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Last Smooth Image

Last Image Regions

Kinematic Info

Parameter Fast Region Segmentation
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Correspondences Between Regions at time t and t-1
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0.2 sec

Depth Map Refinement 
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Disparity Evaluation 

Coarse Dense 3D Map Fine Dense 3D Map
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Detection of the region
to be tracked

Left Eye Target Position

Left Eye Focus Info

Right Eye Target Position

Right Eye Focus Info

Mount Angular Position Info Geometric 

Model of the Mount

Lenses Info

Concurrent Kalman

Filters :

-fixed target

-constant velocity

-constant acceleration
-unstationnary kinematic

Visual Metric

Target 3D-position

Inverse Kinematic

Retinal Target Size

Inverse

Geometry

Focus
Zoom

Target-kinematic

Target 3D-size

Mount Position
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*
Optional inputs, set to default values if not available

adaptation

*

Module V1

��E �2Q � Z�SY~ , �X: Z@K � G : EÆD?Z�G_D?Q � ZRB C D : Z�>>EHI?QëK<;�TUBSN�QO;HZG SN�ZJIYE �2M�Z�NUD?BúC'ZRQ�I?Z�NvB,M<K � B,C'B�DFE G : ZbK�N ,D : Z � Z�G�B,M�IYD � Q�G_DFE B2M�K�;?�,B � EÝD : T : K�ILC!Z�Z�M«E TA@O;HZ�TUZJM2D?Z�N\ !GJB2M�IFEHN�Z � EHM��sw � IFD�KUG�B>K � I?Z@T4BSN�ZK; C B �D : Z �Q� TvKG@\ 8K%M�NúD : Z�MvK�wëM�Z TUBSN�Zr;SE MUB � N�Z � D?B�B2CSD:K�E M�C'B%D :�C K�IFDÄK�M�NxwëM�Z�NâK�D:KO%aO CSEHM�BSG�QO;�K �EHTA@O; Z�TUZ�M2D:K�DFEHB,M : K�I�K<; I?BLC'ZJZ�M÷ZrPE@'Z � E TUZ�M2D?ZJN�IFEHTA@O;ÆX÷GJB2M�M�Z�G_DFEHM��óK�I?Z�G�B2M�NúTUBSN�QO;HZ �AS C B � D : Z
GbK�T4Z � K÷D?B�D : Z � � Z C D 
aX,Z���E M�@�QSD?IM% �X: ZREHM2D?Z � MâK�;d@ëK � K�T4Z_D?Z � I�B C D : EHIWK<;?�,B � EÆD : T K � Z�K�N�tFQ�IFD?Z�NK�QSD?B2T)K�DFEHG�K<;I;ÆXQ% �X: ZUKL>2Z � KY�2ZýG�B2T @�QSD:K�DFEHB2M«DFE TUZ�E I$��EI>,Z�M C B � Kfzl�
� ` U
�Q�ýE TvKY�,Z ,óK<G�B>K � IíZ
�
� TvKY@«B C D : Z � Z�DFEHMëK<;�>>EHZ H GbK�M«C!Z÷E IíI?Q�Z�N�K�DóK%C'B2QSD �O% �Q# �  'Q�IFEHM��PK^V�@ëK � GKW�W � � ��%[NRM«D : ZG�B2M,D � K � XQ �D : Z �
� TvKG@ � ZrwëM�Z�TUZJM2DLE ILTúQ�G : I�; B H Z �  âC�QSD�EÝDïGbK�MPC'Z � Q�M«K�DïK�NSE
 rZ � Z�M2D � K�D?ZG%

U�S



: K�M�N\ !E C D : Z4N�ZM@8D : K%M�N«D : ZUIFE � Z÷B C D : ZUB2COtFZJG_DóK � Z��>M�B H M�K%M�N«E C D : ZUIFXSIFD?Z�T E IóGbK<;ÆEHC � K�D?ZJN� 
D : Z�I?Z @ëK � K�TUZ_D?Z � I GbK%M^C!Z�Z�IFDFEHTvK�D?Z�N^E M^B,M�Z�IFD?ZL@\%

NRM�Z�>,Z � X<EHTA@!B � D:K�M,D GJB2M�I?Z��>Q�Z�M�G�ZRB C D : E I��?B2M�ZrF�IFD?ZL@��÷Z�IFDFE TvK�D?ZLE I�D : Z C BG;I;HB H EHM�� ,�G�B,M2D � BY;EHIúM�B�DúM�Z�G�Z�I?I:K � E=;ÝX;Z�TúC'Z�N�N�Z�N�EHM � ZbK<;=F DFE TUZ C Z�Z�N�CëK�G��¬ aC�Q8DýTvK�X;IFEHTA@O;ÆX C!ZA;ÝE T�EÝD?Z�N�D?B«IFD:K�DFE G
@'B,IYEÆDFEHB,M8E M���%mW¦M<B%D : Z � H B � N�IM ,D : ZLGJB2M2D � BG;'GbK%MvC'ZïK@IFE TA@O;HZ ��;HBSBQ��K%M�NvT4BM>,Z�� @ëK � K�NSE �2T�% �X: EHI� Z�IFD � EHG_DFE B2M9E I6>,Z � XPEHTA@!B � D:K�M,DLEHM7D : Z�GbK%I?Z@B C�: K � N H K � Z�;ÝEHTýEÝD:K�DFE B2M�IM% �X: Q�IM ëQ�IFEHM�� �Q� GJQ�ZJIL 'KNSE � Z�G_D��G;HB,CâK�;�GJB2M2D � BG;aE I @!B2I?IFEHCO;HZ
 ëD : Z�; BSGbK<; C Z�Z�N�CëK�G��>I �5EHT @l; Z�TUZ�M,D?Z�N Q�IFEHM���U � GJQ�ZJI 
�C'Z_E ME�B2MO;ÝXPQ�I?Z�N C B � D : Z � Z�IFE N�QëK�;fZ ��� B � G�B ��� Z�G_DFEHB,M\%
� "�$ � :X*-:27o.�3�& 9)7o.�9�:X, , 9�>1;b7o(�. :'9�? : �1> (-* 9
� Z_DúQ�I�M�B H TvKG��ZvZrPE@O;ÝEHG�EÝDúI?B2TUZ � Z �>QSE � Z�TUZJM2D?I C B � GJB2M2D � BG;I;ÝE M��^D : Z<TUB2Q�M2D @ëK � K%TUZ_D?Z � I�B C K
� B2C!B�DFEHG : ZbK%N B,M H : E G : �
� >>E IYE B2M�EHI÷D?B�C!Zs@'Z �DC B � TUZ�N\% �X: EHI4K�MëK<;ÆXSIFEHI�EHI�IFE TA@O;ÝX�CëK�I?Z�N�B2M
I?B2TUZóCSEHCO;ÆEHB
� � KY@ : EHGbK�;fZr; Z�TUZ�M2D?IWK�I�TvK�N�ZóZ�P�@l;ÆEHG_EÆDLE M)D : Z�I?Z��>Q�Zr;�%
� R N u V � ZúM�Z�Z�N9D?B � Z�N�Q�G�Z � C�QSDóM�B%DóM�Z�G�Z�I?I:K � XPGbK%M�GJZr; 
�D : ZýNSEHI�@ëK � EÝD�X«C!Z_D H Z�ZJM«D H BPG�B2MOFI?Z�G�QSDFE=>2Z C�� K�T4Z�I � � Z�DFEHMëK<;¾IFD:K�CSE=;ÝE � K�DFEHB,M�
öC!Z�GbK%Q�I?Z ,

S
% �REHI?QëK<;­K<; �2B � EÝD : TUI C B � TUB%DFEHB,M Z�IFDFEHTvK�DFEHB2M �5D?B
�%Z�MOF D � K%G��%Z � IM ­D � K%G��2E M��YF�IíMëKG��Z�IM B
@SDFEHGbK�;IF �ëB H BQ@'Z � K�D?B � I�
 @!Z �DC B � T C'Z_DFD?Z � H : Z�M D : Z9NSEHI�@ëK � EÆD�X C!Z_D H ZJZ�M¿D H B­G�B2MOFIíZJG�QSDFEI>,Z C�� K%TUZ�I·EHI�T�EHMSE T÷Q�T R � � V %
UE% � K�;ÝEHC � K�DFEHB2M5@ëK � K%TUZ_D?Z � I�K � Z�>%K<;ÆEHN�B2MO;ÝX C B � K���EI>,Z�M�K � Z�K)B C D : Z�>>EHI?QëK<;ywâZK;HN�K�M�N
D : Q�ILB2MO;ÆX)E C D : Z�B,C�I?Z � >,Z�N7B2COtFZ�G_D : K�IïK�IFD:K�CO; Z$@'B2IFEÆDFEHB2MPB2MPD : Z � Z�DFEHMëKnR � }� � � V %

� % �6: EHI H E=;I;�TvK�EHM2D:K�EHM D : ZPB2C�I?Z � >%K�DFE B2M­B C K�M­B2COtFZ�G_DýN�Q � EHM��;IíZK>2Z � K�; C�� K�TUZJIUK�I � ZrF
�>QSE � Z�N7C2X �Q� >>EHIFEHB,M9K�;?�,B � EÝD : TUI R � z V %

z %8W¦M³D?Z � T4IUB C NSEHI?G � Z_DFE � K�DFE B2M­Z ��� B � IM �EÝD : K%I�C'ZJZ�M³N�Z�TUB,M�IYD � K�D?Z�N D : K�D H : ZJM E C D : ZB2C�I?Z � >2ZJN@B,COtFZ�G_D!EHI¾IFD:K�DFEHB,MëK � X H EÝD :�� Z�I�@!Z�G_DrD?B·D : Z � Z_DFEHMëKE �D : ZJIíZöZ ��� B � I¾K � Z�T�E M8E TvK<;
RTS9} V %

� R N � V ORIUEHM MëK�D?Q � ZG �EÆDvEHI<G�B2MQ>2Z�MSE Z�M2DvD?B³T)K�EHM,D:K�EHM D : Z«B,C�I?Z � >,Z�N B,COtFZ�G_DvGr; B2I?Z^D?B�D : ZZ�IFDFE TvK�D?Z�N�@ � EHM�G_E @âK�;d@'B%EHM2D � C B9>2ZbK�DFEHB,M7
�IFEHM�G�Z ,
S
% �6: ZRGbK�;ÝE C � K�DFEHB,M^TUBSN�Zr; � Zr;ÝE Z�I·B2MvD : Z$@SEHMOF : BG;HZRTUBSN�Zr; H : EHG : EHI/>%K<;ÆEHNPB2MO;ÝX<Gr; B2I?Z D?BD : Z�BQ@8DFE GbK<;aK9P8E I ��KUCSEHBG;HBQ��EHG�K<;rZ �>QSEI>%K<; Z�M2DïEHI·D : Z C B9>,ZbK 
$R � }� � � V %
UE% O TUB9>>E M�� B,COtFZ�G_D H EÆD : Q�M�ZrPE@'Z�G�D?Z�N TUB�DFE B2M³E IUZbK%IYE=;ÝX­TvK�E M2D:K�E M�Z�N³EHM¿D : Z+>>EHI?QëK<;

wâZK;HN^E C EÝDïIYD:K�XSIWK � B,Q�M�N<D : Z@GJZ�M2D?Z � B C D : Z � Z�DFEHMëK � B2CQ>>EHB,Q�I�
�%
� % �6: Z^E M�N�Q�G�ZJN NSE I @ëK � EÝD�X � Z�TvK�E M�IvT�EHMSEHT)K<; H : Z�M � BSB2TýEHM�� � IíZJZ R N u V 
� ÄE C H Z«K � ZGr;HB,IíZRD?BýD : Z�@ � EHM�G_E @ëK<;d@'B%EHM2D�RTS �MV %
z % ORM^B  F�G�Z�M2D?Z � Z�N9B,COtFZ�G_D H E=;I;¾N � E C D � KY@SE Nl;ÆXPN�Q�ZóD?BUEÝD?I�Z�G�GJZ�M2D � EHG�EÝD�X R UQ� V %

� R N � V � : ZJM R N � V EHIUM�B�D4I:K�DFEHI�wëZ�N\ aD?B5@ � ZK>2Z�M,DvB2C�I?Z � >,Z�N¿B2COtFZJG_D?I C�� B,T N � E C DFEHM��;B2QSDUB CIFE?� : D H Z�T÷Q�IFD � ZJIíZ�D D : Z��>K � ZRNSE � Z�G�DFEHB2MoK�I �>QSEHG��
;ÝXoK�IX@'B,I?IYE CO;HZG%
O � ZbK�I?B2MëK%Cl; Z�IYD � K�D?ZL��X7EHIRD?B � Z�I?Z_DRD : ZUTUB,Q�M2D$@'B,IFEÝDFEHB,M;K�I �8Q8E G��Q;ÝX;K%I$@'B2I?IFEHCO; ZG !G�K�M�G�Zr;
>>E I?QâK�;�EHM C B � TvK�DFE B2M�N�Q � E ME�«D : Z<TUB%DFEHB2M\ �K�M�N � Z�IFD:K � D >>EHI?QëK<; @!Z � G�ZL@SDFE B2M H : Z�M­TUB�DFE B2MZ�M�N�I6� I0K%G�GbK%N�Z%
� âK�I C B � CSEHBG;HB
�%EHGbK�;rTUB9>,Z�TUZ�M,D?IAR | �MV %
#LB H Zr>,Z �  H Z÷TúQ�IFD � Zr;�K�D?Z@D : Z�>>EHI?QëK<;¾E M C B � TvK�DFE B2M«C!Z C B � ZúK%M�N K C D?Z � D : ZýNSEHI�@O;�K�GJZ�TUZ�M2DM K%I�NSEHI?G�Q�I?I?Z�N�@ � Zr>>E B2Q�I�;ÝXQ%¨W C D : EHI�NSEHI�@O;�K%G�Z�TUZJM2D�E I�N�B2M�Z H EÝD : KïD � K%M�I§;5K�DFE B2M\ �EHTvKG�2Z�N�Z C B � FTvK�DFEHB,M�I H EI;I;¾BSGJG�Q � K%M�N)D : Z�G�B ��� ZJI @!B2M�N�Z�M�G�ZóC'Z�D H Z�Z�MPD : ZWD H BUEHTvKG�2Z�I�E ILM�B�D�IFD � K�E � : D�FC B � H K � N+�5EÆDRN�ZL@!Z�M�N�IïB2MPD : ZúN�ZL@SD : B C B2COtFZJG_D?I�
�%6NRM^D : ZúG�B2M2D � K � XQ âE C D : Z÷NSEHI�@O;�K%G�Z�TUZJM2D

