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ABSTRACT

Semantic Web Enabled Web Services (SWWS) will trans-
form the web from a static collection of information into a
distributed device of computation on the basis of Semantic
Web technology making content within the World Wide Web
machine-processable and machine-interpretable. Semantic
Web Enabled Web Services will allow the automatic discov-
ery, selection and execution of inter-organization business
logic making areas like dynamic supply chain composition
a reality. In this paper we introduce the vision of Semantic
Web Enabled Web Services, describe requirements for build-
ing semantics-driven web services and sketch a first draft of
a conceptual architecture for implementing semantic web
enabled web services.

1. INTRODUCTION

Semantic Web Enabled Web Services (SWWS) will trans-
form the Web from a static collection of information into
a distributed device of computation on the basis of Seman-
tic Web technology making content within the World Wide
Web machine-processable and machine-interpretable. Over
the past few years, we have seen a growing interest in the
potential of Web Services and the use of more machine-
processable and machine-interpretable content on the Web,
involving the development of ontologies. At the same time,
to date, nearly nothing has been done to combine the full
power of both of these approaches.

The application of ontologies! is increasingly seen as key to
enable semantics-driven data access and processing. There
are many applications of such an approach, e.g. document
and content management, information integration or knowl-
edge management, to name just a few. Within the Semantic
Web ontologies play a central role being conceptual models

! An ontology is a shared and machine-executable conceptual
model in a specific domain of interest.
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for describing machine-processable and interpretable meta-
data.

Web service technology as it is today may profit from sem-
antics-driven data processing within different aspects. Fig-
ure 1 depicts the Web service stack associated with seman-
tics. Within SWWS we consider semantics as a vertical layer
that may be exploited by the horizontal layers service de-
scription, publishing, discovery, trading partners as well as
service flow and composition.
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Figure 1: Web Service Stack and Semantics

The future vision of E-commerce on the basis of Web ser-
vices is that anybody must be able to trade and negotiate
with everybody else. However, such an open and flexible
approach to E-commerce has to deal with many obstacles
before it becomes reality. To bring Web services and fully en-
abled E-commerce to reality, mechanized support is needed
in dealing with numerous and heterogeneous data formats
as well as numerous and heterogeneous business logics. Ma-
chine processable semantics of information is a key essential
element in mechanizing these tasks. Therefore, beside ex-
ploiting semantics for the basic Web service stack, we also
emphasize that semantics is essential within heterogeneous
environments allowing for flexible mediation on a conceptual
basis.

To summarize, fully enabled E-commerce based on work-
able Web Services requires a conceptual modeling framework
and a associated conceptual architecture on top of existing
Web Service standards and architectures that is centered



around two complementary principles: First, one requires
a strong de-coupling of the various components that realize
an E-commerce application. This de-coupling includes in-
formation hiding based on the difference of internal business
intelligence and public message exchange protocol interface
descriptions. Second, strong mediation service enabling any-
body to speak with anybody else in a scalable manner are
required. This mediation service includes the mediation of
different vocabularies as well as the mediation of different
interaction styles.

Organization. The paper is organized as following: Sec-
tion 2 defines requirements for SWWS. As a basis for the
conceptual framework we shortly describe in Section 3 the
Web Service Modeling Framework (WSMF) building on and
extending recent standard proposal like WSDL and ebXML.
Section 4 introduces the conceptual architecture that under-
lies our overall approach. Section 5 concludes with a short
summary and an outlook on future work.

2. SWWSREQUIREMENTS

This section introduces our vision of Semantic Web Enabled
Web Services by providing the following B2B use case: A
newly hired employee requires a laptop for his workplace. In
order to buy one he defines the characteristics of the laptop
like processor speed and disk size. The purchasing process
makes sure that the new employee’s manager authorizes the
purchase. Based on the configuration of the laptop, alter-
native hardware vendor’s offerings have to be collected and
a price comparison has to be done. Once the cheapest lap-
top is determined, a service contract for three years has to
be found and purchased together with the laptop. The ser-
vice contract might be from the laptop vendor or might be
from an independent insurance company. It might be that
a same or better-equipped laptop together with the service
contract is cheaper then if both are bought separately. Once
the cheapest combination is found, the laptop purchase or-
der is issued. Finding alternative laptops and service con-
tracts as well as the final purchase should be supported fully
automated without human user involvement.

