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Abstract. Work�ows are considered to be oneof the mostrelevant programmingmodelsfor the
Grid. In thepastmanywork�ow languageshavebeendeveloped.However, mostof themare textual-
oriented,arebasedona self-de�nednotation,or lack anadequatetool-support.Therefore, there is a
needfor streamliningthetaskof Grid worklowspeci�cation. In this paperwepresentour graphical
editor Teuta,which wehavetailoredfor thespeci�cationof scienti�c Grid work�ows. Moreover, we
haveintegratedTeutawith the AskalonGrid Environment(AGE). Teutaservesfor AGE as a user
interfacefor work�ow composition,submission,controlling andmonitoring. In addition,wepresent
our DomainSpeci�c Language (DSL) for Grid work�ows that is basedon the lateststandard of the
Uni�ed ModelingLanguage (UML). In Teuta,the work�ow is composedgraphically by combining
prede�nedelementsof our DSL in a hierarchical fashion. We haveevaluatedour approach for a
real-world material scienceprogram package. We showthat thanksto the hierarchical work�ow
compositiona simpleview of thework�ow is maintainedat each levelof abstraction.

1. Intr oduction

In the recentyearswork�o ws have establishedthemselfasoneof the most relevant programming
modelsfor theGrid. A signi�cant researcheffort hasbeeninvolvedin thedevelopmentof work�o w
languagesfor theGrid. However, thereis a lack of a standardsetof abstractionsfor Grid work�o w
speci�cation,andvirtually everyresearchprojectis de�ning andusingadifferentwork�o w language.
Mostof theexistingwork�o w languagesaretextual-oriented,arebasedonaself-de�nednotation,or
lack an adequatetool-support. Much remainsto be doneto streamlinethe taskof Grid work�o w
speci�cation. This is of paramountimportancefor a typical Grid user, who is primarily interested
on solving the problemsin his domainof interest(for instancephysics),and is lessinterestedfor
spendinghis timeby dealingwith intricaciesof theGrid environment.

In this paperwe presentour graphicaleditorTeuta,which we have customizedfor thespeci�cation
of scienti�c Grid work�o ws andintegratedwith theAskalonGrid Environment(AGE) [7]. Within
thecontext of AGE,Teutais usedfor work�o w composition,submission,controllingandmonitoring.
In addition,we presentour DomainSpeci�c Language(DSL) for Grid work�o ws that is basedon
UML 2.0 [13]. The bene�ts of de�nition of a DSL for the domainof Grid work�o ws include: (1)
the user is exposedto only domain-relevant UML modelingelements,(2) the languageconcepts
have domain-speci�cinterpretation,and(3) modelsmay be enrichedwith informationthat is used
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by tools for automaticmodel transformation. In Teuta,the work�o w is composedgraphicallyby
combiningprede�nedelementsof our DSL in a hierarchicalmanner. Thanksto the hierarchical
work�o w compositiona simpleview of thework�o w is maintainedateachlevel of abstraction.This
is demonstratedfor a real-world materialscienceprogrampackagein Section5.

Themaincontributionsof this paperinclude: (1) de�nition of a UML basedDSL for scienti�c Grid
work�o ws;(2)extensionof Teutafor thespeci�cationof scienti�c Gridwork�o ws;and(3) integration
of Teutawith AGE.

The restof this paper�rst discussesrelatedwork in Section2., and thenSection3. describesour
approachto UML basedspeci�cationof Grid work�o ws. Section4. describesour implementation.
Section5. describeshow we evaluatedour approach.Section6. presentsour conclusionsandde-
scribesthefuturework.

2. RelatedWork

Most of the existing relatedwork include work�o w languagesthat are basedon XML, such as
AGWL [6], Grid Work�o w [2], GridAnt [12], GSFL [11], andQoWL [3]. However, typing XML
codein orderto specifythewok�o w hasbeenprovedasanerror-proneandtime-consumingtask.

