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Abstract
We work on directmethodsto solve largesparselinearsystemsissuedfrom finite elementmodelingin
mechanicalengineering.Our pragmaticapproachaimsto improve theperformanceof a parallelfrontal
solver codewhich usesa finite elementby finite elementassemblystrategy over eachsubdomain.We
first usestandardpartitioningmethodsto split problemsinto subdomainshaving a balancedamountof
data.Then,by applyingour heuristics,thepartition is modifiedin orderto have a balancednumberof
operationsover thesubdomains.This heuristicsusesanestimatorof thenumberof operationsrequired
to eliminateinternalequationsof eachsubdomain.
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The numberof operationsrequiredto solve in parallel a sparselinear systemdependson the mesh
partitioning(i.e.thedomainis split into subdomains),thedomainreordering,thesubdomainsreorderings
andthetypeof solver used.To obtainthepartitionwe canusefor instancethesoftwares�����	��
 [11],

��������� [13] and ��������� [10]. Thesemethodsarebasedon graphpartitioningtechniques.Other
methodsareproposedby the communityof computationalmechanics[12] [9]. Thesemethodsaim to
reducethecommunicationsbetweenprocessorsandto balancethesubdomainamountof data.

Wepresentin thispaperaheuristicsthatmodifiesaninitial partitionin ordertobalancethecomputational
effort over thesubdomains.Wefirst useanestimatorthatevaluatesthenumberof operationsrequiredto
treateachsubdomain.We presenttheestimatorthathasbeenmodeledandtestedin previousworks[4]
[7] [14]. Then,wetransferfinite elementsbetweensubdomainsto correctthepartition.Weuse�����	��

andour implementationof [12] to build the initial partitions.We usea setof meshesissuedfrom finite
elementsmodelsasour benchmark.We measurethecomputingtime on eachsubdomain,theresolution
time of the interfaceproblemandthe global resolutiontime beforeandafter the useof our heuristics.
According to thesepreliminary resultsobtainedwith our parallel multifrontal solver, it seemsto be
interestingto balancea partitionby taking into accountthenumberof operationsover thesubdomains
ratherthantheamountof data.

In section� , we presenttheproblemformulationandour experimentalprotocol.In section� , we define
the algorithmof the heuristics.Experimentalresultsareshown in section � . Finally, we concludeand
give somefuturedirections.

1 Problem Formulation and Experimental Protocol

Theacademicsoftware 
���� (Syst̀emeInteractifdeConception)hasbeendeveloppedby thecommunity
of computationalmechanicsat UTC since1988[15]. This framework integratesvariousfinite element
models.Theresolutionmethodsinvolve:

� sequential,parallel,sparse,directanditerative solvers;� subdomaindecompositionandreordering;� sparsematricesreordering.

The multifrontal solver of 
���� usesBLAS level 1 andPVM, MPI or SHMEM communicationtool-
boxes.Let � be a partition of � subdomainsdenoted
���� (  "!$#%!&� ). The � subdomains
���� dis-
tributedamong� processorsandform theinput datafor thesolver. Eachsubdomain
���� containsa list
of finite elementsanda list of interfacenodes.Theresolutionprocessis dividedinto two mainsteps:

1. condensingeachsubdomainin parallel;

2. solvingtheinterfaceproblem.

Duringthesetwo stepsweuseastraightforwardimplementationof thefrontalsolver [8]. Eachprocessor# appliesa frontal solver that interleaves the assemblyof the finite elementsof the subdomain
'���
andtheeliminationof theinternalunknowns.This first step,calledthesubdomaincondensations,gives
only residualmatricescontainingcoefficientsof theinterfaceunknownsonly. Theseinterfaceunknowns
can not be eliminatedat this stagebecausethe correspondingequationsinvolve the dataof another
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subdomain.This residualmatrix can be consideredas a finite superelement.In step � we apply the
frontalsolver to thefinite superelementscorrespondingto subdomains.Thisstrategy is well suitedto the
finite elementinterpretationof the frontal solver working on anelementby elementbasis[5] [6]. This
approachinvolvessimultaneousmatrix assemblyandeliminationandshouldnot be confusedwith the
interpretationof a frontal solver [1] [3] workingon theglobalsystem�)(+*-,/. .

