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ABSTRACT Aged information systems are commonly referred to as legacy information systems or just
merely as legacy systems. Typically, these are mission-critical systems developed years ago that significantly
resist evolution. Many organizations have lived with these systems for a long time and consider them
a burden because they hold back their businesses and cause unreasonably high evolution and operating
costs. However, they also cannot easily be discarded and replaced by modern solutions. Despite their
relevance, no universally accepted concept exists that explains these systems or the mechanisms behind them.
Accordingly, the properties and challenges associated with legacy systems vary significantly depending on
their respective author and intentions. This needs to be improved, and this is also where our research comes in.
To this end, we first describe the causes of information systems’ aging, typical symptoms by which legacy
systems are often recognized, and the consequences of using outdated solutions. Based on this empirical
point of view, we introduce a holistic model to explain legacy systems objectively as well as the concept of
business-technological age to distinguish between chronological age and actual obsolescence of a deployed
system. This approach provides practitioners and researchers with a foundation for stringently explaining the
hitherto fuzzy legacy phenomenon, promoting a common understanding of legacy systems, and simplifying
communication by employing specific concepts. Practitioners can use this approach to better understand
their stock application systems in terms of aging and improve their decision-making regarding evolution.

INDEX TERMS Legacy systems, legacy information systems, legacy software, legacy hardware, software
aging, software erosion, software evolution, literature review.

I. INTRODUCTION inventory is growing (and hence the associated problems) as

Legacy systems are widespread and are typically defined
as “large software systems that we don’t know how to cope
with but that are vital to our organization” [1]. A vast number
of studies show that the information system inventory of orga-
nizations in some Western countries ranges between around
39% [2] to around 50% [3], [4]. Therefore, a significant
part of the IS in Western industrialized countries should be
considered outdated. However, these systems are not only a
widespread economic problem, but also a problem for society
as a whole, as legacy systems are also a significant problem
for public authorities [5], [6], [7], [8]. Finally, the legacy
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past and current digitization initiatives are generating tomor-
row’s legacies on a large scale.

Legacy systems, once modern IS, evolve over many years,
usually decades, into massive black boxes that are almost
impossible to understand and that cannot be efficiently
adapted to ever-changing requirements. As a result, they
become a burden and an obstacle to the implementation of
business strategies, [9], [10] since increasing amounts of
resources must be devoted to their operation and further evo-
lution! as such systems remain in service [5], [8], [12], [13],
[14, p. 590]. Replacing them with a modern and economical

IThe term ‘evolution’ is understood as a range of activities from small
enhancements to complete re-implementation of information systems [11].
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solution seems obvious given the significant effort involved.
However, they usually cannot be easily discarded or replaced.
Even a major restructuring is often not a trivial matter
[1, 14, p. 590f, 15-17]. This kind of predicament for orga-
nizations is often referred to as legacy dilemma. Either they
continue to evolve and operate their legacy systems despite
the high effort and slow evolution, or they incur high costs
and risks to replace them [1], [5], [14, p. 590f], [15], [18],
and [19, p. 3].

However, research on legacy issues is by no means new.
Indeed, research on software and system aging has been
ongoing since the 1970s [20, p. 2f]. Over the past 50 years,
much knowledge has been gained regarding outdated sys-
tems. Nevertheless, there is no single, commonly accepted
definition and no comprehensive theory of legacy systems,
only a variety of phenomena related to them [12], [21],
[22, p. 33]. No approach provides a holistic understand-
ing of these systems. Instead, legacy systems are usually
only described in a fragmented or one-sided way, and
only certain aspects that are relevant to the intentions
of the respective author are highlighted. Accordingly, the
understanding of these systems varies considerably [9],
[21], [23]. However, a precise and objective comprehen-
sion of the state of IS is vital for executives, policymakers,
and researchers in business, government, and academia,
so that they can make better decisions. This is the sub-
ject of this article and we propose the following research
questions (RQ):

RQ-1: How can the business-technological age of informa-
tion systems be explained in general?

RQ-2: What are the factors that lead to the aging of IS?

RQ-3: Is the lifetime of IS related to obsolescence?

RQ-4: What are the symptoms of legacy systems?

