
HAL Id: inria-00099499
https://hal.inria.fr/inria-00099499

Submitted on 26 Sep 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Logique sur les graphes et protocoles de diffusion
Damien Regnault

To cite this version:
Damien Regnault. Logique sur les graphes et protocoles de diffusion. [Stage] A03-R-320 || regnault03a,
2003, 17 p. �inria-00099499�

https://hal.inria.fr/inria-00099499
https://hal.archives-ouvertes.fr


���������
	���
�	�������
�������������
�� �����!�����#"$������
�%��&%��(')	�
!����*

+-,/.103254768259:4;,/<>=3?
@ 2BA�?C2B.ED�2BF)GIH�J KMLML:N

O PRQ
S>T;U8V)W�X$S>Y�UZQ
[�\#]_^(`baB\
]dc \e]_^�f$g\�hjilknm�g\�`lkpo!ilhjqr`�fI\#st`luwv�xy]zilk/]{m|`�fIqrhz\ev}^zqriluEfI\#~Bil�w`lunun\8[�il�n\du
� g\d�5knqr�/\���mraliBhzqrmrm�\C��\�^tfI\��{m�qr��q�\dh��$ilknhjun\�� � g\d�5knqr�/\���hzil^z��g\di5���

� `luw]�]j`E^j���\d]z\l��~Bil�w`lunun\�[�iB�n\�u7`�f$g\dv�ilkn�B\�hz^�kwu�`bmraliBhzq�^z�n��\-�Milknh�hng\d]zilkwfIhj\
\�u�^z\����w]
�Milmrx�unil��q|`bm$knu��nhjil�wm3�\d��\�fI\�fnq��:kw]zq�iBu1fn`luw]�mr\d]
`bhj�nhj\d] � �nhjil�wm3�\d��\8st�;�
v�iB���nm�\�^�fn`luw]8mr\yv�`B]8fI\yfnq��:kw]zq�iBu�fn`bu/]#m�\e]8aBhj`l�n�n\d] � �liBq�h�mr`E^j�R�\e]�\)fI\�~liB�w`bunuw\
[�il�w\�u/�z�}�;oR\��wkI^$fI\{v�\t]�^j`lal\�\d]�^$fRc `l�n�/iBh�^j\�h kwun\�a;g\�u�g\dhj`lm�q|]j` ^zqrilu
fI\tv�\�^�`lm�aBilhjq�^j�n��\
fI\e]�`bhj�nhz\e]$�l\�h(]�mr\d]�alh(`b�w�n\d]�fI\¡^jhz\d\��£¢�qrf�^j���Milhju�g\B�

s�iBkw]-`C�liBuw]�\e]z]j`Cx�g\yfI\Ea;g\�u�g\�h(`bmrqr]z\�h#mr\E�nhziB�nm3�\���\�fw`buw]�mr\�v�`l]�fI\e]�alh(`b�n�n\e]p�`
^zhj\�\d¢�qrfI^z���Milhju�g\;\�^�fI\e]!�w`b^z��¢�q|f�^z���Milkwh!�Milkn�Bilqrh!kI^jq�mrqr]z\�h�m�\�^z��g\�ilhe�\d�
\;fI\�[�ilknh(v�\dm�mr\d]
� �Bilqrh��;`bh(`b��\�^jhzqr��\ef�[�il���nmr\�¤Iq�^_xn�}�

[�\�^z��g\dilhd�\���\�fIilunuw\�fnq�hj\dv�^z\���\duB^#knu¥`bmraliBhzq�^z�w�
\�mrq�u�g\d`bqrhj\��Milknh#hng\d]zilk/fIhz\�fI\d]
�nhjil�nm¦�\d�
\e]Zfn\�f$g\dv�q|]zq�iBu1]zknh�m�\e]�^jhz\d\�¢�q|f�^z�§mrilh(]z�5kn\�unilk/]Z�Milkw�lilu/]
vd`bh(`lv�^ng\dhzq|]�\dh�v�\
�nhjil�nm¦�\d�
\��w`lh�knun\�¨©ilhj��knmr\�f�c knun\�v�\dh�^(`bqrun\¡m�iBalq|�5kn\l�

s�iBkw]¡`C�lilu/]tfIiBuwv�v(�n\dhjv(�w\�h
�`�v�iB���nhz\duwfIhj\�m|`8¨ª`R«v�ilu�fIilu5^�v�\�^¡`bmraliBhzq�^z�n��\�g\�^(`bq�^
a;g\�u�g\dhng\l�

� knq|]�uniBkw]#`C�liBuw]�\e]z]j`Cx�g\�fI\��Bilqrh
mr\d]�hwg\e]�knm�^j`b^j]
�5kn\-fIilunu/`bq�^#v�\�^z��g\dilhd�\���\�]�knh
unil^zhj\��whziB�nm3�\���\l�

¬ uI­/uR�nuniBkw]�`C�liBuw]$\d]j]z`Cx�g\�fI\�v�iBuwv�\d�lilqrh$knu-`bmralilhjq�^z�n��\l�

® ¯�°t±³²�´�S;µ�¶·Y�V�S>µ¸°�Sº¹�°�±»S>T;°�°�¶·Y�V�S>µ
s�iBkw]�`bmrm�iBuw]!�whng\e]�\du5^z\�h�m�\e]!aBhj`l�n�n\e]�]zknh�m�\e]z�5kn\dmr]�unilk/]�`C�Biluw]R^zh(`C�C`lq�mrm�g\l�!o!\d]�alh(`b�n�w\d]��`
^zhj\�\d¢�qrfI^z���/iBhzu�g\�]�iBuB^�fn\d] aBhj`l�n�n\e]��5knq/�/\dkn�l\du5^�¼\�^jhz\�v�iluw]�^zhjknq�^j];fI\�¨ª`R«v�iBu
hwg\ev�knh(]�qr�l\B�
v�\��5knq��M\�hj��\�^tf�c `b�Milh(fI\�h�fI\e]��nhjil�nm3�\���\e]$]zknh�v�\d]�alh(`b�w�n\d]$fI\��#`bunq¦�\dhz\e]�fIq��tg\�hj\�u5^z\e]��
½ ilkI^ZfRc `l�/iBhjfEuniBkw]�`lm�mrilu/]�q�u5^jhziIfIknqrhj\8mr`)unib^jq�iBu�fI\8m|`�^zhj\�\d¢�qrf�^j��f�c knu�aBhj`l�n�n\#\�^
fI\e]�g\�m�g\���\duB^(]$u$g\dv�\d]j]z`lq�hj\d]��`#v�\�^�^z\�f$g\�­wuwq�^jq�iBuR�
¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/ÂÇÆ·È�ÉyÊlËzÌ(ÍnÎnÏ�Ï}Ð}Ñ�ÒIÉ�ÓbÔÕÑ¦ËzÏ(Ï
ÐnÖ ×ÙØMÍnÏ�ÒIÑ�Ð�Ï�Ú(Û ÉwÐ}Ñ3Ë}ÒI×ÙËzÏ�ÜlÏ#ØrÌ�Ý�ÌbÞÚeÛ É�Ð}ÒI×ÙßeÔ
Ì É/Ñ£Ïeàá É�ÍwÌ Ë}ÑtÜBÏ�Ø�Ì�Ú�Øâ×ªã�ÒwÏ�ÜlÏ�ÑÕÌ ×ÙØÙØ�ÏZÓ�ätåCætÛbÉpËjÌÕç�Û ÒIÑÕÏ�ÒIÉ�Ð�Û è
è�Ï�Ñªæ�Û ÉpÐ>éÏ�Ø�Ï(Ú�Ñ¦×ªÛ É/ÉMÏ�Ó
Ì ÒIÑ¦ËzÏ�Ð�Ð�ÛbèZè#Ï�ÑªÐtã�ÒI×lÝ�Û Ë}è#Ï�É/Ñ>ÒIÉMÏ�Ú�Øâ×ªã�ÒwÏ¡Ï�Ñ;Û É-Ú(Û ètÍMØ�êÏ�ÑÕÏtØrÏ$ÊlËzÌ(ÍnÎnÏ�ÜBÏ�Ý�ÌbÞÚeÛ É)ã�ÒwÏ{Ø�Ï�Ð
Ó
Ð�ÛbèZè#Ï�Ñ3Ð�Ð�éÏ�Ø�Ï(Ú�Ñ3×ªÛbÉwÉ�éÏ�Ð�Ï�Ñ�Ø�Ï�ÉMÛ ÒIß Ï(Ì Ò�Ý�Û Ë}è#Ï�ÉwÑ$ÒIÉMÏ�Ú�Øâ×ªã�ÒwÏZÜBÏ�ÑÕÌ ×ÙØÙØ�Ï�ÓIätåCæ�Ï�Ñ$Ì ×ÙÉwÐ}×
ÜlÏ�Ð}ÒI×ÙÑ£Ïlë£ßCÛb×ÙË�ì�×�ÊbÒIËjÏdå}íbî

