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Abstract

In a services-oriented environment, services are constantly being added and removed.
Application developers often do not have control over the services they utilize. What would
happen if a service required by an application were removed from the environment or had its
interface changed? What if a new and better service were introduced that an application
might be able to utilize? Existing services-oriented frameworks do not protect application
developers against these contingencies.

The OWL Web Ontology Language for Services (OWL-S) is a language to describe the
properties and capabilities of Web Services in such a way that the descriptions can be
interpreted by a computer system in an automated manner. This technical note presents the
results of applying the model problem approach to examine the feasibility of using OWL-S to
allow applications to automatically discover, compose, and invoke services in a dynamic
services-oriented environment.
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1 Introduction

Service-oriented architectures (SOAS) require a different perspective on software
development than traditional application-centric methods.! SOAs support the decomposition
of business processes into reusable elements implemented as services. These services provide
support for tasks such as checking the inventory status of a particular item, obtaining the
current location of a package, or checking the status of a customer. Developers can then build
applications, such as order processing or customer account management, that take advantage
of these services in new ways—teducing duplication of functionality within applications and
making it simple to modify the internal behavior of a service without affecting existing
applications.

To build those applications, developers query a service repository and obtain a list of
addresses for those services that match the request. The developer selects a service from the
list and includes calls to the service in the application code. The responses obtained from the
call to the service can be used as input to additional services that were discovered in the same
fashion. In this setting, if the service changes its interface or is not available at runtime, the
application will receive an error. Currently, service discovery, composition, and invocation
are done in a static manner at design time, rather than in a dynamic manner at runtime.

However, in a services-oriented environment, services are constantly being added and
removed. Application developers? often do not have control over the services they utilize.
What would happen if a service required by an application were removed from the
environment or had its interface changed? What if a new and better service were introduced
that an application might be able to utilize? Existing services-oriented frameworks do not
enable application developers to deal with these changes.

The dynamic discovery, composition, and invocation of services is one potential solution to
this problem. If applications were no longer restricted to the services they were developed to
work with, they could discover new services based on the functionality they require at a
particular time. Furthermore, dynamic service composition would allow applications to chain
together diverse services automatically, based on their goals or required quality of service
rather than a predefined process. Dynamic service invocation would allow applications to

A service is a coarse-grained, discoverable, and self-contained software entity that interacts with
applications and other services through a loosely coupled, often asynchronous, message-based
communication model. A collection of services with well-defined interfaces and shared
communications model is called a service-oriented architecture (SOA). A system or application is
designed and implemented using functionality from these services [Lewis 04].

Even though client application is often used to refer to a consumer of services, all discussions in
this document using that term also apply to the situation where the consumer of a service is another
service.

CMU/SEI-2006-TN-018 1



invoke new services or sets of services without developer or user intervention. These
dynamic environments also enable the flexibility being pursued by both industry and the
U. S. Department of Defense (DoD) to respond to changing business and mission
requirements.

The OWL Web Ontology Language for Services (OWL-S) provides developers with a strong
language to describe the properties and capabilities of Web Services in such a way that the
descriptions can be interpreted by a computer system in an automated manner [Martin 04a].
The information provided by an OWL-S description includes

o ontological description of the inputs required by the service
e  outputs that the service provides

e  preconditions and postconditions of each invocation

The goal of OWL-S is to enable applications to discover, compose, and invoke Web Services
dynamically. Dynamic service discovery, composition, and invocation will allow services to
be introduced and removed seamlessly from a services-rich environment, without the need to
modify application code. If the information it needs to achieve its goals can be described in
terms of an ontology that is shared with service providers, an application will be able to
detect new services automatically as they are introduced and adapt transparently as the
programmatic interfaces of services change. Although it is not the only technology being
pursued to support dynamic environments, OWL-S is far enough along in its development to
be used as a proof of concept, if not a potential solution.