This article is structured as follows: In section II, the under-
lying scientific approach of this paper is explained in detail.
Section III explains the empirical characteristics attributed to
legacy systems and the causes that contribute to the emer-
gence of legacy systems. Section IV presents a theoretical
model that integrates the apparent empirical properties into
a consistent approach and thus resolves the apparent contra-
dictions. This model makes it possible to explain the nature
of legacy systems theoretically. It helps on the one hand in
communication and on the other hand in the design and evolu-
tion of information systems by clearly identifying the drivers
that lead to the development of legacy systems. The devel-
oped and presented contents are then discussed and the
limits as well as the scientific and practical added value are
highlighted.

Il. METHODOLOGY

To address the RQs, we took a design science research (DSR)
[24] oriented approach. Fig. 1 shows the six steps of the
design science process: problem identification and motiva-
tion, objectives of the solution, design and development,
demonstration, evaluation, and communication.
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The first research activity consists of the problem defini-
tion; thus, the description of the problem field and business
needs. Furthermore, the additional benefit of a solution to
the addressed business need is justified, which should moti-
vate the research task. In the second step, the objectives
of the artifact are expressed in quantitative or qualitative
terms. The third and fourth steps are to build the artifact
according to the requirements and perform the demonstra-
tion. The preliminary outcome must be evaluated against the
objectives that are initially raised. These tasks may be run
several times to improve the artifact with each iteration until
an appropriate level of quality is achieved. After a positive
evaluation, the final artifact is presented to the community
to initiate discourse, contribute the results to the knowledge
base, and allow practitioners to gain an advantage for their
organization [25]. The remainder of this section describes the
implementation of the aforementioned research steps in this
work.

Following this DSR approach, we define the detrimen-
tal effects of evolving and operating legacy systems as the
relevant problem field. The associated evolutionary process,
the system context (typically an organization) of the legacy
system, and the current state of technology are included in
this assessment. Such a holistic view is necessary because a
legacy system is closely intertwined with the associated evo-
lutionary engineering process and the organization it serves.
The legacy phenomenon can only be explained accurately
when all these aspects are considered [26].

We understand legacy systems as socio-technical systems
and those as an instance of the Human Task Technology
System Theory [27, p. 17ff]. Accordingly, legacy systems
are aged IS. Fig. 2 visualizes this theory and its system
elements: human, task, and technology. Since we consider
legacy systems as IS,? this paper focuses on the underly-
ing basic sciences of business information systems, thus,
on information technology and business management, and
less on the psychological, social, legal, and other aspects that
also influence such systems [30, p. 19ff].

In the context of IS, we regard information as an immaterial
business resource detached from its material foundations.
According to Wiener: “Information is information, neither
matter nor energy” [31, p. 166], we abstract from physi-
cal foundations, although information is always bound to a
carrier of material, energy, or a combination of both [32, p.
95]. Consequently, we neglect aging from an energetic point
of view, such as the excessive power consumption of old
hardware, or material wear and tear, such as occurs in the use
of hard disks or electrolytic capacitors. Therefore, we will
occasionally touch on these aspects, but will not go into great
depth.

In considering the business need of the our research
approach, we have chosen the following research

2Sometimes, especially in older literature, also referred to as ‘business
information technology systems’ [28], or ‘computerized information sys-
tems.’ [29].
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FIGURE 1. The design science research workflow consists of six research tasks that build on each other.
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FIGURE 2. An information system can be explained by the human task
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goal — enable people who are developing new or evolving
existing IS to understand the impact of obsolescence on those
systems, including its causes and consequences, to make
better decisions. Therefore, we seek an easy-to-understand
model that objectively explains IS and their obsolescence.
In doing so, we strictly separate and implement the following
aspects in the model: (1) the factors that cause or influence
obsolescence, (2) the characteristics and symptoms that make
the state of obsolescence objectively assessable, and (3) the
consequences that result from using such solutions.

After addressing the problem field and objectives of the
artifact, the third step in the DSR workflow is to construct
the artifact that addresses the business need. For this pur-
pose, we have conducted an extensive review of the literature
to understand the subject of this research and to identify
the empirical characteristics of legacies. The result of our
literature review, which consists of the empirically proven
characteristics and statements related to legacy systems,
is presented in section three.

