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Abstract. We presentan automatedieductionsystemfor equationakeasoning
combiningtwo differentparallelization/distrilition schemesStratgyy-compliant
parallelizationon the level of individual deductionsteps(PaReDuX)and dis-
tributed cooperatiorof multiple agentswith differentsearchstrategjies (TEAM-
WORK). In our experimentsve mainly obseneda multiplicationof thespeed-ups
of eachapproachn our combinedsystem.

1 Introduction

Parallelizationin therealmof automatedleductiorhasalongandrich history(seeg.g.,
[SS93 BH94] for suneys), althoughthe taskof finding a suitableparallelalgorithmis
often not easyto accomplishUsually a static problemdecompositioris not feasible,
asruntimesof sub-problemggeneratedy staticsplitting) canhardlybe predictedand
thereforethe computationaktapacitycannotbe utilized adequatelyMoreover, we are
frequentlyfacedwith a high degreeof datadependencieandwith the factthatprover
programsare very complex. Both aspectanalke partitioning of the problemdifficult,
and are furthermoreintensifiedwhen datastructuresin the prover’s core have been
optimized.On the other hand,speedingup the proof processis highly desirableas
generatiorof automatigoroofsis computationallywery expensve.

Becauseof the aforementionedifficulties, and as most provers use heuristicsto
malketheirdecisionsparallelizations mosteasilyobtainecby runningdifferentprovers
or proverswith differentheuristicscompetitively in parallel.In the fortunatecasethat
oneof the provers possessethe right settingsand heuristics,a proof canpossiblybe
foundin reasonabldime. This approachcan be improved uponby usingcooperation
in orderto exchangevaluableinformation. Another approachto parallelizationis to
speedup the basicstepsof the prover by performingthemin parallel,or evensplitting
themup andexecutingthe atomsthey arecomposedf concurrently The combination
of bothapproachesanbe expectedto deliver evenbetteraccelerationshanthe single
approacheshemseles. However, this combinationis seldomput into practice,partly
becaus¢hesuccessf suchacombinationis notobviousapriori, partly becausémple-
mentingsucha systemis a non-trivial task. Amongthe reasongor neverthelesdrying
to combineboth methodsis—besideshe hopefor increasedspeed-ups—théact that
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suchatwo-tired parallelsystembetterreflectsthe actualhardware commonlyusedfor
parallelautomatictheoremproving: clustersof (symmetric)multi-processocomput-
ers(SMPs).EachSMP perfectlymatcheshe demand®f the secondof the aforemen-
tioned parallelizationapproachesf executingthe basicstepsin parallel,ascommon
datastructuresanbeheldin sharedmemoryandallow very fastdataaccessClusters
of SMPsconnectedy networks (i.e. distributed memorymulti-processorspetterre-
flectthefirst approachof cooperatingagentsasthey have nocommonmemoryto store
datausedby all agentswhich matcheghe fact thatinformationhasto be exchanged
lessfrequentlyandin smallerquantitiesn the cooperatiorapproach.

Our systemTEAMWORK-PaReDuXis a combinationof two alreadyexisting sys-
temsfor parallelequationareasoningPaReDuX[BGKW98] implementsa stratgy-
compliantparallelizationon the level of individual deductionsteps,TEAMWORK is a
framework for distributedcooperatingagentshathasbeenappliedto equationatheo-
remproving in the DISCOUNT system[DKS97].

2 Theoretical Background

2.1 Unfailing Completion.

We will now give abrief introductionto termrewriting systemsanddescribehe unfail-
ing completionprocedureFor athoroughintroductionwe referthe readerto the work
of Dershavitz andJouannaudDJOq.

Thebasicobjectswe aredealingwith areequationss <> ¢t andrewrite ruless — ¢
(directedequations)both of which arebuilt out of termss andt. The only inference
ruleis to replaceequalshy equalswhererewrite rulesareonly appliedin theindicated
direction.For adefinitionof termandequationinstancesreducibilityandnormalforms
we kindly askthe reader—dueto spacdimitations—tolook up in the aforementioned
work. Given a reductionordering >~ (well-founded,closedundersubstitutionandre-
placemenbf subterms)the notion of reducibility canbe extendecdto equationsfor an
equatione = I +» r we denoteby {e}, thesetof all orientedinstance®f e, i.e. the
setof rulese’ = I' — ' suchthat!’ > " ande’ is aninstanceof e. We denoteby —%
resp.<>x thetransitve-reflive resp.symmetricclosureof thereductionrelation— .