Insteadof usinga standardvisual modelinglanguagesuchasUML [13], many work�o w speci�-
cation tools introducetheir own graphicalnotation. A major drawback of this approachis that a
work�o w speci�cationtool that is basedon a self-de�nednotationenforcestheuserto learna new
languageprior to the useof tool. For instance,Triana [4] supportsthe graphicalrepresentationof
work�o ws basedon a self-de�ned notation. Furthermore,the graphicalnotationof Triana is not
capableof expressingseveralrelevantwork�o w patterns(suchasParallelForEach). For instance,ad-
vancedconcurrency cannotbeexplicitly expressedbecauseof thelackof supportfor synchronization
conditions.

In contrastto themostof existingwork [15], Teutasupportsgraphicalwork�o w compositionbasedon
thelateststandardUML 2.0[13]. Furthermore,it providesasetof prede�nedabstractionsspeci�cally
tailoredfor Grid work�o w speci�cation(seeFigure5 in Section3.2.). Teutacanmodelgraphically
any Grid work�o w applicationthat canbe expressedtextually usingAGWL [6]. Moreover, Teuta
hasbeenintegratedwith AskalonGrid environment[5], andservesasa userinterfacefor work�o w
composition,submission,controllingandmonitoring.Theadvantageof thisapproachis thattheuser
dealswith a singleinterfaceduringthewholework�o w life-cycle. Therefore,theuserdoesnot have
to usemultiple tools,eachwith adifferentkind of interface,for usingtheGrid.

3. UML BasedSpeci�cation of Grid Work�o ws

In this section,�rst, we describethe UML activity diagrams. Thereafter, basedon UML activity
diagramswede�ne aDomainSpeci�c Language(DSL) for Grid work�o ws,by usingUML extension
mechanisms[13].

3.1. UML Activity Diagrams

In this sectionwe brie�y describea subsetof elementsof UML 2.0 activity diagrams[13], that is
relevant for understandingthework presentedin this paper. UML 2.0 activity diagramsaresuitable
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for �ow modelingof varioustypesof softwareor hardwaresystems.Hierarchicalcapabilitiesof the
UML activity diagramsupportmodelingof systemsat arbitrarylevelsof detailandcomplexity. For
instance,it is possibleto group a set of activities with the corresponding�o w into a higher-level
activity with awell de�ned inputandoutput(seeFigure1).

An activity is a �o w graph,which consistsof a setof nodesinterconnectedby directededges(see
Figure1). Thereare threetypesof nodes:actionnodes,control nodes,andobjectnodes. Action
nodesarebasicunitsof thebehavior speci�cation. Actionsmaycontainpins, which representinput
andoutput(seeFigure1(a)).Actionsprocessinputedcontrolanddatavalues,andoutputcontroland
datato otheractionnodes.A CallAction may invoke anotheractivity. A CallAction is graphically
representedasanactionwith aspeci�c symbolin thelower-right corner(seeFigure1(b)).

Figure1 shows aninstanceof hierarchicalmodelingby usingCallActions.Thebehavior of CallAc-
tion Activity1 in Figure1(b) is re�ned by activity Activity1 in Figure1(c). This processof behavior
re�nementmaybefurthercontinued;for instance,by re�ning thebehavior of CallActionActivity2in
Figure1(c). In thismanner, it is possibleto representamodelatanarbitrarylevel of detail.

ActionName

input
pin

output
pin

(a)Action

Activity1

input output

(b) CallAction

Action1 Activity2input data output

Activity1

input output

(c) Activity

Figure1. Hierar chical modeling with actionsand activities.

Control nodessteerthecontrolanddataalongthe�o w graph.Semanticsof InitialNode,DecisionN-
ode,MergeNode,ForkNode,andJoinNodeareintuitively clear(seeFigure2). Therefore,we only
clarify thedifferencebetweenFlowFinalandActivityFinal controlnodes.A FlowFinalnodeindicates
theendof a �o w, whereastheActivityFinal nodeterminatesthewholeactivity.

