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Abstract

With the sophistication and maturity of distributed component-based services and semantic web services, the idea of

specification-driven service composition is becoming a reality. One such approach is workflow composition of services that

span multiple, distributed web-accessible locations. Given the dynamic nature of this domain, the adaptation of software agents

represents a possible solution for the composition and enactment of cross-organizational services. This paper details design

aspects of an architecture that would support this evolvable service-based workflow composition. The internal coordination and

control aspects of such an architecture is addressed. These agent developmental processes are aligned with industry-standard

software engineering processes.

D 2004 Elsevier B.V. All rights reserved.

Keywords: Agent architectures; Workflow modeling; Coordination; UML; Web services

1. Introduction

Online businesses are beginning to adopt a devel-

opmental paradigm where high-level component-

based services and semantic web services [37] are

becoming sufficiently modular and autonomous to be

capable of fulfilling the requirements of other busi-

nesses. We use the term, services-based cross-orga-

nizational workflow (SCW)[5], to describe the

workflow interaction that occurs when one business

incorporates the services of another within its own

processes (also described as business-to-business

(B2B)). This term is sometimes associated with the

idea of a third-party organization that composes the

services of multiple businesses, which is also de-

scribed as virtual enterprise [15].

In general, the major problems in this domain relate

to the dynamic and distributed nature of the Internet

environment. In this environment, business processes

and the underlying services are constantly removed

and updated. It is a major problem to create systems

that operate with respect to these dynamic conditions.

A second major issue is related to the distribution of

services. Since services are distributed across physical

and geographical boundaries, any solution architecture

must support an equivalent degree of distribution.
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Although there are several related projects that

define solutions to the problems of cross-organiza-

tional workflow (which will be described in more

detail in Section 2.3), a distinguishing innovation of

this work is the use of the autonomy of agent

technologies. In applying agent technologies to the

problems related to dynamism and distribution, an

agent architecture and design is introduced which

places emphasis on the specific roles, responsibilities,

and actions of the individual agents. A further contri-

bution of this work is the specification and program-

ming of the control mechanisms internal to the agents.

A unique feature introduced here is the integration of

this specification approach with current, industry-

standard software engineering processes and method-

ologies. Considering the dynamism of the Internet

environment, these specification-driven approaches

are essential for the dynamic reconfiguration that

results from distributed service and process changes.

The paper proceeds in Section 2 with an overview

and motivation of the cross-organizational workflow

domain with respect to the integration of distributed

services. In Section 3, the Workflow Automation

through Agent-based Reflective Processes (WARP)

is introduced to support the SCW domain. In Section

4, there is a discussion of the integration of indepen-

dent services and, in Section 5, the agent-based

modeling approach to support the community of

services in the SCW domain. Section 6 contains

details of the general agent interaction protocols that

support this environment. Finally, Section 7 discusses

the WARP prototype and its performance.

2. The SCW environment and web services

The SCW approaches are a natural extension of the

related areas of component-based software engineer-

ing, in particular component composition. In tradition-

al component composition research [19], components,

such as CORBA, COM+, J2EE, Enterprise Java

Beans, and .NET, and their interfaces are modeled

using formal (text and visual) languages. Consequent-

ly, these specifications are evaluated and deployed to

support automated component composition. Currently,

these components can be specified with web service

technologies to facilitate large-scale electronic market

interoperability.

2.1. Web service technologies

Components, which are specified with web serv-

ices technologies, have the capability of being dis-

covered and accessed from distributed locations.

These web services are specified with the Web Serv-

ices Description Language (WSDL) [37] and can be

invoked using the Simple Object Access Protocol

(SOAP) [31]. Traditional WSDL supports a syntacti-

cal form of specifying web services, while the term,

semantic web services refers to an extended Web of

machine-readable information and automated serv-

ices. The DARPA Agent Markup Language for Serv-

ices (DAML-S) and the Web Ontology Language

(OWL-S) [26] both provide an ontology of services

to allow automated support for components such as

agents to locate, select, employ, compose, and monitor

Web-based services. Distributed registries, such as the

Universal Description, Discovery, and Integration

(UDDI) [34,35] architectures, advertise the specifica-

tions of distributed services universally. In addition,

other Extensible Markup Language (XML)-based

languages, such as the Web Services Flow Language

(WSFL), Business Process Execution for Web Serv-

ices (BPEL4WS), and the Business Process Modeling

Language (BPML), specify the process-based compo-

sition of these services as described in Refs. [7,25,

32,40]. However, these process languages are speci-

fied with a text-based approach that tends to conflict

with the visual design notations commonly accepted

for software development, in particular the use of the

Unified Modeling Language (UML) [6,17]. A main

goal of this work, which will be discussed in detail in

Section 3, is to support service-based composition

using accepted visual developmental approaches cou-

pled with agent-based protocols.

2.2. A sample SCW environment

The SCW environment described in this paper

incorporates the interoperability of general web serv-

ices. In Fig. 1, an example is given of a SCW

environment for multiple travel-related businesses.

The initiating business is the travel agency com-

pany. The Travel Agency has internal services for

managing customers’ accounts and credit card numb-

ers. However, the travel agency uses other third-party

vendors to realize the hotel reservation and car rental
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