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Abstract

What do well-known techniquessuchasgather/scatterfor input/output,code
downloadingfor systemextension,messagebatching,mobileagents,anddeferred
calls for disconnectedoperationhave in common?Despitebeingratherdifferent
techniques,all of themshareacommonpieceof design(and,possibly, implemen-
tation)astheir cornerstone:theBATCHING designpattern.

All techniquesmentionedabove aredesignedfor applicationsrunningacross
multipledomains(e.g.,multipleprocessesormultiplenodesin anetwork). In these
techniques,multiple operationsarebundledtogetherandthensentto a different
domain,wherethey areexecuted. In somecases,the objective is to reducethe
numberof domain-crossings.In other cases,it is to allow for dynamicserver
extension.

In this paper, we presentthe BATCHING pattern,discussthecircumstancesin
which the patternshouldand shouldnot be used,and identify eight classesof
existing techniquesthatinstantiateit.

1 Intr oduction

Applicationssuchascodedownloading,messagebatching,gather/scatterandmobile
agentsfollow the client-server model of interaction. A closer look revealsthat all
of themgroup a set of operations,and submit themto a server for execution. The
submissionof operationsis aimedat reducingdomain-crossingsand/orallow dynamic
server extension. For instance,codedownloadinginto operatingsystemkernelsis
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intendedto save domain-crossingsand at the sametime to allow systemextension.
Messagebatchingandmobileagentsareintendedto savedomain-crossings.

Consideraprogramusingafile server like thatof figure1. On typicalclient-server
interaction,theclientsendsacommand(read, write) to theserver, waitsfor thereply,
andthencontinues.

cat(File aFile, File otherFile) {
while (aFile.read(buf))
write(otherFile.write(buf));

}

Figure1: CatCode

Supposethatread andwrite arehandledby thesameserverandthatcross-domain
calls(i.e. callsfrom clientto server)aremuchheavier thancallsmadewithin theserver.
Thenit would bemuchmoreefficient to sendthewholewhile loop to thefile server
for execution.

Insteadof having multiple crossdomaincalls (figure 2.a)a singleonesufficesif
the client sendsthe codeto the server for its execution(figure 2.b). To do so, it is
convenientto extendthe file server to allow the executionof programssubmittedby
differentclients.

ack()

(b)

ack()

ack(buf)

....

(a)

read(f1,buf)

write(f2,buf)

ack()

write(f2,buf)

execute(cat(f1,f2))

Figure2: Interactionscorrespondingto read/writeservicesandacatservice

2 The problem

Bothcross-domaindatatraffic andcross-domaincall latency havea significantimpact
on theefficiency of multi-domainapplications.Cross-domaincallsandcross-domain
datatransfersalso happenon centralizedenvironments. For instance,almostevery
operatingsystemhasa domainboundarybetweenuserspaceandkernelspace(both
enteringand leaving the kernel requiresa domaincrossing). An applicationusing
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multipleprocesseshasadomainboundarybetweeneverytwo of its processes.Besides,
in a distributedsystem,thenetwork behavesasa domainboundary.

Undermany circumstances,unnecessarydatatransfersoccurjust becausetheob-
jectcontrollingtheoperationresidesfarfrom thedatasourceand/orthedatasink. That
is preciselywhat happensin the file copy examplein the previoussection:the client
objectperformingthecopy andthefile serverobjectswereplacedatdifferentdomains.
Thus,datacameto theclient just to go backto theserver.

3 The solution

By batchingseparatemethodcalls, i.e. transformingtheminto a singlecross-domain
call, onecanavoid unnecessarydatacopying andreducethenumberof cross-domain
calls.

Clientscanbuild a program(a “batch call”) andtransferit to the server at once.
Theprogramperformsmultipleoperationson thatservereventhoughtheclienthadto
sendit only once.

In ourexample(seefigure2, theinteractionsfor cat),if BATCHING is notused,the
file contenthasto travel twice acrossthenetwork. Whena cat programis submitted
to theserver, however, thefile doesnot leave theserver, it is copiedlocally.

4 Pattern structur e

BATCHING, alsoknown asCOMPOSITECALL.

