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�D��!���7��q7+\F��(#�20��+�->'!�*,=��_(#�+4��+�5!$0+*,!��1&#*,!�7q���n�1*[&#]5���q&#�m<F�,�.�n&#�q7��50�0+�q<#�2<#�2��*,0�\�]�^3=��}r
� �u��0���=�750�=#�+�n&gf =#!��q��(#(#�2��78��0���*,!�Pf �QTSKU9����V,W��50l���m(#���2!�75�2(y�n&#�n7�*,���c=#!#��78��0���*,!?>�(F���_�5!$A%*,�i�50
�+4�7��5(#0���*,!�&#���+��^3=��50+���tC��[��750���*,!��;O2ZTNHOi�90e�5!��+=#�20+�->i7��5�2=#��&#��� ���+w3!�7.\#�+*,!#���.��0���*,!�&#���x�5!$0��20+4��
�+45(F����0������_��=#�c&;���g45�+�5!$0+�_���20+���nC��[��750���*,!��;Oh�%NHO��90l�5!;��!?>:C��[��750���*,!o�;O Ë N�!�*,=���A%�5���+*,!���7�*,���1�5!$0
�+*,!30K�+�5��A[�������50i0��.���20+4������������+��^$=��50+���K(F�������D�+�5��A%�5=#�8O

�~��� ���D���'�+�9� ���¢¡�£¤�K¥�£¤¦¨§©§�¦:ªy«.�K¬

�¨�1*[&#]5���~&#�¨&;���+0����2<#=#0���*,!q�50i&gfh�,750��2A[�20+4~&#�~Pf �QTSKU9����V,W�����0)<F�,�+4¨�+=#�B� �c!�*,0���*,!x&gf ®%Q$¯�°�W'�^�
± U|��� ²S�´³cC�*,<;µ��50)��A%��7K=#!��¨�,750��2A[�20+4TN'�50B&gf,®,¶;·'�´·� �Q+¸$·��d·��^�´·¹³k&���!��B�����+�5!��6*,ºm0+*,=��'�����)*,<;µR�50+�6!��K�+*,!30
(F�,�c�,750���{|�D�/�����D(F�,�.����{��T>y78»,&}*,<;µ��50+����0.��!�&����+&#�c@$��A-�;O?L¼�9�q450+4/450�=�&;��4��50c��(#(#�2��^$=�4/»n(#�2=��+���5=#�+�
&#*,�/���2!����k��=��+���g<#���5!e(#�.��0���^3=����K^3=��~0�\�4�*,����^$=���� � ½$¾ > ½$¿ > Ë Z->�Y-� � O

À�Á¼ÂgÁ´Â ÃeÄ�Å�Æ#Ç�ÈvÉ[Ç%Ê�Ë
Ì !�Q$¯E°8W'� ± U9��� ²�����0_��f =#!#�20+4x&#�q<F�,�+�q&#�x&;����0����2<#=#0���*,!�&gf =#!��e��(#(#�2��78��0���*,!ÌPx RQTSKU9���EV�W5O Ì !

*,<;µ��50:�,750���{��c�+*,!n(#�+*,(#�+�����y&#�¨7�*,!30��+Í,���_C|�,750��2A[�20+4TNvr%=#!��¨�145�1*,�2�+�¨��*[78�����K�50)=#!m7�*,��(d*,��0+�5�1�5!$0
Z-Z



Z8� ���������	��
���������������	����������������
�� �!�"���$#%�

��(y4�75���F^3=��c^3=#�?"%]5�+�c�����¨��(#(d�5���K&#���1450�\�*[&#���8>F�����K��0+*[7'&%��&���!��k�.��^3=��5=��c&#���+��^$=��50+���k�50K&#4�75��&#�
&#�_��fp*,�+&;�+�1&#�����5=#���+�5��A[��7��-O�()*,!$0��.���2�+�5�1�5!30�»q@3��A-�x��0.��!�&����+&g>g���_(#�+*,"-�.�����1�5=#���5!t�9�+**)i750��2A%�
!?fh�_(F�,�K»��/��!#�2(#=#���5�¨�HG;(#�2��75�20+�5�1�5!$0k�����i0�\#�+�8�,&#�K(y*,=#�i"%45�+�5�������K4�7+\F��!#"%���8O

Ì !n*,<;µR�50:�,750���{?(y�5=#0B�50��+�¨75�+4�4¨��=#�6!?f �2��(d*,��0+�K^3=��5�2�����/�,7.\#�2!��¨\�Í,0+�-O Ì !���{�*,���B^$=��¨7��5�2=#�¤75�
����0K75�+4�4->F�.*,!u�,750��2A3�20+4l�50K�.�_��*[78���2���.��0���*,!�CE��*378����*,=v&;����0.��!$0�NK�+*,!30¨7�*,��(#��]50+�5�1�5!$0~0��.��!���(F���+�5!30+�8>
���g<#���5!v^3=?f �2�?����0i�/��!#�2(#=#��4c7�*,���1�c=#!e*,<;µR�50�(F�,�.����{���0.��!�&����+&gO 

Référence à un Objet

Objet Passif

 Queue de requetes

Limite d’un 

Racine d’un sous−systeme:                 

sous−systeme

                  Objet Actif 

+�,.-�/F�;O2Z1032k�.��(#\���&gfp*,<;µ��50+�¨��A%��7c*,<;µR�50+�k�,750���{��

�9!xPx RQTSKU9���EV�W~=#!��k��(#(#�2��78��0���*,!q&;���+0����2<#=�4��¨����0)7�*,��(y*-�.4��K&gf =#!q7��5��0.���2!m!�*,�l<#�+�k&gfp�5!30��20+4��i��(#(y�Hz
��4�����Q$¯E°8W'�^� ± U9��� ²S�_C���"-=#�+���;O2ZTNHO;�9�2���~����0:��0���=�750�=#�+4��D�5!x�+*,=��Rz´�+w[��0+]5�1���~C|�,750��2A[�20+4���NH>;(y*,=#A-��!$0i�50��+�
���20�=�4�����=#��&#���K�/�,7+\#�2!����K&;���g45�+�5!$0+���T>F7�*[*,(y45�.��!30������i=#!��K�50i�����¨��=#0��+����r

04(B\F�,^3=��D�+*,=��Rz´��w;��0+]5�1�~��=#!n(d*,�2!$0�&gfp�5!30��+4��D=#!#��^3=��->#�.�� ± U'�^�yWc^$=#�g����0:=#!e*,<;µ��50��,750���{65
�����B��=#0��+���B*,<;µR�50+�B7�*,��(y*-����!$0B7��5�2=#��z´75�d�+*,!306&#���¨Q$¯�°�W'�^��7 ± ����� ²S�HO$'fp*,<;µR�50:�,750���{?&gf =#!m�+*,=��Rz
��w;��0+]5�1�B!��B(d�5=#0��HG;4�75=#0+�5�'^3=��B�.����(#�+*,(#�+�����1450�\�*[&#����C�7��5�2�����9&#�B��fp*,<;µR�50'�,750���{¤�2=#�[�1�5�1�
�50�7��5�2�����K&#���K*,<;µR�50+�i(F�,�.����{����2=#���(#(F����0+�5!F��!$0�N85

0ÌL¼�g!?f wq��(F�,�¨&#�~(F����0.��"%�c&gfp*,<;µ��50+�i(F�,�+����{|�i�5!$0��+�l�+*,=��Rz´��w;��0+]5�1���8O
()���~78���.�,750+45������0���^$=����D*,!30k&#���~7�*,!��+4�^3=��5!�7����k�2��(y*,��0.��!30+���D��=#�K� �/0+*,(d*,��*,"-����&#���~��(#(#�2��78� z

0���*,!��K�50���=#�i� �_(#�+*[7�4�&;=#�+��&#��7�*,���l=#!#��78��0���*,!M�5!30��+�D�������+*,=���z´��w[�+0+]5�1���tr
0Ì�~�/0+*,=��������_*,<;µ��50+��7�*,��(d*-�.��!30�=#!��+*,=��Rz´�+w[��0+]5�1�->�2�B!?f wo�v^3=��/��fp*,<;µ��501�,750���{¨^3=#�B����0