This technical note describes the process that was followed to implement a model problem to
examine the feasibility of OWL-S as a technology for discovering, composing, and invoking
services in a dynamic services-oriented environment. Model problems are a very simple and
cost-efficient way to understand what technologies can and cannot do within a specific
context. The goal of this work was to discover the potential benefits and drawbacks of
OWL-S and provide guidance for those wishing to explore and improve it for the future. This
note is the second in a series of explorations of technologies for interoperability using the
model problem process by the Integration of Software-Intensive Systems (ISIS) Initiative at
the Carnegie Mellon® Software Engineering Institute (SEI). The first note examined claims
for the benefits of Model-Driven Architecture (MDA) as an aid in achieving interoperability
between systems.®

In Section 2 of this technical note, we define OWL-S. In Section 3, we explain the model
problem approach. In Section 4, we detail the design and implementation of the model
solution to examine OWL-S. In Section 5, we present the findings from the examination
detailed in Section 4. In Section 6, we offer recommendations for the use of OWL-S. And in
Section 7, we provide a brief summary of the note.

® Carnegie Mellon is registered in the U.S. Patent and Trademark Office by Carnegie Mellon
University.

To read the technical note on issues regarding MDA, go to
http://www.sei.cmu.edu/publications/documents/05.reports/05tn022.html.
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2 What is OWL-S?

OWL-S is a markup language that enables the description of Web Services in a way that they
can be discovered automatically, composed into more complex services, and invoked with a
high degree of automation [Martin 04a, Martin 04b].

The types of tasks that OWL-S supports can be seen in the example of a person making
arrangements to travel to and attend a conference. Suppose a person enters travel dates and
destination information into an “OWL-S enabled” application, choosing these criteria: (1)
nonstop travel and lowest fare for a flight and (2) availability and lowest rate per day for a
rental car. Behind the scenes and without additional intervention by the person, the
application

1. discovers the set of airline services that provide rates for travel to the selected destination
(This activity is the automatic discovery of services.)

2. obtains rates from the discovered airline services and selects the one that offers a nonstop
option at the lowest fare
(Here, the application performs an automatic invocation of services.)

3. discovers a set of rental car services at the selected destination
(This task is accomplished by a second automatic discovery of services.)

4. queries the rental car services for availability and rates and selects the one with the
lowest daily rate, given the travel dates and the arrival time of the selected flight
(In this automatic composition and invocation of services, the output from the travel
service is used as input to the rental car service.)

5. displays the selected itinerary to the user and asks for confirmation

The following sections describe the OWL-S elements that support the dynamic discovery,
composition, and invocation of services like that illustrated by this travel arrangements
scenario.

2.1 OWL Web Ontology Language

OWL-S is based on ontologies of objects and concepts defined using the OWL Web
Ontology Language [W3C 04a, W3C 04b]. OWL ontologies describe the hierarchical
organization of ideas in a domain in a way that can be parsed and understood by a software
program. OWL ontologies are similar to an object-oriented class hierarchy in a software
program. Consider the ontology of fruits and vegetables shown in Figure 1. The classification
of Berry could be considered a subclassification of Fruit, and Strawberry could be introduced
in the ontology as an instance of the Berry classification with characteristics such as its color
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being red and its flavor being sweet. The ontology could further be extended to make Fruit
and Vegetable subclassifications of Food.

rdf:subClassOf rdf:subClassOf

ralf: subCIassOf rdf: sutrCIassOl

rdi:su bCIassGr rdi:: subCIassOT rdf SubC|355(}f rdf:: subCI assOf
rdf: tfpe rdf: lype
Strawberry
. Potato
Color: ﬁed Color: brown
Seedless: false Climate: cold
Flavor: sweet ;

Figure 1: An Incomplete Example of an Ontology of Foods

2.2 OWL-S Ontologies

In its simplest form, an OWL-S ontology defines elements that describe the interface a
service provides to the “outside world.” Currently, OWL-S ontologies can only be defined for
Web Services.* As specified in the WSDL document that describes them, the inputs and
outputs of a service are mapped to classifications in an OWL ontology. For example, a
service that provides online market pricing for berry farmers might take a berry name as input
and produce a dollar-per-pound value as output. An OWL-S ontology for the berry pricing
service could map the berry name input to the Berry classification from the Fruit ontology
and the dollar value output to a Currency classification from a Money ontology. By doing so,
any application that understands what berries and currency are in terms of their respective
ontologies could make use of this service without specific knowledge of its service interface.

