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AbstractAbstract

KK--Wf Grid objectives, requirementsWf Grid objectives, requirements
WorkflowsWorkflows
KnowledgeKnowledge

Grid Organizational MemoryGrid Organizational Memory
Knowledge Assimilation AgentKnowledge Assimilation Agent
User Assistant AgentUser Assistant Agent

FloodFlood--forecasting applicationforecasting application
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KK--Wf Grid ObjectivesWf Grid Objectives

Integrating services into coherent application Integrating services into coherent application 
scenariosscenarios
Enabling automatic construction and reuse of Enabling automatic construction and reuse of 
workflows with knowledge gathered during workflows with knowledge gathered during 
operationoperation
Involving monitoring and knowledge acquisition Involving monitoring and knowledge acquisition 
services in  order to provide added value for end services in  order to provide added value for end 
usersusers
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KnowledgeKnowledge--Workflow GridWorkflow Grid

Requirements:Requirements:
Composition based on highComposition based on high--level objectives (e.g. level objectives (e.g. 
flood forecasting for Bratislava tomorrow)flood forecasting for Bratislava tomorrow)
Automated discovery, composition and invocation of Automated discovery, composition and invocation of 
heterogeneous servicesheterogeneous services

Technology for merging heterogeneous metaTechnology for merging heterogeneous meta--data about data about 
services is neededservices is needed
Complex service descriptionsComplex service descriptions

Automated selection between different service Automated selection between different service 
providers of the same serviceproviders of the same service

Quality of service and service provider metaQuality of service and service provider meta--datadata

Support for endSupport for end--user interactions (manipulating user interactions (manipulating 
workflows, endworkflows, end--user input, visualization)user input, visualization)
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WorkflowsWorkflows

Workflow Workflow –– data and control flowdata and control flow
Representation:Representation:

ScriptScript--based workflows (based workflows (GridAntGridAnt, BPEL4WS,etc.), BPEL4WS,etc.)
GraphGraph--based (Symphony, based (Symphony, DAGmanDAGman, etc.) , etc.) 

Easier, more intuitiveEasier, more intuitive
Limited expressivenessLimited expressiveness

HighHigh--Level Petri Nets Level Petri Nets –– GWorkflowDLGWorkflowDL
Implicit parallelism, possibility to analyze workflowsImplicit parallelism, possibility to analyze workflows

Abstract/Concrete WorkflowAbstract/Concrete Workflow
Composition done by backwardComposition done by backward--chaining WS operationschaining WS operations
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Workflow (2)Workflow (2)

Web Service ClassesWeb Service Classes

Web Service OperationsWeb Service Operations

Abstract OperationAbstract Operation

Grid ResourcesGrid Resources

User RequestUser Request
““I want 
this data””
““There is 
my data!””
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KnowledgeKnowledge

Semantic Web technologySemantic Web technology
Ontologies (OWL)Ontologies (OWL)

Grid Resources (CIM)Grid Resources (CIM)
DataData
ApplicationsApplications

Coordinated Traffic ManagementCoordinated Traffic Management
FloodFlood--forecastingforecasting
Enterprise Resource ModelingEnterprise Resource Modeling

Services (OWLServices (OWL--S)S)
Semantic Web/Grid Service Semantic Web/Grid Service 
descriptions (OWLdescriptions (OWL--S)S)

Service
Profile

Atomic
Process

Service
Grounding

Service

presents

describedBy

supports

hasProcess

hasProfile

hasGrounding

Semantic description  of 
WSOperation 

StateName 

AnyService

CapitalCityPopulation
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Knowledge (2)Knowledge (2)

Knowledge Repository (Grid Organizational Knowledge Repository (Grid Organizational 
Memory)Memory)

Distributed knowledge repositoryDistributed knowledge repository
Service indexService index
RDQL, SPARQLRDQL, SPARQL
User Interface through ProtUser Interface through Protééggéé
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KAA KAA –– WS and Workflow AnalysisWS and Workflow Analysis::
AchievementsAchievements

Workflow Analysis and Workflow Analysis and 
RecommendationRecommendation

Workflow historyWorkflow history
Matching workflows for a Matching workflows for a 
given problemgiven problem
Workflow recommendationWorkflow recommendation

