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Abstract 

 

Studies show that students who used simulation prior to conducting actual experiments 

performed better than the students who conducted the laboratory experiments without 

conducting simulation first. One such simulation software package is VHDL. VHDL is an 

acronym of VHSIC Hardware Description Language. VHSIC means Very High Speed 

Integrated Circuits. VHDL is a formal language for specifying the behavior and structure of a 

digital circuit. It is one of the most used languages because it has shorter development times 

for electronic design and also has simpler maintence. This paper will discuss design and 

development of interactive instructional modules for Computer Organization and 

Architecture course using VHDL. We expect this approach will result in improved learning 

outcomes for Electrical Engineering Technology and Computer Science majors in the 

hardware field. 

 

Introduction 

 

The engineering, science, and technology field, at present, is very dynamic due to recent 

advances in computer and other technologies. These advances have resulted in numerous 

computer programs to solve traditional and novel problems. These programs use the 

computer’s increased computational capabilities and assist in the design, development, and 

control of complex systems in a matter of minutes. Automation is becoming part and parcel 

of every industry, and industries need a trained workforce to manage this new development. 

Engineering and technology graduates must have a comprehensive background covering a 

wider range of technical subjects. The graduates must be proficient in the use of engineering 

and scientific equipment, conducting experiments, collecting data, and effectively presenting 

the results [1-4]. This is especially true for the graduates of engineering, technology, and 

science. Furthermore, these graduates must be well-trained in courses and laboratories such 

as electric and electronic circuits; digital systems and microprocessors; computer 

programming; computer aided design; computer organization and architecture; electronic and 

data communications; networking; control and robotics; electric machines and power 



systems; PLC and virtual instrumentation; and others. One cost-effective way of achieving 

this is through the use of simulation software programs, and a number of simulation software 

packages are available for these purposes. These software packages play an important role in 

education and are used to deliver training for all kinds of activities, from piloting 

sophisticated aircraft or ships to operating nuclear power plants or complex chemical 

processing facilities.  

 

There are numerous uses of simulation, starting from simulation of simple electric circuits to 

complex tasks such as electromagnetic fields, heat transfer through materials, networking, 

computer circuits, game programming, electron flow in semiconductors, or beam loading 

with the ultimate objective of providing illustrations of concepts that are not easily visualized 

and difficult to understand. Simulators are also used as an adjunct to and, in some cases such 

as distance learning courses, as a substitute for actual laboratory experiments. In many 

instances, students are required to verify their theoretical design through simulation before 

building and testing the circuit in the laboratory. Studies show that students who used 

simulation prior to conducting actual experiments performed better than the students who 

conducted the laboratory experiments without conducting simulation first. Also, simulation is 

used to model large and complex systems. There is no doubt that simulation cannot replace 

the physical hands-on experience, but simulation can enhance the teaching and learning 

experience. 

 

The objective of this paper is to discuss design and development of interactive instructional 

modules for Computer Organization and Architecture course using VHDL and its effect on 

student learning.    

 

A Partial List of Simulation Software Used in EET and CS Programs  

 

A partial listing of simulation software programs used in EET and CS programs are shown in 

Table 1 [5],[ 6]. These programs are either used as stand-alone teaching tools or in 

conjunction with other tools. For example, a student may use one package to get the 

experimental data and another a spreadsheet package, such as Excel, for plotting and data 

analysis. Table 1 lists a few of the most widely used EET and CS simulation software 

packages.   

 

 

 

 

 

 

 

 

 

 

 

 



Table 1: List of Widely Used Software Packages in EET and CS  

 

Name of Software Primary Application Areas 

PSPICE Electric and Electronic Circuits (Analog and Digital)  

Electronics Workbench 

(Multisim) 

Electric and Electronic Circuits (Analog and Digital), 

Communication 

VisSim Electric and Electronic Circuits (Analog and Digital), 

Communication 

Logic Works/Design 

Works/VHDL 

Digital/Microprocessor Design 

MatLab Mathematics, Control Systems, Power Systems 

Mathematica Mathematics 

MathCad Mathematics 

AutoCad Computer Aided Drafting (CAD) 

Simulink Control and Power Systems 

LabVIEW Control, Signal Processing, Mathematical Simulation 

Excel Spreadsheet for Multipurpose Activities  

UMPS  Microprocessors and Microcontrollers 

UV151 Microprocessor and Microcontrollers 

MASM Microprocessors 

DEBUG Microprocessors 

RSLOGIX Programmable Logic Controller 

 

Many of the software packages listed above are used in various electrical engineering 

technology courses at SCSU to assist the faculty and students in teaching and learning as 

shown in Table 2.  

