An architecture of a workflow system for Integrated
Asset Management in the smart oll field domain

Ramakrishna Soma Amol Bakshi, Viktor K Prasanna
Dept. of Computer Science Ming Hsieh Dept of EE
University of Southern California University of Southern California
Los Angeles, CA 90089 Los Angeles, CA 90089
Email: rsoma@usc.edu Email: {amol, prasanng@usc.edu

Abstract—Integrated Asset Management (IAM) is the vision of engineer relies on simulations (and hence simulation nspdel
IT-enabled transformation of oilfield operations where informa-  to make key operational decisions pertaining to the reservo
tion integration from a variety of tools for reservoir modeling, 4, 5 day-to-day basis.

simulation, and performance prediction will lead to rapid decision o . _
making fc;r corrw)tinuous proguction optimization. 'Iths paper Thg !AM appllcathn domain e>§h|b|ts mar.1y Qf the char-
discusses the similarities and differences of our applications to acteristics observed in many e-Science applications. Sufme
typical e-Science applications. We then propose an architecture these characteristics of the IAM application domain are:
for the system based on the three key goals of the system: suppo  Pervasiveness of legacy tools and datases:typical model-
for integrating legacy tools and analysis modules, support for qiyen reservoir operation setting involves the use of many
audlt_ _tralls and df’;lta quallty_ indicators for_ data objects_ and | tool hich t desi d to int t with h
usability. Our architecture builds upon the rich research in the egacy 10ols w ICh were not designed 1o In era_c with eac
scientific workflow area and applies many of its learnings to Other. Most important of these tools are the simulators for
address the unique requirements of our domain. We discuss the reservoirs, surface facilities etc. Typically, demisimaking
the implementation strategies and technologies to achieve it and involves workflows invoking and processing data from more
friﬂﬂgctﬁ?mi;&fhe key research challenges in realizing our iy one of these tools. Legacy data sets have various data
' formats including unstructured (ASCII), structured data i
XML format and in databases, data only accessible through
specialized API invocations etc. We note that the amounts of
The push towards digital oilfields has highlighted the neathta we currently work with is much smaller than usually
for efficient decision support systems that enable the iategobserved in e-Science applications [17]. In such an environ
tion of myriad software tools for modeling, simulation, andnent, the most challenging problem to be solved is that of
prediction of reservoir performance. The computationall-ch Integration. Integration in the 1AM system involves both
lenges of oilfield management - especially reservoir sitiuria application integration and data integration. Serviceeed
- have been the subject of prior work in the grid and clustéurchitectures is a style of architecting systems whereisesv
computing community [25], [23]. Such work has focused oare used to provide a simplified, (generally) open standards
automating the creation and execution of a large number lsdsed access to applications and/or the data they produce,
computation-intensive and data-intensive reservoir kitrans thereby abstracting many of the problems commonly observed
and the subsequent collecting and processing of the siimulatin application/component integration [15]. Typically,gaey
results. The scope of integrated asset management is mapblications arevrappedby service facades- and the creation
broader than reservoir simulation. |IAM systems are expectef these facades is a manual and mostly tedious process. The
to add value to the oilfield operation by providing on-demanidM system must address the integration problem that arises
access to information from a wide variety of sources, autemaere.
time-consuming, repetitive tasks, enable what-if scenamal- Multiple organizations and classes of usersTypical oilfield
ysis and design space exploration, and facilitate collmm operations involves multiple classes of users and staldehs|
between groups and between applications for “whole fielgith different specializations and roles accross departaie
optimization”. The IAM system will essentially provide &ykr  boundaries [33]. Much like in e-Science, each class of stake
of application and data integration, workflow orchestratmd holders shares data with the other stakeholders and perform
knowledge management. certain analyses on the data products, which is typically no
The work described in this paper is part of the Integrated Asenveyed accross the departmental boundaries.
set Management (IAM) project at the Chevron-funded Cent€omplex data objects:We refer to a logical data objects that
for Interactive Smart Oilfield Technologies at the Universif — contains multiple data sets within it as a complex data abjec
Southern California, Los Angeles [6]. The current focushef t For e.g. a typical simulation run is usually a single logical
IAM project is on enablingnodel-driven reservoir manage-object which contains various useful information incluglin
ment In model driven reservoir management, the productigroduction of the reservoir at different timesteps, asgionp

I. INTRODUCTION



about the reservoir etc. The IAM system needs to suppdnt section VII we review some related work, and finally we
modification of these data objects and as well as extractipgpvide some conclusions and future work.

and retrieving some of the data embedded within the objects

for use in analysis modules. Similar characteristics haenb Il. OVERVIEW OF THEARCHITECTURE

seen and addressed in [5], [24].

