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Abstract

What do well-knowvn techniquesuchasgather/scattefor input/output,code
downloadingfor systemextensionmessag®atchingmobileagentsanddeferred
callsfor disconnectedperatiorhave in common?

Despitebeingratherdifferenttechniquesall of themsharea commonpieceof
design(and,possibly implementationjstheir cornerstonethe Conposi t eCal | s
designpattern.

All techniguesnentionedabore aredesignedor multiple-domaiftapplications.
In all of them, multiple operationsare bundledtogetherandthensentto a differ-
entdomain,wherethey are executed. In somecasesthe objectie is to reduce
the numberof domain-crossingsln othercasesit is to allow for dynamicsener
extension.

In this paper we describethe ConpositeCal | s patternand identify eight
classesf existing techniqueghat instantiateit. We, then, discussthe circum-
stancesn which the patternshouldand shouldnot be used. Finally, we present
somework donewith a priori knowvledgeof the pattern.
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cat() {
while (FileServer::aFile.read(buf))

wite(FileServer::otherFile.wite(buf));

}
Figurel: CatCode

1 Intr oduction

Applicationssuchas codedaownloading,messagéatching,gather/scatteand mobile
agentdollow theclient-senermodelof interaction.But thatis nottheonly featurethey
share A closerlook revealsthatall of thembundlea setof operationsandsubmitthem
to asenerfor its execution. The submissiorof operationss aimedto reducedomain-
crossingsand/orallow dynamicsener extension. For instance codedownloadingis
intendedto save domain-crossingsind at the sametime to allow systemextension.
Messagéatchingandmobile agentsareintendedto save domain-crossings.

Considera programusingafile senerlike thatof figure 1. Ontypical client-sener
interaction,the client sendsa command(r ead, write) to the sener, waits for the
reply, andthencontinues.

Supposéi | eServer::File::read andFi | eServer::File::wite arehandled
by the samesener. Besidessupposédhatcross-domaircalls (i.e. callsfrom clientto
sener) are much heavier than calls madewithin the sener. Thenit would be much
moreefficientto sendthewholewhi | e loopto thefile senerfor execution.

Insteadof having multiple crossdomaincalls (figure 2.a) a single one suficesif
the client sendsthe codeto the sener for its execution(figure 2.b). To do so, it is
cornvenientto extendthe file sener to allow the executionof programssubmittedby
differentclients.

Read(f1,buf)
ack(buf)

ack()

ack()

Write(f2,buf)
ack()

(@) (b)

Figure2: Interactionorrespondingo read/writeservicesanda catservice

In what follows, the problemandits solution are describedn sections2 and 3.
TheConposi t eCal | s designpatternis describedn sectiond. Section6.1shavs how
clientscanbuild programdor Conposi t eCal | s. Executionof programss explained



in section5 aswell ashow to dealwith exceptionhandling.Applicability of the pattern
is discussedn section8. Section9 presentsomewell-known designpatternselated
to Conposi teCal | s. A moredetaileddescriptionof Conposi t eCal | s applications
canbefoundin sectionl10. Finally, someconclusionsarepresentedn sectionl1.

2 The problem

Both cross-domaimatatraffic andcross-domaircall lateng have a significantimpact
in the efficiengy of a multiple-domainapplication.

Note that cross-domairtalls anddatacross-domaimatatransfershappenalsoon
centralizedervironments. For instance almostevery operatingsystemhasa domain
boundarybetweeruserspaceandkernelspacgbothenteringandleaving thekernelre-
guiresadomaincrossing) Besidesgcentralizedernvironmentsusingmultiple processes
have a domainboundaryaroundevery processconsidered Of coursejin a distributed
systemthe network beharesalsoasa domainboundary

Theline separatingwo differentdomainshasto be consideredvhile designingthe
application. Therearetwo mainissuescausingproblemsto ary applicationcrossing
theline: datamovementandcall lateng.

Within a protectiondomain(e.g. an unix process)an objectcan passdata effi-
ciently to any otherobject. For passinga large amountof data, a referencecan be
used. However, wheneser an objecthasto passsomepieceof datato anotherobject
at a differentdomain,datahasto be copied. (Although somezero-coly networking
framaworks avoid datacopying within a singlenodein a network, datastill hasto be
“copied” throughthe network in distributedapplications.)

On mary applicationdomains]ik e file systemsaanddatabaseslatamovementcan
betheactualperformancéottleneckfor the applicationconsideredTherefore avoid-
ing unnecessarglatatransferoperationsanbecrucial.

Moreover, undermary circumstancesextra datatransfersoccurjust becausehe
objectcontrollingtheoperatiorbeingperformedesidedarfrom thedatasourceand/or
thedatasink. Thatis preciselywhathappenedh thefile copy examplein the previous
section:theclientobjectperformingthe copy andthefile senerobjectswereplacedat
differentdomainsthusdatacameto the clientjustto go backto thesener.

