
HAL Id: inria-00073979
https://hal.inria.fr/inria-00073979

Submitted on 24 May 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.

Résolution de l’équation de Poisson sur des maillages
étirés par une méthode multigrille

Jérôme Francescatto

To cite this version:
Jérôme Francescatto. Résolution de l’équation de Poisson sur des maillages étirés par une méthode
multigrille. RR-2712, INRIA. 1995. �inria-00073979�

https://hal.inria.fr/inria-00073979
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

ap por t  
de  r ech er ch e 

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Résolution de l’équation de Poisson sur des maillages
étirés par une méthode multigrille

Jérôme FRANCESCATTO

N˚ 2712
Novembre 1995

PROGRAMME 6





���������
	���
��� ��� ��������	�����
��� ��� ������������ ��	�� �����"! �#
�
�
�#$����
�%�&'�(���*)+�,�-	���� ! �%�&.��/���0! 	��'�&
$1�2
�
�
�

354�6
758:9+;,<>=@?�ACB�D�A�=FE�EHG

I&J�KMLNJPORQ�QTS,U,V WXOZY\[']�Y_^P[a`bSdcMe�`gfihj]kSmlnQ�K�okpaYq`b^rOZe�`\KMcHSaesYbKMLm`b[a`\SaY5ct]uQTp'Jv`bhj]kS
I�J�KRw�SaeyxMz�{y|�x

}%OR~k~�KNJvesouS,J�S'[r�kS'J�[r�uS�c#�>�t�t�Z��V {�K
�MSdQF�kJ�SC�
�N�M��V �MU#~iORLMSd^

���j�
�����@��� ORck^(['S�JPOm~k~�KMJvedl�ckKM]k^XpaeP]kot`\KMck^X]kcuSyQ�paeP�kK�okS�QF]�Yge�`\LMJv`qYgYbS,OmoiOR~�ePp'S�~�KM]kJ�Y�O#J�p'^PKRYb]��
e�`bKNc�okS'^%� � I�ok]�^PS'['KNcko�KNJ�ouJ�S,^P]kJXouSd^�QCO�`gYgY�ORLNS'^Xpae�`bJ�p'^d�n{%KM]k^�]�e�`qYg`b^PKNcu^XY¡ ¢OR~k~kJ�K�[£�kS�Q#]�Yge�`bLNJv`gYqYbS
okS�e¥¤�~�S��NKRY\]uQTS'^�fic�`b^yORLMLmYbKNQ�p'J�p'^Xokpa�NSaYbKN~u~�p'S,~�KN]uJXY�O�J�pd^¦KmYb]�e�`bKNc�okS'^%p'hj]iOZe�`\KMck^�o§ ¢�&]�YbS'J¨��©�KM]�e
o§ ªOm��KMJ�o§lRKNc1~kJ�p'^PS'cMePSs]kcuSsQ�paeP�kK�okSXokS�LNp'ckp'JPOZe�`\KMc«OR]�ePKMQCO�e�`bhj]kSsokS'^&LNJv`gYgY\S'^&LNJ�KM^P^�`b¬'J�Sd^~iORJ�ORLNLRY\KR�
Q�p'JPO�e�`bKNc�okS��NKRY\]uQTSml5OR]�ePKMJv`\^£OmcMe%]uc@^¦SdQ1`g�®okp'JPOZ¯CckS'QTS'cMe�o�`\J�S'[ae�`bKNckcuS¨Y¡l��iOR^Pp,^¦]kJsYbS'^�[dK�Sa¯C[a`\S'cMeP^
okS�Y¡ °pdhj]iOZe�`bKNc�okS,I�KR`\^¦^PKNc5�i±§Sd^�okp'Jv`q�Mp'Sd^�^PS'['KNckouSd^�^PKMcNe�Om~k~uJ�K�[r�kp'S'^X^P]kJ�[r�iORhj]kS,c�`g�NS
OR]HS'c�`\cMePJ�KR�
ok]�`b^rORcMey]kc�²¡OR[aePS']kJ%ouS«['KMJ�J�Sd[ae�`bKNc�ORoiOR~�ePp#OR]@^¦SdQ1`g�®okp'JPOZ¯CckS'QTS'cMed��³%c´OR~k~�Yg`bht]uS«['Sae�ePS#Q�paeP�kK�okS
~�KN]kJ�J�p'^PKN]uokJ�S�Y¥ °p'hj]iO�e�`bKMc/okS,I�Km`b^P^PKMcHSae�Y\S'^sp'hj]iOZe�`\KMck^�okS#{�O'�j`\S'Jv��xMePKNµRS'^d�
¶¸·u¹Z�aºP»M¼��½� Q�paeP�kK�okS'^CQF]�Yqe�`bLMJv`qYgY\S'^C�Fp¨Ybp'Q�SdcMeP^�fict`\^��,�MKmYb]kQ�S'^Cfic�`b^��#^PS'Q1`g�®okp'JPOZ¯>cuSdQ�S'cMe��
p'hj]iO�e�`bKMcHSaYqYg`b~�e�`\hj]kS��2ORciOZYq¤�^PS�cj]kQ�p'Jv`bht]uS

