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Introduction

CIT 411 Microcomputers and Microprocessorsis a two (2) unit’s course of 4
module and 12 unitsintroductory course in operating modern micropreoedased

system on assembly language and hardware leveseftarl are basic concepts of
microcomputer architecture, microprocessor architec and programmer’s model,
assembly programming, binary code representatiberfacing, testing and development.

This course review the basic concepts in digitattebnic; Microprocessors; functions,
operations and architecture; comparison of curmaitroprocessors; multi-chip and
single chip; i/o organization; assembler languagenparison of instruction sets; address
modes, stack operation; subroutines. i/o datastean bus control; daisy chaining,
handshaking etc; Interrupt structures; programmezhster, DMA microcomputer
systems; types of microprocessors; uses of micogssnrs, microcomputer design for
specific applications; microcomputer networkingtenfiacing microcomputer real-time
control; laboratory exercises using an assemblguage

This course is divided into four modules. The fisbdule deals with the review of
review of basic concepts in Microprocessor, typésmicroprocessors, functions of
microprocessor.

The second module treats, extensively, Assemblguages. Instruction set, Addressing
modes and Interrupts are also discussed.

The third module deals with microcomputers, itssuaad functions. Microcomputers
Architecture. Microcomputers networks and directnvbey Access.

This Course Guide gives you a brief overview of tloeirse contents, course duration,
and course materials.

What you will learn in this course

The main purpose of this course is to acquaint esttsd with the basic concept of
microprocessor and microcomputers. The functiomtuiees of microprocessor and
microcomputers. Thus, we intend to achieve thisugh the following:



Course Aims

First, students will learn the major concepts ofnmprocessors; this is a key component
in computer hardware.

Second, students will understand how the varioagpoments of the computer works and
their inter relationship from the processor to otiaits.

The third goal is to build the foundation for statieto pursue the research in the areas of
computers engineering.

Course Objectives

Certain objectives have been set out to ensuretlieatourse achieves its aims. Apart
from the course objectives, every unit of this seuhas set objectives. In the course of
the study, you will need to confirm, at the endeath unit, if you have met the objectives
set at the beginning of each unit. Upon completimsg) course you should be able to:
Understand the microprocessor architecture armbitgoonents.

Understand the programmer's model of a micropracess

Understand the programmer's model of microprocessor

Understand 8051 instruction set.

Design and implement assembly language programg @885 instruction set.

o a0k wbd e

Understand the concept of assembly language andptbeess of creating
executable files from the source code.

7. Design and implement assembly programs dealing iwidtrupts.

8. Initialize input/output ports and write assemblpgnams using 1/0O operations.

9. Operate microprocessor (cross-) development system.

10.Define computer resources in terms of program spadesxecution time.
11.Differentiate between hardware and software pralantmicroprocessor market.
12.Recognize basic components and functionality ofrosiemputer testing and

development equipment.



Working through This Course

In order to have a thorough understanding of thesmunits, you will need to read and
understand the contents.

You should do the exercises in the Tutor-Markedigrsments and submit to your tutors.
Course Materials

These include:

1. Course Guide

2 Study Units

3. Recommended Texts

4 A file for your assignments and for recordsrnonitor your progress.

Study Units

There are 12 study units in this course:

MODULE 1

UNIT 1 BASIC CONCEPT OF MICROPROCESSORS

UNIT 2 MICROPROCESSOR ARCHITECTURE

UNIT 3 TYPES OF MICROPROCESSORS

UNIT 4 MICROPROCESSORS OPERATION AND FUNCTIONS

MODULE 2

UNIT 1 ASSEMBLY LANGUAGE

UNIT 2 INSTRUCTION SET AND ADDRESSING MODES
UNIT 3 INTERRUPTS AND SYSTEM BUS

UNIT 4 INPUT AND OUT (I/0) TRANSFER



MODULE 3

UNIT 1 BASIC CONCEPT OF MICROCOMPUTER
UNIT 2 MICROCOMPUTERS ARCHITECURE
UNIT 3 MICROCOMPUTERS NETWORKING
UNIT 4 DIRECT MEMORY ACCESS

Make use of the course materials, do the exertiseshance your learning.
Textbooks and References

TEXTBOOK :
MacKenzie, I. Scott(1995),he 68000 MicroprocessoPrentice Hall,

SUGGESTED SUPPLEMENTAL MATERIALS:

Rafiquzzaman, Mahamed/icroprocessor- and Microcomputer-Based System ddesi
2" edition, CRC Press, 1995.

Hall, Douglas and Rood, AndrewWlicroprocessor and Interfacing: Programming and
Hardware: 68000 versigrMcGraw Hill, 1995.

Clements, AlanMicroprocessor System Design: 68000 Hardware, So#@wand
Interfacing 2nd edition, PWS Kent, 1992.

Hilf, Werner and Nausch, Antof,he 68000 Family: Architecture, Addressing Modes
and Instruction SetPrentice Hall, 1989.

Heffernan G. (2001) “8051 Tutorial”

Krishna Kumar, M. (2004) Microprocessors and Mianairollers/Architecture of
Microprocessors Lecture Notes

Mack Pamela E. 92005) “The Microcomputer Revoldtiomttp// www.
Clemson.edu/caah/history/Facultypages/Pammack/Beiiéro.htm

Kastner, D. (2003) “ Embedded System”



Nasrat; H. “ Introduction to Computer & Microcompts”

Microprocessor Architecture http://www.ehow.com/way 5581467 _microprocessor-
architecture-“tutorials.html

Microprocessor design
“http://en.wikibooks.org/wiki/Microprocessor Desilyhéroprocessors

Introduction to 8085 Architecture and Programnfirigtp://en.wikibooks.org/wiki/
Introduction to 8085 Architecture and Programming”

http://www.ehow.com/about 6389869 direct-memoryeasc.html

Assignments File

These are of two types: the self-assessment egerarsd the Tutor-Marked Assignments.
The self-assessment exercises will enable you wwowgiur performance by yourself,
while the Tutor-Marked Assignment is a supervisssignment. The assignments take a
certain percentage of your total score in this seufhe Tutor-Marked Assignments will
be assessed by your tutor within a specified perlde examination at the end of this
course will aim at determining the level of mastefythe subject matter. This course
includes twelve Tutor-Marked Assignments and eaalstnbe done and submitted
accordingly. Your best scores however, will be rded for you. Be sure to send these
assignments to your tutor before the deadline todaloss of marks.

Presentation Schedule

The Presentation Schedule included in your couratemals gives you the important
dates for the completion of tutor marked assignsiant attending tutorials. Remember,
you are required to submit all your assignmentsti®y due date. You should guard
against lagging behind in your work.

Assessment

There are two aspects to the assessment of thesecouFirst are the tutor marked
assignments; second, is a written examination.

In tackling the assignments, you are expected tayamformation and knowledge
acquired during this course. The assignments nmaeistubmitted to your tutor for formal
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assessment in accordance with the deadlines statkd Assignment File. The work you
submit to your tutor for assessment will count3686 of your total course mark.

At the end of the course, you will need to sitddinal three-hour examination. This will
also count for 70% of your total course mark.

Tutor Marked Assignments (TMAS)

There are twenty-two tutor marked assignmentsigidburse. You need to submit all the
assignments. The total marks for the best threag8)gnments will be 30% of your total
course mark.

Assignment questions for the units in this counse @ntained in the Assignment File.
You should be able to complete your assignments filee information and materials
contained in your set textbooks, reading and studis. However, you may wish to use
other references to broaden your viewpoint and ideoa deeper understanding of the
subject.

When you have completed each assignment, sendjethter with form to your tutor.
Make sure that each assignment reaches your tatar defore the deadline given. If,
however, you cannot complete your work on time, tacin your tutor before the
assignment is done to discuss the possibility afxansion.

Examination and Grading

The final examination for the course will carry 7086rcentage of the total marks
available for this course. The examination will enevery aspect of the course, so you
are advised to revise all your corrected assignsieefiore the examination.

This course endows you with the status of a teaghéithat of a learner. This means that
you teach yourself and that you learn, as youmiegrcapabilities would allow. It also
means that you are in a better position to deterraimd to ascertain the what, the how,
and the when of your language learning. No teachposes any method of learning on
you.

The course units are similarly designed with theoihuction following the table of
contents, then a set of objectives and then tHeglia and so on.

10



The objectives guide you as you go through thesunitascertain your knowledge of the
required terms and expressions.

Course Marking Scheme
This table shows how the actual course markingakdn down.

Assessment Marks

Assignment 1- 4 Four assignments, best three naditkee four
count at 30% of course marks

Final Examination 70% of overall course marks

Total 100% of course marks

Table 1: Course Marking Scheme

Course Overview

Unit | Title of Work Weeks Assessment
Activity (End of Unit)

Course Guide

Module 1

1 Unit 1: Basic concept of microprocessors

2 Unit 2: Microprocessor architecture

3 Unit 3: Types of microprocessors

4 Unit 4: Microprocessors operation and functions
Module 2

1 Unit 1: Assembly Language

2 Unit 2: Instruction set and Addressing Modes

3 Unit 3:Interrupts and System Buses

4 Unit 4: Input and Output (I/O) transfer
Module 3:

1 Unit 1: Basic Concept of Microcomputers

11



2 Unit 2: Microcomputer Architecture
3 Unit 3: Microcomputer Networking
4 Unit 4: Direct Memory Access
Revision
Examination
Total

How to get the best from this course

In distance learning the study units replace theeausity lecturer. This is one of the great
advantages of distance learning; you can read amkl through specially designed study
materials at your own pace, and at a time and plagesuit you best. Think of it as
reading the lecture instead of listening to a lestu In the same way that a lecturer might
set you some reading to do, the study units tall wben to read your set books or other
material. Just as a lecturer might give you anlass exercise, your study units provide
exercises for you to do at appropriate points.

Each of the study units follows a common formahe Tirst item is an introduction to the

subject matter of the unit and how a particulat imintegrated with the other units and
the course as a whole. Next is a set of learnbjgatives. These objectives enable you
know what you should be able to do by the time hewe completed the unit. You

should use these objectives to guide your studynemyou have finished the units you
must go back and check whether you have achiewedijectives. If you make a habit of

doing this you will significantly improve your chees of passing the course.

Remember that your tutor’s job is to assist youhew you need help, don’t hesitate to
call and ask your tutor to provide it.

1. Read this Course Guide thoroughly.

12



Organize a study schedule. Refer to the ‘Courser@ew’ for more details. Note
the time you are expected to spend on each unihandthe assignments relate to
the units. Whatever method you chose to use, youldldecide on it and write in
your own dates for working on each unit.

Once you have created your own study scheduleyéky#ing you can to stick to
it. The major reason that students fail is thaytlag behind in their course work.

Turn to Unit 1 and read the introduction and thgctives for the unit.

Assemble the study materials. Information abouatwlou need for a unit is given
in the ‘Overview’ at the beginning of each unit.o will almost always need

both the study unit you are working on and oneafryset of books on your desk
at the same time.

Work through the unit. The content of the unielitdhas been arranged to provide
a sequence for you to follow. As you work throulga unit you will be instructed
to read sections from your set books or othecladi Use the unit to guide
your reading.

Review the objectives for each study unit to canfthat you have achieved them.
If you feel unsure about any of the objectivesjeevthe study material or consult
your tutor.

When you are confident that you have achieved #suolbjectives, you can then
start on the next unit. Proceed unit by unit thifotlge course and try to pace your
study so that you keep yourself on schedule.

When you have submitted an assignment to your fatanarking, do not wait for
its return before starting on the next unit. Kedepyour schedule. When the
assignment is returned, pay particular attentioyotar tutor's comments, both on
the tutor-marked assignment form and also writtanttee assignment. Consult
your tutor as soon as possible if you have anytoqresor problems.

13



10. After completing the last unit, review the coursel @repare yourself for the final
examination. Check that you have achieved the ahbjectives (listed at the
beginning of each unit) and the course objectilisted in this Course Guide).

Tutors and Tutorials

Summary

To design an electronic system, you need to knoe thifference between a
microcontroller and a microprocessor. Knowing tifeedence will let you decide which
is the best choice to design an electronic systdth. \Whe microprocessor is the
functional part of a microcomputer, using all o€ tharious parts of the larger system. It
reads binary instructions from the microcomputar&mory, accepts binary information
from the input, processes that information and jges the results as outpdihe content
of the course material was planned and writtennsuee that you acquire the proper
knowledge and skills for the appropriate situatiobe essence is to help you in
acquiring the necessary knowledge and competenegjlopping you with the necessary

tools to accomplish this.

We hope that by the end of this course you woulclacquired the required knowledge
on microprocessors, Assembly Language, Instrucéis and microcomputers.

We wish you success with the course and hope thawwll find it both interesting and
useful.

14



MODULE 1

UNIT 1 BASIC CONCEPT OF MICROPROCESSORS

UNIT 2 MICROPROCESSOR ARCHITECTURE

UNIT 3 TYPES OF MICROPROCESSORS

UNIT 4 MICROPROCESSORS OPERATION AND FUNCTIONS

UNIT 1 BASIC CONCEPT OF MICROPROCESSORS

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Description of microprocessor
3.2 History of Microprocessor
3.3 Technological Innovations of Microprocessors
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

On a personal computer, the CPU (i.e. the contnil, @rithmetic/logic unit and the

inside memory) is usually contained on a singlepchhd sometimes is called a
microprocessor. It is often identified by its model name or modwimber. From the

technological viewpoint, a microprocessor is a VL{Skry Large Scale Integration)

single-chip implementation of a complete processing. Microprocessors are capable

of accepting coded instructions for executioriLlé, 32- or even 64-bit word formats

15



i.e. in groups of bits, bytes or characters, cargid as an entity, and capable of being

stored in one memory location.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain what a microprocessor is.

- The historical development of the microprocessors

- Technological innovations of Microprocessors

3.0 MAIN CONTENT

3.1 What is Microprocessor?

The brain or engine of the PC is the processor ¢somes called microprocessor), or
central processing unit (CPU). The CPU performs #ystem’s calculating and
processing. A microprocessor is an integrated titbat holds most of the works of a
computer. It can fetch an instruction, procesand delivered an output. When there is
program memory, RAM, and other support circuitry tre chip, this is a micro-
controller. Depending on how much data can be sz at once, this can be a 4, 8, 16,
32 (and more) bit processor.

The processor is easily the most expensive sirglgonent in the system, costing up to
four or more times greater than the motherboapiuiggs into. Intel is generally credited
with creating the first microprocessor in 1971 wiitle introduction of a chip called the
4004. Today Intel still has control over the pramsmarket, at least for PC systems.
This means that all PC-compatible systems userditbed processors or Intel-compatible
processors from a handful of competitors (such s®Ar Cyrix). Integrated circuits are
miniature complex circuits consisting of semicontducdevices, mainly diodes and
transistors, interconnected with various passiemehts. All these elements are formed
upon or within a semiconductor substrate callediea The circuit configuration so

formed is called &hip, the terms “chip” and “die” being often considergd@ymous.

16



3.2 History of Microprocessor

The historical development of the microprocessa@r document increases in clock
speed (the speed at which a processor executegcin@is) and number of transistors in
chips. Since 1982ntd is the leading manufacturer of processors. They @asenodel
number to identify the various chips (Intel 8088286, 80386, 80486). Later they
decided to identify their microprocessors with namfeentium® processorsCeleron
TM processors (less expensive PCs) XednTM processors (workstations, servers).
Pentium has been developed to be available wittkalequencies of up to 155 MHz and
it uses a speedy version of CISC (Complex Instoac8et Computer) technology and a
64-bit internal data bus. Users of multimedia aggilons should obtain an Intel
processor equipped with MMXTM technology, in whialset of instructions is built in
the processor so it can manipulate and processmadlia data more efficiently. An
alternative to the Intel-style microprocessor ie Khotorola microprocessor, which is in
Apple Macintosh and Power Macintosh systems. Th8CR(Reduced Instruction Set
Computer) processor used in Apple’s PowerPC intedua new architecture that
increased the speed of the processor because itbéaa designed to understand a
relatively small number of basic instructions. TAkha microprocessor, which was
developed by Digital Equipment Corporation, is upadiarily in workstations and high-

end servers. Current models of the Alpha chip twiack speeds from 300 to 600 MHz.

