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SEMANTICS TO ENERGIZE THE

FULL SERVICES SPECTRUM

Using an ontological approach to better exploit services
at the technical and business levels.

ervices are pervasive in today’s economic landscape, and ser-
vices-based architectures are being rapidly adopted as I'T infra-
structure. The need to take a broader perspective of services to
include people and organizational descriptions as opposed to
technical interface descriptions has already been recognized as
part of an overall vision of services science [46, 100]. This arti-
cle describes the Semantic Services Science (3S) model, which
seeks to demonstrate the essential benefits of semantics in view
of the broader vision of services science by using service descrip-
tions that capture technical, human, organizational, and business value aspects.
We assert that ontology-based semantic modeling and descriptions can be used
to energize services across the broad service spectrum. In this article, we demon-
strate how the 3S approach could be used along three points in this spectrum:
semantic descriptions of standard Web services with the help of WSDL-S,
semantic policies, and agreements; semantic descriptions of lightweight Web ser-
vices using Web 2.0 technologies (such as REST and AJAX); and ontology-based
profiling of people and organizational aspects of the assets associated with the
knowledge services.
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Why use semantics as the basis of the service
model? Interoperability has been a key challenge in
IT for well over a decade. While Electronic Data
Exchange standards and XML have provided the
basis for data exchange and syntax-level interoper-
ability, I'T infrastructure requires semantic interop-
erability to fully exploit and interoperate with
respect to all its data and service resources. The fast-
emerging Semantic Web shows how the use of for-
mal knowledge representation, typically in the form
of ontologies, leads to machine-processable descrip-
tions, and how the adoption of ontologies that pro-
vide common vocabulary and shared knowledge
leads to improved semantic interoperability.

There are three primary advantages of creating
models that employ semantics: they promote reuse
and interoperability among independently created
and managed services; ontology-supported represen-
tations based on formal and explicit representation
lead to more automation; and explicit modeling of
the entities and their relationships between them
allows performing deep and insightful analysis. For
example, if a particular business component is
declared as critical, and the relationships between
the business and IT components supporting them
are explicitly modeled, simple semantic queries may
allow business managers to verify if adequate IT
resources have been allocated to that component
[50]. This reasoning would have otherwise required
a systems analyst with great deal of knowledge of
both the business values and IT of the organization.
The 3S approach utilizes semantic descriptions to
capture relationships between services, the people,
the organizational aspects, and the business values,
allowing business managers to reason on them to
easily create new services and to efficiently allocate
resources to the services.

On the technical front, much of the modeling
effort on services has so far focused on standard Web
services in the context of SOA enabled by Web Ser-
vice Description Language (WSDL), SOAP (Simple
Object Access Protocol, an XML-based message
exchange format) and UDDI (Universal Descrip-

new services.

tion, Discovery, and Integration), a technical speci-
fication for implementing registries that allow pub-
lication and discovery of Web services. It is,
however, possible to take XML-based descriptions
used by these standard Web services (and in princi-
ple, other syntactic descriptions of services) and
annotate them with semantics specified in ontolo-
gies or conceptual models to gain the previously
described benefits of a semantic approach. In the
emerging field of Semantic Web Services (SWS),
semantics is exploited to discover services using
semantic (rather than syntactic) descriptions to
more effectively integrate, compose, or orchestrate
services to support workflows or processes. The
same approach to semantic interoperability can be
accorded to fast-growing Web-based services using
Web 2.0 technologies (such as REST and AJAX),
often termed as lightweight services, and to more
expansive knowledge services that go beyond the
scope of Web services to encompass human skills
and organizational aspects.

