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Abstract

Managing an ever-growing number of requirements is a time consuming and highly complex activity in product develop-
ment projects. With the rise of Artificial Intelligence (Al) in the last decades, algorithms are now capable of supporting
Requirements Engineering (RE) tasks. The algorithm’s ability to intelligently process natural language data as well as the
application in RE have been published extensively. In established RE processes however, it is often unclear, where Al
algorithms can be utilized. The result is a significant imbalance between state-of-the-art Al algorithms and their application
rates in real RE processes. One of the reasons is, that current models of RE processes aren’t able to convey the needed
information for the identification of suitable tasks. Therefore, this paper aims to provide a framework of finite and stan-
dardized process steps with a data processing-oriented perspective, that can be used to systematically identify the points in
the RE processes where Al algorithms can be applied. With the standardized process steps of this framework, established
RE processes can be abstracted and expressed in a way that is compatible with the scope of Al algorithms. Due to the finite
number of standardized process steps, libraries of suitable Al algorithms for the defined process steps can be built, so that
their applicability can be efficiently assessed. The presented framework was developed collaboratively during a research
project with industry participation.

Identifikation der Anwendungsmaoglichkeiten von KI-Algorithmen in Requirements Engineering
Prozessen

Zusammenfassung

Das Management einer immer grofler werdenden Menge an Anforderungen ist eine zeitlich aufwendige und komplexe Auf-
gabe in der Produktentwicklung. Durch den technologischen Fortschritt auf dem Gebiet der kiinstlichen Intelligenz (KI)
sind Algorithmen heute in der Lage, einzelne Tétigkeiten innerhalb des Anforderungsmanagements (AM) zu unterstiitzen.
Die Fahigkeit der KI, natiirlichsprachliche Texte intelligent zu verarbeiten sowie ihre Anwendung im AM wurden schon
mehrfach in diversen Verdffentlichungen gezeigt. Zwischen dem Stand der Forschung und der industriellen Anwendung
von KI-Algorithmen im AM besteht jedoch ein signifikantes Ungleichgewicht. Ein Grund dafiir ist, dass es in bereits
etablierten AM-Prozessen hidufig unklar ist, welche Prozessschritte durch den Einsatz eines KI-Algorithmus unterstiitzt
werden konnen. In den géngigen Prozessmodellen des AMs fehlt es an Informationen, die fiir die Identifikation von KI-Ein-
satzmoglichkeiten notwendig sind. In diesem Beitrag wird ein Baukasten fiir standardisierte Prozessschritte vorgestellt,
mit denen sich AM-Prozesse aus datenverarbeitender Sicht modellieren lassen, um so die systematische Identifikation
von KI-Einsatzmoglichkeiten zu ermdglichen. Der Prozessbaukasten wurde im Kontext eines Forschungsprojektes und in
Kollaboration mit Industriepartnern entwickelt.
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1 Introduction

Requirements provide the guideline for the development
process and restrict the solution space for the design of sys-
tems [1, 2]. For successful and efficient developing, require-
ments not only need to be demand-oriented and precise, but
also consistent and redundancy-free [3, 4]. Modern cyber-
physical systems are driven by high customer expectations
as well as strict regulatory frameworks, leading to an ever-
rising number of requirements that need to be handled by
developers [5]. The activities that are related to the work
with requirements are summarized by the term Require-
ments Engineering (RE). In an industrial context, require-
ments are traditionally captured in the form of written text
[6]. Therefore, most tasks in RE require the interpretation
of natural language and are consequently hardly automat-
able with traditional computer algorithms. In addition, the
individual steps that are carried out to solve RE related
tasks are highly diverse, depending on the system under
development and the perspective of the different develop-
ment teams [7]. Consequently, RE ties up large amounts
of human workforce capacities in heterogeneous RE pro-
cesses, which are increasingly reaching their limits in view
of the further growing requirement volumes and technical
complexity of cyber physical systems. In order to manage
complexity in systems, Model-Based Systems Engineering
(MBSE) approaches, e.g. [8—11], offer a function-oriented
and seamless connection of digital models, allowing for
automating development tasks to some extent. Manually
creating such digital models of already existing textual re-
quirements in large scale however, admittedly comes with
great initial efforts.

