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8 Introduction and Motivation

1.	 Introduction and Motivation
We SOPHISTs have been working as consultants and trainers in requirements 
engineering (RE) for more than 20 years. We support customers from many different 
industries, from pure software development for insurances and banks to the 
execution of hardware-oriented systems engineering projects in the automotive 
sector and the planning of building complexes. The focus of our work is the elicitation 
of requirements, derivation of good system requirements as well as the management 
of requirements. Furthermore we support in imparting requirements. Depending on 
the project conditions we e.g., use approaches that are based on the documentation 
of requirements or storytelling. We also work with other topics, which are closely 
related to requirements engineering: requirements engineering within a systems 
engineering approach, creating a foundation for requirements by defining business 
processes and considering special aspects that come along with requirements that 
apply to a particular version of the product. Additionally, we pick up on current topics 
(e.g., Smart Ecosystems, Digital Transformation) and trends (e.g., Videos in RE, 
Crowd-RE...) in our daily work. Furthermore, we focus on the establishment of 
requirements engineering as well as agile approaches. 

Our life is strongly influenced by IT-systems – sometimes it even depends on them. 
They make our existence considerably more pleasant, they structure and co-create 
it. They provide information, support decision making and work processes, as well 
as automate processes. They also open up opportunities that we have not even 
dreamed of a few years ago. We live in smart homes, our cars consist of intelligent 
components, our home appliances are able to communicate with us and our smart 
phone provides us access to the rest of the world; anytime and anywhere. Industries 
manufacture their products in a “smart” way, agriculture, energy supply and the 
health care system, etc. perform better, because systems monitor and optimize the 
creation of value. To ensure, all of this will stay a dream for humanity and not turn 
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into a nightmare, it is crucial to make sure these systems do what they are supposed 
to do, i.e. what we expect them to. This is where requirements engineering comes 
into play. The complexity of the tasks systems execute is increasing and needs to be 
invented or identified, analyzed and imparted. The knowledge (the requirements) 
often needs to be documented and managed. Before that, the business processes 
that are supported by the system need to be understood and drafted up. The trick 
is to consider the manifold constraints. Requirements engineering in this context 
means to find the right approach for the right purpose. 

In order to make dull theory a bit more exciting and to make it easier to comprehend 
the topics addressed in this brochure, we added some examples. They are based on 
the development of a smart home system (SHS).

Additionally, there are videos and animated graphics covering some selected topics 
on our homepage. The respective link is embedded in the following icon:

Many thanks to all SOPHISTs, who have contributed to this brochure – the entire 
“requirements engineering and management” book team, the technical and linguistic 
reviewers and the discussion partners who have contributed to the contents and the 
quality of this brochure.

w       ww.sophist.de/...
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2.	 What is Requirements Engineering?
The term requirements engineering can be loosely interpreted as follows: dealing 
with requirements concurrent to engineering principles. Working with requirements 
should therefore be repeatable, comprehensible and justified. As requirements 
engineering is usually part of development projects with constraints like time and 
money, something else matters: It should be executed appropriately. Our goal is to 
ensure that requirements engineering creates requirements exactly in the quality 
needed for further development. 

These thoughts reflect in the following definition:

Unsurprisingly, the term requirement is of pivotal importance in this definition. 
We SOPHISTs have found a definition of the term requirement that suits us well in 
practice, and has proven to be very comprehensible, comprehensive and sufficiently 
specific:

Obviously we interpret the term requirement broader than usual. On the one hand, 
it is more than the system to be developed demands (the requirement’s subject of 
observation). On the other hand, we want to avoid stipulating a 
form of representation for requirements. For us, a requirement 
can be documented or imparted in various ways during a 
project. Here are some examples:

	■ classically, textually, possibly using templates,
	■ as a User Story or Epic,
	■ as a story using storytelling,
	■ model-based.

Definition of the discipline requirements engineering according to IREB 
[CPRE20]:

The systematic and disciplined approach to the specification and management of 
requirements with the goal of:

	■ understanding the stakeholders‘ desires and needs and
	■ minimizing the risk of delivering a system that does not meet these desires 
and needs.

Definition of the term requirement according to SOPHIST:

A requirement is a statement regarding a characteristic or performance of a 
product, a process or the people involved in the process.
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Furthermore, this definition of requirements engineering makes the so-called stake-
holder the focus of interest. Usually, the stakeholder is being defined as a role with 
direct or indirect influence to the requirements. A direct influence in this context 
means, that a stakeholder provides requirements. (see paragraph 2.3 – “Sources for 
Requirements”).

The close cooperation between a requirements engineer (also referred to as 
requirements or systems analyst) and the stakeholders demands certain qualities 
of the requirements engineer. These qualities exceed the methodical and subject-
specific abilities required in the application area of the system to be specified. Usually 
requirements engineering is concerned with communication between persons who 
have different goals, educational backgrounds and characteristics. These abilities 
have proven to be very important.

Figure 2.1 illustrates the abilities a requirements engineer needs according to IREB 
[CPRE20]. There can be found a distinction between basic competencies (left) and 
competencies that are highly relevant, especially for determining requirements 
(right).

Figure 2.1: Personal traits of a requirements engineer

In the following paragraphs, we will present some basic knowledge that is essential 
for the work with requirements.

context awareness

self-awareness

motivating manner

leadership personality

flexibility

reflection

neutrality

intercultural competencies

ethical conscienceself-confidence

communication skills

presentation skills

persuasiveness

empathy

conflict solving abilities

analytical thinking

Personal traits of a requirements engineer alongside subject-specific and 
methodical competencies

Additional characteristics for determining requirements
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2.1  Classification of Requirements
Generally, there is a variety of options on how to classify requirements. Classifications 
should always have a certain objective. In this chapter, we will present the types 
of classifications that help us in our work with requirements and therefore seem 
valuable. Every requirement can be categorized according to the classifications 
described in this chapter. The classification allows defining tasks regarding the 
requirements engineering approach. For instance, sometimes the elicitation can be 
different for functional requirements and non-functional requirements; sometimes 
there might be a demand for finding the fitting upper requirement for pre-existing 
more detailed requirements.

Traditional classification according to types

The following illustration gives an overview of the different types of requirements 
that are most commonly mentioned in literature.

Figure 2.2: Types of requirements

The two most frequently needed types are:

	■ Functional Requirements: which functions does the system provide to a user or 
neighboring system under certain conditions?

	■ Quality-of-service requirements: they specify the desired quality of the system, 
mostly related to functions (e.g., the performance of a function or the availability 
of the entire system).

Classification according to legal obligation

The legal obligation describes the importance a stakeholder ascribes to the individual 
requirement. The following types can be distinguished:

To obtain a complete set of requirements, all levels of detail for requirements should 

= functional requirements
= non-functional requirements

User interface requirements

Technological constraints

Legal / contractual 
requirements

Requirements for activities

Requirements for 
other deliverables

Quality requirements

Functional 
requirements
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be specified in a way that provides enough information for everyone involved. 
However, this does not necessarily mean that every requirement needs to be broken 
down to the smallest level of detail.

Figure 2.3: Proven keywords for legal obligation

Classification according to responsibility

An important distinction for requirements is the person responsible for them. As we will see 
later on, one of the purposes of Requirements Engineering is to take all the input for a 

development project, the source requirements, and derive reliable system requirements. 
This creates a relationship between these two types of requirements.

Figure 2.4: Inputs and outputs of a requirements engineer

Classification according to subject matter

The probably most important distinction for the classification of requirements is 
made based on the subject matter. Does the requirement refer to the considered 
system in the project, to one of its components or to a business process supported 
by the system? Is the requirement located outside of the considered system, in its 
context? Especially in the area of systems engineering, where several levels of the 
system exist, the requirements shall be allocated distinctly to a subject matter (see 
paragraph 9 – “Systems engineering”).

The characteristics of a requirement really matter. That’s why we wrote more about 
deriving good requirements in the chapter about analyzing requirements (see para-
graph 4.1 – “Activities for analyzing requirements”).

Legal obligation
English
keyword

Obligation
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Intention
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Should

Will

Original requirements
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Requirements 
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System requirements
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Classification according to the level of detail

At first, this last type of classification seems relevant only in theory. In practice it 
can often be found in document landscapes. Requirements can specify other 
requirements i.e. they indicate a (technical) solution for a requirement. For example 
it can be required, that a smart-home-system shall unlock the front door as soon as 
a known person approaches. More details about which characteristics of the person 
the system shall check would documented in more refined requirements.

This provides a clear classification of the requirements and therefore assures 
comprehensively a certain level of completeness of said requirements.

2.2  Quality of Requirements
As mentioned earlier, Requirements Engineering should be executed appropriately. 
This can be defined by the quality of the requirements that should be achieved for 
the development.

There are various different approaches for the quality of requirements. All of them 
have in common, that they define quality by a series of quality criteria. In the following, 
we have listed the criteria SOPHIST use to measure and assess requirements. In doing 
so, we differentiate criteria referring to a single requirement from criteria that apply 
for a whole set of requirements.

Requirements for classic approaches  

For development projects executed in a classical approach the requirements need 
to have a high quality. The reason is that these approaches do not include an 
integral process step that aims to improve the requirements once they have been 
initially created. Instead they rely on the optimistic assumption that requirements 
engineering is finished for a set of requirements, as soon as it has been initially 
created. 

Figure 2.5: Quality criteria for requirements in classic procedures 

Requirements for agile approaches

To determine the criteria for a single requirement in an agile development project 
(normally these will be User Stories) we apply the INVEST principle [Wake03].

For a requirment:

Necessary

Complete

Understandable

Unambiguous Consolidated

For a requirements specification:

Complete Consistent

Clearly structured Adequate



What is Requirements Engineering 

 

15 

Figure 2.6: The INVEST-principle for a User Story

The criteria for a set of requirements, meaning a backlog, are barely any different 
from those that are supposed to apply for a requirements specification in the classical 
context.

2.3  Sources of Requirements
Essentially, there are three different sources of requirements:

	■ Stakeholders: Persons, organizations and institutions that influence the system 
a directly or indirectly.

	■ Documents: Laws, norms, manuals or other documentation can be used to 
gather requirements.

	■ Systems: It is often helpful to analyze a 
preceding system or a competitive product. 

Most interesting is the group of stakeholders. 
They often come from different backgrounds and 
therefore have variable goals for the considered 
system with their requirements. In the following, 
there is an incomplete list of areas that can provide 
requirements or even be the trigger for a develop-
ment project. 

Commissioning organization

In a relationship between a commissioning and a contracting organization, the 
commissioning company is presumably the most prominent cause for a development 
project. It provides the contracting organization with money for the development 
(and maybe also for following tasks such as production). By doing that, it significantly 
determines the requirements for the future product.

Management of innovation/ portfolio /product

On the other hand, the areas stated above often are internal causes for develop-
ment projects. They are responsible for the advancement of pre-existing products 
to remain competitive in the market. In a project executed for a customer they may, 
however, also demand additional requirements.

INVESTIndependent Testable

Negotiable Small

Valuable Estimable
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Problem/ change management

Problem management provides change requests to a system that most commonly 
have been identified in later phases of the life cycle (during production, transport, 
installation, operation). These can lead to additional or changed requirements. They 
might also demand a new development project. Changes of requirements during an 
ongoing development project are supported by change management.

2.4  Main Activities of Requirements Engineering
The activities a Requirements Engineer has to carry out can be roughly allocated into 
four main activities. These main activities will be discussed in detail later on. In this 
brochure we can only depict the most important tasks and aspects of the individual 
main activities. For a more detailed presentation, please refer to [Rupp20].

Figure 2.7: The four main activities of requirements engineering

Even though we present the main activities in the order mentioned above, the 
individual activities will always be repeated over the course of the system develop-
ment. This could either be caused by an incremental view on the tasks or by the fact 
that during the performance of an activity the necessity for another activity grows.

Eliciting knowledge

The first main activity “eliciting knowledge” lays the foundation for further 
requirements engineering. If they don’t already exist, the course of the system 
development is set by defining visions and goals. Not all sources of requirements, in 
particular the stakeholders, are always known, so they must be identified as a basis 
for further activities. 

Once the sources of requirements are known, the elicitation of requirements for the 
system to be developed can begin. Selecting the appropriate elicitation techniques 
for each specific development is an important success factor.

Requirements-Engineering

Eliciting
knowledge

Deriving good
requirements

Imparting 
requirements

Managing
requirements
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Deriving good requirements

In order to derive good requirements, first the previously identified demands shall be 
analyzed in order to get the most comprehensive idea of the requirements for the 
system to be developed. Depending on the process model, this idea must now be 
tested. Representatives of different roles in the development can review the 
requirements:

	■ From the point of view of the people 
issuing the requirements, the 
requirements are checked with regard to 
the fulfillment of the expectations of the 
system.

	■ For test the requirements are checked to 
see whether corresponding test cases can 
be derived.

	■ The development (especially the 
architecture) will check the feasibility of 
the requirements.

Depending on the application domain, further 
checks may be necessary. In the automotive 
industry, for example, it may be necessary 
to check compliance with functional safety 
requirements ([ISO26262]).

Imparting requirements

So far the main activities are covered and a good overview of the needed requirements 
is created. Still, the requirements shall support somebody’s work, so they need to be 
communicated to the people involved. Here we assume that one either wants to 
document the requirements or share their knowledge about the requirements in 
another way (storytelling, videos).

If a collection of documented requirements shall be created, there are two 
alternatives:

	■ The system requirements can be documented by using natural language.
	■ The requirements can be documented model-based.

In our consulting activities a mixed approach between both alternatives always had 
the highest benefit and the best acceptance.

Managing requirements

As soon as considering the documentation of requirements, a new challenge is 
waiting; the management of these documented requirements. Some decisions have 
to be made:
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	■ What kind of information do the requirement collections consist of and how are 
they structured?

	■ Who is allowed to perform, which actions in the requirements (assign rights and 
roles)?

	■ Which additional information is needed in order to manage the requirements? 
For example: current state of the requirement, information about variants of 
the product.

	■ How shall the traceability be ensured?
	■ Which versioning concept shall be the foundation for the requirements?
	■ Which information needs to be provided in the system development and which 

form shall it have?

We assign these and many other decisions and activities to the management of 
requirements in order to provide the required information in a comprehensible way 
at any time. 
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3.	 Eliciting Knowledge
Not only is the elicitation of knowledge the first, but one of the most important 
activities of requirements engineering. It includes the requirements themselves, but 
also other information such as sources, boundaries and business processes. It takes 
place in every possible scenario, every process model and for every refinement level 
of requirements and it is a little different each time. If the right stakeholders aren’t 
identified, the context is set incorrectly or, based on the business processes the right 
knowledge isn’t elicited of, requirements engineering is very likely to fail. This doesn’t 
mean that all of these activities have to be completed at the beginning - elicitation is 
rather a process that endures the whole requirements engineering process. 

A lot has changed in the field of requirements 
engineering in the past years. Digitalization 
and concepts like smart cities or smart rural 
areas have a significant impact on our social 
context and our human interaction. As a 
result, IT is making its way into many areas 
that were barely affected by it previously. Of 
course, most people already have a washing 
machine in their house that contains soft-
ware, but the wishes of the users were 
often only guessed. Digitalization noticeably 

intervenes in areas such as our healthcare system, the delivery of goods, the trans-
portation system and communication. That’s why it is important to understand 
the needs of all the different stakeholders. In our consulting, we always adapt RE 
methods to the context in which they are applied and to its stakeholders. When 
digitalization moves into all areas of life, the systems suddenly affect people who 
hardly had contact to IT and who aren’t familiar with their role as stakeholders.

3.1  Goals, Sources and System Context
But first things first: Every project is initiated for a reason or purpose. It needs sources 
of requirements, and should have a defined framework to distinguish the necessary 
from the unnecessary.

Goals and goal finding

Setting the goals for the system and a project impacts the success of the develop-
ment lastingly. Every system development should start with a definition of goals 
with an extent of about half a page. In practice we made good experiences by using 
a goal table or a product/project canvas. If goals are not documented, or defined 
unclearly, there is no foundation for the subsequent steps or activities. As a result, 
the requirements engineer has no specification of the goals the requirements must 
meet. Consequently the actual goals may be missed. The process of finding goals 
strongly depends on constraints. For inventing a new product, visionary thinking and 
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an open mind to all possible solutions are most important. If an old system shall be 
replaced, the focus should primarily be on possible improvements and their impact 
on existing functions.

Sources of requirements

Finding the relevant sources of requirements is crucial. Typical sources are documents, 
systems and stakeholders of course. A requirements engineer, needs to keep his eyes 
open for all imaginable sources of information for requirements. If required sources 
are not available, working with personas [Goodwin09] as fictitious representatives of 
real people, might be helpful.

System scope and context

The final activity before the actual elicitation of requirements can start is to define 
what actually belongs to the considered system (scope) and in contrast, what is out-
side of the system’s boundaries (context) and thus can interact with the system. An 
inaccurate scope or context will lead to incomplete or incorrect and sometimes even 
to unnecessary requirements.

3.2  Elicitation of Requirements
The goal of the elicitation is to determine requirements that help developing a system 
that bring as much benefit as possible to the stakeholders. Thereby the requirements 
need to be adapted to the constraints of the project and be elicited with as little 
expense as possible. That’s why for the elicitation there shall be an efficient balance 
between the risk reduction and cost explosion. In addition professional elicitation 
methods fitting to the respected sources are needed. The gathered knowledge is the 
foundation on which good requirements are derived, documented, imparted, and 
managed.