7�*,!#!$=M&#�~��fp�HG[0+45�����5=#�k&#�D7��5�2=#��z´75�95
0;:*,=���������*,<;µR�50+�xC|�,750���{|�l�50�(F�,�+����{|��ND(y�5=#A%�5!30_�8A%*,�2��=#!��m�+4H{|45�+�5!�7��m��=#��=#!�*,<;µ��50��,750���{

&;����0.��!30<5
0 �3��=#!/*,<;µ��50�=�>)�~=#!����+4H{�45�+�5!�7��¨��=#�9=#!m*,<;µ��50'(F�,�+����{�=�?i����*,�+��=�>B�50�=�?i��(#(F����0����5!#!��5!30

��=e�1�5�1���.*,=��Rz´��w;��0+]5�1�@5



���� ��� ���1���<�����1����
��
	�
������ � ��� �� Z��
0 )K(#(d�5�#(F���9A,�����5=#�8>,�����'����"-=#�1�5!30+�B&gfh��(#(d�5�#A%�5�+�'&#���9*,<;µ��50+�6�,750���{|�9�+*,!$09(F�,�+�.4��9(F���'7�*,(#���

(#�+*�{�*,!�&#� 5
0 ����w[!$0.� G#�D&#��7�*,���c=#!#��78��0���*,!��+�~�+4�&;=#�20¨��=;Gv��(#(d�5����&#�D@$�8A,���+0.��!�&����+&�5
0 �n�+45�/��!$0���^3=���&#�_7�*,���c=#!#��78��0���*,!����+0¨�2!�&#45(d�5!�&���!$0+�1&#��� �n&;����0����2<#=#0���*,!t�50D&#*,!�7_&#�

� �_��*378���2������0���*,!v&#����*,<;µ��50+�8O
�_f =#!�(y*,�2!30c&#�1A[=��1&#��� �x�+0���=�750�=#�+�1�2!$0+�5��!��->=#!�*,<;µ��50l�,750���{�����0c7�*,��(d*-�+41&#��(#�2=��+���5=#�+�

�1450.� z´*,<;µ��50+�K&#*,!30�r;���m¯�Q������50i����7� �Q����1O
0��KQ����M����0m���M(y*,�2!30n&gfp�5!30��+4��}&gf =#!Ì*,<;µ��50e�,750���{c� �t(F����0����}�,7�7����+�+�2<#���M»�&;����0.��!�7��-O:L´�~�

� �u7.\F����"%�e&#�n�+45"%�5!$0+�5�1������7�*,���l=#!#��78��0���*,!���r��+����*,�20������1��(#(d�5����&;����0.��!$0+�/&#����0��2!�4��1»
��fp*,<;µR�508>��������.��!#"%�m&���!��_� �u^3=��5=��->�������+�50��2�+�n=#�20+45�����5=#�+�5�1�5!$0/�.�5��*,!�=#!��n(d*,�2�20���^$=��n&#�
�+�5��A3��7��m(d*,=#��^3=��/��fp*,<;µ��50��HG;4�75=#0+�n���n7�*3&#�-O�L¼�:�,�+�+=#�+�m45"$�����5�1�5!30�� �v7�*[*,�+&;�2!F��0���*,! &;=
0��.��A-���2�&#���¨��=#0��+���i�1450.� z´*,<;µ��50+�8O

0 Pf RQ����k���+06=#!q�1450.� z´*,<;µR�50i^3=#�¤�+�5��0i»c�/���2!$0+�5!#�2��&#���)�+4H{�45�+�5!�7����:��=#�)�����:��(#(y�5���:&gfp*,<;µ��50+�
�,750���{���5'�2���2!$0+�5�+7��5(#0+�u�����m��(#(d�5���/&#�x�1450�\�*[&#���8>6������0��.��!��R{|*,���1�v�5!�&#���K �W������'�´W��/(F���
� µR*,=#0i&#�k(F���.���1]50��+����C|�,&;�+���+�+�~&#�k��fh��(#(y�5� ��!30��50i&;=q&#���+0��2!F��0.���2�+�TN)�50)"%45!�]5�+�k�����:*,<;µ��50+�
{E=#0�=#�+��^3=#�?�+*,!30������i(#�+*,�1���+�+���¨&#�~�+4���=#�20.��08O

�t7�*,��(y*,��0+�5�1�5!30u&gf =#! *,<;µ��50v�,750���{_&#�tPf �QTSKU9����V,Wo����0e��(d4�75���F4M�HG;(#�2��75�20+�5�1�5!$0u(F���x���
(#�+*,"-�.�����1�5=#�'&���!������67�*,��(���&#�'� �K�1450�\�*[&#�6(#���2!�75�2(F������ ��Z�[SKU9���EV|�^� �o�,�+�+*[75��4��B��=�<y*[&;w 5 7��67�*[&#�
7�*,!30����5!$0�&#���:�,��(y��750+�Y��W� HV�W��U nC�7�*,���1�5!30:�����6�+��^3=��50+���)�������2A-��!$0i&���!��B� ��^3=��5=��¨�.*,!$0B�.�5��A3������NH>3�50
&#���K�,�+(y��750+�cU�!���W��=�DCE"%����0���*,!M&#����78����75=#������*[78��=;Gd>#�50i�+��^3=��50+���¨»_&#���¨*,<;µR�50+�K&;����0.��!$0+��NHO

À�Á¼ÂgÁ�À "$#&%('yÇ%Ê*),+.-0/1)?Ä�Å Æ�Ç�23'gÉ[Ç%Ê�Ë�2
4 0.��!$0~&#*,!#!�4��c(F���K�HG#�5��(#����=#!��l75� �,�+�+�lS�O��/75�+48��0���*,!M&gf =#!��c�2!���0.��!�7���(F�,�+�+�2A%��&#��S��+�

{����20i"-�65,7��l»���f �2!���0���=�750���*,!M&#�D@$��A-����0.��!�&����+&¢r
798;:=<?>A@B7
CED0FAGIH�J?KMLON�PQGSR(T

(F���K��(#(d�5���=x7�*,!���0���=�750+�5=#�K&#�~� �_75� �,�+�+��S �8A%��7D�����:(F���.���1]50��+���K�H�g��750���{|�8>[(F�����HG;�5��(#���~��fp�5!30����5�
½ �50i� �_7.\F�VU�!��$W5��0����2!#"XW,O

�����~7�*,!$0��+�->�� �175�+48��0���*,!u&gf �2!���0.��!�7����~�,750��2A%����(d�5=#0¨�+�k{����2�+��&#�D0��+*,���K�/��!#��]5�+���¨&;���g45�+�5!$0+���
"-�65,7��c»1&#���i(#���2���20��2A%���K��(d4�75���F^3=����tr

0 ��75�+48��0���*,!o¯ ± ��·+W*�^���'� ± �=��� ± ����Q/��(F���K��f �2!���0���=�750���*,!¢r
7Y8Z:[C\7�R(]�^&_`7ba&c6dfe?gShOijg�kl7ma�c6dneogpC&G�qIr?sXtSG�F;7
^6u�vQF.wldEc�glR�T
75�+4���=#!��D!�*,=#A%�5�2���l�2!���0.��!�7���SKU9���EV�WK»�(F����0��2�k&#�D� �175� �,�+�+����0.��!�&����+&u�50¨�HG;����0.��!$0+�c!�*,�_z
�14��yxAz(� 7#W{x95g���/�+��7�*,!�&t(F���.���1]50��+�m&#�/7��50l��(#(d�5�)S, |¸E�~7�*,���+���+(y*,!�&o��=;G�(F���.���1]50��+���
�H�d��750���{|�1&;=�7�*,!���0���=�750+�5=#�n&#�x7��50�0+�e75� �,�+�+�-O9�'01���e&#�5��!#���5�1(F���.���1]50��+�u*,(#0���*,!#!��5�}|=���´W
��(y4�75���F�l� �/�/�,7+\#�2!��eC�@�~~J�N�\�Í,0+��*,ºM&#*,�20D�50��+�l(#� �,7�4�7��50~*,<;µ��508O¤�D��!��k���l78�,�~*,º�7��5�2=#�
75�����0}�(�?!�!�>;� �_75�+48��0���*,!u�.�k{|���20���=#�i� �1@�~kJ 7�*,=#�.��!$0+�-O



