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Abstract
Efficient means of electronic interaction are an essential
requirement for the integration of different companies’
business processes along the value chain. Until recently,
this interaction relied on expensive, complex and inflexi-
ble solutions, mostly based on EDI or some proprietary
means. The high set-up costs and time associated with
this type of infrastructure prohibits the dynamic forging
of business partnerships, which is of utmost importance to
the services industry. The CrossFlow architecture sup-
ports the dynamic establishment and enactment of a busi-
ness relationship between two organisations, based on a
contract that specifies this relationship. This is achieved
by creating an electronic market where advertising and
searching for compatible business partners takes place.
This is further enhanced by automating the set-up of the
contract enactment and supervision infrastructure, and by
connecting them together to allow the business processes
of the partners to cross their organisational boundaries.

Keywords: B2B e-commerce, cross-organisational proc-
esses, virtual markets, workflow management, electronic
contracts, contract match-making

1� Introduction

Business relationships between organisations can be
established in a dynamic way by integrating an electronic
market with the means to specify a business relationship
in a contract. The linking of the business processes of the
related parties can be further enhanced by automating the
set-up of the infrastructure for the enactment, accompa-
nied by an end-to-end supervision of the contract enact-
ment.

In the past decade, the globalisation of markets and the
proliferation of the Internet increased global competition
in a way that companies have to face a more dynamic en-
vironment, requiring them to focus on their core compe-
tencies to stay competitive [1]. This, in turn, puts increas-
ing pressure on companies to connect their business proc-
esses to the processes of other organisations to provide
services to customers. The manufacturing industry as well
as banking and the trading sectors responded to that need
by setting up infrastructures and standards based on the

Electronic Data Interchange (EDI) framework such as
UN/EDIFACT [2] and SWIFT. However, such infra-
structures have disadvantages in terms of the low level of
message-type specifications, time-consuming and expen-
sive case-by-case implementation of gateways for new
message types, and expensive software and leased lines.
Such an infrastructure is beneficial for large organisations
in a relatively stable environment, but is unsuitable for
smaller companies and industries in which business rela-
tionships are established on a case-by-case basis. Compa-
nies in a dynamic environment need functionality for the
rapid establishment and management of dynamic business
relationships with other organisations, to create the type
of a virtual enterprise we are interested in. A virtual en-
terprise is an organisation that provides a complex service
to a customer but cannot implement the whole complex
service itself within its boundaries. It focuses on its core
competency, and buys services from other organisations
to actually implement the complex service for its cus-
tomer. The term outsourcing is often used to refer to the
concept of one organisation assuming the responsibility
for part of a business process of another organisation and
carrying it out on its behalf.

The CrossFlow1 architecture described here deals with
the dynamic establishment and enactment of business
relationships between a service consumer and a provider
[3]. Services are provided and consumed as part of the
business processes of the involved organisations using
various resources such as applications, information repo-
sitories and people. If a business process spans an organi-
sational boundary, a business relationship has to be speci-
fied in terms of what a provider organisation performs as
a service for a consumer organisation. The business rela-
tionship may also specify that a consumer can have the
ability to monitor and control the service while it is being
performed on its behalf. All aspects of a business rela-
tionship between organisations are specified in a contract.

Companies need the infrastructure that supports all
stages of a business relationship (the business life-cycle),
                                                          
1 CrossFlow is a 4th ESPRIT framework project, funded by the

partner organisations, the European Union and the Swiss Fed-
eral Department for Education and Science. 
See: http://www.crossflow.org
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i.e. the advertising and finding services, establishing a
contract, as well as connecting and managing the services
performed by one organisation on behalf of another. The
CrossFlow architecture supports the business life-cycle
and is based on a lightweight, cheap infrastructure that is
fast to set up once service consumer and provider agree
on the business relationship.

Current business processes within organisations are
integrated and managed using Enterprise Resource Plan-
ning (ERP) such as SAP R3 or Workflow Management
Systems (WfMS) such as MQ Series Workflow. Thus,
setting up a business relationship means connecting the
process management systems of service consumers and
providers, while catering for all the problems that lie
along this connection (the end-to-end view). Such an end-
to-end view has to cover the full range of issues concern-
ing the link between two organisations, i.e. technical, con-
ceptual and terminology differences, while protecting the
autonomy and integrity of each organisation. The Cross-
Flow architecture covers the central issues of the end-to-
end approach. The support for the business life-cycle,
coupled with the end-to-end view, makes the CrossFlow
architecture a comprehensive and powerful approach.