...

...

(a)
InitialNode

(b)
DecisionNode

(c)
MergeNode

(d)
ForkNode

(e)
JoinNode

(f)
FlowFinal

(g)
ActivityFinal

...
[C1] [Cn]

...

Figure2. Control nodes.

An edgeof activity diagramindicateseithercontrol �o w or object �o w (seeFigure3). A control
�ow edgespeci�estheprecedencerelationshipbetweentwo interconnectednodes(seeFigure3(a)).
Objectnodescontainthe datathat �o ws throughthe graph(seeFigure3(a)). An object �ow edge
speci�esthe�o w of objectsalonginterconnectedactionnodes(seeFigure3(c)).

Theinterestedreadermay�nd thecompletedescriptionfor all UML modelingelementsin theUML
speci�cation[13].
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Action1 Action2

(a)

name

(b)

Action1 Action2data

(c)

Figure3. Control and data �o w. (a) Speci�cation of the action executionprecedence.(b) Object nodenotation. (c)
The useof an object nodefor data �o w representation.

3.2. De�nition of a Domain Speci�c Language(DSL) for Grid Work�o ws

WhileUML speci�cation[13] providesalargesetof modelingelementsfor modelingof varioustypes
of softwareandhardwaresystems,only a relatively smallsubsetof modelingelementsis requiredfor
modelingGrid work�o ws. Wehave identi�ed asubsetof UML modelingelementsthatis relevantfor
modelingGrid work�o ws,andbrie�y presentedit in Section3.1.

In orderto make possiblethe modelingof differenttypesof systems,UML modelingelementsare
de�ned in UML speci�cationin anabstractmannerwithout conceptualconnectionwith a particular
domain. For this reason,UML speci�cation de�nes the mechanismsfor specializingsemanticsof
modelingelementsfor a particulardomain.We have de�ned a DomainSpeci�cLanguage (DSL)for
Grid work�o ws by usingtheUML extensionmechanisms.TheUML maybeextendedby de�ning
new modelingelements,stereotypes, basedon existing elements,baseclasses(i.e. metaclasses).A
stereotypeis de�ned asa subclassof anexisting UML metaclass,with theassociatedtaggedvalues
(i.e. metaattributes)and constraints. Stereotypesare notatedby the stereotypenameenclosedin
guillemets«StereotypeName»,or by a graphicicon. Taggedvaluesarename-valuepairs,suchas
type= FFT (seeFigure4(b)).

Thebene�tsof de�nition of aDSL for thedomainof Grid work�o ws include:(i) theuseris exposed
to only domain-relevant UML modelingelements,(ii) the languageconceptshave domain-speci�c
interpretation,and(iii) modelsmaybeenrichedwith informationthat is usedby tools for automatic
model transformation(for instanceto XML) or modelprocessing(for instancefor the purposeof
performanceprediction).

Action
«metaclass»

GridAction
«stereotype»

type:String
qos:String

(a)De�nition

SampleAction
«GridAction»

{type = FFT,
qos = ExecTime &lt; 100}

(b) Usage

Figure4. The de�nition and the usageof stereotypeGridAction.

Figure4 depictsaninstanceof theprocedurefor de�ning elementsof ourDSL for thedomainof Grid
work�o ws. TheDSL modelingelementGridAction is de�ned by stereotypingthebaseclassAction
(seeFigure4(a)).Thetaggedvaluetypespeci�esthekind of instancesof stereotypeGridAction (for
instanceFastFourierTransform(FFT)); the taggedvalueqosmaybeusedto specifytheQuality of
Service(for instanceexecutiontime shouldbe lessthan 100 time units). The graphicalnotationof
stereotypeGridAction is illustratedwith anexamplein Figure4(b). Elementsof our Grid work�o w
DSL arepresentedin Figure5.
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Stereotype Base Class Tags Constraints Description

GridAction

«Gr i dAct i on»

Action type:String

qos:String

N/A Indicates that the Action represents
a fundamental unit of Grid
workload.

