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Abstract

Companies in the manufacturing sector are confronted with an increasingly dynamic environment. Thus,
corporate processes and, consequently, the supporting IT landscape must change. This need is not yet fully
met in the development of information systems. While best-of-breed approaches are available, monolithic
systems that no longer meet the manufacturing industry's requirements are still prevalent in practical use. A
modular structure of IT landscapes could combine the advantages of individual and standard information
systems and meet the need for adaptability. At present, however, there is no established standard for the
modular design of IT landscapes in the field of manufacturing companies' information systems. This paper
presents different ways of the modular design of IT landscapes and information systems and analyzes their
objects of modularization. For this purpose, a systematic literature research is carried out in the subject area
of software and modularization. Starting from the V-model as a reference model, a framework for different
levels of modularization was developed by identifying that most scientific approaches carry out
modularization at the data structure-based and source code-based levels. Only a few sources address the
consideration of modularization at the level of the software environment-based and software function-based
level. In particular, no domain-specific application of these levels of modularization, e.g., for manufacturing,
was identified.
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1. Introduction

Dynamic production environments lead to a need for adaptable processes in manufacturing companies [1].
Adaptable processes require changeable IT systems and the resulting IT landscapes to enable and support
such processes [2]. In this context, an IT landscape is to be understood as the sum of the individual
information systems used [3]. Today's major information systems in manufacturing companies are mainly
monolithic, rigid, and unsuitable for such a requirement [4]. A typical life cycle of such a monolithic
information system lasts 7-10 years, and the information systems’ configuration and design are based on the
initial requirements from the beginning of the respective life cycle [5]. The needed incremental adaptation
of these changing requirements over time only happens individually and is not structured, and thus the
information system cannot adapt to the dynamic environment.

Studies show that future-proof information systems and the resulting IT landscapes must be flexible,
functional, and consistent [6]. This can be achieved through a modular approach. A modular approach offers
the added value that individual modules can be developed independently, used selectively, and configured
according to demand [7]. Furthermore, due to the above-mentioned requirement for flexibility, a quick
implementation can be carried out in the event of changing requirements [7]. Modularization of information
systems is a promising path to a holistic best-of-breed approach [8,9]. A best-of-breed approach requires that
the best solution for the specific use case is selected and implemented (cherry-picking) [10]. Modularizing
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information systems can enable the suitable composition of modules for the needed functionality fit within
a modular IT landscape. The functionality is tailored to the respective use case, as just the fitting modules
(in the sense of the best-of-breed approach) can be used. This suitable functionality can be achieved in
modules, if modules consist of business-related functions that fit together and are only loosely connected to
their environment. Hereby a module is defined as loosely coupled with other modules and having a high
cohesion of its components within the module [12]. This definition of a module also has an advantage for
consistency - interfaces will only exist where they are needed. This is in direct contrast to IT landscapes as
they exist today. In today's IT landscapes, monolithic information systems prevail. Their size and complexity
makes them slow to change and hinder the capacity of companies to adapt to a changing environment [11].
A monolithic system always means compromises. Thus, it is crucial to focus on the modularization of
information systems to enable modular IT landscapes and adaptable processes.

This paper analyzes and presents existing approaches to modularizing information systems within IT
landscapes. Particularly relevant is the classification in a domain-specific reference. The aim is to present
distinct types, respectively levels, of software modularization and to analyze whether any types of software
modularization are underrepresented in the scientific consideration to date. This will test the hypothesis that
domain-specific modularization of information systems in manufacturing companies does not exist in the
necessary form seen in the market. This goal is pursued with systematic literature research. The research
question to be answered is: What types of software modularization exist, and are any particular types of
software modularization underrepresented in science?

This paper is divided into five chapters. After the introduction, the conducted method is discussed and
presented in detail. Chapter 3 presents the results of the research. Chapter 4 deals with the discussion of the
results obtained before a critical appraisal and an outlook is given in Chapter 5.

2. Applied methodology

The overarching method is based on the systematic literature review framework according to vom Brocke et
al. and consists of five steps [13]:

Definition of review scope
Conceptualization of topic
Literature search

Literature analysis and synthesis
Research agenda

A e

Defining the scope of the literature review ensures that the objectives of the given research question are
systematically implemented throughout the literature review process. The taxonomy of the literature review,
according to Cooper, supports this [14]. The figure below shows our definition of the review scope for our

research question.