In section four, we elaborate on this artifact, which is a
model that explains legacy systems and their aging drivers.
After introducing the model and the legacy status explained
by the model, we perform a demonstration by mapping the
assessed empirical legacy system properties to the elements
of the proposed model, based on a deductive approach. The
subsequent evaluation was performed using argumentative-
deductive analysis [33]. This provides answers to the pre-
viously stated research questions and discusses the practical

VOLUME 12, 2024

utility of the artifact. Finally, section five concludes the work
and discusses possible limitations as well as potential avenues
for further research.

Finally, the document at hand is a descriptive (also known
as positive or non-normative) research paper and, accord-
ingly, no normative statements will be made in the process,
such as defining thresholds or the extent to which certain
actions should be taken. Since this is a descriptive research
paper, the focus is on the acquisition of knowledge, which
means the description and subsequent explanation of the
object of study. The former was done through an extensive
review of the literature and the latter through the proposed
artifact.

lll. LITERATURE REVIEW

It is generally recommended to provide a detailed descrip-
tion of a problem beforehand to effectively explain it later
[27, p. 75ff]. Therefore, understanding legacy systems first
requires a thorough consideration of their empirical nature,
an in-depth knowledge of the causes of obsolescence, and
the impact of their use on the organizations they serve. With
these considerations in mind, we have reviewed the literature
to build a sound empirical description of legacy systems. The
following section presents the parameters, time intervals, and
inclusion and exclusion criteria used in the literature review
to make the process objectively understandable [34]. At the
end of the third section, the results of the literature review are
discussed and summarized.

A. LITERATURE REVIEW PROCESS

A reproducible documentation of the literature search
is important to meet scientific rigor [34]. Accordingly,
we describe the literature review in detail below. We con-
ducted a structured literature review, as recommended by
Levy et al. [35], and applied it to IEEE Xplore and ScienceDi-
rect. IEEE Xplore was selected as it covers technical areas
very well. ScienceDirect was added to extend the scope and to
include any peripheral areas not yet covered. An initial query
was performed with the following terms:3

o ‘legacy system’ and ‘legacy systems’
3The quotation marks are part of the keywords.
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TABLE 1. Query and number of documents found.

TABLE 2. Inclusion and exclusion criteria.

Data

base Key word Field Hits
° legacy system Document Title 82
5 legacy systems Document Title 187
>T<3~ legacy information =~ Document Title 3
m system
[ legacy information ~ Document Title 15
- systems
legacy system ‘Title, abstract or author- 312
5 specified keywords’
£ legacy systems ‘Title, abstract or author- 312, as
2 specified keywords’ above
2 legacy information  ‘Title, abstract or author- 17
5 system specified keywords’
« legacy information  ‘Title, abstract or author- 17, as above
system specified keywords’
Total number of documents found 616

‘legacy information system’ and ‘legacy information
systems’

This paper is about legacy information systems. Since both
terms, legacy system and legacy information system, are often
used synonymously in the literature, both expressions were
chosen for the literature search. As summarized in Table 1, the
search used IEEE Xplore’s ‘Document Title’ field, resulting
in 287 documents. In ScienceDirect, the search was con-
ducted using the field ‘Title, abstract or author-specified
keywords’ leading to another 329 hits. The query considered
all papers published up to the end of 2023.

In the second phase, we first evaluated articles based on
the abstract, the introduction, and (where applicable) the
conclusion. We considered articles that dealt specifically
with symptoms of legacy information systems, such as archi-
tecture degeneration, software erosion, obsolete hardware,
or obsolete programming languages or engineering models.
If an article describes the problems of legacy systems in
detail, it was included. In contrast, articles were excluded in
which legacy systems were merely used as a value-neutral
reference to an earlier legacy system without addressing its
characteristics. Articles that do not deal with legacy infor-
mation systems, but with legacy systems of other domains,
such as power grids, airplanes or highly integrated real-time
systems were also excluded. Short papers were not explicitly
excluded. In addition, the primary sources of the included
articles were reviewed and considered if these articles were
not found in the initial search. Moreover, a forward search
was conducted to identify and include more recent literature
and evidence where appropriate. The forward search was
conducted with the help of Google Scholar* and Semantic
Scholar.” The backward and forward searches have naturally
added other literature databases and a broad amount of arti-
cles, so we believe that the knowledge base is largely covered,
as required for high-quality literature reviews [36]. In addi-
tion to this, only using official publications at conferences,
in journals and books guarantees a minimum level of quality

4 Available at: https://scholar.google.de.
5 Available at: https://www.sematicscholar.org.
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Inclusion Criteria Exclusion Criteria

Published at conferences, in Not written in English or German.

journals, or book chapters.

