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Web services based on the service-oriented
architecture framework provide a suitable
technical foundation for making business
processes accessible within enterprises and
across enterprises. But to appropriately
support dynamic business processes and
their management, more is needed, namely,
the ability to prescribe how Web services are
used to implement activities within a business
process, how business processes are
represented as Web services, and also which
business partners perform what parts of the
actual business process. In this paper, the
relationship between Web services and the
management of business processes is worked
out and presented in a tutorial-like manner.

Web services are unanimously supported by major
suppliers of middleware technology (see for exam-
ple References 1–5). Standards in this area, such as
SOAP (Simple Object Access Protocol),6 WSDL (Web
Services Description Language),7 and UDDI (Uni-
versal Description, Discovery, and Integration),8 are
being proposed or agreed on, and serve as a basis
for implementing product features. Many vendors
provide early implementations of technologies and
proposed or drafted standards (see for example Ref-
erences 9, 10). The World Wide Web Consortium
runs a working group defining a set of standards in
this area. Known as the “XML (Extensible Markup
Language) Protocol,”11 it is based on input collected
from vendors and early adopters of this technolo-
gy.12 One of the components of the XML Protocol

will have to describe how Web services are integrated
into business processes; proposals for such a stan-
dard can be found in References 13 and 14.

In this paper we focus on the relation between Web
services and business processes, as well as elements
needed for a suitable standard. In the next section
we summarize the basics of the service-oriented ar-
chitecture and sketch SOAP, WSDL, and UDDI as the
relevant proposed standards. In the following sec-
tion we describe a high-level scenario that links bus-
iness processes and Web services. We review some
background from the area of workflow technology15

in the section “Flows between Web services” and
demonstrate the applicability of this technology to
the problem area. Next, in “Process topologies” we
show how enterprises can do business with each other
and provide joint services to their customers based
on the previously introduced technology. Next we
discuss the opportunities for re-engineering business
processes. Then, in “Business process management”
we put it all together and describe how business pro-
cesses can be managed in a Web services environ-
ment. We briefly sketch IBM product support for bus-
iness processes and Web services, and in the last
section we summarize the contents of the paper and
point to some open research questions.
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Service-oriented architecture and relevant
standards

The service-oriented architecture (SOA) approach,
as described in Reference 16, is the latest in a long
series of attempts in software engineering that try
to foster the reuse of software components.

Indeed, the first major step of this evolution was de-
veloping the concept of functions in which programs
are broken down into smaller programs through
functional decomposition. Central to the concept was
the idea of the application programming interface
(API) as the contract to which a software component
commits. The second major step was developing the
concept of object as building block, which combined
data and functions into an encapsulated unit. It in-
troduced the notions of classes, inheritance, and
polymorphism and thus allowed the construction of
class lattices. Specification of signatures was suffi-
cient, because the semantics of the individual classes
were “known” to the community. This changed dra-
matically with the concept of making services avail-
able on the Web (Web services). A Web service could
be as simple as running a check on a credit number,
and as complex as handling a mortgage application.
It now required that the services be described and
published in a way that anyone can locate and in-
voke them. This mandates, for example, the use of
taxonomies and ontologies to capture syntax and se-
mantics of the offered services.

An architecture that supports Web services, known
as a service-oriented architecture, covers the follow-
ing aspects.

● The dynamic discovery of registered services. This
includes searching for services that meet certain
criteria, especially business criteria such as deliv-
ery time, price, etc.

● The organization of services, so that one can eas-
ily understand what a service offers

● The description of services, so that a service can
be properly invoked. This includes formats and
protocols for invoking the Web service.

Please note that in contrast to the service-oriented
architecture a “service-based architecture,” such as
RosettaNet17 or OBI18 (Open Buying on the Inter-
net), focuses solely on the formats and protocols be-
tween services. As such it represents just one of the
pieces of the service-oriented architecture.

