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Abstract—Code generation is longstanding goal in software
engineering. It allows more productivity of computer
programming as it aims to provide automation of transformation
of models into actual source code. This process has been covered
adequately in many programming languages. However, this topic
has not been covered sufficiently with regards to Fourth
Generation Languages (4GL) which have a high specialized
nature. The goal of this paper is to represent a systematic
literature review of 4GL Code generation. The paper focuses on
reviewing systemically the studies published in the past 20 years
on the topic. This is to investigate the trends in the topic and the
approaches introduced in order to identify potential new
research lines.
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I.  INTRODUCTION

Fourth-generation languages (4GL) are a class of high-level
programming languages. The idea of 4GL is to make
programming as simple as possible by the mean of
programming in natural human language [2], [3]. 4GLs aim to
make programming easier, more efficient and more effective
for users with less programming skills [4].

However, most of 4GLs are proprietary or designed and
developed for a very specific scope and purpose. This has led
to a hinder in progressing research and development in the area
of 4GL. These difficulties are derived from highly-specialized
nature of 4GL. In addition, the limited target users pose
accessibility issues. Furthermore, insufficient tool support
causes a problem as 4GL needs in-house development of tools
support. Consequently, this introduces high costs for 4GL
evolvements in all areas of research [5]. The followings
summarize the reasons behind the recessions in progressing
research and development:. proprietary developments,
complexity, modularity, and integrations with other interfaces
(web browsers) issues [5], [6].

A number of 4GL exist and are used in many areas from
research and industry, for example: Query languages SQL,
Oracle, Report Generator, Magic, Informix, Advanced
Business Application Programming (ABAP), MathWorks,
MATLAB, SPSS, etc. [5]. Some of these languages are
popular as they are open to use and some are not as they are
proprietary.

Code generation is longstanding goal in software
engineering [1]. However, it is not a straightforward process
nor an easy to achieve optimal solution for it [1]. Code
generation is the process of transforming a model of high-level

representation to a source code that can be read and understood
by a computer. Usually, this is done via a use of Computer-
Assisted Software Engineering (CASE) tools [5], [7], [8]. A
CASE tool can generate initial software or database code
directly from system models. Examples of 4GL CASE tools
are: Oracle2Java, Evo, Jheadstart, Pitss, Ormit [9]. Code
generation is an actual practice of forward engineering.

Several problems are often attached to the CASE code
generations. These issues are related mainly the complexity of
the models or the capability of the target language. In addition,
in the case that models gained by reverse engineering legacy
systems, code generations CASE tools are often regarded as
less useful especially if they are independent from the reverse
engineering CASE tools.

In general, the existing approaches and tools offered for
4GL code generation suffer from several limitations. First, the
majority focuses on auto-transformation of Oracle forms,
whereas many 4GL languages are not considered. Second,
majority of these approaches are semi-automated approaches
which often need experts to be involved. Finally, immaturity is
a nature for these approaches as only proof-of-concept models
and tools are presented. However, mature approaches might be
developed but for proprietary purposed and not shared for
researchers.

The systematic review is a process of addressing a research
question then finding and evaluating all available research
done with relation to it [10]. It helps highlighting the major
work conducted in the area of the research question. From such
a review, research gaps can be found in a way that assure a
satisfactory coverage of area of research.

A number of researchers [11]-[13] have considered
reviewing the topic of transformation between 4G languages
from different points of view. In addition, they have concluded
that it is non-trivial process and needs a considerable manual
effort and knowledge from all of the people involved.
However, sufficiency when authors are reviewing related work
of others is still an issue. In addition, up to the date of writing
this paper, there is no systematic review on the topic of 4GL
code generation. This leads to the importance of investigating
objectively the current state of arts in the topic of 4GL code
generation. This paper aims to provide an objective and
systematic review of the topic of 4GL code generation.
Introduction of such a review allows evolving the research in
this area and highlighting the current research gaps that are not
resolved.

This paper has been structured as follows. Section 1
introduced the topic of 4GL and code generation. In addition, it
highlights the importance of systematic review on the
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considered topic. Section 2 illustrates the methodology used in
this paper and formulate the research question. Section 3
discusses the trends in the area of the 4GL code generations.
Section 4 categories the main works conducted in the 4GL
code generations and discussed the main findings. Finally,
Section 5 concludes the review with the identification of trends
and new research areas.