In the CrossFlow architecture, the contract between
two organisations plays a pivotal role in setting up, en-
acting and supervising their relationship. It defines among
other things the service, the rights and obligations of each
partner and how much it will cost. It also defines the way
in which a service consumer can influence the service
while it is being performed, what the quality guarantees
are and how they are measured, and much more. In addi-
tion, to achieve end-to-end integration, the partners of the
business relationship have to specify in the contract com-
mon concepts, language and terminology and technical
platforms. Each business partner then has to map the
common contract view of the business relationship to its
internal concepts, terminology, procedures and systems.

The paper is organised as follows: In §2, we explain
the concept of the business life-cycle, in particular in the
context of dynamic outsourcing. §3 describes the issues of
the end-to-end connection of business processes. The
CrossFlow architecture is introduced in §4, and related
work in the field discussed in §5. Finally we summarise
our approach, compare it to the related work, and provide
an outlook on other aspects related to the CrossFlow ar-
chitecture.

2� A Business Life-Cycle

The business life-cycle is a description of the stages
two organisations have to go through to establish, enact,
maintain and manage the desired business relationship
between them. The major phases of the “traditional” busi-
ness life-cycle are initiation, contracting, enactment and
post-enactment [4],[5]. CrossFlow is concerned with the
automation of the business life-cycle and therefore fo-

cuses more on some parts of the cycle, such as the possi-
ble automation of the configuration of organisational re-
sources (IT and people).

In practice, there are many different flavours to a busi-
ness life-cycle: its exact nature and the timing of the
stages will vary from one implementation to another. The
description provided below is a generic and abstract view
of a business life-cycle.

2.1� Service contract establishment

Contract establishment involves the stages needed to
define and agree on a business relationship between two
organisations, culminating in a contract.

Making an initial contact consists of any form of ad-
vertising and searching in the market place in which the
prospective service consumer and provider organisations
operate (Fig. 2.1).

Once an initial contact has been established, informa-
tion is exchanged between the two organisations to estab-
lish what is being offered and what is being requested, for

example, in terms of service, QoS aspects, remuneration
demands and promises, and legal guarantees (Fig. 2.2).

 If differences exist between what is being offered and
what is being requested, and if one or both of the organi-
sations have room to manoeuvre, then negotiations con-
cerning those specific differences may ensue (Fig. 2.3).
Negotiations may take place regarding a single attribute,
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Figure 2.1. Advertising and searching for compatible consumers
and providers in a market place.
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Figure 2.2. Information exchange and negotiations.
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such as price, or several attributes such as price/quantity
combination. Negotiations are a highly complex problem
and its automation constitutes an open research area.

If successful, these stages are expected to culminate in
an agreement and a contract (Fig. 2.3). The agreement
specifies what each side promises to deliver and expects
to receive within the business relationship. An explicit no-
tification of agreement is likely to be necessary, although
in some cases, the consumption of the service contains an
implicit agreement. Where necessary, copies of a contract
stating what has been agreed on are signed by both parties
(Fig. 2.3).

 The contract defines the business process that crosses
the organisational boundaries, the working relationship
between the parties and the common view that both par-
ties have of their business relationship. Thus, together
with the organisational policy and resources, it determines
the configuration chosen to enact the contract.

2.2� Service contract enactment configuration

Two sources influence the configuration of each or-
ganisation’s resources for the enactment of the business
relationship: the contract and the internal policy, which
define the partnership in terms of:
�� What internal resources can be used and how.
�� The mapping between the external and internal defi-

nition and representation of business processes and
their related enactment infrastructure.

The contract enactment set-up is necessary to carry out
the service provision-consumption in accordance with the
contract and entails the following (Fig. 2.4):
�� Configuring the resources needed to carry out the en-

actment: the contract together with the internal policy
can be used to derive the appropriate configuration.
The configuration depends on the exact manner in
which the business process is to be divided into man-
agement and work processes, and the existing support
that can be expected from the environment in terms of
available components and enactment infrastructure.

�� Connecting the configured resources of the two or-
ganisations.

2.3� Service contract enactment

Contract enactment entails supervising the enactment
set-up, ensuring that the necessary administrative compo-
nents are in place before service is consumed and that the
conditions for service initiation/termination are correct. It
also entails any actions that have to be taken around the
service provision-consumption such as auditing and re-
muneration (Fig. 2.5). The contract enactment set-up may
also have to support multiple service enactment cycles if
contracts specify such a possibility.