Real time data and operations:The IAM system needs to

support the production engineer to make decisions in new.ti Hezrlnizges
i il-fi i Domain Data Service
Data is constantly produced as Fhe oil f|eld_ is o.perated and oma ‘ pata, ‘ sorvice | R
needs to be processed and decisions made in a timely manner. Catalog
Some of the key requirements for the IAM system are Orchestration Engine |nvi?1?o
mmarized below: Adapter I Adapter IAdapter| Adapter &

Support for workflows: The IAM system must provide
support for workflows that process data produced in the
system. These workflows can be used to automate repetive
tasks and enable what-if scenario analysis. They typically
involve invoking and processing simulation data, theiuhss
and real time data. In IAM, we typically observe workflows
which involve humans as well as those that do not involve
humans. This paper only addresses the workflows which do
not have humans elements in them i.e. can be completely
automated.
Support for audit trails, provenanace and quality indica-
tors: Audit trails and reproducability of results are important Figure 1 shows the architecture of the IAM workflow sys-
when evaluating or revisiting a decision made- it is ofterets t€m. The workflow system consists of four major components:
important to understand the reasons, the data used and tfigeuser interface, the orchestration engine, a metadsttoga
context under which the decision was made. Hence, a Vé}gd inventory component and the legacy tools and associated
desirable feature of the IAM system is to enable audit trai¥érappers. TheJser Interfacefor the system provides a very
of data objects. high—level, domain oriented view to Fhe d_omain engineer to
Usability: It is also important to note that the ultimate purposBuild workflows. The User Interface is built on three formal
of the 1AM system is to assist a petroleum engineer (n§t0dels (ontologies) of the system, the domain model which
a computer scientist) in the rapid execution of day to d&ifPtures the entities in the oil-field and their attributte
operations. In fact, our experience has shown that ‘softoiie ata model, which is a catalog of_pre_deflne_d data types in the
such as the design ofser interfaces, novel visualization toolsSyStém and a service model, which is a high level model of
guided workflow wizardsetc., are as important from the enqthe underlying services. The deta|.ls of eagh_of these models
users’ perspective as the underlying technological smieti 1S presented below. Therchestration engines the com-
Extensibility: The system must be extensible, in being aplRonent that can execute/orchestrate, and manage Workflows.
to integrate new (legacy) applications, analysis modutes a’* "écent study [10] argues that many of the commercially
workflows(which use these applications and analysis mogv@ilable orchestration engines (MS-Biztalk, Oracle vilork
ules). Wmdovys—WF ch) are suitable for e—SC|er)ce workflows and
We note that most of the characteristics and goals of t+§e_con5|stent with our current gnderstgnd|_ng. we haye used
IAM system are similar to the requirements of a typic indows-WF as the orchestratlon. engine in our archltepture.
workflow system for the eScience domain.In this paper, \?gée Metadata Catalog(MDCY13] is a component that in-

present a system to address the IAM problems that is cente es the data objr_ects in the system_and _hence provides an
around a workflow system. Our contributions are: addressing mechanism for the data objects in the systers. Thi

_ alleviates the need to transfer large data objects manystime
1) We present an architecture for a workflow system for the\yorkflow. The metadata catalog also holds provenance and

Integrated Asset Modeling which addresses the three kgyajity information of the data objects, which are typigall
issues outlined above. _ _published as the result of workflows. Finalyrappersand
2) We highlight some of the research and implementatioyaptersare important components in a integration system like
challenges in realising the components of the architegyy; \wrappers provided standardized data and application
ture. interface for legacy programs. Adapters are components tha
The rest of the paper is organized as follows: We present @nable components with incompatible 1/0’s to interact with
overview the architecture of the system in section I, and @ach other by converting the output of one component to be
the following sections Ill IV V VI we examine the individual compatible with the input syntax and semantics of the second
components of the system in more detail and present somecomponent. The components are discussed in greater detail
the key research and implementation issues in each of thdralow.

