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' ¡ ' ¡32 � 5"2 : 9 # 6 ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x\2

' ¡32 � ?±=c2 9¿=[9 : 3 � ?�Ý � = a&:`_ 5 # ? # ; FÕ#�× !zL 5�9 : 3 ��¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x]1
' ¡32"¡Kx � 3@9 : 3 �"J ? # 6 !_^±#�× : Ñ : 9 !�¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x]1
' ¡32"¡ ' �1#$J�a = L � :K�"#$J Ñ : 6Þ9M5 # ;K; #$J ?�Ý � = a&:`_ 5 #$a&#$� 9�=@?±=@2 9>=c9 : Ñ #$Jé¡o¡²x/`

' ¡a1 B 3 �±L ;K5 J^: 3 ��# 9�3)7 Ü�#zL 9 : Ø JÍ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡ ' [

6b6 c�<.D!<d8eHf9g<d:h<�>i?j@CBk8lD�@GFIHKJA8�LCLG8 mNm
n o ���p&q,��.&8�IX��ä�p-r���«�4�)sb�isb���¨�g# � nut

2"¡Kx ��� 9M6^3�? 5 L 9 : 3 �D¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v2�5
2"¡ ' ��:KJ 9^386 :ß_ 5 # ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v2�5
2"¡32 ��� ;ß= �"< = <)# 243)6Ô9¿=c7"; # ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v2g`

2"¡32"¡Kx ����L 3�? #·L 3 a 2 : ; ! 243)6Ô9>=@7"; # ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v2g`
2"¡32"¡ ' ���"#�#�× !zL 5 9 : 3 � 243)6Ô9¿=c7"; # ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v28y

:Ö×



× �i�
�xw.y{z�yÐü�þ|���!}G~
úkyÐü
2 ¡31 �1#·L 3�? #oL 3 a 2 : ; ! ÷�� ï)®�¬>­>¶zí�¬ ø ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�2)y

2 ¡31"¡`x � 9M6^5 L 9M5"6 #�<)!$�"! 6M=@; # ? F 5 ��õbL � :K# 6
�g���K�g� ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�2�[
2 ¡31"¡ ' � =-9¿=c7"; # �q���u���i���I�'���Y�g�b� ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1 (
2 ¡31"¡�2 ��#NJ =[9^9^6 : 7"5 9 J ÷ ´@®¦®¾ª¿© � ¯ ®�¬¿î ø ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1 '

2 ¡�5 Á�!$�"! 6>=[9 : 3 � ? # � ï)®�¬>­>¶zí�¬C2b=c6 a 3�? :ÖõbL =[9 : 3 �"J ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1 '
2 ¡�5�¡`x �ÐÜ 3)5 9 # 6T5 ��L �b= a 2p385p5 �"#�a&! 9^�"3�? # ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1q2
2 ¡�5�¡ ' � 3�? :Öõ±# 6�;«= JM!z_ 5 #$�±LN# ? FÒ:K�"J 9M6^5 L 9 : 3 �"J ? F 5 �"#�a&! 9^�"3�? # ¡·¡·¡v1�1
2 ¡�5�¡�2 � 3�? :Öõ±# 6�;«=�� :`! 6M=@6 L � :K# ? F 5 �"#·L ;«= J^J^# ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1�1

2 ¡ * B 3 �"L ;`5 J^: 3 � ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1�5
� o �� Ï�'&�V!(ë���|#.(½�z�/�����ë�½���¨�g# � ���

1"¡`x ��� 9^6^3�? 5 L 9 : 3 � ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1g`
1"¡ ' 4 6 !$J^#$� 9>=c9 : 3 � ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1g`
1"¡�2 � 6 L � : 9 #zL 9^5"6 # ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡v1q[

1"¡�2 ¡`x B �b=c6 <)#$a&#$� 9z¥"; : = :KJ 3 �p# 9 :K�": 9 : =c; :`J =[9 : 3 � ? #$J�L ;ß= J^J^#$J�¡·¡o¡·¡·¡v1q[
1"¡�2 ¡ ' � = 	 3 �"# ? # ? 3 �"�"!$#$Jö¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�5�x
1"¡�2 ¡�2 ��#�a 3)9 # 5"6�? FÕ#�× !zL 5�9 : 3 � ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�5 '
1"¡�2 ¡31 ��#NJ =c5 9M6 #$J�! ; !$a&#$� 9 J ? # ; F =c6 L � : 9 #zL 9M5"6 # ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�5@y

1"¡31 B 3 �"L ;`5 J^: 3 � ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�5@y

6b6I6 �"�NFK��9g��L�����Bk8�cN��� <NMA<NO�HK<rHi@PD�8�8)B�c�<.Dr<  ¢¡

t £ ��,¤XI��(¥���\���p-I�"¦�,4��,4�],�� § +
5�¡`x 4 6^3)2"6 :K! 9 !$J ? #�� 3@9M6 #�:K� 9 # 6Ô2"6^�N9 # ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ * x

5�¡`x)¡`x 4 6^3)2"6 :K! 9 !$J�J 9>=c9 :`_ 5 #NJ»¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ * x
5�¡`x)¡ ' 4 6^3)2"6 :K! 9 !$J ?�Ý � = a]:ß_ 5 #$JY¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ * 2

§ \p�����±�/&�V.(«�z�I&)�/�I�ä�©¨ª&q,¤ ªX�,��$�b�4�ä� § t
* ¡`x ��� 9^6^3�? 5 L 9 : 3 � ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ * 5
* ¡ ' ��J 2 #zL 9 J�<)!$�"! 6M=@5 × ? # ; F =c6 L � : 9 #zL 9M5"6 #»¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ * 5

* ¡ ' ¡`x B 3 a 243 J = � 9 ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ *)*
* ¡ ' ¡ ' ��#NJ�a = � ?±=[9¿= : 6 #$J�¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«` (
* ¡ ' ¡�2 ��#NJ ºOìN®�´�¬Ô­]­Ö´[î>îz¬¿î ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«`�x

* ¡�2 B 6 ! =[9 : 3 ��# 9 :`�": 9 : =c; :KJ =[9 : 3 � ? #$J�L 3 a 243 J = � 9 J ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«`�2
* ¡31 B 3 a 243 J^: 9 : 3 � ? # ; F =@6 L � : 9 #zL 9^5"6 # ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«`�2

* ¡31"¡`x B 3 a 243 J = � 9 J ? # ; F =c6 L � : 9 #zL 9M5"6 # ? #�<)#$J 9 : 3 � ¡·¡o¡·¡·¡o¡·¡·¡«`�2
* ¡31"¡ ' B 3 a 243 J = � 9 J�J 9¿= � ?±=c6M? J ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y x

* ¡�5 B 3 �"L ;`5 J^: 3 � ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[)y



�i�
�xw.y®z�yÐü�þ|�j�r}G~
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`�¡Kx ��� 9M6^3�? 5 L 9 : 3 �D¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v[q[
`�¡ ' � 3�? �$; # ? FÕ#�× !zL 5 9 : 3 � ? #-B 386Ô3 J 3); ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v[q[

`�¡ ' ¡Kx ��! 9¿= ���": Ñ # =c5 × ? FÒ#�× !zL 5 9 : 3 � ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v[q[
`�¡ ' ¡ ' ���p:K� 9 # 6^2"6Ô�N9 # 6 !�^±#�× : Ø ¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x (8'
`�¡ ' ¡32 � Ý a 7 : 3 J^# ; :K�"< 5 :KJ 9 :ß_ 5 #�¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ( 1

`�¡32 ��a 2";«= � 9>=c9 : 3 � ? # ;ß=»6 !_^±#�× : Ñ : 9 !-¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ( 1
`�¡32"¡Kx ���"#�a = �": 2"5";ß=[9 : 3 � 5 �": Ø½3)6 a&# ? #NJ 3)7 Üç# 9 J ¡o¡·¡·¡·¡o¡·¡·¡o¡
x ( 5
`�¡32"¡ ' 	T!$:ÖõbL =c9 : 3 � ? #$J�L 3 a 243 J = � 9 J ? #-B 386Ô3 J 3); ¡o¡·¡·¡·¡o¡·¡·¡o¡
x ()*
`�¡32"¡32 	T!$:ÖõbL =c9 : 3 � ? #$J 3)7 Ü�# 9 J ¼¨´@®¾© µMî ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ( y
`�¡32"¡a1 �H×�!zL 5 9 : 3 � ? #$J 387 Üç# 9 J 2±=@6�; F =c2"2"; :`L =c9 : 3 �¢¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ( [

`�¡a1 B 3 �±L ;K5 J^: 3 � ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x8x_1
¶ ¦´,¨���N�[���)&)�/(¥,��{-I��� µ4ªM¶$¹)ïcî +u+bt

y"¡Kx ��� 9M6^3�? 5 L 9 : 3 �D¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x8x\5
y"¡ ' �1#$J µbª>¶$¹@ïcîC? #·L 3 a 243 J = � 9 J ¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x8x\5

y"¡ ' ¡Kx B 6 ! =[9 : 3 � ? F 5 �"#oL ;ß= J^JM# ? # µ4ªM¶$¹)ï ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x8x *
y"¡32 �1#$J µbª>¶$¹@ïcîC? FÕ:`�"J 9>= �±LN#$J ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x '@(

y"¡32"¡Kx B = J ? #$J�:`�"J 9>= �±LN#NJ ? #·L ;ß= J^J^#$J ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ')'
y"¡32"¡ ' B = J ? #$J 9¿=c7"; # =@5 × ¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x '@*

y"¡a1 B 3 �±L ;K5 J^: 3 � ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x ' `

6�� ·EMA<NO�HK<rHi@¸��Bj9;MA8lOjFK�N¹NFK<N:d:h8�9E<.D�8�>��"�NFK�N9I��L º)»¢¡
Z Xp-I�'X��z�"�/(0,��E�g# �4�4�W�PUÖ��°��I&g�1�/(0,�� +bn�+

["¡Kx ��� 9M6^3�? 5 L 9 : 3 �D¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2 x
["¡ ' �ÐÜ 3)5 9�? F 5 � 9çÝ�2 # 2"6 :`a]: 9 : Ø % 2"6 :K�±LN: 2 # ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2 x

["¡ ' ¡Kx ��!Nõ±�": 6�; FÕ#$� 9M6 !$# ? 5 ­>¶c¼"î�®�´[¼b®lµ±¶ä¶�­ ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2 '
["¡ ' ¡ ' ��!Nõ±�": 6�5 � ? #$JML 6 : 2 9 # 5 6�? # 9�Ý�2 # ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�2
["¡ ' ¡32 ��!Nõ±�": 6�;«= a&! 9¿= ��L ;ß= J^J^# ����¼K�Y�g½�¾x¿À�g���K�g� ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�2
["¡ ' ¡a1 ��!Nõ±�": 6�;«=-Ñ8=c; # 5"6j���gÁg�'½ ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�2
["¡ ' ¡�5 ��!Nõ±�": 6�; #$J�:K�"J 9^6^5 L 9 : 3 �"J ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�1
["¡ ' ¡ * ��!Nõ±�": 6�;«=�6 # 2"6 !NJM#N� 9¿=[9 : 3 �p#$�pa&!$a 3 : 6 # ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�1

["¡32 ��:`J^#�#$�pè 5 Ñ�6 # =$Ñ #zLoB 3)6^3 J 3); ¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2q5
["¡32"¡Kx ��!Nõ±�": 9 : 3 � ? # ; FÕ#$� 9M6 !$#ÃÂKÄ�ÅiÆ�ÇIÈgÅIÇ � Â �/¼b�u��½q¾K�iÉ\�iÊb� ¡o¡·¡·¡o¡
x\2q5
["¡32"¡ ' ��!Nõ±�": 9 : 3 � ? # ����¼K�Y�g½q¾Ë¿����g�b�I� # 9�?�5�? #$JML 6 : 2 9 # 5"6 ¡·¡·¡o¡
x\2�`
["¡32"¡32 ��!Nõ±�": 9 : 3 � ? #$J�:K�"J 9M6Ô5 L 9 : 3 �"J ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2)y

["¡a1 ��:`J^# Û Ü 385"6�? 5 õbL � :`# 6�? #·L 3 � õ±< 5"6M=c9 : 3 � ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x]1"x
["¡�5 B 3 �±L ;K5 J^: 3 � ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x]1"x



× :K: �i�
�xw.y{z�yÐü�þ|���!}G~
úkyÐü
+IÌ XÍ-I�YX��z� �/(¥,��{-r�I�ä�b���O�PUK��°��I&g�1�/(0,�� +��¤n

x ( ¡`x ��� 9^6^3�? 5 L 9 : 3 � ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1�2
x ( ¡ ' ��L$L � J =@5 ×pL 3 a 243 J = � 9 J ? #-B 386Ô3 J 3); ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1�2
x ( ¡�2}	T#$a 2";«= LN#$a&#$� 9�?�Ý � = a&:`_ 5 # ? F 5 ��L 3 a 243 J = � 9 ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1q1
x ( ¡31 	T#$a 2";«= LN#$a&#$� 9�? F 5 �"#�:K�"J 9M6^5 L 9 : 3 �Æ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1g5

x ( ¡31"¡`xÎ4 6 :K�±LN: 2 #Í¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1g5
x ( ¡31"¡ ' ��:KJ^#�#$�pè 5 Ñ�6 # =$Ñ #$LoB 3)6^3 J 38; ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1 *
x ( ¡31"¡�2 � 9M3 a&:`LN: 9 !�# 9�6 #$a 2";ß= LN#$a&#$� 9�? #$J�:`�"J 9M6Ô5 L 9 : 3 �"J ¡·¡·¡o¡·¡·¡Ðx_1�y

x ( ¡�5à	T#$a 2";«= LN#$a&#$� 9�? # ;«=�6 # 2"6 !$JM#N� 9¿=[9 : 3 �pa&!$a 3 : 6 #Í¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1�[
x ( ¡�5�¡`xÎ4 6 :K�±LN: 2 #Í¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx_1�[
x ( ¡�5�¡ ' ��:KJ^#�#$�pè 5 Ñ�6 # ?"= �"J�B 3)6^3 J 38; ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5 x
x ( ¡�5�¡�2Í	�!$L =@2 : 9M5 ;«=[9 : Ø ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5 *

x ( ¡ * 	T#$a 2";«= LN#$a&#$� 9�? # ; F 386^? 3 � � = �±LN# 5"6 ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5�`
x ( ¡ * ¡`xÎ4 6 :K�±LN: 2 #Í¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5�`
x ( ¡ * ¡ ' ��:KJ^#�#$�pè 5 Ñ�6 # ?"= �"J�B 3)6^3 J 38; ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5�`

x ( ¡Ï`Æ�ÐÜ 385 9�?�Ý � = a&:`_ 5 # ? 5éº�¯i­ ®ë©Ð¬Ôíc©«î�µ"´@®�­ÒÑ ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5)y
x ( ¡Ï`�¡`xY��# º�¯i­G®¾©Ð¬Ôíc©ßî�µ±´@®�­ÒÑ ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5)y
x ( ¡Ï`�¡ ' ��:KJ^#�#$�pè 5 Ñ�6 # ?"= �"J�B 3)6^3 J 38; ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx\5�[

x ( ¡ y B 3 �"L ;`5 J^: 3 � ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx * 2

� �"��BA>eLCJA9b@¸��B º)Ó� 
+Y+ ¦´,��.&��Ð�I��(0,��E���TX����[�\XÀ�b&@��(±#4��� + § �

x)x)¡`x 	 =c2"2 # ;�? # ;«=�2"6^3)7"; !Na =c9 :ß_ 5 # ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx * `
x)x)¡ ' � 3@9M6 #�J 38;K5 9 : 3 �¢%bB 3)6^3 J 38; ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx * `

x)x)¡ ' ¡`x{	�!NJ 5";Ö9¿=[9 J 3)7 9 #$� 5 J¤¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx * [
x)x)¡�2�4I# 6 J 2 #zL 9 : Ñ #$J�¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx * [
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' ¡Kx 	T!_^±#�× : Ñ : 9 !·# 9�6 !$:ÖõbL =[9 : 3 � ¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x *
' ¡ ' ��: Ñ # =c5�? # 7b= J^#�# 9 �": Ñ # =c5 a]! 9¿= ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x/`
' ¡32 �1#$J�a]! 9¿= ���": Ñ # =@5 × ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x\[
' ¡a1 � 6 L � : 9 #zL 9M5"6 # ? # ;ß= �p��� ¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡ ' 2
' ¡�5 ��L � !$a = � 24ô � 3 ���Ï¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡ ')*
' ¡ * �1#$J�a]! 9¿= � 387 Üç# 9 J ?±= �"J�Á 5b=@6M= �YÖé¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡ ' [
2"¡Kx ��:KJ 9^386 :ß_ 5 # ? #NJ Ñ # 6 J^: 3 �"J ? #-� =zÑ)= ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v2 *
2"¡ ' � = L 3 a 2 : ;«=[9 : 3 � ? F 5 � 2"6Ô3 < 6>= a&a&#�!$L 6 : 9 #$�¤� =zÑ)= ¡o¡·¡·¡·¡o¡·¡·¡o¡v2g`
2"¡32 �H× !zL 5 9 : 3 �"× ©�´�5 �"#�a = L � :K�"# Ñ : 6Ô9M5 # ;`; # ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡v28y
2"¡a1 � 9M6Ô5 L 9M5"6 #�<8!$�"! 6>=c; # ? #NJ�õbL � :`# 6 J =c5pØ½386 a =[9Ø���g�b�I� ¡·¡·¡·¡o¡·¡·¡o¡v2q[
1±¡Kx �H× !zL 5 9 : 3 � ? F 5 � 2"6^3 < 6>= a&a&#-� =$Ñ)= ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡d1�y
1±¡ ' � Ñ)= � 9>= <)#$J�# 9 :K�±L 3 � Ñ !$�":K#$� 9 J ? # ; F 5 9 : ; :`J =[9 : 3 � ? F 5 �"#·a = L � :K�"# Ñ : 6 �

9M5 # ;K; #p¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡d1�y
1±¡32 � 5 # ? FÒ#$�"J^#$a 7"; # ? # ; F =c6 L � : 9 #zL 9M5"6 # ? F 5 �"#��c��� ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡d1�[
1±¡a1 B �b=c6 <)#$a&#$� 9�? F 5 � #oL ;ß= JMJ^# 2b=@6T;«= a = L � :`�"# Ñ : 6Ô9^5 # ;K; #-� =zÑ)= ¡·¡·¡o¡�5 x
1±¡�5 � = �": 2"5";ß=c9 : 3 � ? #$J µ>ª>´[ºW¬¿îÙ2b=c6�5 �"# µb©*­K¬�Ù�´ × ´ ¡�¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�5�2
1±¡ * �H× = a 2"; #8¡ Ü =zÑ)= ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�5q5
1±¡�` ��! 9¿= : ; J ? #$J 9>=@7 ; # =c5 × ? #NJ Ñ8=c6 : =c7"; #NJ ;K3 L =@; #$J 24385"6 L �b= _ 5 # µ>ªM´cºW¬

? #$J�a]! 9M�"3�? #$J ? 5�2"6Ô3 < 6>= a&a&#·�H× = a 2"; #8¡ Ü =zÑ)= ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�5 *
5 ¡Kx A 6 < = �":KJ =[9 : 3 ��#$��L 3)5 L � #$J ? # ; FÕ#�× !zL 5 9 : 3 � ? #-B 386Ô3 J 3); ¡b¡·¡·¡o¡·¡·¡o¡ * 2
* ¡Kx � = a = L � :K�"# Ñ : 6Ô9M5 # ;`; #�B 3)6^3 J 3); % 5 ��L 3 � 9 #$�"# 5"6�? #·L 3 a 243 J = � 9 Jz¡ ¡ *8*
* ¡ ' ��J^J 3 LN: =c9 : 3 �"J ÷ ®¾ï>µ±¬»´ � î�®¾ªM´c©ë®Iô�®¾ï¿µ"¬»­>¶c¼�­�ª>¬N® ø ? #·L 3 a 243 J = � 9 Jz¡Ù¡·¡o¡�` (
* ¡32 B 6 ! =c9 : 3 � ? F 5 � µ4ªM¶$¹)ï�;`3)6 J ? # ; F = Ü 3)5 9�? F 5 ��L 3 a 243 J = � 9�? # 9çÝ�2 #���¡Ú` (
* ¡a1 4 6 !NJM# 6ÔÑ)=c9 : 3 � ? #NJ ? ! 2 #N� ?±= �±L�#$J ?�Ý � = a&:`_ 5 #$J ;`3)6 J ? 5�6 #$a 2";«= LN#$a&#N� 9 ¡´` '* ¡�5 � 5 # ? FÒ#$�"J^#$a 7"; # ? # ; F =c6 L � : 9 #zL 9M5"6 # ? #-B 3)6^3 J 38; ¡Ê¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�`�1
* ¡ * B 3 a 243 J = � 9 J�# 9 ! ; !Na&#$� 9 J�:K� 9 # 6 �"#$Jz¡à¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�` *
* ¡�` �1#$J�a = � ?±=[9¿= : 6 #$J ? #oL 3 a 243 J = � 9 Jz¡�¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�`q`
* ¡Òy �1# 6 ! Ø ! 6 #$� 9 :`# ;�? #NJ�:Ka 2";ß= � 9¿=[9 : 3 �"Jz¡»¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡�`@y

× :K:K:
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* ¡�[ �ÐÜ 385 9�? F 5 �p� 3)5 Ñ # =c5 L 3 a 243 J = � 9 ¡h¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«`cy
* ¡`x ( B 3 � J 5";Ö9>=c9 : 3 � ? F 5 ��L 3 a 243 J = � 9 ¡�¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡«`�[
* ¡`x)x 	T#$a 2";«= LN#$a&#$� 9�? F 5 ��L 3 a 243 J = � 9 ¡p¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y (
* ¡`x ' � ;K;K3 L =[9 : 3 � ? #$J 3)7 Üç# 9 J ?±= � J ; # 9¿= J ? #-B 3)6^3 J 3); ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y '
* ¡`x]2�� ;K;K3 L =[9 : 3 � ? #$J µb©*­K¬¿î´Ù�´ × ´�?±= �"J ; # 9>= J ? #�B 386Ô3 J 3); ¡�¡·¡o¡·¡·¡o¡·¡·¡ y '
* ¡`x_1 	T! Ø ! 6 #$�±LN#NJÃ× ¬�ª>î¿¯�îÙ6 ! Ø ! 6 #$�±LN#$J�#�× 9 # 6 �"#NJ ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y�2
* ¡`x\5 ; #zL 9^5"6 # ô !zL 6 : 9^5"6 # ?±= �"J ; #·L 3 a 243 J = � 9o®�´[î ¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y�1
* ¡`x * � =�6 # 2"6 !$J^#$� 9¿=[9 : 3 � ? #$J 387 Üç# 9 J ?±= �"J�B 3)6^3 J 38; ¡E¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y *
* ¡`x�`E��a 2";ß= � 9¿=[9 : 3 � 2b=c6�? ! Ø¾=c5 9�? # ;ß=W; #zL 9^5"6 # ? F 5 �"# 6 ! Ø ! 6 #$�±LN# ?±= �"J ; #

®�´[î ¡�¡·¡·¡o¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y�`
* ¡`x$yà�1#·L 3 a 243 J = � 9»´�­0­K¶ä­>´@®�¬�¯�ª ¡]¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y)y
* ¡`x][�� ;K;K3 L =[9 : 3 � ? F 5 �"#�� 3)5 Ñ # ;K; #·:K�"J 9¿= �±LN# ? #·L ;ß= J^J^#8¡Ê¡·¡·¡·¡o¡·¡·¡o¡·¡·¡ y�[
* ¡ '@( 	T!$J 3);`5 9 : 3 � ? F 5 �"#�a]! 9M�"3�? # =zÑ #zL ; #$JÐL 3 a 243 J = � 9 J â Â �g�b�I��Ýi�g��Þb½qß# 9�â[ãi½���àY�qÞgÝK�I��ágâg� ¡ ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[ x
* ¡ ' x �1#·L 3 a 243 J = � 9»¶cªMí�¶[¼±¼¨´c¼¨­>¬¿¯�ª # 9�; #$JTõ ; J ? FÕ#�× !zL 5 9 : 3 �1¡�¡o¡·¡·¡o¡·¡·¡�[�2
* ¡ ')' �1#$J�L 3 a 243 J = � 9 J ©½¼"î¿®¾ª�¯±­N®¾©�¶c¼ î ¡�¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[�1
* ¡ ' 2}��× #$a 2"; # ? # ; FÒ#�× !zL 5�9 : 3 � ? # ; FÒ:K�"J 9M6Ô5 L 9 : 3 � Éq�qÞIÞ ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[q5
* ¡ ' 1 ��× #$a 2"; # ? # ; FÒ#�× !zL 5�9 : 3 � ? # ; FÒ:K�"J 9M6Ô5 L 9 : 3 �äã ���'� ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[ *
* ¡ ' 5��1#·L 3 a 243 J = � 9·©«¼ × ¶ä­>´@®ë©�¶c¼éí�¬·ºWì�®ÐÑ"¶äí�¬ ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡�[�`
`�¡`x � 3�? �$; # ? FÒ#�×�!zL 5 9 : 3 � ? #-B 3)6^3 J 38; ¡ ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx (8(
`�¡ ' �1#$J�a&! 9>= ���": Ñ # =c5 × ?±= �"J�B 386Ô3 J 3); ¡ ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ( x
`�¡�2 	T!$:ÖõbL =[9 : 3 � ? #$J�L 3 a 243 J = � 9 Jä¡t¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ( y
`�¡31 �1#$J 9¿=c7"; # =@5 × ? : 9 J ¼¨´@®ë©åµMî ¡ ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ( [
`�¡�5 � 2 2 # ;�? #�a&! 9M� 3�? #�J 5"6�5 ��L 3 a 243 J = � 9�? #-B 386Ô3 J 3); ¡�¡·¡o¡·¡·¡o¡·¡·¡Ðx)x8x
`�¡ * � ;K;K3 L =[9 : 3 �W# 9
6 ! Ø ! 6 #$�±L�#$J�%�L 3 a 243 J = � 9 J ? #�B 386Ô3 J 3); × ¬�ª¿î¿¯�îÀ3)7 Üç# 9 J

5 9 : ; :KJ =c9 # 5"6 Jz¡ ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx)x '
`�¡Ï` á ;K3)9�? FÕ#�× !zL 5�9 : 3 ��J 9¿= � ?±=c6M?p? # ; FÒ:K�"J 9M6^5 L 9 : 3 � �Y½�æ ¡�¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx)x '`�¡ y � ;K;K3 L =[9 : 3 � ? #$J 3)7 Üç# 9 J ? # ; F =c2"2"; :`L =[9 : 3 �"J ?±= �"J ; # 9¿= J ? #�B 3)6^3 J 3); ¡¨¡Ðx)x\2
`�¡�[ á ;K3)9 J ? FÕ#�× !zL 5 9 : 3 ��a 3�? :Öõ±! ? # ; FÒ:K�"J 9M6Ô5 L 9 : 3 � �'½�æ ¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx)x\2
`�¡`x ( � 2 2 # ; J 9>= � ?±=@6^?�? F 5 ��L 3 �"J 9^6^5 L 9 # 5"6 ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx)x\2
`�¡`x)xö� 2 2 # ;�? F 5 ��L 3 �"J 9M6Ô5 L 9 # 5"6 � =[9 : Ø ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx)x]1
y ¡`x 	T# 2"6 !$J^#$� 9¿=[9 : 3 � ? #$J 3)7 Üç# 9 J ? 5 �": Ñ # =@5�? # 7b= J^# =@5 � : Ñ # =@5 a&! 9¿= ( ¡�x ' x
y ¡ ' 4 6^3 × Ý J ? #$J�:`� J 9>= �±L�#$J ? #·L ;ß= J^J^#$J�¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ' 2y ¡�2 4 6^3 × Ý J ? #$J�:`� J 9>= �±L�#$J ? #·L ;ß= J^J^#$J�¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ' 1y ¡31 � 9 : ; :KJ =c9 : 3 � ? #$J µ4ªM¶$¹)ïcîÙ? FÒ:K�"J 9¿= �±LN#$J ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ')*
y ¡�5 4 6^3 × Ý J ? #$J 9¿=c7"; # =@5 ×�¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx ' `
[ ¡`x ��FÕ#$� 9M6 !$#ÃÂKÄ�ÅiÆ�ÇIÈgÅIÇ � Â �/¼b�u��½q¾K�iÉ\�iÊb� ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx]2q2
[ ¡ ' � 3�? ! ; :`J =[9 : 3 � ? #$J�#$� 9M6 !$#$J ? # 9çÝ�2 #$J 2"6 :`a]: 9 : Ø J ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡Ðx]2 *
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["¡32 � = � 3)5 Ñ # ;K; #·#$� 9^6 !$# â Â ���¤���i���I� Â �/¼b�u��½q¾ #$�¤� =zÑ)= ¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�`
["¡a1 � = a&! 9>= ��L ;ß= JMJ^# �q�/¼K�Y�g½�¾x¿À�g���K�g� ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x\2�[
["¡�5 ç 5 # ; _ 5 #$J�:K�"J 9M6^5 L 9 : 3 �"J�a = �": 2"5";ß= � 9�; # 9�Ý�2 #·L 3 a 2"; #�× ¡·¡·¡o¡·¡·¡o¡
x]1 (
x ( ¡`x � Ý ��� ?"? ¡ Ü =zÑ)= # 9 
I#$J 9 2 ¡ Ü =zÑ)= ¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x]1q[
x ( ¡ 'fè ½�ßY�IÉg�/�'½��b�gé'½g��� % 5 ��L 3 a 243 J = � 9o®�´äîÙ2 # 6 J^:KJ 9 #$� 9 ¡ ¡·¡·¡·¡o¡·¡·¡o¡
x�5�x
x ( ¡�2à���±L 3�?±= <)#·# 9�? !zL 3�?"= <)# ?±= �"J ; #·� 385 Ñ # =@5 L 3 a 243 J = � 9o®�´[î ¡ ¡·¡·¡o¡
x�5�x
x ( ¡31à� =»2 : ; # 9çÝ�2 !$# ? F 5 ��õ ;�? FÒ#�× !zL 5�9 : 3 �1¡ ¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x�5�5
x ( ¡�5Æ� < =@5 L � #�%�:Ka 2";ß= � 9¿=[9 : 3 � ? # ;ß= a&:KJ^# Û Ü 3)5"6Ù? #$JÐ<)#$J 9 : 3 �"� = : 6 #$J ? #

? :KJ 243 J^: 9 : 3 �"JÀ# 9À? ! 2";«= LN#$a&#$� 9�? #$J 3)7 Ü�# 9 Jz¡[� ? 6^3 : 9 #�%[:Ka 2";ß= � 9>=c9 : 3 �
? # ;«= a]:`J^# Û Ü 3)5"6�? #$J 243 J^: 9 : 3 � J =@7 J 3);`5 #$J ? #$J µMª>´cºO¬¿î ¡ ¡·¡o¡·¡·¡o¡
x�5 *

x ( ¡ * 	T#$a 2";ß= LN#Na&#$� 9�? 5 L 3 a 243 J = � 9»¶cªMí�¶c¼"¼¨´c¼¨­>¬¿¯�ª ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x�5@y
x ( ¡Ï`Æ�1#�� 385 Ñ # ;1386^? 3 �"� = �±L�# 5"6�ãgÁ�â Æ ��àY½qÞqâY�g½qß ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x�5�[
x ( ¡ yà��: = < 6M= a]a&# ? #�JM!z_ 5 #$�±LN#$JÃê �bëi��ái½�ì¤É�ß��gâ'�b� ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x * x
x ( ¡�[�� = L ;ß= JMJ â[ã�ã�å Ç ½b��� ¡D¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x *8'
x ( ¡`x ( ��a 2";«= � 9>=c9 : 3 � ? # É\�bëi��ái½�ëuÉ�ß��gâ'�b� #$� ¯�¼±© # 9 #$� º»¯K­ ®¾©�íc©ßî�µ±´�­N®�­ÒÑ ¡
x * 1
x8x)¡`x B ;ß= JMJ^#$J =@7 J 9^6>= : 9 #·# 9 L ;«= J^J^#oL 3 �±L 6 Ú 9 #8¡ ¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x/` '
x8x)¡ ' 	T# ;«=[9 : 3 ��#$� 9^6 #·L ;ß= JMJ^#$J ¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x/` '
x8x)¡�2à�H× #$a 2"; # ? F 5 � ? : = < 6>= a&a&# ? #�J^!z_ 5 #$�±LN#NJä¡�¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡
x/`�2



× Ñ : �i�
�xw.y{z
y
ü�Ûr}�Ü&ý�úkyÐü



í É1ÎOÌpÄ �óÄEÎ Ì©� �î� Ä®�Yòðï

2"¡Kx �1#$J�#N� 9M6 !N#$J ? # ;ß=�9>=@7"; # �����¤�/�'���b�'���Y�g�b� ¡-¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡d1±x
2"¡ ' �1#$J ? :KÓ�! 6 #$� 9 J 9�Ý�2 #$J ? F =c9Ô9M6 : 7"5 9 Jä¡ ¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡d1�2
`�¡Kx 	T# 2"6 !$J^#$� 9>=c9 : 3 � ? #$J 3)7 Ü�# 9 J ? 5 �": Ñ # =c5�? # 7b= J^# =c5 �": Ñ # =c5 a&! 9>= ( ¡4x ()*
`�¡ ' ��J^J 3 LN: =c9 : 3 �"J�#$� 9^6 # ; #$J 6 ! Ø ! 6 #$�±LN#$J ? #·a]! 9¿= ���": Ñ # =@5 × ? :KÓ�! 6 #$� 9 Jz¡4¡o¡
x ( y
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Niveau de base
(programme)

Niveau méta
(interprète)

: méta−objet

: objet de l’application

: lien méta
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thread exec module

java VM module

persistance module

etherlink driver module

IPv4 module

res mySocketKill(desc) {...}
desc mySocketCreate {...}

myPush {...}
getList {...}
def−insn myPush
def−prim getList
def−exec threaded
use−mod persistence

myVMlet

interpreter

code generator
optimiser

type : maVMlet
main() {...}

myAppli

minimal resource access :

memory, IO CPU state

native code

MVV dédiée à un environnement d’exécution

MVV dédiée à un environnement système spécifique
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Ñ8=c6 : =@7 ; # ¥Ð5 �à! Ñ !$� #$a&#$� 9 #$J 9 L 6 !$! =c5 � : Ñ # =@5}? # 7±= J^# 2"5 :KJ 2"6^3)2b= <8!WÜ 5 JM_ 5 F =@5�": Ñ # =@5 a&! 9¿= ¡ ð LN#��": Ñ # =c51¥ LN#$J�! Ñ !$�"#$a]#$� 9 J�J 3 � 9�9M6M= : 9 !NJ 2b=c6�? #$J�a&! 9>= � 3)7 Ü�# 9 Jz¡
��# 9¿=�`�=�2 # 6 a&# 9H? 3 �±L ;ß= L 6 ! =c9 : 3 � ? #Ùa]! 9¿= � 387 Üç# 9 J ? #$J 9 :K�"!$J Û L 3 � 9^6#b); # 6�; FÕ#�× !��L 5 9 : 3 � ? 5 �": Ñ # =c5æ? # 7b= J^# ? # 2"5 :KJ ; #��": Ñ # =@5 a]! 9¿= ¡�� 3)6 J ? # ; # 5"6 :`� J 9>= �±LN: =[9 : 3 � ¥LN#$J�a&! 9>= � 3)7 Ü�# 9 JÀJ 3 � 9 :K�": 9 : =c; :`J^!$J =$Ñ #zL 9^385 9 #$J ; #$J�:K� Ø«386 a =c9 : 3 �"J��"!$LN#$J^J = : 6 #$J 2"6Ô3[Ñ #��� = � 9H? 5 �": Ñ # =c5�? # 7b= J^#Ð# 9�2 # 6 a&# 9^9>= � 9 #N� 2b=c6Ô9 :`L 5"; :K# 6�; #ÐL 3 � 9M68b8; # ? # ; FÕ:`� Ñ�3 L =c9 : 3 �

? #-a&! 9M� 3�? #$Jz¡¤4 ;K5 J^:`# 5 6 J�a&! 9¿= � 3)7 Üç# 9 J 2 # 5 Ñ #$� 9 Ú 9M6 # =c9Ô9¿= L � !$J Û&5 ��a&Ú$a&# 3)7 Üç# 9
? 5 �": Ñ # =@5æ? # 7b= JM#8¡¨��#�a = �": �$6 #�J^:Ka&: ;«= : 6 # ¥�5 � a]Ú$a&#-a&! 9>= � 3)7 Üç# 9�2 # 5 9 L 3 � 9M68b �
; # 6-2 ;`5 J^:K# 5"6 J 3)7 Üç# 9 J ? 5 �": Ñ # =c5 ? # 7b= JM#8¡I��F =[9^9>= L � #$a&#$� 9-2 # 5 9 Ú 9^6 # 6 ! =c; :KJ^!WJ 5"6
? #$J 6 ! Ø ! 6 #$�±LN#$J ¥b? #$J�:K�"J 9¿= �±LN#$J ? #oL ;«= J^J^#$J 3)5 #$�±L 3)6 # ? #$J�L ;ß= JMJ^#$Jz¡4� = �"J ; #oL = J ? #
; F =c9Ô9¿= L � #$a&#$� 9 J 5"6�; #$J 6 ! Ø ! 6 #$�±LN#$J ¥b= õ±� ? FÒ! Ñ : 9 # 6�5 �p#$�±L � # Ñ Ú 9M6 #Na&#$� 9�? 5 L 3�? # ? #L 3 � õ±< 5"6>=[9 : 3 ��# 9�?�5 L 3�? # ? #·L 6 ! =[9 : 3 � ? #$J�a&! 9>= � 3)7 Ü�# 9 J ¥ LN#$J ? # 6 �":K# 6 J�J 5 : Ñ #$� 9�;ß=
6^� < ; #�J 5 : Ñ)= � 9 #Ï%ÀJ^: 5 �"# 6 ! Ø ! 6 #$�±L�#p#$J 9 !zL 6 : 9 # ?±= �"J 5 �"# Ñ)=@6 : =c7"; # ? FÕ:K�"J 9>= �±L�# ¥À; #a&! 9¿= � 387 Üç# 9�? # ; F = �±LN:`#N�"�"# 6 ! Ø ! 6 #$�±LN#»#$J 9�? ! 9>= L � ! ? #»LN# ;K; #���LN: 2"5 :KJ�#$J 9�=c9Ô9¿= L � ! Û
;«= � 3)5 Ñ # ;`; # 6 ! Ø ! 6 #N�±LN#8¡

��# 9¿=�`�= 2 # 6 a&# 9�? #ÏL �b=/þ �"# 6�; #$Jpa]! 9¿= � 3)7 Üç# 9 J�#$� 9M6 #æ# 5 ×l¡T��F 386^? 6 # ? # ; # 5"6L �b=/þ � = <8# =�? # ; FÕ:`a 24386Þ9¿= �±LN#8¡)�1#CL 3�? #CL 3 � 9 #$� 5»?±= �"J�L�#$JÀa&! 9>= � 3)7 Ü�# 9 JH#$J 9 #�×�!zL 5 9 !
=zÑ)= � 9 _ 5 # ; #ÐL 3�? # ? # ; F 3)7 Ü�# 9�? 5 � : Ñ # =@5o? # 7b= J^#
_ 5 :�#NJ 9�6>=c9Ô9¿= L � !��"#�J 3 : 9 #�× !zL 5 9 !�%



' 1Y���k���N}_�ÀúkyL[0��ûj�i�j�%z�y|wM\ ��ú��%z
y
ü�þ©�´���A}�
jy
ü^]�}çú���ý!yNw)w.yÐüA�
z����j�i�j�!}�]¢yÐü
; FÒ#�× !zL 5�9 : 3 � =@5 �": Ñ # =c5o? # 7b= J^#�#$J 9H= :K�"J^:�J 5 J 2 #$� ? 5 # ? 5"6>= � 9�; FÒ#�× !zL 5 9 : 3 � ? #$J�a&! 9¿= �
387 Üç# 9 Jz¡��F =c9Ô9¿= L � #$a&#$� 9�? #NJ�a&! 9¿= � 3)7 Üç# 9 J ¥"?±= �"J���# 9>=4`�= ¥ 2 # 5 9�=c5 J^JM:lÚ 9^6 # 6 ! =@; :KJM!�J 5"6
? #$J 2±=@6Þ9 :K#$J ? # ;«= a = L � :`�"# Ñ : 6Ô9M5 # ;`; #OL 3 a&a&# ; #&L �b=@6 <8# 5"6·? #OL ;ß= JMJ^#$J ¥l; #$J·a 3 �": �
9 # 5"6 J ¥�; #$J 2"6^3 LN#$J^J 5 J ; !$<8# 6 J 385 #$�±L 386 # ; #$JÐa 3�? 5"; #$J ? #�L 6 ! =[9 : 3 � ? F 387 Üç# 9 Jä¡���# 9 # ; J
=c9Ô9¿= L � #$a&#N� 9 J 2 # 6 a&# 9Ô9 #$� 9]? # 6 # ? !Nõ"�": 6�385Ê? F = Ü 3)5 9 # 6»? #h� 385 Ñ # =@5 × L 3 a 243)6Ô9 #��a&#$� 9 J Û LN#$J 2b=c6Ô9 :`#NJ ? # ;«= a = L � :K�"# Ñ : 6Þ9M5 # ;K; #8¡lB �b= L 5 � ? #NJ�a&! 9>= � 3)7 Ü�# 9 J = L$L �z? #
Û-;ß= a = L � :K�"# Ñ : 6Þ9M5 # ;K; #W× ©�´�5 � #�:K� 9 # 6ÔØ¾= LN#o� =$Ñ8= _ 5 :lL 3 � 9 :`#$� 9�? #$JTa&! 9^�"3�? #NJ 243)5"6
;ß=�6 !_^±#�× : Ñ : 9 !WJ 9M6Ô5 L 9M5"6 # ;`; #8¡ÀBÐ# 9^9 #W:K� 9 # 6^Ø¾= LN# 2 # 6 a]# 9]=c5ö2"6Ô3 < 6>= a&a&# 5 6�? #WL 6 !$# 6
; #$J�a&! 9¿= � 3)7 Üç# 9 J ? 3 � 9 : ;I=»7 #$J 3 :K�1¡u4 385"6 LN# ;ß= : ; L 6 !$! 5 �"#oL ;ß= JMJ^#o_ 5 : ? ! 6 : Ñ # ? # ;«=L ;ß= J^J^#h� =$Ñ8=hã'½��'� Ä.-0/ ½�� ¡�
 3)5 J ; #$Joa&! 9¿= � 387 Üç# 9 J-L 6 !$!$J 243 J^J �z? #$� 9�? 3 �±L 5 � 9çÝ�2 #
?�Ý � = a&:`_ 5 #-_ 5 : ? ! 6 : Ñ # ? #-LN# 9�Ý�2 #-L 3 a&a 5 �1¡4��FÕ#�× #$a 2"; #oJ 5 : Ñ8= � 9 : ;K;K5 J 9^6 # ; # ; :K#$�#$� 9^6 # ; #$J·a]! 9¿= � 387 Üç# 9 J�# 9·; #NJ 387 Üç# 9 Jo_ 5 FÒ: ; J-L 3 � 9^6#b); #N� 9 ¡1� ;
= êOL � # 5 � # 9M6>= LN# ? #$Ja&! 9^�"3�? #$J ? 5 �": Ñ # =c5�? # 7b= J^#·_ 5 :1J 3 � 9 #�×�!zL 5 9 !$#NJo%
�Iâ - �bÉg���g���K�I�Æãi½��i� Ç ßi�b��½ ½�¾g�i½��KÞ'�Æãi½��i� Ä4-5/ ½K�/�²±³¦³ ¼2´��gà'��Þb½�Þ�µ����g�'�b�/à'½/¼u½��I��Þqâ�¼T´��i�5¶�� -0/ ½��
�Iâ - �bÉg� ë'�iÉ�Þ����g�'�b�/à Ä.-0/ ½b����+ Ä4-5/ ½K�/�õ� · Æ �bßYÉ�� ã ¼¤½��gà'��Þ Å ��¼¤½b��¸<¹T1º±

¿I¿g¿»
³¦³ �bßK�iÉ��'½�¼¤½��b��Þ�µGâg�¼´�ë0´��'½/¼u½��I���Y��âKßõ��½K�E¼T´���àY�qÞK½b� �����¤�{ßK½��i��âbß
�Iâ - �bÉg� ë'�iÉ�Þ�½�ëi½��I��ãi½���àY�qÞ¾½q�b�i½qßqìY�KÉ�Þ�+8½�ë'½��b��ã'½��gà'��Þ Â �I�I��½�ë'½��b�21º±Æ Áu�/�'½�¼k¿ ��âb�x¿ �bßuÉ\�b�'����+.¿>ã'½��gà'��Þ«¿©À�½�ëi½��I� ¿Ð¼¤½��gà'��Þ��Y��¼¤½ÁÀÂ¿����I�I��½�Þ�ÃÄ¿41«Å
¿g¿I¿
�q���I�¤É\�IâY½	½I¾K½K��âb�uÉq���Iì'�iÉ�Þ�+�½�ëi½��I�61{Å»

³¦³ �bßK�iÉ��'½�¼¤½��b��Þ�µGâg�¼´�ë0´��'½/¼u½��I���Y��âKßõ��½K�E¼T´���àY�qÞK½b����Ái���I��âI��ßK½��i��âbß
�Iâ - �bÉg� Ä.-5/ ½K�/�õ½�ëi½��I��ãi½���àY�qÞ¾½q�b�i½qß�+8½�ë'½��b��ã'½��gà'��Þ Â �I�I��½�ë'½��b�21º±Æ Áu�/�'½�¼k¿ ��âb�x¿ �bßuÉ\�b�'����+.¿>ã'½��gà'��Þ«¿©À�½�ëi½��I� ¿Ð¼¤½��gà'��Þ��Y��¼¤½ÁÀÂ¿����I�I��½�Þ�ÃÄ¿41«Å
¿g¿I¿Ä4-5/ ½K�/��ßK½���âKßq�Iì'�b�/âY½ÁÆõ�q���I�¤É\�Iâ'½(½g¾i½b�/âI�¤É�����+ý½�ë'½��b�21«ÅÆ Áu�/�'½�¼k¿ ��âb�x¿ �bßuÉ\�b�'����+.¿Òßi½��gâbß��'½�Þ�§Z¿©À�ßi½��gâbß��gìY�I��â'½N¿ �'� Æ �bßYÉ�� ã +�1¦1{Å
ßK½���âKßq��ßK½���âKßq�Iì'�b�/âY½3Å»