While the service is being consumed (particularly in
the case of long-lived business processes), the consumer

may inquire about the state of the workflow and its prog-
ress, modify the workflow or abort it, all in accordance
with the contract. Similarly, the provider may notify the
consumer of any problems or request for intervention.
Monitoring and control may be based on a “push” or
“pull” model of interaction.

 Results of the service may be fed back from the pro-
vider to the consumer and the completion of the service
consumption can then be determined, depending on the
exact nature of the business process being enacted. This
in turn may initiate the service contract termination.

2.4� Service contract termination

Contract termination entails that the Contract Enact-
ment Manager fold up the link between the organisations
when the service provision-consumption has ended and
when all the auxiliary processes needed to complete the
business process have taken place, as agreed on in the
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contract. It also entails each organisation dismantling the
components that have been set up to enact the contract
and garbage-collecting the resources freed.

2.5� Service contract analysis

Service contract analysis consists of two main stages:
�� Contract validation: validating the contract enactment

against the undertakings of each party in the contract.
�� Contract evaluation: evaluation of the results of the

enactment against the objectives of the organisation.
Contract analysis can be exploited by both organisations
to enhance the definition of the service to better suit the
needs of the business parties.

3� An End-to-End View of Cross-Organi-
sational Business Processes

The end-to-end view introduced in this chapter de-
scribes the possible physical and logical differences that
exist between organisations. It regards the organisational
boundary as a placeholder for the variety of boundaries
described herein. The approach to the end-to-end prob-
lems is described in the next section.

A cross-organisational business process configuration
involves the distribution of the process between two or-
ganisations, and all the resulting relationships between the
autonomous and separated parts of the configuration
(shown by the arrows in Fig. 3.1):
1.� Authorities: The business relationship between the
organisations revolves around issues of trust, giving the
contractual part of the relationship its importance.
Authorities are the entities that are allowed to negotiate,
reach agreement and sign a contract. A contract has to
cover all the aspects relevant for a harmonious interaction
between the two organisations and their workflows. Each
organisation is responsible for enacting the contract as it
sees fit, depending on the policies and resources at its
disposal, and as long as the enactment is in accordance
with the contract. It is in the interest of each organisation
to protect its autonomy while interacting with its counter-
part.
Where the organisations reside in different countries there
are likely to be differences in their legal systems. Agree-
ment as to the applicable law within which the contract is
to be interpreted will then have to be part of the contract.
2.� Business process: The manner in which the same
business processes are defined and described in each one
of the organisations may differ. It will therefore be diffi-
cult to describe what each side requires and offers from a
potential partner without being able to bridge between the
differences. There are different ways of carrying out the
activities that represent a business process. This mani-
fests itself in different process models, modelling lan-
guages, and the operations provided to program the sup-
port infrastructure. Subsequently, the manner in which the
business model is represented varies from one support

infrastructure to another even for the same business proc-
ess.
3.� Management of the business process: Management
is responsible for carrying out the contract within the con-
straints of the organisational policies and available re-
sources. In the case of cross-organisational workflows
there are, for example: organisational, departmental, ap-
plication, Workflow Management Systems (WfMS) and
distributed system management levels. Where workflows
cross-organisational boundaries, those differences in
management procedures will have to be overcome.
4.� Core and administrative services and their Support
infrastructure and Process definitions: The administra-
tive processes deal with business-related activities such as
remuneration and auditing that surround the core service
being provided and consumed.
5.� Distributed application platforms: The interaction
inside and outside the organisations is supported by a
distributed platform (e.g. CORBA, Java or MQ Series). In
order to communicate, the platforms either have to be
compatible or the appropriate translations applied.
The approach to the end-to-end problems is described in
the next section.

4� The CrossFlow Architecture

Addressing the problems of the business life-cycle and
the end-to-end view results in the CrossFlow approach,
which forms the basis for the CrossFlow architecture.

