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Abstract. [Context and motivation] In scenario-based requirements engineer-
ing for complex software-intensive systems, scenarios must be specified and 
kept consistent across several levels of abstraction such as system and compo-
nent level. [Question/problem] Existing scenario-based approaches do not 
provide a systematic support for the transitions between different abstraction 
levels such as defining component scenarios based on the system scenarios and 
the system architecture or checking whether the component scenarios are con-
sistent with the system scenarios. [Principal ideas/results] This paper presents 
a systematic approach for developing scenarios at multiple abstraction levels 
supported by automated consistency checks of scenarios across these abstrac-
tion levels. [Contribution] We have implemented the consistency check in a 
tool prototype and evaluated our approach by applying it to a (simplified) adap-
tive cruise control (ACC) system. 
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1   Introduction 

Scenario-based requirements engineering (RE) is a well proven approach for the elici-
tation, documentation, and validation of requirements. In the development of complex 
software-intensive systems in the embedded systems domain, scenarios have to be 
defined at different levels of abstraction (see e.g. [1]). We call scenarios that specify 
the required interactions of a system with its external actors “system level scenarios” 
and scenarios that additionally define required interactions between the system com-
ponents “component level scenarios”. For brevity, we use the terms “system scenar-
ios” and “component scenarios” in this paper. 

Requirements for embedded systems in safety-oriented domains such as avionics, 
automotive, or the medical domain, must satisfy strict quality criteria. Therefore, when 
developing system and component scenarios for such systems, a rigorous development 
approach is needed. Such an approach must support the specification of scenarios at 
the system and component level and ensure the consistency between system and com-
ponent scenarios. Existing scenario-based approaches, however, do not provide this 
kind of support. 
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In this paper, we outline our approach for developing scenarios for software-
intensive systems at multiple abstraction levels. This approach includes a methodical 
support for defining scenarios at the system level, defining component scenarios 
based on the system scenarios and an initial system architecture as well as detecting 
inconsistencies between system scenarios and component scenarios. Our consistency 
check reveals, for instance, whether the component scenarios are complete and neces-
sary with respect to the system scenarios. To automate the consistency check, we 
specify system and component scenarios using a subset of the message sequence 
charts (MSC) language [2]. The consistency check is based on a transformation of the 
specified MSCs to interface automata [3] and the computation of differences between 
the automata or, respectively, the regular languages associated with the automata. We 
have implemented the consistency check in a prototypical tool and evaluated our 
approach by applying it to a (simplified) adaptive cruise control (ACC) system. 

The paper is structured as follows: In the remainder of this section, we provide a 
detailed motivation for our approach. Section 2 outlines the foundations of specifying 
use cases and scenarios using message sequence charts. Section 3 briefly describes 
our approach for specifying system and component scenarios. Section 4 provides an 
overview of our technique for detecting inconsistencies between system and compo-
nent scenarios. Section 5 summarises the results of the evaluation of our approach. 
Section 6 presents related work. Section 7 concludes the paper and provides a brief 
outlook on future work. 

1.1   Need for Specifying Requirements at Different Abstraction Levels 

Abstraction levels are used to separate different concerns in systems engineering such 
as the concerns of a system engineer and the concerns of component developers. We 
illustrate the specification of requirements at multiple levels of abstraction by means 
of an interior light system of a vehicle. At the system level, the requirements for the 
interior light system are defined from an external viewpoint. At this level, the system 
is regarded as a black box, i.e. only the externally visible system properties are con-
sidered without defining or assuming a specific internal structure of the system. For 
instance, the following requirement is defined at the system level: 

− R2 (Interior light system): The driver shall be able to switch on the ambient light. 

The level of detail of requirement R2 is typically sufficient for communicating about 
the requirements with system users. However, for developing and testing the system, 
detailed technical requirements are needed. To define these detailed technical  
requirements, the system is decomposed into a set of architectural components and  
the requirements for the individual components and the interactions between the com-
ponents are defined based on the system requirements. For instance, the following 
requirements are defined based on requirement R2 (after an initial, coarse-grained 
system architecture has been defined for the interior light system): 

− R2.1 (Door control unit): If the driver operates the ‘Ambient’ button, the door 
control unit shall send the message LIGHT_AMB_ON to the roof control unit. 

