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Abstract: This paper reports on the 
enhancements made to a machine language 
simulator that allows students of computer 
science to visually perceive the inner workings 
of a simple von Neumann-architecture 
computer.  The simulator consists of five 
components: an input unit, a control unit, 
memory, a calculating unit, and an output unit.  
The instructions are fetched and executed one at 
a time sequentially by the central processing 
unit (CPU).  The simulator program is a java 
applet comprised of eleven different java source 
files. 
 
1. Introduction 
 

This project is based on a machine 
language simulator that illustrates the basic 
functionality of a computer system. This paper 
concerns enhancing and modifying the current 
system [1] to make it more functional and easier 
to operate. The simulator is very primitive but it 
illustrates a number of basic characteristics of 
most computers. The simulator is composed of 
five different components that work together to 
give an idea of the working of a computer 
system. There is a single java applet that 
employs the whole functionality using 13 
different java classes. Each component (panel) 
has two classes. The computer instructions 
(commands) used by this simulator are a 
simplified version of assembly language. 

 
2. Assemble Language 
 

This is the lowest level of programming. 
Programming on this level is clumsy and 
programs end up being hard to read and 
understand. This simulator uses the concept of 

assembly language for manipulating and 
executing instructions. High level languages like 
C++, Power Script, VB and Java were 
developed after 1957. These languages are easier 
to understand and writing code is much easier 
but that written code must be converted into a 
low level language understandable to the 
computer for execution. The whole code is being 
translated into a series of bits 0s and 1s. 
 
3. Simulator Architecture  
 

The LOBO-Simulator software program is 
composed of the following components: 
Memory Panel, Instruction Panel, Input Output 
Panel, CPU Panel, and Load Reset Panels.  
 
3.1 Memory Panel 
 

Memory panel (Figure 1) has 40 memory 
locations. These locations are used to store both 
the program instructions and the data for the 
program.  The programs we enter will be stored 
in the computers memory at location 0. 

 
Figure 1: Memory Panel 

 
3.2 CPU Panel 
 

Central Processing Unit of this machine is 
limited. It has three registers PC (Program 
Counter), IR (Instruction Register) and ACC 
(Accumulator). Program Counter supervises and 
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keeps track of all the instructions that are 
executed within a simple program. It knows 
which instruction in the program is the next to 
be executed. When the applet loads, PC is 
initialized with 0. But when the first instruction 
is fetched it is set to 1 and is incremented by 1 
for each following instruction. 

Instruction Register stores the current 
instruction that is being executed. Each 
instruction is first copied from a memory 
location into this register. The instruction is then 
executed from the instruction register. This 
behavior is identical to the working of almost all 
computers.  

Accumulator is used for storing values, 
performing calculations and accumulating 
results. Accumulator also works as an input 
buffer. The result of all mathematical operations 
is also stored here.  Before any number can be 
displayed on the screen using the output 
command, it must first appear in the 
accumulator box. This makes it work as an 
output buffer. 

CPU does not end here; it also contains two 
important buttons Fetch and Execute.  Fetch gets 
the next instruction into the IR and Execute runs 
the current command in the IR. Fetch takes input 
from the Program Counter internally, increments 
it by 1, finds that locations in the memory and 
copies its contents (an instruction) into the 
instruction register, also displaying the new 
value in the program counter. 
 

 
Figure 2: CPU Panel 

 
3.3 Input Output Register 
 

Input Output register has two main 
elements Screen and Keyboard. Screen will be 
used to display messages for the user to respond 
accordingly and to display final results if OUT 
(Output) instruction is encountered. If the 
instruction is INP (Input), the user is required to 

enter value in the keyboard input box and click 
button “Enter”. 
 

 
Figure 3: IO Panel 

 
3.4 Instruction Panel 
 

Instructions are inserted into memory from 
Instruction Panel. This is called writing a 
program code. After the code is completed it is 
ready for execution.  Select an instruction from 
the instruction list and click “Enter Instruction” 
button to add instruction. If the instruction is one 
of those that require an address, type the address 
into the box labelled “Address” and click button 
“Enter” 