Advances in the field of Artificial Intelligence (AI) offer
an alternative approach to support RE tasks. Natural lan-
guage processing (NLP) algorithms in particular are now
able to interpret and process presently existing textual data
[12], providing a promising approach to support RE tasks.
As recent literature shows however, there still is a large
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gap between the state-of-the-art and industry application of
Al algorithms [6, 12, 13]. To broadly apply Al methods in
RE processes, it is necessary to systematically identify the
activities in existing RE processes that are suitable for the
application of Al

In order to close this gap, we present a set of standardized
process steps that can be used to conduct a systematic iden-
tification of Al application opportunities in RE. We define
elementary process steps (EPS) that enable the abstraction
of individual process steps within RE processes by rep-
resenting them as standardized input-output models. The
term elementary refers to the scope of the process steps:
Analogous to Al algorithms, that are typically trained to
perform a concrete task, EPSs also describe a specific and
elementary task, that cannot be further decomposed in any
meaningful way. This allows for a precise and homoge-
neous description of RE processes. Based on the input-
output models and the same degree of abstraction, capable
Al methods can then be linked to the corresponding EPS.
Ultimately, this allows for a systematic identification of Al
application opportunities in each RE process modeled with
EPS. This approach was developed based on real RE pro-
cesses in a collaborative research project with participation
of the automotive industry.

The paper is structured as follows. Chapter 1 gives a brief
introduction into the topic and aims to outline the problem.
Chapter 2 summarizes the state of the art in RE as well
as Al in RE. Chapter 3 follows with the research question
that is derived from the state of the art. Chapter 4 describes
the methodology used to conceive the EPS. An exemplary
application of the EPS is presented in Chap. 5. Chapter 6
closes this paper with a conclusion and an outlook for future
work.
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2 State of the art

In literature, the term Requirements Engineering (RE) is
used ambiguously [14]. In this paper, the following defini-
tion for RE by [15] will be used: “The subset of systems
engineering concerned with discovering, developing, trac-
ing, analyzing, qualifying, communicating and managing
requirements that define the system at successive levels of
abstraction.” This chapter provides relevant, available in-
formation on RE processes as well as Al applications in
RE.

2.1 Requirements engineering processes

In RE, there is no standard process model that is able to
grasp the highly individual approaches that exist in reality
[16]. In order to be able to match existing Al algorithms
to RE process steps, the process model should fulfill two
criteria: First, the process model should specify RE process
steps on a level that matches the scope of Al algorithms.
Second, it is important that the process model relates to
typical requirement data transformations, e.g. by specify-
ing relevant data inputs and outputs. In [17] alone, eight
different RE process models are presented. All of these RE
process models describe the individual RE process steps
only from a business process perspective, that makes it im-
possible to match suitable Al algorithms. The linear RE
process model by [18] for example, divides the RE process
into five consecutive steps described on a unspecific level,
e.g. analysis and modelling. No relation to the processed
requirement data is given and no inputs and outputs of the
individual steps are defined. The same conclusions can be
made for the spiral model by [19] as well as the iterative RE
process model by [20]. Although the latter process model
roughly defines inputs and outputs for the process steps,
Fig. 1 shows, that there is no clear reference to transformed
data artifacts.

Another commonly mentioned RE process model is the
ISO standard 29148 [4]. Here, individual RE process steps
are elaboratively described, but neither is a relation to ac-
tual requirements data transformation apparent, nor are the
task definitions intended to be within the scope of algorithm
capabilities. What stands out however, is the occurrence of
similar phases, that are repeatedly used in most of the dif-
ferent process models. The re-occurring RE phases, that are
also mentioned in [6, 18, 21], can be described as follows:

1. Requirements Elicitation. This phase describes the pro-
cess of gathering all of the sources that possibly contain
information for the system under development and must
be translated into requirements. Sources can for exam-
ple include stakeholder surveys, ISO standards, interna-

tional and regional regulations or internal requirements
that have been used in previous product cycles.