Figure 1 shows the individual components of the ser-
vice-oriented architecture. The service directory is the

place where all information about all available ser-
vices is maintained. A service provider that wants to
offer services publishes its services by putting appro-
priate entries into the service directory. A service re-
questor uses the service directory to find an appro-
priate service, that is, a service that matches its
requirements. An example of such a requirement is
the price a service requestor is willing to pay for a
service. The service directory will thus include not
only taxonomies that facilitate the search, but also
information such as the price or the delivery time
associated with a service. When a service requestor
locates a suitable service, it binds to the service pro-
vider, using binding information maintained in the
service directory. The binding information contains
the specification of the protocol that the service re-
questor must use as well as the structure of the re-
quest messages and the resulting responses. The
communication between the various agents occurs
via an appropriate transport mechanism.

The Simple Object Access Protocol (SOAP)6 defines
a mechanism for the communication with Web ser-
vices over the Internet. It specifies the format of mes-

Figure 1 Service-oriented architecture: The players
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sages that are exchanged between the service re-
questor, the service provider, and the service
directory. In particular, SOAP describes how HTTP
(HyperText Transfer Protocol) can be used to re-
alize a remote procedure call (RPC) mechanism over
the Internet—a combination of the information in
the HTTP header and a SOAP body, which allows one
to exactly specify the endpoint of a SOAP request.
An encoding schema for the SOAP body describes
how to exchange requests and the corresponding re-
sponses.

Universal Description, Discovery, and Integration
(UDDI)8 defines the structure and the contents of the
service directory. UDDI provides two distinct but re-
lated pieces of information. The first piece is the reg-
istration of service types, which are typically stan-
dardized by standards bodies, such as RosettaNet.
The second piece of information is the actual bus-
iness information, such as the name of the company
offering the service, the type of service, taxonomies
that classify the offered service, and references to
those standard service types or to Web Services De-
scription Language (WSDL) specifications.

WSDL7 provides the capability to describe a Web ser-
vice, without the need to have it formally standard-
ized. A WSDL description of a Web service provides
all information needed to actually invoke it. A port
type, the operations that the port type supports, and
the structure of the input and output messages, de-
scribe a particular service in an abstract way. In or-
der to actually communicate with the service, this
abstract specification of the service must be trans-
lated into concrete formats and protocols (for ex-
ample into SOAP over HTTP) based on separate bind-
ing information. The separation of the binding and
the description of the service provides for great flex-
ibility for the service requestor by allowing the ser-
vice requestor to select the most appropriate bind-
ing. The third piece of information defines the
provider where the individual services are offered
and the ports that implement the bindings by which
the port types and operations can be reached.

Flexible partnership—an initial scenario

How might the Web services infrastructure be used
to provide additional value, and what is still miss-
ing? The following high-level scenario will help us
to determine that. More details about the concepts
introduced in this section can be found in Reference
13.

Let us assume the CIO of a company (depicted by
the individual with initials O.W.L. in the figures) has
determined that by outsourcing some services the
company’s operations can be made more efficient.
The CIO consults his favorite UDDI directory to find
potential business partners that offer such services
(see Figures 1 and 2) and, based on certain criteria,
he decides to contract with a service provider for the
required services.

Technically, this service provider is a business part-
ner that implements a collection of port types cov-
ering the required services as its operations; these
services are made available via corresponding ports.
At his end, the CIO has to provide a port type with
operations that work as “stubs” and that are capa-
ble of communicating with the ports on the business
partner side. In fact, the CIO may decide to provide
multiple port types that collectively cover these stubs,
i.e., the CIO’s company becomes itself a service pro-
vider. The operations at both ends that must com-
municate in order to perform the required functions
are wired together via plug links. A plug link iden-
tifies pairs of operations that communicate with each
other, and describes which operation initiates this

Figure 2 Looking for business partners
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communication. Communication here means the ex-
change of messages, for example, sending a request
message and receiving a response message.

Once two businesses establish a partnership, that is,
the corresponding service partners are plug-linked,
their cooperation can begin. This implies that mes-
sages can be exchanged through the plug links de-
fined. But assume that the order in which the plug-
linked operations are used is not specified. For
example, suppose O.W.L. first uses B service at A (see
Figure 3) and then uses D service at C. The service
provider expects the sequence of actions in reverse
order: first service D is invoked, then service B.

To constrain the order in which operations at a ser-
vice provider are to be invoked, a flow model has to
be defined. A flow model is a directed graph that
connects nodes, known as activities, via control links.
The control links determine the invocation order of
activities by pointing from an activity to its succes-
sors. An activity is related to an operation of a port
type of the service provider that is constrained by
the flow model.