UQU



E IóIYE TA@O;ÝX�K � B�D:K�DFEHB2M\ �D : Z � ZK;�K�D?ZJNoE TvKY�,Z÷D � K%M�I C B � TvK�DFE B2M«EHIúK<IFEHTA@O;HZ)K�M�N5@ � ZJN8E G_D:K�CO; Z
� ZL@ � BGtFZ�G_DFE B2M\ : ZJM�GJZ4D : ZPIFXSIFD?Z�T GbK�M � Zr;�K�D?Z)D : Zs>>EHI?QëK<;�E M C B � TvK�DFEHB2M­C'Z C B � ZPK�M�N¿K C D?Z �NSEHI�@O;�K%G�Z�TUZJM2D�R � Ul � | V %
��Q � D : Z � TUB � ZG �E C D : EHIUI:K�GJGbK�N�Z�E I�>2Z � X �>QSE G��¬ �D : Z9K%N�NSEÆDFEHB2MëK�;->%K � E5K�DFEHB,M�I÷EHM­D : Z<EHT)KY�2ZN�Q�ZLD?B�M�B,MlF�IFD:K�DFE B2MëK � X4B2COtFZ�G_D?I·C!Z_D H Z�ZJM4D : ZóC!ZL��E M�MSE ME�ýK�M�NvD : ZóZ�M�N<B C D : ZRTUB%DFEHB2MPK � ZZ�P�@'Z�G_D?ZJN^D?BUC!Z@I?TvK�;I;�� B,C
>>E B2Q�I�
�%
�X: EHI�X>E Zr;HN�I�D?B�D : Z C BY;=;HB H E M��@T4Z�G : K%M8E I?T , � # +�$2+�	ó+5-8	� 0$ 1 	��F$4$ "�� � �  � $ " / #%"0":��=�� 	 " �� �-+5-8$,+�+�-S	�$������ � $���/ #�":� + �
# � # ( +5-8	�+�$����2	b+ ��" $ � � ���'	:&U3 � +5-9+�-S	 # /r+ �  0$ � $b. ��"�%

� R N
	
V !«B2Q�M2D�D � K%M�I�;5K�DFEHB,MëK<;ëTUB�DFE B2MUE I·K<;HI?B � Z��>QSE � Z�NvD?B@E M C Z � IFD � Q�G�D?Q � Z C�� B2T®T4B�DFEHB,M<K�M�ND?B � Zr;�K�D?Z�D : Z �Q� IFD � Q�G�D?Q � Z @âK � K�TUZ�D?Z � IRD?B^D : Z�@ � BGtFZ�G_D?Z�N�NSE I @O;5K�G�Z�T4Z�M2DM% �6: E IóGbK�M�C!ZN�B2M�Z H EÆD : ;ÆEHM�ZbK � tFB�EHM,D?I$@'Z �DC B � T�EHM���@�Q � Z�D � K%M�I§;5K�DFE B2M�IóB � B  F�G�Z�M2D?Z � Z�N � B�D:K�DFE B2M�I H EÝD :K%ME�,QO;�K � tFB%EHM2D?I R � V %

�X: Z�B � EHZJM2D:K�DFE B2M�B C D : Z�D � K�M�I�;�K�DFEHB2M�TúQ�IYD�C!Z �íB � D : BQ�2B2MëK�;�D?BLD : Z U � @'B�E M2D?I���R S9|l � �l Y|Yz V  E�% ZG%�B � E Z�M2D?Z�NPI?Q�G : D : ZLEHM�N�Q�G�Z�N<NSEHI�@ëK � EÆD�XvEHI�T)K9P8E TvK<; ,�GJB2M�IFEHN�Z � EHM��4K ;ÆEHM�ZRI?ZL�2T4Z�M2DM C B �E M�IFD:K%M�GJZLD : Z$@ � BGtFZ�G_DFE B2M<B C D : ZRD � K%M�I�;5K�DFEHB,MvEHI�B
@SDFEHTvK�;'E C EÆD·EHM�N�Q�GJZ�I�K�M�B � TvK�;rNSEHI�@O;�K%G�ZrFTUZJM2DLB C D : Z � Z�G�DFEI;ÝE M�ZbK � Z�N��2ZG%
!«B � Z�B9>2Z �  �E C D : Z�D � K%M�I�;5K�DFEHB,M@E I)@!Z �DC B � TUZJN÷I?Q�G : D : K�D¾EÝD?IöG�B2TA@!B2M�Z�M2DöK�;HB2M���D : Z J6FYK9P8E IfEHI
� Z � B� ,D : Z � Z_DFE MâK�;fNSEHI�@ëK � EÆD�XvEHI·M�B�D�N�ZL@!Z�M�N�ZJM2D�QE@!B2M<D : ZJ;HBSGbK�DFEHB2M<B C D : Z$@ � E M�G�E?@ëK<;[@!B�E M2D
R U
� V % ORI4K«G�B2M�I?Z��>Q�Z�M�G�ZG �Zr>,Z�M³E C D : EHI �>QëK�M2DFEÆD�X­EHIUM�B�D��>M�B H M H EÆD : K : E?� : @ � Z�G_EHIFE B2M
��KG@E@ � BMP8E TvK�D?Z«G�K<;ÝE C � K�DFEHB,M�
� �D : Z � Z�I?Ql;ÆD H E=;I;WM�B%D<C'Z�K  rZ�G�D?Z�N\% !«B � Z�B9>2Z �  �D : Z � Z_DFEHMëK<;
wëZr; N : K%I�M�BýIFEHM��2QO;�K � EÝD�XUEHMvD : ZLEHT)KY�2Z H : EHG : IFEHTA@O;ÝE=wëZ�I�EÝD?I·Z�IFDFEHTvK�DFEHB,M«R U
� V %)W�D�E I�D : Q�I K
�,BSBSN�IFD � K�D?ZL�%XUD?B�D � XUD?Bx@!Z �DC B � TåD � K�M�I�;�K�DFE B2MA@ëK � K<;I; Zr;ëD?B@D : Z � Z_DFE MëK<;�@O;5K�M�Z E MUD : E I·GbK�I?ZG%
�X: EHILX>E Zr;HN�ILD : Z C BY;I; B H E ME�vT4Z�G : K%M8E I?T ,@� �!&��� :	U$P+5�F$%� "�� $2+ �
# �!$ �r1U# + �
# � � � $7& � �F	: b+ �
# �# �_+5- # � # �'$ � + # +5-8	�$%
�	��F$b�2	�+�$����2	b+ �ä#  :$2+ �
# � � ��+�-S	 ��1 $b�2	���$%�'& � ��+5-8	�/�$%�F$ ��� 	 � + # +�-S	
�F	b+ � �!$ � / � $��!	��L$��!&9 #�1 /�	�� " $2+�	 (_# �v+5- ��" & ��" /�$%� � + "^� ":� ���^� # +�$2+ �
# �!$ �f" + $ =_�
� ��� $2+ �
# � � 	�"2	�&�!	0 �  #b# �F& � �'$,+ �
# ��� RTSQS� � � V %

� R N � V �'BSB2TmG�B2M,D � BY;� H : Z�M Q�I?Z�N³D?B�G�BQ@'Z H EÆD : >%K � E�K�DFEHB,M�IýEHM NSEHI�@ëK � EÆD�XQ ÄE IUI?Q�COtFZ�G_D�D?B
G�B,M2D � K�NSE G_D?B � X � Z��>QSE � Z�TUZ�M2D?IWC'Z�GbK%Q�IíZ�,
S
% � BóN�Z_D?Z�G�D�Q�M�ZrPE@'Z�G�D?Z�NUB2COtFZJG_D?IM �D : ZïC'Z�IFD�GJB2M�I?Z � >%K�DFE=>2Z�G�B2MOw¬�2Q � K�DFEHB2M C B � D : Z � BSB2T
EHI D?B<C!Z@TýEHMSEHTúQ�T��5D : Z C BSG�K<;[;HZJME�%D : C!Z_EHM��<I?TvK<;=;HZ�IFDM �D : Z wëZr; N«B C >>E Z H EHI H E N�Z � 
�%�6: EHIóZrP8D � Z�TvK�;�G�B,MOw �,Q � K�DFEHB,M�G�B ��� ZJI @!B2M�N�IóK<; I?B4D?BPK<IFEÝD?QëK�DFE B2M H : Z � Z�B2COtFZJG_DRIFE � ZK�M�N^@ � BGtFZ�G_D?Z�N7NSEHI�@O;�K�GJZ�TUZ�M2D?IïK � ZóTýEHMSEHTvK�;�K�I � Z��>QSE � ZJN C�� B2T R N u V RTS �MV %

UE%8W C D : Z^wëZr; N B C >8EHZ H EHIýD?BSB H EHN�ZPD : ZJM I?B H EI;I;ïC'ZPD : Z9N�Z�M�IFEÝD�X B C ZJNE�,Z�IvK%M�N K�MK � DFEIwëG_E5K<;ÄN8E I�@âK � EÝD�X H E=;I;�C!Z�EHM�N�Q�G�Z�N�C2X;TvK�D?G : EHM��7Z ��� B � IM% �'BSB2T�E ME�<EHM,D?B^D : ZvB2COFIíZ � >2Z�N<B,COtFZ�G_D H EI;=;rB9>,Z � G�B2T4Z EHM�I?Q �vG_E Z�M2D � Z�I?BY; QSDFEHB2M\% �X: E I-;HZbK%N�I�D?BUKóG � EÆD?Z � EHB,M C B �
� BSB2T GJB2M2D � BG;�, +5-8	 (_#  :$ �f� 	��S�2+5- ��" + #P= 	 � �' ��í	0$ " 	:& � ( $%�'& # � � " � ( +5- ��" �F	0&%�� 0	 " +�-S	�F	 "0� &%��$ � & ��" /�$%� � + " = 	b+53Ä	0	�� +53 #�( �F$ 1 	 " (_# �<+�-S	 #>=_" 	��:
�	0& #>=�� 	: b+5�@$��!& � + ��" + #�= 	+5�S�!	0&v+ #v1�� � ��1���� 	÷+5- ��" & ��" /�$%� � + " %
W¦M;I?B2TUZýGbK�I?Z�IRD : EHI�I : B2QO;HN�C!ZUN�B2M�Z�E M K �íI:K%G�GbK�NSE G÷TUBSN�Z��PC'ZJGbK�Q�I?Z�TUB,IFDJ>>EHI?QëK<;TUBSN�Ql; Z�IïK�I?I?Q�T4ZWD : Z�@ � BYtFZJG_DFEHB,M^TvK�D � E P9EHIïG�B2M�IFD:K�M2D�RTSQS� UGz V H : Z�M9D : Z�IFXSIFD?Z�T EHI
D?B�C'ZïNSXSMëK�T�E GbK<;=;ÝX<GbK�;ÝEHC � K�D?Z�N\% �X: EHI�EHI�M�B%D�K � Z�IFD � E G_DFEHB,M C B � B2Q � EHT @l; Z�TUZ�M,D:K�DFEHB,M\ IYE M�G�ZóGbK<;ÆEHC � K�DFE B2M<EHIWK<; H K�XSIX��E=>2ZJM�%

NRM�Z H K�X D?B¿KL>,B�EHN D : EHI<G�B,M2D � K�NSEHG�DFEHB2M}K�M�N @ � Z�I?Z � >,Z�C'B�D : � Z��>QSE � Z�TUZ�M2D?IvS�K%M�N U;EHI
D?B7Q�I?Z<K%M �S�â- #%1U# �2	��!	 # � " >>EHI?QëK<;�I?Z�M�I?B � %�NRM�Z H EÆD : K^;5K � �,Z�wëZr;HN�B C >>E Z H  ÂD : ZvB%D : Z �

U �



H EÝD : � BSB2T�E ME�vG�KY@ëK�CSEI;ÆEÝDFE Z�IM% � Z : KK>,Z�EHTA@O;HZJTUZ�M2D?Z�N«D : E IRIFD � K�D?ZL�%XQ rK�M�N H EI;I;�I : B H D : K�D
IFD?Z � Z�B,I?G�B
@SEHG�@'Z � GJZL@SDFEHB2M;EHI�IFDFEI;=;/@'B,I?IYE CO;HZ H EÝD : K ��@'Z � E @ : Z � K�; �oK�M�N�K � C B9>,ZbK<; �9I?Z�M�I?B �  K%I�D : Z$W)�RA W¦O : ZbK�N\%

