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5 = � 5 = � @ K�I 5 = � @ K��
� @ °� @ m @ ° df�j� @ °z�f� �
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ZSg�t�w}wK¨¦��l'y��Ml"q���gew�Ã�l"|c|}l"`�wKi!b�be|c�vyz{vdÇ�v`}bf��l"`}|cyzl�w#|}��g�{ ��gerubfÃvy8Q©l"§�l"{�t�w¦l���®	yz|c�
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� µ |}�vl.rOb�w¦|xb µ |}�£l�|}`³gj{�w µ l"`hw¾y�w�{vl'deqzl�ru|}l�����|c�vl�gj`cyz|}�£i!l"|}ysr¾rubeik�vqzl��Eyz|K´�b µ be{vl.¹�¨
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|c�vl	~�{vl�wK|Gde`cy�� c �e��eX°�� µ |}�£l\iÂg�|}`cy �%rOb�l
XÂrOyzl"{E|hw�g�`}l�{£be|	wK|}bf`}l�����|c�vl#rubfi!�vtv|³gj|}y�be{
µ bf`	gfw}w¦l'i0Ãvq�yz{vd½g G�t �%®	y�|}�[ZSg�t�w}wK¨¦��l'y��Ml"q�ysw�|K®	y�rul²gfw�y�i!��be`}|³gj{E|�gew�®	y�|}�k��gerubfÃvyX°
±G�£l"`}l µ bf`}l��v|c�vl�r"gjqsrutvqsgj|}y�be{Çrub w¦|²b µ |c�vl��Wo� b µ |}�vl�qzy�{vl�gj`²wK´vwK|}l"i |}b Ã¼l�w¦bfqz§�l��
bf{�g0rOb�gj`³w¦l%df`}y���
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bf{!|}�£l�de`cy�� 
 � KMI °v±G�vl#g�`}y�|}�vi!l'|}y�r�rubeik�vqzl��Eyz|K´�b µ be{vlS¹�¨XrO´vruq�l	®	yz|c�!|K®GbHZSgjt�wcw¦¨
� l"y��Ml'qGyz|cl"`hg�|}y�be{�w�bf{ l�gfr�� q�l"§�l"q QÛbf{vl8�£`}l"¨#g�{�� ��b w¦|}¨ w¦ikb�be|}�£yz{vd�T%r"g�{ |c�vl"{ Ã�l
l'§eg�qzt�g�|}l�� gew gjÃ�betv|Ç� @ Z���w¦®�l"l"��w#b µ Z�g�t�w}wK¨¦� l"y��Ml'q	be{ |}�vl ~�{vl�wK|%de`}ys��°�p.bf{�w¦l'¨
��tvl"{E|}q�´���|}�vl `}l"qsgj|cyz§�l�l�XÂruy�l"{�ru´0Q©yz{�|}l"`ciÂw�b µ gj`cyz|}�£i!l"|}ysr#rubei!�£qzl��Eyz|K´6T.Ã¼l'|¦®�l"l"{
|c�vl�w¦y�{vdeq�l"¨Ûdf`}ys�-wcr��£l"i!l Q}�@Z3T gj{��Â|}�vl#i tvqz|cyzdf`}y�� w}rh�vl"iklLQ ¯\ZRT µ bf`\|c�vl�_�beysw}wKbe{
l��¿t�g�|}y�be{0QX±xgjÃvq�l d�T�y�wGdey�§�l"{!ÃE´.W

�@Z ,���� .¯\Z ,���� . = f � T �
�@Z ,�� .¯\Z ,�� . = �bd T @

®	�£l"`}lHZ#� QÛ`}l�w¦�¾°��T w¦|³gj{��vw µ be`8ZSg�t�w}wK¨¦��l'y��Ml"q QÛ`cl�w¦� °v��gerObeÃvy Th°
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¯\Z²¨ ��gerubfÃvy Q � = @CT � T ¯\Z\¨ ZSgjt�wcw¦¨K��l"ys�Ml"q
� @ °Àmf� @ @ ° ���fm
��������� �f� dM�

±�g�Ãvqzl���W 5�= � B � = Q @CB�@ T � °
¸vbe`	|c�vl#wcgji!lSrube{E§�l"`cdel"{�rOl\q�l"§�l"qX� g%w¦yz{£deqzl'¨Ûdf`}y�� Z�g�t�w}wK¨¦� l"y��Ml'qxw¦beq�§�l"`.qzl�gf�vwG|}b