− R2.2 (Roof control unit): If the roof control unit receives the message 
LIGHT_AMB_ON, it shall set the output DIG_IO_AMB to ‘high’. 
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1.2   Need for Checking Requirements Consistency across Abstraction Levels 

If the component requirements define, for instance, an incomplete refinement of the 
system requirements, the integrated system will not meet its requirements even if each 
component satisfies the requirements assigned to it. For example, if the requirement 
R2.2 in the previous section was omitted, the door control unit would send the activa-
tion signal to the roof control unit, yet the roof control unit would not be able to proc-
ess this signal and hence it would not switch on the light. 

If the system components are developed by separate development teams or even by 
separate organisations, specification errors such as inconsistencies between system 
and component requirements may remain hidden until very late stages of the devel-
opment process, typically until system integration. To avoid rework during system 
integration caused by such defects (which often leads to project delays), requirements 
engineers must check early in the development process whether the component  
requirements are consistent with the system requirements. In addition, for safety-
relevant systems, a proof must be provided that each component requirement is  
necessary (see e.g. [4]). The necessity of a component requirement can be shown by 
demonstrating that this requirement is needed to satisfy a system requirement. 

1.3   Main Objectives of the Scenario-Based RE Approach 

Based on the above considerations, the following objectives for a scenario-based 
approach can be defined: 

− O1: Specification of system scenarios. The approach should support the specifica-
tion of scenarios at the system level. For this purpose, it should provide guidelines 
defining what kind of information should be contained in the system scenarios. The 
way the system scenarios are specified should ease the transition to component 
scenarios as well as consistency checking. 

− O2: Specification of component scenarios. The approach should support the speci-
fication of component scenarios based on the system scenarios and a coarse-
grained architecture. For this purpose, it should provide guidelines defining what 
kind of information is added in the component scenarios. Furthermore, the ap-
proach should allow structuring the component scenarios differently from the sys-
tem scenarios, for instance, to improve readability of the scenarios. 

− O3: Consistency checking of system and component scenarios. The approach 
should support checking whether the externally visible system behaviour defined at 
the system level and the one defined at the component level conforms to a defined 
(possibly project-specific) consistency criterion. To support the removal of de-
tected inconsistencies, the approach should provide a detailed account of all de-
tected differences between the system and component scenarios. 

2   Specification of Scenarios Using Message Sequence Charts 

A scenario documents a sequence of interactions leading to the satisfaction of a goal 
of some agent (see e.g. [5]). Multiple scenarios associated with the same goal or set of 
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goals are typically grouped into use cases (see e.g. [6]). Scenarios can be documented 
using various formats such as natural language, structured templates, or diagrams. 

To facilitate automated verification, we use message sequence charts (see [2]) for 
specifying and grouping scenarios, both, at the system and the component level. We 
decided to use message sequence charts since they are commonly known in practice 
and offer a standardised exchange format. The specification of scenarios using mes-
sage sequence charts is outlined in this section. The formalisation of message se-
quence charts employed in our approach is outlined in Section 4. 

2.1   Basic and High-Level Message Sequence Charts 

The message sequence charts language defines basic message sequence charts 
(BMSCs) and high-level message sequence charts (HMSCs). The essential elements 
of a BMSC are instances and messages (see Fig. 1). The essential elements of a 
HMSC are nodes and flow lines. A node can refer to a BMSC or another HMSC. A 
flow line defines the sequential concatenation of two nodes. Therein, the sequential 
order of the nodes may contain iterations and alternatives. Formal definitions of the 
(abstract) syntax of BMSCs and HMSCs are given, for instance, in [7]. The graphical 
notation of BMSCs and HMSCs used in this paper is shown in Fig. 1. 

Environment

instance

Environment

instance

System

instance

interaction

interaction

interaction

BMSC1

BMSC2 HMSC3

 

Fig. 1. Graphical notation of BMSCs (left-hand side) and HMSCs (right-hand side) 

2.2   Specifying Use Cases and Scenarios Using Message Sequence Charts 

Fig. 2 shows the documentation and composition of scenarios using message se-
quence charts as opposed to the documentation and grouping of scenarios by means of 
use case templates (see e.g. [6]). In our approach, we use message sequence charts in 
order to reduce the ambiguity caused by documenting scenarios and their composition 
using natural language. We use BMSCs for documenting atomic scenarios (or sce-
nario fragments) and HMSCs for scenario composition. Therein, a HMSC can com-
pose several scenario fragments into a larger scenario, several scenarios into a use 
case, or several use cases into a larger use case (Fig. 2, right-hand side). By using 
HMSCs, relationships between use cases such as “include” and “extend” as well as 
the sequential execution of use cases can be defined. A similar approach based on 
UML activity diagrams and UML sequence diagrams is described in [8]. Note that 
other information such as use case goals or pre- and post-conditions still need to be 
documented in the use case template. 
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Fig. 2. Templates (left) vs. messages sequence charts (right) for documenting scenarios 