Precondition for a good elicitation

It can’t be expected that stakeholders present the perfect requirements on a silver 
platter. Elicitation of requirements is hard work. These are the most important factors 
for a successful elicitation of requirements:

	■ Basic communication skills
	■ knowledge of representational systems of language
	■ knowing the strengths and weaknesses of each elicitation techniques
	■ analysis of the relevant constraints for the use of elicitation techniques
	■ selecting and combining appropriate elicitation techniques
	■ creating the right atmosphere for the use of elicitation techniques (especially 

for creativity techniques)



Eliciting Knowledge

 

21 

Criteria for the selection of elicitation techniques

Each elicitation technique has its strengths and weaknesses. They are only suitable 
for the use under certain conditions. Knowing these conditions and using them to 
select a suitable elicitation technique is decisive for the success of the elicitation of 
requirements.

	■ How great is the knowledge of the stakeholder regarding the subject of 
observation?

	■ How high is the motivation of the stakeholders to participate within the 
elicitation?

	■ Is the stakeholder an active person? Does he like to talk or are is he rather 
haptically minded?

	■ How is the local distribution of the stakeholders?
	■ What time are the stakeholders available?
	■ Are there any special group dynamics between the stakeholders to be 

considered?

The small selection of criteria above demonstrates that choosing the appropriate 
elicitation techniques depends on the experience of the requirements engineer.

Four groups of classical elicitation techniques

In order to elicit knowledge a variety of techniques has been developed, which can 
be roughly divided into four groups.

	■ Survey techniques

(Questionnaire and interview) are the classics among the investigation techniques 
and are based on asking stakeholders about their wishes and needs in a targeted 
manner in order to derive requirements from their answers.

	■ Observation techniques

(Field Observation, apprenticing, contextual inquiry) are used if stakeholders cannot 
express their knowledge in language or many implicit wishes are expected.

	■ Document-centered techniques

(System archaeology and reuse) have their strengths when there is no knowledge 
carrier available anymore. In this case the domain logic can only be determined from 
the system itself and its documentation.

	■ Creative techniques

(Brainstorming or brainstorming paradox) are used when innovative ideas are 
required.

*
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New approaches/frameworks - co-creation-			 
models, CrowdRE and living labs

In addition to the elicitation techniques just explained, there is a whole set of 
frameworks that combine several investigation techniques. 

As a representative, we would like to single out CrowdRE. The attempt is to motivate 
an anonymous group of people (crowd) to cooperate by providing an access with the 
lowest possible threshold. There are many approaches on how the crowd can be won 
and how they contribute. In most cases, electronic means are the standard. 

The goal of CrowdRE is also to find so-called unicorns (highly motivated stakeholders 
with a lot of knowledge) in the crowd of respondents. We will try to encourage them 
to a further cooperation.

3.3  Identifying Linguistic Effects – 
The SOPHIST Set of REgulations

In the work with requirements, undesirable linguistic effects can occur especially 
during the elicitation phase; in direct communication as well as in writing or reading 
requirements. The SOPHIST Set of REgulations helps to reduce undesirable effects 
and to create the basis for high-quality requirements. Still we have not yet explained 
what linguistic effects are and how they arise.

Linguistic effects

Every person perceives their environment differently. The totality of their perceptions 
forms the person’s knowledge, which is further influenced by previous knowledge, 
social shaping and accumulated experience. 

As soon as people communicate their knowledge, transformation processes take 
place. These processes depend on how the communicating parties assess their 
situation and interlocutors. Which previous knowledge do they expected from the 
other person, and how certain of an issue they are themselves? These transformation 
processes can result in a loss or falsification of information.

However, transformational effects can be detected and resolved – but only if the 
requirements engineer knows the possible types of transformational effects and 
their consequences. This is where the SOPHIST framework of REgulations comes 
into play. Essentially it is based on the meta-model of language and neurolinguistic 
programming (NLP) [Bandler75] [Bandler94]. Bandler and Grinder distinguish 
between three "types of transformation": deletion, generalization and distortion.



Eliciting Knowledge

 

23 

Figure 3.1: Classification of linguistic effects

The SOPHIST Set of REgulations

Fortunately, people proceed in a rule-guided manner when formulating knowledge 
in natural language. There are tells in written and spoken natural language state-
ments, that help recognizing transformation processes. The SOPHIST Set of 
REgulations is based on these unconsciously applied rules and enables to find 
ambiguous and contradictory statements in requirement specifications in a defined 
and systematic way during system analysis.

We have only provided one of a total of 17 rules to give an idea of these rules. It’s 
not necessary to memorize all 17 rules at the beginning. One can pick out the two or 
three rules that are most important to him, and listen for the corresponding signal 
words. Then, if necessary, ask the right questions, to get the deleted information for 
example.

More information about the usage of the REgulations can be found in the following 
video:

DELETION is an indicator for 
imcomplete information.

DISTORTION is an indicator for 
statements that distort or change 
reality.

GENERALIZATION is an indicator for 
possibly incorrect generalizations.

D
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Adding process details

It need to be checked if the relevant process details are already 
sufficiently named in the requirement. Question the verb (or a 
property word derived from a verb) that expresses the process using 
the typical question words: When? Whom? Where? How often? etc. 

Decide whether the missing information is essential for the implementation. If it is, 
fill in the missing process details.

W??????
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Original requirement: „If the identity check is not correct, the smart home 
system must display this.“

Still unclear: What is being displayed? To who is being displayed? When will 
be displayed? How ling will be displayed? Etc.

Improved requirement: After the smart home system verifies the identity 
entered by the user, and if the identity verification is not correct, the smart 
home system shall display the error message „Access has been denied“ to 
the user for three seconds.

Ex
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Process details are statements/information that concerns a verb/adjective/
adverb. They can be analyzed by questioning them, but don‘t necessarily need 
to be redrafted. Not all process details always need to be included in every 
requirement. Some process details are already set by a precondition of the 
use case or are known with a previous requirement and then don‘t need to be 
redrafted.Ti
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Verbs: save, display, delete, calculate, assemble ...

Adjective derived from a verb: saved file, shared document, configured 
schedule ...

Adverb derived from a verb: transmit compressively, print system-controlled
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In order to describe a process umanbiguously in a requirement, it is necessary 
that all information that is required for a complete explanation is available. 
This concerns verbs, or adjectives and adverbs derived from a verb. If there are 
inanswered questions about the process the missing piece of information must 
be found and added to the requirement.

Specific questions need to be asked such as „By whom or what is the process 
executed?“, „How often is the process executed?“, „How do you, as a user, 
execute the process technically?“, „When, or under which constraints, is the 
process executed?“.

Completing the specified process details can lead to time-consuming 
reformulations of the requirement. Often, however, additional requirements 
are revealed from the answers of those questions, or the requirements 
engineer realizes, that the original requirement must refined and thus replaced 
by several more detailed requirements.

Think also of aspects that are described by properties. They occur either as 
adjectives or adverbs. In this case, ask questions that determine specific 
information about the property.
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4.	 Deriving Good Requirements
Once the requirements of the stakeholders (in the following referred to as original 
requirements) have been gathered, requirements that are good enough to serve as a 
basis for development and testing must be derived.

In our experience, a common problem with original requirements is that they 
demand more than what the development object, the system, is capable of. 
Therefore, during analyzing the original requirements special attention shall be paid 
to the content that is derived for the system. In the following, we refer to these 
derived requirements as system requirements.

After the system requirements have been 
identified, there may be differences to the 
original requirements. The reason is that the 
requirements engineer 

	■ interpreted the original requirements, 
	■ made further stipulations,
	■ adjusted the requirements,
	■ added missing requirements.

These (and many other) reasons lead to the 
necessity of having the generated system requirements being reviewed by the stake-
holders and of resolving possible discrepancies.

4.1  Activities for Analyzing Requirements
Using the activities presented here, one will generate many system requirements 
that may have been missing. We assume that each requirement refines another 
requirement. An exception to this is the most abstract level of requirements. These 
requirements stand next to each other and form the basis for the refined requirements. 
The outcome is many trees (mathematically called a "forest"), where the roots are 
formed by the most abstract requirements and the leaves are represented by the 
most detailed requirements that are no longer refined.

In a use case-based approach, the roots of the requirement trees represent either

	■ use cases of the system or
	■ categories of non-functional requirements that cannot be assigned to functional 

requirements.

An incomplete example is given in the following image.
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Figure 4.1: Connection between requirements

Each of the activities briefly presented below creates new system requirements from 
given requirements (original or already created system requirements), or modifies 
the given requirements.

The first step is to separate requirements. If necessary one original requirement shall 
be decomposed into several requirements in order to examine them separately in 
the next steps. 

The second step, extract necessary requirements, can help to make sure, that 
separated requirements are actually pointed at the considered system. If this is 
not the case, the part that matters for the system must be identified for further 
consideration. These first two steps should be applied to all original requirements 
to create a good starting point for further analysis and to be sure that all original 
requirements are considered.

The next task is to abstract the given requirements until the top level requirements 
(i.e. the roots of the trees) are found. In the process, new requirements may be 
encountered. The existing requirements are to be placed into an abstraction/
refinement hierarchy. The top level will be completed in the step add missing 
requirements, in which further requirements at a certain level can be defined.

The second last activity is to refine requirements and to decide which of the existing 
nodes in the trees should be further refined.

At the end of the analysis, the found requirements can be improved and checked 
regarding to their individual quality, e.g., to formulate them unambiguously.

Requirements with their refinements by the example of use cases:
 ■ UC: grant access

 ■ UC: unlock door automatically
 ● detect wish for unlocking

• register movement

 ● check authorization

• record face

• compare face

 › compare 5 characteristics
 › within 2 seconds

 ■ UC: lock door automatically

Non-functional requirements:

 ■ security
• authorization via face recognition

 › compare 5 charcteristics

 ■ performance
• check authorization within 2 seconds



Deriving Good Requirements

 

27 

Figure 4.2: The analysis tasks in an overview

The structure created from the activities can become the foundation of the 
requirements collection of both, natural language and model-based requirements.

There are various techniques that support the activities presented here. Different 
questions can be asked, that lead to the system requirements. For example, asking 
“What’s the aim” of a requirement helps to find the more abstract requirements. 
A structured inspection of given interfaces can help finding missing requirements. 
In general, many activities are supported by the regulations of the SOPHIST Set of 
REgulations (see paragraph 3.3 - "Identifying linguistic effects - The SOPHIST Set of 
REgulations"). 

In practice, while executing the individual activities, knowledge that goes beyond the 
information in the original requirements is needed. In order to fill these knowledge 
gaps, stakeholders or customers need to be asked. Alternatively assumptions can be 
made, that need to be double-checked afterwards.

An exemplary application of the activities for analyzing requirements can be found in 
the following video:

Please note that these activities need to be embedded into the RE process. Among 
other things it has to be determined when to carry out the analysis for the different 
parts of the original requirements. Furthermore, it is important to define termination 
criteria for the individual activities. Otherwise more resources than needed may be 
used into the analysis of the original requirements.

Add
missing

requirements

Separate 
requirements

Extract
necessary

requirements

Abstract
requirements

Refine 
requirements

Improve
requirements

Source
requirement
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4.2  Validating and Consolidating Requirements
After the requirements are derived from the original requirements, it is time to 
ensure that they reach the defined quality criteria by validating and consolidating 
them and that every stakeholder is happy with the requirements. 

Validating requirements

Incorrect requirements impair the develop-
ment activities. The later a mistake is detected, 
the more changes have to be made - in 
architecture descriptions, in test artifacts or 
maybe even in the source code. When validating 
requirements, it is advisable to first define the 
goals of the validation. Later on, the selection 
of the respective validation techniques depends 
on them. After preparing and performing the validation, the results can be 
incorporated. Depending on the extent of the changes, a possible new validation 
may be appropriate.

Basically, it can be distinguished between automated validations that are performed 
repeatedly and validations at specific milestones during the development.

Consolidating requirements

In the course of requirements engineering, especially during the validation of 
requirements, discrepancies can occur at many points. These range from technical 
misunderstandings to serious personal conflicts that cannot be resolved without any 
additional help.

The conflicts that we mostly have to deal with in the RE process describe 
incompatibilities of requirements that are based on conflicting perceptions or 
competing goals of the stakeholders.

The requirements engineer's task is to identify these conflicts, analyze them, and 
determine how the conflict can be resolved, together with the stakeholders involved. 
After a conflict resolution, it is advisable to document the conflict as well as the 
process of finding the solution, in order to be able to work out a solution for similar 
conflicts with less effort.

Incorporate 
changes

Prepare and perform 
the validation

Choose validation 
techniques

Define quality 
goals

Document conflict 
resolutionResolve conflictAnalyze conflictIdentify conflict
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For each of these steps, there are a couple of techniques to choose from, that are 
based on the constraints of the project (e.g., availability of stakeholders to resolve 
the conflict). For conflict resolution, there are techniques ranging from building 
compromise to the pull rank. Especially in the step of identifying conflicts between 
requirements, a structured and comprehensible documentation of the requirements 
will help.
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5.	 Documenting and Imparting 
Requirements

Whether with or without a specification, model-based or natural language - whether 
as a narrative, backlog, or specification; in order to impart the requirements to 
others well, the imparting must be planned and various influencing factors must be 
considered to select the appropriate technique. After all, we usually don´t elicit and 
analyze requirements for ourselves, but for other roles involved in the development 
process, such as development, test, system architecture, and many more.

Accordingly, an important task for requirements engineers is to impart the 
requirements to other people in a way that they understand them and no 
misunderstandings or misinterpretations occur. The requirements engineer should 
think about how he wants the imparting to take place. For example, he can write 
down (document) all the requirements and give them to the recipients to read. Or he 
can talk about the requirements up to a joint playful experience of the requirements. 
Our project experience shows that successful imparting usually consists of a well 
thought-out combination of different techniques.

5.1  Imparting Requirements without 
Documentation

Requirements and user stories can also be communicated without classic requirements 
documentation. Especially in the agile world, we made positive experiences with 
techniques that involve less documentation and more communication (e.g., user 
stories or storytelling). However, requirements documentation based on models or 
natural language and the options presented below are not mutually exclusive. In fact, 
one can certainly combine them to take advantage of the strengths of both options.

Storytelling

Who enjoys listening to a monotone lecture if they could enjoy the same content 
wrapped up in a good story? People have always been fascinated by stories. Since the 
beginning of time, knowledge has been passed on through stories. It´s not surprising 
that storytelling is also used in requirements engineering. We use different types of 
stories.

	■ Background stories tell something about the context and the usage of the 
system - they give important background information.

	■ Personality stories introduce a persona and make them tangible.
	■ Conviction stories transport the initial situation at the very beginning of 

requirements engineering and motivate why the system is needed.
	■ Explanation stories clarify individual processes and behaviors of the system. 

From our experience, they are used most frequently in RE.
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User Story and Story Mapping

User stories describe desired functionalities resp. properties of a system from the 
perspective of the person who needs the functionality or property. In the agile world, 
the imparting of requirements by means of user stories is widespread. In addition 
to documenting the content of the user story (who wants what from the system for 
which purpose), a user story represents a communication promise.

Mediation with user stories roughly works according to the following pattern:

	■ Formulating the requirements in user stories.
	■ Discussion with the people receiving the requirements, based on the formulated 

user story
	■ Joint agreement on the contents of the user story

Figure 5.1: 3-C-Model according to Ron Jeffries

User stories generally describe only very small functionalities, so there will be a large 
number of user stories over the course of a development project. In order to maintain 
an overview, they can be related to each other with the help of a story mapping.

Prototypes

Prototypes can be used in many areas of system development; they are suitable 
for eliciting requirements, for validating them, but above all for imparting them. As 
diverse as their possible applications are, so are their characteristics. We´ve made 
good experiences with the following prototypes in system developments:

	■ Wireframe: a schematic representation of the elements of a user interface.
	■ Functional prototype: A preliminary implementation of a function regardless of 

e.g., the performance or presentation of results.
	■ Mock-up of the user interface: An extension of the wireframes; the design of the 

user interface is already recognizable.

Conversation ConfirmationCard
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Pictures

A picture is worth a thousand words... but are a thousand pieces of information 
relevant for imparting ones knowledge? This is exactly the dilemma one will face 
when using images to impart knowledge. Many people find it easier to capture ideas 
and wishes in a picture than to just explain them by using language. Therefore, a 
picture can be of great help in storytelling. 
Moreover, research has shown that pictures 
can be remembered much better [Wolfe10], 
which is crucial for imparting knowledge. Of 
course, the use of pictures is limited and not 
every aspect can be expressed well in a 
picture. But especially when it comes to 
spatial arrangements, impressions, i.e. the 
parts of a system that can be seen and 
represented visually, pictures help 
enormously in imparting knowledge. 

Talking about image in this context, we mean an informal visual representation, 
e.g., a drawing of the house on paper to discuss the positioning of the surveillance 
cameras. It´s not a formal or semiformal representation like an architectural model 
or a sequence of events noted in a UML diagram. 

Create joint artifacts

Another way to impart requirements is to jointly create additional artifacts. From our 
experience, the joint creation of test cases for the requirements is particularly 
suitable. However, it is also imaginable that other artifacts, like architecture or design 
documents or operating instructions, are created jointly. Especially if one does 
systems engineering, it might be useful to create architecture documents (see para-
graph 9 - "Systems engineering"). It helps to pick artifacts that have to be created 
anyway to avoid generating further effort and to be able to use the created artifacts 
in subsequent process steps.