Characteristic Categories
goal integration criticism central issues
perspective neutral representation espousal of position
organisation historical conceptual methodological
audience specialised scholars general scholars practitioners / politicians general public
focus research outcomes research methods theories applications
coverage exhaustive exhaustive and selective representative central/pivotal
Scope of this paper None scope of this paper

Figure 1: Definition of the review scope of this paper (Following Cooper [14])



The goal of the paper is the integration or, more specifically, the synthesis of existing approaches to software
modularization and the derivation of existing central issues of these approaches for the application context
of the design of the modular IT landscape of manufacturing companies. It follows that the literature review
is classified as an espousal of position, as we want to synthesize the literature accordingly to consider whether
the consideration of the application of software modularization approaches has already been studied
scientifically. A view from an espousal perspective does not contradict the necessary scientific neutrality as
long as the conclusions are logical and transparent, which we ensure through the detailed description of our
methodology [14]. The organization of the relevant sources to generate the knowledge to answer the research
question is accomplished through the development of a framework. The literature review is conceptual in
character and aims at combining similar approaches [14], in our case, software modularization approaches.
The framework is aimed at scientists from different fields, as the paper's topic is located at the interface
between computer science and production management. The focus of the material of the literature review
cannot be classified precisely, as existing research methods, research outcomes, applications, and theories
can contribute to the development of the framework. According to Cooper, exhaustive and selective coverage
is suitable for an integrative literature review [ 14], as it allows for the necessary comprehensive investigation
with the simultaneous synthesis of the literature. Accordingly, we have chosen the exhaustive and selective
coverage category for our literature review. The definition of the review scope serves as a guideline for the
entire literature review and as input for the next steps.

The second step is the rough conception of the topic field, which enables the derivation of the search strings
for the literature review steps [13]. The rough conception of the topic field is based on the research questions.
The overall theme of the paper are modular IT landscapes, and the research questions focus on the formation
of modules within information systems (and thus IT landscapes) under the application of a method. Modules
in this paper's context are formed from IT landscape information systems. To achieve this, it is necessary to
design information systems modularly. Thus, in the literature search, modules of information systems are
focused. In the context of this paper, modules are understood as system components that should have a loose
coupling between each other and a high cohesion of their respective internal elements [12,15,16].
Furthermore, the term “software” is synonymous with “information system” in the literature research. For
the procedure of module formation, different terms are used. The term “modularization” describes the
division of an information system into modules [15]. Other terms used by authors instead of modularization
in this context are “structuring” and “decomposing”[15,16], which are used as synonyms for
“modularization” in the literature review. The keywords for the systematic literature research are derived
from the formation of modules within information systems under the application of a method.

For the search strings of the systematic literature research, the term “module” is used as keyword 1.
Furthermore, to ensure that the modules considered in the literature search, are modules of information
systems, the term “information system” is used as keyword 2, as well as its synonym “software”. Since the
research questions are about forming modules and not just examining modules themselves, the method of
forming modules is focused on in the literature review. Thus, the term “modularization” as well as its
synonyms “structuring” and “decomposing” are used as keyword 3. Based on this conception of the thematic
field, the following search strings were developed (see Table 1).

Table 1: Search strings for the literature review

Nr. Key Word 1 Boolean Key Word 2 Boolean Key Word 3

1 Module AND Software AND Structuring

2 AND Modularization
3 AND Decomposing
4 AND Information system | AND Structuring

5 AND Modularization
6 AND Decomposing




In the third step, a literature search was conducted. Based on a search string search in electronic databases,
a multi-stage filtering and screening process was carried out following vom Brocke et al. and Moher et al.
to reduce the number of publications to be considered systematically [13,17]. The framework of this process
was documented using the STARLITE method (see Table 2).

Table 2: Documented literature search according to STARLITE [18]

Element Description

Sampling strategy Consideration of all literature within defined boundaries

Type of studies Scientific articles, books, and PhD-Thesis

Approaches Search strings search in electronic databases

Rang of years 2014 until 06/2023

Limits No duplicates; only English or German publications; publicly available publications

Inclusion and exclusion | Including: software modularization or information system modularization; Excluding:
Product modularization; Ontology modularization; service modularization

Terms used See Table 1.
Electronic sources Scopus
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Figure 2: Filtering and Screening process of the literature search

The resulting publications, including the documentation of the filtering and screening process, can be found
in the following document: https://epub.fir.de/frontdoor/index/index/docld/2704.

