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 a Q YrhVWM�X\Q ]jb JLJ Q��%QPS\T3V ^ Y[JLJ ] e a YZTRe b SiO
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SLQ�O b SUT�JfY\O%JLKRMkY ] Y �L] Q��%QPS\T a�b �%JLKNQPONO MPQPOP� npY[K�Q�WQ��%J ] Q���J b hLK�TNKNY[SfOR�uQ�T TNKRQ�hLSLQ
ORMP�UhLQ�S a Q�VWQ �[�Iej��Y � QkOpJfY[K¿ORQ a�b SfVWQ�VWQ �[� � × �\� � JLe WQ ] O"Y¬X\Q a �[� � SLejX[QPY[h�uVWQ � KNejO
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� �iS!VWQ �%e�QPh�+Q�WJ ]jb e�TRQPK ] QPO�� b �[QPSfO�VWQ TRK«YrSiO �%eqORORe b S����UhLeO b SUT�JL�w�WORej�UhLQP�uQPSUT
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]jb S�V ^ e���Y � Q�O QPKNY%Y[JLJiQ ] MJfe�WQ ] �\hfe QPO T�hLSLQ�Y � KNM�XwejYrTRe b S�VWh�TRQPKR�%Q�YrS �[] YreqO ��JLe a TNhLKNQ
Q ] Q��%QPS\T 
E9��¡gWe b S�QkO�T a YrJfY �L] Q�VLQKRQ a�b SiO�TNKRhLejKNQohfSLQ a�b JLejQ�VWQ ]_^ ej�%Y � Q � JfY[K TNe�KdVWQ �
� e�TNO�� b S�VWejKNY%�UhLQ ] QoTNYrh=�VWQ a�b �%JLKRQkORORe b S b\� TRQPSwh�QkO�T�VWQ

T =
B

C

n b hLKdhLS OR�WO�T����%Q�VWQ a�b �%JLKNQPONORe b S�V b SLSLM��iJ ] hfO ] QTNY[h��VWQ a�b �%JLKRQkORORe b S�QPO TdM ] QPX[M��
J ] hfO ]_^ ej�%Y � Q a�b VWM�Q O ^ M ]jb e � SLQ VWQ ] ^ e���Y � Q b KRe � ejSfY ] Q[� gwQ ]jb S ] QkO�Y[JLJ ] e a YZTRe b SiO%� ] QPO
TNY[h��VLQ a�b �uJfKRQkORORe b S�KNQ a �fQ�K a �LMPOmO b SUT�VWe ! MPKRQPSUTNOP� · SLQ�JLKNQ��%e���KNQ a�] Y\ORORe � a YrTRe b S�VWQPO
�%M�TN� b VWQPOIVWQ a�b VLY � Q�J Q�hWT���TRKNQ�Q�SwXweqORY � M�Q � JfY[K TNe�KoVWQPO b\� ��Q a TRe �|Oo�UhLQ ]_^ b S O Q��=WQ[�
�¿Q�KRTNY[e�SfQPOd�uM�TR� b VWQkO b SUTdM�TNMuVLM��fSLejQPOdJ b hLK ��TNKRQ a Y[JfY �L] QPOdVWQuKRQ a�b SiO�TNKRhLejKNQQ�LY a TRQ�D
�%Q�SUT ]_^ ej�%Y � Q b KNe � e�SfY ] Q86 �%M�TN� b VWQPOpONYrSiO3J Q�KRTRQkO�9�� # QPO TNY[h��VWQ a�b �uJfKRQkORORe b S�YZTRTRQ�ejSUTNO
SLQuVWM�JfY\ORORQ�SUT�JfY\O � b h H �/�¿Q�T TNQ a�b SUTRK«YrejS\TNQQPO ToO b hLX\Q�SUTmTRK b J�O TRKNe a TRQ\� # Q�TNYrh=�VWQ
a�b �%JLKRQkORORe b S V b SUT b S Y � QPO b ejS/VLYrSfO ] Y�J ] hLJfY[K TVWQkOoY[JLJ ] e a YZTNe b SfO a�b S a Q�KNSfY[S\TIVWQPO
ej�%Y � QkO%�rQkO�T�O hLJ M�KNejQ�hLK"V ^ Y[h�� b e�SiOphLS b K«VWKNQ�VWQ � K«YrSiVWQ�hLK ��a Q ] hLef�Uh ^ b S�hLTRe ] eqO QdVLYrSfO
] Y a�b �uJfKRQkORORe b S�VWQdV b SLSLMPQPO��[��YreqO"QPS������%Q�TNQ��%JfO¿e ] JiQPKR�%Q�T"hLSLQdJiQ�TRe�TRQIVWejO T b KNORe b S

�



�

VWQ ] ^ e�S�� b KR��YrTRe b S�VLYrSiO ] Y��uQkO hfKRQ b@Ju] ^ & e ] �Uhf�%Y[e�S�SfQ ] YIJ Q�K«½ b e TºJiY[OP� #"^ b\� ��Q a TRe � QkO�T
VWQ%KNQPO TRe�TRhLQPKhLSLQ a�b JLe�Q�VWQ ] ^ b KNe � e�SfY ] Y¬X\Q a hLSLQ a Q�KRTNYrejSLQ%VWeqO�T b K«O e b S�� ��Y[ejOIXweqO hLQ ]�] Q�D
�%Q�SUT�JLK bWa �LQ�VWQ ] ^ ej��Y � Q�VWQ�VLM�JfY[K Tk��¾dS/JiQPhWT b[� TRQ�Sfe�K�VLQPOej��Y � QkOIQ�S�YrJfJfYrKNQ�S a Q
eqVWQ�SUTReq�UhLQPO ��] ^ b KRe � ejSfY ] Y¬X\Q a hLS TNYrh= VWQ a�b �uJfKRQkORORe b S V ^ Q�SwXwejK b S �;6 �uc�MPY[SL� b ejSfO%�
a QPK T«YrejSLQPOmY[JLJ ] e a YZTNe b SfO¡KRQk�UhLe �PKRQPSUT¡hfS�T«Yrh��VWQ a�b �%JLKRQkORORe b S�J ] hfO�M ] Q�X\M[�pn b hLK a Q a e	�
e ] QkO�TuSLM a QPONORY[e�KNQ�V ^ Q�wTRK«YrejKRQ ]_^ e�S=� b KN�%YrTRe b S �UhLe�S b hiO�J Q�KN�uQ�T TNKNY VWQ�KNM a hLJiMPKRQPK�hLSLQ
ej�%Y � QORe��%J ] e��iM�Q��YreqO¡KRQPJLKNMPORQ�SUTNYrTRejX[QdVLQ ]_^ e���Y � Q b KNe � e�SiY ] Q[�
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# QkOIJLKNQ��%e�QPKNOIJiY[OIQ�S a�b �%JLKNQPONO e b S V ^ ej��Y � QuhLTRe ] eqO QPSUT ] Y�TR�fM b KNejQ%VLQ ]_^ e�S=� b KN�%YrTRe b S �
�dQ�h� � K b hLJ QPO�VWQ"TNQ a �LSfej�UhLQkO�VLQ a�b VfY � Q b SUT M�TRMmVWMPX[Q ]�b JLJiMkO VLQ�JLhLeqO ] QPO YrSLSfM�QPO O b e  D
YrSUTNQdVLY[SfO a Q a Y[VWKNQ[� ] QPO¿TRQ a �LSLeq�\hfQPO�O JfYrTReqY ] QPO��U�UhLe TNKNY¬XZYre ]j] QPS\T¡VWejKRQ a TRQP�%Q�SUT�Y¬X\Q a�] QPO
XZY ] Q�hLK«OVWQkO�M a �iYrSUTRe ]�]jb SiOVWQ ]_^ ej�%Y � Q�Q�T ] QkO�%M�TR� b VLQPOTNKNY[SfO � b KN�uMPQPO��3�UhLeºhWTNe ] eqO QPS\T
] Y�KNQ�JLKNMPORQ�SUT«YZTRe b S O J Q a TRK«Y ] QuVWQ ] ^ ej��Y � QuQ�T ] Y�ORej�uJ ] e �fQ�SUTk���¿QPOo�%M�TN� b VWQPO��3VWM a�b � D
J b ONYrSUT ]_^ ej�%Y � Q�QPS �L]jbwa O�KNM � h ] ejQ�K«O%Q�T�Q�WJ ]jb e�TNY[S\T ] Y a�b KNKRM ] YrTRe b S ��]_^ ejS\TNM�KNe�QPhLK�VWQ
a �fY\�\hfQ �L]�bWa �\VLY[SfO ] Q�V b ��YrejSLQ�ORJfYZTNejY ]Lb h�ORJiQ a TNKNY ] ��� b SUTºJfYrKRTRejQ�VWQ a Q��Uh ^ b S�YrJLJ Q ]j] Q
²  N§�»u¥��� N§ #U¢�¨?¢� R±r©_¥|³r¨!¦[§�£�£ �¬£«©���»%§�£�¦\§��«³Z»�²  R§�£«£¤¥|³Z¨ ¦ � ¥¼»%± #\§�� # QPO �L]jbwa O%hWTRe ] ejORMPO
J b hLK¿Q�WJ ]jb e�TRQ�K ] Y a�b KNKRM ] YrTRe b S%VWQ ] ^ ej��Y � Q�SLQ�O b SUTºJfY[O ] ejMPO � O b S a�b S\TNQ�Swh � # QkO TRK«YrS�D
ORe TNe b SfO�QPS\TNKRQ �L]�bWa O�VWQPXUejQ�SfSLQ�SUT�XweqO e �L] QPO��UhfY[SfV b S�QkORONY¬�[Q�V ^ YrT TRQPe�SiVWKRQ�VWQPO�TNYrh=�VWQ
a�b �%JLKRQkORORe b S�M ] QPX[MkO��

# QkO��uM�TR� b VWQkO b KNe�QPSUTRM�QkO b\� ��Q�T,�LYrJLJ Q ] M�QkOmYrhfONORe �%M�TR� b VWQkOmVWQ�¦[§�µ ¹ ¥���»�§�#U¢�¨?¢� R±&!
© ¥|³Z¨ ��Y[JLJfY[KNY[ejONO QPSUT a�b �%�%Q�hLSLQ Y ] TNQ�KNSfYZTNe�X\Q[� �¿QkO��%M�TN� b VWQPO�O Q�K«YrJfJLK bWa �LQPSUT�VLh
a�b �%J b K TNQ��%Q�SUT�VWQ ]_^ & e ] �whL��Y[e�S���VWQPO TRejSfYrTNYrejKNQ �fSiY ] VWQPO�OR�WO�T����%QPO%VWQ a�b VfY � Q��ºQ�T
VWM a KNe�X\Q�SUT�hLSfQ ej�%Y � Q Q�S+TNQ�KN�%QPO�V ^ b\� ��Q�T«O�� #"^ ej��Y � Q S ^ QkO�T�J ] hfO�VWM a�b �%J b ORM�Q�QPS
�L]jbWa OmYrK � e�TRK«YrejKRQkO¿VLh�J b ejSUTmVLQXUhfQIVLQIO b S a�b S\TNQ�Swh��W��YreqO¡Q�S b[� ��Q�TNO a�b KNKRQkO J b SiVLYrSUT
� VWQkO�QPS\TNe TNMPO�JLKNMPORQ�SUTRQkO�VLYrSiO ] Y O a ��SLQ\� #º^ e�SUTNM�K���T�VLh a�b VLY � Q b KNejQ�SUTRM b\� ��Q�T�QkO�T
V ^ b[� TNQ�SLejK¿VLQPOºej��Y � QPO"ORej�uJ ] e �fM�QkOº��YreqO a�b SUTRQPSfYrSUTºhLSfQ�ejS�� b KN��YZTRe b S ] ejM�Q�Y[h a�b SUTNQ�Swh
VWQ ] Y�O a ��SLQ\��¾dS/J Q�hWT�QkO J M�KNQ�K��Uh ^ hLSLQ�Y[SfY ] �WO Q�VWQ ]_^ e���Y � Q � TRK«Yre�TRQPK b JWTNe��%eqO Q ] QPO
J Q�K�� b KN�%Y[S a QkO¡VWh a�b VWQ�hfKP�

# QkO��%M�TR� b VWQkO�VWQ ] Y�JLKNQ��%e���KNQ � MPSLM�K«YZTNe b S a�b VWQPS\T�ORe��%J ] Q��%Q�SUT ] Q a�b S\TNQ�Swh VWQ
a �fY\�\hfQ �L]jbwa 6 ] Y�J b ORe�TRe b S�Q�T ] Y � b KN�%Q�VWQkO �f]�bWa OdQPO T a�b SLSwhLQuY�JLKNe b KNe 9� JiYrK a�b SUTRKNQ��
] QPO¿�uM�TR� b VWQkO b KRejQ�SUTRMPQPO b[� ��Q�T¿V b ejX[QPSUT a�b VWQPK ] Y�J b ORe TNe b S�� ] Y � b KR�%Q�Q�T ] Q a�b SUTRQ�Swh�VWQ
a �fY\�\hfQ b[� ��Q�TP�dgWe hLSfQ�ej�%Y � Q�QkO�ToKRQPJLKNMPORQ�SUTRMPQQ�S VWM�TNY[e ] � � QPY[h a�b hLJ�V ^ e�S=� b KN�%YrTRe b SfO
X b SUT5��TRKNQ�SLM a QkORONYrejKRQkO�J b hLK a�b VWQ�K ] QkO a�b SUT b hfKNO�VLQPO b\� ��Q�T«O%� a Q �UhLeIVWMPONY¬XZYrSUTNY � Q
] QPO��%M�TR� b VWQkO b KNejQ�SUTRMPQPO b\� ��Q�T�JiYrK�K«YrJfJ b K T�Y[h���%M�TR� b VWQkO a�] Y[ONORej�UhLQkO��¡npYrK a�b SUTRKNQ��
] QPO¡�%M�TN� b VWQPO b KRejQ�SUTRMPQPO b[� ��Q�T�V b SLSfQ�SUT�VWQI�uQPe ]j] Q�hLK«O�KRMkO h ] TNYrTNO ]jb K«OR�UhLQ ] Y a�b �%JLKNQPO D
ORe b S�QPO T�TNK��kO � b KRTRQ\�mQ ]j] QkO�J Q�KN�%Q�T TNQ�SUTIhLSLQ � KNY[SfVWQ�ORej�uJ ] e � a YrTRe b S VLQ ] ^ ej��Y � Q�Q�S�SLQ
KNQ�TRQPSfYrSUT%VWQ ] ^ ej��Y � Q��UhLQ ] QPO�TRK«Yre�TNO � M b �%M�TNKReq�UhLQPO�ORY[e ]j] Y[SUTNO�� Y ]�b KNO��UhLQ ] QPO��fYrhLTRQPO
� KNMP�UhLQ�S a QPOmY[h�L�UhLQ ]j] QkO ]_^ & e ] �Uhf�%Y[e�S�QPO T�� b ejSfOmORQ�SfORe �f] QO b SUTmSLM �\] e � MPQPOP�

# QkOp�%M�TN� b VWQPO b KRejQ�SUTNM�QPO b[� ��Q�TºJLKRMkO QPSUTRQ�SUT"Y[hfOROReLhLS%ejSUTRM�K���T�VWh�J b e�SUT"VWQ�XUhfQ�VWQPO
YrJfJ ] e a YrTRe b SfO ��] Y�K b[� b TNej�UhLQ\� # Y�VWM a�b �%J b ORe TNe b S�VWQ ]_^ e���Y � Q�QPS b[� ��Q�TNO¿QPO T¡hLS�J b ejS\T
VWQ�VWMPJfYrKRT�J b hLK�ORY a�b �%JLKRMP�LQ�SiO e b S�� a Q��UhLe b hLXwKNQ ] QPO%J b KRTRQkO � VLQPO�YrJfJ ] e a YrTRe b SfO
V ^ YrhWT b ��YZTNejOR�%Q[� `º]j] Q b�! KNQ�Y[hfONO e¡hLS � K«YrSiV J b TRQPSUTRejQ ] J b hLK�VWMPX[Q ]�b JLJiQPK ] QkO%S b h�D
X[Q ]�] QPO � b S a TRe b SLSfY ] e�TRMkOºVWQ�l�n ` ¶ D � �rTNQ ]j] QkO"�UhLQ ] Y��YrSLejJLh ] YZTNe b S�V ^ b\� ��Q�T«O%� ] Q a�b VLY � Q
ORM ] Q a TNe�� 6 a�b VLQ�KY¬X[Q a J ] hfOVWQuJLKRM a eqO e b S ] QuJLKNQ��%ejQ�KIJ ] YrS�� JfY[KdK«YrJfJ b K TYrh � b SfV 9�� ] Q
ORhLe�Xwe V ^ b[� ��Q�TNOo�j���j� # YuO�TNKRh a TRhfKRQIV ^ hLS�OR�WO�T����%QoVLQ a�b VLY � Q b KNejQ�SUTRM b[� ��Q�T�QkO�TmhLS �ib S



H

ORhLJLJ b KRT¡J b hfK�VWM�X\Q ]jb JLJ Q�KmVWQkO�YrJfJ ] e a YrTRe b SfO � a�b S\TNQ�SUT � Y[ORQPV�
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# QkOo�uM�TR� b VWQkO b KNe�QPSUTRM�QkO b[� ��Q�TIVWM a KNe�X\Q�SUTIhLSLQ%e���Y � QuQ�S TRQ�KN�%QPOIV ^ b[� ��Q�TNOoJLKNMPORQ�SUTNO
VLY[SfOIhLSLQ�O a ��SfQuQ�T a�b VWQ�SUT ] Y�J b ORe�TRe b S�� ] Y � b KN�%Q 6 ] QkO a�b S\T b hLK«O+9mQ�T ] Q a�b S\TNQ�Swh(6 ] Y
TRQ%wTRhLKNQ,9uVWQ a �fY a hLS VWQPO b[� ��Q�TNO%VWM�TRQ a TRMkO�� #º^ b[� ��Q a TNe��dS ^ QkO�T�JfY\O%VWQ�KRQkO�TNe TNhLQ�K%hLSLQ
ej�%Y � QuejVLQ�SUTReq�UhLQ ��] ^ b KRe � ejSfY ] �?��YreqOoV ^ Q%UTNKNY[e�KNQ ] ^ e�S�� b KR��YrTRe b S�J Q�KRTRejSLQ�SUTNQ%VLM a KNejX¬Y[SUT
] YuO a �PSLQ[� # QPO¡JLK b JfKRejM�TNMPO � M b �%M�TNKReq�UhLQPO¡VWQkO b[� ��Q�TNOmO b SUTmJLKRMkO QPKRX\M�QkO%� a Q��UhLe M ] ej�%e�SLQ
] QPO�Q ! Q�T«OmVWQ �L]�bWa V ^ hLSLQYrJLJfK bWa �LQ a�] Y[ONO eq�UhLQ[� · S�OR�wO T��P�%QoVWQ a�b VfY � Q b KNe�QPSUTRM b[� ��Q�T
b J ��KNQIQ�S H M�T«YrJ QPOP�
� � # Y�JLKNQ��%e �PKRQpM�TNY[JiQpQkO�T ] YmORQ � �%QPS\T«YZTNe b S�� a �fY[K � M�Q V ^ ejVWQPSUTRe �fQ�K ] QPO b[� ��Q�TNO JfKRMkO QPS\T«O
VLYrSfO ] Y�O a ��SLQ\� · S b\� ��Q�TdQPO ToVWM%�fSLe a�b �%�%Q�hLS Q�SfORQ�� �L] Q�VWQ�JLe WQ ] O�6|hLSLQ�KNM�D
� e b S19�X[M�KNe �iYrSUTdhfSLQ a�b SfVLe TNe b S V ^ � b � b\� M�SfM�e�TRM%¾dS ] hfeºY[ONO e � SLQ�hLSLQ%M�TNej�UhLQ�T TRQ
6 b h ] Y � Q ] 9%�\hfe�O QPK T � ] ^ eqVWQ�SUTNe��fQPKP� # Y J ] hLJfYrKRT�VWQPO�YrJLJ ] e a YZTNe b SfO�V ^ YrSfY ] �WORQ
V ^ ej��Y � QuORQ'� bwa Y ] ejORQ�SUT�ORhLKhLS a �fYr�%J/V ^ YrJLJ ] e a YZTNe b S JfY[K TNe a h ] e�QPK�� a Q��\hfeºJiQPK D
�uQ�T¿V ^ Y[VLY[JWTRQPK ] QkO"Y ]��\b KNe TN�L�%QPO �a �fY\�\hfQ a Y[OºJfYrKRTRe a h ] ejQ�Kk�3npYrKºQ%WQ��%J ] Q��wVLYrSfO
hLSLQ�YrJLJ ] e a YZTNe b S �%MPVLe a Y ] Q b S J Q�hWT�Y¬X b ejK � a �LQ�K a �LQPKuVWQkOuJfYrKRTRe a h ] QPO a�b KNKRQ%D
O J b SfVfYrSUT � VWQkO a Q ]j] h ] QkO%� b h � VWQkOoTRhL�%QPhLKNO��3Y¬X\Q a VLQPO a KNe�T���KNQPOoVWQuTNY[e ]j] Q��3VWQ
� b KN�uQ��iVWQ�TRQ%UTNhLKNQ b h�VWQ a�b h ] QPhLKk� # QPO a YrK«Y a TRMPKReqO�TNej�UhLQkO�VWQkO b[� ��Q�TNO a �LQ�K a �LMkO
O b S\T�VWM%�fSLejQPO�VfYrSfO ] QPO�ORJ M a e � a YZTRe b SiO�VWQ ]_^ YrJfJ ] e a YrTRe b S � # Q a�b VLY � Q�VWQ�XZY[S\T
O ^ YrJLJ ] eq�UhLQ�K � hLSLQ � KNY[SfVWQXZYrKNejM�TRM�V ^ ej��Y � QkO%� ] Q a KNe T���KNQ�VWQ�ORM ] Q a TRe b S�V ^ b[� ��Q�TNO
SLQuV b e�TIJiY[OohWTRe ] ejORQ�K�VWQkOoe�S�� b KR��YrTRe b SfOIORhLK ]_^ e���Y � Q%Y�JLKNe b KNe_� #"^ ejSUTRK b VWh a TNe b S
VWQ ] Y�ORQ � �%QPS\T«YZTNe b S VLYrSiOIhLSLQ�YrJLJ ] e a YrTRe b S/VWQ a�b VLY � Q�S b hfO b[�f] e � Q � VWM��fSfe�K
VWQPO a KNe T���KNQPO�V ^ � b � b[� M�SLMPe TNM � MPSLM�K«Yrh�)�mXZY ] Y �f] QkO�J b hLK�hLSLQ e���Y � Q V ^ Q�SUTNKRMPQ
YrK � e TNKNY[e�KNQ[�

�L� · SLQ � b eqO��UhLQ ] QkO b\� ��Q�T«O b S\T�M�TNM VWM�TRQ a TRMkO�VLY[SfO ]_^ M�T«YrJ Q VWQ O Q � �%Q�SUTNYrTRe b S��
] QPhLKNOoJ b ORe TNe b S Q�T � b KN�uQ�V b e�X\Q�SUT ��TRKNQ a�b VWMPQPOP� # Q a�b VLY � QuVWQ a�b SUT b hLKNO a�b VLQ
]_^ e�S=� b KN�%YrTRe b S�KRQ ] YrTRejX[Q �u] YuJfY[K TNe TNe b S�VWQ ] ^ QPORJfY a Q[�

H � � ejSfY ] QP�uQPSUT ] Q a�b VLY � QIVWQITRQ%wTRhLKNQ a�b VWQ ] Q a�b SUTRQPSwh�VWQkO b[� ��Q�TNOP�
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# Q�JLK b J b O�VWQ a Q�TRTRQ�TR�=�kO Q�QPO T ] Q�VLM�X[Q ]�b JLJ Q��%Q�SUTuV ^ hLS Y ]j�[b KRe�TR�f�uQ�VWQ�ORQ � �%Q�SUTNY"D
TRe b S�VWQORMP�UhLQPS a QkOmV ^ ej��Y � QPOmONY a �fY[S\Tm�UhLQ ]_^ b[� ��Q a TNe��$�fSfY ] QPO T�VWQ ] ^ ejSUTRM � KRQPKmVLYrSfO¡hfS
OR�wO T��P�%QIVLQ a�b VLY � Q b KRejQ�SUTNM b\� ��Q�Tk�
c b hfO%Y¬X b SfO a�b �%�%Q�S a M�S b TRKNQ�TRK«Y¬X¬Y[e ] Q�S S b hfO � b SfVLY[SUT�ORhLK ] Q�JfY[KNY\VWe � �%Q�VWQ

ORQ � �%QPS\T«YZTNe b S�VWQ ] Y�� b KNJL� b\]�b\� ejQm��YZTR�fM���YZTNej�UhLQ\� ] Y ] e � SLQdVLQ�JfY[K T«Y � QdVWQPO¿QPY[h�%VLh
� K«Y[VLe�QPS\T � JfYrKRTRejKdVLQPO���Y[KN�UhLQPhLKNOdVWQPO�KRM � e b SfOd�UhLQ ] ^ b S�X[QPhWT�Q�wTNKNY[e�KNQ[�8�¿Q�O a �LMP��Y
Y�V b SLSLM ] ejQ�h � VWQ�S b � � KNQ�hfORQPO�YrJLJ ] e a YZTNe b SfO���Y[ejO��pVLYrSfO ] Q�V b ��Y[e�SLQ�VWh a�b VLY � Q��
a Q ] Y�����SLQ � VWQPO¡VWe�� a h ] TRMkO¿KNM�Q ]�] QPOP� # Y�O b hLK a QdVWQ a QPO�VWe�� a h ] TNMPO¡QkO�T ] Y�JLKNMPORQ�S a QdVWQ
VWM�TNYre ] O �fSiO%� b h�� a Q%�\hfe KNQ�XwejQ�SUToY[h �����%Q�� ] Y�JfKRMkO QPS a QuVWQ�� b hfX[Q��%QPS\ToKNY[JLeqVWQ��UhLe
� MPS=��KNQ�VWQkO b[� ��Q�TNO �iSfO"VLY[SfO ] ^ Y"WQmTRQP�uJ b KNQ ] � ` S�Q ! Q�T,�UVLY[SfO ] Q�V b �%Y[e�SfQ�VWh a�b VLY � Q��
] QPO a�b SfVWe�TRe b SiO�V ^ M a �fY[S\TNe ]j]jb SLSfY � QI� b KNJL� b\]�b\� eq�\hfQdSLQ�O b SUT�JfY\OmX[MPKRe �fMPQPOP� #º^ YrSfY ] �WORQ
VWQkOºVWe�� a h ] TRMPOºKRQPS a�b S\TNKRMPQPO�S b hfOpY a�b SiVWhLe�T � hfS%Y[hWTRKNQmJfY[KNY\VWe � �%Q�VWQ�ORQ � �%Q�SUTNYrTRe b S
JfY[K�� hfO e b S�VWQKNM � e b SfO��



�

c b hfO�Y¬X b SfO�YrejSfO e�VLM�X[Q ]�b JLJ M hLS'Y ]��\b KNe TN�L�%Q VWQ � hfORe b S0VWQ/KRM � e b SfOP�D¯>�%J ] M�D
�%Q�SUTRM�O hfK�hLSLQ�O�TNKRh a TRhfKRQ�VLQ � K«YrJf�LQ�V b SUT ] QkO�S & hfVfO�Q�T ] QPO�Y[K���TRQkO�O b SUT�M�XZY ] hLMkO%�
] ^ Y ]��\b KNe TN�L�%Q"QPO T ��] Y � b ejO Q	� a Y a Q¿Q�TpO h ��ONYr�%�%Q�SUT �fQ�We �L] Q�J b hLK�JLKNQ�SfVWKNQ"QPS a�b �%JWTRQ
hLSLQ ] Y[K � QXZYrKNe�M�TRM�VLQ a KNe�T���KNQPOP��c b TNY[�u�%QPS\T,� VfYrSfO ] Q � hWTIVWQ�KNQ�SfVLKRQ ] Q�OR�WO�T����%Q�VWQ
a�b VLY � Q �[]jb[� Y ] QP�uQPSUT a�b �LM�KNQ�SUT��"S b hfOuY¬X b SfO�JfKReqO�QPS a�b �%JWTRQ�VLY[SfO ] QkO a KRe�T��PKRQkO�VWQ
� hfORe b S ] QPO a Y[JfY a e TNMPO�VLQPOIY ]j�[b KRe�TR�L�%QkO�VWQ a�b VLY � Q��UhLepO b SUToYrJfJ ] eq�UhLMPOoYrJfK��kO ] Y�ORQ � D
�%Q�SUTNYrTRe b S �
� e�SiY ] Q��%Q�SUT�S b hfO�Y¬X b SfOIe ]�] hfO TRKNM ] Q�J b TRQPS\TNe�Q ] �UhLQ ] Y�ORQ � �uQPSUTNYZTNe b S b"! KRQ � hfS

OR�wO T��P�%QdVWQ a�b VLY � Q[� # Y�O Q � �%Q�SUTNYrTRe b S�ejSUTRK b VLhLe T ] Y�S b TNe b S�V ^ b[� ��Q�T¡VfYrSfO ] Q a�b VWQPhLKP�
��ejSfORe ] Q%VLM�X[Q ]�b JLJ Q��%Q�SUT�VWQ�� b S a TRe b SfSfY ] e TNMPO�� TRQ ]�] QPO��\hfQ ] Q�ORhLe�XweºV ^ b[� ��Q�TNO��3VWQPXwe�QPS\T
hLSLQoQ�wTNQ�SfORe b S�SfYZTNhLKNQ ]j] QoVWQPO�Y ]j�[b KRe�TR�L�%QkO"VWQ a�b VLY � Q[� �¿QPO4� b S a TRe b SLSiY ] e TNMPO¿KRQPS\TNKRQPSUT
VLY[SfO ] Q a Y\VWKNQºVWQPO3S b hLX\QPY[h� b\� ��Q a TRe �|O)�=WMPO3JfYrK ] YmS b KN�uQºVLQ a�b VLY � QpXweqVWM b l�n ` ¶ �f�
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�oYrSfO ] Q a Y\VWKNQIV ^ hLS�OR�WO�T����%Q�VWQ a�b VLY � Q b KNejQ�SUTRM b[� ��Q�T�� ] Y%l b KRJL� b[]jb[� ejQIl�YZTN�LM���Y<D
TReq�UhLQdY[JLJfY[KNY<;jTºTNK��kO"YrT TRK«Y a TRejX[Q a YrK a[^ QkO�T�hLSLQoYrJLJLK bWa �LQ � M b �%M�TRKNej�UhLQ�VWh�TRK«Yre�TRQP�uQPSUT
VWh/O e � SiY ] � Q�TQ�S TNY[S\T��UhLQuTRQ ]�] Q��3Q ]j] Q%J Q�KN�uQ�T�VWQ%�%Y[SLejJLh ] Q�K�YreqORM��%Q�SUTVWQPO a KRe�T��PKRQkO
VWQ � b KR�%Q���VWQ�TNYre ]j] Q�� VLQ a�b SLSLQ�We�TRM��j��� # QPO�JfKRQP�uejQ�K«O a�b S a QPJWTNO�VWQ ] Y�l b KNJL� b\]�b\� ejQ
l�YrTR�LMP�%YrTReq�UhLQ � hLKRQPSUT MPS b S a MPO�QPS �k��6L� JfYrKºl�ejS *\b @�O * e � gwhLK a Q�T TNQ � Y[ORQ��rl�YrTR�LQPK b S
Q�T�gWQ�KNKNY � Q�S M�T«Y �L] e�KNQ�SUT ] QPO8� b SfVWQ��%QPS\T«O�VLY[SfO ] QkO�YrSfSLM�QkOO b e�LYrSUTNQ[����QPJLhLeqO%� a Q�T TRQ
TR�fM b KNejQ�O ^ QkO�T ] YrK � QP�uQPSUT�VWMPX[Q ]jb JfJiMPQ¿Q�TpYoM�TRM¡VWe ! hfORM�QmVLY[SfO ] Y a�b �%��hLSfY[hWTRM�ejS\TNQ�KNSfY<D
TRe b SiY ] Q[� # YJLK b[] e � M�K«YZTRe b S�VWQ a�b S�� M�KNQ�S a QPO��\V ^ YrKRTRe a�] QPOºQ�T�V ^ Y[JLJ ] e a YZTRe b SiOºejSfVWhfO TRKNe�Q ]�] QPO
Q�S/TNM�� b e � SfQ�SUTP� # Y�JLhLeqONORY[S a Q�VWQ�ORQPO b hWTNe ] O ] ^ b SUT��|Yre�T�Q�SUTRKNQ�K�VLYrSfO�VWQ�S b � � KNQ�h�
a �fY[�uJiO�V ^ YrJLJ ] e a YZTNe b SfOP�pe���Y � Q�KNe�QI�%MPVLe a Y ] Q��fO a ejQ�S a QPO�VLQPOm��YZTNM�KNejY[h�)�WXwejORe b S�K b\�ib D
TReq�UhLQ��[TRM ] MkVWM�TNQ a TNe b S��\Y[SfY ] �WO Q�T b J b[� K«YrJf�Lej�UhLQ��ZKRQ a�b SLSfYreqONORY[S a Q¡VWQ a Y[KNY a T���KNQPO¿���j� # QPO
] Q a TNQ�hLK«O¡ejS\TNM�KNQPONO MkO¡JfYrKmhfSLQ a�b SfSfYreqORONYrS a QIYrJLJLK b � b SfVWejQVWQ ] Y%l b KRJf� b[]jb[� e�QIl�YZTN�LM�D
��YZTNej�UhLQJ Q�hLX\Q�SUT�ORQKRM%� M�KNQ�K�Yrh= b hfXUK«Y � QPO� � � �%�#3��´�¿�oYrSfO a Q a �fY[JLe TNKRQIS b hfO�Y ]�]jb SfO
ORQ�h ] Q��%Q�SUT�VWM a KNe�KNQ ] QkO�Y[ORJ Q a T«OIJLK«YZTReq�UhLQPOVLQ a Q�TRTRQ�TN�LM b KRejQ[��¯ ] OS b hfOJ Q�KN�%Q�T TNK b SUT
VWQ�%ejQ�h� a�b �%JLKNQ�SfVLKRQ ] QIVLM�X[Q ]�b JLJ Q��%Q�SUT�VWQkO a �fYrJLe�TRKNQPO¡�UhLe3ORhLejX[QPS\Tk�

# Y�l b KRJL� b[]jb[� ejQ�l�YrTR�LMP��YZTReq�UhLQ%QPO ThLSLQ � K«YrS a �LQ�S b S ] e�SLMkYrejKRQ%VWh TRK«Yre�TRQP�uQPSUT
VWh�ORe � SfY ] �UhLewYrJLJ ] eq�\hfQ ] YmTR�fM b KNejQ"VWQPO Q�SiO QP� �L] QPO ��] ^ Y[SfY ] �WO QºV ^ ej�%Y � Q\� # QkO b\� ��Q�T«O3VWQ
] ^ hLSfe�X\Q�K«O�O b SUT � MPSLM�K«Y ] Q��%Q�SUT�TRKNejVLe��%Q�SiO e b SLSfQ ] O%�w��YreqO¡e ] O¡O b SUT¡J Q�K«½�hiO � TNKNY¬X\Q�K«OºhLSLQ
JLK b ��Q a TRe b S � ejVWej�%Q�SfORe b SLSLQ ]�] Q%O hLK ] Y�KNM�TRejSLQ\���¿Q�T TRQuJLK b ��Q a TRe b S�S ^ QkO�TIJfY[O ] Y�O b �%�%Q
VWQkO ] hL�%e�SfY[S a QkO�VWQ�T b hiO ] QPO�J b ejSUTNO ] Q ]jb S � V ^ hfSLQ ] e � SLQ�VWQ�XUeqORe b S�� a Q��\hfe�� Q�K«Yre�TdVWQ
] Y�XwejORe b S/hLS�JLK bwa QPONO hiO ] ejSLMPY[e�KNQ[� ] Y�J ] hLJiYrKRT�VWQPO b[� ��Q�TNO�O b SUT b JfY[�UhLQkOQ�T a Y a �LQPSUT
YrejSfORe a Q�h���UhLe O b SUToVWQPKRKNe �PKRQ\�8�¿Q�TRTRQuJLK b JLKNe�M�TRMm��hiO�TNe��fQuhLSLQuYrJLJfK bWa �LQ�S b S ] e�SfMPYrejKNQ
VWQ ] ^ Y[SfY ] �WO Q%V ^ e���Y � Q[� # Y�l b KNJL� b\]�b\� ejQ�l�YrTR�LMP��YZTReq�UhLQ�� TR�LM b KNe�Q%ejS\TNKRejSfO��P�UhLQP�uQPSUT
� M b �%M�TNKReq�UhLQ��?ejSUTRK b VLhLe TIS b TNYr�%�%Q�SUT ] Y�S b TRe b S V ^ M ] M��%QPS\T�O TRKNh a TNhLK«YrSUTP� #º^ M ] M��%QPS\T
O TRKNh a TNhLKNY[SUT QPO T hLS b[� ��Q�T3VWQ � b KR�%Q a�b SLSwhLQ��¬�UhLerQkO�T a � b eqO eZQPS � b S a TRe b SVWQPO3JLK b JLKNe�M�TRMkO
� M b �%M�TNKReq�UhLQPOd�Uh ^ b S�X[QPhWTdQ%wTRK«YrejKRQ�VLQ ] ^ ej��Y � Q[� #"^ ej��Y � Q � Y[SfY ] �WO QPK�QPO T a�b �%JfY[KRMPQ
��]_^ M ] M��%QPS\T�O TRKNh a TNhLK«YrSUTP� # Y�l b KNJL� b\]�b\� ejQ�l�YrTR�LMP�%YrTReq�UhLQ%M�TNY �L] e ThLS � b KN��Y ] ejOR�%Q
��YZTN�LM���YZTNej�UhLQ%J b hLKVWM a KNe�KNQ%�\hiYrSUTRe�TNYrTRejX[Q��%QPS\T ] QPOIJLK b JLKNejM�TRMkO � M b �%M�TRKNeq�\hfQPOoV ^ hfS
b[� ��Q�TP�

�
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� ��� , %'�".5("( � % !0� 9*+-��.	( ( � %'# �5� � ��1�+�� ;	&)( 4 �-4 !0&). 9*��+:% &)(
) �ixPt+* Á hiYrSfV S b hfO%JfYrK ]jb SfO�V ^ Q�SiO QP� �L] QPO�S b hfO'�|Y[ejO b SfO%KNM�� MPKRQPS a Q � VWQkO%e���Y � QPO
� ejSfYrejKNQPOP� # QPOdej�%Y � QkO � TRQPe�SUTRQkOIVWQ � KNejOoO b SUToVWM a KNe TNQPO a�b �u�%QuM�T«YrSUTIVLQPO/� b S a TRe b SfO
VWQ IR2 → IR �

,�-/.0-/. 132547698�:<;!8�=
g b e T X hLS�O b hiOED´Q�SfORQ�� �L] QºVWQ IR2 6|hLSLQ�e���Y � Q � ejSfY[e�KNQ,9 Q�T B hLS�M ] M��%Q�SUT�O TRKNh a TRhLK«YrSUTP�· S M ] M��%Q�SUTO�TNKRh a TRhfKNY[S\TdQPO TohLS O b hfO D QPSfO QP� �L] Q�VWQ IR2 � # Q�TRK«YrSfO ] YrTRM�VLQ B JfYrK ~p �S b TRM Bp

�LQkO�T�VWM%�fSLe JiYrKk�

Bp = {p + q / q ∈ B}
#º^ M�K b ORe b S VWQ ] ^ QPSfO QP� �L] Q X JfY[K ]_^ M ] M��%Q�SUT�O TRKNh a TNhLKNY[SUT B QPO T�VWM��fSfe�Q a�b �%�uQ] ^ QPSfO QP� �L] QVWQPO�J b e�SUTNO p TNQ ] Om�UhLQ Bp

6¼TRK«YrSiO ] YZTNMIVLQ B JiYrK ~p 9�QkO�T a�b SUTRQ�Swh�VLYrSiO X �

εB(X) = {p ∈ IR2, Bp ⊆ X} =
⋂

b∈B

X−b

# QkO¡Q ! Q�T«O � M b �%M�TNKReq�UhLQPO¡VWQ ] ^ MPK b O e b S�O b S\Tk�

•
a�b hfJLhLKNQoVWQkO b[� ��Q�TNOmY[h��M�TRK«YrS �\] QP�uQPSUTNOP�

• KRM�TRKNM a eqONO QP�uQPSUT¡VWQkO b[� ��Q�TNOmVWQIT«Yre ]�] Q�ORhLJiMPKRejQ�hfKRQ �u] YuT«Yre ]�] QVWQ B �

• VWejORJfY[KRe�TRe b S�V ^ b\� ��Q�T«O�VWQoTNY[e ]j] Qe�S�� MPKRejQ�hfKRQ � B �
#º^ Q�wTNQ�SfORe b S�VWQ a Q�TRTRQdVLM��fSLe�TRe b S �] ^ QkO JfY a Q�VLQPO4� b S a TRe b SfO86 IR2 → IR 9"QPO T b\� TRQPSwhQ�S�KNQ��%J ] Y[½PYrSUT ] ^ b J M�K«YZTRQPhLK ∩ JiYrK ] ^ b JiMPKNYrTRQ�hfK inf �

∀p ∈ IR2 εB(f)(p) = {inf(f(x)), x ∈ Bp}

,�-/.0->, 1@?BAC;/D!?	EF?	E9;!8�=
`º]j] Q QPO T�VLM��fSLejQ a�b �%�%Q ] ^ QPSfORQ�� �f] Q VWQPO�J b e�SUT«O p TRQ ] O��\hfQ ] ^ ejSUTRQ�K«ORQ a TNe b S VWQ Bp6¼TNKNY[SfO ] YrTRMVWQ ]_^ M ] M��%QPS\T�O TRKNh a TRhLK«YrSUT B JfYrK ~p 9¡Y¬X\Q a X SfQ�O b e TmJfY\O¡SUh ]�] Q[�

δB(X) = {p ∈ IR2, Bp ∩ X 6= ∅} =
⋃

b∈B

X−b =
⋃

x∈X

B̌x

# YuVWe ] YrTNYrTRe b S�QkO�T ] Y�TNKNY[SfOE� b KR��YrTRe b S�VWhiY ] QIVLQ ] ^ MPK b O e b S3���de ] YZTNQ�K X QkO�TmMk�\hfe�XZY<D] Q�SUT � M�K b VLQ�KmO b S a�b �%J ] M��%Q�SUT«YrejKRQ Xc �

δB(X) = (εB(Xc))c

#º^ Q�wTNQ�SfORe b S�VLQ a Q�TRTRQ�VWM%�fSLe�TRe b S �u]_^ QPORJfY a QVWQPO � b S a TNe b SfO IR2 → IR QPO T b[� TRQ�SwhLQQ�S�KNQ��%J ] Y[½PYrSUT ] ^ b J M�K«YZTRQPhLK ∪ JiYrK ] ^ b JiMPKNYrTRQ�hfK sup �

∀p ∈ IR2 δB(f)(p) = {sup(f(x)), x ∈ B̌p}
#º^ M�K b ORe b S/Q�T ] Y�VLe ] YZT«YZTRe b S O b SUT ] QPO � KNej�UhLQkO�VWQ � Y[ORQ�J b hLK ] Y a�b SiO�TNKRh a TRe b S VWQ

S b � � KNQ�hfORQPO TNKNY[SfO � b KN�%YrTRe b SfO � b KNJL� b\]�b\� eq�UhLQPOP� c b hfO Y ]j]jb SfO?JLKNMPORQ�SUTNQ�K VLY[SfO ] YmO hLe�TRQ
a Q ]�] QPOmV b SUT�S b hiOmYrhLK b SfO � QPO b ejS�T b hWT�Y[h ]jb S � VLQPOmJLK bWa �fYrejSfO a �fY[JLe TNKRQkO��
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# Y�O Q � �%Q�SUTNYrTRe b S�V ^ e���Y � QPOºSLM a QPONO e�TRQ ] Y��UhfY[S\TNe�� a YZTNe b S�VWQPO"XZYrKNejYrTRe b SfOpVWQ a�b S\TNKNY\O�TNQ
Q�S a �fY[�UhLQ�J b e�SUTmVWQ ] ^ e���Y � Q�J b hLK��%Q�TRTRKNQdQPS�M�XweqVWQ�S a Q ] QPO a�b SUT b hfKNO¿VWQPO b[� ��Q�TNO�� b h��
a Q��UhLe"KRQPXUejQ�SUT�Yrh/�����%Q�� KNQ�J M�KNQ�K ] QPO ?Pb SLQkO� b � b\� ��SfQPOIVWQ ] ^ ej��Y � Q\� # Q � KNY\VWejQ�SUT
� b KNJL� b\]�b\� eq�\hfQ��WVWM��iSLe JfY[K  QPh a �LQ�K a�b �%�%Q ] Q�VWe ] YZTRMI� b ejSfO ] ^ M�K b VLM[�

Γ(f) = δB(f) − εB(f)

S b hfO/� b hLKNSLe�TohLSfQ��%QPORhLKNQ�VWh � b VWh ] QuVWh � K«Y[VLe�QPS\ToVWQ ] Y5� b S a TRe b S(6_O hfJLJ b O MPQ a�b S�D
TRejS ? �%Q�SUT�VWe ! MPKRQPS a eqY �f] Q:9 � a�] Y\ORORej�UhLQP�%Q�SUT¡VLM��fSLe a�b �%�%Q[�

∣
∣
∣ ~grad(f)

∣
∣
∣ =

[
(

∂f
∂x

)2
+

(
∂f
∂y

)2
]1/2

# Q � K«Y[VWejQ�SUT� b KNJL� b\]�b\� eq�\hfQ�Y[ONORe � SLQ ��a �iY[�UhLQuJ b e�SUT ] Y�J ] hfO � K«YrSfVWQ�VWe ! M�KNQ�S a Q
Q�SUTNKRQ ] QPO ] hL�%e�SfY[S a QkO�VWQVWQPh��J b ejSUTNOmVWQ�O b S�X b ejORe�SiY � Q\�

,�-/.0-�� 132�������� 6FE�� 6��
� b SiO eqVWM�K b SiO ] ^ MPK b VWMoVWQ ]_^ Q�SiO QP� �L] Q X JfYrK ] ^ M ] MP�uQPSUTmO TRKNh a TRhLK«YrSUT B � ` S � M�SLMPKNY ] e ]S ^ QPO TJfY[OIJ b ONO e �L] Q�VWQ%KRM a hLJ M�KNQ�K ] ^ QPSfO QP� �L] Q%e�Sfe TNejY ] � b �\Q�SLSiYrSUTohfSLQ�VWe ] YrTNYZTNe b S VWQ
] ^ QPSfO QP� �L] Q�MPK b VWM\� #"^ MPK b O e b S QPO T�hLSLQ�YrJLJ ] e a YZTNe b S/S b S�ejSZ��Q a TRejX[Q�� a[^ QkO�T�D � D´VWejKNQ%�UhLQ
J ] hfORe�QPhLKNOIQPSfORQ�� �f] QkO 6 X, Y, ... 9oJ Q�hfX[Q�SUT�Y¬X b ejK ] Q������%Q�M�K b VWM 6 X 	 B 9�� # Q%J ] hfO
J Q�TRe�TQ�SfORQ�� �L] Q�TNQ ] �UhLQuO b S M�K b VWM�QkO�T X 	 B QPO TIY[JLJ Q ] M ] ^ b hLX[QPK TIVWQ X � Q�TIe ] QkO�T
b[� TRQ�Swh Q�S�VWe ] YrTNY[S\T�O b S M�K b VWM[� # Y a�b � � e�SfY[ejO b S M�K b ORe b S ORhLejXUejQ�VWQ�VWe ] YrTNYZTNe b S QkO�T
hLSLQ � b hfX[Q�KRTRhfKRQ�
«�

X ◦ B = γB(X) = δB̌(εB(X))
b J

B̌ QPO T ]_^ Q�SiO QP� �L] QITRK«YrSfORJ b ORMoVWQ B � B̌ = {−x / x ∈ B} �#º^ Q�SiO QP� �L] Q b hLX\Q�KRT�QkO�T�hLSfQ�O ej�%J ] e � a YZTRe b S�VWQ ] ^ QPSfO QP� �L] QejSLe TNejY ] �
#º^ b hfX[Q�KRTRhfKRQ�� b KNJL� b\]�b\� eq�UhLQ�QPO T�hLSfQ b hfX[Q�KRTRhfKRQ�Y ]�� M � KNej�UhLQ JfYrKRTRe a h ] e���KNQ[� # Q

TRQPKR�%Q�V ^ b hLX[QPK TNhLKRQ�O ^ Y[JLJ ] ej�UhLQ � V ^ YrhWTNKRQkOITRK«YrSfO � b KN��YZTNe b SfO�Uh ^ hfSLQ�M�K b ORe b S�O hfe�XwejQ
V ^ hLSLQ�VLe ] YZT«YZTRe b S3��¯ ] Q�S �\]�b\� Q¡T b hWTNQPO ] QkOpTRK«YrSiOE� b KR��YZTNe b Su�UhLe X[MPKRe �fQPS\T ] QPO"JLK b JLKNe�M�TRMkO
Y ]j� M � KNej�UhLQkO�ORhLejXZYrSUTRQkO��

• TRK«YrSfO � b KN��YZTRe b S a K b eqORONYrSUTRQ\� Q ]�] QJLKNMPORQ�KNX[Q ]_^ e�S a�] hfO e b S�V ^ Q�SiO QP� �L] QPOP�

X ⊆ Y ⇒ (X ◦ B) ⊆ (Y ◦ B)

• TRK«YrSfO � b KN��YZTRe b S YrSUTRe D´Q�wTRQPSfO ejX[Q\� ] Q�KRMkO h ] TNYrT�QPO T�e�S a�] hfO�VLY[SfO ] ^ QPSfORQ�� �f] Q�VWQVWM�JfY[K Tk�

X ◦ B ⊆ X

• TRK«YrSfO � b KN��YZTRe b S�ejVWQP�%J b TRQ�SUTNQ[�

(X ◦ B) ◦B = X ◦ B
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` SejSwX[Q�K«ONYrSUT ]_^ b K«VWKNQ VLQPO b JiMPKNYrTRe b SfO?hWTNe ] eqO MPQPO J b hLK VWM��fSfe�K ] ^ b hLX\Q�KRTRhLKNQ��PS b hfO b[� TNQ�S b SfO
hLSLQS b hLX\Q ]j] Q b J M�K«YZTNe b S � ] Y'� QPKR�%Q�TNhLKNQ[�

X • B = φB(X) = εB̌(δB(X))
# Y � Q�KN�uQ�TRhLKNQ�QkO�T ]_^ b J M�K«YZTNe b S VWhfY ] Q�VWQ ]_^ b hfX[Q�KRTRhfKRQ\� #º^ Q ! Q�T�V ^ hfSLQ5� QPKR�%Q�TNhLKNQ

QPO T�V b S ao] QI�����%Q��UhLQ a Q ] hfe VWQ ]_^ b hfX[Q�KRTRhfKRQ��U��Y[ejOmY[JLJ ] ej�UhLM�Y[h a�b �%J ] M��%Q�SUTNY[e�KNQ[�

(Xc • B)c = X ◦ B
# QkO¡JLK b JLKNe�M�TRMkO�Y ]�� M � KNeq�\hfQPO¡VWQ ] Y'� QPKR�%Q�TRhLKNQO b S\Tk�

• TRK«YrSfO � b KN��YZTRe b S a K b eqORONYrSUTRQ\� Q ]�] QJLKNMPORQ�KNX[Q ]_^ e�S a�] hfO e b S�V ^ Q�SiO QP� �L] QPOP�

Si X ⊆ Y, alors (X • B) ⊆ (Y • B)

• TRK«YrSfO � b KN��YZTRe b S%Q%UTNQ�SfORejX[Q[� ] ^ QPSfO QP� �L] QdVLQdVWMPJfYrKRT¿QkO�T�e�S a�] hiO�VfYrSfO ] QdKRMkO h ] T«YZTP�

X ⊆ X • B

• TRK«YrSfO � b KN��YZTRe b S�ejVWQP�%J b TRQ�SUTNQ[�

(X • B) •B = X • B

,�-/.0-�� � =�E � 6���6	��E<?	E9;!8�= � � D�258�������6FE�� 6 � � E ��� D!?�
 ��6�� � E���6��
#º^ b hfX[Q�KRTRhfKRQ¡V ^ hLS%Q�SfORQ�� �L] Q X JfY[K�hfSuM ] MP�%Q�SUT"O�TNKRh a TRhfKNY[S\T B QkO�T ] YoORhLK��|Y a Q�KNQ a�b h�DX[QPK TNQ�JfY[K B

]jb K«O�VWQ�O b S�VWM�J ] Y a Q��%Q�SUT ��]_^ ejS\TNM�KNe�QPhLK�VWQ ]_^ Q�SiO QP� �L] Q[� · SLQ�JLK b JfKRejM�TNM
ORe��%e ] Y[e�KNQdO ^ Y[JLJ ] ej�UhLQ ��] Y�� Q�KN�uQ�TRhLKNQ��w��YreqO a Q�T TRQ/� b eqO D a e	� ] ^ M ] MP�uQPSUT¡O TRKNh a TNhLK«YrSUT¿JfY[K D
a�b hLKRT ] Q a�b �%J ] MP�%Q�SUTNY[e�KNQoVLQ ]_^ Q�SfORQ�� �L] Q[�
npYrK a�b SfO TRKNh a TNe b S�� ]_^ b hLX\Q�KRTRhLKNQoQ�T ] Y � QPKR�%Q�TNhLKNQoKNQPORJ Q a TNQ�SUT ] QkOm�\hiYZTRKNQoJLKRejS a e�J QPO

VWQ�T b hLTRQdTRK«YrSfO � b KN��YZTRe b S%� b KNJL� b\]�b\� eq�UhLQ[� ejSwXZYrKNejY[S a Q�JiYrKºTNKNY[SfO ] YrTRe b S�� a�b �uJiYZTRe � e ] D
e�TRM�Y¬X[Q a�] QPO¡� b � b TN�LM�TNe�QkO%� a�b SLSiYreqORONYrS a Q ]jbWa Y ] QIQ�T a�b SUTRejSwhLe TNM[�

,�-/.0-� 1�� :��  ? � ��?���� �? � E
����
 806�� ����E<8���� �?	E��
# Q a �fYrJ QPY[hu�iYrhWT¿VLQ � b KN�%Q�QPO T"hLSLQ�TRK«YrSfO � b KN��YZTRe b S%�UhLefJ Q�KN�%Q�T¡VWQ�VWM�TRQ a TRQPK a Q��UhLQ
] ^ b hLX[QPK TNhLKRQ86 a �fY[JiQkYrh �L] Y[S a 9�� b h ] Y � Q�KN�%Q�TNhLKRQ 6 a �iYrJ QPYrh�S b ejK 9 � b SUT$�|Yre�TºVWejORJfY[KNY<;jTNKRQ\�
` T«YrSUTºV b SLSfM"hLSuM ] M��%Q�SUTpO�TNKRh a TRhfKNY[S\T B � b S�VWM%�fSLe�T Y[e�SiO e ] Q a �fY[JiQkYrh��iYrhWTºVWQ � b KN�%Q
V ^ hLSLQ � b S a TNe b S f JfYrKk�

chapeau blanc : WTHB(f) = f − γB(f)

chapeau noir : BTHB(f) = φB(f) − f
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� b SUTNKNY[e�KNQ��%Q�SUT�Y[h��TNKNY[SfO � b KN�%YrTRe b SfO�Q�h a�] eqVWejQ�SLSLQkOd�UhLe�Y � ejONO QPSUTdO hfK ] ^ QPSfO QP� �L] Q�VWQ
] ^ ej��Y � Q�� ] QkO TRK«YrSfO � b KN��YZTRe b SiO � M b VWMPORej�UhLQkO3SfQ�O ^ Y[JLJ ] ej�UhLQPSUT �Uh ^ ��] ^ ejSUTRMPKRejQ�hLKpVWQ ?�b SLQPO
JLKNMPVWM�TRQPKR�%ejSLM�QkO%��YrJLJ Q ] M�QkO��Y[ON�\hfQPO � M b VWMPOReq�\hfQPOP����ejSfORe	� VLYrSiOIT b hWTRQ%TNKNY[SfOE� b KR��Y"D
TRe b S � M b VWMkO eq�UhLQ e�SUTRQPKRXwejQ�SLSfQ�SUT3VWQ�h=dej�%Y � QkO�� ] ^ ej��Y � Q � TNKNY[SfO � b KN�uQPK X Q�T ] Qp��Y[ON�\hfQ� M b VWMPORej�UhLQ M �gwhLJfJ b O b SfOp�UhLQ¡S b hfOpTRK«Y¬X¬Y[e ]j]jb SfO�Q�S a�b SLSLQ%We TNM �1� ar^ QPO T D>Y<D>VWejKRQ�� ] QmX b eqO ejSfY � Q¡V ^ hfS
JLe WQ ] 6|e	� ��9�QPO TP�

V4(i, j) = {(i − 1, j), (i, j − 1), (i + 1, j), (i, j + 1)}

n b hLK�KNQPO TRKNQ�ejSfVWKNQ ] ^ Y a TRe b S�VWQ ] Y�TRK«YrSfO � b KN��YZTRe b S�Y[h���Y[ON�UhLQ � M b VWMkO eq�UhLQ ] Y a�b S�D
SLQ%we�TRM��\hfe O ^ Y[JLJ ] ej�UhLQ ��a �iY[�UhLQJLe WQ ] S ^ QkO�T�JiY[O V4(i, j)

� �%Y[ejO V4(i, j) ∩ M � ar^ QPO T D
� D>VWejKRQ%�Uh ^ hLS/JLe�WQ ] S ^ Y[JLJfY[K TNQ�SfY[S\TJfY\OIYrh �%Y\OR�UhLQ%SLQ�ORQ�K«Y�JfY[O a�b SfORejVWMPKRM a�b �%�%Q
X b ejORejS�V ^ Yrh a hLS�JLe wQ ] �

�¿QPO�TRK«YrSfO � b KN��YZTNe b SfO�O b SUT ��] Y � Y[ORQ VWQkO b JiMPKNYrTRe b SfO ] QkO�J ] hfO�JiQPK � b KR��YrSUTNQPO��
a�b �%�uQIJfY[KmQ�WQ��%J ] Q ] Y�KNQ a�b SfO TRKNh a TRe b S �

,�->,�-/. 1@? ��;/D/?"EF?	E9;!8�= � ��8�� �": ; �����
� 8 � � z xPz'� � ����� �3± ¦Z¥���±r©´±r©_¥|³r¨ #U¢«³P¦\¢¤£¤¥���µf§/¦[§ ©´±r¥�����§�� ¦\§ � � §�¨L£�§�» I ��§ X ¦[±r¨L£ ��§
»�±¬£���µf§ M 	º¨ ³r©´¢«§ δ

(1)
M (X) 	¿§¤£¤©�¦\¢�	"¨f¥|§ �«³Z»u»%§ � � ¥¼¨f©>§� «£�§
��©_¥|³r¨ ¦rµ ¦Z¥���±r©´¢%¦[§�©>±Z¥�����§
�§�©�¦[§ M �

δ
(1)
M (X) = (δ

(1)
B ) ∩ M

³�5C §�£«© ��§ � ³r¥q£«¥¼¨?± #U§�¦ � ±\¦���± �«§�¨ �«§�²f³ZµW  ��± �N³r¨f¨?§ ¹ ¥¼©>¢ � � ³r¥q£«¥|§ �
# Y VWe ] YZT«YZTNe b S � M b VWMkO eq�UhLQ�VWQ�TNYre ]j] Q�S VWQ ] ^ QPSfO QP� �L] Q X

a�b SfVWe�TRe b SfSLM�Q�Y[h���Y[ON�\hfQ
M � δ(n)

M (X) �fQPO T b[� TNQ�SwhLQIQ�S�e TNM�K«YrSUT n � b ejO ] Y�VWe ] YrTNYZTNe b S � M b VWMkO eq�UhLQoVLQITNYre ]j] Q � �

δ
(n)
M (X) = δ

(1)
M (δ

(1)
M (...δ

(1)
M

︸ ︷︷ ︸

nfois

(X)))

� QP�%Y[KN�Uh b SfO��UhLQ ] Y�VWe ] YZT«YZTNe b S � M b VLMPORej�UhLQ�VLQ�TNY[e ]j] Q n S ^ QPO TdJfY\O ] ^ e�SUTRQPKNORQ a TRe b S�VWQ] YuVLe ] YZT«YZTRe b S�� b KNJL� b\]�b\� eq�\hfQoVWQIT«Yre ]�] Q n Y¬X\Q a M �

δ
(n)
M (X) 6= (δn(X)) ∩ M

� b �%�%Q a�b SUTRKNQ�D´Q�WQ��%J ] Q S b hfO J b hLX b SfO?e���Y � ejSLQ�K hLSQPSfORQ�� �f] Q M � b KN�%MºVWQpJ ] hfO ejQ�hfKNO
a�b �%J b ORY[S\TNQPO a�b SLSLQ%WQPO��3V b SUT ] ^ hfSLQ�QPO T ] ^ QPSfO QP� �L] Q X � # Y�VWe ] YZT«YZTNe b S � M b VWMPOReq�\hfQVWQ�S ^ e��%J b KRTRQ��UhLQ ]j] Q�T«Yre ]�] Q�VWQ X VLY[SfO M ORQ�K«Y�T b hZ� b hLK«O ] Y a�b �uJ b ONYrSUTNQ�ejSLe TNejY ] Q
6 ] ^ Q�SfORQ�� �L] Q��89 T«YrSfVLejO¿�\hfQ ]_^ ejS\TNQ�K«O Q a TNe b S�VWQ ] Y�VWe ] YrTNYZTNe b S�VWQmT«Yre ]�] Q n VWQ X Y¬X\Q a MJ Q�hWT a�b SUTRQPSLe�K�VLQPO¡JfY[K TNe�QkOmV ^ Y[hWTRKNQPO a�b �%J b ONYrSUTRQkO a�b SLSfQ�WQPOP�

#º^ Q�wTNQ�SfORe b S VWQ a Q�T TNQ�TRK«YrSfO � b KN��YZTNe b S J b hLK ] QkO�ej�%Y � QkO � TRQPe�SUTNQPO�VLQ � KNejO%QkO�T
VWejKRQ a TNQ[� # Y�VLe ] YZT«YZTRe b S � M b VWMkO eq�UhLQ�VWQ ] Y3� b S a TRe b S f VLY[SfO ] Y�� b S a TNe b S���Y[ON�\hfQ g QkO�TVWM%�fSLejQ�VWQ ] Y �|Y\½ b S�ORhLe�XZY[S\TNQ[�

δ1
g(f) = inf(δ(f), g)

δn+1
g = inf(δ(δn

g (f)), g)
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#º^ M�K b ORe b S � M b VWMkO eq�UhLQ�QPO T ] Y TRK«YrSiOE� b KR��YZTNe b S VWhiY ] Q�VLQ ] Y/VWe ] YrTNYrTRe b S � M b VWMkO eq�UhLQ[�
g b S�Q%wJfKRQkORORe b S�J b hLK ] QkO¡e���Y � QPO � ejSfY[e�KNQPO�QPO TP�

εn
M (X) = M − δn

M (M − X)

Q�T�J b hfK ] QkO¡e���Y � QPO � TRQPe�SUTNQPO�VWQ � KReqO��

εn
g (X) = −δn

−g(−f)

,�->,�-�� 1@?�� � � 8�=�: EF6 � �+E9;!8�=
npYrK a�b SfO TRKNh a TRe b S�� ] QpKNMPORh ] TNYZT3VLQ ] YmVLe ] YZT«YZTRe b S � M b VWMPOReq�\hfQ�QkO�T ejS a�] hfO VLYrSiO ] Qº��Y\OR�UhLQ\�
npYrK�Y[e ]j] QPhLK«O%� ] Y%VWe ] YZT«YZTNe b S�QkO�T�hLSfQ b JiMPKNYrTRe b S�Q�wTRQPSfORe�X\Q[�p� b S a� JfYrKRTRejKmV ^ hLSLQ a QPK D
TNY[e�SfQ�e�TRM�K«YZTNe b S ] Y�VWe ] YrTNYrTRe b S � M b VWMPORej�UhLQ�SLQ�� b VWe �fQ�JiY[O ]_^ e���Y � Q[� # Y�O hLe�TRQuVWQ�VLe�D
] YZTNYrTRe b SfO � M b VLMPORej�UhLQkOºVWQmT«Yre ]�] Q a K b eqONORY[S\TNQ36 δ(n)

M
9 a�b SwX[Q�K � Q¡X\Q�K«OphLSLQde���Y � Q�YrJfJiQ ] MPQ

ej�%Y � Q�KNQ a�b SfO TRKNhLe�TRQ[� # Y�KNQ a�b SfO TRKNh a TNe b S VLQ X 6|��YrK«�\hfQ�hLK 9 a�b SfVWe�TRe b SLSLQ ]�] Q��%QPS\T �
M 6|��Y[ON�\hfQ,9�QPO T ] Y�VLe ] YZT«YZTRe b S � M b VWMPORej�UhLQIVWQ X VLYrSiO M ��hfON�\h ^ � eqVWQ��%J b TRQPS a Q\�# Q�KRMkO h ] TNYrTdVWQ ] Y�KNQ a�b SfO TRKNh a TRe b S�VLY[SfO ] Q a Y\O � ejSfY[e�KNQ�QPO T ] ^ Q�SfORQ�� �L] QuVWQPO a�b � D
J b ONYrSUTRQkO a�b SLSLQ�WQkO"VWh���Y\OR�UhLQ��UhLe a�b hLJiQPSUT ]_^ Q�SiO QP� �L] Q�VWQoVWM�JfY[K T!�\Q ]�] Q�KNQ a�b SfO TRKNhLe�T
] QPO¡JfY[K TNe a h ] QkOmVWQ M �UhLe O b S\Tm��YrK«�UhLM�QkO�JfYrK X ��oYrSfO ] Q a Y\OpSwhL�%M�KNej�UhLQ�� ] YIKRQ a�b SiO�TNKRh a TRe b S%VWQ f VLYrSfO g Y a�b �%�%Q�ORQ�h ] Op��Y<Wej�%Y] QPO¡JLe a O�VLQ g �\hfe O b S\T marqués JfYrK f �c b hfO¡X[QPKRK b SiO¿J ] hfO ]�b e�S��UhLQ a Q�T TNQITRK«YrSfO � b KN��YZTRe b S�S b hiOmJiQPKR�%Q�T TRK«Y%VWQ a �fY[S � QPK
] ^ � b � b T b JLejQ VWQ ] ^ ej��Y � Q � K«Y[VWejQ�SUT�J b hLK ] hLeue��%J b ORQ�K ] QPO Q�wTRKNQ���Y O b hL�iYre�TRMPO��Q�T
M ] ej�uejSLQPK�YrejSfO e ] Y/O hfKNORQ � �uQPSUTNYZTNe b S Q�S � Q�SiVWKRMPQ ]�b KNO%V ^ hLSLQ�Y[JLJ ] e a YZTRe b S VWejKRQ a TRQ�VWQ
] ^ Y ]��\b KNe TN�L�%Q�VWQ ] e � SLQ�VWQ�JfYrKRTNY � Q�VWQkO�QPY[h� � ` S b hWTRKNQ a Q�T TRQ�TRK«YrSfO � b KN��YZTNe b S�QkO�T �
] Y � Y[ORQ�VWQkO�� ] TRKNQPO a�b SLSfQ�WQPOm�UhLe S b hfO�JiQPKR�%Q�T TRK b SUT�VWQ�O ej�%J ] e �fQPK ] ^ ej��Y � Q�ONYrSiO�VWM�D
� K«Y[VLQ�K ] Q a�b SUT b hLK,� a�b SfVWe�TRe b S�SLM a QPONORY[e�KNQ�J b hLK¡Y � b hLTRejK � hLSLQ �ib SLSLQoO Q � �%Q�SUTNYrTRe b S �

� ��� � + � 9,% &)( � ��.5.	& < &)(
�oYrSfO ] Y�ORQ a TRe b S�JfKRM a MPVLQ�SUTRQoS b hiO�Y¬X b SfO"Xwh��UhLQ ] QkO a�b � � ejSfYreqO b SfO�V ^ MPK b O e b SiO"Q�T¡VWQ
VWe ] YrTNYrTRe b SfO a�b SfO TRe�TRhLQPSUT"VWQPO � ] TNKRQkOp� b KNJL� b[]jb[� ej�UhLQkO�6 b hfX[Q�KRTRhfKRQkO Q�T � Q�KN�%Q�TNhLKRQkO�9��UhLe
M ] ej�uejSLQPS\T ] QPO a�b �%J b ORY[SUTRQPO a�b SLSLQ%wQkO VWQ�TNYre ]j] Q¡ejS�� M�KNe�QPhLKNQ �oa Q ]�] QmVWQ ]_^ M ] M��%QPS\TºO TRKNh a D
TRhfKNY[S\Tk� # QPO b hfX[Q�KRTRhfKRQkOºQ�T � Q�KN�%Q�TRhfKRQkO"J Q�hLX\Q�SUTmYrhfONO e ��TNKRQ a�b � � ejSLM�QkO"J b hfK b\� TRQPSLe�K
VWQkO � ] TRKNQPOdJ ] hfOoM�X b[] hLMPOP� �¿QPJiQPSfVLYrSUToT b hfO ] QPO � ] TRKNQPO a�b SfO�TNKRhfe T«OdVWQ a Q�T TRQu��YrSLe���KNQ��
Q�S��'�P�%Q�TNQ��%JfO��\h ^ e ] O¿M ] ej�uejSLQPS\T ] QkO"J Q�TNe TNQPO a�b �%J b ORY[S\TNQPO��\VWM � K«Y[VWQPSUT ] QkO a�b SUT b hLK«O
VWQkO b[� ��Q�TNOKNQPO TNY[SUTNOP� #º^ ejS\TNK b VWh a TRe b S�VWQ ] Y�KNQ a�b SfO TRKNh a TNe b S V b SLSLQ�hfSLQ�VWej�%Q�SfORe b S
ORhLJLJ ] M��%Q�SUT«YrejKRQ�Y[h�� ] TRK«Y � Q�� b KRJf� b[]jb[� ej�UhLQ\� ��JfK��kO ] ^ M ] ej�%e�SfYrTRe b S�VWQkO a�b �%J b ONYrSUTRQkO
� ] TRKNM�QkO%� ] QPO b\� ��Q�T«O¡Q�S a�b KNQdJfKRMkO QPS\T«OmYrJLK��PO ] Q � ] TRK«Y � QIKNQ�TNK b hLX[QPS\T ] Q�hLK a�b SUT b hLK b KNe � D
ejSfY ]m� K�
 a Q � ] Y KRQ a�b SfO�TNKRh a TRe b S3� �¿Q�T TRQ�eqVWMPQ7� hWT�e�SUTNK b VWhLe�TRQ�QPS �k� 3 � �� 6 �´��YrJfK��kO
hLSLQ�M�K b ORe b S�� ] QPO a�b �%J b ORY[S\TNQPOu�UhLemS ^ Y¬X¬Y[e�QPSUT�JfY\O a�b �%J ] ��TNQ��%Q�SUT�VWejORJfY[KRh M�TNY[e�QPSUT
hWTNe ] ejORM�QkO a�b �%�uQ���Y[KN�UhLQPhLKNO%J b hfK�KRQ a�b SfO�TNKRhfe�KNQ ] QPO�JfYrKRTRe a h ] QPO b KRe � ejSfY ] QkO�� �¿Q�T TRQ
b J M�K«YZTNe b S��fY[JLJiQ ] MPQ b hfX[Q�KRTRhfKRQJfY[K�KNQ a�b SfO TRKNh a TNe b S��LQPO T ] Q�JLe b SLSfe�QPKdVWQkO�� ] TRKNQPO a�b S�D
SLQ%wQkO��4�¿QkO � ] TRKNQPO�J b ONO �kVWQ�SUT¡V ^ Q% a Q ]j] Q�SUTRQkO¿J Q�K�� b KN��YrS a QPO¿�\hfe?O b SUT ��] ^ b KRe � ejSLQoV ^ hfS
ej�uJ b KRTNY[SUTmVLM�X[Q ]�b JLJ Q��%Q�SUT�VWh�TRK«Yre�TRQP�uQPSUT�V ^ ej��Y � QPOP�

� b �%�%Q�Si½ b SiOdJiYrK�VWM a KNe�KNQ ] Q a Y[O � ejSfYrejKNQ[� ª b hWT�ORQuJiY[ONO Q a�b �%�uQ�ORe ] QPO � ] TRKNQPO
a�b SLSLQ%wQkO a�b SfORejV=��KNQ�SUT a �fY\�\hfQ a�b �uJ b ONYrSUTNQ a�b SLSLQ�WQ e�SfVLe�XweqVWhLQ ]j] Q��%Q�SUTP� �¿�fY\�\hfQ
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a�b �%J b ORY[S\TNQ a�b SLSLQ%wQ 6|O b e�TuVWQ ] ^ QPSfO QP� �L] Q X �ºO b e T%VWQ�O b S a�b �%J ] M��%QPS\T«YrejKRQ Xc 9
QPO TuO b e�T�JfKRMkO QPKRX\M�Q�ejS\TNM � KNY ] QP�uQPSUT��pO b e T a�b �uJ ] ��TRQ��%QPS\T%Q ! Y a M�Q\� # QkO a�b �%J b ONYrSUTRQkO
a�b SLSLQ%wQkOO b SUT�V b S a VWQkOJfY[K TNe a h ] QkOIe�SiVWe�XweqO e �L] QPOP�7�¿Q�T TRQ a YrK«Y a TRM�KNeqO�TNej�UhLQ%Y[ONO hfKRQ ] Y
a�b SfORQ�KNX¬YrTRe b S�VWh a�b SUT b hLKmVWQkO b[� ��Q�TNOm�UhLe b S\T�ORhLKNX[M a h�Y[h � ] TNKNY � Q[�
� 8 � � z xPz'� � ��� ��� ³r¥¼© E µW¨ §�¨f£�§�» I ��§u§�© P (E) � � §�¨L£�§�» I ��§%¦[§�£o£�³rµw£
! §�¨L£�§�» I ��§�£�¦[§
E ��� ¨ ³N²f¢� R±Z©>§�µW  Ψ � P (E) → P (E) §�£¤© �«³r¨f¨ § ¹ § ��µf±r¨ ¦ ∀A ⊆ E 	 ��±/¦Z¥ �d¢� R§�¨ �«§
£ �Z»%¢�©  ¤¥���µf§�§�¨f©  R§ A §�© Ψ(A) §�£«©pµW¨?§dµW¨f¥|³Z¨�¦\§��«³Z»�²L³Z£�±r¨f©>§¤£ �«³Z¨f¨?§ ¹ §�£o¦[§ A ³rµ�¦\§
Ac �
¯>SUTRhLe�TRejX[QP�%Q�SUT�hLS b J M�K«YZTRQPhLK a�b SLSLQ�WQ�M ] ej�uejSLQ�VWQkO�JfYrKRTRe a h ] QkO b h � b h a �LQ�VWQPO

TRK b hiO��
n b hLK�M�TRQPSfVWKNQ a Q�TRTRQ�S b TRe b S Yrh= ej�%Y � QkO � TRQ�ejSUTRQkO�VWQ � KNeqO%� a�b �u�%QPSf½ b SfO%JfYrK

VWM%�fSLejK��\hfQ ] �\hfQPO a�b S a Q�JWT«O��
� 8 � � z xPz'� � ��� 7 �3§�£��k³Z¨?§¤£�² �j±Z©>§¤£m£�³Z¨i© �j§¤£ ² � µw£ #r N±Z¨ ¦\§¤£ �«³r»�²f³¬£�±Z¨i©´§�£ �«³Z¨i¨ § ¹ §�£�¦[§
� � §�£ ²L± �N§ ¸ ²f³ZµW  �j§¤£���µf§����§�£���± � ±&��§�µW �¦\§ ��± ��³r¨ ��©_¥|³r¨ f §�£«©"�«³Z¨L£¤©>±Z¨i©´§ �
� QP�%Y[KN�Uh b SfOº�UhLQ ]�b KNON�UhLQ ] Q�SLejX[QkYrh�VLQ � KNeqO¿V ^ hLS�Jfe�WQ ] QkO�T¡VWe ! M�KNQ�SUTmVWQ a Q�h��VWQ

ORQPO¡X b ejORejSfO%� ] Y ?�b SLQIJ ] YrTRQY[ONO bwa e�MPQ ��a QIJLe�WQ ] QPO TmKRMkVWhLe�TRQ �%a QORQ�h ] Jfe�WQ ] �
� 8 � � z xPz'� � ��� B�� ³r¥¼© E µW¨ §�¨f£�§�» I ��§u§�© P (E) � � §�¨L£�§�» I ��§%¦[§�£o£�³rµw£
! §�¨L£�§�» I ��§�£�¦[§
E ��� ¨?§�²f±Z ¤© ¥¼©_¥|³r¨ §�£¤©¿µW¨?§©  R±Z¨f£���³r ¤»%±r©_¥|³r¨ τ � E → P (E) ©´§ ����§ ��µf§ �� �
� ∀x ∈ E x ∈ τ(x)�
	� ∀x, y ∈ E soit τ(x) = τ(y), soit τ(x) ∩ τ(y) = ∅

# Y8� b S a TNe b S��UhLe � hLS�J b ejS\T¡Y[ONO bWa e�Q ] Y ?�b SLQ�J ] YZTNQd�UhLe ] Q a�b SUTNe�QPS\T a�b SiO�TNe TNhLQ�hLSLQ
JfY[K TNe TNe b S�VWQ ] ^ e���Y � Q�� a YrK¡Q ]j] QX\M�KNe��iQ ] QPO�VLQ�h� a�b SfVLe TNe b SfOmVWQ ] YuVLM��fSLe�TRe b S �L� �

# QkO�QPS\TNe TNMPO�JLKRMkO QPKRX\M�QkO%JfYrK�hLS b J M�K«YZTNQ�hLK a�b SfSLQ�WQ Y[JLJ ] ej�UhLM � hLSLQ � b S a TNe b S
O b SUT ] QkO ?Pb SLQkOmJ ] YZTRQkO�VWQ ]_^ e���Y � Q[� # QkO b J M�K«YZTNQ�hLK«O a�b SLSLQ%WQPO a�b SfORejV=��KNQ�SUT ] QkO ?�b SLQPO
J ] YZTNQPO a�b �%�uQmVWQkOpQ�SUTNe TNMPO ejSfVWejXUeqORe �L] QPOP��n Y[K a�b SfO Mk�UhLQ�SUT��[hLSLQ ?�b SLQ¡J ] YrTRQmVWQ ] ^ ej��Y � Q
V ^ Q�SUTRKNM�QORQ�K«Y a�b SUTRQPSwhLQ ��] ^ e�SUTRMPKRejQ�hfK�V ^ hfSLQ ?�b SLQIJ ] YrTRQ�VWQ ] ^ ej��Y � QIVLQ�O b K TNe�Q\�
� 8 � � z xPz'� � ��� 1 � ¨ 	 � ©_ N§ Ψ §�£«©��N³r¨f¨?§ ¹ §�£¤¥ 	 ²L³rµW �©>³ZµW©>§"��³Z¨ ��© ¥|³Z¨ f 	 ��±u²L±r ¤©_¥¼© ¥|³Z¨¦[§��k³Z¨?§¤£�² �j±Z©>§¤£�¦\§ Ψ(f) §¤£¤©�»%³r¥¼¨L£ 	º¨?§ ��µf§ �«§ ����§�¦\§ f �

# Q � K«Y[VWejQ�SUT�� b KNJL� b\]�b\� eq�UhLQ�V ^ hLSLQ e���Y � Q�QPO T�M � Y ]d� ? M�K b Yrh JLe�WQ ] p ��O eoQ�TORQ�h ] Q��%Q�SUTmO e � ] Y �ib h ] Q�M ] M��%QPS\T«YrejKRQ Bp
QkO�T a�b S\TNQ�SwhLQoVLYrSfO ] Y ?�b SLQ�J ] YrTRQIY[ONO bWa ejM�Q �

p � # Y�VLM��fSLe�TRe b S)�W� ��e��%J ] ej�UhLQ��UhLQ ] ^ QPSfORQ�� �f] Q"VLQPO ? M�K b O VLh � K«Y[VWejQ�SUT � b KNJL� b\]�b\� eq�UhLQ
VWQ Ψ(f)

a�b SUTRejQ�SUT a Q ] hLe VWh � K«Y[VWejQ�SUTmVWQ f �

,�-���-/. � ; D�EF6�� : ��?�6 6 � � 8�=�: EF6 � �+EF;/8�=
# Y�KRQ a�b SiO�TNKRh a TRe b S�YrJfJ ] eq�UhLM�Q�YrJLK��POmhfSLQ b hLX[QPK TNhLKRQ b h�hLSLQ�� QPKR�%Q�TRhLKNQ�KNQPO TNY[hLKRQ ] QPO
a�b �%J b ORY[S\TNQPO a�b SLSLQ%wQkO 6 ?�b SLQPO¡J ] YrTRQPO¡J b hfK ] Q a Y\O¡SwhL�%M�KNej�UhLQ:9¿�UhLe S ^ b S\TmJfY\O a�b � D
J ] ��TNQ��%Q�SUT"VWeqO JiYrKNh � �¿QmO b SUTpJfYrK a�b SfORMP�UhLQ�SUTºVWQkO$� ] TNKRQkO a�b SLSLQ�WQkO�� # Y a�b � � ejSfYreqO b S
V ^ b hLX\Q�KRTRhLKNQPO¡Q�T � Q�KN�%Q�TNhLKRQkOmJfY[K�KRQ a�b SfO�TNKRh a TRe b S�M ] ej�uejSLQuVWQPO�VLM�TNY[e ] O a�] Y[e�K«O¡Q�ToO b � D
� KNQPO�� T b hWTuQPS JLKNMPORQ�KNXZYrSUT ] QPO a�b SUT b hLK«O�VWQkO b[� ��Q�TNOP� �¿Q�T TRQ b J M�K«YZTNe b S O ej�%J ] e��fQ ] Y
T�
 a �LQVWQ ] YuORQ � �%Q�SUTNYrTRe b S�Q�T ] hfe JiQPKR�%Q�T�VWQKRQkO�TNQ�K �iV�� ] Q�Y[h��V b SLSLMPQPO b KNe � ejSfY ] QPOP�
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,�-���->, � ; D�EF6�� : ?�6	� 8�D!? ;!6 � :
# QkO b hLX\Q�KRTRhLKNQPO�Q�T � Q�KN�uQ�TRhLKNQPO�JfYrKmKNQ a�b SfO TRKNh a TNe b S��Uh ^ b S�Xwe�QPS\T�VLQJLKRMkO QPSUTRQ�K¡M ] ej�%e�D
SLQPS\T"T b hLTRQ a�b �%J b ONYrSUTRQ��UhLeiSLQ a�b SUTRejQ�SUT"JfY\O ] ^ M ] MP�uQPSUT�O TRKNh a TNhLKNY[SUTP� ��ejSfO e ] Y �ib h ] Q
M ] M��%QPS\T«YrejKRQ�� ]_^ M ] M��%Q�SUT�O TRKNh a TNhLKNY[SUToVWQ � Y\O Qu�\hfe a�b SUTNe�QPS\T ] QPOoX b ejORe�SiOdVWejKNQ a T«OIV ^ hfS
JLe WQ ] �LM ] e��%ejSLQIT b hWTRQ�O TRKNh a TRhLKNQV b SUTmhLSLQ�VWQkO�VWej�%Q�SfORe b SfO¡QPO T�ejS�� M�KNe�QPhLKNQ � H JLe WQ ] O%�
�����%Q�ORe a Q�O b SUT�VWQPOmO TRKNh a TNhLKNQPO ]jb S � hLQPO�Q�T a�b SUTRK«Y[O TRMPQPOP�

# b KNON�UhLQ ] QkO3O TRKNh a TNhLKRQkO ] ejSLMkYrejKRQkO Y a �UhLe���KNQ�SUT hLSLQ"e��%J b KRTNYrS a QpJ b hLK ] ^ e�SUTRQPKRJfKRM�TNYZTNe b S
VWQ ]_^ e���Y � Q��UVWQPO � ] TRK«Y � QkO"Y\VLYrJWTNMPOºV b ejX[Q�SUT4��TRKNQ�VWMPX[Q ]jb JfJiMkO�� · SLQdJLKNQ��%e �PKRQdO b\] hWTNe b S
�UhLe JLKNMPORQ�KNX[Q ] QkO�O TRKNh a TNhLKRQkO ] ejSLMPY[e�KNQPO¡hLTRe ] eqO Q ] QoTR�LM b K����%QVWM�� b S\TNKRMVLY[SfO  �#3��´�
E + 8 �fy��#( t � �'� �3§u£¤µk²? R§�»uµW» ¦ � ³Zµ � §� ¤© µW R§�£%§�£«©I±Zµw£«£¤¥¿µW¨?§�³Zµ � §� ¤©_µW R§ ��� § ��±��¬³Z¨±Z¨?± ��³ #[µf§ � � ¥¼¨ 	º»uµW»@¦\§ ��§� ¤»�§�© µW R§�£�§�£¤©�±rµw£N£¤¥pµW¨?§ ��§� ¤»%§�©_µW N§ �

#º^ b hfX[Q�KRTRhfKRQºVWM%�fSLejQ a�b �%�%Q ] Q¿ORhLJLKNQ���hL�'V ^ b hLX[QPK TNhLKNQPO ] ejSLMPY[e�KNQPO VLYrSfO J ] hfORe�QPhLKNO
VWejKRQ a TNe b SfO 6 b h ] ^ ejS��f��hL�CVWQ � QPKR�%Q�TRhLKNQPO"J b hLK ] QPO¿VWM�T«Yre ] O�O b � � KRQkO�9 JfKRMkO QPKRX\Q¿T b hWTNQPO
] QPOºO TRKNh a TNhLKNQPO a�] YrejKNQPOp�UhLefSfQ�O b S\TºJiY[OpM ] ej�%e�SLMPQPOºY[h%� b e�SiOºVLYrSiOphLSLQ�VWQkOºVWejKRQ a TNe b SfO��
�¿Q�TRTRQ%JLK bWa MPVLhLKRQ b[�f] e � Q ��a Y ]qa h ] QPKohfSLQ b hLX\Q�KRTRhLKNQ�VfYrSfOIhLS � K«YrSiV�S b � � KNQuVLQ%VLe�D
KNQ a TNe b SfO�6 a �fY\�UhLQ b KRejQ�SUT«YZTRe b S J b ORORe �f] Q�VWQ ]_^ M ] M��%QPS\T�O TRKNh a TNhLK«YrSUT+9����¿Q a ep��h ] TRejJ ] e�Q
] Q�TRQP�%JfOIVWQ a Y ]qa h ] V ^ hLSLQ b hLX\Q�KRTRhLKNQ�JfY[K ] Q�S b � � KNQ�VWQuVWejKRQ a TRe b SiO�hWTNe ] eqO MPQPOP�o� ^ hfS
YrhLTRKNQ a%� TNM ] YuJLKNMPORQ�KNX¬YrTRe b S�VWQPO ] e � SLQkO a�b hfK � QPO¡S ^ QPO TmJfY[OmY\ORORhLKNM�Q\�
· SfQ Y[hWTRKNQ O b[] hWTNe b S �UhLeITRejQ�SUT a�b �%JWTNQ VLQ T b hWTNQPO ] QPO�VWejKRQ a TRe b SiO 6|Q�T7� b KN�%QPO+9

J b ONO e �L] QPO�ORY[SfO¿Y[h � �%QPS\TNQ�K ] Q�TRQP�uJiOmVWQ a Y ]qa h ] QPO T � b hLKNSLejQ�JfY[K ] QPO � ] TRKNQPO�YrKNM b\] Y[e�KNQPOP�
B b � b SfO ] QkO¡Q ! Q�T«O�V ^ hLS � ] TNKRQ�Y[KRM b[] YrejKRQoO hfKmhLSLQej�%Y � Q � ejSfYrejKNQ[�
� 8 � � z xPz'� � ��� � � ¨?§�³rµ � §� ¤© µW R§¡±Z R¢«³ �j±Z¥¼ R§ I ¥¼¨ ±r¥¼ R§m¦[§3²f±Z N±Z»��©  R§ λ � γa

λ(X) �d¢ � ¥¼»u¥q¨?§©>³ZµW©>§��«³Z»�²L³Z£�±Z¨f©>§��«³Z¨f¨?§ ¹ §d¦ � µW¨ §d¥¼»�± #U§ I ¥¼¨?±Z¥¼ R§I¦[³r¨f© � � ±Z¥¼ N§ �´¨?³Z» I  R§o¦[§º²?¥ ¹ § � £ ��§�£«©¥¼¨ ��¢� ¤¥|§�µW R§%±Zµ�²L±r R±Z»��©_ R§ λ �
g b e T (Xi)i∈I

] ^ QPSfO QP� �L] QVWQPO a�b �%J b ONYrSUTRQkO a�b SfSLQ�WQPOmVLQ X �

γa
λ(X) =

⋃

{Xi | i ∈ I, Area(Xi) ≥ λ}
� QP�%Y[KN�Uh b SfO �UhLQºJiYrK VLM��fSLe�TRe b S ] QkO a�b �%J b ORY[SUTRQPO a�b SfSLQ�WQPO VWQ ] ^ e���Y � Q b KNe � ejSfY ] Q

O b SUT�O b e�T"Q ! Y a M�QkO¿O b e�T"JLKNMPORQ�KNX[MPQPOpejSUTRM � KNY ] QP�%Q�SUTP��npYrK a�b SfORMP�UhLQPSUT b S�QkO�T �|Y a Q � hfS
� ] TRKNQ a�b SLSLQ�WQ\�

# Y � QPKR�%Q�TNhLKNQIY[KRM b[] YrejKRQdQPO T�VWM��iSLe�QIJfY[K�VWhfY ] e�TRM a�b �%�%Q[�

φa
λ(X) = [γa

λ(Xc)]c

�oYrSfO ] Q a Y\OºSwhL�%M�KNej�UhLQ ] Q � ] TRKNQdYrKNM b\] Y[e�KNQ�Y ! Q a TRQ ] QkO"Q%UTNKRQP��Y�VWQ ]_^ e���Y � Q�V ^ YrejKNQ
ejS�� M�KNe�QPhLKNQ � λ � ¯ ] YoM�TNM�VWMP� b SUTRKNM�VfYrSfO� �[� �L�UhLQ ] ^ b hLX[QPK TNhLKRQ�YrKNM b\] Y[e�KNQ"VWQ¡JfY[KNY[�'��TRKNQ
λ V ^ hLSLQoe���Y � Q I QPO T ] QoORhLJLKNQ���hL�CVWQPO¿ej�%Y � QkO%�Ue�S=� M�KNe�QPhLKRQkO � ¯pQ�TmV b SUT ] QkO"��Y<Wej��YKNM � e b SiYrh� b SUTºhLSLQ�ORhLK��|Y a QmORhLJ M�KNe�QPhLKRQ b h%M � Y ] Q � λ �4�¿Q�TRTRQ�VWM%�fSLe�TRe b S�V b SLSLQmhLS�Y ] D�[b KRe�TR�f�uQdQ	� a Y a QdJ b hLK¡e��%J ] M��%Q�SUTNQ�K ] QkO � ] TNKRQkO¡YrKNM b[] YrejKNQPOP��B b � b SfO"hfSLQdQ%WJLKRQkORORe b S
J ] hfO�� b KR�%Q ]j] QIVLQ a Q�TRTRQ�VWM%�fSLe�TRe b S �
� 8 � � z xPz'� � ��� M�� ³r¥¼© f µW¨?§ ��³r¨ ��©_¥|³r¨/¦\§ E → IR � ��� ³Zµ � §� ¤© µW R§u±Z R¢«³ �j±Z¥¼ R§�¦\§�©>±Z¥����j§
λ ¦[§ f §�£¤©�¦\¢�	"¨f¥|§ �N³r»�»�§ �

(γa
λ(f))(x) = sup{h ≤ f(x) | x ∈ γa

λ(Sh(f))}

³� Sh(f) §¤£¤© �j§£�§�µW¥�����± #U§�¦[§ ��± ��³r¨ ��©_¥|³r¨ f ±rµ�¨f¥ � §N±rµ h �
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Sh(f) = {x ∈ E | f(x) ≥ h}

# QkO � ] TRKNQPOdYrKNM b\] Y[e�KNQPO¡JLKNMPORQ�KNX[QPSUTmT b hLTRQ a�b �%J b ONYrSUTRQ�VWQ�TNY[e ]j] Q 6 S b � � KNQ�VWQ�JLe  D
Q ] O+9�ORhLJiMPKRejQ�hfKRQ b h M � Y ] Q�Yrh JfYrK«Yr����TNKRQ λ �º�UhLQ ]�] Q��UhLQ�O b e T%ORY7� b KR�%Q\� #º^ M ] M��%QPS\T
O TRKNh a TNhLKNY[SUTmO ^ Y[VLY[JWTRQYrh=5� b KN�%QPO¡VWQ ] ^ ej��Y � Q\�

� ��� ��� �-+-1�.	&>/5& #8� %,9'��1�& /5&)( &)�"; <
#º^ Y ]j�[b KRe�TR�f�uQIVWQ � Y\O QIVWQ ] Y%l b KRJf� b[]jb[� e�Qol�YZTN�LM���YZTNej�UhLQIJ b hLK�ORQ � �%Q�SUTRQPK�VWQkO¡e��'D
Y � QPO�QPO T ] Y ] e � SLQVWQJfY[K T«Y � QoVWQPO¡QkYrh� � #º^ eqVWM�Q�YuM�TNMIJLK b J b O MPQdJiYrK # Y[S\TNhLM�� b h ] �� H �
Q�TM�TRQ�SiVWhLQ%Yrh/V b ��YrejSLQuVWQ ]_^ YrSfY ] �WORQ�V ^ ej�%Y � QkOdJiYrK  QPh a �LQPK �� �´� # QPO ] Q a TNQ�hLK«O�ejS�D
TRMPKRQkORORMPO�JfYrK�hLSLQ��ueqORQ�Yrh J b ejSUT�Q � a Y a Q�VWQ a Q�T%Y ]j�[b KNe�TR�L�%Q�J Q�hLX\Q�SUTuORQ�KNQ�J b KRTRQPK
Yrh=�TRK«Y¬XZYrh��VWQ�l�Q��[QPK  � � � H � � �LQ�T�VWQ�B�ejS a Q�SUT�Q�T�g b e ]j] Q  � � � �
c b TRKNQ � hLT�QkO�T¡VWQoVLM�TRQ a TNQ�K ] QkO a�b SUT b hLKNO¿VWQPO b\� ��Q�T«O"JLKNMPORQ�SUT«O"VLY[SfO ] ^ e���Y � QdVWQ ] Y

�|Y[½ b S ] Y�J ] hfOJfKRM a eqO Q%J b ONO e �L] Q[�%¯>��Y � ejS b SfO ] QkOIe���Y � QPO � SLejX[QkYrh� VLQ � KNejO a�b �%�%Q
VWQkOdORhLK��|Y a QkO¡T b J b\� K«YrJL�fej�UhLQkO���J ] hfO ] Q�Sfe�X\QPYrh�VLQ � KNeqO�QPO T a�] Y[e�K,�iJ ] hfO ] ^ Y ] TNe TNhfVWQ�QkO�T
M ] Q�X\M�Q\�gWe ] Y�X¬Y ] QPhLKIVWQ ] hL�%ejSfYrS a Q�KNQ�JfKRMkO QPS\TNQ ] ^ Y ] TNe TNhfVWQ�� a Q ] Y�SfQuORe � SLe �fQ�JfY\Od�UhLQ
] ^ ej��Y � Q�JLhfejONO Q ��TRKNQ�VWM a�b hLJ M�Q a�b KNKRQ a TRQP�%Q�SUT�JfYrK�hLS ORe��%J ] Q�ORQ�hLe ]�] Y � Q[� · S ORQ�hfe ]
M ] Q�X\MuVLM�TRQ a TNQ�K«Y � ejQ�S ] QkOoJLe a OoQ�TIhLS ORQ�hfe ] � Y\OdQ%wTRK«YrejKNY � e�QPS ] QPOoXZY ]j] MPQPO��?�%Y[ejO a Q ] Y
S b hfO b[�f] e � Q � JfY[K ] Q�KpQPS�TNQ�KN�%QPOºY � O b\] hiO%� a Q��UhLeLS ^ QPO TºJfY[O a�b �fM�KNQ�SUTpJLhLeqOR�UhLQ ] ^ ej��Y � Q
J Q�hWT�SfQ�JfY[O���TRKNQ�M a�] Y[e�KNM�QIhLSfe�� b KR�%M��%QPS\Tk� #"^ ejS�� b KN��YZTNe b S�VWQ ] Y ] hL�%e�SiYrS a QS ^ M�TNY[S\T
JfY\O�J Q�KRTRejSLQ�SUTNQ�� S b hfOoY ]j]�b SfO�KNQ a�b hLKNejK ��] Y5� b S a TRe b S � KNY\VWejQ�SUTo�UhLe S b hfOdV b SLSLQuhLSLQ
ejS�� b KN��YZTRe b S!O hLK ] QPO�XZYrKNejYrTRe b SfO�VWQ ] hL�%ejSfYrS a Q/VLYrSfO ] ^ ej��Y � Q\� # Y �|Y[½ b S ] Y J ] hfO
ORe��%J ] Q�V ^ YrJLJfK b Wej�uQPK a Q � K«Y[VWejQ�SUT�Y�M�TRM�VWM a KNe TNQ�JfY[K  Q�h a �fQ�K �� � Q�T�K«YrJLJ Q ] M�Q�VLYrSfO
] Y O Q a TNe b S �L� � VLQ a Q V bwa hL�%Q�SUTP��� a �iY[�UhLQ�JLe WQ ] x

b S Y[ONORe � SLQ ] Y J ] hiO � K«YrSiVWQ
VWe ! MPKRQPS a Q�QPSUTRKNQ ] QPO ] hL�%ejSfYrS a QPO�VWQ�VWQ�h= JLe WQ ] O�VWQ�O b S/X b ejORe�SiY � Q�� ar^ QPO T D � D>VWejKRQ ] Y
VWe ! MPKRQPS a QIQPS\TNKRQ ] Q�VWe ] YrTRMQ�T ] ^ MPK b VWMVWQ ] Y � b S a TRe b S �

# Q � K«Y[VWejQ�SUT�� b KNJL� b\]�b\� eq�\hfQoQkO�TdhLSLQ�ej��Y � QSUhf�uMPKReq�UhLQ��?VLY[SfO ] Y[�UhLQ ]j] Q ] QkO�J ] hfO
�fY[hWTRQkO�XZY ] Q�hLK«O a�b KNKRQkO J b SiVWQ�SUT�Yrh� a�b SUT b hfKNO ] QPO�J ] hfO a�b SUTRK«Y[O TRMkO�VWQ ] ^ e���Y � Q b KNe � e D
SfY ] Q\� c b hfO¿KNQ�TRK b hfX b SiOpe a e ] Qo�����%Q�JLK b[�f] �P�uQo�Uh ^ Y¬X\Q am] Y ] hL�%ejSfYrS a Q[� · S�O QPhLe ]�] Y � Q
�|Yre �L] Q�V b SfSLQ�K«Y�hfSLQ�� b KRTRQ�ORQ � �%QPS\T«YZTNe b S�� TNY[SfVWeqO�Uh ^ hfS/ORQ�hfe ]j] Y � Qu�fYrhLT�JiQPKNVWK«Y�VWQPO
KNM � e b SiO�J Q�h a�b SUTRK«Y[O TRMPQPOP� # Q�ORQ�hLe ]j] Y � Q�VLh � K«Y[VLe�QPS\ToJLKNMPORQ�SUTRQ�M � Y ] QP�uQPSUT ] QuVWM%�|YrhWT
VWQ � b hfKRSLejK�VWQPO a�b SUT b hLKNO b hfX[Q�KRTNOP� ¯ ] S ^ QPO T�JfY[O �|Y a e ] Q�VWQ�TRK b hLX\Q�K ] QkO a�b S\T b hLK«O �
JfY[K TNe�K¡VWh � K«Y[VWejQ�SUT��U��YreqO b S�J Q�hLT�YreqO MP�uQPSUT"TRK b hfX[Q�K¡VWQkO¿KNM � e b SfO¿SLQ a�b SUTRQPSfYrSUT¡JfY[O
VWQ a�b S\T b hLK«OP� # QPOo�%ejSLe���Y�KNM � e b SiYrh��VWh � K«Y[VWejQ�SUT'6|J ] YZTRQkYrh� V ^ Y ] TNe TNhfVWQ%hLSLe � b KN�%Q
ONYrSfO X b eqO ejSfO J ] hfO � Y\O�9���Y[KN�UhLQPS\T ] QPOpKNM � e b SfO VWQmJ ] hfO �|Y[e �L] QmXZYrKNejYrTRe b S%VWQ ] hL�%e�SfY[S a Q
JfY[KmKNY[JLJ b K T�Y[h��QPSUXwejK b SfOP��npY[K a�b SiO Mk�\hfQ�SUT ] QkO a�b S\T b hLK«O¡SLQJfY\ORORQ�SUTmJfY\OmVLYrSfO a QPO
KNM � e b SiO�� gwe b SuJLKNQ�SfVuhLSfQme�SUTRQPKRJfKRM�TNYZTNe b S�T b J b[� K«YrJf�Lej�UhLQmVWQ ] Y8� b S a TRe b S � K«Y[VLe�QPS\T Q�T
�Uh ^ b S�ej��Y � ejSLQ ] YdJ ] hLe�Q��UhLeUT b � � Q¡ORhLK ] Y�ORhLK��|Y a Q�� b S�X[Q�KNK«Ym�\hfQ�ORe\hfSLQ �\b hWTRTRQ"T b � � Q
ORhLK ] QIJ b ejSUT x �LQ ]�] QVWQPO a QPSfVWK«Y���hfON�Uh ^ � ORQITRK b hfX[Q�K¡VLY[SfO ] Q � b SfV�V ^ hfS � Y[ONO ejS�� ar^ QPO T D� D>VWejKRQhfS��%e�SLej��hf��VWQ ] Y�� b S a TRe b S 6|X b e�K � � �?�L� � 9¤����ejSfORe a �iY[�UhLQ��%ejSLe���hL��Y�ONY
JLK b JLKNQ ?�b SfQ�V ^ YrT TNKNY a TRe b S a�b SfO�TNe TNhLM�QmJiYrKºVWQkO J b e�SUTNO � JiYrKRTRejKºVWQPON�UhLQ ] O a Qm�%ejSLe���hL�
QPO T�YrT TRQPe�SUTk�F�¿Q�T TNQ ?�b SLQ�V ^ YZTRTRK«Y a TNe b S/QPO T�YrJLJ Q ] M�Q � Y[ONO ejS�X[QPKNONYrSUTk���dQ�h� � Y[ONORe�SfO
X[QPKNONYrSUT«O¡X b eqORe�SfO�J b ORO��PVWQPSUT�hLSLQ�� K b SUTNe �PKRQ a�b �%��hLSfQ�O hfK ] Y\�UhLQ ]j] Q�hLSLQ �\b hWTRTRQ�J Q�hWT
a � b ejORe�K ] Qm�%e�Sfe���hL�:X\Q�K«O ] Qk�\hfQ ] Q ]�] Q¡X¬YVLQPO a Q�SiVWKRQ\� �¿Q�T TNQ ] e � SLQmQkO�T ] Y ] e � SfQ�VWQ a K���TNQ
Q�T�e ] ORQ�� �L] Q ]jb[� ej�UhLQIVWQ ] Y a�b SfOReqVWM�KNQ�K a�b �%�uQIhLS a�b SUT b hLKmejVLMPY ] �
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� e � hLKNQ �W� � � # e � SfQIVLQJfYrKRTNY � QIVWQPO¡QkYrh� �

¾dS J Q�hWT�e ]j] hfO TRKNQ�K a Qu���P�uQ a�b S a Q�JWTJfY[KYrSfY ]�b\� ejQ�Y¬X[Q a hfSLQ%e�S b SfVLYrTRe b S J ] hLT � T
�UhLQ�JiYrK ] Y�J ] hfe�QI�UhLefT b � � Q\�¿¾dS�Q�S�TNe�KNQohLS�Y ]j�[b KRe�TR�f�uQ�J ] hiO4�|Y a e ] Q � ej�%J ] MP�%Q�SUTRQPKP�
¯>��Y � e�S b SfOmV b S a �UhLQ a Q�T TRQ�ORhLK��|Y a QdT b J b[� KNY[JL�Leq�\hfQIO b e�TmTRK b hfM�QYrh��Q��%J ] Y a Q��%Q�SUTNO
VWQkO��%e�Sfe���YL��n ]jb S � Q b SfO ] Q�SUTRQP�%Q�SUT a Q�T TNQ�ORhLK �|Y a Q�VLY[SfOhLS ] Y a � #º^ QPYrh�XZY�JiY[ONO QPK
JfY[K ] QPO¿TNK b hfO�Q�S a�b �%�%Q�Si½�YrSUT¡JfYrK a Q�h���UhLe J Q�K a QPS\T ] QPO��%e�SLej��Y ] QkO¡J ] hiO¿JfK b � b SfVLO
Q�T¡XZY�JLK b[� KRQkORORejX[Q��%QPS\TpejS b SiVWQ�K ] QdKRQ ] ejQ����p�+T b hLT�� b �%QPS\T ] QkO¿VLe ! M�KNQ�SUTNO ] Y a O�ORQ�K b SUT
��] Y������%Q�Y ] TNe TNhfVWQ\� gwhLJLJ b O b SiO�VWQ�J ] hiO��UhLQ ] ^ b S�Q��%J � a �LQ ] QkO�QkYrh�/JLK b X[Q�SiYrSUT
VWQ ] Y a OVWe ! M�KNQ�SUT«O56|V b S a VWQ%�%e�Sfe���Y�VWe ! MPKRQPSUTNO+9IVWQ�O Q��%M ] Y[S � QPK�� QPS a�b SiO�TNKRhLeqONYrSUT
ORhLK ] Y�O hLK��|Y a Q�T b J b[� K«YrJf�Lej�UhLQ�hLSLQ%VWe � hLQ ]j��b J a QPOdQPY[h��J b hLKNKNY[e�QPSUToORQ�KNQ�� b ejSfVWKNQ[�
# b KNON�UhLQ ] YIT b TNY ] e�TRMoVWQ ] Y�ORhLK��|Y a QdYrhLK«YM�TNM a�b hLX\Q�KRTRQ��UO QPh ] QPO ] QkO¿VWe � hfQPOºMP�%Q�K � Q�K b SUT,�
VWM ] ej�%e T«YrSUT�Y[hWTNY[S\T�VWQ ] Y a O��UhLQ ] Y � b S a TNe b S e�S b SfVWMPQ(6 ] Q � KNY\VWejQ�SUT+9uJ b ONO MkVLYre�T�VWQ
�%e�Sfe���YL� �¿QPO VWe � hfQPO a�b SfO�TNe TNhLQ�SUT a Q¡�Uh ^ b S�Y[JLJ Q ]j] Q ] Y ] e � SLQ¡VWQ¡JfYrKRTNY � Q"VWQkO QPY[h�  H � �

#º^ YrJfJ ] e a YrTRe b S�VLe�KNQ a TRQ¿VLQ ] Y ] e � SLQ¡VWQ¿JiYrKRTNY � Q"VWQkO QkYrh��ORhLK�hLSLQ�e���Y � Q"KNM�Q ]�] Q"JLK b D
VWhLe�TmhLSLQ/� b KRTRQoO hLK«ORQ � �%QPS\T«YZTNe b S a YrK ] Y�VWM�TRQ a TRe b S�VWQPO�Q%UTNKRQP��Y�QPO T�TRK��PO�O QPSfO e �L] QoY[h
� KNhLe�TP� #º^ e�SUTRK b VWh a TRe b S�VLQPO���YrK«�\hfQ�hLK«O  H � �fO e � SfY ] Y[SUT ] QPO�KRM � e b SfO ej�uJ b KRTNY[SUTRQPO V ^ hLSLQ
ej�%Y � QoKRMkO b hWT ] QIJLK b[�f] �P�uQIVWQ ] Y�ORhLK«O Q � �%Q�SUT«YZTRe b S�Q�TmKNQ�SfV ]_^ Y ]j�[b KRe�TR�f�uQIYrJfJ ] e a Y �L] Q
Yrh= a Y\OIKRMPQ ] O�� #º^ e��%J b ORe TNe b S/VLQPO��YrK«�UhLQ�hfKNO/�|Yre�T�VWeqORJfYrK«Y:;qTRKNQ ] Y�ORhLKNORQ � �%Q�SUTNYrTRe b S
JfY[K a Qº�\hfQ ] QkO � Y\ORORejSfO X[QPKNONYrSUT«O?S b S��YrK«�UhLMPO3O b S\T e�S b SfVWMkO JfY[K ]_^ QPY[hJLK b X[Q�SiYrSUT V ^ hfS
� Y\ORORe�S�X\Q�K«ORY[SUT"��YrK«�\hfM�ORY[SfO a�b SfO TRKNhLejKRQ�VLQdVWe � hLQdQ�SUTRKNQ ] QPO�VWQ�h= 6|X b e�K4� � � �W� � 9�� # Y
] e � SLQoVLQoJiYrKRTNY � Q�VWQkO¡QPYrh=�O QPKNY�J ] Y a MPQoORhLK ] Y ] e � SLQoVLQ a K���TRQ ] Y�J ] hfO¡M ] Q�X\M�QdVLh � KNY"D
VWejQ�SUT�QPS\TNKRQ�VWQPh�/�%Y[KN�UhLQPhLK«O%� a Q��UhLe a�b KRKNQPORJ b SfV Yrh a�b SUT b hfKQ�SUTRKNQ�VWQ�h= KNM � e b SiO
ORe � SLe�� a YZTNe�X\QPOP�

# Y ] e � SLQoVLQoJiYrKRTNY � QdVWQkO�QPYrh=�KRQk�\hfe�QPK T¡hLSLQ8� b S a TRe b S�VWQI��YrK«�\hiY � QdJ b hLK¡M�Xwe�TRQ�K
] YuORhLK«O Q � �%Q�SUT«YZTRe b S3� # Y%�\hiY ] e TNMIVLQ ] Y�ORQ � �uQPSUTNYZTNe b S�ORQ�K«Y%VWe�KNQ a TRQP�uQPSUT ] ejM�Q �%a Q�T TRQ
� b S a TRe b S�VWQ��YrK«�UhfY � Q[�

� ��� ��� /�� .	�"!0+�� ;5&
# Q � KNY\VWe�QPSUTIV ^ hLSLQ�ej��Y � Q � SLejX[QkYrh� VLQ � KNejOIY�hLSLQ�MPS b KN�%Qu�UhfY[S\TNe TNM�VWQ%�%e�SLej��Y=�
a Q��UhLedJLK b VLhLe T�hfSLQ ORhLKNORQ � �%Q�SUTNYrTRe b S VLQ ]_^ ej�%Y � Q ]jb K«OR�Uh ^ b S a Y ]ja h ] Q�VWe�KNQ a TRQP�uQPSUT
hLSLQ ] e � SfQ VWQ JfYrKRTNY � Q�VWQkO�QkYrh� � # Y VW�wSfYr�%eq�UhLQ QkO�T�hLSLQ �%QkO hLKNQ VWQ a�b S\TNKNY\O�TNQ
ejS\TNK b VWhfe TNQJfYrK�l�� ¶ KRej��YrhfV  � ��� �P� �¼�UhLe S b hfOmJ Q�KN�uQ�T�VWQ a�] Y[ONORQ�K ] QPO¡�%e�Sfe���Y�J b hLK
J b hLX b ejK a � b ejORe�K ] QkO�J ] hfOIORe � SLe�� a YZTNe��|O a�b �u�%Q��%Y[KN�UhLQPhLK«O�VWQkO�KNM � e b SfOmej�uJ b KRTNY[SUTRQPO
Q�T�Y[e�SiO e Y[KRKNe�X\Q�K � hLSLQ�ORQ � �%QPS\T«YZTNe b S�JLK b JLKNQ[�

� b �%�%Q�Si½ b SiOJfYrKuV b SfSLQ�Ku�\hfQ ] �\hfQPO�VLM��fSLe�TRe b SiO�ORhLK ] QPON�UhLQ ]j] QPO�S b hfO�S b hfO�YrJ�D
JLhLejQ�K b SiO¡J b hLK�VWM��iSLe�K ] Y�VW�wSfY[�ueq�UhLQ[�
� 8 � � z xPz'� � ��� = � ¨ � � §�»u¥¼¨��"� ¹ 	 �
��£«µW �µW¨ §�¥¼»�± #U§ ��§�£¤©mµW¨ §�£¤µW¥¼©´§�¦\§�² ¥ ¹ §� £%±[¦&!



