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Abstract

In the service-oriented architecture (SOA) [1], we
distinguish service providers, service requestors, and
service brokers. Fach service provider publishes in-
formation to the broker about how requestors can in-
teract with itself. Thus, the broker can assign a fitting
service provider to a querying requestor.

We propose that the information published to the
broker be operating guidelines. Operating guidelines
are essentially communication instructions for the
service requestor. We present an automata-theoretic
approach that is centered around operating guidelines
and is capable of implementing all tasks arising in the
SOA.
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1 Introduction

A service is an artefact that consists of an interface
and internal control. The service-oriented architec-
ture (SOA) provides a framework for the interaction
of services in three roles: the service provider, the
service broker, and the service requestor (see Fig. 1).
It postulates a general protocol for interaction: A

service provider registers at a service broker by sub-
mitting information about how to interact with itself.
The service broker maintains such information about
all registered service providers. A service requestor
queries the service broker for a service provider that
fits its needs. The service broker selects, from the
registered providers, a fitting one and returns links
such that requestor and provider can be bound to
each other and the provided service can be invoked
by the service requestor.
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Figure 1: The service-oriented architecture.

Invoking such a provided service may cause non-
trivial communication between the requestor and the
provider. Consider, as an example for a provided ser-
vice, a vending machine as depicted in Fig. 2. If this
service is bound to a service requestor, the requestor



must send a coin, push a button (T or C), and fi-
nally receive a beverage. Fig. 3 depicts the behaviors
of some possible service requestors. The requestors
(a), (b), and (¢) communicate well with the vending
machine service, while (d) does not.
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Figure 2: A vending machine that sells, for 1 Euro,
either a cup of tea (push "T"), or coffee (push "C").
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Figure 3: (a) (The behavior of) a service requestor
that wants to buy tea. (b) A requestor that wants
to buy coffee. (c) A requestor that decides about
its requested beverage after payment. (d) An ill-
communicating requestor.

It is obviously desirable that a service requestor
gets assigned only such a service provider that they
do not ill-communicate with each other (such as run-
ning into a deadlock or sending erroneous messages).
In our example, the broker must not deliver our vend-
ing machine service to the requestor from Fig. 3
(d) (but there could be another registered service
provider that fits). For this purpose, the service bro-
ker needs information about the internal of the ser-

vice provider - just the provider’s interface (as its
WSDL specification for example) is not sufficient.
Publishing the whole internal control of the service
provider to the service broker would solve the prob-
lem. This is, however, not feasible, as the service
provider may want to keep its internal structure se-
cret.

We propose that the published information be op-
erating guidelines for the service provider. Operat-
ing guidelines essentially represent, in a condensed
form, the set of all well-communicating requestors.
Thus, the operating guidelines for the vending ma-
chine in our example would cover the behaviors in
Fig. 3 (a)-(c), but not the requestor (d)’s behavior.
The concrete formalization of the concept of operat-
ing guidelines can be found in Sec. 3.

As an alternative to this approach, it has been sug-
gested to condense the internal behavior of the ser-
vice provider to an abstracted version, i.e. the public
view [2, 3|, of that service and to send this public
view to the service broker. The essential difference
between operating guidelines and public view is that
a public view describes the behavior of the service
provider while operating guidelines describe the be-
havior of the service requestors. Due to space limi-
tation, we cannot compare operating guidelines with
public views in detail and refer to [5] for such a discus-
sion. For supporting our approach, we argue, how-
ever, that operating guidelines are a well-established
approach in everyday life: Instructions that can be
found at a real vending machine describe, step by
step, the customer’s intended behavior and not at all
an abstract description of the internal behavior of the
vending machine itself.

The rest of the paper is structured as follows: In
Sec. 2, we present our formal foundation for ser-
vices and their interaction via asynchronous com-
munication. Sec. 3 is devoted to operating guide-
lines. We give a formal definition for operating guide-
lines and show how they can be used to match well-
communicating service requestors and providers. In
Sec. 4, we state the existence of unique operating
guidelines for a given provider and show how its op-
erating guidelines can be automatically generated.
Sec. 5 sketches extensions of our approach and Sec. 6
concludes this paper.