The literature review and synthesis are to be conducted to identify the approaches used for software
modularization and, using these approaches, to derive which levels of software modularization. For this
purpose, the objects of modularization used per paper are to be first analyzed and, based on these objects, a
framework of the different levels of software modularization is to be developed by assigning thematically
related objects to a level of software modularization. Objects of modularization describe those objects that
are combined into modules by the respective modularization process. The derivation of the research agenda
is done in section 4 based on the findings of section 3.


https://epub.fir.de/frontdoor/index/index/docId/2704

3. Results of the literature review

This chapter presents the results of the literature review. The research papers were examined according to
different approaches to modularization — concrete the objects of modularization. Objects of modularization
refer to those aspects that are combined and thus result in a module. Overall, the following objects of
modularization were identified during the described literature review: requirements, organizational units,
conceptual model use case, GUI-based functions, artifacts, classes, subset of program functions, features,
domain entities, aspects, packages, and source code. The identification of the mentioned objects of
modularization within the examined papers shows that different kinds of objects are considered. This
becomes clear for example since requirements determine the needs for a software application, classes
describe the software-technical structuring of methods and source code the executable syntax of the software
application.

Since the paper's goal is to synthesize existing approaches to software modularization and derivate existing
central research gaps in the application context of the design of the modular IT landscape of manufacturing
companies, an initial, generally valid approach for the synthesis is necessary. The V-Model is used as the
basis of the synthesis, enabling a generic and holistic view of the software development process. The V-
Modell is an established standard in software development and enables the decomposition of software
development processes into different levels of consideration (see Figure 3) [19-21].
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Figure 3 V-Modell for Software Engineering following Droschel et al. [19]

A strongly business-driven approach characterizes the first step of the V-Modell. The software requirement
analysis specifies requirements for software functionalities and external interfaces. Then, in the second step,
the software is divided into individual components, and the interfaces between the individual components
are defined. A critical component is also the assignment of requirements to the respective components. In
the third step of the V-Modell, the data-related description of individual software components takes place
through component descriptions, data catalogues, and the necessary data relationships. The fourth step of
the V-Modell considers the implementation of the data-related description of the individual components
through the implementation of the components through source code. [19] The subsequent consideration of
the different test steps is not relevant in the context of this paper and will thus not be discussed.

A framework for holistic software modularization was developed based on the V-Modell. Four levels of
software modularization exist: software environment-based, software function-based, data structure-based,
and source code-based (see Figure 4). The levels differ in their weighting regarding the focus on business-
specific aspects towards a focus on technical aspects with the given order. This differentiation results from
the associated objects of software modularization. In addition, the mentioned levels of software
modularization are hierarchically structured. This means that a formed module in a level of software



modularization can be further modularized on a lower level. The modularization on the lower level uses
different objects than within the higher modularization level.
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Figure 4 Framework for holistic software modularization

The most business-focused view of software modularization is the software environment-based
modularization, in which primarily external objects are considered as the modularization objects, e.g.
business units. The level of software function-based modularization considers the decomposition of the
software system into individual components, considering the functions of the entire system. The level of data
structure-based modularization has a strong technical focus. Here, the primary goal is to optimize the data
structure of a single software component by modularizing various objects, e.g., classes. The fourth level of
software modularization, source code-based modularization, has an exclusively technical focus. In the
following, the respective levels of modularization are described.

Software environment-based modularization (Level 1)

At this level, the software environment is included in the modularization process. The software system is
influenced by various actors and activities in the environment. These factors can be used for modularization
approaches. The strongest business focus can be seen at this level of modularization. No technical factors
are included in the modularization efforts. The modularization objects used at this level are requirements,
organizational units, and conceptual models (Use Case).

Requirements (e.g. in [22]) refer to the functional needs of software [12]. Requirements are combined in
logical groups and modules are developed from them [22]. Another object of modularization are
organizational units (e.g. in [23]). Here, modules are formed that can be designed based on the organizational
unit in which they are used (e.g. production planning, sales, or procurement). Organizational units are
structures in a company, that can be complemented by the responsibilities of the unit and size means the
number of involved people [24]. The object of modularization is therefore directly dependent on the
company's structure. Use cases refer to fields of application that are mapped in software. The Use Case
describes the interaction between a product and the actor [25]. Based on the definition of use cases, various
specific situations can be mapped, which can then be combined in software as a module.

Software function-based modularization (Level 2)

At the level of software function-based modularization, the individual necessary components are used at the
function level to define and design suitable modules. This is the first time that a technological design of
business components has taken place. The analysis of the available research papers just shows one approach
where functions based on the GUI elements (e.g. main window, menu bar) are used as an object of
modularization [26].



Data structure-based modularization (Level 3)

At the level of data structure-based modularization, mainly technical components are used to form modules.
There is a strong data-related focus that structures the individual data points and makes them available as
objects for modularization. The research conducted here shows a large number of objects that are used to
form modules. These are artifacts, subsets of program functions, classes, features, aspects, domain entities,
and packages.