���������	��
������������
������	�����������������	�! "�$#���
������� ��&%���'��"��� � �

��± �«§�¨f©_£�� ²
0
	 ²

1
	?²

2
	 � � � � 	3² n � ��µW¥p N§� ¥|§�¨f©���§�£�² ¥

¹ §� £ �§�©3� 	º©>§� £ ��µf§ �
• ² 0 §�£¤© ��§m² ¥

¹ § �= 	¿§�© ²
n
§¤£¤© �j§¡²?¥ ¹ § �f� �

• �m³ZµW �©>³ZµW© ¥ ∈ ��� 	 ¨�� 	 ��§�£p²?¥ ¹ § � £p² i §�©f² i+1
£�³r¨f© � ³r¥q£¤¥¼¨L£I¦\±Z¨f£���±�#r ¤¥����j§IµW©_¥�� ¥q£�¢«§ �

� 8 � � z xPz'� � ��� � �3±�¦&�Z¨ ±Z»u¥���µf§�¦ � µW¨ � � §�»u¥¼¨��"� ¹ 	 �
� ��µW¥º N§ ��³r¥¼¨f© ��§�£m² ¥ ¹ § � £ ¹ §�©"�
£¤µW dµW¨?§o¥¼»%± #\§ � 	"§¤£¤© ��±�¦Z¥ ��¢� R§�¨ �«§�¦ � ±&� © ¥¼©_µf¦\§�§�¨f©  R§���±d² � µw£"#[ R±r¨ ¦[§�§�© �j±d² � µw£"²L§�© ¥¼©´§
± � ©_¥¼© µf¦[§� R§�¨ �«³Z¨i©_ R¢«§£«µW ���§ � � §�»�¥¼¨ � 	 # � 	 � 	� �

Dynf (C(x, y)) = {sup(abs(f(xi) − f(xj))) ∀xi, xj ∈ C(x, y)}

� e � hLKNQ �L� �L�p���wSfY[�ueq�UhLQV ^ hLS a �LQ��%ejS

� 8 � � z xPz'� � ������� � ±�¦&�Z¨ ±Z»u¥���µf§�§�¨f©  R§�¦[§�µ ¹ ²L³r¥¼¨f©_£/ §�©º� §�£«©���±�² � µw£�²f§�© ¥¼©>§�¦[§�£
¦ �Z¨?±Z»u¥���µf§�£�¦[§�£ � � §�»u¥¼¨L£ ��µW¥p R§���³Z¥$#[¨ §�¨f©  §�©3� �
Dynf (x, y) = inf(Dynf (C(x, y))) ²f³ZµW ©>³ZµW©"� � §�»u¥¼¨ �"� ¹ 	 �
� ��µW¥p R§���³Z¥¼¨i© ¹ §�© �¸ ¨%µW¨ §¡¦r¥¼»%§�¨L£¤¥|³Z¨��N§�© ©´§¡¦[¢ 	º¨i¥¼©_¥|³r¨�§¤£¤© ��±o»���»%§ ��µf§ �«§����§�¦[§"��±¦&�Z¨ ±r»�¥���µf§�¦ � µW¨
� � §�»�¥¼¨ 	º»%±r¥q£�§�¨ ¦[§�µ ¹ ³Zµ�©_ R³r¥q£¦r¥¼»%§�¨L£¤¥|³r¨L£ � � §�£¤©�¦r¥ ��¢� N§�¨i© ² µW¥q£���µ � ¥�� ��±d² � µw£«¥|§�µW «£
� � §�»�¥¼¨f£�§�¨f©  R§�¦[§�µ ¹ ²f³Z¥¼¨i©|£ �
� e�SiY ] Q��%Q�SUTdS b hfOIYrKNKNe�X b SfO ��] Y�S b TNe b S �UhLe S b hfO�ejSUTRMPKRQkORORQ[� ] Y�VW�wSfY[�%ej�UhLQ%VWQPO

Q�wTNKRQP�%Yf�
c b hfOdJ b hLX b SfO�J Q�SiO QPKo�UhLQ ] Q a�b SUTRK«Y[O TRQ�V ^ hLS �%e�SLej��hf��QPO TIVWM%�fSLe JfY[K ] Y�JLK b D

� b SiVWQ�hLK�VWh � Y[ONO ejS+X[QPKNONYrSUT�Y[hf�UhLQ ] e ] YrJfJfYrKRTRejQ�SUTP� �¿Q�T TNQ JfK b � b SfVWQPhLK�J Q�hLT ��TRKNQ
QPO TRej�%M�QJfY[K ] Y�VWe ! M�KNQ�S a QIV ^ Y ] TNe TNhfVWQQ�SUTNKRQ ] QJ b e�SUT ] QoJ ] hfO � Y[OmVWh a�b SUT b hLKmVWQ�O b S
� Y\ORORe�S�X\Q�K«ORY[S\TmQ�T ] Q��uejSLej��hL��� �¿Q�TRTRQ�QkO�TNe���YrTRe b S�QPO T � b SLSLQ�Y¬X[Q a hfSLQ�ej�%Y � QS b S
� KNhLe�TRM�Q a�b �%�%Q a Q ]�] Q�VWQ ] Y'� � hLKNQ �W� H Y=�f�%Y[ejO�J b O Q�VLQPO�JfK b\�L] �P�%QPO�Y¬X\Q a hLSLQ�ej��Y � Q
a�b �%�uQ a Q ]j] Q�VWQ �W� H � �fVLYrSiO ] Y\�UhLQ ]j] Q ] Y%XZY ]j] M�QQPO T a�b �%J b O MPQ�VWQ�S b � � KNQ�h= � Y[ONORe�SfO
X[QPKNONYrSUT«OoV b SUT ] QkOJLK b � b SiVWQ�hLK«OoSLQ�V b SLSLQ�SUTJfY\OhLSLQ � b SLSLQ�eqVWMPQ�VWh a�b SUTNKNY\O�TNQuVWQ
] Y O TRKNh a TNhLKNQ[� �¿Q�T TRQ � � hLKNQ�S b hfOu� b SUTRKNQ��UhLQ�S b hiO�SfQ�J b hfX b SiO�JfY\O�TRK«Y¬X¬Y[e ]j] Q�K �
] ^ M a �LQ ]j] QVWQ � Y[ONO ejS�X\Q�K«ORY[SUT�J b hLKmQkO�TNe��%QPK ] Q a�b SUTRK«Y[O TRQIVWQPOmO TRKNh a TRhLKNQPOP�
� 8 � � z xPz'� � �����-� � ± ¦ �Z¨ ±r»�¥���µf§�¦ � µW¨ »u¥¼¨f¥¼»uµW» M §�£¤© ��±�² � µw£%²f§�© ¥¼©´§/¦\§¤£ ¦&� !
¨ ±r»�¥���µf§�£d¦[§�£�� � §�»u¥¼¨L£ ��µW¥ � ¥|§�¨i© M � µW¨�²L³r¥¼¨f©?� ±N²\²L±r ¤©´§�¨ ±r¨f© � µW¨ I ±¬£«£¤¥¼¨ � §� «£�±r¨f©¦[³r¨f©���§�»�¥¼¨i¥¼»�µW»	§¤£¤©¿£«©  ¤¥���©´§�»%§�¨f© ² � µw£ I ±¬£ ��µf§ M �

Dynf (M) = inf(Dynf (x, y), x ∈ M, y ∈ BV/altitude(M) > minimum(BV (y)))

ORe b S�S b TNQ"C�� � �
� ] Q � Y[ONO ejS�X\Q�K«ORY[SUT¡VWh�J b ejS\T��Z�
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Niveaux de gris
Niveaux de gris

6_Y�9�¯>��Y � QdSfQ�T TNQ 6 � 9¡¯>��Y � Q � KNhLe�TRM�Q
� e � hfKRQ �W� H �

� e � hLKNQ �L� �i�p���wSfY[�ueq�UhLQV ^ hLS��uejSLej��hL���

c b hiOºY ]j]�b SfOpe ]�] hfO TRKNQ�K a Q�TRTRQ�VWM%�fSLe�TRe b S�Y¬X\Q a hLS�JLK b � ] VWQ�SLejX[QkYrh�VWQ � KReqO 6 � � � �W� � 9¤�
c b hfO a �LQPK a � b SfO ] Y�VW�wSfY[�ueq�UhLQ�VWh��%ejSLe���hL� M ���'hfSLQ�VWej�%Q�SfORe b S�S b hiOmS ^ Y¬X b SiO�UhLQ�VWQPh� a �LQ��%ejSfO � TNQPO TRQPK��\X[Q�K«O ] Y � Y[h a �LQ36 a �LQ��%ejS C1

9 b h�X[Q�K«O ] Y�VWK b e�TRQ36 a �LQ��%ejS
C2

9��¬��hfON�\h ^ Y[h�JLKNQ��%ejQ�K � Y\ORORejS�X\Q�K«ORY[S\T¡V b SUT ] Qo�%ejSLej��hL� QPO TmO TRKNe a TRQP�%Q�SUT�J ] hfO � Y[O
�UhLQ M � # YuVW�wSfYr�%eq�UhLQVWh a �LQ��%ejS C1

QPO T�J ] hfO¡J Q�TRe�TRQ��iV b S aob S ] YuKNQ�TNe�QPS\T a�b �%�%Q
M�T«YrSUT ] Y�VL�USiYr�%ej�UhLQVWh��%ejSLe���hL� M �

· SLQ�Y[hWTRKNQ8�|Y[½ b S�J ] hfO�e�SUTRhfe TNe�X\QIV ^ Q%wJfKRej�%Q�K a Q�T TNQejVWMPQQPO T ] Y%ORhLe�XZY[S\TNQ[�
c b hfOmY ]j]jb SfO¡YrJfJiQ ] QPK�� Y[J b\� M�Q�
 ] QIJ b ejSUT ] QIJ ] hfOm�fY[hWT�V ^ hLS a �LQ��%ejS �pnpYrKN�ue?T b hfO

] QPO a �LQ��%ejSfO��\hfe KNQ ] ejQ�SUT ] Qo�uejSLej��hL� M Y¬X[Q a VWQPO�JLe WQ ] O¿V ^ Y ] TRe�TRhiVWQIJ ] hiO¿J Q�TNe TNQo�UhLQ
M �3S b hfOY ]�]jb SfO a�b SfORejVLM�KNQ�K a Q ] hLe¿V ^ Y[J b\� MPQu�%ejSLej��hL� APmin

� # Y�VL�USiYr�%ej�UhLQ�VWQ
M O QPKNY ] Y�VWe ! M�KNQ�S a Q�Q�SUTRKNQ APmin

Q�T ] Q��%e�Sfe���hL� M � # QPO�VWQ�h��VWM%�fSLe�TRe b SfOdO b SUTMP�UhLejXZY ] Q�SUTRQkO��

# YuVW�wSfYr�%eq�\hfQoV ^ hLS��%e�SLej��hf�CQPO TmVLM��fSLejQ � JfY[K TNe�KmVWQkO��uejSLej��Y�J ] hfO � Y\O¿�UhLQ a Q
�%e�Sfe���hL����npYrK a�b SfORMP�UhLQ�SUT,� ] Y�VL�USiYr�%ej�UhLQ�VLh �%ejSLej��hL� ] Q�J ] hfO � Y[OVWQ ] ^ ej��Y � Q
S ^ QPO T�JfY[OVLM��fSLejQ[��npY[K a�b SwX\Q�SUTRe b S S b hfO�VWe�K b SiO�\h ^ Q ]�] Q%QPO T�e�S��iSLe�Q\� �¿Q a eºSLQ�J b ORQ
JfY\OdVWQ�JLK b[�L] ���%QPO��?JfYrK a Q��\hfQ ] Y�XZY ] Q�hLKIVWQ ] Y�VW�wSfYr�%eq�UhLQ�VWh �uejSLej��hL��S ^ QkO�TIJfY[O
ej�uJ b KRTNY[SUTRQ�QPS�Q ]j] Q������%Q\���¿Q�T TRQuXZY ] Q�hLKoS ^ Y�V ^ ej�uJ b KRTNY[S a Qu�UhLQ�JfY[K a�b �%JfY[KNY[ejO b S
Y¬X[Q a�a Q ]�] QPOIVWQkOIYrhWTNKRQkO��%ejSLe���Y�VWQ ]_^ e���Y � Q[���e�SfORe hLSLQuXZY ] Q�hLKoe�S=�fSLejQ%ORe � SLe �fQ�T b hWT
ORe��%J ] Q��%Q�SUT¡�\hfQ a Qo�%e�Sfe���hL�CY�hLSLQoVW�wSfYr�%eq�UhLQ�J ] hfO � K«YrSfVLQ��UhLQ�T b hfO ] QkO"�%ejSLej�%Y
� VW�wSfYr�%eq�\hfQ �fSLejQ[� ` SuJLK«YZTReq�UhLQ"S b hfO Y ]j]jb SfO ] hfewY\ORORe � SLQPK ] Y�VW�wSfY[�%ej�UhLQ¡VWQ ]_^ e���Y � Q��
ar^ QPO T D � D>VWejKRQ ] YuVLe ! M�KNQ�S a QQ�SUTRKNQ ] QI��Y<Wej��hL� Q�T ] Q�uejSLej��hL�@VWQ ] ^ ej��Y � Q\�
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# Y��%QPORhLKRQ�VWQ ] Y�VW�wSfY[�ueq�UhLQ�VWQPOI�%ejSLej�%Y�QkO�T�hfSLQ � MPSLM�K«Y ] ejONYZTNe b S VWQ ] Y�S b TNe b S
VWQ � !>»�¥¼¨i¥¼»%±r� # QPO � !>»�¥¼¨i¥¼»%±�V ^ hLSfQ � b S a TRe b S f � O b SUT ] QPO�%ejSLej�%Y�VLQ ] Y � b S a TNe b S
Rec(f +h, f) � �¿Q�T TNQmTRK«YrSiOE� b KR��YZTNe b SuY\ORORhLKNQ¡hLS a�b S\TNKNY\O�TNQmV ^ Y[h�� b ejSfO h J b hfKpT b hWT�%e�Sfe���hL� VWM�TNQ a TRM[� #º^ YrJfJLK bWa �LQpJiYrK VW�wSfYr�%eq�\hfQ¿Y ] ^ ejSUTRMPK���T�VWQ � b hLKNSLejK ] ^ ejS�� b KR��YZTNe b S
VWQ a�b SUTRK«Y[O TRQmVWQ¡T b hfO ] QPOº�uejSLej��YVWQ ]_^ ej�%Y � Q�� a Q��UhLeLJ Q�KN�%Q�T¿VLQ ] QkOp�LejM�K«YrK a �LejORQ�Kk� # Q
ORQ�hLe ]�] Y � Q"VWQ ] Y�VL�USiYr�%ej�UhLQ¿YrhSLejX[QkYrh h QPO T MP�UhLejXZY ] Q�SUT �m] ^ Q�wTRK«Y a TRe b S�VWQkO ��D´�%e�SLej��YL�

c b hiO¿J b hfX b SiO¿KNQ���Y[KN�UhLQPK¿�UhLQ ] YuVWej�%Q�SfORe b S�ORJfYZTNejY ] QoS ^ QPO TmJfY[O a�b SfORejVWMPKRMPQ�J b hLK
M�XZY ] hLQPK ] Q a�b S\TNKNY\O�TNQ[� # QkO ]�b S � hLQPhLK«OdVWQkO a �LQ��%ejSfO C1

Q�T C2
S ^ ejS\TNQ�KNXwe�QPSLSLQ�SUTIJfY[O

J b hLK a Y ]qa h ] QPK ] Y�VL�USiYr�%ej�UhLQ\� # Y�O TRKNh a TNhLKRQ��%Y[KN�UhLMPQ�JfYrK�hLS��%e�SLej��hf� M J Q�hWT
��TNKRQ � K«YrSiVWQ b h J Q�TRe�TRQ�� ] QuKNMPORh ] TNYrTdS ^ QPO TJfY[Oo� b VWe��iM[�'�¿Q a e QPO TS b hLX\QPY[h VLYrSiO ] QPO
TRK«YrSiOE� b KR��YZTNe b SfOp� b KNJL� b\]�b\� eq�UhLQPOP� � X[Q a hLS b J M�K«YZTRQPhLK"� b KRJL� b[]jb[� eq�UhLQ a�b �%�uQdJfYrK
Q�WQP�uJ ] Q ] Q¡T b J=D �fYrT��ZS b hfOpYrhfKRe b SfO � QPO b ejSuVLQ a�b SfSfY:;qTRKNQ�YoJLKNe b KNeUhfSLQmYrJLJLK b We���YrTRe b S
VWQ ] Y�TNYre ]j] QVWQ ] Y%O�TNKRh a TRhLKNQIJ b hLKmM�XZY ] hLQPK ] Q a�b SUTRK«Y[O TRQ\�
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#º^ b[� ��Q a TNe�� JLKNe�S a e�JiY ] VWQ a Q�T TNQ¡TR�=�kO Q¡QPO TºVWQ�VWMPX[Q ]jb JfJiQPK VLQPOpY ]j�[b KRe�TR�f�uQkO3J b hfK TRK«Yre�TRQ�K
VWQkO3ORMP�UhLQ�S a QPO V ^ e���Y � QPOP��B b � b SfO VLY[SfO a Q a �fY[JLe TNKRQ ] Y�VLQPO a KNe�JWTNe b S � MPSLM�K«Y ] QºVWh a Y\VWKNQ
VWQITNKNY¬XZYre ] �
· SfQ�O Mk�\hfQ�S a Q�V ^ ej��Y � QPO�QkO�T�hLSfQ O h a�a QkORORe b S V ^ ej��Y � QPO � eqVWej�uQPSfORe b SLSLQ ]j] QPO��UhLe

� b SUTRKNQ ] ^ MPX b\] hWTNe b S�TRQP�uJ b KNQ ]j] Q�V ^ hLSLQ%O a ��SLQ\� # Y a Y\VWQ�S a Q�QPO ToVLQ)�[��e���Y � QPO A�ORQ a D
b SiVWQ�� a Qm�\hfe a�b KNKNQPORJ b SfV�Yrh%ORQ�hLe ]L� JfYrKRTRejKpVWhf�UhLQ ]W] ^ & e ] �whL��YrejSuJiQPKN½ b e�T ] YIO Mk�\hfQ�S a Q
a�b �%�uQmhfS%O TRej��h ] hfO a�b S\TNe�Swh�� � K+
 a Q �I] YIJiQPKNOReqO�T«YrS a Q�KNM�TNe�Sfe�QPSLSLQ[��npYrK ] YORhLe TNQ��\S b hfO
YrJfJiQ ]�] Q�K b SfO ��TRK«Yr�%Q 
 b h ��J ] YrS�
 a �fY\�\hfQ�ej��Y � Q � eqVWej�uQPSfORe b SLSLQ ]j] Q a�b KNKNQPORJ b SfVLYrSUT �
hLS�ejSfO�T«YrSUT�V b SfSLM�VWQ ] Y�ORMP�UhLQPS a Q\�

#º^ M�X b[] hWTRe b S/VWh/� b SfVLQ�KRMPQ ] QkO�T�KNQ ] YZTNe�X\Q��%Q�SUT ] Q�SUTRQ�� a�b �%JfYrKNM�Q ��] Y � KRMk�\hfQ�S a Q
V ^ M a �fY[SUTRe ]�]jb SLSiY � Q%TNQ��%J b KNQ ] � a Q��UhLe�ej�uJ ] eq�UhLQ�hfSLQ5� b K TNQ�KNQPV b SfVLYrS a Q�TNQ��%J b KRQ ]�] Q[�
��ejSfORe	� ORe S b hiO�S b hfOoe�SUTNM�KNQPONO b SfO ��a�b VWQ�K ] Y�ORMP�UhLQPS a QuVWQ ] Y��%Y[SLe���KNQ ] Y�J ] hfO a�b � D
JfY a TRQ%J b ONO e �L] Q�� b S/Y�e�SUTRMPK���T � hLTRe ] eqO QPK ] ^ ejS�� b KN��YZTNe b S �UhLe"VLM a KNe�T ] QPO a �fYrS � Q��%Q�SUT«O
V ^ hLSLQmej��Y � Q�JfY[K�K«YrJfJ b K T �d] YoJLKNM a MPVWQPS\TNQ��rJ ] hWT � T"�UhLQ ] ^ ejS�� b KN��YZTNe b S��UhLefVWM a KNe T ] Q�hLK
a�b SUTRQ�Swh �

� ��� 5 +�� 47%'&). 9*&)( � #	#5% � � �5&)( # ��;=% 9*%'��+:9*&7% �-� /5+�!0&).�
(,+-�".�9*& !$# � %'& � �-&

n ] hfORe�QPhLKNO��%M�TR� b VLQPO b SUT�M�TNM�TRQkO�TNM�QPO�J b hLK�TNKNY[e TNQ�K ] Y�VWej�%Q�SfORe b S/TRQP�%J b KRQ ]�] Q[� �¿QPO
�%M�TN� b VWQPO�O b SUT�VWM a KNe TNQPOmVLY[SfO ] QkO¡JfYrK«Y � KNY[JL�LQkO¿ORhLejX¬Y[SUTNOP�

��-/.0-/. ,0A � , A
# Y JLKNQ��%e �PKRQ�YrJLJLK bWa �LQ�hWTNe ] eqO Q�hLS Y ]��\b KNe TN�L�%Q � eqVWe��%QPSfO e b SfSLQ ] J b hLK a �fY[�UhLQ�J ] Y[S
VWQ ] Y�ORMP�UhLQPS a QuQ�TJLK b VWhLe�TIhfSLQ�O Q � �%Q�SUTNYrTRe b S�ejSfVWMPJiQPSfVLY[S\TNQ%J b hLK a �fY[�UhLQ�TRK«Yr�%Q[�
` SfORhLe�TRQ ] QPOºKRM � e b SfOpVWQkO TRK«Yr�%QkOºO h a�a QkORORejX[QPO O b SUTº�%ejORQPOºQ�S a�b KRKNQPORJ b SfVLY[S a Q�J b hLKºSLQ
a�b VWQPK ��a �fY\�UhLQ�ejSfO TNYrSUTm�UhLQ ] QPOmVLe ! M�KNQ�S a QPO¿JfYrK¡K«YrJLJ b KRT ��] Y�TNKNY[�uQoJLKNM a MPVWQPS\TNQ b h
J b hLK�YZ� b hLTRQ�K�Yrh�OR�WO�T����%Q�VWQ a�b VLY � Q�V ^ YrhWTNKRQkO � b S a TRe b SfSfY ] e TNMPO a�b �%�%Q�JiYrKºQ%wQP�%J ] Q
hLSLQ�Y[JLJ ] e a YZTRe b S VWQ�O hfe�XwepV ^ b[� ��Q�TNOP��n b hLKJ ] hfOIVWQ�VWM�TNY[e ] OO hfK ] Q�O hfe�XwepV ^ b[� ��Q�TNOORQ
KNQ�J b KRTRQ�KmY[h a �fY[JLe�TRKNQ �\� �
l�Y ]�� KRM ] YoKNQPONO QP� �L] YrS a Q¡VWQPO ej��Y � QkO b KNe � e�SiY ] QPO a�b SiO M a hWTNe�X\QPO�� ] QkOºO Q � �%Q�SUT«YZTRe b SiO

a Y ]ja h ] M�QPOoVWQ%��YrSLe���KNQue�SfVLM�J Q�SfVLY[SUTRQ%O b S\TVWe ! MPKRQPSUTRQPOoQ�T ] QPOoKNM � e b SfO�ORQ a�b KNKNQPORJ b S�D
VWQPS\T���Y ] � B b � b SiOmO hLK ] Y'� � hLKRQ H � � VWQPh��ej��Y � QPO¡Q�wTNKNY[e TNQPOmVWQ ] Yu�����%Q�ORMP�UhLQ�S a Q[�

� 4
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# QPhLK¿Y\O J Q a T"XwejORhLQ ] QPO T"TNK��kOºO ej�%e ] YrejKNQ���YreqOpJ b hLKRTNYrSUT ] QPO¿O Q � �%Q�SUT«YZTRe b SiO KRQkO J Q a TRejX[QPO
O b SUTdVWe ! MPKRQPSUTRQPOP� ] ^ hLSLQ�JLK b VWhLe�TdJ ] hfOdVWQ�KNM � e b SiOmVLYrSfO ] Q�XUeqONY � QIT«YrSfVLejOd�\hfQ ]_^ YrhLTRKNQ
� Y[KNVLQuJ ] hfO�VWQ�VWM�TNYre ] O�ORhLK ] Y�X[QPO TRQ\� # Q a�] Y[ONO QP�uQPSUT�VWQPOKNM � e b SfOORhLe�XZY[S\T ] Q�hfK�e��'D
J b KRTNYrS a Q�XwejORhLQ ]�] Q�XZYrKNe�Q ] M � ��KNQ��%Q�SUT�V ^ hLS/TRQP�%JfO ��] ^ Y[hWTRKNQ a Q��UhLe4�|Yre�T��UhLQ��UhfY[SfV
b S a � b eqO e�T ] QPOdJ ] hiO�ej�uJ b KRTNY[SUTRQPO�� a Q�KRTNY[e�SLQkO�Y[JLJfYrK«YreqONO QPS\TmQ�ToVWeqO JiYrK«YreqORORQ�SUT�ORQ ]jb S ] Y
TRK«Yr�%Q\� �3X b ejK�VWQ�TRQ ]�] QPO �fh a TRhfYrTRe b SfO�VWQ�KNM � e b SfO�Y[h � �%Q�SUTNQ ] Q a�b@? T�VWQ a�b VLY � Q�Q�T
JLK b X b �UhLQohLS�JfYrJLe ]j]�b TRQ��%QPS\T�VWQ ] ^ e���Y � QoVLMPONY � KNMPY �L] QdJ b hLK ] YuXwhLQ[�
npYrK�Y[e ]j] QPhLK«O%� �'�P�%Q�O e ] QPO��'�P�%QPOKNM � e b SfOO b SUT a � b eqO ejQPO � VWe ! M�KNQ�SUTNOejSfO TNY[S\T«O%�

] Q�hLK«O a�b SUT b hLK«O�KNQPORJiQ a TNe��|O�O b SUT a Y ]qa h ] MPO�VWQ ��YrSLe���KNQ ejSfVWMPJiQPSfVLY[S\TNQ��oJLK b X b �UhfYrSUT
M � Y ] Q��%Q�SUT�VWQkO �fh a TRhiYZTRe b SiO�� # Y%XweqO hiY ] ejONYZTNe b S�VLQ ] Y�ORMP�UhLQPS a QJfK b VWhLe�TdhfS�Q ! Q�TdVWQ
� b hfKR�%e ]�] Q��%Q�SUT�ORhLK ] Q a�b SUT b hLK,� a Q��UhLemJLK b VWhLe�T�hLSLQ�ej�%JLKRQkORORe b S XweqO hfQ ]j] Q � �PSfYrSUTNQ
YrejSfORe �Uh ^ hfS a�b VLY � QdJ Q�h�M a�b S b �%Q[�

6|Y 9"¯>��Y � Q�¾dKRe � ejSfY ] Q � 6 � 9�¯>��Y � Q � gwQ � �%Q�SUTRMPQ 6 a 9�¯>��Y � Q � � b VLM�Q�Y¬X[Q a�] Y
� b �[Q�SfSLQ

6_V 9¡¯>��Y � Q¾dKNe � e�SiY ] Q � 6|Q,9�¯>��Y � Q ��gwQ � �%Q�SUTNM�Q 6 �+9>¯>��Y � Q � � b VWM�Q Y¬X[Q a�] Y
� b �[QPSLSLQ

� e � hLKNQ H � � � ¯>SiO�T«Y � e ] e�TRM¡VWQkO�Y ]��\b KNe TN�L�%QPO � ejVLe��%Q�SiO e b SLSfQ ] O Y[JLJ ] ej�UhLMkO � hLSLQ¡O Mk�\hfQ�S a Q

��-/.0->, � ����698�� �����6�;���; � � =�:<;/8�=�= � D/D��
�oYrSfO ] Y � e �L] e b[� KNY[JL�LejQ�S b hiO�J b hLX b SfO�TRK b hLX\Q�K�VLQPOuYrJLJ ] e a YZTNe b SfO��UhLe¿TRK«Yre�TRQPSUT�hLSLQ
ORMP�UhLQ�S a Q¿TRQ��%J b KNQ ]j] Q a�b �%�uQ�hLSLQ�ej�%Y � Q¿TRKNejVLe��%Q�SiO e b SLSfQ ]j] Q\� ª Q ] QPO T ] Q a Y\O VWQ � KRejQPV D
] YrSfVWQPK  � H �3�UhLe3ORQ � �uQPSUTRQIVWQPOmej��Y � QPO¡VWQ a Y[KNVLe b\]�b\� ejQ�Swh a�] MPY[e�KNQ[� ��h ] e�QPh�VWQoTRK«Yre�TRQ�K
a �fY\�\hfQ�ej��Y � Q�ORM�JiYrKNM��%Q�SUT���e ] Q��%JLe ] Q ] QPO�e���Y � QPO�VLY[SfO ] ^ b KNVWKNQ a �LK b S b\]�b\� eq�\hfQ�Q�T
a�b SfORejV��PKRQ�hfSLQ a�b SLSLQ%we�TRM H � � ar^ QPO T D � D>VWejKRQ��UhLQ ] Q�X b eqO ejSfY � Q�V ^ hfS JLe wQ ] VWh/TNQ��%JfO
t
a�b �%J b KRTRQ�YrhiORORe � ejQ�S�VWQPOIJfe�WQ ] O�VWQ ] Y������%Q%TRK«Yr�%Q����UhLQ�VWQPOJfe�WQ ] OVWQ ] ^ ej��Y � Q
JLKNM a MPVWQPS\TNQ t − 1 Q�TuVWQ ] ^ ej��Y � Q�O hLejXZYrSUTRQ t + 1 � ª b hWTRQkO ] QPO b JiMPKNYrTRe b SfO 6 � ] TRK«Y � Q��] YrJ ] Y a e�QPS�� ] e � SLQuVWQ�JiYrKRTNY � Q�VWQkO�QkYrh� �j��� 9 O b SUToKRMkY ] ejORM�QkOmQ�S a�b SfSLQ�We�TRM H ��� a[^ QkO�T�D � D
VWejKRQ�� ] QTRK«Yre�TRQP�%Q�SUTdV ^ hLS�JLe WQ ] TRejQ�SUT a�b �%JWTRQ�VLQ�O b S�JfY[ONORMQ�ToVLQ�O b S � hWTRhLK,� a Q��UhLe
� b K a QIhLSfQ a�b �fM�KNQ�S a Q�TNQ��%J b KRQ ]�] QV b SfSfYrSUTmK b\� hfO TRQkORORQ ��] ^ Y ]j�[b KNe�TR�L�%Q[�
· SfQ�YrJfJLK bWa �LQ�TRKNejVWej�%Q�SfORe b SLSLQ ]�] Q�KNMPO b hLToV b S a�] QPOdJLK b[�L] ���%QPOoV ^ e�SiO�T«Y � e ] e�TRMuVWhfO

Yrh�TRK«Yre�TRQP�uQPSUT ORM�JfY[KRM�VWQ a �fY a hLSLQ¡VWQPO�ej�%Y � QkO VWQ ] Y�ORMP�UhLQPS a Q\� `º]j] Q4� b K a Q ] QPO�KNM � e b SiO
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� ��TRKNQ a�b �LMPKRQPS\TNQPO�T b hWTIY[h ]jb S � VWQ ] Y�ORMP�UhLQPS a Q�� TNYrSUTI�\h ^ Q ]�] QPOoO b SUTdQ�S O a ��SLQ\� # QPO
KNM � e b SiO O b SUT�TRKNejVWej�%Q�SfORe b SLSLQ ]�] QPO�6|X b[] hL�%eq�\hfQPO+9 � a Q¡�UhLeWS b hfO V b SLSfQ ] ^ ejS�� b KR��YZTNe b S�VWQ
] Y�J b ORe�TRe b S�Q�T�VWQ ] Y � b KR�%QVWQoT b hWTRQkO ] QkO¡KRM � e b SfO �%a �fY[�UhLQoe�SiO�T«YrSUT�VWQ ] Y%ORMP�UhLQ�S a Q[�

# Q�JLKNe�S a e�JiY ] e�S a�b SwX[MPSLejQ�SUTdVWQ a Q�TRTRQ%YrJLJfK bWa �LQ�QkO�T ] ejM%Yrh �|Y[e TI�\h ^ e ] �|YrhWTdTRK«Yre�TRQ�K
T b hWTRQ ] Y%O Mk�\hfQ�S a QoY¬XZYrSUT�VWQ a�b �%�uQPS a QPK ��] Y�TRK«YrSfOR�%Q�T TNKRQ\�4�¿Q a e ORQoTRK«Y[VWhfe TmJfY[K�hfS
KNQ�TNY[KNV e��%J b KRTNY[S\T��UhLeºS ^ QkO�TJfY\OY[VLY[JWTRM�Yrh= YrJLJ ] e a YZTNe b SfOIQ�S TRQP�%JfOKNM�Q ] � a�b �%�%Q
JfY[KQ�WQ��%J ] Q ] Y�XUeqVWM b TRM ] MPJL� b SLe�Q\��npYrK�Y[e ]j] QPhLK«O%� ] QkO � QkO b e�SiO�VWQ��%M�� b ejKNQ�VWQ a Q�T TRQ
YrJfJLK bWa �LQIO b SUT¡TRK��PO¡ej�uJ b KRTNY[SUTNOP�

��-/.0-�� � ����698�� �� 6	� � ��6�:<; ���
#º^ YrJfJLK bWa �LQ"KRM a hLK«O ejX[Q¿O hLJfJ b O Q a�b SfSUhfQ ] Y�ORQ � �%QPS\T«YZTNe b S�VWQ ] ^ e���Y � Q t−1 Q�T ] ^ hWTNe ] eqO QJ b hLK�ORQ � �uQPSUTRQ�K ] ^ e���Y � Q t � # QKNMPORh ] T«YZT t

a�b SfSUhG�We ] QkO�T�hLTRe ] eqO MJ b hfK¡TRK«Yre�TRQ�K t + 1 �
�UhLe?QPO T¿hWTNe ] eqO MoJ b hLK¿TRK«Yre�TRQ�K t + 2 Q�T¡Y[e�SfORe?VWQoORhLe�TRQ\� # Y�JLKNQ��%e���KNQ�ej��Y � QdV b e�T¡Y ]�b KNO��TNKRQIejSLe�TReqY ] ejORM�Q��LJfYrK¡Q%wQP�%J ] QJiYrKmhLS�Y ]j�[b KRe�TR�f�uQ � eqVWej�uQPSfORe b SLSLQ ] �

�¿Q�TRTRQ�YrJfJLK bWa �LQ�QPO T�hWTNe ] ejORM�Q�VLY[SfO ] Q a Y[VWKNQ�VWh JLK b ��Q�T%n � ¾ol ` ª ® `"· g  �A4 � �
#º^ b[� ��Q a TNe��oVWQ a Q�JLK b ��Q�TuQPO T�VLQ�ORQ � �uQPSUTRQ�K%VWQkOuO a �PSLQPOuK b hWTNe �PKRQkO�J b hLK%hLSfQ�Y[JLJ ] e�D
a YrTRe b S�VWQ a�b SfVWhfe TNQ�YrhWT b ��YZTNej�UhLQ\� # Y�ORQ � �%Q�SUTNYrTRe b S/VWQ ] Y�K b hLTRQ�ORQ�KRMkY ] ejORQ�VWQ ] Y
��YrSLe���KNQ¡O hLejXZYrSUTRQ\� ORhLJLJ b O b SfO��UhLQ ]_^ ej�%Y � Q t−1 YoVWM�� � M�TNM�ORQ � �%Q�SUTRMPQ86 St−1

9¤��n b hLK
ORQ � �%QPS\TNQ�K ] Y�K b hWTRQ�Y[h�TRQP�%JfO�T,� b S�hWTNe ] eqO Q ] Y�O Q � �%Q�SUTNYrTRe b S�JLKNM a MPVWQPSUTRQ St−1

� ] QPO
KNM � e b SiO VWhTNQ��%JfO t−1 O b S\T M�K b VLM�QPO 6 J b hLK O ^ Y\ORORhLKNQ�K �Uh ^ Q ]j] QkO O b ejQ�SUT �m] ^ e�SUTRMPKRejQ�hfK VWQ] Q�hLK�S b hLX\Q ]j] QJ b ORe TNe b S�Yrh�TRQP�uJiO t 9¡Q�T�e�SUTNK b VWhLe�TRQkO�Yrh�TNQ��%JfO t

a�b �%�%Q�%Y[KN�UhLQPhLK«O
VWQkO�KRM � e b SfO � ORQ � �uQPSUTRQ�Kk� # Q�OR�WO�T����%Q�QPO T�e�Sfe TNejY ] eqO M � K�
 a Q � hLSLQ ORQ � �%Q�SUTNYrTRe b S
� eqVWej�uQPSfORe b SLSLQ ]j] Q[�

�¿Q�TRTRQ��%M�TR� b VWQd�%Y[K a �fQ¡TRK��PO � e�QPS�VLYrSfO ] Q a Y\VWKRQ�VLQPO"O a �PSLQPO"K b hWTRe���KNQPOP� # Q�JLK b[� D
] ���%Q�QPO T�ORe��%J ] e �fM�JfY[K�KNY[JLJ b KRT�Yrh�S b TRKNQ[� b S a�b SLSfY:;qT�Y�JLKNe b KNe ] QkOKNM � e b SiO��Uh ^ b S
a �LQPK a �LQ � ORQ � �%QPS\TNQ�K'6 ] Y�K b hWTNQ�� ] Q a ejQ ] 9dYrejSfO e �UhLQ ] Q�hfKdQP�uJ ] Y a Q��%QPS\T�6 ] Y�K b hWTNQ�QPS
� Y\O%� ] Q a e�Q ] Q�S �fYrhWT,�3ORe ] Y�X b e�TRhfKRQuK b h ] Q�Q�S a�b KNQ,9�� # QkOoKRM � e b SfOoO b SUTIORh ��ORY[�%�uQPSUT
� K«YrSiVWQPO�J b hLK�SfQJfY[O a KNY[e�SfVLKRQ�UhLQ ] Q�hLKmMPK b VWMO b e�T�Q�S�VWQ�� b K«OmVWh�S b hLX\Q ] QP�uJ ] Y a Q�D
�%Q�SUTP� l�Y ] �LQPhLKNQ�hfORQ��%Q�SUT a Q"S ^ QPO T JfY\O S b TRKNQ a Y[OP�$�¿Q�KRTNY[e�SLQkO3VWQ¿S b O3KRM � e b SfO JiQPhLX[QPS\T
VWeqO JiYrK«Y:;qTRKNQ b h ORQ%VLM a�b SLSLQ a TRQPKITRQP�uJ b KNQ ]j] Q��%Q�SUT ��a YrhfORQ�VWQ ]_^ M�K b ORe b S a Q��\hfepS b hfO
Q��%J � a �LQ�VLQ ] QPO�hWTRe ] eqORQ�K a�b �%�uQI��YrK«�UhLQ�hfKNOP�
c�MkYrSL� b e�SfO�hWTNe ] eqO QPK ] Q¡KNMPORh ] T«YZT JLKNM a MkVWQ�SUT J b hLKºORQ � �%QPS\TNQ�K ] Q¿TNQ��%JfO a�b hLK«YrSUT QkO�T

hLSLQ �|Y[½ b S�ejSUTRMPKRQkORONYrSUTRQ�V ^ Y\VWKNQPONO QPK ] Q�JLK b[�f] �P�uQuVWQ ] Y�O Q � �%Q�SUTNYrTRe b S�VWQ%ORMP�UhLQ�S a QPO
V ^ e���Y � QPOP��� ^ hfSLQ�JfYrKRT ar^ QPO TIhfSLQ�YrJLJLK bWa �LQ��UhLepS ^ ejSUTRK b VLhLe TJfY\OIVWQ%KRQ�TNYrK«V)� a Qu�UhLe
J Q�KN�uQ�T�VWQuVLM�X[Q ]�b JLJ Q�KIVWQPOIYrJfJ ] e a YrTRe b SfOoejSUTRQ�K«Y a TRejX[QkO%�?Q�TV ^ YrhWTNKRQuJfY[K T ] QkO � QkO b e�SfO
VWQ��%M�� b e�KNQuO b SUTKNMPVWhLe�TNO 6|JfYrKK«YrJfJ b K T � hLSLQ�YrJfJLK bWa �LQuTNKReqVWej�uQPSfORe b SLSLQ ]j] Q,9¤�%npYrK
Yre ]j] QPhLKNO¿Q ]j] Qdej�%J b O QohLSLQIO�T«Y � e ] e TNM�TNQ��%J b KRQ ]�] Qoe�SUTRMPKRQkORONYrSUTNQ�J b hLK a Q�KRTNY[e�SfQPO�YrJLJ ] e a Y<D
TRe b SiO%�WQPS�JiYrKRTRe a h ] e�QPK ] Q a�b VfY � Q\�
�oYrSfO�hLSLQ�Y[JLJLK bWa �LQ�KRM a hLK«ORe�X\Q�� ��a �fY[�UhLQ�e�SfO TNY[SUT�S b hiO�X b � b SfO ] Y ORMP�UhLQPS a Q �

TRK«Y¬X[QPKNO�hLSLQ7� QPS=��TNKRQ�V ^ M�JiYreqORORQ�hLK�VWQPh� ��hLSLQ�ej�%Y � Q�VWM � � TNKNY[e TNM�Q�Q�T�hfSLQ�e���Y � Q �
TRK«Yre�TRQPKP� # Y � Q�S=��TRKNQ �\] eqONO Q�Yrh ]jb S � VWQ ] YdORMP�UhLQPS a Q¡Yrh�� hLK Q�T � �%QkO hLKNQ¿�UhLQ ] QPO�e���Y � QPO
O b SUT¡TRK«Yre�TRM�QkO��4� b S\TNKNY[e�KNQ��%QPS\TmYrh�JLK b ��Q�T¡n � ¾ol ` ª ® `"· g  � �i�A4 � �WS b hfO¡S ^ M�K b V b SfO
JfY\O ] QkOºKNM � e b SfO JLKNM a MkVWQ�SUTNQPOp��YreqOºS b hfO ] QPO"J ] Y[½ b SfO Q�S��|Y a Q�VLh%TRQ��%JfO a�b hLKNY[SUT"VLYrSfO
hLSLQ%ej��Y � Q�TRKNejVLe��%Q�SiO e b SLSfQ ]j] Q\� ` SfORhLe�TRQ�� Q�S hWTRe ] eqONYrSUT�O b e TIhLSLQ%JLK bWa MPVLhLKRQuVWQ ] e � SfQ
VWQJfY[K T«Y � QoVWQkO¡QPY[h�)�LO b e T�VWQ a K b ejONORY[S a QIVWQIKNM � e b SiO%�WO b e�T�VWQ8� hfO e b S�VWQKNM � e b SfO�� ] QPO
KNM � e b SiOºVWh%TRQP�%JfO t−1 JLKNQ�SLSLQPSUT"J ] Y a Q�Y[h%TRQP�uJiO a�b hLK«YrSUTP� # Q�JiY[ONORY � QmVWQPO"KRM � e b SfOVWh�TRQ��%JfO t− 1 Yrh�TNQ��%JfO t Y�M�TRMdY[JLJ Q ] M�JLK b ��Q a TRe b S�JiYrK¡l��\npY[KNV � O�� `º]j] QIY b\� TRQPSwhVWQ � b SfOIKNMPORh ] TNYZT«OIQ�S hWTRe ] ejONYrSUT ] Y a K b ejONORY[S a QuVWQ%KRM � e b SfO  H � �´�%c b hiOIJLKRMkO QPSUTRQ�K b SiO
VLY[SfO a Q�T TNQ�TN�=�PORQ�hLSLQ YrhWTNKRQ �uM�TR� b VWQ VWQ�JLK b ��Q a TNe b S �UhLeoJ Q�KN�uQ�T ] ^ ejSUTRK b VWh a TNe b S
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VWejKRQ a TNQuVWQ%S b hLX[QkYrh� b\� ��Q�T«OoVLQ ] Y�O a �PSLQ[��l�YreqO%� �UhLQ ]�] QPOI�UhLQ�O b ejQ�SUT ] QPOI� b VLY ] e�TRMPO
JfY[K TNe a h ] e���KNQPO�� T b hfO ] QkOITRK«Y¬XZYrh� a e�TRMkO b SUT�� b SUTNKRM��UhLQ a[^ QkO�T ] Y��%QPe ]j] QPhLKNQ��%Y[SLe���KNQ
V ^ e��%J b ORQ�KuhLSLQ a�b �LM�KNQ�S a Q�TRQP�%J b KRQ ]�] Q � ] Y O Q � �%Q�SUT«YZTRe b S VLQ�ORMP�UhLQPS a QkO�V ^ e���Y � QPO
T b hWTmQ�S�JiQPKR�%Q�TRTNY[S\T ] Qd� b hfX[Q��%QPS\T¡Q�T ] Y�VWM%� b KN��YZTRe b S�VWQPO b\� ��Q�T«O¿JfKRMkO QPS\T«O¿VfYrSfO ] Y
O a ��SfQ[�

# Y � � hLKNQ H � � e ]j] hfO�TNKRQ a Q�T TRQ JLK bWa MPVLhLKRQ\� c b hfO�Y¬X b SfO ] Y ORQ � �uQPSUTNYZTNe b S St−1�UhLe a�b �%J b KRTRQ�TNK b ejO�KNM � e b SiO�� #"^ ej��Y � Q t − 1 Q�T ]_^ ej�%Y � Q t O b S\T�KRMPhLSLejQPOuVLYrSfO�hLSLQej�%Y � Q�TNKReqVWej�%Q�SfORe b SLSLQ ]�] Q�Q�T ] QkO�KNM � e b SfO�VWQ St−1
O ^ M�TNQ�SfVLQ�SUTuY[h/TRQ��%JfO t JfY[K�hLSLQJLK bWa MPVLhLKRQVWQ a K b ejONORY[S a QIVWQI��YrK«�UhLQ�hLK«OP� · SLQ � b eqO ] YuORQ � �%Q�SUTNYrTRe b S St

b[� TRQ�SwhLQ�� ] Y
� Q�S ��TRKNQ (t − 1, t)

�[] eqORORQdX\Q�K«O ] QkO�TRQP�uJiO (t, t + 1) Q�T b S�e�T��PKRQ ] Y%JLK bwa MPVWhfKRQ\�

fenêtre
glissante

S tSt-1

t

St-1

t-1 t t-1 t

� e � hLKNQ H ���W� � QPS=��TNKRQ �\] eqORONYrSUTNQ
#º^ YrJfJLK bWa �LQ%KNM a hLKNORejX[Q�KNQ��%J ] e T ] QPO a�b SfVWe�TRe b SfO�KRQk�\hfejORQPOJiYrK�S b TRKNQ�YrJfJ ] e a YrTRe b S �

O TNY � e ] e TNMTRQP�%J b KRQ ]�] Q�ONYrSfO�KRQ�TNYrK«V �¡npYrK a�b SfORMP�UhLQPSUT��fQ ]�] Q�ORQ�K«Y ] Y�JLK bWa MPVWhLKNQhWTNe ] ejORM�Q
VLY[SfO ] QkO a �fY[JLe TNKRQkO¡�\hfe3O hfe�X\Q�SUTP�
c b hfO3Y¬X b SfO VLM a eqVWM"VLQºTRK«Yre�TRQPK ] QPO3ORMP�UhLQPS a QkO3V ^ ej�%Y � QkO Y¬X[Q a hLS�Y ]j�[b KRe�TR�f�uQpKNM a hLK�D

ORe����/�¿Q ] Y%ej�%J ] eq�UhLQ�VLQTRK«Yre�TRQPK ] QkO�ej��Y � QkO�VWQPh��JfYrK�VLQ�h� � B b � b SfOm�UhLQ ]j] QPO�O b SUT ] QPO
VWe ! MPKRQPS a QkO J b ORORe �L] QkO�Q�SUTRKNQmVWQ�h��J ] Y[SfO a�b SfORM a hLTRe �|O�� ` SuQ ! Q�T�� a QkOpVWe ! M�KNQ�S a QPOpVLM�TRQPK D
�%e�SfQ�SUT ] QPO a�b SfVWe�TRe b SfO�VLYrSfO ] QkOR�UhLQ ]�] QPO ] ^ Y ]��\b KNe TN�L�%Q�V b e�TTRK«Y¬XZYre ]�] Q�Kk� ` TRhiVWe b SfOQPS
VWM�TNYre ]¿a QPO a�b SfVLe TNe b SfO�Y[e�SfORe"�UhLQ ] Q a�b �%J b K TNQ��%Q�SUT�VWQ ]_^ Y ]j�[b KRe�TR�L�%Q�VLY[SfO a �fY a hLSfQ
V ^ Q ]j] QkO��

� ��� ��&)( /5+ � 47% &).5� &)(�&). 9,% &�/5&);=<�# �-�".5( (*;5� � &)(,(,+�( (�/ < ;	.5&
(,4 � ;	&).5� &

# QkOmVWe ! MPKRQPS a QkO¡Q�SUTRKNQIJ ] Y[SfO�ORh a�a QPONO e �|O¡V ^ hLSLQ�ORMP�UhLQ�S a QO b SUTmVLhLQPO � TNK b ejO a YrhfORQPOP�
� �mVWM�J ] Y a Q��%Q�SUT�Q�ToVWM%� b KN�%YrTRe b S�V ^ b[� ��Q�TNOmJfKRMkO QPS\T«O�VLY[SfO ] Y�O a ��SfQ[� �¿Q�TRTRQ�ORe TNhfY<D
TRe b S�QkO�T a�b KRKNQ a TRQP�uQPSUT"TRK«Yre�TRMPQdJiYrK ]_^ Y ]j�[b KRe�TR�f�uQo�UhLQIS b hfO¿X[QPS b SiO�VLQoVWM a KNe�KNQ[�
# Y�ORQ�h ] Q a�b SfVWe�TRe b S SLM a QPONONYrejKRQ�J b hLK�KNM a hLJ M�KNQ�K�Y[h TNQ��%JfO�T ] Y J b O e�TRe b S Q�T
] Y5� b KN�uQuV ^ hLS b\� ��Q�TIYrS a e�QPS QkO�T�UhLQ ] QPOoJ b ORe TNe b SfO�KNQPORJ Q a TNe�X\QPOoVWQ ]_^ b[� ��Q�TIY[h
TRQ��%JfO t− 1 Q�T¡Yrh�TNQ��%JfO t YrejQ�SUT"hfSLQdejSUTRQPKNORQ a TRe b S�S b S�Swh ]j] Q\� �¿Q�T TNQdejSUTRQ�K«ORQ a DTRe b S�� a YrK«Y a TRM�KNeqO MPQ�JfY[KohfS a�b SUTRK«Y[O TRQ�TRQP�uJ b KNQ ]p� Y[O��)�|Y¬X b KReqO Q ] Y�JLK b JiY � YrTRe b S
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VWQPO���YrK«�\hfQ�hLK«O�VfYrSfO ] Y VWejKRQ a TRe b S TRQP�uJ b KNQ ]j] Q�� a Q �UhLeIJ Q�KN�uQ�T�Y[h� b[� ��Q�TNO
JLKRM a MkVWQ�SUTNOoVWQ�ORQ�J ] Y a Q�KIYrh TRQ��%JfO a�b hLK«YrSUTk�onpY[K a�b SUTRKNQ�� ORe ] Q�VWMPJ ] Y a QP�uQPSUT
QPO TIej�%J b K T«YrSUT�� a Q�TRTRQ�ejSUTRQ�K«ORQ a TNe b S J Q�hLT�SLQ%JfY[OIQ%weqO TRQ�K56 a Q ] Y�YrKNKNe�X\QuORhLKRT b hLT
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��a�b VWQ�K,�3S b hfO�VWQPX b SfO ] QPhLK ] YreqORORQ�K ] Y�J b KRTRQ b hfX[Q�KRTRQ�VLY[SfO ] Y�O Q � �%Q�SUTNYrTRe b S��
J b hLK ��TNKRQ a Y[JfY �f] QkO�VLQ�O hLejXwKRQ a�b KNKRQ a TRQP�%Q�SUT ] ^ M�X b\] hLTRe b S�VWQ ] Y%O a �PSLQ[�



� � � ����������
���� �	� � ������
�� ���@����� "��� � � � ���	���9�F����� � H

tSt-1 S

propagation

spatiale

2

3 3

Propagation difficile

Contraste fort

propagation

temporelle
Contraste faible

Propagation facile

1

1

� e � hfKRQ H � �f�p�dejORJfY[KRe�TRe b S�V ^ hLSLQKNM � e b S
� ��� ��&>!0�";���& !0&). 9
# Y J ] hLJfYrKRT�VWQPO a �fYrS � Q��%QPS\T«O�QPSUTRKNQ VWQPh� TRK«Yr�%QPO a�b SfO M a hWTNe�X\QPO�V ^ hLSLQ/O Mk�\hfQ�S a Q
J Q�hLX\Q�SUT4��TNKRQdVWM a KRe�TNO"Q�S�TNQ�KN�uQkO"VWh�� b hLX[QP�uQPSUT¿VWQPO b[� ��Q�TNO"JLKRMkO QPSUTNO"VfYrSfO ] Y�O a �PSLQ[�
� b VWQ�K ] ^ e�S�� b KR��YrTRe b S%VWQ¡� b hLX[QP�%Q�SUTpS b hfO J Q�KN�%Q�TºV ^ M ] e��%ejSLQ�K"hLSLQ � K«YrSfVLQ¿JfY[K TNe�QmVWQ
] YIKRQkV b SfVfYrS a Q¡TRQ��%J b KNQ ]j] QmQ�T��UQ�S a�b SfORMP�UhLQPS a Q��\V ^ b[� TNQ�SLejK"VWQkOpT«Yrh�%VWQ a�b �%JLKRQkORORe b S
M ] Q�X\MPOP�
�oYrSfO ] Q a Y\VWKNQ VLQPO JfK b ��Q�TNO?QPhLK b J M�Q�SiO 6|l ¾ � n"® ` �m¾ Q�T3l��GB ª 9 b SUT M�TRM"VWMPX[Q ]�b J�D

J MPO¡VWQPO¡Y ]��\b KNe TN�L�%QPO�V ^ QkO�TNe���YrTRe b S�VLQd� b hfX[Q��%QPS\T b KNejQ�SUTRMkO b[� ��Q�T�� a[^ QkO�T�D � D´VLe�KNQ��wVWQPO
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] ^ ej��Y � Q�QPO T b\� TRQPSwhLQ�Q�TdT b hfO ] QkO b\� ��Q�T«OIO b S\T a�b VWMkO � TRK«Y¬X[Q�K«O ] Q�hLK a�b SUT b hLK�Q�T ] Q�hLK
a�b SUTRQ�Swh �p� JfY[K TNe�K�VWQ ] Y�VLQ�h�We����%Qe���Y � Q�� ] Q a�b VLY � QoORQ�K«Y�Q	� a Y a QIO e ] ^ ejS�� b KR��YZTNe b S
a�b SLSwhLQ�S ^ QkO�T¡JfY[O¿KNQ�TRK«YrSiO �%eqO Q\� ` S�� b VWQ�¥¼¨i©´§�  b S�SLQ a�b VWQ�K«Y��UhLQ ] QkO a �fYrS � Q��%Q�SUT«O
JfY[KdK«YrJLJ b KRTdY[h�TRQP�uJiOdJfKRM a MPVLQ�SUTP� # Q a�b VLY � Q�JfYrKohLS X[Q a TRQPhLKdVWQu� b hLX\Q��%Q�SUT�QkO�T
hLSLQ3�|Y[½ b S�Q	� a Y a Q�VWQ�TRK«Yre�TRQ�K ]_^ M�X b[] hWTRe b S�V ^ hLS b[� ��Q�TdVLY[SfOmhLSfQ�ORMP�UhLQ�S a Q[�¿hLSLQ�� b ejO
] ^ b\� ��Q�T a�b SLSwh�� e ] O h �%T�VWQ�ONY¬X b e�K b J ] Q%J ] Y a Q�KVLYrSiO ] ^ e���Y � Q[�u��QkOIQPO TRej�%YrTRe b SfOIVWQ
� b hLX\Q��%Q�SUT � Y\O MPQPOORhLK ] Y�S b TRe b S/V ^ b[� ��Q�T b SUTM�TNM�VWM�X\Q ]jb JLJ M�QkOVLYrSfO ] Q a Y\VWKNQ%VLh
JLK b ��Q�T MORPHECO �# Y � � hLKNQ H � �u� b SUTNKRQ ] Y�O TRKNh a TRhLKNQ � MPSLM�K«Y ] Q�VWh OR�WO�T����%Q�VWQ a�b �uJfKRQkORORe b S�VLYrSfO
] QP�UhLQ ] O ^ Q�S a Y[VWKNQ¿S b TRKNQ�TRK«Y¬XZYre ] ��c b hiO J b hLX b SfO VWejO TRejS � hLQ�K TNK b ejO�M�T«YrJ QPOP� 6 � 9 a�b VLY � Q��
6'��9¿TRK«YrSfOR�%ejONORe b S�Q�T�6 H 9�VWM a�b VLY � Q[� # Q a�b VLY � Q � O b S�T b hfK a�b �%JLKNQ�SiV<�%M�T«YrJ QPOP�
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� �mO Q � �%Q�SUTNYrTRe b S �"VWM a�b �uJ b ORe�TRe b S�VWQ ] ^ ej��Y � QQPS�KRM � e b SfO a�b KNKRQkO J b SfVfYrSUT¡Y[hWTNY[SUT
�\hfQuJ b ONORe �L] Q�Yrh� b[� ��Q�TNOIJLKNMPORQ�SUTNOVfYrSfO ] Y�O a ��SLQ\�5�¿Q ] hfe�D a epQkO�T ] ^ b\� ��Q a TRe ��VWQ
a Q�TRTRQoTR� �PORQ[�

�L�¡QPO TRej�%YrTRe b S�VWQI� b hLX\Q��%Q�SUT � hLSfQ � b ejO ] QPO b[� ��Q�TNO¡ORQ � �%QPS\TNMPO�� ] Q�hfK�� b hLX[QP�uQPSUT
VWQ ] Y�TNKNY[�%Q"JLKNM a MPVWQPS\TNQ ��] Y�TRK«Yr�%Q a�b hLK«YrSUTNQºQPO T�QkO�TNe��%M� �\� �wJ b hLK Q�WJ ]jb e�TRQ�K ] Y
KRQkV b SfVfYrS a QTRQP�uJ b KNQ ]j] Q[� # Q a�b VLY � Q�VWQPOdJfY[KNY[�'��TRKNQPO�VLQ�� b hfX[Q��%QPS\T � M�S ��KNQ
] QoTRK«YrejS�SUhf�uMPKReq�UhLQVWQ� b hLX\Q��%Q�SUTk�

H � a�b VLY � QoVLQ a�b SUT b hLK � ] QkO3X\Q a TRQ�hfKNO VWQ¿� b hLX[QP�uQPSUT�O b SUT�Y[JLJ ] ej�UhLMkO ��] YdO Q � �%Q�S�D
TNYZTNe b S JLKNM a MPVWQPSUTRQ[� # QPOIVWe ! M�KNQ�S a QPOIVWQ a�b S\T b hLKoQ�SUTNKRQ ]_^ ej�%Y � Q%YrejSfORe � M�SLMPKRMPQ
Q�T ] ^ ej��Y � QORQ � �uQPSUTRM�Q a�b hLK«YrSUTRQO b SUT¡TRK«YrSfOR�%ejORQPOmVfYrSfO ] Q ] QITNKNY[e�S�SwhL�%M�KNeq�\hfQ
VWQ a�b SUT b hLKk�

�i� a�b VLY � QoVLQITRQ�wTNhLKRQ � ] QPOuX[Q a TNQ�hLK«O�VLQ�� b hLX[QP�uQPSUTuO b SUT%Y[JLJ ] ej�UhLMkO � ] ^ ej��Y � Q
a�b VWM�QpJfKRM a MPVLQ�SUTRQ Q�T ]_^ Q�KNKRQPhLK VWQpJLKNMPVLe a TRe b SIQPO T a�b VWMPQºVLYrSiO ] Q ] Q TRK«YrejSISwhL�%M�KNej�UhLQ
VWQoTRQ�wTNhLKRQ\�¿¾dS b\� TRejQ�SUT�Y[e�SfORe ] ^ ej��Y � Q a�b VLM�Q a�b hLKNY[SUTRQ[�
�oYrSfO ] Y ORhLe TNQ�S b hfO�hWTRe ] ejORQ�K b SfO ] Q�TNQ�KN�uQ�YrS �[] YreqO � e�TNO TRKNQPY[� J b hLK�VWMPORe � SLQ�K ] Q

TRK«YrejS�SUhf�uMPKReq�UhLQ[�
# QkO TRK b eqO � e�TNO TRKNQPY[��O 6 � b hfX[Q��%QPS\T,� a�b SUT b hLK,�ZTRQ%UTNhLKNQ,9pO b SUT"QPSUX b �[MkO � TRK«Y¬X[Q�K«O ] Q

a Y[SfY ] Y[h�KNM a Q�JWTNQ�hLK��UhLe VLM a�b VWQ ] ^ e���Y � QVWQ ] Y%��YrSfe �PKRQIO hfe�XZYrSUTNQ[�
� � ] Q � e T«O�TNKRQkYr� VWQo� b hLX[QP�%Q�SUT"QPO T�VLM a�b VWMdQ�T ] QkO"X\Q a TNQ�hLK«O"VLQ�� b hLX\Q��%Q�SUT¡YrejSfO e
� M�SfM�KNMPO¡O b SUTmY[JLJ ] ej�UhLMkO%�LV ^ hLSfQJfYrKRT ��] Y%O Q � �%Q�SUT«YZTRe b S�JLKNM a MPVWQPS\TNQ � M�SfM�K«YrSUT
] Y �RORQ � �%QPS\TNM�Q�
IJLKNM a MPVWQPSUTRQ a�b �%JiQPSfORM�Q�Q�TdV ^ YrhWTNKRQ�JiYrKRT ��] ^ ej��Y � Q � VWM a�b VWMPQ 

JLKRM a MkVWQ�SUTRQ�� � MPSLM�K«YrSUT ] Y%VWM a�b VWM�QIJLKNM a MPVWQPSUTRQ a�b �uJ Q�SiO MPQ[�

�L� ] Q � e�TNO TRKNQPY[�4VWQ a�b SUT b hLK¡QPO T�VWM a�b VWM[� # QkO¡Q�KNKRQPhLK«O¿VWQIJLKNMPVLe a TRe b S�JiYrK¡KNY[JLJ b KRT
� ] Y ORQ � �uQPSUTRM�Q JLKNM a MkVWQ�SUTNQ a�b �%JiQPSfO MPQ O b SUT a�b KRKNe � M�QkO%� b\� TRQPSfYrSUT�Y[e�SiO e ] Y
O Q � �%Q�SUTRMPQ a�b hLK«YrSUTNQ[�

H � ] Q � e�TNO TRKNQPY[�DVWQTNQ�wTRhfKRQQkO�T�VWM a�b VWM\� # QkOmQ�KNKRQPhLK«O�VLQJLKRMkVWe a TRe b S�JfY[KmKNY[JLJ b KRT
��] Y a�b VWMPQIJLKRM a MkVWQ�SUTRQ a�b �%J Q�SfORM�QO b SUT a�b KNKNe � M�QPO b\� TRQPSfYrSUT ]_^ ej�%Y � Q�VWM a�b VWMPQ
a�b hfKNY[S\TNQ[�

c b TRKNQmTRK«Y¬XZYre ]fa�b SfORejO TRQ ��b[� TNQ�SLejK"hLSfQdORQ � �%QPS\T«YZTNe b S�VWQ ] Y�ORMP�UhLQ�S a Q�O TNY �L] QdVLYrSfO
] Q�TNQ��%JfO%J b hLK%J b hLX b ejK�Q%wJ ]�b e TNQ�K ] Y KRQkV b SiVLYrS a Q�TNQ��%J b KRQ ]�] Q[� c b hiOuY¬X b SfO a�b � D
�%Q�S a M"S b TRKNQ TRK«Y¬XZYre ] Q�SS b hfOG� b SfVfYrSUT ORhLK ] QºJfY[KNY\VWe � �%Q a�] Y[ONO eq�UhLQ"VWQ ] Ym� b KNJL� b\]�b\� ejQ
��YZTN�LM���YZTNej�UhLQ\�pO Q � �%Q�SUTNYrTRe b S�� ] e � SLQdVLQ�JfY[K T«Y � QdVWQPO¿QPY[h��VWQ ] ^ ej��Y � Q � K«Y[VLe�QPS\T �
JfY[K TNe�KIVWQPOd��YrK«�UhLQ�hLK«O�VLQPOdKRM � e b SfOd�\hfQ ] ^ b S�X[QPhWToQ%wTRK«YrejKRQ\� �¿Q�O a �LMP�%Y�Y�M�TRM�hLTRe ] D
eqO M�Y¬X\Q a O h aPa �kO�VLYrSiOVWQ�S b � � KNQ�hfORQPOIORe TNhfYZTNe b SfOP� �¿Q�J Q�SfVfYrSUT�O b S Y[JLJ ] e a YZTNe b S/Y[h
a�b VLY � Q����SfQ � VWQkOdVLe�� a h ] TNMPOdKRMPQ ]j] QkO ]jb K«OR�UhLQ ] QPO a�b SiVWe TNe b SfO�VLQ ] ^ M a �fYrSUTRe ]j]�b SLSfY � Q
� b KNJL� b\]�b\� eq�\hfQSLQuO b SUToJfY[OdKRMPhLSLejQPO�� a[^ QkO�T�D � D´VLe�KNQ�� Q�S JLKRMkO QPS a Q�VWQuVLM�TNY[e ] O �fSfO b h��
a QI�UhLe?KRQPXwe�QPS\T¡Yrh��'�P�%QoVLY[SfO ]_^ Y<WQdTRQ��%J b KNQ ] �wQ�S�JfKRMkO QPS a QoVWQd� b hLX[QP�uQPSUT¿K«YrJLeqVWQ[�
c b hfOYrSiY ] �wORQ�K b SiO a QPOVWe�� a h ] TRMkOIQ�T�S b hfOoX[Q�KNK b SfO a�b �%�uQPSUTIQ ]�] QPOIS b hfO b SUT�%Q�SLM
X[QPKNO�hLS�Y[hWTRKNQIJfYrK«Y[VWe � �%QIVWQ�ORQ � �%QPS\T«YZTNe b S��wJfYrK�� hfORe b S�VWQIKRM � e b SfO� H � �´�
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�¿Q a �fY[JLe TNKRQ�QkO�T a�b SfONY a KRM ��] Y�O Q � �%Q�SUTNYrTRe b S�V ^ e���Y � QPOIKNM�Q ]�] QPO�JfYrK�VWQkO�%M�TN� b VWQPO
� b KNJL� b\]�b\� eq�\hfQPO a�] Y\OROReq�\hfQPOP� � K«Y[VLe�QPS\TE> ej�%J b O e�TRe b S0VWQ/��YrK«�\hfQ�hLK«O > ] e � SfQ VWQ
JfY[K T«Y � Q�VWQkO�QkYrh� �F�¿Q�T TNQ�Y[JLJLK bwa �fQ%Y�KRMkO b\] h�VWQ�S b � � KRQPh� JLK b[�f] �P�uQkO�V ^ YrSfY ] �WORQ
V ^ e���Y � Q�� VfYrSfOVWQkOIV b ��YrejSLQkOoV ^ Y[JLJ ] e a YZTRe b S XZYrKNe�MkO%� JiYrKN�ue ] QPON�UhLQ ] OoS b hfOoJ b hLX b SfO
a e�TRQPK ] QkO�ORhLe�XZY[S\T«O��

• e���Y � Q�KNe�Q��%MPVWe a Y ] Q\��VWM�TNQ a TRe b S VWQPO a Q ]j] h ] QkO a Y[S a MPKRQPhfO QkO  ��4 � ��VWM�TRQ a TRe b S VWQX[Q�KRT�� � KNQPOpVLY[SfOºVWQkOºej�%Y � QkO T b J b\� K«YrJL�Leq�UhLQPO� � � � �wVWM�TNQ a TRe b S�YrhLT b ��YrTReq�\hfQ�VWQPO
b JfY a e�TRMPO¡VWh�ORQ�ejS  �J� � �

• O a e�QPS a QkO�VLQPOm��YZTNM�KNejY[h� �pYrSfY ] �WORQoVWQ��YrTRM�KNeqYrh� a�b �%J b O e�TRQkO  �J� �´�
• YrSfY ] �WORQoVWQkO¡�%e ] e�QPh��J b KNQ�h=  � 3��´�
• Y � K b D>Y ] ej�uQPSUTNYrejKNQ[�3Y[SfY ] �WO QIVWQJLK bWa QPONORhfO¡VWQ � Q�KN�%Q�SUTNYrTRe b S  �A� � �
•
a�b SUTNK �\] Q\��VWM�TNQ a TNe b S Y[hWT b �%YrTReq�UhLQ  �P� � J b hfK ] Y�KRMkY ] ejONYZTNe b S�V ^ hfS OR�WO�T����%Q�VWQ
ORY[S a TNe b S Y[hWT b �%YrTReq�UhLQ�VLYrSfO ] Q a Y\VWKNQuVWh a�b SUTRK �[] Q�S b S�VWQPO TRKNh a TRe �¡VWQ�Jfe � a QPO
a�b h ] MPQPOP�

• YrJLJ ] e a YZTNe b SfO�TRKNejVWej�%Q�SfORe b SLSLQ ]�] QPOP���uQkO hfKRQ�VWQkO�JfK b JLKRejM�TNMPO%V ^ hLSLQ�� b hfONORQ�VWQJ b\] �whLKNM�TN�fYrSLQ  � � � �LQ�wTNKNY a TRe b S�VWh a�b SUT b hfK¡VLQ ] Yu��YZTNe �PKRQ � KNeqO QIVWh a QPKRX\QPYrh3�
•
a YrK«VWe b[]jb[� e�QdSUh a�] MPYrejKNQ�� b J�] YuORQ � �%Q�SUTNYrTRe b S�QkO�T�ORJfYrTRe b D TRQ��%J b KNQ ]j] Q  � H �´�

•
a�b SiVWhLe�TRQ�Y[hWT b �%YrTReq�UhLQ 6|Y[hfONO e�O JfYrTRe b D TRQP�uJ b KNQ ]j] Q,9¤�%VWM�TRQ a TRe b S VLQ ] Y�K b hWTRQ �
O hLejXwKRQ�Q�TºVWQkO J b ORORe �L] QkO b[� O TNY a�] QPO � M�Xwe TNQ�K� � �[�A4 � � �¿Q�TRTRQ�YrJfJ ] e a YrTRe b SuYdY �ib hWTRe
� hfSLQe��%J ] M��%QPS\T«YZTNe b S��fY[KNV=@�Y[KRQoQ�S�TRQP�uJiOmKRMPQ ] �
ª b hWTNQPO a QPO¿YrJLJ ] e a YZTNe b SfO a�b SLSfY[ejONORQ�SUT"YJLKNe b KRe ] QkO a YrK«Y a TNM�KNejO TReq�UhLQPOpVLQPO¿M ] M��%Q�SUTNO

� Q�wTRK«YrejKRQuVWQ ]_^ e���Y � QuQ�T a Q�T TRQ%ejS�� b KN��YZTNe b S�QPO ThWTRe ] eqORM�QuJ b hLKVWM��fSfe�K ] ^ Y ]��\b KNe TN�L�%Q
VWQ�O M ] Q a TRe b S VLQPO���Y[KN�UhLQPhLKNOP��c b TRKNQ�M�TNhfVWQ�QPO T b KNejQ�SUTRMPQ�X[Q�K«O�hfSLQ�YrJfJ ] e a YrTRe b S VWQ
a�b VLY � Q\� # QPO¡ej��Y � QkO � TRK«Yre�TRQ�K�O b SUT�YrhiORORe VWejX[Q�K«ORQPO¡�UhLQ ] Q� b SfVWQ�UhLe S b hfO¡Q�SUT b hLKNQ
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Q�TS b hfOISLQ%J b hLX b SfOoJfY\O �|Y[e�KNQ%V ^ �w�wJ b TR� �PORQ%VLQ�T«Yre ]�] Q�� VWQ'� b KN�uQ�� b h/VWQ%SLejX[QPY[h VWQ
� KNeqOdORhLK ] QkO b[� ��Q�TNOIV ^ e�SUTNM�K���TIQ�WejO TNY[SUTIVLY[SfO ]_^ ej�%Y � Q\��npYrK a�b SfO Mk�UhLQ�SUT�� ] QPO a KRe�T��PKRQkO
VWQ�ORM ] Q a TRe b S/VWQ���YrK«�\hfQ�hLK«OIV b ejX[QPS\TKNQPO TRQPK � M�SLMPKNY[h�)�3ONYrSfOIhWTNe ] eqO QPK�V ^ ejS�� b KR��YZTNe b S
Y/JLKNe b KRe�ORhLK ] ^ e���Y � Q�TRK«Yre�TRM�Q\�!�oYrSfO a Q a �fY[JLe TNKRQ�S b hfO�JLKNMPORQ�SUT b SfO%hLS a KRe�T��PKRQ�VWQ
ORM ] Q a TNe b S�VWQPO b[� ��Q�TNO ] QPO�J ] hiO�XwejORe �L] QkO�V ^ hLSLQ�e���Y � Q[�¡c b hfO�X\Q�KNK b SfO¡JfYrK ] Y�ORhLe�TRQ ] QPO
] e��%e�TNYZTNe b SfO�VLQ a Q�T TRQ�YrJLJfK bWa �LQ � Y\O MPQ�O hfK ] Q � K«Y[VWejQ�SUT,� ] e��%e�TNYZTNe b SfO��UhLe¿X b S\T�S b hfO
J b hfONO QPK �ub hLXwKNe�K¡hLSLQ�Y[hWTRKNQIX b e�QIVWQKNQ a �LQPK a �LQIVLY[SfO ] QkO a �fYrJfe TNKRQkOm�\hfe O hLejX[QPSUTP�

�¿Q�T"Y ]��\b KNe TN�L�%QmVWQ�ORQ � �%QPS\T«YZTNe b S�� b KNJL� b\]�b\� eq�UhLQ��[VfYrSfOphfSLQmX[QPKNORe b S�S ^ hWTNe ] eqORY[S\T
JfY\OmVWQ a�b SLSfYreqONORY[S a QoY%JLKRe b KNe O hfK ]_^ e���Y � Q��WJ Q�hLT ��TRKNQ�VWM a�b �%J b ORMdQPS�TRK b eqO¡M�TNY[JiQkO��
� � · SLQ¿M�TNY[JiQ¡VWQ¡O ej�%J ] e�� a YZTNe b S��UhLe\M ] ej�%e�SfQ ] QPO TRK«Yre�TNO3S b S�JiQPK TNe�SfQ�SUTNO�VWQ ]_^ e���Y � Q��
O ej�%J ] e �iY[S\T�Y[e�SfORe ] YuVLM�TRQ a TNe b S�VLQPOmKNM � e b SfO�� b � b[� ��SLQkO��

�L� · SLQ�M�TNY[JiQ�V ^ Q�wTNKNY a TRe b S�VWQ��%Y[KN�UhLQPhLK«O��ºM�TNY[JiQ��UhLe Y�J b hLK � hLTdVWQ�J ] Y a Q�K�hfS
»%±r  ��µf§�µW  ��]_^ ejS\TNM�KNe�QPhLK�VLQ a �fY[�UhLQ�KNM � e b S/� b � b[� ��SLQ\� # QPO a�b S\T b hLK«OVWQ a QPO
KRM � e b SfO¡ORQ�K b SUT¡VLM�TRQPKR�%ejSLMPOmVfYrSfO ] ^ M�TNY[JiQ�ORhLejX¬Y[SUTRQ[�

H � · SLQ¿M�TNY[JiQ¡VWQ a K b eqORONYrS a QºVWQ��%Y[KN�UhLQPhLK«O�� ] Q � hLT�QkO�T VWQ¿J ] Y a Q�K�VWQ �|Y\½ b S�JLKNM a eqORQ
] QkO a�b SUT b hfKNO�VLQPO b\� ��Q�T«O�ORM ] Q a TRe b SLSLMkOJfY[K ] ^ M�TNYrJ Q�JfKRM a MPVLQ�SUTRQ\�F�¿Q�T TNQ a K b eqO D
ORY[S a Q�QkO�T�KRMkY ] ejORM�Q�JfYrK ]_^ Y ]j�[b KRe�TR�L�%Q�VLQ ] e � SLQdVWQdJfYrKRTNY � Q�VLQPOºQkYrh��Y[JLJ ] ej�UhLM �
]_^ e���Y � Q � K«Y[VWejQ�SUTP�

B b � b SfO�Q�S�VWM�TNYre ] a �fY a hLSLQVWQ a QPO�TNK b ejO¡M�TNYrJ QPOP�

�=��� # +�!$# �-+-6	� � 9*+-�". /	& � < +�!0��1�&
# QkO3ej��Y � QPO a YrJWTNM�QkO JfY[K3hLSLQ a Y[�%M�K«YmO b S\T � KNhLe TNM�QkO%� a Q��UhLe\KNQ�SiV�VWe�� a e ] Q ] Y�VLM�TRQ a TNe b S
VWQ ?Pb SLQkOp� b � b\� �PSLQPOP� · S�� ] TRK«Y � QmJfKRMkY ] Y �L] Q�O ej�%J ] e��fQ ] YIT+
 a �LQdVWQ ] YO Q � �%Q�SUTNYrTRe b S �
# Y%l b KRJf� b[]jb[� e�QIl�YZTN�LM���YrTReq�\hfQJ b ORO��PVWQVWQkO b hWTNe ] O¡TNK��kO¡JiQPK � b KR��YrSUT«OmVLYrSfO a Q�V b D
��YrejSLQ  �J4 � � # QPO�� ] TNKRQkO�� b KRJL� b[]jb[� eq�UhLQPO��\hfe b SUT�M�TNM�JfKRMkO QPS\TNMPO�VLYrSfO ] Q a �fY[JLe�TRKNQ
JLKNM a MPVWQPS\TmX b SUTm�%Y[e�SUTNQ�SfY[S\T ��TRKNQIY[JLJ ] ej�UhLMkO � VWQPOmej��Y � QPO�KRMPQ ]j] QkO��

� b �%�%Q�Sf½ b SfO JiYrK e ]�] hfO TRKNQ�K ]_^ Q ! Q�T VWQPO b hLX[QPK TNhLKNQPO D	� QPKR�%Q�TNhLKNQPO?JfY[K KRQ a�b SfO�TNKRh a TRe b S3�
# QkO b hLX[QPK TNhLKRQkOpJfY[K"KNQ a�b SfO TRKNh a TNe b SuM ] ej�%e�SfQ�SUT"T b hWT¡VWM�T«Yre ] a�] Y[e�K��\hfeiSLQ a�b S\TNe�QPSUT"JfY[O
] ^ M ] MP�uQPSUT�O�TNKRh a TRhLK«YrSUT,�¿JLKNMPORQ�KNXZYrSUT ] QkO a�b SUT b hfKNO�VWQkO�KNM � e b SiOu�UhLe ] Q a�b SUTRejQ�SfSLQ�SUTP�
#º^ Q ! Q�TIVWQPO � Q�KN�%Q�TRhfKRQkO�QPO T ] Q������%Q���Y[ejOdO hLK ] QkOdVWM�TNY[e ] O�O b � � KRQkO��¡��ejSfORe	� ] Y a�b � D
� ejSfYreqO b S V ^ b hLX[QPK TNhLKRQkO�Q�T � Q�KN�uQ�TRhLKNQPOIM ] ej�%e�SfQ�T b hWTNQ�O�TNKRh a TRhLKNQ76 a�] YrejKNQ b h O b � � KRQ:9
VWQIT«Yre ]�] QIe�S�� MPKRejQ�hfKRQ �u]_^ M ] M��%QPS\T�O TRKNh a TRhLK«YrSUTP�

B b � b SiO¿�UhLQ ] �UhLQkO¿Q%WQ��%J ] QPOP� ] QoKRMkO h ] TNYrT¡VLQ ] ^ YrJLJ ] e a YZTNe b S�V ^ hLSLQ b hLX[QPK TNhLKRQoO hfe�XwejQ
V ^ hLSLQ � Q�KN�%Q�TRhfKRQ�VWQ�T«Yre ]�] Q � � ��] ^ ej��Y � Q�VWQ ] Y7� � hLKNQ<�f� � 6_Y�9IQkO�TuJLKNMPORQ�SUTRM�VLYrSfO ] Y
� � hLKRQ �i� � 6 � 9�� #"^ ej��Y � QmQPO T"Yrh�� b KN��YZT"� a e �E� ar^ QPO T D � D>VWe�KNQmVWQmT«Yre ]�] Q � 3 � × � ���JLe WQ ] O����JfK��kO8� ] TNKNY � Q�� ]_^ ejS�� b KN��YZTRe b S J Q�KRTRejSLQ�SUTRQ�QkO�T�JfKRMkO QPKRX\M�Q�Q�T ] QkO �P� 3 � 3 ?�b SLQPOIJ ] YrTRQPO
6 a�b �%J b ONYrSUTRQkO a�b SLSLQ�WQkOºVWQ�SLejX[QkYrh�%VWQ � KReqO a�b SfO TNYrSUT 9pVWQ ] ^ ej��Y � Q b KNe � e�SfY ] Q b SUTºM�TRM
KNMPVWhLe�TRQkO ���;6 � ��6 �

#º^ b hfX[Q�KRTRhfKRQ%D	� QPKR�%Q�TNhLKNQ¿JfY[K ] Y � b h ] Q�M ] MP�%Q�SUTNY[e�KNQ�6 M ] M��%QPS\T�O�TNKRh a TRhLK«YrSUT"VWQ � Y[ORQ
�UhLe a�b SUTRejQ�SUT ] QkO JLKRQP�%e�QPKNO�X b ejORejSfO V ^ hfSuJfe�WQ ] 9 M ] e��%ejSLQ�T b hWTRQ�O TRKNh a TNhLKNQ�V b SUT hfSLQ�VWQPO
VWej�%Q�SfORe b SfO¿QPO T¿ejS�� M�KNe�QPhLKNQ � TNK b ejO"JLe�WQ ] OP�4�¿QPO"O TRKNh a TRhLKNQPO a�b KRKNQPORJ b SfVWQPS\T ] Y�J ] hLJiYrKRT
VWh�TRQP�%JfO�Yrh � KNhLe�T�Q�T ] Q�hLK�VWeqORJfYrKNe TNe b S �|Y a e ] e�TRQ ] Y�O Q � �%Q�SUT«YZTRe b S3�
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6|Y�9�¯>��Y � Q�¾dKRe � ejSfY ] Q 6 � 9¡¯>��Y � Q/� ] TNKRMPQ
� e � hLKRQ �i� � � � e ] TNKNY � QIJfY[KmKRQ a�b SiO�TNKRh a TRe b S

� ^ YrhWTNKRQ�JfYrKRTdS b TRKNQ�Y ]��\b KNe TN�L�%QITRK«Y¬XZYre ]�] Q�Y¬X\Q aI] Y ] e � SLQ�VWQuJfY[K T«Y � Q�VLQPOdQPYrh=�VLh
� K«Y[VLe�QPS\Tk�mnpYrK a�b SfO TRKNh a TRe b S��iT b hWTRQkO ] QPOdKRM � e b SfO��UhLe ORQ�K b SUT�JLKNMPORQ�SUTRQkO�VLY[SfO ] Y�ORQ � D
�%Q�SUTNYrTRe b S a�b KNKNQPORJ b SfVWQ�SUT � hLS � Y[ONORe�S�VLh � KNY\VWe�QPSUTP�$�¿Q � Y[ONORe�SuO QPKNY�e�S b SfVWM � JfY[K TNe�K
V ^ hLS�VLQdORQPO¿�uejSLej��YL� npYrK a�b SfORMP�UhLQPSUT ] YJLKNMPORQ�S a QdV ^ hLSLQdKRM � e b S�VLY[SfO ] Y�ORQ � �%Q�SUTNY"D
TRe b S�Q�We � Q"�Uh ^ Q ]j] Q a�b SUTRejQ�SLSLQ�Yrh�� b e�SfO hLS��uejSLej��hL� VLh � K«Y[VLe�QPS\Tk��¾dK,�¬ORe b S�KNQ � YrK«VWQ
] ^ Y\O J Q a T"VWh � K«Y[VWejQ�SUTp� b KNJL� b[]jb[� ej�UhLQ�V ^ hLS�VWM�T«Yre ] �fS 6 X b ejK � � � �i� ��9 b S b[� ORQ�KNX[Q¡�Uh ^ e ]
S ^ ��YJfY[O�VWQ��%ejSLej��hL� �] ^ Q��%J ] Y a QP�%Q�SUT�VWh�VWM�T«Yre ] � a Qd�\hfe ] ^ QP�%J1� a �LQdV ^ YrJfJfYrK«Y:;qTRKNQ
VLY[SfO ] YO Q � �%Q�SUTNYrTRe b S � npYrK a Q��|Yre�T ]_^ b hLX\Q�KRTRhLKNQ�D � Q�KN�%Q�TNhLKRQ¡JfY[K ] Y � b h ] QmM ] MP�uQPSUTNYrejKNQ
QPO T¡hLS5� ] TRK«Y � Q��UhLe?� b � b\� M�SfM�eqO Q ] ^ e���Y � QdONYrSfO�Y ! Q a TRQPK ] Q � b S a TNe b SLSLQP�uQPSUT¡VWQoS b TRKNQ
Y ]j�[b KRe�TR�f�uQIVWQ�ORQ � �uQPSUTNYZTNe b S �

ORIGINAL EROSIONDILATATION GRADIENT = DILATATION - EROSION

� e � hLKNQ �f���W� ¶ KNY\VWejQ�SUT�V ^ hfS�VLM�TNY[e ] �fS �
�dQPO � ] TRKNQPO¡VWQdTNYre ]j] QIO hfJiMPKRejQ�hLKNQ ��] Y � b h ] QIM ] M��%Q�SUT«YrejKRQdJiQPhLX[QPS\T���TNKRQIYrJfJ ] eq�UhLMPO

J b hLKºORe��%J ] e �fQ�KpQPS a�b KRQ¡J ] hfO ] ^ ej��Y � Q\��c�MPY[SL� b ejSfO%�ZQPS�Yrh � �uQPSUTNYrSUT ] YdT«Yre ]�] Q�VWh � ] TNKRQ
b S�KNejON�UhLQVWQO hLJfJLKRej�%Q�K�VWQkO b[� ��Q�TNO �fSiO¡�%Y[ejO ]jb S � O�Q�T a�b SUTRK«Y[O TRMkO%�wJfY[K a�b SfORMP�UhLQPSUT
XwejORe �L] QkO��4B b � b SiO ]_^ Q ! Q�TdV ^ hLSfQ b hLX\Q�KRTRhLKNQ�D � Q�KN�%Q�TRhfKRQIVWQITNY[e ]j] Q �%O hLK ]_^ e���Y � Q �f� H 6_Y�9¤�
c b hfOoJ b hLX b SfO b[� ORQ�KNX[QPKd�UhLQ ] QkO � Y[SfVWQkOoO b � � KNQPOoVWh � 
rTRej�%Q�SUT�� KNM � e b SfO�TNK��kO a�b S�D
TRK«Y[O TRMPQPO¡Q�T¡XweqO e �L] QPO b S\T�M�TRMORhLJLJLKNe��%MPQPOP�

# QkO � ] TRKNQPO�Y[KRM b[] YrejKRQkO¿ORQKRMPX�� ] QPS\TmJ ] hfO�Y\VLYrJLTRMPOmY[h�5� ] TRK«Y � QPO¡J ] hfO�� b K T«O%� a YrK ] QPO
b[� ��Q�TNO/�fSiOO b S\TJLKNMPORQ�KNX[MkO�O ^ e ] OO b S\TORh ��ORY[�u�%QPS\T ]jb S � O��uc b hfOIY¬X b SiO�KNQ�TNQ�Swh ] QPO
� ] TRKNQPO�YrKNM b\] Y[e�KNQPO J b hLK�S b TRKNQ�M�T«YrJ QdVWQIO ej�%J ] e�� a YZTNe b S�JfYrK a Qo�\h ^ e ] O¿S b hfO � b hLKRSfejONO QPSUT
VWQkO�ej�%Y � QkO�J ] hfO�ORe��%J ] QPO�Y¬X[Q a hLSLQ ejS�� b KR��YZTNe b S J ] hiO�J Q�KRTRejSLQ�SUTRQ\� # Q�JfK b\�L] �P�%Q
��YrejSUTRQ�SiYrSUT�QPO T�VWQ a � b eqO ejK ] Y TNYre ]j] Q VLh � ] TNKRQ � hWTRe ] eqORQ�Kk� n b hLK a Q a edS b hfO�Y¬X b SiO
M�TNhfVWejM ]_^ M�X b[] hWTRe b S�VWQ ] ^ ej��Y � Q8� ] TRKNM�Q�Y¬X\Q a hLSLQIT«Yre ]�] QVWQ � ] TRKNQ a K b ejONONYrSUTRQ\�
nºhLeqON�\hfQ ] Q�� ] TRKNQ�YrKNM b\] Y[e�KNQ�QkO�T�hfS � ] TNKRQ a�b SLSLQ%WQ�� ] QPO�O ej�%J ] e � a YZTRe b SiOVWQ%TNY[e ]j] Q

a K b eqONORY[S\TNQ�M ] YrK � eqONO QPS\T ] QkO ?�b SfQPOdJ ] YrTRQkOoVLQ ] ^ e���Y � Q�� Q�ToQPS a�b SfORMP�UhLQPS a Q ] QuS b � � KNQ
VWQ��%ejSLej�%Y VWh � K«Y[VLe�QPS\T�VLQ ]_^ ej�%Y � Q�ORe��%J ] e �fM�Q�VLe��%ejSUhfQ[����ejSfORe	� ] Y7� b S a TRe b S f(λ)�UhLe?Q�WJLKNe��%Q ] QoS b � � KNQdVWQo�%e�SLej��Y�VLh � K«Y[VLe�QPS\T�VWQ ] ^ e���Y � QdORe��%J ] e �fM�Q��WQ�S � b S a TNe b S
VWQ ] Y�TNYre ]j] Q�VWh � ] TRKNQ�Y[KRM b[] YrejKRQ��3QkO�TuhLSLQ � b S a TRe b S VWM a K b eqORONYrSUTNQ[� # YF� � hfKRQ �i� � 6|Y 9
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6|Y 9 � e ] TRKNQ JfY[K KRQ a�b SfO�TNKRh a TRe b S VWQ
TNY[e ]j] Q �

6 � 9 � e ] TNKRQ�Y[KRM b[] YrejKRQoVWQoTNY[e ]j] Q �J6

� e � hLKRQ �f� H �4� b �uJiYrK«YreqO b S�VWQ8� ] TRKNQPO a�b SLSfQ�WQPOP�

e ]�] hfO TRKNQ ] Y � b S a TRe b S f(λ) VWQ ]_^ e���Y � Q �i� � 6|Y�9�� # Y�VWMPKRejX[MPQ f ′(λ) VWQ a Q�T TNQ � b S a TRe b SQ�WJLKNej�uQ ] Q�S b � � KRQ�VWQ��uejSLej��Y��UhLe VWeqORJfYrK«YreqORORQ�SUT�VWh7�|Y[e TIVWQ ] ^ Y[h � �%Q�SUT«YZTRe b S�VWQ �
VWQ ] Y�TNY[e ]j] QuVWh � ] TRKNQ[� # Y � � hLKRQ �f� �16 � 9�JfKRMkO QPS\TNQ ] Y5� b S a TNe b S VWMPKRejX[MPQ f ′(λ) ��c b hfOb[� O QPKRX b SfO�hLSLQ�VLM�KNe�X\M�QIJLK b S b S a MPQdJ b hLKdVWQPO�T«Yre ]�] QPO�VLQ � ] TNKRQJ Q�TNe TNQPO a Q��UhLe3ORe � SLe��iQ
�UhLQ ] ^ ej��Y � Q a�b SUTNe�QPS\TdhLS � K«YrSfV�S b � � KNQ�VWQ�O TRKNh a TRhLKNQPO�VLQ�JiQ�TRe�TRQ�TNYre ]j] Q\��¯ ] QPO T�TRK��PO
JLK b[� Y �L] Qd�UhLQ a QPO¡O TRKNh a TNhLKNQPO a�b KNKNQPORJ b SfVWQ�SUT¿Y[h � KNhLe�T b h � hLSLQdTRQ%UTNhLKNQ �fSfQI�UhLQ ] Y
ORQ � �%QPS\T«YZTNe b S�SfQJiQPhWTdJfY\OmKNQ�JLKNMPORQ�SUTRQPKP��c b hfO a � b ejORe�K b SiO¡hLSLQT«Yre ]�] Q�VWQ�� ] TRKNQ�J b hLK
] Y[�UhLQ ]j] Q f ′(λ) QPO T�VWQ�X\Q�SwhLQIJ Q�TRe�TRQ\�n b hLK ] ^ Q�WQ��%J ] Q��UhLe3S b hfO a�b S a QPKRSfQ��LhLSfQ�O b e�LYrSUT«YrejSLQVWQ�%e�SLej��Y�VWeqO JfY[KNY[ejONORQ�SUT
�UhfYrSiV b S�JfY[ONO QV ^ hLS � ] TRK«Y � QIVLQITNYre ]j] Q ��� hLS7� ] TRK«Y � QVWQITNY[e ]j] Q �L� �0JfY[K TNe�K�V ^ hLSLQ
TNY[e ]j] Q ��6�a Q�T TRQoJ Q�SUTRQoQPO T¿ejS�� M�KNejQ�hLKNQ � H �%ejSLe���Y�JfYrK¿TNY[e ]j] QIVWh � ] TNKRQ\�p��ejSfO e?hLS5� ] TNKRQ
YrKNM b\] Y[e�KNQ¡VWQmTNY[e ]j] Q ��6 ORQ�K«YoY[JLJ ] ej�UhLM �a Q�TRTRQ�ej��Y � Q ��]_^ M�T«YrJ Q�VWQ�ORe��%J ] e�� a YZTNe b S 6 X b e�K
� � hLKRQ �i� H 6 � 9�9 � a Q��UhLeºJfK b VWhLe�T�hLSLQ�e���Y � Q�Y¬X[Q a%� � � ��KNM � e b SfO���¾dS a�b SfORejV=��KNQ%�UhLQ
] Q � KNhLe T%Y�M�TNM�M ] ej�uejSLM�Q�Tu�Uh ^ b S�Y b\� TRQPSUh ] QPO�KRM � e b SfO�O e � SLe � a YZTRejX[QkO%���Uh b eq�Uh ^ Q ]�] QPO
O b ejQ�SUTºQ�S a�b KNQ¡TRK b J%S b � � KNQ�hfORQPO J b hfKºhLS a�b VLY � QmQ � a Y a Q[� # Qm�����%Q�Y ]��\b KNe TN�L�%Q�QkO�T
YrJfJ ] eq�UhLM � V ^ Y[hWTRKNQPO"e���Y � QPO��wV b SUT ] QPO¿KRMkO h ] T«YZTNO¿O b SUT"JLKNMPORQ�SUTRMkO"VLY[SfO ] Y�ORQ a TRe b S �f� �f�
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6|Y�9¡c b � � KRQVWQI�%ejSLe���Y�VWh � KNY\VWe�QPSUT 6 � 9�c b � � KNQBVWQ �uejSLej��Y9�UhLe'VWeqOED

JfYrK«YreqORORQ�SUT ]jb K«O��Uh ^ b S Yrh � �%Q�SUTRQ
VWQ ��] Y T«Yre ]�] Q�VWh � ] TRKNQ 6_VWM�KNejX[M�Q
VWh�S b � � KRQIVWQ�%ejSLe���Y 9¤�

� e � hLKNQ �f� �f� � e ] TRK«Y � QYrKNM b[] YrejKNQ
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c b hfOpY¬X b SfO�hLSLQmej��Y � Q � SLejX[QPY[h��VWQ � KReqO V b SUT ] Q � K«Y[VWejQ�SUTpYdhfSuS b � � KRQ¡ej�uJ b KRTNY[SUT
VWQ��%ejSLej�%Y � a Q��UhLe¿JLK b VWhfe TuhLSLQ�ORhLK«O Q � �%Q�SUTNYrTRe b S ]�b KNON�Uh ^ b S a Y ]ja h ] Q�VWe�KNQ a TRQP�uQPSUT
hLSLQ ] e � SfQ�VWQ�JiYrKRTNY � Q�VWQPO¿QPY[h� � �¿Qo�UhLefS b hfO¿e�SUTRMPKRQkORORQ ar^ QPO T�VLQ a�] Y[ONORQ�K a QPOº�%ejSLej�%Y
J b hLK a � b eqO ejKmJfYrKN�%e Q�h= ] QPOm��YrK«�UhLQ�hfKNOmVWQkOmKNM � e b SiO¡e��%J b KRTNYrSUTNQPO��LQ�T�Y[KRKNe�X\Q�K � hLSLQ
ORQ � �%QPS\T«YZTNe b S��UhLe a�b KNKRQkO J b SfVLQ �%a Q ]�] QVWQ ] ^ & e ] �whL��YrejS �

# QkO � ] TRK«Y � QkO¡VWQITNY[e ]j] Q a K b ejONONYrSUTRQoV ^ hfSLQe���Y � QIS b hiO�� b hLKNSLeqORORQ�SUT�VWQkO¡JfYrKRTRe�TRe b SfO
VWQ�J ] hfO�Q�S J ] hfO � K b ONO e���KNQPOP� ` S Y[h � �%QPS\T«YrSUT ] Y TNYre ]j] Q VLh � ] TNKRQ�� ] QkO b\� ��Q�T«O�e��'D
J b KRTNYrSUT«OO b S\T�ORM ] Q a TRe b SLSfMPOY¬X[Q a hfS a KNe T���KNQuQ% a�] hfO ejX[QP�%Q�SUT�VWQ%TNY[e ]j] Q\��c�MkYrSL� b e�SfO
] ^ ej�%J b K T«YrS a QdXweqO hLQ ]�] QIV ^ hfS b\� ��Q�T �|Yre�Tme�SUTRQPKRX\Q�SLejK¡V ^ Y[hWTRKNQPO a KRe�T��PKRQkO%� a�b �u�%QoJfYrK¡Q% D
Q��%J ] Q ] Q a�b SUTRK«Y[O TRQ\�$� ^ QPO T3J b hLK«�\h b e �¬Y[JLK��PO hfS�� ] TRK«Y � Qº�UhLeUM ] ej�uejSLQ�VWQPO KRM � e b SfO3Y[ONO b D
a ejM�QkO¿Y[h � KNhLe T,�wS b hfO�Y ]j]jb SfO¿�\hiYrSUTRe �fQ�K ]_^ ej�uJ b KRTNY[S a QdXwejORhLQ ]j] Q�VWQPO¿KNM � e b SiOºKNQPO TNYrSUTNQPOP�
�¿Q a eºXZY�S b hiOIJiQPKR�%Q�TRTRKNQ�VWQ�ORM ] Q a TNe b SLSLQPK ] QkOJ ] hfOXwejORe �L] QkOJ b hLK b\� TRQPSLejKhLSLQ�ORQ � D
�%Q�SUTNYrTRe b SuY¬X[Q a hLS�S b � � KRQ�VWQ¿KNM � e b SfO�Y[VLY[JWTRM�Yrh�T«Yrh��VLQ a�b �%JLKNQPONO e b S�XweqO M\� �¿Q�T TRQ
b J M�K«YZTNe b S�QkO�T�Y[JLJiQ ] MPQ�§ ¹ ©  R± ��©_¥|³r¨ ¦\§�»�±Z  ��µf§�µW «£«�

� b �%�%Q�Si½ b SiO3JfY[K X b ejKp�UhLQ ] QPO T ] Q a�b SUTRK«Y[O TRQ¡VWQPO�KNM � e b SiO Y[JLK��kO � ] TNKNY � Q\� n b hLK a Q
�|YrejKNQ�S b hiO�Y ]j]jb SfO�hWTRe ] eqORQ�K ] Q a�b S a Q�JWTIVWQ�VW�wSfY[�%ej�UhLQ�JLKRMkO QPSUTRM�VLY[SfO ] Y�ORQ a TRe b SE�W� �W�
# Y3� � hfKRQ �i� � 6|Y 9 S b hiO"� b SUTNKRQ ] QoS b � � KRQdVWQ��%ejSLe���Y�Q�S5� b S a TNe b S�VWQ ] Y�VW�wSfYr�%eq�\hfQ
J b hLK ] ^ e���Y � Q � K«Y[VLe�QPS\T a�b KNKRQkO J b SfVfYrSUT �%] Y�� � hLKNQ �f� H 6 � 9¤� # Y%J ] hLJfY[K ToVWQPOm�%ejSLej�%Y
b SUT¡hLSLQoJiQ�TRe�TRQVW�wSfY[�ueq�UhLQ a Qo�UhLe a�b KNKRQkO J b SfV � VWQkO¿KNM � e b SfO"VLQ/�|Y[e �f] Q a�b S\TNKNY\O�TNQ�Q�T
JfY[K a�b SfORMP�UhLQPS\T JfY\O TNK��kO XweqO e �L] QPO J b hLK ]_^ & e ] �whL��Y[e�S �pgwewS b hfO�Q�S ] Q�X b SfO JLK b[� KNQPONORe�X\Q�D
�%Q�SUT ] QPO��%e�SLej��Y��UhLe b SUT ] QPOdVW�wSfYr�%eq�\hfQPO ] QPO�J ] hfO�J Q�TNe TNQPO�� ar^ QPO T D � D>VWe�KNQ ] QkO�� b e�SfO
a�b SUTRK«Y[O TRMPO��rS b hfO b\� TRQPS b SfO �a �iY[�UhLQ�� b eqOphLSfQ�e���Y � QmJ ] hfOºORe��%J ] Q��U��YreqO T b hZ� b hfKNO QPS
a�b SfORQ�KNX¬Y[SUT ] QPOoKRM � e b SfO ] QkOoJ ] hiO a�b SUTNKNY\O�TNM�QPOP�gwhLK ] Y � � hLKRQ)�f� �=6 � 9�S b hfOdX b � b SfO ] Q
S b � � KNQ�VWQkO�KNM � e b SfO�JLKNMPORQ�SUTNQPO�VfYrSfO ] Y�O Q � �%Q�SUTNYrTRe b S�J b hLK ] QPOoVWe ! M�KNQ�SUTNQPO�XZY ] QPhLKNO
VWQ�ORQ�hLe ]j] Y � QIVWQ ] Y%VW�wSfY[�%ej�UhLQVWQkOm�%e�SLej��YL�
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6|Y�9¡®�ejO T b\� K«Yr�%�%QoVLQ ] Y%VW�wSfY[�ueq�UhLQ 6 � 9�®�eqO�T b[� K«Yr�%�%Q a hL��h ] M�VLQ ] Y VW� D

SfYr�%eq�\hfQIVLQPO¡�%e�Sfe���Y
� e � hfKRQ �f� �W�pc b � � KRQVWQKNM � e b SfO"QPS � b S a TRe b S�VWQ ] Y�VL�USiYr�%ej�UhLQ\�

# Y VW�wSfYr�%eq�\hfQ S b hfO5� b hLKNSLe T�hLSLQ �%QPORhLKRQ VWh a�b SUTRK«Y[O TRQ KRQ ] YrTRe ��VWQPO��%e�SLej��YL�
� b SiO eqVWM�K b SiO ] Q a�b SUTRK«Y[O TRQ a�b �%�uQ�hfS a KNe T���KNQ�VWQ a�] Y[ONO QP�%Q�SUT�VWQ ] ^ ej�%J b K T«YrS a Q�VWQPO
�%e�Sfe���YmQ�T O M ] Q a TNe b SLS b SiO ] QkO*G/KNM � e b SfO ] QPO J ] hfO3e��%J b KRTNY[S\TNQPO�� G�M�TNY[SUT3hLSJfY[KNY[�'��TRKNQ
V ^ Q�SUTRKNM�Q�VLQ ]_^ Y ]j�[b KRe�TR�f�uQ��UhLe S b hiOmJiQPKR�%Q�TdVWQ � M�SLMPKRQPKmhLSLQ�ORQ � �uQPSUTNYZTNe b S�Y[VLY[JWTRMPQ
Yrh�TNYrh=�VWQ a�b �uJfKRQkORORe b S�XUeqORM[�dgwhfK ] Y�� � hLKRQ �f� � 6|Y 9¡S b hfOdY¬X b SfO ] QPO 3r���%Y[KN�UhLQPhLK«O
] QPOdJ ] hiO a�b SUTRK«Y[O TRMkO�VWQ ]_^ e���Y � Q �i� H 6 � 9��dc b hfO b[� ORQ�KNX b SfO��UhLQ�J ] hiO ejQ�hLK«Od�%Y[KN�UhLQPhLK«O
b SUT�M�TRM a � b eqO eqO�ORhLK�hLSLQ����P�uQ � YrSiVWQ�O b � � KRQ�VLh � 
ZTNe��%QPS\T76 X b ejK�� � hfKRQ �i� � 6 � 9�9 �
a Q��UhLeºV b SLSLQPKNY ] ejQ�h � hLSLQ%KNQ�JLKNMPORQ�SUTNYrTRe b S VLQ ] Y � YrSiVWQ%Q�S J ] hiO ejQ�hLK«OoKRM � e b SfOoS b S
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J Q�K a Q�JLTRe �L] QkO��unpYrK a�b SUTRKNQuVLQPOoKRM � e b SfO � ejQ�S XwejORe �L] QkO%� a�b �%�%Q a QPK T«YrejSLQPOoJfY[K TNe�QkOoVLh
XwejONY � Q�S ^ b SUT�JfY\O�M�TNM�ORM ] Q a TNe b SLSLMPQPOP� �¿Q�VWM��|Y[hWT�QkO�TuV ? Yrh �|Y[e T%�UhLQ ] ^ ej�%J b K T«YrS a Q
V ^ hLSLQoKRM � e b S�SfQdVWMPJiQPSfV�JiY[O�O QPh ] QP�%Q�SUT¡VLQdO b S a�b SUTRK«Y[O TRQdY¬X[Q a�] QkO¿KNM � e b SfOºX b eqO ejSLQkO
��YreqO�Y[hfONO e�VWQ�ONY�T«Yre ]�] Q[� � a�b SUTRK«Y[O TRQ�M � Y ] hLSLQ � K«YrSfVLQ�O�TNKRh a TRhLKNQ�ORQ�K«Y�J ] hfO�XwejORe�D
�L] Q��Uh ^ hLSLQ�J Q�TNe TNQ�O TRKNh a TNhLKNQ�� b h�� a Q��UhLe�KNQ�Xwe�QPSUT�Yrh������%Q�� hLSfQ�O�TNKRh a TRhfKRQ�� b e�SfO
a�b SUTRK«Y[O TRM�QoJ Q�hWT ��TRKNQJ ] hiO¡XUeqORe �L] Q�VWh �|Yre�T��Uh ^ Q ]�] QQPO TmJ ] hfO � K«YrSiVWQ[�
· S a�] Y[ONO QP�uQPSUT"VWQPO"�uejSLej��Y��UhLeiTRejQ�SLSLQ a�b �uJLTRQ�VWQ ] Y�VW�wSfYr�%eq�\hfQ�Q�T¡VWQ ] YITNY[e ]j] Q

VWQkO�KNM � e b SiOmO QPKNY[e T�J ] hfOdY[VLY[JWTRM ��] Y�XweqO e b S��whL��YrejSLQ[�¡l�Y[ejO ]�b KNON�Uh ^ b S�X\Q�hWT a�] Y[ONO QPK
] QPO�%ejSLe���Y�JiYrK b KNVWKNQ�V ^ e��%J b KRTNYrS a Q b S�SfQ a�b SfSfY:;qT�JfY[O�Q�S a�b KNQ ] Y�T«Yre ]�] Q��Uh ^ YrhLK«Y
] Y/KRM � e b S �\hfQ�KRQPJLKRMkO QPSUTRQ ] Q��%ejSLej��hL� JfYrK a Q��Uh ^ b S SLQ�ONYre�T�JfY[O��hfOR�Uh ^ b J XZY�ORQ
JLK b JfY � QPK a Q��%ejSLe���hL� ]�b KNO"VWQ ] ^ ejS b SiVLYZTNe b S%VLh�KRQ ] ejQ���� # Y�O b\] hWTNe b S��\h ^ b S�YKRQ�TRQPSUhfQ
QPO T�VWQ �|YrejKRQ�V ^ Y � b K«V hLSfQ�ORhLK«O Q � �%Q�SUT«YZTRe b SG�pJLhLeqO�VWQ�V b SLSfQ�K%hLS J b ejVLO � a �fY\�\hfQ
�%e�Sfe���hL� Q�S � b S a TRe b S VLQ ] Y ORhLK��|Y a Q�VWQ�O b S � Y[ONORe�S VfYrSfO ]_^ ej�%Y � Q�O hLK«ORQ � �%QPS\TNM�Q\�
�¿QIJ b ejVfO¡QPO T¡hfSLQ � b S a TRe b S ]�b\� Y[KRe�TR�L�%eq�UhLQoVLQ ] Y%O hfK �|Y a Q[� · SLQIS b hLX\Q ]j] QIQkO�TNe���YZTNe b S
VWQ ] ^ ej�%J b K T«YrS a Q�V ^ hLS��%e�SLej��hf�DQPO T b\� TRQPSUhfQQ�S���h ] TRejJ ] ejY[SUT ] Y�VW�wSfY[�%ej�UhLQJfY[K ] Q
J b eqVLOuQ�S(� b S a TRe b S VLQ ] Y O hLK��|Y a Q[� � X[Q a�a Q�S b hLX\QPYrh a�] Y[ONO QP�%Q�SUTuVWQkOu�uejSLej��Y hfS
ORQ�hLe ]�] Y � Q�QPO TdY[JLJ ] ej�UhLMuVWQ���YrSLe���KNQ � KNQ�TNQ�SLejK ] Q�S b � � KRQ�VLQ��%e�Sfe���Y�O b hL�iYre�TRM[� # QPO
3r���%e�SLej��Y�O M ] Q a TRe b SfSLMPOIY¬X[Q a�a Q�S b hLX[QkYrh a KRe�T��PKRQ%O b SUTd� b SUTNKRMkOoORhLK ] Y5� � hLKNQ �f�53w�
# QkOIO Q � �%Q�SUTNYrTRe b SfO b[� TRQ�SwhLQkO � JfY[K TNe�KIVWQ a QkOo�%Y[KN�UhLQPhLK«OdO b SUTIJLKRMkO QPSUTRM�QkOdVfYrSfO ] Y
ORQ a TNe b S�ORhLejXZYrSUTRQ\�

6|Y�9 3[� �%e�SLej��Y VWQ J ] hiO � KNY[SfVWQ�VW� D
SiYr�%ej�UhLQ\�

6 � 9���M�TNYre ] VWQkOm��YrK«�UhLQ�hLK«OmORhLK ] Q � 
<D
TRej�uQPSUTP�

� e � hLKNQ �i� � �ºgwM ] Q a TRe b S�VWQPOm��Y[KN�UhLQPhLKNO¡Y¬X\Q ad] Y%VW�wSfY[�ueq�UhLQ[�

� e � hLKNQ �f�53w�ºgwM ] Q a TRe b S�VWQkO¡�%Y[KN�UhLQPhLK«O�Y¬X\Q ad] Y�VL�USiYr�%ej�UhLQIQ�T ] Y�TNY[e ]j] Q[�
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# Q � hWTmVWQ a Q�TRTRQ�M�TNY[JiQdQPO T�VWQoJ ] Y a QPK ] QPO a�b S\T b hLK«OºVWQkO b\� ��Q�T«O ��h � MPO�ORe � SLe�� a YZTNe��|O"JfYrK
] ^ M�TNYrJ Q%JLKNM a MkVWQ�SUTNQ[�%n b hLK a Q a epS b hfOIY ]j]jb SfOIhWTNe ] eqO QPK ] Y ] e � SLQ�VWQ%JfYrKRTNY � Q%VWQPOIQkYrh�
�UhLepJ ] Y a Q ] Q a�b SUT b hLKIQ�SUTNKRQ%VWQ�h= ��YrK«�\hfQ�hLK«OdORhLK ] Y�J ] hfOI�iYrhWTNQ ] e � SLQ�VWQ a K���TNQuVLh
� K«Y[VLe�QPS\T¿Q�SUTRKNQ�Q�h=C� a Qo�UhLe a�b KNKRQkO J b SiV ��] Y ] e � SLQoVWQ�J ] hfO4� b KRT a�b SUTRK«Y[O TRQmQPSUTRKNQ�Q�h� �
�¿Q�TRTRQuM�T«YrJ Q�QkO�TYrhWT b ��YZTNej�UhLQ\�d¯ ] ORh �%TIVLQ��|Y[e�KNQ�hLS a �fYrS � Q��%QPS\TIV ^ � b � b T b JLejQ�VLh
� K«Y[VLe�QPS\TJ b hLK��Uh ^ e ] S ^ Yre�T��UhLQ ] QkO�%e�Sfe���Y a � b ejORejOP� �¿Q a �fY[S � QP�uQPSUTV ^ � b � b T b JLejQ
QPO TdKNMPY ] eqORM�JfY[K�hLSLQuKNQ a�b SfO TRKNh a TNe b S�V b SUT ] ^ e���Y � Q���YrK«�UhLQ�hfK�QPO TdhfSLQ�ej��Y � Q �5? M�K b
��] ^ Q��%J ] Y a QP�%Q�SUT¡VLQPO���YrK«�\hfQ�hLK«OºQ�T ��] Y�XZY ] Q�hLK���Y<We���Y ] QoYre ]�] Q�hLK«OP� # Q���Y[ON�UhLQ�QkO�T
] ^ ej��Y � Q � KNY\VWe�QPSUTP�

B b � b SfOmORhLK ] Y�� � hfKRQ �i� 416|Y�9 ] Y�ORQ � �uQPSUTNYZTNe b S b[� TNQ�SwhLQ � JfY[K TNe�KdVWQPO��%Y[KN�UhLQPhLK«O
VWQJ ] hfO � b KRTRQ�VW�wSfY[�ueq�UhLQVWQ ] Y'� � hfKRQ �f� � 6_Y�9��"c b hfOmJ b hLX b SfO b\� O QPKRX\Q�K ] Y a�b hfJLhLKNQ
VWQ ] Y � YrSfVWQ%VWh � 
ZTNe��%QPS\TQPS J ] hfORe�QPhLK«OIKRM � e b SfO a�b �u�%Q%e ] Y¬X¬Y[e TIM�TNM�YrSLS b S a M\� # Y
�����%Q M�TNY[JiQ VWQ VWM a eqO e b S+Y[JLJ ] ej�UhLMPQ Y[h� ��Y[KN�UhLQPhLKNO�VWQ ] ^ e���Y � Q �f�53 JLK b VWhLeqO QPSUT
] ^ ej��Y � QORQ � �uQPSUTRM�QVWQ ] Y'� � hfKRQ �f� 4 6 a 9¤�

6|Y�9 ` UTNKNY a TNe b S VWQPO���YrK«�\hfQ�hLK«O��%VW� D
SiYr�%ej�UhLQ\�

6 � 9m¯>�%Y � Q �i� 416|Y�9 a�b VWM�Q�Y¬X[Q a � a�b Q�� D
� a ejQ�SUTNOmVLQ �Lb hfKRejQ�Kk�

6 a 9 ` wTRK«Y a TRe b S VWQkO���Y[KN�UhLQPhLKNOP�%VW� D
SfY[�ueq�UhLQIQ�TmT«Yre ]�] Q[�

6|V 9m¯>�%Y � Q �i� 416 a 9 a�b VWMPQ�Y¬X\Q a � a�b Q�� D
� a ejQ�SUTNOmVLQ �Lb hfKRejQ�Kk�

� e � hLKNQ �f� 4L�ºgwQ � �%Q�SUTNYrTRe b SfO �[���%3[��KRM � e b SfO
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� Y[JLJiQ ]�b SfOK«YrJLeqVWQP�uQPSUT ]_^ Y ]j�[b KRe�TR�L�%Q�VWQ�ORQ � �uQPSUTNYZTNe b S KNQ�TNQ�Swh/Q�T�Y[JLJ ] ej�Uh b SfO D ] Q �
V ^ YrhWTNKRQkO¡e���Y � QPOP�

#º^ M�T«YrJ QVWQ�O ej�%J ] e�� a YZTNe b S�QkO�T�KNMPY ] eqO MPQdJiYrKmhLS � ] TRKNQ�YrKNM b\] Y[e�KNQ[� # QkO � ] TNKRQkOmYrKNM b D
] YrejKRQkO��UhLe¿Y[JLJfY[K TNe�QPSLSLQ�SUT ��] YF�|Yr�%e ]j] Q�VWQkO�� ] TRKNQPO a�b SfSLQ�WQPO��$� hfORe b SLSLQ�SUT ] QkO ?�b SLQPO
J ] YZTNQPO�� a Q��UhLe$�|Yre�TVLe��%ejSUhfQ�K ] Q%S b � � KNQ%VWQ��%ejSLej�%Y�VWQ ] ^ ej��Y � Q � K«Y[VLe�QPS\Tk��n ] hfO ] Y
TNY[e ]j] Q�VWh � ] TNKRQ�QPO T � KNY[SfVWQ��p� b e�SiO ] Q � KNY\VWe�QPSUTuY VLQ��%e�Sfe���YL� # Y�TNY[e ]j] Q�VWh � ] TNKRQ
�UhLQ�S b hfO�Y¬X b SfO a � b ejORe�Q�QkO�T�TNQ ]j] Q �\hfQ�O edS b hfO ]_^ Yrh � �%Q�SUT b SfO%Q�S a�b KNQ�V ^ hfS JLe�WQ ] �
] Q�KRMkO h ] T«YZT�VWh � ] TNKNY � Q�M ] ej�%e�SLQ�hLS�S b � � KNQ�J Q�TRe�TuVLQ��%e�Sfe���Y�VWh � K«Y[VWejQ�SUTP���oYrSfO
] Y�JLK«YZTNej�UhLQ a QuS b � � KNQ�J Q�TRe�T�VWQu�uejSLej��Y�QkO�TVWQ�TRK b eqO%�?JfY[KNY[�'��TRKNQ��LQPhLKNejO TReq�UhLQ��UhLe
V b SLSLQVWQ � b SfOmKNMPORh ] TNYrTNO�J b hLK�VWQkOme���Y � QPO¿TNQPO T�X¬Y[KRejM�QkO��

#º^ Q�wTNKNY a TRe b S�VWQPO��%Y[KN�UhLQPhLK«O¡QPO T�KRMkY ] ejORM�QoQ�S�VWQPh��M�TNYrJ QPOP�ºhLSfQJLKRQP�%e �PKRQORM ] Q a D
TRe b S � JfY[K TNe�K�VWQ ] Y�VL�USiYr�%ej�UhLQ�S b hfO�V b SLSLQ�hfSLQ�ORhLKNORQ � �%Q�SUTNYrTRe b S �UhLe¿S b hiOJiQPK D
�%Q�T�V ^ QPO TRej�%Q�K ] Y�TNY[e ]j] Q�VLQPOmKNM � e b SfO�� · SfQ�S b hfX[Q ]j] QoQkO�TNe���YrTRe b S�VWQ ]_^ ej�uJ b KRTNY[S a QVWQ
a �fY\�\hfQ��%e�Sfe���hL�CQPO T b\� TRQPSwhLQdQPS���h ] TNe�J ] eqYrSUTmORY�VW�wSfYr�%eq�\hfQ�JfY[K¿hLS�J b ejVfO�VLM�J Q�S�D
VLY[S\TuVWQ�ONY�O hLK��|Y a Q[���3X\Q a�a Q�S b hfX[QPY[h a�] Y\ORORQ��%QPS\T�VLQPO��%ejSLej�%Y � hfS O QPhLe ]�] Y � QuQkO�T
YrJfJ ] eq�UhLMVWQ��YrSLe���KNQ � KRQ�TRQ�Sfe�K ] QIS b � � KRQVWQ�%ejSLej�%Y�O b hf�fYre�TRM\�

#º^ � b � b T b JLe�QmVWh � KNY\VWejQ�SUTºQPO T"� b VWe��iM�QmJ b hLK¿SLQ � Y[KNVLQ�Kp�UhLQ ] QPOº�%ejSLej�%Y a � b eqO eqOL�
hLSLQ ] e � SLQVWQJfY[K T«Y � QoVWQkO¡QPY[h��S b hfO � b hLKNSLe�T �fSfY ] QP�uQPSUT ] QPO a�b SUT b hLK«O a �LQ�K a �LMPOP�

B b � b SfO��UhLQ ] �UhLQkO�KNMPORh ] TNYrTNOP��n b hLKIY¬X b e�KdhLSLQuejVWMPQuVLQ ] Y��UhfY ] e�TRM%VWQ ] Y�O Q � �%Q�S�D
TNYrTRe b S S b hfOIY ]�]jb SfOd�fY � e ]j] Q�K ] QkOdKNM � e b SfO�V ^ hLSfQ�TNQ�wTRhfKRQ�� b[� TNQ�SfY[S\TIYrejSfORe�hfSLQ�ej��Y � Q
a�b VWMPQ[�¡��Q�S b � � KRQPhfORQPO�TRQ a �LSLeq�UhLQPOmJ Q�hfX[Q�SUT ��TRKNQhWTRe ] ejORM�QkO ��a QJfK b J b OL�fVLh�O ej�%J ] Q
SLejX[QkYrh VWQ � KNejO�� b �[Q�SG� JiY[ONORY[S\TdJfYrK ] QkOdY[JLJLK b wej��YZTNe b SfO�J b[] �wS b �%eqY ] QPO��[��hfON�Uh ^ Yrh�
VWM a�b �%J b ORe TNe b SfO � KRMk�\hfQ�SUTRejQ ]j] QkOdY[e�SiO ep�UhLQ�VLQPOo�%M�TR� b VLQPOIO�T bWa �fY[O TReq�UhLQPOP�c b TNKRQ b[� D
��Q a TRe ��S ^ M�T«YrSUT�JfY\O�VWQ�VWM�X\Q ]jb JLJ Q�KuVWQ�S b hLX[Q ]�] QPO��%M�TR� b VLQPOuVWQ a�b VfY � Q�VWQ�TRQ%wTRhLKNQ��
S b hfO�hWTRe ] eqORQ�K b SfO a Q ]�] QPO¡�UhLe Q%weqO TRQ�SUT�VWM � � �p�dY[SfO a Q a �fY[JLe TNKRQoS b hfO¡Y ]j]�b SfO�hWTRe ] eqORQ�K ] Y
VWM a�b �%J b ORe TNe b S � KNMP�UhLQPSUTRejQ ]j] Q�VWQ �fb hLKNe�QPKP� # Q a�b SUTRQPSwh VWQkOIKRM � e b SfOoQkO�T�K«Yr�%Q�SfM%Y[h
V b �%Y[e�SfQ � KNMP�UhLQPS\TNe�Q ] Q�TmVLYrSfO a QoV b ��YrejSLQ ] QPO N � KRMk�\hfQ�S a QPO¡VWQoJ ] hiO � K«YrSfVWQoYr�%J ] e�D
TRhiVWQoO b SUT a � b eqORe�QkO�� � JiYrKRTRejK�VWQ a QkO N � KRMk�UhLQ�S a Q�S b hfO b[� TNQ�S b SfO%�wJfY[K"TNKNY[SfO � b KN�uMPQ
ejSUX\Q�K«O QIVWQ �fb hLKNe�QPK¡hLSLQ�YrJfJLK b Wej��YZTRe b S�VWh�O e � SiY ] �u]_^ e�SUTNM�KNe�QPhLK�VWQ ] Y�KNM � e b S �

# Q a�b@? T VLQ a�b VfY � Q�V ^ hLS a�b Q	� a ejQ�SUT�VLQ �fb hLKNejQ�K�e�S a�] hLT ] Q a�b VLY � Q¿VWQ ] Y � KNMP�UhLQ�S a Q��
] ^ Y[�uJ ] e�TRhfVLQ Q�T ] Y JL�fY[ORQ VWQ ] Y KNY[e�Q � KNMP�UhLQPSUTRejQ ]j] Q a � b eqO ejQ[� # QPO a�b Q	� a ejQ�SUTNO�O b SUT
�UhfYrSUTNe��fMkO�Q�T�hLS a�b VWQ�hLKuQ�SUTNK b JLej�UhLQ�M ] ej�%e�SfQ ] Y�KNQPV b SfVLYrS a Q��UhLe�J b hLKRK«Yre�T�Q%weqO TRQ�K
Q�SUTNKRQIQ�h=?� # Q a�b ? T �fSfY ] V ^ hLS a�b Q � a ejQ�SUT�QPO T�Y ]jb K«O�V ^ QPSUXwejK b S � 6�� e T«O��

# Q a�b VLY � Q¿VLQ ] Y�ORQ � �uQPSUTNYZTNe b S �f� 4�6_Y�9 � JfY[K TNe�K VWQkO�� a�b Q	� a e�QPS\T«O VLQ¿J ] hfO � K«YrSiVWQ
Yr�%J ] e�TRhfVWQdVLYrSfO ] Q�V b ��YrejSLQ�� KRMk�UhLQ�SUTRejQ ] YrJLJiYrK«Y:;qTpORhLK ] Y8� � hLKRQ �i� 4�6 � 9¤� # YIKNQ ] YZTNe b S
ORe � SfY ] O hfK � KNhLe�T%VLQ a Q�T TNQ�ej��Y � Q�QPO TuVLQ �\��� H ��V  � # Q������%Q a�b VLY � Q�VWQ�TRQ%UTNhLKNQ
YrJfJ ] eq�UhLM ��] Y%O Q � �%Q�SUT«YZTRe b S��i� 4 6 a 9¿V b SLSLQ ] Y3� � hLKNQ �f� 4 6|V19"V b SUT ] Y%�UhfY ] e TNMdQkO�T�VWQ
� � � � 3�V  �

# Q�TNY[h�/VLQ a�b �%JLKNQPONO e b S/QPO T ] Q�K«YrJfJ b K T�QPSUTRKNQ ] Q�S b � � KNQ�VWQ � e T«O%VWQ ] ^ ej��Y � Q
b KNe � ejSfY ] Q%Q�T ] Q a�b@? T�VWh a�b VLY � Q[� # Q�S b � � KNQ�VWQ � e�TNO�VWQ ] ^ ej��Y � Q b KRe � ejSfY ] Q%QPO T�VWQ
176× 144× 8 = 202752 bits 6 TNYre ]j] Q�VWQ ] ^ e���Y � QIQ�S�JLe wQ ] O¡JiYrKmS b � � KNQVWQ � e�TNOmJfY[K
JLe WQ ] 9¤� # Q a�b ? T�VLh a�b VfY � Q a�b �%JLKRQPSfV ] Q a�b@? T�VWQPO a�b SUT b hfKNO�J ] hfO ] Q a�b ? T�VWQ ] Y
TRQ%wTRhLKNQ[� # QkO a�b SUT b hLKNOmO b SUT a�b VWMPO�Y¬X\Q a hLS�Y ]��\b KNe TN�L�%Q�VWQ a �fY[e�S a�b VWQ  � � � �[� � �J3��
�UhLeUhWTRe ] eqORQ � � H � e T«O3J b hfK a�b VLQ�K�hLS�J b ejSUT�VWQ a�b S\T b hLK Q�T ] Y�TRQ%UTNhLKNQ¿Y¬X[Q a � a�b Q	� a ejQ�SUTNO
VWQ �fb hLKNe�QPK¡JfYrKmKNM � e b S �

# Y�O Q � �%Q�SUTNYrTRe b S �i� 416|Y�9 a�b �%J b KRTRQ H � 3[��J b e�SUT«O VWQ a�b S\T b hLK 6 n � �d� 93Q�T 3r�¡KNM � e b SfOP�
g b S a�b ? T�QkO�T�Y ]jb K«O¡VWQ[�



�9� � 
 � ���" �� � � �7���C�F��%�# ������� �	����� � � � H �

cot = 3175 P.C.×1.3
bits

P.C.
+75régions×5

coefficient

région
×20

bits

coefficient
= 11627bits.

