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1 Motivation 
 
AutoFOCUS 2 (AF2) is a tool prototype, which is being developed at the chair of Software & 
Systems Engineering at the Technical University (TU) of Munich [1]. AF2 offers the system 
developer a broad support for the specification of software-intensive systems. For this pur-
pose, AF2 includes, amongst others, the following important functionalities: 
 

·  support concerning requirements elicitation and structuring 
·  graphical system modeling based on views 
·  simulation and rapid prototyping 
·  generation of test cases and formal verification 

 
This picture book addresses to readers who want to gain a first overview over the tool AF2. 
By means of a simple case study, core functionalities of the tool will be illustrated by se-
lected, commented figures, and a possible methodical use of AF2 in the software development 
process is disclosed. However, this report does not deal with extended functionalities of the 
tool, such as accompanying process support, connections to a model checker or generation of 
test cases etc. 
 
The structure of this document is geared to the phases of a systematic development process. 
After a short introduction to AF2 in the following section, the concepts for the requirements 
analysis will be explained in section 3. Based on that, the modeling concepts for a formal 
specification and for the simulation will be illustrated in section 4. In section 5, the interface 
between requirements analysis and formal specification will be explained. 
 
The discussed concepts will be illustrated in all sections by means of a simple, running case 
study (a window regulator function); basic requirements of the case study can be seen in the 
document “The door module – an example specification” from the Quasar project [2]. This 
case study does not intend to show a perfect modeling, but to demonstrate the advantages of 
the tool AF2 in case of a specific application. 
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2 Introduction to AutoF OCUS 2 
 
AF2 is a model-based tool for developing distributed embedded systems. It provides a basis to 
graphically specify the system to be developed and to simulate it. Moreover, AF2 serves as a 
tool for the structured requirements analysis. 
 
AF2 has been developed as a prototype at the chair of Software & Systems Engineering at the 
TU Munich by students, research associates of the chair and the Validas Corporation. AF2 
represents a “redevelopment” of AutoFOCUS (AF) [3], the origin and background of which be-
ing the formal specification methodology FOCUS [4]. 
 
The most important functional extension of AF2 compared to AF is the integration of the tool 
AutoRAID [5], which was developed in the summer term 2004 during a practical course for 
software engineering at the TU Munich. AutoRAID supports the model-based requirements 
analysis and the transition to design by claiming goal-oriented identification and structuring 
of requirements as well as allowing for a step-by-step mapping of these requirements to func-
tional models. Further information concerning the tool AutoRAID is described in detail in [6] 
and as a short summary in [7]. 
 
Projects (Figure 1) which are modeled in AF2 consist of two closely connected specifications: 
An analysis section where all requirements that are relevant for this project are located, and a 
modeling section, consisting of a formal specification of the system to be developed. 
 
 

 
 

Figure 1: structure of the projects in AF2 
 
 
In the following chapters, the concepts of both sections will be explained and the relationship 
between the elements of these two sections will be addressed explicitly. 

“Analysis” contains all 
identified requirements 

“WREntire” is the top-
most element of the 
modeling section in the 
project “WindowRegula-
tor” and contains the for-
mal specification of the 
system 

Project  
“WindowRegulator” 
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3 Requirements analysis 
 
The concepts of AF2 supporting the requirements analysis will be described in this chapter. 
At the same time, the illustration by means of the case study serves as introduction of basic 
requirements to the function “window regulator”. 
 

3.1 Overview over the concepts for the requirements  analysis 
 
As mentioned in section 2, all specifications which are created via the concepts for require-
ments analysis, will be filed in the analysis section (“analysis”) of a project. Figure 2 shows 
its structure and provides a first overview over the used concepts. 
 
 

 
 

Figure 2: structure of the analysis section 
 
 
The concepts are classified as: 

 
·   source contexts 
·   requirements 
·   use-cases  
·   constraints 

 
 
In the following subsections, a short explanation of these concepts will be provided. 
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3.2   Requirements 
 
All  requirements describing the system to be developed are listed in the subtree requirements 
in a hierarchical structure. Entries referring to constraints and use-cases are to be found here 
once again. Due to the hierarchical structure, it becomes obvious from where the individual 
requirements derive, and – the other way round – it is illustrated to which purpose a require-
ment contributes. 
 