Anotherissueis call lateng. A call betweentwo objectsresidingat differentdo-
mainsis muchmoreexpensve thanatypical methodcall within asingledomain.The
reasonis simply that a domainboundaryhasto be crossedthat usuallyinvolvesei-
thertheoperatingsystenkernel(in asinglenode),network messagingin adistributed
ervironment)or both.

Therefore,avoiding domaincrossingwhenperformingcalls is crucial for perfor
mance. Any solutionwhich could usefewer domaincrossinggo performthe setof
callstheapplicationmakes,would be muchmoreefficient.

Whendesigninga solution,it shouldbe takeninto accountthat, undercertaincir-
cumstanceée.g.whencheapdomaincrossings availableandefficiency is your prima-
ry objective),the overheadntroducedo solve the problemmightactuallydegradeper
formance.However, evenwhencheapdomaincrossingis available,overheadcaused



by cross-domairdatatransfers(e.g. messagesentover a network) might still be a
problem.

Thatis, thesolutionmusttake into accountarefullywhatis therealpenaltycaused
by datacopying andcall lateng. Suchsolutionshouldbe employed only whenthe
overheadt causess smallenoughcomparedo the penaltiesavoided.

3 The solution

By composingseparatenethodcallsinto a singlecross-domairtall, unnecessarglata
copying canbeavoidedandthe numberof cross-domairtalls canbereduced.

Clientscanbuild a “compositecall” andsendit onceto thesener. The composite
call containsthe interactionwith the sener (i.e. it knows whathasto be donein the
sener). Suchcompositecall might perform multiple operationson that sener even
thoughtheclient only hadto sendit once

In our example(seefigure 2, the interactiondor cat),if the Conposi t eCal | s pat-
ternwerenot used file contentswvould travel twice acrosshe network. However, if a
cat compositecall is submittedo the sener, thefile will notleave thesener, thatis, it
will be copiedlocally. Moreover, a singlecross-domairtall suffices(the onesending
thecat programto thesener).

4 Pattern structure

4.1 Participants

The classhierarchycorrespondindo the Conposi t eCal | s patternis shavn in figure
3. It followsthe OMT notation[13] variantusedin [5].

I nt er pSer ver behaesasafacadd5] to serviceprovidedbythesener. An object
of this classis locatedat the sener side. It suppliesinterpretationfacilities to
servicecallers,sothatclientscouldnow sendaprogramto thesenersideinstead
of makingdirectcallsto thesener. TheExecut e methodis anentrypointto the
interpreter[5], which startsprogramexecutionand returnsary resultsto the
client.

Concr et eSer ver represents sener beingused. This classis only preseniat the
sener side. It providesthe setof entrypointswhich canbe calledby theclient.

Note thatthe Concr et eSer ver is actuallythe class(or the setof classesyou
have in the sener side beforeinstantiatingthe pattern. It is mentionecherefor
completeness.

Conposi t eCal | is anabstractclassthatrepresentshe programto beinterpreted.
It is built by the client andthensentto thel nt er pServer for execution. It is
alsoresponsibldor maintaininganassociatedableof (program)variables.The
r un methodof aConposi t eCal | evaluatest.



InterpServer

execute(vars,aCompositeCall)

l

ConcreteServer CompositeCall VarTable
servicel(parms) run(vars)
service2(parms) terminate()
o VarTable vars; Vvar
set(bytes)
)\ get(bytes)
‘ Mode mode
Instruction Command
run(vars) run(vars)
terminate() terminate() ConcreteVar
set(bytes) O
get(bytes)
Concretelnstruction | ConcreteCommand n Assuming
Instruction(someCompositeCalls) /lits an Intvar
run(vars) O—— run(vars) G——— memcpy(bytes,
terminate() terminate() _the_int,sizeof(int))
/I Assuming Concretelnstruction /I Assuming ConcreteCommand
/s a Sequencelnstruction... | llis a CallServicelCommand... —
hile(!terminated()) args = build_args_from_vars(vars)
calls[program_counter].run(vars) ConcreteServer::servicel(args)

Figure3: Conposi teCal | s

TheConposi t eCal | isalsoresponsiblef performinganorderlyprogramtermi-
nationwhenanerroroccurs.Thet er ni nat e methodis providedasanabstract
interfacefor programtermination.

The nameof the Conposi t eCal | comesfrom the factthatit borrows from the
Compositepattern[5] its basicstructure.

I nstruction is aconstructmadeof ConpositeCal I s. Its purposeis to bundle
several Conposi t eCal | s togetheraccordingto somecontrol structure(e.g. se-
guencejteration,etc.).

