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ROLE OF PROGRAMMING LANGUAGES IN DIGITALIZATION

Abstract. The first high-level programming language was FORTRAN and was created in 1957. Since then, a
large number of programming languages have been created. The time of creation of some of them, as well as
their mutual relationship, can be described by a genealogical tree. On the genealogical tree that we used, 4
periods in the development of programming languages were distinguished, and in each period several of the
most important languages were chosen. 14 most significant programming languages were selected (as chosen
by the author of this work), and the main criterion was: popularity and influence on development of other
languages. For each of the selected languages, some characteristics are briefly mentioned, as well as their
importance for digitalization.
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Introduction

Today, digitalization is present in all human activities. What do we mean by digitalization?
According to wikipedia[1] "digitalization may refer to: digital transformation, the adoption
of digital tools to create new or modify existing products, services and operations". Digital
transformation is based on digitization - the conversion of analog information into a digital
format. There is a difference between digitalization and digitization. By digitization,
content from any medium is transferred into a digital form, usually expressed by binary
digits 0 and 1 [2]. Conversion does not change the content downloaded from the medium, it
is just written differently. Digitalization means to change business processes over to use
digital technologies. For digitalization, it is important to operate with data in digital form,
which is done through digital transformation. Digital transformation is realized by
electronic (digital) computers, often using a programming language. So far, a large number
of programming languages (several thousand) have been created, many of which are dead
(no longer used). However, a large number of programming languages have been
successfully used in the digitalization process, and a significant number of them are still in
use today. Following the development of programming languages from their origin until
today, we will consider the impact of some of the most important (in the author's opinion)
on the digitalization process.

Beginning of digitalization

It is difficult to say exactly when digitalization started. First steps towards digitalization
were made in the 1940s, when digital computers supplanted analog ones. In that period, one
cannot talk about digitalization as it is understood today, that is [3] “the ongoing integration
of digital technologies and digitized data across the economy and society”. Computer
equipment is essential for digitalization. The first computers were very expensive and could
only be owned by large companies and institutions. In this period, there were no conditions
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for digitalization even in developed countries. With the advent of mini computers, the
situation improved, computers became cheaper and could be purchased by smaller
companies and organizations. The use of mainframes (IBM/360, S370, Unisys, Cyber, ...)
and minicomputers created better conditions for digitalization. Now we can already talk
about the beginning of digitalization. However, digitalization flourished with the
appearance of microcomputers, especially PCs. This is the period when every individual
can get a computer and use information from the digitalization process.

Digitalization and languages

Language is a set of rules for communication between two or more subjects. Language is
used to present and transmit information. All languages can be classified into two
categories: natural and artificial. Natural languages are used for communication between
people in spoken or written form. Artificial languages are created for use in certain areas
where the use of natural languages is not suitable. Artificial languages include
programming languages. Programming languages serve primarily for communication
between humans and computers (sometimes it is also used for communication between
people!) There is no strict (mathematical) definition of a programming language. However,
there are various descriptive definitions. Thus, we can define a programming language as a
set of syntactic and semantic rules used for the description (definition) of computer
programs. What impact does digitalization have on languages, in general, and especially on
programming languages? There is a large number of works on the relationship between
language and digitalization. We will mention only two here. In the paper [4], the effect of
digitalization on language and culture is considered. In the paper [5] the impact of
digitalization on natural languages is considered. It is concluded that the impact is
significant, but also different for different age categories. This could be expected because
of the emergence of new technology regularly significantly affects natural languages (for
example, the appearance of the automobile has influenced natural languages to be enriched
with a number of new terms.) However, programming languages are directly involved in
the digitalization process, so the impact of digitalization on programming languages is
much more pronounced.

Programming languages. In order to make it easier to understand the terminology used
here, we will list some commonly known terms related to programming languages. For a
more detailed introduction to these concepts see [6] and [15]. A programming language can
also be defined as an artificial language for describing constructions that can be translated
into machine language and executed by a computer. Electronic computers can only execute
constructions expressed using the binary alphabet, i.e. 0 and 1. A language created over a
binary alphabet is called a machine language. Different types of computers use different
machine languages. Machine languages are not suitable for humans, so languages similar to
natural languages were created for writing programs. These are programming languages
and all of them can be classified into 2 categories: machine-dependent and machine-
independent languages. Machine-independent languages are also called high level
programming languages. The first digital computers used exclusively machine-dependent
languages. After the appearance of the first high level programming language, machine-
dependent languages are used less and less, and a whole series of new high level languages
have been created. In the further text, we will consider only high-level programming
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languages (some authors make a distinction between classical programming languages
(FORTRAN, Pascal, Java, ...) and script languages. However, we will treat these languages
in the same way).