2. Requirements Documentation. The requirements docu-
mentation phase describes the process of transforming
the gathered information of the previous phase into a for-
mal representation that is suitable for the developing
process. Typically, the output of this phase is a collection
of requirements in the form of textual natural language.
More sophisticated formalizations incorporate prede-
fined sentence structures [22] or use additional attributes
along with the requirements’ text. Beside the textual rep-
resentations, requirements can also take other forms, e.g.
a Use-Case model in UML [23].

3. Requirements Analysis. This phase considers a variety of
activities that include the formal analysis of the docu-
mented requirements, i.e. confirming that formalization
rules have been met, but also analysis in regards to the
content of the requirement, e.g. finding inconsistencies,
ambiguities or dependencies.

4. Requirements Verification. Tasks in this phase entail the
examination of development artifacts such as software
code, system architectures or simulation results to ensure
the fulfillment of all specified requirements.

2.2 Artificial intelligence in requirements
engineering

The application of Al technologies in RE is a promising
approach [24]. With the advance of natural language pro-
cessing (NLP) technologies, Al algorithms have become
capable of interpreting and processing textual data. In a sys-
tematic literature research, [25] classifies typical Al capa-
bilities to support RE processes as follows:

1. Detection. Identifying linguistic issues in requirements
text.

2. Extraction. Finding domain-typical terms in require-
ments, e.g. to create glossaries.

3. Classification. Classifying requirements according to
predefined types, e.g. functional and non-functional.

4. Modelling. Generation of requirements models.

5. Tracing & Relating. Identifying correlations between re-
quirements.

6. Search & Retrieval. Algorithms of this type can be used
to find single or multiple requirements out of require-
ments repositories.

In total, over 350 different Al algorithms are classified
by [25] and cross-referenced to the RE phases presented in
2.1. The survey concludes, that most of the Al algorithms
are developed with the capability of Detection and used in
the Requirements Analysis phase. However, only 7% of all
algorithms are evaluated in an industrial context. The au-
thors also show, that the Al algorithms’ capabilities are used
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Fig.2 Shortcomings of sur-
veyed RE process models for
allocating Al algorithms
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in more than one of the RE phases. Al algorithms, that are
capable of Detection for example, are also used in other RE
phases such as Requirements Elicitation and Requirements
Verification. This hints at reoccurring tasks being carried
out across different RE phases. Yet, it is still unclear which
Al algorithm can be applied for which particular process
step.

3 Problem statement and research need

As shown in Chap. 2, a multitude of Al applications have
been proposed for tasks within the RE phases [6, 25]. How-
ever, there is no systematic way of transferring Al technolo-
gies into practice [26] of RE. The result is a gap between
the state-of-the-art in Al capabilities for RE and the actual
application in industrial contexts [25]. As stated by [13],
this is due to the lack of a systematic approach of iden-
tifying the tasks that can be supported by Al algorithms.
Moreover, as stated by [24], it is often not clear what RE
task can be supported by a newly developed Al algorithm.

From the reviewed RE process models, it is apparent, that
the commonly used RE phase descriptions are not suitable
to allow assessment of algorithm deployment opportunities,
as none of them meets the two criteria stated in Chap. 2. Al-
gorithms are usually built to process input data into output
data [27]. But since RE processes are so highly individual
on this level of specificity, a generic, detailed process model
for all relevant RE process steps is described as impossible
by [28]. This individuality also became evident in a survey
about RE processes in six different development teams from

@ Springer
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the automotive industry, that has been conducted by the au-
thors. In particular, three shortcomings in the modeling of
RE processes were perceived in the survey. In reference
to Fig. 2, the shortcomings of the RE process models for
identifying Al algorithm applicability are the following:

1. No reference to the processed RE-related data is recog-

nizable.
In particular, this shortcoming describes the inability to
allocate an Al algorithm, because of missing information
about the process step: Which inputs, i.e. RE-related data
artifacts, are processed into which outputs by an individ-
ual process step.

2. The scope of the process steps described in process mod-

els varies and is mostly too broad for matching a single
Al algorithm.
In this case, an unambiguous allocation of a single Al
algorithm is not possible, because the individual process
step is described on a level that is too general and conse-
quently has to be split up or defined more precisely.