Concret el nstructi on representgoncretecontrol structuredike conditionals,
whi | e constructssequences, etc. At thesenerside,this classis responsibldor
executingtheconcretecontrolstructurerepresentetly theclass.Concr et el nstruct i on
constructorsanbe usedat the client sideto build complex Conposi t eCal | s.

Conmand is a leaf Conposi t eCal | which represents single operationto be per
formed. (It resembleshe commandpatternshonn in [5], hencethename).



Concr et eCommand isaconcreteoperatiorto beperformed ExampleConcr et eConmands
can be arithmetic operations,logic operationsand calls to Concr et eSer ver
entry points. The only purposeof the Conposi teCal | s is to bundle several
Concr et eCommands together

Var Tabl e keepsthe program(read Conposi t eCal I') variables. It provideslocal
storagefor the programbeing interpretedand also holds ary input parame-
ter for the program. Outputvaluesfrom the programare also kept within the
Var Tabl e. Suchtableis built at the client using the set of input parameters
for the Conposi t eCal | . However, it is really usedwithin the sener, while the
Conposi teCal | is beinginterpreted. The tableis finally returnedbackto the
userafterConposi t eCal | completion.

Thereis avariabletableperConposi t eCal | (pairsof Var Tabl e andConposi t eCal |
are senttogetherto the I nt er pServer). Thus, all componentf a concrete
Conposi t eCal | shareasinglevariabletablesothatthey couldsharesomevari-
ables.

Var is anabstractclassrepresenting variableof the programsentto the sener. It
hassomestorageassociatedbytes,in thefigure). Var instancesrekeptwithin
aVar Tabl e. Variableshave amode whichcanbeeitheri nput (parametegiven
to the Conposi t eCal |'), out put (resultto be givento the user),i nput out put
(both), or none (local variable). By including the mode qualifier, this classcan
beusedfor local variablesaswell asit canbe usedfor input/outputparameters.

Concr et eVar is avariableof a concretetype (integer, characteretc.). Its construc-
tor is usedat the client to “declare” variablesor parameterso be usedby the
Conposi teCal | . At the sener side, instancesf this classareresponsibleor
handlingsingle,concrete piecesof datausedby the program.

4.2 The pattern appliedto afile server

In termsof our file sener example,the concretestructureof classeds asshown in
figure4. Intuitively, theConposi t eCal | s instancdor thefile seneraddsaninterpreter
(seethelnterpretepatternin [5]). Thatinterpretercanexecuteprogramswhich (1) call
toread andw i t e and(2) canusewhi | e asacontrolstructure.

We took asan startingpoint the Fi | eSer ver classwhich providesbothr ead and
wri t e methodgo operateon afile.

As it canbe seenwe have simplified a bit the typical interfaceprovided by a file
sener. A typical file senerwould containseveral Fi | e objectswhich would supply
read andw ite methods. To illustrate the patternin a more simple way, we have
omittedthe actualfile beingused.

Startingwith thepatterninstantiationanl nt er pFi | eSer ver hasto beimplement-
ed. It will becollocatedwith theFi | eSer ver, providing anew execut e servicewhich

°Neverthelesspbtaininga completeimplementatioris a matterof addingaFi | e classandaddingFi | e
parameters$o thosemethodsacceptinga buffer to bereador written.



InterpServer

execute(vars,aCompositeCall)

l

FileServer CompositeCall VarTable
read(buff) run(vars)
write(buff) terminate()
VarTable vars; Var
® Sef(bytes)

/K get(bytes)
Mode mode

Instruction Command %l
run(vars) run(vars)
terminate() terminate() BufferVar
get(bytes)
/k set(bytes)
| | | ‘
Seqlnstruction Whilelnstruction Read Write
Seqlnstruction(|  Whilelnstruction(aCond,aSeq)
instructiong) | run(vars) O—— run(vars) G— run(vars)
run(vars) terminate() terminate() terminate()
terminate()

‘ hile(aCond.run(vars))
aSeq.run(vars) | fetch aBuff from vars

if ('FileServer::read(aBuff))
terminate();

call in sequence to
calls[current].run(vars)

Figure4: File sener Conposi teCal | s

suppliesan interpretatve versionof Fi | eServer services.Thel nterpFi | eServer
correspondso thel nt er pSer ver in the pattern(seethe patterndiagramin figure 3).
ThelnterpFi |l eServer will accepta Conposi teCal I, which is a programbuilt
in termsof | nst ruct i ons andComrands.
To execute

while (FileServer::read(buf))
wite(FileServer::wite(buf));

theConposi t eCal | senttothel nt er pFi | eSer ver shouldbemadeof aWi | el nstructi on,
usinga Read asthe condition. The body for the Wi | el nst ructi on shouldbe a se-
quencemadeof asingleW it e command.

Here Wi | el nstructi onandSeql nstructi on correspondo Concr et el nstructi ons
in thepattern.BesidesRead andW i t e matchConcr et eConmands in the pattern.

