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Preface

The 2nd Workshop on Web Services, E-Business, and the Semantic Web (WES) was
held during June 16–17, 2003 in conjunction with CAiSE 2003, the 15th International
Conference on Advanced Information Systems Engineering.

The Internet is changing the way businesses operate. Organizations are using the Web
to deliver their goods and services, to find trading partners, and to link their existing
(maybe legacy) applications to other applications. Web services are rapidly becoming
the enabling technology of today’s e-business and e-commerce systems, and will soon
transform the Web as it is now into a distributed computation and application frame-
work.

On the other hand, e-business as an emerging concept is also impacting software ap-
plications, the everyday services landscape, and the way we do things in almost each
domain of our life. There is already a body of experience accumulated to demonstrate
the difference between just having an online presence and using the Web as a strate-
gic and functional medium in e-business-to-business interaction (B2B) as well as
marketplaces.

Finally, the emerging Semantic Web paradigm promises to annotate Web artifacts to
enable automated reasoning about them. When applied to e-services, the paradigm
hopes to provide substantial automation for activities such as discovery, invocation,
assembly, and monitoring of e-services.

But much work remains to be done before realizing this vision.

Clearly Web services must satisfy a number of challenging requirements in order to
be able to play a crucial role in the new application domain of e-business and distrib-
uted application development. They should be modeled and designed to reflect the
business objectives. Although some progress has been made in the area of Web ser-
vice description and discovery, and there are some important standards like SOAP,
WSDL, and UDDI emerging, there is still a long way to go. There is still a list of is-
sues that need to be addressed and researched in connection with foundations, tech-
nology support, modeling methodologies, and engineering principles before Web ser-
vices becomes the prominent paradigm for distributed computing and electronic
business.

The goal of this workshop is to bring Web services, e-business, and Semantic Web
technological issues together for discussion and review. This includes new research
results and developments in the context of Web services and e-business as well as ap-
plication of existing research results in this new fascinating area.



VI Preface

Besides very interesting and stimulating research paper presentations, two keynotes
were delivered in the morning of every workshop day. Pat Croke addressed the work-
shop with a keynote titled “Enterprise Application Integration in 2010 A.D.”. He gave
interesting insights into past, current and future developments in the space of Enter-
prise Application Integration.

Robert Meersman reviewed the state of the art with an interesting keynote titled “Old
Ontology Wine in New Semantic Bags, and Other Scalability Issues”. The keynote
gave important insights and created a lively discussion.

We would like to thank the WES program committee for their hard work in helping
make this workshop a success.

June 2003 Christoph Bussler
Dieter Fensel

Maria E. Orlowska
Jian Yang
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Enterprise Business Integration in 2010A.D.

Pat Croke

Hewlett-Packard, European Software Centre, Galway
Pat.Croke@hp.com

Abstract. This paper looks at how the use of ontologies to describe businesses
and systems may allow a move away from standardization, as a basis for En-
terprise Business Integration in favor of mediation between different standards.
It proposes the Supply Chain Councils SCOR [1] model as a possible base for
an ontology to describe businesses and systems. A workbench is described that
would allow automatic configuration of orchestration systems to manage busi-
ness to business and system to system integration. It also shows how the Se-
mantic Web [2] could be used by agents to identify beneficial changes in a
company’s supply chain.

To quote George Bernard Shaw:
“The reasonable man adapts himself to the world; the unreasonable one persists

in trying to adapt the world to himself. Therefore all progress depends on the
unreasonable man.”

To date Enterprise Business Integration has tended to take the “reasonable man”
approach attempting to standardize interfaces between systems. It is the premise of
this paper that Semantic Web Services technology and in particular ontology based
mediation will allow the “unreasonable man” approach where systems are free to use
different standards.

Enterprise Business Integration or (EBI) refers to both Enterprise Application
Integration (EAI) and Business-to-Business integration. It is the largest area of I.T.
expenditure on which $3.9 billion will be spent in 2003 increasing to $5.6 in 2006
according to the Aberdeen Group [3]. The need to do EBI is as inevitable as death and
taxes because of:

1.

2.

3.
4.

5.

The replacement of old systems for purposes of increasing functionality or
maintainability.
Companies continuously restructuring to optimize their performance through
centralizing or decentralizing activities such as purchasing.
Companies merging with other companies.
Companies divesting themselves of businesses they no longer consider core or
profitable. Conversely they acquire new companies where they see potential.
Companies changing which activities they wish to do internally and which they
want done by a supplier. In-sourcing occurs where an activity previously done

1 Opinions and intuitions expressed in this invited keynote address at CaiSE’s workshop on
Web Services, E-Business and the Semantic Web, are the author’s and do not necessarily
reflect Hewlett-Packard Company’s position.

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 1–10, 2004.

© Springer-Verlag Berlin Heidelberg 2004
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2 P. Croke

by a supplier is brought in-house. Out-sourcing occurs where an activity previ-
ously done in-house is carried out by a supplier.
Companies changing their distribution strategy. Prior to the Internet a lot of
companies used a network of resellers and distributors between them and their
end customer. Now they are selling direct to the end customer over the Internet.
When a new layer is added this is referred to as intermediation. When a layer is
removed it is called disintermediation.

6.

The only companies without a future need to do EBI, are those that have gone out
of business. Drivers of cost are: analyzing the impact of a change, and cod-
ing/testing the solution.

1 The Unreasonable World

In order to make progress, new methods and technologies are introduced which are
better than those that went before. The latest of these is Web Services [4]. New sys-
tems under development will take advantage of this technology. However it would be
impossible to move all existing systems to use the new technology due to cost. So
from an EBI point of view it is just one more technology to be taken care of. This
means it will never be possible to use one standard. EBI exists in an unreasonable
world.

Businesses use documents such as Purchase Orders or Work Orders to communi-
cate between internal processes, and externally with customers or suppliers. These
documents not only convey instructions, but are also the basis of accounting entries
within an enterprise’s ledgers and sub-ledgers. They are required by law as evidence
that a transaction has taken place and are usually required to be retained for a number
of years.

Prior to electronic commerce all of these documents were paper based and were as
individual as possible to reflect a company’s branding and image. This was no prob-
lem for humans who are smart and able to select the pieces of information they re-
quire from the document.

E-Commerce requires that the electronic formats of these documents be standard-
ized because computers are stupid and the tiniest change in format requires a change
to a computer program. An important point is that standardization is only required be-
cause of the current low capabilities of computers.

1.1 Formats and Interface Technologies

The number of formats and technologies for communicating between systems contin-
ues to increase. These do not tend to replace existing formats. On the contrary they
are only used in new system development. They then become yet another technology
for the enterprise business integrator to deal with.

There are an ever increasing number of interface technologies used for communi-
cating between systems such as: flat file exchange, messaging, RPC, Sockets, HTTP
[5], CORBA [6], DCOM [7], FTP, .NET [8]. There are numerous formats for mes-
sages such as: fixed mapped record formats, variable mapped formats, Type Length
Value, ASN.1 [9], delimited, XML [10] and so on.
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In the area of document formats the world continues to become more unreason-
able. With EDI there were two main standards for documents ANSI X.12 [11] and
EDIFACT [12]. There are an exploding number of XML document formats:. Roset-
taNet [13], UBL [14], CommerceOne [15], Ariba [16], OAGIS [17], to name some of
the more prominent.

1.2 Optional Documents

Even when businesses agree on the format of the messages they will use to exchange
not all businesses will exchange exactly the same messages.

Figure 1 shows a typical message exchange pattern starting with a request for
quote and ending with a remittance advice. Obviously purchase order change and pur-
chase order change acknowledgement are optional. In fact depending on the business
model any of these could be optional. For example, receiving goods and verifying that
they reconcile against the original purchase order can be sufficient for a company to
make a payment. In this case the purchase order and the remittance advice may be the
only documents exchanged. A large number of companies take orders electronically,
but due to the complexity, handle changes by phone or email. Whether an order can
be cancelled may depend on where it is in a company’s process. If it has already
shipped it has to be returned etc.

Fig. 1. Standard message exchange showing three message formats (ANSI X12, EDIFACT,
RosettaNet)

1.3 Different Business Models

There are many different business models that can exist between companies, which
can require greater or lesser communication between them. As well as the traditional
purchase order process shown in figure 1 there are many other models such as con-
signed inventory or call off. Consigned inventory is where the supplier stores inven-
tory on the customer’s site and they only pay for it when they use it. In call off the
customer gives the supplier forecasts that they build to, for different periods. The cus-
tomer can then call off inventory, as they require it. Partial liability for part of the
forecast is usual and payment is made on delivery. New processes arise all of the
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time, often as a result of process reengineering [18], which doesn’t change the docu-
ment formats, but does change which documents are used.

2 Predictions for 2010

Orchestration systems will manage all inter-system communication. Enterprise Busi-
ness Integrators will have a workbench available to them that will be able to analyze a
new system or business that requires integration. It will automatically reconfigure the
orchestration system to connect the new system to the existing systems in the appro-
priate manner. The workbench will be capable of identifying new suppliers and sys-
tems on the Internet using agents. It will be able to compare them against its current
configuration and recommend changes.

2.1 Orchestration Systems

Orchestration systems are available today such as Microsoft’s Biztalk [20]. They
manage inter-system communication and security. Adapters are available for all major
applications. Documents can be received and transmitted using many technologies in-
cluding FTP, HTTP, SMTP, EDI, etc. and are readily extensible. Process control lan-
guages such as XLANG [21] or BPEL [22] are used to control how a document is
routed from one system to another and perform any transformation that is needed.
They are able to support standards such as SOAP [23] and WSDL [24] and their sup-
port for these and other Internet standards will improve the ease of connecting sys-
tems together. However just as important, they will continue to support all of the
older ways of inter-system communication providing a bridge between the future and
the past. No matter how successful web services become, orchestration systems will
still be needed in 2010.

EBI Workbench

The key technology that will enable the EBI workbench will be Ontologies. “An on-
tology provides a vocabulary of terms and relations with which to model the domain.
Ontologies are developed to provide machine-processable semantics of information
sources that can be communicated between different agents (Software and Human)”
[19]. There are three different types of ontologies in figure 2.

The System ontology will describe the areas of functionality a system has and the
document types and formats that the functionality expects. This would allow a work-
bench to determine whether the new system can communicate with its other systems
and reconfigure the orchestration system to include the new system. It would do this
by matching the appropriate inputs and outputs based on the existing systems ontolo-
gies and the ontology of the new system.

The business ontology will describe the capabilities of the business and the docu-
ment formats it expects and supplies. Security and connection capabilities will be de-
scribed. It will contain critical metrics associated with the business capabilities. This
will allow the workbench to reconfigure the orchestration system to connect to a new
supplier. Agents will be able to find new suppliers on the web who have the desired
level of performance based on the metrics contained in the ontology.

2.2
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Fig. 2. EBI Workbench and it’s Interaction with the Orchestration System

The document ontology will contain a definitive list of business document types
and also the web services that will convert between one document type and another.

This will allow the workbench to infer a mapping from one document to another
via a third document format.

Fig. 3. Document Mediation

Figure 3 shows an example of ontology based mediation. Application 2 can supply
an order in the ANSI X12 850 format. Application 1 receives orders in SAP’s IDOC
ORDERS01 format. The orchestrator receives the order and sends it to the translator.
The translator does not know of a service that will translate from 850 to ORDERS01.
It then infers using the document ontology that it can use a service to translate the 850
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into an EDIFACT ORDERS format and it can use another service to translate the
ORDERS format into the ORDERS01 format. It then gives the ORDERS01 document
back to the orchestrator, which then passes it to application 1.

4 SCOR a Potential Ontology Base

In order to create an ontology to describe systems or businesses we must first find a
vocabulary and a set of relationships that are generally agreed on. The Supply Chain
Operations Reference-model (SCOR) is the industry-standard supply chain manage-
ment framework promoted by the Supply Chain Council (SCC) [25], which is an in-
dependent, not-for-profit, global corporation with membership open to all companies
and organizations. It has over 800 company members including: practitioners, tech-
nology providers, consultants, academics, and governments. They come from a wide
range of industries and include: manufacturers, distributors and retailers. SCOR was
used by HP and Compaq to plan their merger.

Fig. 4. SCOR Supply Chain

SCOR allows an enterprise to map processes across it’s supply chain from it’s
supplier’s supplier to its customer’s customer. At SCOR level 1 there are five proc-
esses: plan, source, make, deliver and return. Source is all of the processes carried out
with a supplier. Deliver covers all of the process carried out with a customer. Make is
all of the processes involved in manufacturing. These three activities are linked across
the supply chain. An end customer would only have a source process, whereas an end
supplier would only have a deliver process. Distributors have only source and deliver
processes, whereas manufacturers have source, make and deliver processes. Return
covers all processes involved in the returning of goods. Plan processes happen at the
intersection of any of the other four processes as shown in figure 4. This is the highest
level of the SCOR model. It defines, at this level, metrics that allow the supply chain
to be compared against best in class. These are: delivery performance, fill rates,
perfect order fulfillment, supply chain response time, production flexibility, cost
of goods sold, total supply chain management costs, value added productivity,
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warranty/returns processing costs, cash-to-cash cycle time, inventory days of supply,
and asset turns.

At level 2 the processes are further broken down into 30 process categories. For
example source is broken down into: source stocked product, source make-to-order
product, and source engineer to order product. Each of these processes has a set of
metrics associated with them allowing a business to evaluate different links in the
supply chain. The process source stocked product for example has the following
metrics: percentage of orders/lines processed complete, total source cycle time to
execution, time and cost related to expediting the sourcing process of procurement,
delivery, receiving and transfer, product acquisition costs, and inventory DOS.

Level 3, shown in figure 5, breaks the process down further and adds the expected
inputs and outputs along with metrics for each process. This level is very useful for an
ontology because it uniquely identifies the processes as in: S1.3 is Schedule Product
Deliveries.

Fig. 5. S1: Source Stocked Product

It also identifies the processes, which supply the inputs and outputs. This allows a
thread diagram to be constructed for the whole supply chain. A simple one is shown
in figure 6. The diagram shows how SCOR can be used to map the uniquely identified
processes and their interactions. In the diagram Company 1 is purchasing stocked
product from Company 2. It shows the documents that flow between processes. On a
full model there would be one swim lane for each internal organization/department
and each customer/supplier in the supply chain.

Some members of the Supply Chain Council have been trying to map RosettaNet
PIP processes to the SCOR model. This is a very interesting piece of work, which will
be useful for companies standardizing on RosettaNet. There also needs to be a way to
integrate SCOR with more than RosettaNet to make it suitable for an ontology to de-
scribe systems and businesses for the purpose of integration.



8 P. Croke

Fig. 6. Simple Thread Diagram

SCOR is, I believe a good candidate for a systems ontology. It has standard de-
scriptions of management processes along with a name for each input and output.
Most importantly it uniquely identifies processes and has a framework of relation-
ships among those processes. The description of the capabilities of a business or sys-
tem and the document formats they have available for each of the input/output types
could be structured in an appropriate format such as RDF [26]. This would allow a
workbench in conjunction with a document translation ontology to automatically con-
figure an orchestration system to connect to the new business or system. Using figure
6 as an example the workbench would look at Company 2’s D1.2 process and see that
the order format that it required was an EDIFACT ORDERS format and that its
equivalent of the order message is produced from it’s S1.1 process. It would see the
S1.1 process produced an ANSI X12 850 document and use the document translation
ontology to determine the mapping.

SCOR has standard metrics to measure process performance. These are used by
industry to compare suppliers and evaluate the performance of the supply chain.
Structured in an appropriate format such as RDF it would enable web crawlers to look
for potential suppliers who fitted or exceeded a business’s objectives.

Businesses, once they were aware that web crawlers were looking for them, would
use their metrics as an advertisement mechanism, in the same way as today they add
keywords to their web pages to increase their prominence in web searches. Certifica-
tion of metrics will be key. Some SCC members have started to publish their metrics
to other SCC members.

SCOR covers all customer interactions, from order through to paid invoice. It
covers all product (physical material and service) transactions, from the supplier’s
supplier through to the customer’s customer, including: equipment, supplies, spare
parts, bulk products, software, etc. Also covered are all market interactions, from the
understanding of aggregate demand to the fulfillment of each order. SCOR does not
describe: Sales and Marketing (Demand Generation), Research and Technology
Development, Product Development, some elements of post-delivery support, Bank-
ing, Education, etc. But it is very widely used by industry and military for evaluating
supply chain options and software selection.
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4 Going Forward

This paper has identified SCOR as a good starting point for an EBI ontology. One dif-
ficulty, is that there is no standardized list of business documents. A new ontology
needs to be created, that has a list of standardized document names as explicit as the
SCOR process identifiers. It would enable the association of a generic document
name with a process, which then can be cross referenced to the equivalent document
from a particular standards body, such as: X12, EDIFACT or RosettaNet. The EIDX
Business Process Cross-Reference [27], the ebXML catalogue of common business
process [28], or SAP’s Interface Repository [29], may be a good starting point. As
SCOR does not cover all endeavors there will be more than one ontology. The ability
to mediate between these will be key.

These ontologies, created and populated, would allow a revolution in the way that
Enterprise Business Integration is being done today, by simplifying one of the hardest
aspects, which is analysis of the system/business to be integrated and the existing systems.
It is my belief that from an EBI point of view, we will be able to accommodate the
unreasonable man better in 2010 A.D. by shifting from standardization to mediation.

Reference

1.

2.

3.

4.
5.
6.
7.
8.
9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.

23.

S Stephens. Supply Chain Operations Reference Model Version 5.0: A new Tool to Im-
prove Supply Chain Efficiency and Achieve Best Practice. Information Systems Frontiers
3:4, 471–476, 2001
T. Berners-Lee, J. Hendler, and O. Lassila. The Semantic Web. Scientific American May
2001.
Worldwide Enterprise Business Integration Spending Forecast and Analysis 2002–2006,
Aberdeen Group.
Web Services Activity Statement, http://www.w3.org/2002/ws/Activity
HTTP, http://www. w3.org/Protocols/rfc2616/rfc2616. html
CORBA, http://www. omg. org/gettingstarted/corbafaq. htm
DCOM, http://www.microsoft.com/com/
.NET, http://www.microsoft.com/net/
ASN. 1, http://www. itu. int/ITU-T/studygroups/com17/languages/
Extensible Markup Language (XML), http://www.w3.org/XML/
ANSI X12, http://www.eidx.org/publications/document_index.html#ASCX12
EDIFACT, http://www.unece.org/trade/untdid/
RosettaNet, http://www. rosettanet. org
UBL, http://www. oasis-open. org/committees/tc_home.php ?wg_abbrev=ubl
CommercOne, http://www.commerceone.com/
Ariba, http://www.ariba.com/
OAGIS, http://www.openapplications.org/
M. Hammer, and J. Champy, Reengineering The Corporation,1993, Harper Business.
D. Fensel, Ontologies: A Silver Bullet for Knowledge Management and Electronic Com-
merce, 2001, Springer-Verlag
http://www.microsoft.com/biztalk/
S. Thatte, XLANG Web Services for Business Process Design, 2001, Microsoft.
T. Andrews, F. Curbera, H. Dholakia, Y. Goland, J. Klein, F Leymann, K Liu, D Roller, D
Smith, S. Thatte, I. Trickovic, and S. Weerawarana, Business Process Execution Language
for Web Services., 2003
M. Gudgin, M. Hadley, N. Mendelsohn, J. Moreau, and H.F. Nielsen, SOAP Version
1.2,W3C Recommendation, June 2003.



10 P. Croke

24.

25.
26.

27.
28.

29.

R. Chinnici, M. Gudgin, J. Moreau, and S. Weerawarana, Web Services Description Lan-
guage (WSDL) Version 1.2, W3C Working Draft.
http://www.supply-chain.org
O. Lassila and R. R. Swick, Resource Description Framework (RDF) Model and Syntax
Specification, W3C Recommendation, February 1999.
http://www.eidx.org/publications/xref_process.html
P. Levine, M. McLure, N. Sharma, D. Welsh, J. Clark, D. Connelly, C. Fineman, S. de
Jong, B. Hayes, R. Read, W. McCarthy, M. Rowell, N. Sharma, and J. Loveridge, ebXML
Catalog of Common Business Processes v1.0, OASIS Technical Report, May 2001.
http://ifr.sap.com/catalog/query.asp



Old Ontology Wine in New Semantic Bags, and Other
Scalability Issues

Robert Meersman

VUB STARLab

The Web is evolving from an “eyeball web”, where cognitive processing of presented
information is done by humans, into an “agent web” where such processing is fully
automated, leaving man-system interaction only to a presentation layer. (In fact we
could posit that the so-called Semantic Web would –strictly speaking of course– be
wholly unnecessary if its users would be “merely” humans.)

Re-tooling the information on the entire internet with machine-processable seman-
tics is a huge undertaking that needs to be structured and phased, or rather, technology
and methodology need to be invented such that this re-tooling process structures and
phases itself to an as large extent as possible. Perhaps paradoxically, the latter ap-
proach does not require sophisticated and “intelligent” systems (these likely would
fail due to the size and complexity of the information represented on the Web) but
rather the adoption of simple, easily standardizable, and scalable principles, tech-
niques, and description formalisms or languages. Examples in favor of this simplicity
effect are the wide acceptance of XML, XML-Schema, and the core concepts of
DAML. Examples to its contraposition are the relatively low penetration of OIL
(OWL), and many ad-hoc “smart” modeling formalisms including a lot of work on
e.g. upper ontologies. It goes without saying that this does not imply a negative value
assessment on those techniques and research, often quite to the contrary.

At this stage serious progress is needed on theories and foundations of applied
semantics, especially of evolving knowledge bases, and therefore also of the work-
flow aspects of establishing large, distributed ontologies as sharable, perhaps even
standardized, resources on the internet.

Next, methodologies with proven properties of scalability and of reusability of ex-
isting resources are required. Scalability may be defined as the “gracious degradation”
of a solution’s (technique, method, system) complexity and/or performance with
problem size. Ideally, the solution’s complexity will even be independent (or almost
so) of problem size... Storage components of a DBMS are a very good example of
such near-optimal behavior, the inferencing mechanisms of many AI expert systems
often exhibit the opposite; yet both are needed in the handling of large ontologies, and
there will in general be a trade-off to be considered.

In this talk I will try to present, aside from certain generic definitions and termi-
nology related to formal ontologies and formal semantics of information systems,
some “lessons learned” from database design that may, or may not, carry over to on-
tology engineering today. Data models indeed share many fundamental properties and
techniques with ontologies, but there are also many equally fundamental differences.

Where possible and appropriate I will attempt to illustrate some of these multiple
aspects using the DOGMA paradigm and methodology [Development of Ontology-
Guided Mediation and Applications] under research at VUB STARLab, and using
some of the supporting tools under development for this purpose, as well as their ap-
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plications. An important application area is provided by ontologies for regulatory
compliance, and a number of projects are underway in this domain. In DOGMA we
e.g. exploit a rigorous decomposition of an ontology into on the one hand a lexon base
of elementary facts (grouped into sets corresponding to possible worlds) and on
the other hand a layer of (multiple) commitments to derive a more structured (and
scalable) approach for designing and engineering them. This approach to some extent
also allows reuse of, and hence a growth path from, existing database schemas.
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Abstract. This paper describes a framework for flexible workflows based on
events, states, and a new kind of process called a meta-workflow. Meta-
workflows have five kinds of meta-activities and facilitate control over other
workflows. We describe the framework and illustrate it with examples to show
its features. The paper gives an architecture for incorporating it into existing
workflows and also provides a formal semantics of execution. This framework
can be used in web services, supply chains, and inter-organizational applica-
tions where coordination requirements are complex, and flexible and adaptable
workflows are needed. It is also useful for handling, not just failure recovery,
but also other kinds of exception situations, which arise frequently in web-
based applications.

1 Introduction

One important aspect of Web services and supply chains [15,17,6] is their nature as a
workflow that spans multiple organizations. They require coordination of both the
data flow and control flow across multiple organizations. A major problem that arises
in workflows (both intra- and inter-organizational) is that of exceptions or special
situations. Even a seemingly simple process like travel expense claim or order proc-
essing can become difficult to describe if one tries to cover all the special situations
and exceptions in the description. This creates a very awkward process description
that is hard to read and understand, and also error-prone. Therefore, most workflow
systems are able to capture the simpler form of a process and tend to collapse when
variations are introduced.

Exceptions arise frequently in workflow systems [2,4,13,18]. A simple travel
expense claim processing example involves steps like submit expense claim, review
by secretary, approval by manager, and payment. However, even in such a simple
example, numerous exceptions can arise. For instance, the manager might wish to get

* This research was supported in part by a grant from the IBM Corporation through the Center
for Supply Chain Research at Penn State University.
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some clarifications from the employee, or may disapprove certain expenses. Alterna-
tively, the manager may not be available or may have left the company, in which case
some alternative must be found. Moreover, if the expense claim is not processed in a
timely manner, then somebody should be notified. Exceptions such as these can be
planned or unplanned. A planned exception is an abnormal situation that has been
anticipated and a way for handling it has been included in the process. On the other
hand, an unplanned exception is one that has not been anticipated. Picking up on the
above example, a manager required to approve expenses incurred in travel to Tokyo
may decide to transfer the approval responsibility to her boss or another manager who
has visited Tokyo and knows about the range of typical expenses there.

In this paper, we describe a formal methodology for describing exception situa-
tions in a workflow. We consider an exception as a special situation that occurs in-
frequently in a workflow. The main idea is to describe a basic, main-line process first
and treat abnormal and infrequent situations separately as exceptions, some antici-
pated and others not. Our goal is to provide support for the planned exceptions and
also be able to incorporate the unplanned ones relatively easily. We introduce two
new notions, meta-workflow and ESP (Event-state-process). A meta-workflow is a
special, higher level control process that consists of five control commands: start,
terminate, suspend, resume and wait. An ESP rule causes a meta-workflow to run
when an event occurs and a workflow case is in a certain state. This may cause a
meta-workflow to execute, and thus perform control operations like suspending cer-
tain workflows and starting other workflows, etc. Thus, we make a clear distinction
between two types of workflows: base-workflows and meta-workflows. The base-
workflow corresponds to specific tasks that must be performed. The meta-workflow
is only for control purposes and consists of the control commands described above. In
general, when it is not qualified the term workflow refers to a base-workflow.

We foresee several advantages of this approach. First, it leads to modularity. The
basic workflow description is kept very simple while variations in the basic process
are described separately. Thus, there can be one main base-workflow and n other
supporting base-workflows describing the variations of the main base-workflow.
Second, it provides extensibility and adaptability. It is not possible to determine all
possible exceptions that may arise for a process, even a deceptively simple one like
the ones described above. Thus, it is possible to add new ESP rules and correspond-
ing base and meta-workflows when a new situation arises that was not anticipated.
Finally, the simplicity of the approach helps in minimizing errors, while at the same
time making it easier to describe complex situations.

Consequently, this framework constitutes a new methodology for workflow mod-
eling which has applications in various kinds of web services. The organization of
this paper is as follows. Section 2 gives a formal description of our framework along
with semantics. Then section 3 illustrates the framework with examples designed
in the context of WQL (Workflow Query Language). Next, Section 4 discusses an
architecture, while in Section 5 we present some discussion of this approach in the
context of related work. Finally, Section 6 concludes this paper.

2 Formal Description

The ESP framework consists of events, states and processes. At the outset it is
important to keep in mind the distinction between process classes (or templates) and
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process instances. A process definition, say “fabrication of a car” is a process class
(or a template), composed of three activities, A, B, and C, to be performed in
sequence. Activities A, B and C also belong to activity classes or templates. Both the
fabrication process and the three activities are generic.

A particular instance of “fabrication of a car,” say the car with the VIN XYZ345,
is a case, or an instance of a process. Case XYZ345 (assuming the VIN is used as the
case id) may be executing activity B; i.e., the activity B (for case XYZ345) is in the
executing state. In the ESP framework, as we will see later, multiple processes may
be invoked with the same case number. Thus, a process instance is initiated and as-
signed a case number, and the same case number is used as a reference when other
process templates are invoked. For example, suppose the fabrication of car XYZ345
is to be canceled while B is the current activity. Hence, B must be stopped, and a new
cancellation activity, say “returning the reusable parts to the inventory” might start,
and other activities may follow. The case is still identified by id XYZ345, but, of
course, it is no longer an instance of the fabrication process, but an instance of the
cancellation process. We assume that cases are identified by a case-id. Furthermore,
we will assume the standard states for an activity instance:

not-ready: if some of its prerequisite activities are not done.

ready: if all its prerequisites are done, but the activity has not yet started.

executing: if the activity is executing.

suspended: if the activity is suspended.

done: if the execution of the activity has terminated.

In the ESP framework, a single case may be executing in multiple concurrent
workflows. In the example above, when the cancel event was raised, the “fabrication
of a car” workflow was suspended, and a new workflow, “dealing with cancellation,”
was started. But, in general, it may also be the case that more than one workflow is
executing for the same case.

In this framework, there are potentially multiple concurrent workflows. A work-
flow instance is active if any of its activities is not done; otherwise, the workflow
case is inactive, which may mean that the case has already ended (all activities are
done) or has not yet started.

An ESP framework (see Figure 1) has two components, the workflow description
part and the activation rules. The description component is of the form:

The description component associates a workflow name to a process definition, so
that the activation rules can only refer to the name of the process. It also associates a

base-workflow-id1: workflow-definition1

base-workflow-id2: workflow-definition2

meta-workflow-id3: workflow definition3

meta-workflow-id4: workflow definition4



16 A. Kumar et al.

Fig. 1. Overview of meta-workflow and ESP framework

name to the process definitions of the meta-workflows. The workflow definition lan-
guage is not central to this paper, but a language called WQL will be described briefly
in the context of some examples in the next section.

The activation rules contain two parts. The first part, for base-workflows, just
lists the workflow ids of these workflows in the form:

The second part, for the exception rules, is of the form:

The base-workflow component of the activation rules just lists all standard work-
flows, the ones that behave as expected: upon receiving some signal to start the work-
flow, a new case is created and the first activity in the workflow becomes ready.

The basic semantics of an exception rule is the following. If an event of event-
class is received for a case, and the base-workflow given by the base-workflow-id is
active and is in the state given in the rule, then the corresponding meta-workflow is
started for the case.

base-workflow-id is the id or name of a workflow. We assume that all workflows
have a unique identification.

event-class is the name of a type of event. Events are global, atomic, and contain
an attribute that associates the event to a case. Thus, the situation in which case
XYZ345 must be canceled is signaled by generating an event of class cancellation
with attribute XYZ345.

base-workflow-id1

base-workflow-id2

base-workflow-id1, event-class1, state1 meta-
workflow-id1

base-workflow-id2, event-class2, state2 meta-
workflow-id2
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state is a description of which activities of the base-workflow are ready, active,
and done. We will discuss how states are represented below.

meta-workflow is a workflow which may make use of five “meta-activities” (i.e.,
activities that control the base-workflow). We will discuss the meta-activities be-
low. Also the meta-workflow has a corresponding meta-workflow-id.

