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Requirements
• The system must represent the data of a person.  

• A person has a date of birth. 

• Do not grant an insurance policy for a fast car. 

• Use the birthday to disambiguate persons with the same name. 

• Show the correspondence address of the person. 

• Show for a person the company for which it is the contact person. 

• Select an address by clicking a location on a map. 

• …
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1 Fundamentals 

In the life cycle of systems, requirements play a fundamental role.  In particular, the various 
development disciplines (such as architecture, design, implementation and testing) are 
mainly based on the requirements of the system that are specified in requirements engineer-
ing, and are largely dependent on the quality of these requirements. In addition to the devel-
opment disciplines also activities like maintenance and service up to decommissioning of the 
system and development of upstream activities, such as assessment of risks and costs of the 
development project, depend highly on the requirements and their quality. 

According to the IREB Glossary of Requirements Engineering Terminology [Glin2011] a re-
quirement is (1) a need that is perceived by a stakeholder or (2) a capability or property that 
a system shall have.  Requirements Engineering is responsible for ensuring that the re-
quirements of the system to be developed are formulated as completely, correctly and pre-
cisely as possible, thereby optimally supporting the other development disciplines and activ-
ities in the life cycle of the system. 

1.1 What is the benefit of requirements models? 
Figure 1 shows in a highly simplified example, the difference between textual and modeled 
requirements.  In the left pane the figure shows four textual requirements which specify 
necessary behavior in relation to the input of data via a form. The right pane displays a re-
quirements diagram in which the corresponding requirements are modeled. 

Req-1: The system shall show the entry 
mask

Req-2: After the action "Show entry mask" 
is completed, or after the action "Show 
error" is completed, the system shall offer 
the user the option to enter data

Req-3: After the action "Enter data" is 
completed and if the data is ok, the system 
shall store the data

Req-4: After the action "Enter data" is 
completed and if the data is not ok, the 
system shall issue an error message

Textual requirements Modeled requirements

 
Figure 1: Textual requirements vs. modeled requirements 

As it can already be seen in this simple example, by modeling the requirements the neces-
sary behavior of the system is shown in a more structured and understandable manner, and 
can easily be comprehended piece by piece by the reader.  Furthermore, in this simple ex-
ample it becomes clear that also the interrelation of the various aspects of the required sys-
tem behavior can be seen explicitly in the modeled requirements, whereas such information 
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Requirement

A requirement is (1) a need that is perceived by a 
stakeholder or (2) a capability or property that a 
system shall have.

IREB Glossary of Requirements Engineering Terminology 
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Requirements Engineering

Requirements Engineering is responsible for 
ensuring that the requirements of the system to be 
developed are formulated as completely, correctly 
and precisely as possible, thereby optimally 
supporting the other development disciplines and 
activ- ities in the life cycle of the system. 

IREB Glossary of Requirements Engineering Terminology 
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The role of requirements
In the life cycle of systems, requirements play a 
fundamental role. In particular, the various development 
disciplines (such as architecture, design, implementation 
and testing) are mainly based on the requirements of the 
system that are specified in requirements engineering, and 
are largely dependent on the quality of these requirements. 
In addition to the development disciplines also activities 
like maintenance and service up to decommissioning of 
the system and development of upstream activities, such as 
assessment of risks and costs of the development project, 
depend highly on the requirements and their quality. 
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Modeling languages for requirements modeling 

• OMG SysML (e.g., state machine diagrams) 

• OMG UML (e.g., class or activity diagrams) 

• MATLAB / SimuLink (e.g., stateflow diagrams) 

• BPMN
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Classification of systems
• Type of system 

• operational information system 

• embedded system 

• Application domain 

• banks and insurance 

• production 

• vehicle and aircraft

For instance, the reactive 
behavior forms the focus of 
requirements engineering
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IREB views in requirements modeling1.5 Views in requirements modeling 7

requirements view

information structure view dynamic view quality view

use case view

data flow oriented view

control flow oriented view

state oriented view

scenario view

class diagrams (IREB  AL)

use case diagrams
(IREB  AL)

data flow diagrams (IREB AL)
activity diagrams with
object flow(IREB AL)

activity diagrams (IREB AL)
event driven process chains

BMPN 

sequence diagrams (IREB AL)
communication diagrams (IREB AL)

Message Sequence Charts after ITU Z.120

state machine diagrams (IREB AL)
Finite state automata

State charts
Simulink Stateflow

Simulink block diagrams

interaction oriented view

procedure oriented view

entity-relationship diagrams

constraints view
boundary conditions

context view
context diagram

(IREB AL)

 
Figure 4: Views in requirements modeling in the IREB Advanced Level Requirements Modeling module 

1.5.1 Context view 
An essential challenge in requirements engineering is to understand the context of the sys-
tem under consideration (e.g. the software has to be developed). This includes the 
knowledge of what other systems are related to the system under consideration in an opera-
tional context, properties of these external systems, as well as knowledge about which roles, 
people interact with the system and which properties they have that are relevant for the sys-
tem.  Typically, the context modeling is used, in particular, to identify the necessary interfac-
es between the system under consideration and its context. 

1.5.2 Information structure view 
The information structure view focuses on requirements of the system considered that are 
related to static and structural aspects of the functionality, such as the structure of data, 
which must be processed by the system. Typical diagram types, which are used here, are 
class diagrams or various dialects of entity-relationship diagrams (e.g., according to Chen or 
in the FMC approach). 

1.5.3 Dynamic view 
The dynamic view focuses on those requirements of the system under consideration, which 
are related to dynamic aspects of the functionality (see, e.g., [BoRJ2005]).  For the purposes 
of the Foundation Level of the Certified Professional for Requirements Engineering the dy-
namic view on the requirements of a system is formed through the behavioral and functional 
view.  To model the requirements in the dynamic point of view, the dynamic view of the Ad-
vanced Level Requirements Modeling is strongly differentiated (see section 1.6).  Typical di-
agram types that are used here for requirements modeling are use-case diagrams, activity 
diagrams, state machine diagrams, data flow diagrams and sequence diagrams. 

1.5.4 Quality view 
The quality view focuses on those requirements of the system that relate to necessary quali-
ties of the considered system or individual system components.  Although in the research a 
number of approaches for model-based specification of quality requirements exist (eg 
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IREB views in requirements modeling

• Context view: identification of the necessary 
interfaces between the system under consideration 
and its context. 

• Information structure view: identification of static 
and structural aspects of the functionality such as 
the structure of data. 

• Dynamic view: identification of dynamic aspects of 
the functionality.
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Views of the dynamic view
• Use case view: user functions and dependencies from the system 

context. 

• Data flow-oriented view: system functions and data dependencies 
as expressed by data flow or activity diagrams. 

• Control flow-oriented view: flow logic of processes as expressed 
by UML or SysML activity diagrams or BPMN diagrams. 

• State oriented view: states and state changes as expressed by 
finite automata, Harel state charts or UML state machine diagrams. 

• Scenario view: interaction sequences between actors and the 
system as expressed by typically sequence diagrams of UML / 
SysML or Message Sequence Charts of ITU.
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Benefits of requirements modeling
• Better comprehensibility of the requirements 

• Support of the principle of "separation of concerns” 

• Support of the principle „divide and conquer"  

• Reduced risk of ambiguity  

• Higher potential for automated analysis of requirements 

• Higher potential for automatic processing of requirements  

• Requirements in Context 
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Quality of requirements models 

12 Fundamentals  

� Reduced risk of ambiguity: Due to the higher degree of formality of modeling languages 
for requirements modeling compared to natural languages, diagrammatically specified 
requirements have a lower risk of ambiguity or misinterpretation by other participants 
in the development process (e.g., the architects, developers, testers). 

� Higher potential for automated analysis of requirements: Due to the higher degree of 
formality of diagrammatically specified requirements compared to textually specified 
requirements, such requirements can be largely or even completely analyzed by ma-
chine (an analysis of the accessibility of states, for example, in a requirements diagram 
of the state-based view). 

� Higher potential for automatic processing of requirements: the higher degree of formali-
zation of diagrammatic requirements also increases the possibility to further process 
the requirements of the system automatically and to use them in other development 
disciplines, e.g. for the derivation of test cases for system testing of requirements dia-
grams of the control flow-oriented view. 

� Requirements in Context: The modeling of requirements leads a direct representation 
of individual model elements within the requirements model (see Section 1.3) and the 
relationships of individual requirements to other requirements. This facilitates the 
handling of large and complex requirements and promotes understanding of the re-
quirements by the fact that the context of a requirement in the requirements model is 
apparent to the reader of the requirements. For example, it is immediately apparent in 
an activity diagram for every action, what other actions it is related to and what change 
of state of the system under consideration is triggered by the execution of the action. 

1.11 Quality of requirements models 
The quality of a requirements model is based on the quality of its constituents. As described 
in Section 1.1., the requirements model of a system is composed of a set of diagrams and tex-
tual additions. When requirements are modeled a substantial part of the requirements are 
specified in the diagrams, so that the quality of the requirements model is determined by the 
quality of the individual diagrams and their mutual relationships. The quality of the individ-
ual diagrams in turn is determined by the quality of the model elements within the diagrams 
and the associated textual additions. The left pane in Figure 5 illustrates the hierarchical 
structure of the evaluation of the quality of requirements models. 

Quality of the model elements

Quality of the requirements diagrams

Quality of the requirements model

syntactic

semantic

pragmatic

Quality

Content correct
and complete?

Fit for use?

Meets syntactic
demands?

 
Figure 5: Assessment of the quality of requirements models 

The quality of the requirements model, the requirements diagrams and model elements can 
be assessed against three criteria (see e.g. [LiSS1997]): 
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Context modeling

• Which roles and persons interact with the system in 
operation? 

• What other systems are related with the system 
under consideration in the operation?  

• What the interfaces are between the system under 
consideration and the people and systems?
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Representing context

• Context diagram from Structured Analysis 

• SysML block diagram 

• UML class diagram 

• UML component diagram 

• UML use case diagram
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Modeling elements of context diagrams

18

2.2 Context diagrams 17

The diagram shows actors in the system context and the data flows between actors and the 
system under consideration. Such context diagrams based on SysML document very similar 
information about the system context as do context charts, which are based on the data flow 
diagrams of structured analysis. 

2.2.3 Notation elements for the modeling of context diagrams with 
data flow diagrams 

For modeling data flow oriented context diagrams for instance, data flow diagrams can be 
used. Figure 8 shows possible modeling elements for the construction of dataflow-oriented 
context charts based on data flow diagrams by DeMarco (cf. [DeMa1979]). 

Name

Name

Notation

neighboring system / actor

System (SuD)

Explanation

the system considered in the 
scope of analysis/development

neighboring system or 
actor in system context

data flow
flow of data between system 
and system context

Name

Name

 
Figure 8: Possible modeling constructs of dataflow-oriented context diagrams 

In context modeling using data flow diagrams, the system under consideration is often rep-
resented by a circle, sometimes called a box or a cloud. The corresponding modeling con-
struct represents the system under consideration, which, for example, represents either a 
part of a company, a business process, or a system to be automated. This way, the scope of 
the system under construction (i.e. the system boundary) is expressed. The presentation of 
the neighboring systems is relatively arbitrary; often these are modeled as boxes, but also as 
stick figures or as a 3D-box respectively as double lines for external databases or "files". 

In structured analysis according to DeMarco neighboring systems (sources and sinks) are 
called terminators (= terminals). Neighboring systems or actors represent any kind of com-
munication end points of the system under consideration. Neighboring systems or actors can 
on the one hand be people who work with the system, but on the other hand HW / SW sys-
tems, devices, sensors, actuators, or passive data storage (such as databases or files), so eve-
rything or everyone who delivers inputs to the system or receives output from the system 
(or both). The neighboring systems thus represent parts of the context of the system under 
consideration. 

