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Abstract portion of the work aims at automating discovery and com-
position by combining ontological annotation of services
Most current practical methodologies and workflow sys- and Al planning technology. In the literature, the demon-
tems for service composition and workflow creation in e- stration of these approaches is largely applied on virtual
Science pursue a semi-automatic way to allow users to dis-travel agencies or small well-defined domains. Applying
cover and select appropriate services to include in a work- these approaches to larger, more complex and less-defined
flow based on semantic and conceptual service definitions.applications can be difficult, especially before a complete
However, few of these approaches consider the potentialstrong ontological agreement is established in the applica-
for reuse: to share the knowledge gained during the ser- tion domain or across multiple domains.

vice composition process and to reuse complete or partial st current practical methodologies for service compo-
of existing workflows. We believe that providing a capa- sjtion or workflow creation employ a semi-automatic design
bility for reuse of this knowledge and workflows could be that allows users to discover and select appropriate services
an important component in a workflow system. In this pa- tg include in a workflow based on semantic and concep-
per', we present a methodology and an enhanced system dey,a service definitions. This partially lifts the load on the
sign to facilitate the reuse of knowledge and workflows. It ,sers of requiring detailed knowledge and understanding of
contains a hierarchical workflow structure representation, o5ch tool, service, and data type. In the meantime, it in-
knowledge management and knowledge discovery compogreases the complexity of building such middleware to sup-
nents to capture and manage the reusable information in @ oyt workflow creation at a higher level abstraction. Several
system, and an approach for using a graph matching algo- yorkflow management systems and service-oriented mid-
rithm to discover similar workflows. dleware, such as Pegasus [5], myGrid/Taverna [14], Kepler

[11], and Triana [19], are developed and with the intent to

streamline the workflow design, execution, monitoring, and
1 Introduction re-run the workflow.

Most of these systems and approaches provide users an
As more data, analysis tools, and other resources are deenvironment to compose services from scratch in terms of
livered as services on the web, the major benefit of adoptingmore accurately choosing appropriate services with consid-
service-oriented architecture in e-Science, is that of allow- eration of semantic matching and quality of services (QoS).
ing scientists to describe and enact their experimental pro-Fewer of them consider the potential of reuse and sharing of
cesses by orchestrating distributed and local services into gnhe knowledge gained during the service composition pro-
workflow. It often involves choosing a set of appropriate cess and reuse of complete or partial existing workflows.
SerViCES based on the fUnCtionaI and non-funCtional proper'We be"eve that providing a Capabmty to reuse the know'_
ties of services, ordering them in sequence, resolving con-edge and workflows is an important component in such a
nectivity between the services, and converting the complexsystem. This reusability will lead to a more efficient and
process into a target workflow language that can be de-more structured composition process that will accelerate
ployed and invoked on a platform. Over the past several rapid application development. It will provide more valu-
years, much research has been done on approaches for sejple guidelines to assist users with their workflow creation
vice discovery and composition in order to achieve the goal using knowledge that has been gained and verified by oth-
of seamless web service composition [13]. A significant ers. Reuse of the verified knowledge will potentially in-
1Supported in part by the Indiana Center for Insect Genomics, with Crease the correctness of composed workflows and reduce
funds from the Indiana 21st Century Research & Technology Fund the errors that may be caused by misannotation, inaccurate




annotation, and incomplete annotation of services. The re- vocabularies, and semantics developed in their scien-
quirement of complete information about the world brings tific communities. Users logically create each task in

challenges of applying traditional Al planning technologies terms of functions they wish the task should accom-

into the service composition process since it is not feasible plish.

nor possible to collect all the information to form a com-

plete initial state of the world [8, 13, 10]. The gradually Concrete workflow is a definition of a number of tasks

gathered knowledge in the system during service composi-  represented as actual executable services. A concrete
tion process may help accumulate more complete informa- ~ workflow can be converted to specific workflow lan-
tion for an Al planner. guage and sent to a workflow engine to be executed.