The name ESP comes from a previous version of the semantics above, but it
stands for E(events) S(states) P(process), a deviation from the more common Event,
Condition, Action (ECA) rules [16].

2.1 Meta-activities

What distinguishes a meta-workflow from a base-workflow is that a meta-workflow
only has five special activities, called meta-activities that control and operate the
base-workflows. These meta-activities are:

start(wf, [c]): which activates the base-workflow wf and associates it with active
case c.

terminate(wf, [c]): which terminates the base-workflow wf with active case c. The
terminate meta-activity suspends all executing activities, and places the base-
workflow in the inactive state.

suspend(wf, [A], [c]): suspends the activity A in the base-workflow wf (for the cur-
rent case). If activity A  is not executing, it has no effect. Finally, if the argument A
is missing, all executing activities are suspended.

resume(wf, [A], [c]): resumes activity A in the base-workflow wf. If A is not sus-
pended in the base-workflow, the meta-activity has no effect. If argument A is
missing, then the workflow resumes where it was suspended.

wait(wf, [A], [c]): this activity does nothing except wait for the activity A in the
base-workflow wf to be done. If A is already done, continue(A) does nothing. If ar-
gument A is missing, then the wait persists until the workflow itself is terminated.

Note that the case argument c may be omitted from start and terminate if it is ob-
vious from the context. Next we discuss the states of various activities and their se-
mantics.

2.2 State Representation in ESP Framework

We will define a state representation in ESP as a logical formula which may refer to:

Activities or sets of activities.

The set Done, which represents the set of activities in the done state.

The set Executing, which represents the set of activities in the executing state.

The set Ready, which represents the activities in the ready state.

Equalities or inequalities that refer to case data.
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Thus the formula:

represents the situation in which A is done, B and C are still executing and the case
data cost is less than or equal to $300,000, or A, B, and C are all done but D is not.

2.3 Semantics

We assume that set C gives the case-ids of the current cases. For each there is
at least one workflow wf that is active for case c (there may be more than one), de-
noted as For each active workflow wf for c there is a set of activities of
wf which are in the done state, denoted by D(c,wf), and a set of activities which are
executing, denoted by E(c,wf).

The semantics for the execution of base-workflows is as follows (where wf is a
workflow-id, and c a case id):

For ESP rules of the form the operational semantics is
the following. Upon receiving an event e(c) where e is an event class and c a case-id:

The above definition implies that:

more than one rule can capture an event,

there are cases in which the event is not captured by any rule

having the event captured by a rule has, by itself, no impact on the base-workflow
that was active when the event was received.

1.

2.

3.

If an event is captured by more than one rule, then conflict resolution is required to
select one rule. For simplicity, we propose to associate priorities with rules to
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resolve conflicts. If an event is not captured it is ignored. Any changes in the base-
workflow state can only be accomplished by the execution of meta-activities in a
meta-workflow.

Let us discuss formally the effects of the meta-activities. While running a meta-
workflow the meta-workflow module sends meta-activities as instructions to the main
workflow engine. In general, the parameters for a meta-activity X are a workflow wf
and a case c. The semantics for the action taken by the workflow engine on each X
are as follows.

3 WQM Model and Examples

We use the WQM (workflow query model) to illustrate the applications and imple-
mentations of meta-workflows ([5]). In WQM, a workflow process is described in
terms of nine basic primitives: start, task, end, split-choice, join-choice, split-parallel,
join-parallel, start-while_do, and end-while_do (see [5] for more details). This sim-
ple language can be used to model complex inter-organizational workflow processes
to create web services such as the one we discuss next.

Consider a base-workflow, as showed in Figure 2 [5] for ordering a laptop.
This workflow includes several tasks or activities such as entering the order, obtaining
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Fig. 2. An example base-workflow, using WQM model [5]
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multiple approvals, placing separate orders for components of the laptop, receiving
the parts, assembly and delivery. The split-choice node allows one path to be taken
based on a condition (e.g., new/old order). The split-parallel allows multiple activi-
ties to proceed in parallel. The While-do construct is used to expression repetition.
The various activities of this workflow process have been labeled etc.) in
the figure for ease of reference.

In this section, we use three event examples to illustrate our framework. Each
event is also associated with an active case c.

3.1 Example 1: Late Notification After Activity F

If the parts arrive late, the assembly line, the final customers, and the suppliers will be
notified before the next activity G is executed. We name this workflow process in
Figure 3 as which is another base-workflow that will be triggered by meta-
workflow if is received by the system and is in
States, meta-workflows and exception rules for this event are shown in Table 1.

The event Late(F) will be captured by the ESP rule to trigger the execution of
meta-workflow or depending upon the state of the workflow If the ac-
tivity F, “receive parts”, is already done, the meta-workflow will first suspend
the next activity in base-workflow and then start the base-workflow If the ac-
tivity F is still executing when is received by the system, then the meta-
workflow will first wait for the completion of activity F, and then perform the
same meta-activities as those in the previous scenario. After the base-workflow is
finished, another ESP rule will capture event start workflow and
thus, resume the next activity in base-workflow

Notice that the same event can be captured by multiple ESP rules under different
states. When the activity F is in the state of executing or  done, will be cap-
tured by different ESP rules and trigger meta-workflow or respectively.
For now we are assuming that once an event is captured and processed it will be dis-
abled to prevent repetitive firing of meta rules.

3.2 Example 2: Process Abortion

After the activity “enter order” is done, one may want to abort the whole process if
some relevant order details are missing or incorrectly provided by the customer. For
example, the customer may have entered the wrong credit card information. Then, to
abort the entire process, the workflow process in Figure 4 can be executed to undo the
partial effect of the activity “enter order” and remove the information that has already
been recorded by the database. We name this workflow process as and it is trig-
gered by meta-workflow if is received by the system
and activity A1 is done. The meta-workflow will first suspend the base-workflow
then activate and run the reverse workflow and finally terminate the original
base-workflow The states, meta-workflows, and exception rules for this event are
shown in Table 2.
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Fig. 3. A base-workflow, for late notification

Fig. 4. A reverse workflow, for process abortion
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3.3 Example 3: Additional Budget Approval

Now we turn to a process that will perform an “additional budget check” after the
regular “budget check” activity is done, if the budget for this order is found to be
greater than $3000 since that is the maximum allowed by company policy for a lap-
top. In this case, the VP of Finance and the President must approve the request as an
exception since it exceeds the company limit. We name this sub-workflow process
shown in Figure 5 as It will be triggered by meta-workflow if

is received by the system and if the budget amount is greater than $3000.
The ESP rule will trigger a meta-workflow to suspend and start to perform the
additional reviews. After the additional approvals finish, the event will
trigger the meta-workflow to resume the original base-workflow The
states, meta-workflows, and exception rules for this event are shown in Table 3.

Fig. 5. A base-workflow, for additional budget approval
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In this section, we have seen how different types of special situations can be de-
scribed using our framework. The states can be based both on the status of various
tasks and also on the case data.

4 Architecture

The architecture for incorporating this framework is shown in Figure 6. In this archi-
tecture we extend an existing workflow enactment service with two modules: an event
support module and a meta-workflow module. This architecture was developed to
make the most use of existing workflow engine architectures. The component on the
left in Figure 6 is a standard workflow engine; the components on the right are new
additions. Thus, it is conceivable that a legacy workflow may run entirely in the
workflow engine.

The ESP support module allows users to specify rules. It receives the events both
from the (standard) workflow engine, and from external sources and case data from
the workflow engine and selects a rule and a corresponding meta-workflow to run.
Then, it passes the meta-workflow and case information to the meta-workflow execu-
tion support module. The latter manages the execution of the meta-activities by send-
ing them to the main workflow execution module.

Fig. 6. An architecture for the ESP framework

To support this architecture, the following modifications are proposed in an exist-
ing workflow engine. After each activity finishes, the main workflow engine must:

suspend the current path of the workflow

send new events to the ESP module.
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send case data to the ESP module.

wait for instructions from the ESP module.

The workflow engine also needs to be able to receive and execute the five new
meta-activities. Most workflow engines provide APIs that would make such modifica-
tions reasonably easy to implement.

5 Discussion and Related Work

Support for events can play an important role in modeling of inter-organizational
workflows because events offer a convenient mechanism for coordination. The need
for such support has been noted elsewhere also (see [10] for example). This paper has
proposed to integrate events with meta-workflows to create a powerful coordination
and control mechanism. The usefulness of this approach was illustrated through vari-
ous examples. Coordination requirements can be quite complex in inter-
organizational workflows [1,8,9]. Our approach can have considerable value in the
context of Web services [17] and supply chain applications [6]. In Web services,
meta-workflows can be used to facilitate inter-operation between multiple related ser-
vices (e.g., airlines, hotel and car rental reservations) that must be integrated. In sup-
ply chain applications, exceptions like missed deliveries, stock-outs, etc. arise quite
often. Here our framework can assist in reacting to such new events in a systematic
manner and improving the level of collaborative information sharing between part-
ners. Recently there has also been interest in adaptive workflows [12,11]. This
framework can be used for adapting workflows dynamically as illustrated by the sub-
workflow substitution and insertion examples earlier.

A prototype event engine, called EVE, for implementing event-driven execution
of distributed workflows has been presented in [7]. However, the most relevant re-
lated work to ours is the event-based inter-process communication in the context of
OPERA [10]. The mechanism described in [10] allows processes to communicate by
means of event based control connectors (ECCs). An ECC is associated with an event
and, upon occurrence of the event, if a condition is true then another process or an ac-
tivity can be invoked. Our approach is similar in spirit to this work; however, we
make a clear distinction between workflows and meta-workflows, which is lacking in
[10]. This separation allows for a more systematic and flexible methodology for
process design, and nicer semantics. Thus, meta-workflows serve as a useful model-
ing construct for controlling multiple workflows and dealing with various kinds of
special (exception) situations that often arise, including failure handling, recovery,
etc.

Research on exceptions in workflows is still limited. In [18], Strong and Miller
define exceptions as “cases that computer systems cannot correctly process without
manual intervention.” Based on a field study they make several recommendations,
such as the need for more efficient exception handling routines and better support for
people who have to fix exceptions. Borgida and Murata [2] describe exceptions as
violations of constraints and apply ideas from exception handling in programming
languages. They treat an exception as an object belonging to a class that can have at-
tributes. Their class structure is similar to a taxonomy. Another taxonomy-based
approach to handling exceptions by Klein and Dellarocas is presented in [13]. They
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define an exception as “any departure from a process that achieves the process goals
completely and with maximum efficiency.” The authors propose to create a taxon-
omy based on the type of exception and have corresponding strategies to be applied
once an exception can be classified. The approach in [4] is based on ECA style rules.
These rules are bound to the workflow for exception handling at different levels of
scope.

As noted in [10] also, the event-based framework has some similarities with the
ECA style rules [16]. Clearly, both approaches are based on rules and events. How-
ever, the application environments and semantics are different. ECA rules are used in
active databases in the context of changing data. ECA has also been proposed in the
WIDE and EVE prototype workflow systems [3,7] as a means to describe the coordi-
nation requirements in a workflow itself and to handle simple exceptions. The major
difference is that the action in ECA corresponds to a sub-transaction (such as updates
to the database). In workflows, instead of the action a special process called a meta-
workflow is executed resulting in vastly different semantics. Therefore, an attempt to
implement this framework in a database that supports ECA rules is likely to be im-
practical and awkward.

Finally, the ESP framework must be compared with some more standard Web
Services specification languages, such as BPEL4WS. In broad terms, events in ESP
correspond to faults and events in BPEL (but ESP does not distinguish between
them), ESP rules correspond to fault- and event-handlers, caseId corresponds to the
BPEL notion of correlation sets and properties, and so on. The main contribution of
ESP is a richer language to express exceptions than BPEL’s. In particular, ESP rules
allow considerable flexibility to terminate and suspend executing activities (not nec-
essarily the ones that generated the faults) and to resume execution of suspended
activities as well. Furthermore, the way to express some of the kinds of exception
conditions allowed in ESP would be awkward in BPEL, if at all possible.

6 Conclusions

This paper described a framework and architecture to support handling of exceptions
and various kinds of special situations that arise in a workflow system. It is based on
combinations of events and states that cause higher-level processes called meta-
workflows to be executed. A meta-process consists of five meta-activities for control-
ling the behavior of and coordinating base-workflow processes. We demonstrated the
usefulness of the approach and gave a preliminary architecture for integrating this ap-
proach into a current workflow system. The advantages of this framework are modu-
larity, extensibility, adaptability and simplicity.

This work is still ongoing and we foresee further research along several lines.
First, we would like to extend the current XRL (eXchangeable Routing Language) ef-
fort [1] for describing inter-organizational workflows in XML by adding this func-
tionality to both the language and prototype. Secondly, although we gave the seman-
tics for execution of meta-workflows themselves, rule conflicts have not been
considered in this paper, and we need to address this by developing a more detailed
rule execution semantics. Thirdly, support for composite events would also be a use-
ful feature. Next, the proposed framework should be evaluated in terms of its control
capabilities and performance. Finally, the architecture needs to be extended for a
fully distributed environment.
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Abstract. In this paper we propose a foundational vision of
in which we distinguish between the external behavior of an
as seen by clients, and the internal behavior as seen by a deployed ap-
plication running the Such behaviors are formally expressed
as execution trees describing the interactions of the with its
client and with other Using these notions we formally define

composition in a general way, without relying on any specific
representation formalism.

Introduction1

The spreading of network and business-to-business technologies [11] has changed
the way business is performed, giving rise to the so called virtual enterprises and
communities [7]. Companies are able to export services as semantically defined
functionalities to a vast number of customers, and to cooperate by composing and
integrating services over the Web. Such services, usually referred to as
or Web Services, are available to users or other applications and allow them to
gather data or to perform specific tasks. Service Oriented Computing (SOC)
is a new emerging model for distributed computing that enables to build agile
networks of collaborating business applications distributed within and across
organizational boundaries1.

Cooperation of poses many interesting challenges regarding, in
particular, composability, synchronization, coordination, correctness verifica-
tion [13]. However, in order to address such issues in an effective and well-founded
way, need to be formally represented.

Up to now, research on has mainly concentrated on three issues,
namely (i) service description and modeling, (ii) service discovery and (iii) ser-
vice composition.

Composition addresses the situation when a client request cannot be satisfied
by any available whereas a composite obtained by combining
a set of available component might be used. Composition involves

cf., Service Oriented Computing Net: http://www.eusoc.net/

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 28–40, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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two different issues: the one of composing by synthesis a new starting
from available ones, thus producing a composite specification, and the
one of enacting, i.e., instantiating and executing, the composite by
correctly coordinating the component ones; the latter is often referred to as
orchestration [6,10], and it is concerned with monitoring control and data flow
among the involved in order to guarantee the correct execution of the
composite In what follows, we concentrate on composition synthesis:
orchestration techniques go beyond the scope of this paper.

The DAML-S Coalition [2] is defining a specific ontology and a related lan-
guage for with the aim of composing them in automatic way. In [12]
the issue of service composition is addressed, in order to create composite ser-
vices by re-using, specializing and extending existing ones; in [9] composition of

is addressed by using GOLOG. In [1] a way of composing
is presented, based on planning under uncertainty and constraint satisfaction
techniques, and a request language, to be used for specifying client goals, is
proposed.

All such works deal with different facets of service oriented computing, but
unfortunately an overall agreed upon comprehension of what an is, in
an abstract and general fashion, still lacking. Nevertheless, (i) a framework for
formally representing clearly defining both specification (i.e., design-
time) and execution (i.e., run-time) issues, and (ii) a definition of com-
position and its properties, are crucial aspects for correctly addressing research
on service oriented computing.

In this paper, we concentrate on these issues, and propose an abstract frame-
work for in order to provide the basis for representation
and for formally defining the meaning of composition. Specifically, Section 2
defines the framework, which is then detailed in Sections 3 and 4 by consider-
ing specification and run-time issues, respectively. Section 5 describes
the basic, conceptual interaction protocol between a running and its
client. Section 6 deals with composition, in particular by formally defining such
a notion in the context of the proposed framework. Finally, Section 7 concludes
the paper, by pointing out future research directions.

2 General Framework

Generally speaking, an is a software artifact (delivered over the Inter-
net) that interacts with its clients, which can be either human users or other

by directly executing certain actions and possibly interacting with
other to delegate to them the execution of other programs. In this
paper we take an abstract view of such an application and provide a conceptual
description of an by identifying several facets, each one reflecting a
particular aspect of an during its life time.

The schema specifies the features of an in terms of func-
tional and non-functional requirements. Functional requirements represent

29
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what an does. All other characteristics of such as those
related to quality, privacy, performance, etc. constitute the non-functional
requirements. In what follows, we do not deal with non-functional require-
ments, and hence use the term to denote the specification
of functional requirements only.
The implementation and deployment indicate how an is
realized, in terms of software applications corresponding to the
schema, deployed on specific platforms. Since this aspect regards the tech-
nology underlying the implementation, it goes beyond the scope of
this paper and we do not consider it any more2. We have mentioned it for
completeness and because it forms the basis for the following one.
An instance is an occurrence of an effectively running and
interacting with a client. In general, several running instances corresponding
to the same schema exist, each one executing independently from
the others.

As mentioned, the schema of an specifies what the does.
From the external point of view, i.e., that of a client, the is seen as
a black box that exhibits a certain “behavior”, i.e., executes certain programs,
which are represented as sequences of atomic actions with constraints on their
invocation order. From the internal point of view, i.e., that of an application
deploying an E and activating and running an instance of it, it is also
of interest how the actions that are part of the behavior of E are effectively
executed. Specifically, it is relevant to specify whether each action is executed
by E itself or whether its execution is delegated to another with which
E interacts, transparently to the client of E. To capture these two points of view
we consider the schema as constituted by two different parts, called
external schema and internal schema, respectively representing an from
the external point of view, i.e., its behavior, and from the internal point of view.

In order to execute an the client needs to activate an instance from
a deployed the client can then interact with the instance by
repeatedly choosing an action and waiting for the fulfillment of the specific task
by the and (possibly) the return of some information. On the basis of
the information returned the client chooses the next action to invoke. In turn,
the activated instance executes (the computation associated to) the
invoked action and then is ready to execute new actions. Note that, in general,
not all actions can be invoked at a given point: the possibility of invoking them
depends on the previously executed ones, according to the external schema of
the Under certain circumstances, i.e., when the client has reached his
goal, he may explicitly end (i.e., terminate) the instance. However, in
principle, a given may need to interact with a client for an unbounded,
or even infinite, number of steps, thus providing the client with a continuous
service. In this case, no operation for ending the is ever executed.

Similarly, recovery mechanisms are outside the scope of this paper.2
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For an instance of an E, the sequence of actions that have been
executed at a given point and the point reached in the computation, as seen by
a client, are specified in the so-called external view of Besides that, we need to
consider also the so-called internal view of which describes also which actions
are executed by itself and which ones are delegated to which other
instances, in accordance with the internal schema of E.

To precisely capture the possibility that an may delegate the execu-
tion of certain actions to other we introduce the notion of community
of which is formally characterized by:

a common set of actions, called the alphabet of the community;
a set of specified in terms of the common set of actions.

Hence, to join a community, an needs to export its service(s) in terms of
the alphabet of the community. The added value of a community of
is the fact that an of the community may delegate the execution of
some or all of its actions to other instances of in the community. We
call such an composite. If this is not the case, an is called
simple. Simple realize offered actions directly in the software artifacts
implementing them, whereas composite when receiving requests from
clients, can invoke other in order to completely fulfill the client’s needs.

The community may also be used to generate (virtual) whose ex-
ecution completely delegates actions to other members of the community.

In the following sections we formally describe how the of a com-
munity are specified, through the notion of schema, and how they are
executed, through the notion of instance.

3 Schemas

In what follows, we go into more details about the two schemas introduced in
the previous section.

3.1 External Schema

The aim of the external schema is to abstractly express the behavior of the
To this end an adequate specification formalism must be used, which

allows for a finite representation of such a behavior3. In this paper we are not
concerned with any particular specification formalism, rather we only assume
that, whatever formalism is used, the external schema specifies the behavior in
terms of a tree of actions, called external execution tree. Each node of the
tree represents the history of the sequence of interactions between the client
and the executed so far. For every action that can be executed at
the point represented by there is a (single) successor node with the edge

Typically, finite state machines are used [8, 5].3
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labeled by The node represents the fact that, after performing the
sequence of actions leading to the client chooses to execute the action among
those possible, thus getting to Therefore, each node represents a choice point
at which the client makes a decision on the next action the should
perform.

The root of the tree represents the fact that the client has not yet performed
any interaction with the Some nodes of the execution tree are final:
when a node is final, and only then, the client can end the interaction. In other
words, the execution of an can correctly terminate at these points4.

Notably, an execution tree does not represent the information returned to
the client, since the purpose of such information is to let the client choose the
next action, and the rationale behind this choice depends entirely on the client.

Example 1. Figure 1 shows an execution tree representing an that
allows for searching and buying mp3 files5. After an authentication step (action
auth), in which the client provides userID and password, the asks
for search parameters (e.g., author or group name, album or song title) and
returns a list of matching files (action search); then, the client can: (i) select and
listen to a song (interaction listen), and choose whether to perform another
search or whether to add the selected file to the cart (action add_to_cart);
(ii)add_to_cart a file without listening to it. Then, the client chooses whether
to perform those actions again. Finally, by providing its payment method details
the client buys and downloads the content of the cart (action buy).

Fig. 1. Example of external execution tree of an

Typically, in an the root is final, to model that the computation of the
may not be started at all by the client.

Final nodes are represented by two concentric circles.

4

5
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Note that, after the action auth, the client may quit the since
he may have submitted wrong authentication parameters. On the contrary, the
client is forced to buy, within the single interaction buy, a certain number of
selected songs, contained in the cart, possibly after choosing and listening to

3.2 Internal Schema

The internal schema maintains, besides the behavior of the the in-
formation on which in the community execute each given action of
the external schema. As before, here we abstract from the specific formalism
chosen for giving such a specification, instead we concentrate on the notion of
internal execution tree. Formally, each edge of an internal execution tree of an

E is labeled by I), where  is the executed action and I is a nonempty
set denoting the instances executing Every element of I is a pair

where is an and is the identifier of an instance of The
identifier uniquely identifies the instance of within the internal execution
tree. In general, in the internal execution tree of an E, some actions
may be executed also by the running instance of E itself. In this case we use the
special instance identifier this. Note that the execution of each action can be
delegated to more than one other instance.

An internal execution tree induces an external execution tree: given an in-
ternal execution tree we call offered external execution tree the external exe-
cution tree obtained from by dropping the part of the labeling denoting the

instances, and therefore keeping only the information on the actions.
An internal execution tree conforms to an external execution tree if is
equal to the offered external execution tree of An is well formed if
its internal execution tree conforms to its external execution tree.

We now formally define when an of a community correctly delegates
actions to other of the community. We need a preliminary definition:
given an internal execution tree of an E, and a path in starting
from the root, we call the projection of on an instance of an
the path obtained from by removing each edge whose label I) is such that
I does not contain and collapsing start and end node of each removed edge.

We say that the internal execution tree of an E is coherent with
a community C if:

for each edge labeled with I), the action is in the alphabet of C, and
for each pair in I, is a member of the community C;
for each path in from the root of to a node and for each pair
appearing in with different from this, the projection of on is a
path in the external execution tree of from the root of to a node
and moreover, if is final in then is final in

Observe that, if an of a community C is simple, i.e., it does not
delegate actions to other instances, then it is trivially coherent with
C. Otherwise, i.e., it is composite and hence delegates actions to other

some songs zero or more times.
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instances, the behavior of each one of such instances must be correct
according to its external schema.

A community of is well-formed if each in the community
is well-formed, and the internal execution tree of each in the community
is coherent with the community.

Example 2. Figure 2 shows an internal execution tree, conforming to the external
execution tree in Figure 1, where the listen action is delegated to a different

using each time a new instance. The internal execution tree, conforming
again to the external execution tree in Figure 1, where no action is delegated to
other instances, is characterized by the edges labeled by E,this),
being any action.

Fig. 2. Example of internal execution tree of a composite

In the examples each action is either executed by the running instance of E
itself, or is delegated to exactly one other instance. Hence, for simplicity, in the
figure we have denoted a label simply by

4 Instances

In order to be executed, a deployed has to be activated, i.e., necessary
resources need to be allocated. An instance represents such an
running and interacting with its client.

From an abstract point of view, a running instance corresponds to an ex-
ecution tree with a highlighted node, representing the “current position”, i.e.,
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the point reached by the execution. The path from the root of the tree to the
current position is the run of the so far, while the execution (sub-)tree
having as root the current position describes the behavior of what remains of
the once the current position is reached.

Formally, an instance is characterized by:

an instance identifier,
an external view of the instance, which is an external execution tree with a
current position,
an internal view of the instance, which is an internal execution tree with a
current position.

Example 3. Figure 3 shows an external view of an instance of the of
Figure 1. The sequence of actions executed so far and the current position on the
execution tree are shown in thick lines. It represents a snapshot of an execution
by a client that has provided its credentials and search parameters, has searched
for and listened to one mp3 file, and has reached a point where it is necessary to
choose whether (i) performing another search, (ii) adding the file to the cart, or
(iii) terminating the (since the current position corresponds to a final

Fig. 3. External view of an instance

The internal view of an instance additionally maintains informa-
tion on which instances execute which actions. At each point of the
execution there may be several other active instances of that cooper-
ate with the current one, each identified by its instance identifier. Note that,
in general, an action can be executed by one or by more than one
instance. The opportunity of allowing more than one component to

node).
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execute the same action is important in specific situations, as the one reported
in [4].

5 Running an Instance

In Section 2 we have briefly shown the steps that a client should perform in
order to execute an namely:

1.
2.
3.

activation of the instance,
choice of the invokable actions
termination of the instance,

where step (2) can be performed zero or more times, and steps (1) and (3) only
once. Each of these steps is constituted by sub-steps, consisting in executing
commands and in sending acknowledgements, each of them being executed by a
different actor (either the client or the

In what follows we describe the correct sequence of interactions between a
client and an assuming, for the sake of simplicity, that no action is ex-
ecuted simultaneously by different (see Section 4). It is easy to extend
what presented in order to cover also this case. Figure 4 shows the conceptual
interaction protocol.

Fig. 4. Conceptual Interaction Protocol
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Activation. This step is needed to create the instance. The client6

invokes the activation command, specifying the to interact with. If
is such an the syntax of this command is:

When this command is invoked, all the necessary resources for the execution
of a new instance of are allocated. Additionally, each
instance creates a copy of both the internal and the external execution tree
characterizing the schema it belongs to.

As soon as is ready to execute, it responds to the client with the message

The purpose of this message is threefold. First, the client has an acknowledge-
ment that the invoked has been activated and that the interactions
may correctly start. Second, the client is informed about the instance identi-
fier he will interact with Third, the client is asked to choose the action to
execute among The choice command is described next.

Choice. This step represents the interactions carried on between the client and
the instance. Each instance is characterized, wrt the client,
by its external execution tree, and all the actions are offered according to the
information encoded in such a tree. Therefore, according to its external execution
tree, the instance proposes to its client a set of possible actions,
e.g., and asks the client to choose the action to execute next among

The syntax of this command is:

where is the choice symbol.
According to his goal, the client makes his choice by sending the message

In this way, the client informs the instance of that he wants to
execute next the action Once has received this message, it executes action

The execution of is transparent to the client: the latter does not know
anything about it, it only knows when it is ended, i.e., when the asks
him to make another choice. This is shown in Figure 4 by the composite state
that contains a state diagram modeling the execution of

The role of and becomes especially clear if we consider that the client
could be a composite When a composite E delegates an
action to a component (e.g., it needs to activate a new
instance thus becoming in its turn a client. Therefore, on one side, E

The client may be either a human user or another however, for the sake
of simplicity, in what follows we consider a human client.

6
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interacts with the external instances of the component since E is a
client of the latter; on the other side, E chooses which action is to be invoked on
which (either itself or a component according to its internal
execution tree, when E acts as “server” towards its client.

Termination. Among the set of invokable actions there is a particular action,
end, which, if chosen, allows for terminating the interactions. Therefore, if the
current node on the external execution tree is a final node, the proposes
a choice as:

and if the client has reached his goal, he sends the message:

The purpose of this action it to de-allocate all the resources associated with
instance of As soon as this is done, the informs its
client of it with the message:

Examples of interactions can be found in [3].

6 Composition Synthesis

When a user requests a certain service from an community, there may
be no in the community that can deliver it directly. However, it may
still be possible to synthesize a new composite which suitably del-
egates action execution to the of the community, and when suitably
orchestrated, provides the user with the service he requested. Hence, a basic
problem that needs to be addressed is that of composition synthesis,
which can be formally described as follows: given an community C
and the external execution tree of a target E expressed in terms
of the alphabet of C, synthesize an internal execution tree such that (i)
conforms to (ii) delegates all actions to the of C (i.e., this does
not appear in and (iii) is coherent with C.

Figure 5 shows the architecture of an Integration System which de-
livers possibly composite on the basis of user requests, exploiting the
available of a community C. When a client requests a new

he presents his request in form of an external schema for
and expects the Integration System to execute an instance of To
do so, first the composer module makes the composite available for
execution, by synthesizing an internal schema of that conforms to the
external schema and is coherent with the community C. Then, using the in-
ternal schema as a specification, the orchestration engine activates an (in-
ternal) instance of and orchestrates the different available by
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Fig. 5. Integration System

activating and interacting with their external view, so as to fulfill the client’s
needs. The orchestration engine is also in charge of terminating the execution of
component instances, offering the correct set of actions to the client,
as defined by the external execution tree, and invoking the action chosen by the
client on the that offers it.

All this happens in a transparent manner for the client, who interacts only
with the Integration System and is not aware that a composite

is being executed instead of a simple one.

7 Conclusions

In this paper we have proposed a conceptual, and formal, vision of
in which we distinguish between the external behavior of an as seen
by clients, and the internal behavior as seen by a deployed application running
the which includes information on delegation of actions to other

Such a vision clarifies the notion of composition from a formal point of
view. On the basis of such a framework, we will study techniques for automatic
composition synthesis.

Note that in the proposed framework, we have made the fundamental as-
sumption that one has complete knowledge on the belonging to a
community, in the form of their external and internal schema. We also assumed
that a client gives a very precise specification (i.e., the external schema) of an

he wants to have realized by a community. In particular, such a spe-
cification does not contain forms of “don’t care” nondeterminism. Both such
assumptions can be relaxed, and this leads to a development of the proposed
framework that is left for further research.
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Abstract. The research community has begun an effort to investigate founda-
tions for the next stage of the Web, called Semantic Web [1]. Current efforts
include the Extensible Markup Language XML, the Resource description
Framework, Topic Maps and the DARPA Agent Markup Language
DAML+OIL. A rich domain that requires special attention is the semantics of
geospatial information. In order to approach the Semantic Geospatial Web, a
mediation system for querying spatial and non-spatial information is presented
in this paper. The spatial information is represented in the Geographical
Markup Language (GML). GML is an XML encoding developed by the Open-
GIS Consortium for the transport and storage of spatial/geographic information,
including both spatial features and non-spatial features. In order to integrate
spatial information from several spatial XML documents (GML), we have
based our work on the Community Web Portal concept with RDF and RQL, a
declarative language to query both RDF descriptions and related schemas.

