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Abstract

An important problem in Computer Architecture and
Organization course is the migration from theory to practice.
Computer Architecture designs are developed to tackle this
problem. This paper presents a learning activity designed to
improve motivation towards learning computer architecture
and organization subjects, mainly on
BZK.SAU.FPGA10.1[1] micro computer architecture design.
This software-based interactive system gives a visual
presentation of all parts of such a micro computer
architecture design; displays the states of registers; performs
at the level of clock cycle, an instruction and complete
program. So, when learning standard micro computer
architecture subjects, students can understand executing a
program instruction by instruction at the system level, where
the microcomputer is considered as a black box.

1. Introduction

Computer architecture and organization course is one of the
main courses in the computer engineering and computer science
curricula [4-5]. This course covers the basic concepts like the
processor, the memory, the input/output system, ALU
(Arithmetic and Logic Unit) and the bus design. Also, it is given
the knowledge on how to develop computer architecture with
the basic hardware units and how to create coordination between
these units in this course. Traditionally, teaching concepts in the
computer architecture and organization course to computer and
electrical science students can be inefficient if the teaching
method is only on textbook materials. One common solution to
this state is to provide an active learning environment for
teaching computer architecture and organization course by
taking advantage of software technology [6]. In other words, it
is very important to understand and see the internal behavior
and structure of a computer architecture design.

Visualization that is absolutely necessary keyword and idea
improves learner’s understanding level[7-8]. With tools
concerning visualization, many students will understand any
subject in computer architecture and organization course in a
shorter period than the case without using visualization tool[6-
8].

This paper presents learning activity developed for
BZK.SAU.FPGA10.1 micro computer architecture design to
improve motivation towards learning computer architecture
subjects. The software-based interactive system supports
animation of instruction execution and allows students to write
their own assembly programs and examine values of memory
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locations and registers. So, the visual presentation of all parts of
such micro computer architecture gives

The rest of the paper is organized as follows. The
background and motivation section gives short information
about the existing tools proposed and used in computer
architecture education. Section 3 gives a short overview about
BZK.SAU.FPGA10.1 micro computer design. Section 4
concentrates on the software-based interactive system and
Section 5 concludes the paper.

2. The Background and Motivation

Computer architecture laboratories often use software
simulators to teach the basic computer systems. A variety of
educational simulators are designed and developed to support
teaching courses in computer architecture and organization [9-
18]. These simulators are developed by using software
programming languages or emulator programs. In other words,
none of them has their own specific hardware. The basic
characteristics of selected simulators are shown in Table I.

Table 1. The Basic properties of selected computer architecture

simulators[3]
. HW #Addr. | ¢
Simulator Name or | #Inst. Modes or
SW Stack
Int.
BZK.SAUJ3] Fully | 59 6 &
HW
Stack
Marie Computer by
Timothy D.Stanley[9] SW 13 2 )
Marie Computer by |Limited 13 2 )
Timothy D.Stanley[10] HW
p88110[11] SW NA NA NA
Easy CPU[12] SW NA 2 Stack
LittleMan[12] SW 11 NA NA
RTLSim[12] SW NA NA NA
7Z80[13] SW NA NA NA
68000[14] SW NA NA NA
Simple CPU[15] SW 8 3 -
Relatively
Simple CPU[16] W 16 NA )
Very Simple CPU[17] SW 4 NA -
SIMPLE[18] SW 28 1 -

Int.:Interrupt NA: Not Available HW:Hardware SW: Software
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Table 2. The basic properties of FPGA-based microprocessor
architecture designs [1]

HW
System Name or #Inst. #Addr. Dev. Board
Modes
SW
IBZK.SAU.FPGA.10.0*| Fully 51 6 Altera
2] HW Cyclone DE2
Xilinx
IMOVE[19] SW 1 4 Spartan 1T
HW .
HIP[20] & 52 | NA s):rl;:g 3
SW P
Vantis
INo-Name[21] SW 8 NA MACH211
SIMPLE RISC
COMPUTER[22] HW 16 3 Altera UP2
ASAver.1
(Xilinx
ASAP-0/10,f1,£2[23] SW 10 NA XC52156
PQ208)
No-Name[24] SW | 47 7 Xilinx
Spartan 11
Xilinx
Spartan 3A
TINYCPU[25] SW 28 NA &
3E Starter
Kit
HW .
Edulent[26] & 40 4 g iﬁg’;lE
SW p
Xilinx
Micro-FIMEE-08[27] SW 100 4 Spartan3
Starter Kit

* available free.

Because of the virtual of designing with this simulator,
projects in an introductory computer architecture laboratory are
limited. Field-programmable gate arrays (FPGAs) offer a design
platform that allows students to implement their projects on
actual  hardware. More educational applications in
reconfigurable design were found at literature in recent years.
Table 2 summarizes the basic properties of selected FPGA-
based microprocessor architecture designs.