¾\¿�À¥Á�ÂÄÃÆÅ¨ÇÈÂqÉMÊMÂqË¥Ì
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±�OCQ�paeP�kK�okS�]�e�`gYq`b^Pp'S�~�KM]kJ�o�`b^P['J�pae�`\^PS'J�YbSd^�pdhj]iOZe�`bKNck^�
¦��U �sS'^�e,]uckS�QTpaeP�kK�ouSTQ1` �tePS«�MKmYb]kQ�S'^

fic�`b^1S¨e�paY\p'Q�S'cMeP^#fict`\^d�&±§S�~kJ�KM��Y\¬'Q�S�['KMcNe�`bcj] 
¦� U ��S'^�e�Om~k~uJ�K�[r�kp�~nOmJF]kc ~uJ�KN��Yb¬'Q�SHo�`b^P['J�Sae«S'c
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K��
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��NKR`\J�fiLM]kJ�S$@ �M<

N § D ��#�x$�b� �%x c
I�KM^PKMck^ � § D�ª%�
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xjKm`ge��8x�Y\S�^P]u~k~�KMJve,okS1Y�O�² KMck[ae�`\KMc�ePS'^�ePS � x®��±�OC² KMJ�Q#]tY�OZe�`\KMc+Q1` ��ePSC^¦S«ePJPORok]�`ge#~iORJ�YbST[£�kKR` �
okS'^X² KMck[ae�`bKNck^2ePS'^�ePS'^ � x^P]�`g�mOmcMesYbS'^sePS'J�Q�S'^s`bcMePp'LNJ�p'^=<
! I�KM]kJ�Y\SFePS'J�QTS�okS1o�`/�§]u^�`\KMc§l�KMc�]�e�`gYq`b^PS1]kckS1² KMJ�Q#]�Y�O�e�`bKMc@paYbp'QTS'cMeP^�fict`\^dl�okKMcNe�Y�OC² KMck[ae�`\KMc
ePSd^ÈePS�Sd^Èe%]kckSy² KNck[ae�`bKNc�okS��iOR^PS � �2ok]�^PKMQTQ�Sae u x«<� x D�� x H �8x D �

� � ��� 7 �  H
! I�KM]kJ�YbSXePS'J�Q�Sso§ ªORo��NS'[ae�`\KMc1S¨e&YbS(ePS'J�QTS�ok]1^PS'[dKMcko1Q�SdQF�kJ�SmlMKMc«]�e�`gYg`\^PS�]kckS(² KMJ�Q#]tY�OZe�`\KMcF�NKR�
Y\]kQ�S'^fic�`b^dlRokKMcNeY�O�² KMck[ae�`bKNcFePS'^�e�S'^�eY�O�² KMck[ae�`\KMc1[ZORJPOR[¨ePp'Jv`b^�e�`bht]uSXokS(Y�O�['S¨YgYb]�Y\S2okSX['KNcMePJ	
RY\S©<

� x D�� w �©x}{ H �8x D �%x c
±� °p'ht]nO�e�`bKNc w�F
	 {(^d °p'['Jv`qe�O�YbKNJ�^�<

? � ��� ���� � ��� �ACB�� x � k � l²o ��� � � � cKw � B { � w �©x { � k � l D � � � � � w �%x { � k � l c 
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��NKR`bJsfiLM]kJ�S,U �M<
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�

±_S(ePS'J�Q�S%ORo��MSd[ae�`g²§O'�MS'[ � ['KNck^ÈerOmcMe�onOmck^�ePKN]te�YbSXokKMQCO�`bckS N §s^d °S �k~uJv`\Q�Ss^¦KN]k^�Y�O�² KMJ�Q�SX^P]�`g�mORcNePS©<
�$- � �.� B �%c ? / e xSz �=0²D > xSz w � xSz B x o w�F�? � xSzK{ B z�{
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> xSz D �$- � �.� ��c ? / e xSz �10
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)
w�IK|)" e w?> xSz {Co F { c
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±�  paY�Om��KMJPO�e�`bKNc�o5  ]kc�^P[r�updQCO�cj]kQ�p'Jv`\hj]kSml^P]kJF]kckSCLMJv`qYgYbSCLNJ�KM^P^�`b¬'J�SMl§J�S'~�KM^PS�^P]kJ�]kckS�OR~k~kJ�K��t`g�

QCO�e�`bKMcH~iORJXY�O1QTpaeP�kK�ouS,okS�e¥¤u~�S �yO�YbS'J�µN`bc§�
³�c:['KNcu^�`\ou¬dJ�S ¦ v Y�O�LNJv`gYqYbS�ok] ct`q�MSZOR]]s okKMcNe>Y\S�J�S'['KN]���J�S'Q�S'cNe�S'^�e�['KNck^Èe�`qeP]kp�ouS@['SaYgY\]�YbS'^