3.3 TECHNOLOGICAL INNOVATIONS OF MICROPROCESSORS

Some of the technological innovations of micropesues are:

1. Digital signal processoréDSPSs), a specific new class of microprocessoenated for

processing analog signals by sampling their mommgntaalues and using digital
processing methods for this

2. Transputers 32-bit microprocessors with a memory and diredtd for connection to

other transputer units cooperating in a networkesys

17



3. Programmable logic devicd®LDs), complex programmable logic systems comgjsti
of several logic blocks connected via a programmaitierconnect matrix

4. Fifth-generation computers (5G-computers) hal?& Ceplaced by aroblem-solving
and interference machindor called interference engine, control structure, rule
interpreten which enables dialogue between a computer andsis, often in a natural
language, for instance.

A coprocessoris a special processor chip or circuit board trestisis the processor in
performing specific tasks. Users running enginggrsatientific, or graphic applications,
for instance, will notice a dramatic increase iresph applications that take advantage of a
floating-point coprocessor (sometimes called mathumeric coprocessors).

When a coprocessor is not connected in the systehihee functions of the coprocessor
is done by the CPU by writing coprocessor instaridifrom a predetermined location in
the form of a software routine and invoked by inipt, it is known as ‘coprocessor trap’.
There are three fields in a coprocessor instruetithrese are code, address and opcode.
The code field distinguishes between the coprocemsd CPU instructions. The address
field indicates the address of a particular copseoe This is required when several
coprocessors are used in the system. The opcddaridicates the type of operation to

be executed by the processor.

4.0 CONCLUSION

Microprocessor is the brain of the PC. It is theshrexpensive component in the system.
It is interesting to note that the microprocessa bnly existed for 10 years prior to the
creation of the PC! The microprocessor was inveritgdntel in 1971. The PC was
created by IBM in 1981. Some of the technologiocalovations of microprocessors are:
Digital signal processordDSPs), Transputers Programmable logic device@PLDs),

Fifth-generation computers (5G-computers) ald@ocessor.

18



5.0 SUMMARY

Microprocessor: The brain or engine of the PC is processor (sometimes called
microprocessor), or central processing unit (CPthe CPU performs the system’s
calculating and processing. The processor is ettslymost expensive single component
in the system, costing up to four or more timeagrethan the motherboard it plugs into.
Intel is generally credited with creating the finsticroprocessor in 1971 with the
introduction of a chip called the 4004.

The historical development of the microprocess@e document increases in clock
speed (the speed at which a processor executegcin@is) and number of transistors in
chips. Since 1982ntd is the leading manufacturer of processors. They asenodel
number to identify the various chips (Intel 8088286, 80386, 80486). Later they
decided to identify their microprocessors with nanfeentium® processorsCeleron

TM processors (less expensive PCs) dadnTM processors (workstations, servers).

6.0 TUTOR-MARKED ASSIGNMENT
1. What is a microprocessor?
2. When was the first microprocessor developed?

3. What is a coprocessor trap?

4. Explain the three fields contained in a coprocasr instruction.
7.0 REFERENCES/FURTHER READINGS

Rafiquzzaman, Mahamed/icroprocessor- and Microcomputer-Based System dpesi
2" edition, CRC Press, 1995.

Heffernan G. (2001) “8051 Tutorial”
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UNIT 2 MICROPROCESSORS ARCHITECTURE

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Microprocessor Architectural design
3.2 Components of Microprocessor
3.3

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

This unit looks at the Architectural design of ackéiprocessor. The 8085 Microprocessor
is used to describe the architectural design ofrdpicocessor. The function and features
of a Microprocessor and the various componentstaigied.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- known the component of a microprocessor.

. Explain microprocessor Architectural design

3.0 MAIN CONTENT

3.1 Microprocessor Architectural Design?

The salient features of 8085 microprocessor are:
* It is 8 bit microprocessor.

* It is manufactured with N-MOS technology.
20



* It has 16-bit address bus and hence can addpess216 = 65536 bytes (64KB)

memory locations throughOAA15.

* The first 8 lines of address bus and 8 linesatadbus are multiplexed A(\)D AD7.

 Data bus is a group of 8 Iine%DDY.

* It supports external interrupt request.

* A 16 bit program counters (PC)
* A 16 bit stack pointer (SP)
* Six 8-bit general purpose register arranged irspBC, DE, HL.

* It requires a signal +5V power supply and opeyate3.2 MHZ single phase clock.
* It is enclosed with 40 pins DIP (Dual in line gage). The architectural structure of

8085 microprocessor is shown below. The componrsritee 8085 will be

discussed in section 3.2.

U e
Ee ey Q
zE2ReE 3 o
ptitid it
| ntarrupt control | |S-en'al =] l:orﬂrrﬂl

B-bit intemal data bus ﬂ

ol 4 g &
Accumulator | | Temp reg| [Flagflip-ficps| || | Instrustion Breg (B)[Creg (B}
(Areg) (B (8 ish{l||register (2} | IDreg dB)[Ereg (B) -
I l Hreg d{8)|Lreg  (E) E
Adithmet Instnustion Steak polnter AL 'E
Io;cz} T.uﬁt || decodar and | [Program counter — (18) E
(aLUy e[ |rmachine cyclel e manterdecrementar
eﬂﬂj*f"'lg addreas lakch {18}
Tirming and conbrol
— Address Dataladdrass
—+{GEN Control Status DM Raset| | P75 & buffer — 8)
TIREYTIEIAEE  AA, 0, a0,
o SITWE addresa bus addrassddata bus
o " g
o

Figure 1: Architecture of 8085 Microprocessor
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3.2 Components of 8085 Microprocessor

1. Control Unit

Generates signals within uP to carry out the imsion, which has been decoded. In
reality causes certain connections between blo€kbeouP to be opened or closed, so

that data goes where it is required, and so thai Aperations occur.

2. Arithmetic Logic Unit
The ALU performs the actual numerical and logic raien such as ‘add’, ‘subtract’,
‘AND’, ‘OR’, etc. Uses data from memory and from c@anulator to perform arithmetic.

Always stores result of operation in Accumulator.

3. Registers

The 8085/8080A-programming model includes six regss one accumulator, and one
flag register, as shown in Figure. In additiorhas two 16-bit registers: the stack pointer
and the program counter. They are described braflipllows.

The 8085/8080A has six general-purpose registessore 8-bit data; these are identified
as B,C,D,E,H, and L as shown in the figurel. Thay be combined as register pairs -
BC, DE, and HL - to perform some 16-bit operatiohke programmer can use these

registers to store or copy data into the regidigrgsing data copy instructions.

4. Accumulator

The accumulator is an 8-bit register that is a pararithmetic/logic unit (ALU). This
register is used to store 8-bit data and to perfarithmetic and logical operations.

The result of an operation is stored in the accatoul The accumulator is also identified

as register A.

22



5. Flags

The ALU includes five flip-flops, which are set meset after an operation according to
data conditions of the result in the accumulatod ather registers. They are called
Zero(Z2), Carry (CY), Sign (S), Parity (P), and Aliedy Carry (AC) flags; they are listed
in the Table and their bit positions in the flagister are shown in the Figure below. The
most commonly used flags are Zero, Carry, and Sldme microprocessor uses these
flags to test data conditions. For example, afteaddition of two numbers, if the sum in
the accumulator id larger than eight bits, the-flgp uses to indicate a carry -- called the
Carry flag (CY) — is set to one. When an arithmeferation results in zero, the flip-flop
called the Zero(2) flag is set to one. The firgjufe shows an 8-bit register, called the
flag register, adjacent to the accumulator. Howeltds not used as a register; five bit
positions out of eight are used to store the oagtpiitthe five flip-flops. The flags are
stored in the 8-bit register so that the programman examine these flags (data
conditions) by accessing the register through atruction. These flags have critical
importance in the decision-making process of theroprocessor.

The conditions (set or reset) of the flags arestesitirough the software instructions. For
example, the instruction JC (Jump on Carry) is angnted to change the sequence of a
program when CY flag is set. The thorough undeditanof flag is essential in writing

assembly language programs.

6. Program Counter (PC)

This 16-bit register deals with sequencing the etien of instructions. This register is a
memory pointer. Memory locations have 16-bit adsiessand that is why this is a 16-bit
register. The microprocessor uses this registerséquence the execution of the
instructions. The function of the program coungeto point to the memory address from
which the next byte is to be fetched. When a bgtaghine code) is being fetched, the

program counter is incremented by one to poinh&rtext memory location
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7. Stack Pointer (SP)

The stack pointer is also a 16-bit register usea m&mory pointer. It points to a memory
location in R/W memory, called the stack. The begig of the stack is defined by
loading 16-bit address in the stack pointer. Tlagkstoncept is explained in the chapter

"Stack and Subroutines."

8. Instruction Register/Decoder
Temporary store for the current instruction of agmam. Latest instruction sent here
from memory prior to execution. Decoder then takestruction and ‘decodes’ or

interprets the instruction. Decoded instructiomtpassed to next stage.

9. Memory Address Register
Holds address, received from PC, of next prograstruction. Feeds the address bus with

addresses of location of the program under exatutio

10. Control Generator
Generates signals within uP to carry out the im$ion which has been decoded. In
reality causes certain connections between blo€kbeouP to be opened or closed, so

that data goes where it is required, and so thai Aperations occur.
10. Register Selector

This block controls the use of the register stacthe example. Just a logic circuit which

switches between different registers in the sdtredeive instructions from Control Unit.
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11. General Purpose Registers
uP requires extra registers for versatility. Canubed to store additional data during a

program. More complex processors may have a vaoiedyfferently named registers.

12. Microprogramming
How does thaiP knows what an instruction means, especially whénonly a binary
number? The microprogram in a uP/uC is writtenH®y¢hip designer and tells the uP/uC

the meaning of each instruction uP/uC can theryaart operation.

3.3 MICROPROCESSOR INTERFACING TECHNIQUE
A microprocessor would not be of much use by itsSBif perform useful work it needs to

be connected to other electronic components. T@ules computer, a microprocessor
must be interfaced to main memory, a graphic subsysdisk memory, the keyboard and

USB ports, to say the least.

For the design of industrial automation systemshsas alternative energy system
controller, the microprocessor will need to be rfsteed to a host of electromechanical
devices and sensors. For the design of supercomputaicroprocessors, the
microprocessor must be interfaced to banks of mstt 10 or 20, but thousands of other
microprocessors.
Related Searches:

1. Interface Fundamentals
A number of intermediary electronic circuits areeded to interface a microprocessor to
another component. Common microprocessor interfaogponents include a peripheral
interface controller (PIC), an interrupt controlland drivers, also know as buffers. Glue

logic, a mish-mash of logic gates, is also oftemdu® interface microprocessors.
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1. 8255 Peripheral Interface Controller
The 8255 Peripheral Interface Controller is theessal interface used with 8086
microprocessor Common 8255 interface designs appst motors and digital to analog
converter interfaces.
The 8255 peripheral interface controller takes aligjifrom the 8086 microprocessors and
redirects those signals to its own internal poftse ports are directly connected to the
peripheral to be controlled.
There are a number of control lines that conneeictly between the 8086 and the 8255.
These control lines are used to enable the 82%%ts for a read or write operation. The
8086 addresses the 8255 through the 8086 addressdnd feeds it 8-bit data through
the 8086 data bus.
4.0 CONCLUSION
The 8085 Microprocessor is used to describe thieitaotural design of Microprocessor.
The features of 8085 microprocessor such as tlys #tack pointer, General registers,

etc. Each of the components are discussed abovehamdin figure 1.

5.0 SUMMARY
The salient features of 8085 microprocessor are:
* It is 8 bit microprocessor.
e It is manufactured with N-MOS technology.
* It has 16-bit address bus and hence can addpetss216 = 65536 bytes (64KB)

memory locations throughOAAls.
* The first 8 lines of address bus and 8 linesatadbus are multiplexed A(\)D AD7.
 Data bus is a group of 8 Iine%DD7.
Some of the Components of 8085 Microprocessor

1. Control Unit
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. Arithmetic Logic Unit

. Registers

. Accumulator

. Flags

. Program Counter (PC)
. Stack Pointer (SP)

. Instruction Register/Decoder

© 00 N oo O B~ W N

. Memory Address Register

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the architecture of microprocessor i operation

7.0 REFERENCES/FURTHER READINGS
Heffernan G. (2001) “8051 Tutorial”

Krishna Kumar, M. (2004) Microprocessors and Mianairollers/Architecture of
Microprocessors Lecture Notes

Mack Pamela E. (2005) “The Microcomputer Revolutiorhttp// www.
Clemson.edu/caah/history/Facultypages/Pammack/eiiéo.htm
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UNIT 3 TYPES OF MICROPROCESSORS

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Types of microprocessor
3.2 Comparism of Microprocessors
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment
7.0 References/Further Readings
1.0 INTRODUCTION
This unit explain the types of microprocessors tase Hardware characteristic ( RISC,
CISC VLIW AND SUPERSCALE) and characteristic of &pation areas (General
Purpose Processor and Special Purpose ProcesBer)ydes of microprocessor will also
be study using the Intel and Motorola microprocessoThe comparison of
Microprocessor is also discussed.
2.0 OBJECTIVES
At the end of this unit, you should be able to:
. Explain the types of microprocessor based on hhedware characteristic and
applications areas
- know the various types of microprocessor espgdia¢ Intel and Motorola
- To compare the various types of microprocessse ba their features.

. Understanding the differences in microprocessdmitecture
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3.0 MAIN CONTENT

3.1 TYPES OF MICROPROCESSOR BASED ON HARDWARE

CHARACTERISTICS AND APPLICATION AREAS

The types of Microprocessor are discussed basédmnolassification criteria:
1. hardware characteristics

* RISC

* CISC

e VLIW

» Superscalar
2. characteristics of application areas

* GPP (General Purpose Processor) / MCU (Micro@detrUnit)

* SPP (Special Purpose Processor)

— ASIC (Application-Specific Integrated Circuit)

— ASIP (Application-Specific Instruction-set Proseg

— DSP (Digital Signal Processor)

FEATURES OF THE VARIOUS HARDWARE CHARACTERISTIC.
1. Complex Instruction Set Computer (CISC)
= |arge number of complex addressing modes
= many versions of instructions for different operand
= different execution times for instructions
= few processor registers

= microprogrammed control logic

2. Reduced Instruction Set Computer (RISC)
= one instruction per clock cycle
* memory accesses by dedicated load/store instrgction

» few addressing modes
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= hard-wired control logic

3. Very Long Instruction Word (VLIW)

= gstatically determined instruction-level parallelignmder compiler control)

» instructions are composed of different machine aj@ns whose execution is
started in parallel

= many parallel functional units

= |arge register sets

4. Superscalar Processors
= subclass of RISCs or CISCs
= multiple instruction pipelines for overlapping exéon of
» instructions

= parallelism not necessarily exposed to the compiler

FEATURES BASEDON APPLICATION AREAS
General Purpose Versus Specific Use
Microprocessors that are capable of performing @ewange of tasks are callgdneral
purpose microprocessors General purpose microprocessors are typicallykihd of
CPUs found in desktop computer systems. These ¢tiypsally are capable of a wide
range of tasks (integer and floating point aritimetxternal memory interface, general
I/0O, etc). We will discuss some of the other typeprocessor units available:
General Purpose
A general purpose processing unit, typically refdrto as a "microprocessor" is a
chip that is designed to be integrated into a lagystem with peripherals and
external RAM. These chips can typically be usedhvat very wide array of

software.
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DSP

A Digital Signal Processor, or DSP for short, iship that is specifically designed
for fast arithmetic operations, especially additaord multiplication. These chips
are designed with processing speed in mind, and tigmically have the same
flexibility as general purpose microprocessors. D350 have special address
generation units that can manage circular buffeesform bit-reversed addressing,
and simultaneously access multiple memory spac#s htile to no overhead.
They also support zero-overhead looping, and desitygrle multiply-accumulate
instruction. They are not typically more powerfuhah general purpose
microprocessors, but can perform signal processisks using far less power (as

in watts).

