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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; Boussaid et.al.,2017;
Essaadi et.al,2017) have concentrated on Model Driven
Engineering as a whole. Boussaid 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
etal.(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
etal,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
etal.(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 Domi etal.(2072) 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

Automatic Code Generation from UML Diagrams: The State-of-the-Art

48


http://www.scienceworldjournal.org/

Science World Journal Vol 13(No 4) 2018
www.Sscienceworldjournal.org

ISSN 1597-6343

Published by Faculty of Science, Kaduna State University

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 (Cg R (AT
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). Search Keywords

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
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.

Achievements and Gaps

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 Dﬂgm P“l’ag;;;:]g’;“g Pfai'fi:n

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 Figure 1: Research Methodology

Starting from an initial list of 1980 papers, some papers were

excluded based on the criteria explained below: RESULTS
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.

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 YEARY CLASSIFICATION Type PUBLISHER
YERRY CLASSIFICATION Type PUBLISAER TITLE
TITLE 2009 Framework and Tool Joumal Research
2001 romch/wet Conference | Research Gate
Towards Efficient Aap = Cate Reslization OF UML
Code Synthesis From Class  And  State
Giztacharts Machines Models In
[Biorklund et al, 2001) The C#  Code
pIT AUGO Tod Corference | Cte Geer Cenerafion  And
Model Checking and Exzcution Framework
Code Generation for .
UML Stste Machines {Derezifiska &
and Collshorations Filitowski, 2008)
[Knapp & Mesz, 2002) e ] Approachialgorithm Joumal ProQuest
o3 Epproach and Too Joumal Fesearch An Object-Oriented | and Tool
Mapging LNL Gate Approach  To  UML
Associations Info Java Scenarios Engineering
Code{Genova And  Code
et.al,2003) Cenergtion(Jakimi &
03 Todl Conference Cite Seer Kouthi , 2005
The Fujaba Real-Tims
Siztechart Flugin 2009 Approach and Tool Joumal ProQuest
Burmesters Automatic Code
Giesz{2003) Generation From UML
2004 Approaches Conference Cits Seer Siate chartilakimi &
Mazping Uk Kouthi, 20055)
Statecharts To Java 2009 Tool Joumal Cite Sesr
Code {Miazh Aufomatic
Tanaka,2004) Genergion of Java
2005 Epproachand Todl | Joumal Research Code  fom  UML
&n Object Orisnted Gate Diagrams using
tpproach To UJECTOR(Usman &
Generate Java Code Wadeem, 2005)
From LML 2009 Approach and Tool Conference ACM
Statecharts(Hiazk A co-design approach
Tanaka 2005) for embedded system
2007 Todl Conference ACM modeling and code
FSMC+ A Tool For generation with LML
The Generafion OF and  MARTE(Widal
Java Code  From at.al 2008)
Satecharts 2009 Framework Joumal Siafill
(Tiels ef 2l 2007) Ewent Processing in
Code Genergtion and
207 Pafems(framewcrd] | Joumal Springer Execution Framework
Implementing of  UML St
Associations: UML 2.0 Machinzs|Derezinskd
To Java 5 [Akehuest 5 Pilitowrsha, 2007)
etal, 2007) 210 Approach and Tool Conference IEEE
7003 Epproachand Tool | Conference IEEE Automatic
GenERTICA: A Tool Code Generafion For
for Code Generafion Embedded  Systems:
and Aspects From LML
WeavingWehrmeister specification to WHOL
et al_2008) Code [Morsira
2008 Todl Joumal Uriversity et.al 2010z)
A& Source  Code press 0] Approach and Tool Joumal Science
Genergtor Based On An  Aspect-Criented Direct
UML Specification Model Driven
[Fertal] & Broic_2003) Skedeton Code
2003 SWICE todl Conference IEEE Genergtion: A Gragh-
A Code Generafion Based Transformaion
Tool For Embeddsd Approach  (Bernett
Automotive  Systems atal 2010)
Baszd On Finitz State
Machines.  (Lindlard
Fimmermann, 2008)
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YEARS CLASSIFICATION Type PUELISHER
TITLE
2010 Approach Joumal Cite Seer

