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ABSTRACT  
The emergence of the Unified Modeling Language (UML) as the 
de-facto standard for modeling software systems has encouraged 
the development of automated software tools that facilitate 
automatic code generation. UML diagrams are used to 
diagrammatically model and specify the static structure as well as 
the dynamic behavior of object-oriented systems and the software 
tools then go ahead and automatically produce code from the 
given diagrams. In the last two decades substantial work has 
been done in this area of automatic code generation. This paper 
is aimed at identifying and classifying this work pertaining to 
automatic code generation from UML diagrams, restricting the 
search neither to a specific context nor to a particular 
programming language. A Systematic literature review (SLR) 
using the keywords “automatic code generation”, “MDE”, “code 
generation” and “UML” is used to identify 40 research papers 
published during the years 2000–2016 which are broadly 
classified into three groups: Approaches, Frameworks and Tools. 
For each paper, an analysis is made of the achievements and the 
gaps, the UML diagrams used the programming languages and 
the platform. This analysis helps to answer the main questions 
that the paper addresses including what techniques or 
implementation methods have been used for automatic code 
generation from UML Diagrams, what are the achievements and 
gaps in the field of automatic code generation from UML 
diagrams, which UML diagram is most used for automatic code 
generation from UML diagrams, which programming language 
source code is mostly automatically generated from the design 
models and which is the most used target platform? The answers 
provided in this paper will assist researchers, practitioners and 
developers to know the current state-of-the-art in automatic code 
generation from UML diagrams.  
 
Keywords: Automatic Code Generation (ACG); Unified Modeling 
Language (UML); Model Driven Engineering (MDE) 
 
INTRODUCTION 
Model Driven Engineering (MDE) was introduced as an 
engineering approach that uses models directly as primary 
artifacts throughout the software development life cycle (SDLC) 
rather than using source code (Klein et al.,2015) The best known 
MDE initiative is Model Driven Architecture (MDA) which was 
proposed by the Object Oriented Group (OMG) in 2001 as a new 
software development paradigm (Summerville,2009) that uses a 
subset of UML diagrams such as class diagrams, sequence 
diagrams and state diagrams. It was started because there was 
the necessity to decrease development efforts, create and use 
analysis and design models at each stage of the software 
development process and automate code generation from models 

(Eveleens & Verhoef, 2009). Automatic code generation has 
gained a lot of attention in Software Engineering because it has 
many benefits including reuse, being less error prone than writing 
code manually, maintainability and accuracy. Furthermore, the 
advantages of high-level modeling and analysis are significantly 
enhanced if code can be generated automatically from a model 
such that the correspondence between the model and code is 
precisely understood (Niaz, 2005). While automatic code 
generation appears to be more popular than visual programming, 
it is interesting to note that they have similar objectives of 
reducing the learning and production effort of programmers and 
software developers.  
The need of automated tools to generate source code from visual 
models has been increasing over time and a lot of work has been 
done on the automatic transformation of UML models to source 
code (Thongmak & Muenchaisri, 2002). Taking this into account, 
the objective of this systematic literature review (SLR) is to 
identify, review and analyze the research done in the field of 
automatic code generation from UML diagrams. 
 