The buffer to be readand written is handledby a Buf f er classinstance,which
correspondso aConcr et eVar in thepattern.



Oncethe patternhasheeninstantiateda clientis ableto build a compositecall (for
thefile sener) usingconstructorprovidedby Wi | el nstructi on, Seql nstructi on,
Read, andWite. SuchConpositeCal | canbelater submitted,by the client, to the
I nterpServer::execute method.

5 Dynamics

Whenaprogramis recevedatthe senerside,it will bedeserialized.

Execute(vars,program)

Interpierver CompIsiteCall While Tq Read Write  FileServer

Run(vars) Run(vars) Run(vars)
—_—

Run(vars)

ead(buffer)

Write(
buffer)

Run(vars)

Run(vars)| | pun(vars)

Write(

oY T T

Figure5: Interactiondiagramfor a catcompositecall.

Run(vars)

An | nterpServer objectatthesenersideis in chage of interpretingclient pro-
grams.Whenits Execut e methodis called,a program,anda table of variablesmust
be supplied. The Execut e methodwill call the Run methodof the programproviding
thetable of variables;this methodwill interpretthe program.OnceExecut e finishes
resultsarereturned.

TheRun methodof the Conposi t eCal | classimplementgecursveinterpretation.
Whentheprogramhasbeeninterpretedthatis, the Run methodhasfinished resultsof
the programexecutionarestill in the variabletable. As part of the Execut e method,
thetablewill beserializedandsentbackto theclient.

In our example,we canseé the interactiondiagramfor a cat compositecall in
figure5.

TheRun methodof theConposi t eCal | will calltheRun methodof thel nst ructi on
representinghe program(the Wi | e in theinteractiondiagram).| nst r ucti ons pro-
vide a Run methodto interpretthemseles. Thatis, a programhasbuilt-in its own
interpreter;it is aninstanceof thel nt er pret er pattern[5]. So,theWile conmand
callstheRun methodof its conmands (Seq in theinteractiondiagramfor cat).

It mustbe noticedthat instruction setssuggestedn the patternare very simple
comparedo the onesusedin other systems.For instance uChoices[9] and Aglets

3Callsto Open andd ose hasbeensupressetbr the sale of simplicity.



[12] useaJavainterpreter A Modula-3compileris usedin SPIN[4], andNetPebbles
[11] usesascriptinterpreter

6 Implementation issues

Two importantaspectarehow to build compositecall programsandwhatto doif they
fail.

6.1 Composingprograms

Programsare madeout of statementandvariables.In a Conposi t eCal |, eachstate-
mentcorrespondso a concrete nst ruct i on or Cormand. Variablesareinstanceof
a ConcreteVar class. To build a program,clients have to declarean object of the
Composi t eCal | classandinvokeits constructomethod.

I nst ruct i on constructorarefunctions.Thus,codein theclientfor aConposi t eCal |
lookslik ethecodethattheuserwould write withoutusingthepattern.Command objects
arenotdeclaredthey arebuilt with functionalconstructors.

To allow usageof expressionswithin the Conposi t eCal |, functionalservicesn-
heriting from an Expr classcould be provided (seefigure 6). Expr representsn ex-
pressionandcanbe usedasa functionwithin expressionsNotethatnothingprevents
from encapsulating functionalservicewithin a proceduratall andvice-versa.

Expr

GetValue -> Value

[ [ [ 1
Value BinOp RelOp Var
L~ k> | Get(bytes)
GetValue -> Value GetValue -> Value GetValue -> Value GetValue -> Value
IntValue BoolValue FuncServCall Intvar BoolVar
Getlnt -> Int GetBool -> Bool GetValue-> Value IntVar(Vars,mode) BoolVar(Vars,mode)
thelnt : Int theBool: Bool

Figure6: ExpressiorHierarchy

Programvariablesare storedin atable. They containinitial valuesaswell asin-
termediatesaluesandresultsof the programexecutionat the sener side. To build that
table,theprogrammenf theclientmustdeclareanobjectof theclassvar Tabl e. When
variableobjectsare constructedthey are constructecand storedin thattablewith an
initial value,if ary, andtheirmodel n, Qut, InQut orNone. Whenavariabletableis
sentto theseneronly valuesof | n andl nQut variableshaveto becopiedto thesener.
The None type meansthata variableis a local one,thatis, its initial andfinal values



vars: VarTabl e;

program : ConpositeCall;

f1, f2 : IntegerVar(vars, None);
car : CharVar(vars, None);

Program = Seq( (
pen(f1, Stringlit("namel")),
pen(f2, Stringlit("name2")),
Whi | e(Read(f1, car),

Wite(f2, car)),

O ose(fl),
O ose(f2)

));

Execut e(program vars);
Figure7: Programfor Cat

arenot neededdy neitherthe sener nor the client respectiely. After the executionof
theprogramQut andl nQut variablesaresentbackto theclient. Variablesonthetable
canbe consultedcandmodifiedon both sides.