Translation of WSDL to Translation of WSDL to 
OWLOWL--S (wsrf2owlS (wsrf2owl--s tool)s tool)
Ontology alignment (Ontology alignment (OnTalOnTal))
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Knowledge (3)Knowledge (3)

Collaboration among UsersCollaboration among Users
Knowledge Sharing and RecommendationKnowledge Sharing and Recommendation
User Problem SpecificationUser Problem Specification

Representation of Experience or KnowledgeRepresentation of Experience or Knowledge
Text NotesText Notes

CurrentCurrent workwork::
Experience (Knowledge) ManagementExperience (Knowledge) Management
Knowledge, Semantic, OntologiesKnowledge, Semantic, Ontologies
Text Processing & Semantic AnnotationText Processing & Semantic Annotation
User InteractionUser Interaction
Knowledge Relevance, Problem DetectionKnowledge Relevance, Problem Detection

Proactive Knowledge Proactive Knowledge 
ProvisionProvision
Works with any Domain Works with any Domain 
OntologyOntology
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Monitoring and Analysis:Monitoring and Analysis:
Performance Analysis and Visualization Performance Analysis and Visualization  

Basic dependability analysisBasic dependability analysis
New performance visualization New performance visualization 
of workflowsof workflows
RuleRule--based performance analysis  based performance analysis  

Overhead classification Overhead classification 
Specification of performance problemsSpecification of performance problems
DeterminDetermininging the severity of performance metrics for workflow the severity of performance metrics for workflow 
activities during runtimeactivities during runtime
ApplyApplyinging rules to raise rules to raise anan alarm when condition performance alarm when condition performance 
problem problem conditionsconditions areare encounteredencountered..

Publications:
Peter Brunner, Hong-Linh Truong, Performance Monitoring and Visualization of Scientific Grid Workflows 
in ASKALON, April 2006. Submitted.
Francesco Nerieri, Radu Prodan, Thomas Fahringer: Kalipy: a tool for online analysis of Grid workflows 
through Event Correlation, May  2006. Submitted.
Francesco Nerieri, Radu Prodan, Hong-Linh Truong: Performance Analysis of Grid Workflow Applications, 
May 2006. Submitted.
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FloodFlood--forecasting Applicationforecasting Application

User Portal
Workflow
Service

Workflow Knowledge

Storage
Service

Meteorology
Service

Hydrology
Service

Hydraulics
Service

Meteorology
Visualization

Hydrology
Visualization

Hydraulics
Visualization
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FloodFlood--forecasting Applicationforecasting Application

MeteorologyMeteorology
MM5Preprocessor, MM5 MM5Preprocessor, MM5 
(simple, nested), (simple, nested), AladinAladin

Watershed integrationWatershed integration
MM5Integration, 81MM5Integration, 81--way way 
MM5, MM52NAM, MM52DSSMM5, MM52NAM, MM52DSS

HydrologyHydrology
HSPF, HSPFHSPF, HSPF--Complex, NLC, Complex, NLC, 
NAMNAM--MIKE, HECMIKE, HEC--HMSHMS

HydraulicsHydraulics
DaveFDaveF, MIKE 11 HD, MIKE 11 , MIKE 11 HD, MIKE 11 
Flood, HECFlood, HEC--RASRAS

VisualizationVisualization
MM5, MM5, DaveFDaveF 2D,  2D,  DaveFDaveF 3D, 3D, 
AladinAladin, HEC, HEC--GeoHMSGeoHMS, HEC, HEC--
GeoRASGeoRAS

Visualization

Hydraulics

Hydrology

Watershed
integration

Meteorology

SHMI

ALADIN boundary conditions

ALADIN

ALADIN 
watershed 
integration

ALADIN prediction

NLC

Watershed

ALADIN 
visualizationALADIN prediction

DaveF 
hydraulics

Hydrograph

DaveF DD 
visualization 

(VRML)
Water flow model

Water flow 
visualization

ALADIN 
visualization

Hydrograph visualization

User Proxy 
Service

Hydrograph 
user job 

packager

Water flow 3D 
visualization user 

job packager

MM5 
visualization user 

job packager
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BerlinBerlin

CracowCracow

InnsbruckInnsbruck

BratislavaBratislava

GenoaGenoa

AthensAthens

CTM applicationCTM application

ERP ApplicationERP Application

FFSC ApplicationFFSC Application

FFSC ApplicationFFSC Application

GWESGWES

WCTWCT
AABAAB

GOMGOM

SchedulerScheduler

UAAUAA
KAAKAA
PortalPortal
RLSRLS
MDSMDS
myProxymyProxy

FFSC ApplicationFFSC Application

Monitoring serviceMonitoring service

Monitoring serviceMonitoring service
Analysis serviceAnalysis service
PortalPortal