Wrapper Wrapper Wrapper Wrapper
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Fig. 1. Architecture of IAM workflow system
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Fig. 2. A workflow modeling environment for the user

I1l. USERINTERFACE same semantic model for querying and requesting for data
The user interface is used by a knowledaeable domain é‘hqm the service. We have noticed a similar practice with in
y 9 industry-wide standards like ProdML [3], where efforts are

gineer to creates workflows. Figure 2 shows the user interfac . . i
for creating the workflows. The figure shows a s;implifiecjo capture the domain model using a standardized vocabulary

workflow that is created by the user, in which two simulation8. Data Model

some part of the results are sent to a analysis service. Tﬁ?@vides the user with a model of the data handled by the
output of the analysis service is then sent off to a visutibna |\ system. It consists of two partsa)a schema which
service. To aid the user to create such services, a list jgkntifies the legacy data objects in the system along with
available services and workflows are made available to the metadata associated with them and catalog of data
user as a pallette from which the user chooses the serviggses that are used in the IAM workflows and their schemas.
that he wants to use in the workflow. The ™vocubulary™ ofrhe former is modeled using the OWL formalism and forms
elements of this user interface are derived from three form@e pasis of the Metadata Catalog, a component explained
models: the domain model, the data model and the servige getail in Section V. The definition of standard agreed
model. These are explained in more detail below. upon schemas, similar to the catalog of data types in our
) framework, is important for tool integration and has been
A. Domain Model the focus of committees like ProdML [3]. We have tried to
The domain model is a model that captures the elementsl@ferage these existing standard schemas wherever pobaibl
the oilfield asset their attributes and their relationsh|B4]. we have provisioned for adding newer schemas (data objects)
Some elements of domain model are showed in the right hatedthe system. We have used XML as the standardized way
side of Figure 2. The domain elements include objects sufdt interchanging data between components. However, nfost o
as Wells, blocks etc, as well as domain specific conceptthe legacy tools use data in different formats includingrpla
like Original Qil In Place Estimate(OOIPEstimate), whichext files, custom query based interfaces etc. To accomodate
indicates what is the amount of oil contained in a reservdinese data sources, in our data model it is necessary to also
volume. The goal of using a domain model is to enable tldlow non-XML schemas for the data objects.
user to create queries and/or service requ_es_ts which ne‘muesc_ Service Model
data corresponding to the entities in the oil-field. For eplam } ) o ) )
get me the OOIPEstimate for the Block called “"BLOCK007” The service model is a simplified view of the underlying
We think that most of the IAM services the domain usetervices and workflows in the system, presented to the QOmam
wants to use, provide data which is related to the domaffidineeer. For example the semantics afiraulator service
element and by capturing and formalizing the domain modéf the service model represents the invocation of simufatio

we can create interfaces for new IAM services which use t§€rvice and the data objects that can be extracted from the
simulation results. A simulation service might have a flag

1Blocks are parts of an oilfield which contain a set of wells called a ™perform history matching”. This flag switched
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the database, filters the data to remove noise and outlier
formats the data as necessary for consumption to the sionulat
runs the simulator and records the provenance and othe
metadata of the results. Thus, complex workflows that art
commonly performed around simulation services are pralvide
in a simplified and intuitive way to the user. A pallete of such
high-level services are presented to the user which carete ti
together into a workflow. These high-level servicesuser-
level workflowsare translated int@xecutable workflowthat
can be performed by an orchestration engine.
Implementation status We have defined the domain model
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as part of our previous work. The data model which defines th
schema for the metadata catalog has been defined previous
using OWL ontologies [31]. An environment for defining data iz
types belonging to the data model as well as a service mod; </ #auenesietavits>
will be a part of our future work. In our previous work [37]
we have used the GME [1] to define such domain specif';(ls
environments for the user. GME enables the rapid creati
of such specialized domain specific environments (Figure 2
shown above is from a GME based DSE). However, the
disadvantage of using GME is that it uses own proprietabyiefly discuss the WF framework along with the motivations
format to store the model information, making it hard tdor choosing it.

