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THÈME 1

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Information Hiding, Inheritance and Concurrency

Qin Ma Luc Maranget

N° 5631

18th July 2005





Unité de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 Le Chesnay Cedex (France)

Téléphone : +33 1 39 63 55 11 — Télécopie : +33 1 39 63 53 30

���������
	���
������������������������������
� 
!�"��#$�%�"���'&(����#*)������+��#-,

.�/103254 6$798:234<;=4>09?A@CB

DFE9GH�I�H�JLKNMPOH�QRH�SUTAVWHYXFQRZAQRX GH�I�H�Q
[*\�]_^ HYX�` ] Q�a ]cb S

MFSed�d ]U\ XgfhH \ H�a E H \ a E Hji!k-lUmUnAJ:K J�o_X Eqp T�rsZ:teuUuvl�K wCx�dySezUH�Q

{}|�~��c�C���U�v��� H5SU��I�X ] d \�]Cb ��fhH���ih� ]U\ I�SeX�� ] i E ��f���ihz�Q�Thd�d ]U\ XP��i�a ] i�aYT \�\ H�i>X ]U�A^ H�a=X � ]U\ �sH�i>XRH�f
d \�] z \ SUI�I���ihz�r�SUihzvT�SezUH�QY� � HgQRX�T�f�Z�X E H���Q�Q�ThH ] �y��ih� ]U\ I�SeX�� ] i E ��f���i�z"SeX�X E H ]U�A^ H�a=X$rsH b H�r<SUi�f�aYr�SUQ�Q
rsH b H�r��e��i�X E H+a ] i>XRH=V<X ] ��SUi ]U�A^ H�a=X � ]U\ �sH�i�XRH�f�H=VAXRH�i�Q�� ] i ] �hX E H p ] ��i�aYSUr�aYT�r�T�Q!K�S"d \�] a=H�Q�Q�aYSUr�aYT�r�T�Q
��i
X E H+X \ SUf��sX�� ] i ] �hX E H [ ����aYSUr�aYT�r�T�QY����X�X E H ]U�A^ H�a=X-rsH b H�r��e +H���I�d \�]cb H+SFd \ � b SUa=Z�I�H�a E SUi���Q�I¡d \�] d ] QRH�f
��i:d \ � ]U\   ]U\�¢�� Z�fhHY£�i���ihz�S�Q���I�d�rsH \ a E H�I���aYSUr!Q�H�I�SUi�X���aYQ�� ]U\ d \ � b SUa=Z�a ] i>X \�] r��*��XgX E H¤aYr�SUQ�Q�rsH b H�r��
 �H"d \�] d ] QRHFS E ��f���i�zLI�H�a E SUi���Q�I � Z�fhH�Q��szvi���ihz�S¥i�HY  ] d9H \ SeX�� ] i ] i:aYr�SUQ�QRH�Q�� � HLfhHY£�ihH"��X�Q*� ]U\ I�SUr
QRH�I�SUi>X���aYQg��i}XRH \ I�Q ] ��SUrsd E S_��a ] i b H \ X���ihz E ��f�f�H�i:i�SUI�H�Q�X ] � \ H�Q E i�SUI�H�QY��SUi�fP�sX�Q�X¦Z>d���ihz���i:XRH \ I�Q
] �-H�r���I���i�SeX���ihz E ��f�f�H�i}i�SUI�H�Qg� \�] I�aYr�SUQ�QFX�Z<d9H�QY� � H�Q�X�T�fhZ�X E H�QRX�SUi�f�S \ fWQ ] T�i�f�ihH�Q�Q�d \�] d9H \ X¦Z ] �
X E H�X¦Z>d9H�QRZAQRXRH�I§��SUQ� �H�r�r-SUQ¥QRd9H�aY�s£ya�d \�] d!H \ X��sH�Q¤a ] i�a=H \ i���i�z E ��f���ihzh��¨ ] I�HU���s��i ] X¥I ] QRXY� ] � ] T \
a E ] ��a=H�Q���i�f�H�Q��szvi���i�z ] T \ QRZ<Q�XRH�I©S \ HFI ] X�� b SeXRH�f � Z���I�d�r�H�I�H�i�X�SeX�� ] i����LQ�SUi�H b ��fhH�i�a=H ] �yd \ SUa=X���aYSUr
Q��szvi��s£�aYSUi�a=HU�U �HF��I�dyrsH�I�H�i>X ] T \ I ] fhH�rh��i�S¤d \�] X ] X�Z<d���i�z¥QRZ<Q�XRH�I§�$ª \�] I«X E SeX�H=V<d9H \ �sH�i�a=H� �H"f \ Sc 
zvT���f�H�r���ihH�Q�� ]U\ S��¬T�r�r���Q�aYSUr�HL��I�d�rsH�I�H�i>X�SeX�� ] i��
­¯®>°9±�²�³ �_´�~U� r�SUihzvT�SezUH�fhH�Q��szvi��h��ih� ]U\ I�SeX�� ] i E ��f���ihzh�ASUaYa=H�Q�QFa ] i>X \�] r��hX¦Z>d9H¥S � Q�X \ SUa=X�� ] i���a ] i�aYT \ �
\ H�i�a=ZU� ]U�A^ H�a=X � ]U\ �sH�i�XRH�f¯d \�] z \ SUI�I���ihz�X¦Z>d9H¥QRZAQRXRH�I§� ^R] ��i§aYSUr�aYT�r�T�Q
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® ��� ] T�Q¥a ] i�Q���f+OH \�] i�Q�r�S��<ThH�QRX�� ] i�f�T a ] i>X \��] rsH�fhH�r�S b ��Q�� � ��r��sX<OH�fhH�Q�i ] I�Q�f�SUi�Q�rsH�Q¤r�SUiA�
zvSezUH�Q¥a ] i�aYT \�\ H�i>X�Q�HYX ]U\ �sH�i>X>OH�Q � ]U�A^ HYXY� � ] T�QLd \�] a�OH�f ] i�Q¤f�SUi�QLrsH�aYSUf \ H�f�� T�ihH�H=VAXRH�i�Q�� ] i ]U�h^ HYX¤f�T
