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Abstract— In this paper, an approach to improve the
students’ autonomous learning is presented. In particular, we
describe a platform used in the subject “The basics of
computer architectures”. This subject is studied during the
first year of the Bachelor Degree of Telecommunication
Engineering (especiality in Telematics). This platform was
designed to allow the students to work with a hypothetic
computer simulator remotely via Internet. We describe an
experience based on voluntary activities in which the students
have the possibility to evaluate their skills writing routines on
this simulator. Results of this experience confirm that the use
of this platform motivates the students to work autonomously
and in turns increases their learning about computer
architectures.

[. INTRODUCTION

The rising complexity of the microprocessors,
microcontroller and digital systems requires the use of new
software simulators to help developers verify and debug
these systems. This complexity makes more difficult to
teach students the fundamentals of a computer.

In this sense several researchers [1] has confirmed that
the move towards on-line, computer-based instruction as a
training tool has increased significantly not only the
student capacity of understanding the instructional material
presented, but also the application of that instructional
material for solving problems in a realistic environment.

The real computers have a lot of specific features, but all
of them share some basic principles. Therefore, in the
subject “The basics of computer architectures”, we have
decided to study hypothetical computers that allow students
to learn the basic computer principles.

We have developed a hypothetical computer simulator
for e-learning purposes. This software simulates a
computer called Simplez, proposed by Fernandez [2].
Simplez is a well-known architecture used to teach the
basics of computers in the studies of Telecommunication
Engineering. Despite not having the architecture of a
commercial computer, it represents a good introduction for
microprocessors and complex microcontrollers.

The developed simulator was conceived attending to the
goals proposed in [3]. This developed simulator has been
used during last six years, in the subject “The basics of
computer architectures”.

This paper is structured as follows. In Section 2,
comprehensive reviews of the basic features for Simplez
are presented. Section 3 is devoted to the proposed
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simulator. In section 4, we analyse the influence of the
platform usage in the students learning. Finally, in section
5, the main conclusions are outlined.

II. SIMPLEZ FEATURES

In order to teach the fundamentals of a computer without
getting lost in the details, Fernandez [2] conceived four
hypothetical computers. The simplest one was called
Simplez and consisted in the minimal description of a Von
Neumann model based computer.

A. Architecture and assembly language

The components of Simplez shown in Fig. 1 are: a
control unit (CU), an arithmetic logical unit (ALU), a main
memory (MM) and two peripheral controllers (/O C:
keyboard and display).
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Fig. 1 Structural model of Simplez

The main Simplez features are:

¢  Von Neumann model based computer.

e 8 instructions.

e 12- bits word size.

e A main memory accessed with 9 bits addresses (512
words). Last four positions are reserved for I/O
purposes.

e It does not support interruptions. Communications
with peripherals are implemented through an active
wait.

e 2 peripherals: a keyboard and a monitor.

e 1 accumulator register.

e | addressing mode: absolute (effective PC address =
address).

e  Computer numbering format: positive integers (0 to
4095).
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In order to simulate Simplez, the microcontroller model
chosen is based on a microprogrammed memory. In this
case, the CPU control signals are generated using an
internal sequencer based on a control memory (MC).

B. Instructions format
Simplez has a 12 bits word size and all the instructions
occupy one memory word. The instructions have two fields,
as can be seen in figure 2.
11 10 9 8 7 6 5 4 3 2 1 0
‘ oC ‘ AF

Fig. 2 Simplez instructions format

Where:

* OC (Operation Code) is a 3 bits code that identifies an
instruction.

* AF (Addressing Field) indicates the operand address
for an instruction. Its size corresponds with the address bus
size (9 bits), so all the instructions can address the memory
using absolute addressing mode. Indeed, Simplez does not
provide other addressing modes.

C. Simplez instructions
Simplez instructions are the following:

e ST (CO=0, Store) stores the accumulator content in the
address of the main memory specified by the AF.

e LD (CO=1, Load) loads into the accumulator register
the content placed at the operand address.

e ADD (CO=2, Add) adds to the accumulator the value
stored in the address specified by the AF.

e BR (CO=3, Branch) jumps to the program position
specified by the operand address (unconditionally).

e BZ (CO=4, Branch if Zero) jumps to the operand
address if the Z flag is ON (active). When inactive, it
runs normally.

e CLR (CO=5, Clear) loads a zero value into the
accumulator register.

e DEC (CO=6, Dec) subtracts a unit value from the
accumulator register.

e HALT (CO=7, Halt) concludes the execution of the
program.

III. SIMULATOR FEATURES

The simulator was developed considering all the details
of Simplez. Therefore, all the control signals and registers
that constitute the structural model of Simplez are
simulated. Every instant, the computer state is completely
defined by the content of the memory, the content of the
registers and the set of control signals.

A. User interface

After assembling a Simplez program, if the code does
not contain errors, the simulation windows is automatically

opened (see figure 3). Bellow, we describe the
functionality of this interface:

Memory Map: The window of the simulator shows the
content of the main memory and I/O ports (last four
positions) including:
e The address of the different positions.
e The content of the main memory in decimal and
octal bases.
e The interpretation of the memory content as
instructions.
e The source code that originates the content of the
address memory.
Interface controls:

e Reset. The simulator reinitiates the state of Simplez
and recharges the program assembled in the memory.

e  ‘Una instruccion’ (One instruction). The simulator just
executes the instruction pointed by the program
counter.

e FEjecutar (To execute). The simulator continuously
executes instructions until finding a HALT instruction
or a breakpoint. The simulator periodically updates the
state of the window, reflecting the changes of Simplez
until its execution is interrupted with the button “To
stop”.

e  Modes of execution. The Simulator allows step by step
execution, continuous execution and another way of
execution called detailed execution. Pressing the
button “Nivel microsimplez”, a window appears
displaying the graphical representation of the Simplez
CPU internal model and the state of all its control
signals. Thus, we can execute the instructions in each
clock cycle.

e Breakpoints. The simulator shows a window where the
students can edit breakpoints.

e Labels. It shows one lists with the labels found in the
program and their corresponding addresses.

e “Volver al editor” (Return to the editor). The simulator
window is closed and the system returns to the
program edition windows.

