
HAL Id: inria-00072583
https://inria.hal.science/inria-00072583v1

Submitted on 24 May 2006

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

HAL Authorization

Using Markers to Compensate Displacements in MRI Volume
Sequences
Thierry Viéville

To cite this version:
Thierry Viéville. Using Markers to Compensate Displacements in MRI Volume Sequences. [Research Report]
RR-4054, INRIA. 2000. ⟨inria-00072583⟩

https://inria.hal.science/inria-00072583v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

54
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 3

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Using markers to compensate displacements in MRI
volume sequences.

T. Viéville

N° 4054

Novembre 2000





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

��������� 	 
���
���������� ����	 ��������
�������� �!�#" 
��$��	 ���%���&���
' (*),+���" -�	 �.�!��/0-������$���21

3#4�5�687:9�68;8;=<

>�?A@ B%C�D�E FHG:IJC KJLNMOIJPRQSGT?AQNB0B%CVUHB0LNMW?APRGACNX
PRB0LNYSC Z�X\[AQSG]GA^�C Z�X_M�QSG]G\LNPRZ`ZJLaGAM�C Z

bcKdQaefC Ihg�QSijQaI`klPRZ
ghLNm]mjQSKfI�[AC�K`C MW?AC�KdMW?ACnG_oqp:r:stpuE vhQxwSC B�iAKdCzyNrSrNr�E p:yzmALNYSC�Z

{}|q~ ���t�A�N�:� >�?AC�mAK`C Z`C�G:I�mALNmjC K$m]K`QSm�QSZ`C Z�IJQ�M�QSB%m�C�GAZ`LaIJC�[AP�ZdmA��LNM�C B0C G:IJZ�LNGA[�[AP�Z�U
IJQSKfIJPRQSGAZ�PRG��Tg�F�PRB0LNYSC�Z`C ���AC�GAM C�Zh�AZ`PRGAY�B0LNKd�NC K`ZhLaI`IJLNMW?AC�[�IJQzI`?AC�Z`���A�R�=�

��C�[AC wNC��RQSm�L%B��]�RI`P�U�B0Q�[AC �=X\m\LaKJLNB%C I`K`PRM�B0COIJ?AQ�[�i\LNZ`C [TQSG�Zd�Ai�U�wNQ��]C ��PRM�PRG:IJC�K�U
mjQS��LaI`P�QSG�QN��I`?AC���GAQx��G�B0LNKd�NC K�YSC QSB%C IJKf�#LNGA[�LaG\LN����ZdC�IJ?]C�m�C�Kf��QSK`B0LNGAM C�Z X��RP�B%P�IJZ
LNGA[�mjC K`ZdmjC M IJP�wSC ZlQN��IJ?AC�B%C I`?AQ�[ �
¡#¢:£�¤d¥�¦ �t§�~N� g��#F$P�B0LNYNC�Kd�NX��#QNI`P�QSG�M�QNB0m�C�G]ZJLaI`P�QSG�Xjb�LNKJLaB0COIJKdP�M�C�ZfIJPRB0LaIJPRQSG �



� ����" ����
 ��� ��� ����	 
���/ -���-��q�&����-��*����	 �������!��� " �
� � ��"�
 ����	 ���z� ��
 ��� -������ � /0-��������.����� 	 
 � ���

+���"�-�	 ��/0-����&���H)j(*' 1

��� ~��
	 � ��� LaGAZ�M C�m\LNm]P�C K$QSG Z`ChmAK`QSm�QSZdCh[AC M�QNB0m�C�G]Z`C�K$��C Z�[A^ mA��LNM�C B0C G:IJZ�C I$�RC�Z
[AP�ZfIJQSKdZ`PRQSGAZ QSiAZdC�KfwS^�C Z2LN�%ZdC�PRG [AC�Zd^����AC�G]M�C�Z$[�
 P�B0LNYSC Z$F�gh��� ��
 LNPR[AC�[AC�B0LNK`���AC �AK`Z
� ��^�Z Z`�AK��RC M K��NG]C []�#Zd�aefC I��

� G�[A^OwSC��RQSmAm�C �AGAC B%^ IJ?]Q�[ACcB��A��IJP UHB%Q�[]@��RC�Z�Xai\LNZd^�C Z`�AK��AG]CcP�G:IJC K`m�QS��LaIJPRQSG�Z`QS�]ZfU
wSQ���^��RP����AC [AC�� L YS^�QSB%^OIJK`PRCNX]M�QSGAG��ACaX][A��B0LNKd���AC��AK$�]IJPR�RP�Zd^N� � G�LNG\LN����Z`Cl�RC�Z�mjC Kd��QSK�U
B LaGAM�C Z�X_��PRB%PRI`C�Z C I�m�C�KdZ`m�C�M I`PRwNC�Zl[]C ��LzB%^ IJ?]Q�[ACa�
� ¦ � ~ ¤ ��� � ~0� FHB0LNYSC K`PRC�F�gh��X���QNB0m�C�G]ZJLaI`P�QSG�[AC �#QN�]wSC B0C G:I�X��cZdI`P�B0LaI`P�QSG�m\LNKJL U
B0^OIJKdP����ACa�



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 D

9 )��%�����0��-�� ��� ���

� ¦%:<;_¢�£>= ~%� � �@?4A3B � �@? � ¢'C%D ~ �x� �]� D�¦%:FE
>�?AC2LNGALN�R��ZdP�Z�QN���TLNYNGAC I`P�M�g C Z`QSG\LaGAM�C$FHB LaYSC�Kf�@G=�Tg�FIHFJ D�KSX�KML�N�?AC ��m]Z�IJQh[AC I`C�KdB0PRGAC
M�QSKfIJPRM�LN��K`C�YNP�QSG]Z K`C�ZdmjQNGAZ`P�wSCzIJQ�[]P&OjC�KdC�G:I�IH��m�CzQN� ZdI`P�B��A�RP=X�LaIdIJC B0m�IJPRGAY�IJQ�mAKdQ w�PR[AC
GAC��AKdQaUHZdM�PRC�G:IJPRZdI`Zh��P�IJ?#LzijCOI`IJC K��AGA[AC K`ZdIJLNGA[APRGAY QN��I`?AC�M�C G�I`KJLN�!G]C�KdwNQS�AZhZd��ZdI`C�B��

P\KdQSB QSGAC$�Tg�F!LNM ���AP�ZdPRI`P�QNG�IJQhLNGAQaIJ?AC K�X IJ?AC Z`�Ai�efC�M Iq?AC�La[�B0L�� ?\L�wSC$B0QxwNC�[�JQL�N=X
[AC�m�C�GA[]P�GAY QSG�IJ?AC m�C�K`M C�m]I`�\LN� IJLNZ`��m�C�Kf��QSK`B%C�[�QSK�ZdP�B%mA����ijC M�LN�AZdC�Qa��I`?AC�Z`�Ai�efC M I
iAK`C�LaIJ? QSK%K`C Z`PR[A�\LN��B��]Z`M��]� LNK�LNM I`PRw�P�IH�S� >�?AC��$QSKdZdI M�LNZdC�I`Q IJLNMW����C�Z`C C�B%Z I`Q�i�C
CO��mjC K`PRB%C�G:IJZ QSG�B0QNGA�NCO��ZRG���?]P�MW?�IJ?APRZ�ZdI`�A[]��PRZ []C�[APRM�LaI`C�[�IJQ�H�B0LNPRGA����i�C�M�La�AZ`C�QN�
G8P#H2I`?AC�ZdB0LN���RC�K Z`P&S�C�QN��I`?AC�i]KJLNPRG�LNG][Ti�Q�[]��LNGA[TG�P�P#H�Z`�AMW��PRGAY�B%Q wNC�B%C�G:I`ZlK`C � LaI`C�[
IJQzIJ?ACVU\�]P�[�K`CO�2LNKd[#�]Z`C�[�IJQ%B%QNIJP�waLaIJC I`?AC�Z`�Ai�efC M Ih[A�AKdP�GAY%IJ?]C CV��mjC K`PRB0C G:I��

P\�AKfIJ?AC K`B%QSKdCNX�IJ?AC iAKJLaP�G�LNM I`PRw�P�IH� PRZ�COwaLN���ALaIJC [ IJ?]QS�AYS? Z`C wNC�K`LN��ZdQ�M�La���RC�[XWH���AGAMVU
IJPRQSG\LN�2Yu�#g FZG��=�Tg�FIH}LNGA[ ?\LNZ�I`Q ijCuK`C � LtIJC�[ I`Q I`?ACuiAKJLaP�G LNG\LtIJQSB � QSi]IJLNPRGAC�[
�AZ`PRGAY�W�LNG\LaI`QSB%P�M�LN�[Y��Tg�FWX�ZJL���LS�Tg FW��>�?AC�QNi]IWLNPRGAC [�[\LaIJL wSQS�R�AB%C�Z ?ALxwNC�IJ?��AZhIJQ
ijC LN�RP�YNGAC�[���P�IJ?�L��=�Tg�F$LNGA[]\aQNKhLS�Tg F K`CO��C�KdC�GAM CN�

FHG IJ?]P�Z%��LNZdI%M�LNZ`CaX$IJ?]C�I`KJLNG]Zd��QSKdB LtIJPRQSG ijCOIH��C C�G IH�$Q�[ALaIWL�wSQN���AB%C Z PRZ%GAQNI0L
Z`PRB0m]��C K`PRYSP�[�[APRZ`mA��LNM�C B%C�G:I�Xc��?AC K`C�LaZ�waLNK`P�LaI`P�QSG]Z�PRG Z`M�LN�RC�QSK�C wNC�G KdC���LaIJP�wSC [AC ��QSK�U
B LtIJPRQSGAZ2Q�M�M �AKVJ_^`N �Fa��AMW?�L�B��A��IJP UHB%Q�[\LN��PRB0LNYSClKdC�YSPRZdI`KJLaI`P�QNGbJ yap�X7KcKdN PRZ2GAQNI�C�LNZ`PR���
��C�LNZdP�iA�RC ��QSK2IH�$Q wSC Kd��[AP[OjC�K`C G:IhKdC�LNZdQSGAZde
G8P#H�IJ?]C [\LaIJL PRG �=�Tg�F�LNGA[ L:�#g F�LNM ���AP�ZdPRI`P�QNGAZ�B0Lx� i�C IJQaIWLN�R�R� [AP[OjC�K`C G:IfG8ZdC�C
PqP�Y'gV�)KMHVX ��P�IJ? GAQ M�QSB%B%QSG ZdI`K`�AMOIJ�AK`LN� P�G���QSK`B0LaI`P�QSG I`Q KdC���LaIJC�I`?AC�B G8CN� YA� I`?AC
?AC�LN[�Z`���A�R��P�Z�GAQaI�w�PRZ`PRiA�RC�PRG��=�Tg FIH2iA��I�C wSC GT�$QSK`ZfI�X
G8PRPhH�ZdM�PRC�G:IJPRZdI`ZlmAK`C M�PRZ`C �R����LNG:IhI`Q0LNG\LN����Z`C IJ?AC�Z`mALaIJP�LN� KdC���LaIJPRQSGAZd?AP�m]Zhi�C IH�$C�C G�ijQaIJ?
B0Q�[\LN�RP�IJPRC�Z LNGA[�GAQNI�M�LNGAM�C � IJ?AC B-i
LNZ�L�M�QNGAZ`C ���]C�GAM CNX\LNG:�NX]C wNC�G}m�Qx��C Kd���A�8X�B0COIJ?AQ�[ ��?]P�MW?}M QSB%mjC GAZJLtIJC�[]C ��QSKdB LtIJPRQSGAZ
ijCOIH��C C�GTi�QNI`?#[\LtIWL�wSQS�R�AB%C�Z B0L���LN�RZ`Q0M�LNGAM C���QSK�iAP�LNZ���?\LaI PRZ�IJQ%ijC�B%C�LaZ`�AKdC�[ �

F�I�P�Z IJ?��AZ ���AGA[\LNB%C G�IJLN��I`Q�KdC�YSPRZdI`C�K�Zd�AMW?�m\LNPRK`ZhQN� [\LaIJL �AZdP�G]Y�LNGj���%!'�������%!'�����
Z`QS�AKdM�C�QN��B%C�LNZd�AK`Ca�

>�?]P�Z�PRZ�I`?AC�K`C�LNZ`QSG���?:�SX_PRG�Z`QSB%C LNmAmAKdQ:LNMW? X\ZdB0LN���!M QSGAPRM�M ����PRGA[AC K`Z � �R��C [���P�IJ?
LumALNKJLNB0LNYNGAC I`P�M�Z`�]iAZdIJLNGAM�CkG8Ca� YA� w�P�IWLNB%PRG �FHzLNK`C�KdP�YSPR[A��� � ��C�[ �Am�QSG IJ?AC�Z`���A�R�

lnm�oqpsrdtvuxwzyM{�|�}�~7����{�������tvu��/���'�]�v�%���M�����`ps}��z�'p��`{d��ps��{������Mo���{z{d�7��tI�M��{s����}��%u��4�nyM{��[�d�
u���{���{�r���t��4�'tI�M�dtI}��

��� }� �¡�¢d£�¡



p ��8��<����04��$�$#�

PqP�YN�AK`C�Kce�a�MW?AC B LtIJPRM2K`C mAK`C Z`C�G:IJLaIJPRQSGzQN�_L � [A�AM P LN��B0LNK`�aC�K�QSGzLNG\LtIJQSB%PRM2�Tg�FFG8�RC � I�H
QSK2���AGAMOIJPRQSG\LN���Tg�FVG�K`PRYS?:IsH$��QSK�L�IH��mAPRM�LN��CV�]m�C�KdP�B%C G�I�QSG�LzB0QNGA�NCO�S�

QN� IJ?ACzQSi]Z`C�KfwSC [�B%QSGA�aC ��Z���a��AMW? � [A�AM P LN��	���
�����
��hZ`?]QS�A�R[ C�LNZ`PR����ijCz[]C IJC M I`C�[�LNZ
P��R���]ZdIJK`LaIJC [#PRG PqP�Y]�xKS�

� � ¦ 	 	 ¦%:<;�¢:£ � ¦�� �
	 � : � � �@?4A�B � �
? � ¢�C%D ~ �x� �]� D�¦%:FE
>�?AC�La[\LNm]IJLaIJPRQSGuQN��I`?APRZ�LNm]mAK`Q:LaMW? I`Q#?��AB0LNG �Tg Fh?\LNZ�LN�RZ`Q�IJQ�ijC0PRG�wNC�ZfIJPRY:LaIJC [ �
FHG Zd�AMW?}L�M�LNZdCNX�IJ?AC � []�AM�P�LN�_B0LNK`�aC�K`Z ��P��R�\GAQNI i�C LaI`IJLNMW?AC�[ZG8iA��I$QNGA�R��ZdIJPRMW�3H I`Q�I`?AC
Z`���A�R�=�	�hZ L}M�QSG]Z`C����AC GAM�CaX!IJ?ACO�TB0L��TZd��PRm LNGA[TI`?APRZlP�ZhIWLN�aC�GuP�G:I`Q�LNM�M QS�AG:I�i:�TQN�AK
B0COIJ?AQ�[ �


 Qx��COwSC�K XSIJ?AC mAKdC�Z`C G:IcB%C IJ?]Q�[�M�QS�A�R[�La��ZdQ�i�C�LNm]mA��PRC�[�IJQhLh?��AB0LNG�G]QSG�UHPRG:waLNZ`P�wSC
?AC�LN[�UHK`CO��C�KdC�GAM C�Zd��ZfIJC�B���Zd�AMW? LNZ�IJ?]C0QNGAC�
�P��R���]ZdIJK`LaIJC [ PRGjPqPRY���D�QSK�B��A�RI`P�U�B%Q�[\La�
KJLN[APRQSYSK`LNmA?APRM B0LNK`�aC�KdZ�X�LNZ�P��R�R�AZdI`KJLaI`C�[TPRG-PqPRY�y��

g�C�ZdC�LNKdMW? ZdQN� IH�2LaK`C%��QSK�LN�]I`Q�PRB0LNYSC%LN�RPRYSGAB%C�G:I ��PRI`? I`?AP�Z�W�LNG\LaI`QSB0LNK`�cY���K`LNB%C
P�Z L�waLNP���LNiA�RC ��QSK�LzK`C Z`C�LaK`MW?T�RPRM�C�G]Z`C�I`?AK`QN�AYS?���K`PRYS?\LaB*LNGA[���QSB%C�G�
 Z�
 QSZ`m]PRIJLN�=�

>�?]ClmAK`C Z`C G�I�[]C wSC ��QNmAB%C�G:IJZhLNmAm�C�LNKdZ2LNZ�Z`QN� IH��LNK`C�B0Q�[A�A�RC���?APRMW?�B0Lx� PRB0m]K`QxwSC
IJ?AC�m�C�Kd��QNK`B0LNGAM C�Z�QN��IJ?AC�M��]K`K`C G:I�ZdQN� IH�2LaK`CN�

���Rt�ps��t���y�p�}����[�M�]��{��st6ps}4��~xp��4����u���tq��{�����}Mt����� "!$#�%'&)(+*�,.-0/$1+%+2'/ ,+3 p�}54���tvps}M�76���p�}58 {d��u:9Vps}�r���}
; 2<#>=�!$#?&)(�*+,.-0/$1+%�2@/ ,+3x�[{��x��yMtI���A�M��tv�I�Q{d��uxp'44�z� � tvux��tIr�ps�+44��}Mr ��yM��u<t�Bz��tv}�u���{�}�{s����y�t u(���544���

C0DxyM� uA44tv�z���It � ux��tvps���FEItG4 �z�IH�J>J@KMLON>N�P�P>PMQSR'T�R@J�UWVXR@Y�Z[QO\'UWV�N
] m�oqpsr�t6uxu�yM{�|�}��z��� {d�M����tvu��/{��_^<}`p���{>9Vps���c�z�[��{do m�}���tv��}Mtv�M��{�} �]y�ps��oqp�� tv�4��� �Ip���uv�4m�}����

m(� � mS^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 s

PqP�YN�AK`C y3e��#�A��IJP UHB%Q�[\LN�cK`LN[APRQSYSKJLamA?APRM0B0LNKd�NC K`Z P�G ?��AB0LNG Xq�]Z`PRGAY#?]C�LN[���Q�M�LaI`P�QNGAZ
��PRI`?TLzB%P�G]P�B0LN�!Zd��PRGTZd��PRm �

PqP�YN�AK`C�D�e � ?��AB0LNG ?AC�LN[ K`C ��C K`C GAM�C�Zd��ZdI`C�B����<���s�"04�������}IJ?]C�B%C MW?\LNGAPRM#Qa� I`?AC
Zd��ZdI`C�B���,/�[�
	'� 04�������0LNG CO�]LNB%mA�RC}QN��L:�#g Fl��P�IJ? I`?AC�B0LNKd�NC�KdZ�w�P�ZdP�i]��C�LNZ ��?AP�IJC
iA��QNiAZ��

� � �]� D ~z� ��¢
� � �c¢ �}�]| ¦ �!� E
P_QN���RQx��P�GAY�I`?APRZ%I`KJLNMW�_X P�G I`?AC�mAK`C Z`C G�I0m\LamjC K�Xc��C�mAKdQSm�QSZ`C�L�KdQSiA�AZfI0LNGA[ mAK`C M�PRZ`C
B0COIJ?AQ�[�IJQ�e

��� }� �¡�¢d£�¡



� ��8��<����04��$�$#�

KS��P�G:I`C�KJLaM IJP�wSC �R���RQ�M�LaIJC Z`�]MW?zL � []�AM�P�LN��B0LNK`�aC�KqPRGz�#g F [ALaIWL�wSQS�R�AB%C�ZqLNGA[ IJKJLaMW�
IJ?AC B PRGTL��=�Tg�F$wNQS���]B0C ZhZdC����AC GAM�CaX

y���M�QSB%mA��IJC���KdQSB*IJ?AC Z`CzB0LNK`�aC�KdZlIJ?AC�I`KJLNG]Zd��QSKdB LtIJPRQSGT��K`QNB L�[ALaIWL wNQS�R�AB%C�IJQ
LNGAQNI`?AC�K X
U�IWLN��PRGAY�PRG�I`QzLNM M�QS�AG:I�Z`�Ai�U wSQ���C���LNM�M �AKJLNMO�}LaGA[ I`?ACh�8LNMOI$I`?\LaI$Z`QSB%ChB LaK`�NC K`Z
B0Lx�}?\L�wSC Z`�RP�mAm�C�[TLNGA[
U �AZ`PRGAY Lz��Q�M�LN� L��0GAC�B0Q�[AC �!QN��I`KJLNG]Zd��QSKdB LtIJPRQSG �

� � �2�!������� ����� ��/ -�
 ��� �����21�	��
 ��
	��������
�������� �!�"�#
��%$&�'��(�
 �)�* �A� � 	 ¢ � ¢ � D ~ �]� D�¦�: | £ ��+ :�¢ �x� � : ~ B�¦ � 	 �]� D8¦%: ~ E
� ChM�QSGAZdP�[]C�K2IJ?ALaI�LNG}L��0GAChI`KJLNGAZf��QSK`B0LaI`P�QNG}K`C � LaI`C�Z�I`?AC�IH�$Q�[\LaIJL�wSQN���AB%C Z�� >�?AP�Z X
K`QS�AYN?A�R��Z`m�C�LN��PRGAYAX\M QSK`KdC�Z`m�QSGA[]Z�I`Q%L�
��[�c��! !��#���%$&�'����	
�����=X�0���
s����������� ��� �4�6��$#����LNGA[
Z`QSB%C $2���7�6��
"!��#��� ��
s���������2QNK W�Z`?]C�LNKdP�GAY�YW�

��QSK`C�mAKdC�M�PRZ`C �R�",tXAIH��Q M�QSKdK`C Z`m�QSGA[APRGAY0mjQSPRG:IJZ!- LNGA[.-0/�P�G�IJ?AC [\LaIJL�wSQS�R�AB%C�Z
LNK`C KdC���LaIJC [#i:�%e - /�13254�687�9#:<;�=>6@?�;�AB C�D EF - GIH G KMH

��?AC�KdC =>6@?�; P�Z�L D � U�K`QNIJLaIJPRQSG G�P=� CN� LaG QSKdI`?AQSYSQNG\LN��B0LaIJKdP���H0��?APR�RC 4�687�9J:K; PRZ�L
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IJQ0[AP&OjC�KdC�G:IJP�LaI`C�L YN��QSiALN�!Z`M�LN��C 7ed XjL0[AP[O�C K`C�G:I`P LN��Z`M�LN�RC 7 Q PRG#IJ?]CVWHZ`�RP�M C�Y [APRK`C M IJPRQSG
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>�?]P�Z�[AC M�QSB%m�QSZ`P�IJPRQSG�� 1 4 = PRZ�P�Gu[APRK`C M I K`C � LtIJPRQSG���PRI`?uI`?AC%Z`PRGAYS�A��LNKlwaLN�R�AC
[AC�M QSB%mjQSZdPRI`P�QNG�� 1������ i J[Kxr`N:Qa��I`?AC B LtIJK`P ��� G8?AC K`C � LaGA[ � LNK`C QSKfIJ?AQNYSQSG\LN�
B LtIJK`PRM�C Z LNGA[ � L%[AP LaYSQSG\LN��B LtIJK`P ��H���K`P�IJPRGAY 4 1	���
� i LNGA[ = 1
�
� i �

�hZ�L�M�QNGAZ`C ���]C�GAM CNXcIJ?AC L��0GAC%IJK`LNGAZd��QNK`B0LaIJPRQSG P�Z m\LNK`LNB%C I`C�K`PRZ`C [ i:��L�wNC�M I`QSK� e � 132 H 9J?T9[7N9#:YA G8D�H* �A� � 	 ¢ � ¢ � D ~ D�:<C���
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hC�KdCNXt��C K`C mAK`C Z`C�G:I�LhD � UHK`QaIWLaI`P�QSG =>6 ?�; G=LNGA[�LN�RZ`Q 4�6@:K; H QN�ALNGAYS�RC���� 2���9�� 2 LNK`QN�AGA[
LNG�Lt��P�Z QN��[AP�KdC�MOIJPRQSG�� i:�}I`?AC wSC M IJQNK ?R1������ ��6"! g ;
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wSC�MOIJQSK��AZdP�G]Y G8Ca� Y]�/J � NhH$IJ?]C M K`P�IJC K`PRQSGxe
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��PRI`? B�� 1 F� � = 6@?�;G64� XA��?]P�MW?#B L���i�C ��K`P�I`I`C�Gxe
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��C�IJ?��AZ�M�LNG�C�ZdI`P�B0LaI`CcIJ?ACcKdQNIWLaI`P�QNGlwSC�MOIJQSK ? IJ?AQN�AYS? 68: 9 R ; LaZ�LFW��RP�GAC�LNK!���\LN[AK`LaIJPRM
mAK`QSi]��C BXY�Z`PRGAM C%I`?ACzQSm]I`P�B0LN��waLN���]C���QSK 68:�9 R ; M�QSKdK`C�ZdmjQNGA[AZlIJQ}I`?ACzC�PRYSC G�U�wNC�M I`QSK QN�- LNZ`ZdQ�M P LtIJC�[���P�IJ?�IJ?AC�Z`B0LN�R�RC�ZdIhC�PRYSC G�U�waLN�R�ACN�

S ~ D�:<C � ��D�¢ � �A�t� �j£ ¦]B 	 ¦ § ¢ �=~ E
>�?AC��aC ��m�QSPRG�I ?AC K`C P�Z�IJ?ALaI���C M�LaGTCO��mA�RPRM�P�IlL%?APRC�KJLaK`MW?:��QN��I`KJLNG]Zd��QSKdB LtIJPRQSGAZ�M�QSK�U
K`C�ZdmjQNGA[APRGAY0I`Q%[AP&OjC�KdC�G:IhmAKJLNMOIJPRM�LN�!ZdPRI`�\LaI`P�QSG]Z�X\P8� Ca� e

b�LNKJLaB0COIJC K � PRB%C�GAZdP�QSG
vhQ%[APRZ`mA��LNM�C B%C�G:I r
b �]K`C IJK`LNGAZ`��LaI`P�QSG H D
g PRYSPR[�[]P�ZdmA� LaM�C�B%C G�I H 9J? �
a�M�LN�RC�[�IJK`LNGAZd� LaI`P�QNG H 9[7 �
a�M�LN�RC�[�[APRZ`mA��LNM C�B%C�G:I H 9J?T9[7 T
�!�0GAC IJK`LNGAZd��QNK`B0LaIJPRQSG H 9J?T9[7�9J: K y

LaGA[ LaIdIJC�B%m]I�IJQ C ZdI`P�B0LaI`C�L B%Q�[]C�����PRI`? �T	X������	���$q��1'	VU���
 � � ���[�c��� W �6�����
����
6��	
������
��OX�P=� CN�,QN��W�[]C�YSKdC�C�Z�Qa� ��KdC�C [AQSB YWX �AZ`PRGAY L B%QSK`C W�YSC GAC�K`LN�[YTB%Q�[]C�� G8LNZ
Z`MW?AC B LtIJP&S�C�[TP�G PqPRYA�Ap�H�P���LaGA[#QNGA�R�}PR��PRI`Z�ZdIWLtIJPRZdIJPRM�La��ZdP�YNGAP � M�LNGAM C�PRZ�?APRYS?AC�K �
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Scaled translation

Rigid displacement

Scaled displacementPure translation

No displacement

Affine transformation

PqPRYS�AK`C�p�ec>�?]C B%Q�[AC��!?]P�C KJLNKdMW?���I`Q0C ZdI`P�B0LaI`C�L%YS�RQSi\LN��[AP�ZdmA��LNM�C B0C G:I��

� ZdmjC M�P � M0B0Q�[AC �cP�Z ZdP�B%mA���uZ`m�C�M P � C [ i:��I`?ACz�8LNM I I`?\LaI�Z`QNB0C%M QSB%mjQSG]C�G:IJZ�QN�
IJ?AC [AP�ZdmA��LNM�C B0C G:I%m\LNKJLaB0COIJC K � [AC � GAC [ PRG G8D�H waLNG]P�Zd?AC�Z X���?AP�MW? PRZ�wNC�Kd��C�LaZd� IJQ
B LaG\LNYSCa�:� ZdI`C�m%���AKdI`?AC�K X��$ChLN��ZdQ�M�QSGAZdP�[]C�K ��QSKcQN�jG��]B0C K`PRM�LN�_ZfIWLNiAPR�RPRIH�zKdC�LNZdQSGAZ X�K�ZfI
LNGA[�yaGA[�QSK`[]C�K�CO��m\LNG]Z`PRQSGAZqQa��I`?AC K`QNIJLaIJPRQSG�B0LaIJKdP�� LaZ�[]C � GAC [�PRG@G�p�HO��P\�AKfIJ?AC K`B%QSK`CaX
��QSK�C�LNMW? D � U wSC M IJQNK G H 9v?"9#7�9#: H �$C�LN�RZ`Q�MW?]C�MW� P���Z`QSB%C}P�IJZ�M�QSB%m�QSGAC G�I`ZzM�QS�]��[ i�C
S�C�KdQA�z>�?APRZ�PRZ�[A�ACzIJQ�I`?ACz�8LNM I I`?\LaI��Tg�F�[\LtIWL�P�Z�B0LN[ACzQa� WHZ`�RP�M C�ZIY LaGA[�IJ?\LaI I`?AC
� LaGA[��*LaK`C%GAQNI�?AQNB0QNYSC�GAC QS�AZ ��P�IJ? K`C�ZdmjC M I IJQ�IJ?]C j [APRK`C M I`P�QSG��0>�?]P�Z � G\LN�R���
[AC � G]C�Z��]m IJQ�� � Q g 1 7 �.����� B%Q�[AC��RZ�La�RI`?AQS�AYS?�X�QN��M�QS�AKdZ`CaX���C���P��R��QSGA��� �AZ`C#L
K`C�La��PRZdI`P�M�Zd�Ai�UHZdC I%QN��ycL�B0Q�[AC ��ZzB0LN[AC�CV��mA��PRM�P�I%PRG IWLNiA�RC�y�� �hZz[AP�ZdM��AZdZ`C [ PRG J ycLMN
��QSK�LaGAQNIJ?]C�K�C ZdIJPRB0LaIJPRQSG m]K`QSiA�RC�B.LNGA[ LtI�LTB%QSKdC�IJ?]C�QSKdC IJPRM�La�$�RC wNC��2PRG J y`^�N=X�Z`�AMW?
LNG C�ZfIJPRB LtIJPRQSG B%Q�[A�A�RC�M�LNG C�LNZ`PR�R� ijC�YSC GAC�K`LaIJC [ ��P�IJ?]QS�]I�CO��mA�RPRM IJ��� IJC ZdI`P�GAY ��$�$
M�QSG � YS�AKJLtIJPRQSGAZ�XqLNZ`Zd�AB%P�G]Y�L�M C�KfIWLNPRG B%QSGAQaIJQSGAPRM�P�IH�u��QSK IJ?AC C�ZfIJPRB LtIJPRQSG M K`P�IJC�KdP�QNG �
>�?AP�Z�PRZh[]P�ZdM��AZdZ`C�[TP�G�Z`C M IJPRQSG#D]�

>�?]P�Z�B%C I`?AQ�[]QS��QNYN�TM QS�A�R[ LN��ZdQ�ijCzYSC GAC�K`LN�RP�ZdC�[uIJQ�GAQSG�U�L��0GAC�I`KJLNGAZf��QSK`B0LaI`P�QNGAZ
P�G:wSQN�Rw�PRGAYAX ZJL��SXc���\La[AKJLaI`P�M IJC�KdB%Z�K`C � LaI`P�G]YTIH��Q�m�QSPRG:IJZ�Xci]�]I�I`?AC��Tg�F mA?:��Z`PRM�Z-J p`N
Z`�AYSYNC�ZdI`Z I`?\LaI�Zd�AMW?�LzM�QNK`K`C M I`P�QSG�PRZ G]QNI GAC�M C�Z`Z`LNKd�N�

FHGuQS�]K M�LNZdC%�$Cz��P��R�cKJLtIJ?AC K mAK`Qxw�P�[]C L $#�4�6��$>�	� �7� !'���4��
s���%�������\X!LaZ [AC � G]C�[ PRG
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mAK`Qxw�P�[]C�[ I`Q C�ZfIJPRB0LaIJCTL�YSP�wSC G [AP�ZdmA��LNM�C B0C G:I�B%Q�[AC �=� P\QSK%PRGAZdIJLNGAM�C�L ZdmA?AC�KdP�M�LN�
B LaK`�NC K�[AQ�C Z�GAQNI�M�QNGAZdI`KJLNPRG�IJ?AC%K`QaIWLaI`P�QSGALN�qm\LaKdI�QN� IJ?AC%[APRZ`m]� LNM C�B%C�G:I ��?AC�KdC�LNZ�L
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P\KdQSB�LTI`?AC�QNK`C I`P�M�LN�2m�QSPRG�I%Qa� w�PRC � J y3K�N XcI`?AC�G��AB�i�C�K%QN� C����\LtIJPRQSGAZzQSi]IJLNPRGAC�[
��K`QSB L�YSPRwNC�G B0LNK`�aC�Kl��QSK�L}YSP�wSC G�[]P�ZdmA� LaM�C�B%C G�I�PRZ K`C���LaI`C�[uIJQ�P�IJZX����0���
s����������P�IJ?
K`C�ZdmjC M I IJQzIJ?]C M QSGAZdP�[AC K`C [T[APRZ`mA��LNM C�B%C�G:I��

CylinderSpheraPoint Cone Cube

6 Rigid displacement

Scaled displacement

Affine displacement

5533

3

3 1211119

6 8 8 9

Number of measures

R

H

PqPRYS�AKdC s3e � ��C � CO�]LNB%mA�RC�Z�Qa�qB0LNKd�NC�K�YSC QSB%C I`K`PRM���QNK`B%Z G8Z`C C I`CO��I���QSK�[ACOIWLNPR��Z�HO�

FHGfPqPRYA�qs#��C�?ALxwNC�K`C�m�QSKfIJC�[ G�[AC�KdPRwaLaI`P�QNGAZ�X [AQSGAC�P�G B0LNmA�RC�LNKdC�GAQNIzKdC�m�QSKdI`C�[
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M��AiAPRMNX_MO���RPRGA[AK`PRM QSK�M�QSG]P�M�QSGAC Z��
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�	�M� ���N����� ����$&��� � 
������ � $&� ���L�N� (t�c���!�0�!�'������
 ����$&���
� ¦ § ¢ � ¦]B � ��¢ 	 �A� ;_¢ � ¦ �:����� � ¢': � ¢ZD�: � ��¢ §��]�x� E
��Z�P��R�R�AZdI`KJLaI`C�[ PRG�PqP�Y]� K%I`?AC0B LaK`�NC K`Z�LNK`C%MW?\LaKJLNMOIJC�KdP�ZdC�[ i:��I`?AC �4����13
s
����7���@� ���
��	���$�$q0���$213	
�b� � ���������n����� 	'�[�
		� U�13� 13�����7� � ��
 ���������������
�t� �hZ�L M QSGAZ`C ���AC�GAM CNX
IJ?AC P�G]��QNK`B0LaIJPRQSG ��������!'� IJ?AC0wSQS�R�AB%C}PRZzLN�RB%QSZdI�M�QSGAZfIWLNG:I�Xq��?APR��C�I`?AC�PRG]��QSKdB0LaIJPRQSG
��13������!'�hP�Z�KJLaGA[AQSB G���P�IJ?uK`C Z`m�C�M I�I`Q}IJ?AC%B0LNK`�aC�K P�IJZdC�����HVX�PRGuijQaIJ?uM�LNZdC�Z�GAQNI�wSC�Kf�
P�G]��QNK`B0LaIJP�wSCa� �hZ L%M QSGAZdC����AC�G]M�CNX���C ?\L�wSC�IJQ%M QSGAZ`PR[AC KhM �AC�Z K`C � LaI`C�[�IJQ � 	�� U���
6!'��

� �#W !�1�������$ 	���
�����
 � 	���
��R��	�� ����� ������������0���
s����������� �#�
���d���������6!�� � U�� 	����c��	���$ X�LNZ

m(� � mS^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 KcK

P��R���]ZdIJK`LaIJC [�P�G-PqPRYA� � � ����a��AMW?#LNG�PR[AC�Lz?\LaZ�LN��KdC�LN[��}i�C�C�G��AZdC�[�PRG#LaGAQNIJ?]C�K�M�QNG�I`CO��I
G8CN� YA�/J yND]X T N�HV�

��QSK`C�mAKdC�M�PRZ`C �R�NXj�RC I �AZ�M QSGAZ`PR[AC K�e
G8P#H2L%YNPRwNC�GT[]P�ZdmA� LaM�C�B%C G�I�m\LNK`LNB%C IJC K � LNG][
G8PRPhH L}B LaK`�NC K ��
s������� �6!�Zd�AKd�8LaM�Cz[APRZdIJLNGAM�C����AGAM I`P�QNG�� 6 � / ;	1 � ��?APRMW?uM�QSKdK`C�ZdmjQNGA[AZ
IJQ I`?AC�m]K`C�[]C � GAC [uB LaK`�NC K�Zd�AKd�8LNM C�YSC QSB%C IJKf�SXjLNZ�[]C IWLaP��RC�[�PRG�LNmAm�C�G][AP�� �,��QSKhQN�AK
M�QSGAPRM�B0LNK`�aC�K`Z �

P\KdQSB G KMH2LNGA[jG=D�H2Lzm�QSPRG�I PRZ���������!'����	��"	���
�����
 PR��LNGA[�QSGA����P�� e
� 6 � / ;�� � ��P�IJ? � /�1 � 6 � ; � GIH 6 � ; G T H

P\QSK�LzYSP�wSC G#wNQx��C �=X\�$C�M�LNG�IJ?��AZ [AC I`C�K`B%PRGAC���?AC I`?AC�Kde
G8P#H2LN��� wNQ��]C ��mjQSPRG:IJZ LNKdC PRGAZdP�[AC I`?AC � [A�AM P LN��B0LNKd�NC�K X\PR��LNGA[�QSGA����P������ 6 � / ;���/	� (g
G8PRPhHqLa����wSQ���C��Am�QSPRG�I`Z LNK`C�QS�]IJZdP�[]C2IJ?AC � [A�AM�P�LN�AB0LNKd�NC K�X:P���LaGA[zQSGA����P�� N � Z � 6 � / ;~Z
� (g QNK
G8PRP�P#H�QNIJ?]C�Kd��PRZ`CaX\IJ?AC wSQ���C���M�QNG�IJLNPRGAZ L%mALNKdI QN��IJ?AC�B0LNKd�NC�K�i�QSK`[]C�K��

FHG M � LNZdZ�G8PRPhH �$CuQSGA��� M�QNGAZ`PR[AC�K�wSQ���C�� m�QSPRG:IJZ�QS�]I`Z`PR[AC�IJ?ACuB0LNKd�NC�K�i]�]I#LaI�L
[AP�ZfIWLNG]M�C QN�q�RC�ZdZ I`?\LNG#y�wSQ���C��RZhI`Q%I`?AC�Z`�AKf�8LNM�C i�QSK`[AC K��

>�?]C�Z`C�IJ?]K`C�C M���LNZdZ`C�Z [AC � GAC�L �7���[�
	>U���1'
 	��4��!lQN��I`?AC�B0LNK`�aC�K��
FHB%mA�RPRM�P�IJ���SXS?AC K`CaXt�$C�LaZ`Z`�]B0C IJ?ALaIF��	�� 	���
�����
#U���
6!'��
q����
s
����������%!�� � �)!������ ���������

� 	'��� 	
����������������� 0���
s����������� �#��	����c��	���$ X�LaZ$PR���R�AZfIJKJLtIJC�[�PRG@P�P�YA� � � ������C�M�QN�A��[�?\L�wSC
[AC�ZdP�YSG]C�[�L�B%COIJ?AQ�[ui\LNZ`C [�QNG � GA[APRGAYTL�[APRZ`m]� LNM C�B%C�G:I�m\LNK`LNB%C IJC Kl��QSKl��?APRMW? I`?AC
P�G:IJC GAZ`P�IH��YSK`LN[APRC�G:I�P�Z�B0Lt��PRB0LN��LaI2I`?AC B0LNK`�aC�K�ijQNK`[AC K��Fa��AMW?#LzB%C�MW?\LNG]P�ZdB ��QS�]��[
K`C����APRK`CXG8P#H IJ?]C�CO��mA�RPRM�P�I�M�QSB%mA�]IJLaIJPRQSG}Qa�!IJ?AChP�G:IJC GAZ`P�IH�}YNKJLN[APRC�G:I�B0LNYNGAPRI`�A[AC ��?AP�MW?
B��AZfI ijC�[AQSGAC�La� IJC KlL�YSP�wSC G LNGA[�ZdQSB%C�?AQx� LNK`iAP�IJK`LNKd��ZdB0Q�QNI`?AP�G]Y}ijC M�LN�]Z`CzQN��I`?AC
GAQSPRZ`C0P�G I`?AC0[\LaIWL�X G�P�P#H L�ZJLNB%mA�RPRGAYTQN��IJ?AC0B0LNK`�aC�K�i�QSKd[AC�K B%Q�[AC � P�G ���AGAM I`P�QNG QN�
IJ?AC�[\LaIJL]XAi�QNIJ?�mAKdQSiA�RC�B%Z ijC P�GAY L�wSQSPR[AC [Ti:�}��?\LaI PRZ�mAK`QSm�QSZdC�[�GAQx���

 DxyMt g���ps}����_�(��� � i
� �r�� ��� ����� ��u���y�t�oqp<B4��o p���� 44� psrd{�}�p����A44� u(�nps}��It<�[��{�oj��yMt ��{WB4tv�`� tv}�����t

��{���yMt �dtI����� � tvuv�

��� }� �¡�¢d£�¡



K y ��8��<����04��$�$#�

ouside inside

border
A

Volume Intensity

Intensity Variation

Eight vertices

Eight sampling points

B

etc...

etc...