1 Introduction

With the growth of the World Wide Web has come the insight that currently available
methods for finding and using information on the Web are often insufficient. Today’s
retrieval methods are typically limited to keyword searches or matches of sub-string,
offering no support for deeper structures that might lie hidden in the data or that peo-
ple typically use to reason; therefore, users may often miss critical information when
searching the Web. At the same time, the structure of the posted data is flat, which in-
creases the difficulty of interpreting the data consistently. There would exist a much
higher potential for exploiting the Web if tools were available that better match hu-
man reasoning. In this vein, the research community has begun an effort to investigate
foundations for the next stage of the Web, called Semantic Web [1]. Current efforts
include the Extensible Markup Language XML, the Resource description Framework,
Topic Maps and the DARPA Agent Markup Language DAML+OIL.

A rich domain that requires special attention is the Semantics of Geospatial Infor-
mation [2]. The enormous variety of encoding of geospatial semantics makes it
particularly challenging to process requests for geospatial information. Work led by
the OpenGIS Consortium [3] addressed some basic issues, primarily related to the
geometry of geospatial features. The Geography Markup Language (GML) provides a

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 41–50, 2004.
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syntactic approach to encoding geospatial information through a language in which
symbols need to be interpreted by users, because associated behaviour is not
accounted for.

In order to approach the Semantic Geospatial Web, a mediation system for query-
ing spatial and non-spatial information is presented in this paper. The spatial
information is represented in the Geographical Markup Language (GML). GML is an
XML encoding for the transport and storage of spatial/geographic information,
including both spatial features and non-spatial features [4]. In this way, the proposed
architecture integrates different approaches for querying GML on the Web.

Query mediation has been extensively studied in the literature for different kinds
of mediation models and for the capabilities of various sources. In the ambit of
non-spatial integration there are several approaches such as Tsimmis [5], YAT[6], In-
formation Manifold [7], PICSEL [8] and C-Web [9]. More specifically, in spatial data
integration, there are approaches developed by [10] and [11]. [10] extends the MIX
wrapper-mediator architecture to perform spatial data integration. [11] presents a
mediation system that addresses the integration of GIS data tools, following a
GAV(Global as View) approach. On the other hand, there are projects related to Geo-
spatial Portals: Geospatial One Stop Portal [12] and G-Portal [13].

We have based our work on the C-Web Portal [9] for supporting the integration of
spatial (expressed in GML documents) and non-spatial information. C-Web, which
provides the infrastructure for (1) publishing information sources and (2) formulating
structured queries by taking into consideration the conceptual representation of a
specific domain in the form of an ontology, follows a LAV (Local As View)
approach. The features of C-Web (RDF, RQL,...) applied to search for spatial infor-
mation the main contribution of this work, and it offers a closer focus on the Semantic
GeoSpatial Web.

This paper is organized as follows: Section 2 describes the main aim of this work.
Section 3 gives an overview of the proposed architecture. The conclusions and future
work are presented in Section 4.

2 Domain of the Problem

A Community Web Portal essentially provides the means to select, classify and ac-
cess, in a semantically meaningful and ubiquitous way, various information resources
(sites, documents, GML documents, data) for diverse target audiences (corporate, in-
ter-enterprise, ...). The core Portal component is a Catalog holding descriptions, i.e.
metadata, about the resources available to the community members. In order to effec-
tively disseminate community knowledge, Portal Catalogs organize and gather infor-
mation in a multitude of ways, which are far more flexible and complex than those
provided by standard (relational or object) databases. We used the Resource Descrip-
tion Framework (RDF) standard [14] [15] proposed by W3C, designed to facilitate the
creation and exchange of resource descriptions between Community Webs. In order
to query the Catalog, a query language, called RQL, is presented in [16] which allows
semistructured RDF descriptions to be queried using taxonomies of node and edge
labels defined in the RDF schema.

In order to integrate the spatial information of several spatial XML documents
(GML), we have based our work on the Community Web Portal concept with RDF
and RQL, a declarative language to query both RDF descriptions and related schemas
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[9]. To perform this integration, it is necessary to make some modifications to the
original approach because in the original approach the Catalog is considered as a col-
lection of resources identified by URIs and it is described using properties. However,
it does not need to use operator over the resources, only over the properties.

GML documents (or part of) are a resource. Unlike the original approach, it is
possible to apply spatial operators (comparatives: cross, overlap, touch; analysis:
Area, Length) over the resources provided they represent geometry information with
GML. In order to take advantage of this fact, we have designed two modifications
with respect to the original approach:

Extension of RQL to support spatial operators over the resources that represent
spatial documents or part of spatial documents. These operators must be the same
as those defined in [17] for our query language over GML. There are two types of
operators: methods for testing Spatial Relations and methods that support Spatial
Analysis. This extension is not dealt with in this paper. We assumed that this
extension had been carried out.
Extension of the Community Web Portal architecture to support the application of
the spatial operators over the resources involved in the query, and the integration
of all information to be returned. The definition of these new components in the
Catalog architecture is the main aim of this paper.

2.1 An Overview

In this section, an overview of the application of our mediation system is given,
looking at the system from the point of view of the user. In Figure 1, an example of
the Portal Schema and its instances is shown. The example has been obtained from

Fig. 1. Portion of Catalog of a CityModel



44 J. E. Córcoles and P. González

the specification documents of GML by OpenGIS [18]. Due to RDF’s capability for
adding new feature and geometry types in a clear and formal manner [18], this exam-
ple has been carried out extending the geospatial ontology defined by OpenGIS,
where the class (Geometry, LineString, etc) and properties (coordinates, Polygon-
Member, etc) are defined. The example shows an extension of a Catalog for a City-
Model proposed by [18] and called Cambridge.rdfs. This is a well-known example
used in all specifications over GML developed by OpenGIS. The Cambridge example
has a single feature collection of type ‘CityModel’ and contains two features using a
containment relationship called ‘modelMember’. The model member can be Rivers
that run through the City or Roads belonging to the City.

An example of a query expressed in RQL extended with spatial operators may be
as follows:

In RQL:

In a different way to the original approach, this query has a part that is executed
directly over the Catalog, and another part that is executed over the objects Road and
River stored in the respective sources. In order to do this, it is necessary to establish a
spatial query plan. On the other hand, if the query uses operators like Area, Length,
Union, Intersection, etc., this approach manages the new created resources. The
results could be the resources (&r2, &r3).

Although the resources may be of different types (documents, HTML files, Raster
image,..) in this approach the semantic of the spatial operators is only applied over the
geometry objects based on the OpenGIS specification [3].

2.2 Query Language over GML Document

This Section describes the main features of our query language over GML docu-
ments. It was developed as a spatial query language over GML documents. The data
model and the algebra underlying the query language are defined in [19]. The query
language has a familiar select-from-where syntax and is based on SQL. It includes a
set of spatial operators (disjoint, touches, etc.), and includes traditional operators (=,>,
<,...) for non-spatial information. The characteristics of our language are:

Path Expressions: The dot notation is used to navigate in the data model.

“Find all Road resources that belong to Albacete City and which are
within 50 meters of a River of this city ”.
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Ability to return an XML document: For compatibility with other tools, the result set
of a query is another XML document. The structure of the new document should re-
spect the GML schemas if it has geometry types.

Ability to query and return XML tags and attributes: This language allows some at-
tributes and tags to be partially defined in the query. The symbol ‘%’ is used as a
wildcard in the partial definitions.

Intelligence type coercion: This language supports automatic coercion between simple
types. However, coercion is not defined for geometry types.

Handles unexpected data: To define this feature, the operators ‘Like’ and ‘=’ are han-
dled in the same way as an existential quantifier. Thus, if a tag has several values, it
then allows the first to be selected to carry out the condition.

Ability to allow queries when the schema is not fully known: In order to make it un-
necessary for the user to know the schema of a document, this language shows the op-
tional tags and attributes in brackets, each one of them being separated by the symbol

This symbol means “optimality between different tags or attributes. In this way,
the user indicates that he or she wants to find values stored in elements with a differ-
ent syntax but with the same semantics.

Returns unnamed attributes: The language allows us to establish in the Select clause
whether it returns only tags or tags with all these children. To achieve this the symbol
is used. This symbol means that a given tag or attribute is not included in the result set.

Allows Geometry operators: This feature is the main difference with respect to other
query languages. There are two types of operators: methods for testing Spatial Rela-
tions and methods that support Spatial Analysis.

3 Architecture

In [16] the existence of the following countably infinite and pairwise disjoint sets of
symbols is assumed: C of Class name, P of Property names, U of Resource URIs as
well as a set L of Literal type names like string, integer, date, etc. Focusing on the Re-
sources, the RQL queries obtain all resources that satisfy certain conditions. In this
case, all data necessary for checking the query are available in the Catalog (Portal
Schema and Portal Resource Description). However, in order to add spatial features to
the Catalog, it is necessary to take these premises into account:

The spatial features that describe a resource must not be included in the Portal
Resource Description, like the non-spatial features, because this means very large
Catalogs and very difficult for managing. For this reason, in our approach, the spatial
features are kept (preserved) at the local source.

In this way, we have included new components for allowing this kind of queries
where the non-spatial features are executed over the Catalog, and the spatial part is
executed over one or several spatial resources.

The spatial resources are represented by GML because it is an XML encoding for
the transport and storage of spatial/geographic information, including both spatial fea-
tures and non-spatial features. The mechanisms and syntax that GML uses to encode
spatial information in XML are defined in the specification of OpenGIS [20]. OGC
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manages consensus processes that result in interoperability between diverse geoproc-
essing systems. Therefore, GML proposes a standard format to represent the spatial
information with XML. The main aim of using GML in this approach is that it can be
queried using a specific query language [17] and it stores efficiently [21]. These are
two important features of application in geographic information systems.

In addition, although the GML document follows the Spatial specification
developed by OpenGIS, the models used for each source for representing the spatial
information can be different. For example, source S1 and S2 can represent the same
information about Roads, but S1 can represent Road as a single LineString and S2 can
represent Road as a set of several contiguous lane(s) going in the same direction. For
this reason, a mapping between XML fragments and ontology concepts and roles is
necessary. We assumed that the mapping is not necessary over the non-spatial
features.

The policy of returning the results of a query are also different. When the query
carries out an integration of information from several sources or Spatial Analysis
operators, the resource returns are virtual resources (temporal or cached) because the
original resource has been updated by these operators.

In Figure 2, the architecture of our approach is shown (the component related to
C-Web, except Catalog, has been omitted). Basically, it is composed of a query proc-
essor that consists of three components: Analyzer, Optimizer and Execution module.
There is also a wrapper with the task of executing the partial queries in each source.

Fig. 2. Architecture

Analyzer: The Analyzer component consists of (1) the parser, analysing the syntax of
queries; (2) the graph constructor, capturing the semantic of queries in terms of typing
[16] and interdependencies of expressions involved; and (3) the evaluation engine of
RQL, accessing the RDF description from the underlying database (note that in RQL
implementation, RDF is stored over an object relational schema). In [16] it is the main
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component for querying with RQL, but in our approach it is necessary to add new
components to try to query the spatial information. With this architecture it is only
possible to query with alphanumeric operators. The result of the Analyzer component
is a query expressed in a query language for an ORDBMS (SQL). This is the starting
point in the execution of queries with spatial operators. The spatial operators ex-
pressed in RQL are not translated to the syntax and semantic of SQL, because this
query will not be executed directly over the ORDBMS when it has spatial operators.

Query Processing: This query is the input of the Query Processing component.
There is a query in this component because it has spatial operators. In this component
the query must be treated in a different way for spatial information and for non-spatial
information, due to the fact that all non-spatial information is stored in a DBMS
(Catalog) and the spatial information is stored in different GML documents in differ-
ent locations. However, the Catalog provides the relation between the non-spatial data
and the spatial data. This model is comparable with approaches of a spatial database
system in the manner in which spatial and non-spatial data are stored and linked to
each other, for example SAND [22]. SAND (Spatial And Non-spatial Data) assumes
the spatial description of objects is stored in disk-based spatial data structures which
are linked properly to the rest of the objects’ non-spatial description. In order to proc-
ess spatial queries from this point of view, SAND presents a variety of feasible strate-
gies for answering spatial and mixed queries. Due to the similarity between both
schemas, the optimisation strategies offered by SAND can be applied to this ap-
proach. These strategies cover everything from un-optimized strategies to further
pipelining strategies [22].

Execution: The query plan is executed in the Execution component. The non-spatial
attributes are obtained from the Catalog, whereas the spatial operators are executed
over each spatial resource involved. The component has two tasks:

(1) The user views the Portal as a simple database of fragment without knowledge of
the source on which each fragment is located. We might then consider each fragment
as an object whose identity is the location path of the fragment. A mapping allows the
organization of the fragments into a collection of instances of concepts in the
Ontology. It follows that one can in principle query this database of fragments using a
query language. The answer of the query is defined using the semantic of queries on
object bases. However, even though the answer is well-defined, an efficient
evaluation requires that we use the mapping effectively to translate the query into one
or more queries on the sources. In order to do this, we have based our work on our
previous work [23]. In this paper, a language for stabilizing mappings between XML
fragments and ontology concepts and roles is presented. In [23] we have used ontolo-
gies to solve the schematic heterogeneity between different GML documents. We use
RDF to know how a schema satisfies an ontology. These schemas are always
expressed as DTDs for each site.

We have used our query language over GML documents to be executed in the
wrappers. It is a query language over GML/XML enriched with spatial operators [19].
This query language has an underlying data model and algebra that supplies the
semantics of the query language [17].
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(2) The second task is to integrate the results of the queries executed in each source
[24]. As is mentioned above, when Spatial Analysis operators (like Area, Length, etc)
are used in the query, or operators like Union, Intersect, Difference, etc., it is neces-
sary to generate in this component a GML document with this new data. In this way,
the resulting resources of a query can be fictitious resources because they can be
stored (cached) in the Portal.

Wrapper: The most important task of this component is to execute the query over the
GML document that contains the objects searched. The query must be adapted to the
underlying data model for each document [17]. In order to execute our query lan-
guage over GML documents, an efficient storage of GML documents is necessary. In
[21] we tend to use approaches based on relational databases to store GML docu-
ments. In this way, we can use a complete set of data management services (including
concurrency control, crash recovery, scalability, etc) and benefit from the highly op-
timized relational query processor. In addition, RDBMS allows us to store spatial ob-
jects in accordance with the possibilities offered in [25].

4 Conclusions

In this paper a mediation system for querying spatial and non-spatial information is
presented. We have based this work on the C-Web Portal [9] for supporting the inte-
gration of spatial (expressed in GML documents) and non-spatial information. The
main feature of this approach is the possibility of applying spatial operators over the
resources that are represented by GML format. Thus, with this approach, it is possible
to discover spatial and non-spatial resources interrelated semantically on the Web. In
this way, this work contributes a small step towards the Semantic Geospatial Web.

Future work foresees the extension of the Loader developed by c-Web for
supporting the load of spatial resources. It is a most important point for obtaining an
efficient and operative system with these features.
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Abstract. To be able to monitor contracts at contract fulfillment stages
is a key ingredient for a reliable, flexible, efficient, realistic and accept-
able e-market. In this paper, we explore monitoring requirements of dif-
ferent e-market infrastructures, and define the monitorability of various
e-market infrastructure approaches. For avoidance and anticipation of
imminent contract violations, and detection and compensation of actual
violations, a two-level framework is presented, a reference architecture
of the two-level framework is demonstrated finally.

1 Introduction

To be able to monitor multi-partner contracts at the contract fulfillment stage
is the key for realizing a reliable, flexible, efficient, realistic and acceptable
e-market, which benefits all the business parties involved. An agent-based e-
commerce infrastructure is regarded as one of the most suitable open environ-
ments for electronic marketplaces [6]. Because of their autonomous, reactive and
proactive features, agents can act on behalf of their owner and use individual
strategies to increase the ability to do business; unfortunately, the problem of
how to force agents to comply with prescribed behavior and thus achieve effec-
tive monitoring is complicated. Most existing e-commerce platforms implement
logging, auditing and failure recovery functions [1] [5], but still miss avoidance
and anticipation of anomalous actions, failure detections and issue compensa-
tions. This clearly limits the e-business applications to a small number of simple
strict application scenarios.

In contract-driven business process automation, a contract records the agreed
upon obligations of contracting parties in terms of business process conditions
[9]. Generally a contract has two stages, the first stage is a contract establishment
stage, which includes contract conception, preparation and negotiation activities.
In this stage, the parties’ roles, responsibilities, obligations and deliverabilities
are identified [4]. The second stage is a contract fulfillment stage, which is related
to the behavior of contractual parties and may include monitoring, enforcement
and compensation activities [21][24] [20] [13]. Our main concern within this stage
is the realization of pro-active monitoring contracts.

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 51–61, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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For realizing pro-active monitoring, we investigated monitoring requirements
for different infrastructure e-markets at the contract fulfillment stage. We ex-
plored the monitorability of various e-market infrastructure approaches. Mon-
itorability refers to whether sufficient information and monitoring points are
provided, so that the e-market can be effectively monitored. Based on the dis-
tinguished monitoring requirements and the analysis of different e-market in-
frastructure approaches, a two-level monitoring framework is proposed.

In this paper, we used a standard case study from the CrossFlow project (see
Section 2 for more details). Section 3 describes the monitoring requirements for
e-markets. Section 4 presents our two-level monitoring framework and explains
the purpose of each level. A reference architecture is elaborated in Section 5.
Finally, we present our conclusions of concerning monitoring in e-markets.

2 Case study

In explaining existing issues in the multi-partner contract monitoring, we have
chosen a standard multi-partner scenario [18] that outlines the manner in which
a car damage claim is handled by an insurance company (AGFIL). The contrac-
tual parties work together to provide a service level which facilitates efficient
claim settlement. The parties involved are called Europ Assist, Lee Consulting
Services, Garages and Assessors. Europ Assist offers a 24-hour emergency call
answering service to policyholders. Lee C.S. coordinates and manages the opera-
tion of the emergency service on a day-to-day level on behalf of AGFIL. Garages
are responsible for car repairs. Assessors conduct the physical inspections of
damaged vehicles and agree on repair costs with the garages involved.

In Figure 1, the general process of a car insurance case is described as fol-
lowed: the policyholder phones Euro Assist using a tollfree number to notify
of a new claim. Euro Assist registers the information, suggests an appropriate
garage, and notifies AGFIL which checks whether the policy is valid and covers
this claim. After AGFIL receives this claim, AGFIL sends the claim details to

Fig. 1. The process diagram of car insurance [19]
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Lee C.S. AGFIL subsequently sends a letter to the policyholder for a completed
claim form. Lee C.S. agrees upon repair costs if an assessor is not required for
small damages, otherwise an assessor is assigned. The assessor checks the dam-
aged vehicle and agree upon repair costs with the garage. After receiving an
repair agreement from Lee C.S., the garage then commences to repair. After
finishing repairs, the garage issues an invoice to Lee C.S., which will check the
invoice against the original estimate. Lee C.S. returns all invoices to AGFIL. AG-
FIL processes the payment. In the whole process, if the claim is found invalid,
all contractual parties will be contacted and the process will be stopped. As
we can be seen from this description, the workflow is complex between multiple
partners and a multi-partner contract is used, this case could help to understand
the issues of multi-partner contracts.

3 Monitoring Requirements for a Monitoring Framework

In Figure 2, we present a Monitoring Contract Fulfillment Life Cycle which can
be split into two parts divided by the occurrence of an anomalous action [14]
[16]. The part preceding the occurrence of anomalous actions is called the proac-
tive monitoring perspective. The part following it is called the reactive moni-
toring perspective. In the pro-active monitoring stage, anomalous actions can
be avoided and anticipated before contract violations occurrence. In the reac-
tive monitoring stage, anomalous actions can be detected, the relevant partner
needs to satisfactories compensated, and unsolvable disputations can be stored
for future, human-involved resolution after the occurrence of contract violation.

Fig. 2. The monitoring life cycle

After having described the monitoring contract fulfillment life cycle, we ob-
serve monitoring requirements from two perspectives. From a pro-active
monitoring perspective, there are three monitoring requirements from the
pro-active monitoring perspective:

First, contractual parties need to be monitored for the purpose of avoidance
and anticipation of contract violations. The execution of non-performance
action needs to be forced. For example, in the car insurance case, after Europ
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Assist assigned a garage for a policyholder who claimed a car damage before,
Europ Assist also notified Lee C.S. and AGFIL. When Lee C.S. and AGFIL
worked on this claim, Lee C.S. contacted the assigned garage and found that
the policyholder did not send the car to the garage. The action sending car
should be forced to perform in the car insurance process.
Second, relevant events need to be recorded in a business process. After
conflicts between contractual parties, these records can be used as evidence
for what actually happened, who is/are responsible etcetera.
Third, the execution of the actions needs to be measured to assure the quality
of their performance. The measure depends on what actually partners did.

From a reactive monitoring perspective, the monitoring requirements
from the reactive monitoring perspective are as followed.

First, anomalous actions need to be detected after a contract violation. Par-
ticularly in a multi-party contractual business process an anomalous action
is sometimes not detected until after other parties have performed many
actions. Retrieval of certain activities of different parties is necessary. For
example, in the car insurance case, the assigned garage did repair the car
within the agreed amount with Lee C.S. and sent an invoice to Lee C.S.,
but the garage did not receive the repair cost from AGFIL. It can be caused
by Lee C.S., because Lee did not forward the invoice, or AGFIL did not
send a claim form to the policyholder, or the policyholder did not return the
claim form to AGFIL etc. To detect who is/are responsible for the contract
violation is most important in the reactive monitoring stage.
Second, the costs of non-conforming actions or anomalous actions need to
be compensated. Sometimes the compensation function is optional, but at a
minimum the other parties need to be informed of the detection of anomalous
actions to prevent further cost.
Third, unsolvable disputations need to be stored for future human-involved
arbitration and resolution.

A whole contract monitoring process should finish following function: anoma-
lous action avoidance, imminent contract violation anticipation, non-conforming
action enforcement, contract violation compensation and recording disputation.
To satisfy the monitoring requirements we propose a two-level monitoring frame-
work and explain how it can realize the monitoring requirements in next sections.

4 A Two-Level Monitoring Framework

We startly presenting a two-level framework. We explain why two levels of mon-
itoring process specification are indeed required. In our view, there is a need for
a framework with both a central monitoring level and a local monitoring level,
as is shown in Figure 3. The central monitoring level performs overall monitor-
ing on behalf of all contractual parties, whereas the local monitoring level only
acts on behalf of its own party. Each party may adjust its monitoring request to
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accommodate different business processes. We have to emphasize that the cen-
tral monitoring level and the local monitoring level are roles. It is not necessary
to have a special agent/service to be the central partner. The central monitor-
ing role could just as well be performed by a contractual partner who has an
overall right to monitor the other contractual partners. For example, in our car
insurance case, AGFIL could act as a central monitoring role.

Fig. 3. A two-level framework

4.1 The Necessity of a Two-Level Monitoring

There exist different infrastructures for e-markets. E-market infrastructures can
roughly be classified as: central control e-markets (e.g. contractual agent soci-
eties) and self-regulated e-markets [7] [23] [2]. At a centralized e-market, a central
monitoring system can be employed, while at a decentralized e-market that is
not possible. A centralized module can be embedded in a centralized control
party; A local monitoring module is feasible for both e-market systems, it can
be embedded in every peer party. All peer parties have their local monitoring
module to automatically update their monitoring information.

While looking at an agent-mediated e-market, there are also different kinds
of agents are that are distinguishable. Some agents are more independent than
others; some agents use a remedial mechanism, which might return business pro-
cesses to a normal course after occurrence of anomalous behavior. For example,
when an agent changes business priorities of different business processes, it first
deviates from the prescribed behavior for execution of another higher priority
business process. Later it compensates this action and returns to normal behav-
ior for the first business process. It is feasible that the agent might not want
this kind of behavior to be monitored by a central monitoring agent and receive
possible punishment.

In addition, agents within a society e-market may cooperate with outside
agents to finish a business process. It is impossible for a society central monitor-
ing agent to monitor those outside agents, but it is necessary that the business
process is monitored by the local monitoring level. The question of how to keep
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a balance between the central monitoring and the local monitoring, and how
to realize an intention of effective monitoring is complex and depends on user
requirements and implementation possibilities.

Taking all factors into account the central monitoring level is important for
multi-party business processes to collect overall monitoring information, and to
arbitrate in and the resolving of conflicts. The local monitoring level is necessary
for flexible adaptation to different e-market infrastructures. The local monitoring
level makes it possible to keep monitorability in case the central monitoring level
is not functioning properly or does not exist.

4.2 The Central Monitoring Level

Based on the above analysis, we define the central monitoring level as depicted
in Figure 4. The central level consists of the following components, being a log
file, contract repository, reputation repository, disputation repository, tracing
module, detecting module, enforcement module, and compensation module.

Fig. 4. Structure of central monitoring module

The functions of the three knowledge bases and a log file are as follows:

A contract repository stores all agreed upon contracts that need to be exe-
cuted in the e-market.
Based on a contract from the contract repository and a log file in which all
operations are recorded, a contract performance state can be deduced.
A reputation repository records the historical status of contract fulfillments,
or the use of common financial services (e.g. a bank or a credit card company)
as a reputation reference.
A disputation repository stores all unresolved conflicts for human-involved
resolution.
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The central monitoring level uses a global view to monitor an e-market.
In particular in multi-party contract business processes, the central monitoring
party can help the owner of the overall business process to monitor other parties
which are involved but do not directly contact the main owner. For this purpose a
tracing module, a detecting module, an enforcement module and a compensation
module should be included to perform following functions:

Based on the contract, the contract performance state and other monitoring
information, the tracing module can indicate where the business process is,
what needs to be done next, and signal the enforcement module after it finds
non-conforming actions.

The enforcement module enables the system to respond to the trace result,
and to realize the intentions of avoidance or anticipation of contract viola-
tions. Reminding or warning messages can be sent to relevant parties. For
non-conforming actions, an enforcement mechanism can be trigged to exe-
cute the prescribed action in accordance with the enforcement items in the
contract.
The detecting module ensures that any anomalous action or non-compliant
action can be exactly located. It can single out and send detected results to
the compensation module, whereas unsolved conflicts are sent to a disputa-
tion repository.

The compensation module has the capability to compensate or undo an action
that should occur, but did not due to failure.

4.3 The Local Monitoring Level

The local monitoring level has the same functions and structure as the central
monitoring level. However, the local monitoring level focuses on the interests of
its associated peer partner. As the local monitoring level relies solely on parties
with whom it is in direct contact for its information, there are some limitations
to the functions of its components. The contract repository only stores contracts
which this local agent is involved in. The reputation repository can use the cen-
tral reputation repository if it exists, common financial services or create local
historical reputation information. The function of the enforcement module is lim-
ited to sending reminding and warning messages to other parties for avoidance
and anticipation intentions of contract violations. In addition, the forward mon-
itoring information module can only be used when the local monitoring level
works together with a central monitoring level.

In this section, we present a two-level framework for monitoring contract
fulfillment and explain reasons why a two-level framework is necessary from
the e-market infrastructure, agent character aspects. Moreover, the structures
of the central monitoring level and the local monitoring level are provided.
For a further explanation, we will introduce a reference architecture in the next
section.
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5 Reference Architecture

We present a reference architecture in Figure 5 to demonstrate how our two-
level monitoring framework can be applied to an agent-based central control
e-market. We use a trusted third party - the Central Monitoring Agent - in our
monitoring system. The monitorable contract will be used by all agents, either
normal or central monitoring agent. All agents have the monitoring module and
the reactive module [10]. The monitoring module includes a trace module and a
detection module, whereas the reactive module includes an enforcement module
and a compensation module.

In addition to the monitoring and reactive module, the central monitoring
agent also has three repositories as its knowledge bases and a log file. These
three repositories are: a contract repository to store all contracts; a reputation
repository to record all historical status of contract fulfillments for each partners;
and a disputation repository to store unsolvable disputations as evidence in the
human-involved deal. Particularly, the central monitoring agent provides the
common time standard to give each occurred action a time-stamp.

Fig. 5. The architecture for contract fulfillment monitoring

On the execution of a contract, every party can forward all or a part of the
transaction messages to the central monitoring agent. It is up to the business
parties to decide how much they want to be monitored. Based on these messages,
the central monitoring agent identifies the particular contract from the contract
repository, traces the process to identify which obligation remains on the party
and the following expectable actions. Combining each partner’s reputation with
the current monitoring result, the central agent will send the relative remind-
ing or warning messages, use the enforcement mechanism to enforce conforming
actions, identify the necessary compensate action based on the compensation
clause in the contract if any violation happened, or record any unsolvable dis-
putations in the disputation repository.
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The monitoring module and reactive module of peer agents have the same
function as those of the central monitoring agent. The peer agents’ reactive and
monitoring module can communicate with those of the central monitoring agent
to share information, and they can connect to the central knowledge bases and
the log file, so that they can monitor business processes even when they did not
choose the central monitoring.

The central monitoring agent/central monitoring module and peer monitor-
ing agents/ peer monitoring module work together to provide a monitorable e-
market. The two-level monitoring system shows the flexibility of the contract
fulfillment being applicable from high-risk contracts to trust-based contract.
High-risk contracts refer to contracts among peer business parties who do not
know each other so well or simply to high business value contracts. Trust-based
contracts refer to contracts among business parties who trust each other or to
low business value contracts. Where the high-risk contracts need strong trusted
third party monitoring, trust-based contracts may be less interested in trusted
third party monitoring and instead might want to optimize on bandwidth/speed
of networks.

6 Related Work

Here we review some of the main approaches to fault-tolerance in multi-agent
systems as well as in the existing e-commerce platform. Hägg uses external sen-
tinel agents to monitor inter-agent communication, build models of other agents,
and take corrective actions [22]. The sentinel-based approach detects inconsis-
tencies by observing the behavior of inter-agents. In our contract fulfillment
monitoring, actions of inter-agents and external agents are all concerned with
different business processes, we can extend the monitor scale from inter-agents
to exter-agents because our monitoring is based on contracts.

Klein proposes to use exception-handling service to monitor the overall pro-
gress of a multi-agent system [15]. The exception-handling service is centralized
approach whereas our contract fulfillment monitoring supports both centralized
and decentralized monitoring.

Kaminka and Tambe use a social diagnosis approach wherein socially simi-
lar agents compare their own state with the state of other agents for detecting
possible failures [3]. The socially-attentive monitoring approach is an explicit
teamwork model, but it does not provide pre-active monitoring which our ap-
proach does support.