Why use the 3S model? As businesses re-factor
their organizational structure to become service
providers, they must possess the ability to provide
new services by optimizing their technical and orga-
nizational resources across the globe. The 3S model
provides a comprehensive model of all the resources
of a business that can be queried using Semantic
Web technologies to quickly assemble the resources
for providing new services. Consider the example of
a global telecommunications provider that decides
to provide a new video streaming service in the U.S.
From an organizational perspective, the manager
would try assemble a team that has a mixture of
experience in delivering this technology in other
countries as well as in-depth knowledge of the pro-
gram availability, demographics, and market prefer-
ences in the U.S. Based on the knowledge profiling
aspect of the 3S stored using ontologies, the project
manager can quickly identify relevant organizational
roles for this project. Similarly, the technical aspects
of the 3S model can be used for service discovery
(using UDDI registries) to discover technical

B he 35S model provides a comprehensive model of all the
resources of a business that can be queried using Semantic Web
technologies to quickly assemble the resources for providing
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resources whose capabili-
ties are semantically
described using WSDL-S.
In addition, with the help
of semantics descriptions
of Web 2.0-based services,
Web interfaces to aggre-
gate data from multiple
sources can be quickly cre-
ated for customer and
internal use. This example
provides one instance of
the use of the 3S model
with respect to resource
discovery. Other benefits
include using the 3§
model for composition of
services, runtime adapta-
tion of business processes,
Web-based collaboration,
and generating context-
driven content.

Organization

ponents of a service
related to the first two
parts of the definition are
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BROADER DEFINITION OF A
SERVICE
A service is a provider-client interaction that creates
and captures value” [94]. The challenge for service
providers is to create services by optimally leveraging
all their resources, often in a global environment. It
requires that service providers are cognizant of not
just their software capabilities but also of their global
work force, the current business trends, and
demands of their consumers. As businesses reorga-
nize their overall structure to focus on their core
competency and become primarily service providers,
a broader perspective of services beyond the tradi-
tional services known to computer science profes-
sionals is needed. This pervasive view must account
for technical, people, social, organizational, and
business aspects of offering a service. The 3S model
makes an initial attempt to act upon IBMs Senior
Vice President Paul Horn’s suggestion of identifying
human and software assets as a starting point of
modeling a service. It builds upon previous model-
ing efforts in Web services, knowledge profiling, and
asset management. We define a service as “value
proposition provided to an organization and its def-
inition includes the following: technical description
of the implementation technology (SOAP/WSDL,
REST, AJAX); organizational description of the peo-
ple and their roles involved in developing, rendering,
managing, or supporting the service; and the busi-
ness or organizational value it renders.”
Consequently the relationships between the com-

verted to services or used

to create services. From an
Figure 1. A broader view of a service implementation point of
that includes people, technology, .
and the organizational perspective. VIEW, the software assets

may convert to services by
either using Web service technologies (WSDL, SOAD,
UDDI) or lightweight approaches like REST and
AJAX. Human assets include project managers, soft-
ware developers, customer relationship representatives
and other relevant persons involved with creating,
developing, marketing, maintaining, or otherwise
managing the service.

Our definition of service is specifically targeted
toward business managers involved in creating a
new service/project, and requires targeting the prob-
lem from both functional and organizational per-
spectives. The functional perspective involves
locating services for reuse and employees that can
help create the new service/project. The organiza-
tion perspective involves creating a team and defin-
ing its members’ roles and responsibilities. Here
semantics are used to enhance the descriptions so
that business managers can realize new projects and
services efficiently.

SEMANTICS FOR THE COMPLETE SPECTRUM OF SERVICES

The recently defined field of the Semantic Web tries
to add more meaning to resources (both information
and services) on the Internet by annotating it with
concepts from agreed-upon domain models. The
annotations act as a common underpinning between
different users and promote greater interoperability.
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Ontologies provide the most accepted way of creat-
ing conceptual models for domains. W3C-recom-
mended ontology specification languages like OWL
and RDF/S provide a way to specify conceptual
models using formal languages, while UML maybe
an alternative language for modeling assets such as
software. In the context of the Semantic Web, the
ontologies are formal specifications of knowledge
that capture or represent agree-

vices to handle real-world issues of efficient reuse
and interoperability.

SEMANTIC WEB SERVICE PROPOSALS AND COMMUNITY
EFFORTS

Table 1 shows the four major specifications submit-
ted as input to W3C for Semantic Web services rec-
ommendations. In addition to these, there has been

Description

Formalism

An OWL-based upper ontology
semantically representing Web services.