Automatic  SyslemC
Code Generafion
From UML Models At
Ealy Stapes  Of
Systemz  On Chip
Design.  (Bowtskkouk,
2M0)

2010 Toal Conference ACM
Tool Support for Code
Genergtion  fom 3
UMLzzc Property
Montriux st al, 2010)

2010 Approach and Too! Joumnal
Generating WHCL
Source  Code  from
UML  models  of

Emibedded

Syatem{GenERTICA)

Morsira ef ol 20108)

2011 Framework and Toal Conference accelconf
A Platform

Indzpendent

Framework For

Statecharts Code
Generation|Andolfztio
et al 2011)

2011 Approach Conference Cite Seer
SystemC Code
Generation From LML
For Wireless Sensor
Networks Design [Villa
et.al 2011)

201 Approach and Tool Conference IEEE
Generating Java Code
From UML Class And
Sequence  Diagrams
{Farada

et.al 2011)

2012 Approach Conference IEEE
Generating  Methods
Signatures Fram
Transition State
Diagram: A Model

Transformation

Approach(ElBzggar

et.al 2012)

2012 Approach Conference Research
Full Code Generafion Gate

From ML Moadel For
Complex  Embedded
Systems {Ciccozzi

etal, 212)

2012 Approach Conference Research
Enhancing The Gate
Generation of

Correct-By-

Construcion  Code
From Design Models
For Complex
Emibedded
Systems(Ciccozgl &
Sddin, 2012)

2012 Approach and Too! Joumal ProCuest
Model Checking and
Code Generation for
UML Disgrams Using
Graph
Transformaion{Cham
aetal, 2012)

Automatic Code Generation from UML Diagrams:

(Parada et al 2015

YEAR! CLASSIFICATION Type FUELISHER
TITLE

2012 Approach Jowenal Rezearch
Automatic Code Gate
Ceneration By Model

Transformation  From

Sequence Diagram OF

System's Iniemal

Behavior (Omar efal,

a2)

2012 Tool Jowenial Cite Sear
A Simple

Implementadion Of UML

Sequence Diagram To

Code Generaion

Thircugh KM

Regreseniation

(Vadakkumcheril efal,

a3)

2013 Framework Conference Cite Sear
A

Framework For Model-

Based Code Generafion

From A&  Flowchart

(Husssin & Salsh 2013)

2013 Approach Conference ProCuest
Generation Of Efficient

Embedded C Code

From UML'MARTE

Models

(Lennis & Aedo,2013)

2013 Approach Jowenial |IEEE
An MDE Appecach For

Automatic Code:

Generation From

UMLMARTE To

CpenCL  [Rodrigues

etal, 213)

2013 Approach Jowenal |EEE
Automatic

Code Generafion From

Urified modeling

lznguage  Sequence

Diagrames (Kundu efal,

213)

2014 Approach Joumal WESRT
An Approach fo Code

Generation from UML

Diagrams  (Gurad &

Mahalle, 2014}

2014 Approach Jowenial Research
A Moded Transformation Gate
Approach  for  Code

Generation From Stats

Machine Ciagram

{Bousetta ef al, 2014)

2013 Approach Jowenial Springes
HOL Code Generafion

from UMLMARTE

Sequence Diagrams for

Verifications and

Syrthesis (Ebeid efal,

215)

2015 Framework Conference Aflantiz-Prazs
Software Modaling And

Automatic Code:

Generation Based On

Reactive State Disgram

{Qu et al, 2015)

2015 Approach and Too! Jowenal Cite: Seer
Automating Moile

Applicafion

Development UML-

Based Code Generafion

For  Android  And

Windows Phone

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)

Classification Definition

14
12
10
8
6
4
2
0
Approaches  Approaches and Tools Framework  Framework and
Tool Tool

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

Yearly Distribution of Selected Papers
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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.