Embedded Controller

Embedded controllers, or "microcontrollers" are noprocessors with additional
hardware integrated into a single chip. Many miordollers have RAM, ROM,
A/D and D/A converters, interrupt controllers, tirmeand even oscillators built
into the chip itself. These controllers are desthteebe used in situations where a
whole computer system isn't available, and onlynaals amount of simple

processing needs to be performed.

Programmable State Machines

The most simplistic of processors, programmabltie steachines are a minimalist
microprocessor that is designed for very small amdple operations. PSMs
typically have very small amount of program ROM ialae, limited scratch-pad
RAM, and they are also typically limited in the &p@nd number of instructions
that they can perform. PSMs can either be usedistkome, or (more frequently)

they are embedded directly into the design of gelachip.
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Graphics Processing Units
Computer graphics are so complicated that functiongrocess the visuals of
video and game applications have been offloadeal $pecial type of processor
known as a GPU. GPUs typically require specialibeddware to implement
matrix multiplications and vector arithmetic. GPW@se typically also highly
parallelized, performing shading calculations onltiple pixels and surfaces

simultaneously.

3.2 THE TYPES OF MICROPROCESSOR BASED ON THE INTEL AND
MOTOROLA MICROPROCESSORS.

1. Intel Microprocessors

The Early Intel Microprocessors

The first microprocessor to appear in the markes wee Intel4004 a 4-bit data bus
device.

This device was followed by th@008 which had an 8-bit data bus. Two more 8-bit
microprocessors (reference to the number of bitslls refers to the data bus unless
stated otherwise), th8080 and 8085 were introduced in the mid-1970s. These two

devices could address only 216 memory locations.

The 80X86 Family of Microprocessors

Since its introduction in 1978, the so-called X86hitecture has undergo five major
evolutionary stages. The terarchitecturein relation to microprocessors refers to the
internal design and organization of the device.

The first generation of the 80X86 family includé® 8086 the 808§ and the80186
Next, came th&0286 followed by the80386 and then th&0486 ThePentium is the
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fifth generation Intel microprocessor. Each genenabuilt upon the basic concept of the

first additional features and improved performance.

Intel 8086/8088 and 80186

Introduced in 1978, th8086 was the first 80X86 family and is the basis for lallel
microprocessors that followed.

The 8086 was a 16-bit microprocessor (16-bit dats) land represented a significant
departure from the earlier 8-bit devices. Ownedad@ress lines (allowing 220 memory
locations to be accessed). The various versioniseo8086 operated at clock frequencies
of %, 8, or 10MHz.

The 8088is essentially an 8086 with the 16-bit internaladatis multiplexed down to an
8-bit external bus. It was intended to meet the aleinfor applications in simpler 8-bit
systems and was used in the original IBM persooadputer (PC).

The 80186is an 8086 with several support functions such laskcgenerator, system
controller, interrupt controller, and direct memagcess (DMA) controller integrated on
the chip. An increased clock frequency of 12.5MHzsvadded and the 5MHz available
in the 8086/8088 was dropped, resulting in a seledf 8, 10, or 12.5MHz.

Intel 80286

Introduced in 1982, the memory addressing capgbilds increased to 24 address lines.
First Intel processor to include an advanced motleoperation (used in the next

generations of microprocessorpjotected mode. This mode allows access to additional
memory locations and advanced programming featutesperates at the same clock

frequencies as the 80186.

Intel 80386
Introduced in 1985, it was the first 32-bit Intelcnoprocessor (32-bit data bus + 32-bit

address
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bus). The first Intel microprocessor to use ingtarcpipelining. All 80386 versions can

operate in conjunction with math (floating-pointp-processors. More economical
versions: 80386SX and 80386SL, in which the dataibumultiplexed down to 16 bits

and the address bus down to 24 bits. Versionsojpertate at clock frequencies of 16, 20,
25 and 33MHz are available.

Intel 80486
Introduced in 1989, it incorporates an 8Kbytes eaalmemory (shared for data and
instruction).
The first Intel processor to present an internabtihg point unit (FPU). Different

versions operate at clock frequencies from 25 @MIi9z (Intel 80486 DX4).

Pentium

Introduced in 1993, retains the 32-bit addressdiuke 80486 but doubles the data bus
to 64 bits. Presents two 8Kbytes cache memories f@ninstruction, one for data). Dual
pipeline method, known as superscalar architectdte present, frequencies up to

1.75GHz, 20-stage pipeline, and 3-level cache mgmaahitectureslaniun).

2. Motorola microprocessors

The Early Motorola Microprocessors

The first microprocessors from Motorola were abhiBdevices (8-bit data bus). TB800
appeared in 1975 with a clock frequency of 2MHz aafdable of addressing 64 Kbytes
of memory with a 16-bit address bus. In 8892 a 128Kbytes RAM was added for use
in the place of some registers. The clock frequewag increased in thé803 to
3.58MHz, and a UART (Universal Asynchronous RecéiMansmitter) was added for
serial communications. The last of the 8-bit mcozessors was tf6309which offered
an enhanced instruction set including a multiplgtiaction. All of the 8-bit devices

retained the 16-bit address bus.
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Figure 2: Motorola Microprocessor

The 680X0 Family of microprocessors

The Motorola 680X0 family of microprocessors isitsphto five generations. It was
started in

1978, with the MC68000, and was concluded in 1984 the MC68060. The PowerPC

family is the sixth generation of Motorola micropessors.

Motorola 68020

The MC68020 provides a code-compatible upgrade fpaith the MC68000.

The MC68ECO020 offers slightly reduced functionabitya lower cost..

Motorola entered the world of 32-bit microprocesswiith the 68020. 4 Gbytes Direct
Linear

Address Space.

It featured a 256-byte cache memory for instrugj@m innovative feature at that time.
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10 MIPS @ 33 MHz.
Available in 12, 16, 20, 25, and 33 MHz.
MCG68EC020 Available in 16 and 25 MHz.

Motorola 68030

Another 256-byte cache was added for data.

Internal Harvard Architecture.

On-Chip Memory Management Unit (MC68 030).

Burst Memory Interface.

The MC68ECO030 offers a lower cost embedded solubgnremoving the memory
management unit.

18 MIPS @ 50MHz.

Available in 16, 20, 25, 33, 40, and 50 MHz.

MCG68EC030 Available in 25 and 40 MHz.

Motorola 68040

The data and instruction caches (separated) wereased to 4kbytes each.

Internal Harvard Architecture.

On-Chip Memory Management Unit.

Burst Memory Interface.

On-chip math coprocessor (floating point unit) vaasled in the 68040.

44 MIPS @ 40 MHz.

Available in 25, 33, and 40 MHz.

MC68040V is a Low Power (3.3V) Version of MC68LC040

PowerPC 601/601v

The PowerPC 601/601v Microprocessdihe PowerPC 601 microprocessor is the first
32-bit implementation of the PowerPC Reduced Imsivn Set Computer (RISC)
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architecture. The PowerPC 601 microprocessor pesvidgh levels of performance for
desktop, workstation, and symmetric multiprocessiogputer systems and offers design
flexibility through operation at either 2.5 vol®&0(Lv) or 3.6 volts (601).

Superscalar Microprocessoithe PowerPC 601 microprocessor is a superscaligrdes
capable of issuing and retiring three instructipes clock. Instructions issue to multiple
execution units, execute in parallel, and can cetepbut of order, while preserving
program correctness. The PowerPC 601 integrates #xecution units: an integer unit
(IV), a branch processing unit (BPU), and a flogdpoint unit (FPU). It also incorporates
a memory management unit (MMU), a unified instroetiand data cache, a real-time
clock (RTC), and on-chip test capability. The ahilio execute multiple instructions in
parallel and the use of simple instructions withidaexecution times yield maximum
efficiency and throughput for PowerPC systems.

Cache and MMU SupporiThe PowerPC 601 microprocessor includes an on-@#p,
Kbyte, eight-way set-associative, physically adseds unified (instruction and data)
cache.

An on-chip MMU contains 256-entry, two-way set-asative, unified (instruction and
data) translation lookaside buffer (UTLB) and po®s support for demand paged virtual
memory address translation and variable-sized Hiarislation.

Flexible Bus InterfaceThe PowerPC 601 microprocessor has a high bandwédtit
data bus and a separate 32-bit address bus. Hrtagd protocol allows multiple masters
to access system resources through a central aektarbiter. Additionally, on-chip

snooping logic maintains cache coherency in mutpssor applications.

PowerPC 601 Major Features:
Specifications Summary

32-Kbyte unified cache
Superscalar-3 instructions per clock

Multiple execution
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64-bit data bus
L2 cache

Power consumptiorfzull operation - 10 watts maximum at 80 MHz

Technology

3.6-volt implementation

0.6-micron static CMOS technology

120 mm2 die size

2.8 million transistors Packaging

304 CQFP

3.3 TYPES OF USE

Microcontrollers and Microprocessors are used fonuamber of different types of

applications. People may be the most familiar wita desktop PC, but the fact is that

desktop PCs make up only a small fraction of altroprocessors in use today. We will

list here some of the basic uses for microprocessor

Signal Processing
Signal processing is an area that demands higlompesthce from microcontroller
chips to perform complex mathematical tasks. Signatessing systems typically
need to have low latency, and are very deadlingedriAn example of a signal
processing application is the decoding of dig#tision and radio signals.

Real Time Applications
Some tasks need to be performed so quickly thah ¢ke slightest delay or
inefficiency can be detrimental. These applicati@e known as "real time
systems"”, and timing is of the upmost importanca. é&xample of a real-time
system is the anti-lock braking system (ABS) cdigran modern automobiles.

Throughput and Routing
Throughput and routing is the use of a processa@revidata is moved from one

particular input to an output, without necessargyuiring any processing. An
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example is an internet router, that reads in datkgts and sends them out on a
different port.

Sensor monitoring
Many processors, especially small embedded process® used to monitor
sensors. The microprocessor will either digitizel itter the sensor signals, or it
will read the signals and produce status outpins $ensor is good, the sensor is
bad). An example of a sensor monitoring processathé processor inside an
antilock brake system: This processor reads thkebsansor to determine when
the brakes have locked up, and then outputs aatmitmal to activate the rest of
the system.

General Computing
A general purpose processor is like the kind ofcessor that is typically found
inside a desktop PC. Names such as Intel and AMDygnically associated with
this type of processor, and this is also the kihgrocessor that the public is most
familiar with.

Graphics
Processing of digital graphics is an area whereiafiged processor units are
frequently employed. With the advent of digitalketasion, graphics processors are
becoming more common. Graphics processors neee able to perform multiple
simultaneous operations. In digital video, for amte, a million pixels or more
will need to be processed for every single franmgl, @ particular signal may have
60 frames per second! To the benefit of graphicggssors, the color value of a
pixel is typically not dependent on the values wieunding pixels, and therefore

many pixels can typically be computed in parallel.
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3.4 COMPARISM OF DIFFERENT MICROPROCESSOR ARCHITECT URE

X64 vs. X86

A microprocessor may be listed for sale as an "pBfessor” or an "x64 processor."
What is the difference, though?

An "x86" processor is a microprocessor that is blpaf processing information in 32-

bit pieces (called "instructions"). Each "bit" ispa@ece of information that the computer
uses to transmit information, run computations gedform other such processes. A
processor using x86 architecture is considered éoabsuccessor technology to the
original microprocessors used in the IBM PC. Sitlee original processor used in an
IBM PC was based upon the Intel 8086 microprocessoccessive microprocessors
using the same set of instructions to run have loegned similarly--the 80286, 80386
and 80486, for example.

A microprocessor using x64 architecture is sligltifferent than the x86 processor. An
Xx64 processor is capable of processing not onhbiB82nstructions, but also 64-bit

instructions as well. Because of the increased lihfyaof the x64 microprocessor, a

computer that utilizes an x64 microprocessor i® aigpable of utilizing more memory

(128 GB maximum vs. 4 GB maximum) than a compuién an x86 microprocessor.

An x64 microprocessor, therefore, would be thedpethoice if you plan to use the
computer for memory-intensive applications, or auyneed better overall performance
out of your computer system.

Dual-Core vs. Quad-Core Architecture

Many microprocessors made by Intel and AMD are nugie processors. What this

means is that within one microprocessor, thereth@oeor more central processing units
(cores) within one integrated circuit package.

As their names imply, "dual-core" multiprocessoravdn two CPU cores in the

multiprocessor package, and "quad-core" multipreaes have four CPU cores.

Depending upon the software being used, the operalistem the computer system has
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installed and the amount of memory available to ¢tbenputer system, a quad-core
system is capable of running more simultaneousgsses than a dual-core system.

However, some older software or operating systesush( as Windows 95, Windows 98
or Windows Me) are not capable of utilizing mulare microprocessors. If the software
or operating system is incapable of utilizing tesaurces available, using a multi-core

microprocessor is no different than using a sirglee microprocessor.

4.0 CONCLUSION

A microprocessor is an integrated circuit that Ballost of the works of a computer. It
can fetch an instruction,
When there is program memory, RAM, and other supgiocuitry on the chip, this is a
micro-controller. Depending on how much data capieeessed at once, this can be a 4,
8, 16, 32 (and more) bit processor.

5.0 SUMMARY

The vast majority of microprocessors are embeddmdocontrollers. The second most
common type of processors are common desktop morgssuch as Intel's Pentium or
AMD's Athlon. Less common are the extremely powlepocessors used in high-end
servers, such as Sun's SPARC, IBM's Power, ordritahium.

Historically, microprocessors and microcontrollé@ve come in "standard sizes" of 8
bits, 16 bits, 32 bits, and 64 bits. These sizescammon, but that does not mean that
other sizes are not available. Some microcontll@usually specially designed
embedded chips) can come in other "non-standards Such as 4 bits, 12 bits, 18 bits,
or 24 bits. The number of bits represent how muliisigal memory can be directly
addressed by the CPU. It also represents the anujubits that can be read by one
read/write operation. In some circumstances, thesalifferent; for instance, many 8 bit
microprocessors have an 8 bit data bus and a Ealbress bus.

. 8 bit processors can read/write 1 byte at a tintecam directly address 256 bytes
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. 16 bit processors can read/write 2 bytes at a tand, can address 65,536 bytes
(64 Kilobytes)

. 32 bit processors can read/write 4 bytes at a tand,can address 4,294,967,295
bytes (4 Gigabytes)

. 64 bit processors can read/write 8 bytes at a timegd can address
18,446,744,073,709,551,616 bytes (16 Exabytes)

This device was followed by th@008 which had an 8-bit data bus. Two more 8-bit

microprocessors (reference to the number of bitalls refers to the data bus unless

stated otherwise), th8080 and 8085 were introduced in the mid-1970s. These two

devices could address only 216 memory locations.

Two classification criteria:

— hardware characteristics

* RISC

* CISC

* VLIW

» Superscalar

— Characteristics of application areas

* GPP (General Purpose Processor) / MCU (Micro@detrUnit)
» SPP (Special Purpose Processor)

— ASIC (Application-Specific Integrated Circuit)

— ASIP (Application-Specific Instruction-set Proses
— DSP (Digital Signal Processor)

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the type of Microprocessor based on Ware characteristic
2. Explain briefly any two types of microprocesbased on the following

a. Intel
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b. Motorola
3. Compare and contrast the following:
i. Dual-Core vs. Quad-Core Architecture

il. X64 vs. X86 processor

7.0 REFERENCES/FURTHER READINGS
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UNIT 4 MICROPROCESSORS OPERATION AND FUNCTIONS

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 DIFFERENT OPERATIONS OF A MICROPROCESSOR
3.2 FUNCTIONAL DESCRIPTION OF 8085 MICROPROCESSOR
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

A microprocessor manipulates data in a computetesysThe central processing unit
acts as the brain of a computer and consists ofbomeore microprocessors made up of
several thousand transistors on a single integratedit. The microprocessor works in

conjunction with other parts of the computer to pote arithmetic and logic functions to

handle tasks using an instruction set to perfotrtagks within a computer.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
- Different operations of a microprocessor

. Functions of a microprocessor.
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3.0 MAIN CONTENT
3.1 DIFFERENT OPERATIONS OF A MICROPROCESSOR

The microprocessor works in conjunction with otparts of the computer to compute
arithmetic and logic functions to handle tasks gsin instruction set to perform all tasks
within a computer.