Z ½ ���������	��
���������������	����������������
�� �!�"���$#%�

0Ì��75�+48��0���*,!�¯ ± ��·.W�UA! ± ���8W:(F�������D7�*[&#� r
���������	� 7Y>�
���>I<� � 7������ � >�� >`<�� � 7 a`cEd�e�g��QhAhAh��
hOhVh
7Y8;: C\7�R(]�^&_`7 a�c6dfeIg h�ijg�k 7ma�c d eogpC�GOs��QG FZ7 ^6u&v,F wld6c�g R(T
75�+4���=#!���!�*,=#A%�5�2�����2!���0.��!�7��~S�U9���EV�W)»~(F����0��2�B&gf =#!��K!�*,=#A%�5�2���K75� �,�+�.��7#S�^$=#���2��(#��45�1�5!30+�
��f �2!$0+�5�R{��,7���SKU9���EV�W��50i\�45���20+�mC�45A%�5!$0�=��5�2���5�1�5!$0�N¨&gf =#!���75� �,�.�+�D�HG[���+0.��!$0+��S�O

0Ì��75�+48��0���*,!�¯ ± ��·.W�Q$¯E°8W'�g(F���i��f �2!���0���=�750���*,!or
8�: C\7 R ]�^&_`7 a�c6dfeIg h`c�� ^�iM7 a&c�d�e�g CO8 F wld6c�glR(T
(#�+�5!�&�=#!�*,<;µ��50�&#4¹µ�»K75�+4�4~CE��75�[��fp*,<;µ��50 ± N�50��5!c{����20=#!_*,<;µR�509�,750���{y�,7�7����+�+�2<#���:»K&;����0.��!�7��-O
?�D(F���.���1]50��+� |=���´Wi��<#���5!v���#�i���~�1�5�1�c�+Í,���D^$=��D(#�+4�7�4�&#�5���1�5!308O

À�Á´ÂgÁ � "$)"!#!%$�+6Ê¼ÉI'¤Ç%Ê\)j+ ÆX+�Ç�#%Æ )?Ä�Å Æ�Ç�2 'gÉ[Ç-Ê´Ë�2
?���q*,<;µR�50+�x�,750���{|�m�.*,!$0q&#���m�5!30��20+4��e��=#0+*,!�*,�1���x�8fp�HG;4�75=#0.��!30x�5!�(F���.���2��]5���->:7�*,!�75=#���+�5�_z

�1�5!$08>i�50q7�*,���c=#!#��^3=F��!$0v�5!30��+�M�5=;G	(F���q4�7.\F��!#"%���x&#�v�1���.�.��"%���q&#�u�/��!#��]5�+����w[!�7+\#�+*,!���*,=
�,��w3!�7.\#�+*,!��-O��v7�*,���l=#!#��78��0���*,!��+�1{|���20�(F���l���/(#�+*,0+*37�*,���q&gfh��(#(d�5�)&#�m(#�+*[7�4�&;=#�+�q»v&;����0.��!�7��->
IK�9( C�&#�q��fh��!#"-� �����1I¨�5�1*,0+�n�'�+*37���&;=#�+� (:���2��N � Z8`�� � >�^3=#�:(y�5���1�50�&#���1��(#(d�5����&#�q�1450�\�*3&#���1»
0��.��A%�5�+�i=#!x4�7+\F��!#"%�D&#�k�1���+����"%���i�5!q�Tfh��<���0��.��w$��!30�7�*,��(#��]50+�5�1�5!$0¨&;=q�+4��+�8��=x��=#�)����^3=��5�d�Tfp�H�d��7Hz
0�=��17��50�0+�17�*,���c=#!#��78��0���*,!?O�?*,�+�l&gf =#!���(#(y�5�'&#�1�1450�\�*3&#�1�+=#�D=#!�*,<;µR�50�&;���+0.��!$08>?=#!��1�+��^$=��50+�
����0��5!$A%*Tw%4��m��=#0+*,�/��0���^3=��5�1�5!$0_��=#�D�����+4��+�8��=?>d����(#�+*,0+*[7�*,���1I¨�9(s�+��7+\F����"%�8��!30l&gfp�5!�7�*[&#�5�������
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()���k�+0���=�750�=#�+���D�+*,!$0D45"$�����5�1�5!$0D=#0��2�2���.4����k7�*,���1���1*[&#]5�����D&gf �2!$0+�5��(#�+450.��0���*,!t(d*,=#�k�����¨��*,"-��^3=����
�1*3&��������i�50i0+�5��(d*,�+�5�2�����8O#?�k�1*[&#]5���~"-��*,<F���?&gf =#!e��w[�+0+]5�1�k&#�k(#�+*[7����+��=��:&;����0����2<#=�4��8>#7�*,���l=#!#��z
78��!$0+���50��,��w[!�7+\#�+*,!��������+0B(#�+*[&;=#�20i(F���:=#!��D7�*,��(y*-���20���*,!e&#�~7����:��w;��0+]5�1���i&#�k0��.��!����20���*,!��i"-�65,7��
��=;GuA+·CB�W ± ��� �$WzBE�<:¤UH¶�A�Q<:9;B ± =N;�Q<:¤O

��Á´ÂgÁ´Â � )l-
	���ÆX2�l)S#�!ÌÆ��n2
���������#� �K{������2�2���:&#�����+w[��0+]5�1����&#�)0��.��!����20���*,!���!�*,=���0��+*,=#A%*,!���������BE�6BD=�J E WCB �3W =NA ± : BC;N=N;|Q<: B·D=N; ���#WD=´·.WCB �h¿ ` � C�*,=v��=#0+*,�/��0+����NHO

��� � ����� 
 � ��
�� ����� � 
��
 � � � � ��
�� � 
 �[� 
 �

�9!��+�5�l<#���¨&#�i�+*,���1�50+�kC�450.��0+��N��+�5�2��4��6(F���6&#���6���+7��¨CE0��.��!��+�20���*,!���NH>3��=;G#^$=��5���6�+*,!$0B��0�0.�,7.\�4��
&#���c� ��<d�5���l�5!�7�*[&���!$0_&#���_�,750���*,!��l*,<��+�5��A-��<#�����8O�)A-��!$0�&#�/&#*,!#!��5��� �e&#4H��!#�20���*,!o{|*,���1�5�2���m&gf =#!
��w[�+0+]5�1�6&#�'0��.��!��+�20���*,!���450���^3=��50+4����8> !�*,=����2!$0��+*[&;=#���+*,!������'0+�5���1�����C"?(d*,=#��&#4����2"-!��5��=#!����2(#\F��<d�50
&gfh�,750���*,!��cr#��fp�5!��+�5�l<#���c&#���K�,750���*,!��¨*,<��+�5��A-��<#�������50���fh�,750���*,!e!�*,!;z´*,<��+�5��A-��<#��� �g>!�"�C"I$$#&%'�gO

)K!�����=#0��+�l&#4H��!#�20���*,!�&gf =#!���w[�+0+]5�1��&#�c0��.��!��+�20���*,!��¨450���^3=��50+4����k0+�5��^3=��c7-fp����0k&#*,!#!�4->F(F���
�HG;�5��(#���->�&���!�� � ½3X � C�&;���d45�+�5!30+�c&#�D� �_&#4H��!#�20���*,!oZTN�r

�	�op ��
��
 � �)(+*�, � >F��: BE�6BD=�J E W$�3W =NA ± :9BC;N=N;�Q<:9B/·3=N; �A��WD=´·+WHB ?n�3W$!�� ± :3¸�! ± ;Bb! ± ¯.W�!�!�W��.=NA ± : BH;�=N;|Q<:
BE�6BH=´W E FmWCBD= �?:u= � 7{!�W.-