ï



           v1

           v2

exemples de 3−trees :

exemples de 2−trees :

              v1

              v2

           v3

o c `l]z�/\ev}^¡hng\dv�kwhj]zq�¨;fI\
mr`�v�iBuw]_^jhzk/v}^zqriluy\d]�^{�nqr\�u��nhng\d]z\�u5^tq|v�q¦�¡o�`#^jhz\d\�¢�q|f�^z�pf�c kwu
`bhj�nhj\$¨ª`bq|]z`luB^$`b�n�M\�m��`�mr`¡unil^zqrilu8fI\{]�iBkw]_�Õ`bhj�nhj\�uwilkw]�`bmrm�iBuw]>¨ª`bqrhj\�knu#hj`l�n�M\�m/fn\tv�\�^�^z\
f$g\�­wunq�^zqrilu�`C� `bu5^�fn\�fIilunuw\�h�m|`
f$g\�­wuwq�^jq�iBuR�
������� À��{Æ	�/×�

�Zë��Ræ���í�Ï�Ð(Ñ�ÒIÉ)ÊlËzÌjÍwÎnÏ�Ì Ø�ÛbË(Ð�
#Ö �Zë��{Ö æ���Ö í)Ï�Ð(Ñ�ÒIÉEÐ�ÛbÒ�Ð(ÔªÊlËzÌ(ÍnÎnÏ�ÜlÏ

 Ð}×;Ï�Ñ;Ð�Ï�ÒIØ�Ï�è�Ï�ÉwÑ>Ð}×��{ÖBÏ�Ð}Ñ ×ÙÉMÚ�ØâÒ�Ð�ÜBÌ ÉwÐ���Ï�Ñ Ð(×���Ö Ï�Ð}Ñ ×ÙÉMÚ�ØâÒ�Ð�ÜBÌ ÉnÐ��ÇÏ�Ñ�ã�ÒwÏ¡ÑÕÛ ÒIÑÕÏ}Ð
Ø�Ï�Ð�Ì Ë��Ï�Ñ£Ï�Ð�ÜlÏ���ÖIËzÏ�Øâ×ªÏ�ÉwÑ$ÜBÏ}Ð�Ð�ÛbèZè#Ï�Ñ3Ð�ÜlÏ��{Ö î

� `bqru5^z\duw`bu5^d�Iuwilkw]��Milkw�lilu/]$f$g\�­wuwq�h�m|`
unib^jq�iBu�fI\¡^jhz\d\�¢�q|f�^z�!�
¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/Â�����Ì�Ñ3ËjÏjÏ �;×ªÜ Ñ©Î�Ü!Ö ÒIÉyÊbËzÌ(ÍnÎwÏ!
 Ï}Ð}Ñ�ØrÏ�ÍMØ�Ò�Ð�ÍwÏ�Ñ¦×ÙÑ�Ó�ÑÕÏ�Ø�ã�ÒwÏ"
 Ð�Û ×ÙÑ{ÒIÉ
Ð�Û Ò�Ð}ÔªÊlËzÌjÍwÎnÏ
ÜRÖ ÒIÉ�ÓbÔÕÑ¦ËzÏ(Ïdî

oR\e]¡¨ª`b��qrm�mr\d]�fn\#alh(`b�n�n\e]8�`�^zhj\�\d¢�qrf�^j�E�/iBhzu�g\
uw\8]�iBuB^��w`B]��#`bhjalqruw`bmr\d]¡`lq�uw]zq�fI\
uniB���nhj\�kw]z\d]�¨ª`l�
qrmrm�\e]�fI\¡alh(`b�n�w\d]�]�iBu5^��`
^jhz\d\�¢�q|f�^z���Milhju$g\l�I�/`bh�\�¤I\����nmr\d]$#

�¦mr\d]�`lhz�whz\e]$]zilu5^�fI\¡^jhz\d\�¢�q|f�^z� ï �
�¦mr\d]�aBhj`l�n�n\e]��wmr`luw`bqrhz\e]�fI\¡hj`CxBilu�%�]�iBu5^�fn\¡^zhj\�\�¢�q|f�^j�"&'%:�
�¦mr\d]��/`buwfI¢�q|f�^j��\�^�m�\e]�v�kn^_¢�qrf�^j�-fI\¡^j`lq�mrm�\�%�]�iBuB^�fI\e]$^zhj\�\d¢�qrf�^j�-fI\¡^j`lq�mrm�\�%:�
���r�
� `bqru5^z\duw`bu5^RuniBkw]R`bmrmriluw]��BilqrhRv�iB�
��\duB^Rkwu��nhziB�nm3�\���\>fI\�f$g\ev�q|]�qrilu¡]zknhRv�\e]:¨ª`b��qrm�mr\d]

fI\�aBhj`l�n�n\d]$�M\�kI^�¼\�^zhj\¡hng\d]zilmrk�]�kwhtv�\e]�`bhj�nhz\e]$\�u�^z\d�
�/]�m�qru�g\e`bqrhz\��w`lh�m�\¡^j�$g\�iBhd�\���\{fI\
[�ilkwhjv�\�mrm�\e]��

(



� � µ��°�UZT��°�� ° V-°���U
W�T;X�°t¹�¹�°�±
oR\�^j��g\dilhd�\���\�fI\{[�ilknh(v�\dm�mr\d]>�whz\duwf
\�u#\�u5^jhng\d\�knun\�¨©ilhj��kwm�\�fI\�m|`¡mrilalq|�5kn\���iluw`BfIq|�Bkw\
fIkE]�\ev�iBuwf-ilh(fIhj\�\�^�fnilunun\
knuE`bmraliBhzq�^z�n��\Z�/iBknh�]z`C�Bilqrh{]zq>knu�aBhj`l�n�n\Z��g\�hjq�­w\
v�\�^�^z\
�nhjil�nhjq�g\�^ng\l� ¬ u¥¨ª`lq�^e�Z�`��w`lh�^jq�h�fI\ym|`E¨©ilhj��kwm�\B��m�\y^z��g\dilhd�\���\�� `�v�iBuwv�\d�liBq�h8kwu�`bkI�
^ziB�#` ^z\Ef�c `bhj�nhj\l�»o!\d]�aBhj`l�n�n\d]�fI\E^jhz\d\�¢�q|f�^z�Ç�/iBhzu�g\y�M\�kn�B\�u5^)]�\�v�iluw]�^zhjknqrhz\p�w`bh
m¦c `l�n�nmrqrvd` ^zqrilu�]zkwv�v�\d]j]�qr�l\8fRc knu1v�\�hz^j`lq�uEuniB���nhj\8f�c il��g\�h(` ^z\dknh(]��-[�\�^�^j\�v�iluw]�^zhjkwv}^jq�iBu
�M\�kI^�]z\)hj\��nhwg\e]�\duB^j\�h�]�iBkw]#m|`E¨©ilhj��\)f�c knu7`bhj�nhj\�\�^��M\�kI^y¼\�^zhj\)v�`lmrv�knm�g\�\�\�u¥^j\����w]
mrq�u�g\d`bqrhj\��`��w`lh�^jq�h$fIk�aBhj`l�n�n\�qrunq�^jqr`lm3��[{c \d]�^$fniluwv{]�knh$v�\�^�`lhz�nhj\��5kn\��C`#¼\�^jhz\t`l�n�nmrqr�5k�g\
m¦c `lkI^ziB��`b^z\�f�c `bhj�nhj\l�

� hj\���q3�\�hj\���\�u5^e��uniBkw]
`bmrm�iBuw]�¨ª`lq�hj\8knu1hj`l�n�/\dm$]zknhZm�\e]Z`lkI^ziB��`b^z\e]�\�^�mr\�knh(]��nhjib�
�nhjq�g\�^ng\d]d�p��knqr]
uniBkw]
\�¤I�nmrqr�5kn\dhziBuw]Zm�\�¨©ilu/v}^zqriluwun\���\�u5^#fI\d]�`lkI^ziB��`b^z\e]
fRc `lhz�nhj\d]Z\�^
mr\�knhZhj`l�n�/iBh�^�`C�B\dv�mr\d]
`bkI^jil�#` ^j\d]d� ¬ uw]zknq�^z\8uniBkw]��whng\e]�\du5^z\�hjilu/]¡mr`�¨ª`R«v�iBu�fIilu5^�mr\d]
alh(`b�w�n\d]�]zilu5^�^jhj`lq�^ng\d]$�Milknh�¼\�^zhj\{^zh(`buw]�¨©ilhj��g\d]�\�u�`bhj�nhj\d]$\�^�`bqruw]zq:^zqrhz\dh��nhjib­n^�fI\¡mr\�knh
v�iBuw]�^zhjkwv}^jq�iBu
hwg\ev�knh(]�qr�l\B� ¬ uI­/uR�Buwilkw];�whng\e]�\du5^z\�hjilu/]�mr\�^j�$g\�iBhd�\���\$fn\�[�ilknh(v�\dm�mr\d];`lq�u/]�q
�5kn\¡m�\e]�q|f�g\�\e]�fI\�]z`
�nhj\�kw�l\l�

	�

� �����������������
�{u�kI^zqrm�q|]z\�qrv�qRmr`�f$g\�­wunq�^zqrilu�v�m|`l]j]zqr�5kn\¡fI\d]t`bkI^jil�#` ^j\d]d�nvbc \d]�^��`�fIqrhj\ #

������� À��
� ÒIÉ�ã�ÒI×ÙÉ/Ñ3ÒeÍ:Ø�Ï�Ñzë���æ �tæ"!5æ �wærìRí�Û�êÒwà
Ô#�³Ï}Ð}Ñ�ØzÖ Ï�ÉwÐ�Ï�è%$�Ø�Ï�ÜBÏ}Ð¥éÏ�Ñ£ÌbÑªÐ
Ô&� Ï}Ð}Ñ�ÒIÉ�Ì Ø ÍwÎnÌ'$jÏ�ÑÕî
Ô�!)Ï}Ð}Ñ�ÒIÉ�Ý�Û É:Ú�Ñ¦×ªÛ É�ÜlÏ)(+*��-,.( ÌjÍBÍnÏ�Ø éÏeÏ�Ý�Û ÉMÚ�Ñ¦×ªÛ ÉpÜBÏZÑ3ËzÌbÉnÐ}×ÙÑ¦×ªÛ ÉMî
Ô �pÏ�Ð(Ñ$Ø�Ö Ï�ÉnÐ�Ï�è/$�Ø�Ï�ÜlÏ�Ð§éÏ�ÑÕÌ Ñ3Ð�×ÙÉ/×ÙÑ3×ªÌbÒ10�î
Ô3ìÇÏ}Ð}Ñ�ØzÖ Ï�ÉwÐ�Ï�è%$�Ø�Ï�ÜBÏ}Ð¥éÏ�Ñ£ÌbÑªÐ32 É:Ì Ò10�î
oR\Z^z��g\�ilhe�\d�
\�fI\8[�ilkwhjv�\�mrm�\e]�kI^jq�mrqr]z\
knu�f$g\�hjq���g\�fIk)^z��g\dilhd�\���\�fI\ � x��nqrm�m>s�g\�hji�fn\

�5knq�\d]�^��w`B]Ig\¡]zknh�m�\e]��nhjil�nhjq�g\�^ng\d]$fI\¡mr`�hj\�m|` ^jq�iBu�]zknq�� `luB^j\'#
¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/Â�4 �:Ûb×ÙÑ5� ÒIÉ�ÌbØ ÍnÎwÌ1$(Ï�ÑtÏ�Ñ �¥ÒIÉ)Ø�ÌbÉ5Ê5Ì�Ê5Ï�Ð(ÒIË�� Ï�Ñ$Ì�Ï�Ñ�$768�:9Iî

; Ï�Ð}Ñ�ÒIÉ:Ï¡ËzÏ�Ø�Ì Ñ¦×ªÛ É<$�×ÙÉMÌb×ÙËzÏ�Ñ£Ï�ØRã�ÒwÏZÌ ; $¡Ð(× Ï�Ñ;Ð�Ï�ÒIØrÏ�è#Ï�É/Ñ;Ð}×>=§Ú?68�:9�Ì ØrÛ Ë(Ð�ÌlÚ
6 �§Ð}×�Ï�Ñ Ð�Ï�ÒIØ�Ï�è#Ï�ÉwÑ Ð}×�$(Ú@6 � î

oR\E^j�$g\�iBhd�\���\�]zknqr�C`lu5^y`b�n�M\�m�g\�^z��g\dilhd�\���\EfI\ � x��nqrm�m��£s�g\�hjiIfI\Ehj`lqr]ziluwun\p]zknh-mr\d]
v�m|`l]j]z\d]�f�c_g\d�5knqr� `bmr\�uwv�\�fI\�v�\�^z^z\�hj\�m|` ^zqrilu #
A7B ¿À�ÅDCFEÀFG�ÀpÆ·È�É7Ø�ÌbÉ5Ê5Ì�Ê5ÏEÏ}Ð}Ñ�ËjÏjÚ(ÛbÉwÉMÌb×|Ð(Ð�Ì'$�ØrÏ)Ð}×�Ï�Ñ�Ð�Ï�ÒIØ�Ï�è#Ï�ÉwÑ�Ð}×�Ø�ÏyÉMÛbè/$�ËzÏ�ÜlÏ
Ú�Ø�ÌCÐ(Ð�Ï}Ð�Ü!ÖzéÏdã�ÒI×ÙßCÌbØ�Ï�ÉMÚ(ÏtÍnÛbÒIË�Ø�Ì#ËjÏ�Ø�ÌbÑ3×ªÛbÉ ; Ï�Ð}ÑH2�Éw×ªî

�$q�\du��5kn\�uniBkw]Ruw\��w`lhzmr\�hjiluw]:�wm�kw]�f�c `bkI^jil�#` ^j\d]d�Cunilkw]!kI^zqrmrqr]z\�hjiluw]�fI\d]¡g\d�5knqr� `bmr\�u5^j]
fI\�v�\�^�^j\�hz\dmr`b^zqrilu�\�^tfI\�v�\{^j��g\dilhd�\���\{fw`buw]�f�c `bkn^zhj\d]���iIf:�\�mr\d]d�

&



	�
�� �������������������������	�
� � ��� �
� � � � � ������� �����
s�iBkw]�`bmrm�iBuw]
�#`bqruB^j\�uw`lu5^��whng\e]�\du5^z\�h
mr\d]�`bkI^jil�#` ^j\d]#]zknh�m�\e]z�5kn\dmr]
uniBkw]#`bmrmriluw]Z^zh(` �
� `bqrm�mr\�he�
¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/Â�� È�ÉyÌbÒIÑ£Ûbè�ÌbÑ£ÏZÜRÖ ÌbË $�ËzÏ�Ð¡Ð}ÒIË ��Ï�Ð}Ñ ÒIÉyã�ÒI×ÙÉ/Ñ3ÒeÍ:Ø�Ï�Ñtë���æ �tæ"!5æ �wærìRí�Ï�Ñ�ÒIÉ
Ï�ÉwÑ¦×ªÏ�Ë>Ý�Û$êÒ/��æ �/ærì¥Ð�Û É/Ñ�Ü�éÏ&2 É/×|Ð�Ú(Û è
è#Ï�ÜlÌbÉnÐ¡Ø�Ï}Ð�Ì ÒIÑÕÛ è#Ì ÑÕÏ}Ð�Ú�ØrÌCÐ(Ð}×ªã�ÒwÏ�Ð�î��yÌb×|Ð�!�Ï}Ð}Ñ
ÒIÉMÏ�×ªÚ�×�ÒIÉ:Ï�Ý�Û É:Ú�Ñ¦×ªÛ É�ÜlÏ � (+* (+*���� * (� ��� � *1� � ,.(1î�� Ï�Ñ�Ì ÒIÑÕÛ è#Ì ÑÕÏ�Í:ËzÏ�ÉMÜ�Ï�É�Ï�ÉwÑ¦Ë�éÏdÏ
ÒIÉ�ÌbË $�ËzÏZë_ÜlÛbÉwÑ>Ø�ÏtÉMÛbè/$�ËzÏ¡ÜlÏ�2 ØâÐ�ÍwÌ ËtÉMÛeÏ�ÒwÜZÏ}Ð}Ñ5$jÛbË}É�éÏ ÍwÌ Ë!Ýdí�Ì Òwã�ÒwÏ�Ø:Û É�ÌZÌ ÐjÐ�ÛeÚ�×�éÏ�êÌ
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Ô�Ïdà¡Û(ÍZéÏ�ËzÌ ÑÕÏ�ÒIË�ÒIÉ:Ì ×ÙËzÏ
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s�iBkw]
�/iBkn�liBuw]��#`bqru5^z\duw`bu5^
vd`bh(`lv�^ng\dhzq|]�\dh�m�\e]�`bhj�nhz\e]��5knq$�liBuB^
unilk/]��M\�hj��\�^�^jhz\

fI\Zhz\d�nhng\d]z\�u5^z\dh�m�\e]taBhj`l�n�n\e]Z�`#^jhz\d\�¢�q|f�^z�y�/iBhzu�g\l�¡[�\e]{`lhz�whz\e]t]zilu5^{`b�w�/\dm�g\e]taBhj`l�n�n\e]
v�iBkn��hj`lu5^j] � �;`bh(]zq�una�alh(`b�n�w](�}�
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>ÍwÏ�ÒIÑ>ÐIÖjéÏeÚ�Ë}×ÙËzÏ�Ú(Û è
è�Ï�ÒIÉ:Ï�ÚjÛbè�ÍwÛCÐ>éÏeÏ�ÜlÏ�Ð
ÛjÍZéÏ�ËjÌ ÑÕÏ�ÒIË(ÐpÜBÏpØ�Ì¥Ü�éÏ&2 É/×ÙÑ3×ªÛbÉ��Cî È�É ÌbË $�ËjÏ�Ð 3 É/Ñ£Ì 0B×ªã�ÒwÏEÚ(Û Ë}ËzÏ�Ð¦ÍnÛbÉMÜBÌ ÉwÑ�Ï�Ð}Ñ8ÌjÍlÍwÏ�ØCéÏ
ÊlËzÌjÍwÎnÏ�Ú(Û ÒIßeËzÌ É/Ñ£î

�!ÛbË(Ð�ã�ÒwÏ�
yÏ}Ð}Ñ 2 0�éÏ}æ
×ÙØ{Ï 0l×|Ð}ÑÕÏ)ÒIÉÇÌ Ø Ê5Û Ë}×ÙÑ©Î�è#Ï�Øâ×ÙÉ�éÏeÌ ×ÙËzÏEã�ÒI×�ËzÏ�Ñ£ÛbÒIË}ÉMÏ
ÍwÛ ÒIË-ÑÕÛ ÒIÑ
ÊlËzÌjÍwÎnÏ�ÜlÏ�Ñ3ËjÏjÏ�Ô �;×ªÜ Ñ©Î�
�ÒIÉ�ÊbËzÌ(ÍnÎwÏ
Ú(ÛbÒIßdËzÌbÉwÑÕî

� `bqru5^z\duw`bu5^�`C� `luB^>fI\$�/iBkn�liBq�h�fIilunuw\�h�m�\�^z��g\�ilhe�\d�
\ fn\�[�iBknhjv�\�mrm�\e]��eqrmB¨ª`lkI^;f�g\�­/unq�h
m|`Em�iBalq|�Bkw\�]zknh#m|`l�5kn\dm�mr\-unilk/]8`bmrm�iBuw]
^zh(`C� `bqrm�mr\�h#�Milkwh�v�`lhj`Bv}^ng\�hjqr]z\�hZknun\-¨ª`l�
qrmrm�\)fI\
alh(`b�w�n\d]d�;[�\�^�^j\{mrilaBqr�5kn\{\d]�^�m|`�mrilaBqr�5kn\{�
iBuw`lfnqr�5kn\�fIk�]z\dv�iluwf#iBhjfnhz\�`b�n�nmrq|�Bk�g\�\Z�`�mr`
^z��g\�iBhzqr\�fn\d]�alh(`b�w�n\d]$#
¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/Â�� ��Ö Ï}Ð}Ñ$Ø�Ì#ØrÛzÊl×ªã�ÒwÏ�Ú(Û ÉwÐ}Ñ3×ÙÑ¦Ò�éÏdÏeà

Ô�ÜlÏ�Ð�ÚjÛbÉwÉ:ÏjÚ�ÑÕÏ�ÒIË(Ð¡Ø�ÛjÊb×ªã�ÒwÏ}Ð�� "���"�� î
Ô�ÜlÏ�Ð�ßCÌbË}×ªÌ1$�Ø�Ï}Ð�Ü�éÏ�ÉMÛ ÑÕÌ É/Ñ$ÜBÏ}Ð¡Ð�Û è
è�Ï�Ñ3Ðjæ�ÜBÏ}Ð�ÌbË �Ï�ÑÕÏ}Ð(æ$ÜBÏ}Ð�Ï�ÉnÐ�Ï�è/$�Ø�Ï�Ð�ÜBÏ�Ð�ÛbèZè#Ï�Ñ3Ð

Ï�Ñ$ÜlÏ�Ð�Ï�ÉwÐ�Ï�è%$�ØrÏ}ÐZÜ!Ö Ì Ë��Ï�Ñ£Ï�Ð�î
Ô�ÜlÏ�Ð�ã�ÒwÌbÉwÑ¦× 2�Ú(Ì ÑÕÏ�ÒIË(Ð:= "�� î
Ô�ÜlÏ�Ð��#ËzÏ�Ø�Ì Ñ¦×ªÛ ÉwÐ $�×ÙÉ:Ì ×ÙËzÏ�Ð�Ð}ÒI×ÙßCÌbÉwÑÕÏ}Ð�à
å(ílÜ)6!��ànÜ¡Ï}Ð}Ñ:ÒIÉMÏ�ßCÌbË}×ªÌ1$�Ø�Ï�ËjÏ£Í:Ë�éÏ}Ð�Ï�ÉwÑÕÌ ÉwÑ:ÒIÉ:Ï�ÌbË �Ï�ÑÕÏ�Ï�Ñ�� ÒIÉMÏ�ß Ì Ë}×ªÌ1$�Ø�Ï�ËzÏ£Í:Ë�éÏ}Ð�Ï�ÉwÑÕÌ É/Ñ