PqP�YN�AK`C � e { FH���R�AZfIJKJLtIJPRGAY�I`?AC%M��AC%�AZdC�[ IJQ���Q�M�LtIJC%B0LNK`�aC�K`Z ��� >�C�Z`ZdC��R� LtIJPRQSG QN��L
wSQ���C��8�

S ~ D�:<C ��~ D 	 � � ¢���¦��!¢ � D�: � ¢': ~ D � £TB ¦ � 	 ��� D8¦%: E

hC�KdCNXl�$C��$QSK`� LtITZd�Ai�U�wNQ��]C ��LaM�M��]KJLNMO�S�*FHG QNK`[AC K�I`Q [AQ Z`QAXl�$C M�QSGAZdP�[]C�K#I`?AC
P�G:IJC GAZ`P�IH��P�G]Z`PR[AC L%wNQx��C �=X�LNZ�i�C�PRGAY Qa��I`?AC ��QSK`B e

� 6 - ;�1��
	���
���� � 6 � / ; � � / ��PRI`?�� 6 � / ; 1 � � � P�GAZdP�[]C I`?AC B0LNK`�aC�K� 6�� � 9�� � ; QS�]IJZdP�[]C�I`?AC�B0LNK`�aC�K
GIK�r�H

LNZ`Zd�AB%P�GAYlL M QSGAZdIJLNG:IqPRG:IJC GAZ`P�IH��� � PRGAZdP�[AC�L B0LNKd�NC KqLNG][�L�GAQSK`B0LN��K`LNGA[AQSB PRG:IJC GAZ`P�IH�� 6�� � 9�� � ; QN�\B%C�LaG � � LNGA[�wNLaK`P�LNGAM�C � � XN��?APRMW?zK`C�m]K`C�ZdC�G:IJZcI`?AC��Tg�F![\LaIJLlLNK`QN�AGA[
IJ?AC�B0LNK`�aC�K �2 P�wSC�G#L%GAC�PRYS?�ijQN�AK`?AQ�Q�[#LaK`QS�AG][TLzB0LNK`�aC�K��$C�M�LNG�I`?��AZ�C�LNZdP�����C�ZfIJPRB LtIJC�e
U�I`?AC�M QSGAZdIJLNG:IzPRG�I`C�GAZdPRIH��� � i�� L�wSC KJLNYSPRGAYTI`?AC�PRG:IJC GAZ`P�IH� QN� La���cwSQ���C���QN��M���LNZdZ G8P#H
LNGA[uX
U�IJ?AC%B%C�LaG � � LNG][uwaLNKdP LaGAM�C � � i���M�QSB%mA�]I`P�G]Y�K�ZfI LNGA[ yaGA[uQSKd[AC�K B%QSB%C�G:I`�AB
QN��I`?AC�P�G:I`C�GAZdPRIH����QSK�C�LNMW?�wNQ��]C ��QS�]IJZdP�[]C I`?AC�B LaK`�NC K��

P\KdQSB�I`?APRZ C ZdI`P�B0LaI`P�QSG�XA��C M�LNG�mAK`C [AP�MOI���K`QSB G T H�LaGA[�GIKxr�H IJ?AClwNQx��C ��PRG:IJC GAZ`P�IH�
��QSK�m�QSPRG�I`ZlQN�cI`?AC�i�QSK`[]C�K�X�P=� CN�lQa� M���LNZ`Z�G�P�PRPhHV�	
hC K`CaX���C��AZ`CzL}Zd�Ai�U wSQ���C���Z`LNB%mA��PRGAY

m(� � mS^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 KxD

LNGA[�[AC � GAC I`?AC 	
�6����13
���	
����� ��
s
���
�e

��� 6 - ;�1 � 6 - ;�/ 7
�

H��� 	���
���� ���	��
 � � \ � 6 � /� ; GIK�KMH

QSG-^%m�QSPRG:IJZ P�GAZdP�[]C�I`?AC wSQ���C���LNZ�Z`?]Q ��G#P�G PqPRYA� � � ���

� ��� : � D(B £<D�:�C � ��¢
� � ¢ � D ~ D8¦%: ¦%B � 	 ¢ �\~���� ¢%E

hQx��M�LNG �$C K`C���LaI`CuI`?APRZ 	
�6����1'
���	
�����
��
s
���
 QSG IJ?ACuPRG�I`C�GAZdPRIH� I`Q I`?ACuB0LNK`�aC�K
!��#���%$&�'����	
��������
�
���
 ��C��2LaG�I�I`Q M QSK`KdC�M I�


k C Kd� Z`PRB%mA�R�NX\LNZ2ZdMW?AC�B0LaI`P S C�[�P�G@PqP�Y]��L�� ��X��Am�IJQ�IJ?AC � K`ZdI2QSK`[AC K�X�IJ?AClPRG:IJC GAZ`P�IH�
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marker normal

Displacement

Intensity/Displacement slope

marker border

IntensityBA
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LN���RQx� L�i�C I`I`C�K � I2IJQ IJ?AC�[\LaIWLcH LNG][�IJ?AC G�P�G]M�K`C�LNZ`C�G�ijC M�LN�]Z`C�I`?AC�Y:LaP�G}PRG}mAKdC�M P�ZdP�QSG
P�Z�GAQNI�iALN� LaGAM�C [�i:��IJ?]C0[]C�M�KdC�LNZdC PRG [AC�YSKdC�C Z�QN� ��K`C C�[AQNB
HliA��I�GAC wNC�K K`COU�[AC�M K`C�LNZ`C
LNY:LNPRG �

��[ALNm]IJPRGAY�IJ?]C LN��YNQSK`P�IJ?AB mAK`QNmjQSZdC�[�PRG J y�^`NNIJQ2IJ?]P�Z!ZdP�B%mA�RC�K�m\LNK`LN[APRYSB �$C QSi]IJLNP�G7e
?�:�D � D � � D ~��]� D�¦%: bc�]I$IJ?AClG��A�R� UHB%Q�[]C��8XAM�QSB%mA��IJPRGAY�P�IJZ2M QSZdI�X]PRG�L-�6���%!���!���� ��$2�#���jLNGA[

M�QSG]Z`PR[AC�K�P�I�LaZ PRGAP�IJP�LN�/U������F	
��!'��$ �
? � ¢ � �]� D�¦%: >�LN��P�GAY%IJ?]C�	
��!'��$�QN��IJ?AC�M�LNGA[APR[\LaI`C �RPRZdI���PRI`?�	X������	���$����4���>e

! P\QSK�C�LaMW?TLN��IJC K`G\LtIJP�wSC�e
� �cZfIJPRB LtIJC IJ?AC�B%Q�[AC��!m\LaKJLNB%C I`C�K LNGA[�IJ?]C KdC���LaIJC [#M QSZdI��
� bc�]IzLN�RI`C�KdG\LaIJP�wSC Z���?APRMW? M QSZdI%LaK`C}�RQx��C K�IJ?\LNG I`?AC�B%Q�[]C���M QSZdI%PRG

I`?AC M�LaGA[APR[\LaIJC �RP�ZfI�X\PRG#M QSZdI PRGAM�KdC�LNZdP�GAY0QSKd[AC�K �
! g�C�B%QxwSC�IJ?AC�B%Q�[]C�� ��K`QNB&IJ?]C M�LNGA[APR[\LaI`C��RPRZdI��

� ¢ � 	 D�: �]� D�¦%:,� ?AC G#IJ?]C M�LNGA[APR[\LaI`C���PRZdI PRZ C B%m]IH�S�
>�?]C�B%Q�[AC�� Qa�qB%PRGAP�B0LN��M QSZdI PRZ M QSGAZdP�[AC K`C [�LNZ�IJ?]C i�C�ZfI B0Q�[AC �=�
>�?]P�Z�LN�RYSQSKdPRI`?ABn?\LNZ2i�C�C G�P�B%mA�RC�B%C G�I`C�[#LNGA[��AZdC�[�PRG}IJ?APRZ2C�ZfIJPRB0LaIJPRQSG�B%Q�[]�A��Ca�
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P_KdQSB*IJ?AC�mAK`COw�PRQS�AZ []C wSC ��QNmAB%C�G:IJZ X��RC Il�AZl[AC Z`PRYSG LNG�CdOjC�MOIJP�wSC%B%C I`?AQ�[�I`Q}�RQ�M�LaIJCaX
IJKJLaMW�%LNGA[�ZfIWLNi]P��RP�ZdC�IJ?]Ch[\LtIWL��AZ`PRGAY�I`?AChB0LNKd�NC K`Z�� >�?AC �NCO�:UHm�QSP�G:I�X]?AC K`CNX�P�Z IJ?ALaI$�$C
����������!'��
)��	��"�7���6!�� � 	���04������� 1��4��
"��������
v�'���������\�/�!COIh�]Z []P�ZdM��AZdZhIJ?]P�Z�m�QSP�G:I��

� GAC�B0Lx����PRZ`?�I`Q}[AC�ZdP�YNG�LNG�LN��IJQSB0LaI`P�M mAK`Q�M�C [A�AKdCNX���QSK PRGAZdIJLNGAM�C�M�QSGAZdP�[]C�K`PRGAY
IJ?\LaI B0LNKd�NC�KdZ$M QSK`KdC�ZdmjQSG][ IJQ)WH��?]PRI`Chm\LaKdIJZ Y�QN�jIJ?AC�[\LaIJL�wNQS�R�AB%CN� � GAC�B L��0LN����Lx��Z
LaI`I`C�B%m]I IJQ [AC�ZdP�YNG�L�B%C�MW?\LNG]P�ZdBn��?]P�MW?}[]C IJC M I IJ?AC�B0LNKd�NC�K ��K`QNB Z`�]MW?�L M��ACaX���P�IJ?
L%KdQSiA�AZfIJGAC Z`ZhQN��XAZJL�� T T�� i]CO��M�C m]IlP���I`?AC�B0LNK`�aC�K ?\L�wSC Z`�RP�mAm�C�[7i�CV��M�C�m�I�P��cLNG]QNIJ?AC K
�AGACO��m�C�MOIJC�[�KdCdU\C M I`P�QSGT?\LNZ Q�M M��AKdK`C�[7ijCV�]M C�m]I�PR�q�SC I�LNGAQaIJ?AC K I`?AP�G]Y�?\LNm]mjC GAC�[ � � �
M�QS�AKdZ`CaX�QSGAC0B0Lx��LN�RZ`Q#�AZ`C M�QSG:I`CO��IJ�\La�$PRG]��QSKdB LtIJPRQSG G�CN� YA�}IJ?AC B0LNK`�aC�K�Zd?AQS�A�R[ i�C
QSG�IJ?AC�B%QSGA�aC ��Z`��PRG]H2IJQzIJKf�}IJQ%PRB0m]��C B0C G:I L��2L���I`Q L�wNQSP�[�Z`�]MW?�LNKfIJC �8LaM IJZ �

� G�I`?ACzQNIJ?]C�Kl?\LaGA[ X!LNG:��i�Q�[]�T[AQSPRGAY�L��Tg�F CO��mjC K`PRB%C�G:I�	X1����q��������� $#�4�4� �
��	��X!����n��LtI��RC�LNZfI QSGAC�L:�Tg�F�LNGA[�QNGAC��=�Tg�FW��F�I�IJ?��AZ�M�LNG�C�LNZ`PR����LN�RZ`Q�IJLN�NC�L��RQ�QS�
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LaI2IJ?]C���C � B0LNK`�aC�K`Z X\MW?AC�MW��P���IJ?ACO�}ZdC�C�B%Z�IJQ�i�C QS�_�c>�?APRZ���P��R� i�ClB��AMW? ��� �z��
$LNGA[
B��AMW? �d����� ��
 IJ?\LNG#Lz?��AYSC LN�RYSQSK`P�IJ?]B��

�hZ}L M�QSGAZdC����AC GAM�CaX �$CTmAKdQSm�QSZ`C�IJQ ZdmjC M�P�� � IJ?\LaI�L�?��AB0LNG QSmjC KJLaI`QSK0?\LNZ%IJQ
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���� ��* ,/.�� � ��� �'�65�13�#����������� �4�65�1����7��� IJQ}waLN�RP�[ALaIJC�I`?AC�PRK��AZ`Ca�XP\K`QSB IJ?APRZ�X�PRGAPRI`P La�
C�ZdI`P�B0LaI`C$�$C$��PR����C�LaZ`PR�R� [AC Z`PRYSG@$#�4�6��$�	
��� 	������#��	R��I`Q��RQ�M�LaIJC LNG][�IJK`LNMW�lIJ?AC Z`C IJQS�aC�GAZ
LNGA[�M�QSB%mA��IJC�IJ?AC�K`C � LtIJC�[�IJK`LNGAZf��QSK`B0LaI`P�QSG]Z��

a�P�GAM CzIJ?ACz[AC Z`PRYSG QN� IJ?ACzmAKdQ�M C�[A�]K`C%PRI`Z`C �R�$P�Z G]QNI�i\LNZdC�[uQSG L���QSK`B0LN�q[AC wNC��RQSm�U
B0C G:I�iA��I�ZdQSB%C�CO��m�C�KdP�C GAM�C}PRG ZdP�B%PR� LaK�B%C�MW?ALNGAPRZ`B%Z�Xc�RC I��AZ Z`PRB0m]�R� [AC Z`M�KdP�i�C I`?AC
m\LNKJLa[AP�YNB��
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������!� $&�����L�N���
KS��>�?AC��AZ`C K�M��RP�MW��Z�QNG#QSG]C QN��I`?AC�B0LNK`�aC�K�wSQ���C���P�G#LNG:��[\LtIWLzZ`�RP�[]CN�
y�� b�QSPRG:IJZ#P�GAZdP�[]C�IJ?]C�B0LNKd�NC�K#LNKdC�KdQS�AYS?A��� [ACOIJC�MOIJC [ i:� PRGA[ACV��P�GAY LN��� wNQx��C ��Z

M�QSG]GAC�MOIJC�[}I`Q�IJ?]ClMW?AQSZdC�G}wSQ���C�� LNGA[���?APRMW?�P�G:I`C�GAZdPRIH��P�Z2ZdP�B%PR� LaK�G8Z`Lx� 
 7 ��� H
IJQzIJ?]C PRG:IJC GAZ`P�IH��QN��I`?AC wSQ���C���M��RPRMW�NC�[��

D]��PqPRK`ZdIlLNGA[�ZdC�M�QNGA[�QSK`[]C�KlB%QSB%C�G:IJL}QN�cIJ?AC�wSQ���C��cLNKdC�M QSB%mA�]IJC [uZ`Q�I`?\LaI�I`?AC
B0LNK`�aC�K�PRZ�PRB0m]��PRM�P�IJ����B%Q�[AC��RP�ZdC�[zi:�zLh���ALN[AKJLtIJPRM���QSK`B QN�_PRGAC KdIJP�L�QN�\I`?AC���QSKdB e

� 6 - ;�1 6 - / � Q ;mi�� g�6 - / � Q ;��PRI`? � Q 1 �
	 ��� � � � � � � � �LNGA[ � gV1 �
	 ��� � � � � � 6���/ � Q ;N6���/ � Q ; i � � GIK4LcH

pA��P\K`QSB IJ?]C�Z`C����\LNG:I`PRI`P�C Z�X�LNG�PRGAPRI`P La� C�ZfIJPRB LtIJPRQSG�QN��IJ?AC�L��0GAClI`KJLNG]Zd��QSKdBc- 1� �-kG H i�C IH�$C�C G G8P#H L�mjQSPRG:I�- QN��IJ?AC B0LNK`�aC�K�P�[]C�G:IJP � C�[�P�G�IJ?]C [ALaIWL2wSQN���AB%C
LNGA[�G8PRP#H2I`?AC�M�QSKdK`C Z`m�QSGA[APRGAY0mjQSPRG:I �- QN��IJ?AC�B0LNK`�aC�K�B%Q�[]C��!PRZ M�LN�RM��A��LaIJC [ �

hC K`C��$ClQSGA��� C�ZdI`P�B0LaI`C�L�K`QaIWLaI`P�QSG}LNGA[}IJK`LNGAZd� LaI`P�QNG �c>�?AClQNI`?AC�K�m\LNKJLaB0COIJC K`Z
ijC P�G]Y0M ��QNZ`C�IJQ S�C K`Q0P�G�mAKJLaM IJPRM�CaX\[AQ0GAQNI�GAC C�[�LaG�PRGAP�IJP�LN�!C�ZfIJPRB0LaIJPRQSG �
FHG�IJ?APRZcZ`m�C�M P � M M�LNZ`CaX:��C�M QSB%mA�]IJC2I`?AC�K`QaIWLaI`P�QSG���?]P�MW? LN�RP�YSG]C�[�IJ?]C�M�QSGAC�L �]PRZ
� G�[AC I`C�MOIJC�[�LNZ�IJ?AC�Lt��P�Z���?APRMW?�C P�YSC G#waLN�R�AC�[AP[O�C K`Z���K`QSB I`?AC IH��Q QNIJ?]C�K`Z X�LNZ
B0LN[ACuCO��mA�RP�M PRI�PRG LamAmjC GA[AP � ��XhC wSC G:IJ�\LN�R��� M QSG � KdB%C�[ i�� LaG C ��C B%C�G:IWLNKf�
LNG\LN����Z`PRZ$Qa��IJ?]C wNQS���]B0C�LNZd��B%B%C I`Kd��H ��P�IJ?0IJ?AC B%Q�[AC �_M�QSGAChLt��PRZ �� ��F�I$PRZ �$C��R�
��GAQx��G�I`?\LaI Z`�AMW?TLzB0PRGAPRB0LN�!K`QNIJLaIJPRQSG�PRZ Qa��Lt��PRZ � J �� LNGA[�QN�qLNGAYS�RC
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�#QSKdC YNC�GAC KJLN�R�R�NXA��K`QSB GIKML�H$��C C�LNZdP�����QSi�IWLNPRGxe
� � Q 1 � �� Q G H� g 1 � i �� g � GIKz^�H

��?AC�KdC �� Q LaGA[ �� g LaK`C$I`?AC � KdZdI LaGA[zZ`C M�QSGA[%QSKd[AC�KqB0QNB0C G:IWLlQN�\I`?AC2���\LN[AK`LaIJPRM
��QSK`B&QN��P�GAC KdI`P Lz��QSK2IJ?]C B%Q�[AC��8�
�hZdP�GAYhIJ?AC$C�PRYSC�G�U waLN���]C2[AC�M QSB%mjQNZ`P�IJPRQSGzQN� � gV1 = i � = LaGA[ �� gV1 �=�i �� �=
��C I`?��]ZhM�LNG#m]K`QSm�QSZ`CaX\LNZdZ`�AB%PRGAY � = �� e

� � 1 �= i =H 1 � Q / � �� Q GIK T H
LNZ�LNG�P�G]PRI`P LN�!C ZdI`P�B0LaI`P�QSG�QN��IJ?AC L��0GAC I`KJLNGAZf��QSK`B��
P\K`QSB I`?APRZ��$C�C�LaZ`PR�R� QSi]IJLNPRG�IJ?]C�K`C � LtIJC�[�[APRZ`mA��LNM�C B%C�G:I%m\LNK`LNB%C IJC K � d G8ZdC�C
Z`C M IJPRQSGTy��&KMHO�

s���P\K`QSB IJ?]P�Z�PRGAP�IJP�LN��C ZdI`P�B0LaI`C�QN��IJ?AC IJKJLaGAZd��QSKdB0LaIJPRQSG � d XqI`?AC��RQ�M�LN��PRZJLtIJPRQSG QN�
IJ?APRZ�B0LNK`�aC�K���P�IJ? K`C�ZdmjC M I�IJQ I`?ACuB0Q�[AC �lP�Z�KdC � GAC [ XlB%PRGAP�B%PRZ`PRGAYAXlQNG I`?AC
B%C�LNZd�AK`C B0C G:I�C K`K`QNK`Z�[AC � GAC�[#P�GjGIKcK4HOX\LzM�KdPRI`C�KdP�QSG�QN��IJ?AC ��QSKdB e

? ��6 � ; 1 H
� � 	 ��
���� � � � 9 � � � 6 � � 6 - ;v; G >@> � / � d)>@> � G yar�H