4.1 Participants

The classhierarchycorrespondingto the BATCHING patternis shown in figure 3. It
followstheOMT notation[13] variantusedin [5].

BatchServer behavesasa façade[5] to servicesprovidedby theserver. An object
of this classis locatedon the server side. It suppliesinterpretationfacilities to
servicecallers,so that clientscansenda programto the server sideinsteadof
makingdirect calls to the server. Theexecute methodis an entrypoint to the
interpreter[5], which interpretsthe“batch” programandreturnsits resultsto the
client.

ConcreteServer This classis only presenton theserver side. It providestheset
of entrypointsthatcanbecalledby theclient.

Note that the ConcreteServer is actually the class(or the setof classes)one
hasin the server sidebeforeinstantiatingthe pattern. It is mentionedherefor
completeness.

Program is an abstractclassthat representsthe programto be interpreted.Clients
build Program instancesandsendthemto the BatchServer for execution. It
is also responsiblefor maintainingan associatedtable of variables. The run
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// Assuming

// it’s an IntVar

memcpy(bytes,

_the_int,sizeof(int))

// is a CallService1Command...
args = build_args_from_vars(vars)

  ConcreteServer::service1(args)  calls[program_counter].run(vars)
while(!terminated())
// is a SequenceInstruction...
// Assuming ConcreteInstruction

ConcreteServer VarTable

Var

ConcreteVar

service1(parms)
service2(parms)

VarTable vars;

Mode mode

BatchServer

Program

ControlStructure

run(vars)
terminate()

run(vars)
terminate()

ConcreteControlStructure

Command

// Assuming Command

ConcreteControlStructure(somePrograms)

execute(vars,aProgram)

run(vars)

terminate()

set(bytes)
get(bytes)

get(bytes)

set(bytes)

terminate()
run(vars)

Figure3: BATCHING

methodof a Program classimplementsthe interpreterneededto run it on the
server.

TheProgram is alsoresponsiblefor performinganorderlyprogramtermination
whenanerroroccurs.Theterminate methodis providedasanabstractinter-
facefor programtermination.

Thealternatenamefor BATCHING, namely, COMPOSITECALL, comesfrom the
fact thatProgram, togetherwith thenext coupleof classes,is aninstanceof the
COMPOSITE pattern[5].

ControlStructure is a constructmadeof Programs. Its purposeis to bundle
severalPrograms togetheraccordingto somecontrol structure(e.g. sequence,
iteration,etc.).

ConcreteControlStructures representconcretecontrolstructureslike condi-
tionals,while constructs,sequences, etc. At the server side, this classis re-
sponsiblefor executingthe concretecontrol structurerepresentedby the class.
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ConcreteControlStructure constructorscanbeusedattheclientsideto build
complex Programs.

Command is a Program which representsa singleoperation.(It resemblestheCOM-
MAND patternshown in [5], hencethename).Examplesof concreteCommands
canbearithmeticoperations,logic operations,or callsto ConcreteServer entry
points.Theonly purposeof BATCHING is to bundleseveralconcreteCommands
togetherusingConcreteControlStructures.

VarTable keepsthe variablesof the Program. It provides local storageandalso
holds any input parameterfor the program. Output valuesfrom the program
arealsokeptwithin theVarTable. The tableis built at the client usingthe set
of input parametersfor the Program. Then,it is usedwithin the server, while
the Program is interpreted.The tableis finally returnedbackto the userafter
completionof theProgram.

Thereis a variabletableperProgram (pairsof VarTable andProgram aresent
togetherto the BatchServer). Thus, all componentsof a concreteProgram
sharea singlevariabletablesothatthey cansharevariables.

Var is an abstractclassrepresentinga variableof the programsentto the server. It
hassomeassociatedstorage(bytes,in thefigure).Var instancesarekeptwithin
a VarTable. Variableshave a mode, which canbe eitherin (parametergiven
to the Program), out (result to be given to the user),inout (both), or local
(local variable).By includingthemode qualifier, this classcanbeusedfor local
variablesaswell asfor input/outputparameters.

ConcreteVar is a variableof a concretetype (integer, character, etc.). Its con-
structoris usedat theclient to declarevariablesor parametersto beusedby the
Program. At theserver side,instancesof this classareresponsiblefor handling
single,concretepiecesof datausedby theprogram.