integrate it into a larger framework. The process of congi ,
alte?natives for the gnvironment as wellpas building aﬁe A. Windows Workflow Foundation

of domain specific services and data objects is a part of ourThe Windows Workflow Foundation is generally described
future work. as consisting of three layers: theorkflow model layerthe
Comparison with other systems The approach used inruntime layerand thehosting layer The workflow model layer
Taverna to provide the user an interface which is easy Bovides the ability to use various workflow models inclglin
use for the domain worker is quite similar to ours, but igequential workflows, state-transition based workflows etc
built for the bio-informatics domain. Taverna does not usEhe framework is flexible enough to allow the definition of
a formal model of the domain as a part of its user interfaceéw workflow models like BPEL. The runtime layer of the
Teuta [29], a part of the Askalon workflow system, defines flamework provides services required to execute the work-
domain specific language using the UML modeling languagéows, manage state of the workflow, tracking etc. Finallg th
for creating grid based workflows. This language extends thesting layer provides services to facilitate a host apgibn
UML activity diagram by providing control flow elements andembedding and invoking the workflow to communicate and co-
a GridAction, which enacapsulates units of grid workflow. Quprdinate with the workflow itself. It provides interfacesstiach

user model is quite unlike Teuta and much more specific €9re framework functionalities such as persistance, wankfl
the oil-field domain. tracking and workflow-host application communications.

Many characteristics of the WF make it an attractive choice
to be used as the orchestration engine in our framework.€Thes
include the ability to embed workflow engine/runtime in athos

The high level user workflows are translated intapplications and to control and monitor the workflow status
lower level, executableworkflows. Various workflow lan- makes it possible to write advanced workflow management
guages/paradigms like BPEL [7], XScufl [26], Windowsenvironments which builds on the basic functionality frame
WEF [27], Ptolemy [21] have been proposed and successfulliork. For example, it will be possible to embed a workflow
used in e-Science workflows. We note that all of these workest within the environment used to define the high level user
flow languages have quite similar semantics and charatitsrisworkflows. This will enable the user to track the progress
with the exception of Kepler/Ptolemy which has the intérgst of the execution at both levels of the detail. The ability to
characteristic of being able to employ a variety of data amtéploy the defined as web-services, makes it possible for the
control flow mechanisms in the framework by the use afiorkflows to be invoked from any client application. Finally
different directors. We have chosen the Windows WorkfloWF provides a declarative representation of workflows thhoug
Foundation (WF) as the workflow orchestration engine fa XML based representation (XAML). This feature makes it
our system but we feel that it can be replaced by a differeppssible to generate workflows corresponding to the higatle
framework like a BPEL system or a Biz Talk server. Below wavorkflows descriptions specified by the user.

<cisoft:RunfSimulationActivity
DeckDir="..."

outputDir="..."/>
<cisoft:AddToMetadataCataloghctivity
DeckDir="..."

XML
representation
of workflow

. 3. A simple workflow in IAM that a user can define and the damai
del

IV. ORCHESTRATIONENGINE



Figure 3 shows a simple workflow in IAM, which consists As in [30], our MDC contains three kinds of metadata
of the three steps, of preparing the data, executing thelaimuor each data object. These are) access information or
tion using the data and finally extracting the provenance aptbperties that specify how the object can be accessed (e.g.
other data for storage in the Metadata Catalog. The figure afde name on a shared drive)) provenance information which
shows a set of expandable list of IAM activities that are defin specifies information about how it was created, apddata
to be used in the workflows. Finally the XML representatiotype specific metadata which usually contains some summary
of the same workflow is also shown in the figure. information of the data contained in the data object. This

One challenge of using the workflow foundation is theummary information for simulation models generally irmigg
translation of the user defined workflows into workflowsnformation such as which element in the oil-field it models,
that can be executed by WF. To simplify the problem, wand some key assumptions about them. Such information about
assume a one-to-one mapping between a workflow elem#im elements of the oil-fields is captured through the domain
in the user model and a WF workflow- which simplifies thenodel and thus, the schema for the MDC uses the domain
translation problem to mere concatenation of such workflowsodel.

