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Abstract

We present and formalize concepts for the structured
specification of system behavior based on services. Ser-
vices are patterns of interaction between reactive compo-
nents, thus supporting especially the development of dis-
tributed systems. We introduce a core set of concepts for
the specification of basic services as well as for the com-
bination of those to complex functionality. The result is
an expressive mechanism for structured behavioral speci-
fications. While basically independent from specific nota-
tions, we demonstrate the application of those concepts us-
ing (High-level) Message Sequence Charts and Mode Dia-
grams for the specification of services and their combina-
tion. We illustrate the approach using a simple telephone
system as a running example.

1 Introduction

Today we face a trend toward increasingly complex
computer-based systems. Hereby, the complexity stems
from different sources. For example, today’s systems usu-
ally provide a great variety of sophisticated and intermin-
gled user functionality. Furthermore, they are distributed
over heterogeneous hardware platforms. In order to handle
this complexity, new techniques for functionality descrip-
tions are needed, providing a set of concepts with precisely
defined semantics in order to avoid misunderstandings and
ease tool-supported formal reasoning.

The aim of such formally founded concepts, as in-
troduced in the following, is to support a model-based,
domain-independent development process using precisely
defined notational techniques. The main idea is to extend
model-based development to the analysis phase in order to
specify the usage behavior consistently. The center pieces
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of the presented approach are services which are defined as
interaction patterns between system entities. Thus, services
describe partial pieces of the system behavior.1 By com-
bining the single services, we obtain more comprehensive
behaviors up to the overall system behavior.

As services are partial behaviors (as defined in [1]) fo-
cusing on the interaction between components, sequence di-
agrams are a suitable notational technique for their specifi-
cation. Therefore, we suggest to specify services by means
of Message Sequence Charts [5]. The combination of ser-
vices can be specified by High-level Message Sequence
Charts [5] providing a sequence-oriented view onto the sys-
tem, and so-called Mode Diagrams providing a more state-
oriented view onto the system.

1.1 Contributions

In this paper we make the following contributions: We
introduce fundamental concepts for the modular specifica-
tion and combination of the system functionality.2 The main
idea is to first specify atomic observations and then to com-
bine them to more comprehensive functionalities. A set of
sequences of observations makes up the system functional-
ity. We show that three basic concepts are powerful enough
to specify the system behavior: atomic observations, com-
bination operators (conjunction and disjunction), and ab-
straction.

We demonstrate the application of these fundamen-
tal concepts by formalizing specific notational techniques,
namely an MSC dialect with HMSCs [5] and Mode Dia-
grams. To that end, we show how the basic syntax con-
structs are mapped to the basic concepts. Due to this map-
ping, we observe that the same concepts occur in different
notational techniques and on different levels of granularity.
Furthermore, we show how easy syntactic extensions (”syn-
tactic sugar”) can be introduced.

1Please note that in our context the definition of the term service differs
from the usage of the term in the field of service-oriented computing.

2Preparatory work on this topic can be found in [10].



The basic concepts can be directly translated into trace
sets using weak second order monadic structures with one
successor (WS1S), which is the formalization supported by
the model checker Mona [7]. Thus, consistency and refine-
ment checks can be performed on the service specifications.

1.2 Related Work

The approach presented here provides a formalization
for the modular description of functionalities or features,
supporting the compositional construction of complex be-
havior from elementary functions using a set of basic com-
position forms.

Similar to our approach, Jackson and Zave suggest to
construct complex systems – in the form of virtual architec-
tures for telecommunication systems – by specifying mod-
ular behaviors in features and combining them [6].3 How-
ever, features are only combined sequentially in a pipe-and-
filter architecture. While providing a useful paradigm for
the design of systems in the telecommunication domain, es-
pecially for the specification and analysis more powerful
ways to combine modular behaviors are needed, as provided
by our approach.