Il. METHODOLOGY

This paper employs a systematic review methodology
demonstrated in [10], [14]. The methodology allows a
structural and objective review of a topic under consideration.
In addition, it allows providing a broad view on works which
are primary and related to the topic under consideration.

A. Research Question

What are the initiatives undertaken in relation to 4GL code
generations in the last 20 years? This research question can be
answered by identifying the approaches, models, and CASE
tools introduced, Thereafter, highlighting the major difficulties
and issues faced in order to achieve the goal of code
generations. Therefore, keywords leading the search have been
listed. These keywords are: code generation, fourth generation
languages, and 4GL. It is important to mention here that 4GL is
often referred to fourth generation languages [5].

B. Sources Selection

Having the aforementioned keywords, a search string has
been made from a combination of these keywords and been
used in the search by the search engines of the selected digital
libraries. Table | shows the formulated search string with an
OR logical operator which is one of useful operators offered by
the search engines in the digital libraries.

Four well known digital libraries were selected in order to
perform the search for related studies in. These libraries are:
Springer Link, IEEE Digital Library, ACM Digital Library,
and ScienceDirect. These libraries offer variety ways of
searching for journal articles, conference papers, books, and
other publication types. In addition, these libraries offer the use
of logical operators in the searching.

C. Inclusion and Exclusion Criteria

Inclusion criteria, for studies to be considered relevant, are
the outcome of analyzing the title, research keywords, abstract,
and the conclusion of a paper. In addition, as this research aims
to investigate the work done towards 4GL code generation in
the past 20 years, an exclusion criterion of year of publication
has been applied to retrieve only the work published between
the years 2000 and 2020. Another exclusion criterion was a
non-English publication items which have been found in the
retrieved list of items from the digital libraries.

As can be seen in Table 11, in the first iteration of applying
the search string in all digital libraries, the search resulted in a
total of 1925 items. Repetition of items in some between
libraries was noticed, so, it was inevitable to eliminate
repetitions. After removing repetitions, the total was 1770
items. The total become 593 when applying exclusion criterion
of publication before the year of 2000. Finally, 187 of the
publication items were relevant to this research topic by
inclusion criterion.
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TABLE I. SEARCH STRING

"4G languages" OR "4G languages code generation" OR
“AGL code generation” OR “4GL” OR “fourth-generation-
languages” OR “fourth-generation-languages code
generation” OR “fourth generation languages code
generation” OR “fourth generation languages”

Search string

TABLE II. SOURCES AND STUDIES FOUND
STUDIES
@
[= 38 = >
SOURCES 2 i S < &
=) & ] ﬁ s %
£ i e |d | g
5 5 | x | &
4
SPRINGER LINK 793 694 216 | 64 6 21.43%
IEEE DIGITAL LIBRARY 35 35 15 12 7 25.00%
ACM DIGITAL LIBRARY 302 274 99 41 6 21.43%
SCIENCEDIRECT 795 767 263 | 70 9 32.14%
TOTAL 1925 | 1770 | 593 | 187 | 28 100%
Primary studies were, as shown Table II, 28 studies.

Complete list of primary studies is shown in (Appendix A).
The primary studies were nominated from the relevant studies
after in-depth reading and analysis of the entire list of the
relevant studies. The primary studies are only the studies which
mainly consider the 4GL code generation by introduction new
approaches, model development, evaluation of current
approaches, and branches of code generation with relation 4GL
such as code transformation. It is important to mention that
studies that are related to the 4GL code generation have been
considered to be relevant studies. Examples of which are code
quality, effort estimation, optimization, refactoring, and code
maintenance.

I1l. PUBLICATION IN 4GL CODE GENERATION IN THE PAST
20 YEARS

This section shows an analysis of primary and relevant
studies in general and the main aspects and remarks identified
during the reviewing process. Obviously, from the number of
relevant studies, it can be concluded that the topic of 4GL code
generation has not been considered sufficiently in the past 20
years. Fig. 1 illustrates publications trends of primaries and
relevant studies of 4GL code generation over the past 20 years
in the four digital libraries namely Springer, IEEE, ACM, and
ScienceDirect.

From Fig. 1, it can be noticed that the years of 2003, 2005,
2011 were the years were most studies were published with a
number of around 14 publications in all digital libraries
investigated. Then, the years of 2008 and 2019 come in almost
close number of the aforementioned. In addition, it can be
obvious that the average of publications related to the topic of
4GL code generation is 9 studies each year over the past 20
years. Most of these primaries and relevant studies have been
published in Springer and ScienceDirect. This highlights a lack
of studies in this topic.