(in WF, a workflow itself can be invoked like a normal An important problem that is observed in typical oil-field
activity?, as a part of a larger workflow). However, even assets (and indeed in many integration projects) is thelgmob
fairly sophisticated strategy should take care of issueh swf aliasing- the same entity in the asset may be addressed
as parellelizing the workflows where possible, fault hamglli by many different names. To address this problem we have
etc. Moreover, although the data produced by one activiy ofintroduced the notion of annventory An inventory is a
(WF) workflow is likely to be compatible to the data requireddomponent which contains threaster dataabout the entities

by the following activity within a workflow, the problem of in the system and their aliasing information. Thus it beceme
incompatible types may be an issue. The possiblity of apglyi possible to interoperate between data from different ssurc
shims or adapters dynamically in such scenario is possildeen though they may use different naming schemes by using
and is a challenge. Finally, publishing new workflows to ththe inventory service to lookup and resolve aliases. Thisnot
user (through service models) when executable workflows arkusing an inventory in the system introduces the intemgsti
created is an interesting challenge. and non-trivial problems of creating and maintaining it,ieth
Implementation status We have investigated and prototypeds one of the research problems we are currently addressing.
some typical workflows observed in the domain using thisplementation status The use of OWL as the data schema
framework. Based on our experience, we feel WF will provideas enabled us to quickly prototype our MDC and capture the

an ideal framework for our target applications. rich relationships between data objects in the system amcehe
implement rich querying capabilities very quickly. We have
V. METADATA CATALOG AND INVENTORY SERVICES used the Sparqgl querying language [4] and Jena API [2] for

Many Systems in the e-Science Community have recognizié@rfadng with the OWL data-store. We have implementaiion
the metadata Cata|og (MDC) as an important component thﬁt use a file backed data store as well as a database backed
their architecture. A MDC contains entries for all the datécurrently MySQL) data-store and we are currently in the
objects in the system and metadata related to each of the&ecess of evaluating the performance, and scalabilithese
induding, attributes on its provenance, qua“ty indicato data stores. Prior studies have shown that RDF stores are
access parameters, relationships to other objects etcrabme scalable to fairly large data sizes [16]. We currently eagesa
of the metadata catalog in the workflows is to provide a sdptPical MDC to index a few thousand data objects, as opposed
of universal addressing for the data objects in the systérs. Tt0 larger data sets typically seen in e-Science literatue a
ensures that rather than passing the data objects themsefftis an OWL based implementation is expected to scale to
pointers to the data objects can be passed, thereby redud@Hg application needs. Our implementation of the MDC has a
the amount of data being transferred. Another role of trieneric web-service interface which will enable a compyete
metadata catalog in this architecture is to also enable ske udifferent implementation (e.g RDBMS based implementgtion
to describe data objects used in the workflows in more flexibie be plugged in with-out losing any of the capabilities of th
ways. This is enabled by using metadata attributebitmi MDC service. We have built a number of utilities as clients of
data objects to workflows, as opposed to binding specific ddfg MDC which enable the user to search through and utilize
objects. For example, the user can specify that the sinonlatthe data objects in useful ways.
case to be bound to the workflow is the one which has been
most recently history matched’he attribute specifying that
the casemost recently history matcheid generated as a \Wrappers are used to enable the legacy applications and data
result of a different workflow which performs history matche Sets to be accessed in workflows. Most wrappers in our archi-
simulations (described in section 11I-C). Thus the datadtise tecture provide a web-service interface for the legacystaad

the workflow changes dynamically, using the most up-to-da¥éVIL based data for the data-sets. An interesting problem in
results as they become available. our system is mechanisms to efficiently define wrappers from

complex data objects. XDTM [24] and DFDL [5] are two other
2an activity is an abstraction for an unit of work in a workflow frameworks that have been proposed to address this problem.

