ�]@CeV-AD;MW-FUF�AD;�]@;@=3]@;\NOAGSn��?T;@CEJbNOzU=@ADC � ��� � ? $ ? � ( &



@�q;:Mq��*����m�: T m ��m T��K�M� �*� }�m T b �+}R:<�R[ 	o��� ��.

m!c@cM?TPT=M]@;@V�@�q ��� ^�AGSeikW-SeF^J�;MYDA�C�ADSeV-PTAG?TYZX3cdAD?`=MSEAD?`]@;\NOADSeCEYZX@?BAD=@PB?TYZX3V-SeW+*-AG; ��SEJ�?T;M?T;@V-Ce='J��
NOAG;@FUAG;@V-AG;yq�:<;�=@ADS�PT?T; h AD;3��L'J�PpNOA�QR?TSE= ='J�C��J� 
 + ) ��_'ArJ�NO]@SeADCEA�Nrx{?T; =@ADS�SEADYZX\NEAD;���L'JbPBNOA
='J�C ��� & � ��) ( �<�<_'ArJbNE]@SEAGCEAGNgC�ADSeQ5AD;M=@AGNDq

( 
 ( �<HKSe?BNEADSE?B]@F�C2F�?BN�=@AG;��{SOJb?T;@?B;@V-CE=@JbNOAG;@FUAG;@V-AG;#.-x 5o]@;@= :�NESOJ�?B;@?TAGSeNrq{�*Jb;'J�YZX3QR?TSe=
=@?TA ^{ADSjikW-SEFUJ�;@YGA2=MADS~H+PgJ�CeCE?�6 h J�NOW-SeAD;�J�]Mit=@ADSR�{ADCjNO='JbNEAD;@F�AD;MV-A�ATCbJ�PT]@?BADSjNrq



@"q :Mq��*���{m!: T m �~m T��K�M���*� }�m T b��K}R:<�R[ 	�� � �<5

�L������� 	4���D������� �"�� �������������Q��	4���D������� �"��
(

�
G

�
(
;

�
(

�
G

�
(I;

�

#]$2&( )B*, -]��� /'14365%7 =8):G�>�8 98):>�(M8 T�U+S�V_; G�):9�(:8 T�U"R�V>; 98) =�GL8
*D?B@+A�CD?BA�@ )JE^FHGI/2143JFHK07 78) 7?=98 R1UCS�R.; 9�) 6A(:8 9�)H>�;=8 98) 9?7�8 R1U"R�[<;

)6��FHGI/21�O]*Q7 K8)H><G=8 W�UXY1T>; G�) K<698 7A(?) 6�G�8 R1UXWAZ>; 98) @�7�8
)6E�FHGI/2- !`! 7 6A) ;8(M8 7A) =�G=8 V�U+S�Z_; 6A):9<@=8 61) =�9L8 T�UXY1Y>;

T'UWV"X U[Z]\�\ )6143JFHK4/'- !S! 7 6A) ;?798 7A) =�K98 T�U+[�V_; >�) 7�G�8 61) ;?6=8 R1UXT1Y>;
*D?B@+A�CD?BA�@ )+��FHGI/'- !S! 7 >�) =?@98 W�U+^�R.; =8):9<7=8 K8) ;?K=8 ^�U"R1R ; 61) 9?@�8

)+14OP*�/2- !`! 7 7?;A) ;?6�8 KA) 6�=98 S�U+[1^>; (
78) ;?;=8 R1UXTA[>; G8) =?6=8
��J�c�AGPTPBA @�q ���I� ADSEV�PTAD?BYZX�=@AGS � �,$ )9+ � ( ( 
 ( B ) � & 0 � �w} 3�=@AGS�AD?B;@zDAGPT;@AG;3H+PgJ�CeCE?�6 h JbNOW-SeAD;yxQ5ADPTYZXMA�Jb]Mi C-ADSeCEYZX@?BAD=@AG;>V-SeW+*-AD;n�{SOJb?T;@?B;@V-CE=@JbNOAG;@FUAG;@V-AG;�NOSOJb?T;@?BADSeN�QR]@SE=MAD;yqf�!AGS h PTAD?B;@CeNEA
_'ADX@PBADSl?BCeN -eAGQ5AD?BPTC ; ; 6862X@AGSOJ�]MCEV-AGX@W-cdAD;yq

� = �*; ��33� 5 5 ; � :<;0m!c@c@?BPT=@]M;@V @�q ��?TCeN*=@?TA ^{ADSeikW�SEFUJ�;@YDA C�W-; :�J�]@CEV�AGQ`��X@PBNEAD; T A�C-AGPp� :BA
H+PgJ�CeCE?�6 h JbNOW-SeAD;�?T;�m�c@X'��;@V�?TV h AD?BNt=@ADS bKS �+*-A`=MADS �{SOJ�?B;@?T;MV-CE='J�NOAD;MFUAG;@V-A`=@J�SEV-AGCeNEADPTPpNrq�m!PBC
^tJbSOJ�F�AGNEADS7QR?TSe=�=MADS���YZX\Q`AGPTPpQ`AGSeN�v@c�AGSl=@ADS#��J�X@SeCEYZX@AG?T;@PB?TYZX h AD?BN

pthr

C�ADSeQ5AD;M=@AGNDq
:<;3��J�c�AGPTPBA @�q ��QR?BSE= =M?TA^SeADCe]@PBNE?TADSeAD;@=MA�� �w}
ikv@S�=@?TAUFU?pNu=@AG;3]@;\NOAGSECEYZXM?TAD=MPT?TYZX3V�SEW+*-AG;
�{SOJ�?B;@?T;@V�CEF�AD;@V-AG;UNESOJ�?B;@?TAGSeNOAG;>H+PgJbCECE?�6 h JbNOW�SEAD;>J�]MikV-AGPT?TCjNOA�Nrq"�!ADS h PBAD?B;@CeNEA*_'ADX@PBADS5?TCeN5QR?TA �
=@AGS ;�;>6 6�FUJ�S h ?BADSjNrq

� � � � � l ��/ � � � 
 ��� � � � ��� � � � � ������ ��� �� �!�� � � � �' ���� ��
:<; =M?TADCeADF � AGSECE]MYZX QR?TSe= =@?BA ^�ADSjikW-SEFUJ�;@YGA =MADS�V-ADCEJ�FuNOAG; ' ) $ ? �j�"NESE] h NO]MS�]M;@= =@AGS
V-AGCOJ�FuNEAD; � & �,. & C + + �j�"NESE] h NE]@SRJ�]Mi�=@ADSR�{ADCjNO='JbNEAD;@F�AD;MV-A�]M;fNEADSeCE]@YZX\Nrq

:��I=�� K<; ��K�= �(3����  ]@;'��YZX@CjN�Q5ADSe=@AD;�=@?TA cdAD?B=@AD;�H+PgJ�CeCE?�6 h J�NOW-SeCeNOSe] h NO]@SeAD;�J�]MiM=@ADS{��SEJ�?p�
;@?B;@V-CE=@JbNOAG;@FUAG;@V-A :+;'J�YZX�=@AGF � ��� � ? $ ? � ( ( 
 (+H+SE?pNOADSe?T]@F�NESOJ�?B;@?TAGSeNrqb�*J�;@J�YZX�QR?BSE=�=@?BA
^�AGSeikW-SeF^Jb;@YDAn=@AGS2�"NOSe] h NO]@SeAD;0J�]Miw=@AGS+��AGCeNE='JbNOAG;@F�AD;@V-A�ATC�JbPT]@?BADSeNDq�m�PTPBA���?T;@zGADP h PTJ�CECe?�6M�
h JbNOW�SEAD;�cdADSe]@X@AD;�='J�cdAD? J�]�it=@AGS~|`ADSeADYZX@;f]@;@V.C-W-;6:BA�_'ArJbNE]@SEAGC 0 T A�C-AGP :BA<3�q

� = �*; ��33� 5 5 ; � :<; m!c@cM?TPT=M]@;@V @�q � CE?B;@=�=@?BA�} ���`C>ikv@S>=M?TA���?T;MzDADP h PgJ�CeCE?�6 h J�NOW-SeAD; =@AGS
AD?B;@zDAGPT;@AG;��"NOSe] h NO]@SeAD;�zD]�CEADXMAD;yq':<;�=@AGS~PB?T; h AD;���L@J�PBNEA!QR]@SE=MA2=@J�C �J� 
 + ) ��_'ArJ�NO]@SeADCEA�Nrx@?B;
=@AGS~SeADYZX\NOAG;���L@J�PBNEA+='J�C ��� & � ��) ( � �<_aADJbNO]MSEADCeAGNgC-AGSeQ5AD;@=MAGNrq
�!?BA � �,$ )9+ � ( ( 
 ( B ) � & 0 � � } 3�ikv@SU=@?TA�AD?B;@zDAGPT;@AG;�H+PgJ�CeCE?�6 h J�NOW-SeAD; ?BCeN^c�AGSEAD?pNOCU?T; =MAD;��L'JbPBNOAG;"@+]M;@= � 0 " 0 ��� 4 � . A `ncMzGQKq�FI0 '*��2J4 5�� � . A ` 3`C-W-;U�tJbc�AGPTPTA @�q��KJ�;MV-ADV-AGc�AG;yq�� ?TSe=AD?B;@A�� ?B;@CeNEADPBPT]@;@V =@ADSUH+PgJ�CeCE?�6 h JbNOW-SeL'J�SEJ�FUA�NOAGS�zG]@S>��SeSEAD?BYZXf]@;@V =@AGS>� � } V�AGQ`��X@PBNDx CEW
ADSeX'��PpN+F^Jb;�=@?TAn��SeV-ADc@;M?TCECeA�x =@?BA�?T;���J�cdADPBPTA/@"q���J�]MikV�ADPT?BCeNEAGN*Ce?T;@= qy[�?BADS 6';M=@AGNKFUJ�;�=@?BA



@�q;:Mq��*����m�: T m ��m T��K�M� �*� }�m T b �+}R:<�R[ 	o��� �9:

m!c@cM?TPT=M]@;@V @�q�� � B &��/& � �9& ( ��� & ( ) � 
 (�� ��) ( )>? � & (M� . � � � H+]@S<C-AD;�J�PTPBADSlAD?B;@zDAGPT;@AG;oH+PTJ�CECe?�6 h J��
NOW-SeAD;�J�]Mi7=MADS2��AGCeNO=@JbNOAG;@FUAG;@V-Abq�:<; =@ADS2PT?B; h AG; ��L@J�PBNEA�QR?BSE=0='J�C �J� 
 + ) ��_'ADJbNO]@SeADCeAGNrx ?B;
=@ADSRSeADYZX\NOAG;)��L'J�PpNOA+='JbC�� � & � ��) ( � ��_'ADJbNO]@SeADCeAGNgC-AGSeQ5AD;@=@A�Nrq

m!;@zDJ�X@P+=@AGS h W-SeSEA h N h PgJ�CeCE?�6@zD?TAGSeNEAD;#_aJ�X@SEzGAD]@V�A0]M;@= =M?TA�L@SeW-zDAG;fNE]@ADPBPTA��*]@W�NEA�ikv@S�=@?TA
AD?B;@zDAGPT;@AG;��"NESE] h NE]@SEAG;yq
m!PBC�|`AD?BCEL@?BADP�zDAD?BV�N>m�c@c@?BPT=@]@;MV @�q . A =@?TA1. @0QR?TYZX\NE?TV-CjNOAD;#_'ArJ�NO]@SeADCDxwQ`AGPTYZX@A)=@]MSEYZX =@?TA
'����D� & �,. & C + + ]M;@= '�� �;& �,. & C + + HKPTJ�CECe?�6 h JbNEW-SEAG;�=@AGS+J�]Mi =@AGF ��� & � ��) ( � ��_'ArJ�NO]@SeADCEA�N+c'J��
CE?BADSEAG;@=@AG; � & �,. & C + + �"NESE] h NE]@S7J�]MCEV-A�Q7��XMPBNwQ`AGSE=@AG;yq�:<;UADSeCeNOAGSEAGFI_aJ�PBP@c�AM6';@=@AG;>CE?BYZX^=@?BADCeA
C-W-S�J�PBPTADF ?TF H~W-LMig��]@;@= ��YZXf]@PBNEADSEcdADSeAD?BYZX =@ADS 	�W�NEW-SESEJ�=Mi J�XMSEADSKCeW QR?BAU?BF |`AGSEAD?BYZX =@AGC
V-AGQ5W-SjikAD;@AG;o�"YZX'JbNENEAD;@CGxM?B;>zGQ5AD?pNOADSeADF _aJ�PTP?C-W�S7J�PBPTADF
?BF |`ADSeAD?BYZX�=@ADS`_aSeW-;\NOCeYZX@AD?Bc�A*]M;@=
=@ADS���AG?BNEAD;MikAG;@CeNEADS~=@ADS~|`]@CeCEAbq
:<;�m�c@c@?TPB=@]@;@V @�q . .�CE?T;M=�=@?BA^|`?BPT=@AGS�C-W-; :BA�_aJ�XMSEzDAG]@V-AG;�zD]�CEADXMAD;yx{=@?TA�=@]@SeYZX�=@?BA^Jb]Mi
=@ADF ��� & � ��) ( � ��_'ArJ�NO]@SeADCEA�NRc'J�Ce?TADSeAD;@=MAD; � & �,. & C + + �"NESE] h NO]MSRi JbPTCEYZX h PgJbCECE?�6'zD?BADSjNlQ`AGSE=@AG;yq