4.2 The pattern applied to a file server

Theconcretestructureof classesfor our file server exampleis shown in figure4. In-
tuitively, this BATCHING instancesimply addsan interpreter(seethe INTERPRETER

patternin [5]) to the file server. That interpretercanexecuteprogramsthat (1) call
read andwrite and(2) canusewhile asa controlstructure.

We took asanstartingpoint theFileServer class,which providesbothread and
write methodsto operateon afile.

We simplified the typical interfaceprovidedby a file server. A typical file server
would containseveralFile objectsthat would supplyread andwrite methods.To
illustratethepatternin a simpleway, we omittedthefile beingused1.

TheBatchFileServer is co-locatedwith theFileServer, providinganew execute
servicethatsuppliesaninterpretedversionof FileServer services.TheBatchFileServer
correspondsto theBatchServer in thepattern(seethepatterndiagramin figure3).

1Obtainingacompleteimplementationis amatterof addingaFile classandaddingfile parametersto
theread andwrite methods.
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get(bytes)
set(bytes)

Var

FileServer VarTable

BufferVar

Read Write

run(vars)
terminate()

set(bytes)
get(bytes)

run(vars)

terminate()

VarTable vars;

read(buff)
write(buff)

Mode mode

    instructions)
run(vars)
terminate()

run(vars)
terminate()

run(vars)
terminate()

while(aCond.run(vars))
  aSeq.run(vars)

  calls[current].run(vars)

fetch aBuff from vars
  if (!FileServer::read(aBuff))
     terminate();

run(vars)
terminate()

execute(vars,aProgram)

Program

ControlStructure

SeqCtrlStruct WhileCtrlStruct
SeqCtrlStruct( WhileCtrlStruct(aCond,aSeq)

BatchFileServer

call in sequence 

Figure4: File server BATCHING

TheBatchFileServer acceptsaProgram, whichis built in termsof ControlStructures
andRead andWrite commands.

To execute

while (read(buf))
write(write(buf));

the Program sent to the BatchFileServer must be madeof a WhileCtrlStruct,
usingaRead asthecondition.Thebodyfor theWhileCtrlStruct mustbeasequence
madeof a singleWrite command.

Here,WhileCtrlStruct andSeqCtrlStruct correspondto ConcreteControl-
Structures in thepattern.Read andWrite matchCommands in thepattern.Thebuffer
usedin thereadandwrite operationsis handledby aBufferVar classinstance,which
correspondsto aConcreteVar in thepattern.

A client canbuild a program(accessingthefile server) by usingconstructorspro-
videdby WhileCtrlStruct, SeqCtrlStruct, Read, andWrite. Thisbatchedcall can
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besubmittedlater, by theclient, to theexecute methodof theBatchFileServer.

5 Dynamics

Whena programis receivedat the server side,it is deserialized.The interactionthat
follows is asshown in figure5.

FileServerRead Write

 buffer)

 buffer)

SeqCtrlStruct

execute(vars,program)

BatchFileServer Program WhileCtrlStruct

run(vars) run(vars) run(vars)

run(vars)

run(vars)

run(vars)

run(vars)

run(vars)

read(buffer)

write(

read(buffer)

write(

Figure5: Interactiondiagramfor acat program.

6 Implementation issues

Wenow discusstwo importantaspectsof usingBATCHING: how to build programsfor
BATCHING andwhatto do if they fail.

6.1 Composingprograms

Programsaremadeout of statementsandvariables. In a BATCHING Program, each
statementcorrespondsto a ConcreteControlStructure or concreteCommand. Vari-
ablesare instancesof a ConcreteVar class. To build a program,clientsdeclarean
objectof theProgram classandinvoke its constructormethod.

Ideally, theclientsidefor aninstanceof BATCHING wouldbeexactly like thecode
of a client makingdirect calls to the server; i.e. like a client not usingBATCHING at
all. In practice,ConcreteControlStructure constructors(which arefunctions)are
used.Thus,codein the client for a Program looks like the codethat the userwould
write without usingthepattern.Command objectsarenot declared;they arebuilt with
functionalconstructors.