Unfailing completion[BDP89]is anextensionof thereasoningrocedureof Knuth
and Bendix [KB70] for equationaltheories.Startingwith a given equationaltheory
representedby a setP of equationsa reductionordering>, anda goala <> b to be
proved, the unfailing completionproceduresuccessiely transformsP into two sets
R and£& of rulesresp.equationssuchthat the inducedreductionrelation -z g, is
well-foundedandconfluenton termscontainingno variables Moreover, to ensurecor
rectnessequalityasdefinedby —r g, mustimply equalityby P. Thenthegoala <+ b
is proved assoonaswe have founda c suchthata =% ¢, ¢ +Ryg, b Thistrans-
formation of P is accomplishedby repeatedlyapplying an inferencerule to a triple
(P, &, R) producinga successotriple (P’, €', R'), startingwith £ = R = (. Thein-
ferenceruleis selectedbut of a setof eightdifferentones,asdescribedn [BGKW98].
One of the inferencerules allows derivation of newv equationscalled critical pairs
[KB70] from thesetR U &,.. Thesecritical pairss <> t all possesshe propertythat



s +rue,. U —rug, t for someterm u, andthus compensate¢he wealening effect
obtainedby the orderingof equationsLet us illustrate this by an example.Assume
R = {f(f(z,v),2) = f(z, f(y,2)), f(i(z),z) = n} and& = @. Furthermorelet
u=f(f(i(2"),&),y), s = f(n,y') andt = f(i(z'), (', /). Thens ¢ u —x ¢,

ands <« tisacritical pairthatpartially compensatethewealeningcausedy ordering
theassociatiity rule.

UFC(P, >, a + b)
[P: equationatheory »-: termordering,a <+ b: equationto be proved]
@) [Init] R:=0; &€:=0.
(2) [Selection] Choosen = (s ¢ t) € P.
(3) [Orient/Unfail] Remaen from P;
If s = tort > saddn asl — r wherel > r to R, otherwiseass <> t to £.
(4) [Collapse]
for eachu +» v € &€ do:
if u—(p) U respu =50y, ¢ remoeu <> v fromé€, addu’ <> vtoP.
(5) [Collapser]
for eachl’ — ' € R do:
if I =gy U respl’ = (s, U remoel’ — ¢ from R, addl” < r to P.
(6) [Compose]
for eachl’ — 7' € R do:
if 7' is reduciblew.r.t. I — r resp.{s » t},:
removel’ — r' fromR;
normalizer’ with respecto R U &, resultingin »"’;
addl’ — r" toR.
(7) [Simplify & Delete]
for eachu ++ v € P do:
if uw <> visreduciblew.rt.l — rresp.{s <> t}.:
normalizeu <+ v W.r.t. RU &y ;
removeu + v from P if it is aninstanceof anequationin £ orif u = v.
(8) [Deduce]
computemathcalP' = CP.(RUE,n)";
for eachp € P’ do: normalizep w.rt. R U €.
(9) [Merge& Simplify Goal]
addallp € P' to P;
normalizea <+ bw.rt. RUE,;
if a = b output"PROVED” andexit, otherwisego to step(2).

Fig. 1. SequentiaCompletionStrateyy for Unfailing Completion:Algorithm UFC

Theinferenceulesfor unfailing completionpossesahigh degreeof indeterminism
in thatneitherthe orderof rule applicationnor the selectionof theequations <> t € P
to beconsideredhext is specifiedIn aneffective implementatiora completionstrategy
is employedthatreducegheindeterminismandadditionallyensuresompleteness.

L CP, (E,n) denoteghesetof critical pairshetweerrulesr € E, andr’ € {n},..



Huet presentech completionstrateyy for the ordinary Knuth-Bendixcompletion
algorithmandprovedits completenesfHue81].1n the TEAMWORK-PaReDuXsystem
we adopteda modifiedversionof Huet's completionstrateyy for unfailing completion
[MGB95]. ThealgorithmUFC we implementeds shovnin Fig. 1. We denotetheloop
comprisingsteps2) to (9) of this algorithmasthe baseloop of UFC.

Algorithm UFC still leavessomedegreeof indeterminismWhich equationn shall
we choosdn step(2)?1n which ordershouldwe applyrulesfrom RU E._ to normalize
termsin steps(6)-(9)? Although the latter questionhasalso influenceon the effec-
tivenesof the completionprocedurefinding a goodanswerto the former questionis
crucialfor agoodperformancef thealgorithm.