The flow of data between neighboring systems or actors and the system under consideration 
represent input and output interfaces of the system to be developed.  These data flows are 
mostly shown as straight or curved lines with an arrowhead to the system (for input), ar-
rowhead to the neighboring system (for outputs) or as a double arrow. Data flows in such a 
context diagram represent the incoming and outgoing data or control information. Mostly, 
these arrows are interpreted as data flows in or out of the system. If control flows are repre-
sented thus, this should be explained in a legend to the chart. 
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A context diagram (SA) for an early warning system 
in the mining industry

16 Context modeling  

� the system under consideration (more precisely, the system boundary); 
� neighboring systems or actors of the system under consideration (all people, roles, IT 

systems, equipment, etc. with which the system has interfaces); 
� the (logical) interfaces between the system and its neighboring systems. 

Experience shows that the interfaces between the system and the context can best be de-
termined by the incoming and outgoing data, the classical context diagram focuses on these 
named input and output data from and to neighboring systems. In this sense, the context di-
agram is the most abstract form of a data flow diagram (see section 4.3), in which the com-
plete functionality of the system is reduced to one function (namely the whole system). The 
focus of this diagram is to identify all interfaces of the system under consideration. 

2.2.2 Example of a context diagram 
Figure 6 shows an example of a context diagram using structured analysis. The overall sys-
tem (an early warning system in the mining industry) is represented as a circle in the mid-
dle. The neighboring systems are shown in the example as stick figures, the organizational 
and technical neighboring systems as boxes. The interface is modeled in the form of data 
flows to and from the neighboring systems. 
 

 
Figure 6: Example of a context diagram 

To model the system context today block diagrams of SysML [be OMG2010a] can for in-
stance be used. Figure 7 shows the context diagram of an automated machine for the pro-
duction of cylinder heads for cars (see [DaTW2012]).  

 
Figure 7: Example of a context diagram in block diagram form the SysML 

Early 
Warning 
System

Sensor

Operator

Admin

Statistics
System

Day Results

Protocol

Warning
Sensor
Data

Operator
Request

System 
Messages
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Pragmatic rules for context modeling

• All neighboring systems that interact with the 
system, should be included in the dia- gram 
(completeness of the communication partners). 

• All neighboring systems should be named (to 
clearly specify where the inputs come from and 
where the output flow goes to). 

• All inputs and outputs should be labeled with a 
logical name of the data flows (because unnamed 
arrows point to a lack of understanding of the 
interface).
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Information structure 
modeling
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Central role of information structure modeling

• Specification of business terms and data  

• Specification of requirements that relate to business terms 

• Modeled aspects 

• Relationship between terms 

• Attributes of terms

22
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Example of a UML class diagram

3.4 Modeling classes, attributes, and data types 23

3.4.1.4 Tangible or intangible objects 
Material objects in the real world are relevant for the requirements, as they are either affect-
ed by the system to be developed, or have a "representation" (eg a class) in the software sys-
tem to be developed (or can be both cases). 
Examples are: person, car, door, book, leave application (which is not printed, so does not 
have to be material) or club. 

3.4.1.5 Functions 
For the support of the system processes additional and relevant information is often needed, 
such as: delivery, order, call, assembling or Report. For example, the data of a delivery like the 
date of receipt or the agent may be technically relevant to the system. 
It must be noted that the term in the information model is not identified with the function to 
be implemented by the system. In the information model the relevant information for the 
process is described - not the process itself, which is to be supported by the system (see also 
Chapter 4). This process is generally a noun in combination with a verb in its normal form, 
not as in the information model only by a noun. 
An order, depending on the field of application, could be a useful class in the information 
model. The taking of an order could then be a supportive function of the system. From this, 
the names of use cases can be derived (see section 4.2), for example: take order, pass order 
and complete order. 

3.4.1.6 Roles 
Similar to functions, roles of objects can be interesting for information structure models. 
These roles are then defined as separate classes. Examples are:  
� Driver : A person in the role of the driver of a car 
� Residence : The address of the first residence of a person 

For modeling of roles in the information model another alternative is available. More infor-
mation can be found in Section 3.5.1 and Section 3.7.1. 

3.4.1.7 Definition of the meaning of terms 
An important property of an information model is that the terms defined are placed in con-
text (see section 3.1). Then name of the class and its attributes already explain the meaning 
of the term in general. If additional descriptions are necessary a textual addition can be add-
ed, which is then attached to the corresponding class (see also Chapter 1). 

 
Figure 12: Class and natural language definition 

3.4.2 Attributes 
Through the use of attributes, classes are specified in more detail. I.e. attributing classes en-
riches the corresponding diagrams with additional semantics. This is of great importance for 
requirements modeling. 
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Example of a UML class diagram

20 Information structure modeling  

This integration also follows the approach for the creation of an information model in the 
framework of requirements engineering. Usually, you will begin to create such a model to 
have a good basis for the modeling of other views. Also it quickly becomes transparent 
where the deficits prevail in the information model. In this case (and vice versa) any defi-
ciencies in diagrams or other views are then identified. Because, for example, in the defini-
tion of functions, not all required technical information were considered. This exchange be-
tween the different perspectives is not always easy, but has great potential with respect to 
the correctness and completeness of the modeled requirements. 

3.3 Simple Example 
Figure 9 shows a simple example of a data diagram, in the form of a UML class diagram. It 
shows the relevant terms, the attributes and the dependencies. 

 

 
Figure 9:  Example of a class diagram  

The above class diagram consists of five classes contact, company, person, address and de-
partment. It documents the essential properties of these classes in the form of attributes, eg 
the attribute "birth" of a person, and the dependencies between these classes, such as that 
person is a representative for a company or a company that is made up of departments. The 
meaning and use of the various modeling methods of class diagrams is considered in detail 
in the following sections. 

3.4 Modeling classes, attributes, and data types 
Information structure diagrams, which are modeled on the basis of UML class diagrams, 
have as central elements the class and their attributes: 
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Classes versus objects

3.4 Modeling classes, attributes, and data types 21

3.4.1 Classes 
3.4.1.1 Objects versus classes 

With the use of information structure models in the requirements modeling, two terms must 
be separated. One speaks of objects and classes. A "class" is to be understood as a pattern or 
template, defining the common properties of many objects. The objects are then referred to 
as instances of these classes.  

 
Figure 10: Class vs.  Object 

 
In Figure 10, the classes Person and Car are represented and at the right side some objects as 
instaces of these classes. For these objects, an important property of the objects is shown: 
You are unique and should therefore also possess a unique identifier (more on the unique-
ness can be found in section3.4.2).  With the unique name in the above figure the two cars 
belonging to  Sally Brown can be distiquished. 

3.4.1.2 Syntax and Semantics 

 
Figure 11: A class  

The simple representation of a class consists of a rectangle with the class name. This is ex-
panded in section 3.4.2 with the representation of attributes. 
As mentioned above, a class represents the template for a plurality of objects of this class, 
which is referenced in the requirements. Therefore, in general, the name of a class is used in 
the singular. When we speak of a person then the class name "persons" is incorrectly chosen, 
as this means multiple persons.  
The statement that a class represents the template for a plurality of objects of this class is a 
general statement for a class diagram. You can, however, formulate the date structure per-
spective of a requirements model with the use class diagram more easily: the terms that are 
relevant in the considered domain appear as classes in the diagrams. In other words, the 
nouns that are used in the formulation of the requirements act as classes. 
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Identification of classes  
within (for example) textual   requirements

Suppose that the following nouns would have been identified in a first step: 
person, age, car, gender, color, vehicle, man. In this list, there appear only 
two terms that are worth, modeling as classes: person and vehicle. For the 
other terms applies: 
! Man: a synonym for person
! Age: property of a person
! Car: Synonym for Vehicle
! Gender: property of a person 
! Color: Property of a vehicle 

Assumptions: (1) The concept of person 
must be used consistently and not human. 

(2) The concept vehicle must be used 
consistently and not car. (3) The term color 

refers to the color of a vehicle.
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Attribute declarations

24 Information structure modeling  

3.4.2.1 Syntax und Semantik 

 
Figure 13: Class with attribute 

The attributes are defined in the scope of the class. The following ingredients are allowed 
(represented in Backus-Naur Form) 

[/] Name [: type] [[multiplicity]] [= default] 

� Name: The name of the attribute, which is obligatory 

� Data Type: The data type of the attribute. This is optional and is described in Section 
3.4.2.4 

� Default: The value of the attribute set on creation of a new object of the class 

� Multiplicity: Can be used if the attribute can take on multiple values simultaneously 
(Example: Several first names). The same multiplicities are used as in the relationships 
(see Section 3.5). 

� Derived: The leading "/" indicates that the attribute value can be derived from other 
values (Example: The age of a person can be derived from the date of birth). 

The attributes specify domain specific properties of a class that are relevant for the system 
to be specified.  

3.4.2.2 Heuristics for the determination of attributes  

To distinguish classes and attributes check for each noun which was found as a potential 
class (see Section 3.4.1). Consider whether each noun is merely a property of a different 
class. If so, this noun is attached as an attribute to this other class. 

Often attributes are already recognized as such because of wording in the written or spoken 
sentences. Common types of formulations that indicate potential attributes of classes, are 
the following: 

3.4.2.2.1 Noun associated with a genitive 

Examples: the date of the order, the diameter of the circle, the color of the car 

The names of the attributes and the corresponding class are already given in the formula-
tions. No further interpretation of the formulation is required. 

3.4.2.2.2 Sentence construction with: <class> has <attribute> 

Example: a person has a date of birth; an address has a postal code, the process has a transition 
time of ... 

Such a formulation is an indication of an attribute of a class or a relationship between two 
classes. More about the distinction whether it is more an attribute of a class or a relationship 
between classes  can be found in section 3.4.2.3 . 

[/] Name [: type] [[multiplicity]] [= default] 
!  Name: The name of the attribute, which is obligatory
!  Data Type: The data type of the attribute. This is optional.
!  Default: The value of the attribute set on creation of a new object of the class 
!  Multiplicity: Can be used if the attribute can take on multiple values simultaneously 

(Example: Several first names). The same multiplicities are used as in the relationships. 
!  Derived: The leading "/" indicates that the attribute value can be derived from other 

values (Example: The age of a person can be derived from the date of birth).
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3.4.2.2.3 Adjective connected to a noun 

Example: a fast car; a large display; a huge bank account; a red car; a black list 

Such a formulation usually indicates a concrete instance of a class (car Ö fast). It has to be 
determined, which attribute of the class is meant (e.g. size of display = large). (See Figure 
14). 

 
Figure 14: Modeling variations for adjectives with noun 

3.4.2.2.4 Sentence structures with <class> is <attribute value> 

Example: If the person is an adult; if the application is approved; ... 

In this case, only a value of an attribute is specified. Again, a further analysis is necessary as 
in the examples above classes are compared with attribute values.  However, the values ap-
ply to attributes of the class and not on the class itself (e.g. approved is a value of application 
status). 

3.4.2.2.5 Differentiating objects 

In addition to the presented formulations attributes can also be derived from a required 
property of objects in the object-oriented paradigm:  objects in their context always have to 
be unique.  
This uniqueness must be achieved by different values of the attributes of objects. At any 
time, the combination of the attribute values has to be different between objects of the same 
class. Only then, the objects can be uniquely distinguished for a user of the system. 

Example: Modeling the object Peter Schulz with only two attributes (first name, last name) may 
not be sufficient to distinguish it from another person having the same name. If the class person 
also has the date of birth as an attribute, its objects may be clearly distinguishable (i.e. another 
person having the same name, but being born on a different day). 

3.4.2.3 Class or attribute 
The distinction between a class and an attribute is not always easy. If there is doubt as to 
whether an identified term should be represented in the information model as a class or at-
tribute, then the term should be first modeled as a class. If the identified concept is rather a 
simple, unstructured data such as text, dates, numbers or Boolean information, then the 
term in the information model should be represented as an attribute. 
For structured information, the following heuristic is helpful: as soon as a structured form of 
this information belongs to more than one other object, then it should be modeled as a sepa-
rate class. 
The example in Figure 15 shows the difference for an address. Objects of the class Address 
can belong to multiple objects of class person. These objects share an address. Changes to an 
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address affect all persons that are associated with that address. In contrast, the addresses in 
the second part of the example are completely independent. 