As a result of a critical analysis of both the existing
simulators and FPGA-based designs we found that there is a gap
between simulators and FPGA-based designs. So we developed
the software-based interactive system with communication
support. In this way, students can both write their assembly
programs on actual hardware and interactively examine values
of registers and memory locations.

3. BZK.SAU.FPGA10.1: FPGA-based Micro
Computer Architecture Design

The BZK.SAU.FPGA10.1 is the new version of
BZK.SAU.FPGA10.0[2]. We have adopted the modular
approach to the second FPGA version of the BZK.SAU[3]
named BZK.SAU.FPGAI10.1[2]. [1] and [2] have the same
architecture. The only difference between them the development
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environments. While the development environment of [2] is
FPGA, other is an emulator program.

Modular design is an important factor for the educational
training of micro computer architecture. We took the approach
of modularization in order to avoid having students be
overwhelmed by the complexity of a complete computer system
design. Since it has modular nature, students do not have to
build a microcomputer architecture from scratch. In this
approach, it is quite simple to include their designs like adding
unit, subtraction unit etc. to our system. So they can see the
operation of their own designs on our system. In other words,
our modular approach is plug&see. Therefore, teachers can
teach more productive course by applying this approach to their
teaching methods since our approach aims to learn piece by
piece rather than complete system. All units in
BZK.SAU.FPGA10.1 architecture are own specific designs and
we built these units using only schematic design at logic level. A
detailed block diagram that shows the components of the
BZK.SAU.FPGA10.1 design is shown in Fig. 1.

The common features of both versions are listed as the
following:

a) Support six addressing modes: immediate, direct, indirect,
index, relative and inherent mode.

b) It has eight general and special registers: Address
Register(AR), Data Register(DR), Accumulator(AC), Program
Counter(PC), Stack Pointer(SP), Index Register(IX) and
Temporary Register(TR) are 16-bit; Instruction Register(IR),
Output Register(OUTR) and Input Register(INPR) are 8-bit.

¢) 16-bit data bus and address bus.

d) The instructions which have relative and index addressing
modes need an effective address. So, it has a unit that calculates
this address.

e) The instruction set consists of 51 instructions: 21
instructions for memory and accumulator, 8 instructions on
index and stack registers, 22 instructions to change the flow
direct of program execution.

Instructions that use direct, immediate, indirect addressing
modes occupy 3 bytes to execute in the memory. Instructions
that use index and relative addressing modes occupy 2 bytes to
execute while inherent addressing mode instructions occupy 1
byte to execute. In order to provide readers with the detailed
features of instructions and instruction structures, more data are
given [1,2,3].

BZK SAUFFGAL0.1 Platform
Modular Memory
-
-
s T
o= rc |
=
o=t = ]
The Effective Address|
Calculating Unit _|[S====

] Host Computer

Fig. 1. The Block diagram of BZK.SAU.FPGA10.1
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[ 5 Bzk sau.FPGA

E22& L

_RUN

BZK.SAU.FPGA,

3This program adds and subtracts integers

LDA #1.234h%
MUL #0005hs
ADD #000Ahs
At

SUB #000Bhs
BRA A:

HLT

0010011170110000  (xsECA COIONTITIONI0000  GWBBCA
w

0|1/2|3 /4 5|6 |7 8 9 |A|EB|C DE|F

0000 0000 D000 0ODO 0000 0000 00O 0000 0000 00O 0000 000D 0000 0000 000D 000
0000 0000 0000 G000 000 0000 0600 G0G) KODD OOOD 0000 GODO 000 D000 0H0D B0
0000 0000 0000 0000 D000 0000 0000 D000 0000 DODO 0000 0000 0000 0000 0000 0000|
0000 0000 0000 00DO 0000 0000 000D 0000 0000 CODO 0000 0000 DOCO 000U 0000 0000,
0000 0000 D000 0000 D000 0000 0000 D000 0000 DODD 0000 0000 0000 0000 000D 0000
0000 0000 0000 G000 000 0000 0000 00T KODD OGO 0000 G000 000 OO0 DH00 BO00

)0 0000 0000 0000 0000 0000 DOOO 0000 000D 0000
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 KODO 0000 0000 OO0
0000 0000 0000 0000 0000 000 0000 D000 00D 0000 0000 0UGD 0000 000D 00D 0000
(0000 0000 0000 0000 D000 0000 000D 0000 'oumgom:nm 0000 0000 0000 0000 D000
0000 0000 D000 0G0 D000 0000 00DO D000 0000 D000 0000 0000 D000 0000 000D 0000
0000 0000 0000 D000 0000 0000 0000 0000 0000 0000 0000 0000 0000 D00 0000 0000
0000 0000 0000 0000 D000 0000 UDOO 0G0 0000 0ODO 00T 000D 00GD DCOO CDOO 0000
(0000 0000 0000 0000 om'omfnm;nm 0000 0000 0000 0000 0000 D000 0000 000|
0000 0000 D000 0000 D000 0000 00DO D000 000D D000 0000 0000 D000 0000 000D 0000
0000 0000 0000 0000 D000 0000 0000 0000 0000 0000 0000 0000 0000 nm:um;om