@"q :Mq��*���{m!: T m �~m T��K�M���*� }�m T b��K}R:<�R[ 	�� � � 1

m!cMc@?TPB=@]@;@V @�qV. A��d�!?TA . @�QR?TYZX\NE?TV-CjNOAD;�_aADJbNO]MSEADC�ikv@S!=@AG; '����D� & �,. & C + + ]@;@= '�� �;& �,. & C + +
H+PgJ�CeCE?�6 h JbNOW-S�=MADS � & �,. & C + + �j�"NESE] h NO]MSDq T ?T; h C�QR?TSe= ='JbC � � 
 + ) �U]@;M=�SEAGYZXfNECo='JbC���� & � &
��) ( � ��_'ArJbNE]@SEAGCEA�NVC-AGSeQ5AD;@=@A�Nrqa_tPT��YZX@AG;>L�W�CE?BNE?#C�AD; � W�SEzDAG?TYZX@AG;@ClCE?B;@=>F�?BNw=@]@SeYZX@V-AGzDW-V-AG;@AD;
T ?T;@?BAD;yx�;@ADV-JbNO? C-AD;�� W-SezDAD?BYZX@AD;MC�F�?BNl]M;fNEADSec@SEW"YZX@AD;MAD; T ?T;M?TAD;�]MFUSEJ�;@=@A�Nrq

m!cMc@?TPB=@]@;@V @�qV..��`|5?TPT=MADS�C-W-; :BA�_dJbX@SEzGAD]@V-AG;yx5Q5ADPBYZX@A�=@]@SeYZX�=@?TAoJ�]Mi2=@AGF ��� & � ��) ( � �
_'ArJbNE]@SEAGCEA�N�c@J�CE?BADSEAG;@=@AG; � & �,. & C + + �"NOSe] h NO]@SRi J�PBCEYZX h PgJ�CeCE?�6@zD?TAGSeNlQ5ADSe=@AD;yq



@�q;:Mq��*����m�: T m ��m T��K�M� �*� }�m T b �+}R:<�R[ 	o��� �+@

' ) $ ? �"NESE] h NE]@S � & �,. & C + + �fNOSE] h NE]@S
m�;@zrJ�XMP � m!;@zDJ�X@P �

^ H�� @�. @�� �H@�x . . @�5�. . ����x A �
" 0 ��� 4 |`:�HK� ��. ���Mx @�� �95 � �"x��BA

8 ' 4��:�5�'*)O'*� T H � � �<5 � ��x���. . A 1 � �BA�x��<5
|7�*� :�. ��.-x . � 5 1 � A�x @��
^ H�� @�59: 1 ���Mx @ A @�5 ��� � �"x A��

FI0 '*�3234�5�� |`:�HK� � � �H@�x .45 ��5 . A AMx A A
8 ' 4��:�5�'*)O'*� T H � ��: 1 �BAMx � � . A��BA � 1 x : �|7�*� :�: � ��x A�� 5 � �<5"x :H@

�tJbc�AGPTPTA�@�q�� �fm!;MzrJ�X@Pa]@;M=>L@SEW�zDAD;\NE]@ADPBPTA �+]MW�NOA h W-SeSEA h N h PgJ�CeCE?�6@zD?TAGSeNEADS5_dJbX@SEzGAD]@V-ARikv@Sw=@?TA
AD?B;@zDAGPT;@AG;��"NESE] h NE]@SEAG;o]@;\NOAGS � ADSeQ5AD;M=@]@;@VU=@ADSR]@;\NOAGSECeYZX@?TAG=@PT?BYZX@AD;o_aADJbNO]MSEADCeAGNECDq

"/0 ��� 4 8 ' 4M�:�5�'*)O'9� FI0 '4�32J4 5�� 8 ' 4M�:�5�'*)O'9�
;MW-SEF�qM�{ADCjNOCEA�N ��AGCeNECEAGNW. � ;@W�SEFI�{ADCjNOCeAGN �{ADCeNECEA�N . �

� ��	�m T�T���|`: b�� 5�x ��: � 5"x���. � 5"x��H@ � 5�x�� A �
� ^ H����bm�PTP�� :Mx �BA � :�x���� � 5"x���� � 1 x A9: �
� T H ����m!PTP�� �Mx 59: � �"x���: � 1 x85�� � 1 x���5 �

�tJbc�AGPTPTA @�q�� ��� ADSeV-PTAG?TYZX3=@AGS � �,$ )9+ � ( ( 
 ( B ) � & J�]MCEV-A�Q7��XMPBNOAGS�HKPTJ�CECe?�6 h JbNEW-SEAG;3J�]Mi�=@AGS
;@W-SeF^J�PBAD;��{ADCjNO='JbNEAD;@F�AD;MV-A�]M;@=�=MADS 	�AD;MV-AuJb;��!JbNOAG;8C�W-;�HKJ�F�ADSEJ�L�W�CE?BNE?TW-;Q. �fq

� � � � � ����%/ � � � d � ��b�� �� �'�� �!� � ���0b �!� ��� ��%1��!��/,-  � � '	� � � '��� 2/
[�?BADS QR?TSe=�]@;\NOADSeCE]@YZX\NDx"QR?BAlCE?TYZX�=@?BA ^�ADSjikW-SEFUJ�;@YGAl=@ADS ?BF C-W�SE?TV�AD;�m!c@CeYZX@;@?pNEN NOSEJ�?T;@?BADSjNOAD;
�"NOSe] h NO]@SeAD;�J�]Mi!�*JbNEAD; C-AGSEX'��PpNrxtQ5ADPBYZX@A�]@;\NOAGS�AG?T;@AGF PBAD?TYZX\NNC�ADSO�b;@=@ADSjNOAG; |`PB?TY h QR?T; h ADP
J�]MikV-AG;@W-F�FUAG;3QR]@SE=@AG;yq5�*J�cdAD?RCEW-PBPl=@ADS���?T; 	']@CECUAD?B;@ADS h PTAG?T;@AG; |`PB?TY h QR?T; h ADPT��;@=@AGSE]@;MV
J�]Mi�=@?TA ^{ADSeikW�SEFUJ�;@YDA+AG?T;@AGSRc�AGSEAD?pNOC7NESOJ�?B;@?TAGSeNOAG;��"NOSe] h NO]@SRcdAGNOSEJ�YZX\NOA�N~Q5ADSe=@AD; q

:��I=�� K<;��3K�=	�I3�� � ��?TAw?TF C-W�SE?TV�AD;um�c@CEYZXM;@?BNeN�@�q;:Mq @RcdADCeYZX@SE?BADcdAD;@AG;��"NOSe] h NO]@SeAD;�Q5ADSE=MAD;
?T;�=@?TAGCEADF � `�L�AGSE?BFUAG;fN*J�]Mi�=MAD;)�*JbNEAD;�ATCbJ�PT]@?BADSjNrx@Q5ADPTYZXMAGC-W-;�H2JbFUAGSOJ�LdW-CE?pNO?BW-;�. ��J�]MC
J�]MikV-AG;@W-F�FUAG;�QR]@Se=@AD; q�m!PBCI� AGSEV-PBAD?BYZXuQ`AGSE=@AG;n=@?TA � �,$ )9+ � ( ( 
 (�B ) � &/. J�]�ia=@?TAGCEAD;��*JbNOAG;
FU?pNl=@AG;o� � }~C�J�]Mi�=@AGF ;@W-SeF^J�PBAD;��{ADCjNO='JbNEAD;@CEJbNOz�V-ADV�AD;fv@cdADSEV�ADCeNEADPBPBNrq

� = �*;��(33� 585�; � :<;u��J�cdADPTPBA @�q �RQR?BSE=2=@?TA�� �,$ )9+ � ( ( 
 (�B ) � & Jb]@CEV-A�Q7�bX@PBNEADSIT A�C-AGPp� :BA�H+PTJ�Cj�
CE?�6 h JbNOW-SeAD;�J�]�iR=@AD;3cdAD?B=@AD;��*J�NOAD;MCO�bNEzDAD;�V-AGV-AD;fv@cdADSeV-ADCjNOAGPTPBNDq �!?BA>�*J�NOAD;�=@AGSnJ�;@=MADSEAG;
H+PgJ�CeCE?�6 h J�NOW-SeAD;�X'Jbc�AG;LC�ADSeX'��PBNE;@?TCeF^� *-?TVUV-ADSe?T;@V-A�m!]@CeCOJ�V�A h SOJbi NDx ='J>CE?BAnJ�]MiwCeADX@S+Q5AD;@?BV
��AGCeNE='JbNOAG;ocdADSe]@X@AD; xd]M;@=�QR]MSE=@AG;�J�]@CR=@?BADCeADF b+SE]@;M=�XM?TADSl;M?TYZX\N�J�;@V-AGV-ADcdAD;yq



@�q 1 q����~�R�w}��M���7[!���_b
�*� } b2���!� }Rm T :j��:�� }7��� b2�M_��![�: bKH2��:<� ���

' ) $ ? �fNOSE] h NE]@S � & �,. & C + + �"NOSe] h NO]@S
m!;@zDJ�X@P � m!;MzrJ�X@P �

^wH�� :<5�5 : �H@�x ��� :�5�. � �+@�x 1 �" 0 ��� 4 |`:�HK� 5�. ��.-x;:BA 5 A � �Mx�� �
8 ' 4M�:�5�'*)O'9� T H�� :���� �<5�x 1 : :���� � �Mx�� 1|7�!� . . ��.-x � � � �N@�x A A

^wH�� :<5 ��� � ��x �BA :�59:�. �+@�x��9:
F10 '*�3234�5�� |`:�HK� . � �9:Mx ��. 5 A � �Mx�� �
8 ' 4M�:�5�'*)O'9� T H�� :���. ��.-x;:�. :���� ���Mx�� �

|7�!� . A ��:Mx;:�: . A ��5�x :9:
��J�c�AGPTPBA�@"q����fm�;@zrJ�XMPd]M;@=>L@SeW-zDAG;fNE]@ADPBPTA �*]@W�NOA h W�SESEA h N h PgJ�CeCE?�6'zD?BADSeNEADSw_aJ�X@SezDAD]MV-A�ikv@Sw=@?BA
AD?B;@zDAGPT;@AG;��"NOSe] h NO]@SeAD;�]@;\NOAGS�� ADSeQ5AD;M=@]@;@V�=@ADS ]M;fNEADSeCEYZX@?BAD=@PB?TYZX@AG;^_'ArJ�NO]@SeADCEA�NOC ]@;@=�AG?T;@AGS
�RCbJ�PT]@?BADSe]@;@V�J�]Mi �*JbNEAD;�C-W-;�HKJ�FUAGSOJ�LdW-Ce?BNO?BW-; . �\q

� ADSE=MAD;oikv@S~=@?BAuH+PgJbCECE?�6 h JbNOW�SEAD; ^tJbSOJ�F�AGNEADS~zD]@S!� SeSEAG?TYZXf]@;@V>=MADS��w� }sV-AGQ`��X@PpNrxaADSeX'��PpN
FUJ�;o}RADCe]@PBNOJbNOAbxa=@?TA2?T;��tJbc�AGPTPTAD@�q ��J�;@V-AGV-ADcdAD;�Ce?T;@= q�[~?TAGS~?BCeN~=@?BA�m�;@zrJ�XMP�]@;M=oL@SeW-zDAG;��
NO]MADPTPBA �*]@WbNOA h W-SESeA h N h PgJ�CeCE?�6'zD?BADSeNEADS`_dJbX@SEzGAD]@V-A�ikv@S`=@?BA!AG?T;@zGADPT;MAD;�J�]�i =@AD;�]@;\NEADSECeYZX@?TAG=��
PT?BYZX@AD;�_'ArJ�NO]@SeADCEA�NOC~c'J�Ce?TADSeAD;@=MAD;o�"NOSe] h NO]@SeAD;�Jb]MikV-ADPB?TCjNOAGNDq

+ � 8 � � �� ���� 365 � ��. ��� ��� ����� ��	���� ���� ������. ��"��*5�� .�� � � �

��F�=@?BA^]@;@? C-AGSECOJbPTA���?T;MCOJbNEzDF��-V-PT?BYZX h AG?BN�=@ADSum!PTV�W-SE?pNOX@F�AD;0zD]3=@AGFUW�;@CeNESE?TAGSEAG;yx�Q5ADSe=@AD;
=@?BADCEA�?B; =@AD; ;'��YZXMCeNOAG; cdAD?B=@A�m!c@CeYZX@;@?pNENOAG; Jb]Mi��!JbNOAG; J�;MV-AGQ`J�;@=MNDx7Q`AGPTYZX@A C�W-; =MAD;
cdAD?T=MAD;�J�;@=@AGSEAD;�HKJ�F�ADSOJbL�W-Ce?BNE?TW-;@AG; 5�]@;@=6:UJb]@C~J�]MikV-AG;@W-F�FUAG;>QR]@SE=@AG;yq

� �2���*) a ��� � � � ��� � � � �!��� � � �  ' �  ���� ��� � � � ������� 
 �0/�� ��� � � $

:<;^=M?TADCeADF HKJ�L@?pNOAGP@Q`AGSE=@AG;��*JbNOAG;.C�W-;�HKJ�F�ADSOJbL�W-Ce?BNE?TW-; 5Kc�AGX'J�;@=MADPBN 0 CE?TAGX@A~m!c@c@?BPT=@]M;@V@�q .45uikv@SlAD?B;@?TV�AK|`AD?BCEL@?BADPTAiC-W-;�_aJ�X@SEzGAD]@V�c@?TPB=@ADSe;%3�q

