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Abstract
Currently the virtual laboratory occasionally replaces traditional classrooms due to rapid advances in computer tech-
nologies.  One of the engineering subjects, Digital Logic Design (DLD) course is regarded as an important core re-
quirement in Information Technology (IT) department. This paper presents a Digital Logic Design Virtual Lab Appli-
cation.  The advantage of this application is that it can simulate lab tasks on personal computer. This application was 
built for the use of students from Faculty of Information Science and Technology (FTSM), Universiti Kebangsaan 
Malaysia (UKM) undertaking TTTK 1213 Electronic and Digital Logic Design subject. By using this application, 
students can perform their experiment via their personal computers anywhere and at anytime. Digital Logic Design 
Virtual Lab Application or known as DigiLab V run as an online application. Users need to have internet connec-
tion and user account before access to the application is granted.  Due to costly physical laboratory especially for IT 
department, the DigiLab V is designed to fulfill the needs of the knowledge for students.  

Introduction
Digital Logic Designs (DLD) [1] is one of subtopics in TTTK 1213 Basic electronics and Logic Designs subject. 
DLD contains topics that cover the used of basic gates such as OR gate, AND gate, NOT gate including combina-
tional gates such as NOR gate, NAND gate, X-OR gate, X-NAND gate and FLIP- FLOP.  Experimenting in labs ef-
fectively helps students understand the subject better. Those theories learned in lectures need to be practiced on hand 
so students would know exactly what they have learned. Normal experiments usually need students to attend to the 
lab and finish the tasks given using tools prepared by the lecturers or lab demonstrators. But as today, technologies 
have played an important part in the learning process. Multimedia material such as videos, animations and graphics 
can be used to help students understand on how the experiments need to be conducted. 

Logic Design Virtual Lab Application is an application that can simulate lab tasks on personal computer. This ap-
plication was built for the use of students from Information Science and Technology Faculty (FTSM) that take 
TTTK 1213 Electronic and Logic Design subject. By using this application, students can do their experiment via 
their personal computers. Logic Design Virtual Lab Application or better pronounced as DigiLab V run as an online 
application. Users need to have internet connection and user account before access to application is granted. Virtual 
labs have been in the past years meaningful and very popular for the tutorial in various fields of subjects making used 
of virtual lab increasing and help us to gain a lot of information for the DigiLab V development process. 

Our aim is to propose a virtual lab application, which can be accessed online, easy to use and useful.  This paper will 
explain the research background, system overview with architecture and its characteristics. Finally, conclusions and 
recommendations for further work are given in the last part. 

Research Background
Conventional way of experiments includes preparation of suitable tools before any experiment can be conducted.  
Problems that usually happen were tools malfunction and sometimes tools were limited in quantity. Preparation of 
tools make we lose some valuable times. When problems like this occur, it will make the experiment less precise. 
Moreover, students will lose their focus in doing the experiment and do the lab tasks the way it should be done. 



Those theories learned in class will not be able to be understood thoroughly.  Traditional labs also focus on theories 
that need to be tested. In traditional lab limited time is placed for students to finish their experiments. This limitation 
prevents students to explore more on their lab tasks due to the time constraint. Moreover, all lab work needs to be 
done and completed only in the labs. Therefore we need to develop an application that can overcome those problems.  
This application is not meant to replace the traditional lab because we still need those on hand experience. 

In [2], we reviewed and make comparison with other related work.  Two applications namely Hamburg Design Sys-
tem (HADES) [3] and Circuit Building Application (CBA) [4] were reviewed.  HADES was developed by Computer 
Science Department, Hamburg University, German, while CBA was designed by final year student from Engineering 
Faculty, John Hopkins University, America.

System Overview
DigiLab V is a web-based application.  Students need to have user account that will give them access to the applica-
tion. Virtual circuit, gates and truth table are displayed on web browser.  For experimental methods, students need to 
enter the gate binary values on the given text area. The program will calculate the value entered and the output will 
be displayed. 

System Architecture
The architecture for this application consists of components like user, server, databases and Internet connection. As 
shown in Figure 1, Internet is a connection medium between users and servers, so users need to have a web browser 
and internet connection to be able to use this application.  A server is connected to database and only students or users 
who have an account can access the application.

Figure 1: DigiLab V System Architecture
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System Implementation
Function specification gives detailed description on the functionality of the system.  It includes, building modules 
and sub modules that are required in the system as shown in Figure 2. 

Figure 2: Functional Specification Modules
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The user guide aims to provide an overview of DigiLab for the user, while the practical guide includes practical 
information for the system.  The aim of the practical guide is to guide user with the relevant circuit component they 
need for the experiment. Experiment modules give a list of experiment for the lab session.   

User and application can interact via the interfaces. From the interfaces, the system will perform what is desired 
by the user. It connects the system with the database, server and the application.  Interface designs are important to 
determine system usability. Developing user friendly interfaces will make the application easier for user to use. This 
application is divided by two into sub-modules i.e. users and super users. Figure 3 illustrates the interaction between 
user and the application. 

Figure 3: Interactions Between Application’s Functions and Users
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System Implementation of the virtual laboratory applications is developed using Java and Structured Query Lan-
guage (SQL). The interface is designed with HyperText Markup Language (HTML) as the programming language 
with enclosed animation and also attractive graphic display. The target is to provide facility to student to study and 
understand digital logic design basic concept through virtual experiments without going to the lab and with the con-
venience of learning at their own pace. In the application development, the hardware and software requirements of 
the DigiLab V are determined. Both are very important to determine application development suitability so that the 
application can be developed perfectly to achieve the objective which has been prescribed. For experiment on this 
virtual circuit, student must connect each logic gate arranged based on the requirement or specification. The circuit 
components will be prepared on the tool where the students only need to drag and drop all the stated components on 
the circuit. Result of work from the circuits’ extension will be broadcast through display bit 0 and 1 on the truth table. 
For display theory and experiment that need carried out, button theory and question will be prepared and will display 
on the toolbar. In order to display theory and question, new window will be appeared.



Figure 4: DigiLab V User Interface

Figure 5:  Module Lab for DigiLab V

Conclusion
In this paper, an implementation of a virtual lab for logic design was presented. The components used in the applica-
tion were discussed. Interaction between users and the application components is also shows in this paper. Moreover, 
students are able to select among various methods to perform the experiments. The virtual lab for digital logic has 
been used by various universities in many developed countries but in Malaysia, the use of this application by uni-
versities and colleges are still low. DigiLab V application will work as a starting point for further development in 
the future. 
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