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Abstract

What do well-knowvn techniquesuchasgather/scattefor input/output,code
downloadingfor systemextensionmessag®atchingmobileagentsanddeferred
calls for disconnecteaperationhave in common?Despitebeingratherdifferent
techniquesall of themsharea commonpieceof design(and,possibly implemen-
tation) astheir cornerstonethe BATCHING designpattern.

All techniquesnentionedabore aredesignedor applicationsrunningacross
multipledomainge.g.,multiple processesr multiple nodesn anetwork). In these
techniquesmultiple operationsare bundledtogetherandthen sentto a different
domain,wherethey are executed. In somecasesthe objective is to reducethe
numberof domain-crossings.In other casesi,it is to allow for dynamicsener
extension.

In this paper we presenthe BATCHING pattern,discussthe circumstance
which the patternshould and should not be used, and identify eight classesof
existing techniqueshatinstantiatet.

1 Intr oduction

Applicationssuchas codedownloading,messagéatching,gather/scatteand mobile
agentsfollow the client-sener model of interaction. A closerlook revealsthat all
of themgroup a setof operations,and submitthemto a sener for execution. The
submissiorof operationss aimedat reducingdomain-crossingand/orallow dynamic
sener extension. For instance,code downloadinginto operatingsystemkernelsis
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intendedto save domain-crossingsind at the sametime to allow systemextension.
Messagédratchingandmobile agentsareintendedto save domain-crossings.

Considera programusingafile senerlike thatof figure 1. Ontypical client-sener
interactiontheclientsendsacommandy ead, w i t e) to thesener, waitsfor thereply,
andthencontinues.

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

}

Figurel: CatCode

Supposehatr ead andwr i t e arehandledby thesamesenerandthatcross-domain
calls(i.e. callsfrom clientto sener)aremuchheaier thancallsmadewithin thesener.
Thenit would be muchmoreefficient to sendthe wholewhi | e loop to thefile sener
for 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
corvenientto extendthe file sener to allow the executionof programssubmittedby
differentclients.

ack(buf)

write(f2,buf) execute(cat(f1,f2))

ack()

ack()
write(f2,buf)
ack()
(a) (b)

Figure2: Interactionscorrespondingo read/writeservicesanda catservice

2 The problem

Both cross-domaimlatatraffic andcross-domairall lateng have a significantimpact
on the efficiency of multi-domainapplications.Cross-domairtalls andcross-domain
datatransfersalso happenon centralizedervironments. For instance,almostevery
operatingsystemhasa domainboundarybetweenuserspaceandkernelspace(both
enteringand leaving the kernel requiresa domaincrossing). An applicationusing



multiple processebasadomainboundaretweereverytwo of its processesBesides,
in adistributedsystemthe network beharesasa domainboundary

Undermary circumstancesjnnecessargatatransfersoccurjust becausehe ob-
jectcontrollingtheoperatiorresidedarfrom thedatasourceand/orthedatasink. That
is preciselywhat happensn thefile copy examplein the previous section:the client
objectperformingthecopy andthefile senerobjectswereplacedat differentdomains.
Thus,datacameto theclientjustto go backto thesener.

3 The solution

By batchingseparatenethodcalls, i.e. transformingtheminto a single cross-domain
call, onecanavoid unnecessargatacopying andreducethe numberof cross-domain
calls.

Clientscanbuild a program(a “batch call”) andtransferit to the sener at once.
Theprogramperformsmultiple operationson thatsener eventhoughtheclienthadto
sendit only once.

In our example(seefigure 2, theinteractiondor cat),if BATCHING is notusedthe
file contenthasto travel twice acrosghe network. Whenacat programis submitted
to the sener, however, thefile doesnotleave thesener, it is copiedlocally.

4 Pattern structure

BATCHING, alsoknown asCoMPOSITECALL.

4.1 Participants

The classhierarchycorrespondingo the BATCHING patternis shawvn in figure 3. It
followsthe OMT notation[13] variantusedin [5].

Bat chSer ver behaesasafagade[5] to servicegrovidedby the sener. An object
of this classis locatedon the sener side. It suppliesinterpretationfacilities to
servicecallers,so that clients cansenda programto the sener side insteadof
makingdirectcallsto the sener. Theexecut e methodis an entry point to the
interpretef5], whichinterpretsthe“batch” programandreturnsits resultsto the
client.

