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' ¡Kx ��� 9M6^3�? 5 L 9 : 3 �D¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡ [
' ¡ ' � ?±=c2 9¿=[9 : 3 �pJ 9¿=[9 :`_ 5 # ? # ; FÒ#�× !$L 5 9 : 3 ��¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x (

' ¡ ' ¡Kx � =$Ñ8= ���4� =zÑ)= ¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x (
' ¡ ' ¡ ' �@:Kù8#$J�	¨��� ¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡·¡·¡·¡o¡·¡·¡o¡²x8x
' ¡ ' ¡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~
úky
ü × :
� U��g¯���°.(±#.(ß�\�²-I�b�I�³¦´,4��,4�],�� ZYZ

`�¡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 * [



� � ��� Ä ��Ä�Î Ô�Õ{òóÇpÄ�Î

' ¡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:



× : Ñ �i��xw.y{zy
ü�Ûr}�Ü&ý�úkyÐü
* ¡�[ �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 *



�i��xw.y®z�yÐü%Ûr}�Ü&ý�úkyÐü × Ñ
["¡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{zy
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
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Niveau méta
(interprète)

: méta−objet
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: 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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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
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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»»
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®�¬>>¶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¡



1 ( �������N}_�ÀúkyïIK��w.yÐü"�X��
��¢y��A��ü�zhý�w���
 Üx��Ü�yÁå/�ð]b�
mXh��ðh » 7�<ÎHb<�ö�LG8'��(*)+�*,-�*)�,-.0/1(�(��
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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 ÆAÊÍ?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"ËÏCÜ 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�ÊÕ*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$î Æ"ÈÙÕ*Ï_ËoÊKÖ·Æ"È Ô ×=É�ÊKÖ·Æ"É�É�Æ"É�Ê�Ï_Ü�È�È�Ö�Í�ÒïÏCÜWÊKË�Æ"ÈÙÖ·É�ð�×=Ë�Ý9Ï`ÊKÖ·×=É�È¡Ö·Ý�Õ0×=Ë�ß
Ê�ÏCÉbÊKÆ"È ÂÇî ÒÓÆ"ÈoÊ�Î·Æ Ô Ï_È�Í?Æ ¼¤½��gà'��Þb�iÉ\�iÊb� ê Ü�Ö Ô ×=É�ÊKÖ·Æ"É�Ê�Î·Æ"È©Ö·É�È�Ê�Ë�Ü Ô Ê�ÖT×=É�È�Í?Æ Ôqâ Ï ê Ü�Æ
Ý�Ì!Ê â ×�Í?Æ Â�î Æ"È�Ö·É�ð�×=Ë�ÝNÏ_Ê�ÖT×=É�È©ÈK×=É�ÊEÏCÕ�Õ0Æ"Î·Ì"Æ"ÈÅñCòlòGóAô �Aõ òGö Â�÷ ×\Ü?È�Î·Æ"È�Í?Ì Ô Ë�Öyë\×\É�È�Í�ÏCÉ?È
ÎRÏ�È�Æ Ô Ê�ÖT×=ÉøÈ�Ü�Öyë=ÏCÉbÊKÆ Â
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ÄÇÆ"È«Ï_ÊoÊKËoÖTÑ�Ü?Ê�È�ÈK×=É�Ê}Í?Æ"È}Ö·É�ð�×=Ë�ÝNÏ_Ê�ÖT×=É�È}È�Ü�Õ�Õ�Î·Ì"Ý�Æ"ÉbÊ�Ï_ÖTËoÆ"È}È�Ü�Ë Ô Æ"Ë�Ê�Ï_ÖTÉ?Æ"È}Õ*ÏCË�ÊKÖ·Æ"È
Í�ÒÚÜ�É�� ÔKâ ÖTÆ"ËøÏ_Ü ð�×=Ë�Ý9Ï`Ê ���g�b�I� Â�è Î·È Ô ×=Ë�ËoÆ"È�Õ0×\É�Í?Æ!É�Ê�� Ôqâ Ï Ô Ü�É�Æ Í?Æ"ÈãÈoÊKË�Ü Ô ÊKÜ�Ë�Æ!È
���g�bßYÉ - âb�i½I�KÉ��KÊK��� ëb×=Ö·Ë���æ\Ü�ËoÆ 2?Â31��AÛ�Ô ×=Ý�Õ0×=ÈKÌEÍ�ÒÚÜ�ÉøÆ!É�ÊKÖ·Æ"Ë«Í?Ì!Ê�Æ"Ë�Ý�Ö·É*Ï_É�Ê¤ÎuÏÐÊ�Ï_Ö·ÎTÎ·Æ
Í?Æ"È�Í?×=É�É�Ì"Æ"È�Í?Æ Ô Æ!Ê«Ï`Ê�Ê�Ë�Ö·Ñ�Ü?ÊÆ!Ê}Í$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_ËÆ ?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?ÆÊ{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�ÎTÆÍWÆÔ 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"ÈoÊÜ?ÊKÖ·Î·ÖTÈ�Ì¡Õ*Ï_Ë5Î·Æ"È�Í?Ì"Ñ0×=æ=Ü�Æ"Ü�Ë�ÈÕ0×\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 ÆÆ!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·ÎÆ"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
Õ*Ï_Ë�Æ! WÆ"Ý�Õ�Î·Æji èfk=ÿ ÄmlCn�o�p Û �\Ï"ë=ÏCÈ�È�Ö·È�Êjq îäâ Ösr�r Û�îäâ Ösn�t�p Û i îvu Äwqyx©Ï â r Ã p�×\ÜØÆ"É Ô ×\ËoÆz ";{ q|iäÄ î r ù p Â÷ ×=Ü�È�É�×\Ü�È�ÖTÉ�Ê�Ì"Ë�Æ"È�È�×=É�È�Ï_Ü Ô Ï_ÈÐ× m ÎlÒÚ×=É Ô ËoÌ"ÌÅÍ?Ü}d!eCòf- ì %�g9-\�øÕ*ÏCË�ÊKÖ·ËÐÍ?Æ Ô Æ"ÎTÜ?Ö
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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()
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>@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>@SQT<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,CQGS�ADHIb�FmS�b=S�;=C}>@S�ADHI\ _ Hf`aMgb�F*`}QGHICm`�>�SVQ�K.SN¡@?BAY;@F*<GHfb�S�b�ABM,`�>�;�CmSD\ _ Q�M�]
ADS�\�S�b�FJ>@S}Q�Ki;=by>LK.S�b�FmCmSS�;A¡Lc

6.V¡U�VÉ[�VeW ] ����2_�%(���o���%�*�����Rágé È ÷ ì��
³ KnMgC*Aao=<pF*SBA�F*;=CmSu>@Sv�qHfCEHf`mHIQ=;@F*<GQT<G`mSuQGSu\�H�>�w�QTSu>@SJADHIb�ADS _ F*<GHIbr>@SD`(\rMgb�>�MgFaM,<GCmSD`

M � bV>@S:¡#M,AD<GQT<pF*S�C�Q�MvCm?BM,QG<G`�M�F*<GHIb�>@S�`�H _ ?DCaMgFm<GHfb=`(>@S:CES�\ _ Q�MIAYS�\�S�b�F(>@S�AYHf\ _ HI`aM,b�F*`Bc
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JObject

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

JVMComponent

ÈxÉ³ÊIë ´=c.´+È��xHI\ _ HI`�Mgb�Fm`JSDFu?�QT?D\�S�b�F*`u<Gb�F*S�CEb=S�`Bc

j bh\rMgb�>�MgFaM,<GCmSqS�`EF�Aao�MgCm�I?x>LK.SDb�ABM _ `*;=QGS�C�;=bXADHI\ _ HI`aM,b�F��xHICmHI`mHfQ�c j bXADHI\ _ HI`�Mgb�F
>@HIb=b=?^b@S _ HI`m`*w�>@S _ Mg`>@<TCESBAYF*S�\VS�b�FQGS�`CE?�¡§?�CES�b�ADS�`>@S�`�Mg;@F*CES�`ADHI\ _ Hf`aMgb�F*`B|£`aMd]
Aao�Mgb�F�9�;1K.SDQTQGS�` _ S�;�~�S�b�F ¿ F*CES:\�H�>�< � ?�SD`�S�bVABMg`�>@S:CES�\ _ Q�MIADS�\VS�b�Fd|g\rMg<T`�<TQ _ Hf`m`mwB>@S
ADS�QGQTSD`�>@S}QTSD;=Cm`J\�M,b�>�M�F�Mg<GCmS�`Bc

hv;�ADHI;=Cm`5>�SjQ�K.SN¡@?�AD;@F*<GHfbL|P;=b�\rMgb�>�M�F�Mg<TCESjS�`EFv;=b=Sh<Tb=`EF�Mgb�ADSX>�K.;=b=SXADQ�Mg`*`mSX>�S
\rMgb�>�MgFaM,<GCmSI|fADCm?D?�S £ Q�M�~�HIQG?�S _ M,C�Q�Mx"�W�ýYZ ²À¿ ´�W�ý5ÁYU#Z*W ² UÂ Ò TÛ�W ·�Ò WgUtW ² Z%5ÁY|,?�QG?�\�S�b�F
<Gb�F*S�CEb=S�>@S��qHICmHf`mHIQJ>@S�F�s _ S á�é È ÷ ì@� Ð «	©<õ�÷ È��£cg»�Hf;=C�A*o�MI9�;=S[Fts _ S�MgO=`EF*CaMg<pF�>�S
ADHI\ _ Hf`aMgb�Fd|�S�QGQTS�ADCm?D?�S _ M,C1�f?�b@?�CaM�F*<GHfbh>@SlýNþ,UÂazG® Ò  Ä ~�HI<GC�ä@c7å:SDF�QGS�Aao�M _ <GFmCmSâ© Æ |�;=b=S
ADQ�M,`m`mS5>@Sv\rMgb�>�M�F�Mg<TCES _ M,C�F*<TAD;=QG<Tw�CES>@HIb�FxQGS5`m; _ S�C�]�F�s _ SvSD`mF ágé È ÷ ì��£c�+ªQ�K.S5¡@S�\ _ QGS
>@;�C æ QGS5>@;rF�s _ S áIâ*ó ïkÉ ©<õ | á�é È ÷ ì@��<T>@S�b�Fm< � S5;=b�\�M,b�>�M�F�Mg<GCmS5>�Mgb=`:Q�KnMgC*A*o=<GFmSBAYF*;=CES
>@Sj�xHICmHI`mHfQ�c�½�Q _ HI`m`mwB>@S�QGS�`JH _ ?�C*MgFm<THIb=`J`m;=<p~fMgb�F*SD`,Þ
â*ó ï�É ©-õ ù É õ�â*ó ï�É ©-õ ø�ü ÞgADSDFmFmS:\V?DF*o=Hk>@S:CESDF*HI;=Cmb=SxQ�KiHfO ß SDF�S�b�ABM _ `m;=QG? _ M,C�QGSx\rM,bk]

>�M�F�Mg<GCmS H >�Mgb=`RQTS�ABMg`�>LK.;@b�\�M,b�>�M�F�Mg<GCmS�>@S�AYHf\ _ HI`aM,b�Fd|q<TQ5>@Hf<pF ¿ FmCmS�;@b
ADHI\ _ HI`aM,b�FBc

ð�÷ Ñ Ê ¬ É õ�â-ó ï�É ©-õ ø â-ó ïkÉ ©<õ�÷ ü Þ�ADSDFmFmSx\�?YF*o=Hk>@S�M�FmFmCm<GO=;@F�Q�K.HIO ß SDF�` _ ?BAD< � ?:ADHI\�\�S
b=HI;@~�SDQPHIO ß SDFqS�b�ABM _ `m;=QT? _ MgC�QTSJ\rMgb�>�M�F�Mg<TCES H >�Mgb=`qQGSvABMg`x>LKi;=br\rMgb�>�M�F�Mg<TCES
>@S�AYHf\ _ HI`aM,b�Fd| ÷ >@?�`m<G�Ib=SrMg;=`m`m<�;=b�ADHf\ _ Hf`aMgb�F�SDF ¬ É õ�â-ó ïkÉ õ S�`EF};@F*<GQG<T`m?�S
QGHICm`J>@;yCES�\ _ Q�MIAYS�\�S�b�F�>�S�ADHf\ _ HI`aMgb�Fdc

³ M � �f;=CESj´@c�x^<GQGQT;@`mFmCmS�Q�M�AYHfb=`EF*CE;�AYF*<GHIb�>@S�Q�M�ADQ�Mg`m`*ShÅ é È ÷ ì���9�;=<�S�`EF�Q�M�ADQ�M,`m`mS
>@S�`VADHf\ _ Hf`aMgb�F*`V>@S�F�s _ S[MgO=`EF*C*M,<pF�Å�c(�qHI\�\�SRQGSR\�HIb�F*CES�CaM�QGS[A*o�M _ <pF*CES^xk|�S�QTQGS
_ Hf`m`mwB>@S ágé È ÷ ì��eSDFVÅ�ADHI\�\�S�`m; _ S�C�]�F�s _ S�SDF _ Hf`m`mwB>@S�;=b=Sr~fMgCm<�MgO=QTSR>LK.<Gb=`EF�Mgb�ADS
>@SJFts _ SvÅV9�;=<PCES _ Cm?�`mS�b�FmS�QGSvADHf\ _ Hf`aMgb�F £ S�b�ABM _ `*;=QGS�C�c=�qS�\ ¿ \VSvAao�M _ <pF*CESvSN¡ _ QT<�]
AD<pF*S�CaMR;=b�`mSBADHfb�>�Fts _ S�>�S�\rMgb�>�MgFaM,<GCmS�;@Fm<TQG<G`m?�>@;=CaMgb�F�Q�KiSN¡@?BAD;@Fm<THIb1c ³ K.HIO ß SDF�S�b�]
ABM _ `*;@QT?�MgQGHfCE`�b=S5`mS�CaM _ M,`:;=b[ADHI\ _ HI`aM,b�FBc��5KiS�`EF�Q�MjCaM,<G`mHIb _ HI;=C:Q�M,9�;=S�QGQGS}QGSvF�s _ Sádç�w Å ÷�è í ÷ ò É ò õ b1KnM _=_ M,C*M m F _ M,`v>�M,b=`�QTS _ CmH � Q�>@S�`5>@S�;A¡y\�?DFmo=H�>@S�`v>@S á�é È ÷ ì@�×Þ
`mS�;=Q1QGSF�s _ S â-ó ïkÉ ©<õ |=ADHf\V\X;=b £ F*HI;=`uQTSD`uF�s _ S�`l�fM�~IM@|@S�`EFJ\�S�b�F*<GHfb=b@?fc
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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

ÈxÉ³ÊIë ´=c7x$È ³ S�`u\rMgb�>�M�F�Mg<TCES�`J>@ShADHI\ _ HI`aM,b�Fm`Bc
6.V¡U�VÉ[�V¡U ] �$� � p � ����(	�/����������I�-2×JL���	(	���o�/��')(��vákêDè í ª É è É ò õ(«/õ Ñ ÷ ò�ë É*í ÷	¬ Ñ õ(÷ È@�

³ S�Z % " % Z% · U ² �ÿ Ò 5Á ² Ûn¹!ÿpW · UtW,U ² ® · ÁvS�`EF}QTS�ADHI\ _ HI`�Mgb�Fh>@Sr�qHfCEHf`mHIQ(9�;=<�?YF�MgO=QT<pF
Q�M�QG<�M,<G`mHfbrS�b�F*CES�QTSJF�s _ SMgO=`EF*CaMg<pF:>LK.;@b�ADHf\ _ HI`aM,b�FxSDFx`mHfb�F�s _ SvADHfb�AYCmSDFdc�h�~fMgb�FqQTS
>@?�\rMgCmCaMg�fSu>@S��qHfCEHf`mHIQ�|I<GQ=>@?DF*S�CE\�<Tb@SJADSD`qMg`m`mH�AD<�MgFm<GHfb=` _ MgC�Q�M5QGSBAYF*;=CESJ>LKi;=b � Aao=<GS�C
>@ShADHIb � �I;=CaM�F*<GHfb1c	 �;=CaMgb�FJQ�K.SN¡�?BAD;@F*<GHIb1|�<TQ1` _ ?BAD< � SjMg;�ADHIb�F*SDb=S�;=C�>@S�ADHI\ _ Hf`aMgb�F*`
>@SX�qHfCEHf`mHIQ�9�;=SDQTQGS�`J`mHIb�FJQGS�`J<G\ _ Q�Mgb�F�M�F*<GHIb=`�ADHfb=ADCmwDFmS�` £ ADCm?�S�C�c³ S[CE?�¡§?�CES�b�F*<GS�Qu>@S�`�<G\ _ Q�Mgb�F�M�F*<GHIb=` ß Hf;@S�M,<Gb=`m<�QTS�C æ QGSy>@S�¡#MgO=Cm<T9�;=S�MgO=`EF*C*M,<pF*S
>@S�ADHf\ _ Hf`aMgb�F*`Bc i M,<G`rADSyC æ QGSyb1K.SD`mF _ Mg`�SN¡=ADQG;=`m<G¡�cg½�QuS�`EF�M,;=`m`m<u;@F*<GQT<G`m? _ Hf;=C�Q�M
ADCm?dM�F*<GHfbe>LKNM,;�F*CmS�`?�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�`EFMg;=`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�;=bFts _ 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>@SM 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 _ SMgO=`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|�QGSF�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�QTSADHI\ _ 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*;=S5QTSAao�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�FQGS�`�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;=CQ�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 5ÁZ % " % 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�� Ü '	��'	��')�

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�FQGS^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�QGQTSb1K.<G\ _ HI`*S�Mg;�AD;=b=SCmS _ 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>@SQ�K.SN¡�?BAD;@F*<GHIb1|=QGS�`u>@HIb=b=?�S�`J>@S}Aao�MI9�;=SHIO 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*SSN¡�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:>@SQ�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=`JQGSF�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=`uQTSF�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�`EFQ�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=SCm?�¡�?�CmS�b�AYS}SN¡�FmS�Cmb=SSDFuQ�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 ® · >�SA*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,CuQGSF�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
<G\ _ Hf`m?�S _ MgCuQ�M^` _ ?BAD< � ABMgFm<THIb�>@S��k;=b[SDFJ`mS�CmHIb�FJ>@S}Q�M^¡�HfCE\�S�>@S�`�Fts _ S�` _ Cm<G\�<pF*<G¡§`
>@SQ�fM�~IM@|�\ ¿ \�S�`m<�Q�K.S�b�ADHk>�Mg�fSy>@S�`V~IMgQTS�;@Cm` _ CE<T\�<pFm<G~fS�`�9�;1Ki<TQ�;@Fm<TQG<G`mS _ S�Cm\�SDF�>�S
CmS _ CE?�`mS�b�F*SDCJ>@S�`ub=Hf\jO=CmS�` _ QG;=`J�ICaMgb�>@`uHf; _ QG;=` _ SYF*<pF Ä ~�HI<TC � �I;=CmS�´=c&Ë�å Æ c

écriture

lecture

valeur primitive de Java valeur encodée

valeur primitive de Java valeur encodée

ÈgÉ³ÊTë ´@c;Ë�å,ÈrQTS�AYF*;=CmSj¬j?BADCm<pF*;=CES�>�M,b=`uQGShAYHf\ _ HI`aM,b�FjU�W<Á
½�Q�S�`EF�F*HI;@F £ ¡ÂM,<pF _ HI`m`*<GO=QGS�>LKNMB~fHf<GC�>@S}CES _ Cm?D`*S�b�F*S�C:QTS�`:~IM,QGS�;=CE` _ CE<T\V<GFm<G~fS�` _ M,C