The following information can be provided for all requirements in AF2: 
 

·  mandatory fields: 
o title 
o person in charge (patron) 

·  optional fields: 
o description 
o status 
o priority 
o rational 

 
In order to conduct the requirements analysis in a reasonable way, it is advisable to precisely 
fill in all fields. 
 

 
Figure 3 shows the input form for requirements, exemplified by a business requirement. 
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Figure 3: input form for requirements (mandatory fields are highlighted in dark) 
 
 
The subtree “requirements” disambiguates between two types of requirements, namely busi-
ness requirements ( ) and application requirements ( ). Figure 4 exemplifies some busi-
ness requirements of the case study. 
 

Type of requirement  
(e.g. business requirement, 
architectural constraint …) 

Unique identifier  
(assigned by the system) 

Name of the requirement, 
which is then to be found in 
the hierarchically structured 
subtree requirements 

Textual specification of the 
requirement 

Person in charge  
(of the entry) 

Status 
(suggested, approved or im-
plemented) 

Priority  
(high, middle or low) 

Rational 
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Figure 4: business requirements for the case study “window regulator” 
 
Business requirements contain the goals which are to be achieved by developing the respec-
tive product. Thus they represent “high-level” requirements which are often expressed 
vaguely and which can, in a normal case, not be implemented directly. These goals are refined 
until checkable requirements can be expressed, i.e. requirements which can be evaluated ac-
cording to their satisfiability. 
 
These refined or derived requirements are represented in AF2 by application requirements. 
Among them are use-cases and constraints as well which will both be explained beneath. In 
Figure 5 it is exemplified how application requirements can be derived from goals for a busi-
ness requirement. 
 

Goals expressed as 
business requirements 
( ) 
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Figure 5: deriving application requirements from business requirements 
 
 
Due to this hierarchical structure, initial, simple checks with regard to completeness and con-
sistency of the collected requirements can already be performed: 
 

·  Are there also refined application requirements for each business requirement? I.e. 
precisely: Does each business requirement have at least one derivation? 

 
·  Does each application requirement represent a legitimate requirement and does it 

thus contribute to achieving a business requirement? I.e. precisely: Is each applica-
tion requirement derived from at least one business requirement? 

 
 

3.3 Use-cases 
 
Use-cases represent specific types of application requirements. They are used for a detailed 
description of required system functions and usage processes. By analyzing the scenarios (see 
beneath), MSCs (Message Sequence Charts) can be generated from use-cases which can then 
be used e.g. for further analysis, for validation or else for generating test cases. 
 
In order to be able to access important requirement classes in a faster and more targeted way 
and in order to neatly arrange the requirements, all use-cases are listed – additionally to the 
listing in the requirements tree – in the subtree “use-cases“. 
 
In section 5.4 it is shown how use-cases and scenarios can be used to detect inconsistencies in 
requirements. 

Application require-
ments derived from 
(#2) 

Business requirement 
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3.4  Constraints 
 
Constraints are specific application requirements, containing checkable requirements for the 
design and the development of the system. Due to these requirements, the potential solution 
space is limited by anticipating design decisions. There are 3 different types of constraints: 
 

·   Architectural constraints: 
These requirements contain structural requirements for the system to be developed 
and its environment. The involved components, their interfaces and the communi-
cation relationships between them are determined herein. 

 
·   Modal constraints: 

These requirements contain the operational modes of the application. Different 
states and state transitions can be defined herein. 

 
·   DTD constraints: 

These requirements contain data types which are used in the system to be devel-
oped. 

 
The design decisions taken during the specification of use-cases and constraints will have to 
be double-checked and further specified in subsequent design steps. In sections 4 and 5 it is il-
lustrated how AF2 is able to support this checking and detailing process. 
 