2 Formalization of services

In our approach, we assume that services are essen-
tially automata. In this paper, we restrict ourselves
to finite and acyclic automata. These automata con-
sist of states and transitions. Transitions are labelled
with letters preceded by a question mark or an excla-
mation mark. Label !z represents generation (send-
ing) of an item x (which can represent a message or a
real trade item). We require that, inside one and the
same automaton, a letter occurs either everywhere
with question mark, or everywhere with exclamation
mark. Label ?z represents consumption (receiving)
item . A formal model of our vending machine could
thus look like Fig. 4. Please note that, in this exam-
ple, we do not really distinguish the delivering of tea
from the delivering of coffee.
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Figure 4: A formal description of the vending ma-
chine’s internal behavior. First, the automaton re-
quires a coin. Then, in state p2, it accepts the but-
tons "T" or "C". Finally, it generates the beverage.

A service requestor can be modelled in the same
way (as we have already done in Fig. 3).

Two services fit syntactically, if each letter pre-
ceded by exclamation mark in one of them, occurs
preceded by question mark in the other, and vice
versa. This way, communication channels between
the two services are modelled. As introduced in the
previous section, we assume that all communication
between services is asynchronous. This communica-
tion behavior is formalized in the following.

The system composed of two automata is again an

automaton. The nodes of the composed system are
comprised of three components. The first two com-
ponents are nodes of the two involved services, and
the third component is the state of the message chan-
nels, i.e. a multiset (bag) of all (pending) messages.
A transition in the composed system corresponds to
a transition in one of the involved services. If there is
a transition from x to y labelled !a in the first service,
then there is a transition labelled !a from [z, z, M] to
[y,z, M @ a] in the composed system. If there is a
transition from z to y labelled ?a in the first service,
and M contains a, then there is a transition labelled
la from [z, z, M] to [y, z, M ©a] in the composed sys-
tem. Transitions in the second service define transi-
tions in the composed system accordingly.

Fig. 5 shows the vending machine service of Fig. 4
composed with two requestors of Fig. 3: Fig. 5 (a)
shows the composed automaton of Fig. 4 and Fig. 3
(a), and Fig. 5 (b) shows the composed automaton of
Fig. 4 and Fig. 3 (d).
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Figure 5: System composed of the vending machine
(Fig. 4) and (a) the automaton in Fig. 3 (a), and (b)
the automaton in Fig. 3 (d).

The node [ p1, q1, {} ] in the composed automaton
in Fig. 5 (a) means that the first component, i.e. the



vending machine, is in its state p1l, the second com-
ponent, i.e. the tea requestor in Fig. 3 (a), is in its
state q1, and there are no messages pending. Since it
was possible for the requestor to send a coin in state
ql, it is possible in [ p1, q1, {} ], too. Thus, a new
state is reached, where the requestor is in state q2
and there is an Euro pending to be consumed by the
machine.

The example (a) shows that, in the composed
system, we can, from every state, reach a state
where both involved services are in their respec-
tive end states, and there are no pending messages
left. Each pair of services exhibiting this property
is called well-communicating, otherwise it is called
ill-communicating. Fig. 5 (b) shows the composed
system of two ill-communicating services.

In the following, we show how a set of services
can be represented. The representation of the set
of all well-communicating requestors is then called
operating guidelines for the provider.

3 Operating guidelines

Consider a service provider P, given as an automa-
ton. The purpose of operating guidelines for P is to
represent, in a condensed form, the set of all services
R that communicate well with P. This condensed
representation is to be published to the service bro-
ker.

Our tool for representing sets of services in a con-
densed form are annotated automata. Such automata
have already been introduced in [6], but for different
purpose.

An annotated automaton is an automaton as de-
scribed above, with additional optional labels for
nodes. The label of a node z is a boolean formula
with propositions corresponding to labels at transi-
tions leaving x. Fig. 6 shows an annotated automa-
ton.