4.1� The CrossFlow approach

The CrossFlow project is based on the following ap-
proach:
1.� The CrossFlow project uses workflow technology to
enact the business processes in the consumer and provider
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Figure 3.1. Relationships in a cross-organisational business
process configuration.
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organisations. Workflows provide a way of modelling and
animating the sequence of work activities that represent a
business process. WfMS provide organisations with the
means to initiate, control and monitor workflows that
implement business processes. By linking the WfMSs of
different organisations, it is possible to connect their
business processes and thereby address the requirement
set by virtual enterprises.
2.� Creation of a “closed” or a “vertical” electronic mar-
ket: A market is where service contract offers and
searches are conducted and where potential business
partners are brought together. A closed market is a mar-
ket with a well-defined information model and processes.
Indeed, without a considerable amount of prior agreement
between the players in a market place concerning a host
of issues, such markets are unlikely to succeed. A closed
market may also imply that participation is not open un-
less some registration procedure is adhered to.

The CrossFlow electronic market is based on the fol-
lowing:
�� Standard ways of describing services: languages to

describe services and products.
�� Standard legal forms and processes: for example, Con-

tract Templates provide standard legal procedures and
contracts that evolved over time in a market place [6].

�� Use of standard workflow interfaces and description
languages [7], data representation formats (IDL/IIOP),
distributed application standards, communication pro-
tocols, etc.

�� A Match-Making Facility (MMF) where the adver-
tisements and searches for compatible business part-
ners are sent. The MMF used in CrossFlow, as the
market point of advertising and searching, is an en-
hanced CORBA/ODP trading service [8], [9].

3.� A detailed service specification in the form of a con-
tract is the basis for tight co-operation between service
consumer and provider [31].
4.� The interaction between the two organisations as de-
fined in the contract is carried out at a level that is inde-
pendent of the specific enactment technology (CrossFlow
uses a WfMS as its enactment technology).
5.� Using domains and gateways: Organisational boun-
daries can be seen as a placeholder for many different
types of domain boundaries such as remuneration, secu-
rity, management, etc. where each type of domain bound-
ary requires different actions to be taken when activities
cross it [10]. When the workflows of two organisations
are linked together, it is possible to exploit the explicit
communications between them to install proxy-gateways
that deal with the following aspects:
�� Heterogeneity: Translating the differences between

things inside and outside the domain. Examples are
discussed in §3.1, and include different business mod-
els, definition, naming, implementation and represen-
tation of business processes, the manner in which a
business process is translated into one or more work-

flows, communication protocols as well as on-the-
wire-formats.

�� Encapsulation: Hiding the internal details from other
domains.

�� Security: Checking the interactions to protect the do-
main’s integrity and ensure that they do not compro-
mise the domain’s security.

�� Traceability: Monitoring the interactions to provide an
audit trail in case of disputes between the domains and
to validate and enforce of the relationship between the
interacting domains.

6.� The service description in the contract includes a defi-
nition of the visibility of the provider’s process and hence
provides a definition of the monitoring that must be sup-
ported by the provider. In addition, providers may allow
the consumer various levels of control of the enacted pro-
cess.
7.� Using the contract as the pivot for the interactions
between the organisations and exploiting it to generate
the infrastructure and gateways needed to support the
cross-organisational business processes.
8.� The functionality offered by the service provider and
exploited by the service consumer is enhanced by the ad-
vanced co-operation support services (CSS). These serv-
ices extend the control and monitoring capability of the
provider service.

In addition to the above, certain aspects of the business
life-cycle presented in §2 are omitted, e.g., negotiations,
contract signing, administrative process such as remu-
neration. The decision to restrict the work to “closed”
market places may at first seem overly restrictive. How-
ever, most markets for virtual enterprises are likely to
restrict their scope to enable them to deal with the com-
plexity of the problem — a generic solution that will ap-
ply to all markets, services, contracts and possible busi-
ness relationships is way too far from being a reality at
the moment.

4.2� Service contract establishment

The dynamic quest for a compatible business partner is
done through a match-making facility and is based on
advertising and searching for matching service contracts
[12]. A typical sequence of events that leads to the estab-
lishment of a contractual relationship between the pro-
vider and consumer organisations is as follows (Fig. 4.1).

When the provider side is ready to launch business
process, it notifies the Contract Establishment Manager
(1), informing it of the service type and some of its given
parameters. The relevant information concerning the de-
sired contract to be associated with the service is fetched
from the Service Contract Repository (2). The service
offer advertisement is then sent to the chosen market
place Match-Making Facility (3). A market is created by
having several providers advertise their services to the
Match-Making Facility.
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Sometimes later, after a consumer business process has
been initiated (4), it may require an external service; it
then provides the type and some parameters of the service
to the Contract Establishment Manager (5). The relevant
information concerning the desired service and its con-
tract (affordable pricing, desired QoS, where to search,
etc), is fetched from the Service Contract Repository (6).
The search query is then sent to the chosen market place
Match-Making Facility (7). The Match-Making Facility
searches through its repository of advertised service of-
fers, looking for matching offers and searches.