Legacy system is only used as a
synonym for a previous system or
inventory system.

Legacy systems are discussed in
detail.

Articles that can be assigned to the ~ Papers  related to  network

field of (business) information engineering, cyber-physical

systems or business informatics. systems,  medicine,  aircraft
industry, and the grid were
excluded.

through the review process associated with the publication.
Therefore, only such quality-assured papers were consid-
ered. To summarize, the Fig. 3 visualizes the search process,
Table 2 lists the Inclusion and Exclusion criteria.

The articles found and included in the way described above
provide detailed characteristics about outdated systems.

B. LITERATURE REVIEW RESULTS

In the following Fig. 4, an overview according to Cooper’s
taxonomy is given to characterize the literature review [37].
The following TABLE 3 lists all articles found and included.
Papers that refer exclusively to the methodology of this
paper are not listed in this table. Some additional refer-
ences that are not part of the literature review were also
not listed in the table, but merely added as footnotes. The
abbreviation ‘FW’ used in the ‘Source’ column stands for
forward search and ‘BW’ for backward search. In addition,
the number of citations for each paper was determined in
March 2024 using Google Scholar. These can be found in the
‘Citations’ column.

C. LEGACY SYSTEM

In the following sections, legacy systems are presented on the
basis of their empirically perceptible characteristics and those
identified through the literature review, focusing on applied
information technology and the business model embodied by
the legacy system. The structure follows the previously given
elements of IS: technology, human, and business (cf. Fig. 2).
The initial section ‘An historical Perspective’ begins with a
short introduction and time-related characteristics of those
systems. The section is summarized by a conclusion.

1) A HISTORICAL PERSPECTIVE
Organizations rarely embark on legacy system develop-
ment [61]; rather, the original developers typically used the
best solutions, technologies, and architectures available at
that time [1], [26], [53], [58], [61], [70], [75]. Over time and
after many changes, these modern information systems then
turn into legacy systems [1].

“no one write [sic] a legacy system; rather they write
a nice and pretty system, which latterly becomes old and
ugly” [26].
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FIGURE 4. Visualization of the search process.

The following is a look at the temporal dimension and its
connection to legacy systems.
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a: A BRIEF INTRODUCTION AND HISTORY OF LEGACY
SYSTEMS

A legacy system is “Old code on old hardware” [78], thus,
“an aggregate package of software and hardware solutions
whose languages, standards, codes, and technologies belong
to a prior generation or era of innovation” [64]. Others refer
to a legacy system when it has reached the serving stage
of its lifecycle and a successor system is already on the
horizon [68]. An often-quoted definition introduces legacy
systems as “large software systems that we don’t know
how to cope with but that are vital to our organization”
[1]. Another report states: “In many ways, these [legacy]
information systems are to an enterprise what a brain is
to the higher species — a complex, poorly understood mass
upon which the organism relies for its very existence” [11].
Typically, a legacy system is understood as a large, old
piece of software that is difficult to maintain, but still in
operation and critical to the organization it serves and to
that organization [48]. Because of the demands, costs, and
risks involved in changing them, a typical legacy system
falls short of what is needed by the business department
and the larger the gap, the more outdated the information
system [26].

The first generation of such systems deployed in the
1960-1970s are characterized by applications developed
in machine languages, such as Assembly, or more rarely,
COBOL® or FORTRAN,’ running on monolithic, central-
ized hardware, typically mainframes. The data is frequently
stored in files and the communication is batch-based in
most cases. The following 2" generation legacy information
systems (short: LIS) introduced in the late 1970 — 1980s
come along with a degree of modularity and improvements
in data storage, thus, data base systems and data base man-
agement systems. Improvements in hardware performance

5COBOL - COmmon Business-Oriented Language.
7FORTRAN — FORmula TRANslation.
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TABLE 3. Included papers.