GridSequence

«Gr i dSequence»

SequenceNode qos:String N/A Indicates that the SequenceNode
represents a series of Grid actions
that are executed sequentially.

IfThenElse

«I f ThenEl se»

ConditionalNode condition:Boolean

qos:String

N/A Indicates that the ConditionalNode
represents a conditional execution
of Grid actions in 'if-then-else'
fashion.

Switch

«Swi t ch»

ConditionalNode caseValue:Integer

qos:String

N/A Indicates that the ConditionalNode
represents a conditional execution
of Grid actions in 'switch' fashion.

While

«Whi l e»

LoopNode condition:Boolean

qos:String

N/A Indicates that the LoopNode
represents a 'while' loop. The loop
body is executed zero or more
times.

DoWhile

«DoWhi l e»

LoopNode condition:Boolean

qos:String

N/A Indicates that the LoopNode
represents a 'do-while' loop. The
loop body is executed one or more
times.

For

«For »

LoopNode from:Integer,
to:Integer,
stride:Integer,
qos:String

N/A Indicates that the LoopNode
represents a 'for' loop.

ForEach

«For Each»

ExpansionRegion qos:String N/A Indicates that the ExpansionRegion
represents a loop that iterates over
elements of a data collection in
sequential fashion.

Parallel

«Par al l el »

StructuredActivity
Node

qos:String N/A Indicates that the
StructuredActivityNode represents
a group of Grid actions that are
executed in parallel.

ParallelFor

«Par al l el For »

StructuredActivity
Node

from:Integer,
to:Integer,
stride:Integer,
qos:String

N/A Indicates that the ExpansionRegion
represents a 'for' loop whose
iterations are executed
simultaneously).

ParallelForEach

«Par al l el For Each»

ExpansionRegion qos:String N/A Indicates that the ExpansionRegion
represents a loop that iterates over
elements of a data collection in
parallel fashion (i.e. loop iterations
are executed simultaneously).

CallWorkflow

«Cal l Wor kf l ow»

CallAction qos:String N/A Indicates that the CallAction
represents invokation of the
specified workflow.

Figure5. Elementsof the Grid work�o w DSL. The �rst column showsthe elementname(for instanceGridAction)
and the correspondingnotation («GridAction») for newly de�ned elements. The namesof UML elementsthat
serveasbaseclassesfor customizationareshown in the secondcolumn. The third and the fourth column show tags
and constraints. The rightmost column providesdescriptionsfor DSL elements.

4. Teuta

In thissectionweoutlinethearchitectureof Teuta,andbrie�y describetheAskalonGrid Environment
(AGE) [5]. In addition,weintroducetheAbstractGrid Work�o w Language(AGWL) [6], thatis used
for thecommunicationbetweenTeutaandAGE.

Teutais a platformindependentUML editor. On theleft-handsideof Figure6 is depictedthearchi-
tectureof Teuta. Teutacomprisesthreemain components:GraphicalUserInterface(GUI), Model
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Teuta
(Askalon Grid Workflow Manager)

Menu

Drawing
Space

Toolbar

Model
Tree

Code
Editor

Element
Properties

Graphical User Interface

Workflow
Executor

Meta
Scheduler

Performance
Estimator

Performance
Analyser

Resource
Broker

Resource
Monitor

Information
Service

Job
Submission

File
Transfer

Discovery &
Monitoring

Security

AGWL
(XML)

Askalon Grid Environment
(AGE)

Web Services

Grid Infrastructure

Model
Traverser

Model
Checker

Figure 6. The architecture of Teuta and Askalon Grid Envir onment (AGE). Teuta and AGE communicate via
AGWL. Teutaactsasan Askalon Grid Work�o w Manager in conjuction with AGE.