�¿Q��UhLeC�|Yre�T�hLS�TNY[h��VWQ a�b �%JLKNQPONO e b S�VWQ

compression =
202752 bits

11627 bits
= 17.43

# QI�����%Q a Y ]qa h ] J b hLK ] ^ e���Y � Q �f� 4 6|V19¿V b SLSLQ\�

cot = 3710P.C.×1.3
bits

P.C.
+75régions×5

coefficient

région
×20

bits

coefficient
= 12323bits

compression =
202752 bits

12323 bits
= 16.45

gwhLK ] Y3� � hLKNQ �i� � S b hfO�Y¬X b SfO ] QoKRMkO h ] T«YZT�VLQ ] ^ YrJLJ ] e a YZTNe b S�VWh��'�P�%QIY ]��\b KNe TN�L�%Q
ORM ] Q a TNe b SLSfY[S\T ] QPO �;6J6 KNM � e b SfO ] QkOIJ ] hfOIXwejORe �f] QkO�� # QuTNY[h� VWQ a�b �%JLKNQPONO e b S b[� TNQ�Swh
QPO T�VWQ � �L� ��Q�T ] Y��UhfY ] e�TRMVWQ � � � � V  �

# Y�� � hLKRQ �f� �;6 � b SUTRKNQ ] Y%O Q � �%Q�SUT«YZTRe b S�VWQ ]_^ e���Y � Q �f� �;6 6|Y�9"Y¬X[Q a VWQPh��SLejX[QkYrh�
VWQKNMPO b[] hWTRe b S 6 � � � �i� �!6 6 � 9ºQ�T � � � �i� �!6 6_V 9 9�� # Q a�b VLY � QIVWQ ] Y%ORQ � �uQPSUTNYZTNe b S<�i� �!6 6 � 9
QPO TmJLKNMPORQ�SUTRMIVLYrSiO ] Y � � hLKRQ �f� �;6 6 a 9¤� # QoTNY[h��VWQ a�b �%JLKNQPONO e b S b\� TRQPSwh�QkO�T�VWQ �P� � 4#3
Q�T ] Y��UhfY ] e�TRM%VWQ � � � 6 ��V  � # Q a�b VLY � Q%VWQ ] Y�O Q � �%Q�SUTNYrTRe b S �i� �!6 6_V 9�QkO�TORhLK ] Y � � D
hLKNQ �f� �;6 6|Q,9�V b S\T ] Y%�\hiY ] e TNMQPO TmVLQ �J3w��� �%V  Q�T ] Y a�b �%JLKNQPONO e b S�VWQ � H � � �

# Y �����%Q JLK bWa MkVWhLKNQ Y M�TRM/YrJLJ ] eq�UhLM�Q � ] ^ ej��Y � Q VWQ ] Y � � hLKNQE�i� �\� 6_Y�9 ��S b hfO
J Q�KN�uQ�T T«YrSUTIV ^ b\� TRQPSLe�K ] QPOIO Q � �%Q�SUT«YZTRe b SiO �f� �[� 6 � 9�Q�T �f� �[� 6|V 9�V b SUT ] QkOo�UhfY ] e�TRMkO�KNQ�D
ORJiQ a TRejX[QkO¡O b S\T¡VWQ H �L� �J�V  Q�T H�H � � � V  Q�T ] QkO"T«Yrh��VLQ a�b �%JLKNQPONO e b S�VLQ H �f� H Q�T¡VWQ
� �i� �L�
� e�SiY ] Q��%Q�SUTmS b hiOmY¬X b SiO b\� TRQPSwh�VWQPh��ORQ � �%Q�SUTNYrTRe b SfO¡VWQ ] Y � � hLKNQ �f� � � 6|Y�9¿Y¬X[Q a

�;6 6 � � �,�f� � �=6 � 9 9�Q�T �P� KRM � e b SfO 6 � � �,�f� � � 6|V 9�9¤� # QkO��UhfY ] e�TRMkOuKRQkO J Q a TRejX[QPOuO b SUTuVWQ
� � � ��4�V  Q�T � � � �[� V  Q�T ] QPOmTNYrh=�VWQ a�b �%JLKRQkORORe b SfO�VWQ � 4 6 Q�T�VWQ � H �W�

# Y%�UhfY ] e�TRM�VWQ a QPOmej��Y � QPO a�b VWMPQPO¡J Q�hWT/��TRKNQ�Yr�%M ] e b KNM�QIORY[SfO�Y[h � �%Q�SUTNQ�K ] Q a�b ? T
VWQ a�b VLY � Q��\Y[h�JLKNe��V ^ hLSLQ a �fY[K � Q�VWQ a Y ]qa h ] hLS�JiQPh�J ] hfO � K«YrSfVWQ\� � ^ Y �ib KNV�� ] Q�S b � D
� KNQ�VWQ a�b Q � a e�QPSUTNO¡hWTNe ] ejORMPO�J b hLK a�b VWQPKmhLSLQKNM � e b S�J Q�hWT ��TRKNQ�Y[VLY[JWTRM �%] Y�TNYre ]j] Q�VWQ
] Y�KRM � e b S�Q�T ��] Y a�b �%J ] Q%We TNM�VWQ�O b S a�b SUTRQPSwh ��npYrK�Y[e ]j] Q�hLK«O%� S b hfOmTNKNY¬XZYre ]j]�b SfO�Y¬X[Q a
VWQkOpKRM � e b SfOpVLQ�� b KN�uQ��UhLQ ]ja�b Sf�UhLQ��ZTNY[SfVWeqO"�UhLQ ] YoTRK«YrSfO � b KN�%M�Q¡VWQ �fb hLKNe�QPK ] Q��|Y[e T�O hLK
VWQkO � QPS=��TNKRQkO�KNQ a T«YrS � h ] YrejKRQkO�� # QuO J Q a TRKNQ�V ^ hLSLQ�KRM � e b S�VWQ�� b KN�uQ��\hfQ ]qa�b Si�\hfQ a�b � D
JLKNQ�SfV ]_^ e�S=� b KN�%YrTRe b S�JLK b JfKRQ�Y[h�� b TRe �ºejS\TNM�KNe�QPhLK,�i��YreqO�Y[hfONO e a Q ]j] Q�VWhLQuYrh a�b SUT b hLKk�
#º^ ej� � KNe a YZTNe b S/VLQ a QkO�VWQPh�/e�S�� b KR��YrTRe b SfOejSUTRK b VWhLe�T�hLSLQ�VWejORJ Q�K«O e b S ORJiQ a TNKNY ] Q��UhLe
ejS\TNQ�K«VWe�ToT b hWTNQ�O M ] Q a TNe b S Q	� a Y a Q�VWQkO8� KRMk�UhLQ�S a QPOP� #"^ Q%wTRK«YrJ b[] YZTRe b S VWh a�b SUTNQ�Swh VWQ
] YKRM � e b S�VLY[SfOphLSLQ � Q�S=��TRKNQ�KNQ a T«YrS � h ] YrejKRQmVWM a�b SwX b[] hLQ ]_^ e�S=� b KN�%YrTRe b S�VWQ ] Y � b KR�%Q�VWQ
a Q ]�] Q%VWQ�O b S a�b SUTRQPSwh Q�ToJiQPKR�%Q�TIVWQu�%e�QPh� a � b ejORe�K ] QkO a�b �%J b ONYrSUTRQkO � KNMP�UhLQPS\TNe�Q ]�] QPO
VWh ORe � SfY ] � c b hfOuY¬X b SfOhWTNe ] eqO M�hLSLQ�TNQ a �LSfej�UhLQ�V ^ Q%wTRK«YrJ b[] YZTRe b S TNK��kO�ORe��%J ] Q �º�UhLe
a�b SfORejO TRQ � KRMPJiM�TRQ�KoO JiYZTReqY ] Q��%QPS\T ] Q�ORe � SfY ] VWQ ] Y�KNM � e b S���hiOR�Uh ^ � KNQ��%J ] e�K ] Y�� QPS=��TNKRQ
KNQ a T«YrS � h ] YrejKRQ\��� ^ Y[hWTRKNQPO�TRQ a �LSLeq�\hfQPO�V ^ Q%UTNKNY[J b\] YrTRe b S�J ] hfOoO b JL�LeqO�TNej�UhLMPQPO  � 6 � J Q�h�D
X[QPSUT ��TNKRQdhWTRe ] ejORM�QkO%� a�b �%�uQ a Q ]�] Q�JLKNMPORQ�SUTNM�Q�VLY[SfO  �!6 � �4�¿Q a e S b hfO¿J Q�KN�uQ�T¡VLQ��%e�QPh�
a � b ejORe�K ] QPOoKNY[e�QkO�ORJiQ a TNKNY ] QkOdV ^ hLSLQ%KNM � e b S�Q�TJfYrK a�b SfORMP�UhLQ�SUTIV ^ b\� TRQPSLejKohfSLQ�ej��Y � Q
a�b VWMPQ�VWQ��%Q�e ]j] QPhLKRQ��UhfY ] e�TRM\� ¯ ]�] hfO TRK b SfO ] Y�VWe ! MPKRQPS a Q�VLQ��UhfY ] e TNM�VWQPO¿VWQ�h=��%M�TN� b VWQPO
VWQ a�b VfY � QmVWQ¡TNQ�wTRhfKRQ\� gwhfK ] Y8� � hLKNQ �i� � H S b hfOpY¬X b SfO ] QPOpej��Y � QPO a�b VWMPQPO � JfY[K TNe�KºVWQ
] Y�ORQ � �%QPS\T«YZTNe b S�VWQ ] Y � � hLKNQ �f� �;6 6 � 9�� #"^ ej��Y � Q �f� � H 6|Y�9mhWTRe ] eqORQ�hLSLQuQ�wTNKNY[J b\] YrTRe b S



�9������
 ���� ��# � ��� 
 � ���� ���	����� H �

ORe��%J ] Q 6|JfYrK¿KRMPJiM�TRe�TRe b S19pTNYrSiVWejO��UhLQ ] ^ ej��Y � Q �f� � H 6 � 9 hLTRe ] eqO Q ]_^ Q�wTNKNY[J b\] YrTRe b S�VWQ  � 6 � �
� X[Q aI] Q������%Q a�b ? T�VLQ a�b VLY � QIS b hiO�O b �%�%QPOmJfY\ORORMPOmV ^ hLSfQ��UhfY ] e TNM�VWQ � � � 6 �uV  �
� � ��3 � V  �

6|Y�9 �!6�6 KRM � e b SfO 6 � 9m¯>�%Y � Q �i� � 6|Y�9 a�b VWM�Q�Y¬X[Q a � a�b Q�� D
� a ejQ�SUTNOmVLQ �Lb hfKRejQ�Kk�

� e � hLKNQ �i� � �ºgwQ � �uQPSUTNYZTNe b SfO �r�

�=��� ��%'� 
 � � !0&>/	& %'4)(*� �-;=9*+-��.
# Y ] e � SLQ�VLQ�JfY[K T«Y � Q�VWQkO�QkYrh� Y[JLJ ] ej�UhLMPQ � ] Y ORQ � �uQPSUTNYZTNe b S a�b SfORejO TRQ � ejS b SfVWQ�K
] Q�KRQ ] ejQ��VWh � KNY\VWe�QPSUT � JiYrKRTRejK�VWQ�ORQPO��%ejSLe���Yf� # Y ?�b SfQ��\hfQ a �fY[�UhLQ��%ejSLe���hL�
ejS b SfVLQ a�b SiO�TNe TNhLQ�ORY ?Pb SLQV ^ ejS �fhLQPS a Q�� a Q��UhLe3KRQPJLKRMkO QPSUTRQIhLSLQKNM � e b S�QPS�TRQ�KN�%QPOmVWQ
ORQ � �%QPS\T«YZTNe b S �
npYrK a�b SfO TRKNh a TNe b S�T b hWTRQIKNM � e b S��UhLe SLQ a�b SUTRejQ�SUT�JiY[O�hLS��%e�SLej��hf�DVWh � K«Y[VWejQ�SUT,�

a�b �%�uQIJfY[KmQ�WQ��%J ] QIhLS�VWM�T«Yre ] �fS��fVLejORJfYrK«Y:;qT�VWQ ] Y%ORQ � �uQPSUTNYZTNe b S �4� ^ QkO�TmJ b hLK«�Uh b e
] ^ ej��Y � Q�O Q � �%Q�SUTRMPQ�QPO ToVLM�J b hLKNXwhLQ�VWQuVWM�T«Yre ] O �fSfO a Q��UhLe�JLK b VLhLe TohLSLQ�e��%J b KRTNYrSUTNQ
J Q�KRTRQ�VWQ�UhfY ] e�TRMXwejORhLQ ]�] Q[�
c b hfOIY¬X b SfO�QkORONY¬�[MuVWQ%KRMkO b hfVWKNQ a QuJfK b\�L] �P�%QuVWQ�VWQPh�F�|Y\½ b SiO%� e ]�] hfO TRKNM�QkOVLYrSfO

] QPO¡JfY[KNY � K«YrJL�LQkO¿ORhLejXZYrSUTNOP�

� -���-/. : ��6 � � �  ? =�E9;/D/D/8�=�=�? ��� � � D 2 ; � ? ���
# YIJfKRQP�ue���KNQ�O b[] hWTRe b S a�b SfORejO TRQ � M ] Y[K � e�K ] ^ ej��Y � Q�VfYrSfO ] Q�ORQ�SfO"O JfYrTReqY ] �\VWQ�TRQ ]j] Q�O b K TNQ
�Uh ^ hLS JLe WQ ] VWQ ]_^ e���Y � Q�VLQ�VWMPJfYrKRTuO b e�T%KRQPJLKRMkO QPSUTRM�JfY[Ku�UhfYrTRKNQ�JLe WQ ] O�VLQ ] ^ ej��Y � Q
V ^ YrKNKRejX[MPQ[����Q a Q�TRTRQ��|Y\½ b S�� b S � M�S ��KNQ ]_^ QPORJfY a QSLM a QPONORY[e�KNQJ b hLK�J ] Y a Q�K�hLS a�b SUT b hfK
Q�SUTNKRQ�VWQPh��KNM � e b SfO �fSLQkO�����ejSfO e � ] QPO�VWM�T«Yre ] O��iSfO�O b SUT�XwhfO � hLSLQ�M a �LQ ]j] Q�Y a�a QPONO e �L] Q
J b hLK ] Q � K«Y[VLe�QPS\T,� a Q��UhLe KNMPO b hWT ] Q�JLK b\�L] ���%Q�VWQuKNMPO b[] hWTRe b S � ` S M a �fY[S � Q�� ] ^ ej��Y � Q
ORQ�K«Y��UhfYrTRKNQ�� b eqO�J ] hfO � K«YrSfVWQ��3JfY[K a�b SfORMP�UhLQ�SUT ] Q�TRQP�uJiO�VWQ a Y ]qa h ] Q�T ] QPO � QkO b e�SfO
VWQ��%MP� b e�KNQ�ORQ�K b SUT�YrhfONO e���h ] TRejJ ] e�MkO�JfY[K��UhfYZTNKRQ\� # Q ] Q a TRQPhLK�J Q�hWT�TRK b hLX\Q�K�hLSLQ
VWQkO a KRejJWTRe b S�J ] hfO a�b �%J ] ��TRQVLY[SfO  � H �%� � �´�
� -���->, � � ��� =�;�����?���� ��� 6	� : 8�D ��E9;!8�=
# Y VWQ�h=we����%Q�O b\] hLTRe b S a�b SfOReqO�TNQ � TNKNY¬XZY[e ]j] QPK � VWQ�h= SLe�X\QPY[h� VWQ�KNMPO b[] hWTNe b S � # QPO
VWM�TNYre ] O �fSfO�V ^ hLSLQej��Y � QIO b SUT�� ] TRKNMPOmV b SLSfY[S\T�Y[e�SfORe ] e�QPh � VWQPh��ej��Y � QPOP�

• hLSLQmej�%Y � Q�VWMPJ b hLKNXUhfQ�VWQ�VWM�TNYre ] O �fSfO��U�UhLefJiQPhWT ��TRKNQ¡TRK«Yre�TRM�Q�Y¬X\Q a�] Q � K«Y[VWejQ�SUTk�
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 ���� ��# � ��� 
 � ���� ���	����� H 3

6_Y�9�¯>��Y � Q b KNe � e�SfY ] Q

6 � 9 3r��KNM � e b SiO 6 a 9�¯>�%Y � Q$�f� �;6 6 � 9 a�b VWM�Q�Y¬X[Q a � a�b D
Q	� a ejQ�SUTNO�VWQ �Lb hfKRejQ�Kk�

6_V 9 �;6J6 KNM � e b SfO 6 Q:9�¯>�%Y � Q �i� �!6 6 a 9 a�b VLM�Q�Y¬X\Q a � a�b D
Q	� a ejQ�SUTNO�VWQ �Lb hfKRejQ�Kk�

� e � hLKRQ �i� �!6 �ºgwQ � �%Q�SUTNYrTRe b SfO �r�



�9������
 ���� ��# � ��� 
 � ���� ���	����� H 4

6_Y�9�¯>��Y � Q b KNe � e�SfY ] Q

6 � 9 H ��KNM � e b SiO 6 a 9�¯>�%Y � Q$�f� �[� 6 � 9 a�b VWM�Q�Y¬X[Q a � a�b D
Q	� a ejQ�SUTNO�VWQ �Lb hfKRejQ�Kk�

6_V 9m� 6 KNM � e b SiO 6 Q:9�¯>�%Y � Q �i� �\� 6 a 9 a�b VLM�Q�Y¬X\Q a � a�b D
Q	� a ejQ�SUTNO�VWQ �Lb hfKRejQ�Kk�
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6 � 9 �;6 KNM � e b SiO 6 a 9�¯>�%Y � Q �i� � �=6|Y 9 a�b VWMPQ�Y¬X[Q a � a�b D
Q	� a ejQ�SUTNO�VWQ �Lb hfKRejQ�Kk�

6_V 9 �P� KNM � e b SiO 6 Q:9�¯>�%Y � Q �i� � �=6 a 9 a�b VLM�Q�Y¬X\Q a � a�b D
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6|Y�9�¯>��Y � Q a�b VWMPQ hLTRe ] eqORY[SUT/hfSLQ Q� D
TNKNY[J b\] YrTRe b S�O ej�%J ] Q56|KRMPJiM�TRe�TRe b S19

6 � 9m¯>�%Y � Q a�b VWMPQ hWTRe ] eqONYrSUT�hLSLQ Q� D
TRK«YrJ b[] YZTRe b S�J ] hfO�O b JL�LeqO TReq�\hfM�Q

� e � hLKRQ �i� � H �ºgwQ � �%Q�SUTNYrTRe b SfO �r�

• hLSLQIe���Y � QoKRMkO eqVWh b[� TNQ�SwhLQIJfYrK�VLe ! M�KNQ�S a QIQ�SUTRKNQ ] ^ e���Y � Q b KNe � e�SfY ] QoQ�T ] ^ ej��Y � Q� ] TNKRMPQ[� �¿Q�TRTRQ�ej��Y � Q a�b �%J b KRTRQ ] QPO�VWM�TNY[e ] O �fSiOmQ�T�SfQ�JiQPhWTdJiY[O ��TRKNQ�O Q � �%Q�S�D
TRM�Q ��]_^ YreqVWQ�V ^ hLSLQ�e���Y � Q � K«Y[VWejQ�SUTk� `º]j] Q�QPO T�TNKNY[e TNM�Q�Q�S�hLTRe ] eqORY[SUT ] QkO�� ] TRKNQPO
JiQPK a Q�JWTNe��|O  H�H �´�

B b � b SfO ] Q � ] TNKRQohWTRe ] ejORMdJ b hfK�VWM a�b �uJ b ORQ�K ]_^ ej�%Y � Q\��¯ ] O ^ Y � e�T�VWh � ] TNKRQ �[b �%�uQ�T TNQ
JLKNMPORQ�SUTRMVLY[SfO  H � �´� # YuJ ] hLJfY[K T�VWQkO � ] TRKNQPO¡� b KNJL� b\]�b\� eq�\hfQPO¡O b SUT � Y[ORMPOmORhLK ] QkO b h�D
X[QPK TNhLKNQPOºQ�T � QPKR�%Q�TRhLKNQPOP� ¯ ] O¿Q�S ] ��X\Q�SUT ] QPO¡O TRKNh a TNhLKNQPO�VWQ�T«Yre ]�] QdejS�� MPKRejQ�hLKNQ ��]_^ M ] M��%QPS\T
O TRKNh a TNhLKNY[SUT�� �%Y[ejO�Q�S �'�P�%Q�TRQP�%JfO�e ] O�� b VWe �fQ�SUT ] QPO a�b SUT b hfKNOdVWQPO � K«YrSfVLQPO�O TRKNh a D
TRhfKRQkO�� B b � b SfO"ORhLK ] Y3� � hfKRQ �f� � �16 � 9 ] Q�KNMPORh ] TNYrT�VWQ ]_^ YrJfJ ] e a YrTRe b S�V ^ hLS � ] TRKNQdY ] TRQPKRSfM
ORMP�UhLQ�SUTNe�Q ] VWQ�TNYre ]j] Q � �]_^ ej�%Y � Q�VLQ ] Y�� � hLKNQ �i� � �16|Y 9¤� c b hfO b\� O QPKRX b SfO JiYrKºQ%wQP�%J ] Q
O b hfO ] Q�XUeqONY � Q�� ] Q a �fY[S � QP�%Q�SUTdVWQ�� b KN�uQ�V ^ hfS b[� ��Q�To�UhLe KRMkO eqO TRQ�Y[h7� ] TRK«Y � Q\��n b hLK
M�Xwe�TRQPK ] Y�VWM�� b KR��YrTRe b S VLQPO b[� ��Q�TNOI�UhLepKNMPORejO TRQPSUTIY[h � ] TRK«Y � Q�S b hfOIJ b hLX b SfOohWTNe ] ejORQ�K
] QPO b hfX[Q�KRTRhfKRQkO�Q�T'� QPKR�%Q�TRhLKNQPOuJfY[KuKNQ a�b SfO TRKNh a TRe b S � B b � b SfOuORhLK ] Y � � hLKRQ9�f� � � 6 a 9
] ^ Q ! Q�T�VWh � ] TNKNY � QIJfY[KmKRQ a�b SiO�TNKRh a TRe b S � # QPO a�b SUT b hfKNO¡VWQkO � K«YrSfVLQPO¡O�TNKRh a TRhfKRQkO¡S ^ b SUT
JfY\O¿M�TRM� b VWe �fMPO¡��YreqO�S b hiO b[� ORQ�KNX b SfO"�UhLQ a QPK T«YrejSfO¡VWM�T«Yre ] O �iSfO�6 JfY[KmQ�WQ��%J ] Q�� ] QPO
VWM�TNYre ] OdORhLK ] Y a Yr�%MPKNY 9 b SUTdM�TRMuKRQ a�b SfO�TNKRhfe T«O a�b �%�uQ�hLSLQuQ�wTRQPSfORe b S VWh�XweqORY � Q��UhLe
KNMPORejO TRQYrh � ] TRK«Y � Q[�

6|Y 9�¯>��Y � Q�¾dKNe � e�SfY ] Q 6 � 9 � e ] TRKNQIY ] TRQ�KNSLMoO Mk�\hfQ�S�D
TRejQ ] VWQoTNYre ]j] Q �

6 a 9 � e ] TNKRQIY ] TRQPKRSfMdORMP�UhLQ�S=D
TNe�Q ] JfY[K�KRQ a�b SiO�TNKRh a D
TNe b S�VWQoTNYre ]j] Q �

� e � hLKNQ �i� � �f� � e ] TRKNQ�Y ] TRQPKRSLMORMP�UhLQPS\TNe�Q ] Q�T � ] TRKNQY ] TRQPKRSLMORMP�UhLQPS\TNe�Q ] JfYrKmKNQ a�b SfO TRKNh a D
TRe b S
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B b � b SfO�ORhLK ] Y � � hLKRQ �f� � � ] QuJLKNe�S a e�J Q%VWh � ] TNKRQ �[b �u�%Q�T TRQ�� V b SUT ]_^ b[� ��Q a TNe��"QkO�T
V ^ M ] e��%ejSLQ�K ] QkO�VWM�TNY[e ] O �fSiO�ONYrSfO�� b VWe �fQPK ] QPO a�b SUT b hLKNO�VWQPO � K«YrSfVWQkO�O TRKNh a TNhLKRQkO�� # Q
� ] TRKNQ �\b �%�%Q�T TNQ¿hLTRe ] eqO Q ] Q¿T b J�D´�fYZT�Q�T ] Q"T b J=D �fYrT JfY[K KNQ a�b SfO TRKNh a TRe b SJ b hLK VWeqO�TNe�S � hLQ�K
a Q��\hfe¿QkO�TuhLSLQ�Q%UTNQ�SfORe b S V ^ hLS b\� ��Q�T 6 � SLQ�JfY[O3� ] TRKNQ�K 9 �pVWQ a Q��UhLe�QPO T�hLS VWM�TNY[e ]
ORhLJiQPKRJ b ORM[�

# YuJLK bWa MkVWhLKNQoVWh � ] TRKNQ �[b �u�%Q�T TRQQkO�T�VWM a KNe TNQe a e_�

• � b SfO TRKNh a TNe b S�VWh ª b J�D>®�YrT36 KNMPORejVWh�V ^ hLSLQ b hLX[QPK TNhLKRQ b h � QPKR�%Q�TNhLKNQ,9¤� THn

• � b SfO TRKNh a TNe b S VLh ª b J�D´®dYZT�JfY[K�KNQ a�b SfO TRKNh a TNe b S 6|KRMkO eqVWh V ^ hLSLQ b hLX[QPK TNhLKNQ b h
� Q�KN�uQ�TRhLKNQIJfYrKmKNQ a�b SfO TRKNh a TRe b S19�� THrec

n
�

•
· S0O QPhLe ]j] Y � Q VWh ª b J�D´®dYZT�JfYrK�KNQ a�b SfO TRKNh a TNe b S+��YrK«�UhLQ ] QPO�VWM�TNY[e ] O � ORhLJ�D
JLKRej�%Q�Kk�

•
# Y�KRQ a�b SfO�TNKRh a TRe b SIVWh ª b J�D>®�YrT � JfYrKRTRejK VWQkO ��YrK«�\hfQ�hLK«O?S b hiO V b SfSLQ ]_^ Q�SiO QP� �L] Q
VWQPOmVWM�TNY[e ] O a�b �uJ ] Q�TNO � ORhLJLJLKNe��%QPKP�

•
# QIKRMkO h ] T«YZT�VWQPO b JiMPKNYrTRe b SfO¡JfKRM a MPVLQ�SUTRQkO¿QkO�T�O b hiO�TNKNY[e T �u]_^ e���Y � Q b KNe � e�SiY ] Q[�

# Y � b KR��h ] QVWh � ] TRKNQQPO T�V b S ad] Y%O hfe�XZYrSUTNQ[�

gommette = X − Rec{THn × Seuil(THrec
n ), THn}

B b � b SfO�hLS!Q�WQ��%J ] Q VLQ a�b �%J b K TNQ��%Q�SUT�VLQ a QF� ] TRKNQ[�Cg b e�T ] Y � � hLKNQE�i� � �=6|Y 9
] ^ ej��Y � Q�VWQ�VWMPJfYrKRTP� `º]j] Q a�b SUTNe�QPS\ThLS b\� ��Q�T�VWQ � KNY[SfVWQ�TNYre ]j] Q�Y¬X[Q a hfS b\� ��Q�TJ Q�TNe T
ORhLJiQPKRJ b ORM[� #º^ b hLX\Q�KRTRhLKNQ�VLQ a Q�TRTRQ%e���Y � Q 6 � � �0�i� � �=6 ��9 9dM ] ej�uejSLQ ] ^ b\� ��Q�T�ORhLJiQPKRJ b ORM��
��YreqO�� b VWe �fQYrhiORORe ] Y � b KN�%QoVLh � KNY[SfV b\� ��Q�Tk� # Y � � hLKNQ �f� � �=6 � 9"V b SLSfQ ] QoT b J�D �iYZTP�
gwe¡S b hfO b\� ORQ�KNX b SiO ]_^ b hfX[Q�KRTRhfKRQ�JiYrKuKRQ a�b SiO�TNKRh a TRe b S 6 � � �,�f� � � 6 a 9 9 �pS b hfO�KRMkY ] ejO b SiO
�UhLQ ] Q%VWM�T«Yre ] ORhLJ Q�KNJ b O M�Y�M�TRM�KNQ a�b SfO TRKNhLe�ToY¬X\Q a] Q�SLejX[QkYrh VLQ � KReqO�VWh � K«YrSfV b[� ��Q�T
�UhLe�KRMkO eqO�TNQ�Yrh � ] TNKNY � Q\� �dQ a Q �|Yre�T�� ] Q�T b J�D´�fYZTuJfYrK�KRQ a�b SfO�TNKRh a TRe b SG�i� � �=6_V 9Y�hfS
SLejX[QkYrh VWQ � KReqO��UhLe a�b KRKNQPORJ b SfV ��] Y VWe ! M�KNQ�S a Q�VWQ�SLejX[QPY[h VWQ � KReqOQ�SUTNKRQ ] Q�VWM�TNY[e ]
Q�T ] Q � K«YrSfV b[� ��Q�TP� Á hiYrSfV a Q�SLejX[QPY[h�VWQ � KNeqO�QPO T�ORh ��ORY[�%�uQPSUT3� b KRT�� b S a�b S a�] hWT
�UhLQ ] Y�O�TNKRh a TRhfKRQ�S ^ Y[JLJfY[K TNe�QPS\ToJfY[O ��]_^ b[� ��Q�TP��� ]�b KNO��?hLS ORQ�hLe ]j] Y � Q�VLh T b J�D´�fYZToJfYrK
KNQ a�b SfO TRKNh a TNe b S �f� � � 6 Q:93��Y[KN�UhLQ ] QPOºVWM�TNY[e ] Oº�UhLefV b e�X\Q�SUT ��TNKRQ � ] TRKNMPOP� n b hLKºKNM a hfJiMPKRQPK
] Y �[]jb[� Y ] e�TRMºVWh�VLM�TNY[e ] �UhLe\V b e T���TRKNQºQ�S ] QPX[M�� ] QPO ��YrK«�UhLQ�hfKNO b\� TRQPSUhiO3O b SUT KRQ a�b SfO�TNKRhfe T«O
�m] ^ ejSUTRMPKRejQ�hLK VWhIT b J�D �iYZT 6|X b ejK)� � �f� � �=6|�19 9�� # Q"KRMkO h ] TNYrT VWh � ] TRKNQ �\b �%�%Q�T TNQ"YrJfJfYrK«Y:;qT
ORhLK ] Y � � hLKNQ �i� � �=6 � 9¤�
¯ ]j] hfO TRK b SiO a Q�T TRQ JLK bwa MPVWhfKRQ Y¬X\Q a hLS:Q�WQ��%J ] Q[� n"KRQPS b SfO ]_^ ej�%Y � Q VLQ ] Y � � D

hLKNQE�i� �k� 6|Y 9uQ�T�VWM a�b �%J b O b SfO D ] Y/Q�S VLQ�h� ej�%Y � QkO��/hLSLQ e���Y � Q VLY[SfO ] Y[�UhLQ ]�] Q ] QPO
VWM�TNYre ] O b SUTM�TRM �\b �%�%MPO �f� �P� 6 � 9�Q�T�hfSLQ�e���Y � QuKRMkO eqVWh �f� �P� 6_V 9¤� # QkOVWQ�h= e���Y � QPO
ORhLe�X\Q�SUT�VWQPOTRK«Yre�TRQ��%QPS\T«O�VWe ! MPKRQPSUTNOP� ]_^ e���Y � Q'� ] TRKNM�Q�QPO T�ORQ � �%QPS\TNM�Q�Y¬X[Q au] Y�JLK bWa M�D
VWhLKNQ�JfKRMkO QPS\TNM�Q�JLKRM a MkVWQ��%�%Q�SUTP� # Q�KRMkO h ] T«YZT b\� TRQPSwh QPO ToORhLK ] Y5� � hfKRQ �f� �P� 6 a 9�� # Q
KNMPORejVWh�QkO�T � ] TRKNM�JfYrK�hLS � ] TRKNQ�J Q�K a QPJWTRe �  H � �´� # QkO�VWM�TNY[e ] O�XweqO e �L] QPO�O b S\T a Q�h=/�UhLe
b SUTohLSF� b K T a�b S\TNKNY\O�TNQ�Q�T a QPh� �UhLe Y¬�\YrSUT�hfS a�b SUTRK«Y[O TRQ�J ] hfO/�|Y[e �L] Q�� b S\TIhLSLQ�TNY[e ]j] Q
ORh ��ORY[�u�%QPS\T � K«YrSfVWQ\� # Y � � hLKNQ �f� �P� 6 Q:9o� b SUTRKNQ ] QkO�VWM�TNYre ] O��UhLe b SUT�M�TRM�KRQ�TRQ�SwhfO
a�b �%�uQ�ej�%J b K T«YrSUTNOP� �¿QkO�VWM�T«Yre ] O%O b SUT�KRQkO�TNe TNhLMPO%ORhLK ]_^ ej�%Y � Q�VWQPO � KNY[SfVWQkO�O TRKNh a D
TRhfKRQkO36 � � �:�f� �P� 6 a 9 9 � b\� TRQPSfYrSUT�Y[e�SfORe ] Y � � hLKNQ �f� �P� 6 ��9�� # QJfK b\�L] �P�%QIVLQ a�b VLY � QVWQPO
VWM�TNYre ] OmVWQ��YrSLe���KNQIQ	� a Y a QIQPO T�Y � b K«VWMVLYrSfO  � �f� � �
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(b) Filtre gommette
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(c) Ouverture par reconstruction (d) Image top-hat par reconstruction (e) Marqueur d’objet à éliminer

(h) Objet à éliminer(g) Image top-hat(f) Ouverture
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6_Y�9�¯>��Y � Q�¾dKRe � ejSfY ] Q 6 � 9 � e ] TRKNQ �[b �u�%Q�T TRQ 6 a 9�gWQ � �%QPS\T«YZTNe b S VWQPO
� KNY[SfVWQkO�O TRKNh a TRhLKNQPO

6|V19 � b �%J b ORY[SUTRQ VWQkO VWM%D
TNYre ] O

6|Q,9¡�dM�TNY[e ] O � ] TRKNMPO 6 �+9 � QPO TRe�TRhLTRe b S VWQkO VLM�D
TNY[e ] O

� e � hfKRQ �f� �P� ���dM a�b �%J b ORe TNe b S�V ^ ej�%Y � QIJfY[K�� ] TNKRQ �\b �%�%Q�TRTRQ
�=��� ��%'� 
 � � !0& �-+ 4�� � � ( %'��1"+��-+ 9*4 /	& �-� / � .	�"!0+�� ;	&
#º^ ejS b SfVfYZTRe b S VWh � K«Y[VWejQ�SUT � JiYrKRTRejK%VLQ�T b hiOuORQPO%�%ejSLej�%Y JLK b VWhLe�T�hLSLQ7� b KRTRQ�ORhLK D
ORQ � �%QPS\T«YZTNe b S � # Q�JLK b[�f] �P�uQ�QPO ToY[e�SfORe Y � b K«VWM�QPS VWQ�h=�M�TNY[JiQkO��mhfSLQ�JfKRQP�ue���KNQ��UhLe
ORM ] Q a TNe b SLSLQ ] QkOdKNM � e b SfO�ej�%J b K T«YrSUTRQkO�Q�TohfSLQuVLQ�h�We����%Qu�UhLe J ] Y a Q ] QPO a�b SUT b hfKNOoVWQPO
KNM � e b SiO KNQ�TNQ�SwhLQkO���n b hLKºORM ] Q a TRe b SLSLQPK ] QkOpKNM � e b SiO%� ] YVW�wSfYr�%eq�UhLQ¡S b hfO"YreqVWQ �a�] Y[ONO QPK
] QPO��uejSLej��Y�VWh � KNY\VWejQ�SUT�O Q ]�b S ] QPhLK a�b SUTNKNY\O�TNQ[��c b hfO�Y¬X b SfO�hWTRe ] eqORM a Q�T TNQ��%QPORhLKNQ
a�b �%�uQ a KRe�T��PKRQVWQ�XUeqORe � e ] e TNM�V ^ hfS��uejSLej��hL���¿J ] hiO ] YuVL�USiYr�%ej�UhLQQkO�T � b KRTRQ��fJ ] hiO ] Q
�%e�Sfe���hL�DQkO�T�ej�%J b K T«YrSUTP�
c�MkYrSL� b e�SfO S b hfO Y¬X b SfO3JLh a�b SfO TNYrTRQ�K �UhLQ ] YoVW�wSfYr�%eq�\hfQ"QPO T hLSLQ"�%QkO hLKNQ � K«Y � e ] Q[�

hLSLQ �iONO hLKNQ�VLY[SfO¿hLSLQ � YrKNKRe���KNQ�VWQ � b K T a�b S\TNKNY\O�TNQ �|Yre�T b\� TRQPSLejK"hLSLQoQPO TRej��YZTNe b S��|Yre �L] Q
VWh a�b SUTRK«Y[O TRQ[��n b hLKmJiY ]j] ejQ�K a Q�T TNQ � KNY � e ] e�TRMIS b hfO¡JLK b J b O b SfO ] Y%O b\] hWTNe b S�ORhLejXZYrSUTRQ\�
c b hfO a Y ]qa h ]jb SiO ] Y VW�wSfYr�%eq�\hfQ VWh � K«Y[VLe�QPS\T�Q�T�S b hfO a � b ejOReqORO b SfO�hLS S b � � KNQ

VWQ/�%e�Sfe���Y O hfJiMPKRejQ�hLK�Y[h S b � � KNQ VLQ KNM � e b SfO�XUeqORM[� · SLQ�O hfK D>O Q � �%Q�SUT«YZTRe b S QkO�T
YrejSfORe b[� TNQ�SwhLQ[� ` SfO hfe TNQ�S b hfO�M�TNhfVWe b SfO ] Q � KNY\VWe�QPSUTuORhLK ] QkO�� K b SUTNe �PKRQkO�VWQ ] Y ORhLK D
ORQ � �%QPS\T«YZTNe b S �\hfQ�S b hiO�X\Q�S b SfO�VWQ � M�SfM�KNQ�K�Q�T�S b hfO�Y\ORO bWa e b SfO ��a �fY a hLSLQ�V ^ Q ]�] QPO
hLSLQ�M�XZY ] hfYrTRe b S�J ] hfO�JiQPK TNe�SLQPSUTRQ��UhLQ ] Y X¬Y ] QPhLK��%ejSLej�%Y ] Q�� JfYrK�Q�WQ��%J ] Q ] Y�XZY ] Q�hLK
� b �[QPSLSLQ[� # Q � KNY\VWe�QPSUT�� b �[Q�S ] Q ]�b S � VWQ ] Y � K b SUTNe �PKRQuV b SLSfQ�hLSfQ��%QPORhLKNQ�J ] hfO/�=D
Y �f] QVWh a�b S\TNKNY\O�TNQ�QPS\TNKRQIVWQPh��KNM � e b SiO%�W�UhLQ ] Y%VW�wSfY[�ueq�UhLQ a Y ]qa h ] MPQoORhLK ] Q � KNY\VWejQ�SUT
ejSLe TNejY ] ����ejSfO e � a Q�S b hfX[QPY[h � � K«Y[VWejQ�SUT 
+� QkO�T�hLTRe ] eqO M�J b hfKKRQ a Y ]qa h ] QPK ] Y�VW�wSfY[�ueq�UhLQ[�
npYrKN�%e ] QkO �%e�Sfe���Y�ORM ] Q a TRe b SLSLMkO J b hLK b\� TRQPSLejK ] YmORhLK�D´ORQ � �%Q�SUTNYrTRe b S���S b hfO a � b eqO eqORO b SiO
] QPO�J ] hfO a�b SUTRK«Y[O TRMPO�O Q ]�b S ] Y�S b hLX\Q ]j] Q�VW�wSfYr�%eq�\hfQ��Uh ^ b S�Y a Y ]qa h ] M�Q\� · SLQuO Q � �%Q�S�D
TNYrTRe b S Y¬X[Q a hLS S b � � KRQ�e�S=� M�KNe�QPhLKVWQ%KRM � e b SfO�QPO T b\� TRQPSwhLQ[�'�¿Q�T TNQ�JLK bWa MkVWhLKNQ�J Q�hWT
��TNKRQ�KRMPJiM�TRMPQ�Y¬X[Q a hLS S b � � KRQ�VWM a K b ejONORY[SUT�VWQ�KNM � e b SfOmQ�T a�b SfO TRe�TRhLQ�hLS Y ]��\b KNe TN�L�%Q
VWQ�ORQ � �uQPSUTNYZTNe b S � b TRT b �'D´hLJ �

B b � b SfO ] Q"KRMkO h ] TNYrT3�UhLQpS b hiO b[� TNQ�S b SfO Y¬X[Q a a Q�TRTRQºS b hLX\Q ]j] QºVW�wSfY[�%ej�UhLQ\� nºKNQ�S b SfO
] ^ ej��Y � QIVWQ ] Y�� � hLKRQ �f� � 3=6|Y�9 a�b �u�%Qoe���Y � Q b KRe � ejSfY ] QdQ�TmO Q � �%Q�SUT b SfO D ] Y�Y¬X[Q a�] Y�VL��D
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SfY[�ueq�UhLQºejSLe�TReqY ] Q�� a�b �%�uQ"S b hfO ]_^ Y¬X b SfOC�|Y[e T VLYrSfO ] Y�O Q a TRe b S �i� �i� #"^ ej��Y � QºORQ � �%Q�SUTRMPQ
b[� TRQ�SwhLQoQPO T�O hfK ] Y�� � hLKNQ �f� � 3�6 � 9"Q�T ]_^ ej�%Y � Q a�b VWMPQ a�b KNKRQkO J b SiVLYrSUTRQ 6|Y¬X[Q a � a�b Q �'D
a ejQ�SUT«OoVLQ �Lb hLKNe�QPKdJfY[KdKNM � e b S19mQkO�TORhLK ] Y � � hLKNQ �i� � 3�6 a 9¤�l�Y[e�SUTRQPSfYrSUT a�b SiO eqVWM�K b SiO
hLSLQ�ORhLK�D´ORQ � �%Q�SUTNYrTRe b S�Q�TºKRMPM�XZY ] h b SiO ] YIVW�wSfYr�%eq�UhLQmO Q ]�b S ] Q a�b S\TNKNY\O�TNQ"T b hWT"Y[h ]jb S �
VWQ%O QkO � K b SUTNe �PKRQkO�� # Y�O Q � �%Q�SUT«YZTRe b S Y¬X[Q a�] Qu�����%QuS b � � KRQuVWQuKRM � e b SfO b[� TNQ�SwhLQ �
JfY[K TNe�K"VLQ ] YVL�USiYr�%ej�UhLQ�KRMPM�XZY ] hLM�QmQkO�T¿e ]j] hiO�TNKRMPQmJfYrK ] Y8� � hLKNQ �f� � 3�6_V 9¤� c b hfOºX b � b SfO
�UhLQ ] Y�VW�wSfY[�%ej�UhLQ�e�SLe�TReqY ] Q�Y¬XZY[e T � hiO e b SLSfM ] Q�XwejONY � Q�Y¬X[Q aI] Y�X b e�TRhfKRQ ��a YrhiO Q�VLQ ] Y
KNQPONO QP� �L] YrS a Q�VWQkOISLejX[QPY[h��VWQ � KNejOIY[hWT b hLKVWQ ] ^ b KNQ�e ]�] Q[� # Y�VW�wSfYr�%eq�\hfQ�KNM�MPX¬Y ] hfM�Q��
� Q�KN�%Q ] QkO�J b ONO e �L] QPO��iONORhLKRQkO�VLYrSiO ] QkO � Y[KRKNe �PKRQkO%VWQ7� b KRT a�b S\TNKNY\O�TNQ�Q�T�V b SLSLQ�hLSLQ
�%Q�e ]�] Q�hfKRQ�QkO�TNe���YZTNe b S�VWQ ] ^ ej�%J b K T«YrS a Q�VWh/XUeqONY � Q\� # Q�XUeqONY � Q%QkO�T�Y[e�SfORe"ORQ � �uQPSUTRM[�
` S�M a �fYrS � Q b S�YIJ Q�K«VWh�VWQPO"KRM � e b SfOpORhLK ] YIX[QkO�TNQ��\�UhLe a�b KNKNQPORJ b SfVWQ�SUT � VWQkO b � � KNQPO��
� QPYrh a�b hfJ�� b ejSfO¡XweqO e �L] QPOP�

# Y¡VW�wSfY[�%ej�UhLQpKNM�MPX¬Y ] hfM�QºV b SLSLQºYrejSfORerhLSLQp�%QPe ]j] QPhLKNQpQPO TRej�%YrTRe b SVWQ ] ^ e��%J b KRTNYrS a Q
XwejORhLQ ]�] QVWQPOmKNM � e b SfOP�

�=��� 8 ��.	� �-;	(,+ ��.5(
#º^ Y ]j�[b KRe�TR�f�uQ a�] Y\ORORej�UhLQmVWQdO Q � �%Q�SUTNYrTRe b S%VWQ ] YI� b KNJL� b[]jb[� e�Q���YZTN�LM���YZTNej�UhLQdO MPJfYrKNQ
] Q�JLK b[�L] ���%QdQ�S�VWQPh��M�T«YrJ QPOP� hLSfQdJLKNQ��%e���KNQ��UhLe a�b SiO eqO�TNQ � ORM ] Q a TRe b SLSfQ�K ] QPO¿KNM � e b SiO
ej�uJ b KRTNY[SUTRQPO Q�T hLSLQ¡VWQPh�We �P�uQ¡�UhLeUQ�wTRK«Yre�T ] QPO a�b SUT b hfKNO VWQ a QPO KRM � e b SfOP� # Y�JLKNQ��%e���KNQ
M�T«YrJ Q a�b SfO�TNe TNhLQ ] YIJLKRejS a e�JfY ] QmVWe�� a h ] TRMdVWQ ] YORQ � �%Q�SUTNYrTRe b S � # YVWQPh�We �P�uQ a�b SfOReqO�TNQ
�%a Y ]ja h ] QPK ] Y ] e � SLQVWQJfY[K T«Y � QIVWQkO¡QPYrh=C� a Q��UhLe O Q �|Y[e T�VLQ/�|Y\½ b S�Y[hWT b �%YrTReq�UhLQ[�
c b hfO�Y¬X b SiO hWTRe ] ejORM a Q�T Y ]j�[b KNe�TR�L�%QºJ b hLK VWMPX[Q ]jb JfJiQPK3hLSLQ¡YrJfJ ] e a YrTRe b S�VWQ a�b VLY � Q\�

# Q a KNe T���KNQdVWQIORM ] Q a TNe b S�VWQkO"KNM � e b SfOºQkO�T¡J b hLK�S b hfO ] ^ ej�%J b K T«YrS a QdXweqO hLQ ]�] Q��w�UhLQoS b hfO
Y¬X b SfO�QPO TRej�%M�Q � JfY[K TNe�K�VLQ ] Y�VW�wSfY[�%ej�UhLQ\���¿Q ]j] Q�D a e QkO�T�hLSfQ��%QPORhLKRQIQ% a�] hiO ejX[QP�uQPSUT
VWQ a�b SUTRK«Y[O TRQ��f��YreqO ] ^ e��%J b KRTNYrS a Q�XweqO hLQ ]�] Q�V ^ hLSLQ�KRM � e b S�VWMPJiQPSfV�YrhiORORe3VWQuORYuT«Yre ]�] Q[�
¾dK,�fYrh�� b �%QPS\T�VLQ�O M ] Q a TNe b SLSLQ�K ] QkO���YrK«�UhLQ�hLK«O¡S b hfOmSLQ a�b SLSiYreqORO b SfO¡JiY[O ] YuTNY[e ]j] Q
VWQkOKRM � e b SfO�Uh ^ e ] OKNQ�JfKRMkO QPS\TNQ�SUTP��� b S a �3J b hfK�QPO TRej�%Q�K ] Y�TNY[e ]j] Q�VLQPOKNM � e b SfO%�3S b hfO
KNMPY ] eqO b SfO�J ] hiO ejQ�hLK«O¡M�T«YrJ QPOmVWQ�ORQ � �%Q�SUTNYrTRe b S �

�d�)BºY a �fe�QPK  � H �ºJLK b J b O QuhLSLQ�Y[hWTRKNQ%O b\] hWTNe b S ��a QuJfK b\�L] �P�%Q[� `º]�] Q a�b � � ejSLQ ] Q
a�b SUTRK«Y[O TRQ¡V ^ hfSu�%ejSLej��hL� Y¬X[Q a¿] Y�T«Yre ]�] QmVWQ ] YoKNM � e b S��Uh ^ e ] KNQ�JfKRMkO QPS\TNQ�� � TRK«Y¬X[QPKNO hLSLQ
�%QPORhLKNQ�VWQ�X b\] hf�uQ\� `º]j] Q¡VLM��fSLe�TºYrejSfORe	� a Q��Uh ^ Q ]j] Q¡YrJfJiQ ]�] Q ] Y ��XZY ] Q�hfK�V ^ Q�wTNe�S a TRe b SuX b D
] hL�%ej�UhLQ�
«� �¿Q�T TRQ�%QkO hLKNQoJiQPKR�%Q�T�V ^ hWTNe ] eqO QPK ]_^ e�S=� b KN�%YrTRe b S�VWQoTNY[e ]j] Q�V ^ hLS���YrK«�UhLQ�hfK
ONYrSfO¡JfY\ORORQ�K¡JfY[KmJ ] hfO ejQ�hfKNOmM�TNY[JiQkOmVWQ�O Q � �%Q�SUT«YZTRe b S3� · SLQ�VWQkO a KRejJWTRe b S a�b �%J ] ��TRQVWQ
a Q�T TNQ"S b TRe b S��rY[e�SfORe\�UhLQ�VWQPO Q�WQP�uJ ] QkO V ^ YrJfJ ] e a YrTRe b S�J Q�hfX[Q�SUT$��TRKNQºTNK b hLX[MkO VLY[SfO  � � � �
npYrKºY[e ]j] QPhLK«O ] YVW�wSfY[�ueq�UhLQ¡QPO TºhLSLQm�%QPORhLKNQ � KNY � e ] Q��rJLhLeqOR�Uh ^ Q ]j] QmM�XZY ] hLQ¡hLSLQ�� K b S�D

TRe���KNQ � JfY[K TNe�K�V ^ hLSLQ/XZY ] Q�hLK��%e�Sfe���Y ] Q[� # Y KRMPM�XZY ] hfYZTNe b S VWQ ] Y VW�wSfY[�ueq�UhLQ/O hLK
J ] hfORe�QPhLKNO�M�T«YrJ QPOuVWQ�O hLK�D>O Q � �%Q�SUTNYrTRe b S V b SLSLQ�hLSLQ�QPO TRej�%YrTRe b S VLh a�b SUTRK«Y[O TRQ�J ] hfO
�iY �L] Q\�
� ^ Y[hWTRKNQ�JfY[K T,� ] Q � K«Y[VLe�QPS\T�S ^ QkO�ToJfY[OdO h ��ONYr�%�%Q�SUT�JLKNM a ejO�J b hLK�KNQ�JfKRMkO QPS\TNQ�K ] QPO

VWM�TNYre ] O��fSiO�� �¿Q ] Y�J b ORQ"hLS�JLK b\�L] ���%Q"VWQ�KRMkO b\] hLTRe b S � ] Y�ORQ � �uQPSUTNYZTNe b SQPO T�VWMPJ b hLKNXUhfQ
VWQ�VWM�TNYre ] O���c b hfOIJLK b J b O b SfOIVWQPh� O b[] hWTRe b SiO��O b e�T ] Q�O hfK D´M a �fY[SUTRe ]�]jb SLSiY � Q�� O b e T ] Y
VWM a�b �%J b ORe TNe b S�VWQ ] ^ ej��Y � Q¿QPS�VWQPh� a�b �%J b ORY[S\TNQPOP� hLSLQ¡�UhLeWJ Q�hWT ��TRKNQ"TNKNY[e TNM�Q¡Y¬X[Q a"] Q
� K«Y[VLe�QPS\T,�ZQ�TphLSLQ¡YrhLTRKNQ��UhLe a�b SUTRejQ�SUT ] QkOpVWM�T«Yre ] O �UhLeLO b SUT�QPSuVLQPONO b hfO VLQ ] YoKRMkO b\] hLTRe b S
VWh � K«Y[VLe�QPS\Tk�

# QkO�O b[] hWTRe b SfO��\hfQ�S b hiO�Y¬X b SfOYrJLJ b KRTRMPQPO�O b SUT�SfMPYrSf� b e�SiO�VWQPO�O b\] hWTNe b SfOJfY[K D
TRejQ ]j] QPOP��n b hfK�M�Xwe�TRQ�K ] Y � K«Y � e ] e TNM�VWQ ] Y�O Q � �%Q�SUT«YZTRe b S S b hfO�Y¬X b SfOIJLK b J b ORM�VWQ a Y ] D
a h ] QPK ] Y�� b �\Q�SLSfQ�VWh � K«Y[VWejQ�SUT ] Q ]jb S � VWQkO�� K b SUTRe���KNQPO��LQ�S�J ] hfORejQ�hLK«O�M�TNYrJ QPO�VWQ�ORhLK D
ORQ � �%QPS\T«YZTNe b S � Bde�QPS\T�Y ]jb K«O ] Y��UhLQkO�TNe b S � a�b � � e�QPS V ^ M�TNYrJ QPO�O b S\T�SfM a QkORONYrejKNQPO%Q�T
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6_Y�9�¯>��Y � Q b KNe � e�SfY ] Q

6 � 9¡���wSfY[�%ej�UhLQ�ONYrSfO�KNM�MPX¬Y ] hiYZTRe b S 6 a 9�¯>�%Y � Q 6 � 9 a�b VWMPQ Y¬X\Q a � a�b Q	��D
a ejQ�SUTNOmVWQ �fb hLKNejQ�Kk�

6_V 9¡���wSfY[�%ej�UhLQ�Y¬X\Q a KRMPM�XZY ] hfYZTNe b S 6 Q:9�¯>�%Y � Q 6|V 9 a�b VWMPQ Y¬X\Q a � a�b Q	��D
a ejQ�SUTNOmVWQ �fb hLKNejQ�Kk�

� e � hLKRQ �i� � 3w� � M�MPXZY ] hfYZTNe b S�VWQ ] Y%VW�wSfYr�%eq�\hfQ
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a�b � � ejQ�S/VWQ%KNM � e b SiOdV b e T�D b S � YrK«VWQ�K ��a �fY[�UhLQ%M�T«YrJ Q�� ` S a Q��UhLe a�b S a Q�KNSLQ ] Y�VWM�D
a�b �%J b O e�TRe b S�VWQ ] ^ ej��Y � QIQPS�VLQ�h� a�b �%J b ONYrSUTRQkO�6 � K«YrSiVWQPO¡O TRKNh a TNhLKRQkO¡Q�T�VWM�TNY[e ] O�9�� ] Y
�UhLQPO TRe b S �UhLe¡KRQkO�TNQ � KRMkO b hfVWKNQ�QkO�Tk���UhLQ ] QkO�T ] Y JLK b J b KRTRe b S VWQ�VLM�TNY[e ] O��UhLQ�S b hfO
Y ]j]jb SfO¡ejS a�] hLKNQIJfYrKmK«YrJLJ b KRTmYrh�S b � � KNQoVWQ � KNY[SfVWQkO¿KNM � e b SfO��

�¿QO b SUTmVLQPOm�UhLQPO TRe b SiOm�\hfe3YrhLK b SUT¡hLSLQKNM�J b SfORQIJ ] hfO � MPSLM�K«Y ] QIYrh a �fYrJLe�TRKNQ � �
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� ��� 1 . 9,% � /	;5� 9*+-��.
�¿Q a �iYrJLe�TRKNQ�QkO�T a�b SiORY a KNM ��] ^ Q%wTRQ�SiO e b S Y[h� O Mk�UhLQ�S a QPO�VWQPO�ejVLM�QPO�Q�WJ b ORM�QkO�J b hLK
hLSLQ�ORQ � �%Q�SUTNYrTRe b S � ejVWej�%Q�SfORe b SLSLQ ]�] Q[�
c b hfO�Y¬X b SiOºXwh�VLY[SfO ] Q a �fY[JLe TNKRQ H J ] hfORe�QPhLK«O�Y[JLJLK bWa �LQPO"J b hLK�TRK«Yre�TRQ�K ] Y�VWej�%Q�S�D

ORe b S�TNQ��%J b KRQ ]�] QV ^ hLSLQ�ORMP�UhLQ�S a Q[�

• hLSLQdY[JLJLK bWa �LQ � eqVWej�uQPSfORe b SLSLQ ]j] QdYrJfJ ] eq�UhLM�Q ��a �fY\�UhLQ�ejSfO�T«YrSUT�VLQ ] Y�ORMP�UhLQ�S a Q��O hLejXwe�QV ^ hLSLQ�%eqO QIQPS a�b KNKRQkO J b SiVLYrS a QdVWQkOmKNM � e b SiO�YuJ b O TRQPKRe b KNe,�
• hLSLQYrJLJfK bWa �LQoTRKNeqVWe��%QPSfO e b SfSLQ ]j] Q 6 x × y × t 9 �
• hLSLQYrJLJfK bWa �LQIKNM a hfKNORe�X\Q[�

c b hfO¿Q�S�Y¬X b SfO a�b S a�] h��\hfQ ] ^ Y[JLJLK bwa �fQ�KRM a hLK«ORe�X\QmQPO T ] Y�J ] hfO�Y[VLY[JWTRMPQ � S b TRKNQ�JLK b[� D
] ���%Q��pJfY[K a Q��Uh ^ Q ]j] Q�e��%J b ORQ�hLSLQ�O�T«Y � e ] e TNM�TNQ��%J b KRQ ]�] Q�� S ^ ejS\TNK b VWhfe T%JfY[O�VWQ�KNQ�T«YrK«V
Q�T%O QkO � QPO b ejSfOuVWQ��%M�� b e�KNQ�O b SUT�KNMPVWhLe�TNOP� B b � b SfO��%Y[e�SUTNQ�SfY[S\T ]_^ e��%J ] M��%QPS\T«YZTNe b S
JLKNM a ejORQ�VWQ%S b TNKRQ�YrJfJ ] e a YrTRe b S��3Q�WJ ] ej�UhfY[S\T ] QPOIJLK b[�f] �P�uQkOIKRQPS a�b SUTRKNMPOoYrejSfO eº�UhLQ ] QPO
O b[] hWTRe b SfOmY[JLJ b KRTRM�QkO��

� ��� , %'�".5('!0+-(,(*+-��. /5& � < +-.$( ��% !0� 9'+-��. /	; #8��(*(,4
· SfQdORMP�UhLQ�S a QdV ^ ej��Y � QkO"VWM a KNe T ]_^ M�X b[] hWTRe b S�V ^ hLSfQoO a �PSLQ�VLY[SfO ] Q�TNQ��%JfOP� ` S � M�SLMPKNY ]
] QPO a �iYrS � Q��%Q�SUTNO Q�SUTRKNQ VWQPh� TRK«Yr�%QPO O h aPa QkORORe�X\QPO�O b SUT �%ejSLQ�hfKNO JfYrK KNY[JLJ b K T �
] ^ ejS�� b KN��YZTNe b S a�b SUTRQPSwhLQ�VLYrSfO�hLSLQ ORQ�h ] Q�TRK«Yr�%Q\� ��hWTNKRQP�%Q�SUT�VWe�T�� ] Y/KRQkV b SiVLYrS a Q
TRQP�%J b KRQ ]�] Q�QkO�T � K«YrSfVWQ\�d�oYrSfO ] Q a Y\VWKNQ�V ^ hLS OR�WO�T����%Q�VWQ a�b VLY � Q b KRejQ�SUTNM b[� ��Q�T�� ] Y
ORQ � �%QPS\T«YZTNe b S��UhLe S b hfOm����SfQ � hfS��iYrhWTmT«Yrh��VWQ a�b �%JLKNQPONORe b S�QkO�T a Q ]�] Q��UhLe � YrK«VWQ
hLSLQ a�b �fM�KNQ�S a Q¿TNQ��%J b KNQ ]j] Q�� a Q ]j] Q��UhLe O hLe�T ] QPO b[� ��Q�TNOpJLKNMPORQ�SUT«OºVLYrSiO ] YO a �PSLQmT b hWT¿Y[h
]jb S � VLh�TRQP�%JfO�� # Y�KNY[ejO b S�QPS�QPO To�Uh ^ hLSLQuO Q � �%Q�SUTNYrTRe b S a�b �LMPKRQPS\TNQ�VLY[SfO ] Q�TNQ��%JfO
J Q�hWT5��TRKNQ�JfKRMkVWe TNQ�JfYrK%hLSfQ a�b �%J Q�SfONYZTNe b S VWQ�� b hLX[QP�uQPSUT��ºT«YrSfVLejO��Uh ^ hLS S b hfX[Q ]
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b[� ��Q�T�VLY[SfO ] Y�O a �PSLQ�V b e�T5��TNKRQ a�b VLM�Q�SUTRe���KNQ��%Q�SUT,��ONYrSfO%Q%WJ ]�b e TNQ�K ] Y/KRQkV b SiVLYrS a Q
TRQP�%J b KRQ ]�] Q[�

#º^ YrJLJ ] e a YZTNe b S�V ^ hLS�Y ]j�[b KNe�TR�L�%Q � ejVWej�%Q�SfORe b SLSLQ ] � VWQPh��ejSfO�T«YrSUTNO¡VWe ! M�KNQ�SUTNO¡VWQ ] Y
ORMP�UhLQ�S a Q��f�%Y ]�� KRM ] YuKRQkORORQ�� �L] Y[S a QIQPS\TNKRQ ] QPO�VLQ�h��TRK«Yr�%QPO��LJLK b VWhLe�T�VWQPO�ORQ � �%Q�SUTNY"D
TRe b SiO�VWe ! MPKRQPSUTRQPO�J b hLK ] QPON�UhLQ ]j] QPOmhLSfQ��%ejORQ�QPS a�b KNKNQPORJ b SfVLYrS a QVWQPO�KRM � e b SfO�Y�J b OED
TRQPKRe b KNe S ^ QPO ToJfY\OoQ�SwXwejONY � QPY �f] Q\� � ^ QkO�TJ b hLK«�Uh b e ] Y�TNKNY[SfO �%eqORORe b S VWQ ] ^ ejS�� b KR��YZTNe b S
VWh+JiY[ONO M Y[h JLKNMPORQ�SUT�QPO T�SfM a QkORONYrejKNQ�J b hLK b\� TRQPSLe�K�hLSLQ O Q � �%Q�SUTNYrTRe b S a�b �LMPKRQPS\TNQ
VLY[SfO ] Q�TRQP�%JfO�� c b hiO�Y¬X b SiO�Xwh VfYrSfO ] Q a �fY[JLe�TRKNQ H �UhLQ ] ^ hWTRe ] eqONYZTRe b S VWQ ] Y ORQ � D
�%Q�SUTNYrTRe b S JLKNM a MPVWQPSUTRQ a�b �%�uQ �%Y[KN�UhLQPhLK«O�VWh TRQP�%JfO a�b hLK«YrSUT 6_VLYrSfO�hLSLQ�ej��Y � Q
TRKNeqVWe��%QPSfO e b SfSLQ ]j] Q:9mQkO�TIhLS � b S � b �\Q�S�VWQ�TRK«YrSfOR�%Q�TRTRKNQ ] ^ ejS�� b KN��YZTNe b S VWh�JfY\ORORM�Y[h
JLKNMPORQ�SUTP� ��JfJ ] eq�Uh b SiOº��YrejSUTRQ�SiYrSUT"hLS�Y ]��\b KNe TN�L�%QmKRM a hLK«ORe�� �] Y�O Q � �%Q�SUT«YZTRe b S�V ^ hLSLQ
ORMP�UhLQ�S a Q[�

� b �%�%Q�Si½ b SiOdJiYrKhLS a Y[OORe��%J ] Q[��¯>��Y � e�S b SfOVWQPh� ejSfO TNYrSUT«O�V ^ hLSLQ�ORMP�UhLQ�S a Q��
Q�SUTNKRQ ] QkOR�UhLQ ] O ] QPO b[� ��Q�TNOoJLKNMPORQ�SUT«O b S\T � b h � M���YreqOIYrh a hLS S b hLX\Q ]�b[� ��Q�TIS ^ QkO�TYrJ�D
JfY[KRh VLYrSfO ] Y�O a ��SLQ\���oYrSfO a Q a Y[O�� ]_^ M�T«YrJ Q%V ^ Q%UTNKNY a TNe b S VWQ%��YrK«�UhLQ�hLK«OdS ^ QkO�TJ ] hfO
SLM a QPONONYrejKRQ�� ] YoTNKNY[�uQmJfKRM a MPVLQ�SUTRQ¡S b hfO TRK«YrSiO �%Q�T ] ^ e�S�� b KR��YrTRe b S%VWQPO b\� ��Q�T«OpQ�WeqO�T«YrSUTNO
Q�ToS b hiO�VWQPX b SiO�ORe��%J ] Q��%Q�SUTIO hLejXwKRQ ]_^ M�X b[] hWTRe b S�VWQ a QkO b[� ��Q�TNOP��n b hfK a Q��|YrejKRQ�S b hfO
� MPSLM�K b SiO�hLSLQ ej�%Y � Q H �-Y¬X[Q a�] Q TRQ��%JfO�JLKNM a MPVWQPSUT�Q�T ] Q�TRQP�%JfO a�b hfKNY[S\T�Q�S ] QPO
J ] Y[½PYrSUT a�� TNQ �ua%� TNQ a�b �%�%Q ]_^ e ]�] hfO TRKNQ ] Y � � hfKRQ��W� �

t
-
1

t

� e � hLKNQ��W� � � � QPS=��TNKRQ �\] eqORONYrSUTNQ

# YuJLK bWa MkVWhLKNQo�UhLQS b hfOmY¬X b SfO�O hLejXwe�QQkO�T ] Y�O hfe�XZYrSUTNQ[�
c b hfO a�b �%�%Q�Sf½ b SfO�JfYrKdO ej�%J ] e �fQPK ] ^ ej��Y � Q�Y¬X[Q a hLS � ] TRKNQ�YrKNM b\] Y[e�KNQ��f�%Y[ejO a Q�T TRQ

� b eqO D a e TNKReqVWej�%Q�SfORe b SLSLQ ] ��n b hLK�\hfQ ] Q'� ] TNKNY � QuO b e TIMP�UhLejXZY ] Q�SUT ��a Q ] hLepYrJLJ ] eq�\hfM�QPS
VWQPh��VLe��%Q�SiO e b SfO�S b hiOm��h ] TRejJ ] e b SfO ] Y%T«Yre ]�] Q�VWh7� ] TRKNQ�JfY[K ] Q�S b � � KNQ�VWQPO�J ] Y[SfO�VWQ
] ^ ej��Y � Q H ��� ar^ QPO T D � D>VWejKRQmVWQPh� � ` SfO hfe TNQ�S b hiO a Y ]ja h ]�b SfO ] Q � K«Y[VLe�QPS\Tp� b KNJL� b\]�b\� eq�UhLQ
TRKNeqVWe��%QPSfO e b SfSLQ ] VWQ a Q�TRTRQ�ej��Y � Q[� # QPO�� b KRTRQPO�XZY ] Q�hLK«O�VWh � K«Y[VWejQ�SUT a�b KNKRQkO J b SfVLQ�SUT
O b e�T � VWQPO ?Pb SLQkO a�b SUTRK«Y[O TRMPQPO � ejVLe��%Q�SiO e b SLSfQ ]j] QkOO b e T � VLQPO ?�b SLQPOoVWQ%� b hLX\Q��%Q�SUTP�
� ^ QPO T¡VWQ a Q�T TRQoej�%Y � Q � K«Y[VWejQ�SUT¿�UhLQdS b hfO�Y ]j]jb SfO¿Q�wTRK«YrejKNQ ]_^ ejS�� b KN��YZTRe b S�VWQ a�b SUT b hLK,�
� b �[QPSLSfYrSUTmhLS�Y ]j�[b KRe�TR�f�uQVWQ ] e � SLQ�VWQJiYrKRTNY � QoVLQPOmQkYrh���\hfe3VWQ�XwejQ�SUT�hLSLQ�ORhLK��|Y a Q
VWQ�JfY[K T«Y � QuVWQkOQPY[h� ORhLKhLSfQ�e���Y � Q H ��� #º^ QPY[h JfK b X\Q�SfY[S\TVWQkO��YrK«�\hfQ�hLK«O%� VLYrSfO
S b TRKNQ a Y\O�VWQPO b[� ��Q�TNO�VWh TRQP�%JfO�T�D � 6|�UhLeIO Q�TNK b hLX[QPSUT�VLYrSfO ] Q JLKRQP�%e�QPK�J ] YrS+VWQ
] Y � Q�S=��TRKNQ,9 �¡ejS b SiVWQ ] Q�KRQ ] ejQ��VWh � K«Y[VLe�QPS\TI��hfON�Uh ^ ��a Q��UhLQ ] Y T b T«Y ] e TNM VWQ ] ^ ej��Y � Q
O b e�T a�b hLX\Q�KRTRQ\� � a Q�� b �uQPSUT ]q� �"T b hWT�JLe wQ ] VWh TRQP�uJiO a�b hfKNY[S\T%QPO T�YZTRTRQPe�SUT�JfYrK
] ^ QkYrh�JfK b X\Q�SfY[S\T¡V ^ hLS�VLQPO���YrK«�\hfQ�hLK«O"Q�TmQ�S a�b SiO Mk�\hfQ�S a Q b S�ORY[e T � �UhLQ ]j] QoKNM � e b S�e ]
YrJfJfYrKRTRejQ�SUTP� #º^ ej�%Y � Q a�b hLK«YrSUTRQQkO�TdORQ � �%Q�SUTRMPQQ�T ] QPOmKNM � e b SfOmO b SUT a�b �LM�KNQ�SUTRQkO�Y¬X[Q a
a Q ]�] QPOmVLh�JiY[ONO M\��¯ ]j] hfO�TNK b SfO a Q�T TNQJLK bWa MPVWhLKNQIY¬X[Q a hLS�Q�WQP�uJ ] Q\�

# QkOIVWQ�h� TRK«Yr�%QPOoM�TNhfVWejM�QkO 6¼T D � Q�TIT+9IO b SUTO hfK ] Y � � hfKRQ��W���=6_Y�9dQ�T��W���=6 � 9dQ�T ] Y
ORQ � �%QPS\T«YZTNe b S�T D � ORhLK �L� � 6 a 9��dc b hfOdX b h ]�b SfO b\� TRQPSLejK ] QPO a�b SUT b hLK«O�VWQkO�KNM � e b SfO�VWQ
T D � Y[h�TNQ��%JfO a�b hLKNY[SUTP�¡c b hiO�J b hLX b SfO b\� ORQ�KNX[Q�K�ORhLK ] Y�� � � �L� � 6|V 9m�UhLQ ] Q � KNY\VWejQ�SUT
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� b KNJL� b\]�b\� eq�\hfQ H �:VWh � K b hLJ Q��%Q�SUT�VWQkO¡TRQP�uJiO�JLKNM a MPVWQPS\TdQ�T a�b hLK«YrSUTmJ b ORO��PVLQ�VWQPO
� b KRTRQkO�XZY ] Q�hfKNOdO hLK�T b hWTRQ ] Y ?Pb SLQ�VWQ�� b hfX[Q��%QPS\Tk� ] Y � Y ]j] Q�� ] Y�K«Y[�UhLQ�TRTRQ�� ] Y���YrejS �j���
� � ^ QkO�T�ORhLK a QkO � YrSfVLQPO%M�JiYreqORORQPO%�UhLQ ]_^ Y ]j�[b KRe�TR�f�uQ�VWQ a K b eqONORY[S a Q�VWQ��%Y[KN�UhLQPhLK«O
V b e TIJ ] Y a QPK ] QkO � K b SUTNe �PKRQkOL� Q ]�] QPO a�b SfO TRe�TRhLQPS\TVWQkO ?Pb SLQkOIV ^ ejS a Q�KRTRe�TRhfVWQ\�3B b � b SfOoO hLK
] Y � � hLKNQ��W���=6|Q,9 ] Q�KNMPORh ] TNYrTVLQ ]_^ YrJLJ ] e a YrTRe b S�VWQ ] ^ Y ]��\b KNe TN�L�%QuVWQ ] e � SLQ�VWQ�JiYrKRTNY � Q
VWQkO¡QPYrh=�O hfK a Q�TRTRQej�%Y � Q � K«Y[VWejQ�SUTk� c b hfO b\� ORQ�KNX b SiO¿�UhLQ ] QPO a�b SUT b hfKNO b[� TRQ�SwhfO�SLQ
a�b KRKNQPORJ b SfVWQPSUT¿JfY\O ��] ^ QP�uJ ] Y a Q��%QPS\T�VWQkO b[� ��Q�TNO�� ��a YrhfORQoVLQ ] ^ e�S a Q�KRTRe�TRhfVLQI�UhLQ ] Q�hLK
� b hLX\Q��%Q�SUTmK«YrJLeqVWQIJLK b X b �UhLQ[�

6|Y 9"¯>��Y � Q�¾dKRe � ejSfY ] QdT D � 6 � 9�¯>��Y � Q�¾dKNe � e�SiY ] Q�T 6 a 9mgWQ � �%QPS\T«YZTNe b S�T�D �

6|V 9 ¶ K«Y[VLe�QPS\T�TRKNeqVWe��%QPSfO e b SfSLQ ] � 6|Q,9mgwQ � �%Q�SUTNYrTRe b S�T
� e � hLKNQ��W���W�ºgwQ � �%Q�SUTNYrTRe b S�O hLKmhfS � KNY\VWe�QPSUT�TNKReqVWej�%Q�SfORe b SLSLQ ] �

` S�Q ! Q�T�� hLS b\� ��Q�TIVWQ�� b hLX\Q��%Q�SUT�K«YrJfejVWQ�QPO T�hLS b\� ��Q�T �iS VLYrSiO ] Y�VWej�%Q�SfORe b S
TRQP�%J b KRQ ]�] Q�Q�T�Q�S a�b SfORMP�UhLQ�S a Q ] Q � K«Y[VWejQ�SUT�S ^ QPO T�JfY\O�ORh ��ORY[�%�uQPSUT�JLKRM a eqO�J b hLK
KNQ�JLKNMPORQ�SUTRQPK�O b S a�b SUT b hfK 6|X b e�K � � �f�W� H 9¤�4� ^ QPO TmJ b hLKN�Uh b e?S b hfOmORhLK�D M a �fYrSUTNe ]j]�b SLS b SfO
] Q � K«Y[VWejQ�SUT�VLY[SfO ] ^ Y"WQ%TRQ��%J b KNQ ] � # Y7� � hLKRQ��L� ��S b hfO� b S\TNKRQ ] Y�JLK bWa MPVLhLKRQ�hLTRe ] D
eqO MPQ�J b hLK a Y ]qa h ] Q�K ] Q � KNY\VWe�QPSUTORhLK�D M a �fYrSUTNe ]j]�b SLSLM\��c b hfOejSUTRK b VLhLejO b SiOhLSLQ�TNKNY[�%Q
ORhLJLJ ] M��%Q�SUT«YrejKRQoQ�SUTRKNQ ] QPO¿TNKNY[�uQkO t− 1 Q�T t �WORhLK ] Y\�UhLQ ]j] QIORQdJ ] Y a Q�K b SUT ] QPO a�b SUT b hLKNOTRQP�%J b KRQ ] OP��c b hfO¿Y[ONO e � S b SfO �I] YITRK«Yr�%QmejSUTRK b VLhLe TNQ ] YXZY ] Q�hLKº�%ejSLej�%Y ] Q 6 KNQPORJ � ��Y" D
ej�%Y ] Q:9�J b hfKuKNMPY ] eqORQ�K ] Y VWe ] YZT«YZTNe b S 6 KNQPORJ ��M�K b ORe b S19�VWQ �|Y\½ b S � a Q��UhLQ�ONY�XZY ] Q�hLK
S ^ e�SUTNQ�K�� ��KNQ�JfY\O�Y¬X[Q a] Y�JLK bWa MPVLhLKRQ\� # Y�VWe ! MPKRQPS a Q�Q�SUTRKNQ ] Y�VWe ] YZTNYrTRe b S�Q�T ] ^ MPK b O e b SG�
ar^ QPO T D � D>VWejKRQ ] Q � K«Y[VWejQ�SUT,� a�b SUTRejQ�SUT ] Q a�b SUT b hLK"TRQ��%J b KNQ ] O hfK ] Y�TNKNY[�%Q�K«YZ� b hLTRM�Q��[T«YrS�D
VWeqO��UhLQ ]_^ ejS a QPK TNe TNhfVWQ�VWh a�b SUT b hfK�O JfYrTReqY ] ORhLK ] QPO�TRK«Yr�%QkO t − 1 Q�T t QkO�T�KNMPVLhLe T � hLSORQ�h ] JLe�WQ ] � n b hLK¿J ] hfO"VWQdVWM�T«Yre ] ORhLK a Q�T TNQ�JLK bWa MkVWhLKNQ ] Q ] Q a TRQPhLK"J Q�hLT a�b SfORh ] TNQ�K  � H � �
� QPJLKRQPS b SiO ]_^ Q�WQ��%J ] Q�VWQ ] Y � � hfKRQ��W�����¡�UhLe�S b hfO�Y¬XZYre�T�J b ORM�VLQPO�JLK b[�f] �P�uQkO��

c b hfO a Y ]qa h ]jb SiO ] Q � K«Y[VWejQ�SUTpTNKReqVWej�uQPSfORe b SLSLQ ] O hfKRM a �fYrSUTRe ]j]�b SLSLM�VLY[SfO ] ^ Y"WQmTRQP�uJ b KNQ ]
6 X b ejK � � �?�L� ��9¤� #º^ M�TNY[JiQ%VWQuVWM a ejORe b S YrJfJ ] eq�UhLM�Q�O hLK a Q�S b hfX[QPY[h � K«Y[VWejQ�SUTdV b SLSLQ ] Q
KNMPORh ] T«YZTVWQ ] Y � � hLKNQ%�L� �L��c b hfOIJ b hLX b SfOoX b e�KI�UhLQ ] QkO a�b SUT b hLK«OoO b SUTI��YrejS\TNQ�SfY[SUT
Y[VfYrJWTNMPOmYrh= b[� ��Q�TNOmVWQ ] Y%O a ��SLQ\�

�¿Q�TRTRQ��uM�TR� b VWQ�V b SfSLQ�VWQkO � b SiO�KNMPORh ] TNYZT«O�T«YrSUTu�UhLQ ] QkO a�b SfVWe�TRe b SiO�ORhLejX¬Y[SUTRQPO
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t-1 t t-1 t t-1 t t-1 t

t t t t
ORIGINALE DILATATION EROSION GRADIENT = DILATATION - EROSION

� e � hLKNQ��W� H � ¶ KNY\VWejQ�SUT¡TRKNejVWej�%Q�SfORe b SLSLQ ] V ^ hLS b[� ��Q�TmQ�S�� b hLX\Q��%Q�SUTmKNY[JLeqVWQ[�
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� e � hLKNQ��W� �f� ¶ K«Y[VWejQ�SUT¡TRKNejVLe��%Q�SiO e b SLSfQ ] ORhLK D´M a �iYrSUTRe ]�]jb SfSLM[�
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6|Y 9 ¶ KNY\VWe�QPSUT�TNKReqVWej�%Q�SfORe b SLSLQ ] O hLK�D´M a �fY[S\TNe ]j]jb SLSLM\�

6 � 9�gwQ � �%Q�SUT«YZTRe b S�T
� e � hLKNQ��W� �W� ¶ K«Y[VWejQ�SUT¡TRKNejVLe��%Q�SiO e b SLSfQ ] ORhLK D´M a �iYrSUTRe ]�]jb SfSLM[�

O b SUTmKRQP�uJ ] ejQPOP�

•
ª b hfO ] QkO b\� ��Q�T«O¡VWQ ] Y%ORMP�UhLQ�S a QIO b S\T¡JLKNMPORQ�SUTNO¡VLY[SfO ] YuO a ��SfQoV��kO ] Y�JLKNQ��%e���KNQ
e���Y � Q[�

•
#º^ Q��%J ] Y a QP�%Q�SUT�V ^ hLS b[� ��Q�T � VLQ�h��ejSfO TNYrSUT«O a�b SfORM a hWTRe �|O Y�T b hZ� b hfKNO3hLSLQ�e�SUTRQPK D
O Q a TRe b S�ORJfYZTNejY ] QI�UhLe S b hfO¡JiQPKR�%Q�TmVLQJfY[ONO QPK ] Q ] Y � Q ] 6 M�TReq�UhLQ�TRTRQ��UhLe eqVWQ�SUTNe��fQ
hLSLQ¡KRM � e b S19 V ^ hLS�TRQ��%JfO ��] ^ Y[hWTRKNQ¡Q�TºVWQ ] Q�KNQ a�b SLSiY:;qTRKNQ a�b �%�%Q¿M�TNYrSUT ] Q����P�uQ
b[� ��Q�TP�
` S � MPSLM�K«Y ]wa QkOpVWQ�h= a�b SfVWe�TRe b SfO�SLQ�O b SUTpJfY\O KNQ��%J ] ejQPO JfY[K ] QkOpO Mk�\hfQ�S a QPO�KRMPQ ]j] QkO��

� ^ QPO T�J b hLK«�Uh b e?S b hfO¡VWQ�X b SfO a�b �%J ] M�TRQPK ] ^ Y ]j�[b KNe�TR�L�%QdVLQ �|Y\½ b S � TNQ�SLejK a�b �uJLTRQVWQPO
XZYrKNejYrTRe b SfO¡VLY[SfO ] YuO a �PSLQ[�

� ��� 1 .	���-;5(*+-��. /	& .	��; ��& ���-&)( % 4)1�+-�".5(
#º^ Y ]j�[b KRe�TR�f�uQ"JLKRMkO QPSUTRM"VLY[SfO ] YdO Q a TRe b S�JLKRM a MkVWQ�SUTRQ¿V b SLSfQ¿VWQkO � b SfO KNMPORh ] T«YZT«O �UhfY[SfV
T b hfO ] QPO b\� ��Q�T«O�VWQ ] Y�ORMP�UhLQPS a Q�O b SUT�JLKNMPORQ�SUTNO�V��kO ] Y/JfKRQP�ue���KNQ�e���Y � Q�Q�T��UhfY[SfV
] Q�hLK�� b hLX[QP�uQPSUT�SLQ�JLK b X b �UhLQuJfY[O�VLQ�VWM a�b SLSfQ�We b SfOITNQ��%J b KRQ ]�] QPO 6 hLS b\� ��Q�T�ONYrSfO
ejS\TNQ�K«O Q a TNe b S�O JiYZTReqY ] Q�QPSUTRKNQdVWQPh��TRQP�uJiO a�b SfORM a hWTRe �|O�QPO T¿TNKNY[e TNM a�b �%�%QoVWQPh� b[� ��Q�TNO
VWe ! MPKRQPSUTNO+9¤� �oYrSiO a Q a Y\O%�ZYrJfK��kO hLSLQ�O Q � �%Q�SUTNYrTRe b S%¥¼¨f©  R±"� ]_^ Q�wTRK«Y a TRe b SVWQ¿�%Y[KN�UhLQPhLK«O
S ^ QPO T3J ] hfO SfM a QkORONYrejKNQ[� ] Y�ORQ � �%Q�SUTNYrTRe b SoJLKRM a MkVWQ�SUTRQºV b SLSLQ"hLS �ib S¡��Q�h�VWQ"�%Y[KN�UhLQPhLK«O
J b hLK�ORQ � �%QPS\TNQ�K ] ^ ej��Y � Q a�b hLK«YrSUTRQ\� �¿Q�TRTRQ�JLK bwa MPVWhfKRQ�QPO T a YrJiY �L] Q�VLQ�ORhLejXwKRQ�VWQPO
b[� ��Q�TNO�JLKRMkO QPSUTNO�ORhLK�J ] hfORe�QPhLK«Oe���Y � QPO�� VLQ �|YrejKRQ�VLejORJfYrK«Y:;qTRKNQ%hLS b[� ��Q�T�VWQ ] Y�O a ��SfQ
6|ORe O b S��%Y[KN�UhLQPhLK¡S ^ YZT TNQ�ejSUT�JfY[O ] QdTNQ��%JfO a�b hLK«YrSUTmVLYrSiO ] QIJLK bWa QPONORhfO¡V ^ ejS b SfVLYZTNe b S
VWQ ] Y ] e � SLQ�VWQ�JfYrKRTNY � Q�VWQkOmQPY[h� 9 � �%Y[ejO�e ] M a � b hLQ�VWQ��|Y\½ b S�e�SUTRKNejSfO �k�UhLQ��UhfYrSfV�hfS
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S b hLX[Q ] b\� ��Q�T�Y[JLJfYrK«Y:;qT86 ] QPO¡ORQ�h ] O¡��YrK«�UhLQ�hLK«O�V b SUT b S�VWeqO J b ORQoO b SUT a QPh��VWh�JfY[ONORM
9¤�gwhLK ] Y5� � hfKRQ��L� � S b hfOoY¬X b SfOmhLS Q�WQ��%J ] Q�VWQ a Q�T TNQ�ORe TNhfYZTNe b S � # Y�VWM a�b SLSfQ�We b S
TRQP�%J b KRQ ]�] Q�VWQ ] Y � Y ]j] Q VWQ�JLejS � D´J b S � � ��a YrhfORQ�VWQ�O b S � b hLX\Q��%Q�SUT�K«YrJLeqVWQ�� �|Y[e T
VWeqO JiYrK«Y:;qTRKNQ ] ^ b\� ��Q�T�VWQ ] Y%O Q � �%Q�SUT«YZTRe b S3�

6|Y�9¡gwMk�UhLQ�S a Q � ] TRKNM�Q

6 � 9mgwMP�UhLQPS a QORQ � �uQPSUTRM�Q
� e � hLKRQ�W� � �ºgwQ � �%Q�SUT«YZTRe b S�ONYrSfO¡S b hLX[Q ]�] QPO�KNM � e b SfO

#º^ Y ]j�[b KRe�TR�f�uQ�V b e�T8��TRKNQ a�b �%J ] M�TRMuJ b hLKoKRMkO b hfVWKNQ ] QPO a Y\O�V ^ b[� ��Q�TNOIVWM a�b SfSLQ a TRMPO
b hG�dVWQ �|Y[½ b S+J ] hfO � MPSLM�K«Y ] Q�� ] QPO a Y\O�VWQ S b hLX[QkYrh� b[� ��Q�TNOP�Cc b hiO�Y¬X b SfO�KRMkY ] ejORM
] ^ ejS a�] hfORe b S�VWQ¿S b hLX\Q ]j] QkO KNM � e b SfO T b hWT�Q�S � YrK«VLYrSUT3hLSfQ¿O TNY � e ] e TNM¿VWQ ] Y �|Y[½ b S�ORhLejX¬Y[SUTRQ[�
� � G H xPy¬v �rxPz'� � z � � 8 ""t � ��v � xPt ��t ( vWy /0��t � y � * ] QkO b[� ��Q�TNO�XwejORhLQ ]�] Q��%Q�SUT¡e��'D
J b K T«YrSUTNO�VWQ ] Y�TRK«Yr�%Q�T�O b SUT�ORM ] Q a TRe b SLSLMkO¿Y¬X\Q a hfS a KNe�T���KNQdVLQ a�b SUTRK«Y[O TRQ%D_T«Yre ]�] Q
a�b �%�%Q�JLKNMPORQ�SUTNM�VLYrSfO ] Y�O Q a TRe b S �i� �L� �¿Q�T TNQ�O M ] Q a TNe b S�QPO T¿KNMPY ] eqO MPQ¡ONYrSiOºJLKNQ�S�D
VWKRQIQPS a�b �%JWTNQ ] Y�ORQ � �%Q�SUTNYrTRe b S�JLKRM a MkVWQ�SUTRQIQ�TdO b S�KNMPORh ] TNYrT�QPO T�JLKReqO a�b �%�%Q
hLS���QPh JLK b XwejO b ejKNQ�VWQ%�%Y[KN�UhLQPhLK«O����¿QPOo��YrK«�UhLQ�hfKNO�JLK b XweqO b e�KNQPO�JiQPhLX[QPSUT8��TRKNQ
VWQoTRK b eqO�T��UJ QPOP�
6|Y�9���YrK«�UhLQ�hLK«O�VWM � � Q%WejO TNY[S\T«O�VLY[SfO ] Q�JiY[ONO M�Q�T��UhLe�SLQ�V b ejX[QPSUT%JiY[O ��TRKNQ
KNQ�TRQPSwhfO a�b �u�%QVWQS b hLX[QkYrh����Y[KN�UhLQPhLKNO

6 � 9���YrK«�UhLQ�hLK«O�ORe � SfY ] Y[S\T ] QPOdS b hLX[QkYrh� b[� ��Q�TNOdYrJLJfY[KRhiO�VLY[SfO ] Y�O a �PSLQ[�8�¿Q
O b SUT ] QkO%��YrK«�\hfQ�hLK«O��UhLQ�S b hiO a �LQ�K a � b SiO%J b hLK ] QkO�YZ� b hWTRQPK�Yrh� �%Y[K D
�UhLQ�hfKNOmVWh�JfY\ORORM[�

6 a 9���YrK«�UhLQ�hLK«O��UhLeoJLK b XUejQ�SfSLQ�SUT�VWQkO �fh a TRhiYZTRe b SiO�VLY[SfO ] Q a�] Y\ORORQ��%Q�SUT�VWQ
] ^ ej�%J b K T«YrS a Q XweqO hLQ ]�] Q/VWQPO�KNM � e b SfO%�d�\hfQ S b hfO�X b h ]�b SfO�M ] e��%ejSLQ�K�J b hLK
� Y[KNVLQ�K¡hLSLQ � b SLSfQIO TNY � e ] e�TRMITNQ��%J b KRQ ]�] Q[�

# Y�� � hLKNQ��W�53�� b SUTRKNQ ] QPOm��Y[KN�UhLQPhLKNO�ORM ] Q a TNe b SLSLMkO¡J b hLK ] QITNQ��%JfO b h ] Y � Y ]j] Q
VWQIJLe�S � D´J b S � VWejORJfY[KNY<;jTk�

�L��� v &|z���vWxkz�� � � t#� � �%���itwv:��H@( vWy /0��t#�3y � * VLQPOITNK b ejOoT��wJ QPO�VLQ��%Y[KN�UhLQPhLK«O
JLK b XweqO b e�KNQPO��fORQ�h ] Q��%QPS\T a QPh���UhLe a�b KNKRQkO J b SiVWQ�SUT � VWQPO a �fY[S � QP�uQPSUTNO�ej�%J b K D
TNYrSUT«O VLY[SfO ] Y�O a �PSLQ"S b hfO e�SUTNM�KNQPONO QPS\Tk� �¿Q a KNe T���KNQºQPO T�ejSUTRK b VWhLe�T � b �[QPSLSfYrSUT3hfS
�%Y\OR�UhLQ�VLQ a �fYrS � Q��%QPS\Tu�\hfe"M ] ej�uejSLQ�T b hLT���YrK«�\hfQ�hLK�Y\ORO bWa ejM � VWQkO�KNM � e b SiO
�\hfe¿S ^ b SUT%JfY[O a �fY[S � M�VLYrSfO ] Q�TNQ��%JfOP� # Q��%Y\OR�UhLQ�QPO T � M�SLMPKRM�VWQ ] Y �|Y[½ b S
O hLejXZYrSUTRQ\� ] Y VWe ! M�KNQ�S a Q�QPSUTRKNQ�VWQ�h=/J ] Y[SfO�ORh aPa QPONORe��|O�O ej�%J ] e �fMkO�QkO�T a Y ]qa h ] MPQ
6 � � �3�W� 4 6|Y 9 9�� # QPOY[e�KNQPOVLQ a �fYrS � Q��%Q�SUTYrJLJiYrK«YreqORORQ�SUTY¬X[Q a hLS/�fY[hWT�SLejX[QPY[h
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� e � hLKRQ��L��3W� l YrK«�\hfQ�hLK«O�e�SfVLM�J Q�SfVLY[SUTNOP�

VWQ � KNejOP� · S O QPhLe ] VWQ a�b SUTRK«Y[O TRQ%QPO T�SLM a QkORONYrejKRQ%J b hLK b[� TNQ�SLejK ] Q���Y[ON�\hfQ � e�D
SfYrejKRQI�UhLe ORe � SfY ] Q ] QkO ?�b SfQPO¡VWQ a �fY[S � QP�uQPSUTP��n b hLK a Q ] Y � ]_^ M�T«YrJ QV ^ Q%wTRK«Y a TNe b S
VWQI�%Y[KN�UhLQPhLK«O"S b hfO � b hLKNSLe�TmhLS�O QPhLe ] VLQIVL�USiYr�%ej�UhLQI�UhLe a�b KRKNQPORJ b SfV�Y[h a�b S�D
TRK«Y[O TRQ�KNQP�UhLeqO�JfYrK�hLSLQIKNM � e b S�J b hLK���TNKRQ a�b SfO eqVWMPKRMPQ a�b �%�uQoXwejORhLQ ]�] Q��%Q�SUT¡e��'D
J b K T«YrSUTRQ\�uc b hfOY[JLJ ] ej�Uh b SfO a Q�ORQ�hLe ]"��]_^ ej�%Y � Q�VWe ! MPKRQPS a Q%J b hLK�VLM�TRQPKR�%ejSLQ�K
] Q���Y[ON�UhLQ�VLQ a �iYrS � Q��%Q�SUT 6_�W� 4 6 � 9 9�� # QPO%��Y[KN�UhLQPhLKNOu�UhLQ�S b hiO a �LQ�K a � b SiO
O b S\T a Q�h=��UhLe O b SUT�O b hiO ] Qd��Y[ON�UhLQ�6 � � �L�W� 4 6 a 9�9pJ b hLK ]_^ hLSLQIVWQkO¿VWQPh��KNY[ejO b SiO
O hLejXZYrSUTRQkO��
6|Y�9 a Q�O b SUTºVWQkOp��YrK«�\hfQ�hLK«O V ^ b\� ��Q�T«O e��%J b KRTNY[S\T«O a Y[Kpe ] O b SUTpM�TNM�O M ] Q a TNe b SLSLMPO
VLY[SfO ]_^ M�T«YrJ Q � �

6 � 9 a Q�O b SUT�VWQ�S b hLX[QkYrh� b[� ��Q�TNOIJfY[K a Q%�Uh ^ e ] O�O b SUT�VLY[SfOIhLSLQ ?Pb SLQ�VLQ�� b KRT
a �fY[S � QP�uQPSUTP�

H � } vWy /0� t#� y � � � v:��H # Q¡��Q�h�VWQ��YrK«�UhLQ�hLK«O �fSfY ] QPO T ]_^ hLSLe b S�VWQPO��%Y[KN�UhLQPhLK«O
JLKRM a MkVWQ�SUTNOoQ�TIS b hLX\QPYrh=?�oO hfK ] Q%JLKNQ��%ejQ�KIJ ] YrS/VWQ ] Y � Q�S=��TRKNQ �[] ejONORY[SUTRQuS b hfO
Y¬X b SiO ] Y�ORQ � �uQPSUTNYZTNe b S JfKRM a MPVLQ�SUTRQF6 a�b �%�%Q���YrK«�UhLQ�hLK«O�VWQkO b[� ��Q�TNO�JiQPKR��Y<D
SLQ�SUTNO+9�Q�T�ORhLK ] Q J ] YrS �UhLe a�b KNKRQkO J b SfV Y[h TRQP�%JfO a�b hfKNY[S\T�S b hfO�Y¬X b SfO ] QPO
�%Y[KN�UhLQPhLK«O¡JLK b XweqO b e�KNQPO�O b hfO ] Q���Y[ON�UhLQVWQ a �fY[S � QP�%Q�SUT36 a�b �%�uQ��%Y[KN�UhLQPhLK«O
VWQIS b hLX\Q ]j] QkO¡KRM � e b SfO+9¤�

�>± ���¤»�± #U§�¦r¥ ��¢� N§�¨ �N§ � I � H ±¬£���µf§%¦\§ � � ±r¨ #U§�»�§�¨i© � � � H ±r  ��µf§�µW «£¨ ³rµ � §«±rµ ¹
� e � hLKNQI�L� 4f� l Y[ON�\hfQIVLQ a �fYrS � Q��%Q�SUTk�

�¿Q�TRTRQ�TNQ a �LSfej�UhLQ S b hfO JiQPKR�%Q�T/V ^ b[� TNQ�SLejK hLSfQ O Q � �%Q�SUT«YZTRe b S O TNY �L] Q VLYrSfO ] Q
TRQP�%JfO�Q�T�Y¬X\Q a VWQ�S b hLX[Q ]�] QPO%KNM � e b SfO%�UhfYrSfV hLS a �fY[S � QP�%Q�SUT�e��%J b KRTNYrSUT�VLY[SfO ] Y
O a ��SfQ ] Q¡��hfO TRe �fQ[� # Y � � hLKNQ��W� �%a�b SUTNe�QPS\TmhLS�VWeqY � KNY[�%�uQIVWQ a Q�T TNQITRQ a �LSLeq�\hfQ[�
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� e � hLKRQ��L� � � �deqY � K«Yr�%�%QVWQ ]_^ Y ]j�[b KRe�TR�f�uQV ^ ejS a�] hfORe b S�VWQS b hLX\Q ]j] QkO¿KNM � e b SfOP�

gwhLK ] ^ ej��Y � Qu�W� �;6 S b hfOoY¬X b SiO ] Q�KRMkO h ] T«YZToVLQ ] ^ Y[JLJ ] e a YZTRe b S VWQ a Q�T TNQ��%M�TN� b VWQ �
] ^ ej��Y � QIJLejS � D J b S � �

� e � hLKRQ��L� �!6 ��¯>S a�] hfORe b S�VLQoS b hLX\Q ]j] QkO¡KRM � e b SfOP�

� ��� 8 ��.	� �-;	(,+ ��.5(
c b hfO3Y¬X b SfO JLKRMkO QPSUTRMºhLS�Y ]j�[b KNe�TR�L�%QºVWQ�O Q � �%Q�SUTNYrTRe b SI� b KNJL� b\]�b\� eq�\hfQºVWQ"ORMP�UhLQ�S a QPO
V ^ e���Y � QPOm�UhLe J Q�hLT ��TNKRQVWM a�b �%J b ORMIQ�S�TRK b eqO¡M�TNY[JiQkO��
� � H z'(G"�&_z � �[vWxkz�� � � ��z'( v:. t
· S � ] TNKRQY[KRM b[] YrejKRQ�TRKNejVWej�%Q�SfORe b SLSLQ ] O ej�%J ] e��fQ ] ^ ej��Y � Q a�b hLK«YrSUTRQoQ�S�M ] ej�uejSfY[S\T
] QkO�JiQ�TRe�TRQkO�O�TNKRh a TRhfKRQkO��UhLe a�b KRKNQPORJ b SfVWQPSUT�QkORORQ�SUTRejQ ]j] Q��%Q�SUT Yrh � KNhLe�TP� # QPO
O�TNKRh a TRhLKNQPOp�UhLeiKRMkO eqO TRQ�SUT"Y[h�� ] TNKNY � Q a�b SfORQ�KNX[Q�SUT ] Q�hLK a�b SUT b hLKpJLhfejON�UhLQ ] Q�� ] TNKRQ
YrKNM b[] YrejKNQ�QPO TmhLS � ] TRKNQ a�b SfSLQ�WQ[�

�L� H 8 &|t#�[xPz�� � � t ( vWy /0� t#� y��
• ejS\TNKNY �# QkO��%ejSLe���Y�VWh � K«Y[VLe�QPS\T�O b SUT a YrSfVLejVLYrTNO � ��TRKNQ���Y[KN�UhLQPhLKNOmVLQ�KNM � e b SiO
� b � b\� �PSLQPOP��� a �fY\�\hfQu�%ejSLej��hL� b S�Y[ONO bwa e�Q%hLSfQ�X¬Y ] QPhLK,�3Q�S � b S a TNe b S
VWh a�b SUTNKNY\O�TNQ�Y¬X[Q a O QkO"�%ejSLe���Y�X b eqORe�SfO/6|VW�wSfY[�%ej�UhLQ:9pQ�TmVWQoORY�TNYre ]j] Q��U�UhLe
ejSfVWeq�\hfQ�O b S�ej�%J b K T«YrS a QIXUeqORhLQ ]j] Q\� # QkOm��YrK«�UhLQ�hLK«O¡O b SUT b KNV b SLSLMkOmO Q ]�b S
a Q�T TNQX¬Y ] hiYZTRe b S�Q�T ] QPO¡J ] hfO�XUeqORe �L] QPOmO b SUT�ORM ] Q a TNe b SLSLMkO��

• ejS\TNQ�K � # QPO�%QkO hLKNQPO�VWQ ] ^ ej�%J b K T«YrS a Q�VWQPO���YrK«�\hfQ�hLK«O a Y ]ja h ] MPQPOQPS�¯�c Dª � � JiQPhLX[QPSUT/��TNKRQ�TRK��POdJLK bwa �fQPO ] QPOdhLSLQkOdVLQPOIYrhWTNKRQkO��dnpYrK a�b SfORMP�UhLQPSUT
] Q�hLK a�] Y\ORORQ��%Q�SUT a Y ]qa h ] MIejSfVWM�J Q�SiVLYr�%�%Q�SUTmJ b hLKmVWQ�h=�TRQP�uJiOmO h aPa QkORORe��|O
J Q�hWTSLQuJfY[O8��TRKNQ�eqVWQ�SUTNej�UhLQ�� �'�P�%QuORe ] QkOoVLQ�h� ej��Y � QPOoO QuKRQkORORQ�� �L] Q�SUT
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� QPYrh a�b hfJ � # Y ORM ] Q a TNe b S!ejSfVWMPJiQPSfVLY[S\TNQ VWQ���YrK«�UhLQ�hLK«O�J b hLK a �fY\�\hfQ
TRQP�%JfO¿VLQ ] Y�ORMP�UhLQ�S a Q�KNQ�SfV ] Y�O Q � �%Q�SUTNYrTRe b S%ejSfO�T«Y �L] Q[� n b hfK"ej�uJ b ORQ�K ] Y
O TNY � e ] e TNM�SLM a QPONORY[e�KNQ�� �UhLepS b hfOI����SfQ � hfS �iYrhWTITNY[h� VWQ a�b �%JLKNQPONO e b SG�
S b hfOohWTRe ] eqO b SfO ] Y�ORQ � �%Q�SUTNYrTRe b S�JLKNM a MPVWQPSUTRQ a�b �%�%Qd��Q�h/VWQ%�%Y[KN�UhLQPhLK«O
VWh�TRQ��%JfO a�b hLK«YrSUTP� #º^ Y ]j�[b KRe�TR�f�uQ�QPO T a�b �%J ] M�TRMoJfYrK ]_^ ejS a�] hfORe b S�VWQd�%Y[K D
�UhLQ�hfKNO�VLQS b hLX\Q ]j] QkO¡KRM � e b SfO¡�UhfY[SfV�e ] O�O b SUT�XZY ] ejVWMkO¡JfYrK�hLS��%Y\OR�UhLQVWQ
a �fY[S � QP�uQPSUT¡ej�%J b K T«YrSUTP�

H ��� � �\v:&|z'�PvWxkz�� � ��t#� ��� � x;�-�3y �
· SLQ � b eqOI�\hfQ ] QPOo��YrK«�\hfQ�hLK«O b SUTdM�TNMuORM ] Q a TRe b SLSfMPOoS b hiOdVWQPX b SfO ]jbWa Y ] eqO QPK ] QPO
a�b SUT b hLK«O�JLKNM a ejOuVWQ a �fY a hLS V ^ Q�h=?� # Q a�b SUT b hLKuQ�SUTRKNQ�VWQPh� ��YrK«�UhLQ�hLK«O�QkO�T
O e�TRhLMIORhLK ] Y ] e � SLQIVWQoJ ] hfO � K«YrSfV a�b SUTNKNY\O�TNQ��UhLe ] QkO�ORM�JiYrKNQ�� ar^ QPO T D � D>VWejKRQ�ORhLK ] Y
] e � SLQVWQJiYrKRTNY � QdVWQkOmQPY[h��VWQ ] ^ e���Y � Q � KNY\VWejQ�SUTP�

�¿Q�T�Y ]��\b KNe TN�L�%Q76 � K«Y[VWejQ�SUT >C��Y[KN�UhLQPhLKNO > ] e � SLQ�VWQ�JiYrKRTNY � QuVLQPOQkYrh� 9oY�M�TRM
hWTNe ] ejORM�VLYrSiOoVLQPOoS b � � KNQ�hfORQPOoYrJLJ ] e a YrTRe b SfOoY¬X[Q a VWQkOdKNMPORh ] TNYrTNOoORYrTReqOE�|Y[ejONYrSUTNOP�n b hLK
a e�TRQPK��\hfQ ] �\hfQPOuQ�WQ��%J ] QPO�S b hfOuJ b hLX b SfO�JiYrK ] QPKuVWQkO%YrJLJ ] e a YZTNe b SfO��uMkVWe a Y ] QPOuJ b hLK
VWM a Q ] Q�KdVWQPO a Q ]j] h ] QkO a Y[S a MPKRQPhfORQPO� � � � �iVWQkO�YrJfJ ] e a YrTRe b SfO �%]_^ YrSfY ] �WORQVWQPOm��YrTRM�KNeqYrh�
J b hLK�M�TNhfVWejQ�K JfYrK�Q�WQP�uJ ] Q ] QkO a YrK«Y a TNM�KNejO TReq�UhLQPO V ^ hLSLQ�� b hfONO Q�VWQ"J b[] �whLKRM�TR�fY[SLQ  � � � �
Q�T����P�uQ�VLQPO�Y[JLJ ] e a YZTRe b SiOu�UhLe b SUT�Y � b hWTNe � hLSLQ�ej�%J ] MP�%Q�SUTNYrTRe b S �fYrK«V�@¡YrKNQ�QPS
TRQP�%JfO"KNM�Q ]fa�b �%�uQ a Q ]j] Q�VWh�JLK b ��Q�T"n � ¾ol ` ª ® `"· g)�w�UhLe YJ Q�KN�ueqO"V ^ Y¬XZYrS a Q�K¿VLYrSfO
] Y KNMPY ] eqORYrTRe b S V ^ hLS!OR�WO�T����%Q VWQ a�b SfVWhLe�TRQ YrhWT b ��YZTNej�UhLQ\� c�MkYrSL� b e�SfO ] QkO�ORh aPa �PO
b[� TRQ�SwhfOIJ b hfK�hLSLQ�Y[JLJ ] e a YZTRe b S/VWQ a�b VfY � Q�O b SUTJ ] hfO� b VWQPO TRQkO�� # QPOK«YreqO b SfOIO b SUT
] QPOmORhLe�XZY[S\TNQPOP�

•
#º^ hWTRe ] eqONYZTRe b S�VWh � KNY\VWejQ�SUT � b KNJL� b\]�b\� eq�UhLQ"ONYrSfO JiQPK TNQ�V ^ ejS�� b KN��YZTNe b S�SLM a QPONORe TNQ
] Y X[M�KNe � a YrTRe b S VWQPO a�b SfVWe�TRe b SfO�V ^ M a �fY[SUTRe ]�]jb SLSiY � Q � b KRJf� b[]jb[� ej�UhLQ\� ] ^ ej��Y � Q
V b e�T ��TRKNQoe�SwXZYrKNejY[SUTRQoJfYrK b hfX[Q�KRTRhfKRQdQ�T � Q�KN�%Q�TNhLKRQIVWQoTNY[e ]j] Q � �4�¿QPO a�b SfVWe�TRe b SfO
SLQ�O b SUT�JfY[O�KNQ��%J ] e�QkO JiYrK ] QkO ej��Y � QPO KRMPQ ]j] QkO a Q��UhLeW����SfQ �d] YdJ Q�KRTRQ¡VWQPO b[� ��Q�TNO
�fSfOP���¿Q�TRTRQJ Q�KRTRQ�VWQ�VWM�T«Yre ] O��f�UhLe3Y%JLKNe b KNe JiQPhWT ��TNKRQSfM �[] e � QPY �L] Q��WS b hfOm����SLQ
� hLSLQ�J Q�KRTRQ�VWQ��UhfY ] e�TRM�ej�%J b K T«YrSUTRQ��UhfY[SfV a QkO�VWM�TNYre ] O b SUT�hfSLQ�ORe � SLe�� a YZTNe b S
6 a�b �%�uQIJfY[KmQ�WQ��%J ] Q ] QkOm�[QPh� b h ] QSLQ ? V ^ hLS�J Q�K«O b SLSfY � Q,9��

•
` S a Q��UhLe a�b S a QPKRSLQ ] Y�ORQ � �%QPS\T«YZTNe b S�TNKReqVWej�uQPSfORe b SLSLQ ]j] Q ] Q � K«Y[VWejQ�SUTºY�V ? ��TRKNQ
O hLK�D´M a �fY[S\TNe ]j]jb SLSLM�VLYrSfO ] ^ Y"wQ�TRQP�uJ b KNQ ] J b hLK%J ] Y a Q�K a�b KRKNQ a TRQ��%QPS\T ] QkO a�b S�D
T b hfKNO�VWQPO b\� ��Q�T«O"K«YrJLeqVWQkO/6 b[� ��Q�TNO �fSfO¡VLY[SfO ] YuVWe��%QPSfO e b S�TRQP�uJ b KNQ ]j] Q,9¤�4�¿Q�T TRQ
O b\] hWTNe b SIKRMkVWhLe�T ] ^ ejS a QPK TNe TNhfVWQ"VLh � K«Y[VWejQ�SUT TNKReqVWej�uQPSfORe b SLSLQ ]U� hLSJLe WQ ] 6 a�b �%�uQ
] Q � eqVWe��%QPSfO e b SfSLQ ] 9d�%Y[ejOoQPS �����%QuTRQP�uJiOIQ ]j] Q%Yrh � �%Q�SUTRQ a�b SfO eqVWMPKNY �L] QP�%Q�SUT
] QoTRQP�%JfO�VWQ a Y ]qa h ] �

•
# Q �|Y[e T V ^ hLTRe ] eqO QPK hfS � K«Y[VWejQ�SUT TNKReqVWej�%Q�SfORe b SLSLQ ] J b hLK�O Q � �%Q�SUTRQPK3hLSfQ¿ORMP�UhLQ�S a Q��
Q�We � Q�hLSLQ a�b SLSLQ%we b S V ^ Y[h � b ejSfO�VLQ�h� JLe WQ ] O�V ^ MPJfYreqORORQ�hfK�J b hLKuJfY[ONORQ�K�hfS
] Y � Q ] V ^ hfS TNQ��%JfO � ] ^ Y[hWTRKNQ[� �¿Q ] Y KRQPSfV VWe�� a e ] Q ] Y a�b SUTRejSwhLe TNM�VWQPO�J Q�TNe TNQPO
KRM � e b SfO��LYrhWTNKRQP�%Q�SUT�VWe�T�� ] QJLK b[�f] �P�uQ�VLQ�KRMkO b\] hLTRe b S�VWh � K«Y[VWejQ�SUT,�fVWM�� � XUh�QPS
VWQ�h��VWe��%QPSfO e b SiO%�WQkO�T�Y �[� K«Y¬X[M�Q�S H VWe��%QPSfO e b SiO��

•
# Y�VW�wSfY[�%ej�UhLQ��\�%QPORhLKNQdVWQ a�b S\TNKNY\O�TNQ�Q�SUTNKRQ�VLQ�h��KNM � e b SiO%�\QPO T�VWM%�fSLejQ a�b �%�%Q
] YuXZY ] Q�hLKm�%ejSLej�%Y ] QVWh � KNY\VWe�QPSUT¿T b hWT�Y[h ]jb S � VWQ ] Y � K b SUTRe���KNQdQPS\TNKRQ ] QPOmVWQPh�
KRM � e b SfOP� �¿Q�T TNQ �%QPORhLKNQ S ^ QPO T�JfY[O�K b[� hfO TRQ JLhLeqOR�Uh ^ hLS!JfY[ONORY � Q �iS!VWQ � Y[O
SLe�X\QPY[h ORhLKIhLSLQ ]jb S � hLQ�� K b SUTNe �PKRQ a�b S\TNKNY\O�TNM�Q�e��%J ] ej�UhLQ�hfSLQ%JiQ�TRe�TRQ�XZY ] hfYZTNe b S
VWQ ] Y � K b S\TNe �PKRQ\� · SfQ�XZY ] hfYrTRe b S J ] hiO �\]�b\� Y ] Q�VWQ ] Y � K b S\TNe �PKRQ�ORQ�K«Yre�T��%e�QPh�
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Y[VLY[JWTRMPQu�Uh ^ hLSLQuXZY ] Q�hLKI�%e�Sfe���Y ] Q��3�%Y[ejO a Q�T TNQ%ejVWMPQ%QPO TIVWe�� a e ] Q � �%Q�TRTRKNQ�QPS
& hLXwKRQ�VLY[SfO a Q�T¿Y ]��\b KNe TN�L�%QmJfYrK a Q��UhLQ ] QkO � K b SUTRe���KNQPOºSLQ�O b SUT"JfY\OºVWeqO J b SLe �L] QPO
Yrh�� b �%Q�SUT�VWQ a � b eqORe�K ] QPOm��YrK«�UhLQ�hfKNOP�

� a Y[hfORQºVWQ a QkO �fYrSiVWe a YrJfO��kS b hfO3Y ]j]�b SfO?Q�WJ ]jb KNQ�K V ^ YrhLTRKNQPO a �LQP�uejSfO J b hfK a �LQ�K a �LQPK
VWQkOmO b\] hWTNe b SfO¡�%e�QPh��Y\VLYrJLTRM�QkOmYrh�JLK b[�L] ���%QVWh a�b VLY � Q[�
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c b hfO¡Y¬X b SfO a�b �%�%Q�S a M ] Q�TNKNY¬XZY[e ] VWQ a Q�T TRQdTR� �PORQdJfY[K ]_^ YrJLJ ] e a YrTRe b S�VWQ ] ^ Y ]��\b KNe TN�L�%Q
a�] Y[ONORej�UhLQ�VWQ ] Y � b KRJL� b[]jb[� ejQ��%YrTR�LMP��YZTReq�UhLQ�Yrh a�b VLY � Q[� #º^ Y ]j�[b KRe�TR�f�uQ�V b S\T b S
JfY[K ] Q�� TNQ ] �Uh ^ e ] QPO TuJfKRMkO QPS\TNM�VLY[SfO ] Q a �fYrJfe TNKRQ � � a�b SfORejO TRQ � a Y ]qa h ] Q�K ] Y ] e � SLQ�VWQ
JfY[K T«Y � Q¡VWQkO QPYrh=�VWQ ]_^ ej�%Y � Q � K«Y[VLe�QPS\T � JfYrKRTRejKpVWQPOº�%Y[KN�UhLQPhLK«O VWQkOpKNM � e b SiO �UhLQ ] ^ b S
X[QPhWT�Q�wTNKNY[e�KNQ[� #º^ Y ]j�[b KRe�TR�L�%QIQPO T�YrejSfORe VWM a�b �%J b O MIQPS�VLQ�h��M�TNY[JiQkO¡e�SiVWM�J Q�SfVfYrSUTRQkO��
] Y VWM�TRQ�KN�%e�SiYZTRe b S VWQPO���YrK«�UhLQ�hLK«O 6|JLKNe�S a e�JiY ] Q VWe�� a h ] TRM/VWQ ] Y O Q � �%Q�SUT«YZTRe b S 9�Q�T
] ^ Q%UTNKNY a TNe b SuVWQkO a�b SUT b hfKNO 6|M�TNY[JiQ�Y[hWT b ��YZTReq�UhLQmKNMPY ] eqO MPQ�JiYrK ] Y ] e � SLQ�VLQmJfYrKRTNY � QmVWQPO
QPY[h� 9¤�

�¿Q�O a �fM���Y�Y�M�TRM�hLTRe ] eqO M�Y¬X\Q a ORh a�a �POVLY[SfO�VWQ�S b � � KNQ�hiO QkOoORe�TRhfYrTRe b SfOP��c�MkYrS�D
� b ejSfO�O b S�YrJfJ ] e a YrTRe b S/Yrh a�b VLY � Q�����SfQ � VWQPO�VLe�� a h ] TNMPO�ej�%J b K T«YrSUTRQkO����dY[SfO a Q
a �fY[JLe TNKRQdS b hiO¿Y[SfY ] �WO b SfO a QkO¿VLe�� a h ] TNMPO�Q�T¡S b hiO"JLK b J b O b SiO"V ^ YrhWTNKRQkO"�%M�TR� b VWQkO¿�UhLe
M�Xwe�TRQPS\T ] QPO¡JfK b\�L] �P�%QPO¡ejSL�LM�KNQ�SUT«OmYrh � K«Y[VWejQ�SUTP�

� ��� 1 .	� ��. ��4).5+-&). 9*(�/	& �-� !04 9��	� /5& 
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� QPX b � b SfOIK«YrJLeqVWQ��%QPS\T ] QPO a Y[KNY a TRMPKReqO TReq�\hfQPOVWQ a Q�TRTRQ��%M�TR� b VWQ��\hfe ] Y�KRQPSfVWQPS\T�ejS�D
Y[VfYrJWTNM�QIJ b hLKmhLSLQ�Y[JLJ ] e a YZTNe b S�VWQ a�b VfY � Q\�

•
#º^ hWTRe ] eqONYZTRe b S�VWh � KNY\VWejQ�SUT"S b hfO��'�PSLQ � hLSLQIej��Y � QoO Q � �%Q�SUTNM�QdVLM�J b hLKNXwhLQdVWQ
VWM�T«Yre ] OP� �¿Qm��Y[Sf�UhLQmVWQ�VWM�TNYre ] OpJiQPhWTºS b hfOºORQ�� �f] QPKºYIJLKRe b KNeWSLM �[] e � QPY �f] Q¡��YreqO%�
Q�S JLK«YZTNej�UhLQ��pe ] S b hfO��'�PSLQ � hLSLQ�J Q�KRTRQ�VLQ��UhfY ] e�TRM�e��%J b KRTNYrSUTNQ[� ` S Q ! Q�T��
�\hiYrSfV a QPO%VWM�TNY[e ] O �fSfO a�b KRKNQPORJ b SfVWQPSUT � VWQPO b[� ��Q�TNO%�UhLe b S\T%hLSLQ�ORe � SLe � a Y"D
TRe b S(6|JfYrKIQ%wQP�%J ] Q�� ] QkOo�[Q�h= b h ] QuSLQ ? V ^ hLS J Q�K«O b SLSfY � Q:9 � ] QPhLKY � ORQ�S a Q�QkO�T
XUK«Yrej�%Q�SUT¡�%Y[KN�UhfY[SUTRQ[�
n b hLK�M�Xwe�TRQPK a Q�JLK b[�L] ���%Q�S b hiO�Y¬X b SiO�JfK b J b O M�VWQ�VWM a�b �%J b ORQ�K ] ^ ej��Y � Q�QPS
VWQ�h��JfYrKRTRejQPOP� �¿QkO JfYrKRTRejQPOpO b SUT TRK«Yre�TRMPQPOpORM�JfY[KRMP�%Q�SUTpQ�T a�b � � ejSLMPQPO �I] Y �iS%VLh
JLK bWa QPONO hfO�J b hLK � M�SLMPKRQPK ] Y%ORQ � �%QPS\T«YZTNe b S �fSiY ] Q[� # Y%VWM a�b �%J b ORe TNe b S a�b SfOReqO�TNQ
� ORM�JfY[KRQPK ] QPO¡VWM�TNY[e ] O �fSfO��L�UhLe O b S\TmQPS�VWQkORO b hfO¡VWQ ] Y�KNMPO b[] hWTNe b S�VWh � K«Y[VWejQ�SUT,�
VWQPO � KNY[SfVWQPO�KNM � e b SiO�� # Q�JLK b[�L] ���%Q�VWQ a Q�T TRQ�Y[JLJLK bWa �LQ�QkO�T�VWQ�TNK b hLX[QPKuhfS
�ib S+MP�UhLe ] e � KNQ QPS\TNKRQ ] Y �\hiYrSUTRe�TRM V ^ ejS�� b KR��YZTNe b S a � b ejORe�Q VLYrSfO a �fY a hLSLQ VWQPO
VWQ�h� a�b �%J b ORY[S\TNQPOP� � b � � e�QPS VWQ�VLM�TNY[e ] O��iSfO�JiYrK�K«YrJfJ b K T�Y[h S b � � KNQ�VWQPO
� K«YrSfVWQkOpO�TNKRh a TRhfKRQkO"VWQPX b SiOpS b hiOpJLKNMPORQ�KNX[Q�K ����h �|Y[e T��\hfQ ] QPhLK a�] Y\ORORQ��%QPS\TºQkO�T
e�SfVLM�J Q�SfVLY[SUTdS b hfO�SLQ�ORY¬X b SfOmJiY[O��UhLQ ]�] Q a�b �%J b ONYrSUTRQ�Y�J ] hfOoV ^ e�S=� b KN�%YrTRe b S �

� 3
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# Q¡�����%Q¡JLK b\�L] ���%Q¿QkO�TpKNQ�S a�b SUTRKNM¡VLYrSfO� ��� � ��¯ ] QPO Tº�\hfQPO TRe b S%V ^ hfS%Y ]��\b KNe TN�L�%Q
VWQmO Q � �%Q�SUTNYrTRe b S��fe�MPKNY[K a �Leq�UhLQ¿�UhLe a�b �%�%Q�S a Q¡JfYrK � MPSLM�KNQ�K�hLSLQ�ORQ � �%Q�SUTNYrTRe b S
� K b ONO e���KNQ¿Q�T¿�UhLeiY[h a�b hfKNOºVLQ�J ] hfO ejQ�hfKNOpM�TNY[JiQkOºK«YZ� b hLTRQ�VWQkOpKRM � e b SfOpVLQ�J ] hfOºQPS
J ] hiO �fSLQkO �I] ^ ejSUTRM�KNejQ�hLK"VLQPOpKNM � e b SfO JLKNM a MkVWQ�SUTNQPOP� �¿Q�T�Y ]j�[b KNe�TR�L�%QmV b e�T a � b ejORejK
� a �fY\�UhLQ�M�TNYrJ Q�hLS a Q�KRTNY[e�S S b � � KRQ�VWQ�KRM � e b SfOP� ¾dK,� ] Q a � b e� VWh S b � � KNQ
VWQ%KRM � e b SfO ��a �fY\�\hfQuM�TNY[JiQ�KNQPO TRQ%hLS/JLK b[�L] ���%Q�VWe�� a e ] Q����UhLepQkO�T�VWMPJiQPSfVLY[S\T
VWQPO a YrK«Y a TNM�KNejO TReq�UhLQPO%VWQ ] ^ e���Y � Q[� ` S Q ! Q�T���ORe ] QkO�JLKNQ��%e�QPKNO%Sfe�X\QPYrh= VWQ ] Y
�Le�MPKNY[K a �fe�QIO b SUTmTRK b J�JfYrhfXUKNQPO ] Y%� b VWM ] ejONYZTNe b S�VWQPOmKNM � e b SfO b[� TNQ�SwhLQkO�O QPKNY%VWQ
�%Y[hLXZYreqO Q��UhfY ] e TNM¡Q�T ] YdKNQ a �LQPK a �LQ�VWQ�KRM � e b SfO�VLYrSiO�O b SuKNMPORejVWhuO QPKNYdVWe�� a e ] Q[�pgwe
JfYrK a�b SUTRKNQ�� ] QmS b � � KNQ�VWQmKNM � e b SfO VLYrSiO ] QkOpJLKNQ��%e�QPKNO�SLejX[QkYrh�uVWQ ] Yo�LejM�K«YrK a �LejQ
QPO T¿TNK b J�M ] Q�X\M�� b S�SLQIVWeqO J b ORQ�K«Y�JfY\O¡VWQO h ��ONYr�%�%Q�SUTmVWQ � e T«O¡J b hLK a�b VWQPK ] QPO
SLe�X\QPY[h� � Y[OmVLQ ] Yu�LejM�K«YrK a �LejQ[�
· SLQoYrhWTNKRQoO b\] hWTNe b S ��a QdJfK b\�L] �P�%Q a�b SfORejO TRQPKNY[e T � O hfK D´M a �fY[SUTRe ]�]jb SLSfQ�K ] ^ ej��Y � Q
VWQ¡�%Y[SLe���KNQ �d� MPSLM�KNQ�K ]_^ QPORJfY a Q¡SLM a QPONORY[e�KNQ"J b hfK�J ] Y a Q�K hLS a�b SUT b hfK�QPSUTRKNQ�VWQPh�
VWM�T«Yre ] O �fSfOP�p�dY[SfO ] Q a Y[O � eqVWej�uQPSfORe b SLSLQ ] � a Q�TRTRQmO b\] hLTRe b Su��h ] TRejJ ] e�QmJfY[K,��6|JfYrK
4�VLYrSiO ] Q a Y\O TRKNejVLe��%Q�SiO e b SLSfQ ] 9 ] QmTRQP�uJiO¿VWQ a Y ]qa h ] Q�T ] QkO � QPO b ejSfOºQPS a Y[JfY a e TNM
�uMP� b ejKRQ\�

•
` S a Q��UhLe a�b S a QPKRSLQ ] Y�ORQ � �uQPSUTNYZTNe b S�TRKNejVWej�%Q�SfORe b SLSLQ ]�] Q�� ] Q � K«Y[VWejQ�SUT H � VWQPO
b[� ��Q�TNOmK«YrJLeqVWQkO¡JLKRMkO QPSUTRQhLSLQ � KNY[SfVWQ ?�b SLQ�V ^ e�S a Q�KRTRe�TRhiVWQ��UhLe3���PSLQ � VWQPOdVWM�D
�|YrhWT«O"QPS a�b KRQ�J ] hfO�XweqO e �L] QPO��\h ^ QPS �r���wn b hLK"J ] Y a Q�K a�b KRKNQ a TRQP�uQPSUT ] QkO a�b SUT b hLK«O
VWQPO b[� ��Q�TNO�K«YrJfejVWQkO�6 b[� ��Q�TNO �iSfO�VLY[SfO ] Y�VLe��%Q�SiO e b S�TNQ��%J b KRQ ]�] Q,9�� ] Q � KNY\VWejQ�SUT
YV ? e��%J M�K«YZTRejX[QP�%Q�SUT ��TNKRQ�ORhLK�D M a �fYrSUTNe ]j]�b SLSLM¡VLYrSiO ]_^ Y<WQ¡TNQ��%J b KRQ ] � �¿Q�TRTRQ�O b D
] hWTNe b S�KNMPVLhLe T ] ^ e�S a Q�KRTRe�TRhfVLQ�VWh � K«Y[VWejQ�SUT�TRKNejVWej�%Q�SfORe b SLSLQ ] � hLS�JLe�WQ ] 6 a�b �%�uQ
] Q � eqVWe��%QPSfO e b SfSLQ ] 9d�%Y[ejOoQPS �����%QuTRQP�uJiOIQ ]j] Q%Yrh � �%Q�SUTRQ a�b SfO eqVWMPKNY �L] QP�%Q�SUT
] QoTRQP�%JfO�VWQ a Y ]qa h ] �

•
# Y�VW�wSfY[�%ej�UhLQ��\�%QPORhLKNQdVWQ a�b S\TNKNY\O�TNQ�Q�SUTNKRQ�VLQ�h��KNM � e b SiO%�\QPO T�VWM%�fSLejQ a�b �%�%Q
] YuXZY ] Q�hLKm�%ejSLej�%Y ] QVWh � KNY\VWe�QPSUT¿T b hWT�Y[h ]jb S � VWQ ] Y � K b SUTRe���KNQdQPS\TNKRQ ] QPOmVWQPh�
KRM � e b SfOP� �¿Q�T TNQ �%QPORhLKNQ S ^ QPO T�JfY[O�K b[� hfO TRQ JLhLeqOR�Uh ^ hLS!JfY[ONORY � Q �iS!VWQ � Y[O
SLe�X\QPY[h ORhLKIhLSLQ ]jb S � hLQ�� K b SUTNe �PKRQ a�b S\TNKNY\O�TNM�Q�e��%J ] ej�UhLQ�hfSLQ%JiQ�TRe�TRQ�XZY ] hfYZTNe b S
VWQ ] Y � K b S\TNe �PKRQ\� · SfQ�XZY ] hfYrTRe b S J ] hiO �\]�b\� Y ] Q�VWQ ] Y � K b S\TNe �PKRQ�ORQ�K«Yre�T��%e�QPh�
Y[VLY[JWTRMPQu�Uh ^ hLSLQuXZY ] Q�hLKI�%e�Sfe���Y ] Q��3�%Y[ejO a Q�T TNQ%ejVWMPQ%QPO TIVWe�� a e ] Q � �%Q�TRTRKNQ�QPS
& hLXwKRQ�VLY[SfO a Q�T¿Y ]��\b KNe TN�L�%QmJfYrK a Q��UhLQ ] QkO � K b SUTRe���KNQPOºSLQ�O b SUT"JfY\OºVWeqO J b SLe �L] QPO
Yrh�� b �%Q�SUT�VWQ a � b eqORe�K ] QPOm��YrK«�UhLQ�hfKNOP�
�dY[SfO ] Y O Q a TRe b S
�f� � S b hfO�Y¬X b SfO�JLK b J b ORM VLQ KNM�MPX¬Y ] hfQ�K ] Y VW�wSfYr�%eq�UhLQ QPS
J ] hiO ejQ�hLK«O¡M�T«YrJ QPO�VLQ�O hLK�D>O Q � �%Q�SUTNYrTRe b S � �¿Q ] YuS b hfOmJ Q�KN�%Q�T�V ^ M�XZY ] hLQPK ] Q a�b S�D
TRK«Y[O TRQº� b �[QPSQ�SUTRKNQ"VWQPh�KRM � e b SfO T b hLT�Yrh ]�b S � VWQ ] QPhLK�� K b SUTRe���KNQ�� a Q¿�UhLewV b SLSfQ
hLSLQIXZY ] Q�hLKmJ ] hfO�� Y �L] Q�\hfQ ] YuXZY ] Q�hLKm�%ejSLej�%Y ] Q\�
# Y��UhLQPO TRe b S��UhLe"ORQ%J b O Q�Y ]�b KNOoQPO T ] Y�O hLejXZYrSUTRQ�� a�b � � ejQ�S/V ^ M�TNY[JiQkO�VWQ�ORhLK D
O Q � �%Q�SUTNYrTRe b S O b SUT%SLM a QPONORY[e�KNQPO�Q�T�Y¬X\Q a �UhLQ ] S b � � KNQ�VWQ�KNM � e b SfO a �iY a hfSLQ��
· S�S b � � KNQoM ] QPX[MV ^ M�T«YrJ QPOmejSUTRQ�KN�%MPVWeqYrejKNQPO¡Yr�%M ] e b KNQ�K«Yre�T ] QKRMkO h ] T«YZT��W��Y[ejO¡QPS
�'�P�%Q�TRQP�uJiO�K«Y ] Q�SUTRejKNY[e T ] ^ Y ]��\b KNe TN�L�%QF6 ��a �iY[�UhLQ�M�T«YrJ Q b S V b e�T a Y ]ja h ] QPK ] Y
VW�wSfYr�%eq�\hfQIVLQPO¡��YrK«�UhLQ�hLK«O�Q�T�Q ! Q a TRhfQ�K�hLSfQ ] e � SLQ�VWQIJfY[K T«Y � QoVWQkOmQPY[h� 9¤�
#º^ ejVWMPQ�VWQ�KNM�MPXZY ] hLQ�K ] QPO3� K b S\TNe �PKRQkO�V ^ hLSLQ�ORhLK«O Q � �%Q�SUT«YZTRe b S S b hfO�ORQ�� �L] Q�ejS�D
TRM�KNQPONONYrSUTRQ\�oc b hfO ] Y�KNQ�TRQPS b SiO�J b hLK ] Y�VWMPX[Q ]jb JfJiQPKoVWQu��YrSLe���KNQ�J ] hfOoQ � a Y a Q
VLYrSfO ] Q a Y\VWKRQVWQkOmY ]j�[b KRe�TR�L�%QkO��UhLQS b hfO¡JLKNMPORQ�SUT b SfO¡VLY[SfO ] Y%ORhLe�TRQ[�
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#º^ Y ]j�[b KRe�TR�f�uQmVWQdO Q � �%Q�SUTNYrTRe b S � Y[ORM�ORhLK ] Y ] e � SLQdVWQmJfYrKRTNY � QmVWQkOºQPY[h��JfKRMkO QPS\TNQ�VWQPO
ejS a�b SUX\M�SLejQ�SUT«O"�UhLe KRQPSfVWQ�SUT ] Y��uM�TR� b VWQoJ Q�h�Y\VLYrJLTRM�Q � hLSLQIYrJfJ ] e a YrTRe b S�VWQ a�b VLY � Q\�
B b � b SfO�V ^ Y[hWTRKNQPOd�%M�TR� b VLQPOo�\hfe�MPXwe TNQ�SUT ] QPOdJLK b[�L] ���%QkO�ejSL�LM�KNQ�SUT«OdY[h � K«Y[VLe�QPS\Tk� # Y
� � hLKRQ � � � e ]�] hfO TRKNQ ] Q � b S a TRe b SfSLQ��%Q�SUT�VWQ a QPO�TRK b eqO¡�%M�TN� b VWQPOP�

��->,�-/. � 698�;/:<: ? = � � ��� 6	� ��;!8�=�:�� D�2 � �  � D/D�� � � � ; ��� D
�¿Q�TRTRQ��%M�TN� b VWQ  H � � � 6 � ��VWQ ] Y �����%Q �|Y[½ b S �\hfQ ] Y ] e � SLQ�VWQ�JfY[K T«Y � Q�VWQkO%QPYrh=C�
a�b SfORejO TRQ � Y[ONO e � SfQ�K e�TRMPKNYrTRejX[Q��%QPS\T ] QkO3JLe WQ ] O3Y[hWT b hLK VWQkO3��Y[KN�UhLQPhLKNO3Yrh���YrK«�UhLQ�hLK«O��
ORhLe�XZY[S\TIhLS a KNe T���KNQ�VWQuKRQkORORQ�� �L] YrS a Q��\��hfOR�Uh ^ ��a Q%�\hfQ�T b hWTIJLe wQ ] O b e TY[ONO e � SfM � hfS
��YrK«�UhLQ�hLKk� � b SUTNKNY[e�KNQ��%Q�SUT � ]_^ Y ]j�[b KRe�TR�L�%Q�VWQ ] Y ] e � SfQ�VLQ�JfYrKRTNY � Q�VWQPO%QkYrh�)� ] Q
ORhLJLJ b KRT�J b hLK �|YrejKNQ a K b ;qTRKNQ ] QPO��%Y[KN�UhLQPhLK«O%S ^ QkO�T�J ] hfO�hLSLQ�ej��Y � Q � KNY\VWejQ�SUT��%Y[ejO
] ^ ej��Y � Q b KRe � ejSfY ] Q 6 b h � ] TRKNM�Q,9oQ ]�] Q%�����%Q[� �¿Q ] Y�JiQPKR�%Q�T�VLQ%ORhLejXwKRQ ] QkO b[� ��Q�TNO8�fSiO%�
J b hLKNXwh��Uh ^ e ] O a�b SUTRejQ�SLSfQ�SUTmhLS��%Y[KN�UhLQPhLKk�

��->,�->, � 698�;/:<: ? = � � ��� 6	� ��;!8�=�:�� D�2 � �  � D/D�� ���":�� 8�= � : � D!?	E � :
�¿Q�TRTRQm�%M�TN� b VWQ  � �A4 �fY[JLJ ] ej�UhLQ ] Q a�b S a Q�JLTpV ^ b JiMPKNYrTRQ�hfK a�b SLSfQ�WQ �d] YoO Q � �%Q�SUTNYrTRe b S �
¯ ] SLQ¡TNKNY¬XZYre ]j] Q�JfY[O �o] ^ M a �LQ ]j] QmVWh%JLe WQ ] ��YreqOpVWQ ] Y ?Pb SLQ¡J ] YZTNQ[� # QkO ?�b SfQPO�J ] YZTRQkOpO b SUT
] QPOoJ ] hfO � K«YrSfVWQkO a�b �%J b ORY[SUTRQPO a�b SLSLQ�WQkO�J b hLK ] QPON�\hfQ ]j] QkO ] Y�XZY ] QPhLKoVLQ ] Y � b S a TNe b S
6 QPS ]_^ bWa�a hfKRKNQ�S a Q ] QSLejX[QkYrh�VWQ � KNejO�� ] Y a�b h ] Q�hLK�j�j� 9�QPO T a�b SfO TNYrSUTNQ[�

#º^ Y ]j�[b KRe�TR�f�uQ a�b SiO eqO�TNQ � O e � SfY ] QPK a Q�KRTNY[e�SLQkO ?Pb SLQkO"J ] YZTNQPO a�b �%�uQd��YrK«�\hfQ�hLK«O"VWQ
KNM � e b SiOdej�%J b K T«YrSUTRQkO�� # QkO ?�b SLQPOoS b S ��Y[KN�UhLMPQPOIO b SUTIY\ORORe � SLM�QkO%� hfSLQ � hfSLQ�� � hfS
��YrK«�UhLQ�hLKoVWQ%O b S�X b ejORe�SiY � Q���hfOR�Uh ^ ��a Qu�UhLQ�T b hWTRQ ]_^ ej�%Y � QuO b e ToKRQ a�b hfX[Q�KRTRQ\� �¿Q�T TRQ
�%M�TN� b VWQuY\ORORhLKNQ ] ^ ejS a�] hfORe b S V ^ hLSLQ ?�b SLQuJ ] YrTRQuVWQ ] ^ e���Y � Q�V ^ Q�SUTNKRMPQuVLY[SfOdhLSLQ ?�b SfQ
J ] YZTNQ�VWQ ] ^ e���Y � Q�VWQuO b K TNe�Q\�mn Y[K a�b SfORMP�UhLQPS\T ] QPO a�b SUT b hfKNO��iSfYrh� a�b KRKNQPORJ b SfVWQPSUT �
VWQkO a�b SUT b hLK«O¡�\hfe Q�WeqO�T«YrejQ�SUT�VWM�� � ORhLK ] ^ ej��Y � QIVWQ�VWMPJfYrKRTP�
ª b hWTNQ ?�b SLQ�J ] YZTNQ��Ue�SfVLM�J Q�SfVLY[�%�uQPSUT�VWQoORYoT«Yre ]�] Q��wQPO TºTNKNY[e TNM�Q�� a Qd�\hfeiJ Q�KN�%Q�T¿VWQ

KNQ�JLKNMPORQ�SUTRQPK ] QkO b[� ��Q�TNO �fSfOP�
� QP�%Y[KN�Uh b SfO�Uh ^ hLS���Q�h VWQ���Y[KN�UhLQPhLKNOIJ b hfK�VWM���Y[KRKNQ�K ] Q�JLK bwa QPONO hiOVWQ a K b eqO D

ONYrS a QoQkO�TmQPS a�b KRQISLM a QPONONYrejKRQ\�

��->,�-�� � ��:<;!8�= � � 6�� ��;!8�=�:
�¿Q�TRTRQ¿�uM�TR� b VWQ  H � �UTRK«Y¬X¬Y[e ]j] QºYrhfONO e �m] ^ M a �LQ ]j] Q�VWQPO ?�b SLQPO3J ] YrTRQkO%�¬��YreqO a�b SUTRK«YrejKRQP�%Q�SUT
�u] Y��%M�TN� b VWQJLKNM a MkVWQ�SUTNQ�� ] Q¿��QPh�VLQo��Y[KN�UhLQPhLKNO¡ORe � SfY ] YrSUT ] QkO¡KRM � e b SfO¿ej�uJ b KRTNY[SUTRQPO
S ^ QPO TºJ ] hfOpSLM a QPONONYrejKRQ�J b hLKºVWMP�%Y[KRKNQ�K ] Q¡JLK bWa QPONO hfOP� #"^ Y ]��\b KNe TN�L�%Q a�b SiO eqO�TNQ � � hiO e b S�D
SLQPKe TNM�K«YZTRejX[QP�%Q�SUT ] QPOVLQ�h� KRM � e b SfO'6 ?Pb SLQkOIJ ] YrTRQkO�9 ] QPOIJ ] hfO�ORe��%e ] Y[e�KNQPOIVWQ ] ^ ej��Y � Q
��hfON�Uh ^ �%a Q��\h ^ hLS a KRe�T��PKRQIV ^ YrKNK���TmO b e�T�YZTRTRQ�ejSUTP�

� ��� 5 +-(*�B;	(,(*+-��.
��SiY ] �wO b SiO%� �/] Y ] hL�%e���KNQ VWQkO a�b SLSfY[ejONORY[S a QkO%Y a �UhLeqORQPO�VLY[SfO ] QPO a �fYrJLe�TRKNQPO%JfKRM a M�D
VWQPS\T«O%� ] QPOoY¬X¬Y[SUTNY � QPOmQ�T ] QPO�e�S a�b SwX[MPSLejQ�SUTNOdVWQPOd�%M�TR� b VLQPOo�\hfQ�S b hiOdY¬X b SfO�VLM a KNe�TRQPO
VLY[SfO ] Y%ORQ a TRe b S � ���W� ` S�JfYrKRTRe a h ] ejQ�K,�WM�TNhfVWe b SfOmORe Q ]j] QkO�YrJfJ b K TNQ�SUT�hfSLQ�O b\] hLTRe b S�Yrh�
JLK b[�L] ���%QkO¡J b O MkO¡JfYrK ] Y�O Q � �%Q�SUTNYrTRe b S � Y[ORM�QORhLK ] Q � KNY\VWe�QPSUTP�
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����� �kH H ~3) � G � G ��� ��� � ) H�� � ���� F�G � � G � �������G � �

����� �kH H ~3) � G � G ��� ��� � ) H�� � ���� F�G � � G � G
	 � ) GH
� � ~ E�GIH �

� ��H3� � ) � G ��� ��� � ) H �
� e � hLKRQ � � � �pl�M�TR� b VWQkO�VWQ�ORQ � �uQPSUTNYZTNe b S�MPXUe�TNY[SUT ] Y%J Q�KRTRQVWQKNMPO b[] hWTRe b S
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c ^ b h �L] e b SiO JiY[Op�UhLQ a QkO �%M�TR� b VLQPOpO b SUTpX¬Y ] Y �L] QPO YrhfONORe � e�QPS�J b hfKºO Q � �%Q�SUTRQPKºVWQPO
ej�%Y � QkO � ejVLe��%Q�SiO e b SLSfQ ]j] QkOm�\hfQdTNKReqVWej�%Q�SfORe b SLSLQ ]�] QPOP�

��-���-/. � � : 8�D ��E9;!8�=
# QkOpTNK b ejOp�%M�TR� b VWQkO¿VWM a KNe TNQPO¿VLYrSfO ] Y�ORQ a TRe b S � � �IMPXwe TNQ�SUT ] Q�JLK b[�L] ���%Q�VWQdKRMkO b\] hLTRe b S
ejSL�LM�KNQ�SUT Yrh � KNY\VWe�QPSUTP� # Q¿ORhLJLJ b KRT J b hLK �|YrejKRQ a K b ;qTRKNQ ] QkO3��Y[KN�UhLQPhLKNO 6 b h�KRMkY ] ejORQ�K�VWQPO
� hfORe b SfO+9�S ^ QPO TdJ ] hfOohLSfQ�ej��Y � Q � K«Y[VWejQ�SUT��?��YreqO ]_^ e���Y � Q b KRe � ejSfY ] QQ ]�] Q����P�uQ\���¿Q ] Y
J Q�KN�uQ�T�VWQO hfe�XwKNQ ] QPO b\� ��Q�T«O �fSfOmONYrSfOmY¬X b ejK � QPO b ejS�VWQ�O hfK D´M a �fY[SUTRe ]�]jb SLSfQ�K ]_^ e���Y � Q[�

��-���->, � 698�� D�� � � : � � 
 ��;�E � :
# QkO�TRK b eqO��%M�TN� b VWQPO%VWM a KNe TNQPOuVLYrSiO ] Y O Q a TRe b S � ����M�Xwe�TRQPS\T ] Y�J Q�KRTRQ�VWQ�KRMkO b\] hLTRe b S
ejSL�LM�KNQ�SUTNQ/Y[h � KNY\VWejQ�SUTP� ` S a�b S\TNKRQPJfYrKRTRejQ/VWQ a Q�T TRQ �fQ%We � e ] e TNM�J b hLK�KRQPJLKNMPORQ�SUTRQPK
S ^ e��%J b KRTRQ��UhLQ ]j] Q � b KR�%Q 6|� a�b �%JLKReqO ] QkOuVLM�TNY[e ] O �fSfO+9 �¿Q ]j] QkO�JfKRMkO QPS\TNQ�SUTuVfYrSfO a QPK D
TNY[e�SfQPOmORe TNhfYZTNe b SfOmVWQPO�JLK b\�L] ���%QPO¡VWQ �E� hLe�TRQPO�
 � a�b �u�%Q ] ^ e ]�] hfO TRKNQ ]_^ Q�WQ��%J ] Q�ORhLe�XZY[S\Tk�
nºKNQ�S b SfO ]_^ ej�%Y � QVWQ ] Y�� � hLKNQ � � � 6|Y 9¤� `º]j] Q a�b �%J b K TNQ�TNK b ejO ?Pb SLQkO���hLSLQ �f] Y[S a �LQ��

hLSLQ�S b e�KNQ�Q�T�hLSLQ � KReqORQ��"ORM�JfY[KRMPQPOuJfY[K%VLQPO ?Pb SLQkOuVLQ�TNKNY[SfORe TNe b S � �¿� b eqO eqORO b SiO�hfS
��YrK«�UhLQ�hLK ��]_^ e�SUTNM�KNe�QPhLK�VLQ a �fY a hLSfQoVWQ a QkO ?�b SfQPOP� gwe S b hfO �|YreqO b SfO a K b ;qTRKNQ a QPO¿�%Y[K D
�UhLQ�hfKNOºORQ ]jb S ] Q a�b SUTNKNY\O�TNQ�ejSfVWeq�UhLM�JfY[K ] Q � KNY\VWejQ�SUT��rS b hfO b\� TRQPS b SiO ] YORQ � �%Q�SUTNYrTRe b S
VWQ ] Y3� � hLKNQ � � � 6 � 9�� n Y[K a�b SUTRKNQ��wO e S b hfO ] QPO4�|YreqO b SfO a K b ;qTRKNQ�O hfK ] ^ ej��Y � Q b KNe � ejSfY ] Q ] Q
KNMPORh ] T«YZT¡QPO T a Q ] hLe VWQ ] Y3� � hLKNQ � ���=6 a 9¤�p�oYrSfO a QoVWQ�KNSLejQ�K a Y\O%� M1

Q�SwXZYr�Le�T ] Y ?�b SLQdVWQ
TRK«YrSiO e�TRe b S�QPS\TNKRQ ] QkO�KNM � e b SiO 2 Q�T 3 � � M�SfM�K«YrSUT�hLS ]jb S ��a�b SUT b hLKo�\hfe3SLQ a�b KNKNQPORJ b SfV� Yrh a hLS VWM�TNY[e ] VWQ ] ^ ej��Y � Q\�¯ ] O ^ Y � e TIV ^ hLSLQ'� hLe�TRQ�VWh �%Y[KN�UhLQPhLK M1

��a Y[hfORQ�VWQ ] Y
KNQPONO QP� �L] YrS a Q�QPS\TNKRQ%O b S SLe�X\QPY[h VWQ � KNeqO�Q�T a Q ] hLeºVWQ a QPK T«YrejSfOoJLe wQ ] OVLQ ] Y ?�b SfQuVWQ
TRK«YrSiO e�TRe b S M2 − M3

�
�oYrSfO a Q�T TNQ�O e�TRhiYZTRe b S ] Y�O Q � �%Q�SUTNYrTRe b S � Y[ORM�Q�ORhLK ] Q � K«Y[VWejQ�SUTQPO TJ ] hiOJiQPK � b K D

��YrSUTRQ\� n b hLKºhWTNe ] eqO QPK ] QPO¿YrhWTNKRQkOp�%M�TR� b VLQPO��US b hfOºVLQ�XwK b SfOºJfKRQPSfVWKNQ�VWQPO¿JLKNM a Y[hWTRe b SiO
J b hLKmMPXUe�TRQPK a QkO�� hLe�TRQPOP�

6|Y 9�¯>��Y � Q b KNe � ejSfY ] Q 6 � 9 �¿K b eqORONYrS a Q VLQ ��Y[K D
�UhLQ�hfKNO ORhLK ] ^ ej��Y � Q
� K«Y[VLe�QPS\T

6 a 9 �¿K b eqONORY[S a Q-VWQ-��YrK�D
�UhLQPhLK«O O hLK ] ^ e���Y � Q
b KRe � ejSfY ] Q

� e � hLKRQ � � �L��n"K b\�L] �P�%Q�VWQ8� hLe TNQPO

��-���-�� A � ��; ��� D � D/? � 8�= � � D!?	E �
#º^ Y ]j�[b KRe�TR�f�uQ�VWQ ] e � SfQ�VWQ�JfY[K T«Y � Q�VWQkO�QkYrh� �|Y[e T a K b ;jTNKRQ�VWQPOu��YrK«�UhLQ�hLK«O�JLe�WQ ]��
JLe WQ ] �Z��hfON�\h ^ �%a Q��Uh ^ e ] O bWa�a hLJ Q�SUT ] Y�T b TNY ] e�TRM�VLQ ]_^ e���Y � Q[�ºgwe �fY[h ] e�QPh�VWQ a�b SfO eqVWMPKRQPK
VWQkOIJLe�WQ ] O�� b S/O ^ ejS\TNM�KNQPONO QuYrh� ?�b SfQPOoJ ] YZTRQkOoQ�T ��] QPhLKNOoKNQ ] YZTNe b SfOIVWQ%X b eqORe�SfY � Q�� b S
Y � b hLTRe�T � VLQPO¡�%M�TN� b VWQPO��UhLe b SUT ] QkOmY¬X¬Y[SUTNY � QPO¡ORhLe�XZY[S\T«O��
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•
# QPO a�b SUT b hfKNO �fSfY[h� a�b KNKNQPORJ b SfVWQ�SUT � VWQkO a�b SUT b hLK«O��UhLepQ�WeqO�T«YrejQ�SUToVLM�� � O hLK
]_^ e���Y � QIVWQ�VWM�JiYrKRTP� # QkO�� b KN�%QPO¡VWQPO b[� ��Q�TNO¡J Q�hLX\Q�SUT�Y ]jb K«O ��TRKNQIJLKNMPORQ�KNX[M�QkO��

•
ª K«Y¬XZYre ]�] Q�K � ]_^ M a �fQ ]j] Q�VWQ ] Y ?Pb SLQ�J ] YrTRQ 6 Q�T%S b S JfY\O�VWh JLe�WQ ] 9�JiQPKR�%Q�T�hLSLQ
YrSfY ] �WORQ�VWQ ] ^ ej��Y � Q � J ] hfOo�fY[hWTdSLejX[QkYrh � b S JiQPhWTIY\ORO bWa ejQ�K � hLSLQ ?�b SfQ�J ] YZTRQ
VWQPO a YrK«Y a TRMPKReqO�TNej�UhLQkO¡J ] hfO�ORe � SLe � a YrTRejX[QPO��\h ^ � hfS�JLe�WQ ] � a�b �u�%Q�JiYrK�Q%wQP�%J ] Q
hLSLQIKRQPJLKNMPORQ�SUTNYrTRe b S�VLQITRQ�wTNhLKRQ��WhLS�X[Q a TRQPhLK�VWQ� b hfX[Q��%QPS\Tk���j�

# Y a K b eqONORY[S a QuVWQ�KNM � e b SfO ��] ^ M a �LQ ]�] Q�VWQPO ?�b SLQPOoJ ] YZTNQPOIQ�T ] Y � hfO e b S/VWQ%KNM � e b SiO
TRK«Y¬XZYre ]�] Q�SUT �u]_^ M a �fQ ]j] QVWQkO ?�b SfQPO¡J ] YZTNQPO�� � MPSLM�� a ejY[SUT�YrejSfO e VLQ a QPOmY¬XZY[S\T«Y � QPOP�

��-���-�� � � D�� �+EF;/8�= ��� �B?	6 � � � � 6 :
�oYrSfO ] Q a Y[VLKRQ�VWh a�b VLY � Q�� ] Y O Q � �%Q�SUTNYrTRe b S�V b e T���TRKNQ�Y[VfYrJWTNM�Q�Y[h/TNYrh=�VLQ a�b � D
JLKNQPONO e b S�XweqO M\��¾dK,�fe ] QkO�ToVWe�� a e ] Q�VWQ�JLKRMPX b e�K�hfS a�b ? TdVWQ a�b VfY � Q � JfYrKRTRejK�V ^ hLS���QPh
VWQ%��YrK«�UhLQ�hLK«OP�onpY[K a�b SUTRKNQ�� ] Y��%M�TR� b VWQ%JfY[K/� hiO e b S VWQ%KRM � e b SfO a�b SfSfY:;qT ��a �fY\�\hfQ
ejSfO�T«YrSUT ]_^ M�T«YZTmVWQ ] YuORQ � �%QPS\T«YZTNe b S�� a Q�UhLe ] hLe J Q�KN�%Q�T�VWQI�%e�QPh��QkO�TNe��%Q�K ] Q a�b ? T¡VWQ
a�b VLY � Q\�
npYrK�Y[e ]j] Q�hLK«O ] Y��%M�TR� b VLQ VWQ � hiO e b S+VWQ KRM � e b SfO b�! KNQ�hLS a Y[VWKNQ �fQ%We �L] Q�J b hLK

VWMPX[Q ]jb JfJiQPK�VWQPO a KNe T���KNQPOmMPX b\] hLMkO�VWQ�� hiO e b S��fTRQ ] Od�\hfQ ] Y�TRQ�wTNhLKRQ b h ] Q�� b hLX\Q��%Q�SUTP�
�¿Q�TRTRQ a YrK«Y a TNM�KNejO TReq�UhLQ"QkO�TphLS�Y¬XZYrSUT«Y � Q a�b SfO eqVWMPKNY �L] Q¿JfYrKpK«YrJfJ b K TpYrh�uYrhWTNKRQkO �%M�TR��D
b VWQPO�JfYrK a Q��Uh ^ e ] S ^ QPO T�JfY\O �|Y a e ] Q�VWQ�VWM�KNe�X\Q�KmhLS���Q�h�VWQ���Y[KN�UhLQPhLKNO � JfYrKRTRejK�VWQ a QPO
a KNe�T���KNQPO�MPX b[] hLMkO��pc b hfO¡KNQ�Xwe�QPSfVWK b SfO¡ORhLK a QJ b ejSUT�VLYrSfO ] Q a �fY[JLe TNKRQ � �
�oYrSfO ] Q a Y\VWKNQIVLh a�b VLY � Q ] Y%�%Q�e ]�] Q�hfKRQ�ORQ � �uQPSUTNYZTNe b S�QkO�T a Q ]j] Q��UhLe3S b hfO�V b SLSfQ

] Y��%Q�e ]�] Q�hLKNQ��UhfY ] e�TRM�Y¬X\Q ao] Q�J ] hiO�J Q�TRe�T a�b ? Tk�¿¯ ] S ^ QPO T�JfY[O �|Y a e ] Q�VWQ�VWMPKRejX[QPK�hLS%��QPh
VWQ��%Y[KN�UhLQPhLK«O � JfY[K TNe�KoVWQ a Q a KRe�T��PKRQ\� # QPO�TRQ a �LSLeq�UhLQPOoVWQ3� hiO e b S�S b hfOdJiQPKR�%Q�TRTRQPS\T
V ^ b[� TNQ�SLejK�hLSLQ¡O Q � �%Q�SUTNYrTRe b S�VLQ �|Y[½ b S�SiYZTRhfKRQ ]�] Q��:� hfORe b SLSfY[SUT e�TRM�K«YZTNe�X\Q��%Q�SUT ] QkO VWQPh�
KNM � e b SiO��UhLeoORQ�KNQPONO QP� �L] Q�SUT ] Q J ] hfO���ONYrSfO�e�SUTNK b VWhLejKNQ YrKRTRe � a ejQ ]j] Q��%Q�SUT�hLS ��Q�h VWQ
��YrK«�UhLQ�hLK«OP�

��-���-�� � � = ��69? D/; : ?	E9;!8�= � � D/?6	� � �	? D���?	EF;/8�= ��� D!? ��� = ? � ;������
c b hfO�Y¬X b SfO�XUh VLYrSiO ] Y O Q a TNe b S
�i� � �UhLQ ] Y KRMPM�XZY ] hfYrTRe b S VWQ ] Y VW�wSfYr�%eq�\hfQ QPS
J ] hfORe�QPhLKNO�M�T«YrJ QPO�VLQ�O hfK D>O Q � �%Q�SUT«YZTRe b S�J Q�KN�uQ�ToVWQ��uejQ�h=�QkO�TNe��%QPK ] Q a�b S\TNKNY\O�TNQQ�S�D
TRKNQ�KRM � e b SfOP� #º^ e��%J b KRTNY[S a Q�XwejORhLQ ]j] Q�VWQkOuKRM � e b SfO�QPO T%Y[e�SiO e¡J ] hfO%J Q�KRTRejSLQ�SUTRQ�Q�TuQPS
a�b SfORMP�UhLQ�S a Q ] QkO¡KRMkO h ] T«YZTNO b\� TRQPSwhfOmO b SUTmVLQo�%QPe ]j] QPhLKNQ��\hiY ] e TNM[�

# QkO M�TNYrJ QPO�ORh a�a QPONO ejX[QkO VWQ¿ORhLK�D´ORQ � �%Q�SUTNYrTRe b SO b SUT3Q�S��|Y[e T,�rVWQPO�� hfORe b SfO VLQ"KNM � e b SiO
� Y\O MPQPOuO hLK%hLSfQ�MPXZY ] hfYZTNe b S Y[ONO bwa e�MPQ�Y[h� � K b SUTRe���KNQPOP� gwhLK%hLSLQ�O hfK D>O Q � �%Q�SUT«YZTRe b SG�
S b hfOpY[ONO bWa e b SfO�hLSLQmXZY ] Q�hLK �a �iY[�UhLQ � K b SUTRe���KNQ��rVWMPJiQPSfVLYrSUTNQ�VWQ ] YoKNQPONO QP� �L] YrS a QmVWQPO
VWQPh��KNM � e b SfOm�Uh ^ Q ]�] Q�ORM�JfY[KRQ\� �¿Q�KRTNY[e�SfQPOmVWQ a QPO�� K b SUTNe �PKRQkOmO b S\TmM ] ej�%e�SLMPQPO � M�SfM�K«YrSUT
YrejSfOReihfSLQdORQ � �uQPSUTNYZTNe b S�J ] hfO � K b ONO e���KNQ[� # QPO4� K b SUTRe���KNQPO"VLQ a Q�T TNQoORQ � �uQPSUTNYZTNe b S�O b SUT
KNM�M�XZY ] hLMPQPO � S b hfX[QPY[h Q�ThLSLQ�S b hLX[Q ]�] Q�O ej�%J ] e � a YZTRe b S QPO T b[� TNQ�SwhLQ\� # Q�JLK bwa QPONO hiO
QPO T�e�TRM�KNM���hfON�\h ^ �%a Q��UhLQ ] Y%O Q � �%Q�SUTNYrTRe b S �fSfY ] QYre�T ] QoS b � � KRQVWQKNM � e b SfO�XUeqORM[�

#º^ Y ]j�[b KRe�TR�f�uQ%VWQ � hiO e b S�VWQ�KNM � e b SfOIQPO T�hLSLQ � M�SLMPKNY ] eqORYrTRe b S VWQ a Q�JLKNejS a ejJiQ\��¯ ]
M�TNhfVWejQ VWQ ��YrSLe���KNQ�O �WO TRMP�%YrTReq�UhLQ�T b hWTRQkO ] QPO � K b SUTRe���KNQPO�V ^ hLSLQ O Q � �%Q�SUT«YZTRe b S3�0�
a �fY\�\hfQ�e TNM�K«YZTNe b S��ie ] M ] e��%ejSLQ�hfSLQ3� K b SUTRe���KNQ 6 ] Y�� b e�SiO�ej�uJ b KRTNY[SUTRQ��?VLY[SfO�hfS O QPSfO �
VWM%�fSLejK+9�Q�TIO ^ e�SUTNM�KNQPONO Q�Y[h� a �fYrS � Q��%QPS\T«O��UhLQuO b S�M ] e��%ejSfYZTNe b S�ej�uJ ] eq�UhLQuY[h��Y ] Q�S�D
T b hLK«O�����hLTRKNQ��%Q�SUT�VWe�T���e ] O ^ e�SUTRMPKRQkORORQ � V b SLSfQ�KhLSLQ�MPXZY ] hfYZTNe b S �\]�b\� Y ] QuY[h�F� K b S�D
TRe���KNQPO�VWQ ] Y S b hfX[Q ]j] Q ORQ � �%QPS\T«YZTNe b S �C��ejSfO e � ] ^ Y ]j�[b KNe�TR�L�%Q VLQF� hfORe b S!VWQ KNM � e b SiO
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KNM�M�XZY ] hLQ¡QPSuJ Q�KN��YrSLQPS a Q ] QPO � K b S\TNe �PKRQkO VWQ ] YORQ � �%Q�SUTNYrTRe b S � #º^ M�XZY ] hfYZTNe b SuVLQPO � K b S�D
TRe���KNQPO a�b KRKNQPORJ b SfV�T b hZ� b hLK«O ��]_^ M�T«YZT a�b hfKNY[S\TIVWQ ] Y�JfYrKRTRe�TRe b SG� a Qu�UhLe S b hfOdJiQPKR�%Q�T
VWQ ] Q�hLK�V b SLSLQPKmhLSLQMPX¬Y ] hiYZTRe b S �[]jb[� Y ] QIQ�T�JiQPK TNe�SLQPSUTRQVWQ ] Q�hLKmej�%J b K T«YrS a Q[�

� ��� 8 ��.	� �-;	(,+ ��.
#º^ Y ]j�[b KRe�TR�f�uQ¿�\hfeUKNM�hfSLe T ] QkO3�%QPe ]j] QPhLK«O a YrK«Y a TNM�KNejO TReq�UhLQPO3J b hLK ]_^ YrJLJ ] e a YrTRe b S��UhLQ�S b hfO
VWMPX[Q ]jb JfJ b SfO¡QPO T ]_^ Y ]j�[b KRe�TR�L�%QIVWQ � hfORe b S�VWQIKRM � e b SfOP� � M a YrJLe�TRh ]jb SiOmO QkOmY¬X¬Y[SUTNY � QPOP�

• ¯ ] M ] e��%ejSLQ ] QpJLK b[�L] ���%QºVWQpKNMPO b[] hWTRe b SoejSL�LM�KNQ�SUT Y[h � K«Y[VWejQ�SUT JfYrK a Qp�Uh ^ e ] O ^ ejS\TNM�KNQPONO Q� T b hWTNQPO ] QPO ?Pb SLQkO�J ] YrTRQkO%�LejSfVWMPJiQPSfVLY[�u�%QPS\T�VLQ ] QPhLK¡TNY[e ]j] Q\�

• ¯ ] TRK«Y¬X¬Y[e ]j] QuY¬X\Q a�] QkO ?Pb SLQkOIJ ] YZTRQkOV ^ hLSLQ%e���Y � Q�� a Q��UhLepJiQPKR�%Q�TIhfSLQ�YrSfY ] �WORQVWQ ] ^ e���Y � Q � J ] hfO��fYrhWT�SLejX[QkYrh � b S J Q�hWT�Y[ONO bwa e�QPK � hLSLQ ?�b SLQ J ] YrTRQ�VWQPO
a YrK«Y a TRMPKReqO�TNej�UhLQkO"J ] hfO�O e � SLe � a YZTRejX[QkO¡�\h ^ � hLS�JLe WQ ] � a�b �%�uQIJfY[KmQ�WQ��%J ] QhLSLQ
KRQPJLKRMkO QPSUTNYZTNe b S�VWQITNQ�wTRhLKNQ��WhfS�X\Q a TRQ�hfK�VWQ� b hLX\Q��%Q�SUTP�j�j�

• ¯ ] � hfORe b SLSLQ�e�TRMPKNYrTRejX[Q��%QPS\T ] QPO�VWQ�h��KNM � e b SiOm�\hfe ORQKRQkORORQ�� �L] QPSUT ] Q�J ] hfO��iONYrSfOe�SUTRK b VWhLejKRQIYrKRTRe � a e�Q ]�] Q��%Q�SUTmhLSu��Q�h�VWQ��Y[KN�UhLQPhLKNOP�

• ¯ ] KRMPM�XZY ] hLQuQ�S/J Q�KN�%Y[SLQ�S a Q ] ^ ej�%J b K T«YrS a Q%VLQPO � K b SUTRe���KNQPO�� a Q��UhLe ] hLe"JiQPKR�%Q�TVWQ�TRK«Y¬X¬Y[e ]j] Q�K�Y¬X[Q a hfSLQ�M�XZY ] hfYrTRe b S �[]jb[� Y ] Q�VWQPO � K b S\TNe �PKRQkO%�¿M�Xwe�TNYrSUT�YrejSfORe ] Y
� KNY � e ] e�TRMIVWQ ] YuVL�USiYr�%ej�UhLQ\�

• ¯ ] JLK b VLhLe T�VLQPO�JfY[K TNe TNe b SfO%Q�� �ib ;jTNM�QkO�O hfK ] QkOR�UhLQ ]�] QPO b S JiQPhWT�YrJfJ ] eq�UhLQ�K�hfSYrK � KRQIVWQVWM a eqO e b S�J b hLK���Y<Wej�%ejORQ�K ] Yu�UhfY ] e�TRMJ b hfKmhLS a�b ? TmV b SLSLM\�
#º^ ejS a�b SUX\M�SLejQ�SUToJLKRejS a e�JfY ] VWQ a Q�TRTRQ�YrJfJLK bWa �LQuQPO T ] ejM%Yrh JLK b\�L] ���%QuVLQPO8� hLe�TRQkO �

TRK«Y¬X[QPKNO ] QkO ?Pb SLQkO�VWQ�TRK«YrSfORe�TRe b S �oc b hiOmTRK«Yre�TRQPK b SfO a Q�JLK b[�f] �P�uQuVLYrSiO ] QPO a �fYrJLe�TRKNQPO
�UhLe3ORhLejX[Q�SUTk�
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� ��� 1 . 9,% � /	;5� 9*+-��.
#º^ Y ]j�[b KRe�TR�f�uQ�VLQ�ORQ � �%QPS\T«YZTNe b S � Y[ORM�O hfK ] Q � K«Y[VWejQ�SUT�SfQ�O Q�KRMPX�� ] QJfY\OmTNK��kO�Y[VfYrJWTNM
� hLSLQ�YrJfJ ] e a YrTRe b S/VWQ a�b VLY � Q ��a YrhfORQ%VWQ�O b S ejS a Y[JfY a e TNM � KNQ�JLKNMPORQ�SUTNQ�K ] QkOIJiQ�TRe�TNO
b[� ��Q�TNOP� #"^ ej�%J b ORORe � e ] e�TRM"VWQpKNQ�JfKRMkO QPS\TNQ�K ] QPO b[� ��Q�TNO)�iSfO ����SLQ � hLSLQºJ Q�KRTRQ"e��%J b KRTNYrSUTNQ
VWQ��UhfY ] e�TRMIXwejORhLQ ]�] QIQ�T�KNQ�SfV�VWe�� a e ] Q ] QJfY[ONORY � QIVWQ ] Y � Q ] O � TNKNY¬X\Q�K«O ] QITRQP�%JfO��
c b hfOmY¬X b SfO�Xwh�VfYrSfO ] Q a �fY[JLe TNKRQ � �fVLYrSiO ] QPhLKNO � K«YrSfVWQkO ] e � SLQkO%�iV ^ Y[hWTRKNQPO¡�%M�TR��D

b VWQPO"VWQ�O Q � �%Q�SUT«YZTRe b S%Q�TºS b hfO"Y¬X b SiO a�b S a�] h��UhLQ ] ^ Y ]j�[b KNe�TR�L�%QmVWQ�� hfORe b S�VWQmKNM � e b SiO
QPO T a Q ] hfe �UhLe3O ^ Y\VLYrJLTRQ ] Q�uejQ�h= � S b TRKNQ�YrJLJ ] e a YrTRe b S �"�dM�T«Yre ]�]jb SiO�VLYrSiO a Q a �fY[JLe�TRKNQ
] Q � b S a TRe b SfSLQ��%Q�SUT¡VWQ a Q�T¡Y ]j�[b KNe�TR�L�%Q�Q�T�VWM a KNe�X b SfOpS b O a � b e %Y ]��\b KNe TN�L�%ej�UhLQkOºJ b hLK
b[� TRQ�Sfe�KmhLSfQe��%J ] M��%Q�SUT«YZTRe b S�Q	� a Y a Q\�
� ��� 5 &)(,�B% +:#=9'+-��. /5& � < � �-1�� % + 9��8!0& /	& ( ;5(*+-��. /	& % 4 �

1�+-��.	(
# QkO ?�b SfQPO�J ] YrTRQkO�V ^ hLSLQ�ej�%Y � Q�O b SUT ] QPOuJ ] hfO � K«YrSfVWQkO a�b �%J b ORY[SUTRQPO a�b SLSLQ�WQkO�VWQ
JLe WQ ] O¡J b hLK ] QkOR�UhLQ ]�] QPO ] YuX¬Y ] QPhLKmVWQ ] Y � b S a TNe b S 6|Q�S ]_^ bWa�a hfKRKNQ�S a Q ] QISLejX[QPY[h�VWQ � KReqO%�
] Y a�b h ] Q�hfK����j� 9 QkO�T a�b SfO TNYrSUTNQ[� � b SfOReqVWM�KNQ�K ] QPO ?�b SLQPO%J ] YrTRQPO a�b �%�%Q�VWQPO%QPS\TNe TNMPO
ejSfVWejXUeqORe �L] QPO��¿Y[h ] ejQ�h VWQ�TNKNY[e TNQ�K ] QPO%JLe WQ ] O�eqO b[] MPO��"QPO T ] Q�JLKNe�S a ejJiQ�VWQkO b J M�K«YZTRQPhLK«O
a�b SLSLQ%wQkO��4�¿Q a e a�b �%J b K TNQoJ ] hfORejQ�hLK«OmY¬XZYrSUTNY � QPOP�

•
ª b hWT"JLe WQ ] YrJLJfY[K TNe�QPSUT � hLSfQ ?�b SLQ�J ] YZTNQ 6 ] QkO"JLe WQ ] O¿V b SUT"T b hfO ] QkO"X b eqO ejSfO b SUT
hLSLQXZY ] hfYZTNe b S�VWe ! M�KNQ�SUTNQ�O b SUT�VWQPO ?Pb SLQkOmJ ] YZTNQPO � hLS�Jfe�WQ ] 9¤� · S�Y ]��\b KNe TN�L�%Q
�\hfe�Y � e�T�O hfK ] QPO ?Pb SLQkO%J ] YZTRQkO�Y[ONO hfKRQ ] Q�TNKNY[e TNQ��%Q�SUT�VWQ�T b hWTRQ�O TRKNh a TNhLKNQ�VWQ
]_^ e���Y � Q�� �UhLQ ]�] Q��\hfQuO b e�T�ORY�TNY[e ]j] Q\����ejSfORe ] Q%JLK b[�f] �P�uQ%VWQuKRMkO b\] hLTRe b S Y\ORO bWa ejM
Yrh � K«Y[VWejQ�SUT¡S ^ Q%WejO TRQJ ] hfOP�

•
# Q��|Yre�T"VWQ�� hfORe b SLSLQPK"VWQkO ?�b SLQPO J ] YZTNQPOpM ] ej�%e�SfQ�VWQPO a�b SUT b hLK«O��%Y[ejOºS ^ QPS � M�S ��KNQ
� Yr��YreqOmVWQIS b hfX[QPY[h� �4�¿Q ] Y�J Q�KN�%Q�T ] YuJLKRMkO QPKRXZYrTRe b S�VLQ ] Y'� b KN�%QVWQPO b\� ��Q�T«O��

•
· SLQ�� b ejO ] QPOJfKRQP�ue���KNQPO/� hfORe b SfOIKNMPY ] eqO MPQPO��3Y¬X[Q a hfS a KRe�T��PKRQ�ORe��%J ] Q%TRQ ] �UhLQ ] Q
a�b SUTNKNY\O�TNQ�� ] QPO%S b hLX[Q ]�] QPOuKNM � e b SiO b\� TRQPSUhfQPO%J Q�hLX\Q�SUT ��TRKNQ���hLSLejQPO�VLQ a YrK«Y a D

� �
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TRM�KNeqO�TNej�UhLQkO�J ] hfO a�b �%J ] Q%WQPO��iTNQ ]j] QkOI�\h ^ hLSfQ�KNQ�JLKNMPORQ�SUT«YZTRe b S�VLQ�TNQ�wTRhfKRQ b h hfS
X[Q a TRQPhLKmVWQ� b hLX\Q��%Q�SUTP�

#º^ Q�SiO QP� �L] Q�VWQkO ?Pb SLQkO�J ] YrTRQPOuVWQ ]_^ ej�%Y � Q a�b SiO�TNe TNhLQ�VWM � � hfSLQ�JfY[K TNe TNe b S JfY[K a Q
�Uh ^ e ] X\M�KNe��iQ ] QPO�VLQ�h� a�b SfVLe TNe b SfOmO hfe�XZYrSUTNQPOP�

•
]_^ hLSLe b S�VWQPO ?�b SfQPO�J ] YZTRQkOmKNQ a�b hLXwKRQdQ�SUTRe���KNQ��%QPS\T ] QV b ��Y[e�SLQ

•
]_^ e�SUTNQ�K«O Q a TRe b S�VWQ�VWQPh� ?Pb SLQkO¡J ] YrTRQkOmVWe ! M�KNQ�SUTNQPO¡QPO TmT b hZ� b hfKNO¡Swh ]j] QJ� ] QPO ?�b SLQPO
J ] YrTRQkOmO b S\T�VWeqO|� b ejS\TNQPOP�

�¿Q�TRTRQ�JfYrKRTRe�TRe b S�QkO�T�SfMPYrSf� b e�SiOmTRK b J�KNe a �LQ�J b hLK/��TRKNQ a�b VWM�Q\� # Y�ORQ � �%Q�SUTNYrTRe b S
a�b SfORejO TRQ � M ] Y[K � e�K ] QPO ?�b SfQPOmJ ] YZTNQPO�� � M�SLMPKNY[S\T�Y[e�SfORe3VWQ ?�b SfQPOmJ ] hfO � K«YrSfVWQkO¡Q�S�J ] hfO
J Q�TRe�TpS b � � KNQ�� a�b KRKNQPORJ b SfVLY[S\T ] Q�J ] hfO �iV�� ] Q��%QPS\T J b ONO e �L] Q¿Yrh= b[� ��Q�TNO JLKRMkO QPSUTNO�VLYrSfO
] YuO a �PSLQ[�

#º^ Y ]j�[b KNe�TR�L�%Q�VWQ � hfO e b S VWQ�KNM � e b SfO  H � ��QPO T�hLS JfK bWa QkORORhfOue�TRM�K«YZTNe���� � a �fY\�\hfQ
e�TRM�K«YZTNe b S b S b\� TRejQ�SUTdhfSLQ�S b hLX[Q ]�] Q�JfY[K TNe TNe b S�VLYrSfO ] Y\�UhLQ ]j] Q ] QkOdVWQPh��KRM � e b SfO�Y\V¬� Y<D
a QPSUTRQPO ] QPO�J ] hiOmO ej�%e ] YrejKRQkOmO b SUT � hiO e b SLSfM�QPOP� �Lb KR��Y ] eqO b SfO a Q�TRTRQS b TNYrTRe b S �
g b e T P0

hLSLQ�JfYrKRTRe�TRe b S�ejSLe TNejY ] Q a�b SiO�TNe TNhLM�Q�VWQ N0
KNM � e b SfO�� P01, P02, P03...P0N0

�
#º^ Y ]j�[b KRe�TR�f�uQ�VWQ � hiO e b S VWQ�KNM � e b SfO a�b SfO TRKNhLe T�hfSLQ O hfe TNQ VWQ�JfY[K TNe TNe b SfO�VWQ�J ] hfO
Q�S J ] hfO � K b ORORe���KNQPO;� Pi

QPO T ] Y�JiYrKRTRe�TRe b S b\� TRQPSUhfQ�YrJfK��kO i M�T«YrJ QPO%VWQ5� hiO e b S�� Pi =
{Pi1, Pi2, Pi3...PiNi

} � # QuS b � � KNQuVLQuKNM � e b SfOoVWQ Pi
QPO TV b S a M � Y ] Yrh S b � � KNQ�VWQ

KNM � e b SiO�VWQ P0
� b ejSfO ] Q�S b � � KNQ�VWQF� hiO e b SfO�KRMkY ] ejORM�QkO�� Ni = N0 − i � ¯ ] O ^ Y � e TV b S a V ^ hLS/Y ]j�[b KRe�TR�f�uQuVWQ�O Q � �%Q�SUT«YZTRe b S Y[O a Q�SiVLYrSUT'6 � � b TRT b � D´hLJ�
 9¤� # Q%JLK bwa QPONO hiO

VWQ � hiO e b S�QkO�T�e�TRMPKRMI��hiOR�Uh ^ ��a Q��\h ^ hLS a KRe�T��PKRQ�V ^ Y[KRK���T�O b e�T�YZTRTRQPe�SUTP� # Y��uQkO hfKRQ�VWQ
ORe��%e ] e�TRhfVLQQ�SUTRKNQIKRM � e b SfO¡Y[VZ� Y a QPSUTRQPO¡Q�T ] Q a KRe�T��PKRQV ^ YrKNK���TmKRQkO�TNQ�SUT � VLM��fSLejKk�
n b hLK JfY[ONORQ�K3VWQ ] Y�JfYrKRTRe�TRe b S Pi

��] YmJiYrKRTRe�TRe b S Pi+1
� b S � hiO e b SLSfQ ] QPO3VLQ�h�KNM � e b SiO

Y[VZ� Y a QPSUTRQPO ] QPO�J ] hiOmO ej�%e ] YrejKRQkO%� Pij
Q�T Pik

�º� b S a � ] ^ b JiMPKNYrTRe b S�VWQ � hfORe b S�O QoTRK«Y[VLhLe T
JfY[KP�

Pi+1 l = Pij ∪ Pik

# QIJfORQ�hiV b D a�b VWQIVWQ ] ^ Y ]��\b KNe TN�L�%QoQkO�T ] Q�O hfe�XZYrSUTk�
���������	��
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K�L�M !����6�#�����#�6�7�
�� M�L
K.L�M �����6����������	��
���� M�L

��ejSfORe	�¿hLSLQ�KNM � e b S VWQ ] Y JfY[K TNe TNe b S Pi
a�b KRKNQPORJ b SfV � ] Y KNM�hfSLe b S V ^ hLS a QPK T«YrejS

S b � � KNQ�VWQuKNM � e b SiOdY\V¬� Y a Q�SUTRQkOdVWQ P0
6|JLKRejS a e�J Q�VWQPO b J M�K«YZTNQ�hLK«O a�b SLSfQ�WQPO+9¤���oYrSfO

a Qu�UhLepO hLe�T��?S b hfOoYrJLJ Q ]j] QPK b SfO ����Y a K b D KNM � e b S�
 ] ^ hfSLe b S a�b SLSLQ%WQ�VWQkO�KNM � e b SfO�V ^ hLSLQ
JfY[K TNe TNe b S�Q�T�S b hfOmVLe�K b SfOm�UhLQ ] QPOmKNM � e b SfO¡VWQ Pi

O b S\T�VWQkO¡��Y a K b D´KNM � e b SiO"VWQ P0
�

�oYrSfO ] YuORhLe TNQdS b hfO�YrJLJ Q ]j] Q�K b SfO �A� K b SUTNe �PKRQ�
mQPSUTRKNQdVWQPh��KRM � e b SfO¿Y[V¬� Y a QPS\TNQPO�� PijQ�T Pik
� ] QPhLK a�b S\T b hLK a�b �%��hLS�Q�TmS b hfO ] Y�S b TNQ�K b SfO 6 Pij − Pik

9¤�ºc b hfO�KNQ���YrK«�Uh b SiO
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�UhLQ ] Y�� K b SUTRe���KNQ�Q�SUTNKRQ�VLQ�h��KRM � e b SfO�Y[V¬� Y a Q�SUTNQPO Pij
Q�T Pik

VWQ ] Y�JfY[K TNe TNe b S Pi
�iQkO�T

hLSLQhfSLe b S�VLQ � K b S\TNe �PKRQkO¡VWh�T��UJ Q P0l − P0t
VLQ ] YuJfYrKRTRe�TRe b S�ejSLe TNejY ] Q b@J �

P0l ⊆ Pij

P0t ⊆ Pik

Á hfY[SfV Pij
Q�T Pik

� hfORe b SLSLQ�SUT�S b hfOmVWQPX b SiO¡M ] e��%ejSLQ�KmT b hfO ] QPO��%Y[e ]j]jb SfO�6 P0l − P0t
9

VWQ ] QPhLK � K b S\TNe �PKRQ\� # Y K«YreqO b S Q�S+QkO�T�ORe��%J ] Q[� QPSUTRKNQ VWQPh� KRM � e b SfO�V ^ hfSLQ ���P�uQ
��Y a K b D KNM � e b SuSfQoJ Q�hLT¡JiY[O�Q�WeqO�TNQ�K¡hLSLQ/� K b SUTRe���KNQoVWQIORM�JfY[KNYrTRe b S � c b hfO¡VWMPORe � SLQ�K b SiO
] Y8� K b S\TNe �PKRQ¡QPS\TNKRQ Pij

Q�T Pik
JfY[K ] Q¡TNQ�KN�%Qm�%Y a K b D � K b SUTRe���KNQ��¬J b hLKºejSfORejO TRQPK"O hfK ] Q��|Y[e T

�Uh ^ Q ]j] Q�QkO�T a�b SiO�TNe TNhLM�Q�V ^ hLSfQ b h�J ] hfORe�QPhLK«O�� K b SUTRe���KNQPOmQPS\TNKRQKNM � e b SfOmVWQ ] Y�JfY[K TNe TNe b S
P0
� nºhfejON�UhLQ�T b hWTRQkO ] QkO'� K b SUTRe���KNQPO�V ^ hLSLQ���Y a K b D	� K b SUTNe �PKRQ�O b S\T�VWMPJiQPSfVLY[S\TNQPO ] QPO

hLSLQkOIVWQPOoYrhWTNKRQkO 6 ]_^ M ] ej�uejSfYrTRe b S V ^ hLSfQ�� K b SUTRe���KNQ�ej�%J ] ej�UhLQ ]_^ M ] ej�uejSfYrTRe b S VWQ�T b hWTRQkO�9
ORhLK��UhLQ ]�a KNe T���KNQ�VWQ�X b SfO D´S b hfO � Y[ORQ�K ] Y � hfO e b S VLQ�VWQ�h= ��Y a K b D KNM � e b SfO Pij

Q�T Pik
�-¯ ] QkO�T�MPXUeqVWQPS\T��Uh ^ e ] SLQ7�|YrhWT�JiY[O�ORQ � Y[ORQ�K�O hfK ] Q���Yre ]j]�b S ] Q�J ] hfO'�|Yre �L] Q�YrejSfO e
�UhLQ ] Q�� b SUTNKRQ ] ^ Q�WQ��%J ] QdVWQ ] Y�� � hLKNQ 3W� � � Pi2

Q�T Pi3
O b SUT"X b eqO ejSLQkOºQ�T¡YrJLJiYrK«YreqORORQ�SUT

a�b �%�uQºTRK��PO VWe ! M�KNQ�SUTRQkO�� n b hLKRTNYrSUT Q ]�] QPO a�b SUTNe�QPSLSLQ�SUT3VWQPh�IKRM � e b SfO Y\V¬� Y a Q�SUTRQkO P0l ⊆
Pi2
Q�T P0t ⊆ Pi3

�UhLe � a�b SfOReqVWM�KNM�QkO�ejSfVWejXwejVLhLQ ]j] QP�%Q�SUT��mYrJfJfYrK«YreqORORQ�SUT a�b �%�%Q�TRK��PO
ORQ�� �f] Y �L] QkO��  Y\O QPK ] Y�� hfORe b S�O hfK ] Q"��Yre ]�]jb S ] QºJ ] hfOG�|Yre �L] Q"YrhLK«Yre�T a�b SfVWhfe T � � hfORe b SLSLQ�K
Pij
Q�T Pik

�

i1

i3

i2P

P

P

P
P

0l
0t

� e � hLKRQ 3W� � � � MPY a TRhfY ] eqONYZTRe b S �
��ejSfORe ] Y�S b TRe b S/VWQ%��Y a K b D	� K b SUTRe���KNQ�� b hLQ�hLS K �\] Q%ej�%J b K T«YrSUTP� `º]j] Q�J Q�KN�%Q�T�VWQ

JLKNQ�SfVLKRQ%Q�S a�b �%JWTRQ ] QPO8� hfORe b SfOVWM � � Q ! Q a TNhLM�QkOIJ b hLK�VWM a eqVWQ�K��UhLQ ]�] Q%QPO T ] Y � hfORe b S
ORhLe�XZY[S\TNQ � KNMPY ] eqORQ�K!� ] Y a YrK«Y a TRM�KNeqORYrTRe b S �\]�b\� Y ] QuVLQPOI��Y a K b D	� K b SUTRe���KNQPOoV b SLSLQ�VWQ ] Y
K b[� hfO TRQkORORQ ��] ^ Y ]j�[b KNe�TR�L�%Q[�

� ��� ( +-(,&>&).�� ; � % &
n b hLK��%Q�T TNKRQ�Q�S & hLXwKNQ�hLS Y ]j�[b KRe�TR�f�uQ�VLQ � hfORe b S VWQ�KNM � e b SfO%� S b hiO�Y¬X b SfO�V ? KNM�D
O b hfVWKNQIhLS a Q�KRTNY[e�S�S b � � KNQVWQJLK b[�L] ���%QPO¡�UhLQS b hfOmY ]j]jb SfOmVWM�TNY[e ]j] QPK�VLYrSiO ] Y%ORhLe TNQ[�

��-���-/. � � ��6	� : � =�EF?	EF;/8�= ��� D 2>;/= 
 806�� ?	E9;!8�=
# Q¡JLKNQ��%ejQ�K JLK b[�L] ���%Q � KRMkO b hfVWKNQ"QPO T ] Y/�|Y\½ b SuVWQ¡KRQPJLKNMPORQ�SUTRQPK ] ^ ejS�� b KR��YZTNe b S�KNQ ] YZTNe�X\Q
� ]_^ ej�%Y � Q\� # Y/��YrSLe���KNQ a�b hLK«YrSUTNQ�VLQ�KNQ�JfKRMkO QPS\TNQ�K%hLSLQ�ej��Y � Q�QkO�T�hLS T«Y �L] QPY[h VWQ
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JLe WQ ] O��!¾dK,� ] ^ Y ]��\b KNe TN�L�%Q�V b e�T%T b hLT�Yrh ]�b S � VWQ ] Y/JfK bWa MkVWhLKNQ a � b eqO ejK�hLS a�b hLJ ] Q
VWQ�KNM � e b SiO � � hfO e b SfSLQ�K%JfY[KR�%e�T b hfO ] QkO a�b hfJ ] QkO�J b ONORe �L] QPO��ºQ�T � M�KNQ�KuQ	� a Y a QP�uQPSUT
] QPO�KRQ ] YrTRe b SfO�VWQ X b eqO ejSfY � Q a �fY[S � QkYrSUTRQkO�YrJLK��PO a �fY\�\hfQ � hfORe b S � n b hLK a Q ] Y e ] QkO�T
SLM a QPONONYrejKRQ"VLQ�VWeqORJ b O QPK�V ^ hLS%Y aPa �PO3KNY[JLeqVWQ�Y[h�KRM � e b SfO3Q�TpYrh��KNQ ] YZTNe b SfO3VLQ¿X b eqO ejSfY � Q
Q�SUTNKRQ�Q ]j] QkO%� a Q��UhLe¡S ^ QPO T%JfY[O ] Q a Y[OuO hLK%hLS TNY �L] QkYrh VLQ�Jfe�WQ ] OP� # Y O TRKNh a TRhLKNQ�VWQ
V b SLSLM�QkO ] Y��uejQ�h=�Y[VLY[JWTRMPQ ��a QdJfK b\�L] �P�%Q�QPO T¡hLSLQIO�TNKRh a TRhLKNQdVLQ � KNY[JL�LQ�� a�b �%J b O MPQ
VWQ�S & hfVLOmQ�ToV ^ YrK���TNQPOP� # QkO�S & hiVLOmKNQ�JLKNMPORQ�SUTRQPSUT ] QkOmQ�SUTRe�TRMkO�V ^ ejS\TNM�K���T�Q�T ] QPO�Y[K���TRQPO
] QPO¡KNQ ] YZTRe b SiO¡Q�SUTRKNQ ] QkO¡S & hfVLOP�
gweIS b hfO�Y[ONO bWa e b SiO�hLS � K«YrJL�fQ � hLSLQ/JfYrKRTRe�TRe b SG� ] QPO�S & hfVLO�KNQ�JfKRMkO QPS\TNQ�SUT ] QPO

KNM � e b SiO�ORQ � �%Q�SUTRMPQPO¡Q�T ] QkOmYrK���TRQkO ] QkOmKNQ ] YZTRe b SiOmVWQX b ejORe�SiY � Q\� # Y � � hfKRQ 3w���ue ]�] hfO TRKNQ
] Y�KNQ ] YZTNe b S�QPSUTRKNQohfSLQJfYrKRTRe�TRe b S�Q�T�O b S � K«YrJf�LQoY\ORO bWa ejM[�

1 2

4
5 3

1

5

2

4 3

ARÊTENŒ UD

6|Y 9¿n Y[K TNe TNe b S 6 � 9 ¶ K«YrJf�LQY[ONO bWa ejM
� e � hLKNQ 3w���W� npYrKRTRe�TRe b SfO¡Q�T ¶ K«YrJf�LQPO

# QkOºYrK���TNQPO a�b KNKRQkO J b SiVWQ�SUTºYrh� a�b hLJ ] QPOºVWQ�KRM � e b SfOpY\V¬� Y a Q�SUTRQkO%� ar^ QPO T D � D>VWe�KNQ��\Yrh�
� hfORe b SfO¡J b ONO e �L] QPOP� # Q�hfKmX¬Y ] hiYZTRe b SG�LhLSLQI�%QPORhLKNQ�VWQO ej�%e ] e TNhfVWQ��fS b hfOmV b SfSLQ ]_^ b K«VWKNQ
VWQ/� hfORe b S � ]_^ YrK���TNQoVWQoJ ] hfO�JiQ�TRe�TRQIXZY ] hfYZTNe b S�ORQ�K«Y ] Y�JLKNQ��%e���KNQ � ��TNKRQoM ] e��%ejSLM�QoJfY[K a Q
�Uh ^ Q ]j] Q�ORM�JfY[KRQ ] QPOmVWQPh��KNM � e b SfO ] QkO¡J ] hiO�O QP� �L] Y �f] QkO��

��-���->, � � : E9;!8�= � ���B? � 698 � 6	� ��;/8�=�:
# Y�JLK bwa MPVWhfKRQ"VLQ4� hfORe b S�VWQ�KNM � e b SiO a�b �u�%QPS a Q¿JfYrK � MPSLM�KNQ�K hLS � KNY[JL�LQ � JfYrKRTRejK VWQ ] Y
JfY[K TNe TNe b S�ejSLe�TReqY ] Q56 P0

9� ] QkO¡S & hfVLO�VWh � K«YrJL�LQ a�b KRKNQPORJ b SfVWQPSUT¡Y ]�b KNO¡Yrh=�KRM � e b SfO¡VWQ
P0

6 ��Y a K b D KNM � e b SfO�e�Sfe TNejY ] QkO�9¡Q�T ] QPO�Y[K���TRQPO�Yrh� � K b S\TNe �PKRQkOmVWQ P0
6 ��Y a K b D � K b S\TNe �PKRQkO

ejSLe TNejY ] QkO�9�� ` SfORhLe�TRQ�� ] QPO�VWQ�h=+KRM � e b SfO��\hfeIORQ KRQkORORQ�� �L] QPSUT ] Q J ] hfO�� P0j
Q�T P0k

�
� hfORe b SLSLQPS\Tk�d��JLK��kO a Q�T TNQ3� hfORe b S ] ^ ej��Y � Q a�b �uJ b KRTRQ�hLSLQ�KNM � e b S P1l

�UhLe QPO T ] ^ hLSfe b S
VWQkO�VWQPh� KNM � e b SfO%ejSLe TNejY ] QkO 6 P1l = P0j ∪ P0k

9�Q�T�V b S\T ] QkO�X b ejORe�SfQPO�O b SUT V1l =
(V0j ∪ V0k)\{P0j ∪ P0k}

� b@J V0j
6 KNQPORJ � V0k

9IQkO�T ] ^ Q�SfORQ�� �L] Q�VWQ�X b ejORe�SfQPO�VWQ P0j6 KNQPORJ � P0k
9¤�

��ejSfORe	� Y[JLK��PO a �iY[�UhLQ � hfO e b SG� ] QPOoKNQ ] YZTNe b SfOdVLQ�X b eqO ejSfY � Q a �fY[S � QPS\TdQ�T ] Q � K«YrJf�LQ
V b e T MPX b[] hLQPK Q�S a�b SfORMP�UhLQ�S a Q[� · SLQ"O b[] hWTRe b SIJ b hLK � M�KNQ�K ] QPO �%Y a K b D´KRM � e b SfO �¡] ^ ejSUTRM�KNejQ�hLK
VWh � KNY[JL�LQ�ORQ�K«Yre�T¿V ^ M ] ej�uejSLQPK ��a �iY[�UhLQ � hfORe b S�hLSfQdVWQkO"VWQPh��KRM � e b SfO � hiO e b SLSfM�QPO86 hfS
S & hfV19¤� #º^ M ] ej�uejSfYrTRe b S�V ^ hLS�S & hfV�e��%J ] ej�UhLQ ] ^ M ] ej�%e�SfYrTRe b S�VWQ�T b hWTNQdKNM�� MPKRQPS a Q ��] hLe
VLY[SfO ] QPO"KRQ ] YrTRe b SfO¿VWQ�X b eqO ejSfY � QmQ�T ] Y�KRM b K � Y[SLejONYZTNe b SuVLQ ] Y ] ejO TRQoV ^ Y[K���TRQkO�� �¿Q�TRTRQdO b D
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] hWTRe b S%J Q�K«V�VWQmXwhLQ�T b hWTNQmKRM � e b S�ejSLe�TReqY ] Qm�\hfefY/� hfO e b SfSLM�� a Qm�\hfeLJ b O QmVWQkO JLK b[�L] ���%QPO
J b hLK�KNM a hLJ M�KNQ�K ] ^ ej��Y � Q�ORQ � �%Q�SUTRMPQejONO hfQ�VWh�JLK bwa QPONO hiOmVWQ�� hfORe b S � � ^ QkO�T�J b hLK«�Uh b e
S b hfOIY¬X b SiO�JLKNM�� MPKRM � Y[KNVLQ�K ] Q � K«YrJf�LQ�ejSLe�TReqY ] Q�T�Y\ORO bWa ejQ�KohLSLQ�VWQ�h=we����%Q%XZY ] hfYZTNe b S
6 ] Y%JLKNQ��%e���KNQdM�TNYrSUT ] Yu�uQkO hfKRQVWQKNQPONO QP� �L] YrS a QoQ�SUTRKNQIKRM � e b SfO�X b ejORejSLQPO+9"Y[h��Y[K���TRQPO
�UhLe�Q�WJLKNe��%Q ] Q�hLKIO TNYZTNhWTP� �¿Q�T TNQ�O b[] hWTRe b S JiQPKR�%Q�TIVWQ�KNQ�� b SUTNQ�K�MPX[QPS\TNhLQ ]j] Q��%Q�SUT�QPS
YrKNKNe �PKRQ�VfYrSfO ]_^ �LeqO�T b KNej�UhLQoVWQPO � hfORe b SfO¿KRMkY ] ejORM�QkO�� · SfQoY[K���TRQ�J Q�hLTmY¬X b ejK"VWQPh��O�T«YZTNhWTP�

• O b e T ] ^ YrK���TRQ�QPO T�Q�S a�b KNQ�Q�S XUe � hfQ�hLK,� a[^ QkO�T�D � D´VWejKNQ��LQ ]�] Q�M�TNY �f] e�TdhLSfQ�KNQ ] YZTRe b S�VWQX b eqORe�SfY � QdQ�SUTRKNQVWQ�h��KRM � e b SfOP�

• O b e T ]_^ YrK���TNQ"QkO�TºVWM � � � hfORe b SLSLMPQ�� a[^ QkO�T�D � D´VLe�KNQ��¬Q ]j] Q¿ejSfVWeq�UhLQm�\hfQ ] QPOpVWQPh��KNM � e b SiOY[V¬� Y a Q�SUTNQPO b SUT�VWM�� � � hiO e b SLSfM[�
��ejSfORe	� � T b hWTu� b �%Q�SUT�S b hfO�J b hfX b SiO�KNM a hfJiMPKRQPK ] QkO���Y a K b D KNM � e b SfOoQ�S a�b hLK«O%�

� K+
 a Q � hfSLQ�KNQ a�b SfO TRKNh a TNe b S�VWQ � KNY[e�SiO  �A� � ORhLK ] Q � K«YrJL�LQ b KRe � ejSfY ] � # Y%KNQ a�b SfO TRKNh a D
TRe b S�VWQ � KNY[e�SiO a�b SiO eqO�TNQ � KRQ � K b hLJ Q�K � JfYrKRTRejK�V ^ hLSLQ�KNM � e b S P0j

�WT b hWTRQkO ] QkOmKNM � e b SiO
Yrh=W�UhLQ ]�] QPOuS b hfOuJ b hLX b SfO%Y aPa MPVLQ�KuTRK«Y¬X[QPKNONYrSUT�ORQ�h ] Q��%QPS\T�VWQkO'� K b SUTRe���KNQPOuVWM�� � � h�D
ORe b SLSLM�QkO�� ` S V ^ YrhLTRKNQPO�TRQPKR�%QPO���e ] O ^ Y � e�T�VWQ/KNQ�TRK b hfX[Q�K�VLYrSiO ] Y JfYrKRTRe�TRe b S Pi

] Y
��Y a K b D KNM � e b S Pik

Y[ONO bwa e�MPQ � P0j
� # QdJfO QPhfV b D a�b VLQdVWQ a Q�T TRQoJLK bWa MPVLhLKRQdQPO T�VWM�TNY[e ]j] M

a e YrJLK��POP�
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c b hfO�Y¬X b SfOoejS\TNK b VWhfe T�JLKNM a MPVWQP�%�uQPSUT ] Y�S b TRe b S�VWQ���Y a K b D	� K b SUTRe���KNQ��3hLSLQ���Y a K b D
� K b SUTRe���KNQIQPO T ]_^ hLSLe b S�VWQ�T b hLTRQPO ] QkO � K b SUTRe���KNQPOmVWQ ] Y%JfY[K TNe TNe b S�ejSLe�TReqY ] Q��UhLe ORM�JiYrKNQ�SUT
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VWQPh� ��Y a K b D KNM � e b SfO�� #º^ MP�UhLejXZY ] Q�SUT�Y ]j�[b KRe�TR�L�%eq�UhLQ�V ^ hLSLQ%��Y a K b D	� K b SUTNe �PKRQ�QkO�TIhLSLQ
��Y a K b D´Y[K���TRQ[�ºc b hfO�Y¬X b SiO¿Xwh�Y[hfORORe �UhLQIT b hWTRQkO ] QPO�� K b SUTNe �PKRQkOmV ^ hfSLQ�����%Q���Y a K b D
� K b SUTRe���KNQ�O b SUT M ] e��%ejSLM�QkOpO ej��h ] T«YrSLMP�uQPSUT�Q�Tp�Uh ^ hLSLQ¡XZY ] hfYrTRe b S �\]�b\� Y ] Q¡VWQ ]_^ Q�SfORQ�� �L] Q
V b SLSLQ�VWQ ] Y�K b[� hfO�TNQPONO Q ��] ^ Y ]j�[b KNe�TR�L�%Q�VWQ � hfO e b S3�F� b �%�uQPSUT � MPKRQPK�Y ]jb K«O ] Y�X¬Y ] D
hfYrTRe b S/Q�WJLKNe���Y[S\T ] Y7� b K a Q%VLQ ] Y � K b SUTNe �PKRQ�QPS\TNKRQ Pi+1l

Q�T Pi+1t
� � Y[hWT D´e ] �%Q�T TNKRQ

� � b hLK�T b hWTNQPO ] QPO � K b SUTRe���KNQPO�V ^ hLSLQ���Y a K b D � K b SUTRe���KNQ�� ` S �|Y[e T,� b S�X¬Y�JfYrKRTRe a h ] Y[KReqO QPK
hLSLQoVWQPO¿YrK���TNQPOº�UhLe?O QPKNYoTNKNY[e TNM�Q a�b �%�%Q ] YKRQPJLKNMPORQ�SUTNY[S\TNQ�VWQmT b hWTNQPO ] QPO�YrK���TNQPOpQPSUTRKNQ
VWQPh��KNM � e b SfO�6 ��Y a K b D KNM � e b SfO+9¤�pc b hfOmejS\TNK b VWhfejO b SfO¡��Y[e�SUTRQPSfYrSUT ] YuS b TNe b S�V ^ �RYrK���TNQ
KNQ�JLKNMPORQ�SUTNY[SUTRQ 
¤�
� 8 � � z xPz'� � M���� � � ±r  ��©>§� R§´²? R¢�£�§�¨f©>±Z¨i©´§�¦ � µW¨?§�»�± �� R³ ! ±r  ��©´§u§¤£¤©"�N§ ����§ � ��± ��µf§ ����§%³Z¨±¬£«£�³ ��¥|§ ��±�¨ ³Zµ � § ����§ � ±&� µf±Z© ¥|³Z¨ #&��³ I ± ��§�¦ � µW¨ §�»%± �� R³&! ±Z  ��©>§ �

# Y/S b TRe b S V ^ YrK���TNQ�KRQPJLKNMPORQ�SUTNY[S\TNQ�X¬Y/S b hfO�Y[ejVLQ�K � ��YrejSUTRQPSLe�K � � b hLK ] Y ] ejO TRQ
V ^ YrK���TNQPO � M ] ej�uejSLQPK��rY[e�SfOReW�UhLQ ] Q�hLK a�] Y\ORORQ��%Q�SUT3JiYrK b K«VWKRQ�VWQ � hfO e b S3�3nºKNM a MPVWQP�u�%QPS\T
S b hfOpY¬X b SfO Y\ORO bWa ejM¿hfSLQmXZY ] hfYZTNe b S � ejSfY[e�KNQ�Y[h��Y[K���TRQPO��[Y"�fSuVLQ�J b hfX b ejK KRQ a�b SfO�TNKRhfe�KNQ
] QPO���Y a K b D´KRM � e b SfO a�b SfO TRe�TRhLMPQPOP� l�YrejSUTRQPSfYrSUT a Q�T TNQ XZY ] hfYrTRe b S XZY Y[VL�uQ�T TNKRQ�TNK b ejO
J b ONO e � e ] e�TRMkO��

•
�m` n � 2 g ` c ª ��c ª � ]_^ YrK���TNQ�S ^ QPO T�JfY[O�Q�S a�b KNQ�M ] e��%ejSLM�Q Q�T�Q ]�] Q a�b SUTRejQ�SUT ] Y
X¬Y ] hiYZTRe b S�Y a TRhfY ] eqORM�Q�� a[^ QkO�T�D � D´VWejKNQ��wQ ]j] QQkO�T � � b hfKP�

• co¾oc D>� � ª · � # ¯ g 2 � ]_^ YrK���TNQdS ^ Y�JfY[O�Q�S a�b KNQoM�TRMIM ] ej�%e�SLMPQ��W��YreqO¡ORY�XZY ] hfYZTNe b SS ^ QkO�T¿J ] hiO � � b hLKP�pg b S�M ] e��%ejSfYZTNe b S�VWM�J Q�SfV�V ^ hLSfQdYrhLTRKNQ�YrK���TRQ\� O b S�KNQ�JLKNMPORQ�S=D
TNYrSUTk�

•
��· gw¯R¾oc�c 2 � ] ^ Y[K���TRQY%VWM�� � M�TRM � hfORe b SLSLMPQ[�

��JfK��kOIhLSLQ�� hfORe b S/S b hfO�VWQ�X b SfOoX[MPKRe �fQPK ] Q�O TNYrTRhWT�VWQkO8� K b SUTRe���KNQPO�UhLeºQPS\T b hLKNQ�SUT ] Y
S b hLX[Q ]�] Q���Y a K b D KNM � e b S � M�SfM�KNM�Q[��n b hLK a Q ] Y�S b hfO"KNQ a�b SfO TRKNhLeqO b SfO ] QPO���Y a K b D KNM � e b SfO
X b ejORejSLQPOP� n b hfK a �fY[�UhLQ���Y a K b D>YrK���TRQ�e ] �|YrhiVWKNY a � b eqO ejK�hLSLQ Y[K���TRQ�KNQ�JLKNMPORQ�SUT«YrSUTRQ\�
ª b hWTNQPO ] QPO YrK���TNQPO3�UhLe a�b SfO�TNe TNhLQ�SUT�hLSLQ"��Y a K b D>YrK���TRQ b S\T ] Ym���P�uQ¿e��%J b KRTNY[S a Q\�$� ^ QkO�T
J b hLK«�Uh b e S b hiO a � b eqO eqORO b SiO a�b �%�uQoKNQ�JLKNMPORQ�SUTNY[SUTRQ�V ^ hLSLQI��Y a K b D´Y[K���TRQ��\ONY�JLKNQ��%e���KNQ
YrK���TNQIKRQPS a�b S\TNKRMPQ[�

��-���-�� � D!? :<: � ���"=�E � � =�? � ; � � � ��� : ?�6�� E � : ��?�6 806 � 6�� � � �	? D�
��?	EF;/8�=

c b hfO�VLQ�X b SfO ��TRKNQ a Y[JfY �L] QPO�VWQ�TNK b hLX[QPK�VWQ���YrSfe �PKRQQ � a Y a Q ]_^ YrK���TNQ�VWQ�J ] hfO�JiQ�TRe�TRQ
XZY ] hfYZTNe b S�JfYrKN�%e a Q ]j] QkOd�UhLe�O b S\ToQ�S a�b KNQKRQPJLKNMPORQ�SUTNY[S\TNQPO��fONY a �fY[S\To�\h ^ Y[JLK��kO a �fY\�\hfQ
� hfORe b S ] QkOmYrK���TRQkO¡YrhWT b hLK�VWQ ] YuS b hfX[Q ]j] QoKNM � e b S�J Q�hLX\Q�SUT a �fY[S � QPK�VWQXZY ] hfYrTRe b S �
· SfQIO b[] hWTNe b S�QPO T�VWQIJfY[K a�b hLKNe�K¿T b hWTRQkO ] QkO¡YrK���TRQkO �ua �iY[�UhLQ/� hfO e b S�J b hLK¡TNK b hLX[QPK

a Q ]�] Q�VWQ�X¬Y ] hiYZTRe b S/�%ejSLe���Y ] Q\� �¿Q�T TNQ�O b[] hWTRe b S/QPO T ] Y�J ] hfO�ORej�uJ ] Q � JLK b\� K«Yr�%�%Q�K,�
��YreqO¡Q ]j] QQkO�T�Y[hfORORe ] Y�J ] hfO ]�b hLKNVLQoQPS�TRQ�KN�%QPOmVWQoTNQ��%JfO�VWQ a Y ]qa h ] �
· SfQ¿YrhLTRKNQ¿O b[] hWTRe b S�QkO�TpV ^ b K«V b SfSLQ�K ] QkO Y[K���TRQPO�VLY[SfO3hfSLQ ] eqO�TNQ�Y¬X\Q ap] Q�hLK�XZY ] hfYZTNe b S

ejSLe TNejY ] Q Q�T�VWQ a �fYrS � Q�K�VWQ J ] Y a Q a Q ]j] QPO��\hfe b SUT a �fY[S � M VWQ XZY ] hfYrTRe b S � ª K b hLX[QPK
] ^ QP�uJ ] Y a Q��%QPS\T"V ^ hLSfQ�YrK���TRQmVLY[SfO ] Y ] eqO�TNQmQ�TºKNM b K � Y[SLeqO QPK ] Y ] eqO�TNQmJ b hLKp�%Q�TRTRKNQ ]_^ YrK���TNQ
� ORYuJ ] Y a QO b S\T�Y[hfORORe VWQkO¡JLK bWa MPVWhLKNQPO a�b ? TNQ�hfORQPO�QPS�TNQ��%JfO�VLQ a Y ]qa h ] �

# Y � ] Q�V ^ YrT TRQPSUTRQ��LejM�K«YrK a �Leq�\hfQ  H 6 � b"! KNQ�hLSLQ�O b[] hWTRe b S/K«YrJLeqVWQ ��a Q�JLK b[�L] ���%Q[�
· SfQ � ] Q�V ^ YZT TNQ�SUTRQ�QPO TuT b hLT%ORe��%J ] Q��%QPS\T%hLSLQ�O TRKNh a TNhLKNQ ] e�SLMkYrejKRQ�Y¬X[Q a hLSLQ�Q�SUTNKRMPQ
Q�TuhLSLQ�O b KRTRejQ � VLQPO�Q%wTRK����%QPO b JLJ b ORM�QkO56 X b ejK3� � �,3w� H 6_Y�9�9¤� # QkO�M ] MP�uQPSUTNO�O b KRTRQPSUT
VWQ ] Y � ] Q VfYrSfO ] QPhLK b K«VWKNQ V ^ Q�SUTRKNM�Q\� ` S TNQ�KN�%QPO�e�S�� b KR��YrTReq�\hfQPO�e ] O ^ Y � e�T�V ^ hLSLQ
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O TRKNh a TNhLKRQ � ¯ � ¾ 6 � e�K«O T�¯>S D � ejK«O�T%¾dhLT+9¤� · SLQ � ] Q�V ^ YrT TNQ�SUTRQ��Le�MPKNY[K a �fej�UhLQ�QkO�T�hfS
Q�SiO QP� �L] Q�VWQ � ] QPO"V ^ YrT TNQ�SUTRQ�ORej�uJ ] QkO�� # QkO � ] QPOºO b SUT b KNV b SLSLMPQPO Q�T a �fY a hLSLQ�Y aPa hLQPe ]j] Q
VWQkOIM ] M��%Q�SUTNOV ^ hLSfQuJfKRe b KNe TNMuVLe ! M�KNQ�SUTRQ\����QkOIM ] M��%Q�SUTNOVLQ�T b hWTNQ%JLKRe b KNe�TRMuJiQPhLX[QPS\T
YrKNKNe�X\Q�K � S ^ e��%J b KRTRQ%�\hfQ ] � b �%Q�SUTIQ�TIKRQPS\TNKRQPKoVfYrSfO ] QPhLK8� ] Q a�b KNKRQkO J b SfVfYrSUTRQ\�dnpYrK
a�b SUTRKNQ�� ��a �fY[�UhLQmejSfO TNYrSUT,�UORQ�h ]i] Q�JLKRQP�%e�QPK"M ] M��%QPS\T�VWQ ] Y � ] QdVWQ�J ] hfO"�fYrhLTRQ�JLKNe b KNe TNM
J Q�hWT�O b KRTRejK�VWQ ] Y'� ] QV ^ YZTRTRQ�SUTNQ56 X b e�K�� � �%3w� H 6 � 9 9��
gwe b S ejSUTRK b VLhLe T�T b hWTRQkO ] QPOuYrK���TRQkO�VLY[SfO�hLSfQ5� ] Q�V ^ YZTRTRQPS\TNQ��LejM�K«YrK a �Leq�UhLQ�O Q ]�b S

] Q�hLKIXZY ] hfYZTNe b S�� ]_^ b K«VWKNQ�VWQ%O b KRTRejQ�ORQ�K«Y � ejQ�S ]_^ b K«VWKNQ�VWQ � hfORe b S �n b hLKoTRK«Yre�TRQPK ] Q a Y[O
VWQ��%eqO Q � � b hLK�VWQkO�XZY ] hfYrTRe b SfO�Y[JLK��PO a �fY\�\hfQ � hfO e b S�S b hfOmJ b hLX b SfO�JLK bWa MPVWQPK�VWQ ] Y
�|Y[½ b S�ORhLejX¬Y[SUTRQ[�¿hLSLQ�Y[K���TRQ�KNQ�SUTNKRQ�VLY[SfO ] Y�� ] Q�V ^ YZTRTRQ�SUTNQ�YrhLTNYrSUT�VWQ3� b eqO��Uh ^ Q ]j] Q�QkO�T
KNQ�D>Y a TNhfY ] eqO MPQ�� a �fY\�\hfQ � b eqO�Y¬X[Q a hfSLQ�JLKNe b KRe�TRM�VLe ! M�KNQ�SUTRQ\����JLK��PO��LS b hiO�VWQ�X b SfO�S b hfO
VWM � YrKNKNY\ORORQ�K VWQPO�Q�WQP�uJ ] Y[e�KNQPO ��h ] TRejJ ] QPO Q�T TNKNY[e TNQ�K O QPh ] QP�%Q�SUT ] ^ YrK���TRQ¡�UhLe a�b KRKNQPORJ b SfV
�u] Y%VWQPKRSfe �PKRQIXZY ] hfYZTNe b S �
¯ ] QkO�T ejSUTRM�KNQPONONYrSUT VWQºJLKNQ�SfVLKRQ Q�S a�b �%JWTNQ ] QkO ��Y a K b D>YrK���TNQPO?YrhI� b �%QPS\T3V ^ Y a TRhiY ] ejORQ�K

] Y�XZY ] hfYrTRe b S�VWQPO � K b S\TNe �PKRQkO¡YrJLK��PO�hLSLQ � hiO e b S�J b hLK ] QPO¡K«YreqO b SfO¡O hfe�XZYrSUTNQPOP�
� �¡JfYrK a Qm�UhLQ a Q ] YS b hiOpJiQPKR�%Q�T¿VWQ�V b SLSLQPKºhLSLQ�MPXZY ] hfYZTNe b S �[]jb[� Y ] Q �] YIS b hfX[Q ]j] Q
�%Y a K b D>YrK���TNQ��

�L�¡J b hLK SLQ¿JiY[O�e�SUTNK b VWhLejKNQ�VLY[SfO ] Y � ] QmV ^ YrT TNQ�SUTRQ�J ] hfO ejQ�hfKNO � b eqO a Q¡�UhLewQPO TºVWQ�X\Q�Swh
� ] Y����P�uQ�Y[K���TRQ�
«�
n b hLK¡S b hfO¡VWM � YrKNKNY\ORORQ�K�VWQPO�Q�WQP�uJ ] Y[e�KNQPO���h ] TNe�J ] QPOmV ^ hLSfQo��Y a K b D>YrK���TRQ��[hLS�TRQkO�T

ORhLJLJ ] M��%Q�SUT«YrejKRQ%QPO T�K«YZ� b hLTRM ��] Y�O b KRTRejQ%VLQ ] Y � ] Q�V ^ YZT TNQ�SUTRQ\� #º^ YrK���TNQuORQ�K«Y�TRK«Yre�TRMPQ
ORQ�h ] Q��%Q�SUT�ORe_�

• Q ]j] Q�Y ] Q�O TNYrTRhWT � ��` n �m` g ` c ª ��c ª 
 a Q��UhLe�X[Q�hLT%VWejKNQ��Uh ^ Q ]j] Q a�b S\TNe�QPSUT ] YX¬Y ] hiYZTRe b S�Y a TRhfY ] eqORM�Q[�

• ORY�XZY ] hfYrTRe b S a�b KNKRQkO J b SiV � ] Y JLKNe b KRe�TRM�VLQ ] Y � ] Q�V ^ YZTRTRQPS\TNQ�VLQ ] Y[�UhLQ ]j] Q�Q ]j] QO b K T!� a[^ QkO�T � e�QPS ] Y%VWQ�KNSLe���KNQIX¬Y ] hiYZTRe b S��Uh ^ Q ]j] QYuKRQk½�h �
�¿Q�TRTRQ�O b[] hWTNe b S�QPO TdJ ] hfOoO ej�%J ] Q�Q�TdJ ] hfOdK«YrJLeqVWQ��UhLQ�VLQ���YrejSUTRQ�Sfe�K ] Y�� ] Q � � b hLK

Y¬X[Q a�] YuJLKNMPORQ�S a QohfSLej�UhLQ�VLQ a �fY[�UhLQIYrK���TNQ[�
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� e � hLKNQ 3w� H � � e ] QPOmV ^ YrT TRQPSUTRQ



���������	��
 � ���� �% ��
�������# � ��� � �	�<����� ��� 
 ��%������ � 3��

��-���-�� � : � � ��8 � � 8���� � � D 25? D���806�;�E� ����-
���������	��
��������������	�	
	�	
������6�=��	��6������������38J� �+<H�
�� ��-$'�������������6�����	��6��@24��#	#�����#��	6 ������������� ���/7�
��@*
'���-.'�������������6�'����������98J� �+<F*
�� ��- ����#����	��
 �/����6	����,�#�����6���������6��� �38>'���<D*
������,�#$-���������!�����0���$�����/#�1������324������,�#.���/#0��#�#�������#5*
#�����#�6�7�
�� 8&8�: ������,�#!<"��# 8�: �� ��6����/����<�<��
8>=�6	��� ? =�6	��#!<G-�����#������/���984�� � <D*
��� 8.8 ���!�������/#���6	����6�����
����F84�� � < -�-$������
���#������58 =�6	���9? =�6���#�<	<

��# 8 ��#���#	
�#38>=�6	���9? =�6���#�< -�-�����������������#�����#!<�<��
����
��$#���
�#��&����'������$=�6���� � ���������	#�������#�6�����6	�	6	)	��
�� 8>=�6	����<I-����
�� K
L�M��	� ����������#!������#�6�����6���6�)���
	�52	2 �����!��7�
��������	������'!�������$����)��$��#��I�+��������)���
��

������1����	�.�
��������$���������	������� M�L
=�6���)�-.������������#	�	
 �/����6�����������6�����'������58 =�6�����< *
=�6��/B.-.������������#	�	
 �/����6�����������6�����'������58 =�6���#�< *
��� -$#�����
�������6������	�����!�F8>=�6���)�<F*
��� -$#�����
�������6������	�����!�F8>=�6��/B!<F*
����
��$#���
�#��&����'������$=�6���� �

L�M �����C�+�������"����������6	����,�#��98>=�6	�	�9? =�6���#�< M�L
��� 8�8 =�6	��� ∈ ����<&��# 8 =�6	��� ⊆ =�6��/B�<�<��
����
��$#���
�#��&����'������$=�6	�/�0�����	�������&���$=�6������
��� 8>=�6��/� ⊆ =�6���)�<��.��#���#	
�#38>=�6	��� ? =�6	���+< -.�
������������ K

K�K
��� 8�8 =�6	��� ∈ ����<&��# 8 =�6	��� ⊆ =�6���)�<�<��
����
��$#���
�#��&����'������$=�6	�/�0�����	�������&���$=�6������
��� 8>=�6��/� ⊆ =�6���B�<��.��#���#	
�#38>=�6	��� ? =�6	���+< -.�
������������ K

K�K
L�M ����#	
������	����������,�#����(��
�#���
��$�����	�&����
��������	�G����������6�����'������ M�L
��� 8�8	8>=�6	��� ∈ ����<(��
 8>=�6	��� ∈ ����<�<

��# 8>=�6	��� /∈ =�6���)�<"��# 8>=�6���� /∈ =�6��/B!<
��# 8 ����������#!������#�6�����6���6�)���
	�38 =�6���� < -�-.���
���<�<��

���0-$������������#���
 �/����6J�����/����6�����'������ 8 =�6	��� <F*
����
��$#���
�#��&����'������$=�6	�/� ������� �.����������#!������#�6�����6	��6�)���
�� 8 =�6	�/�+<I-$������� K
8��5?���<"-$����������������#�����#���6�����6������/����6	����,�#�� 8��	�5? =�6���) ∪ =�6��/B!< *
��
�#�������6	����,�#�����6�����6�����������6�����,�#�� 8 �3?���< -������� �����#	
������	���@*
������������
����38 �5?���<D*
�� �0- ����#����	��
��/����6	����6��� �38��5?���<F*

K
������,�#.-.��������!�����0���$�����/#�1������324������,�#.���/#0��#�#�������#5*

K�L�M !����6�����
���6�#���
�#���6�=�6���� M�L
K�L�M !����6���� M�L

K.L�M �����6�#�����#�6�7�
�� M�L
�C�%-�'�������������6��C����'��98>'	�3? ��#���#	
�#!<F*
���� ���������6��� �584�� ��<D*
���� ���������6�'	��������� 8 '���< *

K.L�M �����6����������	��
���� M�L



���������	��
 � ���� �% ��
�������# � ��� � �	�<����� ��� 
 ��%������ � 3 H

� ��� $ < & !$# � &># 4)/	��1���1�+ � ;	&
c b hfOºY¬X b SfOpV b S a VWMPX[Q ]jb JfJiM¡hLS�Y ]��\b KNe TN�L�%Q¡VLQ�O Q � �%Q�SUT«YZTRe b S � b T T b �'D´hLJ�� � Y[ORM�O hLK
] Y�� hfORe b S�VWQ a�b hLJ ] QPO�VLQ�KNM � e b SiO��¿n b hLK�J b hfX b ejK ] ^ hLTRe ] eqO QPK�S b hfO�VWQPX b SfO�VWM%�fSLejK�hLSLQ
� b S a TRe b S �UhLem�%QPORhLKRQ ] Y KNQPONO QP� �L] YrS a Q�QPS\TNKRQ�VWQPh� KRM � e b SfO�Q�T%hLS a KNe T���KNQ�V ^ YrKNK���TP�
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VWQ � hfORe b S ] Y%VWe ! MPKRQPS a Q�VLQSLe�X\QPY[h�VWQ � KReqO¡� b �[Q�SG�wY[JLJfY[KNY<;jTmO hfK ] QIT«Y �L] QPY[h 3W� H �
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��JfK��kO a �fY[�UhLQ/� hfORe b S�S b hfOmVWQPX b SfO��
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� �¡X[M�KNe �fQ�K�ORe�V ^ Y[hWTRKNQPO�Y[K���TRQkO�VWM�J Q�SfVLQ�SUT�VWQ ]_^ YrK���TNQ � hfO e b SfSLM�Q\� �¿Q ] Y S ^ Y[KRKNe�X\Q
� Yr��YreqO¿Y¬X\Q am] Y�JLKRQP�%e �PKRQ � hfO e b S�JfYrK a Qo�Uh ^ ��]_^ b KNe � ejSLQ�T b hWTNQPO ] QkO"��Y a K b D>YrK���TRQkO
O b S\T�VWQkOmYrK���TNQPO¡O ej�%J ] QPOP�

�L�mY a TNhfY ] eqO QPK ] QkO�YrK���TNQPO�Y[hWT b hLKk� # QPO�X b eqO ejSfO�VLQ ] Y�S b hLX\Q ]j] Q��Y a K b D´KRM � e b S 6 � H D
� � 9IO b SUT �� � � ��Q�T � �W� # Q�SLejX[QPY[h VLQ � KNejOI� b �\Q�S/VWQ ] Y�S b hLX\Q ]j] Q%��Y a K b D
KRM � e b S�QPO T � � H Q�T ] QkO�S b hLX[Q ]�] QPO���Y a K b D>YrK���TNQPOmY¬X\Q aI] Q�hLKdS b hLX\Q ]j] Q�M�XZY ] hfYZTNe b S
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O b S\TmSLM a QkORONYrejKRQkO"J b hfKmKRMkVWhLejKRQ a Q a �fe ! KRQ �%� 6 ]jb S � hLQ�hfK�O b hL�fYre�TRMPQ,9��
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�oYrSfO ] Q a �fYrJLe�TRKNQIJLKNM a MkVWQ�SUT¡S b hiOmY¬X b SiO"JLKNMPORQ�SUTNMohfS�Y ]��\b KNe TN�L�%QoVWQ�ORQ � �%Q�SUTNYrTRe b S
� Y\O M�O hLK ] QPO � hfORe b SfO O h a�a QkORORejX[QPO VWQ a�b hfJ ] QkO VWQ¿KNM � e b SfO3Y\V¬� Y a Q�SUTRQkO���c b hfO Y¬X b SiO JLKNejO
a�b �%�uQ a KRe�T��PKRQmVWQ�� hiO e b S ] YoVLe ! M�KNQ�S a Q�VWQmSLejX[QkYrh�VWQ � KNeqO � b �\Q�SuQ�SUTRKNQmVWQ�h=�KNM � e b SiO
Q�TpS b hfO ] ^ Y¬X b SfO�YrJLJ ] eq�UhLM � hLSuQ�WQP�uJ ] QmORe��%J ] Q��rQPSuORhLejXZYrSUTpJfY[O � JfY[O ] ^ MPX b\] hWTNe b S�VWQ
] ^ Y ]��\b KNe TN�L�%Q[� l YrejS\TNQ�SfY[SUT S b hfOpY ]�]jb SfO Q%WJiMPKRej�%Q�SUTRQPK ]_^ Y ]j�[b KRe�TR�L�%Q¡Y¬X[Q a VWQkO e���Y � QPO
KNM�Q ]j] QPOP�¡c b hfOdY ]j]�b SfO�Y[hfORORe3VWMPX[Q ]�b JLJiQPK�V ^ YrhWTNKRQkO a KRe�T��PKRQkO�VWQ�� hfORe b S�J b hLKoY � b hWTNe�K �
hLSLQ�ORQ � �%Q�SUTNYrTRe b S�Y\VLYrJLTRM�Q � hLSLQ�Y[JLJ ] e a YZTNe b S�VWQ a�b VLY � Q[�

� ��� . #5# �-+-� � 9*+-�". /	+:%'&)� 9*& /5& � < � � 1�� % + 9��8!0& /	& ( ;5(*+-��.
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#º^ Y ]j�[b KRe�TR�f�uQ�VWQ5� hfORe b S VWQ�KNM � e b SiO �|Yre�T a KReqO TNY ]j] ejORQ�K ] QPOuO TRKNh a TNhLKRQkO�Q%WejO TNY[S\TNQPO�O hLK
hLSLQej��Y � Q[�p��Q��Y[SLe �PKRQIORJ b S\T«YrSLMPQ�� ] Q a�b hfJ ] QVWQKNM � e b SfO¡�UhLe O QKNQPONORQ�� �f] Q ] QIJ ] hfO
� hfORe b SLSLQ��ºVWM��fSfejONORY[SUT�YrejSfORe"hLSLQ�ORM�KNe�Q�VLQ�JfY[K TNe TNe b SfO�Y¬X\Q a hLS Sfe�X\QPYrh VLQ�JLKNM a ejORe b S
VWM a K b eqORONYrSUTP� · S a KNe�T���KNQ�VWQ a�b �%J ] Q�We TNM b h�VWQ��UhfY ] e�TRM�ORhLK ] YIJfY[K TNe TNe b S �iSfY ] Q�VWM��iSLe T
] Q a KNe T���KNQoV ^ YrKNK���T�VWQPOmORej�uJ ] e � a YrTRe b SfOmORh aPa QPONORe�X\QPOP�
` WJ M�KNe��%Q�SUT b SfO ] Y%�%M�TN� b VWQ�O hfK�hLSLQ�ej��Y � QoKNM�Q ]�] Q[�¿nºKNQ�S b SfO a�b �%�uQ a KRe�T��PKRQVWQ

KNQPONO QP� �L] YrS a Q¡Q�SUTRKNQ�VWQPh�uKNM � e b SfO ] YVWe ! MPKRQPS a Q�VLQ�SLejX[QkYrh�VWQ � KReqOp� b �[QPSuQ�T a�b �%�%Q
a KNe�T���KNQ�V ^ YrKNK���T�� 6�6J6 J b e�SUTNO�VWQ a�b SUT b hfK�O hfK ] Y�JiYrKRTRe�TRe b S �fSfY ] Q�Q�T a�b �%JfYrK b SfO ] QPO
J Q�K�� b KN�%Y[S a QkOIVWQ ]_^ Y ]j�[b KRe�TR�f�uQ�ONYrSfOIQ�T�Y¬X[Q a KNQ�D>Y a TRhfY ] eqORYrTRe b S VWQPOMPXZY ] hfYZTNe b SfOVWQPO
� K b SUTRe���KNQPO¡YrJfK��kO a �fY[�UhLQ/� hfORe b S �

��-/.0-/. � ��:<;!8�= � � 6�� ��;!8�=�: : ? =�: ? �+E ��? D/;/: ?	E9;!8�=
� b SiO eqVWM�K b SiO��\hfQ ] Y/JLKNe b KNe TNM�VWQ7� hfORe b S+V ^ hfS a�b hfJ ] Q�VLQ�KRM � e b SfOuQkO�T�V b SLSLMPQ�JfYrK
] Y�VWe ! M�KNQ�S a Q�VWQ ] Q�hLK«O�SLejX[QkYrh� VWQ � KNeqO%e�SLe�TReqYrh=C� a Y ]qa h ] M�Q�ORhLK ] ^ ej��Y � Q b KRe � ejSfY ] Q\�
� hiO e b SLS b SfO���hfON�\h ^ � YZTRTRQ�ejSfVWKNQ ] Q a KNe T���KNQ�V ^ YrKNK���TuONYrSiO�� b VWe �fQ�K a QkOuJLKRe b KNe�TRMPO�e�Sfe�D
TReqY ] QPOP�8�¿Q ] Y�ej�%J ] ej�UhLQ%�Uh ^ hfS a�b S\T b hLK 6|�UhLe �?Y[JLK��PO��UhLQ ] �UhLQkO � hfORe b SfO�� a�b �%JLKNQ�SfV�hfS
b h�J ] hfORejQ�hLK«O a�b SUT b hLKNO�e�SLe�TReqYrh==9�QPO TdM ] ej�%e�SLMuV��POd�UhLQ�ONY a�b �%J b ORY[S\TNQ�V ^ M�XZY ] hfYZTNe b S
�%e�Sfe���Y ] QQPO T¡TRK«Yre�TRMPQ[�

B b � b SfO"ORhLK ] Y3� � hLKNQ 4L� �o] QoKRMkO h ] T«YZTmVWQ ] ^ YrJLJ ] e a YZTNe b S�VWQ ] ^ Y ]��\b KNe TN�L�%QdVWQ/� hfORe b S
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VWQIKNM � e b SiO¿ONYrSfO�Y a TRhfY ] eqONYZTRe b SG� ��] ^ ej��Y � QIVWM � ��� e�QPS a�b SLSwhLQIVWQ ] Y�� � hfKRQ 4L� � 6_Y�9¤� # Y
� � hLKRQ94L� � 6 � 9�� b S\TNKRQ ] Y ORQ � �%QPS\T«YZTNe b S b[� TNQ�SwhLQ�Y¬X[Q a�a Q�T TRQ��%M�TN� b VWQ[� l Y ]j� KNM ] Q
S b � � KNQIM ] Q�X[MVWQKNM � e b SfO 6 � � � ��9 �WVWQkOmKRM � e b SfO�J Q�KRTRejSLQ�SUTNQPOmJ b hLK ] Y%XwejORe b S��Uhf�%Y[e�SfQ
b SUTpM�TNM�� hfORe b SLSLM�QkO�� ` S%�����%Q¡TRQP�%JfO%�\JfYrKN�%e ] QkO � � � ��KRM � e b SfO�� �;6 4 6 O b SUTºVWQkOpJLe wQ ] O
eqO b\] MkO36 X b ejK�� � �-4L� � 6 a 9 9�� �¿QkOmJLe wQ ] O�SLQ�O b SUT�JfY\Ome��%J b KRTNY[S\T«OmJ b hLK ] ^ e�SUTRQPKRJfKRM�TNYZTNe b S
VWQ ] ^ ej��Y � QoQ�T�J b hLKRTNY[S\T a Q�O b S\T a Q�h���\hfe KRMkO eqO TRQ�SUT�YrJfK��kO¡hLSLQ � b KRTRQ�ORej�uJ ] e � a YrTRe b S �
��SiY ] �wO b SiO ] QkO a YrhiO QkO�VLQPO�VWM%�|YrhWT«OmVWQ a Q�T TNQ�O Q � �%Q�SUTNYrTRe b S �

6|Y 9¿¯>�%Y � Q b KNe � ejSfY ] Q 6 � 9¡l b ONY��´�\hfQ�Y¬X[Q a�� � � ��KRM%D
� e b SfOQ�T�� 6�6J6 J b e�SUTNO�VWQ
a�b SUT b hLKk�

6 a 9�nºe WQ ] OmejO b[] MPO¡VWQ56 � 9¤�

� e � hLKNQ 4L� � � � hiO e b S�VWQKNM � e b SiO�ONYrSiOmY a TNhfY ] eqORYrTRe b S �
n b hLKpe ]j] hfO TRKNQ�K ] QmJLK b[�L] ���%Q¡S b hfOpY ]j]�b SfO M�TNhfVWejQ�KºJ ] hfOºQ�S�VWM�T«Yre ] hLSLQmej��Y � Q�KNM�Q ]�] Q[�

nºKNQ�S b SfO a�b �%�%QºQ�WQP�uJ ] Q ] Y ] e � SLQ¿� � VWQ ] ^ ej��Y � Q 4L���=6|Y 9¤� # Y�� b S a TNe b S�VWQPO3SLe�X\QPY[h�oVWQ
� KNeqO"VWQ a Q�TRTRQ ] e � SLQdYrJLJfY[KNY<;jT�O hLK ] Y�� � hLKNQ 4f� � 6 � 9�� c b hfO¿KNQ a�b SLSfY[ejONO b SfOpORhLK a Q�JLK b � ]
] QPOoVWe ! M�KNQ�SUTNQPO�KNM � e b SfO�VLQ ] ^ ej��Y � Q��\hfQ a Q�T TNQ ] e � SLQ�TNKNY¬X\Q�K«O Q\�¿V ^ Y � b K«V�Q ]j] Q�TRK«Y¬X[QPKNORQ
hLSLQ � YrSiVWQ �L] YrS a �fQ�VWh � 
rTRej�uQPSUT�Y¬X[Q a hLS�SLejX[QkYrh�VWQ � KReqOºY[hWT b hLK¿VWQ � �;6 �\Y[JLK��kOphLSLQ
� Y[SfVWQ�J ] hfO�M�TNK b e TNQ�Y¬X\Q a hLS SLe�X\QPY[h VWQ � KReqO�VLQ � � 6 � JLhLeqO�hLSLQ ?�b SfQ�J ] hfO%O b � � KNQ
VWh � 
rTRej�uQPSUT�Y¬X[Q a hLS�SLejX[QkYrh�VWQ � KNejO a�b �%JLKNejO¡QPSUTRKNQ �!6�6 Q�T �\�;6 � # QoJfe aI�L] YrS a Yrh�
Y ] Q�SUT b hLK«OºVWh�JLe WQ ] ��6a�b KRKNQPORJ b SfV%Yrh � Y\O"VWh a Y[ON�UhLQ[� ` SfORhLe�TRQ�� a Q�T TNQ ] e � SLQmTRK«Y¬X[QPKNORQ
] Y�� � hLKNQVWQ � b KNQ���YrS �u] Y%�iYrhWTNQ�hLK�VWQkOmO b hLK a e ] O�6 ] QkO�VWQ�h=�XZY ]j] MPQPOmO b � � KRQkO�9�� ` S\TNKRQ
] QPO¡JLe WQ ] O � �\��Q�T �P��6 O ^ M�TRQ�SiV�hfSLQ�YrhWTNKRQ � Y[SfVWQ �L] YrS a �fQIVLh � 
ZTRej�%Q�SUT��iO MPJfYrKNM�QoJfYrK
hLSLQ � YrSfVWQIM�TRK b e�TRQIQ�T�O b � � KRQIV ^ hLSLQ�Y[hWTRKNQ � YrSfVLQ �L] Y[S a �LQ\�
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6_Y�9�¯>��Y � Q�¾dKRe � ejSfY ] Q 6 � 9¡c�ejX[QPY[h� VWQ � KNejO�VWQ ] Y ] e � SLQ � � ORhLK
]_^ e���Y � Q b KNe � e�SiY ] Q'6_Y�9

� e � hLKNQ 4f� �L��n"K b � ] V ^ hLSLQ ] e � SLQIQ�wTRK«Yre�TRQVWQ ] ^ e���Y � Q b KRe � ejSfY ] Q\�
��SiY ] �wO b SiO a QIJLK b � ] VWQJ ] hfOmJfK��kO��
� �mc b hiO b[� ORQ�KNX b SfOVWQkOJiQ�TRe�TRQkO b O a e ]j] YrTRe b SfOVLh�SLe�X\QPY[h/VLQ � KNejO�O hLK ] QkO � Y[SfVWQPO
�L] Y[S a �LQkO�VWh � 
rTRej�uQPSUT76|XUeqORhLQ ]j] QP�%Q�SUT � e�QPS � b � b[� �PSLQPO+9��UhLe a�b KNKRQkO J b SfVLQ�SUT
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Yrh � KNhLe�T¿VWQ ] ^ e���Y � Q[� ��h��Y ] Q�SUT b hLK«OºVWQkO"JLe WQ ] O H �oQ�T � � 6I] Q � KNhLe�T¿QPO T"hLS�JiQPh
J ] hiO¡e��%J b KRTNYrSUTk�

�L� ` TRhfVLe b SfO ] QkO a YrK«Y a TRMPKReqO�TNej�UhLQkO3VWhuO b hLK a e ]U� Yrh a �fQ/6|O TRKNh a TRhLKNQ��UhLeWO ^ M�TRQPSfV�QPSUTRKNQ
] QkO�JLe WQ ] O 3 6 Q�T ��6 9�O hfK ] Y � � hLKNQE4L���=6 � 9¤� gwhLK ] Y a�b hfJiQ TRK«YrSfORX[QPKNONY ] Q�� ] Q
O b hLK a e ]i� Y[h a �LQ�Y[JLJfYrK«Y:;qT a�b �%�uQdhLSLQoXZY ]j] MPQ a�b SfO�TNe TNhLM�QoVWQo�%Y[K a �fQPOºVWQdJiQ�TRe�TRQ
Yr�%J ] e TNhfVWQ��iYrhWTNKRQP�uQPSUTmVLe T,� a�b SfO�TNe TNhLM�QVWQITNKNY[SfORe TNe b SfO ]�bWa Y ] QkOmV b h a QPOP�

H � · S%YrhWTNKRQ¿TRK«Yre�T � YrSiY ] �wORQ�K�QPO T ] Y�TRK«YrSiO e�TRe b SuYrh��Y ] QPSUT b hfKNO�VWhuJLe�WQ ] V ^ Y � O a ejONORQ
� � � � # Q¡JLe WQ ] � � � �rY¬X[Q a hLSuSLejX[QPY[huVLQ � KReqO VWQ � �J���ZQkO�TpQ�SUT b hLKNM�VLQmJLe�WQ ] OpV b SUT
] Q�SLe�X\QPY[h VWQ � KReqO�XZY[hWToKNQPORJ Q a TNe�X\Q��%Q�SUT �;6L� Q�T �k� �i��¯ ] O ^ Y � e TohLSLQ�TRK«YrSfORe TNe b S
Y � KNhLJWTNQ�� ] Q a Y[O b JLJ b O MY[h�J b ejSUT�JLKRM a MkVWQ�SUTP�
� Y[JLJiQ ]�b SfO¡��YrejSUTRQ�SiYrSUT ] QkO a YrK«Y a TRMPKReqO�TNej�UhLQkO¿VLQ ]_^ Y ]j�[b KRe�TR�L�%Q\�
� ��gwhLK ] ^ ej��Y � Q b KRe � ejSfY ] Q b S a Y ]ja h ] Q ] YVWe ! M�KNQ�S a Q�VWQmSLejX[QPY[h�uVLQ � KNejOpVWQkOpKNM � e b SiO
Y[V¬� Y a Q�SUTNQPOP�

�L��¾dS � hfORe b SLSLQ ] QkO�VWQPh�+KNM � e b SiO�VWQ SLejX[QPY[h VWQ � KNejO ] Q J ] hfO�JLK bWa �LQ���hfON�Uh ^ �
YZT TNQ�ejSfVWKNQIhLS a Q�KRTNY[e�S a KNe�T���KNQIV ^ Y[KRK���Tk�
� X[Q aIa QPO¡JLKNM��%eqORORQPO�� ] Q a�b �%J b KRTRQ��%QPS\T�VLQ ]_^ Y ]j�[b KRe�TR�L�%QoJfYrK�KNY[JLJ b K TmYrh=�TRK«Yre�TNO

VWQ ] ^ ej��Y � QIO b h ] e � SLMkO�JLKRM a MkVWQ��%�%Q�SUTmQPO T ] QORhLejX¬Y[SUTP�
� � # Q � KNhLe T,�i�UhLe3ORQI��YrSLe � QPO TRQ�O b hfO � b KR�%Q�VWQJfe a O a�b S\TNKNY\O�TNMPO��wSLQ � hfORe b SLSLQ�Y¬X[Q a
O QkO¡X b eqORe�SfO¡�Uh ^ Yrh��M�TNY[JiQkO �fSfY ] QkO�VWQ ] Y%ORe��%J ] e � a YrTRe b S �

�L� ` SJLKNMPORQ�S a Q VLQpTRK«YrSfORe�TRe b SfO ]jbWa Y ] QPO V b h a QPO�� a Q�KRTNYrejSfO TNKNY[e T«O JiQPK TNe�SfQ�SUTNO KNeqOR�UhLQPS\T
VWQ�VWeqORJfYrK«Y:;qTRKNQ ]�b KNO�VWQPO�� hfORe b SfOuVWQ�JfK bWa �LQ�QPS JLK bWa �LQ�VWQ�KRM � e b SfO�S b S a�b S�D
TRK«Y[O TRM�QkO��mnpY[KdQ%wQP�%J ] Q�� ] QPOd��YrK a �LQPO�VWQ�J Q�TNe TNQuY[�uJ ] e�TRhfVLQ�Yrh=�Y ] QPSUT b hfKNO�VLh
JLe�WQ ] 4 6 6|�UhLe a�b KRKNQPORJ b SfVWQPS\TmYrh�O b hLK a e ] � Y[h a �LQ:9 � hfO e b SfSLQ�SUT�VLY[SfO ] QPOmM�TNYrJ QPO
JLKRM ] ej�%e�SiYrejKRQkOmVWQ�ORe��%J ] e�� a YZTNe b S�� a Q��UhLe��|Y[e TIVWeqO JfY[KNY<;jTNKRQ ] Q�O b hLK a e ] VWQ ] Y�ORQ � D
�uQPSUTNYZTNe b S �

H � # QPO�TRK«YrSiO e�TRe b SfO�� b KRTRQkO a�b SUTRejQ�SfSLQ�SUTuVLQPOu��YrK a �LQPO�V ^ QkO a Y ] e�QPKuVLQ � K«YrSiVWQ�Y[� D
J ] e�TRhiVWQ[� �¿QkO���YrK a �LQkO�V ^ QPO a Y ] ejQ�KoSLQuKRQPJLKRMkO QPSUTRQ�SUT�JiY[OoVWQPOdTRK«Yre�TNO a Y[KNY a TNM�KNejO D
TReq�\hfQPO VWQ ]_^ e���Y � Q��Z��Y[ejO��ZM�T«YrSUT V b SLSLM¡�Uh ^ e ] O ^ Y � e�T VWQ�KNM � e b SiO TNK��kO a�b SUTRK«Y[O TRMPQPO��
]_^ Y ]j�[b KRe�TR�L�%Q�Y�hLSfQ�TRQPSfVLYrS a Q�ejSUTRKNe�SfO��P�UhLQ ��] QkOJLKNMPORQ�KNX[QPKP� � ^ QkO�T ] Q a Y[O�VLh
JLe�WQ ]p� � � �
� e�SiY ] Q��%Q�SUT��khLSLQp�%M�TR� b VWQ"�UhLeUO QP� �L] Q a�b �LM�KNQ�SUTNQ�J b hfK hLSLQºORe��%J ] e � a YrTRe b SV ^ e���Y � Q

6 � hiO e b SLSfQ�K ] Q a�b hLJ ] Q�VWQ�KNM � e b SfOm�UhLe ORQKRQkORORQ�� �L] Q ] QJ ] hfO+9�Y �ib hWTRe�T � VWQkOmKRMkO h ] T«YZTNO
S b S/ONYZTNejO �|YreqONYrSUTNOP� # QkO � K«YrSfVWQkOIKRM � e b SfOoej�%J b K T«YrSUTRQkOO b S\T�� hiO e b SLSfM�QPOTNYrSiVWejO�UhLQ
VWQ�J Q�TNe TNQPO�KNM � e b SfOue�SiO e � SLe �iY[S\TNQPO%KNQPO TRQPS\T�eqO b[] M�QPOP� ` S Q ! Q�T,� ] QkO � K«YrSiVWQPOuKNM � e b SiO
O b SUT¡O b hfX[Q�SUT¡KRQ ] ejM�QkO¡JfYrKmVWQkO a �LQ��%ejSfO a�b SfO�TNe TNhLMPOmVLQo��Y[K a �LQkO¡VWQIJiQ�TRe�TRQ�Yr�%J ] e�TRhfVWQ
TNY[SfVWeqOm�UhLQ ] QkO¡JiQ�TRe�TRQPO�KRM � e b SfO�� a�b KNKNQPORJ b SfVLYrSUT¡O b e T � VWh � KNhLe T�O b e�T � VLQPO ?�b SLQPO¡VWQ
TRK«YrSiO e�TRe b S�Y � KNhLJWTNQPO��LO b SUT�TNK��kO a�b S\TNKNY\O�TNM�QkO��

# Q �|Yre�T��UhLQ ] QkO�M�XZY ] hfYZTNe b SfO�ejSLe�TReqY ] QPO�SLQ O b S\T�JfY[O�Y a TRhiY ] ejORM�QkO�YrJfK��kO a �fY\�\hfQ
e�TRM�K«YZTNe b S�VWQ ] ^ Y ]j�[b KNe�TR�L�%Q��iQ�WJ ] ej�UhLQ�Q�S�JfY[K TNe�Q a Q�KNMPORh ] TNYZTk���oYrSfOdhLSLQ�M�TNY[JiQ�e�SUTRQPK D
�%MPVWeqYrejKNQ��whLSLQ/� K b SUTRe���KNQ�QPO T ]_^ hLSLe b S�V ^ hfS b h�VWQoJ ] hfO ejQ�hfKNO a�b S\T b hLK«O¿e�SLe�TReqYrh=?�ºgwe ] QPO
M�XZY ] hfYrTRe b SfO�SLQ�O b SUT�JfY\O��%ejORQPO � � b hLK,� a[^ QkO�T ] Y�J b KRTRe b S�VLQ a�b S\T b hLK�e�SLe�TReqY ] VWQ�J ] hfO
�|Yre �L] QM�XZY ] hfYrTRe b S��\hfe a�b �%��YrSiVWQ�K«Y ] QkO � hfO e b SiO¡h ] TNM�KNe�QPhLKNQPOP� #º^ e��%J b KRTNYrS a QIXwejORhLQ ]j] Q
V ^ hLSLQ � K b SUTRe���KNQ�QPO ToV b S a �%QkO hLKNM�Q�Q�S ] hLepV b SLSfYrSUT ] Y�X¬Y ] hiYZTRe b S�VLQuO b S���Yre ]j]�b S ] Q
J ] hfO/�|Yre �L] Q�Q�TIS b S�JfY[OdJfY[KdhLSfQ��%QPORhLKNQ �[]jb[� Y ] Q�O hfK�T b hWTNQuONY ]jb S � hLQ�hLK,� a Q%�\hfe SLQ
a�b KRKNQPORJ b SfV�JfY[OmY[h� a KNe�T���KNQPO�XweqO hLQ ] OP�
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` LYr�%ejS b SiOm��YrejS\TNQ�SfY[SUT ] QKNMPORh ] TNYZT�VLQ ]_^ Y ]j�[b KRe�TR�L�%Q�UhfYrSiV b S a Y ]qa h ] Q ] Y%S b hfX[Q ]j] Q
XZY ] Q�hLK�� b �\Q�SLSfQ�V ^ hLSfQ�KRM � e b S.6 �/] Y�O hfe TNQ V ^ hLSLQ7� hfORe b S19%Q�T��Uh ^ b S KRQ%D MPX¬Y ] hfQ�ORQPO
� K b SUTRe���KNQPO"Q�S a�b SfORMP�UhLQPS a Q\� # Y3� � hLKNQ 4L� H 6 � 9"� b SUTRKNQ ] Y�JfY[K TNe TNe b S b[� TRQ�SwhLQ � JfY[K TNe�K
VWQ ] ^ ej��Y � Q 4f� H 6|Y 9¤� �¿Q�T TNQ�� b eqO a e �\Y¬X\Q a�] Qm���P�uQmS b � � KRQmVWQmJ b ejSUTNOpVWQ a�b SUT b hLK��[S b hfO
Y¬X b SfO¡O QPh ] Q��%Q�SUT��[� 6 KNM � e b SfO 6 �%] Y�J ] Y a QVWQ � � � ��9¤�

6|Y 9¿¯>�%Y � Q b KNe � ejSfY ] Q 6 � 9¡l b ONY��´�\hfQ Y¬X[Q a �[� 6 KRM%D
� e b SfOQ�T�� 6�6J6 J b e�SUTNO�VWQ
a�b SUT b hLKk�

6 a 9�nºe WQ ] OmejO b[] MPO¡VWQ56 � 9¤�

� e � hfKRQ 4L� H � � hfO e b S�VWQKNM � e b SfO¡Y¬X[Q a Y a TRhfY ] eqONYZTRe b S�YrJLK��PO a �iY[�UhLQ/� hfO e b S3�
gwe S b hfO a�b �%JfY[K b SfO ] QkOdej��Y � QPO 4L� � 6 � 9�Q�T 4f� H 6 � 9dS b hfO b[� ORQ�KNX b SfO��UhLQ�� J b hLK ] Q

�����%Q�S b � � KNQ�VWQdJ b e�SUTNO¿VWQ a�b SUT b hLK�� ]_^ Y ]j�[b KRe�TR�L�%Q��UhLeiKRQ%D´Y a TRhiY ] ejORQ ] QkOºM�XZY ] hfYrTRe b SfO
YrJfK��kO a �fY[�UhLQ�� hfORe b S V b SLSLQ�hLSLQ��\hiY ] e TNM�VWQ�KNQ�JLKNMPORQ�SUTNYrTRe b S SLQ�TRTRQ��%QPS\Tu�%Q�e ]�] Q�hLKNQ[�
# Y�K«YreqO b S�QPO T��\hfQ ] ^ e��%J b KRTNYrS a QuXUeqORhLQ ]j] Q%V ^ hLSLQ'� K b SUTRe���KNQ�QkO�T a Y ]ja h ] M�Q%VWQ%�%Y[SLe���KNQ
�[]jb[� Y ] QoORhLK¡T b hWTRQ�ONY ]�b S � hfQ�hLK a Q��UhLe �
� �¡JiQPhWTdKNMPVWhfe�KNQ ] ^ Q ! Q�TIVLh � KNhLe Tk�IgWe ] Q � KNhLe�TIORQ���YrSfe�� QkO�TNQuO b hfO � b KN�%Q�VWQkO�JLe a O
Y ] TRQ�KNSfY[S\TuYrhWT b hLK%V ^ hLSLQ�X¬Y ] QPhLKu� b �\Q�SLSfQ�� ] Q a Y ]qa h ] VWQ ] Y � b �\Q�SLSfQ�O hfK ] QPO
KRM � e b SfO��UTRQ�SiYrSUT a�b �%JWTNQ�VWQPO � hiO e b SfOmVLM�� � KNMPY ] eqO MPQPO��UKNMPVLhLe T�O b S�Q ! Q�Tk�

�L�¡M�Xwe TNQ�hLSfQ�O b hfO D´QPO TRej�%YrTRe b S VWQ ] ^ ej�%J b K T«YrS a Q�V ^ hLSLQ � K b SUTRe���KNQ � a YrhfORQ�V ^ hLSLQ
TRK«YrSfORe TNe b S ]jbWa Y ] QV b h a Q[�

H �¡S ^ MPXwe TNQ�JfY\O ] QPO���Y[K a �LQkO a�b SUTRK«Y[O TRMPQPOmORhLK ] QPO ?�b SLQPOdVWQ�TNKNY[SfO e�TRe b S7� b K TNQPOP� ` � D
� Q a TNe�X\Q��%Q�SUT,� JiYrKN�ue ] QkOo�\� 6 KNM � e b SfO b\� TRQPSUhfQPO��-�#���76 3 ��� VWQkO�KNM � e b SfO+9mO b SUT
VWQPO�Jfe�WQ ] O�eqO b[] MPOP� # Y � � hLKNQ 4L� H 6 a 9%S b hfO�� b S\TNKRQ b J O b SUT�J ] Y a MPQPO a QPO�KNM�D
� e b SfOP��nºhLeqOR�UhLQ ]_^ ej�%Y � Q�S ^ QkO�TuJfY[O�TRK��PO � KRhfe TNM�Q ] QPO�JLe wQ ] O�ejO b[] MPO�O Q�J ] Y a QPSUT
�%Yr� b KNe T«YrejKRQP�%Q�SUT�ORhLK ] QPO ?Pb SLQkOmVWQPO � b K TNQPO�TRK«YrSiO e�TRe b SfOP�
c b hfO a�b SfO�T«YZT b SfO%V b S a ���\hfQ ] Q � KRhfe T�Q�T ] QPO ?Pb SLQkOuVLQ�TNKNY[SfORe TNe b S O b SUT ] QkO�KNM�D

� e b SiO¿�UhLe b SUT ] Y�J ] hfO � b K TNQ a �fY[S a QoV ^ ��TRKNQ a�b SUTRK«Y[O TRMPQPOºJiYrK"K«YrJfJ b K T ��] Q�hLK«O"X b eqO ejSLQkO
6 X b ejK � � � 4L� � 9¡Q�T�Q�S a�b SfORMP�UhLQPS a Q�O b SUT a Q ]j] QkO��UhLe KNQPO TRQPS\ToYrJLK��POmhfSLQ�ORe��%J ] e�� a YZTNe b S
ej�uJ b KRTNY[SUTRQ�VWQ ] Y�JfYrKRTRe�TRe b S ��n"hLejON�UhLQ a QPO�KRM � e b SfOSfQ�O b SUT�JfY[O�JiQPK TNe�SfQ�SUTRQkO�J b hLK
] ^ ejSUTRQ�KNJLKNM�T«YZTRe b S�VWQ ] ^ ej��Y � Q��WhLS�JLKNM�TRK«Yre�TRQP�%Q�SUT��\hfe ] QkO¡M ] e��%ejSLQ�O ^ Y¬X���KNQ�SLM a QPONONYrejKRQ\�

� ��� ��%'4 9*%'��+:9*& !0&). 9
#º^ YrJfJ ] e a YrTRe b S�VWQ ] ^ Y ]j�[b KNe�TR�L�%QdVLQ/� hiO e b S�VWQIKRM � e b SfO � hfSLQdej��Y � QdKNM�Q ]�] QoV b SLSLQohLSLQ
JfY[K TNe TNe b S Y¬X[Q a hLS J b hLK a Q�SUTNY � Q�M ] QPX[MuVWQ�KNM � e b SfO�V ^ hLS O QPh ] JLe�WQ ] � �¿QkO�KNM � e b SfO�SLQ
a�b KRKNQPORJ b SfVWQPSUT�JfY[OoYrh��VWM�TNYre ] O�ej�%J b K T«YrSUTNOdVWQ ] ^ ej��Y � Q���YreqO�Y[h��JLe a OdVLQ � KNhLe�TdQ�T
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� e � hfKRQ 4L� �f� nºK b[�f] �P�uQVWQkO ?�b SLQPO¡VWQITNKNY[SfORe TNe b S �

Yrh=/KNM � e b SfOuVWQPO�TRK«YrSfORe�TRe b S � b K TNQPOP� # Q�hLKuJLKNMPORQ�S a Q�Y[h � �%Q�SUTNQ ] Q a�b ? T�VWQ a�b VLY � Q
ONYrSfOJ b hfK a Q ] Y�Y[�%M ] e b KRQPK ] Y��UhfY ] e�TRM�VLQ ] Y�KRQPJLKRMkO QPSUTNYZTNe b S �7� ^ QPO T�J b hLK«�Uh b e"S b hfO
a �LQPK a � b SfO � S b hfOmQ�S�VLM � Y[KRK«Y[ONO QPKP�pn b hLK a Q ] Y%S b hfO�Y ]�]jb SiO�YrJLJ ] eq�UhLQ�K�hfS�JLKRM�TRK«Yre�TRQ%D
�%Q�SUT ��] ^ e���Y � Q�� VWQ�O b KRTRQ � QPS ] Q�X[QPK ] QPO a YrK«Y a TRM�KNeqO�TNej�UhLQkO¡S b S�J Q�K a QPJWTRe �L] QPO�J b hfK ] Y
XwejORe b S��Uhf�%Y[e�SfQI�UhLQ ] ^ Y ]j�[b KNe�TR�L�%QIY�TNQ�SfVfYrS a Q � JfKRMkO QPKRX\Q�Kk�

# Q � hWT�VWh JLKNM�TRK«Yre�TRQP�%Q�SUToQkO�TV ^ M ] e��%ejSLQ�K ] QPOdTRK«Yre�TNOIVWQ ] ^ ej��Y � Q%�UhLe JiQPK TNhLK � QPS\T
] Q � b S � b S a TRe b SfSLQ��%Q�SUT�VWQ ] ^ Y ]��\b KNe TN�L�%Q��WY<�iS�VWQ � M�SLMPKRQPK¿hLSfQe���Y � QoORej�uJ ] e �fM�Q�UhLe
KNQPORJiQ a TRQ ] QPO�VLM�TNY[e ] O¡XwejORe �L] QkO�� # QPO a Y[KNY a TNM�KNejO TReq�UhLQPO¡�Uh ^ b S a �LQ�K a �LQ � M ] ej�%e�SfQ�K�O b SUTP�

•
] QkO¡JLe a OmVWQ � KNhLe�T

•
] QkO ?�b SfQPOmVWQoTRK«YrSiO e�TRe b S

JfY[K a Q¡�UhLQ a Q�O b SUTpVLQPO TNKNY[e T«O�TRK��PO a�b SUTRK«Y[O TRMkO ��Y[ejO S b S�O e � SLe � a YZTRe �|OºVWQ ] ^ e���Y � Q¡�%Y[ejO
TRK��PO a�b SUTRK«Y[O TRMkO��
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n b hLK a Q¡JLKRM�TRK«Yre�TRQP�uQPSUT S b hfO hWTNe ] eqO b SfO ] QkO$� ] TRKNQPO a�b SLSLQ%wQkO%�\�\hfe a�b SiO QPKRX\Q�SUT ] Y/� b KN�%Q
VWQkO b[� ��Q�TNO��UhLe"KNMPORejO TRQPSUT�Yrh � ] TRK«Y � Q[��n ] hfO�JfKRM a eqO MP�uQPSUT�S b hfO�hWTRe ] ejO b SfO ] QkO�� ] TRKNQPO
YrKNM b\] Y[e�KNQPOP� # Q � ] TNKRQIYrKNM b\] Y[e�KNQ�Y ] TRQPKRSLM�� ar^ QPO T D � D>VWe�KNQ��UhLSLQ b hfX[Q�KRTRhfKRQoYrKNM b[] YrejKNQ�O hfe�XwejQ
V ^ hLSLQ � Q�KN�uQ�TRhLKNQdY[KRM b[] YrejKRQ��<�|Yre�T��UhLQ�T b hfO ] QPO"Q�wTRKNQ���Y�VLQ ] ^ ej��Y � Q'6 ��Y<Wej��YQ�T��uejS�D
ej�%Y 9¡YrejQ�SUTmhLSLQ�ORhLK��|Y a QoM � Y ] Q b h�O hLJ M�KNejQ�hLKNQ � hfS a Q�KRTNY[e�S�O QPhLe ] � ] YuTNY[e ]j] QVWh � ] TRKNQ[�
c b hfOdhWTRe ] eqO b SfOdhLSF� ] TNKRQuYrKNM b[] YrejKNQ�VWQ�T«Yre ]�] Q �;6 J b hLKohLSLQuej�%Y � Q Á �¿¯ � 6 � 3 � ×� �J��JLe WQ ] O�9�� # Q�S b � � KNQ�VWQ ?Pb SLQkO�J ] YZTNQPOoVWej�uejSwhLQ 6 ] QkO ?Pb SLQkO�J ] YrTRQPOdO ^ M ] YrK � eqONO QPS\T 9

TNY[SfVWeqO��UhLQ ]_^ Y[ORJiQ a T�XweqO hfQ ] VWQ ] ^ ej��Y � Q KRQkO�TNQ�TRK��PO�JLK bWa �LQ VWQ ] ^ b KRe � ejSfY ] � �¿Q�KRTRQkO%�
hLS � ] TNKRQ�e��%J ] eq�\hfQ�hLSLQuJ Q�KRTRQ�VLQ�KNMPO b[] hWTRe b S3�¡�UhLQ ] �UhLQkO�J Q�TNe T«OoVLM�TNY[e ] OdJiQPhLX[QPS\TVWeqOED
JfY[KNY<;jTNKRQ\�oc�MPYrSf� b e�SiO a Q�TRTRQuJiQPK TNQuVWQuKNMPO b[] hWTRe b S�QkO�T � QPYrh a�b hfJ�� b ejSfOoe��%J b KRTNYrSUTNQ
�UhLQ a Q ]�] Q�Y\ORO bWa ejM�Q�Yrh � K«Y[VWejQ�SUT 6|X b e�K�ORQ a TNe b S �i� � 9¤� # Q � K«Y[VWejQ�SUT��|Y[e T�VWeqORJfYrK«Y:;qTRKNQ
OR�wO TRMP��YZTReq�UhLQ��%QPS\T"T b hLTRQ�O TRKNh a TNhLKNQ�V b SUT"hfSLQ�VWQkO"VWej�%Q�SfORe b SfOºQkO�T¿e�S�� MPKRejQ�hfKRQ � TNK b ejO
JLe WQ ] O���l�YrejSUTRQ�SiYrSUT a Q�T TRQ a�b SUTRK«YrejSUTRQ%QPO T�� b ejSfO�ORM�X���KNQ�� ] QkO�O�TNKRh a TRhfKRQkO �fSLQkO�O b SUT
JLKNMPORQ�KNX[MPQPO�O e Q ]�] QPOmO b SUT ]jb S � hLQPOP�

B b � b SfO ] ^ Q ! Q�TmVWh5� ] TRKNQdY[KRM b[] YrejKRQ�ORhLK ] Y ] e � SfQI� � 6 X b ejK4� � � 4f� ��9¤�4�¿Q � ] TNKRQoQ ! Y a Q
��YZ� b KRe�TNY[e�KNQ��%Q�SUT ] Q � KRhLe�T����UhLe"ORQ��%Y[SLe � QPO TRQ�O b hfO8� b KR�%Q�VWQ�JLe a OP��npYrK a�b SUTRKNQ�� ] QPO
� ] TRKNQPO�YrKNM b[] YrejKNQPOuS ^ Y � eqONO QPS\T�JfY\O�ORhLK ] QPO ?�b SfQPO�VWQ�TRK«YrSfORe TNe b S � ] QPO��%Y[K a �fQPO�J b hLK
� b SUTRQPK�V ^ hLS J ] YrTRQPY[h � hLS YrhWTNKRQ�SLQ�O b SUT�JfY\O�� b VWe �fM�QkO%�p�����%Q�O e¿Q ]j] QkO�O b SUT�VWQ
J Q�TRe�TRQ¿TNY[e ]j] Q[� � ^ QkO�T�J b hLKN�Uh b eUY[JLK��PO hfS�� ] TRK«Y � Q�YrKNM b\] Y[e�KNQpS b hiO VWQPX b SfO S b hfO bwaPa hLJ Q�K
V ^ M ] e��%ejSLQ�K ] QPOIQkO a Y ] e�QPKNO�Q�SUTRKNQuVLQ�h� J ] YrTRQPY[h� a�b S\TNKNY\O�TNMPOP����hWTNKRQP�%Q�SUTe ] OoKReqOR�UhLQPSUT
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c�e�X\QPYrh=oVWQ � KNejO VLQ ] Y ] e � SLQ¿� � O hfK ] ^ ej��Y � Q
Y[JLK��kO�hLS � ] TNKNY � QYrKNM b\] Y[e�KNQdVLQITNYre ]j] Q �;6

� e � hLKNQ 4L� �W� ` ! Q�T�VWh � ] TRKNQ�YrKNM b\] Y[e�KNQdORhLK ] Y ] e � SLQ�� � �

��->,�->, 4 D ; � ;/=�?"E9;/8�= ���": 6	� ��;!8�=�: ��� EF69? =�:<;�E9;!8�=
# QkO ?�b SLQPO�VLQ�TRK«YrSfORe TNe b S O b S\T�VWQkO�KNM � e b SiO��\hfe �|YrhfONORQ�SUT ]_^ M�XZY ] hfYrTRe b S VWQ�KNQPONO QP�'D
�L] YrS a Q�QPS\TNKRQ�KNM � e b SiO�ej�uJ b KRTNY[SUTRQPOP��g b e�TuQ ]�] QPO � b hLKRSfejONO QPSUT�hLS a �LQ��%ejS VWQ�TRK«YrSfORe�D
TRe b SiOuV b h a QPO�Q�SUTRKNQ�KNM � e b SfO a�b SUTRK«Y[O TRMPQPO��pO b e TuQ ]j] QkO�KNQPO TRQPSUT�eqO b\] MPQPO � a YrhfORQ�V ^ hLSLQ
TRK«YrSiO e�TRe b S�Y � KNhLJWTNQ[�

# Q � ] TRKNQ�YrKNM b\] Y[e�KNQ�SLQ�� b VWe �fQ�JfY[O ] QkO ?Pb SLQkO�VLQ�TRK«YrSiO e�TRe b S���YreqO�S b hfOuYreqVWQ �
] QPO�KNQ�J M�KNQ�Kk�.� b �u�%Q ] Q�� b SUTRKNQ  4 � ] QPO�Q%wTRKNQ���Y�V ^ hLSLQ�ej��Y � Q�O b SUT�VWQkO�KNM � e b SiO
Y¬X[Q a hfSLQe��%J b KRTNY[S\TNQoORe � SLe � a YrTRe b S�XwejORhLQ ]j] Q[� # Q � ] TRKNQYrKNM b\] Y[e�KNQdY\ORORhLKNQdhLSfQIORhLK��|Y a Q
�%e�Sfe���Y ] Q�VWQkO Q�wTRKNQ���YL����ejSfORe	�[T b hLTRQ¡KRM � e b Su�\hfe �o] YIO b KRTRejQ�VWh'� ] TRKNQmYohLSLQ¡TNY[e ]j] Q�ejS�D
� M�KNejQ�hLKNQ �a Q ]j] Q�VWh'� ] TNKRQmJ Q�hLT4��TNKRQ a�b SfORejVWMPKRMPQ a�b �%�%QmhLSLQ ?Pb SLQ�VLQ¡TRK«YrSfORe TNe b S�QPSUTRKNQ
VWQPh� J ] YZTNQPY[h� Q�wTNKRMP�%Y[h� ��c�MPY[SL� b ejSfO a QPK T«YrejSLQPOIKNM � e b SfOIVWQuTRK«YrSfORe�TRe b S JiQPhLX[QPS\T
��TNKRQ�ORe � SLe � a YrTRejX[QPO;� e ] S ^ QPO TJfY[OIejSUTRQ�K«VWe�T � hfSLQ�e���Y � Q%VWQ a�b �uJ b KRTRQPKVWQPOI��YrK a �LQkO
V ^ QPO a Y ] ejQ�KoKRMPQ ]j] QkO�Q�T�O e � SLe � a YZTRejX[QkO���� ^ QPO ToJ b hfKN�Uh b e�S b hfOoY¬X b SfO a�b SfOReqVWM�KNM a�b �%�%Q
?�b SLQ�VWQdTRK«YrSiO e�TRe b SF6|S b S�ORe � SLe � a YrTRejX[Q:9�T b hWTRQdKRM � e b S�VWQ�TNYre ]j] Qde�S�� MPKRejQ�hfKRQ ��] Y�� b e TNe�M
VWQ ] Y�T«Yre ]�] QuVLh � ] TRKNQ�YrKNM b\] Y[e�KNQ[��dQ a Q�TRTRQ'�|Y[½ b S ] Y�JfYrKRTRe�TRe b S b[� TNQ�SwhLQ76|ONYrSfO ?�b SLQPO
VWQITNKNY[SfO e�TRe b S 9"JfKRMkO QPKRX\Q ] QPO�VWM�TNY[e ] O¡XwejORe �f] QkO¡Q�T�SLQ a�b �%J b K TNQIJ ] hiOmVWQJLe wQ ] O¡eqO b[] MPOP�
· SfQF� b eqO ] QkO ?Pb SLQkO�VWQ TRK«YrSiO e�TRe b S KNQ�J M�KNM�QkO�Q ]�] QPO�O b SUT�M ] ej�uejSLMPQPO�Q�S+hWTNe ] eqORY[S\T

] ^ Y ]��\b KNe TN�L�%Q�VWQ a K b eqONORY[S a QmVWQdKRM � e b SfOP� ] QPOºKNM � e b SfOºVWQ�TRK«YrSfORe TNe b S�S b S�ORe � SLe � a YrTRejX[QkO
O b SUT�Y[ONO e � SLMPQPO � hLSLQ�VWQ ] Q�hLK«O¡X b ejORejSLQPOmORhLejX¬Y[SUT¡hfS a KRe�T��PKRQIVWQ a�b SUTRK«Y[O TRQ¿��hfON�\h ^ �%a Q
�UhLQIT b hWTRQIKNM � e b S�Y[JLJfYrKRTRejQ�SfSLQ � hfSLQKRM � e b S a�b SiO eqVWM�KNM�QIORe � SLe�� a YZTNe�X\QYrh�SLe�X\QPY[h�VWQ
] ^ M�TNYrJ Q�VWQIJLKNM�TNKNY[e TNQ��%Q�SUTP�

# Q�JLK b � ] VWQkO�Sfe�X\QPYrh=�VLQ � KReqO�VLQ ] Y ] e � SLQ�� � JLKRM�TRK«Yre�TRMPQ�YrJfJfYrK«Y:;qTuORhLK ] Y � � D
hLKNQ 4L� � �dc b hiO b[� O QPKRX b SfO��UhLQ ] QkO ?Pb SLQkO�VWQ�TRK«YrSfORe TNe b S�Y � KNhLJWTNQPO b SUTdM�TRM�M ] ej�%e�SLMPQPO
Q�T ] QkOTRK«YrSiO e�TRe b SfO�V b h a QPOKNQ��%J ] Y a M�QkOIJfYrK�hfSLQ�TRK«YrSiO e�TRe b S/J ] hfO�KNQ�JfKRMkO QPS\T«YZTNe�X\Q%VLh
a�b SUTRK«Y[O TRQ[�
¯ ]j] hfO TRK b SiO a Q�T TRQ JLK bwa MPVWhfKRQ Y¬X\Q a hLS:Q�WQ��%J ] Q[� n"KRQPS b SfO ]_^ ej�%Y � Q VLQ ] Y � � D

hLKNQ 4L�53�6|Y 9¤� `º]j] QQkO�T�Yrh � b KN��YZT Á �¿¯ � 6 � 3 � × � �J��Jfe�WQ ] O+9"Q�T a�b SUTNe�QPS\T �k� H �#� ?�b SLQPOJ ] YZTNQPOP��gwe b S ] hLeºY[JLJ ] ej�UhLQuhLS � ] TNKRQ%YrKNM b\] Y[e�KNQ�VWQuT«Yre ]�] Q �!6�] ^ Y\O J Q a TIVLQ ] ^ e���Y � Q�SLQ
a �fY[S � Q�JfY\O�Q�T ] Q�S b � � KNQ�VWQ ?�b SfQPO�J ] YrTRQPO�QPO T�KNMPVWhfe T ���[�\� 3 � 6|X b ejK3� � ��4f��3=6 � 9�9¤�
npYrKN�%e a QkO �[�\� 3 � KRM � e b SfO��¡O QPh ] QP�%Q�SUT93 H � b SUT�hLSLQ�TNY[e ]j] Q�M � Y ] Q b h ORhLJ M�KNe�QPhLKNQ �
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c�e�X\QPYrh=oVWQ � KNejO VLQ ] Y ] e � SLQ¿� � O hfK ] ^ ej��Y � Q
ORhLK�D´ORQ � �uQPSUTRM�QIYrJfK��kO¿JfKRM�TRK«Yre�TRQ��%QPS\Tk�

� e � hfKRQ 4L� � � ` ! Q�T�VLh�JfKRM�TRK«Yre�TRQ��%QPS\T�ORhLK ] Y ] e � SLQ�� � �
] Y�� b e�TRejM�VWQ ] Y�TNY[e ]j] Q�VWh � ] TRKNQ[� `"]�] QPO�O b S\T a�b SiO eqVWM�KNM�QkO a�b �u�%Q���Y[KN�UhLQPhLKNO�VLYrSfO
hLSLQdJLK bwa MPVWhfKRQ�VWQ a K b eqORONYrS a Q�VWQ�KNM � e b SfOpQ�T ] QPOºKNM � e b SfOpKNQPO TNY[S\TNQPO¿O b S\T�Y[ONO e � SLMPQPOºY[h
��YrK«�UhLQ�hLKX b eqO ejS/VWQ�SLejX[QPY[h�VWQ � KNejO ] Q�J ] hfO�JfK bWa �LQ\� # Y � � hLKRQ 4f��3=6 a 9o� b S\TNKRQ ] QPO
��YrK«�UhLQ�hLK«O a � b eqORejO�Q�T ] Y'� � hLKRQ 4L�53�6_V 9 ] QoKNMPORh ] TNYrTmVLQ ] Y a K b eqONORY[S a QIVWQPO¡KNM � e b SfOP�

�¿Q�TRTRQuJLK bwa MPVWhfKRQ%Y5� b K TNQ��%Q�SUTIKRMkVWhLe�T�6_V ^ hLS �|Y a TNQ�hLK � � 9 ] Q%S b � � KNQ�VWQ%KNM � e b SiO
VWQ ]_^ e���Y � Q���T b hWT%Q�S JfKRMkO QPKRXZYrSUT�ORQPO�TRK«Yre�TNO a YrK«Y a TRMPKReqO�TNej�UhLQkO�� # Q�KNMPORh ] TNYZT�QPO T�hLSLQ
ej�%Y � QY¬X[Q a 3 H ��KRM � e b SfO¡�UhLe �

• O ej�%J ] e �fQ ] Y%KRQ a �LQ�K a �LQdVLQPO ?Pb SLQkO¡� b � b[� ��SLQkO��

• Y a�a M ] ��KNQ ] Q¡JLK bWa QPONO hfO�VWQ � hfORe b S � ��h ] ejQ�h%V ^ Y¬X b e�K,4J�A�#3�� � K b S\TNe �PKRQkO O hLK ] ^ ej��Y � Qb KNe � e�SfY ] Q 6_� �\�[� ��ORhLK ]_^ e���Y � QdY[JLK��PO ]_^ YrJfJ ] e a YrTRe b S�VWh5� ] TRKNQYrKNM b\] Y[e�KNQ�VWQdTNY[e ]j] Q
�;6 9I�Uh ^ e ] �|YrhWT�M�XZY ] hLQ�K,� b K«V b SLSfQ�KQ�T � M�KNQ�K�Y[JLK��PO a �fY\�\hfQ�� hfO e b SG� e ] QPS�KRQkO�TNQ
O QPh ] QP�%Q�SUT � 6[�J6 �

��->,�-�� 1 ;/:<: ? ��� ��� : � 8�=�E<8 � 6�:
#º^ M ] ej�uejSfYrTRe b S VLQPOdKRM � e b SfOdVWQ�TNKNY[SfORe TNe b S�� VWM a KRe�TRQ%VLYrSiO ] Y�ORQ a TRe b S 4f� �L� �=� ORQuKRMkY ] ejORQ
Q�S�hWTNe ] eqORY[S\T ] ^ Y ]��\b KNe TN�L�%QVWQ a K b eqORONYrS a QoVLQoKNM � e b SfO¡�UhLe a�b �%JLKRQPSfV�VWQ�h��M�T«YrJ QPOP�

• hLSLQIM�T«YrJ Q�VWQ�O M ] Q a TNe b S�VWQkO¡KRM � e b SfO¡ORe � SLe � a YrTRejX[QPO�� ] QkOm��YrK«�UhLQ�hLK«O M �

• hLSLQ�M�TNY[JiQIV ^ Y[ONO e � SfYrTRe b S�VWQkO"KNM � e b SfOºS b S�ORe � SLe � a YrTRejX[QkO"Yrh=%��Y[KN�UhLQPhLKNOP� # QPO�%Y[KN�UhLQPhLK«O � KNY[SfVWeqORORQ�SUT%KRM � e b S � KNM � e b S ORQ ]jb S hLS a KNe�T���KNQ�VWQ a�b SLSLQ�We�TRM 6 �
T b hLT¡ejSfO TNY[S\T�hfS���Y[KN�UhLQPhLK¡QPO T�hLSLQ a�b �uJ b ONYrSUTNQ a�b SLSfQ�WQ,9¿Q�T�VLQIORej�ue ] e TNhfVWQ[�

# Q a KRe�T��PKRQVWQ�ORe��%e ] e�TRhiVWQ��UhLQS b hiOmY¬X b SiO¿hLTRe ] eqO MJ b hfK � hLeqVWQ�K ] Y a K b eqONORY[S a QIVWQPO
��YrK«�UhLQ�hLK«O QPO T ] Q a�b SUTRK«Y[O TRQ[� �¿Q a KNe T���KNQmJLK b VLhLe T�VWQPO a�b SUT b hLK«O e�KNKRM � h ] ejQ�K«Op�\hfeiORQ a�b D
VWQPS\T�J ] hfO¿VLe�� a e ] Q��%Q�SUT��UhLQ ] QkO a�b SUT b hLK«O ] eqONO QkO��$B b � b SfO ] ^ Q%WQ��%J ] QdVWQ ] Y � � hLKNQ 4L� � �
#º^ ej�%Y � Q 4L� � 6_Y�9�Y�VLQ�h��KRM � e b SfO¿e��%J b KRTNY[S\TNQPO�6 M1

Q�T M2
9�Q�TmhLSLQIKRM � e b S�VWQoTRK«YrSfORe�D

TRe b S76 R 9�� # Q a�b SUTNKNY\O�TNQ R−M1
QPO T"VWQ C1 = 51 T«YrSfVLejOp�UhLQ R−M2

QkO�TºVWQ C2 = 49 �gwe b S�O ^ e�SUTRMPKRQkORORQ�ORQ�h ] Q��%QPS\T¡Yrh a�b SUTRK«Y[O TRQ�� ] YKNM � e b S�VLQ�TRK«YrSiO e�TRe b S�ORQ�K«Y�Y[ONORe � SLM�Q�Y[h
��YrK«�UhLQ�hLK M2

6 � � �J4f� � 6 � 9�9 �UJfYrK a Q��UhLQ ] Q a�b SUTRK«Y[O TRQmQkO�T¿J ] hiOºJ Q�TRe�TP�pn b hLK T«YrSUT�� a Q�T TRQ
O b[] hWTRe b S�JfK b VWhLe�TdhfS a�b SUT b hfK�ejKRKNM � h ] ejQ�Ko�UhLe QkO�TIJ ] hfOoVWe�� a e ] Q ��a�b VWQPKP�onºhLeqOR�UhLQ ] Y
VWe ! MPKRQPS a Q�Q�SUTRKNQ C1

Q�T C2
QPO T�J Q�TRe�TRQ�Q�T��UhLQ�S b hfO a �LQ�K a � b SfO ��� MPSLM�KNQ�K�VLQPO a�b S�D

T b hLK«O�KNM � h ] ejQ�K«O36|�UhLe O b SUT a�b VWMkO�J ] hfO �|Y a e ] Q��%Q�SUT 9 � e ] O QPKNY[e ToO b hL�fYre�TNY �L] Q�V ^ Y\ORORe � SLQPK
] Y�KNM � e b S�VWQITNKNY[SfORe TNe b S � M1

6 � � �:4f� � 6 a 9�9¤�
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6|Y�9�¯>��Y � Q�¾dKRe � ejSfY ] Q 6 � 9�¯>��Y � Q8� ] TNKRMPQ

6 a 9�� b SLQPO J ] YrTRQPOpVLQ¿T«Yre ]�] Q�ORhLJiMPKRejQ�hfKRQ
� ©>±Z¥�����§��%¦Zµ�� 	 � ©  R§�� 	

6|V 9�¯>��Y � QO hfK D>O Q � �%Q�SUTNM�Q

� e � hLKNQ 4f��3W� nºKRM�TRK«Yre�TRQP�uQPSUT

�oYrSfO� H � � �wn Y[KNV � O¿Q�T�gWY ] Q�� � ejQ�K�JLK b J b O QPSUT¿hLSLQO b[] hWTRe b S��\hfe KRM � h ] YrKNejORQ ] Q a�b S�D
T b hLKk� ��h ] e�QPh�V ^ hWTRe ] ejORQ�K ] Q a�b SUTRK«Y[O TRQ a�b �%�%Q a KRe�T��PKRQ�VLQoORe��%e ] e�TRhiVWQde ] O"hWTNe ] eqO QPS\T¡hLSLQ
O b �%�%Q�J b SfVLM�KNM�Q�VWh a�b SUTRK«Y[O TRQ�Q�T�VWQ ] Y a�b �%J ] Q�We TNM�VLQ a�b SUT b hLKk� # Y O ej�%e ] e�TRhfVWQ
Q�SUTNKRQIhLS�JLe WQ ] p Q�T�hfS���Y[KN�UhLQPhLK Mi

QPO T�V b SLSfMJfYrK ] Y � b KN��h ] QO hLejXZYrSUTRQ\�

similitude(p, Mi) = α×contraste(p, Mi) + (1−α)×complexité � de � contour(p, Mi)6�4f� � 9
b J ] Y a�b �%J ] Q%We TNM%VLh a�b SUT b hLKdQkO�T�V b SLSLMPQ�JfY[K ] Q%S b � � KNQuVLQ�JLe WQ ] OIX b ejORe�SiOdVWQ

p �UhLe�S ^ YrJLJiYrKRTRejQ�SLSLQPSUTdJfY\OdY[h��%Y[KN�UhLQPhLK a YrSfVLejVLYrT Mi
� � Q���YrK«�Uh b SfOd�UhLQ�J ] hfO ] Q

JLe WQ ] Q�T ] Y�KNM � e b S�O b SUT�ORe��%e ] Y[e�KNQPO�� J ] hfO ] Y�O ej�%e ] e�TRhfVWQ�QPO T�JLK bWa �LQ�VWQ ? M�K b � α QkO�ThLS�JiYrK«Yr����TNKRQm�UhLe JiQPKR�%Q�T�VWQdV b SLSLQPK"J ] hfO b h�� b ejSfO"V ^ ej�uJ b KRTNY[S a QdYrh a�b SUT b hfKºJfYrK
K«YrJLJ b KRT¡Y[h a�b SUTRK«Y[O TRQ\� n ] hfO α QkO�TmJ Q�TRe�T��WJ ] hfO ] QPO a�b SUT b hLKNO�O b SUT ] eqORORQPO��W��YreqO¿� b e�SfO] Q a�b SUTRK«Y[O TRQ�QPO T�e��%J b KRTNYrSUT,� a Q��UhLemJ Q�hWT��%Q�SfQ�K � hLSLQ�JiQPK TNQ�O e � SLe � a YZTRejX[Q�VWQ ] Y
�UhfY ] e�TRMVWQ ] YuORQ � �%Q�SUTNYrTRe b S �
c b hfOIY¬X b SfO�hWTNe ] eqO MuhLSLQ%XZYrKNejY[SUTRQ�VLQ a Q�T TNQ'� b KN��h ] Q�� Y\VLYrJWTNM�Q � S b TRKNQuOR�WO�T����%Q[�

# Q a KRe�T��PKRQm�UhLQ¡S b hiOpY¬X b SiO3hWTNe ] eqO M�ORQmVWe ! M�KNQ�S a ejQ¡VLQ a Q ] hLeLVWQ  H � �fO hLK ] QPOpVLQ�h��J b ejSUTNO
ORhLe�XZY[S\T«O��

•
# QJLKNQ��%ejQ�K,�iVWM � ��a e�TRM��fQPO Td�UhLQ�S b hfO¡TNKNY¬XZY[e ]j]�b SfO �%] ^ M a �LQ ]j] Q�VWQPO ?�b SLQPOmJ ] YrTRQPO
Q�TmS b S�JfY\OmVWh�JLe wQ ] �

•
# Q�VWQPh�We �P�uQ a�b S a Q�KNSLQ ] ^ QkO�TNe���YZTNe b S+VWQ ] Y a�b �uJ ] Q%we�TRM VWh a�b S\T b hLKk�!c b hfO
S ^ hLTRe ] eqO b SfO�JfY[O ] YuVWM��fSfe TNe b S�V b SLSLMPQdJfKRM a MPVLQ��%�%Q�SUTm�%Y[ejO¡S b hfO�S b hfO � Y[O b SiO
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J ] hLT � T�ORhLK ] ^ Y[h � �%Q�SUT«YZTRe b S VWQ a�b S\T b hLKVWh ��YrK«�UhLQ�hLKVWhfQ ��] Y � hfO e b S/VWQ RY¬X[Q a Mi
��c b hfO QPS\TNQ�SfV b SfO JfY[KºYrh � �%Q�SUTNYrTRe b S�VLQ a�b SUT b hLK,� ] YIVWe ! M�KNQ�S a Q�QPSUTRKNQ

] Q a�b SUT b hLKQ�wTRMPKRejQ�hfK�VWQ R 6|S b � � KRQ�VLQ�JLe�WQ ] OX b eqO ejSfOVWQ R S ^ YrJLJfY[K TNQ�SfY[SUTJfY[O � Mi
9�Q�T ] Q a�b SUT b hfK a�b �u��hLS � R Q�T Mi

6 S b � � KRQ�VWQ X b eqORe�SfO�VWQ RYrJLJfY[K TNQ�SfY[SUT � Mi
9�� #"^ Y¬XZY[S\T«Y � Q¡VLQ a Q�T TNQ�S b hfX[Q ]j] Q�VWM��iSLe TNe b S�QPO T"e ]�] hfO TRKNM�JfYrK

] Y8� � hLKNQ 4L� 4L� ��QPh��KRM � e b SfO R Q�T R′ VLYrSfO ] Q�X b eqORe�SfY � QmV ^ hLS���YrK«�UhLQ�hLK b SUT ] Y
�'�P�%Q ]�b S � hLQPhLK�VWQ a�b SUT b hLKmQ%UTNM�KNe�QPhLK,� ar^ QPO T D � D>VWejKRQ�� ] Y%���P�uQ a�b �%J ] Q�We�TRM�VWQ
a�b SUT b hLK�O Q ]�b S ] Y3� b KR��h ] Q 4L� � � c�MkYrSL� b e�SfO R Y�hLSLQ8� K b SUTRe���KNQ a�b �%��hLSLQIY¬X[Q a
Mi
J ] hfO ]jb S � hLQ��UhLQ R′ � #"^ Y[h � �%Q�SUT«YZTRe b S VWQ a�b SUT b hLK%VWh �%Y[KN�UhLQPhLKuS b hfO

JiQPKR�%Q�T�VWQ8�|Y¬X b KNejORQ�K ] Y � hfORe b S�VWQkO¡KRM � e b SfO¡�UhLe ORQdK«YZ� b hWTRQPSUT¡Y[h���YrK«�UhLQ�hfK�VWQ
�%Y[SLe���KNQ ]jb S � e TNhfVWejSfY ] Q � ONY3� K b SUTRe���KNQ�6 a�b �%�uQ R−Mi

9¿JfYrK¡K«YrJLJ b KRT �ua Q ]�] QPO
�\hfe O QK«YZ� b hWTRQPS\TmVWQ��YrSfe �PKRQdTRK«YrSfORX[QPKNONY ] Q 6 a�b �u�%Q R′ − Mi

9¤�

il el
M i

R’e

R contour = l   - ll’ il’

e i

� e � hLKNQ 4L� 4L�p��h � �%Q�SUTNYrTRe b S�VWQ a�b SUT b hfKP�
� b S a] Y � b KN��h ] Q��UhLe V b SLSLQ ] Y�ORe��%e ] e�TRhiVWQ�QPS\TNKRQ�hLSLQ�KRM � e b S 6 R 9mQ�TdhLS �%Y[K D
�\hfQ�hLK36 Mi

9¡VWQPXwe�QPS\Tk�

similitude(R, Mi) = α× contraste(R, Mi) + (1−α)×∆ contour(R, Mi)

· SfQ/� b ejO ] QkO¡�%Y[KN�UhLQPhLK«O¿KNQ�J M�KNMPO�� ] Q�hLK a K b ejONORY[S a QoO ^ Q ! Q a TRhLQQPS�VWQ�h��M�T«YrJ QPOP�

•
b S VWM�TRQ a TRQ ] QPOdKRM � e b SfOdX b ejORe�SfQPO�VLQPOo��YrK«�\hfQ�hLK«O%�?�UhLe O b S\T a Y[SfVWeqVLYZTNQPO � ��TRKNQ
Y � O b K � MPQPOpJiYrKºhLS��%Y[KN�UhLQPhLK"Q�T b S ] QkO b K«V b SLSLQ�ORQ ]jb S ] Q a KNe�T���KNQ�VWQoO ej�%e ] e�TRhfVWQ
�\h ^ b S�XwejQ�SUT�VWQJLKNMPORQ�SUTRQPKP�

•
] Q a�b hLJ ] Q���Y[KN�UhLQPhLK D´S b S ��Y[KN�UhLQPhLK ] Q�J ] hfO�ORej�ue ] YrejKRQ�QkO�T�� hfO e b SfSLM�� a[^ QkO�T�D � D
VWe�KNQ ] Q�S b S���YrK«�\hfQ�hLK�QkO�TIY[ONO e � SfM�Yrh���YrK«�UhLQ�hLK,�iVLQ�X[QPSfYrSUTdY[e�SiO e hLSLQ�JiYrKRTRejQ
VWh���Y[KN�UhLQPhLKmQ�T�QPS a�b SfORMP�UhLQPS a Q a Y[JfY �f] QIV ^ Y � O b K � QPKmO QkOmKRM � e b SfO¿X b ejORejSLQPOP�
c b hfOmhWTNe ] eqO b SfO ] Y�O b �%�uQJ b SiVWM�KNM�Q�VWQ a�b SUTNKNY\O�TNQoQ�TdYrh � �%Q�SUTNYrTRe b S�VWQ ] Y a�b � D

J ] Q�We�TRMdVLQ a�b SUT b hfK"J b hLK a�] Y[ONO QPK ] QkO"KNM � e b SfOpS b S���YrK«�UhLQ�hLK«O��[��YreqOºS b hfO�Y ��S b SiO ] Y
VWM a eqO e b S V ^ Y\ORORe � SfYrTRe b S��UhfYrSiV�hLSLQ%KNM � e b S Y�J ] hfORejQ�hLK«O���Y[KN�UhLQPhLKNOoVLY[SfOIO b S X b ejORe D
SfY � Q[� Á hfYrSfV�J ] hiO ejQ�hLK«O ��Y[KN�UhLQPhLKNO3O b S\T Q�S a�b S a hLKRKNQ�S a QpJ b hLK Y � O b K � Q�K hLSfQ"KNM � e b SG�
] Q a�b S\T b hLK �iSfY ] VLQ ] YORQ � �%Q�SUTNYrTRe b S76 a Q ] hfei�UhLeiORM�JiYrKNQ¡VLQ�h�%��YrK«�\hfQ�hLK«O�9 QkO�TºQPSI��Q�h �
�oYrSfO a QPO�O e�TRhiYZTRe b SiO�S b hfO�YrJfJ ] eq�Uh b SiO�hLSLQ�ejVWMPQ�hWTNe ] ejORM�Q�VLYrSiO ] QPO�Y ]��\b KNe TN�L�%QPOVWQ
a�b VLY � Q�� � hWT �fSiY ] VWQ¡S b TRKNQ�O Q � �%Q�SUT«YZTRe b S3� # QkOpY ]j�[b KRe�TR�L�%QkO�VLQ a�b VLY � Q¿SfQ a�b KNKNe � Q�SUT
�UhLQ ] QPO�Q�KNKRQPhLKNOVLQ�JLKNMPVWe a TNe b S O hLJ M�KNejQ�hLKNQPO � hfS a Q�KRTNY[e�S ORQ�hfe ] 6 Q�S ] ^ bwaPa hLKNKNQ�S a Q��
SLejX[QkYrh� VLQ � KNejO+9¤��gwhLJLJ b O b SfO�V b S a �Uh ^ hLSLQ�KNM � e b S VLQ%TRK«YrSfORe TNe b S R Yre�T�J ] hfORe�QPhLKNO��YrK«�UhLQ�hLK«O�VLY[SfO�O b S X b eqORe�SfY � Q\�mg b e�T M1

] Q���Y[KN�UhLQPhLK�V b S\T ] Q a�b SUTNKNY\O�TNQ C1
Y¬X[Q a

R QPO T ] Q�J ] hfOoJ Q�TNe T56 JiYrKoKNY[JLJ b K ToYrh��YrhLTRKNQPOd�%Y[KN�UhLQPhLK«O�9��iQ�TIO b e�T L1
] Y ]jb S � hLQ�hLK

VWQ ] Q�hLK�� K b SUTRe���KNQ a�b �%��hfSLQ R−M1
�"g ^ e ] Q�WeqO�TNQdhfS�VLQ�h�We����%Qd��Y[KN�UhLQPhLK M2

VLYrSfO
] Q�X b ejORejSfY � Q%VLQ R ��TRQ ] �UhLQ |C1 − C2| < 5 Q�Tu�UhLQ ] Y � K b SUTNe �PKRQ R − M2

QPO T�J ] hfO
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]jb S � hLQo�UhLQ L1
�LY ]jb K«O R ORQ�K«Y�Y\ORORe � SLMPQdYrh���YrK«�UhLQ�hLK M2

�pgWe�S b S��WS b hfO a�b SiO eqVWM�K b SiO
�UhLQ ] eqONO QPK ] Q a�b S\T b hLK¡J M�SfY ] eqORQIVLQo��Y[SLe �PKRQoej�uJ b KRTNY[SUTRQ ] Q a�b SUTRK«Y[O TRQoQ�T ] Y�KNM � e b S RQPO T�Y[ONORe � SLM�QIYrh���YrK«�\hfQ�hLK M1

�
npYrKºQ%WQ��%J ] Q��wO hLK ]_^ ej�%Y � Q�VLQ ] Y � � hfKRQ 4f� � 6|Y�9 ] Q a�b SUTNKNY\O�TNQ�VWQ R Y¬X[Q a M1

QPO T¿VWQ
� � Q�T ] Y ]jb S � hLQPhLKoVLQ�ONY�� K b SUTRe���KNQ H �o�3X\Q a M2

] Q a�b SUTRK«Y[O TRQ�QkO�T� � Q�T ] Y ]jb S � hLQ�hLK
� �onºhLeqON�\hfQ | � � D � � | � ��QPO TIe�S�� MPKRejQ�hfK � ��� R QPO TIY\ORORe � SLM�Q�Yrh���YrK«�UhLQ�hfKdV b S\T ] Y� K b SUTRe���KNQuY¬X\Q a R QPO T ] Y�J ] hfO ]�b S � hfQ�� a[^ QkO�T�D � D´VWejKNQ M1

� � MPSLM�K«YrSUToY[e�SiO e hLS a�b SUT b hfK
] ejONO Q\�pc b hiO¿Y¬X b SfO"hWTRe ] eqORMdhLS�O QPhLe ] �=WQIVWQ��� a QI�\hfe V b SLSLQIVWQPO � b SfO�KNMPORh ] T«YZT«O"J b hLK
] QPOde���Y � QPO�TRQkO�TNM�QPOP�I�dY[SfO ] Q a Y[OdV ^ e���Y � QPO�TRK��PO a�b S\TNKNY\O�TNM�QkO b hG� Y[h a�b SUTRK«YrejKRQ��LTRK��PO
J Q�h a�b S\TNKNY\O�TNM�QkO%� a QORQ�hLe ] VWQPXwKNY ��TNKRQ�Y\VLYrJWTNMIQ�S a�b SiO Mk�\hfQ�S a Q[�

�¿Q�TRTRQoO b\] hWTNe b S�KNQ�SfV ] QPO a�b SUT b hLKNO"J ] hfO ] eqORORQPO�ORY[SfO"TRK b J�J M�SfY ] eqO QPK ] ^ e�S �ihLQ�S a QoVLh
a�b SUTRK«Y[O TRQ[�
` S!hWTRe ] eqONYrSUT a Q�TRTRQ�O�TNKNYrTRM � ejQ�S b hiO�Y¬X b SfO b[� TNQ�Swh ] Y O hLK�D>O Q � �%Q�SUTNYrTRe b S+VWQ ] Y

� � hLKRQ 4f� �!6 6 � 9u�\h ^ b S J Q�hLT a�b �uJiYrKNQ�K ��a Q ]�] Q�VWQ ] Y � � hfKRQ 4f� �!6 6|Y 9 b[� TNQ�SwhLQ�Y¬X[Q a
hLS a KNe�T���KNQ�VWQ a�b SUTRK«Y[O TRQ[� # Q�S b � � KRQ�VWQ�J b ejS\T«O�VWQ a�b SUT b hfK�QPO T�VLQ �[� 4 � � 6 X b e�K
� � �:4L� �;6 6_V 9 9¡Y[h ] ejQ�h�VWQ � H � � H 6 X b ejK�� � �:4f� �!6 6 a 9 9��

R

149

200

M 1 M

100

2

6|Y 9¿¯>�%Y � Q b KNe � ejSfY ] Q 6 � 9 �¿K b eqONORY[S a Q VWQCKRM � e b SfOP�
a�b SUTRK«Y[O TRQ\�

6 a 9 �¿K b eqORONYrS a Q VLQ KNM � e b SfOP�
a�b SUTRK«Y[O TRQ*>-KNM � h ] Y[KReqORY"D
TRe b S�VWh a�b SUT b hLKP�

� e � hLKNQ 4L� � �4�¿K b ejONONYrS a QoVWQKNM � e b SfO¡ORY[SfO�Q�T�Y¬X\Q a KRM � h ] YrKNejONYZTNe b S�VWh a�b SUT b hfKP�

� ��� 8 %'+:9 �7%'&)( /5& ( ;	(,+-�".
#º^ YrJfJ ] e a YrTRe b S�VWe�KNQ a TRQVWQ ] ^ Y ]��\b KNe TN�L�%QoVWQ � hiO e b S�VWQIKRM � e b SfO � hLSLQej��Y � Q b KNe � ejSfY ] Q
V b SLSLQ�VWQkO¡KRMkO h ] TNYrTNOm�UhLe)� b SUT�KRQkORO b KRTRejKmVWQPO¡TNKNY[e T«O a�b S\TNKNY\O�TNMPO���YreqOmS b S�J Q�KRTRejSLQ�SUT«O%�
a�b �%�uQ ] Q � KRhfe ToQ�T ] QkO ?�b SLQPOdVWQ�TNKNY[SfORe TNe b S�Y � KNhLJWTNQPOP��c b hfOdY¬X b SfO�VWM�X\Q ]jb JLJ M�hLSLQ
M�T«YrJ Q VWQ JLKNM�TRK«Yre�TRQP�%Q�SUT��UhLeoM ] e��%ejSLQ ] QPO�M ] M��%QPS\T«O�VLQ ] ^ ej��Y � Q �\hfe/� b SUT�M a � b hLQPK
] ^ Y ]��\b KNe TN�L�%Q[� # QIKRMkO h ] T«YZT�VLQ a QdJfKRM�TRK«Yre�TRQ��%QPS\T¡QPO T¡hLSLQO hfKNORQ � �uQPSUTNYZTNe b S��UhLQIS b hfO
Y ]j]jb SfOmORe��%J ] e �fQ�K�VLY[SfO ] YuORhLe�TRQ�Y¬X\Q ad]_^ Y ]j�[b KRe�TR�L�%QVWQ8� hfORe b S�VWQIKRM � e b SfOP�
c b TRKNQ b[� ��Q a TRe �QPO T���YrejS\TNQ�SfY[SUT�VWQ�VWM�X\Q ]jb JLJ Q�K�VLQPO a KRe�T��PKRQkO�VWQ�KNQPONO QP� �L] YrS a Q

Q�SUTNKRQ%KNM � e b SiOo�UhLe � b hLKNSLeqORORQ�SUTVWQPO�ORQ � �%Q�SUTNYrTRe b SfOIY[VfYrJWTNM�QPO � hLSfQ%Y[JLJ ] e a YZTNe b S VWQ
a�b VLY � Q\�

��-���-/. � 6�;�E ��6�� ��� � 8�=�EF69? : E �
�¿Q a KNe T���KNQ a�b SiO eqO�TNQ � MPX¬Y ] hfQ�K ] QPO � K b SUTRe���KNQPO¡Y¬X[Q a�] YuVWe ! M�KNQ�S a Q�VWQkO¡SLe�X\QPY[h��VWQ � KNejO
� b �[QPSfO¿VLQPO�KRM � e b SfO�Y[VZ� Y a QPSUTRQPOP� � ^ QkO�T ] Q a KNe�T���KNQ ] QoJ ] hfO¡O ej�%J ] Q�UhLQoS b hiO"J b hLX b SfO
ej�%Y � ejSLQ�Kk� B b � b SfO¡VWM�� �u] QPOmKNMPORh ] TNYZT«O¡Yrh�L�UhLQ ] O b S�Y � b hLTRe�TP�
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6|Y 9 �¿K b ejONONYrS a QdVWQKNM � e b SfO 6 � 9 �¿K b eqORONYrS a Q�VWQ KRM � e b SfO�Y¬X[Q a�] ejO D
ONY � QoVWQ a�b SUT b hLK«O

6 a 9 � H � � H J b ejSUTNO�VLQ a�b SUT b hLK 6|V19 �[� 4 � ��J b e�SUT«OmVWQ a�b S\T b hLK
� e � hLKNQ 4L� �;6 � � M � h ] YrKNe�TRMVWQ a�b SUT b hfKP�

� b �%�%Q�VLY[SfO ] Y�O Q a TRe b SG4f� � � S b hfOS b hfOJLK b J b O b SiOV ^ b\� TRQPSLejK�hLSLQ�ORQ � �%Q�SUTNY"D
TRe b S/Y¬X[Q a � 6�6J6 J b ejS\T«OVWQ a�b S\T b hLKk� #º^ Y ]j�[b KNe�TR�L�%Q�hLTRe ] eqO M�VfYrSfO 4f� � � ��QPO T�YrJLJ ] eq�\hfM
��YrejSUTRQ�SiYrSUT ��] ^ ej��Y � Q��UhLe"KNMPORh ] TRQ�VWh JLKRM�TRK«Yre�TRQP�uQPSUT 6 � � ��4f� �!6 6 � 9 9IQ�T�S b S�JfY[O �
] ^ ej��Y � Q b KNe � e�SfY ] Q\� # Q�KRMkO h ] T«YZT b\� TRQPSUh 6 X b e�K�� � 4f� �\� 6_Y�9 9 a�b �%J b KRTRQ �!6L� KNM � e b SfOP�
gwe b S ] Q a�b �%JfY[KRQ�Y¬X\Q a�] Q�KNMPORh ] TNYZT�JLKRM a MkVWQ�SUT 6|X b e�K�� � ��4L� H 6 � 9 9 b S a�b SfO TNYZTNQ�hLSLQ
Yrh � �%Q�SUTNYrTRe b S VLQ ] Y��\hiY ] e TNM%VLQuKNQ�JfKRMkO QPS\T«YZTNe b S�J b hLKhLSLQ a�b �uJ ] Q%we�TRM%Mk�\hfe�XZY ] Q�SUTNQ
6 ] Q�����%QS b � � KNQoVLQJ b e�SUTNOmVLQ a�b SUT b hLK 9¤�

# Q a�b SUTRK«Y[O TRQ�QkO�T � ejQ�S hLS YZTRTRKNe � hLT��UhLemQ%WJLKRej�%Q ] ^ e��%J b KRTNYrS a Q�XwejORhLQ ]j] Q�V ^ hLSLQ
KNM � e b S3� � ^ QPO T�J b hLK«�Uh b e ] QkO�KNM � e b SfO��UhLQ�S b hiO�Y¬X b SfO b\� TRQPSwhLQPOuO b SUT�JiQPK TNe�SfQ�SUTRQkO��
c�MkYrSL� b e�SfO�� a Q�T TNQ �%M�TN� b VWQ � M�S=�PKRQ JfYrK�� b eqO�VWQkO5�|Y[h� a�b SUT b hLK«O%� a[^ QkO�T�D � D´VWejKNQ VWQPO
a�b SUT b hfKNO��UhLewSLQ a�b KNKRQkO J b SiVWQ�SUT � Yrh a hLSLQ � K b SUTRe���KNQ"XweqO e �L] Q[� �¿Q a eLY[KRKNe�X\QºQ�S�JLKNMPORQ�S a Q
V ^ hLS a �fYrS � Q��%QPS\TVWQ ] hL�%e�S b ORe TNMuJfK b\� KNQPONO e �E� V ^ hLS M a�] YrejKNY � QuS b S hLSLe � b KN�%Q[��B b e ]q�
a Q��UhLemYrKNKRejX[Q\��J ] hfO ejQ�hfKNO � QPKR�%QkO�VWQ a KNeqO�T«Y ]j] eqORYrTRe b S Y[JLJfY[KNY[ejONO QPSUT � ] ^ e�SUTRMPKRejQ�hfKuVWQ
] Y �����%Q KRM � e b S�� a[^ QkO�T�D � D´VWejKNQ��mJ ] hfORe�QPhLKNO � K b hfJiQP�uQPSUTNO�VLQ KNM � e b SfO�ORQF� b KR�%Q�SUT �
VWe ! MPKRQPSUTNOºQPSfVWK b e�TNO¿VWQ ] YKNM � e b S3� Á hfY[SfV a QkO � QPKR�%QkO � K«YrSfVLejONO QPSUT�� ] Q�hfKNO"SLe�X\QPY[h�uVWQ
� KNeqO�� b �[QPSfOoO ^ M a YrKRTRQ�SUT ��a Y[hfORQ�VWh a �fYrS � Q��%Q�SUTIVWQ ] hL�%ejS b ORe TNM�� a Qu�UhLe � MPS=��KNQ�hfS
a�b SUTRK«Y[O TRQoQ�SUTRKNQIQ�h���\hfe SLQ a�b KRKNQPORJ b SfV�JiY[O �%a Q�Uh ^ b S�JiQPKN½ b e�TP�

�¿QdVLM��|YrhLT¡S b hfO¿J b hfONO Q � QkORONY¬�[QPK"hLS�YrhWTNKRQ a KNe T���KNQdVWQ/� hfORe b S � Y\O M�� a Q�TRTRQ/� b eqOED a e
S b S�ORhLK ] Y�VWe ! M�KNQ�S a QVWQSLejX[QkYrh��VWQkO � KNeqO¿� b �\Q�SfO��W��YreqOmO hLKmhfS a�b SUTRK«Y[O TRQ ]jbwa Y ] �
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6_Y�9�l b ONY��´�UhLQIY¬X[Q a��;6f� KRM � e b SfOP� 6 � 9 � b SUT b hLKNO¡VWQ ] ^ e���Y � Q 6|Y�9��
� e � hLKNQ 4f� �\� �pgwQ � �%Q�SUTNYrTRe b S b\� TRQPSwhLQIQ�S�hWTRe ] eqONYrSUT a�b �%�%Q a KNe T���KNQVWQ8� hfO e b S ] Q a�b S�D
TRK«Y[O TRQ\�

6_Y�9�l b ONY��´�UhLQIY¬X[Q ao�[� KNM � e b SfO�� 6 � 9 � b SUT b hLKNO¡VWQ ] ^ e���Y � Q 6|Y�9��
� e � hLKNQ 4f� � �W�pgwQ � �%Q�SUTNYrTRe b S b\� TRQPSwhLQIQ�S�hWTRe ] eqONYrSUT a�b �%�%Q a KNe T���KNQVWQ8� hfO e b S ] Q a�b S�D
TRK«Y[O TRQ ]jbWa Y ] �
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��-���->, � 6�;�E ��6�� ��� � 8�=�EF69? : E � D!8�� ? D
��JfK��kO ] QkO�KNMPORh ] TNYZT«O b[� TNQ�SwhfO�Y¬X\Q aI] Q a KNe T���KNQ�VWQ a�b SUTRK«Y[O TRQ��LV b SLSfMJfYrK ] Y�VWe ! M�KNQ�S a Q
VWQkO SLejX[QPY[h�oVLQ � KNejO?� b �\Q�SfO VWQkO KNM � e b SfO%�PS b hiO S b hiO VWQ���Y[SfV b SiO O e ] Q a�b SUTRK«Y[O TRQ ]jbWa Y ]
S ^ QPO T JfY\O hLSfQ"�%QPORhLKNQ"V ^ e��%J b KRTNYrS a Q"J Q�K a QPJWTRejX[Q"J ] hiO3J Q�KRTRejSLQ�SUTNQ[� # Q a�b SUTRK«Y[O TRQ ]jbWa Y ]
M�Xwe�TRQPKNY[e T VLQ � MPSLM�KNQ�K�VWQ �|Y[h� a�b SUT b hLK«O Q�T � Y[KNVLQ�K«Yre�T ] QkO�� K b SUTRe���KNQPO3�\hfe a�b KNKRQkO J b SfVLQ�SUT
Yrh= a�b S\T b hLK«O�XwejORe �f] QkO��
c b hfO a Y ]ja h ]jb SfO ] Q a�b SUTRK«Y[O TRQ ]�bWa Y ] VWQ ] Y%��YrSLe���KNQO hLejXZYrSUTRQ\�ºJ b hLK a �iY[�UhLQIJfYrejKNQ

VWQ¡KNM � e b SiO 6 R1, R2
9 S b hfO a Y ]ja h ]jb SfO ] QPO SLejX[QkYrh��VWQ � KReqO�� b �\Q�SfO VWQ R1

Q�TºVWQ R2
O hLK

hLSLQ � Y[SfVWQ�6|V ^ M�JiYreqORORQ�hLK e 9¿�\hfe ]�b S � Q ] Y�� K b SUTRe���KNQoVLQdJfY[K T¡Q�T�V ^ YrhLTRKNQ�� b[� TNQ�SfY[SUT ] QPOXZY ] Q�hLK«O N1
Q�T N2

KRQkO J Q a TRejX[Q��%QPS\Tk� # Q a�b SUTRK«Y[O TRQ ]jbWa Y ] QPO TmV b SLSLMIJfY[K ] Y%VWe ! M�KNQ�S a Q
6 QPS�X¬Y ] QPhLK�Y � O b\] hLQ:9�VWQ N1

Q�T N2
6 X b e�K�� � �:4L� � H 9¤�

� e � hfKRQ 4L� � H �4��Y ]qa h ] VWQ a�b SUTRK«Y[O TRQ ]jbwa Y ] �
��JfK��kO a �iY[�UhLQ/� hfO e b SG� ] ^ M�XZY ] hfYZTNe b S�VWQkO � K b SUTRe���KNQPO�YrhWT b hLKmVWQ ] Y�S b hLX[Q ]�] QoKRM � e b S

V b e T4��TRKNQm�%ejORQ � � b hLK¿Y¬X[Q a�] Q�S b hLX[QkYrh a�b SUTNKNY\O�TNQ ]jbWa Y ] T b hWT¿Yrh ]jb S � VLQ ] Y8� K b SUTRe���KNQ[�
�¿Q�TRTRQS b hLX[Q ]�] QIM�XZY ] hfYrTRe b S�QPO TmV b SLSLMJiYrK ] Y'� b KR��h ] QIORhLejXZYrSUTRQ\�

nouvelle évaluation =

∣
∣
∣
∣

∑

i N1i li
∑

i li
−

∑

i N2i li
∑

i li

∣
∣
∣
∣

6�4f� ��9
b J

i
a�b KRKNQPORJ b SfV ��a �fY a hLSLQºVWQkO a�b �%J b ORY[SUTRQPO VLQ ] Y�S b hLX\Q ]j] Q � K b SUTNe �PKRQ�� li

] Y ]jb S � hLQ�hLK
ejSLe TNejY ] Q�VLQ ] Y a�b �%J b ORY[S\TNQ i �LQ�T N1i

Q�T N2i
] QPO¡SLejX[QkYrh��VWQ � KNejO�� b �[QPSfOmVWQ a �fY\�\hfQ

a�� TRMVWQ ] Y � K b S\TNe �PKRQ\�
n b hLKdVWQPOmK«YreqO b SfOmVWQ�O ej�%J ] e a e�TRM��fS b hfO�Y¬X b SfO¡hWTNe ] eqO M a�b �%�%Q � b KN��h ] Q�VWQ�KNM�MPXZY ] D

hfYrTRe b S �
nouvelle évaluation =

∑

i vili
∑

i li

6�4f� H 9
b J

vi
QPO T ] Y�X¬Y ] hiYZTRe b S�ejSLe�TReqY ] Q�VWQ ] Y a�b �%J b ORY[SUTRQ i � a Q��UhLe"S b hfOJ Q�KN�%Q�T�V ^ Y¬X b ejKhLSLQ�ORQ�h ] Q%XZY ] hfYZTNe b S JfY[KYrK���TRQ 6 vi

9�� Yrh ] e�QPh VWQ�VWQPh� 6 N1i et N2i
9�� #º^ M�XZY ] hfYZTNe b S

b[� TRQ�SwhLQdY¬X[Q a 4f� H QPO T¿M � Y ] Q ��a Q ]�] Q b\� TRQPSwhLQ�Y¬X[Q a 4L����UhfYrSiV N1i ≥ N2i∀i
b h��UhfY[SfV

N1i ≤ N2i∀i � a Qo�UhLe?Q�S�JfKNYrTReq�\hfQ�QPO TmO b hLX[QPS\T�XwKNY[e_� �¿Q�TmY ]j�[b KRe�TR�L�%Q�QkO�TmYrJfJ ] eq�UhLM �] ^ ej��Y � Q��UhLe3KRMkO h ] TRQ�VLh�JLKRM�TRK«Yre�TRQP�uQPSUT�Y¬X[Q ao] ^ b\� ��Q a TRe �ºV ^ b\� TRQPSLejK�hLSLQ�ORQ � �%Q�SUTNYrTRe b S
VWQ�� 6�6�6 J b e�SUT«OºVWQ a�b S\T b hLKk� # Q¡KRMkO h ] TNYrTpQPO T"O hLK ] Y/� � hfKRQ 4L� � �L� �¿Q�T TRQ�ORQ � �%Q�SUTNYrTRe b S
Y�� 6J6�6 J b e�SUTNOmVLQ a�b SUT b hLK a�b �%�uQJfKRMPXUh 6 X b ejK � � �:4f� � �=6 � 9 9�Q�T �\� KNM � e b SfOP�
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# Q a KRe�T��PKRQIVWQ a�b S\TNKNY\O�TNQ � M�S=�PKRQIVWQ8�|Yrh� a�b SUT b hLK«O¿VLY[SfO ] QPO�KRM � e b SfO¡V ^ M a�] Y[e�K«Y � Q�S b S
hLSLe � b KN�%Q[� �¿Q a e\QPO T MPXUe�TRM¿JfYrK ] Q a KNe T���KNQ"VWQ a�b SUTRK«Y[O TRQ ]jbWa Y ] �3npY[K a�b SUTRKNQ�� ] QkO3VWM a eqO e b SfO
]jbwa Y ] QPOmO b SUT�J ] hfO�ORQ�SiO e �L] QPO�Y[h��M�X\Q�SUTRhfQ ]j] QkO ?�b SLQPO�VLQITRK«YrSfORe TNe b S��\hfe S ^ b SUT�JfY[O�M�TRM
M ] ej�uejSLMPQPO�VLYrSfO ]_^ M�T«YrJ QdVWQ�JLKRM�TRK«Yre�TRQP�uQPSUTP� �¿Q a e1�|Yre�T��UhLQ ] QkO"KNMPORh ] TNYZT«O b\� TRQPSUhiO"Y¬X[Q a
] Q a�b S\TNKNY\O�TNQ ]�bWa Y ] O b SUT¿VLe ! M�KNQ�SUTNO"��YreqO"VWQ��UhfY ] e�TRMdO ej�%e ] YrejKRQ ��a QPh� b\� TRQPSwhfO"Y¬X\Q a¡] Y
VWe ! MPKRQPS a QIVWQISLejX[QkYrh�VLQ � KReqO�Q�SUTRKNQdKNM � e b SfOP� ¯ ] QPO T�VWe�� a e ] QVWQ a � b eqO ejK�hLSLQVWQPO¡VWQPh�
�%M�TN� b VWQPO;� ] QPO a KRe�T��PKRQkOmVWQ��UhfY ] e�TRM�O b SUT�O h � ��Q a TRe �|O��¡� �fS�VLQ¡��h � QPK�VWQ ] Y%JiQPK TNe�SLQPS a Q
VWQ ] Y�ORQ � �uQPSUTNYZTNe b S�e ] �|YrhfVWK«Yre�T�eqVWMPY ] QP�%Q�SUT�ejS\TNK b VWhfe�KNQhLS a KRe�T��PKRQ�ORM���YrSUTNej�UhLQ\��¾dK
] QPOoO Mk�\hfQ�S a QPO��UhLQuS b hfOmTNKNY[e T b SfOdJiQPhLX[QPSUT/��TNKRQ�TRK��POdXZYrKNe�MPQPOP�8� ^ QkO�ToJ b hLK«�\h b e�S b hfO
SLQoVWejORJ b O b SfOpJiY[O"VLQ � b KN��h ] Q���YrTR�LMP�%YrTReq�UhLQ�J Q�KN�%Q�T T«YrSUT¿VWQd�%QPORhLKRQPK ] Y��UhfY ] e�TRM�VWQ
] YuORQ � �%Q�SUTNYrTRe b S �
c b hfOIJ b hLX b SfO8�|Y[e�KNQ�YrJLJ Q ]"� VWQkO a KNe�T���KNQPOIO TNY[SfVLYrK«V a�b �%�%Q ] Y�KNQ ] YZTNe b S ORe � SfY ]

ORhLK � KRhLe�T 6_gWc � 9 �p��YreqO�J b hLK a Q ] Y ] Q a�b SUTRQPSwh VWQkO�KNM � e b SfO�V b e T���TNKRQ a�b VWM\�/� a Q
JLK b J b O�� hfS � K«YrSfV MPX[Q�SUT«Yre ] VWQ�� b V�� ] QkO�VWQ�TRQ�wTNhLKRQ�O b SUT � S b TRKNQ�VWeqO J b ORe TNe b S � gwe
b S a�b SfO eqV��PKRQ ] Q a�b VLY � Q ] Q�J ] hiOuORej�uJ ] Q�� ] Q�SLejX[QkYrh VLQ � KReqO�� b �\Q�S��pQ�T b S a Y ]ja h ] Q
] Y/KRQ ] YrTRe b S O e � SiY ] ORhLK � KNhLe�T�VWQPO�VWQ�h� ej�%Y � QkO a�b VWM�QkO%� b S X b e�T��UhLQ ] Y/�uM�TR� b VWQ
�UhLe3hLTRe ] eqO Q ] Y%T b T«Y ] e TNM�VWQ ] Y�KNM � e b S�J b hLK a Y ]qa h ] QPK ] Q a�b SUTNKNY\O�TNQ�V b SLSfQ�VWQ��%Q�e ]j] QPhLKNO
KNMPORh ] T«YZT«O�� �¿Q�T TNQ a�b S a�] hfORe b SQPO T ]�b\� eq�\hfQ��kJfYrK a Q��\hfQ ] Y��%M�TN� b VWQ"QkORONYrejQ"VWQ��%e�SLej�%ejORQ�K
] QPO�VLe ! M�KNQ�S a QPOmQPSUTRKNQ ]_^ e���Y � Q b KNe � ejSfY ] QIQ�T ] Y%XZY ] Q�hLKd� b �\Q�SLSfQIORhLK ] ^ Q�SfORQ�� �L] Q�VWQ ] Y
KNM � e b S�Q�T�S b S�ORQ�h ] QP�uQPSUT�Yrh�X b eqORe�SfY � QIVWQ ] Y'� K b SUTNe �PKRQ\�
c�MkYrSL� b e�SfO��"�UhfY[SfV b S hWTNe ] ejORQ�VWQPO%�%M�TN� b VWQPO%VWQ�TRQ%wTRhLKNQ�J ] hiO�MPX b\] hLMPQPO a Q�T TRQ

KNQ ] YZTRe b S�O ^ ejSwX[Q�K«ORQ[� ] Q a�b SUTRK«Y[O TRQ ]�bWa Y ] V b SfSLQ�VWQI�%Q�e ]�] Q�hLK«OmKNMPORh ] TNYZT«O��
c b hfO�hWTRe ] eqORQ�K b SfO�VLYrSfO ] Y ORhLe TNQ ] QPOuKNMPORh ] T«YZT«O b[� TRQ�SwhfOuY¬X[Q a�] Q a�b SUTRK«Y[O TRQ ]jbWa Y ]

JfY[K a QI�UhLQ\�

•
] QmSLejX[QkYrh�VWQ � KReqO � b �[Q�S%QkO�TºhLS�� b V�� ] Q�VWQ¡TNQ�wTRhfKRQ¡TNK��kOpJfYrhfXUKNQ��UhLeLSLQdV b SLSfQ
JfY[OmVWQkO¡KRMkO h ] T«YZTNOmONYZTNejO �|YreqONYrSUTNO�J b hLK ] Q a�b VLY � Q

• J b hLK ] QkO Q%WJiMPKRejQ�S a QPO��UhLQ¡S b hfO Y¬X b SfO3KRMkY ] ejORM�QkO%�Z�UhfYrSiV b S�hWTNe ] ejORQ¡VWQPO � b V�� ] QPOVWQ"TNQ�wTRhfKRQ�J ] hfO a�b �%J ] Q�WQkO%� ] Q a�b SUTRK«Y[O TRQ ]�bWa Y ] V b SfSLQ�VLQPO �UhfY ] e TNMPO ] M � �PKRQP�uQPSUT
O hLJ M�KNejQ�hLKNQPO
n b hLK hLSuKNMPORh ] T«YZT J ] hfO KRe �[b hLKNQ�h�e ] ORQ�K«Yre�T SLM a QPONORY[e�KNQ¿VWQ �|Y[e�KNQ�Y[JLJ Q ]L� hLS � K b hLJ Q

V ^ Q�WJ Q�KRTNO��UhLe �iVfYrSfOdVWQPO a�b SiVWe TNe b SfO¡TNK��kO�JLKNM a ejORQPO��LKNMPY ] eqO QPKNY[e T�VWQkO�Q�WJ M�KNe�QPS a QkO%� VWQ�D
��YrSfVfYrSUT ] ^ b JLejSLe b S�V ^ hLS�M a �fY[SUTRe ]�]jb S�KNQ�JfKRMkO QPS\T«YZTNe��3VWQ � QPSfOP� · SLQ a�b S a�] hfO e b S�J b hLK D
K«Yre�T���TRKNQoTRejKRMPQ�VWQPO a Y ]qa h ] OmO�T«YZTNejO TReq�UhLQPOmORhLK a Q�T�M a �fY[SUTRe ]�]jb S �

��-���-�� � 6�;�E ��6�� ��� E � ��E�� 6��
# QkO�VWQPO TRejSfYrTNYrejKNQPO'�fSfY[h� VLQ�S b O�ej��Y � QkO a�b VWM�QkO�O b SUT�VWQPO�ORJ Q a T«YZTNQ�hLK«O%�whL��YrejSfO��
# Y�O MP�%Y[SUTReq�\hfQ�� b hfQ�hLS�K �[] Q�ej�%J b K T«YrSUT�J b hLKoM�XZY ] hLQPK ] Y��UhfY ] e�TRM�V ^ hLSLQuej�%Y � Q\�¿QPS
� MPSLM�K«Y ] e ] QkO�TIJ ] hfOoe��%J b KRTNYrSUTIV ^ Y¬X b ejK�hLS JiQPKNO b SfSfY � Q�Y¬X[Q a VWQPh���[Q�h=C�?hLS SLQ ? Q�T
hLSLQ �ib h a �LQ��UhLQmT b hfO ] QPO �ib hWT b SfOºVWQdORY a �LQP�%ejORQ��U�\h b eq�\hfQmhLS a Y[JLe T«YrejSLQmejSfO J Q a TNY[S\T
ORQPOmTNK b hLJ QPOdJ b hLKRK«Yre�T�J Q�SfORQ�K ] Q a�b S\TNKNY[e�KNQ[�/�¿QPJiQPSfVLY[S\T,�?S b O a KNe T���KNQPO�VLQ��UhfY ] e�TRM�SLQ
J Q�hLX\Q�SUTuJiY[O�TRQ�Sfe�K a�b �uJLTRQ�VWQPO�e�S=� b KN�%YrTRe b SfO�O MP��YrSUTReq�UhLQPO�JfYrK a Q��UhLQ ] QPO�e���Y � QPO
J Q�hLX\Q�SUT ��TNKRQ�TRK��POmXZYrKNejM�QPO�Q�T�S b hfO�SfQ�J b hLX b SfOmJfY\O�ONY¬X b ejK��UhLQ ] O�O b SUT ] QPO�M ] M��%Q�SUTNO
ejSfVWeqO J Q�SfONY �f] QkOdJ b hfKdhLSfQuejSUTRQPKRJLKNM�T«YZTNe b S a�b KRKNQ a TRQ[��� ^ QPO ToJ b hfKN�Uh b e S b hfOohWTRe ] ejO b SfO
hLS a KRe�T��PKRQ VWQ �UhfY ] e�TRM O�T«YrSfVLY[KNV VfYrSfO ] Q V b ��YrejSLQ VLh TRK«Yre�TRQP�uQPSUT�VWh ORe � SfY ] � ] Y
KNQ ] YZTRe b S�ORe � SfY ] ORhLK � KNhLe T�6 gWc � 9¤�
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c b hfO�Y¬X b SfO�Xwh��UhLQ ] Y��UhfY ] e�TRM�VLQ ] Y�ORQ � �%Q�SUTNYrTRe b S�VWM�J Q�SfV�VLh�� b V�� ] Q�VLQTRQ% D
TRhfKRQhWTNe ] eqO M�J b hfK�KRQP�%J ] ejK ] Q a�b S\TNQ�Swh�VWQPO�KRM � e b SfOP� ` S�JfY[K TNe a h ] e�QPK�O e b S�X[QPhWT a�b � D
JfY[KRQPK�VWQ�h=�ORQ � �uQPSUTNYZTNe b SfOmV b SLSLM�QkO�QPS ] QPhLKdY[JLJ ] ej�UhfY[S\T�hfS�� b V=� ] Q�VWQTNQ�wTRhLKNQ�� ] Q
a�] Y[ONORQ��%Q�SUT b[� TNQ�Swh�VLM�J Q�SfVWK«YuVWh�� b V�� ] QVWQoTNQ�wTRhLKNQ a � b eqORe_� �dY[SfO¡S b TRKNQ a Y[O��WS b hfO
X b h ]jb SfO b\� TRQPSLejK ] Y�O Q � �%Q�SUT«YZTRe b S��UhLe b JWTNe��%eqO Q ] Y��UhfY ] e�TRMuVWQ�KNQ�JLKNMPORQ�SUT«YZTRe b S�J b hLK
] Q� b V�� ] QVWQITNQ�wTRhfKRQIhWTNe ] ejORMJfY[K ] Q a�b VLQ�hLKk�
¶ M�SfM�K«Y ] Q��%Q�SUT ] YORQ � �%Q�SUTNYrTRe b SuQ�T ] QPOºY ]��\b KNe TN�L�%QPOpVWQ a�b VfY � QmO b SUTºVWQ�h=uM�TNYrJ QPO

ejSfVWM�J Q�SiVLYrSUTRQkO%VWh OR�WO�T����%Q�VWQ a�b VLY � Q[� ] Y ORQ � �%Q�SUTNYrTRe b S JLK b VWhLe�TuhfSLQ�e���Y � Q�VWQ
O b KRTRejQ 6_Y¬X[Q a O QkOoJLK b JLKNQPO a KNe T���KNQPO+9�Q�TIQPSfORhLe TNQ ] QkOoY ]��\b KNe TN�L�%QPOoVWQ a�b VLY � Q�O b SUTYrJ�D
J ] ej�UhLMkOºYrh%KNMPORh ] TNYZT"VLQ ] YORQ � �uQPSUTNYZTNe b S � �¿Q�T TNQ�VWe a TNYrTRhLKNQ�VWQ ] YORQ � �%QPS\T«YZTNe b S��[Y¬X[Q a
ORQPOJLKNeqO QkO�VWQ�VWM a eqO e b S�ONYrSfOTRQ�Sfe�K a�b �%JWTNQ�VWh�KNQPO TRQ�VWh OR�WO�T����%Q�������SLQ � VWQPO�O e�T D
hfYrTRe b SfOuejSLQ	� a Y a QkO�� b S O Q � �%Q�SUTRQ�hLSLQ�KNM � e b S �UhLemM�T«Yre�T � e�QPS KNQ�SiVWhLQ�ORY[SfO a�b VWQ�K
ORQPO a�b SUT b hLKNOoQ�T b S/SLQ�ORQ � �%QPS\TNQ�JfY[OIhfSLQ�KNM � e b S �UhLe � hfORe b SLSLMPQ�Y¬X[Q a ORQPOX b eqO ejSLQkO
S ^ QPO TmJfY[O � ejQ�S�KRQPJLKNMPORQ�SUTRMPQ[� � ^ QkO�TmJ b hLK«�Uh b e?S b hfOmY ]j]�b SfO¿e�SUTRK b VWhLejKRQohLSLQ � b h a�] QVWQ
KNM�TRK b Y a TNe b S�Q�SUTRKNQ�ORQ � �uQPSUTNYZTNe b S�Q�T a�b VLY � Q\� a�b SiO�TNKRhLejKNQ ] Y�ORQ � �%QPS\T«YZTNe b S �UhLepV b S�D
SLQPKNY ] QkO"�%Q�e ]j] QPhLKNO¿KNMPORh ] T«YZT«OºXwejORhLQ ] O�YrJLK��PO�Y¬X b e�K"M�TRM a�b VWMPQ��wVWQ/�|Y[½ b S � Y[�%M ] e b KRQPK ] Q
K«YrJLJ b KRT��\hiY ] e TNM�A a�b ? T�VWh a�b VWQPhLKk�

# QIJLK b[�f] �P�uQIJ Q�hWT ��TRKNQIJ b O MJ b hLKmXweqO QPK�VWQ�h= b[� ��Q a TNe��|O�VLe ! M�KNQ�SUTNOP�

• �%Y"We��%eqO QPK ] Y%�UhfY ] e TNM �fSfY ] QIJ b hLKmhLS�T«Yrh��VWQ a�b �%JLKNQPONORe b S�V b SLSLM[�

• �uejSLej�%ejORQ�K ] Q a�b@? T�VWQ a�b VLY � QoJ b hLKmhLSLQ��UhfY ] e�TRMV b SLSLM�Q\�
�oYrSfO ] QPOºVLQ�h� a Y[O e ] O ^ Y � e�TºVWQmKNMPY ] eqO QPK VLQPO � hfORe b SfO�� ] YIVWe ! M�KNQ�S a QmM�T«YrSUT ] Q a KNe T���KNQ

V ^ YrKNK���TP� g b e�T ] YmORQ � �%Q�SUTNYrTRe b SIQPO T ORe��%J ] e��iM�Q ��hfON�Uh ^ ��a Qº�UhLQ"ONY a�b �%J ] Q%We TNMºJiQPKR�%Q�T TRQ
hLS TNY[h� VWQ a�b �%JLKNQPONO e b S V b SfSLM��¡O b e T��hiOR�Uh ^ �/a Q��Uh ^ hLSLQ7� hfORe b S ORhLJLJ ] MP�uQPSUTNYrejKNQ
JLK b X b �UhLQohLSLQIJiQPK TNQ�VWQ��UhfY ] e�TRMIe��%J b KRTNY[S\TNQ[�
¯ ] O ^ Y � e�T3V b S a VWQºKNMPY ] eqO QPK?VLQPO)� hiO e b SfO � Y[ORM�QkO O hLK3hLS a KNe T���KNQºVWQ TRQ%wTRhLKNQ[� n b hLK a Q ] Y

S b hfOmVWQ�X b SfO¿TNK b hLX[QPK�hfSLQ �|Y[½ b S�V ^ MPXZY ] hLQ�K ] YuKRQkORORQ�� �L] Y[S a QIVWQIKNM � e b SiO�Y\V¬� Y a Q�SUTRQkO��
` LYr�%ejS b SiOmVWe ! M�KNQ�SUTNQPO¡�%QPORhLKNQPO¡J b ONO e �L] QPOP�
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· S�JfKRQP�uejQ�K a KNe T���KNQIVLQ�� hfORe b S a�b SiO eqO�TNQ�K«Yre�T ��a�b �uJiYrKNQ�K ] QkO�JfY[KNY[����TRKNQPOmVLQTRQ% D

TRhfKRQuVWQPOoKNM � e b SiO�Y[V¬� Y a QPS\TNQPOP�IgWe ] QPOoJfY[KNY[�'��TRKNQPO�O b SUToJLK bWa �LQkO ] QPOdKRM � e b SfOdV b ejX[QPSUT
��TNKRQ � e�QPS KRQPJLKRMkO QPSUTRM�QkO%Q�SfORQ�� �L] Q�Q�T�QPS a�b SiO Mk�\hfQ�S a Q ] Y � hfORe b S QPO T�ejSUTRM�KNQPONONYrSUTRQ\�
n ] hfO ] QPO¡JfY[KNY[����TRKNQPO¡ORQIKRQkORORQ�� �L] QPSUT��WJ ] hfO ] Y � hfO e b S�QPO T�JLKNe b KRe�TNY[e�KNQ[�

�¿Q�TRTRQ�M�XZY ] hfYZTNe b S�Y ] ^ Y¬XZYrSUT«Y � QV ^ ��TNKRQ�KNY[JLeqVWQ�� a�b �%JfY[KRQPK�VWQkO�JfY[KNY[����TRKNQPO�M�TNY[SUT
hLSLQ b J M�K«YZTRe b S0ORe��%J ] Q[� npYrK a�b SUTRKNQ�Q ]j] Q�S ^ QkO�T JiY[O b JWTRej��Y ] Q[� # Q �|Yre�T �UhLQ ] QPO
JfY[KNY[�'��TRKNQPO�VLQ�VWQ�h=�KNM � e b SfO�O b ejQ�SUTdVWe ! M�KNQ�SUTNO�SLQ�X\Q�hWT�JiY[O�VLe�KNQ��Uh ^ e ] S ^ Q�WejO TRQ�JfY[O
hLSLQ b JWTRej�%ejONYZTNe b S �[]jb[� Y ] QdVWQ � b SLSLQI�UhfY ] e�TRMO hfK ] ^ Q�SfORQ�� �L] QIVWQkOmVWQ�h��KNM � e b SfOP� npYrK
Yre ]j] QPhLKNO�S b hiOmTRK«Y¬XZYre ]�]jb SiOmY¬X[Q a VWQPO�� b V�� ] QkO�VWQ�TRQ%UTNhLKNQ��UhLeG� b hLKNSLejONORQ�SUT�VWQPO a�b Q �'D
a ejQ�SUT«OVWM�J Q�SfVfYrSUT�VWQ ] Y � b KR�%Q�VWQ ] Y�KRM � e b S�� a�b �%�%Q�JfYrKIQ�WQP�uJ ] Q ] QPOIJ b[] �wS � �%QPO
b KRTR� b[�[b SfYrh= b h ] Y�TRK«YrSfO � b KN�%M�Q"VLQ �fb hLKNe�QPK 6|X b ejK  �!6 � 9�� �¿Q ] Y�Q��%J � a �LQ�VWQ a�b �%JfY[KRQPK
] QPO¡JfY[KNY[�'��TRKNQPO¡VWQKNM � e b SfO�X b eqORe�SLQkO��
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· S�YrhWTNKRQ a KNe T���KNQ�J Q�hWTmhWTNe ] ejORQ�K ] Q �|Y[e Tm�UhLQ � hiO e b SLSfQ�K¡VWQ�h��KNM � e b SfOºQPS\TNKNY<;qSfQ�hLSLQ

J Q�KRTRQ�VWQ��UhfY ] e TNM�VLQ�KNQ�JfKRMkO QPS\T«YZTNe b S � ` S Q ! Q�T,���UhfY[SfV VWQPh� KNM � e b SfO3� hiO e b SLSfQ�SUT��
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hLS ORQ�h ] � b V�� ] Q�VWQ�TRQ%wTRhLKNQ 6|Yrh ] e�QPh V ^ hLS � b V�� ] Q�JfY[KuKNM � e b S19uV b e�T�KRQPJLKNMPORQ�SUTRQPK
] ^ hLSfe b S VWQPO�VWQ�h��KNM � e b SfO�� # Q5�|Yre�T�VWQ�JfKRQPSfVWKNQ a�b �%�%Q�MPX¬Y ] hiYZTRe b S VLQPO�� K b SUTNe �PKRQkO
a Q�T TNQ�J Q�KRTRQ�VWQ��UhfY ] e TNM��¿S b hfOuJ Q�KN�%Q�T�VWQ a � b eqO ejK � a �fY\�\hfQ�ejSfO TNYrSUT ] Y � hfORe b S �UhLe
KNMPVWhLe�T ] Qo� b ejSfO"J b ONORe �L] Q ] Y��\hiY ] e TNMoVWQ ] ^ ej��Y � Q\�ºgwe ] QkO4� hiO e b SfO�ORQ � b S\T¡JfY[K b KNVWKNQ�VWQ
J Q�KRTRQ a K b eqORONYrSUTRQ�� b S b[� TRejQ�SUTdhLSfQuORQ � �uQPSUTNYZTNe b S b JLTRej�ueqORM�Q�VLh J b ejS\TVWQ�XUhfQuVWQ ] Y
�UhfY ] e�TRMVWQ�ORQPO¡KNM � e b SiO%�wJ b hLK ] Q� b V=� ] Q�VWQoTRQ�wTNhLKRQhLTRe ] eqO M\�

�¿Q�TRTRQI�%M�TN� b VWQ a�b �uJ b KRTRQISLMkYrSL� b e�SfOmVLQ�h��e�S a�b SwX[MPSLejQ�SUTNOP�
� � `º]�] QoSLM a QPONO e�TRQoVWQd� b VWM ] eqO QPK ] YTNQ�wTRhfKRQdJ b hLK a �iY[�UhLQ a�b hLJ ] QoVWQdKNM � e b SfO"Y\V¬� Y<D
a Q�SUTNQPO��?Y[e�SiO ep�UhLQ%ORY��%ejORQ � � b hfKIY[JLK��PO a �fY[�UhLQ�� hfO e b S3� # Q�TRQP�uJiOoVLQ a Y ]qa h ]
SLM a QPONORY[e�KNQ�J b hLK�KRMkY ] ejORQ�K a Q a e QkO�TmJLK b �Le � e�TRe ���

�L� `º]�] Q�QPO T � Y\O MPQ¿ORhLK�hLS a KRe�T��PKRQ�VWQ¡�\hiY ] e TNM"KNQ ] YZTRe �E�rONYrSfO �|YrejKNQ"ejS\TNQ�KNX[QPSLe�K ] YdXZY ] Q�hLK
KRMPQ ]j] Q�VLQu�UhfY ] e�TRM�Q ]j] Q��'�P�%Q[�I��Q a Q�T TRQ��|Y[½ b S�� ORe hLS KRM � e b S�ORh � e�TIc � hfORe b SfO%�
Q ]j] Q�J Q�hLT¿J Q�K«VWKRQdc � b eqO ] YJ Q�KRTRQdVLQ��UhfY ] e TNM�J Q�KN�ueqORQ�� a Q��UhLeiJiQPhWT ] Y�VWM � K«Y[VWQPK
VWQI�%Y[SLe���KNQoej�%J b K T«YrSUTRQ\�
n Y[K�Y[e ]j] Q�hLK«O%� a Q a KNe T���KNQ � MPS=��KNQ VLQPO�JfYrKRTRe�TRe b SfO�Y¬X\Q a VWQkO�KRM � e b SfO�VWQ �UhfY ] D
e TNM��LM�TRM�K b[� ��SLQ\� ¯>��Y � e�S b SfO��pV ^ hfSLQ�JfY[K T,�phLSLQ�KRM � e b S�KNQ�JLKNMPORQ�SUTNM�Q�Y¬X[Q a hLSLQ
TRK��PO �ib SLSLQ�UhfY ] e�TRM�� b S�J Q�hLT��'�P�%Qoej��Y � e�SLQPK¡hLSLQIKRQ a�b SfO�TNe TNhWTRe b S�JfYrK��|Yre�TRQ a Q
�\hfe V b SLSLQuhLS KNY[JLJ b K TIO e � SiY ] O hfK � KNhLe�Te�S��iSLe_� Á hfYrSfV b S QkORONYrejQ�VLQ � hiO e b S�D
SLQ�KhLSfQ%TRQ ]j] Q�KRM � e b S/Y¬X[Q a hLSfQ�VWQ�O QkOIX b ejORe�SfQPO ] Y�J Q�KRTRQ�VLQ��\hiY ] e TNM a Y ]qa h ] MPQ
QPO TuTNK��kO � K«YrSfVLQ 6|X b ejKNQ�ejS��fSLejQ,9��¿���P�uQ�ORe ] Y �UhfY ] e�TRM�Y[JLK��kO � hfO e b S QPO T�O h ! D
ejONYr�%�%Q�SUT � b SLSfQ[� n Y[K a�b SfORMP�UhLQPS a Q ]_^ Y ]j�[b KRe�TR�L�%Q�Y[hLK«Y�TRQ�SiVLYrS a Q ��� YrK«VWQPK
e�SUTNY a TNQPO ] QPO�KRM � e b SfO�VWQ�TRK��PO � b SfSLQ �UhfY ] e�TRM[�'� ^ Y[hWTRKNQ�JfY[K T�hfSLQ KNM � e b S VWQ
�\hiY ] e TNM� b �\Q�SLSfQoJ Q�hLTdO Q�VLM � K«Y[VLQ�KmQ�ToV b SLSfQ�KmhLSLQ�e��%JLKNQPONO e b S�VWQTNK��kOm��Yrh�D
X¬Y[ejORQ�UhfY ] e TNM��LORhLKRT b hLT �%a%� TRM�VLQPO¡KNM � e b SiO"TNK��kO � ejQ�S�KRQPJLKNMPORQ�SUTRMPQPOP�
�¿Q a�b SUTRK«Y[O TRQ QPSUTRKNQ KNM � e b SiO�VWQ/�UhfY ] e TNMPO�VWe ! MPKRQPSUTRQPO�JLK b VWhLe�T�hLS!Q ! Q�T�TRK��PO
SLM � YZTRe � ORhLK ] ^ QPSfO QP� �L] QVWQ ]_^ ej�%Y � Q\� ª b hLTmORQoJfY[ONO Q a�b �%�%QoORe ]_^ ej�uJfKRQkORORe b S�VWQ
�\hiY ] e TNM �\]�b\� Y ] Q�S ^ QkO�TpJfY\O ] YI�UhfY ] e�TRMm� b �[QPSLSLQ¡O hfK ]_^ e���Y � Q¡��YreqO J ] hLT � Tº�Uh ^ Q ]j] Q
O Q%K«YrJLJLK bWa �LQ%VWh �%ejSLej��hL� � a Q�O b SUT ] QkO�VWM��|Y[hWT��UhLeºORQ�KRQP�%Y[KN�UhLQPSUT ] Q%J ] hiO��
��hWTNKRQP�uQPSUT"VWe T,�[QPS\TNKRQmVWQPh��ej��Y � QPOp�UhLe �[]jb[� Y ] Q��%Q�SUT b SUT ] Qm���P�uQ�gLc � � a Q ]j] Q
�\hfewYdhLSLQ¡�UhfY ] e�TRM�hLSLe � b KN�uQ¡V b SLSLQ�hLSLQ�e��%JLKNQPONO e b S � e�QPS�J ] hfO Y � KNMPY �f] Q"�Uh ^ hLSLQ
YrhWTNKRQIY¬X[Q a�a QPK T«YrejSLQPO�KNM � e b SfOºTNK��kO � e�QPS�KNQ�JfKRMkO QPS\TNM�QkO"Q�TmV ^ Y[hWTRKNQPO�� b ejSfO � ejQ�S �

# Y�JiQPK TNQ�VLQ��UhfY ] e�TRM�S ^ QPO T V b S a JiY[O ] Q a KNe�T���KNQ¿VLQ¿KNQPONO QP� �L] YrS a Q"�UhLQ ]_^ b S a �LQ�K a �LQ\�

� ��v:&|z|x 8 ��t �uy 8 .iz'� � �%v:� �Pv �[t � xPt#��v "�y��#� � ���Pz'� �
�¿Q a KRe�T��PKRQ�MPX¬Y ] hfQ ]_^ ej�uJ b KRTNY[S a Q�V ^ hfSLQ � K b SUTRe���KNQ�Q�S � b S a TNe b S VWQ ] Y��UhfY ] e�TRM�VWQ

KNQ�JLKNMPORQ�SUTNYrTRe b S��\hiYrSfV b S a�b VWQIQPSfO QP� �L] Q ] QPOmVWQPh��KNM � e b SfO¡Y[V¬� Y a Q�SUTNQPOP� c b hfO�KRMkY ] D
eqO b SfOuQ�S JLKRQP�%e�QPK ] QPO'� hiO e b SfOuTNQ ]j] QkO%�\hfQ ] Y/�UhfY ] e TNM�VLQ ] Y KRM � e b S b[� TNQ�SwhLQ�O b e T ] Y
�%Q�e ]�] Q�hfKRQoJ b ORORe �L] Q\�4� ^ QkO�T ] Y ]jb e VWh�J ] hiO4�|Y[e �f] Q\� ] QkO¿KNM � e b SfO ] QkO¿�%ejQ�h��KNQ�JfKRMkO QPS\TNM�QkO
J Q�K«VWQ�SUT ] Q�hfKNO"JLKRejXwe ] � � QPO��UORQ�K«YrJLJfK bWa �fY[S\T"VLQ ] Y��UhfY ] e�TRMdVLQPO"Y[hWTRKNQPO"Q�T � MPSLM�K«YrSUTºhLSLQ
ej�%Y � Q�VWQ��UhfY ] e�TRM�� b � b[� �PSLQ[�+�dQ a Q�T TNQ7�|Y[½ b S ] QkO a YrTNY[O TRK b Jf�LQPO�� a[^ QkO�T�D � D´VWejKNQ ] QPO
� hfORe b SfOmVWQKNM � e b SfO¿TRK��PO¡��Y ] KNQ�JLKNMPORQ�SUTNM�QPO�QPSfO QP� �L] Q��iO b S\TmMPXUe�TRMPQPOP�

# YI�UhfY ] e�TRM�Y[JLK��kO$� hfORe b SuJ Q�hLT ��TRKNQ a�b SfORejVWMPKRMPQmVWQmJ ] hfO ejQ�hfKNO$�|Y\½ b SiO�� # YoJLKNQ��%e���KNQ
O b[] hWTRe b S �o] Y\�\hfQ ]j] Q b SuJ Q�SfORQmQPO T"VWQ a Y ]ja h ] QPK ] Q¡K«YrJLJ b KRTºO e � SiY ] ORhLK � KNhLe TºORhLK ] ^ hLSfe b S
VWQ%VWQ�h=�KRM � e b SfO � hfO e b SfSLM�QkO�� �¿QPJiQPSfVLYrSUT a Q�T TRQuQPO TRej��YZTNe b S JLKNMPORQ�SUTRQ�hLS JfK b\�L] �P�%Q
�UhfYrSiV b S���h � Q ] Y � hfORe b S V ^ hLSLQ�KNM � e b S � KNY[SfVWQ�Y¬X\Q a hLSLQ%J Q�TRe�TRQ\� # Y a�b S\TNKRe � hWTNe b S
Yrh � KNhLe�T¿VWQ ] YIJiQ�TRe�TRQdKRM � e b SuJfYrKpK«YrJLJ b KRT"Yrh � KNhLe�T �[]jb[� Y ] QPO TºSLM �[] e � QPY �f] Q\� �dQ a Q�T TRQ
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�|Y[½ b S/Q ]j] Q�JiQPhWT3��TNKRQ�� b K TNQ��%Q�SUT�Q�SiV b �%��Y � M�QuTNY[SfVWeqO��UhLQ ]_^ QPO TRej��YZTNe b S VWQ��\hiY ] e TNM
�[]jb[� Y ] QdQkO�T � b SLSfQ[�
n b hLK"M�Xwe TNQ�K a QPO¿O e�TRhiYZTRe b SiO%�US b hiO"Y¬X b SfO JLKNM�� MPKRM�QkO�TNe��%QPK ] Y��UhfY ] e TNM�V ^ hLSLQdKRM � e b S

� hfORe b SLSLMPQ a�b �%�%Q ] Qd�%ejSLej��hL�DVLQPOm�UhfY ] e�TRMPO�VWQ a �fY a hLSLQoV ^ Q ]j] QkO��UhfY[SfV b S ] QPO a�b VLQ
Y¬X[Q a hLS ORQ�h ] � b V�� ] Q�VWQ�TRQ%UTNhLKNQ[� � ^ QPO T D � D>VWejKRQ��"ORe R1

Q�T R2
O b S\T�VWQPh� KNM � e b SiO

Y[VZ� Y a QPSUTRQPO�� L(i, j)
] Y ] hf�uejSfY[S a Q b KRe � ejSfY ] Q�VWh�Jfe�WQ ] (i, j) � L′(i, j)

] Y ] hL�%ejSfYrS a Q�VWh
JLe WQ ] (i, j) a�b VWM�Y¬X\Q a%] QPO�JfYrK«Yr����TNKRQkOVWQ�TNQ�wTRhLKNQ�VWQ ] Y�KNM � e b S R = R1 ∪ R2

� ] Y
�UhfY ] e�TRMVWQ ] Y�KNM � e b S R1

YrJLK��PO � hiO e b S�QPO T�V b SfSLM�QIJfY[K ] Y � b KN��h ] Q\�

Q1 = 10 × log10

(
2552×Aire2

1

Σ(i,j)εR1
|L(i,j)−L′(i,j)|2

)

�¿Q ]j] Q�VWQ ] YuKNM � e b S R2
QPO TP�

Q2 = 10 × log10

(
2552×Aire2

2

Σ(i,j)εR2
|L(i,j)−L′(i,j)|2

)

Q�T ] ^ M�XZY ] hfYZTNe b S'VWQ ] Y �UhfY ] e�TRM VLQ ] Y KNM � e b S � hfORe b SLSLMPQ 6 M�XZY ] hfYrTRe b S'�UhLe�Q%wJfKRej�%Q
] ^ ej�%J b K T«YrS a QIVLQ ] Y � K b SUTRe���KNQ[� �%Q�e ]�] Q�hfKRQ�UhfY ] e�TRM�� � K b SUTNe �PKRQI� b ejSfO¡ej�uJ b KRTNY[SUTRQ,9��

Qualité = min(Q1 , Q2)

�¿Q�TRTRQ�QPO TRej��YZTNe b S VWQ��UhfY ] e�TRM�� a Y ]ja h ] MPQ�VLQ���Y[SLe �PKRQ�ejSfVWM�J Q�SiVLYrSUTRQ�VWQ�JfY[K T%Q�T
V ^ YrhWTNKRQdVWQ ] Y � K b SUTRe���KNQ��[S b hfO"JiQPKR�%Q�T¡VWQ � YrK«VWQ�KphLS a Q�KRTNY[e�S�S b � � KRQ�VWQkO"VWM�TNY[e ] O"�UhLe
� b hfQ�SUT�hLS�K �\] Qoej�uJ b KRTNY[SUT¡J b hfK ]_^ ej�uJfKRQkORORe b S�VWQ��UhfY ] e�TRM\�
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� �¡M�XZY ] hLQ�KuT b hfO ] QPO a�b hLJ ] QPO%VWQ�KRM � e b SfOuY[VZ� Y a QPSUTRQPO%Y¬X\Q a�] Q��%e�SLej��hf�9VWQPO�ORQPO
�\hiY ] e TNMPOm�UhfYrSiV�Q ]�] QPOmO b SUT a�b VWMPQPO¡Q�SiO QP� �L] Q

�L��TRK b hLX\Q�K ] Q a�b hLJ ] Q�UhLe3Y ] YuJ ] hfO � KNY[SfVWQI�UhfY ] e TNM�YrJLK��PO � hfORe b S
H � � hfO e b SfSLQ�K a Q a�b hLJ ] Q
�i�¡KRMPM�XZY ] hLQ�K ] QPO � K b SUTRe���KNQPO¡Y[hWT b hLK�VWQ ] Y�S b hLX\Q ]j] QIKNM � e b S
�L�¡e TNM�KNQ�K � JfYrKRTRejKmVWh�J b e�SUT ����hfON�Uh ^ � YrT TRQPe�SiVWKRQ ] Q a KNe T���KNQV ^ Y[KRK���Tk�
�¿Q�TRTRQoO b\] hWTNe b S��UhLe O QPKNY[e T b JWTNe���Y ] QoVWh�J b ejSUT�VWQoXwhLQdVWQ ] Y��UhfY ] e�TRMdVLQdKNQ�JLKNMPORQ�S=D

TNYrTRe b S7�fSiY ] Q��fQkO�T�TRK��PO a�b ? TNQ�hfORQQ�S�TNQ��%JfO�VLQ a Y ]ja h ] � `º]j] Q�SLM a QPONO e�TRQ ] Q a Y ]qa h ] V ^ hfS
� b V�� ] Q�VWQ�TRQ%UTNhLKNQ�J b hLK a �fY[�UhLQ a�b hfJ ] QuVWQ�KNM � e b SfO�Y\V¬� Y a Q�SUTRQkO%�?YrejSfORe��UhLQ ] Y��%eqO Q
� � b hLK�YrJLK��PO a �fY\�UhLQ�� hiO e b S � #º^ e��%J ] M��%Q�SUT«YZTRe b S�VWQ a Q�T�Y ]��\b KNe TN�L�%Q�S ^ QPO T�JfY\OQ�S�D
XwejONY � QPY �L] Q\��c b hfO¡O b �%�%QPO b\�L] e � MkO¡VWQ a �LQ�K a �LQ�K¡VWQkOmO b\] hWTNe b SfO¡O b hfO D b JWTRej��Y ] QPO¿�%Y[ejO
KNMPY ] eqORY �L] QkO�Q�S�JLKNYrTReq�UhLQ[�
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# Q�TRQ��%JfOoVWQ a Y ]qa h ] VWQ ] ^ Y ]j�[b KNe�TR�L�%QQ�W�fY[hfO TRe �ºQPO T�TRK��PO�M ] Q�X[MPQ[� · SLQ�O b[] hWTRe b S�ORh � D
b JLTRej�%Y ] Q 6|Q�T�JLK«YZTNej�UhLQ:9�QPO T¡�%eqO QQPS�J ] Y a Q[�
c b hfOuX b h ]�b SfO�M�Xwe TNQ�K ] Q a Y ]qa h ] V ^ hLS � b V=� ] Q�VWQ�TNQ�wTRhLKNQ�J b hLK a �fY[�UhLQ a�b hLJ ] Q

VWQ�KNM � e b SfOIY[V¬� Y a Q�SUTNQPOIQ�T�QPS ���P�uQ%TNQ��%JfOS b hfOX b h ]jb SiO �|Y[e�KNQ%e�SUTNQ�KNX[Q�Sfe�KVLY[SfO ] Y
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ORQ � �%QPS\T«YZTNe b S ] QPO a YrJiY a e�TRMkO�VWQ ] ^ Y ]��\b KNe TN�L�%Q�VWQ a�b VfY � QVWQ�TRQ�wTNhLKRQJ b hfK�KNQ�SfVWKNQ ] Q
OR�wO T��P�%Q �[]jb[� Y ] J ] hiO a�b �LMPKRQPSUT�Q�T�Yrh � �%Q�SUTRQPKuY[e�SfORe ] Q�KNY[JLJ b K T%�UhfY ] e TNM8A a�b@? TuVWQ
] ^ ej��Y � Q a�b VLM�Q[�

#º^ Y ]j�[b KRe�TR�f�uQ O b hfOED b JLTRej�%Y ] �UhLQ S b hiO�Y¬X b SfO�e��%J ] M��%QPS\TNM a�b SfOReqO�TNQ � M�XZY ] hLQ�K
] QPO � K b SUTRe���KNQPO%Y¬X[Q a hLS a KNe T���KNQ�ORej�uJ ] Q��"JfY[KuQ%WQ��%J ] Q ] Q a�b SUTNKNY\O�TNQ ]jbwa Y ] � ` SiO hLe�TRQ
S b hfO¡TRK«Yre�T b SfO ] QPO�� K b SUTRe���KNQPO�hLSfQ � hLSLQJfY[K b K«VWKNQ a K b ejONORY[SUTmV ^ MPX¬Y ] hiYZTRe b S3�º�[hfON�Uh ^ �
��YrejSUTRQ�SiYrSUT�TNKNY[e TNQ�KuhLSLQ5� K b SUTNe �PKRQ�X b h ] Y[e T�VLe�KNQ ] ^ M ] ej�%e�SfQ�Kk�/l YrejS\TNQ�SfY[SUTuY¬XZYrSUT�VWQ
KNMPY ] eqO QPK ] Y'� hfORe b S�S b hfO�X[M�KNe � b SfO¡ORe Q ]j] QKRQkO J Q a TRQhLS a QPK T«YrejS a KRe�T��PKRQVWQ��\hiY ] e TNM[� # Q
a KNe�T���KNQ a�b SfORejO TRQ ��a�b VWQ�K ] Y�KNM � e b S�Q�TdX\M�KNe��iQ�K�ORe�Y[JLK��kO�� hfORe b S�Q ]j] Q�JLKRMkO QPKRX\Q b h�S b S
hLSLQ��UhfY ] e�TRM�ORhLJ M�KNe�QPhLKRQ � hLS a QPK T«YrejS ORQ�hLe ] � gWe ] Q a KRe�T��PKRQ�VWQ��UhfY ] e�TRM�QPO T�X[MPKRe �fM��
] QPO¡KNM � e b SiO � hfORe b SLSLQPSUTP�º��hLTRKNQ��%Q�SUT��fQ ]j] QkO¡KRQkO�TNQ�SUT a�b �%�%QVWQ�h��KRM � e b SfO¡VWe ! MPKRQPSUTRQPO
VLY[SfO ] Y%ORQ � �uQPSUTNYZTNe b S �iSfY ] Q[�
� hiO e b SLSfQ�K�VLQPO�KNM � e b SfO�ONY a �fY[SUT��Uh ^ Q ]�] QPO � Y[KNVWQPSUT�hLSLQ � b SfSLQ KNQ�JLKNMPORQ�SUT«YZTRe b SG�

Yrh � �%Q�SUTRQ ] ^ Q � a Y a e TNMVWh�O �WO T����%QIJfY[K a QI�UhLQ\�
• gwQ�h ] Q��%QPS\ThLS/� b V�� ] Q�VWQuTRQ%UTNhLKNQuJiYrKQ�SiO QP� �L] Q�VWQ%KRM � e b SfO/� hfORe b SLSLMPQPO�6|Y[h] ejQ�h�V ^ hLS�� b V�� ] QJiYrKmKNM � e b S�e�Sfe TNejY ] Q:9¡V b e�T ��TNKRQ a�b VWM\�

•
# QPO a�b S\T b hLK«O a�b �%��hfSfO"Y[h��KRM � e b SfO � hiO e b SLSfM�QPO��w�\hfe Y[hLKNY[e�QPSUT¿V ? ��TRKNQ a�b VWMkO%�
VWejORJfY[KNY[ejONO QPSUT�VLY[SfO ] QJfK bWa QkORORhfO¡VWQ � hfORe b S �

•
# Y%�UhfY ] e TNMVWQKRQPJLKNMPORQ�SUTNYrTRe b S�S ^ QPO T�JfY\OmY ! Q a TNM�Q�VWQI��YrSfe �PKRQORe � SLe�� a YZTNe�X\Q[�
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�oYrSfO ] Y�O Q a TRe b S 4L� H � �f������S b hfO�Y¬X b SfO VWM a KNe T3hfS�Y ]j�[b KRe�TR�f�uQºVLQ � hfORe b S�VWQ¿KRM � e b SfO � Y[ORM
ORhLK%hLS a KNe T���KNQ�VWQ�TNQ�wTRhLKNQ��\hfemQ�LYr�%ejSLQ�O �WO TRM���YrTReq�\hfQ��%Q�SUTuT b hLTRQPO ] QPO'� K b SUTNe �PKRQkO
V ^ hLSLQ�ORQ � �uQPSUTNYZTNe b S�Q�TºM ] e��%ejSLQ �Ia �fY\�\hfQ � b ejO ] Y8� K b SUTRe���KNQm�UhLeLJLKNMPORQ�KNX[Q ] YI�%QPe ]j] QPhLKNQ
�UhfY ] e�TRM�YrJfK��kO�� hfORe b S �.�¿Q�T�Y ]j�[b KRe�TR�L�%Q�M�T«YrSUT�TRK��PO a�b ? TRQ�h= Q�S TNQ��%JfO�VLQ a Y ]ja h ] �
S b hfOpY¬X b SfO3JfKRMkO QPS\TNM��[VfYrSfO ] YIO Q a TRe b S)4L� H � �f� H �ZhLS�Y ]��\b KNe TN�L�%Q¿O b hfO D b JWTRej��Y ] �3Yrh ] e�QPh
V ^ Q�LYr�%ejSLQ�K�O �WO TRMP�%YrTReq�UhLQ��%Q�SUT¿T b hLTRQPO ] QPO4� K b S\TNe �PKRQkOºV ^ hLSLQIO Q � �%Q�SUT«YZTRe b SG�[S b hfO ] QPO
b K«V b SLS b SiO¿ORQ ]jb S�hLS a KNe T���KNQoORe��%J ] QIQ�T,�LY¬X¬Y[SUT¡VWQ ] QPO � hfORe b SLSLQPK��wS b hfO¡X[MPKRe � b SfO¿ORe ] Y
� hfORe b S�KRQkO J Q a TRQIhLS a KNe T���KNQoVLQ��\hiY ] e TNM � Y[ORMIORhLK ] YuTRQ%UTNhLKNQ[�
�oYrSfO a Q�TRTRQ�O Q a TRe b S/S b hfO�Y ]�]jb SiO a�b �%JfYrKNQ�K ] QPO�KRMkO h ] T«YZTNO�VWQPO�VWQ�h� Y[JLJLK bwa �fQPO��

VLY[SfO ] Q � hWT%VLQ�XZY ] eqVWQ�K ]_^ YrJLJfK bWa �LQ�O b hfOED b JLTRej�%Y ] Q\��nºKNQ�S b SfO ] Y O Q � �%Q�SUTNYrTRe b S VWQ
] Y � � hLKNQ 4L� � �16_Y�9��"�UhLe a�b �%J b K TNQ �\� KNM � e b SfO��ºQ�T�hLS � b V�� ] Q�VWQ�TRQ%wTRhLKNQ��¿JfYrK�Q% D
Q��%J ] Q ] QPOdJ b[] �US � �%QPO b KRTR� b\�[b SiYrh��V ^ b KNVWKNQ �i� � hfORe b SLS b SfO�T b hLTRQPO ] QkO�KNM � e b SfO��UhLe
a�b VWMPQPOIQPSfO QP� �L] Q%JLKNMPORQ�KNX[Q�SUTIhLSLQ��UhfY ] e�TRM�VWQ<� � V  � #"^ Y ]��\b KNe TN�L�%Q�Q%w�iYrhfO TRe �¿JLK b D
VWhLe�T¿hfSLQ�ORQ � �%QPS\T«YZTNe b SuY¬X\Q a � H KNM � e b SfO 6 X b ejK � � �J4L� � � 6 � 9�9 TNY[SfVWeqO"�UhLQ ] ^ Y ]��\b KNe TN�L�%Q
O b hfO D b JWTRej��Y ]�� YrK«VWQ ����KRM � e b SfOF6|X b e�K � � � 4L� � �16 a 9�9¤� c b hfO b\� ORQ�KNX b SiO��\hfQ���J b hLK
hLSLQ��UhfY ] e�TRM�V b SLSLMPQ�� ] ^ Y ]j�[b KNe�TR�L�%QuQ�W�fYrhiO�TNe�� � b hLKNSLe�T�hLSLQ�ORQ � �%QPS\T«YZTNe b S J ] hfO�ORej� D
J ] Q[� � ^ hLS Y[hWTRKNQ�J b ejS\TuVWQ�XwhLQ��pS b hfO�J b hLX b SfO a�b SfO TNYrTRQ�KuO hfK ] Q�TNY �L] QPYrh*4f� � �UhLQ
] ^ Y ]��\b KNe TN�L�%Q�O b hfOED b JLTRej�%Y ] Y¬X[Q a hLS JfY[KNY[����TRKNQ�VWQ��\hiY ] e TNM�VWQ9� 3�V  � b hLKNSLe�T�hLSLQ
ORQ � �%QPS\T«YZTNe b S VWQ a�b �%J ] Q%We TNM�Mk�\hfe�XZY ] Q�SUTNQ �/a Q ]�] Q b[� TNQ�SwhLQ�Y¬X[Q a�] ^ Y ]��\b KNe TN�L�%Q�Q% D
�fY[hfO�TNe��dQ�S JfKRQPSfYrSUT a�b �%�%Q�JiYrK«Yr����TNKRQ�VLQ��UhfY ] e�TRM � � V  ����Y[ejOuY¬X[Q a hLS �\hiY ] e TNM
] M � �PKRQP�%Q�SUT�e�S=� M�KNe�QPhLKRQ 6'� � � � � V  Yrh ] e�QPh VWQ � � � � ��V  9¤� ` S�Q ! Q�T��?JLhLeqOR�Uh ^ e ] Q�LY[� D
ejSLQ�OR�wO TRMP��YZTReq�UhLQ��%QPS\TmT b hWTNQPO ] QkO � K b SUTRe���KNQPO��LJ b hLK ] Q������%Q�JiYrK«Yr����TNKRQ�VWQ��\hiY ] e TNM
e ] TRK b hfX[QJ ] hfO�VLQ�KRM � e b SfO � � hfO e b SfSLQ�K,� b hG�fJ b hLKdhLSLQ�ORQ � �uQPSUTNYZTNe b S�VWQ a�b �%J ] Q%We TNM
MP�UhLejXZY ] Q�SUTRQ�e ]¡a � b eqORe T�VLQ���YrSLe���KNQ�J ] hfO�JiQPK TNe�SfQ�SUTRQ ] QkO3� K b SUTRe���KNQPO � M ] e��%ejSLQ�Kk� ` S
a�b SUTRKNQ�JfY[K TNe�Q�� ] Q�TRQ��%JfO¿VWQ a Y ]qa h ] QPO TºJ ] hiOºM ] Q�X\M�� ]_^ ejSLe TNejY ] eqONYZTRe b S�VWQ ]_^ Y ]j�[b KRe�TR�L�%QmQ% D
�fY[hfO�TNe�� SLM a QkORORe TNQ ] Q a Y ]qa h ] V ^ hfS�� b V�� ] Q�VLQ¡TRQ�wTNhLKRQ�J b hLK a �fY a hLSLQmVWQkO � K b SUTRe���KNQPOpVWQ
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] YO Q � �%Q�SUTNYrTRe b S%ejSLe TNejY ] Q��\JfhLejOºe ] a Y ]qa h ] Q�VLQPOpJfY[KNY[����TRKNQPOpORhLJLJ ] MP�uQPSUTNYrejKNQPOpJ b hLK¿Y a D
TRhiY ] ejORQ�K ] QPO � K b S\TNe �PKRQkO YrJLK��PO a �fY\�UhLQ�� hfORe b S � npY[K a�b S\TNKRQ�� ] ^ Y ]��\b KNe TN�L�%Q¡O b hiOED b JWTNe���Y ]
a Y ]ja h ] Q�Yrh�J ] hfO�� YrhWT«YrSUToVLQ���Q�h=�VLQ�JfY[KNY[�'��TRKNQPOdVWQ�TNQ�wTRhLKNQ��UhLQuVWQ3� K b SUTNe �PKRQkOme�Sfe�D
TReqY ] QPOP� ` S�JLK«YZTReq�UhLQ�� ] Q�S b � � KRQ�VLQmJfYrK«Yr����TNKRQkO a Y ]ja h ] MkOpJfY[K ]_^ Y ]j�[b KRe�TR�f�uQ¡Q%w�iYrhfO TRe �
QPO TmVWQ � �u� � b ejO�J ] hfO�M ] Q�X\Mo�UhLQ a QPh� a Y ]ja h ] MkO�JfYrK ]_^ Y ]j�[b KRe�TR�f�uQoO b hfO D b JWTRej��Y ] � npYrK
a�b SfORMP�UhLQ�SUT,�����P�uQ�O e ]_^ Y ]j�[b KRe�TR�f�uQ�O b hfOED b JLTRej�%Y ] JLK b VWhLe�T�hLS S b � � KRQ�VLQ�KNM � e b SiO
J ] hfOmM ] QPX[M�� b h�hLSLQ��UhfY ] e�TRM ] M � �PKRQP�uQPSUT¡ejS�� MPKRejQ�hLKNQ��fe ]3a�b SfO TRe�TRhfQhLS �ib S a�b �%JLK b �%eqO
Q�SUTNKRQIJ Q�K�� b KN�%Y[S a QoQ�TmTNQ��%JfO�VLQ a Y ]qa h ] �
c b hfO Y¬X b SfO Q ! Q a TRhLM ] Qp�����%QpTNQPO T3Y¬X[Q a VLQPO3�UhfY ] e�TRMkO VWe ! MPKRQPS\TNQPO 6 X b e�K?T«Y �L] QPY[h 4L� � 9

Q�TIS b hfOdY¬X b SfO b[� TNQ�Swh VLQPOdKRMkO h ] TNYrTNOoYrSfY ]�b\� hLQkO��3� ^ QPO TdJ b hLK«�Uh b e VLYrSiO a Q��UhLepORhLe T
S b hfOmY ]j]�b SfO¡hWTNe ] ejORQ�K ] ^ Y ]j�[b KNe�TR�L�%QIO b hfOED b JLTRej�%Y ] �

6|Y 9mgwQ � �%Q�SUTNYrTRe b S�VLQ�VWM�JfY[K T 6 � 9 � MkO h ] T«YZT VWQ
] ^ Y ]��\b KNe TN�L�%QIQ�W�fYrhiO�TNe����

6 a 9 � MPORh ] TNYrT VWQ
]_^ Y ]j�[b KRe�TR�f�uQ O b hfOED
b JWTNe���Y ] �

6|V 9�¯>��Y � Q a�b VWM�Q � JfYrKRTRejKmVWQ
6 � 9

6 Q:9�¯>��Y � Q a�b VWMPQ � JfY[K TNe�KmVWQ
6 a 9¤�

� e � hLKNQ 4f� � �f� � b �uJiYrK«YreqO b S+Q�SUTRKNQ ]_^ Y ]j�[b KRe�TR�L�%Q Q�W�fYrhiO�TNe���Q�T ]_^ Y ]j�[b KRe�TR�L�%Q/O b hfO D
b JLTRej�%Y ] �

~<&'.%�iyZz x;+�( t�t H + v ���PxPz � ~ &�.-�fyZz|x;+�( t �!�-���LK �%" xkz�( v &
JfY[KNY[�'��TRKNQoVLQ��\hiY ] e TNM S b � � KNQoKNM � e b SfO �\hiY ] e TNM S b � � KRQoKRM � e b SfO �UhfY ] e TNM

�[�uV  �[� �J3W� � � V  � 6 ��4L� � ��V 
�J3�V  H � �A4f� � 4�V  �w� � � � � � V 
� � V  � H � � � � �uV  �J� � � � � H V 

ª Y �L] Q
4f� � � � b �uJiYrK«YreqO b S QPSUTRKNQ ]_^ Y ]j�[b KRe�TR�f�uQ Q�W�fYrhiO�TNe���Q�T ] ^ Y ]��\b KNe TN�L�%Q O b hfO D
b JLTRej�%Y ]



� ������0�� ������ �	���������!
�� ���	� ���  � �� �% ��
�������# � ��� � �	�F����� � 3

= � 7 � B � 1 � 8 �!��& xPvLx;�
��SiY ] �wO b SiO ] Q a�b �%J b K TNQ��%Q�SUTdVLQ a Q�ToY ]��\b KNe TN�L�%Q[�d¯>�%Y � ejS b SiO��UhLQ�S b hfOoY¬X b SfOmhLSLQ
ORQ � �%QPS\T«YZTNe b S��\hfQ�S b hfO�X b h ]jb SiO a�b VWQPKP�oc b hfO�KNQ��%J ] eqORO b SfO a �fY[�UhLQ�KRM � e b S�Y¬X[Q aI] Q
� b V�� ] Q¿VWQ"TRQ%UTNhLKNQ"VWeqO J b SLe �L] Q"Q�T S b hfO a Y ]qa h ]jb SiO ] Q¿KNY[JLJ b KRT O e � SiY ] ORhLK � KRhfe T�6 Q 9 ORhLK
] ^ QPSfO QP� �L] Q�VWQ ]_^ ej�%Y � Q\� ` SiO hLe�TRQoS b hfO b KNV b SLS b SfO ] QPO � K b SUTNe �PKRQkO"VWQ ] Y�ORQ � �%Q�SUTNYrTRe b S
JfY[K b K«VWKNQ a K b ejONONYrSUT¡VLQ ] QPhLK a�b SUTRK«Y[O TRQ ]jbwa Y ] Q�T�S b hiO ] QkO¡TRK«Yre�T b SfOmhLSfQ � hLSLQ[��n b hLK
a �fY\�\hfQ � K b SUTRe���KNQ�6 R1 −R2

9pS b hfOºQ%WY[�%e�S b SfO ] Y��UhfY ] e�TRMoVWQ R1
6 Q1

9ºQ�TmVWQ R2
6 Q2

9
ORe ] QPOmKNM � e b SfO R1

Q�T R2
Y¬XZYrejQ�SUT�M�TRM a�b VLM�QPO a�b �%�%QhLSLQ�O QPh ] Q�KRM � e b S �¡gwe a QPO�VWQPh�

�UhfY ] e�TRMPO 6 Q1 et Q2
9�O b SUT�O hfJiMPKRejQ�hLKNQPO � Q 6_�\hiY ] e TRM a Y ]qa h ] M�Q�ORhLK ] ^ QPSfORQ�� �f] Q�VWQ

] ^ ej��Y � Q:9¡S b hfO � hfORe b SLS b SfO ] QPOoVWQ�h=�KNM � e b SfO�� # Y�O Q � �%Q�SUTNYrTRe b S�QPO TdY[e�SfORe ORej�uJ ] e �fM�Q
ONYrSfO �Uh ^ b SuKRQP�%Y[KN�UhLQ¿XwejORhLQ ]j] Q��%Q�SUTphLSLQmVWM � K«Y[VLYrTRe b S�ej�%J b K T«YrSUTRQ¡VWQ ] ^ ej��Y � Q a�b VLM�Q[�
c b hfOoY¬X b SiOmXwh JLKNM a MPVWQP�u�%QPS\T ]_^ ej�uJ b KRTNY[S a QuVWQ ] ^ Y a TNhfY ] eqORYrTRe b S�VWQkO � K b SUTNe �PKRQkO

Yrh5� hLK¡Q�T � �%QPORhLKRQo�UhLQ ] QPO4� hfORe b SfO¿ORQ�KNMPY ] eqONYrejQ�SUTP� c b hfO a�b SUTRejSwh b SiO"VLY[SfO ] Y����P�uQ
] e � SLQ���Y a TNhfY ] eqORY[S\T ] Q a�b S\TNKNY\O�TNQ ]jbWa Y ] VWQPO8� K b SUTNe �PKRQkOYrJLK��PO a �fY\�UhLQ'� hfO e b S/Q�T�YrhfONO e
TRQPSfYrSUT a�b �%JWTRQ�VWQkO ����Y a K b D´KRM � e b SfO�
VLM�� ��a�b SfO�TNe TNhLM�QkO%�3J b hLKX[MPKRe �fQ�K ] Q a KNe T���KNQuVWQ
�UhfY ] e�TRMY¬XZYrSUT�VWQKRMkY ] ejORQ�K¡hLSfQ/� hiO e b S �
¯ ]j] hfO TRK b SiO a Q�T TRQ"JLK bWa MPVWhLKNQºY¬X[Q a hLSQ�WQ��%J ] Q[� nºKNQ�S b SfO ] Y�O Q � �%Q�SUT«YZTRe b S b\� TRQPSUhfQ

Y¬X[Q aI] Q a KNe T���KNQ�VWQ a�b SUTRK«Y[O TRQ ]jbWa Y ] VLY[SfO ] Y�ORQ a TNe b S 4L� H ���76 X b ejK � � �-4L� � � 6|Y�9�9¤�/�¿Q�T TRQ
ORQ � �%QPS\T«YZTNe b S a�b �%J b KRTRQ �[� KRM � e b SfOIQ�T � �\�[� J b ejS\T«O�VWQ a�b SUT b hLKk��gwe b S�hWTRe ] eqORQ ] Y
TRK«YrSiOE� b KR�%M�QIVWQ �Lb hLKNe�QPK�Y¬X[Q a��;6%a�b Q � a e�QPSUTNO¡J b hLK a�b VLQ�K ] Q a�b SUTRQPSwh�VWQ a �fY\�UhLQdKNM�D
� e b S b S b\� TRejQ�SUT ]_^ e���Y � Q a�b VWM�Q%VWQ ] Y5� � �04L� � � 6 � 9��UhLepY�hLSLQ%�UhfY ] e�TRM%VWQ H 6 �53r��V  �
��JfJ ] eq�Uh b SiO ��a Q�TRTRQ�ORQ � �%QPS\T«YZTNe b S ] ^ Y ]��\b KNe TN�L�%Q%�UhLQ%S b hfOIX[QPS b SiOoVLQ�VWM a KRejKRQ\�dKNQ�D
� b e � S b SfO�T b hWTRQkO ] QPO�KNM � e b SiO��UhLemYrJfK��kO�� hfORe b S JLKNMPORQ�KNX[QPSUT�hLSLQ��UhfY ] e TNM�ORhLJ M�KNe�QPhLKNQ
��] Y��\hiY ] e TNM�e�SLe�TReqY ] Q�VWQ ] ^ e���Y � Q[� H 6 �53r��V  � # Y�ORQ � �%Q�SUTNYrTRe b S b[� TNQ�SwhLQ�QPO T�ORhLK ] Y
� � 4L� � �=6 a 9�� `º]j] Q a�b �uJ b KRTRQ)4J�%KNM � e b SfO�Q�T �w�[� 6 J b e�SUTNOoVWQ a�b SUT b hLKdQ�T ] ^ e���Y � Q a�b K�D
KNQPORJ b SfVLYrSUTNQ a�b VWMPQ 6G� � hfKRQ 4L� � �=6_V 9 9¿Y�hfSLQo�UhfY ] e�TRMIVWQ H 6 � � � V  � # Y�ORQ � �%Q�SUTNYrTRe b S
a�b �%J b K TNQ¿QPSUXwejK b S �!6 � VWQ¡� b ejSfOpVWQ¡KNM � e b SfO3Q�T"VWQ¡J b e�SUT«OpVWQ a�b SUT b hLK Q�TpSLMkYrSL� b e�SfO
] Yu�UhfY ] e�TRMXweqO hfQ ]j] QIS ^ YuJfY[O¡M�TRM�VWM � K«Y[VWMPQ[�
��JfJ ] eq�Uh b SiO ] Q¿���P�uQ¡Y ]j�[b KRe�TR�f�uQ¿Q�SuO hLJfJ b ORY[S\T �UhLQ ] Q a�b VWQ�hfK�VWQ¿TRQ%wTRhLKNQ¿hLTRe ] eqO Q

VWQkO3J b[] �wS � �%QPO b KRTR� b\�[b SfYrh�IV ^ b K«VWKRQ ��J b hLK KRQPJLKRMkO QPSUTRQ�K ]_^ ejS\TNM�KNe�QPhLK VLQ a �fY a hLSLQ�VWQPO
KNM � e b SiO�� # Y�ORe��%J ] e�� a YZTNe b S b[� TRQ�SwhLQ a�b �%J b KRTRQ 3 � KNM � e b SiO Q�T�� H 3 � J b ejS\T«O VLQ a�b SUT b hfK
Q�T ] Y%�UhfY ] e TNMIQPO T�JfY[ONO MPQVWQ H �W� � ��V !� H � � 4 H V  6|X b ejK�� � hLKRQ 4L� �P� 9¤�

# Y��UhfY ] e�TRM �[]jb[� Y ] QuYrJLK��PO ] Y�O ej�%J ] e � a YZTRe b S/VWQuTRQ%wTRhLKNQ�Y ] M � ��KNQ��%Q�SUTVWe��%ejSwhLM[�
c b hfO�J b hfX b SiOe���Y � ejSLQ�K�V ^ e�TRM�KNQ�K ]_^ Y ]j�[b KRe�TR�f�uQ�J b hfK�O ej�%J ] e��fQPK�VLY¬XZY[S\T«Y � Q ] Y�ORQ � D
�%Q�SUTNYrTRe b S � Á hLQ ]j] Q QPO T ]_^ M�X b[] hWTRe b S VLQ ] ^ Y ]��\b KNe TN�L�%Q Y[JLK��kO��UhLQ ] �UhLQkO�e TNM�K«YZTRe b SiO �
` O T D a Q��\hfQ ] ^ ej��Y � Q�O Q�VWM � KNY\VWQ�J Q�TRe�T � JiQ�TRe�Td��hiOR�Uh ^ � KNMPVWhfe�KNQ ] Y ORQ � �%QPS\T«YZTNe b S �
hLSLQ�ORQ�h ] QKNM � e b S b h � ejQ�S a�b SwX[QPK � Q�D T D´e ] X[QPKNO¡hLSfQ�O Q � �%Q�SUTNYrTRe b S b JWTNe���Y ] QVWh�J b ejS\T
VWQXwhLQVWh a�b@? T�VWQ a�b VLY � QIJ b hLK ] Q a�b VWQ�hfKmhWTRe ] eqORM��
` T«YrSUT"V b SfSLM��UhLQ ] Q�ORQ�hfe ] VLQ��\hiY ] e TNMmhWTRe ] eqORM�QPO T ] YI�UhfY ] e�TRM �\]�b\� Y ] QmVWQ ]_^ ej�%Y � Q�� ] Y

��YrK � QoVWQVWM � KNY\VLYZTNe b S�JiQPKR�%eqO QIQPO T¡JiQ�TRe�TRQ�� a QI�\hfeC�|Yre�T¡�UhLQ ] QoORQ�hLe ] VWQ ] YuVWQPh�We �P�uQ
e�TRM�K«YZTNe b S�QPO T�TRK��PO�JLK bWa �LQ�VWh�JLKNQ��%e�QPKP�m��e�SfORe � VLY[SfO ] Y�VWQPh�We �P�uQ�e TNM�K«YZTNe b S � JiQPe�SLQ
hLSLQ b h�VWQPh��KRM � e b SfO � hfO e b SfSLQ�SUT"Q�T�VLY[SfO ] QPO¿e TNM�K«YZTNe b SfOºORhLe�XZY[S\TNQPO¿Yrh a hLSLQ � hiO e b S�SLQ
X[MPKRe �fQ ] Y a�b SfVLe TNe b S/VLQ��\hiY ] e TNM�SLM a QPONORY[e�KNQ[� # Y a�b SwX[QPK � Q�S a Q�QPO T�YrejSfOReºYZTRTRQ�ejSUTRQ�QPS
VWQPh��e TNM�K«YZTRe b SiO�Q�To�����%Q ] Y�J ] hLJfY[K ToVWh�TNKNY¬XZYre ] VWQuO ej�%J ] e�� a YZTNe b S�QPO T �|Y[e TIVLYrSfO ] Y
JLKNQ��%e���KNQoM�TNY[JiQ\�

�¿Q�T¡Y ]j�[b KRe�TR�L�%QmS b hfOºJ Q�KN�%Q�T¡V ^ M ] ej�%e�SfQ�K¡V ^ hfSLQdORQ � �uQPSUTNYZTNe b S ] QkO"M ] MP�%Q�SUTNO¿�\hfe	�
ORQ ]jb S ] Q a�b VWQ�hLK,�?SLQ a�b �%J b KRTRQPS\ToJfY[OdhLSLQ%Yr�%M ] e b K«YZTNe b S�O e � SLe � a YZTRejX[Q�VWQ ] Y��\hiY ] e TNM
XwejORhLQ ]�] Q��LY[h � �%Q�SUT«YrSUT�YrejSfO e ] QK«YrJLJ b KRT¡�UhfY ] e�TRM"A a�b ? T�VWQ ] ^ ej��Y � Q a�b VWM�Q\�

�¿Q�T�Y ]j�[b KNe�TR�L�%Q�e��%J b ORQ�hLS a KRe�T��PKRQ�VWQ �\hiY ] e TNM �UhLedVWMPJiQPSfV VWQ ] Y �UhfY ] e�TRM�VWQ
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6_Y�9�l b ONY��´�UhLQ�Y¬X\Q a��\� KRM � e b SfO � �\�[�
J b e�SUT«O�VWQ a�b S\T b hLKk�

6 � 9�¯>�%Y � Q a�b VWMPQ � JfYrKRTRejK+VWQ 6|Y 9¤�
H 6 �53r��V 

6 a 9¡l b ONY��´�\hfQ�Y¬X[Q a 4J��KNM � e b SfO �w�[� �
J b ejSUTNO�VLQ a�b SUT b hLKk�

6|V19�¯>�%Y � Q a�b VLM�Q � JfY[K TNe�K+VLQ 6 a 9¤�
H 6 � � � V 

� e � hLKNQ 4L� � �L� gwej�%J ] e�� a YZTNe b S�VLQITRQ�wTNhLKRQIhWTNe ] eqORY[S\T ] Y�TRK«YrSfO � b KN�%M�QIVWQ �Lb hLKNe�QPKP�
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6_Y�9�l b ONY��´�UhLQ�Y¬X\Q a��\� KRM � e b SfO � �\�[�
J b e�SUT«O�VWQ a�b S\T b hLKk�

6 � 9�¯>�%Y � Q a�b VWMPQ � JfYrKRTRejK+VWQ 6|Y 9¤�
H �W� � ��V 

6 a 9¡l b ONY��´�\hfQ�Y¬X[Q a 3 � KNM � e b SfO � H 3 �
J b ejSUTNO�VLQ a�b SUT b hLKk�

6|V19�¯>�%Y � Q a�b VLM�Q � JfY[K TNe�K+VLQ 6 a 9¤�
H � � 4 H V 

� e � hLKNQ 4L� �P� �0gWe��%J ] e�� a YZTNe b S VWQ TRQ%UTNhLKNQ hWTNe ] ejONYrSUT ] QkO J b[] �wS � �%QPO b KRTR� b[�[b SfYrh=
V ^ b K«VWKNQ �i�
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6_Y�9�l b ONY��´�UhLQIY¬X[Q ao��6 KNM � e b SfO � � 3��W� 6 � 9�¯>�%Y � Q a�b VWMPQ � JfYrKRTRejK+VWQ 6|Y 9¤�
6 H 4f� 6f� V  9

6 a 9¡l b ONY��´�\hfQ�Y¬X[Q a��[� KNM � e b SfO � �[�J6
J b ejSUTNO�VLQ a�b SUT b hLKk�

6|V19�¯>�%Y � Q a�b VWMPQ � JfYrKRTRejK VWQ
6 a 9���6 H 3W� 4J4�V  9

6 Q,9¡l b ONY��´�\hfQ�Y¬X[Q a H ��KNM � e b SfO � 4�4 �
J b ejSUTNO�VLQ a�b SUT b hLKk�

6 ��9¡¯>��Y � Q a�b VWM�Q � JiYrKRTRejK VWQ
6|Q,9¤� 6 H � � 6 ��V  9

� e � hLKNQ 4L� � 3W�0gWe��%J ] e�� a YZTNe b S VWQ TRQ%UTNhLKNQ hWTNe ] ejONYrSUT ] QkO J b[] �wS � �%QPO b KRTR� b[�[b SfYrh=
V ^ b K«VWKNQ �i�
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] ^ ej��Y � Q��Uh ^ e ] Y KNQP½�h Q�S Q�SUTNKRMPQ[� � ^ QPO T�hLS a KNe T���KNQ�KNQ ] YZTNe��E� ar^ QPO T D � D>VWejKRQ�� ] Y XZY ] Q�hLK
Y � O b\] hLQ�VLQ ] Y��\hiY ] e TNMS ^ ejSUTRQPKRXwejQ�SUT�JfY\O���¯ ] QkO�T�J b ONORe �L] Q��UhLQ a Q�T TNQ��UhfY ] e�TRM�O b e�T�TRK��PO
M ] Q�X\M�Q b huTNK��kO � Y[ONORQ�Q�T"VLYrSiO a Q a Y[O ]q� �\V ^ Y[hWTRKNQPOpY a TRe b SiOpVWQ�XwK«YrejQ�SUT ��TRKNQmQ�SUTNKRQPJLKReqORQPOP�

~$�rxkz�� � ����t � x�yZt "�y¬t � �3yZt �kz &_v /0� v &|z x 8 � t &��jz�( v .it �J� � 8 t�� " vWy¬xPz|y � t &_v
�kt .-( t � xPvLxPz�� � ���jt � xPy 8 t�t#�Px�xPy � " C v:�!�Pt
gwe ] Y �UhfY ] e TNM�VWQ ]_^ ej�%Y � Q�V ^ QPSUTRKNM�Q�QkO�T�TRK b J � Y[ONO Q�� a Q ] Y�X b hfVWK«Yre�T�VWejKNQ��UhLQ ] QPO

� hfORe b SfOpKNMPY ] eqO MPQPO Y¬X[Q a hLS a KNe T���KNQ¡VLQ a�b S\TNKNY\O�TNQ�O b SUT"Y ]�] M�QkO�TRK b J ]�b e�S3��c b hfOºVLQ�XwKRe b SiO
KNQ�X[QPSLejKuQPS Y[KRKNe���KNQ�Q�T�ORM�JfY[KRQPK ] QkO�VWQ�KNSLe���KNQPO � hfORe b SfOuKRMkY ] ejORM�QkOuY¬X\Q a hLS a KNe T���KNQ�VWQ
a�b SUTRK«Y[O TRQ��iJ b hLKoKRQ%� hfO e b SfSLQ�KoYrJLK��POdY¬X[Q a hLS a KRe�T��PKRQ�J ] hfOdJ Q�K�� b KN�%Y[SUT a�b �u�%Q a Q ] hLe
VWQ ] Y�TRQ�wTNhLKRQ\�

~$�rxkz�� � ����t � x�yZt "�y¬t � �3yZt �kz &_v /0� v &|z x 8 � t &��jz�( v .it �J� � 8 t�� " vWy¬xPz|y � t &_v
�kt .-( t � xPvLxPz�� � ���jt � xPy 8 t�t#�Px�xPy � " 8 &|t � 8 t

� b SiO eqVWM�K b SiO ] YORe TNhfYZTNe b S%VfYrSfO ] Y[�UhLQ ]�] Q ] Q a�b VLY � QmVWQ ] YO Q � �%Q�SUTNYrTRe b S � O ej�%J ] e�D
�fQPK�JLK b VLhLe T�hfSLQe���Y � Q�VWQITNK��kO �ib SLSLQ��UhfY ] e�TRM\�"npYrKmQ%wQP�%J ] Q��LJLKNQ�S b SfO ] Y�O Q � �%Q�S�D
TNYrTRe b S VWQ ] Y5� � hLKNQ 4f� � 3�6|Y 9m�UhLe a�b �uJfKRQPSfV ��6 KRM � e b SfOdQ�T � � 3A�uJ b ejS\T«OIVWQ a�b SUT b hLKk�
g b S a�b VfY � Q�Y¬X[Q a�] QPO%J b[] �wS � �%QPO b K TN� b[�\b SfY[h�/V ^ b KNVWKNQ9� JLK b VWhLe�T ]_^ e���Y � Q a�b VWMPQ
VWQ ] Y � � hLKRQ$4L� � 3=6 � 9dV b S\T ] Y��UhfY ] e�TRMuQPO TIVLQ H 4L� 6L� V  � gwepS b hfO/� hfORe b SLS b SfO�T b hWTNQPO
] QPOoKRM � e b SfOd�UhLe JLKRMkO QPKRX\Q�SUT�hLSfQu�UhfY ] e�TRM%O hfJiMPKRejQ�hLKNQ � H 4f� 6f� V  �?S b hfO b\� TRQPS b SfO ] Y
ORQ � �%QPS\T«YZTNe b S VWQ ] Y � � hLKNQ94f� � 3�6 a 9��UhLe a�b �%JLKNQ�SfV �[� KRM � e b SfO�Q�T<� �\��6 J b e�SUTNO%VWQ
a�b SUT b hfKP� # Y��UhfY ] e�TRM�VWQ�KRQPJLKRMkO QPSUTNYZTNe b SuVLQ a Q�T TRQoO ej�%J ] e�� a YZTNe b S a�b VWM�Q�6 � � � 4L� � 3=6|V 9�9
QPO T�VWQ H 3w� 4�4�V  �C� b �%�%QS b hfO ] ^ Y¬XUe b SiO�VLM�� � � b SUTRKNM�� a Q�TRTRQ b J M�K«YZTNe b S�ORej�uJ ] e �fQ ] Y
ORQ � �%QPS\T«YZTNe b S ONYrSfOIJ M�SfY ] eqORQ�KVWQ���YrSLe���KNQ%O QPSfO e �L] Q ] Y��UhfY ] e�TRM�XwejORhLQ ]�] Q�VWQ ]_^ e���Y � Q[�
c�MkYrSL� b e�SfO�� ]_^ �LQ�hfKReqO�TNej�UhLQoS b hfO¿Y�� b SUTRKNMd�UhLQ H 4�V  QkO�T¡hLS�O QPhLe ] VWQI�UhfY ] e TNM�M ] QPX[M[�
��h=�Y ] Q�SUT b hLKNO�VWQ H 6�b h H ��V  �¬S b hfO b[� TNQ�S b SfO VLQPO�e���Y � QPO�VWQ¡�UhfY ] e TNM�ONYZTNejO �|YreqONYrSUTRQ\�
` S a�b SiO Mk�\hfQ�S a Q���S b hfO�J b hLX b SfO�O ej�%J ] e �fQPK�VLY¬XZYrSUT«Y � Q ] Y ORQ � �%Q�SUTNYrTRe b S�ORY[SfO��UhLQ
a Q ] Y�SLQ�ORQ�KNM�J Q�K a hWTNQ%VLQ��%Y[SLe���KNQ%ORe � SLe � a YrTRejX[Q�ORhLK ]_^ Y[ORJ Q a T�XweqO hfQ ] VWQ ] ^ ej��Y � Q[��gwe
S b hfO3KNQ ] 
 a � b SfO a Q�TRTRQ a�b SUTRK«YrejSUTRQ"VLQ¿�UhfY ] e�TRM"Q�T�S b hfO a�b SfO eqVWMPK b SfO �Uh ^ Y¬X[Q a H �mV  �kJfYrK
Q�WQP�uJ ] Q�� ] Y��UhfY ] e�TRMuVWQ�KNQ�JLKNMPORQ�SUT«YZTRe b S�QkO�TIO h ��ONYr�%�%Q�SUT � b SfSLQ�� ] Y�ORe��%J ] e�� a YZTNe b S
QPO T � QkYrh a�b hLJuJ ] hfOpej�%J b K T«YrSUTRQ�6 H ��KNM � e b SfO�Q�T � 4�4J��J b e�SUT«OpVWQ a�b S\T b hLK,�:� � 4L� � 3=6 Q:9 9¤�
l�Y ]�� KRM a Q�T TNQ3� b K TNQ�O ej�%J ] e�� a YZTNe b S VWQ ] Y�ORQ � �%QPS\T«YZTNe b S��iY¬X\Q aI] Y�KNMPVWh a TRe b S�VWh a�b ? T
VWQ a�b VLY � Q��\hfeiQPS�VWM a�b h ] Q�� ]_^ ej�%Y � Q a�b VLM�Q�KNMPORh ] TNYrSUTNQ36 � � � 4f� � 3�6 �+9 9 � YrK«VWQmhLS�Y\O J Q a T
TRK��PO¡JfK bWa �LQVWQ a Q ] hfe3VWQPO�e���Y � QPO�JLKNM a MPVWQPS\TNQPO�6 � � 4L� � 3�6 � 9¿Q�T�6_V 9 9��
# Y%O�TNKNYrTRM � ejQoVWQ�ORQ � �%Q�SUTNYrTRe b S�ORQ�K«Yre�T�YrejSfORe ] Y%ORhLe�XZY[S\TNQ[�

• S b hfO b[� TNQ�S b SfO�Y¬X\Q au] Q a KNe T���KNQ�VWQ a�b SUTRK«Y[O TRQ�hLSfQ�e���Y � Q�ORQ � �%QPS\TNM�Q�V b SUT ] Qa�b ? TuVWQ a�b VLY � Q�QkO�T�ORhLJiMPKRejQ�hfKuY[h a�b@? TuXweqO M�Q�T�V b SUT ] Y �UhfY ] e�TRM�VLQ ] ^ ej��Y � Q
a�b VWM�QIQkO�T�ORh ��ORY[S\TNQ[�

•
]_^ e���Y � Q�ORQ � �%QPS\TNM�Q b\� TRQPSUhfQ�Yrh%J b e�SUT"JfKRM a MPVLQ�SUT"QPO T"ORe��%J ] e��iM�Q�Y¬X\Q a�] Q a KNe T���KNQ
VWQITRQ%UTNhLKNQ[� # QJfYrK«Yr����TRKNQIVLQ��\hiY ] e TNM�hWTRe ] ejORM�VLYrSiO a Q�TdY ]j�[b KRe�TR�L�%QIQPO T�Y%JLKNe�D
b KNe ] Y �\hiY ] e TNM VWQ ] ^ ej��Y � Q V ^ Q�SUTRKNM�Q\�'gWe ] Y ORe��%J ] e�� a YZTNe b S b[� TNQ�SwhLQ Y¬X\Q a�a Q
JfYrK«Yr����TNKRQVWMPJfY[ONORQQ�S a�b KNQ ] Q a�b ? TdVLQ a�b VLY � QXwejORM�� ] Q�JiYrK«Yr����TNKRQ�VWQ��\hiY ] e TNM
QPO T�KRMkVWhLe�T�JLK b\� KNQPONO ejX[QP�%Q�SUT¿J b hLKdO ej�%J ] e �fQPK � K«Y[VWhfQ ]j] QP�uQPSUT ] ^ e���Y � QO Q � �%Q�S�D
TRM�Q3��hfON�\h ^ � YZT TNQ�ejSfVWKNQ ] Q a�b ? T�XwejORM[�p¾dS�KNMPVWhLejK«Y�YrhfONORe ] Q"JfY[KNY[����TRKNQ"VWQ¡�UhfY ] e�TRM��
O ^ e ] QkO�T a�b SfOReqVWM�KNM�TNK b J�M ] QPX[M\�
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n b hLKoS b O�TRQkO�T«O%�?S b hfOdY¬X b SfOdYZ��hfO TRM ] QkO�JiYrK«Yr����TNKRQkO�6 S b � � KRQ��fSfY ] VWQuJ b e�SUT«OdVWQ
a�b SUT b hfK�Q�Td�UhfY ] e�TRMISLM a QPONORY[e�KNQ,9"��YrSwhLQ ]�] Q��%Q�SUTk� · S�TRK«Y¬XZYre ] O hfJLJ ] M��%Q�SUTNY[e�KNQIKRQkO�TNQ �
�|YrejKNQdJ b hLKmY[hWT b �%YrTReqO QPK ] Q a � b e �VWQkO¡JfYrK«Yr����TNKRQkO%�UQ�S � b S a TRe b S�VWQ ] Y a�b �%J ] Q%We TNMoVWQ
] ^ ej��Y � QIQ�T�VWh�TNYrh=�VWQ a�b �%JLKRQkORORe b S�XweqO M\�

� ��� 8 ��.	� �-;	(,+ ��.
�oYrSfO a Q a �fY[JLe�TRKNQ�S b hiO�Y¬X b SfOYrJfJ ] eq�UhLM ] ^ Y ]��\b KNe TN�L�%Q�VWQ � hiO e b S VWQ�KRM � e b SfO � VWQPO
ej�%Y � QkO¡KRMPQ ]j] QkO��
c b hfOpY¬X b SfO�Xwh%�UhLQ ] Q �|Yre�T¿VWQ�� hfORe b SLSLQPK��\VWQ�h�uJfYrKºVLQ�h�)� ] QPO KNM � e b SfO VWQmSLejX[QkYrh�

VWQ � KNejO ] QkO3J ] hfO JLK bWa �LQPO��,�|Yre�T�VWeqO JiYrK«Y:;qTRKNQ ] QkO3KNM � e b SfO J Q�KRTRejSLQPS\TNQPO3T b hWT QPS�JLKNMPORQ�KNXZYrSUT
� QPYrh a�b hfJ�V ^ Y[hWTRKNQPO��UhLefSfQdO b SUT¿JfY\Oºej�%J b K T«YrSUTRQkOºJ b hLK ]_^ e�SUTNQ�KNJLKRM�TNYrTRe b S�VWQ ]_^ e���Y � Q[�
` S�Y[SfY ] �WORY[SUT"VWQ�JLK��PO ] Q�JfK b\�L] �P�%Q��US b hfO¿Y¬X b SfOpVWM�X\Q ]jb JLJ M�hLSfQ�M�T«YrJ Q�VWQdJLKRM�TRK«Yre�TRQ%D
�%Q�SUT¿�UhLe M ] e��%ejSLQ ] QPOºTRK«Yre�TNOºJ Q�KRTRhfK � Y[SUT ] Q �ib S�� b S a TRe b SLSLQP�%Q�SUT¿VWQ ] ^ Y ]j�[b KNe�TR�L�%Q[� ] Q
� KNhLe�T�Q�T ] QPO ?�b SLQPOmVLQdTNKNY[SfORe TNe b S �
c b hfOmY¬X b SfO�e ]j] hfO�TNKRM ] ^ e��%J b KRTNYrS a Q�VWQ ] ^ Y a TNhfY ] ejONYZTNe b S�VWQkOmM�XZY ] hfYrTRe b SfOmVLQPO�� K b S�D

TRe���KNQPO �¡] YmORhLe�TRQºVWQ a �iY[�UhLQ$� hfORe b S �3¯ ] O ^ Y � e�T3V ^ hLSLQ � M�SLMPKNY ] eqONYZTRe b SoVWQ ] Y¡KRQ%D´Y a TRhiY ] ejONYZTNe b S
VWQ ] YdVW�wSfYr�%eq�\hfQ¿QPS�J ] hfO ejQ�hfKNO M�T«YrJ QPO�VWQ¿ORhLK�D´ORQ � �uQPSUTNYZTNe b S��UhLQ"S b hfO�Y¬XUe b SiO3VWM a KNe TNQ
VLY[SfO ] Q a �fYrJfe TNKRQ �i� #"^ Y a TNhfY ] ejONYZTNe b S�Y�M�TRM�YrejSfO e3hLSLQ a YrK«Y a TNM�KNejO TReq�UhLQIQPONO QPSUTRejQ ]j] Q�VWQ
T b hfO¡S b OmY ]j�[b KNe�TR�L�%QPOP�
` SfORhLe�TRQ�S b hfOdY¬X b SfO�VWM a KNe TdVLe ! M�KNQ�SUTNO a KNe�T���KNQPO�VWQ3� hfORe b S �UhLQ�S b hfOdY¬X b SiO a�b � D

� ejSLMPO�J b hLK VWMPX[Q ]jb JfJiQPK ]_^ Y ]j�[b KRe�TR�L�%Q VWQ ORQ � �%Q�SUTNYrTRe b S � # QPO�JfKRQP�ue���KNQPO � hiO e b SfO
6|Y[JLK��PO ] Q�JLKNM�TRK«Yre�TRQP�%Q�SUT+9�O b SUTºKRMkY ] ejORM�QkOpO Q ]�b S�hfS a KNe T���KNQ¡ORej�uJ ] Q\� ] Q a�b S\TNKNY\O�TNQ ]�bWa Y ] �
�¿Q�TRTRQ b JiMPKNYrTRe b S�S b hfO�� b hLKNSLe TmhLSfQ�O Q � �%Q�SUTNYrTRe b S��\hfe_�

• Q� a �kVWQ ] Q a�b ? TVLQ a�b VfY � QuXwejORM�� J b hfKoKNMPY ] eqORQ�KoJfYrK ] Y�ORhLe�TRQ ] Y�ORe��%J ] e�� a YZTNe b S� Y[ORM�QIO hfK ] Q a KRe�T��PKRQVWQoTRQ%wTRhLKNQ[�

•
a�b SUTNe�QPS\T hLS%S b � � KNQ�VLQ�KNM � e b SfO�JfY[O TNK b J�M ] QPX[M�J b hLKº�UhLQ ] Q a KNe�T���KNQ¡VWQ¡TRQ%UTNhLKNQ
6¼TRK��PO a�b ? TNQ�h��Q�S�TRQP�uJiO�VWQ a Y ]ja h ] 9¡O b e�T�YrJLJ ] e a Y �L] Q\�

# Y�O Q � �%Q�SUTNYrTRe b S�YrejSfORe b\� TRQPSUhfQ�QPO T¿ORe��%J ] e �fM�QdJfYrK ]_^ Y ]j�[b KRe�TR�L�%Q�VLQ � hfORe b S�O Q ]�b S
] Q a KNe�T���KNQ VWQ TRQ%UTNhLKNQ[� · SLQ O TRK«YZTNM � ejQ�O b hfO D b JWTRej��Y ] Q Y�M�TRM �%eqO Q Q�S J ] Y a Q J b hLK
Y aPa M ] MPKRQPK ] Q�JLK bWa QPONORhfO�� �DJfKRe b KNe	� ] Q�JiYrK«Yr����TNKRQ�VLQ��UhfY ] e�TRM�hLTRe ] eqO M�QPO T ] Y �\hiY ] e TNM
ejSLe TNejY ] QIVWQ ]_^ e���Y � Q[�pl�Y[ejO a QdJfYrK«Yr����TRKNQ�QPO T¿KNMPVWhfe TmO e ] Q�T«Yrh��VWQ a�b �%JLKNQPONORe b S�S ^ QkO�T
JfY\OmYZT TNQ�ejSUT�� b h�O ^ e ] QkO�T a�b SfORejVWMPKRMoTNK b J�M ] QPX[M[�

c b hiOmY¬X b SiO¿ejSUTRK b VWhLe�T�hLS a KNe T���KNQoVWQ � hiO e b S�J b hLK�Y\VLYrJWTNQ�K ] YuORQ � �%Q�SUTNYrTRe b S � hfS
OR�wO T��P�%Q�VWQ a�b VLY � Q\� c b hfO�S b hiO O b �%�%QPO � Y\O MkO ORhLK ] Yo�UhfY ] e�TRM¡VWQ¿KNQ�JfKRMkO QPS\T«YZTNe b S�VWQPO
KNM � e b SiO YrJLK��PO)� hfO e b SG�khLTRe ] eqORY[SUT ] Qº� b V=� ] Q¿VWQpTNQ�wTRhfKRQ�VWejORJ b SLe �L] QºJfYrK ] Q a�b VWQ�hfKP� �¿Q ] Y
V b SLSLQ%VWM�� � VWQ �ib SfOoKRMkO h ] TNYrTNO��?�%Y[ejO a Q�S ^ QPO TIJfY[OoQ�S a�b KNQ�hfSLQuO TRK«YZTNM � e�Q b JWTNe���Y ] Q[�
n b hLKoYr�%M ] e b KNQ�K�VLY¬XZY[S\T«Y � Q ] QkO�KNMPORh ] TNYZT«O�e ] ORQ�K«Yre�T�ejS\TNM�KNQPONORY[SUTdV ^ e�SUTRK b VWhLejKRQ�VLYrSfO ] Q
a KNe�T���KNQ�VLQ � hiO e b S S b S O QPh ] QP�%Q�SUT ] Y��\hiY ] e TNMuVWQuKNQ�JLKNMPORQ�SUTNYrTRe b S���YreqOIYrhfONORe ] Q a�b ? T
VWQ a�b VLY � Q[����e�SfORe �"Q�SUTNKRQ�VWQ�h= � hfO e b SiOu�UhLe¡JLKNMPORQ�KNX[QPSUT�hLSLQ �ib SLSLQ��UhfY ] e�TRM��"S b hfO
V b SLSLQ�K b SiO¿JfKRe b KNe TNM �ua Q ]j] Q�UhLe KNMPVLhLe T�VfY¬X¬Y[SUTNY � Q ] Q a�b@? T�VWQ a�b VLY � Q[�
npYrKuYre ]�] Q�hLK«O���S b hfOuY¬X b SfO�ORhLJLJ b ORM�hLS � b V�� ] Q�VWQ�TNQ�wTRhfKRQ�hLSLeq�UhLQ�Y[h a�b VWQPhLKP�

gwe ] Q a�b VWQ�hfK�VWeqO J b ORQ�VWQ�J ] hfO ejQ�hfKNO�Y ]j�[b KNe�TR�L�%QPO�VWQ a�b VLY � Q�VLQ�TRQ%UTNhLKNQ�� a�b �%�uQPSUT
a � b ejORe�K�J b hfK a �fY[�UhLQ�KNM � e b S a Q ] hfe��UhLe�V b SLSLQ ] Q��uQPe ]j] Q�hLK�KNMPORh ] TNYrT�� ` S a�b KRQ�hLSLQ
� b eqO�� ] Y�O b[] hWTRe b S b JWTRej��Y ] QdORQ�K«Yre�TºTRK b J ]jb hfKNVWQ�Q�S�TNQ��%JfO¡VWQ a Y ]qa h ] � `º]�] Q a�b SiO eqO�TNQ�K«Yre�T
� QPONONY¬�[Q�KIT b hfO ] QkO�� b V�� ] QPO�VLQ�TRQ%UTNhLKNQ�J b hLK a �fY\�UhLQ a�b hLJ ] Q�VWQ�KNM � e b SiOX b ejORe�SfQPOP�
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n b hLK a �fY[�UhLQ�� K b SUTNe �PKRQmS b hfOºKNQ�TNe�QPSfVWKNe b SfO ] Q�� b V�� ] Q��UhLe?V b SfSLQ ] Q��%Q�e ]�] Q�hLK¿KNY[JLJ b KRT
�UhfY ] e�TRM A a�b ? TdQ�T�S b hfO�M ] ej�%e�SfQ�KNe b SfO ] QPO � K b SUTNe �PKRQkOmJfYrK b K«VWKNQIVLM a K b eqONORY[S\T�VLQ a Q�T TRQ
XZY ] hfYZTNe b S �

� b �%�%QdO b[] hWTNe b S�O b hfO D b JWTRej��Y ] Q�S b hfO�JLK b J b O QPKRe b SiOºVWQ a�b �%�%Q�S a Q�K¡JfY[K4� hiO e b S�D
SLQPK"Y¬X[Q a"] Qm� b V=� ] Q�VWQ¡TRQ%UTNhLKNQ ] QmJ ] hfO¿O ej�%J ] Q��[Q�T"YrhfONO e ] Qm� b ejSfO a�b ? TNQ�h�uQ�SuTRQPKR�%QPO
VWQ a�b VfY � Q\� ª Y[SUT��\hfQ ] Y%�UhfY ] e�TRM b[� TRQ�SwhLQ�Y¬X\Q a hLS�� b V=� ] Q�O ej�%J ] Q�QPO T �ib SLSLQ��fS b hfO
SLQ �|Y[ejO b SiOJfY[O�YrJLJ Q ]�� hLS � b V�� ] Q�J ] hfO a�b �%J ] ej�UhLM\����h � hLK�Q�T � �%QPORhLKNQ��UhLQ ] Q
S b � � KNQoVLQoKNM � e b SfO¡VWej�uejSwhLQ��fS b hfO¡Y[JLJ ] ej�Uh b SfOmVWQPO¡� b V�� ] QkOmVWQoTRQ�wTNhLKRQVWQIJ ] hfO¡QPS
J ] hfO a�b �%J ] eq�\hfMPOP� �oYrSfO a Q a Y\O%� ] Q a�b ? T%VWQ a�b VfY � Q�VWQ a �iY[�UhLQ�� b V�� ] Q�V b e�T'��TRKNQ
ejS\TNK b VWhfe Toe��%J M�K«YZTRejX[QP�%Q�SUT�� JfYrK a Q��\hfQ ]_^ M�X\Q�SUTRhfQ ]j] QuYr�%M ] e b KNYrTRe b S�Q�S �\hiY ] e TNM��Uh ^ hfS
� b V�� ] Q a�b �%J ] ej�UhLM%YrJfJ b K TNQ�J Q�hWT���TNKRQ ] e�MPQ � hLSLQ'� b KRTRQuYrh � �uQPSUTNYZTNe b S VWh a�b ? TIVWQ
a�b VLY � Q\���oYrSfO a QkO¿ORe�TRhfYrTRe b SfO��wS b hfO"KRMkY ] ejORQ�K b SiOphLSLQ/� hfORe b S�O QPh ] Q��%Q�SUTmO e ] QdKNY[JLJ b KRT
�UhfY ] e�TRM"A a�b@? TmQPO T�Yr�%M ] e b KRM\�
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�¿Q a �iYrJLe�TRKNQQPO T a�b SfONY a KRM ��] Y�ORQ � �uQPSUTNYZTNe b S�VWQ�ORMP�UhLQPS a QkO�JfY[K � hfORe b S�VWQ�KNM � e b SfOP�
¯ ] QPO T a �LK b S b[]jb[� eq�UhLQ��%QPS\T ] Q�VWQ�KNSLejQ�K�VLM�X[Q ]�b JLJ M�� a Q��UhLe ] hLemV b SLSLQ ]_^ Y¬XZYrSUTNY � Q�VWQ
JLK b �LTNQ�K�VLQ ]_^ Q�WJ M�KNe�QPS a Q�Y a �UhLeqORQIT b hLTdYrh ]jb S � VLQPO a �iYrJLe�TRKNQPOmJfKRM a MPVLQ�SUTNO�Y[e�SiO e3�UhLQ
V ^ Y ]j�[b KRe�TR�L�%QkOIJ ] hiO�J Q�K�� b KN�%Y[SUTNO�V ^ QPO TRej��YZTNe b S VWQ�� b hLX\Q��%Q�SUT�Q�T�VWQ a�b VfY � Q�� �UhLe
b SUT�XUh ] Qº� b hLK¡VLYrSfO¿V ^ YrhWTNKRQkO ] Y � b K«YZT b e�KNQPOºJiQPSfVLYrSUT ] QoVWM�K b h ] Q��%QPS\T�VWQ a Q�T TNQ�TN�=�PORQ[�
� MkO hL� b SfO ] QkO a�b SLSfYreqONORY[S a QkO¿Y a �UhLeqO QkOm�\hfe O QPK b S\Tm��YrejSUTRQPSfYrSUTmhWTRe ] ejORM�QkO��

• n b hLK�TNKNY[e TNQ�K ] Y VWe��%QPSfO e b S+TRQ��%J b KNQ ]j] Q���hLSLQ/YrJfJLK bWa �LQ�KNM a hLK«O ejX[Q ORQ KNM�X�� ] Q��TRKNQ ] Y��%e�QPh� Y\VLYrJLTRM�Q � S b TNKRQ%JLK b[�f] �P�uQ%JfY[K a Qu�Uh ^ Q ]j] Quej�%J b O Q%hLSfQ�O�T«Y � e ] D
e TNM%TRQ��%J b KNQ ]j] Q�� S ^ ejSUTRK b VLhLe T�JiY[O�VWQ�KNQ�T«YrK«V Q�T�ORQPO � QPO b ejSfOQ�S/�%M�� b e�KNQ�O b SUT
KRMkVWhLe�TNOP� # YuJL�fY[ORQIV ^ ejSLe�TReqY ] ejONYZTNe b S�VLQ a Q�TRTRQYrJLJfK bWa �LQoKRM a hLK«ORe�X\QdORQ�K«Y�KNMPY ] eqO MPQ
JfYrK ] ^ Y ]��\b KNe TN�L�%Q � ejVWej�%Q�SfORe b SLSLQ ] VWM a KRe�T�VLY[SfO ] Q a �fY[JLe�TRKNQ 4f�

• c b hiO Y¬X b SfO Xwh��UhLQ ] ^ Y[JLJ ] e a YZTRe b S�VLe�KNQ a TRQ"VWQ ]_^ Y ]j�[b KRe�TR�L�%QºVWQ � hfO e b S�VWQºKNM � e b SiO� hLSLQ�e���Y � Q�KNM�Q ]j] Q��|Yre�TdKNQPONO b K TNe�K�VLQPO�TRK«Yre�TNO a�b SUTRK«Y[O TRMkOm��YreqO�S b S�JiQPK TNe�SfQ�SUTNO
a�b �%�%Q ] Q � KRhfe TIQ�T ] QkO ?�b SfQPOoVWQ�TNKNY[SfORe TNe b S � · SLQ%M�T«YrJ QuVLQ�JLKNM�TNKNY[e TNQ��%Q�SUTIY
M�TRM�VLM�X[Q ]�b JLJ M�QmVLYrSiO ] Q a Y[O � eqVWej�uQPSfORe b SLSLQ ] �[Q ]�] Q�ORQ�K«YoY\VLYrJLTRM�QmY[h��ORMP�UhLQ�S a QPO
VLYrSfO a Q a �fYrJLe�TRKNQ[�

•
#º^ e��%J b KRTNYrS a QdVLQ ] ^ Y a TNhfY ] ejONYZTNe b S�VWQPO�XZY ] hfYrTRe b SfO�VWQPO � K b SUTRe���KNQPO�YrJfK��kO a �fY\�\hfQ
� hfO e b S�YuM�TNMe ]j] hfO�TNKRMPQ[� #"^ Y a TNhfY ] ejONYZTNe b S�ORQ�K«YuV b S a hfSLQ a Y[KNY a TRMPKReqO TReq�\hfQdQkORORQ�S�D
TRejQ ]j] QVWQIT b hfO ] QPO�Y ]��\b KNe TN�L�%QPO¡VWMPX[Q ]jb JfJiMkOmV b KNM�SfY¬XZY[S\Tk�

• c b hiOºY¬X b SfO�e��%J ] M��%Q�SUTNM ] QkOºY ]j�[b KRe�TR�f�uQkOpVWQ � hfORe b S�VWQ�KNM � e b SfOpO hfKphLSLQ�O TRKNh a DTRhLKNQ�VWQ � K«YrJf�LQ[� # Y%O QPh ] Q� b VWe � a YrTRe b S�SLM a QPONONYrejKRQIJ b hLK�Y[JLJ ] ej�UhLQPK a QkO�Y ]j�[b D
KRe�TR�L�%QkO � hfSLQme���Y � Q�TRKNejVLe��%Q�SiO e b SLSfQ ]j] Q¡QPO T"V ^ hWTRe ] ejORQ�KºhfSuX b eqO ejSfY � QºTNKReqVWej�%Q�S�D
O e b SLSfQ ] J b hLKmQPS � QPSfVWKNQ�K ] Q � KNY[JL�LQ\�

• �¿Q�KRTNYrejSfO a KNe�T���KNQPOmVLQ/� hiO e b S�� a�b �%�%Q ] Q a�b SUTRK«Y[O TRQ b h ] Q a�b SUTRK«Y[O TRQ ]jbwa Y ] �LO b SUT
YrhfONO e¡XZY ] Y �f] QkO�QPS TNK b ejO%VWej�%Q�SfORe b SfOP� � ^ YrhWTNKRQkO a KRe�T��PKRQkOuX b SUT���TNKRQ�VWMPX[Q ]jb J=D
JiMkO¡J b hLK¡TRK«Yre�TRQPK ] QPO¡JiYrKRTRe a h ] YrKNe TNMPO¡VWQkOmO Mk�\hfQ�S a QPOP��npY[K�Q%WQ��%J ] QS b hfO¡Y ]�]jb SfO
e��%J ] M��%Q�SUTNQ�KIhLS Y ]��\b KNe TN�L�%Q��UhLe$� hfORe b SLSLQ%VWQPOoKNM � e b SfOdORe Q ]j] QkO b SUTdhLS � b h�D
X[Q��%QPS\T a�b �LMPKRQPS\Tk�

�;6 �



� ��� �!����
&���$� ���	����� ��� # ��
 '��"� �"
�� �;6 �

• c b hiO"Y¬X b SfO Xwh��UhLQ ] ^ Y ]��\b KNe TN�L�%Q�VWQ � hfORe b S�VWQ�KNM � e b SfOºY ] ^ Y¬X¬Y[SUTNY � Q��rJiYrKºK«YrJ�DJ b K T �u]_^ YrJLJfK bWa �LQo� b KNJL� b[]jb[� ej�UhLQ a�] Y[ONO eq�UhLQ��WVWQIJLK b VWhLejKRQohLSLQ�ORQ � �%Q�SUTNYrTRe b S
ORY[SfOmejS\TNK b VWhfe�KNQ�hLS%��QPh VWQ���Y[KN�UhLQPhLKNO�VWQ���YrSLe���KNQ�Y[K TNe�� a e�Q ]�] Q�� VWQ�JfK bWa �LQQPS
JLK bWa �LQ�� ] QPOºKNM � e b SfO X b ejORejSLQPOp�UhLe O QmKNQPONO QP� �L] Q�SUT"ORQ ]jb S%hLS a Q�KRTNYrejS a KNe T���KNQ�O b SUT
� hfO e b SfSLM�QkOL��hfON�Uh ^ �da Q��Uh ^ hLS a KNe T���KNQ¿V ^ YrKNK���T�O b e�T YrT TNQ�ejS\Tk���dQ a Q�T TRQ �|Y[½ b S�S b hfO
M�Xwe T b SfO ] YuJL�fY[ORQIVWQO M ] Q a TRe b S�VWQ��YrK«�UhLQ�hLK«O�Y�JLKNe b KNe	�W�UhLe QPO TmhLSLQ b JiMPKNYrTRe b S
a�b �%J ] Q�WQ�VLY[SfO ] Q a Y[O � M�SLMPKNY ] � c�MPYrSf� b e�SiO�VLYrSiO ] Q a Y[VWKNQ�VWh TRK«Yre�TRQP�uQPSUT
VWQO Mk�\hfQ�S a QPO�e ] QkO�TmejSUTRM�KNQPONONYrSUT�V ^ ej�uJ b ORQ�K a�b �%�%Qo��Y[KN�UhLQPhLKNO ] QPO¡KNM � e b SiO¿VWQ
] YuO Q � �%Q�SUT«YZTRe b S�JLKRM a MkVWQ�SUTRQIVWQI��YrSLe���KNQ ��b\� TRQPSLe�K¡hLSfQIORQ � �%Q�SUTNYrTRe b S�O TNY �L] Q
VLYrSfO ] Q�TRQP�uJiO��pc b hfO�Y ]j]�b SfOºX b ejK a�b �u�%QPS\T a�b � � ejSLQ�K�Yrh��%ejQ�h� ] ^ Y ]��\b KNe TN�L�%Q
VWQ8� hfO e b S�VWQIKNM � e b SfO�Q�T ] ^ ejSUTRK b VLh a TNe b S�V ^ hLSfQ�O�T«Y � e ] e�TRMoTNQ��%J b KRQ ]�] Q[�

c b hfO�Y ]�]jb SiO�VWM a KNe�KNQ�Q�S VWM�T«Yre ] hLSfQ � hLSfQ ] QPO�� b VWe � a YZTRe b SiOd�UhLe b SUTdM�TRM�SfM a QkOED
ONYrejKRQkO¿J b hfK�Y[VLY[JWTRQPK ]_^ Y ]j�[b KRe�TR�L�%QIVWQ�ORQ � �%QPS\T«YZTNe b S�Yrh=�O Mk�UhLQ�S a QPOP�

� ��� . �-1�� % + 9��8!0& /	& ( ;	(,+-��. /	&�% 4)1�+-��.	(�� +-. 9,% � /	;5� �
9*+-��. /5& !0� % � ;	&);=% (�& 9�9,%'�"+ 9*& !0&). 9�/	& .	��; ��& ���-&)(
%'4)1"+-��.	(

# QkO Y ]j�[b KNe�TR�L�%QPO�VWQ¡O Q � �%Q�SUT«YZTRe b SuVWQ¡O Mk�\hfQ�S a QPO V b ejX[QPSUT3TRK b hfX[Q�K�hLSuMP�UhLe ] e � KNQ¿QPSUTRKNQ
] ^ ej�%J b O e�TRe b S�V ^ hfSLQoO TNY � e ] e�TRM�TRQ��%J b KNQ ]j] QdQ�T ] Y�J b ORORe � e ] e�TRMIV ^ ejSUTRK b VWhLejKRQoVWQ�S b hLX[Q ]�] QPO
KNM � e b SiO�VLQ �|Y[½ b S � ORhLejXUKNQ a�b KRKNQ a TRQ��%QPS\T ] ^ MPX b[] hWTNe b S�VWQ ] Y%O a ��SLQ\�

# YIO b[] hWTRe b S�Y\V b JWTNM�Q�VLY[SfO� H � �iKRMkY ] ejORQ ] Q¡TNKNY¬XZYre ] QPS%VLQ�h�uM�TNY[JiQkO���hLSLQmJfKRQP�ue���KNQ��
YrJfJiQ ] MPQpJLK b ��Q a TRe b S��k�\hfe a�b �%J b K TNQ ] Y ]jbWa Y ] eqORYrTRe b SIVWQPO KNM � e b SfO?JLKNM a MPVWQPS\TNQPO Y[hdTNQ��%JfO
a�b hLK«YrSUTP�'�oYrSfO�hLSLQ VWQPh�We �P�%Q�M�T«YrJ Q���JfY[K�VWe ! MPKRQPS a Q Q�SUTRKNQ ] ^ ej��Y � Q JLK b ��Q�TNM�Q�Q�T
] ^ ej��Y � Q b KNe � ejSfY ] Q b S b\� TRejQ�SUThLS KRMkO eqVWh�� VLY[SfO ] QP�UhLQ ]pb S KNM a hLJ1�PKRQ%VWQkOI�%Y[KN�UhLQPhLK«O
VWQuS b hfX[Q ]j] QPOdKRM � e b SfO'6 KNM � e b SfO��UhLepSLQ%O b SUTdJfY\O � e�QPS KNQ�JLKNMPORQ�SUTNM�QPOdVLYrSiO ] Y�JLK b ��Q a D
TRe b S 9¤� �¿QkO ��YrK«�UhLQ�hfKNO O b SUT3ejSUTRK b VLhLe T«O VLY[SfO ] YmJLK bWa MPVLhLKRQ Q�T�VWQkO S b hfX[QPY[h� a�b SUT b hLK«O
O b SUT�KNYr� b hWTNMPO �%] Y�ORQ � �%QPS\T«YZTNe b S�ONYrSfO�� b VWe �fQPK ] QkO a�b SUT b hfKNOmVWQ ] Y%JLK b ��Q a TNe b S � # Y
� � hLKRQ � � � � b SUTRKNQ ] Q�O a �LMP�%Y�VLQ a Q�T TRQuYrJLJfK bWa �LQ\� # Q�JLK b[�L] ���%Q�VWQ a Q�TRTRQ�Y[JLJLK bWa �LQ
QPO T¿�Uh ^ Yrh�� b �%QPS\T�VWQ ] YIJLK b ��Q a TRe b SuT b hfO ] QPO"JLe wQ ] O¿VWh�TNQ��%JfO a�b hLK«YrSUT"V b e�X\Q�SUT4��TRKNQ
Y[ONORe � SLMPO � hfSLQ¿KNM � e b S�JLKNM a MPVWQPS\TNQ��Z�����%Q ] QPO�JLe wQ ] O VWQkO�S b hLX\Q ]j] QkO3KNM � e b SfOP� # QkO a�b S�D
T b hLK«OdY[e�SfORe b[� TNQ�SwhfOoJ Q�hLX\Q�SUTdTNKNY¬X\Q�K«O QPK�hLSLQ%S b hLX[Q ]�] Q�KNM � e b S�� a �fYrS � QPY[SUT ] Y�XZY ] Q�hLK
� b �[QPSLSLQ�VWQkO"��YrK«�UhLQ�hfKNOp�UhLe a K b eqORORQ�SUT,�[Q�T¿e�S �ihLQ�Sf½PYrSUT ] YJLK bWa MkVWhLKNQ�VWQ a K b eqONORY[S a Q\�
npYrK¡Yre ]�] Q�hfKNO¡�UhfYrSiV b S a Y ]qa h ] Q ] QoKNMPORejVWh�VWQ ] Y�JfYrKRTRe�TRe b S�JLK b ��Q�TNM�Q a�b VWM�Q b S b[� TNe�QPS\T
] ^ ejS�� b KN��YZTNe b S�VWQkOmKNM � e b SiO��UhLe S ^ b S\T�JiY[O¡M�TNM a�b VWMPQPO�� ar^ QPO T D � D>VWe�KNQIVWQPO a YrSfVLejVLYrTRQkO �
VWQ�S b hLX\Q ]j] QkOIKRM � e b SfO�� ��YreqO�YrhiORORe ] QPOQPKRKNQ�hLK«OVWQ a�b VfY � Q�JfK b JLKRQkOIYrh a�b VLY � Q�Y¬X[Q a
J Q�KRTRQPOm�Uh ^ b S�VWMPX[Q ]jb JfJiQ\� �¿Q ] YuKNQ�SfV�J ] hfO a�b �%J ] Q%WQ ] YuKRQ a �LQ�K a �LQdVLQ�%Y[KN�UhLQPhLK«O¿VWQ
S b hLX[Q ]�] QPO¡KNM � e b SfO¡VLYrSfO ] QIKRMkO eqVWh��UhLQ�VLYrSiO ]_^ e���Y � Q b KNe � e�SiY ] Q[�
�oYrSfO ] Q a �fYrJfe TNKRQ/�/S b hiO�Y¬X b SfO�JLK b J b O M hLSLQ O b[] hWTNe b S �UhLeIM�Xwe TNQ a QPO�e�S a�b S�D

X[MPSLejQ�SUTNOP� ¯ ] O ^ Y � e TmVWQ a �LQ�K a �LQPK ] QPO���YrK«�UhLQ�hLK«O�VWQIS b hLX\Q ]j] QkO�KRM � e b SfO¿Q�T�VWQ ] QPO a�b � D
� ejSLQ�KºY¬X\Q a"] QkO KRM � e b SfO VWQ ] YoORQ � �%Q�SUTNYrTRe b S�JLKNM a MPVWQPSUTRQmVWQ �|Y[½ b S � KNMPY ] eqO QPK hfSLQ�O QPh ] Q
a K b eqONORY[S a QVWQ��%Y[KN�UhLQPhLK«O¡J b hLK�TNK b hLX[QPK ] QkO a�b SUT b hLKNO��\hfe3S b hfO�ejSUTRM�KNQPONORQ�SUTP�mc�MkYrS�D
� b ejSfO a Q�T TNQ�O b\] hLTRe b S�SLM a QPONO e�TRQhLSfQKRQ a �LQ�K a �LQIVWQ��YrK«�\hfQ�hLK«O¡VWQS b hfX[Q ]j] QPO¡KNM � e b SiO
YuJLKNe b KRe �WJLK b[�L] ���%Q�Uh ^ b S�Y¬XZY[e TmM�Xwe�TRMY¬X[Q a�] ^ Y ]j�[b KNe�TR�L�%QVWQ8� hfORe b S�VLQKRM � e b SfOP�

B b � b SfO���YrejSUTRQPSfYrSUT a�b �%�%Q�SUT a�b � � e�SfQ�K ] QkO�YrT b hLTNO�VWQPO���YrK«�\hfQ�hLK«O��UhLeoe��'D
J b ORQ�SUT�hfSLQoO TNY � e ] e�TRM�TRQ��%J b KNQ ]j] QoQ�T a QPh��VWQkO¿Y ]��\b KNe TN�L�%QPO�VWQ � hfORe b S�VLQdKNM � e b SfO"�UhLe
J Q�KN�uQ�T TNQ�SUT ]_^ YrJfJfYrKNe TNe b S�VLQoKNM � e b SfO¡ORY[SfOmY¬X b e�K � QPO b ejS�VLQ ] QPO��%Y[KN�UhLQPKP�
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� e � hLKNQ � � � �ºg a �LM���Y%V ^ e�SUTNK b VWh a TRe b S�VWQIS b hLX[Q ]�] QPO¡KNM � e b SfO¡YrJLK��PO�JLK b ��Q a TRe b S  H � �´�

#º^ Y ]j�[b KRe�TR�f�uQ¡VWQ � hiO e b S�VWQmKNM � e b SfOpVWM a KRe�T"VLY[SfO ] Q a �fYrJLe�TRKNQ 3dJ Q�KN�uQ�T ] YIKNM�hfSLe b S
VWQ�S ^ ej�uJ b KRTRQ �\hfQ ]�a�b hLJ ] Q�VWQ�KNM � e b SfO%X b ejORe�SfQPOP�!gwe b S Y[JLJ ] ej�UhLQ a Q�T�Y ]��\b KNe TN�L�%Q
��] Y�� QPS=��TNKRQ �[] ejONORY[SUTRQ�VWQ ] Y�JLK bWa MPVWhLKNQ�KNM a hLKNORejX[Q�� VWQ�h=�KNM � e b SfO�VWh JfY[ONO M�JiQPhLX[QPS\T
� hfORe b SLSLQPKP� �¿Q�J Q�SfVLY[SUT ] QPO�KNM � e b SiO VWh�TRQP�uJiO t−1 Y[JLJfYrKRTRejQ�SfSLQ�SUT �d] YdORQ � �uQPSUTNYZTNe b SJLKNM a MPVWQPS\TNQ��WORQ � �%QPS\T«YZTNe b S��UhLe Y�VLM�� � M�TNMoM�TNY �L] ejQoQ�T��Uh ^ b S�SLQIKNQ��%Q�T¡JfY\O¿QPS a YrhfORQ[�
n b hLK�MPXwe TNQ�K ] ^ Y ] TNM�K«YZTNe b S VWQ ] Y�ORQ � �%QPS\T«YZTNe b S JLKNM a MPVWQPSUTRQ ] QkO�� hfORe b SfO�QPS\TNKRQ�VWQPh�
KNM � e b SiOuVLh JiY[ONO M�O b SUT%ejSUTRQPKNVWe�TRQkO�� ��e�SfORe ] QPO'� hfORe b SfO�J Q�hfX[Q�SUT�ORQ�JfK b VWhLejKNQ�QPSUTRKNQ
VWQPh��KNM � e b SiO�VLh�TNQ��%JfO t

b h�Q�SUTRKNQIhLSLQKNM � e b S�VWh�TRQP�%JfO t Q�T�hLSLQYrhLTRKNQIVLh�TNQ��%JfO
t − 1 �f�%Y[ejO�� Y[��YreqO¡Q�SUTRKNQVWQ�h��KRM � e b SfO¡VWh�TRQP�%JfO t − 1 �# QkO a�b SfO Mk�UhLQ�S a QPO¡VWQ a Q�T TNQJLK bwa MPVWhfKRQIO b SUTP�

•
b S�KNQ�TNK b hLX[Q ] QkOdKNM � e b SfOdJLKRM a MkVWQ�SUTRQkOdY[h�TNQ��%JfO a�b hLKNY[SUT'6 JiYrK8� hfORe b S VWQkOdKNM�D
� e b SfO t − 1 Y¬X[Q a VLQPO¡KNM � e b SiO t 9 a Q��UhLe e��%J b ORQhLSLQ a�b �LMPKRQPS a QdTRQP�uJ b KNQ ]j] Q[�

•
b S b[� TNe�QPS\T�VLQ�S b hfX[Q ]j] QPO¡KNM � e b SiO¿JiYrK a KNeqO�T«Y ]j] eqORYrTRe b S�e�SiVWM�J Q�SfVfYrSUTRQ�Y[h�TNQ��%JfO
a�b hfKNY[S\T�6 � hiO e b SfO¡QPSUTRKNQoKNM � e b SfO¡VWh�TRQP�uJiO t 9¤�

# QkOIKRM � e b SfOoVWh TRQP�%JfO t − 1 � b hLQ�SUT ] QuK �[] Q�VWQ%��YrK«�\hfQ�hLK«Oo�%Y[ejOY¬X\Q a hLSLQ�Swh�DYrS a QuJfYrKoKNY[JLJ b KRToYrh=���Y[KN�UhLQPhLKNOoVWQ ] Y�ORQ a TNe b S �f�n"KRM a MPVLQ��%�%Q�SUTohfS ��YrK«�UhLQ�hfK
V b SLSfYre�T ] e�QPh � hLSLQ�KRM � e b S�VLY[SfO ] Y�ORQ � �%QPS\T«YZTNe b S Q�T�ORQ�h ] Q��%Q�SUT ] QkO�KNM � e b SiOI�%Y[K D
�UhLM�QkO�YrJLJiYrK«YreqORONYrejQ�SUT�VLYrSfO ] Y/O Q � �%Q�SUT«YZTRe b SG� a[^ QkO�T�D � D´VWejKNQ ] Y/O Q � �%Q�SUTNYrTRe b S Y¬XZYre�T
Yrh J ] hfO ] Q������%Q�S b � � KNQ�VWQ�KRM � e b SfO��UhLQ�VLQ��%Y[KN�UhLQPhLK«O�ejSLe�TReqY ] Q��%Q�SUT�ej�%J b O MkO��
l�Y[e�SUTRQPSfYrSUTIhLSLQ�KNM � e b S���YrK«�\hfM�QuQPO ToT b hZ� b hLK«OoVfYrSfO ] Y�ORQ � �%Q�SUTNYrTRe b SF�iSfY ] Q%�%Y[ejO
V ^ YrhWTNKRQkO¡KRM � e b SfO�J Q�hLX\Q�SUT�YrhiORORe YrJLJiYrK«Y:;qTRKNQ[� ��T TRQPSUTRe b S�� b S�JfYrK ] QVWQ�ORQ � �%Q�SUTNYrTRe b S
TRKNeqVWe��%QPSfO e b SfSLQ ]j] Q\� ª b hLTRQPO ] QPOdKRM � e b SfO��%Y[KN�UhLMPQPO 6 ] QPOdKRM � e b SfOdVWQ ] Y�ORQ � �%Q�SUTNYrTRe b S
JLKNM a MPVWQPS\TNQ,9O b SUT�VfYrSfO ] Y O Q � �%Q�SUTNYrTRe b S H � �fSfY ] Q�� a Q��UhLe�SLQ�X\Q�hWTuJfY[O�VWejKRQ��UhLQ
T b hWTRQkOYrejQ�SUT�KNM�hfONO e � JfY\ORORQ�KYrh TNQ��%JfO a�b hLK«YrSUTP� # QuT«Y �L] QPY[h � � � KNMPORhL�%Q ] Q a�b � D
J b KRTRQ��%QPS\T�VWQkO�VWQPh��Y ]j�[b KRe�TR�f�uQkOo�

�¿K b eqORONYrS a QoVLQ�%Y[KN�UhLQPhLK«O � hfORe b S�VWQKRM � e b SfO
l�YrK«�UhLQ�hfK¡Y¬X\Q a c b S�l�Y[KN�UhLQPhLK � hfORe b S�n QPKR�%eqO Q � hfORe b S�n�QPKR�%eqO Q

c b S�l YrK«�\hfQ�hLK�Y¬X\Q a c b S�l�Y[KN�UhLQPhLK � hfORe b S�¯>SUTNQ�K«VWe TNQ � hfORe b S�n�QPKR�%eqO Q
l YrK«�\hfQ�hLK�Y¬X\Q a l�YrK«�UhLQ�hLK � hfORe b S�¯>SUTNQ�K«VWe TNQ � hfORe b S�¯>SUTRQ�K«VWe�TRQ

ª Y �L] Q � � � � � b �uJ b KRTRQP�%Q�SUT�VWQ ] ^ Y ]��\b KNe TN�L�%Q%VLQ a K b eqORONYrS a Q%VWQ���YrK«�\hfQ�hLK«OIJfYrKKNM�D
� e b SiO¡Q�T�VWQ � hfORe b S�VWQIKRM � e b SfO

#º^ Y ]j�[b KRe�TR�f�uQ�VWQ a K b eqORONYrS a Q�VWQ���YrK«�UhLQ�hLK«OIJfY[K�KNM � e b SiO8� hfO e b SfSLQ�T b hZ� b hfKNOhfS
S b S�D ��Y[KN�UhLQPhLKmY¬X[Q a hLS���YrK«�UhLQ�hLK,�¬��hfON�Uh ^ �%a Q��\hfQdT b hfO ] QkO¡S b S���YrK«�UhLQ�hLK«O¡O b e�QPSUT
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Y[ONORe � SLMPO � hLS �%Y[KN�UhLQPhLKk� #º^ Y ]j�[b KRe�TR�f�uQ�VWQ � hfORe b S VLQ�KRM � e b SfO�JiQPKR�%Q�T ] Y � hfORe b S
V ^ hLS�S b S=D ��YrK«�UhLQ�hfK�S b S�O QPh ] QP�%Q�SUT�Y¬X[Q a hLS���YrK«�UhLQ�hfK��w��YreqOmYrhfONORe Y¬X[Q a hLS�YrhLTRKNQ
S b S�D ��Y[KN�UhLQPhLKP� # Q a KNe T���KNQIV ^ Y[KRK���TmQPO T�V b SLSLM�O b e�T¡JiYrKmhLS a KRe�T��PKRQVWQ��UhfY ] e�TRM b h�VWQ
a�b �%J ] Q%We TNMIVLQ�O Q � �%Q�SUTNYrTRe b S��WO b e�T�JfYrKmY � O QPS a QVWQKNM � e b SfO�S b S=D ��YrK«�UhLQ�hfKNOP�

#º^ hWTNe ] ejONYZTNe b S VWQ ]_^ Y ]j�[b KRe�TR�L�%QuVWQ3� hfORe b S VLQ�KNM � e b SiO�J b hLKIO Q � �%Q�SUTNQ�K ] Y � QPS=��TNKRQ
�[] eqORONYrSUTRQ�VLQ ] ^ Y[JLJLK bwa �fQ�KRM a hLK«ORe�X\Q��3JfKRQPSfYrSUT a�b �%�%Q���YrK«�\hfQ�hLK«O ] QPO�KRM � e b SfO�VLQ ] Y
ORQ � �%QPS\T«YZTNe b S�JLKRM a MkVWQ�SUTRQ��iej�%J b O Q�hLSLQ%O�T«Y � e ] e TNM�TRQP�%J b KRQ ]�] Q ��] Y�ORQ � �%Q�SUTNYrTRe b S�Q�T
Q�S �����%Q�TRQ��%JfO%J Q�KN�%Q�T�V ^ e�S a�] hfKRQ�VWQ�S b hfX[Q ]j] QPO�KRM � e b SfOuVWQ���YrSLe���KNQ�ORJ b SUTNYrSfM�Q��
ONYrSfO¡hLSfQ�O M ] Q a TRe b S�JLKNMPY ] Y �L] QIVWQ��YrK«�UhLQ�hfKNO�J b hLK a QPO¡KNM � e b SiO��

� ��� ��%'4 9*%'��+:9*& !0&). 9
#º^ b[� ��Q a TNe��mVWh�JLKNM�TNKNY[e TNQ��%Q�SUT�QkO�T�V ^ M ] ej�uejSLQPK ] QPOM ] MP�uQPSUTNO a�b SUTRK«Y[O TRMkO%� a�b �%�%Q�JfYrK
Q�WQP�uJ ] Q ] Q � KRhLe�T¿Q�T ] QPO ?�b SLQPOºVLQ�TRK«YrSiO e�TRe b S��w�UhLQ ] ^ Y ]��\b KNe TN�L�%Q�VWQ � hfO e b S�VLQ�KNM � e b SiO
TRQPSfV � JLKNMPORQ�KNX[QPKpQ�T¿�UhLeLSfQ a�b KRKNQPORJ b SfVWQPS\TpJfY\OºYrh= a Y[KNY a TNM�KNejO TReq�UhLQPO J Q�KRTRejSLQ�SUTNQPOºVWQ
] ^ ej��Y � Q\�
�oYrSfO ] Y�O Q a TNe b S 4L���%S b hfOIY¬X b SfO�VWMPX[Q ]jb JfJiM�hLSLQuM�TNY[JiQ%VWQuJLKNM�TRK«Yre�TRQP�%Q�SUTdJ b hLK

] QPO¡ej�%Y � QkO �r�'�UhLQS b hfOmY ]j]�b SfOmY[VfYrJWTNQ�KmYrh�TRK«Yre�TRQP�%Q�SUT�VWQ�O Mk�UhLQ�S a QPOP�
� Y[JLJiQ ]�b SfO ] ^ Y ]��\b KNe TN�L�%QIVLM a KNe�T¡QPS�VWQ�h��VWej�uQPSfORe b SfO��"¯ ] JiQPhWT ��TRKNQIVLM a�b �%J b O MPQ

Q�S�VWQPh��M�TNYrJ QPOP�
� � � ] TNKRQ�Y[KRM b[] YrejKRQI�UhLe3M ] ej�%e�SfQ ] Q � KRhLe�T�Q�T�Q�S������%QTNQ��%JfOmS b hfO�Y[ejVWQ � KRQPJiMPKRQPK
] QkO¡KRM � e b SfO¡VWQITNKNY[SfO e�TRe b S3�

�L�¡M ] e��%ejSfYZTNe b S�VWQPO�KRM � e b SfOmVWQ�TRK«YrSfORe TNe b S��UhLe	� � O b S�T b hLK,�fQPO T�KNMPY ] eqO MPQQ�S�VWQPh�
M�TNY[JiQkO��
6|Y�9�ORM ] Q a TNe b S VWQkOdKNM � e b SfO�VLQ�TNKNY[SfO e�TRe b S3�¡T b hLTRQPO ] QPOdKRM � e b SfOd�UhLe ��] Y�O b KRTRejQ
VWh � ] TRKNQ�YrKNM b\] Y[e�KNQ b S\TmhLSfQITNYre ]j] QIejS�� M�KNe�QPhLKNQ � hLS a Q�KRTNYrejS�O QPhLe ]

6 � 9�Y[ONORe � SfYZTNe b S/VLQPO ?�b SfQPO�VLQ�TRK«YrSiO e�TRe b S Y[h� KNM � e b SfOX b eqO ejSLQPO�O hfe�XZYrSUT�hfS
a KNe�T���KNQ�VWQ a�b SUTRK«Y[O TRQuQ�T�VWQ�ORej�uJ ] e a e�TRM�VWQ a�b SUT b hLKk�5�¿Q a eºQkO�T�KNMPY ] eqORM�QPS
hWTNe ] ejONYrSUT ] ^ Y ]��\b KNe TN�L�%QoVLQ a K b eqORONYrS a QdVWQ��Y[KN�UhLQPhLKNO�JfY[KmKRM � e b SfOP�

# YIJfK bWa MkVWhLKNQ�J b hLK"TRK«Yre�TRQ�K ] QkO"ORMP�UhLQ�S a QPO"hWTRe ] ejORQ ] Y�����%Q�JL�fe ]jb O b JL�fe�Q��\��YreqO"Y[h
] e�QPh%VLQ¿TNKNY¬XZY[e ]j] QPKpO hLKphfSLQme���Y � Q �r� Q ]�] Q ] Q �|Y[e T"ORhLKphLSLQmej��Y � Q H � �UhLe a�b KRKNQPORJ b SfV �
] Y8� Q�S=��TRKNQ �[] ejONORY[SUTRQ�VWQ ] ^ Y[JLJLK bWa �LQ¡KRM a hLK«O ejX[Q\� `º]j] Q�e�SUTNK b VWhLe�T"YrhiORORe ] Y a�b �%J Q�SfONYZTNe b S
VWQI� b hLX\Q��%Q�SUTmVWh�J ] Y[S�JfKRM a MPVLQ�SUTmJ b hLKmYr�%M ] e b KRQPK ] Y a�b KRKNQPORJ b SfVLY[S a Q�VLQPO¡KNM � e b SiO
Q�SUTNKRQ ] QPO¿VWQ�h�%J ] YrSfOºQ�T¿Y[e�SfOReiO TNY � e ] eqO QPKºVLY¬XZYrSUTNY � Q ] Y�O Q � �%Q�SUT«YZTRe b S  H 4 � 6 X b e�K¿YrhfONO e
] YuORQ a TRe b S � ���W����9��

# QIJLKNM�TNKNY[e TNQ��%Q�SUT H �0J Q�hLTdO QVWM a�b �uJ b ORQ�K¡QPS ] QPO¡M�TNY[JiQkO�O hfe�XZYrSUTNQPOP�
� � � ] TNKNY � QIYrKNM b\] Y[e�KNQ
�L� a�b �%J Q�SfONYZTNe b S�VWQ� b hLX[QP�uQPSUTmVLQ ]_^ e���Y � QIJLKNM a MkVWQ�SUTNQ
H �¡M ] e��%ejSfYZTNe b S�VWQkO¡KRM � e b SfO¡VWQITNKNY[SfORe TNe b S

��->,�-/. � ; D�EF69? ��� ?	6���8�D!? ;/6��
c b hfOhWTNe ] eqO b SfOIhLS � ] TRKNQ�YrKNM b[] YrejKNQ�� ��YreqO a Q�T TRQ5� b eqOED a e TNKReqVWej�uQPSfORe b SLSLQ ] ��n b hLK��UhLQ
] Q�� ] TRK«Y � QO b e�T�MP�UhLejXZY ] Q�SUT ��a Q ] hfe YrJfJ ] eq�UhLMQ�S�VLQ�h��VWej�uQPSfORe b SfOmS b hfOm��h ] TNe�J ] e b SfO
] YuTNYre ]j] QVWh � ] TRKNQJfYrK ] QS b � � KNQVWQPOmJ ] Y[SfOmVWQ ] ^ ej��Y � Q H ��� a[^ QkO�T�D � D´VLe�KNQVWQ�h� 6 X b e�K
� � hLKRQ � � ��9¤�
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6_Y�9�¯>��Y � Q b KNe � e�SfY ] Q

6 � 9�¯>��Y � Q8� ] TRKNM�Q
� e � hLKNQ � ���W� � e ] TRK«Y � QIY[KRM b[] YrejKRQ H � VLQdT«Yre ]�] Q � 6
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� b �%�%QuS b hfO ] ^ Y¬X b SiOdVWM � � VLM a KNe�TIJfKRM a MPVLQ��%�%Q�SUT�� ] Y�JfK bWa MkVWhLKNQuVLQ%ORQ � �%Q�SUTNYrTRe b S
�UhLQ¡S b hiO hLTRe ] eqO b SfO a�b SfORejO TRQ � KNM�hfSLe�KpVLY[SfO�hLSLQ¡ej�%Y � Q¿TRKNejVLe��%Q�SiO e b SLSfQ ]j] QmVWQPh��J ] YrSfO
a�b SfORM a hLTRe �|OV ^ hfSLQ�O Mk�\hfQ�S a Q[� ] Q%JLKNQ��%ejQ�KJ ] YrS/Y�VWM�� � M�TRM�O Q � �%Q�SUTNM�Q�T�S b hfO a �fQ�K�D
a � b SfO ]_^ Q��%J ] Y a Q��%Q�SUT�VWQ�ORQPO b\� ��Q�T«OmVLYrSfO ] Q�VWQPh�We �P�uQIJ ] YrS3�
n b hLK a Q��|Y[e�KNQ�S b hfO¡TRK«Y¬XZYre ]�]jb SiO�Y¬X[Q a VLQ�h��ej�%Y � QkO¡TRKNejVLe��%Q�SiO e b SLSfQ ]j] QkO��¿hLSLQ��UhLe

KNM�hLSLe�T ] QkOIe���Y � Q b KRe � ejSfY ] QPO It−1
� It

6 I 9�Q�TohfSLQ�YrhWTNKRQ%�UhLe KRQ � b ejS\T ] QPOoe���Y � QPOoORQ � D�%Q�SUTRMPQPO St−1
� St

6 S 9��d� ] Y��fS VWQ ] Y�JLK bWa MkVWhLKNQ ] QuVWQ�h=we����%Q�J ] Y[S VWQ%g a�b S\TNe�QPSUT] QKRMkO h ] TNYrT�VWQ ] Y�ORQ � �uQPSUTNYZTNe b S�VWh�TNQ��%JfO a�b hLK«YrSUTP�
c b hfO KNM�hLSfejONO b SfO VWQPh��TNQ��%JfO3ORh aPa QPONORe��|O VfYrSfO hfSLQºej�%Y � Q TNKReqVWej�uQPSfORe b SLSLQ ]j] QºVLYrSfO

] Q � hWT�VWQ�TNKNY[SfOR�uQ�T TNKRQ ]_^ ejS�� b KN��YZTRe b S VWh JfY[ONO M%Yrh JLKNMPORQ�SUToQ�T�V ^ b\� TRQPSLejKIY[e�SiO e hLSLQ
a�b SUTRejSUhfe TNM�TNQ��%J b KRQ ]�] Q[� # Y�TRK«YrSiO �%eqORORe b S�VWQ ]_^ e�S=� b KN�%YrTRe b S�V ^ hLS�J ] YrS�Y[h�ORhLe�XZY[S\TmORQ
KNMPY ] eqO Q � TNKNY¬X\Q�K«O ] QPO ?Pb SLQkO3VWQ � Y[O a�b S\TNKNY\O�TNQ TRQP�uJ b KNQ ] �Z�UhLe a�b KNKRQkO J b SfVLQ�SUT3Yrh� ?�b SLQPO
VWQ�KNQ a�b hLXwKNQ��%Q�SUTIQ�SUTRKNQ ] QkOJ b O e�TRe b SiO a�b SiO M a hWTNe�X\QPOVWQkO b[� ��Q�TNOP� # Q�KNQ a�b hLXwKRQP�%Q�SUT
TRQP�%J b KRQ ] QPO T�V b S a hLSLQ a�b SfVLe TNe b S ONYrSiO ] Y\�UhLQ ]j] Q�S b hfO�SfQ�KRQ a�b SLSfYreqONO b SfOuJfY[O�hfS
b[� ��Q�T a�b �%�%Q�Q%WejO TNY[S\TVLY[SfO ] QuJfY[ONO M\� # QPO � KNY[SfVLO b\� ��Q�T«OoX[M�KNe �fQ�SUToONYrSiOdVWe�� a h ] TRM
a Q�T TNQ a�b SfVWe�TRe b S�� a QPJiQPSfVLYrSUT ] QkO b[� ��Q�TNO�JiQ�TRe�TNOoO Q�VWM a�b SLSLQ a TNQ�SUT �|Y a e ] QP�uQPSUT ��a Y[hfORQ
V ^ hLS�� b hLX\Q��%Q�SUT�K«YrJLeqVWQ56|JfYrK�K«YrJfJ b K T ��] Q�hLK�TNYre ]j] Q:9¤� # Y�VWM a�b SfSLQ�We b S�TRQP�uJ b KNQ ]j] Q
ej�uJ ] eq�UhLQ ]_^ Y � O QPS a Q�V ^ hLSLQ ?Pb SLQ�VLQ � Y[O a�b SUTRK«Y[O TRQdTRQP�%J b KRQ ] VLYrSiO ]_^ ej�%Y � Q I � a Q��UhLeQ��%J � a �LQ ] Y ]�bWa Y ] ejONYZTNe b S�VWQ ] ^ b\� ��Q�T�VWh�JfY\ORORMVLYrSiO ] QJ ] YrS a�b hLK«YrSUTP�
n b hLK�M�Xwe�TRQPK a Q�TRTRQ KRhLJLTRhLKNQ TNQ��%J b KNQ ]j] Q S b hiO�Y ]�]jb SiO�hWTNe ] eqO QPK�VLQPO�Y ]j�[b KRe�TR�L�%QkO

V ^ QPO TRej��YZTRe b S Q�TVWQ a�b �%J Q�SfONYZTNe b S VWQ�� b hLX[QP�uQPSUTP�3�¿QPOIY ]j�[b KRe�TR�L�%QkO b SUTIVWM�� � M�TRM
hWTNe ] ejORMPO�VLYrSfO  � 4 �3Q�T  H 4 �´�
� � ��� ����� G ��xkz�( vLxPz�� � ��t (*�-���it#( t � x
¯>��Y � e�S b SfO��UhLQ�S b hfO�Y¬X b SfO%VWQPh� ej��Y � QPO a�b SfORM a hLTRejX[QPO It−1

Q�T It
�mQ�T��UhLQ S b hfO

X b h ]jb SfO�QPO TRej�uQPK ] Q�� b hLX[QP�%Q�SUTuVWQ It
JfY[K�K«YrJLJ b KRT � It−1

��c b hiO�Y ]�]jb SfO�hWTNe ] ejORQ�K
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] ^ Y ]��\b KNe TN�L�%Q%V ^ QkO�TNe���YZTNe b S VLQ�� b hLX[QP�%Q�SUTJfYrK�%eqO Q�QPS a�b KNKRQkO J b SfVfYrS a QuVWQ �f]�bWa O
6 QPS�YrS �\] Y[ejO � �f]�bWa+* D ��YrT a �LejS � 
 9�Q�S/YrKNKRe���KNQ  � 4 �´� �¿Q�T�Y ]j�[b KRe�TR�f�uQ%VWejXwejORQ ]_^ e���Y � Q ItQ�S�J Q�TNe T«O �L]jbwa O¡KRM � h ] ejQ�K«O¿Q�T a�b SfO eqV��PKRQI�UhLQ a �fY[�UhLQ �L]jbWao�ib h � QVWQ��YrSfe �PKRQIKNe � ejVWQ\�

#º^ QPO TRej��YZTNe b S�VLQ�� b hLX\Q��%Q�SUT�VWh �L]jbWa bk
VWQ ] ^ e���Y � Q It

� a Q�SUTRKNM�ORhLK ] QJ b e�SUTdVWQ
a�bwb KNV b SLSLMkO (x, y) � a�b SfORejO TRQ � VWMPJ ] Y a QPK ] Q �f]�bWa bk

ORhLK ] ^ e���Y � Q It−1
�WVLY[SfO¿hLSLQ ?�b SfQ

VWQ%KNQ a �LQPK a �LQ a QPS\TNKRMPQuORhLK ] Q�JLe WQ ] VWQ a�bUb KNV b SLSLMkO (x, y) � Q�T � TRK b hLX\Q�K ] Y�J b ORe TNe b S
(x′, y′) �UhLe��uejSLej�%ejORQ ] Y VWe ! M�KNQ�S a Q�Q�SUTNKRQ It−1

Q�T bk
�/��ejSfO e ] Q �L]jbWa bk

VWQ It
QkO�T

ORhLJLJ b ORM�X[QPSLejKoVWh �L]�bWa bk′

� a Q�SUTRKNM�ORhLK (x′, y′) VWQ ] ^ e���Y � Q It−1
Q�T ] ^ QkO�TNe���YrTRe b S VWQ

� b hLX\Q��%Q�SUT�VWQ a Q �L]jbWa QPO T�V b S a (x − x′, y − y′) � # Y � � hLKRQ � � H e ]�] hfO TRKNQ a Q�T TRQ
JLK bWa MPVLhLKRQ\�

k’b

bloc

compensé

zone de

recherche

(x,y)

kb

Image t-1 Image t

centré sur (x,y)

centré sur
(x’,y’)

� e � hfKRQ � � H �4� b �uJ Q�SiORYrTRe b S�VWQI� b hLX[QP�%Q�SUTmJfYrK �]jbwa+* D´��YZT a �fe�S � Q�S�Y[KRKNe �PKRQ

� � ��� ��� � � �-(G""t � �kvWxkz�� � ��t (*�%���it#( t � x
#º^ QPO TRej��YZTNe b S�VWQ�� b hfX[Q��%QPS\T�S b hfO � b hLKNSLe�TdJ b hLK a �fY[�UhLQ �L]jbWa bk

VLQ ]_^ ej�%Y � Q It
hfS

X[Q a TNQ�hLK�VWQ�VLM�J ] Y a Q��%Q�SUT��UhLe J b ejSUTRQX[QPKNO ] Q �L]jbWa b′k
VWQ It−1

VWQ �|Y[½ b S � �%e�SLej�%ejORQ�K
] YuVLe ! M�KNQ�S a Q |bk − b′k|

2 �
gwe ] QkO �L]jbWa O bk

VWQ It
O b SUT�KNQ��%J ] Y a MPOmJfY[K ] QPO �L]�bWa O b′k

a�b KNKRQkO J b SfVfYrSUTNOmVWQ It−1S b hfO b[� TNQ�S b SfO�hfSLQ�ej��Y � Q I ′t−1
Y¬X\Q a�] ^ e�S�� b KR��YrTRe b S VLh JfY\ORORM���YreqO%V b SUT ] QkOuVLe�� D

� M�KNQ�S a QPOY¬X\Q a It
VWhLQkO�Yrh � b hLX\Q��%Q�SUT b SUTM�TNM�KRMkVWhLe�TRQkO�����hWTRKNQ��%QPS\T�VLe T,� ] ^ ej��Y � Q

It−1
Y%M�TRM a�b �%JiQPSfORM�QIQ�S�� b hLX\Q��%Q�SUTk�

# Y a�b �%J Q�SfONYZTNe b S�VWQ¿� b hLX[QP�%Q�SUT�YmJ b hfK � hLT V ^ Y ] e � SLQPK ] ^ ej��Y � Q It−1
O hfK ] ^ ej��Y � Q

It
M�Xwe�TNYrSUT ] QPO�VWe ! M�KNQ�S a QPO�VWhLQPO�Yrh/� b hLX\Q��%Q�SUT�QPS\TNKRQ ] QPO�VWQ�h� � # Y�TNKNY[SfO �%eqORORe b S

V ^ e�S=� b KN�%YrTRe b SQPS\TNKRQ ]_^ ej�%Y � Q a�b �%J Q�SfORM�Q I ′t−1
Q�T It

QPO T J ] hfO�VWe�KNQ a TRQ86 �|Y a e ] Q,93�Uh ^ QPSUTRKNQ
It−1

Q�T It
�4� ^ QPO T¿J b hLK«�Uh b e I ′t−1

KNQ��%J ] Y a Q It−1
VLY[SfO ] QoJLKNQ��%e�QPK"J ] YrS�VWQ ] Y�� QPS=��TNKRQ

�[] eqORONYrSUTRQdVWQ ] ^ Y ]��\b KNe TN�L�%QmKRM a hLK«ORe�����n b hLK¡�UhLQ ] ^ Y ]��\b KNe TN�L�%QmKRQkO�TNQ a�b �LMPKRQPS\T ] Y���P�uQ
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a�b �%JiQPSfORYrTRe b S�VWQd� b hLX\Q��%Q�SUT¿Y[JLJ ] ej�UhLM � It−1
V b e T ��TRKNQdY[JLJ ] ej�UhLM � St−1

VWQ �|Y[½ b S
� Y ] e � SLQ�K ] QPOu��YrK«�UhLQ�hLK«O%VWQ ]_^ ej�%Y � Q�JLKNM a MPVWQPS\T�Y¬X[Q a�] Q�S b hfX[Q ] QP�uJ ] Y a Q��%QPS\T�VWQ
] ^ b\� ��Q�Tk�ºc b hiOmYrJLJ Q ]j] QPK b SfO ] ^ ej��Y � QoKNMPORh ] T«YrSUTRQ S′

t−1
�

# Y a�b �%JiQPSfONYZTRe b S�VWQ�� b hLX[QP�uQPSUT��\hfQ�S b hfO�Y¬X b SiOIhWTRe ] eqORM�Q�ORQ��|Yre�T�Q�S�YrKNKNe �PKRQ\�
`º]j] Q a �LQ�K a �LQºVLY[SfO ] QpJfY[ONORMphLS �L]jbWa �\hfe[KNQPONO QP� �L] QºYrh �L]jbWaºa�b hLK«YrSUTP� �¿Q�T TRQºTRQ a �fSLej�UhLQ
Y ]_^ Y¬XZYrSUTNY � Q��UJfY[K¿K«YrJLJ b KRT ��] Y a�b �%J Q�SfONYZTNe b S�VWQo� b hLX\Q��%Q�SUT¡Q�S�Y¬XZY[S\T�6 KNQ a �fQ�K a �LQ
VWh ] Y S b hLX\Q ]j] Q�J b ORe�TRe b S V ^ hLS �f]�bWa VLh JfY\ORORM,9���V ^ MPXwe TNQ�K ] QkO a�b S �fe�TNO�Q�SUTRKNQ �f]�bWa O
a�b �%JiQPSfO MkOL� ] QPO �L]jbWa OoO Q a�b �%JiQPSfO QPSUT ] QPOohLSfO ��a�b TNMuVWQkOdY[hWTRKNQPOoONYrSfOde�SUTNQ�K�� M�KNQ�S a Q
Q�SUTNKRQdQ�h�)�WORY[SfO a�b S
�fe T«O¿VLQoORhLJ Q�KNJ b O e�TRe b S�VLQ �L]jbWa O�SLe?VWQ�TNK b hfOP� �¿Q�T TNQ�JLK b J b ORe TNe b S
KNQPO TRQ�XwK«YrejQ�TNY[S\T��Uh ^ b S+JfY[K ] Q VWQ ]_^ e���Y � Q�TNQ�wTRhfKRMPQ 6 b KRe � ejSfY ] Q,9 a�b �%J Q�SfORM�Q\�:npYrK
a�b SUTRKNQ ] Y a�b �uJ Q�SiORYrTRe b S�VWQ ] YoORQ � �%Q�SUTNYrTRe b SuJiQPhWTºJLK b VLhLe�KNQmJ ] hfORe�QPhLKNO a�b �%J b ONYrSUTRQkO
a�b SLSLQ%wQkO"VWh��'�P�%Q b\� ��Q�T,�UORe TNhfYZTNe b S��UhLe S ^ QkO�T�JfY[O"JLKNM�XwhLQdVfYrSfO ] QkO¿Y ]��\b KNe TN�L�%QPOºVWQ
a�b VLY � Q\�m¾dK,� ] QPOdV b h �f] QkO a�b �uJ b ONYrSUTNQPO a�b SLSLQ%WQPO�O b SUTdO b hLX\Q�SUT�VWhLQkO�Y[h �|Y[e TI�Uh ^ b S
a�b SfORejV��PKRQ"hLS�� b hfX[Q��%QPS\T�KRe � eqVWQ"VLQPO �L]jbwa O%� a Q��UhLeUS ^ QPO T�JfY\O a�b �%J ] ��TNQ��%Q�SUT XwK«Yre � # Q
VWMPJ ] Y a QP�uQPSUT�KNe � ejVLQ�V ^ hLS �L]jbwa ORe TNhLM �da �fQ�XZY ] Q�SUTNKRQ¡VWQ�h=�KRM � e b SfO JLK b VWhLe�TpVLQ�J Q�TNe TNQPO
a�b �%J b ORY[S\TNQPO a�b SLSLQ%wQkO ejO b[] M�QkO�� �¿QPOºV b h �L] QPO a�b �%J b ONYrSUTRQkO�O b SUTpM ] ej�uejSLMPQPO�� � Y[KNVfYrSUT
] Y a�b �uJ b ONYrSUTNQ a�b SLSfQ�WQ ] Y�J ] hiO � K«YrSiVWQVWQ a �fY\�\hfQKRM � e b S��LJ b hfK�M�Xwe�TRQPK�VWQ��|Y[hfORORQPO
JLK b JfY � YrTRe b SfOP� n"hLejON�UhLQ ] Q�K �\] Q�VWQ a Q�T TRQ�ORQ � �%QPS\T«YZTNe b S a�b �uJ Q�SiO MPQ�QkO�T�VWQ�O QPKRXwejK
VWQ���Y[KN�UhLQPhLK�VWh�TRQP�%JfO a�b hLK«YrSUT�� ] Q �|Yre�Td�UhLQ S′

t−1
SLQ�O b e�T�JfY\OmhLSLQJfY[K TNe TNe b S�S ^ QkO�T

JfY\O�hLS JLK b[�L] ���%Q�JfYrK a Qu�\hfQ�O b S b\� ��Q a TRe �"QPO TO ej�%J ] QP�%Q�SUTIV ^ Y\ORORhLKNQ�K ] Y a�b SLSfQ�We b S
TRQP�%J b KRQ ]�] QY¬X[Q ad] Y%S b hLX\Q ]j] QoJ b ORe TNe b S�VLQ ] ^ b[� ��Q�TP�

B b � b SfO ]_^ Q ! Q�T VWQ ] Y a�b �%J Q�SfONYZTNe b S!VWQ/� b hfX[Q��%QPS\T�ORhLK�VWQPO�ej��Y � QPO�KRMPQ ]j] QkO��
nºKNQ�S b SfO VWQPh�dej��Y � QPO ORh a�a QPONO ejX[QkO VWQ ] YmO Mk�\hfQ�S a Q � b KRQP��YrS 6 � � hLKNQPO � � �16_Y�9 Q�T � � �16 � 9 9��
# YmVLe ! M�KNQ�S a QpQ�SUTRKNQ ] QPO3VLQ�h�IYrJLJfY[KNY<;jT ORhLK ] Y � � hfKRQ � � � 6 a 9�� c b hfO J b hfX b SiO �\hiYrSUTRe �fQ�K
a Q�T TNQ�VWe ! M�KNQ�S a Q � JiYrKRTRejK�VWQ ] Y%�UhfY ] e�TRMVWQ � � �16_Y�9 a�b �%�%QYrJLJfK b Wej�%YrTRe b S�VLQ � � �16 � 9
a Q��\hfe¿KNQ�JLKNMPORQ�SUTNQ�hLSLQ�KNQ ] YZTNe b S�O e � SfY ] ORhLK � KRhLe�T�VWQ � H � 6 ��V  �3npYrK a�b SUTNKRQ���ORe b S
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��YZTNe b S/VLQ � � �=6 � 9oQPO T�VWQ � 3w� H � V  � �¿Q�TRTRQ��UhfY ] e�TRM�M ] QPX[MPQuQkO�TuVWhLQ�Yrh �|Y[e T��Uh ^ hLSLQ
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�¿Q ] Y�J Q�KN�%Q�T ] Y a KNeqO�T«Y ]j] eqORYrTRe b S�ORJ b SUTNYrSfM�Q¿VLQ"S b hLX[Q ]�] QPO KRM � e b SfO ORY[SfO�Y¬X b ejK � QPO b ejS�VWQ
] QPOmejS a�] hLKNQ�Y%J b O�TNQ�KNe b KRe a�b �%�%Q�VLYrSiO  H � � �mgwhLK ] Y'� � hLKNQ � � � S b hfOmJ b hLX b SfO¡X b ejK ] Q
KNMPORh ] T«YZT�VWh�JfKRM�TRK«Yre�TRQ��%QPS\T�Y[JLJ ] ej�UhLM � S b TRKNQQ�WQ��%J ] Q56 X b ejK � � hLKRQ � � ��9¤�¿� � Yrh a �LQ
b S Y S′

t−1
Q�T � VWK b e�TRQ ] Y O hfKNORQ � �uQPSUTNYZTNe b S VWh TRQP�uJiO t 6 b S Y �%ejO�VfYrSfO a �fY\�\hfQ

KNM � e b S ] Yu� b �[QPSLSLQVWQkO¡SLe�X\QPY[h��VWQ � KReqO�9��

� e � hLKNQ � � � � � MkO h ] TNYrT�VWh�JLKRM�TRK«Yre�TRQP�uQPSUTP�

� ��� 8 %'+:9 �7%'&)( /5& ( ;	(,+-�".
�dQ ] Y%���P�uQ3�|Y[½ b S��\hfQ�VLYrSfO ] Q a Y[O � ejVWej�%Q�SfORe b SLSLQ ] � ] QkO a KNe�T���KNQPOmVLQ�� hfORe b S�O Q�ORh a D
a �kVWQ�SUToQ�S b KNVWKNQ a K b ejONORY[SUT�VWQ a�b �%J ] Q�We TNM[� # QkO�JLKNQ��%e���KNQPO � hiO e b SfOoORQ�KNMPY ] eqO QPS\ToO hLK
VWQkOJiQ�TRe�TRQkO ?�b SLQPOIJ ] YZTNQPO�UhLeºS ^ Y\VW�%Q�T TNQ�SUT�JfY\OVWQPO a KRe�T��PKRQkO a�b �%J ] Q�WQkO a�b �%�%Q ] Y
TRQ%wTRhLKNQ b h ] Q�� b hLX[QP�uQPSUTP� ��h � hLK%Q�T � �%QPORhLKRQ��UhLQ ] QkO ?Pb SLQkOuJ ] YrTRQkO a K b ejONORQ�SUT
] QPO a KRe�T��PKRQkOmhWTNe ] ejORMPO�JiQPhLX[QPSUTdO Q�O QPKRXwejK�V ^ hfSLQ�ejS�� b KN��YZTNe b S�J ] hfOdO e � Sfe�� a YZTNe�X\Q��\hfQ ] Q
ORe��%J ] QSLejX[QPY[h�VLQ � KReqOP�

��-���-/. � 6�;�E ��6�� ��� � 8�=�EF69? : E �
�oYrSfO ] Q a Y\O � ejVLe��%Q�SiO e b SLSfQ ] � ] Q�KNMPORh ] TNYrTpVLhuJfKRM�TRK«Yre�TRQ��%QPS\TpQkO�T"ORe��%J ] e �fMmJfYrK � hiO e b SfO
ORQ ]jb S ] Q a�b SUTNKNY\O�TNQ ]jbWa Y ] Q�SUTNKRQKNM � e b SfO���hfON�\h ^ ��b\� TRQPSLejK�hLSLQ�ORQ � �%Q�SUTNYrTRe b S�Y¬X[Q a hfS
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S b � � KNQ�VLQ�J b ejSUTNO VWQ a�b SUT b hfK�JfKRMkVWM�TNQ�KN�uejSLM\� ` S H � ] QPO a�b SUT b hLKNO�O b SUT VLQPOpORhLK �|Y a QkO
Q�T ] Q�S b � � KRQ�VWQ�J b ejSUTNO�VWQ a�b SUT b hfK�VWM�J Q�SfV�VLh�� b hLX[QP�%Q�SUT�VWQPO b[� ��Q�TNOP��¾dK,�3hfS
S b � � KNQIM ] Q�X[MVWQJ b ejSUTNO�VLQ a�b SUT b hLK¡SLQ�ORe � SLe �fQJfY[O � a�b �%J ] Q%WQ �%a�b VLQ�K 
«� ` S�Q ! Q�T��
hLS b[� ��Q�TJiQPhWT�O h � e�KIhLS � b KRT�VWM�J ] Y a Q��%Q�SUT 6 � M�SLMPKNY[S\TIhLS S b � � KNQ�M ] QPX[M%VWQ�J b ejSUTNO
VWQ a�b SUT b hLK 9IQ�T�J b hfK T«YrSUT���TNKRQ5�|Y a e ] Q��%Q�SUT a�b VLM � K+
 a Q � hLSLQ � b SfSLQ�� b VWM ] ejONYZTNe b S
VWQ%O b S � b hfX[Q��%QPS\Tk��� ^ QkO�TIJ b hLK«�\h b e ] Q a KNe T���KNQ�V ^ YrKNK���TdhLTRe ] eqO M%QPS H � S ^ QPO TIJfY[O ] Q
S b � � KNQ�VLQ�J b ejSUTNOpVWQ a�b SUT b hLK��Z��Y[ejO hLS%ORQ�hLe ] VWQ a�b S\TNKNY\O�TNQ�� a Q ] hLeWhWTRe ] ejORMmQ�S �r� J b hLK
b[� TRQ�Sfe�K ] QS b � � KNQVWQJ b e�SUT«O�VWQ a�b SUT b hfK�VWQ���YrSiVWM[�"��e�SiO e T b hWTNQPO ] QPO�KRM � e b SfOmV b SUT
] Q a�b SUTNKNY\O�TNQ ]jbWa Y ] QkO�TmejS�� M�KNejQ�hLK�Y[h�ORQ�hfe ] a Y ]qa h ] MIQ�S �r� O b SUT � hfORe b SLSLM�QkO��
n b hLK ] Q�TNKNY[e TNQ��%Q�SUT�VLQoORMP�UhLQPS a QkO%� ] ^ ej��Y � Qo�UhLQdS b hfO�Y¬X b SfO � O ej�%J ] e��fQPK¿QkO�T¡hLSLQ

ej�%Y � Q�TRKNejVWej�%Q�SfORe b SLSLQ ]�] Q�Q�T a�b �%�%Q�S b hfO ]_^ Y¬X b SfO"VWM � � VLM a KNe�T�� ] QkO � hiO e b SfO��UhLQoS b hfO
J b hLX b SfOIKNMPY ] eqO QPK a�b �uJ b KRTRQPSUTO b e�T�VWQPh� KNM � e b SfOVWh TRQP�uJiO t ��O b e�T�hLSLQ�KNM � e b S VLhTRQP�%JfO t − 1 Q�TdhLSLQ�Y[hWTRKNQ�VWh�TNQ��%JfO t �i��YreqOp� Y[��YreqO�VWQ�h=�KNM � e b SfOmVWh�TNQ��%JfO t − 1JfY[K a QI�Uh ^ Q ]j] QPOmYrJfJfYrKRTRejQ�SLSfQ�SUT � hfSLQ�O Q � �%Q�SUT«YZTRe b S��UhLe3Y%VWM�� � M�TRMM�T«Y �L] ejQ[�
¾dK,� ] QPO�� hfORe b SfO%�UhLe a�b �%J b KRTRQ�SUTuhLSLQ�KRM � e b S VWh TRQ��%JfO a�b hLK«YrSUT�Q�T�hLSLQ�YrhLTRKNQ

VWh/TNQ��%JfO�JLKRM a MkVWQ�SUT�O b SUT�J ] hfO�ejSUTRMPKRQkORONYrSUTRQkO�VWh�J b ejSUT�VWQ�XwhLQ�VWQ a�b VLY � Q��3JfY[K a Q
�Uh ^ Q ]j] QkO a�b SUTRKNe � hLQ�SUT �m� YrK«VWQ�K3hLSLQ¿O TNY � e ] e�TRM"TRQ��%J b KNQ ]j] Q\��gweUS b hfO a�b SfORejVLM�K b SfO?T b hWTNQPO
] QPO4� K b S\TNe �PKRQkO 6|Q� a QPJWTRMPQPO a Q ]j] QkO¿�UhLe b SUT�hLS���YrK«�UhLQ�hLK�VWQ a �iY[�UhLQ a%� TRM:9ºQ�T��UhLQdS b hfO
] QPO b K«V b SLS b SiO�ORQ ]jb S ] QPhLK a�b SUTRK«Y[O TRQ�e ] QkO�T�J b ONO e �L] Q��UhLQ�S b hfO%KNMPY ] eqO e b SfOuV ^ Y � b K«V
VWQkO8� hfO e b SiOoORJfYrTReqY ] QPO�6|�UhLe � M�S=�PKRQPSUTIVWQkO a�b SUT b hLK«OdTRQ��%J b KNQ ] O�9oY ]�b KNOo�UhLQ ] Y � hfORe b S
TRQP�%J b KRQ ]�] Q 6 J ] hfO�ejS\TNM�KNQPONORY[SUTRQ�VWh J b ejSUTuVWQ�XUhfQ�VWQ a�b VLY � Q,9oS ^ Y¬XZYre�T�JfY\O�hLS a�b S�D
TRK«Y[O TRQ�ORQ�SfORe �L] QP�%Q�SUT�O hfJiMPKRejQ�hLKk�+n b hfK�M�Xwe TNQ�K ] QPO%ejSfO TNY � e ] e�TRMPO�VWhLQPO � VWQPO�J Q�TNe TNQPO
VWe ! MPKRQPS a QkO�V ^ M�XZY ] hfYZTNe b S VWQkO�� K b SUTRe���KNQPO�S b hiO a�b �%�%Q�Si½ b SiO�JiYrK�� hfORe b SLSLQPK�T b hWTNQPO
] QPO�KRM � e b SfO��UhLe¡O b SUT a�b �%J ] ��TRQP�%Q�SUT�ejS a�] hfORQPOuVLYrSiO�hLSLQ�KNM � e b S�JfKRM a MPVLQ�SUTRQ�Q�Tu�UhLe
b SUT¡hLS a�b SUTRK«Y[O TRQ�e�S�� MPKRejQ�hfK�Y[h�ORQ�hLe ] a Y ]qa h ] MdQ�S9�[���W�oYrSfO ] Y�JLK«YZTNej�UhLQ ] Y a�b SUTRK«YrejS\TNQ
V ^ e�S a�] hfO e b S a�b �uJ ] ��TRQ%QPO ToKNQ ] 
 a �fM�Q�J Q�KN�%Q�TRTNYrSUT ] Y5� hfORe b S/VWQPOoKNM � e b SiOd�UhLeºO b SUTdejS�D
a�] hfORQPO ����6 � VfYrSfOohLSLQ%KNM � e b S�JLKNM a MkVWQ�SUTNQ[����e�SiO e � ] QkO8� hfORe b SfOoe�SUTRMPKRQkORONYrSUTNQPOoV ^ hfS
J b ejS\ToVWQ�XwhLQ�VLh a�b VLY � Q�O b SUT�KRMkY ] ejORM�QkOmQ�S�JfKRQP�uejQ�K,�iV b SLSfY[SUT�JLKNe b KRe�TRM�Y[h� � hiO e b SfO
�UhLe � Y[KNVWQPSUT ] Y O�T«Y � e ] e TNM�TRQP�%J b KRQ ]�] Q��"TNYrSUT��UhLQ ] Q a�b SUTRK«Y[O TRQ�VLYrSfO ] ^ Y"wQ�TRQP�uJ b KNQ ]
S ^ QPO T�JfY\O � b KRT ] Y�O Q � �%Q�SUT«YZTRe b S�JLKNM a MPVWQPSUTRQQPO T � YrK«VWM�Q\� # Y � � hLKNQ � � �;6 � b SUTNKRQ ] QPO
� hfORe b SfO¡JLKNe b KRe�TNY[e�KNQPO¡�UhLe b S\T�M�TRMIKNMPY ] eqO MPQPO � JfYrKRTRejK�VWQ ] ^ ej��Y � QVWQ ] Y'� � hfKRQ � � � �
· SfQ � b ejOp�UhLQ a Q�T TNQ¡JLKR�%e���KNQ¡JL�fY[ORQ¡VWQ � hfO e b SiO QPO T�TNQ�KN�%e�SLMPQ�� ] QkO�Y[hWTRKNQPO$� K b SUTNe �PKRQkO

O b SUToQ%LYr�%e�SfM�QPO ��] Q�hfKdT b hLKk� #º^ Y ]j�[b KRe�TR�f�uQuVWQ � hfO e b S VWQuKRM � e b SfOdO Q ]�b S hLS a KNe T���KNQ
VWQ a�b SUTRK«Y[O TRQ ]jbWa Y ] QkO�T�YrJfJ ] eq�UhLM ��] ^ ej��Y � Q�TRKNeqVWe��%QPSfO e b SfSLQ ]j] Q%KNMPORh ] TNYrSUTNQ�� ] Q a KRe���KNQ
V ^ YrKNK���ToM�TNY[S\T ] Q%ORQ�hfe ] VWQ a�b SUTRK«Y[O TRQ a Y ]qa h ] MuQ�S/VWQ�h� VWe��%QPSfO e b SiO��ul�YrejSUTRQ�SiYrSUT ] QPO
KNM � e b SiO�VWh TRQ��%JfO t J Q�hfX[Q�SUT8� hfORe b SLSLQ�KIY¬X[Q a] Q�JfY\ORORM 6_ORY[SfO ] Y a�b SUTNKNY[e�SUTRQ�VWQ �J6 �V ^ e�S a�] hfO e b S 9�YrejSfORe¿�Uh ^ Y¬X[Q a V ^ Y[hWTRKNQPO�KRM � e b SfO�VWh/TRQP�uJiO t � �¿Q�T TNQ�VWQPh�We �P�uQ�M�TNY[JiQJ Q�KN�uQ�T ] YVWM�� b KR��YrTRe b S�VWQkOºKNM � e b SiO Q�T ] Y a KReqO�T«Y ]j] eqONYZTRe b S�VWQ�S b hLX\Q ]j] QkOpKNM � e b SiO%� a[^ QkO�T
J b hLK«�Uh b epQ ]�] Q%QPO TIKNMPY ] eqORM�Q%YrJLK��PO ] QPO8� hfORe b SfOIJLhfKRQP�uQPSUToTNQ��%J b KNQ ]j] QkO�\hfeºO b S\TJ ] hfO
ejS\TNM�KNQPONORY[SUTRQPO VWh%J b ejSUT"VWQmXwhLQ�VWQ ] YoO TNY � e ] e�TRM\� # Y8� � hLKNQ � � �[� 6|Y�93� b SUTRKNQ ] QmKNMPORh ] TNYrT
VWQkO$� hfO e b SiO JiYrK a�b S\TNKNY\O�TNQ"Q�T ] Y/� � hfKRQ � � �[� 6 � 93� b SUTRKNQ ] QPO�KNM � e b SfO �UhLe b SUT a KReqO TNY ]j] ejORM
Yrh�TRQP�%JfO a�b hLK«YrSUT��WONYrSfOmO ^ Y\ORO bWa ejQ�K � hLSLQKNM � e b S�VWh�JfY\ORORM[�

��-���->, � 6�;�E ��6�� ��� E � ��E�� 6��
�\hfOR�Uh ^ � ��YrejS\TNQ�SfY[SUT ] QPO�ORQ�h ] QkO8� hfO e b SiOIKRMkY ] ejORM�QkO b S\T�M�TRM � Y\O MPQPOORhLK ] Q a�b SUTRK«Y[O TRQ\�
c b hfO�O b �u�%QkO Y[e�SfORewYrKNKRejX[MkO � hLSfQ�ORQ � �uQPSUTNYZTNe b S��UhLe a�b �%JLKNQ�SiV ] QkO KNM � e b SfO3VLh�JfY[ONORM
�u] QPhLKmS b hLX[Q ] Q��%J ] Y a QP�%Q�SUT�YrejSfORe �\hfQIVLQPO a YrSfVWeqVLYrTRQPO � S b hLX[Q ]�] QPO�KNM � e b SfO��
�oYrSfO ] Q a Y[O � ejVLe��%Q�SiO e b SLSfQ ] �wY[JLK��PO ] QPO � hfO e b SiO"JfY[K a�b SUTRK«Y[O TRQ��\S b hiOºX[MPKRe �fe b SfO"O e

] ^ QPSfO QP� �L] Q�VWQ�J ] hfO ejQ�hfKNO�KRM � e b SfOmJ b hfX¬Y[e T8��TNKRQ�KNQ�JfKRMkO QPS\TNMJfYrK ] Q������%Q�� b V�� ] Q�VWQ
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6_Y�9 ` S �f] Y[S a � ] QPO � hiO e b SfO
TNQ��%J b KRQ ]�] QPO¡JfKRe b KNe T«YrejKRQkO

6 � 9�¯>�%Y � Q a�b VWM�Q Y¬X[Q a ] Q
SLe�X\QPY[h VWQ � KNeqO'� b �[Q�S
YrJLK��PO ] QPO3� hfORe b SfO�JLKNe b KNe�D
TNYrejKNQPO

� e � hLKNQ � � �;6 � � hiO e b SfO�JLKRe b KNe�TNYrejKNQPO � JiYrKRTRejK�VWQ ]_^ e���Y � Q � � � �

6_Y�9�¯>��Y � Q�ORQ � �uQPSUTRM�Q a�b VWMPQ
Y¬X\Q a ] Q!SLejX[QPY[hCVWQ � KNeqO
� b �[QPS

6 � 9 ��YrSfVWeqVLYrTRQPO � VLQ S b h�D
X[Q ]j] QPO¡KNM � e b SiO

� e � hLKRQ � � �\� � � MPORh ] TNYZT�Y[JLK��PO � hfORe b SfO¡JfYrK a�b SUTRK«Y[O TRQ\�
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TRQ%wTRhLKNQ��fORe�TRhfYrTRe b S�VLYrSfO ] Y[�UhLQ ]�] Q ] QkO¡KRM � e b SfO�M�TNYrejQ�SUT � hfORe b SLSLMPQPOP�
¯ ] QPO ToJ b ONO e �L] Q��UhLQ a Q�KRTNY[e�SfQPO a YrSfVLejVLYrTRQkO � S b hLX\Q ]j] QkO�KNM � e b SfO�JLK b Xwe�QPSLSLQPS\TIVWQPO

KNM � e b SiO��UhLe b S\TdM�TRM3� hfO e b SfSLM�QkO�VLY[SfO ] Q�JfY[ONORM�JfYrK�hLS a KNe T���KNQ�VWQTNQ�wTRhfKRQ��UhLQ�S b hfO
S ^ Y¬X b SfO%JfY[O�YrJLJ ] eq�UhLM�J b hLK ] ^ e�SfO TNY[SUT�Yrh TNQ��%JfO a�b hfKNY[S\Tk� � ^ QPO T�J b hLK«�Uh b e�S b hfO
X[MPKRe � b SfOmO e a QPO¡S b hLX\Q ]j] QkO¡KRM � e b SfO¡J Q�hLX\Q�SUT ��TNKRQIKNQ�JLKNMPORQ�SUTNM�QPO¡JiYrK ] Q�'�P�%Q� b V�� ] Q
VWQTNQ�wTRhfKRQ��Uh ^ hLSLQ�X b eqORe�SLQ\�¿�oYrSfO ] Q a Y[O�Y ��KR��YrTRe � ] QPO�KRM � e b SfOmO b SUT � hfORe b SLSLMPQPO�� a Q
�UhLe QPS\TNKNY<;qSfQ ] Y�VWeqO JfY[KRe�TRe b S�V ^ hLSLQS b hLX[Q ]�] QIKRM � e b S�JfKRMkO hL�%MPQ[�
��ejSfORe	�\JfYrKN�%e ] QPO a YrSfVLejVLYrTNO � S b hLX\Q ]j] QkOpKNM � e b SiOpVWQ ] Y8� � hLKNQ � � �[� 6 � 9��\ORQ�h ] Q��%QPS\T

VWQPh� b SUT3M�TNMºKRQ�TRQPSUhfQPO46|X b e�K)� � hLKNQ � � � ��9¤� `º]j] QPO a�b KNKRQkO J b SiVWQ�SUT3Yrh= ?�b SLQPO VWQ ] ^ ej��Y � Q
VWM a�b hfX[Q�KRTRQkO �ua YrhfORQVWh�� b hLX\Q��%Q�SUT�VWQ a Y[�%M�K«Y�X\Q�K«O ] Q � Y\O¡Q�TmX[QPKNO ] Y%VWK b e TNQ[�

� e � hfKRQ � � � �L�pc b hfX[Q ]j] QPO¡KNM � e b SiO�Y[JLK��PO � hfORe b SfO¡JfYrK¡TNQ�wTRhfKRQ\�

��-���-�� � 6�;�E ��6�� ��� �B8���� � � � =�E
· SfQ¿ORMP�UhLQ�S a Q"V ^ ej�%Y � QkO � b SUTRKNQ ] ^ MPX b\] hWTNe b S�V ^ hLSLQ¿O a �PSLQ¿Y[h ]�b S � VWh�TRQP�uJiO���® b KN�%ejO
] QPO a �fY[S � QP�uQPSUTNOoVWQ�O a ��SLQ�� ] QkO a �fYrS � Q��%Q�SUT«OdQPSUTRKNQuVWQPh� ej��Y � QkOIO h aPa QkORORe�X\QPOoO b SUT
VWhfO O b e T3Y[hI� b hLX[QP�%Q�SUT3VWQPO b[� ��Q�TNO VLY[SfO ] Y�O a ��SfQ��¬O b e T3Y[ho� b hLX[QP�uQPSUT3VWQ ] Y a Yr�%MPKNYf�
�oYrSfO ] QkO�VWQPh� a Y\O%� ]_^ ejS�� b KN��YZTRe b S�VLQ�� b hLX\Q��%Q�SUT�QPSUTRKNQ�VWQ�h=�J ] Y[SfO�ORh a�a QPONO e �|O�QkO�T
TRK��PO�J Q�KRTRejSLQ�SUTRQ�Q�TuJiQPKR�%Q�T�VWQ a�b VWQ�KuVWQ���Y[SLe �PKRQ�M a�b S b �uQ ]_^ e���Y � Q t

� JfYrKRTRejK�VWQ
] ^ ej��Y � Q t − p ��oYrSfO ] Q a Y[VLKRQ�VWh JLK b ��Q�T MAV T ��[� � 3���e ] Y M�TRM�VWMPX[Q ]�b JLJiM�hLS Y ]��\b KNe TN�L�%QV ^ QPO TRej��YZTRe b S+VLQ�� b hLX[QP�%Q�SUT b KNe�QPSUTRM b[� ��Q�T����UhLedY ]_^ Y¬XZYrSUTNY � Q��"JfY[K�KNY[JLJ b KRT�Yrh�
�%M�TN� b VWQPO a�] Y[ONO eq�UhLQPO��pVWQ�TRK«Y¬X¬Y[e ]j] Q�K�Y¬X\Q a VWQkO b[� ��Q�TNO�Y[h ] e�QPh VWQ ] Q �|YrejKRQ�Y¬X[Q a VWQPO
�L]jbWa OP� # QkO �f]�bWa O b SUTohLSLQ3� b KR�%Q�KRM � h ] e �PKRQ��fejSfVWMPJiQPSfVLYrSUTNQuVWh a�b SUTNQ�Swh VWQ ]_^ e���Y � Q��
TNY[SfVWeqO��UhLQ ] QPO b[� ��Q�TNO 6 KNM � e b SiO�VWQ ] Y�O Q � �%Q�SUT«YZTRe b S 9�O ^ Y[VfYrJWTNQ�SUT�Yrh a�b SUTRQPSUh VWQ
] ^ ej��Y � Q"Q�T3e ] QkO�T3J ] hfO JLK b[� Y �L] Qº�\h ^ e ] O a�b KRKNQPORJ b SfVWQPS\T � VLQPO b\� ��Q�T«O JL�w�WORej�UhLQkO%�¬O b hL�%ejO
� hLS�� b hfX[Q��%QPS\T�� b � b[� ��SLQ\� # QkOQPO TRej��YZTRe b SiO�VWQ�� b hLX\Q��%Q�SUT a Y ]qa h ] M�QkO�O hfK�VWQPO
b[� ��Q�TNO"O b S\TºY[e�SfOReLJ ] hfOpJ Q�K�� b KN��YrSUTRQkO�� �¿Q�TRTRQmQPO TRej��YZTNe b S%VLQm� b hLX[QP�%Q�SUTºJLK b VLhLe TºhfS
Q�SiO QP� �L] QVWQJfYrK«Yr����TRKNQPO¡VWQ� b hLX\Q��%Q�SUT�Y ��SLQ56 � JfYrK«Yr����TRKNQPO+9ºJ b hLK a �iY a hfSLQ�VWQPO
KNM � e b SiO����oYrSfO ] Y O hLe�TRQ��º�UhfYrSfV/S b hfO�JfYrK ] QPK b SfO�VWQ�X[Q a TRQPhLK�VWQ�� b hLX\Q��%Q�SUT�J b hLK
hLSLQKNM � e b S��wQ�S �|Yre�T�S b hfO � Q�K b SfO¡KNM�� MPKRQPS a Q �%a Q�T�Q�SfORQ�� �L] QVWQJiYrK«Yr����TNKRQkO��
· TNe ] eqORY[S\T a Q�T¡Y ]j�[b KRe�TR�L�%Q�V ^ QPO TRej��YZTNe b S�VWQ�� b hLX\Q��%Q�SUT b KRejQ�SUTNM b[� ��Q�T�� ] Q a�b VLY � Q

VWQ ] ^ ej��Y � Q t V ^ hLSfQ�O Mk�\hfQ�S a Q a�b SiO eqO�TNQ � QPO TRej�%Q�K ] Q� b hLX\Q��%Q�SUT�J b hLK a �iY a hfSLQ�VWQPOKNM � e b SiO�VWQ ] Y�ORQ � �uQPSUTNYZTNe b S St
JfYrK�KNY[JLJ b K T ��] Y VWQ�KNSLe���KNQ�e���Y � Q a�b VLM�Q�� ] ^ ej��Y � Q

t − p � ` SfORhLe TNQ�� ]_^ e���Y � Q a�b VWMPQ VWh TNQ��%JfO t − p QkO�T a�b �%J Q�SfORM�Q�QPS+hWTNe ] ejONYrSUT ] Q� b hLX\Q��%Q�SUT�QPO TRej�uMoQ�T ] ^ QPKRKNQ�hLK¡VWQoJLKNMPVWe a TNe b S 6|VWe ! M�KNQ�S a QdQPS\TNKRQ ] ^ ej��Y � Q a�b �uJ Q�SiO MPQ
Q�T ] ^ e���Y � Q b KNe � e�SfY ] Q:9ºQkO�T a�b KNKRe � M\�
��ejSfORe ] ^ ejS�� b KN��YZTNe b S SfM a QkORONYrejKNQuJ b hfK�KRQ a�b SfO�TNe TNhLQ�K ] ^ e���Y � Q t QPS�KRM a QPJWTRe b S QPO TP�] ^ ej��Y � Q t − p

a�b VLM�Q��phfS X[Q a TRQPhLK%VWQ�� b hfX[Q��%QPS\T�JfYrKuKRM � e b S�Q�T ] Y a�b KRKNQ a TRe b S�VWQ
] ^ QPKRKNQ�hLKVWQ%JLKNMPVLe a TRe b S(6 a�b �uJ Q�SiORYrTRe b S19���¾dK,� e ] QkO�TJ b ONO e �L] Q 6|�����%Q a�b hLKNY[SUT+9��UhLQ
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] ^ QPSfO QP� �L] Q VLQ J ] hfORe�QPhLKNO�KRM � e b SfO �ib h � Q VWQ ��YrSfe �PKRQ a�b �LMPKRQPSUTRQ[�'¯>��Y � ejS b SfO�JfYrK
Q�WQP�uJ ] Q ] Y � � hLKRQºV ^ hLS�JiQPKNO b SLSiY � Q\� ] QkO �[QPh�)� ] QºSLQ ? � ] Y � b h a �LQ � b h � Q�SUT �m] ^ hLSfejONO b S
Y¬X[Q au] Q�� b hLX[QP�uQPSUT�VWQ ] Y�T���TNQ[� # Q a Y[OIQ%UTNK��P�%Q�QPO T�hLS�� b hLX\Q��%Q�SUT�VWQ a Yr�%MPKNY �
ORe TNhfYZTNe b S VLY[SfO ] Y[�UhLQ ]j] QuhfS/ORQ�h ] X[Q a TRQPhLK�VWQ�� b hLX\Q��%Q�SUT a�b �%JiQPSfO Q a�b KNKRQ a TRQP�%Q�SUT
] ^ ej��Y � Q�Q�SUTRe���KNQ 6|Q� a QPJWTRMPQPOoM�XweqVWQ��%QPS\T ] QkO ?�b SfQPOdS b hLX\Q ]j] QkO�9��IgWe ] Qu� b hLX[QP�%Q�SUToVWQ
J ] hfORe�QPhLKNO�KRM � e b SfO�QPO T a�b �LM�KNQ�SUT��?VWh�J b ejSUToVWQ�XUhfQ�VWh a�b VfY � Q��fe ] QkO�Tde�SUTRMPKRQkORONYrSUT�VWQ
] QPO � hfORe b SLSLQPKmJfYrK a Q�UhLQ[�

•
]_^ Q�SfORQ�� �L] QºVWQPO KNM � e b SfO?J Q�hWTG��TRKNQ a�b �uJ Q�SiO M a�b KNKRQ a TRQP�%Q�SUT JfYrK hLS�ORQ�h ] X[Q a TRQPhLK
VWQ�� b hfX[Q��%QPS\TmONYrSfO�Yrh � �%Q�SUTRQPK¿VWQo��YrSLe���KNQdORe � SLe � a YrTRejX[Q ] ^ Q�KNKRQPhLK¿VWQoJLKNMPVWe a D
TRe b S �

•
]_^ Q�KNKRQPhLK�VWQ�JLKNMPVLe a TRe b S VWQPO a�b S\T b hLK«O a�b �u��hLSfO�Y[h� KNM � e b SfO'� hfORe b SLSLMPQPO�SLQ
V b e�TmJfY[O���TRKNQ a�b VWM�Q\�
c b TRKNQ b\� ��Q a TRe ��QPO Tu��YrejSUTRQPSfYrSUTuVLQ�TNK b hLX[QPK�hLS a KNe T���KNQ��UhLe¡S b hfO�J Q�KN�uQ�T TNQ�VWQ

VWM a eqVWQ�K�ORe ] Qo� b hLX[QP�uQPSUTmVLQ�VWQ�h��KRM � e b SfO�QPO T a�b �LM�KNQ�SUT b h�S b S �

� � 7 � 7 ��� } t#�!�3yZt#� ��t%yZt#�;�kt#( C &|v � �[t�t � x�yZt%y 8 . z�� � �dv:� �kv:�[t � xkt � C v:� 8 t#� �;� y&_t (*�%���it#( t � x
# QkO a KRe�T��PKRQkO�Yrh�L�UhLQ ] O b S�JiQPhWTdJ Q�SfORQ�KdKRQkORORQ�� �L] Q�SUT ��a QPh��JfKRMkO QPS\TNMPOmJ b hfK ] Y%TRQ% D
TRhfKRQ\�

��t#�!�Pt#( C &_v � �[t � t#�$" vWyZv:( �Ux�yZt#� ��tE(*�-� � t#( t � x nºKNQ��%e���KNQ��%Q�SUT�S b hfOmJ b h�D
X b SfO JiQPSfO QPK �da�b �uJiYrKNQ�K ] QPO�JfY[KNY[����TRKNQPO VWQ�� b hLX[QP�%Q�SUT QPh� D �����%QkO�� �¿Q a KRe�T��PKRQºQkO�T
� Y\O M�ORhLK ] ^ �U�wJ b TN�=�PORQ�ORhLe�XZY[S\TNQ[��O e�VWQ�h��KNM � e b SiO �ib h � QPSUT�Q�SfORQ�� �L] Q ] QPhLKNO�X[Q a TRQPhLKNO
VWQd� b hLX[QP�%Q�SUT¿O b SUT¿ORe��%e ] Y[e�KNQPOP� l�Y[ejO a Q�T TRQd�w�UJ b TN�=�PORQ�S ^ QPO T¿JiY[OºX\M�KNe��iM�Q[� ` S�Q ! Q�T��
] Q a Y ]ja h ] VWh�X\Q a TNQ�hLKdVWQ�� b hLX\Q��%Q�SUT�V ^ hLSLQ�KRM � e b S�QPO T ] Q�KRMkO h ] T«YZT�V ^ hLSLQ b JWTRej�%ejONY<D
TRe b S ]�bWa Y ] QuO hfK ] Y�KNM � e b S�Q�T a Q ] Y�J Q�hWTIS b hfO��%Q�SfQ�K � VWQkO�KNMPORh ] TNYZT«O�TNK��kOdVLe ! M�KNQ�SUTNO
J b hLKVWQkOIKRM � e b SfOoVWe ! MPKRQPS\TNQPOP��npYrKIQ�WQP�uJ ] Q�� ]_^ b JLTRej�ueqONYZTRe b S ]�bWa Y ] QuORhLKIhLSLQuJiQ�TRe�TRQ
KNM � e b S/J Q�hWTu� b VLM ] ejORQ�KuO b S�� b hLX[QP�%Q�SUT�JfY[K�hLSLQ � b KRTRQ�K b T«YZTNe b S/�UhLe�S ^ Q�WeqO�TNQ�JfY[O
XwKNY[e��%QPS\T,� ORe��%J ] Q��%QPS\T�JiYrK a Q��UhLQ�� hLS�JiQPh/JfYrK�fY\ORY[KNV�� hLS�JLe WQ ] QkO�T�Y[e�SfORep�%e�QPh�
a�b �%JiQPSfO M�� a Q%�UhLe$�|Yre�TIVWej�%e�SwhLQPK ]_^ Q�KNKRQPhLKdVLQ a�b �%J Q�SfONYZTNe b S ���¿Q�X\Q a TNQ�hLKIORQ�K«Y�TRK��PO
VWe ! MPKRQPSUToVWQkO�X\Q a TNQ�hLK«OdX b eqORe�SfOP� # Y�VWe ! MPKRQPS a QuY¬X[Q a hLS�X\Q a TNQ�hLKoX b ejORejS�O QPKNY�ej�%J b K D
TNY[SUTRQ�� �����%Q�ORe ��� K«YrSiVWQM a �LQ ]�] Q ] QPOdVWQ�h=�KNM � e b SfO�Y\V¬� Y a Q�SUTRQkO � b h � Q�SUTdQPSfO QP� �L] Q[�
# Y a�b �%JfYrK«YreqO b S�VWQkOmJfY[KNY[�'��TRKNQPO¿Q�h�������%QPO¡S ^ QPO T�V b S a JfY[O¡hfS � b S a KNe�T���KNQ[�

� tUy¬xPt � t /0� v:&_z x 8 " y ���-� /0� 8 t "�vWy &|v � ���kz�� � � t#��y 8 .iz'� � ��v:���kv:�\t � xPt#� # Y
� hfORe b S�VWQ�VWQPh�%KRM � e b SfOpej�%J ] ej�UhLQ ] Q�hfK a�b VLY � Q a�b SZ� b e�SUT�� a�b �%�uQ�ORefQ ]�] QPO"M�T«YrejQ�SUT"hLSLQ
ORQ�h ] Q¡KRM � e b S�� a Q��\hfe ]�b\� eq�\hfQ��%Q�SUTpQ�SUTRK«Y:;¼SLQ�hLSLQmJ Q�KRTRQmVWQ��UhfY ] e�TRM¡��YreqOpYrhfONOReUhfS � YrejS
Q�S a�b �uJfKRQkORORe b S ��gWe ] QPO VWQPh��KNM � e b SfO � b h � Q�SUTpVWQ¡�%Y[SLe���KNQ a�b �LM�KNQ�SUTNQ ] Q¿� b hLX[QP�uQPSUT
VWQ ]_^ Q�SfORQ�� �L] Q�J Q�hWT ��TNKRQ � e�QPS�� b VWM ] ejORM�JiYrKohLS ORQ�h ] X[Q a TRQPhLKIVWQ�� b hfX[Q��%QPS\Tk��npYrK
Yre ]j] QPhLKNO�� ] Q�hfK�� hfORe b S ej�%J ] ej�UhLQ�hfS � YrejS/Yrh/SLejX[QPY[h�VWh a�b VLY � Q�VWQPO a�b SUT b hLK«OIQ�T�VWQ
] Y�TRQ%wTRhLKNQ[� ª b hWT a Q a e YrJfJ b K TNQ�hLS � YrejS�Q�S a�b �%JLKNQPONO e b S�ONYrSfOdY ! Q a TRQ�KIVWQ��%Y[SLe���KNQ
ej�uJ b KRTNY[SUTRQ ] Y �UhfY ] e�TRM�VLQ ] ^ ej��Y � Q\� # Y JiQPK TNQ�VWQ��UhfY ] e�TRM��UhLQ ] Y � hfORe b S�JLK b X b �UhLQ
QPO T�Y[e�SiO e hLS a KRe�T��PKRQ�J b hLK�VLM�TRQ a TNQ�K ] QkO"KNM � e b SfOp� b � b[� �PSLQPO¿Yrh�ORQ�SiO¿VWh�� b hLX\Q��%Q�SUTP�
c�MkYrSL� b e�SfO��LVWQ��YrSfe �PKRQIO ej�%e ] YrejKNQ �u] Y%VWejO a hiORORe b S�VLQ ] Y%ORQ a TNe b S94f� H � � ] Q a KNe T���KNQoVWQ
J Q�KRTRQJ Q�KN�uQ�T ] Y%�'�P�%Q�VWM � KNY\VLYZTNe b S�J b hLK�T b hLTRQ�KNM � e b S��wTNY[S\T�J b hfK a Q ]�] QPOm�UhLe�O b SUT
� ejQ�S�KNQ�JLKNMPORQ�SUTNM�QPO"�\hfQ�J b hLK a Q ]j] QkOº�UhLe ] QdO b SUTº� b ejSfO � e�QPS �4�¿Q ] Y � MPS=��KNQ�VWQPO"e���Y � QPO
Y¬X[Q a VLQPOmKNM � e b SfO¡VWQ�\hiY ] e TNM�LM�TNM�K b[� �PSLQ[�
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� ��v:&_z x 8 ��t ��y 8 . z�� � ��v:� �kv:�[t � xPt#��v "�y�� � � ���kz�� � #º^ ej�uJfKRQkORORe b S�VWQ%�\hiY ] e TNM�Xwe�D
ORhLQ ]j] Q�V ^ hLSLQ�e���Y � Q¿Y¬X\Q a VWQkO�KRM � e b SfO VWQ¿�UhfY ] e�TRM��LM�TNM�K b[� ��SLQºQkO�T SLM � YZTNe�X\Q[� b S�KRQP��YrK�D
�UhLQ ] QPOºVLM��|YrhLTNO��UORhLKRT b hLT �a�� TRM�VWQkOpKNM � e b SiOºVWQmTNK��kO �ib SLSLQ��UhfY ] e�TRM\� � ^ QPO T"J b hLK«�Uh b e
S b hfO�JLKRM%� M�K b SfO�VWQkO a KNe T���KNQPO�VWQ8� hfO e b S � Y[ORMPO¡ORhLK ] Y�XZY ] Q�hLKmY � O b\] hfQoVWQ ] Y��UhfY ] e�TRMoQ�T
S b S�JiY[OmORhLK�hLSLQXZY ] QPhLKmKRQ ] YrTRejX[QoTRQ ]�] Q��UhLQ ] Y%JiQPK TNQ�VWQ��UhfY ] e TNM[�"�dQ ] Y%�'�P�%Q �|Y[½ b S
�UhLQ�VLYrSiO ] QPO8� hiO e b SfO � Y[ORM�QPOoORhLK ] Y�TRQ%wTRhLKNQ�� ] ^ QPO TRej�%YrTRe b S/VWQ��UhfY ] e TNM�YrJLK��PO � hfORe b S
ORQ�K«Y�KNMPY ] eqO MPQ�VWQ�JfYrKRTQ�T�V ^ YrhLTRKNQ%VLQ ] Y � K b SUTRe���KNQ��3VLQ��%Y[SLe���KNQ � Y\ORORhLKNQ�KIe�SiVWe�XweqVWh�D
Q ]j] Q��%Q�SUThLSLQ%�UhfY ] e TNM%�uejSLej��Y ] QuORhLK a �fY a hLSLQ%VWQPOIKNM � e b SfO � hfO e b SfSLM�QkO�����hWTRKNQ��%QPS\T
hLSLQdJiQ�TRe�TRQIKNM � e b S�KNeqOR�UhLQPKNY[e T"V ^ ��TNKRQ � b KRTRQP�uQPSUT¿Q�SiV b �%��Y � M�Q ]jb K«O"VLQdONY�� hfORe b S�Y¬X[Q a
hLSLQ � KNY[SfVWQoKRM � e b S�X b eqO ejSLQ��wQPS�Q ! Q�T��fONY a�b SUTRKNe � hWTRe b S ��]_^ Q�KNKRQPhLKmO QPKNY[e T¡SLM �[] e � QPY �f] Q\�
n ] hfO ] Y��UhfY ] e�TRM'6 Q 9"VWQ a�b �%JiQPSfONYZTRe b S�VLQ ] YKRM � e b S��UhLe KRMkO h ] TRQoV ^ hLSLQ � hiO e b S�QkO�T

� K«YrSiVWQ��wJ ] hfO ] Y � hfO e b S�QkO�TmJLKNe b KRe�TNY[e�KNQ[�

� � 7 � 7 � � G ��xkz�( vLxPz�� � ��t &_vE/0��v:&|z|x 8 v "�y��#� � � t�� ���kz�� � "�vWy9(*�-� � t ( t � x
l�Y[e�SUTRQPSfYrSUT��UhLQ�S b hfOY¬X b SfO a � b ejORe a�b �u�%Q a KRe�T��PKRQ�VWQ � hiO e b S ] Y��\hiY ] e TNM�VWQ a�b � D
J Q�SfONYZTNe b S�Y[JLK��kO � hfORe b S��We�SUTNM�KNQPONO b SfO�S b hfO �%] Yu��YrSLe���KNQVWQ a Y ]qa h ] QPK a Q�TRTRQ��UhfY ] e�TRM\�

G ��xkz�( vWxkz�� � t H + v ���PxPz �it ¯>�%Y � ejS b SiO�VWQPh� KRM � e b SfO�Y[V¬� Y a QPS\TNQPO R1
Q�T R2

Y¬X[Q a
] Q�hLK«OmX[Q a TNQ�hLK«O�VWQ�� b hLX[QP�uQPSUT�KRQkO J Q a TRe �|O ~v1

Q�T ~v2
� # QkO�X\Q a TNQ�hLK«O ~v1

Q�T ~v2
b SUT�M�TRM

a Y ]ja h ] MPOoJ b hLK b JWTNe��%eqO QPK ] Y a�b �%JiQPSfORYrTRe b S VLQPOIKNM � e b SiO R1
Q�T R2

KNQPORJiQ a TNe�X\Q��%Q�SUTP�
��h a hLS VLQPOoVWQ�h��S ^ b JLTRej�ueqORQ ] Y a�b �uJ Q�SiORYrTRe b S�VWQ R = R1 ∪ R2

��n b hLK T«YrSUT��?YrJfK��kO
] Y � hfORe b S�� ] Y�KNM � e b S+�UhLeIV b e T ��TRKNQ a�b �%J Q�SfORM�Q�QkO�T R �:n b hLK�QPO TRej�%Q�K ] Y �\hiY ] e TNMVWQ a�b �%J Q�SfONYZTNe b S+YrJLK��PO�� hiO e b S��me ] O QPKNY[e T�O b hL�iYre�TNY �f] Q�VWQ a Y ]qa h ] QPK ] Q�X[Q a TRQPhLK�VWQ
� b hLX\Q��%Q�SUT ~v Y[ONO bWa ejM ��] Y�KNM � e b S R �iKNM � e b S��\hfe3KNMPORh ] TNQ�VWQ ] Y�� hfORe b S�VWQ R1

Q�TdVWQ
R2
�
c�MkYrSL� b e�SfO�� a Q ] Y¡S b hfO b[�f] e � Q �ma Y ]qa h ] Q�K hfSX[Q a TRQPhLK3VWQº� b hLX[QP�uQPSUT J b hLK a �fY\�\hfQ

a�b hLJ ] QVWQKRM � e b SfOmY\V¬� Y a Q�SUTRQkO%�LY[e�SiO e �UhLQJ b hLK a �iY[�UhLQIKRM � e b S�YrhWT b hLK�V ^ hLSfQKRM � e b S
� hfORe b SLSLMPQ��ZVWQ �|Y\½ b S � Y a TRhfY ] eqO QPK ] QPO MPXZY ] hfYZTNe b SfO3VWQkO)� K b SUTRe���KNQPO3YrJLK��PO a �fY[�UhLQ � hfORe b S �
�¿Q�TRTRQ O b[] hWTNe b S QkO�T�TRK��PO a�b ? TNQ�hfORQ�VWh J b ejS\T�VWQ�XwhLQ�VWh TNQ��%JfO�VLQ a Y ]ja h ] � � ^ QkO�T
J b hLK«�Uh b e�S b hiOdY ]�]jb SfOdhWTNe ] ejORQ�KohLSLQ%O b[] hWTRe b S O b hiOED b JWTNe���Y ] Q��UhLe QkO�TIhLS a�b �%JLK b �%eqO
Q�SUTNKRQ ] Y a�b �%J ] Q�We�TRM�Y ]j�[b KRe�TR�f�ueq�UhLQoQ�T ] ^ Q � a Y a e TNM[�
G ��xkz�( vWxkz�� � �!�%���K � "�xPz'( v:&_t #"^ b\� TRQPSUTRe b S V ^ hLS+X\Q a TRQ�hfK�VWQ � b hLX[QP�%Q�SUT�J b hLK
a �fY\�\hfQ3� hfORe b S J b ONO e �L] Q����PSLQ � hLS Y ]j�[b KNe�TR�L�%Q�TNK��kO a�b ? TNQ�h��QPS�TNQ��%JfOVWQ a Y ]ja h ] �
` LYr�%ejS b SiO"hLSfQoO b[] hWTRe b S�O b hfOED b JLTRej�%Y ] Qd�\hfe?Y a�a M ] M�KNQ ] Y�JLK bwa MPVWhfKRQmT b hWT¡Q�S�JLKNMPORQ�K�D
XZYrSUTmhLS �ib S a�b �%J b KRTRQP�uQPSUTmVLQ ]_^ Y ]j�[b KRe�TR�L�%Q\�

# Y¡O b[] hWTRe b SO b hfO D b JWTNe���Y ] Qp�UhLQpS b hiO JLK b J b O b SfO a�b SfORejO TRQ �ma�b SfORejVLM�KNQ�K ] QPO X\Q a TNQ�hLK«O
~v1
Q�T ~v2

6 a Y ]qa h ] MkOmVWQI�%Y[SLe���KNQdejSfVWMPJiQPSfVLYrSUTNQJ b hLK b JWTNe��%eqO QPK ] QkO¡KRM � e b SfO R1
Q�T R2KNQPORJiQ a TRejX[QP�%Q�SUT+9 a�b �%�%Q�VWQPh� YrJLJfK b Wej�%YrTRe b SfO�VWe ! M�KNQ�SUTNQPO�VLh � b hLX\Q��%Q�SUTuVLQ ] Y

KNM � e b S R ��gwe hLS VWQPOoVWQPh��X[Q a TRQPhLK«O a�b �%JiQPSfORQ a�b KRKNQ a TRQP�uQPSUT ] QkOIVWQ�h��KNM � e b SfO b SJ b hLKNKNY a�b S a�] hLKRQ��Uh ^ Q ]�] QPO J Q�hLX\Q�SUT$��TRKNQ a�b �%JiQPSfORM�QPO Q�SiO QP� �L] Q/6_Y¬X[Q a hLS�ORQ�h ] X\Q a TNQ�hLK
VWQI� b hLX\Q��%Q�SUT 9ºQ�T¡QPS a�b SfORMP�UhLQPS a Qo�Uh ^ Q ]�] QPOmO b SUTmO b hL�%ejORQPO¡Y[h������%QI� b hLX\Q��%Q�SUTP�
gweºJiYrK a�b SUTRKNQ ] Y��UhfY ] e TNM�VWQ a�b �uJ Q�SiORYrTRe b S/VWQ R Y¬X[Q a ~v1

Q�T ~v2
QPO T��YrhLXZYreqORQ�� b S

SLQ�J Q�hWT�JfY\O a�b S a�] hLKNQ��UhLQ ] QPO�VWQPh� KNM � e b SiO�SLQ�JfhLejONORQ�SUTuJiY[O���TNKRQ a�b KNKRQ a TRQP�%Q�SUT
a�b �%JiQPSfO MPQPO¿Q�SfORQ�� �L] Q[� n Q�hWT���TNKRQI�Uh ^ hfSLQ b JWTRej�%ejONYZTNe b S �[]jb[� Y ] Q�O hfK ] ^ QPSfORQ�� �f] QIVWQPO
VWQPh��KNM � e b SfO¡YrhLK«Yre�T¡V b SLSLMhfSLQ �ib SLSLQ a�b �%JiQPSfORYrTRe b S �
�dM�TNY[e ]j]jb SfO ] Y%JLK bwa MPVWhfKRQO b hfO D b JWTRej��Y ] Qo�UhLQS b hfOmJfK b J b O b SfO��p¯>��Y � ejS b SfO¡VWQPh�

KNM � e b SiO R1
Q�T R2

Q�T ] Q�hLK«OIX[Q a TNQ�hLK«OIVWQ%� b hLX[QP�%Q�SUTKRQkO J Q a TRe �|O ~v1
Q�T ~v2

�5� b SfORejV D
M�K b SiOpV ^ Y �ib KNV ~v1

a�b �%�%Q�X\Q a TRQ�hfKºVWQ�� b hLX\Q��%Q�SUTºVWQ R � # QPOºKRM � e b SfO R1
Q�T R2

O b SUT
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a�b �%JiQPSfO MPQPOuY¬X[Q a ~v1
b\� TRQPSfYrSUT ] QPO%�UhfY ] e�TRMkO�KNQPORJiQ a TRejX[QkO Q1

1
Q�T Q1

2
� #"^ QkO�TNe���YZTNe b S

VWQ��UhfY ] e TNM �\]�b\� Y ] Q�QkO�T ] Q��%e�Sfe���hL� VWQPO%VWQPh� 6 Q1 = min(Q1
1, Q

1
2
9�9 �"Y\ORORhLK«YrSUT

YrejSfORe"hLSfQ��UhfY ] e�TRM��%ejSLe���Y ] Q�VWQ a �fY\�UhLQ a�� TRM�VLQ ] Y7� K b SUTRe���KNQ[� # QkO������%QkO b JiMPKNY"D
TRe b SiOmO b S\TmKNMPY ] eqO MPQPO¡Y¬X[Q a�] QX[Q a TNQ�hLK ~v2

b\� TRQPSfYrSUT ] QkOm�UhfY ] e TNMPO¡JfY[K TNejY ] QkO Q2
1
� Q2

2
Q�T

] ^ QkO�TNe���YZTNe b S VWQu�\hiY ] e TNM �[]jb[� Y ] Q�Y¬X[Q a ~v2
QPO TdVWQ Q2 = min(Q2

1, Q
2
2)
� #"^ QkO�TNe���YZTNe b S

VWQu�\hiY ] e TNM��UhLQuS b hfOdYZTRTRKNe � h b SfO ��] Y�KNM � e b S7� hfO e b SfSLM�Q�QPO T ] Q���Y<Wej��hL��VWQkOdVWQPh�
6 Q = max(Q1, Q2)

9¤� # Y�� � hLKNQ � � � H e ]�] hfO TRKNQ ]_^ M�XZY ] hfYrTRe b SVWQ ] Ym�UhfY ] e�TRM"V ^ hLSLQ"KRM � e b S
YrJfK��kOºhLSLQ � hfORe b S � Y[ORM�Q�ORhLK ] Q�� b hLX[QP�%Q�SUTP� `º]j] Q a�b KRKNQPORJ b SfV ��] Y�%Q�e ]�] Q�hfKRQo�\hiY ] e TNM
VWQ a�b �%J Q�SfONYZTNe b S��UhLQ�S b hfOºJ b hfX b SiO b[� TRQ�Sfe�K � JfY[K TNe�K�VWQPO"X[Q a TRQPhLKNO¿VWQ�� b hLX[QP�uQPSUT
b JLTRej�ueqORMPO�J b hLK¡hLSLQVWQkO�VLQ�h��KNM � e b SfOP� �¿Q�T TRQ�UhfY ] e�TRMoQPO TmhLSLQ �ib KRSLQoejS�� M�KNe�QPhLKNQo�UhLe
J Q�hWT ��TRKNQ¡Y[�%M ] e b KRMPQ"JfY[K�hfSLQ b JWTNe��%eqORYrTRe b S �[]jb[� Y ] Q¡VWhuX[Q a TRQPhLKpVWQ¡� b hLX[QP�%Q�SUTºVLYrSfO
] Y�KNM � e b S5� hfORe b SLSLMPQ[�

# QdX[Q a TRQPhLK¡VWQd� b hLX[QP�uQPSUT�Y[ONO bwa e�M � R QPO T ~v1
ORe Q1

QkO�T¡O hfJiMPKRejQ�hLKNQ � Q2
b h ~v2ORe Q2

QPO T�O hfJiMPKRejQ�hLKNQ � Q1
�

R1 R2

1V
1V

Q1

1
2Q1

R1 R2

V2

V2

2Q2Q1

2

Q1

1

2Q1 Q1

2
2Q2

Q1 2Q

Q
1

Q 2Q = max (      ,      )

= min(      ,       ) = min(      ,      )

� e � hLKNQ � � � H � ` XZY ] hfYrTRe b S�VWQ��UhfY ] e�TRMYrJLK��PO � hiO e b S � Y[ORM�QORhLK ] Q� b hLX[QP�%Q�SUTP�

� � � � 8 /0��t � �\t#� � � � � t%t#�PxPz�( vWxPz'� � �!�-���LK �%" xkz�( v &|t #º^ Y¬XZYrSUTNY � Q¿VLQ�SfQ�JiY[O a Y ] D
a h ] QPK ] Q�X[Q a TRQPhLK�VWQ�� b hfX[Q��%QPS\TuY[ONO bWa ejM ��] Y�KNM � e b S��\hfeºKRMkO h ] TNQ�VWQ ] Y7� hfORe b S QkO�T
a�] YrejKNQ��%Q�SUT ] YuK«YrJLeqVWe�TRMVWQ a Y ]qa h ] �W��YreqOm�\hfQ ] O¡Q�S�O b SUT ] QPO¡ejS a�b SwX[MPSLe�QPSUTNO��

#º^ ejS a�b SUX\M�SLejQ�SUTpQPO T¿�UhLQ ] Y a�b �uJ Q�SiORYrTRe b S�VWQ�� b hfX[Q��%QPS\TºS ^ QkO�TºJfY\OºYrhiORORe � b SLSLQ
�Uh ^ Q ]j] QuJ b hLKNKNY[e T ]_^ ��TNKRQ\� ` S Q ! Q�T�� ] QuX[Q a TRQPhLKoVLQ�� b hfX[Q��%QPS\TI�Uh ^ b S � YrK«VWQ�J b hLK RS ^ QPO T�JfY[O b JWTRej��Y ] JfhLejON�Uh ^ e ] Y¬XZY[e T�M�TNM a Y ]ja h ] M�J b hLK R1

b h R2
�!��Q�J ] hfO��¡M�TNY[SUT

V b SLSLM��Uh ^ e ] O ^ Y � e�TdV ^ hLSLQ b JWTNe��%eqORYrTRe b S ]jbWa Y ] Q�� ~v1
b h ~v2

JiQPhLX[QPSUTdSLQ�JfY[O�Q�WJLKNe��%Q�K
] QXUK«Yre � b hLX[QP�uQPSUT��LORhLK T b hWT�VLY[SfO ] Q a Y\OmVWQJiQ�TRe�TRQkOmKRM � e b SfOP�4� ^ QkO�T�J b hfKN�Uh b e S b hfO
YrJfJ ] eq�Uh b SiO ] Q X\Q a TNQ�hLK ~v1

� ] Y KNM � e b S R2
Q�T�XUe a Q X[QPKNONY�Q�T�S b hfO a � b eqO eqORO b SiO ] Q

X[Q a TNQ�hLK��UhLe V b SLSLQ ] QPOm�%Q�e ]j] QPhLKNO¡KNMPORh ] TNYrTNOP� �¿Q ] Y�KNMPVWhLe�T ] QPO¡J b ONO e � e ] e�TRMkOmV ^ M a �LQ a VWQ
] ^ QkO�TNe���YZTNe b S O b hfO D b JWTNe���Y ] Q[��gwe ~v1

QkO�TIhLS X\Q a TRQ�hfK/�|Y[hfONO MuJfYrK ] ^ QkO�TNe���YZTNe b S ]jbWa Y ] Q��
S b hfO QPORJ M�K b SfO �UhLQ ~v2

Q�WJLKNe��%Q ] QpXUK«Yre[� b hLX[QP�%Q�SUTP� gWe[JfY[K a�b SUTNKRQ�� ] QPO VLQ�h�oX[Q a TRQPhLKNO
� b VWM ] ejORQ�SUT���Y ]d] Q�XwKNY[e�� b hfX[Q��%QPS\T,� ]_^ QPO TRej��YZTNe b S+VWQ �UhfY ] e�TRM Y[JLK��PO�� hfORe b S ORQ�K«Y
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�|YrhiORORQ[� # QPOuKRM � e b SfO�SLQ�O QPK b S\TuJfY[O � hfORe b SLSLMPQPO��º�����%Q�O e¡Q ]j] QPO%O b SUT%O b hL�%eqO QkO�Y[h
�����%Q�� b hLX\Q��%Q�SUTP� � ^ QkO�T ] Q�JLKNe  � JfY¬�\Q�KuJ b hLKuTRK«Y¬XZYre ]�] Q�K%Y¬X[Q a hLSLQ�QkO�TNe���YZTNe b S
O b hfO D b JWTRej��Y ] Q[�
c�MkYrSL� b e�SfO ] ^ QPO TRej�%YrTRe b SO b hfO D b JWTRej��Y ] Q M a � b hLQºO QPh ] Q��%Q�SUT3�UhfYrSiV ] QPO3VWQ�h�IX[Q a TNQ�hLK«O

