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Web Service 
Conversation Modeling
A Cornerstone for E-Business Automation

Web services are emerging as a promising technology for effectively
automating interorganizational interactions.However, despite the growing
interest, several issues remain to be addressed to provide Web services
with benefits similar to what traditional middleware brings to intra-
organizational application integration. In this article, the authors identify a
framework that builds on current standards to help developers define
extended service models and richer Web service abstractions. The
framework’s main feature is a conversation metamodel derived from the
authors’ analysis of e-commerce portal sites.

Web services are emerging as the
technology of choice for applica-
tion integration across companies

and wide area networks. Yet despite
growing interest and recent efforts, Web
services middleware is still rather primi-
tive in terms of functionality — far from
what enterprise application integration
(EAI) middleware can provide for intra-
enterprise applications.1,2 As a result, Web
service development remains a fairly
complex activity.

This article proposes a framework and
a system that lets us embed functionality
into the middleware that would otherwise
have to be implemented by the service
provider. Our aim is to assist users in the
service-development, service-discovery,
and service-interaction phases, thereby

contributing to automating many aspects
of the service-development life cycle. Our
approach is based on the definition of a
service description framework that builds
on current standards — specifically, the
Web Services Definition Language
(WSDL) — and allows richer descriptions
of services’ characteristics. The main goal
that guided the framework’s design was
to enable service-property definition in a
way that supports

• humans in understanding properties,
• client machines in searching for ser-

vices, and
• applications in automating the

enforcement of the properties, much
like transactional middleware supports
transactional abstractions.
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The framework’s main feature is a rich, extensible
metamodel for specifying the different conversa-
tions a service supports — that is, the set of accept-
able message exchanges and the order in which
they should occur.

The conversation metamodel also includes a
set of abstractions we developed by analyzing
Web services’ real needs. Our goal was to include
all those abstractions needed by most (if not all)
Web services, while avoiding the artificial intro-
duction of complex abstractions that are useless
in most cases. This article describes how we
approached the problem, the resulting conversa-
tion-modeling frameworks we developed, and
what can be automated once such a model is
available — specifically, support for composite-
service development. We also discuss the archi-
tecture and implementation of a system that uses
the proposed framework to considerably simplify
service development.

Identifying
Conversation Abstractions
Our original intent was to analyze existing Web
services to understand their characteristics and
requirements in terms of description languages. We
quickly recognized, however, that a better approach
was to analyze e-commerce Web portals.

One reason for this choice was that the Web
services area is still rather immature. Our prelimi-
nary survey clearly revealed that developers are
still fighting to achieve basic interoperability
among services (making two SOAP-based systems
talk to each other). Thus, the technology is not yet
to the point where developers are asking for more
sophisticated requirements.

In contrast, Web-based commerce is now a
mature area. E-commerce portals often include
“terms and conditions” documents that describe
the usage conditions of many operations and the
implications of their executions (particularly those
that involve some commitment by the client or
provider). Although Web portals are oriented
toward people rather than applications, we believe
it is possible to extrapolate the characteristics and
behaviors of an “equivalent” Web service and,
therefore, determine what the requirements will be
for Web services once technology solves the basic
interoperability problems.

An Embryonic Conversation Model
To perform this kind of “reverse engineering”
analysis, we needed a Web service description

model we could use to capture the characteristics
of a Web portal.

A key ingredient of any service model is the
interface definition language. We use WSDL as a
base because it is now an accepted standard.
Another important aspect is the conversations the
service supports. We intentionally used a very sim-
ple conversation model that we could progressive-
ly extend as we derived specific requirements from
real applications. We did this to avoid the artificial
introduction of unnecessary complexity that could
compromise the models’ and languages’ usability
(and eventual adoption).

We based the proposed embryonic conversation
description model on the traditional state-machine
formalism. This simple, well-known model is suit-
ed to describing reactive behaviors, which are the
most relevant for conversations (although, as we
found, other aspects of conversation behaviors
must be modeled as well). Each state is labeled with
a logical name, such as logged_in, seat
_reserved, or conversation_completed. Tran-
sitions are labeled with operations from the WSDL
service interface. Note that we could have followed
the same approach by starting from another for-
malism (Petri nets or activity diagrams, for exam-
ple) and extending it with abstractions in an anal-
ogous way.

Figure 1a (next page) presents an example of a
simplified conversation schema supported by a Web
portal — namely, Amazon.com. Some transitions are
unlabeled because they are not caused by explicit
operation invocations — one indicator that, as antic-
ipated, this simple model requires extensions.

