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Abstract

Partial evaluationis an automaticprogramtransformatiorthat op-
timizesprogramsy specializationWe speedup the specialization
processy utilizing the naturalcoarse-grainegarallelisminherent
in thepartialevaluationprocessWe have supplementednexisting
partial evaluationsystemfor the Schemeprogramminglanguage
by afarm-of-workersmodelfor parallelpartialevaluationin a net-
work of looselycoupledworkstations Ourimplementatiorspeeds
up specializatiorby afactorof 2—-3on 6 processors.

Keywords functional programming,automaticprogramtransfor
mation,partial evaluation

1 Introduction

Partial evaluationis a powerful program-specializatiotechnique
basedon constantpropagtion. Given the static (known) param-
etersof a sourceprogram,partial evaluationconstructsa residual
program—anoptimized,specialized/ersionof the programwhich
on applicationto the remainingdynamic parametergroduceshe
sameresultastheoriginal programappliedto all parameters.

Partial evaluation hasa numberof applicationsin computer
graphics,scientiEccomputation pperatingsystemsand metapro-
gramming.In particular partial evaluationcanautomaticallygen-
erateefEcientparsergeneratorgrom generalparserq23] aswell
ascompilersfrom interpreterg15,25]. For typical applicationghe
speedumchiezed by partialevaluationrangesdetweer? and10.

It isimportantto improve the speedf partialevaluatorsfor the
following reasons:

1. Partial evaluation enablesthe constructionof generaland
highly parameterizesgsoftware systemswithout sacri£cing
efEcieng. Specializationturnsthegenerakystemninto aspe-
cialized,efEcientonefor speciEgarametesetting.

2. Automatic compiler generationis a particularly promising
applicationof partial application. The ideais to specialize
a languagede£nitionin the form of an interpreterwith re-
spectto a programto be compiled. The specialize¢program
canthenbe regardedasa compiledprogram. Speedingup
(andparallelizing)partialevaluationthereforémpliesspeed-
ing up (andparallelizing)compilation.

3. Specializationcan be performedon demand(yielding run-
time codegeneration3]) so parallelizedpartial evaluation
amountgo parallelizedust-in-timecompilation.In thisarea
speeds of tantamountmportance.

Building onanexisting partialevaluationsystenfor theScheme
languagd13,22] by oneof theauthorq27,28], we presenamodel
for parallelizingpartial evaluation,alongwith animplementation
of the modelin a loosely coupleddistributed ernvironment. Even
in this situation, the parallelizationpaysoff sincethe parallelism
is rathercoarse-grainedThe only sharedresourcas a centralspe-
cializationcache.

In our preliminary experiments typical speed-upsunningon
Ethernethetworks of 6 Unix machinegangebetweer? and3.

Overview Thenext sectionprovidessometechnicabackground
on partial evaluation. Section3 outlinesour approachin general
termsand Section4 describessomespecificsof our implementa-
tion. In Section5 we assesshe performanceof the implementa-
tion. Finally, we discussrelatedwork (Section6) and conclude
(Section7).

2 Partial Evaluation

Thissectionprovidessomebackgrounanthestandargartialeval-
uationtechniqueselevantto the presentwork. Thefocusis on off-
line partial evaluation, the prevailing methodsto perform partial
evaluation.

2.1 Ofaine Partial Evaluation

Ofuaine partial evaluation[8, 15] consistsof two phaseshinding-
time analysis (BTA) andspecialization. Thebinding time of anex-
pressiordescribesatwhattimeits valueis available. Thetwo basic
binding times are static and dynamic. The partial evaluatorcan
computethe valuesof all staticexpressionsn a programwhereas
it hasto produceresidualcodefor the dynamicones—theiwvalues
areonly availablewhentheresidualprogramruns.

Thebinding-timeanalysisautomaticallyprovidesbinding-time
annotationdor all expressionsgn a program,basedon the bind-
ing timesof its input parametersThis simplifesthe secondphase
to mereinterpretationof annotatedprograms. It appliesthe pro-
gramto the staticinput, evaluatingstaticexpressionsandbuilding
aresidualprogramfrom the dynamicones.