  
Figure 15: Class or Attribute 

3.4.2.4 Information modeling in the context of existing systems 
Especially with existing systems, there is a rich pool of resources that can be used for the 
creation of an information model. They not only help to identify classes and attributes, but 
also relationships and multiplicities. 
Possible sources: 
� Logical or technical information model (Entity Relationship Models) 
� Interface specification 
� Description of a Data Warehouse 

On the one hand the challenge with these existing information is - as with any system arche-
ology - that the information has to be validated and checked for accuracy. On the other hand, 
one should avoid including technical implementation attributes (technical identifiers and 
optimizations) in a information model. 

3.4.3 Data types 
In requirements modeling with UML class diagrams, three kinds of data types are distin-
guished: primitive data types, structured data types and enumerations. 

3.4.3.1 Syntax and Semantics 
The syntax for data types is similar to the syntax for classes. The name is mandatory. Further 
information can be added to determine the allowable set of values of attributes. 

 

 
Figure 16: Examples of Data Types Pre-defined primitive data types: 

! Boolean: A Boolean value, can be TRUE or FALSE.
! Integer: A whole number
! Float: A floating point number 
! Character: A single character 
! String: A sequence of characters
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3.4.3.1.1 Primitive Types - the unstructured data types 

The primitive data types are unstructured and thus the simplest data types. They represent 
simple data types, such as a number, boolean, string, etc. 
The UML has a number of pre-defined primitive data types: 
� Boolean: A Boolean value, can be TRUE or FALSE. 
� Integer: A whole number 
� Float: A floating point number 
� Character: A single character 
� String: A sequence of characters 

Depending on the application, it may be useful to specify more primitive data types, i.e. to 
define data types that do not require more in-depth definition.  
Example: String50. It is clear without further description, that a string of length 50 is meant. 

3.4.3.1.2 DataType - Structured Data Types 

This kind of data type 4 allows the definition of structures, i.e. the definition of complex data 
types that are composed of more simple data types. These are always very specific to a cer-
tain application area. In UML merely the mechanism for defining such data types is specified 
and therefore no concrete data types exist. Figure 17 shows several examples. 

 

 
Figure 17: Example for the Modeling and Use of Data Types 

As the example of Figure 17 shows, these data types can be defined hierarchically. The end 
point of the hierarchical definition are primitive data types or enumerations. 

3.4.3.1.3 Enumerations 

If the domain of an attribute can be specified by a denumerable list of acceptable values, this 
data type can be defined as an enumeration. Figure 18 shows two examples of the definition 
of an enumeration type. 

 
Figure 18: Enumerations 

The above example is a typical case of using an enumeration: The definition of a status (for 
an application). However, the definition of this data type is redundant when a state machine 
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3.4.3.1.1 Primitive Types - the unstructured data types 

The primitive data types are unstructured and thus the simplest data types. They represent 
simple data types, such as a number, boolean, string, etc. 
The UML has a number of pre-defined primitive data types: 
� Boolean: A Boolean value, can be TRUE or FALSE. 
� Integer: A whole number 
� Float: A floating point number 
� Character: A single character 
� String: A sequence of characters 

Depending on the application, it may be useful to specify more primitive data types, i.e. to 
define data types that do not require more in-depth definition.  
Example: String50. It is clear without further description, that a string of length 50 is meant. 

3.4.3.1.2 DataType - Structured Data Types 

This kind of data type 4 allows the definition of structures, i.e. the definition of complex data 
types that are composed of more simple data types. These are always very specific to a cer-
tain application area. In UML merely the mechanism for defining such data types is specified 
and therefore no concrete data types exist. Figure 17 shows several examples. 

 

 
Figure 17: Example for the Modeling and Use of Data Types 

As the example of Figure 17 shows, these data types can be defined hierarchically. The end 
point of the hierarchical definition are primitive data types or enumerations. 

3.4.3.1.3 Enumerations 

If the domain of an attribute can be specified by a denumerable list of acceptable values, this 
data type can be defined as an enumeration. Figure 18 shows two examples of the definition 
of an enumeration type. 

 
Figure 18: Enumerations 

The above example is a typical case of using an enumeration: The definition of a status (for 
an application). However, the definition of this data type is redundant when a state machine 31
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For structured information, the following heuristic is helpful: as soon as a structured 
form of this information belongs to more than one other object, then it should be 
modeled as a separate class.
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address affect all persons that are associated with that address. In contrast, the addresses in 
the second part of the example are completely independent. 

  
Figure 15: Class or Attribute 

3.4.2.4 Information modeling in the context of existing systems 
Especially with existing systems, there is a rich pool of resources that can be used for the 
creation of an information model. They not only help to identify classes and attributes, but 
also relationships and multiplicities. 
Possible sources: 
� Logical or technical information model (Entity Relationship Models) 
� Interface specification 
� Description of a Data Warehouse 

On the one hand the challenge with these existing information is - as with any system arche-
ology - that the information has to be validated and checked for accuracy. On the other hand, 
one should avoid including technical implementation attributes (technical identifiers and 
optimizations) in a information model. 

3.4.3 Data types 
In requirements modeling with UML class diagrams, three kinds of data types are distin-
guished: primitive data types, structured data types and enumerations. 

3.4.3.1 Syntax and Semantics 
The syntax for data types is similar to the syntax for classes. The name is mandatory. Further 
information can be added to determine the allowable set of values of attributes. 

 

 
Figure 16: Examples of Data Types 
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for the class “application” is available (see also section 4.4.4). Therefore, only one of them 
should be included in a requirements model. 

3.4.3.2 Heuristics for the determination of data types 
When creating an information model during requirements engineering one has to decide 
whether it is useful to model the data types of attributes of a class at this time in the project. 
The advice here is to model a data type immediately (preferably a primitive data type). Dur-
ing further modeling this can be redefined or refined as needed into a more complex data 
type, or even a stand-alone class. If necessary, the data type can be specified in more detail 
by textual requirements. 

The next question would then be to identify more information about the data type. For enu-
merations the answer comes very quickly: one identifies the possible values of the attribute 
and lists them in the enumeration. For structured data types the necessary information is 
found in the domain of the application. This is similar to the question for identifying the nec-
essary attributes of a class (see section 3.4.2). 

3.4.4 Recommendations for modeling practice 
3.4.4.1 Modeling reference "Attribute constraints and textual requirements" 

If the options of the UML are insufficient or the results are not "easy to understand", one can 
add textual requirements. 

 
Figure 19: Modeling attribute constraints 

3.4.4.2 Modeling hint "views on things" 
In the language of project stakeholders often a term is implicitly used for several things or 
views on a thing (homonym). For example, the request may be used as homonym for: the 
empty paper form, the completed document and the signed document and the data in the sys-
tem. The diagram shall clearly state which meaning the modeled terms have. Stereotypes 
may help to clarify. 

3.4.4.3 Modeling reference "length vs. Number of Strings“ 
When attributes of a class are defined which contain text (e.g. a person's name), then the 
question of the maximum length of the string arise. Multiplicity is often misused in this case. 
According to UML first name:string[20] means there are 20 first names of type string. This 
does not define a string of length 20. Resolve this ambiguity problem in UML by defining a 
special data type. 

3.4.4.4 An outlook to "Specification with OCL" 
For the exact definition of constraints the OCL (Object Constraint Language) of the OMG 
[OMG2012] provides the possibility of a more formal, but not always an easy to understand, 
specification. The condition that a customer is to be 16 years or older, might be formulated 

Formal constraints (OCL) may be used, too:

context Person inv:  
 self.Client=true implies self.age >= 16
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as OCL constraint as follows: context Person inv: self.Client=true implies 
self.age >= 16 

3.5 Modeling of Relationships 

A key component of an information model are the relationships. They are represented as a 
connection between classes and express how (i.e. with what meaning) the objects of the spe-
cific classes are related to each other. The most commonly used relationships in the model-
ing of requirements are the simple relationships (binary associations); aggregations and 
compositions. 

3.5.1 Simple relationships (Binary Associations) 

Simple relationships are drawn between classes and describe the relationship, which two 
objects have to each other. The two objects can thereby be instances of two different classes 
or of the same class. 

In addition to the simple relationships, UML provides n-ary relationships that connect mul-
tiple objects. However, these are not discussed any further in this document. 

3.5.1.1 Syntax and Semantics 

Binary associations are modeled as a line between the corresponding classes. In order to 
give this line a meaning, additional information is added. In Figure 20 the classes Person and 
Address are considered. It should be modeled that a person has exactly one address assigned 
where (s)he lives and also exactly one other address to which correspondence should be 
sent. An address can be assigned to more than one person as the correspondence address or 
residence. 

 

Figure 20: Example of modeling simple relationships 

� Name: Specifies the name (meaning/semantics) of the association in verb phrase 

� Reading direction: direction in which the name is to be read 

� Multiplicity: Is listed on each end of the association and indicates how many objects the 
other object may be or must be related to 

� Role: Refers to the role played by the object to which the role is attached with respect 
to the other object 

To identify this additional information for relationships it is helpful to imagine the objects, 
especially for determining multiplicities. 

Aspects of relationships:
!  Name: Specifies the name (meaning/semantics) of the association in verb phrase
!  Reading direction: direction in which the name is to be read
!  Multiplicity: Is listed on each end of the association and indicates how many 

objects the other object may be or must be related to
!  Role: Refers to the role played by the object to which the role is attached with 

respect to the other object
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Figure 21: Relationships of the objects 

In addition to the requirements contained in the information model, associations are often 
the basis for deriving functional requirements. 

Example: requirement without the use of associations 

show Address 

A functionality, as in the example "show Address" above, refering only to an object ("Ad-
dress") without considering its relationship to other objects, is often incomplete. Relation-
ships are very useful to precisely define the context and thus to reduce the set of objects to 
the desired/required quantity. 

Example: requirement with use of associations 

Show the correspondence address of the person, who is the contact for the company 

Associations offer the opportunity to move through the information model. This ability to 
navigate through the information model also shows the importance of the unique name for 
the associations between classes, especially when multiple relationships exist between two 
classes. For this purpose, one refers to either the name of the association or a role at the end 
of the relationship. In the formulation of the requirements, roles names can be used instead 
of the class names (see Example and Figure 9). 

For the requirements engineer, multiplicities are an important tool to verify the details of 
the quantifiers in the requirements: 

Examples: 

Requirement 1: Show the person 

Requirement 2: Show for this person the company for which it is the contact person 

The formulation of the requirement 2 seems to assume that there is exactly one legal entity. 
The multiplicities in the diagram do show a different picture. For the requirements engineer 
the following questions regarding the requirements and the association arise: 

Is the multiplicity of the association correct? If they are incorrect, they must be changed. If 
they are correct, then the following questions must be answered: 
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3.5.2.1 Syntax and Semantics 
A "part-of/part-whole" relationship can be represented in UML with a line on which a dia-
mond shape is located on the side of the class that represents the whole. 

 
Figure 22: Example for the modeling of aggregations and compositions 

This is primarily a relief when modeling and reading the diagrams, because at first glance 
the importance of association is clearified. A special form of aggregation is the composition. 
Here the part-of/whole connection is particularly strong. It is used to specify that deleting 
the whole also the parts are deleted. 

3.5.2.2 Heuristics for the determination of aggregations 
Since aggregations and compositions are considered as specific types of a relationship, the 
heuristics for identifying relationships (see section 3.5.1) can also be used to identify aggre-
gations and compositions. From the perspective of the specific meaning of such associations, 
aggregations and compositions will be indicated by keywords that relate to statements 
about parts-whole dependencies. 
Verbs 

Typical verbs that indicate aggregation or composition relationships are: consists of, is com-
posed by; contains; results; has. For example: "A company consists of departments “. 
Nouns 

In addition, aggregations and compositions can be identified via the formulation of roles. Ac-
cording to the importance of the relationship these are: part, whole, component.  
For example, "A department is part of a company ". 

3.5.3 Practical advice for information modeling 
3.5.3.1 Modeling advice "Constraints of relationships and textual requirements" 

If the options of the UML are insufficient or the results are not "easy to understand", then 
one should use textual requirements in addition to the model. 
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Figure 23: Modeling Constraints of relationships  

3.5.3.2 Modeling advice "attribute or association" 
Two classes that are connected to each other with a 1 : 1 or 1 : 0..1 relationship, may occur, 
but are rather unusual. It should be questioned whether one of the two classes can be con-
verted into an attribute of the other class. 