 

3.5  Source Contexts 
 
Requirements can be inserted in AF2 in two different ways: On the one hand by simply filling 
out the requirement form and on the other hand by a “copy and paste” method, which allows 
text passages to be directly transferred from documents to the requirement form. In this sec-
tion, an example illustrates how documents are imported in AF2 and how requirements are 
obtained therefrom. 
 
The entry source contexts contains all documents imported in AF2, such as requirements 
analysis documents, meeting minutes or phone notes. Said have been – as illustrated in Figure 
6 – imported in AF21 and can thus serve as direct basis for the creation of requirements. 
 
 

                                                 
1 Limitation: Only very simple “html” documents can be imported. 
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Figure 6: import of documents in AF2 
 
 
It is possible to extract individual text passages within the imported documents via “copy and 
paste” (Figure 7), and to immediately file them either as business requirement, application 
requirement, use-case or constraint (Figure 8). 
 
 

 

 
 

Figure 7: creating a requirement via the “copy and paste” method 
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Figure 8: requirement filed as application requirement 
 
 
The respective text passages are selected in the imported document – as it can be seen in 
Figure 9. The color of the selection depends on the classification of the extracted requirement 
(blue: application requirement, yellow: business requirement, grey: use-case, pink: architec-
tural constraint, dark yellow: modal constraint, light pink: DTD constraint). 
 
 

 
 

Figure 9: selected text passages in the imported document 
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Now that a link exists between the selected text passage and the requirement extracted from it, 
it is possible to navigate directly to the respective requirement. By clicking on the selected 
passage (Figure 10), the requirement resulting from it can be easily found and identified. 
 
 
 

 

 
 

Figure 10: link to the created requirement 
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4 Formal specification 
 
All concepts of AF2 supporting the requirements elicitation and management have been in-
troduced in chapter 3. To this point, the discussed system is still described textually by means 
of requirements that have been filed in a structured way. This chapter introduces those con-
cepts of AF2 that are necessary for the formal specification of the system to be developed. 
 

4.1 Overview over the modeling concepts 
 
AF2 provides the following modeling concepts for formal specification: 
 

·    components 

·    ports 

·    channels 

·    data types 

·   states 

·    transitions (state transitions) 

These concepts, which will be explained in more detail in the following, are sufficient to de-
scribe even complex systems. They are located in the modeling section (Figure 1). The case 
study contains a subtree “WREntire” which represents the modeling section.  
Figure 11 provides a first overview over the structure of the modeling section in AF2. 
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Figure 11: structure of the AF2 modeling elements in the subtree “WREntire” 
 
 
Developers do not edit an entire AF2 model, i.e. they do not always have to keep an eye on all 
elements at the same time, but they rather deal with specific aspects of the system (e.g. struc-
ture or behavior) which are currently in their spotlight. These aspects make up the views of 
the system. 
 
AF2 differentiates between three types of views: 

·  the structural view, represented by system structure diagrams (SSD) 
·  the behavioral view, represented by state transition diagrams (STD) 
·  the data view, represented by data type definitions (DTD) 

 
Figure 12 shows examples of each individual view. The individual views are represented both 
graphically as diagrams and by name in the modeling section. 
 
 

The topmost element is always a component 

( ). 

A state transition diagram (STD), consisting 

of states ( ) and transitions ( ), speci-
fies the behavior of a component. 

A component consists either of ports (), 

local variables ( ), channels ( ) and state 

automatons ( ) which specify the behav-
ior of the component, or it consists of com-
ponents in turn (= hierarchical component). 

Data types which are used for typing chan-
nels and local variables will be defined her-
ein. 
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Figure 12: modeling elements and views in AF2 
 
 
The individual description techniques support the hierarchical development of a system, i.e. a 
component can, in turn, contain components, and a state may contain substates. 
  

4.2 The structural view 
 
The structural view describes the functional structure of the system to be developed with the 
help of SSDs (SSD: System Structure Diagram). The pivotal element in a SSD is the compo-
nent ( ). Such a component can be structured hierarchically and, in turn, it can consist of 
(sub)components, which communicate with each other. Components communicate with the 
environment via ports ( ) and they are connected to each other via channels ( ). 
 