3   Specification of Scenarios at Two Abstraction Levels 

Our overall approach consists of three main activities (see Fig. 3). We outline these 
three activities and their major inputs and outputs in the following subsections. 
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Fig. 3. Overall approach for specifying scenarios at multiple levels of abstraction 

3.1   Specification of System Scenarios and Use Cases 

The specification of system scenarios includes specifying individual system scenarios 
using BMSCs and interrelating the individual scenarios using HMSCs. Systems sce-
narios are identified and defined based on the goals of the external system actors. A 
system scenario should document the major interactions between the system and its 



50 E. Sikora, M. Daun, and K. Pohl 

 

environment required to satisfy the associated goal. For each system goal, the relevant 
system scenarios satisfying this goal should be documented. 

When specifying the system scenarios, the requirements engineers need to ensure 
that a black box view of the system is maintained. In other words, the specified  
system scenarios should only define the external interactions of the system and no 
internal interactions since defining the internal interactions is the concern of lower 
abstraction levels. Furthermore, system scenarios should be defined at a logical level, 
i.e. independently of a specific implementation technology such as a specific interface 
design or a specific system architecture. Fig. 4 shows a simple system scenario for the 
interior light system example introduced in Section 1.1. 

Driver Ambient lightInterior light system

Switch on

ambient light

Activate

 

Fig. 4. Simple example of a system scenario 

In early phases of use case development, the focus should be placed on the main or 
normal course of interactions that is performed to satisfy the use case goal(s). In later 
stages, alternative and exception scenarios should be added and related to the main 
scenario. However, in order to maintain the black box view, alternative and exception 
scenarios should be defined only if they are required independently of the internal 
structure of the system and the technology used for realising the system. 

3.2   Specification of Component Scenarios and Use Cases 

The definition of component scenarios comprises the definition of BMSCs and 
HMSCs at the component level. Typically, one starts defining component scenarios 
based on the defined system scenarios taking the (coarse-grained) system architecture 
into account. Furthermore, additional scenarios can be defined at the component level 
which are not based on the system scenarios such as scenarios for error diagnosis. 

3.2.1   Definition of Component Scenarios Based on System Scenarios 
A component scenario can define a possible realisation of a system scenario. For this 
purpose, the component scenario must define the interactions among the system com-
ponents required to realise the interactions with the environment defined in the system 
scenario. The refinement of an individual system scenario is accomplished by the 
following steps (see e.g. [9]): 
− Step 1: Identification of the components that are responsible for realising the sys-

tem scenario. The instance representing the system in the system scenario is re-
placed by the identified set of components in the component scenario. 

− Step 2: Each scenario step (i.e. each system-actor interaction) defined in the system 
scenario is assigned to a component. Therein, either the names of the scenario steps 
defined in the system scenario remain unchanged, or a unique mapping between 
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the message names is established. This is a necessary condition to facilitate consis-
tency checking across abstraction layers. 

− Step 3: The component scenario is completed by adding the required, system-
internal interactions (or signal flows) between the system components. 

A simple example of a component scenario is depicted in Fig. 5. 

Driver Roof control unitDoor control unit

Switch on

ambient light

LIGHT_AMB_ON

Ambient light

Activate

 

Fig. 5. Simple example of a component scenario 

Note that one system scenario may be detailed by several component scenarios 
which define different possibilities for realising the system scenario through different 
system-internal interactions. 

3.2.2   Definition of Additional Component Scenarios 
Typically, additional component scenarios must be defined to deal with specific con-
ditions that are considered at the component level such as temporary or permanent 
component failures or error diagnosis functionality (see Fig. 6 for an example). These 
scenarios may or may not include interactions with external actors. 