2.2 Parallel Search

Wewill now briefly describesomeof thepossibilitiesto parallelizethe UFC algorithm,
andclassifythedifferentapproachedependingnthesizeof the portionsof codeto be
executedin parallel(grain sizg. On the oneendof the scalewe have asa very coarse
grainedmethodthe concurrentexecutionof several instanceof the whole sequential
UFC algorithm (by so-calledagentg with differentequationselectionstrateyies ap-
pliedin step(2). This settingof competingagentscanbe improved by allowing coop-
erationby exchanginginformationbetweeragents TEAMWORK is arepresentatie of
this coarsegrainedparallelizationrmethod.On the otherendof the scale realizede.g.,
by PaReDuX,we canperceve fine-grainedparallelsystemsn which eachstepof the
algorithmis split, andthe resultingportionsare executedby individual processorsn
parallel.

3 The TEAMWORK-PaReDuX System

The TEAMWORK-PaReDuX systemis a combinationof the parallel UFC algorithm
of the PaReDuX-suiteand a distribution approachusing TEAMWORK’S cooperating
agentsBoththe PaReDuXsystemandDISCOUNT, asystemimplementinghe TEAM-
WORK method,have alreadyshawn their successn speedingup the unfailing com-
pletionprocedurdBGK95, DKS97].In TEAMWORK tasksareworking independently
overafixedtimeinterval of severalsecond®r minutesinterspersethy communication
periods;PaReDuX,on the otherhand,executesndividual steps(or groupsof steps)of
thealgorithmUFC in parallel. Thedifferentscaleonwhich parallelizationis performed
in thesetwo systemsmakesintegrationpromising.

3.1 PaReDuX

The PaReDuXsystem[BGK95] is a stratgyy-compliantparallelimplementatiorof al-
gorithmUFC. Stratgy compliancemeanghatsequentiahndparallelprogramrunsare
equivalentin the sensdhatthereis adirectcorrespondendeetweerthe programstates
of the sequentiabndthe parallelversionat eachpassag®f the beginning of the base
loop. Thisimpliesthatmeasurementrereliable timingsdonotchangevhenanexper
imentis repeatedandthereforeprogramdevelopmentandimprovementis facilitated.
Ontheotherhandno supetlinear speed-upsanbe achiezedwith this approach.



Parallelizationwithin PaReDuXis achiezedin two ways.First, by concurrenexe-
cutionof individual stepsof the algorithm,taking datadependenciesito accountAnd
secondby executingthefor eadh-partof appropriatestepsin parallel.

Concurrent Execution of Several Steps. A carefulanalysisof data-dependencidze-
tweenthe eight stepsof the baseloop revealsthat steps(4) and (5) canbe executed
in parallel,providedthatthe write-accesso P is postponedin this casestep(4) only

readsandmodifies&, whereasn step(5) R is affected.Similarly, we find thatstepy(7)

and(8) canbe executedsimultaneouslyasin step(7) only P is modified,whichis not
reador written in step(8). The otherway round,no datausedby step(7) is modified
in step(8). It turnedout that steps(2) to (6) in mostcasesconsumeaccumulatedess
than5% of theruntime[BGKW98]. Therefordn theUFCimplementatiorof PaReDuX
only stepg(7) and(8) areperformedconcurrently

Sub-Division of Individual Algorithm Steps. Therulesandequationf P, £ andR

arestoredin lists within PaReDuX.In algorithmstep(7) theequation®f P arenormal-
izedwith respecto — gy g, , Whichis relatively time consumingThereforein this step
thelist P is recursvely split, theresultingsublistsareprocessedoncurrentlyby differ-

entprocessorsndthentheresultis joinedinto the updatedist for P. This divide-and-
conquersstyle processings well supportedby the thread or fork/join-paradigm,and
thereforePaReDuXhasadoptedhis parallelizationschemeéhere.Similarly, thecompu-
tationallyintensie operationof critical pair computationC P, (R U £, n) in step(8) is

performedn parallelby splitting thelist representingR U £. The normalizationof the
resultingequationsn P’ is alsodoneby paralleltasks,accordingto step(7).

