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Employing Cost-Benefit Analysis for 
Software Implementation

Because transformation processes can tie up many capacities, important 
elements like flexibility and agility can easily fall by the wayside in times 
of change. In order to ensure that the available resources are used as 
sparingly yet effectively as possible, it is essential to set priorities in terms 
of upgrading software architectures, as such changes often affect multiple 
company areas at one time.
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Quick and efficient adaptation ensures a company's 
success, especially in the event of sudden changes in 
the corporate world. Companies must thus strive to 
create a versatile enterprise architecture in which 
business processes, application system architecture 
and application landscape are closely linked to one 
another. In practice, it can be observed that older 
systems in particular usually have insufficient 
adaptability, i.e. changed business processes can only 
be mapped incompletely and not efficiently. Therefore, 
the question of the long-term adaptability of ERP 
systems, for example, is of central importance [1].

From a systems theory perspective, adaptability 
represents the ability of a system to adapt itself 
efficiently and quickly to changing requirements and 
to develop patterns of action for this adaptation [2, 3].

Criteria of adaptability

The adaptability of application systems can be 
determined based on two dimensions [4], the first of 
which considers adaptability as a technical (system-
based) characteristic that indicates the inherent 
potential of an application system to handle changing 
requirements. This is determined using criteria.

This article takes the 
indicators of scalability, 
modularity, mobility and 
interoperability found in 
factory planning and 
reinterprets them in this 
context to describe the 
adaptability of application 
systems. For example, the 
mobility indicator is 
subdivided into inde-
pendence and availability. 
Consideration of auto-

poietic systems contributes the additional indicators 
of self-organization and self-similarity. Knowledge of 
the system is also relevant, and is thus included in the 
criteria (see Fig. 1).

Scalability

Scalability means insensitivity to quantitative 
fluctuations. This indicator requires efficient adjustment 
both upwards and downwards to account for changing 
amounts of information that need to be processed. 
This can be achieved through both software and 
hardware architecture. The automatic addition and 
removal of resources such as storage or computing 
power can be used to ensure smooth system operation 
[6].

Modularity

Modularity generally means structuring a system into 
small, semi-autonomous and clear subsystems. These 
subsystems represent the so-called modules. This 
means that individual modules can be removed with 
little effort, replaced by others or added to another 
system. Modularity therefore indicates an opportunity 
to efficiently combine, reuse and quickly change 
applications.

Availability

The criterion of availability stands for unlimited access 
to an application independent of time and place. 
Ideally, the system can be accessed and used with any 
relevant medium, regardless of time or location.

The need to sometimes respond very quickly to changes requires companies 
to have a high degree of flexibility and speed of reaction. Application 
system architectures, which usually consist of old and self-developed 
systems, often do not allow companies to meet these requirements. 
However, investment funds for new software are limited, so priorities 
must be set when it comes to replacing legacy systems. An adaptability 
analysis is an efficient analysis method for planning the renewal of the 
application system landscape. This article describes the procedure and 
results of an adaptability analysis, using the example of an internationally 
active automotive supplier.
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Independence

A system must be able to act independently of other 
systems. On the one hand, this means that there are 
no dependencies or restrictions on the operating system 
or hardware (platform independence), but on the other 
hand, it also means that a system failure must not 
impact the other systems. This requirement already 

implies the necessity of backup strategies and 
redundancies for important subsystems.

Interoperability

Interoperability refers to the ability of applications to 
interact and work together with other systems and to 
perform operations or functions that span multiple 
systems. Regardless of the hardware, operating 
systems or network technology used, cooperation 
between these applications can take place. 
Interoperability allows easy access to different data 
and processing resources within a workflow and 
facilitates ease of connection between different 
application systems.

Self-organization

Self-organization refers to the ability of a system to 
use self-controlling and regulating mechanisms to 
determine system structure and functionality based 
on its own performance processes, ensuring the long-
term viability of the system [3]. Self-organization of 
ERP systems is achieved when they are able to fully 
or partially determine their own internal structure or 
architecture. An example is the Internet, whose 

Figure 1: Criteria for the adaptability of ERP systems [5].

Figure 2: Architecture model for adaptable application 
systems [1].
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interface can provide information about the formats 
in which it expects data to be transferred.

Determination of adaptability

During the operational lifespan of an ERP system (which 
encompasses ten or more years), the discrepancy 
between the organizationally necessary and actual 
representation of business processes in the system 
often increases. Only when the disadvantages of the 
lack of accurate mapping of business processes become 
particularly burdensome will the system in use be 
completely replaced. This decision generally entails 
high investments, a long implementation phase and 
high reorganization costs.

The investigation of the adaptability of application 
systems is based on a special architectural model (see 
Fig. 2). This model defines the individual areas of 
consideration in the form of layers, whose technological 
implementation can be evaluated using the (technical) 
criteria presented in the previous section.

The base layer is the data storage layer, in which 
databases and the associated database management 
system are combined. Building on this is the 
application layer, which contains the functions of the 

structure is determined solely by the number of 
connected servers. Based on a scant few standards, 
almost all tasks on the Internet are carried out 
decentrally.