>@S�`�FaM,O@QTSdMg;A¡�>LKiH�AYFmSDF*`5ADHIb�FmS�b�M,b�F5QGS�;=C�S�b�ADHk>�M,�ISf|�M � b�>�K.S Î SBAYF*;=SDCvQGS�`5>@< Î ?�CmS�b�F*`
ABMgQ�AD;=QG`B|k\�M,<G`�Mg;=`m`m<PQTSD;=Cm`qFmCaMgb=`m¡§S�CEFm`q~fS�Cm`qHf;�>@S _ ;=<G`xQGS5ADHI\ _ HI`aM,b�F5U�W<ÁYc j bRMg;@F*CES
\�Hds�S�b�`mS�C*M,<pF�?���MgQGS�\�S�b�F�>LKiHfO ß SBAYFm<T`mS�C�Aao�M,9�;=S�~IMgQTS�;=C _ Cm<G\�<pF*<p~�Sfc O <TSDb39�;=S[ADS�`
`mHfQG;@F*<GHIb=``mHI<TS�b�F _ HI`m`*<GO=QGS�` £ \�SDFEF*CmSjS�bqÏ};@~�CESf|£b=HI;=`5b=SXQGS�`}M�~�Hfb@` _ M,`Aao@Hf<G`m<TS�`
_ Hf;=C>@S�`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]
F*<GHfb[<G\ _ HI`m?�S _ MgCuQ�M^` _ ?BAD< � ABM�F*<GHIb�>@S}Q�M^\rM,Aao=<Gb=S~�<GCEF*;=SDQTQGSfc

�e¡�Mg\�<Tb=HIb=`}\rM,<Gb�FmS�b�Mgb�F�QGS�`h>@< Î ?�CmS�b�F*`}Fts _ S�`hM,O@`mFmCaMg<GFm`h>�S�`hADHI\ _ HI`�Mgb�Fm`�<Gb�]
F*S�C�~�S�b�Mgb�FJ>�M,b=`uQTS}\VH�>@w�QGSh>�S�\�?D\�Hf<GCmS}>@Sj�xHICmHI`mHfQ�c
] �Tÿg'!2×JS'	���	(	� UtWKÁ á�ð É « í V ³ S�ADHI\ _ Hf`aMgb�FvU�W<ÁY|�9�;=<�CES _ Cm?�`mS�b�F*SJQ�M}\�?�\VHf<GCmS

>@S^�xHICmHI`mHfQ�| _ HI`m`*wB>�SjQGS�F�s _ SXMgO=`EF*C*M,<pF ádð É « í�c.½�Q�S�b�ADH�>@ShSDF5>@?BAYH�>@SjQ�MV~IMgQTS�;=Cv>�S
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`*S�C�~�<TADSRÈ=É «�Ê ë É Ë ÉIÈ=É ò © É�`mHfQGQG<�AD<pF*SRQGSR`mS�CE~�<TADSR>@;�\ ¿ \VSRb@Hf\Ù`m;=CXQTSRADHI\ _ Hf`aMgb�Fb 5ÁYU ² ® ·�· W ² Z% Ò GÁrZ % " % Z% · zG5ÁY|�9�;=<qS Î SBAYF*;=S�QTSR>@?BAYH�>�Mg�fS _ MgCXQ�K.<Gb�F*SDCm\�?B>@<�Mg<TCES�>@;
`*S�C�~�<TADSVÈ@É «fÊ�ê ò õ c ³ M�~IM,QGS�;=CHIO@F*S�b�;=SVQG;=< _ S�CE\�SDFhMgQGHfCE`�>@S^>@?DF*S�CE\�<Gb=S�C}9�;=S�Q�S�`EF
Q�KiHfO ß SDF(Mg`m`*HkAD<G?uõ�ADSDFEF*SxCE?�¡§?�CES�b�ADSxSYô�F*SDCmb=Sf|�QGSxCm?�`m;=QpF�M�F�>@;X`mS�C�~�<TADS:È@É «fÊ ë É Ë ÉfÈ@É ò © É
>@;�ADHI\ _ HI`aM,b�F�UtW<ÁYc

ÈxÉ³ÊIë ´@c;Ë�x È7½�\ _ Q�Mgb�F�M�F*<GHfb _ MgCq>@?�¡#Mg;@F:>@SJQ�M}QGSBAYF*;=CESv>LKi;=b=S�Cm?�¡§?DCmS�b�ADSv>�Mgb=`qQGSjUtW<ÁYc

] �1ÿ�')2×JS'	���	(	� "�W�ýYZ ²À¿ ´� Ò  b 5ÁYU ² ® ·�· W ² Z%5Á Ò  Ò<² Áo¹�®<Á ² U ² ® · á/�(« � ÷gÒAõ Ð «A©-õ(÷ È@� V
»�HI;=CV>@?DFmS�Cm\�<Gb=S�CXH Í QT<GCmSRSDF^?BADCm<GCESyMg;�`mS�<Gb�>@SRQ�M�\�?D\�Hf<GCmSR9�;=<xQTSD;=C^S�`EF�MgFmFmCm<�]
O=;=?�Sf|�Aao�M,9�;=S�HfO ß SDF á Å ª6«A¬�¬kê ò ¬-õ(« ò © É�SDF ág÷ È�È « �¢;@F*<GQG<T`mS�;=b b 5ÁYU ² ® ·�· W ² ZG Ò Ò-² Áo¹�®<Á ² U ² ® · |£9�;=<�S�`EF5;=b�?�QG?�\�S�b�F5<Gb�FmS�Cmb=SX>@SjFts _ S^MgO=`mFmCaMg<GF á/�(« � ÷gÒAõ AYCm?�? _ M,C�QTS
ADHf\ _ HI`aM,b�F�"DW�ýYZ ²À¿ ´B�W�ý5ÁYU#Z*W ² UÂ Ò  b 5ÁYU ² ® ·�· W ² ZGGÁ Ò  Ò-² Áo¹�®<Á ² U ² ® · c� Mgb=`xQTS5ABMg`�>@S�`
<Tb=`EF�Mgb�ADS�`(>�SuADQ�Mg`*`mS�`B|,QGS:Fts _ S�>@; b 5ÁYU ² ® ·�· W ² Z% Ò  Ò-² Áo¹�®<Á ² U ² ® · SD`mF á Å ª�«	¬6¬��	« � ÷,Ò�õ c
��b�¡§HIb�AYFm<THIbe>@SVQ�MR>@S�`*ADCm< _ F*<GHIbe>LK.;=beA*o�M,\ _ |�<TQ _ S�CE\�SDF�>@SVQGH�ABMgQG<T`mS�C}QGS _ CES�\�<GS�C
H�AYF*SYFv>�Mgb=`JQ�M^\�?�\�HI<GCmS�ADHICmCmSD` _ HIb�>�Mgb�F5õXQ�MX~IM,QGS�;=CJ>@S�ADS�QT;@<p]tAD<�c	 �S}\ ¿ \�Sf|=>�M,b@`
QTS}ABM,`u>@S�`:F�MgO=QGSdM,;�ô�|=QGS5F�s _ S}>@;��fS�`EFm<THIb=b�Mg<TCES�>@S}ADHfb�F*S�bk;�S�`EF á�÷ È�È « � �	« � ÷,Ò�õ c	½tQ
_ SDCm\�SDF5>@Sj>@?DF*S�CE\�<Tb@S�C�H Í QT<GCmShSDFv?BADCm<GCmShQ�MV~IM,QGS�;=Cv>LK.;=b=ShS�b�FmCm?�Sj>@;�F�MgO=QGSdMg;1c ³ S
ADHf\ _ HI`aM,b�F�U�W<Á�b=SJAYCm?�?u9�;1K.;=bV`mS�;=Q=�IS�`mFm<GHfb=b�Mg<GCmSJ>@Su>@<T` _ HI`*<pF*<GHIb _ M,C�Fts _ Su>LK.HIO ß SDF
õVADCm?�S�C�c
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 5Mgb=`}QTSVABM,`�>LKi;=b b 5ÁYU ² ® ·�· W ² ZG Ò  Ò<² Áo¹�®<Á ² U ² ® · >LK.;=b=S^<Tb@`mFaM,b�ADS�>@SVADQ�Mg`m`mS�>�S
F�s _ S á Å ª�«	¬6¬��	« � ÷,Ò�õ |fQ�KiH _ ?�C*MgFm<THIb _ Cm<Gb�AD< _ MgQTSv>@?BADCE<GFmSvAD<�]�M _ Cmw�`B|�S�`EFq¡§HIb�AYF*<GHIb�>@SJQ�M
>@S�`*ADCm< _ F*<GHIb�>LKi;=b=S~fMgCm<�MgO=QTS�>LK.<Gb=`EF�Mgb�ADS�Þ

È Ñ ò õ ù É õké(÷A¬ Ñ õ Ñ ÷ ògø á ÐPÑ É ªIÊ Ë Ñ É ªIÊ ü Þ�ADSDFmFmS�\�?DFmo=H�>@S�CmSDFmHf;=CEb=S�Q�M _ HI`*<�]
Fm<THIb�CES�Q�M�F*<p~�S^>�SXQ�M�~IMgCm<�M,O=QGS^>LK.<Gb=`EF�Mgb�ADS^>@?BADCE<GFmS _ MgC Ë Ñ É ªfÊ |LMg;�`mS�<Gb�>@SjQ�M
\�?D\�Hf<GCmS�M�FmFmCm<GO=;=?�Suõ�;=b=Sx<Gb=`mFaM,b�AYS�>@S:Q�MvADQ�Mg`m`mSuM,`m`mH�AY<T?�SuõvADSx�IS�`EF*<GHfb=b�Mg<GCmSfc

³ S�` b 5ÁYU ² ® ·�· W ² ZG Ò  Ò-² Áo¹�®<Á ² U ² ® · >@S�`�FaM,O=QGSdMg;�ô _ HI`m`*w�>@S�b�FqFmHf;@`qQ�M}\ ¿ \�SJH _ ?Y]
CaM�F*<GHfb ù É õké(÷A¬ Ñ õ Ñ ÷ ò |�9�;=<1S�`EFJ¡�Hfb�AYFm<GHfby>@S�Q�K.<Gb�>@<TADSh>LKi;=b=S}S�b�F*CE?�SNÞ

È Ñ ò õ ù É õké(÷A¬ Ñ õ Ñ ÷ ògø Ñ ò õ Ñ ò Ê É�ì ü Þ,ADSYFmF*Sx\�?DFmo=H�>@SxCmSDFmHf;=CEb=S:Q�M _ HI`m<GFm<GHfb^CmS�]
Q�M�F*<p~�S5>LKi;=b=SvS�b�FmCm?�S5>LKi<Tb�>�<�ADSv` _ ?BAD<pö�?�Sf|@M,;�`mS�<GbR>@SvQ�M�\�?�\�HI<TCESM�FmFmCm<GO=;=?�Sõ
;=b�FaM,O=QGSdMg;�>@HIb�FJQGSF�s _ S�>�S�`J?�QG?�\�SDb�F*`uS�`EFvMg`*`mHkAD<G?jõVAYS��IS�`EF*<GHfb@b�M,<GCmSfc

 5Mgb=`(Aao�M,9�;=SuABMg`B|IQGSuABMgQTAD;=Q�>@S�Q�M _ Hf`m<pF*<GHIb�CmSDQ�M�F*<p~�S�>LK.;=b=S:~IMgCm<�M,O=QGSu>LK.<Gb=`EF�Mgb�ADS
Hf;�>LKi;=b=S�S�b�F*CE?�Sr>LK.;=beF�MgO=QGSdM,;lS�`mFhS Î SBAYF*;=?�S�b�¡�Hfb�A�F*<GHfb{>@S�Q�M�FaM,<GQGQTS�>�S�`hFts _ S�`
_ Cm<G\�<pF*<G¡§`J>@?BADCE<GF _ MgCuQGS�ADHI\ _ Hf`aMgb�FhUtW<ÁYc
] �Tÿ�')2×JP'	���%()� Wgÿ�ÿ&®dzaW,UÂ5´�Z á�ð É « í ÷(ª�ª�÷	©�«/õ(÷ È V ½tQ _ HI`m`mwB>@S�Q�M}CmS�` _ HIb=`aM,O=<GQG<GFm?

>@S�Q�MyADCE?dM�F*<GHfb{>�S�`j<Gb=`EF�Mgb�ADS�`X>@SrADQ�M,`m`mS�`jSDFX>@S�`�F�MgO=QTSdMg;�ô�9�;1K.<GQ�CmS _ CE?�`mS�b�F*S�CES�`�]
_ SBAYF*<p~�SD\�S�b�F _ MgCVQGS�`�?DQT?�\VS�b�F*`V<Gb�F*S�CEb=S�`�>@S�Fts _ S á Å ª�«	¬6¬�ê ò ¬<õ�« ò © É�SDF á�÷ È�È « �Ä ö��I;=CmS�´@c;Ë�©@c

JVMComponent

<<create>> <<create>>JClassInstance JArrayJHeapAllocator

ÈxÉ³ÊIë ´@c;Ë�©,È ³ S�ADHI\ _ Hf`aMgb�F^Wgÿ*ÿM®dzaW,UÂN´kZDc
½�Q:M�FmFmCm<GO=;=SRõ�Aao�M,AD;=b�>�SRAYS�`XHIO ß SYF*`X;=b=S Î HIb=SR>@Sr\V?�\�Hf<GCES�Mg;�`*SD<Tb{>@;lF�Mg`

S�blABMgQTAD;=Q�Mgb�FhQTS�;=C _ Hf`m<pF*<GHfb¥W�ý5Á�®�ÿ+´BD|LQTS��IS�`EF*<GHIb=b�M,<GCmS�>@S�>@<T` _ HI`m<GFm<THIb�ADHICmCmSD` _ HIb�]
>�Mgb�Fhõ�Q�M�AYQ�Mg`m`*SV>@S^Q�KiHfO ß SDF}Hf;�ADS�QG;=<(>@SD`}?�QG?�\�S�b�Fm`�>@;�F�MgO=QTSdMg;�SDFB|�QTSD;=C�M,`m`m<T�Ib=S
;=b=SuCm?�¡�?�CmS�b�AYS ' ² W:QGSu`mS�CE~�<TADS «	¬6¬ Ñ ù�òkë É Ë ÉIÈ=É ò © Éh>@;�ADHI\ _ HI`aM,b�F b GÁYU ² ® ·�· W ² Z% Ò 5Á
Z % " % Z% · zG5ÁYc³ S:`*SDCE~�<TADSu>@SuADCm?BMgF*<GHIb�>@S�`�<Tb@`mFaM,b�AYS�`�>@SuADQ�Mg`m`*S�`B| «Aª6ª6÷A©�«*õ É á Å ª6«A¬�¬�ê ò ¬<õ�« ò © É
S�`EF _ MgC�SYô�S�\ _ QGS�<GQTQG;=`EF*CE?xõ�Q�M:ö��I;=CmS�´=c&Ë × c ³ SqADHI\ _ HI`�Mgb�F�Wgÿ*ÿM®dzaW,UÂ®gZLADHI\�\�S�b�ADS _ M,C
MgFEF*CE<TO=;=SDC1;=b}b=HI;@~�SdMg;��IS�`EF*<GHfb=b�M,<GCmS�>@S(>@<G` _ Hf`m<pF*<GHfbhM,;}b=HI;@~�S�QIHfO ß SDF á Å ª�«	¬6¬�ê ò ¬<õ�« ò © É
_ ;=<G`d| ' ² W�QTS�ADHf\ _ HI`aM,b�F b GÁYU ² ® ·�· W ² Z% Ò 5Á�WKÁGÁ�®dz ² W,U ² ® · ÁY|�QG;=<kMgFEF*Cm<GO=;@F�;=b=S(Cm?�¡§?�CES�b�ADS
SYô�FmS�Cmb=Sfc
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ÈgÉ³ÊTë ´@c;Ë × ÈKhvQGQGH�ABM�F*<GHfb�>LKi;=b=S}b=Hf;@~fS�QGQTS}<Tb=`EFaM,b�ADS�>@S�ADQ�M,`m`mSfc
6.V¡U�V�Z!VXZ ] �A2_'�����
��?âËÌ�@Ú � ÿ�
.�/��')(

³ S�\VHIFmS�;=Cr>LK.S�ô@?BAD;@F*<GHIb&>@SyQ�M�\�MIAao=<Gb=S[~�<GCEF*;=SDQTQGS�ófM�~IM�S�`EFrCmS _ CE?�`mS�b�F*? _ MgC
Q�KiS�b=`mS�\XO=QGSh>@S�`JADHI\ _ HI`�Mgb�Fm`J`m;=<p~fMgb�F,Þ

È&QTS�Aao�MgCm�IS�;=CJ>�ShADQ�Mg`*`mS�`uSDFJQGS}\�HIFmS�;=CJ>�S}Cm?�`mHfQG;@Fm<THIb�>�skb�M,\�<T9�;=SI|
È¥>@S�`�ö�QT`J>LK.SYô�?BAD;@F*<GHIb=`d|
È&;=b[HfCm>@Hfb=b�M,b�ADSD;=CB|�A*o�M,CE�f?�>@S}Q�M^�IS�`EF*<GHfby>@S�ADS�`�ö�QT`J>LK.SYô�?BAD;@F*<GHIb1|
È&;=b=S _ <TQGSh>�?BADHf; _ ?DS�S�b�"aZaW/ÛR _ HI;=CJAao�M,9�;=Sö�Q�>LKiSYô@?BAD;�F*<GHfb1c
] �Íÿ�')2×JP'	���%()� z ¯ WgZ b N´�Z Ò �z�ÿpW<ÁGÁ�5Á á Å ª6«A¬�¬��	÷�«fÊ ÉIÈ V �qHfCEHf`mHIQ�b=S _ HI`*`mwB>�S

9�;1K.;=bh;=b=<T9�;=SqAao�MgCm�IS�;=C�>@SxAYQ�Mg`m`*SD`�CmS _ Cm?�`mS�b�Fm? _ MgC�QGSxAYHf\ _ HI`aM,b�F�>@S�Fts _ SxMgO=`EF*CaMg<pFá Å ª�«	¬6¬��	÷�«fÊ ÉIÈ£cP 5Mgb=`VQ�KNM,CmAao=<pF*SBAYFm;=CmS[>LKi;=b=S�\rM,Aao=<Gb=SR~k<TC�F*;=S�QGQGS�ófM�~IM�`mFaM,b=>�M,Cm>L|
<TQ ß Hf;@S[QGS�C æ QGS[>@;�Aao�MgCm�IS�;=CV>@S[ADQ�M,`m`mS�`�>@S ýG®K®,UÚÁYU#Z*WG¹lSDFVS�`EF�CES�` _ HIb=`aMgO=QTS[>@S�Q�M
ADCm?dM�F*<GHfb�>@S�`?�QG?�\�S�b�Fm`�>�S^Q�M[øK® ·  Ò  Ò ® ·�· % 5Á Ä ~�Hf<GCAao�M _ <pF*CmS ó6Æ >@?Dö=b=<TS _ MgCQ�M
` _ ?BAY<Gö�ABM�F*<GHIb�>@S�Q�MV\rM,Aao=<Gb=S}~k<TC�F*;=S�QGQGS^ófM�~fM «i³�ù ×/×�¬ cP�qS�`J?�QG?�\�S�b�Fm`�`mHIb�F�>@S}FmCmHI<T`
`*HICEFmS�`,Þ

È&QTS�`1<Gb=¡§HICm\rM�F*<GHfb@`�`m;=C1QGS�`�ADQ�Mg`m`mS�`B|dMB~fSBA�S�b _ M,C�F*<TAD;=QG<TS�C1Q�MxF�MgO=QGS ©�÷ ò ¬-õ(« ò õ�" í ÷6÷AªÄ ~�HI<GCJAao�M _ <pF*CESfä Æ)H
È&QTS�`�<Gb=¡§HICm\�MgFm<THIb=`�`*;=C}QGS�`�\�?DF*o=Hk>@S�`B|�M�~�SBA^S�b _ MgCEF*<TAD;=QG<GS�ChQGS�`jM�FmF*CE<TO@;@F*`h>@S
F�s _ S(Å ÷fÊ É Ä ~�HI<TC�Aao�M _ <pF*CmSgä Æ |d9�;=<�ADHIb�Fm<TS�b=b@S�b�F�QGS�`�<Gb=`mFmCm;�AYFm<THIb=`�>@Slý5þIUÂazG® Ò  H

È&QTS�`u<Gb=¡§HICm\rM�F*<GHIb=`J`m;=CuQGS�`u~IMgCm<�M,O@QTS�`�>�K.<Gb=`EF�M,b=ADS�`JSDFJ>@ShAYQ�Mg`m`*SD`dc
³ S�AYHf\ _ HI`aM,b�Fyz ¯ WgZ b N´�Z Ò �z�ÿGW<ÁGÁ�GÁ}ADCm?�?�F*CmHI<G`hFts _ S�`X>�K.?�QG?�\�S�b�Fm`j<Gb�FmS�Cmb=S�`KÞá Å ª�«	¬6¬ | á/w É õ Ç ÷fÊ SDF á ÐPÑ É ªIÊ |�9�;=<u>@?BADCE<G~fS�b�F�QGHICm`�>@S[Q�K.SYô�?BAD;@F*<GHIb3QGS�`�<Gb=¡§HICm\�M�]