Refs Title Year Type Source Citations
[38] Dilemmas in a general theory of planning 1973 Journal FW 25386
[39] Programs, life cycles, and laws of software evolution 1980 Journal BW 1899
[40] A Framework for Reverse Engineering DoD Legacy Information Systems 1993 Conference  IEEE Xplore 23
[41] Issues and approaches for migration/cohabitation between legacy and new systems 1993 Conference BW 11
[18] A Strategic Attempt to Management of Legacy Information Systems 1994 Conference  IEEE Xplore 2
[42] Legacy or liability-the will to change 1994 Conference  IEEE Xplore -
[1] Legacy systems: coping with success 1994 Journal IEEE Xplore 543
(5] Software aging 1994  Conference BW 1474
[43] Cash cow in the tar pit: reengineering a legacy system 1996 Journal IEEE Xplore 38
[44] A Survey of Research into Legacy System Migration 1997 Tech. Note FW 47
[45] An Overview of Legacy Information System Migration 1997 Conference  IEEE Xplore 61
[46] How evolution of information systems may fail: many improvements adding up to 1997 Journal BW 16
negative effects
[47] Implications of Distributed Object Technology for Reengineering 1997 Tech. Note BW 63
[48] Improving Legacy Systems Maintainability 1997 Journal BW 26
[28] Knowledge for Software Maintenance 1997 Journal BW 16
[49] Legacy Asset Management 1997 Journal BW 14
[50] Metrics and laws of software evolution-the nineties view 1997 Conference BW 975
[15] A Method for Assessing Legacy Systems for Evolution 1998 Conference  IEEE Xplore 123
[6] Software's future: managing evolution 1998 Journal FW 157
[51] Throwing off the shackles of a legacy system 1998 Journal IEEE Xplore 9
[52] Decision model for legacy systems 1999 Journal BW 90
[53] Focus Issue on Legacy Information Systems and Business Process Change: A Business 1999 Journal FW 59
Perspective of Legacy Information Systems
[54] Legacy information systems: issues and directions 1999 Journal IEEE Xplore 586
[29] Legacy systems: assets or liabilities?: a language action perspective on respecting and 1999 Journal BW 4
reflecting negotiated business relationships in information systems
[10] Technical Opinion: Viewpoints on legacy systems 1999 Journal BW 51
[11] A Survey of Legacy System Modernization Approaches 2000 Tech. Note FW 145
[55] Co-Evolution and an Enabling Infrastructure: A Solution to Legacy? 2000 Book FW 35
chapter
[56] It’s Not just about Old Software: A Wider View of Legacy Systems 2000 Book BW 10
chapter
[21] LACE frameworks and technique-identifying the legacy status of a business information 2000 Conference  IEEE Xplore 12
system from the perspectives of its causes and effects
[57] Leveraging legacy system dollars for e-business 2000 Journal IEEE Xplore 628
[58] Legacy System Anti-Patterns and a Pattern-Oriented Migration Response 2000 Book BW 19
chapter
[59] Software maintenance and evolution: a roadmap 2000 Conference FW 1104
[60] A decisional framework for legacy system management 2001 Conference  IEEE Xplore 61
[16] Ageing of a data-intensive legacy system: symptoms and remedies 2001 Journal FW 87
[26] Global Perspectives on Legacy Systems 2002 Book FW 7
chapter
[61] More Legacy System Patterns 2002 Book FW 7
chapter
[62] Alternative Theory of Legacy Information Systems 2003 Conference FW 12
[63] Reworking with a Legacy Financial Accounting System: Lessons from a Pharma Company 2005 Journal FW 11
[64] Improving Legacy-System Sustainability: A Systematic Approach 2012 Journal IEEE Xplore 34
[65] A preliminary review of legacy information systems evaluation models 2013 Conference  IEEE Xplore 12
[66] Migrating a large scale legacy application to SOA: Challenges and lessons learned 2013 Conference FW 49
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TABLE 3. (Continued.) Included papers.