Our service provider has implemented a flow model
with activities labeled 1 and 2 (Figure 3). A control
link points from 1 to 2; that is, activity 1 must pre-

consequence, operation D cannot be used before op-

ready once activity 1 is completed, i.e., operation B
had been used. The next section provides details
about flow models.

After a while, O.W.L. is no longer satisfied with the
business partner chosen. He has new requirements
that have to be met in order to achieve his goals.
These requirements are transformed into a query
called locator13 (see Figure 4), which is run against
a service directory. The locator returns a list of qual-
ifying service providers. From this list O.W.L. chooses
a new business partner that better serves his needs.

Finally, O.W.L. decides to provide added-value func-
tions to outdo his competitors. For this purpose he
creates a global model, i.e., a new Web service that
aggregates the services of multiple service provid-
ers (see Figure 5). This new global Web service can
be published in a UDDI directory, which will enable
service requestors to search and find the new ser-
vice.

The internal details of the new Web service can be
hidden from the user (the service requestor in Fig-
ure 5). Thus, a potential user of the new Web ser-
vice only needs to know about the operations that
can be invoked. Additional details about the new
Web service can be revealed if needed—for exam-
ple, if certain ordering constraints have to be obeyed.

Flows between Web services

Figure 6 illustrates the different dimensions of a flow
model: the business activities and the sequence in
which they are to be performed (the “what” dimen-
sion), the resources involved such as the organiza-
tional entity that is responsible for carrying out the
activity (the “who” dimension), and the tools that
are used to handle the activity (the “with” dimen-
sion). Since flows often represent business processes,
a flow model is sometimes referred to as a business
process model, or simply a process model.

The first dimension is the process model that defines
the different steps or activities that need to be per-
formed, such as Get Order or Check Customer. Each

Figure 3 Order really matters!
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activity is shown in Figure 6 as an oval labeled with
the name of the activity. The potential sequence, in
which the different activities are being carried out,
is expressed via control links, shown as solid arrows
from one activity to the next. For example, the con-
trol link from the Get Order activity to the Check
Customer activity indicates that the Check Customer
activity needs to be carried out after the Get Order
activity has been completed successfully. The con-
trol link from the Get Order activity to the Check
Customer activity is always followed. Sometimes, a
control link is taken only if a certain condition as-
sociated with the control link (also known as a tran-
sition condition) evaluates to true. This is illustrated
by the two control links leaving the Check Customer
activity. The control link to the Accept Order is taken
when the transition condition “Good Customer?”
evaluates to true. Otherwise the control link to the
Reject Order activity is taken. It should be noted, that
because an activity may have multiple outgoing con-
trol links, it is possible that more than one transi-
tion condition associated with an activity could eval-
uate to true, which causes multiple control links to
be followed in parallel.

The different activities in the flow model consume
information and also generate information. To make
the information generated by an activity available
to subsequent activities one uses data links. Data links
are shown in Figure 6 as dashed arrows. For exam-
ple, the data link between the Get Order activity and
the Check Customer activity indicates that data are
passed from the Get Order activity to the Check
Customer activity. Credit card information, which has
been collected during the Get Order activity, is passed
to the Check Customer activity, which might use it
to invoke a Web service that checks a credit card
number for validity and for credit amount. The in-
formation passed between activities together with the
information provided by the initiator of the business
process is called the context of a flow.

The second dimension is the resource used to mon-
itor, to carry out, or simply to be responsible for a
particular activity, usually a person. This is in gen-
eral determined as the result of a query against a
resource database. When the resource involves peo-
ple, an organizational database is queried (staff que-
ry), and the process of finding the appropriate peo-
ple is called staff resolution. 15

The third dimension is the set of tools available to
carry out the various activities. This could be a sim-
ple phone call being made by the assigned person,
the writing of a letter, the invocation of an existing
application, such as a CICS (Customer Information
Control System) transaction, or the sending of an
order to a supplier. The various implementations
range from a simple desktop application to a sophis-
ticated Web service offered by some service provider.