p ] ��i aYSUr�aYT�r�K T�i aYSUr�aYT�r�fhH�d \�] a=H�Q�Q�T�Q�f�SUi�Q¥r�SWX \ SUf��sX�� ] i�f�T [ ����aYSUr�aYT�r��
HYX�X \ SU�sX ] i�Q¥r�S��>T�H�QRX�� ] i
GS}r�S�� ] ��QLSUT i�� b H�SUT fhH�r�� ]U�A^ HYX�HYX¤fhH�r�S:aYr�SUQ�QRHU� [�] T \ a=H��>T���H�QRX¤fhH�Q ]U�A^ HYX�Q��!i ] T�Q�SUI3OH�r�� ]U\�] i�QLrsH�Q
X \ S b SUTAV d \ OH�ayOH�fhH�i>X�Q�H�i d \�] d ] Q�SUi�X¤T�ihH�Q<OH�I�SUi>X����<ThH�a E ��I����<ThH�d�r�T�QLQ���I�dyrsH�HYX�d�r�T�Q \ OH�SUr���QRXRH�d ] T \
rsH¥a ] i>X \��] rsH�f�H�r�S b ��Q�� � ��r��sX>OH GS�r�� H=V�OH�aYThX�� ] i�� [�] T \ a=H��>T��9H�Q�XFfhH�QFaYr�SUQ�QRH�QY��i ] T�Q"S ^ ] T�X ] i�QFT�i§i ] T b H�r
] d�OH \ SeXRH�T \ fhH"I�SUQ��<T�SezUH��! #"�$%"'&)(+*-SUT�aYSUr�aYT�rhfhH�Q$aYr�SUQ�Q�H�QY��f�SUi�Q$r�H � ThX$fhH \ H�i�f \ H���i�SUaYa=H�Q�Q�� � rsH+dyS \ X��sH
fhH�Q�aYr�SUQ�QRH�Q�d�S \ H�i>XRH�Q�r ]U\ Q¥fhH�r�� E OH \ �sX�SezUHU� � ] T�Q�f�OHY£�i���Q�Q ] i�Q¥r�SWQ>OH�I�SUi>X����>T�H:f�T i ] T b H�r ] d�OH \ SeXRH�T \
d�S \ rsH \ H�i ] I�SezUH�fhH�QLi ] I�Q"I�SUQ��>T�OH�QLH�i fhH�QFi ] I�Q"� \ SU��QY��X�SUi�f���Q,�<ThH�Q ] i X�Z<d�SezUH�H�i�X \ S � - ihH�r�S�f���Q �
d�S \ ��X�� ] i:f�H�Qgi ] I�Q�I�SUQ��<T+OH�Q"fhH�Q�X�Z<d9H�QgfhH�QgaYr�SUQ�Q�H�QY� � ] T�Q�� ]U\ I�T�r ] i�Q+HYX�d \�] T bU] i�Q�rsH�Q�d \�] d \ � OHYX>OHYH�Q
T�Q�T�H�r�rsH�Q¥fhH}Q �T \ HYX<OHPf�T Q�Z<QRX GH�I�H§fhH:X�Z<d9H�QY�$SU��i�Q��	�<ThH.�>ThH�r/�>ThH�Q�d \�] d \ � OHYX>OH�Q�Q�T�d�d�r OH�I�H�i>X�SU� \ H�Q�r�� OHYH�Q
SUTqa ] i�X \��] r�H�fhH b ��Q�� � ��r��sX>OHU�10�H \ X�SU��i�Q�a E ] �sV¯fhH�a ] i�a=HYd�X�� ] i�Q¤fhH�i ] X \ H�I ] f GH�rsH�Q2� ��i�Q�d�� \ H�i>X"f�TqQ ] T�aY�
f3� ��I�d�r OH�I�H�i>X�SeX�� ] i�� \ OH�SUr���Q<OHYHPd ] T \ rsH�I ] I�H�i�X�Q ] T�Q�r�SW� ]U\ I�H}f3� T�i�d \�] X ] X�Z<d9HU�54LH}a=H:d \�] X ] X�Z<d9H
i ] T�Q�X�� \�] i�Q�rsH�Q
z \ SUi�fhH�Q�r���zvihH�Q
f3� T�i�H���i>X>OHYz \ SeX�� ] i�H�i b>\ SU�sH*z \ SUi�f�H�T \ fhH+i ] Q�aYr�SUQ�QRH�Q�f�SUi�Q�rsH�r�SUihzvSezUH
p ] 0gSUI�r��
6 ³ �c~ ± �#7 
® ~P� a ] i�a=HYd�X�� ] i§fhH�r�SUihzvSezUH�QY��a ] i>X \��] rsH¥fhH�r�S b ��Q�� � ��r��sX<OHFfhH�Q�i ] I�QY�hS � QRX \ SUa=X�� ] i§f�SUi�Q�rsH�Q
X�Z<d9H�QY��a ] i�aYT \�\ H�i�a=HU�hd \�] z \ SUI�I�SeX�� ] i ]U\ �sH�i>X>OHYH=� ]U�h^ HYXY� ^R] ��i§aYSUr�aYT�r
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+ �A^ H�a=X � ]U\ �sH�i>XRH�f d \�] z \ SUI�I���ihz�a ] i�a=HYd�X�Q¤S \ H ] �1XRH�iqaYr�SU��I�H�f¯X ] d \�]cb ��fhH�S�d \ SUa=X���aYSUr b �sHY  ] �$a ] iA�
aYT \�\ H�i�X�QRZAQRXRH�I�QY�-,�SUQ���aYSUr�rsZU� ]U�A^ H�a=X�Q"H=VAa E SUihzv��ihz�I�H�Q�Q�SezUH�Qg  E ��r�H�I�SUi�Sezv��ihz�X E H�� \ ��i�XRH \ i�SUr!Q�X�SeXRH�Q
��i�S�d \ � b SeXRH��¬SUQ E � ] i�QRHYH�I S�dyr�SUT�Q�� � rsH+I ] fhH�r ] �9a ] I�d�ThXRH \ Q ]U\ SezUH�i>X�Q���i>XRH \ SUa=X���i�z ]cb H \ S¥ihHYX�  ]U\�¢ �
D ] zv� b H�Q ] r���f QRH�I�SUi>X���aYSUr$� ] T�i�f�SeX�� ] i�Q¤X ] X E ��Q¥��fhH�SA��i<T�I�H \�] T�Q¤�¬T�i�f�SUI�H�i�X�SUr$Q�X�T�f��sH�Q/. tUlA��n<��Jcw<�
n_x���tUoA�!tUmA��tvw<�ynvw<��nUnh��J�0A�yw<��t_x#1�d \�] d ] QRH�aYSUr�aYT�r��9X E SeXFa ] I � ��ihH ]U�A^ H�a=X�QFSUi�f¯a ] i�aYT \�\ H�i�a=ZU�

,�ThX�X E H \ H�H=VA��QRX�Q�SUi ] X E H \ a ] i�ihH�a=X�� ] i � HYX¦ +HYH�i ]U�h^ H�a=X � ]U\ ��H�i�XRH�f5fhH�Q��szvi�SUi�f a ] i�aYT \�\ H�i>X¥QRZAQ �
XRH�I�QY� 0 ] i�aYT \�\ H�i�X�d \�] z \ SUI�Q�S \ H E �sz E rsZ�a ] I�d�r�H=V5SUi�f3H=V<X \ H�I�H�rsZ5f���2�aYT�rsX�X ] zUHYX \ �sz E XY��  E ��rsH
]U�A^ H�a=X � ]U\ �sH�i>XRH�f fhH�Q���zvi ]!3 H \ Q¤QRX \�] ihz§Q�T�d�d ]U\ XF� ]U\ I ] f�T�r�S \ SUi�fq��i�a \ H�I�H�i>X�SUr-fhH�Q��szvi��9T�Q�T�SUr�rsZ � Z
X E HPI�H�SUi�Q ] �FaYr�SUQ�QRH�QY�54Lih� ]U\ X�T�i�SeXRH�rsZU�$X E H}��f�H�S ] ��X�SUI���ihzqX E HPa ] I�d�rsH=Vh�sX�Z ] ��a ] i�aYT \�\ H�i�X�QRZAQ �
XRH�I�Q � Z ]U�A^ H�a=X � ]U\ �sH�i>XRH�f fhH�Q��szvi ��Q E ��i�fhH \ H�f � Z " &  7698 ";:(<%&>=�6?<%&A@#BC<#D "(6FEG. tUn!1 � "IHJ6�H���X E H���i�S � ��r���X�Z
X ] d \�] z \ SUI X E H ]U�h^ H�a=X�Q���i>XRH \ i�SUr�Q�Z<i�a E \�] i���K�SeX�� ] i � H E S b � ]U\ Q � Z aYr�SUQ�Q���i E H \ ��X�SUi�a=HU�§ª \�] I X E SeX
d9H \ QRd9H�a=X�� b HU�-ª ] T \ i�HYX?6L:%<!D�H-I�S ¢ HPS Q��szvi��s£�aYSUi>X�d \�] z \ H�Q�Q� ��sX E X E H�� \   ]U\�¢ .�J�l�1 �Wª ] T \ ihHYXM6�:�<#D�H
Q�Thd�d�rsH�I�H�i>XgX E H�X E H p ] ��i¯aYSUr�aYT�r�T�QN.�JUJU��J�t�1� ��sX E aYr�SUQ�Q�H�Q�SUi�f ]U�A^ H�a=X�QY�!Q ] SUQ�X ] SUa=X�T�SUr�rsZ§d \�] d ] QRH
S�Q ] r�ThX�� ] iPX ] SUr�r9X E H���i E H \ �sX�SUi�a=H�SUi ] I�SUr���H�Q ] �O. tUn!1 �

P�]  �H b H \ �¥SUQ§ �H�fhH�Q�a \ � � H ��i ] T \ d \ H b � ] T�Q}  ]U\�¢ . tUt#1 �Lª ] T \ ihHYXQ6L:R<#D�H/� Q§I ] fhH�rL� SUr�r�Q}Q E ]U\ X
��i3� ]U\ I���ihz X E H � SUQ���Q ] �¤S d \ SUa=X���aYSUrg��I�d�rsH�I�H�i>X�SeX�� ] i��S, \ �sHLT�ZU��ª ] T \ ihHYXU6�:V<!D�H�� Q:aYr�SUQ�Q�aYSUr�aYT�r�T�Q
f ] H�Q¥Q�Thd�d ]U\ X�X E H���i�a \ H�I�H�i>X�SUr-d \�] z \ SUI�I���ihz ] ��QRZ<i�a E \�] i���K�SeX�� ] i d ] r���aY�sH�Q�� � ThX��sX�Q�X�Z<d9H�QRZAQRXRH�I
��Q�Q ] I�H E ]   a ] T�i�XRH \ ����i�X�T���X�� b H�SUi�f�Q��szvi���£�aYSUi�X�r�Z \ H�QRX \ ��a=X�Q¤X E H�aYr�SUQ�QRH�Q¥X E SeX¥aYSUi � H�d \�] f�T�a=H�f � Z
��i E H \ �sX�SUi�a=HU�e  E H�i�a ] I�dyS \ H�f�X ] X E ] QRH�X E SeX$aYSUi � H�  \ �sXRXRH�i�f�� \ H�a=X�rsZU��W i?. tUt!1 �v +Hg��I�d \�]cb H�ª ] T \ ihHYX
6L:X<!D�H�� Q�I ] fhH�r � Z�f�H�Q��szvi���i�z¤S�ihHY  X¦Z>d9HFQRZAQRXRH�I§� ] �9  E ��a E X E HFI�SU��i�a ] i�X \ � � ThX�� ] i���Q$X E HF��i�aYr�T�Q�� ] i
] �
a ] I�d�r�HYXRH�QRZAi�a E \�] i���K�SeX�� ] i � H E S b � ]U\ ��i�aYr�SUQ�Q+X�Z<d!H�Q�� + T \ I ]U\ H�H=V<d \ H�Q�Q�� b H�aYr�SUQ�Q+X�Z<d!H�Q+SUa=X�T�SUr�rsZ
Q�Thd�d ]U\ XFQRZAi�a E \�] i���K�SeX�� ] iq��i E H \ �sX�SUi�a=H � HYXRXRH \ �Y,�ThXY� � H���ihz �<T��sXRH b H \��!] Q�HU�!X E HYZ¯I�S ¢ H�H b H�i�I ]U\ H
b ��Q�� � r�H:SUi ] X E H \ Q E ]U\ X�a ] I���ihz ] ��X E H ]U\ �szv��i�SUr�fhH�Q��szvi���i�SUI�H�rsZ X E HWr�SUa ¢�] �LS � QRX \ SUa=X�� ] i ��i3aYr�SUQ�Q
X�Z<d9H�QY��  E ��a E ��i ] T \ fhH�Q��szviPH=VAd \ H�Q�Q E ]   aYr�SUQ�QRH�Q�S \ H¥QRHYH�iW� \�] I�X E H ] ThX�Q���fhH�  ]U\ r�f
�

Z H�i�H \ SUr�rsZU�
��i�� ]U\ I�SeX�� ] i E ��f���i�z�SUr�r ]  FQ¤X E H�QRHYd�S \ SeX�� ] i � HYX¦ +HYH�i S \ H�QRX \ ��a=XRH�f���i>XRH \ �¬SUa=H�SUi�f�S
�¬T�r�rh��I�dyrsH�I�H�i>X�SeX�� ] i��>SUi�f���I�d ] QRH�Q+r���I��sX�SeX�� ] i�Q ] i E ]  (S�i�SUI�HLaYSUi � H \ HY� H \ H�i�a=H�f��[W i�S�i>T�X�Q E H�r�r��
X E ��Q�d \ ��i�aY�sd�rsH ��\ ��ihzvQFX�  ] SUf b SUi>X�SezUH�QL\L£ \ QRXY�9� \�\ H�r�H b SUi>XLf�HYX�SU��r�QLS \ H�z ] XRXRH�i \ ��f ] � �9� S bU]U\ ��ihz§a ] fhH
a ] I�d \ H E H�i�Q�� ] i
�_I�SU��i�XRH�i�SUi�a=HU�vSUi�f \ H�T�QRH#]�QRH�a ] i�f��Ua \ �sX���aYSUr<fhHYX�SU��r�Q�S \ H�d \�] XRH�a=XRH�f���� S bU]U\ ��ihz¤QRZAQRXRH�I
\�]U� T�QRX�ihH�Q�Q¤SUi�f���i b S \ ��SUi>XLzvT�S \ SUi�XRHYHU� P�]  �H b H \ ���1HY «� ]U\ I�SUr���Q�I�Q¤S \ H \ HYd ]U\ XRH�f���iqX E H�r���XRH \ SeX�T \ H
X E SeX:H��sX E H \ SUf�f \ H�Q�Q�X E H ��I�d�rsH�I�H�i�X�SeX�� ] i ] � E ��f���ihz���i a ] i�aYT \�\ H�i>X�QRHYXRX���i�zvQY� ]U\ ��i b H�QRX��szvSeXRH �sX�Q
��I�dySUa=X ] i¥QRZAi�a E \�] i���K�SeX�� ] i��^W i¤�¬SUa=XY�Uª ] T \ i�HYX"6L:_<!D�H E S b H+Q�Thd�d�r���H�f�S \ �szv��fLd \ � b SUa=ZLd ] r���a=Z �J` ��acbh�h� ®
SUi�i ] X�SeX�� ] i�Q ] i i�SUI�H�Q�*�X ] X E H�� \ I ] f�H�r���id.�J�l�1�� ]U\ X E ��Q"dyT \ d ] QRHU� P�]  �H b H \ ��X E H�� \ fhH�Q��szvi Q�T 3 H \ Q
� \�] I a ] I�d�rsH=Vh�sX�ZU�
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