To make the fork/join-paradigmavailable for the specialdemandsf PaReDuX,
virtual symbolicthreadgVS-thead3 [KW92] have beenemployed. Symbolicthreads
extendthe usual(POSIX-)thread$y automaticnemorymanagemengarbagecollec-
tion andlist processingVirtual threadsdecideon their own whetherafork is executed
asanormalfunctioncall or mappedo akernelthreadleadingto realconcurreng. This
allows handlingof large setsof (logical) threadswithout runninginto possiblelimi-
tationsof the underlyingoperatingsystem.Moreover, the PaReDuXimplementation
usedifferentgrainsize parametergconcernindist lengthsfor the divide-and-conquer
style list processing}hat sene asthresholdvaluesbelon which threadforks are exe-
cutedasdirectfunctioncalls.For our experimentsve usedthe default settinggfor these
parametersAn in-depthdescriptionof PaReDuXcanbefoundin [BGKW98].

3.2 TEAMWORK

Thegeneraldeaof the TEAMWORK approachis to have differentprogramscalledex-
pertsworking cooperatiely on the sameproblem.All expertswork independentiyon
a commonproblemdescriptionduring the so-calledworking phaseswhich areinter-
ruptedby teammeetingsTeammeetingsallow the exchangeof newly gatherednfor-
mationor thereconfiguratiorof thewholeteamby takingout unsuccessfuixpertsand
replacingthemby hopefully betterones.Eachexpertis assignedarefeeewhichis re-
sponsiblefor assessinghe expert’s work andjudging which part of the work could be



of interestto the otherexperts.Oneof the expertsis calledsupervisorandhasa distin-
guishedrole to play: it builds new problemdescriptionsat the endof ateammeeting,
it choosesxpertsfor the next working phaseandit determineghe working phases
duration.

Expert 1 Expert 2 eeee Expert n
[® i i
Referee 1 } | Referee 2 eees 1 Refereen
’ ® Compute Assessment
® Send Short Reports
® Choose New
Supervisor
@ Send Full Reports
® Distribute New Problem

Description

New New
Expert 1 Expert n

Fig. 2. Actionsduringa TeamMeeting.

Theactionstaking placeduringateammeetingareasfollows (seeFig. 2): At first,
eachrefereecomputesan assessmentaluefor its expert (1), which are sentasshort
reportsto the supervisor(2). The supervisordesignatests own successomwhich is
usuallythe bestexpert of the last working phase.andthen passesontrol to the new
supervisol(3), whichin turn requestdull reports—consistingf a selectionof the best
resultsof the last cycle of an expert—fromthe refereeq4). Thenthe new supervisor
integratesheseresultsinto its own problemdescription anddistributesthis description
asthenew problemto a setof freshly choserexperts(5).

When applying the TEAMWORK methodto unfailing completion,all expertsex-
ecutethe samebasic UFC algorithm, but with differentequationselectionheuristics
appliedin step(2). During ateammeetingthe succes®f eachexpertis computedand
thebestrulesandequationsareintegratedinto the new problemdescription.

3.3 Combined System

To combinethe PaReDuXsystemwith the TEAMWORK method we take theapproach
outlinedin thelastsection,but replacethe sequentiakxpertsby expertsexecutingthe
PaReDuX-algorithm.

An outline of the architectureof the combinedTEAMWORK-PaReDuX systemis
showvn in Fig. 3. As mentionedbefore,the PaReDuXsystemis basedon VS-threads,
which ontheonehandbuild thelink to the operatingsystems threadsandon the other
handprovide a multi-threadednemorymanagemerdndlist processingunctionality.
Two or morePaReDuXinstancesirelinkedtogethelby TEAMWORK's TW i b [DL96].
TW i b providesfacilitiesfor convertingastandargrograminto a TEAMWORK expert,



for communicationbetweenexperts,and supportfor all actionsperformedduring a
teammeeting.

TEAMWORK-PaReDuX
PaReDuX PaReDuX
TWIib
VS-threads VS-threads

Fig. 3. Architectureof the TEAMWORK-PaReDuXSystem.

During the working phasesall expertsrun the PaReDuXalgorithm, but with dif-
ferent equationselectionheuristics.We have implementedsix heuristicsin our sys-
tem:MaxWeight[DF98], AddVeigh€ [DF98], OccNes{AA90, DF98,BGKW98], Oc-
cNest(Mod]BGKW98], GoallInCP[DF94], andCPInGoal[DF94)]. Insteadof explain-
ing themin detail, we give a roughpictureof someideasof theseheuristicsandrefer
the interestedreaderto the quotedliterature.A commonideais to give precedence
to small equationsj.e. termswith a low numberof symboloccurrencesThis is mo-
tivatedby the fact, that suchequationsare statisticallyapplicablein more situations.
MaxWeight and AddWeigh€ fall into this classof heuristics. The otherfour strateyies
aregoal sensitve, i.e. they take the equationto be provedinto considerationOccNest
andOccNest(Modgomparehestructurgnumberof occurrencesf eachfunctionsym-
bol, functionalnestingdepth)of anequatiorwith thegoal,andchoosghebestmatching
one.Theremaininggoal orientedstratgjiesGoallnCPandCPInGoalperforman even
moresophisticatedimilarity comparison.

