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Abstract

This paper is concerned with the application of Web
services to distributed, cross-organizational business
processes. Web services provide a platform independent
concept of components and composition. Thus, they
seem to be a proper technology to cover the heteroge-
nous structures within distributed business processes:
One Web service realizes a local subprocess. A dis-
tributed business process is realized by the composition
of a set of Web services.

Although the technological basement is given, there
is a lot of open questions: Do two Web services fit to-
gether in a way, that the composition yields a deadlock-
free system? — the question of compatibility. Can one
Web service be exchanged by another within a composed
system without running into problems? — the question
of equivalence. Can we reason about the quality of one
given Web service without considering the environment
it will by used in? In this paper we present the notion
of usability — our quality criterion of a Web service.
This criterion is intuitive and can be easily proven lo-
cally. Moreover, this notion allows to answer the other
questions mentioned above.

The approach and the results presented in this paper
are taken from a larger framework for modeling and
analyzing business processes by help of Web services
published in my PhD thesis [9].

1 Introduction

In this paper, we regard Web services as compo-
nents of distributed business processes. The aim is to
establish locally provable quality criteria for Web ser-
vices, that guarantee global properties of the business
processes. Thus, we focus on structure and behavior
rather than technical aspects.

1.1 Business Processes

For a couple of years, business processes have be-
come the center of enterprise information systems. To
an increasing extent, business processes run across the
borders of individual enterprises. The distribution
by space and the organizational independence of par-
ticipating companies prohibit the application of tra-
ditional workflow management. Instead, the cross-
organizational processes are divided into self-contained
components with a defined interface. The dynamic
composition of these components forms business pro-
cesses, whereas each component can be implemented
autonomously.

To hide the heterogeneous structures within the par-
ticipating companies, there is a need for standardized
concepts of components and composition. The Web
service approach provides a group of technologies to
meet this requirement [1]. One Web service realizes
a local subprocess. A distributed business process is
realized by the composition of a set of Web services.

1.2 Web services

A Web service is a self-describing, self-contained,
modular application that can be described, published,
located, and invoked over a network, e.g. the World
Wide Web. A Web service performs an encapsulated
function ranging from a simple request-reply to a full
business process.

The service oriented architecture [8] describes three
roles: service provider, service requester and service
broker. The service provider implements the Web ser-
vice and publishes its description (the Web service
model) to one or more repositories for potential users
to locate. The service broker manages the repository
and allows the service requester to find an adequate
service. Thus, the service requester can bind its own
components to the selected Web service. In this paper,



one Web service represents a local process. We intro-
duce an analysis method to support a service provider
while modeling the Web service.

Instead of one new specific technology, the Web ser-
vice approach provides group of closely related, estab-
lished and emerging technologies to model, publish,
find, and bind Web services — the Web service tech-
nology stack [6].

These technologies guarantee a minimum of syntac-
tical compatibility. But there is a need for semantic
compatibility. Lets consider a Web service of an online
shop and a Web service of a customer: The online shop
waits for payment before sending the product. The cus-
tomer behaves in the opposite way. Both services have
a syntactically compatible interface but the resulting
process leads to a deadlock.

Most of the Web services technologies are still in the
standardization process. Because there are inconsisten-
cies and ambiguities left in the initial drafts, specifica-
tion will be changed several times until a consistent
status is reached. To address the core problems of dis-
tributed business processes, we prescind from the tech-
nical aspects and use Petri nets to model the behavior
of Web services.

1.3 Modeling

At the moment, there are various languages in
use for modeling business processes and Web services.
Some of them come along with a formal semantics. For
most of them, no analysis is directly applicable.

In this paper, we apply Petri nets to model business
processes and Web services. Thus, we can adopt the
rich theory of distributed systems to solve the prob-
lems described above. Petri nets are a well established
method for modeling and analyzing distributed busi-
ness processes [7]. As we will show, Petri nets are also
an adequate modeling language for Web services.

Each Web service has an interface and an internal
structure. Hence, we introduce the notion of a workflow
module — a workflow Petri net with an interface — to
model a Web services. Based on this formalism, we
discuss and define the criterion of usability and derive
further properties: e.g. compatibility and equivalence
of two modules. Algorithms to verify these properties
are implemented within an available prototype [10].

Due to our abstract view on behavior and struc-
ture of Web services, the results presented here can be
adopted easily to every concrete modeling language: A
first approach to map the Business Process Ezxecution
Language for Web services BPEL4AWS [2] to Petri nets
can be found in [9] — the whole story will be published
in [12].