Driver Roof control unitDoor control unit

Switch on

ambient light
LIGHT_AMB_ON

Ambient light

IO_FAILURE

 

Fig. 6. Example of an additional, level-specific scenario 

3.2.3   Component-Level Use Cases 
Similar to the grouping of system scenarios into system-level use cases, component 
scenarios are also grouped into component-level use cases. A necessary condition for 
the completeness of the component-level use cases is that each system-level use case 
is detailed by at least one component-level use case. However, our approach does not 
require that the HMSC structure of the component-level use case is identical with the 
HMSC structure of the corresponding system-level use case (see Fig. 7). Rather, we 
advise that the component-level use cases are structured in a way that is convenient 
for the component level. For instance, it may be convenient to decompose a compo-
nent-level use case into several more fine-grained use cases and relate the composed 
use case to the system-level use case. Furthermore, the comprehensibility and change-
ability of component-level use cases can often be improved by extracting and merging 
redundant scenario fragments. 
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Fig. 7. HMSC structures of a system-level and a component-level use case 

3.3   Comparison of System and Component Scenarios 

The goal of comparing system and component scenarios is to identify differences in 
the specified sequences of interactions at the system level and the component level. 
The possible causes of such differences include: 

− Omission of a specific system-actor interaction at some abstraction level 
− Definition of an additional system-actor interaction at some abstraction level 
− Changed order of the interactions at the system or the component level 
− Definition of an additional scenario at some abstraction level that causes a differ-

ence in the specified, external behaviour 

The comparison is performed for each pair of scenarios related by a “refines” link 
(see Fig. 7). The comparison can be applied to individual scenarios (i.e. one system 
scenario is compared to one component scenario), to use cases (i.e. a system-level use 
case is compared to a component-level use case), or to sets of interrelated use cases 
(see Section 2.2). The decision whether a detected difference is considered as an in-
consistency or not is influenced by project-specific consistency rules. These rules can, 
for instance, allow or forbid the definition of additional system-actor interactions at 
the component level (see Section 4.4). 

In case an inconsistency is identified, human judgement is required to determine 
necessary corrections. For instance, an additional sequence of interactions at the com-
ponent level may be caused either by a missing system scenario or by an unwanted, 
additional component scenario. Hence, the stakeholders must decide whether the 
system scenarios, the component scenarios, or even both must be corrected to resolve 
a detected inconsistency. 

4   Computation of Differences between Scenarios across Two 
Abstraction Levels 

In this section, we outline our algorithm for computing the differences between sce-
narios defined at two different abstraction levels. Fig. 8 shows an overview of the 
major steps of the algorithm. The input of the algorithm comprises two message  
sequence chart (MSC) specifications, i.e. a system-level and a component-level  
specification, and, in addition, the coarse-grained system architecture. The MSC 
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specifications represent a pair of scenarios (or use cases) related to each other by a 
“refines” link. Each MSC specification may comprise several HMSCs and BMSCs. 
The algorithm is applied to each such pair of MSC specifications individually.  
The architecture that is provided as input defines the decomposition of the system into 
a set of components. It hence interrelates the instances defined in the two MSC  
specifications. 

In Step 3.1 (see Fig. 8), the scenarios are normalised in order to ensure that identi-
cal message labels have identical meanings. Step 3.2 transforms the normalised MSCs 
into interface automata. It results in a system-level automaton PH (Step 3.2a) and a 
component-level automaton PL (Step 3.2b). Step 3.3 computes the differences  
between PH and PL. It results in two automata PH-L and PL-H. 

The individual steps are explained in more detail in Subsections 4.1 to 4.3. In addi-
tion, we outline the analysis of the computed difference automata in Section 4.4. 
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Fig. 8. Main steps of the comparison of system and component scenarios 

4.1   Normalisation of the Message Sequence Charts 

To compute the differences between the system and component scenarios, the mes-
sage sequence charts documenting the scenarios must match some input criteria. We 
assume that each message sent or received by an instance has a label that uniquely 
identifies its message type. Furthermore, we assume that messages of a specific type 
sent to the environment or received from the environment are labelled identically at 
the system level and the component level. 

The information which components decompose the system is taken from the archi-
tecture model. For the system scenarios, we assume that the instance representing the 
system is named consistently with the representation of the system in the architecture 
model. For the component scenarios, we assume that the instances representing sys-
tem components are named consistently with the representations of the components in 
the architecture model. 

To ensure that the above assumptions hold, a normalisation step is performed in 
which the instance names and message labels are checked and adapted, if necessary. 

4.2   Transformation of the Scenarios into Interface Automata 

To facilitate computing the differences between system and component scenarios, we 
employ a transformation of MSCs into automata. Interface automata [3] offer several 
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advantages that make them particularly suitable for our approach. For instance, the set 
of actions of an interface automaton is partitioned into a set of input actions, a set of 
output actions, and a set of internal actions. This corresponds to the event types de-
fined for MSCs (receive, send, internal). Furthermore, interface automata do not en-
force that each input action is enabled in every state. This is also true for the MSCs in 
our approach since we assume that, after reaching a specific location of an instance 
line, only the specified events are allowed to occur. 