F*<GHfb=`jCmSDQ�M�F*<p~�S�`^Mg;�ô�ADQ�Mg`m`*S�`B|�õ[QGS�;=CE`j\�?DF*o=Hk>@S�`jSDF^õ[QTS�;=CE`XAao�Mg\ _ `B|�CES�` _ SBAYF*<p~�SY]
\�S�b�Fdc��qo�M,9�;=S�FaM,O=QGS ©�÷ ò ¬-õ(« ò õ�" í ÷6÷Aª S�`EF(?���MgQTS�\VS�b�F�CES _ Cm?�`mS�b�F*? _ MgC�;=b�?�QG?�\�S�b�F
<Tb�FmS�Cmb=S�>@S�F�s _ S á Å ÷ ò ¬-õ(« ò õ�é	÷�÷�ª MIADADS�`m`*<GO=QGS{>@S _ ;=<T`�Aao�M,9�;=Sl?�QG?�\VS�b�F�<Gb�FmS�Cmb=Sá Å ª�«	¬6¬ c ³ S�`x?�QG?�\�S�b�Fm`x<Tb�FmS�Cmb=S�` á Å ª�«	¬6¬ `*HIb�FxQTSD`:\�?DFaM�]tADQ�Mg`*`mS�`:>@S}�qHICmHI`*HIQ�c���QGQTSD`
_ HI`m`mwB>@S�b�F�>@S�`\�?DFmo=H�>@S�`}9�;=< _ S�Cm\VSDFmF*SDb�F�>@SX\rM,b=< _ ;=QGS�CQ�M _ <GQTSV>@S�`H _ ?DCaMgb�>@S�`
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>LK.;=b=Su"aZ*W�Û1Dc ³ S�Aao�M _ <pF*CmS}`*;=<p~IM,b�F�\VHfb�FmCmS�C*MVADHf\V\�S�b�FJSDQTQGS�`J`*HIb�FJS Î SBAYFm<G~fS�\�S�b�F
;@F*<GQG<T`m?�S�`Bc

��b _ QG;=`�>�SvQ�MhADCm?BMgFm<THIbR>@S�`x?�QT?D\�S�b�F*`:>@SvQ�M^øK® ·  Ò  Ò ® ·�· % 5Á�QGHfCE`:>@;RAao�MgCm�ISY]
\�S�b�Fx>@;RADHk>@S5AYHf\ _ <GQG?5>LK.;@b=S5ADQ�M,`m`mSf|�QGS5ADHI\ _ Hf`aMgb�F�z ¯ W�Z b N´kZ Ò �z�ÿpW<ÁGÁ�5Á�S�`EFxCES�`�]
_ Hfb=`aMgO=QGSX>@ShQ�M[Z % Á�®gÿ¥´@U ² ® ·ÌÒ þ · W�Û ²À¿ ´B�;@F*<GQG<T`m?�S _ Hf;=CuF*CaMgb=`m¡§HICm\�S�CJQGS�`vCE?�¡§?�CES�b�ADS�`
`Es�\XOPHIQT<T9�;=SD`j>@;¥zG® · ÁYUtW · U^¹�®K®gÿPS�beCE?�¡§?�CES�b�ADS�`jADHIb�ADCEwDF*S�`Bc.hv;@FmCmS�\VS�b�Fh>@<GFB|1<GQ(S�`EF
CmS�` _ HIb=`aM,O=QGS�>@SQ�MjFmCaMgb=`m¡§HICm\rM�F*<GHfb�>@S�`JA*o�M m b=S�`J>@SABM,C*MIAYFmw�CmS�`uADHIb�F*S�b�;=S�` _ MgC�QGS�`
F�MgO=QGS�` ©�÷ ò ¬<õ�« ò õo" í ÷�÷�ª S�bXHIO ß SDF*` á Å ª6«A¬�¬ | á/w É õ Ç ÷fÊ SDF á Ð�Ñ É ªfÊ cI�xSDFEF*SqH _ ?DCaMgFm<GHfb
>@S}Cm?�`mHIQT;�F*<GHfb[`*S�>�?BADQT<Gb=S�SDb�9�;�MgF*CES}`mS�CE~�<TADS�`J>@;yADHf\ _ Hf`aMgb�F á Å ª6«A¬�¬��(÷6«�Ê ÉfÈfÞ

È&È@É ¬�÷Aª-ð ÉfÅ ª�«	¬6¬ |�9�;=<JS Î SBA�F*;=S�Q�M�Cm?�`mHIQT;@Fm<THIb¥>LKi;=b=S�ADQ�Mg`m`mS�õ _ M,C�F*<GC�>LKi;=b=S
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>LK.<Gb�F*S�C _ Cm?DFmS�C�;=b�ADSDCEF�Mg<Gblb=HI\XO=CmS�>LKi<Tb@`mFmCm;�AYFm<THIb=` ' #�W�>@S�`jM _=_ SDQT`Xõ�Q�M�\�?DFmo=H�>@Sð�÷ Ñ Ê É�ì@É�� í É/ì õPê ò � õ È Ò � õ Ñ ÷ òxø Ñ ò õ ò!ü >@;�F�s _ ShMgO=`EF*CaMg<pF á ÆfÇ@È@É�� Ê c

ÈxÉ³ÊIë ´=c¥Û	Ë;È ³ S�ADHI\ _ Hf`aMgb�F � Z Ò �/��� W � z�����ZxSDFuQTS�`�ö�QG`�>LKiSYô@?BAD;@Fm<THIb1c
��ô�Mg\�<Gb=Hfb@`:\�M,<Gb�F*SDb�M,b�FxQGS�`�AYHf\ _ HI`aM,b�F*`:>@S}�xHICmHI`mHfQ£9�;=<P\�Hk>@?�QT<G`mS�b�F:QGS�`x<Tb=`�]

F*Cm;�AYFm<THIb=`J>@S}Q�MX\rMIA*o=<Tb=S~�<GCEFm;=S�QGQTSIc

] ���Rÿ�')2×JS')���%(	��� # ��0 UÂZ���zDU1# ����0^ákê ò � õ È Ò � õ Ñ ÷ ò V ³ S�`vADHf\ _ Hf`aMgb�F*`.# ��0 UÂZ���z Ó
U1# ����0 CmS _ CE?�`mS�b�F*S�b�F:QGS�`x<Gb=`mFmCm;�AYFm<THIb=`�õ�SYô@?BAD;@FmS�C _ MgCx;=b�ö�Q£>LK.SYô@?�AD;@F*<GHfb á ÆfÇ@È@É�� Ê c³ Ki<Tb�F*?�C2'DFJ>@S\�Hk>@?�QG<T`mS�C�Q�MX\rM,Aao=<Gb=S~k<TC�F*;=S�QGQGSjófM�~IM ß ;=`a9�;=S}>�M,b=`�`mS�`u<Gb=`EF*CE;�AYF*<GHfb@`
S�`mF(>LKiHfO@FmS�b=<TC�;=b=SJM,CmAao=<pF*SBAYFm;=CmSJõ b Z*W�# � 7 � |,\rM,<G`�Mg;=`m`*<=>@S _ HI;@~�HI<TC�CmSB>@?Dö�b=<GC�`m<G\^]
_ QTS�\VS�b�F _ MgCQ�Mr`*;=<pF*S^QGSVADHI\ _ HfC�F*S�\VS�b�F}>@SVAao�M,AD;=b=S�>�K.S�b�FmCmS^S�QGQGS�`B|��fC* IADS�õr;=b=S
QTHkABM,QG<G`aMgFm<THIb _ CE?BAD<G`mSh>@S}QGS�;=Cu`m?�\rMgb�F*<T9�;=Sfc3 HI;=C�Aao�MIAD;=b=S:>@S�`�<Gb=`EF*CE;�AYF*<GHIb=`�>@Sfý5þIU4�az � Ò ��>@SxQ�MJ\rM,Aao=<Gb=Sx~�<GCEFm;=S�QGQTSI|,<GQ�SYô@<G`EF*S
;=blADHI\ _ HI`aM,b�F5# ��0 U#Z���zDU$# ��� |�SDFhAao�M,AD;=b _ HI`m`mwB>@S�`mHIb _ CEH _ CES^F�s _ S�MgO=`EF*C*M,<pFdc��xSY]
_ SDb�>�M,b�Fd| _ HI;=Cv9�;1Ki;=byö�Q�>LK.SYô@?�AD;@F*<GHfb�QTS�`�\rMgb=< _ ;@QTSX>@Sh\rMgb=<Gw�CmSh;=b=<G¡§HICm\�Sf|�FmHf;=`
Hfb�FxQTS5>�;�\5'�\�S�`*; _ SDC�]�F�s _ SI| á�ê ò � õ È Ò � õ Ñ ÷ ò c@þkHfb�`mS�C�~�<TADS ð(÷ Ñ Ê É�ì@É�� ø á Æ�Ç�È=É�� Êõ Ç@È@É�� Ê ü SD`mF�S�b�Aao�MgCm�IS�>@S�Q�MvCm?dMgQT<G`aMgFm<GHfb�>@S:Q�Ki<Tb@`mFmCm;�AYFm<THIb1c ³ MJö��f;=CESu´@c+Û/Ûv\�HIb�F*CES
_ M,CxSYô@S�\ _ QTSvQTS5>@<�M,�ICaMg\�\�S5>@S5ADQ�Mg`m`mS�`�>@S9�;@S�Q�9�;=S�`�ADHf\ _ Hf`aMgb�F*`6# ��0 U#Z���zDU$# ����0 |@õ
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`aMB~fHf<GC ákê ò � õ È Ò � õ Ñ ÷ ò î ê�÷�Ê�Ê 9�;=<PS�`EFxQTS�Fts _ SMgO=`EF*C*M,<pFxCmS _ CE?�`*SDb�F�Mgb�FxQ�K.<Gb=`EF*Cm;�AYFm<GHfb
>@Sjý5þIU4�az � Ò � Ñ � Ê�Ê | á�ê ò � õ È Ò � õ Ñ ÷ ò î47@É õ Ð�Ñ Ékÿ Ê SDF ákê ò � õ È Ò � õ Ñ ÷ ò î ���(÷ � Ê |�CmS _ CE?Y]
`mS�b�F�Mgb�FuCmS�` _ SBAYFm<G~fS�\�S�b�F ù É õ Ë Ñ É�ÿ Ê SDF5ÿkÿ ÷ � Ê cj b{AYHf\ _ HI`aM,b�FV>@S�Fts _ SRM,O=`EFmCaMg<GF á�ê ò � õ È Ò � õ Ñ ÷ ò >@? _ S�b�>l`mFaMgFm<�9�;=S�\�S�b�F^>�S
Q�K.?�QG?�\�S�b�F�<Gb�FmS�Cmb=S 7 ÿ Ò"! �E¦ % z��@U$# ��� >@S�F�s _ S á Æ�Ç�È=É�� Ê ck�qS _ Hf<Gb�F�S�`EFxõ5`*HI;=QG<T�Ib=?f|�ABM,C
QGS�`h<Gb=`EF*CE;�AYF*<GHfb=` _ SD;@~�S�b�FhS�be\�Hk>@<Gö�SDChQ�Ki?DF�M�Fd|�ADHI\�\�S�AIK.S�`EFhQGS�ABM,` _ M,C�S�ô@S�\ _ QGS
M�~�SBAQGS�`J<Gb=`EF*CE;�AYF*<GHIb=`�>@S}O=CaMgb�Aao=SD\�S�b�F�ADHIb�>@<pF*<GHIb=b=S�Q�c

void exec(Thread t);

JInstruction

JInstruction.IAdd JInstruction.LLoad

JVMComponent

JInstruction.GetField

ÈgÉÚÊIë ´@c+Û/Û,È ³ SD`�ADHI\ _ HI`aM,b�Fm`�# ��0 U#Z���zDU1# �/��0 c

] ��� � � � 2_��(	���q�-()������(���� "aZ*W�Û8� 0�á å õ ��� ý Ð È�� è É V j b=Srb@Hf;@~fS�QTQGSj"aZ*W�Û8��S�`EF
M,QGQGHf;=?DS�`m;=C�Q�M _ <TQGS�>LK.;@b�ö�Q�>LKiSYô@?BAD;�F*<GHfb&õeA*o�MI9�;@Sy¡§HI<T`r9�;1K.;@b=Sy\�?DF*o@H�>@S�>@HI<pF
`BK.SYô@?BAY;@F*S�C89Â~�HI<GChAao�M _ <pF*CmS ó�: c���QGQGS�`h`mHIb�Fh\VH�>@?�QG<G`*?DS�` _ MgC�QGS�`h?DQT?�\VS�b�F*`�<Gb�F*S�CEb=S�`á å õ ��� ý Ð È�� è É�c³ M�` _ ?BAD<pö�ABMgFm<THIb3>@S�Q�M�\rM,Aao=<Gb=SR~�<GCEF*;@S�QTQGS�\�SDFVS�b�?D~�<T>@S�b�ADS�Q�Ki<Tb=AD<�>@SDb�ADS�>�S
Q�K.SYô@?BAD;�F*<GHfbr>LKi;=b=SJ<Tb@`mFmCm;�AYFm<THIb�`m;=C(Q�Ki?DF�M�Fx>@SuQ�Mu"aZ*W�Û8�(>LKi;=b=SJ\�?DFmo=H�>@Sfc ³ K.<Gb=`EF*CE;�A�]
F*<GHfb Ñ è@Ò ÿ=| _ M,C�S�ô@S�\ _ QGSf|,S Î SBAYF*;=S:QGSu>@? _ <GQGS�\�S�b�F�>@S�>@S�;�ôj~IM,QGS�;=Cm`�>@SxF�s _ S Ñ ò õ >�S
Q�M _ <GQTS�>@S�`qH _ ?�CaMgb�>@S�` _ ;=<G`�sVSD\ _ <GQTSJQTSJCm?�`m;=QpF�M�Fx>@SJQGS�;=C _ CmHk>@;=<GFBc��5KiS�`EFqQ�M}CaMg<T`mHIb
_ Hf;=C1Q�M,9�;=S�QGQGS(;=bö�Q�>LKiSYô@?BAD;@Fm<THIb á Æ�Ç�È=É�� Ê _ Hf`m`mwB>@S(Q�Mx\�?DF*o=Hk>@S ù É õ Å Ò È�È=É ò õ Ð È�� è É
9�;=<�CmSDF*HI;=Cmb@SXQ�M�"aZaW/Û;��ADHI;=CaMgb�F*S<9§~�HI<TCvAao�M _ <GFmCmS ó�: `*HI;=`vQ�M�¡§HICm\�SX>LKi;=b�?�QG?�\�S�b�F
<Gb�F*S�CEb=S^>@SjFts _ S á å õ ��� ý Ð È�� è É=|£9�;=< _ Hf`m`mwB>@SXQGS�`5\�?DF*o@H�>@S�`5`m;=<G~IMgb�F*SD`9�¤	þ�����S�`EF
_ Cm<G\�<pF*<G¡ : Þ

È ð(÷ Ñ Ê í Ò ��Ç�¤	þ���� ø ¤Aþ���� ð �kÿ Ò É ü Þ�SDQTQGS�S�\ _ <TQGS�`mS�QGHfbr`mHIb�Fts _ SJQ�M~IMgQTS�;=C�` _ ?Y]
AD<pö�?�Sy`*;=C�Q�M _ <GQGS�>@S�`�H _ ?�C*M,b�>�S�`R>@SyQ�M["aZ*W�Û8� H ;=b&M _@_ SDQ5õ�Q�M�\V?DF*o=Hk>@S
í Ò �dÇ Ð ÿ ÷ � õ ø2= î � ü S�\ _ <TQGS�C*M _ M,CuS�ô@S�\ _ QGS}Q�Mj~fMgQGS�;=C = î �TH

Èñ¤Aþ����2í ÷ íq¤Aþ���� ø�ü Þ,S�QGQTS�CmSYF*HI;=Cmb=S:Q�M�~IM,QGS�;=C�`m<GFm;=?�SJMg;V`mHf\V\�SDF(>@S:Q�M _ <GQGSu>@S�`
H _ ?�CaMgb�>@S�`�>@S�Q�M"aZ*W�Û;�uM _ Cmw�`JQ�KNMB~fHf<GCJ>@? _ <GQT?�S�`mS�QTHIby`*HIb[Fts _ S H í ÷ í �	÷ òAùXø�ü
sR>@? _ <GQTS�C*M _ M,CuS�ô@S�\ _ QGS};=b=S}~IMgQTSD;=CJ>@S}Fts _ SXÿ ÷ òAù H
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Èñ¤	þ�����ÿ ÷ � Ê ¤	þ���� ø Ñ ò õ Ñ ò Ê É�ì ü Þ�S�QGQGS�CESDF*HI;=Cmb=Sf|�`mS�QGHfb�`mHfb{Fts _ Sf|�Q�My~fMgQGS�;=C
QT;=Syõ�Q�M _ HI`m<GFm<THIb�` _ ?BAD<Gö=?�S�>�Mgb=`�QGS�F�MgO=QGSdM,;�>@S�`V~IM,CE<�MgO=QGS�`�QGHkABM,QGS�`r>�S[Q�M
"aZ*W�Û;� H ;=b�M _=_ S�Q�õ�ÿ ÷ � Ê�ê ò õ ø2=.ü | _ M,CvSYô�S�\ _ QGSf|�>�Hfb=b=S�C*M�Q�M�~IMgQTSD;=C5`m<pF*;=?�S
õ^Q�M _ HI`*<pF*<GHIb�>LKi<Tb�>�<�ADS ó >@S�ADSF�MgO=QGSdM,; H

È ð�÷ Ñ Ê � õ�÷ È=É�¤	þ���� ø ¤Aþ���� ð ��ÿ Ò É � Ñ ò õ Ñ ò Ê É�ì ü Þ�S�QGQTS�`EF*HkAlkfSf|D`mS�QTHIb�`mHIbF�s _ Sf|
Q�M}~IMgQTS�;=Cq` _ ?BAD<pö�?�Sõ�Q�M Ñ ò Ê É�ìf]�<Tw�\VS _ HI`m<GFm<THIbR>@;rFaM,O=QGSdMg;R>@S�`q~IMgCm<�M,O@QTS�`xQGH,]
ABM,QGS�`�>�S�Q�M�¡§CaMg\�S H � õ�÷ È=É+@ ÷gÒ�ó ÿ�É ø�A î2B A�= �!�A� ü�_ S�CE\�SDFmFmCaM _ M,C^SYô@S�\ _ QTS
>LKis�`mFmH�AlkIS�CuQ�MX~IM,QGS�;=C A î2B A�= � õXQ�M _ Hf`m<pF*<GHfb � c