The remaining paper is structured as follows: Sec-
tion 2 presents our modeling approach. Thus, we give
a short introduction to Petri nets, present the notion of
workflow module and show how to compose modules.

Section 3 establishes the core section of this paper.
We discuss the notion of usability by help of examples
and give a formal definition. Thereafter we strengthen
the criterion and define total usability. Based on these
two notions, we derive the property of semantic com-
patibility of two modules.

Because of limited space, verification of usability is
just sketched in Section 4. A more detailed consider-
ation can be found in [9]. Finally, Section 5 presents
further applications of usability, e.g. to reason about
equivalence.

2 Modeling

Our modeling approach is based on Petri nets. Be-
sides the intuitive graphical representation, Petri nets
allow an effective analysis. By help of an example,
we introduce workflow modules and demonstrate their
composition. Thereby we give references to the Petri
net theory. A basic introduction into the application
of Petri nets to business processes can be found in [19].

2.1 Modeling Web services

In this paper, a distributed business process comes
into existence because of composition of Web services.
Each of these Web services represents a local subpro-
cess. Figure 1 shows the model of such a subprocess —
the Web service of a travel agency.

A business process consists of a self-contained set
of activities which are causally ordered. A Petri net
N = (P, T, F) consists of a set of transitions T (boxes),
a set of places P (ellipses) and a flow relation F (arcs)
[14]. A transition represents an active element, i.e. an
activity (e.g. Get Itinerary). A place represents a passive
element, i.e. a state between activities, a resource or a
message channel (e.g. ltinerary).

Unlike a lift controller, a business process has a de-
fined beginning and terminates after the execution of a
finite number of activities. A workflow net is a special
Petri net, that has two distinguished places a,w € P
to denote the begin («) and the end (w) of a process
[17]. Thus, we model a business process in terms of a
workflow net.

A Web service consists of internal structures that
realize a local subprocess (modeled e.g. by help of
BPEL4WS) and an interface to communicate with its
environment, i.e. other Web services (specified by help
of WSDL [5]). Thus we model a Web service by help of
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Figure 1. A workflow module

a workflow net supplemented by an interface, i.e. a set
of places representing directed message channels. Such
a model we call workflow module. A workflow module
can be a model both for an executable process as well
as for an abstract process (cf. [1]).

Definition 2.1 (Module).
A finite Petri net M = (P, T, F) is called workflow mod-
ule (module for short), iff:

(i) The set of places is divided into three disjoint sets:
internal places PV, input places PT and output
places PC.

(ii) The flow relation is divided into internal flow
FN C (PN xT)U (T x PN) and communication
flow F€ C (P! x T) U (T x P9).

(iii) The net V(M) = (PN, T, FN) is a workflow net.

(iv) Non of the transitions is connected both to an
input place and an output place. "

Within a module, we call the workflow net A'(M) the
internal process and the tuple Z(M) = (P!, P9) its in-
terface. Figure 1 shows a workflow module. The inter-
nal process is triggered by an incoming Itinerary. Then
the control flow splits into two concurrent threads. On
the left side, an available Means of travel are offered to
the customer and the service awaits his Selection. Mean-
while, on the right side, a Rough Planning may happen

The Detailed Planning requires information from the
customer. Finally, the service sends a Route Planning to
the customer.

2.2 Composing Web services

A distributed business process is realized by the
composition of a set of Web services. In general, there
are two ways to specify the composition: On the one
hand, a global model specifies the orchestration of a
whole set of web services [3]. On the other hand, each
Web service specifies the interaction with its partners
[2]. We will follow the second approach and therefore
define the pairwise composition of workflow modules.
Because this yields another workflow module, recur-
rent application of pairwise composition allows us to
compose of more than two modules.

Figure 2 shows once more the workflow module Route
Planning. Additionally, a module Default is presented.
The purpose of this model is to unburden the customer
from making a selection. Thus, the module Default con-
sumes the message on available Means of travel and re-
turn a default Selection.

Obviously, both modules can be composed. As a
precondition for composition, we will define the prop-
erty of syntactical compatibility of two modules.

Definition 2.2 (Syntactical compatibility).