C C CC

I

Figure1: out-treeof tasksfor a
partition � of 0 subdomains

time

processors

IC

C

C

C

Figure2: schedulingon 0 pro-
cessorsof theoriginal partition

time

processors

I

C

C

C

C
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ancedpartition:maximumcon-
densationtimedecreases,inter-
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The overall processis representedin figure1 where � is a condensationtaskand � the solving of the
interfaceproblem.Our [14] estimatorof the numberof operationsrequiredto condensea subdomain
���� is: 132 
����5476 �8:9<;�= ,/>�?@( ABDCDE 8GFIHKJML<HKJONQP E HR8�S

T �VUBXW >ZY[( ABDC:\K]^E ; E 8GN_P E HK8
2
S
T �7UB = Y (1)

where 6 �8:9<; is thelocal reorderingvectorrepresentingtheassemblyorderof finite elementsduringthe
condensationof 
���� . The index ` indicatesthe incorporationor theeliminationof anunknown in the

frontalmatrix a T �VU of size S
T �VUB . Thenumberof operationsrequiredto incorporateanew unknown in the

frontalmatrix is O(S
T �VUB ) whereasthenumberof operationsrequiredto eliminateaunknown is O(

2
S
T �VUB = Y )

[14].

Thepurposeof thework presentedin thepresentpaperis to build partitionshaving a balancednumber
of operationsratherthana balancedamountof data.We usea two stepsapproach.Thepartitions( ��b )
areinitialized with analgorithminspiredfrom theMalonework [12]. A globalreorderingvectoris first
computedon thefinite elementgraphusing[2]. Thenthepartition is built by splitting thevectorinto �
equalparts.An alternative initialization for the partitions( ��c ) is �����	��
d��e^f , whosroutinescanbe
directlycalledin thesoftware 
���� . In thesecondstep,weuseourheuristicsto improve thepartitionsin
termof equalestimationof thenumberof operations.

Theexperimentalprotocolis asfollows:

� theinitial partitionsof themeshesareobtainedwith ��c and ��b ;� we apply our heuristicsbasedon the estimator

1g2 
����h476 �8:9<; = to obtainthe partitions �ic<j and��bk� (C for corrected);� we comparetheexecutiontimesfor �ic , ��b , �icD� and ��bk� .
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2 Algorithm to Balancethe Computational Load

Table1: Notationsusedin thealgorithm� : numberof subdomains.6 �8D9+; : local reorderingvectorof finite elements
for thesubdomain
�� � with #mlonp G4qererer4Q�hs .6ut \ F : partitionvectorof size v (thedomainhasv finite elements).6wt \ F<x czy{,|# meansthatfinite elementc|l"
���� .6 �8D9<; .VcD�<} : local reorderingvectorfor each
����
for thebestsolutionencountered.6wt \ F .VcD�<} : partitionvectorfor thebestsolutionencountered.132 #5476 �8D9<; = : estimationof thenumberof operationsrequired
to condense
'� � with #~lonp G4qererer4Q�hs .v~� : numberof finite elementsl�
���� .v P : numberof finite elementsto transfer
from onesubdomainto anotherone.� . �I}Oc<� �����5. : numberof iterationsdonein theglobalbalancingloop .� �Iv���}Oc �����5. : maximumnumberof iterationsof theglobalbalancingloop.� . �I}�cq� ���Gj : numberof iterationsdonein thelocalbalancingloop.� ��v��I}Oc ���Gj : maximumnumberof iterationsof thelocalbalancingloop.���+}R��v �����5. : estimationof theglobalbalancingquality.���+}K�Iv �����5. .VcD�<} : estimationof theglobalbalancingquality
for thebestsolutionencountered.���<}K�Iv ���Gj : estimationof thelocalbalancingquality.���{�<�������:� �����5. : upperboundfor theglobalbalancing.�����<�R�����:� ���Gj : upperboundfor thelocal balancing.