GWESGWES

WCTWCT
AABAAB
SchedulerScheduler
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PortalPortal
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CreditsCredits

KK--Wf Grid, live demo at Wf Grid, live demo at CracowCracow
Grid Workshop 2006 and IST 2006Grid Workshop 2006 and IST 2006

http://http://www.kwfgrid.euwww.kwfgrid.eu
Grid workflowsGrid workflows

GWorkflowDLGWorkflowDL, GWES, GWES
http://http://www.gridworkflow.orgwww.gridworkflow.org
Andreas Andreas HoheiselHoheisel, , et.alet.al.: A Grid .: A Grid 
Workflow Language Using HighWorkflow Language Using High--
Level Petri Nets,Level Petri Nets,

Workflow composition (WCT)Workflow composition (WCT)
TomaszTomasz GubalaGubala, , et.alet.al. Semantic. Semantic--
based Grid Workflow based Grid Workflow 
Composition, In: Proc. of 6Composition, In: Proc. of 6--th Intl. th Intl. 
Conf. on Parallel Processing and Conf. on Parallel Processing and 
Applied Mathematics PPAM'2005 Applied Mathematics PPAM'2005 

Grid Organizational Memory (GOM)Grid Organizational Memory (GOM)
BartoszBartosz KryzaKryza, , KryzaKryza, B., , B., 
PieczykolanPieczykolan, J., , J., MajewskaMajewska, M., , M., 
SlotaSlota, R., Babik, M., , R., Babik, M., TothToth, A., , A., 
KitowskiKitowski, J., Hluchy, L.: Grid , J., Hluchy, L.: Grid 
Organizational Memory Organizational Memory --
Semantic Framework for Semantic Framework for 
Metadata Management in the Metadata Management in the 
Grid, CGW 2006Grid, CGW 2006

Monitoring and AnalysisMonitoring and Analysis
Peter Brunner, HongPeter Brunner, Hong--LinhLinh Truong, Truong, 
Performance Monitoring and Performance Monitoring and 
Visualization of Scientific Grid Visualization of Scientific Grid 
Workflows in ASKALON, April Workflows in ASKALON, April 
20062006

WSRF2OWLWSRF2OWL--S ImplementationS Implementation
Marian Babik, Marian Babik, 
http://www.tuke.sk/feihttp://www.tuke.sk/fei--
cit/babik/wsrf2owlscit/babik/wsrf2owls

Knowledge Assimilation Agent Knowledge Assimilation Agent 
(KAA)(KAA)

Zoltan.Balogh@savba.skZoltan.Balogh@savba.sk
UAA, Experience managementUAA, Experience management

LaclavikLaclavik M., M., et.alet.al. : . : Ontology Ontology 
based Text Annotation based Text Annotation OnTeAOnTeA.. In: In: 
Proc. of 16Proc. of 16--th Europeanth European--
Japanese Conf. on Information Japanese Conf. on Information 
ModellingModelling and Knowledge Bases, and Knowledge Bases, 
EJC'2006EJC'2006
http://http://www.ikt.ui.sav.skwww.ikt.ui.sav.sk
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Flood ForecastingFlood Forecasting

MeteorologyMeteorology
MM5Preprocessor, MM5 (simple, nested), MM5Preprocessor, MM5 (simple, nested), AladinAladin

Watershed integrationWatershed integration
MM5Integration, 81MM5Integration, 81--way MM5, MM52NAM, way MM5, MM52NAM, 
MM52DSSMM52DSS

HydrologyHydrology
HSPF, HSPFHSPF, HSPF--Complex, NLC, NAMComplex, NLC, NAM--MIKE, HECMIKE, HEC--HMSHMS

HydraulicsHydraulics
DaveFDaveF, MIKE 11 HD, MIKE 11 Flood, HEC, MIKE 11 HD, MIKE 11 Flood, HEC--RASRAS