Artifacts (e.g. in [27]) are software elements produced during the software development process. In this
context, an artefact can be defined as the structure, routines, or values of software [28]. Subset of program
functions (e.g. in [29]) means those functions that are necessary for the operation of the software. This can
mean, for example, memory capacities. The object of modularization here therefore refers to the higher-level
technical functions and not to the procedural implementation of tasks. Domain Entities (e.g. in [30]) are
objects in software always related to a data point. This means that a recurring data point classifies as an
entity and thus works like a variable in software. The reverse conclusion is that the object of modularization
tends to lead to very finely granular modules. A package combines various individual classes of software.
This shows the connection to the classes that are also analyzed as objects of modularization (e.g. in [31]).
Classes unite features of the software. Features are, for example, attributes or methods. These classes then
have the same features. [12] Here a hierarchical arrangement of the objects of modularization can be seen,
which results in a different granularity of the modules depending on the application. Aspects of software
(e.g. in [23]), on the other hand, refer to software functionalities that do not contribute to the business logic,
such as the logging of input data. In summary, modularization is carried out at all levels of a software
hierarchy. The objects of modularization are usually sub-objects of a higher hierarchy level.

Source code-based modularization (Level 4)

On the fourth level of modularization, only technical objects are used to form modules. The reference to the
business logic is no longer present and a purely technical implementation is carried out or used for
modularization. Only one modularization object can be assigned to this level - the source code.

Source code (e.g. in [22]) can be defined as a human-readable form of a program in a programming language.
Modularizations at the code level mean the sensible combination of areas of the source code. Here,
modularization means that lines of code are clustered which can be expected to facilitate the implementation
or execution of the software [32]. This makes the developer's work easier, as no things must be implemented
twice, which also improves the performance of the software.

4. Discussion of the results

The results of the systematic literature research clearly show that there is a focus area in software
development in which modularization activities are already taking place today. In the big picture,
modularization as a driver for making software more flexible and improving its functionality aims to break
down software boundaries and thus design entire IT system landscapes through modules. The papers
analyzed here clearly show that the efforts toward modularization are only considered in a detached IT
system. The reference to the structure of an IT system landscape is completely missing. Furthermore, in the
division of the classification of the papers in the developed framework, it becomes clear that only a few
objects of modularization could be identified on the level of software environmental-based and software
function-based modularization (level 1 and 2) (see Figure 6).
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Figure 5 Distribution of the papers in the levels of the developed framework

Modularization takes place on the data structure-based and software code-based modularization level (levels
3 and 4), but the reference to the actual business logic is mostly missing. On the first two levels, it is about
requirements and the realization in the respective business logic - there are hardly any objects of
modularization in use in science. Especially in this context, the domain reference is absent, and the initial
established hypothesis established can be verified. Domain reference and the consideration of requirements
or functions of business logic are not considered. However, this domain-specific perspective is necessary to
form modules considering the business logic. Thus, the research questions can be answered. Predominant
modularization approaches take place, for the most part, on the technical-focused levels of software
modularization. This means that mainly software development components are considered that have no
connection to business logic. The reference to the application domain could not be identified. This shows
the research gap in business-focused modularization.

5. Conclusion and Outlook

In theory, modular IT landscapes and the modular information systems they require have many advantages,
such as rapid adaptability and transparent interfaces, while at the same time ensuring comparatively low
costs. However, implementing holistic, modular IT landscapes has not yet been implemented in practice.
Our literature analysis shows that there is a lack of scientific foundations for software modularization within
the higher level of software development or the development of IT landscapes. Based on systematic literature
research, objects of software modularization were examined in existing scientific approaches, and a
framework for holistic software modularization was derived from this. Types of software modularization
can be differentiated according to their weighting between business focus and technical focus. The main
business focus is the modularization type of software environmental-based modularization followed by
software functional-based modularization. The types of data structured-based and source code-based
modularization have a technical focus. Modularization on the levels of software environmental-based or
functional-based modularization is only considered by a minority of authors. This lack of modularization
approaches at these levels shows the need for future research. For a holistic modularization of software and
the implementation of modular IT landscapes, modularization approaches are needed at these levels of
software development. Due to the high relevance of business logic within these levels, a generic view of
modularization is insufficient. It requires the consideration of business for the respective domain-specific
application areas. The resulting modularization approaches on the levels of software environmental-based
and software functional-based modularization are building blocks for future-proof IT landscapes.
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