Automatic Code Generation from UML Diagrams:

Table 1: Summary of achievements and Gaps

Year | Title Achievements Gapa

2001 | Towards Effident | The approach can be | The peneraied code
Code  Synthesis | used for comeering |3 o only ©
From Statecharts From UML 0| programming

SMDL(state  onented | language.
description  languaos

with formal semanficslio | The generated code
c programming | from Siatecharts only.
language

2002 | Model  Checking | The fool i able io | The generated code
and Code | generate Java Code | istoJava Only
Generation for | from  UML  Staie
LML Stafe | Machine The generated code
Machines and is from State Machine
Collshorations ohly.

2003 | Mapping UML | The fool can convert | The generaled code
Associafions  Into | associafions ke | is 0 only java
Java Code mutiplicity, nasigability | programming

and vishility into Java | language
code

2003 | The Fujsba Real | The tool generates code | The generated code
Time Siatechart | from realime | is fo  only java
Plugin sialechars. ino  real | programming

fime java platform language
The generated code
from Statecharts
diagrams anly

2004 | Mapping UML | The approach can be | The gencrated code
SHatecharts To | used for code | is 0 only [ava
Java Code generation  fromn UML | programming

statacharts. lznguapgz
The generated code
from Statecharts
diagrams anly

2005 | An Object | The fool i able fo | The generated code
Criented Approach | generate generates [ is fo only java
To Genersle Java | code genersfion from | programming
Code From UML | UML statechars. languags.
Siatecharts The generated code

from Statecharts
diagrams only.

2007 | FMC+ A Tool | FSMC+  fool  fakes | The penerated code
For The | subsets of WL iz o only java
Generation Of | Siatecharts and | programiming
Java Code From | produces the | language.
Siatecharts comesponding java and

Mushdis &  model | The generated cods
checker dessioped &t | from Statecharts
ITCHrst) diagrams only.

2007 | Implementing The Code generation | The generated code
Associafions: UML | pafterns  supports dthe | is fo only java
20 ToJava s automatic generaticn of | programming

jawa code from UML | lsnguage

class diagrams
The generated code
from Class diagrams
only

2008 | GenERTICA: A | The fool can conver | For Rea-ime-Eemin
Tool for  Code | From UML | Java  platiorm foe
Ceneration  ard | specifications to WVHDL | DERTS(Distributed
Aspects Weaving Soece code emoedded  real-ims

(stafic and behavior) systems) and
CRCOS platform anby
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Year | Title Achievements Gapa
2008 | A Source Code | The tool is capsble of | The fool doss not
Generator generating the source | work  on difierent
n code in varous | platforms
Spedification programming languages
from the same
specification.
2008 | A The fool corvert stale | The penerated code
Generation machires to code. iz for used in only
For embedded
Automotive sutomotive sypsterms
Gystems  Based
On Fnite  Staie The generated code
Machines, from State Machines
only
2009 | Reslization The tool  tansforms | The generated code
UML Class And | UML models o C#(|is fo only O©
Siate  Machines | sowce  code and | pregramming
Wodels In The CF | supporis ewecution of | lsnguage
Code Genersfion | the applicafion reflecting
And the behavioral model, The generated code
Framewark from class and state
machines  diagrams
ahly
2009 | An The tool automatically | The generated code

Criented Approach | generate i5 to only object
To UML Scenarios | Implementaion  code | orented programming
Engineerng  And | from the UML Sequence | languapes like java.
Code Generation Diagrams in an object-
oriented  programming | The pgenerated code
language such as Java. | from Sequence
diagrams only.
2009 | Automatic The fool generates low- | The generated code

Genergtion  From | lewed Java code dirsctly | s f0 only  jawva
UML Séate chant from  mudtiple  UML | programming
statecharts. language
The generated code
from Siatecharts only
2009 | Awtomaic The tool converts UML | The generated cods
Generation of Java | Class | =equence and | i3 f0 only  java
Code from UML | activity diagrams fo java | programming
Diagrams code language
LLECTOR
The generated code
from Class
sequence and achvity
dizgrams only
209 | A The tool converts UML | The generated code
spproach Modsl to VHDL code i5 to only WHOL code
emibedded system
madeling and code
generation
LML and MARTE
2009 | Eveni Processing | Their framework suppert | The generated code
in comverting of UML class [ s only 0 o
Generation and state machine. pragramming.
Execution
Framework The generated code
LIML is from Class and

