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A knowledge acquisition approach: from Von Neumann to more
complex computer architectures using microprocessor simulators
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*University of Jaén, Department of Telecommunication Engineering, Polytechnic School, Linares, Jaén, SPAIN
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I. ABSTRACT

A major problem in teaching computer architecture courses is to provide a tool which can aid the students
during practical sessions in order to reinforce the knowledge acquired in the theorical lessons. To achieve this
goal, we present the development of two simulators based on simplified computer models. The developed
simulators have been conceived attending to three basic issues: i) to cover an extensive range of topics,
ii) graphically depict the system at different levels and iii) to provide the means to follow the computer
behaviour. The use of these simulators during a first year course in Telecommunication Engineering is
presented. Furthermore, a study was also made in order to evaluate the influence of the simulators usage in
the knowledge acquired by the students at the end of the course. The results of this evaluation have shown
the usefulness of these simulators in order to reach the main goal of this work, to improve the students
knowledge acquisition about computers architecture.

II. INTRODUCTION

There are several approaches in engineering teaching about technology ([1], [2], [3]). In particular for
basic knowledge about microprocessor architectures, a typical approach consists in beginning from a basic
model known as Von Neumann architecture, and increasing gradually the complexity of the model towards
a model closer to real microprocessors.

Generally, a great problem in teaching a course in Computer architecture is to provide resources to facilitate
the students to make a cognitive leap from the blackboard description of the architecture and organization
of a computer to its utilization and connect their theoretic knowledge with practical experience.

These resources typically are either hardware trainers or software simulators. The hardware trainers enable
the students to observe the details of I/O interfacing, but tend to be costly. Software simulators or emulators
are more cost effective. The main advantage of a software tool is the ability to duplicate trainer operations
inexpensively and they usually demonstrate the behaviour of the computer system during the execution of
an instruction. The available educational systems vary in how they handle digital system simulation.

Emulators that typically run on PCs or workstations are available for microprocessors. However these
commercial tools often are limited in their educational purposes and educational entities such as universities
develop their own software tools ([5], [6], [7], [8]).

In [9] is suggested that a complete educational system should support three goals: i) to cover an extensive
range of computer architecture and organization topics, ii) to depict graphically a computer system and iii)
to provide the resources to follow system functions at different levels inside the architecture. The simulator
shown in this paper pretends to cover these three goals, by showing the execution processes of fictitious
computers to students in a graphical way and in several levels of operation.

In this paper we present the description of the software tools developed, which were conceived attending
to those three goals proposed in [9], as well as the conclusions taken from its usage in a subject taught
during a first course of Telecommunication Engineering. The description of the simulators and the theorical
models of the computers in which they are based are presented in Section III. The next section introduces
the evaluation method used to measure the influence of the simulators usage in the students final marks as
well as the results obtained. Finally, we present in Section V our conclusions regarding the work presented
throughout this paper.
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III. SIMULATORS
A. Theorical models

In order to teach the fundamentals of a computer without getting lost in details of real computers, Ferndndez
[4] conceived some fictitious computers. The simplest one was called Simplez and consisted in the minimal
description of a Von Neumann model based computer. The components of Simplez as can be seen in Fig. 1 are:
a control unit (CU), an arithmetic logical unit (ALU), a main memory (MM) and two peripheral controllers
(I/0 C: keyboard and display). The model also included data, addresses and control buses. Furthermore,
a machine language based on words of 12 bits and with a set of eight instructions was also defined. The
Simplez machine only has one addressing mode, the direct mode, and the access to the peripherals ports
is made through a position of the main memory. Furthermore, read and write operations with the two
peripherals are made through a process of active wait.

The structure of Simplez was also described at micromachine level, taking into account two possible
implementations of the control unit where the set of microinstructions can be microprogrammed on a memory
or hard wired.
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Fig. 1. Structural model of Simplez.

Fernandez, following this approach based on learning through architectures of fictitious computers, pro-
posed other models that get gradually closer to the real computers by adding a higher complexity to Simplez.
Therefore the next model, Simplez+i4, introduced the interruption concept and added new addressing modes.
In the next step, Algoritmez added more addressing modes through instructions of variable length, instructions

to work with a stack and a local memory (LM) of sixteen registers, and an interruption controller (See fig.
2).
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Fig. 2. Structural model of Algoritmez.