/10"27!$#1%$ -32 2 ��4 2 / 265 7
Q<G

A >�2�WCBH= !�� WH: B8W E ¯�!�Wm�$WCBl·D= ± =�B B
7 >��84�*�2�WHBH= ! � ·D= ± =f;:9;N=N; ± ! B



� ��� ��� ���1���<��� �"��� ����
"��� � � @���@��� �;Z
� > / WCBD= !�� WH: B8W E ¯�!�W �$WHB ! ± ¯+W�! B ?¹·D=N; �A��WD=M=´WCB FCBnA�W 7�A�·HB�WH:#= ± :#= !�WCB ± 7 7#W�! Bm!�Q8U ± ���}WD= �); BD= ± :#=�Bm�3W
E ·3=E¶[Q��$WCB B ± ;�: BH;l���#W !�WCB A�· 7;Q<: B8WCB�B /tq �"�C"�B

� > 5 WHBH= ! � WH: B�W E ¯A!2Wm�$WHB =NA ± : BH;�=N;|Q<: B - 5 q 2 x /tx&2
�cQ���B�·+UDAC;�A�Q<: B����W 5 � 0 ± ��! ;�W���- � 2��I2 � 0 7 * 5 >

?��(#�+*3&;=#�20K&gfh��=#0+*,�/��0+���k&#4H��!#�20�=#!e�+4��.�8��=e&#����w[!�7+\#�+*,!#���.��0���*,!?O

� � � � � 
� ��
 � � ��h���� � ��
 � �@��
 � �

*,�+�¨&#�D� ���1*3&#45�2���.��0���*,!M&gf =#!��l��(#(#�2��78��0���*,!�7�*,��(y*-�.4���&gf =#!u�5!��+�5�l<#���c&#�c(#�+*37����+�+=���7�*�z
*,(d45�.��!$0+�_�5!$0��+�n�5=;Gg>?�2�6!?f wt�e(F�,�c<d���+*,�2!�&#�/�+�5(#�+4��+�5!$0+�5����fp�5!��+�5�l<#���n&#�����,750���*,!���(y*-�+�+�2<#���1&#�
7��5�2���Hz´75��5(#=#���+^3=��n�������2!$0+�5�.�,750���*,!��1�5!30��+�q�����l(#�+*[7����+��=��_�+*,!30���=,µR�50�0+����»u&#����7�*,���c=#!#��78��0���*,!��
�50D»/&#���~7�*,!30��.���2!$0+����&#����w[!�7+\#�+*,!#���.��0���*,! 5F�H�g��750��2A%�5�1�5!$08>d� �m��w3!�7.\#�+*,!#���.��0���*,!���(d*,=#�~�H�d�50~&#�
7�*,!30��.���2!�&;�+�u7��5��0.���2!����q�,750���*,!��/&gf =#!	"-�+*,=#(y�e&#�e(#�+*37����+�+=��/»}�8fp�HG#4�75=#0+�5�/���2�l=#�20.��!�45�1�5!$08>:*,=?>
�M7�*,!$0��.������*#>B&gf �2!$0+�5�+&;�2�+�x���5=#�1*[7�75=#���+�5!�7��x���2�l=#�20.��!�4�� � � ¿�� O%)K�2!��+��>��5�2���q(d�5=#0��50��+�x&#4�75���20+�q(F���
=#!��/�2����0+�uCE(F�,�l!�4�7����+�.���2�+�5�1�5!30l��!#���TN�&#�1A%��750+�5=#�+��&gfh�,750���*,!���(y*,=#A-��!$0_*,=�&#�5A-��!$0_�+�1(#�+*[&;=#�2�+�
���2�l=#�20.��!�45�1�5!$0�C�*,=q(F���i���D7�*,��(#��45�1�5!$08>���fp�5!��.�5�c<#����&#���:A%��750+�5=#�+�¨^$=#�d!��~(d�5=#A%�5!$0��+�~(#�+*[&;=#�2�+�
���2�l=#�20.��!�45�1�5!$0�NHO

���1*3&#]5���_"-��*,<F���kC� :K�#N~&gf =#!��m��(#(#�2��78��0���*,!�����0c����*,�+��^3=?f =#!t�+*,=��Rz´��w;��0+]5�1��*,<#0+�5!3=t(F���
7�*,��(d*-���20���*,!e(F���.���2��]5���l�50i\#��45�.���+7+\#��^3=��c&#���i�1*[&#]5�����¨�,�+�.*375��4���»_�+����(#�+*37����+�+=��8O;'fp*,(y45�.��0+�5=#�k&#�
7�*,��(d*-���20���*,!1����0����)�+4��+�8��=�&#�)�+w3!�7.\#�+*,!#���.��0���*,!/&#*,!$0�������{|�5=#�2�2�����9�+*,!$09&#���9 :K�[�'��w$��!30'=#!��:�+*,��0+�-O

�	�cp �S
��
 � �
	 � � ��� 
�>l��:yWzB5Q)AH=´W_WCBD= �?:tWD: B�W E ¯�!�W ��� ± U3=N;|Q<: B :¤Q)=´·��(B�mq �"��"5>

)¨!��M�[*,��0+�u����01��fp�5!��+�5�l<#���M&#���/(F���.���1]50��+���q&#���m����"-=#�1�5!$0+�x��0�0+�5!�&;=��n(F���/=#!	*,(y45�.��0+�5=#�8>)�5!
��fp*[7�75=#���+�5!�7�����fp*,(d45�.��0+�5=#�K�+4��+�8��=?O

)¨!��+4��.�8��=	&#�v�+w3!�7.\#�+*,!#���.��0���*,!Ì&#4H��!#�20n=#!	�5!��.�5�c<#���M&#�eA%��750+�5=#�+�q&#�v��w[!�7+\#�+*,!#������0���*,!
&gf =#!�!�*,�c<#�+����!#��R &#��(#�+*[7����+��=������RO (B\F�,^$=��/A%��750+�5=#�l����0l&#��� �n{|*,���1� � $ ��� > x *3*3*gx ���50+�5�k^$=�� � �� $ � � % '�� 8�����01��fh���2(#\F��<d�50m&gfh�,750���*,!��q&#��� � 450+�5!�&;=�(F���/��fh� µ�*,=#0m&;=Ì��w[�c<d*,�����
�2!30+�5��(#�+450+417�*,���1��450.��!$0�=#!��c®´!�*,!��,750���*,!;³.Ogjk*,=��D&#4H��!#���+�+*,!��~=#!}�+4��+�8��=}&#����w[!�7+\#�+*,!#������0���*,!?>
&;���g45�+�5���1�5!$0q&#�x� �}&#4H��!#�20���*,! ½ >6��= �1*8w%�5!Ì&#�x0��.��!��+&;=�750+�5=#�+�n7�*,���1�e450.��!$0m=#!�*,(d45�.��0+�5=#�
(F���.���2��]5���c"%45!�45�.���2���+4-O���*,���1�5�2���5�1�5!30�r

�	�cp �S
��
 � ������� � � 
 � � � 
 � � ��h���� � �S
 � �@��
 � � >n��: A�·HB�W ± �}WCBH= ��:{= � 7{!2W�By:¤Q)=´·��cWD= ?n�$W}! � ± :#�¸�! ± ;B F'-
s.wD" !$#1%$ � ��! 2 � 2 0#"

Q<G -
� ��!sWCBH= ! ± B�Q<AH=´W ����A+·CB8W ± ��B
� �tWCBH=���:tWH: B8W E ¯�!�Wf�y:9; �$WzB5Q<AD=´WCB$�F$ '%� � 8 �'& >)(+*+*+* ( 5 B



�-� ������� �	��
���� ��� ����� �<��� �"��� ����
 ��� � � @���@��� ��� ���������	��� ��� �� � �%�n��f�

� 0 ?¹U+Q EFE W z9A ± :9BA���#U3=´W��?A FvWCBD= ��: �lzj| -32�� 2 � 4���2 /�� 265 �%7z=´W�! �A��W�� W5�� * /	� 2 W5 � $ �

���2�� > 2 *3*3* 2�� 5 " Q<G 
� * � !�WD=��.
	*�� P%*3*3*HR�� 2�� � *�� � % '�� 8�>

j¨*,0+*,!��)^3=?f =#!/A%��750+�5=#�:&#�K��w[!�7+\#�+*,!#���.��0���*,!n(d�5=#0B&#4H��!#�2�)=#!��K��w[!�7+\#�+*,!#���.��0���*,!x�5!30��+�K=#!��->
&#�5=;Gd>g*,=}(#�2=������5=#�+���,750���*,!���&#��&;���g45�+�5!$0+�l����"-=#�1�5!30+�c&;=t�+4��.�8��=?O�3�9���_A%��750+�5=#�c&#����w[!�7+\#�+*,!#��z
�.��0���*,! !��x7�*,��(y*,��0+�v^$=?f =#!��x�+�5=#���e�,750���*,!sC�45��45�1�5!$0�NH>67��50�0+�e�,750���*,!�(y�5=#0/����*,�+�1�Tfp�HG;4�75=#0+�5�1&#�
�/��!#��]5�+�l��=#0+*,!�*,�1�->F����!��i7�*,!$0��.���2!$0+�-O

)K!� :K�t-32 2 ��4 2 / 265 7~!��/(y�5=#0_�50��+�m=#!�����"-=#�1�5!301&gf =#!ojk�50l^3=��m�+�6��fp�5!��+�5�l<#���n&#�n�+���
� ��<y�5���)�8fh�,7�7�*,�+&#�D��A%��7¨� �c�.*,��0+�¨&#�¨7��¨&#�5��!#���5�8>[��Op�-OdC /tq � � NHO $ 7��50:45"$���+&g>3=#!��~�[*,��0+�k78���.�,750+45�����+�
=#!��~{|�����2�2���c&#�D :K�[�¨�.��0����R{������.��!$0K7��50�0+��(#�+*,(#����450+4c&gf �2!�75�2=�����*,!?O

?�����+4��.�8��=;Gx���2!����?&#4H��!#����C��~4H��!#�20���*,!�Z8`%N)&#4�75���2A%�5!$0k&#����7�*,!;��"-=#�.��0���*,!��k&;w3!F������^3=����K&#�
(#�+*37����+�+=��8>3&���!��)�����+^3=��5�2�����)�2�y���+0B(d*-�+���2<#���~»�=#!��k0��.��!����20���*,!x&#�k7+\F��!#"%�5�i��fp450.��0i&;=n�+4��+�8��=?O;j¨*,=��
=#0��2�2���+*,!��~� �m!�*,0���*,!�&#� z9A ± : BA���#U3=´W��?A5>g&���!��~���l�1�5�1�_�+�5!��~^3=��������k�HG;(#�+���+����*,!��D&gf��¨(d�5!}?*,0+*-�
� � Z � >$(d*,=#�:&#4����2"-!��5�B=#!q :K�/&#*,!30:�����B� ��<d�5���:�+*,!$0:&#���)A%��750+�5=#�+�:&#�¨��w[!�7+\#�+*,!#������0���*,!?O#?*,�+�+^3=��K���
0��.��!��+&;=�750+�5=#�K!���7�*,!30����5!$0k^$=?f =#!v�.�5=#�?450.��08>#���~�+4��+�8��=v����0�&;�20zBH= ± =N; �A��W5O

���+45�/��!30���^$=��c&gf =#!e�+4��+�8��=e&#�D��w[!�7+\#�+*,!#���.��0���*,!M����0i&#*,!#!�4��D(F��������7�A�Q����?;N=��$WzB��6:yUH¶�A�Q<�
:9; B ± =N;|Q<:1&#4H��!#�?(F����r
�	�op ��
��
 � � � �t� � � � � 
� � 
 � � ��h���� � �S
 � �@��
 � � >��]= ± :#= �%Q<:9:y· �?: WD: B�W E ¯�!�W �y:9; �3W �lzj|
'�/10"2 � $r-32 � 2 � 4���2 / � 265 ��7$8 � & >)*+*+* 5�WD=���: A�·HB�W ± ��� � !f2 '%� �&8 � & >)*+*+* 5 2 -32�� 2 � 4���2 /�� 265 ��7 " B =´WA!
�A�#W��6
	*�� P%*3*3*CR�� 2 / � q
� � B !�W"7�ARQ�����;N=�WCBH= ��: �lzj|{-32 2 �84 2 / 2 5 7�Q<G�-

� 2 $+2 � x��
5�'& > -32 � 7�B

� �84n$ ��4 � x�� 5� & > - �84���7�B
� / $ � ! B
� 5�� ' �����W 5 � 0 ,.� $ ��� � 2 � >[2 *3*3* 2 �35 " 2 � 0 $ � � 0� 2 � 0 > 2 *3*3* 2 � 05 " 2! � �#"$ %W 5 � 0� * 5 � 2
W5 � $ � 
��2�� > 2 *3*3* 2�� 5 " 2 �6
	*�� P%*3*3*CR�� 2 - � ��&$�� 5 � � � �W 5 � 0� * 5 � 7('�- � � $��+5 � � $ � 0� 7

j¨*,0+*,!���^3=��_�����+4���=#�20.��0�*,<#0+�5!3=�(F�������_(#�+*[&;=#�20c����0�45"$�����5�1�5!30c=#!t :K�y>?(d*,=#A,��!30�&#*,!�7/»q�+*,!
0+*,=#�:�.�K��w[!�7+\#�+*,!#���+�5���8A%��7k&gfh��=#0��+���i :K�[�i&;=n�+4��+�8��=?O3�����i7�*,!��+4�^3=��5!$08>#7��50�0+�¨(#�+*,(#����450+4~(y�5���1�50
&gfh��A%*,�2�K(#�2=��+���5=#�+��!#�2A%�8��=;Ge&#�D��w[!�7+\#�+*,!#���.��0���*,!?>F��Op�-O#=#!���&#4H��!#�20���*,!e\#��45�.���+7.\#��^$=���&;=e��w;��0+]5�1�-O

��Á´ÂgÁ�À )�Æ+* #`%X2�ÆX+�Ç�'yÇ%Ê*),+-,j#&'�*/.6Ê10 $'Æ
:*,=#0q7�*,���1�v(d*,=#�/� �}�+�5(#�+4��+�5!$0.��0���*,! &#���m�1*3&#]5�����n*,<;µR�50+�MCE(F���n�HG#�5��(#����)kJM�NH>'=#!��

&#���+75���2(#0���*,!�"-�.��(#\#��^$=���*,=uA[����=��5�2���c(y�5���1�50~&gfh���145�2��*,�+�5�~� ���2�����2<#�2�2�20+4_�50K��fh��!F���2w;�+��&#���K�1*[&#]5�����8O
)���!_&gf �2�2�2=���0��+�5��!�*-���1*3&#]5�����9�50�&#�6������&#4�75���2�+�)!F��0�=#�+�5�2���5�1�5!$0B�50��2���14�&;� ��0+�5�1�5!30'!�*,=���=#0��2�2���+*,!��
��fp4�&;�20+�5=#��"-�.��(#\#��^3=��-> )K=#0+*,"-�.��(#\#2 ¿ �43 O*()�50�4�&;�20+�5=#�9*��d�+�6=#!��B�2!$0+�5�R{��,7��:���2��(#���)�50�(#=#���+����!$0+�B(y*,=#�
� ���+�5(#�+4��+�5!$0.��0���*,!M&gfh��=#0+*,�/��0+���¨�50�&#�~�+4��+�8��=;Gg>;�2�g(d�5���1�50K45"$�����5�1�5!$0k&#�~0��.�,&;=#�2�+�D=#!e&#���+���2!e�5!
{�*,���/��0'²�U 7 �50¨&#*,!�7�&gfp�50��+�D�2!$0+�5�R{��,7�4l�8A%��7�&;���g45�+�5!$0+���1*[&;=#�����K&#�~A%45�����F78��0���*,!?O