3.5.3.3 Modeling advice "navigability vs. reading direction " 
When modeling classes, there are two representations of relationships that can be interpret-
ed as "directions" with a very different meaning. (Not counting the triangle of the generaliza-
tion that could also be misread as a direction arrow). One is reading direction of the name of 
the association (i.e. the little arrow head next to a verb)(see Section 3.5.1). 

 
Figure 24: Reading direction vs. navigability 

The other is the navigability (see bottom of Figure 24). The latter states that for a person one 
can get the address at which he resides, but not vice versa. This navigability is important in 
the realization. In requirements engineering, however, it plays a minor role.  

3.5.3.4 Modeling advice "Different interpretation of multiplicities (versioning, histor-
ising, dynamics)" 

Multiplicities seem to be defined very precisely. However, they can lead to discussions or dif-
ferent interpretations. 

 
Figure 25: Unclear multiplicities 

0..* interpreted as: 
� *: Person has (over time) many identity cards (expired, lost) 
� 0: does not need an identity card (does not have one or has lost it) 
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� 0: A person always has an identity card, but first a person is created, then the card. So 
there is a period, before the Identity Card is attached and a person exists without an 
identity card. 

An information model always shows a static and consistent structure of the information. Ac-
cordingly, it is not intended to take structures into account to solve intermediate states of 
the information. Other temporal aspects, such as versioning or history, may well be relevant 
and modeled accordingly. Figure 26 shows a possible modeling of a simple history. 

 
Figure 26: Resolution of unknown multiplicities 

3.5.3.5 An Outlook to "Specification with OCL" 
For the exact definition of constraints the OCL (Object Constraint Language) of the OMG 
[OMG2012] provides the possibility of a more formal, but not easily understandable specifi-
cation. The condition that each person in the role of purchaser must have a delivery address 
could, for example, be expressed by the following OCL constraint: 

context order  
inv:self.purchaser->notEmpty()implies 
self.Purchaser.DeliveryAddress->notEmpty() 

3.6 Modeling of generalizations and specializations 

3.6.1 Syntax and Semantics 
The common properties and relationships of multiple classes can be summarized by a gen-
eralization. Models can thus be simplified. The corresponding classes are connected with a 
line with a triangle at one end. The class that is connected to the triangle represents the gen-
eralized concept. In the case that the class has no objects (i.e. no instances of this class), then 
it is called an abstract class. To illustrate this in the diagram, the name of an abstract class is 
displayed in italics. Figure 27 shows a simple example for the modeling of a generalization. 

 
Figure 27: Example for the modeling of a generalization 

In OCL:
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Figure 23: Modeling Constraints of relationships  

3.5.3.2 Modeling advice "attribute or association" 
Two classes that are connected to each other with a 1 : 1 or 1 : 0..1 relationship, may occur, 
but are rather unusual. It should be questioned whether one of the two classes can be con-
verted into an attribute of the other class. 

3.5.3.3 Modeling advice "navigability vs. reading direction " 
When modeling classes, there are two representations of relationships that can be interpret-
ed as "directions" with a very different meaning. (Not counting the triangle of the generaliza-
tion that could also be misread as a direction arrow). One is reading direction of the name of 
the association (i.e. the little arrow head next to a verb)(see Section 3.5.1). 

 
Figure 24: Reading direction vs. navigability 

The other is the navigability (see bottom of Figure 24). The latter states that for a person one 
can get the address at which he resides, but not vice versa. This navigability is important in 
the realization. In requirements engineering, however, it plays a minor role.  

3.5.3.4 Modeling advice "Different interpretation of multiplicities (versioning, histor-
ising, dynamics)" 

Multiplicities seem to be defined very precisely. However, they can lead to discussions or dif-
ferent interpretations. 

 
Figure 25: Unclear multiplicities 

0..* interpreted as: 
� *: Person has (over time) many identity cards (expired, lost) 
� 0: does not need an identity card (does not have one or has lost it) 
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Figure 23: Modeling Constraints of relationships  

3.5.3.2 Modeling advice "attribute or association" 
Two classes that are connected to each other with a 1 : 1 or 1 : 0..1 relationship, may occur, 
but are rather unusual. It should be questioned whether one of the two classes can be con-
verted into an attribute of the other class. 

3.5.3.3 Modeling advice "navigability vs. reading direction " 
When modeling classes, there are two representations of relationships that can be interpret-
ed as "directions" with a very different meaning. (Not counting the triangle of the generaliza-
tion that could also be misread as a direction arrow). One is reading direction of the name of 
the association (i.e. the little arrow head next to a verb)(see Section 3.5.1). 

 
Figure 24: Reading direction vs. navigability 

The other is the navigability (see bottom of Figure 24). The latter states that for a person one 
can get the address at which he resides, but not vice versa. This navigability is important in 
the realization. In requirements engineering, however, it plays a minor role.  

3.5.3.4 Modeling advice "Different interpretation of multiplicities (versioning, histor-
ising, dynamics)" 

Multiplicities seem to be defined very precisely. However, they can lead to discussions or dif-
ferent interpretations. 

 
Figure 25: Unclear multiplicities 

0..* interpreted as: 
� *: Person has (over time) many identity cards (expired, lost) 
� 0: does not need an identity card (does not have one or has lost it) 

0..* interpreted as:
! *: Person has (over time) many identity cards (expired, lost)
! 0: does not need an identity card (does not have one or has lost it) 
! 0: A person always has an identity card, but first a person is created, then 
the card. So there is a period, before the Identity Card is attached and a 
person exists without an identity card. 
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� 0: A person always has an identity card, but first a person is created, then the card. So 
there is a period, before the Identity Card is attached and a person exists without an 
identity card. 

An information model always shows a static and consistent structure of the information. Ac-
cordingly, it is not intended to take structures into account to solve intermediate states of 
the information. Other temporal aspects, such as versioning or history, may well be relevant 
and modeled accordingly. Figure 26 shows a possible modeling of a simple history. 

 
Figure 26: Resolution of unknown multiplicities 

3.5.3.5 An Outlook to "Specification with OCL" 
For the exact definition of constraints the OCL (Object Constraint Language) of the OMG 
[OMG2012] provides the possibility of a more formal, but not easily understandable specifi-
cation. The condition that each person in the role of purchaser must have a delivery address 
could, for example, be expressed by the following OCL constraint: 

context order  
inv:self.purchaser->notEmpty()implies 
self.Purchaser.DeliveryAddress->notEmpty() 

3.6 Modeling of generalizations and specializations 

3.6.1 Syntax and Semantics 
The common properties and relationships of multiple classes can be summarized by a gen-
eralization. Models can thus be simplified. The corresponding classes are connected with a 
line with a triangle at one end. The class that is connected to the triangle represents the gen-
eralized concept. In the case that the class has no objects (i.e. no instances of this class), then 
it is called an abstract class. To illustrate this in the diagram, the name of an abstract class is 
displayed in italics. Figure 27 shows a simple example for the modeling of a generalization. 

 
Figure 27: Example for the modeling of a generalization 
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Modeling generalizations

34 Information structure modeling  

� 0: A person always has an identity card, but first a person is created, then the card. So 
there is a period, before the Identity Card is attached and a person exists without an 
identity card. 

An information model always shows a static and consistent structure of the information. Ac-
cordingly, it is not intended to take structures into account to solve intermediate states of 
the information. Other temporal aspects, such as versioning or history, may well be relevant 
and modeled accordingly. Figure 26 shows a possible modeling of a simple history. 

 
Figure 26: Resolution of unknown multiplicities 

3.5.3.5 An Outlook to "Specification with OCL" 
For the exact definition of constraints the OCL (Object Constraint Language) of the OMG 
[OMG2012] provides the possibility of a more formal, but not easily understandable specifi-
cation. The condition that each person in the role of purchaser must have a delivery address 
could, for example, be expressed by the following OCL constraint: 

context order  
inv:self.purchaser->notEmpty()implies 
self.Purchaser.DeliveryAddress->notEmpty() 

3.6 Modeling of generalizations and specializations 

3.6.1 Syntax and Semantics 
The common properties and relationships of multiple classes can be summarized by a gen-
eralization. Models can thus be simplified. The corresponding classes are connected with a 
line with a triangle at one end. The class that is connected to the triangle represents the gen-
eralized concept. In the case that the class has no objects (i.e. no instances of this class), then 
it is called an abstract class. To illustrate this in the diagram, the name of an abstract class is 
displayed in italics. Figure 27 shows a simple example for the modeling of a generalization. 

 
Figure 27: Example for the modeling of a generalization 
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Constraints on generalizations

3.6 Modeling of generalizations and specializations 35

Generalised terms should be used with caution, as there is the risk of misunderstanding. Ab-
stract and non-abstract generalizations have a different meaning for requirements. In re-
quirements abstract generalizations are, in contrast to non-abstract generalizations, repre-
sentative of each of their specializations. 

The system must provide the user with the ability to create clients <abstract generalization>. 

Conforms to:  

1) The system must provide the user with the ability to create companies <Specialization1>;  

2) The system must provide the user the ability to create persons <Specialization 2>. 

When “Client” is not an abstract class (i.e. not italicized) the above requirements allows to 
create a client object (without specifying whether the client is a company or a person) 

3.6.2 Quantities of generalization and their constraints 
Generalization sets offer the option of combining different aspects of a generalization to 
groups of subtypes. In Figure 28 two generalization sets are modeled (contact kind and con-
tact type) with associated constraints. 

 
Figure 28: Example for modeling Quantities of Generalization and Contraints  

In UML the specification of properties of such a generalization set is annotated by con-
straints in curly braces. Typical constraints are: 

� Incomplete: The modeled subtypes are not necessarily complete. For example, manu-
facturer could be added as kind of contact. 

� Complete: The modeled subtypes are complete. No other contact types are possible. 

� Disjoint: An instance can only be one of the subtypes. For example, a contact is either a 
person or a company, but never both. 

� Overlapping: An instance can belong to more than one subtype. For example, a contact 
may be a customer and be a supplier. 

3.6.3 Heuristics for the identification of generalizations  
3.6.3.1 Linguistic formulation 

As in the other areas also the generalizations and specializations can be identified by specific 
linguistic formulations.  

"The dog is a kind of animal ", "A kind of animal is a dog", "the boss is a special employee"; 
"Typical payment methods are bank transfer or billing" 

!  Incomplete: The modeled subtypes are not necessarily complete. For example, 
manufacturer could be added as kind of contact. 

!  Complete: The modeled subtypes are complete. No other contact types are possible. 

!  Disjoint: An instance can only be one of the subtypes. For example, a contact is either 
a person or a company, but never both. 

!  Overlapping: An instance can belong to more than one subtype. For example, a 
contact may be a customer and be a supplier. 
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Identification of generalizations

“The dog is a kind of animal.”
“A kind of animal is a dog.”
“The boss is a special employee.”
“Typical payment methods are bank transfer or billing.” 
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Specializations without attributes
If all specializations are without attributes, 
modeling via a property "type" or "kind of" is possible.

36 Information structure modeling  

3.6.3.2 Uniformity 
For classes that have many of the same attributes and possibly also have the same relation-
ships to other classes, generalized classes can be created. This can lead to generalized class 
names that are not used in the domain. 

3.6.4 Recommendations for modeling practice 
If all specializations are without attributes, modeling via a property "type" or "kind of" is 
possible. 

 
Figure 29: Empty specializations 

The choice is determined by the domain experts. If the names of the specializations are an-
chored as separate terms in the language of stakeholders, then these should be modeled as 
independent concepts. If they play a rather subordinate role one should prefer an enumera-
tion. 

3.7 Other modeling concepts 

3.7.1 Typical concepts and patterns of information structure modeling  
In information models similar structures are encountered again and again. Possible solu-
tions for such structures are called patterns. The main analysis patterns for information 
models are: 
� Item-Item Description, for example for book and specific copy a book; product and ar-

ticle; invoice and invoice item [CoNM1996] 
� Party (also known as role pattern) [Fowl1996] 
� Coordinator, for example processes [Balz2011]  
� Composite, eg for organization or file system [GaJV1996] 

3.7.2 Derived association 
Derived associations are associations that can be derived from available associations and are 
therefore redundant. Similar to derived attributes these associations require a derivation 
rule. In the simplest case, this is supplemented textually and can simplify the formulation of 
the requirements, because the derivation rule must be defined only once. An example is 
shown in Figure 30. 
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Derived associations
Derived associations are associations that can be derived from available 
associations and are therefore redundant. Similar to derived attributes 
these associations require a derivation rule.3.8 Further Reading 37

 
Figure 30: Derived associations 

3.7.3 Scope of generalization diagrams 
Generalizations can quickly make whole trees with multiple levels. Once such a tree consists 
of more than 7 ± 2 elements, then this should be drawn in a separate diagram. 