ORLNLRY\KMQ�p'J�pdS'^�okS�Y�O#LMJv`qYgYbS%fnckS ¦ � �u±_S�^�¤�^�eP¬'Q�S%Yg`bckp
O�`bJ�S�okS�Y¥ °p'ht]nO�e�`bKNc 
¦� �&^¦]kJ�Y�OFLMJv`qYgY\S�¦ v ^d °p'['Jv`qe=<
¯ v B v D ± v c 
¥�N� �

±� °S'ck^PS'Q#��YbS�okS'^�`\ckot`\['S'^ | okS'^je v ['SaYqYb]�YbS'^%^P]uJ�¦ v S'^�escuKmePp©<
� v D@ª«F\HK¡K¡K¡ H�|�HK¡T¡K¡�H e v ® c

³�c,oup¨fnc�`qe w ��xµ{ x$�b� � � �	��
 Y�O2^P]�`gePS ouSd^�^PKN]u^��®S'ck^PS'QF��Y\S'^5['KNcMePS'ciORcMe�Y\S'^_cj]kQ�p'J�KN^�okS'^�['S¨YgYb]�Y\S'^�S'QF��KR`qePp'S'^
okS�Y�O1LNJv`gYgY\S ¦ v ~�KM]kJ(Y�O�['KNck^ÈePJ�]k[ae�`\KMcHokSyY�O1LMJv`qYgY\S�LNJ�KM^P^�`b¬'J�S ¦ v ��� luePS¨YgYbS,hj]kS � x<9 ��z D��@w}| �D~ {

� v D � � ; � � ;Z¡K¡K¡1; � � ���
 H e v ��� � e v c
� S�Q.�'QTSmluY¡  S'ck^¦SdQF��YbS,okS'^X`bcko�`b['Sd^ | okS'^je v ���2['SaYqYb]�YbSd^�okS�Y�O1LNJv`gYqYbS,LMJ�KN^¦^�`\¬'J�S�¦ v �b� S'^�e�<

� v ��� D@ª«F\HK¡K¡K¡ H�|�HK¡T¡K¡�H e v ��� ® c
±�O1['SaYqYb]�YbS�okS�Y�O«LMJv`gYqYbS ¦ v �b� S'^�e�O�YbKNJ�^�okpafic�`bS,~iORJg<

� v ���x D �z�7 � � � vz c
A%`bck^�`¡ljouSd] ��KM~kp'JPOZePSd]uJ�^(okS�ePJPOmck^È² SdJveX~�S']��NS'cMe'�aePJ�S�okpaePS'J�Q«`bckp'^=< � Y¥ °KM~kp'JPO�ePS']kJ(okS�J�S'^�ePJv`b[ae�`\KMc

~�KN]kJ2Y\SyePJPOmck^È² SdJve�ok]�J�pd^È`\ok]�okS�Y�O1LNJv`gYgY\S ¦ v XFY�O�LMJv`qYgYbS ¦ v ��� Sae � Y¥ °KM~kp'JPO�ePS']kJ�okS,~kJ�KRY\KMckLMS'QTS'cMe
~�KN]kJFY¡  `bcMePSdJ�~�KRY�OZe�`\KMc�okS>Y�O�^¦KmYb]�e�`bKNc okS`¦ v ��� �MS'J�^ ¦ v �(W(S'^�KN~updJPOZePS']kJ�^�^PKMcNeCORo�w�Km`bcMeP^1Y¥ °]kc�okS
Y¡ ¢OR]�ePJ�Sm�
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±�OFokpafic�`ge�`\KMc�okS�Y¥ °KM~kp'JPO�ePS']kJ�o§  `bc�w�S'[ae�`\KMcHcnO�eP]kJ�SaYgY\S � S'^�esokp'ok]�`gePS�ok]�okp'JPO�¯CckS'Q�S'cMe%okS ¦ v ~nOmJg<
� D@w�� xSzK{ x z HX| � � v �b� q�r ~ � � v

O'�MSd[

� xSz D > F IV| ~ � � xR IV| e�� e c
A ~iORJve�`\J�ok]�^�¤�^�eP¬'Q�S�Yq`bckp
O�`bJ�S 
¥�M� ��^P]kJd¦ v luY�O1okpafic�`ge�`\KMc/ou]/^�¤�^�eP¬'Q�S,^P]uJ�¦ v ��� ^d °p'['Jv`qe=<

