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Abstract 
 
Business Process Management (BPM) provides a process-centric paradigm for developing and executing 
enterprise software applications. It enables the design, analysis, optimization, and automation of business 
processes. Recently, companies adopt BPM for changing business processes, and implement Business Process 
Management Systems to improve the effectiveness of their business. Although BPM, especially, in the scope of 
workflow and transaction management, has been actively studied in the past few years, the design and 
implementation of Business Process Management Systems on the Service-Oriented Architecture instantiated 
by Web services needs refreshed attention in a wider scope including process modeling and monitoring. This 
paper presents a high-level architecture of a Business Process Management System with Web services, and 
discusses the requirements and the functionalities of its components. It also briefly reviews the current work on 
developing BPM solutions using Web services centered on an emerging standard called BPEL4WS. Finally, 
it discusses some of the related research problems whose solution is critical for seamless, effective BPM with 
Web services. 
 
 
1. Introduction 
 
Business Process Management (BPM) provides a process-centric paradigm for developing and 
executing enterprise software applications [16, 18, 23]. A Business Process Management System 
(BPMS) provides a system environment for the design, analysis, optimization, and 
automation of business processes. When deployed in a distributed environment such as the 
Internet, it can facilitate collaboration among process participants, i.e., internal and external 
business partners. BPM provides fundamental advantages over the conventional application-
centric paradigm [16]: 
 
 Flexibility in changing the model of the underlying business processes, 
 Integration capabilities for even disparate applications, 
 Reusability of activity implementation and process models, and 
 Scalability of application development and execution. 

 
With these advantages, BPM has a potential to provide business benefits such as reduced 
costs, improved quality and reduce errors, gaining visibility into the enterprise, automating 
steps in the process, and balancing workloads. The need to save costs in a tight economy has 
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sharpened the focus on business-process improvement. Companies employ BPM for 
changing business processes, and implement Business Process Management Systems to fulfill 
their needs. 
 
Web services provide technologies for implementing BPM in an efficient, standard way. The 
promise of Web services is to enable a distributed environment in which any number of 
applications, or application components, can interoperate seamlessly within an organization 
or between companies in a platform-neutral, language-neutral fashion [7]. Simply put, in 
Web service-based BPM, a Web service could represent an activity within a business process, 
or a complex business process comprising a number of steps. 
 
Coupling of BPM with Web services is also blessing for Web services. As the impact of Web 
services begins to grow, so will the degree of complexity surrounding this computing 
paradigm. A Web service could be as simple as running a check on a credit number, and as 
complex as handling a company procurement process using an auction. To fully leverage the 
advantages offered by Web services in the delivery of application resources and information, 
Web service will require the coordination as provided by BPM software in the management 
of business processes. 
 
Although BPM, especially, in the scope of workflow and transaction management, has been 
studied in the past few years [1, 4, 14, 16, 20], the design and implementation of Business 
Process Management Systems using Web services on the Internet needs refreshed attention. 
This paper highlights a high-level architecture of a BPMS with Web services, and discusses 
the requirements and the functionalities of its components. It also briefly reviews the current 
work on developing BPM solutions using Web services centered on an emerging standard 
called BPEL4WS. Finally, it discusses some of the related research problems whose solution 
is critical for seamless, effective BPM with Web services. The primary focus of this paper is 
on general concepts for understanding rather than the underlying technical details. There will 
be follow-up papers for describing technical details of each of the specific problems. The 
work presented in this paper is part of an on-going project called Winslow at IBM T. J. 
Watson Research Center.  
 
The rest of this paper is structured as follows: Section 2 provides a brief introduction to 
BPM. In Section 3, we present a general architecture of Business Process Management 
Systems, and describe the requirements and the functionalities of its components. Section 4 
summarizes the basic capabilities of Web services and the recent work for BPM with Web 
services centered on BPEL4WS. It discusses how BPM can be designed and implemented in 
the Web service architecture. Section 5 discusses some related research problems that are 
important to the development of effective Web service-based BPM. In Section 6, 
conclusions are drawn and future work is outlined.  
 