In [9], Krüger et al. also define behavior by interac-
tion patterns (services) and specify it by (H)MSCs, which
– transformed into an automata dialect (cf. [8]) – can be
model checked, etc. Similarly, Damm and Harel specify
system functionality by means of a Live Sequence Charts
(LSCs), extending MSCs, e.g., to distinguish between pos-
sible and necessary behavior, and also providing model
checking support [3]. However, these approaches rather fo-
cus on the formalization of specific notational techniques –
(H)MSCs and LCSs, resp. – while here fundamental con-
cepts underlying sequence-based functional specifications
are identified and formalized, suitable for a whole class of
notational techniques.

Broy et al. introduce formal theories for structured be-
havioral specifications based on streams, also focusing on
concepts rather than specific notations and using traces to
specify system behavior [1, 2]. Specifications can be com-
bined to describe more complex behavior; components –
total behaviors used in [2] – and services – partial behaviors
used in [1] – can be decomposed hierarchically. However,
the authors do not distinguish between data flow (describing
the values observed and controlled by a function) and con-
trol flow (describing the activation and deactivation of func-
tions), thus lacking some forms of composition presented
here.

As mentioned above, Schätz introduces a similar formal-
ization for modular specifications of functionality with con-
trol and data flow interfaces, also providing model checking

3In addition, the features are added to a base specification, namely the
plain old telephone system (POTS).
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Figure 1. Component architecture of the run-
ning example

support based on Mona [10]. However, unlike here, elemen-
tary functions are described in a state transition manner not
suited for the formalization of MSC-like notations.

1.3 Outline

The paper is structured as follows: In Section 2, we give
the textual requirements and the graphical specification of
a small running example. To that end, we make use of an
MSC dialect with HMSCs and Mode Diagrams whose syn-
tax is informally described. In Section 3, we introduce the
fundamental concepts for the structured, service-oriented
specification of the system behavior. We show its appli-
cation by formalizing basic (H)MSC constructs (Section 4)
and syntactic extensions. In Section 5 we shortly describe
how the fundamental concepts serve well as a basis for
model checking. Finally, we summarize our approach and
provide an outlook on interesting future research topics in
Section 6.

2 Running Example: Simple Telephone Sys-
tem

In order to explain the syntax and semantics of our no-
tational techniques, we use a running example: a simplified
version of a telephone system. In this section, we state the
functional requirements textually. Furthermore, we provide
a specification of the system behavior by means of services.
We specify the basic services with an MSC dialect, and their
interplay with HMSCs and Mode Diagrams. The syntax of
these notational techniques is explained informally. In Sec-
tion 4, we will define the semantics of the notational tech-
niques formally.

We only consider telephone calls between one Caller and
one Callee. They are connected with each other through
channels via a Switch. The Caller initiates the call and the
Callee answers it. In the following, we assume a compo-
nent architecture as shown in Figure 1. Figure 2 shows the
behavior of our running example as a Mode Diagram. We
consider a telephone system which provides the possibil-
ity to subscribe and unsubscribe to an answering machine
(AM). Depending on whether the AM is activated or deacti-



AM activated

connect free connect busy

talk

terminate

abort

subscribe

sequence telephone call [AM deactivated]

call opt offhook

AM 
activated

AM 
deactivated

modes  answering machine

AM deactivated

connect free connect busy 2

talk

terminate

abort

unsubscribe

sequence telephone call [AM activated]

call opt offhook

PAR PAR

Figure 2. Typical procedure of a telephone call with and without an answering machine (Mode Dia-
gram and HMSCs)

vated, the system can be seen to be in a different mode.4 For
each mode we get another behavior, i. e. a possible proce-
dure of a telephone call, which is specified by means of an
HMSC respectively. MSC references contain service speci-
fications (see later, Figure 3). By using Mode Diagrams, we
have a state-oriented view onto the system; HMSCs provide
a sequence-oriented view.

In both modes we observe the following behavior5: We
assume that both telephones are not busy, when the system
is set up and omit the specification of the initialization of
the system. The Caller initiates a call (service call). In par-

4The approach make use of modes to structure the specification of the
system behavior.