We introducein table1 somenotations.The algorithm(cf algo.1) is divided into two main steps:the
initialization stepandthebalancingstep.The initialization step(lines  to � ) loadsthe initial partition
vector 6wt \ F andthelocalreorderingvectors6 �8:9<; . Thebalancingstep(lines � to �5� ) balancesthecompu-
tationalloadover two subdomains.If wetry to balancetwo subdomainswithoutacommonboundarywe
increasethenumberof interfacenodes,sowe only considertwo subdomainswith a commonboundary.
Theglobalbalancingloop stopseitherwhena numberof iterations(

� . �I}�cq� �����5.g, � ��v��I}Oc �����5. ) or
whentheglobal quality criterion ( ���+}R��v �����5.�!������+�������D� �����5. ) is reached.The bestglobal solution
minimizes v�b�* 2�1g2 
�� E 476 E8:9<; =�= for ��l�np G4qererer4Q�5s . Thelocal balancing(lines � to �5� ) is themainfunc-
tion of this algorithm.Let 
�� E and 
���� be two subdomainswith

132 
����5476 �8:9<; =�� 132 
�� E 476 E8:9<; = .
Thenumberof operationsrequiredto condense
�� E is lower thanthenumberof operationsrequiredto
condense
'��� . In orderto balancethe computationaleffort over thesetwo subdomains,thealgorithm

transfersv P finite elementsfrom 
'��� to 
�� E . The transferof � T���� �q¡ ¢ �£V¤Q¥ U�¦ � Tr�p�Z§M¡ ¢ §£V¤Q¥ UY operations
from 
'��� to 
'� E wouldbalancethesetwo subdomains.Known themeannumberof operationsby finite

element( � Tr�p���z¡ ¢ �£V¤Q¥ U; � ), thenumberv P of finite elementsto transferis estimatedby :

v P©¨
132 
�� � 476 �8:9<; =�ª 1g2 
�� E 476 E8:9<; =� ( v �1g2 
�� � 476 �8:9<; = (2)
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Algorithm 1: Algorithm to CorrecttheComputationalLoad

1: Loadthepartitionvector 6wt \ F n Initializations
2: Loadthelocal reorderingvectors6 E8:9<; � �:« �¬�@lonp G4qererer4Q�5s
3:
� . �I}�cq� �����5. ¨ f

4: ���+}K�Iv �����5. .VcD�<} ¨®­
5: # ¨ f
6: repeat
7:

� . �I}�cq� �����G. ¨ � . �I}Oc<� �����5. W  
8: # ¨ v��G¯h«���� 2 # W  G4Q� ª  = W  :n Begin of theglobalbalancingloops
9: n Local balancingbetweenthesubdomains
�� E (neighbourof thesubdomain
'��� ) andthesub-

domain 
�� � s
10: for all subdomains
�� E sharingaboundarywith 
���� do
11: n Begin of thelocalbalancingbetweenthesubdomain
���� andthesubdomain
�� E s
12:

� . �I}�cq� ���:j ¨ f
13: repeat
14:

� . ��}Oc<� ���Gj ¨ � . �I}Oc<� ���Gj W  
15: if

132 
����5476 �8D9+; =[� 132 
�� E 476 E8:9<; = then

16: v P ¨ � T���� �q¡ ¢ �£7¤7¥ UM¦ � T����©§I¡ ¢ §£V¤Q¥ UY ( ; �
� Tr�p���z¡ ¢ �£V¤Q¥ U n Transfer of v P finite elements