Revisiting our example,the codefor the cat programis shown in figure 6. In
the figure, constructorsare functionsthat build objectswithin the program. In this
example,SeqCtrlStruct andWhileCtrlStruct areConcreteControlStructures
of thelanguage.Open, Close, Read, andWrite areclassesderivedfrom Program and
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VarTable vars;
Program program;
IntVar f1(vars, local), f2(vars, local);
CharVar car(vars, local);

Program= SeqCtrlStruct((
Open(f1, StringLit("name1")),
Open(f2, StringLit("name2")),
WhileCtrlStruct(Read(f1, car),

Write(f2, car)),
Close(f1),
Close(f2)

));
execute(program, vars);

Figure6: Programfor Cat

clientsinvoketheirconstructorsto let theProgram issuecallsinto theserver. Program
variablesarestoredin thevars variabletable. In this case,f1, f2 andcar arelocal
variables,sotheirmodeis local.

Oneof the problemsof submittingthe client codeto the server is what happens
whenacall fails. Theserverprogrammerknowswhenaservercall hasfailed,soheor
shecandecideto terminatetheprogram,in thatcase.This canbedoneby calling the
terminatemethodof theProgram classfrom arun method.However, theclientcould
wish to continuethe programdespiteany failures. To supportthis, we have included
two commandsin our patterninstances:AbortOnError and DoNotAbortOnError.
They allow theuserto switchbetweenthetwo modes.WhenAbortOnError hasbeen
called,a call to terminate causesprogramtermination;otherwiseit hasno effect. In
thisway, theclient cancontroltheeffectsof a failedcall.

Theimplementationof terminate dependson boththekind of instructionsetbe-
ing implementedandon the implementationlanguage.A byte-codebasedprogram
canbestoppedvery easilyasthereis a maincontrol loop (in therun method),just by
settingaterminated flagto true.Stoppinganstructuredprogram(e.g.theoneusedin
our file server example)is a little morecomplicated.This is dueto recursive interpre-
tation: calls to run in Programs propagatecalls to therun methodof its components.
To stopthatprogram,it is necessaryto finish all the nestedrun calls. Dependingon
the implementationlanguageit canbe donein a way or another. In a languagewith
exceptions,likeC++ or Ada, it sufficesto raiseandpropagateanexceptionin thecode
of Terminate, catchingit in therun codeof Program. In languageslike C, setjmp
canbeusedin thetop-levelrun methodbeforecallingany otherrun, andlongjmp can
beused,for thesamepurpose,in thebodyof terminate.
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7 Consequences

Thepatternhasthefollowing benefits:

1. It providesan Abstract machine view of the server. When using BATCHING,
clientsno longerperceive serversasa separatesetof entry points. Serversare
now perceivedasabstract machines. Their instructionsetis madeof thesetof
serverentrypoints,togetherwith somegeneral-purposecontrollanguage.

Therefore,it is feasiblefor usersto reuseprogramsfor differentBATCHING calls.
Programsthatinteractwith theservercanbebuilt, andreusedlater.

2. It reducesprotection-domaincrossings, as the cat programdid above. If this
is the main motivation to usethe pattern,domaincrossing(client/server invo-
cation)time mustbecarefullymeasured.Whenever complex controlstructures
aremixedwith calls to theserver, or whenclient computationsneedto bedone
betweensuccessivecalls,thepatternmightnot pay.

In any case,the time usedto build the programmust be lower than the time
savedin domaincrossing.Thelatteris approximatedby thedifferencebetween
thetime to performa cross-domaincall andthetime to interpretanddispatcha
servercall.

3. It reducesthenumberof messagesbetweenclientsandservers;providedthatthe
Program issuesrepeatedcalls to the server andthe control structureis simple
enough.

Again, the improvementdueto the reducednumberof messagescanbe lower
than the overheaddue to programconstructionand interpretation. Therefore,
carefulmeasurementmustbedoneprior to patternadoption.

4. It decouplesclient/serverinteractionfromthecall mechanism.BATCHING pro-
vides a level of indirection betweenthe client and the server. The client can
performa call by addingcommandsto a Program; while the Program canbe
transmittedto theserverby a meansunknown to theclient.