¯ v ��� B v ��� D²± v ��� 
¥��@ �
K���<

¯ v ��� D�� ¯ v � q�r ± v ��� D�� ± v c
� ��� � �EF_� �s� ±_S'^�KM~�pdJPOZePS']kJ�^�ouS(ePJPOmcu^�² S'Jve � S¨e � ^PKNcMe&ok]«~uJ�SdQ1`bS'J�KMJ�okJ�SXS'c�S'^P~iOR[dSm�MW(S2Q>ORckhj]kS
okS�~kJ�p'[a`b^�`\KMcH^¦S�J�pd~�S'J�[']�ePS�oiORck^XY�O1[dKMck^�ePJ�]u[¨e�`bKMcHokS'^X^P[£�kp'QCOm^�ct]uQTp'Jv`bhj]kS'^%^P]uJ(Y\S'^�c�`q�MS
Om] ��LMJ�KM^��
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±_S��k]�eCS'^�e1o§  KM��ePS'c�`bJ�~�Y\]u^�`\S']kJ�^�c�`g�NS
OR] � ouSHLMJv`qYgY\S�~iORJ«S'Q#��KR`qePS'Q�S'cNe��_� 	#� �!��"�� ���� �+��% ��" �
��� ������� 	��'��� E����!��+���&Om~k~nOmJvePS'ciORcMe XFY�O1LMJv`qYgY\S�~uJ�pd['p'okS'cMePSm��I�Yb]k^�`bS']kJ�^XePS'[£�kc�`bht]uSd^�o§ ªOmLMLRY\KMQ�pdJPOZe�`bKNc
~�Sd]t�NS'cMe �aePJ�S,S'cM�j`\^rORLMpdS'^d� � ORck^s['S�~iORJPOmLMJPOR~k�kS�okS'] ��OZYbLNKMJv`qeP�uQTS'^�^PKNcMesoup¨fnc�`\^K<
! 	C¼�Qi· �E:b¹ED�� � :��'·u¹ �Z· $ �i�
z®Y�^d ªORLm`geXo§ °]kc�okp'JPO�¯CckS'Q�S'cNe�^P]�`g�mOmcMe�Y\S'^�okS'] ��o�`bJ�S'[¨e�`bKMck^s~kJv`bck[a`b~iO�YbS'^%ou]/QCOZ`qYgY�ORLMSM�

! 	C¼�Qi· �E:b¹ED�� � � 8 :��'·k¹��· $��i�
z®YiJ�S'~�KN^¦SX^P]kJ&['SdJverOZ`bck^�['Jv`geP¬'J�Sd^'��xjKMcT]te�`qYg`\^£O�e�`bKNc1ckKM]k^&~�S'J�Q�Sae ]kc�okp'JPOZ¯CckS'QTS'cMe(^P]�`g�mOmcMe�okS'^
o�`\J�S'[ae�`bKNck^�~kJv`g�t`gYbpdLR`bpdS'^d�
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W(Sae�ePS,ePS'[r�uc�`\hj]kS�OCpaePp#oup¨�MSaY\KM~k~kp'S1X«Y¥  z¦{�}2z A � U��¡�_xjKMc´OZYbLNKMJv`qeP�uQTSml�^È`\Q�~�YbS#Sae�~�S']�['K��tePSd] �§l

ckp'['S'^P^�`gePS%^PS']�YbS'Q�SdcMe(Y¡  ]te�`qYg`\^£O�e�`bKNcCo5  ]kc>Q>OZ`gYqY�OmLMSX`bc�`ge�`�OZY¡�#A ~iORJve�`\J(okS�Y�O,LMJv`qYgY\S�ficuS�¦ � ljKMc�KM��e�`\S'cMe
]kckS�^Pp'Jv`\S�fict`\S,ouS,LNJv`gYgY\S'^sS'QF��KR`qePp'S'^=<

¦ ��� ¦ � � cKcKc � ¦ v � cTcKc � ¦ ��� � � c
±�O1LNp'ckp'JPOZe�`\KMc/ouS,Y�OCLNJv`gYgY\S,LMJ�KM^P^�`b¬dJ�S ¦ v ��� ^d °S��§S'[aeP]kS1X�~nOmJve�`bJ�okS�Y�OCLNJv`gYgY\S ¦ v okS�Y�O�QCORc�`\¬'J�S

^P]�`g�mORcNePS©<
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W(Sae�ePSsePS'[£�kc�`bht]uSy~tY\]k^(['KMQ�~�Y\S �uS�J�Sd~�KM^PSs^P]uJ ]uckS%~uJv`\^PS�S'cC['KNQ�~�ePS�okS�Y¥ ªOm^¦~�S'[ae ouSd^(['SaYgY\]�YbS'^d�MKMc