Web Service Conversation Abstractions
In analyzing about 20 Web portals, we identified
several abstractions, which we classified accord-
ing to two patterns: completion and activation.

Completion abstractions. Completion patterns
describe a transition’s implications and effects from
the requester’s perspective (whether requesters can
cancel an operation, for example).

In several Web portals, we found operations we
call compensating operations; their purpose is to
semantically cancel the effects (from the client’s
perspective) of others that we call forward opera-
tions. For example, some operations cancel a user’s
purchase or reservation. On the provider’s side,
executing forward operations and subsequently
compensating them can be expensive in terms of
money, time, and other resources. As a result,
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Figure 1. Amazon.com’s behavior as a Web service. (a)  A state-machine representation of Amazon’s service conversation
shows the service’s external behavior (that is, the message-exchange sequences it supports). (b)  An XML representation
of activation properties describes the transactions’ triggering features. (c)  An XML representation of transaction
properties describes the implications and effects of transitions, from the requester perspective.

<transition name=“T9” source=“Shipped” target=“Returned”>
<activation mode=“user” event=“ReturnBook”>
<pre-conditions O-condition=“True”

U-condition =“boolean(/user[@membership=‘gold’])”
T-condition=“C-Invoke(<,end(T7) + 30 days)”/>

</activation>
</transition>
<transition name=“T10” source=“Shipped” target=“Completed”>

<activation mode=“provider” event=“M-Invoke(>=, end(T7) + 30 days)”>
<pre-conditions O-condition=“True” U-condition = “True” T-condition=“True”/>
</activation>

</transition>

(b)

<transition name=“T6” source=“BookSelection” target=“Ordered”>
<transaction type=“Compensatable”>
<compensation-transition name=“T8” cost=“0”/>

</transaction>
<transition>

<transition name=“T7” source=“Ordered” target=“Shipped”>
<transaction type=“Compensatable”>
<compensation-transition name=“T9” cost=“/books/book/price * 0.1”/>

</transaction>
<transition>

<transition name=“T10” source=“Shipped” target=“Completed”>
<transaction type=“Definite”/>

</transition>
(c)



providers sometimes pass on some of the associat-
ed cost to the client (through a cancellation fee, for
example). A compensation operation’s execution
is typically allowed only within a certain time peri-
od. Cost and time constraints are sometimes com-
bined, so that the fee is charged only after a cer-
tain date and time, or after some time has elapsed
from the forward operation’s execution.

The execution of some operations, which we
call resource-locking operations, seems to acquire
(or, using database terminology, lock) resources for
the client. For example, flight-reservation Web
portals allow customers to hold seats on planes.
Like compensation operations, resource reserva-
tion can also have associated costs and time lim-
its (after which the resource is released). For exam-
ple, users can put a hold on flights on Travelocity.
com until midnight of the next day.

Activation abstractions. Activation patterns
describe a transition’s triggering features (for
example, when it should occur).

Most transitions between states occur because
of requesters’ operation invocations, but transitions
occur in other cases without explicit invocation.
One such implicit transition occurs between the
Ordered and Shipped states when the products are
physically shipped to the customer. An important
type of implicit transition is the timed transition,
which occurs automatically when a stated interval
elapses after the transition is enabled (that is, the
conversation state is the transition’s source state),
or upon reaching a certain date and time. As an
example, flight-reservation portals often automat-
ically ticket reservations unless they receive a can-
cellation before some deadline.

In some conversations, transitions require the
user to verify certain conditions. For example,
Amazon.com offers special one-day discounts to
certain customers. Other instance-specific conver-
sation properties, such as cancellation fees or time
constraints, vary between clients, the kind of
goods being purchased, and so on.

Modeling Multiple Abstractions
Our proposed conversation-modeling framework
features two required building blocks for support-
ing business conversations:3

• an extensible conversation metamodel that lets
service developers define conversation proper-
ties, and

• a set of specific properties that describe the iden-

tified activation and completion abstractions.

We generalize the embryonic model by enabling
the association of several descriptive properties
with transitions, to characterize the transition’s
implications (for example, transactional semantics)
and when the transition should occur.

Modeling Transitions
with Multiple Properties
We defined various properties that service devel-
opers can use to capture the abstractions we iden-
tified earlier. These include an initial set of useful
and commonly needed abstractions — namely,
activation, transaction, locking, and description
properties. (The description property provides a
human-understandable description of the Web ser-
vice conversation.)