179|Page

www.ijacsa.thesai.org




(IJACSA) International Journal of Advanced Computer Science and Applications,

PUBLICATION FOR LAST 20 YEARS

i SPRINGER =il |[EEE ACM i SCiENCEDIrECT

\U 5| B/ — -

o y ¥ ‘\ B O O L] ‘lu gy g
c o= (SN S B e e S LB e L S B S
B P R, i I P AP R R R i RPN

[+] Uf \IJ/U

0

Fig. 1. Run graph of publications (Relevant Studies Published in the Past 20
Years based on Number of Publications).

Table 111 shows the categories of the publications based on
the types of work. The main types are conference papers,
journal articles, and books and technical reports. The majority
of primaries and relevant studies are conference papers and
journal articles with the total of 153 studies. In addition, as
illustrated in Fig. 2, 59% of journal articles which are primaries
and relevant studies published in ScienceDirect library.
Furthermore, 74% of books and technical reports are published
in same library. However, 45% of conference papers which are
primaries and relevant studies published in Springer library
with 0% published in ScienceDirect library of this category of
the publications.

TABLE Ill.  TYPES OF PUBLICATIONS OF PRIMARIES AND RELEVANT
STUDIES
Type Conference Journal Book and Total
Library Paper Article technical reports
SPRINGER 35 20 9 64
IEEE 12 0 0 12
ACM 30 11 0 41
ScienceDirect 0 44 26 70
Total 77 75 35 187
TYPE OF STUDIES
=4 SPRINGER |EEE ACM ScienceDirect
80% 74%
70%
59%
60%
50% 45%

3
40%

30% Ni% 26%

20% 16% 15%
10%
0% 0% 0%
0%
CONFERENCEPAPER JOURNAL ARTICLE BOOK

Fig. 2. Studies Types (Only Relevant Studies Published in the Past 20 Years.
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IV. PRIMARY STUDIES AND DISCUSSIONS

In this section the main findings of this systematic review
regarding 4GL code generation are presented and discussed.
The findings have been categorised into three main sections:
1) Transformation between 4GL languages; 2) End user
computing; 3) other related studies. In this review, the related
studies are the studies which indirectly consider the code
generation in 4GL, such as studies considering effort
estimation in producing, manually re-engineering, refactoring,
and maintaining 4GL software systems.

A. Transformation between 4GL Languages

Kicsi et al. [15] have introduced a semi-automatic approach
which extracts features from a 4GL language namely Magic
language. They have tested their approach on 2000 programs
written in Magic. However, the completed stage up-to-date is
extraction stage and the project is still ongoing. In addition,
experts are needed to provide design decisions.

In addition, Kicsi et al. [16] have introduced an approach
that extracted the structural and conceptual feature of legacy
systems built in Magic language. The approach aims to provide
two level of views on the legacy systems. The first level views
are for expert which show the conceptual features. The second
level views are for developer which shows structural feature.
Although, this work is a promising in the reengineering of 4GL
systems as it helps is the stage of design discovery, the work
currently provides information for different level of
stakeholders to make decisions in the re-designing of the
legacy systems when the adopting Software product line (SPL)
architecture.

Mendivelso et al. [9] have introduced an approach that
relies on Model-Driven Reverse Engineering (MDRE) in order
to reverse engineer programs in 4GL languages such as Oracle
Forms, Visual Basic and Delphi. The resulting outputs are two
different levels of views on Sirius graphical editor. The first
level is for the end user who are the developers, architects, and
testers. The second level is for MDRE experts. The approach
seems promising, however, experts are needed to validate and
verify the output model of a given source code. In addition, no
forward engineering (complete code generation) is completed
by the approach.

Newcomb et al. [17] have reported on a project called Pilot
Project which aims to transform 4GL software systems into
more standardized and modernized platforms namely Java and
JavaScript. The work has a feature of considering conversion
of non-functional requirements as well as security
requirements. Moreover, tests were done on small scale
programs to prove the concept. However, an important point is
that 4GL software are often large scale ones. So, in order to
generalize the findings this could be a point of weakness. In
addition, further manual tuning was needed as performance
issues occurred.

Sneed et al. [18] have introduced an approach that consider
re-implementing legacy systems built by 4GL languages into
object-oriented 3GL languages. This approach aim is to avoid
the risks of automated conversion of such systems and taking
into account the preserving functionalities. The approach was
tested on two 4GL languages programs, namely,
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VisualAge/PL/1-DB2 and  COBOL-IMS  applications.
However, they have reported a number of side effects
including comprising design and possibility of re-developing
the whole architecture. This stands against the idea of
preserving the original architecture.