5. It decouplesclient calls fromservermethodinvocations.As saidbefore,aclient
canperformcalls by addingcommandsto a Program. The resultingProgram
canbesentto theserver at a differenttime. Therefore,thereis no needfor the
client andtheserver to synchronizein orderfor thecall to bemade.

Thepatternhasthefollowing drawbacks:

1. Client requestsmighttakearbitrary timeto complete.A batchedprogrammight
lead to a nonterminatingprogram. If server correctnessdependson bounded
client requests,it may fail. As an example,a server canusea singlethreadof
controlto serviceall client requests.ShouldaProgram not terminate,thewhole
serverwouldbeeffectively switchedoff by asingleclient.
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In suchcase,eitheravoid usingBATCHING, or handlemultithreadingissuesas
a side-effect (i.e., arrangefor eachProgram to useits own thread,usinga giant
lock2 to protectnonMT-safeservers3.)

2. Securitycan be compromised.The morecomplex the commandset, the more
likely the server integrity can be compromiseddue to bugs in the command
interpreter. If high securityis an issue,eitheravoid BATCHING or reducethe
complexity of thecommandsetto thebareminimum.

3. It might slow downthe application. Whencheapdomaincrossingis available
andefficiency is the primary objective, usingBATCHING might slowdown the
applicationif the time savedon domaincrossingsis not enoughto compensate
theoverheadintroducedby BATCHING.

8 Relatedpatterns

BothProgram andControlStructure rely on instancesof theINTERPRETER pattern
[5]. Indeed,theinterpreterof aProgram is behindits run method.

Program, ControlStructure, andCommands make up an instanceof the COM-
POSITE pattern[5]. Compositeprograms,suchasSequence andConditional, are
aggregatesof Assignments,ServerCalls, andotherprimitivecommands.

If an instructionsetfor a BATCHING languageis to becompiled,Program might
includeamethodto compileitself into alow-level instructionset.Moreover,Programs
shouldbe (de)serializedwhentransmittedto the server. Oncein the server, they can
beverifiedfor correctness.All thesetaskscanbeimplementedfollowing theV ISITOR

pattern[5].
A server call issuedwithin a Program might fail or trigger an exception. If that

is the case,the whole Program can be abortedand programstatetransmittedback
to the client—sothat the client could fix the causeof the error andresumeProgram
execution. The MEMENTO pattern[5] canencapsulatethe programstatewhile in an
“aborted”state.As saidbefore,suchprogramstatecanbeusedto resumetheexecution
of a failedprogram(e.g.afterhandlinganexception.)

MEMENTOscanalsobehelpful for (de)serializingtheprogramduringtransmission
to theserver.

As a programcanleadto an endlessclient request,singlethreadedor a-request-
at-a-timeservers can get into trouble. To accommodatethis kind of server so that
BATCHING couldbeused,theACTIVEOBJECT [8] andtheRENDEZVOUS [7] patterns
canbeused.

COMPOSITEMESSAGES canbeusedto transfertheProgram from theclient to the
server. The COMPOSITEMESSAGES pattern[14] applieswhendifferentcomponents
mustexchangemessagesto performa giventask.It allowsgroupingseveralmessages
togetherin an structuredfashion(it doeswith messageswhat BATCHING doeswith
serverentry-points).In thatway, extra latency dueto messagedeliverycanbeavoided,

2A singlelock protectingtheentireserver. It mustbegainedprior to any server call andreleasedright
afterevery server call. Program instructionsnotcalling theserver canexecutewithout locking theserver.

3Serversnot preparedto handleconcurrentrequests.

10



andcomponentsdecoupledfrom thetransmissionmedium.Themaindifferenceis that
BATCHING is targetedat the invocationof concreteserver-provided services,not at
packagingdatastructuresto beexchanged.

Last but not least,COMPOSEDCOMMAND [16] is similar to BATCHING in that it
bundlesseveraloperationsinto a singleone. However, BATCHING is moregenericin
spirit.

9 Known uses

Our experiencewith BATCHING startedwhenwe noticedthata singlepieceof design
hadbeenusedto build systemswe alreadyknew well. Thenwe tried to abstractthe
coreof thosesystems,extractingthepattern.Oncewe identifiedthepattern,we tried
to find somenew systemswhereit couldbeappliedto obtainsomebenefit.We did so
[1] andobtainedsubstantialperformanceimprovements.