At last, Fernandez also proposed Registrez, a simplified implementation of a real computer SPARC, which
was based on a RISC architecture.

Most of these models are taught within a subject in the first course of a Telecommunication Engineering
degree in the University of Jaén, Spain. This subject has a theoretical part of 45 hours and a practical of 30
hours. Simplez, Simplez+i4 and Algoritmez models are taught in the theoretical part. For the practical one,
two simulators of both Simplez and Algoritmez models have been developed in the teaching department,
with the purpose that students can use these simulators to reinforce the acquired theoretical knowledge.

B. Simulators description

In order to allow the students to learn the structure and behaviour of these fictitious computers two
software simulators were developed. One of this simulator models the architecture and behaviour of Simplez,
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Fig. 3. Simplez’s editor

the simplest computer among the computers studied during the course, and the other simulator models
Algoritmez computer, which is the last computer the students learn during the theorical lessons.

Both simulators provide an editor in which the students can program different routines in the computers
specific set of instructions. This editor also allows them to debug and to assembler the routines they have
previously programmed. The graphical interface of the Simplez editor is shown in fig. 3(a). Algoritmez editor
has the same interface, although the Simplez one also allows the students to modify the UC microprogrammed
memory. Thus, the Simplez graphical interface has a button labeled as “microprogramming”, that pop up
the window shown in fig. 3(b). Thus, the students can change the microprogrammes associated which every
Simplez instruction, as can be seen in this figure.

Every simulator has also a debugger utility which provides a tool to the students to run the program step
by step in order to debug possible mistakes of their routines. The debugger application shows the changes
in the computer components produced by the execution of every instruction, or by a set of instructions until
a break point is reached. The ability to step through the execution of a single instruction is an extremely
useful capability when trying to teach the internal organization and operation of a CPU. The students grasp
the operation of the CPU much easier when they can graphically observe the values of data registers, and
the values currently being driven onto the busses [5].
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Fig. 4. Graphical interfaces of the simulator debuggers

The debuggers of Simplez and Algoritmez are shown in figure 4(a) and figure 4(b), respectively. As can be
also seen in these figures, the debuggers not only show the contain of the main memory, the accumulator (AC),
status register (SR), the local memory and the data and status of the peripheral ports; but they also model the
keyboard and the display, making possible that the students can learn the changes that arise from the data
exchange process between the computer and the peripherals. Previous experience teaching this subject based
on Computer Architecture Basics has shown that students find some difficulty in understanding complex /O
devices. Therefore using these simulators, we try to teach complex mechanisms based on interruptions with
only two basic peripherals, to avoid the students getting lost in details of real devices. Afterwards, this basic
knowledge is enriched with theorical descriptions of real and more complex peripherals in the last period
of the course.

Furthermore, the debugger of Simplez allows the student to follow the micro-orders activation process
derived from every instruction execution, as well as the evolution in time (timelines) of the micro-orders



(a) Microprogrammed level (b) Timelines view

Fig. 5. Interfaces to monitor a program execution in Simplez

and the other data exchanges that take place within the computer in synchronous or asynchronous way
in relation with the clock signal. Figure 5(a) shows the graphical interface where students can follow the
computer evolution during the execution of a routine and figure 5(b) shows an example of a typical debugger
view. In this last window, the students can follow the evolution on time of some signals and the busses data
exchange.

IV. EVALUATION

The attendance to practical lessons was monitored by the lecturer, although this attendance was not
mandatory, and the students were also able to use the simulators at home. In this last case, a continuous
guideline was provided using the educational platform of this university. Therefore, the use that students
made of the simulators at their homes was also taken into account by the lecturer.

The subject evaluation consists in one exam with a practical nature. Results of this evaluation during the
last year (06/07) have been analysed to find the extent in which the use of these simulators may influence
the knowledge acquisition.

A. Participants

The evaluation of the simulators usage was made within a course about Computers Architecture Basics
within the first year of a degree of Telecommunication in the speciality of Telematics, in the University of
Jaén. This analysis was made with the data taking during the course 2006/2007, precisely with the attendance
records to the lab sessions and the final marks of 98 students.