Thus the system is represented in the structural view as a network of components which com-
municate among each other via channels. This network is represented in the system structure 
diagram (SSD). 
 
Figure 13 shows the structure of the component “WRRear” of the window regulator model. 
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Figure 13: SSD of the component “WRRear” 
 
 
Components make up the essential building blocks of a system (symbolized in the diagram by 
blue boxes, e.g. “CrushGuard”, “WRMainFunction”, “ChildSafetyLock” and “EngineControl-
ler”). They have a unique name and are interconnected via ports and channels. The internal 
structure, the behavior and local data are encapsulated by components. 
 
The components communicate with the environment via ports (symbolized in the diagram by 
white and black circles, in the modeling subtree by green and white ones). They have a name 
and a type and are classified as input ports ( ) and output ports ( ). 
 
The channels (symbolized by arrows in the diagram) interconnect the components via the 
ports. They are unidirectional and have a type and a name as well. Channels define the com-
munication structure of the system. 
 
 

4.3  The behavioral view 
 
The behavior of a component is described by state transition diagrams (STD). The STDs con-
stitute graphically finite state automatons. 
 

STDs consist of states ( ) and transitions ( ). Each transition connects exactly two 
states and consists of four parts: 
 

·   precondition and  postcondition (operations): 
Pre- and postconditions respectively are predicates over data elements which have 
to be valid before and after the execution of a transition respectively. 

 

·   input and  output: 
Input- and output patterns determine which values or patterns (data types) have to 

 Ports 

 Components 

 Channels 

 Channel name: data type 
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be available at the input ports, so that the transition can be processed and which 
values will be written onto the output ports after the execution of the transition. 

 
The representation in AF2 will be illustrated in Figure 14 by means of a simple STD (the 
component “ChildSafetyLock”). 
 

  
 
 

Figure 14: STD of the component “ChildSafetyLock” 
 

 
Figure 15 shows the input form of a transition which also allows, besides the input of the 
transition conditions, the input of a transition name and a priority. 
 

 
 

Figure 15: input form for a transition 
 
 

 states 

 transitions 
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4.4 Data view 
 
It is possible to create user-defined data types ( ) in AF2. They are entered via a common 
text editor (see Figure 16). Local variables or channels can be typed with the data types 
specified herein, which can definitely be more complex than shown in the case study. 
 
 

 
 

Figure 16: examples of common data type definitions 
 
 

4.5 Simulation 
 
In the following, it will be shown by means of an example simulation how models are exe-
cuted in AF2. In AF2, not only the entire model, but also each single component on its own 
can be simulated. As an example, the component “EngineController” is simulated. Figure 17 
shows the component at start time with the initial port assignments. 
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Figure 17: component “EngineController” when starting the simulation 

 
 
In the following figures (Figure 18 to Figure 21), the simulation will be shown step by step 
for the motor request “Up”. In order to be able to find the respective changing data more eas-
ily, they are marked by ellipses in the figures. This procedure clearly illustrates the effects of 
the alteration in each step. 
 

 
 

Figure 18: input is set from “Stop” to “Up” 

Assignment of the channels 

Changeable input values 

Input ports of the 
component  
“EngineController” 

Output ports of the 
component  
“EngineController” 
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Figure 19: step-by-step simulation: step 1 
 
 
 

 
 

Figure 20: step-by-step simulation: step 2 
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Figure 21: step-by-step simulation: step 3 
 
 
At the beginning of each simulation step, the values at the input ports are taken over at first. 
The state automaton belonging to the component is processed, i.e. in case a precondition of a 
transition originating from the current state applies, said transition is processed, and the out-
puts corresponding to it are provided at the output ports. In the subsequent step, this updated 
value will be available at the respective input port of the “subsequent” component. 
 