�LIFE ME�­D : Zv@ � Zr>>E B2Q�I9NSEHI?G�Q�I?IFEHB,M H Z;GbK�M}ZbK�IFE=;ÝX EHM2D?ZM� � K�D?Z�D : Zv@ � ZK>>EHB,Q�I7IFD � K�D?ZL�%EHZ�IPEHM�K
G�B2T @ � Z : ZJM�IFE=>2Z5>>EHI?QëK<;�C!Z : KL>>EHB � , � -S	 " " " + 	 1 #>=_" 	��0
�	 " +5-8	;
 ��" ��$ �L" �S�0� # �S�'& � �S� "J��� ( $���S�'	:.0/�	: b+�	0&U�F	 ":� &���$ � & ��" /�$�� � + " ��" &,	b+ 	: b+�	0&��Ä+5-8	 " " " +�	 1  �-8$%�S�2	 "ó� + "ó" +
�F$,+ 	Y�%"v$��!& (_# 
�	:$2+�	 " +�-S	+ $%���2	b+�+ # $%�'$ � " " 	��S�'+ �
� $�� # +5-8	��U+�$����2	b+ ��" &2	b+�	0 b+�	:& %�NRMO;ÝX�B,M�Z�B2COtFZJG_DREHIRD:KG��ZJMoE M2D?B7K�G�G�B,Q�M2DK�DWK���E=>2ZJM^EHM�IFD:K�M,DM%

�X: EHI·C'Z : KL>>E B � GbK�M\ SG�B2M�IFEHN�Z � E ME�4K÷IFD � K�D?ZM��X � Zr;5K�D?Z�N<D?B : Q�T)K�MPBSG�QO;HB2T4B�D?B � C'Z : KL>>EHB � R |
| V  C'Z C B � T)K<;ÝE � Z�N­K�I C BY;I; B H IM% � ZvQ�I?ZvD H B�GbK%TUZ � K%IL aB,M�Z H EÝD : K"@'Z � E @ : Z � K<;/wëZr;HN\ �B2M�Z H EÝD : KC B9>2ZbK�;-wëZr;HN\% �X: ZAw � IYDýGbK%TUZ � K)E I�Q�I?Z�N;D?B«N�Z_D?Z�G�Dx@!B�D?Z�M,DFE�K<;ÄD:K � �2Z�D?IL fD : ZvI?Z�GJB2M�N�D � K�G��>I÷B,M�ZD:K � �,Z_DRK%M�N9K%MâK�;ÝXSI?Z�I·EÝD ,
� � � BSGJZ�I?I C B � D : Z$@!Z � E?@ : Z � K�;fGbK�T4Z � K�� ,y@ëK�I?IFEI>,ZóB2C�I?Z � >%K�DFEHB2M\ âK%M�N4E TvKY�,ZóIFD:K�CSEI;ÆE � K�DFEHB2M\%

�
� Z_D?Z�G_D�Q�M�Z�PE@!Z�G_D?Z�N � Z�IFE N�QëK�;'NSEHI�@ëK � EÆD�X)K�M�NvQ�@'NëK�D?Z�D : Z@KK>,Z � KG�2Z�N�ZM@8D : K%M�NvIFE � ZLB CZbK�G : D:K � �2Z�DM �G : BSB,IíZ�D : ZRD:K � �2Z�D �5E C K�M2X 
 C B � H : EHG :^� ZJIYE N�QâK�;rNSEHI�@ëK � EÆD�X<EHI·TvK<P8EHT)K<;� K�I�N�ZK>2Zr; B
@!Z�N^@ � Zr>8EHB2Q�I�;ÝX�%

�
W C M�BýD:K � �2Z�DLN�Z_D?Z�G�D?Z�N+,
� A�B�D:K�D?Z�D : ZóGbK�TUZ � K÷I?TUBSB�D : ;ÆXUD?BUT�E M8E T�E � ZRD : Z � B%D:K�DFE B2MëK<;!NSEHI�@ëK � EÝD�XPC'Z_D H Z�Z�MD H B C�� K�TUZJI �í" + $ =_�
� ��� $2+ �
# � 
�R N u V %
� W C D : ZvG�K�TUZ � K<EHIóD?BSB9ZJG�G�Z�M2D � E G ��KfwEP�Z�N;D :�� Z�I : BY;HN;B C U
|^N�ZL�PEHI�Q�I?Z�N�EHM�B2Q �E TA@O;HZ�TUZJM2D:K�DFE B2M�
� � Z�I?Z_DóD : ZvGbK�T4Z � K^@!B2IFEÝDFE B2M«EHM�B2M�ZUIFD?ZL@\ ÂQ�IFEHM��oK^@�Q � Z � BYFD:K�DFEHB2M\ aK%M�N GbK%M�G�Zr;�D : ZA>>E IíQëK�;�G�B,TA@�Q8D:K�DFEHB,M�IúN�Q � EHM��9D : EHIúTUB�DFE B2M � �F	 " 	b+ + � �S�" $2 : 0$,&2	 
JR N � V %

�
Zr;HI?ZG 8E C B,M�ZRD:K � �2Z�D E I N�Z_D?Z�G�D?Z�N+,
� A�B�D:K�D?Z�D : Z�GbK%TUZ � KvI?TUBSB�D : ;ÆX9D?BPTvK�E M2D:K�E M«D : ZúD:K � �,Z_D�K � B,Q�M�N7D : Z @ � E M�G_E?@ëK<;
@!B�EHM,D B C D : Z�GbK%TUZ � K � +
�F$, ��� �S� 
$R N � V %

� � � BSGJZ�I?I C B � D : Z C B9>2Z�K<;fGbK%TUZ � K�� , C B9>2ZbK�DFEHB,M� ëK�M�N �Q� B,COtFZ�G_D�B2C�I?Z � >%K�DFEHB2M ,
�
W C K÷D:K � �,Z_D E I N�Z_D?ZJG_D?Z�N+,
� !«BSNSE C X7EHM;B2M�ZýIYD?ZM@oD : ZUZ�X2ZvK%M��2QO;�K � @'B,IYEÆDFEHB,M� rD?B � ZK;HBSGbK�D?Z÷EÝD�E MoD : ZUGJZ�M2D � K<;
@ëK � D�B C D : Z�>>EHI?QëK<;\wâZK;HN �  :$0/r+
�S�F	ú$��!&< # �0�F	: b+ � �S� " $, 0 :$2&,	 � R Z � V %

� �óZ�ZL@�D : Z^B,C�I?Z � >,Z�N K � ZbK«M�ZbK � D : Z^GJZ�M2D?Z � B C D : Z � Z_DFE MâKE ÄQ�IFEHM���I?TUBSB�D : Z_X,ZTUB9>,Z�TUZ�M,D?ILK%M�N<TvK�EHM2D:K�EHM<D : ZRIFE � ZRB C D : ZóB2COtFZ�G_D�D?B4K�C!B2QSD : K<; C B C D : ZóIYE � ZRB CD : Z � Z_DFEHMëK�GJB2M2D � BG;I;ÝE M�� � BSB2T � ":1U#b# +5- &Æ/'�S� " � � + � R Z u V u R Z � V %
� V>TUBSB%D : ;ÆX«TUB9>,Z�D : ZUM�Z�G���IíB<D : K�DRD : ZvM�Z�G��«B � E Z�M2D:K�DFEHB2M�GJB ��� Z�I�@'B,M�N�IRD?BPD : ZKL>,Z � KY�,Zf�8K � Zs@!B2IFEÝDFE B2M\ �BM>,Z � K�M K%NâKG@SDFEI>,Z)DFE TUZ H EHM�N�B H  �N�Z�G � ZbK%I?Z�N³D?B � Z � B
H : Z�MvD : ZóG�K�TUZ � K�Z�G�GJZ�M2D � EHG�EÝD�X � ZbK%G : Z�I�EÆD?I�T)K9P8E T÷Q�T � 	�"2	�&��'	: �  #b# /�	��F$2+ �
# � �R Z

	
V

�
W C M�BýD:K � �2Z�DLN�Z_D?Z�G�D?Z�N+,
� �'BSB,T CëK�G��4D?B)K�T�EHMSE TvK<; C BSGbK�;/R Z � V %
� �¾Z �DC B � T D : Z�I:K�TUZóNSEHI�@O;�K%G�Z�TUZJM2D?ILK%I�D : Z�B�D : Z � I?Z�M�I?B � %

�X: Z EHT @l; Z�TUZ�M,D:K�DFEHB,M<B C D : E I�C!Z : KL>>EHB � N�ZL@'Z�M�N�I�B2MýD : ZWTUZ�G : K%MSEHGbK�; : K � N H K � ZRK�M�N H EI;=;'C!Z��E=>2Z�MoK C D?Z � D : Z�@ � ZJIíZJM2D:K�DFE B2MPB C D : Z@GJB ��� Z�I�@'B,M�N8E M��UTUB2Q�M2DM%

UGz



� "6! � . :27�.R(+: � > �
9�? : 02>�* 9)7o> 343+:27
� ZJwëMëK<;=;ÝXPGbK%M^N�Z�I?G � E C'ZóD : Z@GJB2TA@O;HZ�D?ZóIíZ�DLB C @ � BSG�ZJIíI?Z�I·B C >8EHI?QëK<;¾G�B,M2D � BY;�,
� �X: Z C BSG�Q�ILE IRN � EI>,Z�M�D?B^T)K9P8E T�E � Z�D : Z�� � K�NSEHZ�M,DóTvKY�,MSEÝD?Q�N�Z C B � D : Z�B2C�I?Z � >,Z�N«D:K � �,Z_DLE CK%M2XQ �B � E C M�B,M�ZG C B � D : Z H : BG;HZx>8EHI?QëK<;�wâZK;HN �5EHM«D : K�D�G�K�I?Z÷I?Q�C�I:K�TA@O;HZJN7
�% W C K4D:K � �2Z_DWEHI
�%EI>,Z�M H EÝD : K�MýZ�IFDFEHTvK�D?Z B C EÆD?I�N�ZL@SD :  2D : ZRK%Q8D?BGF C BSGJQ�I¾EHIÄN � E=>2ZJMvN8E � Z�G_D�;ÆX C�� B2T D : EHI�N�ZL@SD :E M C B � TvK�DFE B2M\%

� W C M�B«D:K � �,Z_DM �D : Z+>2Z � �2Z�M�G�Z<EHIýN � E=>2ZJM¿D?B�T�EHMSEHTýE � Z<D : Z : B � E � B2M,D:K<;·N � E C DvC!Z_D H ZJZ�M³D H BG�B,M�IíZJG�QSDFEI>,Z C�� K%TUZ�IM 'TUZbK%IíQ � E ME�UD : ZýK�M��2QO;5K � >2Zr; BSG_EÝD�X C�� B,T BSN�B,TUZ_D � EHG�G�Q�Z�IM 'K%M�N � Z�I?Z_D
E C D?BSB4Z�G�G�Z�M,D � EHGG% �aK%M9K%M�NPDFEI;ÆDRK � Z@IFDFE=;I;�%

� W C K�D:K � �2Z_D·EHIïN�Z_D?Z�G_D?Z�N\ âD : Z�Mn@ëK%M� �DFE=;ÝD@K�M�N^>,Z � �2ZJM�GJZ÷K � ZóN � EI>,Z�M9D?B C B9>2Z�K�D?ZóD : ZWD:K � �2Z_DM%�X: ZLNSXSMëK�T�E G�I�B C D : ZZ@ëK�M<K�M�NUDFE=;ÝD�K � ZX;ÝE T�EÝD?Z�NvD?B�EHM�N�Q�G�ZRK%C'B2QSD U �Y|J@SE P�Zr;HI·B C NSEHI�@ëK � EÝD�X
@!Z �[C�� K�TUZ·TvK<P� �D : Z � ZK;�K�DFE B2MúC'Z_D H Z�Z�M4K�M��Y; Z�I�K�M�Nx@SEIP�Zr;HIöC'Z_E M����>M�B H M C�� B2TªGbK�;ÝE C � K�DFEHB,M�%

� �X: Z � BSB,T E IUN � EI>,Z�M I?B«D : K�DUD : Z9IFE � Z^B C D : Z^D:K � �2Z_DýEHI<KY@�@ � BMP8EHT)K�D?Zr;ÆX¿Z��>QëK�;�D?B : K<; C
D : Z^>8EHI?QëK<;�wëZr; N\ K�M�N¿EHI<K%N�tFQ�IFD?Z�N¿D?B�T�E M8E T�E � Z9D : Z�KL>2Z � KG�2Z � Z_DFEHMëK�;RNSEHI�@ëK � EÆD�X B C D : ZIFD:K�CSE=;ÝE � Z�N)E TvKY�,ZG âK%M�NPEHI�T�EHMSE T÷Q�T E C M�BUD:K � �2Z�DM%

� �X: Z«E � EHIM EHM�IFXSM�Z � ��X H EÝD : K�G �>QSEHIFEÝDFE B2M �>K�E M�K�M�N B  rI?Z_DM �E I^N � EI>,Z�M�D?B¿TvK9PSEHT�E � Z«D : ZE M2D?Z�M�IFEÝD�X7NSEHIFD � EHC�QSDFEHB,M9B9>,Z � D : Z�TUZbK%I?Q � Z�I?GbK�;HZG%
� �X: Z">>EHI?QëK<;óGJB2M2D � BG;LEHIPN�B2M�Z�C2X�C'B%D : D : Z5@ � BSG�Z�I?I C B � @!Z � E?@ : Z � K�;J>>EHIFE B2M � K�M�N D : Z
@ � BSG�Z�I?I C B � C B9>2Z�K<;�>>E IFEHB2M �1 âK%I N�Z�I?G � E C'Z�N7C'Z C B � ZG%