[23] Towards a Framework to Assess Legacy Systems 2013 Conference  IEEE Xplore 18
[67] A Framework to Assess Legacy Software Systems 2014 Journal FW 12
[9] How do professionals perceive legacy systems and software modernization? 2014 Conference FW 138
[68] Software evolution and maintenance 2014 Conference EW 121
[69] Does software modernization deliver what it aimed for? A post modernization analysis 2015 Conference BW 27
of five software modernization case studies
[7] The legacy problem in government agencies 2015 Conference FW 21
[70] Understanding Legacy Architecture Patterns 2015 Conference FW 4
[71] Why Replacing Legacy Systems Is So Hard in Global Software Development: An 2015 Conference EW 42
Information Infrastructure Perspective
(721 A Systematic Framework for Modernizing Legacy Application Systems 2016 Conference  IEEE Xplore 14
[73] Analysis of Legacy System in Software Application Development: A Comparative Study 2016 Conference FW 36
[74] Co-Existence of the ‘Technical Debt' and 'Software Legacy' Concepts 2016 Conference EW 4
[75] Dave Thomas on Innovating Legacy Systems 2016 Journal IEEE Xplore 9
[8] Dragging Government Legacy Systems Out of the Shadows 2016 Journal IEEE Xplore 4
[76] Managing legacy system costs: A case study of a meta-assessment model to identify 2016 Journal Science 48
solutions in a large financial services company Direct
[77] Success factors in managing legacy system evolution 2016 Conference  IEEE Xplore 13
[12] An assessment conceptual framework for the modernization of legacy systems 2017 Conference  IEEE Xplore 11
[13] Legacy system and ways of its evolution 2017 Conference  IEEE Xplore 16
[17] Embracing Agile Development Principles in an Organization using The Legacy System: 2020 Conference  IEEE Xplore 2
The Case of Bank XYZ in Indonesia
[78] Redefining Legacy: A Technical Debt Perspective 2020 Conference FW 7

led to smaller servers, such as IBM’s AS/400. COBOL and
some 4G languages became very popular and were widely
used. Online transactions were introduced as an alternative
to batch-based communication. The 3™ generation arose
starting in the late 1980s and featured new architectures,
especially the client-server architecture. The character-based
user interfaces on small screens were replaced by graphical
user interfaces together with the newly invented computer
mouse. Computerization continued to increase. ERP systems
were introduced and networking with other companies via
the emerging Word Wide Web progressed rapidly. Former
individual IT applications that operated in isolation became
more and more globally integrated [53].

However, it must be acknowledged that the IS and asso-
ciated technology from the early 2000s are now reaching the
end of their life cycle. Cloud computing, quantum computing,
and other emerging technologies are revolutionizing the field
and rendering their predecessors obsolete. The history of
legacy systems does not end there, of course, but is driven by
technological advances [1]. We will address the relationship
between time, technology, and legacy systems later in this
article.

b: SOMETHING FROM THE PAST — THE AGE OF LEGACY
SYSTEMS

Strictly speaking, the term ‘legacy’ has neither a negative
nor a positive connotation, but merely refers to “something
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being handed down by a predecessor” [62]. A legacy, then,
is something that is left behind after a certain event (typically,
the death of a person). In the context of legacy systems, these
systems typically outlast the original people involved, such as
business analysts, IS architects, or software developers, who
retire, change companies, or leave the field entirely. So this
definition of legacy implies a certain age of a system [48].

Generally, LIS have been around for a long time. Thus they
were created many years ago and are still in operational use.
A typical legacy system is old [1], [9], [15], [23], [60], [65],
[75]. In this context, the term ‘old’ refers to a time frame of
at least 3-5 years. However, usually, the term legacy implies
an age of decades and is not used for newer or younger sys-
tems [40], [42]. Accordingly, IS that have been around for ten
or more years are typically referred to as legacy systems [9],
[23], [60], [79, p. 3]. Further, in the literature, some outdated
systems are said to be 20, 30, or even 40 years old [13],
[17], [40], [43], [48], [S1], [53] and are possibly even older
today. Remarkably, some of them have not been maintained
for decades [72]. Legacy systems grow with the companies
they serve. In this sense, legacy systems are typically not
found in young startups, but rather in large, older companies
and government agencies [78].