The mediation related problems that have to be solved within
this use case are:

e The whole process has to be modeled and has to be
executed as a business process. This includes human
as well as non-human tasks.

e Transmissions over networks have to be secured ac-
cording to the trading partner requirements and the
B2B protocols involved.

e Possible laptop vendors as well as service contract ven-
dors have to be discovered and messages have to be
exchanged with them.

e Different document type formats have to be under-
stood and transformed into each other to make the
prices and products comparable. This is one of the
essential requirements for explicit representation of se-
mantics through ontologies.

e Alternative purchase approaches are necessary in case
a separate company buys the service contract because

in this case purchases, the laptop and the service con-
tract have to succeed both or none at all.

Various aspects can be identified as being necessary to achieve
such an intelligent and automatic web service discovery, se-
lection, mediation and composition into complex services.

Document types. Document types describe the content
of business documents like purchase orders or invoices. The
content is defined in terms of elements like an order number
or a line item price. Document types are instantiated with
actual business data when a service requester and a service
provider exchange data. The payloads of the messages sent
back and forth are structured according to the document
types defined. Ontologies are the ideal concept to describe
the structure and semantics of document types.

Syntax. Documents can be represented in different syn-
taxes available. XML is a popular syntax, although non-xml
syntax is used in many cases, too (e.g. EDI [www.x12.org]).

Semantics. First, the elements of document types must
be populated with correct values so that they are seman-
tically correct and are interpreted correctly by the service
requesters and providers. This requires that a vocabulary is
defined that enumerates or describes valid element values,
for example, a list of product names or products that can
be ordered from a manufacturer. Further examples are unit
of measures as well as country codes. Second, "rules” may
allow generating consistent values automatically. Ontologies
[2] provide a means for defining the ”concepts” and there-
fore the semantics of the data to be exchanged. If ontologies
are available then document types refer to the ontology con-
cepts. This ensures consistency of the textual representation
of the concepts exchanged and allows the same interpreta-
tion of the concepts by all trading partners involved. Finally,
the intent of an exchanged document must be defined. For
example, if a purchase order is sent, it is not necessarily
clear if this means that a purchase order needs to be created,
deleted or updated. The intent needs to make semantically
clear how to interpret the sent document.

Transport binding. Several transport mechanisms are
available like HTTP/S, S/MIME, FTP or EDIINT. A ser-
vice requester as well as a service provider have to agree on
the transport to be used when service requests are executed.
For each available transport the layout of the message must
be agreed upon and how the document sent is represented
in the message sent.

Exchange sequence definition. Communication over net-
works is currently inherently unreliable. It is therefore re-
quired that a service requester and a service provider make
sure themselves through protocols that messages are trans-
mitted exactly once.

Process definition. Based on the assumption that mes-
sages can be exchanged exactly once between service re-
quester and service provider the business logic has to be
defined in terms of the business message exchange sequence.
For example, a purchase order might have to be confirmed
with a purchase order acknowledgment. These processes de-
fine the required business message logic in order to derive to



a consistent business state.

Security. Fundamentally, each message exchange should
be private and unmodified between the service requester
and service provider as well as non-reputable. Encryption
as well as signing ensures the unmodified privacy whereby
non-repudiation services ensure that none of either service
requester or service provider can claim not to have sent a
message or a different one.

3. THEMODELINGFRAMEWORK WSMF
This section introduces the Web Service Modeling Frame-
work (WSMF) that provides the model for developing and
describing web services and their composition. The phi-
losophy of WSMF is based on the two following principles
(i) maximal de-coupling, (i) complemented by scalable me-
diation service. A model in WSMF consists of four main
different elements:

e Ontologies that provide the terminology used by other
elements;

e Goal repositories that define the problems that should
be solved by web services;

e Web services descriptions that define various as-
pects of a web service; and

e Mediators which bypass interoperability problems.