O�;ÆD : B2Q�� : >,Z � X IYE TA@O;HZ7K�M�N¿IFD � K�E � : D C B � H K � N\ öD : E I�EHTA@O; Z�TUZ�M2D:K�DFEHB,M TvK�D?G : Z�IvK<;=;·D : Z � ZrF
�>QSE � Z�T4Z�M2D?I��%EI>,Z�M5@ � Zr>>EHB,Q�I§;ÆX�K�M�N�K<;=;HB H IóD : Z<K�QSD?B,TvK�DFE G�B2C�I?Z � >%K�DFEHB2M�B C K^I?Z_DúB CX�Q� >>EHI?QëK<;D:K � �,Z_D?IM �wEP�ZJN�B � T4B2CSEI; ZG% �6: EHI@KY@�@ëK � Z�M2DWIFEHTA@O;ÝE G_EÝD�X9E IRN�Q�Z�D?BvD : Z�G : B%EHG�Z�B C D : Z÷T4Z�G : K%M8E GbK<;
: K � N H K � ZG 'K%M�N)D : ZúK�MëK<;ÆXSIFEHI�B C D : Z�@ � B,CO;HZ�T N�B2M�ZREHMPD : Z @ � Zr>8EHB2Q�IïIíZJG_DFEHB,M�IM%
� "&% ��7o.�0�� (4*-, . % � 9�.�7o, :29�/m&)(�� (-34.�9�(4>�* : 
 �_:Y78( �1:<*#9
W¦M�B � N�Z � D?Bs>2Z � E C X9D : Z�>%K<;ÆEHNSEÝD�X«B C B2Q � N�Z�IFE �2M H Z : KL>2ZúC�Q8E=;ÝD�KUIFE T÷QO;�K�D?B � D?B^K%MëK<;ÝX�IíZóD : ZúC'ZrF: KK>8EHB � B C D : Z �
� Z�IFDFEHT)K�D?B � % � Z : KL>,Z G : Z�G���Z�NUD : K�D�D : Z IFXSIFD?Z�T EHM�N�Z�Z�N4M�B%D�B,Ml;ÆX�@ � Z�NSE G_D?I�D : Z
�
� ; BSGbK�DFE B2M<K%M�NvT4B�DFEHB,M<B C K @'B�E M2D�D:K � �2Z_D·C�QSD�K<; IíBúN�Z_D?Z�G_D?I�D : ZRGr;5K�I?I�B C TUB�DFE B2M � M�B�TUB%DFEHB,M� G�B2M�IFD:K�M,D$>2Zr; BSG_EÝD�XQ ÂK%G�G�Zr; Z � K�DFE B2M�I�
LK�M�N�TUBSN�Zr; � Q�@8D?Q � Z�IM% �6: E IóTUZ�G : K%MSEHI?TàEHIóGJB2TA@ëK � K%CO;HZ÷D?B
H : K�D : K�I�C'ZJZ�M^N�Z�I?G � E C'Z�NPEHM R |
} V B2M7K�M7K � T�F�Z_X,Z�IFXSIFD?Z�T�%

� B2M�IFEHN�Z � E ME�UD : ZýIYE T÷QO;5K�DFEHB,M � ZL@!B � D?Z�N«E Mnw¬�2Q � ZfS<�O C B � EHM�IFD:K�M�G�ZG âEÆDREHI�>8EHIFEHCO;HZ�D : K�D H : Z�MD : Z�NSXSMëK%T�EHG�B C D : Z�D:K � �2Z�DaE IaG : K�M��2Z�N�D : Z IFXSIFD?Z�T K%Q8D?B,TvK�DFE GbK<;=;ÝX � Z�I?Z_D?IöK�M�NúD � K�G��>IaD : Z�D:K � �,Z_D
H EÆD : KUI?TvK<;=;¨@ : K�I?Z�;�KG��% �X: E I H K�IïM�B�DRB,C
>>E B2Q�IRC'ZJGbK�Q�I?ZóD : Z ;HZr>,Zr;�B C M�B�EHI?ZóEHI �>QSEÝD?Zx;5K � �,Z���|
@SE P�Zr; I�
�K%M�NPD : Q�I D : Z�IFXSIFD?Z�T : K%I�D?B @'Z �DC B � T KýTvK<tFB � wE;ÆD?Z � EHM��vBQ@'Z � K�DFEHB2M\%

!«B � Z�B9>2Z � H Z : KK>,ZRB,C�I?Z � >,Z�N<K%M�B%D : Z � K�NO>%K�M,D:KY�2ZïB C D : E I�EHTA@O;HZJTUZ�M2D:K�DFEHB2M\% �6: E IÄE I � Zr;�K�D?Z�ND?B<IYD:K%CSEI;ÝEÆD�XQ% � B2M�IFEHN�Z � E ME�PK%M9EHM2D?Z � MâK�;�TUBSN�Zr;¾EHM�Gr;HQ�NSEHM��vD:K � �,Z_DóK%G�G�Zr; Z � K�DFE B2M ��K4I?Z�GJB2M�NOF�B � N�Z �
w�;ÝD?Z � 
� �EÝD�E I�Gr; ZbK � D : K�D4IíB,TUZUEHM�IFD:K�CSE=;ÝEÝDFE Z�IUGbK%M BSGJG�Q �  öZ�I�@!Z�G_E�K�;I;ÆX H : Z�M¿K"@ � Z�NSE G_DFEHB,M¿B C D : ZD:K � �,Z_DLE IRQ�IíZJN^EHM K4GK;HB2I?Z�NOF�;HBSBQ@^TUBSN�ZG% �X: EHIWK<;HI?BvBSG�GJQ � I : Z � Z �rC�QSDïEHM�IFD:K�M2D:K%M�ZJB2Q�I�;ÝXQ rKUTUB � ZIFD:K�CO;HZPTUBSN�Zr; ��K"w � IYD�F�B � N�Z � wE;ÆD?Z � 
@E I�G : B,I?Z�M¿C2X�D : Z«K<; �2B � EÝD : T� �C'Z�GbK%Q�IíZvEÆDUT�E M8E T�E � Z�IUD : ZTUZbK%IíQ � Z�T4Z�M2DïZ ��� B �  H : Z � ZbK�I�D : Z�Q�M�IFD:K%Cl; ZJw�;ÝD?Z � N�BSZ�I·M�B%DM% �X: Z � Z C B � ZG âK�M7K�QSD?B,TvK�DFE GóI H EÝD?G :EHIïN�B,M�ZRD?B � Z�G�B9>,Z � K�IFD:K%Cl; Z C Z�Z�N�CëK�G��¬% �6: EHI·EHIWK�M<EHTA@!B � D:K%M2D�@ � BQ@'Z � D�XQ%
� " � ��7o.�0�� (4*-, . % � 9�.�7o, :29�/ 78:X.�3�>�5��e:<0�9�:�
 ��:Y78(�� :<*#9
� Z : KL>2Z�wëMëK<;=;ÝX4G�B2M�N�Q�G_D?Z�N<K�M4Z�PE@'Z � EHTUZ�M,D·Q�IFE ME��D : Z6W �RA8WYO � B2C!B�DFE G : ZbK�N)K�M�N : KK>,Z D � K%G��%Z�NI?Zr>2Z � K<;�D:K � �2Z�D?I � B2COtFZ�G_D?IWB2M«D:K�CO; Z H EÝD : H : Z�ZK;HIM : Q�T)K�M�IM �TvK%M>Q C K�G_D?Q � Z�N;B2COtFZJG_D?IM ëZ�D?GG% 
;K�D�K

UQ|



��E �2Q � Z+S9� ,ïV%E T÷QO;5K�DFEHB,M«B C D : Z �Q� D � K%G��,EHM��^B C KUM�B%EHIFX^D:K � �2Z_D H EÝD : K�C � Q�@SD�>%K � E�K�DFE B2M�ILE M9D : ZNSXSMëK�T�E G�IM% �X: ZLD?B
@A>8EHZ H � ZL@ � Z�I?Z�M2D?I�D : ZRCSEHM�BSG�QO;5K � TUB,Q�M2D·N�Q � E M��@D : ZLD � K%G��2E M���B C D : ZLD:K � �,Z_D
� ZL@ � Z�I?Z�M2D?Z�N K�IúKn@'B%EHM2DM%�A Z�DFEHMëK<;/@ � BGtFZ�G_DFE B2M�I�K � ZvI : B H M C!Zr;HB H EHM ; Z C D4K�M�N � E � : DýGbK%TUZ � K�IM%
�6: ZïZ�IFDFEHTvK�DFEHB2M4B C D : Z �
� D:K � �2Z_Dy;HBSGbK�DFEHB,M÷EHIÄI : B H MvB2M�D : Z � E � : D C B ���  �� K�M�N �<G�BSB � NSEHMëK�D?Z�I
� C�� B2TàD?BQ@«D?B9C!B�DFD?B2T 
�% 
�K�G : D � K�G�ZýG�B ��� Z�I�@!B2M�N�ILD?B S<�4I?Z�GJB2M�N�I�K�M�N5| ` | ` S9� ` T4Z_D?Z � IG�B2M�IFEHN�Z � E M�� � ZbK<;=F DFE TUZóD � K�G��2EHM�� ��UQ|
# � 
�%

C�� Z��>Q�Z�M�G_X�K<CSEÝD : E?� : Z � D : K%M S # � %<V>Q�G : K<I0K%TA@O;ÝE ME� � K�D?Z�E IREHM�N�Z�Z�N�K^N � K%IYDFE G�;ÝE T�EÝD�B C D : ZNSXSMëK�T�E G�I B C D : ZRD:K � �2Z_DM �C�QSDïB2Q � �2B8K<; H K%I·B2MO;ÝXvD?B � Z�K<;ÝE � Z�K�M<Z�P�@'Z � E TUZ�M2DM 'M�B�DïK�M<EHM�N�Q�IFD � E�K<;IFXSIFD?Z�T�% � Q�Z�D?BPD : ZUMëK�D?Q � ZvB C D : ZUE TvKY�,Z�@ � BSG�Z�I?IFEHM��� rEÝD H K�I�K�; H K�XSI�@'B,I?IYE CO;HZ÷D?BPD � K�G��«D : ZTUB9>>EHM��PB2COtFZ�G�DRZr>,Z�M C B �Z� Z_DFEHMëK�;�NSEHI�@ëK � EÆDFEHZ�IWGr;HB,IíZ�D?B : K<; C D : Z � Z_DFE MâK�;�IFE � Z÷B C D : Z÷D:K � �2Z_DM% � ZK<; IíB : KL>,Z >,Z � EIwëZ�N7D : K�DLD : Z �>QëK<;ÝEÆD:K�DFE=>2ZýC'Z : KL>>EHB � B C D : Z �
� Z�IFDFEHTvK�D?B � G�B ��� Z�I�@!B2M�N�I D?B H : K�D: K�I�C'Z�Z�M7B2CSD:K�E M�Z�N^N�Q � EHM��vIFEHTúQO;�K�DFEHB2M�IM%
�X: Z TvK�EHMs@!B2IFEÝDFE=>2Z C ZbK�D?Q � Z�EHI�D : Z C BG;I; B H EHM�� ,ÂD : ZLIFXSIFD?Z�T EHI�K%CO;HZ·D?B���K�
¨@ � Z�NSEHG_DÄD : Z�D:K � �,Z_D

TUB�DFE B2M�K%M�N+� C�
 � ZrF�G�Z�M2D?Z � EHMoB2M�Z�IYD?ZM@� rI?B�D : K�D H Z : KL>2ZúB2C�I?Z � >,Z�N9D : K�DïD : Z@D � K%G��2E M��4E I�>,Z � X� B2C�Q�IFD�EHMvD : ZRI?Z�M�IíZ�D : K�D�EÝD�N�BSZ�I�M�B%D �§;HB,I?Z��óD : ZïD:K � �2Z�DM 8Zr>,Z�M<E C H Z : KL>,Z�;�K � �2ZLN�Zr;5K�XSIM%�W�D�K<;HI?B
@ � BM>8EHN�Z�I �>QSEÝD?Z<Z �vG_E Z�M2D�D � K�G��2E ME� K�I�I : B H M E M3w¬�,Q � Z"S<�^K%M�N3w¬�2Q � Z+UQ�O%�W�D÷E I$>2Z � X�NSE
�)G�QO;ÝDD?B�G�B,TA@ëK � ZLD : E I8@!Z �DC B � T)K�M�G�Z H EÝD : B�D : Z � H B � �>I�EHM<D : ZJwëZr; N\ 8C'ZJGbK�Q�I?ZRZ�P�GJZL@SD C B � B2M�ZóK%QSD : B �R |l~ V  ÂD : ZvZrPE@'Z � E TUZ�M2D:K�; � Z�I?QO;ÝD?IúK � Z�;ÝEHTýEÝD?Z�N;D?B«KPN�ZJIíG � E?@SDFEHB,M B C D : Z �>QëK<;ÝEÆD:K�DFE=>2ZvC!Z : KK>8EHB � B C
D : Z<K<;?�,B � EÆD : Tn% W¦M�B2Q � GbK�I?ZG ¾Zr>2ZJM E C D : E I@E I C B � ;ÝE T�EÝD?Z�N � K�M��2Z4B C � Z�I?QO;ÝD?IM H Z : KL>2ZUD � E Z�N D?BG�BY;=;HZ�G�DLI?B2T4Z �>QëK�M2DFEÆD:K�DFEI>,Z�NëK�D:KO%