+ Aao�M,9�;=S�<Gb=`EF*Cm;�A�F*<GHfb�>@S ýNþIUC�az � Ò �jSD`mF�Mg`m`*HkAD<G?�S�;=b�Fts _ S[AYHfb�ADCESDF�>�S[ADHI\^]
_ HI`aM,b�Fh<G\ _ Q�Mgb�F�Mgb�F�QTS�ADHI\ _ HICEF*SD\�S�b�Fh>@S�ADS�QGQTSY]tAD<�c ³ M�ö=�f;=CES�´@c+Û*ä�b=Hf;=`}\�HIb�F*CES
_ M,C�SYô@S�\ _ QGS}QGS�AYHf\ _ HICEFmS�\�S�b�FJ>@S êg÷kÊkÊ 9�;=<LS�`EFuQGSFts _ S�ADHIb�ADCESDF�>@;[ADHI\ _ Hf`aMgb�Fákê ò � õ È Ò � õ Ñ ÷ ò î êg÷kÊkÊ CmS _ Cm?�`mS�b�FaM,b�FxQ�K.<Gb=`EF*CE;�AYF*<GHIb�>�S�ýNþIU4�az � Ò � Ñ � ÊkÊ c@�xS�QGQGSY]tAD<�>@?Y]
_ <TQGS�>@S�;kô�S�b�F*<GS�Cm`u>@S}Q�M _ <GQTS}>@S�`uH _ ?�C*M,b�>@S�`J>@SQ�M5"aZ*W�Û;�:ADHI;=CaMgb�FmSf| _ Hf;=C�S�b=`m;=<pF*S
syS�\ _ <GQGS�CvQ�MV~IM,QGS�;=C5>�SjQ�KNMI>@>@<GFm<THIb�>@SXAYS�`5>@S�;�ôy~IM,QGS�;=Cm`Bc)��QGQTSjb=HI;=`v\�Hfb�F*CmSh?���M�]
QTS�\VS�b�F:Q�MhADHfQGQ�M,OPHICaM�F*<GHfbRS�b�F*CmS�;=bRADHI\ _ HI`�Mgb�F á�ê ò � õ È Ò � õ Ñ ÷ ò SDF:;=br?�QT?D\�S�b�F:<Gb�]
F*S�Cmb=S á å õ ��� ý Ð È�� è ÉR9�;=<�CmS _ CmSD`*S�b�F*SX;=b=S5"*ZaW�Û8�vM,QGQTHI;=?�S _ HI;=CvQ�KiSYô@?BAD;@Fm<GHfb�>LK.;=b=S
\�?DF*o=Hk>@S¨Þ�QGS�ADHI\ _ Hf`aMgb�F á�ê ò � õ È Ò � õ Ñ ÷ ò ;@Fm<TQG<G`*S�<TAD<�QGS�`�\V?DF*o=Hk>@S�`�í ÷ í ê ò õ SDF
í Ò �dÇ ê ò õ >@;�Fts _ S�MgO=`mFmCaMg<GF á å õ ��� ý Ð È�� è É _ HI;=CCmS�` _ SBAYF*<p~�SD\�S�b�F�>@? _ <GQGS�C}SDFS�\^]
_ <TQGS�CJ>@S�`�~fMgQGS�;=Cm`uS�b�F*<Gw�CES�`�>@SFts _ S Ñ ò õ c

ÈxÉ³ÊIë ´=c¥Û/ä,È9��ô�S�\ _ QGS�>@S�Q�KiSYô@?BAD;@Fm<THIb�>@S}Q�K.<Gb=`EF*CE;�AYF*<GHfb Ñ � ÊkÊ
��b _ QG;=`�>@SR\�Hk>@<Gö=S�C^Q�M Ë È�� è É�ADHf;=C*M,b�F*Sf|�;=b=SR<Gb=`mFmCm;�AYFm<THIb _ SD;@F�MB~fHf<GC^;=b=S

<Tb�AD<T>@S�b�AYSv`m;=C�QGSJö�Q�>LK.SYô�?BAD;@F*<GHIb�>�M,b=`�QGSB9�;=S�Q�S�QTQGS�`BKiSYô@?BAD;@FmSfc��5KiS�`EFqQ�MCaMg<T`mHIb _ HI;=C
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Q�MI9�;=SDQTQGS�<GQ�S�`EF�QGS _ M,C*M,\VwDF*CES _ Cm<Gb�AD< _ MgQTS�>@SVQ�MR\�?DFmo=H�>@SrÉ/ì=É���>@;�Fts _ S�M,O=`EFmCaMg<GFákê ò � õ È Ò � õ Ñ ÷ ò M�ö�b�>@Sj¡ÂM,<GCmSXAYHfQGQ�M,OPHICmS�CvQGS�`5ADHI\ _ Hf`aMgb�F*`D# ��0 U#Z���zDU1# ����0 SDF5QGS�`�ö�QG`
>LK.SYô�?BAD;@F*<GHIb1c & Q�S�`EFq;@F*<GQG<T`m?JS�b _ M,CEFm<TAD;=QT<GS�C _ M,C(QTSD`q<T\ _ Q�Mgb�FaMgFm<THIb=`x>@S�`�<Gb=`mFmCm;�AYFm<THIb=`
>@S�O=CaMgb�Aao=SD\�S�b�Fm`dc ³ M�ö��I;=CmS[´@c+Û ó \�HIb�FmCmS[AYHf\�\VS�b�FVQ�Ki<Tb=`EFmCm;�AYF*<GHIb ù ÷*õ�÷ >�S�Q�M
\rM,Aao=<Gb=S�~k<TC�F*;=S�QGQGSeMl?DF*?�Cm?dMgQG<T`m?�SfcuþkHIb�HIO ß SBAYF*<G¡�S�`EF[>@S�\�H�>@<pö�S�CRQGS�ADHf\ _ F*S�;=C
HfCm>@<Gb�M,Qx>LK.;=blö�Qx>LK.SYô�?BAD;@F*<GHIb1|�ADSR9�;=<qS�`mFXS Î SBAYFm;=? _ MgCX;=b�M _=_ S�Q:õyQ�M�\V?DF*o=Hk>@SÑ ò � é Å�>�;[Fts _ ShMgO=`EF*CaMg<pF á ÆfÇ@È@É�� Ê c

ÈgÉ³ÊTë ´@c+Û ó ÈÅ��ô@S�\ _ QTS�>@S}Q�K.SYô�?BAD;@F*<GHIb�>@S}Q�Ki<Gb=`mFmCm;�AYFm<THIb ù ÷/õ(÷
3 M,CE\�<�QGS�`<Gb=`EF*CE;�AYF*<GHIb=`}>@S�ýNþ,U4�az � Ò �D|�Hfb�>@<G`EF*<Gb=�I;=SVADS�QGQGS�`}9�;=< _ CmHd~�Hk9�;=SXQ�K.<Gb�]

~�HkABMgFm<THIbl>�S�\�?DFmo=H�>@SD`dc ³ S�`�ADHI\ _ HI`�Mgb�Fm`jM,`m`mH�AY<T?�`h>@? _ SDb�>@S�b�Fj>ks�b�M,\V<�9�;=S�\�S�b�F
>@;yADHI\ _ Hf`aMgb�F�# ��'+� zaW,U1# �/� Ò �ÙÛ % U$� � Ò � 0 9�;=S}b=HI;=`�>@?�ADCm<p~�HIb=`�AD<�]�M _ CEw�`Bc
] � ÿ�')2×JS')���%(	� # ��'E� zaW,U$# ��� Ò �_Û % U$� � Ò � 0�á/w É õ Ç ÷fÊ�ê ò ð(÷Iý ÉfÈ V ³ S�`aA*o=?�\rM

>LK.SYô�?BAD;@F*<GHIb¸b=HfCE\rMgQX>@S��qHfCEHf`mHIQXSD`mF�>LKi<Tb�F*S�C _ Cm?DF*SDC�A*o�MIAD;@b=S�>@S�`�<Gb=`mFmCm;�AYFm<THIb=`
>@SqýNþIU4�*z � Ò �5FmCaMgb=`m¡§HICm\�?�S�`�S�blADHI\ _ HI`�Mgb�F*`5# ��0 U#Z���zDU1# �/��0 c��qS _ S�b�>�Mgb�FjADHI\�\�S�QGS
\�HIb�F*CES�QGSRAao�M _ <pF*CmS�`m;=<p~IM,b�FB|�<GQxSD`mF _ MgCm¡§HI<G`^b=?BADS�`m`aMg<TCES�>@SR>�?�QT?��I;=S�CXQ�K.SYô@?�AD;@F*<GHfb
õRQ�MR\rM,Aao=<Gb=SV~�<GC�F*;=S�QGQTSF� ã U4�Dc��vK.S�`EF�S�b _ MgCEF*<TAD;=QG<GS�C�QTS�ABM,`�QGHICm`�Q�K.SYô@?�AD;@F*<GHfbl>LK.;@b
`mS�CE~�<TADS�>LKi;=b&ADHI\ _ HI`aM,b�F�>@S _ ;=<G`rQ�KNM _=_ QG<TABM�F*<GHfb1|q>LK.;=b=Sy\�?DF*o=Hk>@S�S�`EFrb�MgFm<G~fS�HI;
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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
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(Corosol)

Niveau méta 2
(JVM hôte)

: lien méta
: meta−objet
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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
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�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�<�);)/<
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?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
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¦%,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*
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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
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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
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r�97��0E5mV;)l9�5v?v9�(/?b0�×vD6AC(+<D�ZH � 2 H

Sens du flot d’exécution

new dup invokespecial
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new dup invokespecial

Sens du flot d’exécution

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

Niveau méta 1
(Corosol)

: lien méta

instance d’une classe A
tableau

instance de JClassInstance
instance de JArray
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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

�N����Ò ��\iî¤ï � ��� ×o¡oTpX�A"T���Y�T��ZH'Y0J!A"TnX�AtJ�D7H'T�T�A"T
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DyH_J!DyH2T�T$A*T�F���R&H2Y��$A�Ø



��î2³ ÞbÉ ßáà
â�ã�Ê�äæå*ç Þ�èxé Áêã}Ê#Ë Þ ãIâ èxéFë ä�Á h k�mMì:íCî

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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ÜkA"WBH'�$E�F�A Ø�Ý�DbA�T��tF�Y�A��%X�G"AcádY�A_C3H2Tt��F�a�D%��A"� \ « �&��TtX�A_DyHIJ��&Y�T��$��F�J!�$����Y�XoF
J��oXoANX�F ì3� æ"�'�BX��,F�Y�AB�%Y�T��`H2Y0J�AcX�AcJ�D7H'T�T�A ð JZL3H'J�F�Y�X�A"TU�&CG"�ZH2Y0X�A"TxX�A�TU��Y�T��$��F0J`�
�$����Y�TqX�A_a��ZH2Y0JZL�A"W�A�Y��$TtX������¤���$��A_��A"Y?F�W�G"���&��G�\ËÝbY�A�µ|A�� OPH.×��&F��$A"�*F�Y�A_Y���F�R�A"D%D�A
��Y�T�����F0J!���%�&Y�H2F�T�A"��Y�X�FGþ!�'QUçZ¾Pæ�ê.çBX��,F�Y�A�W�G���L��oXoA�A"Y����ZH=lyY�AsF�Y�X�G J H2D7H'h&AwX0H2Y�T
J�A"D�F��»��J!��\

Op�&F�T+R�A"Y��&Y�TzX���H'a�&�$X�A��]D�A"T]C����=×?¡oTzX��,��Y�T��ZH'Y�J�A�O=D�A"F��PT��$��F0J!�$F���AuA��zJ��&W�W�A"Y��P�%D�T
T���Y��}J���G"G"T�H'FUJ���F���T}X�A�D��vA!×�G J!F��$����Y+\7ÊmH2Y�TzDyH�T�A J!�$���&YUT$F���R&H2Y��$A�O	Y��&F�TzA!×0H2W���Y�A"���&Y�T
J��&W�W�A"Y��*F�Yw�`H2a�D�A=H'F�X�F�Y���R�A=H2F�W�G��`H«ÌICA"Fo�¤���$��A#�$�ZH2Y�T�V)�&��W�G#A"Y�F�Yw�`H2a�D%A H'F
Y3H	�$��V}X�F-Y���R�A=H'F-W�G��ZH>Ì�\

dans le tas de Corosol
représentation mémoire

JClassInstance
instance de

: accède à

niveau méta 1 niveau méta 0

instance de JProxy

�N�p�kÒ ��\,³<ïd���$��D%��TZH	�$����YSX�A"T ì3� æ"�'��äjX��,�%Y�T��ZH'Y0J�A�T

ÿ��:Ø���ê [ ��ÙA�pÚPÙ�Ý*�uëmÞ�Úê��ìkí
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C�D��7J H	�$���&Y+OzT��&Y��x��A"C���G"T�A"Y���G"T_H2F�Y���R�A=H2F®W�G��ZHK�BC3H'�UX�A"Tx��Y�T��`H2Y0J�A"T#X�AcD7HsJ�D7H'T�T�A�.-  ?  �&�?0¹R������kß�h�F���At��\ ¸32 \ « ����TZE�F�A*D��,A!×�G J�Fo�$����YSX��vF�Y�A*W�G���L��oX�A*A"T��nXoG"D%G�h�F�G"AqXoF
Y���R�A=H2F�W�G��ZH�Ì�H'F�Y���R�A=H2F�W�G��ZH �BA��xE�F�ANJ!A����$ABW�G���L��oX�ABC��T�T�¤ X�AcF�Y��`H2a�D%A H'F
J��&W�W�AqH2��h&F�W�A"Y�� O�Y��&F�T�A�µ|A J!�$F��&Y�TpD�A"Tp�&CG"�ZH	�$���&Y�TpT�F���R&H2Y��$A"T¤Ø
�&\�F�Y^�`H2a�D�A=H'FwY3H2���%V�A"T��tJ���G"G�áNC3H'�(�$���*X�A#DyHN��A"C���G"T�A"Y��`H	�$����Y�X�A ��-  �  �'�8O|C3H'�

��A J��&C��%AtX�A"TkR�H2D�A"F���TpJ���Y��$A"Y?F�A"TpX0H'Y�T�D�A"TnX���µ|G"��A"Y���A"TpA�Y��$��G�A"T ð
îo\�D7H*W�G!�$L��?X�AnT �,A!×�G J�F���AiH'FBY���R�A=H2FcW�G!�`H�{0¹C3H'�uDyHrWcH'JZL���Y�A�Ro�%�(�$F�A"D�D�AnL&É'�$A 2 ð
M�\pX�Aj��A��$�&F��uH2F#Y���R�A=H2F_W�G!�`H`Ì�O2D��,A!×�G J�Fo�$����Y�J��&Y����%Y?F�AkC3H2����A J��&C��%AkX�A"T}R�H2D�A"F���T

X�A�JZL3H'E�F�A�A"Y�����G"ABX�Fw�`H2a�D%A H'F�Y3H	�$��VjX0H2Y�TqJ�A"D�D%A�Tq��A"C���G"T�A"Y��$G�A"TtC3H'�*D��v�&a&×�A!���-  �  �'�dC���G J�G X�A"W_W�A"Y��pF�����D%��T�G�\
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Niveau de base
(programme)

Niveau méta 0
(Corosol)

Niveau méta 1
(Machine virtuelle hôte)

: lien méta

tableau de type Type[]

tableau natif de type Type[]

instance de JArray
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~@AUJ$L3H'C����$��AqY���F�TrH_CA"��W���TiX�AUX�G J����%��AqC�D%F�TiA"Y�X�G��ZH'��D�TiD�Aq� É&D%AqA��nD���H'��JZL����$A J`�
�$F���A�X�A"TqX���µ|G"��A"Y��$A"TqJ�D7H2T$T�A"TqX�A ì� æ"�&�Rä!\ËÊnA"Fo×�J H	�$G"h&�&����A"TUX�ABJ�A�TUJ!DyH2T�T$A�TqT��&Y��xá
X��%T��$��Y�h&F�A"��Ø8D�A"TtJ�D7H'T�T�A"TtX�A ì� æ"�&�xC��F��*D�A"TtJ��&W�C�&T`H2Y���T*A��*D�A"TtJ�D7H'T�T�A"TtX�A ì3� æ"�&�
C|�&F��#D�A"T#�%Y�T��`H2Y0J�A"T_X�AIJ�D7H'T�T�A"T \LOp��F�T�H"R��&Y�T#T���F�D���h�Y�GdD��,�%Y��$G"� �!��X�AN�$A"D�D�A"T_T��$��F0J`�
�$F���A"TiD��&��TmX�F�C3H2T$TZH2h�AxX�AUD��vA`×�G J�F��$���&YwX�F�Y���R�A H'F�W�G��ZH��«0:J�A"D�F��}X�A_~�������T��&D 2 H2F
Y���R�A=H'F�W�G��`H«Ìb0:J�A"D�F��uX�A�D7HdWcH'JZL���Y�A_L&É&��ABE�F��bA!×�G"J�F��$Ac~@�&���&T$�&D 2 \ËÝ�Y�A�µ8A�� O�F�Y
�$A"D�C�&Y��xA"Y�����AcW�G��ZH	�fY���R�A=H2Fo×�A"T��xY�G J�A�T$TZH2�%��AND�����T#X�AcD��vA!×�G J!F��$����YKX�AcW�G���L��oX�A�T
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átDyHrR���D�G"A�\�~�AiJZL3H2C�������AmHtA!×�C�&T�GiD7HtT��$��F0J`�$F���AiX�F þ`�&QUçZ¾Pæ�êEç�X�A"T@W_G��$L��?X�A"TjX�AiJ�A"T
J�DyH2T�T�A"T=\ « A"T�JZL3H2C�������A"T_T�F���R&H2Y��$T�X���Y�Y�A"���&Y��BX�A"T�A!×oA"W�C�D�A"TBX��,F��$��D%��TZH	�$����YÅX�A-J�A"T
W�G J H2Y��%T�W�A"TpX0H2Y�TpD�AtJ H&Xo��AtX�AtD���H&X0H2C��`H	�$���&YsX�A*C����&h��$H'W_W�A�\
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*-�����96ú�üRú,�bú,�M% Ý ú,�ÈûÅÎ��_ýX�/ú#�-�2üRý/ûN�M� þ� 0���L��DûbýÜü+B�	n�Rý�����ê#7$,>�7� þ��Ký��cû�	��Oý\þ��DûbýÜü;!v��/ý
ú#	gý���E��ÜücþÆûRýÜüAB�:� þ��+ý��cû�	��Oý>���L����Rý#%�Ê¬ú�ü��y*Ký>�2ý/ûRûbý��/û���_ý#1)�L[ w�/û+EOú/*Ký=æ�Ì��_@BCK=#Ì�*�	
�Oú,	J$Bý:�	Í�/ú# 0�_ú,�A��Bû?*Kú�þÆû"!/ûbücýn�7�/ücþÆûRýn�RþN�/ýn*KýÜü��OþÆýÜü[*Kú�þÿûA!/ûRüRýjþ��OþÿûbþL��Æþ��+�07$;ý7���Æý��
$,��Æý�	Oü��=*Ký[�M�{��-�/þ ý��(�/ú# w�_ú#�A��Dû:%�9p� ý��Rû�þ� 0�_ú;ümû���Dû=�_ú,	Oü�� ý��>�/ú, 0�_ú#�A��Dû+�=�/ú, 0 gý
�Æý"û���71�'�	OþÙ�A�	J$Bý�@)Iü+*Ký��Dû>*Ký��>*Kú,�����Üý��>*Fý?�M� ý8ô��7��	KûbþÆú,�Ù%

Ê<��Rý7�2ú#�-*Ký��/û���_ýW�/ú,���Rþ��cûRýXð�ü;�7��	��}�ÜüRý/üj�ÆýW�/ú, 0�_ú,�A��Dû×d7���\æDìB�+CG@mlOCK=:Ü�� � Ì=��	ü
�LX 0�/û�EOú�*KýN�cû�Tûbþ�'�	OýHË � æ � E � @NÖ 4 Ì	ì��|��æBìD�NCF@rlNCF=\Ü|� � Ì-% Ý X w�/û+EOú/*KýNæ�Ì��_@BCK=#Ì)Ë � ?J� ��� Ì � ì
ü��:��Æþ��Rý[� ýAücý� 0���L,�/ý� gý��Dû>*��
	��I�/ú# w�|ú,�A��Dû:%

e þ����RþM1��_ú,	OüjüRý� w������/ýÜün�ÆýC�/ú, 0�_ú,����Dû0*Ký ûtÎ��_ýC�6��cûbü+	þÿû��D��Iün��(�Oú#	J$;ý����Æý
þ� 0������DûAIûRþ ú,�=l�äF��rÜ?��_@J1�� ý��6ú#�}�/üATûbþÆú#���Tð�ü��7��Æþ��bý/üX��IüW�M�{������Æþ��7IûRþ ú,�Ï�bú,�DûW�Æý��X��	Oþ�]
$,��DûRý���é
d:�|��æBìD�NCF@rlNCF=\Ü|� � Ì�Ô#Õ�? ö÷Ë � æ � E � @NÖ 4 Ì	ì��|��æBìD�NCF@rlNCF=\Ü|� � Ì!n�pyt
Ô#Õ�?=Ö&æ�Ì��_@BCK=#Ì)Ë � ?�� ��� Ì � ìxn � Ì ^ l�äF��rÜ?��_@�nqpIpyt
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Ê<z ���AEOþ��Oýi$Gþ ümû+	Oý����ÆýfüRý7�+EOýÜü+�AEKýÜüAz�ÆýB�/ú, 0�_ú,�A��DûX*Ký ûtÎ��_ýB�6��RûRüAIþÆû\��ý/û\üRý� �]