The state automatons belonging to the components can be observed during the simulation of 
the components as well. The state automaton for the component “MotorActivation” is shown 
in Figure 22 and Figure 23 at the beginning of the simulation and after the execution of simu-
lation step 2. 
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Figure 22: beginning of the simulation of STDs (yellow: active states) 
 
 

 
 

Figure 23: simulation step 2 of the STD for component “MotorActivation” 
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4.6 Summary 
 
Due to the formal specification of the system to be developed in AF2, a multi-view model is 
obtained. A common mathematical basis integrates these layers to form an executable model 
of the entire system. An integrated simulation tool allows the deterministic execution and thus 
the testing of this model. 
 
The hierarchical structure of the SSD- and STD-views supports developers at a top-down de-
sign in which they only roughly describe the system in the early development phases at first, 
and in the course of the development they gradually refine it by adding further components 
and further states respectively until the system is described in a detailed way. 
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5 Interface between requirements analysis and forma l 
specification 

 
The concepts for the requirements analysis and for the formal specification were briefly intro-
duced in the two preceding sections. In this section, the interface between these two parts will 
be discussed. It is shown that AF2 can bridge the gap between the textual requirements and 
the formal model. 
 
Therefore, AF2 provides on the one hand the methodic concepts for the scenario analysis and 
on the other hand two types of relationship between the requirements from the requirements 
analysis and the individual model elements from the formal specification, namely motivation 
and association. In the following, the two types of relationship will be illustrated at first. The 
scenario analysis will then be exemplified in section 5.4. 
 

5.1 Type of relationship “motivation” 
 
The motivation is an engineering relationship between the constraints on the requirement side 
and the system elements to be modeled therefrom (components, states and data types) on the 
other side. 
 
In detail, the following pairs of elements can be in a motivation relationship: 
 

·  Architectural constraints ( ) – components ( ) 

·  Modal constraints ( ) – states ( ) 

·  DTD constraints ( ) – data types ( ) 
 
Due to the motivation relationship of constraints to system elements, the desired model ele-
ments are created in the corresponding views in the modeling section and are subsequently re-
lated to the constraint which motivates the model element. 
 
In Figure 24 and Figure 25 it is shown by means of the example of an architectural constraint 
how easily this motivation of model elements can be performed in AF2. By means of the case 
study in AF2, Figure 24 shows how to create a new component which was motivated from an 
architectural constraint. 
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Figure 24: motivation of new model elements 
 
 
Figure 25 shows the component “ChildSafetyLock” which was newly created in the compo-
nent “WREntire”. 
 
 

 
 

Figure 25: new component “ChildSafetyLock” 
 
 
Figure 26 shows the motivation relationship which is created both in the constraint and in the 
component. 
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Figure 26: motivation relationship in constraint and component 
 
Creating and managing motivation relationships of DTD constraints and modal constraints is 
done in the same way as illustrated for architectural constraints.2 
 

5.2 Type of relationship “association” 
 
Due to association relationships, connections to the model elements component, state, data 
type, channel and transition can be created from any possible application requirement. Thus 
all relevant information is directly assigned to the corresponding model elements. It is not 
possible to connect business requirements to model elements via association relationships. 
This emphasizes the goal-oriented nature of the business requirements once again. 
 
Creating and managing the association relationship of the individual application requirements 
is done in the same way as illustrated for creating and managing the motivation relationship. 
This is exemplified in Figure 27. 
 
 

                                                 
2 Creating motivation relationships between DTD constraint and DTD is not possible in the version (March 
2006) which forms the basis of the AF2 picture book. 

Motivation relationship of the architec-
tural constraint “Child safety lock” to 
component “ChildSafetyLock” listed in the 
requirements form for constraints 

Opposite motivation relationship of the 
component “ChildSafetyLock” to the ar-
chitectural constraint “Child safety lock” 
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Figure 27: “association” relationship (similar to “motivation” relationship) 
 

5.3 A brief running example for the interface: debu gging 
 
By means of a fictitious error in a possible realization3, as it could be accomplished due to the 
AF2 model, it is to be shown with the help of an exemplary debugging how the concepts for 
the requirements analysis and the formal specification in AF2 interact. Therefore, the accom-
panying example model of the window regulator contains a contradiction (not apparent at 
first) to the requirements which have been defined to this point. 
  