3. There is no uniform representation for RE processes that

allows for an accurate allocation of Al algorithms.
This shortcoming becomes apparent when considering
more than one RE process: When evaluating RE process
2 for Al applicability, as depicted in Fig. 2, the allocation
of Al algorithms to RE process steps must be conducted
again. The knowledge about suitable allocations of Al al-
gorithms from RE process 1 is lost and can’t be reused for
application in RE process 2.

In order to address these shortcomings, the following
research question is posed:
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Fig.3 Concept of Elementary Functional Flows:
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How can highly individual RE processes be homoge-
neously represented, such that the processed requirement
data is apparent and suitable Al algorithms can be system-
atically allocated?

To guide the research activity and narrow the solution
space, the following hypotheses are derived from the pre-
sented shortcomings.

1. The inputs and outputs of the process steps can be uti-
lized to relate to typical requirements data artifacts.

2. The process steps can be defined on an elementary level,
such that they are generally applicable and represent RE
process steps in the scope of Al algorithms.

3. RE processes can be represented by a finite set of stan-
dardized process steps, allowing for an unambiguous al-
location of Al algorithms

In response to the research question and along the hy-
potheses a framework of elementary process steps was de-
veloped. The derivation of the framework is outlined in
Chap. 4.

4 Conceiving the EPS framework

In this chapter, the conceiving of the Elementary Process
Step (EPS) framework is described. Instead of proclaim-
ing a one-size-fits-all RE process model, the authors of this
paper propose using a set of preliminarily defined and gen-
erally applicable elementary process steps, that represent
single data-oriented tasks and can be combined to express
any individual RE process. The key aspects of this frame-
work are based on an methodical approach that has been
successfully used in early systems engineering works by
[29]. It is important to note, that [29] describes a method,
that is intended to model system functions and is explic-

itly no process modeling technique. Albeit being used for
a different context, said approach is chosen as an analogy,
because it offers a solution to a problem with similar charac-
teristics. System functions, as well as RE process steps, are
naturally expressed very individually and can be specified
in a wide range of scopes. To homogenize system func-
tions, the authors of [29] define a finite set of universally
applicable elementary functions in the form of input-output
models. This is achieved by defining the possible in- and
outputs, i.e. the functional flows, as well as the operations
that can be performed on the functional flows. In combina-
tion, the functional flows and the operations form the set of
elementary functions as depicted in Fig. 3.

The term elementary refers to the scope of the functional
description. The scope is chosen, so that an allocation of
individual physical effects that are able to realize each ele-
mentary function can be made. In summary, this approach
enables a standardized representation of functions with ex-
plicit reference to the type of the processed entity, along
with allocated solution proposals in the form of physical
effects.

Analogically, the EPS framework aims to define a set of
elementary process steps, that enable a standardized rep-
resentation of highly individual RE processes. Here, Ele-
mentary refers to the scope that is chosen, so that it fits the
scope of Al algorithms. The Al algorithms in turn enable
the task described by the individual EPSs. In order to con-
ceive such a framework, the possible inputs and outputs,
i.e. the RE flow types, as well as the employable operations,
i.e. the RE operations, have to be defined.

4.1 Conceiving the RE flow types

In the following, the possible inputs and outputs, i.e. the RE
flow types, of the EPS framework are defined in analogy to
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Table 1 Definition of RE Flow types

