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ABSTRACT 
The Emergence of UML as the de-facto standard for modelling systems has encouraged 
the use of automated software tools that facilitate automatic code generation. The 
significance of automatic code generation from UML diagrams has increased over the 
traditional software development process due to benefits such as cost reduction, less 
time consumption, maintainability and accuracy. The aim of this paper is to describe the 
design and implementation of a learning tool for students to demonstrate automatic java 
code generation from UML class diagrams. The analysis of the system is shown using use 
case diagrams and sequence diagrams. The overall design of the system and its user 
interface is illustrated using class diagrams and structured charts. The system is 
implemented using java programming language and is tested using test cases. The 
learning tool can serve as a basis for demonstrating to students the fundamentals of 
automatic code generation from UML class diagrams. 
Keywords: Automatic Code Generation, Model Driven Engineering, UML Diagrams, Class 
Diagrams 
 
1.0 INTRODUCTION 
Over the years the demand for more complex 
software has increased and with this 
increased complexity, the search for better 
ways to develop software has resulted in 
assemblers, high-level languages, compilers 
and domain-specific languages etc[1].While 
these developments have brought about 
developing software at a higher level of 
abstraction, the ultimate dream of software 
engineers is to be able to automatically 
generate source code from high level models. 
Automatic Code Generation has gained a lot 
of attention in Software Engineering because 
it has many benefits including reuse, less 
error prone than writing code manually, 
maintainability and accuracy[2].The Object 
Management Group (OMG) has realized these 
benefits of automatic code generation and 
has introduced Model-driven Architecture 
(MDA) that uses a subset of UML diagrams 
such as class diagrams, sequence diagrams 
and state diagrams[3]. In view of the 
increasing importance of automatic code 
generation and the need for students and 
software engineers to be fully acquainted 
with its principles and methods, a learning 
tool was developed. This paper discusses the 
design and implementation of  this learning 
tool which is mainly aimed at  students in 
order to demonstrate automatic java code 
generation from UML class diagrams.  

2.0 LITERATURE REVIEW/RELATED WORK 
Model Driven Engineering (MDE) is a software 
engineering approach that uses models 
directly (as primary artifacts) throughout the 
software development life cycle (SDLC). A 
model is an abstraction of a system for the 
purpose of understanding it before building it 
and it is used to specify, simulate, verify, 
test and generate the system that has to be 
built [4]. One of the major tasks in MDE is to 
eliminate the work of programmers from the 
SDLC by automatically generating code from 
these models. Most work on automatic code 
generation is currently being done on Unified 
Modeling Language (UML) diagrams that have 
become the de-facto standard for use in 
object-oriented software development [5].  
The various works on automatic code 
generation can be classified according to 
several factors. First, they can be classified 
according to their major development aim; 
that is whether they are aimed at developing 
approaches, frameworks or tools. The 
majority of works such as [2], [6], [7],[8], 
[9],[10] deal with approaches to automatic 
code generation and the development of 
tools to implement such approaches. 
However, a few such as [11], [12] and [13] 
concentrate more on the development of 
broad frameworks.    
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The works can also be categorized on the 
basis of the types of UML diagrams used. It is 
abundantly clear that class diagrams, as 
described in works such as [10], [12], 
[14],[15], and [16], are the models that have 
been the most used in automatic code 
generation. This does not come as a great 
surprise as class diagrams describe the static 
structure of a system in terms of attributes 
and methods and are therefore easy to 
automate as there is a direct mapping 
between them and many OO programming 
languages [6] . Clearly, class diagrams alone 
are not sufficient to provide all the 
information required for automatic code 
generation. The tools that have been 
developed to translate other UML diagrams 
into code, such as those described in 
[17],[18] and [19], include those for 
automatic code generation from state charts 
and sequence diagrams. The dream for 
automatic code generation transcends all 
programming languages and platforms. 
However, most of the work done so far has 
been for java programming language 
generally running on the java platform.  
Many software engineers and majority of 
students studying Software Engineering have 
little or no knowledge about automatic code 
generation and the variety of tools that have 
been designed since the discovery of MDE. To 
make things worse, even though there are 
quite a number of learning tools to support 
teaching and learning of UML diagrams and 
their semantics, such as those described in 
[20], [21], and [22], learning tools for 
automatic code generation from UML 