VisualizationVisualization
MM5, MM5, DaveFDaveF 2D,  2D,  DaveFDaveF 3D, 3D, AladinAladin, HEC, HEC--GeoHMSGeoHMS, , 
HECHEC--GeoRASGeoRAS
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WorkflowsWorkflows

Workflows based on the Petri netsWorkflows based on the Petri nets
GWorkflowDLGWorkflowDL

http://http://www.gridworkflow.orgwww.gridworkflow.org
Martin Alt, Martin Alt, SergeiSergei GorlatchGorlatch, Andreas , Andreas HoheiselHoheisel and Hansand Hans--Werner Werner 
Pohl. A Grid Workflow Language Using HighPohl. A Grid Workflow Language Using High--Level Petri Nets. In Level Petri Nets. In 
Second Grid Resource Management Workshop, Poznan, Second Grid Resource Management Workshop, Poznan, 
Poland, September 2005.Poland, September 2005.

Workflow composition done by backwardWorkflow composition done by backward--chaining OWLchaining OWL--S S 
IOPEsIOPEs

TomaszTomasz GubalaGubala, Marian , Marian BubakBubak, , MaciejMaciej MalawskiMalawski, , KatarzynaKatarzyna
RycerzRycerz. Semantic. Semantic--based Grid Workflow Composition, In: Proc. based Grid Workflow Composition, In: Proc. 
of 6of 6--th Intl. Conf. on Parallel Processing and Applied th Intl. Conf. on Parallel Processing and Applied 
Mathematics PPAM'2005Mathematics PPAM'2005

AnnotationAnnotation
LaclavikLaclavik M., M., et.alet.al. : . : Ontology based Text Annotation Ontology based Text Annotation OnTeAOnTeA.. In: In: 
Proc. of 16Proc. of 16--th Europeanth European--Japanese Conf. on Information Japanese Conf. on Information 
ModellingModelling and Knowledge Bases, EJC'2006, and Knowledge Bases, EJC'2006, 
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Semantic Web ServicesSemantic Web Services

Web Service Modeling Web Service Modeling 
Ontology (WSMO)Ontology (WSMO)
WSML, WSMXWSML, WSMX
Based on four concepts:Based on four concepts:

Web servicesWeb services
OntologiesOntologies
GoalsGoals
MediatorsMediators

Internet Reasoning Service Internet Reasoning Service 
(IRS(IRS--III)III)
Implementation of WSMOImplementation of WSMO

OWLOWL--S (DAMLS (DAML--S)S)
BBN, CarnegieBBN, Carnegie--Mellon, Nokia, Mellon, Nokia, 
Stanford, SRI Int., YaleStanford, SRI Int., Yale
Upper ontology for semantic Upper ontology for semantic 
web servicesweb services
Benefits from developments in Benefits from developments in 
agent based and planning agent based and planning 
technologiestechnologies

WSDLWSDL--SS
Identifies four basic categories Identifies four basic categories 
of semanticsof semantics

data semanticsdata semantics
functional semanticsfunctional semantics
execution semanticsexecution semantics
qualityquality--ofof--service semanticsservice semantics

WSDLWSDL--S, Enhanced UDDIS, Enhanced UDDI
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Semantic Web Services (OWLSemantic Web Services (OWL--S)S)

OWLOWL--S ProfileS Profile
Functional propertiesFunctional properties

describes transformation of describes transformation of 
data and states during WS data and states during WS 
execution (IOPEs)execution (IOPEs)

InputsInputs
OutputsOutputs
PreconditionsPreconditions
EffectsEffects

NonNon--functional propertiesfunctional properties
SemiSemi--structured information structured information 
intended for human usersintended for human users

ServiceNameServiceName
ServiceDescriptionServiceDescription
ServiceParameterServiceParameter e.g. quality e.g. quality 
of service, security, of service, security, 
geographical scopegeographical scope

Resource

Service
Profile

Service
Process

Service
Grounding

Serviceprovides

presents

describedBy

supports

hasProcess

hasProfile

Atomic
Process

Composite
Process

hasGrounding

realizedBy

realizes

expands

expandedBy

OWLOWL--S GroundingS Grounding
abstract concepts of OWLabstract concepts of OWL--
S Profile to concrete S Profile to concrete 
WSDL messages WSDL messages 
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Semantic Web ServicesSemantic Web Services