� � .+(54 ��2S�)79.+(
� Z_DLQ�I�C � EHZ ��X7IíQ�TUT)K � E � ZRD : Z � Z�I?QO;ÝD?IïB2CSD:K�E M�Z�N)E M^D : EHIïIFD?Q�NSXQ%
� � ZóGbK�MPG�B,M2D � BY;rD : Z�NSE
 �Z � Z�M2DïN�ZL� � Z�ZJI B CmC�� ZJZ�N�B2T B C K�T4B2Q�M2D � � BSB2T� C BSG�Q�IM l>2Z � �2Z�M�G�ZG 
�8K � Z�NSE � Z�G_DFE B2M�
aQ�IFEHM�� �
� >>EHI?QëK<;!G�Q�Z�IM %E M<KóIYE M��Y;HZ�IFD?ZL@\% �6: ZLI:K%TUZ GJB2M2D � BG;âE M+U � H B,QO;HN: KL>2Z�C!Z�Z�M<EÝD?Z � K�DFEI>,ZG%

UQ}



Pan Angle

Tilt Angle

Verg Angle

Horizontal Retinal Error

Vertical Retinal Error

Vergence Retinal Error

5pxs

5sec

20deg

��E �2Q � ZnS<� ,RA Z�I?QO;ÝD?IóB C-� ZbK�; �Q� D � K�G��2E ME�PB2M«D : Z�W �RA8WYO : ZbK%N�% �X: ZUK%ME�,QO;�K �Z: ZbK�N«@!B2IFEÝDFE B2M�IK�M�NvD : ZLG�B ��� Z�I�@'B2M�NSEHM�� � Z_DFEHMëK�;rZ ��� B � I·K � ZLI : B H M\% �X: Z@KK>,Z � KG�2ZLZ ��� B � E I�B C U�F � @SE P�Zr; I·K�M�NvD : ZG�B ��� ZJI @!B2M�NSEHM���E TvKY�,ZóIíZ �>Q�Z�M�G�ZREHIZ��EI>,Z�MPEHM<D : Z�M�Z�P8DZw¬�2Q � ZG%

� � Z÷G�K�Mn@ � B9>>E N�ZúD : Z � Zr;5K�DFEHB,M�I : E @«C'Z_D H Z�Z�M«D : Z�T4B2Q�M2D�K%ME�,QO;�K � @'B,IFEÝDFEHB,M�K�M�N9D : Z � Z_DFEIFMëK<;öNSEHI�@O;�K%G�Z�TUZ�M,DóEHM«@SE P�ZK;HIM aK�M�N«�%Z�ZL@�D : ZUB2C�I?Z � >,Z�N�B2COtFZJG_DóB2M«D : Z C B9>,ZbK<;y@ëK � D�B C D : Z
GbK%TUZ � K%IL 2Zr>,Z�M C B � I�;HB H IFXSIFD?Z�T4IL% �X: EHI�GbK%M�B,Ml;ÆXUC!Z N�B2M�Z·Q�IFEHM��úK �
� G�K<;ÝE C � K�DFEHB,M�TUBSN�Zr;
� TUB,Q�M2D ^�>>EHI?QëK<;�I?Z�M�I?B � 
� 'K�M�N«GJB2TA@�QSDFEHM��<B2COtFZ�G�DLN�ZL@SD : % �6: E I � Zr;�K�DFEHB,M�I : E?@7EHILM�B%D�>,Z � X
@ � Z�G_E I?ZóC�QSD : K%I IFDFE=;I;rD : Z�B � N�Z � B C TvKG�2MSEÝD?Q�N�Z�B C TUB2IFD�B C D : Z�Z�P8E IYDFE M��<K<;?�,B � EÆD : T4IL%

� � Z�N�Z�D?Z�G_D � ZL�%EHB,M�IïB C EHM2D?Z � ZJIYD@G�B2M�IFEHN�Z � E ME�UD : Z � Z_DFEHMëK�;�NSEHI�@ëK � EÆD�X � Zr;�K�D?Z�N9D?BvD : Z@D � K%M�I�F
;5K�DFEHB,MëK<;fG�B,TA@'B,M�Z�M2D�B C D : Z�TUB�DFE B2M\%

� � Z�GbK�M�D � K�G�� T4B2CSEI; Z B � IFD:K�DFEHB2MëK � X D?BQ��ZJM�IPEHM K�M E TvKY�,Z;IíZ �>Q�Z�M�G�Z;C2X�GJB2M�IFEHN�Z � EHM��K � ZbK�;ÝEHIFDFE G^TUBSN�Zr;�B C D : Z_E � � E?��E N TUB�DFE B2M\% � Z7K<; I?B�N�Z�D?Z � T�EHM�Z9D : ZPMëK�D?Q � Z9B C D : Z �Q�TUB%DFEHB,M^B C D : Z�B2C�I?Z � >,Z�N9B,COtFZ�G_DM%
� �X: Z÷KL>,Z � KY�,Z�N�ZM@8D : K%M�N9IFE � Z�B C D : ZúB2C�I?Z � >2ZJN«B2COtFZ�G�D?IRK � Z�G�B,TA@�QSD?Z�N�K�M�NoKUG�B>K � IíZ �Q�TvKG@)E I � Z�GJB2M�IFD � Q�G�D?Z�N\%
O�;ÆD : B2Q�� : D : E I H K�I4M�B%DUB,C
>>EHB,Q�IUK�D�w � IYDM �D : Z9K%N�NSEÆDFEHB2MëK�; GJB2TA@O;HZrP8EÝD�X³B C Q�IFEHM�� �
� G�Q�Z�I

B2M­K � B2C!B�DFE G : Z�K�N�M�B%D�B,MO;ÝX5@ � Z�I?Z � >,Z�I�C�QSDUK�;HI?B C Q � D : Z � Z�M : K�M�G�Z�I�D : ZvGbKY@ëK�CSE=;ÝEÝDFE Z�IúB C I?Q�G :KvIYX�IYD?ZJT�%ZW�D$@ � BM>8EHN�Z�I�K : E?� : Z � ;HZr>,Zr;öB C �8M�B H ;HZ�N��,Z � ZL@ � Z�I?Z�M,D:K�DFEHB,M C B � D:K�I��^B � EHZ�M,D?Z�N">>EHI?QëK<;IFXSIFD?Z�TUIM%
�X: ZóIíQ�G�GJZ�I?I�B C D : EHI�Z�PE@!Z � EHTUZJM2D:K�DFE B2M^E I·N�ZJZL@O;ÝX � Zr;5K�D?Z�N<D?B�D : ZóZ�P8E IYD?ZJM�GJZóB C K÷T4Z�G : K%M8E I?T

H : E G : EHI �FD?Q�M�Z�N¿D?B�D : Z^D:K�I��¬% � �6: E I)T4ZbK�M�IUD : K�DM H Z : KL>,Z«G�B,Mlw¬�,Q � ZJN¿D : Z � B2C'B%DFEHG : Z�K�NC B � D : EHI$>>E I?QâK�;�KG@E@O;ÆEHGbK�DFEHB2M\%A!«B � ZJBM>,Z �  H ZUT÷Q�IFD�@ � BYw�D C�� B2TxD : Z C K%G_DRD : K�DóD : ZUT4Z�G : K%M8E GbK<;
@ � Z�G_EHIFE B2M³B C D : ZPIFXSIFD?Z�TmK<;I; B H IýQ�IúD?B«�>M�B H D : ZPGbK�;ÝEHC � K�DFEHB2M�B C D : Z^G�K�TUZ � K-� ZrP8D � EHM�IFEHG7K�M�NEHM2D � E M�IYE G 
ÄE M«K%M2XPG�B2MOw¬�2Q � K�DFE B2M\%

� � ��� 7�(_�B�$, �<� �17<(��- �x*87<4R� .���* ��� '�� � ' � ���b�A0
� Z_D<Q�IvN�Z � EI>,Z«D : Z7EHM
>,Z � I?Z"�2E M�ZJTvK�DFE G�I C B � D : ZnW �RA8WYO � B2C!B�DFEHG : Z�K�N\%�V>Zr>2Z � K<;RT4Z�G : K%M8E GbK<;G�B2M�IFD � K�E M2D?IúK � Z�>,Z � E=wâZJN B,M�D : E I�IYX�IYD?ZJT , @ëK�M�K�M�N«DFE=;ÝDýK9P�ZJIREHM2D?Z � I?Z�G�D�K%M�N K � Z�B � D : BQ�2B,MâK�;� 
>2Z � �2Z�M�G�Z7K9P8E I÷E I�@ëK � K�;I;HZK;�D?B«D : Z<DFEI;ÆDvK<P8EHIM -@âK%M E I�B2M�DFEI;ÆDM öD : Z^G�K�TUZ � K7B
@SDFEHGbK�;·G�Z�M2D?Z � IvK�M�N
D : Z4D :�� Z�Z � B%D:K�DFE B2M­K9P�Z�IúK � ZvG�B
@O;�K%MëK � %n!«B � ZJBM>,Z �  C B � D : Z<GbK%TUZ � K H EÆD : >,Z � �2Z�M�G�Z
 aC'Z�GbK%Q�IíZD : Z9B
@SDFE G�I<K � Z+wEP�Z�N¿EÝDvE IA@'B,I?IYE CO;HZ<D?B : KL>,Z^D : Z«B
@SDFE GbK<;�G�Z�M,D?Z � G�B,M2D:K�E M�ZJN¿EHM¿D : Z^>,Z � �2ZJM�GJZ

Ul~



��E �2Q � ZJUQ� ,aA�Z�I?QO;ÝD?I�B C K � ZbK�; �
� D � K%G��,EHM���B2M�D : Z W)�RA W¦O : Z�K�N\%/NïM�Z�EHT)KY�2Z�Zr>,Z � X C B,Q �¨C�� K�T4Z�IEHI�I : B H M\ C B � B,M�ZUGbK�T4Z � K^B,Ml;ÆXQ% �¨;HZbK%I?ZUM�B�D?Z�D : K�D�D : ZvIFXSIFD?Z�T : K�I�@!Z �DC B � TUZJN K � BSB2T K�M�N
: K�I � Z C BSG�Q�I?Z�N\%
� B�D:K�DFEHB2M�K<P8EHIM ÂK%M�NoD : Q�I�D : EHI�N�ZL� � ZJZUB C-C�� ZJZ�N�B2TàE I÷K+@�Q � Z � B�D:K�DFE B2M\%s#LB H Zr>2Z �  �D : Z � Zr;�K�DFEI>,ZB � E Z�M2D:K�DFE B2M9E ILM�B�DïZbK%IYE=;ÝXPG�B,M2D � BY;=;�K�CO; ZG âC�Q8DïEHIZ�>M�B H M C�� B,T G�K<;ÝE C � K�DFEHB,M\% �X: Z�D � K�M�I C B � T)K�DFEHB,M
C�� B2T D : Z@T4B2Q�M2DLD?BvD : Z�GbK�T4Z � KO : Z � Z�;ÝE T�EÝD?Z�N7D?B^K � B%D:K�DFE B2M\ H E=;I;�C'Z�M�B�D?ZJN������ 
�� K�M�N��
	MP ��� �
 %eWYMe@ � K�G�DFEHG�ZG C B � D : Z«GbK%TUZ � K H EÝD : K«wEP�Z�N ;HZ�M�IM ������ 
�� � ��%iNRM¿D : Z�B�D : Z �s: K�M�N\ �D : ZGbK�T4Z � K H EÆD : B,QSD$>2Z � �,Z�M�G�ZúC�QSD : KL>>EHM��PKs>%K � E�K%CO;HZx; Z�M�I : K�IRM�B%DóB2MO;ÝX7EÝD?I � Zr;5K�DFE=>2ZýB � EHZJM2D:K�DFE B2MC�Q8D@K<; IíBUEÆD?I � Zr;5K�DFE=>2Z @'B,IYEÆDFEHB,M9M�B�DWZbK�IFEI;ÆXPG�B2M2D � BG;I;5K�CO;HZúK<;ÆD : B2Q�� : �>M�B H M C�� B,T G�K<;ÝE C � K�DFEHB,M\% W¦M
@ � K�G_DFE G�ZG aD : EHI�D � K�M�I C B � TvK�DFEHB2M;EHIúB C D : Z C B � T��
	MP ��� � � � � ���eG�� G�� 
 
ML

��� G��eG�� 
 S � IYE M�G�ZUD : Z
TvK�E M Z� rZ�G_D<B C K � BSB,T EHI<D?B D � K%M�I§;5K�D?Z«D : Z�B
@SDFE GbK<;WG�Z�M2D?Z � K�;HB2M���D : Z�BQ@SDFEHGbK�;óK9PSEHI # D?B¿K
�>QëK�M2DFEÆD�XvZ �>QëK<;ëD?BWD : ZX>%K � E�K�DFEHB,MvB C D : Z C BSGbK<;�;HZJME�%D : � 
  SK�I�N�Z�TUB,M�IYD � K�D?Z�NUEHM1R � � V % �X: ZJIíZ·D H BD � K�M�I C B � TvK�DFEHB,M�IúK � Zs�>M�B H M C�� B2T GbK�;ÝE C � K�DFEHB,M� �K%M�NoD : Z_E � >%K�;HQ�Z�IýK � ZUZrPE@'Z�G�D?Z�N D?BoC'ZUI?TvK�;I;�%
�6: Z_X K � Z�GJB2M�IFD:K�M2DóB9>,Z � DFEHT4ZG ÂZ�P�GJZL@SDRD : Z�D � K�M�I�;�K�DFEHB2M«E M�N�Q�G�ZJN C,X«D : Z � BSB2Tn%x!«B � Z�B9>,Z �  !EÆD
EHI�K�; H K�XSI$@'B,I?IYE CO;HZ÷D?BPG�B,TA@'Z�M�I:K�D?Z C B � D : Z � B�D:K�DFE B2MëK<;y@ëK � DóB C ����� 
�� K�M�N���	 P ��� � C2X KY@�@O;ÝX>E ME�K � ZM@ � BGtFZ�G_DFE B2M\ 'D : K�DREHI�KA;ÆEHM�ZbK � D � K�M�I C B � TàB C D : Z : B2T4B
�2ZJM�ZJB2Q�ILG�BSB � NSEHMëK�D?Z�IWB C D : Z�@8E G_D?Q � Z
R � � V  âK�M�NUD?B�G�K<;ÝE C � K�D?Z D : Z�I?ZJ@ëK � K�TUZ_D?Z � I�Q�IFEHM��ýK�G�GJQ � K�D?ZLGbK�;ÝE C � K�DFEHB,MUD?Z�G : MSE �8Q�ZJIxR{z�� V %4��E MëK<;I;ÆX�D���y�����������d�r����¡J���K�6�X�r� �������������r���g�

h����� �� ��
j! k#"%$ & '