5.2  Imparting Requirements with 
Documentation

Let´s talk about the most common imparting technique now: documentation. 
Documentation can be found in a classic commissioning relationship in the form 
of a specification sheet or requirements specification, but also for communication 
between departments within an organization. Furthermore, this technique becomes 
almost inevitable when one wants to make requirements available for reuse.

The representations: Natural language vs. model-based requirements

When talking about documentation, we cannot avoid the terms “natural language” 
and “model-based”. Both types of documentation have advantages and disadvantages.
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Natural language documentation is distinctive in that no learning of notation is 
necessary, since everybody understands language. Natural language is also suitable 
for documenting all types of requirements. However, care must be taken, because 
natural language is often ambiguous or misleading.

On the other hand, model-based requirements documentation is well suited 
for looking at the system in isolation from different perspectives, e.g., the purely 
structural view of the terminology/ information/ data to be processed, the functional 
view of workflows/ system processes, or the state-oriented behavioral perspective 
that illuminates system reactions to events, among other things.

Due to the compact presentation, which is unambiguously understandable for the 
trained reader, misunderstandings can be avoided. However, the disadvantages are 
obvious - the corresponding notation must first be learned and understood by all 
participants.

Figure 5.2: Views on requirements

One type of diagram for its own is usually not sufficient for representing complex 
issues in models. Besides, models are not universally applicable. A common approach 
is to combine model-based and natural language requirements to take advantage of 
both forms.
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A prime candidate for natural language documentation - the 
FunctionalMASTER

From the area of the natural language documentation we offer an approach that 
in our opinion is easy to use. The SOPHIST sentence template, also called the 
SOPHIST requirements template, is a blueprint that defines the structure of a single 
requirements sentence. The structure of individual requirements is standardized. 
So it´s possible to determine at first glance, whether important components of 
a requirement are missing. Especially when specifying in a foreign language, a 
predefined requirements framework can help to overcome uncertainties.

Using the requirements template is easy to learn and reduces unwanted linguistic 
effects since the syntax for writing a requirement is already provided. Compared to 
arbitrarily formulated prose requirements, the quality of the requirements increases 
significantly after the first application. The SOPHIST requirements template for 
functional requirements has become an integral part of most requirements 
engineering processes in companies and is referred to by us as the FunctionalMASTER.
Based on our practical experiences, we have further developed the concept and 
defined other templates in order to cover non-functional requirements and 
conditions with our template. More information about our new templates can be 
found in our book Requirements Engineering and Management [Rupp20]. 

Figure 5.3: Functional MASTeR

Our project experience has shown that the first steps in dealing with the templates 
are not so easy in the beginning. Writing the first requirements according to the 
template feels clumsy and more effort is required at first. However, the effort mostly 
comes from the fact that one has to reflect on knowledge elements that end up 
in the sentence due to the template, which therefore improves the requirement 
immediately. Moreover, in the beginning one will think about which template to 
choose: Is the requirement for a system that is supposed to do something on its 
own? Is the user or an interface involved? If one manages to get through the first few 
hours, he will find that templates are an effective way to write good requirements 
quickly and professionally. We would be happy to support with training, workshops 
or through consulting.
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6.	 Requirements Management
Requirements management includes all the processes that support the main activities 
of RE and the further use of requirements. In the following chapter, we will give an 
insight into the world of requirements management (RM) and practical tips regarding 
the question, to which extent one should perform which activities of requirements 
engineering.

Why dealing with managing requirements at all?

Figure 6.1: Good requirements management pays off

We specified the abstract reasons from figure 6.1 with two prominent representatives.

Requirements are changing

As requirements change frequently over the course of the system development, 
it is necessary to navigate well within collected requirements. Changes may range 
from small repairs, such as spelling errors, to complex changes that include extensive 
revisions of entire sections of a specification. A RE concept should contain a structured 
approach on how to deal with so-called “change requests”. 

Requirements are reused

It should always be kept in mind that requirements are never collected for their 
own sake, but that stakeholders, such as developers or testers, have to able to read, 
understand and work with them. Requirements engineers must therefore ensure 
that comprehensive information is presented clearly in the requirements collection 
(requirements specification and/or product backlog).

... increases the quality of require-
ments, porducts and processes.

... simplifies the monitoring of 
complex plans during all develop-

ment steps.

... saving nerves of people involved.... improves communication within 
and between the teams.

Gutes  
Require-
ments- 

Engineering 
...

Good 
requirements 

management ...



 

38 
 

Requirements Management

6.1  How much Requirements Management Makes 
Sense?

The importance of requirements management within the development process is 
directly related to the parameters of the project. There is no formula that describes 
how much resources should be spent for RM, but the following factors can help to 
estimate the amount of RM needed:

	■ number/ scope of requirements and further information
	■ expected lifespan of the product
	■ frequency of the rate of change
	■ number of people involved in the process
	■ availability of the stakeholders
	■ quality demand on the system
	■ degree of reuse
	■ complexity/ complicatedness of the development process
	■ heterogeneity of stakeholder opinions
	■ number of releases to be developed
	■ existing tool environment for requirements management
	■ approach used in the project
	■ external requirements (norms, certification process or corporate guidelines)

From our experience, we recommend not to fall into a lethargy of thinking that “It 
has always been this way” when analyzing external conditions. Try to find out these 
two things instead:

	■ Which constraints are unchangeable and which ones can be influenced?
	■ How resp. by what can external conditions be modified?

In practice, it has been shown that even minor changes to existing constraints can 
cause a big alleviation or improvement. In the following chapter, we will take a closer 
look at some of the most important aspects of RM.
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6.2  Versioning and Baselines

As requirements change over the course of a project, introducing the versioning of 
requirements has proven to be a useful tool in order to understand at a subsequent 
date, how requirements have changed over time.

When creating a new version of a requirement, the first step is to copy the 
requirement. The old requirement is kept and linked to the new version. The new 
version is given a new version number. The old requirement is entered into the 
history of the requirements specification. The new version can now be edited. This 
procedure ensures that no information gets lost. Many tools developed specifically 
for RM support versioning. This is one of the reasons for using a professional RM tool.

Moreover, versioning also helps to plan releases and changes of requirements. 
In doing so, a specific state of the requirements is determined on which one can 
draw on at any later given point. This selection of requirements is referred to as 
“configuration”. If a configuration includes all the requirements for a release, we 
speak of a “baseline” instead of a “configuration”. Each configuration and baseline 
can be given a unique name for identification purposes.

In order to find out which requirements are part of a configuration or a baseline, a 
traceability concept is required.
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6.3  Traceability

With traceability according to the definition above, it for example can be found 
out, when a requirement is changed, which other requirements are affected, which 
requirements are necessary for the development of a system function or which test 
cases cover these requirements.

Traceability creates a basis for effective and high quality requirements management, 
because it supports the following aspects:

	■ Verifiability: Have all the goals, agreed requirements, test cases etc. been 
implemented? Were all specifications met?

	■ Identification of dependencies: Which effects does a change of a requirement 
have on other development artifacts?

	■ Reuse: Which artifacts from the development process are used in other projects?
	■ Comprehensibility and overview: How has the system developed and changed? 

Which expenses must be expected for troubleshooting?

A traceability model can define which traceability is needed, who maintains it at 
what time and in what way and how these traces are supposed to be used over 
the course of a project and beyond. Our experience has shown that it should not 
be underestimated, how much effort it can take to create and maintain traceability 
regarding the managed information.

Definition of traceability according to SOPHIST [RUPP20]:

Traceability is the ability to track the connections and dependencies between 
information that arises at any time during the analysis, development up to the 
disposal or replacement of a system.
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6.4  Change and Release Management
Frequent and complex changes to systems need an elaborate procedure in order 
to cover all processes - be it by collecting change requests, planning of releases or 
rolling out implemented changes. Suitable methods can be assigned to the discipline 
change and release management.

The following figure gives a context overview 

Figure 6.2: Change and release management

On the left side, the potential sources for changes can be seen - explanations to 
each mentioned source in paragraph 2 - “What is Requirements Engineering” can be 
found. On the right side, the process of a change can be seen. The process goes from 
change management, over the implementation, to the transfer of the change, into 
the operation of the system.

Change management

Change management controls the life cycle of all changes with the aim to introduce 
the changes into the development process in a controlled way. The tasks of change 
management include

	■ performing impact analyses,
	■ assessing changes,
	■ prioritizing changes,
	■ planning changes,
	■ and communicating the acceptance or 

refusal of changes.
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Release management

As soon as planning, termination and controlling of builds and tests as well as the 
integration into existing systems are pending, release management comes into play. 
The release manger has a special role here, controlling that all deadlines are met.

Once the implementation is complete, the new system must be delivered to the 
customer. The content of the release can vary a lot - for example, a new product 
version may be created when many innovations have been implemented, or a recall 
may be started when a critical bug was fixed. It’s important to provide a service hot-
line, training staff, manual authors and all other affected roles with the necessary 
information in time, e.g., in the form of release notes, to prepare them for the 
changes.
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7.	 Establishment of an Improved 
Requirements Engineering

Requirements engineering is part of every development project, but not always in 
an effective, efficient and satisfying way for everybody involved. If the requirements 
engineering of a company shall be improved, this is the right place to be. Changes 
may concern the process, the methods and also the tooling or all at once. Regardless 
of whether one wants to go from a waterfall-like to an agile requirements engineering 
or applies the last optimizations to their requirements engineering, the change 
should always be systematically.

7.1  Changes within an Organization
The British social philosopher Herbert Spencer created the expression “survival of 
the fittest”. This idea doesn’t only apply to human, but also to companies. Markets 
change, just as the demands of customers and partners do. Those who fail to keep 
pace with technological progress will soon lag behind the competition. Especially 
topics like digitalization can influence markets dramatically. That’s why systems and 
development processes need to adapt by considering new insights and options. This 
adaption also influences the requirements engineering. 

However, adaptation also means 
questioning the existing and change 
always means letting go of something 
familiar and of the sense of security 
offered by the known. Consequently, 
change is always accompanied by fear, 
concern or doubt.

The need for safety is rooted deeply 
in human beings. New things that are 
going to replace the familiar are often 
perceived as a threat. Our experience 
shows that especially the fear of failure, 
the hesitation to learn something new 
and to make mistakes in the process is 

omnipresent. For a successful establishment, in the beginning an awareness of the 
problem is necessary, a need for action and a motivation to change. If all of this exists, 
it is time to start looking for an improvement idea and, once it has been tested, to 
establish it.
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7.2  The Establishment is a Project!
Such improvements must be established carefully into an organization. It should be 
put as much effort into the establishment as into a development project. It doesn’t 
matter if a new procedure, methods or a new tool is to be established not even if 
they have to be invented and tested first. 

We have seen it over and over again; during the analyzing, people are surprised of 
the guidelines that limit the solution space. Not only are unknown guidelines 
identified, just as often guidelines are considered that actually don’t exist. 

Figure 7.1: Guidelines of a RE implementation

7.3  An Agile Design of Changes
There are different approaches for improving requirements engineering. Our 
approach, which we often use in our projects and which is suitable for many 
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can successfully meet this dynamic with agility.
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To make this approach work, we start with a few basic assumptions that must lie 
within the guidelines that have been set.

	■ The team itself must have authority over its working methods, i.e. it must be 
allowed to make independent decisions within the set limits.

	■ Everybody needs to know, aim of trying out new or modified methods is to 
investigate them and to learn something - and that results may be discarded.

Our experience taught us, that in order to carry out such an approach, there are two 
aspects that increase the probability of success enormously. First, only teams shall be 
considered for team selection that above all have a need for action and not only 
signal willingness for change. Second, there should be at least one "Elvis" in the 
team, because no one has more imitators; everyone wants to be like him. The success 
of imitational learning, acceptance and trust in advance facilitates the later spread 
and introduction of the new procedure. In the following, we will explain the individual 
steps of the process presented (see figure 7.2).

Figure 7.2: Overview over an agile procedure for changes

In the beginning, the current status is analyzed and a working hypothesis is developed. 
The focus lies on the current working method of the team. The teams examine the 
requirements engineering methods and tools and, above all, the friction losses that 
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character) or continuously. During this time, the participants receive any methodical 
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for help and how the participants of the experiment are progressing is to ask them 
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in the daily meeting. To evaluate the experience gained, the results are presented to 
the stakeholders and their feedback is requested. The team sees how easy or how 
hard it was to apply the method and it hears from the experimenters when they 
share their learning experience. This allows the team to reflect in the retrospective 
on the process and results. The measures derived from the retrospective fill the 
improvement backlog again.

The team that has found an improvement can talk about it and their experiences to 
other teams. By doing it, they take the rollout partially into their own hands.

If there is not only one team or topic to be improved, this agile approach can be 
scaled with a usual framework such as SAFe [SAFe].

7.4  Work Packages of an Establishment
To ensure the success of implementations, it is worthwhile to plan and work out the 
most important steps using the following concepts.

	■ Marketing concept: Plan on who shall be excited about the idea.
	■ Concept for imparting knowledge: Structure the systematic build-up of 

knowledge.
	■ Piloting concept: Find the criteria for when and what will be tested by which 

pilot project.
	■ Migration concept: Think through how to deal with the existing (e.g., existing 

specifications).

What matters at all these concepts is that the execution of the measures is monitored 
and metrics are used to measure their success. For example in case of a marketing 
concept, it is worth defining the goal of how many people shall be reached with the 
information, in advance. In regular intervals it shall be checked how many of the 
targeted people have already been convinced of the new ideas. This is the only way 
to know whether the executed measures have been successful.
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8.	 Requirements Engineering and Agility
The word “agility” is on everyone's lips these days and currently it is impossible to 
imagine the area of system development without it. Therefore, we must ask ourselves 
the question: What about requirements engineering in agile system developments?

First of all, we can clearly say from our experience, that requirements engineering is 
also carried out in agile approaches. Many things are called differently and, above all, 
are done at different times. However, in an agile context, there are often additional 
tasks for requirements engineers that are usually handled by other roles in classic 
system developments.

There are various agile approaches or frameworks. The best-known framework is 
scrum. Typical for all agile approaches is that the product is developed step by step. 
In many iterations, small increments of the product are developed, which results in 
a big picture. After each iteration there is supposed to be an outcome, which can be 
shown to the stakeholders so they can give feedback. Obviously the feedback given 
must be integrated into the requirements of future iterations.

At the beginning it is better not to think too much about very detailed requirements 
that will be implemented at a later date. There will be several changes due to 
feedbacks. That’s why in agile contexts we go with the approach of just-in-time 
requirements engineering. This means we work with the requirements that are 
about to be realized.

This creates new challenges. For example, there are more dependencies between 
requirements to think about. It shall be avoided to demand something in one 
iteration that conflicts with requirements from previous iterations. To deal with this 
challenge, we pay attention to a clever splitting of the requirements in order to have 
no dependencies if possible (keyword “independent” from the INVEST principle, see 
paragraph 2.2 - "Quality of requirements"). We also use techniques from the classical 
world of requirements (e.g., models) in order to make the connections visible.

Roles of a requirements engineer in an agile context

In an agile environment, the term requirements engineer often doesn’t exist. 
However, the job still has to be done. Even agile development cannot go without 
eliciting the wishes of the stakeholders. Their knowledge needs to be processed and 
imparted for the development team. In agility, it’s usually the job of the product 
owner. However, the product owner can also be supported by other specialists, who 
are called proxy product owners, business analysts or sometimes even requirements 
engineers. Obviously product owners have more tasks than the typical requirements 
engineering activities. They also handle issues like release plannings, prioritizations, 
and decisions about the scope of the product to be built. These are typically not 
classic requirements engineering tasks. So obviously, there is some additional work 
for requirements engineers in agile contexts.
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Requirements engineering activities in agile contexts

In this brochure, we have already discussed the main activities of requirements 
engineering. These are eliciting knowledge, deriving good requirements, imparting 
requirements, and managing requirements. We will take a closer look to requirements 
management later and will start with the first three main activities.

Eliciting knowledge: The equivalent in the agile world can be found easily.   For 
requirements engineers or product owners the work isn’t any different to the one in 
the classic world. Product owners also think about goals, stakeholders, or system 
context boundaries.

However, agility brings new, great 
techniques (such as vision box, news from 
the future), which can also be used in 
classical development projects. Product 
owners, however often face one special 
challenge. They can define a system and 
context boundary, but the boundaries 
will be very "unstable" over a long period 
of time, because the development team 
deals with the requirements only step by 
step.

Deriving Good Requirements: In agile projects good requirements need to be 
derived from stakeholder statements, too. However, the requirements often look 
different because of different working methods. Usually the requirements are not 
written down in every detail.

Instead, we describe the requirements in a more rudimentary way in order to 
talk about them. Rough user stories are more likely to be created. We use quality 
criteria to tell how good requirements are. In agile contexts we use different criteria 
than in classical ones. We often take the INVEST principle as the quality goal of our 
requirements (see paragraph 2.2 - "Quality of Requirements").

Especially in this activity, cutting of user stories is an important topic. Success often 
depends a lot on proper cutting. There are a several cutting techniques and criteria 
that have worked well for us.