The adequayg of theimplementatiorof the tablewill dependon the context of the
patterninstance For example it canbeinterestingn anoperatingsystento implement
the table asa chunk of raw memory whilst a remotesener could represenit asa
heterogeneousst of concretevariables.

Composi t eCal | s programshave theadvantagehatmostof type-checkings done
at compilationtime. Note, that sener calls are type-checled, as the parameterf
constructor®f sener call commandsretyped.

Revisiting our example,the codefor thecat programis shavn in figure7. In the
figure, constructorarefunctionswhich build objectswithin the compositecall.

In this exampleSeq andWi | e areconcretd nst r uct i ons of thelanguagepen,
Cl ose, Read, andW i t e are classedderived from Conmand and clients invoke their
constructorgo let the Conposi t eCal | issuecallsinto the sener.

Progranvariablesarestoredin thevar s variabletable.In thiscasef 1, f 2 andcar
arelocal variables sotheir modeis None.

Finally, notethat the concreteinstructionsetusedthroughthis sectionis just an
example.Any otherone,like a byte-codeébasedorogramcouldbe usedtoo.

6.2 Exceptionhandling

Oneof the problemsof submittingthe client codeto the sener is whathappensvhen
a call fails. The sener programmerknows when a sener call hasfailed, so he/she
candecidewhena call hasfailedto terminatethe program. This canbe doneby call-
ing the Ter m nat e methodof the Conposi teCal | classfrom a Run method. How-
ever, the client could wish to continuethe programdespiteary failures. To support
this, we have includedtwo Conmands in our patterninstances:Abort OnError and

10



DoNot Abort OnError. They allow the userto switch betweenthe two modes.When
Abort OnError hasbeencalled,acall to Ter mi nat e causegprogramtermination,oth-
erwiseit hasno effect. In thisway, theclient cancontrolthe effectsof afailedcall.

Theimplementatiorof Ter ni nat e depend®n boththekind of instructionsetbe-
ing implementedandontheimplementatiodanguage A byte-codebasedprogramcan
be stoppedvery easily (dueto iterative interpretation)asthereis a main control loop
(in theRun method),just by settingat er ni nat ed flag to true. Stoppinganstructured
program(e.g.theoneusedin ourfile senerexample)is alittle morecomplicated.This
is dueto recursveinterpretationRun callsof Conposi t eCal | swill propagatesallsto
the Run methodof its componentsTo stopthatprogram,it will be necessaryo finish
all the nestedrun calls. Dependingon the implementatiodanguaget canbedonein
away or another In a languagewith exceptionslike C++ or Ada, it will be enough
to raiseand propagatean exceptionin the codeof Ter ni nat e, catchingit in the Run
codeof Conposi teCal | . In otherlanguageset j np canbe usedin the top-level Run
methodbeforecalling ary otherRun, andl ongj np in thebody of the Ter ni nat e, for
thesamepurpose.

7 Variants

Senerscanbe extendedby acceptingConposi t eCal | s from clients. Thoseprograms
could be keptwithin the sener, andbe usedasadditionalentry pointsinto the sener.
Shouldit be the main motivationto usethe pattern the concretecommandsetshould
be powerful enough.

In fact, systemextensionby codedownloading(like in SPIN [4] or uChoiceg[9])
canbeconsideredo beaninstanceof this pattern.Suchsystemsaisecode-devnloading
asthe meansto extend systemfunctionality The mechanismemployedis basedon
definingnew “programs”,which areexpressedn termsof existing services.

InthiscaseConcr et eSer ver isthesystenbeingextendedtheConposi t eCal | is
theextensionperformedthesetof | nst r uct i ons depend®ntheextensionlanguage;
andthe Run methodis implementeckitherby delegationto the extensioninterpreteror
by the native processofwhenbinary codecanbe downloadednto the system).

8 Consequences
The patternhasthefollowing benefits:

1. Providesan Abstractmadineview of theserver WhenusingConposi teCal | s,
clientsno longerperceve senersasa separatesetof entry points. Senersare
now percevedasabstact madines Theirinstructionsetis madeof thosecalls,
which canbe made togethemwith somegeneral-purposeontrollanguage.

Thereforejt is feasiblefor usersto reuseinstructions(andprogramsYor differ-
entcompositecalls. Commonprogramsto interactwith the sener canbe built,
andreusedater.

11



2. Reducegprotection-domaircrossingsasthecat programdid above. Shouldit
be the main motivationto usethe pattern,domaincrossing(client/serer invo-
cation)time mustbe carefully measuredWhenerer complex control structures
aremixedwith callsto the sener, or whenclient computationsieedto be done
betweersuccessie calls, the patternmight not pay.