Related Work 
Numerous studies such as those of (Loniewski et.al.,2010; 
Nguyen et.al.,2013; Nguyen et.al.,2015; Graciano et.al.,2014; 
Queiroz & Braga,2014; Heineck et.al.,2016; Boussaïd et.al.,2017; 
Essaadi et.al.,2017) have concentrated on Model Driven 
Engineering as a whole. Boussaïd et.al.(2017) conducted a 
survey on search-based  techniques and model-driven 
engineering and found out that among the trends that focus on 
managing software complexity through automation, Search based 
Software Engineering has gained major recognition and has been 
applied  successfully in many areas; Queiroz & Braga(2014) did a 
survey on the  “Development of Critical Embedded Systems 
Using Model-driven and Product Lines Techniques” and found out 
that, until recently, there were limited studies that develop safety 
critical embedded systems using  Model Driven Engineering; 
Loniewski et.al.(2010) conducted a “Systematic Review of the 
Use of Requirements Engineering Techniques in Model-Driven 
Development” and found out that at the requirements level most 
Model Driven Development approaches use only partially defined 
requirements models or even natural language; Graciano 
et.al.(2014)  conducted  a systematic literature review of the state-
of-the-art in the field of Model Driven Development for System of 
Systems (SoS) and found out that Model Based Software 
Systems have not been sufficiently used for modeling and 
synthesis of System of Systems; Essaadi et.al.(2017) proposed a 
systematic mapping study of Wireless Sensor Networks(WSNs) 
MDE-based modeling languages and revealed that few studies 
take into account rigorous and exhaustive verification in analysis; 
Heineck et.al.(2016) conducted a systematic literature review on 
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Model Driven Development in Robotics Domain approaches and 
proved that the existing approaches mostly use a component-
based development paradigm to provide interesting capabilities.; 
Nguyen et.al.(2013) carried out a systematic review to identify, 
classify and evaluate different Model Driven Security approaches 
and their results revealed that most approaches focus on 
authorization and confidentiality with a few focusing on security 
concerns like integrity, availability, and authentication; Nguyen 
et.al.(2015)  conducted an “Extensive Systematic Review on 
Model-Driven Development of Secure Systems” and found out 
that developing domain-specific languages are a major factor in 
Model Driven Security approaches. 
Others such as those of (Dias et.al.,2007; Mohi-aldeen 
et.al.,2014; Maheshwari & Prasanna,2015; Salman & 
Hashim,2016; Shah et.al.,2016) have focused on automatic test 
case generation; Shah et.al.(2016) carried out a review on various 
approaches that use class diagrams to support test case 
generation activities. Their results showed that while 76% of the 
techniques used intermediate forms for generating test cases, 
23% of them did not. So also 65% of the studies developed a tool 
for their frameworks but 35% did not.  Maheshwari & Prasanna 
(2015) did a  review of literature on  automatic test case 
generation and found out that the optimization approach gave the 
most efficient test suite for the given problem model; Dias 
et.al.(2007) conducted a systematic review performed on model- 
based testing (MBT) approaches. Their results showed that MBT 
approaches are rarely integrated in software development 
processes and are not evaluated empirically and/or not 
transferred to the industrial environment; Salman & Hashim 
(2016) did a review on Automatic Test Case Generation from 
UML State Chart Diagrams. Their results revealed that most of 
the works on state chart test case generation methods are on the 
Depth First Search DFS algorithm and that some of the test case 
generation do not work for maximum test coverage, with some 
producing significant numbers of tests with less test coverage; 
Mohi-aldeen et.al.(2014) carried out a “Systematic Mapping Study 
in Automatic Test Case” and found out that most researchers 
focus on code coverage, the Genetic Algorithm (GA) had the most 
published studies and research interest in reduction of test case 
generation topped the list as the dominant research concern. 
A few studies such as those of (Mehmood & Jawawi, 2013; 
Rashid et.al. 2015; Rosales-Morales, et.al. 2015; Rashid &Anwar, 
2016; Syriani et.al. 2018) have focused on areas relating to 
automatic code generation; Rosales-Morales, et.al. (2015) carried 
out an analysis and evaluation of CASE tools, IDEs tools and 
frameworks for automated software development and automatic 
code generation in order to determine whether they met a set of 
quality metrics. Their results revealed that most tools provided a 
user friendly interface, academic tools were mostly used as 
prototypes unlike commercial tools that supported modularity 
principles and functions with well- defined purposes, and almost 
all automatic code generation tools provided good documentation 
for users; Rashid &Anwar(2016)carried out a “Systematic 
Investigation of Tools in Model Based System Engineering for 
Embedded Systems” and their results revealed that Eclipse was 
the leading platform, providing a variety of MBSE tools for 
embedded systems while Topcased, Rhapsody, Papyrus and 
Magic Draw were the most popular and frequently used modelling 
tools and SIMULINK was the leading simulation tool; Mehmood & 
Jawawi (2013) conducted a review on Aspect-oriented Model  
Driven code generation. Their results showed that the most 

examined aspect-oriented model driven code generation topics 
are modeling notations and process, model composition and 
interaction management, aspect-oriented code generation, code 
generation from specification of non-functional requirements, and 
applicability of aspect-oriented modeling and code generation 
approaches. So also 52% of the research on Aspect-oriented 
Model Driven code generation are in conferences proceedings, 
21% in workshop and 27 % in journals. Syriani et.al. (2018) 
carried out a review on Template-based Code Generation (TBGC) 
which is a technique that produces code from high-level 
specifications. Their results showed that TBGC had greatly 
benefited from MDE and is being used for code generation in a 
variety of domains for almost 15 years now and that both MDE 
and non-MDE tools were becoming current development 
resources/tools in industry; Rashid et.al.(2015) also did a 
systematic review on  tools selection in Model Based System 
Engineering (MBSE) for Embedded Systems and found out that 
UML and its SYSML/MARTE construct were mostly used for 
specifying structural and behavioral aspects of a system; Bajovs 
et.al.(2013)gave an overview of the state-of-the-art and the 
practical implications of code generation from UML Models.  From 
their review it was realized that there were some good quality 
MDA based systems; however, there were not many of them all 
over the world. This means to date majority of the programming is 
done by human specialists rather than code generators and even 
though there were tools that could convert from design models to 
code, those tools were rarely used in the industry. This is 
probably as a result of the tools being too complex to use and 
having no documentation about the platforms they could work on.  
The research reported in Domí et.al.(2012) conducted a 
systematic literature review of code generation proposals from 
state machines and found out that the State Design pattern was 
the most used for implementing state machine specifications, the 
elements of state machines considered by most proposals 
included context class, the current state, the state-transition 
process, guards, simple states, events, and actions and only a 
few papers had considered qualitative aspects in Software 
Engineering in their implementation strategies. 
From the review, it is clear that there is a dearth of literature 
regarding papers that have tried to analyze the work done so far 
on automatic code generation from UML Diagrams. This review 
seeks to fill this void. 
 