Description logics

A combination first order logic and
rules to represent Web services.

First order logic, Different variants of
rule languages (Horn, HiLog, and so forth)

Use of extensibility elements in WSDL
to annotate elements with terms
in ontologies.

Agnostic (examples typically use
description logics, but use of UML for
conceptual modeling is also recognized)

A F-Logic based conceptual model for

F-Logic

ments. Ontologies can be

. . ; Specification
domain-specific with the scope of

. OWLSs [75]
an entire industry (such as manu-
facturing), sub-area of a science SWSL (Semantic Web
(for example, Glyco ontology for | Service Language) [101]
Glycomics) or only a type of | wsbLsp
application (such as for Sarbanes-
Oxley compliance). They can also  ["wsmo 113
be domain-independent covering

representing Web services.

e-commerce (as in the case of
ontology based on RosettaNet or
ebXML) or policy and agreement
(for example, ontology-based
WS-agreement). Note that in
many cases, agreements docu-
mented as textual specifications can be captured as
ontologies by using formal repre-

Table 1. A comparison
of four Semantic Web
service specifications
submitted to W3C as

input for further
activity in this area.

work in semantically capturing the nonfunctional
aspects of Web services (such as semantic policy and
semantic agreement). A relevant effort that expresses
views on architectural issues is [20], the W3’s pro-
posed task forces in this area are at [112], and a sam-

ple of books on this topic include [22] and [99].

sentations. While we do not par-

Type of Heterogeneities

Approaches to Resolve Heterogeneities

ticularly focus on other forms of
capturing semantic models in this

. . handling capabilities
article, less expressive knowledge

Interaction Protocol/Execution Level
Difference in interaction protocol of services/exception

Using preconditions and effects to specify
ordering constraints.* Semantic annotation of
exceptions.

. . . Non-Functional
representations like taxonomies,

thesauri, or folksonomies can be

Heterogeneous specification of provider requestor
non-functional requirements

Semantic annotation of WS-Policy and
WS-Agreement

useful in capturing domain | Functional

Difference in functional descriptions of Web services

Annotating operations and adding preconditions/
effects of the operations*

knowledge with corresponding
loss in degree of interoperability

. semantics levels
and automation.

Syntax/Structure/Semantic
Difference in data schemas at syntactic and

Data mapping support by annotating inputs and
outputs with ontological concepts* (XML supports
syntactic interoperability

Our approach for semantically | Platform/System

Different operating systems, platforms

Web Service Standards (SOAP and WSDL)

representing the complete spec-
trum of services is based on
annotating Web service descrip-
tions with domain-specific and
domain-independent ontologies.
This is exemplified in WSDL-S
(2], which provides an incremen-
tal and evolutionary approach for
adding semantics to existing Web
service standards by using exten-
sibility elements of (WSDL). In addition to
WSDL-S, three other specifications have been rec-
ognized by W3C as member submissions to be con-
sidered as inputs for possible recommendations in
this area. This is an indicator of the growing recog-
nition by standards bodies like OASIS and W3C

about the need for semantic descriptions of the ser-

Table 2. Types of
heterogeneity and how
SWS may enable
semantic annotations
that support
interoperability at

that level
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* indicates support in WSDL-S and may also be supported by other SWS specifications.

SEMANTICS FOR WEB SERVICES

Web services provide a standards-based solution for
creating such services by facilitating reuse, interop-
erability, and composition of existing services and
applications. While Web services standards resolve
platform heterogeneities, and XML provides
the basis of syntactic interoperability, there are many
other types of heterogeneities in the business envi-
ronment (see Table 2). The table shows how
Web service standards only provide support for
platform- and system-level heterogeneities since
they operate at the syntactical level. Semantics is a
critical requirement for handling all the other
heterogeneities.