� ��� ��� ���1���<��� �"��� ����
"��� � � @���@��� ���

)¨�2!����B!�*,=��l(#�+*,(d*-�+*,!���&#���l&#4H��!#�20���*,!��_&gfh��=#0+*,�/��0+�����50�&#�1�+4��+�8��=;G�&#4�75���20+�l"-�.��(#\#��^3=��Hz
�1�5!308O

� � � ��� � 
 � 
�� � ��� � 
 ��
 � � � ����
 � � 
 �[�
 �

)¨!_ :K�l����0��+7+\�45�/��0����.4B"-�.��(#\#��^3=��5�1�5!$09(F���9&#�����+*,!�&#���+�5(#�+4��+�5!$0.��!30'������450.��0+�9�50�&#�������+7��
�+*,=���z�0+�5!�&���!$0�&#���:� ��<d�5���8>$�+�5(#�+4��.�5!$0.��!$0K�����B0��.��!��+�20���*,!���450���^$=��50+4����:(F���i&#���i�,750���*,!��8O;����w[!$0.� G#�
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�����l0+��7+\#!#��^3=�����&gfh��<���0��.�,750���*,! 2 ¾ �;> ¾ � 3 �50l�����l0+��7+\#!#��^3=����_&gfh��!F���2w[�.�m��0.��0���^3=���r���!F���2w;�+�1�2!30+�5�Rz
(#�+*[7�4�&;=#�.����� 2 X Y;> ¿ Y 3 �50K!�*,0.�����1�5!$0K��fh��!F���2w;�+��&#�c75� �,�+�+��� 2 � �#> X � 3 O

��*,=#���+�5(#�+4��+�5!30+�5�1=#!�(#�+*,"-�.�����1�m®´�1*,!�*,�2�20�\#��^$=��H³.>'7-fp���+0_»M&;�2�+�m{�*,���14q&gf =#!��q�1450�\�*[&#�
=#!#��^3=��->�&#�5=;G}0¼w3(d���l&#�/!��~=�&#�l�.*,!$0c!�4�7����.�.���2�+���mr�7��5=;Gt^$=#�B�+�5(#�+4��+�5!$0+�5!30������l�2!���0���=�750���*,!����50
7��5=;G�C�7��5�2=#��N:^3=#�g�+�5(#�+4��+�5!$0+�5!30¨���D&#45<#=#0¨&#�D� ���1450�\�*3&#�->y��(#(y�5��4�7#Q<;:�=���� WH:#=NA+·+W5O
�	�cp �S
��
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A+W�! ;|WH:�=
!2WHB :�o����6B ��� �?:yW E � E W E ·D=E¶;Q��$WMWD=}��� ± �?=NA+WCB��<;N=�Bm;�:#=´WHAH� 7�A�Q8U.·�����A ± ��� ?¹WD=�:yQ)=´·CB 5�� F
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 public {                     public class B {class A
... ...

int i=0;                                            i−−;
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         }                                                m1(i);
}
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 � � �;��� 7 ± AD=N;A$�3W$! ±uE ·D=E¶[Q��$W�7�AH;:¤U3; 7 ± !2W���� �?:yW ± 7 7{! ;|U ± =N;|Q<:(B�!�W � � �5g ��
���e �5g!g 
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A > 
�v	WCBD= ��: :¤Q E �$·CBH;�¸):y·���� ��:dW E ·3=E¶[Q��$W ± � ± :#=0! ± ²�Q<A E W �Q! ± B�B5>Q; �$WH:�=N; �)WDA =´W�!����#W��Q! ± BCB
A�W 7�A�·CB8WH:#=´W �?:tQ$¯E°8WD=�!�Q8U ± !�Q����?:tQ$¯E°8WD= �<; BD= ± :#=�B

7 > � WCBH=��?:}WH:9B�W E ¯�!�Wm�$W`:�o����6B�B6UH¶ ± UA��: E �?:9; ��� ��:.= � 7#W ± 7 7 ± AH=´WH: ± :#=]K'4w3R!"D- 
�v@7 2 �D/ 
 
 - 
�v 7 2 �4w[& � 2 & w&)�- 
�v@7 2 �6w � 2  6�4w - 
�v@7 2 & wD"81B
� > 5�� q � x � B5Q<:�= !�WCB ± A�UHBz;:�=´WHAC� 7�A�Q8U.·����?A ± ��� ?¼U ± !�! F$���3� ���]~ B
� > 5 � q � x � B5Q):#= !�WCB ± A�UHBz;�:#=NA ± � 7�A�Q8U.·�����A ± ��� ?�=NA ± :9B�²8WHAH= F$��� � ���]~ >

�[�5��*,!	���x0´w[(d�e&gf =#! !��~=�&�&#� � >'7��5�2=#�k75���2!�&;��^3=��e���K7-fp����0/=#! (y*,�2!30/&gfp�5!$0��+4�� WH:#=�?�; � F
&gf =#!��k�1450�\�*[&#�->$=#!x��(#(y�5�9U ± ! ! ?0; ��F¨»�=#!��~��=#0��+�k�1450�\�*3&#�_CE��*[78�����k*,=q&;����0.��!30+�TNH>3=#!q�+�5��A[��7��zB8WHAHV
&gf =#!��/�1450�\�*3&#�->g=#!��1�+45(y*,!��+��A�W 7 ?0; ��F�»x=#!���(#(y�5�'&#�1�1450�\�*3&#�m&;����0.��!$0+�->=#!t!��~=�&t�+4�^3=��5!�7��
B8W��/CE�+�5(#�+4��+�5!30.��!$0������D�2!���0���=�750���*,!����+0.��!�&����+&#���2!�75�2=F��!$0l�����~<#�.��!�7+\��5�1�5!30+��NH>=#!�!��~=�&}&gf =#0��2�2��z
�.��0���*,!;��B�W1?�; � F�CE=#!x(y*,�2!30i&#�¨(#�+*,"-�.�����1�c*,ºn��fp*,<;µ��50:{�=#0�=#�:�.�5�.�c=#0��2�2���.4TNH>[*,=q!��~=�&{A+WD=d(d*,�2!$0i*,º
��fp�HG#4�75=#0���*,!u&gf =#!��D�1450�\�*[&#���8fh�,7.\�]5A%��!�*,���/�����5�1�5!30¨*,=e(F����=#!��D�HG#7��5(#0���*,!?O

��&#*,�/���2!��c&gf =#!��D�1450�\�*[&#��
�vm����0i��fp�5!��+�5�l<#���c&#�D7����K!��~=�&#�8>;!�*,0+4 } >@} - 
�v 7�q � O

��� � � � � gy��h�
Xp � � 
 ���
jk*,0+*,!��K^3=��D�����K!��~=�&#�K&#�D0¼w3(d��� B8WHA�V >gA+W 7 ?0; ��FD�50}��B�W1?�; ��F~!���7�*,!�7��5��!��5!30¨(F�,�K�����KJ ("2~�

75� �,�+�+��^$=�����5#�5!x�H�g�508>;�2����7�*[&#�5!$0i������78���.�,750+45������0���^3=�����&#�cP�A�QTSKU3=N;�V,W5OF�����K�HG#�5��(#���->;� ��(#���2���20��2A%�
�6± ;N= �?Q)A ?�ARQ�> E F~�HG#4�75=#0.��!$0k��fh��0�0+�5!$0+�l<#��*[^$=F��!30+�l��=#�K=#!���A-�����5=#�¨&#���+�50+*,=#�k&gf =#!M��(#(d�5��»_� �1�14Hz
0�\�*[&#�K&;����0.��!30+� +}>%���+0'&#4�75���20+��(F���6=#!���(F����0����K&gf =#!m&#J ("2 &#��� � ���2"-=#�+���;O ½ O%?�K!��~=�&/&gfh��(#(d�5�
U ± !�! ?0A�Q�> E Fq��w[�c<d*,�2���.��!$01��fh��(#(d�5��&;����0.��!308>'��=#�2A[�:&;�2�+��750+�5�1�5!30m&;= !��~=�& ��B�W1?�ARQ�> E Fn78���.�,750+45�����.�
75� ���2�+�5�1�5!30¨��fh��0�0+�5!30+�-O

T

call(ro.m)

...