3.8 Further Reading 
Creating information models 

x Martin, J.: Information Engineering, Book I – Introduction. Prentice Hall, Englewood Cliffs, 
1989. 

x Shlaer, S.; Mellor, S.: Object-oriented Systems Analysis – Modeling the World in Data. Pren-
tice Hall, Englewood Cliffs 1988. 

x Booch, G.; Rumbaugh, J.; Jacobson, I.: The Unified Modeling Language User Guide. Addison-
Wesley 2005. 

x DeMarco, T.: Structured Analysis and System Specification, Yourdon Press, Prentice Hall, 
1979. 

x Rumbaugh, J.; Jacobson, I.; Booch, G.: The Unified Modeling Language Reference Manual, 
Addison Wesley, Reading, MA 2004. 

Analysis patterns for information models 

x Coad, P.; North, D.; Mayfield, M.: Object Models: Strategies, Patterns, and Applications, 
Prentice Hall, 1996. 

x Fowler, F.: Analysis Patterns: Reusable Object Models. Addison-Wesley, Reading, MA 1996. 

x Gamma, E.; Helm, R.; Johnson, R.; Vlissides, J.: Design Pattern - Elements of Reusable Ob-
ject-Oriented Software. Addison-Wesley, 1994. 

x Booch, G.; Rumbaugh, J.; Jacobson, I.: The Unified Modeling Language User Guide. Addison-
Wesley 2005. 
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Dynamic views

 

 
39 

4 Dynamic views 

Program = Data + Algorithms! With this simple statement, Nicholas Wirth has summarized a 
complex fact in a memorable way. Applying this equation to requirements, we will focus in 
this chapter on the desired or required functionality of a system and their behavior (after 
describing information models in Chapter 3). 

4.1 Dynamic views of requirements modeling 
In contrast to the information models which can be basically expressed by one diagram type 
(except for syntactic variants), the dynamic views offer a lot of different abstraction criteria 
by which different aspects of the functionality can be specified (see chapter 1). This chapter 
looks at four types of dynamic views in the requirements modeling, which are summarized 
in the following table (the last one will be treated in chapter 5 of this document). 

View Significance 

Use case view  

Decomposition of the functionality of the entire system from user perspective in 
external (or by time) triggered processes (or interactions or sequences of func-
tions), each leading to a specific added business value for one or more actors in the 
system context, presented in the form of use case diagrams including textual use 
case specifications for each use case. 

Control flow oriented view 
Specification of sequences of required functions of a system, where the emphasis 
is on the sequence of execution. This view is mainly represented by UML activity 
diagrams with explanatory activity descriptions. 

Data flow oriented view 

The Specification of the required functions of a system including Input/Output data 
dependencies is represented classically by data flow diagrams with explanatory 
descriptions of the functions and data flows between the functions. It can also be 
represented by UML activity diagrams by using appropriate extensions. 

State oriented view 

Specification of the event-driven behavior of a system including states of the sys-
tem, events and conditions for state transitions.  
Presented by state transition diagrams or state charts with explanatory descrip-
tions of states, functions, conditions and events that trigger state transitions. 

Scenario view  
(Chapter 5) 

Specification of interactions between actors (people, systems) in the system con-
text and the System-under-Development (SuD) that lead to a added business value 
for one or more actors. Scenario modeling can be done for some examples only 
(e.g. to support the elicitation of requirements) or with a claim to completeness, 
i.e. all the scenarios are modeled which are to be supported by the SuD. 

Tabelle 1: Dynamic Views in requirements modeling and their significance 

4.2 Use case modeling 
Use cases provide a method to systematically describe functions within the defined scope 
from a user perspective. This section introduces the basic elements of use case models and 
focuses on a deeper understanding about how to identify and specify use cases.  
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Modeling elements of use case diagrams
4.2 Use case modeling 41

Notation

System BoundaryName 

Name Actor

Name
Use Case

«actor»
Name

Name Meaning

An actor can be a person, a firm or organization, a software 
or system element (hardware, software or both).

The (unnamed) line between actor and use case indicates 
that this actor interacts with this use case.Association

Functionality of the system, needed by an actor that provides 
value to the actor. The name should contain a verb, as it 
describes a functionality, and an object, to which the 
functionality refers, e.g. "monitor velocity" .

The rectangle depicts the scope of the system. Actors are 
outside the scope. Use cases are inside the scope .

(Alternative)

Name

 
Figure 31: Modeling elements of use case diagrams 

Figure 32 shows on the right side an example of a use case diagram with these four basic el-
ements, i.e. the system boundary (scope), actors, use cases, and associations. 
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Figure 32: Example for a context diagram (left) and the corresponding use case diagram (right) 

4.2.3 Use case diagrams and context diagrams 
These two diagram types have similar content but different priorities. Both determine a 
name for the system under study and define the system boundary (i.e. the distinction be-
tween scope and context), but with different precision. 
The focus of the context diagram is the precise functional definition of the interfaces to all 
neighboring systems. Good context diagrams contain (in addition to the system as a black 
box) all neighboring systems (people, IT systems, devices), that act as source or sink for in-
formation of the system under study.  
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Context versus use case diagram

4.2 Use case modeling 41

Notation

System BoundaryName 

Name Actor

Name
Use Case

«actor»
Name

Name Meaning

An actor can be a person, a firm or organization, a software 
or system element (hardware, software or both).

The (unnamed) line between actor and use case indicates 
that this actor interacts with this use case.Association

Functionality of the system, needed by an actor that provides 
value to the actor. The name should contain a verb, as it 
describes a functionality, and an object, to which the 
functionality refers, e.g. "monitor velocity" .

The rectangle depicts the scope of the system. Actors are 
outside the scope. Use cases are inside the scope .

(Alternative)

Name

 
Figure 31: Modeling elements of use case diagrams 

Figure 32 shows on the right side an example of a use case diagram with these four basic el-
ements, i.e. the system boundary (scope), actors, use cases, and associations. 
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Figure 32: Example for a context diagram (left) and the corresponding use case diagram (right) 

4.2.3 Use case diagrams and context diagrams 
These two diagram types have similar content but different priorities. Both determine a 
name for the system under study and define the system boundary (i.e. the distinction be-
tween scope and context), but with different precision. 
The focus of the context diagram is the precise functional definition of the interfaces to all 
neighboring systems. Good context diagrams contain (in addition to the system as a black 
box) all neighboring systems (people, IT systems, devices), that act as source or sink for in-
formation of the system under study.  
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If a context diagram exists, in which all neighboring systems and actors of the considered system are shown, it may be 
enough, to create a use case diagram that only contains actors, which trigger the execution of use cases. Those actors are 
called process-triggering actors. These "actors" justify the existence of use cases. In other words, without the respective 
actor there would be no demand for this use case. So if a context diagram exists, further actors who are involved in the use 
case (i.e. during the execution of the process after the trigger by an actor) are not necessarily drawn in the use case diagram. 
They only increase the complexity of the use case diagram, and detract attention from the fact, that the use case view mainly 
serves to decompose the overall functionality of a system from user perspective into disjunct processes.

51

https://www.ireb.org/content/downloads/15-handbook-cpre-advanced-level-requirements-modeling/ireb_cpre_handbook_requirements-modeling_advanced-level-v1.1.pdf


Source: Handbook of Requirements Modeling IREB Standard

© 2016 Ralf Lämmel

Finding use cases
!  External triggers: An actor (e.g. a neighboring system) wants to trigger a process 

in our system. Our system will notice this when data coming from the neighboring 
system crosses the system boundary. For example, "A guest wants a room in a hotel 
system". Once the request is received (i.e. the corresponding event in the system 
context hap- pens), the hotel system should offer a suitable room to the guest.  

!  Time triggers: It is time to execute a process in our system, for example, at 
specific times or on specific calendar days. By using time events to start a process, 
there is no need for data to cross the system boundary. It is only necessary that the 
specified point in time reached. E.g. in the hotel system: "It is 6pm and thus time to 
cancel all no- shows and make the rooms available for sales again." Monitoring of 
internal system re- sources is also considered as time event. For example, "It is 
time to reprint our hotel catalog".  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Template for the textual specification of use cases

44 Dynamic views  

umented in the use case specification (see Section 4.2.5). However, in case of two use cases 
having only 20% in common or if many different process steps are needed in the use case 
description, then separate use cases should be modeled. In case of a "similarity" of 50%, a 
decision is often difficult. Finally, the similar added business value should be the determin-
ing factor for the decision whether to merge multiple use cases or not. 

4.2.5 Specifing Use Cases 
The popularity of the use cases can be explained by the fact that Ivar Jacobson has given 
back the natural language to the stakeholders talking about their requirements. He proposed 
to describe the desired process of a use case in natural language. UML does not make any 
suggestions about the style of use case descriptions. Over the years, many proposals have 
been made to resolve the weaknesses of purely natural language process descriptions. In 
particular, [Cock00] suggests different levels of abstraction of use case descriptions for dif-
ferent groups of readers.  
The textual specification of a use case should document the essential inputs and outputs (i.e. 
data, see also Chapter 3) that are intentionally not shown in the use case diagram.  
Detailed textual use case specifications should also describe at least the main flow of control 
and, if applicable, alternative paths from the perspective of the primary actor (i.e. main and 
alternative scenarios, see also section 5.2). Furthermore, it could specify pre-conditions and 
post-conditions of use case execution which can be typically characterized by states and 
state transitions (see section 4.4.1). In addition, possible exception events and associated ex-
ception scenarios should be documented (see also section 5.2). Table 2 shows an example of 
a template for the detailed textual specification of a use case. 

Section Content 

ID Unique identifier of the use cases in the development project or program 

Name Name of the use case in the model (this name is shown in the use case diagrams) 

Trigger Event that triggers the execution of the use case 

Preconditions Preconditions that must be fulfilled before execution of the use case 

Postconditions Set of postconditions that are fulfilled after successful execution of the use case 

Input data Input data of the use case 

Output data Output data of the use case 

Result Result of the use case, i.e. the added business value, which is provided to the ac-
tors after execution of the use case 

Primary actor Actor who receives the significant part of the added value of the use case  

Further actors Actors who are involved in the execution of the use case 

Main scenario Normal sequence of activities (execution flow, for example, in 70% of all cases). 
See also section 5.5.1 . 

Alternative  
scenarios 

Set of alternative activities. Each alternative process leads also to a successful ex-
ecution of the use case (e.g. in 30% of cases). See also Section 5.5.2.1 . 

Exception  
scenarios 

Set of exception scenarios. These scenarios are executed after entering an excep-
tional situation in the use case process. These scenarios ensure a controlled error 
and exception handling. See also Section 5.5.2.5 

Table 2: Example of a template for textual specification of use cases 53
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Modeling elements of data flow diagrams
4.3 Data flow and control flow oriented modeling of requirements 49

Name

Name

Notation

Nodes
(process, function of the system)

Neighboring system / Acor
(also terminator, source or sink)

Meaning

Depicts persons, organizations of technical 
systems, equipment, sensors, actuators from 
the system environment, that are source of 
sink for the information to / from the system

Depicts a desired functionality in the 
system

Data flow
Depicts moving data (inputs, outputs, 
intermediate results). Not only data flows can be 
depicted but also material flow or energy flow.

Name

Name

Name

Depicts data at rest, i.e. information that is 
stored for a certain period and that is not 
directly flowing between functionsData store

 

Figure 38: Modeling elements of data flow diagrams 

Figure 39 shows an example of a navigation system, using the four elements that can be used 

in data flow diagrams, and it provides further information on the semantics. 