S �G�:v°
�� � }K��
�� E s
17: 6ut \ F ¨²±¬³:´wµ©¶+·�¸�³ 2 
'���547
�� E 4�v P =
18: else
19: v P ¨ � Tr�p�Z§�¡ ¢ §£V¤Q¥ U�¦ � Tr�p���z¡ ¢ �£V¤Q¥ UY ( ; §� T����©§�¡ ¢ §£7¤7¥ U n Transfer of v P finite elements

S �G�:v°
�� E }O��
'���Gs
20: 6ut \ F ¨²±¬³:´wµ©¶+·�¸�³ 2 
'� E 47
����h4�v P =
21: end if
22: 6 8:9<;¹¨»º � ¯pb�}�c 6��¼« v 2 6 8:9<; 476wt \ F =
23: ���<}K�Iv ���:j ¨ ���:v½�w«w}�c ���+}R��v ���Gj 2�132 
�� E 476 E8D9<;�= 4 1g2 
����p476 �8:9<; =�=
24: until

2 � . �I}�cq� ���:j�¾ � �Iv��I}�c ���Gj = �:� 2 ���+}K�Iv ���Gj�¿|���{�<�������:� ���Gj =
25: end for
26: ���+}K�Iv �����5. ¨ ���:v½�w«w}�c ���+}R�Iv �����5.
27: if ���+}R��v �����5.�¿|���+}K�Iv �����5. .VcD�<} then
28:

2 6wt \ F .zc+�+}7476 8D9+; .zc+�+} = ¨ 
�bpÀ�c 2 6wt \ F 476 8:9<; = n Save thebestsolutions
29: ���<}K�Iv �����G. .zc+�+} ¨ ���+}R�Iv �����5.
30: end if
31: until

2 � . �I}�cq� �����5.�¾ � �Iv��I}�c �����5. = �:� 2 ���+}K�Iv �����G.�¿|�����+�������:� �����5. =
32: return 6 8:9<; .zc+�+} and 6ut \ F .zc+�+}
The local balancingloop stopseitherwhen the numberof iterations(

� . �I}�cq� ���Gjo, � �Iv��I}�c ���:j ) or
whenthelocal quality criterion( ���+}R��v ���Gj�!|�����+�������:� ���Gj ) is reached.

Theprimitive Transfer choosesfinite elementsnearthecommonboundaryin orderto limit thegrowth
of theinterface.Let usconsiderthetwo subdomains
�� E and 
'��� of thefigure4. On thetop left corner
therearethetwo subdomainsbeforethetransfer. Thegrey partsof thesetwo subdmainsrepresenttheir
boundaryfinite elements.Let us supposethat v P finite elementshave to be transferedfrom 
'��� to
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Figure4: Exampleof transferof v P finite elements


�� E . A level structureis computedon thesubdomain
���� in orderto determinethefinite elementsto
be transfered.We createa virtual root � connectedto theboundaryfinite elementsof eachsubdomain
(cf. top right cornerof figure 4). We computethe level structurefrom � to thefinite elementsof 
�� � .
Finite elementsarethentransferedlevel by level (startingwith thefirst level) from thesubdomain
'���
to the subdomain
�� E until v P have beentransfered.The two subdomainsafter the tranferareshown
on thebottomright cornerof thefigure4. Thatpermitsusto minimizethegrowth of theboundary. This
algorithmworks on a 

� � ��É���
 workstationduring somesecondsfor the small meshesandduring
aboutten secondsfor the mesh ����
Ê
�� � ��0 having �5�5���5�5� unknowns. In the examplesof section0� ��v��I}Oc ���Gj and

� �Iv��I}�c �����G. aresetto 10.Wearbitrarily set >Ë?�,Ì>©Y�,Í .
3 Results

The parallelcomputinghasbeendoneon a PC-clustercomposedof 10 processorsPENTIUM III 666
Mhz ( �5�:0 Mo) underLINUX RedHat7.1with aswitchCiscoCatalyst3524XLandaEthernetnetwork
100Mhz. Thesolver we usedis themultifrontal solver of thesoftware 
'��� .