:��I=�� K<; ��K�= �(3���� �!?TA7V�ADCOJbFuNOAVC�ADSeikvMV-c'J�SeA��!JbNOAG;@FUAG;@V-A7QR?BSE=�?T;nAG?T;@Al�{SOJ�?B;@?T;MV-Cj�y]@;@=
AD?B;@Aw��AGCeNOF�AD;MV-AlJ�]MikV�AGNOAG?TPpNrq �!?BA5V-AG;'J�]@A5m!;@zDJ�X@P�=@ADS -eAGQ5AD?TPB?TV-AG;u_aJ�XMSEzDAG]@V-A5?TCeN�?T;��tJbc�AGPTPTA
@�q . A�J�]MikV-AGPT?BCeNOA�Nrq
�*JKikv@S =@?TA~|`:�HK��]@;M=^=@?BA�|`�*�UHKJbNEADV-W�SE?TAl?B;@CEV�ADCOJbFuN�C-AGSEX'��PpNO;@?BCEFU�N*-?BV*Q`AG;@?TV�|`AD?BCEL@?BADPBA
zD]MS � ADSeikvMV-]@;@VnCjNOADXMAD;yx@QR?BSE=�AD?B;@A*Q5AD?BNEADSeAK��;\NOAGSECEYZXMAD?T=M]@;@V�zGQR?TCeYZX@AD; ^ H�� ]@;M=�|5:�H2�
c@z�QKqMT H�� ]M;@=�|7�*��]@;\NOADSePgJ�CeCEAG;yqa�"NOJbNENE=@ADCeCEAD;�Q5ADSe=@AD;�=@?BA*|`:�HK�t��_aJ�X@SezDAG]@V-c@?BPT=@AGS5zG]@S



@�q 1 q������R� }��M� �7[����_b �!�w} bK���!� }Rm T :j��:�� }7���_b���_��*[~: b2HK��:<� ���

m!c@cM?TPT=M]@;@V @�qV. 5 �R��?T;@?BV-A0|`AD?BCEL@?BADPTcM?TPT=MADS^ikv@S��*JbNEAD;yxR=@?BA C-W-;�HKJ�F�ADSEJ�LdW-CE?pNO?TW�; 5�J�]MC
J�]MikV-AG;@W-F�FUAG;�QR]@SE=@AG;yq

��=O7 � 3�� 3 �45 � ;�3��*; ��;�5�6 �1;�3��*;
� = ; � 34; 7 K�=�� ; � �*; @ �BA 1 @.A�:� =O2 # ; 7 K�=�� ; � �*; 5	�H@ 5	���

� ;�5�7 � 6 � � 	��
���

�tJbc�AGPTPTA @�qV. A���m�]Mi NOAG?TPB]@;@Vn=@AGSl�*JbNEAD;@F�AD;@V�A2?B;>�{SOJ�?B;@?T;@V�Cj��]M;@=���AGCeNO=@JbNOAG;�ikv@S7H2JbFUAGSOJ��
L�W�CE?BNE?TW-; 5"q

HKJbNOAGV-W-SE?BAK=@ADS_^wH�� C!]@;M=�=@?TA�|7�!�f��_aJ�X@SezDAG]@V-c@?BPT=@AGS~zG]@S*HKJbNEADV-W�SE?TAK=@AGS T H���C~X@?B;@zD]��
V-AGikvMV�Nrq��*J�F�?BNhC-AGSEF�?T;@=@AGSeN!CE?TYZXo=@?TA2m!;@zDJ�X@P�=@ADS*zG]�]@;\NOAGSECeYZX@AD?B=@AD;@=MAD; H2J�NOADV�W-SE?BAD;�Jb]Mi
=@?TAl=MADS � +-& ����� ) � (

�
& $+� & 0 ^ H���C�]@;M=^|`:�HK��C/3 x\]@;@=�=@?TAl=MADS���( 
���� ) � ( �

& $N� & 0 T H���C�]M;@=|7�*�"CEA 3 q
�!]@SeYZXo=@?BA2V�AGNOSeWN��AD;@A2��?T;@CeYZX@SO�b; h ]@;@V^SeAD=@]MzD?TAGSeN~CE?BYZXoJb]@YZX�=M?TADyJ�X@Py=MADS~��?T;@zGADP h PTJ�CECe?�6M�
h JbNOW-SeAD;)?T;)=@AGS ' ) $ ? ���"NOSe] h NO]@S2J�]Mi5AD?B;@AD; xy=@AD; � ��	�m T�T � C"Cj�<|`: b��nH+PgJbCECE?�6 h JbNOW�SDx ]M;@=
?T;�=@ADS � & �,. & C + + �j�fNOSE] h NE]@S5J�]MiyAG?T;@AG;yxf=@AD; � �M	�m T�Ty� C"Cj�<m�PTP��lH+PgJbCECE?�6 h JbNOW�SDq\�!?BADCeA�Q5ADSE=MAD;
=@ADF�;'J�YZX J�]Mil=@AGSuJb;@V-ADV�ADcdAD;@AG; ��SEJ�?T;M?T;@V-Ce='JbNEAD;@F�AD;@V�A�]M;fNEADS � ADSeQ5AD;M=@]@;@V�=@AGC � ��� � &
? $ ? � ( ( 
 (nH+SE?pNOADSe?T]@F�C`NESOJ�?B;@?TAGSeNrq



@�q 1 q����~�R�w}��M���7[!���_b
�*� } b2���!� }Rm T :j��:�� }7��� b2�M_��![�: bKH2��:<� ���

m!cMc@?TPB=@]@;@V @"qV. : �`} ��� H+]@S�C�AD;�ikv@S>=M?TAocdAD?B=@AD; H+PTJ�CECe?�6 h JbNEW-SEAG; =@ADS�' ) $ ? ]@;@=�=@AGS
� & �,. & C + + �"NOSe] h NO]@SGq

"/0 ��� 4 8 ' 4��:�5�'*)O'*� F10 '*�3234�5�� 8 ' 4��:�5�'*)O'*�
� �M	�m TIT���|5: b � . AMx @�. � ��x;:�. �
� ��	�m T�T��bm!PBP�� ..-x A A � �Mx � 1 �

��J�c�AGPTPBA @�q . .��>� ADSeV-PTAG?TYZXU=@ADS � �,$ )9+ � ( ( 
 (�B ) � & =@ADS`H+PgJ�CeCE?�6 h J�NOW-SeAD;>Jb]Mi =@ADS5��AGCeNE='JbNOAG;��
F�AD;@V-Abq

' ) $ ? �"NESE] h NO]MS � & �,. & C + + �"NESE] h NE]@S
m!;MzrJ�X@P � m!;@zDJ�X@P �

"/0 ��� 4 HKPBAD?B;Mi J�X@SezDAD]MV-A 1 AH@�� �BAMx . A 1 . ��5 �<5�x 1 :8 ' 4M�:35�'4)O'9� b+SEW+*�i JbX@SEzGAD]@V-A 5 ��. ���Mx 1 � 5 � � �BAMx . �
FI0 '*��2J4�5�� HKPBAD?B;Mi J�X@SezDAD]MV-A 1 5 A�� ��:Mx 1 @ 1 5 � A � 1 x �BA8 ' 4M�:35�'4)O'9� b+SEW+*�i JbX@SEzGAD]@V-A 5��9: �<5�x @ 1 5�� � � 1 x 5 1

��J�c�AGPTPBA @"qV.45 �{m�;@zrJbX@P5]M;@= L@SeW-zDAG;fNE]@ADPBPTA �+]MW�NOA h W-SeSEA h N h PTJ�CECe?�6'zG?TAGSeNOAGSu_aJ�XMSEzDAG]@V-A^J�]Mi
�*JbNEAD;�C-W�;oHKJ�F�ADSEJ�L�W�CE?BNE?TW-; 5�q@��?B;@A h W-SeSEA h NEA2HKPTJ�CECe?�6'zG?TAGSE]@;@VncdADzG?TAGXfNRCe?TYZX�X@?BADSEcdAD?yJ�]Mi
AD?B;@A+SE?BYZX\NO?TV�A; ]@W-SE=M;"]M;@VUzG]@S bKSe]@L@LdAK=@ADS � +-& ���'�wc@zGQKqa=@AGS ��( 
�� � ) � (

�
& $+� & q

� = �*; ��33� 5 5 ; � :<;>m�c@c@?TPB=@]@;@V @�q . :�Ce?T;@=U=@?TA�} ���`C`ikv@Sw=@?TA~cdAD?T=MAD; T A�C�ADP �":BA�HKPTJ�CECe?�6 h J��
NOW�SEAD;�zD]�CEAGX@AD; q
:<;���J�cdADPTPBA�@"qV. .5?TCjN =@?BA � �,$ )9+ � ( ( 
 ( B ) � & ikvMSt=@?BA5cdAD?B=@AD;nH+PTJ�CECe?�6 h JbNEW-SEAG;u]@;@=u=@?TA5]@;\NOADS��
CEYZXM?TAD=MPT?TYZXMAD;n_'ArJ�NO]@SeADCEA�NOCtJ�]MikV-A�NOSOJbV-AD;yq���?T;MA7�RCbJ�PT]@?BADSe]@;@V�J�]Mi'=@AG;��{ADCeNE='JbNEAD;yx�Q`W-cdAD?"=@?BA
H+PgJ�CeCE?�6 h JbNOW-S�� ^�J�SOJ�F�AGNEADS5zD]@SR��SESeAD?BYZX"]M;@VU=MADS~� �w} c�AG;"]�NOzGNRQ5ADSe=@AD;yxaAGSEV-?BcMNl=@?BAK}~AGCE]@P �
NZJ�NOA�x'=M?TAK?T;��tJbc�AGPTPTA;@"qV.45�J�]MikV�ADPT?BCeNEAGNRCE?B;@=yqa�*JbSE?T;�?TCjN~=@?TAKm!;MzrJ�X@P ]@;M=�=@?BAKL@SEW-zGAD;\NO]MADPTPBA



@�q 1 q������R� }��M� �7[����_b �!�w} bK���!� }Rm T :j��:�� }7���_b���_��*[~: b2HK��:<� ���

m!c@cM?TPT=M]@;@V @�qV. 1 �R��?T;@?BV-A0|`AD?BCEL@?BADPTcM?TPT=MADS^ikv@S��*JbNEAD;yxR=@?BA C-W-;�HKJ�F�ADSEJ�LdW-CE?pNO?TW�; :�J�]MC
J�]MikV-AG;@W-F�FUAG;�QR]@SE=@AG;yq

�*]@W�NOA�=@ADS h W-SeSEA h N h PgJ�CeCE?�6@zD?TAGSeNEAD; _aJ�XMSEzDAG]@V-AoJ�;@V-AGV-ADcdAD;yq5��?T;@A h W-SeSEA h NEA�H+PgJbCECE?�6'zD?BA��
SE]@;MV�cdADzG?TAGXfNKCe?TYZX)X@?BADSEcdAD?tJ�]Mi5AD?B;@A�SE?BYZX\NO?TV�A  ]@W-Se=@;f]@;@V�zD]@S b+SE]ML@L�An=MADS � +-& ���'�Rc@zGQKq
=@ADS ��( 
�� � ) � (

�
& $N� & q

� �2��� $ a ��� � ��� ��� � � � �!��� � � �  ' �  � �� ��� � � � ����� � 
 �0/�� ��� ��� �

:<;�=@?BADCEAGF H2JbL@?BNEADP Q`AGSE=@AG;�=@?TA�m!PBV-W-SE?pNOX@F�AD;�J�]�i �*JbNEAD;�ATC�JbPT]@?BADSeNDx'Q`AGPTYZX@AGC�W-;�HKJ�F�A��
SOJ�LdW-Ce?BNO?BW-; :�J�]@CnJb]MikV-AD;MW-FUF�AD;0QR]@SE=MAD; 0 Ce?TADXMA^m!cMc@?TPB=@]@;@V�@"qV. 1 ikv@S�AG?T;@?BV-A^|5AD?TCeL@?TAGPTAC-W-;�_aJ�X@SezDAD]MV-c@?TPB=@ADSe;%3�q

:��I=�� K<;��3K�=	�I3�� � ��C~ADSjikW-PTV�N7AD?T;MA���?B;fNEAD?BPT]@;@V�=@AGS3C-ADSjikv@V-c'JbSEAD;��*JbNOAG;�QR?BA+?T;��tJ�cdADPBPTA
@�q . :�J�;@V-AGV-ADcdAD;yq�� ?BAnc�AGSEAD?pNOC+?B;0=MADF ?T;)m�c@CEYZX@;M?BNEN @�q 1 q .�c�AGCEYZX@Se?TADcdAD;MAD;3� `�L�AGSE?BFUAG;fNQ`AGSE=@AG;�J�]@YZXnX@?BADS{=@?TA`|`:�HK� Ct]@;@=�|7�!��CEA7zG]�=@AG; ^wH�� �y]@;@=�T H�� � HKJbNEADV-W-Se?TAG;uX@?B;@zD]��
V-AGikvMV�Nrq��!?TAGC`ikv@X@SjN7zG]>=@AD;MCEADPBc�AG;�� ?B;@CEYZXMSO��; h ]@;MV-AD;�cdADzDvMV-PT?BYZX^=@AGSlH+PgJ�CeCE?�6 h J�NOW-SeAD;yx\QR?TA
?TF C-W-Se?TV-AG;�m!c@CeYZX@;@?BNeN c�AGCEYZX@Se?TAGc�AG;yqf�*J�C��{SOJ�?B;@?T;MV*=@ADS H+PTJ�CECe?�6 h JbNEW-SEAG;�ADSjikW-PTV�N ADcdAD;Mi J�PBPTC
]@;\NOAGS � AGSeQ5AD;@=@]M;@V^=@AGC � ��� � ? $ ? � ( ( 
 (nH+Se?BNOAGSE?B]@FUCGq



@�q 1 q����~�R�w}��M���7[!���_b
�*� } b2���!� }Rm T :j��:�� }7��� b2�M_��![�: bKH2��:<� � A

m!cMc@?TPB=@]@;@V @"qV. @ �`} ��� H+]@S�C�AD;�ikv@S>=M?TAocdAD?B=@AD; H+PTJ�CECe?�6 h JbNEW-SEAG; =@ADS�' ) $ ? ]@;@=�=@AGS
� & �,. & C + + �"NOSe] h NO]@SGq