Traverser, andModelChecker.

TeutaGUI includesthe following components:Menu, Toolbar, Drawing Space, Model Tree, Code
Editor, andElementProperties. WeillustratetheGUI of Teutawith examplesof real-world work�o ws
in Section5.

TheModelTraverserprovidesthepossibility to walk programaticallythroughthemodel,visit each
modelingelement,andaccessits properties(for instanceelementname).Figure7 shows theUML
communicationdiagramof themodeltraversingprocedure.Model traversinginvolvesthreeentities:
theTraverser, theNavigatorandtheContentHandler. During themodeltraversingprocedure,�rst,
theTraversersendsthenavigationcommandto theNavigator. Then,theTraverserobtainsthecurrent
elementfrom theNavigator. Finally, theTraverseraskstheContentHandlerto processtheelement.

Traverser Navigator

ContentHandler

1:navigation command()

2: element:= current element()

3: process element()

Figure7. The UML communicationdiagram of Teuta model traverser.

We usethe model traversingfor the generationof variousmodel representations;for instance,an
XML representationservesasinput for AskalonGrid Environment(seeFigure6). The Navigator,
the Traverser, and the ContentHandlerare independentof eachother in the sensethat they only
communicatevia well-de�ned interfaces(seeFigure7). Therefore,eachimplementationof oneof
thesecomponentscanbe combinedwith any implementationof the other two components.Teuta
provides the necessaryinterfacesand baseclassesand default implementationsof the Navigator,
Traverser andContentHandler. Commonly, the extensionof Teutafor the generationof a speci�c
modelrepresentationinvolvesonly aspeci�c implementationof theContentHandlerinterface.

TheModelChecker is responsiblefor thecorrectnessof themodel.Therulesfor modelcheckingare
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speci�ed by usingour XML basedModel CheckingLanguage(MCL). The modelchecker getsthe
modeldescriptionfrom anMCL �le. This MCL �le containsa list of availablediagrams,modeling
elementsandthesetof rulesthatde�neshow theelementsmaybeinterconnected.BasedontheUML
RuleSetthemodelchecker veri�es whetherthemodelconformsto theUML speci�cation.

4.1. Askalon Grid Envir onment (AGE)

AGE[5] is depictedon theright-handsideof Figure6. AGEcomprisesasetof suitablewebservices
for performanceorientedexecutionof scienti�c grid work�o ws. AGE servicesaredevelopedbased
on a Grid infrastructure, that is implementedby Globustoolkit [9]. Globustoolkit providessupport
for job submission, �le transfer, resourcediscoveryandmonitoring, andsecurity. In what follows,
AGE servicesarebrie�y described.

Work�ow Executorprovidessupportfor deployment,activation,andfault tolerantcompletionof ac-
tivities on remoteGrid sites.MetaSchedulermapswork�o w applicationsontoGrid resources.Per-
formanceEstimatorpredictsapproximatelythe executiontime of computationalactivities and the
datatransfertime. In addition, this serviceestimatesthe availability of Grid resourcesbasedon
historicaldata. PerformanceAnalyserprovidessupportfor automaticinstrumentation,performance
measurement,andbottelneckdetectionof Grid work�o ws. ResourceBroker negotiatesandreserves
requiredGrid resourcesfor the work�o w execution. Resource Monitor supportsthe monitoringof
Grid resources.InformationServiceprovidessupportfor discovery, organization,andmaintenance
of resourceandapplication-speci�cinformation.

4.2. Abstract Grid Work�o w Language(AGWL)

AGWL [6] is an XML-basedlanguagefor describingGrid work�o w applicationsat a high level of
abstraction.AGWL allows a programmerto de�ne a �o w of activities that refer to computational
tasksor userinteractions.Activities areconnectedby controlanddata�o w ports.A rich setof con-
structsis providedto simplify thespeci�cationof Grid work�o w applications(suchas<sequence>,
<if>, <switch>,<while>,<dowhile>,<for>, <forEach>,<dag>,<parallel>, <parallelFor> and<par-
allelForEach>). A detaileddescriptionof AGWL is out of the scopeof this paper, thereforethe
interestedreaderis referredto [6, 8] for moreinformation.