In this paper, we present a methodology and an enhanced The translation of an abstract workflow into a con-
system design to facilitate the reuse of knowledge and crete workflow is a process of discovering suitable ser-
workflows. It contains a hierarchical workflow structure, vices that implement these functions and solving the
knowledge management and knowledge discovery compo-  connectivity between services.
nents to capture and manage the reusable information ina_ | . L
workflow system, and an approach for using a graph match-Optimal workflow is a ancrete workflow where |nd|V|d_-
ing algorithm to discover similar workflows. The method- ual executable services are replaced by alternatives
ology proposed is being used in the design and implementa- ~ With highest quality. Theptimization of a concrete

tion of a service-oriented based system for supporting bioin-  Workflow into an optimal workflow is a process of
formatics research. ranking services based on a set of metrics and select-

ing an optimal service to replace each service in the

) . workflow.
2 A hierarchical workflow structure

Workflow instance is an actual run of a concrete workflow

We define a hierarchical workflow structure that contains O optimal workflow with input data and generated out-
four levels of representation (see Figure 1): abstract work- ~ Putdata. Since a scientific process is a process for dis-
flow, concrete workflow, optimal workflow, and workflow covering new knowledge, keeping track of the source
instance. of a workflow result can be as important as the result it-

self. Many data provenance systems in e-Science [18]
have focused on recording the data from which a data

product evolved and the process of transformation of

ﬁgrg;mmﬁgf these data, i.e., input data, output data, and process.
Apstractwordiow Tolomevaerecuene We believe that recording the information of running
(Service 2) time and failure rates of each workflow instance can
s GoriosD) Zp”‘ml‘v;‘h"h' provide measurements for profiling the quality of ser-
Concrets wordiow vices and workflow. This information can be used to
assist the workflow optimization process.

Invoke a workflow with
(Service D) cific input data an
Optimal workflow
rovenance and

Provenanceand Several benefits are provided with this hierarchical work-

GGorvos Y Zlai oo flow structure definition:
@ GoveeD 2y Allows users to define workflow at different abstract
Workflow instance

levels. Less experienced users may define a workflow in
terms of functions they wish a task should perform. Inter-
mediate users may define a workflow with more detailed

Figure 1. A four level hierarchical workflow properties of each task, such as the algorithm and data
structure representation and transformation source they may want to use. Expert users may be able to
of scientific processes define a workflow in an ad-hoc approach by choosing ap-

propriate executable services and form a workflow with ap-

propriate logic. Users would like to conduct an experiment

to determineg‘if gene genealogies for ATP subunit 3, ~

Abstract workflow is a definition of a scientific process are different”. We assume that there are four services in a

with emphasis on the analytical operations or function system and they are annoated using predefined vocabularies
to be performed rather than the mechanisms for per-in the bioinformatics domain. Users with different knowl-
forming these operations. An abstract workflow may edge level of the system and the particular domain may de-
be defined by an end-user using standardized syntaxfine the workflow differently as shown in Figure 2.
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Workflow A defined by a less
experienced user using the
functional definition of services
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Workflow C defined by an expert user with two extra
executable services to ensure the accurate output of

Workflow B defined by an the biological process

intermediate user with executable
services

Figure 2. An example illustrates the user-
oriented workflow definition with different
levels of knowledge

Allows the transformation of workflows in semi-
automatic or automatic ways. The transformation from
abstract workflow to the concrete workflow can be com-
pleted by an expert bioinformatician with assistance from

a service discovery agent provided in a system, such as

the myGrid/Taverna [14], IRIS [16], and the BioMoby [7]
projects.

The transformation from the concrete workflow to the
executable workflow can be completed automatically by
ranking services and choosing optimal ones. Most of pre-
vious work bound the information regarding the quality
of service with the translation process results in more so-

phisticated and complex composition methods. Since most

measurements of the quality of services are dynamically
changing, this tightly-coupled representation and composi-

tion method is not easily adapted to these changes. Sepa-

rating the optimal workflow from the concrete workflow al-
lows the easy integration of Grid computing technology to

address the resource allocation and security issues of data

and computation resources.

Allows the full or partial reuse of workflows defined
at different levels. Reuse of a workflow may occur when

workflow to meet the goal.

3 An enhanced workflow system

A general workflow system contains following compo-
nents to support the semi-automated workflow composition
or automated composition process.

¢ Ontologies serve as a common vocabulary for seman-
tic annotation of services and data in the system. As
most current semantic web services standards are rel-
atively mature and stable, the ontology model used in
a system is built upon a distributed and modularized
ontology structure and reuse some cross-domain on-
tologies. The use of a well-defined ontology could po-
tentially increase the interoperability for information
published on the web. The ontology model used in a
system normally contains two modulegeneric ser-
vice description ontologysuch as OWL-S, is an ontol-
ogy module used to specifies generic web service con-
cepts;service domain ontologig an ontology module
designed and used for the semantic description of web
services in a particular domain.