Two workflow modules A and B are called syntactically
compatible, iff the internal processes of both modules
are disjoint, and each common place is an output place
of one module and an input place of the other. *

As shown in Figure 2, two syntactically compatible
modules do not need to have a completely matching
interface. They might even have a completely disjoint
interface. In that case, the reason of composition is at
least dubious.

When two modules are composed, the common
places are merged and the dangling input and output
places become the new interface. To achieve a correct
module as the result of the composition, we need to
add new components for initialization and termination.
Figure 3 shows the composed module Default Planning.

Definition 2.3 (Composed system).

Let A = (P,,T,, F,) and B = (P, Ty, F}) be two syn-
tactically compatible modules. Let a,ws ¢ (P, U P)
two new places and t,t, ¢ (T, UTp) two new transi-
tions. The composed system Il = A @ B is given by
(P, Ts, Fs), such that:

L Ps :PaUPbU{amws}
o Ty =T, UT,U{tn,tu}

b FS = Fa UFb U {(asvta)a (ta;aa)7 (touab)7
(wa)tw)7 (wbatw)7 (twyws)}
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Figure 2. Syntactically compatible modules

If the composed system contains more than one com-
ponents for initialization and termination, the corre-
sponding elements are merged. .

Figure 3 shows the model of a composed Web service
Route Planning @ Default. This service offers a simpler
interface to the customer. Syntactically, the result of
the composition is again a workflow module.

Corollary 2.1 (Composing compatible modules):

Whenever A and B are two syntactically compatible
workflow modules, the composed system [l = A & B
is a workflow module too. N

This corollary can be easily proven. We therefore omit
the proof here, it can be found in [9]. The compo-
nents for initialization and termination are added to
an composed workflow module for reasons of syntacti-
cal correctness. If we compose more than to modules,
it is important to guarantee associativity of pairwise
composition. Hence, if one module already contains
such syntactic components, we merge the correspond-
ing elements while composition. Section 3.3 presents
an example. The next section deals with a special case:
two syntactically compatible modules with completely
matching interfaces.

2.3 Environments of Web services

This paper focusses on distributed business pro-
cesses that come into existence by composition of Web
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Figure 3. A composed workflow module

services. Thus, we aim at generating a model of the
business process by composing the models of the Web
services. Thus, the composition of two workflow mod-
ules A and B represents a business process, if the com-
posed system I = A & B has an empty interface,
i.e. II is a workflow net. In that case, we call A an
environment of B.

Definition 2.4 (Environment).

Let M and U be two syntactically compatible modules.
U is called environment of M, iff each output place of
U is an input place of M and vice versa. *

If a module U is an environment of M, obviously M is
an environment of U too. Figure 4 shows once more the
module Route Planning. Additionally, the module Cus-
tomer is shown, which is an environment of the module
Route Planning.

In the real world, the environment of a Web service
may consist of several other Web services. If we want to
reason about that specific Web service, we don’t have
any assumption on its potential environment. Thus,
without loss of generality, we may consider its environ-
ment as one, arbitrary structured Web service.

In some cases we want two workflow modules to form
composed system with an empty interface, although
one module is not an environment of the other module.
In such cases we expand the modules syntactically, i. e.
we add transitions that are never reached such that
each module is an environment of the other. An exam-
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ple is shown in Figure 8.

Given a workflow module and one environment, it is
possible to reason about the quality of the composed
system. The notion of soundness [18] is an established
quality criterion for workflow nets. Basically, sound-
ness requires each initiated process to come to a proper
final state. Additionally, each transition should be rel-
evant, i.e. there should be at least one behavior of the
process in which this transition participates.

The second requirement is reasonable, if a business
process was modeled from scratch. In our approach
a business process arises from composition. Thus, it
might be reasonable to call a system “sound”, although
not all functionality of one specific component is used in
that system. Thus, we use the slightly different notion
of weak soundness.

Definition 2.5 (Weak soundness).
A workflow net N = (P, T, F) is called weak sound, iff:

(i) For each reachable marking (starting at [a]) the
final marking [w] is reachable.

(ii) For each reachable marking m such that m > [w]
holds m = [w]. *

The requirements of this definition are a subset of the
requirements within the definition of soundness. Thus,
each sound workflow net is weak sound. For more infor-
mation, e. g. the precise definition of reachable marking
see [9].
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Figure 5. A composed workflow module

Figure 5 shows a workflow net which is the composed
system build from the modules shown in Figure 4. The
soundness property of this net can be easily proven.
Thus, this net is weak sound too. Because of that, in-
tuitively, we want to call the modules Route Planning
and Customer semantically compatible. In the next sec-
tion, we will discuss the notion of usability and present
a formal definition, such that we will call both modules
usable. Based on this notion we can derive a definition
of semantic compatibility that meets our stated intu-
ition.