Kumar and Cohen advocate re-arranging brokers when an agent that was
registered becomes unavailable [8]. This technique is implemented by adding a
plan to the plan library of a generic agent. It is an efficient way for multi-agent
system, but it is not realistic for contract fulfillment monitoring, since contract
fulfillment monitoring is not about recovering from broker failures.

In general, multi-agent system fault-tolerant approaches analyze an entire
communication going on in the system to detect state inconsistencies using repli-
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cation strategies [17], sentinel approaches [22], re-assign resource approaches [8],
and knowledge-based approaches [15]. Most of this research focuses on the infras-
tructure lever. Our contract monitoring fulfillment focuses on a semantic-level
monitoring to protect an imminent contract violation.

In existing e-commerce frameworks, OASIS’s ebXML provides a logging and
recovery function [1], however there are no provision for fulfillment monitoring.
Microsoft’s BizTalk has an auditing as well as an optional document mining
function [5]. Their goal is to support recovering from failures only instead of
preventing them. Consequently, the development of contract fulfillment moni-
toring is relatively unexplored. Our framework is based a new view to solve the
monitoring issues in e-market.

7 Conclusions

In this paper, we have sketched a two-level monitoring framework of e-market for
monitoring contract fulfillments. Under this framework, contract violations can
be prevented, whereas actual violations can be detected and compensated. With
the research we have done in monitoring mechanisms [11] [12], the ultimate goal
of our research is to develop a more reliable e-marketplace that behaves more
similar to real-world marketplaces.
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Abstract. Online purchase and delivery of goods and services requires an elec-
tronic contracting process. Formalization of contractual content enables auto-
matic delivery of services and monitoring of the terms and conditions of the
contract at service runtime. The Simple Obligation and Right Model (SORM)
provides an abstract, domain-independent model of contractual content. Model
instances can be interpreted and managed by applications involved in checking
contractual entitlements and delivering and supervising a service in compliance
with contractual rights and obligations. It captures the main types of rights and
obligations and deals with their dynamics during the life-time of a contract.

1 Introduction

Electronic representations of contracts between organizations are an important pre-
requisite for conducting business in a networked economy, or e-business on demand.
In many cases, a plain textual, natural language representation of the contractual con-
tent that can be read and interpreted by business people and lawyers suffices all
requirements, now that electronic signatures stand in court in many legislations. How-
ever, if organizations want to support or automate all or a part of the life-cycle of a
contract, a formal machine-interpretable representation is needed, e.g., to advertise a
service, to negotiate a contract, to monitor contractual compliance, and to handle dis-
putes [8]. This is particularly relevant in a context of Web services, which – based on
standardized description and access – bear the potential to make services available
across organizational boundaries on short notice for limited periods of time. A formal
representation of a contract requires a model of its content, which depends on the phase
of the life-cycle and the programs and people that interpret and deal with the contract.

A model of the structure of a contract’s content is useful in the creation and
negotiation phase of a contract life-cycle. The structural elements are clauses,
paragraphs, boiler plate fragments, etc. This model supports the composition
process of contracts and allows word processors and other composition tools
to edit and assemble contracts.
In the fulfillment phase of the contract, we need a model of the subject matter
of the contract, i.e. the promises made. A formal representation of the prom-
ises is the basis to configure, monitor and control a system fulfilling these con-
tractual promises both from the perspective of the promising party and the

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 62–76, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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party to which is promised. A model of what is promised is also needed for
consistency checking in the creation and negotiation phase.

This paper is on a model of the subject matter of the contract, its promises. A
promise is directed. The party that promises enters an obligation, becoming an obli-
gee, while the party receiving the promise becomes an obligor. The obligor holds the
right that the promise will be fulfilled. Right and obligation are hence dual concepts to
a promise, a different view on the same relationship.

Depending on the subject domain, it is easier, or more customary, to express a con-
tractual promise either as a right or as an obligation. For example, in contracts about
the use of digital content, the promises given with respect to the digital content are
usually expressed as rights that a licensing party obtains, not as an obligation of the
owner of digital content to tolerate the use of the digital content by its contractual
party. In the case of a contractual promise that requires one party to perform a service,
this relationship is usually expressed as an obligation. Both views can be used in the
same contract, e.g., stating that one party receives rights to digital contents for the ob-
ligation to pay an amount of money to the right grantor.

The design of a model of contractual promises depends on the purpose for which
the model is being used. A deontic logic representation, for example, is suitable for
reasoning about promises and check consistency. However, there are no obvious con-
structs on how and when to check entitlements for requests or when to check prom-
ises such as compliance with a response time guarantee of an electronic service. The
SORM model as proposed in this paper addresses these issues. A formal specification
of contractual content should be able to be interpreted according to multiple models to
suit all relevant purposes.

The objective of this paper is to propose a model of obligations and rights that is
independent of a particular application domain and can be used to manage obligations
and rights by a contract-implementing or supervising application as well as to serve as
a contribution to a contract specification language.

We proceed as follows: In the second section, we introduce an example case, de-
rive requirements and discuss existing approaches. Subsequently, we propose a model
of obligations. Section 4 introduces a model of obligation dynamics during the ful-
fillment of a contract. In the conclusion we give an outlook how to use the model to
define formal contract languages.

Fig. 1. Terminology
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2 Requirements for an Obligation and Rights Model

2.1 Example Cases

We will use two example cases to illustrate the scope of and the requirements on an
obligation and rights model.

Online Services
A service provider offers to supply stock quotes for particular ticker symbols through
a Web services interface. In addition, the service offers to send notifications when the
market price of a particular equity either goes below or above a user-defined thresh-
old. The quotes are offered at different levels of response time. The stock quote ser-
vice provider of our example targets multiple markets: It addresses small financial
agents, and actively trading consumers that only request a limited amount of quotes a
day as well as enterprise customers that request large volumes. Also, customers can
use the stock quote values to place them on their web site for an additional fee, i.e.
Web portals are also among the target customer group. Over time, the demands of the
customers may change, e.g., responding to a change of interest in more near time
stock information or, in the case of financial agents, growth of the business demands
more stock quotes per day. Hence, some customers want to include an option to up-
grade to a higher quote volume at a price set when the original contract is made.

From the service provider organization’s point of view, it enters an obligation to
serve stock quotes when requested by customer, hence granting the right to request to
its customer. This is bound to a particular number of requests, limiting the provider’s
obligation. It also guarantees a particular level of service with respect to the response
time of the requests. In addition, customers may upgrade to a higher number of re-
quests at runtime, hence modify a currently active obligation. Since the service pro-
vider addresses a heterogeneous set of customers entering in different obligations
each time, it is important that the applications that offer service contracts and that
monitor the services at runtime are obligation and rights-aware, addressing the par-
ticular situation of a customer. Likewise, this may be true for the service provider’s
customers monitoring the fulfillment of the rights they have.

Digital Content Providers
In another scenario, a distributor of music makes the music available for download
over the Web. However, the downloading customer may only play the piece of music
on the device onto which it has been downloaded to and may only do one backup
copy. In addition, the piece of music may only be played for private use, not in public
or for a paying audience.

In this example, the focus is on the rights of the customer that he or she acquires
with a contract on digital music download. There are a number of restrictions to what
the customer may do. However, in contrast to the previous example, the use of rights
is more difficult to monitor since the online music provider is not involved when the
music is actually played. The customers exercise their rights independently from a
connection to the music site.
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2.2 Requirements and Design Objectives

What is required to achieve the objective of an obligation and rights model that is the
basis for managing those concepts in a applications implementing and supervising
electronic contracts and specifying them? From the examples as well as the general
understanding of contractual rights and obligations and their use in representing and
processing electronic contracts, we can derive a set of general requirements in the fol-
lowing categories:

Expressiveness; an obligation and rights model must represent all types of ob-
ligations and rights – on a sufficiently abstract level. Those main obligations
and rights include the obligation to do something (send notification), the right
to do something (play a piece of music) and the obligation, as well as a right,
that a particular state is maintained (average response time is less than 2 sec-
onds), each of which must be monitored in a different way. In addition, the ob-
ligation and rights model must represent how the currently active set of obliga-
tions and rights can change over the lifetime of a contractual relationship.
Generality; the obligation and rights model must be independent from a par-
ticular application domain. Contract management applications, or obligation
and rights-managing middleware platforms, may need to manage contracts
from different application domains. However, the model should be open to
refinement and extensions form particular domain.
Simplicity; since the obligation and rights model must be usable across multi-
ple domains, it is beneficial that if the model is simple, i.e. containing few
concepts.

2.3 Related Work

The issue of representing the concepts of right and obligation is not novel. Models
have been built for different purposes.

Deontic Logic extends first order logic (predicate logic) by modal operators with
the semantics “may” and “must” [11]. Obligation and rights may be represented as
expressions in this logic and may be reasoned about. Since it is based on first order
logic, it very general and can be applied to any domain. This is a powerful instrument
to reason about obligations, for example, check consistency. However, the semantics
of rights and obligations is completely represented in the predicates of the logic ex-
pression, which is domain-specific. Hence, deontic logic expressions per se are not
sufficient to derive how to monitor them. Furthermore, semantics of deontic logics is
demanding and its concepts may not be suitable as a basis for writing applications or
representing contractual content.

More recently, work on the ODP Enterprise Language resulted in a model of
policies that cover the aspects of rights and obligations [1], [6], [12]. This model is
general and expressive but deals separately with rights and obligations, which leads to
redundancies. These redundancies make the model complex and prevented wide-
spread adoption so far. Furthermore, it does not address the issue of obligation and
rights dynamics.

In the area of digital content, a number of approaches to model rights have been
developed. The Open Digital Rights Language (ODRM) can represent user rights to
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digital content to a great detail [5]. It is meant to be enforced by media players etc.
and has a notation based on XML. Likewise, XrML [2] is a competing approach by
another consortium. However, those approaches are restricted to their specific do-
mains and, in general, do not address the issue of obligation.

In the field of service level agreements (SLAs), a number of approaches have been
developed to formally represent the promises of a service provider. The Web Service
Level Agreement (WSLA) approach explicitly deals with the concept of obligation,
but only in the domain of SLAs [7], [8]. In addition, it does not address the concepts
of rights.

In the field of Software Engineering, we find weaker concepts of obligation, not
involving real organizations. Interface definitions such as CORBA IDL and Java in-
terfaces may be interpreted as contracts that oblige the component implementing the
interface to behave as described in its interface – an obligation to the client using the
component. The approach of “design by contract” has been proposed by Meyer in the
context of the Eiffel programming language [10]. However, those obligations carry
very specific semantics and cannot be generalized.

3 SORM – Obligation and Right Types

In this section we introduce the obligation and right types of the Simple Obligations
and Rights Model (SORM). Since all obligations and rights are derived from prom-
ises, they are directed, the right granter owing to the right holder and the obligee ow-
ing to the obligor. Abstractly, we speak of the obliged and the beneficiary. In theory,
an obligation may have multiple obliged parties and beneficiaries, though this is only
customary in specific areas, e.g., shared responsibility for a loan. In this case, it must
be explicitly represented which parties are obliged and which parties benefit. Typi-
cally, a party in a contract is both obligor in some promises and obligee in others.

All obligations and rights have the same attributes in common. This is a unique
name, the set of beneficiaries and the set of obliged parties.

The objective of SORM is to provide an obligation model that supports the moni-
toring of the fulfillment of obligations at runtime but is independent from a particular
application domain. From the point of view of managing obligations and rights at run-
time, we distinguish three basic types, depending on the way they are monitored and
enforced:

State Obligation, State Right: Obligation to maintain a particular state, e.g. of
a service. This is relevant, for example, in service level agreements for hosting
or communication service that define a service in key indicators such as
through put, jitter, delay, availability etc. An obligation and right of this type
must be monitored permanently, periodically, or checked each time an event
occurs that may change the current state. The obligee uses the state obligation
to control the fulfillment system, an obligor monitors to detect violations, which
may entitle him or her to compensation (specified in another obligation).
Action Obligation, Right to Have an Action Performed: Obligation of one or
more parties to perform a particular action in given circumstances. This is
important if a contract includes the performance of a business process or,
very importantly, a payment. This is to be monitored and enforced when the
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circumstances dictate that an action must be performed or the performance must
be completed. The performance of the action can be scheduled by the obligee
and the monitoring of its correct completion can be scheduled by the obligor.
Option Obligation, Right to Act: Obligation to tolerate an action performed by
another party. This includes making a service operation available, e.g., to re-
trieve equity quotes, and to allow a client to invoke it. This also includes the
right to play digital content. From the point of view of the option obligation’s
beneficiary, it represents a right for this party to perform an action. It is solely
up to the right holder when to execute an action, e.g., a user starts playing a
piece of music on his or her device. The entitlement to an action subject to the
right must be checked upon invocation but cannot be scheduled. In the case of
electronic services, the management of rights to act is associated with access
control.

Each of these types can be subtyped if appropriate for a particular application domain.

Fig. 2. Obligation and right types

In the subsequent discussion, we refer to rights and obligations mainly in their ob-
ligation form to keep it simple. Due to the duality of right and obligation, the corre-
sponding right view is implied.

3.1 State Obligation, State Right

A state obligation guarantees that a particular condition holds in a defined period. We
define a state obligation as a tuple:

so(name, OP, BP, c, period), where,

name is the unique name of the obligation,
OP is a set of obliged parties,
BP is a set of beneficiary parties,
c is the condition that must hold, representing a state of the world, and
period is the period of time in which the condition must hold.
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The following example is drawn from the case of section 2:

In this simple example, the service provider promises to the customer a particular re-
sponse time behavior throughout the runtime of the contract. In the given example,
the guaranteed condition cannot be related to each request individually. Therefore,
this obligation may be defined as a state obligation in the way shown above.

Another example relating to the class of service of the stock quotes:

This example refers to the delay of the quoted values with respect to the market price
setting, not the technical delay as in the first example.

3.2 Action Obligation, Right to Have Action Performed

An action obligation expresses that the obliged parties must perform an action a if and
when a given event occurs and defined preconditions are met. We define an action ob-
ligation as a tuple:
ao(name, OP, BP, a, e, pre, completiontime), where

name is the unique name of the obligation,
OP is a set of obliged parties,
BP is a set of beneficiary parties,
a is an action to be performed, potentially a complex, structured process com-
prising multiple steps,
e is an event on whose occurrence the action is to be performed, if the precondi-
tion holds,
pre is the precondition that must be met for the action to be executed at event e,
completiontime is the specification of the point in time until the action must be
completed. This specification can be either relative to the start of the action or
an absolute point in time.

Again, we take an example from the stock quote service case:
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In this example, the stock quote service provider promises to the customer to send an
instant message containing the stock price of IBM within 1 minute if and when a deal
of more than $130 per share is closed on NYSE. The precondition must be evaluated
each time a deal on IBM stock is closed on NYSE. For this service 10 cents will be
debited to the customer’s account with the service provider.

The example is a promise to perform a particular action and thus is well repre-
sented as an action obligation.

3.3 Option Obligation, Right to Act

An option obligation, or right to act, expresses that the obliged parties allow the bene-
ficiary parties to perform an action. This only makes sense if the beneficiary parties
are not entitled to so anyway, even if no contract is signed. Also, the obliged parties
must be able to grant this right to the beneficiaries.

We define an option obligation as a tuple:
oo(name, OP, BP, a, pre), where

name is the unique name of the obligation,
OP is a set of obliged parties,
BP is a set of beneficiary parties, the parties that may perform the action,
a is the action that the members of BP may execute, which may be complex,
pre is the precondition that must be met for the action can be performed.

This type of obligation is illustrated in the following example:

The above example represents the main service function of our case. The digital con-
tent customer may play digital content only weekdays.

Another example:

In this example, the service customer may improve his or her class of service in terms
of the time delay of the stock quote. While the original contract foresaw to return
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quotes as of 10 minutes ago, the customer can decrease the delay to 5 minutes, for a
price of $10000.

3.4 Representation of Obligation and Right Content

The above definitions and examples of obligation and right types outline the structure
of these constructs. However, to be able to automatically process contracts we need a
formal representation of the content of the obligation and right elements, too. There
are multiple ways to formalize the content, i.e. the conditions, events, time expres-
sions, and the invocation of activities. None of these aspects is novel and suitable
formal representations can be used where appropriate, depending on the particular
domain. However, the contract must capture the obligation content in a way that is
mutually understood by the contracting parties, based on a shared ontology. We need
formal representations for the following elements of obligations and rights:

Conditions can be interpreted as Boolean functions that can be resolved to true or
false at runtime. To be automatically verifiable, condition must be expressed as ex-
pressions in a formal language. In this formalism, we may use first order logic or a
modal logic where appropriate. The logic variables used in the predicates are unique
names of objects defined in the context of the obligations, i.e. the contract. The choice
of the appropriate set of predicates to be used depends on the particular domain of the
contract. Both objects and predicates must be based on a shared ontology of the con-
tracting parties.

Example:

The semantics of the object last_ibm_price, being the share price, and the predicate
greater must be understood between the parties.

Points in time are either absolute date and time descriptions or they are relative to
a given point in time, e.g., 60 seconds after the getQuote operation was received. Pe-
riods are defined by their start and end point in time. Any appropriate formal repre-
sentation fits.

In action obligations we define which action must be performed in case the pre-
condition holds. We assume a model of action that is similar to a function in a
programming language, having a name and a set of parameters. Each reference to
perform an action thus includes (1) the name of the action and (2) the marshalling
of its parameters. The parameters are either names of objects of the contract or
constants.

Examples:

In these examples, stockQuoteDelay and customerAccount are names of objects of
the contract. In some cases, actions are not atomic but it is agreed to perform a proc-
ess consisting of multiple actions in an execution order. These action descriptions can
be implemented by descriptions of simple invocations of a Web service or a process,
e.g., represented in BPEL 3[3].
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We require a formal event model. Simple events could be defined by their
unique name. If necessary, this model can be extended to complex, structured
events.

4 SORM - Obligation and Right Dynamics

Within the lifetime of a contractual relationship between two parties, the set of obli-
gations and the currently valid set of obligations can vary.

New obligations can be introduced by one contracting party exercising an option
obligation. For example, a party may choose a higher quality of service level, which
entails that there arises the obligation to pay an additional fee. Some option obliga-
tions are designed to be exercisable an indefinite number of times, hence introducing
an arbitrary number of new obligations, depending on the beneficiary of the option
obligation. Also, executing options can also lead to a reduction of the set of obliga-
tions, e.g., by replacing obligations with new ones or simple removing obligations.
Note that the expansion of the obligation set of a contract at runtime is always pre-
arranged.

Each obligation can be currently valid or not. An obligation is valid if its precondi-
tion is true but the obligation has not been fulfilled yet.

This section introduces a model of managing the dynamics of the set of obligations
at runtime.

4.1 Actions Modifying the Obligation Set

Changing the set of valid obligations requires action to do so. We introduce an action
type that adds a new obligation:

addObligation(obligation): Obligations := Obligations {obligation}, where

Obligations is a set of Obligations of a contract and
obligation is an individual obligation.

“:=” represents an assignment operator similar to programming languages. Like-
wise, we define an action that removes an obligation from the current set:

removeObligation(obligation): Obligations := Obligations / obligation, where
Obligations is a set of Obligations of a contract and
obligation is an individual obligation to be removed from the set.

For convenience reasons, we introduce a changeObligations operation that adds and
removes sets of operations with one operation.

changeObligations(ObligationsRemoved, Obligations Added):
Obligations := (Obligations / ObligationRemoved) ObligationsAdded,

where
ObligationsRemoved is a set of Obligations of a contract that will be removed
from the current set of obligations and
ObligationsAdded is the set of obligations that is added to the current set.

These operations can be used in obligations like any other action.
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4.2 Using Modifying Operations in Obligations and Rights

In many cases, actions executed in the context of action obligations or rights to act en-
tail a change in the set of currently active obligations. In those cases, the addObliga-
tion, removeObligation, and changeObligations operations are used in action obliga-
tions and rights to act. This is the case, for example, in the case of our stock quote
service providing its customers the option to invoke the stock quote operation. If the
customer exercises the option, a new obligation arises for the provider, namely to per-
form an action under given conditions. This is just a new action obligation. The fol-
lowing example illustrates this:

This right to act “getStockQuote” grants the customer the right to activate a new ac-
tion obligation that obliges the provider to execute the action “return price of the re-
quested stock”. This right is available between 9 AM and 5PM. The action must be
executed immediately with no further pre-condition and must finish within 2 seconds.
The service provider may charge $1 for each quote. In this case, two action obliga-
tions are added, the one above and an additional one obliging the customer to pay $1,
for example, by the end of the month.
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The first parameter of the changeObligations operation is the empty set since we only
added obligation.

Many contracts include the right to upgrade to a different level of service, which
represents a change in a state obligation in our model. Also, we find scheduled
changes of the obligation set, such as in the following example:

In this scheduled QoS upgrade, the parties agree to upgrade the state obligation defin-
ing the percentile of requests served within 3 seconds on August 2004. This means
removing the old state obligation defining the 95 percentile requirement of the pro-
vider and adding the new state obligation. Since this change is scheduled, and hence
an action obligation, it can be seen that both parties must implement this change of
status and both parties benefit from it.
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4.3 Obligation and Right States

In large sets of obligations and rights, it is inconvenient to define large modifications
of the current state set for each action that may cause it. In addition, the dynamics of
large sets of obligations are difficult to manage on an obligation-by-obligation basis.
We need an abstraction mechanism that allows us to group obligations and manage
entire obligation groups.

We introduce the notion of an obligation state. An obligation state is a tuple:
orstate(Obligations), where

Obligations is a set of obligations and rights that are valid when obligation and
rights state (OR state) is activated.

Once the OR state is activated, smaller changes to the obligation set can be caused by
addObligation and removeObligation actions.

We need a new action to change to a new obligation state:
newState(state): where

state is the state that the contract is to be set to,
CurrentObligations is the current set of obligations and rights,

is the new set of obligations and rights, corresponding to the
state.

The current set of obligations and rights is replaced by the new set.

4.4 Consolidating Obligation and Right States with Individual Dynamics

The combined use of OR states and individual changes of the obligation and rights
set based on option obligations can lead to ambiguities about the currently valid set
of obligations. What happens to a newly added obligation when OR states are
switched? For this purpose, we distinguish two sets of obligations and rights in a
contract.

Background obligations and rights are obligations and rights that are in force
independently of the current OR state.
State-based obligations are the obligations and rights of the currently active
OR state.

Individual add and remove operations on obligations and rights only modify the
background obligations and rights, which are not affected by changes in the OR
state.

The set of obligations of a contract comprises the background and the state-based
obligations.

The figure illustrates the use of background obligations and rights and OR states.
In this example, the current set of background obligations and rights comprises state
obligation 1, action obligations 2 and 3, and option obligation 4. This set of back-
ground obligations can be modified using the addObligation and removeObligation
actions (in blue). In addition, the contract comprises three obligation states. States are
changed using the newState action, which, for example, could be offered as an option
obligation or as an action that is to be performed at a given time. Currently, OR state
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2 is active. Hence, the currently valid set of obligations comprises the background ob-
ligations plus the obligations of OR state 2.

Fig. 3. Dynamics of the obligation set of a contract

5 Summary and Conclusion

This paper proposes the Simple Obligations and Rights Model (SORM) as a domain-
independent basis for the representation and management of promises in applications
implementing and supervising electronic contracts This is particularly relevant in a
Web services context where business relationships may be set up at short notice.
Based on the duality of obligations and rights, the model can express – abstractly – all
forms of obligations and rights based on three types, state obligation - right, action
obligation – right to have action performed, and option obligation – right to act, dis-
tinguishing the different ways these promises are monitored and enforced at runtime.
Using operations modifying the set of currently active obligations and rights, the
model can also capture the dynamics of obligations and rights over time, hence facili-
tating long-running and complex contracts. SORM can be used as a basis for applica-
tions dealing with rights and obligations beyond a particular application domain.

SORM can also be used to design a formal contract language. Obligations and
rights are primarily used in the context of contracts between organizations or indi-
viduals. The expressiveness of the contract language, i.e. which subset of SORM is
actually used, and the specific syntax must depend on the capability of the contract-
interpreting application to deal with the flexibility of potential obligation and right
expressions. If an application can only deal with, say, state obligations, the language
can be limited to this type. Also, a contract language must address to formalize
descriptions of conditions, events, actions and times, to the extent it needs. SORM has
been developed as a generalization of the Web Service Level Agreement (WSLA)
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language in which many ideas of SORM have been tested in an environment of SLA
management [7], [9].

Since the obligations and rights model of a contract language and a contract man-
agement application should match, SORM is a good candidate for a contributor to the
overall content model of an electronic contract.
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Abstract. While using large-scale Web Information Systems (WISs)
customers sometimes get confused and experience difficulties in solving
their business problems. We propose context modelling as a conceptual
tool for aiding customers to regain the possibility of using the respect-
ive WIS efficiently. We integrate context modelling into the co-design
methodology, identify some losing track patterns and propose respective
customer aid. Finally we formalise our approach based on the theory of
media types and the model of contextual information systems developed
by Teodorakis et al.

1 Introduction

Traditional definitions of the term “Information System” (IS) emphasise that
such systems have to serve a given business purpose. In doing so they allow
customers to record, store, infer and disseminate linguistic expressions [8]. Ac-
cording to the work by Mayr et al. [12] we use the metaphor of information space
created by an IS to organize the linguistic expressions that are stored, dissemin-
ated or derived with help of the IS. This information space consists of locations at
which information objects are located and connections between them. Users can
navigate through this space, locate data and functionality, invoke functionality,
filter, reorder, reshape, and export or import data from or to other information
spaces. Furthermore users may enter or leave information spaces.

To be able to cope with the complexity of the information space of a tradi-
tional, i.e., non-Web information system users are usually involved in require-
ments analysis and design and trained in using realised systems. However, if the
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functionality of the IS is made available to an unknown world-wide community of
users by providing a web interface, thus turning it into a “Web Information Sys-
tem” (WIS), customer involvement is more or less impossible. As a consequence,
customers may get lost in the information space or confused by its complexity.
We claim that a well-designed WIS must cope with these problems in the WIS
itself. Therefore, we will need tools that help who got confused or lost.

Providing aid to such customers requires a thorough understanding of what
these customers actually do. This involves having a model of the context of the
respective usage situation as part of the WIS. We propose defining a separate
context space to associate with each actual usage situation a point in the con-
text space. We thus propose to provide a mapping from situations to contexts.
Furthermore, we require that each context provides a set of means that aid cus-
tomers to regain awareness of how to proceed for solving their business problem.

Related Work. In [2] three inter-related aspects of WISs have been presented
emphasising content, navigation, and presentation, which lead to databases, hy-
pertext structures, and web page structures, respectively. Several authors such as
[3,4,10,14,17] have more or less followed this approach to WIS conceptualisation
and contributed to integrated methodologies for WIS development. However, the
usage has almost been neglected, and functionality has very often been reduced
to just navigation.

The co-design methodology has been presented in [16,15]. It employs story
boarding to cover the usuage aspect — this has been dealt with in detail in [6,15]
— and the theory of media types as its formal foundations [9]. These foundations
have been linked to XML in [11]. Application experiences concerning co-design
are reported in [7, 20].

We believe that despite its merits co-design does not yet focus on all as-
pects of context modelling nor does it provide optimal support for the weak
form of of context modelling, which it currently focusses on. Our goal is to en-
hance co-design in these respects. In [21, 7], respectively, the terms “localization
abstraction” and “escort information” have been used to address context mod-
elling issues. In [9] an approach to context modelling is proposed, which is based
on a subtype relationship between media types. This approach, however, is a
static one, as it associates with each location L in an information space a set
of linguistic expressions that do not depend on the path that led a customer to
the location L. This static concept is useful for tree-like navigation structures.
However, for more complex navigation structures a dynamic solution is required
reflecting the various possible paths taking a customer to a location L.

Our Approach to Context Modelling. We exploit the work on contex-
tual information bases (CIB) [1,18,19] for enhancing the co-design methodo-
logy with context modelling. Roughly speaking, a CIB-context associates objects
with a name and an optional reference to another CIB-context. Thus, both the
name and the reference depend on the usage history. To exploit CIB-contexts
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we slightly generalise them. Instead of only associating merely a name with a
location L we associate a location with it, i.e. a complex value.

We do not discuss other forms of contexts such as the real world venue con-
text, i.e. the history of venues at which the customer interacted with the IS.
Furthermore, in the sequel we only comment on the relevance for information
systems development and ignore system test or validation. More profound discus-
sion of various aspects of modelling and using contexts can be found for instance
in the Context’99 proceedings [5].

Paper Outline. We proceed with a brief introduction of the abstraction layer
model and the co-design methodology in Section 2. We continue with a discussion
of context and context modelling in Section 3. A presentation of our formalisation
of contexts on the basis of the theory of media types and the model of contextual
information systems follows in Section 4. We finish the paper with a brief outlook.

2 Abstraction Layer Model and Co-design Methodology

We briefly describe core parts of the Abstraction Layer Model (ALM) and the
Co-design Methodology (CDM) for the design and development of WISs.

The ALM identifies layers of abstraction of IS concepts. The strategic layer
addresses the purpose of the WIS, i.e. its mission statement and the anticipated
customer types including their goals. The next lower layer is called the business
layer. It deals with modelling the anticipated usage of the WIS in terms of
customer types, locations of the information space, transitions between them,
and exchange of linguistic expressions between these locations.

The central layer is the conceptual layer. Its purpose is to organise the lin-
guistic expressions in a reasonable way. On this abstraction layer the separation
of concerns that was introduced at the business layer by modelling the system
usage from a customer type perspective at this abstraction layer is carried over
into an integrated conceptual model. The locations identified at the business
layer are turned into so-called media types, i.e. units of data and functionality.
The integrated collection of media types forms the conceptual model. The media
types are linked to an underlying database by means of views, which permit the
derivation of data and functionality that must be made accessible to customers
at the respective location.

The next lower layer is the presentation layer. It is devoted to the problem
of allocating access channels to the media types. This can be seen as a step
towards implementing the system. The lowest layer is the implementation layer.
All the aspects of the physical implementation have to be addressed on this
layer, including setting up the logical and physical database schemata, the page
layout, the realisation of functionality using scripting languages, etc.

Except for the strategic layer the dimensions modus (static, dynamic) and
focus (local, global) apply to the linguistic expressions relevant for the WIS.
Therefore, throughout the development of WIS CDM requires ‘data’ (static &
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global), ‘view’ (static & local), ‘functionality’ (dynamic & global), and ‘dialogue’
(dynamic & local) to be considered at all abstraction layers except the strategic
layer. Following this guidance leads to a development process of WIS, which
does not only focus on the most important aspects of WIS but also organises the
development process in a stepwise manner that takes care of the most important
development artifacts.

3 Towards Context Modelling

According to the Langenscheidt-Longman Dictionary of Contemporary English
the context of something is ‘the situation, events, or information that are related
. . . [to this particular something] ... that help you to understand it better’. Our
problem here is to understand what a customer did while accessing a particular
WIS. This includes his or her actual goals and if these were not achieved the
reasons for it. We focus on how to support a customer in solving his or her
business problems. This task requires a customer model being represented in the
WIS, analysed and used for determining appropriate aid, while the customer is
operating the WIS. We consider it an important feature of a WIS that access to
important parts of the offered services is unrestricted.