 

 

Figure 39: Example of a data flow diagram (part) 

Data flows (such as GPS signal or desired destination), data in motion. 

Data store (such as route parameters, traffic news), data at rest. Data in data stores can be 

created and updated by one set of functions and read (non-destructive) by other set of func-

tions. It involves persistent data. The period for which the data is to be stored is not speci-

fied. 

The fourth element (the rectangles, in the example "sensor" and "driver") represents neigh-

boring systems of the considered system. In the Structured Analysis they were called termi-
nators or sources and sinks, depending on whether they provide inputs or receive outputs. A 

terminator may be both, a source and a sink. These terminators are usually listed completely 

in a context diagram (see chapter 2.2). From this perspective the classical context diagram is a 
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Data flow in a navigation system

4.3 Data flow and control flow oriented modeling of requirements 49
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Notation
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Meaning
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the system environment, that are source of 
sink for the information to / from the system
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Data flow
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intermediate results). Not only data flows can be 
depicted but also material flow or energy flow.
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Figure 38: Modeling elements of data flow diagrams 

Figure 39 shows an example of a navigation system, using the four elements that can be used 

in data flow diagrams, and it provides further information on the semantics. 

 

 

Figure 39: Example of a data flow diagram (part) 

Data flows (such as GPS signal or desired destination), data in motion. 

Data store (such as route parameters, traffic news), data at rest. Data in data stores can be 

created and updated by one set of functions and read (non-destructive) by other set of func-

tions. It involves persistent data. The period for which the data is to be stored is not speci-

fied. 

The fourth element (the rectangles, in the example "sensor" and "driver") represents neigh-

boring systems of the considered system. In the Structured Analysis they were called termi-
nators or sources and sinks, depending on whether they provide inputs or receive outputs. A 

terminator may be both, a source and a sink. These terminators are usually listed completely 

in a context diagram (see chapter 2.2). From this perspective the classical context diagram is a 
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Relationship between data flow modeling and the rest

The data flow oriented modeling of requirements using data flow diagrams 
has a substantial connection with the context diagram, the use case view 
and the information structure view. Use Cases are a tool to specify 
systematically the functions within a defined scope from the user 
perspective and on a high level. During Requirements Engineering 
activities, these functions need to be detailed and decomposed in more 
detailed system functions and its dependencies. The system functions of a 
Use Case including data dependencies among each other and with actors 
(terminators) can be modeled using data flow diagrams. The more detailed 
system functions can be identified during the functional analysis of the Use 
Case scenarios. The structure of data, which is modeled in the data flow 
diagrams as data flows (i.e. "data in motion") and as data store (i.e. "data at 
rest"), is defined in the diagrams of the information structure view.
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Modeling elements of activity diagrams
4.3 Data flow and control flow oriented modeling of requirements 51
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x

[Actor][Actor]

 
Figure 40: Modeling elements of activity diagrams 

Activity diagrams document the control flow between activities or functions of the system. 
The control flow starts at the start node and ends at the end node(s). It is possible to model 
sequential processes, branches of the control flow (by using decision points), and concurrent 
processes (by using synchronization bars). Concurrent processes contain activities, which 
can be processed independently and therefore potentially at the same time. They are of par-
ticular importance for the system analysis, since in real systems, many things can happen 
simultaneously or independently of each other and not strictly sequential. 
For the exact syntax and semantics of the notation elements please refer to advanced books 
on UML, such as [RuJB2004 , BoRJ2005]. Figure 41 illustrates the usage of the typical model-
ing elements of activity diagrams and the essential syntactic rules by an abstract sample. 
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Figure 41: Using the modeling elements of activity diagrams 

4.3.3.2 Modeling of object and data flow in activity diagrams and their relation to in-
formation structure modeling 

Activity diagrams also provide the ability to model object or data flows, as shown in Figure 
42 and Figure 43. This is done by inserting objects (see Figure 42) or parameters of the ac-
tivities (see Figure 43). Data flow diagrams require that all input and output data, as well as 
all accesses to data stores, are included in the diagram. In contrast, activity diagrams do not 
define how many or how few data are displayed in the diagrams. 
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Figure 40: Modeling elements of activity diagrams 

Activity diagrams document the control flow between activities or functions of the system. 
The control flow starts at the start node and ends at the end node(s). It is possible to model 
sequential processes, branches of the control flow (by using decision points), and concurrent 
processes (by using synchronization bars). Concurrent processes contain activities, which 
can be processed independently and therefore potentially at the same time. They are of par-
ticular importance for the system analysis, since in real systems, many things can happen 
simultaneously or independently of each other and not strictly sequential. 
For the exact syntax and semantics of the notation elements please refer to advanced books 
on UML, such as [RuJB2004 , BoRJ2005]. Figure 41 illustrates the usage of the typical model-
ing elements of activity diagrams and the essential syntactic rules by an abstract sample. 
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Figure 41: Using the modeling elements of activity diagrams 

4.3.3.2 Modeling of object and data flow in activity diagrams and their relation to in-
formation structure modeling 

Activity diagrams also provide the ability to model object or data flows, as shown in Figure 
42 and Figure 43. This is done by inserting objects (see Figure 42) or parameters of the ac-
tivities (see Figure 43). Data flow diagrams require that all input and output data, as well as 
all accesses to data stores, are included in the diagram. In contrast, activity diagrams do not 
define how many or how few data are displayed in the diagrams. 
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Figure 42: Modeling of object flow in activity diagrams 

The example in Figure 42 shows that the activity "Calculate Route" requires an input from 
the objects “map” and “traffic news”. But it does not show the main output (the route or sev-
eral route suggestions). It shows neither the possibly used route parameters (such as "fast-
est route", "shortest route"). In contrast to data flow diagrams, where extreme emphasis is 
put on completeness and consistency of the models, UML diagrams are supposed to be main-
ly "useful" for the communication between the involved persons. The completeness of the 
specification can be reached by supplementary activity descriptions. 

 
Figure 43: Modeling of flows in activity diagrams by pins 

The "pins" at the functions represent the inputs and outputs of the function. Thus, relation-
ships, such as "determine position" creates a “position” as output, and "Get Directions" re-
quires a “position” as input, are represented graphically. 
By using activity diagrams the modeler can choose to include no data (objects) in the dia-
gram or to add intentionally some data (objects) to highlight certain aspects. It is important 
to notice that all inputs and outputs must be fully specified in the requirements specification 
(at the latest in a textual specification of each function, see section 4.3.5). The structure of 
data or classes and their dependencies to each other should be modeled in the information 
structure view (see section 3.1). 

4.3.3.3 Relationship of activity diagrams for use case and scenario modeling 
Activity diagrams are often used to specify the processing logic of use case scenarios in de-
tail (see Section 4.2.5). Activity diagrams are created to visualize the scenarios, which are 
processes with activities and processing logic. As long as the diagram remains understanda-
ble, the main scenario can be modeled jointly with the alternate scenarios and the exception 
scenarios as part of the same diagram.  
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Figure 46: Decomposition of a function in an activity diagram 

In addition to content-based criteria (such as technically strong relationship, which often is 
manifested in finding a good name for the whole or the detail activities) very pragmatic cri-
teria for decomposition or combination are applied. One criterion is usually the diagram 
should fit to one page of a document. Furthermore, most methods recommend modeling no 
more than 7 plus/minus 2 functions per diagram.  

4.3.5 Textual Specifications of Functions  
How "small" (detailed) should the functions be decomposed in data flow diagrams or activity 
diagrams? In other words: when should the decomposition of functions be stopped? A sim-
ple heuristic rule is the length of the required function description. If the precise specifica-
tion of the requirements of a function needs more than a half page description, the function 
should be refined again to avoid too large natural language specifications. 
If the diagram already expresses everything that needs to be stated, then you have probably 
decomposed too far. Models are easier to understand and read, if you do not model the last 
one to two decomposition levels, but textually specify the functions (e.g. on a half page). It is 
also possible to refine a function (activity) by relating a limited amount of 3 to 7 simple, nat-
ural language requirements, which specify the considered function in detail. 
Example: Textual description of the function “identify destination” (see Figure 45) 
Function: identify destination 
Input: destination selection (done by the user of the navigation system), map  
Output: desired destination  
The function is to provide to the user four options to select a destination: 
- by entering an address using the keyboard 
- by entering an address using voice entry 
- by selecting from a list of stored addresses, or 
- if a map is displayed by selecting a destination via the touch screen 

For most users of these diagrams, the above-mentioned refinement level with a specification 
on a half page is sufficient to understand the functional requirements and to systematically 
derive test cases. This is especially true for testers who need to verify after completion of the 
system development, whether the system in operation implements the requirements com-
pletely and correctly) 
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also possible to refine a function (activity) by relating a limited amount of 3 to 7 simple, nat-
ural language requirements, which specify the considered function in detail. 
Example: Textual description of the function “identify destination” (see Figure 45) 
Function: identify destination 
Input: destination selection (done by the user of the navigation system), map  
Output: desired destination  
The function is to provide to the user four options to select a destination: 
- by entering an address using the keyboard 
- by entering an address using voice entry 
- by selecting from a list of stored addresses, or 
- if a map is displayed by selecting a destination via the touch screen 
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Figure 48: Example of Heart-Beats 

4.3.8 Comparison of data flow diagrams and activity diagrams in 
requirements modeling 

The concepts behind both diagram types and the available modeling elements have a big in-
fluence on our thinking. In activity diagrams it is easy to express: “F1 is executed before F2" 
(indicated by arrow). In data flow diagrams, it is easy to express: "F1 produces D as output 
data and F2 needs D as input data" (by a labeled arrow). 

Activity Diagrams Data flow diagrams 

Emphasis on control flow (processing logic) 

- Sequences 

- Branches after decisions 

- Concurrency (Fork / Join) 

Emphasis on input/output dependencies  

(data dependencies) 

- Who produces what? 

- Who needs what? 

Inputs and outputs have less importance Control flow (processing logic) has less importance 

In case of sequential activities the completion of 

an activity triggers the activation of the next 

activity 

Availability of inputs allows the execution of a func-

tion (process) 

Strict time flow (apart from concurrent control 

flows, i.e. Fork / Join) 

No implied sequence (except for the causal depend-

ency induced by data dependencies) 

Table 3: Differences in the requirements modeling with data flow and activity diagrams 

As a summary, the emphasis in the modeling languages has shifted back and forth over the 
decades. It started with the emphasis on control flows (in flowcharts and program flow dia-
grams). Later the emphasis changed to data flows (in DFDs) and back to control flows, again 
(with UML activity diagrams). Both concepts - control flow and data flow - are useful tools to 
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12 potential states of a car
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thy". As a result of these potential conditions a total of 12 potential states for the car are 
available. 

 
Figure 49: Definition of a car (a) 

Extending the example to another attribute that specifies the mileage, one encounters a 
problem when this attribute can have infinite possible values (see Figure 50). The number of 
potential states is therefore unlimited, and this can no longer be represented graphically in 
the form of a finite state machine.  

 
Abbildung 50: Definition of a car (b) 

Methods to reduce the number of states to a manageable level are described in Section 4.4.4. 
In requirements modeling the theory of finite automata (Moore or Mealy automaton) is not 
widely used. Statecharts,  in 1987 introduced by Harel [Harel1987] or the extension of Harel 
statecharts in the OMG UML [OMG2010b , OMG2010c] and the OMG SysML [OMG2010a] are 
used instead. The Harel statecharts differ from the original finite state machine mainly re-
garding the following three points, which greatly simplify the modeling of the state-based 
view of requirements engineering: 
� More extensive ways of linking functions to states and state transitions 
� Introduction of conditions (Guards), that for example have to be met before the transi-

tion 
� Introducing the possibility of hierarchical state machines and orthogonal regions 

Especially the second point has huge implications for the modeling of the state-based view, 
as no longer the entire history in the form of conditions must be modeled. Therefore, it de-
creases the number of observed states and the complexity of the created charts. 
State machines have one property in common: the state machine is in a defined state at the 
moment of observation. This implies that the transition between two states have no tem-
poral extent (takes no time). In a real life implementation however, for example in software, 
these transitions do take time. Therefore, the phrase at the beginning of this section must be 
expressed a little more softly: an object can respond to events from the outside only if it is in 
a defined state. With respect to the implementation, this means that the incoming events for 

State-oriented modeling could be applied.
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these transitions do take time. Therefore, the phrase at the beginning of this section must be 
expressed a little more softly: an object can respond to events from the outside only if it is in 
a defined state. With respect to the implementation, this means that the incoming events for 

67

https://www.ireb.org/content/downloads/15-handbook-cpre-advanced-level-requirements-modeling/ireb_cpre_handbook_requirements-modeling_advanced-level-v1.1.pdf


Source: Handbook of Requirements Modeling IREB Standard

© 2016 Ralf Lämmel

Basic modeling elements of state diagrams
62 Dynamic views  

Notation Name 

 

Simple state 

 
Transition 

 Initial state 

 Final state 

 

Composite state 

 
Sub-machine state 

 

Orthogonal regions 

Figure 52: Modeling constructs of state machines (detail) 

4.4.4.1 Simple state 
4.4.4.1.1 Syntax and Semantics 

In UML, such a state is shown with the notation element as in the following figure. 
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A state machine for a windshield wiper system

4.4 State oriented modeling of requirements 61

the short duration of the transition must be buffered. That being the case the semantics of a 
state machine is ensured. 