* The Web Services approach to implementing an SOA involves (1) service interfaces described using

Web Services Description Language (WSDL), (2) content transmitted using Simple Object Access
Protocol (SOAP) over Hypertext Transfer Protocol (HTTP), and (3) Universal Description,
Discovery, and Integration (UDDI) optionally used as the directory service for the discovery of
services [Lewis 04].
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2.3 OWL-S Description Elements

A service in OWL-S is described by means of three elements, as shown in Figure 2:

1.

The Service Profile describes what the service does. It explains what the service
accomplishes, details limitations on its applicability and quality of service, and specifies
requirements the service requester must satisfy to use it successfully. This information is
used by consumers during the discovery of the service.

The Service Process Model describes how to use the service. It details the semantic
content of requests, the conditions under which particular outcomes will occur, and,
where necessary, the step-by-step processes leading to those outcomes.

The Service Grounding specifies the details of how to access/invoke a service. It
includes communication protocol, message formats, serialization techniques and
transformations for each input and output, and other service-specific details such as port
numbers used in contacting the service [Martin 04a].

Service Profile

presents __j

(what it does)

described by

(how it works)
Service Process
supports Model
(how to access it)
Service
Grounding

Figure 2: OWL-S Service Description Elements

2.4 OWL-S Discovery and Execution Elements

By itself, OWL-S is a language for the markup of Web Services. It becomes useful when
there are tools to exploit Web Services described using OWL-S constructs.

An example of an OWL-S toolkit is CMU’s OWL-S Development Environment (CODE),
created by Carnegie Mellon University's Intelligent Software Agents Lab [Srinivasan 05,
ISAL 04]. CODE supports the complete OWL-S Web Services development process—from
the generation of OWL-S descriptions (from Java code or WSDL documents) to the
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deployment and registration of the service. CODE is implemented as an Eclipse plug-in that
supports activities for service providers and client application developers.®

In addition to tools for the description of services, CODE includes the OWL-S Matchmaker
and the OWL-S Virtual Machine (VM) elements.

The OWL-S Matchmaker serves as a “catalog” of services defined using OWL-S. Service
providers register OWL-S descriptions of services with the OWL-S Matchmaker. Client
applications can query the OWL-S Matchmaker with an ontological description of the desired
inputs and outputs. The OWL-S Matchmaker matches the request with its catalog of services
and returns a ranked list of services that most closely match the request.

The OWL-S VM is used to invoke services using OWL-S. After the client application selects
a service from the ranked list of services, it formulates its request using the format specified
by the OWL ontology and sends the request to the OWL-S VM. Using Extensible Style
Language Transformations (XSLT)® present in the Service Grounding element, the OWL-S
VM reformats the request to match the format required by the service. Then, it invokes the
service on behalf of the client. When it receives a response to that step, the OWL-S VM uses
another XSLT transformation in the Service Grounding element to reformat the response into
a format matching that of the ontology. Finally, the OWL-S VM sends the response back to
the client application. In this manner, the client application does not need to know anything
about how to interact with the actual service; the OWL-S VM acts as a mediator for the
request and response.

Both the OWL-S Matchmaker and the OWL-S VM elements have an Application
Programming Interface (API) for Java applications to discover and invoke services.

®  Eclipse is an open source community engaged in providing a vendor-neutral software development

platform. Read more about Eclipse at http://www.eclipse.org/.

In its simplest definition, XSLT is a language used to transform XML documents into other XML
documents [W3C 99b]. Currently, XSLT is the only type of transformation supported by the
OWL-S VM.

6
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2.5 Service Provider Perspective on the OWL-S Development
Model

Using elements from CODE, we describe in this section the development process from the
service provider perspective. The process is presented graphically in Figure 3. (A description
of the service provider perspective in a dynamic discovery and invocation environment is
provided in Section 2.7.)

1. Create the OWL-S Profile. The first step in the development process is the creation of an
OWL-S description—called the OWL-S Profile—for the service. The OWLS-Profile can
be generated directly from Java code or a WSDL document. The Java2OWL-S Converter
component takes Java code containing the methods to be exposed as operations within
the service and generates the OWL-S Profile. The WSDL20OWL-S Converter component
takes a WSDL file for the service and generates the OWL-S Profile. In addition to the
Service Profile, Service Process Model, and Service Grounding elements described in
Section 2.3, Concept and Service files are generated as part of the OWL-S Profile. The
Concept File is an OWL ontology that describes the concepts used by the inputs and
outputs of the OWL-S processes and profile. The Service File is an OWL description of
what the actual service does and what happens when the actions provided by the service
are executed.