The following error message is reported from the test: 
 
„When it is cold the crush guard does not work properly! Although the window stops, it does 
not move downwards completely.” 
 
Due to a protocol of the input and output values recorded during this crush guard test, the in-
put values can be reproduced and the simulation of the behavior which will be shown in the 
following can be executed. 
 
The simulation (see Figure 28 and Figure 29) results in the fact that the error can be retraced 
in the model: In the model the window is not moved downwards, as it is requested! 
 
 
 
 

                                                 
3 The realization of the AF2 model was not accomplished. The described error message is fictitious, nevertheless 
it is possible! 

Opposite association relationship of the 
component “ChildSafetyLock” to the ap-
plication requirement “ChildSafetyLock 
that can be switched off” 

Association relationship of the application 
requirement “ChildSafetyLock that can be 
switched off” to the component “Child-
SafetyLock” listed in the requirements 
form 
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Figure 28: window moves upwards 
 
 

 
 

Figure 29: crush guard becomes active and voltage is set to 9 Volt (parameters from error message) 
�  window does not move downwards 

 
 
When analyzing the communication flow, it becomes apparent that in the component “Engi-
neController” the output ports for the motors are set to “NotActive” and the OutputPort “Er-
ror” is set to active, although the request “Down” was sent to the component “EngineControl-
ler”. 
 
When further analyzing the current state of the component “EngineController” (see Figure 
30), it becomes apparent that in the component “UBattMonitoring” the request “Down” to the 
component “EngineController” is turned to “Stop” and the output “Error” was set to “Active”. 
 
 

Motor1 is “Active”, 
Motor2 is  
“NotActive”  
�   
window moves  
upwards 

Motor1 is  
“NotActive”,  
Motor2 is  
“NotActive”  
�   
window does not 
move 

Voltage set to 9 
Volt 

Crush guard is  
“Active” 
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Figure 30: state of the component “EngineController” 
 
 
Now the STD belonging to the component “UBattMonitoring” is examined (see Figure 31) 
and it is detected that the voltage was too low at the beginning of the downward movement of 
the window and as a result the window did not move. 
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Figure 31: STD of the component “UBattMonitoring” 
 
This means that the cause of the erroneous behavior, which was reported from the test, is now 
known: The undervoltage, which was supposedly caused by the cold in the example scenario, 
hinders the window from moving downwards. 
 
Now it needs to be examined why the behavior was modeled this way. Therefore, the re-
quirements associated with the component “UBattMonitoring” are selected and displayed 
(Figure 32). 



  32                                                                              The AutoFOCUS 2 Picture Book                                                                                   

 
 

Figure 32: associated requirements 
 
Figure 33 shows the requirement associated with the component “UBattMonitoring” (#6 bat-
tery voltage limit and monitoring). The examination whether the requirement in the corre-
sponding component was realized correctly does not result in an error. 
 

 
 

Figure 33: associated requirement #6 
 

The requirement is followed upwards along the hierarchical relationship to the business re-
quirement #5. 
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Figure 34: superior business requirement #5 
 
It can be learnt from the requirement #5 “Priority of the window regulator function within the 
entire vehicle” (Figure 34) that all primary vehicle functions and safety functions enjoy prior-
ity in case of low battery voltage and thus comfort functions such as window regulation are 
not executed. 
 
The requirement #4 “Crush guard” has been deduced from the goal #1 “Safety” (see ellipse in 
Figure 34), thus belonging to the functions which are to provide safety and should thus be 
executed according to #5 even in case of low battery voltage. So, the window in the given ex-
ample should be moved downwards in spite of low battery voltage. 
 
Thereby, the non-apparent conflicting requirements were found and now the requirement and 
the corresponding component can be changed respectively. 
 

5.4 Solving conflicting requirements by means of us e-cases 
 
With the help of the example in the preceding section, it was shown how errors which may 
occur when proceeding from textual requirements to formal models can be detected by means 
of the relationships between requirements and model elements in AF2. 
 
But now it is important to avoid this type of error right from the beginning – i.e. already when 
analyzing the requirements. 
 