Imparting Requirements: In this main activity there are many differences between 
agile and non-agile development. In the agile world, requirements are imparted 
primarily through conversations in refinement meetings. So there are no longer 
the typical documents in which one can read the requirements. Instead there is a 
collection of requirements in a product backlog. These requirements can be described 
in different ways and communicated using special techniques. There are better ways 
to communicate them than a disorganized discussion. We often use techniques such 
as storytelling, creating test cases in a group, or videos to impart the requirements.
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The requirements collection in agile contexts

In classic approaches usually a requirements specification is created (e.g., a specification 
sheet). At the end of the requirements analysis, this contains all requirements in the 
desired quality and in the required level of refinement. In agile contexts, we use 
a product backlog for the collected requirements. All the requirements known at 
a certain time can be found there. But - not all requirements for a product can be 
found there. And also not all requirements fulfill the assigned quality criteria and 
the required level of refinement. That only applies to the requirements (or better 
product backlog items), which are realized in a soon iteration. In addition to these 
characteristics, there is one more major difference to a requirements specification.

While the requirements in a requirements specification are organized and sorted by 
technical correlations, in a product backlog they are sorted by priority. This means 
that the requirements at the top of the product backlog currently have the highest 
priority. It is quite possible that these do not have any technical correlations.

Figure 8.1: The product backlog

This makes the work on the content of the product backlog items more difficult. 
However, the problem can be handled by using various techniques. We successfully 
use different types of story maps or work with other forms of documentation in 
addition to the product backlog. There are many options for making requirements 
engineering profitable in the agile world.
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9.	 Systems Engineering
Within a systems engineering approach an 
organized requirements engineering becomes 
decisively more important. Not only because 
the system analysis at system level lays the 
foundation for the overall development, but 
also because working with requirements is 
reflected at all levels of the considered system.

Before we present these statements in more detail, there are some key terms that 
relate to systems engineering to define.

9.1  Definition and Purpose
The first definition addresses the term systems engineering.

Let's take a closer look at a few terms in this definition.

The "complete problem" refers to the consideration of the entire life cycle of the 
system. Therefore, we don’t only consider requirements that address the use of the 
system. From the very beginning of development the needs of production, trans-
portation, storage, and installation all the way to the disposal of the system must be 
included.

Obviously another central term in the definition is the system.

Another important activity of system engineering is also derived from this: The 
decomposition of the system into its components. In the following, we will refer to 
this as "system architecture", in which requirements will play a role again.

Definition systems engineering according to INCOSE 
[INCOSE20]:

Systens engineering is an interdisciplinary approach and mean to realize 
successful systems. It focuses on the definition of customer needs and required 
functionality early in the development cycle. As well as on the documentation of 
requirements, subsequent design synthesis and system verification considering 
the complete problem.

Definition system according to SOPHIST [RUPP20]:

A system consists of several parts. The visible behavior and properties result from 
the interaction of these parts.
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Many of the systems we encounter in our projects have two other characteristics:

	■ Because of their complexity their decomposition is considered over several 
levels. A part of the system is considered as a subsystem and again decomposed 
into its parts by another architectural step.

	■ The components of the system come from different subsections, such as soft-
ware, electronics, mechanics, etc.

As a result the development of the system (or a part of it) is embedded into a larger 
system. Thus, the requirements for a system at any level of decomposition come 
from the system architecture of the system level above.

There is one last term to look at from the definition above. System engineering 
is supposed to deliver a “successful” system. For us, a system is successful if the 
following goals have been reached:

	■ The project is "in time & budget", which means that the estimations for develop-
ment expenses and development time were met.

	■ The estimated production costs have been met as well as the quality in the 
production of the system can be guaranteed.

	■ The system possesses the required properties. These may differ from the initial 
stakeholder requirements because, among other things, the system above may 
change.

The first point is addressed in the figure below. There, the development time and the 
development expense are shown with and without the use of systems engineering 
methods.

Figure 9.1.: Costs and risks before and after introducing systems engineering
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By putting more effort into the system analysis, it is probable to overall save time and 
thus money while maintaining the same quality. The risk is minimized early and not 
only during the realization phase.

9.2  Embedding of Requirements Engineering
Figure 9.1 shows that in an organized system development, a high quality system 
analysis should be performed. As indicated in the previous chapter, a system may 
consist of several subsystems for which we suggest a similar procedure.

This idea is best represented in an illustration.

Figure 9.2: Iteration of analysis and architecture on several levels
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In a subsystem architecture they can then be distributed to the respective 
components.

There are some special cases that make an exception but in general this sequence of 
analysis and architecture steps continues downwards until

	■ a component has been found that is developed outside of the responsible 
system organization unit (e.g., by a supplier) and/or

	■ a component has been found that can be assigned completely to a domain 
(mechanics, software ...).

This procedure ensures a complete consideration of all requirements at the different 
system levels.

Many of the approaches, methods and techniques we presented so far, can be used 
at any system level. However, there are some other techniques for the development 
of complex, technical systems, which for example follow from laws and standards.

There is the FMEA (Failure Mode and Effects Analysis [Werdich12]) to find 
weaknesses in the realization. Requirements are derived from the found risks and 
will be incorporated into the development at the considered system level.

A FuSa (Functional Safety, [ISO 26262]) can give new input to the analysis process on 
any system analysis with a HaRA (Hazard and Risk Analysis) and a functional and a 
technical safety concept.

Especially in safety-critical areas, there is more that an analysis process. This affects, 
for example, the traceability of the requirements to the inputs, the realization and 
the tests and checks that must be performed for the requirements.

For defining a requirements engineering procedure for systems like this, the following 
drivers result. If possible, all of them should be fulfilled;

	■ Procedural standards and norms that partly complement and contradict each 
other

	■ Quality of requirements for further development or assignments adapted to the 
needs of a supplier 

	■ Time and effort, given by the project

These drivers, together with the "cautious" change that is motivated in paragraph 
7, don’t make it easy to define the appropriate measures for an upcoming systems 
engineering project. We’ve made the experience that the point of view from an 
external expert can help with the methods and gives assurance for the next steps.
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10.	 Requirements Engineering for Smart 
Ecosystems and as a Driver of Digital 
Transformation

Prof. Dr. Key Pousttchi from the Chair of Business Informatics and Digitalization at the 
University of Potsdam defines digital transformation as follows:

The effects are far reaching. They affect almost all areas of our daily lives. Business 
models and value chains are changing drastically. Communication media and thus our 
way of communication are changing. Ultimately, this changes the work environment 
as well as our lifestyles. These new systems, but also the newly affected stakeholders, 
have a significant impact on the working environment of requirements engineers.

The example of the smart home system that is used in this brochure is a smart 
ecosystem. Many individual systems (video surveillance, heating, blinds control, 
access control, etc.) communicate and interact with each other. The smart home 
system itself provides the communication platform for its containing systems. These 
ecosystems can be randomly scaled. The smart home system can also be seen as a 
component of a higher-level ecosystem, a so-called “Smart Rural Area”. Systems like 
that are usually not developed by one company, but are created due to the inter-
action of different systems in the same context or surroundings. The differentiating 
factor between “normal” and smart ecosystems is that in smart systems, additional 
systems can be added to or removed from the ecosystem at any time.

Impact of smart ecosystems on requirements engineering

A special challenge, which we had to deal with in a lot of our projects, is setting 
the system and context boundaries for a system within a smart ecosystem. The 
difficulties are that there are more potential interaction partners and thus interfaces. 
At the time of development and implementation the interacting systems cannot yet 
be determined unambiguously and completely.

This problem is not entirely new. The challenge also exists in service-oriented systems. 
The keyword is: interface contracts or quality-of-service agreements or service-level 
agreements. They ensure that the retrieving system has a predefined (data) quality 
and thus the right to use the service.

Another effect is that the systems within a smart ecosystem complement each other 

Definition digital transformation according to Pousttchi 
[Pousttchi17]:

The term digital transformation describes significant changes in everyday life, the 
economy and society due to use of digital technologies and techniques as well as 
their effects.
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and are capable of providing functions as a compound that the individual systems 
cannot realize separately. One possible approach is not to limit oneself to the 
own subject of observation, but to look at the bigger picture. This can be done by 
analyzing the upper abstraction levels that are above the concrete subject matter. 
When developing a control unit within a vehicle for example, it may be helpful to also 
take a look at the entire vehicle in order to find dependencies and interaction of the 
individual parts (see also paragraph 9 - "systems engineering"). We recommend that 
the business process level is included in the analysis. In the process other possible 
deployment scenarios or application possibilities for the considered system can be 
identified.

Possible approaches for the analysis of smart ecosystems

One possible approach to improved requirements engineering in a smart ecosystem 
is to embed the work with requirements into an agile development. The reasons 
are that smart ecosystems are highly complex systems with many uncertainties at 
the time of development. Also a large number of changes in circumstances and 
constraints can occur within a very short time. However, it is possible to establish, 
to live and to optimize an agile approach in a greater context. This is an exciting 
challenge for the requirements engineer that requires a lot of experience.

Another approach is model-based systems engineering. Model-based systems 
engineering is suitable for smart ecosystems, because it divides the amount 
of information and data by decomposing the whole system and looking at the 
different views of the considered system. By doing that the whole system becomes 
understandable and developable. 

Solid knowledge of requirements engineering and modeling is essential, as well as 
experience in dealing with complex systems. 

The use of artificial intelligence (AI) will influence requirements engineering, too. 
The specification of an AI system differs slightly from a conventional system. The 
significant difference is the subject of observation. In a classic system the focus 
lies on the functionality, the system behavior and the technical realization. In an AI 
system the focus is on the specification of the training process and its quality of the 
data. This approach moves the complexity out of the specification into the AI system. 
Only the goal and the criteria for productive use are specified without digging to 
deep into the functionality.
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Digital transformation in requirements engineering

For the elicitation of knowledge, a challenge 
is that due to new technologies, knowledge is 
available in many different places. Thus the 
process of selecting sources for requirements 
is increasingly gaining priority. We can highly 
recommend two tools for the work with 
stakeholders who are difficult or impossible to 
access: personas and empathy maps. Besides, 
new technologies increase the working 
methods of a requirements engineer. For 
eliciting requirements we recommend the use 
of CrowdRE methods, living labs, design thinking 
or other co-creation approaches. Therefore, 
it’s pleasant to have at least some short term 
help from experts with experience in these 
techniques.

The business world is changing; mobile work is 
spreading and becoming the norm. The spatial 
separation makes it difficult to use elicitation 

techniques that require the physical presence of the participants. Special tools for 
virtual meetings can help, as well as using elicitation techniques that are not affected 
by this problem. Due to digitalization, many manually executed processes are being 
automated. Therefore enough time and effort should be invested into the business 
process analysis to be able to adequately digitalize undocumented manual processes. 

The digital transformation affects the main activity creating good requirements in a 
way that assistance systems can support in creating good requirements. For example, 
there are text recognition systems to alert quality deficiencies or image recognition 
software that converts diagram sketches into syntactically correct diagrams. 

The increasing digital communication affects the imparting of requirements. In 
particular it will change the collaboration between the requirements engineer and 
his stakeholders. In the past, product/sprint backlogs, roadmaps or Kanban boards 
hung on walls with sticky notes. Nowadays, these artifacts are digitalized because not 
everyone involved is on site. Meetings that are based on working with haptic objects 
become more difficult to carry out. The use of virtual or augmented reality can help.

If the stakeholders are spread out and direct collaboration for improving 
requirements is not possible, creative, tool-based ways of working will save the day. 
Heavy weighted, extensive documents probably won’t stay this way much longer. 
The change effort would be hardly manageable due to a regular and continuous 
delivery and rapid technological progress - unless the models are managed by means 
of professional systems engineering and a good tool. By now we often resort to 
videos for documentation and imparting. This creates a new exciting REpresentation 
in requirements engineering with a lot of potential. 
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In the management of requirements, change management is gaining relevance. The 
whole society is confronted with more technologies and uses them actively. So the 
requirements engineer should keep close contact to his stakeholders and expect a 
whole lot of change requests.
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11.	 Business Analysis, Requirements 
Engineering or Both?

In many companies there is no such role or job called requirements engineer. 
Instead there are requirements manager, business consultant, business analyst, 
etc. Depending on the company the difference between these job descriptions 
are more or less specific. In literature, at least two terms are clearly distinguished: 
requirements engineering and business analysis.

We have already explained the term requirements engineering in chapter 2. Business 
analysis is regarding to the International Institute of Business Analysis (IIBA) defined 
in the following way:

This statement show an obvious similarity between business analysis and 
requirements engineering: "defining business needs [...] that give value to the stake-
holders". That sounds a lot like requirements, doesn't it? I.e. 
in short: requirements engineering is embedded in business 
analysis. But what exactly does it mean?

Business analysis is a very broad discipline that may include 
many individual activities. In principle, business analysts 
need to understand a company's strategies, goals, business 
processes, etc. and combine them with market requirements 
to develop products/improvements that meet the company's 
business goals. It can be divided into the following four 
different areas.

Planning and controlling work steps

One of the most frequent activities we perform in business analysis is planning and 
controlling all business analysis activities. In our experience often a simple PDCA 
cycle is implemented. Planning (P) includes familiar things such as stakeholder ana-
lysis, setting up requirements management and planning the individual work steps. 
After that the work steps are to be done (D) and the result is documented. Now it 
can be checked (C) whether the steps have brought the desired result and whether 
it was effective. Finally, if necessary, one will act (A) and derive adjustments to the 
work steps in order to compensate for any possible deficits.

Definition business analysis according to the International 
Institute of Business Analysis [IIBA]:

Business analysis is an activity of enabling change in an organization by defining 
business needs and recommending solutions that give value to stakeholders. 
[BABOK®v3]
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Alternative zum UML-Klassendiagramm. Wie dieses wird das Entity-Relationship-Diagramm zur 
visuellen Definition der Begriffe eingesetzt.

Entity-Relationship-Diagramm

Ob Skizzen, Wirefames, Muster aus 3D-Drucker, ... Prototypen aller Art machen Anforderungen 
plastischer und ergänzen diese.

Prototypen

Schablone zur natürlichsprachlichen Beschreibung von Testfällen bestehend aus:
Ausgangssituation, Ereignis und erwartetes Ergebnis.

Akzeptanzkriterien-Schablone

Beispiele, Hinweise, Begründungen, Anmerkung, Annahmen, ...
Viele Dinge rund um die Anforderungen sind für das Verständnis hilfreich und wichtig.

Freitext

Versionierung von Anforderungen

Ändert sich der Inhalt einer Anforderung, z. B. aufgrund einer eingehenden Änderung, so wird die 
Anforderung versioniert. Es entsteht eine lineare Kette von Anforderungsversionen auf gleicher De-
taillierungsebene. Vorgänger- und Nachfolgerversion sind bidirektional miteinander verlinkt. Alte 
Versionen dienen der Nachvollziehbarkeit und gelten nicht mehr als aktive Anforderung.

Das Bibliothekssystem muss Reservierungen annehmen können.

LH-Bib-152

Analysiert

3
Aktion Datum Uhrzeit Person

Anlegen 01.03.2017 16:02 Georg Büchle

Inhalt geändert 02.03.2017 12:40 Georg Büchle

Zustand geändert 02.03.2017 13:57   Georg Büchle

Objekt-ID:

Zustand:

Version:

Historie:

Das Bibliothekssystem muss dem Benutzer die Möglichkeit bieten, ein 
Leihobjekt zu reservieren.

LH-Bib-152

Angelegt

4

Aktion Datum Uhrzeit Person

Anlegen 01.03.2017 16:02 Georg Büchle

Inhalt geändert 02.03.2017 12:40 Georg Büchle

Zustand geändert

Zustand geändert

Inhalt geändert

02.03.2017

03.03.2017

03.03.2017

13:57

10:52

10:52

Georg Büchle

Ralph Essenz

  Ralph Essenz

Objekt-ID:

Zustand:

Version:

Historie:

CCCCCCCCCCCCCCCCCCCCCCCCCCC

Aufgaben des Requirements-Managements

Der Requirments-Engineering-Leitfaden ist das zentrale 
Artefakt, in dem alle Prozesse, Methoden, Artefakte, Tools, 
Rollen und Vorgehensweisen dokumentiert sind, die für die 
Durchführung der Anforderungsanalyse gebraucht werden.

RM

Austausch von 
Informationen

Steuerung von 
Abläufen

RM

Auswertung und 
Projektsteuerung

RM RM

Verwaltung innerer 
Zusammenhänge

RE-Leitfaden

RE-
Leitfaden

Im RE-Leitfaden werden die vier grund-
legenden Aufgaben des RM behandelt. 
Darin ist beschrieben wie sie konkret im 
Projekt durchgeführt werden.

Lebenszyklus von Informationsarten

Darunter versteht man die Definition, welche einzelnen Zustände eine Informationsart von ihrer ersten 
Erstellung bis zu ihrem Endpunkt durchläuft und welche Lebenswege (Zustandsübergang) sie dabei 
nehmen kann. Ebenso können hiermit Rollen, Tätigkeiten, Ereignisse und Bedingungen verknüpft 
werden. Gut darstellbar z. B. mit einem UML-Zustandsdiagramm.

Anforderung gelöscht

Anforderung
gelöscht

Anforderung archiviert

Anforderung
archiviert

Design erstellt

Code
implementiert

Test durchlaufen 
[Test OK]

Test durchlaufen [Test nicht OK]

Umsetzung abgenommen[Abnahme nicht OK]

Umsetzung
abgenommen

[Abnahme OK]

Qualitätssicherung
durchgeführt

[Prüfung nicht OK]

Archiviert

Abgenommen

Angelegt Analysiert

Getestet

Analyse beendet

Umgesetzt

Entworfen

Qualität
geprüft

Gelöscht

Informationsarten

Ein strukturelles Metamodell (z. B. in Form eines UML-Klassendiagramms) hilft zu verstehen, welche 
Informationsarten mit welchen Attributen (näher definiert im Attributierungsschema) zu verwalten 
sind. Ebenso zeigt es die Abhängigkeiten zwischen den Informationsarten, welche sich teilweise als 
Traces im Alltag wiederfinden. Es dient auch als Basis für Werkzeugauswahl und –konfiguration und 
stellt somit ein zentrales Mittel bei der Definition des RE-Prozesses dar. 