5The differences between the HMSCs of both modes are highlighted in
Figure 2.

allel, the Callee might hook off the telephone independently
from the Caller’s action and is then busy (service offhook).
Depending on the status of the Callee, namely if they are
busy or not, we face the following possibilities specified by
the alternative paths through the HMSC of Figure 2. If the
Callee is not busy, a connection between the Caller and the
Callee can be established (services connect free, talk, and
terminate). If the Callee is busy and the AM is not activated
(HMSC within the mode AM deactivated in Figure 2), no
connection can be established (service connect busy) and
the Caller has to abort the telephone call (service abort). If
the Callee is busy and the AM is activated (HMSC within
the mode AM activated), a message can be recorded (ser-
vice connect busy 2). Another possibility in both scenar-
ios is that the Caller changes their mind and immediately
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Figure 3. Specification of telephone services (MSCs)

aborts the telephone call (abort). At the end of a telephone
call, the activation of the answering machine feature may be
changed (services unsubscribe and subscribe).

Figure 3 contains the MSC specifications of the services
which are referenced in the HMSCs of Figure 2.6 Here we
provide a short and informal description of our MSC syntax.
Axes represent (distributed) components. Hexagons mark
conditions representing the states of the components. Ar-
rows denote communication between components and are
labeled by c1 . offhook indicating that message offhook is
sent on channel c1. We only allow at most one message
to be sent on a channel in one time tick. Furthermore, we

6Due to space constraints, the specification of the service talk is omit-
ted in Figure 3.

assume a global, discrete clock which divides the time line
in equidistant time intervals. Axes can be formatted differ-
ently: Solid lines between conditions, between conditions
and messages, or between messages indicate that exactly
one time tick elapses in between. Dashed lines specify
that at least one time tick can occur in between. Bold lines
represent the parallel occurrence of conditions or messages
within the same time tick. However, both rectangular start
and end shapes of an axis do not have any meaning.

For example, consider the service call of Figure 3: At the
beginning, the Caller fulfills the condition ¬busy. After an
arbitrarily large amount of time (represented by the dashed
line), the Caller might hook off the telephone (offhook).
Again, after at least one time tick, the Switch responds the



free message. The Caller then dials the number (call). Ex-
actly one time tick after having dialed the number, the Caller
fulfills the busy condition. In the service connect free (see
also Figure 3), the bold line specifies that the messages call
and ring are sent in parallel, i. e. within the same time tick.
Note that the ordering of the messages is not important as
they are sent in parallel.

3 Basic Concepts

Since services are intended for the modular specification
of functionality, a formalization similar to [4] is used to in-
troduce a set Fun of functional descriptions as well as its
interpretation as semantical basis. However, in contrast to
the former, this approach focuses on the formalization of
observation sequences rather than transition systems; there-
fore it supports the description of functions with their par-
tially defined behavior, especially allowing the introduction
of new partiality by simultaneous combination as defined in
Section 3.5. In the following, Fun corresponds to the set
of function terms, starting from basic functions and using
operators to form more complex descriptions.

3.1 Basics

The structural aspects of a function are defined by its
variables Var – used to transfer signal values between the
function and its environment and to represent local control
states – as well as its control locations Loc – used to transfer
execution control between the function and its environment.
To describe the behavior of a function, we use the concepts

State: A state s ∈ −−→Var = Var→Val maps variables to
their current values.

Observation: An observation is a triple
(a, p1 ◦ s1 ◦ s2 ◦ . . . ◦ sn ◦ p2, b) consisting of a
finite sequence s1 ◦ s2 ◦ . . . ◦ sn of states correspond-
ing to an execution starting at location a (at which the
precondition p1 holds), changing variables according
to s1 ◦ s2 ◦ . . . ◦ sn, and ending at location b (at which
the postcondition p2 holds). Since in the following
only continuous functions are introduced, a restriction
to finite observations is sufficient.