VWQ� b hfX[Q��%QPS\T�VLQPOmKNM � e b SfOmY[V¬� Y a QPS\TNQPOmO b SUT �|Yrh=C� O e�TRhiYZTRe b S��UhLe S ^ Y[KRKNe�X\QdJiY[O�O b h�D
X[QPSUTP� # Y O b[] hWTRe b S �UhLQ�S b hfO�Y¬X b SfO�Y[V b JWTNM�Q�QkO�T a�b SiO QPKRXZYZTNe�X\Q[�%VWQ�h=/KNM � e b SfO��UhLe
� b h � Q�SUT�Q�SfORQ�� �L] Q�JiQPhLX[QPSUT�SLQ�JfY\O5��TNKRQ7� hiO e b SLSfM�QPO��¡��YreqO�O eoVWQ�h= KNM � e b SfO�O b SUT
� hfORe b SLSLMPQPO¡Q ]j] QPOmO b SUT�� b K a M��%QPS\T � ejQ�S�KNQ�JLKNMPORQ�SUTNM�QPO�QPSfO QP� �L] Q[�
�oYrSfO a QPO a�b SfVWe�TRe b SfO�� ]_^ hWTRe ] ejONYZTNe b S VWQ ] ^ Y ]j�[b KNe�TR�L�%Q�O b hfO D b JWTRej��Y ] QPO T�hLS �ib S

a�b �%JLK b �%ejO�Q�SUTRKNQ ] Y a�b �%J ] Q�We�TRM�Y ]j�[b KRe�TR�L�%eq�UhLQ�Q�T ] ^ Q	� a Y a e�TRM[� B b � b SfOu�UhLQ ] �UhLQPO
KNMPORh ] T«YZT«OmVWQ ]_^ YrJLJ ] e a YrTRe b S�VWQ a Q a KRe�T��PKRQ � VWQPOmej��Y � QPO�KRMPQ ]j] QkO��

� � 7 � 7 � 7 � 8 �!��& xPvLx;� � t & ��v:&'.%�iyZz x;+�( t � t � ���Pz'� � � t#��y 8 .iz'� � � �kt#&�� � � � �ryZz x �Uy¬t
��t (*�-� � t#( t � x

#º^ Y ]j�[b KRe�TR�f�uQIVWQ � hfORe b S�VWQKRM � e b SfO�JfY[Km� b hLX\Q��%Q�SUT a�b SfO eqO TRQ � �
� �¡J b hLK¡T b hWT a�b hLJ ] QIVLQKRM � e b SfO�Y[V¬� Y a QPS\TNQPO¡MPX¬Y ] hfQ�K ] Yu�UhfY ] e�TRM�Y[JLK��PO � hfORe b S
�L��TRK b hLX\Q�K ] Y � K b SUTRe���KNQ (R1, R2)

�\hfe � Y[KNVWQ ] Y��%QPe ]j] QPhLKNQI�UhfY ] e�TRM�Y[JLK��PO � hfORe b S �
H � � hfO e b SfSLQ�K ] QPO¡KNM � e b SfO R1

Q�T R2
�

�i�mY a TNhfY ] eqO QPK ] QPO � K b SUTNe �PKRQkO�Y[hWT b hLK�VWQ R = R1 ∪ R2

�L�¡KRMPe TNM�KNQ�K � JfYrKRTRejKºVWh%J b ejS\T �¿��hiOR�Uh ^ �Ia Q��Uh ^ hLSLQ�� hfORe b S�O hLJfJ ] MP�%Q�SUTNY[e�KNQ � M�S ��KNQ
hLSLQIKRM � e b S�VWQ�UhfY ] e TNMe�S=� M�KNe�QPhLKRQ � hLS a QPK T«YrejS�ORQ�hfe ] �

B b � b SfO��UhLQ ] �UhLQkO�KNMPORh ] TNYrTNOP�on"KRQPS b SfOoVWQPh��e���Y � QPO a�b KRKNQPORJ b SfVLY[SUT�KRQkO J Q a TRejX[Q%D
�%Q�SUT�Y[h� TRQ��%JfO t − 5 Q�T t 6 � � hLKNQPO � � � � 6|Y 9�Q�T � � � � 6 � 9 9�Q�T ] Y ORQ � �uQPSUTNYZTNe b S
a�b KRKNQPORJ b SfVLY[SUTRQ�Y[h�TRQP�uJiO t 6 � � � � � � �16 a 9 9��(�¿Q�TRTRQ�O Q � �%Q�SUTNYrTRe b S a�b SUTRejQ�SUT � ��KNM�D
� e b SiOºQ�T � � ���oJ b ejS\T«O¿VLQ a�b SUT b hfKP�pgwe b S�TNKNY[SfO �%Q�T¿hLS�X\Q a TRQ�hfK¿VWQd� b hLX[QP�%Q�SUT¿J b hLK
a �fY a hLSLQ�VLQPOmKNM � e b SfOmVWQ � � � �16 a 9 ] Y a�b �%J Q�SfONYZTNe b S�VLQ�� b hLX\Q��%Q�SUT b[� TRQ�SwhLQQkO�ToO hLK
] Y�� � hfKRQ � � � �16|V19¤� # Y�ORe��%J ] e � a YrTRe b S�JfY[K�� b hLX\Q��%Q�SUTdVWQ ]_^ e���Y � Q � � � � 6 a 9¡V b SLSfQ ] Q
KNMPORh ] T«YZT�VLQ ] Y � � hLKNQ � � � � 6 Q:9IV b SUT ] Y a�b �%JiQPSfORYrTRe b S VWQ�� b hLX[QP�%Q�SUT b[� TRQ�SwhLQ�QkO�T
ORhLK ] Y � � hLKNQ � � � �16 ��9¤�
� ��� 8 ��.	� �-;	(,+ ��.
�oYrSfO a Q a �fYrJfe TNKRQ¿S b hfO�Y¬X b SfO3Y �ib KNVLM ] Q¿JLK b[�f] �P�uQ�VWQ ] YdO Q � �%Q�SUTNYrTRe b S�VWQ¡ORMP�UhLQ�S a QPO
V ^ e���Y � QPO¿JfY[K4� hfORe b S�VWQoKNM � e b SiO�� � MPORhL� b SiO ] QPO�J b ejS\T«O"JfKRejS a ejJfY[h���\hfQdS b hfO�Y¬X b SiO
TRK«Yre�TRMkO��
n b hLK a�b �%�%Q�S a Q�K,�3S b hfO�Y¬X b SfO a �LQPK a �LM � �|Y¬X b KNejORQ�K ] Y�O�T«Y � e ] e�TRM%TNQ��%J b KNQ ]j] Q�VWQ

] Y�ORQ � �uQPSUTNYZTNe b S � ` S Q ! Q�T�� ] ^ Y ]��\b KNe TN�L�%Q�VWQ � hfORe b S VWQuKRM � e b SfO�JiQPKR�%Q�T ] Y�KNM�hfSLe b S
VWQS ^ ej�uJ b KRTRQ�UhLQ ]3a�b hLJ ] QIVLQKRM � e b SfO�X b ejORejSLQPOP� ` S�JfYrKRTRe a h ] ejQ�K,�wORe S b hfO�TRK«Y¬XZYre ]�]jb SiO
Y¬X[Q a hLSLQ � QPS=��TNKRQ �[] ejONORY[SUTRQm�UhLe a�b �%JLKNQ�SfV ] QmTRQP�%JfOºJLKNM a MPVWQPSUTºQ�T ] QmTRQP�%JfO a�b hLK«YrSUT,�
VWQPh��KRM � e b SfO�VWQ ] Y ORQ � �uQPSUTNYZTNe b S�JLKNM a MkVWQ�SUTNQ�J b hLKNKNY[e�QPS\T�� hfO e b SfSLQ�K,�pJLK b X b �UhfYrSUT
VWQkOme�SiO�T«Y � e ] e�TRMkO�Yrh a�b hLK«O¡VWh�TRQP�uJiO��ºn b hLK�M�Xwe�TRQPK a Q ] Y=�fS b hfO�Y¬X b SiO¿ejSUTRK b VWhLe�T�VLYrSfO
] QPO�Y ]j�[b KNe�TR�L�%QPO"VWQ � hfORe b S�VWQdKRM � e b SfO ] Q a�b S a Q�JLT�VWQ � ��YrK«�UhLQ�hLK 
¤� · S���YrK«�\hfQ�hLKºQkO�T
hLSLQ�KRM � e b S a�b SfORejVLM�KNM�Q a�b �%�%Q�e��%J b KRTNY[S\TNQ��º�UhLe¡V b e�T a�b KNKRQkO J b SiVWKRQ � hLSLQ�KRM � e b S
VWQ ] Y�ORQ � �%QPS\T«YZTNe b S �fSiY ] Q[�¿��e�SiO e ]_^ Y ]j�[b KRe�TR�L�%QVWQ�� hiO e b S�VWQ�KNM � e b SfO¡Y�M�TNM� b VLe��fM
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6|Y�9¿¯>��Y � Q�¾dKRe � ejSfY ] Q � 6 � 9�¯>��Y � Q�¾dKRe � ejSfY ] Q �

6 a 9�¯>�%Y � Q 6 � 9 ORQ � �uQPSUTRM�Q
Y¬X[Q a 4 � KNM � e b SfOoQ�T � � 4J4
J b e�SUTNO�VWQ a�b S\T b hLK

6_V 9¡¯>��Y � Q 6|Y 9 a�b �uJ Q�SiO MPQ
JfY[K	KNY[JLJ b K T � 6 � 9 �
JfY[K TNe�K	VWQkO KNM � e b SfODVLQ
] ^ ej��Y � Q�6 a 9

6 Q:9 � M � e b SfO�VWQ�� b hLX\Q��%Q�SUT
� b � b[� ��SLQ b\� TRQPSUhfQPO
JfYrK � hiO e b S � JfYrKRTRejK VWQ
6 a 9�� H � KRM � e b SfO�Q�T$� � � �
J b e�SUTNO�VWQ a�b S\T b hLK

6 ��9�¯>��Y � Q 6_Y�9 a�b �%J Q�SfORM�Q
JfYrK	K«YrJLJ b KRT � 6 � 9 �
JfYrKRTRejK	VWQPO KRM � e b SfO@VWQ
]_^ ej�%Y � Q�6 Q:9

� e � hLKNQ � � � �i� ` WQP�uJ ] Q�VWQ � hiO e b S�VWQKNM � e b SiO � Y[ORM�QPOmORhLK ] Q a KNe T���KNQIVLQ� b hLX[QP�%Q�SUT
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J b hLKoe�SUTNQ�K«VWe�KNQ ] QPO � hfO e b SiO�QPS\TNKRQ�KRM � e b SfO��%Y[KN�UhLMPQPOP�/� ^ QkO�ToJ b hLK«�\h b e ] Y�ORQ � �%Q�SUTNY"D
TRe b S �fSfY ] Q a�b �%J b K TNQdYrh�� b ejSfO¡YrhWT«YrSUT¡VLQoKNM � e b SfO��\hfQoVWQo��YrK«�UhLQ�hLK«O¿e�SLe�TReqY ] Q��%QPS\T
ORM ] Q a TNe b SLSLMkO���n b hfK�O Q � �%Q�SUTNQ�K ] Y � QPS=��TNKRQ �\] eqONORY[S\TNQ�VWQ ]_^ YrJfJLK bWa �LQ%KNM a hLKNORejX[QuS b hfO
hWTNe ] ejO b SiO a�b �%�%Q���YrK«�UhLQ�hfKNO ] QkO�KNM � e b SfOuVWQ ] Y ORQ � �%Q�SUTNYrTRe b S JLKNM a MPVWQPSUTRQ[� �¿Q�T TRQ
YrJfJLK bWa �LQ�S b hiO�J Q�KN�%Q�TV ^ ej�%J b O QPKdhfSLQuO TNY � e ] e�TRM�TRQP�uJ b KNQ ]j] Q 6|S b hfOdKNM a hfJiMPK b SfO ] QPO
KNM � e b SiO�JLKNM a MPVWQPSUTRQPO�Yrh TRQP�uJiO a�b hfKNY[S\T 9�Q�T�QPS!���P�uQ TRQP�%JfO�Q ]j] Q S b hfO�JiQPKR�%Q�T
V ^ e�S a�] hLKRQdVWQ�S b hLX[Q ]�] QPOpKNM � e b SfO JfY[K a KNejO TNY ]�] eqORYrTRe b S%e�SiVWM�J Q�SfVfYrSUTRQ�Y[huTRQ��%JfO a�b hLK«YrSUT
6|ONYrSiOmO M ] Q a TRe b S�JLKNMPY ] Y �L] QIVWQ��YrK«�UhLQ�hfKNO�J b hLK a QPOmS b hLX[Q ]�] QPO�KNM � e b SfO�9��
` SfORhLe�TRQ���S b hiO Y¬X b SfO�VWMPX[Q ]jb JfJiM hfSLQ M�T«YrJ Q VWQ JfKRM�TRK«Yre�TRQ��%QPS\T �UhLeuO ej�%J ] e��fQ

] ^ ej��Y � QoY¬XZYrSUT¿ONY�O Q � �%Q�SUT«YZTRe b S3� # Q�JLKNM�TNKNY[e TNQ��%Q�SUT a�b �%J b KRTRQ ] QPO¿M�T«YrJ QPO�O hLejXZYrSUTRQkO��

•
· SF� ] TNKRQ%YrKNM b\] Y[e�KNQ�VWQuJiQ�TRe�TRQuTNY[e ]j] Qu�UhLe M ] ej�uejSLQuQPONO QPSUTRejQ ]j] QP�uQPSUTIVWh � KNhLe TIQ�T
�\hfe S b hfOmY[ejVLQ � KNQ�J M�KNQ�K ] QPO ?Pb SLQkOmVWQITRK«YrSfORe�TRe b S �

•
· SLQ a�b �%JiQPSfONYZTRe b S/VWQ�� b hfX[Q��%QPS\T�QPSUTRKNQ ] ^ e���Y � Q � O Q � �%Q�SUTRQPKQ�T a Q ]j] Q��UhLe
XUejQ�SUT�V ^ ��TNKRQ�ORQ � �uQPSUTRM�Q�J b hfK�KRMkVWhLejKRQ ] QPO�VWe ! M�KNQ�S a QPO�VWhfQPO�Y[h � b hLX[QP�uQPSUT
Q�SUTRKNQ ] QkOmVWQ�h��TRK«Yr�%QPOP�4�¿Q a e a�b S\TNKRe � hLQY[hfORORe �u] Y�O TNY � e ] e�TRMoTRQP�%J b KRQ ]�] Q�VWQ ] Y
O Q � �%Q�SUTNYrTRe b S 6|ORhLK T b hWT�VLY[SfO ] Q a Y[OmVLQPO¡J Q�TRe�TRQkO�KNM � e b SfO�9��

•
`º] ej�%e�SiYZTRe b S�VWQkO ?�b SfQPO¡VWQITRK«YrSiO e�TRe b S��\hfeC�|YrhfONO QPSUT ] ^ QPO TRej�%YrTRe b S�VWQ a�b S\TNKNY\O�TNQ
Q�SUTRKNQIKRM � e b SfO�X b ejORejSLQPOP�pn b hLK a Q ] Y%S b hfO¡hLTRe ] eqO b SfO ] ^ Y ]��\b KNe TN�L�%QoVLQ a K b eqORONYrS a Q
VWQ ��YrK«�UhLQ�hfKNO�JfYrK�KNM � e b SiO�JLKNQ�SfY[SUT a�b �%�uQ ��YrK«�UhLQ�hLK«O ] QPO�KNM � e b SfO�VWQ ] Y
O Q � �%Q�SUTNYrTRe b S�JLKNM a MPVWQPSUTRQ�Y[e�SiO e �UhLQ ] QPOoKNM � e b SiO�VWh TRQ��%JfO a�b hLK«YrSUTdVWQ�TNY[e ]j] Q
O hLJ M�KNejQ�hLKNQ � hfS a Q�KRTNYrejS�O QPhLe ] �
�oYrSfO ] Y�ORQ a TNe b S O hLejXZYrSUTRQ�S b hfO�Y¬X b SiO�JfKRMkO QPS\TNM�VWe ! MPKRQPS\T«O a KNe�T���KNQPO�VWQ7� hfORe b S

hWTNe ] ejORMPO3J b hLK3ORQ � �uQPSUTRQ�K ] QPO O Mk�UhLQ�S a QPOP� # QkO JLKNQ��%e���KNQPOC� hfORe b SfO a�b S a Q�KNSLQ�SUT3VWQkO ?�b SLQPO
J ] YZTNQPO�JiQ�TRe�TRQPO�Q�T�S b � � KRQPhfO QkO��UhLeIS ^ Y[VW�%Q�T TRQPSUT�JfY\O�V ^ YrT TNKRe � hWT«O a�b �%J ] Q�WQPO�TRQ ] O
�Uh ^ hLSLQKNQ�JLKNMPORQ�SUTNYrTRe b S�VWQITRQ%UTNhLKNQ b h�hLS�X[Q a TRQPhLK�VWQ� b hLX\Q��%Q�SUTk� � ^ QkO�T�J b hLK«�Uh b e
S b hfO a�b �%�%Q�Sf½ b SfOdJfY[KdhLS a KNe T���KNQ�ORe��%J ] Q%�\hfe�QkO�T ] Q a�b SUTRK«Y[O TRQ ]jbWa Y ] �c b hfOoY¬X b SiO
VWeqO�TNe�S � hLMmTNK b ejOºT��wJiQkO"VWQ � hiO e b SfO¿VLYrSiO ] Y � Q�S=��TRKNQ �[] eqORONYrSUTRQ�VLQ ]_^ YrJfJLK bWa �LQmKNM a hLK«O ejX[Q\�
� � ] QkO�� hfORe b SfOTNQ��%J b KNQ ]j] QkO��UhLe a�b S a Q�KNSLQ�SUT�hfSLQ�KNM � e b S�VWh JfY[ONO M�Q�T�hLSfQ�YrhLTRKNQ
VWh JLKNMPORQ�SUT,�ºY¬X[Q a hLSLQ � b KRTRQ�e�SUTRQPKNORQ a TRe b S/TNQ��%J b KRQ ]�] Q[�(�¿QkO3� hiO e b SfOuO b SUT ] QPO
J ] hiOIe�SUTRMPKRQkORONYrSUTNQPOIVWh J b e�SUT�VWQ%XwhLQ�VWh a�b VLY � Q%JfYrK a Q%�Uh ^ Q ]j] QkO � YrK«VWQPS\TIhLSLQ
O�T«Y � e ] e�TRMoTNQ��%J b KRQ ]�] Q[�

�L� ] QkO$� hfO e b SiO Q�SUTRKNQ¡hLSLQ¡KRM � e b SuVWh%JfY[ONO M�Q�TºhfSLQmKRM � e b SuVWh�JfKRMkO QPS\Tº�UhLeLORQ�TRK b hLX\Q
��a �LQPX¬Y ] ORhLK¡J ] hfORe�QPhLKNO¿KNM � e b SiO"VWh�JfY[ONO M\�4�¿QPO4� hfO e b SiO�O b SUT a Q ]j] QPO¡�UhLe?JiQPKR�%Q�D
T TRQPSUT ] Y%VWM%� b KN�%YrTRe b S�VWQPO b\� ��Q�T«O¡JLKNMPORQ�SUTNOmVLY[SfO ] YuO a �PSLQ[�

H � ] QkO � hfO e b SiOmQ�SUTRKNQVWQ�h=�KNM � e b SiOmVWh�JLKRMkO QPSUTP� �¿Q�O b SUT ] QkO�� hfORe b SfOm�UhLe J Q�KN�uQ�T D
TRQ�SUT ] ^ Y[JLJfYrKNe�TRe b S�VWQS b hfX[Q ]j] QPO�KRM � e b SfOP�
n b hLK �|Y¬X b KReqORQ�K ] Y�O TNY � e ] e�TRM¿TRQ��%J b KNQ ]j] Q¿S b hiO Y¬X b SfO V b SLSfM ] Y�JLKNe b KNe TNM"Yrh��� hiO e b SfO

Q�SUTNKRQoKRM � e b SfO��UhLe b SUT¡hLSLQ8� b KRTRQoe�SUTNQ�K«O Q a TRe b S�TRQ��%J b KNQ ]j] Q�6 � hiO e b SfO¡VWh�T��wJiQ � 9¤� · SLQ
� b eqO¡T b hWTNQPO ] QPO�� hfORe b SfOmVWh�T��wJ Q � KRMkY ] ejORM�QkO%�wS b hfO b J M�K b SiO ] QPO � hfO e b SiO�VWh�T��wJiQ ��Q�T
H � `º]j] QPO¡O b SUT¿� b ejSfO�e�SUTNM�KNQPONORY[S\TNQPO¿VWh�J b ejSUT¡VWQoXwhLQIVWh�T«Yrh��VWQ a�b �uJfKRQkORORe b S��U�%Y[ejO
Q ]j] QPOmO b SUTmSLM a QPONORY[e�KNQPO�J b hLK�ORhLejXUKNQ a�b KRKNQ a TRQ��%QPS\T ] ^ MPX b[] hWTNe b S�VWQ ] Y%O a ��SLQ\�
` SfORhLe�TRQ��wVLQ ] Y������%Q/�|Y[½ b S��UhLQdVfYrSfO ] Q a Y\O � eqVWej�uQPSfORe b SLSLQ ] �wS b hiO"hWTNe ] eqO b SfO"hfS

a KNe�T���KNQVWQ8� hfORe b S�VLQKRM � e b SfO � Y\O MIO hfK ] Y�TNQ�wTRhLKNQ[�
� e�SiY ] Q��%Q�SUT�S b hfO�Y¬X b SfOmejSUTRK b VWhLe�T�hLS a KNe�T���KNQ�VWQ3� hfO e b S�VLQ�KRM � e b SfO � Y[ORM�O hfK ] Y

KNQPONO QP� �L] YrS a Q�VWQ�� b hLX\Q��%Q�SUTuVLQ�KNM � e b SfO�X b eqO ejSLQPOP� �¿Q a KRe�T��PKRQ�QPO T%V ^ hLSLQ � K«YrSiVWQ



� � � �������� �	�F����� � �A�

ej�uJ b KRTNY[S a Q�J b hLK ] QmTRK«Yre�TRQP�%Q�SUT¿VWQoO Mk�\hfQ�S a QPOºJiYrK a Q��UhLQ ] QPO¿VWe ! M�KNQ�S a QPO"Q�SUTRKNQ�VWQPh�
J ] YrSfO3O h aPa QkORORe��|O3O b S\T QkORORQ�SUTNe�Q ]�] Q��%Q�SUT3VWhfQPO Y[ho� b hLX[QP�uQPSUT3VWQPO b\� ��Q�T«O JLKNMPORQ�SUTNO3VLYrSfO
] Y�O a ��SLQ\� #"^ Y[SfY ] �WO Q�VLQPO b\� ��Q�T«OºQPS�XUhfQ�VWQ�KNQ�J M�KNQ�K a Q�h=%�UhLe b SUT"hLS�� b hLX[QP�uQPSUT a�b D
�LMPKRQPS\T¿JiQPKR�%Q�TmV ^ b[� TNQ�SLejK¿VLQPO"TNYrh=�VLQ a�b �uJfKRQkORORe b S�J ] hfO"ejSUTRMPKRQkORONYrSUTNOP� c�MPY[SL� b ejSfO%�
] ^ hWTNe ] eqORYrTRe b S�VWQ a Q a KRe�T��PKRQ�VLY[SfO ] YORQ � �%QPS\T«YZTNe b SuJfK b X b �UhLQ�VLQPO"VLejO � b S a TRe b SLSfQ��%Q�SUTNO
Yrh�SLejX[QPY[h�V ^ YrhLTRKNQPO�M�T«YrJ QPO¡VWQ ] Y � b h a�] QVWQ a�b VLY � Q\� n b hfK�hfS � b S a TNe b SLSLQ��%QPS\TmQ �'D
a Y a Q�VLh�OR�wO T��P�%Q �[]jb[� Y ]ia QPO"M�TNY[JiQkO b SUT � QPO b ejS�V ^ ��TRKNQdY\VLYrJLTRM�QkO�� # QkO"� b VWe � a YrTRe b SfO
SLM a QPONONYrejKRQkOdJ b hfK b[� TNQ�SLejKhLS�O �WO T��P�uQ a�b �LMPKRQPS\T�O b SUTJLKNMPORQ�SUTRMPQPOIVLYrSiO ] Q a �fY[JLe�TRKNQ
ORhLe�XZY[S\Tk�
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# Y � hiO e b S�VWQkO KNM � e b SiO �\hfe b SUT3hfS� b hLX[QP�%Q�SUT a�b �LM�KNQ�SUT JiQPKR�%Q�T VWQ a�b VLQ�K ] ^ MPX b\] hWTNe b S
V ^ hLSLQ�O a �PSLQVWQ��YrSLe���KNQIJ ] hiO a�b �%JLKNej�uMPQ[� # QkOmK«YreqO b SfO¿O b SUT ] QPO�ORhLejX¬Y[SUTRQPOP�

• O QPh ] QP�%Q�SUTmhLS�O b hfOED´Q�SiO QP� �L] QoVLQX[Q a TRQPhLKNO¡VWQ� b hLX[QP�uQPSUTmV b e�T���TRKNQ a�b VWM

•
]_^ Q�KNKRQPhLK�VWQ�JLKNMPVLe a TRe b S VWQPO a�b S\T b hLK«O a�b �u��hLSfO�Y[h� KNM � e b SfO'� hfORe b SLSLMPQPO�SLQ
V b e�TmJfY[O���TRKNQ a�b VWM

•
]_^ Q�KNKRQPhLK�VWQ�JLKRMkVWe a TRe b S�VLh a�b S\TNQ�Swh�VWQkO�KNM � e b SiOmS ^ Yrh � �uQPSUTRQ�JfY\O�VWQ��%Y[SLe���KNQ
O e � SLe � a YZTRejX[Q

� ^ QPO T"J b hLK«�\h b eLe ] QkO�T"ejSUTRMPKRQkORONYrSUT"VWQ�VLM�TRQ a TNQ�K¿VfYrSfO ] YORQ � �uQPSUTNYZTNe b S ] QkOºKNM � e b SiO
�UhLe � b h � Q�SUTmQ�SfORQ�� �L] Q[�
� a QoJLK b J b O"S b hfO¡Y¬X b SfO"VLM�X[Q ]�b JLJ M��WVLYrSiO ] Q a �fYrJLe�TRKNQ�JfKRM a MPVLQ�SUT��whLS a KNe T���KNQdVWQ

� hfORe b S VWQ�KRM � e b SfO � Y\O MuO hLK ] Y�KNQPONO QP� �L] YrS a Q�VWQu� b hLX\Q��%Q�SUToVLQPOoKRM � e b SfO�X b ejORe�SfQPOP�
g b SuejSUTRK b VWh a TNe b S�VLYrSfO ] Y � b h a�] Q�VWQ a�b VLY � Q¡Y[�%M ] e b KRQ�6|Y[h � �%QPS\TNQ,9 ] QmKNY[JLJ b KRTp�UhfY ] D
e�TRM A a�b ? T�VWh O �WO T����%Q\� l�YreqO%�"�%Y ] �fQ�hLKNQ�hfORQ��%QPS\T,� ] Q �|Y[e T�VWQ�TRK«Y¬X¬Y[e ]j] Q�K%Y¬X[Q a VWQPO
KNM � e b SiO¡� b � b[� ��SLQkO�Yrh�ORQ�SfO�� b hLX\Q��%Q�SUTmTRK b h �L] Q ] Q � b S7� b S a TNe b SLSLQ��%QPS\ToV ^ Y[hWTRKNQPO
M�T«YrJ QPO�VWQ ] Y � b h a�] Q\� B b � b SiO ] QkO a YrhfORQPO�JLKRM a eqO QkO�VWQkO�� b VWe�� a YZTNe b SfO�SfM a QkORONYrejKNQPO��
YrejSfORe �UhLQ ] QkOmO b\] hLTRe b SfOm�UhLQIS b hfOmY¬X b SfO¡YrJLJ b KRTRMPQPOP�

# QkO¡M�T«YrJ QPOm�UhLe b S\T � QPO b ejS�V ^ hLSfQ�Y[VLY[JWTNYrTRe b S�O b S\Tk�

•
] Y%ORQ � �%QPS\T«YZTNe b S

•
] Q a�b VLY � QVWQ a�b SUT b hfK

•
] Y a�b �%JiQPSfORYrTRe b S�VWQI� b hLX\Q��%Q�SUT

� �\�



���<� ��#��������	����� �	����� �$���  ��<��%�# ��� � � �	����� � � �
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� b �%�%Q�Si½ b SiOmJfYrKdKNY[JLJ Q ] Q�K ] QPO ] e � SLQkO � M�SLMPKNY ] QkO�VWQ ] ^ Y ]��\b KNe TN�L�%Q�VWQ�ORQ � �%Q�SUTNYrTRe b S
�UhLQIS b hiO�Y¬X b SfO¿VLM�X[Q ]�b JLJ M[�

#º^ Y ]j�[b KRe�TR�f�uQ�VWQ�O Q � �%Q�SUT«YZTRe b S O hLe�T�hLSLQ�YrJfJLK bWa �LQ�KRM a hLK«ORe�X\Q�� ar^ QPO T D � D>VWejKRQ�� ] Y
ORQ � �%QPS\T«YZTNe b S�JLKNM a MPVWQPS\TNQ¿QkO�TphWTNe ] eqO MPQ�J b hfKºO Q � �%Q�SUTRQPK ] Q�TRQP�%JfO a�b hLKNY[SUTP� # Y��%M�TR��D
b VWQ a�b SiO eqO�TNQ �d� MPSLM�KNQ�K hLSLQ¡ej�%Y � Q"TRKNejVWej�%Q�SfORe b SLSLQ ]�] Q¡�\hfeWKRMPhLSLe�T ] Q"TNQ��%JfO JLKNM a MPVWQPSUT
6|VLM�� � ORQ � �%QPS\TNM,9¿Q�T ] QIJ ] YrS a�b hLKNY[SUT 6 � O Q � �%Q�SUTRQPK+9��
� X[Q a�] Y�O Q � �%Q�SUT«YZTRe b S�JfKRM a MPVLQ�SUTRQuVLYrSfO ] Q�JLKNQ��%ejQ�KoJ ] Y[S VWQ ]_^ ej�%Y � QTNKReqVWej�%Q�S�D

ORe b SLSLQ ]j] QoQ�T ]_^ e���Y � Q a�b hLKNY[SUTRQ ] M � ��KNQ��%Q�SUTmO ej�%J ] e��fMPQ�VLYrSiO ] Q�VWQPh�We �P�uQ��WS b hiO¡KRMkY ] D
eqO b SfO¡VWQPO � hfORe b SfO¡O JiYZTRe b D TRQP�%J b KRQ ]�] QPOP� # QPO a KNe�T���KNQPO¡VWQ/� hfORe b S�O b SUT ] Y�KNQPONO QP� �L] YrS a Q
VWQISLejX[QkYrh�VWQ � KNejO��WVWQoTRQ�wTNhLKRQ b h�VWQI� b hfX[Q��%QPS\T�VWQkO¡KRM � e b SfO�Y[VZ� Y a QPSUTRQPOP�p�dY[SfO ] Y
JLK bWa MPVLhLKRQIVWQ8� hfORe b S�� ] QPO¡KNM � e b SiO¿VWQ ] Y%O Q � �%Q�SUTNYrTRe b S�JLKRM a MkVWQ�SUTRQ¿� b hfQ�SUT ] QIK �[] QoVWQ
��YrK«�UhLQ�hLK«O�J b hLKmej�uJ b ORQ�KmhfSLQ�O�T«Y � e ] e TNMITRQ��%J b KNQ ]j] Q\�
¾dK,��O e ] QPO�KNM � e b SiO�VWQ ] Y ORQ � �uQPSUTNYZTNe b S+JLKNM a MPVWQPS\TNQ JfK b XwejQ�SLSLQPSUT�VWQkO � hiO e b SfO

JfY[K�� b hfX[Q��%QPS\T,� ] Q�hLK a�b SUTRQ�Swh S ^ QkO�T�JfY\O�� b � b[� �PSLQ�Y[h ORQ�SfOuVWQ ] Y�TRQ%wTRhLKNQ[� ` S
a�b SfORMP�UhLQ�S a Q�� ] Q�hLK�SLejX[QPY[h VWQ � KReqO�Q�T ] QPhLKNO�JfYrK«Yr����TRKNQPO�VWQ�TNQ�wTRhfKRQ�SfQ O b SUT�JfY[O
KNQ�JLKNMPORQ�SUTNYrTRe �|O"VWQkO"KNM � e b SfOP� � ^ QPO T¿J b hLK«�Uh b e ] QPO4� hfO e b SiO � Y\O MPQPO¿O hLK ] Y�KNQPONO QP� �L] YrS a Q
VWQ%SLejX[QkYrh VWQ � KReqO b h VLQ�TNQ�wTRhLKNQ��3SLQ%JiQPhLX[QPS\TIJfY\OdhLTRe ] eqO QPK a�b �%�%Q%��YrK«�\hfQ�hLK«O ] QPO
KNM � e b SiO�VLQ ] Y�ORQ � �uQPSUTNYZTNe b S�JfKRM a MPVLQ�SUTRQORe a Q ]�] QPO D a e a�b S\TNe�QPSUTmVLQPO�� hfORe b SfOmJiYrKm� b h�D
X[QP�%Q�SUTP�
n b hLKuM�Xwe�TRQPK ] Q�JLK b\�L] ���%Q�V ? Yrh �|Yre�T%�UhLQ ] QPOuKRM � e b SfO�� b � b\� �PSLQPO�Yrh ORQ�SiOuVLh

� b hLX\Q��%Q�SUT�JiQPhLX[QPS\T�SLQ JfY[O ] ^ ��TRKNQ Yrh O QPSfO�VWQ ] Y�TNQ�wTRhfKRQ���S b hfO�JfK b J b O b SfO�VWQ
TRK«Y¬XZYre ]�] Q�K � VWQPh��SLejX[QkYrh��VLQKRMkO b\] hWTNe b S �

• hLS�SLejX[QkYrhuVWQmO Q � �%Q�SUTNYrTRe b S��iSLQm�\hfe a�b SUTRejQ�SUTpVWQPO KNM � e b SfO � b � b[� ��SLQkO Y[h�ORQ�SfOVWQ ] Y�TRQ%wTRhLKNQ[�

• hLS�SLejX[QkYrh�VWQ�O Q � �%Q�SUT«YZTRe b S � K b ONO e���KNQp�\hfe a�b SUTRejQ�SUT VWQPO KRM � e b SfO3� b � b\� ��SfQPO3Y[hO QPSfO�� b hLX[QP�%Q�SUTP� n Y[K a�b SiO�TNKRh a TRe b S ] QkO KNM � e b SfO�VWQ ] YoO Q � �%Q�SUT«YZTRe b S � K b ONO e���KNQ
O QPK b S\T ] ^ hLSfe b S�V ^ hLSfQ b h�J ] hiO ejQ�hLK«O¡KNM � e b SiO�VLQ ] Y%ORQ � �%QPS\T«YZTNe b S5�fSLQ\�

# Y O Q � �%Q�SUT«YZTRe b S �iSLQ�QkO�TuhWTRe ] ejORM�Q a�� TRM�MP�%Q�T TNQ�hLKuJ b hLK�YreqVWQPK ��] Y�JfK b ��Q a TNe b S
VWQkO�KNM � e b SiOJLKNM a MkVWQ�SUTNQPO��3T«YrSfVWeqO��UhLQ ] Y�ORQ � �uQPSUTNYZTNe b S � K b ONO e���KNQ%QPO T a Q ]�] Q��UhLe"QkO�T
Q�SwX b �[M�Q%Yrh KNM a QPJWTRQPhLK,� S b hiOJiQPKR�%Q�T TNY[SUT�VWQ a�b VWQPK ]_^ M�X b[] hWTRe b S/VWQ ] Y�ORMP�UhLQPS a Q�VWQ
��YrSLe���KNQ�J ] hfO a�b �%JLKNej�uMPQ[� # Y7� � hfKRQ �!6 � � � b SUTRKNQ�hLS Q%WQ��%J ] Q�VWQ�ORQ � �%Q�SUTNYrTRe b S
�fSLQQ�T � K b ONO e���KNQdVfYrSfO¡hLS a Y[O�KRMPQ ] � #º^ Y<WQI� b KNe ?�b SUT«Y ]?a�b KNKNQPORJ b SfV�Y[h�TNQ��%JfOP�

.���- . -/. � � = ��69?	E9;!8�= � � D/?�: � � � � =�EF?	EF;/8�=�� = �
# Y O Q � �%Q�SUTNYrTRe b S �fSfQ QPO T � M�SLMPKRMPQ a�� TRM MP�%Q�T TNQ�hLK�Q�T�Q ]j] Q S ^ QPO T�JfY\O�Q�SwX b �[M�Q�Y[h
KNM a QPJWTRQPhLKk� `º]�] Q a�b SUTNe�QPS\T�VWQPO�KRM � e b SfO�� b � b[� ��SLQkO�Yrh+ORQ�SiO�TRQ%wTRhLKNQ�� a[^ QkO�T�D � D´VLe�KNQ
�Uh ^ Q ]j] QS ^ Y[VL�uQ�TmJfY[O ] QPO�� hiO e b SfO¡JiYrKm� b hLX\Q��%Q�SUTk�
` S � b VWQ�¯�c ª � � ]_^ M��%Q�TRTRQPhLK�V b e T�QPSwX b �[QPK�VWQPO�KNM � e b SfOu� b � b\� ��SfQPO�Yrh ORQ�SfO

TRQ%wTRhLKNQ��iJfYrK a Q��UhLQ ] Q a�b SUTRQPSUh�VLQPOmKNM � e b SfO�V b e T ��TRKNQ a�b VWM��fe ] S ^ QPO T�JfY\O a�b SLSwh�JfYrK
] Q�KRM a QPJWTRQPhLKP� �dQ������%Q ] QkO�S b hLX[Q ]�] QPO�KNM � e b SfO��UhLeoYrJLJfY[KNY[ejONORQ�SUT�Yrh ]jb S � VLQ ] Y
ORMP�UhLQ�S a Q�V b ejX[QPSUT ��TRKNQ%� b � b[� ��SLQkOoQ�S TRQ�wTNhLKRQ\��npYrK a�b S\TNKRQ�� Q�S � b VWQ�¯�c ª `"� � ] Q
a�b SUTRQ�Swh%VWQPO KNM � e b SfO QPO T a�b VWM¡JfYrK a�b �%JiQPSfONYZTRe b SuVWQm� b hLX\Q��%Q�SUT Q�TºhLS%ORQ�h ] X\Q a TNQ�hLK
J Q�hWT a�b �%JiQPSfORQ�K�VWQkOmKRM � e b SfO¡�UhLe b S\T�VWQkO¡TRQ%wTRhLKNQPOmVWe ! M�KNQ�SUTRQkO��

#º^ b[� TRQ�SUTNe b S+VWQ ] Y ORQ � �uQPSUTNYZTNe b S �fSLQ a�b SiO eqO�TNQ � ORhLejXwKRQ Y[h a�b hLK«O�VWh TNQ��%JfO
T b hWTRQkO ] QPO�KNM � e b SfO��UhLe b SUT�M�TRM a�b VWMPQPO�Q�S � b VWQ ¯�c ª � � � hLS!� b �%Q�SUT�V b SLSfM



���<� ��#��������	����� �	����� �$���  ��<��%�# ��� � � �	����� � � 3

6|Y�9mgWQ � �%QPS\T«YZTNe b S �fSfQ�6|KRM � e b SfO¡� b � b[� ��SLQkO�Y[h�ORQ�SiO�TRQ�wTNhLKRQ:9

6 � 9mgwQ � �%Q�SUTNYrTRe b S � K b ONO e���KNQ 6|KRM � e b SfO�� b � b[� �PSLQPO¡Y[h�ORQ�SiO¡� b hLX[QP�%Q�SUT+9
� e � hLKNQ �;6 � � ���dQ�h��SLejX[QPY[h��VWQKNMPO b[] hWTNe b S

VWQ ] Y O Mk�\hfQ�S a Q��p�����%Q�ORe¡YrJLK��PO�Q ]j] QkO b SUT�M�TNM � hfORe b SLSLMPQPO�JfYrK�� b hLX\Q��%Q�SUT�Q�T��pQPS
a�b SfORMP�UhLQ�S a Q��WS ^ b S\TmJfY\O¡M�TNMQ�SwX b �\M�QPO�Yrh�KNM a QPJWTRQPhLKk�

.���- . ->, � � = ��69?	E9;!8�= � � D/?�: � � � � =�EF?	EF;/8�= �0698�:<:<;�� 6��
�¿�fY\�\hfQ�KNM � e b S VWQ ] Y ORQ � �%Q�SUTNYrTRe b S � K b ORORe �PKRQ�QPO T�hLSLQ�KRMPhLSLe b S VWQ�KRM � e b SfO%VWQ ] Y
ORQ � �%QPS\T«YZTNe b S �fSLQ[� # QkO�KNM � e b SfO�YrJfJfYrKRTRQPSfYrSUT � a Q�TRTRQ KNM�hfSLe b S b SUT�M�TRM a � b eqORe�QkO
JfY[K a Q��\h ^ Q ]�] QPO �ib h � QPS\T"VLQ �|Y[½ b S�O ej�%e ] YrejKNQ[� ` TRhfVLe b SfO"J ] hfORejQ�hLK«O �|Y[½ b SfO"V ^ b\� TRQPSLejK ] Y
ORQ � �%QPS\T«YZTNe b S � K b ONORe �PKRQ � JfYrKRTRejKmVWQ ] Y%ORQ � �uQPSUTNYZTNe b S5�fSfQ[�
· SfQ JLKNQ��%e �PKRQ YrJLJLK bWa �LQ a�b SfORejO TRQPKNY[e T � Y[JLJ ] ej�UhLQPK�� � a �fY[�UhLQ�ejSfO TNYrSUT VLQ ] Y

ORMP�UhLQ�S a Q�� ] ^ Y ]j�[b KNe�TR�L�%QVWQ � hfORe b S�VWQKRM � e b SfO�JfY[Km� b hLX\Q��%Q�SUTmJLKNMPORQ�SUTRMIJLKNM a MPVWQP� D
�%Q�SUTP� �¿Q�T TNQoY[JLJLK bwa �fQ�KNMPY ] eqO Q�VLQPO � hfORe b SfO¡Yrh�TNQ��%JfO t ONYrSfO"TRQPSLejK�QPS a�b �%JWTRQ a Q ]�] QPO�UhLe Y¬XZYrejQ�SUT¿M�TRMoKRMkY ] ejORM�QkO"Yrh�TRQ��%JfO t− p � # Q�KNMPORh ] T«YZT¡QPO T¿hLSfQoORQ � �uQPSUTNYZTNe b S�ejSfO�T«Y<D�L] Q�VLY[SfO ] QTRQP�%JfO��UhLe QPO T a �=��KNQ ��a�b VLQ�K�Q�To�UhLe � M�S=�PKRQhfS�Q ! Q�TdVWQ�JfYrJfe ]j]�b TRQP�uQPSUT
TRK��PO � ��SfY[SUT¡J b hfK ]_^ & e ] �Uhf�%Y[e�S3�
· SfQ�VWQPh�We �P�uQ�O b\] hWTNe b S a�b SfO eqO TRQ�K«Yre�T � � hiO e b SLSfQ�KdY[h�TRQP�uJiO t

] QPO�KRM � e b SfO�VLQ ] Y
ORQ � �%QPS\T«YZTNe b SF�fSLQ��UhLe"M�TNY[e�QPSUTVLM�� � � hfORe b SLSLMPQPOYrh TNQ��%JfO t − p � �¿Q�TRTRQ�Y[JLJLK bwa �fQ� MPS=��KNQ�VWQkO�ORQ � �uQPSUTNYZTNe b SfO�O TNY �L] QkO�VLY[SfO ] Q�TNQ��%JfO��?�%Y[ejO�Q ]j] Q�SLQ�ORhLe�TdJfY\O a�b KRKNQ a TRQ%D
�%Q�SUT ] ^ M�X b\] hLTRe b S�VWQ ] Y�ORMP�UhLQPS a Q\� ` S�Q ! Q�T��?hLS b\� ��Q�Td�UhLe Yrh�TNQ��%JfO t − p Y¬X¬Y[e T ] Q�����%Qm� b hLX\Q��%Q�SUTº�Uh ^ hLS%X b eqORe�S��[JiQPhWT � b h � Q�KºVWQ¡��YrSLe���KNQmejSfVWM�J Q�SiVLYrSUTRQ�Y[h�TNQ��%JfO
t � ¯>��Y � ejS b SfOpJfY[KºQ�WQ��%J ] Q�hLS�J Q�K«O b SLSfY � Q�VLY[SfO ] Y�O a ��SfQ��\hfeiQkO�T¿O TNYrTReq�UhLQ ��hfON�\h ^ Y[hTRQP�%JfO t − p Q�T��UhLe Yrh�TRQ��%JfO t

a�b �%�%Q�S a Q � ORQVWM�J ] Y a Q�Kk�º�dY[SfO a Q a Y[O ]q� � ] Y a�b �'D
J Q�SfONYZTNe b S/VLh�JiQPKNO b SLSiY � Q%Y¬X[Q au] Q�� b SfV�O QPKNY�VWQ � b SfSLQ��UhfY ] e�TRMI��hfON�Uh ^ ��a Q��UhLQ ] Q
J Q�K«O b SLSfY � Q a�b �%�%Q�S a Q � ORQVWM�J ] Y a Q�Kk�
n b hLK���TRKNQ a YrJfY �L] QkO%VWQ�O hLejXwKRQ a�b KRKNQ a TRQ��%QPS\T ] ^ MPX b[] hWTNe b S VWQ ] Y O a �PSLQ�T b hWT�QPS

� Y[KNVfYrSUTdhLSfQ%ORQ � �%Q�SUTNYrTRe b S O TNY �L] Q�� S b hfOoJLK b J b O b SfOdhLSLQuTRK b eqORe �P�uQ�O b[] hWTRe b S3� `º]j] Q
J Q�KN�uQ�TºVWQ�ORM�JiYrKNQ�K VLYrSfO ] YdORQ � �%Q�SUTNYrTRe b S � K b ORORe���KNQ��¬VWQPO�KNM � e b SiO �UhLeWJLKNM a MPVWQP�%�uQPSUT
� b h � QPYrejQ�SUT�QPSfO QP� �L] QQ�To�\hfe Yrh�TNQ��%JfO a�b hLK«YrSUT b SUT�hfS�� b hLX[QP�%Q�SUT�e�SiVWM�J Q�SfVfYrSUTP�
�¿Q�TRTRQITNK b ejORe �P�%QIO b[] hWTNe b S�QkO�TmKNMPY ] eqO MPQoQPS�TNK b ejO¡M�TNY[JiQkO��

• nºKRQP�%e �PKRQP�uQPSUT ] QPO�KRM � e b SfOIVWQ ] Y�O Q � �%Q�SUT«YZTRe b S �fSLQ��UhLe¿Y¬X¬Y[e�QPSUT�M�TRM�� hiO e b S�DSLM�QkO�Yrh TRQ��%JfO�JLKRM a MkVWQ�SUT�O b SUT'� hiO e b SLSfM�QPO�Y[h TRQ��%JfO a�b hfKNY[S\Tk� n"KRM a eqO b SfO��
¯>�%Y � ejS b SiO¡hLSLQKNM � e b S�VWQ ] Y�ORQ � �%QPS\T«YZTNe b S � K b ORORe �PKRQoJLKNM a MPVWQPS\TNQ RGt−p

1
�UhLe

a�b �%JLKNQ�SiV TRK b eqO�KRM � e b SfO�VWQ ] Y O Q � �%Q�SUT«YZTRe b S �fSLQ 6 Rt−p
1 , Rt−p

2
�oQ�T Rt−p

3
9¤�
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��h�TNQ��%JfO a�b hLKNY[SUT�S b hiO a�b �%�uQPSf½ b SfOdJfYrKoO hLJfJ b O QPKd�UhLQ RGt
1
QPO T�T b hZ� b hLKNO

]_^ hLSLe b S�VWQkOmTNK b ejOmKNM � e b SfO Rt
1, R

t
2
Q�T Rt

3
�?�UhLe a�b KNKRQkO J b SiVWQ�SUT�Yrh��JLK b ��Q a TRe b SiO

VWQPO�TNK b ejO¡KNM � e b SfO�JLKRM a MkVWQ�SUTRQkO��
# QPO�JfYrK«Yr����TNKRQkOIVWQ�� b hLX\Q��%Q�SUT�VWQkOKNM � e b SiO � K b ONO e���KNQPOIYrejSfORe � MPSLM�KNM�QkOO b SUT
a Y ]qa h ] MkO¿Q�T ] Y a�b �%JiQPSfONYZTRe b S a�b KRKNQPORJ b SfVLY[SUTRQoQPO T b\� TRQPSwhLQ[�

•
` SfORhLe TNQ�� ] Y��UhfY ] e TNM¿VWQ ] Y a�b �%J Q�SfONYZTNe b S��\h ^ b SXUejQ�SUT V ^ b\� TRQPSLe�K QPO T QkO�TNe��%M�Q¿O hLK
a �fY a hLSLQ�VWQkO�KNM � e b SiO�VWQ ] Y�ORQ � �%QPS\T«YZTNe b S �iSLQ 6 Rt

1, R
t
2...

9¤� # QPO�KNM � e b SfOmJ b hLK
] QkOR�UhLQ ]�] QPO ] Y��UhfY ] e�TRM�QPO T�ejSfORh ��ORY[S\TNQ�O b SUT�K«YZ� b hLTRM�QkO�VLY[SfO ] Y ORQ � �%Q�SUTNYrTRe b S
� K b ONO e���KNQ��¬VWQ��%Y[SLe���KNQ � Yr�%M ] e b KNQ�K ] Q�hfK a�b �%J Q�SfONYZTNe b S�VWQ�� b hLX\Q��%Q�SUTP� ¯>��Y � D
e�S b SfOm�UhLQ ] Y a�b �%J Q�SfONYZTNe b S a�b SZ� b e�SUTNQIVLQPO¡TNK b ejO¡KNM � e b SfO � hfORe b SLSLM�QkO¡JLKNM a MkVWQ�D
�uQPSUToJLK b VWhLe�TohfSLQ���Y[hLXZYreqO Qu�\hiY ] e TNMuVWQ a�b �%JiQPSfORYrTRe b S ORhLK Rt

1
���dY[SfO a Q�T TRQ

O e�TRhfYrTRe b S�� b S KNYr� b hWTNQ�K«Yre�T Rt
1

� ] Y/ORQ � �uQPSUTNYZTNe b S � K b ORORe �PKRQ\� `º]j] Q �ib h � QkYre�T
Q�SfORQ�� �L] Q%Y¬X[Q a Rt

2
Q�T Rt

3
Yrh TRQP�uJiOIJLKRM a MkVWQ�SUT��YreqOYrh TRQ��%JfO a�b hLK«YrSUTIQ ]j] Q

�ib h � Q�VWQ��%Y[SLe���KNQ�e�SiVWM�J Q�SfVfYrSUTRQ\�pgLY a�b �uJ Q�SiORYrTRe b S%Q�S�� b hfX[Q��%QPS\T¿QPO T"J b OED
O e �L] Q�JfYrK a Q��Uh ^ e ] SfQ�O ^ Y � e T�JfY\O�V ^ hLSLQ�KNM � e b S S b hLX[Q ]�] Q[� `º]�] Q�Q%weqO TNYre�T�VWM�� �
Yrh TRQ��%JfO�JLKRM a MkVWQ�SUT Rt−p

1
�!gwQ�h ] QP�uQPSUT��¡Yrh TRQP�uJiO a�b hLKNY[SUTuQ ]�] Q �ib h � Q�VWQ

�%Y[SLe���KNQoVWe ! M�KNQ�SUTRQ\�

•
` SfORhLe TNQ ] YuO Q � �%Q�SUT«YZTRe b S � K b ONO e���KNQ�QPO T¡�ueqORQ � � b hfK�QPS�hWTNe ] eqORY[S\T ] ^ Y ]��\b KNe TN�L�%Q
VWQ8� hfO e b S�VWQIKNM � e b SfO�JfYrKm� b hfX[Q��%QPS\Tk� # Y%�%ejORQ � � b hLK a�b SfORejO TRQ � �

�

� hfORe b SLSLQPK ] QPOdKRM � e b SfOd�UhLe M�TNY[e�QPSUToORM�JfY[KRMPQPO�Y[h�TRQP�%JfOoJLKRM a MkVWQ�SUTdQ�To�UhLe
Yrh�TNQ��%JfO a�b hLK«YrSUT �ib h � QPS\TmQPSfO QP� �L] Q

�

� hfORe b SLSLQPK a Q�KRTNY[e�SfQPO KRM � e b SfO �UhLe b SUTpM�TNM�K«YZ� b hWTRMPQPO JfYrK a Q¡�Uh ^ Q ]j] QkO M�TNY[e�QPSUT
��Y ] KRQPJLKNMPORQ�SUTRMPQPOP��¯ ] QkO�ToJ b ORORe �L] Q��\h ^ hLS O b hfO D QPSfO QP� �L] Q�VWQ a QPOdKNM � e b SiO
O b e�T � ejQ�S KNQ�JfKRMkO QPS\TNM�JfY[K�hLS ORQ�h ] X\Q a TNQ�hLKuVWQ�� b hLX[QP�uQPSUT��pJfY[K�Q�WQP� D
J ] Q��fT b hLTRQPO ] QkOmKNM � e b SiOm�\hfe a�b �%J b O QPS\T ] Q�J Q�K«O b SLSfY � Q�UhLe a�b �%�%Q�S a Q �
� b h � Q�Kk�

�¿Q�TRTRQIJLK bWa MPVLhLKRQV b SLSLQIhLSLQO TNY � e ] e�TRM �u] Y%ORQ � �uQPSUTNYZTNe b S�JfY[K a Qo�UhLQ ] QPO � hiO e b SfO
JLKNe b KRe�TNY[e�KNQPOoO b SUT a Q ]j] QkOI�\hfeºY¬X¬Y[e�QPSUToM�TRM'�|Yre�TRQkOVLYrSfO ] Q%JfY[ONO MuQ�T,� Q�S �����%QuTRQP�uJiO%�
J Q�KN�uQ�T ] Q�� b hLX\Q��%Q�SUT�ejSfVWMPJiQPSfVLYrSUT�V ^ b\� ��Q�T«O 6 K«YZ� b hWTNY[SUT�VfYrSfO ] Y ORQ � �%Q�SUTNYrTRe b S
� K b ONORe �PKRQ ] QPO�KNM � e b SfO VLQ ] YoO Q � �%Q�SUTNYrTRe b S��iSLQm�\hfewO b SUT ��Y ] KNQ�JLKNMPORQ�SUTRMPQPO3Q�SfORQ�� �L] Q:9¤�

# Y'� � hLKNQ �;6 � �ue ]j] hfO TRKNQ ] ^ M�X b\] hLTRe b S�VWQPOdVWQ�h=�ORQ � �%Q�SUTNYrTRe b SfO36 �fSLQ�Q�T � K b ORORe���KNQ,9
VLY[SfOmhLS�Q%wQP�%J ] Q�VWQPONO ejSLM �%] Y%��YrejS �m��h�TNQ��%JfOmT,�fS b hfO b\� TRQPS b SiOmhLSLQ�ORQ � �%Q�SUTNY"D
TRe b S 6|� D � 9�Y¬X[Q a VWQkO¿KNM � e b SfO�� b � b\� ��SfQPO�Yrh�O QPSfO�TRQ%UTNhLKNQ'6_O Q � �%Q�SUTNYrTRe b S�¯�c ª � �89¤�
] Y�O Q � �%Q�SUT«YZTRe b S7�iSLQ[�8�¿Q�T TNQ�ORQ � �%QPS\T«YZTNe b S�QPO T�JLK b ��Q�TNM�Q 6_� D ��9�O hLK ] Q�TRQP�uJiOdORhLejX�D
YrSUT/6 T >dJ19�� # QkO � hfORe b SfOºJiYrKº� b hfX[Q��%QPS\T¿JLKRM a MkVWQ�SUTRQkO 6|J b hLK ] ^ ejSfO TNY[S\T¡Yrh a hLSLQ:9pO b SUT
YrJfJ ] eq�UhLM�QkO�ORhLK�� D ��Q�T�S b hfO b[� TNQ�S b SfO  D �W� # QkO�KNM � e b SiO�VWQ � D � �\hfeoO b SUT���Y ]
a�b �%JiQPSfO MPQPO � JfY[K TNe�KIVWQ  D ��O b SUTdK«YZ� b hWTRMPQPO �� D ��� b[� TRQ�SiYrSUT��4D � 6 J b hfK ] ^ ejSfO TNY[S\T
� D � �  D � � �4D ��9¤� ` SiO hLe�TRQS b hfOmY[JLJ ] ej�Uh b SfOmO hfK/�4D � ] ^ Y ]��\b KNe TN�L�%QoVWQ � hiO e b S�JfYrK
� b hLX\Q��%Q�SUT"Q�T"S b hfO b\� TRQPS b SfO ] Y�ORQ � �%Q�SUTNYrTRe b S � K b ONO e���KNQ a�b KNKNQPORJ b SfVLYrSUTºYrh%TNQ��%JfO
t + p 6_� D ��9�� � ^ QPO T�� D ���\hfeºQPO T�Q�SwX b �\M�Q%Yrh KRM a QPJWTRQPhLK��3�%Y[ejO ]_^ M��%Q�TRTRQPhLK�JLK b ��Q�T TRQ
Yrh TRQP�%JfO t + 2p

] Y O Q � �%Q�SUTNYrTRe b S �fSLQ 6|� D ��9¤� # Y O Q � �%Q�SUT«YZTRe b S �fSLQ�Yrh TRQP�%JfO
t + 2p QPO T�V b S a ORhLK ] Y � � hfKRQ%� D H � # Y�JLKNQ��%e���KNQuY[JLJLK b We���YZTNe b S�VWQ ] Y�ORQ � �%QPS\T«Y<DTRe b S � K b ONO e���KNQmYrh�TRQ��%JfO t +2p

a�b SfORejO TRQ � KNMPY ] eqO QPK ] QPO4� hfO e b SiO"Q%weqO TNYrSUTNQPO¿Q�SUTRKNQd� D �
Q�T%� D ��Q�TuS b hfO b[� TNQ�S b SfO  D H � � JfY[K TNe�KuVWQ  D H S b hiO�J b hLX b SfO�KRQkO Q � �%Q�SUTNQ�K ] QPO
KNM � e b SiOmO e ] QPO��%Y a K b D´KRM � e b SfO¿JLKNM a MPVWQPS\TNQPO¡SLQ � b h � Q�SUT�J ] hfO�Q�SfORQ�� �L] Q�� a Q��UhLe3S ^ QkO�T
JfY\O ] Q a Y\O��5� ^ QPO T�J b hLKN�Uh b e4�4D H �  D H �%� JfYrKRTRejKVWQ �4D H S b hfOIJ b hLX b SfOoKNMPY ] eqO QPK



���<� ��#��������	����� �	����� �$���  ��<��%�# ��� � � �	����� � � �

VWQkO � hfORe b SfO¡ORhLJLJ ] M��%Q�SUT«YrejKRQkO"OReiJ ] hfORe�QPhLK«O"��Y a K b D KNM � e b SfO JLKNM a MPVWQPS\TNQPO b SUT¿hfS�� b h�D
X[QP�%Q�SUT a�b �LM�KNQ�SUTk��c b hfO b[� TNQ�S b SfO�Y[e�SfORe3� D H b J�] Q�JiQPKNO b SfSfY � Q�Y'� hfO e b SfSLM�Y¬X\Q ao] Q
� b SiV � # Y�O Q � �%Q�SUTNYrTRe b S �fSLQ�Y[h TNQ��%JfO t + 3p 6_� D � 9oQPO T b[� TRQ�SwhLQ�JiYrKJLK b ��Q a TRe b S
VWQ� D H � # QPO � hfORe b SfO�Q�WejO TNY[SUTRQPO¿Q�SUTNKRQI� D H Q�T�� D H O b SUTmYrJLJ ] eq�UhLM�QkO¿ORhLKm� D ��Q�TmS b hfO
b[� TRQ�S b SfO  D �f��c b hfOuORhLJLJ b O b SfO�YrejSfO e��UhLQ ] Q�J Q�K«O b SLSfY � Q a�b S\TNe�SwhLQ ��� b h � Q�K�VWQ
��YrSLe���KNQ a�b �LM�KNQ�SUTRQY¬X\Q ao] Q � b SfV)�i�%Y[ejO¡e ] Y%QPS\TNKRQPJLKNejO¡hLS�� b hfX[Q��%QPS\T�ejSfVWMPJiQPSfVLY[S\T
X[QPKNO ] Y�VLK b e TNQ[� Á hfYrSiV%S b hfO"KRMkY ] ejO b SiO ] Y a�b �%J Q�SfONYZTNe b S�VWQ�� b hfX[Q��%QPS\T � JfYrKRTRejK"VWQ
 D �1�\S b hfO�S b hfO¿Y[JiQPK a Q�X b SfO¿�\hfQ ] Y a�b �%J Q�SfONYZTNe b S�VWh�J Q�K«O b SLSfY � Q�QkO�TmVWQo��YrhLXZYreqORQ
�UhfY ] e�TRM[� � ^ QkO�TJ b hLK«�Uh b e e ] QPO TKRQkO Q � �%Q�SUTRMuO hfK ] Y � � hfKRQ5�4D �i� ª b hWTNQPO ] QPOIKNM � e b SiO
VWh JiQPKNO b SfSfY � Q�O b SUToK«YZ� b hWTRMPQPOIORhLK��4D �1� JfYrK a Q%�Uh ^ Q ]�] QPOIO b SUToT b hLTRQPOI��Y ]ºa�b �%J Q�S�D
ORM�QPOP�mc�MkYrSL� b ejSfO ] Q�J Q�K«O b SLSfY � QIQ�SUTNe�QPK a�b SUTRejSUhfQ ���ib h � QPK�VWQ���Y[SLe �PKRQ a�b �LMPKRQPSUTRQ[�
� ^ QPO T�J b hLKN�Uh b e ] ^ Y ]��\b KNe TN�L�%QIVLQ � hfO e b S�JiYrKm� b hLX\Q��%Q�SUT�KNQ�� hfORe b SLSLQ ] QJ Q�K«O b SLSfY � Q
Q�S�hLSLQ�ORQ�h ] Q�KNM � e b S 6|� D � 9¤�pc b hfOºJ b hLX b SfO b[� ORQ�KNX[QPK"�UhLQ ] YS b hfX[Q ]j] Q�KRM � e b S��UhLefQkO�T
YrJfJfYrKNhLQVLYrSiO ] Y�ORQ � �%Q�SUTNYrTRe b S �fSLQ�� Yrh a�b e�S�QPS � Y[O �%� Yrh a �fQ��LYrJfJfYrK«Y:;qT�YrhfONO e O hLK
] YuORQ � �%Q�SUTNYrTRe b S � K b ONO e���KNQ[�

B b � b SfO ��YrejS\TNQ�SfY[SUT��¬O hLK ] Y � � hLKNQ �!6 � H ��T b hLTRQPO ] QkO ej�%Y � QkO?e�SUTRQPKR�%MkVWejY[e�KNQPO � M�SLMPKRMPQPO
]jb K«O�VWh JfY\ORONY � Q�V ^ hLSLQ�ORQ � �%Q�SUTNYrTRe b S �fSLQ � hLSLQ � K b ONO e���KNQ�� � hLS � b �%Q�SUT%V b SLSfM
V ^ hLSLQ ORMP�UhLQPS a Q KRMPQ ]j] Q\�	nºKRQPS b SiO ] ^ e���Y � Q a�b VWM�Q/JLKNM a MPVWQPSUTRQ �;6 � H 6|Y�9�Q�T ] ^ ej��Y � Q
a�b hLK«YrSUTRQ �;6 � H 6 � 9�� # YIORQ � �uQPSUTNYZTNe b S3�fSfQmJLKRM a MkVWQ�SUTRQ �!6 � H 6 a 9 QkO�TºJfK b ��Q�TRMPQ�Y[h�TNQ��%JfO
a�b hLK«YrSUT �;6 � H 6_V 9¤� c b hiO a�b �u�%QPSf½ b SfO JfY[K O hLJfJ b O QPK3�Uh ^ Y[hoTRQ��%JfO a�b hfKNY[S\T,� ] Q � K b hfJiQ%D
�%Q�SUT�VWQ�KNM � e b SfO¡VWQ ] Y�O Q � �%Q�SUTNYrTRe b S �fSLQ�J b hfK b[� TNQ�SLejK ] Y�O Q � �%Q�SUTNYrTRe b S � K b ONO e���KNQ
QPO T ] Q������%Qo�\h ^ Y[h%TRQ��%JfO¿JLKNM a MPVWQPS\Tk����e�SiO e �wS b hfO"KRMkY ] ejO b SiOpO hLK �;6 � H 6|V 9 ] QPO"�����%QPO
� hfORe b SfO �\hfe b S\T M�TRM KRMkY ] ejORM�QkO�QPS\TNKRQ �;6 � H 6 a 9�Q�T �!6 � H 6 Q:9¤�9c b hfO b[� TRQ�S b SfO YrejSfO e
] ^ ej��Y � Q �;6 � H 6 ��9�� ` SfO hfe TNQ S b hfO a Y ]ja h ]�b SfO ] QPO�X\Q a TNQ�hLK«O�VLQ � b hfX[Q��%QPS\T�Y[ONO bWa e�MkO
��a �fY a hLSLQ�VWQkOIKRM � e b SfOIVWQ �!6 � H 6 �+9�Q�T�S b hiO b[� TNQ�S b SfO ]_^ ej�%Y � Q a�b �%JiQPSfO MPQ �;6 � H 6 � 9��
c b hfO�Y¬X b SfO¡ORhLJiQPKRJ b ORM ] ^ ej��Y � Q a�b �%JiQPSfORM�QQ�T ] Y%ORQ � �%QPS\T«YZTNe b S �fSfQ�J b hLK�� b SUTNKRQPK
�UhLQ ] ^ QPO TRej�%YrTRe b S�VLQd� b hfX[Q��%QPS\T¿S ^ Y�JfY[O¿KNM�hfONO e � � b VWM ] eqO QPK a�b KNKRQ a TRQP�%Q�SUT ] Q�� b h�D
X[QP�%Q�SUTdVWQ ] Y�KNM � e b S�VLh � b SfV � # Y��UhfY ] e�TRM�VLQ a Q�T TRQ a�b �uJ Q�SiORYrTRe b S�QPO T�M�TNhfVWejM�QuO hLK
a �fY a hLSLQmVWQkO KRM � e b SfO VWQ ] YIO Q � �%Q�SUT«YZTRe b S �fSLQ �!6 � H 6|V19¤� # QPO KNM � e b SfO VWQ ] YoORQ � �%Q�SUTNY"D
TRe b S��fSLQm�UhLe b SUT hLSLQ¡�\hiY ] e TNM�VWQ a�b �%JiQPSfORYrTRe b S�e�SfORh ��ONYrSUTRQ¡O b SUT K«YZ� b hLTRM�QkO �d] Y�ORQ � D
�%Q�SUTNYrTRe b S � K b ORORe �PKRQ �!6 � H 6 � 9¤� � e�SfY ] QP�%Q�SUT"S b hfO¿Y[JLJ ] ej�Uh b SfO ���;6 � H 6|�19 ] ^ Y ]��\b KNe TN�L�%Q
VWQ'� hfORe b S VLQ�KNM � e b SfO � Y[ORMuORhLK ] Qu� b hLX[QP�uQPSUToQ�TIS b hfO b[� TRQ�S b SfO ] Y�ORQ � �%Q�SUTNYrTRe b S
� K b ONORe �PKRQ a�b hfKNY[S\TNQ �!6 � H 6|e 9�� �¿Q�T TNQ�VWQ�KNSLe���KNQoM�TNY[JiQ�YuM�TNMIKRMkY ] ejORM�QIJ b hLKk�

• � hfO e b SfSLQ�KºVWQkOºKNM � e b SfO �\hfefM�T«YrejQ�SUT"ORM�JfY[KRMPQPO YrhuTRQP�%JfOºJLKNM a MPVWQPSUTºQ�T"�UhLef��Y[e�S�D
TRQ�SiYrSUT � b h � Q�SUT�QPSfO QP� �L] Q[� npYrK�Q%WQ��%J ] Q��pJ ] hfORe�QPhLKNO�KNM � e b SiO�VWh XweqORY � Q��UhLe
M�TNY[e�QPSUTmORM�JiYrKNM�QPO¡VLY[SfO ] QPO¡JfY\ORORMO b S\Tm��YrejSUTRQPSfYrSUT�� hfORe b SLSLM�QkO��

• � hfO e b SfSLQ�KmVWQkO¿KNM � e b SfO��\hfe?Y¬�UYrSUT¿M�TRMIK«YZ� b hLTRM�QkO"JiYrK��%Y[hLXZYreqO Q a�b �%JiQPSfORYrTRe b S��
YrJLJfY[K TNe�QPSLSLQPS\T � hLS b\� ��Q�T¡VWQ�� b hLX[QP�uQPSUT a�b �LM�KNQ�SUTk� npYrK¿Q�WQ��%J ] Q�� a QPK T«YrejSLQPO
� YrSfVLQPOmVWh � 
rTRej�uQPSUT b SUT�M�TRMIKNQ�� hfORe b SLSLMPQPOmY[JLK��kO¡Y¬X b ejK¡M�TNMoK«YZ� b hWTRMPQPOP�

# Y a�b �%JiQPSfONYZTRe b SIQPSo� b hLX[QP�uQPSUT3VWQ ] ^ ej��Y � Q � K b ORORe �PKRQ�QPO T e ]�] hfO TRKNM"VLYrSiO ]_^ e���Y � Q �;6 � H 6 ��9��
c b hfO¿J b hLX b SfO a�b SfO TNYrTRQ�K ]_^ Yr�%M ] e b K«YZTNe b S%VLQd�UhfY ] e�TRM�JiYrK�KNY[JLJ b K T �]_^ ej�%Y � Q �;6 � H 6 � 9��
ORhLK ] QkO%KRM � e b SfO�KNYr� b hWTNM�QkO���npYrK%Q%wQP�%J ] Q�S b hfOuJ b hLX b SfO b[� ORQ�KNX[QPK ] QPO � Y[SfVWQkOuVLh
� 
rTRej�uQPSUTIORhLK ] Y � Yrh a �LQ�� ��YrejSUTRQPSfYrSUTdQ ]�] QPO a�b �_S a eqVWQ�SUToY¬X\Q a�] QkO�KNM � e b SfO�VWQ ] Y�ORQ � D
�%Q�SUTNYrTRe b S �fSLQ[� ` S/�����%QuTRQP�uJiO ] QkOdKNM � e b SfOI�UhLe b SUT � hfO e b SfSLM 6 JfY[KoQ%WQ��%J ] Q ] QPO
�[QPh� 9 � YrK«VWQPS\TmhLSfQ � b SfSLQ��UhfY ] e TNMVWQ a�b �uJ Q�SiORYrTRe b S �
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�H 6

rajout des

fine

mode intra mode inter mode inter mode inter
time = t time = t+p time = t+2p time = t+3p

segmentation
grossière

compensées
régions mal

précédentes
fusions

segmentation
A

D

B

1 2 3 4

C

�e �hLKNQ
�;6���W� `X b[]hWTNe bS�

VWQ ]Y�
OQ ��%

Q�SUTNYrTRe bS
�fSLQ�Q�TdVWQ ]Y�

OQ ��%
Q�SUT«YZTRe bS

�K bORORe�PKRQ\�
`T«YrJQPOmejSUTRQ�KN�%

MPVWeqYrejKNQPO�J bhLKmJfY\ORORQ�KmVWQ ]^hfSLQ �u
]_^YrhWTNKRQ\�
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6_Y�9mgwQ � �%Q�SUT«YZTRe b S a�b VWMPQ
JLKNM a MPVWQPSUTRQ

6 � 9�¯>��Y � Q a�b hLK«YrSUTRQ

6 a 9�gwQ � �%Q�SUTNYrTRe b S �fSLQ
JLKNM a MkVWQ�SUTNQ

6_V 9mgwQ � �%Q�SUTNYrTRe b S �fSLQ
a�b hLKNY[SUTRQ

6 Q:9�gwQ � �%Q�SUTNYrTRe b S
� K b ONO e���KNQ�JfKRM a MPVLQ�SUTRQ

6 ��9�gWQ � �%QPS\T«YZTNe b S
a�b hLK«YrSUTNQ Y¬X\Q a ] QkO
� hiO e b SfO�JLKRM a MkVWQ�SUTRQkO

6 � 9 � b �uJ Q�SiORYrTRe b S b KRejQ�S=D
TNM�Q b[� ��Q�T � JiYrKRTRejK%VLQ
] ^ ej��Y � Q�6 ��9¤�

6 � 9mgwQ � �uQPSUTNYZTNe b S 6 ��93J ] hfO
KRM � e b SfO���Y ]da�b �%JiQPS�D
O MPQPO

6 e 9mgwQ � �uQPSUTNYZTNe b S
� K b ONO e���KNQ a�b hLK«YrSUTRQ

6 ��9 � b �%JiQPSfONYZTRe b S b KNe�QPS�D
TRM�Q b\� ��Q�T � JfYrKRTRejK%VWQ
]_^ e���Y � Q 6 e 9

� e � hLKNQ �;6 � H � ` wQP�%J ] Q VWh JfY[ONONY � Q�VWQ ] Y�ORQ � �%QPS\T«YZTNe b S �fSfQ �/] Y ORQ � �%Q�SUTNYrTRe b S
� K b ONORe �PKRQ
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# QkO�Y ]��\b KNe TN�L�%QPO�VWQ a�b VfY � Q�VWQ a�b SUT b hLK�Q%wJ ]�b e TNQ�SUT ] Y�KNQPONO QP� �L] YrS a Q�VWQ ] YF� b KN�%Q
VWQkOºKNM � e b SiOpYrh a�b hLK«OºVWh%TRQP�%JfO%�UJ b hLK a�b VWQ�K ] QkO a�b SUT b hfKNOpVWQ��%Y[SLe���KNQmM a�b S b �%Q\� # Y
JLK bWa MPVLhLKRQ a�b SfORejO TRQ ��a�b �%JiQPSfO QPKQ�S/� b hLX\Q��%Q�SUT ] QPOKNM � e b SfOIVWQ ] Y�ORQ � �%Q�SUTNYrTRe b S
JLKNM a MPVWQPS\TNQmQ�TºSLQ a�b VWQ�Kº�UhLQ ] QPOºQ�KNKRQPhLKNOpVLQmJLKRMkVWe a TRe b S3� �¿Q ] YIJ Q�KN�%Q�T"VWQ�KNMPVLhLe�KNQ¡JfYrK
hLS7�|Y a TRQPhLK H b h � ] Q a�b@? TdVWQ a�b VLY � Q�VWQPO a�b SUT b hLK«O¡Q�S�� b VWQ�¯�c ª `"� JfY[K�KNY[JLJ b KRT
Yrh a�b@? T�Q�S�¯�c ª � ���
npYrK a�b SUTNKRQ��kORe\QPSUTRKNQ"VWQ�h=IJ ] Y[SfO ORh aPa QPONORe��|O3S b hfO3KRMkY ] ejO b SiO ] QkO�� hiO e b SfO VWQPO KNM � e b SiO

�UhLe �ib h � QPS\T�Q�SfORQ�� �L] Q�� ] Y � b KN�uQ�VWQPO�KNM � e b SiO a �fYrS � Q�MPS b KN�%M��%Q�SUTP� ` S Q ! Q�T,� ] Y
� b KN�%Q�VLQ ] Y KNM � e b S R = R1 ∪ R2 ∪ R3

SLQ�KRQkORORQ�� �L] Q � ] Y � b KN�uQ�V ^ Yrh a hLSLQ�VWQPO
TRK b eqO�KNM � e b SfO�ejSLe�TReqY ] QPOP�d�dh a�b hLJ ] ^ M a�b S b �%ejQ��UhLQ�S b hfOdS b hiO�YZTRTRQPSfVWe b SfO ��b\� TRQPSLe�K
� K+
 a Q�Yrh= � hfO e b SiO�JfY[KI� b hLX[QP�%Q�SUTdQkO�TIJiQPKNVLhLQuVLhF�|Yre�T�\h ^ b S S ^ YrKNKRejX[Q�JfY[O ��� e�QPS
a�b �%JiQPSfO QPK ] Q a �fY[S � QP�%Q�SUT�VWQ � b KN�%Q[�

6|Y�9mgWQ � �%QPS\T«YZTNe b S�JLKNM a MPVWQPSUTRQ 6 � 9 gwQ � �%Q�SUT«YZTRe b S a�b hLKNY[SUTRQ
Y¬X\Q a � hfORe b SfO"JfYrK¿� b hLX[Q%D
�%Q�SUT

� e � hfKRQ �;6 � �i�4�¿�fYrS � Q��%Q�SUTmVWQ � b KN�%QIJLK b X b �\hfM�QoJfYrK ] QPO�� hfORe b SfO¡JfY[Km� b hLX\Q��%Q�SUT
# Y � � hfKRQ �;6 � ��e ]j] hfO TRKNQ ] YdJLK b[�L] M���YZTNej�UhLQ�VWh a �iYrS � Q��%Q�SUT�VLQ4� b KR�%Q[��c b hfO Y¬X b SiO

Yrh TNQ��%JfO t hLSLQ��%Y a K b D´KRM � e b S �UhLe"QPO T ]_^ hLSLe b S�VWQ�J ] hiO ejQ�hLK«OIKNM � e b SiOIJLKRM a MkVWQ�SUTRQkO��g b e�QPS\T Rt−p
1 , Rt−p

2 , ...
] QPO�KRM � e b SfO¡VWQ ] Y�ORQ � �%QPS\T«YZTNe b S�JLKNM a MPVWQPSUTRQ 6 � � � �!6 � �16|Y 9 9¿Q�T

Rt
1, R

t
2...
] QPhLKpJLK b ��Q a TRe b S�Y[h�TNQ��%JfO a�b hLK«YrSUTP� gwe Rt

1, R
t
2...
O b SUT$� hfORe b SLSLM�QkO Yrh�TNQ��%JfO

a�b hLK«YrSUT�� ] Y�KNM � e b S YrejSfORe b[� TNQ�SwhLQ Rt = Rt
1 ∪ Rt

2 ∪ ... 6 � � � �;6 � �16 � 9 9�SLQ%KNQPONO QP� �L] QejSfVWejXUeqVWhLQ ]�] Q��%QPS\T � Y[h a hLSfQ�VWQPO¡KNM � e b SfO � hfO e b SfSLM�QkO%�W��YreqO �%] Q�hLKmKNM�hLSfe b S �
n b hLKdJ b hLX b e�K � e�QPS a�b �%JiQPSfO QPK ] Y � b KN�%Q�VWQ ] Y�KNM � e b S b[� TNQ�SwhLQ�JfY[K � hfORe b S��?O b S

X[Q a TNQ�hLKpVWQ�� b hLX\Q��%Q�SUTpV b e�T$��TRKNQmYrJLJ ] eq�\hfM¿S b S�JfY\O � hLSfQ�KNM � e b S�ejSfVWejXUeqVWhLQ ]�] Q��[�%Y[ejO
�%] ^ QPSfO QP� �L] Q�VWQkO�KNM � e b SiO¡KRMPhLSLejQPO36 Rt−p = Rt−p

1 ∪ Rt−p
2 ∪ ... 9¤� �¿Q�TRTRQ�ejS�� b KR��YZTNe b SY�JLKRe b KNe�S ^ QkO�TIJfY\O a�b SLSwhLQ�JfYrK ] Q�KNM a Q�JWTNQ�hLKk� #º^ M��%Q�T TRQPhLKV b e�T ] hLepQPSwX b �[QPK ] Y ] ejO TRQ

VWQkOmKRM � e b SfO¡�UhLe b SUT�M�TRM � hiO e b SLSfM�QPOP�"�dQ a Q�T TNQ�%Y[SLe���KNQ ] QKNM a QPJWTRQPhLKmJ Q�hWTdY[hfONO e ] QPO
�%Q�TRTRKNQQ�SfORQ�� �L] QY¬XZYrSUT�VWQ a�b VWQPK ] QkO a�b S\T b hLK«O¡VWQ ] YuORQ � �%Q�SUTNYrTRe b S a�b hfKNY[S\TNQ[�
Á hfY[SfV ] Y�O Q � �%Q�SUTNYrTRe b S a�b SUTRejQ�SUT¿VWQkO � hfORe b SfO¿JfYrKº� b hLX[QP�uQPSUT�� ]_^ Y ]j�[b KRe�TR�L�%Q�VWQ

a�b VLY � QIVWQ a�b SUT b hfKNO a�b SfORejO TRQ � �

•
� M�SfM�KNQ�K,� � JfYrKRTRejK�VWQ ] Y�ORQ � �%QPS\T«YZTNe b S�JfKRM a MPVLQ�SUTRQQ�T ] Y ] eqO�TNQ�VWQ � hfORe b SfO��fhLSLQ
O Q � �%Q�SUTNYrTRe b S VLh�TRQP�%JfOIJLKNM a MkVWQ�SUTV b SUT ] QkOoKRM � e b SfOoO b SUToJLK bWa �LQPOoVWQ a Q ]�] QPO
�\hfe X b SUT ��TNKRQ a�b VLM�QPOmY[h�TNQ��%JfO a�b hLK«YrSUTk�

•
a�b VWQ�K ] YuORQ � �%QPS\T«YZTNe b S a�b hfKNY[S\TNQ�JfY[K¿K«YrJLJ b KRT ��] Y�O Q � �%Q�SUT«YZTRe b S b\� TRQPSwhLQoY[h
J b e�SUTmJLKNM a MkVWQ�SUTk�
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��ejSfORe ] ^ Q�KNKRQPhLK�VLQ�JLKNMPVWe a TNe b S�VWQkO a�b SUT b hLK«OºS ^ Yrh � �%Q�SUTRQ�JiY[O ��a YrhfORQ�VWQkO4� hiO e b SfO
JfY[Km� b hLX[QP�%Q�SUTP�

# QIKNM a Q�JWTNQ�hLKmVWQPXUK«YuhWTRe ] ejORQ�K�VWQ ] Yu�����%QI�%Y[SLe���KNQ ] Y ] eqO TRQ�VWQ8� hfORe b SfO¡J b hLKmJLK b D
VWhLejKNQ�hLSLQ�O Q � �%Q�SUT«YZTRe b S VLQ ] ^ ej��Y � Q�JLKRM a MkVWQ�SUTRQ a�b �fM�KNQ�SUTRQ�Y¬X\Q a�a Q ]j] Q�VWQ ] ^ ej��Y � Q
a�b hLK«YrSUTRQ���Y¬XZYrSUT�VWQ VWM a�b VLQ�K ] Q � h ! Q�K�VWQ a�b SUT b hfKP� #º^ e���Y � Q �;6 � � e ]�] hfO TRKNQ a Q�T TRQ
JLK bWa MPVLhLKRQ\� g b e T ]_^ ej�%Y � Q �!6 � �=6_Y�9 ] Y�ORQ � �uQPSUTNYZTNe b SJLKNM a MkVWQ�SUTNQ"Q�T �;6 � � 6 � 9 ] YdO Q � �%Q�S�D
TNYrTRe b S a�b hfKNY[S\TNQ[� # Q a�b VfY � Q�VWQ a�b SUT b hLK a�b �%�%Q�S a Q"JiYrK � M�SfM�KNQ�K ] ^ e���Y � Q �!6 � �=6 a 9 �UhLe
QPO T ] Y�ORQ � �uQPSUTNYZTNe b S�JLKNM a MkVWQ�SUTNQ�Y¬X[Q a¡] QkO � hfORe b SfO a�b hfKNY[S\TNQPOpQ�T¿QPSfO hfe TNQ ] QkO a�b SUT b hLK«O
VWQ �!6 � �=6 � 9¿O b SUT a�b VWMkO¡Q�S�¯�c ª `"� JiYrKmK«YrJLJ b KRT �%a Q�h��VWQ �;6 � �=6 a 9��

6|Y 9mgwQ � �%Q�SUTNYrTRe b S JLKNM a M�D
VWQ�SUTNQ

6 � 9mgwQ � �%Q�SUTNYrTRe b S
a�b hLK«YrSUTRQ

6 a 9mgWQ � �%QPS\T«YZTNe b S JLKRM a M%D
VLQ�SUTRQY¬X[Q ao] QkO � hfO e b SiO
a�b hLK«YrSUTNQPOP�

� e � hfKRQ �;6 � �L� � b VLY � QVWQ a�b SUT b hfKNO¡Y¬X[Q a VWQPO � hfORe b SfO¡JfY[Km� b hLX\Q��%Q�SUT

��� ��� ( � /	+:6	� � 9*+ ��. /	& �-� � �"!$# &).5(*� 9*+-��. /5& !0�";���& �
!0&). 9

# QkO � hfORe b SfOpJfY[Kº� b hLX\Q��%Q�SUTºejSUTRK b VLhLejORQ�SUT"VWQ � b KRTNO a �fY[S � QP�%Q�SUTNOpVLY[SfO ] Y8� b KN�%Q�VWQPO
KNM � e b SiOO Q � �%Q�SUTRMPQPOP� # Y � b KN�uQ�VLQ Rt = Rt

1 ∪ Rt
2 ∪ Rt

3
QPO T�TRK��PO�VLe ! M�KNQ�SUTRQ�VWQ ] Y

� b KN�%Q�VLQ a �fY a hLSfQ�VWQkO�KRM � e b SfO Rt−p
1

� Rt−p
2
Q�T Rt−p

3
��c b hfO Y¬X b SfO3XUh%�UhLQ ] Y ] eqO TRQmVWQPO

KNM � e b SiO � hiO e b SLSfM�QPO a�� TNM%M��%Q�TRTRQ�hfK�V b e�T3��TNKRQ%QPSUX b �[MPQuY[h KNM a Q�JWTNQ�hLKk� �¿Q ] Y�JiQPKR�%Q�T
V ^ YrJLJ ] eq�UhLQ�K ] Q�X\Q a TNQ�hLKVWQu� b hLX\Q��%Q�SUTVWQ Rt � Rt−p = Rt−p

1 ∪ Rt−p
2 ∪ Rt−p

3
� a Q

�UhLefV b SLSLQmhLSfQ �ib SLSLQ�QkO�TNe���YZTNe b SuVLQ ] Y/� b KR�%Q�VWQ Rt � #º^ Q�SwX b ewVLQ a Q�T TRQmejS�� b KR��YZTNe b S
J Q�KN�uQ�T�VWQdSfQoJiY[O¡Yrh � �%Q�SUTRQPK ] Q a�b ? T¡VWQ a�b VfY � QoVWQPO a�b SUT b hLKNO �%a Y[hfO QoVWQPO � hiO e b SfO
JfY[K�� b hLX\Q��%Q�SUTk� B b � b SiOm��YrejS\TNQ�SfY[SUT ] QkO�� b VWe � a YrTRe b SfOd�\hfQ�S b hiO�VWQPX b SiO�ejS a�] hLKNQ
J b hLK��UhLQ ] Y a�b �%J Q�SfONYZTNe b S�VLh a�b SUTRQPSwh�VWQkO¡KRM � e b SfO¡O b e�TmQ	� a Y a Q[�

� b �%�%Q�Si½ b SiO?JfYrK X b ejK hLSIJiQPhJ ] hfO QPSIVLM�TNY[e ][] QkO a Y[KNY a TNM�KNejO TReq�UhLQPO?VWQ ] ^ Y ]��\b KNe TN�L�%Q
VWQ a�b �%JiQPSfONYZTRe b S3� # Q�� b hLX[QP�uQPSUT V ^ hfSLQ KNM � e b S QPO T�� b VWM ] ejORM�JfY[K�hLS ��Q�h VWQ
JfY[KNY[�'��TRKNQPO56 a1, a2, a3...., b1, b2, b3...

9�� #º^ Q�WJLKNQPONORe b S/VLh X[Q a TRQPhLK�VLQ�VWMPJ ] Y a QP�uQPSUT
(dx, dy) VWQ a �fY\�\hfQoJfe�WQ ] (x, y) QkO�T�V b SLSLMPQJfYrK ] QPOmVWQPh��J b[] �wS � �%QPOmORhLejXZYrSUTNOP�

dx = a1 + a2 × x + a3 × y + ...

dy = b1 + b2 × x + b3 × y + ...

�¿Q�X\Q a TRQ�hfKoVWQuVWM�J ] Y a Q��%QPS\TIQPO T a Y ]qa h ] M�J b hfK a �fY\�UhLQ�JLe WQ ] (x, y) QPS�hWTNe ] ejONYrSUT] QPOIJfY[KNY[�'��TRKNQPO�6 a1, a2..., b1, b2...
9IVWQ ] Y�KNM � e b S ��] Y[�UhLQ ]j] Q�e ] YrJfJfYrKRTRejQ�SUTP� ` SiO hLe�TRQ

] Y a�b �%J Q�SfONYZTNe b S�J Q�hWT�ORQ �|YrejKNQoQPS�VLQ�h��� b VWQkO��
� �¡� b hLX[QP�%Q�SUTmS b S�D´KNQPO TRKNQ�ejS\T
�L�¡� b hLX[QP�%Q�SUTmKRQkO�TNKRQPe�SUT
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# Q�� b VWQdS b S=D KNQPO TRKNQ�ejSUT a�b �%J Q�SfORQ a �iY[�UhLQ�JLe WQ ] (x, y) VWh�TNQ��%JfO"T�Y¬X\Q am] Q�JLe WQ ]
(x − dx, y − dy) VWQ ] ^ e���Y � Q t − p �'��h a hLSfQ a�b S\TNKNY[e�SUTNQ�S ^ QkO�T�KNYr� b hWTNM�Q � a Q�T TNQa�b �%JiQPSfORYrTRe b S �

# Y a�b �%J Q�SfONYZTNe b S/VLQ�� b hLX\Q��%Q�SUT�Q�S�� b VWQ�KNQPO TRKNQ�ejSUT�V ^ hfSLQ�KNM � e b S VWh/TNQ��%JfO
a�b hLK«YrSUT 6 Rt 9 hWTNe ] ejORQ ] ^ ejS�� b KR��YZTNe b S�VWQ ] YIJ b O e�TRe b S�VLQ ] YIKNM � e b S�Yrh%TRQP�%JfOºJLKNM a MPVWQPSUT
6 Rt−p 9�� �dM�T«Yre ]�]jb SiO ] Y a�b �%JiQPSfORYrTRe b S VWQ ] Y KNM � e b S Rt Q�S � b VWQ�KRQkO�TNKRQPe�SUTP� `º]j] Q
O ^ b J1�PKRQIQ�S�VWQPh��M�TNYrJ QPOP�

• J b hLK a �fY\�UhLQJLe wQ ] VLQ ] Y�KRM � e b S Rt b S a Y ]ja h ] Q�O b S�X[Q a TRQPhLKdVLQ�VWMPJ ] Y a QP�uQPSUT
(dx, dy)

� JfY[K TNe�KuVWQPO�JfYrK«Yr����TRKNQPO�VWQ�� b hLX\Q��%Q�SUT�VWQ Rt � gwe ] Q�JLe wQ ] (x −
dx, y − dy) Y[JLJfY[K TNe�QPS\T � ] Y KNM � e b S Rt−p VWQ ] Y/ORQ � �uQPSUTNYZTNe b S JLKNM a MPVWQPSUTRQ��
Y ]jb K«O b S�Q ! Q a TNhLQ ] Y a�b �%JiQPSfONYZTRe b S3�pgWe�S b S�� ] QIJLe�WQ ] S ^ QPO T�JfY[O a�b �%JiQPSfORM[�

• YrJLK��PO¡Y¬X b e�K a�b �%JiQPSfO MoT b hfO ] QPO¡JLe WQ ] Om�UhLe X[MPKRe �fQPS\T ] Y a�b SfVLe TNe b S�JLKNM a MPVWQPSUTRQ��hLSLQuJLK b JfY � YZTNe b S�VWQ�TNQ�wTRhfKRQuKRQP�%J ] e�T ] QkOdTRK b hfOoVWQPOoJLe WQ ] OI�\hfe�S ^ b S\TIJfY\OdJfh
��TRKNQ a�b �uJ Q�SiO MkO��

sans
Compensée

(c)
restriction

(d) avec
restriction

Compensée

par l’objet en

mouvement

traînée laissée

Image t-p Image t

propagation

de texture

(a) (b)

� e � hLKNQ �;6 � � ��nºK b[�L] ���%Q�VWQ ?Pb SLQkOmVWM a�b hLX\Q�KRTRQPO
#º^ Y¬XZYrSUTNY � Q"VLh�� b VWQmVWQ4� b S a TNe b SLSLQP�uQPSUT�KNQPO TRKNQ�ejSUT�QkO�Tp�Uh ^ e ]w� �PKRQ��%e�QPh� ] Q�JLK b[� D

] ���%Q�VWQPO ?Pb SLQkOVWM a�b hLX\Q�KRTRQkO ��a YrhfORQ�VWh/� b hLX\Q��%Q�SUTP� # Y � � hLKNQ �;6 � � e ]j] hfO�TNKRQ ] QPO
VWQPh� � b VWQkO�VWQ � b S a TNe b SLSLQ��%QPS\Tk�!¯>��Y � ejS b SfO�hLS b[� ��Q�T��UhLe � b h � Q�O hfK�hLS � b SiV
O TNYZTNej�UhLQ�6 � � � �;6 � � 6|Y�9ºQ�T �;6 � � 6 � 9�9�� # Y a�b �%JiQPSfORYrTRe b S�VWQd� b hLX[QP�uQPSUT�ONYrSfO�KNQPO TRKNe a D
TRe b S�J ] Y a Q ]_^ b[� ��Q�T � ONY�S b hLX\Q ]j] QJ b ORe TNe b S��L��YreqO ] Y a�b �%J Q�SfONYZTNe b S�VWh � b SfV 6 JiY[O�VWQ
� b hLX\Q��%Q�SUT 9 ] YreqONO QPKNYuVWQPO�TNKNY a QkOmVWQ ]_^ YrS a e�QPSLSLQJ b ORe TNe b S�VLQ ]_^ b[� ��Q�T36 � � � �;6 � � 6 a 9�9¤�
npYrK a�b S\TNKRQ�� ] Q¡� b VWQmVWQ � b S a TRe b SLSfQ��%Q�SUT KRQkO�TNKRQPe�SUT SLQ a�b �%J Q�SfORQ�K«Y�JiY[O ] QkO JLe wQ ] O

�UhLe"Y[JLJfYrKRTRejQ�SfSLQ�SUT�Yrh � b SiV�Yrh TRQP�uJiO a�b hLKNY[SUTI��Y[ejO��UhLe¿YrJLJfY[K TNQ�SfY[e�QPSUT ��] ^ b\� ��Q�T
] Q�TNQ��%JfO%JLKNM a MPVWQPSUT76 ?�b SfQ�VLM a�b hLX[QPK TNQ�JfY[K ] Q�� b hLX\Q��%Q�SUT�VWQ ] ^ b\� ��Q�T 9¤� # Y ?�b SfQ
VWM a�b hfX[Q�KRTRQmORQ�K«YoKRQP�uJ ] ejQ�JfY[KphLSLQ�JLK b JiY � YrTRe b SuVWQmTRQ%wTRhLKNQ�VWQPOºJLe�WQ ] O¿�\hfe b SUTºKNM�hfONO e
� ��TNKRQ a�b �%JiQPSfORMPOP� ��e�SiO e�e ] SLQ�KNQPO TRQPKNY JfY\O�VWQ�TRK«Y a Q�VLQ ] ^ YrS a e�QPSLSLQ�J b ORe TNe b S VWQ
] ^ b\� ��Q�T�6 � � � �!6 � � 6|V19 9¤�
� QP�%Y[KN�Uh b SfO�UhLQ�ORe"Yrh a hLS�JLe WQ ] VWQ ] Y�KRM � e b S SLQ a�b �_S a eqVWQ�Y¬X[Q a%] Y������%Q�KNM�D

� e b S�Yrh�TRQ��%JfO¡JfKRM a MPVLQ�SUT��wSwh ] JLe wQ ] S ^ QPO T a�b �%J Q�SfORMdQ�T ] Y�JLK b JfY � YZTNe b S�VWQoTRQ%UTNhLKNQ
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S ^ QPO TJfY[OoJ b ONO e �L] Q[���oYrSiO a Q a Y\O ]q� � ] Y a�b �uJ Q�SiORYrTRe b S VLQ ] Y�KRM � e b S�QkO�T �|Yre�TRQ�ONYrSfO
a�b SUTRK«YrejS\TNQ[�

# Y a�b �%J Q�SfONYZTNe b S VWQ�� b hfX[Q��%QPS\T�Q�S � b VWQ�KNQPO TRKNQ�ejSUT�V b SLSLQ�VWQ��%Q�e ]�] Q�hLK«O�KNM�D
ORh ] T«YZT«O�JfY[K a QI�UhLQ ] QkOmJLe wQ ] O a�b �uJ Q�SiO MkO�YrJLJiYrKRTRQ�SiYrejQ�SUT�VWM�� ���%] Y%�����%Q�KNM � e b S�Y[h
TRQP�%JfO¡JLKNM a MkVWQ�SUTk� Á hfY[SfV b S�ejS a�] hWT�VWQkO4� hiO e b SfO�JfY[K¡� b hLX[QP�%Q�SUT��W�UhLQ ]j] QdKNM � e b S�XZY
a�b SUTRK«YrejSfVWKNQ ] Y a�b �%JiQPSfORYrTRe b S�VWQ ] Y�KNM � e b S b\� TRQPSUhfQ�JfYrK�� hiO e b S � # Y�KRMPJ b SfORQuQkO�T
a�] YrejKNQ[� ] ^ hLSLe b S�VWQPOºKRM � e b SfO �UhLe b S\TºM�TRM�� hfORe b SLSLMPQPOP� �¿Q�T TNQ�e�S=� b KN�%YrTRe b SuQPO T ] YI���P�uQ
�UhLQ a Q ]�] Q��UhLe3YuM�TNMdTNKNY[SfOR�ueqORQoJ b hfK a�b VWQ�K ] QPO a�b SUT b hLK«O¡VWQI�%Y[SLe���KNQoQ � a Y a Q[�
l�Y[ejO�VLYrSiO ] Y�ORQ � �uQPSUTNYZTNe b S a�b hLK«YrSUTRQ�e ] S ^ ��Y�JfY\O¿�UhLQIVWQPO4� hfORe b SfOP��¯ ] ��Y�YrhfONO e

VWQkO�KNQPORQ � �uQPSUTNYZTNe b SfOP� c b hfO�J b hLX b SfO�VLejO TRejS � hfQ�K%VWQ�h�/T��wJ QPO%VWQ�KNQPORQ � �%Q�SUTNYrTRe b S
�UhLe X b SUT¡ORh � ejK�VWQPh��TNKNY[e TNQ��%Q�SUTNOmVLe ! M�KNQ�SUTNOP�

# Q�JLKNQ��%e�QPK�T��wJ Q�VWQ�KRQkO Q � �%Q�SUT«YZTRe b S a�b KNKRQkO J b SfV � ]_^ YrJLJiYrKNe TNe b S VWQ�S b hLX[Q ]�] QPO
KNM � e b SiO�� �¿Q�O b SUT�VWQPO�KRM � e b SfOm�UhLe b SUT a KNeqO�T«Y ]j] eqO M�Y[h�TRQ��%JfO a�b hLKNY[SUT��LejSfVWMPJiQPSfVLYr�'D
�%Q�SUT�VWh TRQP�%JfO�JLKNM a MPVWQPSUTP� # QkO�S b hLX[Q ]�] QPO%KNM � e b SfOuS ^ b SUT�JfY[O�VWQ�JiY[ONO M�VLY[SfO ] Y
ORMP�UhLQ�S a Q[� � ^ QPO T"J b hLK«�\h b efQ ]�] QPO"O b S\T a�b VWM�QkOºQPS�� b VWQ�¯�c ª � ���UONYrSfO a�b �%J Q�SfONYZTNe b S
VWQ� b hfX[Q��%QPS\TmJfY[K¡KNY[JLJ b K T�Y[h�TNQ��%JfOmJLKNM a MPVWQPSUTP�
· S VWQPh�We �P�%Q�T��UJ Q�VWQ�KNQPORQ � �uQPSUTNYZTNe b S a�b KNKRQkO J b SfV �/]_^ ejS\TNK b VWh a TRe b S VLY[SfO ] Y

ORQ � �%QPS\T«YZTNe b S � K b ONO e���KNQ�VWQkO�KNM � e b SfO�VWQ ] Y ORQ � �%QPS\T«YZTNe b S �fSLQ�V b SUT ] Y �UhfY ] e TNM�VWQ
a�b �%JiQPSfORYrTRe b S0ORY[SfO�KNQPORQ � �%QPS\T«YZTNe b S S ^ QPO T�JfY[O�ORh ��ONYrSUTRQ\� �¿QkO�KNM � e b SiO b SUT�hfS
JfY\ORORMdVLY[SfO ] YuORMP�UhLQ�S a Q[� `º]j] QkO b SUT¡M�TRM a�b VWMPQPO¿Q�TmQ�SiO hLe�TRQ/� hfORe b SLSLMPQPO�JfYrK a Qo�Uh ^ Q ]�] QPO
� b h � QPYrejQ�SUT�QPSfO QP� �L] Q Y¬X\Q a V ^ YrhWTNKRQkO�KNM � e b SfO��'l�Y[e�SUTNQ�SfY[S\T ] QPhLK�� b hfX[Q��%QPS\T�QkO�T
ejSfVWM�J Q�SiVLYrSUTP� `º]j] QkO�V b ejX[Q�SUT���TRKNQ�ORM�JfY[KRMPQPOJ b hfK ��TRKNQ a�b KRKNQ a TRQ��%QPS\T a�b �%J Q�SfORM�QkO��
�oYrSfO a Q�T TNQO e�TRhfYrTRe b S�� a�b �%�%Q�SUT�V b e�T�Y � ejK ] YuKNQPO TRKNe a TRe b S�VWQI� b hfX[Q��%QPS\T � # QI� b h�D
X[QP�%Q�SUTdVWQ ] Y�KNM � e b S�KNYr� b hWTNM�Q�V b e T8��TNKRQ a�b SUTRK«YrejSUT ��] ^ ejSUTRMPKRejQ�hLKoVWQ ] Y�KNM � e b S�VLQ ] Y
ORQ � �%QPS\T«YZTNe b S � K b ORORe���KNQ JLKNM a MPVWQPSUTRQº�UhLe ] Y a�b SUTRQPSfYre�T�� ar^ QPO T D � D>VWejKRQ�� �m] ^ ejSUTRMPKRejQ�hLK VWQ ] Y
KNM � e b S%JLKNM a MPVWQPSUTRQ��UhLeiQPO T"KRQkO Q � �%Q�SUTNM�Q[� � JLKNe b KNe a Q�T TNQ�e�S=� b KN�%YrTRe b S�QkO�T¿VLejORJ b SLe �L] Q
Yrh�KNM a Q�JWTNQ�hLKk��¯ ] O h
�uTIV ^ Y[ONO e � SLQPK ��] Y�KNM � e b S�K«YZ� b hWTRMPQ ] Y������%Q�M�TReq�\hfQ�T TNQ��Uh ^ Q ]j] Q
Y¬XZYre�TdY¬XZYrSUT�V ^ Y¬X b e�K�M�TRM�� hiO e b SLSfM�Q�JiYrK�� b hfX[Q��%QPS\Tk� # Q�KNM a Q�JWTNQ�hLKdJ b hLKNKNY[e T,� � K+
 a Q
�%] ^ �LeqO T b ejKNQ�VWQPO�� hiO e b SfO�KRMkY ] ejORM�QkO%�LONY¬X b e�K � �UhLQ ]j] QKRM � e b S � K b ONO e���KNQdQ ]�] Q�YrJfJfYrKRTRejQ�SUTP�
l�Y[ejOmJ b hfK ]_^ ejSfO�T«YrSUT�� ] Q�KRM a Q�JLTRQ�hfK�S ^ QPO T�JfY[O���hLSLe�VWQ�%M�� b ejKNQ[��¯ ] SLQ a�b SLSfY<;jT��UhLQ
] Q�TRQP�%JfO�JLKRM a MkVWQ�SUT¿ej�%�%MPVWeqYZTk� � ^ QPO T¡J b hLKN�Uh b efS b hfO�VWQ�X b SfO"Q�SwX b �\Q�KºJ b hLK a �fY\�\hfQ
b[� ��Q�T�K«YZ� b hWTRM�� ]_^ M�TNej�UhLQ�T TRQ�VWQ ] Y�KNM � e b S�JLKNM a MkVWQ�SUTNQ�VLY[SfO ] Y[�UhLQ ]�] Q�e ] M�TNY[e Tue�S a�] hiO��
��ejSfORe ] Q�hLKd� b hLX\Q��%Q�SUT�J Q�hWT8��TNKRQ a�b SUTRK«YrejSUT��fY[�%M ] e b KNY[S\T�VWQ a Q�T TRQ3�|Y[½ b S ] Y��\hiY ] e TNM
VWQ ] Y a�b �%J Q�SfONYZTNe b S �

n Y[K a�b SfORMP�UhLQ�SUT,� ] QkO�ejS�� b KN��YZTNe b SfOISLM a QPONORY[e�KNQPOoJ b hLK�M�Xwe TNQ�K��UhLQ ] QPO�� hfO e b SiOJfYrK
� b hLX\Q��%Q�SUT¡TRK b h �L] QPSUT ] Q � b S a TRe b SfSLQ��%Q�SUT�V ^ YrhWTNKRQkO¡M�T«YrJ QPO�O b SUT ] QkOmO hfe�XZYrSUTNQPOP�

• V ^ hfSLQ%JfYrKRT ] Y ] eqO�TNQ�VWQPO/� hfORe b SfO�UhLe b SUTM�TNMuKNMPY ] eqORM�QPOdQ�SUTNKRQ ] Q�TRQP�%JfOoTQ�T ] QTRQ��%JfO�T>dJ �
• V ^ Y[hWTRKNQIJfYrKRT�� ] Y ] eqO TRQ�VWQkO¡KRQkO Q � �%Q�SUTNYrTRe b SfOP�

� �%(*"�vWxkz C z�&_z x 8 t � x�yZt &|v yZt#��xPy¬z'�rxkz�� � � t (*�%���it#( t � x�tUx &|v � ���kz�� � � t y 8 K. z�� � � " vWy (*�-���it#( t � x � �fSuVLQ�J b hfX b ejK�KRQkO�TNKRQPe�SfVLKRQ ] Q�� b hLX\Q��%Q�SUTpVWQPO�KNM � e b SiO
VWQ ] Y ORQ � �%QPS\T«YZTNe b S �fSLQ��UhLe b SUT%M�TNM�K«YZ� b hWTRMPQPOuVLYrSfO ] Y ORQ � �%Q�SUTNYrTRe b S � K b ORORe �PKRQ��
] ^ MP�uQ�T TNQ�hLK�V b e�T Q�SwX b �\Q�K YrhIKNM a Q�JWTNQ�hLK,��J b hLK a �fY a hLSLQºVWQkO KRM � e b SfO?K«YZ� b hWTRMPQPO�� ] ^ M�TReq�UhLQ�TRTRQ
VWQ ] Y O Q � �%Q�SUT«YZTRe b S � K b ONO e���KNQ � ] Y[�UhLQ ]�] Q Q ]�] Q/YrJLJfY[K TNQ�SfY[e Tk� l YreqO�Y[JLK��PO ] ^ M�TNY[JiQ
VWQ�KNQPORQ � �%Q�SUTNYrTRe b S/VWQ ] Y�O Q � �%Q�SUTNYrTRe b S � K b ONORe �PKRQuS b hiOKRMkY ] ejO b SiOVWQPO3� hfO e b SiOJfYrK
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� b hLX\Q��%Q�SUT 6|X b e�KoO Q a TRe b S �!6 � � 9��mn Y[K a�b SfORMP�UhLQPS\TdhLSLQ�S b hLX\Q ]j] Q a�b SUTRK«YrejSUTRQ�QkO�T�ejS�D
TRK b VWhLe�TRQuVLYrSfO ] ^ Y ]��\b KNe TN�L�%Q�VWQ � hfO e b SiOdVWQ�KRM � e b SfO�JfYrKd� b hLX\Q��%Q�SUTP��VLQ�h��KNM � e b SiO
a�b hLK«YrSUTRQkO��UhLe b SUT�M�TNM�K«YZ� b hWTRMPQPO � a YrhiO Q�VLQ ] Q�hLKu��YrhLXZYreqORQ a�b �uJ Q�SiORYrTRe b S�� J Q�h�D
X[QPSUT4� hfORe b SLSLQPK¿ORQ�h ] Q��%Q�SUT¡O e?Q ]j] QPOºJfK b XwejQ�SLSLQPSUT¿VWQ ] Y��'�P�%Q�KNM � e b S � K b ORORe���KNQ�JfKRM a M�D
VWQPS\TNQ[�p��hLTRKNQ��%Q�SUT��UhLSLQ�KRM � e b S%KNYr� b hWTNM�QmJ b hLKNK«Yre�TºKRQkO�TNQ�K ��a �fQ�XZY ] ORhLK�VWQ�h�%KNM � e b SiO
� K b ONORe �PKRQkO�JLKNM a MPVWQPS\TNQPOoQ�T ] Q�KNM a Q�JWTNQ�hLKISLQ�ONYrhLK«Yre�TIJfY[OoKNQPO TRKNQ�ejSfVWKNQ ] Qu� b hLX[QP�uQPSUT
V ^ hLSLQ�TRQ ]j] Q�KRM � e b S ��gwe�XwKNY[e��%QPS\T a QPO�KRM � e b SfO � b h � Q�SUTdVLQ���YrSLe���KNQ a�b �LM�KNQ�SUTNQ��fQ ]�] QPO
ORQ�K b SUT � hiO e b SLSfM�QPO ] QoTRQP�%JfO�V ^ YrJLK��POP�
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��� ��� � 4)(,; � 9*� 9*(
�oYrSfO ] QkO a �fY[JLe TNKRQkO JLKNM a MPVWQPS\T«O S b hfO3Y¬X b SfO?ejSUTRK b VWhLe�T hLS�Y ]��\b KNe TN�L�%QºVWQ � hfORe b S�VWQºKNM�D
� e b SiOº�UhLQmS b hiO"Y¬X b SfO Y[VLY[JWTRMdYrh�uJfYrKRTRe a h ] YrKNe�TRMPO JfK b JLKRQkOpV ^ hLS�O �WO T��P�uQdVWQ a�b VLY � Q\�
c b hfO�Y¬X b SiO��%ejO�Yrh J b e�SUT�VWe ! M�KNQ�SUT«O a KRe�T��PKRQkO�VWQ � hfORe b S!�UhLQ S b hfO�Y¬X b SfO%TRQkO�TNMPO
ORhLK�VWQPO�Q�WQ��%J ] QPO�eqO b[] MPOP� l YrejS\TNQ�SfY[SUT�e ] O ^ Y � e�T�V ^ YrSfY ] �WORQ�K ] Q a�b �%J b KRTRQ��%QPS\T�VWQ
] ^ Y ]��\b KNe TN�L�%QoORhLKmVWQPO¡ORMP�UhLQPS a QkO¿QPSUTRe���KNQPOP� � b �%�uQPSf½ b SfO�JfYrK¡K«YrJLJ Q ] Q�K ] ^ Y ]��\b KNe TN�L�%Q
�fSfY ] Yrhf�UhLQ ] S b hfOmY¬X b SfO¿Y �ib hWTRe �

# QkO"Y ]��\b KNe TN�L�%QPO"VLQ a�b VLY � Q�VLQoORMP�UhLQPS a QkO b SUT¡VWQ�h��� b VWQPO�VWQ � b S a TRe b SLSLQP�%Q�SUTP�

• � b VWQI¯�c ª � � b h�� b VWQIV ^ ejSLe�TReqY ] ejONYZTNe b S � # YuO a ��SLQdQPO T a�b �%J ] ��TNQ��%Q�SUT¡e�S a�b S�DSUhfQoJiYrK ] QoKNM a Q�JWTNQ�hLKmQ�T�Q�S a�b SfORMP�UhLQ�S a QoQ ]j] Q�V b e T ��TRKNQQ�SUTRe���KNQ��%Q�SUT a�b VWMPQ[�

• � b VWQI¯�c ª `"� � ] Y�O a ��SLQIQkO�T�VWM � ��a�b SLSwhLQIJfYrK ] QKRM a QPJWTRQPhLKP�"¾dS�SLQITNKNY[SfO �%Q�T�\hfQ ] QPOmVLe ! M�KNQ�S a QPOmJiYrK¡KNY[JLJ b KRT �u] Y%VWQ�KNSLe���KNQoej��Y � Q a�b VWM�Q\�
B b � b SfO ] QkO%M�TNY[JiQkO�VWQ�S b TNKRQ�Y ]��\b KNe TN�L�%Q�ORQ ]jb S a QPO�VLQ�h� � b VWQkO�VWQ � b S a TRe b S�D

SLQP�uQPSUTP�
� � � � � =�E<?	E9;!8�= ��� � � �
� y 8 x�yZvLz xkt#( t � x
� � � ] TNKRQY[KRM b[] YrejKRQoVWQJiQ�TRe�TRQIT«Yre ]�] Q[�
�L�¡M ] e��%ejSfYZTNe b S�VLQPO�KNM � e b SfO�VWQ�TRK«YrSfORe TNe b S�JfYrK a K b ejONONYrS a QIVLQ�KRM � e b S �¡c b hfO a�b S�D
O eqVWM�K b SiO a�b �%�%QKNM � e b SiOmVWQITRK«YrSfORe�TRe b S a Q ]�] QPO��UhLe b SUT�hLSLQT«Yre ]�] QejS�� M�KNe�QPhLKNQ �
hLS a Q�KRTNY[e�S�O QPhLe ]3�u] Y%O b KRTRejQIVLh � ] TNKRQYrKNM b\] Y[e�KNQ[�

�����kz�� � � "�vLy ��� � x�yZv:�PxPtE&�� �\v:&
# QkO � K b SUTRe���KNQPOºVLQ ] YORQ � �%Q�SUTNYrTRe b S b[� TNQ�SwhLQ�Y[JLK��PO ] Q�JLKNM�TRK«Yre�TRQP�%Q�SUT¿O b SUT b K«V b S=D

SLMPQPOmORQ ]jb S ] Q�hfK a�b SUTNKNY\O�TNQ ]jbWa Y ] Q�T�hLSLQ � hLSLQ��WQ ]�] QPOmO b SUTmM ] ej�uejSLMPQPO���hfON�Uh ^ �ub\� TRQPSLe�K
hLSLQoO Q � �%Q�SUT«YZTRe b S�Y¬X\Q a hLS�S b � � KRQdVWQ�J b ejSUTNO�VWQ a�b SUT b hLK¿Y\VLYrJWTNM�Yrh%T«Yrh��VWQ a�b � D
JLKNQPONO e b S XwejORM[� ��JfK��kO a �fY[�UhLQ � hfORe b S�� ] QPO'� K b SUTNe �PKRQkOuO b SUT�KNM�D´M�XZY ] hLM�QkO�J b hfK%TRQ�Sfe�K
a�b �%JWTRQ�VWQ ] ^ M�TNYZT a�b hLK«YrSUTVWQ ] Y�JfY[K TNe TNe b S � # Q a�b SUTRK«Y[O TRQ%VWQ ] Y�VWQPKRSfe �PKRQ � K b SUTRe���KNQ
M ] ej�uejSLMPQQPO T¡QPSLKNQ � eqO TRKNMdJ b hLK ��TRKNQIhWTRe ] ejORMQ�S�� b VLQ¯�c ª `"� �
�����kz�� � � "�vLy�xPt H x!�3yZt
c b hfO � hfORe b SLS b SiO ] QPO�KNM � e b SiO3X b eqO ejSLQPO��UhLe b SUT hLSLQ¡�UhfY ] e TNM�ORh ��ONYrSUTRQ ]�b KNON�Uh ^ Q ]j] QkO

O b SUT a�b VWM�QkOmY¬X[Q a hLS�ORQ�h ] ��Q�h�VWQIJfYrK«Yr����TRKNQPO¡VWQITRQ%wTRhLKNQ[�
� � � � � =�E<?	E9;!8�= ��� � � �

� y 8 x�yZvLz xkt#( t � x
� � � ] TNKRQY[KRM b[] YrejKRQ�TRKNejVWej�%Q�SfORe b SLSLQ ] 6 X b[] hL�%ej�UhLQ:9¡VWQJiQ�TRe�TRQIT«Yre ]�] Q[�
�L� a�b �%J Q�SfONYZTNe b S!VWQ/� b hfX[Q��%QPS\T�JfY[K �f]�bWa+* D ��YrT a �LejS � VWQ ] Y VWQ�KNSLe���KNQ ej��Y � Q
a�b VWM�QIJfY[KmKNY[JLJ b KRT �u] ^ ej��Y � Q a�b hLK«YrSUTRQ

H �¡M ] e��%ejSfYZTNe b S�VWQkO¡KRM � e b SfO¡VWQITNKNY[SfORe TNe b S�VWQ ] ^ e���Y � Q a�b hLK«YrSUTNQ[�
�����kz�� � � "�vLy ��� � x�yZv:�PxPtE&�� �\v:&
# QkO � K b SUTNe �PKRQkO¿V b SUT ] Q a�b SUTNKNY\O�TNQ�QPO T�ejS�� MPKRejQ�hLK �ua Q ] hLe a Y ]qa h ] MdQPS�� b VWQI¯�c ª � �

O b SUTmM ] e��%ejSLM�QkO��
�oYrSfO a Q�JLK bWa QPONORhfO%��Y<�fS VLQ�KRQPSfVWKNQ ] Y O Q � �%Q�SUTNYrTRe b S J ] hfO�O TNY �L] Q�� S b hfO�Y¬X b SiO

ejS\TNK b VWhfe T VLYrSfO ] ^ Y ]��\b KNe TN�L�%Q"VWQ � hfO e b S�VWQ"KNM � e b SfO ] QPO�VWQ�h=�Yr�%M ] e b KNYrTRe b SfO3O hLejXZYrSUTRQkO��
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•
] QkO�KNM � e b SfO�VWQ ] Y ORQ � �%QPS\T«YZTNe b S JLKNM a MkVWQ�SUTNQ�O b SUT a�b SfORejVLM�KNM�QPO a�b �u�%Q��%Y[K D
�\hfQ�hLK«O%� ar^ QPO T D � D>VWejKRQ�� ] Y�� hfO e b S�Q�SUTRKNQdVLQ�h��KNM � e b SfOºJfKRM a MPVLQ�SUTRQkO"QkO�T¡e�SUTNQ�K«VWe TNQ[�

• JfYrKN�%eiT b hWTNQPO ] QPO � K b SUTRe���KNQPO¡V b S\T ] Q a�b SUTRK«Y[O TRQdQPO Tme�S�� MPKRejQ�hfK�Yrh�ORQ�hfe ] ejSfVWeq�UhLM��S b hfO a�b �%�uQPSf½ b SfO¿JfYrK�M ] e��%ejSLQ�K ] QPO � K b SUTRe���KNQPOºTRQ��%J b KNQ ]j] QkO¿�UhLe ORM�JfY[KRQPSUT¿hLSLQ
KRM � e b S VWh+JfY\ORORM�Q�T�hLSLQ YrhWTNKRQ VWh+JLKNMPORQ�SUT��¡TNQ ]j] QkO��UhLQ a Q�T TRQ VWQ�KNSLe���KNQ O b e�T
e�S a�] hiO Q�Y[h�� b e�SiO ���J6 � QPS ORhLK �|Y a Q�VLY[SfO ] Y�JLKNQ��%e���KNQ[� ` SfORhLe�TRQ�T b hWTNQ�YrhLTRKNQ
� K b S\TNe �PKRQ56_O JiYZTReqY ] Q b h�TRQ��%J b KNQ ]j] Q:9��UhLe X[M�KNe �fQ ] Y a�b SfVWe�TRe b S�VWQ a�b SUTRK«Y[O TRQQkO�T
M ] e��%ejSLM�Q\�

# Q�KRMkO h ] TNYrTdVWQ a Q�TRTRQ�M�TNY[JiQ�QkO�TohLSLQ�ORQ � �%Q�SUTNYrTRe b S��UhLe a�b �%JLKNQ�SfV ] Y�JLK b ��Q a TRe b S�VWQ
] Y�O Q � �%Q�SUTNYrTRe b S�JLKNM a MPVWQPS\TNQ�Yrh�TRQP�%JfO a�b hLK«YrSUT��iYrejSfO e �\hfQ�VWQPO�KRM � e b SfO a YrSfVWeqVLYrTRQPO
� ��TNKRQVWQ�S b hLX\Q ]j] QkO¡KRM � e b SfO¡�UhLe b SUT a KNejO TNY ]�] ejORMYrh�TRQP�%JfO a�b hLK«YrSUT�� a[^ QkO�T�D � D´VWejKNQo�UhLe
JLK b Xwe�QPSLSLQ�SUTmVWQ ] Y�� hiO e b S�Q�SUTNKRQIKNM � e b SiO�VLh�TNQ��%JfO a�b hLK«YrSUT¡Q� a�] hfORe�X\Q��%Q�SUTk�
�����kz�� � � "�vLy�xPt H x!�3yZt
�dQ ] Y¡�����%Q �|Y\½ b SI�Uh ^ Q�SI� b VWQº¯�c ª � �3�PS b hfO?X\M�KNe�� b SfO ORe ] ^ QPSfORQ�� �f] QºVWQpJ ] hfORejQ�hLK«O

KNM � e b SiO3J Q�hWT ��TRKNQ a�b VWMmY¬X[Q a hLS%O QPh ] ��Q�h�VWQ¡JfY[KNY[����TRKNQPO�VWQ�TRQ%wTRhLKNQ[��n b hLKpO TNY � e ] ejORQ�K
] QoKNMPORh ] TNYrT�� ] QPO�KRM � e b SfO�JLKNM a MPVWQPSUTRQPO�JLK b ��Q�TRMPQPO � b hLQPSUT ] QIK �\] QIVWQI��YrK«�UhLQ�hLK«OP� �¿Q�T TRQ
M�T«YrJ QM ] e��%ejSLQ a Q�KRTNYrejSLQkO¡KRM � e b SfO¡JLKNMPORhL�%M�QkO¡S b hfX[Q ]j] QPO¡JfY[K a Q��\h ^ Q ]�] QPO¡J Q�hLX\Q�SUT ��TRKNQ
a�b KRKNQ a TRQP�uQPSUT a�b VLM�QPOmY¬X\Q a hLSLQKNM � e b S�X b ejORejSLQ[�
�����kz�� � � "�vLy (*�-� � t#( t � x
# Q � hLT¿VWQ a Q�T TNQ�M�T«YrJ QmQPO T"VWQmKRQPJiMPKRQPKºVLYrSiO ]_^ e���Y � Q ] QkOºVWe ! MPKRQPSUTNOpJ ] YrSiOºVWQm� b h�D

X[QP�%Q�SUTP� �¿Q ] Y%XZY�S b hiOmJiQPKR�%Q�T TRKNQ�VWQ�SLQ a�b VWQPK��Uh ^ hLS�O b hfO D QPSfO QP� �L] QVWQPO�X[Q a TRQPhLKNO
VWQ�� b hLX[QP�uQPSUT"YrejSfO e �Uh ^ hfS�O b hfOED´Q�SiO QP� �L] QmVWQPO a�b KNKNQ a TNe b SfOpVWQ a�b SUT b hLK«O Q�T¿VWQkO a�b K�D
KNQ a TNe b SfO¡VWQoTRQ%UTNhLKNQ[� # Q a�b ? TmVWQ a�b VLY � QdQPO TmY[e�SiO e KNMPVWhfe T,�wTNYrSiVWejOm�UhLQ ] Y��UhfY ] e�TRMVWQ
] ^ ej��Y � Q a�b VLM�QIS ^ QPO T�JfY[OmY ! Q a TRMPQVWQ��YrSLe���KNQO e � SLe � a YZTRejX[Q\�

�¿Q a KRe�T��PKRQ�QPO T ] Q�J ] hfO a�b �uJ ] Q%wQ � �%Q�TRTRKNQdQPS & hLXwKNQ�JfYrK a Qo�Uh ^ e ] Y ! Q a TNQ ] Q � b S a D
TRe b SfSLQ��%Q�SUTIV ^ Y[hWTRKNQPOdM�T«YrJ QPOoVWh a�b VfY � Q\��c b TNY[�u�%QPS\T ] QkO�M�TNY[JiQkO�JLKNMPY ] Y �L] QPO�VLQ ] Y
ORQ � �%QPS\T«YZTNe b SIO b SUT Y ! Q a TNM�QPOP� ` S�Q ! Q�T��¬S b hfO hLTRe ] eqO b SfO3VfYrSfO ] QkO M�T«YrJ QPO3JLKRM ] ej�%e�SiYrejKRQkO
VWQIO ej�%J ] e�� a YZTNe b S�VWQPO a KRe�T��PKRQkO � Y\O MkO"ORhLK ] Q a�b SUTRK«Y[O TRQ[�p¾dK�� ] Q a�b SUTRQPSUh�V ^ hLSLQoKRM � e b S
� b � b\� �PSLQ�Yrh O QPSfOd� b hLX[QP�%Q�SUTdSLQ ] ^ QkO�TIJfY[OoYrh O QPSfOdTRQ�wTNhLKRQ�� a Q%�\hfe�QP�%J1� a �LQ�VWQ
a Y ]ja h ] Q�K ] Q a�b SUTRK«Y[O TRQ�VWQ a Q�TRTRQ�KRM � e b S/Y¬X[Q a hfSLQ�Y[hWTRKNQ[��n b hLK�M�Xwe�TRQ�K a Q�JfK b\�L] �P�%Q
S b hfO¡Y¬X b SiO¿VWM a eqVWMIVWQoTRK«Y¬X¬Y[e ]j] Q�K � VWQPh��SLejX[QkYrh��VWQIKNMPO b[] hWTRe b S3� hLSfQIORQ � �%Q�SUTNYrTRe b S
�fSLQ��ihLTRe ] eqO MPQ�VLY[SfO ] QPO�JLKRQP�%e �PKRQkOmM�T«YrJ QPO�VLQ ] Y�O Q � �%Q�SUTNYrTRe b S�Q�TdhLSLQ�ORQ � �%Q�SUTNYrTRe b S
� K b ONORe �PKRQo�\hfe QPO TmQ�SwX b �\M�QIYrh�KRM a Q�JLTRQ�hfKP�

# QpJiY[ONORY � QpV ^ hLSLQºKNMPO b[] hWTRe b S �¡] ^ Y[hWTRKNQpQPO T3Q ! Q a TRhLM¿YrJLK��PO ] QPO�� hfO e b SiO � Y[ORM�QkO O hfK ] Q
a KNe�T���KNQ�VWQdTRQ%wTRhLKNQ�� ar^ QPO T D � D>VWejKRQ�����hfO TRQIY¬XZYrSUT¿V ^ YrJLJ ] eq�UhLQ�K ] Q a KNe T���KNQdVWQd� b hLX\Q��%Q�SUTP�
� b �%�%Q�S b hfO ] ^ Y¬X b SiOVWM�� � XUh VfYrSfO ] QkO�ORQ a TNe b SfO�JfKRM a MPVLQ�SUTRQkO%� ] Q a �fYrS � Q��%Q�SUT�VWQ
KNMPO b[] hWTRe b S a�b SiO eqO�TNQ � �

• � hfO e b SfSLQ�K ] QPO�KNM � e b SiO��UhLeM�TNY[e�QPS\T7� hfORe b SLSLMPQPO�JLKNM a MPVWQP�%�uQPSUTP���¿Q ] Y S b hfO
V b SLSfQ�hLSLQdJLKNQ��%e �PKRQoYrJLJfK b Wej�%YrTRe b S�VWQ ] Y�O Q � �%Q�SUT«YZTRe b S � K b ORORe���KNQ � Y[ORM�QoO hLK
] Y%ORhLJLJ b ORe TNe b S��Uh ^ Yrh a hLS b[� ��Q�T�S ^ YuQPS\TNKRQPJLKNejO¡hLS�� b hfX[Q��%QPS\TmejSfVWMPJiQPSfVLYrSUTk�

•
a Y ]qa h ] QPK ] QkO3X\Q a TRQ�hfKNO VWQ"� b hfX[Q��%QPS\T�Y[ONO bWa ejMPO3Yrh�KNM � e b SiO VWQ ] Y�ORQ � �%Q�SUTNYrTRe b S
� K b ONO e���KNQd�UhLQIS b hfO¡X[QPS b SfOmVLQ � M�SLMPKRQPKP�

•
a�b �%J Q�SfORQ�K ]_^ e���Y � Q�JLKNM a MPVWQPS\TNQ�Y¬X[Q a�] QPO�X[Q a TRQPhLK«O�\hfQ�S b hiO�X[QPS b SiOVWQ a Y ] D
a h ] Q�Kk�

•
a Y ]qa h ] QPK ] Y��UhfY ] e�TRMuVWQ ] Y a�b �%J Q�SfONYZTNe b S O hfK a �fY a hLSfQ�VWQkO�KNM � e b SfO�VWQ ] Y�ORQ � D
�uQPSUTNYZTNe b S �iSLQ a�b hLKNY[SUTRQoQ�T�KNQ�J M�KNQ�K a Q ]�] QPOm�UhLe b SUT¡hfSLQ��UhfY ] e TNMIe�SfORh ��ONYrSUTRQ\�
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• KNYr� b hWTNQ�K ��] Y�ORQ � �%Q�SUTNYrTRe b S � K b ONO e���KNQ ] QPO�KRM � e b SfOoKNQ�J M�KNM�QkO�Yrh/J b ejS\T�JfKRM a M�DVWQ�SUT�� a Q��UhLe S b hfO�V b SLSLQhfSLQ�VWQPh�We �P�uQ�YrJLJLK b We���YrTRe b S�VLQ ] Y�ORQ � �%Q�SUTNYrTRe b S
� K b ONO e���KNQ[�

• KRQ a Y ]qa h ] QPK ] QPOoX[Q a TRQPhLK«OdVWQ%� b hfX[Q��%QPS\TIY[ONO bWa e�MkOdY[h��KRM � e b SfOoVWQ ] Y�S b hfX[Q ]j] QO Q � �%Q�SUTNYrTRe b S � K b ONO e���KNQ[�

• � hfO e b SfSLQ�K ] QkO�KNM � e b SfO�ORQ ]jb S ] Q a KNe�T���KNQ�VWQu� b hLX\Q��%Q�SUTk� #º^ Q ! Q�TIVWQ a Q�VWQPKRSLejQ�K
J b e�SUTmQPO T ] QORhLejX¬Y[SUTP�

�

� hfORe b SLSLQPK ] QkO�KNM � e b SfO�UhLe � b h � Q�SUT�VWQ���Y[SLe �PKRQ a�b �LMPKRQPS\TNQ���YrejS\TNQ�SfY[SUT
Q�T��UhLe Y¬X¬Y[e�QPSUT�hLS�� b hfX[Q��%QPS\TmejSfVWMPJiQPSfVLYrSUT�VLY[SfO ] QJfY[ONO M

�

� hfORe b SLSLQPK ] QPOdKRM � e b SfO��UhLe �?Y¬�\YrSUT�M�TRM�K«YZ� b hWTRMPQPO�JfYrKd�%Y[hLXZYreqO Q a�b �%J Q�S�D
ONYZTRe b SG� YrJLJfY[K TNe�QPSLSLQPS\T � hfS b[� ��Q�TVWQ�� b hLX[QP�uQPSUT a�b �LMPKRQPS\Tk� ` S Q ! Q�T��
VWe ! MPKRQPSUTRQPO�KNM � e b SfO¿Y[JLJfY[K TNQ�SfY[S\T � hLS b[� ��Q�Tm�\hfe?Y�Q�SUTNKRQPJLKReqO¿hLS�� b hfX[Q�D
�%Q�SUTdejSfVWMPJiQPSfVLY[S\TIJ Q�hLX\Q�SUT/��TRKNQ a�b �uJ Q�SiO MPQPOoY¬X[Q a hfS O QPh ] X[Q a TRQPhLKdVWQ
� b hLX\Q��%Q�SUT,�WhLSLQ � b eqOm�Uh ^ Q ]j] QkO b SUTmM�TNM�O MPJfYrKNM�QkO�VLQPOmYrhLTRKNQPO¡KNM � e b SiO��

.���- � -/. � � �����"= � ���	��806�� � ? =��
# Y O Mk�\hfQ�S a Q�QPO T�Yrh � b KR��YrT Á �¿¯ � 6 � 3 � ×

� ����JLe WQ ] O�9 � hLSLQ �¼KNMP�UhLQPS a Q VWQ H 6
ej�%Y � QkOIJfYrK�ORQ a�b SfVWQ\��c b hfOKNMPY ] eqO b SfOohLS O b hfO D M a �fYrSUTNe ]j]�b SLSfY � Q�TNQ��%J b KNQ ] Q�T�S b hfO
SLQ TRK«Yre�T b SiO��Uh ^ hLSLQ e���Y � Q ORhLK�ORe�)� a[^ QkO�T�D � D´VLe�KNQ�� a e�Sf� ej��Y � QkO�JfY[K�ORQ a�b SfVWQ\� # Y
�UhfYrSUTNe TNMIV ^ ejS�� b KN��YZTNe b S�ejSLe�TReqY ] QJfYrK�ORQ a�b SfVWQIQkO�T�V b S a �

5
images

seconde
× (176 × 144)

pixels

image
× 24

bits

pixel
= 3041.28

Kbits

seconde

# QkO �A� � e T«O�JiYrK�JLe WQ ] JLK b XUejQ�SfSLQ�SUT�VWh �|Y[e T%�\hfQ�S b hiOTRK«Yre�T b SfO�VLQPO�ej��Y � QPOQPS
a�b h ] Q�hLK 6|V b �u��Y � Q��UhLQ ]_^ e��%JLKNQPONORe b S O b e T�QPS S b e�K�Q�T �f] Y[S a�� 9¤� #º^ e���Y � Q b KNe � ejSfY ] Q
O b hfO D M a �fYrSUTNe ]j]�b SLSLMPQ�TRQP�%J b KRQ ]�] Q��%Q�SUT�QkO�T�ORhLK ] QkO�� � hLKRQkO �;6 �53�Q�T �;6 � 4f�
c b hfOpJLKNQ�S b SfO a�b �%�%Q a KNe T���KNQPOºV ^ YrKNK���T"� 6J6�6 J b e�SUTNO¿VWQ a�b SUT b hfKpJ b hLK ] QPO � hiO e b SfO

� Y\O MPQPO"ORhLK ] Q a�b SUTRK«Y[O TRQ ]jbWa Y ] Q�T � � V  J b hLK ] QPO � hfORe b SfO � Y[ORM�QkO"ORhLK ] Y�TRQ�wTNhLKRQoQ�T ] Q
� b hLX\Q��%Q�SUTk����JLK��PO ] QkO � hfORe b SfO�JiYrK�TNQ�wTRhfKRQ b h�� b hLX\Q��%Q�SUT,� ] Y�J b K TNQ�QPO T b hLX[QPK TNQ
� VWQkO%KRQ%D´ORQ � �uQPSUTNYZTNe b SfO%VLYrSiO ] QkOuTRK«Yr�%QPO � hWTRhLKNQPOP�!gwe ] Q������%Q ORQ�hfe ] VWQ �\hiY ] e TNM
QPO Te��%J b ORM�J b hfK/� hiO e b SLSfQ�KQ�TJ b hLKIKNQ�D>O Q � �%Q�SUTNQ�K,�iS b hfOO b �%�%QPOoQ�WJ b ORMPO � Y¬X b ejK
VWQkOmJiQ�TRe�TRQkO b O a e ]�] YZTNe b SfO¡VWQ��UhfY ] e�TRM�V ^ hLSLQITNKNY[�uQ �u] ^ Y[hWTRKNQ�� ] QPOmKNM � e b SfO¡�UhLe b SUTmhLSLQ
�UhfY ] e�TRM¿Y[h�Y ] Q�SUT b hLKNO3VWh�ORQ�hLe ] 6 TNY[S\T � T3hfS�JiQPh�QPS�VWQPONORhfO46 � hfO e b S 9 �¬TNY[SUT � T hLS�J Q�h�QPS
VWQkORO b hfO�6|KRQ%D´ORQ � �%Q�SUTNYrTRe b S19�9 � � hfORe b SLSLQ�K«YrejQ�SUTmQ�T�ORQ�K«YrejQ�SUTmKNQ�D>O Q � �%Q�SUTRMPQPO¡ONYrSfOmY[KRK���T,�
JLK b X b �UhfYrSUThLSLQ5� b KRTRQ�ejSfO�T«Y � e ] e TNM�TRQP�uJ b KNQ ]j] Q[�F� ^ QkO�T�J b hfKN�Uh b eºS b hiO�Y¬X b SfO ] Y[ejONORM
hLSLQu��YrK � QuVWQuORM a hLKNe TNM�Q�S XwhLQuVLQ ] Y�O TNY � e ] e�TRM�TRQP�uJ b KNQ ]j] Q��UhLe a�b SfO eqO TRQ � ej�uJ b ORQ�K
hLS O QPhLe ] J b hLK%KNQ�D>O Q � �%Q�SUTNQ�K��UhLe¡QkO�T%e�S=� M�KNe�QPhLK � a Q ] hfe�hLTRe ] eqO M�J b hLK'� hfORe b SLSLQPK��pQPS
] ^ bWa�a hLKNKRQPS a Q � � V  �
gwhLK ] QkO � � hLKNQPO �!6 � � Q�T �!6 � �;6 S b hfO"Y¬X b SfO ] Y�ORQ � �uQPSUTNYZTNe b S'�fSLQ a�b KNKRQkO J b SiVLYrSUTRQ\�

c b hfO a�b SfO TNYZT b SfOm�UhLQ ] YuJfYrKRTRe�TRe b S a�b KRKNQPORJ b SfV�Y[h� b\� ��Q�T«OmJLKNMPORQ�SUTNO¡VLY[SfO ] Y�O a �PSLQ[�
S b TNYr�%�%Q�SUT � ] Q � 
ZTNe��%QPS\T,� ] QoJiQPKNO b SfSfY � Q�Y¬X[Q a ORQPO¿�[Q�h=C�wO b S�SfQ ? �WONY � b h a �fQ[� · SLQ
� b eqO%�UhLQ ] QPO b[� ��Q�TNO b S\TuM�TNM�VWM�TRQ a TRMkO%VLYrSfO ] Y JLKNQ��%e���KNQ�ej��Y � Q�S b TNKRQ b[� ��Q a TNe���QkO�T
VWQ ] QkO�ORhLe�XwKNQ Yrh a�b hLK«O�VWQ ] Y O Mk�\hfQ�S a Q�J b hLK ] QkO a�b VWQPK�VWQ �%Y[SLe���KNQ�M a�b S b �uQ �
TRK«Y¬X[QPKNO¡hfS�X[Q a TRQPhLKdVLQ�� b hLX\Q��%Q�SUTk�8�¿Q�T b[� ��Q a TRe �"Y�M�TRM�KNQ��%J ] e3Q�TdS b hfO b[� ORQ�KNX b SfO
�UhLQ ] Y O Q � �%Q�SUT«YZTRe b S QPO T%O TNY �L] Q�Yrh a�b hfKNOuVWh TRQ��%JfOP� # QPO�KRM � e b SfOuO Q�VWM%� b KN�uQPSUT
a�b SwX[Q�SiY �L] Q��%Q�SUT,� O ^ Y\VLYrJWT«YrSUT ��] ^ MPX b[] hWTNe b S/VLQPO b\� ��Q�T«O�VLY[SfO ] Y�O a ��SLQ�� a Q��UhLe �|Y[e T
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�UhLQ ] QPO�KNM � e b SfO�O Q � �%Q�SUTNM�QPO � hLS � b �uQPSUT�V b SLSfM�VWQ ] Y�ORMP�UhLQPS a Q�J Q�hfX[Q�SUT5��TRKNQ
KNQ�TRK b hfX[M�QkO¡VWQIS b � � KRQPhfORQPO�e���Y � QPO¡J ] hfOmTNYrK«V ��] Q�hfKmQ��%J ] Y a QP�%Q�SUT a�b KNKNQ a Tk�
� ^ Y[hWTRKNQ�JfY[K T,� ]_^ Y ]j�[b KRe�TR�L�%Qde�SUTRK b VWhLe�T¡VLQdS b hLX[Q ]�] QPO¿KNM � e b SiO"�UhfYrSiV�hLSLQ ?�b SLQdVLh

TRQP�%JfO a�b hLK«YrSUT�SfQ�KNQPONORQ�� �f] Q � Yrh a hLSLQ¡KNM � e b SuVWh%JfY[ONORM[� c b T«Yr�%�%Q�SUTºe ] YoejSUTRK b VLhLe T
VWQkOºKNM � e b SiOpS b hfX[Q ]j] QPOºVLY[SfO ] YJLKNQ��%e���KNQ�ej�%Y � Q a�b VWM�Q�QPS�� b VLQ�¯�c ª `¿� �UY[h a�b e�S�QPS
� Y\O � VLK b e TNQuVWQ ] ^ e���Y � Q[� `º]j] QkO a�b KNKNQPORJ b SfVWQ�SUT ��] Y ?�b SLQ�VWQPO b\� ��Q�T«O�\hfepKRQPS\TNKRQPSUT
VLY[SfO ] Y%O a �PSLQ[�
� JfYrKRTRejKoVLQ ] Y�ORQ � �uQPSUTNYZTNe b S �fSLQ%VWQkO � � hLKNQPO �;6 � � Q�T �;6 � �;6 S b hfO b[� TRQ�S b SfO ] Y

ORQ � �%QPS\T«YZTNe b S � K b ONO e���KNQ 6|X b ejK � � hLKNQPO �;6 � �\� Q�T �!6 � � ��9�� `º]�] Q a�b S\TNe�QPSUT ] QPOuKNM � e b SiO
� b � b\� �PSLQPO�Y[h O QPSfO�VLh � b hLX\Q��%Q�SUT;�pQ ]�] QPO a�b KRKNQPORJ b SfVWQPS\T ��]_^ hLSLe b S V ^ hLSLQ b h VWQ
J ] hfORe�QPhLKNO�KNM � e b SfO VLQ ] YoO Q � �%Q�SUTNYrTRe b S��iSLQ[� # QkO � hfO e b SiO Q�T ] QkO KNQPORQ � �%Q�SUTNYrTRe b SfO�O b SUT
� Y\O MPQPO�O hLK ] Y��UhfY ] e�TRMoVWQ ] ^ e���Y � Q a�b �%JiQPSfORM�Q[�pc b hfO a�b SfO TNYZT b SfO¿�UhLQo�UhfY[SfV�e ] S ^ ��Y
JfY\OmVWQI� b hLX[QP�%Q�SUT ] QkO¡KRM � e b SfO � hfORe b SLSLQPS\T,�LQ�T��UhLQ��UhfY[SfV ] QI� b hLX\Q��%Q�SUTmKRQPJLKNQ�SfV)�
] QPO¡KNM � e b SiO�O b SUTmKNQPORQ � �%QPS\TNM�QkO¿J b hfK�Yr�%M ] e b KRQPK ] Y a�b �%JiQPSfORYrTRe b S�VWQ� b hLX\Q��%Q�SUTk�
� Q � YrK«V b SfO hLS�J Q�h�J ] hfO¿Q�S�VWM�TNY[e ]?a Q�T TRQdO Q � �%Q�SUTNYrTRe b S � K b ONORe �PKRQ\� ` SUTRKNQ ] ^ ej��Y � Q6 Q�T ] ^ ej��Y � Q ��] Y a Yr�%M�K«Y � b h � Q�K�X\Q�K ] Q � Y\O � VLK b e TNQ[� ` T«YrSUT�V b SLSLM��Uh ^ e ] O ^ Y � e�T

V ^ hLS � b hLX[QP�uQPSUToVWQ a Yr�%MPKNY �fT b hWTNQPO ] QkO�KNM � e b SfO�O b SUToO b hf�ueqORQPO � hLS � b hLX[QP�uQPSUT
ORe��%e ] Y[e�KNQ�Q�T ] ^ Y[JLJ ] e a YZTNe b S VWQ ] ^ Y ]j�[b KNe�TR�L�%Q�VWQ7� hfORe b S VWQ�KRM � e b SfO�ORQ ]jb S ] Q a KNe T���KNQ
VWQu� b hLX\Q��%Q�SUTO ej�%J ] e �fQ � b KRTRQP�uQPSUT ] ^ ej��Y � Q[�c�MkYrSL� b ejSfO��?J b hLKN�Uh b e KNQPO TRQ%D_T�D e ] VWQPO
KNM � e b SiO"�UhLe?S ^ b SUT�JiY[O4� hfO e b SfSLM�� # Y�K«YreqO b S�QPO T¡�UhLQ ] Y�S b TRe b S�VWQo� b hLX\Q��%Q�SUT�S ^ QkO�T
JfY\O ] Yu�����%QJ b hLKmS b hfOm�UhLQJ b hLK ] ^ Y ]��\b KNe TN�L�%Q[�

B b � b SfOºVWQPh��Q�WQ��%J ] QPO¿VWQIO e�TRhfYrTRe b SfO¿VLYrSiO ] QPON�\hfQ ]j] QkO ] ^ ejSUTRQPKRJLKNM�T«YZTNe b S�VWh�� b h�D
X[QP�%Q�SUT�VWQ ]_^ Y ]j�[b KRe�TR�f�uQIVWe ! �PKRQ�VLQ a Q ]j] Q�VLQ ]_^ ��TNKRQI�whL��YrejS �

•
a �fYr�%J�VWQIXUeqORe b S ] e��%e�TRM
# Q8�|Yre�T��\hfQ ] ^ e���Y � Q a�b KNKNQPORJ b SfV � hLS a �fYr�%J�VWQIXUeqORe b S ] e��%e�TRMVLY[SfO ]_^ QPORJfY a Q��
S b hfO3����SLQ � hLS�JLK b\�L] ���%Q¿VWQ �ib KNVfO�� ` S�Q ! Q�T,� ] Q � 
rTRej�uQPSUT�VWh�� b SfVQkO�T a�b hLJiM
JfYrK ] Q a Y[VWKNQ�VWQ%XwejORe b S a Q��\hfe �|Yre�T��\hfQ ] Q�� b hLX\Q��%Q�SUTVWQ ] Y a Yr�%M�K«Y�V b SLSfQ
]_^ e��%JLKNQPONORe b S �UhLQ ] Y�TNY[e ]j] Q�VWQ a Q ] hLe�D a e¿Y a �fYrS � M[� #º^ Y ]j�[b KRe�TR�L�%Q%� b VWM ] ejORQ a Q
� b hLX[QP�%Q�SUT�JfY[K%hLSLQ�KRMkVWh a TNe b S V ^ M a �fQ ]j] Q��UhLe¡S ^ QkO�T�JfY\O ] Y �'�P�%Q�J b hfK ] QPO
KRM � e b SfOpX b eqO ejSLQkO�� � ^ QkO�T�J b hLK«�\h b e ] QPO¿KNM � e b SiOpS ^ b SUT¿JfY\O"M�TRM � hfO e b SfSLM�QkO�� n Q�hWT
��TRKNQ��UhLQ�VfYrSfO a QPOdO e�TRhiYZTRe b SiO ] Q a Y ]ja h ] VLh�X[Q a TRQPhLK�VWQ�� b hLX\Q��%Q�SUTdY\ORO bWa ejM �
]_^ hLSLe b S�VWQVWQ�h=�KRM � e b SfO¡Y[JLJ b K TNQ�K«Yre�T¿hLSfQ�O b\] hWTNe b S � · SLQIJLeqO TRQ � O hLejXwKRQIJ b hLK
KRMkO b hfVWKNQ a Q�JLK b[�f] �P�uQdY¬X[Q a hfS�TRQP�uJiO¿VWQ a Y ]ja h ] KNMPVWhfe T�QPO T¿JLKNMPORQ�SUTRM�VfYrSfO  � � �

•
?�b SfQPO¡VWM a�b hLX\Q�KRTRQkO
Á hfYrSfV hLS b[� ��Q�T�VWh JLKNQ��%ejQ�K�J ] Y[S �ib h � Q���e ] VWM a�b hLXwKNQ�hLSLQ ?Pb SLQ VLQ�KNKRe���KNQ
] hLe � �dY[SfO a Q�TRTRQ ORMP�UhLQPS a Q ] Y ?Pb SLQ VWM a�b hLX[QPK TNQ�QPO T ] Q � 
ZTNe��%Q�SUT Q�T J b hLK
]_^ b[� ORQ�KNXZYZTNQ�hLKº�whL��Y[e�S�Q ]�] Q �ib h � Q�VLQd��YrSfe �PKRQ a�b �LMPKRQPSUTRQ�Y¬X\Q am] Q � b SfV �pc�MkYrS�D
� b e�SiO ]_^ Y ]j�[b KRe�TR�f�uQ�X b e�T%hfSLQ�KNM � e b S �UhLe�O ^ M ] Y[K � e Tk� # Y ?Pb SLQ�VLM a�b hLX[QPK TNQ�Y
hLS � b hLX\Q��%Q�SUT%YrJLJfY[KRQPSUT ] ejM�Y[h � b hLX\Q��%Q�SUT%VWQPO b[� ��Q�TNOuVWh JfKRQP�uejQ�K�J ] YrS �
n b hLKmM�Xwe�TRQPK a QJLK b[�L] ���%Q��We ] �|Y[hfVWK«Yre�TmhLSLQ�YrSiY ] �wORQoJ ] hiO�YrJLJfK b � b SfVWejQVWQPOmVLe�� D
� M�KNQ�SUTNO�J ] YrSfOpVLQ�� b hLX[QP�uQPSUT VWQ ] ^ ej��Y � Q[� # QPO ] Q a TRQ�hfKNO�ejS\TNM�KNQPONO MkO�JfYrK a QmORhZ��Q�T
JiQPhLX[QPS\T a�b SfORh ] TRQ�K ] QPO�TNKNY¬XZY[h��VWQ 2 YrS � Q�T��mVLQ ] O b S  �J3��´�
�oYrSfO a Q�T TNQ�O Mk�UhLQ�S a QIe ] ��YuhLS�� b hLX[QP�%Q�SUT�VWQ a Y[�uMPKNY a�b SfO TNY[S\Tk�4�¿Q a e �fYr� b hWTNM

Yrh=�JLK b[�L] ���%QPO¡VWQ � b K«VLO�� �|Yre�T��\hfQS b hfO�SLQKNM�hiORORejONO b SfO¿JfY[O � � hfORe b SLSLQPK a�b �uJ ] ��TRQ�D
�%Q�SUT ] Q/� b SfV)�L���P�uQ�ORe Q�S � M�SLMPKNY ] e ] QkO�TmTNK��kOmO ej�%J ] e �fM\�
n b hLKde ]j] hfO�TNKRQPK ] Q�JLK b[�L] ���%Q ] ejM�Yrh= ?Pb SLQkO�VWM a�b hfX[Q�KRTRQkOmS b hfO�J b hLX b SfO b[� ORQ�KNX[QPK

�UhLQºVLY[SfO ] ^ ej��Y � Q H � S b hiO Y¬X b SfO?KNYr� b hWTNM ] Y¡KNM � e b So�UhLe\QPO T3O hLK ] Y � Yrh a �LQºVLQ � b KNQ���YrS �
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�¿Q�TRTRQdKRM � e b S�� a�b �%J ] ��TNQ��%Q�SUT�e�S a�] hiO QoVLYrSfO ] Q a Y\VWKRQdVWQ�XweqO e b S��\QPO T¿K«YZ� b hWTRMPQ ��a Y[hfORQ
VWQ�O b S�� b hLX\Q��%Q�SUT�YrJLJiYrKNQ�SUTP�
c b hfO Y¬X b SfO VLM�TRQ a TNM¡Y[hfONO ewhLS%JLK b[�L] ���%Q¡Yrh�SLe�X\QPY[h�VWQ ] Y a�b �%J Q�SfONYZTNe b S�VWQ¡� b h�D

X[QP�%Q�SUT�VWQPO�JiQ�TRe�TRQPO�KRM � e b SfOIQ�T���J ] hfO � MPSLM�K«Y ] Q��%QPS\T,� VWQkOKNM � e b SiO8�fSLQPOP� Á hiYrSfV ] Q
X[Q a TNQ�hLK�VWQI� b hfX[Q��%QPS\T�V ^ hLS�JLe WQ ] J b ejSUTRQ�Yrh��%e ] ejQ�h�VWQVWQ�h=�JLe WQ ] O%�WhLSfQe�SUTRQPKRJ b D
] YZTRe b S QPO TdKNMPY ] eqO MPQ�J b hLK�QkO�TNe��%QPK ] Y�XZY ] Q�hfKdVWh J b e�SUTdejSUTRQPKR�%MPVLejY[e�KNQ[�o¾dK,�?O ^ e ] O ^ Y � e�T
V ^ hLSLQ�KNM � e b S �fSfQ a Q�TRTRQ�ejSUTRQ�KNJ b[] YZTRe b S hWTNe ] ejORQ VWQkO�JLe WQ ] O�VWQPO�KNM � e b SfOuX b ejORe�SfQPO%Q�T
] QuKNMPORh ] TNYrTIQkO�ThLSfQu��Y[hLXZYreqO QuQPO TRej��YZTRe b S/VWQ ] Y�XwK«YrejQ�XZY ] QPhLKV ^ hfS JLe WQ ] � � ^ QkO�T ] Y
K«YreqO b S�J b hLK ] Y[�UhLQ ]j] Q�S b hfOoKRQ�TRK b hLX b SfOdKNM � h ] e���KNQ��%Q�SUTIVWQPOIJ Q�TNe TNQPOIKNM � e b SiOdVLY[SfO ] Y
ORQ � �%QPS\T«YZTNe b S � K b ONORe �PKRQ\�

#º^ ej�%Y � Q a�b VWM�Q a�b KNKRQkO J b SiVLYrSUTRQ ��a Q�T TRQoO Q � �%Q�SUT«YZTRe b S � K b ORORe���KNQ�QkO�T¡O hfK"JLKNMPORQ�S�D
TRMPQ�ORhLK ] QPO � � hfKRQkO �;6 � � H Q�T �;6 � � �i� # Y��UhfY ] e�TRM�QPO TdVWQ H 6 V  Q�T ] Q a�b ? ToVWQ a�b VLY � Q
QPO T�VWQ � � � H �/*w� e�TNO:AZOP� # Q�VWM�TNY[e ] VWQ a Q a�b ? T�QPO T ] Q�ORhLe�XZY[S\Tk�
¯>S�� b KN��YZTRe b S�VWQkO � hfO e b SiOmQ�T�VWQkO¡KRQkO Q � �%Q�SUT«YZTRe b SiO �P�������P����������� 6 � � � *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ� b hfX[Q��%QPS\T����P�����������P�������P�����������P�������P�����P����������� � � �;6 *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ a�b SUT b hLK!�������P�����P�������P�����������P�������P�����������P�����P����� �\� � 4\� *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQITNQ�wTRhLKNQ �������P�������P�����������������P�������P�����������P�������P����� � 3w�53 �8*w� e T«O ArO
ª ¾ ª � # ���P�������P�����������P�������P�����������������P�������P�����������P�������P�����������P�����P� � � � H �8*w� e T«O ArO

ª Y �L] Q �;6 � � ���dM�T«Yre ] VWh a�b@? T�VWQ a�b VLY � QVWQ ] Y�ORMP�UhLQPS a Q8� b KRQP�%Y[S
# QIT«Yrh��VWQ a�b �%JLKNQPONO e b S�QPO TdY[e�SfORe3VWQ 3041.28

46.31 = 65.67 ���¿Q�TNYrh=�QPO T a Y ]qa h ] MQ�STRQPSfYrSUT a�b �%JWTRQ��Uh ^ b S SLQ%TRK«YrSiO �%Q�T��Uh ^ hLSLQ�ej��Y � Q�ORhLK � VWQ ] Y�ORMP�UhLQPS a Q%Q�T��\h ^ QPS
KNM a QPJWTRe b S b S KNM�J ��TNQ ] Y �'�P�%Q ej��Y � Q � � b ejO�J b hLK�KNQ�JLK b VWhLejKRQ ] Y O Mk�UhLQ�S a Q � ] Y
Xwe TNQPONO Q a�b KNKRQ a TNQ[��gWe b S�hWTNe ] eqO Q�hfS�Y ]j�[b KNe�TR�L�%QV ^ e�SUTRQPKRJ b[] YZTNe b S�JiQPK � b KR��YrSUT a�b �%�%Q
a Q ] hfefVWQ  � a Q�TNY[h��J Q�hWT ��TRKNQ a�b SfOReqVWM�KNM a�b �%�%Q¡M�T«YrSUT � � b ejO J ] hfO � K«YrSfV)� a[^ QkO�T�D � D´VLe�KNQ
H � �f�
.���- � ->, � � �����"= � ��� � ��� : �
# Y O Mk�UhLQ�S a Q QkO�T�Yrh � b KR��YZT Á gw¯ � 6 � 3 � ×

� �A4�JLe WQ ] O�9 � hLSfQ � KNMP�UhLQ�S a Q VLQ H 6
ej�%Y � QkOIJfYrK�ORQ a�b SfVWQ\��c b hfOKNMPY ] eqO b SfOohLS O b hfO D M a �fYrSUTNe ]j]�b SLSfY � Q�TNQ��%J b KNQ ] Q�T�S b hfO
SLQ TRK«Yre�T b SiO��Uh ^ hLSLQ e���Y � Q ORhLK�ORe�)� a[^ QkO�T�D � D´VLe�KNQ�� a e�Sf� ej��Y � QkO�JfY[K�ORQ a�b SfVWQ\� # Y
�UhfYrSUTNe TNMIV ^ ejS�� b KN��YZTNe b S�ejSLe�TReqY ] QJfYrK�ORQ a�b SfVWQIQkO�T�V b S a �
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#º^ ej�%Y � Q b KNe � ejSfY ] QpO b hfOED´M a �iYrSUTRe ]�]jb SfSLM�Q TRQP�uJ b KNQ ]j] Q��%Q�SUT QPO T3ORhLK ] QPOC� � hLKNQPO �!6 � � �"Q�T �!6 � �P� �
�¿Q�TRTRQ�ORMP�UhLQPS a Q%QPO T�J ] hfOORe��%J ] Q��UhLQ ] Y�JLKNM a MPVWQPSUTRQ�� ] Y a Yr�%M�K«Y�QkO�T�� wQ��3Q�T�e ] � Y
VWQPh��J Q�K«O b SLSfY � QPO¡�UhLe � b h � Q�SUT�KNQ ] YZTNe�X\Q��%Q�SUTmJiQPh �¿l YreqO ]_^ ejS�� b KN��YZTRe b S�J Q�KRTRejSLQ�SUTRQ
6 �\Q�h�)� �ib h a �LQ�Q�T a 9ºYrJLJfY[KNY<;jT"O b hiO ] Y8� b KR�%Q�VLQ�JiQ�TRe�TNO¿VWM�T«Yre ] O����|Y a e ] QkO � J Q�K«VWKNQ�VLYrSfO
hLS a�b VfY � Q�Y¬X\Q a J Q�KRTRQkO�� · SfQ�VWe�� a h ] TRM�ORhLJLJ ] MP�uQPSUTNYrejKNQXUejQ�SUTdVLh �|Yre�Td�Uh ^ e ] ��Y�hfS
M a KNY[S�ORhLK ] Q8� b SfV�Y¬X[Q a J ] hfORejQ�hLK«O a �fYrS � Q��%QPS\T«O¡VWQ�O a ��SLQ\�

# YmORQ � �%Q�SUTNYrTRe b S8�fSLQ"�UhLQ"S b hfO Y¬X b SfO b[� TNQ�SwhLQºQkO�T�O hLK ] QkO)� � hLKNQPO �!6 � � 3"Q�T �!6 � � 4f�
c b hfO a�b SfO TNYrT b SiOIhLS�O hLejXwe a�b KNKRQ a TVWQPO b\� ��Q�T«OJLKNMPORQ�SUTNOVfYrSfO ] Y�O a ��SfQ[� # QPOVWQPh�
J Q�K«O b SLSfY � QPO¡O b SUT�O hLejXwejO�V ^ hfS � b hLT �%]_^ YrhWTNKRQVWQ ] Y%O Mk�UhLQ�S a QQ�T�Y[h��� b �%Q�SUT«O�VWQPO
a �fY[S � QP�uQPSUTNOmVWQ�O a �PSLQ ] YuS b hLX[Q ]�] Q�VLY[SfO QPhfORQoQkO�T � e�QPS�ORQ � �%Q�SUTRMPQ a�b �%�%QS b hfX[Q ]j] Q
KNM � e b S�Y ]jb K«O¡�\hfQ ] YuJLKNM a MPVWQPS\TNQYuVLejORJfYrKNh �
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Á hfY[SfV b S�KRQ � Y[KNVWQ ] Y�O Q � �%Q�SUTNYrTRe b S � K b ONO e���KNQ�6 X b e�K�� � hLKNQPO �!6 � �P� Q�T �!6 ��� 6 9 b S
b[� O QPKRX\QohfSLQ�� b KRTRQ�O ej�%J ] e � a YZTRe b S�V=�PO ] Y�VWQPh�We �P�uQ�e���Y � Q � K+
 a Q �%] Y�ORej�uJ ] e a e�TRM�VLh
� b hLX\Q��%Q�SUT�VLQ ] Y�O Mk�UhLQ�S a Q[� �¿QPK T«YrejSLQPO�KRM � e b SfO�O b SUT�ORQ � �%Q�SUTRMPQPO�ORhLK ] ^ M a K«YrS VLh
� b SiV � ` S/Q ! Q�T,� Q ]�] QPO a�b KNKRQkO J b SfVLQ�SUTIY[h� KNM � e b SfOI�\hfe"O hfe�X\Q�SUThLS � b hLX[QP�uQPSUTIejS�D
VWMPJiQPSfVLYrSUTk� ] QkO�VLYrSiO QPhLKNOP� # QPO�JLKRMkO QPSUTNYZTNQ�hLK«OIVWQuTRQP�uJiOQ�S TRQP�%JfO � b h � Q�SUT�YrhfONO e
ORh ��ORY[�u�%QPS\TºJ b hfK4��TNKRQmKNQPORQ � �%Q�SUTRMkO�� · S�JfY\ORONY � Q�ejSUTRMPKRQkORONYrSUTpQPO T a Q ] hfefVWQ ] ^ ej��Y � Q
� �J� ��]_^ e���Y � Q � � 6 �UhLe a�b KNKRQkO J b SfV � hLS VWQPO a �fY[S � QP�uQPSUTNO�VLQuO a �PSLQ[��gwhLK ] ^ ej��Y � Q
� �J��JLKNYrTReq�UhLQ��%Q�SUTT b hWTNQ ]_^ e���Y � Q�� Q� a QPJWTRMPQ ] Y�VfYrSfORQ�hfORQ�� QPO T�KRMkVWhLe�TRQ � hLSfQ�O QPh ] Q
KNM � e b S3� # Q a �fYrS � Q��%QPS\T�VWQ�O a �PSLQ�VLYrSiO ]_^ M a KNY[S VLh � b SfV JLK b X b �UhLQ�hfSLQ���YrhLXZYreqORQ
a�b �%JiQPSfORYrTRe b S�VWQm� b hfX[Q��%QPS\Tk� �¿Q ] Y8�|Y[e T"�UhLQ ] YIJ ] hLJfY[K T"VLQPOpKNM � e b SfOpVWQ ] YO Q � �%Q�S�D
TNYrTRe b S��fSfQdO b SUT"K«YZ� b hLTRM�QkO ��] Y�ORQ � �uQPSUTNYZTNe b S � K b ONO e���KNQ[�3l Y ]j� KNM a Q ] Y � ] Y�� hfORe b S�JfYrK
� b hLX\Q��%Q�SUT¡�\hfe?ORhLe�T ] Q�K«YZ� b hWT�VLQ�KNM � e b SiO � hfORe b SLSLQoJLKNQPON�\hfQ ] YT b TNY ] e�TRMIVWQPO¿KNM � e b SiO
YrJfJfYrKRTRQPSfYrSUT ��] Y%JLKNMPORQ�SUTNYrTRKNe a Q[�
c b hfO�J b hLX b SfO a�b S a�] hLKNQ��UhLQ ]_^ Y ]j�[b KRe�TR�f�uQ�VWM�TNQ a TNQ � e�QPS ] QPO ?�b SfQPOuVWQ�� b hfX[Q�D

�%Q�SUTP�
#º^ ej�%Y � Q a�b VWMPQ � JfY[K TNe�K�VWQ a Q�TRTRQ�ORQ � �%Q�SUTNYrTRe b S � K b ONO e���KNQdQkO�TdJLKRMkO QPSUTRM�Q�ORhLK ] QPO

� � hLKRQkO �;6 ��� � Q�T �!6 �����L� # Y��UhfY ] e�TRM%QPO T�VWQ<� � � 4J4�V  Q�T ] Q a�b ? TVLQ a�b VLY � Q�QkO�T�VWQ
�A4f� � � *w� e�TNO:AZOP� # QVWM�TNYre ] VWQ a Q a�b ? T¡QkO�T ] Q�ORhLe�XZY[S\Tk�
¯>S�� b KN��YZTRe b S�VWQkO � hfO e b SiOmQ�T�VWQkO¡KRQkO Q � �%Q�SUT«YZTRe b SiO �P�������P����������� 6 � H � *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ� b hfX[Q��%QPS\T����P�����������P�������P�����������P�������P�����P����������� �f� 6L�8*w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ a�b SUT b hLK��P�������P�����������P�������P�����P�����������P�������P�����������P� � ���J3 *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQITNQ�wTRhLKNQ �������P�������P�����������������P�������P�����������P�������P����� � 3w� � � *w� e T«O ArO
ª ¾ ª � # ���P�������P�����������P�������P�����������������P�������P�����������P�������P�����������P�����P� ��4L� � � *w� e T«O ArO

ª Y �L] Q �;6 ���W� �dM�TNY[e ] VWh a�b ? TmVLQ a�b VLY � QoVLQ ] Y%ORMP�UhLQ�S a QISLQ%@�O
# Q�TNYrh=�VLQ a�b �%JLKRQkORORe b S/QPO TuY[e�SfORe¡VWQ 2703.36

28.14 = 96 � �¿Q�TNY[h��QPO T a Y ]qa h ] M�Q�STRQPSfYrSUT a�b �%JWTRQ��Uh ^ b S SLQ%TRK«YrSiO �%Q�T��Uh ^ hLSLQ�ej��Y � Q�ORhLK � VWQ ] Y�ORMP�UhLQPS a Q%Q�T��\h ^ QPS
KNM a QPJWTRe b S b S KNM�J ��TNQ ] Y �'�P�%Q ej��Y � Q � � b ejO�J b hLK�KNQ�JLK b VWhLejKRQ ] Y O Mk�UhLQ�S a Q � ] Y
Xwe TNQPONO Q a�b KNKRQ a TNQ[��gWe b S�hWTNe ] eqO Q�hfS�Y ]j�[b KNe�TR�L�%QV ^ e�SUTRQPKRJ b[] YZTNe b S�JiQPK � b KR��YrSUT a�b �%�%Q
a Q ] hfefVWQ  � a Q�TNY[h��J Q�hWT ��TRKNQ a�b SfOReqVWM�KNM a�b �%�%Q¡M�T«YrSUT � � b ejO J ] hfO � K«YrSfV)� a[^ QkO�T�D � D´VLe�KNQ
�J3 � �
.���- � -�� � � �����"= � ��� � ?�6����8�=�� �
# Y O Mk�\hfQ�S a Q�QPO T�Yrh � b KR��YrT Á �¿¯ � 6 � 3 � ×

� ����JLe WQ ] O�9 � hLSLQ �¼KNMP�UhLQPS a Q VWQ H 6
ej�%Y � QkOIJfYrK�ORQ a�b SfVWQ\��c b hfOKNMPY ] eqO b SfOohLS O b hfO D M a �fYrSUTNe ]j]�b SLSfY � Q�TNQ��%J b KNQ ] Q�T�S b hfO
SLQ TRK«Yre�T b SiO��Uh ^ hLSLQ e���Y � Q ORhLK�ORe�)� a[^ QkO�T�D � D´VLe�KNQ�� a e�Sf� ej��Y � QkO�JfY[K�ORQ a�b SfVWQ\� # Y
�UhfYrSUTNe TNMIV ^ ejS�� b KN��YZTNe b S�ejSLe�TReqY ] QJfYrK�ORQ a�b SfVWQIQkO�T�V b S a �
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image
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bits
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�¿Q�TRTRQoO Mk�\hfQ�S a Q�QPO TmVWQ a�b �%J ] Q�We�TRM�ejSUTRQPKR�%MPVLejY[e�KNQ�JfY[K¿K«YrJLJ b KRT�Y[h��VWQ�h=%JfKRM a M�D
VWQPS\TNQPOP�3¯ ] O ^ Y � e�T�V ^ hLS�J Q�K«O b SLSfY � Qº�UhLeWVWeqO a hWTRQ�VWQ��%Y[SLe���KNQ¿YrSfe��%M�Q�VLYrSiO3hLSfQ"X b e TNhLKNQ
�UhLeUK b h ] Q\� � TRK«Y¬X[Q�K«O ] Y�Xwe�TRKNQ"VWQ ] Y�X b e�TRhLKNQ b S�X b e T VLM�� ] Q�K�hLS�JfY¬�WONY � QºVWQ a Yr�%JfY � SLQ\�

#º^ ej�%Y � Q b KRe � ejSfY ] QºO b hfO D M a �fYrSUTNe ]j]�b SLSLMPQ TNQ��%J b KNQ ]j] QP�uQPSUT QPO T ORhLK ] QPOG� � hLKRQkO �;6 � � H
Q�T �;6 ��� ��Q�T ] Y�O Q � �%Q�SUT«YZTRe b S �fSfQ a�b KRKNQPORJ b SfVLY[S\TNQVLYrSfO ] QkO�� � hLKRQkO �!6 ���[��Q�T �!6 ��� � �
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` S a�b KNQdhfSLQ � b ejO��wS b hiO¿O b �%�%QPO �|Y a Q � hLSLQIO Q � �%Q�SUT«YZTRe b S��\hfeiT b hWT�Y[h ]�b S � VWQ a Q�S�D
TNY[e�SfQPO�V ^ ej��Y � QPO"ORhLe�T a�b KNKRQ a TNQ��%Q�SUT ] QPO b[� ��Q�TNO�O Q � �%Q�SUTRMkO"Y[h�VWM � hWT¡VLQ ] Y�ORMP�UhLQ�S a Q[�

# Y O Q � �%Q�SUTNYrTRe b S � K b ORORe���KNQ�QPO TuORhLK ] QPO�� � hLKRQkO �!6 ���J3�Q�T �!6 ���A4L� `º]j] Q a�b S\TNe�QPSUT
] QPO b[� ��Q�TNO�VWQo� b hLX[QP�%Q�SUT¿ejSfVWMPJiQPSfVLYrSUTk�ºc b T«Yr�%�%Q�SUT ] QoJiQPKNO b SfSfY � Q�6|Y[e�SfORe �UhLQ ] QPO
KNM � e b SiOYrh� Y ] QPSUT b hfKNOIJfY[K� b hLX\Q��%Q�SUT�YrJLJiYrKNQ�SUT+9����dY[SfO ] Y�VWQ�h=we����%Q�JfY[K TNe�Q�VWQ
] Y�O Mk�UhLQ�S a QS b hiO�VWM�TRQ a T b SfO�Y[hfORORe hLS � b hLX[QP�%Q�SUT�e�SiVWM�J Q�SfVfYrSUToORhLK ] Y�Xwe TNKRQ�VWQ ] Y
X b e TNhLKNQ[� ` S�Q ! Q�T�� a Qm� b hLX[QP�uQPSUT a�b KNKRQkO J b SiV�Yrh a �fY[S � QP�%Q�SUTºVWQmJfY¬�WORY � Q�JiQPSfVLY[S\T
�UhLQ ] Y¡X b e TNhLKRQ K b h ] Q[� c b hiO J b hLX b SfO ORe � SfY ] Q�K ] Y�ORe��%J ] e a e�TRM"VWQ ] YmORQ � �%QPS\T«YZTNe b SoQPSUTRKNQ
] QPO¡ej�%Y � Q � �J��Q�T � 3 � �W�UhLe a�b KRKNQPORJ b SfV � hfS�� b �uQPSUTmVLQ a Y ] �%QVLYrSfO ] Y�ORMP�UhLQ�S a Q[�

#º^ ej�%Y � Q a�b VWMPQ � JfY[K TNe�KpVWQ ] YIO Q � �%Q�SUTNYrTRe b S � K b ONO e���KNQ¿VWQkO$� � hfKRQkO �!6 ���J3�Q�T �;6 � ��4
QPO T¿ORhLK ] QPO � � hLKNQPO �!6 ��� � Q�T �;6 � H 6 � # Y�\hiY ] e TNM�QPO T¿VWQ H 6 � ���oV  Q�T ] Q a�b@? T¿VWQ a�b VLY � Q
QPO T�VWQ � 6 � 4U� *w� e�TNO:AZOP� # Q�VWM�TNY[e ] VWQ a Q a�b ? T�QPO T ] Q�ORhLe�XZY[S\Tk�
¯>S�� b KN��YZTRe b S�VWQkO � hfO e b SiOmQ�T�VWQkO¡KRQkO Q � �%Q�SUT«YZTRe b SiO �P�������P����������� 6 � � � *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ� b hfX[Q��%QPS\T����P�����������P�������P�����������P�������P�����P�����������>�W� � 4 *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQ a�b SUT b hLK��P�������P�����������P�������P�����P�����������P�������P�����������P� � � � � *w� e T«O ArO
¯>S�� b KN��YZTRe b S�VWQITNQ�wTRhLKNQ �������P�������P�����������������P�������P�����������P�������P����� �\�W� 6 3 *w� e T«O ArO
ª ¾ ª � # ���P�������P�����������P�������P�����������������P�������P�����������P�������P�����������P�����P� � 6 � 4\� *w� e T«O ArO
ª Y �L] Q �!6 � H � ��M�TNY[e ] VLh a�b ? T�VWQ a�b VLY � QoVWQ ] Y%O Mk�UhLQ�S a Q a YrKNJL� b SLQ

# QIT«Yrh��VWQ a�b �%JLKNQPONO e b S�QPO TdY[e�SfORe3VWQ 3041.28
40.85 = 74.44 ���¿Q�TNYrh=�QPO T a Y ]qa h ] MQ�STRQPSfYrSUT a�b �%JWTRQ��Uh ^ b S SLQ%TRK«YrSiO �%Q�T��Uh ^ hLSLQ�ej��Y � Q�ORhLK � VWQ ] Y�ORMP�UhLQPS a Q%Q�T��\h ^ QPS

KNM a QPJWTRe b S b S KNM�J ��TNQ ] Y �'�P�%Q ej��Y � Q � � b ejO�J b hLK�KNQ�JLK b VWhLejKRQ ] Y O Mk�UhLQ�S a Q � ] Y
Xwe TNQPONO Q a�b KNKRQ a TNQ[��gWe b S�hWTNe ] eqO Q�hfS�Y ]j�[b KNe�TR�L�%QV ^ e�SUTRQPKRJ b[] YZTNe b S�JiQPK � b KR��YrSUT a�b �%�%Q
a Q ] hfefVWQ  � a Q�TNY[h��J Q�hWT ��TRKNQ a�b SfOReqVWM�KNM a�b �%�%Q¡M�T«YrSUT � � b ejO J ] hfO � K«YrSfV)� a[^ QkO�T�D � D´VLe�KNQ
��� � �
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��� ��� 8 ��.	� � ;5(*+-��.
�oYrSfO a Q a �fY[JLe�TRKNQ"S b hfO Y¬X b SiO3ejSUTRM � KRM"T b hfO ] QkO M ] MP�%Q�SUTNO �UhLQ¡S b hiO�Y¬X b SfO VWM�X\Q ]jb JLJ MPO
VLY[SfO ] QPO a �iYrJLe�TRKNQPO JfKRM a MPVLQ�SUTNO Q�T3S b hfO Y¬X b SfO b[� TRQ�SwhhLS�Y ]��\b KNe TN�L�%Q a�b �uJ ] Q�T VWQºORQ � D
�%Q�SUTNYrTRe b S�VWQ�ORMP�UhLQPS a QkO�V ^ e���Y � QPOP� # QkOmJLKNQ��%ejQ�K«O�TRQPO TNO�KRMkY ] ejORMPO¡ORhLK�VWQkO�ORMP�UhLQ�S a QPO
Q�SUTNe �PKRQkO b SUTIKNM�X\M ] MuVLQPOIejS a�b �uJiYZTRe � e ] e�TRMkOIQ�SUTRKNQ ] QkOVWe ! M�KNQ�SUTNQPOIM�T«YrJ QPOIVWh�OR�wO T��P�%Q
VWQ a�b VfY � Q\� ` S Q ! Q�T�� ] QkO8� hfO e b SiOJfYrKI� b hfX[Q��%QPS\TJ Q�KRTRhLK � Q�SUT ] Q'� b S a TNe b SLSLQ��%QPS\T
VWQkOmYrhWTNKRQkO¡M�TNY[JiQkO�� # QPO¡K«YreqO b SfO¡O b SUT ] QPOmORhLejXZYrSUTRQkO��

•
`º]�] QPO � MPS=��KNQ�SUT"VWQkOºKNM � e b SiOp� b � b\� ��SfQPOpYrh�ORQ�SiOº� b hLX\Q��%Q�SUTk� # Q�hLK a YrK«Y a TRMPKRe D
ORYrTRe b S JfYrKSLejX[QkYrh/VWQ � KNeqO b h/JfYrKITNQ�wTRhLKNQ%S ^ QPO T�JfY[OKNQ�JfKRMkO QPS\T«YZTNe�X\Q�� a Q��UhLe
J b O QVWQkO¡JLK b\�L] ���%QPOmY[h��M�T«YrJ QPO¡ejSLe�TReqY ] QPO�VWQ ] Y�O Q � �%Q�SUT«YZTRe b S3�

•
`º]�] QPO�JLK b VWhfejORQ�SUT�VWQkO a �fYrS � Q��%Q�SUT«OIe��%J b KRTNYrSUT«O�VWQ�� b KN�%Q��\hfe"Q��%J � a �LQPSUT �
]_^ Y ]j�[b KRe�TR�L�%QIVWQ a�b VLY � QIVWQ a�b SUT b hfK¡V ^ Q%wJ ]�b e TNQ�K ] Y�KNQPV b SfVLY[S a QdTRQP�%J b KRQ ]�] Q[�

•
# QPO a �fY[S � QP�uQPSUTNO¿e��%J b KRTNYrSUT«O�VLQ � b KR�%QoJ b O QPS\T¡VWQPO�JLK b[�f] �P�uQkO¡YrhfONO e J b hLK ] Y
a�b �%J Q�SfONYZTNe b S�VWQ� b hLX[QP�uQPSUT¡QPS�� b VWQ	� KRQkO�TNKRQPe�SUT 
«�

l�Y ]�� KRM a QkOIe�S a�b SwX[MPSLejQ�SUTNO�� ] QPO8� hfORe b SfOIJfY[K� b hLX[QP�%Q�SUT�O b S\TejSUTRM�KNQPONONYrSUTRQkOoVLh
J b ejS\T�VWQ�XwhLQ�VWQ ] ^ M a�b S b �%ejQ%VLQ a�b VLY � Q[�5� ^ QkO�TJ b hLK«�Uh b e � S b hfOIS b hiOO b �u�%QkOdejS�D
TRMPKRQkORORMPO � Y\VLYrJWTNQ�K ] QPOpVWe ! M�KNQ�SUTRQkOpM�T«YrJ QPOpY ! Q a TRMPQPOpJ b hLKº�Uh ^ Q ]j] QPO � ��KNQ�SUT VLQm�%Y[SLe���KNQ
Q	� a Y a Q ] QPO¡KNM � e b SfO�� b � b[� ��SLQkO¡Yrh�O QPSfO¡� b hLX\Q��%Q�SUTk�
· SfQ3� b eqO ] QkOoY\VLYrJLTNYZTNe b SfO�KNMPY ] eqORM�QPO��fS b hfOoY¬X b SfO �fSiY ] Q��%Q�SUToY �ib hWTRe � S b TRKNQ�Y ] D

�[b KRe�TR�f�uQ VWQ ORQ � �%Q�SUTNYrTRe b S+VWQ/O Mk�UhLQ�S a QPOP� ` SiO hLe�TRQ S b hfO ] ^ Y¬X b SiO�TRQkO�TNM ORhLK�VWQPO
ORMP�UhLQ�S a QPOºQ�SUTRe���KNQPOP� �¿Q�T TNQ � b eqOED a e �rJLhfejON�UhLQmT b hWTRQkO ] QPOpM�TNY[JiQkO"O b SUT a�b �LM�KNQ�SUTRQkO%�[S b hfO
Y¬X b SfO b[� TNQ�Swh�VWQPOmKNMPORh ] TNYrTNO¡ORYrTReqOE�|Y[ejONYrSUT«O��
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�dQ�S b O � b hLK«O TNK b ejOºV b ��YrejSLQPO"VWe ! M�KNQ�SUT«O"VWQ ] ^ e�SfVLhfO�TNKRejQ�� ] QkOpTNM ] M a�b �%��hLSLe a YrTRe b SfO�� ] QPO
b K«VWejSfYZTNQ�hLK«Od��h ] TRej�%QPVWeqY�Q�T ] Y�TRM ] MPXwejORe b S M a �fYrS � Q�SUTVWQPOoM ] M��%QPS\T«O�UhLep�LeqO�T b KNej�UhLQ%D
�%Q�SUT�Y[JLJfYrKRTRQPSfYrejQ�SUT � ORQ�h ] QP�uQPSUT ]_^ hLS V ^ Q�SUTNKRQ�QPh� �uY[hZ� b hfKNV ^ �whLe ] QPO b K«VWe�SiYZTRQPhLK«O
O b SUT"��hfSLejO�VWQdXUeqVWM b Q�T¡VWQdO b S � ] ^ ejSUTRQ�K«Y a TRejXwe TNM�QPO T¿ejSUTRK b VLhLe TNQdVLY[SfO ] YITNM ] M�XwejORe b S � ] Y
XwejVLM b Q�T ] ^ e�SUTRQPKNY a TNe�Xwe�TRMdO b SUT"QPSUTRKNM�QPO�VLY[SfO ] Qo� b SfVWQoVWQPO"TRM ] M a�b �%��hLSLe a YZTNe b SfOP���dQPO
� QPO b ejSfO¡O ej�%e ] YrejKRQkO"Y[JLJfYrK«YreqONO QPS\T�VLYrSfO ] QPO"TRK b eqO¿V b ��YrejSLQPO�Q�T a �fY a hLS�V ^ QPh��YrJfJ b K TNQ
ONY�JLK b JLKNQ�O b\] hLTRe b S��?O b hLX[QPSUT�e�S a�b �%JfYrTRe �L] Q�V ^ hfS�J b e�SUTIVWQ�XwhLQ�TNQ a �LS b[]jb[� eq�UhLQ�Y¬X[Q a
] QPOmYrhLTRKNQPOP�
l�n ` ¶ D ��QkO�TdhLS O TNYrSiVLYrK«V�VWQ a�b VLY � Q��UhLe M��%Q�K � Q�VWQ�S b O � b hLK«O%� Y¬�\YrSUT a�b �%�%Q

� hWT ] Y a�b SUX\Q�K � QPS a QuVWQPOY[JLJ ] e a YZTRe b SiO a�b �%��hfSLQPOY[h��TRK b eqOIV b ��Y[e�SLQkO�� # Q%� b �[QPS
J b hLK ] Q �|Y[e�KNQ�QPO T�VLQ VWM��iSLe�K�hLS a Y\VWKNQ�VWQ�TNKNY¬XZYre ] �fQ%We �L] Q��m��hLSLeoV ^ hfS+Q�SfORQ�� �L] Q
V ^ b hWTNe ] O�J b hfK�VWMPX[Q ]jb JfJiQPK�VWejX[Q�K«ORQPO � b S a TNe b SLSfY ] e�TRMPOP��l�n ` ¶ D � JfKRMPX b e�T�VWQ � b hLKNSLe�K
hLS�O TNY[SfVLY[KNVIVWQ a�b VLY � Q a�b �uJfKRQPSfYrSUT3VWQkO Y[JLJ ] e a YZTRe b SiO � Y[ORM�QkO ORhLK ] Q a�b SUTRQPSUhJ b hfK ] Y
a�b �%��hLSLe a YrTRe b S�� ]_^ Y aPa �PO�Q�T ] Y%�%Y[SLejJLh ] YZTRe b S�VLQ�V b SLSfM�QPO�YrhfVWe b D´XwejORhLQ ]�] QPOmVWe � e�TNY ] QkO��
# Q�O TNY[SfVLY[KNV VWQ�XwK«Y S b T«Yr�%�%Q�SUT�JiQPKR�%Q�T TRKNQ ] ^ Y a�a �kO%hLSLejX[QPKNORQ ] �¿VWQ �fYrhWT«OuTNY[h� VWQ
a�b �%JLKRQkORORe b S�Q�T ]_^ ejS\TNQ�K«Y a TRejXUe�TRM\�

#º^ Y aPa �kO hLSLejX[Q�K«ORQ ] ORe � SLe �fQ ] Y�VWejORJ b SLe � e ] e�TRM�VLQPOºV b SLSLMPQPO"Y[hfVWe b D´XwejORhLQ ]j] QPO J b hLKºhfS
] YrK � QoM�X[QPSUTNYre ] VWQI� b �[QPSfOmVWQO�T bWa+* Y � QIQ�T�VWQITNKNY[SfOR�ueqONO e b S �

# QkO��fY[hWTNO�TNY[h� a�b �%JLKNQPONORe b SfO�O b SUT�SLM a QkORONYrejKRQkO�Y<�iS+VWQ �%ejQ�h� Q�WJ ]jb e�TRQPK ] QPO
� b �[QPSfO¡VWQITRK«YrSfOR�%ejONORe b S�Q�T�VLQ�O�T bwa+* Y � Q��W�UhLe3O b SUT¡JL�w�WO eq�UhLQ��%Q�SUT ] e��%e�TRMkO��

#º^ ejS\TNQ�K«Y a TRejXUe�TRM � Y[ORM�QuO hLK ] Q a�b SUTRQ�Swh�QPS\TNKNY<;qSfQ ] Y a Y[JfY a e TNM�V ^ e�SUTNQ�K«Y � ejKdY¬X\Q a] QPO
b[� ��Q�TNOdV ^ hLSLQ�O a �PSLQ[� ¶ MPSLM�K«Y ] Q��%QPS\T,� a Q�T TNQ�ejSUTRQ�K«Y a TRe b S�QPO T ] ej�ue�TRMPQ � VLQPO b\� ��Q�T«O�VWQ
OR�USUTN�=�PORQ[� ` TRQ�SiVWKRQ ]_^ ejS\TNQ�K«Y a TRejXUe�TRMºY[h� b[� ��Q�TNO SfYrTRhLKNQ ] O QkO�T hLSJ b e�SUT3ej�%J b K T«YrSUT3J b hLK
] QPO$� b S a TRe b SfSfY ] e TNMPOpl�n ` ¶ D �i�p�dY[SfO a Q � hWT,� ] YO�TNKRh a TRhfKRQ¡V ^ hLS a�b VWQ�hfK b KNe�QPS\TNM b[� ��Q�T
QPO T�JfY[K TNe a h ] e���KNQ��%QPS\T�YrT TRK«Y a TRejX[Q\� # Y%S b TNe b S�V ^ b\� ��Q�T�QkO�T�ejSUTRKNe�SfO��P�UhLQY[h a�b VWQ�hLK,� a Q
�UhLe KNQ�SfV�SfYrTRhLKNQ ]j] Q ] ^ ej�%J ] M��%Q�SUTNYrTRe b S�VWQ a QkO�� b S a TRe b SfSfY ] e TNMPOP�
�oYrSfO a Q a �fYrJfe TNKRQoS b hiO¿Y ]�]jb SfO�VWMPX[Q ]jb JfJiQPK�hfSLQ � b S a TNe b SLSfY ] e�TRMIl�n ` ¶ D �%�\hfe QkO�T

] Q%£«µW¥ � ¥"¦ � ³ I ��§�©_£��� � �´�

�P�\�
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� & 9*(
· SfQ�YrJLJ ] e a YZTNe b SuVLQ�O hfe�XweLV ^ b[� ��Q�TNO a�b SfOReqO�TNQ � KNQ�J M�KNQ�K hLS b\� ��Q�TºVLY[SfOphLSfQ�O a ��SLQmQ�T �
ORhLe�XwKNQmO b SuMPX b\] hWTNe b SuY[h a�b hfKNOpVWQ ] YIORMP�UhLQ�S a Q[� · S b\� ��Q�TºQkO�TºJ b hfKºS b hiOphLS%��Y[ON�\hfQ
� ejSfYrejKNQI�UhLe3KRQPJLKRMkO QPSUTRQ ] Y ?�b SLQV ^ e�SUTRMPK���T � O hLejXwKRQ\�

.0. - ,�-/. � � = ��69?	E9;!8�= ��� � ? : �����
# QI��Y[ON�UhLQoJiQPhWT ��TRKNQoQ�wTRK«Yre�T�V ^ hfSLQ � Y[ORQoVLQoV b SLSLMPQPO��WJ b hLKRXwh��\h ^ e ] a�b KRKNQPORJ b SfVWQ �
hLSLQ�Q�SUTRe�TRM�VLY[SfO ] Y�O a ��SfQ[� ` SfO hfe TNQ ] Y�ORQ � �%Q�SUTNYrTRe b S�O QPKNY a�b SUTRK«YrejSUTRQ ��a Q��Y[ON�UhLQ��
ar^ QPO T D � D>VWejKRQ�� ] QkO�KRM � e b SfO VWQ ] YoORQ � �%Q�SUTNYrTRe b S�ORQ�K b SUTpO b e T a�b �%J ] ��TRQP�uQPSUT �o] ^ ejSUTRMPKRejQ�hLK
O b e�T a�b �%J ] ��TNQ��%Q�SUT �u]_^ Q�wTNM�KNe�QPhLK�VWh���Y[ON�\hfQ[�
c�MkYrSL� b e�SfO ] Q a�b VLQ�hLK b KRejQ�SUTNM b[� ��Q�T b"! KRQhfSLQ�J b ONO e � e ] e�TRMJ ] hfO�e�SUTRMPKRQkORONYrSUTNQIVLh

J b ejS\TuVWQ�XwhLQ�VWQ ] ^ ejSUTRQPKNY a TRejXwe TNM[��¯ ] JiQPKR�%Q�T ��]_^ hWTNe ] ejONYZTNQ�hLK�VWQ a � b ejORe�K�VLQ��%Y[SLe���KNQ
ejS\TNQ�K«Y a TRejX[Q ] Q���Y[ON�UhLQ�V ^ e�SUTNM�K���TP� · SLQ�� b eqO ] Y�JLKNQ��%e �PKRQ�e���Y � Q�V ^ hLSLQuO Mk�\hfQ�S a Q�VWM�D
a�b VWMPQ�� ]_^ hWTRe ] ejONYZTNQ�hLK�J Q�hLToVWQkORORe�SfQ�K,�fVWQ���YrSfe �PKRQ � K b ORORe �PKRQ�� �%]_^ YreqVWQ�V ^ hLSfQ�O b hLKNejO b h
V ^ hLS a K«Y¬� b S�M ] Q a TRK b SLeq�UhLQ��WhfS�TNKNY[e T�ORhLK ] Y ?�b SfQ��\hfe ]_^ ejS\TNM�KNQPONO Q\� ¯ ] S ^ QPO T�JfY[O¡QPSUXweqOED
Y � QPY �L] Q¡�UhLQ ]_^ hWTRe ] ejONYZTNQ�hLKºVWQkORORejSLQmY¬X[Q a JLKNM a eqORe b S ] QPO a�b SUT b hfKNO�VWQPO b\� ��Q�T«O���n b hLK a Q ] Y
S b hfOºY ]j]jb SfO S b hfOpYrJfJLhL�[QPKºO hfK ] YORQ � �uQPSUTNYZTNe b S � c b hfO"Y ]j]�b SfO$�|YrejKRQ ] QmKNY[JLJ b KRT QPSUTRKNQ
] Q�TRK«Yre�TdVWQkORORejSLM�Q�TohLS�QPSfO QP� �L] Q�VLQ�KRM � e b SfO�VWQ ] Y�ORQ � �%QPS\T«YZTNe b S ��c b hfO�JfK bWa MkV b SiO
VWQ ] Yu�%Y[SLe���KNQIORhLejXZYrSUTRQ\�

• S b hfO�VWM�TRQ a T b SfO ] QkO KNM � e b SfO��\hfe a�b hLJ Q�SUT ] Q¿TRK«Yre�TpVWQPONO ejSLM\� `º]j] QPO YrJLJiYrKRTRejQ�SLSLQPSUT��] Y ?�b SLQV ^ ejSUTRMPK���TP�

•
] QkO3KNM � e b SfO �UhLewKRQkO�TNQ�SUT ��]_^ ejS\TNM�KNe�QPhLK VLh���Y[ON�UhLQ"YrJfK��kO ] ^ b JiMPKNYrTRe b SJLKNM a MPVWQPSUTRQ��
O b S\TpK«YZ� b hWTRMPQPOpYrhu��Y[ON�UhLQ36 ] Y ?�b SLQmV ^ ejSUTRMPK���TºQPO T"O hLJfJ b O MPQmSLQmJfY[O a�b �%J b KRTRQPK
VWQoTRK b hfO+9¤�

B b � b SfO hLSQ�WQP�uJ ] Q\�3nºKNQ�S b SfO ] ^ ej��Y � Q VLQ ] Y � � hLKNQ �[� � � 6_Y�9 ORhLK ] Y[�UhLQ ]j] Q ]_^ hWTRe ] ejONYZTNQ�hLK
Y�VLQPONO ejSLM�hfS�TRK«Yre�T'6|Q�S �L] Y[S a 9dORe � SfY ] YrSUT ] Y ?Pb SLQuV ^ ejSUTRMPK���TP� # Y�ORQ � �%Q�SUTNYrTRe b S a�b K�D
KNQPORJ b SfVLYrSUTNQ�QkO�T�ORhLK ] Y � � hLKNQ �[� � � 6 � 9¤� # Y ?�b SfQ%V ^ ejSUTRM�K���T b\� TRQPSUhfQ�JfYrKhLSfe b S VWQ
KNM � e b SiO�VLQ ] Y%ORQ � �%QPS\T«YZTNe b S�QPO T�ORhLK ] Y � � hLKNQ �\� � � 6 a 9¤�
c b hfO�X b � b SfO�UhLQ�S b hfO�O b �%�%QPO a Y[JfY �L] QPO�V ^ b[� TNQ�SLejK ] Q a�b SUT b hLK�V ^ hLS b\� ��Q�T �

JfY[K TNe�K�V ^ hLS TRK«Yre�T � K b ONO ejQ�KIVWQkORORe�SfM ��] ^ ejSUTRMPKRejQ�hLKk� �¿Q a epQPO T�hLS/J b e�SUT � b KRTXUeqO � XwejO
VWQkO � b S a TRe b SLSfY ] e�TRMkO�l�n ` ¶ D ��ejSUTRQ�K«Y a TRejX[QkO��
� QP�%Y[KN�Uh b SfO ] ^ e��%J b KRTNYrS a QIVWQ ] YuO Q � �%Q�SUT«YZTRe b S�hWTRe ] eqORM�Q a�b �%�%QoKRM%� M�KNQ�S a QdJ b hLK

b[� TRQ�Sfe�K ] Q¿��Y[ON�\hfQ � JfY[K TNe�K�VWh�TNKNY[e Tk��gwe ] Y�ORQ � �%QPS\T«YZTNe b S a�b SUTNe�QPS\T�hLS � KNY[SfVIS b � � KNQ
VWQ�KRM � e b SfO ] Q�TRK«Yre�TuVWQkORORejSLM�VWQPXwKNY�JiY[ONO QPK�JLK��POuVWh � b K«V�J b hLK b[� TRQ�Sfe�K ] Q���Y[ON�\hfQ
a�b �%J ] Q�T�VWQ ] ^ b\� ��Q�Tk��gwewJfY[K a�b SUTRKNQ ] Y�ORQ � �%QPS\T«YZTNe b SQPO T TNK��kO � K b ONORe �PKRQ��Pe ] QkO�T J b ONO e �L] Q
�UhLQ ] ^ b\� ��Q�T"V ^ ejS\TNM�K���TºSLQ�O b e�TºJfY\OpO Q � �%Q�SUTRM a�b KNKRQ a TRQP�%Q�SUTP� � ^ QkO�TºJ b hLK«�Uh b e �re ] ORQ�K«Yre�T
ejS\TNM�KNQPONORY[SUT3VWQ ] YreqORORQ�K ��] ^ hWTNe ] eqORYrTRQ�hfK ] Y�J b ONO e � e ] e�TRM"VLQ"� b VWh ] Q�K ] QºS b � � KRQ"VLQ"KNM � e b SiO
VWQ ] Y�ORQ � �uQPSUTNYZTNe b S VWQuKRM%� M�KNQ�S a Q[���dQ�T b hLTRQ'�|Y[½ b S�� ] Y a�b SfO TRKNh a TRe b S V ^ hLS ��Y[ON�\hfQ
J Q�hWT�O ^ Q ! Q a TRhfQ�KO hfKdJ ] hfORe�QPhLK«Odej��Y � QPOP� ]_^ hWTNe ] ejONYZTNQ�hLKVWQkORORejSLQ�hfS JLKNQ��%ejQ�KdTRK«Yre�TI�UhLe
VWM%�fSLe�T ] Y�JLKNQ��%e���KNQ"YrJfJLK b Wej��YZTRe b S�VLh���Y[ON�\hfQ"Q�T Q�SiO hLe�TRQ��Ze ] J Q�hWT KNYr� b hWTNQ�K�V ^ Y[hWTRKNQPO
TRK«Yre�TNOVfYrSfO ] QPOIej��Y � QkOI�\hfe"O hfe�X\Q�SUTJ b hLK�Y � KNY[SfVWejK ] Q���Y[ON�\hfQ b h J b hfK ] Q%KNMPVWhLejKNQ
Q�S�M ] ej�%e�SfY[SUT a Q�KRTNY[e�SLQkO¡KRM � e b SfOP�
· SfQ¿YrhLTRKNQ"YrJLJfK bWa �LQpJ b hLK � MPSLM�KNQ�K ] Q¿�%Y\OR�UhLQ¿V ^ ejSUTRMPK���T J b hLKNKNY[e T ��TRKNQ � Y\O M¿O hLK ] Y

S b TRe b S�VWQ���Y[KN�UhLQPhLKºhWTNe ] ejORM�QoVLYrSiO ] QPO a �iYrJLe�TRKNQPOpJfKRM a MPVLQ�SUTNOP� # Q�JLK b[�L] ���%Q�VLQ a Q�T TRQ
YrJfJLK bWa �LQ�QPO To�UhLQ ]_^ hWTNe ] ejONYZTNQ�hLKV b e TIS b S O QPh ] Q��%Q�SUTVWQPONO ejSLQPKdhLS TRK«Yre�TI�UhLepVWMkO e � SfQ
] ^ b\� ��Q�T¡V ^ ejSUTRMPK���T��w��YreqOºe ] V b e T¡YrhfONORe V b SLSLQPK"hLS���Y[KN�UhLQPhLK �RVWh � b SfV 
¤� #"^ Y ]��\b KNe TN�L�%Q
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VWQ�ORQ � �%Q�SUTNYrTRe b S�TRK b hfX[Q�K«Yre�TmQ�SfORhLe�TRQ ] Q a�b SUT b hLK�JLKNM a ejO�Q�SUTRKNQ ] QPOoVWQ�h����YrK«�UhLQ�hLK«O��
ar^ QPO T D � D>VWejKRQ�� ] Q a�b S\T b hLKuVWQ ]_^ b[� ��Q�T%V ^ ejSUTRM�K���Tk� #º^ Y¬X¬Y[SUTNY � Q�VWQ a Q�TRTRQ�YrJLJfK bWa �LQ�QkO�T
] ^ ejSfVWMPJiQPSfVLYrS a Q�JiYrK�K«YrJfJ b K T � hLSLQ%O Q � �%Q�SUTNYrTRe b S�VWQ�KRM%� M�KNQ�S a Q[��npYrK a�b S\TNKRQ�Q ]j] QuY
� QPO b ejS�VWQI��YrK«�UhLQ�K ] Y ?�b SLQdVLQoS b S�D´e�SUTNM�K���T�� a Qo�UhLe?J Q�hWT ��TRKNQdhLSfQdS b TRe b S�VWe�� a e ] Q �
Q�WJ ] eq�\hfQ�K �u]_^ hWTNe ] ejONYZTNQ�hLKk�

6|Y 9 ª K«Yre�T � K b ONORe�QPK J b hLK
��YrK«�\hfQ�K ] Y ?Pb SLQ
V ^ e�SUTRMPK���T

6 � 9mgwQ � �%Q�SUTNYrTRe b S 6 a 9�� b SLQV ^ e�SUTNM�K���T

� e � hfKRQ �[� � � � ¶ M�SLMPKNYrTRe b S�VLQ ] Y ?�b SLQV ^ e�SUTRMPK���T

.0. - ,�->, ����;�� ; ��� �B?�: �����
# Q"�%Y\OR�UhLQºV ^ ejSUTRM�K���T a�b KNKNQPORJ b SfV �¡] ^ hLSLe b S�VWQºJ ] hfORejQ�hLK«O KNM � e b SiO VWQ ] YmO Q � �%Q�SUTNYrTRe b S �
# QORhLejXUe VWh��%Y\OR�UhLQ a�b SfORejO TRQ � ORhLe�XwKNQ a �iY a hfSLQVWQPOmKNM � e b SfO¡�UhLe ] Q a�b SfO TRe�TRhfQ�SUTP�
· S�J b ejSUT¿ORhLK ] QP�UhLQ ] S b hiOºY¬X b SfO � QkYrh a�b hLJ%ejSfORejO TRM�Y[h ]�b S � VWQ a Q�T TNQmTR� �PORQ�QPO T ] Y

O TNY � e ] e TNM�TRQ��%J b KNQ ]j] QmVWQkO KRM � e b SfO�VWQ ] YoORQ � �%Q�SUTNYrTRe b S � `º]�] QmS b hfO YdJ Q�KN�%ejOpV ^ b\� TRQPSLe�K
VWQ��%Q�e ]�] Q�hLK«O�TNY[h� VWQ a�b �%JLKNQPONORe b S � ¶ K+
 a Q � a Q�T TRQ a�b SUTRejSUhfe TNM�TNQ��%J b KRQ ]�] Q��"S b hfO
O b �%�%QPO��YrejSUTRQPSfYrSUT a Y[JfY �L] QPOVLQ�VWM�X\Q ]jb JLJ Q�KhfSLQ�YrJfJ ] e a YrTRe b S/VWQ�ORhLe�Xwe�V ^ b\� ��Q�T«O��
� b �%�%Q�S b hfO�Y¬X b SfOºXwh�VLY[SfO ] Y�O Q a TRe b S � � � � ] QkO"KNM � e b SfO"VWQ ] Y�O Q � �%Q�SUT«YZTRe b S�JfKRM a M�D
VWQPS\TNQ¡� b hLQPSUT ] QIK �[] QIVLQ�%Y[KN�UhLQPhLK«O�VLh�TNQ��%JfO a�b hLK«YrSUT�VLY[SfO¡hLSLQJLK bWa MkVWhLKNQoKNM a hLK�D
ORe�X\Q�� a Q��UhLe�S b hfO%J Q�KN�%Q�T�V ^ b[� TRQ�Sfe�K ] QPO b[� ��Q�TNO�JLKNM a MPVWQPSUTNO �/] Q�hLK�QP�%J ] Y a QP�uQPSUT
a�b hLK«YrSUTP� · SLQ � b ejO��UhLQ ] QPO KNM � e b SiO JLKNM a MkVWQ�SUTNQPO b SUT M�TNM"JLK b ��Q�TRMPQPO3Y[hITRQP�uJiO a�b hLK«YrSUT,�
S b hfO¡KRMkY ] ejO b SiO ] QPO b JiMPKNYrTRe b SfO¡ORhLejX¬Y[SUTRQPO¡J b hfK b[� TNQ�SLejK ] Qo��Y\OR�UhLQ a�b hLK«YrSUTP�

• V ^ Y �ib KNV�S b hfO Q ! Q a TRh b SfO ] ^ hLSfe b S%VLQPOpKNM � e b SfO�JLK b ��Q�TNM�QPOp�UhLeiYrJLJfY[K TNQ�SfY[e�QPSUTpY[h�%Y\OR�UhLQIYrh�TNQ��%JfOmJLKNM a MPVWQPSUT

• Q�SfORhLe�TRQ"S b hfO KNYr� b hWT b SfO Yrh���Y\OR�UhLQ ] QkO3MPX[Q�SUTNhLQ ]j] QkO3S b hLX\Q ]j] QkO KNM � e b SiO3�UhLeWO b SUTYrJLJfY[KRhfQPO �u]_^ e�SUTNM�KNe�QPhLK�VWQ a Q ] hLe D a e �

.0. - ,�-�� ����:<;!8�=�: ��?�6 �B8������ � � =�E � E�
 8�= �+E9;!8�=�= ? D/;!E �
�oYrSfO ] QPO a �fYrJLe�TRKNQPO�JLKNM a MPVWQPSUTNOmS b hfOmY¬X b SfO¡Y[VLY[JWTRM ] Y%O Q � �%Q�SUT«YZTRe b S � hLS�OR�wO T��P�%Q
VWQ a�b VLY � Q�VLY[SfO ] Q � hWT�V ^ Y[�uM ] e b KNQ�K ]_^ Q	� a Y a e�TRMoVWh a�b VWQ�hLKk��n b hLK a Q ] Y=�US b hfO � hiO e b S�D
S b SfO ] QkO¿KNM � e b SfO"�UhLe � b h � Q�SUT�Q�SfORQ�� �L] Q\�pl�YrejSUTRQ�SiYrSUT��wS b hfO�Q�SwXwejONY � Q b SiO"VWQIO hfe�XwKNQ
hLS/��Y[ON�UhLQuV ^ ejSUTRM�K���T a�b SfO TRe�TRhLM�V ^ hLS Q�SiO QP� �L] Q�VWQ�KRM � e b SfOP���oYrSiO a Q�TRTRQ�ORe TNhfYZTNe b S
] QPO�KRM � e b SfO¿YrJLJiYrKRTRQ�SiYrSUT�Y[h���Y[ON�\hfQdSLQIV b e�X\Q�SUT¿JfY\O � hiO e b SLSfQ�KmY¬X[Q a�a Q ]�] QPO¡�UhLe O b SUT
Q�S�VWQP� b K«OP�"��hWTNKRQP�%Q�SUT b S a�b hLKRT ] Q�KNeqOR�UhLQVWQ�K«YZ� b hWTRQPKmYrh���Y[ON�\hfQIT b hiO ] QkO b[� ��Q�TNO
�UhLe � b h � Q�SUT a�b �%�%Q a Q ] hLe D a e �p¯>�%Y � ejS b SiO¿JiYrK¡Q�WQ��%J ] Q��fhLSLQ ?�b SLQV ^ ejSUTRMPK���Tm�UhLe QkO�T
� b �%Q�SUT«YrSLMP�uQPSUT�YrKNK���TRMPQ�JfYrK�K«YrJfJ b K T�Y[h � b SfV � gWe¿S b hfO�J Q�KN�%Q�TRT b SiO ] QPO�� hiO e b SfO
� �ue wTRQkO 
 6 ?�b SLQPOuV ^ e�SUTRMPK���T�Y¬X[Q a VWQPO ?�b SLQPO%VWQ�S b S ejS\TNM�K���T 9 ] Y ?�b SfQ�V ^ e�SUTNM�K���T�VWQ�D
Xwe�QPSfVWK«Yre�T ] ^ ej��Y � Q�Q�SUTRe���KNQ[� � ^ QPO T�J b hLK«�Uh b e ] QkO3� hfORe b SfO�JfYrKu� b hLX\Q��%Q�SUT,� VfYrSfO ] Q
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a Y\VWKNQ�VWQ ] YF� b S a TNe b SLSfY ] e�TRM��¿O b S\T%KNMPY ] eqO MPQPOuO QPh ] QP�%Q�SUTuQPSUTRKNQ�KNM � e b SfO�VLQ ] Y ���P�uQ
a�] Y[ONORQ[�pO b e T�VWQ ] Y a�] Y[ONO Q ?�b SLQV ^ e�SUTRMPK���T��fO b e�T�VWQ ] Y ?Pb SLQVWQS b S�e�SUTRMPK���TP�

������� � 4)(,; � 9*� 9*(
�¿Q�TRTRQºJfK bWa MkVWhLKNQ QPO T3YrJLJ ] eq�\hfM�QºYrhI��Y[ON�UhLQ b[� TRQ�SwhVLY[SfO ] YmO Q a TRe b S �\� ���W� � 6 � � � �[� � � 6 a 9�9¤�
# Q¡KNMPORh ] TNYZT QPO TºO hfK ] Y � � hfKRQ �[� � �L� # Y/� � hLKNQ �\� ���=6|Y 9 � b SUTNKRQ ] ^ MPX b[] hWTNe b S�VWhu��Y[ON�\hfQ
V ^ e�SUTNM�K���TP� c b hfO X b � b SfO3ORhLK ] Y � � hfKRQ �[� � � 6 � 9 ] Y �ib SLSLQ a�b KNKNQPORJ b SfVLYrS a Q"Y¬X\Q ap] Q a�b S�D
TRQPSwh�VLQ ] Y�O a ��SfQ[� # Q a�b SUT b hLKmVWh��%Y\OR�UhLQIQkO�T�ORhLJiQPKRJ b ORM �u]_^ e���Y � Q b KNe � e�SiY ] Q[�
� QP�%Y[KN�Uh b SfO��UhLQ a Q�T TRQueqVWM�Q%VWQ ?�b SfQ�V ^ e�SUTNM�K���TIJiQPhWT8��TRKNQ�M�TRQ�SiVWhLQ%Yrh ORhLejXwe�VWQ

J ] hfORe�QPhLKNO ?�b SfQPOpV ^ e�SUTNM�K���TºQ�S����P�uQ¡TNQ��%JfOP� ¯ ] O h
�uT�VWQ�VWM��iSLe�K"hLS%�%Y\OR�UhLQ��UhLefS ^ QkO�T
JfY\O � e�SiYrejKRQI��YreqOm�UhLe3YuhLS ] Y � Q ] VWe ! MPKRQPS\T�J b hfK a �fY[�UhLQ ?�b SLQV ^ e�SUTRMPK���TP�

# Y�� � hLKRQ �\� � H � b SUTNKRQIhLS�YrhLTRKNQoQ%WQ��%J ] QIVLQ�O hLejXwe V ^ b[� ��Q�TNOP� # Y ?�b SfQIV ^ ejSUTRM�K���T
a�b �%JLKRQPSfV a Q�TRTRQ � b ejO a e TRK b eqO ?�b SfQPOmVWeqO�TNe�S a TRQkO�� ] QPOmVLQ�h��XUeqONY � QkO¡VWQPO¡JLKNMPORQ�SUT«YZTRQPhLK«O
Q�T ] YVLY[SfO QPhfORQ[� c b hiOpX b � b SfO ]_^ M�X b[] hWTRe b S�VWQ a QPO TNK b ejO ?Pb SLQkOpO hfK ] Y8� � hLKNQ �[� � H 6_Y�9 Q�T
] Y�ORhLJiQPKRJ b ORe�TRe b S�VWh a�b S\T b hLK�VWh���Y[ON�UhLQ¿ORhLK ]_^ ej�%Y � Q b KNe � e�SfY ] QºORhLK ] Y � � hfKRQ �[� � H 6 � 9¤�

������� 8 ��.	� � ;5(*+-��.
�dQ�S b O� b hLK«O%� ] ^ Y[hfVWe b D´XwejORhLQ ]�� Y � SLQ�VWQ�J ] hfO�QPS J ] hfO�VWQ�TRQ�KNK«YrejS VLY[SfO�VLe ! M�KNQ�SUTNO
V b �%Y[e�SfQPOde�SfVLhfO�TNKRejQ ] OP� #º^ Q !?b KRTdJ b hLKVWMPX[Q ]�b JLJiQPKdhfSLQ�YrJLJ ] e a YZTNe b S�JLKNM a ejORQ�QkO�TVWeqOED
J Q�K«O MuVLYrSfOoVWe ! MPKRQPSUTNOIV b ��Y[e�SLQkO�Q�ToJ ] hfORe�QPhLK«OdO b[] hWTRe b SiO%�?ejS a�b �uJiYZTRe �L] QPOdQ�SUTRKNQ�Q ]�] QPO
VWh�J b ejS\T�VLQoXwhLQITNQ a �LS b[]jb[� eq�UhLQ��WY[JLJfYrK«YreqONO QPS\T�J b hLK�KNMPO b hfVLKRQ ] Q�����%QJLK b[�f] �P�uQ\�

# Q�O TNY[SfVLY[KNV%l�n ` ¶ D ��YIJ b hfK � hWT¡V ^ hfSLe��iQ�K ] QPO"Q !?b KRTNOpQ�T¿VWQ �|Y[e�KNQ a�b SUX\Q�K � QPK ] QPO
YrJfJ ] e a YrTRe b SfO a�b �%��hfSLQPO � VLe ! M�KNQ�SUTNO�V b ��YrejSLQkO���l�n ` ¶ D � JLKRMPX b e T�VWQ � b hLKNSLe�KhfS
a Y\VWKNQIVLQdTNKNY¬XZY[e ] VWQ a�b VLY � QoO TNY[SfVLYrK«V�Q�T �fQ%we �L] Q��L�UhLe a�b �%JLKNQ�SLSfQIVLQPOmYrJfJ ] e a YrTRe b SfO
ejS\TNQ�K«Y a TRejX[QPO3J b hLK ] Y a�b �%��hfSLe a YZTNe b S�� ]_^ Y aPa �PO3Q�T ] Y���YrSLejJLh ] YZTNe b S�VWQ�V b SLSLMPQPO YrhfVWe b D
XwejORhLQ ]�] QPOP�
c b hfO�Y¬X b SfO�� b SUTRKNM�VfYrSfO a Q a �iYrJLe�TRKNQ ] Q�J b TRQPSUTRejQ ] V ^ hLS OR�wO T��P�%Q�VLQ a�b VLY � Q

b KNejQ�SUTRM b[� ��Q�T J b hLK VWM�X\Q ]jb JLJ Q�K VWQkO Y[JLJ ] e a YZTRe b SiO3ejSUTRQ�K«Y a TRejX[QkO � Y\O MPQPO3ORhLK ] Q a�b SUTRQ�Swh �
c b TNY[�u�%QPS\T�S b hfO�Y¬X b SfO�� b SUTRKNM ] Y J b ONO e � e ] e�TRM/VWQ/O hLejXwKRQ hLSLQ ?�b SfQ V ^ e�SUTNM�K���T �
TRK«Y¬X[QPKNO ] QTNQ��%JfOP��c b hiO�Y¬X b SfO¡� b SUTRKNM ] Y a Y[JfY a e TNM��\h ^ b�! KNQ ] Y�O Q � �%Q�SUT«YZTRe b S�J b hLK
� MPSLM�KNQ�K ] QPOºXUK«YreqO a�b SUT b hLKNOpV ^ hLSfQ ?�b SfQ�V ^ e�SUTRMPK���T � JfYrKRTRejK"V ^ hLS�ORe��%J ] QmTNKNY[e T � K b ORORe�QPK
VWQkORORe�SfM �%] Yu��YrejS�JiYrK ] ^ hWTNe ] eqORYrTRQ�hfKP� ` SfO hfe TNQ ] Y ?Pb SLQV ^ e�SUTNM�K���T�YrejSfORe b[� TNQ�SwhLQJ Q�hWT
��TNKRQ�ORhLejXUejQ%T b hWT�Yrh ]jb S � VWQ ] Y�O Mk�\hfQ�S a Q�� � K�
 a Q ��] Y�JLK bWa MPVLhLKRQ�VWQ�ORQ � �%Q�SUTNYrTRe b S
KNM a hfKNORe�X\Q��?�UhLe JLK b ��Q�TRTRQ ] QPOdKNM � e b SiO�JLKNM a MPVWQPSUTRQPO 6 J Q�KN�%Q�T T«YrSUT�YrhfONORe ] ^ ejSUTRK b VWh a TNe b S
VWQS b hLX[Q ]�] QPO�KNM � e b SfO�9��
· SfQ � b eqO ] Q�ORhLejXUe V ^ b\� ��Q�T«OmejS\TNK b VWhfe T�VLY[SfO ] QPO�Y ]��\b KNe TN�L�%QPO¡VWQ a�b VLY � Q��LV ^ Y[hWTRKNQPO

� b S a TRe b SfSfY ] e TNMPOIVWQPXUejQ�SfSLQ�SUT�YrhfONORe J b ONO e �L] QPOP��npYrKIQ�WQP�uJ ] Q�� ] Q a�b VLY � QuVWe ! M�KNQ�SUTNe�Q ] �
�UhLe a�b SfOReqO�TNQ ��a�b VWQ�K�Y¬X\Q a hLSLQ��uQPe ]j] Q�hLKNQ��UhfY ] e TNM ] Y ?Pb SLQ�V ^ ejSUTRM�K���To�\hfQ ] QKNQPO TRQ�VWQ
] ^ ej��Y � Q\�
· S a�b VWQPhLK b KNe�QPSUTRM b[� ��Q�TIQkO�TJfY[K TNe a h ] e �PKRQP�uQPSUTIYrT TRK«Y a TRe �¿J b hLK�VLM�X[Q ]�b JLJ Q�KVWQPO

YrJfJ ] e a YrTRe b SfO � a�b SUTRQ�SUT�D � Y\O QkV 
�JiYrK a Qp�UhLQ ] Y¡S b TRe b SV ^ b[� ��Q�T3QkO�T ejSUTRKNe�SfO��P�UhLQºY[h a�b VWQ�hfKP�
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6|Y�9mgWhLe�Xwe3VLh���Y[ON�UhLQV ^ e�SUTRMPK���T

6 � 9¡¯>��Y � Q b KNe � e�SfY ] QIY¬X[Q a�] Q a�b SUT b hfK¡VLh���Y\OR�UhLQORhLJiQPKRJ b ORM
� e � hfKRQ �[� � �L� gWhLe�Xwe3VLQ � b KNQ���YrS�JfYrK¡JLK b ��Q a TNe b S �
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6|Y�9mgWhLe�Xwe3VLh���Y[ON�UhLQV ^ e�SUTRMPK���T

6 � 9¡¯>��Y � Q b KNe � e�SfY ] QIY¬X[Q a�] Q a�b SUT b hfK¡VLh���Y\OR�UhLQORhLJiQPKRJ b ORM
� e � hLKNQ �[� � H �pgWhLe�Xwe3V ^ hLSfQ � Y ]j] QPKRejSLQIJfYrKmJfK b ��Q a TNe b S �
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# QkO¿OR�WO�T����%QPO�VWQ a�b VLY � Q b KRejQ�SUTRMkO b\� ��Q�T,� a�b SLSwhfO�YrhiORORe a�b �%�%QdOR�WO�T����%QPO�VWQ a�b VLY � Q
VWQ¡VWQ�h=we����%Q � M�SfM�K«YZTRe b SG�¬Y[SfY ] �WO QPSUT ] Q a�b SUTRQ�Swh�V ^ hLSfQ¿ej��Y � Q¿Q�T ] Y a�b VWQPS\T Q�S�TRQPKR�%QPO
V ^ b[� ��Q�TNO�JfKRMkO QPS\T«O�VLYrSiO ] Y/O a ��SfQ[� ��e�SfORe a QPO�OR�wO T��P�%QPO b J ��KNQ�SUT�QPS VLQ�h� M�TNY[JiQkO��
6 � 9�ORQ � �%Q�SUTNYrTRe b S+Q�T 6 ��9 a�b VLY � Q[� # Y O Q � �%Q�SUTNYrTRe b S a�b SfOReqO�TNQ � VLe�XweqO QPK ] ^ ej��Y � Q
Q�S KRM � e b SfO��UhLe a�b KRKNQPORJ b SfVWQPS\T�Y[hWTNY[SUT��UhLQ�J b ONO e �L] Q�Yrh= b\� ��Q�T«O�JLKNMPORQ�SUTNO�VLYrSiO ] Y
O a ��SfQQ�Td�UhLe3O ^ Q�� � b ;qTRQPSUT ] QkOmhLSLQkO�VLY[SfO ] QPO�Y[hWTRKNQPO a�b �%�%Q ] QkOmJLe�� a QkO�V ^ hLS�JLh ?�?�] Q[�
` SfORhLe�TRQ ] QkO a�b SUT b hfKNOpVWQ ] YJiYrKRTRe�TRe b S b[� TRQ�SwhLQmQ�T ] Q a�b SUTRQ�Swh�VWQkOºKNM � e b SiOpO b S\T a�b VWMPO
ORM�JfY[KRMP�uQPSUTP�

¶ M�SLMPKNY ] QP�uQPSUT a QPOmVWQPh��M�T«YrJ QPO b J1�PKRQPS\T�VWQI��YrSfe �PKRQIejSfVWM�J Q�SiVLYrSUTRQ�� a Q�UhLe J Q�hWT
�%Q�SLQPK � hLSLQ�ORe TNhfYZTNe b S�ejSLQ � a Y a Q�� a�b �%�uQIJfY[KmQ�WQ��%J ] Q ] QkO�VWQPh��ORhLe�XZY[S\TNQPOP�

•
] YuJfY[K TNe TNe b S a�b SUTRejQ�SUTmJ ] hfORe�QPhLKNO�KRM � e b SfO¡�UhLe3Y[hLKNY[e�QPSUT¡Jfh ��TRKNQ a�b VWMPQPO a�b �%�%Q
hLSLQO QPh ] QKRM � e b S��WY¬X[Q a hfS a�b ? T�VWQ a�b VLY � QoJ ] hfO � Y[OP�

•
] Y�JiYrKRTRe�TRe b S+QkO�T�TRK b J+JfY[hLXwKRQ Q�T ] Q a�b VLY � Q VWQ�TNQ�wTRhfKRQ SLQ KNQ�JLKNMPORQ�SUTNQ�JfY[O
a�b KNKNQ a TNQ��%Q�SUT ] Q a�b SUTRQPSUh�VWQkOmKRM � e b SfOP�

�oYrSfO a Q�TRTRQ�TR�=�kO Q�S b hfOdY¬X b SiO�Y � b K«VWM ] Q�JLK b[�L] ���%Q�VWQ ] Y�O Q � �%Q�SUTNYrTRe b S�Q�S�XwhLQ
VWh a�b VLY � Q[� # Q�TNKNY¬XZYre ]�b KNe � e�SfY ] Y a�b SfOReqO�TNM � VLM�X[Q ]�b JLJ Q�K�hfS O �WO T��P�uQ�VWQ a�b VLY � Q
a�b �LM�KNQ�SUT,�L�\hfe M�Xwe TNQ ] QkOmO e�TRhiYZTRe b SiO¡e�SLQ � a Y a QPOm�UhLQS b hfO¡X[QPS b SiO�VLQ a e�TRQ�Kk�
# Y%JLKNQ��%e���KNQM�TNY[JiQ�Y a�b SfOReqO�TNM � YrJLJ ] eq�\hfQ�K � S b TRKNQJLK b[�L] ���%Q ] ^ Y ]��\b KNe TN�L�%Q a�] Y\OED
ORej�UhLQ�VLQ�O Q � �%Q�SUT«YZTRe b S�VWQ ] Y�l b KRJf� b[]jb[� e�Q�l�YrTR�LMP�%YrTReq�UhLQ[� � ] Y ] e � SLQ�VWQ�JiYrKRTNY � Q
VWQkOºQPY[h� 
«� �¿Q�T�Y ]j�[b KNe�TR�L�%QmY�YrJfJ b K TNMmhLSLQdO b[] hWTNe b S � VWQ�S b � � KNQ�hfORQPOpY[JLJ ] e a YZTNe b SfO��
npYrKN�%e a Q ]j] QkOED a e � a Q�KRTNY[e�SLQkO b S\TIY � b hWTNe � hLSLQ�e��%J ] M��%Q�SUT«YZTRe b S �fYrK«V�@¡YrKNQQ�S�TNQ��%JfO
KNM�Q ] ��c�MkYrSL� b e�SfO�O b S�YrJLJ ] e a YZTNe b S�Yrh a�b VfY � Q���PSLQ � VWQkO�VWe�� a h ] TRMkO�ej�%J b K T«YrSUTRQkO��
� ^ hLSfQ�JfY[K T,�?S b hfOdJ b hLX b SfOdO e � SfY ] QPK ] Y�J Q�KRTRQ%VWQuKRMkO b\] hWTNe b S�VWhLQ ��] ^ hLTRe ] eqORYrTRe b S VLh
� K«Y[VLe�QPS\Tk� `º]�] QuS b hfO�����SLQ � VWQPOoO Q � �%Q�SUT«YZTRe b SiO�VWM�J b hfKRXwhLQkO�VWQ�VLM�TNY[e ] O �iSfO%� V b SUT
] Q a�b VLY � Q � MPS=��KNQ�VWQkO�ej�%Y � QkO�VWQ���YrhfX¬Y[ejORQ��UhfY ] e�TRM�XweqO hfQ ]j] Q\�¡� ^ YrhWTNKRQ�JiYrKRT�� ] Y a YrK�D
Y a TRMPKReqORYrTRe b S%V ^ hLSLQ � K b SUTRe���KNQ¡JfYrK ] YIXZY ] Q�hLK"�uejSLej��Y ] Q��UhLQmJLKNQ�SfV%ORhLKºQ ]j] Q ] Q � KNY\VWejQ�SUT
S b hfO�J b ORQ�VWQPO�JLK b[�L] ���%QPOdYrh�� b �%Q�SUTIVWQ a � b ejORe�K ] QkO �ib SfO���Y[KN�UhLQPhLKNO�YrejSfO e��Uh ^ Y[h
� b �%Q�SUT�VWQITNK b hLX[QPK ] QPO a�b SUT b hLK«O¿QPSUTRKNQ a QPO¡��Y[KN�UhLQPhLKNOP�

� 3[�
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· SLQ�� b ejO ] QPOºVLe�� a h ] TNMPOºVWQ a Q�T TNQ�YrJLJfK bWa �LQ¡YrSfY ] �WORM�QkO%�ZS b hfOpY¬X b SfO�M�TNhfVWejM�V ^ Y[hWTRKNQPO
�%M�TN� b VWQPO¿VWQ�O Q � �%Q�SUT«YZTRe b S%�UhLefMPXwe TNQ�SUT ] QPOpJLK b[�f] �P�uQkO KRQPS a�b SUTRKNMPOP�3npYrKN�%e a Q ]�] QPO D a e	�
] ^ Y ]��\b KNe TN�L�%Q¡VLQ � hiO e b S�VWQmKNM � e b SfO O ^ QPO TºKRMPX[M ] M ] Q��%ejQ�h�%Y[VLY[JWTRM � S b TRKNQmYrJLJ ] e a YZTNe b S
J b hLK ] QPOmK«YreqO b SfO�O hfe�XZYrSUTNQPOP�

• e ] O ^ ejSUTRMPKRQkORORQ � T b hWTNQ ?�b SLQ%J ] YrTRQ��3ejSfVWM�J Q�SiVLYr�%�%Q�SUT�VWQ�ONY�TNYre ]j] Q��3M ] ej�uejSfY[S\TYrejSfO e ] QIJLK b[�L] ���%QVWQKNMPO b[] hWTRe b S�e�SL�fM�KNQ�SUT�Yrh � K«Y[VWejQ�SUTk�

• e ] JiQPKR�%Q�T�hLSfQ a YrK«Y a TNM�KNejONYZTNe b S �\]�b\� Y ] Q�VWQkO � K b S\TNe �PKRQkO"�UhLe QPO T�J ] hfO¿J Q�KRTRejSLQ�SUTRQQ�T�K b[� hiO�TNQ��Uh ^ hfSLQ a YrK«Y a TNM�KNejONYZTNe b S � JfYrKRTRejKdV ^ hLSLQ�XZY ] Q�hLKd�uejSLej��Y ] Q�ORhLK ] Q�hLK
]�b S � hLQPhLKk�

• e ] hWTRe ] ejORQ ] Q�JfKRejS a ejJ QdVWQkO b JiMPKNYrTRQ�hfKNO a�b SfSLQ�WQPOP� ] QkO ?Pb SLQkO"J ] YZTNQPO¿V ^ hfSLQdej��Y � QO b S\TVWQkOIQ�SUTRe�TRMkOe�SiVWe�XweqO e �L] QPOP����ejSfO e � ] Y � hfORe b S VWQ ?Pb SLQkOIJ ] YrTRQkOIM ] e��%ejSLQ�VWQPO
a�b SUT b hLK«O ��YreqOpS ^ Q�S � MPS=��KNQ � Yr��Y[ejOºVLQmS b hLX\QPY[h�)� a Q��UhLeiJiQPKR�%Q�T¿VWQ�JLKNMPORQ�KNX[QPK
] Y � b KN�%QVWQPO b\� ��Q�T«O��

•
] Q �|Y[e T VWQpTNKNY¬XZYre ]j] QPK3Y¬X[Q a ] QkO ?�b SLQPO3J ] YZTRQkO3V ^ hLSLQ¿e���Y � QºQ�T3S b S�JfY[O Y¬X\Q a ] QPO JLe  D
Q ] O¡JiQPKR�%Q�T�hfSLQ�YrSfY ] �WORQ � J ] hfO��fYrhWT�Sfe�X\QPYrh3� · SLQ � b ejO ] QPOmJfKRQP�ue���KNQPO � hiO e b SfO
KRMkY ] ejORM�QkO%�pY¬X[Q a hLS a KNe T���KNQ�ORe��%J ] Q�� ] QkO�S b hLX\Q ]j] QkO�KNM � e b SfO b\� TRQPSUhfQPO�JiQPhLX[QPS\T
��TRKNQu��hLSLejQPOVLQ a YrK«Y a TRM�KNeqO�TNej�UhLQkO�J ] hfO a�b �%J ] Q%WQPO�� TRQ ]�] QPOI�Uh ^ hLSLQ%KRQPJLKNMPORQ�SUTNY"D
TRe b S�VWQITRQ%UTNhLKNQ b h�hLS�X\Q a TRQ�hfK�VWQ� b hLX\Q��%Q�SUTP�

• e ] � hfO e b SfSLQ�e�TRM�K«YZTNe�X\Q��%Q�SUT ] QPOdVWQ�h=�KNM � e b SfO��UhLe ORQ�KNQPONO QP� �L] Q�SUT ] Q�J ] hfO�� ONYrSfOe�SUTRK b VWhLejKRQIYrKRTRe � a e�Q ]�] Q��%Q�SUTmhLSu��Q�h�VWQ��Y[KN�UhLQPhLKNOP�
c b hfO�Y¬X b SfO�YrejSfORe�ej�uJ ] MP�uQPSUTRM�hLS+Y ]��\b KNe TN�L�%Q�VLQ7� hfO e b S VWQ KRM � e b SfOuQ�T�S b hfO

Y¬X b SfO�VWMPX[Q ]�b JLJiM�VWe ! M�KNQ�SUT«O a KRe�T��PKRQkO�VWQ � hfO e b SG� b KNe�QPS\TNMPOX\Q�K«O�hLSfQ�YrJfJ ] e a YrTRe b S VWQ
a�b VLY � Q\�

#º^ b[� ��Q a TRe �LQPO T�VLQ4� hfORe b SLSLQPK ] QPO KRM � e b SfO �UhLe\J Q�hfX[Q�SUT$��TRKNQ a�b VWM�QkO a�b �%�uQ¿hLSLQ¡O QPh ] Q
KNM � e b SG�kMPXwe T«YrSUT VLQ � hiO e b SLSfQ�K a Q ]�] QPO �UhLewJLK b X b �UhLQ�SUT hfSLQ � a YZTNY\O�TNK b JL�LQ�
+� ar^ QPO T D � D>VWejKRQ��
a Q ]�] QPO��UhLe � M�S ��KNQ�SUT"hLSLQoKNM � e b S�V b SUT ] Q a�b VfY � Q�QPO T�VWQdTRK��PO¿��YrhLXZYreqORQ��UhfY ] e TNM[� n b hLK
a Q ] Y�S b hfO¿Y¬X b SfO�VWMPX[Q ]jb JfJiMoVWQPO a KNe�T���KNQPO�VWQ/� hfORe b S � Y\O MkO�ORhLK ] Yu�UhfY ] e�TRMIVWQPO�KNM � e b SiO
YrJfK��kO � hfORe b S � ¾dS+YrT TRKNe � hLQ � a �fY[�UhLQ � K b SUTNe �PKRQ�hLSfQ M�XZY ] hfYrTRe b S+�UhLe a�b KRKNQPORJ b SfV
�/] Y �UhfY ] e�TRM�VLQPO�KNM � e b SfO��Uh ^ Q ]�] Q�ORM�JfY[KRQ��¿VLY[SfO ] ^ �w�wJ b TR�=�kO Q b@J ] Y � K b SUTRe���KNQ�M�TNY[e T
M ] ej�uejSLMPQ[� ` SfORhLe�TRQ ] QPO � hfORe b SfO�JLKNe b KRe�TNY[e�KNQPO¿O b S\T a Q ]�] QPOm�UhLe �LY�J b O�TNQ�KNe b KRe �\JfKRMkO QPKRX\Q�SUT
hLSLQ �ib SLSLQ��\hiY ] e TNM"VWQ"KNQ�JfKRMkO QPS\T«YZTNe b S � ��ejSfORe	�ZS b hfO3Y[�%M ] e b K b SfO ] QºKNY[JLJ b KRT � �UhfY ] e�TRM7A
a�b@? T�
�VWh�OR�WO�T����%Q�VWQ a�b VLY � Q[� ] QPO � K b S\TNe �PKRQkOº�UhLeLS ^ YrJfJ b K TNQ�SUT"JfY\OphLSLQ�Y[�%M ] e b KNYrTRe b S
ORe � SLe�� a YZTNe�X\Q ��] Yu�UhfY ] e�TRMVWQ ] ^ ej��Y � QoO b SUT¡M ] e��%ejSLM�QkO%�LY¬X\Q ad] YuKNMPVWh a TRe b S�VWh a�b ? T�VWQ
a�b VLY � Qm�UhLQ a Q ] YIej�%J ] ej�UhLQ\� ` S�Q ! Q�T��wYrJLK��PO hfSLQ�� hfORe b S ] Q a�b ? T"VWQ a�b VLY � Q�QkO�TºKNMPVLhLe T
JfY[K a QI�UhLQ\�

• hLS O QPh ] ��QPh VWQ�JfY[KNY[�'��TRKNQPOVWQ�TRQ�wTNhLKRQ b h/hLS ORQ�h ] X[Q a TRQPhLK�VWQ�� b hLX[QP�uQPSUTQPO T¡hLTRe ] eqO MJ b hfK�VWM a KRejKRQ ] YuKRM � e b S�KNMPORh ] TNY[S\TNQVWQ ] Y � hfORe b S �

• VLYrSfO ] QºJLK bWa QkORORhfO VWQ � hfORe b S �RVWejORJfY[KNY[ejONO QPSUT�
 VWQkO JLe WQ ] O VWQ a�b SUT b hfK �\hfe\YrhLTRKNQ��%Q�SUTYrhLK«YrejQ�SUTmV ? ��TRKNQ a�b VWMkO��
c b hiO¿Y¬X b SfO a KRMPM�hLS a Y[VLKRQ �iQ�We �f] QdJ b hLK¿VWMPX[Q ]�b JLJiQPK¿VWQkO a KRe�T��PKRQkO"VWQ � hfORe b S a�b � D
J ] Q�WQPOP� #º^ Y ]j�[b KRe�TR�L�%Q��Le��%J ] M��%QPS\TNM�ORhLK�hLSfQ�O�TNKRh a TRhfKRQ�VLQ � K«YrJL�fQ��LQkO�T�TNK��kO�Q � a Y a Q
Q�S ] hLed�'�P�%Q[� # Y a�b �%J ] Q�We�TRM�Y ]j�[b KRe�TR�f�ueq�UhLQ�Xwe�QPSUT�VWQPO a KNe T���KNQPO�VWQF� hfO e b S hLTRe ] D
eqO MkO%� �UhLe b S\ThLSfQ a �iYrK � Q�VLQ a Y ]qa h ] ej�%J b K T«YrSUTRQ\��c�MkYrSL� b e�SfOVLQPOIO�TNKNYrTRM � ejQPOIO b hfO D
b JLTRej�%Y ] QkO b SUTmM�TNMe��%J ] M��%Q�SUTNM�QPO�Q�TmXZY ] ejVWMPQPOmJ b hfKmKRMkVWhLejKRQ ] QITNQ��%JfO�VLQ a Y ]qa h ] �
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c b hiOO b �u�%QkOoY[KRKNejX[MPO � hLS Y ]��\b KNe TN�L�%QuVLQ%ORQ � �%Q�SUTNYrTRe b S VWQ�ORMP�UhLQPS a QkOo�UhLepejS�D
TRQPKNY � e�T�Y¬X[Q ad] QPO�Y ]j�[b KNe�TR�L�%QPO�VWQ a�b VLY � Q[� # Q�K«YrJfJ b K T��R�\hiY ] e TNM A a�b@? T�
�VWh�OR�wO T��P�%Q
VWQ a�b VfY � Q �[]jb[� Y ] Y�YrejSfORe M�TRMY[�uM ] e b KNM[�

n Y[KmYre ]�] Q�hLK«O�S b hiO�Y¬X b SfO � QPYrh a�b hfJ�ejSfO eqO TRMO hfK ] Y%O�T«Y � e ] e TNMdTNQ��%J b KNQ ]j] QIVWQ ] YuORQ � D
�%Q�SUTNYrTRe b S � · SLQ�ORQ � �uQPSUTNYZTNe b S O TNY �f] Q�VLYrSfO ] Q�TNQ��%JfOuJiQPKR�%Q�T%VWQ�TRejKRQPK�JfK b �LTuVWQ
] Y KNQPV b SfVLY[S a Q�TRQ��%J b KNQ ]j] Q�Q�T�VWQ a�b VWQPK ] ^ M�X b\] hLTRe b S VLQ ] Y ORMP�UhLQPS a Q � TRK«Y¬X[Q�K«O ] QPO
X[Q a TNQ�hLK«O�VWQ�� b hLX[QP�uQPSUTdVWQPO b[� ��Q�TNO�JLKRMkO QPSUTNO�VLY[SfO ] Y�O a �PSLQ[�¡n b hLK b[� TNQ�SLejK ] Y�O TNY<D
� e ] e�TRM�TRQ��%J b KNQ ]j] Q�SfM a QkORONYrejKNQ�� S b hfO�Y¬X b SfOIejSUTRK b VLhLe T ] Y�S b TRe b S�VWQ���YrK«�UhLQ�hfK�VLYrSfO
] ^ Y ]��\b KNe TN�L�%Q�VWQ3� hiO e b S VLQ�KNM � e b SiO�Q�ToS b hiOdY¬X b SfO a�b SfOReqVWM�KNM ] QPOdKRM � e b SfOdVWQ ] Y�ORQ � D
�%Q�SUTNYrTRe b SuJLKNM a MkVWQ�SUTNQ a�b �%�%Q���Y[KN�UhLQPhLKNOP�$�¿Q�T TRQ�Y[JLJLK bWa �LQ a�b � � e�SLQ ] QPOpY¬XZYrSUT«Y � QkO
VWQ ] ^ hLTRe ] eqORYrTRe b S VWQ���YrK«�\hfQ�hLK«O%Y¬X[Q a�a QPh� VLQ ] ^ Y ]j�[b KNe�TR�L�%Q�VWQ7� hfORe b S VWQ�KNM � e b SfOP�
V ^ hLSLQoJfYrKRT��wS b hfO¿KRQ�TRK b hLX b SfO ] QPO¿KNM � e b SiO"VWh�TRQ��%JfO�JLKNM a MPVWQPSUT ��] Q�hfK�QP�%J ] Y a QP�uQPSUT
VWh TRQP�%JfO a�b hLK«YrSUT76 � K+
 a Q � ] ^ ej�%J b O e�TRe b S VWQkO%KRM � e b SfOuJLKNM a MPVWQPSUTRQPO a�b �%�%Q��%Y[K D
�UhLQ�hfKNO+9 �WV ^ YrhWTNKRQoJfY[K T�S b hfO�ejSUTRK b VLhLejO b SiO¿VWQoS b hLX[Q ]�] QPO¿KRM � e b SfO¿�UhfYrSfV�hLSLQ ?�b SLQdVWQ
] YTRK«Yr�%Q�QPS a�b hLK«OpSLQ�KNQPONORQ�� �f] Q � Yrh a hLSLQ�KNM � e b S�VWh�JfY\ORORM�6 ]_^ Y ]j�[b KRe�TR�L�%Q�VWQ � hfORe b S
VWQKNM � e b SfO�JiQPKR�%Q�T ] Y a KNejO TNY ]�] eqORYrTRe b S�VLQoKNM � e b SfO¡�UhLe S ^ b SUTmJfY[O¡M�TRM��YrK«�UhLM�QkO�9��

# Y�O TNY � e ] e TNMuTRQ��%J b KNQ ]j] Q b[� TRQ�SwhLQ%S b hfOY�JiQPKR�%eqOIS b S O QPh ] QP�%Q�SUT�VWQ%KRMkVWhLejKRQ ] Q
a�b@? T�VWh a�b VLY � Q��w��YreqO¡YrhfONO e VWQVWMPX[Q ]�b JLJiQPK¡hLSLQYrJLJ ] e a YrTRe b S�VLQIORhLejXwe V ^ b\� ��Q�T«O%�W�UhLe
KNQ�SUTRKNQ¿VLY[SfO ] Q a Y\VWKRQ¿VWQPO�S b hLX[Q ]�] QPOG� b S a TRe b SLSiY ] e TNMPO�VWQ ] Y�S b KN�uQ�l�n ` ¶ �f� ` S�Q ! Q�T��
hLS a�b VWQ�hLK b KNe�QPSUTRM b\� ��Q�TIY�hLS � KNY[SfV�J b TRQPS\TNe�Q ] J b hfKdVWMPX[Q ]jb JfJiQPKdVWQkO�YrJfJ ] e a YrTRe b SfO
� a�b SUTNQ�SUT D � Y[ORQPV�
�JfYrK a Q�UhLQ ] Y%S b TRe b S�V ^ b[� ��Q�TmQPO T�e�SUTRKNejSfO �k�UhLQYrh a�b VWQ�hfKP�

� � ��� ��&7% ( # &)� 9*+ ��&)(
c b hfO�Y¬X b SfO¡V b SLSLMhLS�JLKNQ��%ejQ�KmJfY\OmX[QPKNO¡hLS�OR�WO�T����%QVWQ a�b VLY � Q a�b �LM�KNQ�SUT��UhLe3ORQ � D
�%Q�SUTRQ Q�S � b S a TNe b S VWQPO a Y[JfY a e TNMPO�VLQPO�Y ]��\b KNe TN�L�%QPO�VLQ a�b VLY � Q�Y[JLJ ] ej�UhLMkO�JfY[K ] Y
ORhLe TNQ[� c b hfO ]_^ Y¬X b SfO�TRQPO TRM�ORhLK�VWQPO�ORMP�UhLQPS a QkOuKRMPQ ]j] QkO�Q�T�S b hfO�Y¬X b SfO b[� TRQ�Swh VWQPO
KNMPORh ] T«YZT«O�Q�S a�b hLK«Y � QPY[S\T«O��!c�MPY[SL� b ejSfO ] Y/J b KRTRQ�KNQPO TRQ b hLX[QPK TNQ � VWQ�S b � � KNQ�hiO QkO
Yr�%M ] e b K«YZTNe b SfO��

#º^ Y ]j�[b KNe�TR�L�%Q�VWQ � hfORe b S VWQuKRM � e b SfOd�UhLQ�S b hfOoY¬X b SiO�VWMPX[Q ]jb JfJiM�JiQPhWT D ��TNKRQ�e�SUTRQPK D
JLKNM�TNM�QPS TRQ�KN�%QPO�V ^ hLS YrK � KNQ�VLQ7� hfO e b SiO�� ` S Q ! Q�T��¡S b hiO%JfYrKRT b SfO%V ^ hfSLQ�O hfKNORQ � D
�%Q�SUTNYrTRe b S �UhLQuS b hfO�X b h ]jb SiO�ORe��%J ] e��iQ�Kk� ] QkO�KNM � e b SfO�VLQ ] Y�JfY[K TNe TNe b S �fSfY ] Q%ORQ�K b SUT
] ^ hLSfe b S�V ^ hLSLQ b h�J ] hfORejQ�hLK«O"KNM � e b SfOºejSLe�TReqY ] QPOP�p��hWTNKRQP�uQPSUT�VWe�T��WS b hfO¿J b hLX b SfOºej��Y � D
ejSLQ�K ] QPOoKRM � e b SfOdVWQ ] Y�JfYrKRTRe�TRe b S e�Sfe TNejY ] Q a�b �u�%Q ] QkO/� Q�hLe ]�] QPOV ^ hLS YrK � KNQ�� J ] hfORe�QPhLKNO
� Q�hfe ]j] QkO�O b SUTuKRMPhLSLejQPOuVLYrSfO�hLSLQ�O QPh ] Q � K«YrS a �fQ�� J ] hfO ejQ�hfKNO � K«YrS a �LQkO�ORQ�K«YZTRTNY a �fQ�SUT
� hfSLQuY[hWTRKNQ � KNY[S a �LQ�J ] hfO � K«YrSiVWQ�Q�T8�fSfY ] QP�%Q�SUT�T b hWTNQPO ] QkO � KNY[S a �LQPO�KRQPS a�b SUTRKNQ�SUT
] Q%TRK b S a VWQ ] ^ Y[K � KRQ\� # Y�O ej�%J ] e � a YZTRe b S�VWQ ] Y�O Q � �%Q�SUT«YZTRe b S a�b SfORejO TRQ ��a�b SfO eqVWMPKRQPK
a�b �%�uQ�KNM � e b SiO S b S�JfY\O ] QPO � QPhLe ]j] QPO���YreqO a Q�KRTNY[e�SLQkO � KNY[S a �LQPO VWQ ]_^ YrK � KNQ/6|KRMPhLSLe b S�VWQ
J ] hfORe�QPhLKNO�KNM � e b SfO�e�SLe�TReqY ] QPO+9¤��n ] hfO ] YdORQ � �uQPSUTNYZTNe b S�QkO�TºORe��%J ] e��iM�Q��[J ] hiO ] QkO � KNY[S a �LQkO
ORQoK«YrJfJLK bWa �LQPSUT¡VWh�TNK b S a �

#º^ YrK � KRQp�UhLQºS b hfO a�b SfO TRKNhLeqO b SfO b JLTRej�ueqORQ ] Ym�UhfY ] e�TRM"VLQ ]_^ e���Y � Q a�b VWMPQ[� �¿Q ] YmV b SLSfQ
VWM � � VWQ �ib SfOoKRMkO h ] T«YZTNOP�Il�YreqO a Q�S ^ QkO�ToJfY[OdQ�S a�b KNQ�hLSfQuO TRK«YZTNM � ejQ b JWTRej��Y ] Q[�I¯ ] QkO�T
J b ONO e �L] QI�Uh ^ Q�SUTNKRQVWQPh�5� hfORe b SfOm�UhLe X[MPKRe �fQPS\T ] QPO a�b SfVWe�TRe b SiO�VLQ��\hiY ] e TNMIVLQ���YrSfVLM�QPO
S b hfO a � b ejOReqORORe b SfO a Q ]�] Q��UhLe¿QPO T�� b ejSfO�e�SUTRMPKRQkORONYrSUTNQ%VLh J b e�SUT%VWQ�XwhLQ�VWh TNYrh=/VWQ
a�b VLY � Q\��¯>��Y � e�S b SfOJfY[K�Q�WQP�uJ ] Q��UhLQ ] QPO3� hfORe b SfO R1 − R2

Q�T R3 − R4
X\M�KNe��fQPSUT

] QPO a�b SfVLe TNe b SfO�VWQ��\hiY ] e TNM[� ` SUTRKNQ ] QPOdVWQ�h=C�iS b hiO�Y¬X b SfO�V b SLSLM�JfKRe b KNe TNM ��a Q ]�] Q��UhLe
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JLKNMPORQ�KNX[Q¡hLSLQ��uQPe ]j] Q�hLKNQ��UhfY ] e TNM��\�%Y[ejO"e ] QPO TºJ b ORORe �L] Qd�\hfQ a Q�O b e�T ]_^ YrhLTRKNQ��\hfefKNMPVWhLeqORQ
VLY¬XZYrSUT«Y � Q ] Q a�b@? TmVWQ a�b VLY � Q[� ¯ ] O QPKNY[e T�e�SUTRMPKRQkORONYrSUT¡VWQVWM�X\Q ]jb JLJ Q�K¡VWQPO a KRe�T��PKRQkO¿�UhLe
TRejQ�SfSLQ�SUT a�b �%JWTNQ�S b S O QPh ] Q��%Q�SUTuVLQ ] Y �UhfY ] e�TRM�VWQ�KRQPJLKNMPORQ�SUTNYrTRe b S/��YreqO�Y[hfORORe¿VLh
a�b@? T�VWQ a�b VLY � Q\�
# Q¡O �WO T����%Q¡VWQ a�b VLY � Q�g ` gW��l ` 53 �WXZYoVLYrSfO a Q�T TNQmVWe�KNQ a TRe b S � �¿Q�OR�WO�T����%Q � M�S ��KNQ
J ] hfORe�QPhLKNO¿JfY[K TNe TNe b SfO a YrSfVWeqVLYrTRQPO¿Q�� �ib ;jTNM�QkO ] QPO¿hLSLQPO¡VLY[SfO ] QPO�YrhLTRKNQPO�� a Qd�UhLe VWM��iSLe T
YrhiORORe3hLS YrK � KRQ�VLQ�JfY[K TNe TNe b SfO�� ` SfO hfe TNQ�e ]�a � b ejORe�T�JfYrKN�%e ] QPOdKRM � e b SfO�VWQPO�JfYrKRTRe�TRe b SfO
JLK b J b ORM�QkO3Q�T � K�
 a Q � hfSLQ¡KRQ ] Y"WYrTRe b S�VLh # Y � K«YrS � ejQ�S�� � ¥q£«©>³Z «£¤¥|³r¨�� λ �«³��W©��  � � � � � �
] QPO¡KNM � e b SiO��UhLe �

•
a�b SiO�TNe TNhLQ�SUTmhLSLQJfY[K TNe TNe b S

• �uejSLej�%ejORQ�SUT ] YuVLejO T b KNORe b S�J b hLKmhfS a�b ? T�V b SLSLM
#º^ YrK � KNQ��UhLQ S b hfO�JLK b VWhfejO b SfO�VfYrSfO�S b TRKNQ�O �WO T��P�uQ�QkO�T � QkYrh a�b hLJ J ] hfO�KNe a �fQ

�UhLQ a Q ] hLe VWQ�g ` gW��l ` �?�%Y[ejO�e ] QPO T a�b SfO�TNKRhfe T�QPS b JWTNe��%eqORY[S\T�ORQ�h ] QP�uQPSUT ] Y��\hiY ] e TNM
VWQ ]_^ e���Y � Q a�b VLM�Q[� c b hiO�J b hLKNKRe b SiO�YrJLJ ] eq�UhLQ�K � S b TRKNQ YrK � KNQ�hLSLQ b JWTRej�%ejONYZTNe b S
YrSiY ]jb[� hfQ ��a Q ]j] Q�JLK b J b ORM�Q�VLY[SfO¿g ` gW��l ` J b hLK �|Y[e�KNQ�ejS\TNQ�KNX[QPSLe�K ] Q a KRe�T��PKRQ�VLQ a�b@? TP�
n Y[K3Yre ]j] QPhLKNO���hfSLQºO b\] hLTRe b SIJ ] hfO3ORe��%J ] Qº�UhLe[J b hfKRK«Yre�T)��TRKNQpQ�WJ ]jb KNM�Q��PORQ�K«Yre�T V ^ hLTRe ] eqO QPK
S b OdY ]��\b KNe TN�L�%QPO�Y¬X\Q a hLS a KNe T���KNQ��UhLe a�b � � ejSLQ ] Y�VWeqO T b K«ORe b S�Q�T ] Q a�b ? ToVWh a�b VLY � Q
a�b �%�uQ��wJfYrK¡Q�WQP�uJ ] Q�� a Q ] hLe VWQ  H 3��´� �¿Q�TmYrKRTRe a�] Q a�b SfOReqV���KNQd�UhLQ ] Qd�%Q�e ]j] QPhLK¡� b V�� ] Q
VWQ a�b VfY � QoJ b hLKmhLSfQKRM � e b S�V b SLSLMPQQPO T a Q ] hLe3�UhLe �%ejSLej�ueqORQ ]_^ Q�WJLKNQPONO e b S3�

taille � région × log
(Error2)

taille
+ coûtdecodage

· SLQ�YrhLTRKNQ Yr�%M ] e b K«YZTNe b S J b ORORe �f] Q a�b S a QPKRSLQ ] Q a KNe�T���KNQ/VWQ � b hLX[QP�uQPSUTP�Cn b hLK
M�Xwe�TRQPK ] QkO%TRQP�uJiO�V ^ YZT TNQ�SUTRQ�TNK b J ]jb S � O��"S b hfO%S ^ Y¬X b SiO�JiY[O a Y ]ja h ] M ] Q�X[Q a TNQ�hLK�VWQ
� b hLX\Q��%Q�SUT�Y[ONO bWa e�M � hfSLQ�KRM � e b S � hiO e b SLSfM�Q��¿��YreqO%S b hfO%Y¬X b SfO a � b eqORe�JiYrKN�ue ] QPO
X[Q a TNQ�hLK«O�VWQkO�KNM � e b SfO�Y¬XZY[S\T�� hfO e b SG� a Q ] hLe¡�UhLe¡� b VWM ] eqORQ�Yrh��%ejQ�h� ] Q�� b hLX[QP�uQPSUT
�[]jb[� Y ] � �¿Q ] YIJ b hLKNK«Yre�T ��TRKNQ�Y[�uM ] e b KNMmORY[SfO � QPY[h a�b hLJ�Yrh � �%Q�SUTRQPK ] Q�TRQ��%JfO�VWQ a Y ]qa h ]
Q�S�hLTRe ] eqORY[SUT ] QkO�KNMPORh ] T«YZT«O�VWQ  � �´� #"^ Y ]��\b KNe TN�L�%QQ�S��UhLQPO TRe b S a�b SfORejO TRQ ��a�b S a YZTNQ�SLQPK
] QPOmJfY[KNY[����TRKNQPOmVLQ�� b hLX\Q��%Q�SUT a Y ]ja h ] MkOmJ b hLK a �iY a hfSLQ�VWQ�VWQPh��KNM � e b SfOP� · SLQ3�|Y a D
T b KReqONYZTRe b S�VWQ ] Yu�%YrTRKNe a Q�YrejSfORe b[� TNQ�SwhLQJ Q�KN�uQ�T�VWQKNQ�J M�KNQ�K ] QPO a�b Q � a e�QPSUTNO��UhLe b SUT
hLSLQIejS �fhLQPS a Q�VLe�KNQ a TRQIO hLK ] ^ Q�KNKRQPhLK�VLQoJfKRMkVWe a TRe b S�Q�T�V ^ b[� TNQ�SLejKmhLS�S b hfX[QPY[h�X\Q a TNQ�hLK
VWQ� b hfX[Q��%QPS\TmJ b hLK ] YuKRM � e b S � hfO e b SfSLM�Q\�

n Y[KmYre ]�] Q�hLK«O�� ] Q a � b e �VWQkO � hfO e b SiO¿JiYrK¡� b hLX\Q��%Q�SUTmQPO T��|Yre�T¡hfSLej�UhLQP�%Q�SUT � JfY[K TNe�K
VWQ ] ^ e�S�� b KR��YrTRe b S%VWQ�VWQPh��TNKNY[�uQkO���O e ] Y a�b �%JiQPSfONYZTRe b S�VWQ�� b hLX[QP�%Q�SUTºVWQ�J ] hfORe�QPhLKNO
KNM � e b SiOIQPO T�VWQ � b SLSLQ��\hiY ] e TNM � hLS�� b �%Q�SUT�V b SLSLM�� ] QPO�KNM � e b SfOO b SUT�� hfORe b SLSLM�QkO��
c�MkYrSL� b e�SfO�e ] QPO TdJ b ONORe �L] Q��UhLQ a QPO�KRM � e b SfO�O QuO MPJfYrKNQ�SUT � S b hLX\QPYrh�VLY[SfO ] Y%TNKNY[�%Q
ORhLe�XZY[S\TNQ[�o�dY[SfO a Q a Y[O��ie ] YrhLK«Yre�T�J Q�hWT ��TNKRQ�M�TRM�J ] hfO�M a�b S b �%Q�VWQuSLQ�JfY[O ] QkOdY¬X b ejK
� hfORe b SLSLMPQPOP� �oYrSiO¿hfSLQYrJLJ ] e a YZTNe b S b J�] QVWM ] Y[e?S ^ QkO�T¡JfY\O¿hfSLQ a�b SiVWe TNe b S�KNQPO TRKNe a TRejX[Q��
a�b �%�uQ"JfYrK Q�WQ��%J ] Q ] Q¿O T bWa+* Y � Q�� ] Y�VLM a eqORe b S�VWQ � hfORe b S�J Q�hWT$��TNKRQ¿JLKReqORQ"O hfK3J ] hfORe�QPhLKNO
ej�%Y � QkO��
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