Semantics enabled service registry is responsible for
storing the semantic and syntactic information of ser-

vices as well as answering the inquiry. The semantic
information can be provided by service providers or

third party annotation.

Workflow composer (human expert and/or software
agent) discovers appropriate services and resolving the
connectivity between services. It is also responsible
for converting the workflow into a workflow language
that can be executed on a workflow engine.

e Data provenance management keeps track of the orig-

ination of the data products.

Few workflow systems have the capability for the reuse of
the knowledge gained during the service discovery, service

users need to replicate their data sets or rerun the sam&°MPposition, and service invocation process. We add two

workflow using different input data. For example, consider

components — knowledge discovery and knowledge man-

a scientist who is interested in a data set generated from £9ement —to the workflow system illustrated in the Figure

given workflow. Using the recorded data provenance, the
corresponding concrete workflow that was used to generat

this data set can be discovered. The concrete workflow can

be re-optimized and invoked with different input data.
The reuse of a workflow may also occur during workflow

design. For example, a scientist may have a high level rep-

resentation or partial representation of a workflow, search-
ing the workflow repository may return a number of similar
workflows at an abstract level and/or concrete level. This

3 and discuss how this knowledge can be used over time to

dorovide more accurate guidelines to users.

We give a definition of service in our system as a tuple
with several important attributes:

service;(description;, operation;, ...) — a service contains
text descriptions of its feature, a set of operations (must né@) be
and other attributes;

operation;j(descriptions;, inputi;, outputij, qualitys;,
per formtask;j, ...) — an operation in a service contains text de-
scriptions of its features, a set of input parameters (md}) keset

scientist may choose a candidate to reuse or modify theof output parameters (may % a set of quality metrics, semantic
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Figure 3. An enhanced workflow system with
two added components, knowledge manage-
ment and knowledge discovery

description of the features using vocabulary freervice domain
ontology and others;

parametery(semantick, datatypey) — a parameter contains
semantic description using vocabulary freervice domain ontol-
ogyand the data type.

Since our system is intent to be used in bioinformatic ap-
plication, the adoptedervice domain ontologig from the
myGrid project (http://www.mygrid.org.uk/ontology) with
extension of a self-define module (tapplication ontology
that contains vocabularies particularly used in our system.
The semantic annotation of services and workflows can be

represented as a RDF model and stored in a RDF repository.

3.1 Knowledge management

The knowledge management component is responsible
for collecting, analyzing, and handling inquiries on the
knowledge base. The knowledge base holds information
gathered incrementally during workflow translation and ser-
vice composition processes. This information provides in-
creasingly accurate guidelines for users over time. Four
types of information are classified:

- Connectivity of services A concrete workflow can be
viewed as a graph with a number of linked services in
a certain order and logic. Each node in the workflow is
an operation of an executable service. In a simple case,
two nodes are connected if an output parameter of one
operation maps an input parameter of another opera-
tion based on their syntactic and semantic description.

Rule 1: operation;; — operationm, if Iparametery, €
output;; andIparameter, € input,,, and
datatype(parameter,) = datatype(parametery) and
semantics(parameter,) = semantics(parametery)

Rule 2: if operation;; — operationmy thenservice; —
Servicem

While the connectivity of services can be determined
by these above simple rules, it can be identified using
more complex models [12].

The connectivity between two services can be iden-
tified automatically based on the rule defined above
when a new service is added to the system. Itis a
computationally intensive process when the number
of services in the system and the number of param-
eters for each operation is large. Also, incorrectly
identifying the connectivity between two services is
most likely introduced by the misannotation of ser-
vices or an incomplete ontological model. Therefore,
during the translation process, the connectivity struc-
ture should be refined and updated based on human
judgment. After a concrete workflow is created and
verified, the connectivity of services in the workflow
can be added into the system. As time goes by, the con-
nectivity of services in a system forms a graph of the
knowledge space. A vertex in the graph can be repre-
sented agservice;, opertation;;, parameter; ;) or
(service;, operation;;) if one operation does not have
parameters and the edge represents the connectivity of
two vertices.

Alternativity of services. In the context of our
research, we defingervice; as an alternative of
servicey, if Voperation;; € service; and

operation,, € service,, their syntactic and seman-
tic description are the same except the quality prop-
erties. For example, two services that implement the
same WSDL interface are alternatives for each other.
These two services may implement the WSDL inter-
face using different underlying technologies, charging
different fees, and having different performance.