Behavior: The behavior of a function is the set Obs of all
its observations.

For a state s : Var→Val with Var ′ ⊆ Var we use notation
s ↑Var ′ for restrictions (s ↑Var ′)(v) = s(v) for all v ∈
Var ′. This restriction is extended to sequences of states
through point-wise application. For sequences r and t we
use notation r ◦ t to describe the concatenation of r and t.

3.2 Basic Functions

The most basic function describes the observation of a
single state. When entered through its start control location
at which a certain precondition holds, it defines the values
of its variables and terminates by exiting via its end con-
trol location. At the end control location, a postcondition
is fulfilled. The left-hand side of Figure 4 shows such a
basic function with variables c1 and c2, start control loca-
tion start, and end control location end. Its behavior is de-
scribed by a labeled transition from start to end, connected
by labeled arrows representing the precondition ¬busy and
postcondition busy, and with a label consisting of the state
c1 = offhook ∧ c2 = nil. This label states that variable c1

carries signal offhook while variable c2 carries signal nil.
The interface of this function is defined by V ar = {c1, c2},
and its locations by Loc = {start, end}. As shown in Fig-
ure 4, the control flow interface (i.e., the set of interface lo-
cations) is described by circles connected to it; the data flow
interface (i.e., the set of interface variables) is not explic-
itly modeled. The transition itself is described by an oval
linked to the corresponding control locations with directed
arrows representing the precondition and postcondition, re-
spectively.

Abstracting from a concrete graphical representa-
tion, a basic function is described as the structure
(start, pre, act, post, end) with start control location
start, end control location end, precondition label pre,
postcondition label post, and action label act. Labels pre,
act, and post correspond to predicates with pre, act, post :−−→Var→B. The behavior of the basic function is the set
of observations (start, p1 ◦ s ◦ p2, end) with pre(p1) ∧
act(s) ∧ post(p2).7

Consequently, the behavior of the above basic function is
the set consisting of all observations (start, p1 ◦ s ◦ p2, end)
such that s(c1) = offhook as well as s(c2) = nil
and p1(busy) = false and either p2(busy) = true or
p2(busy) = false .8 Note that, as shown in Figure 4 (middle
sub-function of the second function, location mid), start and
end locations need not be disjoint.

3.3 Disjunctive Combination

The behavior of a disjunctive combination of two func-
tions corresponds to the behavior of either function. The
second-left function in Figure 4 shows the disjunctive com-
bination of three basic functions with interface locations

7Here, for reasons of simplicity a joint variable space for pre- and post-
conditions as well as actions is used; a modularization in channel and state
variables is straight-forward.

8In contrast to [10], no prefix closure of observations is used, leading
to observations with explicit start point and end points, respectively, which
is sufficient for the general use of MSCs, like e.g., in testing.
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Figure 4. Basic Observations, Disjunctive Composition, Abstraction, and Conjunctive Composition

start and mid, mid and mid, as well as mid and end, respec-
tively. It shares all the structural aspects of either function,
and thus uses variables c1 and c2, as well as control loca-
tions start, mid, and end. Formally, the disjunctive combi-
nation of two functions A and B results in a function de-
scribed by A + B that

• uses the variables of either function: VarA+B =
VarA ∪VarB

• accesses their control locations: LocA+B = LocA ∪
LocB

• exhibits the behavior of either function:
(a, t, b) ∈ ObsA+B if (a, t ↑VarA, b) ∈ ObsA

or (a, t ↑VarB , b) ∈ ObsB .

Intuitively, the combined function offers observations that
can be entered and exited via one of its sub-functions. If the
sub-functions share a common entry location, observations
of either function starting at that entry location are possi-
ble; similarly, if they share a common exit location, obser-
vations ending at that common exit location are possible.
Obviously, functions A + B and B + A are equivalent in
the sense of having the same interface and behavior.