RS232 Interface
in BZK.SAU.FPGA10.1 system

BZK.SAU.FPGA10.1 system on
FPGA development board

Fig. 2. Overview of Software-based Interactive System with Communication Support to FPGA board

4. The Architecture of Software-based Interactive
System developed for BZK.SAU.FPGA10.1

In this section, the overview of our software-based
interactive system developed for BZK.SAU.FPGAI10.1 is
illustrated. This system is designed for an educational tool to
demonstrate how the micro computer architecture design
called BZK.SAU.FPGA10.1 works visually. This system has
four sections: Assembler, the internal view of the 64 KB
main memory in BK.SAU.FPGA10.1, control buttons to
load, run etc. written program in the Assembler section and
the states of register cycle by cycle. Fig. 2 shows an overview
of this system.

BZK.SAU.FPGA10.1 works visually. This system has four
sections: Assembler, the internal view of the 64KB main
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memory in BZK.SAU.FPGA10.1, control buttons to load,
run etc. written program in the Assembler section and the
states of registers cycle by cycle. Fig. 2 shows an overview of
this system.

4.1. Assembler Section

(1) of Fig. 2 shows Assembler section of our interactive
system. Our assembler and compiler program developed for
BZK.SAU.FPGA10.1 microcomputer architecture is written
using C# programming language in the Microsoft Visual
Studio .NET platform. In this section, students can write their
program using our assembly language rules. The following
procedure summarizes how to write the program:
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Table 3. Used symbols according to addressing mode type

The type of Addressing mode | Symbol
Immediate #
Direct $
Indirect @
Relative *
Index )
Inherent none

Table 4. The Assembly examples according to addressing

modes
Immediate addressing mode ADD #1234
Direct addressing mode ADD $1234
Indirect addressing mode ADD @1234
Relative addressing mode BRA *23
Index addressing mode ADD %12
Inherent addressing mode CLR
In use the label BZR “LabelName”

Step-1: If you want to add a description or title to any
line, start with the “;” punctuation mark.

Step-2: Obtain the mnemonic name of instruction from
Instruction Table in [2] and add addressing mode symbol
from Table 3. Then add data and address information in hex
format according to addressing mode types. If the label is
used, it is enough to write the name of label after the
mnemonic name of instruction. The various examples are
given in Table 4.

Step-3: Add the “;” punctuation mark to the end of every
line except description, title and label lines.

4.2. The Visualization of the Components in
BZK.SAU.FPGA10.1 Microcomputer Architecture

(2) of Fig. 2 shows the internal view of main
memory(64KB) in BZK.SAU.FPGA10.1. This section is
used to show the machine code of assembly program written
in section 1 of Fig.2 and to observe the content of memory
during the program execution. The assembly program is
converted to machine code and loaded to main memory using
button named BUILD in section (3) of Fig. 2. We have
improved our BZK.SAU.FPGA10.1 microcomputer design
by including RS-232 interface to receive and transmit data
between our microcomputer design and this software-based
interactive system. Using this interface, the content of
memory can be uploaded to FPGA development board using
button named UPLOAD and the states of registers can be
transmitted to this interactive system step by step. The op-
code of instruction that is fetched and decoded from memory
is in red color to be able to distinguish from others during the
execution of program. Users can choose to execute their
program in the step-by-step mode or in the continuous one,
by clicking buttons named RUN and SINGLE STEP
respectively.

(4) of Fig. 2 shows the visualization of registers and bus
of BZK.SAU.FPGAI10.1 microcomputer system. During
program execution, the content of related registers, memory
and bus change both in hexadecimal and binary format in
every step. In section 4 of Fig. 2, registers and other units
have some control inputs, (Increment (INC), Decrement
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(DEC), Load (LDA) etc. and data input and output symbol.
In every instruction cycle, the related control inputs are in
blinking red color unlike other units. Also, data input and
output symbol between bus and the related unit is in blinking
blue color.

5. Conclusions

This paper introduced software-based interactive,
educational environment designed to improve student
motivation for topics studied in computer architecture and
organization, a core course in electrical and computer
engineering, and computer science programs. The software-
based interactive system provides visualization of
BZK.SAU.FPGA10.1 microcomputer architecture system
that we developed for the educational purpose. The main
advantage of the presented environment that is the FPGA
implementation of BZK.SAU.FPGA10.1 microcomputer
system that enables by allowing students to send their
programs instead of manually, execute them in actual specific
hardware and displaying the content of every register and
other units step by step. The main disadvantage is that this
system does not handle or check system errors for now. In the
next version, this lack will be overcome. Since it is available
online [28], the students can implement the complete
BZK.SAU.FPGA10.1 on an FPGA chip. Next, they write
their programs using our developed software-based
interactive system, run on it, and observe the step by step
program execution in section 4 of developed software-based
interactive system. So students can observe step-by-step
changes in the registers and other units by adjusting clock
speed of BZK.SAU.FPGA10.1 system.
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