diagrams are very scarce. It is therefore 
evident that there is the need for learning 
tools to demonstrate automatic code 
generation from UML diagrams.  
3.0 ANALYSIS AND DESIGN OF THE 
LEARNING TOOL 
This paper gives a description of the design, 
development and testing of a learning tool to 
demonstrate the automatic generation of 
executable code from class diagrams. The 
tool has 3 three modules namely; Know the 
Basics of Automatic Java Code Generation 
Module, Create Your Own Class Diagram and 
Convert to Java Code Module, and a Quiz 
module.  In ‘Know the Basics of Automatic 
Java Code Generation Module’, a user will be 
shown how to automatically convert one or 
more class diagrams to java codes. A user 
can get all the attributes, methods and 
relationships in these diagrams.  In ‘Create 
Your Own Class Diagram and Convert to Java 
Code Module’ a user will be allowed to 
specify the attributes and methods he/she 
wants in a class diagram, fill its methods and 
generate its java codes. In ‘Take a quiz 
Module’ the user will be shown some UML 
diagrams and questions will be asked on 
them to see how much he/she has learnt 
from the Know the Basics of Automatic Java 
Code Generation Module.The learning tool 
was developed using the prototyping 
software development model. It was thus 
developed through a series of versions. The 
requirements analysis was done with the aid 
of a use case diagram as shown in Figure 1 
below: 

 
 
 
 
 
 
 
 
 

 
 

 
 
 
Figure 1: Learning tool use case diagram 
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The non-functional requirements of the 
learning tool include ease of use, quick 
response time and reusability.The design of 
the learning tool was made using sequence 
diagrams, class diagrams and structured 
charts. With respect to sequence diagrams, 
one diagram was drawn for each use case to 

further explain the execution flow of the 
activity. The sequence diagrams were used to 
model the flow of logic within the system. 
For example, Figure 2 below models ‘Select 
Class Diagram’ which is a use case in ‘Know 
the Basics of Automatic Java Code 
Generation Module’

 
 
 
 
 
 
 
            
 
         Select Class Diagram 
                                                         

Class Diagram 
 
 
 
FIGURE 2: SEQUENCE DIAGRAM FOR SELECT CASE DIAGRAM 
 
A Class diagram, as shown in Figure 3 below, 
was then drawn to illustrate the static 
structural model of the system. The learning 
tool class has one “main” method and several 
attributes including a number of buttons, a 
welcome label and a logo picture. All other 
classes inherit this main method in order to 
run. The ‘Know the Basics of Automatic Code 
Generation Module’ class also has several 
attributes including buttons, a combo-box 

and a Text Pane. Its methods are Generate 
Code () which enables the user to generate 
the equivalent java code for a class diagram, 
Get attributes (), Get Methods (), Get 
Relationship (), that enables users to get the 
attributes, methods and relationships in a 
class diagram respectively, Fill methods () 
that enables a user to fill the methods in a 
class diagram and Run Code () that enables a 
user to run code.  

 
  

E: Class F: FILE 
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Fig. 3: CLASS DIAGRAM OF THE LEARNING TOOL 
The ‘Create Your Own Class Diagram Module’ 
again has attributes including buttons, labels 
and text boxes.  Its methods include Describe 
Methods () that enables the user to describe 
the type of methods such as simple 
assignment statements, if-then-else 
statements and do while statements, and 
Initialize Attributes () that enables a user to 
initialize each of his/her attributes. ‘Take a 
Quiz Module’ also has attributes such as 
screens, progress bar, labels, buttons and 
radio buttons, and methods including: Select 

Options () which enables a user to select 
from available options, Get Score () which 
enables the user to view the score of the quiz 
and Get Corrections () which enables the user 
to view the correction of the quiz. 
The user interface design of each of the 
three modules of the learning tool was then 
completed. The design of the first module, 
‘Know the Basics of Automatic Java Code 
Generation’ is shown below 
‘Know the Basics of Automatic Java Code 
Generation’ module of the learning tool: 

 

LEARNING TOOL 

+ Know the basics of automatic code generation 
button 

+Create your own class diagram button 

+Take a quiz button 

+Help button 

+Welcome label 

+Logo picture 

+Run Main method () 

KNOW THE BASICS OF 
AUTOMATIC CODE GENERATION 

+Generate code button 

+Get attributes button 

+Get methods button 

+Get relationships button 

+Fill methods button 

+Export via mail button 

+Export to Pdf button 

+Back button 

+Class diagrams combo-box 

+Screen Text Pane 

+Generate code () 

+Get attributes () 

+Get Methods () 

+Get Relationships () 

+Fill Method () 

CREATE YOUR OWN 
CLASS DIAGRAM 

+class diagram model 

+Click to generate code button 

+Run code button 

+click to initialize attributes 
button 

+Initialize attribute model 

+Back button 

+Fill methods button 

+Select method type label 

+Method type combo-box 

+Generate codes Text Pane 

+Generate code () 

+Describe Methods () 

+Fill Methods () 