¤ �)(M�*(M�L¦ ��+y zW{ |, -
g�
h��� � � j! k

���Z���D�������������-���9�K���9�������������#1 �Z�
�����r���
�D�a�������J�a�\��1=���K�6�y� 1o���01=�������<�����o�d�M�������M��.Q���d�r¡����������������r� & �K�<�$�
�����r�������������r� ' ®

UQ�



K wëM�Z�T4Z�G : K%M8E GbK<;ÄK�N�tFQ�IFD?TUZ�M2D�G�K�M�G�B,TA@'Z�M�I:K�D?Z C B � D : ZúD � K�M�I�;�K�DFEHB2MëK�;�G�B,TA@'B,M�Z�M2D?IRB C D : Z�I?Z
IFD:K�DFEHGóD � K%M�I C B � TvK�DFE B2M�IM% � ZRD : Q�ILG�K�MPG�B2M�IFEHN�Z �  C�� B,T M�B H B2M\ �D : K�D·D : Z_X9G�K�MPC'Z�GbK�M�G�ZK;HZ�N\%

�� �� �� ��

���
�
�

� �	� �
�


�

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

���� � ��
� ���




�
���� �

� 

�

�

�

�
	MP ��� ������ 
��
� �

�
�

#

��� ��� ��� UES , �! #"%$&"��' �( C  � " :)�$:)� $+*^���,( �.- $/"��,0.1M% �2�'13" :)� @4$+(5$#(��Y; �  � �,16" :)� "��I;7"8$+(��Y; �  9�:�'1" :)� > �L� � � ()0 � $#(��G; �  �;" :)�<� 0=0 � (�" � �,0>�?"A@B C " :)� 0C$ -D�M� $#1 H �?" :���� 1�@ � 0>"E"F G" :
�$�  +"%$/"��, �(	0 � (�" �M�  �H" :
��:)� � � : "I C " :)� 0C$ -D�M� $#1 H �7" :n��� 1�@ � 0>"E"F D" :
���  +"%$/"��' J(B0 � (�" �L� %
�!1��,(E�G" :)� () +"%$/"��' J(B C w¬��� ��� UESG H � 0C$#(50. - @)�9" � " :)� ���,( �=- $/"��,0K0 : $/�,(L�,( :  -  Q� � ( �  J�)10. M � *M�,(4$&" � 1 C  �EN  +" : 0C$ -D�L� $#1%O ,

P P ��� �RQTS � � 	 SVUXW �ZY\[^] �
g
h P ~`_Jacb8�/d P ~fega7hY� $ �)iUjlk +~ t a t a t � u

jk
� � 
 �mQTS � � 	 S Uonqp k ] �

g
h P ~`_Ja?r � b8�=d P ~`s+a?hY� P ~`_Ja?re�Cd $ iU t +~ t a t a t � u

jk
�l� "<�)18() H 0. - @
�M" � " :
� �'(
> �L� 1 � ���,( �.- $/"��,0.1M% Wt"u�'1$� � ( �M� $<;I;7@v() #" @X J1w1�� N ; � "F ���$ �.� $/"<$

�#�=> � (1@X #�,(�"-C D �FEHG6I G J#G9S 
x�'(v1�@T$#0 �  H �?" : " :)� ; �rC "u0C$ -y�L� $ : $L>��,(�� > �L� � � ()0 �zN �M"<() #"I" :)�� �?� : "80C$ -D�L� $E% �6: �,1!�'1 NX� 0C$+�)1 � " :)� " H  	 
@M"��,0C$<;{$<P � 18$ ������� ���M� ��� *v"F N|� �,(B" :)� 1g$ -D� @O;}$#( � %#! H � > �L� " : �,16�,16" :)� 0C$#1 � �,(~ J� � 0. J(Ow �J� � $/"��' J(\%��l� � 1�"M VC 1 :  ��O;'* NX� ;, �(��z"F �" :
� @O;}$+( �  C " :)�" H  � 
@M"��'0C$�;x$<P � 1M% �X: �'1 � ���T$&"��' �(� C " :)� @O;}$+( � $/" :)� � � : "
��$#()*v"��I;7" � * N @�$+(�$#(��Y; � � �^1 �=�
w¬��� ��� U�S 
��,1 ,{1��,( � � 
�J ^v0. �1�� � 
MI p � D �O% �X:
� U � 0= M � *M�'(T$/" � 1x C " :
� @ �  Gt � 0>"��, �(�c� C C �(�"F �" : �,1 @l;�$#( � $ ��� c D �t� D�0= �1�� � 
�J p 1��'(�� � 
MI#G6E-
�% �X: �,1 @ �  Gt � 0>"��, �(	1 :  ��O;'*5$<;,1F NX� ;' �(��"F ~" :)� " H  v Q@M"��'0C$�;E$9P � 1L% �6:)� 1 � " H  �$9P9�,1�$ ��� $/"G*M�'1�"%$+(
0 �	� ��"F B" :)�  � � �#�,(��,(�" : �,1x@O;}$+( �$#()*�$+(� � � � (�"%$&"��' �( � ���T$<;3"F ��$+()* � ^�� % ��� " : �
1� N "%$/�,(�" H  �$+*)*9�7"��' J(4$�; � ���T$/"��, �()1 ,1��'( � � 
�� p 0. �1�� � 
ME p � D ��$#()*�1��'( � � ^~� 
�� p 0. J1#� � ^~� 
ME ^ �/D �E% �
 �xN  J�)(
* � *L$#(��Y; � 1
� P ~?�&a\���+�����,���|�o�t�, f�q¡�¢�£/� ��¤�¥  f¢��,�t�?�q¢�¦l�� f¢w§w¦F¨{��¦©�t¡����
��~}ª ª �+ª ª � u �/«9� �'�{��¦�¬�­q�X�|®

UQ�



H � 0C$#( � PE@O;?�,0>�?"�;7@~1F G;I> � " :
� 1 ��� �9�4$&"��' J(
1��I$#()*^wT()*B" :)� $#* - �,1F1�� N ; � *) - $&�'(�$#16,P 
 ��� � � � � ��� U	�h � �� �
\�?� ¦�~7U � � � � � � � � � �� �
}�'��¦4~�
 �o�� � 
,¢w� ~`hY��� � �?��¦�~`hY� �P 
 ��� � � ��� � � i �b � �� �
\�?� ¦�~ i � � � � ��� � � � �� �
,�,��¦4~�� � �P 
 ��� � � ��� � � i �r � � b � �� �
\�?��¦4~ i � � � � ��� � � � �� �
,�,��¦�~�� � �
~ � �

�������$,���(34��-�
R S V ��%���;, #� -  �() �1M �W�% ��� �'1F1M 4$#()*�� %'�E$#()*) 
@T$#* : $.@Q% �80>"��I> � >��'1��, �(\% �"!�#%$ &('*)�+-,/.�0()�1(243"25,6!� 

~ , �
�Q��7E� |
}E �S<�
�Q�O%
R U V � %'�E$<;=;}$ � *�% �8(M� - $/" � >��,1��, �(\% �98:#52<;�=>25?@& �"!A#CB�&4&D2�EFB>!�=GB:H@I�J*KDL�M 7 JFN*H�O%PFPQOFR
SUT%VXW RAYE$[Z�0.1�@@R\�80>"���] �_^|�>` 0 �>^ "��' J(aRcbc8d,�= �fe e ehg%i%HAJ*KDP@PFN 7 O�j@jFLQHQO�PFJ@J*R
S I V �lknm3 ` () @opR q -  M #"�r ^ � ` 1F�M�?"u$#()*ts*uT$/"��' J(wv\ `x`  N  +"c]9�'1��' J(yR�HaO�P@JFLQR-z{qJ0<"�r � 1��'1|R
S L VX}�~ � `  F��"F �]�R } u ^*�  ` $/"F ` @�]��'1F�T$ � 1 � ()1��'(po�v\ ` * � " �|`�- �'(M�'(po�1 ^ $&"��}$ �p� $ @J ��M" � �?"�r	$+(	$/o+� �'�1�" �>`��  D0/$ -D�>` $�1�@
1�" �=- R�H	O%PFJ�M�R ~ r�� "�r � 1��,1>R
S N V m�z Y `  ��!(aR��<$/� � 0. �(�" `  � 1�� �?"�r��'(J" �>` $#0>"��, �()1�$#()*�* ��� $ @
1>R�� � 0Gr)(9�,0C$ ��`��>^  ` "|H-��� } � K

O[M@M/j��/JFPQH�O�PFJ@P*R
S M VX� m�rT$#� -D� "�" � R��	?�=G,/.�.�?/!��FB�8��BC�\�B>8fB>!�=>2*�B�Bt��243"25,6!pR ~ r�� "�r � 1��,1>H��!(M��] �>` 1��?"A@� /v W � ()( � 1>H

� �>^ "I /v�m  -�^ RAq�0>� � (
0 � H	O�P@PFj*R ~ r�� "�r � 1��'1|R
S J V z�RD�QRAqF� $/�,(B$+()* z�R�q+" ` �,0"� �>` R ~ `  - �'1��'(po�*M� `�� 0>"��' J()16�,(B$+0>"���] � ]��,1��, �(aR\� � 0"r)(M�'0/$ � W �>^  ` "

m9q¡PQO:¢�£�M�H*�!(M��] �>` 1��?"A@~ 6v m�rM�'0C$6o� �H�O�P@PQOFR
S P VX¤  �� `  �1�r ~ $/r � $:]+$+(aH���$+(�¢d� �  6v } ��r � �
()*aHX$#()*��{ - $+1��¥r � �,(aRa¦�(�" � o ` $/"��,(po ^p` � - $ ` @	 M0.� � $ `

^p`  M0 � 1F1 � 1|R	¦�(�§@!A��e�+¨+�1yH ^ $/o � 19LF£@N 7 L6I�OFRQq ^p` �'(po �|`c©3�|`�� $/o�H�O%PFPF£QR
S O%j VXª R ~ R ~ $ ^ $#(M�«�# �  ^  �� �  J1|H�Y�R ª ��� 1F �(aH)$#()* ~ R ¤ R ¤ r) �1 � $*R � � ��� T � " ` $#0G���'(po��
1��,(QoG"�r � 0. �(*¢" `  ���'� *�$#0>"���] � ]��,1��, �( ^ $ ` $#*M��o - R�¦�(­¬a®�B�g�#4®°¯fe e e²±�³6.¥0p,63"24´*.µ,6!�¯"!�#CB�&4&D2�EFB>!�#¨+-,/!�#58f,F&D¶

· &¸?/3dEF,/¹�¶�º¥´@E/´*3�#»HaO�P@PF£QR
S O@O V �¼R © �:½� ]�� ���'� H��*RA�XR } ��r � �)()*yH ¤ R ~ $6r � $>]+$#(aH4$#()*°�¼R��¥r � �,(yR\�u( � u4$ -�^*�,�  /v{$ ` "���sT0>�}$ �  M0.�*¢

�  -  #"F `ENX� rT$>]��' ` R\¦�( �¼RAk � ()* �>` 1F �(aH � *9�7"F ` Hy±yB>�[B>!�#4®�¯fe e�e¾±A³/.�0p,/3G24´*.µ,/!�¯"!�#¿B�&4&À2�EFB>!�#
+-,/!�#»8d,F&D¶ · &¸?/3dEF,/¹�H ^ $6o � 1 T I�J 7 T L T R/¦ } } } m3 -�^ �M" �>` qJ M0 � � "A@ ~ `�� 1F1>H	O%PFP@£*R

S O%£ V �­�w� � 1 � (5$#()* W � ~  +"�" �>` R W � $ � "�� -y� ] �>` o � ()0 � 0. J(�" `  � R\� � 0Gr)(M�'0C$ �(`��>^  ` "|H��!(M��] �>` 1��?"A@ /v W  M0"r � 1�" �>` HAm3 -Á^ q�0>�CK�£FN6IpHyO�PFJ@J*R
ÂfÃ\ÄGÅÇÆ�ÅÇÈ[É"ÅpÅÊÈ[Æ(ÆfË>Ì[É"ÅCÍÀÄ�Î9Ï�Ð�Ñ�Ò�Ó:Ô:Õ�Ö@×>Ø�Ù[Ñ*Ô�Ú�Û�Õ�ÖF×|Ø�ÒAÜtÝ\Þ(ÍßÅÊÈxà�Ü¡É�áCâ�ÅÊÉ�Î6Õ"ãä>×pâfÉ�Î¨å@Æ(á¿Æ�Þ�á5ÍßÅ¿ÅÊÆfÎ É:æAæ5ÍÀÎ�Õ�Ö(Ø