Machines State machine only.
200 | Automatic The tool converts UML | The generated code

Generation specifications to WHOL | is fo only WHDL code

Embedded Source code

Systems: The generated code

UML  specification iz for used in only

o VHDL Code embadded sysiems

Automatic Code Generation from UML Diagrams:

Year | Title Achievements Gapa
2010 | An Agpect- | The ool franslale | The penerated code
Crierted  Model - | extended UML  Class | is fo only Aspectd and
Drven  Skeletom | Diagram to Java and | Java code
Code Generafion: | Aspect) code
A Craph-Based The generated code
Transformaion from class diagrams
Approach only
2010 | Automatic The approsch can be | The generated code
SystenC Code | wsed  for sulomatic | s to only SystemC
Genergtion  From | SystemC code | programming
UML Models At | generation from UML | languags
Early Stages OF | models a3t esrly siages
Systems On Chip | of Systems On Chip | The penerated code
Diesign {50C) design is for used in only
S0C design
The generated code
iz friarm anly
Sequence  diagrams
and activity dagrams
2010 | Tool Support for | The iool can gemersis | The gencrated code
Code Geneesfion | code from UML model | is fo only java and
from & UMLssc | activity dagram Aspect) code.
Property
200 | Generating VHOL | The tool franslates from | The generated code
Source Code from | UML  specificafions do | is VHOL code which
UML models of | WHOL source code. is for used in only
Embedded embedded sysiems.
System{GenERTI
Ch
a1 | A Platioem | The tool frangdates UML | The generated code
Independent model o SCEMLanddo [ i3 do only  Jawa
Framework  For | Java applicaticn. pragramming
Satecharts  Code language
Generation
2011 | SystemC  Code | Ther approach can be | The generated code &
Generation  From | used for  converting | foonly SystemC.
UML For Wircless | UML ~ models  fp | -i generates code from
Sensor Metworks | sutomatic | SysternC | packsge  diagrem,
Diesign executahle models dass dizgram,
compasite  structure
disgram, state
dizgram, aclity
diagrams.
2011 | Cenergting  Jawa | GenCode ool corvert | The penerated code
Code From UML | UML Class and | iz fo only Jawa
Class Ard | sequence io stuctural | programming
Sequence and behavioral code language
Diagrams
It gerersies the code
from only class and
sequence diagrams.
212 | Cenerating The approsch can be | It uses only class
Methods used  diagram  fo | diagram and
Signatures  From | generate  intermedizie | transiion slate
Trangiion  State | struchesl mods! for the | disgram  for  code
Diagram: & Model | jawva  platfioem  for | generation.
Transformation system's complex
Approach classes From Domain | The generated code
class  diagram and [ 12 o only  Jaws
tranziion state pragramming
language.
2012 | Full Code | The approach can be | The generaled code
Genergtion  From | used to generates C++ | s fo oaly  Ces
UML  Model For | struches and | programming
Complex behavioral code from | language.
Embedded design models It uses only Stais
Systems machine and class

diagram for the code
generation

The generated code
i3 for used in complex
emosdded  systems
ohly
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Year | Title Achievements Gaps

204 | An Approach fo | The approach  can | The pgenerated code
Code Generafion | generates code from | is from Class
fram UML | LML diagram. diagrams only.
Diagrams

The generated code
is o only java
pragramming
language.

M4 | A Model | The approach | The generated code
Transformaion generates source code | is Fom slate machine
Approach for Code | from UMIL Statechart only.

Generation  From
Hate Maching
Diagram

2015 | HOL Code | The approach | The generated code
Cenergtion  from | generates  executable | i friom segquence
UMLMARTE SystemCITLK and | diagrams only.
Sequence WVHOL  code  with
Diagrams for | checkers from | The generated code

erifications  and | seguence diagrams is to SystemC and
Synthesic WHOL code.