However, just because a system is labeled ‘old’ it does
not necessarily mean that it is outdated [53]. Of course, it is
possible for an old system to still do its work perfectly, despite
its age, simply because it has been kept up to date through

84585



IEEE Access

S. Rosenkranz et al.: Explaining the Business-Technological Age of Legacy Information Systems

consistent evolution. Conversely, IS can age prematurely if
not handled properly; therefore, legacy systems do not nec-
essarily have to be particularly rich in years [60]. Yet, the
characteristics of outdated IS usually only become noticeable
after many years or decades, when a certain threshold of per-
ception has been exceeded. Conversely, this means that every
information system is (to a certain extent) already a legacy
system, even if the legacy symptoms are not yet perceived as
disruptive8 [62]. Thus, there is no consensus on how old these
systems need to be to reach the obsolescence threshold [48].

¢: FREQUENTLY MODIFIED OVER MANY YEARS

“Not only systems and their implementations experience an
ongoing evolution, the same applies for numerous businesses
and the environments they are operating in” [81]. These
businesses (and therefore also the information services used)
are in a constant state of flux due to internal and external
factors. Internal drivers for change are typically in the hands
of the organization itself, such as new business opportunities,
the introduction of innovative products or market entry in
new countries with different legal frameworks, currencies,
digitization and cloud strategies, corporate mergers, and cost-
cutting initiatives. Internal drivers also include modifying IS
to correct inaccurate specifications and faulty implementa-
tions. Moreover, IS itself, as part of the reality, considered as
E-type systems,” drives the change. They are inherently prone
to change and “evolution is an intrinsic, feedback driven,
property” of them [39]. This means that new knowledge is
gained through the creation of the information system and
improvements are derived from it, which, in turn, are placed
as requirements on the IS and thus - without external speci-
fications - contribute to its further evolution [39]. In addition
to internal factors, there are external factors to which an
organization and the IS deployed must adapt and over which
the organization usually has little or no control. These are, for
instance, changes in the law, deregulation, taxation changes,
globalization, competitive forces, changing customer needs,
and new emerging technologies, such as the Internet, new
standards, or ubiquitously available mobile connectivity. The
Y2K problem and the introduction of the Euro in Europe are
other known examples of external threads [6], [10], [23], [42],
[53], [56], [61].

Everything — society, laws, available technologies, reg-
ulations, requirements, and organizations — is constantly
changing. Consequently, the IS in operation must also con-
stantly be adapted to the ever-changing requirements [6],
[10], [42], [55], [61], [81]. If IS are not successfully and con-
tinuously aligned with ever-changing needs, they will become

8Some authors exaggerate the situation and postulate that the code
becomes a legacy the moment it is coded [80].

9E—Programs are applications that concern evolutionary activities (such as
human or societal activities).
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progressively useless.!? At a certain point, they are called
legacy systems. To some extent, a legacy system ensures the
survival of an enterprise and thus reflects the evolution of the
operating organization that runs the system. Consequently,
it is possible to trace the evolution of an enterprise from
its information systems [9], [18], [53]. Furthermore, some
authors state, that such systems have stood the test of time
[1], [10], [42].

2) A TECHNOLOGICAL PERSPECTIVE

A LIS can be, inter alia, viewed from a technical standpoint.
The following sections present empirical statements that can
be assigned to this technological dimension.

a: USE OF NUMEROUS OUTDATED TECHNOLOGIES

In legacy systems, the lack of standards, hence the existence
of non-standard technologies is common. Some examples
include self-developed database systems, programming lan-
guages, or home-grown memory management [40], [43].
Some features, such as concurrency or the aforementioned
memory management, were not well-known in the early
days of information technology. Accordingly, these features
(today, an integral part of operating systems (OS), or as
COTS) were often not available as standard features in the
past and had to be implemented in an ad hoc manner [1].