The execution of workflows and services takes place in
a distributed computing environment. The execution
may fail at some point due to the failure of the work-
flow engine, failure of the service, and failure of the
network fabric. The capability to dynamically select
alternative services ensures the recovery from service
failure. The myGrid/Taverna project provides users a
way to encapsulate alternative services into the work-
flow at the design time. Another approach is to find
an alternative service during run time using general
semantic service discovery technologies. We believe
that identifying and storing the alternatives of a service
ahead of time can increase the performance by elimi-
nating this semantic service discovery process. The
method can also improve the correctness of finding al-
ternative services. The alternativity of services can be
automatically identified when a new service is added in



the system and be refined during the workflow transla- the workflow translation process to find appropriate knowl-
tion process. edge in the system. It is also responsible for selecting and

] ] ] ) ] replacing services with their optimal alternatives during the

- Quality profile of services As more services with  ontimization process and to find a replacement during run
similar functionalities are published, it is important ¢me  The knowledge discovery component accepts and

to define qualitative metrics that help the selection of ggpngs requests to the knowledge management component.
the optimal services. Modeling the quality of service

and approaches for choosing optimal services has been )

well studied for several years [1]. While there are a 4 Translation process

number of quality criteria that can be used for rank-

ing services, different systems choose different sets of  The process of translating abstract workflow into a con-
metrics and quality models for computing the over- crete workflow involves the discovery of appropriate ser-
all quality of service. We define quality with four at- vices and resolving the connectivity between services in or-
tributes. der to accomplish tasks defined in the abstract workflow.

Quality(cost, trustness, executiontime, failurerate)

— cost is the fee needed to execute @reration,; and it is 4.1 Service discovery and matchmaking
provided by the service provider; process

— trustness defines users preference of using the

operation;; based on their experiences and it is annotated . .
bf/ uSers: g P During the translation process, the workflow composer

— executiontime and failurerate define the performance issues a query to find. appropriate services that can be used
of anoperation,; and they are collected and calculated from {0 @ccomplish the defined task. For example, the composer
each run of a workflow or service. is interested in finding an operation which performs the task
“aligning ". A general query returns all services having
#performTask property equal#aligning . More so-
phisticated discovery processes use reasoning capabilities
to infer a subsumption relationship between the requested
service and the services described using the ontology.

The translation from an abstract workflow to a concrete

- Mapp|ng between abstract workflow and concrete workflow requires SOlVing the ConneCtiVity between two ex-
workflow. The construction of the abstract workflow €cutable services with mismatched or inappropriate input to
represents the knowledge that scientists knows aboutoutput. The mismatching problem may be introduced by
their domain and the services/tools provided in the sys- inaccurate semantic annotations, incomplete semantic an-
tem. The abstract workflow and the semantic annota- notations, and inaccurate ontological reasoning. The false
tion of the concrete workflow are represented using the Positive (FP) is a case that the connectivity of two services
0nt0|ogy_ The concrete workflow also is represented is automatically identified as matched but these two services
using a particular workflow specification that can be can not be connected together in reality. This type of error
invoked on the workflow engine. Recording the map- can be detected by experts at design time or be identified af-
ping relationship between abstract workflow to con- ter the formed workflow runs and incorrect results returns.
crete workflow enables finding similar workflows in  The true negtive (TN) is a case that the connectivity of two
the system given a workflow in different representa- Services is identified as mismatch and in reality they are not
tion format. The concrete workflow can have its own Mmatched. Adaptor, shim, or mediator [16] technologies are

semantic annotation. It can also be represented usingised to align or modify poorly typed input and output of
the specific workflow language that can be invoked in consecutive services in a workflow. These mediators are

the workflow engine. stored in mediator pools and discovering such a mediator is
achieved with ontologies and machine reasoning, the same
as the discovery of normal services.

Other QoS properties, such as security, may also be
added when needed. The overall quality of each ser-
vice can be computed periodically or during the op-
timization process using the similar QoS computation
model algorithm defined in [9].