Table2: Descriptionof themeshesused

Meshname Numberof finite elements Numberof nodes Numberof ddl
FUSEEN 36 570 8 374 3

MISSILE2 6 802 3 421 6
MISSILE3 13 615 27152 6
MISSILE4 27 804 55498 6

SUSPEND1 18 171 4 839 3

The table2 gives the featuresof the meshesusedin our tests.The numberof unknowns variesfrom z0Î�� +Ï to �5�5�Î�5�5� . In all tables,theindication �Ð�Ð� (out-of-core)meansthatthememoryis insufficient
to treatasubdomainin core.All timesareindicatedin seconds.Thefirst columnsof tables3 to 5 indicate
themeshnames.Thecolumnscalled“Meth.” of thesetablesindicatethe typeof partition ( �ic , �icD� ,
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��b or ��b�� ). Thecolumnscalled“ �{Ñ ” (resp.“ �¼Ò ”) give theresolutiontime of the interfaceproblem
(resp.theglobal resolutiontime). Thecolumns“ � ���©§ ” of thesetablesgivesthecondensationtimesof
eachsubdomain
�� E for meshpartitionswith ��,Ó��4�0 and � subdomains.For example,at line 0 and
column � of table3, thecondensationtimeof thesubdomain
��gÔ for themesh����


'� � ��� partitioned
into 0 subdomainsusing �����	��
 is �5��eÕ� s.

Table3: CPUtimesfor meshpartitions(Me, MeC,Ma andMaC) into 2 subdomains
Meshname Meth. Öu×:ØÚÙ Ök×:Ø{Û Ö�Ü ÖkÝ Meth. Öu×:Ø¼Ù Öu×:Ø{Û ÖkÜ ÖkÝ
FUSEEN Me 241.9 265.1 0.6 268.9 Ma 144.6 869.6 6.3 883.7
FUSEEN MeC 242 257.1 0.5 263.1 MaC 258.9 238.2 5.5 273.4

MISSILE2 Me 41.1 101.7 0.1 103.3 Ma 10.9 41.4 0.1 42.5
MISSILE2 MeC 58.9 50.1 0.1 61.4 MaC 13.4 20.2 0.1 21.2
MISSILE3 Me 797 OOC OOC OOC Ma 239.7 619.2 0.4 625.7
MISSILE3 MeC 872.5 1302.5 1.1 1521.8 MaC 327 321.7 0.6 346.1
MISSILE4 Me OOC OOC OOC OOC Ma OOC OOC OOC OOC
MISSILE4 MeC OOC OOC OOC OOC MaC OOC OOC OOC OOC

SUSPEND1 Me OOC OOC OOC OOC Ma 127.1 264.2 17.4 285.5
SUSPEND1 MeC OOC OOC OOC OOC MaC 169.2 65.2 0.8 172.3

Table4: CPUtimesfor meshpartitions(Me, MeC,Ma andMaC) into 4 subdomains
Meshname Meth. Ö ×DØ Ù Ö ×:Ø Û Ö ×:Ø{Þ Ö ×:Ø ß Ö Ü Ö Ý
FUSEEN Me 74.6 84.2 88.9 101.1 10.5 114.3
FUSEEN MeC 74.6 84.2 88.9 101.1 10.5 114.3

MISSILE2 Me 14.3 35.2 38.5 23.1 1.6 41.1
MISSILE2 MeC 24.4 24.4 20.7 19.9 3.5 29.3
MISSILE3 Me 622.6 426.8 732.7 288.8 14.4 761.5
MISSILE3 MeC 295.6 405.5 403.8 344.3 20.3 437
MISSILE4 Me OOC OOC OOC OOC OOC OOC
MISSILE4 MeC OOC OOC OOC OOC OOC OOC