ÒIÉ�Ï�ÉnÐ�Ï�è/$�Ø�Ï
ÜRÖ Ì Ë��Ï�ÑÕÏ}Ð�î
��í Ò 6 È;à�ÒEÏ�Ð}Ñ�ÒIÉMÏ�ß Ì Ë}×ªÌ'$�ØrÏ8ËzÏÕÍMË>éÏ�Ð�Ï�É/Ñ£ÌbÉwÑ�ÒIÉEÐ�ÛbèZè#Ï�Ñ�Ï�Ñ#È Ï�Ð}Ñ�ÒIÉMÏ#ßCÌbË}×ªÌ1$�Ø�Ï

ËzÏÕÍMË>éÏ�Ð�Ï�É/Ñ£ÌbÉwÑ�ÒIÉpÏ�ÉwÐ�Ï�è%$�Ø�Ï
ÜlÏ�Ð�Û è
è#Ï�Ñ3Ð�î
� í ×ÙÉMÚlë_ÜCæ©ÒCílà�Ü�Ï�Ñ:Ò�Ð�ÛbÉwÑRÜlÏ�Ð�ß Ì Ë}×ªÌ1$�Ø�Ï�Ð�ËzÏÕÍMË>éÏ�Ð�Ï�É/Ñ£ÌbÉwÑRÜlÏ�Ð$ÌbË �Ï�ÑÕÏ}Ð�Ï�Ñ:Ø�Ö ×ÙÉwÑÕÏ�Ë¦ÍMË>éÏ�Ñ£ÌbÑ3×ªÛbÉ

ÜlÏ
Ú(Ï�Ñ¦ÑÕÏ�ËzÏ�Ø�Ì Ñ¦×ªÛ É�Ï�Ð(Ñ�ã�ÒwÏ
Ü�Ï�Ñ�Ò�Ð�ÛbÉwÑ$ÌBÜÕç�ÌBÚjÏ�ÉwÑ3Ð�î
 ílÌlÜ_ç ë£Ò�æ©ß�ílà�ÒZÏ�Ñ:ß�Ð�Û ÉwÑRÜBÏ}Ð ß Ì Ë}×ªÌ'$�Ø�Ï�Ð�ËzÏ£Í:Ë�éÏ}Ð�Ï�ÉwÑÕÌ É/Ñ:ÜBÏ}Ð Ð�ÛbèZè#Ï�Ñ3Ð�Ï�ÑMØzÖ ×ÙÉwÑÕÏ�Ë¦Í:Ë�éÏ�ÑÕÌ Ñ¦×ªÛ É

ÜlÏ
Ú(Ï�Ñ¦ÑÕÏ�ËzÏ�Ø�Ì Ñ¦×ªÛ É�Ï�Ð(Ñ�ã�ÒwÏ�Ò)Ï�Ñ$ß�Ð�ÛbÉwÑ�ÌlÜÕç�ÌBÚ(Ï�É/ÑªÐ�î
�(í Ø�ÖjéÏjÊBÌbØâ×ÙÑwéÏ�ÍwÛ ÒIË¡Ø�Ï�Ð�Ì Ë��Ï�Ñ£Ï�Ð(æ>ØrÏ}Ð�Ð�Û è
è�Ï�ÑªÐ(æ;Ø�Ï�Ð�Ï�ÉnÐ�Ï�è/$�Ø�Ï�Ð�Ü!Ö Ì Ë��Ï�Ñ£Ï�Ð�Ï�Ñ�Ø�Ï}Ð�Ï�ÉwÐ�Ï�è
Ô

$�Ø�Ï}Ð�ÜBÏ�Ð�Û è
è#Ï�Ñ3Ð�î
� `bqru5^z\duw`bu5^��5kn\�^ziBkw]�m�\e] g\dm�g\���\�u5^j]�]�iBuB^�\�u �nmr`Bv�\�unilkw]��Milkn�Biluw]��w`l]j]�\dh�`lk

^z��g\�iBhd�\d��\{fI\�[�ilkwhjv�\�mrm�\e] #
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Ü�éÏeÚ�×|Ð(×ªÛbÉ � Ð}ÒIË¡Ø�Ï�ÐtÊbËzÌ(ÍnÎwÏ}Ð(æ�ÑÕÏ�Ø!ã�Ò Ö ×ÙØ>Ï 0B×|Ð}Ñ£Ï�ÒIÉMÏ
Ý�Û Ë}è
ÒIØ�Ï���ÜBÏ�Ø�Ì
Ø�ÛjÊb×ªã�ÒwÏ�è#Û ÉMÌBÜ ×ªã�ÒwÏ�Ü Ò�Ð�ÏjÚ(ÛbÉMÜ�Û ËzÜbËzÏ�ÑÕÏ�Ø�ã�ÒwÏ � Ð�Ûb×ÙÑ;Ø�Ö Ï�ÉnÐ�Ï�è%$�Ø�Ï�ÜlÏ�Ð
ÊlËzÌjÍwÎnÏ�Ð�Ð�Ì Ñ¦×|Ð©Ý�Ì ×|Ð�Ì É/Ñ��!æZÏ}Ð}Ñ�Ë>éÏ�Ð�ÛbØâÒD$�Ø�Ï)Ï�É§ÑÕÏ�è�ÍMÐ�Øâ×ÙÉ�éÏeÌ ×ÙËjÏ�Ð}×tØ�Ö ÛbÉ¥Ð�Ï�ËjÏ}Ð}Ñ¦ËzÏ�×ÙÉ/Ñ�Ì Ò10
ÊlËzÌjÍwÎnÏ�ÐZÜlÏ�Ñ3ËzÏ(Ï�Ô �;×ªÜ Ñ©Î8$(Û Ë}É�éÏ�ÍwÌ Ë�
$ÍwÛ ÒIË�ÑÕÛ ÒIÑ 
�î

[�\dv�qRuRc \d]�^t�Bk!c knu�]j�Bkw\�mr\�^�^j\�fI\�m|`Z��h(`bqr\¡�nhz\dkn�l\¡fIk�^z��g\�iBhd�\d��\{fI\Z[�iBknhjv�\�mrm�\e] #
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série de tests pour e    D, où e est une variable représentant une arete et D une variable représentant un ensemble d’arete.^ ^

série de tests pour v   A, où v est une variable représentant un sommet et A une variable représentant un ensemble de sommet

^série de tests pour inc(e,v),  où e est une varible représentant une arete et v une variable représentant un sommet.
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exemples de diffusion     −port dans un arbre.
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application de l’algorithme de diffusion     −port dans un arbre
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 ilqrh�m�\e]�\�¤I\d�
�wm�\e]�fI\��w` ^j��¢�qrf�^j� ( ]zknh�m|`
�w`baB\¡v�q��Õv�iBu5^zhj\l�
s�iBkw]8`C�liBuw]�\d]j]j`Cx�g\�fI\yhng\e]�iBkwfIhj\�v�\-�nhjil�nm3�\���\-fI\)fIq��:kw]�qrilu7fw`buw]#mr\d]�v�`l]�fI\d]