Our use of directed graphs to model flows is similar
to the work within the Workflow Management Co-
alition19 (WfMC) or the Web Services Conversation
Language20 (WSCL). The theoretical underpinning
of this approach is rooted in Petri Nets21,22 and the
�-calculus.23 Languages closer to the latter are
XLANG14 and BPML.24

The processing associated with a flow model involves
the creation of a flow instance, possibly using initial
values, the navigation through the flow model using
both the data passed to the flow model and the data
generated by individual activities, and the deletion
of the flow instance either immediately after com-
pletion or after some user-specified time period. Pro-
cessing of an activity includes selecting the activity,
determining the required resources and tools, acti-
vation, and termination. Thus the execution of a flow

Figure 4 Searching dynamically for the ideal partner
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instance can be represented as a set of points in the
three-dimensional space with the dimensions what,
who, and with (the so-called W3 space).

The execution of a flow instance is controlled via a
set of life-cycle functions.13

● Call creates and starts a flow instance from a flow
model and optionally provides information that is
made part of the flow instance context. Control is
not returned to the requestor until the flow in-
stance has completed.

● Spawn performs the same functions as the Call life-
cycle command with the exception that control is
returned to the requestor as soon as the request
itself has been processed, either by creating and
starting the appropriate flow instance or by return-
ing an appropriate message that the flow instance
cannot be created.

● Suspend suspends a flow instance either for a spec-
ified time period or until resumed by an appro-
priate Resume life-cycle function. A suspended
flow instance does not involve node activation.

● Resume restarts the activation of a flow instance
that has been previously suspended.

● Inquire provides the capability to query for flow in-
stances that have certain properties, such as being

in the state Running or being a loan process with
a loan value greater than $100000. The result of
this function is either a set of flow instances that

Figure 6 The flow model as a multidimensional entity
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meet the specified criteria, or in the case of a sin-
gle flow instance, all information about the pro-
cess, so that the state of process can be displayed.

● Terminate stops the processing of a flow instance,
including any activity that may be running.

When a service provider publishes a flow model as
a Web service (via WSDL), all life-cycle operations
become available as operations of the port type that
represents the flow model as a Web service.10 For
ease of use, the standard life-cycle commands can
typically be renamed—for example, to be able to use
a startOrder request instead of a Call OrderProcess
life-cycle command. In addition, all activities that
wait for some request from the outside, such as wait-
ing for an order to come in, are also made available
as operations of subject port type.13 If stored in UDDI,
service requestors can use this information to invoke
the appropriate methods, including the life-cycle
commands, associated with the Web service.

Consumers of Web services may post in a service di-
rectory those activities that use certain Web services.
This enables service providers to query for users that
need a particular service.

Figure 7 illustrates the two roles that flow models
play in the context of Web services. First, activities
of a process can be implemented via a Web service,
as shown for three of the activities of the process
run by O.W.L. Whether the Web service is actually
a flow model or not is transparent to these activi-
ties. They simply invoke the Web service, which has
been either specified statically, or determined
dynamically through the use of the UDDI directory.
Second, a flow model is made available as a Web
service; see the Perform Delivery Web service. When
the Web service is invoked via a Spawn or a Call life-
cycle command, an appropriate flow instance is gen-
erated from the flow model. Depending on the type
of request, control returns to the activity in progress
as soon as the request has been accepted or when
the flow instance has completed execution.

Process topologies

As explained in the previous sections, flow models
can be used to define the behavior of a Web service
implemented by O.W.L. or his business partners. They
complement the definition of the external interface
of the service, which describes operations request-
ing services from service providers or offering ser-
vices to service requestors. The flow model describes
the flow of control and information between request-
ing and performing operations of the Web service
and can be used by business partners to figure out
how they can interact with the given service—both
as service requestors and as service providers.

A business process involving two or more business
partners can be realized by composing Web services
offered by the individual business partners while tak-
ing into account the constraints and requirements
defined for each participating Web service. For ex-
ample, let us assume that O.W.L. and his favorite bus-
iness partner want to collaborate to achieve a par-
ticular business goal. Both would define services that
they contribute to the composite business process
and flow models that define the behavior of those
services. To make the composite process work, re-
questing operations of one process (A, C, and T in
the example of Figure 8) must be associated with
matching “performing” operations (O, R, and E in
the example) in the other process. In the interaction
O.W.L. and the business partner switch between the
roles of service provider and service requestor. As
a result, there are two flows that exchange messages
to achieve a common goal. The two interacting bus-
iness processes are said to have a peer-to-peer struc-
ture. The example can be easily extended to involve

Figure 7 Flow models and Web services
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multiple business partners, e.g., by connecting nodes
B and D in O.W.L.’s flow model to operations sup-
ported by a third partner.