B. Method

There were ten practical sessions of two hours in this course. Additionally, one theorical session was
also given prior to each session to provide certain guidelines about each practice. During the first four
sessions the students had to program and debug different routines using the Simplez simulator. During the
next three sessions they had to program and debug routines related with the exchange of data between the
two peripherals (keyboard and display) through active wait and a method based on interruptions using the
Algoritmez simulator. Finally, in the last two sessions, students dealt with the microprogramming utilities
of the Simplez simulator, developing practices, such as creating new addressing modes using the Simplez
architecture. Students could perform these practices during the lab session in which their work was guided
by one lecturer, or at their homes using ILIAS, the educational platform of the University of Jaén. Both
kind of students participation in the practical lessons were recorded.

The students were classified within three groups depending on their number of attendance to the lab
lessons. The name given to this three groups, the range of attendance considered for every group and the
number of students grouped in every one are:

o« LOW level, attendance within a range between [0-2]: 45 students.

« MEDIUM level, attendance within a range between [3-7]: 27 students.

o HIGH level, attendance within a range between [8-10]: 26 students.

The evaluation of this course was made with a final exam where the students had to perform five parts
which consisted of:

« Exercises about base formats, signed and unsigned integers, arithmetic operations, overflow identification
and multiple precision arithmetic.



TABLE I
LEVEL OF USAGE: AVERAGE MARK, STANDARD DEVIATION AND DIFFERENCE BETWEEN GROUPS

Groups Average  SD Diff Significance
LOW 3.02 204 M-L=1.04 p=0.02
MEDIUM 4.06 2.00 H-M=1.92 p<0.001
HIGH 5.99 1.36  H-L=2.98 p<0.001

o Routine development and analysis for the Simplez computer.

« Routine development and analysis for the Simplez+i4 computer.

o Routine development and analysis for the Algoritmez computer.

o Exercise about changes in the microprogrammed memory of the Simplez UC.

The exam final mark was within a range from O to 10, with two points taken from each one of the five
exercises. The marks in all the questions were taken into account to compute the final mark. Nevertheless,
only three of the exam questions were directly related with the use of the Simplez and Algoritmez simulators,
the mark in all the questions were taking into account. This was made because the use of these two simulators
has as a main goal not only to improve knowledge about this fictitious machines, but also to improve more
general knowledge, such as the base formats or indeed the knowledge about the architecture of other similar
computers (Simplez+i4).

C. Results

An univariant ANOVA was made to analyse the influence of the usage of the simulators on the final
student marks, and results showed the existence of a significant influence of p<0.001 (F(2,98)=20.49)).
Furthermore, the average mark reached for the students of every group is also shown in table I and figure 6.
Table I also shows the differences between groups computed through a Student’s t-test and their significance
value.

Results of this last analysis showed the existence of a significant difference between the marks reached
by the students of the three groups compared two by two. Thus, not only differences in the marks between
students with high and low level of attendance were significant but also differences between results in the
students with medium and low level of attendance.

Also it is remarkable that results in those questions where students dealt with data exchange mechanisms
between the UC and the I/O peripherals were quite good. So, the knowledge acquired in this issue by using
just two simple peripherals, such as the keyboard and the display, has helped the students to reinforce their
knowledge about more complex I/O devices.
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Fig. 6. Average mark for attendance groups

V. CONCLUSIONS

This work describes how the use of a software simulator by the students improve their learning not only
about the behaviour of two fictitious computers, but also about abstract learning related to general computer
architecture.

The developed simulators deal with different levels of operation. Therefore, students can easily learn about
questions related with programming and microprogramming levels. Furthermore, this software has enabled
many students to work at home and prepare for working in the laboratory.



The simulators environment consists of tools for program development which allow writing programmes in
assembly language, editing, translating, linking and loading programs into the memory. Also the simulators
provide debugging tools which show graphically the execution of a program at different levels. The evaluation
carried out has also proved that the use of these tools is a key element in order to make easier the student
understanding of complex mechanisms, such as the communication between the UC and the peripherals.

Our study has also shown how students learning about computer architectures in general is strongly
reinforced by the usage of the developed software simulators.
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