2015 Softwars The framewatk can be | It gensrates  cods
Wodslling Ard | uwsed to genersie code | from only  stsie
Automatic  Code | aufomatically and a real | machines
Generation Based | fime framework of staiz
Cn Reactive State | machines
Diagram

2015 | Automating Mobile | GenCode ool | The generated code
Applicafion generates java-endroid | is fo enly Jawe-
Development and C#codes according | android  and  CR
UML-Bazed Code | 1o the specified | pregramming
Genergtion  For | applicaion model and | language.

Android Ard | farget platiorm
Windows Phone

Year LIML Programming Target

Tite: Diagram language Platform

2T Siatecharts [ Many platiorms

Towards Efficient

Code  SBynthesis

From Statecharts

JRTZ Siate machines | Java Chject  Oiented

only {Q0)

Model  Checking Platform

and Code (Jena Plationm)

Generation for

UKL State

Machines and

Collaborations

2003 UML  Design | Java Chject  Oriented

model {00

Mapping UML | Class Diagram platform

Assooiations  Into {4z platiorm)

Java Code

LK clazz  diagram, | Java Chject  Oriented

activity, {00
The Fujaba Real- :B“;SJ&;’IQ; E:;;“?me i
Eﬁn Statechart | e, stae- platform)
charts and
caollsbaration
diagram

Year | Title Achievements Gaps

2012 | Enhancing  The | Ther approach | The gemerated code
Ceneration Of | generated C+ code [ s fo only G4
Coerect-By- from UML Class and | programming
Comatruction Code | Siate diagram. languags.

From Dessign

Models For It uses only Stste

Complex machine and  class

Embedded diagram for the code

Systems generation

The generated code
iz for used in complex
emibedded  systems
cnly

212 | Model Checking | The tool ranslaie class | The generated code
and Code | diagram, State | is from class dizgram,
Generation for | machines diagram and | Siate machines
UML  Dizgrams | Communicaficn diagesm | diagram &
Using Graph | imio s eguivalent | Communicaficn
Transformaion Maude code using | diagrams ondy

AToM 3 & graph
iransformaiion tool

2012 | Awtomatic Code | The Code genersior | The generated code
Ceneration By | sllows generating | from Sequence
Mods! sowee code fom the | disgrams only
Transformaion sequence  disgram of
From Sequence | system's internal | Cnly intermediaie
Diagram Of | behavior platiorm | structursl model
Systenrs Internal | independent mode! by | representing the Java
Eehavior the mean of a set of | PSM s genersied

mods! transfmations. instead of te source
code dinectly.

a2 A Simple | The Tool deals with | The generated cods
Implementaiion Of | code generation for the | is from UL
UML  Sequence | UML sequence | sequence  diagrams
Diagram To Code | diagram, with fhe help | only.

Generation of the XMl fle of the

Thircugh ¥MI | comesponding The generated code

Represeniation SEUENCE diagram | is fo only java
using the BOUML toal. pragramming

languags.

203 | A Framesmork For | The framework can be | It generaies  code
Model-Bazed used 1o comver? | from only fowcharts
Code Generafion | flowcharts to code. diagram.
From & Flowchart

The generated code
i fo only java
pragramming
languags.

2013 | Ceneration Of | The approsch can be | The generatsd code
Efficient usad fo famsforms | s o only C
Embedded C | applicaiion modek info | programming
Code From | C code for exscution on | lsnguags
UMLMARTE embedded sysiem
WModels The generated code

i5 form Class, Siate,
Activity diagrams only

213 | An MOE Approsch | The approach can be | The generated code
For Automatic | wsed to convert From | s to only OpsnCL
Code  Genersfion | UML' MARTE{modelling | AP
From and analysis of red fime
UMLMARTE  To | and embedded systsm)

CpenCL o openCL APl (open | The cods is for used
standard for | in only  erbedded
programming of | system
heterogensous syslems

203 | Awtomatic Code | The approach  can | The gsnerated code
Generation From | franslate From UML 2x | is  from Sequence
Urified medelling | seguence Diagrams of | diagrams onfy
language use case to code
Sequence
Diagrams
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Year'
Title

UNL

Programming
language

Target

200
Automatic  Cods

Generation From
UKL State chart

Siatecharts.

