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b���\3[�\3a@W
^�_e[,nob�aodenQ��\3Vs\�W9\�ªCWZ\�a;VXb�nQ��\3V3� � \3V
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`UW�dj�cVX_�djqQqo��T�WZ_]VXW h `o^´Wf` h de�;^�`UW3� � ���K_ h b§WftQ[]b�^m^
`UW�^�deaOnG\9VZ`QqQqG_ h WZ\?r$£C��b�±e\
b�a|}K_KVZtMdeaor�`Qao��b�±e\�b�a � VXqG\3^
Wf};�;¦�tQ\'aQ_jWfb�_Ka�_j�EdeVZq;\?^´WuVs_j�EdKVXqG\3^
WfV¨de��VZ_­djqoqQ��b�\3V3£F^
_ea;VXbcrU\ h b�aQ�]WZtQ\'q;_@VZVZb�nQb���b�WkTO� _ h dja
dKVXqG\3^
W�WZ_]q;\ h � _ h [�VkW h `o^
WZ` h dj�=^ut;djaQ�K\3V�_eaMdjaQ_eWZtQ\ h deVZq;\?^´W?�
¦�tQ\�VkW h `o^
WZ` h dj��de^
WZb�_eaÌ�cdjaQ�K`odj�K\¯q h _�¡CbcrU\3V�[�\?djaoV�WZ_|de�§Wf\ h WZtQ\©rQd�Wud7VkW h `;^´WZ` h \?V�_j�¨d�q h _K� h dj[M��²³a d���deaQ�e`;dj�e\

��b�±K\­SC[¯dj���§Wudj��± 
 yKz � £�VZ`o^ut®dj��WZ\ h d�Wfb�_KaoV
^�dea nG\­rU_eao\]rQT@a;dj[]b�^3dj����TK£=��tQb���\¯b�aÌ}Kd¢¡�dOWZtQ\3T|^�dea®_eaQ��T7nG\­rU_eaQ\¯VXWfdjWZbc^�dj����Te�
�Å_KaoVXbcrU\ h b�aQ�md h `Qa@WZb�[�\�\�aC¡Cb h _KaQ[]\�a@W�Wftod�WEVZ`QqQqG_ h WfV h `oaKWfb�[]\�VkW h `;^´WZ` h de�K[]_UrUb�¥;^�djWZb�_eaoV�_j�G^
�cdeVfVX\?V�£jdmVkW h `o^
WZ` h dj�UdK^´WZb�_ea
^3dja®¡e\ h T7��\����EnG\­deVfVX_U^�b�djWZ\3r|WZ_7d©nG\�tod¢¡Cb�_ h dj�¤^
`QW��¬deaorËtQ\�ao^�\¯aQ_jW�_KaQ��T7WZ_�d�VXW h `o^´Wf` h dj�E^
`QW � �©¦�tQ\ h \�¡e\ h VZ\�b�V�ao_jW
W h `Q\KÉEd�n;\3tod¢¡Cb�_ h de�FdK^´Wfb�_Ka©^3djaQaQ_eW�n;\�dKVZVZ_U^
bcd�WZ\?r¯Wf_­d�VXW h `o^
WZ` h dj�$^
`QW,� Ç b��;�;y � �

behavioral action

behavioral cut structural cut

structural action

Ç b��K` h \�yQÉ"SC`Q[][¯d h T­_j��WZtQ\�qG_KVfVXb�nQ��\�nQb�aorUb�aQ�KV�nG\
Wk��\�\3a©VXW h `o^´Wf` h dj�=dja;r�nG\�t;d¢¡@b�_ h dj�Fde^
WZb�_eaMdjaorM^�`UW3�

� tQ\3a©^�_eaoVZbcrU\ h b�ao��WZto\9nob�aorQb�aQ�]_e��d�VkW h `o^
WZ` h dj�$dK^´WZb�_eaOWZ_]d'VXW h `o^
WZ` h dj�$^
`QW3£CWZto\9ao_jWZb�_ea©_j��^
_ea@W h _K���¬n;\�� _ h \e£Ud���Wf\ h £
\�Wf^j� � n;\?^
_e[]\?V¨b hZh \���\�¡�deaKW?£GVZb�[�qo��b�� TCb�aQ�OWZtQ\�nQb�aorUb�aQ�MVXqG\3^�b§¥;^3d�Wfb�_Ka=�9SCb�[]b��cd h ��Te£GWZtQ\�bcVZVZ`Q\,_e�"deVZq;\?^´W9qod h dj[]\
Wf\ h b��?d�Wfb�_Ka
^3dja­dj�cVZ_�n;\9VXb�[]qQ��b�¥o\?r$É�VZb�ao^
\�WftQ\mdK^´Wfb�_Ka]^�_eaoVZbcVkWuV¤b�aO[�_UrUb�� TCb�ao�,VX\3��\?^´Wf\3r¯rQdjWfd�VXW h `o^´Wf` h \3V3£eb�a­d�^
�cdeVfVk�°nodKVX\?r,�cdjaQ�K`odj�K\e£
WftQ\�_eaQ��T­b�aU� _ h [¯d�Wfb�_Ka�aQ\3\3rU\?r©b�V�WftQ\�^
�cdeVfV�VX`onUik\3^
W�WZ_][]_CrQb§¥;^3d�Wfb�_Ka=�

�Å_K[�qG_KVZb�WZb�_ea©_j�¤VkW h `o^
WZ` h dj�=dKVXqG\3^
WfV�bcV�b�aorU\3\3rMdja©b�VfVZ`Q\e�"¦�tob�V�bcVfVX`Q\�t;deV�tQ_���\�¡K\ h aQ_jWsnG\�\3aM\
ªUqQ��b�^�b§Wf��T©^
_ea;VXbcrU\ h \3r
nCTO\�ªUb�VXWZb�aQ�]q h _eqG_KVfdj�cV h \��cd�Wf\3rOWZ_­deVZqG\3^´Ws^�_e[]q;_@VXb�WZb�_ea�£U��tQb�^ut©� _U^
`;V�_ea©n;\3tod¢¡Cb�_ h de�FdKVXqG\3^
WfV 
 �Q£;ye�U£oy � £;yey � �
� VXqG\3^
W"b�a;VkWudja@WZbcd�Wfb�_Ka]deaor]VZ^�_eqG\sd h \�[]\3djaob�aQ�e� `Q�Q� \?d�Wf` h \?V�� _ h VXW h `o^
WZ` h dj�odKVXqG\3^
WfV¤_KaQ��T,��tQ\3a­^
_ea;VXbcrU\ h b�aQ� h `Qa@Wfb�[]\

VXW h `o^´Wf` h dj�ÅdK^´Wfb�_KaoV��|²°�saQ_jW,qG_KVfVZb�nQ��\e£���b�±K\Ob�a�}@d¢¡¢do£�WftQ\�a d7VkW h `;^´WZ` h de�ÅdeVZqG\3^´W�b�V'djqQqo��b�\3r�VXWfdjWZbc^�de����Te£�tQ\3ao^
\Od VXb�aQ�K��\
�K��_Knodj�$b�aoVXWfdja;^
\�VX` �¯^�\3V3�
CDC ãFE<GIH�JKG
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− automatic detection of aspect interactions (behavioral and structural)
− expressive and extensible composition facilities
− implicit and explicit collaboration among aspects

composition

structure

− class−object model
− complete structural abilities
− expressive cut language (*)

open support for aspect languages

interactions application/aspects

− reified aspects
− safe API for accessing aspects
− continuation−like mechanism

− awareness of inheritance, concurrency, etc.
− compatible with security mechanisms
− integration into existing environments

base language compliance

− expressive cut language (*)
− complete action language
− separate binding language
− optimized aspect protocol

behavior

(*) refers to algorithmic cut supporting aspects of aspects

Ç b��e` h \ �QÉESC`o[�[¯d h T­_e��bcrU\3aKWfb§¥;\3r h \?Í@`Qb h \�[]\3aKWuVÅ� _ h d�¡e\ h Vfd�Wfb���\ � l g ±K\ h aQ\��5�

B?�(' � Q�! �/�J��T !X�M%4QI0 �UGLGL.M��T ��!X�M%4Q����U0 G=�/T !J0
� aËb�aorU\3q;\3aorU\3aKW�� \?d�Wf` h \]_e� � l g q h _Kq;_@VZde��V h \��cd�Wf\3VmWZ_©WZto\�b�a@WZ\ h dK^´WZb�_ea;VmnG\
Wk��\�\3aËdeaËdeqQqQ��b�^3d�Wfb�_KaËdeaor7WftQ\¯djqQqo��b�\3r
dKVXqG\3^
WfV3�"SC`o^ut©b�a@WZ\ h dK^´Wfb�_KaoV�aQ\�\?r­Wf_¯n;\�^ut;d h de^´Wf\ h b��3\3r¯b�aMn;_eWZtM��d¢TCV3É�b�a@WZ\ h dK^´Wfb�_KaoVÅ� h _K[ deVZq;\?^´WuV�WZ_�WZto\�djqQqQ��bc^�d�Wfb�_Ka=£
deaor©b�a@WZ\ h dK^´Wfb�_KaoVÅ� h _K[ WZtQ\�deqQqQ��b�^3d�Wfb�_KaOWf_]dKVXqG\3^
WfV3�
¦�tQ\Ëde^
WZb�_ea��cdjaQ�K`odj�K\|rU\�WZ\ h []b�ao\3VOWZtQ\Ëq;_@VZVZb�nQ��\ b�a@Wf\ h de^´Wfb�_KaoV­nG\
Wk��\�\3a WZto\ËdKVXqG\3^
W©dja;r WZtQ\ËnodKVX\ËdjqQqQ��bc^�d�Wfb�_Ka=�

Ç _ h b�aoVXWfdja;^
\e£�b§W,[¯d¢T7b�ao^���`orQ\­d�^
_ea@Wfb�aC`odjWZb�_eaU�°��b�±e\�[]\3^utodeaQbcVX[M£=��b�±K\ � VZq;\?^´Wu} � V��������
	�	
�O±K\�TC��_ h r�WZt;d�W,\3aKWudjb���V9WftQ\
b�a@WZ\ hfh `QqUWZ\?r©_eqG\ h d�WZb�_eaOWZ_]nG\ h \?VX`Q[]\?rOb�a©WZtQ\�^3deVZ\9_e��d h _K`Qaor©derU¡Cbc^
\3V3�
²³a@WZ\ h dK^´Wfb�_KaoV�nG\
Wk��\�\�a�WZtQ\©djqQqQ��bc^�d�Wfb�_Ka�djaor�deVZq;\?^´WfV,[¯d¢T nG\Oq h _�¡Cb�rQ\3r®b�a�VXTUVXWZ\3[]V,��tQ\ h \OdKVXqG\3^
WfV�d h \ h `Qa@Wfb�[]\