3.4 Abstraction

Abstraction allows to hide a location of a function, ren-
dering the location inaccessible from the outside. At the
same time, when reaching a hidden location the function
does immediately continue its execution along a transition
linked to the hidden location. In the second-right function
in Figure 4, control location mid is hidden in the function-
ality described by its left neighbor. Formally, by hiding a
location l from a function A we obtain a function described
by A\l that

• uses the variables of A: VarA\l = VarA

• accesses the control locations of A excluding l:
LocA\l = LocA\{l}

• exhibits the behavior of A if entered/exited through
locations excluding l and continuing execution at
l: (a, p1 ◦ s1 ◦ s2 ◦ . . . ◦ sn ◦ pn+1, b) ∈ ObsA\l if
(a, p1 ◦ s1 ◦ p2, l), (l, pn ◦ sn ◦ pn+1, b) ∈ ObsA and
(l, pi ◦ si ◦ pi+1, l) ∈ ObsA for i = 2, . . . , n− 1.

Obviously, (S\a)\b) and (S\b)\a) are equivalent in the
sense of exhibiting the same interface and behavior. We
write A\{a, b} for (A\a)\b.

3.5 Conjunctive Combination

Besides disjunctive combination, functions can be com-
bined using conjunctive combination. The behavior of a
conjunctive combination of two functions corresponds to
the joint behavior of both functions. The right-most func-
tion in Figure 4 shows a function that, when composed
conjunctively with the second-right function, results in the
function itself. Formally, the simultaneous combination of
two functions A and B results in a function described by
A×B that

• uses the variables of each function: VarA×B =
VarA ∪VarB

• accesses their shared control locations: LocA×B =
LocA ∩ LocB

• exhibits the combined behavior of each function:
(a, t, b) ∈ ObsA×B if (a, t ↑VarA, b) ∈ ObsA and
(a, t ↑VarB , b) ∈ ObsB .

Intuitively, the combined functions offers observations that
can be offered by both functions. Obviously, A × B and
B × A are equivalent in the sense of exhibiting the same
interface and behavior.

4 Formalization of MSCs and HMSCs

In this section, we provide a formalization of MSCs and
HMSCs by using only the basic concepts from Section 3.
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For the formalization we use an axis-oriented scheme: For
each axis within an MSC, we give its mapping onto a func-
tion (see Section 4.1); then the functions of all axes are
combined to obtain the formalization of the whole MSC
(see Section 4.2). Finally, we combine the MSC functions
as specified by the HMSCs and Mode Diagrams (see Sec-
tion 4.3).

A system consists of a set of logical components. These
components are connected via directed channels, on which
messages are asynchronously exchanged. Furthermore, a
global system clock partitions the time into discrete ticks.
The state space of a component consists of a number of vari-
ables, e. g. the boolean variable caller.busy for the compo-
nent Caller. Each channel is formalized by a variable whose
data type is the set of messages possibly sent over the chan-
nel. Note that the implicit consequence is that at most one
message can be exchanged on a channel per time tick.

4.1 Mapping of an MSC Axis to a Func-
tion

We show how the MSC syntax constructs used in Section
2 are mapped onto functions using a simple precondition-
action-postcondition scheme, and how those are combined
to formalize an axis.

Basic Elements. We make use of basic elements as the
building blocks of MSCs which are formalized by basic
functions (a, p1 ◦ s ◦ p2, b). They consist of the following
parts: a start control location, a precondition, an action (e. g.
the sending/receiving of a message), a postcondition, and an
end control location. The start and end control locations are
later used to glue together single behaviors. Figure 5 shows
a basic element and its formalization by a basic function.

A condition part – either before or after the action – of
a basic MSC (represented by a hexagon) is formalized by
a suitable pre- or postcondition of the corresponding basic
function (start, pre, act, post, end). In case of the MSC in
Figure 5, the precondition pre ≡ ¬caller.busy corresponds
to the condition before, while the postcondition post ≡ true
corresponds to the condition after the action. The action
part of a basic MSC (represented by a bold solid life line

with communication arrows) is formalized by a suitable ac-
tion of the corresponding basic function. In case of the MSC
in Figure 5, the action act ≡ c1 = offhook∧ c2 = nil corre-
sponds to the messages offhook and nil communicated over
channels c1 and c2.