2. Business Process Management 
 
A process is a specific ordering of activities across time and space, with commencement and 
termination, and clearly defined inputs and outputs, in short, an organization for actions. A 
business process refers to a process in which work is organized, coordinated, and focused to 
produce a valuable product or service [5, 6, 12, 18]. Business processes comprise both 
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internal and external business partners and drive their collaboration to accomplish shared 
business goals by enabling highly fluid process networks. Business Process Management (BPM) 
enables the design, analysis, optimization, and automation of business processes. It 
accomplishes these tasks by separating business logic from application logic, managing 
relationships among process participants, integrating internal and external process resources, 
and monitoring process performance. 
 
BPM provides a process-centric computing paradigm for enterprise software applications, 
and its concept can be better explained in the context of the application system structure 
evolution [16]. The first-generation enterprise application software was large monolithic 
pieces of code with a complex internal structure, which combined the infrastructure code for 
manipulating data, and the pieces of code for implementing the actual logic of the 
application. The second-generation applications are noted by their use of Database 
Management Systems (DBMS) which was devised to support the definition and concurrent 
manipulation of data, and consequently, separate data logic from applications. With DBMS 
in place, changes to the data schema and access paths, for example, can be done without 
impacting the related applications.  
 
In a similar way, a BPMS separates business logic from applications by supporting the 
definition business processes. A BPMS externalizes the definition and execution of the 
control and data flow of processes, the assignment of people to tasks (or activities), and the 
invocation of application logic modules. Changes to a process can be done without 
impacting the related applications. An application becomes a process-aware application 
consisting of a model of the underlying business process (referred to as a process model or a 
flow model) and a set of (flow-independent) application logic modules. The abstractions of the 
elementary pieces of work in a business process are called activities; the concrete realizations 
of these abstractions at process execution time are referred to as activity implementations. The 
application logic modules correspond exactly to these activity implementations in a BPMS. A 
Process-aware application is illustrated in Figure 1. 
 
 
 

 
Figure 1 Process-aware application 



 

 4 

 

 
 

Figure 2 A business process management system architecture 
 
 
Figure 2 illustrates the architecture of a BPMS. In this section, we briefly explain the logical 
relationship of three basic building blocks in the architecture, Business Process Integration (BPI), 
Business Process Automation (BPA), and Business Process Management (BPM). The functionality of 
each of the components will be described in detail in Section 3. Some of the components 
that are related to Web services will be discussed in Section 4. 
 
Business Process Integration focuses on the set of activities for creating application modules (as 
Web services, as will be explained in Section 4) available to business processes or, sometimes, 
complete process-aware applications (again, as Web services) from participating back-end 
enterprise applications such as ERP systems. At its core, BPI is simply connection of people 
and information within a process. To connect application information, APIs (Application 
Programming Interfaces) of back-end applications, or messaging services are often used. 
(Then the resulting business objects can be packaged as Web services.) To include human 
users within the process, often used is user interfaces that have the look and feel of e-mail 
inboxes. While enterprise application integration (EAI) solutions have typically supported 
discrete application events, BPI needs to handle extended activity sequences, long-lived 
processes, compensating transactions, failures and cancellations driven by business 
requirements [5, 8, 23].  
 
Business Process Automation builds on BPI by providing tools to model, deploy, and operate 
end-to-end processes. It automates processes by having human activities supported by 
workflow collaboration. Process automation requires functionalities such as notification 
services (e.g., e-mails), support for nested processing, and invocation of services to execute 
processes regardless of modeling language, while persisting state and data between service 
invocations [18, 23].  
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Business Process Management builds on BPA by providing tools to model, design, test, and 
analyze partial or end-to-end processes. It stores process description into a repository and 
provides a normalized environment within which processes can be designed and managed. 
At run time, process data that represents state and messages among participating 
applications or humans is recorded and can be known to BPM software through a process 
query languages. 
 