3 Usability

In this section, we discuss our quality criterion. Con-
cerning workflow nets, the soundness property is a well
established criterion because of the simple, intuitive
definition and the algorithmic provability. To reason
about the behavior of a workflow module, we always
have to consider the influence of a concrete environ-
ment. Nevertheless, our aim is to establish a quality
criterion for a workflow module, which is as intuitive
as soundness and can be proven locally.

3.1 Discussion

Obviously, the purpose of a workflow module is to be
composed with an environment such that the resulting
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system is a proper workflow net, i.e. we require the
resulting workflow net to be weak sound. For a given
module there exist infinitely many environments. The
question is: To call the given module usable, how many
of these environments have to form a weak sound com-
posed system together with this module?

Lets have a look at some examples. We consider a
ticket service and a customer and present two alterna-
tive models of each.

Figure 6 shows a workflow module C1 representing
the customer and a module T1 which models the ticket
service. The ticket service initiates the communication
by sending a Ticket and waits for payment (either VISA
or eCash). By receiving the Ticket, the customer solves
an internal conflict and fixes the kind of payment. It
can be easily proven: The composed system C1 & T1 is
weak sound. Thus, we call both modules semantically
compatible.

Figure 7 shows two slightly modified workflow mod-
ules C2 and T2. The ticket service solves an internal
conflict and sends the Ticket. Thereafter, module T2 is
either in state pl waiting for eCash or in state p2 waiting
for VISA.

The customer receives the Ticket and has the choice
between the two kinds of payment. But, he does not
know the internal state of the ticket service. Thus, he
might choose the “wrong” alternative. The composed
system C2 @ T2 may end in a deadlock, thus it is not
weak sound. The two modules are not semantically
compatible.

To locate the modeling error, we look at two other
combinations: C2 @ T1 and C1 & T2. The first system
is also weak sound, whereas the system Cl & T2 may
end in a deadlock too. As result, we found two com-
patible environments for module T1 and no compatible
environment for module T2. Concerning modules C1
and C2, we have found one compatible and one incom-
patible environment for each.

Figure 7. Two incompatible modules

3.2 Definition

Within the module T2 we can locate an error: An
internal decision is made and not communicated prop-
erly to the environment. This error is known in the
literature as the non local choice problem [4]. Thus,
there is no environment at all such that the composed
system is weak sound — we will give a proof in Section 4.
Thus, we call the module T2 non usable.

One might think of calling a module usable, iff all
possible environments form a weak sound composed
system together with that module. In that case, both
modules C1 and C2 would not be usable because of
the environment T2. However, this definition is unfair:
the error within the module T2 should not determine
the quality of module C1. Because of the following
proposition, no module at all would be usable.

Proposition 3.1 (Malicious environment): For

each workflow module M there is a malicious environ-
ment U such that the composed system M & U is not
weak sound. .

The proof can be found in [9]. Because of that we give
another, more appropriate definition of usability:

Definition 3.1 (Usability).
Let M be a workflow module.

(i) An environment U utilizes the module M, iff the
composed system Il = M & U is weak sound.

(ii) The module M is called usable, iff there exists at
least one environment U that utilizes M. .

Concerning this definition, the modules C1, C2 and T1
are called usable. We take a look at another variation
of the ticket service and the customer.

Figure 8 shows a module T3 which models a ticket
service that either receives payment per VISA and sends
the Ticket afterwards or start by sending the Ticket. In
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Figure 8. A partially usable ticket service

that case, the module reaches state pl and waits for
eCash. Consider a customer who pays first with VISA
and awaits the Ticket. The service might have sent the
Ticket meanwhile and does not accept VISA anymore.
Such a customer would not utilize module T3.

Instead, the customer modeled by module C3 awaits
the Ticket before sending eCash. The composed sys-
tem C3 & T3 is weak sound, thus module T3 is usable.
The transition v within module C3 has just be added
for syntactical reasons but will never ever be reached.
Without this transition, module C3 would not be an
environment of T3.

Although the module T3 is usable, no customer who
wants to pay with VISA can utilize this service as we
have explained above. Thus, we like to establish a
stronger quality criterion that points out this short-
coming of module T3.