¿I¿g¿»
4 3)5"6�5 � 3)7 Üç# 9´� -0/�# 9�5 � 9¿=@7 ; # =c5 L 3 � 9 #$� = � 9�; #�� 3 a ? #�JM#$J�a&! 9M�"3�? #$J ¥�; F =c9Ô9¿= �L � #$a&#N� 9 J^# 6 ! =@; :KJM#Í× ©�´�5 � =c2"2 # ;�? 5 <)#$� 6 #&%



[0�JIK���
z����A�i�j�r}
��
�z���
k��þ©}
l]ý!y{z
yfwM\ y�ñ�ûA��ýx�r}
��
 ' 5

+G�'½�æ ãi½��i� Ç ßi�b��½3+%1¾1!¿C���I�i�K��à Ä4-5/ ½K�/��+�� -0/ ·³¼¤½��gà'��Þi�y1ÇÅ
� = a = L � :`�"# Ñ : 6Þ9M5 # ;K; #·��# 9¿=�`�=�2 # 6 a&# 9�? 3 �"L 5 �pL 3 � 9M68b8; # ? # ; FÕ#�× !zL 5 9 : 3 �"× ©�´

; F 5 9 : ; :KJ =c9 : 3 � ? #-a&! 9>= � 3)7 Ü�# 9 Jz¡�� ;K; # 2 # 6 a&# 9�? #-a 3�? :Öõ±# 6�;ß= J^!$a = � 9 :`_ 5 # ? FÕ#�× !zL 5 �
9 : 3 � ? #$J ºOìN®ÐÑ"¶äí8¬¿î a = :KJW� 3 � ? #�JM#NJ ­>¶cº�µ±¶[îz´c¼±®ëî ¡
� ;K; #��"# 2 # 5 9W2b=c6 #�× #$a 2 ; #a 3�? :Öõ±# 6Ù;ß=o6 # 2 6 !$J^#$� 9>=c9 : 3 � ? #$J ? 3 �"�"!$#$J ? # ; F =@2"2"; :`L =[9 : 3 � 2b=c6Ù; #�L �b= � <8#$a&#N� 9T? #J 3 � 9¿= Jä¡
R{} n{}0R6}±t / S&\ o

�"A����=ÿ � � ( x � #$J 9]5 � ;ß= �"< = <8# ;K3 <):ß_ 5 # 2"6Ô3 L � # ? #ä4�	TA���A�Á _ 5 : 2 # 6 a]# 9
? F 3)7 JM# 6ÔÑ # 6�5 � 2"6Ô3 < 6>= a&a&#�!zL 6 : 9 #$�¢��a =c;`; 
 =c; ù 9¿= � ? :KJ·_ 5 # ;K5 :Àa]Ú$a&#»#$J 9o=c5 J^J^::`a 2";ß= � 9 !&#$� ��a =@;K; 
 =@; ù�¡��"A���� 2 # 6 a]# 9-? F = L$LN! ? # 6-Û�;ß=�6 # 2"6 !$J^#$� 9¿=[9 : 3 � ? #&J 3 �:`� 9 # 6^2"6Ô�N9 #C# 9�? #Ca 3�? :Kõ±# 6 LN# ;K5 : ��LN:¦¡8�1#$J 9 # 6 a&#$JÀa = �": 2"5"; !$J 2b=c6 �"A����pJ 3 � 9
= :K�"JM:l%

P ? #$J 9 # 6 a]#$J ;`3 <):ß_ 5 #$J ¥
P ? #$J 3)7 Üç# 9 Jo��a =c;`; 
 =c; ù ¥¨6 # 2"6 !$J^#$� 9>= � 9�3)5 � 3 � 5 �"# 2b=@6Þ9 :K# ? # ; FÒ! 9¿=[9·? #�J 3 �:`� 9 # 6^2 6^�N9 #8¡4 =c6 #�× #$a 2"; # ¥�?±= � J ; FÒ#�× 2"6 #$J^J^: 3 ���"A���� ¼u½���àY�qÞ�+~¸ È ßIßK��ÁK¹�·2È\¼�1�¥�; FÕ:`� 9 # 6^2"6Ô�N9 #a = �": 2"5"; #WÈ ßIßK��Á ÷ 5 �"#�#$� 9 : 9 !&��a =c;`; 
 =c; ù�# 9 � 3 �¢�"A�����ø¿¡l��#�a&Ú$a]# ¥�?±= �"J ; FÕ#�×��

2"6 #$J^J^: 3 �p�"A���� ¼u½���àY�qÞ�+~¸ ÆgÄ4É Ý�ìY��ßuÉ�� - �g½(¹�·TÈ�¼«1�¥�; FÒ:K� 9 # 6Ô2"6^�N9 #�a = �": 2"5 ; # È\¼�¥�5 �"#
Ñ8=c6 : =@7 ; # ÷ 5 �"#Ð#$� 9 : 9 ! ? 5-;«= �"< = <)# ? # 7b= J^#[ø1# 9 ÆgÄ4É Ý�ì'�qßYÉq� - �g½"¥[5 �"#Ùa&! 9>= ��#$� 9 : 9 ! ? #
; FÕ:`a 2 ;«= � 9¿=[9 : 3 �ö��a =@;K; 
 =@; ù ? #O�"A���� ¥ L)FÕ#$J 9 � Û � ? : 6 # =@2"2b=c6Ô9 #$� = � 9oÛW;ß=�6 !$:KõbL =c9 : 3 �
? # ; FÒ! 9¿=c9�? FÒ#�×�!zL 5 9 : 3 �1¡��FÒ:K� 9 # 6Ô2"6^�N9 # ? #&�"A����Ê#NJ 9·= :K�"J^: 6 !_^"#�× : Ø ¡l� = :KJ�: ; #$J 9·=c5 JMJ^: ? : 9»î>ï@º � ©�¶@®¾©Ê�¿¯b¬L =@6 #N� 2";K5 J ? FÒÚ 9^6 #�L =c2b=@7"; # ? #�a = �": 2"5"; # 6�;ß=�6 !$:ÖõbL =[9 : 3 � ? #�J 3 �&! 9>=c9Ð? FÕ#�× !zL 5 9 : 3 � ¥: ; #$J 9
=c5 J^J^:"L =@2b=c7"; # ? #Ùa = � : 2"5"; # 6�? #NJ 387 Üç# 9 J ? 5»;ß= �"< = <)# ?±= � J ; #z_ 5 # ; : ; #$J 9 !zL 6 : 9z¥L)FÒ#$J 9 � Û � ? : 6 # ; #·a&! 9>= � ;ß= �"< = <8#)¡b�1#$J 243 J^JM: 7 : ; : 9 !$J ? # 6 !_^±#�× : Ñ : 9 ! ?�5�;ß= �"< = <)#��"A����J 3 � 9�=c;K386 J�a 5";K9 : 2 ; #$J·%

P ; FÕ:`� 9M6^3 J 2 #zL 9 : 3 �Y% ; #$J 9 # 6 a]#$J ;K3 <):`_ 5 #$J ? #æ�"A���� 2 # 5 Ñ #N� 9h6>= :KJ 3 �"�"# 6 J 5"6
? F =c5 9M6 #$J 9 # 6 a&#NJ��"A�����¡

P ; FÕ:`� 9M6^3 J 2 #zL 9 : 3 �·J Ý a 7 : 3@9 :`_ 5 #�%[�"A���� 2 # 5 9�6>= :`J 3 �"�"# 6 J 5"6�? #$J 9 # 6 a&#$J���a =c;K; �
 =@; ù�¡
P ; FÕ:`� 9 # 6 LN#$J^JM: 3 ��J Ý a 7 : 3)9 :ß_ 5 #�%@�"A���� 2 # 5 9 a 3�? :Öõ±# 6 J =�2"6Ô382"6 #Ù:Ka 2";ß= � 9¿=[9 : 3 �#$��L �b= �"<8# = � 9�? #$J 3)7 Üç# 9 J���a =@;K; 
 =@; ù 6 !$:Öõ = � 9 J�J 3 �p:K� 9 # 6Ô2"6^�N9 #-��a =c;`; 
 =c; ù4¡4 3)5"6Ð2"6Ô3 LN! ? # 6CÛ·5 �"#�! Ñ)=c;`5b=[9 : 3 � 5 �": Ø½3)6 a&# ? #$J 9 # 6 a&#$J ? #$JÐ#�× 2"6 #$J^J^: 3 �"JC_ 5 FÒ: ;a = �": 2"5"; # ¥�; #�J>L � !$a = J 5 : Ñ)= � 9 #$J 9Ð5 9 : ; :KJM! ¥ T 6 # 2"6 !$J^#$� 9>= � 9Ð; FÕ#$�"J^#$a 7"; # ? #$J 9 # 6 a&#$J

� 385"; # 9 O ; FÒ#$�"J^#$a 7"; # ? #$J 387 Üç# 9 J���a =@;K;Ö9¿=c; ù %
¡
Up : O → T

÷ ®¾ªM´c¼"î¥µ$¶cª¿ºW´@®ë©�¶c¼éí�Ë ¯�¼é¶ �>a ¬N®�ÌbºO´�­¥­ ®�´�­�¯�¬�¼¤¯�¼æ®�¬¿ª�ºO¬jÌl¶[¯i­ ø
P JM:

x
#$J 9�5 � 9 # 6 a&# =c;`3)6 J Up(Down(x)) = x ¥P JM:K� 3 � ÷
x
#$J 9T5 � 3)7 Üç# 9 ��a =c;K; 
 =c; ù"ø Up 9M6>= �"J Ø½3)6 a&#�LN# 9T3)7 Üç# 9 ��a =c;K; 
 =c; ù#$� 5 � 9 # 6 a]# ;K3 <):`_ 5 #
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Down : T → O

÷ ®¾ª>´[¼"îÐµ$¶cª¿ºO´@®¾©�¶c¼pí�Ë ¯�¼�®�¬�ª�ºO¬�Ìl¶[¯i­b¬�¼�¯�¼�¶ �>a ¬N®«ÌbºW´�­¥­ ®�´�­k¯ ø
P J^:

x
#$J 9�5 � 9 # 6 a&# =@;K3)6 J Down(x) 6 # 9^385 6 �"# ; FÕ:`a 2 ;«= � 9¿=[9 : 3 �¢��a =@;K; 
 =c; ù

? #·LN# 9 # 6 a&# ¥
P J^:K� 3 � ÷

x
#$J 9�5 � 3)7 Ü�# 9 ��a =c;K; 
 =@; ù"ø =@;K3)6 J Down(Up(x)) = x

��:K�"J^: ¥ä24385"6�5 �"#
! Ñ)=@;K5 # 6I5 �"#
#�× 2"6 #$JMJ^: 3 � ¥ �"A���� 2"6^3 L �z? # ÛT;«=TØ½3 �±L 9 : 3 � DownJ 5"6�9M3)5 J ; #$J 9 # 6 a]#$J ? #]L�# 9^9 #�#�× 2"6 #$J^JM: 3 � ¥¨2"5 :KJ =@2"2"; :`_ 5 # ;«=WØ½3 �±L 9 : 3 � Up =c5æ6 !��J 5";K9>=c9�? #»LN# 9^9 #»! Ñ)=c;`5b=[9 : 3 �1¡1£Ð:K#$�Ï_ 5 # ; F =)?"=@2 9>=c9 : 3 � ? # 2"6^3 < 6>= a&a&#��"#»J 3 : 9�2b= J
=@5 L�è 5"6�? #»LN#$J 9M6M=zÑ)=c5 × ¥4; #�a&!zL = �":KJ^a&#ZÍ µ"ô�§o¶4Î�¼h2 # 6 a&# 9Ô9¿= � 9�; FÕ:`� 9^6^3 J 2 #zL 9 : 3 �# 9�; FÕ:`� 9 # 6 LN#NJMJ^: 3 �pJ Ý a 7 : 3)9 :ß_ 5 #�JM# 6>=»5 � 3)5 9 : ;12"6 !zLN:K# 5 × 243)5"6 B 3)6^3 J 38; ¡

terme logique

objet  SmallTalk

down

up

Niveau Down

Niveau Up

���>��� ' ¡�5 P ��L � !Na = � 24ô � 3 ���

R6}±n{}±R{} § X�sY,4�ä�
��< 3)6>= ÿ ��# 5 [)y � #$J 9�5 � ;ß= �"< = <8# Û»2"6^3@9M3@9çÝ�2 #$J 6 !_^±#�× : ØH?±= � J ; #z_ 5 # ; J 9M6^5 L 9M5"6 #NJ

? # ? 3 �"� !$#$J]# 9»2"6^3 < 6M= a&a]#$J�J 3 � 9]? #$J 387 Üç# 9 Jz¡H� ; #$J 9»? #�L 3 �"J 9M6Ô5 L 9 : 3 � a&:`�":Ka =c;L =c6Ù; FÕ#$� Ñ�3 : ? #�a&#$J^J = <)#$JC#$J 9 J 3 � 5 �":ß_ 5 #�J 9^6^5 L 9^5"6 # ? #�L 3 � 9M68b8; #8¡"BÙ# 2 #$� ?±= � 9z¥ J 3 �
2"6^3@9M3 L 38; # Û a&! 9¿= � 387 Üç# 9 J 2 # 6 a&# 9�? FÒ! 9 #$� ? 6 # ; # ;ß= � < = <8# ? # Ø¾= c 3 � :K�±L 6 !$a&#N� 9¿=c; #)¡��< 386M=»2 # 5 9�?�3 �±L ? !Nõ±�": 6�= :K�"J^: 5 �"# Ø¾= a&: ;K; # ? # ;«= �"< = <)#$Jz¡4��# 2";K5 J ¥ L 3 a&a&# ?±= �"J
9M3)5 9�;ß= �"< = <8# Û�2 6^3@9M3@9çÝ�2 #$J ¥@; #$J�#�× 9 #$�"J^: 3 �"J =c2"243)6Ô9 !$#NJ��"#CJ 3 � 9 #NÓ�#zL 9M5 !$#NJ�_ 5 # 2b=@6
? #$J�a 3�? :KõbL =[9 : 3 �"J�J 5"6�? #$J ¶ �>a ¬N®ëî ¡4��:K�"JM: ¥�; #$J 2"6Ô382 6 :K! 9 !$J ? F � ! 6 : 9>= <)# ¥¨? #»L ;`3 � = <8## 9�? # 6 !_^±#�× : Ñ : 9 ! ¥�2 # 5 Ñ #$� 9 Ú 9^6 # = Ü 3)5 9 !$#$J�J^! 2b=c6 !$a&#$� 9 × ©�´�? #�J^:`a 2"; #NJ�#$� Ñ�3 :KJ ? #a&#$J^J = <)#$J 2b=c6Ô9 :`L 5"; :K# 6 J ¥�=c2"2 # ; !$J ºO¬¿î>îz´���¬¿î�ªMì�©ÐÏÙ­M´@®�¬�¯�ª>î�� ¡b��� ? !Nõ±�":KJ^J = � 9�? #·� 3)5 �
Ñ # ;K; #$J
:Ka 2";«= � 9>=c9 : 3 �"J ? #�a&#NJMJ = <8#NJ 6 !$:ÖõbL =[9 # 5"6 J ¥ ��< 386M=�2 # 5 9Ù= :K�"J^:±Ú 9M6 #�! 9 #$� ? 5 # 9
? !Nõ±�": 6�? #�� 385 Ñ # =c5 × ;ß= �"< = <)#$Jz¡4 =@6 #¿× #$a 2"; # ¥�? 5"6>= � 9Ð; FÒ#�×�!zL 5 9 : 3 � ¥�; FÒ#$� Ñ83 : ? #$JÐa&#$J^J = <)#$J 6 !$:ÖõbL =c9 # 5"6 J ì ê ½(Ñ # 9
ã ê�Òuê/Å = Ü 385 9 #$� 9�6 #$J 2 #zL 9 : Ñ #$a]#$� 9�? # 5 × 9�Ý�2 #$J ? F � ! 6 : 9¿= <8# ¥"; #$JØ× ¯b¬¿î # 9�; #$J º»©Ö¹)©½¼"î ¡�1#$JA× ¯±¬¿î�= Ü 3)5 9 #$� 9TÛ�5 � 3)7 Ü�# 9Ù? #�� 3)5 Ñ # ;K; #$JÐa&! 9M�"3�? #$J 3)5�? #�� 385 Ñ # =c5 ×WL �b= a 2 J ¥J = �"J·#$�éa 3�? :Öõ±# 6 J = J 9M6^5 L 9M5"6 #]:K� 9 # 6 �"#8¡I���Ï� 385 Ñ # ;�3)7 Üç# 9 #$J 9 J^:Ka 2"; #$a&#$� 9 L 6 !$!
�8;Ê$�Ó Ô6$�;�Õ�$'&u&��#"%$'&
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# 9C; F 3)7 Üç# 9C6 #$LN# Ñ # 5"6Ù? 5 a&#$J^J = <8# ì ê ½(ÑW? # Ñ :K#$� 9 J 3 � 2b=c6 #$� 9 ¡���#NJ º�©K¹)©«¼"î ÿ �K4 � 2 # 6 �a&# 9^9 #$� 9�? # 6 ! =@; :KJ^# 6�; #$J�a&Ú$a&#$J 3)2 ! 6>=[9 : 3 �"J ? F � ! 6 : 9>= <)#-_ 5 # ; #$J Ñ�5 #$J ¥ a = :`J�LN# 9Ô9 #
Ø½3 :KJ ; F 3)7 Ü�# 9·6 #zLN# Ñ # 5"6·? 5 a&#$J^J = <)# ã ê4ÒYê�Å�#$J 9 a 3�? :Öõ±!8¡1�1#$J�� 385 Ñ # ;K; #$J�a&! 9^�"3�? #NJ
385é; #NJo� 3)5 Ñ # =c5 ×éL �b= a 2 J·J 3 � 9-= Ü 3)5 9 !$J 2"��Ý J^:`_ 5 #$a&#$� 9�Û�; F 3)7 Üç# 9 ¡I��#&a&Ú$a]# ¥l; #L ;`3 � = <8# ? #$J 3)7 Üç# 9 J ? # ; F =c2"2"; :ßL =[9 : 3 �WJäFÕ#NÓ�#zL 9M5 #�!$< =c; #$a]#$� 9Ð2b=c6 #$� Ñ83 : ? 5 a&#$J^J = <)#
6 !$:ÖõbL =c9 # 5"6 Â Ý ÄqÅYê�Å¦Ö4¡�B 3 � 9M6M= : 6 #$a]#$� 9ÙÛ � =$Ñ8=�¥ ��< 3)6>= �"# 2"6 ! Ñ�3 : 9Ð2b= J ? F 382 ! 6M=c9 # 5"6� =c9 : Ø�243)5"6 #NÓ¨#$L 9M5 # 6 LN# 9^9 # 3)2 ! 6>=[9 : 3 �l¡l���Ï� =$Ñ)= ¥ : ; JzF = <8: 9�? # ;ß= a]! 9M�"3�? #�� =[9 : Ñ #
­]­K¶c¼¨¬�? # ;ß= L ;ß= J^J^#^/ ��ëi�N¿ �g��� ã ¿ Ä4-5/ ½K�/� ÷ 7 :K#$�¢_ 5 FÕ# ;K; # 2"5 :KJ^J^#&Ú 9^6 # 6 # ? !Nõ±�":K# 2b=c6
? #$JÀJ 3)5 JÞ��L ;ß= J^J^#$J ¥ # ;K; #C#$J 9�?±= � J 5 � 2"6 #$a&:K# 6�9 #$a 2 J ? ! 2 #$� ?±= � 9 # ? # ; FÒ:Ka 2";ß= � 9¿=[9 : 3 �
? # ;ß= a = L � :K�"# Ñ : 6Ô9M5 # ;`; #·J 3)5 JÞ�ßÜ = LN#$� 9 #[ø¿¡��FÒ:K� 9 # 6Ô2"6^�N9 # ? #»��< 386M= #$J 9 :Ka 2";ß= � 9 !%× ©�´o5 � ;«= �"< = <)# 386 :`#$� 9 !�� 3)7 Üç# 9 Jz¡�4 =c6 a&:
; #$J 3)7 Üç# 9 J�L 3 a 243 J = � 9 J�J 3 � =@6 L � : 9 #zL 9^5"6 # ¥"3 � ? :KJ 9 :K�"< 5 #·#$� 2b=@6Þ9 :`L 5"; :`# 6�; #$J ¶ �>a ¬�®ëî× ��¶cªM´@¥ _ 5 : ©½º�µe­K´c¼b®�¬�¼b®H; #$J 3)7 Üç# 9 J ? # ; F =c2"2"; :ßL =c9 : 3 �1¡1
 385 J ; #$J 3)7 Ü�# 9 J ? 5 � : Ñ # =@5a&! 9¿= :Ka 2";ß= � 9 #$� 9T;ß= a&! 9M�"3�? # âI� _ 5 : 6 # 9^385 6 �"# 5 � 387 Üç# 9 ��< 386M= ¡±BÙ# ;`5 : ��LN: 6 # 2"6 !��JM#$� 9¿= � 9]5 � 387 Üç# 9]? 5 �": Ñ # =c5Ê? # 7b= JM# ¥ : ; #$J 9�Ñ :KJM: 7"; # ? # 2"5 :KJ ; F =c2"2"; :ßL =c9 : 3 �1¡��1#$J
387 Üç# 9 J���< 386M=»243 JMJ �z? #N� 9�? # 5 ×�a&! 9^�"3�? #$J�J 5 2"2"; !Na&#$� 9¿= : 6 #$Jo%

P ��½��iÞb¥ _ 5 :l:`a 2";«= � 9 # ; FÕ#$� Ñ�3 : ? #�a&#$J^J = <8#$J ¥
P ÞK��æI�¨¥ _ 5 : 9M6M= �"J Ø½3)6 a]# 5 � 387 Üç# 9·? # ; F =@2"2"; :`L =c9 : 3 �é#$� 5 � 387 Üç# 9o? # ; FÒ:K� 9 # 6 �
2"6^�N9 # Q J^: ; F 3)7 Üç# 9 ��< 386M= #$J 9�? !ÔÜ Û¢5 � 3)7 Ü�# 9p? # ; FÕ:`� 9 # 6Ô2"6^�N9 # ¥Ù; F 382 ! 6M=c9 : 3 �#$J 9 : ? #$a 2�3@9 #N� 9 #�# 9�; F 3)7 Üç# 9�6 # 9M385 6 �"! 2b=c6�ÞK��æg� #$J 9 LN# 9�3)7 Ü�# 9�Q±?±= �"J ; #·L = JL 3 � 9M6>= : 6 # ¥[; F 387 Üç# 9H6 # 9^385"6 �"!Ù#$J 9H; F 3)7 Üç# 9�? # ; FÒ:K� 9 # 6^2"6^�N9 #C_ 5 :�:Ka 2";ß= � 9 # ; F 3)7 Üç# 9
? 5 �": Ñ # =c5�? # 7b= J^#8¡��FÒ#$� Ñ83 : ? #�a&#$J^J = <8# ÛC5 � 387 Üç# 9�� -5/ ? 5 �": Ñ # =c5o? # 7b= J^# 2"6Ô3[Ñ83 _ 5 # ; FÒ! Ñ)=c;`5±=c9 : 3 �

? # ; FÒ#�× 2"6 #$J^J^: 3 � = J^J 3 LN:`!N# =@5 �": Ñ # =c5 a&! 9¿= % ;ß= a&! 9^�"3�? # ��½��iÞ #$J 9]=c2"2 # ; !$#�J 5"6
; F 387 Üç# 9 ��< 3)6>=-6 # 2"6 !$J^#$� 9>= � 9j� -5/±¡ 
 385 J ; #$J 3)7 Üç# 9 JC��< 3)6>= _ 5 : 6 # 2"6 !$J^#$� 9 #$� 9 LN# 9Ô9 ##�× 2"6 #$J^J^: 3 ��J 3 � 9 #$�"J 5 : 9 # 9M6>= �"J Ø½3)6 a&!NJ�#$� 387 Üç# 9 J ? # ; FÒ:K� 9 # 6^2"6Ô�N9 #T× ©¦´�;«= a&! 9^�"3�? #
ÞK��æg� ¡ä�1# 6 !$J 5";Ö9¿=[9H? #ÐLN# 9H=@2"2 # ; #$J 9�5 �o� 3)5 Ñ # ;�3)7 Üç# 9H? # ; FÒ:K� 9 # 6^2"6Ô�N9 #8¡[� ; #$J 9 #$�"J 5 : 9 #
9M6>= �"J Ø½3)6 a&!�#N� 5 � 387 Üç# 9 ��< 3)6>= × ©�´ J = a&! 9^�"3�? # âg� ¡�� ; JzF = <): 9�=@;K3)6 J ? 5 6 !$J 5";Ö9¿=[9
? # ; FÒ#N� Ñ�3 : ? 5 a&#$J^J = <8# =c5 � : Ñ # =@5�? # 7b= J^#8¡��:K�"JM: ¥ ��< 3)6>=�243 J^J �z? # 5 �»a&!zL = �":`J^a&# ¯äµtØ¤í�¶4ÎÀ¼ J^:Ka&: ;«= : 6 # Û �"A���� ÿ �D� ( x � ¡
���]#NÓ�# 9ä¥ ��< 3)6>=�2 # 6 a&# 9�? F = L$L�! ? # 6
Û�;ß=�6 # 2"6 !$J^#$� 9¿=[9 : 3 � ? #TJ 3 �]:K� 9 # 6Ô2"6^�N9 # ? 5 6>= � 9
; FÕ#�× !zL 5 9 : 3 ��# 9 !$< =c; #$a&#$� 9�? #oa 3�? :Öõ±# 6�; #$J�L 3 a 243 J = � 9 J ? #·J 3 � =c6 L � : 9 #zL 9M5"6 # 2b=c6
? #$J 3)7 Üç# 9 J ? #���< 3)6>= ¡Ð� = �"J 5 � 2"6 #$a&:K# 6&9 #$a 2 J ¥ LN#�a&!zL = �":KJ^a&#�#$J 9 :Ka 2"; :ßLN: 9 #
;`3)6 JM_ 5 FÕ: ; JzF = <): 9�? F 5 9 : ; :KJ^# 6�; #$J Ñ)=@; # 5"6 J�� 5 a&! 6 :`_ 5 #$J 3)5 ; #$J�a&#NJMJ = <8#NJ 6 !$:KõbL =c9 # 5"6 J ¥L =@6 LN#$JÙ! ; !$a]#$� 9 JÐJ 3 � 9C? #$J 2b=c6Ô9 :`#$J ? # ; FÕ:`� 9 # 6^2"6Ô�N9 # ? 5�;ß= �"< = <)#8¡ � = :`JÙ: ;42 # 5 9 Ú 9^6 #
6 #$� ? 5 #�× 2 ; :`LN: 9 # =@5 �": Ñ # =@5�? 5�;«= �"< = <)# ¥ × ©�´�; F 5 9 : ; :KJ =[9 : 3 � ? # ? # 5 ×�a&#$J^J = <)#$J·%¾É è# 9�Ù Ä Ñ Å4¡ ��#�a&#$J^J = <8#�É è #NJ 9C5 9 : ; :KJ^! 243)5"6T6 !$:Öõ±# 6T; #$J 3)7 Üç# 9 J ? # ; FÒ:K� 9 # 6^2"6^��9 #�# 9T; #NJ
6 # 2"6 !NJM#$� 9 # 6 J 3)5 J ;«=TØ½3)6 a&# ? F 3)7 Üç# 9 J ? # ; F =@2 2"; :`L =[9 : 3 �1¡[�1#
a&#$J^J = <)# Ù Ä Ñ Å�#$J 9�5 9 : ; :KJ^!
2�3)5"6&; F 382 ! 6M=c9 : 3 ��:K� Ñ # 6 J^# ¥ L)FÒ#$J 9 � Û � ? : 6 # 9^6>= �"J Ø«386 a&# 6&5 � 3)7 Üç# 9�? # ; F =@2"2"; :`L =c9 : 3 �#$� 5 � 3)7 Üç# 9-? # ; FÒ:K� 9 # 6^2"6Ô�N9 #8¡I�-F =c5 9M6 #$J·a&#$J^J = <)#$J·J 3 � 9 !$< =@; #$a&#N� 9o5 9 : ; :KJ^!$J 243)5"6
9M6>= �"J Ø½3)6 a&# 6�5 � # #�× 2"6 #$J^JM: 3 � ? 5};ß= �"< = <)#æ#N� 5 � 387 Üç# 9 ��< 386>= ÷ L)FÕ#$J 9 � Û � ? : 6 # ;ß=
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Objet #2

: méta−objet composeur

: méta objet

: méta objet

C

Objet #3Objet #1

: lien méta associant un objet
du niveau de base et un méta objet

: lien de chainage de méta−objets

niveau méta

niveau de base

Composeur
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? #·LN#$J�L =@6Þ9 #$J¿ø ¥ ; FÒ#�× !zL 5 9 : 3 ��JzFÕ#NÓ¨#$L 9M5 # =$Ñ #zL ; #�a&Ú$a&#�L 3�? #8¡4BÙ# 9^9 #�:K� ? ! 2 #$� ?"= �±LN#< =c6>= � 9 : 9�;ß=»243)6Ô9¿=c7 : ; : 9 ! ? #$J =c2"2"; :ßL =c9 : 3 �"J�!$L 6 : 9 #$J�#$�¤� =zÑ)= ¡

Code source Java Code compilé (bytecode)COMPILATION

�æ�����u2"¡ ' P � = L 3 a 2 : ;«=[9 : 3 � ? F 5 � 2"6Ô3 < 6>= a&a&#�!zL 6 : 9 #$�¤� =$Ñ8=
B 3 �"J^: ? ! 6^3 �"J ;ß=�243)6Ô9 : 3 � ? #�L 3�? #�J 5 : Ñ)= � 9 #�!zL 6 : 9 #�#$�¤� =$Ñ)= ¡±� ;`; #�#�Ó¨#zL 9^5 # ; F =cØ �õbL �b= <8# Û»; FÒ!zL 6M= � ? # ;ß= L �b=�þ �"# ? #·L =c6>= L 9M�$6 #$J éi½b�g�g�{æ'�qßi�qÞáÃ %

�Iâ - �KÉ�� �g���K�g�fé'½I�I���.Ñ'�qßi�qÞ÷±
�gâ - �KÉ�� ���i���uÉg�fëi�iÉ�Þ{¼¤�KÉ���+ Æ �bßYÉ�� ã ¸<¹��qß ã �K1º±Æ Áu�/�'½�¼k¿C��âI� ¿ �KßYÉ��I�Y�/�æ+4¿Òéi½b�g�g�ìÑ'�qßi�qÞ�ÃÄ¿41«Å»»
� = a&! 9M�"3�? # ¼u�iÉ\� #$J 9Ð= :K�"JM:"L 3 a 2 : ; !$#�#$� 5 �&L 3�? #�:K� 9 # 6 a&! ? : = : 6 #�L 3 a 2"6 #$� = � 9#$� 9 # =c5 9M6 #$J 5 �"#·J^!z_ 5 #$�±LN# ? FÕ:`� J 9^6^5 L 9 : 3 �"J�_ 5 : 6 #NJMJ^#$a 7"; # Û LN#·_ 5 :1J 5 : 9 %

ã ½��Y���i���uÉg�Á£
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� 3)5 J 6 # Ñ :K#$� ? 6^3 �"J 2";K5 J�#$� ? ! 9>= : ; J�J 5"6T; #$J�:`� J 9^6^5 L 9 : 3 �"J ? # � ï@®�¬>­>¶äí�¬C?±= �"J ; #$JL �b=c2 : 9M6 #$J�J 5 : Ñ)= � 9 Jz¡bBÙ# ;K; #$JÞ�çL�:�J 3 � 9 #�× !$L 5 9 !$#$J 2b=c6�;«= a = L � :`� # Ñ : 6Þ9M5 # ;K; #-� =$Ñ8= ¡
mXh*mXh » ��BA8l86|Xx)>eJ�HK@G�NB�OÃ�NFIHb<�öjLG8

�À�Ï<8!$� ! 6>=c;�¥l; # � ï)®�¬M­>¶äí�¬ �1FÒ#$J 9�2b= J ? : 6 #zL 9 #$a&#$� 9 #�× !zL 5 9 ! 2b=@6�5 � 2"6^3 LN#$J^JM# 5"6
2"��Ý J^:`_ 5 #8¡�� 5 J^J^: ¥�5 �"#�L 3)5 L � # ;K3 <):ßL�:`# ;K; #�#$J 9 :K� 9^6^3�? 5 : 9 #�#$� 9M6 #WLN# � ï)®�¬M­>¶äí�¬ # 9-;«=a = L � :K�"# �0b@9 #�J 5"6C;«= _ 5 # ;K; # ; FÕ#�× !zL 5 9 : 3 � ? 3 : 9 J^# ? ! 6^3)5"; # 6 ¡±BÙ# ;K; #�L 3)5 L � # ;K3 <):`LN:`# ;`; ##$J 9�=c2"2 # ; !$# ;«=�ºW´8­ÒÑ�©½¼¨¬ × ©½ª�®¾¯b¬]­0­K¬�Ù�´ × ´ ¡� =h2"6 :K�±LN: 2b=@; # Ø½3 �±L 9 : 3 �¢#$J 9o? FÒ#�× !$L 5 9 # 6·; #$JoJ^!z_ 5 #$�±L�#$J ? FÕ:K�"J 9^6^5 L 9 : 3 �"J ? # � ï�¬
®�¬>­>¶äí8¬ ¡b� = JM!Na = � 9 :`_ 5 # ? #-L �b= _ 5 #o:K�"J 9M6^5 L 9 : 3 � ? # 7�Ý�9 #zL 3�? #o#$J 9�? !zL 6 : 9 # ?±= �"J ;«=J 2 !zLN:ÖõbL =c9 : 3 � ? # ;ß= a = L � :K�"# Ñ : 6Þ9M5 # ;K; #�� =$Ñ8=�Ø½3)5"6 �":K# 2±=@6 � 5 ��ÿÕ�� Ø[�[ � ¡��� 2"6^3 < 6M= a]a&#·� =$Ñ)= �lFÒ#$J 9 L 3 a 2 : ; !�_ 5 F 5 �"# Ø½3 :KJ 24385 6Ù9M3)5 9 #NJCa = :KJCJ 3 � � ï)®�¬_¬
­>¶äí�¬C2 # 5 9�? 3 �±L�Ú 9M6 #�#�× !zL 5 9 !·J 5"6 �1FÕ:`a 24386Þ9 #o_ 5 # ; J Ý J 9M� a&# ¥"243)5"6ÔÑ�5 _ 5 #·LN# ? # 6 ��":K# 6�243 JMJ �z? #�J =»2"6Ô382"6 #�:Ka 2";ß= � 9>=c9 : 3 � ? #�a = L � :K�"# Ñ : 6Þ9M5 # ;K; #�� =$Ñ8= ¡"� = õ±< 5"6 #Ã2 ¡�2: ;`;K5 J 9M6 #·LN# 9Ô9 #�: ? !$#8¡

Machine Virtuelle Java
pour Windows

Machine Virtuelle
pour MacOS

Machine Virtuelle Java
pour UNIX

ExécutionExécutionExécution

Code compilé (bytecode)

�������¤2 ¡�2 P ��× !zL 5 9 : 3 �ª× ©¦´�5 �"#�a = L � :K�"# Ñ : 6Þ9M5 # ;K; #
��FÕ#�× !zL 5 9 : 3 � ? F 5 � 2"6^3 < 6M= a]a&#»� =$Ñ)= #$J 9�?�3 �±L 243)6Ô9>=@7"; #-#$� 6>= :`J 3 � ? 5 L =c6>= L¿�

9M�$6 #�:K� 9 # 6^2"6 ! 9 ! ? #�LN# ;K5 : ��LN: ¥ a = :KJ =c5 J^JM:Ð#$� 6>= :`J 3 � ? #WJ 3 � L 3�? #hL 3 a 2 : ; !8¡À� 3)5 J#�× = a&:K� 3 �"J ? # 2";K5 J 2"6Ô� J�L�# ? # 6 �":K# 6�?±= �"J ;ß=»2"6Ô3 L �b= :K�"#·J^#zL 9 : 3 �1¡

NW��ç ù¢qs�ÐmO��qs�Ðmo� npi$u�f ú,û2ü�ý	þ0ÿ�����þ��
BÐ# 9^9 #�J^#zL 9 : 3 � =c74386^? # ; #·L 3�? #oL 3 a 2 : ; ! ? F 5 � 2"6^3 < 6>= a&a&#-� =$Ñ)= % ; # � ï)®�¬>­>¶äí8¬ ¡� 3)5 J =@743)6M? # 6^3 �"J�J = J 9^6^5 L 9^5"6 #�#$� 9¿= � 9 _ 5 #-õbL � :K# 6z¥ _ 5 #»� 3)5 J ? !$J^:`<)�"# 6Ô3 �"J 2b=@6
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mXh��ðhCº �ËHbF'JA>YHKJAFK8�¹�x�Bðx�FK<NLG8�M��ÐJjB��
>'?A@G8�F����������
� = �"J 5 � J Ý J 9M� a]# ? #OõbL � :K# 6 J ¥I; #hL 3�? #hL 3 a 2 : ; ! ? F 5 � 2"6^3 < 6>= a&a&#�� =$Ñ8= #$J 9L 3 � 9 #$� 5 J 385 J ;ß=�Ø½3)6 a&# ? F 5 �éõbL � :K# 6 _ 5 #O� 3)5 J ? !$JM:K<)� 3 � J 2b=c6 õbL � :K# 6Í�g���K�I� ¡�� ;#$J 9 L �b=c6 <)!-# 9�Ñ ! 6 :Kõ±! 2±=@6�;«= a = L � :K�"# Ñ : 6Ô9M5 # ;`; # =$Ñ8= � 9�; FÕ#�× !zL 5�9 : 3 � ?�5 L 3�? #�_ 5 FÒ: ;L 3 � 9 :`#N� 9 ÷ ; #�L �b=@2 : 9M6 #WJ 5 : Ñ)= � 9 #¿× 2"; :ß_ 5 # 6>= LN# ;ß=�2";K5 J-#N� ? ! 9>= : ; J¿ø�¡���� 9 # ; õbL � :K# 6#$J 9 L 3 a 243 J^! ? # 2";K5 J^:K# 5"6 J 2b=@6Þ9 :K#$J ;K3 <8:`_ 5 #$J ? 3 �"� !$#$J 2±=@6T;ß= õ"< 5"6 #Ã2"¡a1 ÷ 5 ' # 9�5 1

6 # 2"6 !NJM#$� 9¿= � 9�6 #NJ 2 #zL 9 : Ñ #$a&#$� 9�? # 5 ×�# 9 _ 5b=c9^6 # 3 L 9 # 9 J¿ø¿¡

B ;ß= J^JMá�: ; #��
5 1]a = <8:`L Q
5 ' a&:K� 386! TÑ # 6 JM: 3 � Q
5 ' a = Ü 3)6" TÑ # 6 J^: 3 � Q
5 ' L 3 �"J 9>= � 9# �243�3);	 L 385 � 9�QL 2� :K� Ø½3 L 3 �"J 9¿= � 9" �243�3); ÿÕL 3 � J 9>= � 9" �243�3);	 L 385 � 9 �>x � Q
5 ' = LNLN#$J^J  ^ = <)J Q
5 ' 9M� :KJ  L ;ß= J^J Q
5 ' J 5"2 # 6" L ;ß= JMJ Q
5 ' :`� 9 # 6ÔØ¾= L�#$J  L 385 � 9�Q
5 ' :`� 9 # 6ÔØ¾= L�#$J/ÿ :K� 9 # 6ÔØ¾= L�#$J  L 385 � 9 � Q
5 ' õ±# ;`? J  L 385 � 9,Qõ±# ;`?$ :K� Ø½3 õ±# ;`? J�ÿ õ±# ;`? J  L 3)5 � 9 � Q
5 ' a&# 9M� 3�? J  L 3)5 � 9�Qa&# 9M�"3�?% :`� Ø«3 a&# 9M�"3�? J�ÿÕa&# 9^�"3�? J  L 3)5 � 9 � Q
5 ' =c9Ô9M6 : 7"5 9 #$J  L 385 � 9,Q
=[9^9^6 : 7"5 9 #  :K� Ø½3W=[9^9^6 : 7"5 9 #$J�ÿ =[9^9^6 : 7"5 9 #$J  L 3)5 � 9 � Q&

�æ�����u2"¡a1 P � 9M6^5 L 9M5"6 #�<8!$�"! 6M=@; # ? #$JTõbL � :`# 6 J =c5pØ½3)6 a =[9Ø���g�b�I�

� =]9¿=c7"; # �����¤�/�'���b�i���'�I�I� #$J 9�5 �"# ? #$J 2b=c6Ô9 :K#$J�_ 5 :�L 3 � 9 :K#$� 9�; # 2";K5 J ? FÒ:K� Ø½3)6 �a =c9 : 3 �"Jz¡b� 3)5 J ;«=»? !zL 6 : Ñ�3 �"J ?±= �"J ;ß= JM#$L 9 : 3 �pJ 5 : Ñ)= � 9 #8¡
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6 ! Ø ! 6 #$�±LN#NJ ? : 6 #zL 9 #$J�J 5"6�? #$J ?�3 �"�"!$#NJÀL 3 �±L 6^��9 #$Jz¡@BÙ#
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X=YIZ\[#]_^=Z`]ba`X=c_d=eCeIa\fAg\h\i jlk`monqpsrut#vqn`wbvqxyt#z{z{n}|I~�motI�bx�n�t#~*�X=YIZ\[#]_^=Z`]ba"�b�I�`��i#�_�\�`h=a\f�gbh=i ���Km��b|C��n�������k�z�m�t#kbvqn}|I~���n�vqxyt#z{z{nI�X=YIZ\[#]_^=Z`]ba\��g=�\�`�ChCd\�I�#�b�#�_��iI�_�\�`hCabf�gbh=i ���Km��b|C��n�������k`monqpsrut#v�nI�X=YIZ\[#]_^=Z`]ba\��g=�\�`�=�I�\a\fAg\h=i ��|Ik�z�m�t#k`m�n}kC~b���qps���=~bn���n5ml�\ ?n¡f�g=�X=YIZ\[#]_^=Z`]baI¢\cCi`dI�\a\fAg\h\i ��|Ik�z�m�t#k`m�n}kC~b���qps���=~bn���n5ml�\ ?n}h=cCi`d#�X=YIZ\[#]_^=Z`]baI£\i"g=�\a\f�gbh=i ��|Ik�z�m�t#k`m�n}kC~b���qps���=~bn���n5ml�\ ?n¤c_i"g=�X=YIZ\[#]_^=Z`]ba"¥�i"¦_§�c`�_abf�gbh=i ��|Ik�z�m�t#k`m�n}kC~b���qps���=~bn���n5ml�\ ?n��\i"¦_§�c_�X=YIZ\[#]_^=Z`]ba_[#�=��fAg=�=abf�gbh=i jlkbz¨motIkbvqn���n�xyt©vqxyt#z{z{n«ªCd#¬\d�­¨c_d"g=��­�[I�C��fAg=�W�X=YIZ\[#]_^=Z`]baIZ=d!®��I^`g=�_]_¯_°b�_abf�gbh=i ±$tIp�mot#²I��n  �t#p x�nqz nqk`mops�qnqz ��n ml�\ WnXCY`Z=[I]_^CZ_]\aI³_³_³=�=�_hCa\fAg\h\i\�X=YIZ\[#]_^=Z`]ba!´=�\h_µ=a\f�gbh=i ����t!¶·kbn5��n5v�t#p{tIv�m�¸qpsn�z-nqkbvq|=�b�qn�t#~�rT|Ip{��t!m+¹+º1»0¼l½b�

¾À¿�Á �u2?ÂTÃ PÅÄÇÆ"È}Æ"É�ÊKËoÌ"Æ"È«Í?ÆEÎuÏÐÊqÏCÑ�Î·Æ �����¤�/�'���b�i���'�I�I� Â

ð ÎlÒÓÆ ×�Ô Æ"Õ?Ê�ÖT×=ÉØÍ?ÆÙÎlÒÚÆ"É�Ê Ú ÊKÆ ÷ ¼¤� ã É�� ø�Û Í?ÜÅÉ�Ü�Ý�Ì"Ë�×ÐÍ?Æ Ñ Æ"ËoÈKÖ·×=É ÷ ¼�É��'�qßK��ëi½qß'�bÉ����
Æ!Ê ¼¤� / ��ßi��ëi½qß'�bÉ���� ø ÆAÊ
Í?ÜÅÝ�×WÍ?Ö õ*Ô Ï`ÊKÆ"Ü�Ë5Í�Ò;Ï Ô"Ô!Þ È5Í?ÆÙÎuÏ Ô ÎuÏCÈ�È�ÆÙËoÆ"Õ�Ë�Ì"È�Æ"ÉbÊKÌ"Æ Û�Ô ÒÓÆ"ÈoÊoßÛ ßsÍ?Ö·Ë�ÆØÈ�×=ÉàÉ�Ö Ñ ÆIÏ_ÜáÍ?Æ Ñ ÖTÈ�Ö·Ñ�Ö·ÎTÖyÊKÌ ÷ �b�I�q½K�g���qÊi��� ã øAÛ�ÔKâ Ï Ô Ü�É?ÆãÍ?Æ"È�Õ*Ï_ËoÊKÖ·Æ"È�Í�ÒÓÜ�É õ ßÔqâ Ö·Æ"Ë
ÏCÜ Ø ×=Ë�ÝNÏ_Ê �g���K�g��Ø ÏCÖyÊ5ËoÌ Ø Ì"ËoÆ"É Ô Æ Û ÎuÏ�ÊqÏCÑ�Î·Æ �����¤�/�'���b�i���'�I�I� ÂI4 Ï_ËäÆ × Æ"Ý�Õ�Î·Æ Û
ÎRÏãÎ·ÖTÈoÊ�Æ9Í?Æ"ÈEÖTÉbÊKÆ"Ë Ø Ï Ô Æ!ÈåÖ·Ý�Õ�ÎuÏCÉ�Ê�Ì"Æ"ÈåÕ*Ï_ËEÎuÏ Ô ÎRÏ_È�È�ÆNË�Æ!Õ�Ë�Ì"È�Æ"É�Ê�Ì"ÆNÕ*Ï_Ë Ô Æ õ*Ôqâ Ö·Æ"ËEÆ"ÈoÊ
Í?Ì"È�ÖTæ=É�Ì"Æ�Õ*ÏCË©Ü�ÉçÆ"É�È�Æ"ÝÐÑ�Î·Æ�Í�ÒÓÆ"É�ÊKÖ·Æ"ËoÈ Ô ×\ËoË�Æ"È�Õ0×\É�Í�ÏCÉ�Ê�È�Ï_Ü × Ö·É�Í?Ö Ô Æ"ÈåÍ�ÒÓÆ"É�Ê�Ë�Ì"Æ"ÈEÍ?Æ
Ê Ý Õ0Æ ÂbÄqÅKÆqÇgÈIÅgÇ � Â ���K�g���KÉ��KÊK� Â$è Î�Æ"ÉéÆ!È�Ê�Í?ÆÐÝ Ú Ý�ÆÐÕ0×\Ü�Ë¡ÎRÏ9È�Ü�Õ0Æ"Ë Ô ÎRÏ_È�ÈKÆ ÛÇê Ü�Ö�Æ"ÈoÊ
Í?Ì õ É�Ö·Æ9Í�ÏCÉ�È õ*Ôqâ Ö·Æ"Ë �g���K�g� Õ*Ï_Ë�Ü�ÉçÖTÉ�Í?Ö Ô Æ�ë\Æ"Ë�È�Ü�ÉçÝ Ú Ý�ÆÐÊ Ý Õ0Æ�Í�ÒÓÆ"É�ÊKËoÌ"Æ ÷qì µ%ñ ÎTÆÔqâ ÏCÝ�Õ �/âg�Y½�ßY���g�b�I� Í?Æ�ÎuÏ õ æ=Ü�ËoÆ Ô ÎuÏ_ÈKÈ õ Î·Æ Â

ÄÇÆ"È ÔKâ ÏCÝ�Õ�È�Æ!Ê�Î·Æ"È�Ý�ÌAÊ â ×�Í?Æ"È�È�×\ÉbÊ�ËoÆ"Õ�Ë�Ì"È�Æ"É�Ê�Ì"È�Í�ÏCÉ�È�ÎTÆ õ*Ôqâ Ö·Æ"Ë ���g�b�I� Ë�Æ"È�ß
Õ%Æ Ô ÊKÖyëbÆ"Ý�Æ!É�Ê
Õ*Ï_ËäÎTÆ!È5Õ*ÏCË�ÊKÖ·Æ"È ÊYÉ�½b��ÞK�KÉ��KÊK� ÆAÊ ¼u½���àY�qÞK�KÉ��KÊK� ÷ ëb×=Ö·Ë õ æ\Ü�ËoÆ 2?Â31�øAÂ ÄÇÆ
É�×\Ý Û Î·ÆäÊsíWÕ0Æ5Æ!Ê�ÎuÏ¤È�Ö·æ\É*Ï`ÊKÜ�ËoÆäíåÈ�×=É�ÊÀÏCÜ�È�È�ÖWÍ?Ì Ô ËoÖ·Ê�È-Æ!É�ÊKÆ"Ë�Ý�Æ"È-Í�ÒÓÖTÉ�Í?Ö Ô Æ!ÈÀÍ?Æ5ÎuÏ«ÊqÏCÑ?ÎTÆ
�����u���i���I�'���Y�g�b� Â$î Æ"ÈÙÕ*Ï_ËoÊKÖ·Æ"È Ô ×=É�ÊKÖ·Æ"É�É�Æ"É�Ê�Ï_Ü�È�È�Ö�Í�ÒïÏCÜWÊKË�Æ"ÈÙÖ·É�ð�×=Ë�Ý9Ï`ÊKÖ·×=É�È¡Ö·Ý�Õ0×=Ë�ß
Ê�ÏCÉbÊKÆ"È ÂÇî ÒÓÆ"ÈoÊ�Î·Æ Ô Ï_È�Í?Æ ¼¤½��gà'��Þb�iÉ\�iÊb� ê Ü�Ö Ô ×=É�ÊKÖ·Æ"É�Ê�Î·Æ"È©Ö·É�È�Ê�Ë�Ü Ô Ê�ÖT×=É�È�Í?Æ Ôqâ Ï ê Ü�Æ
Ý�Ì!Ê â ×�Í?Æ Â�î Æ"È�Ö·É�ð�×=Ë�ÝNÏ_Ê�ÖT×=É�È©ÈK×=É�ÊEÏCÕ�Õ0Æ"Î·Ì"Æ"ÈÅñCòlòGóAô �Aõ òGö Â�÷ ×\Ü?È�Î·Æ"È�Í?Ì Ô Ë�Öyë\×\É�È�Í�ÏCÉ?È
ÎRÏ�È�Æ Ô Ê�ÖT×=ÉøÈ�Ü�Öyë=ÏCÉbÊKÆ Â
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ÄÇÆ"È«Ï_ÊoÊKËoÖTÑ�Ü?Ê�È�ÈK×=É�Ê}Í?Æ"È}Ö·É�ð�×=Ë�ÝNÏ_Ê�ÖT×=É�È}È�Ü�Õ�Õ�Î·Ì"Ý�Æ"ÉbÊ�Ï_ÖTËoÆ"È}È�Ü�Ë Ô Æ"Ë�Ê�Ï_ÖTÉ?Æ"È}Õ*ÏCË�ÊKÖ·Æ"È
Í�ÒÚÜ�É�� ÔKâ ÖTÆ"ËøÏ_Ü ð�×=Ë�Ý9Ï`Ê ���g�b�I� Â�è Î·È Ô ×=Ë�ËoÆ"È�Õ0×\É�Í?Æ!É�Ê�� Ôqâ Ï Ô Ü�É�Æ Í?Æ"ÈãÈoÊKË�Ü Ô ÊKÜ�Ë�Æ!È
���g�bßYÉ - âb�i½I�KÉ��KÊK��� ëb×=Ö·Ë���æ\Ü�ËoÆ 2?Â31��AÛ�Ô ×=Ý�Õ0×=ÈKÌEÍ�ÒÚÜ�ÉøÆ!É�ÊKÖ·Æ"Ë«Í?Ì!Ê�Æ"Ë�Ý�Ö·É*Ï_É�Ê¤ÎuÏÐÊ�Ï_Ö·ÎTÎ·Æ
Í?Æ"È�Í?×=É�É�Ì"Æ"È�Í?Æ Ô Æ!Ê«Ï`Ê�Ê�Ë�Ö·Ñ�Ü?Ê
Æ!Ê}Í$ÒÚÜ�ÉÅÖTÉ�Í?Ö Ô Æ©Í�ÒÚÜ�É?Æ¡Æ"É�ÊKËoÌ"Æ ÂbÄqÅKÆqÇgÈIÅgÇ � É �bÊ�� Í�Ï_É�È
ÎuÏÐÊ�Ï_Ñ�Î·Æ �q���u���i���I�'���Y�g�b� ê Ü�ÖÇÍ?Ì"È�ÖTæ=É�ÆEÈ�×=É ÊsíWÕ0Æ Â4 ÏCËoÝ�ÖÀÎ·Æ"ÈÐÏ`Ê�ÊKËoÖ·Ñ�Ü?ÊKÈEÎ·Æ"ÈåÕ�Î·Ü�ÈEÖTÝ�Õ0×=ËoÊqÏCÉbÊKÈ Û ×=É Í?ÖTÈoÊ�ÖTÉ�æ=Ü�Æ�Ê�×\Ü?ÊåÍ�Ò;Ï_Ñ0×=ËKÍ Ô Æ"ÎTÜ?Ö
Í?Æ�Ê{í�Õ0Æ Â ���¤�/�'���b��ìY�I��â'½ Â�è ÎÀÆ"ÈoÊ Ô ×=É�ÊKÆ"É�Ü Í�Ï_É�È�ÎTÆ"È�ÈoÊKË�Ü Ô ÊKÜ�Ë�Æ!È ÊYÉ�½b��ÞK�KÉ��KÊK� ê Ü�Ö
Í?Ì Ô ËoÖ·ë\Æ"É�ÊNÎTÆ!È�ë\Ï_Ë�ÖuÏ_Ñ�ÎTÆ!ÈÅÍ?Æ Ô ÎuÏ_ÈKÈ�Æ � É�×CÊKÌ"Æ �/�'���¤É�� Í�Ï_É�ÈNÎ·Æ Ô ×WÍ?ÆøÈ�×=Ü�Ë Ô Æ��\Ï#ë=Ï �AÂè Î¤Æ"È�ÊÅËoÆ"Õ�Ë�Ì"È�Æ"É�Ê�Ì Õ*Ï_ËÅÜ�É�Æ È�Ü�ÖyÊKÆ Í�ÒÚ× Ô ÊKÆ!Ê�ÈãÍ?Ì!ÈKÖ·æ=É*ÏCÉbÊØÜ�É Ö·É�Í?Ö Ô ÆéÍ�ÒÓÆ"É�ÊKËoÌ"Æ Í�Ï_É�È
ÎuÏ Ê�Ï_Ñ�ÎTÆ �����¤�/�'���b�i���'�I�I� Â©î Æ!ÊoÊKÆ Æ"É�Ê�Ë�Ì"Æ Ô ×=É�ÊKÖ·Æ"É�ÊéÎuÏ ë=ÏCÎ·Æ"Ü�ËçÏ"ëbÆ Ô ÎuÏ ê Ü�Æ"Î·ÎTÆàÎ·ÆÔqâ Ï_Ý�Õ Í?×\ÖyÊ��!ÊKËoÆ Ö·É�ÖyÊKÖuÏCÎ·Ö·ÈKÌ Î·×\ËoÈ ê Ü�Æ ÎuÏ Ô ÎuÏCÈ�È�Æ Í�Ï_É�ÈÅÎRÏ ê Ü�Æ!ÎTÎ·Æ ÖTÎ¤Æ!È�ÊØÍ?Ì Ô ÎRÏ_Ë�Ì Æ"ÈoÊÔqâ Ï_Ë�æ=Ì"Æ¡Õ*Ï_Ë5ÎRÏåÝNÏ Ôqâ Ö·É�Æ¤ëWÖTË�ÊKÜ�Æ"Î·Î·Æ Â ÄÇÆ¤Ê{íWÕ0Æ¡Í�ÒÚÜ�É�Æ¤ÊKÆ"Î·Î·Æ¡Æ"É�Ê�Ë�Ì"ÆÙÈKÆ!ËqÏåÕ*Ï_Ë
Æ
 ?Æ"Ý�Õ�Î·ÆÂKÄ�ÅiÆ�ÇIÈgÅIÇ �b����� ã �KÉ��KÊK� Õ0×\Ü�ËÀÜ�É�Æ�ë=Ï_Ë�ÖuÏCÑ�Î·Æ«Í?Æ Ô ÎuÏCÈ�È�Æ«Í?Æ
Ê{íWÕ0Æ �g��� ã ÆAÊ Ô Æ"Î·Ü�Ö*Í�ÒÓÜ�É�Æ
ë=ÏCËoÖRÏ_Ñ�Î·ÆåÍ?Æ©ÊsíWÕ0Æ / ��ë'�¢¿À����� ã ¿ Æ �IßuÉ\� ã È�Æ"ËqÏ ÂKÄ�ÅiÆqÇgÈIÅgÇ � Æ �IßuÉ\� ã �iÉ\�iÊb� Â

Ä1ÒïÏ_ÊoÊKË�Ö·Ñ�Ü?ÊÀÍ?Æ5Ê{íWÕ0Æ Â �qÞK½ Æ"ÈoÊÀÎ·Æ�Õ�Î·Ü�È-Ö·Ý�Õ0×\Ë�Ê�Ï_É�ÊÀÕ*Ï_Ë�Ý�Ö Ô Æ"Ü� Ô ×\É�Ê�Æ"É�Ü�È1ÏCÜ�È�Æ"Ö·É
Í?Æ Ôqâ Ï Ô Ü�É�ÆEÍ?Æ"È«ÈoÊ�Ë�Ü Ô Ê�Ü�Ë�Æ"È ¼u½���àY�qÞK�KÉ��KÊK� Â�è Î Ô ×\É�Ê�ÖTÆ!É�Ê«ÎTÆ"È}Ö·É�ÈoÊKË�Ü Ô ÊKÖ·×\É�È Û ÎuÏÐÊ�Ï_Ñ�Î·Æ
Í?Æ"È}Æ! Ô Æ"Õ?Ê�ÖT×=É�È«Æ!Ê}ÎRÏÐÊqÏCÖ·Î·Î·ÆåÍ?Æ�ÎuÏ�Õ�Ö·ÎTÆEÍ�ÒÚÆ! WÌ Ô Ü?ÊKÖ·×=É Í�ÒÓÜ�É�ÆEÝ�Ì!Ê â ×�Í?Æ Â" Æ!ÎT×=ÉÐÎuÏ«È�Õ0Ì Ô Ö#� Ô Ï`ÊKÖ·×\É�Í?ÆäÎRÏ}Ý9Ï Ôqâ Ö·É�Æäë�ÖTË�ÊKÜ�Æ"Î·Î·Æ��\Ï#ë=Ï ÿ Ä�$ [�[ � Û ÖTÎ�Æ"ÈoÊ�Õ0×\È�È�Ö·Ñ�ÎTÆ
ÍWÆÔ Ë�Ì"Æ!Ë«Ï_Ü?Ê�Ï_É�Ê«Í$Ò;Ï`Ê�ÊKËoÖTÑ�ÜWÊKÈ ê Ü�Æ©ÎlÒÚ×=É Í?Ì"È�Ö·Ë�Æ Û Æ"ÉãÕ�Î·Ü�È«ÍWÆ Ô Æ"Ü� ê ÜÇÒÓÆ"ÎTÎ·Æ©Ö·Ý�Õ0×\È�Æ Â*î Æ"Ë{ß
Ê�Ï_ÖTÉ?È�Ï`Ê�Ê�Ë�Ö·Ñ�Ü?ÊKÈÇÈ�×\ÉbÊ�Ï_ÖTÉ�È�Ö&%('0ò	ô)%+*,*.- ­ ö Â0/ Ï_Ë�Æ! ?Æ"Ý�Õ�Î·Æ Û ÎlÒ;Ï`Ê�Ê�Ë�Ö·Ñ�Ü?Ê ÝuÉ01Y½ Å âq¼ - ½qß Ç,24-�3 ½
Æ"ÈoÊ
Ü?ÊKÖ·Î·ÖTÈ�Ì¡Õ*Ï_Ë5Î·Æ"È�Í?Ì"Ñ0×=æ=Ü�Æ"Ü�Ë�È
Õ0×\Ü�Ë5ð	Ï_Ö·Ë�ÆÙÎ�ÒïÏCÈ�È�× Ô ÖRÏ`ÊKÖ·×\ÉØÆ"É�Ê�Ë�ÆÙÜ�É�Æ¡Î·Ö·æ\É?Æ©Í?Ü Ô ×WÍ?Æ
È�×\Ü�Ë Ô Æ
Æ!Ê-Ü�É�Æ"É�Í?Ëo×\ÖyÊ1Í�Ï_É�ÈÀÎ·Æ54�×CÊ1Í�ÒÓÖTÉ�ÈoÊ�Ë�Ü Ô Ê�ÖT×=É�È Â Ä1Ò;Ï`Ê�Ê�Ë�Ö·Ñ�Ü?Ê Ù'½+6Kßi½�7 2�8 ½qÞ ÛCê Ü*Ï_É�Ê
� Î·Ü�Ö Û È#ÒÚÖ·Î
Æ"ÈoÊ�Õ�Ë�Ì!ÈKÆ!É�Ê�Í�ÏCÉ�È�ÎuÏ Î·Ö·È�Ê�Æ Í?Æ"ÈNÏ`Ê�Ê�Ë�Ö·Ñ�Ü?ÊKÈ�Í?Æ"È�ÈoÊKËoÜ Ô ÊKÜ�ËoÆ"È Â,392;:�:�< É 3 ½ Û
¼¤½ 8 à>=�Þ�?iÉ01iÊ�= ×=Ü ÊYÉ�½ 3 Þ;?KÉ�1KÊ;= Û Í?Ì"È�Ö·æ\É�Æ Ë�Æ"È�Õ0Æ Ô Ê�Ö·ë\Æ"Ý�Æ"É�ÊÅÜ�É�Æ Ô ÎuÏ_ÈKÈ�Æ Û Ü�É�Æ Ý�Ì�ß
Ê â ×�Í?Æ¤×=ÜNÜ�É Ôqâ Ï_Ý�ÕNÉ�×=Ê�Ì¤×=Ñ�È�×\Î Þ Ê�Æ¤Æ!Ê5Í?×=É Ô É�×=É9Ü?ÊKÖ·Î·Ö·È�Ï_Ñ�Î·ÆÙÕ*Ï_Ë+Î·Æ¤Õ�Ëo×\æ=ËqÏ_Ý�Ý�Æ"Ü�Ë Â@ É Ô ×=Ý�Õ�Ö·ÎuÏ_Ê�Æ"Ü�ËNæ\Ì"É�Ì!Ë�Æ"ËqÏ ÊKÆ"Î}×\Ü Ê�Æ"Î¤Ï_Ê�Ê�Ë�Ö·Ñ�Ü?Ê9×=Õ?ÊKÖ·×=É�É�Æ"ÎÙÏ_Ü È�Æ"Ö·É Í�ÒÚÜ�ÉA� ÔKâ ÖTÆ!Ë7 392;:�:?ÂÀî Æ"Õ0Æ!É�Í�ÏCÉbÊ Û-Ô Æ"È�Í?Æ!Ë�É�Ö·Æ"Ë�È�Õ0Æ"Ü?ëbÆ"É�ÊB�!Ê�Ë�ÆØÖ·æ\É?×\Ë�Ì!È�Õ*Ï_Ë�Ü�É�ÆØÝ9Ï ÔKâ ÖTÉ?ÆØëWÖ·Ë{ß
ÊKÜ�Æ"Î·Î·ÆC�\Ï"ë=Ï Û È#ÒÓÖTÎ·ÈäÎ·Ü�Ö*È�×=É�ÊäÖ·É Ô ×=É�É�Ü�È Û ÎT×=Ë�È ê Ü?Æ Ô Æ"Î·Î·ÆAß Ô Ö0Æ! �ÊKËqÏ_ÖyÊ5Í?ÜD� Ôqâ Ö·Æ"Ë 7 392;:�: Î·Æ"È
Ö·É�ð�×\ËoÝ9Ï`ÊKÖ·×\É�È«Í�ÒÚÆ! WÌ Ô Ü?ÊKÖ·×=É Â

ÄÇÆ©ÊqÏCÑ�Î·ÆIÏ_ÜFE Â;ù Õ�Ë�Ì"È�Æ"É�Ê�ÆEÎ·Æ"È¤ÏCÜWÊKË�Æ"È¤Ï`Ê�ÊKËoÖTÑ?Ü?ÊKÈ}É�×\É ×=Õ?ÊKÖ·×=É�É�Æ"Î·È Â

NHGJI K f�Lgf�MONQP�RTSUL VXW û2ü�ý.þ0ÿ�����þZY[N\M^] S_V[R!`�abNQP�RTSUL[c
è Î¤Æ! ?Ö·ÈoÊKÆ Í?Æ É�×=ÝÐÑ�ËoÆ"Ü� ×=Ü?ÊKÖ·ÎTÈ ê Ü�Ö¤Ý9Ï_É�ÖTÕ?Ü�ÎTÆ"ÉbÊãÎ·ÆAd!eCòf- ì %�g9- ÛäÔ Æ"ËoÊqÏCÖ·É�ÈØÕ0×=ÜWß

ë=ÏCÉ�Ê«ÝB�"Ý�ÆEÎ·ÆEæ=Ì"É�Ì"Ë�Æ!Ëh��ÎRÏÐëb×=Î·Ì"ÆåÍ?Ü�ËqÏ_É�Ê«ÎlÒÚÆ! ?Ì Ô Ü?ÊKÖ·×\É Â�/ ÏCËoÝ�ÖÇÆ"Ü� Û ×=É Í?ÖTÈoÊ�ÖTÉ�æ=Ü�Æ
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Le (bytecode classique du) programme Java

utilisateur peut interagir avec Corosol.

La JVM hôte classique interprète

Corosol et stocke tous ses objets.

Corosol interprète le

programme utilisateur. JResolver

JClassLoader

JStackFrame

JInstruction.Iadd

JScheduler

JVirtualMachine

JHeap

JThread

Corosol.getVirtualMachine()

ÈgÉÚÊIë å	=&Ë È9¦ � C � � �&�G�-#��;� �j���i� �/� � ) � �c
 � �¤ �N¡ � � �A#%�&� � 
 ��> �/���/�%�/� =

ìIíïîðí¿ù ÇFÔ;Ð�ÛhÔ,ü�Ý&Ò;Ý ÿ ßTñ Õ Ù�ÚÜü � Ñ�Ó ÿ
» �-��
��e� � � 8 ��� 8 ���&��#%���Z
 ��� �*#%� � � � # � � 8 ��d�# � J�� � � 8 ��� 8 �$�;��#����Z
A[ � �-
��;�6� � �4��� � #� � � 8 �&�(�2�&
 8 ���:#5� � # � � =�� �;� � ��
	�/� S���� # 8.� ��
 � #$#%� � £h�3 +� 8(8 �&� � �<#%�&� � 
 � �K '��,(� � � S�� � � �&� � O
�¿�
 �W8 �-�4� � #%�$��� 8.��� #��;� � J�
R�-�;�]�-�(�%���^
 � 
7�A
	�M� � �4���`����
R� � #%�;�6� � 
 � �G� 8 ��� 8 � �

�N¡ � � �	#��;� �?=6>Y� � 8 �$� 8 �$�;��# � �L�%� � #L,(� ��� �%¾(�^�&�;� � �x�-� ¡W8 ��� 8 ���&��#%���X�$#G�-#%�;�6� � �g
 �h� �/#�� �� � # � � 8 �$d�# � J ���U8 �*�:#%� � �(�&� � �@����
��A
A�(�P�-���M#%�]
 � ��� � �-� � )(�&# ��� #%�(� ��=%�^�j� Î � #�J	�¤ ¥� 8(8 �&�kO
� �-#��;� � 
	�/�&# 8 �/� S �/�&�n�-�j, � �%�/� � 
���
	�&� � �D� �(�]� �/
 8 �/�5� � # � 
 �]��� �&� � O � ��
	�(�%� � #@�5�
8 ��� 8 � �Z�N¡ � � �	#%�&� � J � # 8 �/�(� ��� �P� � )B�*�6� �]� �/
 8 ���G� � # � 
A���M#D¿�#�� �Z0 � � �&� � 
 ��� #c�;
 ��� O#%�M�.�*,(� ��=�>x� � 8 ��� 8 ���&��#%���l
A[ � �*
��;�6� � �n
 �f� �/#�� � � � # � � 8 ��d�# � �%� � #c
��&� � � ���iÏ � S � �
8 �*�@�$��Õ �N¡ � S �M#%� =

§YV\[�V�Z!V\[ Ö ��ò �@Ú�� � �X� � �&����
�ÿg�/
������-���
 � � �D� ��8 � � 
7� � �p# � 
 8 �KJ � �/#�� � � � # � � 8 ��d�# ��� � S �7
	�/�&# 8 �/� S �/�&�c
	� �	�(� �n� ��� d��£��3 +� 8(8 �;� � �<#%�&� � �*� ¡ 
A�ÌÎI��� ��� #%�p���;��
 ��� #%�@�6�? '�;���	#%�&�&�;� �Z8 �/�(�p����� ��8 �$��� ��� # � ��J �  � �$#$O£<OÂ
	�&� � ����� ��8 �$��� ��� #5�<#%�&� � 
 � � � ���*��� � �D�6�? � �&� � 
R� � � 8 �(� � J	� � �(���@
���#�)(�A
 � � � #@� � �(�$�

� )B�*
 8 � =
 � � �f� � � ��� � � 
9# � 
 8 ��J � �*#%� � � � # � � 8 �$d�# � 
	�/�&#�
	� �(�(� ��� ��� d�� 8 �*�f� � # � � ��� �:O�%�&� � £ ��� �c
�¿�
 � �c���&��
 ��� #�� =.{  +� 8(8 �&� � �-#��;� � 
	�/�&# 8 ��� S ���&�c
���
	�&� � �c� � �n���;��
 ��� #%�� � � S � � #c£��G� 8 ��� 8 � � � ��8 ����� ��� #G�-#��;� �?=�h � � ���¤J � �*#%� � 
R� � )(� �(�lS �&�$#�� � �&� � 
A���M#@�gÎI���&��J

ö ²¤b ��� 
7� � � � �;��
 � 
! "� � # � � ��� �����;� � J(��� 8 �/�����;,(�&�&�&#��f
! +�/ß\���A# � ��J(
 � ��� 8(8 �$�;
 � �@�/��
 �� ��� �/
�
 � �]� � � � ���-�%� � ��
 � �3 +� 8(8 �&� � �<#%�&� � � S���� � � �(���f
��N#%)(��
 � � � #f� � �(��� � )B�*
 8 � =
{ � C �%� � �(���-���M#%��
 � 
R� � � 8 �(���-#��;� � 
	� � �A
 � � 8(8 �&� � �<#%� 0L� �$# 8 ���(�����;ßÂ�(�G���? +�-� ¡ � � �:O#%��� � #��;� � � =

h � � �%�3J ö ²¤b ���Í�$��Õ �N¡ � S �M#%��J � ���(�1
	�����&��� � �1� � � � # � � 8 ��dN# � �6�(�@
	� �	�(� �-� 8 �$�*O
C �G�-
�
 � �6�? "�&� �N¡ � � �	# � ��� 8 �������&,(�;�&�M#%�7
! �N¡ �*
�� �(� � � #Z
 � 
���
	�&� � �4� � �4�$#%�$� � #%�(� � ��	#%�&�;�&��� � � 8 �/�(�c�G�7� ��8 ����� ��� #G�-#%�&� �?=�>x� #�# � 
R� � )(� �(�]S �&�$#�� � �&� � 
	�/�&#l�-�(�%��� 0 �/�(� � �;�l£�¤ ¥� 8(8 �&� � �-#��&� � � � 
��K[ ��� 
 � 
���
	�M� � �@�P������
R� � #%�;�6� � ��� �j�N¡ � � �	#%�&� �?=



|gó Ï î 8ÑÐ :&<^}=zGÒ 5½Ð }�Ó Ð }T:RÔ <LÔ ~9Õ z Ï Óp}�Ó ~ Ó ñ
§!VÉ[�VXZYVXZ Ö ��ò �@Ú�� � �X� � ÿ�')2×JP'	������2_��()���%���A��
��K�cËe�-(	�����/J#��ô@���

 � � �1� � #����/�;���&d�
 � # � 
 8 ��J � #7#%�/�gß\�/�(��� 8 �-������Õ �5¡ � S �&#���JL�¤ ¥� 8	8 �;� � �<#%�&� � 
	�/�M#
8 ��� S ���&� 0 � � �;� � 
 ��� #T� ��� ��
 � �`£ �  '�;
 8 �/�$# � �6� � � � �/
 8 ���G� � #R
 � ��� � � � # � � 8 �$d�# ��=
� �&� � 
	�/�M#@�*�	�%��� 8 �/� S ���&�Y� � 
	��� � �&�p�-�`, � ����� �U� )B� � � �(� 
! ��� #%� �c� �;� � � =(>Y� ���f��� C�� �M� ��6� � �3 +� 8(8 �&� � �-#��;� � 8.� �	#��*� � ���X
���
	�M� � �]���U����
1� � #������ � 
 � �G� 8 ��� 8 � ���5¡ � � �	#%�&� �?=
» �-�h
	� 0 �*�	#�J6#%�/�(�h� � �h���&��
 ��� #��p
 � �3 +�-� � )(�M# ��� #%�(� � 
 � �3 "� � # � � 8 ��dN# � 
A���M#h¿�#%� � � ����� �:O���;,(� �l� #h� � 
	��� � �&���5�-,(� �l8 �*�Y� �l8 �$� C �G�-
�
 �n�N¡ � � �	#%� =(>Y� ��� 8 �/� � ,(� ���T��� # ��� 
	�T
 � �
8 ���/,(�&d�
 � �W
 � ��� � �(�$�M#%� � #W
 � ��¾(� � #%�T
! �N¡ � � �	#��;� � Jº�6� �`� ���(� � )(���&���&�%��� � �7
 �`�	�
8 �-�^#��G�-�&# � �L
�� � �^� �W8 � � 
�� � �º# � 
 8 � =�>x� ���n��� C/� �M� � �6� � �¤ ¥� 8	8 �;� � �<#%�&� �78.� �	#^
 � #�#�� �
���j8 ���$�;�!�G� 8 ��� 8 � �Z�N¡ � � �	#%�&� � �-� � �%�?�6� �]��� �;� � 
 � ��� � � � # � � 8 ��d�# �Z��� 
��A
A�&�.� � #@�P�����
R� � #%�;�6� � 
! '� � 
 � � � �/
 8 ���G� � #%�@
! '� �(� 
R� � �&d�� �4� � �j� � �(0 ���$
 � £��P��� 8 � � �M� � �KO#%�&� � 
 � ���f
R� � )(� �	�nS �&�$#%� � �;� � « {6  ×/×�¬ 
 �Z� � � J��/�j£ �N� �;� � �6� �n� �/�(� 8 ��� 8 �/�%� � �@�-�
� )B� 8 �M#%� � ���(� S � � # =
§!VÉ[�VXZYVeW õ 1�2fsL��')���

> ���$�����/� 8.� ��
 � #h£Z�3 +� 8(8 �&� � �<#%�&� � 
 � 
1� � � 8 �(� � � 8 �-�g� � #%�$��� 8.��� #��;� � � � � � �/
 8 �-O�G� � #��Z
 � ���`
R� � )(� �(��S �&�$#%� � �;� �7� ��
7
 � 
 � �4�/,oß � #%�4�;�(�L� 8(8 �*�:# ��� � � # Þ � � �4�/,oß � #%�
� � S �h�	#��;�&�&�%���e
�� � �2�¤ '�;
 8 �P� � #5�<#%�&� � 
 �Y> ���$�����/���%� � # 8 ����� ��� #���� 8 �*�?�3 "� � # � � 0 � ��� 
! "� � O#%�$��� 8.��� #��;� �R� ��
7
 � 
 � �g�/,oß � #%�x
	�R
	��
1�*� �(� 
 � �3 +� 8(8 �&� � �<#%�&� �?=A» �/�(� 8.� ��
 � #�#%� � £�3 +� 8(8 �;� � �<#%�&� � 
 � � � 
	�N� � �;�4£1��� S �/�;� � 
 � � � ��
 8 �/�G� � #%�4
 ��> ���$�����/�¤J.�3 "� �6S�� �$� ��� �$#� C �*� � 
 ��� # S �G�-� Þ 
 � �p�/,oß � #%�@
	�j
	�/
R�-� �(� 
 � �¤ ¥� 8(8 �;� � �<#%�&� �j8.� � S���� #p¿�#%� � �	#%�&�&�&�%���
8 �-� > �/���/����� 8 ���(�@�� �N¡ � � �	# � � =

> ���$�����/�!�	#��;�&�&� �]� ��
�
 �f�o¦ j { « ö  lñ	Ë ¬ � � 
�� � � � �&��
 �_÷(¹�ø%ùf®�ú · 8 ���(�h���K�KO�&�;� � �@���W�$[A
�,(�;�/� � 
 � �@��,�ß � #��c
 �Z� � S�� �-�Q� 8(8 �&� � �-#�� 0e� #c
 �Z� � S�� �-� > ���$�����/� =



� �������I�T��� û

¶ ��� �����q���.�j�H� �j� ��� ü �ý² � � ²�³U� � �0³

t ��� � ¯ â�Ý ­�ÃUw ßgâeá ­+¯

{  +�-� � )(�M# ��� #%�(� � £ � �/
 8 �/�G� � #��7
 �j> �/���/�%�/� � �$# 8 �$��� ��� #%� � 
�� � � ���U� )B� 8 �M#%� ��=
> � �(0 �/��
���
 ��� #i£ � �/�j�/,oß ��� #%� 0 ��J � )B�*�6� � � � �M#%� 0 � ��� #%�&� �	�(� �;� � ���¼
 � �$#�� �lk � C���6�(�p��� � �/
 8 ��� �U� �$# � ���*�&� � 
 ��� #��;
 ��� #%�M�.�-,(� �j8 �/�(� 0 � � �;�&�M# � �7�%� � � � 
 8 �P� ��� 
 ��� #� S � � #Y��� 8.��� 
�� � #Y�¤ �N¡ � � �	#��;� � J6� � �&� � � � �Y, � ���/� � �h
 � �3 +� 8(8 �;� � �<#%�&� � £]� � # � � 8 �$��# � � =
{  '�;
 8 �P� � #G�-#��;� � �N#5� � #f�$�K�*�&�&�%� �1���Ì� � S �	J!�P� 8 ���:#5�-,(�;�&�M#%�R
	� ýNþ/EÂ­GFG® Ò ­ £ �N¡ � � �	# � �
� ��# 8 ����� � � S � ��=

>Y�l� )B� 8 �&#�� � �-,.����
 � J	
�� � �p� �T8 � � 
7� � �x# � 
 8 �KJ6� � �@�-� 8.��� #%� C � � ���G�-� ¡ 
 � �3 +�-�:O
� )(�M# ��� #%�	� � 
 �]� �/#�� � 
R� � )(� �(�]S �;�:#%� � �&� � J ��� 
	��� � �&���5� � #n��� � �*#%�&� � 
 �UFG®�Ûn¹(®<Á b-· EÒ ­^þg® a ®<Á�®gÿB� # ��� �5¡	8 �&���6��� � #f� � ��æ/� � 
 �1� )B� � � � 
! ��� #%� ��� � ¡!=� � � �]� � � ��� � � 
# � 
 8 ��JK�&��
	� �(�(� � �(� 
 � � � �$� 8 #��;� � ���$� ��� #%� � �/,oß � #%�º
 �x��� #$# � �-� � )(�&# ��� #%�(� � J ��� � 8 � � �kO�.� � # � )B�*�6� �Y� �/
 8 �/�G� � # � #e� � �e� � # � �%� � #%�&� � �^� S���� � � �^�-�	#%� � � 8 �-�º
 � �º
	��� C �G�-
�
 � �
 �f� ���-��� � � � #c
 � �����6� ������� � =
t �%¦ Ü °.Â ãDßXâ °��f¨T¯T¨ Ý�� w�� Ã ã v�� �fÝºß^àUá5â�ãDßXâ w Ý�ã

 � � �@�3 +�-� � )(�&# ��� #%�	� � 
 �4� �*#%� � � � # � � 8 ��d�# � J	�P��
R� � )(� �(�lS �&�$#%� � �;� ��� � S � � �$# S � �
� ��
�
 � � �_FG® · EÂ­ · ­5´ a 
 ��� �/
 8 �/�G� � #���J!�gÍ ��� � ¡ O � � 8.� � S���� #]¿�#�� � ��ßÂ���	#�����J!� � 
�O
8 �P� � ���`��� ��� 8(8 ���&
���� =h> )B�*�6� �Q� �/
 8 ���G� � # 8 ������d�
 � � �(� ��� 8 �;�(��� � �(�$�U
	� 8.��� O
�� ����� �R� S���� � � �R�-�	#%� � � � ��
 8 ���G� � #%��
 � �¤ ¥�*� � )(�M# ��� #��(� ��=^{ �i� C �(� � | =;Ë 
�� � #�� � J
8 �*� �5¡	� 
 8 � � J��6� � � �]� ��
 8 ���G� � # C 
	� 8.��� 
�
 � � � �/
 8 �/�5� � #%� A � # D =½ � �N¡ �&�$# � 
 � � ��
�,	� � �(� � �Q
	��� � �M#%�&� � � 8 ���(�i� � � � �/
 8 ���G� � #%��J � ��
�
 � ��� �&� �
 � > � � 
 ��� � � ÎN[ 8.� ��� k �N« � Î�[ × © ¬ Jp
 �9� �/
�,(� � � ¡ 
��A
	d�� � ��J ���¼8 �-�$#%� � �(�&� � ��
�� � �� �q� �*
	� � 
 � �`� � # � � C � � � � �&� Ä ��� Û ²3Ò�Ò ÿ&­�ú b-a ­ Æ1£ � ��
 8 ���G� � #%��J � ��
7
 � � � 
���
	d�� �
¤ �G� � #5�-�9« O >p�Añ�Û J�O >p� ¬ 
	� � � � �����:#%�&�(
 � �(�$� 8 � ���	�@ý À ­GF�E�
7­Ký Jn� � 
7�A
	d�� � 
 �
� ��
 8 �/�G� � #%� >T¦
� O h « >I¦
� ¬ JB� � � �x� OF« �x� O ¬ 
 �W� � � i�� � ���/�$[A�$# � 
��c�/� ����� �/� �

| å



|�| Ï�� 8�Ð :&<^}=z r�5H� Q z 8 } Ï�� :&<Lz Ï < � }=z�� Ï Ó�� Ð Ó ~�8 Qé< ~

composant

dépend de

Corosol

B

C

A

D

ÈgÉÚÊIë.| =;Ë È`{ �W
R� � )(� �(�4S �&�$#%� � �;� ��> ���$�����/� Þ � �i� � � # ���(� �(�D
 �]� �/
 8 �/�G� � #�� =

 4>T¦ i « y �LØ ¬ 
 � i�� � ������� 0 # =
��� �;� � � � �l, � ���/� � � � #l� � � 8 ��� 8 ���&��#����4
	��� � �&�Z�*� � )B� 8 �M#%� ��8 ��� � ��
 ��� #�J � �/�(� �	�

� �/�(�c� ��8 �/�%� � � 8 �-�c���(� �N� �n
	�ÌÎI��� ��� #%�c
7�A
	d�� � �c���i
	��� � �M#%�&� � � =Iy �/�(� 8 �$� 8 �/��� � �� �(� 
	��� � �M#%�&� �¢� #]� � 
���
	d�� �78 �;�(�Z���;
 8 � � �6�(�^��� 8 � � 
 ��� #�£ � �/�], � ����� � � =2y �/�(�
8 ��� � �;��� � �D
R�-� � # ��� � � # �N� �6� �Z� ���(� ��� # ��� 
	� � � 8 �-� � �/
 8 ���G� � #c
 ��> �/���/����� =
�Tí��Iíïî è���������ÿ��� �!