1. Input and Output
The microprocessor accepts input from devices, sasch mouse, keyboard or scanner,
and performs a function on that data. It makes ast based on the data, the
microprocessor computes the information and thegerids the results to the output
devices, such as a monitor or printer, as readafilemation for the user. For example, if
a user using a word processor presses "m" on tkiboked, the microprocessor will
accept that and send the letter "'m" to the monitor.

2. Arithmetic Logic Unit
The arithmetic logic unit gathers information agpuh from the CPU registers and
operands and then does the arithmetic operatiaiditi@n, subtraction, multiplication
and division) and logic operations (AND, OR and XORuring data processing, the
ALU tests conditions and prepares to take diffesttons based on results. The ALU
also gathers data from additional sources, inclydimmber systems, instructions, timing
and data routing circuits, such as adders andasibts.

3. Memory
The microprocessor accesses and stores binarudtistis into memory, or circuits that
store bits. Random access memory is a control methat uses registers to temporarily
store data. The microprocessor stores volatile ds¢d by programs in RAM. Read-only
memory stores data permanently on chips with iotins built in. It takes longer to
access the information in ROM, but it does not lmfermation when a computer shuts

down as does RAM.
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4. Control Unit
The control unit directs the flow of operations addta by selecting one program
statement at a time, interpreting it and sendingsages to the ALU or registers to carry
out the instruction. It also decides where to kedprmation in memory and which
devices to communicate with by interfacing with tAeU, memory and input/output
devices. The control unit can also shut down a aderpf it or another device, such as

the power source, detects abnormal conditions.

5. Information Exchange
The system bus connects the microprocessor to ¢npherals, such as a keyboard,
mouse, printer, scanner, speaker or digital cam&he microprocessor sends and
receives data through the system bus to communiwéte the peripherals. It only
communicates with one peripheral at a time so a®tanix up any information and send

it to the wrong place. The control unit controle thming of the information exchange.

3.2 Function of Microprocessors

A microprocessor controls all functions of the CPU, or cengpabcessing unit, of
computer or other digital device. The microprocedsactions as an artificial brain. T
entire function of the CPU is controlled by a sangitegrated circuit. The microprocessor
is programmed to give and receive instructions father components of the device.
system can control everything from small deviceshsas calculators and mobile phol
to large automobiles. Microprocessors are smafisthat carry out all the les of CPU. |
is a device that allows a computer to work. It perfs in same distinct way whet|
incorporated on laptops or servers. The first emeroprocessor was introduced by Inte
the year 1971. The processor was called Intel4@@4carried at most simple operatio

related to mathematics.
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It is the size of a chip which contains billionsvarious transistors. They have the power
to calculate mathematical operations using algaerithDue to floating point processors,

the microprocessors can conduct any operationmpatation accurately at the earliest.

The microprocessor does enable to transfer data fwae location to another. The
information that you require is shifted to the haddve in split seconds. The
microprocessors are considered as devices that rmngkant decisions and carry out
multiple commands with the help of the decisionke Tegister and coder do help the

microprocessor to carry out the required dutiesiastluctions.

The two memories are responsible for any micromsaeto function properly. Firstly,
the read only memory and secondly, random accessonyewhich together constitute
the microprocessor. ROM as a program includes #efiget of instructions that is
combined with a constant set of bytes. RAM incluagse-defined set of bytes that can
store a limited amount of information. The othendtion of microprocessor is to conduct
and carry out executions in all kinds of formatsitb@ata, video or audio. However, we
have already entered the digital age whereby mromgssors sometimes do not exist.
The recent developments in the field of technolaggdicine, communications in the
twenty first century has lead to various innovasiam microprocessors. Microprocessors
have improved our lifestyle due to new enabledhtég and improved hand held

machinery.

4.0 CONCLUSION

The microprocessor works in conjunction with otparts of the computer to compute
arithmetic and logic functions to handle tasks gsin instruction set to perform all tasks
within a computer. The microprocessor functions aas artificial brain. The entire
function of the CPU is controlled by a single intgd circuit. The microprocessor is

programmed to give and receive instructions fronentomponents of the device.
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5.0 SUMMARY
The microprocessor works in conjunction with otparts of the computer to compute
arithmetic and logic functions to handle tasks gsin instruction set to perform all tasks

within a computer.

Input and Output: The microprocessor accepts input from devicesh sisca mouse,

keyboard or scanner, and performs a function ondaiz.

Arithmetic Logic Unit: The ALU also gathers data from additional soureesluding
number systems, instructions, timing and data nguttircuits, such as adders and
subtracters.

Memory: The microprocessor accesses and stores binarygtiehs into memory, or
circuits that store bits. It stores volatile datsedi by programs in RAM. Read-only
memory stores data permanently on chips with iotins built in. It takes longer to
access the information in ROM, but it does not lofermation when a computer shuts

down as does RAM.

Control Unit: The control unit directs the flow of operationglatata by selecting one
program statement at a time, interpreting it anmtisgy messages to the ALU or registers
to carry out the instruction. It also decides whierkeep information in memory and
which devices to communicate with by interfacingthwithe ALU, memory and

input/output devices.

Information Exchange: The system bus connects the microprocessor tpdtipherals,

such as a keyboard, mouse, printer, scanner, speakeigital camera. It sends and
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receives data through the system bus to communveisttethe peripherals. The control

unit controls the timing of the information exchang

The functions of a microprocessor are:

1. The microprocessor does enable to transfer dama &ree location to another. The
information that you require is shifted to the hahdve in split seconds. The
microprocessors are considered as devices that matant decisions and carry
out multiple commands with the help of the decisiofihe register and coder do
help the microprocessor to carry out the requingitkd and instructions.

2. The microprocessors can conduct any operation mpatation accurately at the

earliest due to the floating Processor.

6.0 TUTOR-MARKED ASSIGNMENT
1. What are the main operations of Microprocessor?

2. What are the main functions of Microprocessor?

7.0 REFERENCES/FURTHER READINGS
Kastner, D. (2003) “ Embedded System”

Krishna Kumar, M. (2004) Microprocessors and Mianoicollers/Architecture of

microprocessors Lecture Notes

Microprocessor Architecture “http://www.ehow.comiw&581467 microprocessor-

architecture-“tutorials.htmi
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UNIT 1 ASSEMBLY LANGUAGE
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1.0 INTRODUCTION

An assembly language is a Low level language thatains a short word or "mnemonic"
for each individual command that a microcontrotian follow. Assembly language gets
converted (by a program called an "assembler") th® binary machine code. The
machine code is specific to each different typenathine. “There are three reasons for
using assembly language: speed, speed, and mad.dpecn those who absolutely hate
assembly language will admit that if speed is ymimary concern, assembly language is

the way to go. The 8085 Assembly language instvactet is used to explain the format
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and operation of assembly Language. Assembly lagghas several benefits which are

stated in the main text.

2.0 OBJECTIVES

At the end of this unit, you should be able to:
- Explain what Assembly Language is

. Benefits of Assembly Language

- know Assembly language formats

- 8085 assembly language instruction set

3.0 MAIN CONTENT
3.1 What is Assembly language?

An assembly language is a small language that c@ngashort word or "mnemonic"” for
each individual command that a microcontroller t@low. Each command gets a single
mnemonic, and each mnemonic corresponds to a smgthine command. Assembly
language gets converted (by a program called asehalsler") into the binary machine

code. The machine code is specific to each diftaggre of machine.

When using assembly language, you will store mbgbar variables in registers. There
are only 14 general purpose registers, howeversasnetimes you will need to use
memory words for other variables. A variable ig pu$ocation in memory that is reserved
for use as that variable. To use that variable, wduneed to first load its value into a
register. If the value changes, you will need tatevits value back into the memory
location if you want to keep it. The variables dezlared in assembly language by using

a .DATA directive, and using a label to specifyestain word of memory.

Assembly language has several benefits which are:
» Speed. Assembly language programs are genehnalliastest programs around.
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» Space. Assembly language programs are oftemtlh#est.
» Capability. You can do things in assembly whiek difficult or impossible in High
Level languages.

* Knowledge. Your knowledge of assembly languadgeheip you write better programs

NUMBER REPRESENTATION FOR DIFFERENT BASES

The following is an example showing the decimal bem46 represented in different

number bases:

46d ; 46 decimal

2Eh ; 2Eh is 46 decimal represented as a hexbaum

560 ; 560 is 46 decimal represented as an nataber
101110b ; 101110b is 46 decimal representedbasaay number.

Note a number digit must be used in the first cttaraof a hexadecimal number. For
example the hexadecimal number A5h is illegallyespnted and should be represented
as OA5h.

THE BASIC ASSEMBLY LANGUAGE OPERATORS
1. The Arithmetic Operators

The arithmetic operators are:

+ add

- subtract

* multiply

/ divide

MOD modulo (result is the remainder following diais)

2. The Logical Operators
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The logical operators are:

AND Logical AND

OR Logical OR

XOR Logical XOR (exclusive OR)
NOT Logical NOT

3. The Relational Operators
The result of a relational operation is either toepresented by minus 1), or false

(represented by zero). The relational operators are

Equal to EQ =

not equal to NE <>

greater than GT >

greater than or equal to GE >=
less than LT <

less than or equal to LE <=

(note ‘EQ’ symbol and ‘=* symbol have the same nieg)

4. Operator Precedence
Like a high level language, assembly level progrdefine operator predence. Operators
with same precedence are evaluated left to rigbte Norackets () means to
evaluate this first. HIGH indicates the high-byheld OW indicates the low-byte.

Later examples will clarify the use of such speoia¢rators. The precedence list, highest
first, is as follows:

()

HIGH LOW

*/ MOD SHL SHR
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+ -
=<><<=>>=
NOT

AND

OR XOR

3.2 ASSEMBLY LANGUAGE FORMAT

The format of an assembly language instructiors ihows:

INST argl, arg2, arg3; comment

The first thing on the line is the name of the nastion. This is generally a 3 or 4 letter
abbreviation of what the instruction does. Thikm®wn as annemonic In assembly
language, whitespace doesn't matter, but thereehnbe one instruction on a line, and
you can't break up an instruction across multipled. The Smalltium assembler is not
case sensitive (except for character constantseidata section).

The actual number and type of the arguments isabkiand depends on which
instruction you are using. In general, the argusi@ain be either registers or values. A
register is specified by “r#" where # is the segi number (for example rO or r12).
Remember that rO always contains the value 0, dhdsrthe program counter. Because
rl5 is the program counter, you can also refert si pc”. A value is specified by a

decimal number or by a label. We will discuss lalzbit later.

3.3 8085 ASSEMBLY LANGUAGE INSTRUCTION SET

ASSEMBLER DIRECTIVES

The assembler directives are special instructioh@écassembler program to define some
specific operations but these directives are ndtqiehe executable program.

Some of the most frequently assembler directivedistied as follows:
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ORG: OriGinate, defines the starting address fermtogram in program (code) memory

EQU: EQUate, assigns a numeric value to a symlaoitifier so as to make the program

more readable.

DB: Define a Byte, puts a byte (8-bit number) numtmnstant at this memory location

DW: Define a Word, puts a word (16-bit number) n@mlzonstant at this memory

location

DBIT: Define a Bit, defines a bit constant, whishstored in the bit addressable section
if the Internal RAM.
END: This is the last statement in the source thleadvise the assembler to stop the

assembly process.

TYPES OF INSTRUCTIONS
The assembly level instructions include: data fi@migstructions, arithmetic instructions,
logical instructions, program control instructiomsd some special instructions such as

the rotate instructions.

Data Transfer
Many computer operations are concerned with modeitg from one location to another.

The 8051 uses five different types of instructiomtove data:

MOV MOVX MOVC
PUSH and POP XCH
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MOV

In the 8051 the MOV instruction is concerned witbvimg data internally, i.e.
between Internal RAM, SFR registers, general reggsttc. MOVX and MOVC are
used in accessing external memory data. The MOWucison has the following
format:

MOV destination <- source

The instruction copies (copy is a more accurateioan move) data from a defined

source location to a destination location. Exan@V instructions are:

MOV R2, #80h ; Move immediate data value 80heigister R2

MOV R4, A ; Copy data from accumulator to regisR4

MOV DPTR, #0F22Ch ; Move immediate value F22Ckh®DPTR register

MOV R2, 80h ; Copy data from 80h (Port 0 SFRR®

MOV 52h, #52h ; Copy immediate data value 52RAdM location 52h

MOV 52h, 53h ; Copy data from RAM location 53hRAM 52h

MOV A, @RO ; Copy contents of location addresgedR0 to A (indirect

addressing)

MOVX

The 8051 the external memory can be addressed usinggct addressing only. The
DPTR register is used to hold the address of thiereal data (since DPTR is a 16-bit
register it can address 64KByte locations: 216 K)64 he 8 bit registers RO or R1 can
also be used for indirect addressing of externahorg but the address range is limited
to the lower 256 bytes of memory (28 = 256 bytes).

PUSH and POP
PUSH and POP instructions are used with the stabk @he SFR register SP contains
the current stack address. Direct addressing i$ asshown in the following

examples:
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PUSH 4Ch ; Contents of RAM location 4Ch is sawethe stack. SP is incremented.
PUSH 00h ; The content of RO (which is at 00h AMR is saved to the stack and SP
is incremented.

POP 80h ; The data from current SP address i£ddpi80h and SP is decremented.

ARITHMETIC INSTRUCTION
Some key flags within the PSW, i.e. C, AC, OV, i atilised in many of the arithmetic

instructions. The arithmetic instructions can beuged as follows:

Addition

Register A (the accumulator) is used to hold tlseillteof any addition operation.
Some simple addition examples are:

ADD A, #25h ; Adds the number 25h to A, puttingrsin A

ADD A, R3 ; Adds the register R3 value to A, pugtisum in A

Simple addition is done within the 8051 based &t 8umbers, but it is often required to
add 16 bit numbers, or 24 bit numbers etc. Thiddda the use of multiple byte (multi-
precision) arithmetic. The least significant by&es first added, and if a carry results, this
carry is carried over in the addition of the naghgicant byte etc. This addition process
is done at 8-bit precision steps to achieve mutmion arithmetic. The ADDC
instruction is used to include the carry bit in @mdition process. Example instructions

using ADDC are:

ADDC A, #55h ; Add contents of A, the number 58te carry bit; and put the sum
in A

ADDC A, R4 ; Add the contents of A, the regisk4, the carry bit; and put the
sum in A.

Subtraction
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Computer subtraction can be achieved using 2’s temgnt arithmetic. Most computers
also provide instructions to directly subtract gidror unsigned numbers.

The accumulator, register A, will contain the rés(difference) of the subtraction
operation. The C (carry) flag is treated as a bwritag, which is always subtracted from

the minuend during a subtraction operation. Sonsmges of subtraction instructions

are:

SUBB A, #55d ; Subtract the number 55 (decimal) e C flag from A; and put
the result in A.

SUBB A, R6 ; Subtract R6 the C flag from A; and fhe result in A.

SUBB A, 58h ; Subtract the number in RAM locati®dh and the C flag

From A; and put the result in A.