^zhj\�\d¢�qrfI^z� ( ���;`lhtm|`�]zknq�^j\l���Milknh¡]zq����nmrq�­/\�h�m�\Z�nhziB�nm3�\���\l�MuniBkw]tuwilkw]�]�iB���
\e]{v�iluI�
^z\du5^ng\e]�fI\ph(`bq|]�iBunun\�h�]�kwh�mr\d]��w`b^z��¢�q|f�^z� ( �54�`lqr]ziluwun\�h�]�knh�mr\d]��w`b^z��¢�qrfI^z��uwilkw]
�M\�hj�
\�^tfI\�v�iBuw]_^jhzkwq�hj\¡knu-`bmralilhjq�^z�n��\¡�BkwqRhj` 6_ilkI^j\{mr\d]t]�iB�
��\�^j]�knu��`
knuR�

s�iBkw]�`C�liBuw]�\d]j]z`Cx�g\
fI\8v�iBuwv�\d�liBq�h¡knu�`bmraliBhzq�^z�w�
\��w`B]Ig\
]zknh�v�\dm�kwq��5knq;^zh(`bq�^z\�mr\d]
`bhj�nhj\d]d��s�ilk/]t`C�liBuw]�fIiBuwv�\e]z]j`Cx�g\�fI\�hj\dv�iluw]�^zhjknqrhz\¡knun\�^zh(`lv�\�\�^�hz\ef�g\�­/unq�htknu-ilh(fIhj\
]zknh�v�\e]$^zh(`lv�\e]��
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un graphe de treewidth 2 deux pathwidth 2.

^ aretes manquantes pour que ces graphes soient des 2−tree.

o!`��whz\d�
q¦�\dhz\�fIq �8v�knm�^ng\{�Bkw\�unilk/] `C�liBuw];hj\�uwv�ilu5^zhng\�\$\d]�^��5kn\tfw`buw]�m�\e] �w`b^z��¢�qrfI^z�R�
�nmrkw]zq�\dknhj];`l�n�M\�m|];�/\dkn�l\du5^>�/`l]j]�\dh fn`buw]>kwu�]z\�u/]�� ¬ u�\��:\�^e�Bfn`luw];mr\d];`lhz�nhj\d]�knuw\�]�\dknm�\
`bhe¼\�^z\�hj\�mrq�\�mr\{�R�\�hj\{`bk�hz\e]_^j\�fnk�alh(`b�w�n\l� � v�q¦�I�nmrkw]�qr\�kwhj]�`bhe¼\�^z\d]��/\dkn�l\du5^$mr\�¨ª`bqrhz\�fIiluwv
mr\¡v�iIfn`baB\¡fn\d]�`b�w�/\dmr]�u!c \e]_^��nmrkw]�� ï � $ � ï �#`lqr]¡�r���r� � &w� � ( � � ï � $ � ï � ( � & � �r�r���� knq|]�fw`buw]�knu8alh(`b�w�n\l�B�/iBknh�f$g\�­wunqrh�m¦c q�u5^ng\�hjq�\dknhd�lq�m:]�k��#]j`bq�^�fI\�fIqrhz\t�5kn\{vbc_g\�^(`bq�^�m�\
]zilkw]��£`lhz�whz\¡�5knq!`C� `bq�^tv�iB�
��\�h(`lv�q�un\�mr\�]zil����\�^Z�`
^jhj`lq�^j\�he� � v�q�fn`buw]�m�\e]��w`b^z��¢�qrfI^z�R�
�Milknh�f$g\�­wuwq�h m¦c q�u5^ng\�hjq�\dknh;q�mw¨ª`bkI^$fI\�kI¤#]zil����\�^j]��Bkwq/`b�w�w`bhz^zqr\�unuw\�u5^{�`�m|`¡��¼\���\�v�mrqr�5kn\
� \�^;ilu�v�ilu/]�q|f��\dhz\$�Bkw\$m¦c `bhd¼\�^j\��5knq$g\d�l\�u5^jkn\�mrm�\d��\�u5^�mr\d]>hj\�mrqr\�¨ª`lq�^ �w`lh�^jq�\�fI\�m¦c qru5^ng\dhzqr\�knh}�}�

aretes de l’intérieur

^

^

limite intérieur−extérieuru

aretes de l’extérieur

ï &



¬ uw]zknq�^z\punilk/]�f$g\�­wuwqr]j]�qrilu/]�knuw\y^jhj`Bv�\�]zknh�m¦c `lhd¼\�^z\y�5knq�hj\�mrq|`bq�^�mr\y­wm|]-`bk����\�hj\l�
� v�q¦��uniBkw]¡fI\��Biluw]{^ziBk/6_ilkwhj]�h(`/6_ilkn^z\�h�knun\�`bhe¼\�^z\��#`lqr]�uniBkw]��/iBkn�liBuw]�hj` 6_ilkI^j\�h{fw`buw]
v�\dh�^(`bqruw]#v�`B]8fI\dkI¤§`lhd¼\�^z\e]��`Em|`p¨©ilq|]8fIiBuwv�m|`�uwilkn�B\�mrm�\�^jhj`Bv�\-�5kn\-unilk/]8`C�liBuw]#`b�I�
�M\�m�g\�\�\d���nhz\dq�u5^j\t�nhj\�uwf8\�u�`lhzaBkn��\�u5^�uniBu8�nmrkw]$knu�]zil����\�^$��`lqr]$fI\dkI¤�� g¬ aB`lm�\d�
\du5^
m¦c \d�
�whz\dq�u5^z\�v�ilu5^jq�\duB^�m�\pv�iIfn`baB\)fI\d]�^zh(`lv�\d]8fn\�fI\dkI¤¥]zil����\�^(]�fniluwv-m|`E¨©iBuwv}^jq�iBu
\����nhj\�qru5^z\¡�nhj\�uwf�\du�qruwfIq|v�\�mr\�]�iB���
\�^�fIilu5^�ilu�v(�n\dhjv(�n\�m|`
^zh(`lv�\B�;�;`bh�\�¤I\����nmr\'#

1

2

A
B

C

exemples dans le cas d’une diffusion en 2 étepes.

� `luw]�v�\�^�^j\�\�¤I\����nmr\¡ilu-`�#
, � %'( ,D> 2 
 ,�� � `n� �/�./ #�ï � ï 3 �

, � %'( ,D> 2 
 ,�� � `n� �/�)/ # $ � $ 3 �

, � %'( ,D> 2 
 , � � `n� vd�./ #�ï � $ 3 �

, � %'( ,D> 2 
 ,�� � `n� vd�./ # $ � ï 3 �[�\�^z^z\�\����nhj\�qru5^z\¡�M\�hj�
\�^�g\�a5`bmr\���\�u5^$fn\�hz\ev�ilu/]_^jq�^jkn\�h�mr\��whzil^ziIv�iBm�\¡fI\�fIq��Mkw]zqriluR�
¬ u�\��M\�^d�:]�q�`�\�^t�y]zilu5^tfI\dkI¤-]�iB�
��\�^j]�f�c knu)�/` ^z��¢�q|f�^z� ( \�^{v�mr\�]zil����\�^�^j\�m��5kn\
`n� �R� v�¨©ilhj��\�u5^�knuw\{v�mrq|�Bkw\{fn`luw] mr\ ( �¦^zhj\�\{fIilu5^�\e]_^$\�¤�^zh(`bq�^�mr\��w` ^j��¢�qrf�^j� ( \�^�^z\dmM�5kn\
`¡¨ª`B]z]z\�u5^��w`lh�^jq�\�fI\�m¦c qru5^ng\dhzqr\�kwh�fI\��!� vl��`lm�iBhj] m�\e]�v�il����knuwqrvd` ^zqrilu/]�fI\�m¦c `bhd¼\�^j\��Mv�]�iBu5^
g\�a5`bmr\d]��` , � %'( ,D> 2 
 ,�� ��� ")& ��� , � %'( ,D> 2 
 ,�� ��� ")? �s�iBkw];`bmrm�iBuw]��#`bqruB^j\�uw`lu5^>\e]z]j`Cxl\dh�fn\$hj\df$g\�­wuwq�h>m¦c iBhjfIhj\�]�knh>mr\d]>�nhjib^jiIv�ilmr\d]d� �#`bq|]>m�\
�nhjil�nm¦�\d�
\��5kn\{uwilkw]�`C�liBuw] hj\�u/v�ilu5^jhng\t\d]�^�fnilunu�g\t�w`lh$mr\d]�fI\dkI¤8�nhjib^ji�v�ilmr\d]$v�q��£v�ilu5^zhj\l�

¬ u§\��:\�^e�$v�\d]�fI\�kn¤��nhjib^ziIv�ilmr\d]�]�iBu5^
� `bmrq|fI\d]#fn`luw]
m�\-]zilkw]��£alh(`b�n�n\�\�^#qrm�\�¤Iqr]�^z\
fI\dkI¤�alh(`b�w�n\d]Z^z\dm��5kn\)fn`bu/]Zm¦c knuR��knu¥fI\d]��nhjib^jiIv�ilmr\d]
\e]_^#il�n^zqr��`lm�\�^8m¦c `lkI^zhj\��w`l]
\�^��/iBknh�m�\EfI\�kn¤�q¦�\d�
\yalh(`b�n�n\�vbc \d]�^�m¦c qru��l\dhj]z\l� [�\��5knq¡�l\dkI^�fIqrhj\��5kn\��5kw`luwf iBu
h(`bq|]�iBunun\�`bk-unqr�l\e`bk-fIk)]zilkw]��£alh(`b�n�n\�ilu-\e]_^�iB�nmrq�a;g\�fI\�h(`bq|]�iBunun\�h�\du)v�iBuw]�\dhz� `luB^�mr\d]
fI\dkI¤��nhjib^ji�v�ilmr\d]d�;��kI^jhz\d�
\du5^tfIq�^e�nqrmRuRc \�¤Iqr]�^z\��wm�kw]�fRc iBhjfIhj\�^zil^j`bmR]zknh�mr\d]��whzil^ziIv�iBm�\e]
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2 protocoles de diffusion sur un pathwidth 2.
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v�iB���
\�fn`luw]�mr\�v�`l]�fn\d]�`bhj�nhj\d]d�
o c ilh(fIhj\��5kn\�uniBkw]�`C�liBuw]�v(�nilq|]zqR]�knh�mr\d]�\d���nhz\dq�u5^j\d]�\d]�^�mr\¡]zknqr� `bu5^$#

¾�¿ÀBÁ>Â�Ã©ÄdÃ3Å/ÂÇÆ�4 �:Û ×ªÏ�ÉwÑ ��æ���ÖIÜlÏ�Ò10�ÍMËzÛbÑ£ÛeÚ(Û Ø�Ï�Ð{Ð}ÒIË�ÒIÉ�ÊbËjÌjÍnÎwÏ 
 Ï�Ñ�ÌCæ:$ZÜlÏ�Ò10�Ð�Û è
Ô
è#Ï�Ñ3Ð�ÜBÏ 


Ï�ètÍMËjÏ�×ÙÉ/Ñ£Ïlë ��æ3ÌCæ&$_í �»Ï�è�Í:ËzÏ�×ÙÉ/Ñ£Ïlë ��Ö æ3Ì æ&$Õí8Ð}×�Ï�Ñ Ð�Ï�ÒIØ�Ï�è�Ï�ÉwÑ�Ð(×
, � %'( ,D> 2 
 , � ë �>æ3ÌCæ&$_í � , � % ( ,D> 2 
 , � ����� ")& " � � Ï�Ñ
, � %'( ,D> 2 
 , � ë ��æ3Ì æ&$Õí � , � % ( ,D> 2 
 , � ��� � ")& " � �
[�\�^�iBhjfIhj\�uRc \e]_^��/`l]$^zil^j`lm3� � `lqr]�qrmR��g\dhzq�­w\�mr`
�nhjil�nhjq�g\�^ng\{]zknqr�C`lu5^z\ #

��iBq�^to�cIknu��nhjib^ziIv�ilmr\l�n`
\�^��-fI\dkI¤�]zil����\�^j]d�w]zilq�^ 
 ^z\�m��Bkw\'#

 � , � %'( ,$> 2 
 , � ��� � ".& " � ��`bmrilh(] � oyknu��nhjib^ji�v�ilmr\�^j\�mR�5kn\ , � % ( ,D> 2 
 , � ��� ".& " � ��/ I\�^ , � % ( ,D> 2 
 , � ��� ")& " � ��/ , � %'( ,D> 2 
 ,�� ��� � ")& " � �
�����/Å>C Ã©Ä B G�À � � Ï�Ñ�ÌbØ ÊBÛbË}×ÙÑÙÎIè�ÏZÚ(Û ÉnÐ�Ï�Ë}ßCÏ�ÒIÉMÏ{Øâ×|Ð}Ñ£Ï�ÜlÏ�ÍMËjÛ ÑÕÛdÚ(Û ØrÏ}Ð�Ï�Ñ;Ø�Ì
è#Ï�Ñ#êÌ$ç�ÛbÒIË
Ï�É ËzÌ_ç�Û ÒIÑÕÌ É/Ñ
ØrÏ}Ð)É:Û ÒIß ÏjÌbÒ101Ð�Û è
è�Ï�ÑªÐ�î ��Ú�×|æ�Û É Ú(Û ÉwÉ:Ì ��ÙÑ � � / , � %'( ,D> 2 
 ,�� � � ".& �
Ï�Ñ � � / , � %'( ,D> 2 
 ,�� ��� ")& � Ï�Ñ
ÛbÉ7ßCÏ�ÒIÑ
Ú(ÌbØ�Ú�ÒIØrÏ�Ë � � � / , � %'( ,$> 2 
 ,�� ��� ")? � Ï�Ñ � � � /
, � %'( ,$> 2 
 ,�� ��� ")? � î���Û Ò�Ð�Ú(Û ÉnÐ}×ªÜ�éÏ�ËzÛbÉnÐ�Ø�Ï�Ú(ÌCÐ�ÍnÌbË�Ú(Ì Ðjæ>Ð�Ï�Ø�Û É-Ø�ÌtÍ:Ë�éÏ}Ð�Ï�ÉMÚ(Ï�ÛbÒ�É:Û É)ÜlÏ�Ð
Ì Ë��Ï�ÑÕÏ}Ð

ÍMËjÏ�è
×ªÏ�Ë
ÚjÌ Ð�à

a b

c

extérieur

intérieur

å(í��$Ö ×ÙØ�É�Ö Ï 0B×|Ð}Ñ£Ï�ÍnÌ ÐZÜRÖ ÌbË �Ï�ÑÕÏ}ÐZÏ�ÉwÑ¦ËzÏZÚZÏ�Ñ $
Ì Ø�ÛbË(ÐZÛ É8ÍnÛ Ð�Ï � � � / � � Ï�Ñ � � � / � �
��í��$Ö ×ÙØ�3yÌ-ÒIÉ:Ï�Ì Ë��Ï�ÑÕÏ�Ï�ÉwÑ¦ËzÏ�Ú�Ï�Ñ?$�Ì Ø�ÛbË(Ð�×ÙØ/Ý�Ì ÒIÑ�ÒIÉw×ÙË�Ø�Ï�Ð8Ì(ÍlÍwÏ�ØâÐ�Ï�É/Ñ3ËzÌbÉwÑ3Ð�ÜBÏ�Ì