Programming languages differ based on their characteristics (simplicity,
expressiveness, uniformity, portability, efficiency, ...), but all programming languages are
unique (unambiguous), unlike natural ones. In order to make a programming language with
the best features, a large number of programming languages have been created. New
languages are made by using previously created ones and taking their good features.
Genealogical trees (Fig. 1.) are used to display the time of origin, as well as the mutual
connections between languages. Views of the connections between programming languages
for different authors are different and therefore there are various genealogical-trees [7]. In
order to highlight the most important programming languages, we will use the diagram
from the site [8].We distinguish 4 periods in the development of programming languages
(see Fig. 1.) the period of

e first programming languages,

e programming languages of the Middle Ages,

e programming languages created at the end of the 20th century and
e future programming languages.

In each of the mentioned periods, several of the most important programming
languages(according to the author's opinion) have been singled out and these languages are
colored in different colors (yellow color is used for languages of the first generation, red for
languages of the second period, etc.)

Script and markup languages. A scripting language is a programming language used for
writing scripts. A script is a list of commands that can be executed without user
intervention, that is, without interaction with the user. A script is a program written in a
scripting language. Script languages are most often used to connect components within an
application. They are often used in graphic environments. Some of the scripting languages
are: JavaScript, PHP, Perl, Python, AutoLISP, VBScript.

An important role for the digitization process is played by markup languages, such
as: SGML, HTML, XML. In parallel with the development of markup languages
(especially XML), specialized programming languages have been developed for various
processing related to markup languages. More about for markup languages, see [9]. We will
not deal with markup languages here.
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First programming languages and digitalization

In the period when the first high-level programming languages were created, there were no
conditions for digitalization (insufficient number of computers, absence of internet).
Therefore, programming languages from this period could not support digitalization
explicitly. However, through them, the ground was prepared for the future digitalization
process, and therefore they deserve to consider their role. The first high-level programming
language was FORTRAN [10]. The name FORTRAN is derived from
FORmulaTRANSslation. It is a language created by a team of developers led by John
Backus at IBM. It is intended for scientific research based on numerical calculations. After
the first version of FORTRAN, several new ones appeared soon. The existence of various
versions influenced that the problem of transferring programs from one computer to another
appears. Therefore, in 1962, the American Standards Association established a committee
with the task of proposing a FORTRAN standard. Starting with FORTRAN 66 and ending
with FORTRAN 2023, several versions were proposed and with each new proposal the
language was enriched according to new scientific achievements in this area. This has made
FORTRAN one of the most vital and widely used programming languages. It is estimated
that in the 1960s year of the 20th century, about 70% of computers in the world had a
FORTRAN compiler. Thanks to the support of powerful corporations, many software
packages from various fields have been created. A large number of them are still in use
today. There is no mention of digitalization support by FORTRAN. FORTRAN was
primarily used for numerical processing, while other types of processing (important for
digitalization) were less common. It is possible that newer versions of FORTRAN were
used for some applications, when digitalization began, but new languages that better
supported digitalization were already in use.

In this period, it was considered that there should be special languages for
mathematical and technical applications (such as FORTRAN) and special ones for business
applications such as COBOL. The name COBOL is an acronym for COmmon Business
Oriented Language and was implemented under the leadership of Grace Murray Hopper.
COBOL has long been the leading language for business processing. COBOL contains a
number of bad constructsand therefore it is not comfortable to use. According to
recommendations of well-known experts in computing, this language is no longer used(it is
not taught at colleges, it is not supported by modern literature, ...), although some applications
developed in COBOL are still in use. There is no targeted support for digitalization in
COBOL, but it can be said that the first steps towards digitalization are done in
COBOL.Applications for: credit card transaction, traffic signals, phone calls etc. developed
using COBOL are significant for the digitalization process.

An important programming language from this period is LISP, which was created
under the direction of John McCarthy [11]. The name LISP is derived from the
LIStProcessing. As the name suggests, LISP is used for list processing. LISP promoted a
functional style of programming - operations in it are based on the mathematical notion of
function. Immediately after its creation, it was recognized as the language of Artificial
Intelligence (Al for short). After initial success in solving some problems, the creators and
users of LISP pretended to use LISP to solve all the most important problems of Al. Later
theoretical results on NP-complete problems showed that this was not possible, which
contributed to the decline in popularity of LISP. After that, LISP was operated only in some
research centers, without wide acceptance. LISP became relevant again with the advent of
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PROLOG. Namely, it turned out that everything that can be done in PROLOG can also be
done in LISP. As LISP was an American product, many American programmers began to
return to LISP. (Thus, LISP was used in the creation of well-known software packages, such as:
Mathematica, AutoCad, etc.)LISP is the language that probably has the most descendants
[12]. Some Al problems solved in LISP are essential for digitalization. Therefore, it can be
said that LISP is more significant for digitization compared to other languages of this
period. LISP (some versions of it) is still used today, often in combination with scripting
languages.