4.4.3 A simple example 
The diagram in Figure 51 contains a simplified state machine for a windshield wiper system 
in vehicles. In this example, the main modeling elements for modeling a state-based view are 
presented. They are presented in more detail in the following sections along with the nota-
tion elements of UML. 

 
Figure 51: State diagram for a wiper system 

4.4.4 Modeling elements of state machine diagrams  
In this section we present the most commonly used modeling elements for modeling a state-
based view. We use the notation of UML. For more notation symbols and explanations see 
[OMG2010b , OMG2010c] and [BoRJ2005]. 
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States
A state should always have a name. In addition, you can specify in this state which 
functions are called. In UML, the following types of function calls are defined in a state. 
The italic identifiers are defined in the UML keywords with specific semantics. The 
identifier "function" re- fers to the function that is executed. 

!  Entry behavior: entry / Function: When entering a state, the function is executed. This 
cannot be interrupted. 

!  Exit behavior: exit / Function: When leaving a state, the function is executed. This can- 
not be interrupted. 

!  State function: do / Function: While the object of observation is in the state, the 
function is executed. This can be interrupted by a trigger, which leads to a state change. 

!  Triggered Function: trigger [guard] / Function: Upon arrival of the trigger and if the 
guard is true, the function is performed without leaving the state. 

!  Delay: trigger [guard] / defer: if an event in the deferred event list of the current state 
occurs, the event will be kept for future processing until a state is entered that does not 
list the event in its deferred event list.
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States cont’d
The following rules apply: 
!  A state is entered when a transition is passed that leads to this state as the end point. 
!  A state is abandoned (exit) when a transition is passed through that leads away from 

the state. 
!  A state becomes active as soon as it is entered. On leaving a state the state becomes in- 

active. 
!  Immediately after entering a state the entry behavior (here: Function 1) is executed. 

On leaving a state the last thing to happen is the execution of the exit behaviour. 
!  The state behavior of a state (Do-behavior) is the function (here: Function 3) that is 

started directly after ending the entry behaviour. 
!  A state can be abandoned (exit) through a transition only after the entry behavior 

(here: Function 1) has been fully executed. 
!  The initiation of Function 4 by a trigger under an optional guard condition does not 

lead to an external state change even if the behaviour of a function is part of the list 
of deferred behaviors of the state. 
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Notation Name 

 

Simple state 

 
Transition 

 Initial state 

 Final state 

 

Composite state 

 
Sub-machine state 

 

Orthogonal regions 

Figure 52: Modeling constructs of state machines (detail) 

4.4.4.1 Simple state 
4.4.4.1.1 Syntax and Semantics 

In UML, such a state is shown with the notation element as in the following figure. 
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A navigation scenario 
modeled with sequence versus communication diagram

5.4 Simple examples of a modeled scenario 79

interactions between the communication partners are modeled in the order of appearance 
in the vertical dimension.  In this way, scenarios of use cases can also be specified through 
diagrams in more detail (see Section 4.2). 
In the telecommunications industry, Message Sequence Charts (MSCs) of the International 
Telecommunication Union (ITU) according to the standard ITU-T Z.120 [ITU2004] are used. 
The high degree of formalization of MSCs offers far-reaching possibilities for automatic pro-
cessing such as quality inspection (e.g. to check freedom of contradictions and complete-
ness) or generative approaches for development. By using so-called h(high-level)MSCS (sim-
ilar to the interaction overview diagrams in UML 2), extensive and complex models in the 
scenario view can be appropriately structured.  The ITU-T Z.120 standard exists since 1992 
and has since been continuously improved. In particular, it has heavily influenced the se-
quence diagrams of UML [OMG2010c , OMG2010b] and the sequence diagrams of SysML 
[OMG2010a]. The usage of sequence diagrams of UML/SysML has the advantage that 
UML/SysML is much more widespread in practice than competing modeling approaches, 
such as those of the ITU. Moreover, through the metamodel of UML/SysML, scenarios mod-
eled in UML/SysML sequence diagrams can be integrated with other views of the require-
ments modeling, if diagram types of UML or SysML are also used in these views. 
Besides sequence diagrams of UML and SysML, UML provides another diagram type, com-
munication diagrams that allows modeling scenarios. Compared to sequence diagrams 
which focus primarily on the sequence of interactions between communication partners, 
communication diagrams of UML focus on the visualization of the bilateral interactions be-
tween communication partners. The sequence of interactions is then indicated by sequence 
numbers added to the interactions. 

5.4 Simple examples of a modeled scenario 
Figure 75 shows the modeling of a simple scenario in the form of a sequence diagram of UML 
(a) and a communication diagram of UML (b). 
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Figure 75: Modeling of a scenario with (a) sequence diagram and (b) communication diagram 74
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Modeling elements of scenario modeling 
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5.5 Scenario modeling using sequence diagrams 81
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Figure 76: Modeling elements for scenario modeling using sequence diagrams 

The left panel of the figure presents the basic modeling elements, i.e., those modeling ele-
ments that are essential for modeling scenarios with sequence diagrams. The right panel of 
the figure shows the modeling elements that are used to model more extensive and more 
complex interaction relationships between communication partners. 

5.5.1 Basic modeling elements 
5.5.1.1 Modeling the identifiability and referenceability of a scenario 

Sequence diagrams have an outer frame (interaction frame), which has the name of the sce-
nario that is modeled by the diagram in a register in the upper left area. 

The name of the scenario has the prefix "sd", which, as already explained above, indicates 
that the scenario is modeled by a sequence diagram. By using frames, the scenario can be 
identified and referenced by name, which in particular supports the management of differ-
ent diagrams. 

5.5.1.2 Modeling of the communication partners of a scenario 
A lifeline represents one instance of an actor within the scenario. The naming of the lifeline 
follows the pattern instance name:type name (e.g. Peter:Driver). When modeling 
scenarios, instance names are often omitted. However, instance names should be specified if 
it improves the understandability of the modeled scenario. If several instances of a certain 
communication partner are needed in one scenario, each instance should be given a differ-
ent instance name. Such a differentiation makes it clear that two different instances of an ac-
tor of a scenario are involved and that there is a direct message exchange. The activation of 
a lifeline indicates that the respective communication partner has the control in the visual-
ized period within the scenario, i.e. the communication partner determines the control flow 
of the scenario. 
A termination in the lifeline of an instance signifies the the destruction of the corresponding 
instance of the actor. Figure 77 shows an example of modeling a lifeline with activation and 
termination. 
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Medcom1:Media-Server

EmpfängerSender

EmpfängerSender

Antwortnachricht

activation

Zeitpunkt

life-line

termination
 

Figure 77: Modeling of lifelines and termination 

5.5.1.3 Relationship of actors in scenarios compared to context models and use case 
models 

The actors in the scenarios are also visible in use case diagrams and the context diagrams of 
the system, i.e. the modeled scenarios can be integrated with the use case diagrams of the 
use case view (cf. section 4.2) and the context diagrams (cf. section 2.2) via the communica-
tion partners in the scenarios. Typically, the context diagrams are created before the scenar-
io modeling, so the actors and interfaces in the context diagram can structure and guide the 
systematic creation of scenarios. Actors that occur in the scenario modeling but cannot be 
found in the corresponding use case and context diagrams indicate that the context and use 
case models are incomplete (cf. section 4.2.3). 

5.5.1.4 Modeling the message exchange within a scenario 
The message exchange between two instances of communication partners within a scenario 
is visualized by an arrow. The direction of the arrow indicates the direction of the message 
exchange. There are the following two types of message exchange. In an asynchronous 
message exchange between instances within the scenario, the transmitter sends the mes-
sage to the recipient and is not waiting for a corresponding response in the form of a mes-
sage from the recipient. Asynchronous messages are used in the scenario modeling, among 
other things, when an instance would like to inform one or more instances within the sce-
nario and does not expect a response by the recipient. In a synchronous exchange of mes-
sages between instances within a scenario, the sender of the synchronous message waits for 
a response message from the recipient. Synchronous messages are used in the scenario 
modeling, among other things, when an instance within the scenario requests information 
from another instance. An example of this would be the synchronous message "Request per-
sonal identification number (PIN)" of the instance of an ATM sent to the instance of a user. 
The ATM then waits for the user to enter the PIN, i.e. to send a response message with the 
PIN. In the scenario modeling in requirements engineering, the "message exchange" refers 
not only to data that is transmitted through a communication infrastructure between com-
munication partners. A "message exchange" within a scenario may also represent the ex-
change of tangible or intangible entities, e.g. the insertion of a credit card (material entity) 
into the ATM by the user. Figure 78 shows both an example for the modeling of asynchro-
nous and synchronous messages. 

 

Medcom1:Media-Server

EmpfängerSender

EmpfängerSender

Antwortnachricht

Aktivierung

(a)

Lebenslinie

Termination

:Customer

New title

Medcom1:Media-Server :Customer

Request user name

(b)

User name

 
Figure 78: Modeling a) asynchronous and b) synchronous messages 
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Through message exchange, the sending communication partner can request a service from 
another communication partner. The service call may again happen asynchronously or syn-
chronously. With an asynchronous invocation of a service, the service is only triggered by a 
message, i.e. the calling communication partner does not wait for an answer. With a syn-
chronous call, the transmitter waits for the corresponding response of the receiver after he 
has requested the service from another communication partner through a message. A ser-
vice call can furthermore include its signature, i.e. input parameters (arguments) and re-
turn parameters can be specified. Parameters are typically defined in the information 
structure view, which creates a relationship (integration) between these two views. The fig-
ure also shows the use of the optional modeling element to represent the activation of a 
communication partner. Figure 79 shows an example of the modeling of a service call with 
incomplete and complete parameters.  

EmpfängerSender

EmpfängerSender

Antwortnachricht

Aktivierung Termination

:Media-Client :Media-Server

CreateTitlelist(Startdate)

return Titlelist

:Media-Client :Media-Server

CreateTitlelist(…)

return

(a) (b)  
Figure 79: Modeling of a service call a) with incomplete and b) complete parameters 

5.5.1.5 Relationship of messages in scenarios to state-based, data-flow-oriented mod-
eling and information structure modeling 

The exchange of messages within a scenario provides the essential integration point to the 
diagrams of other views on the requirements of the considered system (cf. Figure 80). 