 

Table 2: List of Simulation Software Package Used in EET and CS Programs at SCSU 

 

Name of Software Primary Application Areas  

PSPICE, Electronic 

Workbench (MultiSim) 

Electric and Electronic Circuits (Analog and Digital), 

Electronic Communication 

Design Works/VHDL Digital/Microprocessor Design 

MatLab & Simulink Mathematics, Control Systems, Power Systems 

LabVIEW Control, Signal Processing, Mathematical Simulation, Power 

Systems, Electric Circuits, and Electronics 

Excel Spreadsheet for Multipurpose Activities  

MASM Microprocessors 

DEBUG Microprocessors 

EDSIM 51 8051 Microcontroller 

RSLOGIX Programmable Logic Controller 

 

 



Examples of Application of Simulation Software to EET and CS Programs at SCSU 
 

As presented in Table 2, various simulation software packages are currently being used by the 

EET and CS programs at SCSU to enhance teaching and learning. The faculty at SCSU have 

developed a number of modules for course and laboratory use. Packages like PSPICE, 

Multisim, MatLab, Simulink, LogicWorks, RSLogix, Debug, MASM, and LabVIEW are 

widely used by engineering and technology programs at other institutions, and there is 

sufficient information on these in textbooks and on the Web. Packages such as Design Works 

and EDSIM 51 are not that well-known and may not be widely used, but both of these 

packages have tremendous potential for enhancing student learning in computer organization 

and microcontroller courses. We will discuss these software packages and the instructional 

modules developed using these packages below.  

 

Examples of VHDL Instructional Modules 
 

VHDL [7] is a logic schematic creation and simulation program. It comes with many circuit 

symbols and models that can be used to design and simulate various types of digital circuits. 

VHDL comes with libraries of various types of components required to construct and 

simulate various types of circuits and systems.  The objectives of these modules are to assist 

the student in validating the theoretical design process to have a better understanding of the 

concept. The student completes the design theoretically and derives the logic circuit. The 

student then builds the circuit in the VHDL simulator, simulates the circuit using appropriate 

inputs, and verifies the output to validate the theoretical design. Following this, the circuit 

can be built in the laboratory using physical components and tested using actual physical 

signals.  

 

Number of instructional modules on Computer Architecture and Organization are possible 

with VHDL. In this paper, we will focus on the design of (a) Full Adder, (b) 4x1 Multiplexer, 

(c) Adder-Subtractor module, (d) a 4-bit arithmetic circuit module, (e) one stage of a logic 

circuit module, and (f) One stage of Arithmetic Logic Shift Unit. The basic building blocks in 

the above modules are are 4:1 Multiplexer and Full Adder. Therefore the design of Full 

Adder and 4:1 Multiplexer first are presented first and then these are used as basic bulding 

blocks to complete the design and simulation of  modules mentioned above. Detailed 

discussion on these modules can be found in [8]. 

 

Design of Full Adder 

 

A full-adder is a combinational circuit that forms the arithmetic sum of three input bits. It 

consists of three inputs and two outputs. The  truth table of a Full-Adder is shown in Table 1 

and the logic diagram is shown in Figure 1. The corresponding VHDL design and simulations 

are shown in Figure 2.  

 

 

 

 

 



 

Table 1: Truth Table of Full-Adder 

 

A B CIN Sum(S) COUT(C) 

0 0 0 0 0 

0 0 1 1 0 

0 1 0 1 0 

0 1 1 0 1 

1 0 0 1 0 

1 0 1 0 1 

1 1 0 0 1 

1 1 1 1 1 

 

The logic equations of S and C are the following: 

 
 

 
Figure 1: Diagram of Full-Adder 

 

VHDL Design and Simulation 

 

The figure below demonstrates VHDL Simulation Results for A = 1, B = 1, and CIN = 1.  

The simulated output values of S and COUT agrees with the valuses in Table 1 for A=1, 

B=1, and CIN =1. 
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Figure 2: VHDL Design and Simulation 

 

Design of 4:1 Multiplexer (4:1 MUX) 

 

A multiplexer is a combinational circuit that receives binary information from one of 2n input 

data lines and directs it to a single output line. The selection of a particular output is 

determined by a set of selection inputs. A 2n-to-1 multiplexer has 2n input data lines and n 

input selection lines whose bit combinations determine which input data are selected for the 



output. The function table for a 4-to-1-line multiplexer is shown in Table 2 and the 

corresponding diagram is shown in Figure 3. The corresponding VHDL design and 

simulations are shown in Figure 4. 