SUSPEND1 Me 58.9 72.5 72.7 65.1 1.2 77
SUSPEND1 MeC 59.3 66.2 65.7 61.7 5.4 75.4

FUSEEN Ma 45.4 264.4 334.6 251.6 96 444.3
FUSEEN MaC 103.1 82.6 95.2 115.9 103.5 242.2

MISSILE2 Ma 9.4 41.3 27.9 24.7 1.3 44.4
MISSILE2 MaC 12.1 28.4 27.9 24.7 1.4 32.2
MISSILE3 Ma 121.4 450.2 332.4 256.3 10.6 469.2
MISSILE3 MaC 187.6 244.8 296.4 254.8 17.3 318.9
MISSILE4 Ma 613.1 OOC OOC 1389.9 OOC OOC
MISSILE4 MaC 1 200.6 1 038.3 1 444.2 1 389.9 31.8 1 603.7

SUSPEND1 Ma 21.1 31.2 88.5 22.7 68.9 161.6
SUSPEND1 MaC 46.2 18.7 30.5 22.7 68.4 119.1

Thefigure5 (resp.6) showsthecondensationtimesfor eachsubdomainfor themesh����
Ê
�� � ��� (resp.
 º 
�à�� � �" ) partitionedinto 0 subdomainswith 0 partitions( �ic , �icD� , ��b et ��bk� ). We can
remarkthatthemaximumcondensationtimesareachievedwith ��c or ��b . Thepartitions �icD� (resp.��b�� ) obtainedby correctingthe initial partition �ic (resp. ��b ) decreasethemaximumcondensation
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Table5: CPUtimesfor meshpartitions(Me, MeC,Ma andMaC) into 8 subdomains

Meshname Meth. Ök×:ØÚÙ Öu×:Ø{Û Öu×:Ø Þ Öu×DØ ß Öu×:Ø�á Öu×:Ø{â Ök×:Ø¼ã Öu×:Ø�ä ÖkÜ Ö�Ý
FUSEEN Me 38 37.2 25.5 38.2 21 44.3 43.5 57.2 65.4 140
FUSEEN MeC 38 37.2 25.5 38.2 21 44.3 43.5 57.2 65.4 140

MISSILE2 Me 11 11.2 7.5 2.6 11.8 11.8 8.6 8 17.8 32
MISSILE2 MeC 11.4 9.8 7.4 2.6 11.7 11.4 8.6 8 19.4 34.6
MISSILE3 Me 239.5 169.1 122.1 213 173.8 209.3 120.8 67.3 182.3 444.3
MISSILE3 MeC 167 171.7 159.6 191.8 185.4 169 126.3 115.6 241.3 448.4
MISSILE4 Me 1 114.8 721.3 273.2 513.9 OOC 669.4 580.3 641.3 OOC OOC
MISSILE4 MeC 684.4 832.5 436.6 569.2 570 698.4 712.7 659.2 515.5 1475

SUSPEND1 Me 13 15.1 17.4 12.8 15.2 20.6 11.1 16 3.9 31.6
SUSPEND1 MeC 13.7 12.6 17.2 15.1 13.6 20.3 12.1 16 6 32.4

FUSEEN Ma 7.9 61.4 74.1 73.5 48.5 65.5 65.3 71.6 926.6 1041.8
FUSEEN MaC 36.5 48.5 53.8 64.6 30.5 41 61.3 71.6 974.6 1091.5

MISSILE2 Ma 4.1 13.8 13.5 12.5 10.1 9.6 7.2 6 16.1 34.1
MISSILE2 MaC 4.8 9.1 10 12.5 10.1 9.6 7.2 6 18 32.7
MISSILE3 Ma 60 218.4 214.8 174.3 155 152.7 123.1 94.7 119.2 345.7
MISSILE3 MaC 90.9 140.4 155.2 174.3 155 152.7 123.1 94.7 123.6 303.1
MISSILE4 Ma 323.3 962.4 981 860 643.7 781.4 557.3 471.4 397.6 1 324.7
MISSILE4 MaC 546.2 614.2 763.7 860 643.7 781.4 557.3 471.4 475.8 1 382.9