A simpleexamplefor partialevaluationis aprocedurdor com-
putingthenth power of anumberz, specializedo a staticexponent
n. Thebinding-timeanalysisproducesanannotategrogram:



(define (power n x)
(if (=n 0)
1
(* x (power (- n 1) x))))

In this listing, underliningis the annotationfor “dynamic”™—
thoseexpressionf the programthatwill endup in the residual
program. Specializingthe above programwith respecto a value
yieldsaresidualprogramlik e thefollowing (for n = 3):

(define (power_n=3 x)

(xx (xx (*x x 1))

As demonstrateth the example the specializetunfoldsproce-
durecalls by default. This approachworksin the example,since
astaticif controlstherecursionof power. However, unfoldingis
not alwaysdesirableasit mayleadto inf£nite specialization.It is
often necessaryo producerecursve residualprogramsfor recur
sionunderdynamiccontrol. To this end,the binding-timeanalysis
(or the user)markscertainproceduress specialization functions.
Specializatiodunctionsareneverunfolded butthespecializegen-
eratesspecializedesidualproceduregrom them. The specializer
keepdrackof (memoizesjheresidualproceduregspecializations)
alreadycreated.Consequentlythe specializergenerate®nly one
residualprocedurefor eachsetof equivalentcallsto a specializa-
tion function. Specializatiorfunctionstypically enclosedynamic
conditionalsor dynamicabstractionsastheseconstructamay give
riseto dynamicrecursion.

As anexample,considempower, again, but this time with static
2z andunknavn n. Thecorrespondingnnotategrogramindicates
thatthespecializelcannotevaluatethe if:

(define (power n x)
(if (=n 0
1
(*x x (power (= n 1) x))))

Specializingthis programfor x = 15 yields a recursve pro-
gramthat exhibits a structurealmostidenticalto the original pro-
gram.

(define (power_x=15 n)
(if (=n 0)
1
(¥ 15 (power_x=15 (- n 1)))))

The specializermaintainsa specialization cache in orderto
identify equivalent calls to a specializationfunction. The cache
is necessaryo ensurethat specializatiorEnished. The cacheis a
mappingfrom specializatiorfunctionsandthe staticpartsof their
amgumentlists to residualfunctionnames.

The specializationcacheworks as follows: Supposehe spe-
cializerentersa specializatiorfunction f with amgumentsa. First,
the specializerextractsthe static skeleton 5 andthe dynamic parts
d (determinedby the BTA) from @. Then,the specializerchecks
whetherthe cachealreadycontainsfs. If thatis not the case the
specializeentersfs into thecacheandspecializes’ s body. In ary
case the specializergenerates residualfunction call fs(d). The
combinationof a specializatiorfunction andan appropriatestatic
skeletonis calleda static confguration, sincethatis whatthe spe-
cializerneeddo createa specialization.

Thisschemas calleddepth-£rst specialization becausé amounts
to a depth-£rstraversalof the dynamiccall graphof a specializa-
tion processAs soonasthespecializeencounters specialization
function, it descends$nto a new specializatiorunlessthe special-
ization cachealreadycontainsa matchingstaticcon£guration.

For effective parallelizationthe earlierbreadth-£rsspecializa-
tion stratgyy [16] is more corvenient. In this scheme the spe-
cializationof a function’s bodyis completedbeforeary new spe-
cialization starts. The specializationcacheconsistsof two parts,
a pending list anda done cache. The pendinglist containsstatic
con£gurationgor which no specialization$ave beencreatedyet
while the donecachecontainscalls whosespecializatiorhasbeen
completed Checkingthe cache—adn theprecedinglescription—
meanscheckingfor anentryin bothlists.

2.2 Typical Applications

Typical applicationsthat bene£tfrom partial evaluation(andgain
from parallelizationpretheautomatiggeneratiorof efEcientparsers
from generalparsersand compilation. Thus, our work pavesthe
roadto automatiggeneratiorof parallelparsergeneratorandcom-
pilers.

2.2.1 Parser Generation

Conceptually a parseris a function that acceptsas agumentsa
grammarand an input string and returnssomeby-productof the
constructiorof aderivationof theinputstring. It is straightforvard
to write suchgeneralparsersoth for the LL andLR method|[9,
19,20,24]. Partially evaluatinga generalparserwith respecto a
staticgrammaryields highly efEcientresidualparserswith perfor
manceon par with hand-tunedparsergeneratorsuchasyacc or
Bison[24].