In a peer-to-peer structure, the composite business
process is implicitly defined by the flow instances that
drive sequencing within the individual processes and
by the interaction between the public operations of
processes on both sides. Obviously, the necessary syn-
chronization between the services involved requires
cooperation of the participating partners; this can
be achieved via private agreements, or it can be based
on public standards defining the necessary interac-
tions and the roles of the parties involved (for ex-
ample, the ebXML Business Process Specification
Schema25 provides a formalism for defining public
standards for peer-to-peer collaborations).

The peer-to-peer structure is well suited for realiza-
tion of dynamic collaborations between business
partners. Potential participants define their contri-
bution to a process and their requirements from
other participants in the form of a Web service def-
inition with flow model annotations. The actual
“matchmaking” between requesting and performing
operations of these services can be dynamically es-
tablished, by taking into account the quality of ser-
vice provided by the potential partners and other fac-
tors. In the example of Figure 8, O.W.L. might choose
between different partners that provide matching op-
erations for process steps A, C, and E, or he might
even choose to use several different partners with-
out having to make any changes to his own process.

In many situations, however, the interactions be-
tween business partners can be described by a single
top-level (root) business process. This business pro-
cess defines the steps necessary to achieve the over-
all business goal and maps these steps to services pro-
vided by the contributing partners. The resulting
global structure of the business process involving the
set of business partners is said to be hierarchical (see
Figure 9).

The overall process in a hierarchical structure often
uses the life-cycle operations provided by process
flow services to integrate subprocesses into the top-
level process (e.g., the flows of partners P2, P3, and
P4). Depending on the nature of the subprocess it
either spawns the service implementing the subpro-
cess and waits for its results, or it uses the synchro-
nous Call operation to execute the subprocess.

But activities of the overall process may also be im-
plemented via “discrete” operations (i.e., services
without any structure) provided by a business part-
ner. In the example depicted in Figure 9, partner P1
implements support for V and Z of the top-level pro-
cess as individual activities F and H.

The hierarchical structure is typically used in “tra-
ditional” business relationships where interactions
between cooperating partners are agreed to in ad-
vance. The overall process is developed in a top-down
fashion, starting with a definition of the top-level pro-
cess. This process is decomposed into coarse-grained
process steps that are performed by individual part-
ners; the partners further decompose their respec-
tive tasks into subprocesses that they control.

Process management and monitoring of the overall
process status is generally easier in hierarchical struc-
tures than in peer-to-peer interactions since the main
process provides a single point of control and ad-
ditional details can be obtained by “drilling down”
into the process along the lines of the process hi-
erarchy. However, peer-to-peer processes can also
be instrumented to support the management and

Figure 8 The peer-to-peer structure of two interacting
                  business processes
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monitoring of federated processes (see the section
“Business process management” for more details).

It is important to note that in the hierarchical sce-
nario the top-level process is not necessarily owned
by one of the participating partners. It merely de-
fines the rules for cooperation of the partners in a
“virtual enterprise,” thus choreographing the collab-
oration between the partners of this virtual company.
The top-level process can be hosted by one of the
partners or by an outside party, and in many cases
the host can be dynamically determined depending
on the specific application scenario. As a conse-
quence, the process must be specified in a standard-
ized way that can be executed in a number of pro-
cess execution environments—this is one of the
motivations behind IBM’s proposal for the WSFL13

standard that supports definition of flow models that
can be implemented by a variety of process engines.

In many cases, a mixture of hierarchical and peer-
to-peer structures is used to realize complex mul-
tipartner business processes. For example, in Fig-
ure 9, partner P4 might have established a peer-to-

peer relationship (not shown) with yet another
business partner in order to integrate the services
that this partner supports within the hierarchical
structure shown.