3. BPM Requirements and Components 
 
This section focuses on the requirements of BPM, and describes in detail the functionality of 
each of the components in the BPMS architecture of Figure 2. Some of the components are 
related to Web services will be discussed in Section 4. In addition to the basic components, 
the need for a common business process specification language is also explained. 
 
3.1. Common Business Process Specification Language 
 
A business process can be hosted by one of the business partners, and in many cases, the 
host can be dynamically determined depending on the specific application scenario. As a 
consequence, the process needs to be specified in a standardized way that can be executed in 
a number of different process execution environments. Thus, a common language for 
specifying business processes in a standard way is required to support definition of process 
models that can be implemented by a variety of process engines.  
 
The emerging BPM industry has been considering multiple alternative paths for modeling of 
executable business processes. In the Web service domain, Microsoft proposed the adoption 
of the Pi-Calculus model with XLANG [25], IBM rejuvenated the use of Petri Nets with 
WSFL (Web Service Flow Language) [15], and BPMI.org unified the two approaches with 
BPML (Business Process Markup Language) [31]. Along with such parallel efforts, other 
organizations advocated radically different approaches for business process modeling, such 
as ebXML BPSS developed by OASIS. Recently, BEA, IBM, and Microsoft jointly released 
BPEL4WS (Business Process Execution Language for Web Services), a new language for the 
modeling of executable business processes [33]. In this paper, we will focus on BPEL4WS, 
which will be explained in detail in Section 4. 
 
3.2. Business Process Modeler 
 
The business process modeler is a tool for modeling business processes, which is the starting 
point for developing process-aware applications. The ability for the business managers and 
application developers to design processes without having to write any program is one of the 
major promises of BPM. The business process modeler tool should enable to efficiently 
model, simulate, analyze, and validate business processes and software modules. The tool 
defines a process in terms of business actions and their relations, the organization units 
performing these business actions, and the business objects that these business actions are 
working on. The definition of the information is often entered through a graphical user 
interface with a drag-and-drop capability to make process design as intuitive as possible for 
the business users. Typically, an animated process graph is used to help determine the 
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correctness of the process and the correct invocation of the application modules 
implementing the process activities. Eventually, the model is converted into a physical design 
in a document format (e.g., in BPEL5WS), which is passed over to the workflow 
management system for process execution.  
 
Furthermore, a robust process design module should support all process assets (i.e., 
information and human), sub-processes, parallel processes, creation of business rules, and 
exception handling among other things. Also, process design should allow process-aware 
applications comprising application modules linked across multiple, disparate system 
environments. The tool should understand various aspects of business process integration 
for achieving optimal performance. 
 
3.3. Business Process Monitor 
 
Business process monitoring should provide business managers with real-time and historical 
data on the activities of “business-level” services. It should enable a company to detect any 
changes to the normal operating metrics for any business process or operating parameters in 
real-time. This data should be interpreted by business analytics software to immediately 
formulate an optimal response. The result is the ability of the company to more quickly 
detect important changes and trends and respond to them in a fraction of the time 
previously required [3, 12]. To collect application data in real-time, the business process 
monitor gathers information from various transport mechanisms as the data is moved from 
an application to another. The tool should allow viewing of internal application data through 
instrumentation and monitoring the business process inside each and every application. Also, 
the tool should be able to import internal business information from various applications.  
 
The business process monitor presents the business information in an easy-to-access console, 
often implemented as several dashboards in a company portal environment, to fulfill the 
needs of different business users. Typically, IT users need to track processes, work items, 
and business performance measures (modeled in the business process modeler tool in real-
time), while taking corrective actions. Upon invocation of a corrective action, the dashboard 
issues a command to the workflow engine via appropriate APIs. In order to reliably and 
efficiently operate in a distributed computing environment, system administrators need tools 
that provide them insights into the status of the systems and networks, and into the status 
and behavior patterns of their applications. Furthermore, one of the major goals of BPM is 
to realize continuous process improvement. Thus, a BPMS should provide an administrative 
console with metrics and reporting capabilities for business users. Through reports on 
historical data and analyses for trends, companies can take steps toward process optimization.  
 