Increment/Decrement

The increment (INC) instruction has the effect i@y adding a binary 1 to a number
while a decrement (DEC) instruction has the effeicsubtracting a binary 1 from a
number. The increment and decrement instructionsusa the addressing modes: direct,
indirect and register. The flags C, AC, and OV am¢ affected by the increment or
decrement instructions. If a value of FFh is inceeimit overflows to 00h. If a value of
00h is decrement it underflows to FFh. The DPTR ea&rflow from FFFFh to 0000h.
The DPTR register cannot be decremented using a DEuction (unfortunately!).

Some example INC and DEC instructions are as falow

INC R7 ; Increment register R7

INC A ; Increment A

INC @R1 : Increment the number which is the contérthe address in R1
DEC A ; Decrement register A

DEC 43h ; Decrement the number in RAM address 43h

INC DPTR ; Increment the DPTR register
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Multiply / Divide

The 8051 supports 8-bit multiplication and divisiohhis is low precision (8 bit)
arithmetic but is useful for many simple controplgations. The arithmetic is relatively
fast since multiplication and division are implertazh as single instructions. If better
precision, or indeed, if floating point arithmeticrequired then special software routines
need to be written. For the MUL or DIV instructiotie A and B registers must be used

and only unsigned numbers are supported.

Multiplication

The MUL instruction is used as follows (note abseata comma between the A and B
operands):

MUL AB ; Multiply A by B.

The resulting product resides in registers A anthB,low-order byte is in A and the high
order byte is in B.

Division

The DIV instruction is used as follows:

DIV AB : A'is divided by B.

The remainder is put in register B and the intgget of the quotient is put in register A.
Decimal Adjust (Special)

The 8051 performs all arithmetic in binary numbérs. it does not support BCD
arithmetic). If two BCD numbers are added thenrésult can be adjusted by using the
DA, decimal adjust, instruction:

DA A ; Decimal adjust A following the additiorf two BCD numbers.

Logical

Boolean Operations
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Most control applications implement control logising Boolean operators to act on the
data. Most microcomputers provide a set of Booleatructions that act on byte level
data. However, the 8051 (somewhat uniquely) aduhilly provides Boolean instruction
which can operate on bit level data.

The following Boolean operations can operate o tstel or bit level data:

ANL Logical AND

ORL Logical OR

CPL Complement (logical NOT)

XRL Logical XOR (exclusive OR)

Logical operations at the BYTE level

The destination address of the operartion can éeaticumulator (register A), a general
register, or a direct address. Status flags areaffetted by these logical operations

(unless PSW is directly manipulated). Example utdtons are:

ANL A, #55h ; AND each bit in A with correspondjrbit in number 55h, leaving
the result in A.

ANL 42h, R4 ; AND each bit in RAM location 42h twicorresponding bit
in R4, leaving the result in RAM location 42h.

ORL A,@R1 ; OR each bit in A with corresponding im the number whose
address is contained in R1 leaving the result in A.

XRL R4, 80h ; XOR each bit in R4 with corresparglbit in RAM location
80h (port 0), leaving result in A.

CPL RO ; Complement each bit in RO

Logical operations at the BIT level

The C (carry) flag is the destination of most leidl logical operations. The carry flag
can easily be tested using a branch (jump) instmucb quickly establish program flow
control decisions following a bit level logical apé&on.

The following SFR registers only are addressablgtitevel operations:

PSW IE IP TCON SCON
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Examples of bit level logical operations are afofes:

SETB 2Fh ; Bit 7 of Internal RAM location 25h ists

CLRC ; Clear the carry flag (flag =0)

CPL 20h ; Complement bit O of Internal RAM locatig4h

MOV C, 87h ; Move to carry flag the bit 7of Por{®FR at 80h)

ANL C,90h ; AND C with the bit O of Port 1 (SFR @)

ORL C, 91h ; OR C with the bit 1 of Port 1 (SFRo@)

Rotate Instructions

The ability to rotate the A register (accumulatdata is useful to allow examination of

individual bits. The options for such rotation asefollows:

RL A ; Rotate A one bit to the left. Bit 7 rotat® the bit O position
RLC A ; The Carry flag is used as a ninth bithe totation loop
ACCUMULATOR

b7 b6 b5 b4 b3 b2 bl b0

Carry flag

C

ACCUMULATOR

b7 b6 b5 b4 b3 b2 bl b0

RR A ; Rotates A to the right (clockwise)

RRC A ; Rotates to the right and includes theychitras the 9th bit.

Swap instruction

The Swap instruction swaps the accumulator’s higtero nibble with the low-order
nibble using the instruction:

SWAP A

Program Control Instructions

The 8051 supports three kinds of jump instructions:

61



LIMP SIMP AJMP

LIMP

LIMP (long jump) causes the program to branch destination address defined by the
16-bit operand in the jump instruction. Becausesait address is used the instruction
can cause a jump to any location within the 64KBytegram space (216 = 64K). Some
example instructions are:

LIMP LABEL_X ; Jump to the specified label

LIJMP OF200h ; Jump to address 0F200h

LIMP @A+DPTR ; Jump to address which is the suld®TR and Reg. A

SIMP

SJMP (short jump) uses a single byte address. addsess is a signed 8-bit number and
allows the program to branch to a distance —128dlyack from the current PC
ACCUMULATOR

b7 b6 b5 b4 b3 b2 bl b0

Carry flag

C

ACCUMULATOR

b7 b6 b5 b4 b3 b2 bl b0

ACCUMULATOR

b7 b6 b5 b4 b3 b2 bl b0

high nibble low nibble address or +127 bytes fodveitom the current PC address. The
address mode used with this form of jumping (ombhang) is referred to as relative
addressing,

introduced earlier, as the jump is calculated nadb the current PC address.

AJMP
This is a special 8051 jump instruction, which akoa jump with a 2KByte address
boundary (a 2K page)
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There is also a generic JMP instruction supportgdntany 8051 assemblers. The
assembler will decide which type of jump instruotio use, LIMP, SIMP or AJMP, so
as to choose the most efficient instruction.

Subroutines and program flow control

A suboutine is called using the LCALL or the ACAlinstruction.

LCALL

This instruction is used to call a subroutine apacified address. The address is 16 bits
long so the call can be made to any location withey64KByte memory space.

When a LCALL instruction is executed the current &ihtent is automatically pushed
onto the stack of the PC. When the program retfrome the subroutine the PC contents
is returned from the stack so that the programreanme operation from the point where
the LCALL was made The return from subroutine isi@eed using the RET instruction,

which simply pops the PC back from the stack.

ACALL

The ACALL instruction is logically similar to the@QALL but has a limited address range
similar to the AJMP instruction.

CALL is a generic call instruction supported by ma&051 assemblers. The assembler
will decide which type of call instruction, LCALLrAACALL, to use so as to choose the

most efficient instruction.

Program control using conditional jumps

Most 8051 jump instructions use an 8-bit destimat@ddress, based on relative
addressing, i.e. addressing within the range —428 27 bytes.

When using a conditional jump instruction the peasgmer can simply specify a program
label or a full 16-bit address for the conditionamp instruction’s destination. The
assembler will position the code and work out tbeext 8-bit relative address for the

instruction. Some example conditional jump instits are:
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JZ LABEL 1 ; Jump to LABEL _1 if accumulator iswe to zero

JNZ LABEL_X ; Jump to LABEL_X if accumulator is hequal to zero

JNC LABEL Y ; Jump to LABEL_Y if the carry flag 1sot set

DJINZ R2, LABEL ; Decrement R2 and jump to LABELtlife resulting value of R2 is
not zero.

CJINE R1, #55h , LABEL 2 ; Compare the magnitudeRafand the number 55h
and jump to LABEL_2 if the magnitudes are not equal

Note, jump instructions such as DIJNZ and CJINE arg powerful as they carry out a
particular operation (e.g.: decrement, compare) taed make a decision based on the
result of this operation. Some example code latkihelp to explain the context in which

such instructions might be used.

4.0 CONCLUSION
The major strength of Assembly language is spddd.dloser to the machine language.
You can do things in assembly which are difficulirapossible in High Level languages.

Your knowledge of assembly language will help yaitevbetter programs.

5.0 SUMMARY

Assembler A program that translates assembly language intohine
language.

assembler directive A command in assembly language that causes thenbks
to exhibit different behavior. Does not result ihe
generation of a machine language instruction.

Assembly language A programming language that is very similar to mae
language, but uses symbols instead of binary nusnber

condition flags A register that is treated such that each bit hakffarent
meaning, rather than all of thetaken together as a numt
These bits are set during a compare, and testeidgda
jump.

core Another name for the system memory. A "~"core image
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file that contains an image of the contents of mgmdhe
assembler program produces a core imaggng with som
extra comments to help you understand it.

ifetch loop The control loop used inside a processor. Consfsésfetch
decode, and execute phase.
immediate value A value that is immediately available in a machaeguag:

instruction word, rather than having to be loaded frol
register or from memory.

label A symbolic representation of a memory address.

machine language  The binary form of instructions that a processon can
directly.

mnemonic A symbolic representation of an opcode.

opcode Operation Code. The portion of an instruction wahai

specifies what kind of instruction it is.

program counter (PC) The register used to keep track of where in thgnam the
machine is currently executing.

register A memory word located inside the processor. Usec
temporary work space.

word The unit of memory access. Usually defined by tize sf
the registers in the CPU. In the Smalltium, a wiertl6 bits.

Some of the benefits of Assembly language are:

* Speed: Assembly language programs are genehallfastest programs around.

» Space: Assembly language programs are oftemtladest.

» Capability: You can do things in assembly whick difficult or impossible in High
Level languages.

* Knowledge: Your knowledge of assembly languagehvelp you write better programs

6.0 TUTOR-MARKED ASSIGNMENT

1. What is Assembly Language?

2. What are the benefits of Assembly Language?
3. What are Assembly Language Directives?

4. Explain the following instructions:
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I. MOV A, @RO ii. PUSH 00h iii.  ANL A, #55hiv. ADD A, R3

5. Write an assembly program to find greatest betweo numbers

7.0 REFERENCES/FURTHER READINGS
Heffernan G. (2001) *“8051 Tutorial”
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UNIT 2 INSTRUCTION SET AND ADDRESSING MODES

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Instruction Set Classification
3.2 The 8085 Addressing Modes

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

This unit discussed the instruction set format @8® microprocessor. The instruction set
of Arithmetic operation, data transfer, and machouontrol operation. The various
addressing mode is also discussed.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain what are instructions set.

- Data transfer operation.

- Arithmetic operation.

- Instruction set format.

- Addressing mode and the various types of adadrgssodes.

3.0 MAIN CONTENT

3.1 Instruction Set Classification
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An instruction is a binary pattern designed inside a microproaessperform a specific
function. The entire group of instructions, calléde instruction set, determines what
functions the microprocessor can perform. Thestuosons can be classified into the
following five functional categories: data transfécopy) operations, arithmetic

operations, logical operations, branching operatiand machine-control operations.

Data Transfer (Copy) Operations

This group of instructions copy data from a locatialled a source to another location
called a destination, without modifying the congeot the source. In technical manuals,
the termdata transfelis used for this copying function. However, theméransferis
misleading; it creates the impression that thearutstof the source are destroyed when,
in fact, the contents are retained without any rcation.

The various types of data transfer (copy) aredistelow together with examples of each
type:

1. Between Registers: Copy the contents of thestegB into register D.

2. Specific data byte to a register or a memorgtion: Load register B with the data
byte 32H.

3. Between a memory location and a register: Franemory location 2000H to register
B.

4. Between an /O device and the accumulator: Fram input keyboard to the

accumulator.

Arithmetic Operations

These instructions perform arithmetic operatiorchsas addition, subtraction, increment,
and decrement.

Addition - Any 8-bit number, or the contents of a registeth& contents of a memory
location can be added to the contents of the aclaiaruand the sum is stored in the

accumulator. No two other 8-bit registers can bdedddirectly (e.g., the contents of
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register B cannot be added directly to the costefitthe register C). The instruction
DAD is an exception; it adds 16-bit data directiyegister pairs.

Subtraction - Any 8-bit number, or the contents of a register,tlog contents of a
memory location can be subtracted from the contehthe accumulator and the results
stored in the accumulator. The subtraction is peréal in 2's compliment, and the results
if negative, are expressed in 2's complement. N ather registers can be subtracted
directly.

Increment/Decrement -The 8-bit contents of a register or a memory larattan be
incremented or decrement by 1. Similarly, the ltéebntents of a register pair (such as
BC) can be incremented or decrement by 1. Thegenmnt and decrement operations
differ from addition and subtraction in an impottavay; i.e., they can be performed in
any one of the registers or in a memory location.

Logical Operations

These instructions perform various logical operatiowith the contents of the
accumulator.

AND, OR Exclusive-OR - Any 8-bit number, or the contents of a registr,of a
memory location can be logically ANDed, Ored, orccksive-ORed with the contents of
the accumulator. The results are stored in theraatator.

Rotate- Each bit in the accumulator can be shifted eitbiror right to the next position.
Compare- Any 8-bit number, or the contents of a registera memory location can be
compared for equality, greater than, or less thatt, the contents of the accumulator.
Complement - The contents of the accumulator can be complememdOs are
replaced by 1s and all 1s are replaced by Os.

Branching Operations

This group of instructions alters the sequencerofmm execution either conditionally
or unconditionally.

Jump - Conditional jumps are an important aspect of th@silen-making process in the

programming. These instructions test for a certainditions (e.g., Zero or Carry flag)
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and alter the program sequence when the condgiomet. In addition, the instruction set
includes an instruction calladhconditional jump.

Call, Return, and Restart - These instructions change the sequence of a progithar
by calling a subroutine or returning from a subnweit The conditional Call and Return

instructions also can test condition flags.

Machine Control Operations

These instructions control machine functions suchdalt, Interrupt, or do nothing. The

microprocessor operations related to data manipulatan be summarized in four

functions:

1. Copying data

2. Performing arithmetic operations

3. Performing logical operations

4. Testing for a given condition and alerting the pesg sequence

Some important aspects of the instruction set arednbelow:

1. In data transfer, the contents of the source araestroyed; only the contents of the
destination are changed. The data copy instructionsot affect the flags.

2. Arithmetic and Logical operations are performedwiite contents of the accumulator,
and the results are stored in the accumulator (a&@me expectations). The flags are
affected according to the results.

3. Any register including the memory can be usedriorement and decrement.

4. A program sequence can be changed either condlgiamaby testing for a given data

condition.

8. Instruction Format
An instruction is a command to the microprocessor to perform a&rgitask on a
specified data. Each instruction has two parts: isniask to be performed, called the

operation code (opcode), and the second is the data to be opetecalled the
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operand. The operand (or data) can be specified in varioaggswit may include 8-bit (or
16-bit ) data, an internal register, a memory lmcator 8-bit (or 16-bit) address. In some
instructions, the operand is implicit.

Instruction word size

The 8085 instruction set is classified into thddwing three groups according to word
size:

1. One-word or 1-byte instructions

2. Two-word or 2-byte instructions

3. Three-word or 3-byte instructions

In the 8085, "byte" and "word" are synonymous beealt is an 8-bit microprocessor.

However, instructions are commonly referred toeimts of bytes rather than words.

One-Byte Instructions
A 1-byte instruction includes the opcode and oparanthe same byte. Operand(s) are
internal register and are coded into the instructio

For example:

Task Opcode operand Binary code | Hex Code

Copy the contents of the accumulatddOV | C,A 0100 1111 4FH

in the register C.

Add the contents of register B to thADD B 1000 0000 80H
contents of the accumulator
Invert (compliment) each bit in theCMA 0010 1111 2FH

accumulator

These instructions are 1-byte instructions perfagmihree different tasks. In the first
instruction, both operand registers are specifiedhe second instruction, the operand B
is specified and the accumulator is assumed. Similen the third instruction, the
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accumulator is assumed to be the implicit operdihese instructions are stored in 8- bit
binary format in memory; each requires one memacgtion.

MOV rd, rs

rd <-- rs copies contents of rs into rd.

Coded as 01 ddd sss where ddd is a code for otteedf general registers which is the
destination of the data, sss is the code of theceaegister.