�������	� = � @ @�� ��®	�vl"`}l�gew¾g²w¦yz{£deqzl'¨Ûdf`}y��#��gfrubeÃvyEwKbeq�§�l"`]Q©®	yz|}��gG`cl"q�g �vg�|}yzbf{#��gj`³gji!l"|cl"`� = @�T � T.q�l�ge�£wG|}b ��������� = � �e� f °

5 = � 5 = � @ K�I 5 = � @ K��
� @ ° �!d�d @ ° � @ d @ °À�f�e�
�������	� � � � � � �

±xgjÃ£qzl f W � = Q}� BW@ T � ��¯\Z ¨hZSg�t�w}wK¨¦��l'y��Ml"q °

�²{vl#r'gj{Â{vbe|cy�rulS|}��g�|	|}�vl�d gjy�{-y�{!|}�£l#rube{E§�l"`cdel"{�rOl\`³gj|}l#bfÃv|hg�yz{vl�� ÃM´ ZSgjt�wcw¦¨
� l"y��Ml'q�§�°wu°x��gerObeÃvy QX±xgjÃ£qzl!��T\yswoi!bf`}l%y�i!��be`}|³gj{E|�yz{�|}�£y�wol �vg�i!�vqzl�|}��g�{ yz{�|}�£l
�£`}l"§Eyzbft�wGtv{vy�|²w}��t�gj`clol �vg�i!�vqzl °e¥�l�r"g�{g�q�w¦b%bfÃ�w¦l'`}§�l#|}��g�|\|c�vl�i!l�gj{!`cl��Mt�ru|cyzbf{
µ gfru|}bf` �8y�i!�v`cbj§�l�wabf{vqz´�w¦qzy�de�E|}q�´0®	�vl'{-|c�vl��My Ä�t�wKyzbf{8y�w	�El�ru`}l�gew¦y�{vd QX±xgjÃ£qzl f T³°
±G�£lo`cl"q�g�|}y�§�l\l
X�ruy�l"{�ru´�Ã¼l'|¦®�l"l"{!|c�vl�w¦y�{vdeq�l"¨Ûdf`}ys�!w}rh�vl"i!lSgj{»��|c�vl�i tvqz|cyzdf`}y��%be{£l
µ bf`	|}�vl�_�bfy�wcw¦be{Çl���t�gj|cyzbe{KQX±xgjÃvq�l#�T.y�wGdfyz§�l"{ÂÃE´.W
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Í\bf|}ysrul#gjd gjy�{8|}�£loy�i!�v`cbj§�l'i0l"{E|�b µ |c�vl�¯\Z�rubei!�£qzl��Eyz|K´f°
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|c�vl#iÂg �Eyzi�gjqv`³gj|}y�b0Ã�l"|K®�l"l"{!|c�vl#qzl"{vdf|}�Âb µ |¦®�b%be`c|}�vbfdebe{»gjq.wKy��Ml�wGb µ |}�£l G¼gj|}|cl�w¦|
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Q w¦l"l�¸�y�detv`cl�m�Th°
�	l�w¦t£qz|hw.g�Ã¼bftv|	i tvqz|cyzde`cy��%rubf{M§�l'`}del'{�rul²gj`cl\dfyz§�l"{ ÃE´ ±�g�Ãvqzl#m µ be`�|}�vlS_�beysw}wKbe{

l��¿t�g�|}y�be{ 4� 7 = �o®	y�|}�Çª\yz`cy�rh�vqzl'|�Ã�bftv{��vg�`}´Çrube{»�Myz|cyzbe{»wu°
¯\Z²¨ ��gerubfÃvy Q � = @CT � T ¯\Z\¨ ZSgjt�wcw¦¨K��l"ys�Ml"q

� @ °À�bd f @ ° � � d
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±�g�Ãvqzl�mW 5�= � B � = Q @CB�@ T � °
¸vbe`	|c�vl#wcgji!lSrube{E§�l"`cdel"{�rOl\q�l"§�l"qX� g%w¦yz{£deqzl'¨Ûdf`}y�� Z�g�t�w}wK¨¦� l"y��Ml'qxw¦beq�§�l"`.qzl�gf�vwG|}b