..

.

 use(ro.m)  

+�, -�/{�;O ½ 0m?���+*,=���z�"-�.��(#\���&#�D� ��(#���2���20��2A%� �6± ;�= �Q<A

�����k���2�2���5=#�+�T>#�+�5�/���+^$=�*,!��¨^$=��~���~!��~=�&�U ± ! !�?�ARQ�> E F¨<#���5!v^3=��D7-fp����0i=#!e!�*[�5=�&x&gfh��(#(d�5�&#�
�1450�\�*[&#��!��l7�*,��(d*,��0+�c(F�,�~&gfh���+7�&gfh��(#(y�5�iC|���+7_&#��0¼w3(d� 5 � N�5F�5!��H�d�508>¤A3=M^$=?f =#!�*,<;µ��50~�,750���{
!��l(y�5=#0~�HG#4�75=#0+�5�¨����7�*3&#��&#���¨�1450�\�*3&#���~&gfh��=#0��+���~*,<;µR�50+�D�,750���{|�8>F&���!��k����&#J ("2 &#��7��50k*,<;µ��50
!�*,=��K!��~�+�5(#�+4��+�5!$0+*,!��¨(F�,�i����7�*,��(���&#�����1450�\�*3&#���¨&;����0.��!$0+���8O
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��� � � � ��e �5g#g 
 � � �
)K!���78���.�,750+45�����+0���^$=��1&#��@3��A-�tC��50D� ��!#"$��"%����*,�����5!$0+4��l*,<;µR�50+�HN¨�+4�����&#��&���!��D����{����20�^$=?f =#!��

75� �,�+�+��(y�5=#0�0��.��!����1�50�0��+� &#����(#�+*,(#����450+4��t»	=#!�� ��=#0��+� ��(#(y�5��4����+*,=��Rz´75� �,�.�+�->k(F���M� ��!�*,0���*,!
&gf ¶;·HAH;�= ± ¸3W5Og?���l¶;·HAH;�=N;�WHACB�(y*-�.�+]�&#�5!$0D&#*,!�7������K�1�5�1������0�0����2<#=#0+�D^3=��l�����¨(F���+�5!30+�1C��50k45A%�5!30�=��5��z
���5�1�5!$0¨&#���¨��0�0����2<#=#0+�K��=#(#(#��45�1�5!30.���2�+����NHO

)K!��~&#���i7�*,!��+4�^3=��5!�7����i&;=x7�*,!�7��5(#0�&gf \�45���20.��"%��&#�~75� �,�+�+�k����0:� �l�+��&#4H��!#�20���*,!e&#�¨�1450�\�*[&#�
^$=#�97�*,!�������0+�1»/{|*,=#��!#�2�D=#!��_�2��(#� ��!$0.��0���*,!o&;���d45�+�5!30+�1&gf =#!��_�1450�\�*3&#��&#�_�1�5�1���+�2"-!F��0�=#�+��^$=��
7��5�2���e{|*,=#��!#���v(F���n� �t75� �,�.�+�u&#�v<F�,�+� 5B�5!	�+4�4�75���2A-��!$0q0+*,0.�����5�1�5!$0q� ���1450�\�*3&#�u�2!#�20�� �����M*,=Ì�5!
w	� µR*,=#0.��!30x���2��(#���5�1�5!$0x&;= 7�*3&#�-O"()�50�0+�M(y*-�.���2<#�2�2�20+4u7�*,��(#�2��^3=��M� ��7�*,!��+0���=�750���*,! &;=Ì"-�.��(#\��
&gfh��(#(y�5� 5¤�5!v�H�g�508>�����0¼w3(d�c&#�c��fp*,<;µR�50k&gf =#!����1450�\�*[&#�l��(#(d�5��4��c!��c(y�5=#0¨�50��+���+4��+*,�2=M^$=��l&;w3!F� z
����^$=��5�1�5!30_&gfp*,º���f �2��(#�+4�75������*,! &#�1��fh��!F���2w;�+�n��0.��0���^$=��-O $ 7+\F�,^3=��/(d*,�2!$0_&gfh��(#(d�5�B&#�1�1450�\�*[&#�
��fh��!F���2w[�+�:�2!30+�5�Rz�(#�+*37�4�&;=#�.�����¨�+�50+*,=#��!��i=#!�����(#(#�+*8G[�2�/��0���*,!?>3=#!1�5!��+�5�c<#���K&#�:�1450�\�*3&#���6(y*,=#A-��!$0
45A%�5!$0�=��5�2���5�1�5!$0D�50��+�D�2!3A%*3^3=�4������5!v7���(y*,�2!308O������¨�HG;�5��(#���->�7�*,!��+��&#45�+*,!�������7�*[&#�D��=#�2A-��!$0�r
� ��� � � � � � ����� 7 � ��� �  6&_X_�C�R � w�,&v�c�gC& h`_ �McIh � ^od�ilc54fi
C�9;9 7�9;9?R?T��0�
� ��� � � � � � ������� >�
���>I<� � 7 � ��� �  6&_{_ CAR � w�,�v�c gC& h`_ �Mc?h � ^?dEilc 4 i
C�9;9 � 9;9IR�T � �
� ��� � � � � � ������� >�
���>I<� ��� � ��� �  	�8?^ C � 
,R � 
 h�6&_X_�COR(T �

�x�1450�\�*[&#�D²�Q8Q1���+0�&#4H��!#���/&���!���� �e75� �,�+�+�/S �50��+��&#4H��!#���/&���!��D� �e�+*,=���75� �,�+�+� ��O?�����
��!F���2w[�+�l��0.��0���^3=��->F��fh��(#(d�5��
 > ²5QTQ(? F�&#��� �m75� �,�+�+�	��"%45!�]5�+����fp�5!��+�5�c<#����.S;> ²�Q8Q(? FCBl� > ²�Q8Q(? F�� ^$=#�
����0'��fp�5!��+�5�l<#���K(d*,0+�5!$0����5�d&#���'�1450�\�*[&#���6(d*,=#A-��!$0B�50��+�¨�H�d��750��2A%�5�1�5!30:��(#(d�5��4����)�506^$=#�¤�+�i0��.�,&;=#�20
��=�!#�2A%�8��=1&;=_"-�.��(#\��i&gfh��(#(d�5�#&#�:�1450�\�*3&#����(F���9&#�)�c=#�20��2(#�����)���+7���&gfh��(#(d�5���8>�C|���+7:&#�)0´w[(y� 5�� NH>
»�(F����0��2�¨&gf =#!e�1�5�1�D(d*,�2!$0�CEA%*,�2�$���2"-=#�+� �;OhY%NHO
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T

T
call(O.m)

ent(A.foo())

ent(B.foo()) ent(C.bar())

+�,.-�/X�;OhY!0x�[*,=���z�"-�.��(#\��c&#�~� ��75� �,�+�.�!(

:*,=#0+�H{|*,���8>?&;���g45�+�5!$0+������!F���2w[�+���c�HG[����0+�5!30l� ��!t&gfh���145�2��*,�+�5�c� �n(#�+4�75���+��*,!�&#��7����c��(#(#�+*�G;��z
�/��0���*,!��vr$��!F���2w;�+�i&#�i� �~\#��45�.���+7.\#���K&#�i� ��75� �,�+�+� 2 ¾ � 3 ���2!�����^3=��i��fh��!F���2w;�+��&#���90¼w3(d���'&#�iA-����� ��<#�����
22Z8` ½ 3 O