If the match-making process (8) is successful, one or
more matching service offers are returned to the con-
sumer organisation (9). The consumer Contract Estab-
lishment Manager selects one of the service offers. The
consumer organisation notifies the selected service pro-
vider of its desire to enter a business partnership with it
(10). The provider decides whether to accept the offer
(i.e., in legal terms, the counter-offer) from the consumer.
This can be regarded as an implicit contract. If accepted,
the resources to be allocated for the outsourcing are de-
termined. The provider’s acceptance of the consumer of-
fer together with any configuration information needed by
the consumer to contact the provider is given to the con-
sumer (11). The consumer can now configure the neces-
sary components on its side and link them to their coun-
ter-parts on the provider side, see §4.3.

4.3� Service contract enactment configuration

A number of components are necessary for the enact-
ment of workflows across organisational boundaries:

�� Contract Enactment support: this is responsible for
carrying out and overseeing the fulfilment of the con-
tractual obligations as a whole. In addition to core ser-
vice QoS guarantees and checks which are carried out
under the service enactment support, there may be QoS
issues which relate to overall contract issues such as
timeliness of payment and security. In case multiple
enactments of the service are provided for by the con-
tract, this component is also responsible for creating
the relevant Service Enactment Support.

�� Service Enactment support: this is primarily respon-
sible for carrying out the service provision-
consumption according to its specification in the con-
tract. This includes the co-operative support services
mentioned in 4.1.

�� Proxy-Gateways (PG): PGs deal with the crossing of
domain boundaries (see §4.1), by translating between
the internal-external and organisational differences,
monitoring and controlling exit–entry to protect the or-
ganisation’s integrity and security, and helping validate
and enforce the contract.

The functionality of contract and service enactment com-
ponents largely depends on the contents of the contract
and the manner in which each organisation sees fit to
carry out their part of the enactment.

Two input sources are required to configure the re-
sources for the enactment of the business relationship
between the organisations: the Contract and the Internal
Enactment Specification (IES) (Fig. 4.2).

The IES is the organisation-specific blue-print that ba-
sically specifies how each contract type is to be enacted:
�� What internal resources can be used and how.
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Figure 4.1. The contract defines the relationship between the organisations and influences the configuration of resources
needed to enact the contract.
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�� The mapping between the external and internal details
of the business process and its related workflow that is
being out-sourced.

�� The mapping between the workflow and the descrip-
tion of the service offered in the contract.

Because of this strong dependency, it is possible to derive
the configuration of these components fully or partially
from the contract and from the IES. This can take differ-
ent forms ranging from the direct use of some formal rep-
resentation of a contract to a derived intermediate form
such as a script or code. Whichever form of component
derivation is chosen, the interpreters or the derived com-
ponents must be instantiated and/or initialised with the
necessary information, and linked to the appropriate
workflow and other components.
The necessary configuration of enactment components
can be put into place as part of the contract establishment
process described in §4.2. After accepting the consumer
counter-offer to enter a business relationship, the provider
can initiate the configuration of its resources. This is done
by first deriving the necessary components (1) and then
instantiating them (2).

Where the details of the specific service enactment are
already known, the Service Enactment Manager can be
created (3). This may however be postponed to a later
stage if some specific service parameters are not yet
known or if the contract allows for multiple service enact-

ment cycles.
Once the provider configured its resources, it can pass

the relevant details to the consumer (4). The consumer
can now configure its infrastructure (5) by deriving the
necessary components and instantiating them (6 and 7).
Finally, the two infrastructures can be linked (8).

4.4� Service contract enactment (service provi-
sion-consumption)

When the set-up described in §4.3 is ready, the con-
sumer can initiate the crossing of the business process by
contacting the Contract Enactment Manager of the pro-
vider (1) (Fig. 4.3). It can check the details of the request
and either use an existing instance of a Service Enactment
Manager to deal with the request, provided it was created
in the configuration phase (§4.3), or create an instance of
a Service Enactment Manager to deal with the request (2).
In this case, the relevant details are then passed to the
consumer who can instantiate its own Service Enactment
Manager.