������/ýÜüAi�Rú,�jþ� w������Dû�TûbþÆú,�0�/ú,	OüA��DûbýX��Iü��Li�Oú,	J$Bý����Æý]þ����cû���-�/ý�l�äF��rÜ?��_@J%;<�ý��-*-��Bû
�/ý�� ú,�}�ÜüATûbþÆú#�J�:1Oý����Æý�þ���$Bú/'�	OýÜüA���� 0�/û+EOú/*Ký[æ�Ì��_@BCK=#Ì�*J	C�Oú,	J$Bý:�	I�/ú# 0�_ú,�A��Bû:%q ô-� gþ��Oú#�J�H �	þ��Dûbý�����DûH'�	Oý���'�	Oý��Sý8ôKý� 0�J� ý��H*Ký]ücý� 0���L,�/ý� gý��Dû+�H*�Î/��� gþ�'�	Oý��
*Kýz�/ú, 0�_ú,�A��Dû��7%
a�b��76 � Ý]. ,5æ2â(�6Ý]. Ý�Þe@)���q� Þ Ý �ÜÞ�Û�@�á�� �x@��/å(Þ

� ú#	J�p�/ú# w gý��,�/ú,���i��� þ�����	��cûbüATûbþÆú,�K*J	¹üRý� 0�J����/ý� gý��BûB*�Î���� gþ�'�	Oý�*Ký��/ú# w�_ú�]
����Dû���Iü�	�� ý�ôKý� 0���Æý[�Rþ� 0���ÆýgéJ� ý[�AE����@;ý� gý��Dû>*KýB������� ���Dûbþ�'�	Oý[*���	��Oý"þ����cûRü�	-��]
ûbþÆú#�I*Ký=�5 ,R87AÐ$9 :B7�%
l���í�±³íml � p�ú^ù³��ú8�?ü

96ú,���RþL*��ÜüRú,���x�M� þ����cûbü�	-�2ûRþÆú#���;C#ç/ç�%\96ý����Æý8]t�/þ;ý�Ø|ý7�2û+	OýN�M�{�*�*KþÿûbþÆú#�z*KýH*Ký�	/ô[�Oú, �6Oücý��
ý��DûbþÆýÜü���*KýgûÅÎ��_ý5� � ì31x�Rþÿû+	������	D�Rú, 0 gý/û�*Ký���C�Kþ��Æý.*2� ú,�3�/üA��-*Ký���*���	��Oý�é�æKCT?}Ì-%
<�ú,	Oü��/ýI!Z	þÆüRý#1Sý����ÆýCÎ�*J���Oþ�� ýI�/ý���*Ký�	�ôUý��DûRþ ýÜü;�71Sý�Ø�ý��2û+	OýC� ý�	Oü��*�*KþÿûbþÆú#�Ù1N��	Oþ��0Î
ý� 0�Oþ�� ý?�/ýAü�����	��ÿû�Tû:%� ý� 0���L,�/ý/üI	��OýÍþ����RûRü�	-�2ûRþ ú,�m*FýF�LQ ���AEOþ��OýÍ$FþÆücû�	Oý���� ýÍ�bþ�@,�Oþ�ñOýF gú�*Kþ~ñNýÜüC�L
�+�� ���DûRþL')	Oý(*KýI�Rú#��ý8ô��7��	KûbþÆú,�Ù% $ 	Oý����Æý('�	OýI�Rú;þÿû��LK gú�*Kþ~ñ��7TûbþÆú#������_ú�ücû��Üý×�	
�/ú# 0�_ú�ücûRý� gý��Dû�*Ký��/ý/ûcûbý�þ����cûbü;	-�2ûbþÆú,�Ù1¯þ��aý��Rû�*Kú,�-�gþ� w�_ú#����*�� ý�Ø�ý��2û+	OýÜüz*Ký�	�ôD*J�8]
�Oþ��Æý� gý��Bû+�e�Üë��8Û�72H�RtSIØ�Ú$7�J×ý/û�	���ý� 0�Oþ�� ý� �ý��Dû������� �ý��Dû�IþÆüRý#%N<�IüT������ gý��Dû�IþÆüRý#1J�Oú#	J�
ý��Dûbý��-*Kú,���Ï*Ký��.������ gý��Dû��Ï*Ký×��Iû���@;ú�üRþÆý V 1y*Kú,�Dû.� ý���ûÅÎ��_ý��.�_ú,���Rþ�6��Æý��Ï�Rú,�Dû � � ì21
éO@ � C�ìÖú,	D*Ký���ü;��!"�Üücý��-�/ý���Pv�Æý���ûtÎ��_ý��?����	��?�|ý2ûbþÿû+�71°=\ÜNC#æ}135�äDì-Ì ý/û[5 �/� @�ÌDC � �Rú#�Dû
ûbüA�����!�ú�ü� 0���0ý��>� � ì?�Æú;ü;�N*KýW�Æý�	Oüj������A�@;ýT�	n�RýÜþ��n*���	J�Oý°·+ÚAS\Û�7bQ�%�Ê¬ý��N�	KûbüRý���ûtÎ��_ý��
*��������� gý��Dû��71:ðX�A7$;ú;þÆü0@ ����4 ý/û<ç � ��5_@�Ì�1��Rú,�Dû<*KýH�7Iû���@�ú;ücþ ý×�6ý/ûx���7�/ý����Rþÿûbý��Dû71:')	���Dûjð
ý�	�ô�1\*�� ý8Ø�ý7��û+	OýÜüj*Ký�	�ôz*J���Oþ��Æý� gý��Dû���ú#	�ý� w�Oþ��Æý� gý��Bû+�j������ �ý��Dû�IþÆüRý��7% q ��ü�����	� 0�#17�L
�Oú#	J$;ý����Æý=�+�� ���Bûbþ�'�	Oý=�Oý=*Kú;þÿûy����� gú/*Kþ�ñOýÜü���fûA	þ���� ý>*Ký=�LB�Oþ��Æý>*�� ú,�}�ÜüA��-*Ký��y*Ký=�L
·AÚAS\Û�7��	KûRüRý� �ý��DûH')	Oý�*J�7�2üRþÿû�*-����N�Li���}�7�/þ~ñ��7TûbþÆú#�0*Ký Ý 	�� ç þ��/üRú,�;Î��cûbý� w���
ÊI�A���m�
�bþ��Oú,�I�M� þ��Dû+��@;ücþÆû��z*Ký[�M� ý8ô��7��	KûbþÆú,�5ý��cû üRý� gþ��RýAý��I�7�	��Rý#%ç ú�*Kþ~ñNú,������� þ����cûRü�	-�2ûRþ ú,�Í��C)ç�ç��_ú,	Oü�'�	Oý[�/ý����Æý8]t�/þMý� 0�Oþ�� ýB�Æý[�Oücú�*J	Oþÿû=*Ký���*Ký�	�ô
ý��DûbþÆýÜü��B*J���Oþ������?*Fýn�L��Oþ��Æýw*�� ú#�}�Üü+��-*Ký��:% q ���Æýw*Ký8$Fþ ý��Dû?��Æú�ü��[�2ú# 0��IüA�6��Æý0ð���� þ����;]
ûbü�	-�2ûRþ ú,� �Ü?F�_@�'�	Kþ�ý�Ø|ý7�2û+	Oý��Æý��i g!� gý��³ú#�}�/üAIûRþÆú#���p*Ký��Oþ�� ý#%_e þ����RþM1}�Æý��[��2ûRþ ú,���[ð
ü��:�� þ��RýÜü��bú,�Dû�� ý��=��	Oþ�$,��Dûbý���é

ê *J���Oþ�� ýÜü��Æý[�OüRý� gþÆýÜü�ú,�}�ÜüA��-*Ký#1
ê *J���Oþ�� ýÜü��Æý[�bý7�2ú#�-*�ú#�}�Üü+��-*Fý#1
ê´ý� 0�Oþ�� ý/ü�� ýAü�����	��ÿû�Tû>*Ký[�Æý�	Oü� �	��ÆûRþ����Æþ��7TûbþÆú#�I��	Oü��L��Oþ��Æý#%
Ê<[�Oú,	J$Bý����Æý³þ��J�RûRü�	-�2ûRþ ú,���2û���Dû×ü��7��Æþ��+�Üý,1Dþ���!v�	Kûy �Iþ��Dûbý��-��DûW')	Ù� ý����Æý>�Rú;þÿûy�Oücþ��Rý

ý����/ú, 0�KûRýW�	z�RýÜþ���*KýSûbú,	KûbýH�LT ���AEOþ��OýH$Gþ ümû+	Oý����ÆýX9×ú;üRú,�Rú,��% � �Oýzþ����cûbü�	-�2ûRþ ú,�z�2û���Bû



V ò*� a�ß bBcNd�eVà f{zr|�g bBh�bpcie�bieVd8kTl h â àTbBlneÓá o f0ZA[>aBâ eVd8kTl

ý���� ý8]& �!� gýw	��Í�/ú# w�|ú,�A��Dû:12��.���7'�	Oý��-�/ý0*�� ú,�}�ÜüATûbþÆú#���zð>ý�Ø|ý7�2û+	Oý/üAý��cûAþL*Ký��Dûbþ�'�	Oý
ðw�/ý����Æýz*Ký[�Ù� þ� w�_ú;ümûbý?'�	Oý��x�	KûRüRý[�Oú,	J$Bý:�	(�/ú, 0�_ú,�A��Dû7%
l���í�±³í�� � úÅý/ü�üxù���þ�²�pJü �¯²yü¬���ÍËSpOËHýGËf�

9×ú# w gý��Kú#	��H�M�{�$Bú,����*J�cè;ðp gý��DûRþ ú,�����#1,� ý]ûtÎ��_ý"d/r � ETì�æ;�|=Tì|� ���  gú/*J��� þ��Rý�	��Oý
þ����RûRü�	-�2ûRþ ú,�Í*Fýn�L� ���AEOþ��Oý�$FþÆümû+	Oý���� ý0ê#7$,�%2Ê<� 0�/û+EKú�*Ký�Õ � ��çmÌ Y ÌF=�n/dT�)Ü�æ�ÌDC)ç(p
*Ký��/ý(ûtÎ��_ý(þ� 0���L��Dûbý��L����� ���DûRþL')	Oýn*Ký��/ý/ûcûbý(þ����cûRü�	-�2ûbþÆú,�K*-����?9×ú;ücú#�Rú,��%_e þ����Rþ�1
�_ú#	OüX �ú�*Kþ~ñNýÜüX�Æý[�/ú, 0�_ú�ücûbý� gý��Dû�*Kýp�M� þ����cûbü�	��2ûbþÆú#�Ö�;C#ç/ç�1Fþ��2!v�	Kû]ü����7�2üRþÆüRýB�/ý���� ý8]t�/þM%
96ú, 0 gý�� �/ú#������Iü�ý8ô-� gþ��OýÜü��Rú#� þ� 0���L��Dû�TûbþÆú#�C��Iü=*J��!v�	Kû:%
¡+¢y£�¤�£¦¥�£�¡ §q¨�©!ª¦«(¬�D«�#®¦¯�¬°©�«,±³²�´+µ�«�¶u

9×ú#�J�bþ�*J�Üücú#���=�Ln�_ú�ücûRþ ú,�I*Kýz�2ú�*Ký[�+	Oþ~$,��Bûbýgé
s �D�/5+@K�B=GÕ � ��çmÌ Y ÌF=�n2dI�#ÜJæJÌGC#ç ì�Ü�æ�ÌDC)ç(pZ·v d;�	ìNCF=r"�O�æOC�?3Ì é)æOC�?3Ì ö ì)ÜJæJÌGC#çyÖ 4 Ì	ìJË��Jæ�æ�Ì � ì/O/æKCT?}Ì!n�pytw � � ì÷ÕNCF@T��Ì�� ö÷é�æKCT?}ÌHÖM� � �2r � ìxnqput} � � ì÷ÕNCF@T��Ì('Qö÷é�æKCT?}ÌHÖM� � �2r � ìxnqput� é�æKCT?}ÌHÖ��D�|E:Ü2r � ìxn^ÕOCF@T��Ì('¹¸ ÕNCG@I�-Ì/� pytº »

Ê<=� þ�@,�Oý V  gý/û0ý��n�8$FþL*Fý��-�/ýX�M��	��Oþ�'�	OýW��IüA� 0Ò/ûbücýX*KýW��= 0�/û+EOú/*Ký�Ì Y ÌK=�1�	��Èú,6�]
èqý/ûW*Ký ûtÎ��_ý�dI�#ÜJæJÌGC)ç�%GÇp����y�M�{Iü+�+EOþÆûRý7�2û+	KüRýi*KýB9×ú;ücú#�Rú,��1Bþ��+ücý��Oü����Rý��DûRý>�Æý=ñ-�}*�� ý8ô��8]
��	KûbþÆú,�(ú,	z�Oücú��/ý�����	��<����@�ýÜüV�	z�RýÜþ���*J	-')	Oý���	��Oýaþ����cûbü;	-�2ûbþÆú,��*Kú�þÆû�!/ûbücýaý8ôJ�7��	Fû+�Üý#%\Ê<
�Æþ�@,�Oý(�� gú,�Dûbücý?'�	Oý?�/ý"ûtÎ��_ý[�_ú,�+��Ò7*KýAý��C����	����Ln 0�/û�EOú�*Ký 4 Ì�ì�Ë;��æ/æJÌ � ì/O/æKCT?}Ì!n�p
'�	Oþ[�_ýÜü� gý/ûu*2� ú,6Kûbý��OþÆüI��`·AÚAS\Û�7I�	m�RýÜþ��m*KýF���'�	Oý����ÆýP�M� ý�ôJ�7��	KûRþ ú,�m�RýD*J�ÜüRú,	��Æý#%
9WE��'�	Oý"·+ÚAS�Û�7 ý��cû[ �ú�*J���Æþ��+�/ýw��IüB�ÆýÈûÅÎ��_ý d���ìOCK=#"�O�æOC�?3Ì�% � �`ú#6Kèqý/û[*Kýw�/ýÈûÅÎ/�_ý
ý��cûW*Kú,�-��üRý/ûRú#	Oü;���=��	üH�L[ 0�/û�EOú�*Ký 4 Ì�ìJË��Jæ�æ�Ì � ì/O/æKCT?}Ì-%Bh&���_ú,���+Ò7*Fý>�Æý��� 0�/û+EOú/*Ký��
�_ýÜü� gý2ûRû���Dû[*Kýn ���Oþ���	��ÆýÜüB�ÆýÈû��6�� ý7�	Í*Ký��p$,	ücþ��6��Æý��[�Æú�����Æý��Aý/ûB�L.�Oþ�� ýw*Ký��Aú,�}�8]
üA��-*Ký��=*���	��Oý�·AÚ+S�Û�7\ý/û ý��C��IücûRþL��	J� þÆýÜü�é

%XÕ � ��ç��G�_E\Ü3r � ìfn2� � ì÷ÕNCG@I�-Ì,pw'�	Oþ�ý� 0�Oþ�� ý�	�� ý��DûbþÆýÜüp*Ký�ûtÎ��_ý�� � ì312�	u�Rý����
*J	C�Oþ~$Bý7�	C 0�/û� V 1���	Oü��Ln�Oþ��Æýz*Ký���ú,�}�ÜüA��-*Ký�� ý/û71

%"� � ì�� � �3r � ìfn�p>'�	Kþ�*J���Oþ��ÆýT	��jý��BûbþÆýÜüN*Ký6ûtÎ��_ýf� � ì21,�	n�Rý����H*J	��Oþ�$;ý:�	n 0�/ûAV 1-*Ký[�Ln�Oþ��Æýz*Ký���ú,�}�ÜüA��-*Ký�� ý/û ý��5ücý/ûbú,	Oü��Oý[�A�$#��Æý�	Oü7%
ei	/ô�� þ�@,�Oý�� ` ý/û�ò�1X*Ký�	�ô ý��BûbþÆýÜü��Ï�bú,�Dû���	-���2ý����bþ~$Bý� �ý��DûC*J���Oþ������C*Ký×��D�Oþ��Æý

*Ký��jú,�}�ÜüA��-*Ký��w*KýÏ�L>·+ÚAS�Û�7(ú,6Kûbý��/	OýÏ�Oü��7�8�7*Ký� 0 gý��Bû5PZ� þ�@,�Oý5�;Q8%Vè�þ����� ý� �ý��Dûw�Æý
ü�����	��ÿû�Tû>*Ký[�Æý�	Oü>�*�*KþÿûbþÆú#� ý��Rû�ý� 0�Oþ����?��	Oü=�2ý����Æý8]t�/þ<ðn�Ln�Æþ�@#�Oý¼%J%

� ú,	��Ù�_ú#	�$Bú#�J�x	Kûbþ��Æþ��RýÜüÙ�LX�RûRü�	-�2û�	OüRýH*KýH�/ý/ûcûbýSþ� w������DûAIûRþ ú,�?��Iüx*J��!Z�	Kû<�/ú, 0 gý
 gú/*JÒ�� ý[�_ú,	Oü�ü����7�2üRþÆüRý[� ý?�/ú, 0�_ú�ücûbý� �ý��Dû>*Fý?�M� þ����cûbü;	-�2ûbþÆú,���;C#ç/ç�%
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¡�¢u£�¤�£¦¥�£¥ §q¨�©!ª¦«�¬�c« #®¦¯T¬Z²�½¾ª¦«¿¬�¯T¶yÀ�½�ªÁª¦½^Âq´�¨Ã«(¬�#®ÁÄu¶�½
<�ú,	OüzüRý7*J�8ñ-�Oþ üH��B���� ���Dûbþ�'�	Oý=*Ký=�M� þ����cûbü;	-�2ûbþÆú#�5��C)ç�ç}1#�Oú,	��� gú/*Kþ�ñNú,�����L[�_ú�ü^]
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� ú#	J�³ý�ôJ���ÆþL'�	Oú,���i*-����i�/ý/ûcûbý?�Rý7�2ûbþÆú,�u�/ú, 0 gý��Dû>�L�ücý��Oü����Rý��DûAIûRþ ú,�(*Ký?��n 0�8]
 gú;þÆüRýT*Ký=9×ú;ücú#�Rú,�J�_ý�	KûS!2ûbüRý\ücý� 0���L,���/ý=ð>��=$Bú,���ÜýT*Ký���	Kþ�������������Æþ��7TûbþÆú#��ý8ôJ�7�8	Kû+�Üý#%
l���íÊÉ]íml � p�ú^ù³��ú8�?ü