�����'���2�2���5=#�+�8> ��fh��(#(#�+*�G;�2�/��0���*,!1&#�B��fh��!F���2w[�+�B��0.��0���^3=��6(d�5=#0?{|*,=#��!#�2��=#!��2!�&#450+�5�����2!#�����1�:��=#�
����0´w[(d�c&gf =#!u*,<;µ��508O $ =#!u(y*,�2!30¨&gfh��(#(d�5��&#*,!#!�4c=#!u*,<;µ��50¨(d�5=#0¨�8A%*,�2�¨=#!u0´w[(y�c�2!�&#4H��!#�nrF��*378���
*,=q&;���+0.��!$08O;������7�*,!��.4�^$=��5!�7��->#»�7��K�1�5�1�~(d*,�2!$0:(d�5=#0)7�*,���+���+(y*,!�&;�+�~�����:&#�5=;G/0¼w3(d���i&gfh��(#(y�5����r
��*378���)�50l&;����0.��!308>�7��m^$=#�'�2��(#�2��^3=��n45"$�����5�1�5!$0_^$=?fh��=�!#�2A%�8��=o&;=o&#J ("2 =#!�!��~=�&�(y�5=#0_��A%*,�2�
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(#�2=��¨&gf =#!e0´w[(y�-OF�~��!��K7���7+\F��(#�20��+�->F!�*,=���!?fh��<d*,�+&#*,!���(F�,��7��D(#�+*,<#��]5�1�nCE!�*,=��i���D0��.���20+*,!��¨&���!��
����7.\F��(#�20��+�K��=#�2A-��!$0�N�5,!�*,=��'��=#(#(d*-�+*,!��'^3=?fh»k0+*,=��'�����9(d*,�2!$0+�'&#��(#�+*,"-�.�����1���6��fh��!F���2w;�+�i��0.��0���^3=��
(d�5=#0K&#450+�5�����2!��5�¨�HG;(#�+���+�+45�1�5!30����D0¼w3(d�->;��*378����*,=e&;����0.��!$08>¤&gf =#!e*,<;µR�50K&#4H��!#��O

)K��! &#�t&#*,!#!��5�e�����x78���.�,750+45�����+0���^$=����u&gf =#!�&#J ("2�>i&#4H��!#���+�+*,!��e7��}^3=?fp����0x=#! &#J ("2
7�*,���+��750+�5�1�5!30/7�*,!���0���=#�20 r=#! &#J ("2 ¯H;|WD:9� ²�Q<A E ·l����0�=#! J ("2 C�75� �,�+�+��^$=��TN�<#���5!;z|{�*,���14x�8A%��7
&#�����+0���=�750�=#�+���¨� µ�*,=#0+4����K45"$�����5�1�5!$0¨<#���5!;z|{�*,���14����TO

�	�cp �S
��
 � ����(��F
 
� ��� � � � ��� ��:3� � ~ � ¯H;�WH:9� ²5Q)A E · ± ��:	B8W��?!�:�o��I�F;�:9;N=N; ± ! ?*!�W>:�o���� ��� WH:9�
=NA+·+W Kb! ±LE ·D=E¶[Q��3W97�AH;:yUD; 7 ± !2W F/W3= ± �?:�B�WA�o!!:�o���� �$W�B5Q<AD=N;|W3?*!�W>:�o���� �$W A�W3=�Q���A �3W ! ±FE ·D=E¶[Q��$W
7�AH;�:¤UD; 7 ± !�W F B��3W�7 ! ��Bz=´W�!,�A� � K�7 ± AH=N;�A ����:�o��I� �$W`= � 7�W.-

� |�:#= 7 ± AD= �?:3�?:9; �A��W ± ARUm�$W =NA ± : BE²�WHAD=�-
� $Yw3R!"D-M+u7 � 5 � � 0

� � ± ! ! ? K��?:yW E ·D=E¶[Q��$W !2Q8U ± !�W F 7 ± AH=0��:#?¼Q�� 7 ! ��BC;�W��?A�BL�=F ± A�UHB ��� ± 7 7#W�! BnWD=kW � ± U3=´W E WH:�=
��: B�WA�o! ± ARUb�$W =NA ± : BE²�WHAD=�-

� $$�D/ 
 
 - 
 (�*,+u7 � 5 � � 0 � 5 � � 0 0 � 0 0#$ w3R!"D- 
 (�*,+u7

� |dW�� 7 ± AD= ± � E Q<;�: B �?: ± A�U �3W`=NA ± : BE²�WDAH=�-
� >�$ �4w� � > 5 � � ? � > 5 � ��� *3*3* � > 5 � � 5

��� WD=f:yW �$·HAH;�V�W ± �;UA�?: ± A�U >

P�Q���A !�W A�WCBD=´W B:U.Q<:¤U.WHAH: ± :�= !2WHB`:�o����6Bz;:�=NAC;�: B3J �A�#WHB ± ����� ���]~�B �$W�:yQ6B ± 7 7{! ;|U ± =N;|Q<: B�B]K
7 ± AH=N;�A ��� ��:u:�o����$�3W`= � 7#W -

� � ± ! ! ? K;��:dW E ·D=E¶[Q��3W��<;BH= ± :�=´W F :yW�7 ± AD= �A� � �?:OB8W��?! ± ARU3�$W	=NA ± : BE²�WHAD= ? 7 ± B���� ± A�U �3W
��� ± 7 7#W�! F - � $��H/ 
 
 -M&<(�*,+u7 � 5 � � 0

��� W 7�7 ± AD=iW�� ± U3=´W E WD:#=���: ± A�Um�$W =NA ± :9B�²8WHAH=�-
� $'& w )�-M+u7 � 5 � � 0

� |dWHAHV�7 ± AH=j��: ± A�U =NA ± : BE²�WHAD= B���;EV[;S�<;�A�W+U3=´W E WH:#= ��� ��:m:�o��I� �$W = � 7�W � ± ! !�?�K
�?:yW E ·D=E¶[Q��$W
!�QTU ± !�W F$- � $ �6w3& � � 5 � � 0 � 0#$$�D/ 
 
 - 
 (�*,+u7

� �gB8W�7 ± AH=i·|¸ ± !2W E WH:�=iW � ± U3=´W E WH:�=��?: B�W��?! ± A�U�Bf=NA ± : BE²�WHAD=�-
� $� .�6w)-M&)(�*,+u7 � 5 � � 0
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�D��!��_� �eA%�5�+����*,! �,750�=��5�2���x&#�xP�A�QTS�U3=N;EV�W5>'=#!��q��(#(#�2��78��0���*,! ���+0l=#!��q7�*,�2����750���*,!�C|��(#� ��0����TN
&gfh�,750��2A3�20+4��8>�&gf�Q$¯E°8WD=�B ± U3=N; ²�B5>8^3=#�$(d�5=#A%�5!$09�50��+�675�+4�4���&;w3!F������^3=��5�1�5!$08>,���2"-�+�5���500+�5�����2!��5�iCE�1*,=;z
���2��NHO )¨�2!����F(d*,=#�'�1*[&#45�2���+�5�6=#!��~��(#(#�2��78��0���*,!?>$!�*,=��:�,�+�+*[75��*,!��B»c7+\F�,^3=��lQ$¯�°�WD= ± U3=N; ²�=#! 7�ARQTU.WCB�B���B
�50)� �l7�*,���c=#!#��78��0���*,!u�5!$0��+�D7����:*,<;µR�50+�i�,750���{|�:�+�5�.�c78���.�,750+45�����.4��~(F���)=#!n�+4��+�8��=x&#�k��w3!�7.\#�+*,!#���.� z
0���*,!?O
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[b0] x0=v0

[b1] x1=v2 [~b1] x1=v3

[~b0] x0=v1
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   else x1=v3

 else x0=v1

if b0 then   x0=v0
    if b1 then x1 =v2
         goto s1

        goto s2

        goto s3

s3s1 s2
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if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){
    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;    this.key=key;
    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;    this.value=v;
    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}    goto1;}
else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){
       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}       this.v=v; goto2;}
else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;else if (k<this.key) goto3;
else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;else goto4;

if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){if (this.isleaf){
      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}      res=null; goto1;}
else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){else if (k==this.key){
       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}       res=key; goto1;}
else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;else if (k<this.key) goto2;
else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;else goto3;
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             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp             x=exp
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