{ �T� 8 � � �M� � �<#%�&� � 
 �R� � � i�� � ���/�$[A�$# � 
7�?« {�  ×/×�¬ 
	��� � �M#f�3 +�-� � )(�M# ��� #%�(� � 
 � �P�
R� � )(� �(�DS �&�:#%� � �&� �l� � S � ��� # � ��
 � 
� "� � �M#%��� 0 � ��� #%�&� �(�(� �&� � �Y�/� ����� �/� � 
! '� � �M#%���Y
 ��$#%� �uk � C/� Ä F#"�$�� )B� 8 �M#%� � ó6ÆNJ ��� �X� � �&#���� � ���&���*,.�/�G� � # ��� #%� �@� �&� � � Þ/� ���(�X� � �x� 8(8.� �&� � �
FG®�Ûc¹�®<Á b-· E³ÁN=

{  ¥�*� � )(�M# ��� #��(� � 
 �q� �*#%� � � � # � � 8 ��d�# �¢� � S � ��� � �$#U� � � 8 �&��� � JY
1�*�&� 8 � ��� 
 ���
� �/
 8 # � ��� 8 �/���%�&,(�&�;�M#���
 � �¤ ¥��ß\�/�	#��/�ö
	�V� � 
 8 ��� ��� 
 ��� #1
! '� �ö� �/
 8 �/�5� � #�J^���/�&#� S � � #��3 �N¡ � � �	#%�&� � �/� ���/�M# 8.��� 
(� � #�J��G� � � � )�� �(C/� ��� � �W�-�	#%� � � � �/
 8 �/�5� � #�� = j �
� �/
 8 ���G� � # 8.� �	# � �$� � �9
� +�-�	#%� � �q��,�ß � #��9
	�(�G� � #Í�¤ �N¡ � � �A#%�&� � 8 ���(�q��� � �(�G� C/�
8 ��� 8 � ��=� c� # � �&�Í��,�ß � #��Í� � ��� � #¢� 8(8.� �;���&% ÿ % Û1­ · EÚÁ ²P· EÂ­ a5· ­5ÁN=l{?� � � ��
 8 �/�G� � #%���� � #h�-� � ���I
 � � 0 �-,(�$���6� � �p�*,(�$#��G�-�&# � �h
! '���&��
 ��� #��Y� � # � � �(� � =A» �*� �N¡	� 
 8 � � J6�&�/���%�6�? '�;�
� )B�-� C/� � �Hý5þ/EÂ­GFG® Ò ­ 
! "� �(�q� ���*��� � Jx� �q� �/
 8 �/�5� � # F ¯ b-aÀb ­N´ aÍÒ ­9F�ÿ b ÁGÁ�­5Á78 ������d�
 ����q� � � 8 � � �G�-,(�;�&�M#%��
 � ��� � �$�K�-#��;� � 
 � �¤ '���&��
 ��� #7� � # � � �(�U� ���$� � � 8 � � 
�� � #R£ ��� �&� � O
� �3J2
R�-�;�f� C �*� � 
 ��� #W
 � �����&��
 ��� #%��� � # � � �(� �f� ��8 �$��� ��� #5� � #%�f� � �f
���#%)(��
 � � � #�� � �
� )B�-
 8 � =

> � �	0 ���$
���
 ��� #f�*� ¡ ��,�ß ��� #�� 0 �]�%� 8(8.� �;���f�*� � )B� 8 �M#%� �W8 ��� � ��
 ��� #KJ!� � � � �/
 8 �-O�G� � #��2
 �Y> ���$�����/� ­�E � � �?���&��
 ��� #��2� � # � � �(� � 8 �/�(����� � #2¿�#�� �L�N¡ �-
�� � ���(' ²¤b �$��Õ �N¡ � S �M#%�
 ��8 �(�&�@�¤ ¥� 8(8 �&� � �<#%�&� �?= j �j� ��
 8 ���G� � #D�����&���]�*� � � S�� �*��
 � �¤ ¥� 8(8 �&� � �<#%�&� ��8.� �$
 � #:O#%�%�@
! +� ��� ��
 � �º£p�P�p�����M� � �<#%�&� � 
 � �����;��
 ��� #%��� � # � � �(� �e�6�? '�;��� � ������� =<{?�g8 �$� C �G�-
�
 �
�N¡ � � �	#�� 8 �-� > �/���/�����g
	�/�&#f
��A
A�&� � �]� � ��
 � � ¡ #\[ 8.� ��
! ��� #��M#%��� 8 �/�(�f� S �/�&� � �f�/�
8 ���(�p
��A
A�&� � �@���W����
R� � #����6� � 
 � ��� �j�N¡ � � �	#��;� �?=

> )B�*�6� ��� �/
 8 ���G� � # � �$#n
	��� � � ��� 
 � � ¡j8 �*�:#%� � �l
A�;�$#%� ��� # � � Þ � �(�]8 �*�:#%� � b ý5Á Ó
E a%b-² EÂ­º� #g� �(�@8 �-�$#%� ��FG® · F a*) EÂ­�=,+ ��� 8 �*�:#%� � �*,(�$#��G�-�&# �@� ��#x�*����� � �&� � �P�l� 8 � � �&� � �<#%�&� ��*,	��#��G�-�&# � 
 �]�N�]� ��
 8 �/�G� � # � #c£��P� 8 �-�$#�� �Z� � ��� �$d�# � � �(� �&
 8 ��� � #5�<#%�&� �U� Î ��� #%� S��/=



r�5.-o598Z~�Ð z Ï < ~�/ ÔðQ Ôg} 8R�10®Õ z3254 8 } Ï�� :&<Sz Ï < � }=z | x
6.VXZ!VÉ[�V\[ ¢ �%���/���^�%s#�&�����%�X���f
âËe
#(Hÿ�')2×JS')���%(	�

{ � 8 �-�$#�� � �-,(�$#%�G�-�M# � 
! '� �Q� ��
 8 ���G� � # � �$#l�*����� � �&� � £ ��� �6� �f� ���(�n�6�B�-�&�&��� � �
8 �*�p�G� Áo¹ % F ²87 F b E ² ® ·¢b ý5ÁNE a%b-² EÂ­:9�;=<1>@?BADCE<GF�F*HI;@FJ>LKNM,OPHIC*>RQTSVUµþ5¹�­XW�ý5ÁYU#Z*W ² UL>@;[ADHI\^]
_ HI`aM,b�Fdc j beADHI\ _ Hf`aMgb�Fhb1KiS�`EFjADHIb=bk;l>@S�`jMg;@F*CmS�`hADHI\ _ HI`aM,b�Fm`h>@S�Q�KnMgC*Aao=<pF*S�AYF*;=CES
9�;=S _ M,Cq`*HIbrFts _ S
MgO=`mFmCaMg<GFBc�½tQPS�`EFuMg<Gb=`*<P<T>@S�b�F*< � ?5>@Sv\rM,b=<Gw�CESv;=b=<T9�;=S _ M,CxADS�QT;@<p]tAD<
M,;[`mS�<Tby>@;{zG® · UÂ­ · ­N´kZ Ò ­^zG®/Ûn¹�®<Á�W · UÚÁY|=AIKiS�`EFE] £ ]t>@<GCmS}b@HIF*CES}\rM,Aao=<Gb=S}~k<TC�F*;=S�QGQGSfc

{�M�` _ ?BAD< � ABM�F*<GHfbXMgO=`EF*C*M,<pF*S(>@? � b=<pF�M,;=`m`m<fQ�M:QT<G`EF*S�>@SD`XÁ�­YZ ' ² zG­5ÁL>�K.;=bhADHI\ _ HI`�Mgb�FBcj b[`mS�CE~�<TADS�>�?BADCm<pFJ;=b=S�MIAYFm<THIb £ S Î SBAYF*;=S�C _ M,C�QTS}ADHI\ _ Hf`aMgb�FJQGHICm`J>@S}Q�KiSN¡@?BAD;@Fm<THIb
>@S�Q�M�\rM,Aao=<Gb=S�~�<TC�F*;=S�QGQGSfcp½�Q
SD`mF[ABMgCaMIA�F*?�Cm<G`m? _ MgC�`mHfb�b@Hf\ SDF _ MgC�QGS�Fts _ S�>@S
`*S�` _ M,C*M,\�wYF*CmS�`Bc?{1S�ADHI\ _ HI`aM,b�FRz ¯ WgZ b ­N´kZ Ò ­Rz&ÿGW<ÁGÁ�­5Á _ HI`m`mwB>@Sf| _ MgC�S5¡@S�\ _ QGSf|LQTS
`*S�C�~�<TADS�b=Hf\V\�?+ÿ&®dW Ò þSÿGW<ÁGÁY|�9�;=< £ _ M,C�F*<GCq>@;rb=HI\�>LKi;=b=SvADQ�Mg`*`mSvA*o�M,CE�fS�QGS7ýNþ,UÂ­azG® Ò ­
>@S�ADS�QGQGSY]tAD<�c��qSBAD<xS�`EF^;=b _ Hf<Gb�FVADHI\�\X;=b�M�~�SBArQ�M�` _ ?BAY< � A�MgF*<GHIb�>@S�`X`*S�C�~�<TADS�`V>@S
ADHf\ _ HI`aM,b�F*`u�T¦
� O h ' ² WuQGSvQ�Mgb=��M,�ISl½ï n{ « �T¦
� ¬ Hf;�ADS�QGQTSv;@F*<GQG<G`*?�S _ MgC@�fM�~IM�QTHICm`
>@S�Q�K.;@Fm<GQT<G`aMgFm<THIb�>@;[\�?BABMgb=<G`*\VS�>LKnM _=_ S�Q�>@S}\�?DF*o@H�>@S�`J>@<T`EFaM,b�F Ä � i ½ ÆÑ« � i ½ ¬ c

{�MV` _ ?�AD< � A�MgFm<THIb�MgO=`EF*CaMg<pF*Sj>�?DF*S�CE\�<Tb@SXM,;@`*`m<�QGS�` Ò % ¹�­ ·IÒ W · zG­5Á4ÁYU�W,U ²À¿ ´�­5Áu>LKi;=b
ADHf\ _ HI`aM,b�Fdc j b�`mS�CE~k<�ADS _ S�;@F ¿ FmCmSuCm?dMgQG<T`m? ' ² W:Q�K.;@Fm<TQG<G`aMgF*<GHIb�>LKNM,;@FmCmS�`qAYHf\ _ HI`aM,b�F*`Bc
�xSDFEF*S�ADHfQGQ�M,OPHICaM�F*<GHfb _ S�;@F ¿ FmCmS(SN¡ _ CE<T\V?�S�S5¡ _ QG<�AD<pF*S�\VS�b�F�`*<fQTS�`�ADHf\ _ Hf`aMgb�F*`�`mHfQGQG<�AD<�]
F*?�`(`mHfb�F _ MgCaMg\�wDF*CES�`�>@SJADSu`mS�C�~�<TADSfc�{1S�`�>@? _ S�b�>=M,b�ADS�`�`EF�M�F*<T9�;=S�`�>LKi;=b�ADHI\ _ Hf`aMgb�F
`*HIb�F�MgQGHfCE`�>@?DF*SDCm\�<Gb=?�S�`�ADHI\�\�S�Q�KiS�b=`mS�\XO=QGS[>@S�F*HI;=`^QTSD`^F�s _ S�`�>@S�ADHI\ _ Hf`aMgb�F*`
9�;=<:`mHfb�F _ MgCaMg\�wDFmCmS�>@S�`V`mS�CE~�<TADS�`�>@S�ADS�QG;=<�]�AY<�cð �S�\ ¿ \�Sf|�;=b�ADHI\ _ HI`�Mgb�F _ S�;@F
?���MgQGS�\�S�b�F:>@? _ S�b�>@CmS�`mFaMgFm<�9�;=S�\�S�b�Fx>LKi?�QG?�\�S�b�Fm`x<Gb�FmS�Cmb=S�`x>@S�Q�KnMgC*A*o=<GFmSBAYF*;@CmSf|�`m<�;=b
Hf; _ QT;=`m<GS�;=Cm`j>LKiS�b�FmCmS�S�;A¡e`mHIb�Fh;@Fm<TQG<G`m?�` _ HI;=C�Q�KiSN¡@?BAD;@Fm<THIb�>LKi;=blHI; _ QG;=`m<GS�;=Cm`j>@S
`*S�`u`mS�CE~k<�ADSD`dc

{1S�`�>@? _ S�b�>�Mgb�ADS�`�`mFaMgFm<�9�;=S�`�SDb�F*CmSuADHf\ _ Hf`aMgb�F*`(`mHfb�F £ \�<Gb=<T\V<T`mS�C _ Hf;=C(?D~k<GFmS�C
;=byF*CmH _ �ICaMgb�>�ADHI; _ Q�M,�ISjS�b�FmCmSjAYS�`v>@S�Cmb=<GS�CE`5>@w�`�Q�M�CE?B>�MIA�F*<GHfb�>@ShQGS�;=CJ` _ ?BAY< � ABMd]
F*<GHfbyM,O=`EFmCaMg<GFmSfc��xS _ SDb�>�M,b�Fd|@;=b[ADHf\ _ Hf`aMgb�FJ>@?BADCm<pFJ>LKNM,;@FmCmS�`�CmS�Q�MgFm<THIb=`J>@S}>@? _ S�b�]
>�M,b�ADSR>�;=CaMgb�FXQ�KiSN¡@?BAD;@Fm<GHfb1cºyJHf;=`jQTSD`^9�;�M,QG< � HIb=`V>@S Ò þ · W�Û ²É¿ ´B­5ÁYcL��QGQTS�`Xb=Sr`mHfb�F
_ M,`h~�<T`m<GO=QGS�` _ M,CjQ�K.SN¡=M,\�S�b{>@S�`X`mS�C�~�<TADS�`^>LKi;=b�ADHI\ _ HI`aM,b�FXSDFX`mHIb�F^>@?BADCE<GFmS�` _ MgC
Q�K ² Ûn¹)ÿGW · UtWgU ² ® · zG® · zYZ ) UÂ­vSN¡ _ CE<T\�?DS�>�Mgb=`}Q�MR¹�W�ZDU ² ­�zG® · zYZ ) UÂ­5>@;eADHf\ _ HI`aM,b�Fh9�;=S
b=Hf;=`uSN¡�Mg\�<Gb=Hfb=`JAD<p]�M _ CmwD`dc
6.VXZ!VÉ[�VXZ ¢ �%���/���Qÿ�')(�ÿ@��ô@���f
âËX
�( ÿ�')2×JS'	���	(	�

{�MW¹�WgZYU ² ­�zG® · zYZ ) UÂ­J>LK.;@b�ADHf\ _ HI`aM,b�FvCmS _ CE?�`mS�b�F*ShQ�K ² Ûc¹!ÿGW · UtW,U ² ® · zG® · z�Z ) Uo­J>@S
ADS�ADHI\ _ HI`�Mgb�FB|�AIKiS�`mF�] £ ]t>@<GCmS�Q�M�\�<G`mS�S�bÌÏ};@~�CmSR>@S�`mS�`X`mS�CE~�<TADS�`BcS��QGQGS�>@?�ADCm<pF^QTSD`Ò % ¹�­ ·�Ò W · zG­5Á Ò þ · W�Û ²À¿ ´�­5Áv>@SVADSVADHI\ _ Hf`aMgb�Fd|�AIK.S�`EFE] £ ]t>@<TCES^Q�KiS�b=`mS�\XO=QGSV>@S�`
Fts _ S�`
M,O=`EF*C*M,<pF*`�>@S�`uADHI\ _ HI`aM,b�Fm`�;@Fm<TQG<G`*?D` _ HI;=C:Q�Ki<G\ _ Q�M,b�FaMgFm<THIb[ADHIb�ADCEwDF*Sfc	{1HfCE`u>@;RCmS�\X]
_ Q�M,ADS�\�S�b�F^>LKi;=b{AYHf\ _ HI`aM,b�Fd|�`mS�`X>@? _ S�b�>�M,b=ADS�`^>�s�b�M,\�<T9�;=S�` _ S�;@~�S�b�F ¿ FmCmS�\�Hg]
>@< � ?�SD`�ABMgC^Q�K.S�b=`mS�\XO@QTS�>@S�`XFts _ S�`�MgO=`mFmCaMg<GFm`V>@S�`VADHf\ _ HI`aM,b�F*`V9�;1Ki<TQx;@F*<GQG<T`mS _ S�;@F
Aao�M,b@�fS�C�cB{1S�`�>�? _ S�b�>�Mgb�ADS�`v>�s�b�M,\�<T9�;=S�`�>@S�`JADHI\ _ Hf`aMgb�F*`�9�;=<1b=S�`mHIb�F _ Mg`JCmS�\X]



| © Ï�� 8�Ð :&<^}=z�� 5H� Q z 8 } Ï�� :&<Lz Ï < � }=z�� Ï Ó�� Ð Ó ~�8 Qé< ~

_ Q�MIAD?�`u`*HIb�F _ Cm?�`mS�C�~�?�S�` ' ² W5Q�K.;=`aMg�fS�>@S£Û�W ·�Ò W,UtW ² Z%­5Á Ä ~fHf<GC _ M,C*M,�ICaM _ o=S | c+Û�c+Û Æ c
{1SjF�s _ S^>�s�b�Mg\�<T9�;=S^>@S^Q�K.<G\ _ Q�Mgb�F�M�F*<GHfb�ADHIb�ADCEwDF*SV>LKi;=b�ADHI\ _ HI`aM,b�F
S�`EF}>@?�`m<�]

�fb@?hADHI\�\�S
?DF�Mgb�FJ`mHIblUµþG¹�­^zG® · zYZ%­DU�c�hv;[`mS�<Gb�>@Sj�xHICmHI`mHfQ�|=QGS}Fts _ ShMgO=`EF*CaMg<pFJSDFJQGS
F�s _ S
AYHfb�ADCESDFu>LK.;=b�ADHI\ _ HI`�Mgb�F�`mHIb�F�\�<G`:S�bRCmS�Q�MgFm<THIbyM � b�>@S _ Hf;@~fHf<GC:CmSBAao=S�CmAao=S�C
Q�K.<G\ _ Q�M,b�FaMgFm<THIb[AYHfb�ADCEwDF*S
>@S}AYS�QT;=<�]tAD< £ _ MgCEF*<GC�>@S5`mHIb�F�s _ S}MgO=`EF*CaMg<pFdc��qS�Q�Mj`dKiS Î SBA�]
F*;=S
b=H,F�Mg\�\�S�b�Fu�ICa IAYShMg;�Z % " % Z%­ · U ² ­�ÿ Ò ­5Á ² Ûn¹!ÿGW · UtW,U ² ® · ÁqSDF�Mg; b ­5ÁYU ² ® ·�· W ² Z%­ Ò ­5Á
W<ÁGÁ�®dz ² W,U ² ® · ÁY|=>@S�;A¡�?�QG?�\�S�b�Fm`J<Gb�FmS�Cmb=S�`J>@S}b=H,F*CmS}\rM,Aao=<Gb=S
~�<GCEFm;=S�QTQGSfc

½�Q�b1K.SN¡�<T`EF*S^9�;1K.;=b=SX`mS�;=QGSX<G\ _ Q�M,b�F�M�F*<GHfb�ADHIb�ADCmwDFmS _ M,CvFts _ SVMgO=`EF*C*M,<pF}>�S^ADHf\X]
_ Hf`aMgb�F^Mg;l`*SD<Tb�>@SR�qHfCEHf`mHIQ�c��qSDFmFmS��fSD`mFm<THIb�>@S�`XAYHf\ _ HI`aM,b�F*`jSD`mFh`*<G\ _ QGS�SDFhS�QTQGS
Cm? _ HIb�> £ b=HI`�OPS�`mHI<Tb1c4yJHf;=`�;@F*<GQG<T`mHIb=`�Q�M&ADHI\ _ HI`*<pFm<THIb _ Hf;=C�¡#Mg<TCES�ADHIo�MgO=<GFmS�C
_ QG;=`*<GS�;=CE`r<G\ _ Q�Mgb�F�M�F*<GHfb=`rADHfb�AYCmwDF*SD`�>LKi;=b3\ ¿ \�S�F�s _ S�M,O=`EFmCaMg<GFr>@S�ADHI\ _ Hf`aMgb�Fdc
»�MgC�SN¡@S�\ _ QGSf| _ Hf;=CRHIO@F*S�b=<GCR;=b@S�\rM,Aao=<Gb=S�~�<GCEFm;=S�QGQTS _ Hf`m`m?B>�Mgb�F[>@S�;A¡¢FaM,`RQGHICm`
>@SXQ�K.SN¡@?BAY;@F*<GHfb1|£b=HI;=`
>@? � b=<G`m`*HIb=`
;=b�b=HI;@~�SdMg;�F�s _ S^ADHIb�ADCEwDFçùf®-´Bý�ÿM­�¤PW<Á�9�;=<�S�`EF
ADHIb=`mFmCm;=<pF _ MgCRADHI\ _ HI`m<GFm<THIb�>@S�>@S�;�¡&<G\ _ Q�Mgb�F�M�F*<GHIb=`�ADHIb�ADCmwYF*S�`�>@;¥ADHI\ _ HI`�Mgb�F
UtW<ÁYc@� i ½ « � i ½ ¬ SDFJ�T¦
� O h « �I¦
� ¬ ;@F*<GQT<G`mS�b�F�;@b=S}Mg;@F*CmSv`*HIQG;@F*<GHfbLc	½�Q�`BKNM,�I<GF�>LK.;@b
`mS�CE~�<TADSJ>@S�b=HI\�\rMg�fSu9�;=<=<T>@S�b�F*< � SJ>@Su\�M,b=<Gw�CESu;=b=<T9�;=S Ä ' ² Wx;=b=SJAao�M m b=SJ>@SJABMgCaM,A�]
F*w�CES�` Æ Aao�MI9�;=S
<Tb=`EFaM,b�ADS}>LK.HIO ß SDF*`Bco 
Mgb=`�b=HI`�FmCaM�~fMg;A¡L|@ADS _ S�b=>�M,b�FB|@<TQ�b1K.S�`EF�b=?BADS�`�]
`aM,<GCmS5>LKi<�>@SDb�F*< � S�C�9�;=SvQTS�`:ADHI\ _ Hf`aMgb�F*`B|�AIKiS�`EFE] £ ]t>@<TCES5;@bRb=HI\XO=CESvCm?B>@;=<pF�>LKiS�b�F*<pF*?�`Bc
{1S�`�?�QG?�\�SDb�F*`1<Tb�FmS�Cmb=S�`�ADCm?�?�` _ M,C1;=b�ADHf\ _ Hf`aMgb�F�`*HIb�F�HIO@F*S�b�;=` £ _ MgCEF*<GC�>@S(ADS�QG;=<p]tAD<�c
½�QPb1K.S�`EF _ M,`:>@HIb�A _ Mg`xb=?BADS�`m`aM,<GCmS5>@SJF*HI;=`xQTS�`x<T>@S�b�Fm< � S�C�M,;�`mS�<GbR>@SvQ�KnMgC*A*o=<GFmSBAYF*;=CES
>@Sj�xHICmHI`mHfQ�c
6YV�Z!V\[%VeW ] ���N� � p � ����(�ÿ���� ­m¦fUÂ­�Z · ­GÁ

�qo�M,9�;=S�HfO ß SDFp�fM�~fM}S�`EFq<�>@SDb�F*< � ?v>@S�\rMgb=<Gw�CmS�;=b=<T9�;=S _ MgCq;=b@S�Cm?�¡�?�CmS�b�ADSv>�Mgb=`
QGS�FaM,`�>@S�Q�M^\rMIA*o=<Tb@S�~�<GCEFm;=S�QGQTSfcB{1HfCE`v>@SD`�H _ ?�CaM�F*<GHfb@`v>LK.<Gb�~�HkABMgFm<GHfb�>@S�\�?DF*o@H�>@Sf|
_ MgC�SN¡@S�\ _ QGSf|�Q�M}Cm?D¡§?�CmS�b=ADSv>LK.HIO ß SDF:M _=_ S�Q�Mgb�F:>@HI<GF ¿ FmCmSJ`mFmH�AlkI?�S�`m;=C�Q�Mu"aZ*W�ÛR­(ADHI;�]
CaMgb�F*S Ä ~�HI<TCuAao�M _ <GFmCmS ó�Æ cP�vK.S�`EFvMg;=`m`*<LQTS�ABMg`JQGHfCE`�>@S}Q�K.SN¡@?�AD;@F*<GHfb�>@SD`J<Gb=`mFmCm;�AYFm<THIb=`
>@SVýNþIUo­azG® Ò ­V9�;=<uCm?BM,QG<G`*SDb�FrQTSD`RM,A�ADw�`�S�b3QGSBAYF*;=CESySDFrSDb3?BADCm<pF*;=CES�>LK.;=b@Sy~IMgCm<�M,O=QGS
>LK.<Gb=`EF�Mgb�ADSfc

�qS _ S�b�>�Mgb�Fd|£QGSXQ�Mgb=��M,�IS1�fM�~fM�b=S _ S�Cm\�SYF _ Mg`}>LKNMIA�AY?B>@S�C £ Q�MrCmS _ Cm?�`mS�b�FaMgFm<THIb
>@S�`jCE?�¡§?�CES�b�ADS�`X>@S�`jHIO ß SDF*`Bc#��blQ�M,b=��Mg�fS��5| _ M,ChSN¡�S�\ _ QGSf|�ADS�`mHfb�FX>@S�`^M,>@CmS�`m`mS�`
CmS _ CE?�`mS�b�F*?DS�`v`mHf;@`vQ�M�¡�HfCE\�Sj>@Sjb=HI\XO=CES�`Bc.½�Q�SN¡@<G`EF*Sh\ ¿ \�Sh;=b=SXM,CE<pF*o=\�?DFm<�9�;=S^Mg`�]
`mH�AD<G?�S Ä Q�KnMgCm<pF*o=\�?YF*<T9�;=SJ>@S�`^¹�® ²³· UÂ­N´�ZGÁ Æ c�¦vC�|�A*o�MI9�;=Su?�QT?D\�S�b�Fq>@SuQ�KnMgC*A*o=<GFmSBAYF*;=CES�>�S
�xHICmHI`mHfQ=S�`EF(;=b�HIO ß SDFh�fM�~IM}9�;@< _ HI`m`mwB>@Su;=b=SuCm?D¡§?�CmS�b=ADS�>�Mgb=`(QGS�F�Mg`�>@S�Q�M5\rM,Aao=<Gb=S
~�<GCEF*;@S�QTQGSj�fM�~fMy`mHI;=`�] ß MIADSDb�F*Sf|�9�;=S�b=HI;=`^>@?�`m<G�fb@Hfb=` _ M,Cj\rM,Aao=<Gb=Sr~�<GCEFm;=S�QGQTS ¯oã UÂ­Dc
��QGQGS�`(b=S _ S�;@~fS�b�F ¿ F*CESu`EF*HkAlkf?DS�`�>@<GCmSBAYFmS�\�S�b�F�>�Mgb=`(;=b�ADHf\ _ HI`aM,b�F�HI;�;=bV?�QG?�\�S�b�F
<Gb�F*S�CEb=S�9�;=<1`mS�C*M,<pFJQ�M _ <GQTS�>LK.SN¡�?BAD;@F*<GHIb�>@Sj�xHICmHI`mHfQ�c

»�Hf;@C _ MgQGQT<GS�C £ ADS�Q�M@|�b=Hf;=`�>@? � b=<T`m`mHIb=`h>@HIb�A^Q�M�b=HIFm<THIbe>@S^Cm?�¡�?�CmS�b�ADSQ­E¦fUÂ­YZ · ­
9�;=<�S�`EFq;=b�<�>@S�b�F*< � M,b�Fx;=b=<T9�;=S5M�FmF*CE<TO=;=? £ Aao�M,9�;=SvADHI\ _ HI`aM,b�FqSDFq?�QG?�\�S�b�Fq<Gb�F*S�CEb=S
>@S��xHICmHI`mHfQ�c	½�Q�S�`EFJMg<Tb=`m< _ HI`m`*<GO=QGS}>LK.SDb�`EF*HkAlkfSDC:Q�Mh~IMgQTS�;@CuM,;R`mS�<Tb�>LK.;=b=S:"aZ*W�Û1­:>�S



� 5.-o598Z~�Ð z Ï < ~�/ ÔðQ Ôg} 8R�10®Õ z3254 8 } Ï�� :&<Sz Ï < � }=z | ×

�xHICmHI`*HIQ�|kSYF _ QT;=`x�I?�b=?�C*M,QGS�\�S�b�F�>�Mgb=`xb1K.<G\ _ HICEFmSvQ�M,9�;=S�QGQTS5>@S�`*SD` Î HIb=S�`x\�?�\�HI<TCES�`
>@? � b=<GS�`JS�bQ�fMB~IM�c

 
Mgb=`JQ�MV`m;=<pF*Sh>@ShADSYFmF*S
F*o=w�`mSf|=QTHICm`*9�;=S�b=HI;=` _ MgCmQGS�CmHIb=`v>LKi;=b=S�CE?�¡§?�CmSDb�ADSj>LKi;=b
HfO ß SDFZ�fM�~IM@|�b=HI;=` _ Cm?BAD<G`mS�CmHIb=`v9�;1K.SDQTQGShS�`EF�­E¦fUÂ­YZ · ­D|�`m<�S�QGQTShS�`EF5MgFEF*CE<TO=;=?DS _ MgC
�qH,]
CmHf`mHIQ�c)��b�Q�KNM,O=`mS�b�ADSj>@SjADSDFEF*S _ Cm?�AD<T`m<GHfbL|�<TQ�`dKNM,�I<GCaM�>�Sh`�M ' Z*W ² ­�Cm?D¡§?�CmS�b�AYSj;@Fm<TQG<G`*?DS
_ M,CuQ�M^\�MIAao=<Gb=S
~�<GCEFm;=S�QTQGS}o æ FmS�<Gb�FmS�C _ CE?DF�Mgb�F5�qHICmHI`*HIQ�c
6.VXZ!VÉ[�V¡U ¨ ���&�/��'!(t
����7ÿ�')2×JP'	���%()���

{1HfCE`�>@S^Q�K.SN¡@?BAY;@F*<GHfb1|�QTSD`�ADHf\ _ HI`aM,b�F*`�>@S��qHfCEHf`mHIQ�`mHIb�F�ADCE?�?�` _ MgC
Q�Ki<Gb�F*S�CE\�?Y]
>@<�Mg<GCmSr>LK.;@bl?DQT?�\VS�b�Fh<Tb�F*S�CEb=S _ MgCEFm<�AD;@QT<GS�CXM _=_ S�QG?yZ % " % Z%­ · U ² ­�ÿ Ò ­5Á ² Ûn¹)ÿGW · U�W,U ² ® · ÁYc
+ _ MgCEFm<TCq>�S�Q�KnMgb�MgQGs�`mSv>�K.;=b � Aao=<GS�Cq>@SvADHIb � �I;=CaM�F*<GHfbrCm?�>@<T�I?5M�~IM,b�F�Q�KiSN¡@?BAD;�F*<GHfb�>@S
Q�M�\rM,Aao=<Gb=SX~�<TC�F*;=S�QGQGSf|L<GQ�`aMg;@~�S���M,Cm>@SVQ�K.S�b@`*SD\XO=QGS�>@S�`�M,`m`mH�AY<�M�F*<GHfb@`�S�b�FmCmS^QGS^Fts _ S
M,O=`EF*C*M,<pF�>LK.;@byADHf\ _ HI`aM,b�FJSDFJ`mHIb[Fts _ S�ADHIb�ADCESDF Ä ~�HI<GC � �I;=CmS | c¥Û Æ c

Ø�HI; ß HI;=Cm`qQGHICm`q>@SJQ�KiSN¡@?BAD;@Fm<THIb1|�Q�Ki?�QT?D\�S�b�Fq<Gb�F*SDCmb=SvM _@_ SDQT? b ­GÁYU ² ® ·(· W ² Z%­ Ò ­5Á
WKÁ Ó
Á�®dz ² W,U ² ® · Á£?DF�MgO=QG<GF�SDF�`�Mg;@~�S���MgC*>@S(Q�K.SDb=`*SD\XO=QGS�>@S�`�CmS�Q�M�F*<GHfb=`�S�b�FmCmS�;=b}Fts _ SqMgO=`EF*CaMg<pF
SDF�QTS�AYHf\ _ HI`aM,b�F�>�S:Fts _ S�ADHIb�ADCmSYF�M,`m`mH�AY<T?fc/½�Q=ADHI\�\j;=b=<�9�;=SuMB~fSBAxQTS:CE?�¡§?�CES�b�F*<GS�Q=>@S�`
<T\ _ Q�Mgb�F�M�F*<GHIb=` _ HI;=C�>@?DFmS�Cm\V<Tb=S�CxQ�K.<G\ _ Q�M,b�FaMgFm<THIb�ADHIb�ADCmwDFmS
>LK.;=bRADHf\ _ Hf`aMgb�Fu9�;LK.<GQ
¡#M,;@F�ADCm?�SDC £ _ MgCEFm<TC}>@SV`mHIb�F�s _ S�MgO=`EF*C*M,<pF Ä ~fHf<GC � �I;=CmS | c¥Û Æ c?½�Q�S�`EF�;@Fm<TQG<G`m?rM _ Cmw�`
9�;1K.;=b[ADHf\ _ HI`aM,b�FJ`mHI<GF�M ß HI;@F*?f|@CmS�\ _ Q�M,AD?}HI;[`m; _=_ CE<T\V?�>@S}Q�MX\rM,Aao=<Gb=S
~�<GCEFm;=S�QTQGSfc© À ®-´�UÂ­YZ]´ · zG®/Ûn¹�®<ÁBW · U1`m<G�fb=< � SXM ß HI;@F*SDC�;=byb=HI;@~�SBM,;yFts _ SjM,O=`EFmCaM,<pFv>@ShADHI\^]
_ HI`aM,b�F(>�M,b=`�Q�KnMgC*Aao=<pF*S�AYF*;=CmS�>@SJ�qHfCEHf`mHIQ�|IM,<Gb=`m<=9�;=S:`mHfbX<T\ _ Q�Mgb�F�M�F*<GHIb�ADHIb�ADCmwDFmS�<Gb�]
ADHfb=b�;=Sq>@S�`�M,;@FmCmS�`�ADHI\ _ Hf`aMgb�F*`Bcg�qSDFmFmS(H _ ?�C*MgFm<THIb _ S�;@F�\VH�>@< � S�C�QGS�`�>@? _ S�b�>�Mgb�ADS�`
`mFaMgFm<�9�;=S�`
>@SD`}Mg;@F*CmSD`
ADHI\ _ HI`�Mgb�Fm`
>@SjQ�KnMgC*Aao@<GFmSBAYF*;=CESfc!��QGQTSX>@? � b=<pF5?���M,QGS�\�S�b�F5QTSD`
>@? _ S�b�>�Mgb�ADS�`�>�s�b�Mg\�<T9�;=S�`y>@;�b=HI;@~�SdMg;ªADHI\ _ HI`�Mgb�Fy9�;=<
`mHIb�F[S�b�ABM _ `m;=QG?�S�`�Mg;
`*S�<GbR>�Sv`mHIb�<G\ _ Q�Mgb�F�M�F*<GHfbRAYHfb�ADCEwDF*Sfc�h _ CEw�`:AYSDFmF*S�H _ ?�CaM�F*<GHIb1|k`m< A ADHICmCES�` _ Hfb�>RMg;
F�s _ SyMgO=`mFmCaMg<GF�>@;�b=Hf;@~fSdMg;3ADHI\ _ HI`aM,b�F�SYF C £ `mHIb�F�s _ S[ADHIb�ADCmSYFd|�Q�M�b=HI;@~�S�QGQGS
M,`m`mH�AD<�M�F*<GHfb (A,C) S�`EFvM ß Hf;@Fm?�SjMg;[`mS�<Tby>@;[�IS�`mFm<GHfb=b�Mg<GCmSh>@S�`�Mg`*`mHkAD<�M�F*<GHIb=`Bc« ­aÛn¹!ÿGWfzG­YZT´ · zG®�Ûc¹�®<ÁBW · U:`m<G�fb=< � S[CES�\ _ Q�MIADSDC�;=b3ADHI\ _ HI`aM,b�F�>LKi;=b3ADS�C�F�Mg<Tb
F�s _ SrM,O=`EF*C*M,<pF _ MgCh;=b�M,;�F*CmS�>@S�\ ¿ \VSVF�s _ Sfc��qSDFmFmS�H _ ?�CaM�F*<GHIb _ CE?�`mS�CE~�S�QGS�`j>@?Y]
_ SDb�>�M,b�AYS�`X`EF�M�F*<T9�;=S�`jSDb�F*CmS�QTS�`jADHf\ _ HI`aM,b�F*`B|�\rM,<G`h?���MgQGS�\�S�b�FjQGS�`X>@? _ S�b�>�Mgb�ADS�`
>�s�b�M,\V<�9�;=S�`�>�S�`�ADHI\ _ HI`aM,b�Fm`J9�;=<Lb=S}`mHfb�F _ M,`uCmS�\ _ Q�M,AD?�`Bc� vS}b=HI;@~�S�QGQGS�`�>@? _ S�b�]
>�M,b�ADSD`X>�skb�M,\�<T9�;=SD`h`*HIb�FXM _=_ HICEF*?�SD` _ MgC�Q�M[b@Hf;@~fS�QTQGS�<G\ _ Q�M,b�F�M�F*<GHfb�>@S�ADHf\ _ H,]
`�Mgb�Fdcoh _ CEw�`�ADSYFmF*S}H _ ?�C*MgFm<THIb1|�`m< A ADHfCECmS�` _ Hfb=>�Mg;[Fts _ SjMgO=`EF*CaMg<pFv>@;yADHI\ _ Hf`aMgb�F£ CmS�\ _ Q�M,ADS�C�| Cold SYF Cnew CmS�` _ SBAYFm<G~fS�\�S�b�F £ `mHfb�Mgb�AD<GS�byFts _ ShADHIb�ADCmSYF�SDF £ `*HIbb=Hf;@~fSdM,;1|�Q�KnMg`m`mH�AD<�M�F*<GHfb (A,Cold) S�`EF}CmSD\ _ Q�MIAD?�S _ MgC (A,Cnew) M,;�`mS�<Gb�>@;��fS�`�]F*<GHfb=b�Mg<GCmSh>@S�`�Mg`*`mHkAD<�MgF*<GHIb=`Bc

¸B´<¹�¹PZ ² ÛR­YZ�´ · zG®�Ûn¹�®KÁBW · U�`*<G�Ib=< � SX`m; _=_ Cm<G\�S�Cv`*HIb�F�s _ SVMgO=`EF*C*M,<pF}>@SXQ�KnMgC*A*o=<p]
F*SBAYF*;@CmS
>@S��qHfCEHf`mHIQ�c��qSDFmFmS5H _ ?�CaM�F*<GHfbR\�Hk>@< � S
QGS�`�>@? _ S�b�>�Mgb�ADS�`�`EF�M�F*<T9�;=S�`:SDF�>�s�]
b�M,\�<T9�;=SD`5>�S�`vADHI\ _ Hf`aMgb�F*`�b=HIby`*; _=_ Cm<G\�?�`v>@S�Q�KNM,CmAao=<pF*SBAYFm;=CmSfc�h _ CEw�`vADSDFEF*S�H _ ?Y]
CaMgFm<GHfb1|�`*< A ADHICmCmS�` _ HIb�>lMg;�Fts _ S�MgO=`EF*CaMg<pFh>@;eAYHf\ _ HI`aM,b�F £ `*; _=_ Cm<G\�S�C
SDF C £



x*ñ Ï�� 8�Ð :&<^}=z�� 5H� Q z 8 } Ï�� :&<Lz Ï < � }=z�� Ï Ó�� Ð Ó ~�8 Qé< ~

`mHfbyF�s _ SXAYHfb�ADCESDFd|�Q�KNM,`m`mH�AY<�M�F*<GHIb (A,C) S�`EF5`m; _=_ CE<T\V?�S^Mg;�`mS�<Tb�>�;��fS�`EFm<THIb=b�Mg<TCES>@S�`�M,`m`mH�AY<�M�F*<GHfb@`dc

D

B

C

A

AImplA
BImplB
CImplC
DImplD

abstrait
Type

Composant

Gestionnaire des
associations 

Référentiel des
implantations

abstrait
Type

concrêt
TypeFichier de 

configuration

composant

dépend de
Corosol

Conteneur de composants

Avant exécution Durant l’exécution

ÈxÉ³ÊIë.| c¥Û,È?hv`m`*HkAD<�MgFm<THIb=` Ä UµþG¹�­^W�ý5ÁYU#Z*W ² U�¬�Uµþ5¹(­^zG® · zYZG­DU Æ >@S�ADHI\ _ HI`aM,b�Fm`dc

h � b�>�KnMg`*`m;=CES�Cj;=b=Sr\�S�<GQGQTSD;=CmS��IS�`EF*<GHIb�>@S�`XADHf\ _ Hf`aMgb�F*`jSDF^>@SrQGS�;=Cm`X>@? _ S�b�]
>�Mgb�ADS�`B|qS�b _ MgCEFm<�AD;=QG<GS�CR>�Mgb=`�QGS�ABMg`R>@S�Q�KiH _ ?DCaM�F*<GHfb­Z%­�Ûn¹!ÿpW�zG­YZ�´ · zG®�Ûc¹�®<ÁBW · U�|
b=HI;=`5M�~�HIb=`�<Gb�F*CmHk>@;=<pFvQ�MVb=H,F*<GHfb�>@S�\rM,b�>=MgFaM,<GCmS Ä Hf;U¹PZ%®�¦/þ Æ >�M,b=`�Q�KnMgC*A*o=<GFmSBAYF*;=CES
>@S}b=H,F*CmS}\�MIAao=<Gb=S
~�<GCEFm;=S�QTQGS��fMB~IM�c
�Tí��Ií�� Bj®1¯����� �°���!���±�²@®1¯

³ HICm`�>@S�Q�K.H _ ?�CaM�F*<GHIb¥>@S�CES�\ _ Q�MIAYS�\�S�b�FR>�S�`RADHI\ _ HI`aM,b�Fm`B|�QGS�`�>@? _ S�b�>�Mgb�ADS�`
>�s�b�Mg\�<T9�;=S�`:>@S5ADS�;A¡�9�;=<Pb=S5`mHIb�F _ Mg`xCmS�\ _ Q�M,AD?�`�>�Hf<p~�S�b�F ¿ F*CES _ Cm?�`mS�C�~�?�S�`Bc=�vK.S�`EF
Q�MjCaMg<G`*HIb _ HI;=C:Q�MI9�;=SDQTQGS}A*o�MI9�;=S}ADHI\ _ HI`aM,b�F:S�`EF�SDb�ABM _ `m;=QG?�Mg;R`mS�<Gb[>LKi;=bAÛ�W ·�Ò W Ó
UtW ² Z%­ Ä >@SJQ�KNM,b@�fQ�M,<G`X¹PZ%®�¦/þ Æ QGHfCE`x>@SJ`mHIb�M ß HI;@F:M,;�`mS�<Gb�>@SJb=H,F*CESJ\rM,Aao=<Gb=Su~�<TC�F*;=S�QGQGSfc
�xS�\rM,b�>=MgFaM,<GCmS _ HI`*`mwB>@SrQGSr\ ¿ \�S�F�s _ S�M,O=`EFmCaMg<GF^9�;=SrQGS�ADHf\ _ HI`aM,b�FXS�b�ABM _ `m;=QT?Ä � �I;=CmS�´@c¥ä Æ c

proxy

composant

A A ajout
Corosol

Acréation d’un proxy

ÈgÉ³ÊTë ´@c¥ä,È[�qCm?dM�F*<GHfby>LK.;=bT¹�ZG®�¦*þ
QGHfCE`�>@S}Q�KnM ß Hf;@F�>LKi;=byADHI\ _ Hf`aMgb�F�>@S
F�s _ SÙhXc



� 5.-o598}µ�Ð z Ï < µ�/ ÔðQ Ô�¶ 8r·10®Õ z3254 8 ¶ Ï�� :&<Sz Ï < · ¶=z xAË
³ K.<Gb�F*CEH�>@;�AYFm<THIb¸>@S�`�¹PZ%®�¦/þ-Á[>=M,b=`�Q�KnMgC*Aao=<pFmSBAYF*;=CES�>�S��qHfCEHf`mHIQ _ S�Cm\VSDF�M,<Gb=`m<

>@S�¡#M,AD<GQT<pF*SDC�QTSlCmS�\ _ Q�M,ADS�\�S�b�F £ Q�M�~�HIQG?�S{>LK.;@b¸ADHI\ _ Hf`aMgb�F _ M,C�;@b¹Mg;@F*CmS�>@S
\ ¿ \�SuF�s _ S5MgO=`EF*CaMg<pFdc���b�S Î SYFd|�QTSD`x>@? _ S�b�>�Mgb�ADS�`:>�s�b�Mg\�<T9�;=S�`qS�b�F*CmS�ADHI\ _ Hf`aMgb�F*`
CmS�b�>@S�b�F�>@< Ù AD<GQTSyADSYFmF*S�H _ ?�CaM�F*<GHfb1|�ABMgCVQGHfCE`*9�;1K.;=b�ADHI\ _ HI`�Mgb�F�S�`EF�CES�\ _ Q�MIAD?I|�`�M
Cm?�¡§?�CES�b�ADShSD`mFJ?���MgQGS�\�S�b�F�\�Hk>@< � ?�SfcBØ�HI;=`JQTS�`�ADHf\ _ Hf`aMgb�F*`�9�;=< _ HI`m`m?B>�M,<GS�b�FvADSDFEF*S
M,b�AD<GS�b=b=S�Cm?�¡�?�CmS�b�ADS�b=S _ S�;@~fS�b�F _ QT;=`RMIA�AD?�>@S�C�M,;�¡¢`mS�C�~�<�AYS�`R>@S�ADS�ADHI\ _ Hf`aMgb�F
>@<T` _ MgCm;1c

»�MgC�SN¡�S�\ _ QGSf|�`mHf<pF�;=b3ADHI\ _ HI`�Mgb�Fr>@S�Fts _ SyADHIb�ADCmSDF A |�9�;=<JM�OPS�`mHI<Tb¢>LKi;=bADHf\ _ HI`aM,b�Fh>@SXF�s _ S�MgO=`mFmCaMg<GF B SDF};=blMg;@F*CES�>@SXF�s _ S�MgO=`mFmCaMg<GF C _ HI;=C
Cm?dMgQT<G`mS�C
`*S�`�`mS�CE~�<TADS�`Bc��qS�`J>�S�;A¡�ADHf\ _ Hf`aMgb�F*` _ S�;@~�S�b�F ¿ F*CES}CES�\ _ Q�MIAY?�`�Mg;[ADHf;=CE`J>@S
Q�Mj~k<TS
>@SyQ�M�\rM,Aao=<Gb=S[~�<GCEF*;=SDQTQGSfcg½�QuS�b3S�`EF�>@Sy\ ¿ \�S _ HI;=C�QTS�;=C�Cm?�¡§?�CES�b�ADSyCmS�` _ SBAYFm<G~fSfc³ M^`mHfQG;@F*<GHIb�S�`EFv9�;=S�QTShADHI\ _ HI`�Mgb�Fv>@S}Fts _ ShADHIb�ADCmSDF A MIA�ADw�>@SXMg;A¡�M,;�F*CmS�`�ADHI\^]
_ HI`aM,b�F*` B SDF C ' ² WX>@SD`}\�M,b�>�M�F�Mg<GCmS�`}>@S^\ ¿ \�S�`vF�s _ SD`hMgO=`EF*C*M,<pF*` B SDF C c ³ SD`Cm?�¡§?�CES�b�ADS�`}9�;1K.<GQ�ADHIb=`mS�CE~�SX`mHIb�F}ADS�QGQGS�`}>@S^ADS�`
>@S�Cmb=<GS�Cm`BcY��QTQGS�`
b@S^`mS�CEHfb�F _ M,`5\�Hg]
>@< � ?�SD` ß ;=`*9�;1K £ AYS�9�;1K.<GQx`mHf<pF^CmS�\ _ Q�M,AD?RHI; ß ;=`*9�;1K £ Q�M � b�>@S�Q�K.SN¡@?�AD;@F*<GHfb1cS��QGQTSD`
`*S�CEHfb�F�;@F*<GQG<T`m?�S�`5M,A�AD?B>@S�CvMg;A¡[`*SDCE~�<TADS�`v>@SD`vADHI\ _ HI`�Mgb�Fm`v>@S}F�s _ SD`5MgO=`EF*CaMg<pF*` B SDF
C c hv<Gb=`*<�|�;=b�AYHf\ _ HI`aM,b�FV>@S��xHICmHI`mHfQqb=S�ADHIb=b�M,<pF _ Mg`XQGS�`XCm?�¡�?�CmS�b�AYS�`^>@S�`^ADHI\^]
_ HI`aM,b�F*`h>@HIb�F�<TQ(>@? _ S�b�>e>�s�b�Mg\�<T9�;=S�\�SDb�Fd|L\rMg<T`};=b=<�9�;=S�\�S�b�F�QGS�`�Cm?�¡§?�CES�b�ADS�`h>@S
QTS�;=CE`v\rMgb�>�MgFaM,<GCmSD`dc ³ M � �I;=CmSj´=c ó <TQGQG;=`EF*CmSjADSX9�;=<�ADS _ Mg`m`*S _ MgCvSN¡�S�\ _ QGSjQGHfCE`5>@;
CmS�\ _ Q�M,ADS�\�S�b�F(>@;�ADHI\ _ Hf`aMgb�F�>@S:Fts _ SJMgO=`EF*C*M,<pF A c ³ S�`(>�< Î ?�CmSDb�F*S�` Õ wBAao=S�`�CmS _ Cm?Y]`*S�b�F*S�b�FvQGS�`5>@? _ SDb�>�M,b�AYS�`
>�s�b�Mg\�<T9�;=S�`vS�b�F*CES�F*HI;=`vQGS�`5ADHI\ _ HI`�Mgb�F*`v>@SV�qHfCEHf`mHIQ Þ
<TQG`x`*HIb�F�Mg;�b=Hf\jO=CmSv>@S59�;�M�F*CESvSDFx`mHfb�FxCES�` _ SBAYF*<p~�S�\VS�b�F�>@S�Fts _ S�`�MgO=`EF*C*M,<pF*` A | B |
C SDF D c ³ S�`�ADHf\ _ HI`aM,b�F*`�9�;=<�>@? _ S�b�>@SDb�F5>@S A | £ `�M�~�HI<GC B SDF C |�b1KiHfb�F _ M,`u~�;QTS�;=CE`:>@? _ S�b�>�Mgb�ADS�`�>�skb�M,\�<T9�;=SD`x`*S�\�Hk>@< � S�C Ä `m;=C�QTSv>@S�`m`*<Gb1|�QGS�` Õ wBAao=S�`x<G`m`m;=S�`:>@S
B SDF C `*HIb�F�<�>@SDb�F*<T9�;=S�` Æ cI�kS�;=QGS�`vQGS�`v>@? _ S�b�>�Mgb�ADS�`5>�s�b�Mg\�<T9�;=S�`v>@S A Q�KiHfb�Fv?DFm?fc
 
Mgb=`
Q�KnMgb�AD<GS�b=b=S^<G\ _ Q�M,b�FaMgFm<THIb�>@S A |£ADS^ADHf\ _ HI`aM,b�F}>@? _ S�b�>�Mg<GF}>@S�`5Fts _ S�`}M,O=`�]F*CaMg<pF*S�` B | C SDF D ÞIFmCmHI<T` Õ wBAao=S�`�?DF�Mg<TSDb�Fq<G`m`*;=SD`x>@S A ~fS�Cm`qAYS�`�FmCmHI<T`�ADHf\ _ HI`aM,b�F*`Bc
 