Outdated storage technologies, such as file-based data
storage that was used from the 1960s to the 1970s, are also
common. This generation is generally batch-based and runs
on mainframes [17], [69], [82]. Subsequent technologies,
like IBM’s IMS!! and early DB2 databases, should also be
considered legacy from today’s perspective [69]. Besides
outdated storage technologies, old programming languages
such as Assembly or early versions of third-generation
languages, like COBOL, CORAL,'> or FORTRAN-66,
PL/L"3 Visual Basic, and IBMs RPG' [1], [9], [63], [69],
[79, p. 3], are characteristic of legacy systems. Character-
based user interfaces are also clearly considered depre-
cated; moreover, they are associated with limited usability
[61], [69].

Deprecated hardware can be encountered in legacy sys-
tems, at least in certain cases [42]. Similar to legacy
software, this kind of hardware can be recognized by many
symptoms; particularly, upgrades may be difficult or impos-
sible owing to missing interfaces. At some point, hardware
manufacturers will cease production and then ultimately
support for these products. Then, at the latest, obtaining
spare parts is often deemed challenging, expensive, or even
impossible. Operating outdated hardware is often considered

10This insight is also known as Lehman’s first law of software evo-
lution [50]. Accordingly, such systems have evolved successfully over a
long period of time [5], [43], [51], [60] and contain many modifications,
or customizations in the case of commercial off-the-shelf (COTS) [82], that
reflect the ever-changing requirements [15].

Hms - Information Management System.

12coRAL - Computer On-line Real-time Applications Language.

Bpri- Programming Language One; also PL/1.

14RpPB - Report Program Generator.
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challenging as well. Moreover, it frequently does not provide
sufficient processing power, main memory, mass storage,
or network capacity, leading to poor performance [45]. The
installed OS — which must be compatible with the hardware
operated — may be as outdated as the hardware. Often, how-
ever, only the current version of the OS was not installed [76].

A further characteristic of legacy systems is old and out-
dated architectures [23], [67], [82]. For example, IBM’s IMS,
which was designed for early mainframes such as the AS/400,
is a good illustration of such outdated architectures [17], [53].
In this context, the term ‘legacy system’ is often used as a syn-
onym for the IBM mainframe architecture [78]. Nevertheless,
even the newer client-server architecture is partly labeled as
legacy [23], [67]. Some authors see an outdated architecture
that no longer complies with the current standards as the
defining characteristic of legacy systems [23].

Legacy systems with legacy technology need to be devel-
oped using CASE"” tools and methodologies that are at the
same level of technology as the legacy system. Consequently,
applied tools and engineering methods are generally old and
likely to be outdated as well. In extreme cases, this can
mean that no CASE tools, IDEs,© compilers, or linkers are
used [15]. It can also be a challenge to obtain these old tools
or keep them operational [64].

New technologies have emerged and influenced IS during
their evolution. New elements with current technologies may
be added to older parts, sometimes called the core, whereby
the core is often described as stable, but highly intertwined
with more unstable peripherals [82]. Consequently, the mod-
ules interfacing the legacy core are often younger, as they
have been built after and around it [55]. Over time, old
and deprecated parts of the legacy system may have been
replaced by newer and (from today’s perspective, already
outdated again) technologies. As a result, legacy parts with
old technologies are often tightly interwoven with younger
system elements that use newer technologies [42], [55]. Thus,
a typical legacy system usually consists of many modules
from different times with different technologies [58]. In some
cases, as an example for high technological entropy, the
application data is stored in both files and in a relational
database, and a core that was implemented in an early 3™
generation programming language is operated in tandem with
much more modern web technologies [82]. Other examples
report, that different COBOL dialects are used within an IT
application, some purchased (COTS) and some developed in-
house. The infrastructure consists of various technologies,
thus, of different hardware and OS [66]. This heterogeneity
can then, for instance, be reflected in the use of ten dif-
ferent programming languages and more than 30 different
frameworks [78]. Finally, it must be stated that not all legacy
patterns need to be fully present at all times. In reality, it is
more likely that only some patterns will be found in a partic-
ular system and these vary across different systems [61].

15CASE - Computer-Aided Software Engineering.
16]DE — Integrated Desktop Environment.
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b: ERODED, DAMAGED ARCHITECTURES

As we will show later, IS are often changed with poor engi-
neering. As a consequence, ad hoc changes and workarounds
can be observed in operational practice, which lead to rapid
degeneration of the architecture and often compromise con-
ceptual integrity [47], [49]