Ê¬ý��/ú, 0�_ú#�A��DûnRtS�J�ý��cûi��0 0�� gú�þÆüRý�*Fýw96ú�üRú,�Rú#��ú*èu�Rú#�BûB�2ú#�DûRý��/	��i�Æý��fú,6Oè8ý/û+�
*Ký(�M�{������ÆþL��IûbþÆú,�Ù1� �Iþ��.�	����bþ�� ý����Oþ�� ý��.*Ký���ñ-���.*�� ý8ôJ�7��	KûRþÆú#�4PZ$;ú;þÆü��+E���Oþÿûbücý^�BQ8%
Ê�� þ��Bû+�Üüc!/ûB*Ký(üRý� 0�J����/ýÜüi�Æý(ûA��p*Ký��L� ���AEOþ��Oýz$Fþ ümû+	Oý����ÆýÈý��cûB*Fý��_ú,	J$Bú�þ üp�AE-���@�ýÜü
��`ücý��Oü����Rý��Bû�TûbþÆú#��*Ký��gú,6Oèqý2û+��*KýC����������Æþ��7TûbþÆú#��ý/û�*KýC��	Oþ�*Kú#���KýÜü0��Iügý8ôKý� 0�J� ý
��0�OüRú,�OüRþ��/û���*Kýz�|ý/ü��Rþ��cûA��-�/ý,%|ht�x�_ý�	Kû[�	����Rþ<�_ýÜü� gý/ûcûbücý�*Kýz gú/*Kþ�ñNý/üi�M�{���@;ú�üRþÿû+E� �ý
*Ký�ü+� �����Rý8]& gþ ý2ûRûbý��z*Ký0�L� ���AEOþ��Oý0$FþÆücû�	Oý���� ý#%�<�ú#	OüAü��:�� þ��RýÜüz�/ý�ücý� 0���L��/ý� gý��Dû71
þ��W!Z�	Kûw*J�����L��/ýÜün�Æý��jú,6Oè8ý/û+�IS�RMR872Ø�é	H2SF�Üëÿ7�Jz*KýÏ�M����-�/þÆý��Îû����$BýÜü;�n�Æý.�Oú#	J$;ý:�	Ù%VÊ¬ý��
ú#6Kèqý/û+�pIûcûbýÜþ�@,���6��Æý��i�Rú#�Bûp�/ý�	�ôI	KûRþ��Æþ��A�6��Æý��i��	ü=��������J� þ��7TûbþÆú#�K�	( �ú# gý��Dûi*J	 ücý8]
�8ÎJ���L�@�ýB�	Kûbú, �IûRþ�'�	Oýp*Fý>��[ 0�� gú�þÆüRý>��Iüy�Æý ü+� �����Rý8]& gþÆý/ûRûRý��:1�'�	Kþ}�Oý>�_ý�	KûT��Æú;ü;�
ü��7���L� �ýÜüW�Lz w�� gú�þ ücýp'�	Oþ}�Æý�	OüXz�/û��BTûRûbücþ�6�	J�Üý#%K<�ú#	Oü×ý�Ø|ý7�2û+	KýÜüW�Æý üRý� w������/ý� gý��Bû
*J	Í�/ú# w�_ú#�A��Dû0RtSTJ>*Ký�9×ú;ücú#�Rú,�M1�þ��V!v�	Kûfûbú,	Kû?*����6_ú�ü+*uÎ¹üRý7�/ú,����DC ûRüRýw�/ý��"ú,6Oèqý2û+�71
 �	þ��y�	����bþ��A�$Bú�þ ü°ûRüA�*J	Oþ ücý��Æý�	Oü���-�/þÆý����Oý�üRý��Oü����Rý��DûAIûRþ ú,��*-������/ý����Æý=*J	w�Oú#	J$;ý:�	
û���7%�ÊjÈü���!��ÜüRý��-�2ýz*Ký?�AE����	��I*�� ý�	�ô�ý��Rû=�/ú#�DûRý��/	Oý?*-�����é

ê�� ý>ûA�6��Æý:�	G*Fý���$#IüRþL�6�� ý��n� ú/�7�� ý��jú#	Q�Lu�Oþ��Æý�*Ký���ú,�}�ÜüA��-*Ký��w*���	��Oýj·+ÚAS�Û�7
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ý/û��Iú,	Ù1
ê��LÏêÜú,�Oý� 0�� gú�þÆüRý�'�	Oþ���/û��w���� ú,	��Üý��_ú#	Küp	�� ú#6Kèqý/ûB*J	¹û���:1+ú#	×����	��RþÆý�	Oü��Ù�
*-����>�2ý?�7���ý���� ý[���$,��Æý�	Oü=*KýB$,	ücþ��6��Æý��>*�� þ����cû���-�/ý�� ú,	I*Ký?���L����Rý��7%

¡+¢y£ë�£ä¡,£�¡ ìÏ½+Í*¯T¬o¬�«(®ÁÂcÂq«(¬�Í*½^²�½+ÂP¯�íuî�½FDÂk«�qc½�®¦ÊT¬�«,í!ª¦½+Â
h&�¬ý�ôKþ��cûRý?*Ký?�Oú, �6KüRý�	�ôI���@�ú�üRþÿû+E� gý��=*KýAüA� �����Rý8]& gþÆý/ûRûRý����_ýÜü� �ý/ûRû���Dû=*Ký?*J�8]

ûbýÜü; gþ��OýÜü���� ý����Rý� �6��Æýu*Ký��>ú,6Kèqý/û+�ÏTûRûbý/þ�@,���6J� ý��7%yÊ<F w�/û+EOú/*Ký(��	üKÐ$9�Û³L3RtScéD7`:B7
Úï� ·q�8Úb72H2Ð$7�J813��Iü"ý8ôKý� w��� ý,1x����Rú��/þÆýw	��Í�/ú# w�Kûbý�	Oü?ðÏ�+E�,')	Oý�ú,6Oèqý2û:%Mh&�N�/ú�üRücý��+�_ú,�-*
�	Ó�Oú, �6OücýÏ*Ký�*�� ú#6Kèqý/û��n�_ú,���+��*-��Dûn	��Oý>ü���!��ÜüRý��-�2ý.$BýÜü;�n�/ý���	Oþ~]t�/þM%!� �Lu�/ü;�:IûRþÆú#�
*���	��Í�Kú#	J$;ý��Sú,6Oèqý2û:1��Rú#�F�2ú# 0�KûRý�	OüAý��cûAþ��KþÆûRþ���Æþ�����ð=ê��ÜüRú�%¯Ç>	OüA��Dû?�M� ý�ôJ�7��	KûbþÆú,�Ù1Mþ��
ý��cû>�	�@, gý��Dû��B�Rþ��L(ü���!"�Üücý��-�/ý[*KýB�M� ú,6Oè8ý/û=*Ký�$FþÆý��Dû��Lz$#��Æý�	Oü�*���	��KýB$,IüRþL�6��Æý[*�� þ����^]
û���-�/ýX*���	��w�	KûRüRý6ú#6Kèqý/û°ý/û°þ��Fý��cûN*Kþ� �þ���	��X�RþJ�/ý/ûcûbýy$#��Æý�	Oü°ý��Rû� �ú�*Kþ~ñ-�Üý#%�Ê¬ý��°ú,6Oèqý2û+�
IûcûbýÜþ�@,���6��Æý��=�Rú#�Bû>�/ý�	�ôC*Kú,�Dû=�Æý?�/ú, 0�Kûbý�	Oü]ý��cû=��	��}�ÜüRþÆý�	Oü>ð�	��Ù%

ÊH�����@�ú;üRþÿû�E� gý.�Oü��7�8�7*Ký��Dûn��� ý��cû�����(ý�ó��7��/ýÏ*-��J�n�ÆýÏ����n*Ký��Èü���!"�ÜüRý��-�/ý��n�/þ üÅ]
��	��L	þÆüRý��:1x�,� ý��cû;]Åð:]Å*KþÆücý�	J��ý����bý� �6��Æý�*�� ú#6Kèqý/û���')	OþH�Rýgü���!��ÜüRý��-�/ý��Dûz �	Kû+	Oý����Æý� gý��Bû:%
<�ú,	Oü�������ÆþÆýÜüiðw�/ý��L�1Nþ��¬ý8ôKþ��RûRý�Iþ��J�bþx*����	KûRüRý��= 0�/û�EOú�*Fý��=����	��>�/ú# w��� ý�ôKý��71��/ú, 0 gý
�Æý��=���@�ú�üRþÿû+E� gý��T*Ký ûbüAm�7�@;ýB'�	Oþ�ý8Ø�ý7��û+	Oý��DûT�L(üRý��AEOýÜü+�+EOý[*Ký��\ú,6Oè8ý/û+�=TûRûRýÜþ�@#���6��Æý��
��IüB� ýn��Iü+�/ú,	Oü��?*2��	��K@;ü+���EOýw*Kýjü���!��ÜüRý��-�/ý��7%x96ýn��Iü+�/ú,	Oü;�?�/ú# 0 �ý��-�/ýn��Iü[�M� ý���]
�Rý� �6��Æýy*Fýaü���!��ÜüRý��-�2ý�������_ý����A72HKJ 78Û³�/ëÆ7yÚ+S)Ð2Ø�H|7aPÅÚ$9�9�R_JÜ7�R�Q��/ú,���cûbþÿû+	��y*Ký���ü;��!"�Üücý��-�/ý��
*Ký��fú,6Oèqý2û+�B�/ú#�Bûbý��/	Oý��[*-����B�Æý��p�Oþ�� ý��[*Ký��iñ-���B*�� ý8ôJ����	KûbþÆú#�Öý/ûB*Ký��fü���!"�Üücý��-�/ý��B*Ký��
$,	ücþ��6��Æý��C*Ký×���L����Rý���*Ký×�M��������Æþ��7IûRþÆú#�Ù% B ú,	��Ï�Æý�� ú#6Kèqý/û�� üRý����/ú#�DûRü�����*J	Oü+��BûC�2ý
��Iü+�/ú,	Oü����Rú#�Dû>IûcûbýÜþ�@#���6��Æý��7%
¡+¢y£ë�£ä¡,£¥ ðV´+©!ª¦«(ÍK½�¨Ã½�¬�Ï²�½+ÂP¯�íuîq½FDÂP«�cc½�®¦ÊT¬�«(íoªã½+Â

Ê¬ý��°ú#6Kèqý/û���IûcûbýÜþ�@#�-�6��Æý���*J	w�/ú, 0�_ú#�A��Dû=R&STJVð üRý� 0���L��/ýÜüN�_ú,	J$,��Bûz!/ûRüRý]ücý7�/ú,��]
�/	��71Fþ���!Z�	KûT �	þ��DûRý�����Dû��_ú,	J$Bú�þÆüT�Æý���*J�����L,�/ý/üT$;ýÜü��X� ýB�Oú,	J$Bý7�	 û���7%-96ý��_ý���*-��Dû71
�L>�/ú,�OþÆý×ú��2ûRý/ûV��Iü�ú��2ûRý/ûV�Ù� ý��cûV����j�AIûRþ���!vIþ��A��DûRý#1��7Iü<���üRý��Oü����Rý��DûAIûRþ ú,��*Ký���ú,6Oèqý2û+�
ý��DûRüRý�� ý��V*Ký�	�ô�ûA��<�_ý�	Kû0!/ûRüRýy*Kþ�Ø3�Üücý��Dûbý#%\Ê¬ú�ü��V*�	�*J�����L,�/ý� gý��Dû:1\�AE��'�	Oý×ú,6Kèqý/û<$Bú�þÆû
�AB�_ú#�RþÿûbþÆú#�.�6��bú,��	Oý= gú�*Kþ~ñ-�Üý#%/96ý��_ý��-*-��Bû:1Bþ����y�/ú,���RýÜü;$;ý��Dû�� ý�	Küaü���!��ÜüRý��-�/ý�üRý����_ý7��]
ûbþ~$BýVO�ØMS��M�
	Kûbþ�� þ��AIûRþÆú#�F*J	Í�/ú# 0�_ú,�A��Bû�éD7�J8R¸Ø 9THNH2SIØ"Úb7�:B7�J�ÚN�¸·q�8Úb72H2Ð$7�J>'�	Oþ�������IüRýn��
@;ý��RûRþ ú,�I*Ký���ú#6Kèqý/û��>*Ký[�Ln@�ý��RûRþ ú,�I*Ký[� ý�	Oü�ü;��!"�Üücý��-�/ý#%
¡+¢y£ë�£ä¡,£�É ðV´+©!ª¦«(ÍK½�¨Ã½�¬�Ï²�½+Âk©!®Áª¦½+ÂÏ²�½+ÂPñ!ªÁÂk²xò�½FÑy´+ÍI¶y#®¦¯T¬
Çp����B�Æýn �ú�*JÒ��Æýw*Ký� 0�� gú;þÆüRýn*Fý�9×ú;ücú#�Rú,��*J��ñ-�OþN�	K�AE���OþÆûRüRýó��13�L� 0�� �ú;þÆüRý

Iûcûbücþ�6�	��/ýn�	�ôI�Oþ�� ý��i*Ký��>ñ-���i*�� ý8ôJ�7�8	KûbþÆú#�¹ý��cû þ��+��	Oý�*J	u�/ú, 0�_ú#�A��Dû�RtSTJ8%Ne þ����Rþ�1-��
üRý��Oü;���Rý��Dû�TûbþÆú,�Ó*Ký��z$,��Æý�	Oü;��'�	Ù� ý����Æý����/ú,�DûRþ ý��J�Oý��Dûn�+E����@�ý�ý/û�*Kú�þÆû(!/ûRüRýgûRüA�*J	OþÆûRý
ý��I�/ý����Æý?*J	C�Oú,	J$Bý:�	I�/ú# w�_ú#�A��DûzRtSTJ�%�Ê<n�_ú,�RþÆûRþ ú,�(�6��Rú,��	Kýz*Ký����Kþ��Æý��=�_ý�	Kû=��$;ý���]
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û+	Oý���� ý� gý��Dû�!/ûRüRýB gú/*Kþ~ñ-�ÜýAý2û=*-������/ý[�7��:1J�/ý���� ý[*Ký��S·AÚ+S�Û�7�JW'�	Ù� ý����Æý����/ú#�BûbþÆý����Oý��Dû
��@���Æý� gý��Dû7%
l���íÊÉ]íä� � ú^ý�ümüÙùÖ�÷þ ²]pJü's ��ù>ýZ�ÍËSpKË�ýGËx�
� ú#	J�"ý8ôJ���Æþ�'�	Oú#���B �Iþ��DûRý�����DûB�Oú�ûRüRýn �þ��RýÈý��Ìô[	J$Fücýjý��Fê#7$,.*J	`ücý� 0���L,�/ý8]

 gý��Dû>ðn�L�$Bú,���Üýz*J	I�2ú# 0�_ú,�A��BûzRtSTJX*Ký�9×ú;üRú,�Rú#�M%
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Ê¬ý[�Oú#	J$;ý:�	I�/ú, 0�_ú#�A��DûzRtSTJW'�	Oý[�Oú#	��=*J���Rþ ücú#�J�=�7�/ücþ ücý�ü��:��Æþ��Rý[����_ýÜü��Rþ��RûA��-�2ý
*Ký��C*Kú,�����Üý��I*FýK�M� ý8ôJ����	KûbþÆú#�Ù% Ý ý��C*Kþ~Ø3�ÜüRý��Bû+���RýÜü;$Fþ��/ý����Rú,�Dû�þ� 0���L��Bû+���IðP�M�{IþL*Fý
*KýC�LK���L��+�RýVlNC��/�-Ì)ç)å�äDì-Ì,åB�Jé/éJÌ,æÓ*�	G���'�	Oý/ûA�@�ý(ÔGC,ÕOCHÖ � � � '�	Oþ\üRý��Oü����bý��Dûbý�	��
ñ��AEOþÆýÜüzý��Dûbþ�ÒÜücý� gý��DûzûRüA�����!"�Üü���*-����H��p 0�� gú�þÆüRý=*Ký��LB ���AEOþ��OýT$FþÆücû�	Oý���� ý÷ö ø�R87�P"ñJ]
@#	Oücý V )�%��BQ�%�96ý�ñ��AEOþÆýÜüaý��cûW*KþÆüRý7�2ûRý� gý��DûX����/ý����Rþ�6��Æý>�Rú#	�����[!�ú;ü; gý>*���	��Oý=���7'�	Oý��-�2ý
*�� ú���ûbý/û+�=*Kþ��+�_ú,�Oþ�6��Æý��³ý��C� ý��2û+	OüRýAý/û ý��C�7�/ücþÆû�	OüRý?'�	OþMüRý��Oü����bý��DûbýÜü+n��� 0�� gú�þ ücý?*Ký
96ú�üRú,�bú,�M%

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

�a� � í V )�%���ê ï Ì#æNEF�BEIì�Ì � ì+ù�ÌGC��ÍéJ	��I�/ú# w�_ú#�A��DûzRtSTJy�_ýÜü��Rþ��RûRý��Dû:%
Ê<�ñ-@,	OüRý V )J% `  �ú#�DûRüRý#1}��	üfý8ôFý� 0���Æý#12�/ú, 0 gý��Dûp� ý��B�RýÜü^$Fþ��/ý��[*�� ý��-�/ú�*-�@�ýjý/û

*KýK*J�7�/ú/*-�@;ýK*Ký×�/ý×�Oú,	J$Bý:�	 RtS�J0�bú,�Dû ü;�:��Æþ�������*-����.� ý×�7��Ï*J	´ûtÎ��_ýu�OüRþ� gþÿûbþ�!
E\Ü � æDì3%F?}ÌT? � æ)ä�Î ücý��Oü����bý��Bûbýz�M� þ����cû���-�/ý�*Kýz�L����L����RýÆlNC��/��Ì#ç�å)äGì�Ì#å;��é�éJÌ,æ31��/þÿû+�Üý
ðn���ñ-@,	OüRý V )J%Ó��%
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½�½  ��"�~��£L��¿L �£&Á �~�� /´����� ���³J£L ����~�L ��{·L��³�����~�������)´L���{£�Ç�³L���L �§{·���³���µ��{���-�{��£� �¡&º��{·���³~�J´L�~���� L¶�¤�" {�"��³��t¼ �~���&µ�����£L �¡�ºJµ �����L L¶"µ�µ ´L�~���� �����úL¶FûJ¸~¡�Ã�ÃL¶�¶Z²�" {�"��³��t¼ �~���&µ�����£L �¡��"°"º�µ ������ L¶Zµ�µ ´L�����L L¶FûJ¸~¡�Ã~Ã�¶�¶Z²»

�×��� í V )J% ` ê q �-�/ú�*-�@�ý�ý/û>*J�7�/ú/*-�@;ýz*-������ ý[�Oú,	J$Bý:�	(�/ú, 0�_ú,�A��Dû?RtSTJ8%



V %�� a�ß bBcNd�eVà f{zr|�g bBh�bpcie�bieVd8kTl h â àTbBlneÓá o f0ZA[>aBâ eVd8kTl
¡+¢y£ë�£¦¥�£¥ ðV´+©!ª¦«(ÍK½�¨Ã½�¬�Ï²�½+ÂP¯�íuîq½FDÂP«�cc½�®¦ÊT¬�«(íoªã½+Â
� ú,	��� gú,�Dûbücú#�J�� �Iþ��DûRý�����DûH�/ú, 0 gý��Dû� gý2ûRûbücý\ý��óô[	J$FücýX�ÆýT*J�����L,�/ý� gý��DûH*Ký��

ú#6Kèqý/û��wIûcûbýÜþ�@,���6��Æý��7%°<�ú,	Oü��/ý�!v	þÆücý#1�þ��y!v�	Kûw�2ú# 0 �ý��-�/ýÜü���	ü� gý2ûRûbücýÏð�è8ú#	Oü��Æý��
@;ý��RûRþ ú,����Iþ ücý��>*Ký?*Kþ��+�_ú,�RþÿûbþÆú#���>*Ký?�AE��'�	Oý?���L����Rý#%
ü ®ãÂq½{ýZî�¯T¶�±°²�½+ÂõÊ(½+Â�#®ã¯T¬o¬y«�®ã±D½+Â3²�½�²o®ÁÂc©<¯�ÂD®r®¦¯T¬�Âÿþ 	�� éD7�J8R¸Ø 9THNH2SIØ�Ú$7

:B7 :IØ�J LO9TJ�ØZR¸ØÊ9IH�ý��cûu����bú/�/þ��Pð��+E�,'�	KýD���L��+�Rý�PZ$Bú�þÆüI�AE���OþÿûbüRý��BQ8%�h&�[�_ý/ü� gý/û5ý��
��Iücûbþ���	��ÆþÆýÜü?*Fý0*��/ûbýÜü; gþ��KýÜüB�Æý��"ûA	þ���� ý��?*Ký��"þ����cû���-�/ý��?*Kýw���L��+�Rý��"ý/û?*Ký��"ûA�6J� ý:�	�ô
�	K�RýÜþ��F*�	`ûA��[*Ký�96ú�üRú,�Rú#�M%�Ê<>üRý��Oü����Rý��DûAIûRþ ú,�F*Fýw�L. 0�� gú;þÆüRýn�/ûA��Bû[ gú/*Kþ�ñ��Üý#1
ý���� ý����Rú#�Dû>ðjücý7�7�����	��ÆýÜü7%