Mgb=`
`aMrb=Hf;�~�S�QGQTS^<G\ _ Q�Mgb�F�M�F*<GHfb1|£QGSVADHI\ _ HI`�Mgb�F}>@SXFts _ SVM,O=`EF*C*M,<pF A b=SV>�? _ S�b�>
_ QT;=`u>ks�b�M,\V<�9�;=S�\�S�b�F�9�;=S
>@S B SDF D ÞkQ�M Õ wBAao=S5<G`*`m;=S
>@S A SDFu>@<GCm<G�I?�S5~fS�Cm` C M
>@?�`mHfCm\�M,<G`�>@<G` _ MgCm;=Sfc
�Tí��Ií#º Bh®�¯¥»�¼�½*¾�¿BÀ�ÁÂ¾=ÃgÃ�Ä,Ã

j b=SqÛ % UtW Ó z�ÿGWKÁGÁ�­XS�`EFV;=b=S[ADQ�Mg`m`mSy>@HIb�F�QGS�`V<Tb=`EFaM,b�ADS�`V`*HIb�FVS�QTQGS�`�]�\ ¿ \�SD`�>@S�`
ADQ�Mg`m`mS�`dc#��bÐ�fM�~IM@|�Q�M[\rM,Aao=<Gb=S�~�<TC�F*;=S�QGQGS�SD`mF £ Q�KiHfCE<T�I<Gb=SR>@SrQGS�;=CXAYCm?dM�F*<GHfb�SDFjQTSD`
CmS _ Cm?D`*S�b�F*S _ M,C�QTS:F�s _ S@ï «*ð�« î ª6« ò	ù î�Å ª6«A¬�¬ c�½�Q=b1KiSN¡@<G`EF*Su9�;1Ki;=b=Su<Gb=`EF�Mgb�ADS _ M,C�Fts _ S
;@F*<GQT<G`m?�>@;=C*M,b�F
Q�KiSN¡@?BAD;@Fm<THIb1c���b _ M,C�F*<TAD;=QG<TS�C�|L<GQ�S�b�SN¡�<T`EF*S^;=b=S _ Hf;@C�A*o�MI9�;=S^Fts _ S
_ Cm<G\�<pF*<G¡�c�»�MgC�SN¡�S�\ _ QGSf|IQ�M5\V?DF�Md]tADQ�Mg`m`mSJ>@;^Fts _ S�Æ�Ç�È=É «�Ê SDF(ADS�QGQTSJ>@;^Fts _ S _ Cm<G\�<pF*<G¡Ë ª6÷6«/õ `mHfb�FuCmS�` _ SBAYFm<p~�S�\�S�b�FJÆfÇ@È@É «fÊ î ©6ª�«	¬6¬ SYF Ë ª�÷�«*õ î ©6ª�«	¬6¬ cj b=S�\V?DF�Md]tADQ�Mg`m`mS _ S�CE\�SDF�>LK.HIO@F*S�b@<TC^QTS�`�>@S�`*ADCm< _ F*<GHIb=`�>@SD`�\V?DF*o=Hk>@S�`VSDF�>@S�`



x/Û Ï�� 8�Ð :&<�¶=z�� 53· Q z 8 ¶ Ï�� :&<Lz Ï < · ¶=z�� Ï Ó�� Ð Ó µ�8 Qé< µ

dépend de

proxy

composant

ÌÌÍÍ
remplacement

de A par

C

ÎÎÏÏ
Corosol

A

C D

B
A

Corosol

D

B

Après remplacementAvant remplacement

ÈgÉÚÊIë ´@c ó ÈT»�CE?�`mS�CE~IM�F*<GHfb[>@S�`u>@? _ S�b�>=M,b�ADS�`J>�s�b�Mg\�<T9�;=S�`�QTHICm`u>@;�CmSD\ _ Q�MIADS�\VS�b�Fdc

Aao�Mg\ _ `�>@S5Q�MXADQ�M,`m`mS
9�;1K.S�QGQGS}>@?�`m<G�Ib=Sfco��b��fM�~fM�|kS�QTQGS _ SDCm\�SDF�>LK.HIO@F*S�b=<GC:Q�MjCm?D< � ABMd]
F*<GHfb�>@S�`�<Gb=¡§HICm\rM�F*<GHIb=`uADHfb�FmS�bk;=S�`JMg;�`mS�<Gb[>@;[AYH�>@S}ADHI\ _ <GQG?�>�S}ADSDFEF*S}AYQ�Mg`m`*SIc�»�MgC
SN¡@S�\ _ QTSf|�Q�M�\V?DF�Md]tADQ�Mg`m`mShÆ�Ç�È=É «�Ê î ©�ª6«A¬�¬ _ S�Cm\�SDFv>LKiHfO@FmS�b=<GC�QGS�`�\�?DF*o=Hk>@S�`�SDF�QGS�`
Aao�Mg\ _ `�>@S5Q�MXAYQ�Mg`m`*S5Æ�Ç�È=É «�Ê CmS�` _ SBAYF*<p~�SD\�S�b�F�`mHI;=`�Q�Mj¡§HICm\�S
>LKiHfO ß SDFm` w É õ Ç ÷fÊ SDFÐPÑ É ªIÊ >�; _ MI9�;=SYF�Mg�fS�ï «/ð(« î ª6« ò	ù îtÈ@É Ë ª É ©-õ c³ KNM,CmAao=<pF*SBAYFm;=CmS5>@S��qHfCEHf`mHIQ�>@? � b=<pF�?D��MgQTSD\�S�b�F�>@S�`:\V?DF�Md]tADQ�Mg`m`mS�`dc@�xSv`mHfb�F�>@S�`
?�QG?�\�S�b�Fm`�<Gb�FmS�Cmb=S�`�9�;=< _ M,CEFm<TAD< _ S�b�F�<G\ _ QG<TAD<pF*S�\�S�b�F £ Q�MuCm?dMgQG<T`aM�F*<GHfbX>�SqQ�K.S5¡@?BAD;@F*<GHIb1c

»�M,CE\�<IF*HI;@F*S�`�QGS�`�<Gb=`EF*CE;�AYF*<GHfb@`�>@S(Q�M�\�MIAao=<Gb=S�~�<GCEF*;@S�QTQGSh�fM�~IM@|�OPSdM,;�ADHI; _ \rMgb=<�]
_ ;=QGS�b�F(QTSD`�"aZ*W�ÛR­GÁ�`*S�QGHIb�;=b^F�s _ S _ Cm?�AD<T`Bc@��QGQGS�`(Cm?BM,QG<G`*S�b�F _ MgC�SN¡@S�\ _ QTS�QGS�F*C*M,b=`m¡�S�CEF
>@S�`q~IMgQTSD;=Cm`xS�b�F*CES�Q�M _ <GQGS5>LK.SN¡�?BAD;@F*<GHIbRSDFxQGS�FaM,`x>@SvQ�M�\rM,Aao=<Gb=S�~�<GCEFm;=S�QGQTSvHI;�S�b�F*CmS
Q�M _ <GQTS�>@S�`uH _ ?�C*M,b�>@S�`uSDFJQGS
F�MgO=QTSBM,;y>@S�`u~IM,CE<�M,O=QGS�`JQGH�ABMgQGS�`�>LK.;=b=Su"aZ*W�Û1­Dc

»�M,CVSN¡@S�\ _ QGSyQGS�`�<Tb=`EFmCm;�AYFm<THIb=`rADHfb�AYS�Cmb=?�S�`r>@HIb�F�QGSyb=HI\ ADHI\�\�S�b�ADS _ M,CVQ�M
QGSDFmF*CES ² b1K.S Î SBAYFm;=S�b�FhQTSD;=Cm`hH _ ?�CaM�F*<GHfb=`j9�;=S�`*;=Ch>@SD`�~IM,QGS�;=Cm`j>@SVF�s _ S Ñ ò õ c���QTQGS�`
~�HIb�Fr>�? _ <TQGS�C�|(S�\ _ <TQGS�C�|�`mFmH�AlkIS�CB|�QT<GCmSy>LK.;=b@S�"*ZaW�Û1­V>@S�`V~fMgQGS�;=Cm`r>@SyADS�Fts _ Sfc ³ M
b=HI\�S�b�ADQ�MgFm;=CmS^>@S^ADS�`
<Gb=`EF*CE;�AYF*<GHIb=` _ S�Cm\�SYF}>@S^>@?DFmS�Cm\�<Gb=S�C5QGSjF�s _ S^>@S^Q�M�~IMgQTSD;=C
MgFEF*S�b�>@;@Sf|�`mHI<GFVMg;{`mHI\�\�SDFX>@S�Q�M _ <GQTSR>�S�`XH _ ?�C*M,b�>�S�`V>@SrQ�Mr"*ZaW/ÛR­D|�HI;{`mHI<GFVMg;
`mS�<Tby>LKi;=b=S�>@S�`JSDb�F*Cm?DS�`�>@S}`mHIb�F�MgO=QTSdMg;�>�S�`u~IMgCm<�M,O=QGS�`JQGH�A�M,QGS�`Bc

�qHfCEHf`mHIQ�>@? � b@<GF�>@S�;A¡�`mHICEF*SD`�>@S}\V?DF�Md]�AYQ�Mg`m`mS�`,Þ
È&QGS�`�\�?DF�Md]tADQ�M,`m`mS�`5M,`m`mH�AY<T?�SD`
M,;A¡[Fts _ S�` _ Cm<G\�<pF*<G¡§`B|�>@? � b=<GS�` _ MgC�QGS _ CmHI�fC*M,\X]
\�SD;=CJ>@Sj�qHfCEHf`mHIQ�|

È&QGS�`u\�?DFaM�]tADQ�Mg`*`mS�`JM,`m`mH�AD<G?�S�`�M,;A¡�ADQ�Mg`*`mS�`J>@S�`�HfO ß SDFm`d|=>@? � b=<TS�`�M,;�F*HI\rMgFm<�9�;=SY]
\�SDb�F _ MgC��xHICmHI`*HIQ�QTHICm`
>@;�A*o�M,CE�fS�\VS�b�F}>@;�ADHk>@SVADHI\ _ <GQT?�Mg`m`mH�AD<G?�S�` £ ADS�`
ADQ�Mg`m`*S�`Bc

³ S�`
\V?DF�Md]tADQ�Mg`m`mS�`}>@S��qHfCEHf`mHIQ(Mg`m`*HkAD<G?�S�`hMg;A¡�Fts _ S�` _ CE<G\�<GFm<T¡�` _ S�Cm\VSDFmF*SDb�F�>�S
\rMgb=< _ ;@QTS�C�Q�M _ <GQGS�>@S�`�H _ ?�CaMgb�>@S�`�>@S�`�"aZaW/ÛR­5Á1`*SDQTHIb^QGSqF�s _ S:9�;LK.S�QGQTSD`�CmS _ CE?�`mS�b�F*S�b�Fdc



� 576�5 Ï ¶=Ô 8 <L:�ÓIQ z <E:RQ;:&<#: 8 2�: µ�8 <L:�ÓIQ Õ z µ Ï Ó�� Ð Ó µ�8 Qé< µ x*ä
»�MgC}SN¡@S�\ _ QTSf|�Q�M�\�?DF�Md]tADQ�M,`m`mS�M,`m`mH�AD<G?�SrMg;�Fts _ S _ Cm<G\�<pF*<G¡ ÊA÷,Ò6ó.ª É[`aM,<pF}s�>�? _ <TQGS�C
;=b=Sx~fMgQGS�;=C�>@SqF�s _ S Ê	÷gÒ�óBª É=cg��QGQTS:`aMg<GF�?���M,QGS�\�S�b�F(ADHI\�\�S�b�F�sjS�\ _ <TQGS�C�;=b@Sx~fMgQGS�;=C
>@ShADS
Fts _ Sfc³ S�`�\V?DF�Md]tADQ�Mg`m`mS�`r>@S��xHICmHI`mHfQ�Mg`m`*HkAD<G?�S�`�M,;�¡�Fts _ S�`�>@S�`�HIO ß SDF*` _ S�Cm\�SDFEF*S�b�F
>LK.S Î SBAYF*;@S�C:QGS�`x\ ¿ \�S�`xH _ ?�CaM�F*<GHIb=`:\rM,<G`x`m;=CxQGS�`:HIO ß SDF*`Bc���QTQGS�`x~fHfb�F _ S�Cm\VSDFmF*CESvS�b
_ M,C�F*<TAD;=QG<TS�C�>@S�FmCaMgb=`*¡�HfCE\�S�C�ADS�C�F�Mg<Tb=`�HIO ß SYF*`�>@;=CaMgb�F�Q�KiSN¡@?BAD;@Fm<THIb Ä ~�HI<TC�Aao�M _ <pF*CmSIx Æ c³ S�`J\�?DF�Md]tADQ�M,`m`mS�`�>@S�\rMgb�>�M�F�Mg<TCES�`d|=<Gb�~�<G`m<TO=QGS�` £ Q�KnM _=_ QG<�ABM�F*<GHIb1|�`mHfb�F��I?�b=?�CE?�S�`
_ M,Cu�qHfCmHI`mHfQPSDF:;@F*<GQG<T`m?�S�` _ HI;=C�AYCm?�S�CxQGS�`:<Gb=`EF�Mgb�ADS�`�>@Sv\rM,b�>=MgF�Mg<GCmS�`�>�;=CaMgb�F:Q�KiSN¡@?Y]
AD;@F*<GHfb1c

Ó �EÔ Õ Ý ¨ �Zâeá ­+¯ ãYâ á ¯ á5âeáD�jÖ�á ° �Zâeá ­+¯ Ã ã ° ß ­h× Âq­+° � ¯ â °

³ S[Z % " % ZG­ · U ² ­�ÿ Ò ­5Á ² Ûn¹)ÿGW · UtWgU ² ® · ÁvS�`EF�QGS _ CmSD\�<TSDC}HfO ß SDF��fM�~fM £U¿ F*CmS�ADCE?�?fc?½tQ
_ SDCm\�SDF�>LK.<Gb=`EF�Mgb�AD<GS�C _ M,C
Q�M�`m;=<GFmSVQTS�zG® · UÂ­ · ­N´kZ Ò ­�zG®�Ûc¹�®<ÁBW · U³Á5>@Sr�qHfCEHf`mHIQ(9�;=<
MIA�ADS�;@<TQGQGS�CaMVQGS�`vMg;@F*CES�`JADHI\ _ Hf`aMgb�F*`J>@Sj�xHICmHI`mHfQ�c

+ØQ�KnM ß Hf;@F�>LK.;=b3AYHf\ _ HI`aM,b�F�b=Hf;�~�S�QGQTS�\VS�b�F�<Gb=`EF�M,b=AD<T? _ MgC�QGS�Z % " % Z%­ · U ² ­�ÿ Ò ­5Á² Ûn¹!ÿpW · UtW,U ² ® · ÁY|I;=b�\rMgb�>�M�F�Mg<TCESJS�`EF�ADCm?�? _ HI;=C(QG;=<�ck�xo�M,AD;=b�>@S�`�ADHf\ _ Hf`aMgb�F*`�>@Hfb�F
<TQ�>@? _ S�b�>�>�s�b�Mg\�<T9�;=S�\VS�b�FXM,<Gb=`m<q9�;=S�QGS�;=Cm`h\rMgb�>�M�F�Mg<TCES�`jCES�` _ SBAYF*<G¡§`h`*HIb�FjADCm?�?D`
Cm?BAD;=CE`*<p~�S�\VS�b�F _ M,C�QGSq\ ¿ \�S _ CmHkAD?B>@?fcI�qHf\V\�S�<GQkb1KiSN¡@<G`EF*Sx9�;LK.;=bXAYHf\ _ HI`aM,b�F _ HI;=C
;=byF�s _ SjM,O=`EF*C*M,<pFv>@Hfb=b=?I|�<TQ�b1K.SN¡�<T`EFmSj9�;1K.;=b�\�M,b�>�M�F�Mg<GCmSj9�;=<�QG;=<�S�`EF5M,`m`mH�AD<G?fc ³ S�`
AYs@ADQGS�`J`mHfb�F�Mg<Tb=`m<1?D~k<GFm?�`dc

Ó �\� Õ ­h× ÂA­+° á5âeá ­+¯ Ã ãÙÖ � �fÝºß^àjá5â�ã@ßXâ�ÚTÝeã

³ KnMgC*Aao=<pF*SBA�F*;=CmS�>@S:b=H,F*CES�<Gb�FmS�C _ CEwDF*S:S�`EF�<Gb=` _ <GCm?�Su>�S�Q�Mv` _ ?BAD< � ABM�F*<GHfb�>@S:Q�Mv\rMd]
Aao=<Gb=Sr~�<GCEFm;=S�QTQGSU��M�~IM «i³   ×/×�¬ >@SU�k;=b=` i <�AYCmHI`msk`mFmS�\�`Bc��qHfCEHf`mHIQqS�`EFXS�b�F*<Gw�CmS�\�S�b�F
?BADCm<pF*S�S�b��fM�~IM@c=��QTQGS�S�`mFy>@Hfb=A�<Gb�F*S�C _ Cm?DFm?�S _ MgC[;=b=SlM,;@FmCmS�\rM,Aao=<Gb=S�~k<TC�F*;=S�QGQGS
`*HI;=`�] ß M,ADS�b�F*Sh9�;=S�b=HI;=`5M�~�HIb=` _ Cm?BAD?B>@SD\�\�S�b�Fv>@?D`*<G�Ib=?�S _ MgC ¯oã Uo­Dc ³ S�`�>@< Î ?�CES�b�F*`
ADHf\ _ HI`aM,b�F*`v>@S�Q�KnMgC*Aao=<pF*SBA�F*;=CmS�`mHfb�F5Mg<Gb=`m< _ Cm?�`mS�b�Fm?�` _ MgCv>�S�`�S�b�F*<pF*?�`4�fM�~IM@cPÛuHf;=`
CmS _ Cm?D`*S�b�F*S�CEHfb=`�`mHf;�~�S�b�F�QGS�;=C�HICm��M,b=<G`aMgFm<GHfb�SDFuQGS�;=C:¡§HIb�AYF*<GHfb@b=S�\�S�b�F _ M,C�>@S�`u>@<�M�]
�fCaMg\�\�SD`j>@SrADQ�M,`m`mS�`jHI;�>@S�`m?B9�;=S�b�ADSD`dc ³ M � �I;=CmSr´@c7å�S�b�>@Hfb=b=S�;=b=S�~�;=Sr>�K.S�b�]
`*S�\jO=QGSfc#��QTQGS�s _ Cm?�`mS�b�FmS�QGS�`jADHf\ _ Hf`aMgb�F*`hSDF�F*HI;=`hQGS�`XM,;�F*CmS�`h?DQT?�\VS�b�F*`�<Tb�FmS�Cmb=SD`
>@SX�qHfCEHf`mHIQ�c

ÛJHf;@` _ Cm?�`mS�b�FmHfb@`d|�>�Mgb=`j;=b _ CmSD\�<TSDChFmS�\ _ `B|�QGS�`j?�QG?�\�S�b�Fm`^>�SrQ�KnMgC*Aao=<pF*S�AYF*;=CES
>@S}�fSD`mFm<THIby>@S�`JADHI\ _ HI`aM,b�Fm`J>@Sj�qHfCEHf`mHIQ _ ;=<G`B|�>�Mgb=`u;=b[`mSBADHIb�>RF*SD\ _ `JAYS�;A¡�Q�KnMgC�]
Aao=<pF*SBAYF*;@CmS�`EFaM,b�>�MgC*>[>LKi;=b=S}\rMIA*o=<Tb@S}~�<GC�F*;=S�QGQTS��fM�~fM�c



x ó Ï�� 8�Ð :&<�¶=z�� 53· Q z 8 ¶ Ï�� :&<Lz Ï < · ¶=z�� Ï Ó�� Ð Ó µ�8 Qé< µ

Mémoire
frame

Mémoire
frame

ordinal
compteur

Mémoire
frame

Pile

d’exécution
Flot

Mémoire
frame

Mémoire
frame

ordinal
compteur

Mémoire
frame

Pile

d’exécution
Flot

Mémoire
frame

Mémoire
frame

ordinal
compteur

Mémoire
frame

Pile

d’exécution
Flot

Ordonnanceur

Gestionnaire
de disposition

Mémoire

Objet

Gestionnaire
de disposition

Mémoire

Objet

Gestionnaire
de disposition

Mémoire

Objet

Gestionnaire des références

Tas

Référentiel des implantations

Classe

Instruction

Instruction

Instruction

Méthode

Instruction

Instruction

Instruction

Méthode

Instruction

Instruction

Instruction

Méthode

Champ Champ Champ Champ

Constant Pool

Classe

Instruction

Instruction

Instruction

Méthode

Instruction

Instruction

Instruction

Méthode

Instruction

Instruction

Instruction

Méthode

Champ Champ Champ Champ

Constant Pool

Chargeur de classes

Zone de données

Recherche de champsRecherche de méthodes

Fabrique de mandataires Invocateur de méthodes

Conteneur de composants

Composant

Elément interne

Corosol

ÈgÉ³ÊIë ´=c å,È å ;=S�>�K.S�b=`mS�\XO=QGS�>@S}Q�KNM,CmAao=<pF*SBAYFm;=CmS�>@Sj�xHICmHI`mHfQ�c
�Tí ç íïî è���������¯��� �!=¯�°J®­ÜYÝ§�(²=Þ�ßv±�!@®1Þ�!@à�²@®­°�® é(®�¯f!@±��� 

³ KNM,CmAao=<pF*SBAYFm;=CmSe>@S��xHICmHI`*HIQ}`mSeADHI\ _ HI`mSl>LKi?�QG?�\�S�b�Fm`�9�;=<
b=S�`*S�CESDF*CEHf;@~fS�b�F
_ Mg`V>�Mgb=`XQ�Ki<T\ _ Q�Mgb�F�M�F*<GHIb�ADQ�M,`m`m<T9�;=S�>LKi;=b=S�\rM,Aao=<Gb=S�~k<TC�F*;=S�QGQGSfc ³ S�;@C _ Cm?�`mS�b�AYS £
_ Hf;=CRHIO ß SBAYFm<T¡h>LKnMg`m`*;@CmS�CRQ�M��IS�`EF*<GHfb�>@S�`�ADHf\ _ Hf`aMgb�F*`[>�Sl�qHfCEHf`mHIQ�cu�vK.SD`mF�ADSDFmFmS
M,CmAao=<pF*SBAYFm;=CmS�>@S}�IS�`EF*<GHfby9�;=S}b=HI;=`�>@?BADCE<p~�Hfb@` £ _ CE?�`mS�b�Fdc
6YVÌU�V\[%V\[ ] ��� � � � 2_��()�����-(	������(�����áIâ*ó ï�É ©-õ

³ HICm`�>@S�Q�K.S5¡@?BAD;@Fm<THIbã>LK.;=b _ CmHI�ICaMg\�\�S _ MgCy�xHICmHI`*HIQ�|�>�S�;A¡&Fts _ S�`[>�K.HIO ß SYF*`
_ S�;@~�S�b�F ¿ F*CES�ADCm?�?D`,Þ

È¥>@SD`JHIO ß SDF*`J>@S}Q�KNM _=_ QG<TABM�F*<GHfb1|�9�;=<1`mHfb�FvMgQTQGHI;=?�`vM,;[`mS�<Gby>@;[FaM,`J>@Sj�qHfCEHf`mHIQ�|
È¥>@SD`�?�QG?�\�S�b�F*`�<Tb�F*S�Cmb=SD` Ä ~�Hf<GCESy>@S�`�ADHf\ _ Hf`aMgb�F*` Æ |�9�;=<u>@Hf<p~�S�b�F�Cm?�`m<T>@S�CrMg;
`mS�<Gby>@;�F�Mg`�>@S}Q�M^\rM,Aao=<Gb=S
~�<GCEFm;=S�QTQGS�9�;=<1<Gb�F*SDC _ CmwDFmSj�xHICmHI`mHfQ�c

h � be>@S _ HI;@~�HI<GC�>@< Î ?�CES�b�AD<GS�C�ADS�`�>@S�;A¡�Fts _ S�`�>LKiHfO ß SDFm`}QTHICm`�>@SVQ�Ki<Tb�FmS�C _ CE?DF�Md]
F*<GHfb�>@; _ CmHf�ICaMg\�\�SI|PHfb�>@? � b=<pF
QGSjFts _ S áfâ-ó ï�É ©-õ ADHf\V\�Sj`m; _ S�C�]�F�s _ S^ADHI\�\X;=b£ F*HI;=`rQTS�`r?�QG?�\�S�b�F*`r<Tb�F*S�CEb=S�`R>@S��qHICmHI`*HIQ�|qADHI\ _ Hf`aMgb�F*`�ADHI\ _ Cm<G`Bc j b¢?�QG?�\�S�b�F
<Gb�F*S�CEb=S _ M,C�F*<TAD< _ S[Mg;�¡�Hfb�AYFm<GHfb=b=S�\VS�b�F�>�SRQ�K.SN¡@?�AD;@F*<GHfb�>@S[�qHfCmHI`mHfQqSDF^b1K.S�`EF _ Mg`



� 5¥Ç�5 Ï Ó�� Ð Ó µ :&<L:�ÓIQ Õ z3254 8 ¶ Ï�� :&<Sz Ï < · ¶=z xgå
` _ ?BAY< � 9�;@S�\�S�b�Fj>@S�`EF*<Gb=? £T¿ F*CmS�ADCm?�?�HI;eCmS�\ _ Q�M,AD?�>@<GCmSBAYFmS�\�S�b�Fh>@;=CaMgb�F�Q�KiSN¡@?BAD;�]
F*<GHfb1|:\�M,<G` _ QG;@F æ F _ MgC�Q�K.<Gb�FmS�Cm\�?B>�<�Mg<TCESe>�K.;=bãADHI\ _ HI`�Mgb�FBcJ�qS _ S�b�>�Mgb�Fd|�Aao�M,9�;=S
?�QT?�\VS�b�F5<Gb�FmS�Cmb=S _ S�;�F ¿ F*CESjCE?�< � ?X>@;=CaMgb�FvQ�KiSN¡@?BAD;�F*<GHfb1cL�vK.S�`EFvQGSXABMg` _ MgC�SN¡@S�\ _ QTS
>@S�`J\�?DFaM�]tADQ�Mg`m`*S�`Bc³ S�F�s _ S áIâ*ó ï�É ©-õ b=S[¡ÂM,<pFr9�;LK.<T>@S�b�F*< � S�CVb1K.<G\ _ HICEF*S[QGSB9�;=S�QJ>@S�`�?�QG?�\�S�b�F*`�>@S
Q�KNM,CmAao=<pF*SBAYFm;=CmSR>@S��qHfCEHf`mHIQ�ce½�Qqb@SR>@? � b=<GF^>@HIb�ARMg;�AD;=b=SrH _ ?�C*MgFm<THIb1c�+äQ�KiSN¡@S�\ _ QTS
>@S�Q�K.<Gb�FmS�Cm¡#M,ADS ï «/ð(« î ª6« ò	ù îEå�ÉfÈ Ñ «�ª Ñ�æ «-ó.ª É�9�;=<5?DF*<T9�;=SDFmFmSeA*o�MIAD;@b=Se>@S�`yAYQ�Mg`m`*SD`
`*?�CE<�MgQG<T`aMgO=QGS�`B|(Aao�MIAY;=b3>@S�`Vb=Hf;@~fSdM,;A¡{F�s _ SD``�fM�~fM _ Hf`m`m?B>�Mgb�FrAYS[`m; _ S�C�]�Fts _ S�S�`EF
CmSBADHIb=bk;�ADHI\�\�Sv¡#Mg<T`aMgb�F _ MgCEFm<TS5>@S5Q�K.<G\ _ Q�M,b�F�M�F*<GHfb�>@S5b=H,F*CES5<Gb�FmS�C _ CmwYF*Sfc�hv<Tb@`*<�|k`*<
Q�M�AYQ�Mg`m`mS�>@SJQ�KiHIO ß SDF £ <Gb=`EF�Mgb�AD<GS�C�S�`EFq;=b=Su`*HI;=`�]tADQ�M,`m`mS�>@S áfâ-ó ïkÉ ©<õ MgQGHfCE`qADSDFqHIO ß SDF
S�`mF(;=b�?�QG?�\�S�b�F(<Tb�FmS�Cmb=SuSDF�>@HI<GF ¿ F*CmSJM,QGQGHf;=?�M,;V`*S�<Gb�>@SuQ�M
\rM,Aao=<Gb=S�~�<GCEF*;@S�QTQGS ¯oã UÂ­Dc
6.V¡U�VÉ[�VXZ ] ����ÿ�')2×JS')���%(	����ádç�w Å ÷�è í ÷ ò É ò õ

�xHICmHI`mHfQ�S�`EF5;=b=S^\�MIAao@<Tb=Sj~�<GCEFm;=S�QGQTSV9�;=<�>@<G` _ Hf`mSV>�K.;=b3zG® · UÂ­ · ­N´�Z Ò ­�zG®�Ûn¹(® Ó
ÁBW · UÚÁ�H Í Aao�M,AD;=b�>�K.S�b�FmCmSuSD;A¡VS�`EF(\rMgb=< _ ;=QG? _ M,C�`mHIbVFts _ S�MgO=`EF*C*M,<pFd|I<Gb�>@? _ SDb�>@S�\^]
\�S�b�F�>�Sq`*HIbhF�s _ SxADHIb�ADCmSYFdc-Ø�HI;@F�ADHI\�\�SqQGS�`�?�QT?D\�S�b�F*`�<Gb�F*S�CEb=S�`�>@SxQ�KnMgC*A*o=<GFmSBAYF*;=CESf|
<TQ�SD`mF�b=?BADS�`m`aM,<GCmS�>@S(QGS�;=C�>@? � b@<TC�;=b�`m; _ S�C�]�Fts _ S�ADHI\�\X;=bNÞBQGS�F�s _ S ádç�w Å ÷dè í ÷ ò É ò õ cj b�ADHf\ _ HI`aM,b�F�S�`EF�Mg;=`m`m<�;=b�?�QG?�\�S�b�F�<Gb�F*SDCmb=S[>@Sy�xHICmHI`mHfQ�|�ABM,C^<GQ:¡#Mg<GF _ MgC�]
F*<GS�>@S�`mHIb�<G\ _ Q�Mgb�F�M�F*<GHfbLc áBç�w Å ÷dè í ÷ ò É ò õ S�`EFX>@HIb�A�;=b�`mHI;=`�]�F�s _ Sr>@S áfâ-ó ïkÉ ©<õ c
 vS _ QG;=`B|L;=b&zG®/Ûn¹�®<Á�W · U _ Hf;@~IMgb�F ¿ F*CES�M ß HI;@F*?I|LCmS�\ _ Q�M,AD?VHI;�`m; _=_ Cm<G\�?f|�QTS^Fts _ Sádç�w Å ÷dè í ÷ ò É ò õ >@? � b=<pF�QGS�`�H _ ?�C*MgFm<THIb=`�`m;=<p~IM,b�F*S�`B|�ADHI\�\j;=b=S�` £ F*HI;=`JQGS�`�ADHf\ _ H,]
`�Mgb�F*`$Þð�÷ Ñ Ê�©�÷ ò Ë Ñ ù Ò È@É ø ádç Ñ È õ�Ò�«Aª�w�«A© Ç Ñ ò Éôï ðIè ü Þ=ADSYFmF*S
\�?DF*o=Hk>@S _ S�CE\�SDFJ>@S
QT<GS�C�QTS

ADHf\ _ Hf`aMgb�F�Mg;A¡�M,;�F*CmS�`
AYHf\ _ HI`aM,b�F*`5S�b�?DF�MgO=QG<T`m`aM,b�F
`*SD`
>@? _ S�b�>�Mgb�ADS�`}>�s�]
b�M,\V<�9�;@S�` H QTS�`�CE?�¡§?�CES�b�ADS�`r>@S�`�Mg;@F*CES�`rADHI\ _ Hf`aMgb�F*`�`mHIb�F�HIO@F*S�bk;=SD` ' ² WRQTS
ADHfb�F*S�b=S�;=Cq>�SvAYHf\ _ HI`aM,b�F*`x>@S�F�s _ SvMgO=`EF*C*M,<pF ádç Ñ È õ�Ò�«Aª�w�«A© Ç Ñ ò Éh`m;=C(QTS�9�;=S�Q
b=Hf;=`uCmSD~k<TS�b�>�CmHIb=`�>�Mgb=`JQ�M^`m;=<pF*S H

Å ª6«A¬�¬ ù É õ Å ÷dè í ÷ ò É ò õ Å ª6«A¬�¬ ø�ü Þ�ADSDFEF*S�\�?DFmo=H�>@S�CmSDF*HI;=Cmb@S�QGS�Fts _ S�W�ý5ÁYU#Z*W ² U(>@;
ADHf\ _ Hf`aMgb�F H ADSrFts _ S�S�`EF^ADS�QG;=< _ MgCXQGSB9�;=S�Qx;=b�ADHI\ _ HI`aM,b�FXS�`EFVADHIb=bk;�>@S�`
M,;@FmCmS�`�Mg;y`mS�<Gby>@S}Q�KNM,CmAao=<pF*SBAYFm;=CmS Hð�÷ Ñ Ê È=É-í ª�«	© É ø ádç�w Å ÷�è í ÷ ò É ò õ�©�÷�è í ÷ ò É ò õ ü Þ�ADSDFmFmS�\�?DF*o=Hk>@S�S Î SBAYFm;=SrF*HI;@F*S�`
QTS�`uH _ ?�C*MgF*<GHIb=`Jb=?BAYS�`m`�Mg<GCmS�`vMg;�FmCaMgb=`m¡§S�CEFJ>�K.?DF�M�FuS�b�F*CES�ADS}ADHf\ _ HI`aMgb�FJSDFu;=b
M,;@FmCmS}>@S
\ ¿ \�SvF�s _ S}M,O=`EF*C*M,<pFJ>@?D`*<G�Ib=? _ MgC ©�÷�è í ÷ ò É ò õÑH S�QGQGS}S�`EF�SN¡ _ QGHI<GFm?�S
_ M,C
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JObject

void configure(JVirtualMachine jvm);
Class getComponentClass();
void replace(JVMcomponent component);

JVMComponent
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JProxy createProxy(JVMComponent c);

JProxyFactory
<< create >>

Object getObject()
void setObject(Object o)

JProxy

method1()
method2()

CProxy

...

Object getObject()
void setObject(Object o)

target.method1()

C
method1()
method2()

...

target

héritage d’interface
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?�QG?�\�S�b�Fm`}<Gb�F*SDCmb=S�`�>@S��qHfCEHf`mHIQ�|LADHI\�\�S^QGS�`}\�?DFaM�]tADQ�Mg`*`mS�`}9�;=S
b=Hf;=`q>@?BADCE<G~fHfb=` _ QG;=`�QTHI<Gb1c6½�Q�SD`mF�?���M,QGS�\�SDb�Fq;@Fm<TQG<G`*?�ADHI\�\�Su¡#MgO=Cm<T9�;=SvM,O@`mFmCaMg<GFmS�>@S
\rM,b�>�M�F�Mg<GCmS�`Bc³ S�F�s _ S á�ê�è í ª É è É ò õ�«*õ Ñ ÷ òkë É-í ÷A¬ Ñ õ�÷ È��v<T\ _ Q�Mgb�FaM,b�F�Q�Ki<Tb�FmS�Cm¡ÂMIADS á�é È ÷ ì�� Ð «A©-õ(÷ È@��|
CmS _ Cm?D`*S�b�F*S^QGS^Cm?D¡§?�CmSDb�F*<GS�Q�>@SD`
<T\ _ Q�Mgb�FaMgFm<THIb=`�>�S��xHICmHI`mHfQ�c ³ Mr\�?YF*o=H�>�S^`m;=<G~IMgb�F*S
S�`mFuQ�Ki;=b=S�>@S�`mS�`uH _ ?�CaM�F*<GHfb=`uQTS�` _ QG;=`J<G\ _ HICEFaM,b�FmS�`,Þ
í Ò�óBª Ñ ©¥â*ó ï�É ©-õ�© È=É «/õ É ø Å ª�«	¬6¬ «*ó.¬-õ È «A©-õ Æ���í�É ü ÞuADSDFEF*S�\�?YF*o=H�>�S�CmSBAao=SDC*Aao=S

QTS�Fts _ SrADHfb�AYCmSDFX>LKi;=b{AYHf\ _ HI`aM,b�FX>@Hfb�FjQGS�F�s _ SRMgO=`EF*C*M,<pFjS�`EFX>@?D`*<G�Ib=? _ MgC«*ó.¬-õ È «A©-õ Æ���í�É=| _ ;=<G`�S�beCmSYF*HI;=Cmb=S�;=b=S�b=HI;@~�SDQTQGS�<Tb=`EFaM,b�ADS H O=<GS�bl9�;=S�ADS�Q�M
b=Sr`mHI<GF _ Mg`jHfO=QG<G��M�F*HI<GCmSf|�Q�My\ ¿ \�S�<Gb=`EF�Mgb�ADS _ S�;@F ¿ FmCmSr>@?�QG<G~�CE?�S _ QG;=`m<TS�;=CE`
¡§HI<T`B|=`m<L;=by`Es�`EFmw�\�S�>@S�ABM,Aao=S�>LK.HIO ß SDF*`uS�`EFJ<G\ _ Q�M,b�F*?fc

6.V¡U�VÉ[�VX§ ] �Qÿ�')(	����(���
��?
��Qÿ�')2×JS')���%(	����ádç Ñ È õ�Ò�«Aª�w�«A© Ç Ñ ò É
ádç Ñ È õ�Ò�«Aª�w�«A© Ç Ñ ò É}S�`EF(QTS:F�s _ S�MgO=`EF*CaMg<pF�9�;=<=CmS _ CE?�`mS�b�F*S £ Q�M5¡§Hf<G`(QGSjzG® · UÂ­ · ­N´�ZÒ ­jzG®�Ûc¹�®<ÁBW · U³Á�SDF QTS b ­5Á�U ² ® ·�· W ² Z%­ Ò ­5Á�W<ÁGÁ�®dz ² W,U ² ® · Áq>@S��qHfCEHf`mHIQ�c	½�Q�ADHf\�\j;=b=<T9�;=S

MB~fSBAhQ�M�¡#MgO=Cm<T9�;=S^MgO=`EF*CaMg<pF*SX>@Sj\rMgb�>�M�F�Mg<TCES�` _ Hf;=CvQGS�`vS�b�ABM _ `m;=QGS�C}M�~IM,b�F5QGS�;=Cv<Gb�]
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JProxy createProxy(JVMComponent c);

JProxyFactory

héritage d’interface

Object create(Class abstractType);

JImplementationRepository

ÈxÉ³ÊIë ´=cª©+È ³ S}Cm?�¡§?�CES�b�F*<GS�Q�>@S�`u<G\ _ Q�M,b�F�M�F*<GHfb=`Bc
F*?��ICaM�F*<GHIb�M,;&`mS�<Gb¥>@S�Q�Me\rMIA*o=<Tb=Sy~�<GCEF*;=S�QGQGSfcY½�QvADHIQTQ�MgO£HICmS�?DF*CEHf<pF*S�\VS�b�F�MB~fSBA�QGS
Cm?�¡�S�CmS�b�Fm<TSDQ�>@S�`J<G\ _ Q�Mgb�F�M�F*<GHIb=`JQGHfCE`�>@S}Q�KnM ß Hf;@F�>LKi;=b[b=HI;@~�SdMg;�ADHI\ _ HI`�Mgb�FBc

�qo�M,9�;=S�ADHI\ _ HI`�Mgb�F�b1K.?YF�M,b�F�AYHfb=bk;�>@S�`�Mg;@F*CmSD`�9�;=S _ M,C1Q�K.<Gb�F*SDCm\�?B>@<�Mg<TCES�>@S(`mHIb
F�s _ SjM,O=`EF*C*M,<pFd|�AIK.S�`EF
Mg;=`m`m< _ M,C�ADS�QG;=<p]tAD<�9�;1K.<GQ�SD`mF�CmSBAao=SDC*Aao=?f|£M ß Hf;@Fm?jHI;�CmS�\ _ Q�M,AD?
>�Mgb=`�ADSyADHIb�F*S�b=SD;=CBcL½tQ�S�`EF�<T\ _ HfC�F�Mgb�F�>@S[b=H,F*S�C�9�;1KnMg;�`mS�<Gb3>@S[b=H,F*CmS�\rM,Aao=<Gb=S
~�<GCEF*;@S�QTQGSf|�<GQfb1K.SN¡@<G`EF*S(9�;1Ki;=b};=b=<�9�;=S�ADHI\ _ Hf`aMgb�F _ HI;=C�;=b
Fts _ S�MgO=`mFmCaMg<GF�>�Hfb=b=?f|dM � b
>@S�`m<T\ _ QT< � S�CJQ�MV�IS�`EF*<GHfb�>@S�`�ADHI\ _ Hf`aMgb�F*`Bc ³ S}Fts _ SjM,O=`EFmCaMg<GF ádç Ñ È õ�Ò�«Aª�w�«A© Ç Ñ ò É=|
9�;=<LCmS _ CE?�`mS�b�F*S}QGS�zG® · UÂ­ · ­N´�Z Ò ­XzG®�Ûc¹�®<ÁBW · U³ÁY|=>@? � b=<pFJQTS�`uH _ ?DCaM�F*<GHfb=`J`m;=<p~IM,b�FmS�`,Þ
ágé È ÷ ì�� «�Ê�Ê Å ÷dè í ÷ ò É ò õ ø ádç�w Å ÷�è í ÷ ò É ò õ�©�÷�è í ÷ ò É ò õ ü Þ

ADSYFmF*Sv\V?DF*o=Hk>@S
M ß HI;@F*SvQGS5b=HI;@~�SBM,;RADHf\ _ Hf`aMgb�F ©�÷dè í ÷ ò É ò õ M,;�`mS�<Gb�>�S}�xHg]
CEHf`mHIQ�|�S�brQ�KiS�b�ABM _ `*;@Q�Mgb�FuMg;�`mS�<GbR>LK.;=brb=Hf;�~�SdMg;�\rM,b=>�MgFaM,<GCmS59�;=< _ Hf`m`mwB>@SvQGS
\ ¿ \�S^Fts _ S�MgO=`EF*C*M,<pF�9�;=S�ADSVb=HI;@~�SdMg;eADHI\ _ Hf`aMgb�Fd|�SDFh9�;=<�S�`EF�S�b=`m;=<pF*SVCmS�]
FmHf;=CEb=? _ MgC�AYSDFmF*Sx\�?DF*o=Hk>@S Ä ~�HI<TC � �I;=CmS�´@c × Æ)H Q�K.<G\ _ Q�M,b�FaMgFm<THIb _ M,C�>@?�¡ÂM,;@F(>�S«fÊkÊ Å ÷dè í ÷ ò É ò õ >@S�\rMgb�>@SRM,; b ­5ÁYU ² ® ·(· W ² Z%­ Ò ­5Á�WKÁGÁ�®dz ² WgU ² ® · Á}>LKNM ß HI;@F*S�ChQ�M
b=HI;@~�SDQTQGSyCmS�Q�M�F*<GHfb (abstractType, component) | abstractType >@?�`m<G�fb�Mgb�FQGS�F�s _ S
MgO=`EF*C*M,<pF�>@;�b=HI;@~�SdMg;�AYHf\ _ HI`aM,b�Fd|kHIO@F*S�bk; ' ² WJQ�KnM _=_ S�Q�>@S5\V?DF*o=Hk>@S©�÷�è í ÷ ò É ò õ î ù É õ Å ÷dè í ÷ ò É ò õ Å ª6«	¬6¬ ø�ü H

ÈxÉ³ÊIë ´=c × È?h ß HI;@F�>LKi;=b[b=Hf;@~fSdMg;�ADHI\ _ Hf`aMgb�Fdc
ágé È ÷ ì�� ù É õ Å ÷dè í ÷ ò É ò õ ø Å ª�«	¬6¬ «*ó.¬-õ È «A©-õ Æ���í�É ü Þ

ADSYFmF*Sl\�?DFmo=H�>@SlCmSDFmHf;=CEb=SlQTSl\rMgb�>�MgFaM,<GCmS�ADHICmCmS�` _ HIb�>�Mgb�F�Mg;¸ADHI\ _ HI`�Mgb�F
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>@Hfb�F[QGS�F�s _ S�M,O@`mFmCaMg<GF�S�`EF[` _ ?BAD< � ? _ M,CRQ�M�ADQ�Mg`*`mS «-óI¬<õ È «	©<õ Æ@�6í�É H `m<
ADS
ADHf\ _ Hf`aMgb�FJb1KiSN¡@<G`EF*S _ Mg`d|@S�QGQGS�<Gb=<pF*<GS}QTS�`uH _ ?�CaM�F*<GHIb=` _ S�Cm\�SYFmF�Mgb�FJ>@S}Q�KnM ß Hf;�]
F*S�CqMg;�`mS�<Tbr>�S�ADS�ADHIb�F*SDb=S�;=C H Mg<Tb=`m< _ M,C(;=b=SJCESB9�; ¿ FmSvMg;�Cm?�¡§?�CES�b�Fm<TS�Q�>@S�`�<G\^]
_ Q�Mgb�FaMgFm<THIb=`B|�QGS
F�s _ ShADHIb�ADCESDF�>@;yb@Hf;@~fSdM,;yADHf\ _ Hf`aMgb�FJS�`EF�>@?DFmS�Cm\�<Gb=? _ ;=<G`
<Tb=`EFaM,b�AD<G? H QGSjADHIb�F*SDb=S�;=C�Q�KiS�b�ABM _ `*;@QTSjSDb=`*;@<GFmS^Mg;�`mS�<Tb�>LKi;=b�b@Hf;@~fSdM,;�\rMgb�]
>�MgFaM,<GCmS�>@SJ\ ¿ \�S�F�s _ S�M,O=`EF*C*M,<pFd|�9�;1K.<GQ�CESDF*HI;=Cmb=S�C*M Ä ~fHf<GC � �I;=CESv´@c;Ë�ñ Æ!H >�M,b@`
QTShABMg`JH Í <GQ�S�`EFJb=?BADS�`m`aMg<TCESj>@ShADCE?�S�CJ;=byb=HI;@~�SBM,;�ADHf\ _ Hf`aMgb�F Ä M _=_ S�QGHfb=`�]�QGS©�÷dè í ÷ ò É ò õ�Æ |�Q�Ki<T\ _ Q�Mgb�FaMgFm<THIb _ MgC�>@?�¡#Mg;@F�>@S[Q�M�\�?DFmo=H�>�S ù É õ Å ÷�è í ÷ ò É ò õ
>@S�\rMgb�>@S5Mg;��fS�`EF*<GHIb=b�M,<GCESv>@S�`:Mg`m`*HkAD<�MgFm<THIb=`x>LKnM ß Hf;@FmS�C�Q�M}b=HI;@~�S�QGQGS�CmSDQ�M�F*<GHIb
(abstractType, component) c