Table 2 Definition of the RE Operations

RE Flow Type Flow Compo- Definition
nent

Requirement Format A collection of requirements

Set Content

Requirement Format An individual requirement
Content

Relation Format Association between data
Content artifacts

Information - Any external data artifact

the functional flow types Energy, Material and Information.
According to [27], a computer algorithm is characterized
by its capability to transform specified inputs into specified
outputs. In accordance to hypothesis 1 as defined in Chap. 3,
an input-output representation of the performed process step
is therefore generally applicable. For the consideration of
the inputs and outputs and to determine the relevant data
artifacts the algorithms should process, a simplified version
of the ReqIF [30] meta-model is used. This meta-model is
shown in Fig. 4 using the UML class diagram notation [23].
The meta-model depicts the main requirement data arti-
facts and their relations to each other. The RegSet represents
a collection of individual Requirements. A Relation is used
to express links between data artifacts. All of the three enti-
ties ReqSet, Requirement and Relation, are associated with
the superclass ReqgObject and can contain AttributeValues.
The definition of the attributes for each ReqObject is spec-
ified by the corresponding Type or the contained Attribut-
eDefinition respectively. To summarize, the derived RE flow
types that can be defined for the EPS are Requirement Set,
Requirement and Relation. According to their type, each of
the three flow types has an AttributeDefinition, which will
be referred to as the format, and corresponding Attribute-
Values, which will be referred to as the content. In order
to enable the modeling of interactions with external data
artifacts, a fourth flow type, Information, is added to the
definition of the RE flow types. The Information flow type
will be used to express data artifacts that are relevant in
RE and processed by the process steps, but are not directly
contained in the requirement data artifacts, e.g. technical
drawings, software specifications or user reviews. Table 1
shows the derived RE flow types and their definitions.

Fig.5 The EPS Framework, RE Flows:
consisting of the RE flow types >  Requirement
and RE operations that can be ]
combined to form the elemen- = Requirement Set
tary process steps - == P Relation

------ » Information
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RE Operations:

RE Operation Definition

Modify Creation, deletion or editing of data artifacts
Verify Any examination of data artifacts

Extract Extracting of relevant information from data arti-

facts

4.2 Conceiving the RE operations

For the definition of the operations, that can be performed
on the RE flow types, a survey of five extensive RE pro-
cesses, containing up to 75 individual process steps from
different departments within an automobile company, have
been conducted and analyzed. Additionally, a cross-exami-
nation of the task and phase definitions given by literature
[15, 25, 31] against the surveyed processes was carried out,
in order to achieve a representative basis for the derivation
of the RE operations.

For example, the RE operation modify captures all kinds
data artifact modification including changing or further de-
tailing of a single requirement. To keep the amount of op-
erations limited and in contrast to the definition given in
Chap. 2, only those operations, that interact with require-
ment data artifacts are included. For example, the mere act
of saving requirements to a database or sending require-
ments specifications via e-mail are intentionally left out.
The resulting RE operations are shown in Table 2.

4.3 The resulting EPS framework

The resulting EPS framework is depicted in Fig. 5. The
framework consists of the three RE operations modify, verify
and extract as well as the four RE flow types Requirement
Set, Requirement, Relation and Information. The individual
EPS are formed by combining the RE flow types with the
RE operations.

In accordance to the meta-model described in Chap. 4.1,
the RE flow types are differentiated further into format and
content. Figure 6 shows four exemplary EPSs. EPS (1) de-
scribes the modification of the format of a requirement. The
content of the requirement itself is not affected. In prac-
tice, this task emerges, when transferring a textually for-
matted requirement, e.g. from a regulatory document, into
a structured data format within a database of requirements
containing supplementary attributes. EPS (2) describes the

Elementary Process Step:

Extract from

Requirement Set
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Fig.6 Exemplary EPS, formed
by the combination Qf RE flow Requirement: Relation: 5
types and RE operation Modify Format Verify Content
M (3)
Requirement Set: | ______ B Requirement: g

Verify Content

2

verification of a requirement set. When developing a sys-
tem, the set of the demanded requirements that are included
in a requirements specification, need to be consistent. So,
for example, this EPS is used to describe a consistency
check of the requirements stated in a requirements specifi-
cation. The output is of the type information, as it provides
the result of the verification. EPS (3) can be used to express
the verification of a relation between two data artifacts. The
type of the relation is specified in the format of the rela-
tion. For example, it can depict the verification of a satisfy
relationship between a requirement and a specified subsys-
tem. EPS (4) uses the content of a single requirement as an
input, performs an extraction on the content and provides
an information output. This EPS can therefore describe the
extraction of relevant information out of the textual descrip-
tion of one requirement, e.g. acceptance criteria for testing
purposes.

The total number of resulting EPS is 18. This is given by
the combinatorial set of RE operations and main RE flow
types Requirement, Requirement Set and Relation, includ-
ing their further differentiation of format and content. The
Information flow type is explicitly left out of the computa-
tion of the combinatorial set, because it acts as a secondary
flow, that can be added optionally. The EPS have been doc-
umented in a catalog as shown in Fig. 7.