Ì ß Ï(Ú�ØrÏ}Ð�ÌjÍBÍnÏ�Ø Ð�Ð�Û Ë}ÑÕÌ É/ÑªÐ�ÜBÏ $
Ï�Ñ�ßd×ªÚ(Ï�ÔÕßCÏ�Ë(Ð�Ìlî
�yÌ ×ÙÉwÑÕÏ�ÉMÌ É/Ñªæ�×ÙØ>Ý�ÌbÒIÑ�Ú(ÎnÛ ×|Ð}×ÙË�ã�ÒwÌ ÉMÜ§×ÙÉeÝ�Û Ë}è#Ï�Ë�Ú�æ�Û É Ú(ÎnÛ Ð(×8ÜBÏEØ�Ö ×ÙÉdÝ�ÛbË}è�Ï�Ë�Ï�É

ÒIÑ¦×ÙØâ×|Ð�Ì ÉwÑ>ÒIÉ�ÌjÍlÍwÏ�Ø:ÜBÏ�Ø�Ö ×ÙÉwÑwéÏ�Ë}×ªÏ�ÒIËtØrÏ;Í:ØâÒ�Ð�ÑÕÌ ËzÜ�ÍwÛCÐ(Ð}×#$�Ø�Ïeî �ZÌbÉnÐ�Ø�Ï�Ú(ÌCÐ{Û$êÒ�Ú(Ï�ØrÌ�É:Ï{Ø�Ö Ï}Ð}Ñ
ÍwÌCÐ
ÌbØ�Û Ë(Ð#Û ÉEØ�Ö ×ÙÉdÝ�ÛbË}è�Ï�Ï�É#Ý�Ì ×|Ð�ÌbÉwÑ�ÒIÉ�ÌjÍlÍwÏ�Ø�êÌ�ØzÖ Ï 0BÑwéÏ�Ë}×ªÏ�ÒIË�Ø�ÏtÍ:ØâÒ�Ð�ÑÕÌ ËzÜ�ÍwÛCÐ(Ð}×#$�ØrÏ8Ï�É
Ú�æ>è#Ì ×|Ð�ÜlÌbÉnÐ{ØrÏ�Ú(ÌCÐ�Û�êÒ�ØzÖ Û É�ÍwÏ�ÒIÑ;×ÙÉeÝ�Û Ë}è#Ï�Ë�Ú�ÍwÌ Ë¡ÒIÉ)Ú(ÎnÏ�èZ×ÙÉ
ÍwÌCÐ(Ð�Ì É/Ñ:ÍnÌbË7$}æ;×ÙØ Ý�Ì ÒIÑ
ËzÌ_ç�Û ÒIÑÕÏ�Ë�ÒIÉ�ÉMÛ ÒIß Ï(Ì Ò�Í:ËzÛ ÑÕÛdÚ(ÛbØ�Ï¡Û�êÒ�Û É�×ÙÉdÝ�ÛbË}è�Ï¡Ú ÍnÌbË�ÒIÉ�Ì(ÍlÍwÏ�Ø:Ï�É/Ñ3ËzÌbÉwÑnÍnÌbË)$�ØrÏ;Í:ØâÒ�Ð
ÑÕÌ ËzÜ¡ÍnÛ ÐjÐ}×#$�Ø�Ïeî á ÉpÚ�Ë>éÏeÏZÜBÛ É:Ú
ÌbÒ�è�Ì 0l×Ùè
ÒIèZæ ÒIÉ)ÉMÛbÒIßCÏ(Ì Ò
Í:ËzÛ ÑÕÛeÚjÛbØ�Ïeî

ÜBÏ�Ò10B× êÏ�è�Ï�Ú(ÌCÐ�à

ï !



intérieur

extérieur

c

ba

�/× � � Ý�Ì ×ÙÑ�ÒIÉ§ÌjÍBÍnÏ�Ø)êÌ)ØzÖ Ï 0BÑwéÏ�Ë}×ªÏ�ÒIË�ÌbØ�Û Ë(Ð�Ú(Ï�ÍMËjÛ ÑÕÛdÚ(Û ØrÏ�É�Ö Ï}Ð}Ñ�ÍMØâÒ�Ð�ß Ì Ø�×ªÜlÏ�æZÏ�Ñ�Û É
Ø�Ö Ï �tÌlÚ(Ï�ÜlÏ�Ø�Ì8Øâ×|Ð}Ñ£Ïeî

å(í-ÜlÌ ÉwÐZØ�Ï�ÚjÌ Ð�Û$êÒ�×ÙØ>É�Ö 3�Ì�ÍwÌCÐ8ÜRÖ ÌbË �Ï�ÑÕÏ8Ï�ÉwÑ¦ËzÏ%$8Ï�Ñ{Údà�ÌbØ�Û Ë(Ð � � � / # $ " $ " ��� � "�ï 3 Ï�Ñ
� � � / � �

��ípÜBÌ ÉwÐ�Ø�Ï)Ú(ÌCÐ�Û�êÒ�×ÙØ 3�ÌpÒIÉ:Ï�ÌbË �Ï�ÑÕÏ-Ï�ÉwÑ¦ËzÏ $-Ï�Ñ�Úeà�ÌbØ�Û Ë(Ð�×ÙØMÝ�ÌbÒIÑ�Ñ£Ï�Ð}Ñ£Ï�Ë8ÑÕÛ ÒIÑÕÏ}Ð
Ø�Ï�Ð$Ý�ÌlÞÚdÛbÉnÐ�ÜBÛ É/Ñ�Ø�Ï�Ð
ÌjÍBÍnÏ�Ø Ð8Ï�É/Ñ3ËzÌbÉwÑ3Ð
Ï�Ñ�Ð�ÛbË}Ñ£ÌbÉwÑ3Ð�ÍwÏ�ÒIß Ï�É/Ñ�Ð�Ï
Ë�éÏ£ÍwÌ Ë}Ñ¦×ÙË8Ï�É/Ñ3ËzÏ%$#Ï�ÑtÚeà
×ÙØ:Ý�Ì ÒIÑ�ÑÕÏ}Ð}ÑÕÏ�Ë8ÑÕÛ ÒIÑÕÏ�Ð8Ø�Ï}Ð�ÚjÛbè/$�×ÙÉMÌb×|Ð�Û ÉnÐ-Ï�Ñ�Ì(ÍMË�êÏ�Ð�ÑÕÏ}Ð}ÑÕÏ�Ë#Ð}×¡Û É¥×ÙÉdÝ�ÛbË}è�Ï)ÌEÛbÒ-$-Ï�É
ÍMËjÏ�è
×ªÏ�Ë�î

� � UZQ�X�¹�W�±>Y�U
Q °�Sº²�°tT;±�²p°�X$S;Y��Z°t±
� `buw]�v�\�h(`b�n�Milhz^d�Bunilk/]�`C�liBuw];fIiBuwv�qruB^jhziIfIkwq�^�mr\d]�unib^jq�iBuw]�fn\�^zhj\�\d¢�qrf�^j�8\�^$fI\��w`b^z�I�
¢�q|f�^z�R�

¬ uw]zknq�^z\B�;unilkw]Z`C�liBuw]pg\duniluwv:g\#mr\d]Zunib^jq�iBuw]�u�g\dv�\e]z]j`bqrhj\d]8�`-m|`yv�il���nhng\��n\duw]zq�iBuEfnk
^z��g\�iBhd�\d��\)fI\�[�iBknh(v�\�mrmr\d] � `bkn^zil�#`b^z\d]d�{`lkI^ziB�#` ^z\e]�fRc `lhz�nhj\l�t^��£�/iBknuwfn`lhzqr\df7alh(`b�n�R�
alh(`b�w�n\�v�ilkn��h(`bu5^d��mrilaBqr�5kn\¡��iluw`BfIq|�Bkw\¡fnk�]z\dv�iluwf�ilh(fIhj\e���
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