AF2 supports the developer during this analysis by the concept use-case and by the scenario 
analysis. In particular with the help of the detailed scenario analysis and the observation of 
system interactions, the constructed models are systematically analyzed, revised and com-
pleted. 
 
Usage processes and system functions are worked out with the help of use-cases and scenario 
modeling in AF2. Several representative scenarios can be assigned to each use-case. 
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By means of the example from section 5.3, it is shown how the scenario analysis can be of 
help with regard to avoiding errors. 
 

 
Figure 35 shows a simple scenario for the use-case “Battery voltage too low at the beginning 
of window movement” which is to be analyzed now. 
 

 
 

Figure 35: scenario 
 
 
With the help of the scenario analysis (i.e. communication observation, mode observation, 
and state observation4) each step can be analyzed now (see Figure 36). 
 
 

                                                 
4 Only “Communication Observation” is possible in the version which forms the basis of the AF2 picture book. 
Other types of analyses do not work. 
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Figure 36: context menu of a step 
 
 
Now the affected components and channels can be entered for each single step, as shown in 
Figure 37. If these elements have not existed until now, they have to be newly created at first 
(e.g. via a motivation relationship) in order for them to be used in the scenario analysis after-
wards. 
 

 
 

Figure 37: detailed information of a step 
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As soon as the respective information has been entered for each step, i.e. the involved compo-
nents and the information flow have been identified for the entire scenario, a MSC (Message 
Sequence Chart) which exemplifies the scenario (see Figure 38) can be generated from this 
information. 
 
In this case study, instead of the allowed values for the correspondingly typed channels, were 
inserted phrases in natural language expressing the meaning of the signals in the MSC. These 
phrases are meant to facilitate the reading of the individual MSCs. 
 
 
 

 
 

Figure 38: generated MSC for undervoltage 
 

 
The same procedure is also conducted with the function “crush guard” and as a result, a MSC 
is obtained as represented in Figure 39. 
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Figure 39: MSC for crush guard 
 
 
By means of both MSCs, it becomes apparent that also at the MSC for the crush guard a 
movement request from the component “WRMainFunction” to “EngineController” is sent as 
it is the case at the MSC “Battery voltage too low”. 
 
At this point it is noticed that an unwanted interaction of different functionalities may occur. 
A backward tracing to the respective requirements can solve this conflict, so that the model – 
and thus the implementation – is based on conflict-free requirements. 
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5.5  Summary 
 
The refinement of the requirements by means of constraints and use-cases represents a first 
step of creating a model and defining a system. The components of the system are determined 
step by step, the system boundaries are defined, the interfaces are outlined and the system 
functions to be developed are identified. 
 
With the motivation relationship, respective model elements for the formal model can be cre-
ated from the individual constraints and with the association relationship the application re-
quirements can be connected to the model elements. By doing so, they are enriched with im-
portant information and specified in detail. 
 
The relationships between requirements and model elements are kept on both sides. By means 
of use-cases and the scenario analysis, both functional and non-functional requirements can 
be mapped to functional models (SSD, STD, and DTD), then be further refined and struc-
tured. 
 
The forward and backward tracing of requirements to the model and vice versa is an impor-
tant aspect which is supported by the structure of this network of relationships. 
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6 Final remark 
 
This picture book provides a first overview over the core concepts (requirements analysis, 
formal specification, simulation) of the tool AF2 by means of a selection of commented fig-
ures and it exemplifies these concepts by means of a running example. 
 
AF2 is – as mentioned at the beginning – a research tool which mainly serves to evaluate or 
represent research concepts. Therefore, AF2 can not be regarded as a product which is fully 
developed in all points. However, with the version which forms the basis of this picture book 
(May 2006) it is well possible to model small-scale up to medium-scale examples. 
 
More detailed information about AF2 and AF2 itself can be downloaded on the website of 
AutoFOCUS 2 [1]. Scientific publications containing the theoretical foundation of AF2 are also 
available there. A user manual for AF2 can also be obtained via this website. 
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