Activation property. This property lets us describe
a transition’s triggering features. In addition to the
invoking operation that activates the transition,
the activation property specifies an activation
mode, activation event, and any preconditions. The
activation mode indicates whether the transaction
is triggered explicitly (mode=“user”) or implicit-
ly (mode=“provider”). The former is activated
when a user explicitly invokes a service operation;
the latter occurs automatically after a temporal
event. A precondition is a triple (O-condition, U-
condition, and T-condition), in which

• An O-condition specifies conditions on service
objects (that is, service requests and responses);

• A U-condition specifies conditions on requester
profiles. For example, an operation could be
invoked only by certain users (“premium” cus-
tomers, for example); and

• A T-condition specifies temporal constraints for
timed transitions.

We have adopted XPath (www.w3.org/TR/xpath)
to express queries and conditions. Temporal-con-
straint definitions use XPath time functions (such
as current time) and certain predefined time
functions in our model. In the remainder of the
article, beginT(T) and endT(T) denote the begin-
ning and termination dates, respectively, for the
last invocation of transition T within a given con-
versation instance. The conversation model fea-
tures the following temporal predicates:

• M-Invoke prescribes when an implicit transi-
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tion must be automatically fired.
• C-Invoke prescribes a deadline or a time win-

dow within which a transition can be fired.
• L-Invoke prescribes the maximum number of

invocations for a given transition within a cer-
tain time window.

M-Invoke specifies temporal events; C-Invoke and
L-invoke specify a transition’s temporal precondi-
tions. Formally, a temporal constraint is specified
as either M-Invoke(op,d), C-Invoke(op,d), or
L-Invoke(op,n,d1,d2). In these, op is a com-
parison operator (such as =, <, or between), and d
(respectively, d1 and d2) is either an absolute or
relative time — for example, beginT(T). The con-
straint M-Invoke(op,d) is authorized only for
implicit transitions, which are automatically fired
when the condition current-date op d evalu-
ates to True. (Here, current-date denotes the
system time.) The constraint C-Invoke(op,d)
means the transition can be triggered only if the
condition current-date op d evaluates to True.
The constraint L-Invoke(op,n,d1,d2) means the
transition can be invoked n times within the time

interval [d1,d2].
Let us consider the activation-property descrip-

tions for transitions T9 and T10 in the
Amazon.com example in Figure 1b (on page 48).
“Gold” customers can explicitly perform transition
T9 (mode=“user”) by invoking the ReturnBook
operation within 30 days after completing transi-
tion T7. After this period, transition T9 cannot be
performed (constraint C-Invoke). Transition T10 is
implicit (mode=“provider”): it is automatically
performed 30 days after transition T7’s completion
(constraint M-Invoke).

Transaction property. The transaction property
specifies a transition’s effect on client state. With
regard to this property, we distinguish the follow-
ing transition types:

• Effectless transitions have no effect on the
client state. No particular operation must be
executed to cancel such transitions. For exam-
ple, transition T2 (Figure 1a), carried out dur-
ing the SearchBook() operation’s execution,
doesn’t change client state.
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Related Work in Web Service Conversation Modeling

Several ongoing efforts recognize the
need to extend the current technologi-

cal infrastructure for Web services in order
to effectively support cross-organizational
application integration.The Business Process
Execution Language for Web Services
(BPEL4WS)1 is particularly related to our
work because it also presents a way to
define the conversations that a Web service
supports. However, it is designed primarily
as a composition language, and developers
can use the same formalism for both service
composition and conversation definition. As
such,BPEL4WS lacks many of the necessary
and, from a discovery and binding perspec-
tive,particularly useful properties needed for
defining conversations (for activation and
compensation, for example). Furthermore,
it does not discuss usages or architectures
for supporting conversation management.

The Web Services Conversation
Language (WSCL)2 and the Web Service
Choreography Interface (WSCI)3 also offer
conversation metamodels. WSCL is an
XML-based language for describing a Web

service’s external behavior in terms of the
acceptable sequence of Web service invo-
cations.WSCI supports message correla-
tion, message choreography, and service-
operation compensation. Our proposed
approach goes beyond these in identifying
a set of relevant abstractions, defining an
extensible model, and concretizing the pro-
posal into tools that can automate part of
the Web services development life cycle.