Example: MOV A,B

Coded as 01111000 = 78H = 170 octal (octal was az&ghsively in instruction design
of such processors).

ADD r

A<-A+r

Two-Byte Instructions
In a two-byte instruction, the first byte specifib® operation code and the second byte

specifies the operand. Source operand is a da&ilyhediately following the opcode.

For example:

Task Opcodeg Operand Binary code | Hex code

Load an 8-bit dataMViI A,Data | 0011 1110 3E First Byte
byte in the Data

accumulator DATA Second Byte

Assume that the data byte is 32H. The assemblykaggyinstruction is written as

Mnemonics Hex code

MVI A, 32H 3E 32H

The instruction would require two memory locatidostore in memory.
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MVI r,data

r <-- data

Example: MVI A,30H coded as 3EH 30H as two contigaibytes. This is an
example of immediate addressing.

ADI data

A <-- A + data

OUT port

0011 1110

DATA

where port is an 8-bit device address. (Port) <-Sice the byte is not the data but

points directly to where it is located this is edlldirect addressing.

Three-Byte Instructions

In a three-byte instruction, the first byte spesdfthe opcode, and the following two
bytes specify the 16-bit address. Note that thersbyte is the low-order address
and the third byte is the high-order address.

opcode + data byte + data byte

For example:

Task Opcode | Operand| Binary Code | Hex Code

Transfer the JMP 2085H c First byte
program 110 001

sequence to the 1000 010 % Second Byte
memory 0010 000 20 Third Byte
location 2085H.

This instruction would require three memory locasido store in memory.

Three byte instructions - opcode + data byte + Qgta
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LXI rp, datal6

rp is one of the pairs of registers BC, DE, HL uasedL6-bit registers. The two data bytes
are 16-bit data in L H order of significance.

rp <-- datal6

Example:

LXI H,0520H coded as 21H 20H 50H in three bytedsTéalso immediate addressing.
LDA addr

A <-- (addr) Addr is a 16-bit address in L H ordekample: LDA 2134H coded as 3AH
34H 21H. This is also an example of direct addregsi

3.2 The 8085 Addressing Modes

The instructions MOV B, A or MVI A, 82H are to comata from a source into a
destination. In these instructions the source cam begister, an input port, or an 8-bit
number (OOH to FFH). Similarly, a destination candregister or an output port. The
sources and destination are operands. The varmusafs for specifying operands are
called the ADDRESSING MODES. For 8085, they are:

1. Immediate addressing.

2. Register addressing.

3. Direct addressing.

4. Indirect addressing.

Immediate addressing

Data is present in the instruction. Load the imratddata to the destination provided.
Example: MVI R,data

Register addressing

Data is provided through the registers.

Example: MOV Rd, Rs

Direct addressing
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Used to accept data from outside devices to storthe accumulator or send the data
stored in the accumulator to the outside deviceefit the data from the port OOH and
store them into the accumulator or Send the data the accumulator to the port 01H.
Example: IN O0OH or OUT 01H

Indirect Addressing

This means that the Effective Address is calculéitethe processor. And the contents of
the address (and the one following) are used to farsecond address. The second
address is where the data is stored. Note thatehisires several memory accesses; two
accesses to retrieve the 16-bit address and aefuatttess (or accesses) to retrieve the

data which is to be loaded into the register.

4.0 CONCLUSION
This unit has been able to discuss the classificadf instructions sets and their operation
which relate to the processor to perform data mdaftjpn. The addressing mode and the

types of addressing mode is also discussed.

5.0 SUMMARY

Instruction set: the set of machine language instructions thabagssor can understand.
The microprocessor operations related to data méatipn can be summarized in four
functions:

1. Copying data

2. Performing arithmetic operations

3. Performing logical operations

4. Testing for a given condition and alerting the peog sequence

The various formats for specifying operands areedadhe ADDRESSING MODES. For
8085, they are:

1. Immediate addressing.

2. Register addressing.

3. Direct addressing.
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4. Indirect addressing

6.0 TUTOR-MARKED ASSIGNMENT
1. What is an instruction set?
2. what is Addressing modes?

3. Explain briefly four types of Addressing modes.
7.0 REFERENCES/FURTHER READINGS

Introduction to 8085 Architecture and Programmirgtp://en.wikibooks.org/wiki/
Introduction to 8085 Architecture and Programming”
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UNIT 3 INTERRUPTS

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Description what an interrupts is
3.2 interrupt priorities
3.3 What happen when an interrupts occur and end
3.4 serial interrupts
3.5 common interrupts problems.
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

As the name implies, amterrupt is some event which interrupts normal program
execution.

As stated earlier, program flow is always sequéntieing altered only by those
instructions which expressly cause program flowdaviate in some way. However,
interrupts give us a mechanism to "put on hold" tleemal program flow, execute a
subroutine, and then resume normal program flowif ase had never left it. This
subroutine, called an interrupt handler, is onlgaxed when a certain event (interrupt)
occurs. The event may be one of the timers "oweifig," receiving a character via the

serial port, transmitting a character via the $graat, or one of two "external events."
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2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain what a interrupts is

- know the interrupts priorities

- To explain what happen when an interrupt occdreard

. To know the common problems of interrupts

3.0 MAIN CONTENT

3.1 What is interrupts?

An interrupt can be defined as some event which interrupts alopmogram execution.
Program flow is always sequential, being alteredy dmy those instructions which
expressly cause program flow to deviate in some. whywever, interrupts give us a
mechanism to "put on hold" the normal program fl@xecute a subroutine, and then
resume normal program flow as if we had never ieftThis subroutine, called an
interrupt handler, is only executed when a cergaent (interrupt) occurs. The event may
be one of the timers "overflowing," receiving a idwer via the serial port, transmitting a
character via the serial port, or one of two "exé¢revents." The interrupt automatically
transfers control to an interrupt processing rautithich takes some action in response to
the condition that caused the interrupt, and themtrol is returned to the program at
which its execution was interrupted.

program

interrupt routine

////////////*

interrupft occh\
l Figure 3: INTERRUPT
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The ability to interrupt normal program executiohem certain events occur makes it
much easier and much more efficient to handle icetanditions. If it were not for
interrupts we would have to manually check in oaimmprogram whether the timers had
overflown, whether we had received another charadte the serial port, or if some
external event had occured. Besides making the ip@agram ugly and hard to read,
such a situation would make our program inefficisimce wed be burning precious

"Instruction cycles" checking for events that usudbn’t happen.

3.2 INTERRUPT PRIORITIES

The 8051 offers two levels of interrupt priorityigh and low. By using interrupt

priorities you may assign higher priority to cemtaterrupt conditions.

For example, you may have enabled Timer 1 Intermipich is automatically called

every time Timer 1 overflows. Additionally, you mémave enabled the Serial Interrupt
which is called every time a character is receiviadthe serial port. However, you may
consider that receiving a character is much mongomant than the timer interrupt. In
this case, if Timer 1 Interrupt is already exeagityou may wish that the serial interrupt
itself interrupts the Timer 1 Interrupt. When therial interrupt is complete, control
passes back to Timer 1 Interrupt and finally bagktlie main program. You may
accomplish this by assigning a high priority to terial Interrupt and a low priority to

the Timer 1 Interrupt.

Interrupt priorities are controlled by tHe SFR (B8h). The IP SFR has the following

format:

Bit Name Bit Address Explanation of Function

7 |- - Undefined
6 |- - Undefined
5 |- - Undefined
4 |PS BCh Serial Interrupt Priority
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3 |PT1 BBh Timer 1 Interrupt Priority
2 PX1 BAh External 1 Interrupt Priority
1 PTO B9h Timer O Interrupt Priority
0 |PX0 B8h External O Interrupt Priority

When considering interrupt priorities, the followirules apply:
Nothing can interrupt a high-priority interrupt-tneven another high priority
interrupt.
A high-priority interrupt may interrupt a low-prity interrupt.
A low-priority interrupt may only occur if no othérterrupt is already executing.
If two interrupts occur at the same time, the intpt with higher priority will
execute first. If both interrupts are of the sammmrgy the interrupt which is

serviced first by polling sequence will be execuiest.

3.3  WHAT HAPPENS WHEN AN INTERRUPT OCCURS AND ENDS?
When an interrupt is triggered, the following anBoare taken automatically by the
microcontroller:
The current Program Counter is saved on the stawkbyte first.
Interrupts of the same and lower priority are bhmtk
In the case of Timer and External interrupts, tberesponding interrupt flag is
cleared.
Program execution transfers to the corresponditegrimpt handler vector address.
The Interrupt Handler Routine executes.
Take special note of the third step: If the intptrbeing handled is a Timer or External
interrupt, the microcontroller automatically cleattse interrupt flag before passing
control to your interrupt handler routine. This meat is not necessary that you clear the

bit in your code.

80



An interrupt ends when your program executes thellR@Return from Interrupt)
instruction. When the RETI instruction is executiee following actions are taken by the
microcontroller:
Two bytes are popped off the stack into the ProgGounter to restore normal
program execution.
Interrupt status is restored to its pre-interruptiss.
3.4 SERIAL INTERRUPTS
Serial Interrupts are slightly different than tlestrof the interrupts. This is due to the fact
that there are two interrupt flags: RI and TI. ither flag is set, a serial interrupt is
triggered. As you will recall from the section dretserial port, the RI bit is set when a
byte is received by the serial port and the Tidb#et when a byte has been sent.
This means that when your serial interrupt is eteduit may have been triggered
because the RI flag was set or because the Tinéegset--or because both flags were set.
Thus, your routine must check the status of thémgsfto determine what action is
appropriate. Also, since the 8051 does not aut@alsticlear the Rl and TI flags you
must clear these bits in your interrupt handler.
3.5 COMMON PROBLEMS WITH INTERRUPTS
Interrupts are a very powerful tool available te tB051 developer, but when used
incorrectly they can be a source of a huge numbdelbugging hours. Errors in interrupt
routines are often very difficult to diagnose aodrect.
If you are using interrupts and your program isshimag or does not seem to be
performing as you would expect, always review titving interrupt-related issues:
Register Protection Make sure you are protecting all your registassexplained
above. If you forget to protect a register thatrymain program is using, very
strange results may occur. In our example abovesave how failure to protect
registers caused the main program to apparenttyleaé that 25h + 10h = 51h. If

you witness problems with registers changing valussxpectedly or operations

81



producing "incorrect" values, it is very likely thgou've forgotten to protect
registersALWAYS PROTECT YOUR REGISTERS.

Forgetting to restore protected values Another common error is to push
registers onto the stack to protect them, and tbaget to pop them off the stack
before exiting the interrupt. For example, you npaigh ACC, B, and PSW onto
the stack in order to protect them and subsequeaipyonly ACC and PSW off
the stack before exiting. In this case, since yagdt to restore the value of "B",
an extra value remains on the stack. When you ¢xdbe RETI instruction the
8051 will use that value as the return addreseauwsbf the correct value. In this
case, your program will almost certainly crasihWAYS MAKE SURE YOU
POP THE SAME NUMBER OF VALUES OFF THE STACK AS YOU
PUSHED ONTO IT.

Using RET instead of RETI: Remember that interrgpes always terminated with
the RETI instruction. It is easy to inadvertantlseuthe RET instruction instead.
However, the RET instruction will not end your imtept. Usually, using a RET
instead of a RETI will cause the illusion of youaim program running normally,
but your interrupt will only be executed once. tfaippears that your interrupt

mysteriously stops executing, verify that you arireg with RETI.

4.0 CONCLUSION
In general, your interrupt routine must protectfiblwing registers:
PSW
DPTR (DPH/DPL)
PSW
ACC
B
Registers RO-R7
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Remember that PSW consists of many individual Hist are set by various 8051
instructions. Unless you are absolutely sure oftwia are doing and have a complete
understanding of what instructions set what bitss igenerally a good idea tways

protect PSW by pushing and

5.0 SUMMARY

An interrupt is a signal that causes the compuwiealter its normal flow of instruction
execution.eg.divide by zero, time out, /O operation

Some interrupt types:

-1/O interrupt: Generated by an 1/0 channel or devi

Program interrupt : Generated by some condition that occurs duriegram execution
(eg. divide by zero, illegal machine instructiottg.p

Timer interrupt : Generated by an internal timer within the CPU

Supervisor call interrupt (SVC): A SVC instruction generates an interrupt that
transfers control to an OS service routine. The CRutches from user mode to

supervisor mode.

When an interrupt occurs, the status of the CPshved (registers, program counter etc.)
and the interrupt service routine is executed. rAfte interrupt is processed, they are
restored by the interrupt routine and control angferred to the program. Saving and

restoring the processor status is called conteitking.

Interrupt priority : During the processing of an interrupt, all intgris of equal or lower
priority are inhibited, higher priority interruptse allowed. At the end of an interrupt, if
there are more than one interrupt pending, one tivéhhighest priority is executed.
Interrupt masking: is used to prevent certain interrupts from odogriwhile the first
one is being processed.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is an interrupts?
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2. What are various interrupts used in 8085.

3. Explain what happen when an interrupt occur and end

7.0 REFERENCES/FURTHER READINGS

Introduction to 8085 Architecture and Programmiidtp://en.wikibooks.org/wiki/
Introduction to 8085 Architecture and Programming”
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UNIT 4 INPUT AND OUT (I/0) TRANSFER / SYSTEM BUS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 input and output devices/ transfer
3.2 system bus

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

In computing,input/output, or /O, refers to the communication between an infornmatio
processing system (such as a computer), and tlsdeutvorld, possibly a human, or
another information processing system. Inputs hessignals or data received by the
system, and outputs are the signals or data semtifr The term can also be used as part
of an action; to "perform I/O" is to perform an utpr output operation. 1/0O devices are
used by a person (or other system) to communicate avcomputer. For instance, a
keyboard or a mouse may be an input device fomapader, while monitors and printers
are considered output devices for a computer. @svior communication between
computers, such as modems and network cards, liypseaive for both input and output.
A bus is a collection of wires on which electrisainals pass between components in the
system. The 80x86 family has three major bussesaddressbus, thedatabus, and the
controlbus.

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain what input and output device is.
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- function of some input and out device.
- know the major port for input and output.
- describe what system bus is.

- identify and differentiate the different typeistem buses.

3.0 MAIN CONTENT
3.1 INPUT AND OUTPUT DEVICE

In computing, the term 1/O is short for "Input/Outpy which refers to the transfer of data
either to or from a computer application. A keylibacts as an input device, transferring
whatever you type into the computer, while a manitoprinter would be an example of
an output device, since they present the transfefaga to the user. Blocking 1/0 plays a

key role in the entire process, helping managédloweof input and output data.

INPUT DEVICE
The term "input devices" is used commonly to refeternal hardware components, used
to feed data and control signals to a computeresysihese devices, along with output
devices, constitute the process of human-compnteraction. Output devices are used to
present the processed data (information) to anused-or operator. In this manner, an
end-user (a human) communicates with a processaxthime (computer) and utilizes it
for different tasks. Input devices are usually gatezed according to their functions and
operations, which determine the nature of inpus¢hgevices are used to give.

1. Keyboards
Keyboards are oldest type of input devices, whieh used extensively to give discrete
data, commands, etc. to a computer system in ttme &b text. A normal keyboard has
101 to 104 keys--depending upon the region of n+igihich contains all the alphabetical
characters (A to Z), numerical figures (0 to 9)daome control (enter, shift,) and
function keys (F1 to F12) used in wide range ofrapens. A keyboard acts as an input
device in a manner that whenever a key is pressgue-defined value in the form of
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electrical signals is transferred to processoricatthg exactly what key is pressed. In
this way, different commands and instructions arevarded to the processor, by using a
keyboard.