Flow models can be used to describe the public as-
pects of implementing a business service. They pro-
vide information that the service provider shares with
potential users of the service by publishing it in a
service directory. For example, the root process in
a hierarchical structure realized by a virtual enter-
prise should be visible to all customers of the virtual
enterprise. But in some cases the flow model that
defines the behavior of a service can be hidden from
potential users of the service because the structure
is not relevant for the interactions between the ser-
vice and its users. For example, the business pro-
cesses owned by partners P2, P3, and P4 in Figure
9 can be represented as having no inner structure;
the root process only needs to know how to invoke
the services provided by these processes. This is im-
portant, because business processes are very often
company assets that must not be revealed.

Figure 9 The hierarchical structure of a business process involving multiple partners
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Sometimes, selective parts of a business process of
a partner must be made public. For example, in Fig-
ure 9 partner P1 implements activities V and Z of
the root process as F and H. In more complex sit-
uations, the support is viewed as a flow model that
represents the public view of the service provided.
Such a flow model in fact is in general a graph cre-
ated by a projection mapping of the graph represent-
ing the business process owned by the service pro-
vider, that is, a “public view” on a “private flow.”
Figure 10 shows the public views of the business pro-
cesses shown in Figure 8.

In a top-down development scenario, a given public
process could be further refined into a more com-
plex, private (i.e., “hidden”) flow model that inte-
grates externally visible operations with internal
operations, implemented using intraenterprise ser-
vices. In a bottom-up development scenario, specific
aspects of a complex process would be projected into
a subgraph that is exposed to the outside world.

“Private” and “public” are relative terms in dynam-
ically changing interactions between business part-
ners. Private views of a process can become public
when, say, an enterprise decides to outsource com-
ponents of a business process. Public interactions can
become private views of a process as the result of
a merger involving two partners. As a consequence,
it is very useful to have a flow model formalism that
can be used both for modeling private and public
aspects of a business process.

Business process re-engineering

In many industries, such as finance and insurance,
the speed with which new products can be rolled out
to customers provides for a competitive advantage.
An insurance company, for example, may give a 10
percent discount for cars parked overnight in a closed
garage, once it has been determined, by appropri-
ate market research, that this would increase their
market share. Thus it is important that the offering
goes early to the market in order to maximize the
competitive advantage (until the competition catches
up).

In fact, those companies equate the business pro-
cess (flow model) used to create a product with the
product itself. For example, the business process used
to create an insurance policy for closed-garage car-
holders is equivalent to the insurance policy itself.
That means, changing the closed-garage car-holder
insurance policy means changing the underlying bus-

iness process. In other words, creating a new insur-
ance policy means designing a new business process.
The faster the business process can be re-engineered,
the faster a new type of insurance policy can be de-
veloped and offered, providing competitive advan-
tage in rapidly changing environments. This rapid
change of business processes is facilitated through
the use of workflow management technology that
separates the construction of the flow model from
the construction of the individual activity implemen-
tations (i.e., two-level programming).15

Being able to change a flow model or create a new
one quickly is providing one competitive advantage;
carrying out business processes efficiently provides
another. Carrying out business processes efficiently
means to optimize the execution of business pro-
cesses according to some measurable criterion, such
as cost, process execution time, or customer satis-
faction. This mandates that, during the design of the
business process, the different parts of the flow
model, such as activities or transition conditions, are
instrumented to measure relevant metrics, such as
the time it takes to carry out an activity. Simulation
tools can be used to determine the costs associated
with the individual activities or the total business pro-
cess, as well as to calculate the minimum and max-
imum processing times well before the business pro-
cesses are put into production.15 If one determines,
for example, that providing an activity in-house is
more expensive when compared to what an equiv-

Figure 10  Public views on private flows
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alent Web service costs, then the activity is a can-
didate for outsourcing. The Perform Delivery out-
sourced activity in Figure 7 illustrates such a case.

The instrumentation of business processes can later
be used for monitoring when the business process
enters the production phase. It can be used, for ex-
ample, in a dashboard-type of tool to detect unusual
conditions.

Business process management

Business process management (BPM) is all about
transferring the results of business process re-engi-
neering discussed above into production. BPM tech-
nology provides not only the tools and infrastruc-
ture to define, simulate, and analyze business process
models, but also the tools to implement business pro-
cesses in such a way that the execution of the result-
ing software artifacts can be managed from a bus-
iness process perspective.