ÈgÉ³ÊTë ´@c;Ë�ñ+È��xHIb=`m;=QGFaMgFm<THIb�>LKi;=byADHf\ _ Hf`aMgb�Fdc

ð�÷ Ñ Ê È=É-í ª�«	© É�Å ÷�è í ÷ ò É ò õ ø áBç�w Å ÷dè í ÷ ò É ò õ�©�÷dè í ÷ ò É ò õ ü ÞkADSDFEF*Sv\V?DF*o=Hk>@SvCmS�\X]
_ Q�M,ADS _ MgC5QGSXb=HI;@~�SdMg;�AYHf\ _ HI`aM,b�F}>@?�`m<G�fb@? _ MgC ©�÷�è í ÷ ò É ò õ QGS^ADHI\ _ Hf`aMgb�F
>@Hfb�F�QGSxF�s _ SuM,O@`mFmCaMg<GF�S�`EF(>�?BADCm<pF _ MgC ©�÷�è í ÷ ò É ò õ î ù É õ Å ÷dè í ÷ ò É ò õ Å ª6«A¬�¬ ø�ü H©�÷dè í ÷ ò É ò õ S�`EF�S�b=`m;=<pF*S[S�b�ABM _ `m;=QG? _ M,CVQGS[\rMgb�>�M�F�Mg<TCESy>@S�Q�KNM,b�AY<TS�b3ADHI\^]
_ Hf`aMgb�FVCmSD\ _ Q�MIAD? ' ² WrQ�M�\�?DFmo=H�>@S ¬ É õ�â-ó ïkÉ ©<õ >@;{Fts _ S á�é È ÷ ì@� Ä ~�HI<TC � ]
�f;=CESy´@c;Ë/Ë Æ)H Q�M�\�?DFmo=H�>@S�È=É-í ª�«	© É�Å ÷dè í ÷ ò É ò õ >@S�\rMgb�>@S�Mg;��fSD`mFm<THIb=b�Mg<TCES
>@S�`�M,`m`mH�AD<�M�F*<GHfb=`�>@S�CES�\ _ Q�MIADSDC1Q�M:CES�Q�MgFm<THIb (abstractType, oldComponent) |÷AªIÊ Å ÷�è í ÷ ò É ò õ CmS _ Cm?�`mS�b�F�Mgb�F(Q�KNM,b=AD<TSDbrADHI\ _ Hf`aMgb�F�SDF «*ó.¬-õ È «A©-õ Æ���í�É}QTSuCE?Y]
`*;@QGFaMgF�>@S ©�÷�è í ÷ ò É ò õ î ù É õ Å ÷dè í ÷ ò É ò õ Å ª6«A¬�¬ ø�ü | _ MgC^Q�M�b=HI;@~�S�QGQGS�CmSDQ�M�F*<GHIb
(component.getComponentClass(), component)

H
óB÷�÷�ª É « ò ©�÷ ò õ�« Ñ ò ¬ Å ÷�è í ÷ ò É ò õ ø Å ª6«A¬�¬ «-óI¬<õ È «	©<õ Æ@�6í�É ü ÞvADSDFEF*S�\�?DF*o=Hk>@S�>@?Y]

F*S�CE\�<Tb@Sh`m<�QTShADHf\ _ Hf`aMgb�Fd|�>@HIb�F�QTS�Fts _ SXMgO=`EF*C*M,<pF�S�`mF _ CE?BAD<G`*? _ M,CJQ�M�ADQ�Mg`*`mS«*ó.¬-õ È «A©-õ Æ���í�É=|=SN¡@<G`EF*ShMg;[`*SD<Tby>@;yADHIb�F*S�b=SD;=C�>@S�AYHf\ _ HI`aM,b�F*` H
ð�÷ Ñ Ê�¬-õ(« È õ�ì í ø å õ È Ñ ò	ù ©�ª6«A¬�¬gí(«dè É � å õ È Ñ ò	ùpú¤û « È ù ¬ ü Þ�ADSDFmFmS(\V?DF*o=Hk>@S(ADHfb=`RÈ

F*Cm;=<pFVQ�M�\rM,Aao=<Gb=SR~�<TC�F*;=S�QGQGS��qHfCEHf`mHIQ _ MgC�Mg`m`*S�\jO=Q�M,�ISy>@SD`�ADHI\ _ HI`aM,b�Fm`VSDF
>@?�\rMgCmCmS�S�b=`m;=<pF*SRQ�KiSN¡@?BAD;�F*<GHfb�>@SRQ�M�ADQ�M,`m`mSR` _ ?�AD< � ?DS�S�b�¡�Hfb�AYFm<THIb�>@SD` _ M�]
CaMg\�wDF*CES�`h>@S�Q�MRQT<G�Ib=Sr>@S�ADHI\�\rMgb�>@S�>@?�`m<T�Ib=?�S _ MgC « È ù ¬ØH Q�K.SDb=`*SD\XO=QGSr>@S�`
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ÈgÉ³ÊTë ´@c;Ë/Ë ÈR��S�\ _ Q�MIADSD\�S�b�F�>LKi;=byADHf\ _ Hf`aMgb�Fdc
Fts _ S�`�ADHfb=ADCmSDFm`R>@S�AYHf\ _ HI`aM,b�F*` £ <Gb=`EF�Mgb�AD<GS�C�S�`EF�>@?DF*S�CE\�<Tb@? ' ² W�>�S�`�<Gb�]
FmS�CmCEHf��MgFm<THIb=`jMg;eCm?�¡§?DCmS�b�Fm<TS�Q(>@S�`�<G\ _ Q�M,b�F�MgFm<GHfb=`h9�;=<�S�`EF�QTS _ CES�\�<GS�C £T¿ F*CES
ADCE?�? H _ M,C^SN¡@S�\ _ QGS[>�M,b=`VQ�K.<G\ _ Q�M,b�FaMgFm<THIb _ MgC�>@?�¡ÂM,;@FB|�QGS�`�ADHI\ _ HI`aM,b�Fm`�SDF
?�QG?�\�SDb�F*`�<Gb�FmS�Cmb=S�` £Í¿ F*CES[SN¡ _ QG<TAD<GFmS�\�S�b�F�<Gb=`EF�Mgb�AD<T?D`r`mHIb�F�QGS�`�`m;=<p~fMgb�Fm`�SDF
>�Mgb=`�AYSDFJHIC*>@CmSNÞ
ËIc�QTS
ADHI\ _ HI`aM,b�Fhz ¯ WgZ b ­N´�Z Ò ­jz�ÿGWKÁGÁ�­5Á(S�`mF:<Tb=`EFaM,b�AD<G? H <TQ£S Î S�AYF*;=S5QTS
Aao�M,C�]
�fS�\VS�b�F�>�S�Q�MVAYQ�Mg`m`*S�>@S}Q�KnM _=_ QT<TABM�F*<GHIb H

Û�c�QTS�ADHI\ _ Hf`aMgb�F�Z%­az ¯ ­YZ*z ¯ ­ Ò ­�Û % U ¯ ® Ò ­
S�`EFjADCE?�? _ HI;=C�Q�M�CESBAao=S�CmAao=S�Q�M
\�?DF*o=Hk>@S èI« Ñ ò >�Mgb=`�ADSDFEF*S�ADQ�M,`m`mS H

ä@c�;=b � Q�>LK.SN¡�?BAD;@F*<GHIb¥M,`m`mH�AY<T? £ Q�KiSN¡@?BAD;@Fm<THIb&>@SyQ�M�\�?DF*o=Hk>@S è.« Ñ ò S�`EF
S�b=`m;=<GFmS�ADHIb=`EF*Cm;=<pF$Þ@<GQL<Tb=<pF*<GS}Q�M^ADCm?BMgF*<GHIby>LK.;=b=S�"aZ*W�Û1­ _ HI;=CuADSDFmFmS}\�?�]
F*o=Hk>@S Hó c�QTSVADHI\ _ Hf`aMgb�F b ­5ÁYU ² ® ·�· W ² ZG­ Ò ­5ÁXZ % " % ZG­ · zG­5Á�S�`EF}<Gb=`EF�Mgb�AD<T? H <TQ _ S�CE\�SDF
>LKnMg`m`*HkAD<GS�Cj;=b=S�Cm?�¡§?�CES�b�ADSrS5¡�F*S�CEb=SRMg;lF�MgO=QGSdM,;�>@S�Aao�M m b=S�`X>@S�ABMgCaM,A�]
F*w�CmSD`
CmS _ Cm?�`mS�b�FaM,b�F
QGS�`�MgCm�I;=\�S�b�F*`}>@SXQ�MrQT<G�fb@S�>�SVADHI\�\rMgb�>@S H ADSDFmFmS
Cm?�¡§?DCmS�b�ADS^SN¡�FmS�Cmb=S^S�`EF}S�b=`m;=<pF*S^S�\ _ <GQG?�SV`m;=C
Q�MX"aZ*W�Û1­5>@SVQ�M�\V?DF*o=Hk>@SèI« Ñ ò H

å�c�QTSVAYHf\ _ HI`aM,b�F`®�Z Ò ® ·�· W · z%­N´�Z�S�`EF}ADCE?�?f|�QGS � Q�>LKiSN¡@?BAD;@Fm<THIb _ Cm?BAD?B>@SD\^]
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\VS�b�FhADCm?�?Vs�S�`EFjM ß HI;@F*?�SDF�Q�M�OPHI;�ADQGSr>LKiSN¡@?BAD;@Fm<THIbl>@S��qHfCmHI`mHfQ(ADHI\^]
\VS�b�ADSfc

³ KnM ß HI;@F}>LKi;=b�b=HI;@~�SdMg;�ADHI\ _ HI`aM,b�F}>�Mgb=`h�qHfCEHf`mHIQ _ CmHd~�Hk9�;=S^Q�M�ADCE?dMgFm<THIb�>@S�`
ADHf\ _ HI`aM,b�F*`j>@HIb�Fh<GQ�>@? _ S�b�>l>�s�b�Mg\�<T9�;=S�\VS�b�Fdc ³ M[AYCm?dM�F*<GHfbl>@;�ADHI\ _ HI`aM,b�FrUtWKÁ
S�`mF _ M,C�SN¡@S�\ _ QGS}<Tb@<GFm<T?�S _ M,CJAYS�QTQGS�>@;yADHf\ _ Hf`aMgb�F b ­5ÁYU ² ® ·�· W ² ZG­ Ò ­5Á
Z % " % ZG­ · zG­5ÁYc
�Tí ç í�� è��(�î����¯��� �!@¯�¯�!��� �°��(²=°�¯

ÛJHf;@` _ CE?�`mS�b�F*HIb=`�\rM,<Gb�FmS�b�M,b�F�QTSD`�ADHI\ _ HI`aM,b�Fm`�>@S��qHfCEHf`mHIQ�9�;=<k`mHIb�F�>@? � b=<T`�Mg;
`*S�<GbR>�Svb1Ki<T\ _ HfC�F*Sv9�;=S�QGQTS�\rMIA*o=<Tb=SJ~�<GCEFm;=S�QGQTSZ�fM�~IM�SDF:>@?�ADCm<pF*` _ M,CqQ�M�` _ ?BAD< � ABMgFm<GHfb
>@S��k;=b «i³   ×/×�¬ c
6.V¡U�V�Z!V\[ ] �A2_'.
�ô����A
��A2 � 2_')�*���A
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³ M�` _ ?�AD< � A�MgFm<THIb¢>@Si�k;=b3>@?BAYHf\ _ HI`mS[Q�M�\�?�\VHf<GCmS[>@S�Q�M�\rM,Aao=<Gb=S�~k<TC�F*;=S�QGQGS
��M�~IM�S�b _ QG;=`m<GS�;=Cm` _ M,CEFm<GS�`d| _ M,CE\�<qQTSD`a9�;=S�QTQGS�`^QGSrF�Mg`d|�QGS�` _ <GQGS�`V>@S�` � QG`V>LKiSN¡@?BAD;�]
F*<GHfb�Hf;�AYS�QTQGS�`
SN¡�?BAD;@F�Mgb�F
QGS^ADHk>@S^b�M�F*<G¡�|£HI;�S�b�ADHICmSXQ�M Î HIb=S^>@S�`5\�?DF*o=Hk>@S�` Ä ~�HI<TC
Aao�M _ <GFmCmS}´ Æ c��xS _ S�b�>�M,b�Fd|@S�QGQTS
b1K.<G\ _ HI`*S�Mg;�AD;=b=S
CmS _ Cm?D`*SDb�F�M�F*<GHfb _ MgCEF*<TAD;=QG<Gw�CmS�>@S�`
HfO ß SDF*`B|=b=<Lb=S _ Cm?BAD<G`mS}Q�KNM,QG�IHfCE<GFmo=\�Sh>@S}C*M,\�M,`m`mSY]�\�<GSDFmFmS�` £ ;@Fm<TQG<G`*SDCBc

ÛJHf;@` _ CmH _ HI`*HIb=`�Mg<Tb=`m<u;=b�\�H�>@wDQTS�>@S[\�?�\�HI<GCmS[`m<G\ _ QGSySDFrADSDb�F*CaMgQG<T`m? _ HI;=C
�xHICmHI`*HIQ�H Í QGSvADHI\ _ HI`�Mgb�FvUtW<Á�CmS _ Cm?D`*SDb�F*SjUÂ®<´@UÂ­�Q�M}\�?D\�Hf<GCmS�>@S
�qHfCEHf`mHIQ�c��xo�M,9�;=SÎ Hfb=S�>@Sr\�?D\�Hf<GCmS�s�S�`mF^MgQGQTHI;=?�Sf|�F�Mgb�FjQTSD`5"*ZaW/ÛR­5Á}9�;=SrQGS�` Î HIb=S�`VMgQGQTHI;=?�S�` _ HI;=C
QTS�`�HIO ß SYF*`Bc)��b�ADHfb=`m?B9�;=S�b�ADS�`B|�F*HI;@F*S�`�QGS�` _ HICEF*<GHIb=`5>@Sh\�?D\�Hf<GCmS�;@F*<GQG<T`m?�SD` _ M,CJ;=b
_ CmHI�fC*M,\�\VS�HIb�FrQ�M�\ ¿ \�SyCES _ Cm?�`mS�b�FaMgFm<THIb1câh ß Hf;@FmS�C�;=b¢`mSBADHIb�>&AYHf\ _ HI`aM,b­UtWKÁ
<T\ _ QG<T9�;=S�M ß Hf;@FmS�C�;=b=S[`*S�ADHfb�>@S Î Hfb=Sy>@S[\�?�\�HI<TCES £ �qHfCEHf`mHIQJ9�;=<u<G\ _ Q�M,b�F*S[`�M
_ CmH _ CmS}CmS _ CE?�`mS�b�F�M�F*<GHIb�>@S�`J>@HIb=b=?�S�`Bc³ My\�?�\VHf<GCmS�>�S�b=H,F*CESr\rMIA*o=<Tb=S�~�<GCEFm;=S�QGQTSrS�`EFVMg<Tb=`m<q;=b=Sr`m?B9�;=S�b�AYSR>LK.HkAYF*SYF*`B|
MIA�ADS�`m`m<GO=QGS�`xS�b�QGSBAYF*;=CES�SDFqSDbr?BADCE<GFm;=CmS ' ² W�;=b�<Gb�>@<�AYSv>@S _ HI`m<pF*<GHfb1|�CmS _ CE?�`mS�b�F*?�S _ MgC
QTShADHI\ _ Hf`aMgb�FjUtW<ÁYc�½tQ�M,`m`m;=CmS�Q�K.SDb�ADH�>�Mg�ISjSDFJQTSh>@?BADHk>�M,�ISj>@S�Q�M^~IMgQTSD;=Cv>�SjA*o�MIAD;@b
>@S�`�F�s _ S�` _ CE<T\V<GFm<T¡�`�>@SD�fMB~IM�c*½tQ@>@?DFmS�Cm\�<Gb=SuMg<Tb@`*<�QGS:b=Hf\jO=CmS�>�K.H�A�F*SDF*`�;@Fm<TQG<G`m?�` _ HI;=C
Q�M^CES _ Cm?�`mS�b�F�M�F*<GHfby>@S�Aao�M,AD;=b�>LKiS�b�F*CES}S�;A¡�c

hv;[ADHI;=Cm`u>@S
Q�K.SN¡�?BAD;@F*<GHIb1|=QGS�`u>@HIb=b=?�S�`J>@S}Aao�MI9�;=S
HIO ß SDFJADCm?D?}`mHIb�FuADHfb�F*S�bk;=SD`
>�M,b=`R;=b=S Î Hfb=S�>@S�\�?�\�HI<TCES�Cm?D`*S�C�~�?�S�M,;&`mS�<Tb�>@;¢F�Mg`dcØ��QTQGS�S�`EFRQTHkABMgQT<G`m?�S _ MgC
Q�Ki<Tb�>@<TADSj>@S _ Hf`m<pF*<GHfb�>@S�`mHfb _ CmSD\�<TSDC�HkAYF*SYFdc£�xSDFEF*S4¹�®<Á ² U ² ® · W�ý5Á�®gÿ+´�­�S�`EFvABM,QTAD;=QG?�S
_ M,CuQGS�ADHI\ _ Hf`aMgb�F^Wgÿ*ÿM®dzaW,UÂ­N´kZDc

 vSh\ ¿ \�Sf|�QGS�`v<Gb�>@<TADS�`5>@S _ Hf`m<pF*<GHIb�>@S�`5A*o�M,\ _ `5>LK.;@b=Sj<Gb=`EF�Mgb�ADSX>@SjADQ�Mg`*`mShSDF
ADS�QTQGS�`�>@SD`uS�b�F*CE?�S�`J>LK.;=bRF�MgO=QTSdMg;[`mHfb�FJABMgQTAD;=QG?�S�` _ M,C�;=b b ­5Á�U ² ® ·�· W ² Z%­ Ò ­ Ò<² Áo¹�®<Á ²³Ó
U ² ® · c��5K.SD`mFu;@b[?�QG?�\�S�b�FJ<Gb�FmS�Cmb=S}>@Sh�xHICmHI`mHfQLSDFu<GQLS�b�SN¡@<G`EF*S
SN¡�MIA�F*S�\�S�b�Fu;=b _ HI;=C
Aao�MI9�;=SXADQ�M,`m`mSX>@ShQ�KnM _=_ QT<TABM�F*<GHIb1c1�qS�`v<Gb�>@<TADS�`5>@S _ HI`m<GFm<THIb=`v`mHfb�FjZ%­�ÿGWgU ² "%Á £ Q�M _ H,]
`*<pF*<GHIb{W�ý5Á�®�ÿ+´B­:>@S
Q�M Î Hfb=S
\�?�\�HI<GCmS�MgQTQGHI;=?�S _ Hf;=C�QGS�`u<Gb=`EF�Mgb�ADS�`uHI;[QGS�`�FaM,O@QTSdMg;A¡Lc
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³ S�;=CXABM,QTAD;=QqS�`mFXS Î SBAYF*;@?�S�b{¡§HIb�AYF*<GHIb�>@SrQ�M[F�Mg<GQTQGSR>@SRA*o�MI9�;@SrF�s _ S _ Cm<G\�<pF*<G¡�Mg;
`mS�<Tby>@;eUtWKÁ Ä ~�HI<GC � �I;=CmS�´@c;Ë�Û Æ c

longlong int refref int ref int double ref float float float float float

gestionnaire de

classe A
disposition de la

tableau de float

gestionnaire de
disposition d’un

tableau de float

disposition de la
classe B

gestionnaire de

instance de la classe A

Tas de Corosol

ref : référence

: lecture/écriture

Zone mémoire d’une
la classe B

Zone mémoire
d’une instance de Zone mémoire d’un

ÈgÉ³ÊTë ´@c;Ë�Û,È?hvQTQGH�A�MgFm<THIb�>@S�`uHfO ß SDFm`�>�Mgb=`JQGS
F�Mg`J>@Sj�xHICmHI`mHfQ
�qo�M,9�;=S � Q�>LK.SN¡@?�AD;@F*<GHfbR>@S��qHfCEHf`mHIQ _ HI`*`mwB>@Sv;=b=SD¹ ² ÿ&­Z°�W ' W Ä ~�HI<TC:A*o�M _ <pF*CES ó6Æ

>@HIb�F�Q�Mv\�?�\VHf<GCmS:SD`mF�;=b=S Î Hfb=SuMgQTQGHI;=?�SJMg;^`*S�<GbV>@;�UtW<ÁYcg��QGQTSxsXAYHfb=`EF*<pF*;@S�;=b=S Î HIb=S
>@?�QG<T\V<GFm?�Su>�Hfb�F�Q�M _ Hf`m<pF*<GHfb�M,O=`mHIQT;@S�S�`EF(>@?YF*S�Cm\V<Tb=?�S ' ² WqQGSuADHI\ _ HI`aM,b�F�Wgÿ*ÿ&®dzaWgUÂ­N´�ZYc
��QGQGS�`*S�>@?BADHI\ _ HI`*S�S�bj"*ZaW/ÛR­5ÁY|�>@HIb�FqQTSD` _ HI`m<pF*<GHfb=`x>�M,b=`qQ�M�\V?�\�HI<TCES5MgQGQTHI;=?�Sv`mHIb�F
ABMgQ�AD;=QG?�S�`JCES�Q�M�F*<p~�S�\VS�b�F £ `aM _ HI`*<pF*<GHIb�M,O@`*HIQG;=S Ä ~�Hf<GC � �f;=CES�´=c&Ë�ä Æ c

d’une méthode m

Tas de Corosol

ref : référence

: lecture/écriture

longlong int refref int ref int double ref

Zone de mémoire d’une pile d’un flot d’exécution

floatint floatref ref

frameframe
d’une méthode m

frame
d’une méthode m1 2 n

ÈgÉ³ÊIë ´@c;Ë�ä+È?hvQGQTHkABM�F*<GHfb�>@S�`h¹ ² ÿM­5Áf°�W ' W
>=M,b=`uQTS
F�Mg`J>@Sj�qHfCEHf`mHIQ�c
ÛJH,F*CESX\VH�>@w�QGS^>@SX\�?D\�Hf<GCmSj`m? _ MgCmSXQ�KnMgQTQGHkABMgFm<THIb�>@S�`5HIO ß SYF*`
>@SXQ�M��fS�`EF*<GHIb�>�S

QGS�;=CjCE?�¡§?�CES�b�ADSrSN¡�FmS�Cmb=Sf|�ABMgC�F*HI;=`jQGS�`jHfO ß SDFm`XADCm?�?�`j;@Fm<TQG<G`m?�` _ MgChQ�KNM _@_ QT<TABM�F*<GHfb�`mS
`mHfb�F _ M,`vF*HI;=`�MgQGQTHI;=?�` _ o�s�`m<T9�;=S�\VS�b�F�M,;�`mS�<Gb�>@;�UtW<Á�>�S��qHfCmHI`mHfQ�|�ADHI\�\�S^>�Mgb=`
QGS�A�M,` _ M,C�F*<TAD;=QG<TSDC�>@S^`mS�`}ADHf\ _ Hf`aMgb�F*`Bc��qS _ HI<Gb�F}<G\ _ HfC�F�Mgb�F}`mS�C*MR>@?D~�SDQTH _=_ ?�Mg;
Aao�M _ <pF*CmSNx�c1�vK.S�`EF
Q�MrCaMg<G`mHfb _ Hf;=C5Q�MI9�;@S�QTQGS^b=HI;=`}Aao=HI<G`*<G`m`mHfb=`}>@SX\�SDFmFmCmSXSDb�CmS�Q�Md]
F*<GHfbL|@b=Hfb�;=b=S
Cm?�¡�?�CmS�b�AYS}SN¡�FmS�Cmb=S
SDFuQ�M _ HI`*<pF*<GHIb[\�?�\�HI<GCmS}>LKi;=b[HIO ß SDFu;@F*<GQG<G`*? _ M,C
Q�KnM _=_ QT<TABM�F*<GHfbL|P\rMg<G` _ QG;@F æ F�;=b=ShCE?�¡§?�CmSDb�ADShSN¡�F*SDCmb=ShSDF�Q�M�Z%­Â¹PZ % Á�­ · UtWgU ² ® · °@W ' W�>�S
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ADSDFxHfO ß SDFÑÞ�QGS�`qHfO ß SDFm`:>@S�Q�KNM _=_ QT<TABM�F*<GHfb�`mHIb�F:>@HIb�A5Mg<Tb@`*<PCES _ Cm?�`mS�b�Fm?�` _ MgCx>LKNM,;@FmCmS�`
HfO ß SDF*`J>@S}Q�MVADHI;�Aao=S�<Gb=¡§?DCm<GS�;=CmS Ä �qHfCEHf`mHIQ Æ c

�xSDFEF*S[�fS�`EF*<GHIb¢>@S�`�Cm?�¡§?�CES�b�ADS�`rSD`mFrADHIb � ?�S�M,;¢ADHI\ _ HI`aM,b�F b ­5ÁYU ² ® ·�· W ² ZG­ Ò ­5Á
Z % " % ZG­ · zG­5ÁYc�½�Q(MgFEF*Cm<GO=;=S^;=b=S^Cm?�¡§?DCmS�b�ADS^SN¡�F*S�CEb=S £ Aao�M,9�;=S^HfO ß SDF};@Fm<TQG<G`m? _ MgC}Q�KnM _ ]
_ QT<TABM�F*<GHfb Ä s¢ADHI\ _ Cm<G`RQGS�`�ADHI\ _ Hf`aMgb�F*`B|�~�HI<GC[Mg;=`m`m<
A*o�M _ <GFmCmS×x Æ cY½�Qv`�Mg;@~�SD��MgC*>@S
M,<Gb=`m<�Q�KNM,`m`mHkAD<�M�F*<GHIb{SDb�F*CES�;=blHfO ß SDF ÷ SDFh`aM[Cm?D¡§?�CmSDb�ADSrSN¡kF*S�Cmb=SI|�HI; _ QG;=`hSN¡�M,AYF*SY]
\�S�b�Fd|�Q�KnMg`m`mH�AD<�M�F*<GHfb{S�b�F*CES�Q�K.HIO ß SDFV9�;=<xCES _ Cm?�`mS�b�FmS ÷ >�Mgb=`XQ�My\�MIAao=<Gb=Sr~k<TC�F*;=S�QGQGS¯oã UÂ­�SDF�`aM�Cm?�¡�?�CmS�b�ADSxSN¡�F*S�CEb=S Ä � �f;@CmS�´@c;Ë ó6Æ cf�qo�MI9�;=S:HfO ß SDF _ HI`m`*wB>�SJMg<Gb=`m<@Q�M�\ ¿ \VS
Cm?�¡§?�CES�b�ADSxSN¡�FmS�Cmb=S ß ;=`a9�;1K £ Q�K.?D~�SDb�F*;=S�QkCmS�\ _ Q�M,ADS�\�S�b�F�>@;XADHf\ _ Hf`aMgb�F b ­5ÁYU ² ® ·�· W ² Z%­Ò ­5Á}Z % " % Z%­ · z%­5ÁYc

l’application. Ils sont référencés dans le tas de Corosol.

Une référence externe est attribuée aux objets de

de la JVM hôte et y possèdent une référence (@).

Une référence externe (#) leur est aussi associée. 

Les composants de Corosol sont alloués dans le tas

applicatif
Niveau

Niveau
Corosol

Niveau
Machine virtuelle 

hôte

myInt=new Integer(4);

#myInt

JHeap #heap

Tas de la JVM hôte

Tas de Corosol

@jvm

JVirtualMachine

JVirtualMachine
.getVirtualMachine()

2. La JVM hôte stocke tous les objets, mais ne

dispose des références que de ceux alloués par

Corosol (@). Les autres (#) ne sont accessibles

@heap

#jvm

que via le composant gestionnaire des références.

ÈgÉ³ÊTë ´@c;Ë ó È���?�¡§?�CES�b�ADS�` ' ­�Z5Á5´6ÁxCm?�¡�?�CmS�b�AYS�`JSN¡�FmS�Cmb=S�`
»�MgCh`mHf;�AD<q>@S�`*<G\ _ QG<TAD<pF*?f|�QGSr\�Hk>@w�QGS�>@Sr\�?D\�Hf<GCmSr>@S��qHfCEHf`mHIQ�b1K.<Gb�F*w��ICmS _ M,`

S�b�ADHfCES�QGS�`VA�MIAao@S�`X\�?�\�HI<GCmS�>@S�` � QG`^>LK.SN¡@?�AD;@F*<GHfbLcº½tQqS�b�S�`EF^>@S�\ ¿ \VS _ HI;=CjQTSD`
\�Hfb=<pF*SD;=Cm`Bc
ï½�*��ÿ�
�������')(���
��^���è����J#� � ����(	�����/��'!( 
����K�a1�JS���½J#���-23�X�/�*pc� O <GS�b�9�;=S^Q�M

` _ ?BAY< � ABM�F*<GHIb�>�S:Q�M�\rM,Aao=<Gb=Sx~�<GCEF*;=SDQTQGS:<T\ _ HI`mS:;=b=S ' W�ÿ&­N´�Z�\�<Gb=<G\rMgQTS:SDF�\rMK¡@<T\�M,QGSÄ M,<Gb=`m<}9�;1Ki;=b=S�~fMgQGS�;=C[>LK.<Gb=<pF*<�M,QG<G`�M�F*<GHIb Æ _ HI;=C[Aao�M,AD;=bã>@S�`�Fts _ S�` _ Cm<G\�<pF*<G¡§`B|:S�QGQGS
b1K.<G\ _ Hf`mSvS�bRCESD~IM,b�A*o=S}Mg;�AD;=b=SvCmS�`EF*CE<�AYFm<THIbR9�;�M,b�F £ Q�M�ZG­o¹PZ % Á�­ · UtW,U ² ® · >�S
A*o�MIAD;@b
>LK.S�b�FmCmSuS�;A¡rMg;�`*SD<Tb�>@;�F�Mg`Bc� �w�`�QGHICm`B|f;=b=SJ<G\ _ Q�M,b�F�M�F*<GHfbr>@S�F�Mg` _ HI;=C(Q�M
\�MIAao=<Gb=S
~�<TC�F*;=S�QGQGS _ S�;@Fu>@?�AD<�>@SDC�>LKNM,QGQGHf;=S�CqF*HI;=`:`mS�`xFts _ S�` _ Cm<G\�<pF*<G¡§`:`m;=Cx;=b�\ ¿ \�Svb=HI\XO=CES
>LK.H�A�F*SDF*` _ MgC}SN¡@S�\ _ QTSfc��qS _ S�b�>�Mgb�FB|1QGS�`
~IM,QGS�;=Cm`}QG;=S�`jMg;�`*SD<Tbe>@S�ADS^F�Mg`�>@Hf<p~�S�b�F
ADHfCECmS�` _ Hfb=>@CmSjMg;A¡R~IM,QGS�;=CE` _ Cm?D~k;=S�`J>�M,b=`uQ�MX` _ ?�AD< � A�MgFm<THIb1c³ S�`u~IM,QGS�;=Cm`JS�b�AYH�>@?�S�`�>�M,b=`JQGShADHI\ _ HI`�Mgb�FhUtW<Áx`mHfb�F�>@S}Q�MXF�Mg<GQTQGS�<T\ _ Hf`m?�S _ MgC
��M�~IMrSDF _ HI`*`mwB>@S�b�F};=b@SX~IM,QGS�;=C5\rM<¡�<T\�M,QGSXSDF
\�<Gb=<T\�M,QGSfc1�xS _ SDb�>�M,b�FB|�QGS^b=HI\XO=CES
>LK.H�A�F*SDF*`�;@F*<GQG<T`m?�` _ MgC�QTS�F�Mg`y>@Sl�qHfCEHf`mHIQ _ HI;=C�Q�K.S�b�ADHk>�Mg�fSe>@S�`�~IMgQTS�;@Cm` _ CE<T\�<�]
F*<p~�S�` _ S�;@F ¿ F*CES�`*; _ ?DCm<GS�;=CmS £ ADS�QGQGS _ CE?D~�;=S _ M,ChQ�M[` _ ?BAD< � ABM�F*<GHIb�>�SrQ�M[\�MIAao=<Gb=S
~�<TC�F*;=S�QGQGS «.³   ×�×�¬ c��xS�Q�MR`*<G�Ib=< � Sr9�;=SVQTS�`
~fMgQGS�;=Cm`�`EF*HkAlkf?�S�` _ MgC�QGS�AYHf\ _ HI`aM,b�FrUtWKÁ
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_ S�;@~�S�b�F ¿ FmCmS�S�b[F*o=?DHfCE<TS _ QG;=`J�fCaMgb�>@S Ä Hf; _ QG;=` _ SDF*<pF*S Æ 9�;=ShADS�QGQTSD`�<T\ _ HI`m?�S�` _ M,C
�fMB~IM�c i Mg<G`B| _ HI;=C�>@S�`:C*M,<G`mHfb=`�>@S5`m<G\ _ QG<�AY<GFm?f|��xHICmHI`mHfQ£S Î SBAYF*;=S5QGS�`�>@< Î ?�CmS�b�Fm`�ABM,Q�]
AD;=QG` £ Q�KNM,<T>@Sv>@S�`(F�s _ S�` _ Cm<G\�<pF*<G¡§`q¡§HI;=Cmb@<T` _ MgCh�fMB~IM�|�\ ¿ \�SJ`m<�QTS�;@CqCmS _ Cm?�`mS�b�FaMgFm<THIb
_ S�;@F ¿ FmCmS _ QG;=` _ SDFm<pF*S�9�;=S�ADS�QGQTS _ S�Cm\�<G`mS _ M,CuQGS
F�Mg`J>@Sj�xHICmHI`mHfQ�c

hv<Gb=`m<�|,QGS�`�~IMgQTSD;=Cm`�SN¡�F*C*M,<pF*S�`�HI;^<Tb=`*ADCE<GFmS�`(>�Mgb=`�ADHI\ _ Hf`aMgb�FuUtW<Á�M,;=CEHfb�F�Q�M�F�Mg<GQTQGS
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CaMg<G`*HIb=`}>@S^`m<G\ _ QG<�AY<GFm?�`}SDF�M�~�HIb=` _ Cm?�¡�?�Cm?^Q�MrQT<G\�<pF�M�F*<GHfb�>@SXCmS _ CE?�`*SDb�F�Md]
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9�;�MgFmCmS}HkAYF*SDFm`�ADHIb=`m?BAD;@F*<G¡§`vMg;[¡§HICm\rM�F�ý ²eb1²³·IÒ-² W · c

ÛJHIFmCmSX\�H�>@wDQTSV>@S^\V?�\�HI<TCES^b1Ki<T\ _ HI`aM,b�F _ Mg`}>@S^CmS _ Cm?�`mS�b�F�M�F*<GHIb _ M,C�F*<TAD;=QG<Tw�CES
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ADQ�Mg`m`mS5Hf;R>LK.;=b�FaM,O=QGSdMg;[>�S5Q�KnM _=_ QT<TABM�F*<GHfbL|=>@SvFts _ S
M,O=`EF*C*M,<pF á�ð É « í â*ó ï�É ©-õÑH

È ð�÷ Ñ Ê ��È Ñ õ É ë É Ë ÉIÈ=É ò © É ø Ñ ò õ Ñ ò Ê É/ì �ládð É « í â*ó ï�É ©-õ�÷*ó ï�É ©-õ ü | ' ² W�;=b=S(<Gb�]
F*S�CECmHI��M�F*<GHfb�Mg;yADHI\ _ HI`aM,b�F b ­5ÁYU ² ® ·�· W ² ZG­ Ò ­GÁ}Z % " % Z%­ · z%­5ÁY|=>@?DF*SDCm\�<Gb=S}Q�M^CE?Y]
¡§?�CmSDb�ADSqSYôkF*S�Cmb@S:Mg`*`mHkAD<G?�S:õ ÷-ó ïkÉ ©<õ |�9�;=<�S�`EF�Q�MuCmS _ Cm?�`mS�b�F�M�F*<GHIbjS�b^ófMB~IMJ>LKi;=b
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JClassInstance JArray

Object getNativeObject();
boolean isNative();

JHeapObject

JObject
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F�s _ S á�w É õ Ç ÷�Ê;H

È
� Ò í�ÉIÈ ê ò õ ÉfÈ Ë ����É �(÷�÷,ý�Ò í ø á Å@ÿ�������� � å õ È Ñ òAù ò � è É � å õ È Ñ òAù Ê É����,È Ñ í õ�÷ È ü |
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Q�Ki?�QG?�\�S�b�Fx<Gb�F*SDCmb=S��@| _ ;=<G`xQ�M�CmSYF*HI;=Cmb=S�`mHf;=`qQ�M�¡§HICm\�Sv>�K.;=br?�QG?�\�S�b�Fx<Gb�FmS�Cmb=S
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<GQ�`BKnMg�I<GF�MgQTHICm`}>LKi;=b�?�QG?�\�S�b�F
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void exec(Thread t);

JInstruction

JInstruction.IAdd JInstruction.LLoad

JVMComponent

JInstruction.GetField
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>LK.SYô@?BAY;@F*<GHfb�>�S�` _ CEH _ CE<G?DF*?�`uCm?`_�SYô@<p~�SD` _ HI;=Cv�xHICmHI`*HIQ�c

� í��Iíïî ����!����, �±4��®1��àG� °XÝ§®�����Þ�à�!@±��� 
³ M�\rM,Aao=<Gb=Sh~k<TC�F*;=S�QGQGS8� ã U4�D|��qHICmHI`*HIQ�SDFvQ�KnM _=_ QG<TABMgFm<THIb�¡§HfCE\�S�b�FJF*CEHf<G`vADHf;�A*o=S�`

>@<T`EF*<Gb�AYFmS�`5>�Mgb=`�Q�MV\�Hk>@?�QG<T`aM�F*<GHIb�>@ShQ�K.SYô@?�AD;@F*<GHfb�>@ShQ�KnM _=_ QG<�A�MgFm<THIb1|PQGS�`v>@S�;�ô _ CmSY]
\�<TwDCmS�`
?DFaM,b�F
S�QGQGS�`�]t\
'�\�S�`}>@S�` _ Q�M�F*SY]�¡�HfCE\�S�`}>LKiSYô@?BAD;@Fm<THIb1c ³ MrCaMg<G`*HIb�S�`m`mS�b�Fm<TS�QGQGS

VEV
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Machine Virtuelle Java hôte classique
interprète Corosol et stocke tous ses objets

: exécute le code de

niveau de
base

niveau
méta 0

niveau
méta 1

interprète l’application et stocke tous ses objets
Corosol

Application Java

PIQ$RG± �kc���²<�yH�>@wDQTSh>LKiSYô@?BAD;�F*<GHfb�>@Sj�qHICmHf`mHIQ�c

>@S^Q�M�`*; _ SDC _ HI`*<pF*<GHIbe>@S�`�>�S�;�ô _ CmS�\�<Gw�CmSD`�ADHI;�Aao=S�`
S�`EF}Q�KiS�b=Cm<TAao=<G`m`mS�\�S�b�F�>@S^Q�K.<Gb�]
F*S�CE¡#M,ADS�>LK.<Gb�FmCmHI` _ S�AYF*<GHfb _ HI;=C _ Hf;�~�Hf<GC _ S�Cm\�SDFEF*CES�õ�Q�KnM _=_ QT<TABM�F*<GHfb&>@S�\�Hk>@<Gö�SDC
`mHfb�<Tb�FmS�C _ CEwDF*Sf|fQ�K.<Gb�F*SDC _ CmwDFmSuF*C*M,b=`m¡§HICm\V?J?DF�Mgb�F�CES _ Cm?�`mS�b�Fm? _ MgC:�qHfCEHf`mHIQ�c � Mgb=`�`mS�`
F*C*MB~IMg;�ô3`m;=C;³�] ³ <G` _ |µ´�Cm<�M,b¥�5cxþk\�<pF*oH�Nþk\�<�¶�S�|xþk\�<�¶E·+�v�I?�b=?�C*M,QG<G`*S�ADSDFmFmS�<T>@?�S¹¸
Q�M[\�Hk>@<pö�ABMgFm<THIb _ MgChQ�KNM _=_ QG<TABMgFm<THIb{>@S�`mHfbl<Gb�FmS�C _ CmwYF*S ik >@HIb=b=S�b�M,<G`m`aM,b�ADS�õ[;@bb=HI;@~�S�Q�<Tb�F*S�C _ CEwDF*S ik+1

9�;=<�|P>�Mgb=`�;=b�\�Hk>@w�QGSjS�b�ADHf;�A*o=S�`B|�~�<GS�b�Fv`mS _ Q�M,ADS�C�S�b�F*CmS
Q�KnM _=_ QT<TABM�F*<GHfb�SDF ik c ³ Sjb=Hf;�~�S�Q�<Gb�F*S�C _ CmwDFmS ik+1

S�ô@?BAD;@F*SjQ�KNM _@_ QT<TABM�F*<GHfb1|£SYF
SD`mF5QG;=<
\5'�\�S�S�ô@?BAD;@F*? _ M,CXQ�KnMgb�AD<GS�b�<Tb�FmS�C _ CEwDF*S-9#b=HIb�\�Hk>@<Gö=? : ik c��qSDFmFmSR\�Hk>@?�QG<T`aM�F*<GHfb_ CmHk>@;=<pF
;=b�\�Hk>@w�QGS^9�;=< _ Hf`m`mwB>@SX;=b�b=HI\XO=CESjö�b@<�|P\rMg<T`5b=HIb�OPHICmb=?f|£>@S^ADHI;�Aao=S�`
õ�;=b�<Gb=`EF�Mgb�F t c � Mgb=`VQGS[ABMg`�>@Syþk\rMgQGQGFaM,Q»º£|�QGS�`VHIO�¼�SDF*`V9�;=<�AYHf\ _ HI`mS�b�FVQ�K.<Gb�F*S�C�]_ CmwDFmS[`mHfb�Fr>@SD`�<Gb=`EF�Mgb�ADS�`�>@SyADQ�M,`m`mS�`B|�S�QGQTSD`E]�\5'D\�S�`�<Tb=`EFaM,b�ADS�`�>@S[\�?DFaM�]tADQ�Mg`m`*S�`Bc& Q�SYô@<G`mFmS�Mg<Tb=`m<�;=b=S^Cm?��ICmSD`*`m<GHfb�<Gb@ö�b=<GSV>@;�QG<TSDbe>�K.<Gb=`EF�M,b=AD<�M�F*<GHIb1c��qS _ S�b�>�Mgb�Fd|£S�QTQGS
b1K.S�`EF�9�;1KNM _@_ M,CES�b�F*SxSDF�S�`EF�ADHI;=CEFE]tAD<GC*AY;=<GFm?�S _ M,C�QGSx¡#Mg<GF�9�;=SxAao�MI9�;=Sx\�?DFaM�]tADQ�M,`m`mSxS�`EF
;=b=Sr<Gb=`EF�M,b=ADSR>LKi;=b=S�\V?DF�Md]tADQ�Mg`m`mS�;=b=<T9�;=S½9$¾=ÉE¿���Å@ÿ������ : |��f?�CE?�S _ M,CjQ�K.<Gb�FmS�C _ CEwDF*Sfc³ S:b=HI\XO=CmS:>@S:\�?DF�Md]�b=<p~�SdMg;�ô^>LKiSYô@?BAD;@Fm<THIbVS�`EF�>@Hfb�AxCm?�>@;=<GF(õ5>@S�;kô<¸,Q�KnM _=_ QG<�ABM�F*<GHIb
SDFJQ�Ki<Tb�FmS�C _ CEwDF*Sfc

ÛJH,F*CES}\�Hk>@w�QGSh>LKiSYô@?BAD;@Fm<THIb�>@?Yö�b=<GFJQGS�`�F*CmHI<G`Jb=<p~�SBM,;�ô[>LK.S�ô@?BAD;@Fm<THIby`m;=<p~fMgb�F*`�¸
²&QGS � # ' �aW/� T �XÀaW 0 �Y|�9�;=<LCmS _ Cm?�`mS�b�F*S}Q�KnM _=_ QG<�A�MgFm<THIb�ófMB~IMVõ^SYô@?BAY;@F*S�C�|
²&QGS � # ' �aW/��Á % UtW<Âg|�9�;=<LS�`EF5�qHfCEHf`mHIQ�|
²&QGS � # ' �aW��ÃÁ % UtW-Ä�|19�;=<�S�`EF}Q�M½Á�W�z���# � � ' #�ZDU$���ÆÅ%ÅÇ�
��È,U4��É1ADS�>@S�CEb=<TSDC�b=<p~�SdMg;
S�`EF
;=b=SX\rMIA*o=<Tb=SX~k<TC�F*;=S�QGQGSrófM�~IM � W,U1# ' �D|�AIKiS�`mF�]�õ�]t>@<GCmSXb=Hfb�<Tb�F*S�C _ CE?DF*?�S _ M,C
;=b=SrMg;@F*CES�\rM,Aao=<Gb=SV~�<GCEF*;@S�QTQGSRófM�~IM�\�M,<G`�SYô@?BAD;@Fm?�S _ M,C};=be`Es�`EF*w�\�S�>LK.S�ôk]
_ QGHI<GFaMgFm<THIb1c
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�xHI\�\�S�>�Mgb=`�³�] ³ <G` _ �nþk\V<Ì¶ÍS@|Jþk\�<�¶+·E��|�õ�Q�K.S�ô=ADS _ Fm<THIbª>@;ãb=<p~�SdMg;ª>@S�O�Mg`mSf|