As mentioned earlier ontologies are a key enabling technol-
ogy for the Semantic Web. They interweave human under-
standing of symbols with their machine-processability. In
our framework, ontologies are used to define the vocabulary
that is used by other elements of WSMF specifications (doc-
ument types). Therefore, they enable reuse of terminology
as well as interoperability between components referring to
the same or linked concepts.

The description of a goal specifies objectives that a client
may have when he consults a Web service. Goal specifica-
tions should be kept separate from actual web service de-
scriptions because there is an n2m mapping between them,
i.e., the same web service can serve different goals and obvi-
ously different (competing) web services can serve the same
goal. For example, Amazon.com could be used to buy a
book, however, in the same way it can be used as an in-
formation broker on bibliographic information about books.
Conversely, different bookstores may subscribe to the same
goal.

Many Web service description languages distinguish between
elementary and complex Web services. Elementary Web ser-
vices are simple input/output boxes, whereas complex Web
services break down the overall process into sub-tasks that
may call other web services. WSMF identifies more than
ten aspects in describing such Web services.

Mediating components are of general importance for compo-
nent-based software development. [6] introduced an adapter
pattern in his textbook on design patterns for object-oriented
system development. Such adapters enable reusable descrip-
tions of objects and make it possible to combine objects that

differ in their syntactical input and output descriptions. [4]
introduced the concept of an adapter in architectural de-
scriptions of knowledge-based systems to (1) de-couple dif-
ferent elements of this model, (2) encapsulate these different
elements and (3) explicitly model their interactions. Work
on software architectures describes systems in terms of com-
ponents and connectors that establish the proper relation-
ships between the former (cf. [9]). Here, the focus is to
mediate between different interaction styles of components
(which we call the business logic of a web service). Finally,
work on heterogeneous and distributed information systems
developed the concepts of wrappers and a mediator. In-
stead of assuming a global data schema, heterogeneous in-
formation and knowledge systems have a mediator [11] that
translates user queries into sub-queries on the different in-
formation sources and integrates the sub-answers. For an
open and flexible environment such as web-based comput-
ing, adapters are an essential means to cope with the inher-
ent heterogeneity.

In this paper we will not further focus on WSMF, we refer
the interested reader to [3, 2].

4., CONCEPTUAL ARCHITECTURE

In this section we introduce the SWWS Conceptual Archi-
tecture that has been designed to enable semantics-driven
Web Service applications. Figure 2 depicts the overall SWWS
conceptual architecture.

In our conceptual architecture we distinguish between

e SWWS front-end tools that allow for modeling, de-
ploying, simulating semantics-based Web services and
for administrating and managing the overall system.

e SWWS components that provide the required func-
tionality for realizing Semantic Web enabled Web ser-
vices.

o SWWS storage and external components allow ((7) to
persist and to access the data mainly relying on an
ontological representation and (i) to access external
engines such as a workflow engine.

SWWS Frontend Tools
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MOde“Eg Depltoymem Simulation Management /
nviromen Configuration
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Figure 2: SWWS Conceptual Architecture

In the following we discuss only the SWWS components with
an emphasis on the ontology and mediation functionality.



41 SWWS Components

SWWS core components provide the required functionality
for realizing Semantic Web enabled Web services.

Centralized coordinator and manager. This compo-
nent is, as it names says, a management component that
manages all other components in the components layer (like
a runtime system). It makes sure that incoming requests
are route appropriately between the component so that the
requests are executed according to the execution semantics
as described in the WSMF [3].

Semantic transformation. Semantic transformation will
be supported by this component on different levels: Data,
Business Logics, Message Exchange Protocols and Dynamic
Service Invocation. Subsection 4.2 will describe this compo-
nent in more detail.