Garcés et al. [19] have introduced a new semi-automated
approach that transformed 4GL program to modernized
platforms namely from Oracle Forms to Java programs. The
approach has been tested on 5 medium scale 4GL programs.
Although, the approach has a tool supports and seems
promising, it has some backwards which are worth to mention
here. Firstly, the approach is semi-automated and needs a
human intervene. This might, as author reported, time
consuming and error-prone. In addition, migration is a manual
process. Finally, although, the results showed a reduction in
time with comparison with other transformation processes,
time overhead and code defects are still a considerable issue.

Salvatierra et al. [20] have introduced an indirect and semi-
automatic approach for migration of legacy systems in COBOL
into Service-Oriented Architecture (SOA). The approach is
called Assisted Migration and has been tested on a legacy
system of an Argentinean government agency. The aim of the
approach is to enhance the quality of direct migrated version of
the legacy system. However, the approach introduces a need
for human experiences to perform as intended. In addition,
accuracy is still an issue. Furthermore, legacy systems are not
transformed or replaced which means adding more layers to
use these systems.

Sanchez Ramon et al. [21] have introduced a new approach
based on Model Driven Engineering (MDE). The approach
aims to automated re-engineering process of the interfaces of
programs built in 4GL namely Oracle Forms or Borland
Delphi. Currently, the approach allows detecting the main
elements in GUI and generate a tree to represents the
arrangement of element on the GUI window. The resulting
outputs is a model in Concrete User Interface (CUI) which can
be used for further forward engineering.

Nagy et al. [22] in 2011 have investigated the lack of work
on 4GL same language version transformation. In addition, the
authors have offer a new approach to automatically transform
code from Magic older to Magic version 5. However, the focus
of the work was only on version 5 of Magic. In addition,
performance issues have been raised. In addition later, Nagy
[23] in 2013 have introduced an automated approach to
recovering architecture of data-intensive  applications
developed in Magic 4GL. However, the approach only support
static reverse engineering from SQL no forward engineering or
round-trip engineering.

Martin et al. [20] introduced a new approach to transform
source code between two different 4GL platforms. The
approach aims to overcome the incompatibilities between 4GL.
Therefore, a tool, called OctaveToR, was developed to
automate the transformation from a source code written in
Octave to a target code in R language. The approach employed
TXL transformation language and was tested in a medium size
source code. Although, the approach provides almost an instant
code transformation, a number of issues are reported. These
issues are performance, readability, and information loss. In
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addition, a use of TXL cannot be an ideal solution as it does
not offer a feature abstraction representation.

Yafi et al. [24] introduced a new method that allow
overcoming a problem that occurs when parsing Uniface 4GL
languages source code embedded in XML format. Although
the tool provides an automated way for reverse-engineer a 4GL
code, the work was only to improve the readability and the
work is in progress.

Nandivada et al. [25] introduced a framework that translate
4GL program in ARAP to java equivalent. This is for the
purpose of debugging fault in 4GL programs. However, the
work still incomplete and suffer from incorrectness of
transformation with some statements in selected 4GL syntax as
well as some overhead issues.

Bimonte et al. [26] introduced a new Model Driven
Development (MDD) method which combines the use of ETL
(Extraction, transform, load) and their Business Process
Modeling Notation (BPMN) approaches to transform source
from ETL to Oracle MetaBase (OMB) scripting language code
[27]. However, efficiency in resources and time is an issue.

Reus et al. [28] have introduced an approach which aids in
reverse engineer legacy systems to model-driven architecture
(MDA). In specific, reverse engineer a 4GL program to
language-independent models in UML, namely, Class, State-
chart, Collaboration diagrams. Code generation then is offered
to transform the models to Java classes. The approach has been
tested to an Oracle’s PL/SQL program of an insurance
company in Netherlands. Although, the authors have
introduced a promising approach which aims to automate
completely the re-engineering trip from a 4GL source code to
another platform, a number of pitfalls are there such as
scalability issues. Another open challenge is the representation
of business logic. In addition, the code generation is an
uncompleted goal as the approach only generate code stubs (no
functionally).