One relatively comprehensive approach for
semantically modeling Web services is based on four
types of semantics [95]: functional (what a Web ser-
vice does); data (how to interact with the service);
nonfunctional (including quality of service attrib-
utes of the service); and execution semantics (mod-
eling runtime behavior, exceptions, and so forth) of
the Web service. The different types of semantics are

Conceptual model
for semantic
Integration

same functionality); and composition (being able to
combine multiple services to carry out complex busi-
ness processes).

For search and reuse, services and requests are
annotated with functional semantics so that they can
be efficiently discovered by services or components
that require the desired functionality.

Table 2 provides an insight into how semantics can
be used to resolve different
types of heterogeneities for
interoperability.  Finally,
composition uses functional
semantics for finding the
appropriate services, data
semantics for passing data
across the services, nonfunc-
tional semantics to ensure
that services meet the non-
functional criteria, and exe-
cution  semantics  for
ensuring that the ordering
constraints of invoking
operations of services are
not violated.

ADDING SEMANTICS TO

LIGHTWEIGHT WEB-BASED
SERVICES AND MASHUPS

An important contribution
of the 3S model is propos-
ing the use of semantics in
Web 2.0-based lightweight

Figure 2. Scenarios demonstrating
semantics for lightweight
Web-based services.

services, which are now
increasingly being realized
using the REST architec-

critical enablers of the different value propositions of
Web services: search or discovery (the ability to
match service partners, often consumers and
providers); reuse (easily use the services found);
interoperability (ability to freely exchange data
between the services and substitute services with the

lightweight services.

tural approach. REST-
based services use the classical HTTP GET-POST
approach to invoke services, Uniform Resource
Identifiers (URIs) to represent resources and mes-
sages encoded in XML for communication.
Although SOAP has advantages in terms of greater
tooling support and the ability to support quality of

n important contribution of the 3S model
is proposing the use of semantics in Web 2.0-based
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service guarantees (for example, security and trans-
actions), the ease of use and lightweight style of
interaction over the Web using XML have made
REST services very popular. One
of the most popular applications
of lightweight Web services is
called a mashup, which is basi-
cally a Web site that aggregates
content from different providers.
A mashup uses lightweight ser-

myBook.com schema with the same concept in the
ontology will help the application infer they are
semantically similar. Using this approach will allow

AreasOfExpertise

*

Projects
. . a Asset

Skills -
vices to query the providers to get —— o ro “Doman
content in XML format. Due to e - Lol « % [netWorth
difference in data definitions JAN

(XML schemas) of different

*

providers, a semantic approach is | [Organizationaiskill

TechnicalSkill

needed for seamless integration

Roles

+roleName

of the data. Using semantics to
integrate  and  coordinate
mashups gives us smashups
(semantic mashups)

We illustrate the need for
semantics with the example
shown in Figure 2, which depicts
a fictional online bookseller
application—myBook.com—
that is created using lightweight Web services.
Whenever a user wants to buy a book, the applica-
tion queries different book vendors (in our example,
the vendors are ubn.com and yaos.com) using REST
Web services. It

Figure 3. Conceptual
model (outline) to
profile a human asset
in software
development.

-experience

myBook.com to address the heterogeneities in the
schemas of different providers and deliver the con-
tent seamlessly to the user.

USING SEMANTICS FOR THE ORGANIZATIONAL AND

PEOPLE PERSPECTIVE

Here, we provide an overview of the organizational

and people aspects of the 3S model. Knowledge pro-

filing entails formally managing knowledge
resources  in

order to facili-
tate access and

[ reuse of knowl-

is often the case System-Level Courses Application-Level Courses Business-Level Courses
that the XML in Services in Services in Services
schemas of the 12 18

data returned

by different Table 3. Different types of service courses edge that is proﬁled depends on