2. Pointing Devices
Pointing devices are input devices which, unlikgbdaards, feed a computer system with
spatial or continuous data. By term spatial, it neethat pointing devices involve some
form of mechanical motion asserted by the end-usbich results in sending control
signals to a processor. Further, they are refeagdoointing devices because their
mechanical movement is depicted graphically infdren of a pointer (or cursor) over a
monitor screen, which is an output device. Most cmmly used pointing devices include
mouse, trackball, touchpad, game joystick, light.pe

3. Video Input Devices
As their name suggests, video input devices arel tgetransfer video signals to a
computer system. These video signals are trandfémréhe form digital bits, which are
first captured from external world as analog opt{tight) signals. Some frequently used
video input devices with computer systems includeb@ams, digital video cameras,
barcode readers. Usually, these input devices megpiecific software (driver) programs
to interface their signals to the processor, whithurn processes their input digital
signals and show them in the form of a video oroaitor screen.

4. Audio Input Devices
Another important category of input devices encasspall those external hardware
components, which transfer audio analog sighat®toputer processor, again in the form
of digital bits. These bits are processed and fatec to audio output devices like
speakers, headphones. Audio input devices can tieefucategorized as audio signal
capturing or audio signal generating devices. Auslgnal capturing devices carry a
microphone to capture audio signals from extermalirenment, while audio signal

generating devices use internal electronic cirgudrproduce audio signals.
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5. Hybrid Input Devices
Hybrid input devices provide a combined single rifstee for multiple types of input
signals to be transferred to the computer proces8wse devices are usually used in
computer video games, and carry different featfwegamer accessibility, like volume
control, position control, etc. The domain of hybmput devices contains sophisticated
and simple hardware devices, including gamepadaggaontrollers, mechanical gaming

paddles.

OUTPUT DEVICE

Peripherals are devices that connect to a computeare not an integrated or necessary
part of the computer. Peripherals are used fortigmd output. When a camera, for
example, is attached to a computer to downloadgshitbecomes a peripheral input
device because files on the camera are being ntovb& computer. A webcam built into
a laptop is also a peripheral.

Printer
Printers are common computer peripherals. Theyuaesl to write out documents and
print photographs. Printers are available in a wideety of sizes, styles and prices. All-
in-one printers are able to scan, receive faxesmake photocopies as well as print
documents. Other printers can create high qualtytggraphs or print onto CDs and
DVDs. Portable printers are small and lightweigbvides that can be used with laptops
for mobile offices. Inkjet printers produce a goguahlity image and print on canvas as
well as paper. Laser printers are usually faster groduce a crisper image than inkjet
printers. Although prices vary, they may be morpamsive than inkjet printers. Solid ink
printers produce a high quality color image. Thegyrhe slower than laser printers.

Speakers
Speakers allow users to enjoy listening to musiayies and other audio files stored on
the computer. Speakers are computer peripherals dhtput sound. Most laptop

computers have built-in speakers, which are adegbat external speakers produce
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better quality sound and higher volume for playmgvies and music. External speakers
are connected through either a USB port or an aoditoport marked with a headset
symbol. Most desktops use two external speakersever, serious gamers or those who
want better quality sound often add a third speé&iesounds in the low tones. Speakers
vary a great deal in quality, price and configurati

External Memory Device
External memory is used to store data for trangjmoainother computer or for backup in
case of computer failure. Jump drives, memory stigk flash drives are small devices
that plug into computers’' USB ports. Any type dkfcan be transferred from the
computer to the jJump drive. They are primarily ugadphysically transporting files from
one computer to another computer. Jump drives elaively inexpensive and are
sometimes made into key chains or jewelry. Extetraald drives are another type of
external memory. They are larger and more expensivérold more data. They are used
for storing photos and other large files that cotami memories may not be able to store.
They are also used for backing up important fitesase the computers suffer hard drive

crashes or other failures. They also offer encoypto keep sensitive data secure.

INPUT AND OUTPUT (I/O) types:

* Programmed I/O
e Interrupt driven 1/O (Interrupt service routine)
» Direct memory access (DMA)

Port: an addressable register

- input only ports CPU only reads from it
- output only portsCPU only writes to it
- ports for both input and output

Every port has a number. A port can be referreid tn assembly language program by
its number, such as: IN 1
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Status port checked by the CPU to see if a key has beengutemsd data is ready to be
sent to CPU

Data port: when a key is pressed, its ASCII code is founthendata port

Polling: CPU continually examines the status port untleg is pressed (Programmed
1/O)

Ex: Reading a character from keyboard

KEYIN: IN O ; read status port into A

ANA A ; test A (1Qy — key is pressed, QG- otherwise)

Jz KEYIN ; jump if OQ
IN 1 : take data into A
RET

Data port: character to be printed is put in this port

Control port: when the character is ready in the data porbpstrsignal (that tells the
printer that it can take the character in data)psrgent.

A timing loop must be used in the CPU so that tharacters are never passed to the
printer at a rate faster than it can accept.

* Special characters:
- carriage return causes the printer head to move to the leftsidee paper
- line feed causes the printer to advance the paper by pae li

Ex: Writing a character to printer

CHAROUT: OUT 3 ; put char. in accumulator into jowit port

CALL DELAY ; make sure printer is ready
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MVI A, 10H ; set up strobe word (46 char. in data port is
available for printing)

OouT 2 ; put it into control port to start strofignal to printer

MVI A, OOH ; reset strobe (QO- char. in data port is not
available for printing)

OouT 2 ; put it into control port to finish strelsignal

RET

3.2 THE SYSTEM BUS

The system busonnects the various components of a VNA machime. §0x86 family
has three major busses: thddressbus, thedata bus, and theontrol bus. A bus is a
collection of wires on which electrical signals pdsetween components in the system.
These busses vary from processor to processor. ¥oyweach bus carries comparable
information on all processors; e.g., the data bag have a different implementation on
the 80386 than on the 8088, but both carry datad®at the processor, 1/0, and memory.
A typical 80x86 system component uségndard TTL logic levelS.his means each wire
on a bus uses a standard voltage level to represemtand onel. We will always specify
zero and one rather than the electrical levels umxrdhese levels vary on different

processors (especially laptops).

The Data Bus

The 80x86 processors use theta bugo shuffle data between the various components in
a computer system. The size of this bus varieslwidethe 80x86 families. Indeed, this
bus defines the “size” of the processor.

On typical 80x86 systems, the data bus containtst,eld, 32, or 64 lines. The 8088 and
80188 microprocessors have an eight bit data hgst(eata lines). The 8086, 80186,
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80286, and 80386SX processors have a 16 bit dataHuture versions of the chip (the
80686/807867?) may have a larger bus.

The Address Bus

The data bus on an 80x86 family processor transféosmation between a particular
memory location or 1/0O device and the CPU. The amlestion is, Which memory
location or I/O device?The address bus answers that question. To difiatertnemory
locations and I/O devices, the system designeg@ass unique memory address to each
memory element and 1/0O device. When the softwaratsvéo access some particular
memory location or I/O device, it places the cqumwling address on the address bus.
Circuitry associated with the memory or I/O dewvieeognizes this address and instructs
the memory or I/O device to read the data fromlace data on the data bus. In either
case, all other memory locations ignore the requesly the device whose address

matches the value on the address bus responds.

The Control Bus

The control bus is an eclectic collection of signéthat control how the processor
communicates with the rest of the system. Condmtea moment the data bus. The CPU
sends data to memory and receives data from mearotlge data bus. This prompts the
guestion, “Is it sending or receiving?” There at® fines on the control busead and
write, which specify the direction of data flow. Othegrals include system clocks,
interrupt lines, status lines, and so on. The addspace is the set of all addressable
memory locations.

Thereadandwrite control lines control the direction of data on ttea bus. When both
contain a logic one, the CPU and memory-I/O arecombtmunicating with one another.
If the read line is low (logic zero), the CPU isadéng data from memory (that is, the
system is transferring data from memory to the CPUhe write line is low, the system

transfers data from the CPU to memaory.
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4.0 CONCLUSION
Blocking I/O plays a key role in the entire progesslping manage the flow of input and

output data.

5.0 SUMMARY

Port: it an addressable register which has the fohaouwi

- input only ports CPU only reads from it
- output only portsCPU only writes to it
- ports for both input and output

Data port: character to be printed is put in this port

Control port: when the character is ready in the data porbpstrsignal (that tells the
printer that it can take the character in data)psrgent.

* Special characters:
- carriage return causes the printer head to move to the leftsidee paper
- line feed causes the printer to advance the paper by pae li

The system busconnects the various components of a VNA machihe. 80x86 family
has three major busses: thddressbus, thedata bus, and theontrol bus. A bus is a
collection of wires on which electrical signals pdsetween components in the system.
These busses vary from processor to processor.

Address bus carries the address of a unique memory or inptpid (I/0O) device 2

Data bus carries data stored in memory (or an I/O devite}he CPU or from the CPU
to the memory (or I/O device)

Control bus: is a collection of control signals that coordaaind synchronize the whole

system

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain with example 4 output and input devioa know.

2. What is system bus?
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3. explain briefly the 3 types of system bus

4. How does the microprocessor communicate with fiemory and input/output
devices?

7.0 REFERENCES/FURTHER READINGS

Nasrat; H. * Introduction to Computer & Microconpts”
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UNIT 1 BASIC CONCEPT OF MICROCOMPUTER

CONTENTS

1.0 Introduction

2.0 Objectives
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3.1 Description of microcomputer
3.2 The Microcomputer revolution
3.3 Basic blocks of a microcomputer
3.4 Uses of microcomputers

4.0 Conclusion

5.0 Summary

6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

A computer system can be divided into 4 components:

- thehardware(CPU, memory, input/output devices, etc.),
- theoperatingsystem
- the system programgword processors, spread sheets, accounting gefwa
compilers,...)
- theapplication programs
This various components are discussed in detaitswbe
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2.0 OBJECTIVES
At the end of this unit, you should be able to:

- Explain what a microcomputer is

- Microcomputer revolution.
3.0 MAIN CONTENT

3.1 What is Microcomputers?

A microcomputer (micro) is a digital computer whose processing goitsists of one or

more microprocessors, and includes storage and-ouiput facilities. Today there are

fabricated microcomputer assemblies including atnadlsof the basic microcomputer

parts and they all are called thimgle-chip microcomputers or microcontrolle&uch a

microcomputer reduces the computer to a small,peesive, and easily replaceable

design component.

A computer system can be divided into 4 components:

thehardware(CPU, memory, input/output devices, etc.),

the operatingsystem

the system programgword processors, spread sheets, accounting geftwa
compilers,...)

theapplication programs

Application Programs

[Qgrams

Operaﬂing

System
Hardware

Figure 4. Hierarchy of computer components
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3.2 THE MICROCOMPUTER REVOLUTION

Integrated circuit:
first patent to J.S. Kilby in 1959. Introduced byxas
Instruments and Westinghouse in the early 1960seaato
real commercial use in 1964 with Fairchild Semiagctdrs
702 linear IC.

The first desktop electronic calculators were idtroed abou

1963. In 1965 Texas Instruments began work oruga fo
function pocket calculator based on a single I@ytpatentec: }
that design. They had trouble getting their ini@ninto —— —
production--it came out in 1972 at $150 (the Japammt
copies on the market as early as 1970).

these had a more predictable market and got miia interest from big
companies than the personal computer. They ald@ tilemendously steep price
curve--by 1975 you could buy a 4-function calculdtw under $20.

Integrated circuits were also used for special-psepwvord processors by Wang
(1971) and IBM (the Display writer)

The key step for the computer was the introduatibtine microprocessor:

Intel 4004

97



the idea of creating an entire simple computer fioregrated circuits began with
amateurs

The first microprocessor was the Intel 4004 in Nb®71 and the 2 MHz 8080 in
1972. The 8080 was an 8 bit microprocessor thattdcaccess 64 k of memory.

In April 1975 Altair starts selling a kit (calleché Altair 8800) with a 8080

microprocessor and 1 kilobyte of memory for $378ens entered data in binary
form with 16 toggle switches and read the resultsinary form on an array of 16
pairs of panel lamps. Users had to develop their applications using machine

language

Altair 8800

Gary Kildall was already at work writing the CP/NMearating system

in 1975 a BASIC interpreter was demonstrated onAlltesr, and IBM introduces
a 55 Ib. luggable computer with BASIC, 16 KB of RABNd tape storage for the
price of $9000

In June 1976 Southwest Technical Products Compé#feyed a machine with an
editor and assembler, and shortly afterwards witBASIC interpeter. This
expanded the potential market, though it was lstibbyists, and all sorts of small

companies lept into the business.

In 1977 the home computer began to move past dutrehics hobbyist:
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Apple Il

Apple 1l and Commodore PET came to the market iv7i®both included
keyboard, game paddles, BASIC in ROM, and stordgéata via audiocassette
recorder. The Apple Il cost $1300 and had 4 KB RAIMS5 kits were sold in the
first 10 months. The first model didn't includenanitor--you hooked it to a TV
set for display. Only in Jan 1977 did Apple Congputove from Steve Jobs's
garage to an office.

In Aug. Radio Shack announced the TRS-80 microcaenpwith 4 KB RAM,
keyboard, video display, and tape cassette for $60M00 are sold in the first
month.

the 8086 microprocessor in 1978 had a speed ofMHZ, 16 bit processing, and
could access 1 MB of memory

The first application was VisiCalc in 1979--the stirspreadsheet--creating a
business market. Applewriter and Wordstar wereas#d in the same year--they
had been preceded by Electric Pencil in 1977.

In the 1979 fiscal year Apple sold 35,000 Appledmputers, 78,000 in 1980

the most popular computer of the time was the Codure 64, introduced in
1982, which sold an estimated 22 million unitshadd color graphics and 64 K of
RAM and cost only $400 (it hooked to a TV set fasptay) and was used
primarly for games.

Lotus 1-2-3 introduced in 1982 was the Kkiller bess application--the

microcomputer became more than a toy. dBase wafirét data base program.
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WordPerfect was introduced in 1984 and came to datai the business
wordprocessing market.

Apple tried to compete with the IBM PC with the Nf#osh, introduced in
1984 at a price of $2495. A revolutionary new vediyusing a computer, with a
graphical user interface, a mouse, and What-YoulS&®hat-You-Get word
processing.

The IBM AT in 1985 went in a different direction,ttv a speed of 6 MHz, 512
KB of RAM, and a 20 MB hard drive for about $5000

Commodore released the Amiga in 1985 with much awed graphics and sound,
but people didn't see any use for it except forgam

Windows was first released in 1985 but did not eafollowing until Windows 3
in 1990. Apple sued Microsoft for copying the Maoish user interface, but lost.

Windows represented a major change in the way pagg@d PCs.

Windows 286 (Windows 2)

3.3 BASIC BLOCKS OF A MICROCOMPUTER

If we think of the computer as an information mangtion device the basic components

of a microcomputer are:

Input Units -- " How to tell it what to do"
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Devices allow us to enter information into the camep. A keyboard and mouse are the
standard way to interact with the computer. Otheviaks include mice, scanners,
microphones, joysticks and game pads used prinfarilyames.

Output Units -- "How it shows you what it is doing"

Devices are how the manipulated information isrregd to us. They commonly include
video monitors, printers, and speakers.

Memory -- "How the processor stores and uses immediate data"

3.4 USES OF A MICROCOMPUTER
"Microcomputer” is the term coined in the 1970s &opersonal computer. Until that
point, computers had been bulky room-sized eleaspreven the smallest models were
the size of large cars. The microcomputer has masgs, especially in the home, in
business and in the medical field.
1. Home
Families use microcomputers for education; softwea@ hold thousands of book
volumes worth of information. Also, the first pdrta video games were built for the

microcomputers. The home microcomputers paved thefar the invention of laptops.

2. Business
Businesses took a huge leap forward in bookkeepmngntory and communication when
microcomputers were made readily available. An ovaoaild have years of information
at the tap of a button instead of going throughtiplel cabinets of documents and
receipts. Information also can be saved to diskisshiared among branches of a business,
making the business able to trade inventory anchtgpdales figures much faster than
before.