Simplez consoles. These two controls represent the 1/O
devices (monitor and keyboard) and display their behavior.
Counter of cycles. The simulator shows the number of
clock cycles elapsed from the beginning of the program.
Registers. They show the content of the accumulator (AC),
the program counter (CP) and the Z. flag. In addition, we
can modify the contents manually.

B. Simulator Distributions

We programmed two distributions of this simulator, one
is a runnable version (jar) and the other is based on Java
Applets. This second version is hosted in a web server to
allow a remote access. The platform [4][5] built over this
second version is the tool used to introduce in the subject

Authorized licensed use limited to: Universidad de Jaen. Downloaded on May 19,2025 at 12:17:41 UTC from IEEE Xplore. Restrictions apply.



new sessions of practical work. It is available on:
http://castulo.ujaen.es/ffcc.

The platform considers a registered access and a guest
access. In the register access, students may complete a
register form to gain access into the platform. During this

process, the application validates the student access and

registers it into a database. In the guest access, students are
able to use the simulator as they would do with a runnable
version installed on their PCs, but their session is not
registered in the platform.

Simulador (NUEYO.5IM) Microprogramacion: ESTANDAR

Dir Cont {oct-dec) Desensamhla Fuente

1 005 0005 5T/5 CONT DATA &
2 1776 1022 LD /510 INI LD /510 SR ‘
3 4002 2050 BZJ2 BZ /NI
4 17741020 LD /508 ESP LD /508 =t etdcolon ‘
5 4004 2052 BZ/4 BZ JESP
B 1777 1023 LD 1511 LD 1511 R
7 0775 0500 ST /509 ST 509 G R ‘
5 1001 0513 oA LD ICONT
g 5000 3072 DEC DEC er Cronogramas... ‘
10 4015 2061 BZ/13 BZJFIN
11 0001 0001 5T/ STICONT Breakpoints...
12 3002 1538 BR/Z BR /NI
13 7000 3584 HALT FIN HALT Etiquetas...
14 0000 0000 sT/0 END v

lrolver ai editor
:; E ZEEEE = Teclada: (Tecla en huffer: MINGLINA )

Pantalla:

Contador de ciclos dereloj; 0

Fig. 3 Screenshot of the Simplez Simulator

In the registered access, the data stored in the database
includes the number of work sessions, their duration and a
link to the exercise files uploaded in the platform. This
information is used to follow their learning process and to
analyse the extent in which this activity motivates their
autonomous work.

IV.EVALUATION

As an optional activity the students were asked to perform
five practical exercises using the simulator through the web
page. Every practical exercise could be made in two sessions,
with a maximum duration of two hours. During the time slot
established to perform the sessions, the students’ participation
was registered in a data base.

70 out of 120 students decided to participate of these
activities. To compute the extent in which the level of
participation influenced their learning about computer
architectures, the students were classified in three groups
depending on the number of sessions they completed within
the platform. The groups and the number of participants were:

- LOW: 0 to 3 sessions completed. Number of students
(N) =25.

- MEDIUM: 4 to 7 sessions completed, N=35.

- HIGH: 8to 10 sessions completed, N=10.

The evaluation of this subject consisted on a final exam

(70% of the final mark) and the evaluation of their work
during the laboratory hours (30%). To evaluate the influence
of the optional activity made in the platform, we made a
univariant analysis of variance (ANOVA) with the exam
marks as the dependent variable and the level of participation
as the independent variable. Results of this analysis showed
that the level of participation in this activity influenced
significantly (F,,=8.87; p<0.001) the students’ marks. The
average mark for every group of students is also shown in fig.
4. The differences between groups were also significant in all
the cases: HIGH-MEDIUM= 1.24 (p=0.04), MEDIUM-
LOW=1.28 (p=0.005) and HIGH-LOW (p<0.001).
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Fig. 4 Average mark in every group of participation.
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V. CONCLUSIONS

This work describes an activity designed with the purpose
of motivating the autonomous work of the students and their
auto-evaluation. Particularly, this activity has been tested in a
subject where students learn the basics of computer
architectures.

Although students are able to use at home or during their
laboratory sessions the computer simulators designed, they
find in the platform a useful tool to test their skills
programming routines prior to their final evaluation.
Moreover, this approach also allows us to evaluate gradually
the degree in which the students are successfully following the
subject.

In these subjects, the students normally find difficult to
reflect the knowledge acquired during practical lessons in a
typical exam that consists in writing routines on a paper. To
avoid this problem, these exams are usually made in a
laboratory using a PC. This second evaluation technique
sometimes fails with students who find in this method a
stressful situation. So, the results taken of this experience
indicates that this platform may overcome these problems.
Therefore, we consider that this platform may be used as a
useful evaluation tool replacing the traditional methods.
Nevertheless, further changes should be also included in the
actual platform to control the degree in which the students
honestly complete on their own the proposed activities.
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