In ary casethetime usedto build theprogrammustbelowerthanthetime saved
in domaincrossing. The latter canbe approximatedhsthe differencebetween
thetime to performa cross-domairtall andthetime to interpretanddispatcha
senercall.

3. Reduceshe numberof messgesbetweerclientsandseners;providedthatthe
client issuesrepeatedcalls to the sener and the control structureis simple e-
nough.

Again, the improvementdueto the reducednumberof messagesan be lower
thantheoverheadlueto the programconstructiorandinterpretation.Therefore,
carefultiming mustbe doneprior to patternadoption.

4. Decoupleglient/serverinteractionfromthe call medanism.Conposi t eCal | s
providesa level of indirectionbetweerthe client andthe sener. The client can
performa call by addingcommanddo a pr ogr amy while the pr ogr amcanbe
transmittedo the sener by ameansunknawn to theclient.

5. Decouplelient calls from servermethodinvocations.As saidbefore,a client
canperformcalls by addingcommanddo a program The resultingpr ogr am
canbe sentto the sener at a differenttime. Therefore thereis no needfor the
clientandthe senerto synchronizen orderfor thecall to bemade.

6. Allows dynamicextensionof serves. Seners can be extendedby accepting
progr ans from clients. Thoseprogramscould be kept within the sener, and
be usedasadditionalentry pointsinto the sener. Shouldit be the main motiva-
tion to usethe pattern the concretecommandsetshouldbe powerful enough.

The patternhasthefollowing drawvbacks:

1. Clientrequestsnighttake a non-fixectimeto complete A compositecall might
leadto a never endingprogram,which could be downloadedinto the sener for
execution.If sener correctnessglepend®n shortlyterminatecdclient requestsit
may fail. As anexample,a sener canusea singlethreadof controlto service
all clientrequests Shoulda pr ogr amnot terminate the whole sener would be
effectively switchedoff by asingleclient.

In suchcase eitheravoid usingConposi t eCal | s, or handlemultithreadingis-
sueslike a side-efect (i.e. arrangefor eachConpositeCal | s to useits own
thread usinga giantlock® to protectnon MT-safeseners).

“4A singlelock protectingthe entiresener. It mustbe gainedprior to ary sener call, andreleasedight
afterevery sener call. Conposi t eCal | s instructionsnot calling to the sener canexecutewithout locking
thesener.

SThosesenersnot preparedo handleconcurrentequests.
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2. High securityserves canbe compromised.The more complex the command
set,the morelikely the sener integrity canbe compromisediueto bugsin the
commandnterpreter If high securityis anissue eitheravoid Conposi t eCal | s,
or reducethe compleity of your commandsetto the bareminimum.

3. It might slowdownthe application. When cheapdomaincrossingis available
and efficiency is your primary objective, using Conposi t eCal | s might slow-
down your applicationif thetime sared on domaincrossingss not enoughto
compensatéhe overheadntroducedoy Conposi t eCal | s.

9 Relatedpatternsand Collaborations

BothConposi teCal | andl nstructi on areinstance®f thel nt er pr et er pattern5].
Indeedtheinterpreterof aConposi t eCal | is behindits Run method.

Of course,ConpositeCal |, I nstruction, andCommand are an instanceof the
Composi t e pattern[5]. Compositecommandssuchlike Sequence, Condi ti onal ,
etc.,areaggrejatesof Assi gnnent s, Ser ver Cal | s, andotherprimitive commands.

If aninstructionsetfor aConposi t eCal | languagésto becompiled,Conposi t eCal |
might include a methodto compile itself into a low-level instructionset. Besides,
Composi t eCal | s shouldbe (de)serializedvhentransmittedo the sener. Oncein the
sener, they canbeverifiedfor correctnessAll thesetaskscanbeimplementedollow-
ing theVi si t or pattern[5].

A sener call issuedwithin aConposi t eCal | mightfail or triggeranexception.Be
thatthecasethewholeConposi t eCal | s canbeabortedandprogramstatetransmitted
backto the client—sothat the client could fix the causefor the error, and resume
Composi t eCal | s execution. The Menent o pattern[5] canbe usedto encapsulat¢he
programstatewhile in an“aborted” state. As saidbefore,suchprogramstatecanbe
usedto resumehe executionof afailed program(e.g. afterhandlinganexception).

Menent os canalsobe helpful for (de)serializingthe programduring transmission
into thesener.

As a programcanleadto an endles<lient requestsingle threadedor a-request-
at-a-timeseners can get in trouble. To accommodatehis kind of seners so that
Composi t eCal | s couldbeusedtheActi veQhj ect [8] andthe RendezVous [7] pat-
ternscanbeused.