Concr et eSer ver This classis only presenion the sener side. It providesthe set
of entry pointsthatcanbecalledby theclient.

Note thatthe Concr et eSer ver is actuallythe class(or the setof classespne
hasin the sener side beforeinstantiatingthe pattern. It is mentionedherefor
completeness.

Pr ogr am is an abstractclassthat representshe programto be interpreted. Clients
build Pr ogr aminstancesand sendthemto the Bat chSer ver for execution. It
is also responsiblefor maintainingan associatedable of variables. Therun



BatchServer

execute(vars,aProgram)

l

e

ConcreteServer Program VarTable
servicel(parms) run(vars)
service2(parms) terminate()
q VarTable vars;
ControlStructure Command
run(vars) run(vars) G———
terminate() terminate()

ConcreteControlStructure

terminate()

ConcreteControlStructure(somePrograms)
run(vars) O——

/I Assuming Concretelnstruction

Il'is a Sequencelnstruction...
hile('terminated())
calls[program_counter].run(vars)

/I Assuming Command

— |/lis a CallServicelCommand...

args = build_args_from_vars(vars)
ConcreteServer::servicel(args)

Figure3: BATCHING

Var
set(bytes)
get(bytes)
Mode mode

ConcreteVar

set(bytes) O
get(bytes)

/I Assuming
/l'it's an IntVar

memcpy(bytes,
_the_int,sizeof(int))

methodof a Pr ogr am classimplementsthe interpretereededo run it on the

sener.

ThePr ogr amis alsoresponsibldor performinganorderly programtermination
whenanerroroccurs. Thet er mi nat e methodis provided asan abstractnter
facefor programtermination.

Thealternatenamefor BATCHING, namely COMPOSITECALL, comesfrom the
factthatPr ogr am togethemith the next coupleof classesis aninstanceof the
COMPOSITE pattern[5].

Control Structure is aconstructmadeof Prograns. Its purposeis to bundle

several Pr ogr ans togetheraccordingto somecontrol structure(e.g. sequence,

iteration,etc.).

Concr et eCont r ol St ruct ur es representoncretecontrol structuredik e condi-
tionals, whi | e constructssequences, etc. At the sener side, this classis re-
sponsiblefor executingthe concretecontrol structurerepresentedby the class.




Concr et eControl Struct ure constructorganbeusedattheclientsideto build
comple Progr ans.

Conmand is a Pr ogr amwhich represents singleoperation.(It resembleshe Com-
MAND patternshawvn in [5], hencethe name). Examplesof concreteCommands
canbearithmeticoperationslogic operationsor callsto Concr et eSer ver entry
points. The only purposeof BATCHING is to bundleseveral concreteConmands
togethermsingConcr et eCont r ol Struct ures.

Var Tabl e keepsthe variablesof the Program It provideslocal storageand also
holds ary input parameteffor the program. Output valuesfrom the program
arealsokeptwithin the Var Tabl e. Thetableis built at the client usingthe set
of input parametergor the Program Then,it is usedwithin the sener, while
the Progr amis interpreted. The tableis finally returnedbackto the userafter
completionof thePr ogr am

Thereis avariabletableperPr ogr am(pairsof Var Tabl e andPr ogr amaresent
togetherto the Bat chServer). Thus, all componentsf a concretePr ogram
shareasinglevariabletablesothatthey cansharevariables.

Var is anabstractclassrepresenting variableof the programsentto the sener. It
hassomeassociatedtoraggbytes,in thefigure). Var instancesarekeptwithin
a Var Tabl e. Variableshave a mode which canbe eitheri n (parametegiven
to the Progranj, out (resultto be givento the user),i nout (both), or | ocal
(localvariable).By includingthenode qualifier, this classcanbe usedfor local
variablesaswell asfor input/outputparameters.

Concr et eVar is a variableof a concretetype (integer, characteretc.). Its con-
structoris usedat the client to declarevariablesor parameterso be usedby the
Program At thesener side,instance®f this classareresponsibldor handling
single,concretepiecesof datausedby the program.