The BPM infrastructure provides the run-time envi-
ronment for public and private process models as
discussed in the previous sections. It allows users to
monitor the execution of individual processes, to an-
alyze the overall behavior of a set of business pro-
cesses, to verify their successful performance, and
to provide input for process optimization. It is im-
portant to note that public and private process mod-
els are only one half of a complete business process
realization; the other half are services that imple-
ment the process steps and these services must be
managed together with the process models.

The scope of a business process can be limited to a
particular department in an enterprise, it may span
multiple divisions within an enterprise or it may re-
quire interenterprise collaborations. In the simple
case of a departmental process, the BPM infrastruc-
ture will probably be homogeneous (e.g., a specific
process management system, local resources). In the
general case, however, and especially in interenter-
prise processes, processes are executed in a feder-
ated process management infrastructure. Our
CIO O.W.L. has to deal with a situation in which the
business process he manages relies on one or more
external service providers. This has impact on pro-
cess modeling (e.g., selecting the optimum service
provider as part of the business process simulation),
on the deployment of the overall process into a fed-
erated environment, and on process monitoring (e.g.,
monitoring input that can be expected from the ex-

ternal partner). The BPM solution builder tools and
the BPM dashboard facilitate these tasks.

O.W.L.’s company uses BPM solution builder tools to
define public and private processes, to instrument
them for process monitoring, to identify the services
that implement the process steps, and to implement
services used internally to implement the overall so-
lution. These tools also support the deployment of
business processes and services by supporting their
run-time environments (e.g., Web services gateway,
workflow management system, message broker, ap-
plication server).

O.W.L. starts the solution building process by defin-
ing the interactions between his company and the
external partners involved. As previously mentioned,
hierarchical or peer-to-peer structures can be used
to specify the interactions at this level. In the hier-
archical case, an owner for the top-level process is
identified, whereas in the peer-to-peer case the in-
teroperating partners drive the execution of the var-
ious components of the process. Binding of process
steps to specific service providers and their services
can be done at this time (based on the service level
guarantees associated with their service). Alterna-
tively, it can be deferred to process execution time,
in which case the process model contains selection
criteria for services that are resolved during process
execution.

The “interaction contract” defined by the overall pro-
cess model specifies to what extent individual ser-
vices support process monitoring and auditing. Some
external services may allow “drill-down” into the in-
ternals of the service realization, whereas others may
only log events reporting the start and the end of
their participation in the process. Depending on the
capabilities of the process components, O.W.L. (and
his partners) will instrument the overall process to
enable process monitoring when the process is put
into production. The solution builder tools also sup-
port deployment of the business process and its re-
quired services. In the federated scenario we are in-
terested in, this includes the exchange of contracts
between O.W.L. and his partners.

Once a process has been deployed, O.W.L. will use
BPM solution management tools, e.g., the business
dashboard, to manage the execution of the solution
artifacts from a business process perspective. The
solution elements will produce business events (as
defined during process instrumentation) that can be
used to report on the progress of individual pro-
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cesses, and to aggregate process execution audit in-
formation for analysis of the overall behavior of pro-
cesses in a particular business domain (see Figure
11). As explained above, solution elements are de-
ployed into a variety of run-time environments and
their individual progress reports are collected by a
federated dashboard infrastructure.

The dashboard can provide information about pro-
cess execution status and progress on various levels
of detail, depending on the interest of the target au-
dience and the quality/quantity of information pro-
vided by the solution elements. Some users may only
be interested in a high-level summary of process sta-
tus, whereas others may wish to drill down into a de-
tailed analysis of specific solution components.

For a public process, all participants may have ac-
cess to performance information of the top-level pro-
cess, whereas details of process execution inside a
particular process step might only be available to
those responsible for implementing that process step.

Note that for Web service interactions, process mon-
itoring is significantly simpler if the overall process
is structured hierarchically rather than in a peer-to-
peer fashion. In the hierarchical case, the top-level
process is managed by a specific process participant
who can provide all the information on the progress
of this process that is required for process monitor-
ing and auditing at this level. Obtaining information
beyond that level requires cooperation of other ser-
vice providers involved who would have to interact
with a federated dashboard infrastructure to support
real-time status queries and postmortem process
analysis. The same is true on all process levels (in-
cluding the top-level one) in the peer-to-peer case.
It should also be noted that the dashboard service
can actually be realized as another Web service that
participates in business processes as an observer
rather than an active participant. Similarly, Web ser-
vices participating in business processes can expose
monitoring operations that support status queries or
propagate progress events as part of their interface.