TeutaandAGE communicatevia AGWL (seeFigure6). Basedon the UML representationof the
work�o w that is speci�ed by theuser, TeutaautomaticallygeneratesthecorrespondingAGWL rep-
resentation.AGEtakesasinputAGWL representationof thework�o w.

5. CaseStudy: WIEN2K Grid Work�o w

Wien2K [14] – developedat the ViennaUniversityof Technology– is a programpackagefor per-
forming electronicstructurecalculationsof solidsusingthe densityfunctionaltheory. Wien2K has
beendeployedin AustrianGrid [1]. In thissection,wedescribetheworklow compositionof Wien2K
with Teuta,andpresentthe performanceresultsof Wien2K for variousproblemsizesandvarious
numberof AustrianGrid sites.

The programswhich composethe Wien2k packageareorganizedin a work�o w that is illustrated
in Figure8. The programsLAPW1 andLAPW2 canbe executedin parallelfashion.The last task
veri�es whethertheconvergencecriterion is ful�lled basedon the informationthat is storedduring
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theexecutionin severaloutput�les. Thenumberof iterationsfor theconvergenceloop is unknown
at compiletime. Thework�o w compositionwith Teutainvolvesthespeci�cationof thecontrol �o w
(seeFigure8) andthedata�o w (seeFigure9).

(a)Thewhile loopwhileConv (b) Propertiesof thewhile loopwhileConv

(c) Bodyof theWhile loopwhileConv (d) Bodyof theParallelFor looppforLAPW1

Figure8. Hierar chical compositionof Wien2K work�o w with Teuta.

Figure8(a)depictstheprocessof hierarchicalcompositionof Wien2Kwork�o w. At thehighestlevel
of thehierarchyis while loopwhileConv, thatcomprisestherestof work�o w activities. Propertiesof
thewhile loopwhileConv, suchasLoopCondition, aredepictedin Figure8(b).
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In orderto zoom-inin thebodyof thewhile loop whileConv, themenuitem Edit LoopBodyis used
(seeFigure8(a)). Thebodyof thewhile loop whileConv is shown in Figure8(c). Analogously, it is
possibleto zoom-inin thebodyof ParallelFor loop. Thebodyof theParallelFor looppforLAPW1is
shown in Figure8(d). Thismechanismmakespossiblethework�o w descriptionatdifferentlevelsof
abstraction.At eachabstractionlevel theuserhasasimpleview of thework�o w.

(a) Inputdata (b) Outputdata

Figure9. Speci�cation of the data input and output for activity �rst .

Data�o w speci�cationinvolvesthe associationof the correspondingdatainput andoutputportsto
eachactivity. An instanceof data�o w speci�cation is depictedin Figure9. The userspeci�esfor
eachdatainput(DataIn) port thecorrespondingName, TypeandSource(seeFigure9(a)).TheSource
of dataport speci�estheentity thatprovidesthedata. Analogously, theuserspeci�esfor eachdata
output(DataOut) port thecorrespondingNameandType(seeFigure9(b)).

(a)Begin

(b) End

Figure10. An excerpt of the AGWL representationof Wien2k work�o w. 157linesof XML-based AGWL codeare
generatedfor the correspondingeight UML activities.
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Teutageneratesautomaticallythe AGWL representationof Wien2k work�o w, basedon the corre-
spondingUML representation.The AGWL representationof Wien2k work�o w servesasinput for
AskalonGrid environment. Figure10 depictsan excerptof the AGWL representationof Wien2k
work�o w. 157linesof XML-basedAGWL codearegeneratedfor thecorrespondingeightUML ac-
tivities. We consider, thatfor ahumanis simplerto specifyandunderstandthecontrol�o w basedon
UML (seeFigure8) thanto typetheXML-basedAGWL code.