4.2 The pattern appliedto afile server

The concretestructureof classedor our file sener exampleis showvn in figure 4. In-
tuitively, this BATCHING instancesimply addsan interpreter(seethe INTERPRETER
patternin [5]) to the file sener. Thatinterpretercan executeprogramsthat (1) call
read andwr i t e and(2) canusewhi | e asa controlstructure.

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

We simplified the typical interfaceprovided by afile sener. A typical file sener
would containseveral Fi | e objectsthatwould supplyread andwr i t e methods.To
illustratethe patternin a simpleway, we omittedthefile beingused.

TheBat chFi | eSer ver isco-locatedvith theFi | eSer ver, providinganew execut e
servicethatsuppliesaninterpretedrersionof Fi | eSer ver servicesTheBat chFi | eSer ver
correspondso theBat chSer ver in the pattern(seethe patterndiagramin figure 3).

10Obtaininga completémplementatioris a matterof addingaFi | e classandaddingf i | e parameterso
ther ead andwr i t e methods.



BatchFileServer

execute(vars,aProgram)

l

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

/K get(bytes)
Mode mode

ControlStructure %l
run(vars)
terminate() BufferVar
get(bytes)
/k set(bytes)
SeqCitrlStruct WhileCtrlStruct Read Write
SeqCitrlStruct( \WhileCtrlStruct(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
calls[current].run(vars)

Figure4: File sener BATCHING

TheBat chFi | eSer ver acceptaPr ogr am whichis built in termsof Cont r ol Struct ur es
andRead andW i t e commands.
To execute

while (read(buf))
wite(wite(buf));

the Progr am sentto the Bat chFi | eSer ver mustbe madeof a Wi leCirl Struct,
usingaRead asthecondition. Thebodyfor theWi | eCt r| St ruct mustbeasequence
madeof asingleW i t e command.

Here, Wil eCtrl Struct andSeqCtrl Struct correspondo Concr et eControl -
St ruct ur esin thepattern.Read andW i t e matchCommands in the pattern.Thebuffer
usedin thereadandwrite operationss handledby aBuf f er Var classinstancewhich
correspondso aConcr et eVar in the pattern.

A clientcanbuild a program(accessinghefile sener) by usingconstructorspro-
videdby Wi | eCtrl Struct, SeqCtrl Struct, Read, andWi t e. Thisbatchectall can



be submittedater, by theclient, to theexecut e methodof theBat chFi | eSer ver.

5 Dynamics

Whena programis receved at the sener side, it is deserialized.The interactionthat
followsis asshavnin figure5.

BatchFiIeierver ProIam WhileCtrIStruct ~ SeqCtrlStruct Read Write  FileServer

execute(vars,program
bbb Wbkl et
run(vars) run(vars)

run(vars)

run(vars)

Jlmd(buffer)
1

1 write(

run(vars
J buffer)

run(vars) run(vars)

ead(buffer)

1 write(

run(vars) |
J buffer)

| =

T T T |

Figure5: Interactiondiagramfor acat program.

6 Implementation issues

We now discusgwo importantaspect®f usingBATCHING: how to build programdor
BATCHING andwhatto doif they fail.

6.1 Composingprograms

Programsare madeout of statementsandvariables.In a BATCHING Program each
statementorrespond$o a Concr et eCont r ol St ruct ur e or concreteCommand. Vari-
ablesareinstancesof a Concr et eVar class. To build a program,clientsdeclarean
objectof the Pr ogr amclassandinvoke its constructomethod.

Ideally, theclientsidefor aninstanceof BATCHING would beexactly like the code
of a client makingdirectcallsto the sener; i.e. like a client not using BATCHING at
all. In practice,Concr et eControl Struct ure constructor§which arefunctions)are
used. Thus, codein the client for a Pr ogr amlooks like the codethat the userwould
write without usingthe pattern.Conmand objectsarenot declaredthey arebuilt with
functionalconstructors.