��=O7 � 3�� 3��:5 �1;�3 �*; ��;�5�6��1;�3 �*;
�,= ; � 3<; 7�KI=�� ; � �*; 1 �<5 :9: �+@
� =O2�# ; 7�KI=�� ; � �*; 5�� A 5�� A

� ;�5 7 � 6 �
 � ���
	�

��J�c�AGPTPBA @�q . :���m!]Mi NEAD?TPB]@;@V�=MADSR�*JbNEAD;@F�AD;MV-A+?T;��{SOJ�?B;@?T;MV-Cj� ]@;@=���AGCeNE='JbNOAG;�ikvMSlHKJ�FUAGSOJ��
LdW-CE?pNO?TW�; :Mq

"/0 ��� 4 8 ' 4��:�5�'*)O'*� F10 '*�3234�5�� 8 ' 4��:�5�'*)O'*�
� �M	�m TIT���|5: b � @�x 1 . � 1 x �H@ �
� ��	�m T�T��bm!PBP�� �Mx�� A � 1 x AH@ �

��J�c�AGPTPBA @�q . 1 �>� ADSeV-PTAG?TYZXU=@ADS � �,$ )9+ � ( ( 
 (�B ) � & =@ADS`H+PgJ�CeCE?�6 h J�NOW-SeAD;>Jb]Mi =@ADS5��AGCeNE='JbNOAG;��F�AD;@V-Abq

� = �*; ��33� 5 5 ; � :<;0m!c@c@?BPT=@]M;@V<@�q . @>CE?T;M=0=M?TA�} ��� H+]@S<C-AG; ikv@S+=@?BAnc�AG?T=@AG;0HKPTJ�CECe?�6 h J��
NOW�SEAD;�zD]�CEAGX@AD; q
:<;)�tJbc�AGPTPTA @�q . 1 ?TCjN+=@?TA � �,$ )9+ � ( ( 
 ( B ) � & ikv@S+=@?TA�HKPTJ�CECe?�6 h JbNEW-SEAG;�J�;@V�ADV-AGc�AG;yqy:<;)�tJ �cdADPTPBA @"qV. @�?TCjNu=@?BAUm�;@zrJbX@P`]@;M= L@SEW�zDAD;\NE]@ADPBPTA �*]@WbNOA h W-SESeA h N h PgJbCECE?�6'zD?BADSjNOADS�_aJ�X@SezDAD]MV-A
J�;@V�ADV-AGc�AG;yxMQ5AD;@;�ikv@S7=@?BA+H+PgJ�CeCE?�6 h JbNOW-SeAD; ^�J�SOJbFUA�NOADS`zD]@SR��SESeAD?BYZX"]M;@V�=@ADS � �,$ )9+ � ( ( 
 (
B ) � & C�ADSjQ`AG;@=@AGN�Q`AGSE=@AG;yq



@�q @�q,y�*�"mD	 	o����_�m+�M�M���_b ���!� ���7[ T �!�@�M_ �DT bK� }7���_b2��� ��.

' ) $ ? �"NOSe] h NO]@S � & �,. & C + + �"NESE] h NO]MS
m!;@zDJ�X@P � m�;@zrJbX@P �

"/0 ��� 4 H+PTAG?T;Mi JbX@SEzGAD]@V-A :<5.A � �+@�x A�5 :�. ��� � 1 x 1 �8 ' 4M�:35I'*)O'9� bKSeW+*�i J�XMSEzDAG]@V-A 5N@ 1 � 1 x A�� 5+@ � �H@�x @ �
FI0 '*��2J4 5�� H+PTAG?T;Mi JbX@SEzGAD]@V-A :<595�. �+@�x 191 :<5�5�� �H@�x � �
8 ' 4M�:35I'*)O'9� bKSeW+*�i J�XMSEzDAG]@V-A 5N@ � � 1 x���. 5 ��: � ��x 1 .

�tJbc�AGPTPTA @�q . @ � m�;@zrJ�XMP`]@;@=�L@SEW-zGAD;\NO]MADPTPBA �*]@WbNOA h W-SESeA h N h PTJ�CECe?�6'zG?TADSjNOAGSu_aJ�X@SezDAG]@V-A>Jb]Mi
�*JbNEAD;�C-W-;�HKJ�F�ADSOJbL�W-Ce?BNE?TW-;':Mq'��?T;@A h W-SeSEA h NEA�H+PTJ�CECe?�6'zG?TADSe]@;@VncdADzG?TADX\NRCe?TYZX�X@?TAGSEcdAD? Jb]Mi
AD?B;@AKSE?TYZX\NE?TV-A� ]MW-SE=@;f]@;MVUzG]@S bKSe]@L@LdA2=MADS � +-& ���a��c@zGQKqa=@AGS ��( 
�� � ) � (

�
& $+� & q

+ � + � � �	�0 0 ����".	 ��� ��. � ��� � 365��
� ���".���-.�� ������.����

:<; =@AG; m!c@CeYZX@;@?pNENOAG; @�q;:0QR?TSe= =@AGS>��?T;
	@]@CECU=@ADS�C-ADSeCEYZX@?BAD=@AG;@CeNEAD; ^tJ�SEJ�F�AGNOAGS>J�]�i+=@?TA
^�AGSeikW-SeF^J�;MYDAK=@ADS~H+PgJbCECE?�6 h JbNOW�SEAD;�]M;fNEADSeCE]@YZX\Nrq
�!?TAu?T;�m!cMCEYZX@;@?pNEN;@"q :Mq 5^=@]@SeYZX@V-A�ikv@X@SeNEA���;\NOAGSECe]@YZXf]@;@VozGAD?BV�Nrx�='J�CECKJbPTC � ArJ h �`PgJbCECE?�6'ADS
='J�C � ��� � ? $ ? � ( ( 
 ()H+Se?BNOAGSE?B]@F =@AGF � � � H+SE?pNOADSe?T]@F�i J�CeNU?TF�F�ADS�v@cdADSePTAGV-AD;yx W"=@ADS
zD]@F�?T;M=@ADCjNnV-PTAG?TYZX V-]MNn?BCeNrq���� AG;fc'J�S�Ce?T;@= =M?TA^=M]@SEYZX�='J�C � ��� � ? $ ? � ( ( 
 (oH+Se?BNOAGSE?B]@F
J�]@CeV-AGQ`��X@PpNOAD;�_aADJbNO]MSEADC�FUAG?TCjNiC"?TAGP =@?TC h Se?TF�?T;'Jb;fNEADS~J�PBC~=M?TA2=@]@SEYZX�=@J�C�� �,� H+Se?BNOAGSE?B]@F
J�]@CeV-AGQ`��X@PpNOAD;�_'ADJbNO]@SeADCGq��!AGCEX'JbPTc�?BCeN�=@?TA � ADSjQ`AG;@=@]@;@V+=MADC�� ��� � ? $ ? � ( ( 
 (�H+SE?pNOADSe?T]@F�C
=@ADF�Jb;@=@ADSeAD; ��ADJ h �`PTJ�CECe?�6'AGSVC-W-SezD]@zG?TADXMAD;yq
�!?TA^��;\NOAGSECe]@YZXf]@;@V0=@ADS�m�c@X'��;MV-?TV h AD?pN�=@AGS ^�AGSeikW-SeF^J�;MYDA^AG?T;@AGCnH+PgJ�CeCE?�6 h JbNOW-SeCMC�W-;3=@AGS
m!;@zDJ�X@P�J�;.C�ADSjQ`AG;@=@AGNEAD;�_'ArJbNE]@SEAGC 0 T ATC-AGPTC/3 ?T;Um!c@CeYZX@;@?BNeN @�q;:Mq;:2AGSEV-?BcMNrxf='JbCEC`=M?TA ^�ADSjikW-Sj�F^Jb;@YDA7AG?T;@AGC H+PgJ�CeCE?�6 h J�NOW-SeCtF�?BN CjNOAG?TV-AG;@=@ADF T A�C-AGP x\JbPTCEW!FU?pN CeNEAD?BV-AD;@=MADS�m!;MzrJ�X@PMc�AGSEADYZX"�
;@AGNEADS _'ArJ�NO]@SeADC�=@AG]MNOPB?TYZXncdADCECeADS QR?BSE=yqB�+c\Q5W-X@P'AG?T;nH+PgJbCECE?�6 h JbNOW�StX@W-XMAD; T A�C-AGPTC�=@AGFU;@J�YZX
AD?B;@A�J�]@CeV-ADzGAD?BYZX@;@AGNEA ^�AGSeikW-SeF^J�;MYDA�zGAD?TV�AD;�CEW�PTPBNEA�x ?TCjN>=@AGF =@AGS>ADSjikW-SE=MADSEPB?TYZX@Ao}~AGYZX@AD;"�
]@;@=���L�AG?TYZX@AGSOJ�]�i Q7J�;M=�AD;\NOV�ADV-AG;@zD]@X@J�PBNEAD;yxdCEW Q5W-X@P ?T;�=@ADS~�{SOJ�?B;@?T;@V�CEL@X'JbCEA�xaJbPTC~J�]@YZX�?TF
L@SOJ h NE?TCeYZX@AD;�� ?B;@COJ�NOz�q ��ADC ��AG?BNOAGSEAG; h J�;@;0?T;)=@AG;�J�;MV-AGikv@XMSeNOAG; b+SOJ 6 h AD;0AD?B; V�AGQR?TCeCEAGS
�M�bNeNO?TV�]@;@V-CeA7��A h NRJ�]@CeV-ADFUJ�YZX\N7Q5ADSe=@AD;yq@� C`CEYZX@AG?T;\NRJ�PBCEWuikv@S5=@?TA�m!]MikV-J�c�A�=@ADS7_dJbX@SEzGAD]@Vb�
h PgJ�CeCE?�6 h J�NO?TW�;2?B;K=@?TAGCEADFs}~J�X@F�AD;2AD?B;uH+PTJ�CECe?�6 h JbNEW-Sj� T ATC-AGP-zGQR?BCEYZX@AG; 5 AR]@;@= 1 A~=M]@SEYZX'Jb]@CJ�]@CeSEAD?BYZX@AD;M=o]@;@=�CE?B;@;�C-W-PBP zD]�CEAG?T;yq
�!ADS~��?T; 	']@CECl=MADS b+S)�+*-A+=MADSl�{SOJ�?B;@?T;@V�CE='JbNEAD;@F�AD;MV-A*J�]�it=@?BA ^�AGSeikW-SeF^Jb;@YDA+AG?T;@AGCRHKPTJ�CECe?p�
6 h JbNOW�SECRQR?TSE=�?T;�m�c@CEYZX@;M?BNEN @�q;:Mq 1 ]@;\NEADSECe]@YZX\Nrq [�?TAGSRzDAD?BV�N~CE?BYZXyx'='J�CeC!cdADSEAG?BNEC~AG?T;@A h PTAG?T;@A��SEJ�?T;M?T;@V-Ce='JbNEAD;@F�AD;@V�A ikvMS�AG?T;@AG;�H+PgJ�CeCE?�6 h JbNOW-S Jb]@CESeAD?TYZX\NDxb]@F�AG?T;@AwV-A�QR?TCECeA ^{ADSjikW-SEFUJ�;@YGA
zD]�AGSESEAG?TYZX@AG;yq � AD?pNOAGSEC!zGAD?BV�N*Ce?TYZXyxd='J�CeC*AD?B;@A ^{ADSeikW�SEFUJ�;@YDAGCeNEAD?TV�ADSE]M;@V>;f]@S*c@?BC!zG]�AD?B;@ADF
V-AGQR?BCECeAD; b+SOJb=0=M]@SEYZX AD?T;MA�� ADSEV�S)�+*-AGSE]@;MV�=@AGSK��SEJ�?T;@?B;@V-Ce='JbNOAG;@F�AD;@V-AnAGSESeAD?TYZX\NKQ5ADSE=MAD;
h J�;@;o]M;@=o='JbCEC*Jb]@YZXoX@?BADSRAD?B;oV-A�QR?TCeCEADS!�M�bNeNO?BV-]@;@V-CeA7��A h N�AD?T;\NESE?BNeNrqa�!AGCEX'JbPTcoV�?TPBN7ADC!AG?T;@A
m!c\Q`��V-]@;@V0zGQR?BCEYZX@AG;�=MADS�m!;@zDJ�X@PlJb;��{SOJb?T;@?B;@V-CE=@JbNOAG;3zD]@F � SeSEAG?TYZX@AG;�AG?T;@AGSnV-AGQR?BCECEAG;



@�q @"q y�!��mD	 	�� ��_�m*�@�M���_b
���!� ���7[ T{�!�@�M_ �DT b2� }7��� bK� � ��5