Figure 11  Federated dashboard
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Product support

This section provides a brief overview of the IBM
technologies and products that support realization
of business processes in general, and Web service
collaborations in particular (for additional details see
Reference 26).

The IBM WebSphere* J2EE** (Java 2 Platform, En-
terprise Edition) environment provides the basic fa-
cilities for implementing business components and
the tooling to make those services available as Web
services. Using WebSphere tooling, Java** compo-
nents such as EJBs (Enterprise JavaBeans**) can be
rendered as WSDL-defined Web services that are ac-
cessible through the WebSphere SOAP gateway. And
for any given WSDL-defined Web service, Java wrap-
pers can be generated that make the service acces-
sible to any WebSphere intraenterprise business
component. This provides the basic machinery for
publishing intraenterprise business components as
Web services and for using external Web services as
components in intraenterprise processes.

Many IBM products use this or related technologies
to render their specific software artifacts as Web ser-
vices or to use Web services to realize those artifacts
(see Reference 10). We will use WebSphere Bus-
iness Integrator27 (WBI) to illustrate the collabora-
tion of a number of IBM middleware components for
implementing end-to-end business processes both at
the intraenterprise and the interenterprise level.

The WBI public process gateway supports the def-
inition and the realization of the public interface of
a service offered by an enterprise. It facilitates the
selection of business partners and the negotiation
of interaction terms with those partners. It serves as
an intelligent switchboard between the external side
of the business services and the business partners that
request services from the enterprise or perform ser-
vices requested by the enterprise. The WebSphere
Application Server provides the means to realize bus-
iness services either based on existing applications
(e.g., via J2EE connectors), or implementing new bus-
iness logic (e.g., via EJBs).

WBI uses two additional components to bridge the
gap between external requests and internal business
operations: the Information Delivery Manager (IDM)
and the Business Flow Manager (BFM). IDM facil-
itates information exchange between potentially in-
compatible business services; it supports message-
based interactions between services via JMS (Java

Message Service) and uses the IBM MQSeries* In-
tegrator message broker for information routing and
transformation between messaging end points. In ad-
dition it uses micro scripting for constructing adapt-
ers that perform the scripting necessary to map be-
tween the services offered by an application and the
service interface required in the context of a bus-
iness process. BFM provides technology for compo-
sition of business services into business processes. It
uses flow composition to realize interactive or au-
tomated workflow processes that can be deployed
into MQSeries Workflow; it uses state controllers
to manage the life-cycle state of important business
entities manipulated by a business process and to
support state dependent process brokering between
the workflow processes involved in executing par-
ticular tasks of that process.

The WBI Solution Studio provides the integrated set
of tools for modeling end-to-end business processes,
instrumentation of the process models for auditing
and monitoring, and (in cooperation with the WBI
Solution Manager) the means to deploy the various
software artifacts into the appropriate execution en-
vironments. The WBI Solution Manager also provides
facilities for tracing, exception logging, and audit-
ing business processes and enables business-level
process monitoring and analysis.

Conclusion

In this paper we have discussed the relationship be-
tween Web services and business processes. We have
shown that Web services can be used as implemen-
tations of activities within a business process, and
that business processes in turn can be externalized
as Web services. The business processes that can be
built based on this simple observation range from
simple to complex. The scope of business process
management has been sketched, covering the spec-
ification of business processes based on an associ-
ated programming model, as well as the monitoring
of business processes especially based on a feder-
ated dashboard. The IBM technology and products
supporting BPM, and mainly based on the WebSphere
Business Integrator family, have been briefly de-
scribed.

Dynamic e-business requires the study of possible
interaction patterns between business partners to en-
sure proper collaboration. The concepts of the WSFL
standard have been sketched. More advanced con-
cepts, such as public views on private flows have been
introduced. The topic leaves a number of questions
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for further research. For example, how can we de-
rive from a given private flow a public view that en-
compasses a certain set of activities; and how do we
prove that a given private flow is an implementation
of a certain public view?

*Trademark or registered trademark of International Business
Machines Corporation.

**Trademark or registered trademark of Sun Microsystems, Inc.
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