2. Edit the OWL-S Profile. Using the OWL-S Editor, the service provider can add details
such as special data transformations in the Service Grounding element, control flow and
data flow information in the Service Process Model element, and nonfunctional
parameters (e.g., quality rating) in the Service Profile element.

3. Validate the OWL-S Profile using the OWL-S Verifier component. This step is optional.

4. Deploy the service and its OWL-S Profile. The actual service has to be deployed on a
server where it is accessible to the client applications. Its OWL-S Profile has to be
deployed on a public server where it is accessible by the OWL-S Matchmaker.

5. Register the service with the OWL-S Matchmaker.

a. The OWL-S Profile is converted to its corresponding UDDI advertisement using
the OWL-S2UDDI Converter component.

b. The UDDI advertisement is registered with the OWL-S Matchmaker.

Additionally, CODE has the ability to perform test queries against the OWL-Matchmaker to
make sure that the OWL-S Profile has been correctly created and registered.

CMU/SEI-2006-TN-018 7



Java Code

Java20OWL-S WSDL20OWL-S

Converter Converter

OWL-S Profile

@ OWL-S Editor

Edited OWL-S

OWL-S Verifier Profile

Legend

Software

Component

@ Web Server OWL-S2UDDI
Converter

Server

Component

Edited OWL-S uDDI
Profile Advertisement e o o

XML

Data Flow

—

OWL-S

Matchmaker

Figure 3: Service Provider Perspective on OWL-S Development using CODE
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2.6 Application Developer Perspective on the OWL-S
Development Model

From the client application developer perspective, the development process differs depending
on whether the service discovery and invocation are done statically or dynamically. The steps
for static discovery and invocation are listed below and presented graphically in Figure 4.

1. Using the OWL-S Editor, create an OWL-S Request’ that corresponds to the discovery
query. This OWL-S Request has the same format as the OWL-S Profile.
2. Using the OWL-S Editor, register the OWL-S Request with the OWL-S Matchmaker.

3. Using the OWL-S Editor, query the OWL-S Matchmaker. The OWL-S Request is used to
perform the query against the OWL-S Matchmaker. The Matchmaker will return a list of
OWL-S Profiles ranked according to how well they match the OWL-S Request.

4. Select a service. The client application developer selects the “best fit” service from the
list of OWL-S Profiles.

At this point of the process, the client application developer has to write code that uses the
OWL-S VM API to perform the following operations:
5. Load the selected OWL-S Profile into the OWL-S VM.

6. Invoke the service. The client application developer has to provide the proper OWL
inputs and process the OWL outputs corresponding to the service response.

" CODE also calls this request or query a profile because it has the same format as the OWL-S

Profile. To avoid confusion, we refer to it as the OWL-S Request in this report.
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OWL-S Editor \1/] Application Code

Selected OWL-S
Profile

Invoke Service

Load Profile
Matching OWL-S o~ —~
Profiles V\S/\ ' ' V\G )
. _
OWL-S VM
OWL-S
Matchmaker
Legend
Software Sourc;n::fde or Data Flow Control Flow
Component q - *

Figure 4: Application Developer Perspective on OWL-S Development using CODE
(Static Discovery and Invocation)

In a dynamic service discovery and invocation setting, both the discovery (steps 1-4) and
invocation (steps 5 and 6) tasks listed above are performed by the application without any
user intervention. That is, the OWL-S Matchmaker API is used to perform steps 1-4, instead
of the OWL-S Editor, and the OWL-S VM API is used to perform steps 5 and 6.

An application that can dynamically discover and invoke services would be quite complex, as
will be explained in Section 5.3. The OWL-S runtime model explained in the next section
also helps to illustrate the complexity of such an application.
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2.7 The OWL-S Runtime Model

Figure 5 depicts the sequence of events that would occur at runtime in a dynamic discovery
and invocation environment of services using OWL-S and registered with the OWL-S
Matchmaker. In that environment, all of the following steps would be performed by the client
application at runtime.®

1. Create the OWL-S Request and load it into the OWL-S Matchmaker.

2. Query the Matchmaker. The client application queries the OWL-S Matchmaker to find
services that best match the OWL-S Request. The OWL-S Matchmaker returns a list of
ranked matching OWL-S profiles.