Any monitoring information, as agreed in the contract,
to be supplied by the provider to the consumer can either
be sent as a notification (4) or requested by the consumer.
Because of the progress update, the consumer may re-
quest that the provider modify the enactment of the busi-
ness process. This may include a change of parameters or
a change in the process direction or structure, depending
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Figure 4.3. Service contract enactment (service provision-consumption).
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Figure 4.2. The Contract and the Internal Enactment Specification are used to configure the enactment components.
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on the contract (5). Further monitoring information may
pass as a result (6) and more changes may be initiated
where necessary. Ultimately, the completion of the proc-
ess and its results will be indicated to the consumer (7).

4.5� Service contract termination

When all the administrative processes have been com-
pleted and both sides are satisfied, the infrastructure cre-
ated earlier can be dismantled. Where multiple service
enactment cycles are provided for by the contract, this
may entail the dismantling of the Service Enactment
Manager only. The Contract Enactment Manager may
remain waiting for the initiation of the next service within
the same contract.

The above description of the CrossFlow approach and
architecture show the wide and involved range of topics
that must be taken into account when dealing with the
dynamic establishment and enactment of business rela-
tionships between a service consumer and a provider. A
survey of the related topics, summarising the work done
to-date in these areas is therefore necessary.

5� Related Work

The following is a brief survey of past and current
work in a number of areas related to virtual enterprises.

Virtual market systems and service markets: In re-
cent years we have seen the development of a number of
systems that enable the advertising and searching in an
electronic form of goods and services – marketplace sys-
tems [13]. Examples are ViMP [10] and MIT's Kasbah
prototype [14]. Schmidt [4] provides an elaborated cate-
gorisation of electronic market systems. A number of
related standardisation efforts are underway, such as Ro-
settaNet [16] and the eCo Framework [17].

Service contracts and contract signing: Agreements
and contracts are used differently in the area of transac-
tions, workflow management and distributed systems, not
always for the purpose of specifying mutual obligations
between organisations, e.g. the ConTract approach for
long-running transactions [19].

Contracts as a definition of a service relationship be-
tween organisations are used by a number of recent proj-
ects. The Coyote approach [20] provides mechanisms
similar to ConTract, while explicitly taking into account
that services as parts of transactions can be executed in
different organisations. Milosevic [21] points out how
contracts can be used to connect information systems of a
service provider and a requester in a general way.

Work is also being done on languages for describing
contracts. An example is the “courteous logic” approach,
which is the basis of several concrete languages (e.g.
Business Rules Markup Language – BRML) for express-
ing contracts between two parties [22]. The CrossFlow
approach to the contract language is outlined in [31].

Distribution and interaction of process manage-
ment systems: The use of distributed process manage-
ment systems (within the same organisation) has been an
issue for years and has been addressed by research in the
database area [23]. Solutions have been implemented by
major WfMSs such as IBM's MQ-Series Workflow.

An important issue concerns the interoperability be-
tween process management systems of different vendors.
This is primarily a problem of providing standard inter-
faces for server-to-server communication, given that the
underlying concept of a process is compatible. The Work-
flow Management Coalition, defined such an interface
(called interface 4) [7]. The Simple Workflow Access
Protocol [24] addresses the same issue, and is currently
being integrated in the WfMC's framework as the XML
binding of interface 4. These interfaces help cross WfMS
vendor boundaries, but they do not address the issues of
organisational boundaries.

A number of projects have addressed the issue of pro-
cesses crossing organisational boundaries in the past. We
can distinguish two approaches:
1.� The buyer-seller approach where organisations can

make process factories externally accessible and allow
other organisations to pick their process from a cata-
logue and integrate it as an atomic step in their proc-
ess. The Wide Area GroupFlow system [25] and the
Virtual Enterprise Co-ordinator  (VEC) [26] follow
this approach.

2.� The common process approach, where a number of
organisations specify a common public process and
assign the individual steps to each organisation. Each
organisation then maps the steps onto activities within
its internal process management system, which is not
accessible by its partners. Examples are the WISE re-
search prototype [27] and Extricity's Alliance product
(http://www.extricity.com/).

In both approaches, the boundaries are established by
gateways that maintain the integrity of the respective or-
ganisations. Ludwig et al [28] provide an overview of
additional approaches with special emphasis on particular
event-based approaches.

The issue of the organisations’ different ontologies
must also be addressed. In the VEC system, the agree-
ment between two organisations defines the common ter-
minology used for a service relationship [26]. This termi-
nology is mapped to the respective internal terminology.