ALM and CDM propose identifying customer types to introduce a usage-
based separation of concerns as the basis of WIS development. These customer
types are considered as the core of the customer model represented in the WIS
and are used for determining customer aid in losing-track situations, i.e. situ-
ations where customers seem not following a plan of solving a problem efficiently.

3.1 Context Spaces

We introduce the concept of context space as our key conceptual tool for context
modelling. In a losing-track situation the actual WIS state is to be mapped onto
a point in the context space, which then is used to determine the best suitable
means that helps the customer overcoming the losing-track situation.

We approach the problem of providing customer aid by introducing subspaces
of the information space according to business peculiarities. Additionally the cus-
tomer is asked to identify the subspace she or he wants to access. This approach
is used by a number of WISs. In slightly more theoretical terms it can be based
on customer types, which refer to typical ways of doing the business the WIS is
about. The provision of such customer types encourages (up to some degree) the
customers to supply correct and precise data, for the customer must expect the
WIS not being able to support her or him well in case she or he supplies false
or imprecise data.

Our restriction to an approach to context modelling focussing on a busi-
ness model is debatable. Sometimes customers might want to use a WIS for a
purpose that does not meet the system’s mission statement. For example, a cus-
tomer might want to use a bank WIS for learning about the loan business, or
a bookshop WIS for learning English. Clearly, the larger the gap between the
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actual customer’s intention and the system’s mission statement is, the higher the
expected costs will be for supporting such customers. If it can be forecasted that
some customers will interact with the WIS in a ‘non-standard’ way, a decision
might be made to support such intentions or not. This implies a modification of
the anticipated information space. It shows that our focus on a business model
for context modelling is not a severe restriction.

According to CDM a customer type there is associated with a list of customer
characteristics, each of which is endowed with a linearly ordered scale of values.
For instance, customer characteristics for a bank WIS might be age, education,
or assets, as banks might offer business models suitable for individuals of a
particular age (e.g. under 12, between 12 and 18, over 65); of particular education
(e.g. students might be given convenient conditions in running accounts, as they
are expected to have higher incomes after graduation); of assets (e.g. wealthy
customers might be interested in buying shares and depositing larger amounts
of money with the bank). The customer type characteristics — if chosen to be
independent — generate a multi-dimensional space. Convex subsets within it
according to CDM may be defined as customer types.

The association of a customer type to a customer at least in part is a dynamic
association. This is a consequence of binding customer types to particular busi-
ness models and information subspaces. Clearly, some customer characteristics
such as gender, ethnicity, age and name are expected not to change throughout
a WIS-session. Other customer characteristics, however, might change through-
out a session. These can be expected to express the actual customer intent. A
re-association of a customer type to a customer of course should only be carried
out after explicit permission to do so has been given by the respective customer.

Customer types may be considered as being particular views on the use the
customer makes of the WIS, because a part of the customer interactions is used
to classify the respective customer as being of a certain type. Occasionally this
particular view may not be sufficient to determine suitable customer aid. There-
fore, we add the usage history dimension to the space generated from the union
of the sets of customer-specific characteristics to define the context space. The
usage dimension of the context space is the set of all paths through the inform-
ation space created by the WIS.

A view V must be made accessible to the customer. Thus, a view V =
depends on the customer type T, the usage history and location

L in information space that the customer has reached after We propose to
organise the ongoing customer support in three steps:

Abstracting the view, i.e. determining for a customer in location L the view
on the history of his or her usage of the WIS.

Detecting whether a losing-track situation has occurred, i.e. continuously
checking the history for each reached location L in the information space.
Proposing the view that most likely will enable him or her to
continue problem solving, i.e. making this view accessible to the customer in
case a losing-track situation was detected.
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In order to guarantee that the history can be obtained for all locations
L, a session based activity log of the customer can be used. For each visited
location L a reference to the location visited immediately before L and a
record of the interaction that occurred in is added to the log. The view

must then be computed from the list of all locations
that the customer has visited within a reported time interval where
and is the first location visited within

3.2 Losing-Track Situations

Losing-track situations can be detected based on the customer’s behaviour, e.g.:

invoking the help function repeatedly on similar topics;
repeatedly positioning on particular locations in information space and per-
forming similar operations on similar data;
excessively navigating through information space without accessing data;
looking repeatedly for FAQs on similar topics;
attempting to enter a discussion forum;
sending email to the site administrator.

Customer aid that can be provided for losing-track situations is giving access
to a thesaurus of the information subspace the customer is accessing. Further-
more, the respective business model may be exposed to the customer together
with an explanation that is adapted to the customer type the customer conforms
to. Similarly, access to a FAQ list suitable for the customer type and the accessed
information subspace may be given. Furthermore, improved search facilities and
examples targeting at the information subspace accessed might be provided.

Besides these generic ideas for customer aid more specific ones can be gen-
erated based on two complementary ideas. Firstly, story boarding must not be
limited to a forward-engineering approach, which models how a customer can
achieve his or her goal. Additionally, a backward-engineering approach is re-
quired, which models losing-track situations that are likely to occur and the aid
that could be offered to a customer to overcome such situations.

Secondly, customer responses due to losing-track situations while the WIS is
effective should be collected, systematised, classified and made the starting point
of maintenance and redesign tasks. Thus, observing the respective customer-
supplied data is of particular importance for providing highly customer- and
situation-specific aid.

4 A Formal Concept of Context

We now address a more formal approach to context modelling based on an exten-
sion to the theory of media types [9,16]. We briefly describe the fundamentals of
media types being generalised views over an underlying database, then we take
a look at contextual information bases (CIBs) [18,19], a separate formalism for
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modelling contexts. We then generalise and tailor the CIB-approach in order to
integrate it with the theory of media types. This provides the formal conceptual
means for context modelling as outlined in the previous section.

4.1 Media Types

The core of a media type is defined by a view. A view V on a database schema
consists of a view schema and a defining query which transforms

databases over into databases over
The underlying datamodel itself is not relevant. The defining query may be

expressed in any suitable query language, e.g. query algebra, logic or an SQL-
variant, provided that the queries are able to create links, i.e., the used query
language must have the create-facility [9].

Media types already provide a limited form of modelling contexts, which is
realised by a supertyping mechanism. This leads to the definition of raw media
type based on some type system. The type system must provide base types
and type constructors, e.g. record, set and list type constructors. Arbitrary type
expressions are built by nesting these constructors.

A raw media type has a name M and consists of a content data type cont(M),
which is an extended type expression, in which the place of a base type may be
occupied by a pair with a label and the name of a raw media type, a
finite set sup(M) of raw media type names each of which will be called a su-
pertype of M, and a defining query with create-facility such that
defines a view. Here is the type arising from cont(M) by substitution of URL
for all pairs

In order to model functionality operations are added to raw media types. An
operation on a raw media type M consists of an operation signature, i.e., name,
input-parameters and output-parameters, a selection type which is a supertype
of cont(M), and a body which is defined via operations accessing the underlying
database.

In order to allow the information content to be tailored to specific customer
needs and presentation restrictions, raw media types are extended to media
types. The most relevant extension is cohesion, which introduces a controlled
form of information loss. Formally, we define a partial order on content data
types, which extends subtyping in a straightforward way such that references
and superclasses are taken into consideration.

If cont(M) is the content data type of a raw media type M and sup(cont(M))
is the set of all content expressions exp with then a total pre-
order extending the order on content expressions is
called an cohesion pre-order. Clearly, cont(M) is minimal with respect to

Small elements in sup(cont(M)) with respect to define information to be
kept together, if possible. An alternative to cohesion preorders is to use proximity
values, but we will not consider them here.

A media type raw media type M extended by operations and a cohesion pre-
order Details on the theory of media types have been published in [9,15].
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In this work further extensions beyond cohesion are discussed, but these are not
relevant for context modelling.

We defined that part of a media type M is a finite set sup(M) of media type
names each of which will be called a supertype of M. Thus, if
the defining queries are evaluated for M and all the we obtain
complex values and for the types and
respectively. The collection of these values together with a generated URL
defines a media object of type M. In this media object the values
can be considered as context information, as they do not depend just on M.
Furthermore, these values may also appear in other media objects.

4.2 A Concept of Context

Using supertypes for context modelling is only static. As soon as there are several
paths leading to a particular scene sc associated with the media type M, the
context information provided by the supertypes of M must refer to all these
paths at the same time. If we want to provide path-specific context information,
this will turn out to be insufficient.

Therefore, we have to investigate alternatives. The theory of contextual in-
formation bases developed by Teodorakis et al. [18,19] seems to be a promising
approach to be considered. According to this theory a context is a set of ob-
jects, each having several names, and each of these names may be coupled with
a reference to another context. There may be names for objects that are not ref-
erencing to other contexts. Here, the term ‘object’ is used in the sense of ‘object
identifier’, i.e. a unique abstract handle to identify objects.

More formally, a context C is a finite set of triples where is an
object identifier, i.e. a value of some base type ID, is a name, i.e. a value of
type STRING, and is either a reference to a context or nil, the latter
one indicating that there is no such reference.

We write If there is no reference for
the name, i.e. we have we simply omit and write

The idea of working with contextual information bases is that a customer
queries them and thus retrieves objects. In order to describe these objects in
more details she or he accesses the context(s) of the object, which will lead
— by following the references — to other objects. In addition, a particular
information encoded by the name is associated with each of these references.
The work in [1] describes a computer animation tool for working with such
contextual information bases.

The work in [19] describes a path query language for contextual informa-
tion bases. Most important for our problem are the following macros of this
language:

The macro takes two input parameters. The first one is the
name of a context C. The second one is a name i.e., a value of type
STRING. The macro returns name paths starting from
context C and ending in i.e.
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The macro also takes two input parameters. Here the first
one is a name path The second one is the name of a context
C. The macro returns name paths starting from context C
and ending in the name specified by i.e.,

4.3 Combining Media Types with Contexts

Let us now bring together media types and contextual information bases. The
obvious questions are:

What are the objects that are required in contextual information bases, if
we are given media types?
What are the references that are required in contextual information bases?
Is it sufficient to have names for describing objects in a context or should
these be replaced by something else?

The natural idea for generalising the notion of object in contexts is to choose
the media objects. Concentrate on the raw media objects first. Evaluating the
defining query for a raw media type M leads to a set of
raw media objects. Recall that the are values of type URL, whereas the
are values of the representing type As these URL-values are unique, they
identify the raw media objects, and thus can be used as surrogates for them in
the notion of context.

This answers our first question. The objects are the (raw) media objects. The
object identifiers needed in the contexts are the (abstract) URLs of these media
objects.

As we want to have access to path information, we may want to reference
back to the various media objects that we have encountered so far. These media
objects are placed in several contexts, one of which is the right one correspond-
ing to our path. However, we may also have different references, which lead to
different contexts. So, the contexts we asked for in the second questions are just
the contexts for the media objects.

As to the third question, we definitely want to have more information than
just a name. Fortunately, the theory of media types is already based on the
assumption of an underlying type system. Thus, we simply have to replace the
names by values of any type allowed by the type system. Having defined such
extended contexts, the query macros such as look–up and cross–ref would
allow to traverse back a path in the story board and to explore alternative
access paths, respectively.

However, one important aspect of media types is the use of classification ab-
straction. Conceptually, we do not define a set of media objects, but we generate
them via queries defined on some underlying database schema. Therefore, we
also need a conceptual abstraction for contexts.

In order to obtain this conceptual abstraction, we assume another base type
Context, the values of which are context names. Instead of this, we could take
the type URL, but in order to avoid confusion we use a new type.
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A context consists of a name C, i.e. a value of type content, a type and a
defining query which must be defined on the media schema, i.e., the set of
media types, such that

defines a view. Thus, executing the query will result in a set of triples
where is the URL of a media type, is a value of type and

is the name of a context. If this context is undefined, this is interpreted as no
reference for this object in this context. Note that in particular this definition
of context leads to views over views.

4.4 Supertyping as a Special Case of Context Modelling

Let us finally reconsider the “old” definition of media types, which includes
supertypes. In this case, all the supertypes are media types, thus depend on
defining queries. They could be treated as queries defining a context. Thus, a
media object of type M would be in as many contexts as there are supertypes
of M. However, there are two important differences:

In contextual information bases we want to select one context to obtain
the information about the path, whereas the supertyping assumes that the
combination of all supertypes defines the required context.
If the supertypes are treated as if they are defining contexts, then there
will be no references from their objects to other contexts. This omits the
possibility of navigating through contexts.

Alternatively, we could take all the defining queries of supertypes of M to-
gether to define a context. Then each media object would belong to exactly one
context, and as before there would not be any references to other contexts. Thus,
supertyping turns out to be a simplified, static version of context modelling.

5 Conclusion

In this paper we investigated the question, how contexts of web information
systems can be modelled in order to avoid customers getting lost or confused
while navigating through such a system. We presented an approach based on the
notion of context space. Depending on the location of a customer in the informa-
tion space of the web information system, the usage history and a corresponding
customer type a suitable continuation will be suggested to a customer, which will
allow him or her to regain the possibility of using the respective WIS efficiently.

We then made a first step towards formally integrating context nodelling
into the co-design methodology for WIS on the basis of the theory of contextual
information bases developed by Teodorakis et al. In this theory a context is a
collection of objects, each associated with a name and an optional reference to
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another object. Thus, both the name and the reference depend on the context.
We slightly generalised this definition allowing now complex values to be used
instead of only names. Furthermore, we considered media objects. With this
generalisation we could show that the combination of the theory of media types
with the theory of contexts is indeed possible.

The co-design methodology and thus also the theory of media types has
already proven its usefulness by being applied in several very large scale de-
velopment projects. We believe that the contextual extension developed in this
article will further enhance the usefulness and applicability of the methodology.
However, experiments need to be conducted that support our belief with empir-
ical data.
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Abstract. Web Services hold the promise of a standards-based platform for
automating the integration of applications over diverse networks, operating sys-
tems and programming languages. Reliable messaging is critical in this context;
many enterprise systems require a messaging infrastructure that guarantees
message delivery even in the presence of software and network failures. Using
existing message-oriented middleware (MOM) for reliable Web services mes-
saging seems natural. However, a variety of implementation challenges, includ-
ing the support for specific reliable Web services messaging protocols, must be
addressed. In this paper, we discuss the options for and implications of employ-
ing MOM to implement reliable messaging for Web services. In doing so, we
contribute to the understanding of reliability for Web services in general.

1 Introduction

Web services are applications that are described, published, and accessed over the
Web using open XML standards. They promote a service-oriented computing model
where an application exposes, using the Web Services Description Language (WSDL)
[8] both its functionality (in a platform independent fashion) as well as its mappings
to available communication protocols and deployed service implementations. This de-
scription can be discovered by client applications using service registries in order for
the client to then use the service by means of XML messaging.

A key goal of the Web services framework is to provide a standards-based ab-
straction layer over diverse network transports, operating systems, and programming
languages, and therefore, to provide a platform for automating the integration of these
diverse systems and their applications. Further, the framework aims to support appli-
cation/system integration both within and between organizational boundaries. As Web
services reach their full potential, new services will emerge that are based on compo-
sitions of other Web services and specified using interoperable business process stan-
dards.

If this vision is to be realized, basic service interactions, spanning technological
and organizational boundaries, must be reliable. Consequently, new protocols for reli-
able messaging for Web services have been proposed [3] [9] [22] [15]. Yet, the use of
existing message-oriented middleware (MOM) for reliable Web services messaging
seems reasonable, too. There are now many different options for implementing reli-
able messaging for Web services, with various implications on overall application-to-
application reliability.

C. Bussler et al. (Eds.): WES 2003, LNCS 3095, pp. 89–104, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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This paper provides some clarity about reliable messaging and using message-
oriented middleware for Web services. We first discuss different aspects of reliable
messaging, identifying the facets of MOM that affect reliability. We then explore dif-
ferent, exemplary options for applying existing messaging technologies to achieve re-
liable messaging for Web services. We explain the options in detail, and assess them
with respect to the level of reliability they achieve and the assumptions they place on
the implementation of the distributed services.

2 Messaging Middleware Reliability

In distributed systems, multiple processes (executing on different nodes in a network)
interact by sending and receiving messages. In this environment, it is often desirable
to decouple the sending and receiving processes such that forward progress can be
made in the presence of failures and temporary unavailability. To achieve this loose-
coupling of processes, message-oriented middleware is often employed.

Messaging middleware is specialized software that accepts messages from sending
processes and delivers them to receiving processes (typically across a network). Such
middleware typically support two common delivery patterns: point-to-point (p2p) and
publish/subscribe (pub/sub). The architecture of the middleware can take many forms.
The two principle styles are centralized and distributed architectures. With centralized
architectures, all processes communicate with a common messaging server. In dis-
tributed architectures, processes communicate with local messaging middleware com-
ponents; these local messaging components then communicate over the network to
deliver messages on behalf of senders and receivers. In this paper, we will focus on
distributed architectures, as these are natural in a Web environment.

2.1 Aspects of Reliability

Messaging middleware can perform various functions that facilitate reliable, loose-
coupling. In distributed architectures, the sender’s messaging component can tolerate
network failures by repeatedly sending a message until it is acknowledged by the re-
ceiver’s messaging component; this interaction can occur even after the sending proc-
ess has terminated (or is otherwise unavailable). The receiver’s messaging component
can tolerate the unavailability of the receiving process by maintaining messages until
the receiving process is ready. From the sender application’s viewpoint, this allows
the application to “fire-and-forget” messages, relying on the middleware to guarantee
message delivery.

The messaging endpoints ideally are the messaging clients (the sending and
receiving applications). With common messaging middleware, the guarantees are,
however, typically restricted to the middleware endpoints of message brokers and
message queue managers. It is then assumed that a messaging client accesses a mes-
saging middleware endpoint locally and using transactions (though a distributed
and/or non-transactional access is possible, too). The middleware only ensures mes-
sage delivery within its own “network” of managerial messaging endpoints.

In addition to acknowledged delivery (through proper correlation of messages and
acknowledgments), ordered delivery of messages is another aspect of reliable messag-
ing middleware. This is particularly important in asynchronous environments, where
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messages are typically stored by the middleware (for example, a message queue) be-
fore they are dispatched to or retrieved by final recipients.

Messages can further be attributed with expiration timestamps, a priority attribute,
a reply-to address, and other properties that contribute to messaging reliability. Such
attributes are checked by the middleware in order to prevent delivery of a message if
it is no longer valid, to prioritize messages that are stored at the middleware for later
dispatch, and to guarantee that a receipt acknowledgment is sent back to a specific,
application-defined reply address.

A further important aspect of reliability concerns the integration of a message de-
livery in a larger processing context. A message typically is part of some business
process (messaging conversation) and atomic unit-of-work. Key requirements on reli-
able messaging middleware therefore include the ability to atomically group a mes-
sage with other messages and other process activities, and, to integrate a message
store like a message queue as a resource manager in a distribution transaction.

2.2 Three Facets of Reliability

The above described aspects of reliability lead to the definition of three general facets
of reliability:

Middleware endpoint-to-endpoint reliability
A message, once delivered from an application (process) to the messaging middle-
ware, is guaranteed to be (eventually) available for consumption by the receiving
process. The middleware ensures eventual message delivery within its distributed net-
work of middleware endpoints.

Application-to-middleware reliability
The middleware’s messaging API, used to send and receive messages, supports reli-
ability properties such as message delivery guarantees, message persistence, and
transactional messaging.

Application-to-application reliability
Sending and receiving applications engage in transactional business processes that
rely on application-to-middleware reliability and middleware endpoint-to-endpoint re-
liability.

2.3 Technologies

Each facet of reliable messaging imposes certain requirements on the middleware.
Fundamental requirements include the integration of a persistent message store and
the implementation of a reliable protocol to move messages between these persistent
stores.

Examples of message-oriented middleware products implementing reliable mes-
saging are IBM’s Websphere MQ (formerly called MQSeries) [10], TIBCO’s Ren-
dezvous [21], and Microsoft’s MSMQ [12] middleware. They each support their own
proprietary messaging APIs and protocols, as well as the standard Java messaging
API, the Java Message Service (JMS) [16].
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While these products provide a complete and proprietary solution to reliable mes-
saging, a number of open standards for reliable messaging have been emerging. These
include the ebXML Message Service [15], the HTTPR protocol [22], the WS-
Reliability protocol [9], and the WS-ReliableMessaging protocol [3]. The objective of
these specifications is not to promote or prescribe a particular product and middle-
ware infrastructure, but to define the rules governing message delivery, such as for
message correlation, persistence, and acknowledgments. HTTPR, for example, can be
supported by different messaging agent implementations that are paired with some
persistent store; reliable messaging thereby is introduced over the (unreliable) HTTP
protocol. WS-Reliability and WS-ReliableMessaging define an XML messaging pro-
tocol that allows reliability to be introduced to SOAP messages independent of the
underlying transports.

3 Web Services Messaging Using SOAP

The messaging protocol most commonly used for Web services is the Simple
Object Access Protocol (SOAP) [5]. SOAP is an XML message format (of an
envelope, message headers, and a message body) and a standard encoding mechanism
that allows messages to be sent over a variety of transports, including HTTP and
JMS.

SOAP-over-HTTP has been the most popular choice for Web services messaging,
as it is a well-understood messaging model that is easy to implement and maintain.
Due to the frequent use of SOAP-over-HTTP, SOAP is often understood to be a re-
quest-response (RPC-like) protocol. However, the synchronous flavor of SOAP-over-
HTTP results more from HTTP than from SOAP. If JMS is used as a transport, for
example, SOAP can be used to implement asynchronous messaging.

SOAP messaging can take different forms of reliability depending on the underly-
ing transport chosen. While SOAP-over-HTTP is not reliable, SOAP-over-HTTPR
ensures that messages are delivered to their specified destination. Similar reliability
guarantees can be made for SOAP-over-JMS and SOAP-over-Websphere MQ. On
the other hand, a SOAP message itself can be extended to include reliability
properties, using the recently proposed WS-Reliability or WS-ReliableMessaging
standards. These “extended SOAP” messages then carry relevant reliability informa-
tion that must be understood and supported by a messaging infrastructure (that may
or may not employ other reliable messaging technology such as Websphere
MQ).

It is important to note that SOAP is both a message format and a transport-flexible
messaging protocol. With SOAP messaging, we consequently refer to the use of
SOAP as both a format and a protocol. To clarify the use of SOAP as a protocol, we
refer “SOAP-over-<X>”, where <X> is the chosen transport.

SOAP Messaging implies the use of a SOAP library (such as Apache AXIS [1]) to
construct, send, receive, and parse SOAP messages, using the desired transport and
encoding rules; an application involved in SOAP messaging interfaces the SOAP li-
brary, but does not interface any deployed middleware that implements the SOAP
transport. If, on the other hand, a middleware like Websphere MQ is used as the mes-
saging protocol and middleware, and SOAP-formatted XML messages are being
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exchanged (perhaps with the help of some utilities for manipulating SOAP enve-
lopes), we refer to MQ messaging using SOAP/XML messages.

Presently, SOAP as a messaging protocol is not particularly feature rich,
making for subtle distinction between SOAP-over-JMS and JMS messaging using
SOAP messages (for example.) However, this will change as SOAP matures;
the proposed standards for reliable messaging and other specifications addressing,
for example, message routing and referral [13] [14] can be seen as evidence
for this.

4 Reliable Messaging for Web Services

Reliable messaging for Web services is about achieving reliable messaging
aspects (as described in Section 2) within the Web services environment. In this
section, we study how existing reliable messaging technologies can be used for this
purpose.

A number of reliable messaging technologies exist. These include enterprise mes-
sage-oriented middleware like IBM Websphere MQ, distributed object messaging
standards like JMS, or reliable transport protocols for Web environments like
HTTPR. An application may choose to use either one of these technologies, or a
combination of these technologies, to address reliable Web services messaging. An
application may also, in addition or as an alternative to the above options, choose to
implement reliability mechanisms itself as part of the application. Consequently, reli-
ability may (or may not) be addressed on any or all of the protocol/transport, middle-
ware, and application layers.

Figure 1 illustrates the resulting set of common options for implementing reliable
messaging in a Web services world:

a)

b)

c)

d)

e)

SOAP (with or without a reliability protocol like WS-ReliableMessaging) is used
with an unreliable transport (like HTTP); reliability mechanisms are implemented
on the application/SOAP messaging layer
A reliable transport protocol like HTTPR is used for SOAP messaging (without a
reliability protocol like WS-ReliableMessaging); a middleware system (that is,
any implementation of messaging agents supporting HTTPR based on HTTP and
some persistent storage capability) is required
A reliable, proprietary middleware system like IBM Webpshere MQ is used for
SOAP messaging (without a reliability protocol like WS-ReliableMessaging); the
middleware defines the transport protocol and provides the necessary distributed
infrastructure
A reliable messaging standard like JMS is used for SOAP messaging (without a
reliability protocol like WS-ReliableMessaging); a JMS implementation is re-
quired
A reliable, proprietary middleware system like IBM Webpshere MQ (any
middleware system leveraged for Web services and with some means of durable
storage for message logging qualifies) is directly used, independent of
SOAP
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Fig. 1. Reliable Messaging Implementation Options

5 Assessment

As defined in Section 2.2, three facets of reliability exist:

middleware endpoint-to-endpoint reliability
application-to-middleware (and middleware-to-application) reliability, and
application-to-application reliability

In the following, we first examine the above listed options with respect to mid-
dleware endpoint-to-endpoint reliability and application-to-middleware reliability. We
identify which (required or additional) responsibilities the application developer has
when choosing an option. These discussions set the stage to discuss application-to-
application reliability.

5.1 Middleware Endpoint-to-Endpoint Reliability

Middleware endpoint-to-endpoint reliability assumes that a middleware is being used
for mediation between communicating messaging partners. Middleware endpoint me-
diation essentially refers to the idea that messages are made persistent locally on the
sender and receiver sides before and after they are being sent (Figure 2). All messages
are given unique identifiers, so that a message sender (the endpoint on the sender
side) can re-send a message until it gets a positive acknowledgment of receipt by the
receiver (the endpoint on the receiver side).
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Fig. 2. Middleware Mediation

Option (a). Basic SOAP-over-HTTP does not support endpoint-to-endpoint reliabil-
ity. HTTP is a synchronous protocol that is “reliable” as long as the connection stays
alive (like TCP): it delivers messages at most once, in order, and with a definite ac-
knowledgment for each message delivery or delivery failure. HTTP is unreliable in
the sense that when a connection is lost, the message sender will get a connection
failure event, but be in doubt about the status of the message:

The message might not have been delivered to the destination.
The message might have been delivered to the destination and might have been
processed by the destination; the receiver might have replied, or, the receiver might
know about the connection failure and may or may not have attempted to rollback
its processing, if possible.

To address this uncertainty, the application can mimic middleware mediation on
the application layer: The message sender application keeps persistent copies of mes-
sages before sending them and attempts message delivery until positive, explicit ap-
plication acknowledgments confirm the receipt. The receiver application implements
the equivalent functionality on its side for reliably sending replies.

If a reliability protocol like WS-Reliability or WS-ReliableMessaging is used, re-
liability information (for message tracking, for example) is encoded in the SOAP
headers. The use of these “standards” allows to ensure endpoint-to-endpoint reliability
across distributed services, independent of how the applications choose to implement
the reliability mechanisms.

Encoding (lower-level) reliability mechanisms with SOAP messages may however
confuse the implementation of higher-level business processes (depending on how the
SOAP messages with reliability extensions are created). Furthermore, robust reliable
messaging middleware already exist; in cases where a reliable messaging transport for
SOAP is used, supporting reliability on the SOAP and on underlying transport layers
may cause avoidable inefficiency.

Fig. 3. SOAP-over-HTTP
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Option (b). SOAP-over-HTTPR supports middleware endpoint-to-endpoint reliabil-
ity. The middleware endpoints are the (implementations of) HTTPR messaging agents
combined with some persistent storage capability.

An application using this option can either choose to implement the HTTPR
messaging agents itself, or select an existing available implementation (such as [11]);
additionally, a persistent store at the sender and receiver ends must be installed.

An application sends a SOAP message using a SOAP library (for example, AXIS)
that is configured to use an HTTPR sender agent. The SOAP message itself is
not HTTPR-specific; the message has the same format as a SOAP-over-HTTP mes-
sage. The SOAP message is then sent as the body of an HTTPR request; additional
required information of message id and correlation information are carried in
the HTTPR message context header preceding the HTTPR body. On the receiver side,
an HTTPR agent receives the message and directs it further to the SOAP layer.
The application’s WSDL definitions reflect the use of HTTPR in the bindings
specification.

Fig. 4. SOAP-over-HTTPR

Option (c). SOAP-over-MQ also supports middleware endpoint-to-endpoint reliabil-
ity. The middleware endpoints are message queue managers provided by the messag-
ing middleware product; the persistent stores are message queues.

IBM Websphere MQ is one example of a proprietary message queuing system that
supports SOAP messaging. A typical scenario will require the sender and receiver ap-
plications to each set up a queue manager (which may be part of a single MQ cluster)
and to define a service queue on the receiver side and a response queue on the sender
side. The sending application puts a message into the receiver’s service queue, and the
receiving application consumes the message from the service queue and posts a reply
to the sender’s queue. A SOAP client library is provided for an application to send
SOAP messages over Websphere MQ. On the server side, a SOAP handler processes
the incoming messages and invokes the appropriate deployed application.

Note that the message delivery pattern is asynchronous. That is, different from the
synchronous HTTP request-response style, MQ (and JMS, see below) request-reply
messaging is implemented as two unidirectional, correlated messages (request mes-
sage and reply message). The sending application is not blocked waiting for the reply,
tolerating non-availability of the receiving application.
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Fig. 5. SOAP-over-MQ

Option (d). SOAP-over-JMS principally compares to SOAP-over-HTTPR and
SOAP-over-MQ. Similar to the HTTPR option, a middleware system implementing
the JMS standard is required. Any (single) JMS implementation can be used; in case
of IBM Websphere MQ, the reliability for SOAP-over-JMS messaging is basically
the same as for SOAP-over-MQ.

The middleware endpoints are JMS senders and JMS receivers. Attention must be
paid to the different receiver kinds possible: a simple Java client using a JMS Mes-
sageListener is not as robust and transactionally reliable as an Enterprise JavaBean
(EJB) or a Message-Driven Bean (MDB) (see also Section 5.2).

Using JMS as a transport for SOAP messaging is vendor-proprietary, as (different
from SOAP-over-HTTP) no standard has been defined. JMS implementations can
also significantly differ from each other (for example, the JMS wire protocol is also
vendor-proprietary), so that the SOAP client and the Web services provider must use
the same runtime environment to achieve endpoint-to-endpoint reliability (that is, the
same vendors’ JMS implementation and SOAP-to-JMS transport binding library are
required).