5.1. PerformanceAnalysisof Wien2k Grid Work�o w

Non-collinear
magnetic structure

in Fayalite (Fe2SiO4)

WIEN2K
Computational Quantum
Theory Group,TU Vienna

Vienna: Grid Sites
::  VCPC
::  HEPHY-VIENNA

Linz: Grid Sites
::  JKU-(ALTIX)
::  JKU

Salzburg: Grid Sites
::  SBG-(ALTIX)

Innsbruck: Grid Sites
::  HEPHY-UIBK
::  ALTIX-UIBK
::  HPC
::  ZIDGRID
::  ASTRO-BEOWULF

The core of Austrian Grid consists of six 'SGI Systems Altix 350' with total 96 'Intel Itanium 2' processors 1.4GHz / 4MB cache.
In addition, it includes several  Beowulf class cluster computers.

Figure 11. The usageof Austrian Grid for performing calculationsof magneticpropertiesof ferrimagnetic mate-
rials with Wien2K.

AskalonGrid Environment[5] is deployedontheAustrianGrid [1] infrastructurethatcomprisessev-
eralGrid sitesacrossthestateof Austria(seeFigure11). Weanalyzedtheperformanceof theWien2k
work�o w on 1, 2, 3, 4, 5, 6, 7 and8 Grid sites. A large problemcasewith threedifferentproblem
sizesdeterminedby thenumberof k-points(100,200and250)hasbeenselected[14]. Gescher[10], a
localclusterusedby theWien2kscientistsfor theirexperiments,is usedasthereferencemeasurement
for thesinglesiteexecution.

Figure12showstheperformanceresultswhichdemonstratethatby migratingfrom thelocalGescher
clusterto a distributedGrid environment,goodperformanceresultsareachieved. The speedupim-
proveswith largerproblemsizesindicatedby theparallelk-points(seeFigure12(a)). Theimprove-
mentcomesfrom theparallelexecutionof k-pointsonmultipleGrid sitesthatsigni�cantly decreases
thecomputationtime. Theparalleloverheaddecreasesby increasingthenumberof Grid siteswith
constantnumberof k-pointsbecausefewer tasksarescheduledto a singleGrid site. Thesequential
overheadremainsrelatively constant,but its ratio to the overall executiontime is smallerfor large
problemsizes.

Thecommunicationoverheadof this applicationis negligible sincewe schedulethetime consuming
tasks,suchasLAPW1 andLAPW2, to Grid siteswith a singleNFS�le system.Thecommunication
overheadbecomesmoresigni�cant with increasingnumberof Gridsiteshostingdifferent�le systems.
Typically for a scalabilitystudy, the work�o w performancedeterioratesbeyond a certainmachine
size(e.g.,6 for 100or 200k-points,and8 for 250k-points). This is dueto sitescontainingslower
processorsthat are part of the Grid infrastructure,which causesthe load imbalanceof work�o w
application.
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Figure12. Performanceanalyzesof Wien2k work�o w on Austrian Grid.

6. Conclusionsand Futur e Work

Thereis a needfor streamliningtheprocessof Grid work�o w speci�cation. We have addressedthis
issueby developinga domainspeci�c languagefor Grid work�o ws that is basedon widely adopted
standardUML2.0, andprovidedthecorrespondingtool-supportby customizingour graphicaleditor
Teuta. In Teuta,the work�o w is composedgraphicallyby combiningprede�nedelementsof our
languagein a hierarchicalfashion. We have demonstratedour approachfor a real-world material
scienceprogrampackage,andshowedthatthanksto thehierarchicalwork�o w compositiona simple
view of thework�o w is maintainedat eachlevel of abstraction.In futurewe plan to evaluateTeuta
for largeandcomplex Grid work�o w applications.
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