\3aKWfb§Wfb�\?V
deV9VX`o^ut�£$b¼� \e��deVZqG\3^´WuV
d h \O·Z¶�» �Å¶�����²°��deVZq;\?^´WfV9d h \,b�aQ��b�ao\3r7��b�WZtob�a®djqQqo��bc^�djWZb�_ea|^�_CrQ\e£GWZtQ\¯deqQqQ��b�^3d�WZb�_ea ^�djaoaQ_jW
\�ªCqo��bc^
b�WZ��T]b�a@WZ\ h dK^´W���b§Wft¯WZtQ\3[M�<�Å_eaC¡e\ h VZ\���Te£ h \�b�¥o\?r­deVZq;\?^´WuV"d h \s[¯derQ\mde^3^
\?VZVZb�no��\�Wft h _e`Q�Kt­dja � g ²¤� _ h \
ªUqQ��b�^�b§W�de^3^
\3VfV
nCT�WZtQ\'nodeVZ\�djqQqo��bc^�djWZb�_ea=� Ç _ h b�aoVkWudjao^�\e£;b�a � VXqG\3^
Wf};£oWftQ\�_enQik\3^´W h \3q h \?VX\3a@WZb�aQ�¯dja7deVZqG\3^´W������O^�djaMnG\'dK^�^
\?VZVZ\3r©��b�WZt
��������������	������������@� � a�de^�^�\3VfV � g ²¤[¯d¢T'nG\¨��b�[]b�WZ\?r]WZ_ h \?der¯de^3^
\?VZV3£e_ h [¯d¢T'[¯dj±K\sb�WÅqG_KVfVXb�nQ��\�WZ_�rUTCaodj[]bc^�dj����T'^utodeaQ�e\
dKVXqG\3^
WfV3�>�ÅtodeaQ�eb�aQ�MdeVZq;\?^´WfV9[¯d¢T h \��cd�WZ\'WZ_M^utodeaQ�eb�aQ�Mde^´Wfb�_KaoV9_ h ^
`UWuV�£�rU\�qG\�aorQb�aQ�M_Ka ��tQbc^ut|q;d h WfV
d h \ h \�b�¥o\?r$� Ç _ h
b�aoVXWfdja;^
\e£$b�a � VZq;\?^´Wf};£F_eaQ��T7derQ¡@bc^
\?V
d h \ h \�b�¥o\3r$£=deaor|d h \'aQ_jW�^utodeaQ�e\?djnQ��\e�&�Å_Ka@¡K\ h VX\3��TK£FSCWZ\3de[]��_C_e[ 
 z � � `Q����T h \3b§¥;\3V
dKVXqG\3^
WfV3£Q[¯dj±Cb�ao�'b�Wsq;_@VZVZb�nQ��\
Wf_¯de^�^�\3VfV�^
`UWuVsd�W h `Qa@WZb�[�\K�

�  �"!>�©�´���s-/���,	���������� ���������
	��
�����È% ) � �����©���
� ����WZto\­� \3djWZ` h \3V'\
ªUqG_KVZ\3rÌb�aÌWftQ\Oq h \�¡Cb�_e`oV'VX\?^´Wfb�_Ka h \3q h \3VZ\�a@W�WZto\O[¯djb�a�µ�¹�·´»¬¹ 7�»�½ »�º5»¬¶´¸¯dj[]_KaQ��WZto\­�¬dj[]b���T®_e�¨deVZq;\?^´W
�cdjaQ�K`odj�K\3Vmdjaor7VZTUVkWf\�[¯V3�9¦�tQ\�_enQik\3^´Wfb�¡K\�_j��d­¡e\ h Vfd�Wfb���\ � l g ±K\ h aQ\���bcVsWf_©VZ`QqQqG_ h W¨WftQ\ h djao�e\�_e�"deVZq;\?^´W�djqQq h _KdK^utQ\3V
nCTMVX`Qqoq;_ h Wfb�aQ�­WZtQ\?VX\�¡�d h bcdjnQb���b§Wfb�\?V���²³aMWZtQbcV9VX\?^´WZb�_eaM��\�\
ªCW h dK^´Ws¡�d h b�_K`oV h \3Í@`Qb h \3[]\�a@WfV�� _ h � l g ±K\ h aQ\��cV�b�a7d¯�e\3aQ\ h dj�
VZ\
WZWZb�aQ�o£oVZ`Q[][¯d h b��3\3r�b�a Ç b��o�,�Q�

'?��� + G=�/Q � 
�GLG=%(�X! ' %(� ) 0 G=�/T !$# �UQ ��
�� �(�R0
� a � l g ±K\ h aQ\��F[¯dj±K\3V�b�Wsq;_@VZVZb�nQ��\
Wf_¯`oVZ\9q;d h WZbc^
`Q�cd h � lvdjqQq h _KdK^utQ\3VÅ� _ h todjaorQ��b�aQ�¯qod h Wfb�^�`Q��d h deVZq;\?^´WfV3�E¦�tQ\
�¬de[�b���T
_e��deVZqG\3^´W
�cdjaQ�K`odj�K\3Vmn;\3b�aQ�©_eqG\�aQ�5\3aorU\3r&%Cde����WftQ\][�_ h \�deV9b�W
b�ao^���`orQ\3V
�e\3aQ\ h bc^,dja;r VZq;\?^
b�¥;^�deVZq;\?^´W���deaQ�e`;dj�e\?V'%F£oWftQ\
±K\ h aQ\��$['`oVkWsq h _�¡CbcrU\]Á-$Q¶�¿7¸ "
$1$QÁj·´º$� _ h dKVXqG\3^
W��cdjao�e`ode�e\3V3�
¦�tQ\'��deaQ�e`;dj�e\�deaorM`QaorQ\ h ��TCb�aQ�O^
_Kao^
\3qUWZ`;dj��[]_UrU\3��_e�"dja � l g ±K\ h aQ\���� tQ\ h \?d���WZ\ h�(�)?� t;deV�Wf_­nG\'�K\�aQ\ h de�=\�aQ_K`Q�et

Wf_7todja;rU��\­de���EWZtQ\¯¡�d h bcdjnQb���b�WZb�\3V�q h \?VX\3a@WZ\3r b�a�VX\?^´WZb�_ea�yQ� � \Otod¢¡e\]bcrU\�a@WZb�¥o\?rËWZt h \�\¯[¯djb�aÌ^
_Kao^
\ h aoV9� _ h*( ) £�a;dj[]\���T
nG\�tod¢¡Cb�_ h £ÅVXW h `o^´Wf` h \©deaor ^�_e[]qG_KVZb§Wfb�_Ka � Ç b��o�¤� � � Ç _ h n;\3tod¢¡Cb�_ h deaor�VkW h `o^
WZ` h \e£Ån;_eWZt b�aKW h _@VXqG\3^
WZb�_ea�djaor b�a@Wf\ h ^
\3VX�
VZb�_Ka VZtQ_e`o��rÌnG\MVX`Qqoq;_ h Wf\3r$É­b�a@W h _KVZq;\?^´Wfb�_Ka�rU\3de��V'��b�WZt�q h _K� h dj[.¹�¿G¹j½  ¢¸´»c¸´£"��tQb���\©b�aKWf\ h ^
\?VZVZb�_Ka�rU\3de��V'��b�WZt�q h _K� h dj[

Y ö C/Y[Z
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L 0
behavior structure composition
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L 2 L nL 1

AOP AOP AOP1 2 n

Ç b��e` h \
�oÉ�3E��\�[]\�a@WuV�_j��WZtQ\ � l g ±e\ h ao\��$djqQq h _@de^ut=�
� ñuô°î Z��	� è¬ê?è¬é5æ���ë��eækç¬äðã��sñuã
ñuè�
eækô³é�ï ñuã�����ñ��´æ����Fäðè$ä���
¢ïðæ���ækã
é5ækòmñuè�ñEé5ç¼ñuã¢è5ï ñfé¼ë´ç����
	��;é5ëÅé5î¢æEôkë�����ë´ã%�´ækç¼ã¢ækïUï ñuã����¢ñ��´æ���
 !
� î¢æ��´ækç¬ã¢ækïKï ñuã����¢ñ��´æ�î�ñuè 5 �sñuäðã 
�ñuç é5è��oë´ã¢æ�ì�ë´ç��jækî�ñXå3äðë´ç¼ñuï��sñuã¢ä�
��?ï ñfé5äðë´ã�ëuìKé5î¢æ$��ñuè5æ�ñ�
�
¢ïðäðôXñfé¼äðë´ã�
?ë´ã?æ�ì�ë´çGä é¼èFè¼é¼ç��?ôké��¢ç¼ñuï �sñuã¢ä�
��?ï ñfé5äðë´ã�

ñuã¢ò
ë´ã¢æ�ì�ë´ç=è(
jækôkä ì�ê3äðã���ôkë���
jë´è5ä é¼äðë´ã�!

º5·Z¹�¿o¸ À
Á�· (¯¹�º5»¬Á�¿o� Ç _ h ^�_e[]qG_KVZb§Wfb�_Ka|Wf_�n;\¯[¯dja;dj�e\?djnQ��\�n@TËdja � l g ±e\ h aQ\3�¼£=\?de^ut®deVZq;\?^´W��cdjaQ�K`odj�K\ (�� [,`oVXW�aQ_jW�nG\
b�[]qQ��\3[]\�a@WZ\?r�deVsd¯^�_CrQ\�W h djaoVX� _ h []\ h rUb h \3^´Wf��T©d�ÆF\3^
WZb�aQ�¯nodeVZ\�djqoqQ��bc^�djWZb�_ea�^
_UrU\K£QnQ`UW h djWZtQ\ h deVsdMº5·Z¹j¿Q¸´½�¹�º³Á�·�� h _e[ (��
Wf_ (�) ������� �³� � � \3tod¢¡Cb�_ h de�=djaor VkW h `o^
WZ` h dj��qod h WfVm_j� (�) ['`oVkW
nG\'dja derU\?ÍK`;d�WZ\'node^u±@�°\�aor©� _ h deaCTMdKVXqG\3^
Wm�cdjaQ�K`odj�K\e£
��tQb���\�WZtQ\s^�_e[]qG_KVZb§Wfb�_Kaodj�Uqod h WEt;deV�Wf_�\�aoVZ` h \ÅWftod�Wm¹ ?�dKVXqG\3^
WE��deaQ�e`;dj�e\?V�^�dja]\�ªCq h \?VZV�WftQ\�b h ^
_K[]q;_@VXb�WZb�_ea��¬de^�b���b�WZb�\3V¤��b�WZt
b�W3£ 7 ?�b�a@Wf\ h de^´Wfb�_KaoV¨de[]_eaQ�OdKVXqG\3^
WfV3£Fq;_@VZVZb�no��T�rU\�¥oaQ\3r|��b§Wft rUb�ÆF\ h \�a@Wm�cdjaQ�K`odj�K\3V3£;d h \�rU\
Wf\3^´Wf\3r djaor7^3dja7nG\ h \?VX_K��¡K\3r$£
, ?�^�_e����den;_ h djWZb�_ea|nG\
Wk��\�\3aËdKVXqG\3^
WfV�bcV�^
_ hZh \3^
WZ��T�todja;rU��\?r$� � ���¤WftQ\3VZ\¯b�VfVZ`Q\3V�d h \¯rUbcVZ^�`oVfVX\?r|b�aËWZtQ\ h \�[¯djb�aorU\ h _j��WZtQbcV
VZ\3^
WZb�_ea=�

'?�CB � �RV������ %4�
¦�tQ\�±e\ h aQ\3�Å�cdjao�e`ode�e\¯[,`;VkW�q h _�¡CbcrU\Odea�\
ªUq h \3VfVXb�¡e\¯nG\�t;d¢¡@b�_ h dj��^
`UW���deaQ�e`;dj�e\K£�VZ`QqQqG_ h WZb�aQ�ËdeVZq;\?^´WfV'_j�¨dKVXqG\3^
WfV'djaor
^�_e[]qQ��\
ª�dj���e_ h b�WZtQ[]bc^|^�`UWfV3� ¦�to\ËrUTCaode[]b�^ ^
`UW�VXto_e`Q�cr�VZ`QqQqG_ h W©nG\�tod¢¡Cb�_ h dj�sao_jWZb�_ea;VOtQb��eto��b��et@WZ\?r nCT h \?VX\?d h ^ut b�a
dKVXqG\3^
WX�°_ h b�\3aKWf\3r©q h _e� h de[�[]b�aQ��� \K� �;��£G^
_ea@W h _K�$Êo_�� � ��¦�tQbcV¨VZ`QqQqG_ h W¨_K`Q�et@W�WZ_On;\�q h _�¡CbcrU\3r©nCTOWftQ\'^�_eao^�\�qUWf`odj��[�_UrU\3�
djW¨d'�K\�aQ\ h bc^m��\3¡e\���b�a©_ h rU\ h Wf_¯dj����_���¡�d h b�_e`oV�ao_jWZb�_ea;V�WZ_]n;\�b�[]qQ��\�[]\�a@WZ\?r©b�aM¡�d h b�_K`oV���d¢TUV3�
Ç _ h b�aoVXWfdeao^
\K£ErUb§ÆF\ h \�a@W]¡�d h b�deaKWuV�_j�9^
_ea@W h _K�EÊo_�� ^�dea�nG\©rU\?VXb��eao\3r$É¯^
_Ka@W h _e�EÊ;_���^�djaÌnG\©\
ªUq;_@VX\?r�deV'd|VZb�[]qQ��\

^3dj����VXWfde^u±MrU\3qUWZt|^�_e`Qa@Wf\ h £o_ h deV¨dea�\�¡K\�a@WmVXWfde^u±F£;_jÆF\ h b�aQ�]WftQ\,¡�d h b�_e`oVs\���\�[]\�a@WfVm_j��WftQ\'^3dj����VXWfde^u±O� _ h b�a@W h _KVZqG\3^´Wfb�_Ka=�
¦�tQbcVOde����_��sV�� _ h [�_ h \M\�ªCq h \?VZVZb�¡K\�^
_ea@W h _K��Êo_��È^�_eaorQb§Wfb�_KaoV]b�a WftQ\|^�`UWO�cdjaQ�K`odj�K\e� Ç ` h WftQ\ h []_ h \e£�^
_ea@W h _K��Êo_���£�deV
^�_eaoVZb�rQ\ h \3r©b�a�[]_@VkWsq h _eqG_KVfdj�cV�� \K� �;��£ � VZq;\?^´Wu}Odja;r�}e_@VXt � £QbcVs_eao��T©djnG_e`UW,¿F¶´¸´º5»�¿ '
\3¡e\3aKWuV�£;aQ_jW¨den;_K`UWsWftQ\�b h ¸�¶-56"o¶�¿ ,u¶
¸
�K\�aQ\ h de����TOVZq;\?dj±Cb�ao�o� p \?VX\?d h ^ut�_KaM\�¡e\3a@WX�°nodeVZ\3r � l g djaor�W h de^�\
�°nodeVZ\3r©deVZqG\3^´WuV 
 yj�U£;y � £GyKyC£;y'�U£Gxj�Q£;y � � todKV�ik`oVkWfb§¥;\3r
WftQ\¨nG\�aQ\�¥QWfV"_j�=nG\�b�aQ�,denQ��\�Wf_,rU\�¥oaQ\mdKVXqG\3^
WfV�Wftod�W�djqQqo��T]rU\�qG\�a;rUb�ao��_ea]WftQ\s\
ªU\?^
`UWfb�_Ka¯tQb�VXWZ_ h TK���m_e`o\�ao^�\'¶
ºE¹j½98EVXWZ`orQT
WftQ\�� _ h []de��b��3djWZb�_ea�_e�ÅVX`;^ut|deVZq;\?^´WuV 
 yj�Q£$y � £=yeyC£=y'� � �,SU\ h \�aQb�¶
º9¹�½98,q h _eqG_KVZ\,^
_KaKW h _K��Ê;_��vdeV h \3�e`Q�cd h \
ªUq h \3VfVXb�_eaoV¨_ea
WftQ\O^�de����VkWude^u± 
 x�� � � Ç b���[¯dja ¶�º
¹j½98©� ` h WZtQ\ h \�ª@Wf\�aorËWftQ\OrU\?VXb��ea®_e��dM�cdjaQ�K`odj�K\]_j��\�¡K\�a@WfV�b�aÌ_ h rU\ h WZ_M� `Q����TË\
ªUq h \3VfV
h \��cd�Wfb�_KaoVXtob�qoV�de[]_eaQ��\�¡K\�a@WfV3£QVX`;^ut©dKV�WZb�[�\�� h de[]\�_j��_U^3^
` hfh \3ao^
\ 
 y � � �
¦�_]todjaorQ��\�de���=qG_KVfVZb�nQ��\�de^
WZb�_ea©��deaQ�e`;dj�e\?V�£@WftQ\�±e\ h aQ\3��de^
WZb�_ea©��deaQ�e`;dj�e\
VZtQ_e`Q�crMVX`oqQq;_ h W¨VXWfdjWZ\�� `Q��deVZqG\3^´WuV�£;VX_�WZt;d�W

WftQ\�T�^�dja�[¯djb�a@Wfdjb�a,b�aU� _ h [¯d�Wfb�_Ka�dK^ h _KVfV�\�ªU\3^
`QWZb�_ea=�¤SCb�ao^
\�WZto\�±e\ h aQ\3�CdK^´Wfb�_Ka'�cdjaQ�K`odj�K\�VZtQ_K`Q��r'dj�cVX_
nG\�^
_e[]qQ��\
Wf\e£K`oVXb�aQ�
WftQ\�nodeVZ\
��deaQ�e`;dj�e\9bcV�WZtQ\���_e�Kb�^3dj�=^utQ_Kb�^�\e�
¦�tQ\�nQb�aorUb�aQ� �cdjao�e`ode�e\­rU\?VX\ h ¡K\3V,VZqG\3^
bcdj��d�WZWZ\3aKWfb�_Ka=� � V'[�\3a@WZb�_eaQ\?rÌn;\�� _ h \e£�WftQ\�nob�aorQb�aQ� ��deaQ�e`;dj�e\O_j� � VZqG\3^´Wu}

bcV�[]\ h �e\?r|��b�WZtËWZto\­de^´Wfb�_Ka �cdjao�e`ode�e\eÉmWZto\­derU¡Cbc^
\]n;_UrUT _j��dja®deVZq;\?^´W�bcV9WZb�\3r WZ_MWftQ\¯nQb�aorUb�aQ�MWZ_�dMqG_eb�a@Wf^
`QW3�­¦�tQbcV
n h b�aQ�KV]qG\ h � _ h [¯djao^�\©nG\�ao\
¥QWuV�£�VZb�ao^�\�_eaQ��T VZ\���\3^
WZ\?r�qod h de[]\
WZ\ h V¯d h \M\�ªCqG_KVZ\3r nCT dËqG_eb�aKWu^
`UWOWZ_Ìdja derQ¡@bc^
\K� � �cVX_;£
� h _e[ dea \?deVZ\
�°_j���°`oVZ\,qG\ h VXqG\3^
WZb�¡e\e£�b§W�todKV9WZtQ\¯nG\�ao\
¥QW�_e��dj��[]_KVXW9tob�rUb�aQ�MWf_�WftQ\]q h _e� h dj[][]\ h WZto\¯¡e\ h WZb��e_�_j��� h b�WZb�aQ�
[]\
Wudjq h _e� h de[¯V���:s_���\�¡e\ h £e� h _K[ d,VZ_j��Wk��d h \s\�aQ�Kb�ao\�\ h b�aQ��qG\ h VXqG\3^
WZb�¡e\e£KWZtob�V���b�[]b�WfVÅWZtQ\9qG_KVfVXb�nQb���b�WZb�\3VÅ_j� h \�`;VXb�aQ�,d,�eb�¡e\�a
dKrU¡Cb�^�\¯b�a�d7rQb§ÆF\ h \�a@W,^
_Ka@WZ\
ªCW?� � _@_K±Cb�aQ�MnodK^u± djW�WZtQ\OtQb�VXWZ_ h T _j� h `oaKWfb�[]\­[]\�Wfdj_KnUik\3^
W�q h _jWZ_U^�_e�cV
b�a h \
Êo\?^´Wfb�_Ka=£�WftQ\
qG_KVZb§Wfb�_KaObcVEWftQ\9_eqQqG_KVZb§Wf\eÉ�WZtQ\9nQb�aorUb�aQ�,�cdjao�e`ode�e\sbcVEWfb�\?r¯Wf_�WZto\9^�`UW��cdjao�e`ode�e\e��¦�tQ\
VX\�WÅ_j� h \3b§¥o\?r¯b�aU� _ h [¯d�WZb�_ea¯bcV�n;_eWZt
h b�^utËdjaor VkWudjaorod h rUb��3\3r$£$rU\�WZ\ h []b�aQb�ao�OWftQ\¯de^´Wf`odj� $G·fÁ�º³Á�,uÁ�½G_j��[]\
Wfde_enUik\?^´WuV'�¬tQ\�ao^�\�WZtQ\'WZ\ h [ >X[]\
Wfde_enUik\?^´W
q h _jWZ_U^�_e� @u£
Î l g�� �oÎ�\�Wfde_enUik\?^´WfV�d h \
tQb��eto��T­�K\�aQ\ h bc^
djaor�tQ\3ao^
\ h \�`oVfdjno��\K£@no`UW¨^
_@VkWf��TOdeaorM^
_K[�qo��\�ª­WZ_]� h b§Wf\e�
� _jWft,djqoq h _@de^utQ\?V=tod¢¡K\¤WZto\�b h dKrU¡�dja@Wfde�e\?V�� Ç _ h nQ`Qb���rQb�aQ�9[]b�rorU��\3��d h \"_ h _jWZto\ h ±@b�aor,_j�ob�aU� h deVXW h `o^´Wf` h \ÅVX_e��Wk��d h \K£3WftQ\

�K\�aQ\ h bc^
b�WkT'deaor�tQb��Kt h \3`oVZdenQb���b�WkT,_e�G[]\
Wudj_KnUik\3^
WfV¤bcVE_e�G� h \?d�WE¡�dj��`Q\e� Ç _ h ��_C^3dj��b��3\3r � l g £�WZto\saQ_eaQ�5�K\�aQ\ h bc^
b�WkT�_j�=dKVXqG\3^
WfV
bcV,ao_jW'd�q h _KnQ��\3[M£�b�W,bcV,\3¡e\3a�d�qQ��`oV�£¤VZb�[]qQ��b�� T@b�aQ��WftQ\­WudeVZ± _e�sdeVZq;\?^´W'q h _K� h dj[][]b�aQ�;�©¦�tob�V'rU`odj��b�WkT _e�¨djqQq h _KdK^utQ\3V
��b�WZt h \?VXqG\3^
W"Wf_,WftQ\mnob�aorQb�aQ���cdjaQ�K`odj�K\saod�Wf` h dj����T¯^�de���cV"� _ h d,¡K\ h VZdjWZb���\ � l g ±e\ h aQ\3�oWftod�W�±e\3\�qoV"WZto\mnQb�aorUb�aQ����deaQ�e`;dj�e\
¸�¶ $Q¹j·Z¹�º³¶���Àu·ZÁ#( 7uÁ�º �9WftQ\¨^
`QWÅdjaor¯dK^´Wfb�_Ka¯��deaQ�e`ode�e\?V�£jdeaor�WZtodjW"q h _�¡Cb�rU\?V¤[]\3^utodeaQbcVX[¯V�� _ h VXqG\3^�b�de��b���b�aQ�,deaor�_eqUWfb�[]b���b�aQ�
WftQ\�b�aQ� _ h []djWZb�_ea©n h b�rU�K\
n;\�Wk�Å\3\�a©\
ªU\3^�`UWZb�_eaMqG_eb�aKWuV�djaor©deVZqG\3^´WsnG_UrUb�\3V3£Q��tQbc^ut���\ h \�� \ h WZ_­dKV�¹¢¸.$Q¶-,�º�$F·ZÁ�º³Á
,fÁj½ �

CDC ãFE<GIH�JKG



� � ��·´»:,��o¹j¿oº³¶
·����U¹ ,-5 "o¶´¸��,Á! 
	