��?AC�KdC � 6 � ; P�Z�L�m�QSZ`P�IJP�wSCRWHC�K`KdQSK����AG]M IJPRQSG3Y G8Ca� YA� � 6 � ;!1 � g QNK � 6 � ;�1 > � > H
MW?AQSZdC�G I`Q�QNi]IWLNPRG L KdQSiA�AZfI}��UHC�ZfIJPRB0LaIJQSK J[KxD�N���?APRMW? I`C�GA[AZ%IJQ M�LaGAM�C ��I`?AC
P�G3U\�AC�G]M�C�Qa��C�KdK`QSG]C�QS�AZ B%C�LNZd�AK`C B%C�G:I C�KdK`QSKdZ�� 
hC�KdCNX�Z`�AMW?�LNKdI`C �8LNMOIJZ�B0Lx��i�C
K`C � LaI`C�[�IJQ%IJ?AC��8LNMOI I`?\LaIhL%B LaK`�NC Kh?ALxwNC�Zd��PRmAm�C�[ X�iA�]I P�I P�Z GAQNI CO��m�C�MOIJC�[#IJQ
QSi]IJLNP�G�?��]YSC C�KdK`QSGAC QS�AZ�waLN�R�AC Z�P�G}I`?AP�Z�M�LNZdCN� ��Z�L�M QSGAZdC����AC�G]M�C G8ZdC�C J[K T N���QSK
[AC IJLNPR��Z�HOX\Z`�]MW?�LzM�KdPRI`C�K`PRQSG�P�Z�CV�]m�C�MOIJC [TIJQ%?\L�wSC YSQ�Q�[�m�C�Kf��QSK`B0LNG]M�C�Z �

hC K`C��$C0�]Z`CzIJ?ACzm]K`Q � �RCz[APRZ`M �AZ`ZdC�[ LNG][ []C wSC ��QNm�PRG LNmAm�C�GA[AP � ��X ��QNKlZ`B0LN�R�
C�KdK`QSKdZ�I`?AC0M�K`P�IJC K`PRQSG ijC ?\L�wSC�Z�LNZ�L��RC�LaZdIdU�Z`���\LNKdC�M K`P�IJC�KdP�QNG �@a�P�GAM C I`?AC%ZdIWLaG�U
[\LNKd[ [AC w�P�LaIJPRQSG QSG IJ?AC�PRG:IJC�G]Z`P�IH� P�Z�� � 1 7 i�C�M�LN�AZ`C�I`?ACu�AGAM�C KdIJLNP�G:IH� PRZ
QSGA����K`C � LaI`C�[�IJQ%IJ?AC ���\LNG:IJP � M�LtIJPRQSG G�I`?��AZhP�IhZdIWLaGA[\LNKd[T[ACOw�P�LaI`P�QSG#P�ZhLNi�QS�]I 7
���\LNG:IJP � M�LtIJPRQSG��RC wSC �hHVXSIJ?AC$mAK`COw�P�QS�]Z�M�KdPRI`C�K`PRQSG�M QSK`KdC�ZdmjQSG][AZqIJQ�Ll�TLa?\LN��LNGAQSiAPRZ
[APRZdIWLaGAM�CaX\K`C���LaI`C�[T�]m�I`Q0I`?AC K�ZdI�QNK`[AC K�I`QzIJ?AC��RP��aC�?AQ�Q�[�QN��IJ?AC�C ZdIJPRB0LaIJC J[K�N �
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>�?AC K`C YS�A��LNK`PRZJLtIJPRQSG�IJC�KdB >A> � / � d >A> � PRZ�[AC � GAC�[�i:��IJ?]C B0PRGAPRB%P�Z`LaIJPRQSG�B0C MW?�U
LNGAPRZ`B���?AP�MW?�IJC GA[AZ�IJQ%B0LNPRG�IJLNPRG�I`?AC C�ZfIJPRB0LaIJC M��RQSZ`ClI`QzIJ?AC�PRGAPRI`P La� C�ZfIJPRB LtIJC
G8ZdC�C LNmAm�C�GA[]P��#D���QSK�[ACOIWLNPR�RZ�HO�
P\�AKdI`?AC�KdB0QNK`CNX�IJ?AC K`C Z`PR[A�\LN� waLN���]C�QN�2I`?APRZ�M�KdPRI`C�KdP�QSG LN�R��Qx��Z�I`QTC waLN�R�\LaI`C0I`?AC
���\LN�RPRIH��Qa��I`?AC�C�ZdI`P�B0LaI`P�QNG �� � ��Z�L ��C C�[Ai\LaMW� IJQ IJ?]C��AZ`C K�XhI`?AC�B0LNK`�aC�K�B%Q�[]C��lPRB%mAK`C Z`Z`PRQSG P�Z�[]KJL���G PRG
IJ?AC�[\LaIWL�wSQS�R�AB%C�IJQTwNC�K`P�� �SX$LaI�IJ?AC�YSK`LNmA?APRMOU��AZ`C K�PRG�I`C�Kf�8LNM�C��RC wNC��8X I`?\LaI�I`?AC
C�ZfIJPRB LtIJPRQSG#m]K`Q�M�C�ZdZh?ALNZ�M�QSG:wSC K`YSC [#I`Q LzKdC�LNZdQSG\LNiA�RC�wNLa���ACa�

� �M� � ��� � �	(�� � � ��
]� �3�3�!�L���&�"��� �!��� � ���
a�P�G]M�C �$C}?\L�wNC�IJQ�IJKJLaMW�uI`?AC�ZdC}B0LNK`�aC�KdZ�P�G Z`C wNC�K`LN�VG��Am IJQTL���CO�n?��]GA[AK`C []H�[\LtIWL
wSQS�R�AB%C�P�G I`?AC}ZdC����AC�G]M�CNX ��C}��LNG:IzIJQT?\L�wSC}IJ?]P�ZzZfIJC�m ���]����� LN��IJQSB0LaI`P�Ma��>�?AP�ZzPRZ
�8LNM�PR��P�IWLtIJC�[ i�� IJ?]C �8LNMOI�IJ?ALaI G�PhH ��K`QSB QSGAC [\LaIJL�wSQN���AB%C}I`Q�LNGAQaIJ?AC K�IJ?]C}B0LNK`�aC�K
[AP�ZdmA��LNM�C B0C G:I�P�ZhK`C���LaI`PRwNC����TZdB La����G=LN��IJ?]QS�AYS?�P�IhB0PRYS?:Ili�C���LNKdYSC�K�IJ?\LaGTIJ?AC�B0LNK`�aC�K
Z`P&S�C�Z�H G8PRP#H!I`?AP�Z�m\LNKfIqQN��IJ?AC$M�QSB%mA��IWLaI`P�QSG�B0Lx� i�C�[AQNGAC$Q`O�U���PRGACN� P\�AKdI`?AC�KdB0QNK`CNXt��K`QSB
QSGACh��K`LNB%C I`QzLNGAQaIJ?AC K�X7G8PRP�P#H I`?AC�[APRZ`m]� LNM C�B%C�G:I�PRZ�CV�]m�C�MOIJC [�I`Q�i�C�K`LNGA[AQSB ��P�IJ?]QS�]I
LNG:� M QSK`KdC���LaIJPRQSG���KdQSB QSGACh[\LaIJL wSQN���AB%C�I`Q�LNG]QNIJ?AC K�� �hZ�PR���R�AZdI`KJLaI`C�[}PRG�PqPRYA�'^]X�IJ?APRZ
��C�LN[AZ�IJQzIJ?]C���QN���RQx��P�GAY0?AC�Lxw���iA��IhZdP�B%mA�RC ?AC��AKdP�ZfIJPRMN�

KS� 2 P�wSC G LuB0Lt��PRB0LN�2[APRZ`mA��LNM C�B%C�G:I}PRG wSQ���C��2��KdQSB.I`?AC�QSK`PRYSPRG\LN�2�RQ�M�LaI`P�QSG�X �$C
KJLNG][AQSB%�R�}Z`C��RC�MOIlLzGACO� �RQ�M�LaIJPRQSG �

y���� PRI`?�IJ?APRZh�RQ�M�LaI`P�QSG�X]��C LNm]mA�R��ZfIJC m�y�IJQ�s�QN��IJ?AC�mAKdC w�P�QN�AZhm]K`Q�M�C�[]�AK`CaX_LNZ�PR�
IJ?AC�GACO� �RQ�M�LaIJPRQSG���LNZhM ��PRMW�NC [�i:��Lz�AZ`C K��

D]��F�� IJ?]C�K`C Z`PR[A�\LN��waLN���]C�QN�!B%PRGAPRB0PRZ`C [�M�KdPRI`C�K`PRQSG�PRZ�i�C��RQx� L�YSP�wSC G}IJ?AKdC�Z`?]QS��[}�$C
M�QSG]Z`PR[AC�K�IJ?ALaI�IJ?AC�GACO� B0LNK`�aC�K ��Q�M�LtIJPRQSG�?\LNZ�ijC C�G�P�[]C�G:IJP � C�[�XjQNI`?AC�Kf��P�ZdC �$C
K`C mjC�LaI�ZdI`C�mjK�QN��IJ?]P�Z�mAKdQ�M C�[A�AKdC ��P�IJ?#LzGAC � ZJLNB%mA�RCN�

FHGTmAKJLNMOIJPRM�CaXjZd�AMW?�KJLNG][AQSB L B%C MW?\LNGAPRZ`B P�Zh�AZ`�ALN������B%QSK`C�CY�0M�PRC�G:IlI`?\LNGTZ`LNB�U
mA��PRGAY LN�R�!LNK`QN�AGA[�IJ?AC��RQ�M�LaIJPRQSGAZ�QN��IJ?]C�D � wNQS���]B0Ca�
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>�?\LNGA��Z�IJQ�I`?AC�mAKdC w�P�QN�AZ%ZdIJC mAZ��$C�?ALxwNC�L���Q�M�La��PRZJLaI`P�QNG QN� C�LNMW? B0LNK`�aC�KzPRG C�LNMW?
[\LaIWL�wNQS���]B0Ca�
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PqPRYS�AK`C�^3e >�K`P�w�P La� IJKJLaMW��PRGAY LN�RQSGAY0L��=�Tg F$Z`C ���]C�GAM CN�

FHG�QNI`?AC�K2�$QSK`[]Z�X\��QSK�C�LaMW?#B0LNKd�NC�K��$C ?ALxwNC�C ZdI`P�B0LaI`C�[�L
�4������
v������L��0GAC I`KJLNGAZ�U
��QSK`B0LaI`P�QSG��

>�?]P�ZlPRZl�AZdC ���A�qC�P�IJ?AC K�IJQ�L�wNQSP�[�I`Q}iAP�LNZlLa����IJKJLaGAZd��QSKdB0LaIJPRQSG�C ZdIJPRB0LaIJC Z ijC M�LN�]Z`C
QN��IJ?AC Z`�RP�m Qa� LTB0LNK`�aC�K%LNGA[�IJQ�?AC ��m QaIJ?AC K�B%Q�[]�A��C Z�IJQ�LaG\LN����ZdC�IJ?]C}GAQSG�U���PRGAC�LNK
[AC ��QSKdB0LaIJPRQSGAZ�PRG�I`?AC�[\LaIWL�wNQS���]B0Ca�

�2IcI`?AC�GACO��I ZdIJLNYSCaX��$C��2LaG�I I`Q M QSB%mA�]I`C�I`?ACV
���$&������0�����
v�������z��
s	�����������i�C IH�$C�C�G
IH��Qh[\LaIWL�wSQS�R�AB%C�Z � ��Z�P��R�R�AZdI`KJLaI`C�[�PRG PqPRYA� T C�LNMW?�B0LNKd�NC�K�P�Z�mA�]IqP�G�M�QSKdK`C Z`m�QSGA[AC GAM�C
G8C�P�IJ?]C�K�P�G:I`C�KJLaM IJP�wSC �R�#i�C IH�$C�C�GTL:�Tg�F2LNG][��=�Tg�F�QNK�LN�]IJQNB LtIJPRM�LN�R�R�}i���I`KJLNMW��PRGAY�PRG
�=�Tg F PRB LaYSC�Z`C����AC GAM�C Z�HV�
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��ClIJ?��AZ�[]C � GAClI`?AC�I`KJLNGAZf��QSK`B0LaI`P�QNGAZ�ijCOIH��C C�G�IJ?AC�B0Q�[AC � LNGA[�I`?AClB0LNK`�aC�KdZ PRG
QSGAC�w�P�CO� � / � LaGA[�IJ?AC%K`C � LtIJP�wSCzIJK`LNGAZd��QNK`B0LaIJPRQSGAZ � � ijCOIH��C C�G�I`?AC%B0LNK`�aC�K`Z�PRG�QNGAC
w�PRC � LNGA[�IJ?AC�M QSK`KdC�Z`m�QSGA[]P�GAY B0LNK`�aC�K�P�G�IJ?]C QaIJ?AC K2w�PRC ���

>�?]C�I`KJLNG]Zd��QSKdB LtIJPRQSGAZ � / / i�C IH�$C�C G IJ?AC�B%Q�[AC���LaGA[ IJ?AC�B0LNK`�aC�KdZ0PRG IJ?APRZ%� LNZfI
w�PRC � P�Z�YSP�wSC G#i:�%e

� - / / 1 � 6 � / ; - / GIH 6 � / ;-0/ 1 � 6 � ; - GIH 6 � ; '
-0/ / 1 � 6 � / / ; - G H 6 � / ;

��P�IJ? � � 6 � / / ;P1 � 6 � / ; � 6 � ;H 6 � / / ;P1 � 6 � / ; H 6 � ; G H 6 � / ;
��K`P�I`IJC G � / / 1 ��� � /�LNGA[0C�LaZ`PR�R�zM QSB%mA�]I`C�[%��K`QSB,IJ?AC2��QSKdB��A��LNZ YSP�wSC G PRG%Z`C�MOIJPRQSG�y�� KN�

FHG QSK`[AC K0I`Q ?\L�wNCTIJ?AC�K`C � LtIJP�wSC�C ZdIJPRB0LaIJPRQSGAZ � � PRG M QS?AC K`C�G]M�CT�$C�mAKdQSmjQNZ`C�IJQ
B0PRGAPRB%P�ZdC I`?AC��TLN?\LN��LNGAQNiAP�Z�[APRZdIJLNGAM C�i�C IH�$C�C G�C�LNMW?�m\LNPRK`Z X\P=� CN�/e

� 6 � � X 9 � � Z ;�136 � � X / � � Z ; i 6�� � � X G � � � Z ; S Q 6 � � X / � � Z ;L1�� 6 � � X / � � Z ; i � S Q� � � X / � � Z ;
Z`PRGAM�C P�G0QS�AK���QNK`B0LN�RP�ZdB M�QxwaLNK`P�LNGAM ChB0LaI`K`PRM�C Z$LaK`C�IJ?AC�Z`LNB%CNX�ijC M�LN�]Z`C�IJ?ACO�0LNK`C�C�ZfIJP U
B LtIJC�[%QSG]�R� ��K`QSB IJ?]C�B0Q�[AC �=X:GAQaI�IJ?AC�[ALaIWL]� P\�AKdI`?AC�KdB0QNK`CNX:ZdP�G]M�C���C�QNGA�R��C�ZfIJPRB LtIJC
?AC�KdC 
���$&������0�� [APRZ`mA��LNM C�B%C�G:IJZ���?]P�MW? LaK`C0CO��mjC M I`C�[ IJQ�i�C QN��Z`B0LN�R� LNB%mA��P�IJ�][ACNXq�$C
M�QSB%mA�]I`C�IJ?]ClP�G���QSK`B0LaI`P�QSG�B LtIJK`P � � S Q� LaI � =�� P�G}QNK`[AC K�IJQ�B La�NC �AZdClQN��L � ��C [ X
Z`m\LNKdZ`CaX_I`?��AZ�C�LNZf��LNGA[��8LNZdI�I`Q0M QSB%mA�]I`C ���\La[AKJLaI`P�M���QSKdB B0LN[AC�CO��mA�RPRM�P�I�PRGkG=yND�HV�

� P�IJ?�IJ?]C�Z`C GAQNIJLaIJPRQSGAZ XAQS�AK�C ZdIJPRB0LaIJC ZhM�LNG�C�LNZdP�����i�C M QSB�i]P�GAC [TB%PRGAP�B%PRZ`PRGAY�e
� � � ���H��� � � � � � � \ ? � 6 � / � ; G � � � � �H����� � � � � � \ ? ��6 � � �`� / � ; G � H� X � � Z 6 � � X / � � Z ; i � S Q� 6 � � X / � � Z ; G y'KMH

>�?]P�ZhLN�R��Qx��Z�IJQ�e

! B0LNP�G:IJLNP�G I`?AC�P�[]C�L IJ?ALaIk�6�'� 	 	���
�����
 �%
���04��!'���Z��� ��������	������j� � � 	�� $#�4�6��$
�	�f�7����
v�������z��
s	������������ �V� 	��R!����n�
0���$21'	
�����Z�����"�7���[�
	>U���13
 	��4��!NX���?AP��RC

! LN�R��IJ?]C�Z`C%C ZdIJPRB0LaIJPRQSGAZ LNKdCzmA�]I�PRGuM�QS?AC K`C GAM�CaX�[]C�m�C�GA[APRGAY�QSG�IJ?]C0B%COIJK`PRMzPRG�U
[A�AM C�[�i���I`?AC��TLN?\La� LNG]QSiAPRZ []P�ZfIWLNGAM C�[]C � GAC [TQSG�I`?AC�B0C�LNZ`�]K`C�Z PRG GIK ycHV�

F�Iz�$QS�A�R[ ?ALxwNC�ijC C�G ?AQx��COwSC�K0wSC Kd� C�LNZd� I`Q M QSGAZdP�[AC K0L 1'����5�1����c$#�"U���$q�	�f�7�
��
v�������z��
s	 i:��ZdP�B%mA����[AC � GAPRGAY�QSG]�R��QNGAC m\LNK`LNB%C IJC K � �
��� }� �¡�¢d£�¡
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FHG QNK`[AC KlIJQ�C waLN�R�\LaI`C%I`?ACzB%C I`?AQ�[u�$C0?ALxwNC%M�QSGAZdP�[]C�K`C [ L}IJKd�AC0�Tg�F�ZdC����AC�G]M�C�PRG
��?AP�MW?���C$?\L�wSCV��
s��� W ������$�$ �cP�G:I`K`Q�[A�AM�C [�IJ?]C$B0LNKd�NC�K�UHmAKdP�G:I�XSLNZ�B0LN[AC$w�PRZ`PRiA�RC�PRG PqPRY KN�
FHGA[AC�C [ X�I`?AC�Zf��G�I`?AC I`P�M�LN� [APRZ`m]� LNM C�B%C�G:I�QN��IJ?AChB LaK`�NC K2?\LNZ$GAQNI`?AP�G]Y�IJQ�[AQ���P�IJ?�I`?AC
K`C�La� [\LaIJL]X\iA�]I�P�I mAK`Qxw�P�[]C�ZhL%ZdC IhQN��B0C�LNZ`�]K`C�e
U ��?AP�MW?#M�QSG:I`C�G:IJZ P�Z�C G�I`P�KdC�����Z`PRB%P���LNK�IJQz��?\LaI PRZ�I`Q%ijC�CO��m�C�MOIJC�[#P�G�mAK`LNM I`P�M CNX
U ��?AP�MW?#[APRZ`mA��LNM�C B%C�G:I�PRG�C�G:IJPRK`C �R��M QSG:IJK`QN����LNiA�RC�P�G�QSK`[]C�K�IJQ%C waLN�R�\LaI`C IJ?AC B%C I`?AQ�[ �

��C ?\L�wSC�M QSGAZdP�[AC K`C [uL0ZdC IlQa��p0B LaK`�NC K`Z G�CO��m�C�M Ih��QSK�IJ?AC�yaZfI�ZdP�B��A� LtIJPRQSG]H m]�]I
QSG�I`?AC�B%QSGA�NCO��Z`���A�R�=XjLNGA[�?\L�wSC YSC�G]C�KJLtIJC�[#K`PRYSPR[#[APRZ`m]� LNM C�B%C�G:I`Z���PRI`?TQSK2��P�IJ?]QS�]I
[AP�ZfIJQSKfIJPRQSGAZ �$��C�LN�RZ`Q�LN�RZ`Q0Z`PRB��A��LaIJC IJ?AC��8LNMOI I`?\LaI QSGAC QSK�IH�$Q�B0LNK`�aC�KdZhB0L���?\L�wSC
Z`�RP�mAm�C�[��

>�?]C M QSGAPRM�B LaK`�NC K�?AC�PRYS?:I�P�Z�IH��PRM�C IJ?]C KJLN[APR�AZ�PRG�QN�AK�M�LNZdCN�c��C KdC�LN�R���}GAC C�[�IJQ
?\L�wSCzL�B0LNKd�NC K���QSK`B*��?APRMW?�PRZ v � > Zd��B%B%C I`K`PRM�IJQ}mAKdQSm�C�K`���#K`C�M QxwSC�K P�IJZhQSK`PRC�G:IJLtU
IJPRQSG �

��C�?ALxwNC�Z`PRB��]� LaI`C�[�I`?AC��AZdC�KhM��RP�MW�#i���K`LNGA[AQSB%����Z`C��RC�MOIJPRGAY�L�m�QSPRG�IhPRGAZ`PR[AC G�QSK
Z`QSB%C I`P�B%C ZcQS�]IJZdP�[]CNXSZdP�B��A� LtIJPRGAY L�B%P�ZfIWLN�aC4H�I`?AC2B0LNK`�aC�KcLaGA[�?\L�wSC��RQ�M�LaI`C�[ XtIJKJLaMW�NC�[
LNGA[�C waLN�R�\LaI`C�I`?AC�B0LNK`�aC�K`Z [APRZ`mA��LNM C�B%C�G:I��

FHG PqPRYA��Kxr}��C�wNC�K`P�� ��IJ?ALaIlIJ?]CzB0COIJ?AQ�[uQ�OjC�K`Z�L�Zd�Ai�U�wNQ��]C ��PRM0mAK`C M�PRZ`PRQSG �%�#QNK`C
mAK`C M�PRZ`C����SX\PRG}IJ?]ClM�LNZdC QN��L�mA�AKdC�IJK`LNGAZd� LaI`P�QNG X�I`?AC mAK`C M�PRZ`PRQSG�P�Z�[AP�KdC�MOIJ�������AGAMOIJPRQSG�QN�
IJ?AC�G��AB�i�C�K QN��B0LNK`�aC�K`ZhLNGA[�I`?AC�PRK�Z`P&S�CNX\��P�IJ?�IH��Q�LNZ`m�C�MOIJZde
! F�I Z`C�C B%Z��$C�GAC C�[ LaijQS��I B ¦ ��� B0LNK`�aC�KdZ�IJQ�QSi]IJLNPRG�QSm�IJPRB La� m�C�Kf��QSK`B0LNG]M�C�Z X

��?AC�KdC�LNZzB��AMW? B%QSK`C P�Z�G]QNIzGAC M�C�ZdZJLNKf� G=La[A[AP�IJPRQSG\LN� Z`PRB��A��LaI`P�QSG]Zz?\L�wSC�M�QNG�U
� K`B%C [�I`?AP�Z�m�QSPRG�I�HO�
! >�?AC�?APRYS?AC KhI`?AC�B0LNKd�NC�K�Z`P&S�CNXjIJ?AC�i�C IdIJC KhIJ?]C�m�C�Kd��QNK`B0LNGAM C�Z���F�IlZ`C C�B%ZlIJ?ALaI

��C LN����Lx��Z Y:LNPRG#i:��PRGAM K`C�LaZ`PRGAY I`?AC�B LaK`�NC K�Z`P&S�CN�
! 2 �RQSi\La�����SX���C0B0L���QNi]IWLNPRG�L�mAKdC�M P�ZdP�QSG �Am�I`Q � � 7 wNQ��]C �$i]�]I�I`?AC W�CdOjC�MOIJP�wSCsY

mAK`C M�PRZ`PRQSG�P�Z K`C�LN����� � � ��wSQ���C���PRG#QS�]K�CO��mjC K`PRB%C�G:I��
>�?]P�Z B%C�LNGAZ�I`?\LaI�XA��P�IJ?#L%DNB%B wSQ���C���ZdP S C �=�Tg�F�e
1�������� �z��1'
�	���
�����
�� � ����	�����	 ��������� �`����$&!��R���%
������#������� U���������
"� 	�������	X	
� ZfIJC�m LN?AC�LN[ X:�$C ?ALxwNChZfIJ�A[]P�C [�C�KdK`QSKdZcP�G0QSKdP�C G�IJLaIJPRQSG%��QSK L �AGAPR���AChB0LNKd�NC K���FHG

PqP�Y]��KcKSX:��QSK [AP[O�C K`C�G:I$K`QNIJLaIJPRQSG LNGAYS�RC�Z X��]Z`PRGAY�IJ?]C []C � GAP�IJPRQSG}Qa��IJ?]ChKdQNIWLaI`P�QNG0wNC�M I`QSK

m(� � mS^
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� �"!$# ��� K p ^ K � DSy

K KN��^ KS� p KS�&K r]�Q^ r]� �
y KN� � KS� D r]� T r]� p r]� s
D KN� p KS� K r]� � r]� D r]� D
p KN� y r]� T r]��L r]� p r]�&K� KN� K r]��^ r]� � r]� D r]� y

PqP�YN�AK`C Kxr�e�bcK`C M�PRZ`PRQSGuP�GTwNQ��]C �q��QSK IJ?AC���Q�M�LN�RPRZJLaI`P�QSG�X�YSP�wSC G []P&OjC�KdC�G:I B0LNK`�aC�KlZdP S C�Z
LNGA[�G��AB�i�C�KdZ�X_��QSK�LzmA�AK`C I`KJLNGAZd� LtIJPRQSG �

? PRG G8p�HOX!��C0?\L�wSC0M�QNB0m]�]IJC [ X�YNPRwNC�G LaG ��������	���� �6!%K`QNIJLaIJPRQSG�wSC M I`QSK&%? LNGA[�Lb��
s1]�
K`QNIJLaIJPRQSG�wSC M IJQNK �? e

� 8 1 7 �.�� ���('qVU�?� ��6 >@> %?[/ �?C>A>� ;
��?AP�MW? M�LNm]I`�AK`C0C�KdK`QSKdZ�PRG i�QNI`? QSKdP�C G�IJLaIJPRQSG G=LN��IJ?AQN�AYS? P�G�QS�AK M�LNZdCNX�I`?APRZ ��LNZ�G]QNI
K`C�La������QSiAZ`C KdwNC�[]HlLNG][�B0LNYSGAP�IJ�A[]C�LNGA[TP�Z ��K`P�I`IJC G�P�GT[AC�YSKdC�CaXjIJQ C�LNZdC�P�IJZ�PRG:IJC K`mAKdCOU
IWLaI`P�QSG�� F�I%P�Z X$�]m I`Q K�ZdI%QSKd[AC�K X I`?AC�LNGAYS�RC�QN��L�K`QNIJLaIJPRQSG ��?APRMW? M QS�A�R[TWHM�QSKdK`C M IvY
ijCOIH��C C�G#I`?AC�C�ZfIJPRB LtIJC�[TLNGA[�IJKd�AC wNLa���ACa�

g�C�B%C B�i�C�K}IJ?ALaI}�$C�LN���2L���Z�?\L�wSC�IJKd�ACTwaLN�R�AC�Z�?]C�K`CaX�Z`PRGAM�C��$C�����	X13$&�����+��	��
!��#���%$&�'����	
�����(� � ����	'���Z� 	��"
��6��$<!������N�

g�C�B%C B�i�C�K IJ?\LtIl��C%C ZdIJPRB0LaIJC�I`?AC�waLN�R�AC�Z WHZdIJC m�UHi:�:UHZfIJC m3Y G8PRG�IJ?]P�Z M�LNZ`C0L}ZdI`C�m
P�Z r]� r:s�[AC�Y�H$��?AP�MW?#CO��mA��LNPRGAZhI`?AC �8LNM I��$C LN�R��L���Z�QSi]IJLNPRG � �]C [TmAKdC�M P�ZdP�QSG#K`C Z`�A��IJZ �

>�?]P�Z m\LNKfI�QN�$I`?AC%CO��m�C�K`PRB%C�G:I�Z`?AQx��Z�IJ?AC%�RP�B%P�I�Qa��QS�]K W�Z`�]i�U�wNQx��C ��PRM�Y0B%C I`?AQ�[ X
ijC M�LN�AZdC�QS�AK�P�G:IJC K`m�QS��LaIJPRQSG�K`LaIJ?AC K�Z`C GAZ`P�IJP�wSC���P�IJ?zKdC�Z`m�C�MOIcIJQ�I`?AC)	���
�����
F����	��%$2�����SX
P=� CN����QSK LNG]YS��C Z ��?]P�MW?�mAKdC�ZdC�KdwNC�Z�I`?AC�Zf��B0B%COIJKd� QN�jIJ?AC M�QSG]P�Mhm\LaI`I`C�KdG IJ?]ChmAKdC�M P�ZdP�QSG
P�Z�wSC Kd��?APRYS? XA��?]C�K`C�LNZhLaI�QNIJ?]C�K�QSK`PRC�G:IJLaIJPRQSGAZ�IJ?]C C ZdI`P�B0LaI`P�QSG�PRZ KdC�LN�R����iAP�LNZ`C [ �

) � � �*��+-,.�/,���+ � � �1032 � r Kxr DSr p:s � r T r
45�6��+��7� � �6+�,.�/,���+ �8! � 03� ��, �:9 � r]� r:s y�� T r D]� yar r]�&K s pA� DSr r]� rSs

PqP�YN�AK`C�KcK�e ��QSB%m\LNKdP�GAY�I`K`�AC0LNGA[uC ZdIJPRB0LaIJC [�KdQNIWLtIJPRQSGuB LaYSGAP�IJ�A[AC Z�X!��QSK�L}�AG]P����AC
M�QSGAPRM�B0LNK`�aC�K QN�qZdP S C K � XA���\LNG:I`PRI`P�C ZlLNKdC GAQSK`B0LN�RPRZ`C�[#P�G�[AC YSK`C CN�

��� }� �¡�¢d£�¡



DSr ��8��<����04��$�$#�

>�?]P�Z�PRZ�L�Z`C�KdP�QN�AZ�[AKJL���i\LNMW�+ecPRI�B%C�LNGAZ�IJ?\LtI2��C�M�LNG�QSGA���}B0LN�aC�L��RPRB0P�IJC [#�]Z`C
QN� IJ?ACzB0LNKd�NC�K�WH[AC ��QSKdB0LaIJPRQSG3Y�IJQ�C�ZfIJPRB0LaIJCzIJ?]Cz��Q�M�LN�q[AP�ZdmA��LNM�C B0C G:I�X�LN�RI`?AQS�AYN?u�$C
��QS�]��[ ?\L�wNC�CV��mjC M I%Z`Q]� a��AMW? LTiAP�LNZz[APRZJLNm]mjC�LNK`Z�P�����C�PRGAM K`C�LaZ`C}IJ?]C}Z`P&S�C�QN��I`?AC
B LaK`�NC K�IJQ G8�AG]K`C�La��PRZdI`P�M�� Hz[APRB%C�GAZdP�QSG]Z��

>�?]P�ZhB L���Z`�]YSYSC�ZfIlIJQ%IJ?]P�GA��QN���AZ`PRGAY�L0?��]YSC�B0LNKd�NC�K G8P8� Ca� L ��P�G][�QN��WHM�K`Qx��G3Y H
P�GAZfIJC�LN[#Qa�qZdC wSC KJLN��Z`B0LN�R�!QSGAC Z�X_LaI��RC�LaZdI K`C M�QSB%B%C�GA[#IJQ�e

1��4�"	���
�����
�� � ��� 	 	����c��	���$�����������8
�$�]I��$Cl?\L�wSCh��QS���RQx��C [�LNGAQaIJ?AC K$IJK`LNMW� LNGA[�ZdC�CaX]��?AC I`?AC�K XAPRG�mAK`LNM I`P�M Cl�AZ`PRGAYzLaG�U

QNIJ?AC K$B0LNKd�NC K���QSK`B M QS�A�R[�GAQaI2i�C�L ijCOI`IJC K2LN��IJC K`G\LtIJP�wSCXG8LN��IJ?AQS�]YS?�GAC �AK`QtUHZ`M P�C G:IJPRZdIJZ
LNM I`�\LN�R�R�zZdC�C B GAQNIcI`Q ?ALxwNC I`?APRZcC�LNZdP����0L�wNLaP���LNiA�RCNX�i�C�M�La�AZ`C�� � ¦%:�D ��� 	��A� ;�¢ �t~ � ¦ � ¤
� ¢ ~ �c¦%: § � ¦ � ��¢�� ~��S� ¢:¥ � � �]��� ¢ � : � ��� C]C�¢ § D�: � ��¢ �S� � :�¢�HV��>�?]C%LNGAZd�$C�K PRZ
�SC�Z"e

1�������� ��1 U����V	���
�����
���$2��	X�����"��������
�����$&������������
s
���
����

) � � �*��+-,.�/,���+ � � �1032 � r Kxr DSr p:s � r T r
45�6��+��7� � �6+�,.�/,���+ �8! � 03� ��, �:9 � r]� rSr r]�&K s KS� Kxs r]�&Kxr KS�&K s r]� rSs

PqP�YN�AK`C�K y'e ��QSB%m\LNKdP�GAY�I`K`�AC0LNGA[uC ZdIJPRB0LaIJC [�KdQNIWLtIJPRQSGuB LaYSGAP�IJ�A[AC Z�X!��QSK�L}�AG]P����AC
M��AiAPRM�B0LNK`�aC�K QN�qZdP S C K � XA���\LNG:IJP�IJPRC�ZhLNKdC G]QSK`B0LN�RP�ZdC�[�P�G�[AC YSK`C CN�

LaZ2P��R�R�AZdI`KJLaI`C�[�P�G P�P�YA��K y ��QSK$IJ?AClZ`LNB%C Z`PRB��A��LaI`P�QSG�� � ��M�QN�AK`ZdCNX]I`?AC mAK`QNiA��C B&PRZ
ZdIJPR�R� IJ?AC K`C�iA�]I���P�IJ?#L%B��AMW?TZdB0LN���RC�K B0LNYSGAP�IJ�][ACN�

P\KdQSB�L�I`?AC�QSKdC I`P�M�LN��mjQNP�G:I%QN��w�P�CO��X2LNG][ LaZ`PR[AC�IJ?AC�PRG:IJC�KdmjQN� LaI`P�QNG C�O�C M I`Z�X$�$C
?\L�wSChI`K`PRC�[0IJQ �AGA[AC K`ZdIJLNGA[���?:�0Z`�]MW?�L KdC�Z`�]�RI�� � ��L��0I`Q�PRG:IJC K`mAKdC I�I`?APRZ$C�O�C M I2PRZ IJQ
M�QSB%mA�]I`C�IJ?AC�M�QxwaLNK`P�LNGAM CzB LtIJK`P �#��PRI`? KdC�ZdmjC M I IJQ IJ?AC�[]P�ZdmA� LaM�C�B%C G�I�m\LNK`LNB%C I`C�K`Z X
LNZhP�I �2LNZ [AQSG]C���QSK L M QSGAPRM�B0LNKd�NC K�X�P�GkG yND�HV�qP\QSK L M �AiAPRM�B0LNK`�aC�K X��$C�QSi�IWLNPRG�I`?AC
��QSK`B��A� L YSP�wSC�G�PRG@P�P�YA�]KxD �AZ`PRGAY�I`?AC�Z`LNB%C LNZdZ`�AB%m]I`P�QSG]Z�LNZ IJ?AQSZdC�[APRZ`M �AZ`ZdC�[�P�G0IJ?APRZ
m\LNm�C�K��

>�?]Cz�NC �TmjQNP�G:I�?AC K`C�PRZlIJ?\LtI ��1>U
�

	�����
s�������X
���$&�����6! ������
v������$&��������� ����
v��	
��� ��
����

�������������� ����
v��	
��� ��
��
��
"������� ����
v��	
��� ��
�����
�� !����z�3���%��$ �/��	'1�� ����0���
s�������-U � 
����n�

��������\��FHG#QNIJ?AC K �$QSKd[AZ�XjPR����C�MW?ALNGAYSC�IJ?AC�QSK`PRC�G:IJLaIJPRQSG X��Am#I`Q I`?AC K�ZdIhQSK`[AC K�X_��C�[AQ
GAQNI�B0Q�[AP�� �uIJ?AC C�ZdI`P�B0LaI`P�QNG mAK`C M�PRZ`PRQSG �#>�?AP�Z�P�Z�GAQNI IJ?AC M�LNZdC���QSK Z`M�La��C Z�ijC M�LN�]Z`C
��C ?\L�wSC P�G:I`C�G:IJPRQSG\LN�R��� []P�ZfIJPRGAYS�APRZ`?AC [}PRGA?AQSB%QSYSC GAC�QN�AZ�ZdM�LN�RC�Z X�M QSGAZ`PR[AC K`PRGAY�Zd��PRM�C Z�QN�
�=�Tg F$LNM ���]P�ZdPRI`P�QSG]Z��qa�Q%I`?\LaI�e

1�������� ��1>U�����	���
�����
�� ����13$&! 	���0�� U������ U���������
d8

m(� � mS^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 D�K

� S Q� 1 �>@> � >A> g� �

�������������������������

� Q � � � � � � � � � � �� � Q � � � � � � � � � �� � � Q � � � � � � � � �� � � � g � � � � � � � �� � � � � g � � � � � � �� � � � � � g � � � � � �� � � � � � � � ( � ( � � � �� � � � � � � ( � � ( � � � �� � � � � � � � � � ( � � �� � � � � � � � � � g � �� � � � � � � � � � � g �� � � � � � � � � � � � g

� ������������������������
��P�IJ?

��� ��
� Q 1 �	� g
� g 1 7�

� � � =� ( 1 �	� =

G yNycH
PqPRYS�AK`C KxD3ecFHG]��QSK`B0LaI`P�QNG�B0LaI`K`P ����QSK�LzM��]iAP�M B0LNK`�aC�KhLNGA[�LzZ`B0LN�R��[AP�ZdmA��LNM�C B0C G:I��


 Qx��COwSC�K X�Z`PRGAM�C%L}M �AijCz?ALNZlZd��B%B%C I`K`PRC�Z LNB�i]P�YS�]PRI`P�C Z P�GuQSKdP�C G�IJLaIJPRQSG�B��AZdI�i�C
M�LNKdK`C ���]�����}IWLa�NC�G�PRG�I`Q0LNM�M QS�AG:I LNGA[�Z`�]MW?�LzB0LNK`�aC�K�PRZ QNGA�R��Z`�AP�IWLaiA��C I`Q0M QSK`KdC�MOI���QSK
Z`B0LN�R�!K`QNIJLaIJPRQSGAZ"G�ijC ��Qx� p�s�[AC Y�HO�

F�����C M QSB�iAPRGAC Z`COwSC�K`LN��B0LNK`�aC�K`Z XaI`?AC mAK`C M�PRZ`PRQSG�PRG�QNK`PRC�G:IWLaI`P�QNG PRZ�[APRK`C�MOIJ����K`C � LaI`C�[
IJQ}KdC���LaIJP�wSCzm�QSZ`P�IJPRQSGAPRGAY�QN�cI`?AC�[AP[OjC�K`C G:I�B LaK`�NC K`Z ����QSK`C�m]K`C�M P�ZdC����SX!�$C�?\L�wSC�wNC�K`P U
� C�[TI`?\LaI�IJ?]C�QSKd[AC�K QN�cB0LNYSG]PRI`�A[AC C�K`KdQSK P�G#QSK`PRC�G:IWLtIJPRQSG � 8 G8YSP�wSC G�GAQx� PRGTKJLa[AP LaG]H
P�ZzKdC���LaIJC [ I`Q�IJ?AC�C K`K`QNKzP�G m�QSZ`P�IJPRQSGAPRGAY � � LaGA[ IJ?AC�L�wSC KJLNYNC�[]P�ZfIWLNGAM C �� i�C IH�$C�C�G
B LaK`�NC K`Z i:�}IJ?AC�CV�]m�C�MOIJC [�K`�A�RC�e�� 8 = ����9 ���C IJ?��AZ P�G][AC�C [#M�LNG#KdC�M QSB%B0C GA[#I`Q�e

�������n��$�$�	���
�����
�� ���Z� 	�� �s
���������U��'��� ���%!�� ���
��U������ ��	 � �)��	�� 	��6��!�8
P\�AKfIJ?AC K�QSG X��$C�?\L�wSC�COwNLa���\LtIJC�[ I`?AC}K`QNiA�AZdI`GAC�ZdZ%QN� QS�AK�B%C I`?AQ�[ Xci:� LNZdZ`�AB�U

P�GAY�I`?\LaI�QSGAC�LNB%QSG]Y�IJ?AC���QN�AK�B0LNK`�aC�KdZz?\L�wSC�Z`�RPRmAmjC [ G�P=� CN��m�C�Kf��QSK`B.L�[APRZ`mA��LNM COU
B0C G:I���?APRMW? P�Z GAQNI M�QS?]C�K`C G:I���P�IJ? I`?ACTQNI`?AC�K%IJ?]K`C�CzHO� ��CT?\L�wSCTM�LN�RP�i]KJLaI`C�[ I`?AC
��UHC ZdIJPRB0LaIJQNK�IJQ�Z`LaIJ�]KJLaI`ClC�KdK`QSKdZ2?APRYS?AC�K2I`?\LaI�p�wSQ���C��RZ�� � QSPRGAYzZ`QAX�P�Z�QSGA���}m�QSZ`ZdP�iA�RC
PR�!�$Cl?\L�wSC�La��KdC�LN[]� L�KdC��RC waLNG:I�PRGAPRI`P La�jC ZdIJPRB0LaIJPRQSG�QN�!I`?AClm�QSZ`P�IJPRQSGAPRGAYAX���?APRMW?�P�Z2QN�AK
M�LNZdC ?]C�K`Ca�

�hZ�KdC�m�QSKdI`C�[ PRG PqPRYA� K�pAX�I`?AC�i�C�?ALxw�PRQS�AK�Qa�2IJ?AC C�ZfIJPRB LtIJQSK�PRZ�WHK`QSi]�AZdIIY0P�G I`?AC
Z`C�G]Z`C�IJ?\LaI0P�IRW�Z`LaIJ�AK`LaIJC ZIY�I`?AC�C�KdK`QSK0LNKdQS�AGA[ K�wSQ���C��8X�LNGA[ ��PRB%PRI%I`?AC
W�PRG�U\�AC GAM�CsY

��� }� �¡�¢d£�¡



D:y ��8��<����04��$�$#�

�
���6�3���
� 2 ��� ����� ���.�/����� � r r]� K r]� y r]� s K y p s
� +	��� 2 ���.�/,���+ � �1���
��������+ � ����� ���.�/����� � r]� D r]� D r]� s r]� p KS�&K KS� p KN� D KS� y

PqP�YN�AK`C/K�p�e�bcKdC�M�PRZ`PRQSG�PRG�wSQ���C�����QSK IJ?AC �RQ�M�LN��PRZJLtIJPRQSG XtYSPRwNC�G�[AP&OjC�KdC�G:I�Z`�RP�m�QN�xK B0LNK`�aC�K
LNB%QSGAY%pAX]��QSK�m]�AK`C�IJK`LNGAZ`��LaI`P�QSG]Z��

QN�cIJ?AC�QS�]IJ�RPRC�K G8L}��PRGAC�LaKlC�ZfIJPRB LtIJQSK��$QS�A�R[u?\L�wSCzPRG:IJK`Q�[A�AM C%LNGuLN[A[]PRI`P�QSGALN�qC K`K`QNK�QN�
LNijQN�]I�ySs � ��?AC K`C�LNZ2��C QNi]IWLNPRG�L�iAP�I��RC�ZdZ�?AC�KdC4HO� 
 Qx��COwSC�K X_GAQ�B%P�K`LNM��RC ?AC K`CNXALNGA[
B0COIJ?AQ�[AZl��?APRMW? ����	�����
�� ��	��X
�������!�1���$F��
s
���
 1�������� ����� 	���
 ��$�$ 	���
�����
��
��

����$ �-�
��1 U��4��� � ��� 	���	 IJQ�[AC�M P�[ACh��?AC I`?AC�K IJ?ACO��i�C IdIJC�K C��RPRB0PRG\LaI`C L�B0LNKd�NC K2QSK GAQNI$Z`?AQS�]��[
ijC�PRG�wNC�ZfIJPRY:LaIJC [#��?AC GTM QSGAZ`PR[AC K`PRGAY�?��AB0LNG�CO��m�C�K`PRB%C�G:IWLtIJPRQSGAZ��

P�P�G\La�������$C�?\L�wSC�P�G:wNC�ZdI`P�YSLaIJC [#IJ?]C M�LNm\LaiAP��RP�IH��QN��IJ?AC B%COIJ?AQ�[�IJQ%C�ZfIJPRB LtIJCNX\G]QNI
QSGA���}IJK`LNGAZ`��LaI`P�QSG]Z QNK�CO�]LNM I KdQNIWLaI`P�QNGAZ�X\iA��I�La��ZdQ0QaIJ?AC K ��PRGA[�QN�q[]P�ZdmA� LaM�C�B%C G�I`Z��

� G�QNGAC2?\LNG][ XN�$C2?\L�wSC2COwaLN���ALaIJC [���?AC�GzP�Iq��LNZcG��AB%C�KdP�M�LN�����zLhYSQ�Q�[�[]C�LN��IJQl�]Z`C
K�ZdI$QSK$yaGA[ QSK`[AC K�LamAmAK`Q���PRB LtIJPRQSGAZ�Qa� IJ?AC K`QaIWLaI`P�QSG��q>�?APRZ�PRZ����\LN�RP�IWLaI`PRwNC�����KdC�m�QSKdI`C�[
P�G PqPRYA�xK s�� 
 C�KdC��$C wSC K`P�� ��IJ?\LaI�X\P�G�IJ?]P�Z�m\LNK`LN[APRYSB e
U K`QNIJLaIJPRQSGAZ�ZdB La���RC�K�IJ?\LtI�K []C�YSKdC�C�LNK`C GAC YS�RP�YSPRiA�RC�LaGA[�LNK`C�GAQNI�[]C IJC M I`C�[ X
U K`QNIJLaIJPRQSGAZ�i�C��RQx� sc\3K�r%[]C�YSKdC�C�ZhLNKdC C�LNZdP�����C�ZfIJPRB LtIJC�[#�AZ`PRGAY L�K�ZdI QSKd[AC�K�B%Q�[]C��8X
U�yaGA[�QSK`[]C�K LNmAmAKdQ��]PRB0LaIJPRQSG�QN��IJ?AC�K`QaIWLaI`P�QSG�PRZ�B0QNK`C�QSK��RC�Z`Z GAQNI �AZdC�[ �

� ����� 2 �
��� ! � � , ���
� ����������� ������� ��� �����
��� ��������� ��� �! "��� �#� ��������� ��� �$���-�%� ��������� ���
&�')(+* �-, &.'0/�* �-, &�'213* �-, &.'0/4(+* �-,

��+ 9 � 2 ���
� � �5�
� � 67���8��� ��� * �-� 9:��,;� *
��<1+��.� � ��������� ������� ��� ��������� ������� ��� � ��������� ��� * ����=�����>��- �-�
�

PqPRYS�AKdCXK s3e ��C ?\L�w�PRQS�AK QN��IJ?AC�B%Q�[AC��!ZdC��RC�M I`P�QNGTB%C�MW?\LaGAP�ZdB��

>�?]P�Z�Z`�]YSYSC�ZfIJZ P�G��8LNMOI�IJQ%L�wSQSPR[T�]Z`PRGAY0LzwNC�Kf��M�QSB%mA�RCO��?APRC�K`LNK`MW?:��QN��B%Q�[]C��RZ PRG
IJ?APRZ�M�LNZdCNX_iA�]I QSGA����C�P�IJ?]C�K�IJ?AC�Zd�AiAZ`COI��$C�?ALxwNC�m]K`QSm�QSZ`C [ X\QSK�C wNC�GTL0ZdB La���RC�K�QSGACa�
P_QNK�P�GAZfIWLNG]M�C�G�Z`QSKdKd� �$iA�]IhPRI �2LaZ I`Q i�C wNC�KdP � C [ �R� HVX�ytGA[TQSKd[AC�K LNm]mAK`Q���P�B0LaI`P�QNGTQN�
K`QNIJLaIJPRQSGAZ�B0LaI`K`PRM�C�Z B0L���ijC ��QSKdYSQNIdIJC�G��

P\KdQSB L�M�QSB%mA�]IJLaIJPRQSG\La��m�QSP�G:I�QN��w�PRC ��XcI`?AP�Z�LN���RQx��Z�IJQ�[]C�LN� ��PRI`? LT��C ��mAK`CVU
[AC I`C�K`B%PRGAC�[�B%Q�[AC��RZ�X�M�QSG:I`KJLNKf�0I`Q���?\LaI ��LNZ2mAKdQSmjQNZ`C�[�P�G J[K4^`N_��QSK$L�B%QSKdChM QSB%mA��CV�
ZdIJ�][]�S�

m(� � mS^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 DSD

� G I`?AC}QNI`?AC�K�?ALNGA[ X��$C�?\L�wSC�C waLN�R�\LaI`C�[ ?AQx� L��0GAC}[ACO��QSK`B0LaI`P�QNGAZ�M�QN�A��[ i�C
M�QSKdK`C�MOIJC [�i��#QS�AKhB%C IJ?]Q�[ ��P\K`QSB L W�IJ?AC QSK`COIJPRM�LN�2Y�mjQSPRG:IlQN�cw�PRC � G8P8� CN���]Z`PRGAY�L��RQNI
QN�qi]P�Y0B0LNK`�aC�K`Z ��H��$C�LNK`C LN���2L���ZhLNiA�RC�I`Q%M�QSKdK`C�MOIh��QNK�Z`M�La��C�QSK�Z`�aC � []C ��QSKdB LtIJPRQSGAZ
LNGA[uPRI ��LNZ)WH���AG'Y�I`Q�G��AB%C K`PRM�LN�R�R��wNC�KdPR� ��I`?\LaI |
��� e P���P�I P�Z KdC�LN�RP�ZfIJPRM0I`Q�M�QSGAZdP�[]C�K
����$ ��� 	���
�����
�� � ��� ���Z0�� �3��$�����������I`?AC�M�QSGAM ���]Z`PRQSGAZhLNK`C�KJLtIJ?AC K�mjC Z`Z`PRB%P�ZfIJPRM
e
U QSGA����LzYS��QNi\LN�!L��0GAC I`KJLNGAZf��QSK`B0LaI`P�QNG#B0L���i�C C ZdI`P�B0LaI`C�[
U B0Q�[AC ��Z�M�QNGAZ`PR[AC�KdP�G]Y ZdM�LN�RC�[]C ��QSKdB LtIJPRQSGAZ2wSC K`Zd�AZ�Zd�NC � [AC ��QSKdB0LaIJPRQSGAZ LNKdC GAQNI�[AP�� U
��C�K`C G:IJP�LaIJC [
U ��Q�M�LN� L��0GAC�[AC ��QSKdB0LaIJPRQSGAZ�PRZ G]QNI M�LNm]I`�AK`C [#i:�}I`?APRZ�LNm]mAK`Q:LaMW? �

��C�?AQx��COwSC K�?\L�wSC�wSC K`P � C�[�LlwSC�Kf�%GAPRM�C mAK`QSm�C�KfIH�%e�PR���$ChLaZ`Z`�]B0C IJ?\LtI Z`M�La��C Z�LNKdC
��G]Q ��G���?AC�KdC�LNZ Z`�aC � []C ��QSKdB LtIJPRQSGAZ�Q�M M��AKdZ�X\P8� Ca� P�GjG ycHVX]�$C�QSG]�R�}��KdPRI`C4�6@:K;�1 ��� 7 lKg l QlKg 7 l<dl Q l<d 7 � ��IJ?AC Z`CuIJ?AKdC�Cum\LNK`LNB%C IJC K`Z�M�LaG C�LNZ`PR�R� i�CuK`C M�QxwSC K`C�[ P�G LN[A[]PRI`P�QSG IJQ I`?AC�KdQNIWLtIJPRQSG
LNGA[TI`KJLNGAZd� LtIJPRQSG � FHG�QS�AKhG��]B0C K`PRM�LN��Z`PRB��A��LaI`P�QSG]Zl��C�?\L�wSCzQSi]IJLNPRGAC�[�L0���\LN�RPRIJLaIJP�wSC
mAK`C M�PRZ`PRQSGTQN�qLNi�QS�]Ihs \@Kxr � �

>�?]P�Z B0Lx�ui�C L�I`KJLNMW��I`Q#�]Z`C%IJ?AC Z`C�B0LNKd�NC K`Z�IJQ�GAQNI QSGA���uM�QSKdK`C M I���QSK�B%QNIJPRQSG
[AP�ZdmA��LNM�C B0C G:IJZ�i]�]IhLN��ZdQ m]K`COU�C�ZfIJPRB LtIJC�P�G:I`C�KfU�B%Q�[\La��P�IJPRC�Z [AC ��QNK`B0LaIJPRQSGAZ �

�$�]I�XqLaI�I`?AC0mAK`C Z`C�G:IzZfIWLNYNCNXqZdP�G]M�C��$C�[AQ#GAQNI�?\L�wSCXW�K`C�LN� [\LaIJL�Y0L�waLNP���LNiA�RC�i]�]I
QSGA����Z`PRB��A��LaI`P�QSG]Z�X\��C ?\L�wSC�GAQ0MW?\LNG]M�C�IJQ%K`C�LN������ZfIJ�A[]��I`?AC�ZdC�LaZ`m�C�M I`Z��

� ���	��

���������	�

���������������! "��#%$'&(�*),+-��./��0�132%4�$5+6��798:���;#%�<+-����#>=?2@0A ���$'2@+%$:B*�<+-��.!CD&(��+-��0�.�0�EF8:0�BG�<8:$IH
2-�<+%$:0A)J0�ELK�)90M1N)/2%&O��8'8�&O��#@K���#%2P$')Q�O.R�S+6�T�A0A8'4�&(�	&O�GU����*8' Q+%0VB�0A#%#@�*B�+WEX0A#N#@$:YA$'.
.�$:2@ �8:��B*��&O��),+-2��<)�.Q2@0A&(��.���EX0A#@&O�<+-$'0A)�2�Z

[\�9�] �#@�*2@�*),+P&(��+-��0�.Q����.^+-��#@�*��YA0,��8'2�_
`�a�b�ced�f�g�hMi9g�aJgMjFi9gVkXgOklf	m;cnh�gMjpo�fGkld�q�fGosrSjtb�i�hMunavhSf�w�����.�$'./$5+G_>B*0A),+%#-��#xU

+-0y0�+-�9�*#F&(��+-�90!.�2�7R��2@�*.;0�)].R�S+6�NB*0A&( R��#@$:2@0A)�2�z�1{�>�R�G�A�|���*#@�{�\+-#@4���z<YA#%0�4�)�.
7R��2@�*.}ze1
�GUQ0�E~B*0�#%#%��B�+%$:)�Y�+%���*2@�;.�$'2% �8:��B��*&(�*),+-2���)9.��O���*#@U/ �#%��B*$'2%�;���<��8:4��SH
+-$'0A)�0�E�+-����&(��+%��0!.J �#@�*B*$'2%$'0A)}_>2-�GU�zn�9Z��;��0��!��8�Z

�P���~avhSk�b�a�d"g	m�j�klr<j�u}k�d���cn�Pb�i�hMueavhSf(fGjFc"o��l���~a�o�f*a��>w�[\��$'2�$:2^.�0�)���_�1|�
�R�G�A�
2@��0�1N);+-�R�S+L4�2@$:)9YD�P&O��#%K<�*#@2y�l&(0A#%�|$:2s7"��+%+%�*#sEX0�#s.���EX0A#%&O�<+%$:0�)�2L��2@+-$'&O�SH

�������9�*���6�



��� ���������
	��
�
���

+-$'0A)�7�4!+
)�0�+|EX0A#>&O0<+-$'0A)�B*0�#%#%��B�+%$:0A)��|2%���*&(2\0AKnz!1N��$'8'�P1{�P&	4�2x+\#%��B*0A&(&(�*)�.
+-0(�R�G�A��+-�9�*&���2N7�$'YO��2N "0�2%2%$'7�8'��Z
������8'2%0/��������2%���*) +%�R�<+��
��������������� �
��!D1{0�4�8:. 2@$:&( �8'$5E U ��)9.�$'&O 9#%0��A��+%���
)v4�&(�*#%$'BG�<8]��2@+-$'&O�<+-$'0A)3 �#%0�B*��2%2*zD1N��$'B6� �R��2�+-0 7e��.�$'2%B�4�2%2@�*. 1N$5+-� )9�*4�#@0<H
2%B�$:��)v+%$:2x+-2�Z

��"�iR�loFi9g�a jFc!m f*cn�Lj�klf�gMklrAi9g�a���fGo�rSjpi�b�a�rSj�i�dsklfGb rAceos�l���~anw$#W0<+�+-�R�<+}&	4�B6�}_
$'E}#%0�+-�<+-$'0A)��<)�.�+-#%��)�2@8 �<+%$:0�)�$:2|�G��2@$:85U���)�.��<B*B*49#-�<+%�*85U���2@+-$'&O�<+-��.}z�0A)98'U�%&��'��(���
) �+*,'-�.����/0��'-12!(34*.�516�
/7��'-18'9*:�;	��
�.<�!
�����
�>=0!���<@?�A>BCAED�FG1��E���
�
�H'9*JI2���K���L�
/9�
��!
B*0A498:.V�R�G�A��7e�*��)����<��8'4R�<+%�*.}ZNMy0M1|�����*#�zR0A4�#>&O��+-��0�.�0A8'0AY�UO�<8:8'0�1N2{+-0]4�2%�O��1�<
16'-1�PQ�R�
16�S����/7�K��12!+*,'-�.����/0��'-1Rz �<Z Y9ZUTv4R��.9#-�<+%$:B<z>$')���0�&O0�YA�*)���0A4�2�z>0�)�8'U�$:) +%���
2%8'$:B��*2y �8:��)��*2N0A#N0A#x+-��0�YA0A)R��8e+-0T+-�9�*&�zn��+-B<Z:Z'Z
V  e�*#@2% e�*B�+-$5�A��0�E|+-��$'2]1|0A#@K $'2�+-�v4�2]+%0/� �9 e�*#@$:&(��)v+*z~0A)�#@�G��8 .R�S+6�9z�2%���A�*#%��8
)�0A)!H 8:$')��*��#;+-#%��)�2@EX0�#%&O�<+-$'0A)�2�z| 9#%0A e0A2%��. 7,UXWZYH[] ��,U!2@$:B�$ �<)�2*z
B�0A#%#@�*B�+-�*. 7,U
+-���P= )�0A)!H #%$'YA$:.^#@�*2@$:.�4���8F�*#%#@0A#xC�0�Es0A4�#\8'0!B*��8:$'2-�S+-$'0A)Q 9#%0�B*�*2@2*Z

V 2
��B*0A)�2@��Tv4���)�B*�<z�+-��$'2
2@+%4�.9U(1N$'8:8e7"�W �4�#@2%4���.^$:)�+%���P2@B*0A e�P0<EF�]B�0!0A e�*#%�<+-$5�A�<z
$:),+-��#xH .�$:2@B*$' �8'$:)R�<#@U� �#@04\x�*B�+Gze��2]Tv4�0�+%�*./$')�+-������B6Kv)�0�1N8'�*.�YA��&(�*),+-2�Z

^L$'YA4�#@�`_�a9_ V ��$:��1 0�E�+-����$'),+-�*#%��B�+%$'���]2@0�E + 1{��#%��4�2%��.JEX0�#
+-�������! e�*#@$:&(�*),+-�<+-$'0A)�2�Z
[\����)�Kv2D+-0�2%4�$5+6�<7�8:�T2@0�E + 1{��#%�(.����A�*8'0A �&(��)v+%2^�X2%�*��^L$'Y�Zb_�a �\+-���T2@&V�<8:8~&(0�.�4�8'�*2

.������*8'0A "��.^���*#@�P1N$'8:8e7"�W�G��2@$:85UV���! "��#%$'&(�*),+-��.}zR&(0!.�$dcR��.^��)�.�49 �YA#-�<.��*.�1N$5+-�9$:)�+%���
2%B*0� "��0�E�+-��$'2N �#%0-\x�*B�+*Z

e+f��ge+h



�g!
�
1 %L������� �
��!$/Q' �('-��I��
12!���/9� ) ��!QI �b�E�(�
�L�
1�/+!G�
1������G	�'-�R�5�L�G!��������
16�(�(!�� �
	

�
��������� ��
 � �
�����������
� �"!$#&%'� (�)+*,� -�.0/1��2')+�$34*5� -�-6�87'9;:=<�> ?A@&B�:+@DCFE8: G$:8HJIKIMLN<N?O: GP?OL+@'��QSRN� .�TM*VU�R=W�XYT�Z[��)+�;\]W^�N_+`+`��
� ab��cd�e�fTM-�!gQY*VTNh��NWji8�jkf%'�Ml=TN-=3NWm� -�.�n��^no�bpD�"q+�5rY�bsF-�TM*VTN-=3JT�3J.�TF.�qM�;�bsV-�TM*VTM-o3d.�T�t'� �4� *Vq�3;�;U�u4�b34U�)+-vt])+h��

(Pw TMu;3;U�*5�b34U�)+-�.�Tx3;�4� -�u4*VU�u4u;U l�U 3;qx%=y�.��4� h�(�U�zoh�T+�{rYr}|+~+a+|�W'�$XYr��gQdWe�N_+_+_��
� |b��#D�&#D�o�f(�� R4\&*5� -e�j����� GO? �]���M�M7D:+9OBo�NGY7]9;:=<�> ?A@&B8�m?�GA���S:oC=: 9�H
�o�]� ?P<K: GP?OL @'�eQY�"3;TMRK%�cY)+h�u;T+WoXY)+�$Z
)&)o.eW��0Q8W��N_+`+~��
� � �����'n����f)&TM�M�Y��:NB+@D�NGP?O<1�S�NIML @D: @D<K�d�4�V:NB=?�@&B=�{#&t��"U�-��+TM�MWj�N_+_+~��
� �b��/1�'�f�")+U�.'��W]#]�]kf%'� -�.��;� u4%�TN\o%'� �MW6� -�.0r1�'kf%�TM(�(�� t�t����{rSTMRMh��;u;U l=Td|b!$��*V) 34U�)+-�TMu;3;U�*5�b34U�)+-5�O�")+*��8*V)+-�)oRMh�(�� �

U�*5� �+Txu;TNzoh�TM-�RMT+���"�{����7]9;: @'IM:=<NGO?PL @'I"H��{�DW]a+~��A�o��� ~+|+_ �&~+�+~�W6n+h�( y��N_+_+¡��
� ~b��¢8�j2]� h��+TM�;� uV� -�.����^cYqM£]TM�"3N�¤/S%�T5�;TMt��"TMu4TM-=3K�b3;U�)+-eW
�"TMRN)+�+-�U 34U�)+-eW{� -�.�(�)oRN�b34U�-��¤) ��| .vu4%'� t]TMu8�A�")+*��;� -��+T

.'�b34����7e���J�4@'G$�N9�@D: GP?OL @D: �¦¥�L ��9�@D: �mL"§x�SL=¨KL GP?P<MI����MIM�K: 9;<��&WD��� a=©N�&�+a�W^�N_+`+~��
� © ��ª��]2'�"U�u;3;)+-eWjk��D�8��2'�;U 3;%eWerJ�6#D�Dn��]2'�;� RK\+) Z�U�� \]Wj� -�.�r1�]/jh��"-�TM�N�1kf%'� �4� R�3;TM�;U�«MU�-��¬.�y�-�� *VU�Rd£��4� U�-��"TNu;t])+-�u4TMu

Z�U 34%��O*V�"UP�¦��*8h�( 3;U l+� �"U��b34TJ� t�t��;)=� RK%6��­d�M��9;L �K�F:NB&�NWDa����N~+~ �]� © a�Wj�N_+_+���
� `b��ª��en'�e2'�;U�u"34)+-v� -�.�kx�e�f®�RK%�TN(P�FQ¯-�)+-�(�U�-�TN� �d� -'� ( y&u4U�uJ) �f�Ah�-�R�34U�)+-�� ({£��;� U�-�� �"RK%�U 3;TMRM3;h��"TMu �0­d�M��9;L �K�F: Bo�NW�©&W

�N_+_+`��
� _b��2
�¦ix� u;t'� �;.�� -�.v/1�6°xU�q�l�U�(�(�T+�FXY)+-�(�U�-�T � �1*VU�-�U�*VU�« �b3;U�)+-�� -�.±l�U�u;h'� ({(�)oRN� (�U�« �b3;U�)+-�) �
��t�(�� -�T+�5�g-²7^����³ G��

�4@'G$�N9�@D: GP?OL @D:+��´{L @ §M�N9;�N@D<4�¬L @��4@ §NL 9��V: GP?OL @��Dµ+IKG$�N�8I;¶
H�@D:+� µ+IK?�I5: @DC��Dµ+@'G��'�MIK?�IKWel=)+(�h�*VTd°x�"�;�KWet'� �+TMu�|+~+~ �
|=©&�+W]a+¡+¡+¡��

���N¡b��i8�Di�)+(�h�£�� -�.¤k��&l+� -�·e)=� -e�Y�¤:+GO9�?�¸¤´{L �Y�D�&G$: GP?OL+@'I4�f/S%�TJn+)+%�-0c�)+t�\oU�-�u�¹�-�U l=TM�;u;U 3gy¬º��"TNu;u W^�N_+`+_��
���+����i8�jc�TM�;*V)+u;U�(�(�)��5r�TMRN� (�� �+T5t'� �J*5�b»�U�*VU�«N�b3;U�)+-�.�TF(Pw U�-��A)+�;*5�b3;U�)+-±*�h�3;h�TM(�(�T+�5�¤� u;3;TM�Nw uJ34%�TNu;U�u W¦¹�-�U l=TM�;u;U 34TV.�T

XYU�RMT+WD#&)+t�%�U���W]#&TMt�3N�j�N_+_+`��
���Nab��i8�]c�)&RK%�u4RK%�U�(�.6�
¼{:��DGP9���<NGP�&94�8C=�NIV½
9;L �b���NI8C=�J¼m?P�M�m��h�-�)o.eW]º¦� �"U�u W6�N_+~+`��
���N|b��ºj�'cYh�£DTM�M�S�SL=¨N��I4G
�DGg:+GO?AIKGO?P<MIK�mn+)+%�-¬¾¿U�(�T�y�ÀÁ#&)+-�uNW]XYT�Z���)+�;\]W^�N_+`��+�
���M� ��°��&#]��cSZS� -����D/j�;� RK\&U�-��8�AT �b3;h��"T�t])+U�-=34ufU�-834U�*VT�!Pl � �"y&U�-��JU�*5� �+TMu{h�u;U�-��d� -V)+t�t])+�"3;h�-�U�u"34U�R�� t�t��")=� RK%e��ÂS:+GOG$�N9�@

���4<KL4BoÃ�W'a+a��P|=�K� a �o©N�&a+�+~�W��N_+`+_��
���N�b�����'ªxTM-�.�� (�(P�87e���1H�C Ä :+@D<4�KCv7e���KL 9�µ¬L;§��DG$: GP?�IKGP?O<NIK��k��]i��"U sV-�� -�.¤kf)���We�N_+~+¡���� 3;%0Å�.�U 34U�)+-e�
���N~b��#D�]ªxh�(�(�£'� RK\]�
�4@ §ML+9��F: GP?PL @¿7e�'�4L+9�µ¬: @DC��DG$: GP?AI4GP?P<MIK�¦¾ÆU�(�T�y=W'X�T�Z�!O�{)+�"\DWe�N_+�+_��
��� © ���8�¦·^T¬�fU�%'� -e�v�0T�3;%�)&.�uV� -�.�� t�t�(�U�RN�b3;U�)+-�uF) �Y.�U pDh�u4U�)+-�*V�;UP���g-��K�¦��)+h�-���W�TM.�U 34)+�MW��¤: B+@D�NGP?O<5�S�NIML @D: @D<K�

�4�V:NB=?�@&B�: @DCV�o���K<NGO94L IM<4L��]µ�?A@����4C+?O<N?�@D��: @DC�Ç�?PL � L4B+µ+�]n+)+%�-�¾¿U�(�TMy¬� -�.0#&)+-�uNW'a+¡+¡+¡��
���N`b���8�b·^U�-��+�;� -�.e�DH�@D: � µ+IM�fH�C=:��]G$: GP?�Ä+�1C �F�¤L+�&Ä+�M�V�N@'GmC=: @'I�C=�NIf�eÈbÉM�'�M@D<K�NIf�¤L+@DLN<N�&��: ?�94�MIY@DL @�´�: � ?O¨N9NÈb�MIK�'ºm%'�

3;%�TMu4U�u W'¹Y-�U l=TM�"u4U 3;q1.�TJXYU�RMTx!f#&)+t�%�U���QY-o3;U�t])+(�U�u W��$X�rS�gQ8W]#o)+t�%�U��FQ�-=3;U�tD)+(�U�uNW�2'�;� -�RMT+WDn+h�( y��N_+_+_��
���N_b��ºj�{�0TMTM�MWf�8�m�0U�-=3;«=W�Q8�mrS)+u4TM-��ATM(�.eW{� -�.Ê�8�mªxU�*0�±r�)+£�h�u;3��;TM�+�"TNu;u4U�)+-�*VT�34%�)&.�u8�O)+�8RN)+*Vt�h�34TM�dl�U�u;U�)+-e�5Q

�"TMl&U�T�ZJ��7e���J�4@'G$�N9�@D: GP?OL @D:+�¦¥&L ��9�@D: �mL"§5´�L ���]��Gg�N9�Ë¦?�IK?OL+@'W�~��;� �K� �+_ ��© ¡�W¦�N_+_��+�

�������9�*���6�



�&a ���������
	��
�
���

� a+¡b��Q8�j�0)+�;�=� -e�±�eL+� Äb?�@&B¬��L � µ+@DL+�8?P: �SIKµ+IKGg�N��IV�&IK?�@&B�<KL @'GP?�@'�': GP?OL+@0§ML+9¬�M@&B=?�@D�K�N9�?�@&Bv: @DC±I�<N?O�N@'GP? �f<d�]9;L=¨N���M��IK�
Å�-��+(�TMZf)&)o.�kf(�U pDu W X�n���º��"TM-o3;U�RMTM!gc�� (�(PW^�N_+`=©&�

� a�����n���·{���0h�-�.�y�� -�.�Q8���DU�u;u4TM�"*5� -eW�TM.�U 3;)+�"u �J½��KL �V�MGP9�?P<x�K@'Ä : 9�?P: @D<K�8?�@�´�L ���]��G$�M9�Ë¦?�IK?PL @'�m�0�g/�ºm�;TMu;u We�N_+_+a��
� a+ab��¾²�+cd�bº��"TMu4uNW+���bº¦� 2¦(�� -�-�TM�"y=W&#D� Q8� /jTMh�\+)+(�u4\=y=Wo� -�.J¾ � /1� °�T�3;3;TM�;(�U�-����]­1�&�V�N9�?O<K: �o�S�K<N? ���NI
?�@¤´m��k
� *�£��;U�.��+T

¹Y-�U l=TN�"u4U 3gy�º��"TMu4uNWe�N_+`+`��
� a+|b��·{�¦rS)+£]TM�"3N�vk
� *VTN�;�0RN� (�U�£��;�b34U�)+-�Z�U 3;%�)+h�38�OTN�b3;h��;T�T�»&3;�;� RM3;U�)+-e��´�L ���]��Gg�N9�Ë¦?�IK?PL @�¶�½
9;:K����?O<NI"¶�:+@DC0�K�F:NB&�

Â
9;LN<K�NI4IK?A@&B+WD~+|��Pa=�K� |��M�b�&|+a+��W6�¤� �N�e�N_+_+���f� (�u;)��$X�rS�gQ²/jTNR4%�-�U�RN� (¦r�TMt])+�$3xa+a+¡ ���
� a � ��Q8�'r�)oRK%�T+W6i8�]�¤� (�� -�.�� U�-eW��8�]ºjTM-�-�TMR+WD� -�.¤XJ�'Q¦yo� RK%�T+���0h�( 3;U�*V)&.'� (DU�*5� �+T1�"TN�+U�u"34�;�b3;U�)+-±£=y�*5�b»�U�*VU�«N�b3;U�)+-

) �¦34%�T1RN)+�"�"TN(��b3;U�)+-¤�;�b34U�)���/jTMRK%�-�U�RN� (¦rSTNt])+�$3x|+|=© `�W��$X�rS�gQ8W�QYh����^�N_+_+`��
� a+�b��¢8�=rS)&.��;U��+h�TMuN�]��TMu�(�)+U�u¦�+qM)+*Vq�34�"U�zoh�TMu{zoh�U��"qN�+U�u;u4TM-=3f(�TMu¦.�qMt�(�� RMTN*VTM-=34u�.ew h�-8u;y&u;3��N*VT
u;)+(�U�.�T
.'� -�um(Pw TMu4t'� RMT+W=T�3

.�Tx(��Jl+� �"U��b34U�)+-¬.�TMuSRN)o)+�".�)+-�-�qMTMu�t��") l=TM-'� -=3Y.�TxRMTMu�.�qNt�(�� RNTM*VTM-=34u�RM)+-�u4U�.�qM�"qMuYU�-�.�qNt]TM-�.'� *V*VTM-=3
.�TMuSRN� h�u4TMu
zoh�U^t]TMh�l=TM-o3Y(�TMuYt��")o.�h�U��"T=�Y¥&L+�&9�@D: �{C=�J��: GA��ÈN�V: GP?OÉN���NI�Âf��9;�NI8�NG¦HS�=�]� ?OÉN�'È �NIKW���W^�N` �=¡���t�te�'|+`+¡ �o�+�=¡��

� a+~b��/1��°xU�q�l&U�(�(�T+W]n��D¢8�]Å�\o%�(�h�-�.eWDª��]º¦� %�(��Nl � -eW6� -�.0/1�]¹�%�(�U�-e�fQY-0T�»�� *Vt�(�T1) �f� �$34U ��RNU�� (j)oRMh�(�)+*V) 3;)+��£]TM%'�Nl&U�)+�N�
�g-�/1�^cYTM-�.�TM�"u4)+-eWmTM.�U 3;)+�NW{�e�MÄ+�N@'G��¤�;���{�¯�Dµ+����L IK?���� L @��K@'Gg�N��� ? B&�N@'G8´�L+@'GO94L � ¶5½
��: I"BoL+�mW¦t'� �+TMu8| �=` �&|+�+|��
�$Å{Å�ÅÆkf)+*Vt�h&34TM�Y#&)oRNU�T�3gy�º��"TMu4u We�N_+_+a��

� a=© ��/1��°�U�qMl&U�(�(�T1� -�.��8��·eU�-��+�4� -�.e�
¹�u4U�-��8u4t]TMRNU ��Rd.�U�u4t�(�� RMTM*VTM-o3;u
34)5� -'� ( y&«MT1*V) 34U�)+-�Z�U 34%�)+h&3YRN� (�U�£��;�b3;U�)+-e�F7e���
�4@'G$�N9�@D: GP?OL @D:+�¦¥&L ��9�@D: �mL"§5´�L ���]��Gg�N9�Ë¦?�IK?OL+@'W'|��+�;� �K� � �&a+_�Wj�N_+_+_��

� a+`b��/1�f°xU�T�l&U�(�(�T+W��8�
·^U�-��+�;� -�.eW�� -�.[2
��ix� u;t'� �".e� �g*Vt�(�TM*VTM-=34U�-�����*�h�( 3;U !g*V)o.�TM(STNu"34U�*5�b3;U�)+-Æ*VT�3;%�)o.e� 7e���
�4@'G$�N9�@D: GP?OL @D:+�¦¥&L ��9�@D: �mL"§5´�L ���]��Gg�N9�Ë¦?�IK?OL+@'W'a+¡+¡��+�{U�-�t��"TNu;u �

� a+_b��/1�{°�U�qMl&U�(�(�T+WYk����]TN(�(�TM�MWY� -�.Æ·{�fr�)+£]TM�$3 �Á¹Yu;U�-���RM)+(�(�U�-�TN�b3;U�)+-�u�3;)�RM)+*Vt�h�3;T0*V) 3;U�)+-Æ� -�.Æu;3;�"h�R�34h��"T±U�-Æ� -
h�-�RN� (�U�£��;�b3;TN.¤U�*5� �+T�u4TMz&h�TN-�RNT+��7^���x�K@'G$�M9�@D: GP?PL @D: �¦¥&L+�&9�@D: �mL;§V´�L+�Y�]��G$�M90Ëj?AI4?PL @'W]a+¡��O|=��� a��N| �&a �=a�W¦�N_+_+~��

� |+¡b��k��e¾v� *Vt�(�TM�MW¦Q8�j�0)+�"�=� -eW�� -�.vQ8�¦#o)+*V*VTNu;T+�5XYh�*VTM�"U�RN� ({RM)+-o3;U�-oh'�b34U�)+-�*VT�3;%�)o.�u1�O)+�Ju4)+( l&U�-��0t])+( y&-�)+*VU�� (
u;y&u;3;TM*Vu{� �"U�u4U�-��xU�-�\oU�-�TM*5�b34U�RMuN��/jTMRK%�-�U�RN� (]rSTMtD)+�$3fix�¤rS!$~+|=© a�W&i�TM-�TM�;� (D�0) 34)+�"ufrSTMu4TN� �;R4%F·j� £�uNW=Q�h������N_+`+`��

� |�����k���¾±TMu;3;£��")&)+\�� -�.�k��'ª1� h�3N�S�¬���1?�@V�D9;:=<NGO?P<K�M�f�f(�� R4\oZ
TM(�(6u4RMU�TM-o3;U �'RJt�h�£�(�U�RN�b3;U�)+-�u We�N_+_+|��
� |+ab�	�¦���D%�� -����j�P3;TN�;�b3;U l=Tdt])+U�-=3S*5�b34R4%�U�-��J�O)+�f�"TM�+U�u;3;�4�b3;U�)+-�) �e�O�"TMTM!O�O)+�"* RNh��"l=TMuY� -�.5u4h��$�P� RMTMu �x7^���x�K@'G$�M9�@D: GP?PL @D: �

¥&L+�&9�@D: �dL;§�´�L ���]��Gg�N9ÆË¦?�IK?OL+@'W1�N|��Oa=�K���+�N_ �]�N�+a�W��N_+_ ��� � (�u4)�r�TMu4TN� �"RK%�rSTMtD)+�$3�XY)����N~+�+`�W��$X�rS�gQ #o)+t�%�U��b!
Q�-=3;U�tD)+(�U�uNWe�N_+_+a��

� |+|b�	�¦�
�D%�� -����5º¦� �4� *VT�3;TM�dTMu"34U�*5�b3;U�)+-¤34TMRK%�-�U�z&h�TMuN�JQ 3;h�3;)+�;U�� (mZ�U 34%v� t�t�(�U�RN�b3;U�)+-±3;)�RM)+-�U�R���3"3;U�-������4�V:NB&�¬: @DC
Ë¦?�IK?OL @Ê´�L ���]�&GP?A@&B�¥�L ��9�@D: � Wj�N���;� �K� �+_ ��© ~�W¦�N_+_=©&�

� rMu�dFc!mV�la��Fqna!b�a!degMf�

���������������
��� WD�O�")+* ·j� £])+�4�b3;)+�;U�h�*�°{)o)+�JXYTMh��") !�Å�-±º�u"y�RK%�) �Ay&u4U�)+(�)+�+U�T+W^·eTNh&l=TN-�� -�. ���������  !��"#��$#%�&'�(��)
�O�")+*��$XYr��gQ � �"Td�+�;�b3;TM�Ah�h�( y�� RK\o-�) Z�(�TM.��+TM.0�A)+��t])NZ
TM�"�Ah�(^U�.�TN� uSZ�%�U�RK%0� �"TJ�b3�34%�T1)+�"U��+U�-�) �j3;%�U�uSZ
)+�"\D�

 *���+"
�(���
,.-0/1)2�*��)43
����5 W
� (�U�� u�� �0Ç�: 9N¨K: 9;�NWYU�uVl+� RK%�TN*VTM-=3¬� RK\&-�) Z�(�TM.��+TM.Æ�O)+�5%�U�u5RM)+-=34�"U�£�h�3;U�)+-Æ3;)�34%�T
6 t�%=y�u;U�R � ( 7�t'� �;� *VTM3;TM�Y*VU�-�U�*VU�uK�b3;U�)+-F*VT�34%�)o.eW'h�u4TM.�U�-534%�U�uYt'� t]TM�M�

e+f��ge+h



�g!
�
1 %L������� �
��!$/Q' �('-��I��
12!���/9� ) ��!QI �b�E�(�
�L�
1�/+!G�
1������G	�'-�R�5�L�G!��������
16�(�(!�� ���

� ����-�� &���� "#-0$
�.� / &�� W+U�uj.�TNTMt�( y�� RK\o-�) Z�(�TM.��+TM.��A)+�¦%�U�u¦RN)+-=3;�;U�£�h&34U�)+-F3;)�3;%�T
u4) ��3gZS� �"T�.�TMl=TM(�)+t�*VTM-=34uNW+Z�%�U�RK%
%'�Nl=TJ� (�(�)NZ
TM.¬3;)VTM»&t]TM�;U�*VTM-=3�3;%�Td� (��+)+�"U 34%�*VuS�+U l=TM-�U�-53;%�U�uYt�� tDTM�M�

/S%�U�u
Z
)+�"\5%'� uS£]TNTM-*�'-'� -�RMTM.¤� -�.¬�;TN� (�U�«MTM.¬Z�U 34%�U�-�3;%�T1u4RM)+t]T1) �j3;%�TJÅf#�º�r��g/[�0Qxº]Q^¾¤Qx��¢}t��;)��;TMR�3J�A3;%�U�u
t��;TM(�U�*VU�-'� �$y5u;3;h�.�y¬U�u
*5� -�.'�b3;)+�$y¬�A)+�
34%�TJ.�TMu;U��+-¬) �¦3;%�T1t��")	�;TMR�3YTM»&t]TM�;U�*VTM-=3K� (jt'� �;� .�U��+*��K�


 � �����
� 
{�]�J��
�� � ���Á��� ���

MW�*#@��z 1|�;B�0A)�2%$'.���#DB*0A)�$'B;&O��#@K��*#@2D0�E &O�S�!$:&O��8s#-��.9$:4�2�� ��)�.�����$:YA�,+���z}��2W$:8'8:492xH
+-#-�S+-�*.�$') ^s$:Y�Z6_��!Z V Z

R

H

z

r

A

B

d
l

A

B

R

z
r

H
x

y d(M)=0

d(M)<0

d(M)>0

C

1

2

3

4
5 6

^L$:Y�4�#%� _��!_��{0A&( �4!+-$')�Y;+-�����~4�B*8'$:.9�G��)�.�$'2@+-��)�B*��+%0]+%����B*0�)�$:BP&V�<#%K���#
2%49#@El��B���z�2@�*�
+-����+*Z