Çp����.�Æý×�7��Ï*��
	��Oý¹þ����cûA��-�/ýu*Ký×�8������bý,1y�LÍû�Iþ����Æý×*Ký(�M� ú,6Oè8ý/ûC�	��bý/þ���*Ký(��
 0�� gú�þÆüRýi�/ú�üRücý����_ú#�-*.ð?�L?�Rú# w gýi*Ký��6ú���ûbý/û+�y���7�/ý��+�AIþ ücý��Tð?�L�ücý��Oü����Rý��DûAIûRþ ú,�Ï*Fý
�AE��'�	Oý>�AE�� 0��ý/û71�*-������ ý>�7��y*���	��gûA�6��Æý:�	Ù1/ð[�L[�Rú, 0 gý=*Ký��aú��2ûRý/û+�����7�/ý����A	þÆüRý��
ðÍ�LÍüRý��Oü;���Rý��Dû�TûbþÆú,��*Ký(�AE��'�	Oý5ý��Dûbü;�Üý#%�Ê<`ûA	þ���� ýu*Ký(�AE��'�	Oý ûÅÎ��_ý(*J���_ý���*�*Fý
�M� þ� 0���L��DûAIûRþ ú,�w�/ú#�-�2ü�Ò/ûbýT*J	w�/ú, 0�_ú,�A��DûTRtSTJ8% q ���Æý\ý��RûN*J�/ûRýÜü� gþ����ÜýX��Iü��Rú#���býÜü^$Fþ��/ý
EF� � Ì � é�%

Ê<z gþ��RýBð èqú,	OüX*���	��.@;ý��cûRþ ú,����Iþ ücý[*FýB*Kþ����_ú#�RþÿûbþÆú#��*��
	��OýB���L��+�RýB*�� ú#6Kèqý/û��X�7� ý�!�]
!�ý7�2û�	Oý=�bý�� ú,���M�{���@;ú�üRþÿû+E� �ý>��	Oþ~$#��Dû71�*-��J�y�Æý7'�	Oý����Rú#�BûW�7��L�8	������y�L"ûA	þ���� ý>*Ký>�AE��'�	Oý
þ����RûA��-�2ýX*KýX�/ý/ûcûbýX�8������bý,1� �Iþ��j��@���Æý� gý��DûV� ý��V�_ú#�RþÿûbþÆú#���0üRý��LTûbþ~$Bý���*KýW�Rý��<$#IüRþL�6�� ý��
*�� þ����cû���-�/ýz�	C�RýÜþ��(*Ký[�Æý�	Oü�êÜú,�Oý[ 0�� gú�þ ücýAüRý��+�_ý7��ûbþ~$Bý�é

Ý ú�þÿû newHeap � ý[�Oú,	J$Bý:�	I�/ú# w�_ú#�A��Dû�û���:%Ý ú�þÿû type �Æý"ûÅÎ/�_ý?*Ký?�Lw�8������býz����bú/�/þ��Üý��	I@�ý��cûbþÆú,����	þÆüRý?*Kýz*Fþ����_ú,�bþÿûbþÆú,�Ù%Ý ú�þÿû size �LÈû�Iþ����Æýz*��
	��OýAþ����cûA��-�/ý?*Ký"ûÅÎ/�_ý type %
c← type;

size← 0;

� «(¬�ÏÄy¶�½
c 6= � �+@G@ µ�«�®ã±D½� ¯T¶�±kc¯T¶y �Æý���$,IüRþL�6��Æý��>*�� þ����cûA��-�/ý�� field *Ký[�Lw���L��+�Rý c µ�«(®ã±D½

TûRûRüRþ�6�	OýÜü��Ln�_ú,�RþÆûRþ ú,�5üRý���Tûbþ~$Bý size �	I�AE�� 0� field �
size + = newHeap.sizeof(field.getType());� ®Á¬ � ¯T¶�±

c = c.getSuperclass();� ®Á¬ � «�¬���Ï¶�½

Çp������ÆýT����N*Ký���@�ý��cûbþÆú#����IþÆüRýT*KýX*Kþ��+�_ú,�RþÆûRþÆú#�w*Ký��N�8������bý��N*Ký×û��6�� ý:�	�ô�1��L> gþ��Rý
ðSèqú,	Oü<�:� ý�Ø|ý7�2û+	Oý×ý���üRý7*Ký� ���-*-��Dûj��]û�Iþ����ÆýW*���	��z������ gý��Dû��	��Kú#	J$;ý:�	��/ú, 0�_ú,����Dû
RtSTJ81Ù��Iüz�M� þ��DûRýÜü� 0�7*KþLIþ ücý.*J	D�RýÜü^$Fþ��/ý5EG� � Ì � é}%xÊ<�ûA	þ���� ý�*���	J��û��6�� ý:�	�ý�� ú/�2ûbý2û+�



zm|)g�Û�g à ff� cHáÙb a�ff�uf l�e�h f áÙb à f c�à [ � f l�e�bieVd8kTl � [f� kXdÅà f V % `

�býÜü+w*J�/ûRýÜü� �þ����Üý?�/ú, 0 gý[��	Oþÿû�é
Ý ú;þÿû length �Æý?�Oú, �6KüRý?*�� ý��Dûbü;�Üý?*J	�û��6�� ý:�	Ù%Ý ú;þÿû type �ÆýAûtÎ��_ý?*Ký?�AE����	��I*Ký[�bý��������� gý��Bû+�7%Ý ú;þÿû newHeap �Æý?�Kú#	J$;ý:�	I�/ú, 0�_ú,����Dû�û���7%Ý ú;þÿû size �LÈûA	þ���� ý?*J	�û��6�� ý7�	Ù%
size = newHeap.sizeof(type)× length

ìÏ½�Í*«(ªãÍI¶oª�²�½+Â ©�¯�ÂD®#®¦¯�¬�Â «(íoÂq¯TªÁ¶�½+Â ²�½+Â ¯�íuî�½F#Â¾þ  �Iþ��Bûbý�����Dû?')	Oýn�Rú#�Dû
�/ú#����	Oý��w�Æý��Èû�Iþ����Æý��w*Ký��AE-,'�	Oý þ����cû���-�/ý�*Ký��8������bý>ý/ûw*Ký��AE��'�	Oý>ûA�6��Æý:�	Ù1V�Æý�	Oü
�|ú,�RþÿûbþÆú#� �6��Rú#��	OýP�	��RýÜþ��m*J	÷�Oú,	J$Bý:�	 ûA�� ý��cû5üRý7�������	����ÜýF��	üC�ÆýF�/ú, 0�_ú#�A��Dû
CF@G@ � =;C�ì�Ì	��æ3%

9WE��'�	Oý�ú#6Kèqý/ûwê#�$,I*Ký��M�{������ÆþL��IûbþÆú,�Îý��Rû�üRý��Oü;���bý��Dû+����Iüz	���ú#6Kèqý/û�*KýgûtÎ��_ý
d�ËO@BCKEDE�r � ETìNC � =#Ì�ú,	�dT�/æ�æOC�ä21OüRý����_ý7�2ûRþ�$;ý� gý��Dû>�_ú,	Oü=�Æý�� þ����cû���-�/ý��>*Kýz���L����Rý�� ý/û
� ý��Mû��6�� ý7�	�ô2%�9×ý��x*Ký�	�ôfûÅÎ��_ý��x�_ú,���+Ò�*Ký��Dûx	��[��	��_ýÜü^] ûtÎ��_ý��2ú# 0 �	��Ù1�dT�N@D@ � =BC	ìNC�5_@)Ì-1
'�	OþÙ�_ú,�+��Ò7*Ký[�Æý���ûbücú;þ���ú,�}�ÜüATûbþÆú#���=��	Oþ~$,��DûRý���é
ê'� � ì 4 Ì	ì ïJ� EG�Tì_� ��� nqp�1x')	OþzüRý/ûRú#	Oü;�Oý��L��_ú,�bþÿûRþ ú,�Ó�6��Rú,��	Oý�*Ký��M� ú,6Oè8ý/û�*-��J�
� ý?�/ú, 0�_ú,����DûzR&STJ81

ê�Õ � ��ç4E#Ì�ì ï�� EF��ì|� ��� n2� � ì�� � EG�Tì_� ��� p�1\'�	Oþ�TûRûRüRþ�6�	Oý�	��Oýy�Oú,	J$Bý����Æýy�_ú#�RþÿûbþÆú,�
�6��Rú,��	Ký#1

ê'� � ì 4 Ì	ìN�K� � Ì!n�p/13'�	Oþ0üRý/ûRú#	Oü;�Oý���gû�Iþ����Æýw*Kýn�/ý/û"ú,6Oèqý2û?*-����B�Æýn�/ú, 0�_ú#�A��Dû
RtSTJ6úKè þ��¬ý��cûi����Æú,	��#%

Ê¬ý��/ú, 0�_ú,�A��Dû0S	ë�ëÆ9:ÐAS�R875Ç�ÚT ���Oþ���	J� ý��Æý��³ú#6Kèqý/û��B����Æú,	����p*-����>�Æý�û���>��	ü=��� þ���]
ûbýÜü� w�7*Kþ�IþÆüRýi*J	gûtÎ��_ý�dI�O@G@ � =;C�ìOC�5+@�Ì�%�9WE����	��.*Ký��×ú,6Oè8ý/û+�XTûRûRýÜþ�@,���6�� ý��6ý��cûW*Ký>�/ý
ûÅÎ��_ý#%�ÊH�����@�ú;ücþÆû�E� gýi	Kûbþ��Æþ����i�_ú#	OüW�L�üRý��/ú#�OþÆýp*Ký��\ú,6Oè8ý/û+�X*-��J�X�Æýp�Oú,	J$Bý7�	Ï�/ú# w�_ú�]
����DûzR&STJ6ý��cû=�Æý[��	Oþ�$,��Dû�é

Ý ú;þÿûa·AÚb7$7��
	\J 7�R2��� þ��-*Kþ��/ýz*�	I�KüRý� gþÆýÜü�ú/�2ûbý/û=�Æþ�6OüRý?*-����=�Æý?�/ú, 0�_ú#�A��DûzRtSTJ8%
·AÚb7$7���	6J 7�R ← 0;� ¯�¶�±kc¯T¶�Â � ý�� ú,6Oèqý2û+�>IûcûbýÜþ�@#���6��Æý�� object µ�«�®ã±D½
size← object.getSize();
offset = allocate(size);
object.setPosition(offset);� ®Á¬ � ¯T¶�±

ìÏ½�Í*¯�©!®¦½+Â�²�½+Â À «(ª¦½�¶�±#Â�²�½+Â�¯�íuî�½FDÂ�þ þ��N!v�	Kû? �	þ��DûRý�����Dû? gý/ûRûRüRý�ð(èqú,	Oü
�AE�,�8	��I*Ký����Oú#	�$Bý:�	�ô�ú,6Oè8ý/û+�=*J	��Oú#	J$;ý:�	 û���:%JÊ¯ý��T$,��Æý�	Oü��=*Ký��T$#IüRþL�6�� ý��=*�� þ����^]



V %�ò a�ß bBcNd�eVà f{zr|�g bBh�bpcie�bieVd8kTl h â àTbBlneÓá o f0ZA[>aBâ eVd8kTl

û���-�/ý��Aý/û[�Æý��B$,�� ý�	Oü;�?*Ký0�AE-,'�	Oýjý��DûRü��Üýw*Kýjû��6��Æý:�	�ôK�Rú#�DûAücý7�/ú,�Oþ��/ý��?�Rý��Æú#�K� ý�	Oü
ûÅÎ/�|ý,%	<�Iü�ý8ôKý� 0�J� ý#1\	��Oýy$,��Æý�	Oü�*KýaûÅÎ��_ý³� � ì?�RýÜüA=��	Èý��(ûA��DûV'�	Oý � � ìz*Ký���	Kþ��V�M�{���]
�/þÆý���ûA��×ý/û×üRý7�2ú#�Oþ�� ý���ûA��BûX')	Oý�� � ì�*-����y� ý>�Oú,	J$Bý7�	Ù1��L? w�/û+EOú/*Kýp*Ký>�Æý7�2û�	OüRý³ý/û
*����7�2üRþÿû+	OüRý�*J���_ý��-*-��Dû�*Ký=�+E�,'�	Ký]û���7%#Ê¬ýT gú�*JÒ�� ý�*Ký� w�� gú�þ ücý�*Kýi9×ú;ücú#�Rú,��������	ücý
�L(ücý��Oü����Rý��DûAIûRþ ú,��*Ký��\ü���!��ÜüRý��-�2ý���*Kýi� ý�	KüX@;ý��RûRþ ú,�Ù% q ���Æý��X�OýB*J���_ý��-*Ký��DûT����T*Kýi��
�_ú#�RþÿûbþÆú,�u*��
	�� ú#6Kèqý/ûi�	C�RýÜþ��(*Ký?�Ln 0�� gú�þÆüRý#%¯PZ$;ú;þÆü=�AE���OþÿûbüRýÆ�DQ�%-Ê¬ý���$,�� ý�	Oü;�>*Ký��
ü���!��ÜüRý��-�/ý��aý8ôFûRýÜü��Oý��H�Rú#�Bûy*Kú#����þ��-�AE����@,�Üý���	��Oý�!�ú�þ��SûbüA�����!"�Üü;�Üý���*-����H� ý��Oú,	J$Bý:�	
�/ú, 0�_ú#�A��DûzRtS�J8%

Ê<ÈüRý7�/ú,�OþÆýz*Ký��T$#��Æý�	Oü��=*Ký��=*Kþ�Ø3�Üücý��Dû+��ú,6Oèqý2û+�=�Rý?*J��$;ý�� ú,���_ýz�/ú, 0 gýB�+	KþÆû�é
<�ú#	Kü=�AE����	��I*Ký�� ú,6Kèqý/û+�>IûcûbýÜþ�@,���6��Æý�� obj *Ký Hold

é
ê��Rþ obj ý��cû=	���û��6��Æý:�	I*��������� gý��Dû+�=*Ký"ûÅÎ��_ý T ��Æú;ü;�

ücý7�/ú#�Kþ ýÜüV�Rý�� ú,�n�Æý6ûtÎ��_ý T 1��Æý��N*Kþ~Ø3�ÜüRý��Bûbý��V$,��Æý�	Oü;�N*Ký obj *-��J�N�ÆýX�Oú,	J$Bý7�	ûA�� Hnew
�

ê��Rþ��Oú#� obj ý��cû=	��Ký�þ����cû���-�/ýz*Fý?��������Rý�ý/ûücý7�/ú#�Kþ ýÜüH�Lp$,��Æý�	Oü�*Ký=�AE����	��Oý>*Ký��N$,	ücþ��6��Æý��y*�� þ����cû���-�/ý����Rý��Æú#�0�bú,��ûÅÎ/�_ý
*-����=�Æý[�Oú,	J$Bý:�	 ûA�� Hnew

%

� ú,	��W�2ú#�OþÆú,���W�LB$#��Æý�	OüW*Ký>�AE����	��Oýi*Ký���$,	ücþ��6��Æý��W*�� þ����cû���-�/ý>�Rý�� ú,���Rú#�gûÅÎ/�_ý
*J�/ûbý/ü� gþ����0��Iü?	J��ú,6Oèqý2û�d�ËO@BCKEGE�% Ý Ï 0�/û+EKú�*Ký�= � �/ä��NCF@T��ÌC�_ýÜü; gý/ûz*Kýgü;�:��Æþ��bý/ü
�/ý/ûRûRý ú,�}�ÜüATûbþÆú,�Ù% q ��� ý ý��Rû�*J��ñ-�OþÆýC�_ú#	Kü��AE����	���*Ký���ûtÎ��_ý��.ê#�$#Öý/û0�_ýÜü� �ý/û�*Fý
�/ú,�Oþ ýÜüBð�	��Oý��_ú#�RþÿûbþÆú#�Í�6��Rú#��	Oý����}�7�/þ~ñ-�Üýn�L�$,�� ý�	OüB*��
	�� ûÅÎ��_ý��OüRþ� gþÿûbþ�!H��	Oýn*-����
	���û���=*Kú,�����z*-����=	��(�	Kûbücý"û���7%
¡+¢y£ë�£¦¥�£�É ðV´+©!ª¦«(ÍK½�¨Ã½�¬�Ï²�½+Âk©!®Áª¦½+ÂÏ²�½+ÂPñ!ªÁÂk²xò�½FÑy´+ÍI¶y#®¦¯T¬
h&�N!v�	Kûz*J���Rú�ü� �Iþ��z*J�����L,�2ýÜü?� ý��z�Kþ��Æý��z*Ký��[ñ-���z*�� ý8ôJ�7��	KûRþ ú,�D�7Iü�ý����Æý��?�Rú#�Dû����]

�Æú#	��Üý����	G�RýÜþ���*J	��/ú, 0�_ú,�A��DûIRtS�J81��Rý�� ú,�G�ÆýC gú/*JÒ�� ýI*Ký� 0�� �ú;þÆüRýC*Kýu9×ú;ücú#�Rú,�M%
Çp����Ï	����Oücý� gþÆýÜü>ûbý� 0���716þ��p!v�	Kû�üRý��7�����	��ÆýÜü��LP�_ú#�RþÿûbþÆú#�J�(�6��Rú#��	OýÍ*KýK�AE��'�	Oý
·AÚ+S�Û�7$Jn�/ú,�DûRý��/	Oý��0��Iü0�/ý��0�Oþ��Æý��7%aÇp����0	����bý��/ú#�-*Îûbý� 0���71��Æý��w$,�� ý�	Kü���*Ký��jû�:]
6��Æý:�	�ôK*Ký��B$#IüRþL�6��Æý��?�Æú/�7��Æý���ý/û?*Ký��[�Kþ��Æý��?*Ký��Aú,�}�ÜüA��-*Ký��?�Rú,�Dûzð>üRý7�2ú#�OþÆýÜü?*-����
�Æý[�Oú#	J$;ý:�	I�/ú# w�_ú#�A��DûzRtSTJ8%
ìÏ½+Í*«(ªÁÍF¶oª¼²�½+ÂÌ©�¯�ÂD®#®¦¯�¬�ÂÌ«(í�Âq¯�ªÁ¶�½+ÂÌ²�½+Â ·+ÚAS�Û�7�J þ 9WE��'�	Oý.�Oþ��ÆýÏ*���	��Pñ-�

*�� ý8ô��7��	KûbþÆú,��ý��cû�*Ký�ûÅÎ��_ý d�C,ÕOCG�	ìNCF=r"31x*Kú,�Dû�dT�N@D@ � =BC	ìNC�5_@)Ì5ý��cûz��	��_ýÜü^] ûtÎ��_ý#%xÊ<
û�Iþ����Æýz*���	J�Oý�ý��DûRü��Üý?*Ký��z·AÚ+S�Û�7�J81��,� ý��cû^]^ð:]t*KþÆüRý?�LÈû�Iþ����Æýz*Ký��������� gý��Dû��>*Ký?�7Iû���@;ú�üRþÆýV PZ$;ú;þÆü��AE���OþÿûbüRý(òDQ81zý��Rû���@)��Æý×ðÍ�LÍûA	þ���� ýu*��
	��OýI$,�� ý�	Oü�*Ký5ûtÎ��_ý�� � ìG*�������Æý
�Oú,	J$Bý:�	(�/ú, 0�_ú,�A��DûzR&STJ8%

e þ����RþM1,�Lp�_ú,�RþÆûRþ ú,���6J�bú,��	Oý=*KýT�AE����	��Oý=*Fý��N�Oþ�� ý��H*KýXñ-��*�� ý8ô��7��	KûbþÆú,�Ù1)	þ����Rþ-'�	Ký
�/ý���� ý���*Ký��°·+ÚAS�Û�7�J�'�	Ù� ý����ÆýB�/ú#�DûRþÆý��DûT�Rú,�Dû\üRý7�7�����	����Üý��T�Rý��Æú#�Ï�M�{���@�ú�üRþÿû+E� gýp��	Oþ~$,��Dû"é



zm|)g�Û�g à ff� cHáÙb a�ff�uf l�e�h f áÙb à f c�à [ � f l�e�bieVd8kTl � [f� kXdÅà f V %K%
Ý ú;þÿû newHeap �Æý?�Kú#	J$;ý:�	I�/ú, 0�_ú,����DûzRtSTJ�%Ý ú;þÿû stackPosition �Ln�_ú,�RþÆûRþ ú,�u�6��Rú#��	Oý?*Ký?�L��Oþ��Æý?*-���� newHeap %Ý ú;þÿû n �Æý[�Oú, �6OüRý?*Fý�·AÚAS\Û�7�JX�/ú,�DûRý��/	Oý��=*-���������Oþ�� ý#%Ý ú;þÿû catSize ��(û�	þ����Æýz*���	J�Oý�ý��Dûbü��/ý?*���	��Oý�·AÚ+S�Û�7�%Ý ú;þÿû getNbEntry � ý[�Oú, �6Oücý?*�� ý��Dûbü��/ý��>*��
	��Oý�·AÚ+S�Û�7�%
catSize← newHeap.sizeof(JPrimitiveClass.INT )