For the assessmertiaking placeat the beginning of the teammeeting we have uni-
formly usedonetype of referee calledstatisticalrefelee The statisticalrefereecom-
putesthe succes®f anexpertusingthe parameterizedssessmeiitinction

po - |R|+p1-|E| +p2 - |P|+ps - #RED,

where#RED denoteghe total numberof reductionsperformedwith an equationof £
or arule of R duringthelastworking phaseWe setthevectorp to (-2, —10, —6, 10),
avaluealreadyemployed in the DISCOUNT system.The expertwith the highestas-
sessmentalueis selectedasthe new supervisolandrequestsull reportsfrom all other
experts.A full reportconsistof up to tenof thebestnewly derivedrulesor equations
(from R or &) of eachexpertbasedon the evaluationof rulesshavn below. Thetrans-
ferredequationsnustall begeneratediuringthelastworking cycle, andthosewith the
highestvaluesareselectedTheevaluationis uniformly computedoy theparameterized
function

g0 - #MATCH + ¢; - #COLLAPSE+ ¢, - #COMPOSE+ g5 - #GOAL ,

where#MATCH, #COLLAPSE #COMPOSEand#GQAL denotestatisticalinforma-
tion concerningheapplicability of therule or equatiorn duringthelastworking cycle:



#MATCH denotesthe total numberof reductionsthat have beenperformedwith n,
#COLLAPSEresp #COMPOSEhenumberof rulesandequationghathave beencol-
lapsedresp.composedemploying n, and#GQAL indicatesthe numberof reductions
onthegoalequationthathave beenperformedusingn. The valuefor thevectorg was
permanentlysetto (1, 10, 10, 100) in our experiments.

The supervisothenconstructsa new, improved problemdescriptioncontainingits
own problemrepresentatiorgugmentedby the selectecequationsandrulesof the other
experts.Thoseareaddedto the supervisors setP, andthe new problemdescriptionis
redistributedto all otherexperts,which starttheir next working cycle with the new data
(P,&,R) in thebaseoop of algorithmUFC, i.e. in step(2).

Of coursethechoiceof theparametevectorsp andg canhave aconsiderablénflu-
enceonthebehaior of the systemasawhole.Sofar, however, we have notconducted
experimentgo empiricallydeterminghe bestvaluesfor p andg, but ratheradoptedhe
valuesfrom alreadyexisting implementationsike DISCOUNT andPaReDuX.

4 Experimental Results

Our experimentgo determinethe speed-ugactorsthat canbe obtainedwith the com-
binedsystemascomparedo theindividual approachewereperformedontwo SunUl-
traE450eachcontainingd 400MHzUItraSparcliprocessorandl GB of mainmemory
runningunderSolaris7. For eachprobleminstancewe conductedour programruns:

Sequential: Onemachinewasrunningasthesoleexpertusingonly oneprocessatwe
reportvaluesfor theequationselectiorheuristicthat deliveredthe bestresults.
Parallel: We usedall four processorof one E450 within one TEAMWORK expert,

fixedthe equationselectionheuristicto the samestratayy asin the sequentiatase.
Distributed: Both E450wereemployed,but only oneprocessoon eachmachinewas
used We have choserthetwo equationselectiorheuristicscomingup with thebest
resultsin the sequentiaprogramrunsfor our experts.
Parallel & Distributed: We usedall eight processorsf our two SMPs.Two experts
were performingthe parallelUFC algorithm,leaving the heuristicsof the experts
the sameasin thedistributedsetting.