Another important language from this period is ALGOL 60 (Naur et al. 1960). This
language is produced by a group of experts, half nominated by ACM and half by various
European institutions. ALGOL is an abbreviation of ALGOrithmic Language, which means
that it is a language for describing algorithms. Due to the large number of “bad” (arithmetical
if statement, go to statement, ...) constructions in FORTRAN, ALGOL 60 was created with
the idea of replacing FORTRAN. However, ALGOL 60 never reached the popularity of
FORTRAN - barely 20% of computers in the world had a compiler for ALGOL 60. So,
how did ALGOL 60 become among the most popular programming languages in this
period? As ALGOL 60 was created by top experts, many solutions were proposed in it,
which were later implemented in ALGOL-60's descendant languages, such as: Pascal, C,
Smalltalk, ... In this way, ALGOL 60 left a deep trace of development almost of all modern
programming languages. ALGOL 60 did not directly influence digitalization, but it did
through its successors

Programming languages of the Middle Ages and digitalization

At the beginning of the 60s years of the 20th century, significant experience was gained in
creating programming languages. The idea of creating a universal language appeared. The
International Federation for Information Processing (IFIP, established in 1960) had founded
a Working Group on ALGOL (WG 2.1) with the task that, using ALGOL 60, form a
proposal for a new language. The members of the group disagreed about the conception of
the new language. Some thought that it should be a powerful language that would contain
the good features of most of the existing programming languages. Based on this concept,
ALGOL 68 was created. This language was cumbersome, difficult to learn and compile,
and it is almost forgotten today. In addition to ALGOL 68, several programming languages
were created with the same idea - to produce a universal programming language that would
cover different fields. Such languages were PL/1 and PLANNER. They suffered a similar
fate as ALGOL 68, although PL/1 was used longer thanks to the support of IBM.

The members of the second group (led by Niklaus Wirth) believed that the new
language should be simple, easy to learn and translate. That is how the Pascal programming
language was born [13], [14]. The features that adorn Pascal are: simplicity, expressiveness,
efficiency, conciseness and comprehensibility. With Pascal, the structured style of
programming was successfully promoted. There are a number of programming languages
that are direct descendants of Pascal. One of the most famous is the Ada programming
language, which enables parallel programming. Pascal was mostly used for educational
purposes - for learning programming. Pascal did not directly significantly influence
digitalization, but indirectly (through his descendants) it did.

Unlike Pascal, the popularity of the C programming language is not declining.
Various studies show that C [16], [17], [18] is among the 5 most popular programming
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languages even today. C was developed in 1972 by Dennis Ritchie at Bell Labs for
implementing the UNIX operating system[23]. From its inception until today, it has been
used to create: operating systems, embedded systems, web environments by using the
Common Gateway Interface, etc. It is enough to mention only these areas and it is
immediately clear that C had a significant role in digitalization. C is a universal
programming language and due to its good features it will certainly be used in the future.

In this period, the programming language PROLOG was created [20], [21].
PROLOG is based on mathematical logic, and its creators are Colmerauer and Roussel.
PROLOG is a non-procedural programming language and it is suitable for solving Al
problems. The Japanese have announced the creation of a 5th Generation computers in
which PROLOG would play the role of a machine language. Unfortunately, such computers
were not built, and interest in PROLOG declined. PROLOG did not significantly affect the
digitalization process.

A team led by A. Kay worked on the development of the Smalltalk language at the
Xerox company. When the Smalltalk-80 version [22] was created, it was clear that it was a
valuable product that should be presented to the professional community. Through the
language Smalltalk 80, a new Object-Oriented paradigm was proposed. The basic concept
is an object. Programming is realized through a set of objects that interact with each other.
Windows, thumbnails and icons are used intensively in the language, and a mouse is often
used instead of a keyboard. The emphasis is on the graphical user interface. Programs
written in Smalltalk are several times slower than those written in C. This is the main
reason that Smalltalk was used on a small number of computers. The speed of computers is
their most important property, so even the news brought by Smalltalk could not
immediately influence the choice of language. However, these innovations are important
for digitalization, so we can say that Smalltalk has significantly contributed to digitalization
even though it was not directly used.

Programming languages created at the end of the 20th century and
digitalization

Programming languages from this period are still the most commonly used today. All of
them (or packages created using them) enable working with various documents, images,
sounds, ... It can be concluded that these languages fully support digitalization.

The C++ programming language was created as an object-oriented superstructure of
the C language. Its creator is Stroustrap [24]. C++ supports procedural and object-oriented
programming style. It is used in MS Office, Adobe Photoshop, and various types of high-
performance software. Despite that, C++ is a complex language, it is accepted by
professional programmers and according to various researches, it is one of the 5 most used
programming languages all the time.