à>×�Üèç(Òfé>ê Ð>ë�Ø°ÙÇë	ÅÊÈ>Ì[æyÈ[Éfì>ÍÀÎ[í¨É"Åyî9Ä�æ5ÅyÄ:Î[Æ\æCÄ"ïÀÌ�ÅCÍÀÄ�ÎxÍÀÎ�ð�ç¡ñ ë�ò ñ ë�ó ÏAÖ¥Üôç�É:á¿âfæ5ÍÀÎ�Õ�Òdé>ê Ð>ë�Ø°ÙÇëf×�ç¼É�áCâ�ÅÇÉ:Î6Õ"ãä>×Êõö Æ�È[Éfì:ÆcÉ�Ì[Î|ÍÀË|Ì%Æ�æ¿ÄGïÀÌ|ÅCÍÀÄ�Î�Íß÷aÉ�Î[ø�Ä�Î�ïßù�Íß÷�Ð�É�Î[ø_Ù-É:á¿Æ Î[ÄGÅ\Î|Ì|ïßïpÅÊÄ�í:Æ�ÅÇÈ[Æfá(É�Î[ø�Íß÷�ú Ò�ú[ÍÀæ-å@Ä�Ì[Î[ø%Æføûå�ù üý ãÿþ�� ä þ��Æ�ïÀæ¿Æ�ÅÇÈ[ÆfáCÆ	ÍÀæ(Î[Ä¨æCÄ"ïÀÌ�Å¿ÍÀÄ:Î@õ
T j



S O T%V �*RÀz�R � $>] � 1�"|H���R W ��] � 1|H)$#()*tz�RQ��r) -D� R T � `�� 0= �()1�" ` �
0 "��' �( N @°�= M - �,(Qo�R�¦�(�¯"!�#¿B�&4&À2�EFB>!�#
º¥´p#¿,6!A,6.�,6´*3û±�³63�#CB>.X¶(bc25#C#53���´*8CE[H(O�PFP T R

S O|I VX¤  �� `  �1�r ~ $/r � $:]+$+(aHa�{ - $+1��¥r � �,(aH�$#()*{�J$#(*¢f� �  /v } ��r � �)()*yR �!@
(4$ - �'0_sQu4$/"��, �(aRû¦�(���#4®
¯[+¨+�1yH ^ $/o � 1cI�O�£ 7 I�O%P*RF¦ } }�} q� M0>� � "t@@H(O�PFP T R

S O%L V Y�R } 1 ^ �}$+�	$#()* ~ R W ��] � 1|R\m �  J1 � **¢ �  M ^ `�� 0.� ` 1���] �u� 1�"�� - $&"��' �(	 6v T � v � $/"F� `�� 1 v\ ` $ -  N � �,�
]��,1��, �(51�@M1�" �.- R-¦�({¯>)Àe¥)Àe�)Àe¥)�+-,/!%��B>8fB>!�="BX,/!��9,���,F#525=>3�?/!���º9´p#C,/.Á?F#525,/!�¶��x?@& B>2�E[®@H	O�P@J�M�R

S O%N VX� R�m�rT$#� -D� "�" � $+(
*wq�RFY  J�p��� ` Ryq�" ` �)0>"F� `�� v `  - -  #"��' J(��)1��'(po<$+(D$#0 "���] � ]��,1��' �( ^ $ ` $#*M�«o - R
¦�(	�
�6#4®°¯"!A#Ê)�+�,6!��>)�,/!�bx?@#¿#CB>8G!��xB"=G,GE/!�25#»25,6!p¶¥¬a®�B��¼?�E/´pB:¶�
¼B�#»®�B>8:& ?6!A�63�HaO%PFPpO6R

S O/M V�� R<¢Ê��R � �) �(po�$+(
* ��RÀ�XR � $+�po �>` $+1>R{�80>"���] � r � $#* -  �] �.-D� (J"F1�r ����^ 1F � ] � 1�" �>`��  �0= `f`�� ¢1 ^  J(
* � ()0 ��� ¦�(ôbc8f,�=[)ae�+(º¥¯��6§6H ^ $/o � 1¥J@jFj 7 JFj@£*H�O�P@PF£QR
S O%J V m¾z Y `  |�I(aRx�xr �_`  M0Gr � 1�" �|`x`  N  #"|R¨� � 0Gr)(M�'0C$ ��`��>^  ` "|H��I(9��] �|` 1��7"t@� /v W  M0Gr � 1�" �>` Hym  -�^

q�0>�CK�£FL�M�HyO�PFJ@J*R
S O%P V �¼R © ��½� ]�� ���,� R W � $ � "�� -D� o�$/� � 0= �(�" `  � K\� ` 0"rM�?" � 0>"F� `�� v\ ` 1 � ()1��,(po NX� rT$>]��' J� ` 1>R�¦�(���$+(�¢d� �  6v

} � � �)(
*praH � *M�7"F ` H ¬y®*B����
���X±�#C,�=���®�,@&D.�� ,/8��%3�®*,"0è,6!{+-,6.¥0A´p#C?F#525,/!�?F&c1a243G25,/!�¶��x,/3:B>!�,/!�¶
±A¹ BG�FB>!�R W  C@9$ � ¦�(
1�"��7"F�9" �  /v�� � 0Gr
() �  Fo+@@H�q�"F M0G��r) �,- HyqF� � * � (aH	O�PFPpO6R

S £@j V m�R��nR	� ` � �prT$ ` "�$+(
*��QR ~ R-q�� �.NX�>` "|R°� � ] ���  ^
-y� (�"� /v $ ^p`�� 0>�'1��, �( $#0>"���] � 1�" �|`��  ~1�@M1�" �.- R
¦�(ôbc8f,�=[)a¯"!A#Ê)(±A³"0	)	,6!�¯"!A#CB�&4&À2�EFB>!A#x+�,6!A#58f,@&ß¶ · & ?63fEF,6¹�HaO%PFPF£QR

S £pO VXW Ry� �>` �,0"r � $#()*��XR��XR � $#�po �|` $#1|R¥� ` $+0"���,(po � �'( � q � o -D� (�"F1|R�¦�(�b¨8f,�="BGBG�/24!QE/3_,f� #»®�B!�%3:#
e�+¨+�1y¶-º¥!�#»2"��B>3"H ^ $/o � 1x£@LFP 7 £FN@P*Rpq ^Q` �,(po �>` ¢ ©3�>`�� $/opHpY �>`�� �,(yH	O%PFP@j*R

S £@£ V z�RD�QR/q�" �>^ r � ()1|H W RD�QR%Y � �,1F1 � "|H/�XR/m�rT$ ` ( �'� @�H } R ~ R6q ^ $ ` ��1|H#$#()*X�*RÀz�R ~ �«� � RQ�8�M"F*) M ` ] � rM�'0 �,�(T$>]���o9$/"��' J( �)1��'(po ^ $#1F1���] � T *�]��'1��, �(aR ¦�( +-,/.�0A´p#CB>8 1(243"25,6! ?/!��èbx?@#¿#CB>8"!#�9B"=G,GE/!�25#525,/!�H
^ $/o � 19LFLFN 7 L@NF£*RF¦ }�} } m3 -Á^ �M" �>` q� M0>� � "t@ ~ `�� 1F1|H	O�P@JFPQR

S £ T%V k_R ~ R�� ` ��] � *M�CR q �.- ��¢�$#(T$ � @�"��'0 -y� "�r) M* v\ `�� 1�"�� - $&"��'(po 1�" �>`��  �0C$ -D�>` $�o �  -D� " ` @ v `  -- $&"F0"r � * ^  #�,(�"F1|Rc¯".Á?�EFB�?/!���1(243"25,6! +-,/.¥0�´p#»24!QE[H�PQH	O�PFPpO6R
S £6I V �XRD�XR � $#�po �>` $+1|H � R���R � �) �(popH�$#()*°q�R*z�$.@ N $#(p��R�m6$ -D�>` $<1 ��� v4¢A0C$ � � Np` $/"��, �(tK\�9r �  ` @L$#()*� u ^|�>` � -y� (�"|R�¦�( §@!A��e�+¨+�1yH�� � () �$*HyO�P@PF£*R
S £@L VXª � �xrT$#0G� �>` R��8(�¢ � �,( � 0/$ � � Np` $/"��' J(~ 6vx$�I6¢t*) /v `  N  #"�r � $#*tv\ ` 1�" �>`��  �]��'1��, �(aR�¦�(�$98G25#5243�®

%ô?@=:®@24!�Bè1(243"25,6!�ºû3G3�,�=>25?@#»25,6!�.�BGB�#»24!QE�,/!�º¥=�#524�[Bè1(243"25,6!pH �  J(
*) J(yH(O�PFP@£*R
S £@N V �¼R © �:½� ]�� ���'� R��8�M"F M0C$ � � Np` $/"��, �(� /v�]��,1F�4$ � 1 � ()1F `�^ $ ` $ -D� " �>` 1� J(�$ `  N  #"��'0�r � $+*aR¡¯".�?%EFB

?/!�� 1a243G25,/! +-,/.�0A´p#524!*E[H(O�£*H(O�PFP6IpR
S £�M V �*R � R q�R	zv�)()*M@ $#()*{�XR�&4�,1w1 �>`�- $#(aR · B",6.�B�#58"25=Á¯"!��[?68"25?6!A=GB�24! +-,6.¥0A´p#CB>8�1(243"25,6!pR�z ¦��

~ `�� 1F1|H�Y3 �1�"F J(yH(O�PFP@£*R
S £@J V �XRD�XR � $+�Qo �>` $#1|R ¬y®�8fBGB�'��/24.ÁB>!�3G25,/!�?F&x+-,/.¥0�´p#¿B>8 1(243"25,6!�(�?�EFBG,/.�B�#58G25=Á��25B>¹�0p,/24!�#4R°z ¦��

~ `�� 1F1|H�Y3 �1�"F J(yH(O�PFP T R
S £@P VX} R � ` $#()0. #�,1x$+(
* ~ R�Y  J�M"�r �=- @@Ryzv� � "���v ` $ -D� ¢ N $#1 � *G�'* � (�"���sT0C$/"��, �(D 6v -  N � �'� 0. -�^  J( � (�"F1 /v|$ 1w0 � ( � � �7"�rD$ -  �]��,(po80C$ -y�>` $*RF¦�( +�,6!��>)\+�,6.¥0�´p#¿B>8Á1a243G25,/!°?6!A��bx?@#¿#CB>8G!��xBG=",GE/!�25#»25,6!p¶

�¼?6¹ ?62«H ^ $6o � 1_O�N@N 7 O[M/£QR/¦ } } } m3 -�^ �M" �>` qJ M0 � � "A@ ~ `�� 1F1>H�� � $ - �?"F �1|H�m6$ � ��sT ` (9��$*HaO%PFPpO6R
T O



S T j V �¼R © �:½� ]9� ���,� H ~ R } RD�XR q�R � $#0/$# pH $+()* } R m �'�|` o�� � RèY �M� � *M�'(po�$v* �>^ "�r�$+()* ���,( �.- $/"��,0 T �¥¢- $ ^ v `  - ]��,1w�T$ � $#()*��'( �>` "���$ � 1 � ()1F ` 1<�)1��'(po	"�r � ] �>` "��,0C$ � 0.� � RX¦�(�k�RDk_R ª $/o ��� H � *M�?"F ` H
��#»®�¯>)C+ )C+ )�1\)¸¶�$�B>8:&D24!�RF¦ } } } m3 -�^ �M" �>` q� M0>� � "t@ ~ `�� 1F1>H �  J1�� � $ - �?"F J1|HQmE$ � ��v\ ` (M��$*H�O%PFP T R

S T O V �XR��nR*zv� `f` $.@@H ~ R � R*z�$#0 � $#�)0Gr � $#(aHF¦GRÀ�XR W � �'*aH
$+()* ~ RDz�Rpq�r4$ ` � � @@R W � $#0>"��, �()1x"F ^X�>` � ^ r*¢�>` $ � � - $6o �D-  #"��' J(��
1��,(Qo�$¡r � $#*�� � @ �Á^�� $/"fv\ `�- Rw¦�(#��#»®�¯[+¨+û1aH ^ $6o � 1�I�j T 7 I�O@O6R�¦ }�} }
q� M0>� � "t@@HaO%PFP T R

S T £ V �¼R © �:½� ]�� ���'� H ~ R } RD�XR¸q�R � $#0C$+ pHl$#()* } R�m �,�>` o�� � R m3 -Á^ �M"%$&"��' �(� 6v � oJ /¢ -  #"��, �(~�)1��'(po	"�r �
] �>` "��'0C$ � 0.� � R %ô?F=:®�24!ABô1a243G25,/!{?6!A��º�0@0y&À25="?@#»25,6!�3"HaO%PFP/I�R\�  y$ ^p^X� $ ` R

S T@T%V �¼R © ��½� ]�� ���,� $#()* �XRÀ�XR � $+�Qo �>` $#1|R m3 -�^ �M"%$/"��, �(� 6v¥¦�( �|` "��}$ � ¦�(*v\ `�- $/"��, �(� J( $ W  N  #"|R
¦�( k � `  /v\� - ��z~�,� ` $~$#()* q��po�� ` � � ` � -  +"F pH � *M�7"F ` H�� 2<��#4®�¯"!�#CB>8"!�?F#525,/!�?F&	±�³6.¥0p,63"24´*. ,/!
�x,��d,@#»25=>3 �9B>3�BG?/8f=:®@H ^ $/o � 1¥L�M 7 NFL*R*z ¦��¨¢ ~ `�� 1F1|HaO�P@JFP*R