Self-similarity

Self-similarity describes the ability of a system to merge 
and divide in order to continually repeat the same 
patterns in terms of structure or functionality on a 
different scale. Self-similar and self-organizing elements 
lead to autopoietic system behavior, which has a 
positive effect on the adaptability of ERP systems [6]. 
An advantage, for example, is that it is easier to learn 
how to operate application systems that rely on a 
recurring operating philosophy across different levels 
and platforms.

Knowledge

Knowledge facilitates adaptability. Each element of 
the information system architecture can possess 
knowledge. The human elements of the system have 
process and specialist knowledge, while the technical 
components of the system can hold knowledge, e.g. 
in the form of self-description skills. If desired, an 

Figure 3: Process model for determining adaptability [7].



Industry 4.0 Science 2023, 1 © 2023 The Authors. Published by GITO

DOI: 10.30844/I4SE.23.1.46

6 of 7

The quality of the adaptation layer in each individual 
layer of the reference model is queried using this 
questionnaire. For example, scalability of the data 
layer is assessed, among other things, by the question 
“Can the database size adjust automatically?”

When determining business-specific adaptability, we 
measure how the system implements changes in the 
business process or whether it is possible to change 
the configuration of the system while in operation. 
Business-specific adaptability is determined with the 
help of industry-specific use cases (see Fig. 4). So-called 
reorganization types are used. For each type of 
reorganization, there are questions that need to be 
answered on a multi-level scale. Every company-specific 
change can be assigned to one or more reorganization 
types, meaning that all changes can be mapped using 
four basic types [6].

The first reorganization approach covers restructuring 
approaches that require subsystem formation, i.e. the 
assignment or splitting of task processing into individual, 
autonomous subsystems.

The second reorganization approach restructures the 
processes themselves. The way business processes are 
handled is aligned or adapted to accompany the supply 
chain.

application. The interface to the user is called the 
presentation layer. The architectural model for 
versatile ERP systems expands the established 3-layer 
model with a control layer that represents the 
modeling of business processes. This modeling is 
linked to the elements of the other layers, such as 
data and functions. If changes are made to the 
modeling within the control layer, these are 
transferred to the other elements. Below the data 
layer is an infrastructure layer. An adaptation layer 
runs vertically through all other layers and contains 
the adaptable elements of each layer. The 
customizable settings present in typical corporate 
application systems are assigned to the adaptation 
layer. The interfaces between the individual layers, 
which may need to be examined separately, are 
designated by numbers 1-9.

Based on the properties of adaptable application 
systems, adaptability of a system in question can be 
determined using a process model (see Fig. 3), with 
results in the form of a condensed key figure.

To determine the technical adaptability, the actual 
application system, its architecture and functions are 
considered. Using a questionnaire, each layer found 
in the system is examined to see if it meets the 
criteria, and is allotted a point value based on this. 

Figure 4: Scenarios for business-specific adaptability.
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advanced area are characterized not only by their 
technical versatility, but also by their ability to adapt in 
functionality. It can also be seen that some systems 
are in the average range. These should be viewed as 
sufficiently adaptable, both on technical and business-
specific level, but nothing more. The area of future 
viability stands for a very high level of both dimensions 
and represents the ideal target area for companies 
whose processes are very dynamic. Systems are 
classified here that have a high degree of adaptability 
in both dimensions. In the present use case, the email 
system and corresponding database solution are at 
the lower end of acceptable in terms of business-specific 
versatility. Overall, it can be seen that all of the systems 
evaluated have some potential for expansion in terms 
of business-specific adaptability, but most of them are 
sufficiently technically advanced.

This article was written as part of the Junior Research 
Group ProMUT “Sustainability Management 4.0 – 
Transformative Potential of Digitally Networked 
Manufacturing for People, Environment and Technology” 
(Reference number 01UU1705B), which is funded by the 
German Federal Ministry of Education and Research as 
part of the “Social-Ecological Research” funding initiative.
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Continuous reorganization is a third reorganization 
approach that looks at the company over time and 
includes both the formation of subsystems and the 
alignment of processes with the supply chain.

The fourth approach involves the dissolution of system 
boundaries, in which the supply chain e.g. is expanded 
beyond the bounds of the company and thus requires 
collaboration with other systems [6].

Application at an automotive supplier

In order to assess the future viability of the application 
systems of an international automotive supplier, their 
technical and business-specific adaptability was 
evaluated (see Fig. 5). The supplier’s ERP, MES, BI, HR, 
Office, QM, Quality Planning, EDI, email software and 
databases were all considered. The aim of this 
assessment was to check whether sustainable use of 
the systems is possible against the background of 
changing market requirements or whether individual 
systems need to be replaced.

The result in Figure 5 demonstrate that most of the 
application systems used were assessed as sufficiently 
technically and functionally advanced. Systems in the 
technically advanced area are technically very versatile, 
but this is offset by a low adaptability to changes in 
business processes. One reason for this may be a limited 
form of the control layer. Systems in the functionally 

Figure 5: Integrated future viability analysis of the 
application systems.