^�AGSeikW-SeF^Jb;@YDAK]@;@=�=@AGC~=@J�FU?pNVC-AGSEc@]M;@=@AD;MAD;�m�]Mi Q7Jb;@=@C~=@]@SEYZXMzD]Mikv@XMSEAD; q��!J�F�?BNlzG]@;@AGX��
F�AD;@=@AGS bKS �+*-A�=MADS+�{SOJ�?B;@?T;@V�CE='JbNEAD;@F�AD;MV-A�=@?BA ^�AGSeikW-SeF^J�;MYDAnAD?B;@ADCKH+PTJ�CECe?�6 h JbNEW-SEC!J�c�AGS
J�PBPTV-AGFUAG?T;ocdADCeCEAGS2QR?BSE=yxyAGFUL?6'ADX@PpNKADCKCE?BYZX AG?T;@AnF��-V-PB?TYZX@CjN+V-SeW+*-A 	�AG;@V-A�J�;0�*JbNEAD; ikvMS
='J�CR�{SOJ�?B;@?T;MVnzD]�C-ADSjQ`AG;@=@AG;yq
��?T;@Aw�RCbJ�PT]M?TADSe]@;@V~=@ADS V-AGCOJ�F�NOAD;��"NOSe] h NO]@SeAD;nJb]Mi@=@AGF���AGCeNE='JbNOAG;@COJ�NOz`?B;�m�c@CEYZXM;@?BNeN1@�q;:Mq @
zDAG?TV�NDxy='J�CeCK=@?TA � & �,. & C + + ���"NOSe] h NO]@S+?BF m�PTPBV-ADF�AD?B;@AD;�cdADCeCEAGSEAU� SeV-ADcM;@?TCeCEA�ADSezD?TAGPBNKJbPTC+=@?BA
' ) $ ? ���"NOSe] h NO]@SGq �!?BADC�QR?BSE= cdADCeW-;@=@AGSEC�='J�;@;3W � AG;@CE?BYZXfNEPT?BYZXyx�Q5AD;@;�FUJ�; =@?BA���]@F�FUAG;
=@AGS^=@]@SeYZX =@?BA�]@;\NEADSECeYZX@?TAG=@PT?BYZX@AD;��"NOSe] h NO]@SeAD; h W�SESEA h N h PgJ�CeCE?�6'zD?BADSeNEAD; bKSeW+*�i J�X@SezDAG]@V-A�x
J�PBCEW
T H�� C�]@;M=)|7�*��CeA�xdFU?pNOAG?T;'J�;M=@ADS3C-AGSEV-PBAD?BYZXfNDq ��ADS b+SE]M;@=oikv@S~=@AD;�X �-X@ADSeAD;�_'AGX@PTAGS
=@AGS ' ) $ ? ���"NOSe] h NO]@S5?TCeN5?T;^ADSECjNOAGS T ?T;@?BA�xf='J�CeC7CE?BYZX>AD?B;@A*_'ADXMPTAD;\NECEYZX@AG?T=@]@;MVn?T;>=@AGS`AGSECeNEAD;
�"NE]MikA�;M?TYZX\N>F�ADX@S���;M=@ADSe; Pg��CeCeN�]@;@= CE?TYZX�=@?TA�_'ADX@PBADS�=@AGSUcdAD?B=@AD; HKPTJ�CECe?�6 h JbNEW-SECjNO]MikAG;
='J�=M]@SEYZXoJ hfh ]MF�]@PT?BADSeAD;yq
� AD?BNEADSeC h Jb;@;�ikADCeNEV-ADCjNOAGPTPBN^Q`AGSE=@AG;yxR='J�CEC�=@]MSEYZX#=@?TA�H+PTJ�CECe?�6 h JbNEW-SEAG; _aADJbNO]MSEADC�Jb]@CEV-A �
Q`��X@PBN+Q5ADSe=@AD; x Q5ADPBYZX@Anikv@SKAD?B;@AnCELdADzG?�6'CeYZX@A^_aJ�XMSEzDAG]@V h JbNEADV-W-Se?TA�cdADCeW-;@=@AGSEC�J�] � ��PTPB?TVUzD]
CEAG?T;nCeYZX@AD?B;@AD;yq�m!]�*-AGSE=@AGF zGAD?TVbN CE?BYZXyx�=@J�CECRC�W-S�J�PBPTADFs_aJ�XMSEzDAG]@V-Al=@]MSEYZXn=@?BA7m!PBV-W-SE?pNOX@F�AD;
i J�PBCEYZX h PgJbCECE?�6'zD?BADSjN~Q5ADSe=@AD; xy=@?TA2?T;�?TSeV-AD;@=MAD?T;MADS�_aW�SEF C-W�;�=@ADS���W-SeF CeNZJbS h J�c\Q`AG?TYZX@AG;yq
:<F ^ Se?T;@zG?TLUCE?T;M=>=@?TAGC`zG]@FUAG?TCjNl_aJ�X@SezDAD]MV-A�x"=@?TA!J�]@YZX�?B; � ?TS h PT?TYZX h AD?pN`?B; h AD?T;MA*=@ADS7J�;@V-A �
V-AGc�AG;@AD;�HKJbNEADV-W�SE?TAG;oAG?T;@zG]@W-SE=M;@AD;�Ce?T;@= xaQR?BAucdAD?BCEL@?BADPTCjQ`AG?TCeA�F�?BNeNOADPBV-SEWN*-AKHKJ�CeNEAD;\Q7�bV-AD;
W"=@ADS�T{H�� C`F�?BNwCELdADzG?TAGPTPTAG;^m�]Mikc'J�]MNEAD;�W"=@ADS5J�]�*�ADSEV�AGQ��-X@;@PB?TYZX@AGF T J�=@AGV-]MNDqM��?T;MA�QR?TYZX"�
NO?BV-A+_'W-PBV-ADSe]@;@Vn='J�SEJ�]@CR?TCjN~J�cdADSRJ�]@YZX x'='J�CECR='JbC�JbPTPTV�ADF�AD?T;MA!m!]MCECEAGX@AD;�AD?B;@ADC~_aJ�X@SezDAD]MV-C
ikv@SKAD?B;@A h W�SESEA h NOA>H+PTJ�CECe?�6 h JbNE?TW-;6C"?BADP QR?TYZX\NE?TV-AGS+?TCeN2JbPTCK=@ADS2��?T; 	']@CEC_C�W-;3�"N)�-SEL@J�SOJ�F�A��
NOAGSE;yx@QR?BA+AGN<Q`JU�{AD?BPTA�C-W�;���YZX@JbNENEAD;�W�=@AGSR��AG?TPTA�C�W-;�_dJbX@SEc'JbX@;@FUJ�S h ?TAGSE]@;MV-AD;yq
�!?BAK��;\NOAGSECE]MYZX"]M;@V^=@AGS~��AD;MCE?BNE?#C"?BNO�bN`NESOJ�?B;@?TAGSeNEADSl�fNOSE] h NE]@SEAG;oJb]Mi{AD?T;MA+PTAD?BYZX\NOA �!;M=@ADSe]@;@V
=@AGCU|5PT?TY h QR?B; h AGPTCn?T;�m�c@CEYZX@;M?BNEN @�q;:Mq ��zDAD?BV�Nrxt='J�CEC h AD?T;�Q5ADCEAG;\NOPT?BYZX@ADS ^�AGSeikW-SeF^Jb;@YDAGAD?T;"�
c@Se]@YZX cdAD?RAD?B;@ADS�CeW h PTAG?T;@AG; ��;@=@AGSE]@;@V c�AGCeNEADX\Nrq5�!ADS b+SE]@;@=�='JbikvMS�?BCeN�=@?BA���JbNECOJ�YZX@Abx
='J�CeC*=@?BAu�{SOJ�?B;@?T;@V�Cj�`]@;@=��{ADCjNOc@?BPT=@AGS+_aJ�X@SEzGAD]@V�A�J�]MiwJbPTPTAG;�_aJ�X@SeCEL@]MSEAD;�zGAD?BV-AD;yq��*J>Ce?TYZX
=@?BAl��L@]MSEAD;nCeADPBc@CeN�;M?TYZX\N J�PBPTAw?TF�CEAGPTcdAD;�� ?B; h AGPMzD]MS�HKJ�FUAGSOJ~c�AM6';@=@AG;yx-zDAG?TV-AG;n=@?TA`|`?TPB=@ADS
J�]@YZX�=@?TAK_aJ�XMSEzDAG]@V-A2CEAGPTc@CjN!Jb]@C�PBAD?BYZXfNR]M;fNEADSeCEYZX@?BAD=@PB?TYZX@AG; � ?T; h ADPB;yqa�!ADCeX'J�PBc�ikv@XMSeN~AD?B;@A
Q5AD?BNEADSeA h PBAD?T;MA �!;@=@AGSE]@;MVo=@AGCu|`PB?TY h QR?T; h ADPBC+;f]@SKzD]0AD?T;MADSKCEAGX@SKV-ADSe?T;@V-AG; � AGSO��;M=@ADSe]@;@V
=@AGS_b+ADCEJ�FuNEL�AGSeikW-SeF^J�;MYDA�q

�!?BA�?T;#m!cMCEYZX@;@?pNENF@"q 1 =@]@SEYZXMV-AGikv@XMSeNOAG; � ADSeCE]@YZX@A3F�?BN�C�W-;�J�;@=MADSEAG;sHKJ�FUAGSOJ�LdW-Ce?BNO?BWb�
;@AG;�J�]MikV-AG;@W-F�FUAG;@AD; �*JbNEAD;�=MADF�W-;@CeNESE?BADSEAG; =M?TA0]@;@?#C�ADSeCOJ�PBA���?T;MCOJbNEzDF��-V-PT?BYZX h AG?BN�=@AGS
cdADCEYZXMSE?TAGc�AG;@AD; m�PTV-W-Se?BNEX@FUAG;yq ��;\NEADS
� ADSjQ`AG;@=@]@;MV�AG?T;@AGS^�{SOJ�?B;@?T;MV-CE='J�NOAD;MFUAG;@V-AoF�?BNeNe�
PTAGSEAGS b+S)�+*�AU]@;M= T A�C-AGPp� :BAoH+PgJbCECE?�6 h JbNOW�SEAD; h ��;@;@AD;3=M]@SEYZX'Jb]@C�SEAGCELdA h NZJbc@PTA^� SeV-ADcM;@?TCeCEA
ADSezD?BADPBNlQ5ADSe=@AD; q



@�q @�q,y�*�"mD	 	o����_�m+�M�M���_b ���!� ���7[ T �!�@�M_ �DT bK� }7���_b2��� � :

m!] � J�PBPTAD;M=�?TCeNK=@J�c�AG? xy=@J�CECK=@?BAn?T;)m!c@CeYZX@;@?pNEN @�q 1 qV.�L@SE��CEAG;\NO?TAGSeNEAD; � SeV-ADcM;@?TCeCEA�=@AD]MNEPT?BYZXCEYZX@PBADYZX\NOAGS5Ce?T;@=�JbPTC�J�PBPTA5?T;�=@AG;^Jb;@=@ADSeAD;�� `�L�AGSE?TF�AD;\NEAD;�ADSezD?TAGPBNEAD;�}RADCE]MPBNZJ�NOA�q��!ADS b+SE]@;M=
='Jbikv@Sw?TCjNrxf='J�CeClJ�]MikV�SE]@;@=U=@ADS � JbX@P�=M?TADCeADSwm!]Mik;@J�X@F�ADLdW-CE?pNO?TW�;U]@;M=>=@ADC7��W-;@;MAD;�C-AGSEPgJb]MikC
?T;>CeADX@SVC"?BADPTAG;�_aJ�X@SezDAD]MV-c@?TPB=@ADSe;���W�;@;@AD;MCEL@?BADV-AGPT]@;@V�AD;yx@CeWnV-AD;@J�;@;\NOA������ � + ��� � � . C-W-SeX'J�;��
=@AD;�CE?B;@=yq��!?TAGC�?TCeN�J�]@YZXUJ�]@C�=@AG;UJb;@V-AGikvMX@SeNEAD;�|`AD?BCEL@?BADPBc@?TPB=@ADSe;�ADS h AD;M;"c@J�SDqf�!?BADCeA~CjN �-SeAD;��
=@AD;>� ?B;
	'v@CeCEA*cdADAG?T;
	@]@CECeAD;>WN��AD;MCE?TYZX\NEPT?TYZXU=@?TA~=@]@SeYZX>=@?BA!H+PgJbCECE?�6 h JbNOW�SEAD;�=@]@SeYZX@V-A�ikv@X@SeNEA
_'ArJbNE]@SEAGc�AGSEADYZXM;"]M;@V�]@;@= X'J�cdAD;�=MADCEX@J�PTc�J�]@YZX�AG?T;@AG;�=@AG]MNOPB?TYZX0;@ADV-JbNO? C-AD;���?T;
	']MCEC�Jb]Mi
=@?TA b+ADCEJ�FuNEL�AGSeikW-SeF^J�;MYDA�q
�*J�C�?T;0m!c@CeYZX@;@?BNeN @�q 1 q 5�=M]@SEYZX@V�AGikv@X@SjNOA�� `�LdADSE?BFUAG;\NuzGAD?TVbNrx ='J�CeC�_aJ�X@SezDAG]@V-AUJ�]@YZX C�W-;HKJ�FUAGSOJ�LdW-Ce?BNO?BW-;@AG;�Jb]@C!Jb]MikV-AD;MW-FUF�AD;�]@;@= h PgJ�CeCE?�6@zD?TAGSeNRQ5ADSE=MAD; h ��;@;@AD; x4C�W-;oQ5ADPTYZXMAD;
J�]@C AG?T;@?BV-AtQR?TYZX\NE?TV-A�	�AGS h FUJ�PTA C�W-;�_dJbX@SEzGAD]@V-AG;K;@?TYZX\N CE?BYZX\NOc'J�S Ce?T;@= q ��WR?TCjN AD?B;@A h W-SeSEA h NEA
H+PgJ�CeCE?�6 h J�NO?TW�;�C�W-;
T H�� C`J�]MYZX>='J�;@;UF"��V-PT?BYZXyxbQ5AD;@;^c�AG?TCELM?TADPBCeQ5AD?BCEA~='J�C ikv@S5=M?TA T H � �
HKJbNOAGV-W-SE?BA CEADXMStFUJ�S h J�;\NOA5_tv@XMSEADSeX'J�]@C�;@?TYZX\Nt=@?TSeA h N Jbc@V-ADcM?TPT=MAGN{?TCjNrq��!?TA5_'ArJbNE]@SEADJ�]@CjQ7J�XMP
ADSjikW-PTV�N*?T;)=@?TAGCEAGF _aJ�PTP�ADcdAD;0;'J�YZX0CE?TV�;@?�6 h J�;\NEAD; 	�ADS h F^J�PBAD;)?TF |`AGSEAD?BYZX =MADSKX@?T;\NEADSEAG;
mlYZX@CEAG;�]@;@=�=@AGS�}Rv@Y h PTAG]@YZX\NOAG;yq