VI. WRAPPERS AND ADAPTERS



We find the idea of generating wrappers and extracting dateeate templates for capturing the context of the companent
from such data-sets by describing the contents of the dd$a-sand using it along with the data transformation primitivaes i
in a declarative manner to be extremely appealing. Howevéhe adapters.
we believe that both these notations are in an extremely ealthplementation status No implementation of this compo-
form and a lot of work in terms of validation of the ideanent currently exists and this will be addressed in our futur
design and implementation guidelines and best-practioces Wwork.
different types of datasets (binary data, ASCIl/semisgtreed
data) and limits of the approach are not well understood and
we plan to address these issues in our research. The area of scientific workflows has received much attention
Adapters are components that convert enable the integratio the recent years in the research community and many sys-
of one legacy system to another. Adapters can be classifiedems have been proposed [36]. Based on the most important
data and protocol adapters [8]. Data adapters perform ghe taroblem that the system is designed to address, we categoriz
of converting the output data of one workflow component tilne existing workflow systems as beiogmputation resource
be suitable to be the input of another workflow componententric or data centricsystems. Computational resource cen-
Two problems are generally addressed during the data adajs- systems focus on the problem of allocating and managing
tation process: syntactic adaptation and semantic adaptatlarge computational resources to a given workflow desanipti
Syntactic adaptation deals with the conversion of data & oExamples of systems in this category include Pegasus [9],
format to data in another format (for e.g data in XML to datéskalon [11], [35].Data centric systems on the other hand,
in csv format, one data in one xml format to another xniypically assume that the sources of computation and data
format etc). Semantic adaptation solves a harder problemsefrivices are fixed and address the problems involved with
converting data represented using one set of assumptionextracting, processing and adapting data from differea da
data using another set of assumptions. For e.g. it is comnsarvices. Examples of these data oriented workflow systems i
that production volumes are be encoded using Sl units in otlede Taverna [26], Kepler [21] and VDS/Chimera [38]. Note
data source and as stock tank barrels (stb) in another ddat the Chimera system address both these issues and hence
source. The use of xml schemas to explicitly describe amgpears in both categories. According to this categodmati
record the syntactic format of the data enables the syntaadur system for the IAM application falls into the data cemtri
adaptation of the data. To enable the semantic adaptationcafegory.
the data, we need means to capture the semantics of the data ase main technical challenge and hence the focus of our
well as primitives that can re-code the data to follow a défé work is to facilitate data and application integration. Man
set of assumptions. Similar problems have been encounteoédhese integration issues are addressed extensivelyein th
in the data integration literature and the notion ofantext Taverna, Kepler and Chimera systems, which we believe are
has been used to describe the assumptions under which ttiee closest to our system in terms of architecture. Below we
data was represented, a set of commonly occuring semainpare our system to each of these systems.
heterogeneities have been articulated in [12], [19]. The Taverna system, also has a similar goal of providing
In the scientific workflow literature, only Kepler [22] anda simplified interface to the user while still being able to
taverna [18] address the issue of adapters in the systdranslate it into executable workflows. Our system is simila
A classification of the kind ofshimsfound in the Taverna to Taverna in terms of providing a separation between the
system provides some insight into the kinds of incompatibihigh-level/ user centric workflows. Also like in Taverna we
ities between the components of the workflow. However, weofess the use ofhimsor adapters to enable integration
feel that the examination of incompatibilities betweenldéooof incompatible services. In our we articulate user-centri
and services that need to be composed into workflows is aorkflow model, which is sophisticated yet easy for the
important problem and an interesting area of research amhoimain engineer to use, since it maps well to his view of
validation for our system. Another interesting problem asvh the resources. Some of the key differences between Taverna
these adapters will be applied transparently in the worlkftowand our system occurs due to the different domain and hence
especially when third party workflow systems are used. W8haracteristics of the data-sets and applications. Ouersys
BPEL uses arassignoperator to converts the xml data ofnecessarily addresses the need to haodieplex data objects
one component (web-service) to be suitable to the input ahd the use of wrappers to extract useful data from them.
another. However we feel that an assign operator and Uk also note the use of a MDC as a central architectural
of xslt is a limiting and an insufficient mechanism to bridgeomponent in our workflow system to be different from the
the incompatibilities between the services [32]. Aparnfra Taverna approach.
richer mechanism for applying transforms at runtime, a@oth Kepler is a workflow definition and execution system based
interesting problem to be investigate is the possiblity sihg on the Ptolemy framework. The Ptolemy approach allows
a (possibly expandable) set of data transformation prmwsti different components (actors) to be connected into a watkflo
at runtime- and hence automatically or semi-automaticalyhich is co-ordinated by a director. Kepler uses a notion of a
choosing the transformation to be applied as data passes f@emantic type systeto describe the underlying data and as a
one context to another. Finally an interesting problem is tneans to automatically adapt the data to be suitable for data