Revisiting our example,the codefor the cat programis shavn in figure 6. In
the figure, constructorsare functionsthat build objectswithin the program. In this
example,SeqCt rl Struct andWhil eCtrl Struct areConcreteControl Structures
of thelanguageOpen, d ose, Read, andW i t e areclasseslerivedfrom Pr ogr amand



Var Tabl e vars;

Program progr am

IntVar f1(vars, local), f2(vars, local);
Char Var car(vars, local);

Prograne SeqCtrl Struct ((
pen(f1, StringLit("namel"))
pen(f2, StringlLit("name2"))
WhileCtrl Struct (Read(f1, car
Wite(f2, car)),
O ose(fl),
O ose(f2)
));

execut e(program vars);

)

Figure6: Programfor Cat

clientsinvoke their constructorgo let the Pr ogr amissuecallsinto the sener. Program
variablesare storedin thevar s variabletable. In thiscasef 1, f 2 andcar arelocal
variablessotheirmodeis | ocal .

One of the problemsof submittingthe client codeto the sener is what happens
whena call fails. The sener programmeknows whenasener call hasfailed,soheor
shecandecideto terminatethe program,in thatcase.This canbe doneby calling the
t er m nat e methodof thePr ogr amclassfrom ar un method.However, theclientcould
wish to continuethe programdespiteary failures. To supportthis, we have included
two commandsn our patterninstances:Abort OnError and DoNot Abort OnError.
They allow the userto switch betweerthetwo modes.WhenAbor t OnEr r or hasbeen
called,acalltot er m nat e causeprogramtermination;otherwiseit hasno effect. In
thisway, theclient cancontrolthe effectsof a failedcall.

Theimplementatiorof t er m nat e depend®n boththekind of instructionsetbe-
ing implementedand on the implementationanguage. A byte-codebasedprogram
canbe stoppedvery easilyasthereis a main controlloop (in ther un method),just by
settingat er m nat ed flagto true. Stoppinganstructurecprogram(e.g.theoneusedin
our file sener example)is a little morecomplicated.Thisis dueto recursve interpre-
tation: callsto r un in Pr ogr ans propagatecallsto ther un methodof its components.
To stopthat programiit is necessaryo finish all the nested un calls. Dependingon
theimplementatiorlanguaget canbe donein a way or another In a languagewith
exceptions)ike C++ or Ada, it sufficesto raiseandpropagatenexceptionin thecode
of Ter mi nat e, catchingit in ther un codeof Program In languagesike C, setjmp
canbeusedin thetop-levelr un methodbeforecalling any otherr un, andl ongj nmp can
beused,for thesamepurposejn thebodyof t er ni nat e.



7 Consequences

The patternhasthefollowing benefits:

1.

It providesan Abstract madine view of the server When using BATCHING,
clientsno longerperceve senersasa separatesetof entry points. Senersare
now percevedasabstract madines Their instructionsetis madeof the setof
sener entry points,togethemwith somegeneral-purposeontrollanguage.

Thereforeijt is feasiblefor usergso reusgprogramdor differentBATCHING calls.
Programshatinteractwith the sener canbe built, andreusedater.

. It reducesprotection-domaircrossings asthe cat programdid above. If this

is the main motivation to usethe pattern,domaincrossing(client/sener invo-
cation)time mustbe carefully measuredWheneer complex control structures
aremixedwith callsto the sener, or whenclient computationsieedto be done
betweersuccessie calls,the patternmight not pay.

In ary case,the time usedto build the programmustbe lower than the time
savedin domaincrossing.Thelatteris approximatedy the differencebetween
thetime to performa cross-domairtall andthetime to interpretanddispatcha
senercall.

. It reduceghenumberof messgesbhetweerclientsandseners;providedthatthe

Progr amissuesrepeatedtalls to the sener andthe control structureis simple
enough.

Again, the improvementdue to the reducednumberof messagesanbe lower
thanthe overheaddue to programconstructionand interpretation. Therefore,
carefulmeasuremermnhustbe doneprior to patternadoption.

. It decoupleglient/serverinteractionfromthe call medanism.BATCHING pro-

vides a level of indirection betweenthe client andthe sener. The client can
performa call by addingcommandgo a Pr ogr am while the Progr amcanbe
transmittedo the sener by ameanaunknavn to theclient.

. It decoupleglient calls fromservermethodnvocations.As saidbefore,aclient

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.