]�e�`gYq`b^PS�['KNQ�Q�S�KN]te�`qY5okS��iOR^PSsY�OFo�`\^¦[dJ�pae�`b^rOZe�`\KMcCS'c�paY\p'Q�S'cNeP^ fic�`b^XokS�Y¥ °p'hj]iO�e�`bKMc�okS�I�KR`\^¦^PKNcC^¦]kJ�Y�O
LMJv`qYgY\S�fnckSm��xNKm`geXYbS�^�¤�^�eP¬'QTS�Yg`bckp
O�`bJ�S�
¥�N� �&['KNcu^�`\^ÈerOmcMeX^P]kJt¦ v �iI�KN^¦KNck^ � v Y¡  S'ck^¦SdQF��YbS�okS'^X`bcko�`b[dS'^ |
okS'^s['SaYgY\]�YbS'^%^¦]kJ�¦ v Sae " vx YbS'^%['K�KMJ�okKNcuckp'Sd^2ok]H�iORJv¤�['SdcMePJ�SFokS�Y�O«['SaYgY\]�YbS � vx �
�H� & 8 :b¹�:�· 8 M ��6 ��� .0����	�� �!�����
	��'� � vx �����'� (�"�����'��¦ v �+��� ��� � � ��+� � ��� � ��% ���'�*����� �!�����
	��'��� E�������+���
� vz )���" 	

� vx D�� ~ � � v H ¯ vx z �D R�� 	
±�O1o�`b^�erORck['S�SdcMePJ�S,ouSd] ��^PKMQTQ�SaeP^ | Sae ~ � � vx ckKmePp'S �yw}|�H�~ {(S'^�es['KMQT~uJv`\^PS�S'cMePJ�S©<

� �32z 7 � �� �8w}|�H2~ { 	��yw}|�H�~ { 	 �54 z�7 � �� �yw}|�H2~ { c
A ~iORJve�`\J�okS�Y¡  p'hj]�`g�mO�YbS'ck['S©<
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Y ¯ vxSz Y £�� F�yw}|�H2~ {�� � H
KMcH~�Sd]tes² KMJ�Q#]�YbS'JXY�O�okpafic�`ge�`\KMcH^P]t`q�mORcMePS©<
�H� & 8 :b¹�:�· 8 M ��; � ������*��	�� | �����*����² KNJvePS,['KMckckS'[ae�`\KMc=� E� � ~ �! 	

Y ¯ vxSz Y�� � � �54 
 7 � �� Y ¯ vx 
 Y H � ��� U R!H F�U 	
³�c�~�KM^PS � vx Y¥ °S'ck^PS'Q#�tY\S,ouSd^�^PKMQTQ�SaeP^ ~ � � v ht]t`�^PKNcMe�Sdc>² KNJvePS�[dKMckckS'[ae�`bKNc�O'�NS'[ | �
±�  `\cM�mORJv`�ORck['S�okS�Y¡  p'hj]iOZe�`\KMc�okS,I�KR`\^¦^PKNc>~iOmJ2J�KmerOZe�`\KMcH~�S'J�Q�S¨e�o§  S��5S'[¨eP]uSdJ¨ln~�KM]kJX[r�nOmhj]kS�^PKMQ�Q�S¨edl
]kckS�J�KRerOZe�`\KMc�ok]�J�Sd~u¬dJ�S�S']k[aYg`\ot`\S'c§��W(S�[£�iORckLNS'Q�S'cMeso§ ªO �uS'^dlt~�S'J�Q�Saeso§ °Sd^Èe�`\Q�S'JX]kc>�NS'[aePSd]uJ��� xv�u±_S
JPOR~k~�KMJve#okS'^F[dKMQ�~�KM^rORcMePSd^�ouSC[dS��MS'[¨ePS']kJ�J�Sdcu^PSa`\LMckSC^P]kJyY¥ ªOm^¦~�S'[ae,okS�Y�OH² ]teP]kJ�SC['S¨YgYb]�Y\SCLMJ�KM^P^�`b¬dJ�S
� v �b�� Sae(Y�O�o�`\J�S'[ae�`bKNc�o5 ¢ORLNLRYbKNQ�p'JPO�e�`bKMc§��xjKR`qe w idk H i*ly{�YbSd^XO�uS'^(ok]�J�S'~k¬'J�S�oiOmcu^�Y�O��iOm^¦S%S']k[aYg`\o�`bS'cw �q � H �q � {�Sae w i	� H i	
y{�oiORck^�Y�O��nOm^PS 
 �� x� H �� x� � OR^P^PK�[a`bp$X�Y�O�['SaYgY\]�YbS � vx �§±_S��MSd[aePS']kJ �� x� Sd^ÈeyoiORck^�Y�O
o�`bJ�S'[¨e�`bKMc/okSyY�O1~�Yb]k^X² KMJvePS,['KMckckS'[ae�`\KMcHSae �� x� Sd^Èe%~kJv`b^s~�S'J�~�S'cko�`b[']�Y�O�`bJ�S X �� x� �
±�O2ckKN]t�NSaYqYbS��iOR^PS 
 �� x� H �� x� � S'^�e_okpaePS'J�Q1`\ckp'S(~iORJ�Y¥  `bcko�`b[dS�okS&Y�OX~�Yb]k^_² KMJvePS�['KNckcuSd[ae�`bKNc ~T� 
ufiLM]kJ�S*U��M<