3.2 Knowledge discovery

The knowledge about the connectivity of services, alter- 4.2 Knowledge reuse
nativity of services, quality of services, and workflow repre-
sentations is typically stored in tables. The knowledge dis-  With the incrementally added information in the knowl-
covery component resides in the workflow composer. It is edge base, solving connectivity can be done completely at
responsible for communicating between the workflow com- the syntax level without need for consulting the domain on-
poser and the knowledge management component duringology. As time goes by, converting the abstract workflow



to the concrete workflow may be achieved by finding a me-
diator between two services in the knowledge base. Thus, Table 1. PERFORMANCE EVALUATION OF

the use of ontologies will be exactly on those parts of the  MATCH DETECTION PROCESS
workflow that were never used before. The manual trans-

lati il b ired i f | Number Number Load RDF Average time of
ation process will be required just once for every new el-  gsenices  of repository  match detection
ement of the set of components in a workflow and when a Matched (millisec-  per single service
new service is added in the registry. The problem of solv- Pairs onds) (milliseconds)

ing the connectivity between two services can be converted igg ég ;gfg Egi

toa _pr_oblem of flnd|r_19 a path betwe_en two node; inacon- g 84 2600 1231

nectivity graph. During the translation process, instead of 800 138 3015 12.35

resolving the connectivity from scratch using semantic rea- _ 1000 225 3325 1251

soning technology, the composer can reuse stored knowl-

edge to support the semi-automatic and automatic compo- o )

sition. The connectivity graph approach is evaluated on an Dell
laptop with a 1.5GHz Pentium M CPU and 512M of RAM.

1. Given a service or operation, all services or opera- Service decriptions are randomly generated using 418 con-
tions connected to the current service or operation cancepts from domain ontology for semantic type and 10 con-
be found by table lookup and presented to the users.cepts for data type. Each service contains 1 operation. Each
Users can choose one based on their expertise. Sincgperation has 1 input and 1 output. Additionally, we an-
the connectivity stored in the table is verified during notate 4 services that can be used to compose a workflow
the previous workflow creation process, we expect the to conduct the experience defined in 2. These services are
probability of finding an accurate one is higher and added into the randomly generated data set in order to verify
faster than using the semantic reasoning techniqueshe correctness of our approach.
from scratch. The measured performance of the match detection pro-

2. Given two services or operations, find one or a se- cess during the service registration process is report.ed in
quence of services or operations between them (medi-/2PIe 1. The number of matched pairs reports the iden-
ators) that can connect these two services or operationd/fied pair of services that one service's output can be fed
together. This problem can be converted to a problem as input for the ot_her service. AIthough the time of load-
of finding a path between the service or operation A ing the RDF repository (|mplemented with the Sesame 1.2.6
to the service or operation B. Since the connectivity (NttP://www.openrdf.org/)) increases as the number of gen-
structure of services or operations in the knowledge erated services increases, the process is typlcally only need
base is a graph, the shortest path algorithm (Dijkstra) 1© P€ done once. The average time of the matching process
is applicable to this problem. when a new service is registered in the repository requires

about 12-13 milliseconds.

3. This approach can be extended into a wider use case The searching function of shortest path algorithm is eval-
when users know the exact input they can provide and uated using the connectivity graph created from 1000 ran-
output they are trying to get. A general planning tech- domly generated semantic web services. The graph is con-
nology is trying to find a service or operation that ac- structed with matched pair and input/output of each service
cepts this input and a service or operation that gen-in matched pair. The load time of the connectivity graph
erates this output. Using the connectivity structure, (724 nodes and 587 arcs) is about 220 milliseconds and only
the path between the input and output can be found, need to be done once the system is loaded. The average path
if there is any. searching time is less than 1 milliseconds. Using this search

function, the 4 real world services forms a workflow as we
4.3 Implementation and evaluation expected.
The preliminary results show that the feasiblility of our

The connectivity between two services is identified au- jmplementation is acceptable. Further testing with real ser-

tomatically when a new service is registered into the yjces/workflows and larger number of input/output parame-
semantic-enabled registry using the matching rules definecier and operations is needed .

in the Section 3. As more services are registered in the reg-
istry, the larger connectivity graph is formed. Since the
automatic identification process may introduce some mis-5 Workflow reuse

matching problems, the mismatching cases can be corrected
during the workflow translation process with knowledge Both abstract worklow, and concrete workflow can be
from experts. viewed as a graph. With this type of graph represenation,



graph matching techniques can be applied to find similar this specified, the algorithm can find more optimal results.

workflows in the system. Although in-depth graph theoretic ~ The threshold of returned workflows is defined based on

research is not the main focus of this investigation, we arethe match cost. One or more workflows with the most simi-

interested in applying an efficient algorithm to find similar larity are returned and presented to users. Users may decide

workflows in the system given the graph representation ofto use these workflows as a template to manipulate their

abstract workflow or concrete workflow. workflow definition on the abstract level or concrete work-
SUBDUE (available at http://cygnus.uta.edu/subdue/) is flow level. Alternatively, users may decide to use the re-

a graph-based knowledge discovery system that finds structurned workflow to conduct their experiments.