In the following, for a more compact description, if the
precondition (postcondition) in such a triple is true, it is
not displayed in the graphical representation of the func-
tion. Similarly, for communications on channels with value
nil, the corresponding sending/receiving arrows are not dis-
played in the graphical representation. By using this con-
densed representation leaving out one or more parts of the
basic elements, as well as the combinations introduced in
the following, the MSCs described in the previous section
can be obtained.

Combination of Elements. To compose more complex
MSCs, we now formalize the combination of two functions
with start locations a and c as well as end locations c and b,
resp., which may either be basic elements (a, p1, s1, p2, c)
and (c, p3, s2, p4, b) consisting of messages or conditions as
described before, or combinations themselves.

As mentioned above, an axis of a component can be for-
matted in a different way to specify the relative timing be-
tween the occurrences of messages and conditions in a more
flexible manner. Solid lines indicate exactly one time tick,
and dashed lines at least one time tick between messages
and conditions. Both solid and dashed lines are formalized
by disjunction of the corresponding functions and the ab-
straction of the connected locations. For solid lines, the
functions are simply combined disjunctively, unifying con-
trol locations c, and then hiding c by means of abstraction.
Note that if the postcondition of the preceding sequence p2

and the precondition of the succeeding behavior p3 are con-
tradictory, the behavior of the composed function does not
contain an observation. For dashed lines, we introduce an
additional basic function (c, true, Nil, true, c). The action
part Nil indicates that no message is exchanged on any chan-
nel. Again, all three functions are combined disjunctively
and location c is hidden.

Thus, formalization of a single axis leads to a composed
function with a single start and end location, identifying the
begin and the end of the corresponding MSC axis. Fig-
ure 6 illustrates the formalization of all three axis of the
MSC connect free and contains an example for each kind
of relative timing.

4.2 MSC Behaviors as a Combination of
Axes

To formalize an MSC composed of several axes, we
combine the functions of all axes to obtain the behavior of
the overall MSC. By using the same start control locations
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Figure 6. Formalization of the service connect free
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as well as all end control locations for all axes, the conjunc-
tive combination of the corresponding functions provides
the intended behavior, describing the parallel execution of
all axes.

As shown in Figure 6, semantically, conjunctive com-
bination is achieved by creating the product of all the axes’
functions, and then eliminating the following states and cor-
responding transitions: product states in which the predi-
cates contradict each other, states which are not reachable
from the initial states, and states from which the final states
cannot be reached. As a result, the axes synchronize due to
common message exchange. Figure 6 illustrates the combi-
nation for the service connect free. The states are numbered
and referenced in the product automaton.

4.3 Combination of MSCs by HMSCs

In this step, we formalize the combination of MSCs as
specified by means of HMSCs. HMSCs – as shown in Fig-
ure 2 – allow the sequential and alternative combination of
MSCs.

Sequential Combination. Within an HMSC, two MSCs
can be sequenced by connecting them by an arrow. Anal-

ogously to the case of the combined functions represent-
ing an MSC axis, these two MSCs can be mapped to func-
tions with start locations a and c and end locations c and
b, resp. Again, the sequential combination of these MSCs
can be formalized by disjunction and abstraction. Thus, the
functions are combined by disjunction via shared location
c; by hiding c, the sequential execution of both functions is
achieved. Figure 7 shows an example sequence of MSCs
connect free and terminate.9

Alternative Combination. As shown in Figure 2, within
an HMSC, alternative combination of MSCs can be
achieved by providing fork and join points between MSCs.
Again, disjunctive combination can be used to formalize
this form of construction. Here, the MSCs correspond to
functions with a joint start location a and a joint end loca-
tion b. An example for an alternative combination is shown
in Figure 7, containing, among other alternative combina-
tions, the combination of MSC sequence connect free as
well as terminate and MSC abort.