The patternhasthefollowing drawvbacks:

1. Clientrequestsnighttake arbitrary timeto complete A batchedprogrammight

lead to a nonterminatingprogram. If sener correctnesslependson bounded
client requestsit mayfail. As anexample,a sener canusea singlethreadof

controlto serviceall clientrequestsShouldaPr ogr amnotterminate thewhole
senerwould be effectively switchedoff by a singleclient.



In suchcase eitheravoid using BATCHING, or handlemultithreadingissuesas
aside-efect (i.e., arrangefor eachPr ogr amto useits own thread,usinga giant
lock? to protectnonMT-safeseners’.)

2. Securitycan be compomised. The more complex the commandset, the more
likely the sener integrity can be compromiseddue to bugsin the command
interpreter If high securityis anissue,eitheravoid BATCHING or reducethe
compleity of the commandsetto the bareminimum.

3. It might slow downthe application. Whencheapdomaincrossingis available
and efficiency is the primary objective, using BATCHING might slowdown the
applicationif the time savzed on domaincrossingss not enoughto compensate
theoverheadntroducedoy BATCHING.

8 Relatedpatterns

Both ProgramandCont r ol Struct ur e rely oninstance®f the INTERPRETER pattern
[5]. Indeedtheinterpreterof a Pr ogr amis behindits r un method.

Program Control Structure, andCommands make up aninstanceof the Com-
POSITE pattern[5]. CompositeprogramssuchasSequence andCondi tional, are
aggreyatesof Assi gnnment s, Ser ver Cal | s, andotherprimitive commands.

If aninstructionsetfor a BATCHING languagss to be compiled,Pr ogr ammight
includeamethodto compileitself into alow-levelinstructionset. Moreover, Pr ogr ans
shouldbe (de)serializedvhentransmittedto the sener. Oncein the sener, they can
beverifiedfor correctnessAll thesetaskscanbeimplementedollowing theVisITOR
pattern[5].

A sener call issuedwithin a Progr ammight fail or trigger an exception. If that
is the case,the whole Pr ogr am can be abortedand programstatetransmittedback
to the client—sothatthe client could fix the causeof the error andresumePr ogr am
execution. The MEMENTO pattern[5] canencapsulatéhe programstatewhile in an
“aborted”state.As saidbefore,suchprogramstatecanbeusedto resumeheexecution
of afailedprogram(e.g. afterhandlinganexception.)

MEMENTOS canalsobehelpfulfor (de)serializingheprogramduringtransmission
to thesener.

As a programcanleadto an endlesslient requestsingle threadedor a-request-
at-a-timeseners can getinto trouble. To accommodatehis kind of sener so that
BATCHING couldbeused the AcTIVEOBJECT [8] andtheRENDEZVOUS [7] patterns
canbeused.

CoMPOSITEMESSAGES canbe usedto transferthe Pr ogr amfrom the clientto the
sener. The COMPOSITEMESSAGES pattern[14] applieswhendifferentcomponents
mustexchangemessageto performa giventask. It allows groupingseveralmessages
togetherin an structuredfashion(it doeswith messagesvhat BATCHING doeswith
senerentry-points).In thatway, extralateng dueto messageelivery canbe avoided,

2A singlelock protectingthe entiresener. It mustbe gainedprior to ary sener call andreleasedight
afterevery sener call. Pr ogr aminstructionsnot calling the sener canexecutewithout locking the sener.
3Senersnot preparedo handleconcurrentequests.
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andcomponentsiecoupledrom thetransmissioimedium. Themaindifferences that
BATCHING is targetedat the invocationof concretesener-provided services,not at
packagingdatastructurego beexchanged.

Last but not least, COMPOSEDCOMMAND [16] is similar to BATCHING in thatit
bundlesseveral operationdgnto 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 abstracthe
coreof thosesystemsgxtractingthe pattern.Oncewe identifiedthe pattern,we tried
to find somenew systemswhereit could be appliedto obtainsomebenefit.We did so
[1] andobtainedsubstantiaperformancemprovements.