Additionally, the samepartial evaluationtechnologyautomati-
cally yieldsefEcientparsemgenerator$l, 15,27].

2.2.2 Compilation

Interpreterdor realisticprogramminganguagesretypically eas-
ier to write than efEcientcompilers. Furthermore an interpreter
can be viewed as a semanticde£nitionfor a programminglan-

guage. Partial evaluationcan generatea compilerfrom an inter-

preter: Sincean interpreteris (simply put) a function from a pro-

gramandits input to an output, a partial evaluatorcanspecialize
aninterpreterwith respectto a staticprogramandtherebygener

atea residualcompiledprogramwith all interpretve overheadre-

moved[15]. This semantics-directethethodcanleadto efEcient
andhighly optimizingcompilersfor realisticlanguage$17,25].

2.3 Concrete Context

The presentwork builds on Thiemanns PGG system[27,28], a
partial evaluationsystemfor the full Schemdanguage Oneof its
distinguishingfeaturess its ability to performstaticcomputations
thatinvolve sideeffects. The useof sideeffectsis completelyor-
thogonalto parallelization.

3 Distrib uted Partial Evaluation

We presentabasicmodelfor distributedpartial evaluation,extend-
ing it stepwiseto getreasonablg@erformancdy minimizing com-
municationoverhead Our £rstapproactstill usesonesynchronous
messag@erspecializatiorio coordinatehespecializatiorprocess,
usingessentialyRPC[2]. We alsopresenainasynchronoumodel.
The synchronousnethodnever performswork twice whereaghe
asynchronoumethodspeculatrely startsa specializatiorthatmay
alreadybe performedelsavherein the network.



3.1 Basic Concepts

The basicideabehindmaking partial evaluationamenablégo par
allelizationis simple: Every singlespecializatioronly dependsn
its staticcon£guration.It may generatenew requestdor special-
ization in the form of static confgurationsput it is independent
from every otherspecializationThereforejt is naturalto consider
distributing thework of creatingthespecializationso distinctcom-
putationalagentscalledspecialization servers. Eachspecialization
sener can performwork on an arbitrary specialization given its
staticcon£guration.

As specializatiorproducesnoreandmorestaticcon£gurations,
it isnecessarto distributethework amonghespecializatiorseners
presentn the scenario.This is only possiblecentrally asthe con-
£gurationgyeneratedby thedifferentsenersmayoverlapin unpre-
dictableways. Hence a designated¢omputationahgent the mem-
oization master, keepsa centralmemoizationrcacheanda pending
list. It administerghesedatastructuresandkeepsthe specializa-
tion senersbusy This modelbearssomesimilarity to thefarm-of-
workersmodel[12,29].

The soletaskof the memoizationmasteris to sere asa mon-
itor for the centralspecializatiorcache.The specializatiorseners
specializeaway and storethe specializationgo be collectedafter
completion.

Thespecializatiorsenersunderstandhreebasicmessages:

initialize This messagelirectsthe specializationserer to com-
mencework, thatis, to initialize its residualprogramstore
andto startaskingthe memoizatiormasterfor work.

specialize confg Specializestartingat somestatic conf£guration
con£g providedalongwith the specialize messageStorethe
resultingresidualprocedurdocally.

yield-residual-program Returnall specializationgollectedsince
thelastinitialize message.

Thememoizatiormasteiinitially acceptdwo kindsof message
from the specializatiorseners:

server-is-idle A sener sendghis messagevhenit hascompleted
work on aspecialization.

register-static-con£g conf£g A sener sendghis messagevhenit
hasencounterea call to a specializatiorfunction. The cor
respondingstaticconf£guratiorcon£g is partof themessage.
Themastesimply addsthestaticcon£gurationio its pending
list unlessit hasprocessedthe staticconf£guratiorbefore.

During startup,the masterinitializes the specializatiorseners
by sendingnitialize messagegutsthemainfunctionandits static
parameterss an initial static conf£gurationentry in the pending
list, processesegister-static-confg messagesand answerseach
incomingserver-is-idle messagédy a specialize messagdackto
therespectie specializatiorsener. This happensasynchronously;
several threadsmay be active simultaneouslyon the memoization
masteraccessinghe cache Whenall senersareidle andthe pend-
ing list is empty specializationhas completed;the memoization
mastersendsyield-residual-program message$o all specializa-
tion senersandcombineghereturnedprogramfragmentgo yield
acompleteresidualprogram.