We briefly outline the transformation of the scenarios into interface automata: 

1. Construction of instance automata: In this step, an interface automaton is com-
puted for the system (system level) as well as for each component (component 
level). For this purpose, first each BMSC is transformed into a set of partial  
automata based on the algorithm described e.g. in [10]. Subsequently, the partial 
automata are concatenated by inserting τ-transitions (i.e. invisible transitions) as 
defined by the HMSC edges. Environment instances are disregarded in this step. 

2. Elimination of τ-transitions and indeterminism: In this step, non-deterministic 
transitions and the τ-transitions inserted during concatenation are eliminated in 
the interface automata that were constructed in the first step. For performing 
this step, standard algorithms for automata such as those described in [11] can 
be used. The results of this step are the system-level automaton PH and a set of 
component-level automata. 

3. Composition of the instance automata: In this step, the automata derived from 
the component scenarios are composed to a single component-level automaton 
PL by means of the composition operator defined for interface automata  
(see [3]). 

4.3   Computation of the Differences between the Scenarios 

The comparison of the automata shall reveal differences between the traces of  
the automata with regard to the externally observable system behaviour (similar to 
weak trace equivalence; see [12]). For this purpose, the traces consisting only of 
input and output actions of the interface automata PH and PL need to be compared 
with each other. The set of traces of the automaton PH is called the language of PH 
and denoted as LH. The set of traces (of input and output actions) of PL is called the 
language of PL and denoted as LL. To compare the two languages, two differences 
must be computed: 

− LH-L = LH \ LL = LH ∩ ¬LL and 
− LL-H = LL \ LH = LL ∩ ¬LH 

Hence, for computing the desired differences, the intersection and the complement 
operator for automata must be applied [11]. Since the complement operator requires a 
deterministic finite automaton as input, PH and PL must be transformed into determi-
nistic automata. Furthermore, the internal actions defined in PL must be substituted by 
τ-transitions. Due to space limitations, we omit the details here. 
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4.4   Analysis of the Computed Differences 

The requirements engineers can interpret the resulting automata in the following way: 
− LH-L = ∅ and LL-H = ∅: In this case the externally observable traces of both  

automata are identical, i.e. the scenarios at the system level and the component are 
consistent to each other. 

− LL-H ≠ ∅: In this case, the component scenarios contain traces that are not defined 
at the system layer. The requirements engineers have to analyse these in order to 
determine which of them are valid or desired and which ones are not. Traces con-
tained in LL-H that are considered valid may indicate missing system scenarios. 
However, the project-specific consistency rules may also allow such traces under 
certain conditions. 

− LH-L ≠ ∅: In this case, the system scenarios contain traces that are not defined at 
the component level. The requirements engineers have to analyse these traces in 
order to determine which of these traces are valid. Traces contained in LH-L that are 
considered valid indicate missing component scenarios. 

For supporting the interpretation and analysis of the computed differences, we gener-
ate graphical representations of the difference automata using the environment  
described in [13]. The analysis results are used to drive the further development and 
consolidation of the system and component scenarios. 

5   Evaluation of the Approach 

We have performed a preliminary evaluation of our approach by applying it to a 
(simplified) adaptive cruise control (ACC) system based on [14]. In a first step, use 
cases were identified for the ACC system, both, at the system level and the compo-
nent level. All in all, eleven use cases were identified. Fig. 9 shows an excerpt of the 
use case diagram. 
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Fig. 9. Excerpt of the use case diagram defined for the ACC system 
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Fig. 10. System- and component-level specifications of an exemplary use case 

For the identified use cases, scenarios were specified by means of message se-
quence charts. The specification activity resulted in eleven HMSCs and nineteen 
BMSCs at the system level and eleven HMSCs and twenty-five BMSCs at the com-
ponent level. The consistency checking was performed using a prototypical imple-
mentation of the algorithm described in Section 4. Based on the computed differ-
ences, the system scenarios and component scenarios were consolidated to remove 
inconsistencies. Fig. 10 depicts an exemplary system-level use case defined for the 
ACC system, the corresponding component-level use case as well as the automata PH 
and PL computed for these use cases. The difference LH-L for the use case depicted in 
Fig. 10 is empty which means that the component-level use case realises all scenarios 
defined by the system-level use case. The automaton representing the difference LL-H 
is shown in Fig. 11. The sequences of actions which lead from the start state to the 
final state of this automaton are included in the component-level use case but are not 
defined by the system-level use case and thus may indicate inconsistencies. The 
evaluation demonstrated the importance of an automated, tool-supported consistency 
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check between system and component scenarios. The simplified ACC system used in 
the evaluation was already too complex to detect all inconsistencies between system 
and component scenarios manually. The prototypical tool revealed a large number of 
inconsistencies in the initial use cases and thus contributed significantly to improving 
the consistency of the use cases across the two abstraction levels. However, since the 
evaluation has been performed in an academic environment, further investigations 
concerning the applicability and usefulness of the approach in an industrial environ-
ment are needed. 