�������	� = �O�e� @ �¾®	�vl"`}l�gew²g!w¦y�{vdeq�l"¨Ûdf`}ys�8��gerObeÃvy�w¦bfqz§�l"` Q � = @CT � T�qzl�gf�vw\|}b ��������� =� f � � °
¥�l.�¼bfyz{E|�bftv|x|}��g�|�|c�vl	rubf{M§�l'`}del'{�rul�`³gj|}l.ysw i t�rh��wKqzb�®Gl"`¾|c��gj{�|}�vl�be{vl.dfbe|}|cl"{

y�{8|c�vl r"gewKl�b µ t£{vy µ bf`}i i!l�wK�vl�wu°�±G�£y�w\ysw�l�wcw¦l"{E|}ysgjq�qz´Â�Mt£l%|}b!|c�vl µ gfru|�|}�»gj|#wK|hgj{£¨
�£gj`h�ÂwKbeqz§�l'`hw.w¦t�rh�Âgfw ZSgjt�wcw¦¨K��l"ys�Ml"q¾g�{��!l�w¦��l�rOy�gjq�qz´ ��gfrubeÃvy gj`cl�{vbe|�§�l"`}´%l�XÂruy�l"{E|
wKi!b�be|c�vl"`³w�y�{|}�vl�r"gewKl�b µ i!l�w¦�vl�wG�»g�§Eyz{£d��}§�l"`c´UG�gj|�
!rul"q�q�wu°�ºSw\g�{yzqzq�t�w¦|c`hg�|}yzbf{¾�
®�lwK�vb�® yz{�¸�yzdftv`}l � |c�vlÇ�Ml"��l"{��Ml'{�ru´ b µ |c�vl8ikl�gj{ `cl��Mt�rO|}yzbf{ µ gfru|}bf`0§�l"`³w¦t�w
|c�vl�{Etvi Ã¼l'`�b µ w¦i!b�bf|}�vy�{vd%wK®Gl"l'��w Q Z�g�t�w}wK¨¦� l"y��Ml'q¾`}l"qsg �£gj|}y�be{�w�T.�Mbf{vl�bf{-|c�vl\~�{£l
q�l"§�l"q�gj|�l�gerh� ¯\Z²¨ ru´£ruqzl µ bf`�g�{ y��El�gjq.|K®Gbf¨Ûdf`}y���w}rh�vl"ikl�°�±G�£l0Ã�l"��g"§Eyzbftv`�b µ |}�£l
rObe{E§�l"`}dfl"{�rul.�vysw¦|}bf`}´�qzl"|xt�w��Ml��Mt�rul	|c��gj|.g²Ã¼l'|}|}l'`.w¦i!b�bf|}�vl'`�®Gbftvq��#yzi!�v`cb�§�lGg²qzbe|
bftv`²l��Mysw¦|cyz{vd ¯\Z²¨©i!l"|}�£bE�-yz{Â|c�vl%r"gfw¦l�b µ wK|}`}l'|hrh�vl��!i!l�wK�vl�w �Eyz{��El"l����Eyz{�ru`cl�gewKyz{vd
|c�vl!{Etvi Ã¼l'`�b µ ZSgjt»w}w¦¨K��l"ys�Ml"q�`}l"qsg �£gj|}y�be{�w#be{ |c�vl0~�{£l0q�l"§�l"q�tv� |}bg8ikbE�Ml"`hg�|}l
{Etvi Ã�l"`Gb µ `}l"qsg �£gj|cyzbe{2w¦®�l"l"��wO�v`}l�wKtvqz|³wGyz{g rubf`}`}l�w¦��be{��Eyz{vdÂgfr"rul"q�l"`hg�|}y�be{!b µ rube{£¨
§�l'`}del'{�rul�|cb!Ã�l rubeik��gj`cl��8®	yz|c�|}�vlÂ�O� @ @ ZSgjt»w}w¦¨K��l"ys�Ml"q.yz|cl"`hg�|}y�be{�w	`}l���tvy�`}l��Âbe{
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5-grids V-cycle, -laplacian(u)=1

Reduction factor
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Unité de recherche INRIA Rhône-Alpes, 46 avenue Félix Viallet, 38031 GRENOBLE Cedex 1
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