Fig. 6. SOAP-over-JMS

Option (e). Middleware endpoint-to-endpoint reliability can also be achieved by em-
ploying enterprise messaging middleware directly, independent of SOAP.

In this case, the middleware must be leveraged to support XML messaging. For
example, the middleware may provide an adapter component that takes an XML mes-
sage (including a standard SOAP message) from a sending application, and then
packages the message into its own distributed messaging formats and protocols (such
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as MQ messages, or JMS messages). The adapter then reliably sends the message to a
defined remote queue, using the distributed messaging middleware. On the receiving
side, another middleware adapter component reads the message from the queue, un-
packs the XML message contained in it, and sends the message to the Web service
that is to be invoked.

Benefits of this option include the use of a robust distributed messaging network
that may already exist. Furthermore, few changes are required for the sending and re-
ceiving application; the invoked Web service may not need to be modified at all.

5.2 Application-to-Middleware Reliability

Application-to-middleware reliability refers to the reliability features provided by the
middleware’s application-to-endpoint interface (a.k.a., the messaging API). These
may include the following:

message delivery guarantees (e.g., exactly-once, at-most-once, at-least-once);
fault-tolerant invocation (of the messaging endpoint);
the ability to atomically group messaging operations with other application actions.

Depending on the architecture of the messaging middleware, supporting such fea-
tures poses different challenges. For example, in distributed architectures, where the
endpoint is local to the application, fault-tolerant invocation may not be an issue and
exactly-once delivery might be supported by the endpoint-to-endpoint reliability
mechanisms described above. However, in centralized architectures, where there is a
shared messaging server, fault-tolerant invocation becomes more difficult, whereas
delivery guarantees become less so. (Hybrid architectures, with centralized messaging
servers that are themselves distributed exhibit additional challenges.)

The ability to atomically group messaging operations (e.g., sending a message)
with other application activities (e.g., updating a database) may require that the mes-
saging endpoint act as a participant in a two-phase commit protocol (2PC) [2]. For
example, if the endpoint is a remote Web service, the WS-Coordination framework
[6] and the WS-Transaction “Atomic Transaction” protocols [7] could be used for this
purpose; if the endpoint is local, the Java Transaction API [17] or J2EE Connector
Architecture [18] could be used.

When assessing the options above with respect to application-to-middleware reli-
ability, we must observe that SOAP itself does not define any such reliability features.

Fig. 7. MQ
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Therefore, a SOAP library that supports application-to-middleware reliability fea-
tures, such as transactionally coordinating messaging operations with other applica-
tion activities, may have to define proprietary SOAP APIs.

Option (a). When using SOAP-over-HTTP (with or without a reliability protocol for
SOAP), the reliability mechanisms may be implemented as part of the application.
The application can therefore ensure that its components for creating, storing, and de-
livering messages are all accessed reliably. For example, to support the atomic group-
ing of message creation with other application activities, the message store might be
implemented as a resource manager that is transactionally coordinated with other re-
source managers used by the application. Figure 8 illustrates the use of local transac-
tions for this purpose.

Fig. 8. Local Transactions for Message Storage

In the figure, the transaction that puts a message in the message store (Tx1) typi-
cally will further comprise other application activities, thereby grouping the message
storage with other activities in an atomic unit-of-work. A second transaction (Tx2)
can be defined to read (copy) messages from the message store and to initiate the re-
mote message delivery.

Option (b) to (d). In the cases of SOAP messaging over a reliable transport and mid-
dleware (SOAP-over-HTTPR, SOAP-over-MQ, and SOAP-over-JMS/MQ), the un-
derlying middleware implements the reliability mechanisms for endpoint-to-endpoint
reliability (including persistent message storage). The application-to-middleware
guarantees that can be provided are the message delivery guarantees of the underlying
transport and, if the endpoint is local, the reliability of the local procedure calls be-
tween the application and the local endpoint. However, unlike Option (a), the applica-
tion cannot transactionally group a messaging operation with other activities of a lar-
ger business process.

Figure 9 illustrates this case. The (sending or receiving) application only interfaces
the SOAP library and does not use the underlying middleware directly. The applica-
tion uses local calls for SOAP messaging, independent of any functionality that the
underlying reliable middleware may offer.
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Fig. 9. Non-transactional Use of SOAP Library

If the application requires additional reliability features, in particular the ability to
transactionally group messaging operations with other activities as described above,
these options are not sufficient. Either the SOAP library would have to expose under-
lying reliability features (using proprietary extensions) or the application would have
to access the underlying middleware directly when these features are needed. How-
ever, such solutions may have negative consequences: proprietary extensions will not
likely be compatible with future SOAP API standards that do address application-to-
middleware reliability, while accessing the underlying middleware directly could in-
terfere with the SOAP libraries use of the middleware.

Option (e). The “direct middleware” option of using JMS or MQ for XML messaging
describes the case where the application uses the reliable middleware’s API to send
and receive messages. Therefore, application-to-middleware reliability relates to the
direct use of the underlying middleware’s API and its reliability features.

JMS and MQ support, for example, the notion of a “transacted session”, allowing
a message sender to group a number of messages into an atomic unit-of-work. The
middleware then ensures that either all messages of the group are delivered, or none
of them. With the use of persistent message queues, support for resource management
as required by distributed object transactions is also provided. Therefore, messages
put to a message queue can be transactionally coupled with other database and dis-
tributed invocations. Figure 10 illustrates this transactional feature.

Fig. 10. Transactional Use of Reliable Middleware
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5.3 Application-to-Application Reliability

Middleware endpoint-to-endpoint reliability and application-to-middleware reliability
provide the foundation on which (higher-level) distributed business processes can be
developed. These distributed business processes are constructed from basic applica-
tion-to-application interactions. Reliability of these basic application-to-application
interactions is therefore critical to the reliability of the business process as a whole.

In the following, we briefly discuss ways to support basic application-to-
application reliability by traditional means of direct transaction and queued transac-
tion processing [2].

Fig. 11. Direct Transaction Processing

In the figure, Application A and application B interact within the same global
transaction. If there is a failure, or if either application decides that the outcome or ef-
fect of the interaction is inconsistent, the transaction can be aborted, returning both
applications to a consistent state. Furthermore, direct transaction processing can in-
clude more than two applications, extending the scope of the reliability guarantee.

The WS-Coordination and WS-Transaction specifications define an interoperable
mechanism for supporting direct transaction processing over the Web.

5.3.2 Queued Transaction Processing
With queued transaction processing, applications interact indirectly using reliable
message-oriented middleware; a transaction service, that can integrate messaging re-
sources (e.g., queues) with other resources used by the applications (e.g., databases),
is also needed. Employing queued transaction processing for reliable request-reply in-
teractions is shown in Figure 12.

In the figure, three separate transactions are used to ensure that this basic applica-
tion-to-application interaction is reliable. In transaction 1, application A access local
resources and sends a request message to application B; however, the message is not
visible to application B until transaction 1 commits. In transaction 2, application B
consumes the message, accesses local resources, and sends a response message to ap-
plication A; the response is not visible to application A until transaction 2 commits. In
transaction 3, application A consumes the response message from application B and

5.3.1 Direct Transaction Processing
With direct transaction processing, an agreement protocol (e.g., two-phase commit) is
used to directly include one application’s transaction processing as part of another ap-
plication’s transaction processing. This is shown in Figure 11.
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accesses local resources. A failure during any single transaction returns the interaction
to a well defined, and locally consistent, state.

Fig. 12. Queued Transaction Processing

Reliable messaging middleware, supporting application-to-middleware and end-
point-to-endpoint reliability, as described above, can be employed to support queued
transaction processing on the web.

5.3.3 Discussion
While direct transaction processing provides a reliable mechanism for multiple appli-
cations to agree on the effect and outcome of some joint processing, it can impose
tight application coupling, reducing the autonomy the applications involved: for ex-
ample, 2PC protocols typically require that all participants be active at the same time
and can force participants to hold locks (on their local resources) on behalf of other
participants.

Yet, queued transaction processing, which supports a looser coupling of applica-
tions, can force applications to implement potentially complex logic for coordinating
the effects and outcomes of message delivery and processing with the effects and out-
comes of other activities (e.g., database updates); if, for example, the response mes-
sage in Figure 12 indicates that the outcome of application B’s processing is inconsis-
tent with application A’s processing, application A cannot simply abort its transaction
and expect to return to a consistent state (as was the case with direct transaction proc-
essing); rather, application A will have to actively correct for the inconsistency, per-
haps initiating additional transactions and interactions with application B (for exam-
ple, a compensating transaction that reverses the work performed in transaction 1).

Our work on conditional messaging [19] and Dependency Spheres [20] propose
additional techniques for application-to-application reliability that overcome some of
these disadvantages.

6 Summary

In this paper, we presented options for implementing reliable messaging for Web ser-
vices using existing messaging technology. For each option, we discussed how mid-
dleware endpoint-to-endpoint and application-to-middleware reliability is achieved.
We further showed how reliable messaging, when combined with traditional
transaction processing techniques (such as direct transaction processing and queued
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transaction processing), can be applied to support basic application-to-application re-
liability.

We focused our discussion on the middleware infrastructure for implementing re-
liable messaging for Web services, as the middleware concern will always be a key
challenge independent of which (existing or emerging, future standard) reliable mes-
saging protocol will be used (or if no standard is used). In fact, we believe that any
proposed reliable messaging standard must be assessed in consideration of supporting
middleware implementations. As we have shown in this paper, there are subtle, but
important differences of middleware implementations of Web services that determine
to what extent two deployed Web services can exchange messages reliably. This ob-
servation may help to estimate implementation efforts and costs related to reliable
messaging and therefore, to choose one of the different possible (standards- or non-
standards-based) options.

References
1.
2.

3.

4.

5.

6.

7.

8.

9.

10.
11.

12.

13.

14.

15.

16.

17.

Apache AXIS, http://xml.apache.org/axis/
P. A. Bernstein, E. Newcomer. Principles of transaction processing. Morgan Kaufmann,
1997.
R. Bilorusets et al. Web Services Reliable Messaging Protocol (WS-ReliableMessaging).
BEA, IBM, Microsoft, March 2003. ftp://www6.software.ibm.com/software/developer/
library/ws-reliablemessaging.pdf
A. Bosworth et al. Web Services Addressing (WS-Adressing). BEA, IBM, Microsoft,
March 2003. ftp://www6.software.ibm.com/software/developer/library/ws-addressing.pdf
D. Box et al. Simple Object Access Protocol (SOAP) 1.1. W3C Note 08 May 2000.
http://www.w3.org/TR/2000/NOTE-SOAP-20000508/
F. Cabrera et al. Web Services Coordination (WS-Coordination). BEA, IBM, Microsoft,
August 2002. http://www–106.ibm.com/developerworks/library/ws-coor/
F. Cabrera et al. Web Services Transaction (WS-Transaction). BEA, IBM, Microsoft, Au-
gust 2002. http://www-106.ibm.com/developerworks/library/ws-transpec/
E. Christensen et al. Web Services Description Language (WSDL) 1.1. W3C Note 15
March 2001. http://www.w3.org/TR/wsdl
C. Evans et al. Web Services Reliability (WS–Reliability), Version 1.0. Fujitsu, Hitachi,
NEC, Oracle, Sonic Software, Sun Microsystems 2003. http://xml.fujitsu.com/en/
about/WS-Reliability V1.0.pdf
IBM Corp. IBM WebSphere MQ. http://www-3.ibm.com/software/ts/mqseries/messaging/
IBM Corp. WebSphere MQ Support for Web Services and HTTPR. MA0R Support Pac,
IBM Corporation, April 2002. http://www-3.ibm.com/software/ts/mqseries/txppacs/
ma0r.html
Microsoft. Microsoft Message Queuing (MSMQ). http://www.microsoft.com/msmq/
default.htm
H. F. Nielsen, S. Thatte. Web Services Routing Protocol (WS-Routing), Microsoft, Octo-
ber 2001. http://msdn.microsoft.com/library/en-us/dnglobspec/html/ws-routing.asp
H. F. Nielsen et al. Web Services Referral Protocol (WS-Referral), Microsoft, October
2001. http://msdn.microsoft.com/library/en-us/dnglobspec/html/ws-referral.asp
OASIS. ebXML Message Service Specification Version 2.0. OASIS, April 2002.
http://www.oasis-open.org/committees/ebxml-msg/documents/ebMS_v2_0.pdf
Sun Microsystems. Java Message Service API Specification v1.1. Sun Microsystems, April
2002. http://java.sun.com/products/jms/
Sun Microsystems. Java Transaction API (JTA), Version 1.0.1B. Sun Microsystems,
November 2002. http://java.sun.com/products/jta/



104 S. Tai et al.

18.

19.

20.

21.

22.

Sun Microsystems. Java 2 Enterprise Edition: J2EE Connector Architecture Specification,
Version 1.0. Sun Microsystems, August 2001 http://java.sun.com/j2ee/connector/
S. Tai, T. Mikalsen, I. Rouvellou, S. Sutton. Conditional Messaging: Extending Reliable
Messaging with Application Conditions. Proceedings of the 22nd IEEE International Con-
ference on Distributed Computing Systems (ICDCS 2002, Vienna, Austria), IEEE, pp.
123–132, July 2002
S. Tai, T. Mikalsen, I. Rouvellou, S. Sutton. Dependency-Spheres: A Global Transaction
Context for Distributed Objects and Messages. Proceedings of the 5th IEEE International
Enterprise Distributed Object Computing Conference (EDOC 2001, Seattle, USA), IEEE,
pp. 105–115, September 2001
TIBCO. TIBCO Rendezvous. http://www.tibco.com/solutions/products/active_enterprise/
rv/default.jsp
S. Todd, F. Parr, M. Conner. A Primer for HTTPR. An Overview of the Reliable HTTP
Protocol. IBM Corporation, July 2001. http://www-106.ibm.com/developerworks/
webservices/library/ws-phtt/



Reusability Constructs in the Web Service Offerings
Language (WSOL)

Vladimir Tosic, Kruti Patel, and Bernard Pagurek

Department of Systems and Computer Engineering, Carleton University,
1125 Colonel By Drive, Ottawa, Ontario, K1S 5B6, Canada

{vladimir, bernie}@sce.carleton.ca, kruts.patel@lycos.com

Abstract. The Web Service Offerings Language (WSOL) is a novel language
for the formal specification of classes of service, various types of constraint,
and management statements for Web Services. Compared with recent compet-
ing works, WSOL has several unique characteristics. One of them is a diverse
set of reusability constructs: service offerings, constraint groups, constraint
group templates, extension, inclusion, applicability domains, and operation
calls. These constructs enable sharing parts of WSOL specifications between
classes of service of different Web Services and development of libraries of re-
usable WSOL specifications. Consequently, they can help in alleviating hetero-
geneity of Web Services. In addition, reusability constructs are useful for easier
development of new WSOL specifications from existing ones, for easier selec-
tion of Web Services and their classes of service, and for dynamic (run-time)
adaptation of relationships between provider and consumer Web Services. Inte-
gration of WSOL reusability constructs into the works competing with WSOL
would be beneficial.

1 Introduction and Motivation

The Web Service Description Language (WSDL) version 1.1 is the de-facto standard
for the description of Web Services. However, WSDL does not enable the specifica-
tion of constraints, management statements, and classes of service for Web Service.
As discussed in [1], the specification of different types of constraint and management
statements is necessary for the management of Web Services and Web Service com-
positions. In addition, classes of service are a simple and lightweight alternative to
contracts, service level agreements (SLAs), and profiles. Therefore, we have decided
to develop our own language for the specification of classes of service, various types
of constraint, and management statements for Web Service. We have named this
language the Web Service Offerings Language (WSOL).

When multiple classes of service are specified, there is often a lot of similar in-
formation that differs in some details. For example, classes of service that a telecom-
munication service provider offers its customers often have similarities. Analogously,
two classes of service for the same Web Service can be the same in many elements,
but differ only in response time and price. Defining common or similar parts of
classes of service once and using these definitions many times simplifies the specifi-
cation of new classes of service. Next, when it is explicitly stated that two classes of
service share common parts, it is much easier to compare them. Such comparisons are
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useful in the process of selection and negotiation of Web Services and their classes of
service. Further, when monitored classes of service have common elements, the over-
head placed on the management infrastructure for the monitoring of Web Services,
metering or calculation of quality of service (QoS) metrics, and evaluation of con-
straints, might be reduced. In addition, manipulation of classes of service can be used
for simple dynamic (run-time) adaptation of Web Service compositions. Explicit
specification of relationships between classes of service supports their comparison, as
well as their manipulation.

For these reasons, we have built into WSOL a diverse set of reusability con-
structs. These constructs enable reuse of parts of WSOL specifications and easier
comparisons of WSOL specifications, even when these WSOL specifications are
specified for different Web Services. In this way, WSOL reusability constructs can
help in alleviating heterogeneity of Web Services. They also model static relation-
ships between classes of service (relationships that do not change during run-time)
and thus support manipulation of classes of service.

WSOL was developed independently of and in parallel with several recent works
that address issues somewhat similar to WSOL. However, these related works do not
have such a diverse and rich set of reusability constructs. In our opinion, this is one of
the advantages of WSOL [2]. We believe that integration of WSOL reusability con-
structs into the related works, as well as eventual future standards in this area, would
be beneficial. Therefore, in this paper, we explain WSOL reusability constructs and
their potential influences on related works. We assume that the reader is familiar with
WSDL and the Extensible Markup Language (XML).

The paper is organized as follows. In this section, we have summarized the moti-
vation for WSOL reusability constructs and the motivation for writing this paper. In
the next section, we give a brief overview of WSOL and the most important related
works. The core of the paper is Section 3, where we explain WSOL reusability con-
structs. Section 4 discusses potential influences between reusability constructs in
WSOL and in major related works. In the final section, we summarize how the
WSOL reusability constructs are useful for Web Services. The Appendix contains
some WSOL examples of the discussed WSOL reusability constructs.

Our other publications on WSOL discuss and illustrate different aspects of WSOL
and its management infrastructure, the Web Service Offerings Infrastructure (WSOI).
[1] and [2] present WSOL and WSOI, [3] compares WSOL and related works, while
[4] contains detailed information about the WSOL syntax and its examples. (Note that
WSOL was improved since the publication of [4]). Our research report [5] is an ex-
tended version of this paper and contains examples and additional details on the topics
we discuss hereafter.

2 A Brief Overview of WSOL and the Related Work

The Web Service Offerings Language (WSOL) is a language for the formal specifica-
tion of classes of service, various types of constraint, and management statements for
Web Services. The syntax of WSOL is defined using XML Schema, in a way com-
patible with WSDL 1.1. WSOL descriptions of Web Services are specified outside
WSDL files.

The crucial concept in WSOL is a service offering (SO). A WSOL service offer-
ing is the formal representation of a single class of service of one Web Service [1]. It
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can also be viewed as a simple contract or SLA between the provider Web Service,
the consumer, and eventual management third parties. A Web Service can offer mul-
tiple service offerings to its consumers, but a consumer can use only one of them at a
time in one session. A Web Service can have in parallel many open sessions, in some
cases even several sessions with the same consumer. A WSOL service offering con-
tains the formal definition of various types of constraint and management statements
that characterize the represented class of service.

Every WSOL constraint contains a Boolean expression that states some condition
(guarantee or requirement) to be evaluated. Boolean expressions in constraints can
also contain arithmetic, date/time/duration, and some simple string expressions. The
constraints can be evaluated before and/or after invocation of operations or periodi-
cally, at particular date/time instances. WSOL supports the formal specification of
functional constraints (pre-, post-, and future-conditions), quality of service (QoS)
constraints (describing performance, reliability, availability, and similar ‘extra-
functional’ properties), and access rights (for differentiation of service).

A WSOL statement is any construct, other than a constraint, that states important
management information about the represented class of service. WSOL enables the
formal specification of statements about management responsibility, subscription
prices, pay-per-use prices, and monetary penalties to be paid if constraints are not
met. In addition, WSOL has extensibility mechanisms that enable definition of new
types of constraint and management statement as XML Schemas.

Apart from definitions of constraints and management statements, service offer-
ings can contain reusability constructs discussed in detail later in this paper. WSOL
reusability constructs determine static relationships between service offerings. These
relationships do not change during run-time. One example of a static relationship is
when a service offering extends another service offering. In addition, WSOL enables
specification of dynamic (i.e., run-time) relationships between service offerings (these
relationships can change during run-time). Dynamic relationships are specified
outside definitions of service offerings in the format presented in [1, 4]. A dynamic
relationship states what class of service could be an appropriate replacement if a
particular group of constraints from the used class of service cannot be met.

We use the term ‘WSOL item’ to refer to a particular piece (service offering, con-
straint, statement, or reusability construct) of a WSOL specification. Some WSOL
items can contain other WSOL items.

To verify the WSOL syntax, we have developed a WSOL parser called ‘Premier’
[4]. To enable monitoring of WSOL-enabled Web Services, metering and calculation
of QoS metrics, evaluation of WSOL constraints, accounting and billing, as well as
dynamic adaptation of compositions including WSOL-enabled Web Services, we are
developing the Web Service Offerings Infrastructure [1, 2].

Our work on WSOL draws from the considerable previous work on the differen-
tiation of classes of service in telecommunications and on the formal representation of
various constraints in software engineering. In addition, our work on reusability
constructs in WSOL is based upon many works on reusability constructs in other
languages, both programming languages and description languages. In the next section,
we explain how we have studied these existing reusability constructs for inclusion
into WSOL.

In parallel with our work on WSOL, several XML languages with somewhat simi-
lar goals for Web Services have been developed. The IBM Web Service Level
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Agreements (WSLA) [6] and the HP Web Service Management Language
(WSML) [7] are two powerful languages for the formal XML-based specification of
custom-made SLAs for Web Service. SLAs in these two languages contain only QoS
constraints and management information. Another language that can be used for
specification of SLAs for Web Services is SLAng [8]. SLAng enables specification of
SLAs not only on the Web Service level, so it has broader scope than WSLA and
WSML. However, the definitions of QoS metrics are built into SLAng schema, so
SLAs have predefined format. Since the current version of SLAng lacks flexibility
and power, it seems less well suited for Web Services than WSLA and WSML. Next,
WS-Policy [9] is a general framework for the specification of policies for Web Ser-
vices. A policy can describe any property of a Web Service or its parts, so it corre-
sponds to WSOL concepts of a constraint and a statement. The detailed specification
for particular categories of policies will be defined in specialized languages. Cur-
rently, specification details are defined only for security policies and to some extent
for functional constraints, but not yet for QoS policies, prices/penalties, and other
management issues. DAML-S (DAML-Services) [10] and the Web Service Model-
ing Framework (WSMF) [11] are examples of other works related to WSOL.

The main distinctive characteristics of WSOL, compared with the mentioned
competing works, are: support for classes of service and their static and dynamic rela-
tionships, support for various types of constraint and statement, a diverse set of
reusability constructs, features reducing run-time overhead, and support for manage-
ment applications. A more detailed comparison between WSOL and some of these
related works is given in [3].

3 WSOL Reusability Constructs

A large number of reusability constructs was developed for programming languages,
from jumps and loops in assembly languages to hyperspaces and other concepts in
modern languages. Of course, not all of them are applicable for a description language
like WSOL. Before we have started development of WSOL, we have examined
various existing reusability concepts and their usability in the context of WSOL.

We had two partially conflicting sets of goals. On the one hand, we wanted to
achieve reusability of WSOL specifications and comprehensive descriptions of rela-
tionships between service offerings, as discussed in Section 1. On the other hand, our
approach in designing WSOL was to provide solutions that are relatively simple to
use and implement and lightweight in terms of run-time overhead. (For this reason,
we have used in WSOL classes of service instead of more demanding custom-made
SLAs, one language for various types of constraint and management statement instead
of several specialized languages, support for management third parties, constraints
evaluated periodically, and random evaluation of constraints [3].) To achieve simplic-
ity and lightweightness of WSOL, we had to select a limited number of reusability
constructs. Since WSOL was primarily developed for management of Web Services
and their compositions, we were particularly interested in reusability constructs that
support management applications, including dynamic adaptation [2].

We have studied a broad set of reusability constructs in programming and specifi-
cation languages. For example, we have examined types, classes, single and multiple
inheritance, polymorphism, overriding, restriction, sets and set operations (e.g., union,
intersection, difference), scoping, domains, structs, templates, template instantiation,
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templatization, macros, include statements, subroutines, contracts, subcontracts, rela-
tionship tables, constraint dimensions, policies, roles, refinement, mixins, aspects,
composition filters, hyperspaces, monitors, and views. In addition, we have examined
three languages—Quality Interface Definition Language (QIDL) [12], Quality Model-
ing Language (QML) [13], and Quality Description Language (QDL) [14]—
developed for the formal specification of QoS for Common Object Request Broker
Architecture (CORBA) distributed objects, as well as reusability constructs in these
languages.

We had no statistical data about the usage and usefulness of different reusability
constructs in languages similar to WSOL. Therefore, we have tried to find some real-
istic practical examples that could justify inclusion of such constructs into WSOL. We
have also tried to estimate how frequently such examples would occur. Further, we
have tried to estimate the overhead of reusability constructs on WSOL and its tools.
Another area that we have looked at was modeling of some constructs with other con-
structs, to reduce the total number of WSOL constructs. After determining options
and alternatives, we have analyzed their costs and benefits and determined priorities
for reusability constructs in WSOL.

As a result of our study, WSOL now contains the following reusability constructs:

1.
2.
3.
4.

5.
6.
7.

The definition of service offerings (SOs).
The definition of constraint groups (CGs).
The definition and instantiation of constraint group templates (CGTs).
The extension (single inheritance) of service offerings, constraint groups, and
constraint group templates.
The inclusion of already defined constraints, statements, and constraint groups.
The specification of applicability domains.
The declaration of operation calls.

We summarize explanations of these WSOL constructs in the following seven
subsections. Additional explanations, discussions, and complete WSOL examples for
all discussed constructs can be found in [5]. Some WSOL examples for reusability
constructs are also given in the Appendix of this paper. In the Appendix examples,
other elements of WSOL items are omitted for brevity. Precise syntax definitions (for
an earlier version of WSOL) and further examples are given in [3],

In the eighth subsection, we briefly discuss the definition of external ontologies of
QoS metrics, measurement units, and currency units used in WSOL files. The defini-
tion of such ontologies is not a part of the WSOL language, but these ontologies can
be reused across WSOL service offerings of different Web Services.

3.1 Definition of Service Offerings (SOs)

A WSOL definition of a service offering (SO) contains formal definition of new
constraints and statements that categorize the class of service represented with this
service offering. It can also contain reusability constructs discussed in the following
subsections. For example, constraints and statements that were already defined else-
where can be included in a service offering using the WSOL inclusion reusability
construct, discussed in Subsection 3.5. Further, a new service offering can be defined
as an extension of an existing service offering, as discussed in Subsection 3.4. If
inside one service offering two or more constraints of the same type (e.g., two
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pre-conditions) are defined for the same operation, they all have to be satisfied. This
means that the Boolean ‘AND’ operation is performed between such constraints.

Every service offering has a name and exactly one accounting party. An account-
ing party is the management party responsible for logging all SOAP messages related
to this service offering and for calculating monetary amounts to be paid [1]. We have
recently added into WSOL optional specification of validity duration and/or expira-
tion time of a service offering. If no validity duration or expiration time is specified,
consumers can use the service offering until its deactivation or explicit switching of
service offerings [2]. The Appendix contains example parts of the definition of the
service offering ‘SO9’ for the ‘buyStockService’ Web Service. More detailed exam-
ples of the definition of WSOL service offerings can be found in [1–5].

In most cases, a WSOL service offering is specified for a particular Web Service.
Different consumers of this Web Service can use the same service offering, poten-
tially in parallel. However, if a service offering contains constraints and statements
that do not reference particular ports and operations, it can be provided by different
Web Services. This feature enables development of libraries of reusable service offer-
ings. When the concept of a ‘service type’ becomes standard in WSDL, it will be
straightforward to update WSOL with the definition of a reusable service offering
specified for a WSDL service type.

3.2 Definition of Constraint Groups (CGs)

WSOL has a special reusability construct for the definition of constraint groups. A
constraint group (CG) is a named set of constraints and statements. It can also con-
tain reusability constructs, including definitions of other constraint groups. The num-
ber of levels in such nesting of constraint groups is not limited. (Since a constraint
group can contain not only constraints, but also statements and reusability constructs,
the name ‘item group’ would be more appropriate. We have kept the name ‘constraint
group’ for compatibility with early versions of WSOL.) Analogously to service
offerings, a new constraint group can be defined as an extension of an existing con-
straint group. In the earlier versions of WSOL, the Boolean ‘AND’ operation was
always applied between constraints in the same constraint group. However, we have
recently added constraint groups in which only some constraints have to be satisfied
(at least one constraint or exactly one constraint). An example definition of the
WSOL constraint group ‘CG17’ is shown in the Appendix.

While definitions of constraint groups and service offerings have some syntax
similarities, they also have semantic and syntax differences. The crucial semantic dif-
ference is that consumers can choose and use service offerings, not constraint groups.
Service offerings are used for the definition of complete and coherent offerings to
consumers. On the other hand, the main goal of constraint groups is the easier devel-
opment of WSOL files. They are used for smaller sets of constraints and statements.
These sets can, but need not, be complete from the consumer viewpoint. An important
syntax consequence is that accounting party, validity duration, and expiration time
can be specified only for a service offering, not a constraint group. Further, dynamic
relationships can be specified only for service offerings, not for constraint group.
Another important syntax difference is that constraint groups can be nested, while
service offerings must not be. In addition, while the Boolean ‘AND’ operation is
always applied between constraints in a service offering, some other combinations of
constraints can also be specified for constraint groups.
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The WSOL concept of a constraint group has several benefits. First, a constraint
group can be reused across service offerings as a unit, using the WSOL inclusion re-
usability construct discussed in Subsection 3.5. Second, it is possible to specify in a
single management responsibility statement that all constraints from a constraint
group are evaluated by the same management entity. Third, constraints in different
constraint groups can have the same relative constraint name, so using constraint
groups enables name reuse. Fourth, constraint groups can be used for different logical
groupings of constraints and statements. For example, one can use a constraint group
to group constraints and statements related to a particular port, port type, or operation.
In this way, the concept of a constraint group complements the concept of a service
offering that assembles constraints and statements on the level of a Web Service. In
addition, one can use constraint groups to define aspects of service offerings. For ex-
ample, one can group all functional constraints for one port type into one constraint
group, QoS constraints for the same port type into another constraint group, and
access rights for this port type into a third constraint group. This supports separation
of concerns.

3.3 Definition and Instantiation of Constraint Group Templates (CGTs)

A constraint group template (CGT) is a parameterized constraint group. (Analo-
gously to constraint groups, the name ‘item group template’ would be more appropri-
ate.) This WSOL reusability construct is very useful because different classes of ser-
vice often contain constraints with the same structure, but with different numerical
values. WSOL contains two constructs for constraint group templates – one for their
definition and the other for their instantiation. At the beginning of a definition of a
constraint group template, one defines one or more abstract constraint group
template parameters, each of which has a name and a data type. The definition of
constraint group template parameters is followed by the definition of constraints,
statements, and reusability constructs in the same way as for constraint groups. Con-
straints inside a constraint group template can contain expressions with constraint
group template parameters.