:<;KCO��FuNEPT?BYZX@AD;K� `�L�AGSE?BFUAG;fNEAD;+Q5ADSE=MAD;ucdAGQR]MCECeN{='JbC �J� 
 + ) �d]@;@=K='J�C ��� & � ��) ( � ��_'ArJ�NO]@SeADCEA�N
V-ADV�AD;fv@cdADSEV�ADCeNEADPBPBNrx�]MF AD?B;@AD; b+ADCOJbFuNOAG?T;@=@Se]@Y h vMc�AGS�=M?TA�=@]@SeYZX�=M?TA
� ADSjQ`AG;@=@]@;MV�=@AGS
]@;\NOAGSECEYZXM?TAD=MPT?TYZX^V-ArJ�SjNOA�NOAD;>_aADJbNO]MSEADCwSEAGCE]@PpNO?BADSEAG;@=@A ^�AGSeikW-SeF^J�;MYDA!=MADS5HKPTJ�CECe?�6 h JbNEW-SEAG;UzG]
ADSeX'J�PBNEAD;yq
��C h J�;@;�ikADCjNOV-AGX'J�PBNEAD;�Q`AGSE=@AG;yx ='JbCEC~=@?TA2J�]Mi =@ADF � � 
 + ) �<_'ArJbNE]@SEAGCEAGN�c'J�Ce?TAGSEAD;M=@AD;�H+PTJ�Cj�
CE?�6 h JbNOW-SeAD;#AD?B;@A)AGN<Q`J�C�CeYZX@PTAGYZX\NOADSeA ^�AGSeikW-SeF^Jb;@YDA)zDAG?TV-AG; JbPTC�=@?BA Jb]Miu=MADF ��� & � ��) ( �<�
_'ArJbNE]@SEAGCEAGNtc'J�Ce?TADSeAD;@=MAD;�H+PTJ�CECe?�6 h JbNEW-SEAG;yq m!PBPTADSe=@?T;MV-C CEYZX@AG?T;\N =@J�C FI0 '*�3234�5�� �<_aADJbNO]MSEADCeAGN
ADF�L 6';@=MPT?TYZXMADS J�]Mi h PTAG?T;@A |`PT?BY h QR?B; h AGPg��;M=@ADSe]@;@V-AG;2zG]KSEArJbV-?TAGSEAD;2J�PBCy='J�C " 0 ��� 4 �<_aADJbNO]MSEADCeAGNDx
Q7JbCtJ�]MC{=MAD;2?T;Km!c@CeYZX@;@?pNEN @�q;:Mq��lL@SE��CEAG;\NO?TAGSeNEAD;���SeV-ADc@;M?TCECeAD;2ADSeCE?TYZX\NEPT?TYZX2?TCjNrq _�v@S =@AD;���?T;��
COJbNEz>=@AGC��J� 
 + ) ��_'ArJ�NO]@SeADCEA�NOC�CeL@SEAGYZX@AD;�Q5AD?BNEADSeCn=@ADS�V�ADSE?B;@V-AGSEA��"L�AG?TYZX@AGSEcdAD='J�Sji~]@;@=3=@AGS
;@?TAG=@SE?BV-ADSeAK|`ADSeADYZX@;f]@;MV-COJ�]�i Q7J�;M=yq

 ]@COJbFUF�AD;Mi JbCECEAG;@=�?TCjN ='J�C ��� & � ��) ( �<�<_'ArJbNE]@SEAGCEAGN =MADF � � 
 + ) ��_'ArJbNE]@SEAGCEA�NOC�NOSeW�NOzG=@ADF C�W-Sj�
zD]@zG?TAGX@AD;yq`�!?TA�AD?B;Mi J�YZX@A�|5ADV-Sev@;@=@]@;MV PT?BADV�NU='J�Se?T;yx ='J�CeC>=@?BAo_ �bX@?TV h AD?pN^=@AGC,��� & � ��) ( �<�
_'ArJbNE]@SEAGCEAGNECDxlYZX'JbSOJ h NOAGSE?BCeNO?BCEYZX@A0��?TV�AD;@CeYZX'Jbi NOAG; AG?T;@AGC��*c -eA h NOC�cdADCECeADS�cdADCEYZXMSEAD?Bc�AG; zG]
h �-;M;@AD;yxdikv@S!AG?T;@A2Q`AG?BNEADSEAu��;\NOAGSeNEAD?TPB]@;@VU=@ADS�V-SEW-cdAD;o_aJ�X@SEzGAD]@V h J�NOADV�W-SE?BAD;oAG;\NOCEYZXMAD?T=MAD;@=
CEAG?T; h J�;M;yq5m�]�*-AGSE=@AGF ?BCeNU=@ADS ^�AGSeikW-SeF^J�;MYDADV�AGQR?T;M; X��-XMADS^zG] cdAGQ5ADSjNOAD; JbPTC�=@?TA���?T;��
CEL'JbSE]@;@V�AD;3J�]�i7=@AGF �"A h NOW-S2=@AGCum!]�i Q7J�;M=@Cu]@;M=�='J�ADC2CE?TYZX�c�AG?w=MADS2AD;\N<QR?TY h ADPBNEAD; b+A��
COJ�F�NZJ�L@LMPT? h JbNE?TW-;�;M?TYZX\Nu]MF�AG?T;)ikv@S2=@AD; F�W-c@?BPTAG;)� ?B;@COJ�NOz�V-AD='JbYZXfNEADC��f��CjNOAGF X'Jb;@=@ADPpNrx
c@?TPB=@AD;�=@?BA7=@]@SeYZX^AG?T;@A h PTAG?T;@A ��;@=@AGSE]@;@V2=@AGC5|5PT?TY h QR?B; h AGPTC�X@AGS�C-W�SEV-AGSE]MikAG;@AD; ^�ADSjikW-SEFUJ�;��
YDAGAD?T;fc@] *-AD; h AD?B;@AD;�AD;\NECEYZX@AG?T=@AG;@=@AD;)_aJ h NEW-SDq



@�q @"q y�!��mD	 	�� ��_�m*�@�M���_b
���!� ���7[ T{�!�@�M_ �DT b2� }7��� bK� � � 1
�=��� ���������������������

E�FHG 1^3JFHK ��FHG 1�O]* 5PK4*-%,�� F��	�
� K�F��
E^FHG R�[1S1^�\ 7�@?K 7�>?> (I;�G (
@�G?9?@ @�G� 6�@=8

� ����� �Q��� ��� 143JFHK ; []T ; ; K�9 (I;�;�� ;?;�8
�=����� ��� ��FHG (IK 7 R�Z�\1Z 6�6 (�(
G�G @?6�� 7�>L8

1�OP* ; ; = T1[ 7<6 K�9� 7�G�8
5PK4*-%,�� R�\�[1^�\ 9?;?K?;�; \]W��+^�V>;

��J�c�AGPTPBA @�q . ���(� 
 ��� $ . � 
 � � ) �2(M���U=@ADC ADF�LMikW-XMPTAD;MAD;��"�"CeNEADF�CDqf�!?BAR��PTADF�AD;\NEAl=@ADS [�J�]@LMNj�
=@?TJ�V-W-;'JbPTAuV�ADcdAD;)=@?TAnm�;@zrJbX@P =@AGS h W-SESeA h N h PgJ�CeCE?�6@zD?TAGSeNEAD;)_aJ�X@SezDAD]MV-A�J�;)]@;@=)CE?B;@=)X@?TAGS
; ; 6862X@AGSOJ�]@CeV-ADXMW-c�AG;yq

�!?BA���J�X@Pd=@ADCPC-AGSeQ5AD;@=@A�NOAG; � ArJ h �`PTJ�CECe?�6'AGSEC5i �bPTPBN AG?T;@=MAD]MNE?TV2zD]@V-]M;@CeNEAD;�=@AGC � ��� � ? $ ?
� ( ( 
 (~H+SE?pNOAGSE?T]MFUC Jb]@Ct]@;M=�J�PBCt�fNOSE] h NE]@S{?TCeN�CE?BYZX@ADSePT?BYZX�=@?BA � & �,. & C + + �"NESE] h NO]MSt=@AGS0' ) $ ? �
�"NESE] h NO]MS�Jb]@CR=@AD;�c�AGCEL@SeW�YZXMAD;@AG; bKSev@;@=@AG;8C�W-SEzG]@zD?BADX@AG;yq

�!?BAQC�W-SEV�ADCEYZXMPgJ�V-AG;@A7H~W-; 6'V�]@SOJbNE?TW-;2AD?B;@ADS{H+PgJbCECE?�6 h JbNO?BW-;@CeCeNOSe] h NO]@S QR?BSE=2;"]M;ucdAD;f]MNOz�N ]@F
zD]�AD?B;@ADSlm�]@CECEJ�V-A2v@cdADSR=@?TA b+ADCEJ�FuNEL�AGSeikW-SeF^J�;MYDA+AD?B;@ADCRCeW-PTYZX@AG;��f��CjNOAGFUCRzD]�V-AGPgJ�;@V�AD;yq
��?T;@A � & �,. & C + + �fNOSE] h NE]@S QR?TSe=n]@;\NOAGS � AGSeQ5AD;@=M]@;@V2=@ADC	� ��� � ? $ ? � ( ( 
 ( ��H+SE?pNOADSe?T]@F�C{]@;@=
=@AGC F10 '*�3234�5�� �<_'ArJbNE]@SEAGCEAGNEC`F�?BN5=@ADS`?T;>m�c@CEYZX@;M?BNEN�@"q :Mq .*=@AM6';@?BADSeNEAD;��{SOJ�?B;@?T;@V�CEF�AD;@V-A!:
NOSEJ�?T;M?TADSjNrx-Q5W-cdAD?dCO��FuNEPT?BYZX@A!��?B;@zDAGP h PgJ�CeCE?�6 h JbNOW-SeAD;^J�]Mi =@AGS7|`AGSEAGYZX@;f]@;@VNC-W-; : Au_'ArJbNE]@SEAGC
c'J�Ce?TAGSEAD; 0 T A�C�ADP#:BA�3�q�|`AD;f]MNEzGNnFUJ�; ='Jb;@; =@?BA^v@c@Se?TV-AG;3�*JbNEAD; C�W-;3HKJ�F�ADSOJbL�W-Ce?BNE?TW-; .
J�PBC7��AGCeNE='JbNOAG; 0 Q`W�c�AG?y;f]@;�CE��FuNEPT?TYZXMA!zD]MS � ADSeikvMV-]@;@V�CeNEADX@AG;@=@AG;c^ H�� ��_aJ�X@SezDAD]MV-c@?TPB=@ADSC-AGSeQ5AD;@=MAGNlQ5ADSE=MAD;%3 ]@;@=.C�ADSjQ`AG;@=@AGN ^�J�SOJbFUA�NOADSwzD]MS`��SESeAD?BYZX"]M;@V�=@AGS � �,$ )9+ � ( ( 
 ( B ) � & x
CEW�ADSeV-?Tc�NlCE?BYZX�=@?BA+?T;���J�c�AGPTPBA;@�qV. ��=@J�SEV-AGCeNEADPTPpNOA � 
 ��� $ . � 
 � � ) � (#���-q
m!]MCl=@?TAGCEADS � 
 ��� $ . � 
 � � ) �2(#����?BCeN7AGSECe?TYZX\NOPB?TYZXyx�='J�CECVC�W-;�=@ADS`V-ADCEJ�FuNOAG;G	�AD;MV-AKJ�;��{ADCeNj�
='JbNEAD;�=@ADF�;'J�YZX ��
	 	�� � =@ADS Jbc@V-ADcM?TPT=MAGNOAG;�_dJbX@SEzGAD]@V-AR=@?BAlSE?BYZXfNE?TV-A7H2J�NOADV�W-SE?BA7zD]@V�AGQR?TA �
CEAG;0QR?BSE=yq _aJ�CECjNKF^J�;�=M?TA ^ H�� ]M;@=0|`:�HK� c@z�QKq =@?TAET H�� ]@;@=0|7�*��HKJbNEADV-W-Se?TAG;�zD]
� +-& ����� ) � (

�
& $+� &l]M;@= ��( 
�� � ) � (

�
& $+� &kH+PTJ�CECeAD;3zD]MCOJ�F�FUAG;3]@;@= h W�;@zDAG;fNESE?BADSeN�Ce?TYZX�='J�F�?BN

;f]@S>Jb]Mi+=@?BAo|`AGCeNE?TF�F�]@;@V =@ADCUm!;\NOAG?TPTC�=@AGC���YZX\Q`AGS�C�ADS h ADX@SeCoJbF b+ADCEJ�FuN�C-ADS h AGX@SECEJ�]Mig�
h W�FUF�AD;yxMCEW h �-;@;MAD;oCeW-V\J�S ��� 	��� � J�PBPTAGSl_aJ�X@SEzGAD]@V�A2Se?TYZX\NO?BV h PgJ�CeCE?�6@zD?TAGSeNlQ5ADSe=@AD;yq



���������
	�� �

� � "�' � � � � 6 ' " " ����� ���� � � "���% ���
	

� �-, � � �	�0 0 ����".	 ��� �8.