tural and relational patterns in data representing entities and

relationships. _SUBDUE represents data using a labeled, di-6 Related work

rected graph in which entities are represented by labeled

vertices or subgraphs, and relationships are represented by _

labeled edges between the entities. The SUBDUE graph Abstract and concrete workflows have been introduced

match utility [2] is a part of the SUBDUE data mining sys- [N various scientific workflow literature and_ systems [3_, 4,

tem. The graph match utility can perform exact and inexact 15]. These two representations create a view of certain as-

graph matches on directed or undirected graphs with labeledPects of a workflow that meet the mfcerests of users with dif-

vertices and edges. ferent knowledge levels of the services and a particular do-

For example, a scientist may have a scientific process inmain. However, in these systems and literature, the notion
her mind such as: Il like to get all ATP alpha units of of concrete workflow and optimal workflow are combined
plastids in my MoG investigation and do mutliple sequence together.and are ofte'n not distinguishgd as two separate rep-
alignments and get an alignment report with a format that | resentations. We believe that separating these two workflow
am able to feed into my local PAUP programi possible representations provides flexibility of dynamic binding, the

abstract workflow she may define is similar to Figure 4. ability to select optimal services, and easier integration of
Grid resource management services.

The translation of an abstract workflow into a concrete
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workflow is a process of service discovery and service com-
position. It normally uses an ontology to annotate services
and applies reasoning and matchmaking technologies from
a workflow. A number of research investigations focus on

automation of this process and assume that the ontological
model is well defined and services are correctly annotated,
which is not always the case. Rao et. al. [17] presents an
approach that addresses the reality of incomplete annota-
tion. The framework helps users become better at annotat-

ing composable functionality over time. The enhance sys-
tem and methodology proposed in this paper is intended to
reuse the knowledge that has been verified by others. It pro-
vides users more accurate guidance for service discovery
using that stored knowledge.
The importance of reuse and repurposing of workflows
has been reported in [20]. Antoon Goderis et. al. [6]
. ] presents an approach of using graph based solution to find
The given workflow is converted to the graph represen- simjlar concrete workflow on the web. This is an similar
tation that can be fed into the match algorithm. The match approach similar to what we used but with a different graph

algorithm computes the similarity of the given workflow  matching algorithm and different graph representations.
against all the workflows stored in the knowledge base. The

returned match cost from the SUBDUE algorithm is the .

measurement that we use to rank the similarity of the work- / ~ Conclusion and future Work

flows. If two graphs are identical, the match cost is 0. Costs

of various graph match transformation have effects on the In this paper, we present the importance of implement-
results. The costs can be changed based on the importandaeg workflow and knowledge reuse. In order to support that
of each transformation. For example, we might like to de- reuse, we propose and describe a methodology and an en-
fine that the cost of substituting a vertex label or edge labelhanced workflow system. In includes a hierarchical work-
is higher than the cost of deleting the vertex or edge. With flow structure consisting of four levels that allow users to

multiple_alignment_report

Figure 4. The graph representation of a work-
flow for describing a scientific process



specify workflows at different levels of abstraction, based [7]
on their knowledge and experience. Two components are
added into the workflow system to collect and analyze the
reusable of information generated from the service registra- [
tion and the workflow translation process.

The methodology proposed is being used in the design
and implementation of a service-oriented based system for (g,
supporting bioinformatics research. It can also be used in
workflow systems in other domains. Based on its successful [10]
design and implementations of the system (MoGServ) [21],
we developed an ontological model for data and services
annotation in the system. At the current stage, the num- [11]
ber of services, operations, workflows in the system is rel-
atively small, but are expected to grow with usage. The fu-
ture MoGServ is intended to support genomic research and
provide a workbench for biologists in the Indiana Center [12]
for Insect Genomics (ICIG) a research center composed
of three academic institutional partners. Users can define a
genomic research workflow through a web interface for a [13]
particular application. It may result in higher productivity
for genomics researchers and synergy resulting from trans-
parent integration of data and analysis tools from multiple [14]
locations. We believe that the enhanced workflow system
with the knowledge reuse capability can provide more ac-
curate guidelines during the workflow creation process and
make the process more efficient as time goes by. A systemic[15]
evaluation is being conducted.
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