Aao�MI9�;=S�b=<G~fSdM,;¥ADHIb=`EF*<pF*;=S�Q�K.<Gb�F*S�C _ CmwDFmS�>@;&b=<G~fSdMg;�9�;=<vQG;=<�S�`mF�<T\V\�?B>@<�MgFmS�\�S�b�F
`*; _ ?�CE<GS�;=CD9§~�HI<TC:ö��f;=CESD��c?S : c

Î<Ï�Ï�Ð�Ñ�Ò�Ó�Ô"Ð�Ô�ÕÍÓ×ÖÙØ�ÔsÚ-Û�Ò�ÐÙÔJÜÌÝtÓ�ÐtØ¢Þàß b¥HfO�¼�SDF�M _=_ MgCEFm<TS�b�F�Mg;ãb@<G~fSdM,;
\�?DF�M��
`BK.<GQ=CES _ Cm?�`mS�b�FmSu;=bVHfO�¼�SDF�>@;�b=<p~�SdMg;�>@S�O�M,`mSuSDF(`BK.<GQ _ HI`m`*wB>�SJ;@b=SuCm?�¡�?�CmS�b�AYS
SYô�F*S�CEb=S}>=M,b=`:QTSvF�Mg`�>@Sh�qHICmHI`*HIQ�c & Q£S�`EF _ o�sk`*<T9�;=S�\VS�b�FJMgQTQGHI;=?}>�M,b@`�QGS5FaM,`�>@S��qH,]
CmHf`mHIQ�c

ß byHIO�¼�SYF5M _=_ MgCEFm<TSDb�F5M,;yb=<p~�SdMg;�\V?DF�MF��`BKi<TQ1CmS _ CE?�`mS�b�F*S�;=byHIO�¼tSDFv>@;�b@<G~fSdM,;
\�?DF�MX�^SDFu`BK.<GQ _ Hf`m`mwB>@S};=b=S}CE?�¡§?�CES�b�ADS�>�Mgb=`uQTS5F�Mg`J>@S}Q�M^\�MIAao=<Gb=S5~�<TC�F*;=S�QGQGS�o��IFmSfc& QLS�`mF _ o�s�`m<T9�;=S�\VS�b�FvMgQTQGHI;=?h>�Mgb=`JQGS
F�Mg`J>@S}Q�MX\rMIA*o=<Tb=S
~�<GCEFm;=S�QGQTS}o��IFmSfc

³ S�>@?BADHI; _ Mg�fS�>@SrQ�KiSYô@?BAD;@Fm<THIb{SDb�\�?DF�Md]�b=<p~�SdMg;�ô _ S�CE\�SDFd|�>�Mgb=`XADS�9�;=<�`m;=<GFB|
>@Sh>@?Yö�b=<TCv�qHfCEHf`mHIQ�ADHI\�\�S};=b[<Gb�FmS�C _ CEwDF*S}Cm?�_�SYô@<G¡�c

Niveau de base
(programme)

Niveau méta 1
(Corosol)

Niveau méta 2
(JVM hôte)

: lien méta
: meta−objet
: objet de l’application

PáQ%RG± ��c?S.² ³ S�`J\V?DF�Md]�b=<G~fSdM,;�ô[>�Mgb=`v�xHICmHI`mHfQ�c
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³ S�Aao�M _ <GFmCmSFS�My\�HIb�F*CE?RADS�9�;=<xABM,C*MIAYFm?�Cm<G`mS�;=b{<Gb�FmS�C _ CEwDF*S�Cm?�_�SYô@<G¡�c & QqCmS�b=>
MIADADS�`m`*<GO=QGSXMg;yb@<G~fSdM,;�>@S}O�M,`mSf|�AIKiS�`mF�]�õ�]t>@<GCmShõ^Q�KNM _=_ QT<TABM�F*<GHfb1|�>@S�`�>@HIb=b=?�S�`�>@S�`mHIb
b=<p~�SdMg;1|BQGS�b=<G~fSdM,;}\�?DFaM@|�9�;=<fCmS _ CE?�`mS�b�F*SDb�F�`mHfb}?DF�M�F�>LK.S�ô@?BAD;@Fm<THIb1c � Mgb=`��qHfCEHf`mHIQ�|�QGS
b=<p~�SdMg;R>@SvO�Mg`mSvSDFxQGSvb=<p~�SdMg;�\�?DFaM�`mHfb�FxQT<G?�`:ABMg;=`aM,QGS�\�S�b�F6¸�F*HI;@F*S�`q\�H�>@<pö�ABM�F*<GHIb=`
>@SVQ�K.?DFaMgFh>�K.SYô@?BAY;@F*<GHfbl>�S _ ;=<T`}QTSVb=<p~�SdMg;e>@SVO�M,`mSV<G\ _ QG<�9�;=S�b�Fh>@S�`}\�H�>@<pö�ABM�F*<GHIb=`
>@ShADSDFv<Gb�FmS�C _ CmwYF*SjM,;�b@<G~fSdM,;y\�?DF�M�c£þkHIb�\�Hk>@w�QGSj>LK.SYô@?�AD;@F*<GHfb _ S�CE\�SDF5õr�xHICmHI`mHfQ
>LKê'DFmCmS�>=M,b=`JADSDFmFmS�ABMgFm?��fHICm<GS�>LK.<Gb�F*S�C _ CmwDFmSfc
ë Þíì�ÞÌìçÞ1î ï8Û�ðJÓ�ñ�ÜÌÝ�ÜÌÒ�Û U � UtW+Å»�

ò Hf;=`VQGS�`VQ�M,b=��M,�IS�`�b=S _ S�Cm\�SDFEF*S�b�F _ Mg`V;=b=S�SYô _ CES�`m`m<THIb�ADHf\ _ QTwDFmS[>@S�Q�K.?DFaMgF
>LK.SYô�?BAD;@F*<GHIbª>@S�QGS�;=C�<Gb�F*S�C _ CmwDFmSfcJ�xS�C�F�Mg<Tb@`[b=S _ CmH _ Hf`mS�b�Fy9�;=Se>�S�` _ HI`m`*<GO=<GQG<GFm?�`
>LK.<Gb�FmCmHI` _ SBA�F*<GHfb¦9ó#ô�Uõq>@S�AYHfb=`m;=QpF�M�F*<GHfb@` : SDFY¬�HI;�>@S�` _ Hf`m`m<GO=<TQG<pF*?�`�>LK.<Gb�FmS�C*ADS�`m`m<GHfb=`
9é#ô��õ�>@S�\�Hk>@<pö�ABMgFm<GHfb=` : QG<G\�<pF*?�S�`Bcª��b3ófM�~fM _ M,C^SYô@SD\ _ QTSI|�QTS _ CmH,F*HkADHfQGSyõ�\�?YF�Md]
HfO�¼�SDFm`h¡§HI;=Cmb@< _ M,C�QGS _ M,9�;=SDF�Mg�IS÷ö��+ø��ªùmÿ��+ú�ûµù�È=É Ë ÿ�É��/¿�| _ S�CE\�SDFj>LK.S�ô�M,\V<Tb=S�C�QGS�`
ADQ�M,`m`mS�`�>@S�Q�KNM _@_ QT<TABM�F*<GHfb1|f`mS�`(\�?YF*o=Hk>@S�`(SDF(`mS�`(Aao�M,\ _ `Bc ³ SJADHk>@Su`mHf;=CmADSf|fAD<�]�M _ CEw�`B|
<GQTQG;=`EF*CmS�`*HIb};@F*<GQT<G`aMgFm<THIb1|BS�b}\�HIb�F*C*M,b�F�ADHf\V\�S�b�F1Q�M:QG<G`mFmS�>@S�`�\�?YF*o=Hk>@S�`�>@S(Q�M�ADQ�M,`m`mS
>LK.;=b[HIO�¼�SDF�>@S}Q�KnM _=_ QG<�ABM�F*<GHIb _ S�;@F�'DF*CmShM/ü�Aao=?�S8¸
Ñ è�ý�þ È�¿
ö��+ø��¢ùEÿ���ú�ûáùtÈ@É Ë ÿ�É���¿µù(ÿ��Ñ è�ý�þ È�¿
ö��+ø��¢ùé����¿ãù2ÿ��
ýkÒ�� ÿ Ñ ����ÿ���������	�� è�ý ÿ�É�
ýkÒ�� ÿ Ñ ����¿��+¿ Ñ � ø þ Ñ Ê3è � Ñ ú
�*åE¿kÈ Ñ ú�û����
�IÈ�û�����
é�þ ÿ���û þ ú ý�� ú�É�� é�þ ÿ���û þ ú
�����

Å@ÿ�������� �Mý ùCû=É+¿@Å@ÿ������������
¾=ÉE¿�Ç þfÊ ��� è ÉE¿�Ç þfÊ � � ��ù4û@ÉE¿�¾�É+¿�Ç þ�Ê �������Ë þ È�� Ñ ú�¿ Ñ � � � Ñ"! è É+¿�Ç þ�Ê �¬ùEÿ�É�ú�û�¿�Ç#� Ñ�$�$ ��

å��t�/¿�É è ù þgÒ ¿µù ý È Ñ ú�¿�ÿ�ú#� è ÉE¿�Ç þfÊ �%� Ñ �&���'

'
'

ófM�~IM _ S�(m\VS�)�M�*Gb=`+*@Q�,-*Tb.)/(+0I` _ S213)/*406587:9�(;)+*4<�=>=4<@?�AB7C(+06DE(/9�F8FG<EH 3 9�(I<Yô�<�F87C=4<EJ�=K9
DE(/9�5�AC=K9�(+*L)/M
?�AN7�(+06)+0O1�06=4<:õ@F8M�)P9RQS06T�¼U<�)/V�5C<
7&<�(;F8<�)�7:9�VW?�,X961�1�M�?�<�(I9�AY1�0Z?�<[?�,-AC5C<
F8M�)+\C0O?�<EH & =�5C<]7&<�(+FG<�)87:9�VG5C0E5^7C=4ACV8=_9`F80O?�*pö:129R)/*4065�?�<�VGM�=4M�F8<�5�)+Va?�<]=�,-*>FYQ
7C=_9�5�)P9�)+*>065`?�<bVP9aFa961P\�*>5C<dcO*>(e)/AC<�=4=4<Y?�<�7CAC*4Vf=�,X9�7C7C=4*>129R)/*40E5�Jg1�06F8F8<b7:9�(f<�ô�<�F87C=4<
=h,i9�=>D60E(;*4)+\CF8<d?�<j(P9�Fk9�V+V/<lQUFG*><�);)/<�V�06Am=_9Y(+<�7C(+M�V+<�5�)P9�)+*>065n?�<�V�0ET�¼o<�)+V@<�5]F8M�F806*>(;<EH³ <n7C(+0�)/0O130E=4<�õpF8M�)P9RQS06T�¼o<�)/Vkq�A�,-*>=@rs0EA�(+5C*L)t5�<u7&<�(;F8<�)k7:9�VkAC5C<n(+M`_v<�ô�*4cZ*4)+Mxw ��y
wUzEÅ»�.�ê��ó � V ´+�SHh�{5u(+<�c69�5v1P\C<EJ}|[06(+06V+0E=�?�*>V+7&06V+<B?O<Y1�<�)+)+<N7C(;0E7C(;*>M�)+MY?�<N(;M`_v<Yô�*LcO*L)/M
)/0�)l9�=><6H
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V/065a7C(;06)+0O1�06=><võ�F8M�)P9RQS06T�¼U<�)/V2JEAC5C<�9�7C7C=4*_1�9�)+*>065k7&<�A�)�Jkõ

)/0EAO)�FG0EFG<�5�)�J.<�5k<Yôv9�F8*45C<�(
<�)[<�5t1P\:9�5CD6<�([=4<�V�130EF87&06VP9�5.)/V2H��{=4=><�7&<�A�)�9�*>5CV+*&F80�Q
?�*Göv<�(%=_9jV/M�Fk9�5.)/*>q�AC<�?�<�VP9j7C(;0E7C(;<@<Yô�M21�A�)+*>065�H � <@7C=>A�V�J�õj=h,�*4Fk9�DE<�?�<�1�<�=>A�*:rK0EAC(;5C*� #�z#7:9�q�AC<�)P9�D6<Gö��Eø��¢ùEÿ���ú�ûáùU�C�E�=ÿ.���/¿}JR=h,i9�7C7C=4*>129�)+*>065B7&<�A�)WM�D.9�=4<�F8<�5.)%9�1�1�M2?�<�({9�A�ô
*>5CV;)l9�5v1�<�VN?�<�VbFGM�)l9�QU1�=K9�V+V+<�VN130E(+(;<�V+7&0E5v?C9�5�)Xõ�V/<�VN13=K9�V+V/<�V�J�õ]=4<�AC(+Vb1P\:9�F87CVd<�)Xõ
=><�AC(;V
F8M3)/\C0Z?�<�V2HO|[\v96q�AC<�M�=4M�F8<�5�)[?�<�=h,�*4F87C=_9�5.)l9R)/*40E5k?�<�|[06(+06V+0E=v<�V;)�9�*>5CV+*v(+<�5v?�A
?�*>V+7&065C*>T�=><hõN=�,X9�7C7C=4*>129R)/*40E5m0EA�J�7&06AC(�(+<�7C(;<�5v?�(+<j5C0�)/(;<�)/<�(;F8*>5�0E=40ED6*4<EJv1/\:96q.AC<jM�=>M3Q
F8<�5�)d?�A�5C*4cE<�9�A�F8M�)l9O�B7&<�A�)�'�)+(+<B<Yôv9�F8*45CMG<�)l��06Ap(+<�F87C=_961�MG?�<�7CAC*4Vd=4<G5�*4cE<�9�A
?�<�T:9�V+<EH=þZ0E5�7C(;06)+0O1�06=4<�õbF8M�)P9RQS06T�¼U<�)/V�<�V;)�?�<�7C=4ACV�q�A:9�=4*pövMj?�,»#%Á���ÅW#h��#�w4�6�X�g*4F V6� �SJ
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r�9n��065

V+*>FG7C=><EH&¦�9GcE9�=4<�AC(�?�<Y1�<3)�9�(+D6ACF8<�5�)f<�V;)�?�M�7C*4=>M�<B?�<N=_9a7�*>=4<Y?�<Y��<�5¡rs065v13)+*>065�?O<
V+0E5x)o O7&<EJ�7CAC*4VB<�V;)G(;<21�067C*>M�<n9�A½V+<�*45^?�A�)l9�TC=4<�9�A^?�,i9�(+D6ACF8<�5�)+VG?�<�=_9¡FGM�)/\C0Z?�<
4Uú�ø þ7� �8?�<�=�,-0ET�¼o<�)�ö*�+ø,�ªù % �+ú�ûµùS�C�E� % �*#�¿µùC¾C�E¿.� þE� H

�I5m(+<�c69�5C1P\C<EJCV+*�=�,X9�(;DEACFG<�5�)�<�V;)@AC5C<�(+M�rKM�(+<�5v1�<d?�<�AOÒm129�V@V/065�)�ÕG1�065CV+*>?�M�(+<�(�¸
²"V+*�1�<�);)/<j(+M�rKM�(+<�5v1�<�<�V+)�13<�=>=4<d?�,-AC5m0ET�¼o<�)@5:9R)/*4r�<3)�9�=4=40EACM�5C065u9�AmV+<�*45n?�A�)l9�V
?�<�|[06(+06V+0E=hJ�Fk9�*>VY9�A¢V+<�*>5x?�A¢)P9�VN?�<a=K9mFk9�1P\C*45C<acZ*>(e)/AC<�=4=4<k\��6)+<|0�*>=#7&<�A�)
��)+(+<�<�5G7:9�(e)/*>1�AC=4*><�(%AC581�06F87&06Vl9�5�) 2 J.9�=406(+V#1�<3)+)/<�(+M�rKM�(+<�5v1�<�<�V;)#?�M�7C*4=>M�<�?�<�=K9
7C*4=4<�?�<j=K9NF8M�)+\C0O?�<��:JO7CAC*>V�<�V;)�(+<21�067C*4M�<b9�A]V/<�*>5m?�At)l9�TC=><�9�Am?�,i9�(+D6ACF8<�5�)+V
?�<�=_9BF8M3)/\C0Z?�<�4�ú�ø þn� ��É

²"V+*45C0E5�Jg1�<�);)/<N(;M�rsM�(;<�5v1�<N<�V;)�1�<�=>=4<Y?�,�AC5u0ET�¼o<�)j9�=4=40EACMB9�A¡V+<�*45`?�Au)l9�V�?�<B|[0�Q
(;0EV+06=�H:Øf(2Jv9�AmV+<�*45n?�<N|[06(+06V+0E=hJ�=><�V�*45CV;)l9�5v1�<�V�?�<d1�=_9�V/V+<�V@V+0E5.)�(;<�7C(+M�V+<�5.)/M�<�V
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heap.gc()

Niveau application

Niveau Corosol
(interprète du programme utilisateur)

Niveau machine virtuelle
(interprète de Corosol)

(programme utilisateur)

: exécution

invoke

fr.umlv.corosol.component.JMethod

java.lang.reflect.Method

invoke

�N���G± �OH » ²kðf7C7&<�=�?�<�F8M�)+\C0O?�<�V+AC(�AC5u1�06F87&06VP9�5�)�?�<Y|
06(+06V/06=hH

7:9�(b?�<�Vd0ET�¼o<�)+VN?�<a=_9m1�=_9�V+V+< � °&% �$'('*)Uú8'�¿&�+ú8#.�CH ß 5p)/<�=%06T�¼U<�)b5C<a7&06V/V+¤2?O<
?�0E5v1Y7:9�Vj=><BF���F8<Y)o Z7&<8?O Z5:9�F8*>q�AC<G?�<G=h,�*45CV;)l9�5v1�<8?�<813=K9�V+V+<8q�A�,-*>=I(+<�7C(+M3Q
V/<�5�)/<EHv|[<�);)/<j(+M�rKM�(+<�5v13<�<�V;)�?�065v1�?�M�7�*>=4M�<d?�<j=K9Y7�*>=4<d?�<j=_9YF8M�)+\C0O?�<��a7CAC*4V2J
=�,-0ET�¼o<�) � °$% �*' ' )Uú+'/¿,��ú+#E��9�V+V+0Z1�*>M`Õ¹1�<�)+)/<n(+M�rKM�(+<�5v1�<u<�V;)k<�5v129�7CV+AC=>M¡?v9�5�V
AC5C<Y9�A�)/(;<b*45CV+)P9�5C1�<Y?�<b1�=_9�V+V+<,¼o06A:9�5.)f=4<b((�6=4<N?�< ì ¸/æ��6¼�<�)�7g06V+V+M2?v9�5.)�1�<�);)/<
rs06*>V�=><jF���F8<�)U O7&<�?O O5:9�F8*>q�AC<EH:ÛZ06*4) ° =_9B1�=_9�V+V+<�1�0E5v1�(;¤�)/<j(+<�7C(;M�V/<�5�)l9�5�)�1�<
)o O7&<�?O O5v9�F8*>q�AC<EHO¦�9N1�=_9�V/V+<�?�A ì ¸Pæ���¼ °(� � þ 	�� <�V;)�1�(+M�M�<j1�06F8F8<f\CM�(;*L)l9�5.)
?�< ° <3)@<�5v1�9�7CV+AC=_9�5.)�JC4Uú8'�¿,��ú+#E�B=K9N(+M�rKM�(+<�5v1�<�?�<j=h,�06T�¼U<�) � °$% �*' ' )Uú8'�¿&�+ú8#.�
?�A�)P9�V�?�<d|[06(+06V+0E=L0�=><j1P\:9�7C*L)/(;<jV+AC*LcE9�5�)@?�M21�(;*>(/9N7C=>A�V�<�5]?�M�)l9�*4=�1�<3)+)/<j1�(+M29RQ
)/*40E5�?�< ì ¸Pæ��6¼ 2 H ò 0EA�)+<�V�=4<�V]FGM�)/\C0Z?�<�V]?�<`=_9�1�=_9�V/V+< ° V+0E5�)�V+AC(/1/\:9�(;DEM�<�V
?v9�5CV °(� � þ 	�� ¸#=><�Vm9�1�1�¤�Vt<�5�=><21l)/AC(+<u<�)�<�5�M21�(+*L)/A�(+<¡V+0E5.)t(+<2?�*4(+*4D6M�Vtc.<�(+V
4Uú8'�¿&�+ú8#.� 2 H:ðf7C(;¤�V�1�(;M�9R)/*40E5`?�<b=_9k1�=_9�V/V+< °3� � þ 	.�}J:=_98(+M�rKM�(+<�5v13<Y?�,�AC5C<b*>5CVeQ
)l9�5v1�<m?�<m1�< ì ¸/æ��6¼t<�V;)G(+<21�067C*4M�<u9�A^V+<�*45�?�A�)l9�T�=><�9�A£?�,i9�(+D6ACF8<�5�)+V8?�<]=_9
F8M�)/\C0Z?�<>4Uú�ø þ7� �CH
Øf5d(;<�)/(+06A�c.<{=_9�F���F8<{7C(;0ETC=4M�Fk9R)/*>q�AC<#?�<%7v9�V+VP9�D6<#?�,X9�(;DEACF8<�5�)/V�<�5�)/(;<[|
0E(;0EV+06=

<�){=K9�Fk9�1P\C*45C<[cO*4(;)/AC<�=>=4<�\���)/<�=406(+V{?�<�=�,X9�7C7&<�=v?O<�1�<�(;)l9�*45C<�V{FGM�)/\C0Z?�<�V{5:9R)/*Lc.<�V�HE|[<�V
F8M�)/\C0Z?�<�VI5:9�)+*4cE<�VIV/065�){1�<�=4=><�V%q�AC*Ors065�)#9�7C7&<�=vÕf?�<�VIM�=4M�F8<�5�)+VI<3ÒO)/<�(+5C<�V%Õj|[06(+06V+0E=hJ
1�0EF8FG<�7:9�(�<3Ò�<�F87C=4<EJC=4<�V@F8M�)/\C0Z?�<�V�?�,�<�5�)+(+M�<�VeQSV+0E(e)/*4<�V2H
ë Þ>àçÞ��"Þ1î Î<Ï�ÏIQ$Ü$ÕEÐ�Ò/ÜKãhÔ®ÖzQ%Ð Õ�ÑUÛ�Ð�Ò�ÜKãhÔ ;�Ó �Gã8¡£¢`Ó�Ò/�
¦%,i9�7C7C=>*>129R)/*4065uq�AC*�<�V;)@<3Ò�M21�A�)+M�<�7:9�(�|[06(+06V/06=�7&<�A�)�1�(+M�<�(@?�<�V@0ET�¼o<�)+V�q�A�*�V+0E5�)

?�<�VdM�=4M�F8<�5.)/V�*>5.)/<�(+5�<�Vd06A¹?�<�Vb130EF87&06VP9�5.)/V2H�ÝS=>Vd?�06*Lc.<�5�)¤��)+(+<a9�=>=406ACM�Vd7C\� ZV/*>q�AC<3Q
F8<�5�)�9�Au5C*Lc.<29�AuF8M�)P9]�6J:1�0E5.)/(P9�*4(+<�F8<�5.)�9�AOÒu9�A�)+(+<�V�0ET�¼o<�)+Vf?�Au7�(+06DE(P9�F8F8<bq.AC*
=><�V/065�)�?C9�5CV
=><�)l9�V�?�<j|
0E(;0EV+06=�H*O�06ACV[FG0E5�)+(+065CV
Fk9�*>5�)+<�5:9�5�)�1�06F8F8<�5�)
=><�F8M21�9RQ
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Il crée ensuite l’objet r dans le tas de la JVM

hôte, auquel Corosol associe un identifiant (#r).

Le composant c utilise un Proxy pour accéder à
l’objet #myInt via le tas de Corosol.

un composant avec un objet propre en argument,
comme

Lorsque l’application appelle une méthode sur

Object r=c.f(myInt);

Corosol délègue l’appel à la machine hôte.

#myInt

myInt

@r

#r

r
c

#c

@c@heap

Proxy

#heap
JHeap

�N�p�G± �ZH � ²�ð�=>=40O1�9�)/*4065�<�)a(;M�rsM�(;<�5v1�<�V�¸%1�06F87&06Vl9�5�)+Vk?�<¡|
0E(;0EV+06= � ç3¸Pä é äN06T�¼o<3)/V
A�)/*4=4*>VP9R)/<�AC(;V�H
5C*4V/FG<��Næ g èaV2,X9�7C7C=4*>q�AC<b?v9�5CV�1�<d1�9�V2H

úv���x<�V;)B=�,-*>5CV;)+(+Av13)+*>065^?�<KÀ3¼6wUç/�Pæ�ê.çb*>5�*4)+*><�=_9`1�(;M�9R)/*40E5^?�,�AC5�<]*45CV;)l9�5v1�<]?�,-AC5C<
1�=_9�V+V+<EH�¦�9b(+M�rKM�(+<�5v1�<j?�<�=h,�06T�¼U<�)@1�(+M�M�<�V+)�<�5CV+AC*L)/<�<�F87C*4=4M�<jV+AC([=_9fñP¸/z�Áaç[1�06AC(P9�5�)/<EH
ÛZ*C=K9�1�=_9�V/V+<�?�<�13<�)+)/<@5C06A�c.<�=>=4<�*45CV;)l9�5v1�<�1�06(+(+<�V/7&065v?kÕjA�5a06T�¼U<�)#=�,X9�7C7�=>*>129R)/*40E5�J

<�=4=><[5�,�<�V;)I7:9�VWAC5BV+06ACV;Q�)U O7&<�?O< � !�� öO�*#�¿b<�)IV+065B*45CV+)P9�5C1�<�?�06*4)¥��)/(;<�7C\. OV+*_q.AC<�F8<�5�)
9�=4=40EACMN?v9�5CV�=4<d)l9�Vf?�<B|
0E(;0EV+06=hH&¦%,�<3Ò�M�1�A�)/*40E5¡?�<d=�,-*>5CV;)+(+Av13)/*4065]ú:���mV/<b?�M�(+06AC=4<Y?O<
r�97��0E5mV;)l9�5v?v9�(/?b0�×vD6AC(+<D�ZH � 2 H

Sens du flot d’exécution

new dup invokespecial

�N�p�G± �ZH ��²w¦�=>0�)�?�,�<lÒ�M21�A�)/*4065nV;)l9�5v?v9�(/?m?�<�=h,�*45CV;)/(+Av13)+*40E5<ú:���}H

� 9�5CV�1�<B129�V2Jg=4<B1�0EFG7&0EVP9�5�)BåsèCä3w�¸ é ��w�å�æ�èm?O<N)o O7&<<6����}Jg(;<�V+7&0E5CVP9�TC=><B?�<Y=�,-*>FYQ
7C=_9�5�)P9�)+*>065t?�Ak1�06F87&06(;)/<�FG<�5�)[?�<�=h,�*45CV;)/(+Av1l)/*40E5t?O<
Àl¼6wUçP�Pæ�êEç%?�AaF���F8<�5�0EFnJ.7�(+0�Q
c.0Zq�AC<m=h,X9�=4=40O129R)/*40E5£7C\� OV+*>q�AC<m?�A£5C06A�c.<�=�06T�¼U<�)a?v9�5CVG=><�)l9�Va?�<u|[06(+06V+0E=hJ � å�zt=4<
V+<�(;cO*>1�<�� %(%�þ #3�+¿v� °&% �$'('*)�ú+'�¿&�+ú8#.�Y?�A�1�06F87&0EVP9�5�)bzEÅ%Å4æ2�Pz�wUç é ¸`0h?�065�)[=><�)o O7&<j9�TCVeQ
)/(/9�*L)t<�V;) �/� �(� ý - %(%�þ #3�+¿ þ �gH#¦�9¹(;M�rsM�(+<�5v1�<¡?�<`1�<3)+)/<u5C06A�c.<�=4=4<¡*45CV;)l9�5v1�<¡<�V+)k<�5OQ
V+AC*4)+<Y<�F87C*4=>M�<YV/AC(�=_9NñP¸/z�Áaç�130EAC(/9�5�)+< � åhzb=h,�067gM�(P9R)/*40E5 ý e+'��*§C�.�O�E���+ú+#E�]?�A¡)o Z7&<��¨ ¿,�*# � © �$��s&�:0s×vDEA�(+<D�OHê¶ 2 H
ÛZ*%=K9m1�=_9�V+V+<t?�<a=h,�*45CV;)l9�5v1�<�Õm1�(+M�<�(d<�V+)ª��)+(+<k1�<�=4=><k?�,�AC5x1�06F87&06Vl9�5�)«0�0EA¹)/06A�)

9�AO)/(+<`M�=>M�F8<�5�)]*>5�)+<�(+5C< 2 J[<�=>=4<�<�V;)u9�=40E(+V]AC5�V/06ACVeQ�)o O7&<�?�< � !�� öZ�$#/¿}J[<�)]=h,�06T�¼o<3)
1�065v1�<�(+5CMt?�0E*L)<��)+(+<k7C\� ZV/*>q�AC<�FG<�5�)G9�=>=406ACM�?v9�5CVY=4<a)l9�VY?�<t=_9nFa961P\C*45C<acO*4(;)+AC<�=>=4<
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�N����± �OHê¶D²kðf=>=40O1�9�)+*>065u?�<�V@0ET�¼o<�)+V�?�<�=h,i9�7C7C=4*_129R)/*4065CVf?v9�5CV�=4<j)l9�V�?�<N|[06(+06V+0E=hH

ò�È�wUç�H�¦%,�*45CV;)/(+Av13)+*40E55ú:���a5C<f?�06*4)[7v9�V
V/<f?�M�(+06AC=><�([?�<�r�97��065tV;)P9�5v?v9�(/?�H � =4A�)���)�q�AC<
?�,�<�F87C*4=4<�(�=_9t(+M�rKM�(+<�5v13<G<3ÒO)/<�(;5C<8?�,-AC5C<G5C06A�c.<�=4=4<G*>5CV;)P9�5v1�<EJ}=4<81�06F87&06(;)/<�FG<�5�)d?�A
1�0EF87&06VP9�5.)�6C����<�V+)@?�,-<�F87C*4=><�(�AC5C<j(+M�rsM�(;<�5v1�<�×:13)+*4cE<EHC¦�9b×vDEAC(;<.�OH�íYF80E5.)/(+<�=><f×v=
?�,�<3Ò�M213A�)/*40E5u9�V/V+0Z1�*>M5¸�=h,�*45CV;)/(+AC13)/*40E5n?�<;À3¼6wUçP�Pæ2ê.ç � e ý <�V;)�5C06(+Fa9�=4<�F8<�5.)�<3ÒOM21�A�)/M�<
9�7C(;¤�Vk1P\:9�q�AC<m*>5CV;)+(+Av13)+*>065nú:����H¢�¡9�*4V2J%?v9�5CVa1�<u1�9�V87C(+M�V+<�5�)2J{<�=>=4<n5�<n=h,�<�V;)a7:9�V2H
|�,�<�V+)�=�,-*>5CV;)+(+Av13)+*>065�V+AC*LcE9�5�)/<6JM4Uú�ø þ7� �*' ý �$# 4�� % Jgq�AC*W=4<YV/<�(P9k<�5CV/A�*4)+<EH��I=>=4<Y<�V;)j<�5
7:9�(e)/*>1�AC=4*><�(@(+<�V+7&065CVl9�TC=4<b?�<�=h,�<3ÒOM21�A�)/*40E5n?�<�V�1�065CV;)/(;Av13)/<�AC(;V�13=K9�V+V/<�V�H

new dup invokespecial

Sens du flot d’exécution

�����G± �OH�íD²«¦�=40�)/V�?�,�<3Ò�M213A�)/*40E5nFG0O?�*L×vMd?�<�=�,-*>5CV;)+(+Av13)+*>065Fúv���

|[<�7&<�5v?v9�5�)2J:1�065�)+(P9�*>(;<�F8<�5�)f9�AnV/1P\CM�Fa9G?�,�<lÒ�M21�A�)/*4065nV+)P9�5v?v9�(/?b0�×CDEAC(;<~�ZH��Æ� 2 J
1�<u5�,-<�V;)k7:9�VkAC5�1�06F87&06Vl9�5�)uåsè�ä3w�¸ é ��w�åhæ�èx*>FG7C=K9�5�)P9�5�)�4Uú�ø þ7� �*' ý �$# 4�� % q�AC*@<�V;)
V/06=4=>*>1�*L)/MEH

�����G± �OH»���.²tðf7C7&<�=�V;)P9�5v?v9�(/?m?�,-AC5n1�065CV+)+(+Av13)+<�AC(
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¦%,-<3Ò�M21�A�)+*>065�?�A`1�065CV;)/(;Av13)/<�AC(f<�V;)j?OM�=>M�DEACM�<GÕa=_98Fk961/\C*>5C<bcO*4(;)+AC<�=4=><aò�È�wUç�H&¦�<
F8M2129�5C*4V/FG<��bæ g è�<�V;)W9�*>5CV+*.A�)/*4=4*>V+M#7&0EAC(�=4<%)/(/9�5CV+rK<�(;)�?�<�V�7:9�(P9�F8¤�)/(;<�V�?�<%=K9�7C*4=4<[?O<
|[06(+06V+0E=vc.<�(+V
VP9�7C*4=><6HZ¦�<f1�065CV;)/(;Av13)/<�AC(
?�<�=_9b1�=_9�V+V/<�<�V;)�9�7C7&<�=4M � åhz@(;M�ÿv<3Ò�*LcO*L)/MEJZ?O<
7:9�(;)a=h,�A�)+*>=4*4Vl9R)/*4065"?�,-AC5�06T�¼U<�)<ö �Eø&�¢ù % ��ú�ûáùU���.� % �*#�¿µù °�þ ú8'�¿Z�3e8#�¿ þ �&H%¦%,�*45CV;)l9�5v1�<
q�AC*�<�5¡(;M�V+AC=4)+<N<�V;)f<�5�V/AC*L)/<N1�0E5.c.<�(;)+*><b<�5uAC5¡06T�¼o<�)�?�Au5C*4cE<�9�AuF8M�)l95��J � å�z�5C0�)/(;<
F8M2129�5C*4V/FG<b^ ì 0�×vD6AC(;<D�OH»�Í� 2 H

�N����± �ZH��E��²kðf7C7&<�=�?�,�A�5u130E5CV;)/(;Av13)/<�AC(@5:9�)+*>r

yGó�¬ ­ �D|¯®�÷�°F��ù`�D|

|
<�1P\:9�7C*4)+(+<�9f?OM�)l9�*>=4=4M�=><�VWF8M2129�5C*4V+F8<�VW(+M�ÿv<3ÒO*>rKV{?�<�V;)/*45CM�V%Õ�(+<�5v?�(;<[7&0EV+V+*4TC=><[=K9
1�06\:9�TC*L)l9R)/*4065u?�<�V@0ET�¼o<�)+V�?�<�=h,i9�7C7C=4*>129�)+*>065n<3)�1�<�AOÒm?�<�V@FGM�)l9�QS5C*4cE<�9�AZÒ]*45CrsM�(+*4<�AC(;V2J
16,�<�V;)eQoÕRQU?�*4(+<k1�<�AOÒ¢?�<a=K9mFa961P\�*>5C<8cO*4(;)/A�<�=>=4<]|
0E(;0EV+06=#<�)Y?�<a=_9nFa961/\C*>5C<8cO*4(;)+AC<�=>=4<
\���)/<EHnO�0EACV{92cE0E5CVIF8065�)+(+M�1�0EFGF8<�5�){1�<�);)/<@9�7C7C=4*_129R)/*4065G7&<�A�){<3Òv9�F8*45C<�(W<�){A�)+*>=4*4V/<�(
=4<�V�1�0EFG7&0EVP9�5�)/V�?�<N|
06(+06V/06=�?O<�7CAC*4V�=4<�5C*Lc.<�9�An?�<�T:9�V+<EH"O�06ACV�9�c.065CV�9�T&0E(+?�Md1�<�=_9
<�5�<lÒ�7C=>*>q�A:9�5�)�=4<BF8M�129�5C*4V+F8<B?�<G?�M�=4M�D.9�)/*4065¢9�AOÒ`FGM�)l9�QU5�*4cE<�9�AOÒ¡*45CrsM�(;*><�AC(;V�=406(+VeQ
q�A�,-AC5¡5C*Lc.<�9�A¡5C<NVP9�*4Vf7:9�V�1�0EFGF8<�5�)f*45�)/<�(+7C(+M�)+<�(�AC5¡0ET�¼o<�)2H&¦�<N1P\:9�7C*L)/(+<NV+AC*LcE9�5�)
(+<�cZ*><�5v?O(P9Y7C=4ACV@=40E5CD6AC<�F8<�5�)@V/AC(�=K9Y1�0E5CV;)+(+Av13)/*4065n?�<�V ì ¸Pæ���¼�ä3J�129�(�*>=4V@7&<�(;F8<�)+)+<�5�)
?�,�*4F87C=_9�5�)/<�(�AC5C<�7:9�(;)/*4<�Fk9�¼U<�AC(+<p?�<p13<�V]F8M2129�5C*>V+F8<�Vm(;M�ÿv<3Ò�*4rsVm?�*L)/V é ì3± êEæ g è
?�M21�(;*4)+V�?v9�5CVD�XÛ�)/<2í+·vJZÚ � ���`�SH



a bdcHedfhg<i�j ²

a ³ uµ´5gFi�¶µ·Kg�f£³ u ¸º¹�´ »½¼=¾a¿�À:Á

Â ó�Ã Ä+Å<Æ]ÇMÈ ú¯°¯® Æ ù È{Å

¦�<�V ì ¸/æ��6¼�äjV+065�)NA�)/*4=4*>V+M�VY?v9�5�VY=_9mDE<�V+)+*>065�?�<�VY1�06F87&06VP9�5�)+VY?�<]|
0E(;0EV+06=[9�×v5
?�<¡r�9�1�*4=>*L)/<�(t=><�A�(t(;<�F87C=_9�1�<�F8<�5�)2H
ÝU=4VtV+065�)]9�ACV+V/*�A�)+*>=4*4V+M�V�?v9�5CVt=4<�VtFGM2129�5C*4V+F8<�V
(+M�ÿv<3Ò�*4rsV@?�<j5�06)/(;<jFk9�1P\C*45C<�cZ*>(e)/AC<�=4=4<EJ�<�5]7:9�(;)+*_13AC=>*4<�(�=40E(;V/q�A�,�*4=�V2,X9�D6*L)�?�<j?�M�=4M�DEAC<�(
=�,-<3Ò�M21�A�)+*>065xÕt=K9tFk9�1P\C*45C<G\&É6)+<EHËÊ�9�5CVd1�<8129�V2J�*4=4Vd<�5v129�7CV+AC=4<�5�)dAC5C<G*>5CV;)P9�5v1�<8?�<
1�=K9�V+V+<a?�A�5C*4cE<�9�ApF8M3)l9«Ìm9�A�V+<�*>5¹?�,-AC5C<G*45CV;)l9�5v1�<G5:9�)+*4cE<8?�Ap5C*Lc.<�9�ApF8M�)P9½�B<�)
(+<�=_9�*4<�5�)�=><�V�9�1�1�¤�V�<�5`=4<213)+AC(+<N<�)�<�5`M21�(;*4)+AC(+<Y<�5.)/(+<Y1�<�Vj?�<�AZÒ¡*45CV;)l9�5v1�<�V2H�|[<NV+0E5�)
1�<�V�5C06)+*>065CV�q�AC<f5C0EACV�?�M3c.<�=40E7C7&<�(+0E5�V@?v9�5CV�13<j1P\:9�7C*4)+(+<EH$O�06ACV�F8065�)/(;<�(+065CV@9�ACV+V+*
1�0EF8FG<�5�)%=4<~À3¼6wSçP�Pæ�ê.ç%ÖE9�cE9j?�<@1�<�V ì ¸/æ��6¼RäW<�V;)%D6M�5CM�(;M�Õ�=K9fc.06=4M�<EH(O�06ACV%A�)+*>=4*4V+<�(+065CV
7g06AC(�1�<�=_9B=4<�V�5C0�)/*4065CVf9�T&0E(+?�M�<�Vf9�An1P\:9�7C*4)+(+<.³G1�065v1�<�(+5:9�5�)�=4<÷À3¼6wUçP�Pæ2ê.ç�ÖE9�cE9OH

Â óJÍ ÎbÏ�Ð�Ñ<Ò$ÓËÔNÕ¥Ö ú Ï ® È õ ö È{Ð ø Å<ÆMÐ

� =h,i9.×U0EA�)b?�,�AC5¹5C06A�c.<29�Ap)o Z7&<a?�<a1�06F87&06Vl9�5�)N?C9�5CVd=h,i9�(/1P\C*L)+<213)/AC(;<k?�<G5C06)+(+<
Fk961/\C*>5C<tcO*4(;)/A�<�=>=4<EJWAC5^5C06A�c.<�9�A ì ¸/æ��6¼t<�V+)G1�(+M�MmÕ¡=_9uc.0E=4M�<EHIÝS=�<�V;)81�06F87:9�(P9�TC=4<
ÕtA�5C<:~R<�5�c.<�=4067C7&<��`q.AC*W<�5v129�7CV+AC=4<GAC5�1�06F87&0EVP9�5�)�1�065v1�(+<�)2H}ÝU=W<�V+)j?�,i9�*>=4=4<�AC(+V�?�A
F���F8<a)o Z7&<tq�AC<t=4<t1�0EFG7g06VP9�5.)Bq�A�,�*4=
<�5v129�7CV+AC=><|Ø�*>=
7&06V+V+¤2?�<t<�5x7:9�(e)/*>1�AC=4*><�(N=><�V
F���F8<�V@F8M�)+\C0O?�<�V�H
¦�9�1�065CV+)+(+Av13)+*>065b?�<�V ì ¸Pæ��6¼�ä}?�<#1�06F87&06VP9�5�)+V�5C<{(+<�7&06V+<%7:9�V�V+AC(�=�,-A�)/*4=4*>VP9R)/*40E5b?�<

=K9N1�=_9�V/V+<fV;)l9�5v?v9�(+?{o�z � z�õÚÙLz�è ¿ õ4¸/çÜÛ�çP��w4õ h ¸/æ��6¼6JZ129�(�1�<�=>=4<3QU1�*}5CM�1�<�V+V/*L)/<�q�AC<f=4<�V ì ¸/æ��6¼Rä
5C<fV+0E*4<�5�)[D6M�5CM�(+M�V[q�A�,iÕd7:9�(;)+*>([?�,-AC5C<f*45�)+<�(+r�9�1�<EH�Øf(2J�5�0EACV�?�M�V/*4(+065CV�9�ACV+V/*gq.A�,�*4=>V
=><
V/06*4<�5�)dÕa7:9�(e)/*4(j?�,-AC5C<B1�=_9�V+V+<B1�0E5v13(+¤�)/<EHCÝ{5`<��g<�)�J&5C0EA�Vj5C<Nc.06AC=40E5CV�7:9�V�*>F87&06V+<�(
=�,-M21�(+*L)/AC(;<@?�,-AC5C<�*45�)/<�(;r�9�1�<�7&06AC({1P\:9�q�AC<�5�0EA�cE<�9�A81�06F87&06VP9�5�)�Ø�*>=�7&<�A�)
9�*45CV/*v9�c.06*4(
7g06AC(�)U O7&<b9�TCV;)+(P9�*4)@V/065])o O7&<d1�065v1�(;<�)�H"Ý�Òv9�F8*>5�0E5CV�1�<�)+)+<d1�0E5CV;)+(+Av13)/*4065�H
ÛZ0E*L)�#BAC5C<�*45CV;)l9�5v1�<d?�,�AC5n1�06F87&0EVP9�5�)�?�<j)U O7&<b9�TCV;)+(P9�*4) ° H
ÛZ0E*L) °(� � þ 	��gJC=_9G1�=_9�V/V+<d?�A ì ¸/æ��6¼�?�<d13<b1�06F87&06VP9�5�)2Jv1�065CV;)/(+AC*L)+<dV+AC*L)ªØ

�Í� »



�Í� � Þ ¾�ßáà
â�ãI��äæå*ç Þ�èxé �êãW�B� Þ ãIâ èxéFë ä
� h k�mMì:íCî

ï °3� � þ 	.��\CM�(+*L)/<d?�A])o O7&< °�ðñ�òbó ã+ô�õ�ö"÷8õ:� 1�<bV+<�(P9GA�5u\CM�(;*4)P9�D6<N?�<b1�=K9�V+V+< ã+ø ?�,�*45�)/<�(+r�9�1�<EJvV/AC*Lc69�5�)�q�A�<° V/06*L)�<�=4=><lQUF>��F8<�AC5C<d1�=_9�V+V+< ã+ø AC5C<d*45�)+<�(+r�9�1�< 2 ð
ï °3� � þ 	.�¢\�M�(+*L)/<tM�D.9�=><�FG<�5�)G?�<t=h,�*45�)+<�(+r�9�1�< � � � þ 	��gJ�q�AC*
*_?�<�5.)/*L×v<k)/06A�)/<t=4<�V
1�=_9�V+V/<�V�?�< ý � þ 	.�m9�AmV/<�*45n?�<N|[06(+06V+0E= ð

ï"AC5C<Gc69�(;*K9�TC=4<k?�,-*>5CV;)P9�5v1�<85C0EFGF8M�<¯# þ s ý�þ ú:��ú*ù`=>AC*{<�V;)Y9�);)/(+*4TCACM�<:0h13<a5�0EF
<�V;)W1�0EFGFYAC5BÕ�)/06A�)/<
=4<�VW1�=K9�V+V+<�VI?�< ì ¸Pæ���¼[Õ�=4<�AC(W13(+M�9R)/*40E5 2 H6|[<�=>=4<3QU1�*O?�M�V+*>D65C<
=4<81�0EFG7&0EVP9�5�)d<�5v129�7CV+AC=>M6H�¦�<B)o O7&<GV;)l9R)/*>q�AC<8?�<81�<�)+)+<Bc69�(;*K9�TC=4<a?�,�*45CV;)l9�5v1�<
<�V;)@=><j)U O7&< ° <�)@VP9Yc69�=4<�AC(@<�V;)�=_9B(;M�rsM�(;<�5v1�<b?�M�V/*4D65CM�<d7:9�(á#OH
ðf*45CV+*hJE=K9j1�=K9�V+V+<�?�< ì ¸/æ��6¼ °3� � þ 	.�B7&06V/V+¤2?�<@=4<�V#F8M�)+\C0O?�<�V#?�AG)o O7&< ° H.¦�<�1�0E(;7CV