Extract Content

(C))

For every EPS, a textual definition and graphical rep-
resentation is given. Wherever possible, matching Al ap-
proaches are linked. The EPS can be used to model actual
RE processes, while closely following the data-operations
that are performed on the requirements. The modeled pro-
cess can then be assessed in terms of time, quality and cost
for each process step. For critical process steps, the appli-
cability of Al algorithms can then be checked using the
corresponding EPS catalog page.

5 Application of the EPS framework

This chapter describes the intended application of the EPS
framework. Figure 8 shows the workflow for the identifi-
cation of Al applications in RE processes, using the EPS
framework. After surveying the RE process of interest, the
EPS are used to achieve a homogenized representation of
the process. For each process step, the EPS catalog can
be consulted to receive possibly matching Al algorithms.
Finally, the allocated AI algorithms, that are listed in the
catalog, can be further evaluated for applicability.

When applying the EPS framework to the exemplary RE
process 1 shown in Fig. 9, it can be seen, how the EPS
help to overcome shortcomings 1 and 2. Shortcoming 1 is

Fig.7 Structure of the EPS
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Fig.8 Application of the EPS
framework to systematically
identify Al applications

Fig.9 EPS framework applied
to the exemplary RE process 1
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framework: Application to the
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addressed by the explicit specification of the in- and outputs
of the process step that was formerly only described as
Get Relevant Requirement from Database. Using the EPS,
it becomes clear, that the input is a set of requirements and
an information flow, e.g. containing information about the
criteria that decide about the relevancy.

In relation to shortcoming 2, the process step formerly
expressed through Assign Part and evaluate Compliance is
split up into two EPS in order to match the scope of the
available algorithms. The first EPS uses the RE flow type
Relation as the main flow and Requirement and Information
as secondary flows. This EPS expresses the assignment of
a Part, conveyed though the Information flow, to a Require-
ment. The Output contains the established Relation. The
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EPS Representation
of Process Step

second EPS expresses the verification of the established
relation and delivers the result, i.e. Information, about the
verification as an output.

Figure 10 illustrates the reusability aspect of the EPS
framework. The EPS framework is now applied to the for-
merly introduced exemplary RE process 2. It is revealed
that two of the process steps can be represented with the
same EPS that are used in RE process 1. Because the Al
algorithms Al I and Al 2 have already been allocated to
the EPS, the possible Al applications can be easily iden-
tified and further assessed. This addresses the last of the
recognized shortcomings, that are described in Chap. 3.
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6 Conclusion & future work

In this paper, an approach for the systematic identification
of possible Al applications in RE processes is presented.
Chapter 2 shows, that the application of Al algorithms for
RE tasks is a vital field of research. While the ideas for sup-
porting RE tasks by Al algorithms are plentiful and even
developed successfully, a disproportionally small number
of implementations in practice was found. One of the rea-
sons identified, is the lack of a framework, that allows for
systematic assessment of actual RE processes as they are
carried out in practice. Three shortcomings of current mod-
elling techniques of RE processes are recognized and de-
scribed. The EPS framework, conceived by using an anal-
ogy to the proven systems engineering strategy of [29],
addresses these shortcomings, which is shown by an appli-
cation of the framework to exemplary RE process steps in
Chap. 5. The presented EPS are derived based on a com-
bination of the underlying data model of requirements and
basic operations that can be performed on the individual
data artifacts of requirements. Within the scope of a col-
laborative research project with industry participation, the
authors were able to use the EPS to homogenize highly
individual RE processes that were captured by surveying
requirements engineers from multiple departments.

Further research has to be conducted to allocate a signif-
icant amount of suitable Al algorithms to the set of EPS, in
order to make full use of the proposed framework. A sub-
stantial basis could be the assignment of Al algorithms to
RE phases of [25]. Although a careful literature research
into requirements engineering and digital representation of
requirements has been carried out, the authors acknowl-
edge that this set of EPS still can be refined or expanded
to cover further aspects of RE processes. Rather than pro-
claiming completeness of the presented EPS, this research
highlights the underlying methodology that can accomplish
a systematic identification of Al applications in RE.
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