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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��
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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
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3

3 1211119

6 8 8 9

Number of measures

R

H
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Intensity Variation
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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
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hC K`CaX���C��AZ`CzL}Zd�Ai�U wSQ���C���Z`LNB%mA��PRGAY
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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�
wNLaK`P�LaIJPRQSG}PRZ�KdC���LaIJC [}IJQ�I`?AP�Z�[AP�ZdmA��LNM�C B0C G:I�P�G�mAKdQSm�QSKdI`P�QSG�QN� IJ?]ClP�G:I`C�GAZdPRIH��Z`�RQSmjC�QSK
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6��!���������P�G�IJ?]C G]QSK`B0LN�![APRK`C M I`P�QSG�XA��K`P�I`IJC G#��P�IJ?�� 6 - ; i 1 ��� ��� ���� ��� � � M �

marker border

n(M)

(M) = 0c

marker normal

Displacement

Intensity/Displacement slope

marker border

IntensityBA
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IJ?��AZ PRGAM�KdC�LNZdP�GAY�I`?ACzZ`m�C�C [ Qa� I`?ACzLN�RYSQSKdPRI`?AB�X iA�]I I`?AC�YSC GAC�K`LN��m�C�Kf��QSK`B0LNGAM C�Z�LNKdC
Z`PRB0PR��LNK��

� �N���#
��%$&� � � �N� 
�� � � �0� ����
��%(_����$ �
� i:w�PRQS�AZ`���SX\I`?AP�Z LN�RYSQSKdPRI`?AB e

G�PhH LN���2L���Z P�G][A�AM�C ZX	X������	���$�	��z�c������1�!'�R0���
���������������QN�cI`?AC�mALNKJLNB%COIJC�KhwSC�MOIJQSK X
Z`PRGAM�C2P�I�B%Q�[AP � C�Z�QNGA�R� QSG]C�m\LNK`LNB%C I`C�K�LtIcL I`P�B%C�LaGA[�QSG]�R� IJQ�L�B%P�GAPRB0LN��wNLa���AC`iSIJ?APRZ
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IJ?\LaI B0LNKd�NC�KdZ$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 �
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��� 	������#��	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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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
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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 �$C��R�
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�#QSKdC YNC�GAC KJLN�R�R�NXA��K`QSB GIKML�H$��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
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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
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��?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$LaI�IJ?AC�YSK`LNmA?APRMOU��AZ`C K�PRG�I`C�Kf�8LNM�C��RC wNC��8X I`?\LaI�I`?AC
C�ZfIJPRB LtIJPRQSG#m]K`Q�M�C�ZdZh?ALNZ�M�QSG:wSC K`YSC [#I`Q LzKdC�LNZdQSG\LNiA�RC�wNLa���ACa�
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a�P�G]M�C �$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�

� ��� � 
 $ 
 � ���'��(�
 � 
�� � ��
 � � �)��� �!� ����� �!�"�#
��%$&�'�%(�
 �)�
>�?\LNGA��Z�IJQ�I`?AC�mAKdC w�P�QN�AZ%ZdIJC mAZ��$C�?ALxwNC�L���Q�M�La��PRZJLaI`P�QNG QN� C�LNMW? B0LNK`�aC�KzPRG C�LNMW?
[\LaIWL�wNQS���]B0Ca�

��� }� �¡�¢d£�¡
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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^



���������
	���
�����
�����������	������������ �"!��#���%$&�'����	
�����(�)���+*-,/.)0���$213	
�)�4�65�1����7������8 y T
���������	� �
���������
���������������������
� �"!$# ��� 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
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