First we need a brief statement on runs of Petri nets:
The behavior of a Petri net can be annotated by a set
of partial ordered runs (see [15]). Each run is again a
special Petri net. Thus, we talk about the behavior of
a module that is used by a given environment.

Definition 3.2 (Coverage).

Let M be a workflow module and U an environment. U
covers M, iff for each run p,, of the internal processes
of M there is a run p, of the composed system II =
M @ U such that p,, is a subnet of p;. .

For a deeper understanding of the theory behind see
[9]. Now we can define total usability:

Definition 3.3 (Total usability).
Let M be a workflow module.

(i) An environment U wutilizes the module M totally,
ift U utilizes M and U covers M.

(ii) The module M is called totally usable, iff there
exists at least one environment U such that U
utilizes M totally. .

Customers
Planning ‘

Figure 9. A workflow net with environment

Concerning this definition, modules C1, C2 and T1 are
called totally usable. Because the definition is based
on the existence of an environment, we can’t directly
prove module T3 not to be totally usable. In Section 4
we will provide the framework for such a proof.

3.3 Compatibility

Within the discussion of usability, we have already
used the notion of semantic compatibility based on in-
tuition. Now we want to give a formal definition. We
like to call a module and its environment semantically
compatible, iff the composed system is weak sound.
But if we consider the two module shown in Figure 2,
we want to call them semantically compatible, too, and
we therefore need a different definition. Obviously, two
modules are not compatible in case the composed sys-
tem has an error, i.e. the resulting module is not us-
able. Thus, we propose the following definition.

Definition 3.4 (Semantic compatibility).
Let A and B be two syntactically compatible modules.

e A and B are called semantically compatible, iff the
composed system A @ B is usable.

e A and B are called totally semantically compati-
ble, iff there exists an module C' such that C @ A
utilizes B totally and C & B utilizes A totally.



One might wonder about this definition, but it does
also cover the composition of a module and its envi-
ronment. Lets have another a look at the modules
Route Planning and Customer presented in Section 2.3.
The composed system of these two modules is shown
in Figure 5. There, we can see a workflow net that is
also a workflow module with an empty interface. Thus,
we can find an environment with an empty interface,
too.

Figure 9 shows the composed system Customers Plan-
ning & Dummy. For reasons of simplicity, we have
merged the components for initialization and termina-
tion. Because the module Customers Planning already is
a workflow module with an empty interface, the envi-
ronment consists of just one transition. Nevertheless,
this environment (totally) utilizes the composed system
Customers Planning. Thus, concerning Definition 3.4, the
modules Route Planning and Customer are called (totally)
semantically compatible.

4 Verification

Concerning the definition, usability of a module can
be proven by help of an utilizing environment. In this
section, we briefly expose a method to decide whether
or not a module is usable. Thus, we introduce a new
formalism — the communication graph — and present
the algorithms of it construction and analysis. A more
detailed characterization including the proofs of all the-
orems can be found in [9].

4.1 Communication graph

To decide the property of usability of a module, we
want to look at this module in isolation. As the exam-
ples of the previous section have shown, the analysis of
its structure is not sufficient. Thus, we have to consider
the behavior of a module.

Basically, a module reacts on an input from its en-
vironment depending on its current internal state. On
the one hand, an utilizing environment has to consider
this state, but, on the other hand, the environment
has no explicit knowledge of this state. It can only de-
duce the state by help of the communication trace. The
communication graph is the appropriate data structure
that reflects the knowledge an environment has.

Figure 10 presents the communication graph of mod-
ule T1 shown in Figure 6. A communication graph (c-
graph for short) is a directed bipartite graph. A visible
node (drawn as an ellipse, e.g. v0) represents a set of
states of the module. A hidden node (drawn as filled
circle, e. g. hl) divides the interaction between module
an environment: an arc between a visible and a hidden

[v] [e]
h2 @ h3

Figure 10. A communication graph

node is labeled with an input to the module and anal-
ogously an arc between a hidden and a visible node
is labeled with an output of the module. States and
labels are multisets of tokens and therefore written in
squared brackets.

The root of a c-graph represents the initial state of
the module. Starting in [p0], module T1 can produce
output [t] without any input from the environment ({]
stands for empty multiset). Afterwards, the environ-
ment has a choice between [v] and [e]. In both cases, the
module does not answer but reaches its final state. In
the following section, we will explain the construction
of the c-graph.