3. Medical Uses
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The first microcomputer (dubbed the "Sac State 80@@s built specifically for storing
medical records. Before microcomputers were avig]aiedical records were stored in

paper form. Microcomputers make it possible to doad patients' medical histories.

4.0 CONCLUSION

Microcomputer

5.0 SUMMARY

A microcomputer (micro) is a digital computer whose processing goitsists of one or
more microprocessors, and includes storage and-oyiput facilities.

The microcomputer has many uses, especially imdnee, in business and in the medical
field.

The computer as an information manipulation devibe basic components of a
microcomputer are:

Input Units -- " How to tell it what to do”

Output Units -- "How it shows you what it is doing"

Memory -- "How the processor stores and uses immediate data"

6.0 TUTOR-MARKED ASSIGNMENT
1. What is microcomputer?
2. What are the uses of microcomputers?

3. Explain briefly the evolution of microcomputers.

7.0 REFERENCES/FURTHER READINGS
Kastner, D. (2003) “ Embedded System”

Mack Pamela E. 92005) “The Microcomputer Revoldtionhttp//  www.
Clemson.edu/caah/history/Facultypages/Pammack/2cii@ro.htm
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UNIT 2 MICROCOMPUTERS ARCHITECTURE

CONTENTS
1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 MICROCOMPUTER ARCHITECTURE
3.2 TYPES OF MICROCOMPUTER ARCHITECTURE
4.0 Conclusion
5.0 Summary
6.0 Tutor-Marked Assignment

7.0 References/Further Readings

1.0 INTRODUCTION

Identify the separate components of your computetesn if you have a desktop
computer. Note, for example, that while your monite the piece of equipment that
contains your screen -- is the primary part of ¢cbenputer that you pay attention to, it
doesn't do the computing. Locate the tower or C&duntfal processing unit), which is the
part of your system that is actually the "compuUtdry finding your on/off switch.
Peripherals such as the "mouse" and "keyboard"ymlpuse the computer, but they have
only limited computer characteristics within them

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain what microcomputer Architecture is

- Types of Microcomputers

- know the Von Neumann Architecture

- know the Harvard-Architecture
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3.0 MAIN CONTENT
3.1 MICROCOMPUTER ARCHITECTURE

In computer engineeringcomputer architecture is the conceptual design and

fundamental operational structure of a computetesysit is a blueprint and functional

description of requirements (especially speeds amdrconnections) and design

implementations for the various parts of a computefocusing largely on the way by

which the central processing unit (CPU) perfornienmally and accesses addresses in

memory.

Computer architecture comprises at least three swhnategories

Instruction set architecture, or ISA, is the abstract image of a computing system
that is seen by a machine language (or assemljydae) programmer, including
the instruction set, memory address modes, procesgeters, and address and

data formats.

Microarchitecture, also known aomputer organizatioms a lower level, more
concrete, description of the system that involvew lthe constituent parts of the
system are interconnected and how they interopenateder to implement the
ISA. The size of a computer's cache for instanegn organizational issue that

generally has nothing to do with the ISA.

System Design which includes all of the other hardware componenmithin a

computing system such as:

system interconnects such as computer buses atahewii
memory controllers and hierarchies
CPU off-load mechanisms such as direct memory aceesues like multi-

processing.
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Once both ISA and micro architecture has been fpdcthe actual device needs to be
designed into hardware. This design process is noftalled implementation
Implementation is usually not considered architedtuefinition, but rather hardware

design engineering.

Computer Organization deals with the advances mpeder architecture right from the

Von Neumann machines to the current day superrsaalhitectures.

3.2 TYPES OF MICROCOMPUTER ARCHITECTURE
This section will discuss two types of microcompsitehich are:
- Von Neumann Architecture

. Hardvard Architecture

1. Von Neumann Architecture

Thevon Neumann architectureis a computer design model that uses a processirig u
and a single separate storage structure to hold instructions and data as shown in
Figure 5. It is named after mathematician and eadynputer scientist John von
Neumann. Such a computer implements a universahgunachine, and the common
"referential model" of specifying sequential arebtures, in contrast with parallel
architectures. The term "stored-program compugegenerally used to mean a computer
of this design, although as modern computers arallysof this type, the term has fallen
into disuse. All general-purpose computers are based on the key concepts of the von
Neumann architecture.

Though the von Neumann model is universal in géqmrgpose computing, it suffers
from one obvious problem. All information (instrimis and data) must flow back and
forth between the processor and memory througingleschannel, and this channel will
have finite bandwidth. When this bandwidth is fullyed the processor can go no faster.

This performance limiting factor is called thhen Neumann bottleneck.
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Memory

nstruction 1
instructian 2
ins. 3(branch)

nstruction 4

CPU address >

data item

T data & instructions (T

Figure 5:.von Neumann architecture

2. Hardvard Architecture
A Harvard Architectureas shown in Figure 6 has one memory for instrustiand a
second for data. The name comes from the Harvarck Ma an electromechanical
computer which pre-dates the stored-program conoépton Neumann, as does the
architecture in this form. It is still used for digptions which run fixed programs, in
areas such as digital signal processing, but notgémeral purpose computing. The
advantage is the increased bandwidth availabletdusaving separate communication
channels for instructions and data; the disadvanisathat the storage is allocated to code
and data in a fixed ratio.
In Harvard architecture, there is no need to mhkewo memories share characteristics.
In particular, the word width, timing, implementati technology, and memory address
structure can differ. Instruction memory is oftender than data memory. In some
systems, instructions can be stored in read-onlgnong while data memory generally
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requires read-write memory. In some systems, tilerauch more instruction memory

than data memory so instruction addresses are miglen than data addresses.

instruction data
memory memory
instruction 1

]

instruction 2 e
: . jata item
ins 3{branch) P el

<1'r15 address CPU data address>
inatructions {T T data q

Figure 6 : Hardvard Architecture

instruction 4

4.0 CONCLUSION
The two major microcomputers architectural designdiscussed which the main
foundation for architectural design is. The Von Nemn Architecture and Hardvard

Architecture are well discussed.

5.0 SUMMARY

Computer architecture is the conceptual design and fundamental operdtginacture
of a computer system. It is a blueprint and fun@lodescription of requirements
(especially speeds and interconnections) and dasigiementations for the various parts
of a computer — focusing largely on the way by vkhilse central processing unit (CPU)
performs internally and accesses addresses in ngemor

Von Neumann architectureis a computer design model that uses a processim@mud

a single separate storage structure to hold besthuictions and data.
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A Harvard Architecturehas one memory for instructions and a second fta. dehe
name comes from the Harvard Mark 1, an electrommechbcomputer which pre-dates

the stored-program concept of von Neumann.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain the von Neumann Architecture

2. Differential between the hardvaed architectum@ won Neumann architecture

7.0 REFERENCES/FURTHER READINGS

Microprocessor Architecture “http://www.ehow.comiw&581467 microprocessor-
architecture-“tutorials.html
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1.0 INTRODUCTION

A network is a group of computers and other devisesh as printers and modems,
connected to each other. This enables the compttemsffectively share data and
resources. The concept of sharing resources ovetwaork is called networking. The
computers in a network can share data, messagaphigs, printers, fax machines,

modems, and other hardware and software resources.

2.0 OBJECTIVES
At the end of this unit, you should be able to:
- Explain what microcomputer networking is

- Types of microcomputer networking
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3.0 MAIN CONTENT

3.1 WHAT IS MICROCOMPUTER NETWORKING?

A computer network consists of several computeed #re connected to one another
using devices that allow them to communicate. Cdsipnetworks may be connected
using network cables called Cat5 cables and netwar#ls. Your network may also be
wireless and connected using wireless routersolir yyomputer network is wireless, it

would not require that they be connected using ward. When the computers are
connected via a computer network they are ableatosinit files from one computer to

another. These computers are also able to corméut internet using one connection.

3.2 TYPES OF MICROCOMPUTER NETWORKING

When one computer needs to talk to another, thegadthrough a vehicle known as a
network. The network is responsible for taking degat by one computer and passing it
along a predefined route to another computer. Ddipgron where the computers are and

what sort of reliability is required, different mairks are used in various environments.

Personal Area Networks
The personal area network, commonly known as a PAdkgrs to an individual
computer's network of peripherals. Devices that mreimmediate access to your

computer, such as a printer or IP telephone, ame@anly said to exist within a PAN.

Local Area Networks

The local area network (LAN) is designed for workim a small regional space. An
example of a LAN is a home with two or more compsiteonnected to a single router.
These computers share network resources and camuwoicate with one another

through the connecting device. Wireless accesstpaune an example of a LAN

110



connector, as are hubs and switches. LANs are fdedst transfer of data, as the short
distance enables above-average data rates.

Campus Area Networks

The campus area network (CAN) is similar to a l@rak network; however, it contains a
great deal more router complexity in order to linkildings and establish different
network classifications. A university might deplayCAN by having an administrative
network with access to important records, such rasles and bills, linked across 20
buildings. It could then establish a second cldssetwork over the same 20 buildings for
students, requiring different log-in policies whiésabling access machines containing

sensitive information.

Metropolitan Area Networks

A metropolitan area networks, also known as a MARNs a much larger geographical
region than a CAN, LAN or PAM. These networks tyig span the entirety of a city

and are commonly used by public utilities comparded state services to maintain a

private network that covers all regional boundaries

Wide Area Networks

The wide area network (WAN) is the type of netwamnkst users are intimately familiar
with. These large networks require complex forwagdand addressing schemes because
they must transmit data across wide geographionsgiThe most famous WAN is the
Internet, requiring vast numbers of routers andtcdweis to forward data based upon
Internet Protocol addresses. While these netwarksofigreat benefit to wide-reaching

communications, they are typically not as reliatfi@s fast as smaller networks.

3.3 HOST BASED NETWORKS VS. CLIENT SERVER NETWORKS
Host-based networks and client-server networksedifih the type of application

architecture they utilize. As their names suggesst-based networks have a host-based
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application architecture, while client-server netkg have a client-server application
architecture. Both types of networks are made upgeofers and clients. Client-server
networks include web browsers and email clientstHh@sed networks are more likely to
suffer from server bottlenecks than their clientvse counterparts.

Both host-based and client-server networks are asagpof servers and clients.
Host-based networks and client-server networksedifih the type of application
architecture they utilize. As their names suggesst-based networks have a host-based
application architecture, while client-server netkg have a client-server application
architecture. Both types of networks are made upgeofers and clients. Client-server
networks include web browsers and email clientstH@sed networks are more likely to

suffer from server bottlenecks than their clientrse counterparts.

Application Programs and Application Architectures

Application programs comprise four functions: datarage, data access, program logic
and presentation logic. The application architectays out how these four functions are
distributed among the servers and the clients. Aresecan be a mainframe, a

minicomputer, a microcomputer or a server farm.li&nt can be a simple terminal, a

microcomputer, a workstation, a network computes tlansactional terminal.

Host-based Network

In a host-based network, the server performs al &pplication program functions. The
client merely captures the user's keystrokes andsséhem to the server. Because all
processing is done by the server (or host), theeseran become a bottleneck in such a

network.

Client-Server Network
In a client-server network, the application progriumctions are divided between the

server and the client. The server handles datagtoand data access. The client handles
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presentation logic. The program logic may be ditveen server and client, or assigned
to one of the two.

4.0 CONCLUSION

A computer system is basically a network of elatitr components connected by cables.
Computer network make communication between comprtd the user closer. That is
when one is connecting to the net or through cabtes easy to access files and

communicate. Computer networks is very importamhamy areas.

5.0 SUMMARY

A computer network consists of several computeed #re connected to one another
using devices that allow them to communicate. Cdeipnetworks may be connected
using network cables called Cat5 cables and netoands.

A LAN is a network that is made up of computerd tt@ver small areas, such as a home
network or a small office. The network can be cate@ using a router. A CAN network
is a computer network that is made up of severd8AThis type of network is used on
college campuses. A MAN computer network is madeofigseveral CAN computer
networks. This type of network would use routerd habs to connect it. A VPN network
does not use wires or cable to connect it. Thi® tgpconnection is also secure and is

mainly used in larger environments.

6.0 TUTOR-MARKED ASSIGNMENT
1. Explain briefly what is computer networking?

2. Explain 4 different types of computer network

7.0 REFERENCES/FURTHER READINGS
Nasrat, H.(2001) “Microprocessors Architecture” tiee note

http://www.ehow.com/list_6117483_types-computermgking.html
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1.0 INTRODUCTION

2.0 OBJECTIVES

At the end of this unit, you should be able to:

- Explain how microcomputers memories are strudture
- What is Direct Memory access

- Benefits of DMA

.why we need DMA.

114



3.0 MAIN CONTENT

3.1 Memory Organization and Segmentation

The 80386 system is used to explain how memoryp@nized and segmented.

The physical memory of an 80386 system is organgzed sequence of 8-bit bytes. Each
byte is assigned a unique address that ranges Zeym to a maximum of 232-1 (4
gigabytes). 80386 programs, however, are indepenafethe physical address space.
This means that programs can be written withoutwkedge of how much physical
memory is available and without knowledge of exaethere in physical memory the
instructions and data are located.

The model of memory organization seen by applioatiprogrammers is determined by
systems-software designers. The architecture c8®386 gives designers the freedom to
choose a model for each task. The model of memgnization can range between the
following extremes:

e A "flat" address space consisting of a singleyaofaup to 4 gigabytes.

e A segmented address space consisting of a colecfiup to 16,383 linear

address spaces of up to 4 gigabytes each.

3.2 What Is Direct Memory Access?
A computer memory board is an essential hardwamgponent of a personal computer.

Direct Memory Access, or DMA, is a method of acaagsnd transferring data stored in
a computer's random access memory, or RAM, withawtng to involve the computer's
central processing unit. This reduces demands enGRU and allows for greater

efficiency in running processes.

3.3 Why Was Direct Memory Access Needed?
The CPU in early computers was involved in almdktetivities that occurred in all

processes. This placed huge demands on the CREMdi@i and slowed it down with
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requests from peripheral devices. This drain orcieficy was addressed by developing
methods that allowed peripherals to access memogctly and transfer data from

memory without interrupting the CPU, thereby insiag efficiency.

3.4 How Does Direct Memory Access Work?

Direct memory access is accomplished by the uspetial communication paths called
DMA channels that are assigned to a specific pergih If a peripheral device has the
required processing capability, it can use onehef@MA channels to transfer data from
RAM own its own without consulting the CPU. It'srisof like a toddler having to get
mommy's (the CPU) help to get a drink while thenseged sibling (with greater

processing ability) can get it himself without imtgting mommy.

3.5 Benefits of Direct Memory Access

Modern computers are able to simultaneously runynmncesses at once. Without the
benefit of direct memory access, the CPU couldid@ tip a great percentage of time
responding to slower peripherals needing accessftomation stored in memory. A
device using one of the several DMA channels thatlemn computers come with can

bypass the CPU. This allows all processes to rsiefa

3.6 What Devices Use DMA?

It is standard for most computers to have a tofakight DMA channels. They are
numbered 0-7 with DMA channel 0 always reservedsf@tem use. The remaining seven
channels can be used by various devices, suclo@gsyfdrives, sound cards, hard drives,

CD-ROM drives and scanners.

4.0 CONCLUSION
The memory of a microcomputer is an essential platthe system. The ability to access

data is very important. To know how the memoryaranged and structured.
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5.0 SUMMARY

The model of memory organization can range betwieerollowing extremes:

e A "flat" address space consisting of a singleyaofaup to 4 gigabytes.

e A segmented address space consisting of a coltecti up to 16,383 linear address
spaces of up to 4 gigabytes each.

Direct Memory Access, or DMA is a method of accessing and transferring dat@dt
in a computer's random access memory, or RAM, withilaving to involve the

computer's central processing unit.

6.0 TUTOR-MARKED ASSIGNMENT

1. What is Direct Memory Access (DMA).
2. Explain the reason why we need DMA
3. What are the benefits of DMA

7.0 REFERENCES/FURTHER READINGS

Nasrat, H.(2001) “Microprocessors Architecture” tiee note
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