VII. RELATED WORK



and application integration. Our system uses a more tomditi adapters. The user interface provides a high-level, siiagli
approach to executing workflows by the use of an existingorkflow model to the user which is then mapped into exe-
off-the-shelf workflow engine based on BPEL like constructsutable workflows. The high-level workflow model is based on
Prior work has validated the suitability of using such wankfl a service model, data model and domain model which forms
engines for scientific workflows [10], [28]. One of the kewocabulary for the user to create workflows. The workflow
drivers for us to use this approach is because we believe thaécution component is based on the Windows WF system
our work will find greater acceptability with our customer@and is responsible for actually invoking the services that
if it is based on standard off-the-shelf product rather thanconstitute the workflow. Wrappers and adapters are resdensib
research system. for extracting data from legacy applications and to convert
Chimera/VDS, introduces the notion of virtual data [14{he data and protocol formats of one service to be compatible
and present a simple executable workflow language, whichwith the other. The Metadata Catalog provides a shared data i
executed by the Pegasus/DAGMan workflow engine [9]. VD&®echanism to alleviate the need to pass data objects naultipl
addresses the problem of dealing with complex data objetitmes within a workflow. An inventory service is provided
by using the XDTM to create wrappers from description® provide aliasing information required for the integoati
of data in physical data objects. Our approach is similar &xtivities. We have highlighted the main ideas, research an
Chimera in terms of the use of metadata driven approachitoplementation challenges and the current implementation
extracting data from complex objects. However, our apgroastatus for each of these components of the architecture.
uses the notion of adapters to bridge incompatibilitiesvbet The four key requirements of the IAM system that we
services, which is not addressed in VDS. Chimera/VDS al$tentified werea) Support for workflowsb)Capture of prove-
supports specifying workflows at various levels of absiomet nance, audit trails and data quality indicators for datactsj
a highlevel Virtual Data Language(VDL) which is translated) Extensibility andd) Usability. In this paper, we looked at
to an abstract workflow for Pegasus which then translatt®e components to support workflows, including components
that into a concrete workflow for DAGMan. Our approach t¢eo capture, execute and monitor workflows. The Metadata
multilevel modeling of workflows relies heavily on the domai Catalog component captures the provenance, data quality
and data models to simplify service definition for the domaiimdicators for the data objects and information required fo
experts. audit trails. The user interface layer makes the systeable
SODIUM [34] is a scientific workflow system that ac-by the domain engineer by providing a high level view of the
cepts high-level domain specific specification of workflowservices and defined workflows while abstracting the lower
with enough semantic and qos information and automaticallvel implementation details of the workflows including how
translates them executable workflows, which may includke metadata of the data objects produced or modified by
web-services, grid services or P2P services. The semaikie workflow are captured, fault handling efextensibilityis
information for the abstract workflows is defined based onathieved due to the modular architecture of the system.dyega
domain ontology. Although we do not address the probletools and analysis modules can be added to the system to be
of using multiple kinds of services in our framework, the&onsumed in workflows by deploying them as web-services or
use of WF enables us to quickly create generic activitiggoviding Windows WF-activity wrappers for them.
which wrap other kinds services. The concept of an abstract
workflow is quite similar to the high level workflows but rathe ACKNOWLEDGMENT
than defining the service required in a query like form in
SODIUM, we provide a pre-configured pallette to the use&
We think that this approach is simpler to use and still pcatti
for our application because we do not envisage thousars

or even hundreds of services available to all the users. Evén X -
ain knowledge and providing feedback on our prototypes,
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applications that he wants to build. We think that the use E&”edﬁl c?ntnbunons of Cong Zhang (USC) to the large
formal ontologies for modeling the domain, data and service architecture.
elements, enables the ability to build a search system for
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