Discovery. Within SWWS and its underlying de-centralized
model and complex semantics-based service descriptions, fur-
ther means for discovery will be provided. The discov-
ery component allows to support discovery of SWWS. In
its simplest form it connects to a centralized UDDI reposi-
tory. However, according to the P2P paradigm a centralized
UDDI repository should prevented and therefore discovery
within SWWS is a challenging task.

Audit/tracking. Trust is a central feature for the success-
ful application of Web Service technology. This component
allows to track the different service providers and consumers
to provide means for auditing, etc.

Trading partner manager. To provide means for track-
ing, the trading partner management component stores trad-
ing partner profiles including identification, name, address,
security keys and identifiable trading partner endpoints. Fur-
thermore, it includes trading partner agreements (e. g. ex-
change particular type of content over specific types of pro-
tocols using a particular transport.)

Negotiation. The negotiation component exploits the se-
mantics available within SWWS to support two trading part-
ners negotiating and agreeing on businesses. Match-making
is part of the negotiation component, where support for au-
tomatically matching service offers with service requests is
provided. It provides means for computing semantic simi-
larity along different dimensions between two SWWS-based
complex services (cf. [10]).

Security. Clearly, a component for authorization and au-
thentication of users storing user profiles and their creden-
tials has to be provided. Furthermore, security also is of
highest importance for messages, including channel secu-
rity management like SSL and message security via encryp-
tion/decryption, signing of messages or sequence numbers.

Workflow, Web service, Ontology, Goal Manager.
The managers are APIs that allow for standardized and sim-
plified access to the underlying data and processes. Thus,
they hide the overall complexity by providing a proper de-
fined and extensible application programming interface.

B2B Protocol engine. B2B protocols are a defined se-
quence of message exchange over networks, including sup-
port for quality of service, reliability, security, etc. Typically
a protocol consists of several layers, including information
about document formats, sequencing, packaging, transport
binding. Examples of protocols are RosettaNet, OAGIS,
and ebXML.

Deployment. Web Service deployment is the process of
making the defined services available for service consumers.
This component supports easy deployment of the defined
services onto different platforms like J2EE or .NET.

Adapters. Adapters enable reusable descriptions of ob-
jects and make it possible to combine objects that differ in
their syntactical input and output descriptions. Adapters
can be distinguished in (i) protocol adapters implementing
existing protocols like EDI, SWIFT or RosettaNet. (i) Ap-
plication adapters that adapt to legacy system or existing
home-grown systems (legacy and non-legacy systems). (%iz)
New adapters that support an adaptation friendly way using
interface standards like WSDL or J2EE Connector Architec-
ture.

Transport. The transport component implements the net-
work and protocol connectivity. It implements protocols like
HTTP, SMPT, FTP as well as other protocols like VANs
(Value added networks) or SWIFT (protocol of the banking
industry).

4.2 Ontology and Mediation Components
This subsection describes how Semantic Web technology is
exploited within SWWS with respect to the ontology and
mediation component.

Ontology Support in SWWS. Section 2 mentioned two
SWWS concepts that require ontology support: document
types and semantics. Document types are the definition of
the structure of the business data that are communicated
between trading partners. Document types refer to con-
cepts, attributes of concepts and relationship between con-
cepts that are ideally managed by and represented within
ontologies. Ontologies can in a very precise manner define
as well as manage concepts, attributes and relationships be-
tween concepts.

Semantics refers to the correct population of attributes with
correct domain values. Not every value that an attriubute
can contain is semantically correct. For example, if a pur-
chase order contains the reference to a model then this ref-
erence (in terms of a model number) must match a laptop
model. A model number for a desktop or a mainframe would
be syntactically correct, but not semantically.

In the architecture ontology servers and associated reposito-
ries are used for storing and accessing domain and applica-
tion concepts (e. g. product names, measures and country
codes) represented in the form of ontologies. The techni-
cal representation of ontologies will be tightly aligned with
recent W3C Semantic Web standardization activities® such
as RDF(S) and the ongoing standardization initiatives like

2http:/ /www.w3.org/2001 /sw/



OWL. Implementation of the ontology engine will be pro-
vided as described in [8].