An instantiation of a constraint group template provides concrete values for all
constraint group template parameters. The result of every such instantiation is a new
constraint group. One constraint group template can be instantiated many times, in
different service offerings and for different Web Services. Two instantiations of the
same constraint group template can provide different parameter values. The Appendix
contains examples of the declaration of the constraint group template ‘CGT2’ and its
instantiation inside the service offering ‘SO9’. This constraint group template has one
parameter: ‘minAvail’ of the data type ‘numberWithUnit’.

The WSOL concept of a constraint group template currently has some limitations,
adopted for simpler implementation. Constraint group templates cannot be defined in-
side service offerings, constraint groups, or other constraint group templates. They
can be defined only as separate, non-contained, items in WSOL files. Also, since con-
straints inside a constraint group template may contain expressions with constraint
group template parameters, these constraints must not be included inside other con-
straint group templates, constraint groups, or service offerings. In addition, WSOL
does not support partial instantiation of a constraint group template. In such an
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instantiation, values for only some constraint group template parameters would be
supplied and the result would be a new constraint group template.

3.4 Extension (Single Inheritance)

WSOL supports extension (single inheritance) of service offerings, constraint
groups, and constraint group templates with their ‘extends’ attribute. This enables
easy definition of new WSOL items (service offerings, constraint groups, or con-
straint group templates) from existing ones. The extending WSOL item inherits all
constraints, statements, and reusability constructs from the extended WSOL item and
can define or include additional ones. We have also studied the use of multiple inheri-
tance in WSOL, but decided not to support it due to complexities, such as the possi-
bility of conflicts in accounting parties. Effects similar to multiple inheritance of con-
straint groups can be achieved by including multiple constraint groups inside a new
constraint group [5]. An example of WSOL extension is given in the Appendix. The
constraint group ‘CG17’ extends the constraint group ‘CG6’, which was defined in
some other WSOL file.

Note that the extending WSOL items are not subcontracts (as defined in [15]) of
the extended WSOL items. A subcontract weakens pre-conditions and strengthens
post-conditions. This means that between the inherited and the additional pre-
conditions the logical ‘OR’ operation is preformed, while for pre-conditions the
logical ‘AND’ operation is preformed. In WSOL, the logical ‘AND’ operation is per-
formed between the inherited and the additional constraints (unless these constraints
are in a constraint group in which only some constraints have to be satisfied). This
approach was chosen due to simplicity. It addresses reuse of WSOL items. For
comparisons of WSOL service offerings, constraint groups, and constraint group tem-
plates, it would be useful to also support specification of subcontracts. We plan to
address this issue in a future version of WSOL.

3.5 Inclusion

During definition of a new service offering, constraint group, or constraint group
template, some of the constraints, statements, or constraint groups might have been
already defined elsewhere. The WSOL inclusion reusability construct enables
incorporating such constraints, statements, or constraint groups with a single XML
element, instead of writing again their complete definitions. Reusable constraints,
statements, and constraint groups can be defined once and included many times,
across different service offerings, constraint groups, and/or constraint group tem-
plates, and even across different Web Services. Such reusable constraints, statements,
and constraint groups can be defined inside service offerings, but also outside any
service offering, e.g., in libraries of reusable WSOL items. In the Appendix, the
WSOL inclusion construct is illustrated with the incorporation of the QoS constraint
‘QoSCons2’ (defined, in some other WSOL file, as part of some service offering
‘SO1’) into the constraint group ‘CG17’.

We have recently built into WSOL optional naming of expressions, which are
parts of constraints, and the possibility of inclusion of expressions into other expres-
sions. This feature further improves reusability of WSOL constraints.
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3.6 Specification of Applicability Domains

All WSOL constraints, statements, service offerings, constraint groups, constraint
group templates, and operation calls are defined for some applicability domain. An
applicability domain defines to which operations, port types, ports, and/or Web Ser-
vices the given WSOL item applies. Declarations of used QoS metrics, discussed in
Subsection 3.8, also contain specification of applicability domains, denoting for
which operations, port types, ports, and/or Web Services the QoS metric is measured
or computed.

In WSOL, an applicability domain is specified using the attributes ‘service’,
‘portOrPortType’, and ‘operation’. Definitions of constraint group templates, con-
straint groups, statements, and non-periodic constraints, as well as declarations of op-
eration calls and used QoS metrics have these three applicability domain attributes.
However, definitions of service offerings and periodic QoS constraints have only the
attribute ‘service’. This is because they do not describe an operation, port type, or
port, but a complete Web Service.

We categorize applicability domains into specific and abstract. A specific appli-
cability domain refers to a particular operation (or a group of operations) of a par-
ticular port (or a group of ports) of a particular Web Service. On the other hand, in an
abstract applicability domain, the value of one or more of the applicability domain
attributes refers to any operation, port type, port, and/or Web Service. An example of
an abstract applicability domain is ‘a particular operation of a particular port type (but
not a particular port of a particular Web Service)’.

To represent special values of the applicability domain attributes, WSOL has
built-in constants ‘WSOL-ANY, ‘WSOL-EVERY, ‘WSOL-MANY, and ‘WSOL-ALL’
[4, 5]. ‘WSOL-ANY is used in abstract applicability domains, while the latter three
constants are treated as specific applicability domains. For example, the constraint
group ‘CG17’ from the Appendix has specific applicability domain, while its QoS
constraint ‘QoScons_3’ has abstract applicability domain.

The benefit of having abstract applicability domains is that WSOL items that have
abstract applicability domains can be included (in the case of constraint group tem-
plates: instantiated) in different service offerings, constraint groups, and constraint
group templates. This means that using abstract applicability domains is beneficial for
reusability of WSOL items. On the other hand, to perform monitoring and manage-
ment activities with WSOL service offerings, it is necessary to know precisely for
which Web Service, port, and operation a WSOL constraint should be evaluated (or a
QoS metric should be measured or computed). Consequently, using specific applica-
bility domains is important for manageability of WSOL items. To conclude, the goals
of reusable and manageable WSOL items conflict with each other.

To provide some support for reusability, while ensuring manageability of WSOL
items, we have developed the concept of an actual applicability domain. The actual
applicability domain of a contained WSOL item is calculated as an intersection of
the values of its applicability domain attributes and the actual applicability domain of
its immediate containing WSOL item (service offering, constraint group, or constraint
group template). If the contained WSOL item is defined with an abstract applicability
domain and the containing WSOL item has a specific actual applicability domain,
then the actual applicability domain of the contained WSOL item can be specific. For
example, the actual applicability domain of the ‘QoScons_3’ within the ‘CG17’ is
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specific. In this way, WSOL items can be both reusable and precise enough for man-
agement activities.

To ensure that applicability domains of containing WSOL items and their
contained WSOL items produce meaningful actual applicability domains and do
not conflict, we have defined rules for relationships between these applicability
domains. In addition, we have defined rules for the specialization of domains during
inclusion of items with abstract applicability domains. While these rules support both
manageability and reusability of WSOL items, they also introduce additional
complexity into WSOL. Detailed discussion and examples of these rules are given in
[4, 5].

3.7 Declaration of Operation Calls

Expressions in WSOL constraints can contain calls to operations implemented by an-
other Web Service, by the management entity evaluating the given constraint, or by
the Web Service for which the constraint is evaluated. A declaration of an operation
call enables referencing results of the same operation call (i.e., the same invocation)
in different sub-expressions of one constraint or in several related constraints, without
re-invoking the operation. Examples of the declaration of an operation call and its use
in expressions can be found in [4, 5].

3.8 External Ontologies and WSOL Declarations of Used QoS Metrics

By ‘definition of a QoS metric’ we mean ‘all the information necessary to measure
this QoS metric or compute it from other QoS metrics, as well as the information nec-
essary to use this QoS metric’. For example, a QoS metric ‘response time’ can be
computed as ‘time immediately after the operation execution – time immediately
before the operation execution’ and its measurement unit can be ‘second’.

An important reusability feature of WSOL is that QoS metrics used in WSOL
specifications are not actually defined in WSOL files. They are defined in reusable
external ontologies of QoS metrics [16]. WSOL also supports external ontologies of
measurement units and currency units. Ideally, appropriate standardization bodies
would define such ontologies and make them well-known. In practice, any other in-
terested party (ranging from powerful multinational companies to interested individu-
als) can also define and publish such ontologies.

Once a QoS metric is defined in a reusable external ontology, its use for particular
operations, port types, ports, and/or Web Services is declared in WSOL files. The
Appendix shows the WSOL construct for the declaration of a used QoS metric
‘DailyAvailability’ (defined in the ontology ‘QoSMetricOntology’) inside the periodic
QoS constraint ‘QoScons4’ in the constraint group template ‘CGT2’.

Apart from the increased reusability, the outsourcing of definitions of QoS met-
rics, measurement units, and currency units into external ontologies can have other
benefits [5]. First, the use of external ontologies eases comparisons between WSOL
service offerings specified for the same or for different Web Services. If QoS metrics,
monetary units, and currency units were defined within a service offering, compari-
sons of service offerings using the same QoS metrics, monetary units, and/or currency
units would be harder. Second, the use of common external ontologies can decrease
chance of semantic misunderstanding between provider Web Services and their
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consumers. Some QoS metrics, such as response time, can be defined in several ways
[16]. Even when definitions of QoS metrics are precise, a semantic misunderstanding
can occur if the involved parties have different interpretations of the basic terms used
in these definitions. For unambiguous understanding of providers and consumers both
precise definitions of QoS metrics and the use of common basic terminology are nec-
essary. Ontologies can provide both. Third, such outsourcing can ease compilation of
WSOL files and reduce run-time overhead of their monitoring, metering, and evalua-
tion. This is because optimized code for monitoring and metering of most common
QoS metrics (or at least some basic QoS metrics) from such ontologies can be built
into the management infrastructure for WSOL.

We have summarized the requirements for ontologies of QoS metrics, measure-
ment units, and currency units in [16]. The ontologies we currently use for our ex-
periments with WSOL have very simple structure and only a few entries. We plan
more work in this area, including the use of WSOL expressions in such ontologies, in
the future.

4 Potential Influences of WSOL Reusability Constructs on
Related Works

As overviewed in Section 2, there are several recent works on the formal and precise
description of Web Services, their constraints (particularly QoS), and SLAs. Ideally,
future standards for the comprehensive description of Web Services, in addition to
WSDL, should integrate good features from all relevant works, including WSOL. We
believe that WSOL reusability constructs (along with some other WSOL concepts and
features, as discussed in [3]) can be a very useful input into such future standards.
Some WSOL reusability constructs would also be a useful addition to the competing
works. In this section, we outline potential influences of WSOL reusability constructs
on WSLA, WSML, and WS-Policy, while further discussion—including potential
influences on SLAng, DAML-S, and WSMF—is given in [5].

WSLA and WSML have relatively few reusability constructs. They both have
some support for templates, but not as flexible as WSOL constraint group templates.
In addition, WSLA has the concept of an obligation group (similar to the WSOL
concept of a constraint group) and the concept of an operation group (more powerful
than the specification of specific applicability domains in WSOL). Addition of
other WSOL reusability constructs—particularly inclusion and extension (inheri-
tance)—to these languages would enable easier development of WSLA and WSML
specifications. Note also that WSLA and WSML files contain precise definitions
of the QoS metrics, while we suggest outsourcing these definitions into reusable
external ontologies. WSLA, WSML, and WSOL can be good starting points for the
standardization of the language for such ontologies. On the other hand, the QoS
metrics built into the SLAng schema can be used as input for the development of the
ontologies.

The influences between reusability constructs in WSOL and WS-Policy can go in
both directions. WS-Policy has several good reusability features, many similar to
those present in WSOL. It enables definition of policies either inside definitions of
subjects to which they refer (e.g., inside WSDL files) or independently from defini-
tions of subjects. In the latter case, the policy and the subject are associated through
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an external attachment. An external attachment contains definition of an applicability
domain, which contains an unordered set of subjects (e.g., WSDL services, ports,
and/or operations). This definition of applicability domains is more flexible than the
one used in WSOL, but it leaves greater space for semantic errors (e.g., when a policy
containing references to message parts is attached to a subject where these message
parts do not exist). Next, WS-Policy enables inclusion of parts of policies into other
policies. This is analogous to the WSOL inclusion of constraint groups, constraints,
statements, and expressions. Further, WS-Policy defines policy operators that group
parts of policies. There are three policy operators in WS-Policy: ‘All’, ‘ExactlyOne’,
and ‘OneOrMore’. Since they can be named and included as units, policy operators
are similar to WSOL definitions of constraint groups. Our recent WSOL additions of
constraint groups and constraint group templates in which only some constraints have
to be satisfied and of naming and inclusion of expressions were influenced by WS-
Policy.

On the other hand, some WSOL reusability constraints could be introduced
into WS-Policy. In particular, policies and their parts may be parameterized, but
WS-Policy does not provide further detail about this topic. We suggest extending
WS-Policy with a precise definition of templates, similar to WSOL constraint
group templates. Also, supporting inheritance, in addition to inclusion, would enable
easier comparison of policies. Some other extensions of WS-Policy, such as precise
specification of management information for the specified policies, are also needed
[3].

5 Conclusions and Future Work

WSOL has a diverse set of reusability constructs: definition of service offerings
(SOs), definition of constraint groups (CGs), definition and instantiation of constraint
group templates (CGTs), extension, inclusion, specification of applicability domains,
and declaration of operation calls. These constructs enable defining common or simi-
lar parts of WSOL specifications once and using these definitions many times. Con-
sequently, they provide easier specification of new WSOL items from existing WSOL
items for the same Web Service or different Web Services.

We see practical applications for all WSOL reusability constructs. For example,
the definition of abstract applicability domains enables defining reusable WSOL
items (service offerings, constraint groups, constraint group templates, constraints
and/or statements) that can be shared between various Web Services through inclu-
sion and constraint group template instantiation. In particular, constraint group
templates can be instantiated many times, with different parameter values. Since
significant similarities can exist even for classes of service of different Web Services,
constraint group templates are particularly reusable WSOL items.

Ideally, an appropriate standardization body (or at least, some powerful compa-
nies) would define most common and most reusable Web Service description items
(e.g., WSDL port types, WSOL items) and make them well-known. Such libraries of
reusable Web Service description items would complement reusable ontologies of
QoS metrics, measurement units, and currency units. If such reusable libraries and
ontologies were defined and used widely in practice, the heterogeneity of Web
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Services would be alleviated since it would be easier to compare Web Services and
their classes of service, as discussed next.

WSOL reusability constructs determine static relationships between service offer-
ings, which show similarities and differences between service offerings. Conse-
quently, they can be used in the process of selection of Web Services and their service
offerings. Such static relationships complement dynamic relationships between ser-
vice offerings, specified outside definitions of service offerings. The process of
comparison, negotiation, and selection of Web Services, their functionality, and par-
ticularly QoS is a very complex issue, without a simple and straightforward solution.
WSOL static and dynamic relationships between service offerings can guide this pro-
cess, but appropriate algorithms and heuristics have to be developed. Further, static
relationships between service offerings also support the mechanisms for dynamic (i.e.,
runtime) manipulation of classes of service discussed in [2], particularly dynamic
creation of new classes of service.

Several recent related works—WSLA, WSML, WS-Policy, SLAng, DAML-S,
and WSMF—address issues that partially overlap with WSOL. In some aspects, they
are more powerful than WSOL. However, WSOL also has its advantages [3], such as
the richer set of reusability constructs. Future standards for the comprehensive de-
scription of Web Services (additional to WSDL) should integrate good features from
all these works, including WSOL. Some WSOL reusability constructs would also be a
useful addition to the competing works.

While the focus of our current and future research is on the WSOI management
architecture, we are also working on enhancing the WSOL language. In particular, we
have recently extended WSOL in several ways, some of which are related reusability
constructs. One example is the addition of constraint groups and constraint group
templates in which only some constraints have to be satisfied. Another example is the
possibility of naming and inclusion of expressions. These and some other recent
WSOL improvements (e.g., the more consistent and more versatile syntax for WSOL
statements) will be explained and illustrated in a forthcoming publication. We also
plan some other minor additions to reusability constructs in future versions of WSOL.
An example is subcontracting of service offerings, constraint groups, and constraint
group templates, as discussed in Section 3.4. Other improvements of WSOL, such as
specification of service fees for third-party management and accounting parties, are
also envisioned. Nonetheless, WSOL is relatively complete and stable and its reus-
ability constructs have both the expressive power and significant practical applica-
tions. They can positively influence the competing works and future standards in this area.
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Abstract. This paper proposes the concept of business events as the corner-
stone to web service description and coordination. First, a web service architec-
ture is introduced as the result of an event based analysis & design phase.
Then, it is advocated how the event concept can be used for semantically rich
web service description. A distinction is made between two web service inter-
faces: a non-transactional query interface and a transactional event notification
interface. Furthermore, a web service composition model is proposed, based on
event broadcasting and event preconditions, instead of traditional one-to-one
method invocations. The composition model is presented in a static variant and
in a version with dynamic subscription. Throughout the paper, it is shown
how the event based approach fits entirely within the current standard
SOAP/WSDL/UDDI web services stack.

1 Introduction

The web services concept can be considered as a revolutionary paradigm for loosely
coupled application integration within and across enterprise boundaries. It promises
to bring about a revolution in the way business partners can integrate their informa-
tion systems, allowing for innovative organizational forms that were unthinkable be-
fore [1]. A web service can be looked upon as a public, remote interface to certain
functionality, where the actual implementation is hidden from the applications that
use it. In this aspect it is very similar to distributed object technologies such as RMI,
CORBA and DCOM, which are, however, restricted to the intranet. In contrast, web
services use a lightweight XML messaging protocol, SOAP [2], which is applicable
across the entire Internet, without being hampered by companies’ firewalls.

Still, despite its obvious great promises, the web service paradigm hasn’t fully
lived up to its expectations (yet), at least not at the inter-enterprise level. Indeed, web
services are well established for intra-enterprise application integration (EAI) and
even static business-to-business interaction (B2Bi), i.e. in an extended enterprise with
fixed, long-standing business partners. However, they fail to provide more than very
basic services at the level of dynamic B2Bi, where services dynamically find
one another and enter ad-hoc partnerships to perform complex business transactions.
Current implementations of dynamic B2Bi are largely limited to rather simple
request/response services such as currency converters, stock information services, i.e.
non transactional systems. In this respect, web service technology didn’t succeed in
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fulfilling two of its primary promises: fully automated discovery and invocation of
(remote) services and fully automated composition of “atomic” services into ad-hoc
complex, transactional systems.

This paper advocates how failure to achieve those two goals can, at least partially,
be imputed to the one-to-one interaction paradigm that inherently underlies “tradi-
tional” SOAP messaging. As an alternative, an approach to web service interaction is
proposed, based on the simultaneous participation in (and processing of) shared busi-
ness events. Event notifications are not propagated one-to-one but are broadcast in
parallel to all services that have an interest in an event of the corresponding type.
Yet, this broadcasting paradigm is fully compatible with current web service stan-
dards such as SOAP, WSDL and UDDI. The paper is structured as follows: Section
2 briefly overviews how the business event concept can be used at the level of analy-
sis, design and implementation of web services. In Section 3, business events are
used to enhance web service description, distinguishing between a (non-transaction)
query interface and a (transactional) event notification interface. Section 4 discusses
web service composition and coordination, again through participation in shared
events. Conclusions are formulated in Section 5.

2 Event Based Web Service Development

The event based interaction mechanism as proposed in this paper directly reflects an
underlying object-oriented analysis and design methodology: MERODE [3,4].
MERODE is complementary to UML [5], which can then be used as a formalism to
capture the MERODE specifications. MERODE represents an information system
through the definition of business events, their effect on enterprise objects and the re-
lated business rules. Although it follows an object-oriented approach, it does not rely
on “pure” method invocation to model interaction between domain object classes as
in classical approaches to object-oriented analysis, e.g. [6]. Instead, business events
are identified as independent concepts. An object-event table (OET) allows defining
which types of objects are affected by which types of events. When an object type is
involved in an event, a method is required to implement the effect of the event on in-
stances of this type. Whenever an event actually occurs, it is broadcast to all involved
domain object classes. For example, let us assume that the domain model for an order
handling system contains the four object types CUSTOMER, ORDER, ORDERLINE and
PRODUCT. The corresponding UML Class diagram is given in Fig. 1.

Fig. 1. Domain model for an order handling system

Business event types are e.g. create_customer, modify_customer, create_order,
ship_order, etc. The object-event table (see Table 1) shows which object types are
affected by which types of events and also indicates the type of involvement: C for
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creation, M for modification and E for terminating an object’s life. For example,
create_orderline creates a new occurrence of the class ORDERLINE, modifies an occur-
rence of the class PRODUCT because it requires adjustment of the stock-level of
the ordered product, modifies the state of the ORDER to which it belongs because the
number of outstanding order lines has to be increased, and modifies the state of the
CUSTOMER of the order because the total cost of outstanding orders has to be updated.

The event based domain model is combined with a behavioral model. Each enter-
prise object type has a method for each event type in which it may participate. Such
method specifies preconditions put on the corresponding event type by the object type
and implements an object’s state changes (i.e. changes to attribute values) as the con-
sequence of an event of the corresponding type. For example, when a customer or-
ders a product, a new ORDERLINE is created, which involves the following business
events: create_order and create_orderline. Preconditions may be based on class
invariants (such as attribute constraints and uniqueness constraints) and on event
sequence constraints that can be derived from a finite state machine associated with
the object type. For example, Fig. 2 shows a finite state machine for the ORDER
domain object. As long as it is not signed, an order stays in the state “existing”. The
customer_sign event moves the order into the state “registered”. From then on the
order has the status of a contract with the customer and it cannot be modified any-
more: the events modify_order, create_orderline, modify_orderline and end_orderline
are no longer accepted for this order. The ship_order event signals that the order has
been shipped to the customer, after which the order object reaches the “shipped” state.
Finally, the bill event signals the billing of the order. In this way, the sequence con-
straints mimic the general business process(es). Full details of how to construct such
an object-event table and validate it against the data model and the behavioral model
are beyond the scope of this paper but can be found in [3,4].

The entirety of all enterprise objects that together shape the business process(es) is
called the enterprise layer. The eventual information system is realized as a layer on
top of the enterprise layer, consisting of output and input services. Output services
use attribute inspections to query the enterprise objects and deliver the information to
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Fig. 2. State machine for an ORDER object

the user. Upon occurrence of a business event in the real world, input services collect
input data from the user and invoke the corresponding event to update the set of en-
terprise objects. This enterprise layer (and the associated input and output services)
can be implemented in multiple ways: standalone or distributed, tightly coupled or
loosely coupled. Currently, existing implementations are built around e.g. stored
procedures [4] or an EJB framework [7].

As discussed in detail in [8], an implementation by means of web service technol-
ogy can be achieved in three stages, in line with the Model Driven Architecture of the
OMG [9]. First, the business rules are captured into a MERODE-based, technology
neutral business model, which defines the enterprise objects and their interaction
through participation in shared business events. The business model is then “en-
riched” into an architectural model, which groups the enterprise objects into distrib-
uted, loosely coupled components: the actual web services. Here, attribute inspection
and event broadcasting are identified as distinct, complementary interaction types. In
a third stage, the architectural model is translated into an actual technology-bound
implementation model, based on current state-of-the-art technologies such as SOAP
and WSDL.

A generic architectural model for a web services environment is depicted in Fig. 3.
The enterprise layer is distributed across different services, with each service control-
ling/consisting of a subset of the enterprise objects. A web service is conceived as a
layered structure: its local enterprise layer incorporates the actual business logic.
This layer also contains stub objects, which locally represent external web services.
The layer above is called the event layer and consists of an event dispatcher, which
also has a transaction management task. The highest layer is the interface layer. A
web service can be accessed through two types of interfaces: a query interface and an
event notification interface. Separate input services and output services, combined
with a user interface, allow for human users to interact with the web service. For a
thorough discussion of the proposed architecture, we refer to [8]. Throughout the re-
mainder of this paper, the relevant components of the architecture will be clarified.
The next section deals with both types of interfaces, as they will be the foundation to
event based web service description.
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Fig. 3. A generic architectural model for a web services environment

3 Event Based Web Service Description

3.1 Introduction

A key requirement for a successful web service is that potential users are able to find
the right service and obtain the information necessary to interact with it. The way in
which web services can be advertised and discovered strongly resembles the CORBA
approach: CORBA objects are described by their IDL interface, which can be pub-
lished in an IDL repository [10]. WSDL [11] and UDDI [12] can, to a certain extent,
be considered as web service variants of respectively IDL and IDL repositories.
However, whereas an intranet-based technology such as CORBA still pertains to a
manageable number of services, transposing a similar approach to a world-spanning
environment such as the Web may result in very poor searching performance. Speci-
fying a service solely in terms of its interface, i.e. its input and output message types
as is done in WSDL only offers a very incomplete picture, especially since the ulti-
mate goal of many web services is to provoke changes in the real world, e.g. debiting
a credit card in exchange for the delivery of a book at a certain address. This business
logic, i.e. what the service “does” may be a much more valuable search criterion. Al-
though UDDI provides a categorization mechanism according to “real-world” criteria
such as industry branch, product type and geographic location, this only accommo-
dates for a rough, first-level filtering of available services. It is in no way destined at
discovering a service based on fine-grained specifications of what is required from it.
In this section, we discuss how the event based approach can make a web service’s
interface itself more descriptive by discerning between two interfaces: a query
interface and an event notification interface. Further on, we indicate how the
interface based description can be complemented with information about a service’s
process logic.
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3.2 The Query Interface

The query interface allows reading the attribute values from the enterprise objects that
make out a web service. Attribute inspection is a rather straightforward type of inter-
action and is based on a one-to-one process. The interaction does not cause a state
change: the enterprise objects’ attributes are never “written to” through a web
service’s query interface. Therefore, preconditions resulting from class invariants or
sequence constraints are not applicable to attribute inspections1 , nor should such invo-
cation be subject to a transaction context. In its simplest form, the query interface
publishes a set of public getAttribute() methods at the service level, which are mapped
transparently to getAttribute() methods on individual enterprise objects. Obviously,
performance can be boosted if multiple correlated attribute inspections are bundled
into a single SOAP message exchange. Therefore, in a more complex form, the query
interface may allow invoking real query methods that inspect multiple enterprise ob-
jects in the web service and which may also calculate aggregate values, check for the
existence of a certain object etc. In the latter case, a query method’s input
parameters behave as selection criteria that denote to which object(s) the attribute
inspections apply.

Fig. 4. Invocation on a web service’s query interface

Fig. 4 presents the simplified example (at instance level) of the query interface for
a “BeautyProducts Inc.” manufacturer web service. Invoking the GetProductInfo()
method on the query interface results in the appropriate attributes being inspected
on several enterprise objects, as determined by the method’s input parameter
“Product26”. The requested values are communicated in a single return message.
The example includes a (simplified) SOAP message that represents an invocation to
this interface, along with a return message that contains the query result.

1 The sole exception may be checks for the appropriate access privileges, which is beyond the
scope of this paper.
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3.3 The Event Notification Interface

The situation where a service A “writes” to a service B, i.e. causes attribute values in
B’s enterprise objects to be updated, is a bit more complex because the updates that
result from a given business event are to be coordinated throughout the entirety of all
enterprise objects that participate in the event. These combined updates must be con-
sidered as a single transaction. A service is never allowed to directly invoke setAt-
tribute() methods on another service’s enterprise objects. A service can only “write
to” another service by inducing a business event on this service, which may affect the
state of one or more enterprise objects embedded in the service, provided that all con-
straints are satisfied.

An event is induced by invoking the appropriate method on a web service’s event
notification interface. If a relevant event occurs in the real world, e.g. a customer is-
sues a purchase order, a stock drops below a threshold value, an order is shipped, ...
this event is acknowledged by an input service, e.g. by a user pressing the “sign” but-
ton in a sales order form. The input service notifies the web service by an invocation
on the web service’s event notification interface. For each event type “understood”
by the service, the event notification interface has a separate method.
Attributes that describe the event (e.g. order quantity) are passed as input parameters
to the method.

Upon invocation of such method, the event notification interface passes control to
the event dispatcher. The latter implements a “local” OET and knows which event
types are relevant to which (types of) local enterprise objects. The event is broadcast
by the event dispatcher by simultaneously invoking the appropriate method on each
enterprise object that participates in the event. The service’s global reaction to the
business event corresponds to the combined method executions in its individual
enterprise objects. The corresponding transaction is only committed if none of the
objects that take part in the event have generated an exception because of a precondi-
tion violation.

An example is, again at instance level, presented in Fig. 5. The web service
for “BeautyProducts Inc.” is notified of a create_orderline event for product #26,
order #56 and with a quantity of 30. In this web service, only the enterprise object
“Product26” is affected by the event. As will be depicted in Fig. 7, other enterprise

Fig. 5. Invocation on a web service’s event notification interface
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objects in other web services can also be involved. The event is broadcast by the
event dispatcher to Product26. The latter updates its stock level, provided that the
constraint “order_quantity     stock” is satisfied. Included in the example is a sample
SOAP message that represents a corresponding event notification. Note that, in
contrast to traditional method based interaction, no return values are sent other than
possibly a status variable for transaction management purposes, i.e. to inform the
event dispatcher whether the event was accepted or whether it failed because a
constraint was violated.

3.4 Discovery and Invocation of Web Services

A “traditional” SOAP based method invocation on a web service may have two ef-
fects: it may cause a state change in the web service (as part of the execution of the
method) and it may retrieve information from the service (by means of its return
value). The event paradigm differs from this standard method invocation approach in
that the cases of “reading from” a web service and “writing to” a web service are
strictly separated. The latter is called the Command-Query Separation design princi-
ple, which, as discussed in general in [13], makes software much more transparent
and makes classes easier to (re)use. [14] discusses its design and maintenance advan-
tages specific to a web services context.

However, the distinction between a query interface and an event notification inter-
face also allows for richer web service description. The query interface describes
which information can be provided by the service. The interface not only describes
the service, it can also be invoked by search engines to use the web service’s current
state as part of the selection criteria when searching for a web service, e.g. to search
for an on-line library, which currently has the title (“XML for dummies”) available.

In contrast, the event notification interface denotes to which types of real world
events the service will respond, hence provides information about what the service
does. The event paradigm has the advantage of reconciling a business concept with a
programming concept: business events such as purchases, out-of-stock events etc. but
also events in the programming sense of the word, i.e. to which services can sub-
scribe. This business aspect of events does not reduce the description of an event no-
tification interface to mere a software concept, but also links it to “real world events”.

Both a web service’s query interface and event notification interface are fully
compatible with current web service standards. “Traditional” web services or search
engines will be confronted with a standard WSDL interface description. An example
of a (partial) WSDL description of the Beauty Products service’s interface is depicted
in Fig. 6.