WS-Coordination,4 WS-Transaction,5

and the Business Transaction Protocol6 also
deal with conversations (including transac-
tional conversations). Rather than defining
languages and abstractions to model busi-
ness conversations, however, they propose
specific conversations that can be used to
coordinate interacting parties and provide
middleware properties (such as transac-
tionality) to the interactions. Mikalsen and
colleagues have also proposed the notion
of transactional attitudes.7 In their approach,
a centralized middleware monitors and
controls client transactions according to
provider services’ transactional capabilities.
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• Definite transitions have permanent transac-
tional effects (that is, they can’t be compensat-
ed). For example, the Amazon.com service
remains in the Shipping state for 30 days after
purchased items are delivered — the period dur-
ing which the user can, under certain condi-
tions, return the purchased items. After that,
the transition can’t be undone. We convey this
abstraction by labeling transition T10, for
instance, as definite in Figure 1c.

• Compensatable transitions have some effect on
client state, but they can be undone by explicit-
ly invoking a compensation operation. We char-
acterize compensatable transitions by listing the
corresponding compensation transition’s name
and its cancellation cost. Consider transition T7,
for instance, which has the effect of transferring
money from the client’s bank account to the
provider’s account. T7’s effect can be (partially)
undone (that is, the provider can refund the
money) if the client returns the purchased items
— transition T9, ReturnBook().

• Credential-disclosure transitions have no effect
on the client state, from a transactional view-
point, but they might require the client to
reveal personal information such as postal
address to the provider.

• Retriable transitions let the requester ask the
provider to reexecute a completed transaction-
al transition without invoking a compensation
transition.

These abstractions provide the expressiveness
required for describing the transactional behavior
of service conversations.

Locking property. Through our analysis, we also
identified the following locking properties:

• Lock transitions reserve certain resources
(namely, service objects) for the requester for a
given time.

• Tentative-lock transitions put provisional non-
blocking reservations on certain resources. In
fact, these transitions are similar to the light-
weight reservations in the Tentative Hold Pro-
tocol (www.w3.org/TR/tenthold-1/).

Further discussion of the locking property is
available elsewhere.3

Using Abstractions
Our basic conversation model can be beneficial in

facilitating and automating many activities in the
Web services life cycle.

Service discovery. With respect to development-
time discovery, conversation specifications can
help developers implement clients that correctly
interact with the service (sending and receiving
messages in the right order, initiating compensa-
tion, and so on). In dynamic service discovery,
clients generally select component services at run-
time on the basis of their interfaces; in more
sophisticated scenarios, clients even base the selec-
tion on nonfunctional attributes such as price, rep-
utation, and reliability. Conversation models
enable more effective dynamic binding, because
clients can be more selective regarding the ser-
vices’ behavior properties they bind to. For
instance, a client could require that the selected
service allow the cancellation of a given operation
within a certain time interval.

Service-composition model validation. Given a
composite service’s conversation and composition
logic specifications, abstractions are useful for sta-
tically checking the service’s correctness with
respect to component-service usage. As a simple
example, if the conversation model specifies that
an operation op is compensatable by invoking
operation op-c, the composition must include the
capability of receiving invocations of op-c after
op is completed; otherwise, the validation fails.

Service-composition skeleton generation. In addi-
tion to helping validate existing composition mod-
els, our approach can guide developers in design-
ing new composite services to fit the conversations
they must support. For example, a standardization
body might define the characteristics (including the
conversation) that a given service must support,
and the developer would have to design a compo-
sition model that could implement the conversa-
tion logic. This requires the automated generation
of the composite service’s skeleton, starting from a
conversation model. If the conversation states that
a service first receives message A and then message
B, for example, the composition schema must first
include (using terminology from the Business
Process Execution Language for Web Services) a
receive A activity and then a receive B activ-
ity, to be executed in that order (although other
activities can occur in between, depending on the
internal composition logic). A developer can create
a similar mapping for other, more sophisticated
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conversational abstractions. For instance, a tem-
poral activation condition specified in the conver-
sation should be mapped to a sequence activity in
BPEL4WS that begins with a wait activity that
includes how much time should elapse before exe-
cuting the actual operation invocation.

Joint analysis of compositions and conversations.
Conversation and composition are linked in other
ways that can assist service-composition develop-
ment, especially in terms of determining the com-
position’s properties. Consider, for example, a com-
posite service in which operation op consists of a
sequence of two operations op1 of service s1 and

op2 of service s2. Assume also that at least one of
the two is a definite operation (that is, associated
with a definite transition in the corresponding ser-
vice’s conversation). It is possible, for instance, to
determine that the composition will not have atom-
ic behavior unless the required resources can be
locked until the composite operation’s termination.
Abstractions can also be useful to derive a set of
behavioral properties that, if supported by compo-
nent services, will induce a desired behavior at the
composite-service level. For instance, in the previ-
ous example, to ensure atomic behavior by the
operation op, we might specify that services s1 and
s2 must allow the cancellation of operations op1
and op2 without any side effects.