:<; =@?TAGCEADS�m�SEcdAD?pN>Q`AGSE=@AG; C�ADSECeYZX@?TAG=@AD;MA m�;@CO�bNEzDA0J�]@C�=MADS�|`?BPT=:C�ADSOJbSEcdAD?BNE]@;@V zG]@S��!A �
NOA h NE?TW-; C-W-;,�*c -eA h NEAD;�J�]MikV�ADV-Se?���AD;�]M;@= ikv@Su=MAD;�|`AGSEAD?BYZX3=@ADSu_aJ�X@SEzGAD]@V h PTJ�CECe?�6 h JbNE?TW-;
J�='J�L�NO?TAGSeNDq ��AGc�AG;�=@AGS~|`ADCeYZX@SEAG?Tc@]@;MV^=@AGS��~FUV�ADc@]@;MV-CEcdAD=@?B;@V-]@;MV-AD;yx'=MADS� ?TAGPTCEA�NOzG]@;@V-AG;
=@?TAGCEAGS��!?TL@PBW-FUJ�SEcdAD?pN�]M;@=3AD?B;@ADF��cdADSec@PT?BY h v@cdADSn=M?TA^?B;3=@ADS�T ?pNOAGSOJbNE]@SjC�W-SEV-AGCEYZX@PTJ�V-A �
;@AD;�m!PBV-W-Se?BNOXMFUAG;yx Q`AGSE=@AG;�?B;3=@AD;�AD?B;@zDAGPT;@AG;�H2JbL@?BNEADPT;�FUAGX@SEAGSEA�zD]MCOJ�F�FUAG;@X'��;MV-AD;@=MA
H+ADSE;\NEX@ADF�AD;�c�AGX'J�;@=@AGPBNDq
�*J�C*AGSECjNOAu=@J C�W-;�?TCjN!=@J�C!v@cdADSeV-ADW�SE=@;@A�NOA��f��CjNOAGF�xaQ`AGPTYZX@AGC+?TF�}~J�X@F�AD;�=@ADC�� ���>������� �
^�SEW -eA h NEC`AG;fN<QR?BY h AGPBNwQR]@SE=@A~]@;@=U?T;�=@?BADCEAGS5m�SEcdAD?pN zD]@S5�*JbNEAD;'J�]�ik;'J�X@F�A3C-ADSjQ`AG;@=@A�N7QR]@Sj�
=@A�qwm!]MCEV-AGX@AD;@= C�W-; V-A�QR?TCECeAD; |`AG=@?T;MV-]@;@V-AG;yxw=@?TA�c�AG?�=MADS>��;\N<QR?TY h PB]@;@V3=@AGC��"�"CeNEADF�C
C-W-SEJ�]@CeV-ADCeAGNOz�N�QR]@SE=@AG;yx QR?TSe= =@AGSnV-ADCEJ�FuNOA^FUW"=@]@PTJ�SEA�m!]Mikc@J�]�=@AGNOJ�?TPBPT?TAGSeNKcdADCeYZX@SE?BADcdAD;
]@;@=>=M?TA�_a]M; h NO?TW�;@CeQ5AD?BCEA!=MADS`?B;U=MAD;>AG?T;@zGADPT;MAD;�	�W"=@]@PBAD;�C-ADSjQ`AG;@=@A�NOAD;�m�PTV-W-Se?BNEX@FUAG;�?TF
�!AGNOJ�?TPdADS h Pg��SjNrqfm!;@CeYZX@PT?BAL*-AG;@=>Q5ADSE=MAD;�=@?TA ^�SEW-cMPTADF�A!cdADCeYZX@SE?BADcdAD;yx"Q`AGPTYZX@A!c�AG?TF L@SOJ h NE?p�
CEYZX@AG;���?T;@CEJbNOz+=MADC!�"�"CeNOAGFUC~J�]�i NOSEA�NOAG;yx']@;@=�=@?TA b+SEv@;M=@A+='Jbikv@SlNEX@ADFUJbNO?BCE?BADSeNDq
��?T;�Q5AD?BNEADSeADC+�lX@AGF^J^cM?TPT=MAGN*=M?TAn� `"NOSEJ h NO?TW�;�YZX'J�SEJ h NOADSe?TCjNO?TCeYZX@ADSK_'ADJbNO]@SeADC+Jb]@CK|`?TPB=@ADSe;yq
|`ADV�?T;@;@AG;@=^F�?BN AD?T;MADSw|`ADCeYZX@SEAG?Tc@]M;@Vu=@AGS ��SEJ�;@CeikW�SEFUJbNO?BW-; C-W-;^|`?TPB=@ADSe;�?T;�]@;\NOAGSECEYZXM?TAD=MPT?p�
YZX@A2}~AGL@SO�bCEAD;\NOJbNO?BW-;@COJbSeNOAG;yx@QR?TSe=�AD?B;@A 	�AD;MV-A_C-ADSeCEYZX@?BAD=@AG;@ADS�_'ArJbNE]@SEAGC3C-W-SeV-ADCjNOADPBPBNDx�Q5ADPp�
YZX@AwJ�]MiM[!J-JbSj�	��J C-AGPTAGNEC c'J�Ce?TADSeAD;yxD]@;@=K=@ADSeAD;2V-AD;@J�]@Aw_']@; h NO?BW-;+]@;@=2|`AGSEADYZXM;"]M;@V!AGS h Pg��SjNrq
�*J�;'JbYZX�Q5ADSe=@AD;�zGQ5AD? ]@;\NOAGSECeYZX@?TAG=@PT?BYZX@A2_aADJbNO]MSEADCeAGNECDx'='J�C " 0 ��� 4�L ]M;@=�='J�C FI0 '*��2J4 5��AL
_'ArJbNE]@SEAGCEAGNDx`=@AM6';@?BADSeNU]@;@= AD?T;MA b+ADV-AG;"vMc�AGSECeNEADPBPT]@;@V =@ADS�C-AGSeQ5AD;@=@A�NOAG; |`?BPT=@V�S)�+*-A�]M;@=
=@ADSRm�;@zrJ�XMP c�AGSEADYZXMAD;fc'J�SeADS*_'ADJbNO]@SeADCR=@]@SeYZX@V-A�ikv@X@SeNDq
�!?TAUm!]MikcdADSeAD?pNO]@;@V�=@ADCum*�lm~�<|`W�W�CeN�m�PTV-W�SE?BNEX@F�]@C+zG]@S�H+PTJ�CECe?�6 h JbNE?TW-;LC-W-; _dJbX@SEzGAD]@V-AG;
c@?TPB=@AGN*AD?T;MAD;)Q`AG?BNOAGSEAG;�H+ADSe;@L@]@; h N2=@?BADCeADS2�!?TLMPTW-FUJ�SEcdAD?pNrqd��?T;@AGF V-AG;@ADSeADPBPTAD;��~c�AGSEc@PB?TY h

�+@



�Mq 5�q�mR�*�M|�T : �7H � �

v@cdADS�=@?TA�_a]M; h NO?TW�; =@AGCom!PBV-W-Se?BNOXMF�]@C�ikW-PTVbN�=M?TA ��A76';@?pNO?BW-; z�Q`AG?TADS�]@;\NOAGSECEYZXM?TAD=MPT?TYZXMADS
� ArJ h �`PTJ�CECe?�6'AGS^H+SE?pNOAGSE?TAG;yx =@AGC<� &*) . � � &*) � ���,$ ) ( & ]M;@= =@AGC � ��� � ? $ ? � ( ( 
 (0H+SE?p�
NOAGSE?B]@FUCGx@]@;@=�AD?B;@AK|`AGCEYZX@SeAD?TcM]@;@V^?BX@SEAGSlV-AD;@J�]@AD;�_']@; h NO?BW-;@CjQ`AG?TCEAbq
m!]�iK=@ADS�|`J�CE?BC^AD?B;@zDAGPT;@AGS>H+PgJbCECE?�6 h JbNOW�SEAD;�Q`AGSE=@AG; zGQ5AD?*]@;\NEADSECeYZX@?TAG=@PT?BYZX@A)�"NESE] h NE]@SEAG;yx
=@?BA ' ) $ ? ]@;@= =M?TA � & �,. & C + + �"NESE] h NO]MSjC-W�SEV-AGCeNOAGPTPpNrx =@?TA�AD?B;@A 	�]@PBNE?TYGPgJ�CeCj��H+PTJ�CECe?�6 h JbNE?TW-;
ADSeF"��V-PT?BYZX@AD;yq��!ADC � AD?pNOADSeAD;nQ5ADSE=MAD;^=M?TA`ikv@S�=M?TA7AG?T;@zGADPT;MAD;U�"NOSe] h NO]@SeAD;�c�AG;���NE?TV�NEAD;nNOAGYZX��
;@?BCEYZX@AG;�}~AGCECEW�]@SEYGAD; C-AGSEV-PB?TYZX@AG;�]@;@=>=M?TA � W-Sj�t]@;@= ��J�YZX\NOAG?TPTA�=@ADS5AD?B;@zDAGPT;@AG;��"NOSe] h NO]@SeAD;
J�;@V�ADCELMSEW"YZX@AD;yq
�!?BA_^{ADSeikW�SEFUJ�;@YDA~=@AGS5AG;fN<QR?BY h AGPBNOAG;
� ADSji J�X@SEAG;UQR?BSE=�CEYZX@PB?TAL*�PT?TYZX�AD?B;@ADSwJ�]MCeikv@X@SePT?BYZX@AD;UA `f�
LdADSE?BFUAG;\NOADPBPTAG;)��;\NOAGSECE]MYZX"]M;@V�]@;\NOAGSEzGW-V-AD; q  ] |`AGV-?T;@;�Q5ADSe=@AD; =M?TA C-AGSeQ5AD;@=MAGNOAG;3��SEJ�?p�
;@?B;@V-CE=@JbNOAG;�]M;@=U�{ADCjNO='J�NOAD;�cdADCEYZXMSE?TAGc�AG;^]@;M=U|5AD?TCeL@?TAGPTA`ikvMS�=@?TAl]@;\NEADSECeYZX@?TAG=@PT?BYZX@AD;^_aJ�X@Sj�
zDAG]@V h JbNEADV-W-Se?TAG;3J�;@V-A�ikv@X@SjNrq��*J�;'J�YZX Q5ADSe=@AD;�CeW Q5W-X@P5=@?TAUc�AG?T=@AG; � ArJ h �`PgJbCECE?�6'ADSuH+SE?p�
NOAGSE?BAD;oF�?BNEAD?B;'J�;@=@AGS3C-ADSeV-PT?BYZX@AD; x J�PBC~J�]@YZX��~;fNEADSeCE]@YZXf]@;@V�AD;0=@ADS�m!c@X'�b;@V-?TV h AD?pN~=@ADS_^�ADS��
ikW-SeF^J�;MYDAgC-W-;�=@AGSSC�ADSeQ5AD;M=@AGNEAD; 	�AD;@V�A+J�;^�{SOJb?T;@?B;@V-CE=@JbNOAG;^]@;@=^=@ADS7m�;@zrJbX@P�=MADS`=M]@SEYZX
AD?B;@AD;�H+PgJ�CeCE?�6 h JbNOW-SjC-ADSjQ`AG;@=@A�NOAD; _aADJbNO]MSEADC 0 T ATC-AGP 3�=@]@SeYZX@V-AGikvMX@SeNDq5�!J�c�AG?7Q`AGSE=@AG; CEW��Q5W-X@P =@?BA+��?T;
	'vMCECEAK=@AGS ^tJ�SEJ�F�AGNOAGSRJ�]Mi{=@?BA ^�ADSjikW-SEFUJ�;@YGA+=@ADSR��?B;@zDAGP h PgJ�CeCE?�6 h JbNOW-SeAD;�]@;"�
NOAGSECe]@YZX\NrxaJ�PBC7J�]@YZX�=@?BA b+ADCOJbFuNOLdADSjikW-SEFUJ�;@YGA!=@AGS ' ) $ ? ]@;@=�=MADS � & �,. & C + + �"NESE] h NO]MSRJ�]Mi
=@AG;��{ADCjNO='JbNEAD;�AGSEF�?BNeNOADPpNrq"m!]�*�ADSE=MADF QR?TSe=�=@?TA���AG;@CE?pNO?#C"?pNZ�bNlAG?T;@AGS7NOSEJ�?T;@?BADSjNOAD;��"NESE] h NE]@S
J�]Mi5AD?B;@A h PTAG?T;@A ��;@=@AGSE]@;@V�=@AGC2|`PT?BY h QR?B; h AGPTC+]@;\NEADSECe]@YZX\Nu]M;@= =M?TA�]@;M?#C-AGSECeADPTPBA���?T;@CEJbNOz �
F��-V-PT?BYZX h AG?BN^=@ADS�C-W�SEV-AGCeNOAGPTPpNOAD; m�PTV-W-Se?BNEX@FUAG; =@]@SeYZX =M?TA�m!;\Q5AD;@=M]@;@V Jb]MijC�W-;#]@;\NOADS��
CEYZXM?TAD=MPT?TYZXMAD;�H2JbFUAGSOJ�LdW-CE?pNO?BW-;@AD;>J�]@C~J�]MikV-AG;@W-F�FUAG;@AK_aJ�X@SezDAD]MV-c@?TPB=@ADS`=@ADF�W-;@CjNOSE?BADSjNrq
 ]@F ��YZX@PB]@CEC�Q5ADSE=MAD;#=@?TA�}RADCe]@PBNOJbNOAo=@ADS�AG?T;@zGADPT;MAD; � `�L�AGSE?TF�AD;\NEA�zD]@CEJ�FUF�AD;MV-AGi J�CeCeNDx
=@?BC h ]MNO?BADSjNrxy]@;M= =@?BAnc�AGCeNEA�ikvMS+=@AD;0L@SOJ h NE?TCeYZX@AD;�� ?B;@COJ�NOznV-AGAD?TV�;@AGNEA^�fNOSE] h NE]@SKADSeFU?pNENOAGPBN
]@;@= C�W-SEV�ADCEYZXMPgJ�V-AG;yq\�!?BADCeA7QR?TSE=u='J�;@;�J�]�i�AG?T;@AGS�ikAGCeNOV�ADPTAGV�NOAG;���AGCeNO=@JbNOAG;@FUAG;@V-AlATC�JbPT]@?BADSeN
]@;@=�=@?BAK� SeV-ADcM;@?TCeCEA2zD]@CEJ�FUF�AD;MV-AGi J�CeCeN~]@;@=�J�;@V�ADV-AGc�AG;yq