Objekt–ID: Objekt–IDTyp
Version: Ganzzahl
Historie: HistorieTyp

Informationsart

Zustand: ZustandTestfallTyp

Ziel

Name: Zeichenkette
Zustand: ZustandAnforderungTyp
Beschreibung: Zeichenkette
Akteur: Zeichenkette
Auslöser: Zeichenkette
Vorbedingung: Zeichenkette
Normalablauf: Zeichenkette

Use–Case
Anforderungssatz: AnforderungssatzTyp
Zustand: ZustandAnforderungTyp

Natürlichsprachliche Anforderung
User–Story: Zeichenkette
Zustand: ZustandUserStoryTyp
Priorität: Ganzzahl

User–Story

Artefakt: Zeichenkette
System: Zeichenkette
Nummer: Ganzzahl

«Datentyp»
Objekt–IDTyp

Angelegt
Analysiert
Qualität geprüft
Entworfen
Umgesetzt
Getestet
Abgenommen
Archiviert
Gelöscht

«Aufzählungstyp»
ZustandAnforderungTyp

Angelegt
Analysiert
Qualität geprüft
Getestet
Potenziell ungültig
Archiviert
Gelöscht

«Aufzählungstyp»
ZustandTestfallTyp

Planned
In Progress
Done

«Aufzählungstyp»
ZustandUserStoryTyp

Aktion: AktionTyp
Datum: DatumTyp
Uhrzeit: UhrzeitTyp
Person: PersonTyp

«Datentyp»
HistorieTyp

...

muss
sollte
wird

«Aufzählungstyp»
Juristische

VerbindlichkeitTyp

Release_1
Release_2
Release_3

«Aufzählungstyp»
ReleaseTyp

System: Zeichenkette
JuristischeVerbindlichkeit: Juristische VerbindlichkeitTyp
Systemaktivität: SystemaktivitätTyp
Objekt: Zeichenkette
Prozesswort: Zeichenkette

«Datentyp»
AnforderungssatzTyp

REdorf
Analyseburg
Anforderungsweiler

«Aufzählungstyp»
VarianteTyp

Release: ReleaseTyp
Variante: VarianteTyp

Anforderung

0..1

0..1

«ist Version von»

0..*

«trägt bei zu»

«wird getestet durch»1..* 0..*1..*

0..* 0..* 0..*

0..*«verfeinert»

«verfeinert»

0..*

0..*

«verfeinert»

Testfall

Attribuierungsschema

Ein Attribuierungsschema legt pro Informationsart fest, welche Attribute für die Informationsart ge-
pflegt werden müssen. Diese sind mindestens beschrieben mit Bezeichner, mögliche Werte und Bedeu-
tung der einzelnen Werte. Attribute müssen gepflegt werden, denn sie dienen weiteren Techniken wie 
Sichtenbildung oder Traceability.

Name Syntaktische Defi nition

ID ...

Zustand angelegt, analysiert, 
geprüft, entworfen, ... 

Historie

Version

Autor

...

...

...

Semantische Defi nition

...

Für eine Anforderung muss 
Zustand den momentanen 
Bearbeitungsstand der
Anforderung bedeuten.

...

...

...

Strukturieren

Essenziell wichtig ist eine gute und zweckmäßige Struktur für die hohe Menge an Anforderungen. 
Leicht vorstellbar als Kapitelstruktur in einem Dokument und zumeist als Baumstruktur aufge-
baut. Gliederungen aus Standards, Normen oder Vorgehensmodellen helfen, sich in der Menge der 
Anforderungen zurecht zu finden. An die eigenen Bedürfnisse angepasst werden sie in der Praxis 
einsetzbar.

NFA

NFA

NFA

System
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
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NFA

NFA

1. Ziele

2. Stakeholder

3. Systemkontext
3.1 Versandsystem
3.2 Partnerbibliothek

4. Funktionsspezifi sche Anforderungen
4.1 Allgemeingültige Anforderungen

4.2 Leihobjekt verleihen
4.2.1 Use-Case-Beschreibung

Leihobjekt verleihen

4.2.2 Feinanforderung
         Leihobjekt verleihen

4.2.2.1 Bibliothekskunden identifi zieren
4.2.2.2 Entleihberechtigung prüfen
4.2.2.3 Leihobjekt identifi zieren
4.2.2.4 Leihvorgang abschließen

4.2.2.1.1 Bibliothekskunden suchen
4.2.2.1.2 Kundenkarte einlesen
4.2.2.1.3 Kundenkarte prüfen

4.2.2.1.3.1 Kundenkarte in
  3 sec prüfen

4.3 Wiederverwendete Anforderung
4.3.1 Fehlermeldung

5. Funktionsübergreifende NFA

6. Begriffsmodell/Glossar



Anforderungskonfigurationen und -basislinien

Sind eine Menge definierter Anforderungen in jeweils genau einer Anforderungsversion. Genutzt 
werden Anforderungskonfigurationen und -basislinien vor allem, um sinnvoll zusammenhängende 
Anforderungen, die bereits analysiert sind, in die Realisierung bzw. in Folgedisziplinen des Ent-
wicklungsprozesses zu übergeben. 
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V1V1V1

V2 X
Anforderung nur 
mitTicket löschen

V1

erstellt

geändert gelöscht

Ticket T1

Req-24Req-07 Req-57 Req-38

Ticket T1Ticket T1

Basislinie

Alle Anforderungen 
für Release1

Req-07

Req-24

Req-57 V1

V1

V1

Konfi guration

Alle Anforderungen, 
nach der Bearbeitung 

von Ticket T1

Req-24

Req-38 V1

V2

Konfi guration

Stichprobenmenge für 
Qualitätsmessung Q021

Req-24

Req-38 V1

V2

Basislinie

Alle Anforderungen 
für Release 2

Req-07

Req-24

Req-57 V1

V2

V1

Zusammenfassung von Bedingungskombinationen zu einem fachlichen Zustand z. B. 
Falls [Leihobjekt entleihbar], ....
vgl. auch DMN (decision model and notation) - bei der OMG (Object Management Group) ist der 
Standard unter http://www.omg.org verfügbar.

Entscheidungstabelle

Leihobjekt.Musterexemplar == ja

Leihobjekt.Status == reserviert

entleihbar

nicht entleihbar

j

-

x

j

-

x

n

-

x

n

x

-

High-Level-Darstellung der Funktionalität des Betrachtungsgegenstands (z. B. System). 
Wird auch als Kontextdiagramm verwendet.

UML-Use-Case-Diagramm

Akteur

Bibliothekssystem

Leihobjekt
verleihenLeihobjekt

reservieren

Leihobjekt zu-
rücknehmen

Leihobjekt
verlängern

Kunde 
verwalten

Bestand 
verwalten

Bibliothekar
Kunde

Assoziation

Systemgrenze

Systemname

<<actor>>
Kundendatenbank

Use-Case

Vorlage für Use-Cases. Wird meist auf die individuellen Bedürfnisse des Projekts, des Unterneh-
mens oder des Vorgehens angepasst. Z. B. Qualitätsaspekte (Qualitätsanforderungen), Ergebnis, 
Alternativen, Ausnahmen, Fehler, ...

Use-Case-Beschreibung

Eindeutige Benennung des Use–Cases. Der Name muss 
mit dem Namen des Use-Cases im Use–Case–Diagramm 
übereinstimmen.

Name des Use–Case

Beschreibung Kurze Beschreibung des Use–Cases.

Akteure Aufzählung aller am Use–Case beteiligten Rollen.

Ereignis, welches dazu führt, dass ein Use–Case abläuft.Auslöser

Vorbedingungen
Aufzählung aller Inputs, sowie aller logischen und zeitli-
chen Bedingungen, die zu Beginn des Use–Cases erfüllt 
sein müssen.

Aufzählung der Schritte des Use–Cases, um das Ergeb-
nis von fachlichem Wert zu erzeugen.Normalablauf

Alternativer Ablauf Abweichende Schritte des Use–Cases, um das Ergebnis 
von fachlichem Wert zu erzeugen.

Abweichende Schritte des Use–Cases, bei denen das 
Ergebnis von fachlichem Wert nicht erzeugt wird.Ablauf mit Fehlern

Ergebnis Beschreibt, welches Ergebnis von fachlichem Wert 
erzeugt wird.

Grafische Definition von Begriffen, deren Eigenschaften und Beziehungen zu anderen Begriffen. 
Auch wenn Klassendiagramme in der Implementierung eine große Rolle spielen - hier nur als 
Begriffsmodell/Informationsmodell auf fachlicher/logischer Ebene.

UML-Klassendiagramm

Kunde
Name
Vorname
Familienstand
Geburtsdatum
Geschlecht

Leihobjekt
Bezeichnung
Freigabealter
Genre
ISBN

Reservierung
Reservierungsdatum
Status

DVD

Erscheinungsjahr

Buch

Autor

Zeitschrift

Ausgabe

   erstellt

1            0..*

liegt vor für

 0..*           1

Generalisierung
Attribut

AssoziationMultiplizität

AssoziationsnameLeserichtung

Klasse 
Eine User-Story beschreibt eine Funktionalität, die für den Kunden oder Benutzer eines Produkts 
oder Systems von Wert ist. Sie besteht aus der schriftlichen Beschreibung der Funktionalität, 
Gesprächen über die Funktionalität und Akzeptanzkriterien, die Details vermitteln und festlegen, 
wann eine User-Story vollständig umgesetzt ist.

User-Story-Schablone

Als <Benutzerrolle>

möchte ich <Funktionalität/Systemverhalten>,

so dass <fachlicher Wert für den Benutzer/Kunden bzw. wirtschaftlicher Nutzen>.

Als Nutzer der Bibliothek
möchte ich den Bestand nach Büchern eines bestimmten Autors
durchsuchen können, 
so dass ich alle Bücher meines Lieblingsautors fi nde.

SOPHIST-Anforderungsschablone - der FunktionsMASTER

Schablone für eine Anforderung / einen Anforderungssatz. 
Hier der FunktionsMASTER mit Bedingung für eine funktionale Anforderung. 
Weitere Schablonen finden Sie in der Broschüre „MASTER - Schablonen für alle Fälle“.

Schritt 6: SOPHIST-REgelwerk anwenden
<Ausdruck> bedeutet einen Platzhalter: Für Ausdruck müssen Sie etwas einsetzen.

<Bedingung>

MUSS

WIRD

<Akteur> 
DIE MÖGLICHKEIT 

BIETEN
<Objekt>

-

FÄHIG SEIN

<Prozesswort><System>SOLLTE

Schritt 1: 
Wichtigkeit festlegen

Schritt 4: 
Objekt identifizieren

Schritt 2: 
Funktionalität identifizieren

Schritt 3: 
Art der Funktionalität festlegen

Schritt 5: 
Logische und zeitliche 
Bedingungen 
formulieren

Kann einen großen Teil der Anforderungen an die Oberfläche ersetzen. Falls mit Anforderungen 
gleichgesetzt (z. B. Vertragsgegenstand), muss definiert werden, welcher Teil der Darstellung 
verbindlich ist (z. B. RGB-Werte der Farbe der Buttons).

Wireframe

   Leihobjekte identifi zieren

Bitte Leihobjekte einlesen

Nachname: [Nachname]
Vorname: [Vorname]
Geburtsdatum: [Geburtsdatum]
Kontostand: € [Kontostand]

Liste der identifi zierten Leihobjekte

Foto 
Kunde

ID

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6

Bezeichnung

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6

Entleihbarkeit

Item 1
Item 2
Item 3
Item 4
Item 5
Item 6

Leihobjekt manuell identifi zieren Ausleihe abschliessen abbrechen

  Blockdefinitionsdiagramm
  Anforderungsdiagramm
  und weitere

SysML-Diagramme

Sprache für die Modellierung von Systemen, nicht nur Software. Die SysML (Systems Modeling 
Language) als Erweiterung zur UML 2 ergänzt diese um weitere Diagramme bzw. passt einige 
vorhandene Diagramme an die speziellen Bedürfnisse der Systemmodellierung an.
Der Standard ist bei der OMG (Object Management Group) verfügbar unter www.omg.org

Das Aktivitätsdiagramm visualisiert die Ablaufreihenfolge von Schritten (Funktionen) vollständig, 
d.h. inklusive Alternativen, Fehler, Ausnahmen, ... 
Das Einsatzspektrum reicht von Geschäftsprozessen, über die Verfeinerung von Use Cases oder 
Aktionen in anderen Aktivitätsdiagrammen, bis zur Darstellung von Abläufen in Source Code.

UML-Aktivitätsdiagramm

Startknoten

Entscheidungsknoten

Kante

Endknoten

Zusammen-

führung

Aktion

Bedingung

Parallelisierungs-
knoten

Synchronisations-
knoten

[Ausleihvorgang
beenden]

[nicht 
entleihberechtigt]

[entleihberechtigt]

[entleihbar]
[nicht entleihbar]

[Ausleihvorgang
fortsetzen]

Entleihberechti-
gung des Kunden 

prüfen

Leihobjekt
identifi zieren

Entleihbarkeit 
des Leihobjekts 

prüfen

Ausleihe 
bestätigen

Empfehlungen
anzeigen

Ausleihposition
speichern

weiteres Vorge-
hen wählen

Von Tom Gilb entwickelte Möglichkeit, Qualitätsanforderungen zu quantifizieren. Beliebt in der 
Anwendung, da die Schablone leicht anzuwenden und das Ergebnis leicht zu verstehen ist.

Planguage

Erklärung Konzept/Parameter

Name Name der Anforderung

Grobe, informelle Umschreibung der AnforderungGist 

Scale Defi nition der Metrik der Anforderung

Operationalisierung der Metrik durch ein handhabbares 
MessverfahrenMeter

Past Vergangener oder aktueller Ausgangszustand für die An-
forderung
Minimalziel für die Anforderung im Sinn von „soeben hin-
reichend“Must

Plan Optimalziel für die Anforderung, im Sinne von „erfolgreich 
und zufriedenstellend“

Reaktion auf TastendruckName

Gist Das System muss schnell auf Tastendruck reagieren

Durchschnittliche Zeit bis zur sichtbaren Reaktion auf den 
TastendruckScale

Meter

Use–Case „Leihobjekt ausleihen“ wird 25 mal durchgeführt. 
Es werden alle Reaktionszeiten des Systems mit Stoppuhr 
gemessen. Aus den Messergebnissen wird der Durchschnitt 
gebildet.

1,3 sPast

Must 1,0 s

0,2 sPlan

  Beispiel:

Anforderungsarten

  Funktionale Anforderungen

Anforderungen lassen sich nach ihrer Art einteilen. Die Art beschreibt eine Unterscheidung  von 
Anforderungen nach einer inhaltlichen Kategorie/Gruppe. Der oft verwendete Begriff 
nicht-funktionale Anforderung spiegelt sich in obiger Aufstellung auch wider: Jede Anforderung, 
die keine funktionale Anforderung ist, ist nicht-funktional.

Nicht-funktionale Anforderungen

Technologische
Anforderungen

Qualitäts-
anforderungen

Anforderungen an die 
Benutzungsoberfl äche

Anforderungen an durch-
zuführende Tätigkeiten

Anforderungen an sonstige 
Lieferbestandteile

Rechtlich-vertragliche
Anforderungen

Qualitätskriterien

Qualitätskriterien helfen zu verstehen, welche Kriterien für die einzelne Anforderung bzw. für das ge-
samte Anforderungsdokument besonders wichtig und zu beachten sind. Anhand dieser Kriterien kann 
beurteilt werden, wie qualitativ hochwertig eine Anforderung/ein Anforderungsdokument ist.

Für jede einzelne Anforderung Anforderungen an 
durchzuführende 

Tätigkeiten

Rechtlich-
vertragliche

Anforderungen

Für das Anforderungsdokument

Vollständig Atomar

Technisch lösungsneutral

Konsistent Prüfbar

Notwendig Verfolgbar

Realisierbar Eindeutig

Vollständig

Konsistent

Erschwinglich

Abgegrenzt

Rechtliche Verbindlichkeit

Die rechtliche Verbindlichkeit beschreibt den Grad der Bedeutung, den der Stakeholder den Angaben in 
der Anforderungsspezifikation beimisst. Üblicherweise wird die rechtliche Verbindlichkeit durch Verwen-
dung bestimmter Modalverben (Schlüsselwörter) ausgedrückt.

                      
Verbindlichkeit

                   Deutsches                 Englisches
                           
                               

Schlüsselwort           Schlüsselwort

Pfl icht                           muss           shall
Klassifi ziert eine rechtlich verbindliche, zwingend zu 
erfüllende Anforderung.

Wunsch             sollte          should
Wird für Anforderungen verwendet, von deren Umsetzung 
unter bestimmten Umständen abgesehen werden kann.

Absicht             wird             will
Ermöglicht es, zukünftige Rahmenbedingungen und 
Anforderungen bereits anzukündigen.