4.2 Construction

The c-graph stands for the knowledge a most clever
environment can deduce about the module. That
means, the environment tries to avoid errors by sending
as little input as possible yet, but as much as necessary.
For a given state z, the function INP(z) yields a set of
minimal inputs such that all behavior of the module
still is possible. A precise definition of this function
and the following is given in [9].

To reason about the module’s reaction towards a
given input, we just have to add tokens on the input
places and fire transitions according to the Petri net
semantics. For a given state z and an input ¢, the
function NXT(z + ¢) yields a minimal set of reachable
states that cover all behavior of the module. Remark:
z 41 again is a state of the module.

To build the c-graph, last but not least we need a
function that selects the produced output while the
module fires. For a given state z and an input ¢, the
function ouT(z + ) yields a set of maximal outputs
such that o € oUT(z 4 ¢) is an output if there is a
reachable state (2’ + 0) € OUT(z + ).

Now we can describe the algorithm. It starts with



the root node which only contains the initial state of the
module. Each visible node is a set of states that does
exist at most once in the graph. If a set is calculated
twice, these nodes are merged. For reason of simplicity,
we omit this case:

For each state z € v, calculate the set INP(z). For each
element i of the unification of all these sets:

1. add a new hidden node h; the arc gets label 7.

2. For each state z € v, calculate the set oUT(z + ).
For each element o of the unification of all these
sets:

a) add a new visible node v’; the arc gets label o.
b) For each state z € v, calculate the set {2’ |
(' 4+0) € ouT(z+1)}. Assign the unification

of all these sets to v’ and goto start again.

Within the communication graph of the module T1
shown in Figure 10, each visible node contains only one
state. As we will see in Figure 11, such a node has often
more than one state. Moreover, a c-graph may contain
cycles and it might be infinite, but this does not affect
our approach.

4.3 Analysis

Each path within the c-graph starting at the root
node represents one communication sequence between
the module and its environment. A maximal sequence
ends in a leaf node. Since we require a composed sys-
tem to be weak sound, we can distinguish good leaf
nodes (containing only the final state of the module)
from bad leaf nodes.

The c-graph of module T1 has only one, good leaf
node. Figure 11 shows the c-graphs of modules T2 and
T3. Later, we will refer to the dotted lines. As we
remember, we claimed module T2 not to be usable.
The c-graph of this module has only one, bad leaf node.
According to theorem 4.1, this proves module T2 not
to be usable.

The c-graph C(T2) also points out the problem of
the module T2. After the ticket [t] was send to the
customer, the module might be in two different states.
Regardless of which payment the customer chooses ([v]
or [e]), there is the possibility of a wrong decision.

A c-graph might contain good leaf nodes as well as
bad leaf nodes. We take a closer look at the c-graph
C(T3). If the customer waits for the ticket (sending
nothing = [ ]), the communication sequence leads to
a good end. In contrast, paying directly with VISA
(sending [v]) leads to two different states of the module
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Figure 11. The usability graphs

([p3] and [p1, v]). The customer has no opportunity to
distinguish between them. Thus, this communication
sequence leads to a bad end. Nevertheless, there is at
least one good sequence and therefore the module T3
is usable.

In general, to prove usability we need to find a finite
subgraph within the communication graph of the mod-
ule, such that the subgraph contains the root node and
exactly one good leaf node, and it covers all reactions
of the module, i. e. all outgoing edges of a hidden node
are still present within the subgraph. We call such a
subgraph a wtilization graph (u-graph for short) of the
module.

A communication graph may contain several utiliza-
tion graphs. For example, the whole c-graph of module
T1is an u-graph. Moreover, the subgraph without node
h2 (resp. h2) is an u-graph, too. The c-graph of mod-
ule T2 has no u-graph at all and finally, the c-graph
of module T3 has exactly one u-graph — shown in Fig-
ure 12. Every communication graph contains at most
one maximal utilization graph. In our examples, the
maximal u-graph has been drawn with a solid line, the
remainder has been drawn with a dashed line.

Roughly spoken, an u-graph of a model can be found
by walking backwards through the c-graph, starting at
a good leaf node. By application of breadth-first search
strategy it is possible to prove usability even if the c-
graph in infinite. For more details see [9].

The utilization graph contains those communication
sequences, that yield to a proper final state. Thus,
the u-graph can be easily transformed into an utilizing
environment. Figure 12 shows on the right side U(T3)
— the maximal utilization graph of module T3 and on
the left side, the constructed environment I'(U(T3)).