Cleve et al. [29] introduced an approach for transformation
of date structure from 4GL language in legacy system to a
modular structure for other platforms. However, the main
concern was the data migration and data structure re-factoring.
In addition, it took 10 days for re-engineering which is an
obvious overhead. This can be linked to the previous work by
Canfora et al. [30] where they in the same manner introduced
their approach and noted the re-engineering risks increase
beside the costs and performance issues.

Andrade et al. [12] have introduced a tool called
Forms2Net which aims to transform the Oracle Forma and
PL/SQL code to .NET C# program bearing in mind semantics
and similarity and differences. Authors have investigated
semantics and functionality in such transformations and offer
the tool based on this. Forms2Net is a promising tools to
facilitate an automatic code transformation, however, a number
of shortcomings are impotent to mention here. First, complex
transformations decisions are not made and left to the
developer to re-engineer which introduced the human
intervention. Second, only one output architecture is allowed
which is the Model View Controller (MVC) architecture.
Third, migration process needs to be simplified as currently
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Forms2Net is attached with a number of guides for explaining
it. Finally, runtime calls in the Oracle Forms are not
sufficiently represented in C# outputs program.

B. End user Computing

Waszkowski [31] have introduced Aurea BPM low-code
platform that allows users to draw in BPMN diagrams which
will be transformed into working web pages with XML and
supplementary files. The main goal is to automate the
generation of application for business processes. However,
authors stated that low-code platform is hard in manufacturing
and it raises the risk of verifications.

Related to this topic, a number of authors [4], [32] have
published a book in which they describe a number of examples
of 4GL languages for End-user programing. The books show
an exploring view on the available tools for such an approach.
Others [33] have looked at it from different viewpoints such as
the risks of privacy and errors which might be posed.
Furthermore, bridging the knowledge gap between engineers
and business users [34].

C. Other Related Topics

A number of related topics have been a focus for 4GL
community, for example, Effort Estimation, quality assurance,
testing, and distributed programming. However, it is important
to mention here that Effort Estimation in producing, manually
re-engineering, refactoring, and maintaining 4GL software
systems has gained a considerable amount of attention form
4GL community.

Although, many researchers [35]-[45] have considered
Effort Estimation, other have considered useful topics as well.
For example, Shasharina et al. [46] have considered a model
that offer ability of automating the linking the Grid Technology
and Web services for 4GL legacy systems in Interactive Data
Language (IDL). Furthermore, many researchers [47]-[49]
have introduced their models and methods on measuring
quality and have offers a number of matrices for this. However,
quality assurance for 4GL suffer from a lack of work on it.
Other have considered different related topics to 4GL. For
instance, Zaytsev [50] has reported onto a new tool which
generates test codes for a 4GL programs in specific C#
programs. It has been tested on a large scale code of a company
where the author is working. However, this is an ongoing
project of generating code of testing for 4GL languages
compiler with focus to C#. Furthermore, Albizuri-Romero [51]
discussed different factors influenced organizations when
choosing CASE tools.

V. CONCLUSIONS

In conclusion of this systematic review, four well-known
digital libraries have been used to search for research studies
that are related to the topic of 4GL code generation over the
past 20 years. These libraries are Springer, IEEE, ACM, and
ScienceDirect. Total of 593 studies were found. After applying
the criteria of inclusion and exclusion employed in this paper, a
total of 187 studies were found relevant studies. Out of these
relevant studies only 28 were found primaries studies.

The following summarizes the main findings of the primary
studies published over the past 20 years:
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1) In general, there is a lack of studies in 4GL code
generation.

2) The topic of 4GL languages code generation is often
focused on transforming 4GL source codes to different 4GL or
3GL languages.

3) Lack of studies is variety of 4GL languages as the
majority focuses on auto-transformation of Oracle forms.

4) The majority of the studies introduce semi-automated
approaches which often need experts to be involved.

5) The majority of studies are Immature studies which
might be due to the specialized nature of 4GL and that most of
4GL are proprietary.

Reaching this point of this paper, the previously mentioned
research question of this paper can be answered. 4GL code
generation is a topic that has not been considered sufficiently
over the past 20 years. The offered studies and approaches are
inadequate, and more work is needed in this topic.
Furthermore, the previous section shows a detailed answer of
the research question.

For future work, this paper can be basis for researchers
interested in 4GL code generation and code transformation as
the paper aimed to cover the work done on the topic for the
past 20 years. As for authors for this paper, the future work
direction is to fill the research gap of transforming Uniface
4GL to C#.net as the limitation of coverage for this direction is
clear. In addition, a data set that allow constructing the
transformation model has been shared from one of institute
interested in the direction.
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