3.4. Business Process Server 
 
The business process server should provide the ability to view, and share created business 
process models (and related information) through an easily accessible user interface such as a 
Web browser via the Internet or company Intranet. The business process server employs a 
repository that is a secure, central server for cleansing, consolidating, and storing created 
business process models. It should provide an access control that ensures the intra-company 
policy or the agreement among business partners over process model distribution and 
procedure. Some form of version control and change management such as a check-in and 
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check-out functionality should ensure the integrity of the process models and associated 
information. 
 
3.5. Workflow Engine 
 
The workflow engine is the run-time component of a BPMS that controls the execution of 
process instances. It allows the user to start, terminate, suspend, and resume processes. It 
determines who should perform a particular activity, puts the resulting work item onto the 
work list of selected user(s), schedules the proper program when a work item is selected and 
determines what activities come next after one has been completed, and records all these 
actions in a log.  
 
In addition to the workflow engine, there are several important process operation features 
associated with process execution. One is run-time modification of business processes. Users 
need to know that, if anything goes wrong with their process, they can quickly make changes 
while the process is running and not lose time by starting over from the beginning. In 
addition, workload balancing is a necessity. In a business environment, both human and 
software applications will get overloaded, meaning that the BPMS will have to balance the 
work between all parties in the most efficient manner.  
 
4. Web Services and Business Process Management 
 
An architecture that supports Web services, known as a Service-Oriented Architecture, is the 
latest in a long series of attempts in software engineering that foster the reuse of distributed 
software components. Unlike its predecessors, Web services make services (implemented as 
software) available on the Web. Another difference is that the services are described and 
published in a way that anyone can locate and invoke them. The fundamental of Web 
services is, in essence, assembling applications over the Web using open interfaces and 
protocols. Web services are business assets that can be shared, combined, used, and reused 
by heterogeneous computing resources within an organization or between firms [7].  
 
Technically, a Web service is an XML object comprised of content, application code, process 
logic, or any combination of these, that can be accessed over any TCP/IP network using the 
SOAP  (Simple Object Access Protocol) standard for integration, the WSDL (Web Services 
Description Language) standard for self-description, and the UDDI (Universal Description, 
Discovery, and Integration) standard for registry and discovery within a public or private 
directory. With the standards and associated tools that enable the specifications, applications 
developers can: 
 
 Publish and un-publish Web services that are defined using WSDL,  
 Find Web services defined using WSDL, and registered and stored in a UDDI registry, 
 Create WSDL documents from existing Java classes, servlets and EJB, 
 Generate client and server code from a WSDL document, and 
 Deploy Web services to a Web application server. 

 
As the impact of Web services begins to grow within many organizations, so will the degree 
of complexity surrounding this computing paradigm. To fully leverage the advantages 
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offered by Web services in the delivery of application resources and information requires the 
same type of coordination as provided by BPM software in the management of business 
processes.  
 
A business process can be re-defined in terms of Web services: a business process specifies 
the potential execution order of operations from a collection of Web services, the data 
shared among the Web services, which business partners are involved and how they are 
involved in the business process, joint exception handling for collections of Web services, 
and other issues involving how multiple services and organizations participate [18]. Business 
processes especially are often long-running transactions comprised of multiple Web services, 
requiring consistency and reliability of Web services applications. 
 
The Business Process Execution Language for Web Services (BPEL4WS) is an XML-based 
workflow definition language that allows companies to describe business processes that can 
both consume and provide Web services [13, 17, 24, 27, 31, 33]. BPEL4WS specification is 
positioned to become the basis of a Web service standard for composition. Along with 
complementary specifications, WS-Coordination [36] and WS-Transaction [37], BPEL4WS 
provides a basis for a business process automation framework. BEA, IBM and Microsoft 
jointly developed these specifications, replacing old specifications on workflow modeling, 
WSFL by IBM [15] and XLANG by Microsoft [25]. 
 