Mediation Support in SWWS. The WSMF assumes a
peer-to-peer communication structure between trading part-
ners. This means that trading partners must be able to
communicate directly with each other without any interme-
diary between them. Consequently, SWWS must be able to
connect trading partner with each other. Of course, interme-
diaries are possible (e. g. marketplaces or hubs). However,
in this case there is again a P2P communication structure
between a trading partner and the intermediary.

A consequence of the point-to-point structure is that each
involved trading partner needs to be able to mediate differ-
ences in document types, semantics or even business process
behavior. An internal definition of a document like a pur-
chase order (e. g. dictated by an application system) might
not correspond exactly with the one that is exchanged be-
tween the trading partners. [2] enumerates all possible mis-
matches that can exist. The same applies for the semantics
where values differ. A simple example is the internal con-
vention to use long state names like ’California’ whereby the
short version like 'CA’ is used for the document exchanged.

In addition, business processes can mismatch between trad-
ing partners. One might use acknowledgments internally
whereas none are used between trading partners when ex-
changing messages. Again, [2] outlines all possibilities.

In order to mediate between the differences the semantic
transformation component is included in the SWWS archi-
tecture that addresses these mismatches and allows for the
mediation of those. The semantic transformation engine
provides for each possible mismatch a rule set that over-
comes the mismatch. For example, "CA’ is transformed into
’California’ in the case of document content. In case of mis-
match of processes it either generates the missing acknowl-
edgments or consumes superfluous ones.

The underlying idea of ontology-based mediation is that we
lift as well as the schema as the data onto a conceptual level
in the form of an ontology and associated instances. Subse-
quently, we provide means for declarative ontology mapping
associated with procedural processing information. A more
detailed description how mediation of business communica-
tion on a conceptual level is achieved is described in [7].

4.3 Using the Conceptual Architecture

In this subsection we shortly introduce a round-trip example
that shows how to use the SWWS Conceptual Architecture
for a Purchase Order (PO) and Purchase Order Agreement
(POA) use case. In the laptop purchasing use case described
in the beginning of Section 2 the final activity is to send
out the purchase order after all approvals and alternative
product comparisons took place. The sending (i. e. buying)
company is the "buyer” and the laptop vendor is the ”seller”
in Figure 3. This particular message exchange is described
in the following in context of the architecture. Figure 3 is an
alternative representation of Figure 2 that only shows the
for the example relevant components.

Once the decision has been made which laptop to purchase,

Buyer Supplier
ERP
| po TPOA SWWS Architecture
v
Adapter <~ Coordinator <—— BZ?E:;?::coI
4 v PO’ PO’
Workflow Trading Transport
Manager Partner Mgt. P ——
POA’ POA’
2"
Audit/ Transfor- Security
Tracking ‘7 mation

Figure 3: SWWS Scenario: Processing of two mes-
sages.

a purchase order is signed-off within the enterprise resource
management system (ERP). The signed-off purchase order is
extracted from the ERP system by an appropriate adapter.
Once the adapter has the purchase order (PO) it is audited
in the audit component. This is necessary to later on being
able to prove that the PO was received by the SWWS archi-
tecture. After the audit of the PO happened, the PO is given
to the coordinator that coordinates the subsequent process-
ing of the PO. The workflow manager is notified about the
PO in order to initiate any business process that might have
to happen. In our use case all business processing took place
already and no other activity then sending out the PO is to
be done. The business process for this is very simple con-
taining a send step in the business process that is responsible
for sending out a PO. Once the workflow manager executed
the business process the PO is given to the B2B engine in
order to accomplish the message exchange with the trading
partner ("seller”). The B2B engine looks up trading part-
ner information of that trading partner to which the PO
must be sent. This is done by invoking the trading part-
ner management component. The lookup determines the
appropriate trading partner agreement and the agreement
contains a reference to the B2B protocol to be used. Based
on this data the message format as required by the receiver
is known. The transformation component is tasked to trans-
form the PO message in the format as required by the receiv-
ing trading partner. This is done with the help of semantic
transformation based on ontologies. At this point the me-
diation takes place. Once the transformation happened, the
message is in the format according to the agreement with
the trading partner. After the transformation the message
is given to the transport component that is responsible for
sending out the message. However, before the message is
sent it has to be signed and encrypted (in most cases) to
apply message security. This again is defined in the trading
partner agreement. Once the message is all ready to be sent
it is audited again fully secured in order to later on be able
to prove that the sent happened. Finally, the message is
sent to the seller. The seller in turn processes the message
internally. This is invisible to the buyer and the buyer only
knows that it needs to receive a return message at some
point in time, the purchase order acknowledgment message
(POA). Once the POA is received, the message processing
takes place in the opposite execution order as indicated by