It is recommended that each program ends 
with a HLT (halt) instruction. In an actual 
computer, this instruction tells the computer to 
stop running the code. As soon as you enter 
HLT instruction, the list of instructions will 
disappear. To make the list visible again one 
need to click “Load Program” button 
Instructions are of two types, those which do and 
those which do not use memory location. The 
instructions are listed in Figures 4 and 5. The 
letter “M” in Figure 5 indicates the memory 
address. For example, to store the number in the 
accumulator into memory address 20, use the 
instruction, STO 20. 
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Instructions that only use CPU and not the 

memory 
Mnemonic 
Code/Op 
code 

Description 

CLR Clear the accumulator 

ONE 
Store the number 1 in the 
accumulator 

NEG 
Negate the contents of the 
accumulator 

INP 
Input a number in the 
accumulator 

OUT 
Output a number from the 
accumulator 

HLT Halt 
Figure 4: Instructions that use no memory 

 
Instructions referring to a memory location (M) 

Mnemonic 
Code/Op 
code 

Description 

LOD M Load number in M into accumulator 
STO M Store number in accumulator in M 
ADD M Add number in M to accumulator 

MUL M 
Multiply the number in accumulator by 
the number in M 

DIV M 
Divide the number in accumulator by the 
number in M 

BRZ M 
If accumulator is zero, branch to the 
instruction in M 

BRP M If the number in accumulator is positive, 
branch to the instruction in M 

JMP M 
Jumps to a specific memory location 
skipping in between 
locations. 

Figure 5: Instructions that use memory 

 
Figure 6: Instruction Panel 

 
Instructions implementing Condition 
 

Those types of instructions implement 
conditional statements. Conditional statements 
allow a program to make a choice based on 
some given condition. 

BRZ and BRP are two such commands that 
implement condition, but the conditions are not 
too dynamic. BRP M means branch to memory 
location M if the number is positive. If the 
number in the accumulator is positive, the 
program will skip to location M. If the number is 
not positive which means it would be either zero 
or negative, in such cases the next instruction 
will be executed when fetched and executed 
instead of jumping to memory location M. 
Similarly BRZ M means branch to memory 
location M if the number is zero. If the 
accumulator is zero then the program will jump 
to location M, otherwise continue to the 
instruction that is following. Program 
instructions start inserting at memory location 0. 
 
3.5 Load Rest Panel 
 

The Load Program button initializes the 
program by initializing the Program Counter to 
0.  This button also makes the instruction list 
visible if it is disappeared by adding HLT 
instruction which is supposed to be the last 
instruction of every program code. 
 

 
Figure 7: Load Reset Panel 

 
3.5.1 Load Program 
 

Resets the PC (program counter) to 0, 
makes the instruction panel visible if it is not 
and makes the new instructions entered from the 
memory location 0.  
 
3.5.2 Reset 
 

Reset button performs all of the functions 
that “Load Program” button does except making 
the instructions list visible. 
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DEMO Program: 
 

DEMO Program 

Instruction Description 

INP Input first number to accumulator 

STO 25 
Store number in accumulator in location 
31 

INP 
Input the second number into 
accumulator 

ADD 25 
Add the first number to the number in 
the accumulator 

OUT Output the sum from the accumulator 
HLT Halt 

 
This simple demo program inputs a 

number, stores it in memory location 25, takes 
another number and adds it to the saved number. 
It finally outputs the result in the accumulator 
box. The halt command displays a message 
“Done” on the screen and makes instruction 
pane invisible indicating that the program is 
over. The result of this program is 30. 
 

 
Figure 8: DEMO program output 

 
Class Structure 
 

This simulator is composed of main twelve 
java class files and many supporting classes, one 
java applet class file and an html file to run that 
applet. If we look at the applet, there are five 
different panels working together, each panel 
has two java classes. For example Memory 
panel has two classes; Mamory and 
MemoryDisplay. Figure 10 lists all classes. 
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Figure 9: Simulator Applet Classes 

 
Panel and its corresponding classes 

Panel Classes 

Memory 
(1) Memory.class (2) 
MemoryDisplay.class 

CPU (3) CPU.class (4) CPUDisplay.class 

LoadReset 
(5) LoadReset.class (6) 
LoadResetDisplay.class 

Instructions 
(7) Instructions.class (8) 
InstructionsDisplay.class 

Input 
Output (9) IO.class (10) IODisplay.class 

 Memory 
(11) Node.class (12) 
NodeDisplay.class 

  (13) MachineApplet.class (14) 
MachineApplet.html 

Figure 10: Classes per panel 
 

Node.class and NodeDisplay.class files 
belong to Memory panel. MachineApplet.class 
is the main applet file that combines all panels in 
one big panel. MachineApplet.html works like a 
container that accommodates the applet class. 
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