� �O� 9 � � 7 � �-3 �

��?T;@AU}RAD?TXMA.C-W�;1� W-SECeYZX@Pg�bV-AD; zD]@Su� SjQ`AG?BNEADSE]M;@V�c@z�QKq(� ADSec�AGCECeADSE]M;@V�=@ADS�m!PBV-W-SE?pNOX@F�AD;
CeNEADX@AG;ozG]@S~�!?TC h ]MCECE?BW-;yq
:<F |`AGSEAG?TYZX�=MADCu�"�"CeNOAGFUCGx Q`AGPTYZX@AGC�zG]@Su�!JbNOAG;'J�]Mik;'JbX@FUANC�ADSeQ5AD;M=@AGN�QR]@SE=@Abx CEW-PBPBNOAn=@J�C
 ]@CEJ�FUF�AD;MCEL@?BADPd=@ADSlAG?T;@zGADPT;MAD;G	�W"=@]@PBA!W-LMNE?TF�?TAGSeNwQ`AGSE=@AG;yq�� W-SlJbPTPTAGF ?T;>=@AGS�� ADSec�AGCECeA��
SE]M;@V!=@AGC� ]@CEJ�FUF�AD;\QR?BS h AG;@Ctz�QR?TCeYZX@AD;n=@AGF � & � ?'& � � � & ( $ � � . &M]@;@=�=@ADF E ( )�� ?<& ( & 	�W"=@]@P
CeNEADY h N�C"?TADP ^�W�NEAD;\NO?TJ�P`zG]@S��"NEAD?BV-ADSe]@;@V�=@AGS�bKAGCOJ�FuNEL�AGSeikW-SeF^Jb;@YDAbqt�*Jb=@]@SEYZX h �-;@;\NOA�AD?B;
b+SEW+*�NEAD?BP5=@AGS C-W-S�JbPTPTAGF cdAD?`=@ADS�� AGSeikW-PBV-]@;@V�Ce?TYZX�V-AGV-AD;@CeAD?pNO?TVUC�ADSe=@ADY h AD;@=@AGS�_aJ�X@SezDAD]"�
V-AnJb]Mi NOSeAGNOAG;@=@AG; ^�SeW-c@PTAGFUA�c�AGCEAG?BNO?BV�N!Q5ADSe=@AD; qym!]�*�ADSE=MADF h �-;@;\NOA�AG?T;�m�PTV-W-Se?BNEX@F�]@C~?TF



�Mq 5�q�mR�*�M| T : �7H ���

|`ADSeAD?BYZX�=@AGC�' � + � ) $ �#� ) ��?'& & 	�W"=@]@PBC`AG?T;@V-AGc@]@;@=MAD;�Q5ADSe=@AD; xd=MADSRAD?B;@A��"NZJ�cM?TPT?BCE?BADSE]M;@V�=@AGC
�*?B=@ADW-cM?TPT=MADCVC-W�SE;@AGX@FUAG;o]@;M=�='JbC~V�ADCOJbFuNOA��"�"CeNEADF�='J�=M]@SEYZX�SEW-c@]MCeNOAGSRV-ADV-AG;G�!?Tc@SEJbNO?BWb�
;@AD;�FUJ�YZX@AD; h ��;@;\NOA�q
� W-SOJb]@CEV-AGCEA�NOzGNDx\F^Jb;�X'�bNeNOAl=@?BA`NOAGYZX@;@?TCeYZX@AD; 	,�-V�PT?TYZX h AD?pNOAG;yx�=@?BA7V-AGCOJ�FuNEA 	�AD;MV-Al=@ADS Jb]Mi
=@ADSiC-ADSjQ`AG;@=@A�NOAD; |`?BPT=@V-S �+*-AKcdADSEAGYZX@AD;fc'JbSEAD;0_'ArJ�NO]@SeADC!ikv@S~='J�C!��SEJ�?T;@?B;@V�AD?T;MADC*H+PTJ�CECe?�6M�
h JbNOW-SeC zD]NC�ADSeQ5AD;M=@AD;yxfCeWKQRvMSE=@AG;�Ce?TYZX@AGS�;@W"YZX�C"?BADPM=M?TC h Se?TF�?T;'J�;\NEADSEA`_'ArJbNE]@SEAGC�=@]@SEYZX�=@AG;
m!PBV-W-SE?pNOX@Fu]@C+J�]@CeV-AGQ`��X@PpNKQ`AGSE=@AG;yx{Q5W"=@]@SEYZX AD?B; ^{ADSeikW�SEFUJ�;@YDAGV-AGQR?B;@;0ADSESeAD?BYZXfN2Q5ADSE=MAD;
QRv@SE=MA�q m�]�*-AGSE=@AGF h �-;@;\NOAG;�=@?TA���SEV-AGc@;@?BCECEA�AD?B;@ADS~V-AD;@J�]@ADSeAD;��~;\NOADSeCE]@YZXf]@;MV�=MADS!CjNZJbNE?p�
CeNE?TCEYZXMAD;�� ADSjNOAG?TPT]M;@V-AD;u=@ADSt_aADJbNO]MSEAGQ5ADSjNOA7?B;u=@AG;nAD?B;@zDAGPT;@AG;n_aJ�X@SEzGAD]@V h J�NOADV�W-SE?BAD;u]M;@=�=@AGS
?T;�AG?T;@AGFICEW�PTYZX@AG;�� AGSei J�XMSEAD;�J�]@CeV-AGQ`��X@PpNOAG;�_'ADJbNO]@SeADV-S �+*-AG;�]@;@=�_aADJbNO]MSEAGN<�"LdAD;�c�AG;f]MNOz�N
Q`AGSE=@AG;yxt]MF�AG?T;@AG; C-AGSEX'�bPBNO;M?TCEFU�N*-?BV h PTAD?B;@AD;�_'ArJbNE]@SEAGL�W"W-P zD] cM?TPT=MAD;yx ?B; Q5ADPTYZXMADF�;"]MS
=@?TAKJbPTPTV�ADF�AD?T;^=@?TC h Se?TF�?T;'Jb;fNEADCjNOAD;�_'ADJbNO]@SeADC3C-W�SEX'J�;M=@AD;�CE?T;M=yq'�!]@SeYZX��~FUCeAGNOzG]@;@V�=@?TAGCEAGS
c�AG?T=@AG;�:<=@ADAG; h �-;@;\NOAlNEX@ADW-SeAGNE?TCEYZX�AG?T; ^�AGSeikW-SeF^Jb;@YDAGV-AGQR?B;@;nADSeSEAD?BYZX\N ]@;@=�V-PTAG?TYZX@zGAD?pNO?TV�=@?TA
��SEJ�?T;M?T;@V-CeL@X'J�CeA+=@AD]�NOPT?BYZX8C�ADS h vMSEzGN~Q5ADSE=MAD;yq
� ?TA CE?BYZX�=M]@SEYZX�=@?TAS� ADSeCE]@YZXMA`V-AGzDAD?BV�N{X'JbNDx h �-;@;MAD;�_aJ�XMSEzDAG]@V-Aw=@ADS`C"?TAGS`C-ADSjQ`AG;@=@A�NOAD;�HKJ��
NOAGV-W-SE?BAD;2L@SEW�c@PTAGFUPBW-CyF�?BN V-AGSE?B;@V-ADF�_aAGX@PTAGS h PgJ�CeCE?�6@zD?TAGSeN Q5ADSe=@AD;yqb�*J C-W�;�J�;@V�ADSEAGV�N h �-;M;fNEA
AD?B;@A7Q`AG?BNEADSEAR�~;\NOADSjNOAG?TPT]M;@V+?T;���]Mc h PgJ�CeCEAD;�QR?TAlzG]@F/|5AD?TCeL@?TAGP@?T;nAG?T;@A � H+PTAG?T;�� T{H�� � �yW"=@ADS
� � W-X@;\Q`J�V-AD; � ��H+PTJ�CECeA�C�W-SEV�AD;@W-F�F�AD;)Q`AGSE=@AG;yq m!PTCKm�;Mi J�;@V�='J�zG]0Q`��SEA�CEYZXMW-;�=@?BAE� ADSj�
Q`AG;@=@]@;MV0AG?T;@AGSuAG?T;Mi J�YZXMAD;�}Rv@Y h Q`AG?TCE]M;@V-C h PTJ�CECeA�ikvMS�J�PBPTA�;@?TYZX\NnAG?T;@=MAD]MNE?TVozG]@W-Se=@AD;fc'J�SeA
_aJ�X@SEzGAD]@V�A2=MAD; h c'J�SGq
�*J)ADC�CE?TYZX�c�AG?l=@ADF�zG]@F��{SOJ�?B;@?T;@V�=MADSUHKPTJ�CECe?�6 h JbNEW-SEAG; C-AGSeQ5AD;@=@A�NOAG; � AGSei J�XMSEAD;�]@F
AD?B;@AD; �"]@L�AGS�C"?TCeAD=�� T ArJ�Se;@?T;@V��<m!PBV-W-Se?BNOXMF�]@CnX'J�;M=@ADPpN>]@;@= FU?pNUAG?T;@AGS h PTAG?T;@AG; 	�AG;@V-A�Jb;
��SEJ�?T;M?T;@V-Cec�AG?TCeL@?TAGPTAD;3cdADSeAD?pNOC�V-]MNOA�}RADCe]@PBNOJbNOA�ADSezD?BADPBNnQ5ADSe=@AD; h �-;@;MAD;yx h �-;M;fNEA�ikv@S�=@AG;
��?T;@CEJbNOz�?T;�=@ADS���SEJ�?T;M?T;@V-CeL@X'J�CeA�AG?T; |`W�WbNOCeNESOJ�LML@?T;@V��<m!PBV-W-Se?BNOXMF�]@CuAG;\N<QR?TY h AGPBN>Q5ADSe=@AD; q
�*J�=@]MSEYZX h �-;@;\NEA�]@;\NOADS��~FUCjNZ��;M=@AD;�=@?BA��{SOJ�?B;@?T;@V�CEL@X'JbCEA�x5J�c@V�ADCEAGX@AD;&C-W�;#AG?T;@AGF cdA��
CEYZX@SE��; h NOAG;�� ?B;@V-SeAD?BikAG;�=@]@SeYZXn=@AD;��"]@L�AGS�C"?TCeW-SDx�zD]nV�SEW+*-AG;��{AD?TPBAD;MC-ADSeCEAGPTc@CjNOCeNO��;@=@?BV�N Q5ADS��
=@AD; q
:<;\NOADSeADCeCOJ�;\NoQ`��SeA�Q`AG?BNOAGSEC�AD?B;@A)��;\NEADSECe]@YZXf]@;@V@x~W-c ADC�F��-V-PB?TYZX ?BCeNrx`AD?T;MAD;�NOSEJ�?T;@?BADSjNOAD;
H+PgJ�CeCE?�6 h J�NOW-S�J�]Mi�]M;fNEADS*AG?T;@AGF Jb;@=@ADSeAD;)|`PB?TY h QR?T; h ADP�J�]MikV�AD;@W-F�F�AD;@A��*JbNEAD;)J�;@zG]\Q`AG;��
=@AD; qf��;\NOAGS5�~FUCjNZ��;M=@AD; h �-;M;fNEAR=@]@SEYZX�AD?B;@AD;�m!PBV-W-Se?BNOXMF�]@CtzG]@F
}RA�� ��SEJ�?T;@?BADSeAD;nAD?B;���AGV
V-AGik]M;@=@AD; Q5ADSe=@AD; x`AD?B;@AD; c�AGSEAD?pNOCU|7J�Ce?TC h PTJ�CECe?�6 h JbNEW-S�FU?pNUF�?BNeNOAGPTFU�N*-?TV�ADS ^{ADSjikW-SEFUJ�;@YGA
]@;@? C-ADSeCOJ�P AG?T;@CeAGNOzGc'J�SRzD]�FUJ�YZX@AD;�]@;@=�=@]@SeYZX�=M?TADCeAD;�m!PBV-W-SE?pNOX@Fu]@C7zD]�W-LMNE?TF�?TAGSEAD; q



�Mq 5�q�mR�*�M|�T : �7H � �



� ��� � ��� �

� ����' ���

� � , � � � � 	��	� 	�
 9 ��	�3� � �

�������	���������������� ��"!#�#$% &�('*),+-��./�0�21%�314�#),�5����67'8���4+-���4�"�#),�76��	�/9:��!#./���;�<�#!�14�	�"�=�4�0�*�3�&�
6��#�?>8�"@A�0��14�	�IC�),�CB=DFEHG < bI�	!KJML.=A����6(N 4 5POGRQ�<TS,��$VU,W>=4C��	��XY�#�	�"�	�[Z�\]�����8+-���"^	�I\_�"!a`��&14�cb
�4���&de�4�0�#���0�f�g���&+-14�#),�&�"Xh�	�#�"�*XY���46i ��#�0�h�g�3$% j�	�����	.lkm�&1n)��4�a�3!:C,),�po�0KQ 2 O 7 �&��6rq�DFE 5 2
<tsvufU2w>=xd,�c���� ��"1	Z
\_�#��6��#�"+-�4�014�	�*y_�4),^0�	�4�?�#��1Y$% g���4��+21n�	�"�#�"�#�	��1Y6����"$% C�	�����:'8�{zR�0�4�	�&^	�	�&d,!#�0�#$% -����di6��	�?�g),�".
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z ∈ R
m
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x̂k = x̂−
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Kk = P−
k · HT · (H · P−

k · HT + R)−1
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=

P−
k · HT ·

H · P−
k · HT + R
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x̂
−

k
= A · x̂k−1 + B · uk

P
−

k
= A ·Pk−1 ·AT + Q
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Pk = (I −Kk ·H) ·P−
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−

k
)
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Kk = P
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