:Media-Client :Media-Server

CreateTitlelist(Startdate)

Return Titlelist

State „Wait for title 
Request “

State „Title Request  
received “ 

AState „Title list sent “ 

:Media-Client :Media-Server

CreateTitlelist(Startdate)

Return Titlelist

Function
„create Titlelist “

(b) Functions of :Media-Server(a) States of :Media-Server (c) Information structures

Titlelist

Title request

is result of

*
1

1..n
*

Startdate:

Title
ID:
Name:

 
Figure 80: Messages in scenarios as an integration point with other requirement views 

5.5.1.5.1 Relationship of messages to states in the state-oriented view 

As shown in Figure 80 (a), both receiving and sending a message corresponds with a state 
change of the actor. In Figure 80 (a), for example, receiving the message "NewTitle(start 
date)" corresponds with the state change of the communication partner ":MediaServer” from 
the state "Waiting for title request" to the state "Received title request". Sending the message 
"return TitleList" also results in a state change of ":MediaSever" (into the state "Title list 
sent"). At the same time, receiving this message results in a state change of ":MediaClient". 
The states of the various communication partners of a scenario and the state transitions can 
be modeled through diagrams of the state-oriented view, for example through a state dia-
gram of UML (see also section 4.4). 
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Name
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Message exchange

Explanation

Frame of the communication 
diagram

Lifeline of an actor 
in the scenario

Direction of communication

Sequence number: messageMessage signature

Models a generic message 
exchange between actors

Models the direction of 
a message exchange

Each message in a scenario 
is provided with a sequence 
number corresponding to the 
order of occurrance a message

 
Figure 88: Model elements of communication diagrams for modeling scenarios 

Each message that is exchanged between instances within the scenario is annotated with a 
message signature at the corresponding connecting line. The message signature consists of 
the actual message and the sequence number of the message exchange in the scenario. The 
direction of communication of a message is indicated by an arrow. 

5.7 Examples of typical diagrams in the scenario view 
With the help of various types of combined fragments, complex interactions between actors 
and between actors and the system under consideration can be modeled. Table 4 summariz-
es typical usages of combined fragments in the scenario modeling as well as the considera-
tion of scenarios within use cases. 

Scenario level Scenarios on the use case level Fragment 

Modeling of alternative sequences of messages 
between communication partners 

Modeling of alternative extend relationships be-
tween use cases at an extension point  Alt 

Modeling optional messages between communi-
cation partners 

Modeling of individual extend relationships be-
tween use cases that do not consider exception 
handling 

Opt 

Abstraction of a combined sequence of messag-
es, e.g. for controlling complexity and improve 
readability 

Modeling include relationships between use cases Ref 

Modeling repetitions of messages between 
communication partners within scenarios de-
pending on conditions 

— Loop 

Modeling of exception handling in scenarios Exception handling by extend relationships be-
tween use cases Break 

Table 4: Typical usages of combined fragments in modeling scenarios 

This section illustrates the usage of the above types of combined fragments in the context of 
scenario modeling based on typical excerpts of the scenario view of a dispatcher’s workplace 
in Transport Management. 
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5.7.2 Modeling scenarios through communication diagrams 
Figure 91 shows an excerpt of the scenario view for a dispatcher’s workplace in the form of 
communication diagram of UML, which models the scenario “Provide replacement vehicle” 
(see also Figure 89). As it is obvious from the figure, communication diagrams are hardly 
suitable to model complex interaction-based behavior of scenarios since this diagram type 
does not have model elements that allow modeling “optional” or “alternative” interaction 
sequences of scenarios. Moreover, communication diagrams do not have model elements 
that allow abstracting parts of an interaction sequence by modeling these interactions in a 
different diagram to which the parent diagram can reference. Nevertheless, communication 
diagrams are advantageous, if the focus lies on the bilateral exchange of messages between 
instances of a scenario. 

:Dispatcher 
workstation

:On-Board-
System 1

:Order 
acceptance

:Fleet 
management

:Dispatcher

:On-Board-
System 2

Provide replacement vehicle

Fahrzeugwahl

Info Annahme

Fahrzeugbuchung

Disponierungsdaten

[Fahrzeug nicht verfügbar]Break
Stornierung

Auftragsstorno
Annahme

Loop(0,3) [Storno erfolgreich]

1:Request vehicle

2:Available vehicles

3:Transportation documents

4:Acceptance

7:Vehicle booking

5:Vehicle selection
6:Info acceptance

8:Confirmation booking

9:Dispatch data

:Customer

 
Figure 91: Example of a scenario modeled through a communication diagram 

If the requirements engineer would like to model a scenario with such a focus, the use of this 
type of diagram is beneficial. If necessary, sequence diagrams may be used in addition to a 
communication diagram for modeling scenarios.  This might be, for example, if it is most im-
portant to model the property of the bilateral interfaces (human-machine and machine-
machine) between the system to be developed and the instances of actors. 

5.8 Further Reading 
Types of scenarios and their documentation 

x Rolland, C.; Achour, C.; Cauvet, C.; Ralyté, J.; Sutcliffe, A.; Maiden, N.; Jarke, M.; Haumer, P.; 
Pohl, K.; Dubois, E.; Heymans, P.: A Proposal for a Scenario Classification Framework. In: 
Requirements Engineering, 3 (1998) 1, S.23-47 

x Jacobson, I.; Christerson, M.; Jonsson, P.; Oevergaard, G.: Object Oriented Software Engi-
neering – A Use-Case Driven Approach. Addison-Wesley, Reading, 1992. 

Scenario modeling in requirements engineering 

x Pohl, K.: Requirements Engineering – Fundaments, Principles, Techniques. Springer, 2010. 
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Figure 76: Modeling elements for scenario modeling using sequence diagrams 

The left panel of the figure presents the basic modeling elements, i.e., those modeling ele-
ments that are essential for modeling scenarios with sequence diagrams. The right panel of 
the figure shows the modeling elements that are used to model more extensive and more 
complex interaction relationships between communication partners. 

5.5.1 Basic modeling elements 
5.5.1.1 Modeling the identifiability and referenceability of a scenario 

Sequence diagrams have an outer frame (interaction frame), which has the name of the sce-
nario that is modeled by the diagram in a register in the upper left area. 

The name of the scenario has the prefix "sd", which, as already explained above, indicates 
that the scenario is modeled by a sequence diagram. By using frames, the scenario can be 
identified and referenced by name, which in particular supports the management of differ-
ent diagrams. 

5.5.1.2 Modeling of the communication partners of a scenario 
A lifeline represents one instance of an actor within the scenario. The naming of the lifeline 
follows the pattern instance name:type name (e.g. Peter:Driver). When modeling 
scenarios, instance names are often omitted. However, instance names should be specified if 
it improves the understandability of the modeled scenario. If several instances of a certain 
communication partner are needed in one scenario, each instance should be given a differ-
ent instance name. Such a differentiation makes it clear that two different instances of an ac-
tor of a scenario are involved and that there is a direct message exchange. The activation of 
a lifeline indicates that the respective communication partner has the control in the visual-
ized period within the scenario, i.e. the communication partner determines the control flow 
of the scenario. 
A termination in the lifeline of an instance signifies the the destruction of the corresponding 
instance of the actor. Figure 77 shows an example of modeling a lifeline with activation and 
termination. 
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5.7.1 Modeling scenarios through sequence diagrams 
Figure 89 and Figure 90 show an excerpt of the scenario view for a dispatcher’s workplace in 
the form of two sequence diagrams of UML/SysML.  The sequence diagrams shown in Figure 
89 illustrates the scenario "Provide replacement vehicle", which models the interaction be-
tween the instances :On-Board System 2, :On-Board System 1, :Dispatcher 
Workstation, :Dispatcher, :Fleet Management and :Order Taking. These inter-
actions have to take place so that a replacement vehicle can be provided. The Dispatcher 
Workstation represents the software system to be developed, the other communication 
partner in the scenario are instances of actors in the system context.  
The scenario shown uses both basic modeling elements for scenario modeling with sequence 
diagrams of UML/SysML and advanced modeling elements, two repetition fragments (key-
word "loop") and a termination fragment (keyword "break"). The first repeating fragment 
models that the Dispatcher Workstation attempts to send the transport documents for a 
maximum of three times. After the Dispatcher Workstation sends the transport documents, 
it waits for the acceptance by the On-Board System of the replacement vehicle (i.e. a syn-
chronous message). This interaction is executed as long as the condition "acceptance failed" 
is true. If the condition is false when entering the combined fragment, the corresponding in-
teraction in the combined fragment is no longer executed. After that, the Dispatcher Work-
station sends the asynchronous message “vehicle selection” to the Dispatcher. 

sd Provide replacement vehicle

Request for vehicle

Available vehicles

Vehicle selection

Transportation documents
Acceptance

Info acceptance

Vehicle booking

Dispatch data

Loop(0,3) [Acceptance not successful]

[Vehicle not available]Break
Cancellation

Order cancellation
Acceptance

Loop(0,3) [Cancellation not successful]

:Customer:Dispatcher 
workstation

:On-Board-
System 1

:Order 
acceptance

:Fleet 
management:Dispatcher:On-Board-

System 2

<<SuD>>

 
Figure 89: Example of a scenario modeled through a sequence diagram 

The termination fragment models that if the condition “vehicle not available” is true, an 
asynchronous message is sent from the Dispatcher Workstation to the Dispatcher. It also 
models the interaction to cancel the order between the Dispatcher Workstation and the On-
Board System, which is repeated a maximum of three times. If the condition “Cancelation not 
successful” is true when entering this fragment (i.e. the cancelation was unsuccessful), the 
interaction within the repetition fragment is no longer executed. If the termination fragment 
was entered, the scenario terminates after the execution of the interaction within the termi-
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nation fragment, i.e. the asynchronous message "Dispatch data" is not sent anymore from 
the Dispatcher Workstation to the Order Acceptance.  

Figure 90 illustrates the sequence diagram that models the scenario "Substitute delivery in 
case of transport damage". It shows the interaction between the instances :On-Board 
System 2, :On-Board System 1, :Dispatcher Workstation, :Dispatcher, 
:Fleet Management, :Order Taking and Customer, which have to take place so that 
a substitute delivery can be notified in case of a transport damage. Various advanced model 
elements of the scenario modeling with sequence diagrams were used to model the scenario 
"Substitute delivery in case of transport damage". For example, the alternative fragment at 
the beginning models that if the electronic message of a transport damage occurs, the 
transport damage message is sent from the On-Board System of the vehicle to the Dispatcher 
Workstation which then sends a message containing the damage information to the Dis-
patcher. Alternatively, the message of a transport damage can reach the Dispatcher in other 
ways. In this case, the message about a damage that occurred is sent directly to the Dis-
patcher through another way (→ Found Message). The Dispatcher then has to enter the nec-
essary damage information for further processing at the Dispatcher Workstation.  

sd Replacement order for transport damage

Transport damage message

Damage info

Request cargo data

Request travel history

Request replacement order

Order data

ref
Provide replacement vehicle

opt [Premium customer]Replacement transport data

Damage info

Transport damage message
[Electronic message]

[Manual message]

Confirmation replacement transport data

alt

:Dispatcher 
workstation

:On-Board-
System 1

:Order 
acceptance :Customer:Fleet 

management:Dispatcher:On-Board-
System 2

<<SuD>>

 
Figure 90: Example of a scenario modeled through a sequence diagram 

The reference fragment in the lower part of the sequence diagram documents that at this 
position in the sequence of the scenario the interaction of the scenario “Provide replacement 
vehicle” (Figure 89) is included. The optional fragment at the end of the sequence diagram 
describes that within the scenario the Dispatcher Workstation sends a message with the re-
placement transport data to the Customer and waits for a confirmation. However, this only 
occurs if the condition "Premium Customer" is true, i.e. if the transport customer is a premi-
um customer. If this is not the case, the scenario terminates at the end of the interactions of 
the included scenario “Provide replacement vehicle”. 
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Conceptual network of the core terminology in requirements modeling 

1.4 Requirements models 3

to construct the corresponding diagrams (e.g. class and association for the construction of 
class diagrams). In a modeling language, graphical and / or textual notations are defined for 
the modeling constructs. 
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Figure 2: Conceptual network of the core terminology in requirements modeling 

A diagram consists of a set of model elements, each representing a specific graphical model-
ing construct of the modeling language of the associated diagram type (e.g. class: "person", 
association: "is employed by", class: "company"). Diagrams and graphical model elements 
can be supplemented by textual model elements (e.g. textual description of the trigger of a 
use case), that express specific textual modeling constructs (e.g. a section of a use case tem-
plate). The graphical and textual model elements form the atomic constituents of models. A 
requirements model is a specific type of model (more precisely: type of system model) 
through which the requirements of a system are specified with the aid of diagrams and tex-
tual supplements. 

1.4 Requirements models 
The individual specifications of a requirements model are represented by model elements 
that are specified within requirements diagrams and textual additions to these diagrams. 
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