METHODOLOGY 
A systematic literature review has been used to carry out this 
research (Kitchenham, 2004). A systematic review is a type of 
literature review that collects and critically analyzes multiple 
research studies or papers in a particular subject of interest. The 
research aims to address the following questions.  
RQ1: What techniques or implementation methods have been 
used for automatic code generation from UML diagrams?  
 RQ2:   What are the achievements and gaps in the field of 
automatic code generation from UML diagrams? 
RQ3:   Which UML diagram is the most used for automatic code 
generation? 
RQ4: Which programming language source code is mostly 
automatically generated from the design models? 
RQ5: Which is the most used target platform? 
The SLR has been performed systematically to provide an answer 
to each of the given research questions. Taking into account 
RQ1, we have analyzed the general context of each paper in 
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terms of the implementation technique it proposes. We have 
classified these papers depending on whether they propose 
approaches, frameworks or tools. Considering RQ2, we have 
analyzed what achievements have been made in each paper and 
what gaps are remaining. Regarding question RQ3 and RQ4, we 
have analyzed which UML diagrams (Class Diagrams, State 
Charts, Sequence Diagrams, Activity Diagrams, Others) are used 
in each paper and what type of code (Java/Java Android, 
C/Objective C/ System C/C++/ C#, Unspecified, Others). 
Considering which platform, we have classified them into four 
namely Object Oriented Platforms, Embedded Platforms, More 
Than One Platform and Unspecified Platform. The methodology 
depicted in Figure 1 was followed during this SLR in order to 
answer the research questions. 
 
This section explains the different stages we considered to 
undertake this review. 
 
Classification Definition: We have defined three classification 
categories in order to organize the selected researches. These 
classifications enabled us to easily provide answers to our 
research questions. The three classifications are: 
Approaches: This comprises of strategies that have been 
proposed to tackle automatic code generation from UML 
diagrams. 
Frameworks:  This consists of frameworks that are used for 
automatic code generation from UML diagrams. 
Tools: This entails software tools that perform automatic code 
generation from UML diagrams. 
 
Search Keywords:  
Two sets of search keywords were used in this SLR. They are: 
1. “Automatic Code Generation”, “Model Driven Engineering” 
2. “Code Generation”, “UML” 
   The search was made using the Google Scholar academic 
database. Papers retrieved included those that were published in 
IEEE, Cite Seer, ACM, Elsevier Science Direct, Research Gate, 
ProQuest and some other publishers. 
 
Inclusion and Exclusion Criteria 
Starting from an initial list of 1980 papers, some papers were 
excluded based on the criteria explained below:  
1. Relevance: Select the research only if it is relevant to one of 
the three predefined classifications (Section 2.1). Reject all other 
researches that do not belong to any of the predefined categories. 
2. 2000–2016: Selected research work must be published from 
2000 to 2016. Reject all researches that are published before 
2000. 
3. Type: All papers that are published in journal articles and 
conference proceedings are included. Reject all other researches 
that are in books, theses, book series and web sites. 
4. Code generation: Selected research work must offer code 
generation, implementation of pseudo code or code schemas 
from UML diagrams. Reject all other researches that generate 
other things (not codes) from the UML diagrams. 
 

 
Figure 1: Research Methodology 
 
 
RESULTS 
The SLR yielded 40 papers which were broken down into 
approaches, developed tools and frameworks (see Table 1). 
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Table 1: Classification of selected papers 
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The classification of the papers showed that majority of the 
papers for automatic code generation from UML diagrams 
proposed approaches and tools to implement the approaches. So 
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also majority of papers selected were published in 2009, 2010 
and 2012.  (See Figure 2 and Figure 3) 

 
Figure 2: A chart showing the number of approaches, tools and 
frameworks 
 

 
Figure 3: A chart showing yearly distribution of papers 
 

Each paper was analyzed in terms of its achievements and 
gaps. Table 2 gives a summary of the achievements and 
gaps of each paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1: Summary of achievements and Gaps 
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In order to enable us to further analyze and answer our research 
questions, the charts in Figure 4, Figure 5 and Figure 6 are used 
to illustrate each of the three factors. 
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Figure 4: UML Diagrams Used in the Selected Papers 
 