The above-mentioned approaches deal with the inter-
action of process management systems, independently of
a particular business domain. However, much work has
been done in the area of domain-specific protocols. Gate-
ways generate messages according to the protocol, trig-
gered by the process management system; received mes-
sages can entail action on the process management sys-
tem. Multiple organisations compete in providing frame-
works to define message standards. One effort is Roset-
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taNet [16]. Also, traditional EDI gateways from numerous
vendors follow this approach.

Integration and end-to-end solutions: Until recently,
there have only been a few systems that integrate a serv-
ice market, the ability to agree on a service contract, the
subsequent establishment of a service connection and the
automatic control or supervision of the performance of a
service. In other words covering the whole life-cycle of a
business relationship is still a new area of work.

The COSMOS project is developing an architecture
that allows organisations to offer and search for services
in a catalogue, a negotiation platform, and facilities for
contract signing [29]. Once the contract is signed, work-
flow specifications are derived from the contract or en-
capsulated in the contract constituents of the offering
party and a new workflow instance is started.

The WISE project developed an architecture to model
a virtual enterprise process by picking steps offered by
several organisations from a directory, and to create a
new “virtual process” on the WISE workflow engine. The
new virtual process in turn contacts the participants
WfMSs to trigger the work in the workflow-participating
organisations [27]. WISE also proposes means for service
providers to advertise process steps in a common direc-
tory and for service consumers to monitor the progress of
a process in the WISE engine. MariFlow follows a similar
approach [30].

6� Conclusions and Outlook

The CrossFlow architecture supports the business life-
cycle and addresses issues raised by end-to-end integra-
tion of business processes. A Contract Establishment
Manager supervises the advertising of a service contract
from the provider’s side and the search for a compatible
partner from the consumer’s side. The Match-Making
Facility looks for compatible service contract offers and
sends the result to the consumer. The Contract Establish-
ment Manager selects a business partner and requests it to
create the necessary enactment infrastructure. The Con-
figuration Managers of each organisation use the Con-
tract and its Internal Enactment Specification to create
the necessary enactment infrastructures and link them
together. The service provision-consumption can now be
initiated through the enactment infrastructure in accor-
dance with the contract. Monitoring and control of the
progress of the enacted service is supported by this infra-
structure.

This architecture provides a number of novel aspects
that go beyond current approaches:
�� The architecture regards the service model as more

than a single atomic step, by allowing a flexible degree
of service monitoring and control by the consumer.

�� The contract approach provides short-term contracts
for a single enactment cycle and long term contracts
for multiple ones.

�� Contract templates facilitate and simplify the match-
making process.

�� The internal enactment specification provides means of
mapping the contract to the internal concepts, termi-
nology and infrastructure. This internal mapping can be
used to dynamically generate the infrastructure and
gateways targeted to the particular requirements of a
contract.

Supporting the full business life-cycle and catering for all
the different end-to-end problems needed to connect the
business processes of two organisations is a non-trivial
and complex problem. The CrossFlow project approach
limits the scope of the problem to the point where it can
be addressed by extending current technology, while still
allowing it to be of value in real life scenarios.

Future work will be necessary to fill the gaps and relax
some of the assumptions made in this work. This will be
based partly on practice and experience gained in the two
application scenarios of the CrossFlow project. One fu-
ture direction of work will be concerned with the contract
framework. The use of fixed monolithic contract tem-
plates can be generalised to allow contracts to be built
from units of smaller granularity. Reuse of contract tem-
plates can lead to a hierarchy of contract types coupled to
a taxonomy market segments. Usage clauses in contracts
have to be elaborated to specify in a flexible manner how
contracts covering multiple service cycles can be instanti-
ated into single-cycle contracts. Further work may extend
the current one-step offer-request paradigm to negotia-
tion. Finally, further development of the co-operation
support services that implement the fine-grained moni-
toring and control of the service provider by the service
consumer, are necessary.

The more dynamic and automated the process of es-
tablishing, setting-up, enacting, and managing a business
relationship between two organisations is to be, the more
it will have to adhere to common standards and practices.
These common practices and standards will have to cover
a wide spectrum of issues ranging from what services are
to be provided, how they are to be described, and how
they are to be carried out. The maturing of this field will
therefore be accompanied by considerable efforts to cre-
ate the necessary standards. CrossFlow results will be
offered as input to the standardisation processes.
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