?�<b1P\:9�1�AC5C<N?�,-<�5�)/(;<b<�=>=4<�V�<�V;)�AC5¡9�7C7&<�=WÕB=K9BF8M�)/\C0Z?�<N?OAuF���FG<d5C0EF V+AC(@=K9Bc69�Q
(+*_9�T�=><G?�,�*45CV;)l9�5v1�<«# þ s ý�þ ú:��ú*ùgHêÊ�<B7C=>ACV2J °3� � þ 	.�¡\CM�(;*4)+<a9�ACV+V+*{?�<�VjF8M�)/\C0Z?�<�Vd?O<
=h,�*45�)/<�(;r�9�1�< � � � þ 	.�}H�¦%,�*4F87C=_9�5�)P9�)+*>065¹?�<�VdFGM�)/\C0Z?�<�Vb?�<G1�<�)+)/<8?�<�(;5C*4¤�(+<G<�V;)d*>?�<�5OQ
)/*>q�AC<�7&06AC(�)/06ACV@=><�V ì ¸/æ��6¼�ä
DEM�5�M�(+M�V2Hv¦�9Y×vD6AC(+< � H �Y?�Au1/\:9�7C*L)+(+< � =4<�V�*4=4=>ACV;)+(+<�Ø

ïMû��nù !�� öO�*#.ùgJvq�A�*�(+<�)+0EAC(;5C<�=h,�06T&×o<�)�<�5v129�7CV+AC=4Md7:9�(@=4< ì ¸Pæ��6¼6J
ïú'E�nù !�� öO�*#.ùgJCq�AC*�9R)+)+(+*4TCA�)@=�,-0ET$×o<�)@V+7&M21�*L×vMd1�0EFGF8<j5C0EA�cE<�=�06T$×o<�)@<�5v129�7CV+AC=>M
7:9�(@=>< ì ¸/æ��6¼ ð 1�<�);)/<dF8M3)/\C0Z?�<d<�V;)�A�)+*4=>*4V+M�<b=406(+V�?�An(+<�F87C=_961�<�FG<�5�)f?�<d1�0EFYQ
7&06VP9�5�)2H

ÝI=>=4<½F8065�)/(;<½M�D�9�=4<�F8<�5�)p1�0EFGF8<�5�)�=4<�V¹9�7C7&<�=>Vp?�<½F8M�)+\C0O?�<�Vp?�<½=_9"1�=_9�V+V+<°(� � þ 	��YV+065�)
?�M�=4M�D6ACM�V%c.<�(+V#?�<�V
9�7C7&<�=4V[9�AZÒGF8M�)+\C0O?�<�V%V+AC(%=_9�c69�(+*_9�T�=><�?�,�*45CV;)l9�5v1�<
# þ s ý�þ úv�+ú ù}J:=4<Y1�0EF87&06VP9�5.)j?�<b)U O7&< ° <�5v129�7CV+AC=4MY7:9�(�1�< ì ¸/æ��6¼�HCÊ�9�5CV�=h,�<lÒ�<�F87C=4<
?�M�c.<�=4067C7&MEJ6=4<�)U O7&<�?�<@130EF87&06VP9�5.) ° 7&0EV+V+¤2?�<�9�AGFG0E*45CV%?�<�AOÒBFGM�)/\C0Z?�<�V]sg�7ù�� þ.�+û
<�)xsg�7ù�� þ.�*ü H:¦�0E(+Vf?�<N=h,-*>5�cE0O129R)/*4065�?�<b=K98FGM�)/\C0Z?�<ás&�nù.� þE�Cû J:AC5�9�7C7&<�=IÕG=K98F8MlQ
)/\C0Z?�<�sg�7ù�� þ.�+û ?�<@=K9�1�=_9�V+V+< ° <�V+)#<��g<213)/ACM�<�V+AC(%=�,-*>5�V+)P9�5v13<¤# þ s ý�þ7ý � ý ùB(+<�7C(;M�V+<�5OQ
)l9�5�)@=><d1�06F87&06VP9�5�)�1�065v1�(;<�)�H
¦�<�V ì ¸Pæ��6¼�ä{?�<f130EF87&06VP9�5.)/V
V+065�)[1�(+M�M�V�Õ�=K9jcE0E=4M�<�7:9�(#D6M�5CM�(P9R)/*4065�?�<�þ3¼6wUç/�Pæ�ê.ç

ÖE92c69OH+O�06ACVf<3Ò�7C=4*>q�AC065CV�?v9�5CV�=K98V+AC*L)/<b=K98V;)/(;Av13)/AC(;<Y?O<Y1�<N1�0O?O<N<�)�?�M�)l9�*4=>=4065CV�=4<�V
M�=4M�F8<�5�)+V�?�<�=h,X9�(/1/\C*L)/<213)/A�(+<b?�<N|
06(+06V/06=�q�AC*�<�5mV/065�)@(+<�V+7&065CVP9�TC=4<�V2H

ÿ�� Á � � [ 	��ê�IÐ�ÇUÈ#ÍZ�<��Ï�Í�ÊúY}Ë��%ÉOÉ�Ê���Ê����	��

�

|��EFGF8<�?����%7��;M21�M2?�<�F8<�5���J61P\:9�1�AC5C<@?�<�V%13=K9�V+V/<�V%?�< ì ¸/æ��6¼[<�V��%1��;M�M�<�Õf=_9�c��6=>M�<6J
=����+V#?�<�=��i9.×��EA��
?��-AC5a5��6A�c.<�9�A��o Z7&<�?�<�1��EFG7
�EVP9�5��[?C9�5CV�|������EV��6=hHO|
<�=_9�V ��<��g<21!�+AC<
<�5½D6M�5CM"�/9�5��G=4<zþ3¼6wSçP�Pæ�ê.çBÖE9�c69`9�V+V��O1��4M � å�za=4<�VBM�=4M�F8<�5��+V#�>5��/<"�+5�<�VBA��$�4=%�4V+M�VB7
�6A��
�+M"�L×v<"��J�=��&�+VI?�<[=���<3Ò�M�1�A��$���E5�J�1P\:9�q�AC<[7:9'�(�$�4<[=��ED&�>q�AC<�?���AC5N×:1/\��4<"�{9�ANr)���;Fk9	��# % �$' 'OH
¦�<G1P\:9�7������+<GV+A��Lc69�5��*�4=4=>ACV����+<"�P9t=4<�A��jA����>=��4Vl9	�$���65p=%�&�+V/q�A+�,�>=IV �X9�D&�%�/9�?�<#�+<�7��;M�V/<�5��/<"�
=4<�VY<�5����+M�<�VY?�<k=K9-�P9�TC=4<�#�. ý '.ù&� ý ù0/213.�. % 2 H�ðfT
���+?��65CVYFk92�>5��/<�5:9�5��Y=_9nV��$�+Av1!�+A��+<
?�<d1�<wþ3¼6wUçP�/æ�ê.ç�H



å*ç ~ ç � ä
� h k�mMì�í£î ë ä Þ�è � à è �(ß é ã{� �Í�U�
4+57685�905:9 ; ô=<?> ôwQ ö?õ�ö"¡MQ)> #�. ý '.ù&� ý ù0/213.?. %

|@�6F8F�ABA3Ò�C�D��7E�F�GIH2FKJ$L3H'C�������ANM�OPD%A þ3¼&QSçP�Pæ�ê.çNÖ�H R&HSA�T��UT���F�TUD7HSV)�&��W�ANX��,F�Y
×3JZL���A"�BH'F[V)�&��WBH2�«# % �$'('�\I¦]H^C3H2������A-D7H^C�D�F�T_�%W_C
�����ZH'Y��$A-X�A-J�A-X�A"��Y���A"�_A"T��_D7H
�`H'a�D%A #�. ý '�ù,� ý ù�/'10.?. % ObC�D�F�TcT���W�C�D�A"W�A"Y��dH2C�C
A"D%G�A^�Pæ�èCä!Qfe�è3Q ì æ�ænÙg\%¦+A½�Pæ�è�ä!Q�e�è3Qì æ�ænÙ&��A"h�����F�C
AiA"YNC3H2���$�%J�F�D���A"�jD�A"TjX��L�8G"��A"Y��$A�TkJZL3H=l7Y�A"TkX�AmJ H2�ZH'J!�/¤"��A"Tj��A"C���G"T�A"Y��`H'Y��
D%A"TnH'C�C
A"D�TnX�A*W�G���L��oX�A�TpA���D%A"TnH&J�J�¤"TiH2FOÒ-JZL3H2W�C�T \
¦]H�J�D7H'T�T�AqX�A ì ¸/æ��6¼rA��nD�A*�o oC
AqX�FsJ���W_C
��TZH2Y��iE�F+�,A"D%D�AqA�Y0J H'C�T�F�D�AqC
�&T$T+¤ X�AtD%A�T

W��"W�A"TmW�G���L��oXoA"T=\g¦u�v��W�C�D7H'Y��ZH2������YwX�A"TrW_G��$L��?X�A"T*X�AxJ�A����$AxJ�DyH2T�T�A_X�A ì ¸/æ��6¼qA"T��
T$��W�C�D�A�\g¦+A#J��&��C�TmX�A#J$L3H&J�F�Y�A#X�A"TmW�G��$L��oX�A"TiA"T��mF�YwH2C�C
A"DzR�A"��TiDyHBW�G!�$L��oXoA#X�F
W��"W�A�Y��&W{WcH2��TzT����$F�G�A�T�F��PD%Au�U oC
A�X�FUJ���W_C
��TZH2Y��zA"Y0J"H'C�T�F�D�G�C3H'�]J�A ì ¸/æ��6¼&\2ði��Y�T��
D%A��Pæ�èCä!Q�eRè3Q ì æ2ænÙ`T�A"�ZH�J��&W�C
�&T$G�X�A"TPA"Y��$��G"A"TzJ��&����A"T�C
��Y0X0H2Y��WÕ�J�A"TzXo�4�|G"��A"Y��$T}H2C�C
A"D�T
X�A�W�G��$L��?X�A�\&~�A"TzA"Y��$��G"A"TzT�A"���&Y���XoA��o oC
A ° . ý '�ù,� ý ù8) ý ùv�6�O�$�*#.�'�v�7ù��0. � �C�E��/$4 ý ��.
��F ° . ý '.ù&� ý ù?�C�nù.�3. � ���.�o/&4 ý �o.0O�T�F���R&H2Y��-E�F�A^D�A^�o ?C
A�H2a�T��$�$H'���-X�F�J��&W�C
��TZH2Y��
A"Y0J H'C�T$F�D�GtC3H2��D�A ì ¸Pæ��6¼rT������pF�Y�A*��Y��$A���V:H'J�A*��F-F�Y�AtJ�D7H2T$T�A�\

ÝbY�C�D%F�TxX�A�TUA"Y��$��G"A"TU��A"C���G"T�A"Y��ZH'Y��UD%A"T#H2C�C
A"D�T#X�ABW�G��$L��?X�A"TxX�F�J��&W�C
��TZH2Y��
A"Y0J H'C�T$F�D�G�O	D�A��Pæ�è�ä!Q�e�è3Q ì æ�ænÙ"J!��Y����%A�Y���H'F�T�T���D%A"TzA"Y��$��G"A�T}J�������A"T�C
�&Y0X0H'Y��{Õ�D%A"F��]Y��&W
A��#ÕiD%A"F��bT���h�Y3H	�$F���A�\�ÝbD�D%A"TbT��&Y��uX�A@�o oC
A ° . ý '�ù,� ý ù ¨ ùZ�84 ý�� \�ÊnAkD7HiW��"W_AkWBH'Y��4¤"��A�O
D%A"TmJ�D7H2T$T�A"TmX�AxJZL3H'J�F�Y^X�A"TiC3H2�ZH2W8¤�����A"TmXoAxJ�A"TiW�G��$L��oX�A"TiT��&Y��*H2F�T�T��}XoG J������$A"TiA"Y
�$A"��W_A"T�X��,A"Y��$��G"A"T�X�F��Pæ�èCä!Qfe�è3Q ì æ�ænÙ Ø�A"D%D�A"T�T$�&Y���X�A��U oC
A ° . ý '.ù&� ý ù0/ °$% �*' '�/&4 ý �o.0\

Op��F�TIH'F�����Y�TdJ!��W�C�����TdE�F+��H2C�C
A"D�A"�NF�Y�A�W_G��$L��?X�A�T�F��cF�Y�A^J�D7H'T�T�A^X�A ì ¸Pæ��6¼
C����=R��oE�F�ApD���H2C�C
A"DgÕrD7HrW�G��$L��?X�AnX�A�W��"W�A�Y��&W�T�F��uF�Y�Ap��Y�T��`H2Y0J�AnX�AnJ��&W�C
�&T`H2Y�� O
A"YID��v�?J"J�F���A"Y0J�A*J�A"D�F��8A"Y0J H2C�T�F�D%GrC3H2�kJ�A ì ¸/æ��6¼'\&ÊmH2Y�TkTZHxJ��&Y�T��$��F0J!�$���&Y+O�F�Y�A*J�D7H2T$T�A
X�A ì ¸Pæ���¼jC
��T�T+¤ X�AkF�Y�AjR�H2���7H2a�D%A�X��v��Y�T��`H2Y0J�A�X�G"T��%h&Y3H2Y��uF�Y#�$A"D�J���W_C
��TZH2Y��=\E¦u��H&J"J�¤�T
Õ*F�Y��$A"D3JZL3H2W�CNH2FcJ���F���T@X�A�D��,A3Ò�G J�F����%�&YcA"T��@H'F�T�T��3��A"C���G"T�A"Y���GpC3H2��F�Y�ApA"Y�����G"AnX�F
�Pæ�èCä!Q�e�è0Q ì æ�æ7Ù8Ø�A"D�D�AtA"T��pX�Ar�o oC
A ° . ý '.ù&� ý ù0/ © 46� %6� ���.�o/&4 ý �o.0\�p� > òbó Qy> ÝfD�D%F�T������&Y�TBD%A"TcXo�4�|G"��A�Y��$A"TBY��'�$���&Y�TNE�F�ASY��&F�T�R�A"Y���Y�TcX���H'a
�&�$X�A�� \
Û?����� - F�Y��o ?C
AwX�A�J!��W�C
�&TZH'Y��SXoA�~�������T��&D�O@Y��&����A^WcH'JZL���Y�A^Ro������F�A"D�D%A&\�Û?�&��A"Y��
X�A"FOÒ�W_G��$L��?X�A"TU� s û8�(��� K ° #o�dA�� © s ü}� u � �dX�G�×0Y���A"TUC3H'�tD%A��o ?C
A - \�¦+�&��T
X�ABD���H.×��&F��UX��vF�Y�J��&W�C
�&T`H2Y��UX�A_�o ?C
A - X�H'Y�Tx~@�&���&T$�&D�O+F�Y�AcJ�D7H2T$T�ABX�A ì ¸/æ��6¼#A"T��
XO oY3H'W_�7E�F�A"W�A"Y��xJ���G"G"A�\IÝ�D%D�AcT�ABY���W_W�A - � ��.&����A��UA"T��xJ��&Y�T��$��F����$AcX�AcD7H-V:H7����Y
T$F���R&H'Y��$A�Ø

ï�A"D%D�A*L�G"�����$AtX�A - A!�nX�A � � ��.&��� ð
ï�A"D%D�A�C
��T�T+¤ X�A�F�Y�A_R�H2���7H2a�D%ABX��,�%Y�T��`H2Y0J�A�Y��&W�W�G"A¯#�.�so13. ý � ý ùwX�A_�o ?C|ABH'a�T(�

�$�ZH2��� - ð
ï�A"D%D�AnT�AiJ���W_C
��T�AiX�A"T�W�G��$L��?X�A"T�L�G"�����$G"A�TjX�A - O�TZH R������¥s û A!�Ls ü O�WcH'��TjH'F�T�T���O
ï�X�A"T�W�G��$L��?X�A"TnXoA � � ��.����8OvÕ#TZH"R��&�%�"O � �nù !'��� �*#.ùNA���'E�nù !'��� �*#.ù|\
¦+A*J��oX�A*X�A"TkW�G��$L��oX�A"T�X�A - � ��.&���cA"T���h&G"Y�G"��GtH'Fo�$�&WcH2���7E�F�A"W�A"Y���ÕUD7HUR��&D�G"A�\

¦PA"TjT�G E�F�A"Y0J�A"TkX��v��Y�T��$��F0J!�$����Y�T�X�AmJ�ABþ3¼&QSçP�Pæ�ê.ç�Ö�H"R�HqA"T��jT��%W�C�D%A�\$Op�&F�TjA3Ò0H2W���Y���Y�T
J�A"DyH_X0H2Y�T�DyH#T�F����$A�\



�Í�"� Þ ¾�ßáà
â�ãI��äæå*ç Þ�èxé �êãW�B� Þ ãIâ èxéFë ä
� h k�mMì:íCî
4�5y685:93576 ; ô=<�> ôwQy>��Eãê;]>5;]> � ò <3õ	��ãê;]> �
ÜkA"C���A"Y��&Y�TiD��,A3Ò�A"W_C�D%AqC���G J�G"X�A"Y��=\|��Y^H'C�C
A"DWÕ_F�Y�AUW�G���L��oXoAxX�AqD7HBJ�D7H'T�T�AxXoAì
� æ"�&� - �?  .����8O8L�G"������G"A�X�Fw��¡oC
A - O�C����=R��oE�F�A_D���H2C�C
A"DuX�A_D7HNW�G��$L��?X�A�X�FwW��"W�A

Y��&W¢T�F��kD��v�&a&×�A��nJ!��Y���A"Y?FIC3H'�kTZHqR�H2���7H2a�D%A*X��v��Y�T��`H2Y0J�A�#�.�so13. ý3£.ý ù|\3~@A!����a$×�A���A"T��
X�Ai��¡oC
A - \Oði��Y�T���JZL3H'J�F�Y�A*X�A"TjW�G��$L��?X�A"TjL�G"�����$G"A"TjC|�&T�T�T$¤"X�ArC
�&F���J!�oX�AdÖ�H"R&HoO�F�Y
J��oXoAta3H2T�GtT�F��kD%A*W��?X�¤"D�AtT�F���R&H'Y��ª0:D7H#W�G���L��oX�A�s û A"T��pC����%T�AtJ��&W�W�ArA3Ò�A"W�C�D�A 2 Ø
� s û|����� K�¥F#��§¦ �£ ù(e  3ý #�.�so13. ý3£.ý ù@¨Üs û8��� Kb#o�+©ª

« H§J��&W�C���DyH	�$���&Y¬A�Y � �(ù £ #�.�­ £ Ö�H"R&H�X��,F�Y�A���A"D�D%A®W_G��$L��?X�A®Y�G J�A"T�T�����AKJ���Y0E
G��`H2C
A"TpT�F0J"J!A"T$T���R�A"T¤Ø
�&\�h&G"Y�G"��A"�UD��vF�Y��%E�F�Ac��Y�T��$��F0J`�$����Y®E�F���A�W�C���D%AcD7H-��G"VyG"��A"Y0J�ANXoF ì
� æ"�&�&O]J&�,A"T����oÕ=�

X�����AID7Hw��G"V)G"��A"Y0J�ASX�AID��v�&a&×�A!�cE�F��pH'C�C
A"D�D�AsJ�A����$AIW�G���L��oX�Ab0�J&�,A"T��(�oÕ	��X�����AID�A
ù�¯C43'#F����%D���T$GtX0H2Y�TpF�Y-C�����h&�ZH2W�W�ArT���F���J�AtA�Y`Ö�H"R&H 2 ð

îo\�h&G"Y�G"��A"�PD��,F�Y��%E�F�A���Y�T��$��F0J!�$���&YUE�F���A"W�C���D�A�X�AuD7Hk��G"V)G"��A�Y0J�A�XoA�D��,��a$×�A��zJ��&Y���A"Y?F
C3H2��D7HxR&H'���yH2a�D�AqX��,�%Y�T��ZH'Y0J!A>#�./s�10. ý0£7ý ù ð

M�\�h&G"Y�G"��A"�jD�A"Tj�%Y�T�����F0J!���%�&Y�T�E�F��8A�W�C���D%A"Y��kDyHtR&H2D%A"F��jX�A"T�H'��h�F�W�A"Y��$TjX�AmDyHqW�G`�
��L��oX�A|0�X0H2Y�TUD�A"F��U�&�$X���ANX8��H2C�C3H'�������%�&YKX0H2Y�TUDyH-T��%h&Y3H	�$F���ANX�ANJ�A"D�D�A!��J�� 2 T�F��
D7H�C��%D�AUX��v�&C
G"�$H'Y0X�A"TiX�AqD7HB°   �/s £ E�F��PT�A"�ZHBH2D%D��&F�G"AUC
�&F��nD��,A3Ò�G J�F����%�&Y^X�AtDyH
W�G!�$L��?X�A{0"±�ñ�²�J$L3H'C����$��Ap³ 2 \?~@A"D�D�A"T���J��0T$A"�(Ro�����&Y���J��&W�W�AnH'��h�F�W_A"Y��$T�X���H'C�C
A�D
X�A*D7H#W�G!�$L��?X�AqX�FSJ!��W�C
�&TZH'Y��nA�Y0J H'C�T$F�D�G ð

³�\�h&G"Y�G"��A"��D��v��Y�T��$��F0J!�$���&Y´E�F��#A�µ|A J!�$F�A[F�Y�H2C�C
A"DaÕ§DyH�W_G��$L��?X�A¶X�F¬W��"W�A
Y��&W·T�F��*D�ABJ��&W�C
�&T`H2Y��tA"Y�J H'C�T�F�D�G�A��qX�G"T���h�Y�G_C3H'�*D7HNR&H'���yH2a�D�ABX��v��Y�T��`H2Y0J�A
#�.�so13. ý3£.ý ù ð

¸ \�h&G"Y�G"��A"��D��v��Y�T��$��F0J!�$����YNX�Aph�A"T����%�&YNX�ApDyHrR&H'D�A"F���X�An��A�����F���X�AiJ�A����$AnW_G��$L��?X�A
T��+J�A"D�D%A!��J��+��A!�$�&F���Y�AtE�F�A"D%E�F�AtJZL��&T$A&\

« �,G��`H2C
A5�mA"T���D7HxC�D�F�T�V¹H&J���D�AbÕx��G=H'D���T�A"� \ « �v�&a$×�A J!���%V]A"T��pX��vA�W�C���D%A"�kD7HU��G"V)G"��A"Y0J�A
X��vF�Yt�&a&×�A��]T�F��PF�Y�A�ñ � e2ºkç!O A"YtD��,�oJ"J!F���A"Y0J�A�D7Hk��G"VyG"��A"Y0J!A�X�AuD��v�&a&×�A!��H2C�C
A"D7H2Y��=O=J&�vA"T��(�
Õ	��X�����A*D�A ì
� æ"�&�rD�F��»�fW��"W�A�\,ÝbD�D%A*T�Ar�$�$H&X�F����pC3H2��D��vF�Y��%E�F�A*�%Y�T�����F0J!���%�&Y5� % . ��­�/�¼3\« �,G��`H2C
A
î@A"T��zH2F�T�T$�&T��%W�C�D%A�\2ÝfD&T ��H2h����]X��,A"W�C���D%A��PD7H@��G"V)G"��A"Y0J�AuX�AuD��,��a$×�A��]J��&Y��$A�Y?F
C3H2�iD7H�R�H2���7H2a�D%AxX��v��Y�T��`H2Y0J�Aa#�.�so13. ý3£.ý ùSX�F ì
� æ"�&�&\|�pY�Aq�$A"D�D�AxWcH2Y���C�F�D7H2���%�&Y^T �vA"V%�
V)A J!��F�As½�å�e_D��v��Y�T��$��F0J`�$����Y ��£ ùo°"4 £*% ­�H R�A JcJ��&W�W�AB�&C
G"�ZH2Y0X�AcD��,�%Y0Xo�7J�ANX�AcD��vA"Y��$��G�A
X�F§¾PæRèCä!Q�e�è0Q ì æ�ænÙ0J�������A"T�C
�&Y0X0H'Y��bÕ�#�.�s�10. ý0£7ý ù8\+~�A��r��Y0X��%J�A_A�T��r�%X�A"Y����7E�F�A#C
�&F��
�$�&F��$A"TuD�A"T�W_G��$L��?X�A"T�X�A�DyH*J!DyH2T�T$ApX�A ì
� æ"�&�'\?~�A"D%F�����J��3X�G"T���h&Y�AnX��&Y0J�F�Y�ApA"Y��$��G"ApXoA
��¡?C|A-¥o. ý '.ù&� ý ù © 4 £ % ­  �£ °�/$4 ý °�.�E�F���X�G J�������D7H�R&H'���7H2a�D�ASX��v��Y�T��`H2Y0J�A?#�./s�10. ý0£7ý ù
X�AtJ�A ì
� æ"�&�&\



å*çv¿&ç-À]ä�Á h k�mMì�í£î ë ä Þ�èkÂ à è Á(ß é ãbÁ �Í��í
« �vG��ZH'C
At³�A"T��iH2F�T�T$�+��W�W�G X��7H	�$A�O�D��v��Y�T��$��F0J!�$����Yb4 ýoÃ . ��£ 4 ý ù £�  °$�*# £ A3Ò�G"J�F��`H2Y��

D%A"T���C
G"�$H2���%�&Y�TjXoG"T$����G"A"T \�Û?A"F�D�A"T@D�A"T@G!�`H2C
A"TjMtA�� ¸ Y�G J�A"T�T����$A"Y��jXoA"T@WBH'Y���C�F�D7H2���%�&Y�T
T$F�C�C�D%G"W_A"Y��`H2����A"T \« �vG��ZH'C
ASM�ObE�F���J��&Y�T$��T��$AuÕ^h&G"Y�G"��A"�_D�A"T��%Y�T�����F0J!���%�&Y�TBE�F��kA"W�C���D%A�Y��cJ$L3H&J�F�Y�A
X�A"T�R&H'D�A"F���T@X�A"TjH2��h&F�W�A"Y���T@XoAnD7H*W�G���L��oX�ApT�F���DyH@ñ � e2ºaçuJ��&F��ZH2Y��$A�O��$��A"Y���J���W�Co�$A
X�AUJ!AUE�F�AtY���F�TiH"R��&Y�TpA3Ò�C�D��7E�F�GxH2F�J$L3H'C����$��Aq³�Ø0D�A"Tp�%Y�T�����F0J!���%�&Y�TiX�AtD7H_WBH&JZL���Y�A
Ro�%�(�$F�A"D�D�AtÖ�H R&HdT���Y��tV)���(�$A"W_A"Y��*��¡?C|G�A"T O+A��tA�Y�C3H'�(�$�%J�F�D��%A��qJ�A"D�D%A"TtWcH2Y���C�F�DyH2Y��tD%A�T
ñ � e	ºkçlä!O�X�Ap�$A"D�D�AnT����(�$AiE�F+�,F�YB��¡?C
AnC�����W����$��V�Ö�H"R�H*A"T��kH2T�T��oJ���G�ÕtF�Y�AnV¹H'W���D�D%AiX��,�%Y�T(�
�$��F0J!���%�&Y�T \�ðn�%Y�T��8D%A�T���Y�T��$��F0J!�$���&Y�T�h&G"Y�G"��G"A"T�T�A"����Y��j����F���A"T�X�ArD7HxVy����W�A�Ä % .(��­3O�Ä
��A"C���G�T$A"Y��`H2Y���D%A���¡oC
AjX�AjD7HpR�H2D�A"F���A�W�C��%D�G"A�\�~@L3H'J�F�Y�AkX�A"T}�%Y�T��$��F0J!�$���&Y#C
��T�T�¤ X�AjF�Y
��C
A"�$H'Y0X�AkJ H'D%J�F�D�GjA"Y#V)�&Y0J!�$���&Y�X�A@DyHnC
�&T$�����%�&Y�XoAkJ�A�����A@R&H'D�A"F��bX0H2Y�T�D�A@�`H2a�D�A=H'F_X�A"T
R�H2���7H'a�D%A"TpD��?J H'D�A"TnX�A*D7Hjñ � e2ºaç�H'C�C
A"D7H2Y��$Aa0:J&�vA"T��(�eÕ=��X�����AqH2D%D��&F�G"AtC
�&F���DyHxW�G���L��oX�A
E�F��]H'C�C
A�D%D�AtD7H#W�G��$L��?X�AtX�A ì3� æ"�&� 2 \:Û?�+D7HxR&H'D�A"F���A"T��nJ��&Y��$A"Y�F�AqX0H2Y�TpD7H#C���A�W��%¤���A
J H'T�AqX�AtJ�A*�ZH'a�D�A=H2F+O0D��v��Y0X��%J�AtT$A��ZH>Ì�\&Û?�PJ�A"D�D%A`��J!�PA"T��pT$���$F�G"AqX0H2Y�TpDyH#T�A J��&Y0X�AqJ H2T�A�O
D��,�%Y0X��%J�AtT�A"�ZH<�&O�A��iH2��Y�T��PX�A*T�F�����A�\« �vG��ZH'C
A ¸ T�F����pD7H_W��"W�AtX�G"WBH'��JZL�AqE�F�AtD��,G��`H2C
AUM�\vÝ�D+T ��H2h����pDKÕ#A"Y0J�����AqX�AqX�G!�
�$A"��W_�%Y�A"�UD�ANa
�&Y���¡oC
ANX��v��Y�T��$��F0J!�$����Y®A�Y®V)�&Y0J!�$���&Y[X8�vF�Y���¡oC
AcC�����W����$��V�\IÊrH2Y�T#J�A
J H'T O��%DkT ��H2h����BX�A"T��%Y�T�����F0J!���%�&Y�TKÄ3��A!�$F���Y+OUÄÅ��A�C���G"T�A"Y��ZH'Y���D�AI��¡oC
ASX�A-D7H�R�H2D�A"F��
��A��$�&F���Y�G�AxC3H2�iDyHBW�G!�$L��?X�A#X�A ì
� æ"�&�&\+ÊU��H2�%D�D�A"F���T O|T��zJ�A"D%D�A!��J��zY�Ax��A��$�&F���Y�AUC3H2TrX�A
R�H2D�A"F�� O?J�An��¡oC
AnC
A"F��kH'F�T�T��8������AmH'F�T$T�� Ã .&42­#A��jX0H2Y�TjJ�AiJ H'T�D��,��Y�T�����F0J!���%�&YNh&G"Y�G"��G�A
T$A"�$H#T���W�C�D�A"W�A"Y��  �£ ù(e  3ý \

Æ �$���$��A�X��,A3Ò�A"W�C�D�A�OjJ��&Y�T��7X�G�����Y�T-D7H�W�G��$L��?X�AwT�F���R&H'Y��$A�\xÝbD�D�A�H'C�C3H2�����%A�Y��uÕ
DyHSJ�DyH2T�T�ANJ��&Y0J���¤���ANX��vF�Y®X�A�T#J!��W�C
�&TZH'Y��$TxX�AI~�������T��&D�\�ÝfD�T=��H'h&���#X�AcD7H-W�G���L��oX�A
� % % .$#��nù £ ¥ % �*' ' ) ý '.ù&� ý # £ X�Fd��¡oC
ArX�ArJ��&W�C
��TZH2Y�� ��� £ �21N��W�C�D7H'Y��$G"A*H'FdT�A"�%YIX�A
DyH_J!DyH2T�T$Aáu £ °$�.e % ù �/� £ �'1?Ø
1 e �"% 43#�# % �$'('1u £ °$�.e % ù �/� £ �'1�4�s�1 %�£ s £.ý ù"' ��� £ �21¬¦
¨?¨?¨
1(e �"% 43# � ¥ % �*' ' ) ý '.ù&� ý # £ � % % .$#��nù £ ¥ % �*' ' ) ý '.ù&� ý # £}� � ¥ % �*' 'd#��§¦

¨�¨?¨ª
¨?¨?¨ª

Op��F�TwXoG"T$�����&Y�T�h�G"Y�G"��A"��F�Y�A®J!DyH2T�T$A®X�A ì
� æ��&��C
�&T�T�G X0H'Y��wF�YÇ��a$×�A�� �/� £ �'1
J���W�W_A^F�Y�A^R&H2���7H'a�D�A�X8�v��Y�T��ZH'Y�J�AwA��-X��&Y��-J$L3H&E�F�AwW�G���L��oX�AwX�G"D�¤"h�F�A^T$�&Y�A3Ò�G!�
J�F��$����Y�Õ�D7H�W�G��$L��oX�A�X�FÅW��"W_AsY��&W T�F��cJ�A��c��a$×�A�� \#ðn�%Y�T��pC
�&F��cD7H�W�G���L��oX�A
� % % .$#��nù £ ¥ % �*' ' ) ý '.ù&� ý # £ X�A-Y��'�$��ASA3Ò�A"W_C�D%A�ObY��&F�TcX�G"T������&Y�TBh�G�Y�G"��A"��D�AAþ!�&QSç�È
¾Pæ�ê.ç�Ö�H"R&H_J��&����A"T$C
�&Y0X0H2Y��fÕ_J�AtE�F���T�F����¤Ø
1 e �"% 43#�# % �$'(' ��� £ �21 ��  .&���G4�s�1 %�£ s £.ý ù"' � ��  .&���
K ��� £ �21¬¦



��î7Ì ÞbÉ ßáà
â�ã�Ê�äæå*ç Þ�èxé Áêã}Ê#Ë Þ ãIâ èxéFë ä�Á h k�mMì:íCî

1   4 Ã �nù £ ��� £ �21G#�./s�10. ý0£7ý ù�©wÌ�Ì Ã �   4�� �8%�£ ­LH�4 ý '.ù&� ý # £ ­oÍ$' 4 ��ý � ý ù %�£ #�./s�10.$'�� ý ù
¨?¨�¨
1 e �8% 4(# � ¥ % �$'('*) ý '�ù,� ý # £ � %(% .*#3�7ù £ ¥ % �$'('*) ý '�ù,� ý # £}� � ¥ % �*' '�#o�§¦

Ì�Ì�­oÍ % Í � �7ù+4&. ý ­ £f% H £ ��Í$#/e*ù84�. ý �7eG#�.�so13.*'3� ý ù £.ý #��'1(e+' % Í �£ ù3e  �ý #�.�so13. ý3£.ý ù@¨ � % % .$#��nù £ ¥ % �*' ' ) ý '.ù&� ý # £z� #o�+©ª
¨?¨�¨ª

ÊmH2Y�T*D�A"T*V:H2����T O8Y���F�Tr��a���A"Y���Y�TqJ�A_E�F���T�F����B0:D�A"T*�&C
G"�ZH2Y0X�A"TtX�A ��£ ùo°"4 £*% ­SA��
4 ý?Ã . �0£ 4 ý ù £&  °*�$# £ Y�A*T��&Y��nX��&Y�Y�G"TpE�F+�iÕU�$���$��AtX��vA3Ò�A�W�C�D�A 2 Ø
� % . ��­�/�¼ Ì�Ì?. ý¬£ so1C4 %�£f%�£ ù�¯+4('ËKz4}¨ £ ¨ % �   Í�°�Í  �£.ý # £ ­�eÎ1   .&�����£ ù�°,4 £ % ­ Ï û ¼ Ì�Ì?. ý¬£ so1C4 %�£f% � Ã � %�£ e   ­ £f% � Ã �   4�� �8%�£ ­LH�4 ý '.ù&� ý # £ ­neÎ1   .����
� % . ��­ û Ì�Ì % �   Í�° £& �£.ý # £ ­ £ # £ '.ù £ s�1+4 % Í
4 ý?Ã . �0£ 4 ý ù £&  °*�$# £ Ï û"Ð K ü Ì?Ì(�'1�1 £ % ­ £ #�.�so13. ý3£.ý ù@¨ � % % .$#��nù £ ¥ % �$'('*) ý '�ù,� ý # £}� #��
�  �£ ù3e  �ý Ì�Ì  �£ ù�.7e   ­ £f% �   Í�°�Í  �£.ý # £� �£ ù0..e  �ý Í £ 1"�  F% HJ�'1�1 £ % 1   Í$#�Í�­ £7ý ù

Op�&F�TbR�A�Y���Y�T�X���H2a
�&�$X�A"�uD�A"T ì
� æ��&��ä}X�ApJ��&W�C
��TZH2Y��$TuA��uD%A"F��uJ���G=H	�$���&YNH2FBJ���F���T
X�ASD��,A3Ò�G J�Fo�$����Y+\�ÊrH2Y�TcD7H�T�A J!������Y§T�F���R&H'Y���A�OuY��&F�TcA3Ò0H2W���Y��&Y�TcD�A"T ì
� æ"�&�Rä_X��v��Y�T(�
�`H2Y0J�A"TpX�AtJ�DyH2T�T�A"T \

Â ó;ô ÎzÏ�ÐGÑ�Ò$ÓËÔNÕIÖ ú�Ñeù Å¯ÐCÆ ø Å ® Ï�Ð
« �&��TjX�AiD��,A3Ò�G J�F����%�&Y+O?D7HqWcH'JZL���Y�AnRo������F�A"D�D%AiT���F�T(�Ú×�H'J�A"Y���AmE�F��
A3Ò�G J�Fo�$A*~@�&���&T���D

C
A"F��L���$��AjW���T�A�ÕmJ��&Y�������a�F��$���&Y+\�~@AkJ H'TbT�F��(Ro��A"Y��bC3H'��A3Ò�A�W�C�D%AjD%�&��TbX�AkD��vA3Ò�G"J�F��$����Y
X�AjW�G��$L��?X�A"TbY3H	�$��R�A�T�0:D�A"T�W�G��$L��?X�A"TbX�A�J��&W�C
�&TZH'Y���TbA"Y#T���Y���F�Y_A3ÒoA"W�C�D�A 2 \�~i�vA"T��
X0H2Y�TnJ�AtJ��&Y��$AlÒo�$AtE�F�A*Y��&F�T�T$A���Ro�����&Y�TpD�A"T ì
� æ"�&��äjX8�v��Y�T��ZH'Y�J�A"T \
ðiF�Y���R�A H'F�W�G��ZH:Ì�O]D�A"Tx��Y�T��`H2Y0J�A"T#X�ANJ�D7H2T$T�A"T#J���G"G"A"T#XoF��ZH2Y��xD��vA3Ò�G"J�F��$����YKXoA

D���H2C�C�D%�%J H	�$����YtT��&Y��P��A"C���G"T�A"Y���G"A"TPT��&F�T+DyH@V)����W�AuX��,��a$×�A���T]X�A���¡oC
A � ¥ % �$'('*) ý '.ù&� ý # £ \« A"Td�`H2a�D�A=H'FOÒ�E�F3H2Y��uÕ�A�FOÒ�T���Y��I��A"C���G"T�A"Y��$G"TIC3H2�IX�A"TI�%Y�T��ZH'Y0J�A"T-X�A^DyH®J�D7H'T�T�A�.-  ?  �&�?0¹R�������×�h�F���Aq��\�� 2 \
~�A"C
A"Y0X0H2Y��=O�F�Y�AsW_G��$L��?X�A�Y3H	�$��R�AsY�AsC
A�F��NT=�,A3Ò�G J�F���A"�dH2F§Y���R�A=H2F�W�G��ZHbÌ�\

Û?A"F�D�D�A*Y���R�A=H2F-W_G��`H<�rA�Y-A"T��pJ H2C3H2a�D%A�\ « A"TnH2��h&F�W�A"Y��$T�X�ArDyHxW_G��$L��?X�AbÕxAlÒ�G J�Fo�
�$A"�qX��&��R�A"Y��ª���$��AcH'D��&��TUX�A"Tq��a$×�A���TUX�F�Y���R�A=H2F�W_G��`HÃ�&\WØi�qJ�A"FOÒ���J!��C����=Ro��A"Y�Y�A"Y��
X�F^W�G��ZH	�fY���R�A=H2F^T$F�C|G�����A"F�� O|D�A#W_G��`HBY���R�A=H2F Ì5Ø|��D%TmY�AxT$�&Y��mC3H2T*X�F^W��"W_AU��¡?C
A
E�F�AtJ!A"FOÒSH	���$A�Y0X�F�T�C3H'�kD7H#W�G!�$L��oXoA�O0J H2�k�%D�T�T$�&Y���T���F�T�D7HxV)�&��W�A*X��v��Y�T��`H2Y0J�A"TpX�A"T
J�D7H'T�T�A"T � ¥ % �$'('*) ý '�ù,� ý # £ �&F �.-  ?  �&�|\�ÝfD|V:H2F���X���Y0Jn�$�$H'Y�T$Vy����W�A"�jJZL3H'J�F�Y-X�A"Tj�&ao�
×�A���TiX�AUJ�A�Tn��¡oC
A"TpA"Y�X�A"Tn�&a&×�A��$TiX�Fsa
�&YS��¡?C
A�O3J&�vA"T����oÕ=��X�����AUJ�A"FZÒsJ��&����A�T$C
�&Y0X0H2Y��
Õ_J$L3H&J�F�YSX�A"Tk��¡oC
A�TnXoG J������$TpX0H'Y�T�D7H#T��%h&Y3H	�$F���AqX�AtJ�A����$A*W�G���L��oX�A�\
ÝfD�D%F�T������&Y�TnJ�A"D7H#C3H2��F�Y-A3Ò�A"W_C�D%A&\&Û?�����pD7H#W�G���L��oX�A*Y3H	�$��R�A*T�F���R�H2Y��$A�Ø



å*ç � ç-À]ä�Á h k�mMì�í£î ë � â é Áêã&ß é<Þ ä�Á ��î��

Niveau de base
(programme)

Niveau méta 1
(Corosol)

: lien méta
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héritage d’interface

...

method1()
method2()

C

method1()
method2()

void setObject(Object o)
Object getObject()

...

CProxy JClassInstance
instance

getType(JField f) : Type
setType(JField f, int index) : void

Object getObject()
void setObject(Object o)

JProxy
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Niveau de base
(programme)

Niveau méta 0
(Corosol)

Niveau méta 1
(Machine virtuelle hôte)

: lien méta

instance d’une classe A

instance de AProxy

instance de JClassInstance
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dans le tas de Corosol
représentation mémoire

JClassInstance
instance de

: accède à

niveau méta 1 niveau méta 0

instance de JProxy
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void writeByte(int index, byte value);
byte readByte(int index);

...

JHeap

héritage d’interface

memory

...
byte get(int index);
void put(int index, byte value);

PersistentHeap java.nio.MappedByteBuffer
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void copyTo(JHeap heap);
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void popFrame();
void pushFrame(JMethod m);
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n#o�p=� j )J% j ) ¿ ¯¡ò�ØYñ7ÙTóÍÚ(ÙTÚ�Ý6×�ó��dÖxh'Ô��YÕK"9����h'�QÌÍeNC¾f�ÖÞóÃÇ¾RY��Ö�ÚÇÖÞó��óÇdÁU�¬��PT��©�ªg�����a��ö



� ���������!���   ¡£¢>¤5¥��� 

� ¦§��¨ª©!��«5�!¦¬�

j�­�®





� ¯°¢±¡°��¥5¤�  ²§²

� ¦§��¨ª©!��«5�!¦¬�  B¥ ¡  ³¤�«´¡  µ¨¶¥·��¸¹ µ«

º»º½¼�º ¾�¿»À�ÀÂÁ �$Ã Á � ¿ À�ÄGþ»Å ��Æ=Ç ¿ÉÈ w�ÊÌË Á
� ÙTóYðßñ5Ö�çÞÙ��dÛ
Ö��dÖÎÍQÙ/	�Ù��Y�dÖvóY×�òÎÏYÛ
ÖÞã�Ð]×�ãdÚ�Ý6ñ5ðß×�óÍÚßôåÚ�ôvØYÛ
×�Ø�×�ð�ôÞðaÙ'Ñ<ó��dÖ»ÒÂÙ�Ý5Û�Ö

ô�	Q×�ñ6ãYÖÞÛêãYóYÖ�ÙTØYØYñ5Ý�ç'ÙSÚ�Ý5×�ó Ù�ã çå×�ãYÛ�ð��dã Ú�ÖÞòxØYð��Bò?ÙTÝ6ðêô/�QÙ�ñ5ÖÞòxÖåóÍÚÓ�èà;Ù��<Ù�ØdÚ�ÖÞÛêñ�Ù
ò?Ù�ç��YÝ6óYÖ½	�Ý6ÛLÚ�ãYÖÞñ5ñ5ÖÔÍ�Ù/	�ÙÜÙ�ã�Ðêçå×�óÍÚ�Û�Ù�Ý5óÍÚ�Öåð��èàâÖ;Ðdô'ç�ãdÚ�Ý5×�óÙ% � ÖÞØ�ÖÞóg�<ÙTóÍÚ~ñ5ÖÞðßð�×�ñ5ãdÚ�Ý5×�óYð
Ö;ÐdÝ5ð�Ú(Ù�óÍÚ�ÖÞðÇð�×�óÍÚ��dÝWÕÜçåÝ6ñ5ÖÞòxÖåóÍÚ~çå×�ò�ÏYÝ6ó<Ù�ÏYñ5ÖÞðÇÖÞóÍÚ�Û
ÖÒÖÞñ5ñ5ÖÞð~ç'ÙTÛJð�×�ã
	QÖåóÍÚÔ��Ö�×{Ø9Ù��7Ú�ãYó
çå×�óÍÚ�Ö;Ð¾Ú�Ö´�d×�óYóYô#% � Ö?ØYñ6ãYð��¹ÖÞñ5ñ5ÖÞðqØ�ÖÞã
	QÖÞóÍÚqð�Ö\Û�Ù�ò�ÖÞóYÖÞÛÎ�<ÙTóYðqñ�ÙêØYñ5ãYØVÙ�ÛLÚÔ�dÖÞðqç'Ù�ð
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obj : Object
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