Along with the BPEL4WS specification, a few tools for this new specification were offered. 
For instance, IBM provides a workflow engine called BPWS4J on which business processes 
written in BPEL4WS can be executed, a tool for validating BPEL4WS documents, and an 
editor for creating and modifying BPEL4WS documents [32]. The BPWS4J engine takes in a 
BPEL4WS document describing a business process to be executed, WSDL documents 
describing the component Web services, and a WSDL document describing the interface of 
the resulting business process to clients. From this input, the engine generates a process 
made available as a Web service with a SOAP interface. A WSDL file that describes the 
process’s interface may be retrieved at run-time. The BPWS4J engine also supports the 
invocation, from within the process, of Web services. The workflow engine runs on Web 
application servers such as Apache Tomcat and IBM WebSphere application server.  
 
The BPWS4J platform also includes an Eclipse [35] plug-in that provides a simple editor for 
creating and modifying BPEL4WS files. It provide a simple, but versatile process modeler, in 
that it accommodates both bottom-up and top-down approaches to process design, 
synchronizes XML source and tree views of business process being created, provides 
context-sensitive menus that facilitate creation of specification-compliant processes, and 
validates process against specification requirements during editing session. However, in light 
of the BPM tool requirements for process modeling, monitoring, and managing described in 
the previous section, the tools of the BPWS4J framework show apparent limitations in 
various aspects. Fulfilling the tooling needs of BPEL4WS will be critical for the adoption of 
BPM with Web services by companies, and present interesting challenges and opportunities 
for research. 
 
The relationship between a business process and Web services is two-fold: a business 
process can include Web services as implementation for its activities, and a business process 
can provide an implementation for a Web services. The former case is illustrated in Figure 3. 
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A business process acts as a service requester. When the workflow engine, i.e., BPWS4J, 
arrives at an activity in a process instance, it sends an XML message to the Service 
Invocation Utility. This message carries all the data needed for the service invocation; the 
content of the message identifies the Web service and specifies its parameters. Acting as a 
client to the Web service, the Service Invocation Utility calls the specified Web service 
through a proxy. Optionally, the Service Invocation Utility can return the result of the Web 
service as an XML response message to the workflow engine. This message signals the 
completion of the activity’s implementation.  
 
The other case where a business process provides an implementation for a Web services is 
illustrated in Figure 4. BPEL4WS defines a business process. From this process definition, a 
developer can derive the definition of a Web service in WSDL that is implemented by this 
process, including the SOAP binding for this Web service. A developer needs to take the 
following steps to make a given business process available as a Web service: 
 
 The service provider models a business process using the Business Process Modeler. 
 The service provider generates the BPEL4W representation from the model. 
 The service provider generates a WSDL file from the BPEL4WS document.  
 The WSDL file serves as the Web service interface description for service requesters, 

and also is used to generate:  
- A server-side skeleton for the service provider,  
- A deployment descriptor for this Java bean, and  
- A client proxy for service requesters.  

 
A Web service request submitted by a service requester is intercepted and transformed into a 
format understood by the workflow engine, e.g., BPWS4J, which executes an instance of the 
business process. Note that the execution of the business process can act as a service 
requester; as it can invoke a number of Web services providing the implementation of 
activities of the process.  
 
 

 
Figure 3 Invoking Web services as activity implementations 
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Figure 4 Business process as a Web service 

 
 
Figure 5 illustrates a view of a BPEL4WS process. BPEL4WS defines a Web service by 
composing a set of existing services. Like any other Web service, the interface of the 
composite service is described as a collection of WSDL portTypes. Unlike a traditional 
software implementation of a WSDL interface, however, each operation of each portType 
does not map to a separate piece of logic in BPEL4WS. Instead, a single BPEL4WS process 
implements several portTypes of the service, and the entry-points of specific external users 
are described in the BPEL4WS document. The entry-points either consume WSDL 
operations’ incoming messages from input-only or input-output operations. In the latter case, 
the process must also indicate where the output message is generated. 
 
