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Abstract. Grid has emerged as a new paradigm for integration within
dynamic virtual enterprises. Given a service-oriented Grid environment,
more complex, value-added sophisticated services and applications can
be built via service composition. In this paper, we discuss Grid services
composition by leveraging Semantic Web services standards and technol-
ogy, especially OWL-S. The characterization of service composeability is
presented in the context of OWL-S. The techniques for constructing the
Web/Grid service composer are described, and the focus is placed on
composition engine and OWL-S Matcher.

1 Introduction

Grid systems and applications aim to integrate, virtualize, and manage resources
and services within distributed, heterogeneous, dynamic “virtual organizations
(VOs)”. In the recent years, there is the alignment of Grid technology to Web
services, and a Grid services is defined as a Web service that is designed to oper-
ate in a Grid environment and meets the requirements of the Grid(s) in which it
participates. The early definition that a Grid service is a service that implements
the GridService portType of OGSI is now considered deprecated. Web services
are assumed widely shared and available in the community. One of the primary
benefits of service-oriented architecture (SOA) is the ability to compose appli-
cations, processes, or more complex services from other less complex services.
This activity is called service composition. Service composition is emerging as
the technology of choice for building cross-enterprise applications on the Web.
Given the well-defined (and well-described) interfaces, loose-coupling, and Web
standard-based interaction protocols between services, a complex value-added
service or process can be dynamically constructed out of available Web services
as needed.

In this paper, we present a Semantic Web services based approach to Grid ser-
vice composition. Service semantics is represented in OWL-S. Based on OWL-S,
we characterize the composeability of Web/Grid services on which OWL-S based



grid services composition is presented, and a OWL-S based Web/grid services
composer is described, focusing on composition engine and OWL-S matcher.

2 Composeability of Web services

Composeability of Web services refers to the ability that participant services can
actually work together as expected. In a sense, composeability of Web services is
the extent to which two services are related in a way that they can be assembled
to offer a value-added service.

In view of service composition, it is necessary to decide when one Web service
matches what we want. It is well known that these characterization of a function
or a software component cannot be determined by its signature alone. Web
services composition needs to characterize the dynamic behavior, i.e., semantics,
of each Web service.

There are different kinds of semantic matches. While ezact match between
services (or between service and requirements) appears the best choice, many
flavors of relaxed match may also serve the purpose. In the remainder of this
section, we attempt to characterize matches based on semantics. This characteri-
zation requires the semantic description of Web services in OWL-S [1]. OWL-S is
a OWL-based Web service ontology, which supplies Web service providers with a
core set of markup language constructs for describing the properties and capabil-
ities of their Web services in unambiguous, computer-interpretable form. There
are two aspects of behavior that can be described in OWL-S: the information
transformation represented by inputs and outputs and the state change produced
by the execution of the service, represented by preconditions and effects. This
together is known as IOPE.

Inputs and outputs are named and typed using either OWL-S ontologies
(classes or properties) or data types that XML Schema provides. OWL-S al-
lows the specification of the set of conditions under which the outputs or the
effects may result. In addition, OWL-S process ontology allows to associate con-
ditions with outputs and effects because a service’s outputs and effects are often
predicated on some observable characteristic of the system.

The following characterization is based on OWL-S IOPE description of ser-
vices.

Definition 1 (Inputs-Match).
matChinputs (A; B) = Ainputs A4 Binputs

Service A is said inputs-matched with service B if and only if each input of
service B has corresponding matched partner in service A’s inputs.

If Service C is looking for a service B for composition, any advertised service
A that is input-matched with B can be used. Because we do not have the pre-
condition term, there is no guarantee that the preconditions of the advertised
service actually holds, so we may have to provide an additional “wrapper” to



establish the required precondition before we invoke the advertised service. The
Guarded Inputs-Match takes into account the required preconditions.

Definition 2 (Guarded Inputs-Match).
matChguarded—inputs (A; B) = Ainputs < Binputs A Apv"e = B;m“e

Service A is said Guarded inputs-matched with service B if and only if each input
of service B has corresponding matched partner in service A’s inputs under the
same or weak precondition.

Definition 3 (Outputs-Match).
matChoutputs (A; B) = Aoutputs ~ Boutputs

Service A is said outputs-matched with service B if and only if each output of
service B has corresponding matched partner in service A’s outputs.

If Service C is looking for a service B for composition, any advertised service
A that is output-matched with B can be used.

Definition 4 (Guarded outputs-Match).

matChguardedfoutputs (Av B) = Aoutputs ~ Boutputs A Beffects = Aeffects

Service A is said Guarded outputs-matched with service B if and only if they are
output matched under the same or stronger effects.

The characterization of input-match and output-match is useful and brings
flexibility for service composition. For example, sometimes we are unable to find
an exactly matched service, we can find a service which is the combination of
input-matched service and an output-matched service.

Definition 5 (Exact-10-Match).
matchezactio (A, B) = matchinputs (A, B) A matchoutputs (A, B)

If two services A and B produce the same outputs when supplying the same
inputs, then two service A and B have the equivalent behavior in terms of their
inputs and outputs.