Create ontology with domain concepts (watershed, Create ontology with domain concepts (watershed, 
geographical location, etc.)geographical location, etc.)
Map these concepts to the inputs, outputs, Map these concepts to the inputs, outputs, 
precondition and effects of Service Profile precondition and effects of Service Profile 
During composition determine the During composition determine the ““equivalenceequivalence”” of of 
conceptsconcepts
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Modeling Grid Services (WSRF)Modeling Grid Services (WSRF)

Web ServicesWeb Services
WS OperationWS Operation

InputsInputs
OutputsOutputs

Grid ServicesGrid Services
WS OperationWS Operation

InputsInputs
OutputsOutputs
Resource PropertiesResource Properties

request void (effect: RPset)

void setResourceProperties(request)

request property

property getResourceProperties(request)
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IssuesIssues

Service discovery issues:Service discovery issues:
Resource properties can be dynamicResource properties can be dynamic
Resource properties inheritanceResource properties inheritance
Explicit inputs/outputs hiding Explicit inputs/outputs hiding 

Service invocation issues:Service invocation issues:
EPR of the WSEPR of the WS--ResourceResource
Multiple providersMultiple providers

Service annotationService annotation
based on extending WSDL (similar to WSDLbased on extending WSDL (similar to WSDL--S)S)
CaseCase--based reasoning (text notes)based reasoning (text notes)
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Mapping concepts to IOPEsMapping concepts to IOPEs

WSRF2OWLWSRF2OWL--SS
OWLOWL--S 1.1 supportS 1.1 support
WSRF Services support (WSDL)WSRF Services support (WSDL)
Configuration supports inputs/outputs/precondition/effectsConfiguration supports inputs/outputs/precondition/effects
Sample configuration and corresponding OWLSample configuration and corresponding OWL--S descriptions S descriptions 
for the Floodfor the Flood--Forecasting pilot applicationForecasting pilot application
Automatic parsing of the WSDL and generation of the WSDL Automatic parsing of the WSDL and generation of the WSDL 
part of the configurationpart of the configuration
Generating configuration based on annotations (ongoing)Generating configuration based on annotations (ongoing)
graphic user interface via GridSphere portletgraphic user interface via GridSphere portlet

Other implementationsOther implementations
CMUCMU’’s WSDL2OWLs WSDL2OWL--ss
MINDSWAPMINDSWAP’’ss WSDL2OWLWSDL2OWL--S (part of OWLS (part of OWL--S API)S API)
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ArchitectureArchitecture
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Knowledge RepositoryKnowledge Repository

Grid Organizational Memory (GOM)Grid Organizational Memory (GOM)
Distributed knowledge repositoryDistributed knowledge repository
Service repositoryService repository
RDQL, SPARQLRDQL, SPARQL
Integrated into ProtIntegrated into Protééggéé

KryzaKryza, B., , B., PieczykolanPieczykolan, J., , J., MajewskaMajewska, M., , M., SlotaSlota, R., , R., 
Babik, M., Babik, M., TothToth, A., , A., KitowskiKitowski, J., Hluchy, L.: Grid , J., Hluchy, L.: Grid 
Organizational Memory Organizational Memory -- Semantic Framework for Semantic Framework for 
Metadata Management in the Grid, to appear, In Metadata Management in the Grid, to appear, In 
Proceedings of the Proceedings of the CracowCracow Grid Workshop 2006, Grid Workshop 2006, 
Academic Computer Centre CYFRONET AGHAcademic Computer Centre CYFRONET AGH
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Related WorkRelated Work

SWS SWS 
WSMO, OWLWSMO, OWL--S, WSDLS, WSDL--SS

Semantic GridSemantic Grid
SS--OGSA, OGSA, OntoGridOntoGrid
IntelliGridIntelliGrid
China China KnowledgeGridKnowledgeGrid
mymyGridGrid
NextGridNextGrid
AkogrimoAkogrimo
GrisinoGrisino
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Workflows (2)Workflows (2)

Abstract/Concrete workflowAbstract/Concrete workflow
Description of workflow on nonDescription of workflow on non--executable levelexecutable level
Binding to service providersBinding to service providers

Basic element of workflowBasic element of workflow
WS operationWS operation

Composition done by backwardComposition done by backward--chaining WS chaining WS 
operationsoperations