Conversation-model generation. Our objective is
to derive a composite service’s conversation model
from the conversation models of its component
services. To facilitate binding and conversation
control, conversation-model generation is useful
in cases in which the service developer starts by
designing the composition and then needs to
derive the conversation that the composite service
supports. Consider again the composite service in
which operation op consists of a sequence of oper-
ations op1 (of service s1) and op2 (of service s2).

Assuming that op1 (and op2, respectively) is com-
pensatable and that its compensation operation is
op1-comp (and op2-comp, respectively), we can
derive that op is compensatable and that its com-
pensation operation corresponds to the sequence
op2-comp and op1-comp. Thus, if a composite
operation consists of a serial composition of other
component operations, the corresponding com-
pensation operation consists of  the serial compo-
sition of  the component compensation operations.
(Note that the compensation operations should
appear in the opposite order of the corresponding
operations of the composition sequence.)

Conversation
Management Automation
In terms of managing the Web service develop-
ment and deployment life cycle, technology is still
in its early stages.4 We believe the level of
automation can be increased substantially, espe-
cially in terms of factoring common Web service
development chores into the middleware. In par-
ticular, we envision a container-centered service
architecture in which a Web service container
manages the underlying service’s internal behav-
ior and its interactions with service requesters and
partners. A container provides generic services
that support such functionalities as conversation
management, trust negotiation, and exception
handling. It operates according to conversation
and composition models and policies (for security,
for example) that can be defined for each Web ser-
vice, for groups of Web services, or for every ser-
vice the container manages.

Developing an infrastructure such as the one in
Figure 2 is clearly a complex endeavor that will
likely require further progress in both research and
standardization. As an early step, we have devel-
oped a container that extends the Self-Serv service-
development platform.5 Two key elements of our
container — namely, the conversation controller and
conversation modeler (see Figure 2) — leverage some
of the issues we’ve discussed in this article. We’re
still working to implement some of the other uses.

Conversation Controller
The conversation controller maintains each con-
versation’s state and checks whether messages are
received and sent in accordance with conversation
definitions. The controller returns error messages
to clients when messages are not compliant. 

The conversation manager represents in simple
tabular form (as conversation control tables asso-
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We envision a service architecture in which a
Web service container manages the underlying
service’s internal behavior and its interactions

with service requesters and partners.



ciated with states) the knowledge a conversation
controller requires to conduct its tasks. A control
table is a set of event-condition-action rules con-
taining tuples (E[C]/A) that describe triggering
events and conditions for the outgoing state tran-
sitions, as well as associated actions (service-oper-
ation invocation, for example).

The conversation manager implements the con-
versation controller’s functionalities by a prebuilt
class called ConversationController. It includes
functions for participating in conversations defined
using our proposed model by providing access to
operational knowledge such as control tables. The
class has methods for receiving service requests,
managing conversation instances, detecting transi-
tion activation events (that is, explicit operation
invocations and temporal events), triggering tran-
sitions, tracing service executions, and communi-
cating with service requesters in accordance with
conversation definition (for example, sending noti-
fication to inform the requester when the deadline
passes for canceling an operation).

To create a new service, a developer can sim-
ply implement the business logic for processing
and responding to operation invocations; the
controller handles the task of managing conver-
sation state and verifying messages’ compliance
with conversations, considerably simplifying
development.

Conversation Modeler
The conversation modeler is a CASE-like tool for
Web service conversations. It assists providers in
specifying conversation models and generating
control tables. It provides a visual interface for
editing conversation models and describing the
associated state-machine diagrams. It also pro-
vides the means to describe transitions’ proper-
ties. The modeler translates the models into XML
documents for subsequent processing, and it uses
the XML representations of the models to gener-
ate the control tables, which are formatted in
XML as well.

Conclusions
Our approach builds on existing Web standards and
provides a framework for defining an extensible
conversation metamodel. A more comprehensive
analysis will be possible only after Web services
application requirements are better known.

Our current work involves the automatic gen-
eration of composition skeletons starting from
conversation models. In future, we will explore the

validation of service composition models using the
component conversation models. We also plan to
work on generating conversation models from
composition models, and joint analysis of compo-
sition and conversation models. We believe that,
once completed, our work will provide a compre-
hensive platform that can substantially reduce the
service development effort and therefore foster the
widespread adoption of Web service technology
and service-oriented architectures.
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