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SUTCVXWZY3[]\3V�^_K[][,`QaQbc^�dea@WfV
gEh _jik\WmlmnodKVZ^�_

p djqQqG_ h WsrU\ h \?^utQ\ h ^utQ\va,w@xey@zjx|{~}K`Qb�����\Wmyj�K�j�,{�yKz,qode�e\3V

�O���3�����Q�e�e� � VXqG\3^WX�Xl h b�\�a@Wf\3r gEh _e� h de[�[]b�aQ��� � l g�� bcV�d�q h _K[]b�VZb�ao��djqQq h _KdK^ut�WZ_�[]_UrU`Q�cd h b���b�aQ��VZ_j��Wk��d h \�b�a
q h \3VZ\�a;^\�_e�"^ h _KVfVZ^�`UWXWfb�aQ��^_ea;^\ h aoV3�s�s`Q[]\ h _K`oVsq h _eqG_KVfdj�cV�� _ h � l g tod¢¡K\�nG\�\�a7� _ h [,`Q�cd�Wf\3r$£FVX_K[]\�_j�¤WftQ\�[��e\3aQ\ h bc^j£
_eWZtQ\ h VEVZqG\3^b�¥;^�Wf_�qod h WZbc^`o��d h ^_Kao^\ h aoV3��¦�to\ h \sd h \s^_e[][]_ea;dj��b§Wfb�\?VEdjaor�¡�d h bcdjnQb���b�WZb�\3V"dj[]_eaQ�9WftQ\3VZ\¨djqoq h _@de^utQ\?V�£���tob�^ut
d h \
��_ h WZt©\ªUqQ��_ h b�aQ�;�
« aU� _ h WZ`Qa;d�WZ\3��TK£;b�a7q h de^WZbc^\K£QWZto\3VZ\�¡�d h b�_K`oV¨deqQq h _Kde^uto\3V�d h \�tod h r©Wf_�^_K[,nQb�aQ\,deaor©WZ_O\ªCWZ\3aor$�¨¦�tQbcV h \?VX`Q��WfVs� h _K[

WftQ\]�¬de^W�WZtodjW�WZtQ\O^�_ hfh \?VXqG_ea;rUb�ao�WZ_C_K��V3£�VZ`o^ut®deV�dKVXqG\3^W
��\3d¢¡K\ h V�£$t;d¢¡e\�aQ_jW�nG\�\3a®rQ\3VZb��KaQ\3r WZ_MnG\¯`oVZ\3r®dj��_eaQ�M��b�WZt
_eWZtQ\ h V3£edj��WZto_e`Q�Kt,WftQ\�T'`oVX`;dj����T'q;\ h � _ h [v¡K\ h T,VZb�[]b���d h ��_����°��\3¡e\3�KWudeVZ±UV���²³a'WftQbcV h \�qG_ h W3£j��\�VX`Q�K�e\?VkW�WZ_�b�ao^���`orQ\s^_e[][]_ea
� `Qa;^´WZb�_ea;dj��b§WkT
b�aKWf_¨d�µ�¶�·u¸¹jº¼»�½�¶"¾e¶�·´¿G¶�½´ÀÁ�·"Â'Ã"Ä��?SU`o^ut,d�±K\ h aQ\��@dj����\3¡@bcd�Wf\3VFWftQ\ÅWfdeVZ±9_j�Ub�[]qQ��\�[]\3aKWfb�ao�mdja'deVZq;\?^´WX�°_ h b�\�a@WZ\?r
deqQq h _Kde^utMnCTWudj±Cb�aQ�O^�d h \�_e�¤nodeVZb�^
q h _K� h dj[�de�§Wf\ h d�Wfb�_KaoV���²°Wmde��VZ_¯��\�WfVmVX\3¡e\ h dj��djqQq h _KdK^utQ\3V�^�_@\�ªUb�VXW¨��b�WZtQ_K`UWmn h \3de±Cb�aQ�
\?de^ut©_jWZto\ h nCTOdj`QWZ_e[¯djWZbc^�dj����TOrU\Wf\3^WZb�aQ�]b�a@WZ\ h dK^´Wfb�_KaoV�dj[]_eao��dKVXqG\3^WfV�dja;r�_eÆG\ h b�aQ��\ªUq h \3VfVXb�¡e\
^_K[]q;_@VXb�WZb�_ea©[]\3dja;V��
Çoh _K[Èd h \3¡@b�\���_e��WftQ\�[]deb�aM� \?d�Wf` h \?V¨_e� � VZq;\?^´WX�Xl h b�\3aKWf\3r gEh _e� h de[][�b�aQ�;£o��\�q h \3VZ\�a@W¨WftQ\,[¯djb�a7bcVZVZ`Q\?V�WZt;d�W¨WftQ\

rU\?VXb��eaM_e�¤VZ`o^ut�dja � l g ±K\ h aQ\��=VZtQ_e`o��rMderor h \?VZV3ÉE_Kq;\3aMVZ`QqQqG_ h W�� _ h deVZq;\?^´W¨�cdjaQ�K`odj�K\3VÅWfde±Cb�aQ�^3d h \
_j�¤n;_eWZt�nG\�tod¢¡Cb�_ h
deaor�VXW h `o^WZ` h \e£UnodKVX\9�cdjaQ�K`odj�K\m^_K[]qQ��bcdja;^\e£QdeaorOdKVXqG\3^Ws^_e[]qG_KVZb§Wfb�_Ka=� � V�WftQb�V�VZ`Q�K�e\3VXWfVÅWftod�W�qod h Wfb�de� h \Ê;\3^´Wfb�_Ka�bcV�dja
deqQq h _eq h b�djWZ\¯�K\�aQ\ h de��� h de[�\3�Å_ h ±7� _ h � l g £��Å\^�_eao^ h \�WZb���\]WZto\3VZ\ObcrU\3dKV���b§Wft�d7}@d¢¡¢d � l g ±K\ h aQ\��"nodeVZ\3rË_eaÌq;d h WZbcdj�
h \Êo\?^´Wfb�_Ka=£ h \3^�_eao^�b���b�aQ�¯b�a7WZtQbcV9��d¢T h \�Êo\3^WZb�_ea7dja;r7deVZq;\?^´W¨_ h b�\�a@Wud�WZb�_ea�� � ^�dKVX\'VkWf`orUTMnodeVZ\3rM_Ka|dja�b�[]qQ��\�[]\�a@WfdjWZb�_ea
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 ��� dq h _K� h dj[][¯d�WZb�_ea©qod h dKVXqG\3^WfVm\3VXWm`QaQ\�djqQq h _U^utQ\�qo��\3b�aQ\]rU\'q h _K[]\3VfVX\?VsqG_e` h ��d[�_UrU`o��d h bcVZdjWZb�_ea7rU\?V
��_e�Kb�^�b�\3��V
\3aËq h�� VX\3ao^\¯rU\¯q h�� _U^3^`QqodjWZb�_eaoVmW h deaoVX¡K\ h VZde��\?V�� « a®� h deaor|ao_e[,n h \¯rU\¯q h _eqG_KVZb�WZb�_eaoV9qG_e` h �cdMq h _e� h dj[][¯d��
Wfb�_Ka qod h dKVXqG\3^WfV
d � W � � _ h ['`Q� � ���Å\ h Wfdeb�ao\3V9rU\¯^\3V9q h _eqG_KVZb�WZb�_eaoV9VX_Ka@Wm� � a ��h bcÍK`o\3V3£Fr�� de`UW h \3V
VZq � ^b�¥;Í@`Q\3V��©^\ h Wfdeb�ao\3V
q h�� _U^3^`QqodjWZb�_eaoV3��²³�$T�d]rU\?V�q;_Kb�a@WuV�^_e[]['`QaoV�\Ws¡�d h bcdjnQ��\3V�\3aKW h \�^�\3V�djqoq h _U^utQ\?V�£UÍ@`�� b���\3VXWsb�a@W �3h \?VZVfdja@W�r�� \ªUqQ��_ h \ h �
Î7de��to\�` h \�`oVZ\�[]\3aKW?£;\3a7q h d�Wfb�Í@`Q\K£F^�\3V9rUb�Æ �3h \3aKWf\3V9djqQq h _U^utQ\?V¨VZ_ea@WmrUb��^b���\3[�\3a@W
^�_e[,nob�aodenQ��\3Vs\�W9\�ªCWZ\�a;VXb�nQ��\3V3� � \3V

_K`UWZb���V,^_ hfh \3VZq;_KaorQdja@WuV�£$nQb�\�aÌÍ@`Q\ h�� de��bcVZdea@W
rU\?V
W��K^utQ\3V � � � []\�a@Wfdeb h \3V
VZb�[]b���deb h \3V3£�V�� d¢¡KY h \�a@Wmb�ao^�_e[]qod�Wfb�no��\?V����9dja;V�^\
h djqQqG_ h W3£FaQ_K`oVmq h _Kq;_@VX_KaoV¨r�� b�ao^��` h \�^�\3V¨W��K^utQ\3V � � � []\�a@Wudjb h \?V¨rQdeaoV¨`oa�¿GÁ! e¹#"Ëµ¢¶�·u¸�¹�º5»�½�¶%$oÁ#"U·�½�¹&$F·ZÁ�'e·Z¹!()(¯¹�º5»¬Á�¿*$o¹�·
¹�¸+$o¶-,º¼¸´� « a Wf\��9aQ_�TKde`�VZb�[]qQ��b�¥o\|�.� b�[]qQ� � []\�a@WfdjWZb�_ea�rU\|aQ_e`Q¡K\�����\?Vdjqoq h _U^utQ\?V¯rU\|q h _K� h dj[][¯d�WZb�_ea qod h deVZq;\?^´WfVO\�a
q h \�a;dja@W�\�a�^utod h �K\]��\?V
W h djaoVX� _ h [¯d�Wfb�_KaËrU\Oq h _K� h dj[][]\3V����cdMnodeVZ\rU`®Wfb�VfVZde�e\K�O²³�"qG\ h []\W � �Kde��\3[�\3a@W/��rQb§Æ ��h \�a@WZ\?V
deqQq h _C^uto\3V�rU\�^_C\ªUbcVkWf\ h VZdeaoV�VX\
�10�aQ\ h \3a©r � WZ\?^´Wudja@Wsdj`UWf_e[¯d�Wfb�Í@`Q\3[�\3a@W���\3V�b�a@WZ\ h de^WZb�_eaoVÅ\�a@W h \
deVZq;\?^´WuV�£U\�W�\3a�_eÆ h dja@W
rU\?V�[]_�Te\3aoV�\ªUq h \3VfVXb��¬V�q;_K` h ��\�` h ^�_e[]q;_@VXb�WZb�_ea��

2 qod h Wfb h r�� `Qao\Odjaode��TUVZ\¯rU\3V�q h b�ao^b�qode��\?V�^�d h de^W �3h bcVkWfb�Í@`Q\?V
rU\¯��dMq h _K� h dj[][¯d�WZb�_ea|qod h dKVXqG\3^WfV3£�aQ_K`oV�q h�� VZ\�a@Wf_eaoV
��\3V
q h b�ao^b�qodj`QªMqG_eb�a@WfV�de`UªQÍK`o\��cV¨�cdM^_ea;^\�qQWZb�_ea r�� `Qa WZ\3��aQ_�TKde`|rU_eb�W h�� q;_Kaor h \OÉ
VX`oqQq;_ h W
_e`o¡e\ h W
q;_K` h ��\?Vm�cdjao�Kdj�K\3V
r�� deVZqG\3^´WuV
q h \�aodeaKW9\�a®^_K[�qQWZ\3�O�cdO� _ebcVm��\¯^_K[�qG_ h WZ\3[]\�a@W9\�W9�cdMVkW h `;^´WZ` h \K£=der � ÍK`;d�WZb�_ea d¢¡e\3^,��\]�cdjaQ�@dj�K\,rU\]nodeVZ\�\W
^�_e[]q;_@VXb�WZb�_eaËr�� deVZq;\?^´WfV3�)�Å_e[][]\]^\WZWZ\]djaode��TUVZ\'VZ`Q�e�KY h \'Í@`Q\���d h�� Êo\�ªCb�_ea|qod h WZb�\�����\'\3VXW9`oaË^3der h \,� � a �3h de��deqQq h _eq h b �
qG_e` h ��dq h _K� h dj[][¯d�Wfb�_Ka�qod h deVZqG\3^´WuV�£GaQ_K`oV¨^�_eao^ h�� WZbcVX_KaoV�^\?Vsbcr � \?V¨d¢¡e\?^
`Qa�aQ_�T@dj`Mq;_K` h }@d¢¡�d]nodeV � VZ` h �cd h�� Êo\�ªCb�_ea
qod h Wfb�\3����\e£ h�� ^�_eao^�b���b�dea@W¯rQ\|^\M�¬deb§WO�cd h�� Êo\�ªCb�_ea�\W���d®q h _e� h de[][]djWZb�_ea qod h dKVXqG\3^WfV3� « aQ\ � Wf`orU\|rQ\7^�deVnodeV � \7VZ` h
�.� b�[]qQ� � []\�a@WfdjWZb�_ea�rU\?V%4F¶-56"o¶�¿oº5»¬¹�½"Ã87:9�¶-,º<;|Á�¿;»�º°Áj·u¸>=.4�Ã<;>?¨b�����`oVXW h \���\3V�n � a � ¥;^\?VsrU\�^\�WXWZ\�deqQq h _U^utQ\e�
@vÔ �3� Ò �1A 
 � �cdjao�Kdj�K\3V�rU\�q h _e� h de[][]djWZb�_ea=£jV � q;d h d�WZb�_ea�rU\3V"q h�� _U^�^�`Qqod�Wfb�_KaoV3£ h�� Êo\ªUb�_ea=£jq h _K� h dj[][¯d�WZb�_ea'qod h deVZq;\?^´WfV3£
^�_e[]q;_@VXb�WZb�_eaMr�� deVZq;\?^´WuV��
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q h _e� h de[][�b�aQ�;£jde^u±CaQ_�����\3rU�K\3r�Wf_�n;\¨_eaQ\�_j�FWftQ\�tod h rU\?VkWE\ hZh _ h V=Wf_�rU\�no`Q��b�a]WftQ\sd h \3d9_e�F^�_eao^�` hZh \�a;^Te£e[]deb�ao��T'n;\?^�dj`;VX\
WftQ\�b�ao^_ hZh \3^WZaQ\?VZV�_e��WftQ\�q h _e� h de[�bcV�aQ_jW9dj����d¢TUV�¡Cb�VZb�nQ��\�WZ_¯q h _e� h de[�[]\ h V�dja;rMb§W¨bcV�¡K\ h TOtod h r�WZ_W h de^u±OrU_���a©Wf_b§WuV
^3dj`oVZ\e�
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¦�_�VX`Q[ `oq|WftQ\¯VXb�WZ`odjWZb�_ea=£�_ea7WftQ\]_eaQ\�todeaor$£$WftQ\ h \�d h \�[¯djaCT7djqoq h _@de^utQ\?V�Wf_ � l g WZtodjW�d h \,��_ h WZt|\�ªUqQ��_ h b�aQ�©djaor
\�ªCqG\ h b�[�\3a@WZb�aQ����b�WZt�£�djaor|_ea|WZtQ\]_jWftQ\ h todeaor$£$WftQ\ h \'bcVmWZtQ\]bcVZVZ`Q\'WZtodjW9\?de^ut � l g �cdjaQ�K`odj�K\,bcVm�K\�aQ\ h de����TMn;_K`Qaor7WZ_
b�WfV�b�[]qQ��\3[]\�a@WfdjWZb�_ea �¼deV�rUbcVkW h b�nQ`UWf\3rOn@T]WftQ\�^ h \3djWZ_ h V � ��¦�tob�V��Kb�¡K\3V h bcVX\¨WZ_'WZtQ\�^�_e[]qod�Wfb�nob���b§WkT¯bcVfVX`Q\m[]\�a@WZb�_eaQ\?r�den;_�¡K\e�
²³aË_ h rU\ h WZ_�de����_�� � l g Wf_�[¯djWZ` h \e£$b�W�VX\3\�[¯V
^ h `o^bcdj��WZt;d�W�VX\3¡e\ h de��djqoq h _@de^utQ\?V¨^3djaËn;\]djqQqo��b�\3r|WZ_MdO��bcrU\ h djaQ�K\,_j�
VZTUVkWf\�[¯V]djaor VXb�WZ`odjWZb�_eaoV3£"djW�¡�d h b�_e`oV�VZ^3dj��\3V3� Ç ` h WZto\ h [�_ h \K£E\ÆF_ h WfV�VZtQ_e`Q�cr n;\©n;\�WXWf\ h � _U^`oVZ\3r=£E��b§WftQ_e`QW]t;d¢¡@b�aQ�|WZ_
> h \3b�aC¡K\�a@WÅWftQ\���tQ\3\�� @m� _ h \3de^ut�aQ\�� � l g VXTUVXWZ\3[©�
lm` h ^�cdjb�[ bcV¨Wftod�W?£=VXb�ao^�\,WftQ\,W h deaoVX� _ h []djWZb�_ea7��_ h ±MrU_eaQ\�nCT � l g VZTUVkWf\�[¯V9b�Vm¡e\ h T�VZb�[]b���d h £Fb�W�^3dja n;\'�¬de^WZ_ h \3r

_K`UW,b�a�d�¡e\ h Vfd�Wfb���\ � l g ±e\ h ao\��5�63"dK^ut � l g VXTUVXWZ\3[ WftQ\�aÌWudj��±UV�WZ_7WZtQ\±K\ h aQ\��5£�b�aoVXWZ\?der®_e��djWXWude^u±Cb�ao�7rUb h \3^WZ��T|WftQ\
nodKVX\�deqQqQ��b�^3d�WZb�_ea��Elmao��T]WftQ\�±e\ h aQ\3�F\ÆF\3^´Wfb�¡K\���Td�ÆF\3^WfV�WZto\9n;deVZ\
deqQqQ��b�^3d�Wfb�_Ka=£Ud���WZ\ h tod¢¡Cb�ao��rU\�WZ\?^´WZ\?rWftQ\
b�a@Wf\ h de^´Wfb�_KaoV
de[�_KaQ�¯deVZq;\?^´WuV�djaor���\�W�WZtQ\�q h _K� h dj[][]\ h VXqG\3^�b§� TOWZtQ\3b hsh \3VZ_e��`UWfb�_Ka � Ç b��o� � n � �
� a � l g ±e\ h ao\��o\3aodjno��\?VÅd���bcrU\ h deaQ�e\�_e��djqQq h _@de^utQ\?V�£�� h _e[&��\����§�°\3VXWfdenQ��b�VZtQ\3r�Wf_,\�ªCqG\ h b�[�\3a@Wfdj�5£KWZ_,��_ h ±�Wf_e�K\WZto\ h

��b�WZtQ_K`UW¨n h \3de±Cb�aQ�]\?de^utM_jWftQ\ h �ÅSC`o^ut7d]±K\ h aQ\��$q h _�¡CbcrU\3V�^�_ h \
VZ\�[¯deaKWfb�^3V�£QWZt h _e`Q�KtMq h _Kq;\ h VkW h `;^´WZ` h de��djaor©nG\�tod¢¡Cb�_ h dj�
[]_UrU\��cV3£;�K\�aQ\ h bc^
\�aQ_K`Q�et©Wf_OVX`oqQq;_ h W9dj����aQ\3\3rU\?r�aQ_jWfb�_KaoV��¬\e� �o�s^´Ê;_���£odeVZq;\?^´WuVs_j�EdKVXqG\3^WfV � b�a dja�\ªCWf\�aoVZb�no��\�[¯deaQaQ\ h �
�m\3VZb��KaQ\ h V�_j�$deVZq;\?^´W¤�cdjaQ�K`odj�K\3V�^�dja,WZtQ\3a]\ªUq;\ h b�[]\�a@W¤[]_ h \�^�_e[�� _ h WfdenQ��T�deaor h deqQb�rQ��T���b�WZt'WZtob�V¤±K\ h aQ\��UdKV�d9nodK^u±@�5\3aor$£
� _U^`;VXb�aQ�¯_ea�WZto\�n;\?VkWs��d¢TUV"� _ h q h _e� h dj[][]\ h V"WZ_]\ªUq h \3VfV�deVZq;\?^´WfV3£Q[¯d¢T]WZto\�TOnG\�rU_K[]deb�aMVZq;\?^b�¥;^
_ h �K\�aQ\ h bc^j�
²³a'WZtQbcV¤��_ h ±F£?��\�d h \�^�_eao^�\ h aQ\3r'��b�WZt'WZtQ\sVXWZ`orQT�_j�G¡e\ h Vfd�WZb���\ � l g ±e\ h aQ\3��V�� _ h d¨`Qaob�Í@`Q\�nodKVX\��cdjaQ�K`odj�K\eÉ=��\�rQ_9ao_jW

deb�[ d�W�[,`Q��WZb��°��deaQ�e`ode�e\EVZ`QqQqG_ h W3£¢_ h \�¡K\�a�[]_ h \"dj['nQb�WZb�_e`oVZ��T
d�W�djaCT
VX_e��Wk��d h \ h \�q h \3VZ\�a@Wud�WZb�_ea
��b�±K\"² � Î � V���Î�3  �@yC£7�'� � £
��tQbc^ut|djWXWZ\3[]qUWfVmWZ_©derQr h \?VZVsVZb�[�b��cd h ��T « Î � rUbcdj� h de[]V�� _ h b�aoVXWfdeao^\K�I�Ë\,¥ h VXWm��dja@WsWZ_��e\�Wm¡�dj��`odjno��\�� \3\3rUn;de^u±©� h _K[
dea � l g ±e\ h ao\��=rU\?dj��b�aQ�]��b�WZt�d]VXb�aQ�K��\
nodKVX\
�cdjaQ�K`odj�K\e��� tQ\�aMb�W¨^_e[]\?V�WZ_]b�����`oVkW h djWZb�aQ�]_e` h d h �K`Q[]\�a@WfdjWZb�_ea=£C��\ h \�� \ h
Wf_]WZtQ\��cdjaQ�K`odj�K\m��b�WZtM��tQbc^ut©�Å\�d h \�^_Kao^ h \Wf\���T¯\ªUq;\ h b�[]\�a@WZb�aQ�;£Q}Kd¢¡�dQ�
¦�tQbcV���_ h ±b�a;^��`orU\3V�WftQ\
� _e����_���b�aQ�¯^�_ea@W h b�no`UWZb�_eaoV3É
1 � \m[]_jWZb�¡�d�Wf\�WZtQ\¨aQ\�\?r]� _ h d
¡e\ h Vfd�WZb���\ � l g ±e\ h aQ\3�¼£@deVEd�WZ_C_e�o� _ h [¯de±@b�aQ��b�W"qG_KVfVXb�nQ��\�WZ_'^_e['nQb�aQ\s¡�d h b�_K`oV � l g
djqQq h _@de^utQ\?V���SC`o^ut�d'WZ_C_e�$��_e`Q�crMdj�cVX_�nG\�`oVX\�� `Q��dKV�d'¡K\�tQbc^��\9� _ h � ` h WZto\ hsh \3VZ\3d h ^ut_Ka � l g �

1 ÇQh _e[�d h \�¡Cb�\3� _e�¤WZtQ\,[]deb�a7� \3d�Wf` h \3V�_e� � l g £;�Å\,q h \?VX\3a@WsWZtQ\'[¯djb�a�b�VfVX`o\3V�Wftod�W¨WZtQ\�rU\3VZb��Ka�_j�EVZ`o^ut7dja � l g±e\ h aQ\3�oVZtQ_e`Q�cr]derQr h \?VZV3É=_eqG\�aVZ`QqQqG_ h W¤� _ h deVZq;\?^´W"�cdjaQ�K`odj�K\3V�Wfde±Cb�aQ��^3d h \�_j�Fn;_eWZt¯nG\�tod¢¡Cb�_ h deaor]VkW h `;^´WZ` h \K£enodKVX\
��deaQ�e`;dj�e\
^_K[]qQ��bcdja;^\e£Qdeaor©deVZq;\?^´Ws^_K[�qG_KVZb�WZb�_ea=�

1 � \�VXtQ_���£�b�a®WftQ\O^�_ea@WZ\�ª@W�_e��}@d¢¡�dQ£�tQ_�� WftQ\3VZ\¯bcVZVZ`Q\3V,^�dja®nG\OVZ_e��¡e\3r nCT no`Qb��crUb�aQ��nodKVXbc^¯deVZq;\?^´W,��\3d¢¡Cb�aQ�Mdjaor
^_K[�qG_KVZb�WZb�_ea©�¬de^�b���b§Wfb�\?V�_eaMWf_eqM_j�Ed h \Êo\?^´Wfb�¡K\���d¢TK\ h £ h \?^_ea;^b���b�aQ��WZtQ\�Êo\ªUb�nQb���b�WkT�_e� h \Ê;\3^´Wfb�_Ka©deaor©WZto\��e`QbcrQdeao^\
_j� � l g �

1 � \9rU\3Vf^ h b�n;\sto_���WftQ\3VZ\¨bcrU\3dKVEtod¢¡K\�n;\3\�a`;VX\?r�WZ_�\3¡e_e��¡e\ p \Êo\�ª  x &U£ �e� � £Cdja¯_Kq;\3a h \�Êo\3^WZb�¡e\�\�ª@Wf\�aoVZb�_ea¯_j�=}@d¢¡�dQ£
b�a@Wf_]d�¡K\ h VZdjWZb���\ � l g ±K\ h aQ\��G� _ h }Kd¢¡�dQ£UdeaorOb�����`oVXW h d�Wf\¨WftQ\�nG\�aQ\�¥QWfV�_e��VZ`o^utMd'±K\ h aQ\��F��b�WZt©WZto\9b�[]qQ��\�[]\�a@WfdjWZb�_ea
_j�¨SC\?ÍK`o\�a@WZbcdj��lmnUik\3^W'Î�_eaob§Wf_ h V�¼Sol9Î �  � � � £¤dM��b�n h d h T7� _ h ^_Kao^` hfh \�a@W�q h _e� h dj[][]b�aQ�o£�rQ\�¡e\3��_Kq;\?r®_ea®Wf_eqÌ_j�
p \Ê;\ª$�
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¦�tQ\ h \3VXW�_e�=WZtQbcV h \�qG_ h WÅbcV�VkW h `o^WZ` h \3r�deV"� _e����_��sV3É¤SC\3^WZb�_ea�y�bcrU\�a@Wfb§¥o\?VÅWZtQ\�rUb�ÆG\ h \3a@WÅ� \?d�WZ` h \?VÅ_e��dja � l g VZTUVkWf\�[M�
Çoh _K[&WZtQ\?VX\9� \3djWZ` h \3V3£QSC\3^WZb�_ea �'r h d¢�sV�d'��bcVkW�_j� h \?ÍK`ob h \�[]\�a@WuVE� _ h d'¡e\ h Vfd�Wfb���\ � l g ±e\ h aQ\3�¼�ESC\?^´Wfb�_KaO�]VXtQ_��sV�tQ_�� �Å\
\3¡e_e��¡e\?r p \�Êo\ªMdeV�q h \3VZ\�a@Wf\3r�b�a  �e� � Wf_¯d'¡K\ h VZdjWZb���\ � l g ±e\ h aQ\3�F� _ h }@d¢¡�dQ�¤SC\3^WZb�_ea7x'q h \?VX\3a@WfV�WZto\�^�deVZ\
VkWf`orUTO_e��WftQ\
VXWfdeaorQd h rb�[]qQ��\�[]\�a@WfdjWZb�_ea©_j��S;l9ÎÌ�oSC\3^WZb�_ea �'rQb�Vf^`oVfVZ\3V h \3��djWZ\?r��_ h ±G£Cdja;r©SC\?^´Wfb�_KaMz'^_Kao^��`orU\?VÅ��b�WZt©qG\ h VXqG\3^WZb�¡e\3V3�

� � ���
	��O����� �����È% )

� l g q h _Kq;_@VZde��V¤d h \s^utod h dK^´Wf\ h b��3\3r'n@T]VZ\�¡e\ h de�C� \3djWZ` h \3V3�¤lmao\�� \3djWZ` h \ h \��cd�WZ\?V�WZ_�WZtQ\mnodeVZb�^�b�[]qQ��\�[]\�a@WfdjWZb�_ea]Wf\3^utQaQbcÍ@`Q\
�¼rU\3rUbc^�djWZ\?r h `Qa@WZb�[�\ \�aC¡Cb h _eao[�\3a@W3£¨^�_CrQ\7W h dja;Vk� _ h [¯d�Wfb�_Ka=£�\Wu^j� � £9nQ`UWOWftQbcV�bcV©d�aQ_KaU�¼� `oao^´Wfb�_Kaodj�
^_Kao^\ h a � _ h � l g
VZTUVkWf\�[¯V�£U_e����tob�^ut � l g ±e\ h aQ\3��VÅWfde±e\�^�d h \K�U� \���b�����^_e[]\
nodK^u±¯WZ_�WZtob�V�qG_eb�a@Wsb�aMVZ\3^´Wfb�_Ka �Q�
� aQ_jWftQ\ h � \3djWZ` h \sbcVEWftQ\�¸  #(�(]¶�º¼·  ¨_j�$WZto\mdjqoq h _@de^ut=£KdeV�rUb�Vf^`;VZVZ\3r]b�a  � � � �U� \9d h \stQ\ h \mb�a@WZ\ h \?VkWf\3r]b�a ¹¢¸  #(�(]¶�º5·´»:,

deqQq h _Kde^uto\3V,WZ_�VZ\�qod h djWZb�_ea�_e�9^�_eao^�\ h aoV�ÉMdjqoq h _@de^utQ\?V,��to\ h \�WftQ\ h \�bcV�WZtQ\�aQ_eWZb�_ea�_j�
d n;deVZ\MdeqQqQ��b�^3d�Wfb�_Ka�Wf_Ë��tob�^ut
dKVXqG\3^WfV¯d h \�djqQqo��b�\3r$£�^_KaC¡e\ h VZ\���T Wf_ÌVXTC[][]\W h bc^©deqQq h _KdK^utQ\3V,WZ_�VZ\�qod h djWZb�_ea�_e�
^�_eao^�\ h aoV3£"��b�±K\©tCTCqG\ h VXqodK^\?V  xj� � _ h
VZ`QnUik\?^´WX�°_ h b�\�a@WZ\?rMq h _K� h dj[][]b�ao�  �K� � �m²³a�WftQbcV9VZ\WZWZb�aQ�o£GWftQ\ h \��cd�Wfb�_Ka7n;\�Wk�Å\3\�a|dKVXqG\3^WfV9djaor�WZtQ\'nodeVZ\'deqQqQ��b�^3d�WZb�_ea ^�dja
nG\�^utod h de^WZ\ h b���\?rnCT ¹¢¸.$o¶-,º�Á 7�½ »�µ?»¬Á#"C¸´¿G¶¸u¸�deaor�WZtQ\ 7�»�¿���»�¿ '�nG\Wk��\�\3a�WftQ\�nodKVX\
djqQqo��bc^�djWZb�_eaMdjaor�WZto\�deVZq;\?^´WfV3�
� VXqG\3^W�_eno��b�¡Cb�_K`oVXao\3VfV¯todeVOn;\3\�a�bcrU\3aKWfb§¥;\3r�dKVOdÌ±K\�T�q h _Kq;\ h WkT�_j� � l g  yex � �v²°W h \�� \ h V¯Wf_ÌWZtQ\|�¬de^WOWZt;d�WOWftQ\

nodKVX\�deqQqQ��b�^3d�WZb�_ea h \�[¯djb�aoV�`Qaod¢��d h \�_e�¨WftQ\7deVZq;\?^´WuV�WZtodjWOd h \©deqQqQ��b�\?r�Wf_Ìb§W?� lm` h q;_Kb�a@W_j�9¡Cb�\3� _ea�WftQb�V]bcVfVX`Q\MbcV
Wftod�W]_enQ��b�¡@b�_e`;VXaQ\?VZV,[,`oVXW'nG\©q h _�¡CbcrU\3r=£�no`UW�b�W�VZtQ_K`Q��r�aQ_jW]n;\©^_KaoVXbcrU\ h \?rÌdjnoVZ_e��`UWZ\3��T®aQ\?^\?VZVfd h Te� SUb�[]b���d h ��TËWZ_7WftQ\
rUb�ÆF\ h \�ao^�\�nG\Wk��\�\3a�[]\WudeVZTCVXWZ\3[¯V��¼VXTUVXWZ\�[¯V�de^WZb�aQ�|`QqG_ea _jWftQ\ h VXTUVXWZ\3[]V � djaor h \Ê;\3^´Wfb�¡K\�VZTUVkWf\�[¯V��¼VXTUVXWZ\3[]V]dK^´WZb�aQ�
`QqG_ea|WZtQ\3[¯VX\3��¡K\3V � £$b�W
VZ\�\3[]VmWf_@_ h \?VkW h bc^´Wfb�¡K\�Wf_�q h _etob�nQb�W¨WftQ\]\ªUqQ��b�^�b§W
[¯djaQb�qQ`Q�cd�Wfb�_Ka7_j��dja dKVXqG\3^Wm�cd¢Te\ h nCT�qod h WfVm_j�
deaMdeqQqQ��b�^3d�Wfb�_KaOb�WfVZ\����¤VZ`QnUik\?^´W�WZ_dKVXqG\3^WfV3�
¦�tQ\]nQb�aorUb�aQ�MnG\Wk��\�\�a WZto\�n;deVZ\]deqQqQ��b�^3d�Wfb�_Ka dja;r7WftQ\¯deVZq;\?^´WfV�^3dja n;\^utod h dK^´Wf\ h b��3\3r7de��_KaQ�OWk��_©��b�aQ\3V  x � � �]¦�tQ\

7�»�¿��j»�¿ '¯º5» (¯¶ h \� \ h VEWZ_�WftQ\mWZb�[�\
d�W���tQbc^utOd�nQb�aorUb�aQ�'n;\�Wk�Å\3\�aOdKVXqG\3^WfV�djaor]WftQ\¨n;deVZ\¨q h _e� h de[ ^�deanG\mrU_KaQ\e��²³aO}@d¢¡�dQ£
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^�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

. . .

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���ækãé5ækòmñuè�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¸ ÀÁ�· (¯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=�
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^�`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�

� � ���������
	����� �È% ) � �����©�����������'���m�

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 �
SCb�ao^�\©}@d¢¡�d�rU_C\3V'aQ_jW]VX`Qqoq;_ h W]rUTCaodj[]bc^[]_UrUb§¥G^�d�Wfb�_Ka�_j�¨^���dKVZV'rU\¥;aQb§Wfb�_KaoV3£ p \Êo\�ªÌ_eqG\ h d�WZ\?V,rUb�ÆF\ h \�a@WZ��TË� _ h Vk�°��b�aQ±UV
deaorMnU�°��b�aQ±UV,� Ç b��o�$z � � � VkW h `o^WZ` h dj��de^´Wfb�_Ka7^�dea©_KaQ��T�nG\�nG_e`Qaor©Wf_OdVXW h `o^´Wf` h dj��^�`UW¨¡Cb�dOdja�Vk�°��b�aQ±F�sSCb�ao^\'Vk�°��b�aQ±UVsd h \
deqQqQ��b�\?r7VkWud�Wfb�^3dj����TK£;d�W9��_@der©Wfb�[]\e£;WZto\�b h b�a@WZ\ h �¬de^�\e£GVZ^�_eqG\,djaor7b�aoVXWfdea@WZbcd�WZb�_ea�[]_UrU\�bcV¨¥QªU\3r$��� to\�a|d^���dKVZVsb�Vm��_@derU\?r$£
b��Eb§W
bcV¨rU\�WZ\ h []b�ao\3rMWf_n;\'qod h W¨_e�"d^�cdeVfV¨VZ\W?£oWftQ\'^�_ hfh \?VXqG_eaorQb�aQ�VX�°[�\�Wfde_enUik\?^´WsbcVmdeqQqQ��b�\?r$�%�Å_eaC¡K\ h VX\3��TK£QnU�°��b�aQ±UV¨d h \
_KaQ��T »�¿Q¸´º³¹�½�½�¶���djWs��_@derOWZb�[�\K£Q��tQb���\
WftQ\�T©d h \�djqQqQ��b�\3rMd�W h `Qa@WZb�[]\e�¤²³aorU\3\3r$£;��tQ\�a�d]^�cdeVfV�bcV���_@derU\?r$£UtQ_C_e±UV�deaor©_jWZto\ h
aQ\?^\?VZVfd h T¯b�aQ� h dKVkW h `o^WZ` h \�^_UrU\�d h \
b�a;VX\ h Wf\3r�b�a@WZ_]b�W3� � �°[�\�Wfde_enUik\?^´WfV�_KaQ��TOde^W�rQ` h b�aQ�]\ªU\?^`UWfb�_Ka=�
p \�Êo\ªÌ_Kq;\ h djWZ\3V,b�a�Wk�Å_7qotodeVZ\3V'd�W'��_KdKr®WZb�[]\eÉ¯b�a�d�¥ h VXW'qQt;deVZ\e£¤Vk�°[]\Wudj_enQik\3^´WuV�Wftod�W�aQ\�\?r®WZ_ n;\MdjqQqo��b�\3r®Wf_ d

^���dKVZVÅn;\3b�ao����_KdKrU\3rOd h \mrU\�WZ\ h []b�ao\3r$£CqG_KVfVXb�nQ��T^_e[]qG_KVZ\3r$£UdeaordjqoqQ��b�\3rWZ_'WZtQ\�^���dKVZV3��²³a©d'VZ\3^�_eaorqQtodeVZ\e£CnU�°��b�aQ±UVÅWZt;d�W
djÆG\?^´WsWftQ\�^�cdeVfV�n;\3b�ao���_@derU\?r�d h \�rU\�WZ\ h []b�aQ\3r$£G^_K[�qG_KVZ\3r©d�Ws\?de^utMb�aKWf\ h de^WZb�_ea©q;_Kb�a@Wsb��¤deaCTe£odeaor�WZtQ\�^�_ hfh \?VXqG_eaorQb�aQ�
tQ_C_K±CV�d h \¨�K\�aQ\ h djWZ\?r¯djaorOb�aoVZ\ h WZ\?r¯b�aWZto\9^���dKVZV3� � aO_�¡K\ h ¡Cb�\3� _e�=WZtQbcV�y¢�°qQtodKVX\sq h _U^\?VZVÅbcVÅ�Kb�¡K\�a¯b�a Ç b��o�4�Q£UrU\�Wfdjb��cVÅd h \
rUbcVf^`oVfVX\?rOb�a©WZtQ\ h \�[¯deb�aorQ\ h _j��WZtQbcVsVZ\3^WZb�_ea=�

���CB � �RV������ %4�
²³aË_e` h []_UrU\��5£=qG_eb�a@WfV9b�a WZto\�q h _K� h dj[�WZ\ªCW���tQbc^utËd h \�VX`onUik\3^W9Wf_�b�a@WZ\ h ^�\�qUWfb�_Ka ��Wftod�W�bcV�£=� _ h ��tQbc^ut �QÁ?Á3¾�¸m['`oVXW
nG\
b�aoVZ\ h WZ\3r � d h \�bcrU\�a@Wfb§¥o\?r�Wft h _K`Q�etMWftQ\]rU\¥oaob§Wfb�_Ka7_j�"^���dKVZVmdjaor�_Kq;\ h djWZb�_ea7VZ\���\3^WZ_ h V3�¨¦�tQ\�� _ h []\ h bcVmdOq h \?rUbc^�d�Wf\�`oVZ\3r
Wf_ VZ\���\3^´W¯^�cdeVfVZ\3V,deaor®WftQ\O�cd�WZWZ\ h bcV,`oVZ\3r�WZ_ËVX\3��\?^´W'_Kq;\ h djWZb�_eaÌ_U^�^�` hfh \3ao^\?V�WZt;d�W'��b�����nG\Oto_@_K±e\?r$� ¦�tQ\?VX\©rU\¥;aodjnQ��\
q h \3rQb�^3d�WZ\?Vsdj����_�� � _ h derU¡�deao^\?r�dj���e_ h b�WZtQ[]bc^9^�`UWsWf_n;\'VXqG\3^�b§¥o\?r$�-:s_C_e±UVsd h \�� h _K`QqG\3r©b�a�to_@_K±UVX\�WfV3£Q��tQbc^ut7d h \��eb�¡e\�a
dea�b�rQ\�a@WZb�¥o\ h ��:s_C_e±UVZ\WuV,^�dea��KdjWZtQ\ h tQ_C_K±CV�Vf^�d�WZWZ\ h \?r®b�a�VX\3qod h d�Wf\\�a@WZb�WZb�\3V3£Edja;r�^�dea�nG\�^_K[]q;_@VX\?r$� p \� \ hfh b�aQ�7WZ_
� VXqG\3^Wf} � V�¡K_U^�djno`Q��d h TK£=d©tQ_C_e±7bcV�d'ik_eb�a®q;_Kb�a@W,VZtoderU_��  �e� � £�WZtodjW�b�V3£=WftQ\VXWfd�Wfb�^¯^�_ hfh \?VXqG_ea;rU\�a@W
_j��d�rQT@a;dj[]b�^mik_Kb�a
qG_eb�a@W3� � tQ_C_e±UVZ\W�WZto\ h \� _ h \�^_ hZh \3VZq;_KaorQV"WZ_d�qG_eb�aKWu^`UW¨VZtodKrU_��  �Cz � �
²³a � VZqG\3^´Wu}o£Kd9rQT@a;dj[]b�^�ik_Kb�a�qG_eb�aKWEbcVErU\�WZ\ h []b�aQ\3r�nCT�b�WfVFik_Kb�a]qG_eb�aKW"VZtodKrU_���dja;r�VZ_j�³^�de����\3rO·Z¶¸u» �!"o¶´¸  �e� � � p \?VXbcrU`Q\?V

d h \|rQT@a;dj[]b�^3dj����T@�°\�¡�dj��`odjWZ\3r ^�_eaorUb�WZb�_ea;V]WZtodjW©rU\�WZ\ h []b�aQ\7��tQ\�WZtQ\ h d h `Qa@WZb�[]\7_U^�^�` hZh \�a;^\�_j��dMik_Kb�a q;_Kb�a@W�VZtoderQ_��
dK^´WZ`;dj����T9b�V�d�ik_eb�a�q;_Kb�a@W?��²³a�_K` h []_UrU\��5£�VX`Qqoq;_ h W=� _ h rUTCaode[�bc^E^�`UW�bcVÅ¶�� $F½ »:,�»�º¼½  "q h _�¡CbcrU\3rmWft h _K`Q�et�dK^´WZb�¡�d�Wfb�_Ka�^_ea;rUb§Wfb�_KaoV
Wftod�W�^�dea7n;\]d�WZWfdK^utQ\3rMWf_���b�aQ±UV�� � VZq;\?^´Wu}©VZ`QqQqG_ h WfVm_eao��T©WZt h \3\'±Cb�aorQVm_j� h \3VZb�rQ`Q\3V3£ h \��cd�Wf\3rMWf_�� �G£���� � ����� �
	���G£Qdjaor
� ����	�]^_KaorUb�WZb�_eaoV3£@dKV"d h \?VX`Q��W"_e�$WZtQ\9��b�[]b§Wf\3r¯\�ªUq h \?VZVZb�¡e\�ao\3VfV¤_j� � VXqG\3^Wf} � V"q;_Kb�a@Wf^�`UW���deaQ�e`ode�e\K��lm` h [�_UrU\3�;a;d�WZ` h de����T
VZ`QqQqG_ h WfV¨WZtQ\?VX\ h \?VXbcrU`Q\?V�£Fdja;r�[]_ h \,\��cdjnG_ h d�Wf\3r�rUTCaode[]b�^'^_ea;rUb§Wfb�_KaoV¨^3dja|de��VZ_nG\�rQ\�¡Cb�VZ\3r���� _ h b�aoVkWudjao^�\'rU\3q;\3aorUb�aQ�
_Ka VZ_e[]\�deqQqQ��b�^3d�WZb�_eaQ�°VZq;\?^b�¥;^O^ut;d h de^´Wf\ h b�VXWZbc^]_j�¨WZtQ\©b�a;VkWudjao^�\�b�a���tQbc^utÌWftQ\�to_@_K±®b�V�nG\�b�aQ� \�ªU\3^`QWZ\3r � £"dKV,b�a }K_KVZt=�
CDC ãFE<GIH�JKG
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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

Ç b��K` h \ �oÉ p \Ê;\ªO_Kq;\ h djWZ\3V�b�a©Wk�Å_]qQtodKVX\?V�É�WftQ\
¥ h VkW�qQtodKVX\�deqQqQ��b�\?VsVk�°��b�aQ±UV3£@WZtQ\�VZ\3^�_eaor�qQtodKVX\
b�aoVkWudj����VsnU�5��b�aQ±UV��

Î�_ h \3_�¡e\ h £;b�a p \Êo\�ª$£Fdea dK^´WZb�¡�d�Wfb�_Ka|^_KaorUb�WZb�_ea7bcV h \3b§¥o\?r$É�b�W9bcV
dja7_KnUik\3^W3£$b�[�qo��\3[�\3a@WZb�aQ��dea|b�aKWf\ h �¬de^�\e£GWZtodjW
^3dja7nG\
[¯djaob�qQ`o��djWZ\3rMdjW h `Qa@WZb�[]\e�E¦�tQbcV�bcV�d�aQ\3^�\3VfVZd h T]� \?d�WZ` h \9� _ h VZ`QqQqG_ h WZb�aQ�¯rUTCaode[�bc^ � l g VXTUVXWZ\�[¯V3�
� V"rUbcVZ^�`oVfVX\?r]b�aVZ\3^WZb�_ea��Q�ðyU£eWZtQ\ h \md h \�[]deaCT'��d¢TUV�WZ_,rU\?VXb��ead,rUTCaodj[]bc^s^`UWÅ��deaQ�e`ode�e\srU\3q;\3aorUb�aQ��_Ka]WZtQ\9rU\3VZb h \3r

\�ªCq h \?VZVZb�¡K\�aQ\?VZV3£¤� _ h b�aoVXWfdeao^\©Wf_Ë\�ªUq h \?VZV]^�_ea@W h _e��Êo_�����²³a�WZtQbcV h \��@d h r$£E��\©t;d¢¡e\©b�rU\3a@WZb�¥o\3r ¶�µ¢¶�¿oº),uÁj½�½�¶-,º³Á�·u¸¯deV¯d
`oVZ\� `o�$nQ`Qb���rUb�aQ��nQ��_C^u±FÉ�\�¡K\�a@W�^�_e����\?^´WZ_ h VÅ�KdjWZtQ\ h \�ªC\?^`UWfb�_KaO\3¡e\�a@WuVEWf_,\ªUqG_KVZ\mq;d h WfVÅ_j��d'q h _K� h dj[ \ªU\3^�`UWZb�_ea � aQ\?VkWfb�aQ�;£
VZ\3Í@`Q\3ao^\?V�£F\Wu^j� � £$`Qa;rU\ h djaCT�VXW h `o^´Wf` h \©�¬^�_e`Qa@WZ\ h £$VXWfdK^u±G£GW h \3\e£�� ��� V3£$� h djqQtoV3£G\Wf^e� � £F� _ h rUTCaode[�bc^�b�a@W h _KVZq;\?^´Wfb�_Ka=£Fb�a
qod h Wfb�^�`Q�cd h WZ_MrU\Wf\ h []b�aQ\¯rUTCaode[]b�^�^`UWuV���3E¡K\�a@W
^�_e����\?^´Wf_ h Vmd h \�b�a@Wf\�� h d�Wf\3r|`QaQb�� _ h [���T�b�a _K` h [�_UrU\3�¼£�VXb�ao^\'WZto\�T|d h \
b�aorU\3\3r©ik`oVXW'[]\Wudj_KnUik\3^WfV3��¦�tQ\3T rUb�ÆG\ h � h _e[�[�\�Wfde_enUik\?^´WfV�b�[]qQ��\�[]\�a@Wfb�aQ� deVZq;\?^´W,nG\�tod¢¡Cb�_ h b�a®WZtQ\�VX\3aoVX\]Wftod�W,WZtQ\3T
_KaQ��T h \3^�_ h rËdeaor®\ªUqG_KVZ\b�aU� _ h [¯d�WZb�_ea�den;_K`UW�WftQ\O\�ªC\?^`UWfb�_Ka=�Ël¨WftQ\ h \�a@WZb�WZb�\3V3£¤b�aÌq;d h WZbc^`Q�cd h de^´Wfb�¡�djWZb�_ea�^_KaorUb�WZb�_eaoV3£
^3dja®ÍK`o\ h T�WftQ\�[ deV h \3Í@`Qb h \?r$� Ç _ h b�aoVXWfdeao^\K£=\ªUqG_KVZb�aQ�Md©VXb�[]qQ��\¯^�_ea@W h _e��Êo_�� rU\3qUWZt®^_K`Qa@WZ\ h bcV
rU_eao\'nCT|dOWZt h \3dKrC�
��_U^�dj��[�\�Wfde_enUik\?^´W�\�ao^3djqoVZ`Q�cd�Wfb�aQ�¯dea©b�a@WZ\3�e\ h ��b�WZt7d]qo`QnQ��b�^�dK^�^\?VZVZ_ h � Ç b��o�A& � � � []_ h \9\3��den;_ h djWZ\�VZTCVXWZ\3[ WZ_deaodj��TC��\
\�ªC\?^`UWfb�_KaMtQb�VXWZ_ h TK£UVX`o^ut�dKV"WftQ\�}@d¢¡¢d g d�WftJ3¤ªUqQ��_ h \ h VZTCVXWZ\3[  �'� � £UbcV�b�a;rU\�\?r©dea©dKrU¡�djao^�\3r�\�¡K\�a@Ws^_e����\3^´Wf_ h �

: event collector exposing control flow information

: activation condition checking control flow

: notification metaobject

move setX

Ç b��e` h \ &QÉ�3¤ªQdj[]qQ��\
_j�¤dja©\�¡K\�a@Ws^_e����\3^´Wf_ h q h _�¡Cb�rUb�aQ�¯^_Ka@W h _e�GÊo_�� b�aU� _ h [¯d�Wfb�_KaOWf_¯d�rQT@a;dj[]b�^
^�`UW3�
� î¢æ¤ò?ê3ã�ñ���äðô¤ô��?é�æXã?è(�¢ç¬ækè�é¼î�ñfé�é¼î¢æ¤ã¢ëué¼ä ��ôXñfé¼äðë´ã ��æké5ñuë�� �¬ækô³é�ë´ã?ï ê9ñuô³é¼è�ì�ë´ç$é5ë�
���ïðæ³åæXï@ôZñuïðïðè$é¼ë����
	���ë´ç�
������!