The BPEL4WS process itself is basically a flow-chart like expression of an algorithm. Each 
step in the process is called an activity. There are a set of primitive activities such as waiting 
for a message to an operation in the service’s interface to be invoked by an external service 
requester (<receive>), invoking an operation on some Web service (<invoke>), generating 
the response of an input/output operation (<reply>), waiting for some time (<wait>), and 
terminating the entire service instance (<terminate>). These primitive activities can be 
combined into more complex algorithms using structure activities such as <sequence>, 
<switch>, <while>, <pick>, and <flow>. BPEL4WS also allows recursive combination of 
the structured activities to express arbitrarily complex algorithms. Details of the BPEL4WS 
specification and its uses of exemplary business processes can be found in [13, 17, 24, 27, 33]. 
 
5. Related Research Areas 
 
With understanding to the basic work on BPM with Web services described in the previous 
sections, in this section, we briefly review some of the interesting related research problems 
whose solution is required for seamless, effective BPM in the Service-Oriented Architecture. 
In particular, this section discusses the following topics that the Winslow project focuses on 
(in addition to the BPEL4WS tooling discussed in the previous section): 
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Figure 5 View of a business process implemented as a Web service in BPEL4WS 

 
 
 Support of transaction management, 
 Support of automatic Web service discovery and composition, 
 Support of a business process query language, and 
 Support of rigorous testing of Web services 

 
Support of transaction management: Support of distributed, long-running business 
transactions is a difficult problem to solve, and has been actively studied in relation to 
workflow management [1, 4]. First, the extended duration and communication latency 
introduced by business tasks performed by involving business partners who run potentially 
incompatible computing environments introduces complicated requirements. Business 
transactions must be controlled on a task-by-task basis, with the infrastructure monitoring 
and managing the results of each individual activity as it relates to the entire process. 
Another difficulty is that of directly connecting together existing proprietary transaction 
service implementations. Often, such products simply do not work together “out-of-the-
box.” Web services can help to build a bridge among those products by providing a 
common framework through which divergent platforms can be integrated. 
 
The WS-Coordination [36] and WS-Transaction [37] specifications complement BPEL4WS 
in that they provide a Web service-based approach to improving the dependability of 
automated, long-running business transactions in an extensible interoperable way. A business 
process involves a number of Web services working together to provide a common solution. 
Each of these services needs to be able to coordinate their activities for a successful 
completion of the process. One method to enforce the coordination of multiple services is 
to have each Web service share a bit of common information that can be used to link the 
individual activities to an overall process. The WS-Coordination specification defines a 
framework through which those services can work from a shared “coordination context.” 
The context contains the information necessary to link the various activities. 
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WS-Transaction, on the other hand, provides a framework that allows business partners to 
monitor the success or failure of each individual, coordinated activity. It provides the means 
for a business partner to monitor an on-going business process and reliably cancel the 
process in case something goes wrong along the way. If any part of a business process 
cannot be processed, no part of the process is processed, or, if part of the process has 
already been processed, the work performed can be compensated for and undone. The WS-
Transaction is based on Web services, and thus, transaction support can be made 
interoperable across vendor-specific transaction management applications. Implementation 
of WS-Coordination and WS-Transaction specification should be incorporated into the 
business process automation framework. 
 
Support of automatic Web service discovery and composition: BPEL4WS is basically a 
language to implement Web services of business processes by composing a set of existing 
services. It is important to note that service composition for business processes can be 
enhanced by effective semi-automatic or automatic service discovery [19]. Automatic Web 
service discovery involves automatically locating Web services that provide a particular service 
and that adhere to requested properties. Automatic Web service composition involves the 
automatic selection, composition, and execution of appropriate Web services to perform 
some task, given a high-level description of the task’s objective.  
 