Perspektiven auf Anforderungen

Anforderungen an einen Betrachtungsgegenstand können aus drei verschiedenen Perspektiven betrach-
tet werden. Unterschiedliche Dokumentationstechniken bieten die Möglichkeit die Anforderungen einer 
bestimmten Perspektive zu explizieren.

Inhalt
Z. B. (Daten–)Strukturen eines 
technischen Systems oder Subsys-
teme.

Dokumentation
Z. B. mit UML-Klassendiagramm 
oder mittels natürlichsprachlicher 
Anforderung.

Strukturperspektive

Inhalt
Z. B. Verhalten eines technischen 
Systems aufgrund 
eingehender Ereignisse.

Dokumentation
Z. B. mit UML-Zustandsdiagramm 
oder mittels natürlichsprachlicher 
Anforderung.

Verhaltensperspektive

Inhalt
Z. B. Funktionalitäten eines techni-
schen Systems, die dem Nutzer zur 
Verfügung stehen.

Dokumentation
Z. B. mit UML-Aktivitätsdiagramm 
oder mittels natürlichsprachlicher 
Anforderung.

Funktionsperspektive

Detaillierungsebenen

Anforderungen können in einer Verfeinerungshierarchie zueinander stehen und so einer von fünf verschiedenen Detaillierungsebenen/Spezifikationslevel zugeordnet werden. Die Anforderungen auf jeder Ebene 
beschreiben dabei den Betrachtungsgegenstand vollständig, je nach Ebene sehr abstrakt oder verfeinert.

  Ebenen

 Spezifi kations-
level 0

Spezifi kations-
level 1

Spezifi kations-
level 2

Spezifi kations-
level 3

Spezifi kations-
level 4

Zugeordnete Begriffl ichkeiten

aus herkömmlichen Vorgehen, wie z. B.
RUP oder V-Modell   Scrum  Adaptive Software Development  Lean Software Development

Grobe Systembeschreibung, Systemziele, Systemüberblick, Vision, Introduction, Mission Statement

Anwendungsfall (Use-Case), User Story, (Anwendungs-) Szenario, Fachkonzept, Funktionsbeschreibung, Funktionsgliederung, 
fachliche Anforderung, Organisational Requirement, Featureliste, Kontextabgrenzung

Anwenderforderung, Nutzeranforderung, Operational Concept Description, Operational Requirements Description, Interface Requi-
rements Specifi cation, Lastenheft, Sollkonzept, Grobspezifi kation, Operational Requirement, betriebliche Anforderung, Testfälle, 
Featureliste

Detaillierte Anwenderforderungen, Technische Anforderung, Schnittstellenübersicht, Schnittstellenbeschreibung, System Segment 
Specifi cation, Interface Requirements Specifi cation, Systemanforderung, Feinspezifi kation, Testfälle, Featureliste

Komponentenanforderungen, Technische Anforderung, Schnittstellenübersicht, Schnittstellenbeschreibung, Software Requirement 
Specifi cation, Interface Design Description, Pfl ichtenheft, Feinspezifi kation, Modulanforderung, Testfälle

Sprint Goal,
Product Vision

Epic,
Theme

User Story, Technical User Story, 
Backlog Item, Acceptance Crite-

ria, Defi nition of Done

Technical User Story, Backlog 
Item, Acceptance Criteria, 

Defi nition of Done

Technical User Story, Backlog 
Item, Acceptance Criteria

Project Vision, 
Project Data Sheet

Product 
Specifi cation Outline

Product 
Specifi cation Outline

Technical User Story, Backlog 
Item, Acceptance Criteria, 

Defi nition of Done

Technical User Story, Backlog 
Item, Acceptance Criteria

Release Plan

User Story, Backlog Item, 
Use-Case

User Story, Backlog Item, 
Use-Case, Iteration Plan, 

Qualifi er, Test Case

Qualifi er, Test Case

Test Case

Mission 
Statement

Actor Goal List, User Role 
Model, Use-Case

Common Domain Model, Test 
Case, Iteration Plan

Architecture Description, 
Test Case

Architecture Description, 
Test Case

aus agilen Vorgehen
 Crystal

SOPHIST-Stakeholderlandkarte

Wird genutzt, um beteiligte Rollen zu ermitteln und soll als Gedankenanstoß dienen. Da es sich 
um eine Sammlung aus vielen Jahren der Stakeholderanalyse handelt, sollten viele Rollen bereits 
auf dieser Landkarte verzeichnet sein. Da es jedoch schwer ist, die ganze Welt zu überblicken, sind 
Erweiterungen erlaubt und jederzeit willkommen.

Kano-Modell

Mit der Zeit werden
Begeisterungsfaktoren 
zu Leistungsfaktoren 
und schließlich zu 
Basisfaktoren

Zufriedenheit: 
sehr zufrieden

Zufriedenheit: 
völlig unzufrieden

Begeisterungsfaktoren

Leistungsfaktoren

Basisfaktoren

Erfüllungsgrad
vollständig

Erfüllungsgrad:
völlig unzureichend

Zeit*

Begeisterungsfaktoren = unbewusstes Wissen 
>> Müssen als neue Ideen/Innovationen erst neu erarbeitet/erfunden werden.
Leistungsfaktoren = bewusstes Wissen
>> Werden explizit gefordert und genannt.
Basisfaktoren = unterbewusstes Wissen
>> Werden als selbstverständlich erachtet und oft nicht (mehr) explizit gefordert.

Stakeholder-Tabelle

Funktion

Bibliothekar
Leiter der Bibliothek

Administrator 
(Wartungs- und 

Schulungspersonal)

Product-Owner

Name

Herr Bauer

Herr Heiner

Paul Ottmer

Kontakt

Tel.
409000

Heiner@gmx.net

po@ottmer.de

Verfügbarkeit

Von 9-19 Uhr telefonisch 
erreichbar, Mitarbeit zu 
30% möglich, Nürnberg

Per Mail, immer er-
reichbar, Verfügbarkeit 

50%, Nürnberg

Per Mail und tel. tagsüber, 
Verfügbarkeit 100%, Nürnberg

Wissen

Kennt das Altsystem aus 
der Anwendersicht, soll 

mit dem System arbeiten

Vertraut mit vergleichbarer 
Verwaltungssoftware

Koordinator für die 
Inputs der Stakeholder

Interesse & Ziele

Vereinfachung
der Ausleihprozesse

Stabiles System, geringer 
Wartungsaufwand

ROI des Systems 
sicherstellen

Relevanz

Fachlicher Entscheider

Informationslieferant bzgl. 
Wartungsanforderungen

Entscheider - als Koordinator 
der Stakeholderanforderungen

Ist eine Sammlung aller Beteiligten am Vorhaben/Projekt mit deren wichtigsten Kontaktdaten, 
etc. Sie fungiert als (Projekt-)Adressbuch und ist für alle Beteiligten öffentlich zugänglich. Man 
findet darin jede/jeden, die/den man irgendwann im Projekt benötigt. Deshalb muss sie auch 
stetig aktuell gehalten werden. Die SOPHIST-Stakeholderlandkarte gibt Aufschluss über mög-
liche Rollen.

Transformationsprozesse/-effekte

Realität

Die eingeschränkte persönliche Wahrnehmung 
führt zur Wahrnehmungstransformation.

Der sprachliche Ausdruck des persönlichen 
Wissens führt zur Darstellungstransformation.

Wahrnehmung Wissensdarstellung

Defekte? Defekte?

Sprachlicher Ausdruck 
des Wissens

Persönliche Wahrnehmung Persönliches Wissen

Die Transformationseffekte lassen sich in drei Kategorien einteilen - egal ob sie bei der Wahr-
nehmung oder bei der Wissensdarstellung auftreten:
Tilgung ist ein Indikator für unvollständige Sätze.
Generalisierung ist ein Indikator für fehlerhafte Verallgemeinerungen.
Verzerrung ist ein Indikator für realitätsverfälschende Aussagen.
Das SOPHIST-REgelwerk geht auf die konkreten Effekte dieser drei Kategorien mit seinen Regeln 
näher ein. Mit diesen werden die konkreten Effekte untersucht.

SOPHIST-Ermittlungstechnikenmatrix
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Schlechte kommunikative Fähigkeiten

Geringes Abstraktionsvermögen

Viele verschiedene Meinungen

Machtgefälle zwischen beteiligten Personen

Problematische Gruppendynamik

Organisatorische Einfl ussfaktoren

Entwicklung für den komplexen Markt

Fixiertes, knappes Projektbudget

Hohe örtliche Verteilung der Stakeholder

Schlechte zeitliche Verfügbarkeit der  Stakeholder

Hohe Anzahl der Stakeholder

Fachliche/Inhaltliche Einfl ussfaktoren

Hohe Kritikalität des Sachverhalts

Großer Systemumfang

Keine Erfahrung im Fachgebiet

Grobe Anforderungen gesucht

Detaillierte Anforderungen gesucht

Nicht funktionale Anforderungen gesucht

Hohe Komplexität des Sachverhalts

*

Sie wird eingesetzt, um anhand bewerteter Einflussfaktoren und Randbedingungen die am besten ge-
eigneten Ermittlungstechniken der jeweiligen Situation zu identifizieren.
Tipp: Zwei bis drei verschiedene Ermittlungstechniken aus unterschiedlichen Bereichen verwenden, um 
das beste Ergebnis zu erzielen. Ebenso darauf achten, dass unbewusstes, bewusstes und unterbewusstes 
Wissen abgedeckt sind.
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Hohe Anzahl von Stakeholdern

Hohe Kritikalität des Sachverhalts

Weiträumige Verteilung der Stakeholder

Hoher Zeitdruck für Konfliktauflösung

Eindeutigkeit des Ergebnisses wichtig

Geringe Sozialkompetenz der Stakeholder

Komplizierter Sachverhalt

Lange Lebensdauer der Ergebnisse

Geringe Motivation der Stakeholder (aktiv mitzuwirken)

Machtgefälle zwischen beteiligten Personen

Problematische Gruppendynamik

Viele verschiedene Meinungen

Geringe kommunikative Fähigkeiten der Stakeholder

Schlechte zeitliche Verfügbarkeit der Stakeholder

Konflikt betrifft Sachebene

Konflikt betrifft Beziehungsebene

Konflikt betrifft Werteebene

Konflikt betrifft Strukturebene

Konflikt betrifft Interessenebene

Bestimmender Stil in der Konfliktauflösung „Vermeidung“

Bestimmender Stil in der Konfliktauflösung „Zwang“

Bestimmender Stil in der Konfliktauflösung „Zusammenarbeit“

Bestimmender Stil in der Konfliktauflösung „Entgegenkommen“
Bestimmender Stil in der Konfliktauflösung „Kompromissbereitschaft“

Konsolidierungsmatrix

Abstimmen

Entgegenkommen

Zwang Zusammenarbeit

Vermeidung

Kompromiss-
bereitschaft

unkooperativ kooperativ

hoher 
Durchsetzungs-
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(Relevanz der Beziehung)

Kooperationswille
(Befriedigung der Bedürfnisse des anderen im Vordergrund)

Verhalten im Konfliktfall

A B Einigung

ab

A B

A B

A B

Konfliktlösungen

Kompromiss

Variantenbildung

Ober sticht Unter

Abstimmung

Umgang mit unterschiedlichen oder sich widersprechenden Anforderungen.

Vorbereitung/
Rahmen  

 Qualitätsziele 
festlegen

 Prüfzeit-
punkte

definieren

 Prüfer
ernennen

Prinzip 1

Prinzip 2

Prinzip 3

Prinzip 4

Prinzip 5

Prinzip 6

Beteiligung der richtigen Stakeholder

Trennung von Fehlersuche und Fehlerkorrektur

Prüfung aus unterschiedlichen Sichten

Geeigneter Wechsel der Dokumentationsform

Konstruktion von Entwicklungsartefakten

Wiederholende Prüfung

Prinzip 6 Prinzip 1

Prinzip 3

P D

CA

Plan
• Prüfbarkeit feststellen
• Prüfgegenstand definieren
• Prüfgegenstand extrahieren 
 und dokumentieren

Check
• Ergebnisse beurteilen

Do
• Stichprobenanforderungen
 bewerten und beurteilen
• Prüfbericht verfassen

Act
• Maßnahmen zur Qualitäts-
 sicherung durchführen

Prinzip 6

Prinzip 2

Prinzip 3
Prinzip 5

Prinzip 4

Vorgehen und Methoden zur Prüfung, ob die Anforderungen in der Qualität vorliegen, die vorab 
vereinbart wurde.

Qualitä
tssicherung

durchgeführt

[Prüfung OK]

Anforderung gelöscht

Sichtenbildung

Im Arbeitsalltag zwingend erforderlich und oft genutzt sind Sichten auf die komplette Anforde-
rungsbasis. Unterschieden werden selektive Sichten und verdichtende Sichten:
Selektive Sicht: beinhaltet einen Teil der verfügbaren Anforderungsinformationen (z. B. alle 
Anforderungen im Zustand x mit einer bestimmten Person als aktueller Bearbeiter).
Verdichtende Sicht: enthält generierte oder verdichtete Daten, die nicht unmittelbar in der 
Anforderungsbasis enthalten sind (z. B. eine Fortschrittsauswertung).

Selektive Sichten Verdichtende Sichten

Objekt-ID Zustand Anforderungssatz Version

LH-Bib 152 Angelegt
Das 

Bibliothekssystem 
...

1

LH-Bib 186 Angelegt
Das 

Bibliothekssystem 
...

2

LH-Bib 241 Angelegt
Das 

Bibliothekssystem 
...

3

LH-Bib 639 Angelegt
Das 

Bibliothekssystem
 ...

4

30%

25%

20%

15%

10%

5%

0%
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Traceability und Nachvollziehbarkeit

Traceability dient unter anderem der Nachvollziehbarkeit oder der Auswirkungsanalyse bei einge-
henden Änderungen. Neben der Versionierung ist die Verfeinerung (Anforderungen über Detail-
lierungsebenen verfeinern) ein oft eingesetzter Trace zwischen Anforderungen. Dabei entsteht zu-
nächst eine Baumstruktur zwischen den Anforderungen der unterschiedlichen Detaillierungsebenen, 
die sich in der Praxis schnell zu einem Graphen wandelt – z. B. durch Mehrfachverwendung/Wieder-
verwendung von Anforderungen.

Als Benutzer möchte ich verliehene Bücher, Zeitschriften und DVDs reser-
vieren können, so dass mein reservierter Leihgegenstand nach Rückgabe 
nicht entliehen wird.

US-Bib-56

Planned

1

REdorf

Release_1

Release_2

Release_3

Aktion Datum Uhrzeit Person

Anlegen 30.02.2017 10:28  Georg Büchle

Objekt-ID:

Zustand:

Version:

Variante:

Release:

Historie:

Das Bibliothekssystem muss dem Benutzer die Möglichkeit bieten, ein 
Leihobjekt über die Webseite der Bibliothek zu reservieren.

LH-Bib-152

Angelegt

5

REdorf

Release_1

Release_2

Release_3

Aktion Datum Uhrzeit Person

Anlegen

Inhalt geändert

Zustand geändert

Zustand geändert

01.03.2017

02.03.2017

02.03.2017

03.03.2017

16:02

12:40

13:57

10:52

Georg Büchle

Georg Büchle

Georg Büchle

  Ralph Essenz

Objekt-ID:

Zustand:

Version:

Variante:

Release:

Historie:

Anforderungen
Vollständig
Konsistent

Prüfbar
Eindeutig

Realisierbar
Notwendig
Verfolgbar

Techn. Lösungsneutral
Atomar

Spezifikation
Vollständig

Konsistent
Erschwinglich
Abgegrenzt
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      X
    X
     X
     X  X
     X
      X     X
      X    X
      X
      X    X

      X    X
      X
      X
      X

Stakeholdertabellen, Systemlisten, Dokumentlisten, ...
Oft bei der Verwaltung schwierig. Einerseits werden Tabellen von Requirements-Management-Tools 
nicht immer optimal unterstützt, andererseits leidet oft die Identifizierbarkeit (eine ID pro Anfor-
derung) bei einer Tabelle, da diese oft mehrere Anforderungen enthält.

Tabellen

Rollen- und Rechte-Matrix der natürlichsprachlichen Anforderung

Mit Hilfe von Rollen- und Rechtematrizen wird definiert, welche Rolle im Entwicklungsprozess in 
einem definierten Zustand einer Anforderung bestimmte Tätigkeiten ausführen muss oder darf. So 
wird geregelt, dass jede Person exakt weiß, wann sie ihre Tätigkeit bezüglich einer Anforderung 
durchzuführen hat. Ebenso werden Fehler in der Abarbeitung des Prozesses minimiert.
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BPMN-Prozessdiagramm

Business Process 
„Leihobjekt verleihen“

<<Pool>> Kunde <<Pool>> Bibliothekar

Kunde 
identifi zieren

Entleihberechti-
gung prüfen

Ausleihe 
dokumentieren

Ablehnungsgrund 
mitteilen

Kunde 
verwalten

Leihobjekt übergeben

Kundenkarte

Kunde

Leihobjekt

Kunde nicht
 identifi ziert

Kunde identifi ziert

nicht entleihberechtigt

entleihberechtigt

Ausleihvorgang beendet

Ausleihe abgelehnt

Ausleihe

Zugeklappter Pool

Aufgeklappter Pool

Nachrichtenfluss

Unspezifisches Endereignis

End-Nachrichtenereignis

Diagramm zur Darstellung von Abläufen mit deren Verantwortlichen. Meist für Geschäfts-
prozesse verwendet. Weitere Diagrammarten neben dem Prozess-/Kollaborationsdiagramm: 
Konversationsdiagramm und Choreographiediagramm.
Der Standard ist bei der OMG (Object Management Group) verfügbar unter www.omg.org

Daten

Gateways

 Zeigt das Verhalten eines Systems oder den Lebenszyklus / Workflow eines Objekts.