� b�aorUb�aQ�VXqG\3^�b§¥G^�d�Wfb�_KaMb�aMWftQ\�tQ_C_e±UVZ\Ws[]_UrU\��=bcVsVZ\�qod h djWZ\?r� h _e[ÈVkWud�WZbc^�^�`UW,� tQ_C_K±CVZ\WuV � deaorMde^WZb�_eaÌ� []\Wudj_KnUik\3^W �
rU\�¥oaQb�WZb�_eaoV3� � ½ »�¿C¾¨bcVÅdeaO_enQik\3^´WÅWZtodjW�VZqG\3^b�¥o\?V"WftQ\9nQb�a;rUb�ao�'nG\Wk��\�\3atQ_C_e±UVZ\WfV�dja;r¯[]\Wfde_enUik\?^´WuV���²°W�b�V�^utod h de^WZ\ h b���\?r
nCT¯VX\3¡e\ h de�od�WZW h b�nQ`QWZ\3V3£@_eaQ\m_j�$WZto\�[&n;\3b�ao��WZto\9dK^´WZb�¡�d�Wfb�_Ka^_ea;rUb§Wfb�_Ka¯WZt;d�WÅbcVÅ`oVX\?r]WZ_'VXqG\3^�b§� T]WftQ\mrUTCaode[]b�^�q;d h WÅ_j�$WftQ\
^�`UW3�

Y ö C/Y[Z
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¦�tQ\�b�aU� _ h [¯d�Wfb�_Ka�n h bcrU�e\
nG\Wk��\�\3a�WftQ\,^�`UW¨djaor�WftQ\�de^WZb�_ea=£UWftQ\O¹¢¸.$o¶-,º $G·ZÁjº°Á,uÁ�½ £GbcV h \?dj��b��3\3r�b�aM_K` h []_CrQ\��=nCTWftQ\
q h _jWf_U^_e�;n;\�Wk�Å\3\�ato_@_K±UV"dja;r¯[]\Wfde_enUik\?^´WuV�£@��tQbc^utb�V�^�de����\3r�WftQ\9[�\�Wfde_enUik\?^´W"q h _jWf_U^_e���¬Î l g�� � p \Ê;\ª¯q h _�¡@bcrU\?V¤_eqG\�a
Î l g VZ`QqQqG_ h W3£C[]\3djaob�aQ�'WZt;d�W�WZtQbcV�q h _jWZ_U^�_e�Gb�V�aQ_eW�VXWfdeaorQd h rUb���\?r]� _ h WZto\m��tQ_K��\
djqoqQ��bc^�djWZb�_ea=�  d h b�_e`oV�Î l g V�^3djaOnG\
rU\�¥oaQ\?r$£eWft h _e`Q�Kt�;ÌÃ"Ä �K¶´¸ ,�·´» $Gº³Á�·u¸´� � Î l g rU\?VZ^ h b�qUWf_ h VZq;\?^b�¥o\3V¤to_���WZto\¨rU\���\��@d�Wfb�_Ka,� h _e[ d
tQ_C_e±�Wf_�d
[]\Wfde_enUik\?^´W
bcV�rU_eao\eÉmWZtQ\�WkTCq;\]_e�EWZtQ\][]\Wudj_KnUik\3^W3£FWZto\¯[�\�WZtQ_Ur|WZ_©b�aC¡K_e±e\K£$djaor|WZtQ\]qod h de[]\WZ\ h V¨WZ_©qodKVZV3�,¦�tQbcV�VXqG\3^�b§¥G^�d�Wfb�_Ka|bcV
rU_KaQ\
`oVZb�aQ�]}@d¢¡¢dKVZVZbcVkWÅ�¬de^b���b§Wfb�\?V�£C��tQbc^ut�t;d¢¡e\¨nG\�\3a�q h _�¡K\�a¯Wf_�nG\
n;_eWZt�\ªUq h \3VfVXb�¡e\9djaor�\6�^b�\�a@W  � � � � p \Êo\�ª�eb�¡e\?V"WftQ\
qG_KVfVXb�nQb���b�WkTMWZ_�¥Qª|d�Î l g rQ\3Vf^ h b�qUWfb�_Ka7nCT7rU\�¬de`Q��Wm� _ h dO�eb�¡e\3a7_eqG\ h d�Wfb�_Ka=£$deVm�Å\3���¤deVmWf_Oq h _�¡Cb�rU\'��b�aQ±@�³VXqG\3^�b§¥;^�Î l g
rU\?VZ^ h b�qUWf_ h V���:s\3ao^\K£¤b§W�b�V,q;_@VZVZb�nQ��\WZ_7nG\�dKV,VZq;\?^b�¥;^OdKV � VZq;\?^´Wu} � V'VZ\���\3^WZb�¡e\qG_eb�a@Wf^�`UW'qod h de[]\WZ\ h \ªUqG_KVZ` h \e��}e_@VXt
h \���b�\?V�_ea�WZto\,VZde[]\
}@d¢¡�deVfVXbcVXW�denQb���b�WZb�\3V�� _ h ^`oVXWZ_K[�^�_ea@WZ\�ª@W�\�ªCqG_KVZ` h \  � � � ��¦�tQ\�_eao��T©rUb§ÆF\ h \�a;^\
n;\�Wk�Å\3\�a p \�Êo\ªMdjaor
}K_KVZtMb�a©WZtob�V h \��@d h rObcV�Wftod�W¨}K_KVZt »�¿;½ »�¿G¶¸�deVZq;\?^´W¨^_UrU\�¬qod h dj[]\�WZ\ h V�d h \
[]dKrU\�d¢¡�djb���denQ��\9_Ka©WZtQ\�VXWfdK^u± � £Q��tQb���\ p \Êo\�ª
�K¶½�¶ '@¹�º³¶´¸�WZ_¯dKVXqG\3^W�^�_UrU\¯� qod h de[�\�WZ\ h V�d h \
qodeVfVX\?r��tQ\3a©^3dj����b�aQ��WZto\9[]\�Wfdj_KnUik\3^W�[�\�WZtQ_Ur � �E²³a©_jWZto\ h ��_ h rQV�£UdKVXqG\3^WfV
d h \maQ_jW h \3b§¥;\3r¯b�a�}K_KVZt=��²³a p \�Êo\ª$£C[]\Wfde_enUik\?^´WuV h \�b�� T¯deVZq;\?^´W�de^´Wfb�_KaoV3£K��tQbc^ut�d h \sWZtQ\3a�VZ`QnUik\3^WÅWf_'_eWZtQ\ h dKVXqG\3^W�^�`UWfV3�

���(' � !X� 
IT ! 
�� �
p \�Êo\ª]`oVZ\3VE}@d¢¡�deVfVXbcVXW�Wf_�q h _�¡CbcrU\�nG\�tod¢¡Cb�_ h dj� h \�Êo\3^WZb�_ea��¬VZ\�\�� _ h b�aoVkWudjao^�\  � y � £e��tQbc^utVXto_��sV�tQ_���d�VZb�[�qo��\�nG\�tod¢¡Cb�_ h dj�
h \Êo\?^´Wfb�¡K\|VXTUVXWZ\3[/^3dja�nG\|no`Qb���WM��b§Wft }Kd¢¡�dKVZVZb�VXW � � ¦�_�\ªCWZ\3aor p \�Êo\ª ��b�WZt VkW h `o^WZ` h dj�9djnQb���b§Wfb�\?V�£s�Kb�¡Cb�aQ��dK^�^\?VZV¯WZ_
WftQ\©}@d¢¡�deVfVXbcVXW � g ²�� h _e[ ��b�WZtQb�a p \Êo\�ªËWf_ VXW h `o^´Wf` h dj��[�\�Wfde_enUik\?^´WfV,[¯d¢T®VZ\�\3[�VX` �^�b�\3aKW?��:¨_��Å\3¡e\ h £�deV�d h �e`Q\?r®b�a
VZ\3^WZb�_ea �o� �;£ p \Êo\�ªÌ[,`oVXW'q h _�¡Cb�rQ\Od|^�_e����den;_ h djWZb�_ea®q h _jWZ_U^�_e�EWf_ ^�_ea@W h _e�"WZtQ\©¡Cb�VZb�nob���b§WkT®_e�¨VkW h `o^WZ` h dj��[]_UrUb§¥G^�d�Wfb�_KaoV
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� h djqQqG\3r7[�\�WZtQ_Ur|_enUik\?^´WfV¨b�Vm`oVZ`odj����TMdKrQrU\?r©WZ_WftQ\]^�cdeVfV�£FVX_WZtodjW¨WZto\�T7^�dea�n;\�qodKVZVZ\3r©Wf_O[]\Wudj_enQik\3^´WuV¨djW h `Qa@WZb�[�\K£
� _ h b�a@W h _KVZq;\?^´WZb�_eaÌdKV,��\����ÅdKV�� _ h `oVZ\�deV'd|^�_ea@WZb�aC`od�Wfb�_KaU�5��b�±e\][]\3^utodeaQb�VZ[M� � ��Wf\ h VZ`o^ut�djaÌb�aoVXWfdj����\ h todeV,q;\ h � _ h []\3r
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b�WfV9W h deaoVk� _ h [¯djWZb�_eaoV3£QWftQ\¯djqQqG\3d h deao^\�_e�EWZto\]^���dKVZVmtodKVm^utodeaQ�e\?r$Ésb�W9t;deV9[]_ h \,[]\WftQ_UrQVmWZtodea|nG\� _ h \e£=deaor7dea|\ªCW h d
¥o\3��r=�]¦�to\]� _e����_���b�aQ�©tQ_C_e±�b�aoVkWudj����\ h b�V
��b�±e\���T�Wf_©[]bcVXnG\�t;d¢¡e\e��:s\3ao^\]WftQb�V9W h deaoVX� _ h []djWZb�_ea todeVmWZ_MnG\¯tQbcrQrU\�aËWf_�WftQ\
aQ\�ªCWÅb�aoVkWudj����\ h �¤¦�tQbcVEbcV�de^utQb�\�¡K\3r]nCT'`;VXb�aQ�'VZqG\3^b�¥;^m^_UrU\¨� h djqoq;\ h V h \3^�_ h rUb�aQ�
WZtQ\¨W h djaoVX� _ h [¯d�Wfb�_KaoV¤nQ`UW h \WZ` h aQb�aQ��WftQ\
b�aQb�WZbcdj��^�_CrQ\9b�a�^�dKVX\9WZto\�^_UrU\
b�Vsb�a@W h _KVZqG\3^´Wf\3r�nCTOd�aQ\�� b�a;VkWudj����\ h �

����� + G=�/Q � 
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�� �(�R0
²³aË_e` h deqQq h _Kde^ut�£FdKVXqG\3^W�n;\3tod¢¡Cb�_ h bcV
b�[]qQ��\�[]\3aKWf\3rËdeV9[]\Wudj_enQik\3^´W�^�cdeVfVZ\3V3£$��tQb�^utËd h \�VXWfdeaorQd h r }Kd¢¡�dO^���dKVZVZ\3V3ÉsWftQ\
dK^´WZb�_ea|��deaQ�e`ode�e\�bcVm}@d¢¡�dQ£Gdj��_eaQ���b�WZt d¢¡¢deb��cdjno��\ � g ²kV3�
l¨WZto\ h \�a@WZb�WZb�\3V3£$VX`o^ut7dKV¨VZ\���\3^WZb�_ea7q h \3rQb�^3d�WZ\?V¨deaor7de^WZb�¡�d�WZb�_ea
^�_eaorUb�WZb�_ea;VÅd h \¨de��VZ_�b�[�qo��\3[�\3a@WZ\3rOb�a�VkWudjaorQd h r¯}@d¢¡�d�^�cdeVfVZ\3V3��Î l g rQ\3Vf^ h b�qUWf_ h V"d h \¨}@d¢¡�d
\�a@WZb�WZb�\3V"WZt;d�W�`oVX\m}Kd¢¡�deVfVZb�VXWX�
VZq;\?^b�¥;^�WZ\�ª@WOrQ\3Vf^ h b�qUWfb�_KaoV©�¬VZ\�\  � � � � � � ����_jWftQ\ h \���\�[]\3aKWuV]_j�
dja dKVXqG\3^W¯��deaQ�e`ode�e\Ë� Ç b��;�F� �'h \��cd�WZ\�WZ_Ì^�_eaU¥o�K` h b�aQ�
p \�Êo\ª$�(:¨\�ao^�\e£od�qod h Wfb�^�`Q��d h deVZq;\?^´Ws�cdjaQ�K`odj�K\¨bcV�b�a@Wf\ h q h \�WZ\?rOb�aMqod h WsdeV�d ,uÁ�¿ ��'!"U·f¹�º5»¬Á�¿7½�¹j¿ ' "o¹ '@¶�� _ hsp \Êo\�ª$�
p \�Êo\ª _jÆF\ h V�d®^�_eaU¥o�K` h d�WZb�_ea � g ²'� _ h rU\�¥oaQb�aQ�®tQ_C_e±UVX\�WfV3£"��b�ao±CV3£Å^�_e[]qG_KVZb§Wfb�_Ka=£Ådeaor VZ_Ë_ea=£"WZtodjW]bcV¯de^3^\?VZVZb�no��\