A more complex service can be composed of from service C, D, and B, if we
are looking for a service that has inputs of service D and outputs of C. In this
case, the service B is “exact 10 matched” with what we are looking for.

Definition 6 (Exact IOPE Match).
matChiope (A7 B) = matchegact1o (A7 B) A A;m“e Aad pr"e A Aeffect ad Beffect

Service A is said IOPE-matched with service B if and only if each aspect of
IOPE of service B’s description has corresponding matched partner in service
A’s IOPE.



IOPE matched two services (one advertised and one requested) are essentially
equivalent and thus completely interchangeable. Anywhere that one service is
used, it could be replaced by the other with no change in observable behavior.

Exact IOPE match or Equivalence is a strong requirement. Sometimes a
weaker match is “good enough.”

Definition 7 (PlugIn match).
matChplugIn (Av B) = Aoutput C Boutput

An advertised service A subsumes a requested service B if and only if outputs of
B are the subset of outputs of service A.

This match acknowledges that there is a weaker relation between tw services. In
other words, the advertised service A could be plugged in place of the requested
service B [4,2]. For example, a service that provides (any type of ...) “Books”
could be of use for another service that expects ” Computer Books”.

In some cases, the plugln relation only holds for values of the input allowed
by the precondition. The guarded plug-in match adds Ay, as an assumption (or
“guard”) to exclude such cases.

Definition 8 (Guarded PlugIn match).
matChGuardedplugIn (Av B) = matChplugIn (A; B) A Apre

An advertised service A plug in matched with a requested service B under pre-
condition of service A.

Definition 9 (subsume match).
matChsubsume (Av B) = Boutput D) Aoutput

A service B subsumes match an advertised service A if and only if outputs of B
are the superset of outputs of service A.

If a service B subsumes a service A, then the provider of service A does not
completely fulfill the request for service B. The requester may use the provider
to achieve its goals, but it likely needs to modify its plan or perform other
requests to complete its task.

Similar to guarded plugln match, we have the guarded subsume match.

Definition 10 (Guarded subsume match).
matchcuardedsubsume (A7 B) = matchsybsume (A; B) A A;m“e

A requested service B subsumes an advertised service A under precondition of
service A.

In some cases, we are more concerned with the relation between the pre-
conditions and effects of services. This is Pre/Effect matches which relate the
preconditions of each service and the effects of each service.



Definition 11 (PE match).
matchpg (A, B) =By & Ap,«e A Aeffect < Beffect

A service B is PE matched with any advertised service A if and only if both
services produce the equivalent effects under equivalent preconditions.

Definition 12 (PlugIn PE match).
matChPlugln—PE (A; B) = pr"e = A;m“e A Aeffect = Beffect

A service B is PlugIn PE matched with any advertised service A whose precon-
dition is weaker (to allow at least all of the conditions that B allows) and whose
effects is stronger (to provide a guarantee at least as strong as B).

Often, we are concerned with only the effects of services; thus, a useful relax-
ation is to consider only the effect part of the service description. Most precon-
ditions could be satisfied by adding an additional check before consuming the
service.

Definition 13 (Effect match).
matCheffect(A7 B) = Aeffect Aad Beffect

A service B is effect matched by any advertised service A if and only if both
services present the equivalent effects.

Definition 14 (PlugIn Effect match).
matChplugIneffect (A; B) = pr"e = A;m“e A matCheffect (A7 B)

A service B is plugIn effect matched by any advertised service A whose precon-
dition is weak and both services present the equivalent effects.

We have characterized the composeability of a service by defining a variety
of matches. Which match is most appropriate for composition will depend on
the particular situation. Clearly, the choice of match depends on the context in
which the match is used: how strong of a guarantee is needed about the relation
between the two services in terms of their semantic description (for OWL-S,
IOPE)? While an exact match appears attractive, a various weak form of match
may be found serving the purpose.

3 Semantic-enhanced Grid Services Composition

Based on our characterization of services composeability, we present a composer
of Web/Grid services which are described using Web services upper ontology
OWL-S. The architecture of the composer (SWSC) is shown in Figure 1. The
composer consists of the following main components: OWL-S services repository,
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Fig. 1. Architecture for Grid services composition based on OWL-S

Composition engine: The composition engine actually accomplishes the compo-
sition based on the requirements from service consumer in terms of service capa-
bility represented as OWL-S IOPE. OWL-S matcher OWL-S Matcher plays the
role of matchmaking between requested service capability and advertised service
capability in the repository, and the matcher relies on the OWL Inference en-
gine to perform semantic-based matchmaking. OWL-S API library [3]. It is a
convenient programming library for implementing OWL-S based composer.

4 Conclusion

In this paper, we have discussed Grid services composition by leveraging Se-
mantic Web services standards and technology, especially OWL-S. The char-
acterization of service composeability is presented in the context of OWL-S.
It is expected that this characterization facilitates more effective Grid service
composition. A business process driven approach is briefly discussed to derive
IOPE-based requirements of service provision. The techniques for constructing
the Web/Grid service composer are described. Based on IOPE-based require-
ments, service composition is gradually generated with a forward or backward
chaining of services.
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