UML-Zustandsdiagramm

Ausleihbar Ausgeliehen

Beschädigt

Zurückgelegt

 repariert [nicht reserviert]  entsorgt

 repariert 
[reserviert]

 abgeholt

zurückgegeben
[mit Beschädigung]

zurückgegeben [nicht reserviert 
         UND ohne Beschädigung]

 Beschädigung festgestellt

 reserviert

 entsorgt

 Ausleihe erfolgt

zurückgegeben [reserviert 
UND ohne Beschädigung]

[Reservierung storniert ODER 
Reservierungszeitraum abgelaufen]

Zustand

Guard

Trigger

Zeigt Systeme und deren Abhängigkeiten bzw. zerlegt ein System in kleinere Teile.

UML-Komponentendiagramm

Internet

App

Intranet

Bibliotheks–
   system

Kundendaten–
        bank

Beziehung

Komponente
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SOPHIST-
                                                
              
    

Kurzübersicht

                                                                                                
              
    

                                                                                                                                                
              
                

Regel zur Anforderungsformulierung Defekthafte Signalwörter

P
ro
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e 
p
rü
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n

Formulieren Sie jede Anforderung im Aktiv und 
identifi zieren Sie den Akteur der Anforderung1 werden; wurden; sind; ...

Drücken Sie Prozesse durch eindeutige/defi nierte 
Vollverben aus.2 angeben; bereitstellen; 

verhindern; ...

Lösen Sie Nominalisierungen auf, die nicht exakt 
defi niert sind, und schreiben Sie pro Nominalisie-
rung eine oder mehrere neue Anforderungen mit 
gutem Vollverb.

3 Rückgabe; Eingabe; Spei-
cherung; Archivierung; ...

Lösen Sie Funktionsverbgefüge auf und bestimmen 
Sie den konkret geforderten Prozess, der das Sys-
temverhalten mit einem „guten“ Vollverb darstellt.

4 zur Verfügung stellen; zu 
Ende bringen; eine Verän-
derung erfahren; ...

Identifi zieren Sie die Vollverben und schreiben Sie 
für jedes Vollverb genau einen Anforderungssatz.5 anzeigen und anschließend 

ausdrucken; ...angeben 
und speichern; ...

Analysieren Sie fehlende Informationen zum Voll-
verb und ergänzen Sie diese falls notwendig. 
Stellen Sie W-Fragen: 
Was? Wem? Wie? Wann? Wie oft?

6 <wer>, <was>, <wann> 
anzeigen; <wer>, <was>, 
<wohin> übermitteln; ...

E
ig

en
sc

h
a
ft

en
 p

rü
fe

n Analysieren Sie fehlende Informationen zum 
Eigenschaftswort, welches sich aus einem Vollverb 
ableitet, und ergänzen Sie sie notwendigenfalls.

7 erzeugte; versandte; 
abgezeichnete; ...

Formulieren Sie Eigenschaftswörter mess- und 
testbar. Achten Sie dabei auf Adjektive, Adverbien 
und insbesondere Vergleiche und Steigerungen.

8 schnell; effektiv; perfor-
mant; besser; intuitiv; 
leichter; ...

Formulieren Sie eigene Anforderungen für 
nicht-funktionale Aspekte, wenn diese eigenstän-
dig behandelt werden sollen oder als übergreifend 
gelten.

9 Qualitätsaspekte, 
wie z. B. Zeitverhalten, 
Verfügbarkeit, ...
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Klären Sie Mögliches und Unmögliches und ersetzen 
Sie deren beschreibende Formulierungen. Hinter-
fragen Sie, was das geforderte Verhalten oder die 
Eigenschaft möglich oder unmöglich macht, und 
bestimmen Sie die identifi zierte Logik.

13 muss möglich sein; darf 
nicht möglich sein; ...

Extrahieren Sie Nebensätze, die für die 
Anforderung nicht notwendige Informationen 
enthalten.

14 weil; damit; um; so dass; 
...

Kürzen oder entfernen Sie fl oskelhafte Wörter 
oder Redewendungen, die für Ihre Anforderungen 
irrelevant sind und präzisieren sie. Vereinfachen 
Sie komplizierte Redewendungen und unnötig 
verschachtelte Sätze.

15 für den Fall; gelb in der 
Farbe; klein in der Größe; 
...

M
en

g
en
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Hinterfragen Sie verwendete Zahl- und Mengen-
wörter und prüfen Sie, ob mit Ihnen die zu 
bezeichnende Menge der Objekte auch genau 
erfasst wurde.

10 alle; jeder/jeden; immer; 
kein; 7; ...

Klären Sie fehlende Zahl- und Mengenwörter. 
Prüfen Sie, ob Zahl- oder Mengenwörter hinzu-
gefügt werden können. Ist dies der Fall, bestim-
men Sie die genau gültige Menge an Objekten.

11 soll <welchen> Benutzern 
ermöglichen; <welche> 
Daten genau; ...

Hinterfragen Sie schwammig formulierte 
Substantive und stellen Sie fest, welche Objekte 
oder Akteure genau gemeint sind.

12 der Anwender; die
Meldung; die Funktion; ...

G
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Klären Sie Ausnahmen vom Normalverhalten des 
Systems und erweitern Sie die Anforderung bzw. 
formulieren Sie ggf. eine neue.

16 sollen; sollte; müssen; es 
ist notwendig; ...

Anforderungen mit unvollständigen Bedingungs-
strukturen sollten überprüft und ausformuliert 
oder durch eine weitere Anforderung beschrieben 
werden. Bestimmen Sie das Systemverhalten für 
jede noch nicht beschriebene Bedingung.

17 wenn .. dann; falls .. dann; 
für den Fall dass; sollte; ...

Für jede nicht beschriebene implizite Annahme 
müssen eine oder mehrere zusätzliche 
Anforderungen geschrieben werden.

18 falls; nachdem; angezeig-
te View; Kundendaten; ...

Priorität: = hoch  = mittel  = niedrig

Vor allem bei der Ermittlung von Anforderungen genutzt, ist das SOPHIST-REgelwerk jedoch fast 
ein Alleskönner. Es kann auch als Prüftechnik für bereits bestehende Anforderungen eingesetzt 
werden. Oder es hilft bei der Dokumentation von Anforderungen.
Eigentlich immer einsetzbar, sobald es um Texte oder Sprache geht – egal ob geschrieben oder 
gesprochen. Ein tolles Mittel also für die natürlichsprachliche Anforderungsanalyse.

Startzustand

Endzustand

Transition

BA

Fachwissen hautnah und zertifiziert 

Die SOPHISTen sind für ihre Trainings bekannt - egal ob es sich um ein Offenes Training oder um ein Inhouse 
Training handelt, die Vermittlung von Fachwissen und Erfahrungen aus der Praxis stehen im Mittelpunkt. 
Profitieren Sie von den Erfahrungen des erfolgreichsten Anbieters von CPRE-Zertifizierungstrainings. 
Die überdurchschnittliche Bestehensquote unserer Trainingsteilnehmer bei Prüfungen spricht für sich. 
Bei unseren Inhouse Trainings können Sie Ihren Trainingsinhalt maßgeschneidert anpassen und Ihr Trai-
ning aus mehr als 100 Bausteinen zusammensetzen.

Fachwissen mittendrin

Die SOPHISTen sind bei vielen Kunden als Berater oder Coaches im Einsatz - und das branchenübergrei-
fend. Als Methodenführer im Bereich des Requirements-Engineerings sehen wir unsere Aufgabe dar-
in, außerordentliche und perfekt passende Lösungen für und mit unseren Kunden zu erschaffen. Wir 
begleiten unsere Auftraggeber methodisch und operativ von der Phase der Anforderungsanalyse, über 
die Modellierungs-, Architektur- und Designphase, bis hin zu Test und Abnahme. 
Unsere Kundenreferenzen sprechen für sich.

Fachwissen in Buchform

Die SOPHISTen sind als Buchautoren aktiv und haben ihr gesammeltes Fachwissen in mehreren Fach-
büchern publiziert, die durch ihren Bestseller-Status bereits in diversen Auflagen erschienen sind. Das 
Grundlagenwerk „REQUIREMENTS-ENGINEERING UND -MANAGEMENT“, welches von manchen Lesern 
als die RE-Bibel bezeichnet wird, ist bereits in der 6. Auflage auf dem Buchmarkt erhältlich. Es ist sowohl 
in digitaler Form als auch als klassisch gebundenes Buch verfügbar.

Chris Rupp & die SOPHISTen

Requirements–Engineering und –Management

Bleiben Sie auf dem Laufenden!

Unser Computerbuch-Newsletter informiert  Sie monatlich über neue Bücher und Termine. Profitieren Sie auch von Gewinnspielen und exklusiven Leseproben. Gleich anmelden unter

www.hanser-fachbuch.de/newsletter

Hanser Update ist der IT-Blog des Hanser Verlags mit Beiträgen und Praxistipps von unseren Autoren rund um die Themen Online Marketing, Webent- wicklung, Programmierung, Softwareentwicklung sowie IT- und Projekt  management. Lesen Sie mit und abonnieren Sie unsere News unter

www.hanser-fachbuch.de/update

chris RUPP & die SOPHISTen

REQUIREMENTS- 
ENGINEERING und 
-MANAGEMENT

Aus der Praxis 
von klassisch bis agil

6. A
ufl a

ge

EXTRA: Wissenstest auf der ILIAS®-Lern-plattform unter www.sophist.de/re/checkliste

Mehr Spaß und Effektivität durch ge-hirngerechte Aufbereitung des Wissens

Komplett in Farbe, mit Illustra-tionen und frischem Layout

Fachwissen LIVE

Die SOPHISTen haben ihre eigene Fachkonferenz - die SOPHIST DAYS. 
Diese 2-tägige Veranstaltung findet jährlich statt und überzeugt vor allem durch den guten Mix
aus Fachvorträgen von Top-Speakern, Koryphäen und RE-Experten, Erfahrungsberichten aus der RE-Pra-
xis, neuen Einblicken, Möglichkeiten zum Erfahrungsaustausch und vielem mehr. 
www.sophistdays.de

Fach-“WISSEN-for-free“

Die SOPHISTen stellen kostenfrei Wissen zur Verfügung. Unter dem Motto „WISSEN-for-free“ veröffent-
lichen wir hilfreiche Broschüren und Plakate (teilweise auch in englisch) als kompakte Wissensquellen 
und übersichtliche Hilfsmittel im RE-Alltag. Bestellen oder downloaden Sie unser „WISSEN-for-free“ 
ganz einfach auf unserer SOPHIST-Website.

5

Fachwissen - innovativ vermittelt

Die SOPHISTen haben für ausgewählte Trainings ein innovatives Trainingsformat entwickelt, dessen neue 
Art der Wissensvermittlung mehr Praxisbezug und größeren Lernerfolg verspricht. Die Kombination aus 
online-basiertem Selbststudium und Präsenzveranstaltung bietet die Möglichkeit, das Tempo für das 
Erlernen der theoretischen Grundlagen selbst zu wählen und den Lernfortschritt selbst zu testen.

Informationen zu diesem Plakat

hilft Ihnen weiter

Dieses Plakat soll Ihnen bei den Herausforderungen des Requirements-Engineerings behilflich sein. 
Es ist in sechs Bereiche aufgeteilt.
Ganz oben finden Sie allgemeine Informationen zum Requirements-Engineering (hellblau), die sich nicht 
in eine der vier Hauptaktivitäten des Requirements-Engineerings einsortieren lassen.
Darunter finden Sie die vier Hauptaktivitäten des Requirements-Engineerings Ermitteln (rot), Dokumen-
tieren (lila), Prüfen und Abstimmen (grün) und Verwalten (braun) mit wichtigen Techniken der jeweiligen 
Hauptaktivität. Diese sind um einen zentralen Kern (dunkelblau) angeordnet.
Der zentrale Kern des Plakats ist variabel. Fachlich wertvolle Kerne zu verschiedenen Verwendungen der 
in den Hauptaktivitäten dargestellten Techniken können in der Mitte platziert und ausgetauscht werden. 
Durch das A3-Format der Kerne können Sie das Gesamtplakat mit dem für Sie gerade passenden Kern 
leicht modifizieren.

www.sophist.de

www.sophist .de© SOPHIST GmbH 2017

... and its „cores“

Agil ≠ Agil - welche Teile Ihres Projekts wollen Sie agil abwickeln?

  Wollen Sie (vorab) spezifizieren oder (nachher) dokumentieren?
Außerhalb des Development- 

Teams - Vorstudie

   

  

Außerhalb des Development- 
Teams - zeitnah

     

     

Innerhalb des Development- 
Teams 

    

Außerhalb des Development 
Teams - nachgelagert

Außerhalb des Development- 
Teams - zeitnah

Innerhalb des Development 
Teams 

     

     

       

                                       Systemspezifische Umsetzung                                                                   Systemspezifische UmsetzungSystemübergreifende Konzeption

  System- 
übergreifende 
Spezifikation

  System- 
festlegung 

(Enterprise-Architektur)

Projekt C

Vorstudie B

CCB 
Change Control Board

  An welchen Stellen einer agilen Entwicklung 
 werden Methoden des RE angewendet?

Product- 
Backlog

 Refine-
ment

Sprint- 
Backlog

Backlog- 
Item

Review   

Retro

Definition 
of Done

Product

Verwalten
Dokumentieren 
(Nicht-funktionale 
Anforderungen)

Daily

 

Ermitteln,  
Dokumentieren, 

Prüfen

  Was muss spezifiziert / dokumentiert werden?

Basis für 
DoR 

(Definition of 
Ready)  
und  
DoD 

(Definition of Done)

Allgemein
Ziele des Systems 3

1
1
1
1
3

Systemkontext
Stakeholderliste
Annahmen
Fachbegriffsdefinition
Geschäftsprozesse inkl. Geschäftsregeln
System
Informationsmodell
Funktionalität
Nicht-funktionale Anforderungen
Abnahmekriterien
Schnittstellen
Human Machine Interface
Umgang mit Fehlerfällen

Disziplinen benötigen Inhalte in  
Qualitätsstufen  
1: exemplarisch, nicht abgestimmt bis 
3: vollständig und eindeutig

System 
Requirements

System 
Design

System 
Construction

System 
Testing

System 
Maintenance

3
3
-
2
1
-

-
-
-
-
1
-

3
3
-
-
1
-

3
3
3
-
1
-

Knowledge Areas in Anlehnung an SWEBOK

-
-
1
-
2
-
-

3
2
2
-
2
2
-

3
3
3
-
3
3
-

3
3
3
3
3
3
-

3
3
3
-
3
3
3

  

  System- 
übergreifende 
Spezifikation

  System- 
festlegung 

(Enterprise-Architektur)

  System- 
spezifische 

Spezifikation

  System- 
architektur  Design                   Umsetzung         System- 

dokumentation         

System- und 
Integrations-

test
Abnahme Inbetrieb- 

nahme Wartung

    
    
  

Wunsch A

System-/ 
Product- 
Backlog

System-/ 
Product- 
Backlog

  Sprint  
Planning 

   Meeting

Verwalten

Ermitteln,  
Dokumentieren, 

Prüfen
q

q

Außerhalb des Development- 
Teams - nachgelagert

   

  

Ermitteln,
Abstimmen,  

Dokumentieren

Innerhalb des Development- 
Teams 

       

    

  Wollen Sie Ihre Wünsche systemübergreifend oder systemspezifisch umsetzen?
Systemübergreifende Umsetzung je Team

Wunsch A

System X - Entwicklung und Dokumentation

Systemspezifische Umsetzung je Team

Vorteile:  
 � Ganzheitliche Betrachtung eines Auftrags/Projekts.
 � Einfache Umsetzung von Schnittstellenthemen.

q

q

q

q

q

q

System Y - Entwicklung und Dokumentation

q

q

q

q

q

qWunsch B

System X - Entwicklung und Dokumentation

Nachteile:
 � Jedes Team muss in der Lage sein, jedes anzu- 

 passende System zu ändern.
 � Mehrere Teams passen fortlaufend/gleichzeitig 

 ein System an.

System Y - Entwicklung und Dokumentation

Systemspezifische Umsetzung je Team

Wunsch A

System X - Entwicklung und Dokumentation

q

q

q

q

q

q

System Y - Entwicklung und Dokumentation

q

q

q

q

q

qWunsch B

System X - Entwicklung und Dokumentation

System Y - Entwicklung und Dokumentation

Vorteile:  
 � Leichte Koordination der Änderungen am System.
 � Einfachere Bildung von Development-Teams.
 � Leichtere strategische Enterprise-Architektur- 
 Entwicklung möglich.

Nachteile:
 � Wünsche müssen auf Systeme herunter- 

 gebrochen werden.
 � Schnittstellenthemen müssen teamübergreifend  

 koordiniert werden. 