S T I V �XRD�XR � $#�po �>` $#1|H¥Y�R¥k! #"��FH�k�Rxz�$/"�rM� � �yH¥�¼R © �:½� ]�� ���'� H &�R &ArT$#(po�H ~ R � �T$QH } Rx�xr�½�>`  J(yH
� Rxzv ��� H_�XRxY �>`f` @@H¼�QR © �M� ���'�.- �,(aH ~ R¥Y �>` "��,(aHK$#()*²m¥R ~ `  =@�R W � $ � "�� -D� 0. `f`��:� $/"��, �(*¢N $#1 � *�1�" �>`��  �Kx$ � oJ ` �7"�r - HJ� -Á^��,�.-D� (J"%$/"��' J()1 $+()*B$ ^p^�� �'0C$&"��' J(
1|R�¯"!A#CB>8"!�?F#525,/!�?F&�'�,6´*8"!�?F&y,d�
+-,/.�0A´p#CB>8�1(243"25,6!pH(O�PFP6IpR	¦�( ^p`�� 1F1|R

S T L V �¼R © ��½� ]�� ���,� H�mx@ ` � � & �����'�>` HM$#()* � �)0 W  NX�|` "|R��I1��,(poK0= ��� �'( � $&"��' �()1{"F K0= -�^ �M" �!-  +"��' J(�$#()*1�" ` �)0>"F� `�� �,(v$+(~�)()0C$ � � Np` $/" � *	� - $/o � 1 ��� � � (
0 � H	O�P@P/IpR\�u0.0 �>^ " � *�$%v}" �>`9`�� ]�� � ��R
S T N V �XRc�  �1F0C$#(M�u$#()*²��RÀ�XR � $#�po �|` $#1|R mE$ -y�>` $�0C$ � � NQ` $&"��' J( v\ ` T �H0. -�^ �9" �|` ]9�'1��' J(yR­¦�(

bc8f,�=GBGB"�624!*E/3�,d�¥#4®*B¨¯"!�#¿B>8G!A?@#»25,6!A?@& � ,/8��%3�®*,"0 ,/! %ô?F=:®�24!ABx¯"!A#CB�&4&D2�EFB>!�=GB:¶�¬p, �%³@,[H � �.Np` �4$ ` @
O�P@J�M�R

S T M VXW�� � 1%$/�CR-�8( ��� 0 � � (�"u$#()*�$#0.0=� ` $&" � 0C$ � � Np` $/"��, �(	" � 0Gr
(M� � � � v\ ` T � - $#0GrM�'( � ]��,1��, �(aR\¦�(
¯fe e e bc8f,�= +û1�b ��$ �*i�¶�% 25?/.�2 $�B"?@=:®F¶���&�)¸¶�'F´*!�B:H ^ $/o � 1 T N6I 7 T M%I�H�O%PFJFNQR

S T J V �XR�m¥R�Y `  ��!(aR m �  J1 � ¢ ` $+(po � 0C$ -y�>` $�0C$ � � Np` $/"��, �(aR bc®�,F#C,GE/8f?6. .�B�#58G25=tec!*E/24!�BGB>8"24!QE[H T M�H
O�P�M�OFR

S T P VXW � @ � 1 } (
0 �'1F pHc�9rM� �>`f` @ © �:½� ]9� ���,� H!$#()* � � ��]�� �|` � $+�Qo �>` $#1|R � ^p^Q`  |u9� - $/"��, �( *)�:0"rT$+(Qo � ¢-D� (J"!* � v\ M0C$ �'�8� " * �<- �,1 � $#� ^  +�'(�" ^ $ ` �)( � " ` $#()1fv\ `�- $&"��' �(5$ � ( �
	$K" `  #�,1 ^ $ ` $ -�	� " `�� 1>R
� � 0"r)(M�'0/$ � W �>^  ` "¥£@j�M*O6H@¦ ª�W ¦ÿ�XH	O�P@P T R

S I�j VX� R W  NX�>` "|R�bxB>8d="B�0a#»25,6!t±y#p�B>8��BG,/3:=",G0A2
�>´pB��FB°+-,6´*8���B>3_B�# �FB�±�´*8»��?F=GB>3�¬*8G25�/24.�B>!�3G25,/!�!AB�&4&¸B>3�¶
º�0@0y&À25="?@#»25,6! �? &¸?	�x,���,F#52
�>´pB %{,���25&¸B[) ~ r�� "�r � 1��'1|H } 0. �,� ~  � @�" � 0Gr)(9� � � � H ~ $ � $&�'1 � $#�aR
� ` $#()0 � HaO%PFP@£*R ~ r�� "�r � 1��,1|R

S I�O VXW � o � � ��� 1F �(aR %{,��FB�&À24!*E�?6!A� +�?@&D2"��8d?F#525,/! ,f�°º¥´p#¿,6.�?F#CBG���\,�,/. �	B>!�3�B>3"R ~ r�� "�r � 1��,1>H
� �>^ $ ` " -y� (�"� /v } �'� 0 "��'0C$ � $#()*�m3 -�^ �M" �>` } (po#�,( �=�>` �'(popHXm6$ ` ( � o#� � z �����  �( �!(M��] �>` 1��?"t@�H
O�P@P/I�R

S I�£ VXW R¸�XR ��� ��� 1F J(�$#()* q�RU�XR�q�rT$%v �>` R �¾rT$/"��,1z"�r � 0 � (�" �>`  /vE"�r � � - $/o � � ¦�( ¯fe�e enb¨8f,�=
+�1Ab ��$ ���F¶ 
¼B>¹�'���,68 ��¶¨'F´*!AB:H ^ $6o � 1�N�M6j 7 N�M�OFH�O�PFP T R

S I T%V �*R � $/� ` s �:� *aR �{ N  FoFo9$#(�0. J(�" ` $#1�" � (pr � (
0 �.-D� (�"|Rè¦�( º�0F0y&À25=G?F#525,/!�3°,f� º¥8:#»2<;�=>25?F&�¯"!�#CB�&4&D2 '
EFB>!�="B:¶ %ô?@=:®@24!�Bè1a243G25,/!{?6!A���x,��d,@#»25=>3"H�]J � � -y� O/M/j@J*R ~ `  M0 �.� *M�,(QoJ1  6v�q�R ~ R<¦�R } R�H\O�PFP@j*R

S I@I VX} R¥m �'�|` o�� � R z¾½� "�r) M* � 15* �è`�� 0. �()1�" ` �)0>"��' J(�* � ()1 � 1 ^  J� `°� ${]��'1��, �( $#0>"���] � R � � 0Gr
(M�,0C$ �
`��>^  ` "|HA�!(M��] �>` 1��?"Q½� * � ª �'0 � HAq �>^ " �.-GNQ`�� O�P@P T R W $ ^p^  ` " * � q�"%$6o � * � � } �XH�R

T £



S I�L V �¼R ©  M ` r �.� 1�$#()* k�R ~  Fo@o#�, pR � � " � 0>"��'(pov" � u9"F J()1�$#()* " � uM"F� `���N  J�
()*T$ ` � � 1z�,(�(T$/"F� ` $ �� - $/o � 1>R ¦�( bc8f,�=GBGB"�624!*E/3X,f��#»®�B ��248G3�#c¯"!A#CB>8G!A?@#»25,6!A?@&�+-,/!%��B>8fB>!�="B°,6! +-,/.�0A´p#CB>8 1a243G25,/!�¶
�	,6!A�@,/!�H ^ $/o � 19£FLFj 7 £@LFJ*H*�#�)( � O�P@J�M�R

S I�N VXW R��XR¥�8�)*T$ $#()* ~ R } R�k8$ ` "|R b9?F#C#¿B>8G! +-& ?63"3G2<;�="?@#»25,6!­?/!�� ±�=GB>!�B º¥!�?F&À³/3G243"R � � �'� @
¦�(J" �>` 1F0>� � ()0 � H ª � �9¢ �  ` ��HaO%P�M T R

S IQM V q�R	�<$+1<$#()* ª Ry��r��[ZF$*R �R0. -�^ $ ` $&"���] � 1�"F�)*9@� /v31�" �>`��  �Ha] �>` o � ()0 � $#()*èv\ M0.�)1<$#1<* �>^ "�r0.� � 1 v\ ` $#0 "���] � ]��,1��, �(aR ¦�( ¯fe e e bc8d,�= +û1�b ��$ ���6¶�
¼B>¹�'���,68 ��¶�'F´*!�B:H ^ $/o � 1¡O�P6I 7 O�PFPQH
O�P@P T R

S I�J V z�RD�QR-�8()* �|` 1w J(aR W $#(po � v `  -  J�M"f¢t 6v4¢¿v\ M0.�)1 N*� � ` R � � 0Gr)(M�'0C$ � W �>^  ` " � ¦d� 7 � } ¤ 7 � ¦�m 7
O�P@PF£QK�O[M�H � �,(Q��� ^ �'(po��!(M��] �>` 1��7"t@@H\O�P@PF£QR

S I�P V � R������
	po��
	��­q�Rß�XR¥q�r��%v�� ` Rn��� ^�� r v ` �
� v�����������	Qo��
	������:v���� ���!��	popR ¦!	�¯fe e�e b¨8f,�=
+�1Ab ��$ ���F¶ 
¼B>¹�'���,68 ��¶¨'F´*!AB:H ^ �6o
� ��NFJ 7 M T HAO�PFP T R

S L@j V � R[Y"� ` q�r#� � �$�%�
	��_�¼R } R � � `&� �'�
	�	aR-¬�8d?F=��%24!QEû?6!A�)(�?$*¿?�º�3"3:,�=>25?
*525,
+�R-,��.�/��� �0���:¢ ~ ` ���1�|H
Y2�
� � �
	aHaO%PFJ@J*R

S LpO VX} �3�4�
	5��� ��� ��m � � ` o
���2�/	����9r���� `f`&6_© ����]5� ��� �6Rpz7� � r������av�� ` ����	��8� ` ��� �
	�� ��` ��� � ���$	9��	:�
� � ��]$�
]5���!���
	aR-¦&	èb<;�=�=?> �Qg�*»®Áe¨´�;�=A@pBG?
+�BC=
+%��B ;fB +�="BD=
+FEHGJI"´p?$K�bxB ;f=GB&@L*�G�=
+�¶	e<GJ+A�/®�=/�[B +�HaO%PFP/I�R

S L@£ V k_RAzM� � r���� �aR��9r��Xz7� �N� ��¢ÿ�_q ~ P@NFj@jF£POQ�5� ` �aR��R� �Gr�	����.� � W � ^ � `&� �R� �Gr�	����.� � W � ^ � `&� H	O�L T H
¦ ªûW ¦&, H	O�PFP T R

S L T%V �¼R © �TS��]5� ��� �FH	q�R W �
	aHH�
	��è�*R�� ` �
� � �|�6R��¨�<�U�����3� 	������$	#� � �A�/� �.�/�����0�/	��7�8�3��� � r ^ � ` �8��� �
` � � ^ �$	��1� � �U�
	V�Gu ��` �%v���]$�.� � �8�3��� � r7�3��]
���3� 	 � R¥¦&	 � ��] 6 ¢fq�r���� 	7,XRL�/	�� �9W W �.�6o5�/	 ¤ R�H
� ��� � � ` �|Hyb";�=�=GB"BG�
GJ+QE
I�=d�X*»®�B �$;f�Áec´�;�=A@pBG?
+YBR=/+���B ;dB +A=GB0=/+�ec³FB %Z=6�[B [�B +�*\I"HaO%PFJFNQR

S L6I V q�R\Y2�
�p�
� ` R �xBG=A=/+#IT*�;"´p=.*�G�=
+��?( �^] ´�+ B +��.GJ;�=
+�+AB [ÁB +Q*2IT*¿?$*\G
�>´pB_@p?/;��.GJIAG�=/+ ?@=.*\G4�[B:R ~ r��
� r�� �����|H��`	���]$� ` ��� �a6 �/v W ��	�	�� �|H���� ^�� �/v�q
�«o
	�� � ~ ` ��� � �8����	poY�/	�� �R� � � � �
�b�9��	����.� � ���$	��|H
O�P@P T R

S L@L V ,XR Y2� `&� r��F�c�
	�� �XRDz7� � ]5� ��� �
�$	����>R º¥�d@p?
*�G4�[B!%ôBG=:®�?/+#GJId[eGJ+ · ?-f|BgBR=/+Q*�;�=$KßR } � �8��]5��� ` H
,��3� � � ` ���/�tH	O�P@JFL*R

S L@N VX� R m�r��
���3� ��� �h�/	��i,XR�q�R q��/	 � �
�|R¡� ` �
�G�
��	poM�j�b�|]���	poM�
O*Z�� � � O 6 ]5���8��� � �8� ` ]$�
��	Qo�Rw¦&	
b";�=�=GBGB"�/GJ+*E
I�=f���[§5*»® �j=/;kK¸�VBC=
+QE
;fB IAI�¯ �*ºDB�¶�±A³F�/+AB>³/¶(º9´�*�;f?$KlG5?/H	O�PFP T R

S L�M V �*R } R��nR\zM� 6 r�����H � R &Ar�� 	popH^�/	�� q�Rm, R	Yn� ��� ��	po$�>R � � 6 � ` ���i� ` �"r�� � � � � � ` ��v�� `�� r��3� �$	 ��` � �
�/v)�0��� ` �M�d�
� �-�
����� ��` �/�"�
��	poM�/v��j� � � ` � �M�.�/�3� ` � r��.�/�yRè�^���"r�	����.� � W � ^ � `&� ,¥¦ © W � M6£*H
�`	���]$� ` ��� �a6 �6v�q@r�� � � � �aH	O�P@PF£QR

T@T