The emergence of the Java language, which was created at Sun Microsystems under
the leadership of James Gosling [25], contributed a lot to the decline in popularity of the
C++ language. Java is a universal, object-oriented language with C syntax, but simpler than
C++. From its inception, it was oriented towards the Internet. By using Bytecode, Java
programs are largely independent of the platform they run on. This is very important in the
Internet era. Java is used for: web development, artificial intelligence, Android
development, and enterprise software (from smartcards to space vehicles). It is enough to
list these areas and understand how important they are to digitalization. Java is a compiler-
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interpreter language. Programs written in Java are slower than corresponding programs in
C/C++, but that does not prevent it from being among the most popular programming
languages for years.

C# is a Microsoft product modeled on Java (although Microsoft claims that it is
derived from C++ and Visual Basic). The language is used in almost all Microsoft products
and is seen primarily in developing desktop applications. The features of C# are defined by
using a standard library adapted to the .NET platform.

The fourth, chosen language from this period is Python [26], [27] whose creator is
Guido Van Rossu. Python is a universal script language suitable for: web and Internet
development, scientific computation, database access, education, software and game
development, etc. Python's popularity is contributed by its support for different
programming styles. Python is a language on the rise and is becoming one of the most
popular programming languages in the world. It is used by software companies Google,
Facebook. Spotify,... It can be said that Python supports the cutting-edge technology in the
software industry. Due to the mentioned features, Python has a significant role in the
digitalization process.

Future programming languages and digitization

The question arises as to which programming languages are used the most nowadays.
Languages created at the end of the 20th century are still the most popular today. They are
joined by several script languages, among which JavaScript stands out. It is certain that in
the near future the most important programming languages will be: C++, Java, C#, Python
and JavaScript. These languages would not survive in competition with newly created ones
if they were not constantly improving and adapting according to new trends. For example,
the C++ language was modified in 2003, 2011, 2014, 2017 and 2020, and appropriate
versions are obtained: C++03, C++11, C++14, C++17 and C++20. Java and C# have been
improved in a similar way. Which programming language will be the most used is difficult
to predict. Support for visualization, the Internet and digitalization will be crucial for the
choice of programming language. Quantum computing will also influence the choice of
programming language, as well as Al support.

Since its appearance, the popularity of the JavaScript language has grown.
JavaScript [31] was created by Brendan Eich in 1995. It is universal, multi-paradigm
programming language, supporting object-oriented, imperative and functional paradigm.
JavaScript is used to create interactive web applications and games. There is no a modern
browser without JavaScript support. JavaScript is primarily used on the client side in
dynamic web applications.It can also be used on the server side, however, the PHP script
language is used much more often on the server side. The JavaScript-PHP combination is
often used in web applications.

We also included Swift as a promising programming language, although its
popularity is not at the level of the previously mentioned ones. Swift appeared in 2014 and
inherited the good features of the following languages: Objective e-C, Rust, Haskell, Ruby,
Python and C#. It is intended only for Apple computers and that is one of its shortcomings.
It can be used on cellular devices, cloud applications, desktop computing, etc.

One of the promising languages is the language Go (or Golang) - a product of the
company Google in 2007. It was created with the intention of replacing C, but to be less
complex than C++. It is often used to create smartphone applications, design databases,
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cloud computing, etc. It is a language that is easy to learn, fast and efficient. Go is used by
companies: Google, Uber, Twitch and others.

Among the programming languages that will be used in the future, most experts
also include script languages: PHP, Ruby, Perl, Scala and Groovy. We will not consider
them here.

Related work

ERP (Enterprise Resource Planning) systems play a very important role in digitalization. It
is about complex software created by using various programming languages. In the paper
[28] various ERP systems and the programming languages used in them are considered.
Paper [29]contains a description of the impact of digitalization on the choice of
programming language. Paper [4] describes the impact of digitalization on language in
general. The programming languages essential for digital transformation in Japan are listed
in the paper [30]. Here, the emphasis is on the banking sector. On the Internet, one can find
a large number of sites about the popularity of programming languages and their future. We
will not list them here, but we point out that the popularity of a programming language
depends significantly on its support to digitalization.

Conclusion

With the development of programming languages, their role in the digitalization process
grew. On the genealogical tree of higher level programming languages, 4 periods are
distinguished, and in each period several of the most famous languages (in the author's
opinion) are selected. The contribution to digitalization for each of them is analyzed and
some of their most important properties are listed. Some of these languages are directly
involved in the digitalization process, while others are indirectly involved. At the time of
the appearance of the first high level programming languages the concept of digitalization
was not known (as we understand it today). Therefore, the languages of this period could
not be directly included in the digitalization. Already the languages of the middle period
(for example C) could be directly included. Almost all modern programming languages
support digitalization.
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