Product- 
Backlog

Product- 
Backlog

  System- 
übergreifende  
Spezifikation

  System- 
festlegung 

(Enterprise-Architektur)

System-/
Product- 
Backlog

System-/
Product- 
Backlog

  Mögliches Gesamtbild für die Systementwicklung

System-/ 
Product- 
Backlog

Spezifikation und Dokumentation in agilen Projekten

www.sophist.de© SOPHIST GmbH

Systemübergreifende 
Integration 

Inbetriebnahme

Systemübergreifende 
Integration 

Inbetriebnahme

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q
System X  

V1
System X  

V2

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q

q
System Y  

R3.a
System Y  

R3.b

System- 
architektur Design Umsetzung

System- 
dokumen-

tation

  System- 
spezifische 

Spezifikation
System Z  

2019

Auf dem Weg zu agilen Skalierungsansätzen wie SAFe, LeSS, Nexus, Scrum@Scale, DAD, ...

 Anforderungen formulieren

MASTER - Die SOPHIST-Templates für Requirements

www.sophist.de© SOPHIST GmbH

Die rechtliche Verbindlichkeit

Eine Anforderungsschablone ist ein Bauplan, der die Struktur eines einzelnen Anforderungssatzes festlegt.
Der hier gezeigte FunktionsMASTER mit Bedingung findet für die Art der funktionalen Anforderung Anwendung. Eine Bedingung ist dem Hauptsatz vorangestellt. Funktionale Anforderungen lassen sich jedoch auch ohne 
Bedingungen formulieren. Dann entfällt der erste Bestandteil <Bedingung> und der Satzbau ändert sich.

Es existieren weitere detaillierte Satzschablonen für Bedingungssätze oder Nicht-funktionale Anforderungen. Diese Schablonen (auch in englischer Sprache) und viele weitere Informationen zum Thema finden Sie in der 
MASTER-Broschüre unter der Rubrik „WISSEN-for-free“ auf unserer SOPHIST-Website.

 Anforderungen formulieren   Wortschatz / Glossar ableiten

Die Art der Funktionalität

Bedeutung Synonyme

Bibliothekar

Leihobjekt

suchen

ausleihen

Die Rolle des Bibliothekar beschreibt eine 
natürliche Person, die...

Ein Leihobjekt ist ein abstrakter und verall-
gemeinerter Begriff für alle in der Bibliothek 
ausleihbaren Objekte, wie z. B. Bücher, ...

Suchen bedeutet, dass ein Benutzer des Biblio-
thekssystems im Bestand der Bibliothek nach ...

Ausleihen ist der Prozess, ein Leihobjekt ...

Bibliotheksmitarbeiter, 
Bibliotheksleiter

Leihgegenstand,
Ausleihgegenstand,
Ausleihobjekt

-

verleihen

Der FunktionsMASTER mit Bedingungen
Schritt 5: 
Logische und zeitliche 
Bedingungen formulieren 
(Die Bedingung)

Schritt 0: 
System benennen 
(Das System)

Schritt 1: 
Wichtigkeit festlegen 
(Die rechtliche Verbindlichkeit) Schritt 3: 

Art der Funktionalität 
(Die Art der Funktionalität)

Schritt 2: 
Funktionalität identifizieren 
(Das Prozesswort)

Der Ausdruck MUSS wird verwendet, um verpflichtende Anforderun-
gen zu definieren.

•  Die definierte Anforderung ist verpflichtend.
•  Die Erfüllung der Anforderung im Produkt ist verpflichtend.
•  Die Abnahme des Produkts kann verweigert werden, falls einer 

 MUSS-Anforderung nicht entsprochen wurde.

Der Ausdruck SOLLTE wird benutzt, um wünschenswerte Anforderun-
gen zu definieren. Wünsche:

•  sind nicht verpflichtend.
•  müssen nicht erfüllt werden.
•  dienen der besseren Zusammenarbeit von Stakeholdern 

 und Entwicklern.
•  erhöhen die Zufriedenheit der Stakeholder.

Der Ausdruck WIRD wird benutzt, um Anforderungen zu definieren, 
die in der Zukunft integriert werden.

•  Zukünftige Anforderungen sind verpflichtend.
•  Sie helfen in der aktuellen Lösung, Vorbereitungen zu treffen,  

 um Zukünftiges später optimal zu integrieren.

PF
LI

CH
T

Selbsttätige Systemaktivität: 
Ein System startet eine Funktion automatisch und führt sie anschließend automatisch aus. 
Diese Anforderungen formulieren Sie mit der entsprechenden rechtlichen Verbindlichkeit (Modal- 
verben MUSS, SOLLTE oder Hilfsverb WIRD) und einem Prozesswort im Infinitiv. Das Prozesswort bildet 
die Funktion des Systems ab, die es selbsttätig durchführt. Ein Benutzer tritt dabei nicht in Erschei-
nung. 

Benutzerinteraktion: 
Das System stellt einem Benutzer eine Funktionalität zur Verfügung oder es tritt mit ihm in Interak-
tion (das kann z. B. in Form einer Auswahlmaske geschehen). Für diese Interaktion zwischen System 
und Benutzer wählen Sie die Formulierung <Akteur> DIE MÖGLICHKEIT BIETEN und ein Prozesswort 
im Infinitiv mit ZU. Hinter der Rolle / dem Akteur verbirgt sich ein mit dem System interagierender 
Benutzer.

Schnittstellenanforderung: 
Mit Anforderungen an Schnittstellen wird der Fall abgedeckt, dass ein System eine Funktion nur in 
Abhängigkeit der Informationsübergabe durch einen Dritten, der nicht der Benutzer ist, ausführen 
kann. Das kann ein Nachbar- oder Fremdsystem sein. Die Übergabe der Informationen kann in unre-
gelmäßigen Abständen erfolgen oder unvorhersehbar sein. Formulieren Sie diese Anforderungen mit 
FÄHIG SEIN und einem Prozesswort im Infinitiv mit ZU.

W
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SC
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<Bedingung> <Objekt><System>SOLLTE <Prozesswort><Akteur>  
DIE MÖGLICHKEIT BIETEN

MUSS

WIRD FÄHIG SEIN Schritt 4: 
Objekt identifizieren 
(Das Objekt)

In englischer Sprache spezifizieren
Bedingungspfad für 
logische Ausdrücke

Bedingungspfad für 
Zeitpunkte oder Ereignisse      

Bedingungspfad 
für Zeiträume

AS SOON AS <event>
PROVIDE <actor> WITH 

THE ABILTY TO <object>

<logical expression>IF

<time period>AS LONG AS

SHALL

WILL

<system>

IF | the customer already exists in the library system, | the library 
system | SHALL | display | an error message.

AS SOON AS | the librarian has selected the function register new 
customer, | the library system | SHOULD | PROVIDE the librarian 

WITH THE ABILITY TO | enter | the customer data.

AS LONG AS | the library system is connected to the network, | the 
library system | WILL | BE ABLE TO | receive | the customer data.

-

BE ABLE TO

... ... ...

 

Schritt 0: Das System: BibSys
BibSys.

Schritt 1: Die rechtliche Verbindlichkeit: MUSS
BibSys MUSS.

Schritt 2: Das Prozesswort: suchen
BibSys MUSS suchen.

Schritt 3: Die Art der Funktionalität: Benutzerinteraktion mit Rolle Bibliothekar
BibSys MUSS dem Bibliothekar DIE MÖGLICHKEIT BIETEN zu suchen.

Schritt 4: Das Objekt: Leihobjekte
BibSys MUSS dem Bibliothekar DIE MÖGLICHKEIT BIETEN Leihobjekte zu suchen.

Schritt 5: Die Bedingungen: Zeitraum: Ausführen der Funktion Leihobjekt ausleihen
SOLANGE BibSys DIE FUNKTION Leihobjekt ausleihen ausführt, MUSS BibSys dem Bibliothekar 
DIE MÖGLICHKEIT BIETEN Leihobjekte zu suchen.

-

M
U
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D

Begriff/
Prozesswort

<process verb>SHOULD

SO
LL

TE
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Creating a business case

In order to achieve improvement or develop a new product, the first step is to find 
out what is required. Therefore, we identify potentials with our customers, derive 
business requirements, collect alternative solutions and evaluate them. It can be 
done the traditional way by means of feasibility studies, economic feasibility studies, 
etc. However, our project experience shows that the use of agile techniques is rising 
in this area: product canvas with minimum viable product (MVP), vision statements, 
product box, etc., which are presented in the course of an elevator pitch.

Requirements engineering

Is it done? Has the management been convinced of the product idea/business case? 
Then requirements engineering begins. Never mind if it’s a classical or agile process 
model. Detailed information about the selected solution alternative needs to be 
determined, requirements derived, documented, prioritized and imparted to the 
development team.

The best way to do this can be found in our brochures, books, on our website or in 
personal conversations.

Establishing developed solution

Finally, the most important part: to accompany the establishment of the solutions 
into the targeted environment. Especially if new software has been developed to 
optimize the business processes, or even if the solution replaces staff, proceeding 
with special caution is recommended. It would be easy to just meet the technical 
requirements for integrating software into the production environment but that’s 
not enough. The greatest threat lies in the risk that the stakeholders will reject the 
solution due to existential fear or the fear of change. The key lies in a well-planned, 
organizational change process (see also paragraph 7 - "Establishment of an improved 
requirements engineering") that engages all people affected/involved.

So, business analysis and requirements engineering are closely intertwined. If help is 
needed, we are ready and happy to consult!
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12.	 Videos within Requirements Engineering
In the context of requirements 
engineering activities many 
requirements will be created 
that should be documented 
or imparted in different ways. 
These collections of requirements 
can get very complex. As a 
result the connection between 
the requirements can be lost 
notwithstanding model-based 
documentation techniques or 
story maps are used.

Videos can help. Among other things they can show many small requirements and 
their connection in a comprehensible way. Videos can also help in the elicitation 
phase; the original problem or the context of the new system can be shown. 

Thanks to modern technology it’s no problem to create and send such videos. There 
are apps for smart devices to create and edit videos, which are cheap or free and 
easy to use. Of course, the planning, the creation and the editing of the videos are 
not completely free. However, the time and therefore costs spent are compensated 
by fewer costs for imparting the requirements. Especially, if there are a lot of stake-
holders and consumers. To keep the cost of the videos as low as possible, we have 
briefly summarized the most important thoughts and principles for their creation 
and use.

The PILZ of the video

Before starting to film a video, it needs to be decided carefully which content and 
purpose the video shall have. We have defined a structured way that we call PILZ 
(German for mushroom). In PILZ, four different dimensions are addressed, which 
determine significantly the content and the form of the video (the script).

	■ Phase (“Phase”): In which phase of the requirements engineering process 
should the video be used. For example, should it support the elicitation or the 
imparting of the requirements?

	■ Content (“Inhalt”): Shall the video impart a rather static or dynamic content? 
E.g., the presentation of the entrance area of the house in which a part of the 
new smart home system shall be embedded (static) or the currently typical 
sequence when entering the house without the new system (dynamic).

	■ Solution reference (“Lösungsbezug”): How much of a possible (subject-specific 
or technical) solution shall be given? It is possible to show the entering of a PIN 
code at a keypad (technical solution) or this action can be hidden behind an 
inserted card with the label "Authentication" (solution-neutral).
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	■ Time reference (“Zeitbezug”): Does the video represent a target state or the 
current state? In other words: Does the video show a goal in an abstract way, or 
does it show the currently given state?

For the different characteristics in the four dimensions, we recommend actions 
to support the creation of the script and thus ensure the quality of the video. For 
example, to show a static content, it should be switched between an overview and 
detail shots, showing the details for a certain amount of time without changing the 
camera position. In [Rupp20] we have given the complete list of characteristics of the 
dimensions including the respective recommended actions.

Embedding into a collection of requirements

Another part of our approach is to describe how videos can be linked to a collection 
of requirements. Videos in requirements engineering usually have a user’s 
perspective, so they can be homogeneously integrated into document structures 
that use use cases as the top hierarchical level.

Figure 12.1: Levels of detail for videos

With this approach, it can be decided which content shall be presented at which 
abstraction level in different videos. Figure 12.1 shows different videos at the use 
case level, that visualize different parts of the possible sequences. These use case 
videos can now also be cut together to visualize a higher-level sequence, so that 
requirements collection can be extended easily at different abstraction levels.

1. Higher-level scenario

1.1 Use case 1 (Open door)
1.1.1 Main scenario

1.1.1.1 Recognize person
1.1.1.2 Verify person
1.1.1.3 Open door leaf
1.1.1.4 ...

1.1.2 Alternative scenario - Door is blocked
1.1.2.1 Stop door opening
1.1.2.2 Issue warning signal
1.1.2.3 ...

1.2 Use case 2 (Close door)
1.2.1 Main scenario

1.2.1.1 Activity 1
1.2.1.2 Activity 2

Use case video

Scenario video
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Shooting videos in a workshop

The creative act of creating videos requires an intensive analysis with the content 
that shall be presented. In our experience, the creation of a video can be done very 
well in a workshop. During the planning and actual shooting of the video, negative 
aspects in a described process can be found. Details must be defined clearly, and 
existing requirements must be double checked to see if they e.g., don’t already 
contain (unintended) parts of a solution. When creating the script, the way of 
working with the requirements is special. It helps, if several people are collaborating. 
The actual shooting is always a group event that will be remembered for a long time 
by all leading and supporting actors.

In addition to PILZ, we have some other tools ready to conduct video workshops, 
e.g., storyboards and mood boards. More details can be found on our website at 
www.sophist.de/re7/kapitel27.
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13.	 Requirements Engineering for Product 
Lines and Families

We as customers are lucky! We can always and everywhere choose from many alter-
natives - or even better - create our own individual product. To make this possible, 
we are supported, for example by configurators. In many areas, the ideal is: the more 
individual a product, the better.

However, a growing variety and individuality lead to complications in the product 
development. In order reduce the development effort as much as possible; the ana-
lysis of reuse options and product similarities is important. The goal is to fulfill as 
many different customer requirements as possible with the least possible develop-
ment effort. Nowadays most products aren’t new, but are developed further in 
an evolutionary manner. Almost nobody launches a single product, but usually a 
product family or product line, in which the products differ more or less. In the spirit 
of "shift left": The earlier this fact is taken into account in the development process, 
the higher the savings potential in the entire development process – best, if already 
considered in portfolio management when defining the product strategy.

The feature model

We assume that there are several products that are similar in terms of their properties 
and functions, but also differ in some way. The properties or functions are called 
characteristics or features. Later they can be used to select or distinguish between 
variants. For documentation purposes, the feature model has proven to be a useful 
notation.

Figure 13.1: Feature model of smoke alarm
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If the product is supposed to be described "as always", to each requirement the 
matching feature from the feature model can be assigned. The features can be linked 
to requirements or simply be seen as an attribute of the requirements used for the 
mapping.

Figure 13.2: Mapping requirement features

Based on the feature model and its rules, it is easy to determine different variants 
and, of course, the minimum viable product (MVP) or a platform (which is common 
to all products).

Obviously the goal is not only to reuse the requirements, but also other development 
artifacts such as architecture, test cases or even test results, if possible.

Figure 13.3: Peak Model

Smoke alarm
Use Cases; requirements Source/Derivation from Feature
Detect danger Always
- Detect smoke particles Smoke particles
- Detect gas Gas
- Detect temperature Temperature
Signalize event Always
- Signal danger Always
- Signal event SHS event notification
Use voice connection Emergency Communication
Charge battery Chargeable battery
Establish connection to control center SHS incident signalizing
Turn on system Always
Turn off system Always

[...]

[...]

F

F F

F

F F

F

F F

[...]

[...]

Feature peak

Test peak

Requirements peak

Architecture peak
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14.	 Conclusion
Requirements and user stories are the heart of successful system development. 
They can decide over success and failure, as they are the precondition for contracts, 
correct implementation and development, as well as tests and acceptance criteria. 
This applies to agile development just as much as to classical development.

Requirements engineering is a demanding field of activities that opens up many 
possibilities. For instance, professional requirements engineering increases the 
chances for the success of projects in IT environments and others. An appropriate 
analysis can ensure that

•	 the system to be developed is described appropriately to the procedure.

•	 the fulfillment of goals is ensured by the associated requirements or stories.

•	 only agreed and tested requirements that meet the goal, are implemented.

Even if the expenses for a requirements engineering that is adapted to the approach 
seems high - a lot of money is saved if the development goes into the right direction 
and match the customer's wishes right from the beginning. Requirements engineering 
is worth its costs!

This brochure is supposed to give an impression of what belongs to the basic work of 
a requirements engineer. Of course, we could only present a small part of a complex 
job. There are more information in our publications, on our website and of course in 
consulting conversations and trainings.

So if you want to learn from the pioneers, professionals and real practitioners, 
SOPHIST is the right place for you. Equipped with years of experience in a variety of 
contexts, we are happy to take care of you, your projects and your co-workers. We 
are always in line with your needs, because our customers are the centre of all of 
our activities. We have no standard approach. We adapt processes, techniques and 
methods individually to your needs. Together we can work out the approach that 
works best for you. As the ancient Greek Sophists said – To us the human being is the 
measure of all things. 

We are looking forward to getting in touch with you.

Yours, the SOPHISTs
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The basics of Requirements Engineering

When developing a system - be it software or a building - the most important prerequisi-
te for success is that all those who are involved know exactly what is to be developed. And 
this already beginns with the rough targets and ends with highly detailed instructions for the        
implementation.

The work of requirements engineers deals precisely with this topic. Their job involves:

	 •	 elicitation,
	 •	 documentation,
	 •	 validation and consolidation, as well as 
	 •	 management

of system requirements.

With this brochure, we want to give you an overview of the activities belonging to these roles 
and, hence, what we, the SOPHIST‘s, have specialized in for now over 20 years. 
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