For us, this patternhasbeena processvherewe first learnedsome“theory” from
existing systemsand then appliedwhat we had learnedbackto “practice’ In this
sectionwe shav how existing systemsmatchthe patterndescribedin the previous
sections—hopefullythis will allow a betterunderstandingf the pattern,ashappened
in our case We alsoincludea brief overview of thetwo systemswvherewe appliedthe
patternourseheswith a priori knowledgeof the pattern.

Note thatthe BATCHING designallows a single implementatiorof the patternto
handlesomeof the variousapplicationsdescribedbelon. As the sener is specified
every time a Pr ogr am runs, the samepiece of codecould perfectly handlemost of
the applicationsshovn belon. Neverthelessgexisting systems puilt without a priori
knowledgeof the patternhardly sharethe commoncodeneededo implementappli-
cationsdescribedbelov (e.g. gather/scatters always implementedseparatelyfrom
messag®atchingfacilities,whenbothareprovided.)

Operating Systemextensions by codedownloadinginto thekernel(like in SPIN[4]
and pChoices[9]) canbe consideredo be an instanceof this pattern. These
systemsisecodedownloadingasthe meango extendsystemfunctionality. The
mechanismemployed is basedon definingnew programswhich are expressed
in termsof existing services.

In this casethe Program is the extensionperformed;the set of Concr et e-
Control Struct ures dependon the extensionlanguage;andther un method
is implementeceitherby delggationto the extensioninterpreteror by the native
processofwhenbinary codecanbe downloadednto the system.)

Agents. An agentis a programsentto a differentdomain,which usuallymovesfrom
one domainto another[12]. The aim is to avoid multiple domaincrossings
(or network messagesand alsoto allow disconnectiorfrom the agenthome
ervironment.

Programsuilt usingBATCHING aremeantto stayattheseneruntil termination,
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andthey possessio go* statementHowever, BATCHING alreadyincludesmost
of the machineryneededo implementan agentsystem.A go statementould
be providedby thecommandanguagétself.

Gather/Scatter1/0. Gather/Scattemput/outputis yet anotherexample where this
patternappearsin gather/scattelfO alist of input or outputdescriptords sent
to anl/O device in a singleoperation.Eachdescriptorspecifiesa pieceof data
going to (or coming from) the device. Datawritten is gatheredrom separate
outputbuffers. Datareadis scatteredo separaténput buffers. Its majorgoalis
to save datacopies.

In this case the programis justthe descriptoiist, whereeachdescriptorcanbe
supportedy a Conmand. The programr un methoditerateshroughthe descrip-
tor (i.e.,command)ist andperformstherequested/O operationsTheservices
(i.e.,commandsparesimply Read andW i t e.

Note how by consideringhis pattern,gather/scattefO couldbegeneralizedo
thatthe l/O deviceinvolveddoesnot needto bethe samefor all descriptorsent
by theuser Moreover, separat&ead andW i t e operationsould be bundledin

asingleone.

Impr oving latencyin Operating Systems. Many userprogramsapperto exhibit very
simplesystemcall patterns.Thatis anopportunityfor usingBATCHING to sase
domaincrossingsand,therefore executiontime.

As amatterof fact,we have donesoby instantiatingBATCHING for two systems,
Linux andOff ++ [2]. In both systemswe obtainedaround25% speedup$or a
cat programwrittenwith BATCHING [1].

We implementedwo new domain-specifitanguagesi.e.,Cont rol St ruct ures
andCommand sets)that allowed usersto bundleseparatecallsinto a singleone,
likein thecat exampleof sectionl.

Thefirst languageve implementedvasbasedon byte-codes We includedjust
thosecommandseededo codeloops, conditionalbranchesandsimplearith-
metic. This languagevasusedbothon Linux andOff ++.

The secondanguageve implementedvasa high-level one,designedpecifical-
ly for Off ++. It includesjustthe commandsieededo Repeat agivenoperation
n timesandto performa Sequence of operations.

10 Acknowledgments

We aressincerelygratefulto our shepherdfFrank Buschmannandto JohnVlissides
whosehelpwasinvaluable;this paperowesmuchto them. We arealsogratefulto the
memberof the“Allerton PatternsProject”groupof PLoP’99for their feedbackon the
pattern.

4The go instructionis typical on Agent systemsandis meantto trigger the migrationof an agentto a
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