 

Table 2: Function table for 4x1 MUX 

 

Select Inputs Output 

S1 S0 Y 

0 0 x0 

0 1 x1 

1 0 x2 

1 1 x3 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Diagram of a 4x1 MUX 

 

VHDL Design, Code and Simulation of 4x1 MUX 

 

VHDL Design of 4x1 MUX 

 

VHDL Simulation Results for SE1 (S1) = 0 and SE0 (S0) = 2 [Since this is equal to 2, data in 

line 2 (I2) is selected at output (Y). 
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Simulation Waveform 

 

 
 

Figure 4: VHDL Design, Code and Simulation of 4x1 MUX 

 

Design of Adder-Subtractor Module 

 

The addition and subtraction operations can be combined into one common circuit by 

including an exclusive-OR gate with each full adder. A 4-bit adder-subtractor circuit is 

shown in Figure 5. The mode input M controls the operation. When M = 0 the circuit is an 

adder and when M = 1 the circuit becomes a subtractor.  The corresponding VHDL design 

and simulation is shown in Figure 6. 
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Figure 5: Diagram of 4-bit Adder-Subtractor 

 

VHDL Design and Simulation results 

 

M= 0 [Adder]: A = 1011, B = 0010; A+B = 1101 (S3S2S1S0) 
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M = 1 [Subtractor]: A = 1011, B = 0010; A-B = 1001 (S3S2S1S0) 
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Figure 6: VHDL Diagram, Code and Simulation results for adder-subtractor 

 

Four bit Arithmetic Circuit 

 

The basic component of an arithmetic circuit is the parallel adder. By controlling the data 

inputs to the adder, it is possible to obtain different types of arithmetic operations. The 4-bit 

arithmetic circuit is shown in Figure 7 and the arithmetic operations are shown in Table 3. 

The VHDL diagram and simulation is shown in Figure 8.  

 

 
 

Figure 7: 4-bit arithmetic circuit 



 

Table 3: Arithmetic Circuit function Table 

 

 
 

VHDL Design 

 

The figure shown below demonstrates the result of simulation for for S1 = 0, S0=0 and Cin = 

1. From Table 3, S1=0, S2=0, and DIN = 1 corresponds to A+B+1.  For A = 1000 and B = 

0001, this corresponds to 1000+0001+1 (0001) = 1010 and Cout = 0.  
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Figure 8: VHDL design and simulation of 4-bit arithmetic circuit. 

 

Logic microoperations 

 

Logic microoperatins are very useful for manipulating individual bits or a portion f a word 

stored in a register. They can be used to change bit values, delete a group of bits, or insert 

new bit values into a register. Figure 9 shows the diagram and function table for one stage of 

a logic circuit. The circuit in Figure 9 was simulated using S1=0, S0=0, A=1, and B =1. From 

Function Table this corresponds to AND logic operation with Y = 1 (since A = 1 and B =1).  

 



 
 

Figure 9: Diagram and Function Table for one stage of a logic circuit 
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Figure 10: VHDL desin and simulation of one stage logic circuit. 

 

Arithmetic Logic Shift Unit 

 

Instead of having individual registers performing the microoperations directly, computer 

systems employ a number of storage registers connected to a common operational unit called 

an arithmetic logic unit, abbreviated ALU.  The arithmetic, logic and other circuits discussed 

before can be combined into one ALU with common selection variables. One stage of an 

arithmetic logic shit unit is shown in Figure 11 and Table 4 represents the function table.  

 

 
 

Figure 11: Diagram of one stage of arithmetic logic shift unit 

 

 



Table 4: Function Table 

 

 
 

The block diagram shown in figure 11 was designed and simulated using  S0=0, S1=0, S2=0, 

S3=0 and CIN =0. These input conditions correspond to F = A (Table 3). Figure 12 

represents the corresponding VHDL simulation. 
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Figure 12: VHDL design and simulation 

 

Conclusions 

 

Students in computer architecture courses must understand both Hardware and Software 

requirements of a computer system and must be able to design, test, and evaluate various 

design alternatives in a simulation environment. VHDL is an essential CAD tool that offers 

designers an efficient way for implementing and synthesizing the design on a chip. It helps to 

build a higher level of abstraction to think about digital systems that is much more concise 

than digital circuits. This paper discussed design and simulation steps for few of the modules 

usually encountered in a computer architecture course. The modules are progressive in 

nature, meaning, previous modules are used as a component in the subsequent module. 

Because of the space limitations of this paper, we were not able to present other modules. 

These modules can be used in conjunction with other teaching aids to enhance student 

learning in various courses and will provide a truly modern environment in which students 

and faculty members can study engineering, technology, and sciences at a level of detail.  
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