'g| � � v H��3~T� � � vx r�q � ¬ B q ¯ vxSz� D �54 z�7�� �� Y ¯ vx�� z Y £��� F
� �82 z�7�� �� �yw}|�H2~ {��� �

i

j
o la plus forte connection du noeud i

noeud voisin de i

e

e
2

1

E

E
2

1

θ i
o

�_`bLN]uJ�S U �	_.#��� (���%-���+� ��� � ��� � ���!�������� ��	 � ����	�� |
OZY\KMJ�^

�� x� D �" vx " vz�� �" vx " vz  � D � � � 	 w�� x� {? 	 �32 w�� x� { � D 
 � vx � �8� �q �
Sae

�� x� D � 	 �82 w�� x� {
���
	 w�� x� { � D 
 � vx � �8� �q � c
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³�c�Sdc�okp'ok]�`gesY�O�QCO�ePJv`b['S�okS,J�KRerO�e�`bKMc � vx o§ ªOmcuLmYbS � x� Om^P^¦K�[¨`bp'S XFY�O�['S¨YgYb]�Y\S � vx <

� vx D � ���
	 w�� x� { ? 	 �32 w�� x� {
	 �32 w�� x� { � �
	 w � x� { � c

±_S��MSd[aePS']kJ �� x�onOmck^2Y�O1�iOR^PS 
 �� x� H �� x� � S'^�e�okpaePS'J�Q«`bckp,ouS�Y�OF²¡O "'KNc�^¦]�`q�mORcMePS©<
�� x D � � �x���x � D ���� z�7�� �� Y ? ? /" vx " vz c �� x� Y

� z�7�� �� Y ? ? /" vx " vz c �� x� Y �� c
³�c�~�KM^PS���x®luY\S�JPOR~k~�KNJve�okS,['S'^s['KNQ�~�KN^£OmcMePS'^=<

��x D � �x���x c
A ~nOmJve�`bJ,okS1ePKM]�ePS'^#['S'^,['KNck^È`\okp'JPOZe�`\KMck^�KMc+S'^�e,S'c Q�S'^P]kJ�S�okSC['KMck^�ePJ�]�`bJ�S1Y�O�LNJv`gYgY\S ¦ v �b� ~iORJ

ORLNLRY\KMQ�p'JPO�e�`bKNcT`\^PKRePJ�KM~�S�KM]@ORc�`b^PKmePJ�KM~�SyouSd^�['S¨YgYb]�Y\S'^�okS ¦ v <
	C¼�Qn·!�E:b¹ED�� � � 8 :��d·u¹��· $ ���

w�F { �iOZ`\J�S 	#�+� � ��	����'�,�!	#"$�'��� ������� 	��'��� � vx �����'�1(�"�����'�*¦ v 	
! xM` � vx �&�������-��� ����(�(��'��%&��"���� )���	#"Y�'� ����� � ��"�	���������R� � 	#� � �!�����
	��'� (�" �����! ��" �����t¦ v ��� A%YbKMJ�^

A�YqYbS'J X w�F {
! xM`\cuKNc? 	 ��� ��	�� ��� � vx �[�'���Y��+����!��������� �!�����
	��'��� E�������+���? 	 ��� ��	�� ��� � vx � �'���Y��+����!��� ~ ��� vx ��	# ����� �[��� ����" � ��� �!��� � � �������� �Z� E� � |? 	 ��� ��	�� ��	 E� ��� ��	#" �� x ���*��� ������" ��)�)���" �	��x

� xM` ��x�
 F3c A�Y\KMJ�^ � (�(��2��%-��" ���/���� ��	#�E��� � ����� 
�	
� v ���� D �z 7 � ����� x�� � vz � "������ ���+� ���

� xM`bckKMc � (�(��2��%-��" ���/���������� �!����� 	��2��� ��	#�E��� � ����	 
 � E���" � (�	#" ����� 	
� v �b�� D �z 7�� ����� x�� � vz � " ����� ���+� ��� 	

³�c�KN��e�`bS'cMe�OZ`\cu^�`5Y�O1LMJv`qYgY\S
¦ v �b� D � ���
�

� �b� � v
�b�
�

H e v ��� � e v c
³�c�[ZOZYb[d]tY\SF~iOmJ�Y�O�Q.�'QTSFK�['[ZOR^�`bKNc�YbS«�iORJv¤�['SdcMePJ�S1okS1[r�iORhj]kS#['SaYqYb]�YbS«LMJ�KM^P^�`b¬dJ�S�Sdc�S��5S'[¨eP]nOmcMe

]kckS�^PKMQ�QTS�~�KNckoupdJ�p'S�^P]kJ�ePKM]�ePS'^�Y\S'^(['SaYqYb]�YbS'^XOmLMLmYbKMQTp'J�p'S'^d�M±�  `\ct`qe�`�O�Yg`b^rO�e�`bKMcTou]��iORJv¤u['S'cMePJ�S�^P]kJ&Y�O
LMJv`qYgY\SyfickS�S'^�e%ouKNckcupdS�~nOmJ2Y\S'^s['K�KMJ�okKMckckp'S'^XokS'^s^PKMQ�Q�S¨eP^'�
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AGGL.   SUIVANT  (Oy) AGGL.   SUIVANT   (Ox) 