3. Select a service from the list of matching OWL-S profiles.
4. Load the selected OWL-S Profile into the OWL-S VM.
Invoke the Web Service.

a. The client application formats its request using OWL and sends it to the OWL-S
VM.

b. The OWL-S VM invokes the service on behalf of the client application, using the
XSLT contained in the OWL-S Service Grounding element to convert it into the
correct form.

c. The OWL-S VM then translates the response returned from the service invoked into
an OWL representation that is returned to the client application.

8 Asindicated in Section 2.5, steps 1 through 4 would occur during development time and not at

runtime in a static discovery and invocation environment.
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Figure 5: OWL-S Runtime Model
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3 Using the Model Problem Approach

The model problem approach is a technique for evaluating software technologies. This
approach involves (1) formulating hypotheses about the technology and (2) examining these
hypotheses against very specific criteria through experimentation. The outcome of this two-
stage approach is that the hypotheses are either sustained or refuted. The model problem
approach has the advantage of producing very efficient and representative experiments that
not only evaluate technologies within the context of their future use but also generate hands-
on competence with the technologies [Wallnau 01].

A graphical representation of the model problem process is presented in Figure 6. The model
problem process is part of a larger process for context-based technology evaluation. In this
larger process, the context for the model problems is established and the expectations from
the technology are captured [Lewis 05]. This model problem approach was used to evaluate
the potential of OWL-S for the dynamic discovery, composition, and invocation of services.

®
Develop Hypotheses
Develop Criteria
Gesign and Implement Model SoluticD
Gvaluate Model Solution Against Criter@

[Hypothesis Refuted]

[Hypothesis Sustained]

Figure 6: Model Problem Process for Technology Evaluation
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3.1 Model Problem Context

The context selected for the model problem used in this study was map services, because they
provide a valuable example of a real-world application of OWL-S for commercial and DoD
organizations. Maps are available in a diverse selection of classifications and formats, and the
coordinates and measurements used to describe them are distinct and meaningful. This level
of information allowed us to create a deep and specific ontology to describe the knowledge
space for the mapping services.

3.2 Evaluation Hypotheses

The first step in developing a model problem is to define hypotheses—claims about the
technology in question that will be supported or refuted by the model problem. For OWL-S,
the following hypotheses were defined:

1. OWL-S will allow the dynamic discovery of services by expected input/output and
service description and provide the location of the service that constitutes the best match.

2. OWL-S will allow the dynamic composition of services when there is not a single service
that can satisfy the query, but rather a sequence of services.

3. Aclient application that uses OWL-S for locating services will be able to invoke the
highest ranked service (or set of services in the case of composition) automatically.

3.3 Evaluation Criteria

As Table 1 shows, each hypothesis was paired with the criteria (i.e., measurable statements of
capability) used to determine whether the model solution sustains or refutes it.

Table 1: Hypotheses and Criteria for the OWL-S Model Problem

Hypothesis Evaluation Criteria
1. OWL-S will allow the dynamic e When searching by input/output, the OWL-S
discovery of services by expected Matchmaker will rank higher those services that
input/output and service description and are a closer match to the given input/output.
provide the location of the service that ) ) o
constitutes the best match. e When searching by service description, the

OWL-S Matchmaker will return only those
services within the same domain (in this case,

mapping).
2. OWL-S will allow the dynamic The OWL-S Matchmaker will be able to find a
composition of services when there is sequence of two services where the output of one
not a single service that can satisfy the service is the input to another service, and the services

query, but rather a sequence of services.  as a set will match the given query.

3. Aclient application that uses OWL-S for  If the client application finds a match, it will invoke
locating services will be able to invoke the highest ranked service or set of services without
the highest ranked service (or set of any user intervention.
services in the case of composition)
automatically.
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4 Designing and Implementing the Model Solution

The model solution was to be developed as a Java application that retrieved a specific type of
map, given location coordinates expressed using different units. This problem allowed us to
test discovery based on different map types and composition, when there is difference in the
location coordinate systems.

4.1 Setting Up the OWL-S Development Environment

The first step in implementing the model solution was to select the development
environment. It 