Recently, there have been studies on computer-interpretable semantic markup of Web 
services that can be used to specify the information necessary for Web service discovery [9, 
10, 19]. Computer-interpretable semantic markup at the service Web sites, and a service 
registry or (ontology-enhanced) search engine can help automatically locate appropriate 
services. Another noteworthy work on the automatic Web service discovery and 
composition is to using rule-based systems [21, 28]. In these studies, a service is represented 
by a rule, and a rule-based expert system is used to automatically determine whether a 
desired composite service can be realized using existing services. In case it is possible, the 
system can construct a plan that, when executed, dynamically instantiates a composite 
service. Ideally, the business process modeling tools need to provide automatic Web service 
composition capabilities using automatic Web service discovery or rule-based expert systems, 
and incorporate them with other basic functionalities such as business process simulation 
and optimization. 
 
Support of a business process query language: BPEL4WS and its predecessors focus on 
the modeling and execution of business processes, but it can be ineffective for the 
management side of business processes. The Business Process Query Language (BPQL) was 
proposed by BPMI (Business Process Management Initiative: http://www.bpmi.org) 
organization for the deployment, control, analysis, and optimization of business processes. 
BPQL is a management interface to a business process management infrastructure that 
includes a “process execution facility” and a “process deployment facility.” The BPQL 
interface to a process execution facility enables business analysts to query the state and 
control the execution of process instances managed by the facility. This interface is based on 
the Simple Object Access Protocol (SOAP). The BPQL interface to a process deployment 
facility enables business analysts to manage the deployment of process models managed by 
the facility. This interface is based on the Distributed Authoring and Versioning Protocol. 
Process models managed by the process deployment facility through the BPQL interface can 



 

 13

be exposed as UDDI services for process registration, advertising, and discovery purposes. 
BPQL could be useful for business activity monitoring.  
 
Support of rigorous testing of Web services: Testing tools play an important part in the 
success of BPM with Web services implementation. Quality is more important with Web 
services than other types of applications, because companies combine the loosely coupled 
pieces of code that come together to form a business process solution and must work 
together in a perfect state. It is critical for companies to make the Web services-based BPM 
applications as reliable as possible, because they involve customers and business partners. 
There are three main areas of quality testing: functionality (how well the Web service 
program works), load (how it performs under strain), and regression (whether any code 
changes result in problems). Ideally, the testing tools for Web services need to be 
incorporated with the process modeling tools, so that the developers and users can ensure 
the correct operation of business processes early in the process modeling phase.  
 
6. Concluding Remarks 
 
The need to save costs has sharpened the focus on business-process improvement. Business-
technology managers adopt Business Process Management for changing and optimizing 
business processes, and implement Business Process Management Systems to fulfill their 
needs. The promise of Web services is to enable a distributed environment in which any 
number of applications, or application components, can interoperate seamlessly within an 
organization or between companies in a platform-neutral, language-neutral way. Web 
services provide useful technologies for implementing BPM in an efficient, standard way. 
 
This paper presented a design of a Business Process Management System in the Service-
Oriented Architecture instantiated by Web services. It discussed the logical relationship of 
three basic building blocks of the BPMS architecture, i.e., Business Process Management, 
Business Process Automation, and Business Process Integration. It described the 
functionalities of each of the components, especially in relation with the emerging Web 
service standard, BPEL4WS (Business Process Execution Language for Web Services) and 
its development and execution platform. Additionally, the paper briefly reviewed some of 
the related research problems whose solution is critical for seamless, effective BPM in the 
Service-Oriented Architecture. The work presented in this paper is part of an on-going 
project called Winslow at IBM T. J. Watson Research Center. There will be follow-up papers 
for addressing technical details of specific problems outlined in this paper.  
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