A specializatiorsener, afterhaving recevedaninitialize mes-
sagesendsaserver-is-idle messagéo themasteandwaitsfor fur-
therinstructions—specialize messagewhich it processesstoring
thespecializationsHence asener hasatmostoneactive threadat
ary giventime.

Figure?2 illustratesthe basicprotocolasdescribedabore. The
dashedinesindicateasynchronoumessaged-owever, the causal
relationshipbetweenthe messagesntailswhatis effectively syn-
chronouscommunication.

3.2 Localizing Information

The abore modelworks in principle, but is too simplistic for re-

alistic usage. It doesnot take into accountthat, on realistic net-
works, messag@assings typically moreexpensve thancomputa-
tion. Unfortunately computinga specializatiorin the basicmodel
alwaysinvolvesonesynchronousommunicationapairof aserver-
is-idlemessagérom asenerto thememoizatiormasteranda spe-

cialize messagéackto the sener. A sener considerstself idle

immediatelyafter£nishingonespecializationThis makesfor poor

performance.

At worst,thebasicmodelinvolvessendingstaticconf£gurations
backandforth betweerspecializatiorsenerandmemoizatiormas-
ter: the specializatiorsener works on a specializationregistersa
staticcon£gurationf£nishessendgheserver-is-idle messageand
may get the samestatic conf£guratiorback. Sendinga specialize
messag@volvestransmittinga staticcon£gurationandthusa po-
tentially large staticdatastructure.

A Erstremedyfor this problemis to keepspecializatioraslo-
calaspossibleonthespecializatiorseners: A specializatiorsener
now manages local pendinglist andspecializatiorcache It keeps
track of all staticconf£gurationgncounteredby the sener andas-
signsashort,uniquelocalidentifer(localid) to eachof them.With
the specialize messagethe senerinformsthe memoizatiormaster
not only of the staticconfEgurationput alsoof thelocal id it has
assignedo it. Then,wheneerasenerbecomeddle, it canreferto
its own pendinglist for morework. However, it mayhapperthata
differentspecializatiorsener hasencountere@n equivalentstatic
con£gurationin the meantime. Therefore,the sener still needs
to checkbackwith the memoizatiormasterif it shouldcommence
work onagivenstaticcon£gurationFortunatelythis only involves
transmittingthe (short)local id.

Consequentljthe memoizatiormastemow understandsa nev
message:

can-server-work-on local-id A localidentiferlocal-id accompa-
niesthe message.The sener, when sendingthis message,
waitsfor aboolearanswerspecifyingwhetheirit shouldcom-
mencework on the static confEguratiorthat belongsto the
localidentifer

Also, the register-static-con£g messagds extendedto also
carryalocalidentiferasanadditionalcomponent.

Hence,a sener only sendsa server-is-idle messagavhenits
local pendinglist becomeempty Otherwise,it considersentries
from thependindist until it encounteresnewherethememoization
mastermpositively acknavledgesa can-server-wor k-on message.

3.3 Preempting Work

Whenthe memoizationmasterassignsa static con£guratiorto a
sener differentfrom the one that generatedhe confguration,t
caninform all senersthat have equivalent static con£gurations
in the pendinglist. This information preventsthe overheadof a
can-server-wor k-on messagéateron. Naively, thiswould involve
sendinganasynchronoumessagéom the memoizatiomrmasteito
the respectie senersof the form kill-local-id alongwith a local
id.