For us,this patternhasbeena processwherewe first learnedsome“theory” from
existing systemsand then appliedwhat we had learnedback to “practice.” In this
sectionwe show how existing systemsmatchthe patterndescribedin the previous
sections—hopefully, this will allow a betterunderstandingof thepattern,ashappened
in our case.We alsoincludea brief overview of thetwo systemswhereweappliedthe
patternourselveswith a priori knowledgeof thepattern.

Note that the BATCHING designallows a singleimplementationof the patternto
handlesomeof the variousapplicationsdescribedbelow. As the server is specified
every time a Program runs, the samepieceof codecould perfectlyhandlemost of
the applicationsshown below. Nevertheless,existing systems,built without a priori
knowledgeof the patternhardly sharethe commoncodeneededto implementappli-
cationsdescribedbelow (e.g. gather/scatteris always implementedseparatelyfrom
messagebatchingfacilities,whenbothareprovided.)

Operating Systemextensionsby codedownloadinginto thekernel(like in SPIN[4]
andµChoices[9]) canbe consideredto be an instanceof this pattern. These
systemsusecodedownloadingasthemeansto extendsystemfunctionality. The
mechanismemployed is basedon definingnew programs,which areexpressed
in termsof existingservices.

In this casethe Program is the extensionperformed; the set of Concrete-
ControlStructures dependson the extensionlanguage;andthe run method
is implementedeitherby delegationto theextensioninterpreteror by thenative
processor(whenbinarycodecanbedownloadedinto thesystem.)

Agents. An agentis a programsentto a differentdomain,which usuallymovesfrom
one domain to another[12]. The aim is to avoid multiple domaincrossings
(or network messages)and also to allow disconnectionfrom the agenthome
environment.

Programsbuilt usingBATCHING aremeantto stayat theserveruntil termination,
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andthey possessnogo4 statement.However, BATCHING alreadyincludesmost
of the machineryneededto implementan agentsystem.A go statementcould
beprovidedby thecommandlanguageitself.

Gather/Scatter I/O. Gather/Scatterinput/outputis yet anotherexamplewhere this
patternappears.In gather/scatterI/O a list of input or outputdescriptorsis sent
to an I/O device in a singleoperation.Eachdescriptorspecifiesa pieceof data
going to (or coming from) the device. Datawritten is gatheredfrom separate
outputbuffers. Datareadis scatteredto separateinput buffers. Its majorgoal is
to savedatacopies.

In this case,theprogramis just thedescriptorlist, whereeachdescriptorcanbe
supportedby aCommand. Theprogramrun methoditeratesthroughthedescrip-
tor (i.e., command)list andperformstherequestedI/O operations.Theservices
(i.e.,commands)aresimplyRead andWrite.

Notehow by consideringthis pattern,gather/scatterI/O couldbegeneralizedso
thattheI/O device involveddoesnot needto bethesamefor all descriptorssent
by theuser. Moreover, separateRead andWrite operationscouldbebundledin
a singleone.

Impr oving latency in Operating Systems.Many userprogramshappento exhibit very
simplesystemcall patterns.That is anopportunityfor usingBATCHING to save
domaincrossingsand,therefore,executiontime.

As amatterof fact,wehavedonesoby instantiatingBATCHING for two systems,
Linux andOff++ [2]. In bothsystems,we obtainedaround25%speedupsfor a
cat programwrittenwith BATCHING [1].

We implementedtwo new domain-specificlanguages(i.e.,ControlStructures
andCommand sets)thatallowedusersto bundleseparatecalls into a singleone,
like in thecat exampleof section1.

Thefirst languagewe implementedwasbasedon byte-codes.We includedjust
thosecommandsneededto codeloops,conditionalbranches,andsimplearith-
metic.This languagewasusedbothon Linux andOff++.

Thesecondlanguageweimplementedwasahigh-levelone,designedspecifical-
ly for Off++. It includesjust thecommandsneededto Repeat a givenoperation
n timesandto performaSequence of operations.
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