A Conposite Message canbe usedto transferthe Conposite Call from the
client to the sener. The Conposite Messages designpattern[14] applieswhend-
ifferent componentanust exchangemessageso performa given task. Conposite
Messages allowsto bundleseveralmessagetogetherin anstructuredashion(it does
with messagewhatConposi t eCal | doeswith senerentry-points).In thatway, extra
latengy dueto messagelelivery canbe avoided,andcomponentslecoupledrom the
transmissiormedium. The main differenceis that Conposi t eCal | is targetedto the
invocationof concretesener-provided servicesandnot to packagedatastructureso
beexchanged.

Last, but not least,ConposedConands [16] aresimilarto Conposi t eCal | s in that
they bundle several operationsn a singleone. However, Conposi t eCal | s aremore
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genericin spirit.

10 Applications

Our experiencewith Conposi t eCal | s startedwhenwe noticedthata single pieceof
designhadbeenusedto build systemsve alreadyknew well. Then,wetriedto abstract
the core of thosesystemsgxtractingthe pattern. Oncewe identified the pattern,we
tried to find somenew systemsawhereit could be appliedto obtainsomebenefit. We
did so[1], andobtainedsubstantiaperformancemprovements.

For us, this patternhasbeena processvherewe first learnedsome“theory” from
existing systemsandthen,appliedwhatwe hadlearnedbackto “practice”.

In this sectionwe try to shav how different existing systemsmatchthe pattern
describedn the previous section—hopefullythis will allow a betterunderstanding
of the pattern,asit happenedn our case.We alsoincludea brief overview of thetwo
systemsvherewe appliedthe patternoursehes,with a-prioriknowledgeof thepattern.

Notethatthe Conposi t eCal | s designallows a singleinstanceto handlesomeof
the“applications”below. Asthesenerbeinghandleds specifiedonaperConposi t e-
Cal | runbasisthe samepieceof codecould perfectlyhandlemostof the applications
shown belov. Ontheotherhand,existing systemsbuilt without a-priori knowledgeof
thepatternhardly sharethe commoncodeneededo implementapplicationsdescribed
belowv (e.g. gather/scatteis alwaysimplementedseparatelyfrom messagéatching
facilities,whenbothareprovided).

Systemextensions by codedownloading(like in SPIN [4] or pChoices[9]) canbe
consideredo beaninstanceof this pattern.Suchsystemaisecode-devnloading
asthe meango extendsystemfunctionality. The mechanismemployedis based
on definingnew “programs”,which areexpressedn termsof existing services.

In thiscase Ser vi ces arethoseof theexisting systemthePr ogr amis theexten-
sionperformedthesetof Conmands depend®n theextensionlanguageandthe
Run methodis implementeckeitherby delegationto the extensioninterpreteror
by the native processofwhenbinary codecanbe downloadednto the system).

Agents. An agentis a programsentto a differentdomain,which usually move from
one domainto another[12]. The aim is to avoid multiple domaincrossings
(or network messages)and alsoto allow disconnectiorfrom the agenthome
ervironment.

Programsbuilt usingConposi t eCal | s arethoughtto stayatthe seneruntil ter
mination,andthereis no go statementHowever, Conposi t eCal | s alreadyin-
cludemostof themachineryneededo implementanagentsystem.Ontheother
hand,ago statementouldbe providedby thecommandanguagesmployed.

Gather/Scatter10. Gather/Scattenput/outpuis yetanotheexamplewherethis pat-
ternappearsin gather/scatteiO alist of inputor outputdescriptorss sentto an
IO device in asingleoperation.Eachdescriptordescribes pieceof datagoing
to (or comingfrom) the device. Datawritten is gatheredrom separateutput
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buffers. Datareadis scatteredo separaténput buffers. Its aimis mainly to save
datacopies.

In this case the programis just the descriptotlist, whereeachdescriptorcanbe
supportedy a Conmand. The programRun methoditeratesthroughthe descrip-
tor (i.e. command)list, and performsthoselO operationgequested.Services
provided(i.e. call commandsieededprejustr ead andwri t e.

Note how by consideringhis pattern,gather/scattelO could be generalizedo
thatthe 10 device involveddoesnot needto be the samefor all descriptorsent
by theuser Moreover, separate ead andwr i t e operationsould be bundledin
asingleone

Messagebatching. Groupinga sequencef messagemto a singlelow-level protocol
dataunit is yet anotherinstanceof the pattern.In this casether un method(i.e.
the interpreter)is the paclet disassembler A programis a bunch of paclets
bundledtogether Each paclet, or eachpaclet headeris a commandwhich
will be interpretedby the paclket disassembler This is the Conposi teCal | s
applicationwhich morecloselyresemble€onposedConmands [16].