VXWfdjWZbc^�dj����T deaor rQT@a;dj[]b�^3dj����TK� Ç _ h VXWfd�Wfb�^ ^_KaU¥o�e` h djWZb�_ea=£�WftQ\®rU\�¬de`Q�§WM��d¢T Wf_�q h _U^\3\3r bcV©n@T `;VXb�aQ� ^�_eaU¥;�e` h d�Wfb�_Ka
^���dKVZVZ\3V3£K��tob�^ut©d h \m^�cdeVfVZ\3VÅ��b§Wft�VXWfd�Wfb�^ � � � ����	����	���[]\�WZtQ_UrQVÅWZt;d�W�rUb h \3^WZ��T¯b�a@Wf\ h de^´W���b§WftWftQ\/�Å_ h \ p \Ê;\ª � g ²  �e� � �

�Ë\Otod¢¡K\_eqG\�ao\3r®WftQ\OtodeaorU��b�ao�|_j�s^�_e[][¯djaorÌ��b�aQ\�d h �K`Q[]\�a@WfV�b�a�_ h rQ\ h Wf_ VZ`QqQqG_ h W'aQ\3�&^�_eaU¥;�e` h d�Wfb�_KaÌ[�\?djaoV3�
3"dK^utO[]\3dea�_e��^_KaU¥o�K` h djWZb�_ea�cdjao�e`ode�e\sbcV�q h _�¡CbcrU\3rOnCTd*,uÁ�¿ � ' "U·Z¹�º5»¬Á�¿ �o¹�¿��C½�¶�·´É¤WZtQ\ h \9bcVÅ_KaQ\
^_eaQ¥o�e` h d�Wfb�_KatodeaorU��\ h
qG\ h deVZq;\?^´W"�cdjao�e`ode�e\ ( � �¤�s\���^�_eaU¥;�e` h d�Wfb�_Ka�t;djaorU��\ h V"^3dja¯nG\ h \��Kb�VXWZ\ h \?r'��b�WZt p \Êo\�ª¯n@T�qQ�cde^�b�aQ�,todjaorQ��\ h iXd h ¥o��\3VÅb�a
d¯VZq;\?^b�¥;^
rUb h \?^´WZ_ h T �¬VZq;\?^b�¥o\3r©��b�WZt�dja©\�aC¡Cb h _eao[�\3a@W�¡�d h bcdjnQ��\ � � � todjaorQ��\ h rU\3^���d h \?V"WftQ\�^_K[][]deaor���b�aQ\
Ê;de�KV�b�W¨^�dja
todeaorU��\e£Qdeaor p \Êo\�ªqodeVfVX\?VÅWZtQ\
¡�dj��`Q\3VÅ� _ h \3de^utOÊ;dj�,WZ_�WZto\
deqQq h _eq h bcd�WZ\mtodja;rU��\ h � Ç _ h b�a;VkWudjao^�\e£��mÎ � ^�_eaU¥;�e` h d�Wfb�_Ka
bcV�todeaorU��\3rOWZt h _e`Q�Kt©d]^�_eaU¥o�K` h d�WZb�_ea�todja;rU��\ h WZtodjW¨VX`oqQq;_ h WuV�WZtQ\���
����� �	��
�����Ê;de�o£UtQ\3ao^\KÉ
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deqQqQ��b�\?V�n;_eWZt�d¯^_KaU¥o�e` h djWZb�_eaO^���dKVZV�deaor�dea��mÎ � ^�_eaU¥o�K` h d�WZb�_ea¥o��\K�
p \�Êo\ª�dj�cVZ_ h \��Kb�VXWZ\ h V���tob�^ut�todeaorU��\ h qG\ h � _ h []\3r©��tQbc^ut7^_KaU¥o�e` h djWZb�_ea®� \e� �o��£o��b�aQ±©rQ\¥oaQb�WZb�_ea;V � ��¦�tob�V�bcVsao\3^\?VZVfd h T

Wf_,�eb�¡e\9^_KaKW h _K�onodK^u±,Wf_,todeaorU��\ h VEb�a�^3deVZ\s_j�=b�aC¡¢de��bcrrU\�¥oaQb�WZb�_eaoV�_ h deVZqG\3^´W�b�a@Wf\ h de^´Wfb�_KaoV3£KVZ_�WZt;d�W�todjaorQ��\ h VÅ^�djaO_e`UWfqQ`UW
[]\3VfVfdj�e\?VÅWZ_]WZto\�q h _K� h dj[][]\ h d�W�WZto\�djqQq h _eq h bcd�Wf\m��\�¡K\��$_j��djnoVXW h de^WZb�_ea=�
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SC\3¡e\ h de�=��b�aQ±Md�WZW h b�nQ`QWZ\3Vmtod¢¡K\�n;\3\�a�b�aKW h _UrU`;^\3rMb�a p \�Êo\ªMb�a�_ h rU\ h Wf_nG\WXWf\ h VX`oqQq;_ h Wm¡¢d h b�_e`;VsVX\3[¯dja@WZbc^
\���\�[]\�a@WuVs_j�
}@d¢¡�dQ�
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p \�Êo\ª�q h _�¡@bcrU\?V¤d
[�\?djaoV¤WZ_�VZq;\?^b�� T,��tQ\�WZtQ\ h WZtQ\m^`UWE_e�$dea¯deVZq;\?^´W"djqoqQ��b�\3V�Wf_�VX`onG^���dKVZVZ\3V¤_ h aQ_jW¤Wft h _e`Q�Kt�d�rU\?rUbc^�d�Wf\3r
��b�ao±Od�WZW h b�nQ`QWZ\e�E¦�tob�V�djWXW h b�nQ`UWZ\�VXWfdjWZ\3V���to\WZto\ h d���b�aQ±bcV<$G·´»�µ�¹�º³¶�_ h $ " 7½ »:,��E²°��d'��b�aQ±bcV�q h b�¡�d�Wf\e£Ub�W�rQ_@\?V�aQ_jWsdeqQqQ��T]WZ_
VZ`QnF^�cdeVfV�b�aoVXWfdeao^\?V�£U��to\ h \3deV�b��¤b§WsbcV�qQ`QnQ��bc^j£Qb�Wsb�Vsq h _Kqodj�@d�Wf\3r]Wf_VX`QnF^�cdeVfVZ\3V3�
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p \�Êo\ªÌ[¯dj±K\3V,b§W�q;_@VZVZb�no��\OWZ_ VZqG\3^b�� TËWZtQ\©b�aQb§Wfb�de��b��3djWZb�_eaÌ[]_UrU\O_e��WZtQ\�[]\Wfde_enUik\?^´W]deVfVX_U^bcd�Wf\3rËWf_|d7��b�ao±GÉ¯b�W�^3dja�nG\
½�¹��  � "U¿Q¸�¹kÀ¶�£¨[]\3deaQb�aQ�ÌWZto\|[]\Wudj_enQik\3^´W©b�V�^ h \3djWZ\3r �cdj�3b���Te£¨��b§WftQ_e`UWMVXTCao^ut h _KaQb��?d�Wfb�_Ka ^�_UrU\
19b§��b�WMb�V|½�¹��  �°¸�¹kÀ¶�£m�cdj�3T
b�aoVXWfdja@Wfb�djWZb�_ea�bcV�\3aoVX` h \?rËWZ_|nG\�Vfd�� \K£¤nQ`UW�todeV'd|^_@VkW'b�a�VZTCao^ut h _eaQb��3djWZb�_eaP1�¥oa;dj����TK£¤b§W]^�dja�n;\®¶f¹�'K¶�·´£¤b�a���tQbc^ut�^�dKVX\
^ h \?d�WZb�_eaÌbcV�rU_eaQ\�\3de�e\ h ��T|b�a�d�Wft h \?derC�³Vfd�� \[¯djaoaQ\ h £���b§WftQ_e`UW h \?Í@`Qb h b�aQ�|VZT@a;^ut h _KaQb��3d�Wfb�_Ka=� � ao_jWZto\ h ��b�aQ±Ìd�WZW h b�nQ`QWZ\
VZq;\?^b�¥o\3VmWftQ\,Wft h \3der|¡Cb�VZb�nob���b§WkTM_e�ÅdO��b�aQ±FÉsb§W�^�dea|nG\>'e½�Á17f¹j½F_ h ½�Á�,u¹j½ � � WZt h \3dKrC�5��_U^�de����b�aQ±���b���� h \3VZ`Q��W9b�a|\?de^ut�Wft h \3der
`oVZb�aQ��d�rU\3rUbc^�djWZ\?r7[]\Wudj_enQik\3^´W9b�a;VkWudjao^�\e£G��tQ\ h \3dKVmd]Wft h \3derU�5�K��_Knodj����b�aQ±�VXqG\3^�b§¥;\3VmWZtodjW9de����WZt h \3dKrQV9de^�^�\3VfV�WftQ\�Vfdj[]\
[]\Wudj_KnUik\3^W�b�aoVXWfdeao^\K�
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p \�Êo\ª�VX`Qqoq;_ h WuV,WftQ\7VZq;\?^b�¥;^�djWZb�_ea�_e� h \3VXW h b�^WZb�_eaoV'_�¡e\ h WftQ\�de^3^\�qQWZ\3r�WkTCq;\?V]_j�mdË[]\Wudj_KnUik\3^W3£Ådeaor�de��VZ_Ë[]de±e\?V'b�W
qG_KVfVXb�nQ��\EWf_¨\�aQ� _ h ^\"VZ_e[]\"��b�aQ±�d�WXW h b�nQ`UWf\3V3��²³a@WZ\3� h d�Wfb�_Ka9_e�od¨VZ\3^�` h b�WkT9[�\?^utodjaob�VZ[�b�a�WftQ\"��b�aQ\Å_e�  d¢TUVZVZb�Y h \1� V=�Å_ h ±  &o£ �+���
bcVs� `QWZ` h \,��_ h ±F£onQ`UWmWZtQ\�^_K[�q;d�WZb�nQb���b�WkT©_j� p \�Êo\ªM��b§Wft|VZ`o^ut�[]\3^utodeaQb�VZ[¯VsbcVmde� h \3dKrUTO�K`od h dja@Wf\�\3r©VZb�ao^�\,[]\Wudj_KnUik\3^WfV
d h \ h `oaKWfb�[]\
\�a@Wfb§Wfb�\?V�VX\3qod h d�Wf\3r¯� h _e[&WftQ\
nodeVZ\�djqQqo��bc^�djWZb�_ea=£Udja;rO_KaQ��T]W h `;VkWf\3r©^_UrU\
�e\3aQ\ h d�Wf\3r¯nCT p \�Êo\ª�b�V�b�aoVX\ h Wf\3r
b�a@WZ_djqoqQ��bc^�djWZb�_ea©^�cdeVfVX\?V��
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p \�Êo\ª�VZ`QqQqG_ h WfV�Wk�Å_ [¯djb�a�_eqG\ h d�Wfb�_Kaodj�Å[�_UrU\?V�ÉdKV'd|q;_@VkWZ�5q h _U^\?VZVZ_ h £�b§W]^�dja VkWud�WZbc^�de����TËW h djaoVX� _ h [ VX\�WfV'_j�m^���dKVZVZ\3V
deaor]iXd h ¥o��\3V3£;�K\�aQ\ h djWZb�aQ�[]_UrUb�¥o\3r7^���dKVZVZ\3V21FdeV9d^�cdeVfV¨��_KdKrU\ h £ob�W¨W h deaoVX� _ h []Vm^�cdeVfVX\?Vs_KaU�¼WftQ\�5ÊoTMdeV¨WZtQ\3T�d h \���_@derU\?r$�
� tQ\3a�_Kq;\ h djWZb�aQ�|d�W���_@derËWfb�[]\e£ p \Êo\�ª�^�djaÌ��\3d¢¡K\¯WZto\�[]_UrUb�¥o\3r�^���dKVZVZ\3V,_ea�rQb�VZ±ÌVX_�Wftod�W'WZtQ\3T�rU_|ao_jW'ao\�\3rÌWZ_|nG\
W h deaoVk� _ h []\?rdj�@djb�ad�W"WftQ\9aQ\ªCWÅ\�ªU\3^`QWZb�_ea=� � �cVZ_o£Ud�W h `Qa@Wfb�[]\e£CaQ\3��^�cdeVfVX\?V"^3djanG\m�K\�aQ\ h djWZ\?r$£@deaor]WftQ\9^�_eaU¥;�e` h d�Wfb�_Ka
� g ²EbcVÅVXWZb����Fde^3^\?VZVZb�no��\K��l¨��^_K` h VX\K£enG\�b�aQ�'d,q;_ h WudjnQ��\¨}@d¢¡¢d9Wf_C_e�GnodeVZ\3r]_Ka¯n@T@Wf\3^_UrU\¨W h djaoVX� _ h [¯d�Wfb�_Ka�b�[]q;_@VX\?V"d�[¯djik_ h
b�[]qQ��\3[]\�a@WfdjWZb�_ea h \3VXW h b�^WZb�_ea=É�^_UrU\,W h djaoVX� _ h [¯d�WZb�_eaM^�dea�n;\�rU_eao\,VkWud�Wfb�^3dj����T©_ h d�W¨��_KdKr©WZb�[�\K£;ao_jWm_Ka7dj� h \?derUT@�°��_@derU\?r
^���dKVZVZ\3V3� ¦�tQ\ h \�todeV'nG\�\�a�VX_K[]\O\ªUqG\ h b�[]\3aKWuV�Wf_ h \�[]_�¡e\WZtQbcV���b�[]b§Wud�WZb�_ea�_j�¨nCT@WZ\?^_UrU\�°nodKVX\?rÌdjqQq h _KdK^utQ\3V  � x � £"nQ`UW
WftQ\�T�VXWZb�����aQ\�\?r©WZ_nG\�� ` h WZto\ h \�ªCqo��_ h \?r$� � aQ_eWZtQ\ h bcVZVZ`Q\�d h bcVX\?V���b§Wft7nCT@WZ\3^�_UrU\�°nodeVZ\3r©djqoq h _@de^utQ\?V�£U��to\�a|dKVXqG\3^WfVsd h \
\�ªCq h \?VZVZ\3rËb�a®WZ\ h [¯V�_e��tQb��etQ�5��\�¡K\��"^�_eaoVXW h `o^´WuV
WZt;d�W'rUbcVfdjqQqG\3d h rU` h b�ao�|^_K[�qob��cd�Wfb�_Ka Wf_�nCTKWf\3^�_CrQ\e��¦�tQbcV�[]\3deaoV
WZt;d�W
^�_eaoVZb�rQ\ h b�aQ�]VZ_e` h ^\��5��\�¡K\��GW h djaoVX� _ h [¯d�Wfb�_KaoV"_ h _eqG\�a�^_K[]qQb��cd�Wfb�_Ka©^�_e`Q�cr©dj�cVX_�[¯dj±e\�VZ\�aoVZ\e�
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p \�Êo\ª®q h _�¡Cb�rU\?V�^_KaKWfb�aC`odjWZb�_eaU�°��b�±K\�[]\?^utodjaQbcVZ[]V�WZt h _e`Q�KtËWZtQ\OVXWfdeaorQd h rË}Kd¢¡�d h \Êo\?^´WZb�_ea � g ²´£�VZ_MWZt;d�W,[]\Wudj_KnUik\3^WfV
^�_ea@W h _e����b�aQ��d,��b�ao±��b§Wft h \�qo��dK^\m^�_ea@W h _e�$^3dja h \3VZ`Q[]\
djaOb�a@WZ\ h ^�\�qUWf\3r_Kq;\ h djWZb�_ea=� Ç ` h WftQ\ h []_ h \e£KWZtQ\ h \Êo\?^´Wfb�_Ka � g ²"_j�
}@d¢¡�d�[¯dj±K\3VEb�W�q;_@VZVZb�no��\mWZ_'b�a@WZ\ h dK^´W���b§WftOWftQ\mn;deVZ\mdjqoqQ��bc^�djWZb�_eab�aO[¯dea@T]��d¢TUV�£e� _ h b�a;VkWudjao^�\¨nCT¯^utodjaQ�Kb�ao��¥o\3��rO¡¢de��`o\3V
b�aM_enUik\?^´WfV�b�a�d��e\�ao\ h b�^9[¯djaQao\ h �

�Å_Kao^\ h aQb�aQ�Mb�aKWf\ h de^WZb�_eaoV9� h _e[ WZtQ\¯nodKVX\deqQqQ��b�^3d�Wfb�_Ka|Wf_|deVZq;\?^´WuV�£ p \Êo\�ª _eÆG\ h V�d©� `Q�����¼Êo\?rU�e\?r h `Qa@Wfb�[]\ � g ²9� _ h
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� \?d�WZ` h \?V�_j� p \Êo\�ªWZ_rQ\¥oaQ\�d]VZq;\?^b�¥;^j£Qdeaor©\6�^b�\�a@W?£QÎ l g � _ h Sol9ÎÌ� �¨\�¥oaQb�aQ�]WZtQbcVsÎ l g []\3deaKW?É
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¦�tQ\ h \'d h \����d¢TCVs_j� h \3VZ_e��¡@b�aQ�]WftQb�Vmb�aKWf\ h de^WZb�_eaMb�a|_ h rU\ h � _ h nG_jWft|deVZqG\3^´WuV�Wf_OdjqQqo��TFÉ�_eaQ��T�WZtQ\,Wk�Å_�cdeVXWmd h \�b�aorU\3\3r
[]\3deaQb�aQ�j� `Q��b�a©WZtob�Vs^3deVZ\e�

�m\�¬de`Q�§W�VX\?ÍK`o\�a@WZbcdj��b��?d�Wfb�_KaËdKV�q h _�¡@bcrU\?r nCT|WZtQ\ ,���� _eqG\ h d�Wf_ h rU_C\3V�aQ_jW�TCb�\��crÌdjaCT|[]\3deaQb�aQ�j� `Q� h \?VX`o�§WO� Ç b��o� � y � �
� aQ_jWftQ\ h VZ\3Í@`Q\3aKWfb�de��b��3djWZb�_ea�_eqG\ h d�WZ_ h bcV�qod h Wfb�^�`Q��d h ��TderodjqUWf\3rOWZ_¯^_K[�qG_KVZ\9n;\�� _ h \
deaor©d���WZ\ h ��b�aQ±UV3£�� �� �! � « VZb�aQ��WZtQbcV
_Kq;\ h djWZ_ h £@Wk�Å_]b�a@WZ\ h \3VXWZb�aQ�]VX\3[¯dja@WZbc^�V�^3dja©n;\�VZq;\?^b�¥o\3r=É¨¹-?�� �� �! 
�� �	� *�
 # � ��� � ��b���� h \3VZ`Q��W�b�a�WZtQ\
Wfb�[]\ h []\?deVZ` h b�aQ�
_KaQ��T�[]\WZto_CrM\�ªU\3^`QWZb�_ea�� to\�ao^�\�aQ_jW¨[]\?deVZ` h b�aQ�Sol9Î � Vs^�_KVXW¨d�Wmde��� � £Gdjaor 7 ?�� �� �!/

 # � ����*�� �	� � ��b���� h \3VZ`Q��Wsb�aMWftQ\
Wfb�[]\ h []\3deVZ` h b�ao�
WZtQ\s��to_e��\�\ªU\3^�`UWZb�_ea]Wfb�[]\s_e�$d
[]\�WZtQ_Ur$£Cb�ao^��`orUb�aQ�,Vf^utQ\3rQ`Q��b�aQ�
Wfb�[]\¨deaor]q;_@VZVZb�nQ��\sVZ`oVZq;\3aoVZb�_Ka]WZb�[�\K�

�  �����
	���(�� �����

:¨b�VXWZ_ h bc^�de����TËdeaorËWZ\?^utQaQbc^�de����Te£ h \Êo\?^´Wfb�_KaÌb�V'd�W,WftQ\Oto\3d h W,_e�¨deVZq;\?^´WX�°_ h b�\�a@WZ\?r q h _K� h dj[][]b�aQ�;£���tQbc^ut�^3djaÌnG\�VZ\�\�a deV
dÌrUbcVf^b�qQ��b�aQ\?r$£�q h b�ao^�b�qo��\?r$£���d¢T�_e�
rQ_eb�aQ�Ì[]\Wfdeq h _e� h dj[][]b�aQ�o� � _jiXd h VZ±Cb
¶�º]¹j½98 \ªUqQ��_ h \Mb�a  �+� � WZtQ\ h \3��djWZb�_ea djaor
b�a@WZ\ h de^WZb�_eaoV
nG\Wk��\�\3a h \�Êo\3^WZb�_eaÌdja;r � l g ��¦�tQb�V,rUb�Vf^`;VZVZb�_Ka®tQ_��Å\3¡e\ h _KaQ��T ^_KaoVZb�rU\ h V�'@¶�¿G¶�·´»:, � l g £�b�a®WZtQ\O��b�aQ\¯_j�
� VXqG\3^Wf}Ìdja;r � VZqG\3^´W´S  �Kx � ��¦�tQ\�T�VZtQ_�� deaor�rUbcVf^`oVfV'WZtQ\�W h derU\3_jÆ$V�b�a�b�[]qQ��\�[]\3aKWfb�ao� � l g ��b§Wft h \Ê;\3^´Wfb�_Ka�dja;r$£
h \3^�b�q h _U^�de����Te£;WZ_�b�[]qQ��\�[]\�a@W h \Êo\?^´WZb�_ea|¡@bcd � l g � � h \3VZ`Q��W9_e�¤WZtQbcV
VkWf`orUT�bcVsWftod�W�dOÎËl g VZtQ_e`Q�cr�nG\ h bc^ut7\�aQ_K`Q�et7WZ_
\3aodjnQ��\ � l g £e��tob���\ � l g [¯dj±K\3V¤b�WÅqG_KVfVXb�nQ��\�WZ_,deqQqQ��T h \Ê;\3^´Wfb�_Ka][�_ h \sVZ\���\3^WZb�¡e\3��TK��SC\3��\?^´Wfb�¡K\¨djqQqo��bc^�djWZb�_ea]_j� h \Êo\?^´WZb�_ea
bcVsdj�cVZ_,WftQ\�_enUik\?^´Ws_e��$o¹�·´º5»¬¹�½�·f¶���¶-,º5»¬Á�¿  �@zC£,�e� � �
SC\3¡e\ h de�QWZ_C_K��V"� _ h rU_e[¯djb�aU�³VXqG\3^�b§¥G^¨VZ_j��Wk��d h \�\�aQ�Kb�aQ\3\ h b�ao��tod¢¡e\¨n;\3\�aOq h _Kq;_@VX\?r]b�aOWZtQ\9��b�WZ\ h djWZ` h \,�¬\e� �o��£  �o£Uy &U£Qx@z � � �

¦�tQ\3TËVZtod h \¯_K` h []_jWfb�¡�d�Wfb�_Ka®��b§Wft h \?VXqG\3^W�WZ_�WftQ\OdKrU¡�dja@Wfde�e\3V
_e�sVX`Qqoq;_ h Wfb�aQ��['`Q��WZb�qQ��\�rU_e[¯djb�aU�³VXqG\3^�b§¥G^]��deaQ�e`ode�e\?V�£
nQ`QW]rU_ aQ_jW]rUb h \?^´WZ��T®rU\3de�Å��b�WZt�dKVXqG\3^WX�°_ h b�\3a@WZ\3r®q h _K� h dj[][]b�aQ�;�|SC\�¡K\ h dj�"deqQq h _KdK^utQ\3V�rQb h \3^WZ��T h \��cd�Wf\WZ_|_e` h �Å_ h ±FÉ
� � VZq;\?^´WfV  xex � £ � VZq;\?^´WX�Xl h b�\3aKWf\3r � _K�ebc^¤Î�\Wud gEh _e� h de[][�b�aQ��� � l � Î gÅ�U � � £?WZtQ\ �Å_eao^�\ h a
Î|djaQb�qQ`Q�cd�Wfb�_Ka=3EaC¡@b h _eaQ[]\�a@W
� ��Î�3 �  �KyC£A�'� � £odja;r�}K_KVZt  � � � �
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� � VZq;\?^´WfV]bcV¯dËqQ��`Q�j�°b�a []\3^utodeaQb�VZ[�� _ h rQ_e[¯djb�aU�³VXqG\3^�b§¥;^©deVZqG\3^´W¯�cdjaQ�K`odj�K\3V  xKx � � ²³a � � VXqG\3^WfV3£Å\?de^ut rQ_e[¯djb�aU�
VZq;\?^b�¥;^9VX_K��`UWfb�_Ka^_K[�['`QaQbc^�djWZ\3V"��b§Wft�d'^_e[][]_ea¯�cdjao�e`ode�e\e£K��tQbc^utb�V"WZto\ � VXqG\3^Wf}'��deaQ�e`ode�e\K��¦�tQ\9dj`UWftQ_ h VE[]_jWfb�¡�djWZ\
WftQ\�b h ^utQ_ebc^\Å_j� � VZq;\?^´Wf}9nCT
WZto\�qG_KVfVZb�nQb���b§WkT�_e�;nG\WXWf\ h \�ªCq h \?VZVZb�ao�¨^ h _KVfVZ^�`UWXWfb�ao�9denoVkW h dK^´Wfb�_KaoV�£�^�_eaC¡e\ h VZ\���T¨Wf_m��t;d�W¤^_e`o��r
nG\�rU_eao\���b§Wft©²³a@Wf\�a@WZb�_eaode� gEh _e� h dj[][]b�aQ�  x � � _ h [¯de^ h _]VXTUVXWZ\3[]V�VZ`o^utMdeV�Î7d¢T@d  y � £C� _ h b�aoVXWfdeao^\K�

�Ë\7rU\¥;aQb§Wf\���T VZtod h \�WZtQ\�¡Cb�\���qG_eb�aKW]Wftod�WOdea � l g ±e\ h ao\��sVZtQ_e`Q�cr b�a@W h b�aoVXbc^�de����T�VZ`QqQqG_ h WO^ h _KVfVZ^�`UWXWfb�aQ�;£EnQ`UW��Å\
nG\���b�\3¡e\�Wftod�W � VZq;\?^´Wu}bcVsaQ_eWsWZtQ\'n;\?VkW9^�dja;rUb�rod�WZ\�� _ h dea � l g ±e\ h aQ\3�¼� � VZqG\3^´Wu}ObcV¨d]¡�de��`odenQ��\,djaorM[¯djWZ` h \�q h _eqG_KVfdj�
_e�¤d]�K\�aQ\ h bc^
deVZq;\?^´W¨�cdjao�e`ode�e\eÉ¤b�WfVsq h dK^´Wfb§Wfb�_KaQ\ h qG\ h VZq;\?^´WZb�¡e\�\3a@Wfdjb��cV�WZtodjW�WZ_C_[¯djaCT©rU\3VZb��Ka�^utQ_ebc^\?V�d h \m¥oªC\?r$£o��tob�^ut
h \3VZ`Q��WfV¯b�a ��b�[]b§Wf\3r ¡K\ h VZdjWZb���b�WkTe� Ç _ h b�aoVXWfdja;^\e£�^�_e[]q;_@VXb�WZb�_ea _e�
dKVXqG\3^WfV¯bcV¯��b�[]b�WZ\3r�Wf_�VkWud�Wfb�^�q h \?^\3rQ\�ao^�\e£���tQb�^ut bcV
b�aoVZ` �^b�\�a@Wmb�a��e\3aQ\ h dj�5� � aQ_jWftQ\ h \ªQdj[]qQ��\�_j��WftQ\,aQ_KaU�°¡e\ h Vfd�WZb���b§WkT_e� � VZq;\?^´Wf}Ob�VsWZtQ\��¬de^´WmWZtodjWm^_K[]qQ��\�ª©de���K_ h b§WftQ[]b�^
^�`UWfVs^3djaQao_jWsnG\�VXqG\3^�b§¥o\?r$� � ��VZ_o£ � VZq;\?^´Wf}OrU_C\3V�aQ_eW�� `Q����T©VX`Qqoq;_ h W h `Qa@WZb�[]\�[]deaQb�qQ`Q�cd�WZb�_ea�deaorO\3¡e_K��`UWfb�_KaM_j�¤deVZq;\?^´WfV3�
� rQrQb§Wfb�_Kaodj��^�_UrU\
todeV�Wf_¯n;\�rU\3¡e\3��_Kq;\?rO\?de^utWfb�[]\�VZ`o^ut©� \3djWZ` h \3V�d h \9aQ\�\?rU\3r®�¼VX\3\m� _ h b�a;VkWudjao^�\  � � � � �
¦�tQ\m�Å_ h ±'_ea � � VZq;\?^´WuVÅ^���\?d h ��T�b�rQ\�a@WZb�¥o\3V�dja;rVX\3qod h d�Wf\3VEVXW h `o^WZ` h dj�Gdjaor¯nG\�t;d¢¡@b�_ h dj�QW h djaoVX� _ h [¯d�WZb�_ea;V�� � � VZqG\3^´WuV

q h _eqG_KVZ\3VÅd0���°qQtodKVX\m^_e[]qQb��cd�WZb�_ea¯q h _U^\?VZV3��SUb�[]b���d h ��T�WZ_�_K` h q h _eqG_KVfdj�5£jWftQ\ h \¨bcV�d�qQtodKVX\�� _ h VXW h `o^WZ` h dj�G^utodjaQ�K\3VEdeaord
qQt;deVZ\¤� _ h nG\�t;d¢¡@b�_ h dj�K^utodjaQ�K\3V3�P:s_���\�¡K\ h £�b�W�b�V�`Qao^���\?d h ��to\WZto\ h WftQ\�b h ^ h _@VZVf^`UWZWZb�aQ�sdja;dj��TCVZbcV$b�V�djqQqo��bc^�denQ��\�Wf_¨dsVf^\3aod h b�_
��b�WZt]rUTCaodj[]bc^Å^���dKVZV���_KdKrUb�ao�o��lm` h deqQq h _Kde^ut�bcV¤dj�cVZ_¨[]_ h \"`Qaob§� _ h [vb�a�WftQ\�VX\3aoVZ\"Wftod�W¤b�W�rU_C\?V�ao_jWEVXb�[]qQ��T�q h _�¡CbcrU\"qo��deb�a
nCT@WZ\?^_UrU\ÅWZ_sW h deaoVX� _ h [�\ h V3£?nQ`UW h djWZtQ\ h `oVZ\3V�dstob��KtU�5��\�¡K\�� � g ²=� _ h ��_@derC�5WZb�[]\ÅVXW h `o^´Wf` h dj�eb�a@W h _KVZq;\?^´Wfb�_Ka,djaor,b�a@Wf\ h ^\3VfVZb�_Ka
de[�_KaQ�Ode����qQtodeVZ\3V3£on;deVZ\3rM_ea7}@d¢¡�deVfVXbcVXW3� � � VXqG\3^WfVm_eaQ��T�VX`Qqoq;_ h WuVsqodKVZVZb�¡K\�^_K���cdjnG_ h d�Wfb�_Ka�nG\Wk��\�\3a7qQ��`Q�eb�aoV3£o��tQ\ h \?deV
p \�Êo\ª'_jÆF\ h V¤dm[]_ h \ÅÊo\ªUb�nQ��\�^�_e����den;_ h djWZb�_ea'q h _eWZ_U^_K�Udj����_���b�aQ�¨nG_jWft]b�[]qQ��b�^�b§W"deaor'\ªUqQ��b�^�b§WE^_K���cdjnG_ h d�Wfb�_Ka=���Å_Kao^\ h aQb�aQ�
WftQ\mqotodeVZ\¨rU\?dj��b�aQ�,��b§WftO�e\3aQ\ h d�Wfb�_Ka]_j��VZ\�[¯dja@WZbc^�Vm� b5� \K��£CnG\�tod¢¡Cb�_ h dj�o^ut;djaQ�K\3V � £�� � VZqG\3^´WuV"b�[]q;_@VX\?VEWftQ\m^�_eaoVXW h djb�a@WEWZt;d�W
d9rU_e[¯deb�aU�³VZq;\?^b�¥;^EdeVZqG\3^´W¤^�dea�_eao��T
nG\"Wf` h ao\3r�b�a@WZ_m_eaQ\ � VZq;\?^´Wf}
dKVXqG\3^W3� �Å_KaC¡e\ h VZ\���Te£?b�a'_e` h djqQq h _@de^ut=£3WZtQ\�aC`Q[,nG\ h _j�
��b�ao±CV�deaor,[]\�Wfdj_KnUik\3^WfV�b�aC¡K_e��¡e\3r�b�a,WZtQ\�b�[�qo��\3[�\3a@Wfd�Wfb�_Ka,_e�o_eaQ\�rU_K[]deb�aQ�°VZq;\?^b�¥;^�deVZq;\?^´W�b�V�aQ_eW���b�[]b�WZ\?r$� Ç b�aode����Te£�nG\�b�aQ�
nodKVX\?rË_ea � VZq;\?^´Wu}o£ � � VZqG\3^´WuV,^3djaQaQ_eW�q h _�¡@bcrU\¯d�^��\3d h djaor®\�ªUq h \?VZVZb�¡e\]^_e[]qG_KVZb§Wfb�_KaÌVX\3[]dea@WZbc^�V�_e��rU_K[¯djb�aU�°VZqG\3^b�¥;^
dKVXqG\3^WfV3�
²³a  � � £�dea®deqQq h _KdK^ut7WZ_|nQ`Qb���rUb�aQ�7^�_e[]q;_@VZdenQ��\deVZq;\?^´WX�³VZq;\?^b�¥;^���deaQ�e`ode�e\?V
��b§WftÌ��_K�ebc^'[]\�Wfdjq h _K� h dj[][]b�aQ�©bcV�q h _j�

qG_KVZ\3r$� � VXqG\3^WX�³VXqG\3^�b§¥;^9�cdjaQ�K`odj�K\3VÅd h \¨`QaQb�� _ h []��TrQ\¥oaQ\?r�deaorO^�_e[]qG_KVZ\3r`;VXb�aQ�,��_e�Kb�^mq h _e� h de[�[]b�aQ�o��¦�tQbcV�deqQq h _KdK^ut
bcVs¡K\ h TO\ªUq h \3VfVZb�¡K\e£Qb�a�qod h WZbc^`o��d h ��b§Wft h \?VXqG\3^WsWZ_�^_e[]qG_KVZb§Wfb�_Ka=£ono`UW¨\ªUqG_KVZ\3V�q h _K� h dj[][]\ h V"Wf_Od¯tQb��etQ�5��\�¡K\��=_e�¤^�_e[��
qQ��\ªUb�WkTFÉ�deVZqG\3^´W��cdjaQ�K`odj�K\3V=nCT9WZto\�[¯VX\3��¡K\3V�rU_maQ_jW h \?dj����T�VZtQb�\��cr�WZto\�q h _K� h dj[][]\ h � h _e[�WftQ\Åb�aQtQ\ h \3a@W�qG_��Å\ h _e�QWZto\Å��_e�Kb�^
[]\Wudjq h _e� h de[][�b�aQ�,deqQq h _KdK^ut=��¦�tob�V�^_K[]\3V"� h _K[&WZtQ\9�¬de^WÅWftod�W�deVZqG\3^´WuV�d h \mrU\�¥oaQ\3r�b�aWZto\
Vfdj[]\m��_K�ebc^s� h dj[]\���_ h ±]deV
WftQ\m�cdjao�e`ode�e\3V3� �Å_KaC¡e\ h VZ\���Te£edeaOdjqQq h _@de^ut]��tQ\ h \mdKVXqG\3^WÅrU\�¥oaQb�WZb�_eaoV�d h \¨VZ\�qod h djWZ\?r,� h _e[ dKVXqG\3^WÅ�cdjaQ�K`odj�K\srU\¥oaob§Wfb�_KaoV
q h _�¡Cb�rQ\3V�d¯VXb�[]qQ��\ h dja;rO[]_ h \
q h _jWZ\?^´Wfb�¡K\m\3a@¡Cb h _KaQ[]\�a@W�� _ h q h _e� h de[][�\ h V3�
¦�tQ\��Å_Kao^\ h a®Î7deaQb�qo`Q��djWZb�_ea 3EaC¡Cb h _eao[�\3a@W¯� ��Î�3 � rU\�¡K\���_eqG\3rËd�W�² � Î  �+� � bcV�dM��d h �K\�³VZ^3dj��\,q h _jik\?^´W,deb�[]b�aQ�©WZ_

VZ`QqQqG_ h WÅdeVZqG\3^´WZ�5_ h b�\�a@Wf\3r�VX_e��Wk��d h \�rU\3¡e\���_eqo[�\3a@WÅd�W"dea@T'��\3¡e\3���¬deaodj��TUVXbcV3£erU\3VZb��ea=£Kb�[]qQ��\�[]\�a@Wud�WZb�_ea�£K\�Wf^j� � £@��b�WZt h \3VZq;\?^´W
Wf_ djaCT�^_e[]qQ`QWZb�aQ��\3a@¡Cb h _KaQ[]\�a@W|� q h _K� h dj[¯V]b�a ¡¢d h b�_e`;V¯��deaQ�e`;dj�e\?V�£ « Î � rUbcdj� h de[]V3£�\Wu^j� � � ¦�tQ\ []_jWZb�¡�d�Wfb�_Ka � _ h
rU\3¡e\3��_KqQb�ao�
dmÊo\�ªUb�nQ��\�b�aU� h dKVkW h `;^´WZ` h \���b§Wft¯derU¡�dja;^\3r'nQ`Qb��crUb�ao��nQ��_U^u±UV�WZ_
\�ªCqG\ h b�[�\3a@W���b�WZt¯¡�d h b�_e`oV � l
S � djqQq h _KdK^utQ\3V
bcV
rU\¥oaob§Wf\���T7VXtod h \?rM��b§Wft|_K` h ��_ h ±F� :¨_��Å\3¡e\ h £oWZtQ\ h \�d h \�� `Qaorodj[]\�a@Wfde�¤rUb§ÆF\ h \�a;^\3V3� Ç b h VkW
_j�"de���5£GWZtQ\ ��Î�3�Wud h �e\�WfV
nG_jWft'deVZTC[][�\�W h b�^Ådjaor,VXTC[][]\W h bc^"djqoq h _@de^utQ\?VFWZ_9VX\3qod h d�Wfb�_Ka�_j�o^�_eao^�\ h aoV  � � � £���tQb���\EWZto\Åq h \3VZ\�a@W��Å_ h ±9_eaQ��T�derQr h \?VZVZ\3V
dKVXTC[][]\W h bc^¯djqQq h _KdK^utQ\3V3�¯¦�_�nG\[]_ h \]q h \3^bcVZ\e£=� _K����_���b�aQ�©WZtQ\O^���dKVZVZb�¥;^�djWZb�_ea|_e��VZTC[][�\�W h b�\?V�q h \3VZ\�a@WZ\?rËb�a  � ��� £�_K` h
q h _eqG_KVfdj��\�ªCtob�nQb�WfV
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