We have selectedheoremsrom the TPTP problemlibrary [SS9g, version2.2.1,
whichis acommornreferenceroblemcollectionfor automatedheorenprovercompar
isons.The problemsaretaken from the domainsBooleanLogic (BOO), Combinatory
Logic (COL), GroupTheory(GRP)andRobbinsAlgebra(ROB). Moreover, we added
the problemsLUKA3 andRA007.LUKA3 [DF94] usesthe axiomatizationof propo-
sitional logic by t ukasievicz and proves (—z — —y) — (y — z). RA007 proves
thatA < A ® 1 holdsin all RelationAlgebrasusingthe Tarski/Givantaxiomatization
[TG87]. We useda fixed cycle time of tensecondgor thelengthof theworking phase,
anddid not malke useof thereactie planningpossibilitiesof TEAMWORK, i.e. we did
not changetheteamsetupduringa programrun.

Theresultsof our experimentsareshavn in Table 1. The givenruntimesarewall-
clock timesin secondswherewe have seta time limit of one hour for all program
executions An emptyentryin thetableindicatesthatthe problemcould not be solved



Table 1. ExperimentaResults

Problem Runtimes Speed-up

Seq.| Par.| Dist.[Par. & Dist.[[Par.| Dist.[Par. x Dist.[Par. & Dist.
BOO002-2|| 411.95154.02194.8( 76.19|2.67 2.11 5.63 5.41
BOO007-4 - -|554.31 163.68| - - - -
BOOO022-1|| 148.5Q0 56.34226.44 57.08(2.64 0.66 1.74 2.60
COL003-12| 364.89111.21262.09 86.56|3.28 1.39 4.60 4.21
GRP002-4 || 205.93 83.36 14.00 6.22|2.4714.71 36.33 33.11
GRP119-1|| 867.70258.453423.86 99.81|3.36 2.07 6.96 8.69
GRP122-1|| 752.73218.73155.31 49.23|3.32 4.85 16.1Q 15.29
GRP175-3(/1422.18555.19 63.70 29.04|2.5622.33 57.17 48.97
GRP175-4|| 464.33163.02243.5( 87.61|2.85 1.91 5.44 5.30
LUKA3 - -1135.73 33.17| - - - -
RA007 - -| 67.22 25.58| - - - -
ROBO004-1 |{1683.82670.16 40.73 14.60|2.51|41.34 103.76 115.33

within the time limit. The speed-udactorin columnPar. x Dist. representshe the-
oreticaloutcomeof combiningthe parallelizationand distribution method,namelyby
multiplication of the speed-up®f the individual approachegthe two columnsto the
left). TherightmostcolumnPar. & Dist. reportsthe empirically determinedspeed-up
of our combinedTEAMWORK-PaReDuXsystemon eightprocessors.

The speed-up®btainedby parallelizationalonecover a rangebetweenmediocre
speed-up$2.47)andthetheoreticallybestpossiblefactorof 4 (with 3.36beingthe best
actually achiered). In the distribution approachsynegetic effects dueto cooperation
of multiple heuristicshecomeapparenaindshowv up assuperlinearspeed-upgrowing
to factorsof over 41 on only two processorsBut in somecasesproof searchis even
slowed down (BOOO022-1),becausehe exchangedequationonfusethe experts.The
combinationof both systemsreachedor several examplesnearly the multiplicative
optimum, andfour exampleswere even betterthanthe predictedtheoreticaloutcome
would suggestWe explainthe obsenation of theseover-proportionalspeed-upsy the
fact that the TEAMWORK approachis quite sensitve to timing changesGenerating
animportantresultjust beforea teammeetingwill sendit to the otherexpertsnearly
immediately while generatingt just aftera meetingmeanghatthe otherexpertshave
to wait nearlytensecondsor it. Thus,the exacttime whenateammeetingtakesplace
canconsiderableffectthe overall runtimerequiredfor a proof.

5 Conclusion and Future Work

Our experimentshave shavn thatbothmethodscanbe successfullynitedinto asingle
systemwith speed-ugactorsalmostmultiplying comparedo the individual systems.
TEAMWORK-PaReDuXhasthe advantageof reflectingthe widespreadwo-tired hard-
warearchitectureof clustersof multi-processocomputersn its softwarearchitecture.
Thusit canmake optimal useof todays parallelhardware.Althoughwe presentedhe
combinationof two parallelizationscheme®nly for the field of equationadeduction,
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we expectit to be applicablein neighboringareassuchasGrobnerbasecomputation
or theorempraving by resolution,aswell. It remainsto be shovn whetheror not our
approachs generaknoughto beauniversalschemdor anevenbroaderclassof search
problemsasthey occur e.g.,in therealmof artificial intelligence.

Finally, we would like to thank JochenWalter for his help on implementingthe
TEAMWORK-PaReDuXsystem.
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