SUSPEND1 Ma 4 7.9 9.3 3.8 7.4 16.1 10.8 9.7 302.3 323.9
SUSPEND1 MaC 9 4.2 12.9 2.3 5 16.4 10.9 9.7 300.2 335.7

timesby betterdistributing thecomputationalload.For example,themaximumcondensationtimesfor
themesh����


'� � ��� partitionedinto � subdomains( ��b ) is � �p�Ëå ,�0u Geæ0p� . For ��b�� thetime � ���Zå
is reducedto �Gf�eÕ�5� . Consequently, theglobal resolutiontime decreasesfrom 0p��eÕ�5� to �� GeÕ�5� . Thereis a
gainof �Gfpç .
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Figure5: CPUcondensationtimesof themesh
MISSILE2partitionedinto4subdomainsusing
thefour methods

1 2 3 4
0

10

20

30

40

50

60

70

80

90

Label of the subdomain

T
cp

u 
in

 s

Me
MeC
Ma
MaC

Figure6: CPUcondensationtimesof themesh
SUSPEND1 partitionedinto 4 subdomainsus-
ing thefour methods

For themesh ����


�� � ��� (table5, column  5 , lines � and Ï ) thegainobtainedby balancingthesub-
domainsis lost becausetheresolutiontime � Ñ of theinterfaceproblemincreasesfrom  <�5��eÕ� s to �:0u GeÕ�
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s. The proposedmethodbetterbalancesthe condensationtimesbut increasesthe sizeof the interface.
For a meshpartition into � or 0 subdomains,thegainobtainedon thesubdomaincondensationsis high
enoughto compensatethegrowth of the interface.But for a partitionof � subdomains,thesubdomains
areinitially betterbalancedandtheresolutiontimeof theinterfaceproblembecomesdominant.

For smallnumberof subdomains,our algorithmpermitsto treatin coresubdomainswhich areinitialy
out-of-core.For theexample����


�� � ��� (table3, column4, lines � and Ï ), weremarkthatit is impos-
sible to treatin corethesubdomain
��gY of the initial partition.We alsoobserve this phenomenonfor
themesh����


'� � �Ð0 : thesubdomain
��gè canbetreatedin coreonly afterbalancing(cf. table5, lines� and � , column Ï ).
By splitting into large numberof subdomains,the condensationtimesaresmoothedbut the resolution
timeof theinterfaceproblemincreases.Then,thereexistsanumberof subdomainswhichgivesthemin-
imumglobalresolutiontimefor agivenpartitionandfor theimplementationof thesolver. Ourheuristics
attemptsto decreasethenumberof subdomainsrequiredto reachthisminimumglobalresolutiontime.

Wecanremarkthesamephenomenafor thepartitionsbuilt with themethod��b , but thismethodbuilds
partitionswhichhave moreinterfacenodesthanthoseobtainedby �ic .
4 Conclusion

Thebasicimplementationof our parallelmultifrontal solver permitsus to proposeanestimatorfor use
with our heuristics.Our algorithmimprovesmeshpartitionsissuedfrom variouspartitioningtools by
balancingthenumberof operationsoverthesubdomains.Thepreliminaryresultshavetobeconfirmedon
otherproblemsandby usingdifferentpartitioningschemes.Themodificationof theboundaryinvolved
by theheuristicsgenerallyincreasesthenumberof theinterfacenodes.Consequently, theresolutiontime
of theinterfaceproblemcanincrease.Furtherwork is neededin orderto limit thegrowth of theinterface.
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frontal, Rapportdu laboratoireHeuDiaSyc,UMR 6599,Universit́e deTechnologiedeCompìegne,
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