Unfortunatelythis alsoinvolvessendingonemessagéor each
of the local ids to be killed—thus saving only the time difference
betweena synchronousndan asynchronousnessageFor a spe-
cifcspecializatiorsener, theinformationaboutlocalids thatother
seners have processeecomesonly relevant whenit sendsthe
(synchronousyan-server-wor k-on messageo the master Thus,
it is easyto extendthereturnvalueof thecan-ser ver-wor k-on mes-
sageto alsoincludea list of local ids whosestaticconf£gurations



Memoization Master

. J

r “ specialize r “
memo e s N RN
/’/ \\&// \\
cache register- \
static-config '
e !
I R N —— |
-<---J------ - - - - -
. /
endin
P g ‘r\\ //’\ ///
list e |- AN -
server-is-
idle

Specialization Server

. J

Figurel: Basicmodelfor distributedpartial evaluation

Memoization Specialization
Master caliza
- ~ ~ - SPecialize
T
. onfi N
reg‘gstgr—_stz_m’c con g _
- -
server-i_s—ld\ia o
- -
- _ ‘Sl)efifll'ze
e

Figure2: BasicSynchronous$pecializatiorProtocol

the masterhasassignedo othersenerssincethe last can-server-
wor k-on messageThemastemerelyneedso keeptrackof these
staticcon£gurations.

Figure 3 shavs the moredevelopedmodelfor distributed par
tial evaluation. The solid pair of lines describeghe synchronous
messag@assingnecessarjor can-server-wor k-on messages.

Figure4 illustratesthe protocoloutlinedabore with onemem-
oizationmasterandtwo specializatiorseners.

3.4 Caching Static Skeletons

Both of the applicationsmentionedin Sec.2.2 sharethe fact that
one data structurestays constantthroughoutthe specializations:
The genericparseralways passesaroundthe grammar;the inter-
preterneeddo keeptrack of the entiresourceprogram.Neverthe-
less,the currentspecializatiormodel passeghesedatastructures
anav with eachspecialize and eachregister-static-confg mes-
sage.

In compilation,thisis especiallyjundesirableasthe sourcepro-
gramcangetlarge;theproblemamountgo retransmittinghesource

programeachtime a specializationsener registersand receves
new work from thememoizatiormaster

Hencejt is necessaryo cachethe elementsf a staticskeleton
bothonthe memoizatiormaster(to avoid retransmissiomvith spe-
cialize messagesand the specializationsener (to avoid retrans-
missionwith register-static-con£g messages).Sincethesedata
structuresare typically valuesof top-level variablesin the static
skeleton,a simplecachingmechanisnsufEces.

3.5 Choosing Work

In orderto keepcomputatioraslocal aspossible the memoization
masterandthe specializatiorsenerskeeptrack of a preferred spe-
cializationfunction which eachspecializationsener will exhaust
beforestartingwork on otherspecializatiorfunctions.Corversely
the memoizatiormasterwill triesto avoid assigningstaticcon£g-
urationsto senerswhich belongto a specializatiorfunction pre-
ferredby aa differentsener.
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3.6 Speculative Specialization

An olviousweakpointin theabore modelis thesynchronousom-
municationneededintil asener cancommenceavork onaspecial-
ization. It is possible,however, to alsocorvert this into an asyn-
chronouscommunicationThe sener still selectsanentryfrom its
local pendinglist but alsosendsa messageer ver-wor ks-on with
thatentryandthesener’sid to themastemithout waiting for the
result. Themasterconsultgheglobalcacheandeitherremovesthe
entryfrom thependinglist or (if someotherclientis alreadywork-
ing onthatparticularspecializationit triesto kill thespecialization
onthespecializatiorsener.

In both caseswhen a specializationhasterminated(success-
fully or dueto akill message)he specializatiorsener continues
with the next entryfrom the pendinglist or sendsserver-is-idle to
themasteiif thependinglist is empty

Unfortunately speculatie specializatiordoesnotyield the ex-
pectedgains,asour experimentsn Sec.5 show.

3.7 Sizes of Messages

Theonly sizeablemessageare:
e specialize specializatiorrequestsrom the masterand

e register-static-config staticconf£guratioomessageom
thespecializatiorsenerto the master

Both messagewvolve the transmissiorof entire staticcon£gura-
tions, which may becomearbitrarily large. The messageserver-

works-on and can-server-work-on only senduniqueids, which

areestablishedvith register-static-confg messagesThe sizesof

the large messageare decreasedisingthe techniquesutlinedin

Section3.4. Theresultis thatlarge datastructuresareonly trans-
mitted once,afterwardsonly a globally uniqueid is transmittedn

theirplace.