Java

00 platforms

2

Automatic
Generation of
Java Code from
UML  Diagrams
uzing LLIECTOR

LUECTOR:
Clazs B
sequence  and
activity
diagrams

Java

Chject  Onerted
(0a)

platform

{Jana Platform)

205

A co-design
approach for
embedded system
madeling and
code  generation
with  UML and
MARTE

Class and State
Machine

00 platform

205

Event Processing
in Cods
Generation  and
Execution
Framework of
UKL Stats
Machines

Clazs,
Sequence
{mandatory)
Actiity or state
diagrams,  or
composite
struciure of
deployment
diagrams, c3n
als0 be used

VHOL,  Jova,
C#+, code

Mzmy Platforms
[Real-time
Femba Java
platform ORCCS
platform enly)

200

Automatic

Code  Generation
For  Embedded
Systems:  From
UML specification
to YHOL Cods

Clazs Diagrams

Aspect) Code,
Java

Many Platforms
{Aspect Criented
and java
platform)

2010

An Azpect-
Oriented Model -
Driven  Skeleton
Cods Generation:
A Graph-Based
Transformation
Approach

Sequence,
Activity
diagrams

SystemC
e+ extenszion

Embedded
platforms

200

Automatic
SystemC  Code
Generation From
UML Models At
Early Stages Of
Systemz On Chip
Design

Artivity Diagram

Java and

Aspert)

Mamy Platform
(Aspect Oriented
and java
platform)

Year! UNL Pragramming Tanget
Title: Diagram lsnguage Platform
2004 Siatecharts Java CC Platforms
Mapping UML
Statecharts To
Java Code
L) JCode:  Clasz | Java Chject  Oriented
and  sequence 03)
An Object | diagrams Patform  (Java
Oriented Patform)
Approach To
Generate  Java
Code From UML
Statecharts
20T Giatecharts Java and | Many Platiorms
FSMC+ A Tool NuShY code {davallinux
Far The platform]
Generation of
Java Code From
Statecharts
2007 Class Diagram | Java Chject  Oriented
Implementing [len)]
Agsociations: UML platform
20ToJavah (Jawa Platform)
2008 Class, WHOL,  Java, | Many Platiorms
GenERTICA; A | Sequence C#+, code [Real-fime
Tool for Code | (mandafory) Femtz Java
Generafion  and ?cﬁﬂtycrﬂate ﬂﬁgfrﬂ 0|RDDG
- iagrams,  or atform on
Aspects Weaving cnn%pnsité El ¥)
struciurs o
deployment
diagrams
P UML diagramz | unspecified Many Flatiorms
Source code {Platicem
A Source Code independentidep
Generator  Baged ender)
On UML
Specification
2008 State Urpecified Emibedded
machires. Platform
A Code (OSEKNVDX 05
Generation Tool for  embedded
For  Embedded system)
Automotive
Systems  Based
On Fmite State
Machingz.
2005 Class and state | © Chject  Oriented
machines [len)]
Realization  Of | disgrams platform
UML Class And {C# platiorm)
State  Machines
Modelz In The C#
Code Generation
And  Exscution
Framewoek
alliz] Bequence Java Platform
Diagram independent
An Object-
Orientsd
Approach To UML
Scenarios
Engineering  And
Code Generation.