'?�(' � !X� 
IT ! 
�� �
� a � l g ±e\ h aQ\3�$VXtQ_K`Q�cr­b�a�qod h Wfb�^�`Q�cd h _jÆF\ h dja©\
ªUq h \3VfVXb�¡e\m^
`UW��cdjaQ�K`odj�K\mVZ`QqQqG_ h WZb�aQ��de���K_ h b§WftQ[]b�^9^
`QW�deaorOdKVXqG\3^
WfV�_j�
dKVXqG\3^
WfV3� Ç _ h VkW h `o^
WZ` h dj��de^
WZb�_eaoV3£Fd�^�_e[]qQ��\
WZ\�VX\�Wm_e�ÅVkW h `;^´WZ` h de�=W h dja;Vk� _ h [¯d�Wfb�_Ka7djnQb���b§Wfb�\?V¨todKVsWf_�nG\�q h _�¡CbcrU\3r=�m¦�tQbcV
qod h W¤^
_KaoVZb�VXWfV�b�a'_jÆF\ h b�aQ�¨� `Q���CVXW h `o^
WZ` h dj� h \�Êo\3^
WZb�_ea�_Ka�WftQ\�deqQqQ��b�^3d�Wfb�_Ka=£�djaor���\
WZWZb�aQ�mWZtQ\�rUb�ÆG\ h \3aKW¤deVZqG\3^´W��cdjaQ�K`odj�K\3V$`oVZ\
�¬qod h W�_e� � WZtQ\?VX\
djnob���b§Wfb�\?V�� Ç _ h ^
�cdeVfVk�°nodeVZ\3r]�cdjao�e`ode�e\3V3£KWZtQ\9b�a@Wf`Qb§Wfb�¡K\9VXW h `o^
WZ` h dj�FrU\3Vf^ h b�qUWZb�_ea�_j��q h _e� h de[¯V¤b�VÅWftQ\9^���dKVZVX�
_KnUik\3^
Wm[]_UrU\�� 
 �@y � £G��tob�^ut h \�q h \3VZ\�a@WuV¨d¯q h _e� h de[ nCT�^
�cdeVfVs_KnUik\3^
WfV¨de�e� h \3�Kd�Wfb�ao��[]\3[,nG\ h _KnUik\3^
WfV���¥o\3��roV�£F[]\
WftQ_UrQV � �
¦�tQbcV�[]_UrU\��=� _e����_��sVÅWZto\�VX\3[�b�aode�$[�_UrU\3�$� _ h VXW h `o^
WZ` h dj� h \
Êo\?^´Wfb�_Ka©rU\3¡e\3��_Kq;\?rOb�aMSU[]de����Wfde��±@� �e� 
 y@z � �

'?��� DE%4FHG=%40 � !J� %4Q
� V¯VZdeb�r b�a WZto\©b�a@W h _UrU`o^´Wfb�_Ka=£EWk��_®deVZq;\?^´WfV¯d h \©VZdeb�r�WZ_ »�¿;º°¶�·Z¹ ,�º�b§�9WZto\�b h de^´Wfb�_KaoV�[,`oVXW¯n;\M\�ªC\?^
`UWf\3r�d�W]WZto\MVfdj[]\
\�ªC\?^
`UWfb�_Ka
q;_Kb�a@W 
 yey � � � V�d h �K`Q\3rmb�a 
 yj� � £3WZtQ\¨·Z¶´¸�Áj½ "Uº¼»¬Áj¿s_j�QdKVXqG\3^
W=b�a@WZ\ h dK^´Wfb�_KaoVF`Q��WZb�[]djWZ\3��T
rU\�qG\�a;rQV=_KamWftQ\"deqQqQ��b�^3d�WZb�_ea
VZ\�[¯dja@Wfb�^3V'deaor�tQ\3ao^
\M^�deaQaQ_eW'nG\©rU\?^
bcrU\3r dj`UWf_e[¯d�Wfb�^3dj����TK�E:¨_��Å\3¡e\ h £�b�aKWf\ h de^
WZb�_eaoV�^�dea�n;\ �e¶�º³¶�,�º³¶���dj`QWZ_e[¯djWZbc^�dj����Te�
:¨\�ao^�\e£KWZtQ\ � l g ±K\ h aQ\��;VXtQ_K`Q�cr�rQ\
WZ\?^´W"b�a@WZ\ h dK^´WZb�_ea;V¤djaor]��d h a,WftQ\¨q h _K� h dj[][]\ h £¢VZ_
WZt;d�WÅ^�_e[]q;_@VXb�WZb�_ea¯VXW h d�Wf\��eb�\3V"^�dja
nG\�VXqG\3^�b§¥;\3r�WZ_ h \3VZ_e��¡e\¨WZtQ\�b�a@WZ\ h de^
WZb�_eaoV3�

�Å_K[�qG_KVZb�WZb�_ea®VXtQ_K`Q�cr nG\­VZ`QqQqG_ h WZ\3rËb�aÌdjaË\
ªUq h \3VfVXb�¡e\¯dja;r7Êo\�ªUb�nQ��\¯[¯djaQao\ h � � q;_C_ h ��T7\
ªUq h \3VfVZb�¡K\�^�_e[]q;_@VXb�WZb�_ea
�cdjaQ�K`odj�K\e£=��b�±e\]b�a � VXqG\3^
Wf};£=��tQ\ h \]_eao��T|dKVXqG\3^
W�q h \3^
\?rU\�a;^
\¯^�deaËnG\­VZq;\?^
b�¥o\3r$£�bcV
aQ_jW,VZ` �­^
b�\�a@W�WZ_�t;djaorU��\­^
_K[]qQ��\�ª
b�a@WZ\ h de^
WZb�_eaoV�nG\
Wk��\�\3a�dKVXqG\3^
WfV 
 �U£Kyj�Q£ey ��� � �Å_K[]q;_@VXb�aQ�
deVZq;\?^´WfV¤rQ_@\?V�aQ_jWEVZ_e��\���T h \�� \ h Wf_
VZqG\3^
b�� TCb�ao�mWftQ\�_ h rU\ h b�a'��tob�^ut
WftQ\�T®djqQqo��TK£�nQ`UW�dj�cVX_©WZ_�qG_KVfVZb�nQ��T|^�_eaorUb�WZb�_eaËWftQ\�b h djqoqQ��bc^�djWZb�_eaËWZ_MWftQ\¯q h \3VZ\�ao^�\­djaor®deqQqQ��b�^3d�WZb�_eaË_j��_jWftQ\ h deVZq;\?^´WfV3�
�Å_K[�qG_KVZb�WZb�_ea©b�VfVX`o\3V h \��cd�WZ\9Wf_�nG_jWft�VkW h `o^
WZ` h dj�=deaor�n;\3tod¢¡Cb�_ h de�F^ut;djaQ�K\3V3�
Ç b�aodj����TK£Kb�a � l g b§W�b�V�^
_K[�[]_Ka¯q h dK^´Wfb�^�\�WZ_'b�a@W h _UrU`o^�\¨VkW h `;^´WZ` h de�;q h _eqG\ h WZb�\3V¨�¬VZ`o^utOdeV�dja¯b�[]qQ��\�[]\�a@WZ\?r­b�a@WZ\ h �¬de^�\ �

Wftod�W¨[¯d¢T¯WftQ\�aMnG\�¡Cb�VZb�nQ��\
Wf_¯_jWftQ\ h dKVXqG\3^
WfV3� �Å_eaC¡e\ h VZ\���Te£UVZ_e[]\�VkW h `;^´WZ` h de�=^utodjaQ�K\3V�[¯d¢T­nG\
WZ_eWfdj����TO��_C^3dj�$Wf_¯d]�eb�¡e\�a
dKVXqG\3^
W¯deaor�VXtQ_K`Q�cr�aQ_eW­n;\M\�ªCqG_KVZ\3r�WZ_®_eWZtQ\ h V3��¦�tob�V]b�[]qQ��b�\3V�Wftod�WOd ,uÁ�½�½�¹ 7uÁ�·Z¹jº¼»¬Áj¿ $F·ZÁ�º³Á�,uÁj½EVXtQ_K`Q�cr�nG\Mq h _�¡CbcrU\3r
Wf_©^�_ea@W h _e��WZtQ\�¡Cb�VZb�nQb���b�WkT©_e�ÅVXW h `o^´Wf` h de��^ut;djaQ�K\3V9dj[]_eaQ��deVZq;\?^´WfV3�)�Å_e���cdjnG_ h d�WZb�_ea�nG\
Wk��\�\3a7nG\�tod¢¡Cb�_ h dj��^ut;djaQ�K\3Vmb�VmnCT
rU\�¥oaQb�WZb�_ea�b�[]qQ��bc^
b�W3É�dja deVZq;\?^´W¯rU_C\3V�aQ_eW¯VZ\�\Mdjao_jWZto\ h deVZq;\?^´W¯`QaQ��\3VfV�b§WuV¯^
`UW­djÆG\?^´WfV�b�W|� b��9dKVXqG\3^
WfV�_j�
deVZq;\?^´WfV]d h \
VZ`QqQqG_ h WZ\?r � �

'?��� � ��0 � #W��Q	��
I� �(� D�%4FHG .M� ��QLT �
� a � l g ±e\ h aQ\3�oVZtQ_e`Q�cr¯VZ`QqQqG_ h WEWZtQ\¨¡¢d h b�_e`;VEVX\3[¯dja@WZbc^�\���\�[]\�a@WuVE_j�$b�WfV"nodeVZ\���deaQ�e`;dj�e\K� Ç _ h b�aoVXWfdeao^
\K£K}@d¢¡¢d
bcV"d�^���dKVZVX�
nodKVX\?r,�cdjao�e`ode�e\e£¢_eÆG\ h b�aQ�9b�aQto\ h b§Wudjao^�\e� � `QW�bcV�todKV�de��VZ_9n;\3\�a¯rU\3VZb��eaQ\?r�� _ h ^�_eao^�` hfh \3aKW�djaor�rUbcVkW h b�nQ`UWf\3r'q h _e� h dj[][]b�aQ�o£
deaor�VZ`QqQqG_ h WfV�VZ\3^�` h b§WkT¯qG_e��b�^�b�\?V��E¦�to\3VZ\9\3��\3[]\�a@WfV�d h \9`oVZ`odj����TO`QaorU\ h \?VkWfb�[¯d�Wf\3r�b�a�WZto\�¡¢d h b�_e`;VÅq h _Kq;_@VZde��V�djaor©der�tQ_U^
Wf_@_K��±Cb�WfV3£K_ h VXb�[]qQ��T'��\
��W�deVZb�rU\K��:¨_��Å\3¡e\ h £¢WftQ\�T]^�dea¯tod¢¡e\�d
aQ_KaU�5ao\��e��b��eb�nQ��\�b�[]qode^
W"_ea�WftQ\¨rU\?VXb��ea¯_e�;WftQ\¨±K\ h aQ\��Qdeaor]b§WuV
� \?d�WZ` h \?V��U�Ë\mWftQ\ h \
� _ h \9rUbcVZ^�`oVZVÅWftQb�V�bcVfVX`Q\m� _ h b�aQtQ\ h b�Wfdeao^
\K£C^�_eao^�` hfh \3ao^
T¯dja;rOVZ\3^
` h b�WkTe� g \ h VXbcVkWf\�ao^�\9deaorOrQb�VXW h b�no`UWZb�_ea
d h \�aQ_eW"derQr h \?VZVZ\3r'b�a�WftQb�V h \3q;_ h W?� � rQb�Vf^
`oVfVZb�_Ka'_e�;WftQ\sb�[�q;de^´WE_e�=rUb�VXW h b�nQ`UWZb�_ea]_�¡K\ h WZtQ\mrU\3VZb��Ka'_e�=d9^�`UW"�cdjaQ�K`odj�K\�^�dja
nG\,� _K`Qaor�b�a 
 �+& � � Ç b�aodj����TK£GWZtQ\'b�VfVX`o\�_j�¤WftQ\,b�[]qQ��\3[]\�a@WfdjWZb�_ea|deqQq h _Kde^ut�deaorMb�a@Wf\�� h d�Wfb�_KaM_j�¤WZto\,±e\ h ao\���b�a@WZ_�\
ªUb�VXWZb�aQ�
\3a@¡Cb h _KaQ[]\�a@WfV�bcV�rUbcVZ^�`oVfVX\?r$�

��� -��@� ���D/ Ð � 	 �3� � � Ð
� }@d¢¡¢d � l g ±K\ h aQ\��Gb�V�\�ªCqG\3^
WZ\?r­Wf_'nG\�tod¢¡K\¨��\����F��b§Wft h \3VZq;\?^´W�WZ_'WZtQ\
b�aKWf\ h de^
WZb�_ea­nG\
Wk��\�\3aOb�aQtQ\ h b�Wfdja;^
\
djaor�deVZq;\?^´WfV3�
¦�tQ\m[¯djb�a­^
_ea;^
\ h a¯b�a¯WZtQbcV h \3�Kd h r�^
_e[]\?V¤� h _e[ WZtQ\¨�¬de^´WÅWZtodjW�dKVXqG\3^
WfV"d h \�b�a@W h _UrU`o^
\?r¯nCT'[]_UrUb�� TCb�aQ�'^
�cdeVfV"rU\�¥oaQb�WZb�_eaoV3£
deaor]WZt;d�WÅb�aQtQ\ h b�Wfdeao^
\mb�[]qQ��b�\3V"WZtodjW�VZ`QnG^���dKVZVZ\3V"b�aotQ\ h b§WÅWZtQ\
VXW h `o^´Wf` h \mdjaor¯nG\�t;d¢¡@b�_ h _j�$WZto\�b h VZ`QqG\ h ^
�cdeVfVX\?V�� �Å_eao^�\�qUWf`U�
de����Te£UVZb�ao^�\mdKVXqG\3^
WfV�d h \¨rU\3rQb�^3d�WZ\?r¯Wf_,todeaorU��\m^
_Kao^
\ h a;V¤WZt;d�W�^ h _KVfVZ^�`UWEWZto\9^���dKVZV"[�_UrU`o��d h b��3djWZb�_ea=£KWZtQ\3b h Vf^
_eqG\mrQ_@\?V"ao_jW
aQ\?^
\?VZVfd h b���T¯� _K����_���Wftod�Ws_e��WftQ\�b�aotQ\ h b§Wudjao^�\
tQb�\ h d h ^utCTK�U:¨\�ao^�\�dja � l g ±e\ h aQ\3�=VXto_e`Q�crO[¯de±e\
b§Wmq;_@VZVZb�no��\9WZ_­rQ\3^
�cd h \
b§�
WftQ\�^
`UWs_e��dea©dKVXqG\3^
WsdjqQqQ��b�\3V�Wf_]VZ`QnF^
�cdeVfVX\?V�_ h aQ_eW3£odeaorO\3aoVZ` h \�^�_eaoVZb�VXWZ\3ao^
TO_j��WftQ\ h \3VZ`Q�§Wfb�ao�]VZ\�[¯deaKWfb�^3V��

��� -�� � : Ô � � ���?� Ð � � Ñ
� }@d¢¡¢d � l g ±K\ h aQ\���['`oVkW�de��VZ_OnG\]`oVZdenQ��\'b�aË^�_eao^�` hfh \3aKW
\�aC¡Cb h _KaQ[]\�a@WfV3� � VZq;\?^´WuV�^�dja n;\¯VZ`QnUik\?^´W
WZ_�^
_Kao^
` hZh \�ao^�Te£
deaor WZtQ\3T7[¯d¢T|deV
��\����¤n;\¯`;VX\?r7Wf_7^
_ea@W h _K��^�_eao^�` hfh \3ao^
TMb�a®deaËdeqQqQ��b�^3d�Wfb�_Ka=�¯¦�tQb�V
\3a@Wfdjb��cV9WZtodjW�WZtQ\¯¡CbcVXb�nQb���b�WkT7_j��dja
dKVXqG\3^
W���b�WZt h \?VXqG\3^
W"Wf_,Wft h \?derQV9� �K��_Knodj�G_ h ��_C^3dj� � VZtQ_K`Q��rOn;\
VZq;\?^
b�¥;djnQ��\e£Udeaor$£Cb�aOWZtQ\�^3deVZ\¨_j��rUTCaodj[]bc^¨deVZqG\3^´WuV�£@WftQ\�b h
b�aQb�WZbcdj��b��?d�WZb�_ea�VZtQ_e`o��r�n;\
Wft h \3derU�°Vfd�� \K�

��� -�� � 1=Ð � ��� 	 � Ñ
}@d¢¡�d­_jÆF\ h V9d�VZb�[]qQ��\]VX\?^
` h b§WkTM[]\3^ut;djaQbcVX[ n;deVZ\3r�_Ka|qG_e��b�^�b�\?V���¦�tQ\ h \'b�V
de��VZ_�d©rU`ode� h \��cd�Wfb�_Ka=£F��b�±e\,� _ h ^
_Kao^
` hZh \�ao^�Te£
nG\
Wk��\�\3aËdKVXqG\3^
WfV�dja;r|VZ\3^
` h b�WkTe��Î�`o^utË�Å_ h ±�todKV9n;\3\�a®rU_eaQ\]_Ka b�[]qQ��\3[]\�a@WZb�aQ��VX\?^
` h b�WkT�q;_K��bc^
b�\3V9��b�WZt h \�Êo\3^
WZb�_ea _ h

Y ö C/Y[Z



Â'Ã"Ä��]¶�·´¿G¶�½ð¸ �'�

dKVXqG\3^
WfV 
 �j�o£ � £ � & � � � `UW,WftQ\ h \�¡e\ h VZ\]b�V,b�a;rU\�\?rÌ^ h `o^
bcdj�5É'dKVXqG\3^
WZb���b�aQ�|djaÌdeqQqQ��b�^3d�WZb�_eaÌ['`oVXW,aQ_jW'n h \?dj± b§WuV,VZ\3^
` h b�WkT
q h _eqG\ h WZb�\3V3� 
 d¢TUVfVXb�Y h \¯¶
ºs¹�½ 8�VkWf`orUb�\3r©WZtob�V�bcVfVX`Q\,b�a©WZto\,^�dKVX\
_j�Ed¯VZb�[]qQ��\�}@d¢¡¢d h `Qa@WZb�[]\�[]\
Wfde_enUik\?^´Wsq h _jWf_U^
_e� 
 &U£ �'��� �
� ¥ h VXW,bcVZVZ`Q\¯bcV�WZ_�\3aoVZ` h \]Wftod�W'`oVXb�aQ�7d�[]\�Wfdj��\�¡K\��"rQ_@\?V�aQ_eW�Wfdj[]qG\ h ��b§WftÌq h _Kq;\ h Wfb�\?V�_j��WZto\­nodeVZ\­djqoqQ��bc^�djWZb�_ea=� �
VZ\3^�_eaor�bcVfVX`Q\,b�V¨WZ_©rU\�¡CbcVX\�VX\?^
` h b§WkT©qG_e��b�^�b�\?V�£F^
_K[�q;d�WZb�nQ��\,��b�WZt�WftQ\,\�ªUb�VXWZb�aQ��}@d¢¡�d¯qG_e��b�^�T�[]\3^ut;djaQbcVX[M£;WZ_�q h _eWZ\?^´W¨WftQ\
nodKVX\9djqQqo��bc^�djWZb�_ea¯nCT h \3VXW h bc^´WZb�aQ��WftQ\mdK^´Wfb�_KaoVÅd¢¡�deb��cdjnQ��\sd�WÅWZtQ\m[]\
Wfde��\3¡e\3���¬VZ`o^utOdKV"^utodeaQ�eb�aQ��WftQ\ h \3^�\�b�¡e\ h _j��d,[�\�WZtQ_Ur
^3dj���=_ h b�WfVsd h �K`Q[]\�a@WfV � �
¦�tQ\]� `oaorQdj[]\3aKWudj�EqG_eb�a@W�b�V
WftQ\¯aQ\?^
\3VfVZb§WkT7_e��±K\�\3qQb�ao� (¯¶�º°¹1,fÁ0�e¶­¸�¶ $o¹�·f¹�º³¶��'Àu·ZÁ!( 7u¹¢¸�¶*,uÁ��K¶�¹jºm· "U¿;º¼» (¯¶
�­¦�tob�V
bcV

h \3Í@`Qb h \?r,nG\3^3dj`oVZ\�WZtQ\�VZ\3^�` h b�WkT�[]\3^ut;djaQbcVX[ _j�G}@d¢¡�d h \���b�\3V�_ea'WZto\s^�dj���QVXWfde^u±
Wf_�rUTCaodj[]bc^�dj����T,^
_K[�qo`UWZ\�WZto\�q;\ h []bcVZVZb�_KaoV
dKVZVZ_U^
bcd�WZ\?r]WZ_�d'^3dj��� 
 y � � ��:s\3ao^
\K£Ub§��[�\�WfdK^
_UrU\¨bcV�b�ao��b�aQ\3rO��b§WftQb�aOnodKVX\
^
_UrU\K£Kb�W��e\
WuV"\�ªQde^´Wf��T�WftQ\9Vfdj[]\mq;\ h []bcVZVZb�_KaoV�deV
nodKVX\Å^
_UrU\e��¦�tQ\ÅVZ_e��`UWfb�_Ka�b�V=WZtodjW�_eao��T9b�aQ� h dKVkW h `o^
WZ` h \E^
_UrU\ÅVXtQ_K`Q�cr�n;\"b�aoVZ\ h WZ\?r�b�a
WZtQ\ÅnodeVZ\"djqoqQ��bc^�djWZb�_ea=��²³aU� h dKVkW h `;^´WZ` h \
^�_CrQ\�b�VmdeVfVX`o[�\?r©WZ_­nG\�W h `oVXWZ\?r %CdeaorMtQ\�a;^
\,^3djaM�e\�WsWZtQ\�VZde[]\�q;\ h []bcVZVZb�_KaoVsdKVsnodKVX\�^�_CrQ\ %�VZb�ao^�\�b�WmbcVs�e\3aQ\ h d�Wf\3r�nCT
WftQ\ h \�Êo\3^
WZb�¡e\¯� _ h deVZq;\?^´W � VXTUVXWZ\�[�djaor©VX_K��\3��T�rU\���\��@d�WZ\?V�WZ_�WZto\�q;_@VZVZb�no��T­`oaKW h `;VkWf\3r�[�\�Wfde_enUik\?^´W,� _ h deVZq;\?^´W � ^�_UrU\e�

��� -�� � � � > A Ð � Ð � �3�U�
	 Ô � ��>">�� Ô �Q� /
¦�tQ\ h \�d h \
Wk�Å_O[]deb�a|b�[]qQ��\�[]\�a@Wud�WZb�_ea djqQq h _KdK^utQ\3V�Wf_ � l g VZTUVkWf\�[¯V3£o_eao\�WZt;d�W9^�_eaoVZbcVkWuVsb�a7\
ªCWZ\3aorUb�aQ�­_ h []_UrUb§� TCb�aQ�
WftQ\ h `Qa@WZb�[]\�\�aC¡Cb h _eao[�\3a@W¨_j��WZto\,�cdjaQ�K`odj�K\e£odeaorM_eaQ\�WZtodjWm^
_KaoVXbcVXWfVsb�aMW h dja;Vk� _ h []b�aQ�­^
_UrU\,deaor���\3d¢¡Cb�aQ�]WZtQ\ h `Qa@Wfb�[]\
\3a@¡Cb h _KaQ[]\�a@WÅb�a@WfdK^´W3�¤¦�_�� `Q����T]VZ`QqQqG_ h W�rQT@a;dj[]b�^�b§WkTK£Udja � l g ±K\ h aQ\��FVZtQ_e`Q�cr¯nG\9^���_@VX\3��T�b�aKWf\�� h djWZ\3r]b�a@WZ_,WZtQ\9��deaQ�e`;dj�e\
\3a@¡Cb h _KaQ[]\�a@W3£Ub�aMqod h WZbc^
`o��d h b�a@WZ_�WZto\ h `Qa@Wfb�[]\�\�aC¡Cb h _KaQ[]\�a@W3�
²³aËWZto\­^
_ea@Wf\
ªCW�_j��}@d¢¡�dQ£$WftQbcV
[�\?djaoV9Wftod�W�WftQ\ � l g ±e\ h aQ\3�¤VXtQ_K`Q�cr nG\¯q h _�¡Cb�rU\?r7nCT�WftQ\­}Kd¢¡�d 
 b h Wf`odj�ÅÎ7de^utQb�aQ\

�¼} 
 Î � b�WfVZ\����k�U:¨_��Å\3¡e\ h £¢WftQ\sdjnQb���b§Wfb�\?V¤_j�$VkWudjaorod h r'} 
 Î7VE��b§Wft h \?VXqG\3^
W�Wf_�n;\3tod¢¡Cb�_ h de�Qdjaor�VXW h `o^´Wf` h de�Qb�aKWf\ h ^
\?VZVZb�_Ka'd h \
��b�[]b�WZ\?r$��:¨\�ao^�\e£¢\
ªUqG\ h b�[]\3aKWfb�ao�s��b§Wft,dja � l g ±e\ h aQ\3�ed�W�WZtQ\ 
 Î ��\�¡e\3� h \3Í@`Qb h \?V$��_ h ±@b�aQ��_Ka�dsrU\3rQb�^3d�WZ\?r
\�aC¡Cb h _eao[�\3a@W3�
¦�_�n;\m^
_e[]qodjWZb�nQ��\���b§Wft]VXWfdeaorQd h r�}Kd¢¡�d9\�aC¡Cb h _KaQ[]\�a@WfV3£j��\srU\3^�b�rU\�Wf_�VX��b��et@WZ��T,��b�[]b�WEWZto\srUTCaodj[]bc^
b�WkT'VZ`QqQqG_ h WZ\3r�nCT,_K` h
±K\ h aQ\��=deaor�WZtC`oVsdKrU_eqUWsd¯^�_CrQ\mW h deaoVX� _ h []djWZb�_ea©djqQq h _KdK^ut=�U� \
� \3\��$Wftod�W¨WZtQbcVs^utQ_Kb�^�\
^3dja©n;\�nG\�ao\
¥;^�b�de�¼£odjWs��\?deVXW�b�a7d
¥ h VXWsqQtodeVZ\e£CWf_­VkWf`orUT � l g ±K\ h aQ\��cV�b�a©¡�d h b�_e`oV�VZ\
WZWZb�aQ�KV3£oVZb�ao^�\�b§W¨de����_��sV�VZb�[]qQ��\ h deaor©[�_ h \
��bcrU\3VZq h \3dKrO\�ªCqG\ h b�[�\3a@WfV
Wf_,nG\9^3d hfh b�\3r�_e`QW3��²°� � l g ±K\ h aQ\��cV¤Wf` h aO_e`UWÅWZ_,nG\9_j�=q h de^
WZbc^�dj�;b�a@Wf\ h \3VXWE� _ h WZtQ\9}Kd¢¡�d�^�_e[][,`oaQb§WkTK£eWftQ\�a 
 Î VZ`QqQqG_ h W
� _ h � l g ±K\ h aQ\��=VZ\ h ¡Cb�^�\3V�VZtQ_e`Q�cr�n;\�^�_eaoVZb�rQ\ h \3r$�
²³aM_ h rU\ h Wf_]n;\�`oVZ\3rMdKV�d'��\3d¢¡K\ h £@dea � l g ±K\ h aQ\��=VZtQ_e`o��rO¥ h VkW�nG\�qod h dj[]\
Wf\ h b��3\3rOn@T©d]VX\�W�_e��dKVXqG\3^
W���deaQ�e`ode�e\?V�É

� � ������������	�

��( ������� ����������	��������
�¼y ������������	���������
� �!�!"	$#
%& ('
#
)��+*� �,�!-��%.'�, �/�  �!0!-	�#�%1 0'
#
)��32&46517�869 �;: 7=<

� � � ¦�tQ\ � l g ±K\ h aQ\���b�Vmqod h de[�\�WZ\ h b���\?rMn@T�d�VX\�Wm_j�"VZ`QqQqG_ h WZ\?r7deVZqG\3^´W9��deaQ�e`;dj�e\?V�� ��(�� � � � � �cdjao�e`ode�e\ (�� bcV¨b�[]qQ��\��
[]\�a@Wf\3r©deV�d'W h djaoVZ��djWZ_ h � h _e[ ( � Wf_ ( ) � �m\�qG\�aorQb�aQ�]_KaOWftQ\
±e\ h aQ\3�¼£Cqod h de[�\�WZ\ h b��3djWZb�_ea­[¯d¢T¯_ h [¯d¢T¯aQ_eW�nG\�d¢¡�djb���denQ��\
rUTCaode[]b�^3dj����T�Wf_�b�a;^ h \�[]\�a@Wfde����T7`QqFrQdjWZ\]WZto\OVX\�W�_j��VX`Qqoq;_ h Wf\3r®deVZq;\?^´W��cdjaQ�K`odj�K\3V3���¼y � ¦�to\­VXqG\3^�b�de��b���\?r � l g ±e\ h ao\��
WftQ\�a�de^´WuV�dKV�d �"¶u¹�µ�¶
·´£jq h _UrU`o^�b�ao�sWZto\�dKVXqG\3^
WZb���\3r,djqQqQ��bc^�d�Wfb�_Ka�� h _e[ WZtQ\�djqoqQ��bc^�djWZb�_ea,deaor
WftQ\Å¡�d h b�_e`oV�deVZqG\3^´WuVÅ�¬� h b�WXWf\�a
b�a©deaCT¯_j��WftQ\�deVZq;\?^´W���deaQ�e`;dj�e\?V"nG\���_eao�eb�aQ�,Wf_ � ( �
� � �E¦�to\m��\3d¢¡K\ h b�V�^
_Kao^
\3qUWZ`;dj����T­d]^
_K[]q;_@VXb�WZb�_ea�_j�=WftQ\9W h djaoVZ��djWZ_ h V
_e��WftQ\ � ( ��� ��deaQ�e`;dj�e\?V��
Ç _ h WZtQbcV'deqQq h _KdK^ut Wf_ nG\�dK^�^�\�qUWudjnQ��\­� h _e[�dja�\6�­^
b�\�ao^�T®¡@b�\���qG_eb�a@W3£�WftQ\�±K\ h aQ\��Å[,`oVXW'�K\�aQ\ h djWZ\Odea�deVZqG\3^´Wfb��3\3r

deqQqQ��b�^3d�WZb�_ea,WZtodjW¤q;\ h � _ h [¯V�djqQq h _¢ªUb�[¯djWZ\���T�deV��Å\3���UdKV�b�W¤�Å_K`Q�cr�b�a�WZto\�^3deVZ\"_e�Gd9VXqG\3^�b�de��b���\?r � l g VZTUVkWf\�[M��¦�tob�V�[]\3deaoV
Wftod�W�WftQ\�±e\ h aQ\3�$VXtQ_K`Q�cr�ao_jW��e\3aQ\ h d�Wf\9dea©dKVXqG\3^
WZb���\3rMdeqQqQ��b�^3d�WZb�_ea���tQ\ h \
\�¡K\ h TKWftQb�aQ�'bcVsrUTCaode[]b�^e£UnQ`UWsb�aoVkWf\3dKr�VZtQ_e`o��r
nG\¯djnQ��\�WZ_©`oVX\©¸´º³¹ 'e»�¿ 'e£$¥QªUb�ao�©VZ_e[]\]^
_ea;^
\ h aoV9VkWud�Wfb�^3dj����T�b�a _ h rQ\ h WZ_M\�aQt;djao^�\'qG\ h � _ h [¯djao^�\e£$b�a ^�dKVX\'WZto\]deqQq h _KdK^ut
rU_C\?V�aQ_jW h \3Í@`Qb h \�rUTCaode[]b�^�b§WkTK� Ç _ h b�aoVXWfdeao^
\K£ h \��Kd h rQb�aQ�MdeVZqG\3^´W�^�_e[]q;_@VXb�WZb�_ea�£�b�W,^�djaËnG\ h \?VX_K��¡K\3rËVkWud�WZbc^�de����T 
 �U£=�@� �
_ h rUTCaodj[]bc^�dj����T 
 ye�U£�x'& � �­¦�to\ � l g ±K\ h aQ\��EVZtQ_e`o��rËdj����_�� ^
_K[�qG_KVZb�WZb�_eaËb�VfVX`o\3V9WZ_MnG\ h \?VX_K��¡K\3r VkWud�WZbc^�de����T��¼d�W���\3d¢¡e\
Wfb�[]\ � WZtodeaQ±UV�Wf_ djaÌ\�ªCWZ\�a;VXb�nQ��\OVX\�W,_j�s^�_e[]q;_@VXb�WZb�_eaÌ_Kq;\ h djWZ_ h V3£�deaorÌdj�cVX_���\
W'WZtQ\�q;_@VZVZb�nQb���b�WkT _e��`;VXb�aQ�|^�_e[]q;_@VXb�WZb�_ea
� h dj[]\���_ h ±UV¤� _ h rUTCaode[]b�^mdeVZq;\?^´W�^
_e[]qG_KVZb§Wfb�_Ka=�¤S@Wfde�eb�aQ�,b�a­WftQ\ � l g ±e\ h aQ\3�G^3dja¯WftC`oV�n;\
VX\3\�aOdKVÅd�W h derU\3_jÆMn;\�Wk�Å\3\�a
^utQ_Kb�^�\3V¨¥QªU\3r d�Wm��\3d¢¡Cb�aQ�¯Wfb�[]\]djaor|_jWZto\ h V¨��\
��W
_eqG\�aËd�W h `Qa@WZb�[]\e� � ��VZ_o£GWZto\ � l g ±e\ h aQ\3��VZtQ_e`Q�cr7qG_KVfVZb�nQ��TMn;\�`oVZ\3r
_�>]b�aQ\�dKV�d'qG_KVXWX�°q h _U^
\3VfVZ_ h £K_ h _eaQ��b�ao\
dKV�d]VXqG\3^�b�de�=^
�cdeVfV���_@derU\ h �

'?�6? � Q�! �/�J��T !X�M%4QI0 �UGLGL.M��T ��!X�M%4Q����U0 G=�/T !J0
SC\3¡e\ h de� h \3Í@`Qb h \�[]\�a@WfV9bcrU\�a@Wfb§¥o\?rËn;\�� _ h \�todeaor|b�aorUbc^�djWZ\�WZt;d�W,dja � l g ±e\ h aQ\3�¤VXtQ_K`Q�cr|aQ_eW�b�aQ��b�aQ\­deVZq;\?^´W�^
_UrU\¯��b�WZtob�a
deqQqQ��b�^3d�WZb�_eaM^
_UrU\K£UnQ`UW h d�WftQ\ h derQ_eqUWsd�[]_CrQ\��$��tQ\ h \�deVZqG\3^´WuV�d h \ h `Qa@WZb�[]\
\�a@WZb�WZb�\3VsVZ\�q;d h d�WZ\?r¯� h _e[ WftQ\
_enUik\?^´WuV�WZtQ\3T
b�aUÊo`Q\3ao^
\K£Åb5� \e� deVZq;\?^´WuV¯VXtQ_K`Q�cr�nG\Ì·Z¶�» �Å¶���É h \�b�� TCb�aQ�ÌdKVXqG\3^
WfV�[¯dj±e\?V]b§W¯qG_KVfVXb�nQ��\©WZ_®\
ªUqG_KVZ\�WftQ\�b h de^
WZb�_eaoV�Wf_®_jWZto\ h
^�`UWfV3£$tQ\�a;^
\'VZ`QqQqG_ h WZb�aQ�©deVZq;\?^´WfVm_j��deVZq;\?^´WfV21$deVZq;\?^´WuV¨nG\�b�aQ� h `Qa@Wfb�[]\,\3a@WZb�WZb�\3V
^�dea|dj�cVX_O[]deb�a@Wudjb�a|VX_K[]\'VXWfd�Wf\�rQ` h b�aQ�
\�ªC\?^
`UWfb�_KaP1 h \�b�¥o\3r�deVZqG\3^´WuV¯d h \�^
_e[]qodjWZb�nQ��\©��b�WZt VXWfdK^u±K�°nodKVX\?r�VZ\3^
` h b�WkT�[]\3^utodeaQbcVX[¯V3� Ç ` h WZtQ\ h []_ h \e£"WZtQ\�b�ao^�` hZh \3r
qG\ h � _ h [¯djao^�\9qG\�a;dj��WkT­b�V��¬d h � h _e[�_Kn@¡Cb�_e`oV�b�a©WZtQ\�^�_ea@WZ\�ª@W�_e��\3¡e\ h �°b�[]q h _�¡Cb�aQ�'rUTCaodj[]bc^9^�_e[]qQb���\ h V 
 �j� � �
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Ç b�aodj����TK£e� _ h dja � l g ±K\ h aQ\��QWZ_�� `Q����T]VZ`QqQqG_ h WEb�aKWf\ h de^
WZb�_eaoV¤nG\
Wk��\�\3a­djqQqo��bc^�djWZb�_eaoVEdeaor¯deVZqG\3^´WuV�£ h \3b§� TCb�aQ�,dKVXqG\3^
WfV¤bcV
de��VZ_][]deaorQdjWZ_ h Te�"²³a©q;d h WZbc^
`Q�cd h £Qd¯^
_KaKWfb�aC`odjWZb�_eaU�°��b�±K\9[]\?^utodjaQbcVZ[�b�VsaQ\3^�\3VfVZd h T­b�aM_ h rU\ h Wf_­VX`oqQq;_ h W¨deqQq h _KdK^utQ\3VÅWZt;d�W
de����_�� deVZqG\3^´WuVmWZ_®·Z¶ $G½�¹1,f¶�_eqG\ h d�WZb�_ea _U^�^
` hZh \�ao^�\3V3�W� b�WZt h \?VXqG\3^
WmWf_©WZtQ\]b�aKWf\ h de^
WZb�_eaoV9��b�WZt®deVZq;\?^´WfVm� h _e[ ��b�WZtob�a®dja
deqQqQ��b�^3d�WZb�_ea�£Ub§W¨VZtQ_e`o��r�n;\�qG_KVfVZb�nQ��\
WZ_¯dK^�^
\?VZV h \�b�¥o\3r©deVZqG\3^´WuV�b�a�_ h rU\ h WZ_¯\
ªUqQ��bc^
b�WZ��TOb�aKWf\ h de^
W���b�WZt©WZto\�[M£;deaor�de��VZ_'WZ_
^utodeaQ�e\�WZtQ\3[©� :s_���\�¡K\ h £UWZtQ\�de^3^
\3VfV � g ²sVZ`QqQqG_ h WZ\3r7n@T�WZto\,±e\ h ao\���VZtQ_K`Q��r7n;\�VZdj� \eÉ�b§W9[,`oVXWmnG\,qG_KVfVZb�nQ��\�Wf_�VZq;\?^
b�� T
Wftod�W­dja deVZqG\3^´W ,u¹�¿;¿GÁ�º�nG\�^utodjao�e\3r rU` h b�ao� \�ªC\?^
`UWfb�_Ka=£ÅdKV��Å\3���sdKV,Wf_ b�[]q;_@VX\�VZ_e[]\ h \?VkW h bc^´Wfb�_KaoV'� _ h rUTCaodj[]bc^�de����T
h \�qQ�cde^�b�ao�­deVZq;\?^´WfV3� Ç _ h b�aoVXWfdeao^
\K£QWkTCqG\ h \?VkW h bc^´Wfb�_KaoV�^�dea�n;\,`oVX\?r©WZ_¯�K`od h dja@WZ\3\9WZtodjWmdja7dKVXqG\3^
Wsq h _eWZ_U^
_K�=��b�����aQ_jW¨nG\
n h _e±K\�a©nCT h \3qQ�cde^
b�aQ�]djaMdeVZq;\?^´W¨dK^´WZb�_ea©��b�WZt�djaQ_eWZtQ\ h _eaQ\K�
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	����
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²³aMWftQb�V¨VX\?^´WZb�_eaM��\�q h \3VZ\�a@W�WZtQ\�\3¡e_K��`UWfb�_Ka�_e� p \
Êo\�ª©deVsq h \?VX\3a@WZ\3r©b�a 
 �K� � WZ_���d h rQV�d]¡K\ h VZdjWZb���\ � l g ±e\ h aQ\3�F� _ h }@d¢¡�dQ�
� ��WZ\ h �Kb�¡Cb�aQ�mdea,_�¡K\ h ¡@b�\��®_e�QWZtQ\�`QaorQ\ h ��TCb�aQ�9^�_eao^�\�qUWf`odj�@[]_UrU\��Udja;r�q h b�a;^
b�qQ��\?V�_j�QWftQ\ p \
Êo\�ª � l g ±e\ h ao\��5£��Å\�derQr h \3VfV
WftQ\ h \3Í@`Qb h \�[]\�a@WfV¨b�rQ\�a@WZb�¥o\3r|b�a7WZtQ\�q h \�¡Cb�_K`oV¨VZ\3^
WZb�_ea�� Ç b��;��� � � � \]VXt;dj����VXWfd h Wm��b�WZt|WZtQ\�^
\3aKW h de��bcVfVX`Q\?Vs_e�"todja;rU��b�aQ�
nG\�tod¢¡Cb�_ h dja;r©VXW h `o^
WZ` h \e£UnG\
� _ h \
\��cdjnG_ h d�Wfb�ao�'_KaOWftQ\�_jWftQ\ h bcVZVZ`Q\?V��

����� � ��� ���
� �@� �@� : Ô � � Ð >��
��� A � Ô Õ Ð A
²³a¯WftQ\¨q h \3¡@b�_e`;V"VZ\3^´Wfb�_Ka=£@�Å\st;d¢¡e\�bcrU\�a@WZb�¥o\?r¯WZto\sWZt h \3\s[¯djb�aO^
_Kao^
\ h aoV¤� _ h WftQ\¨±K\ h aQ\��;��deaQ�e`;dj�e\KÉ�nG\�tod¢¡Cb�_ h £KVXW h `o^´Wf` h \e£
deaor�^
_K[�qG_KVZb�WZb�_ea=��¦�tQ\E±e\ h ao\��j�cdjaQ�K`odj�K\�todeV=WZ_snG\"�K\�aQ\ h de��\�aQ_K`Q�et
Wf_¨VX`oqQq;_ h W�¡¢d h b�_e`;V=djqQq h _@de^utQ\?V�£�deaor
[,`;VkW�VZ`QqQqG_ h W
WftQ\sVXqG\3^�b§¥G^
b�WkT h \?Í@`Qb h \3r,nCT�d9VZb�aQ�e��\�deqQq h _KdK^ut=�P�Ë\sVX`Q�K�e\?VkW�WZtodjW h \�Êo\3^
WZb�_ea,bcV�WZto\�deqQq h _eq h bcd�WZ\Å�e\3aQ\ h dj�@� h dj[]\���_ h ±9� _ h
� l g ±e\ h ao\��cV�£Uq h _�¡Cb�rQ\3rOWZtodjW�WZtQ\ h \
Êo\?^´Wfb�¡K\9nG\�t;d¢¡@b�_ h dj�F[]_UrU\���VX`Qqoq;_ h WuV�¹-?¨WftQ\�aQ_eWZb�_eaM_j��^ h _KVfVZ^�`UWXWfb�aQ�][]\
Wudj_KnUik\3^
WfV
[¯dj±Cb�aQ�­b�WmqG_KVfVXb�nQ��\�WZ_O��b�aQ±MVX\3¡e\ h dj��\
ªU\3^�`UWZb�_ea�qG_eb�a@WfV�Wf_¯WZto\'Vfdj[]\�[]\
Wudj_enQik\3^´W?£;deaor 7 ?�d¯tob��Kt7rU\�� h \3\�_j�"VZ\���\3^´Wfb�¡Cb�WkT
deaorMVXqG\3^�b�de��b��3djWZb�_ea=�"lm` h djqoq h _@de^ut�b�V�WftQ\ h \
� _ h \9nodKVX\?rO_Ka $o¹�·´º5»¬¹�½�·Z¶���¶-,�º¼»¬Áj¿ 
 �Cz � �
²³a 
 �e� � £e��\�\
ªUqG_KVZ\ÅWftQ\s[]_UrU\��o_j�FtQ_C_e±UVX\�WfV�� _ h $Q¹j·´º¼»¬¹j½ 7u¶��Q¹�µ?»¬Á�·f¹�½F·Z¶	��¶-,�º¼»¬Áj¿o£K��tQb�^ut]n h bcrU�e\?V�WZtQ\s�@djq'� h _K[ ^���dKVZVZb�^3dj�

nG\�tod¢¡Cb�_ h dj� h \�Êo\3^
WZb�_ea­Wf_ � l g £CnCT¯\
ªUqQ��b�^�b§Wf��T­VZ`QqQqG_ h WZb�aQ�'^ h _@VZVf^
`QWXWZb�aQ�'[�\�Wfde_enUik\?^´WfV3� � \
W�`oV h \�[]b�a;r¯WZt;d�W�WZtQbcV�[�_UrU\3�
q h \3VZ\�a@WuV
WZt h \�\]�cd¢Te\ h V¯� Ç b��o��x � É,_eaËWZtQ\]¥ h VXW���d¢TK\ h £=tQ_C_e±UVZ\
WuV�d h \]^�_e[]qG_KVfdjnQ��\¯VX\�WfV�_e��tQ_C_K±CV3£=Wftod�W�bcV3£�b�a@WZ\ h ^
\3qUWZb�_ea
deaor h \3b§¥G^�d�Wfb�_KaMq;_Kb�a@WfVsb�a�WftQ\�nodKVX\�q h _K� h dj[M��lmaMWZto\�WZtQb h r�djaor©Wf_eqQ[]_KVXWs�cd¢Te\ h ��b�\�[]\
Wfde_enUik\?^´WuV�£;��tQb�^ut�^�_ea@W h _e�$WftQ\
\�ªC\?^
`UWfb�_KaËdjW�tQ_C_e±UVX\�WfV3��Î7\
Wfde_enUik\?^´WuV9WkT@qob�^3dj����T�b�[]qQ��\3[]\�a@W,deVZq;\?^´W�nG\�tod¢¡Cb�_ h � b5� \K��£ h \3b§� T deVZq;\?^´W�de^
WZb�_eaoV � � � \
Wk��\�\�a
WftQ\�nodeVZ\
��\3¡e\3�=djaor�WZto\9[]\�Wfdj��\�¡K\��$��b�\?V�WZto\¯½ »�¿C¾j£Q[¯derU\
\�ªCqo��bc^
b�Wsb�a©WftQb�Vs[�_UrU\3�¼�Ålmao\9_e��WftQ\�[¯djb�a�� \?d�Wf` h \?V�_j��WZtQ\���b�ao±
bcV�Wf_¯n;\�dK^´WZb�¡�d�WudjnQ��\e� � rU\3dK^´WZb�¡�d�Wf\3r©��b�aQ±©[¯dj±e\?V�b§Wmq;_@VZVZb�no��\
Wf_­d¢¡e_ebcr�`oVX\3��\?VZV h \�b�¥;^3d�WZb�_eaÌ�¬b¼� \e��£ode^
WZb�¡�d�WZb�_eaMbcVs^utQ\?^u±e\3r
rUTCaode[]b�^3dj����T®nG\
� _ h \ h \�b�� TCb�ao� djaCTËb�aQ� _ h []djWZb�_ea � � Ç b�aodj����Te£�WZto\���b�ao±ËbcV�^utod h de^
WZ\ h b���\3r®nCT®_jWftQ\ h d�WZW h b�nQ`QWZ\3VM�¼VX`o^ut deV
Vf^
_Kq;\�%@_KnUik\3^
W3£Q^���dKVZV3£UtQ_C_e±UVZ\
W�%F£UdjaorM^
_Ka@W h _e� %@nG\
� _ h \K£Qd���WZ\ h £ h \�qo��dK^
\ % � �

: hookset : hook : link

: metaobject : activation condition

metalevel

base level

Ç b��K` h \�xQÉ¤¦�tQ\�tQ_C_e±UVZ\
W�[�_UrU\3�$� _ h q;d h WZbcdj�$nG\�tod¢¡Cb�_ h dj� h \�Êo\3^
WZb�_ea=�

p \�Êo\
ª$£CdeV"q h \?VX\3a@WZ\3r]b�a 
 �e� � £@b�V�d�qG_ h WfdenQ��\9}Kd¢¡�d
b�[]qQ��\3[]\�a@WfdjWZb�_ea­_e�$WZtQ\mtQ_C_e±UVX\�W"[]_UrU\��5£K_Kq;\ h djWZb�aQ��_Ka­nCTKWf\3^�_CrQ\e£
��tQbc^ut�de��VZ_�q h _�¡@bcrU\?V�tQb��et�_KqQq;_ h Wf`QaQb�WZb�\3V�� _ h ^�_eaU¥;�e` h d�Wfb�_Ka®deaorÌVZq;\?^
bcdj��b��?d�WZb�_ea��|SCb�a;^
\­WftQ\�^�_ h \­_j� � l g bcV,den;_K`UW
nG\�tod¢¡Cb�_ h dj��^utodjaQ�K\3V,WZ_ËdjqQqQ��bc^�d�Wfb�_KaoV3£¤�Å\M^
_KaoVXbcrU\ h \?r p \
Êo\�ª�d7�K_@_Ur VkWud h WZb�aQ�7qG_eb�aKW�� _ h nQ`ob��crUb�aQ�Ëdea � l g ±K\ h aQ\��5�
¦�_|\3¡e_e��¡e\ p \
Êo\�ª®WZ_���d h rQV�dja � l g ±e\ h aQ\3�¼£���\­[]_KVXW'b�[]q;_ h Wudja@WZ��T®aQ\�\?rU\3r®Wf_ dKrQr�VXW h `o^´Wf` h de�ÅdenQb���b�WZb�\3V3£EderU¡�dja;^
\3r
^�_e[]q;_@VXb�WZb�_ea��¬de^�b���b�WZb�\3V3£odjaor�_eqG\�aM�cdjaQ�K`odj�K\9VZ`QqQqG_ h W3�
¦�_­VX`oqQq;_ h W9VkW h `o^
WZ` h dj��deVZq;\?^´WfV3£o��\�tod¢¡K\�\
ªCWZ\3aorU\?r p \
Êo\�ª©��b�WZt7d­aQ_jWfb�_Ka©_e��¸uº5· " ,�º+"U·Z¹j½=½ »�¿U¾¢¸´� � VXW h `o^´Wf` h dj�=��b�ao±

nQb�aorQV]d VkW h `o^
WZ` h dj��^
`UWM�¬d VX\�W�_e�¨^
�cdeVfVX\?V�£¤Vfd¢Te£¤d ,�½�¹¢¸u¸­¸�¶�º � WZ_Ëd|VXW h `o^´Wf` h de�ÅdK^´WZb�_ea�£¤b�[]qQ��\�[]\�a@Wf\3r�nCTÌd®¸´º5· " ,
º."U·Z¹�½
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(¯¶
º³¹eÁ17 9�¶-,�º¼�"²³aOWftQ\ h \?VkW�_e��WZtob�VsVZ\3^
WZb�_ea=£U��\�VXt;dj���FrQb§ÆF\ h \�a@WZbcd�Wf\�VkW h `o^
WZ` h dj�=deaor�n;\3tod¢¡Cb�_ h de�;\3��\3[�\3a@WfV�� ��b�aQ±UV�£Q[]\�Wfdj_KnU�
ik\?^´WfV3£j\�Wf^j� � ��b�WZt h \?VXqG\3^
WZb�¡e\3��T'¸��odjaor�7 �Qq h \�¥QªU\3V3É=\e� �o£�VX�5��b�ao±CV�dja;r�nU�°��b�aQ±UV3� � nob���b§Wfb�\?V�WZ_mW h djaoVX� _ h [ ^���dKVZVZ\3V�VkW h `;^´WZ` h de����T
h \���T­_ea�}@d¢¡�deVfVXbcVkW 
 � yC£ � � � £;d'qG_���\ h � `Q�$��b�n h d h T]� _ h ��_KdKrC�¼Wfb�[]\�VXW h `o^´Wf` h de� h \�Êo\3^
WZb�_ea=�

b−MO

b−link

hookset

hookset + activation

MOP descriptors

MO instantiation

MO scope

link composition

b−MO composition

s−MO

s−link

class set

fixed:

fixed:

fixed:

class object

lazy

set

link composition

−

−

action

binding

static cut

dynamic cut

parametrization

instantiation

scope

static composition

dynamic composition

AO concept behavior

realization in Reflex

structure

Ç b��e` h \ �QÉEÎ7deqQqQb�aQ�]_j� � l g ^�_eao^�\�qUWuV�WZ_]WZto\�b h�h \?dj��b��?d�WZb�_ea�b�a©WftQ\ p \
Ê;\
ª � l g ±e\ h ao\��5�
� >XÎ l�@
b�Vs`oVX\?r�dKV�djaMdjnQn h \3¡@bcd�Wfb�_Ka­� _ h >k[]\
Wudj_KnUik\3^
W @´� �

¦�tQ\�^
_Kao^
\3qUWZ`;dj�C[]_CrQ\��C_j�o_K` h � l g ±K\ h aQ\��@b�V�WftQ\ h \
� _ h \"WZtQ\�tQ_C_e±UVZ\
W�[�_UrU\3�@� _ h WZtQ\�nG\�tod¢¡Cb�_ h dj�eq;d h W�deaor�WftQ\�^���dKVZVX�
_KnUik\3^
W�[]_UrU\3�F� _ h WZto\
VXW h `o^
WZ` h dj�Fqod h W?� �Å_K[]q;_@VXb�WZb�_ea©VX`Qqoq;_ h W�bcV�b�aoVZqQb h \?r­� h _e[&WftQ\���_ h ±�_e���m_e`Q\3ao^
\
\�W�de�¼� 
 yj�Q£oy ��� �
¦�tQ\,[]deqQqQb�aQ�¯nG\
Wk��\�\�a � l g ^
_Kao^
\3qUWfV¨deV�`oVZ\3rMVZb�a;^
\
WZto\�n;\3�eb�aQaQb�aQ�¯_j��WZtob�V h \�qG_ h W¨dja;r h \
Ê;\3^´Wfb�¡K\
_eaQ\?V�`oVZ\3r©b�aMWftQ\
h \3VXW�_j��WZtQbcVsVZ\3^´Wfb�_Ka�bcV��eb�¡e\3a�b�a Ç b��;�,�Q�

� �@� � � �
�7	 � �+	 > A Ð �
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s−link b−link

load s−MO hook
run b−MO−

Ç b��e` h \,zCÉ¤¦ÅTCq;\?V�_j����b�aQ±UV�djaor�WftQ\�b h djqQqo��bc^�djWZb�_eaMde^�^�_ h rUb�aQ�,Wf_�WZtQ\
Wfb�[]\e�

DRC

for each op,
for each p 

DRC generate

load(c)

1

2

apply
s−MO1

...
s−MO2

c  :  class being loaded p  :  occurrence of op within c
op:  operation concerned by links DRC : Detection − Resolution − Composition

select(c)

select(c)

hookselect(p)

s−links s−links composed

b−links

c

b−links

b−links composed

c
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