Hierarchical combination. An HMSC allows to encap-
sulate of a number of MSCs and can be referenced from
other MSCs. In order to formalize hierarchical combina-
tion, abstraction is required. An example is shown in Fig-
ure 7, where the HMSC within the mode AM deactivated
is abstracted to a function with one start and end control
location.

4.4 Formalization of Extended MSC Con-
structs

Until now, we have defined a number of basic MSC con-
structs. The set of constructs can be easily extended by ad-
ditional syntax constructs by defining a syntactic mapping
to the basic ones.

For example, Mode Diagrams allow to partition the sys-
tem behavior into high-level modes, as is illustrated by Fig-
ure 2. However, they can be easily mapped to HMSCs:
modes can be transformed to MSC references and the in-
dicator for an initial mode can be transformed to an initial
HMSC node.

Another example are parallel boxes. Parallel boxes can
be used within MSCs and HMSCs to denote concurrent ex-
ecution, as is illustrated by Figure 2 and Figure 3. They can
be formalized by an alternative combination of all possible
orderings of states. Note that some of these messages may
also occur within the same time tick.

5 Application

9Dotted boxes serve as placeholders for complete MSC functions.



As stated in Section 1, services are intended to support
the modular construction of complex functionalities in the
development process. The descriptive form of general func-
tional descriptions introduced here – both on the semantical
as well as on the syntactical level – eases the combination
and reuse of functions and the reasoning about the overall
functionality, thus providing a suitable approach to service
specification. To apply service specifications in a develop-
ment process, typical properties of special interest are, e.g.,
the detection of partiality and the establishment of imple-
mentation relations of service specifications.

To effectively use the implementation relation in a sound
development process, (automatic) support for the verifica-
tion of the implementation relation between two services
is necessary. Since the behavior of services is defined by
(possibly infinite) sets of finite traces, and the implementa-
tion relation is defined by the inclusion relation over those
sets, a trace-based formalism is best-suited.

Therefore, here WS1S (weak second order monadic
structure with one successor function) is used to implement
automatic proof support. This formalism is, e.g., supported
by the model checker Mona [7]. Using WS1S, functions are
specified by predicates over sets of traces. As described in
detail in [11], the operators introduced in Section 3 can be
directly implemented in WS1S, allowing a compositional
construction of the corresponding trace sets. Thus, the im-
plementation relation between two function predicates can
be formalized as a subset relation on trace sets; its validity
can be verified using Mona. Besides proving the refine-
ment relation between two functions, Mona can generate a
counter-example for functions violating the refinement re-
lation.

6 Summary and Outlook

In this paper we presented fundamental concepts for the
structured, service-oriented specification of system behav-
iors. We introduced basic observations as well as combina-
tion and abstraction mechanisms. These fundamental con-
cepts cover a large range of specifications of system func-
tionality. We demonstrated the application of these con-
cepts by formalizing basic syntax constructs of (H)MSCs
and Mode Diagrams. Furthermore, we showed how syntac-
tic extensions can be easily formalized by reducing them to
other constructs. The formalization of the syntax constructs
of (H)MSCs and Mode Diagrams show that the same fun-
damental concepts occur in different notational techniques
(e. g. alternative combination in HMSCs and Mode Dia-
grams) and on different levels of abstraction (e. g. parallel
combination in HMSCs and MSCs). Furthermore, the pre-
sented fundamental concepts can be easily transformed into
sets of traces which serve as internal representation of the
model checker Mona for automated verification.

Since services target the early development phases, a me-
thodical development process requires their integration with
later-stage description techniques. Here, e.g., [10] provides
a similar formalization for state transition systems using dif-
ferent basic observations, thus allowing to relate MSCs to
automata-based descriptions. Besides this basic integration,
however, methodical issues must be investigated including
the supported transition from services to logical compo-
nents or the deduction of test cases, as well as the scalability
of this approach for industrial-size applications.
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