Deferredcalls. They canbe usedto supportdisconnectedperation. Clients build
programswhile they perform operationson non-reachableseners—wheneer
we arein adisconnectedtate.On reconnectioneachprogramis finally submit-
ted to the tagetdomainfor interpretation.Note that several clientsmight add
codeto asingleprogramto besentto the sener lateron.

Eachoperatioris aCommand, thelist of operationsentto asenerisaConposi t eCal | .
Theinterpretercouldbeeither:

1. thepieceof codesendingeachcommandn turnwhenit is reconnectedor

2. anactualConposi t eCal | s interpreterin thesenerdomain,acceptingust
alist of commandga compositecall)—to save somenetwork traffic.

Futuresor Promiseq10] canbe usedto allow usersto synchronizewith sener
responses.

Impr oving latencyin Operating Systems. Many userprogramsapperto exhibit very
simplesystemcall patterns.Thatis an opportunityfor usingConposi teCal | s
to save somedomaincrossingsand,therefore someexecutiontime.

As a matterof fact, we have doneso by instantiatingConposi t eCal | s for t-
wo systemsLinux and Off ++ [2]. In both systemswe obtainedaround25%
speedup$or acat programwrittenwith Conposi teCal | s [1].

We implementediwo new domainspecificlanguagegi.e. I nstruction and
Command sets)which allowed usersto bundle separatecalls into a single one,
likein thecat exampleof sectionl.

Thefirst languageveimplementedvasbyte-codébased We includedjustthose
commandseededo codeloops, conditionalbranchesand simple arithmetic.
This languagevasusedbothon Linux andOff ++.
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The secondanguagemplementedwvas a high-level one, designedspecifically
for Off ++. It includesjustthosecommandsieededo r epeat agivenoperation
n times,andto performasequence of operations.

Heterogeneous esourceallocation. Most systemsarestructuredasa setof resource
unit providers;separatesenersprovide resourcaunit allocationfor differentre-
sourcesln thesesystemsysersssuemultiple requestatatime.

TheConposi t eCal | s canbeusedto requestllocationof multiple heterogenous
resources$n asinglecall. It canbedoneevenusinganemptyCont r ol Conmand
family.

Being Off ++ a systemmodeledas a set of hardware resourceunit providers,
Conposi t eCal | s have beenusedto improve Off ++ applicationq1].

Transaction processing A transactioris a setof operationsxecutedatomicallyon
isolation[6]. A giventransactiorcaneitherterminatenormally, by committing,
or abnormally by aborting. Shoulda transactiorabort, its effectsmustbe un-
done;otherwise(i.e. whenit commits),its resultsshouldbe made‘permanent”.

Commitmenttypically involves multiple disk writes for different dataitems.
Writes mustfollow a carefully chosenorderin orderto presere persistencef
results,evenwhenfailuresoccur Oneof the stratayiesis to usear edo algorith-
m [3]. Suchalgorithmdoesnot modify the persistentiatauntil commitment:it
workson avolatile copy of thedatauntil thetransactiorcommits.

At committime, a sequenc®f redorecodsis written into a disk log, followed
by acommitrecord.Redorecordscontainnew valuesfor objectschangedy the
transactionFinally, persistenstatefor objectsnvolvedis updatedIf thesystem
fails beforethe write of commitrecord,the transactions abortedandtheir redo
recordsareignored. If the systemfails after writing the commit record,redo
recordsarereplayed.

TheConposi t eCal | s canbeusedbothto implementcommit,andcrashrecov-
ery. Performancef transactionadlistributed objectsystemge.g. Arjuna [15])
couldbeimproveddueto thereducechumberof domaincrossings.

We will usethetransactiorlog asourlegacg sener, andthenapplyConposi t e-
Cal I s toit. Operationgerformedonthelog are:r eadRedo readsaredorecord
fromthelog,wr i t eRedo appendsiredorecordto thelog, wr i t eConmi t append-
sacommitrecordandwr i t eCbj updatesstatefor the givenobjectin persistent
storage.

All of themwill bewrappedin Cal | Conmands. For controlcommandsa while
loop (whi | €) anda sequencéseq) will sufiice.

11 Conclusions

A new designpattern,Conposi t eCal | s, hasbeenpresented.Conposi teCal | s u-
nifies mary—apparentlyunrelated—techniquesviost notably the patternintegrates
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techniquedothto reducedomaincrossingsandto dynamicallyextendexisting seners
andto avoid copying datamorethanneeded.

Oneof the advantagef the patternis thatit allows instancessimplerand more
efficientthanknown instancedik e [4].

Encapsulatiorof the commandanguagenasbeena key featurein the integration
of existing techniquesgecouplinghe commandsetfrom the submissiommethod.

We have shavn also eight differentapplicationswherethe Conposi t eCal | s has
beenpreviously used,and several caseswherethe patternhasbeenappliedwith a-
priori knowledgeof it.
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