JStackFramef ← stack.getStackFrame(0);
f.setCategory1Size(catSize)

f.setPosition(stackPosition)

� ¯�¶�±
i ����L��Dûi*Fý V n− 1

µ�«�®ã±D½
previous← stack.getStackFrame(i− 1);

current← stack.getStackFrame(i);

position← previous.getPosition() + catSize× previous.getNbEntry();
current.setPosition(position);

current.setCategory1Size(catSize);� ®Á¬ � ¯T¶�±

ìÏ½�Í*¯�©!®¦½+Â¼²�½+ÂAÀ�«�ª¦½�¶�±#Â¼²�½+Â ·AÚ+S�Û�7�J þ Çp��J�W�Kú�ûbücý> gþ��Rý³ý��Ïô[	J$FüRý>*J	�üRý� �]
������/ý� gý��Bû�*Ký��L× 0�� gú;þÆüRýCðu��($Bú,���Üý#1V�Oú,	����$Bú,���0�AEKú;þ��Rþ�*Ký ûtÎ��_ýÜün��u�Oþ�� ýC*Ký
�AE�,')	Oý�ñ-��*2� ý8ôJ�7�8	KûbþÆú#��*Ký(9×ú;ücú#�Rú,��SrO,SIH�R�ë� 7��+�+Ð5ÇJR¸Ø 9TH�1H\ñ-��*FýC�_ýÜü; gý/ûRûRüRý�	��Oý
üRý7�/ú,�Oþ ýu����	��Ï�Rþ� w��� ý×*Ký��Ï*Kú,�����Üý�� ý��DûRüRýu�Æý��Ï*Ký�	�ô��Oþ�� ý��7%WÊ¬ý¹ûÅÎ����@�ýu�:� ý�Ø|ý7�2û+	Oý
��	ü³ý��-�7�����	��LTûbþÆú#�×*Ký��+E�,'�	Ký������� gý��Dû þ��DûbýÜü;�OýAL_Ø¸ëÆ7�*-����>	��Oý�þ����cû���-�/ý�*Ký�ûtÎ��_ý
��ä��-Ì)çNd;C�ÕNCD��ìOCK=#"213�/ú�üRüRý��+�_ú,�-*-��Dû?ð�	��Kýn�Oþ��Æýn*Kú#�Dûp��� 0�� gú�þÆüRýÈý��Rû ûÅÎ��}�Üý�P"$Bú�þ ü
ñ-@#	Oücý V )J%�òDQ8%

TypedJavaStack
void copyTo(JHeap heap);

JTypedHeap

héritage d’interface

void popFrame();
void pushFrame(JMethod m);

JavaStack

JStackFrame peekFrame();
...

heap

�a��� í V )�%
òÈê.Ê<n�Oþ��ÆýAûtÎ��}�Üý?*���	���ñ-�x*2� ý8ôJ�7�8	KûbþÆú#�Ù%
ÊH�������� gý��Dû\þ��BûbýÜü��Ký L_Ø ëÆ7[R� $L,�$7×ý��cû�*Ký ûtÎ��_ý[�6��cûRüAIþÆû]�)ä��-Ì)çNd;C�ÕNCD��ìOCK=#"�ý2ûT�_ú#�^]

�+Ò7*Fý=�Æý=�RýÜü;$Fþ��/ý���	ümûbþ���	��Æþ ýÜü]= � ��ä)�+CF@T��Ì�1#�_ýÜü; gý/ûRûA��Bûy*Ký ücý7�/ú#�OþÆýÜü�1OJ 7/ëÆ9IH>J 9IH�R� �LN7�1
�AE�,')	Oý�$,��Æý�	Oüz�OüRþ� gþÿûbþ~$Bý�'�	Ù� þ��y�/ú,�DûRþ ý��Bûw�	D�bý/þ��Ó*Fý��LC�Oú,	J$Bý����Æý��Oþ��Æý���������Üý�ý��



V %m� a�ß bBcNd�eVà f{zr|�g bBh�bpcie�bieVd8kTl h â àTbBlneÓá o f0ZA[>aBâ eVd8kTl

	ü;@#	� �ý��Dû:%�<�Iüfý8ôKý� 0��� ý,12�Æý��p$,�� ý�	Kü��[*Ký(ûÅÎ/�_ýwç � ��5_@)ÌÏ�Rú#�Dû ûbüA�����!"�Üü;�Üý��[�/ú, 0 gý
��	OþÆû�éÝ ú�þÿûzRtScéB�M� þ�*Ký��Bûbþ~ñ}��Dû>�/ú�üRücý����_ú#�-*-��Dûiðn	���ûtÎ��_ý[�OüRþ� gþÿûbþ�!Å%Ý ú�þÿû�Ø�H�:B7�[�M� þ��-*KþL�2ýz*Ký[� ý7��û+	OüRý?*-����=�Æý"û����þ��OþÿûbþL��¬ûtÎ��}�#%Ý ú�þÿûj:B7�J8R��bH�:;7��[�M� þ��-*Kþ��/ýz*��
�7�/üRþÿû+	KüRý?*-������Æý?�Kú#	J$;ý:�	�û���:%Ý ú�þÿûAJ�ÚAÐ���7AS$L���������/þ ý��I�/ú# w�|ú,�A��BûzRtSTJ8%Ý ú�þÿûj:B7�J8R���7AS$L.�Æý[�Oú,	J$Bý:�	(�/ú, 0�_ú,����DûzR&STJ8%Ý ú�þÿûzJ�Ø���7$9q·3�Æý��RýÜü^$FþL�2ý��_ýÜü; gý/ûRûA��Bûj*�� ú,6KûRý��Oþ üÙ��\ûA	þ���� ý�*���	��AûtÎ��_ýH�Oücþ� gþÿûbþ�!J*J�7�2üRþÿû
��Iü��An w�/û�:]t��������Rý#%Ý ú�þÿû�����Ú�Ø"ÛÈØZR¸ØãO�7��Së�STJ$J�Ñ������! #"%$Q��� 0�/ûA\]t���L����Rý?*J	�ûÅÎ/�|ý?ç � ��5_@)Ì-%

*Kú,	�6��Æý&ëW���	Oý ← �bü��'& ý:��Ù% ücý:,*NÇ³ú,	�6��ÆýBP¸þ��-*Ký8ô+Q3�
*Ký��Rû(& ý:��Ù% º üRþÿûbý�Ç³ú#	J6�� ýBPv*Ký��cû$h&�-*Ký8ô�1-*Kú#	�6��Æý&ëy���	OýTQ3�
þ��-*Ký8ô*),+ �Rü+�'& ý7��Ù%
�bþ�êÜýÜú,!mP�ê;<SüRþ� gþÿûbþ~$Bý\9y�L����7%ÓÇB| � ãWÊ q Q3�
*Ký��Rûbht��*Ký8ô*),+ *Fý��cû-& ý:��Ù%��Rþ�êÜýÜú,!mP&ê;<Sücþ� gþÆûRþ�$;ý\9W�L����:%�Ç[| � ãWÊ q Q3�

l���íÊÉ]íZø .�î �|�z�pú�û�þ �q��ûJú0/
Ê<�ñ-@,	OüRý V )�%&%Ï*Kú#���Oýn	��Íý�ôFûbüAIþÿû?*J	F�/ú/*Ký�ê#�$#�ü��:��Æþ��A��Dû?�Æý�ücý� 0���L��/ý� gý��Dû

*J	I�/ú, 0�_ú#�A��DûzRtSTJXðn�L�$;ú#���Üý#%

�~�������~��´�1���£��~��£L���� Mµ
�32� �����·� ����"¶/¤�34��{³��~���~��«�����·"�{�� +�~´��-¯J�51�³�1��31���¼ ¿� ��54��{³��~���~��«�����·"�{�� vµ�¶Z²
��¢L�
��1����~ÆL�����61�³���������1{����ÆL������1�³���¯µ¹��¢L���61�����Æ�������1�³��"¶
��´��^¼ ¿� ����61����71��L ����&µ¹��¢L���61�����Æ�������1�³��t¼
����������¶Z²�����61�����Æ�������1�³��t¼ �~��£L���� �¢L���61������Zµ ·� ��{�Z¶Z²
Ä��L �³L����1�³����� �³L���61�³�¯/�~·"�~�M¼81����� ����L�M¼
���� �³L���61�³&µ�¶"²�~·"�~�M¼ Ã~³� � �¥~Ã~ÃL�~ ��J¯J¸M²Ç�·"���� Mµ��{�L �³L����1�³t¼ ·�����¦� �¡��&µ�¶�¶/¤��©L���51��~���L�{���� )�� �¡��J¯Ùµ¹��©L����1��~���������� �¶~���L �³L����1�³t¼ �� �¡��&µ�¶"²�������~�:9L /¯/�� �¡��t¼ ¿� ��L§��;9L Mµ�¶"²�����<1�Ã�ÃL�~ ���¯J�����51��~���L vµ����:9� L¶Z²�L �¡��t¼¹�~ ���¬61������L��1��tµ81~Ã�ÃL�� ��"¶Z²»»

������������´61���£-�~ ���¬61������L��1��tµ
�{���-�{��£L �¡"¶/¤�~·����M¼ ��1������L��1���¯-�{��£L �¡&²
��ÃMµ��������������µ�¶�¶#³L ��~��³~�t²
�34L��³��~�L����«����{·"�{�L ��~´���¯��61�³�1���1���¼ ¿L ��54L��³��~�L����«L���{·"���� Mµ�¶"²�32� �����·� �����¯Ùµ¹�32L ��{�Z¶
�~´��^¼ ¿L ����61{���71��� {���&µ
�:2L ��{�Å¼
�~�~������¶"²�~·����M¼
�����L �¿61�³��Z°{§��:9L /¯/·L ����Å¼¹���:9L �1~Ã�µ
��¬�³����"�����{´L ~���~�����M¼¹Ä�¦�¨"¶"²��§��L����É~Æ�³L�{�� �Ä����L��Ã~³��{�" /¯Ùµ
�~§��L���{É�Æ�³L���" �Ä������L¶����L���{Ét¼ ¿L ��&µ¹¸�¶"²Ã~³��{�" �¼¹�~ ��������L �¿61�³��Z°{§��:9L vµ��~���� �¿�1�³��Z°�§��;9L L¶Z²Ã~³��{�" �¼¹�~ ���¬61������L��1��tµ �~·"���v¼ �71��~������1{�Z¶Z²
Ã61�³&µ��{������¯}°"º����:9� �¯����L���{Ét¼
���;9L Mµ�¶"²,�+���~�:9L M²������L¶/¤��§��L����É�Æ�³��{�" �Ä������)��³L �´L��1��"��¯Ùµ¹��§��L����É�Æ�³��{�" �Ä�������¶~���L����Ét¼ ¿� ��&µ���å�°~¶Z²��§��L����É�Æ�³��{�" �Ä������J�{��³�³� ����J¯Ùµ
�~§��L���{É�Æ�³L���" �Ä������L¶����L���{Ét¼ ¿L ��&µ���¶"²�{���/�71���¯/��³� �´���1{�"�M¼ ¿� ���¬�1��������31��tµ�¶"²�{���-���:9L /¯/��³L �´��31��"�M¼ ¿L ���¦���~���~³��&µ�¶
Ü��~���� �¿�1�³��Z°�§��:9L M²�{��³�³� ����t¼¹�~ ��������L �¿61�³��Z°{§��:9L vµ��~���� �¿�1�³��Z°�§��;9L L¶"²�{��³�³� ����t¼¹�~ ���¬61������L��1��tµ �71��I�/�"�;9L L¶Z²»
��§��L����É~Æ�³L�{�� J��������¯�µ
��§��L����É~Æ�³L�{�� �Ä����L�L¶~��������É&¼ ¿L ���µ����L����Ét¼
�~�:9L Mµ�¶�å�°~¶"²�~·����M¼¹��´L���~�~������ /¯��~�����t¼ ¿L ���¬61������L��1��tµ�¶Z²»

�a� � í V )J%0%�ê¹e @��	-�AEOý é�þ� 0���L��DûAIûRþ ú,�F*Kýw�LÏ gþ��Rý�ð(èqú,	Oü?*Ký��[@�ý��cûbþÆú#���-	þÆüRý��z*Fý
*Kþ��+�_ú,�RþÆûRþ ú,���³ý/ûi*J�����L,�2ý� gý��Dûp*Fý��³ú,6Oèqý2û+�7%Ne *FüRú;þÿûRý�éNþ� 0���L��Dû�TûbþÆú#�u*Ký?�Lw gþ��Rý�ð
èqú,	Oü=*Ký����_ú,�bþÿûbþÆú,���i�6J�bú,��	Oý��>*Ký��z·AÚAS\Û�7�J8%



zm|)g�=)g à ff� cHáÙb a�ff�uf l�e�h f á o kTà=hnkTlil=bBl aNfzâ à V % �
a�b?>@ � ÝBA C5æ2â�D6ÝBA Ý�Þe@FE Ý æF�qå�áGE�å(Þ�Þ â(ÞHD6ÝJI á

ÇB������/ý/ûcûbý��Rý7�2ûRþ ú,�Ù1x�Oú,	���ý8ôJ���ÆþL')	Oú#�����/ú# 0 �ý��Dû�üRý� w������/ýÜü�ðC�L�$;ú#���Üý��M� ú�ü^]
*Kú#������-�/ý�	Oü=*Ký�96ú�üRú,�Rú#�M%
K���í¸Ï�íLK �NM ú^ù³��ú8�?ü
ÇB����>96ú�üRú,�Rú#�M1J�������@�ú;ücþÆû�E� gý?*�� ú;ü�*Kú#�J����-�/ý� gý��Dû�ý��cû�þ��-*J���_ý��-*-��Dû>*KýB�L�@;ý��^]

ûbþÆú#�K*Fý��L� w�� gú;þÆücýn*Ký��>ñ-���B*�� ý8ôJ�7��	FûbþÆú#�Ù% � ý� 0�J����/ýÜüi� ý��/ú# w�_ú#�A��Dû?O\Ú(PQOSR<R2STRVU
Ð(W5Ç�Ú��Rþ�@#�Oþ~ñNýW�� ú�ü��< gú/*Kþ~ñNýÜüx�������@�ú;üRþÿû�E� gýy*�� ú�ü+*Kú,������-�/ý� gý��Dûj*Ký��xñ-���j*�� ý8ô��7��	KûbþÆú,�
*Ký�9×ú;ücú#�Rú,�M%

Ê<B6_ú,	-���Æý>*2� ý8ôJ�7�8	KûbþÆú#�0�OüRþ��-�/þ����� ý>*Fýi96ú�üRú,�Rú#���Oü���$;ú;þÿû��M��	ücü�X/û�*Ký��M� ú�ü+*Kú,�������]
�/ý� gý��Dû7% q ���Æý?�7�
�7�/üRþÿû=�Rý��Æú#�C�������@�ú;ücþÆû�E� gý[��	Oþ�$,��Dû�é

� «�¬�ÏÄy¶�½¾ª ò�¯�±#²�¯T¬o¬�«�¬�Í*½�¶�±=¬�ò�½+Â�Ï©�«(Âk®Á¬�D½+±#±D¯T¨�©!¶
| ü+*Kú,������-�/ýÜü�� ý��Tñ-���>*�� ý8ôJ�7��	KûRþ ú,���7%� ®Á¬ � «(¬T��Ï¶y½

Ê¬ýÏ gú/*JÒ��ÆýC*J	Q�/ú, 0�_ú#�A��DûNO�Ú�PQOTRYR2STR2Ð(W�Ç�Úz*KýI96ú�üRú,�Rú#�W�Ù�{�����	OüRýÏ����jý��-�/ú�üRý
���@�ý��cûbþÆú#�D*Ký��z gú,�Oþÿûbý�	Oü;��ý/ûz�Ù� þ� 0���L��Dûbý0����z�LC�_ú,�ÆþÆûRþL')	Oý.*Fý� 0�� �ú;þÆüRý�*Ký��[ñ-���
*�� ý8ôJ�7�8	KûbþÆú#�n*KýW�L>���}�7�/þ~ñ��7TûbþÆú,�w*KýW�L= �,�+EOþ��Oý�$Fþ ümû+	Oý����Æý�ê)�$,���ÊF�,Z�Zr��% q ������	���*Ký
�/ý����Æý��W')	Oý=�Oú,	��y*J�7�/ücþ�$;ú#���71)*Ký=�Oú, �6Oücý�	��Rý��aú#�}�Üü+IûRþ ú,�����+	J�������� �ý��Dû�IþÆüRý��y*Kú;þ~$Bý��Bû
*Kú#�-�[X/ûbüRý×þ��Oþÿûbþ��Üý��V�_ú,	OüV�ÆýW�AE����@;ý� gý��DûNð=�L�$Bú,���ÜýX*Kýy��� ú;ü�*Kú,������-�/ý�	Oü�*KýT96ú�üRú,�Rú#�M%

ÇB����B�Oú	ûbüRýn�7��:13�_ú,	OüB�Oücú����7*FýÜü?�	K�AE����@;ý� �ý��Dû?*J	K�/ú, 0�_ú#�A��Dû\O\Ú(PQOSR<R2STRVU
Ð(W5Ç�ÚÙ�/ú#	KüA��Bû:1�þ�����	Jó�û�ûbú,	KûV*2�{�6_ú;ü+*z*Ký��OüRú/���7*KýÜüVð��Rú,��	ücü�X/û:%:Ê¬ý��xñ-���j*�� ý8ô��7��	KûbþÆú,�
'�	Oþ��OýB�bú,�DûT����\ûbýÜü� �þ�������*Kú�þ�$;ý��DûJX/ûRüRý"ý�����	OþÿûbýAþ������Üü�����*-����T���ñ�� ý[*J	��Oú#	J$;ý:�	
�/ú# 0�_ú,�A��Bû]O�Ú�PQOTRYR2STR2Ð(W�Ç�Ú8%j9i� ý��cû��/ý0�Oú#	J$;ý:�	D�/ú# w�_ú#�A��Dû�')	Oþzþ��OþÆûRþ ý��M��	ücü�X/û�*J	
�Oü��7���7*Ký��Dû:%
K���í¸Ï�íä� � ú^ý�ümüÙùÖ�÷þ ² M ü_^ ��ù>ýZ�ÍË M Ë�ýGËx�
ÇB����W�M�{Iü+�AEOþÿûbý��2û+	OüRýi*Ký[96ú�üRú,�Rú#�M1/�Æý³ûtÎ��_ýB�6��cûbüAIþÿûa`�bdc:Ü�Ì#ç�eVf�Ì,æ�üRý��Oü;���bý��Dûbý>� ý

�/ú# 0�_ú,�A��BûgO�Ú(P�OTR<R2STR3Ð(W5Ç�Ú81�'�	Oþ#�_ý�	Kû%X/ûbücý�	ücü�X/û+� O Ø�SV�ÆýN�RýÜü;$Fþ��/ý�5�æ�ÌDCK"Ybdc:Ü�Ì#ç�eVfdh �J4 %
`Ti)Ü�æ�ÌDC)ç�ý��cû=�Æý"ûÅÎ��_ý?*Ký���ñ-���>*�� ý8ôJ�7��	FûbþÆú#�Ù%
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jWx61;ºTPUOX_;ºKOIy�1�1Ie9L31:ºTPUOK_:ºKOIy6151IeGoL\MKVIVXJ;ºKOKxKeW_KPIP#` pXJROKx51:ºTPUOK_:ºKOIy6151Ie#htmwv
jWx61;ºTPUOX_;ºKOWzZJUOWQ71R^WVXJW]9L�1:ºTPNOX_:ºKO
ohkjWx61:ºZPUOX_:ºIOWzZJRORQ71R^IVKJW]ZmWL31:ºTPUOK_:ºKOIy6151Ie{` pXJROKx51:ºTPUOK_:ºKOsh%S;ºK^XJUHTmwv
jWxKeW_KPIPNzXJROWQ71U^
VXJIP�1IeRfKJR^WzZJUOWQ71R^
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