3.8 Detecting Termination

The memoizationmasterkeepstrack of the numberof specializa-
tion senersthathave beenstartedandof the numberof specializa-
tion senersthatarecurrentlyidle. As soonasthesenumbersare
equalthe computatiorhasbeencompleted.

4 Implementation

Ourimplementatiorof the distributed modelbuilds on Kali [6], a
distributedimplementatiorof the Schemegyrogrammindanguage.
This sectiongivesan overview of Kali’s distributed ervironment,
andthenbrieaydescribesiow the PGGsystemmakesuseof it.

4.1 Kali

Kali is an extensionof the Scheme48 system[18], an advanced
byte-codamplementatiorof Scheme Schemel8 alreadyprovides
asequentialimplementatiorof preemptve threads.

Kali callsa computationahgentin a distributedcomputingen-
vironmentan address space. Eachaddresspacecorrespondso a
Kali processwvhich mayresidearywherein anetwork. All address
spacesrepairwiseconnectedy TCP/IPstreamconnections.

Addressspacesare £rst-classobjectsin Kali andmay thusbe
boundto variables,passedo proceduresandreturnedfrom pro-
cedurecalls. One addressspacemay senda messageo another
addresspacesimply by calling a procedureon theremoteaddress
spaceKali providesaremote-run! operationwhich startsa pro-
cedureproc onamgumentsal ... an onanarbitraryaddresspace
aspace:

(remote-run! aspace proc al ... an)
Thetransmissiorf boththe codeof the procedureandtheval-

uesof the agumentsis completelytransparent.Most valuesare
simply copiedto the remoteaddressspace. Sharingis respected
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within a single messagebut not acrossdifferent messagesgasit

would be the case,e.g.,in Linda’s tuple space[4, 5,14]). Some
specialvaluesareassignedjlobaluniqueidenti£cationguids) and
aretransferreconly once.Amongtheseare

procedures: the compiledcodeof a proceduras only transmitted
oncewhile theenvironmentpart(containingthevaluesof the
freevariables)s transmittedevery time.

proxies: a proxy is conceptuallya distributed array which is in-
dexedby addresspacesA proxy hasalocal valuefor each
addressspace but it alsoholdsinformationidentifying the

addresspacehatcreatedheproxy. Theprocedureproxy-local-ref

andproxy-creator provideacces$o thisinformation.Prox-
iesarealsotransmittedusinguniqueuid’s.

Furthermore the threadsystemprovides placeholders which
sene as semaphoreand alsothe necessaryocking primitivesto
grantexclusive accessightslocally. On top of theseabstractions,
theKali systenprovidesremoteproceduresallswith remote-apply,
threadmigration,userspeci£edoad-balancingandmore|[6].

4.2 Adapting the PGG

The changesn the PGG systemboil down to replacingthe serial
implementationof memoization[28] by the distributed one out-
lined above. Dueto the modulardesignof the system(taking ad-
vantageof Schemet8's modulesysteni21]) only thememoization
modulehasto bereplacedgverythingelseremainsunchanged.

All messagearesimply asynchronougremote-run!) or syn-
chronougremote-apply) procedurealls. For cachingstaticskele-
tons,proxiesprovide a straightforvard mechanism.

4.3 Implementation Problems

A problematicissueis symbol generation.In the courseof each
specializatiormary new identifersare generatedor boundvari-
ablesin theresidualprogram.Theimplementatiodanguageéscheme
usessymbolsfor variablesandthe standardsolutionis to provide
a symbolgeneratothat createsnewv symbolson the ay. However,

in the currentimplementatiorof Kali, locally createdsymbolsdo
not have a globally uniqueidentity. Hence,our systemreplaces
symbolsby “hand-made”globally unique numbers. The master
convertsthesenumbersinto symbolsupon collecting the residual
program.

5 Performance

We have run benchmarkson a cluster of six RS/6000worksta-
tions running AIX connectedby an Ethernetlocal areanetwork.
Specifcallywe have run an LR(1) parsergeneratof24] andper

formed compilation of a large automaticallygeneratedMixwell

program[16].