Speedresponse?

Decelerate!
Break!

Speedrequest!

Attention:

vehicle

Ahead!

Speedresponse?

Attention:

vehicle

Ahead!

 

Fig. 11. Difference automaton representing LL-H 

Scalability or performance problems did not occur during the consistency check of 
the ACC scenarios. For instance, the computation of the difference automaton de-
picted in Fig. 11 took approximately 100 milliseconds. Still, for very complex use 
cases (such as a composition of all use cases defined for a system into a single use 
case), a more efficient implementation might be needed. 

6   Related Work 

Although scenario-based approaches exist that support, in principle, the development 
of scenarios at different abstraction levels such as FRED [15] and Play-in/Play-out 
[16], these approaches do not offer the required rigor for safety-oriented development. 
The checking of the consistency of the scenarios across abstraction levels is not sup-
ported by these approaches. Play-in/Play-out merely supports checking whether a set 
of “universal” scenarios realise a defined “existential” scenario which is not sufficient 
for proving cross-level consistency. 

Approaches that support the formal verification of scenarios suffer from other defi-
ciencies limiting their applicability within our approach. Existing techniques that, in 
principle, support the verification of MSCs across different abstraction levels provide 
insufficient support for HMSCs or do not support HMSCs at all. In [9], severe restric-
tions are imposed by requiring identical HMSC structures at the system level and the 
component level. The goal of temporal-logic model checking is typically to reveal a 
single counter example. In contrast, our approach computes extensive differences 
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between the scenarios defined at two abstraction levels. Furthermore, to apply tempo-
ral-logic model checking, use cases must be encoded using temporal logic which 
limits the applicability of such an approach in practice. 

Furthermore, our approach can be regarded as a further step towards a methodical 
support for the transition between requirements and design as it facilitates the for-
mally consistent specification of black-box scenarios and design-level scenarios. The 
approach thus complements less formal approaches such as [18] which aim at sup-
porting the communication between requirements engineers and architects. 

7   Conclusion 

The approach presented in this paper closes a gap in the existing, scenario-based re-
quirements engineering methods. It supports the development of scenarios at different 
abstraction levels and therein facilitates cross-level consistency checking. Cross-level 
consistency is important, for instance, for constructing safety proofs and to avoid 
requirements defects which lead to significant rework during system integration. 

The approach employs the message sequence charts (MSC) language as a formal, 
visual specification language for scenarios and use cases. Individual scenarios are 
specified as basic message sequence charts (BMSCs). High-level message sequence 
charts (HMSCs) interrelate several BMSCs and allow for iterations and alternatives. 
The consistency check offered by our approach aims at detecting differences in the 
traces of externally observable events specified at the system level and those specified 
at the component level. The approach thus reveals, for instance, whether the traces of 
a component-level MSC are complete and necessary with respect to a system-level 
MSC. The approach is not based on simple, syntactic correspondences but rather 
employs a transformation of MSCs into interface automata. This makes the approach 
robust against changes at the syntactic level such as restructuring an MSC. 

We have demonstrated the feasibility of our approach by applying it to the specifi-
cation and consistency checking of requirements for an adaptive cruise control sys-
tem. Our approach has proven useful for supporting the specification of the scenarios 
at the system and component level. We hence consider objectives O1 and O2 defined 
in Section 1.3 to be met. The consistency of the scenarios was checked using a proto-
typical tool. Thereby, a large amount of inconsistencies could be resolved which were 
difficult or even impossible to detect manually. We hence consider objective O3 (see 
Section 1.3) to be met. The approach can be applied in settings where consistency 
across different abstraction levels must be enforced and the use of formal specifica-
tion and verification methods is accepted. A detailed evaluation of the applicability of 
our approach in industrial settings is ongoing work. 
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