�_`bLM]kJ�S#� ��+��%1�� ����"�� � � ��%&��� ���

� ��� �t$��n�!-�)56O'5-��n��6M68-��n�! #��&
xjKm`ge_]kckS�LMJv`qYgY\S&LMJ�KN^P^È`\¬'J�S�¦ v Sae�^rO(^¦]�`qePS�okS'^5² KMck[ae�`\KMck^5okS��iOR^PS�Om^P^¦K�[¨`bp'S � � vx � x$�b� � � ��� � � � ['KMck^�ePJ�]�`gePS

~iORJ,Y�O�Q�p¨eP�uK�okS�okS ��O�YbS'J�µM`\c§��I�KM]kJ#okS'^1JPO�`b^PKMck^#ouSH['KNcu^�`\^ÈerOmck['SCpa�NK�hj]kp'S'^1^PS'[¨e�`bKMc ���b�ml�KNc�S'^�e
ORQTS'ckpRX�OR~k~�Yg`\hj]kS'J�X/[£�iORht]uSCLNJPORo�`bSdcMe#ouSCY�O�² KMck[ae�`\KMc+okS>�iOm^¦S � vx ]kckSCQCOZePJv`\['S�ouSC[dKMJ�J�S'[ae�`\KMc
^�¤�Q�paePJv`\hj]kS©<
! 	C¼�Qi· �E:b¹ED�� � :��'·u¹ �Z· $ �F�
±_S'^�['K�Sa¯C[¨`bS'cMeP^�okS2Y�OyQ>OZePJv`b[dS�o�`�OmLMKNcnO�YbSXokS�[dKMJ�J�S'[ae�`\KMc � f�hs~�KN]kJ&okS'^�QCO�`gYqY�ORLNS'^&^�ePJ�]k[aeP]kJ�p'^
^PKNcMe&okKNcuckp'^ ~nOmJY\S�±_S'QTQ�S��u�ª�u� � ORck^Y\S�[
Om^&LNp'ckp'JPOZY¥l�Y�O�['KMJ�J�Sd[ae�`bKNc�ok]�LMJPOmot`\S'cMe � vx ^d °p'['Jv`qe=<


 � � vx � � �	� D�� f�h!� � vx
O'�NS'[

� f�h D � s\f RR s�h � H s\f D s�h D�
 ) � � ?�F
) � ? F �

K���� S'^�eXY¡  pa�mOZY\]iOZe�`bKNc�ok]�ckKNQF�kJ�S,okS�~�KR`\cMeP^�oiOmcu^XYbSd^ � o�`bJ�Sd[ae�`bKNcu^ 
Æo�paerOmcMesY�O1o�`bQTS'ck^È`\KMc
o§  S'^P~nOm['S��P�k±§S�[ZORJPOR[¨eP¬'J�S�`b^PKmePJ�KM~�Syou]/okp'JPOZ¯CckS'QTS'cMe%~�S'J�Q�S¨e�o§ ¢OR~k~kJ�K�[£�kS'JX['Sae�ePS��mO�YbS']kJs~iORJ
� D �
 e v �8� 
}e v �M��S'^�eXYbS,ckKMQ#�uJ�S,okS�['SaYqYb]�YbSd^�^P]kJt¦ v �M� ���g���¡�

! 	C¼�Qi· �E:b¹ED�� � � 8 :��'·k¹��· $��,�
±�O#['KMJ�J�S'[¨e�`bKMc/ok]�LMJPOmo�`bS'cMesokS�Y�OF² KNck[ae�`bKNc�okS,�iOR^PS � vx oiORck^XYbS�J�S'~k¬'J�S,S']k[aYq`bo�`bSdc�^d °p'[dJv`ge=<


 � � vx � � �	� D�� xfV� h � � vx
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K��

� xf�h D 
 � vx � 
 � x� � � 
 � vx � �M� c
±�O�Q>OZePJv`b[dS>o�`�ORLMKNciOZYbSTouS�['KNJ�J�S'[ae�`\KMc OR^P^PK�[a`bp'S X�Y�O�['S¨YgYb]�Y\S'^ � vx oiORck^,YbS�J�S'~k¬'J�S w i � H i	
y{
^d  p'['Jv`ge=<

� x� � D � s x� RR s x� �
K�� s x� Sae*s x� ^¦KNcMe�Y\S'^�²¡Om[aePS']kJ�^�okS#['KMJ�J�S'[¨e�`bKMc@OR~k~�Yg`\hj]kp'^�J�S'^P~�Sd[ae�`g�NS'Q�S'cNe�^P]t`q�mORcMe i �TSae�i	
okKNcMeXYbS']kJ�^��mO�YbS']kJ�^%^¦KNcMesokKMckckp'S'^s~nOmJ2Y\S#±§SdQ�Q�S,���b�m�

� � � ��� -�/ � �#-�+�'��µ$ � � �#��/ 476M$:�! #��&*+
W(S'^sokS'] �/O�YbLNKMJv`geP�kQ�Sd^�okS�okp'JPOZ¯>cuSdQ�S'cMeyKMcMespaePp�ePS'^�ePp'^s^P]uJs~�Yb]k^�`bS']kJ�^se¥¤�~�S'^�okS�QCO�`gYgY�ORLNS'^d�

M �'M ��6 ¶ ��:�¼�¼ ��Q �t���a¹�m��»R¹�� ���j�
±_S'^ OZY\LMKMJv`qeP�kQ�S'^&`\^¦KmePJ�KM~�S�Sae2ORc�`b^PKmePJ�KM~�Ss~kJ�p'^PS'cMePp'^ onOmck^&YbS'^(^PS'[¨e�`bKMc&Ok�q�XS¨e*Ok�¢�y^PKNcMe(Om~u~�Yq`bhj]kp'^

^P]kJ�okS'^sQCOZ`qYgY�ORLMSd^2ok]/[
ORJ�J�p,]kc�`gePp©<
! ¶ ��:�¼�¼ ��Q � :��'·k¹��· $����
W(S�Q>OZ`gYqY�OmLMS�Sd^Èe2['KMck^�e�`geP]kp�okS �MF ~�KR`\cMeP^(oiORck^(Y�O,ot`\J�S'[ae�`\KMc idk�Sae�i*l1S¨e(`bck[aYg`\ckp�o§ °]kcHORckLRY\S
okS���«~iORJXJPOR~k~�KNJve XFY¡ ¢O�uS�i*k 
��NKR`\J(fnLN]kJ�S���B �P�i±§Sd^2okS'] ��O�YbLMKNJv`geP�kQ�S'^XokKMckckS'cMesYbSd^2Q �'Q�S'^
J�pd^¦]�YqerOZeP^ 
��MKm`bJXYbS'^sfnLN]kJ�S'^�okS��N�$X��
U �P�

! ¶ ��:�¼�¼ ��Q � � 8 :��d·u¹��· $ ���
W(S�QCO�`gYqY�ORLNS�S'^�e�`bokS'cNe�`bhj]kSHOR]+~kJ�S'Q1`\S'JFQ>OZ`b^#O'�NS'[C]kcuST~uJ�KNLMJ�S'^P^�`bKNc+LMp'KNQ�paePJv`bht]uST^¦]�`q�mORcMe
Y¥ ªO �uS�okS'^�idk 
�fiLM]kJ�S������P�Nz®Y_S'^�espae�`bJ�p�oiORck^(YbSd^2okS'] ��o�`bJ�Sd[ae�`bKNcu^%O'�MSd[�]kc�JPOm~u~�KMJvesokS�QCO�`gYgY\S
Q>O�t`\QF]kc�okSC��B�B��k±§Sd^�J�p'^P]�YgerO�eP^�okS�Y¡ ¢OZY\LMKMJv`qeP�kQ�S�`b^PKRePJ�KN~�S�^PKMcNe�~kJ�p'^PS'cNePp'^�oiORck^XYbS'^XfiLM]kJ�S'^
okS�� U-X���@«Sae�[dS'] �Hok]Hokp'JPOZ¯CckS'QTS'cMe�Omc�`b^PKRePJ�KN~�S�oiORck^XYbS'^sfiLM]kJ�S'^souS#��O-X��N���
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�_`bLM]kJ�SC�M� �C¦�� 	 ����� � �!�����
	��'��� �_`bLN]uJ�SC�Z��� ¦ � 	������ �!�����
	��'���

�§`\LM]kJ�SC��@�� ¦ � 	 ��� � ������� 	��2��� �_`bLM]kJ�SC��O �C¦
	 	��� �!����� 	��2���

�_`bLM]kJ�SC�
� �C¦  	 � �!�����
	��'��� �§`\LM]kJ�SC�
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ePKN]�ePS'^�Y\S'^��iOR^P^PS'^X² J�p'hj]kS'ck['S'^youS,Y�O�LNJv`gYqYbS�ficuS#^P]kJ�Y�O�LNJv`gYqYbS#LMJ�KM^P^�`b¬dJ�S�
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solution converge sur la grille fine
Sol. grossiere avec correction
sol. grossiere sans correction
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cycle bigrille ideal

21*21 points
41*41 points
81*81 points
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cycle du F-cycle

21*21 points (nivx=4)
41*41 points (nivx=5)
81*81 points (nivx=6)
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Solution converge sur la grille fine
Sol. grossiere avec correction
Sol. grossiere sans correction
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cycle bigrille ideal

10*100 points
20*200 points
40*400 points
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cycle du F-cycle

10*100 points (nivx=6)
20*200 points (nivx=8)

40*400 points (nivx=10)
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