An annotated automaton represents the set of (no
longer annotated) automata that can be obtained by
removing transitions according to the following rule.
A transition leaving node  may only be removed as
long as the remaining transitions leaving x still satisfy
the formula annotated to . To be more precise, we

Figure 6: An annotated automaton representing the
automata in Fig. 3 (a)-(c).

consider an assignment to the propositions that as-
signs true to all present leaving transitions and false
to all absent transitions and apply this assignment to
the formula attached to z.

For example, the annotated automaton in Fig. 6
represents the set of the three automata in Fig. 3
(a)-(c).

Operating guidelines of a service P is an annotated
automaton, such that it represents ezactly the set of
services that communicate well with P.

It is thus easy to see that, given operating guide-
lines of P, it is easy to check if a given service R
communicates well with P. We just need to check
whether it is a subtree such that the annotations of
P’s operating guidelines are satisfied.

For example, the requestors in Fig. 3 (a)-(c) are
subtrees of the annotated automaton in Fig. 6,
whereas the requestor in Fig. 3 (d) is not. Thus, the
service broker easily knows that the vending machine
will behave well with requestors (a)-(c), but not with
requestor (d).

4 Justification

The definition of operating guidelines given in the
previous section assumes that it is always possible to
represent all well-communicating services in a single
annotated automaton. In this section we argue that
this is actually the case. We thereby rely on results



proven and reported in [4].

In this report, we prove that, for every service P,
there is, up to isomorphism, a unique most permissive
well-communicating partner service R of P. Thereby,
an automaton A is more permissive than an automa-
ton B if A’s set of states is a superset of B’s set of
states, and A’s set of transition is a superset of B’s
set of transitions. In Fig. 3, the automaton (c) is
more permissive than the ones in (a) and (b). The
most permissive well-communicating service for our
vending machine service (Fig. 4) is even more per-
missive than Fig. 3 (c) and is depicted in Fig. 7. The
possibility to first push a button and afterwards in-
serting a coin results from the proposed asynchronous
communication.

Figure 7: Most permissive well-communicating part-
ner of the service in Fig. 4.

[4] sketches an algorithm to automatically generate
the most permissive well-communicating partner for
P.

Operating guidelines can now be computed from
the most permissive controller by properly annotat-
ing its states. This annotation is based on a state-by-
state characterization of well-communicating part-
ners proven in [4]. A detailed description of the an-
notation process can be found in [5]. Fig. 8 shows
the resulting operating guidelines for the service in
Fig. 4. Thus, the three requestors (a)-(c) in Fig. 3
are well-communicating partners for our vending ma-
chine, but not the only ones.

The operating guidelines of the vending machine
show that they actually hide internal behavior of the

Figure 8: Operating guidelines for the service in
Fig. 4.

vending machine. The sequential order of the first
two events of the vending machine is not manifested
in the operating guidelines.

5 Extensions

The approach in this paper is restricted to
e automata without internal, i.e. 7-, transitions
e acyclic automata
e services provided to a single requestor

The last restriction has been inserted, however, for
better readability. [4] and [5] sketch approaches to
the case where a service provider is to be connected
to several service requestors that act independently
of each other. Dropping the remaining restrictions
is subject to ongoing research, but our preliminary
results show that operating guidelines can as well be
defined for automata containing cycles. In particular,
there exist most permissive partner services, too.

6 Conclusion

We showed a formal approach to the service-oriented
architecture that is based on automata. Both service
provider and service requestor are modelled as such
automata, as well as their composition. Then, we



introduced the concept of annotated automata as a
condensed form to represent sets of automata. We ar-
gued that operating guidelines for a service provider,
i.e. the annotated automata representing exactly the
set of all well-communicating partners, is a suitable
and elegant artifact to be published to a service bro-
ker. With the help of operating guidelines, the bro-
ker can easily match a provider with a querying re-
questor.

We provided an approach on a solid theoretic basis.
All constructions and matchings can be performed
fully automatically and without giving away the in-
ternal structure of the provider.

In this paper, we only studied acyclic systems
and restricted ourselves to interaction between one
provider and only one requestor. Current research
activities concern operating guidelines for multiple
partners and systems with cycles.
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