. taught in top 40 computer science schools.
vendors are dif- g P4 P

ferent from the schema of myBook.com. We pro-
pose adding semantics to lightweight services by
annotating the XML schema of the service inputs
and outputs. In the example here, the conceptual
model (ontology) captures the domain of books and
all the sellers annotate their XML schema. In the
example, annotating the <shippingDetails> element
in the yaos.com and <shipping> element in the

edge. Knowl-
the asset being
profiled. For example, to profile a Web service asset,
one would need to profile features like the capabil-
ity of the Web service, data semantics of the inputs
and the outputs and policies associated with the ser-
vice that capture enterprise features offered (like
security and reliable messaging) and also quality of
service guarantees like round trip network time.
This can be done with ontology-driven semantic
annotation of service descriptions. On the other
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hand, when profiling a human asset such as a soft-
ware engineer, we need to capture the knowledge
with respect to his areas of expertise, skill sets, rela-
tionships experience, the projects he has worked on
and the roles he has played in the projects. This is
along the lines of creating a social network for the
human capital of an organization. The semantic
descriptions would allow these human service engi-
neers to be found, create relationships with, stream-
lined, and applied to appropriate parts of the service
creation and enactment.

One of the main purposes of enterprise knowl-
edge profiling is to capture knowledge so that it is
accessible and reusable to the enterprise. At a physi-
cal level, infrastructures like knowledge warehouses
can be created to store this knowledge. However, an
important factor in determining reusability and
accessibility is the logical structure or the conceptual
models that dictate the way the knowledge is stored.
In order to be able to share the knowledge that is
profiled, one would need to go beyond schemas
while capturing knowledge. It is in this situation that
semantics help.

Figure 3 provides an outline of a conceptual
model to profile a human asset in software develop-
ment. The model captures the projects the person
has worked on, the roles he has played (developer,
project manager), his areas of expertise (networking,
SOA, project management), his technical skills (like
programming, network management), and his man-
agerial and organizational skills. Further, it also cap-
tures his experience in various roles. Based on the
semantic profiles of human assets, the managers can
quickly assemble resources for new projects.

SERVICES SCIENCE IN UNIVERSITIES

We reviewed curriculum of 40 prominent computer
science departments to study the number of services
or Web services-based courses at the graduate level
(see Table 3). We divided the courses into three
groups: system-level courses where the emphasis was
on operating system-level support for Web services;
application-level courses where the emphasis was on
learning Web service technologies to build applica-
tions; and courses that discuss the business aspects of
services. From our brief survey, we concluded that
while 75% of the universities have at least one course
on technical aspects of Web services, there is no cov-
erage of the business and organization aspects of ser-
vices as advocated in services science. In the context
of globalization-induced transformations occurring
in industry, there is an increased need to supply
graduates from technical areas (such as computer sci-
ence) with better understanding and knowledge of

business and organizational aspects. Our view is that
computer science departments on their own are not
well equipped and well motivated do a better job in
meeting this expectation of industry. Two possible
agents of change are better involvement by industry
in conveying requirements to computer science
departments (for example, by participating on cur-
riculum committees), supported by more collabora-
tion and funding (industry funding of higher
education research is a small fraction of funding
from federal and state sources), and significant col-
laboration between business and computer science
departments. The first of these changes is unlikely to
happen if the industry continues to put all its effort
in global sourcing of technical talent, ignoring its
involvement in higher education at home.

CoNCLUSION

The key to the 3S model presented here is the use of
ontologies in representing the technical, people, and
organizational aspects of services. In addition to fur-
ther refining this model, we intend to pursue using
semantics to link organizational layers in a services-
based enterprise. Using ontologies and Semantic
Web techniques to represent relationships between
the models of different organizational layers of an
enterprise—the strategy model, organization model,
the execution model, and the implementation
model—has been proposed previously [50]. This
would lead to more direct links between the business
layers and the IT infrastructure leading to more effi-
cient alignment of I'T services with the business goals
of the enterprise. We believe that using the informa-
tion captured in the 3S model can be used as a start-
ing point to implement the proposed architecture
[50]. Our future work includes extending the 3S
model to capture additional semantic descriptions;
examples include semantic descriptions of business
value of services, and novel forms of assets such as
those involved in rendering knowledge services or in
staging experience.

A complete bibliography of the literature used in the course of preparing the articles
for this special section on services science is available on page 33.
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