2010

Tool Support for
Code Generafion
from & UMLssc
Property

Class,
Sequence
(mandatory)
Activity or state
diagrams,  of
compasitz
struciurs or
deployment
diagrams, can
also be wsed

VHOL,  Jova,
C#+, code

Mamy Platform
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Year! UML Programming Target Year! UML Programming Target
Title Diagram languags Platiorm Title Diagram languags Platiorm
2010 Siatecharts Java O platfarm T3 Class,  Gte, | C
Generating  WHOL A Ativity Platform in
Source Code from Framework  For | diagrams, depended
ML models - of Model-Based
Smt[‘gnEF{ﬁm Code Generafion
P f] Fadiam Bysemt Wemy Platorms From A Flowchart
A Platform | diagram, clsss | (c++extension) | (Embedded 2073 ) Not mentioned | CpenCL -thec1 Oriented
Independent diagram, systems, Resl- Generation Of (@0
Framework For | composite fime Zysiems Efficient platform
Sigtecharts  Code | stucture platforms) Embedded [
Generation diagram,  sfate Code Erom CpenCL  and
hp ofher  platiorms
and  actity UMLMARTE ,
diagrams. _ _ Madsls ke
2 SysiemC | Class and Chject  Oriented r - - -
Code  Cenerdion | sequsnce Jaa, Jave | (00) A0T3 ge_:querr:e unsgecied %:Igd Criented
From UML  For | disgram sndroid and C£ | platform #n MDE Agproach | Liagram {ca)
Wirless  Sensar {java-android and For  Automatic Platform
Metworks Design C# and  java Code  Generation
platform) From
201 class  disgram | Java Chiject  Criented UMLMARTE To
Generating  Java | and  iransition [00) OpenCL
g:::;z From I:';J‘:Ia state diagram Flatform 20713 . Class diagrams | Java -{?hjed Criented
Sequence Diagrams Automatic _ Ca)
01 Thss,  o@ie | Gee Wiey Blatorms Code  Generafion f,’jﬁm}aﬂw]
Generating Methods | Diagram (homegeneous From ) Unified waap
Signatures  From and modelling
Transition State heterogensous language
Diagram: A Model multicare) Sequence
Transformaiion Diagrams
Approach - - =
132 Thm  5aE | G Wamy Blatome i""A ) g’ima” dav %(‘fﬁ Cnignted
Full Code | Diagram (homogeneous n Appreach to . o
Generaion  From and Codz Generation Eljaa\uam:arlnnn]
UML  Model  For heterogeneous fg?m LML waap
Complex. Embedded multicore) IBQrEms
Systems 2078 Sequence SystemC  and | Embedded
gnn:f ] Th csliaastz diagan, Maude code Urspecified A Maode| | diagrams WHDL code: platform
ancing = machings 3
Generation Of | disgram  and ls;g::; aton far
Comect By- Communication Code Generafion
Comstruction  Code | diagram
From Design Modelz :ﬂm";_ 5 State
For Complex achine Liagram
Embedded Systerms 20Ts Siate Diagram Embedded Flatform
2012 Sequence Java Chject  Orierted code{ independent
Model Checking and | diagrams [ie)] HOL Cods Urzpecifisd)
EE:I’.E Gﬂ“%‘?ﬂ“"fﬂ" platforrn Generation  from
iagrams
_Ii_.lsingfcl ] Graph {Java Platioem) g:ﬂfgm
ransformation -
PP Sequence NET Thjed Crierted Diagrams ~ for
Automatic Code | diagrams {00 VEHﬁCﬁh_U"S and
Generation Ey platform Synthesis
Model Java Platform
Transformalon 2075 Class and | Java,  Java- | Chject Criented
From  Sequence SBQUENDE android and CZ | (00)
Diagram : Cnl‘ Seftware diagram platform
Dyslenrs.  Inema Modeling  And gﬁﬂ;fdmﬂ;:
Mz A Sl | Fowdan T Thjsc Crierted Automatic  Code platform
Implementaion  Of | {&s Actity {00) G&n&rﬂto.n Based
UML  Sequence | diagram) platorm  [Java On Reactive State
Diagram To Code platform) Diagram
Generation  Through
M| Represeniation.
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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UML Diagrams
Others/unspecified
Activity Diagram 3%

o

Class Diagram
30%

Figure 4: UML Diagrams Used in the Selected Papers

Programming Languages

Unspecified -\
8%

Others
18%

Figure 5: Programming Languages Used in the Selected Papers

Platform Platforms
Independent —
Unspecified 8%
2% >
Embedded — ———
Platforms
8%

’

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
(Domi etal. 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
0O 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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