#processors runtime CPUtime speedup

seq 2488 24.48

1 2406 6.57 1.0
2 1088 6.16 2.2
3 1078 6.61 2.2
4 8.56 7.09 2.8
5 8.17 6.78 2.9
6 8.72 7.39 2.8

Tablel: Parsergeneratioron a clusterof RS/6000workstations

# processors runtime CPUtime speedup

seq 6.19 6.22

1 7.44 0.49 1.0
2 4.49 1.00 1.7
3 4.12 1.44 1.8
4 3.46 1.77 2.2
5 4.08 1.83 1.8
6 3.82 1.89 1.9

Table2: Compilationon a clusterof RS/6000workstations

Tables1 and 2 shav the run times of parsergenerationand
therespectie speed-upsThe“CPU time” columnshaws the CPU
time on the memoizationmaster Note that the tablesonly shav
up to six processors—thseventhis the memoizatiormaster It is
not clearwhetherthe tablesindicateary saturationon the part of
the master—moresufEciently similar machinesverenot available
to us. The£rstline of eachtableshavs the timingsfor the purely
sequentialversionof the system. Obviously, the initial message
overheadof the parallelversionis alreadyoffsetby the work divi-
sionbetweerthe memoizatiommasterandthe singlespecialization



sener in the one-processocase. Note alsothat the CPU utiliza-
tion of themasterdoesnot ultimately changesigni£cantlywith the
additionof morespecializatiorseners. It does,however, present
alower boundfor therun time of the specialization Thisis anin-
dicationthatsomeoptimizationon our (currentlyfairly straightfor
ward) memoizatiormastemayyield highermaximumspeedups.

All of thesebenchmarksuse the synchronousnodel. Even
thoughwe expectedmuch smallerimprovementsdueto the high
costsof synchronouszommunicationthe resultsherewere much
betterthanwith speculatie specializationwhereour currentim-
plementatioronly yieldsnegligible speed-upstHere,thehigh com-
municationlatenciesusuallypreventkill messagefom the master
to reachthe senerin time to stopary superauousvork done.The
time gainedby avoiding synchronougommunicationis offset by
thetime spenton duplicatework.

6 Related Work

The notion of partial evaluationand its applicationto automatic
programgeneratiorstemsfrom Futamuras work [10]. Sincethen,
compilergeneratiorhasbeenamongthe main £eldsof interestfor
researcherm partial evaluation. This led to the discovery of off-
line partial evaluationand the constructionof practicalcompiler
generator$l6].

ConselandDarvy [7] have implementeda self-applicablepar
tial evaluatorfor thepurelyfunctionalsubsebf Schemenashared
memorymulti-processomachine. Their implementationexploits
featureof Mul-T, adialectof Schemewith futures[11]. More pre-
cisely, they assignonededicatedsemaphor¢o eachspecialization
function. Thereforethe speedupf their methodis limited by the
numberof specializatiorfunctionsin the program. However, in a
shared-memorynachinethereis no needto transmitstaticcon£g-
urationsandto assignuniqueidentifersaswe do.

Our approachto parallelizingthe PGGis inspiredby the farm-
of-workers model [12,29]. Our implementationbene£tsfunda-
mentally from Kali’s approachto a distributed higherorder lan-
guage6].

7 Conclusions and Future Work

We have demonstratethatpartialevaluationhassomepotentialfor
effective parallelization giving rise to numerousapplications.We
intendto extendour systemin thefollowing directions:

e Recently oneof the authorshasdevelopeda sequentialm-
plementationof incrementalspecializationand specializa-
tion on demand[28]. This implementatiorhasan intrinsic
potentialfor parallelism:whereaghe sequentiaimplemen-
tationinterleavesspecializatiorwith runningthe specialized
program,a parallelimplementationcould continuespecial-
izationduring executionof the specializegorogram.A com-
binationwith run-timecodegeneratiorwhichis alsoalready
partof the PGGsystem[26] canleadto just-in-time compi-
lation.

e Webelieve thatoneof thelimiting factorsis thelack of glob-
ally shareddatastructuresn the Kali Schemesystem.This
lack givesriseto alarge communicatioroverheadf thespe-
cializerdealswith large datathatchangesiuring specializa-
tion. It would be interestingto performsimilar experiments
with asystemlike TS/Schemég14].

e It is not clearwhetherour strateyy is alsosuitedto shared-
memorymulti-processorsWe would lik e to conducta com-
parisonbetweenour methodand the method proposedby
ConselandDarvy [7].
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