 
Figure 5: Programming Languages Used in the Selected Papers 
 

 
Figure 6: Target Platforms Used in the Selected Papers 
 
DISCUSSION  
 
Discussion on RQ1:  The techniques that are used for code 
generation from UML diagrams can be classified into three, 
namely approaches, tools and frameworks. We found out that out 
of the 40 selected papers, 13 papers proposed only approaches 
to code generation from UML diagrams, 13 papers proposed 
approaches and developed tools to implement their proposed 
approaches, 4 papers proposed frameworks for code generation 
from UML diagrams, 2 papers proposed a framework and 
developed a tool to implement the framework and 8 papers 
presented tools for automatic code generation from UML 
diagrams.  From the analysis, it is clear that most papers are on 
approaches and tools for automatic code generation. For now 
there are only few developed frameworks. 
 
Discussion on RQ2:  MDA was established with a fundamental 
notion of completely automated transformation of UML diagrams 
to code.  It can be seen from Table 2 that automatic code 

generation from UML diagrams to source code has been 
achieved in all the 40 selected papers. However, only a few 
papers have used up to 3 UML diagrams for code generation. In 
fact, half of the papers analyzed were generating source code 
from a single UML diagram. Also, in a majority of the papers, the 
UML diagrams are automatically converted to a single 
programming language source code. Furthermore, in most papers 
the source code that is being automatically generated from the 
UML diagrams is targeting a single platform.  
 
Discussion on RQ3:  State chart diagrams are the most used 
UML diagrams during 2000-2016. Generating source code from 
state chart diagrams is one of the challenging tasks due to its 
dynamic nature and because many state machine concepts are 
not supported by the object-oriented programming languages 
(Domí et.al. 2012).This is probably the reason why code 
generation from state charts received great attention during 2000-
2016. Class diagrams are the second most used UML diagrams 
during 2000-2016. In early years class diagrams were the easiest 
to automate as there was a direct mapping between it and many 
OO programming languages (Jakimi & Koutbi, 2009b). In later 
years a new version of UML became available and generating 
code from class diagrams was revisited. However the code that is 
automatically generated from only class diagrams generates a 
skeleton code/framework consisting of class attributes and 
method signatures and thus cannot be run (Pawde & Chole, 
2014). Sequence diagrams are the third most used UML 
diagrams followed by activity diagrams.  
 
Discussion on RQ4: Java is the most used programming 
language in the 40 selected papers. One of the major reasons is 
that UML diagrams can only be implemented in a programming 
language that supports concepts like classes, objects, 
composition and inheritance (Jakimi & Koutbi, 2009a) and Java 
supports all these concepts. Another reason is probably because 
there exist mapping rules from UML diagrams onto Java source 
code (Niaz & Tanaka, 2004; Thongmak & Muenchaisri, 2002) and 
similar object oriented languages. Also Java is both a 
programming language and a programming environment of wide 
use in the context of heterogeneous and network-wide distributed 
applications (Marinschek, 2003). Java is followed by similar object 
oriented languages because of the same reasons. From the 
analysis, it is clear that most papers are on automatic Java code 
generation from UML diagrams.  
 
Discussion on RQ5: Object oriented platforms are the most used 
target platforms used in the 40 selected papers. This is because 
majority of the 40 selected papers were generating Java and C 
source code, and both of them are OO programming languages 
that can be executed on object oriented platforms. 
 
Conclusion 
This research has tried to find out the progress made so far on 
automatic code generation from UML diagrams. To accomplish 
this objective, a SLR was performed to identify and analyze a set 
of 40 relevant research papers. The main findings are: The result 
of the review showed that most papers (34 papers) are on 
approaches and tools for automatic code generation with only a 
few (6 papers) on developed frameworks. Also we found out that 
automatic code generation from UML diagrams to source codes 
has been largely achieved; however 50% of the selected papers 
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were generating source code from a single UML diagram, 47% of 
the selected papers were generating java source code from the 
UML diagrams and  54% of the selected papers were targeting 
object oriented platforms. As a general conclusion, we have to 
say that there is still a huge gap in automatically transforming all 
UML diagrams to several source codes for use in a wide variety of 
platforms.  
This research should be of value to researchers in knowing the 
gaps remaining in automatic code generation from UML 
diagrams. This will prompt them to propose satisfactory solutions 
for bridging these gaps and realizing the MDE dream of 
automatically generating source codes from UML diagrams. 
This research is limited in terms of the database used which is 
Google Scholar. Future research should involve carrying out the 
review using databases such as Scopus. 
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