the thick sequence of arcs (not further discussed here).

5. RELATED WORK

Recently, it has been recognized that bringing semantics to
web services is an essential step. However, there is not much
active work in the field of semantics-based web services, es-
pecially when focusing of bringing semantic web and web
service technology together.

The work that is closed to ours is done by the DAML-S con-
sortium [1]. Our framework as well as DAML-S use the
Semantic Web’s key enabling technology of ontologies as
their basis. In contrast to DAML-S, the underlying prin-
ciples of our framework are the ideas of de-coupling and
mediation. Furthermore, DAML-S misses important mod-
eling constructs like the distinction between business logic
and message exchange protocols. Thus, we allow for a more
flexible framework including greater abstraction and encap-
sulation of proprietary business information. The vision is
to establish a mediated P2P environment providing a max-
imum of efficiency and flexibility. A detailed comparison
between DAML-S and our approach is provided in [5].

ebXML, being developed primarily by OASIS and the United
Nations, approaches the overall problem from a workflow
perspective. ebXML uses two views to describe business in-
teractions, a Business Operational View (BOV) and a Func-
tional Service View (FSV). The BOV deals with the seman-
tics of business data transactions, which include operational
conventions, agreements, mutual obligations and the like be-
tween businesses. The FSV deals with the supporting ser-
vices: their capabilities, interfaces and protocols. Although
ebXML does not concentrate on only Web services, the fo-
cus of this view is essentially the same as that of the current
DAML-S effort. It has the concept of a Collaboration Pro-
tocol Profile (CPP) ”which allows a Trading Partner to ex-
press their supported Business Processes and Business Ser-
vice Interface requirements such that they are understood by
other ebXML compliant Trading Partners”, in effect a spec-
ification of the services offered by the Trading Partner. A
Business Process is a set of business document exchanges be-
tween the Trading Partners. CPPs contain industry classifi-
cation, contact information, supported Business Processes,
interface requirements etc. They are registered within an
ebXML registry, in which there is discovery of other Trad-
ing Partners and the Business Processes they support. In
this respect, UDDI has some similarities with ebXML. How-
ever, in contrast to our work ebXML’s scope does not extend
to the manner in which the business documents are speci-
fied. This is left to the Trading Partners to agree upon a
priori by the creation of a Collaboration Protocol Agree-
ment. Thus, we claim that for real-world deployment, B2B
protocols have to support document standards, business pro-
tocols, packaging, sequencing and transport combined with
powerful transformation, workflow and adapter technology.

6. SUMMARY AND OUTLOOK

In this paper we have introduced the vision of SWWS. First
steps towards accomplishing the vision have been done with
a first conceptual model as described in [2] and a conceptual
architecture as shown in this paper. The EU funded project

SWWS? (IST-2002-37134) has been set up to implement a
first incarnation of the vision.

Much work remains to be done in the context of SWWS.
First, we will have to map the components of our concep-
tual architecture to concrete technical components. Fur-
thermore, it is important to emphasize that our framework
is working and aligned with existing standards and proposals
like WSDL and upcoming standards like BPEL. In general
we have to stress that the overall framework as well as the
architecture focuses on being able to adapt to any standard
out there because this is what mediation is all about.
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