For a given u-graph U the constructed environment
is denoted with I'(U). The construction of an environ-
ment runs strait forward: Every node becomes a place,
every arc becomes a transition which sends or receives
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Figure 12. The constructed environment

messages w.r.t. its label. Thus, the module shown in
Figure 12 has five internal places, and four transitions
are arranged to a sequence. For syntactical reasons,
we have to add a dummy transition v (cf. Section 3.2)
subsequently. Because of the construction, the module
['(U(T3)) is an utilizing environment of module T3.
The construction of the communication graph, as
well as the search for the utilization graph and the
transformation into an environment, has been imple-
mented within a prototype [10]. The complexity of
the c-graph construction is unfortunately exponential
in the number of conflicts within the module. Its analy-
sis and transformation, however, has a linear complex-

ity.
4.4 Theorems

Now we have all fundamentals available to formulate
the relations between the notion of usability and the
communication graph resp. utilization graph. We omit
the proofs in here and refer to [9].

The main result of our research is summarized in the
first theorem. The algorithms explained above yield an
environment of the module which either utilizes this
module or the module is not usable at all.

Theorem 4.1 (Usability).

A workflow module M is usable, iff its communica-
tion graph contains an usability graph C' and the con-
structed environment I'(C') utilizes the module M.

Because of the limited space, we cannot present the
proof in here — it can be found in [9]. The idea is the
following: If we have an usability graph, then we can
construct an environment. Due to of the motivation of
the usability graph, obviously, the composed system of
the module and this environment has no deadlock. But
in case the module is cyclic, the composed system may
run into an endless loop. Thus, we have to check for

termination and usability is proven. If a module is us-
able, there exists at least one environment that utilizes
this module. Without specifying a concrete environ-
ment, we can classify reachable states of the module
and guarantee the existence of an usability graph.

In case of acyclic workflow modules, we do not have
to check for termination, because every run of such a
module is finite.

Corollary 4.2 (Usability): An acyclic workflow
module M is usable, iff its communication graph
contains an usability graph C. *

By help of this corollary, we can finally prove our sup-
position: Module T2 is not usable, because there is
no usability graph within its communication graph (cf.
Figure 11). Analogously, we can formulate the relation-
ship between the maximal usability graph of a module
and its property of total usability.

Theorem 4.3 (Total usability).

A workflow module M is totally usable, iff its communi-
cation graph contains a maximal usability graph Cj,qz
and the environment I'(C,,4,) utilizes the module M
totally. .

One direction of Theorem 4.3 follows by definition.
We sketch the argumentation of the opposite direction:
The maximal usability graph contains all communica-
tion sequences that lead to a proper final state. If an
environment, that covers all these sequences does not
utilize the given module totally, there can be no other
environment, which does so.

Thus, we can also prove our second supposition:
Module T3 is not totally usable. The provider of this
Web service should either restructure the module to
make it totally usable or omit the non-usable part
within the published model.

5 Summary

In this paper, we have sketched a framework for
modeling business processes and Web services by help
of Petri nets. This framework enables us to specify fun-
damental properties of such components, among them
usability and compatibility. We have also presented al-
gorithms to verify these properties locally. Moreover,
the our approach yields a concrete example how to use
a given Web services.

Beside the results presented here, the notion of us-
ability and the formalism of communication graphs are
the basis for further investigations on Web services.
On the one hand, the equivalence of two Web ser-
vices can be decided. This is exceedingly important



for a dynamic exchange of components within a run-
ning system: Does the new component behave exactly
the way the replaced component did? On the other
hand, the analysis of usability offers a starting point
for re-engineering of components. Both applications
are described in [9].

All presented algorithms are implemented within a
prototype [10]. Currently, we try to improve the effi-
ciency of the algorithms by the application of partial
order reduction techniques. Due to this approach we
will be able to handle much larger workflow modules
which emerge by transformation of a real world model-
ing language into our framework — at the moment, our
group is working on a Petri net semantics of BPEL4AWS
[11]. On the other hand, we want to expand or notion
of composition towards the orchestration of a whole set
of web services. This work is related to [13].

Last but not least, we work on structural criteria
to indicate problems which prohibit usability, e.g. the
already mentioned non local choice problem [4]. Thus,
a service provider may get a hint on demand while
modeling the services, without running an expensive
analysis [16].
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