[ ) 0A#@.��*#D+-0�B�0A&( �49+-�T+%�����
 "! � 2%$'YA)���.#�~4�B�8:$'.��G�<)�.�$'2@+-��)�B*�(+-0^+%���(B*0A)�$'B
&V�<#%K���#V2@4�#@El�<B*��z|1{�QB*0A)�2@$:.9�*#(EX0A#O� YA$5�A��)p e0A$:),+%$'&)(+*,(.-0/;+ 1|0�0<E�$5+-2OB�U�8:$')�.�#@$:B*��8
B*0�0A#%.�$')R�<+%�*21$3254 6 &87:9;*<7>=@?A(.-�/ zy��2�#@�* �#@�*2%��),+-�*. $') ^L$'Y�Z _B�!ZDCWZ|[\���/B*0A)�$'B
2%4�#xEl��B*��)�0�1 #@�*.�49B*�*2y+-0T+ 1|0V8'$:)9��H 2@�*YA&(��)v+%2�E ��)9.GFs$:)J2%��0�1N)J�R��85E H  �8:��)��<Z

�������9�*���6�



��� ���������
	��
�
���

[\�9�*)}z��<)R��85U!2@$:)9Y�+-���]0A#%$'�*),+6�S+-$'0A) 0�E~+%���	 e0A$')v+W1N$'+%��#%��2% e�*B�+P+-0V+%���; e0A$')v+%2��
��)�.���z�1{��0�79+6��$') 2@$5� ��#%�*��2	2@��0�1N) $:) ^s$:Y�ZN_���ZDCPZ�^L$')�.�$')�Y/+%����.�$'2@+-��)�B*�V+-0Q+%���
B*0A)�$'BN2%4�#xEl��B*�N#@�*.�4�B��*2>+-0D+-���NB*��8:B�4�8:�<+-$'0A)O0�E"+%���N.�$'2@+6�<)�B*�N+-0��*$5+-�9�*#~+-���\+ 1|0] e0A$'),+-2� ��)9.�� 0A#
+-�9��+ 1|0O8:$')��*2 E ��)�. F?z�.��� "��)�.�$')�Y�0A)^+%������#%�*�9Z

[\�9$:2 8'�G��.�2 +%0p+-��� EX49)�B�+%$:0A)�YA$5�A��)�$') ^L$'Y�Z _���+%��� #%��2%4�85+ 7"��$:)9Y 2@��0�1N) $')
^L$:Y9Z _��!ZD�PZ

� $
	 4 $'&)( *8(+&,/ / 4� 4 �
��� ( 
��� 4������������)$���� � /��
2�4 6 & 7 9 * 7 �
$5E:2�� ���)$ � / 9;-"! ?
+%���*) � $
	 ( � / 4 6 2 7�9;-07
��8:2@�# 4 �
��� ( 
	$� 4&%'�����������)$32(% �"(.�)% -�/��
$5E # ! � %+*���,
+%���*) � $
	 ( � / 4.- $32�%#��/ 7 9 $�-�% � / 7
��8:2@� $'E #�/ � ��, 90*��21
+%���*) � $
	 (.F�/ 4 -�% �
��8:2@� � $3	 ( E /�4 $3� 2�% � -�/4� 6 � 7 9;�17

^L$:Y�4�#%� _��9_��{0A&( �4!+-$')�Y;+-�����~4�B*8'$:.9�G��)�.�$'2@+-��)�B*��+%0]+%����B*0�)�$:BP&V�<#%K���#
2%49#@El��B���z�2@�*�
+-����+*Z

V 2@+-�� ^EX4�#@+%���*#�z!1|�D�R�G�A��+-0TB�0A&( �49+%��+-����c�#%2@+y�<)�.^2%��B*0A)�.�0A#@.��*#{&O0�&O��),+6�;0�E
+-����B*0�)�$:BD��0A8:49&O�]��)�.J�G�<2%$'8'U^0�79+6��$') _

5687 4:9;< ?
?= �21 �

>@?A �<)�. 5B 7 4 CEDC ?0? 9;< � 7 ? ?
? � 7 ?
? ? � 7 �21

>@?A
B*0A)�2@$:.9�*#%$')�YO+-���DEX#-�<&O�D0<EL#@��EX�*#@�*)�B��]0<E ^L$'Y�Zg_���Z V Z

[\�9�*2%��Tv4R��),+-$5+-$'�*2]��#@�TB*0A&( �49+%�*. 7,U�$:),+%�*YA#%�<+-$'0A)}zF0��A��#�+%���(B*0A)9$:BT&O��#@K��*# 	�'-�RP
�5�L��z�0<E �TEX4�)�B�+-$'0A)GF $'&)( *8(.-�/{.9�CcR)���. �<+y�( e0A$:),+IH 4 $'&)(+*,(.-0/�_

JLK�4�M"NO MQP8RSO MUT VO F $'2��XW�Y�$ � / ( 2ZY�[\�)$ � /�(.-�/A2 � � � 2 � -
e+f��ge+h



�g!
�
1 %L������� �
��!$/Q' �('-��I��
12!���/9� ) ��!QI �b�E�(�
�L�
1�/+!G�
1������G	�'-�R�5�L�G!��������
16�(�(!�� ���
Z � $:&($'8 ��#@8'U�z<7,UP$:),+-��YA#-�S+-$'0A)�0M���*#�+-�9�~B*0A)�$'B &O��#%K<�*# !
�E�+*C�E�(��zM0�E!�
EX4�)�B�+-$'0A)�� $'&)( *8(.- ����� (	��
 (��
�./
.��CcR)9�*. �S+y�( e0A$'),+�H 4 $ &)( *,( -�/{0�E�+-����2%49#@El��B���z�� 4 $�����(���
 (	�
�./
7e�*$')�YT+-����)�0A#?H
&V�<8��<+N+-��$'2N "0�$:),+G_

J�� 4 � NO � T VO � $'2��XW�YB$ � /�( 2�Y�[\��$ � / ( - ���XW�Y�$���/ ��W�Y�$ � / (4�XW�Y $�� / Y�[\��$ � / (X% Y4[ ��$���/+/A2 � � � -
9 ���O � T VO � $32 �XW�Y $ � /�( 2ZY4[ ��$ � / (.� �.?A(.?A( C /A2 � � � 2

1N$'+%������� $�� /�4 �N z9EX#%0A& � _��&�|1|���G��2@$:85U�BG�<8:B�4�8 �S+-��z�+%����$:)!EX0A#%&O�<+%$:0A)J&O�<+-#@$5�"_

� � 7!#" $%&% '
%&% 7(*)

+,,,,,,,,,,,,,,,,,,,,,
-

. 7 / / / . 7 / / / / .  / // . 7 / 0 . 7 / / / / / / .  // / .21 / / / .�3 .�4 / / / // 0 . 7 / .65 / / / / / / .27 /. 7 / / / .65 / / / / 0 .�7 / // / / / / / / / / / / // / . 3 / / / .28 0 .�8 / / / // / .�4 / / / 0 . 8 . 7 O / / / // / / / / / / / . 7 7 / / /.  / / / 0 .�7 / / / / . 7 7 / // .  / .�7 / / / / / / . 7 7 // / / / / / / / / / / . 7 7

9;:::::::::::::::::::::
<=?>2@�A

1N$5+-� BCCCCCCCCCCCCCCCCCCCCCCCCCCD CCCCCCCCCCCCCCCCCCCCCCCCCCE

. 7 " FHG2I�J � NLK� VNM N V. 7 " FHGPO
QSRUT 7.  " 0 FHGPO J � N V�V � N M �XW V N M �YW� V�M N V. 1 " � V J[Z � N M � V M N V]\� VNM N V. 3 " 0 QUR 7 T.24 " FHGPO J � V N Z 1 � N M  � V M  N V \� VNM N V.�5 " FHG_^a`bR  dc R 7 T c T  fe RUQ.27 " FHG_^ ` R  c R 7 T 0 T  fe RUQ. 8 " QUR 7 T 7. 7 O " J � V N VNV N M �XW V� VNM N V. 7 7 " FHG_^ � K N K J� V M N V. 7 7 " FHG_^ J � Z NLg � 7 � V N K M �*h N M � g M � K N V \� VNM N V
�������9�*���6�



�,� ���������
	��
�
���

[ )  R�<#@+-$'B*498 ��#�z~+-����#%��)�K�0�EN+-��$'2T$:)!EX0A#%&O�<+%$:0A) &O�<+%#%$I� $'2 C�C ��)�. #%��)�Kv2T0�Ey#%� H
8 �<+%�*.�$')9EX0A#@&O�<+-$'0A)�&O�<+%#%$'B*�*2|EX0A#|2@ �����#%��z9B�U�8:$')�.���#*zRB�4�7"�<z9B�0A)�2%$'.���#%$')�Y;+-���P.�$��"�*#@�*),+
.�$:2@ �8:��B*��&O��),+-2*ze2@+%#%$'B�+%8'U�B�0A#%#@�*2% e0A)�.�+-0(1N�R�<+N����2N7"���*)/Y�$'���*)J$:)Z^L$'Y�ZJ	!Z

� � ��� �J���
� � � � � �	�Q����
 � � � ������� � � �

[ )J+%��$:2N R�< "��#
1{���R�G�A��+-0(.���2%$'YA)/B�#%$5+-�*#@$ �(0�E�+-���DEX0A#@&�_


 $�� / 4������8$ 6 � $�� / /
1N���*#@� 6 � $�� /T$'2V� = &O�*��2%49#%�*&(��)v+��*#@#%0A#?C^1{�J1
�<)v+O+-0 &($:)9$:&($'2%�*.p�<+%+%�*&( 9+-$')�Y +-0
B*0A&]7�$:)9�X��'���� !
/016�(!(!V1N$5+-� #%��2% e�*B�+J+-0 0�49+-8'$:��#%2J��)�. '(I /7�
�����R�
/0<Q1N$'+%�3#@�*2% e�*B�+�+-0
4�)�B*��#@+-��$:),+ U�Z����+W492y.9$:2@B*4�2@2P��0�1 +%0(B6��0!0�2%��2%4�B6�/���8$�/|EX4�)�B�+-$'0A)}Z

[ )� 9#-��B�+-$'B*���X��Z Y�Z��d_�����z 2@�*��� �A����EX0A#��V#%�*B��*),+�#%����$:��1 $') +-�9� cR�*8'. �N0A)��;B�8 ��2@2�0�E
2%4�B6�Q&O��+-��0�.�2]� HtH �*2x+-$'&O�<+-$'0A) �\B*0A)92%$'2@+y0�Es4�2%$')�Y��;EX4�)9B�+-$'0A)��8$�/ _
�l$��yB*8'0A2@�]+-0V+-���]2STv4R��#@�	EX4�)�B�+-$'0A) EX0A#y2%&O��8'8L�*#@#%0A#@2*ze2%$')�B*�;+%��$'2P$'2�0A 9+%$:&O��8F1N$'+%� #%� H
2% e�*B�+N+%0�����4�2@2%$:��)Q��.�.�$5+-$5�A��)�0A$'2%�<z
�l$'$ �|B�8:0�2%�P+%0;+-���D�<7�2%0A8'49+%�����<8:4��WEX4�)�B�+%$:0�)�EX0A#{��$'YA����#\�*#@#%0A#@2*z9$')^0A#@.��*#{+%0;.���#%$5�A����)
�*2@+%$:&O�<+%$:0�)J1N$5+-�Q�O2@&O��8:8�79$ ��2N$')J+%���D �#@�*2%��)�B*�]0�Es0A49+-8'$'�*#%2�z
�l$'$:$��"1N$'+%���
2-�<+%4�#-�<+%$:0�)�0<E!8:��#@YA� �<��8:49��zS�<+GzM2%��U�zS+ 1N$'B*�~+%���~8:���A��8,0�E �l$') �x.�$'2@+%$:)9YA4�$'2%�R��798:�
���<8:4���2*zR$')Q0�#%.���#N+%0(BG��)�B��*8}+%����$:)! �4��*)�B��	0�EL��7e�*#@#-��),+N.R�<+-�(1N$5+-�Q�T8 �<#%YA�D��#%#%0�#*Z

[ +	�� � e�G�<#%2"� �A�#�>+%�R�<+�+-���V �#%��B*$'2%�� 9#%0�cR8'�O0�E
+-�9�OEX4�)9B�+-$'0A)$�8$�/�$'2	)90�+	#@�*8'���<��),+
2%$')�B*�V$'+].��* e�*)9.�2	4� e0A) +-��� �l4�)�Kv)�0�1N) ��2@+-�<+-$'2@+%$:B�2;0�E{+%���O�*#%#@0A#%2�Z�MW��#%��zs1{�V�R�G�A�
+-0;B6��0�0A2@���	 �#@0�cR8'�P1N��$'B6�^�*8'$:&($')R�<+%�*2\$')! R4���)�B*�D0�EF0�49+-8'$:��#%2{��)�.^�R�G�A����.R�� 9+%�*.�+%���
����8:2@�Q0A e�*#%�<+-0�#N��2\EX0A8:8'0�1N2*Z

e+f��ge+h



�g!
�
1 %L������� �
��!$/Q' �('-��I��
12!���/9� ) ��!QI �b�E�(�
�L�
1�/+!G�
1������G	�'-�R�5�L�G!��������
16�(�(!�� ��_

���;B�0A)�2%$'.���#]��2x+-#@$:B�+-85U $')�B*#@�G��2@$:)�Y9z�2@U�&(&O��+-#@$:B<zFEX498:85U .�$ �"�*#%��),+-$:��7�8'�;EX4�)�B�+%$:0�)}z
1N$'+%�/�T4�)�$bTv4���&O$')�$'&	4�&�z �8$�/
�R�G��$')�YO+%���DEX0A8'8:0�1N$')�Y �+�  9#%0A e�*#x+-$'�*2*_

�8$�?0/@4 ? � � $�?0/@4 ? � � � $�?�/�4 , � � � � $3?�/�4 ? � � � � � $�?0/ 4 ?�8$��,/�� � 7 � � $��,/�� � � � � $��,/ 4 ? � � � � $��,/ 4 ? � � � � � $��,/�� ?�8$
	 /@4 � � V
� W $
	 /@4 ? ��� / ?
EX0A#
1N��$'B6�}zR1N$'+%��� 4 ,�� 7 _

�8$��./�4���� C %�� C 9 � 7����� � 7�� V� � 4�� 7 9�� $�� 4 /
$:2O� 2%4�$5+6��798:�JBG��)9.�$:.��<+-��1N$'+%� �8$��,/ 4 ? � 1"!#� ��)�. � � $��,/ 4 C � 1%$��Fz>��2(2%��0�1N)p$')
cRYA4�#@��_P�9Z

^L$'YA4�#@�`_2�9_~[\��� W�H ��2@+%$:&O�<+%0A#N �#%0�c�8:��4�2@�*.J$:)�+-������2@+-$'&O�<+-$'0A)Q �#%0�B*��2%2*z�EX0�#&� 4 ,!Z
� $5+-� +-��$'2J �#%0�c�8:�<z�$'E(')�*' / �,+.-]��1N$'+%���,+.-]��� 1/�3+%��� EX49)�B�+%$:0A) $'2 ���!Z �10

2-�<+%4�#-�<+%�*. ��)9.�+-���Q+-�*#@& ����2�)�0 $')! R4���)�B*� �<)vU�&(0A#@��Z V 2^��B*0A)�2@��Tv4���)�B*�<zP+-��$'2
��49+-0�&V�S+-$'BG��8'8'U��*8'$:&($')R�<+-��2y+%����$:)  R4��*)9B*��0�EF= YA#%0�2%2xC��*#@#%0A#@2*Z232547698;:�8�<9=3>?<@8A=
B
CD8,:E:�B3FGB
8HB
6*FIB/JK CMLON@P�Q�CM:SRATU>V:�8.B
>XW7Y�W[ZHF?=
>]\ �_^a` 8,=
>*bK CUC
LON@P�Q�CM: � >GB7cdF?=7ce=
>]fgWhYji WIiVce>?=EC � B
8,=
fk8 ^ CDFGB
8�8A=3=
>]=3: K 6*FGTUc >?clB3698/:
FGB
\9=[FIB3CU> � L5bK CUCDC
LON*P�Qm:
FGB
\9=[FIB38,:Oce>?=ETMFG=3n?8,=h8,=
=3>?=[:,bF]:7=
8;oV\9CU=38 ^&prq B
6_8�:
<@8,RsCUt*R,FIB
CD> � :Au
e � cdF?R5B;b"fv>]=
8#:�B3=
> � n?8,=wRs> � :�B3=3F?C � B[:SRAF � 8,F]:�CDT qxp 8#:�B3FIB38 ^ F �_^ B3698#RA>?=3=
8;:�<@> �_^ C � nkce\ � R5B3CU> � RAF �F?TUy7F q : p 8 � \9fk8A=3CDR,FGTDT q RA>?fk<9\zB38 ^ F �_^ 698 � Rs8OB3F p \9TMFIB38 ^ B
> p 87\_:
8 ^ C � B36987fkC � CDfkCD:3FIB3CU> � <_=
>zRs8;:
:uDuDu p \9B/C{B|F?<9<*8;FG=[:.B
6_FGBHB3698k<9=[F?R5B3CDR,FGT}n]F?C � CM: � 8An]TUCDn?C p TD8?b1yE698,=
8;F?:.B
698~<_=
>]<*>V:�8 ^ ce\ � RsB
CD> � CD:�F
� CDRA8�RA>?fk<9=3>?fkCM:�8]u
�������9�*���6�



��� ���������
	��
�
���

[\�9$:2~EX4�)�B�+-$'0A)($:2 B�0A),�A���;EX0A# ')�*' ! ����2~#@��Tv4�$'#%��.OEX0A#s+-���N&($:)9$:&($'2-�<+%$:0A)O �#@0!B��*2%2�Z
[ +-2@�-!
<-��I /Q'-/0���$� � �
���
16�
< �Na '-1�/���� !
/���1 ) ��� )�) ��!
/7�.�7���5/7��'-1	EX0A# ' �*' ! �^$'2 ��� 0 +-�v4�2
7"��+%+-��#L+-����)(4�2%4R�<8 H H ��2@+%$:&O�<+%0A#%2 � �A���92%$')�B*�N$5+~$:2~B�8:0�2%�*.(+-0���8'�G�<2@+@H 2STv4R��#@�\B*#@$'+%�*#%$'0A)
EX0A#\2%&O��8'8}�<��8:49�*2*Z

My�*#@��z!EX0�#{2%&O��8'8 #@�*2@$:.�4���8:2|+-����B�#%$5+-��#%$'0A)�&O�GU�7e�P+-#@�G�<+%�*.^�<2
��� 7 B�#%$5+-�*#@$:0�) �l$lZ �<Z
� W/�<�R��8:��)�0A7�$'2(.�$'2@+6�<)�B*�,�( �#@0��!$'.�$')�Y�+%�R�<+O�*#@#%0A#@2V0�) +%���J#%�*2@$:.94R��8'2���#@�/�<.�.�$5+-$5�A�
��)�.^EX0A8'8:0�1 �T2x+6��)�.���#%. ���<4�2%2@$ ��)J.�$'2@+%#%$'7�49+-$'0A)}Z

2��A4769CM:O8	�XRsCD8 � R q CM: ^ 8st � 8 ^Xprq B
6_8.=[FIB3CU>*J�

���������������������! #"%$&�����! ('�)�����*�+�, #"%$&�*�+�, '
yE698,=
8.-/�XCM:OF � 8,:�B
CDf~FIB3CU> �> p B3F?C � 8 ^ ce=
>]f�F10�FG\_:3:�CMF � >?<9B
CDfkF?T1>?<@8A=[FIB3>?=EF �_^32 � > p B3F?C � 8 ^ ce=3>?f B
6985476 8,:�B
CDf~FIB3>?=;u

e+f��ge+h



Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles - B.P. 93 - 06902 Sophia Antipolis Cedex (France)

Unité de recherche INRIA Lorraine : Technopôle de Nancy-Brabois - Campus scientifique
615, rue du Jardin Botanique - B.P. 101 - 54602 Villers lès Nancy Cedex (France)

Unité de recherche INRIA Rennes : IRISA, Campus universitaire de Beaulieu - 35042 Rennes Cedex (France)
Unité de recherche INRIA Rhône-Alpes : 655, avenue de l’Europe - 38330 Montbonnot St Martin (France)

Unité de recherche INRIA Rocquencourt : Domaine de Voluceau - Rocquencourt - B.P. 105 - 78153 Le Chesnay Cedex (France)

Éditeur
INRIA - Domaine de Voluceau - Rocquencourt, B.P. 105 - 78153 Le Chesnay Cedex (France)��������� �	��
�


���������� ��� ���

ISSN 0249-6399