Once the appropriate web service has been selected, one needs to be able to re-
trieve information about how a request to the service is to be conducted. Tradition-
ally, this will include details of the input parameters that are to be provided and the
output parameters that can be expected. The latter will suffice for very simple ser-
vices, e.g. a currency conversion service, but it may prove to be limiting in the case
where multiple types of inputs and intermediate conditions may result in a diverse
range of possible output types, e.g. an online trip booking service. In such case, an
explicit description of the service’s logic may be required. Also, “real world” proper-
ties, which cannot be considered input or output parameters but which may definitely
affect the outcome of a transaction, should be taken into consideration. As to these,
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Fig. 6. Example of a partial WSDL description for the BeautyProducts web service

the event based approach can again be utterly useful, simply because the event notion
bridges the gap to real world concepts.

Taking this one step further, one could imagine the web service’s state machine
being published as metadata to the service, as applied in DAML-S [15]. An event
may induce a state transition to one or more of the service’s objects (and, as discussed
further on in this paper, to one or more services). The published state machine would
be a unified version of the respective state machines of the internal enterprise objects,
retaining only these states and transitions that are relevant to the outside world. In
this way, the calling application would know in advance which preconditions are re-
quired for a certain event to be accepted and which results (i.e. postconditions) can be
assured. In contrast, an invocation to the query interface will never induce a state
transition.

Finally, such event based description lends itself well to be enhanced with seman-
tic web concepts. Ontology languages such as OWL [16] can be used to describe the
“meaning” of a certain business event type, parameters, states etc. at a semantic level,
as advocated in [17].

4 Event Based Web Service Coordination, Composition
and Choreography

4.1 A Composition Model for Static B2Bi

As already stated, the web service concept hasn’t fulfilled its full potential (yet) at the
level of complex, composite services. Standards for web service transactions, com-
position and choreography are still under development. Existing attempts such as
BTP [18], WSCL [19] BPEL4WS [20] or BPML [21] are based on quite divergent
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assumptions. This paper does not try to introduce yet another standardization
proposal. Rather, it discusses how the event broadcasting concept may provide a
composition model that facilitates the development of a standard.

In our opinion, an important factor in the troublesome process of web service
coordination and choreography is the fact that SOAP, as it is traditionally used,
is essentially a one-to-one mechanism. The latter may be adequate for simple
request/response services, but is inherently difficult to co-ordinate in a complex envi-
ronment where numerous business partners interact in shared business processes.
With an event based paradigm, transactional interaction, i.e. a “write” operation is es-
sentially a broadcasting mechanism instead of a one-to-one method invocation: event
broadcasting is implemented by means of SOAP method invocations, but the methods
are executed in parallel and in a coordinated way on all enterprise objects that
participate in the event. In this way, a single business event results in multiple simul-
taneous updates in multiple enterprise objects. Previous sections discussed this issue
at the level of a single service. This section denotes how events can mould coordi-
nated interactions between services, which are much easier to model than the myriad
of one-to-one message exchanges that could make out a single business transaction in
a pure method based approach.

Each web service may have its own local input services, which generate local
business events. These events can be dispatched to the service’s local enterprise ob-
jects that participate in the event, based on a “local” object event table. As to remote
objects to which the event may be relevant, the proposed architecture caters for an ex-
plicit subscription mechanism. In this way, a given web service’s event dispatcher
will dispatch its events to all local objects and to all remote services that are sub-
scribed to the corresponding event type. For that purpose, a web service’s architec-
tural model is enriched with stub objects that locally “represent” an individual remote
service and that contain a reference to it, e.g. its URL. The general purpose of these
stub objects is to make the distribution aspect of the enterprise layer transparent to a
web service’s local enterprise objects and to its event dispatcher. A first function of a
stub object is to “mirror” attributes that belong to the enterprise objects of the remote
service it represents (see [8] for more details). However, more importantly, it also
propagates event notifications to the remote service it represents. As illustrated in
Fig. 7, the resulting event based interaction mechanism takes place in four stages: if
an event occurs in a given web service, as initiated by an invocation to its event noti-
fication interface (1), this event is broadcast to all appropriate local objects, i.e. enter-
prise objects and stub objects (2). Each stub object propagates the event by invoking
the appropriate method on the event notification interface of the external service it
represents (3). Such remote service’s event dispatcher then in its turn broadcasts the
event to its own local objects (4). Some of these may also be stub objects that further
propagate the event etc. The appropriate enterprise objects each execute a corre-
sponding method, in which preconditions are checked and/or updates are executed (5).

Stub objects play an important role in distributed transaction management and
web service choreography. Indeed, within an individual service, the event dispatcher
enforces the “atomicity” of an event: an event only succeeds if no preconditions are
violated in any of the enterprise objects that participate in it. The event dispatcher
commits the transaction if no “reject” messages were returned by any local enterprise
object. Local stub objects may also reject an event: a stub object does not impose
preconditions itself, but receives an accept/reject return value upon invocation to
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Fig. 7. Example of event propagation by means of stub objects

the event notification interface of the remote web service it represents. If the (partial)
transaction fails in the remote service (because preconditions were not met in one or
more of the latter’s own enterprise objects), the stub receives a “reject” return value.
As a consequence, the stub rejects the event locally and in its turn returns a reject
value to the local event dispatcher. In this way, the concept of event broadcasting and
propagation results in a distributed transaction mechanism. Whereas the underlying
SOAP invocations only represent one-to-one interactions, events can be seen as coor-
dinated actions that affect multiple services. They are initially induced on a single
service, but are propagated to all services subscribed to the event (event subscription
is discussed in section 4.2) and finally result in parallel method invocations on all
(local and remote) enterprise objects that participate in the event. The action is only
committed if no constraint are violated in any of the participating services/enterprise
objects. In this way, events shape a coordination mechanism, derived from the
business model, over the individual SOAP invocations.

In this way, event propagation can be used both for interaction between peer ser-
vices (by the stubs propagating event notifications) and for a complex service to coor-
dinate the behavior of its components (by the local event dispatcher notifying local
objects). This approach can be easily generalized into an n-level system: each local
object and each remote service may in their turn be complex objects, which react to
the event by further propagating it to their constituent objects or (through their own
stubs) to yet other remote services etc. The event is propagated recursively at each
level in a hierarchy of complex web services with a complex task, that in their turn are
conceived of more simple services with a simpler task until a level of atomic services
is reached. The choreography is not stored in a central document: the appropriate
consecution(s) of events is/are determined by the preconditions imposed by the
individual enterprise objects. These preconditions emanate from the state machines
of the enterprise objects, hence reflecting the actual business processes.
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4.2 A Composition Model for Dynamic B2Bi

The previous section actually dealt with a model for static B2Bi. In such situation, all
interacting partners “know” one another in advance: together they forman extended
enterprise. In such situation, dynamic event subscription is not necessary; stub
objects are created at the moment when the interacting web services are
deployed.

This approach can be extended into a composition model for dynamic B2Bi,
where partners have to dynamically find one another, after which they participate in
short lived, ad hoc partnerships. In that case, stub objects will be created at runtime,
when a certain remote service is selected for interaction. Just like the “real” enter-
prise object types, stub object types are represented in the object-event table. The lat-
ter denotes which event types have a “create” effect on a stub object type. If such an
event is induced, a new stub object instance is created (at least if all preconditions are
satisfied) and initialized with the URL of the external service it represents. This URL
is to be provided as one of the event’s parameters. From then on, the stub object is
responsible for the interaction between the two services. In this way, dynamic sub-
scription of one service to another, i.e. the initiative to start interacting, is modeled as
part of the business processes and embedded in the lifecycle of the enterprise objects.
In a similar way, events with an “end” effect on a stub object terminate the interaction
between two services.

In this respect, one last issue is how the “decision” of one service to search for and
subscribe to another service is to be made. This paper does not address the search
(and possible matchmaking) mechanism itself, but its contribution lies in the ability to
automatically formulate web service search criteria through the concept of failed
events. Indeed, an event can be seen as a transaction. Web transactions typically
have transaction management mechanisms that are less strict than the traditional
“ACID” properties from the database world. Especially, “long-lived” transactions
(e.g. the online booking of a trip) will not always be committed or rolled back in their
entirety, but will consist of sub-transactions for which an alternative (i.e. a “correc-
tive” action) has to be sought, if one of them fails. In the context of events, a failed
transaction can be translated as a precondition not being satisfied in one of the enter-
prise objects (either local or remote). Instead of rolling back the entire event, a meas-
ure of goal seeking intelligence can be added to the event dispatcher so as to come up
with a corrective action for the failed precondition, instead of aborting the entire
transaction. Two alternatives can be discerned, which can be enhanced with semantic
web based mediation capabilities as discussed in [22]. A first possibility is that the
event dispatcher of the web service where the event was initially induced tries to in-
duce (an) additional, “subordinate” event(s) on the service where the event was re-
fused. The subordinate event(s) should result in state changes that resolve the original
precondition violation. In this respect, the precondition can be seen as the goal that is
to be achieved to be able to have the original event succeed. The subordinate events
can be selected based on whether their postconditions assist in achieving this
goal. For example, a purchase event in an on-line shop could be rejected because
it is “membership required”. The calling service could then try to induce a
new_membership event, so as to satisfy the precondition for the original purchase
event. A second option is to simply “replace” the service where the precondition was
violated with a similar service that imposes less strict preconditions. In that case, the
new service will be selected based on the events it understands and on the
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preconditions it imposes on them. For example, the calling service could look for an-
other shop, which does not require membership. Again, search criteria not only entail
interface formats, but also specifications about the effect(s) on the real world.

5 Conclusions

A rigorous analysis and design phase is often overlooked with respect to web service
development [23]. This paper proposed a business modeling paradigm where an
information system’s behavior is closely related to real world business events. The
relation between static and dynamic specification is made by means of a very elegant
and concise modeling technique: the object event table. The event based specification
can be implemented without giving up on the current de facto standard web services
stack based on SOAP, WSDL and UDDI.

Moreover, the clear distinction between query interface and event notification
interface results in improved web service description capabilities. The description
can be further enhanced by an explicitation of the business logic by means of state
machines, with business events inducing the state transitions.

Events also facilitate the coordination of interacting web services. Discerning at-
tribute inspections from event notifications allows for focusing on only the latter with
respect to transaction management. Also, the fact that event propagation is a broad-
casting mechanism yields a composition model that is much simpler than streamlining
the myriad of one-to-one message exchanges in a purely RPC based approach.

Not unlike [24], statecharts are used to capture the business processes, rather than
flowcharts as applied e.g. in [25]. Particular to our approach is that business events
are a core modeling component, triggering and coordinating state transitions in multi-
ple enterprise objects and services. The “choreography” is distributed as precondi-
tions imposed by the respective enterprise objects and services that participate in an
event; at each level the behavior of a composite system is the union of the individual
objects’ behavior. Dynamic B2Bi is facilitated by incorporating a goal seeking and
subscription mechanism, again based on business events and preconditions resulting
from the state machines that reflect the underlying business processes.
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Abstract. Traditional methodology for web application development can not
fully satisfy the requirement raised by web services. Generally, distributed web
applications are built on top of 3-tier client/server model, which is a relatively
static environment that can provide reliable static service binding. However, in
the web service-oriented environment, service binding is dynamic and just-in-
time. How to enable the composition among the web services has become a key
area in the software engineering research. In this paper, we present a new meth-
odology for web application development, which is a framework that facilitates
the visual design, validation and development of web service composition. The
framework is mainly based on Web Service Composition Graph (WSCG), the
underlying formalism for web service compositions. Using graph grammar and
graph transformation defined on WSCG, the static topological structure of a
web service composition can be described and the automation of the con-
structed web service composition is also facilitated.

1 Introduction

In the past few years, web application design and implementation models are based
on technologies that do not provide abstractions for capturing high-level design con-
cepts. Therefore it is difficult to track design models in the implementation [8]. How
to maintain the consistency between design models and implementation becomes a
difficult task. On the other hand, with the development of the Internet and XML
technologies, the more web services from different service providers becoming
available on the Internet; the more web application scene will be dominated by web
services in non-mission critical environments over the next several years. The
traditional web application development methodology does not fulfill the requirements
of web service-oriented environment, such as service dynamic composition and just-
in-time binding [12]. Web services are becoming a common way of publishing e-
business applications, because web service has certain advantages: firstly, web
services participated in are loosely coupled. Secondly, the interactions among the web
services use the messages exchange in standard XML format (mostly the candidate is
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the messages exchange in standard XML format (mostly the candidate is SOAP).
Lastly, the most advantage of web service is that it is easy to compose web services to
complex web applications.

Web-based business environments have become exceedingly dynamic and competi-
tive in recent years. However, web application development technology does not yet
provide enough flexibility to support the dynamic nature of web applications. In order
to build web applications that are based on web services, it is important to model the
dependencies among web services. The first step is to represent composition relation-
ships among web services. The next step is to provide operational semantics to the
composite model, which guarantees the sequences of interactions among web service
composition. Current research devoted very little attention to these issues [10].

Based on business processes, web service composition refers to combining two or
more web services to achieve the desired business goal. In this paper, we introduce the
web services composition framework, which facilitates the visual design, development
and execution of web service composition consistently and also supports the service
dynamic composition and just-in-time binding. Our work is mainly based on Web
Service Composition Graph (WSCG), the underlying formalism for web services
composition. Using graph grammar and transformation [13] defined on WSCG, the
static topological structure of a web service composition can be described and the
execution of the constructed composite web services is supported. Graph transforma-
tion simulates the evolution of the overall structure of large-scale web applications. At
the same time, the binding between composition models and web service operations
can be established either at design time (static composition) or at run-time through
WSCG rules (dynamic composition).

The rest of the paper is organized as follows. In section 2, some brief related works
and the background of web service composition are discussed. Section 3 outlines the
components of web service composition framework. Section 4 gives the basic con-
cepts of WSCG. Some preliminaries about graph grammar and graph transformation
are also presented in this section. Meta-model and operational semantics of web ser-
vice composition are emphasized. Section 5 details the architecture and key technol-
ogy of web service composition supporting system. Section 6 concludes this paper and
describes our further work.

2 Background and Related Works

In contrast to traditional web applications, web services are application building
blocks that use XML for information interchange. Simple Object Access Protocol
(SOAP), Web Services Description Language (WSDL) and Universal Description,
Discovery and Integration (UDDI) are common standards [5], which enable creation,
deployment, description, discovery and communication among web services. A
framework for composing web services must be adherent to these standards. There
have been several alternative languages that are specific the interaction between web
services and guarantee of the SOAP messages delivery. These proposals that enable
the orchestration of web services include Web Services Flow Language (WSFL) [9],
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XLANG [14] and Business Process Execution Language for Web Services
(BPEL4WS) [4].

However, these specification languages are of textual forms without adequate
semantics constraints. Specifications written in text-based languages are difficult to
understand, verify and visualize. Furthermore, there are important features missing in
these languages: graphical representation that is flexible to design web service
compositions and dynamic web service composition, which is important to reflect the
loose coupling and scalable mediation of web services in a service-oriented
architecture. Lack of enough semantic constraint, it is difficult to design these
specifications, even the structural errors in specifications cannot be detected. Despite
some specifications, such as WSFL, provides some graphical notions to illustrate web
service composition, but lacks precise definitions and semantics of the graphical
notions and thus does not insure the consistency between graphical representation and
specification of executable web services composition.

Several research efforts model web service compositions using Petri net [7,
11] and activity diagram [1, 15]. But grammar-directed web service composition and
dynamic adaptation of transformation productions (rules) are not yet supported.
Furthermore, graph grammar can be regarded as a proper generalization of Petri nets
[2], where the state of a system is described by a graph instead of a collection of
tokens. Other than activity diagram, arbitrary constraints can be added into
composition model through defining additional constraint productions.

3 Web Service Composition Framework

Our focus is to establish a reliable link among abstract specification, refined design,
verification and the ultimate execution of web applications based on web services. We
propose a framework consisting of the following components (as illustrated in
Figure 1).

Fig. 1. Web service composition framework

1) Graphical Presentation Model. Describing web service composition with text
alone is ineffective and prone to errors. We introduce WSCG as a graphical
presentation for web service composition; a WSCG is a directed, acyclic and at-
tributed graph whose nodes represent web services participating in web service
composition and whose edges describe the control and data link among nodes.
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2)

3)

Meta-Model for Composition. Distributed web application development is be-
coming an activity of composing web services into ultimate applications. Rules
are needed to deal with sequential, concurrent and etc. behaviors. We use WSCG
grammar to describe how web services are assembled into compositions that rep-
resent business logics at the intuitive (graphical) level. A meta-model for com-
position is a set of productions for web services composition during design. Di-
rected by WSCG grammar, user can design a well-formed web service composi-
tion, whose links between the imported web services are well regarded and
whose overall structure satisfies reachability, liveness and deadlock-freedom.
WSCG Transformation Engine. The meta-model for composition addressed
above is not limited to the graphical web service composition. Assigning opera-
tional semantics of WSCG, web service composition denoted by WSCGs are
mode executable. WSCG transformation is a set of productions that identify the
WSCG operational semantics. WSCG transformation engine invokes and orches-
trates web service composition through interpreting a WSCG and dynamically
maintaining WSCG instances. WSCG transformation engine also makes web
service composition dynamic and automated. Dynamic web service composition
is the ability to discover and use remote services just in time. Web service com-
position automated can be accomplished through engine without requiring hu-
man intervention.

4 Web Service Composition Model

We firstly introduce the basic concepts of graph grammar and transformation [6, 13]
and then give the formal WSCG definition,

4.1 Preliminaries

Definition 4.1 Labeled Graphs, Given two fixed alphabets and for node and
edge labels, respectively, a labeled graph over is a tuple

where is a set of nodes, is a set of edges, are the
source and target functions, and and are the node and the
edge labeling functions, respectively. A total graph morphism is a pair

of functions which preserve sources, targets and labels,

i.e. which satisfies and
A subgraph S of G, written is a labeled graph with

and A partial graph morphism g from G to
H is a total graph morphism from some subgraph dom(g) of G to H, and dom(g) is
called the domain of g.

As for introducing formally the concept of an attributed graph, we need use some
basic notions of universal algebra [6]. Attributes are labels of graphical objects taken
from attribute algebra. Hence, an attributed graph consists of a labeled graph and an
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attribute algebra, together with some attribute functions connecting the graphical and
the algebraic part.

Definition 4.2 Attributed Graph, Given a label alphabet and a signature Sig = (S,
OP) [6]. then is a Sig-attributed graph,
where: is an graph. is a Sig-algebra.

and are the node and the edge attributing functions,
respectively.

Definition 4.3 Production, Graph Grammar, A production consists of a
production name P and of an injective partial morphism r in Alg(Sig) [6]. The graphs
L and R are called the left- and the right-hand side of P, respectively. We also make
reference to a production simply as A graph grammar is a tuple

where is a family of production morphisms indexed by pro-
duction names, and is the start graph of the graph grammar. For attributed graph, if
L and R have a common subgraph K, the following restrictions are fulfilled: i) The
sources and targets of common edges are common nodes of L and R, i.e.

ii) Common edges and nodes of L and R do not differ
with respect to their labels in L and R, i.e.

Using productions of WSCG grammar; we can easily and intuitively describe web
service composition. At above, we can only specify when these transformations should
occur according to positive application conditions, which concerns the existence of
certain nodes, edges and attributes of them. It is possible to specify negative applica-
tion conditions for each particular production. The general idea of negative applica-
tion conditions is to have a left-hand side not only consisting of one graph but also of

several ones, connected by morphisms called constraints, with original left-
hand side L. For each constraint, represents the forbidden structure. A match
satisfies a constraint if it cannot be extended to the forbidden graph

Definition 4.4 Application conditions
1)

2)

3)

A negative application condition, or application condition for short, over a

graph L is a finite set A of total morphisms called constraints.

A total graph morphism satisfies a constraint written if

there is no total morphism such that m satisfies an application
condition A over L, written if it satisfies all constraints
An application condition A is said to be consistent if there is a graph G and a

total morphism satisfies A.

A production with application condition or condition production

for short, is composed of a production named a pair consisting of a partial mor-
phism p and an application condition A(p) over L. It is applicable to a graph G at L

G if m satisfies A(p). In this case, the direct derivation is called direct

conditional derivation
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4.2 Web Service Composition Graph

Definition 4.5 Web Services Composition Graph (WSCG), Let be a
pair of label alphabets for nodes and edges and a signature Sig = (S, OP). A WSCG

is a Sig-attributed graph, where:
1)

2)

3)

4)

and
We denote

S = {string, address, mesg, condition, validity, wscg}. The strings are used for
nodes and edges Names. The sort of address is used for web service location
(URI). The mesg is used for ImportMesg and ExportMesg. The condition sort is
used for Precondition, Postcondition and TransCondition, while the validity sort
is used for indicating TargetValid of edge transition condition. Finally, wscg is a
reference of subgraph of WSCG.

is a set of nodes, is a set of edges, are the source and
target functions, and and are the node and the edge
labeling functions, respectively.

is a Sig-algebra. and are the node and
the edge attributing functions, respectively.

According to the definition of WSCG, nodes and edges of WSCG can be labeled
both fixedly and mutably to define WSCG. Fixed labels are node and edge types used
for WSCG structuring. Mutable labels are attributes used to store data related to
graphs. A type can be a string and attributes, which are specified by an attribute tuples
consisting an attribute name, an attribute (data) type and an attribute value.

4.3 WSCG Grammar - Meta Model for Web Service Composition

The meta-model of web service composition is a set of WSCG grammars, which
form the guideline for constructing web service composition, represented as WSCGs.
Figure 2 (I) shows a slice of the graph grammar for WSCG, containing productions
used for WSCG structure construction. The Start production replaces a 0 graph by
two terminal nodes (start and end nodes, denoted by the lowercase letters s and e
respectively) and one nonterminal node (denoted by the capital letter K, I and N),
which are connected through directed edges. If one node (or edge) is typed as “*”, it
means that this node (or edge) can be matched by any type node (or edge). The Se-
quential production describes the basic flow structure and defines the sequential exe-
cution order of the web service nodes occurring in the left-hand side. The Parallel
production is used to describe concurrent flow within a WSCG, where only nontermi-
nal nodes connected by neither O-S nor O-J labeled edges can be replaced with a pair
of nodes. The Choice production is used to build an alternative mutually exclusive
flow in WSCG, where only nonterminal nodes connected by neither A-S nor A-J la-
beled edges can be replaced with a pair of nodes. The Iterative production replaces a
K node with I node, which represents the repetition of a group of web services until
the exit condition is fulfilled. The Nesting production supports the notion of sub-flow,
by which the execution of N nodes will trigger the execution of a subgraph of the
WSCG.
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Figure 2 (II) shows the attributing WSCG grammar containing the productions that
for attributes of nodes and edges in a WSCG. These productions ensure that, after
being applied, a WSCG will be well formed by the WSCG definition.

Fig. 2. Meta-model for web service composition

There are five node attributing and five edge attributing productions. AP-0a and
AP-0b attribute the source node and sink node, respectively. AP-1 replaces a nonter-
minal nodes K by an atomic node attributed with name, URI, ImportMesg, Export-
Mesg, Precondition and Postcondition and the K is discarded. AP-2 similar to AP-1
except that Ap-2 replaces I node with an iterative node. AP-3 replaces an N node with
a sub-WSCG.

Five edge attributing productions are defined, one for each edge type. AP-5b is de-
fined for an edge with an O-S label, the O-S edge should be labeled an additional
attribute of TransCondition. All other edges are attributed with name and TargetValid.
We will give the informal operational semantics of WSCG in terms of attributes that
specifies how to interpret a WSCG as follows.

4.4 WSCG Transformation – Operational Semantics for Web Service
Composition

Figure 3 shows all transformation productions for WSCG interpretation. According
to definition 4.3, match of the left hand side of production includes: structure of
WSCG, node and edge types and node and edge attributes’ values. In Figure 3, if one
node (or edge) is typed as “*”, it means that this node (or edge) can be matched by
any type node (or edge).

Transformation production-1a initiates WSCG interpretation instances by modify-
ing the TargetValid value of outgoing edges to “true”. In the end, a WSCG interpreta-
tion instance is finished if only transformation production-1 b is applied. TP-2a, 2b and
2c, these three productions, deal with all other incoming edges of the WSCG interpre-
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tation instance. Production TP-2c, which contains a negative application condition,
can be applied to an and-join typed node only if this node does not contain any other
incoming edge with “false” value in TargetValid attribute. Application of TP-2c acts
as a synchronizer of all and-join typed edges. If any type of node (typed as “*”) with
an ingoing edge is typed with atomic, TP-2a will be applied to set the value of Pre-
Condition to “true”. If with an ingoing edge is typed with xor-join, TP-2b will be
matched. At this point, we need point out that WSCGs generated by WSCG grammar
G do not contain a node with different types of incoming (or outgoing) edges, which is
the reason why productions in Figure 3 are enough to interpret these WSCGs. All
other outgoing edges are interpreted by TP-3a, 3b and 3c. If PostCondition attribute of
a node is “true”, their atomic (and and-split) outgoing edges’ TargetValid attributes
will be set to “true” by TP-3a (and 3b). When the outgoing edge is typed with xor-
split, there is some different of that what TargetValid attribute is set according to the
expression of TransCondition attribute. Finally, three types of nodes are interpreted by
transformation production-4a, 4b and 4c. PostCondition attribute of a node can be set
to “true” only if the execution of represented web service is finished, i.e. result of
these web services is obtained. PostCondition value of an atomic typed node’s is di-
rectly set to “true” after the corresponding web service is performed, shown as TP-4a.
If the node is typed with nesting, its PostCondition value can be set to “true” after
total WSCG subgraph it references to is finished. TP-4c deals with iterative node.
Until the expression of PostCondition is evaluated to “true”, the web service does not
execution.

Fig. 3. WSCG operational semantics

When a new interpretation instance of WSCG is created, the TargetValid attributes
of all edges connected with the start node are set to “true”. Then, according to the
TargetValid values of all incoming edges connected to this node, the PreCondition
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field of the node is evaluated. Only if its PreCondition value is “true”, a node can be
computed, i.e., the web service represented by the node can be invoked. If a node is
typed with atomic, upon the completion of the corresponding web service execution,
the PostCondition field is set to “true”. When a node is typed with nesting, the Post-
Condition expression is evaluated according to the parameters returned from the exe-
cution of the corresponding subgraph. For a node typed with iterative, the web service
is not repeated until the PostCondition expression is evaluated to “true”. If a node’s
PostCondition has been set to “true”, the connected outgoing edges’ TargetValid
fields are determined. If the outgoing edge without a TransCondition field, the Tar-
getValid field is simply set to “true”; otherwise, the value of the TargetValid field of
the edge is determined by the TransCondition expression. Only if all the web services
contained in a WSCG completed execution, the TargetValid fields of incoming edges
of the end node are set to “true”. At this point, execution of an instance of the WSCG
is completed.

5 Web Service Composition Supporting System

Let us firstly consider a concrete example to show how to compose web services at
design stage. And then the supporting system for web service composition at run-time
is introduced.

5.1 Web Service Composition at Design Stage – Case Study

Figure 4 shows a web application based on WSCG. It is an e-Payment example.
Customer can issue checks according to the requirement of e-Ticks web services. A
customer issues a payment request to an agent when a check is needed. Then the agent
accesses account in different banks according to the request. If foreign exchange is
required, the agent may check bank-2; otherwise the agent only needs to check bank-1.
After obtaining the digital signature from the manager, the agent issues the check
required by the customer.

Fig. 4. Example of web service composition using WSCG grammar

Figure 4 also shows how to specify a web application into web service composition
using WSCG grammar. First, the initial rule is applied by which we get a composite
web service with start and end nodes. Subsequently, the sequential, choice, sequential
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and parallel rules are applied to the WSCG. The topology of web service composition
is dynamically established.

5.2 Web Service Composition at Run-Time – Supporting System

Based on WebGOP [3], a prototype of web service composition supporting system
is implemented, and several demo applications are developed on the prototype. In this
section we describe the overall architecture of the supporting system and discuss sev-
eral key issues in implementing the prototype.

Fig. 5. WSCG based web application environment

Figure 5 shows the WSCG-based web applications. The basic building blocks of
this infrastructure are the WSCG transformation engines, which provide containers for
WSCGs and take charge of running a group of web services represented by the
WSCGs. The engine is responsible for maintaining the context of each node and edge
by associating with them. WSCG transformation engines interact with each other via
SOAP messages, which ensure that the framework is compatible with the underlying
web service environment. The topology of the whole WSCG is shared by all partici-
pating WSCG transformation engines. The state of the whole WSCG is co-managed
by all subgraphs. The behavior of each WSCG node is defined by the web service
bound to it. As discussed above, a web application consists of a set of subgraphs.
During execution, the WSCG transformation engines coordinate with one another by
invoking the operations specified by the WSCG. At the same time, WSCG transforma-
tion engines invoke the remote web services according to the specifications of WSCG
subgraphs.

Fig. 6. WSCG transformation engine architecture
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The architecture of WSCG transformation engine (grey area), as shown in Figure 6.
The core of WSCG transformation engine is a set of graph-oriented message passing
primitives, dynamic graph updating primitives, a graph transformation system, a mes-
sage mapper and a SOAP broker. A set of graph-oriented message passing primitives
and a set of basic dynamic graph updating primitives are provided for WSCG trans-
formation. The graph-oriented message passing primitives include synchronous and
asynchronous sends and receive functions for unicast, multicast and anycast
communications. The dynamic graph updating primitives modify the topology of
internal WSCG by adding/removing nodes/edges and changing the attributes of
WSCG’s nodes and edges, such as binding/unbinding web services to/from nodes and
rewriting the nodes and edges’ attribute values with the execution results from remote
web services. Based on these primitives and WSCG graph, graph transformation
system applies the WSCG interpretation productions in Figure 3. The Message
mapper constructs SOAP messages for web service invocations and primitive
transports, and parses the corresponding messages. The SOAP broker sends and
receives invocation and result messages.

Reliable and flexible security is essential to the application of the WSCG transfor-
mation engine in open network environment. An authentication mechanism based on
cryptic communication and digital signature identification should be implemented as
an integral part of the engine. In order to help the developer to manage, debug and
monitor their applications, a system monitoring management is required.

6 Conclusions and Future Works

In the web service-oriented environment, there are several attempts to create web
applications using standards and protocols. In this paper, we present web service
composition as a new methodology for web application development. Graph gram-
mar-based web service composition helps to develop consistent web applications in
dynamic service binding and loose-coupled web environment. At the same time,
structural errors are eliminated from the target WSCG through using WSCG gram-
mars. A framework, which facilitates the visual design, validation and development of
web service composition, is also proposed. Using WSCG grammar and WSCG trans-
formation productions, the static topological structure of a web service composition
can be described and the automation of the constructed web service composition is
achieved. Future work should define the semantics of web services graph transforma-
tion rules based on business rules.
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