+Initialize Attributes () 

TAKE A QUIZ 

+class diagram screen  

+Progress Bar  

+Options Radio Buttons  

+Start Button 

+Back button 

+Question Label 

+Select option () 

+ Get Score () 

+Get Correction () 
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FIGURE 3: CLASS DIAGRAM OF THE LEARNING TOOL 
 The overall modular design of the learning tool is shown in the structured chart below: 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4: KNOW THE BASICS STRUCTURED CHART 
 
 
 
 

 
 
 
 
 
 
 
 
FIGURE 5: CREATE YOUR OWN CLASS DIAGRAM STRUCTURE CHART 
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FIGURE 6: TAKE A QUIZ STRUCTURE CHART 
 
4.0 IMPLEMENTATION & TESTING 
The project was implemented using java 
programming language. Java was chosen due 
to its benefits such as; it is free, easy to 
learn as it uses fluent English-like syntax, 
platform independent, object oriented, has 
rich API, great collection of open source 
libraries, wonderful community support and 
excellent documentation [23]. NetBeans IDE 
8.0.2 was chosen as the development 
environment in this project. All java classes 
in this project were developed in the 
NetBeans IDE as well as all the methods used 
in the learning tool. Also all the frames used 
in this learning tool were designed using the 

NetBeans GUI BUILDER [24]. Visual Paradigm 
was used to draw all the UML class diagrams 
[25] used in this learning tool. 
The learning tool was designed such that the 
methods that perform loading of images, 
extractions of relationsips, methods, 
attributes, files and quizes are saved in 
separate classes and are called inside the 
frames. The learning tool has only one frame 
which contains the main () method. All other 
frames are internal frames that are 
initialized from the frame containing the 
main () method. The Welcome frame of the 
learning tool as well as the other frames are 
shown in Figures 8 - 11 below: 

 

 
FIGURE 7: WELCOME FRAME AND ITS SAMPLE CODE 
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FIGURE 8: FRAME THAT LOADS A CLASS DIAGRAM 

 
FIGURE 9: FRAME THAT GENERATES JAVA CODE 

 
FIGURE 10: FRAME SHOWING A QUIZ QUESTION 
 

5.0 TESTING 
This section depicts the testing of the 
learning tool which involved unit, integration 
and system testing. The process began by 
testing the individual objects and methods of 

the system by isolating each one in turn, 
applying a broad range of possible inputs and 
especially checking their inner workings to 
ensure that they were all working according 
to their specifications. 
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The unit testing phase involved a total of 30 
test cases with “Know the Basics of 
Automatic Java Code Generation” module 
having 12 , “Create Your Own Class Diagram 
and Convert to Java Code” module having 13  
and “Take a quiz ” module having 5. 
Integration testing was then carried out to 
ensure that when unit modules are being 
integrated together no problems, errors or 
bugs are caused due to the integration 
[59].Our main goal of this phase was to test 
the interfaces between the integrated 
modules. The integration testing phase 

involved a total of 26 test cases with “Know 
the Basics of Automatic Java Code 
Generation” module having 14 , “Create Your 
Own Class Diagram and Convert to Java 
Code” module having 6  and “Take a quiz ” 
module also having 6. 
Finally, system testing involving testing 
different parts of the whole system as well as 
checking all interfaces between the 
integrated units for any inconsistencies that 
might arise due to merging them into one 
system was carried out.  

Table 1 depicts the summary of the number of test cases in each module of the learning tool.’ 
 

 Unit testing Integration testing 

Know the Basics of Automatic Java Code 
Generation 

12 14 

Create Your Own Class Diagram and 
Convert to Java Code” 

13 6 

Take a quiz 5 6 

TABLE 1: TEST CASES FOR LEARNING TOOL 
 
6.0 CONCLUSION 
The learning tool for demonstrating 
automatic code generation was successfully 
developed in this project. The tool 
illustrates, in an-easy-to-understand way, the 
basics of automatically generating codes 
from UML class diagrams. The tool would be 
useful to students especially those that are 
not aware of the concept of model driven 
engineering (MDE) because as humans, we 
understand things better when they are 
represented visually through pictures. Since 
the tool only demonstrates automatic java 
code generation from UML class diagrams, 

there is the need to expand the tool so as to 
illustrate automatic code generation from 
other UML diagrams. There is also the need 
to for demonstrating the conversion from 
UML diagrams to other programming 
languages. Also the learning tool does not 
allow a user to specify more than three 
attributes and single method in his/her class 
diagram and it only allows a user to describe 
simple methods consisting of assignment 
statements, if statements and while 
statements. There is the need to develop the 
tool further so as to allow a user to describe 
complex methods.
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